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Barton and co-workers (1,2) have shown that the dibromide resulting

from bromine addition to cholesterol has the 5a,6p-configuration (lb).

In a suitable solvent, such as chloroform, the diaxial-dibromide (I) can be

isomerized to the thermodynamically more stable diequatorial-5(3,6a-iso-

mer (II).

Grob and Winstein (3), studying the isomerisation rates of 5a,6[3-

-dibromo-cholestane (la) in various solvents, have found that the observed

differences in the isomerisation rates correlate with the change in the ioniz

ing power of the solvents. They concluded that the isomerisation, in the

best ionizing solvents, proceeds through the bromonium-bromide ion pair

intermediate (III), while in the solvents of low ion-solvating power (i.e.

n-heptane) the charge separation in the intermediate is negligible and both

bromine atoms are essentially equivalent (IV).

* Address for correspondence: Department of Chemistry, Faculty of Sciences,

Studentski trg 16, P.O. Box 550, 11001 Beograd, Yugoslavia.

 

Ia R = H

lb R=0H

Ic R = 0Bz

Ha R = H

lib R = 0H

lie R=0Bz

Figure 1.
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In the previous papers dealing with the isomerisation rates of steroidal

5,6-dibromides the effects of solvent (3), temperature (3), concentration

(4) and acid catalysis (5) were studied, while those of substituents in various

positions were disregarded. The only available data on the substituent

effects are the rate constants for the isomerisation of 5,6-dibromo-cholestan-

-33-yl benzoates (Ic and lie) and 5,6-dibromo-cholestan-33-ol (lb and

lib), but they were estimated at different temperatures and in different

A A

0—\

Br x>

IV

solvents, which makes a comparison difficult. Differences in the isomeri

sation rates of la, lb and Ic were explained (3) exclusively in terms of steric

effects. The 33-substituent in the 5x,6(J-dibromide (I) opposes isomerisation

since it is equatorial in the starting material and axial in the product (II).

In this case the axial conformation is especially unfavorable since the 33-

-substituent and the 53-bromine atom are syn-axial in the 53,6<x-isomer (II).

Considering the proposed (3) nature of the transition states and inter

mediates (III and IV), it appeared to us ab origine that the isomerisation

rates might be sensitive to the electronic effects of Cs- and other substituents.

To check this assumption it was necessary to synthetize a number of ste

roidal 5,6-dibromides having various substituents in the C3-position. The

most suitable derivatives were the 5,6-dibromo-esters of steroidal 33-al-

cohols. By changing the group attached to the carbonyl carbon atom of an

ester it was possible to produce different electronic effects, which could

stabilize or not the corresponding transition states and consequently affect

the isomerisation rates.

The diaxial-5x,63-dibromo-esters resulted from bromine addition to

5,6-unsaturated esters, which were obtained from the corresponding 5,6-

-unsaturated alcohols. In principle, diequatorial-53,6a-dibromo-esters

(VII) could be obtained by isomerisation of 5a,63-dibromo-esters (VI)

or by esterification of the 53,6x-dibromo-alcohol (VIII). Practically, both

pathways are possible, but, for several reasons, we prefer the pathway via

the 53,6a-dibromo-alcohol (VIII). In the cholestane series, isomerisation

of 5,6-dibromo-alcohols and their configurations were described earlier (1,6)

and the equilibrium is more shifted toward the 5|3,6a-dibromide if a 5,6-

-dibromo-alcohol is employed instead of a 5,6-dibromo-ester.

The configurations of 5,6-dibromo-esters result from their syntheses

and are confirmed by instrumental organic analysis. In the NMR spectra

of diaxial-5a,6(i-dibromo-cholesteryl-esters signals for C19- and Cis-protons
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are at 89 Hz and 44 Hz: respectively. In the spectra of diequatoriaI-5(3,

6a-isomers the corresponding signals appear at 74 Hz and 39 Hz. In all

the cases studied deviations are smaller than 4 Hz. Introduction of two

 

VI VII

bromine atoms at the 5a- and 6(3-position of the steroidal nucleus causes

a downfield shift by 38.5±1 Hz and 4±1 Hz for C19- and Cis-protons

respectively. The transformation of the 5a,6(3-configuration of the bromine

atoms into the 5{3,6a-configuration causes an upfield shift of the signals

of the C19- and Cis-protons by 14±1. 5 Hz and 4±1 Hz, respectively. The

shape and the position of signals for 3aH, 6aH and 6(3H in NMR spectra

are consistent with the configurations of the synthetized 5,6-dibromo-esters

(Table I).

The configurations of the synthetized 5,6-dibromides are also confirmed

by their IR spectra. All diaxial dibromides have two bands for C-Br bonds

at 565±10ow-1 and 610± 10 cm-1, while diequatorial dibromides have

these bands at 720± 10 cmr1 and 750±10cwi_1. These values are consistent

with earlier findings reported in the literature (7).

The isomerisation of steroidal 5,6-dibromides in chloroform or benzene

solution at 40.0° has been investigated polarimetrically. In all the cases

studied there were no by-products (thin-layer chromatography). All the

isomerisations are reversible and show first order kinetics. The polarimetric

rate constant, ki+k_i, can be calculated (3) from the equation:

. . 2.303 . an — otoo
ki+k_!= log ^

t a— «<»

i*



TABLEI

Signalsfor3aH,6aHand6(3HintheNMRspectraofsteroidal5,6-dibromides(Allvaluesaregivenin8units)

5.10—4.60 5.10—4.58 5.15—4.60 5.12—4.61 5.05—4.50 5.10—4.60 5.10—4.56 5.10—4.50 5.20—4.65 5.10—4.50 5.15—4.50 5.05—4.56 5.05—4.56 5.00—4.50

6^H

5(J,6a-DIBROMIDE

4.30—4.10 5.45—5.15 5.30—5.10 5.35—5.10 5.25—5.05 5.30—5.10 5.55—5.32 5.66—5.40 5.60—5.30 5.60—5.25 4.32—4.06 5.28—5.00 5.26—5.01

3aH

—

4.90—4.72 4.93—4.77 4.89—4.74 4.89—4.73 4.88—4.73 4.96—4.78 4.87—4.73 4.97—4.81 4.96—4.80 4.97—4.81 4.90—4.70 4.90—4.76 4.97—4.83 4.86—4.87

6aH

5a,6P-DIBROMIDE

4.72—4.15 5.85—5.25 5.77—5.17 5.80—5.20 5.85—5.25 5.77—5.17 5.77—5.17 6.00—5.50 6.00—5.50 5.88—5.28 4.67—4.17 5.77—5.17 5.60—5.10

3aH

—

17(3-substituent

CH3C00—

C8H17— C8H17— C„H„— C,H17— C8H17— CeH|,— C8H17—

C8H1T—

C8H17- C8H17— C8H17— =0 =o

3|3-substituent

HO—

HCOO—

CH3COO—

CICHjCOO—
CjHsCOO—

C.HnCOO—
CHsCOO—

m-NOjCHjCOO— p-N02C8H1COO—

p-CH3OC,H1COO—

HO—

CH3COO— CH3COO—

H—
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where (ao) and (otoo) refer to the initial and final rotations, and (a) to the

rotation at time (t) during isomerisation. Since the specific rotations can

be determined separately for each isomer, from the final rotation (a,*,) the

percent of each isomer in the equilibrium mixture can be calculated. The

equilibrium constant (K) represents the ratio of the concentrations of each

isomer at equilibrium and, at the same time, the ratio of the specific rate

constants (3).

percent of 5(3,6a-dibromide kx

rv = =

percent of 5a,6(3-dibromide k_x

The rate constants for the isomerisation of diaxial (ki) and diequatorial

dibromides (k_i) can be calculated from these equations. The isomerisation

rate constants for several 5,6-dibromo-cholestanes having various substituents

at the C3-position are given in Table II. All the rate constants are given rela

tive to that for the isomerisation of 5j3,6a-dibromo-cholestan-3[3-yl chloro-

acetate, which is taken to be equal to 1.00. (In fact it is 5.7- 10"7 sec-1).

It is evident (Table II) that both isomerisation rate constants, ki and k_i,

arc lowered by the introduction of electron-withdrawing groups at the

C3-position. The differences in the isomerisation rates cannot be attributed

to specific solvation effects of chloroform, since the isomerisation in ben

zene solution gave similar results, although all the rate constants in this

solvent were approximately five times smaller (see Table III; the rate con

stants are given in the same relative units as in Table II). Grob and Winstein

found (3) that the isomerisation rate of 5a,6p-dibromo-cholestane is sixteen

times smaller in benzene than in chloroform solution. These data show

that, besides the solvent effects, some other effects also occur, and are pre

sumably due to the C3-substituent. Our data (Table II) confirm the con-

TABLE II

Relative rate constants for the isomerisation of 5,6-dibromo-cholestanes in chloroform

solution at 40.0°

3(3-substituent k,

C1CH.COO— 4.91 1.00

p-NO,C6H4COO— 5.51 1.19

m-NO,C,H4COO— 5.51 1.44

HCOO— 9.03 2.54

CeH5COO— 10.17 2.95

/>-CH1OC,H1COO— 12.46 3.50

CH,COO— 13.40 3.54

C,HsCOO— 13.51 3.57

CHuCOO— 14.74 3.68

HO— 27.60 4.56

elusion of Grob and Winstein (3), that the introduction of a substituent at

the C3-position decreases the isomerisation rates as a result of increased

steric compression in the diequatorial-5[3,6a-isomer. However, it is evident

(Table II), that some substituents of the same "size" (e.g. />-N02CeH.iCOO
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and P-CH3OC6H4COO-) produce different effects on the isomerisation rates.

These differences cannot be explained in terms of steric effects, but are

readily accounted for by the electronic effects of the C3-substituent. This

TABLE III

Relative rate constants for the isomerisation of 5,6-dibromo-cholestanes in benzene

solution at 40.0°

30-substituent

1

1

C1CH.COO— 0.98 0.23

m-NO,C,H,COO— 1.10 0.26

p-CHsOC,H«COO— 2.05 0.58

CH3COO— 2.26 0.61

1

view is strongly supported by the fact that the isomerisation rates of sub

stituted 5,6-dibromo-cholestanyl-3(3-yl benzoates (Table II) satisfy the

Hammett equation (8), i.e. there is a linear relationship (Fig. 2) between

the logarithms of the isomerisation rate constants (ki and k_i) and the sub-

stituent constant (<r).

log k
 

Figure 2.

From the slopes of the straight lines (Fig. 2) the values of Hammett's

p-constants for the isomerisation reactions can be calculated to be —0.35

and —0.51 for ki and k_i, respectively. The negative signs of the p-constants

indicate a cationic character of the transition states. The small values of

the p-constants suggest that the charge separation in the transition states

is not so large, and they are more consistent with the bromonium-bromide

ion pair than with a free bromonium or carbonium ion. The reaction which
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is to some extent similar to the isomerisation of steroidal 5,6-dibromides

is the rearrangement of diaxial-2-halo-3-acyloxy-cholestanes to their diequa-

torial isomers (9). For this reaction a p-constant of —1 is determined (10).

The more negative value of the p-constant in this case is understandable,

since the ester function is associated with the reaction centre, while in the

isomerisation of 5,6-dibromides the ester function is separated by two carbon

atoms.

Once we established that the transition states for isomerisation of ste

roidal 5,6-dibromides are of cationic character it is easy to understand why

electron-withdrawing groups at the C3-position will decrease the isomerisation

rates, whereas electron-releasing groups will increase them (compare the

isomerisation rates in Table II for some C3-substituents : CICH2COO-

with CH3COO-, CH3COO- with CeHnCOO-, /^NOeQIiiCOO- with

CeHsCOO- and with />-CHsOC6H4COO-). In the same way one can explain

the decrease in the isomerisation rates when the C3-substituent is changed

from propionyloxy-, acetoxy and formoxy- to chloroacetoxy-. The isomeri

sation rates for dibromides having the last four substituents satisfy the Taft

equation (11), and that again supports our statement that the electronic

effects of the C3-substituents are of importance. Isomerisation of both, di-

equatorial and diaxial, dibromides is affected by electronic effects transmitted

through C-C bonds. Somewhat more negative p-constants for the isomeri

sation of diequatorial dibromides suggest that some additional pathways

for transmission are operating. These are presumably interactions between

the ester's oxygen and 5(3-bromine across space (they are syn-axial) and

repulsions between C3-O and Cs-Br dipoles (Fig. 1).

Investigations of Barton (1), Grob (3) and our own, lead to the conclusion

that C3-substituents affect the isomerisation rates of steroidal 5,6-dibromides

by steric and electronic effects. It was interesting to study how substituents

at other positions of the steroidal nucleus can affect the same reaction.

Positions in which only one of the mentioned effects can occur are especially

interesting. Substituents at the Ci7-position are of such a type, since they

are far enough to make steric effects negligible. On the other hand, the

electronic effects of substituents at the Ci7-position are not negligible, since

they were found (12, 13) to affect the rate of bromine addition at the 5,6-

-double bond*. As was to be expected, we found that the isomerisation rates

follow the order of inductive effects (I) of the Ci7-substituents, when C3-

-substituents are the same (Table IV).

TABLE IV

Rate constants for the isomerisation of steroidal 5,6-dibromides

in chloroform solution at 40.0°.

33-substituent 17(3-substituent 105 • k, (sec-1)

HO— C8Hl7— 1.6

CH3COO— C8H17— 0.7

HO— = 0 0.7

CH3COO— =0 0.2

CH3COO— CH3COO— 0.3

* It is interesting to note that the yield of 17-keto-steroid in the oxidative degra

dation of 5j6-dibromo-cholestan-3[}-yl acetate was higher by a factor of 2 when the

diequatorial dibromide was employed (6).
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Since the isomeration rates decrease with decreasing +1 effect of C17-

-substituents, this is another proof that the transition states for isomerisation

of steroidal 5,6-dibromides have cationic character. Our investigations permit

us to interpret so far unexplained results of Barton and Head (20). They

found that the relative rate constants for the isomerisation of 5a,6(i-dibromo-

-cholestane, 5a,6|3-dibromo-stigmastane and 5<x,6(3,222;,23i;-tetrabromo-

-stigmastane are 4.19, 4.39 and 3.0, respectively. Such differences can be

explained in terms of inductive effects of the Cn-substituents. Introduction

of an ethyl group (+1 effect) at the C^-position of cholesterol results in

an increase of the isomerisation rate from 4. 19 (for 5<x, 6(3-dibromo-cholestane)

to 4.39 (for 5a,6(3-dibromo-stigniastane), while subsequent introduction

of two bromine atoms (—I effect, presumably stronger than the former

+1 effect of an ethyl group) at C22- and C23-positions decreases the isomeri

sation rate from 4.39 to 3.0.

In previous papers (1,3) it was often pointed out that the repulsive

interactions between the 6|3-bromine and the Ci9-methyl group (Fig. 1)

make diaxial dibromides unstable,* and therefore they are the driving force

for the isomerisation. So far there is no chemical proof of such a statement.

We have now synthetized 19-nor-5-cholesten-3(3-ol according to the known

procedure (14) and the corresponding 5oc,6(i-dibromide (IX). When heated

at 40.0° for 230 hours, solutions of 5a,6(i-dibromo-19-nor-cholestane-3p-ol

(IX) did not change their optical rotation nor any new product (such as X)

was observed by thin-layer chromatography. These experiments confirm

the assumption of Barton (1) and Grob (3) that the presence of the Ci9-methyl

group is necessary for the isomerisation of diaxial 5,6-dibromides to their

 

IX X

diequatorial isomers. Another support comes from the analysis of NMR-

-spectra. In all the NMR spectra of diaxial-5a,6(3-dibromides signals for

6a-hydrogen appear as quartets, with coupling constants j6aH,7aH=4 Hz

and j6aH.70H= l-5 Hz (X portion of an ABX system) that correspond (15)

* For a detailed consideration of the thermodynamic stabilities of diaxial and

diequatorial 5,6-dibromides see ref. 3, p. 789—790.
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to dihedral angles of 52° and 68° (Fig. 3). Assuming that the dihedral angle

between the 6(3-bromine and (xx-hydrogen is 120°, it is possible to calculate

that the Ce-Br bond is bent by an amount of 8° (e + 52°+ 1 20°= 1 80°; e = 8°).

Such a bending indicates the presence of steric compression in the diaxial

dibromide (Fig. 1). In the NMR spectrum of 5a,6(3-dibromo-19-nor-chole-

stane-3(J-ol (IX) the signal for 6oc-hydrogen is not a quartet, and therefore

the Ce-Br bond is not bent in this compound.

 

Figure 3.
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EXPERIMENTAL

The melting points are not corrected. All the 5,6-dibromides were rccrystallized

several times at or below room temperature, dried in vacuo and stored in the dark. Unless

otherwise specified, optical rotations (rounded off to the nearest degree) were determined

for the sodium D line in chloroform solution (3). The measurements were made at room

temperature which varied from 19 to 26°. Concentrations (c) are expressed in g. per 100 ml

of solution. IR spectra were recorded (in KBr pellets) on a Perkin-Elmer spectrophoto

meter, Model 337. NMR spectra were recorded on a Varian A-60-A spectrometer in

CDC1, solutions using tetramcthylsilane as internal standard. Chemical shifts are ex

pressed in terms of 8 (pptn) values. Thin-layer chromatography was performed on silica-

gel H (Suhl).
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For kinetic measurements especially purified chloroform (3) or p.a. benzene dried

over sodium were employed. A 0.041 Af solution of a 5,6-dibromide was distributed into

glass vials. The hermetically sealed vials were then heated in a thermostat at 40.0°. The

temperature was constant to within 0.05°. The course of the isomerisation was followed

from time to time by determination of optical rotation. Isomerisation was followed to

60—70% completion and the content of each vial was checked for purity by thin-layer

chromatography. The rate constants were calculated as described by Grob and Winstein

(3) and the deviations of mean values were smaller than 10% in all the cases studied.

3$-Hydroxy-5-androsten-l7-one. To a solution of lOg 17-oxo-5-androsten-3p-yl

acetate (DAA) in 500 m/ methanol a solution of 40 m/ 50% aqueous KOH was added

and the mixture left at room temperature for two hours. The solution was diluted with

water, filtered and the solid dissolved in chloroform. The chloroform solution was washed

with dilute HC1 and water. After drying over anhydrous MgS04 the solvent was removed

in vacuo and the residue was crystallized from methanol. 3P-Hydroxy-5-androsten-17-one

was obtained in 89% yield. M.p. 153° and [a]D—5° (c = 6.71) are consistent with data

reported in the literature (16).

5-Androslene-3^,il-diol diacetate. To a stirred solution of 6g 1 7-oxo-androsten-

-3(3-yl acetate (DAA) in methanol (150m/)5 NaBH4 (0.39 g) was added in small portions

during 30 minutes. After stirring for one hour the reaction mixture was neutralized with

glacial acetic acid and the 5-androstene-3[3,17fi-diol 3-monoacetate precipitated with

water. The crude product was dissolved in 20 ml of dry pyridine and 10 ml of acetic an

hydride were added. After standing overnight the reaction mixture was diluted with chlo

roform and washed successively with dilute HC1, saturated aqueous NaHC03 and water.

After drying over anhydrous MgS04, chloroform was removed in vacuo and the residue

crystallized from methanol. 5-Androstene-3fi,17(3-diol diacetate obtained in 71% yield

had m.p. 160° and [«]d—54° (c = 0.52), which are consistent with data reported in the

literature (17).

5-Cholesten-3$-yl m-nitrobenzcate and S-cl.olesten-lfi-yl p-niirobenzcale were pre

pared according to Sandquist and Gorton (18).

5-Cholesten-3$-yl p-methoxybenzoate. Cholesterol (7.8 g), pyridine (7.3 m/) and

p-methoxybenzoyl chloride (8.0 g) were dissolved in chloroform (70 m/) and heated to

reflux for two hours. After cooling, the reaction mixture was washed successively with

dilute HC1, saturated aqueous NaHC03 and water. Drying over anhydrous MgS04, removal

of solvent in vacuo and crystallization from chloroform-acetone yielded 5-cholesten-33-yl

p-methoxybenzoate in 86% yield. M.p. 174°, [<x]D— 6° (c^2.04). IR: Vmax 1700 cm 1

(C=0), 1268 cm"1, and 1098 cm"1 (C—O—C).

5-Choleslene-3$-yl cyclohexy Icarbonate. This compound was prepared from chole

sterol and the corresponding acid chloride (C,HnCOCl) in the same way as described

for the preparation of 5-choIesten-3fi-yl p-methoxybenzoate. After crystalization from

ethyl acetate-methanol the m.p. was 168°, [<x]D—31° (c = 2.16). IR:vmM 1738 cm-1 (C= 0),

1246 cm'1 (C—O—C).

\9-Nor-5-choleslen-'i$-ol. Oppenauer oxidation (19) of cholesterol yielded 4-chole-

sten-3-one which was dehydrogenated (20) with DDQ to l,4-cholestadien-3-one. Reductive

aromatisation (21) of l,4-cholestadien-3-one yielded 1,3,5 (10)-cholestatriene-3-ol which

was converted to 19-nor-5-cholesten-3(3-ol in a five-step procedure (14). 19-Nor-5-cho-

lesten-3[3-ol has m.p. 110°, [a]D—16° (c=0.91).

General procedure for the preparation of steroidal 5ot,6(i-dibromides. 10 millimoles of

5,6-unsaturated compound were dissolved in chloroform (70 ml) and cooled to 0°. 10.5

millimoles of bromine dissolved in chloroform (20 ml) were added with stirring during

30 minutes. During the next 30 minutes the reaction mixture was stirred at room tempe

rature. Removal of solvent in vacuo below 30° gave, after recrystallisation, the 5a,6(3-

-dibromide in 80—90% yield.

5a,6[3-Dibromo-3(}-hydroxy-androstan-17-one was recrystallized from ethyl ace

tate-petroleum ether. M.p. 137°, [a]n—14° (c=1.84).

Calculated for C18H,8OaBrs (448.3): C, 50.90 H, 6.29

Found: C, 50.85 H, 6.35

5oi,6$-Dibro»io-androstane-i$,nfi-diol diacetate was recrystallized from methanol. M.p

139°, [«]d—71° (c = 2.04).

Calculated for C23H3404Br2 (534.3): C, 51.70 H, 6.41

Found: C, 52.03 H, 6.43
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5a,($-Dibromo-ckolestan-3$-yl acetate was recrystallized from ethyl acetate-me-

thanol. M.p. 114°, [<x]d—44° (c=2.41). Maas and Heus (6) reported m.p. 110—112°,

[a]D—42.3°.

Calculated for C„H48OtBr, (588.9): C, 59.18 H, 8.22

Found: C, 59.07 H, 8.30

5a,6fi-Dibromo-cholestan-3$-yl cyclohexylcarbonate was recrystallized from ethyl

acetate-methanol. M.p. 109°, [<x]D—46° (c=2.69).

Calculated for CMHM0,Br, (656.6): C, 62.20 H, 8.60

Found: C, 61.92 H, 8.47

5a.,($-Dibromo-cholestan-3$-yl benzoale was recrystallized from chloroform-methanol.

M.p. 140°, [a]o—38° (c=2.61). Barton and Miller (1) reported m.p. 135—136°, [<x]d—33°

(c=2.03).

Calculated for C,4HS0O,Br, (650.6): C, 62.27 H, 7.75

Found: C, 62.16 H, 7.58

5a.,($-Dibromo-cholestan-3$-yl m-nitrobenzoate was recrystallized from ethyl ace

tate-acetone. M.p. 163°, [a]D—27° (c=2.66).

Calculated for CMH4,0«NBr, (695.6): C, 58.71 H, 7.10

Found: C, 58.89 H, 7.31

5oc,6(3-Dibromo-cholestan-3$-yl p-nitrobenzoate was recrystallized from ethyl ace

tate-acetone. M.p. 178°, [<x]D—29° (c = 2.66).

Calculated for C34H4,04NBr, (695.6): C, 58.71 H, 7.10

Found: C, 58.90 H, 7.31

5a.,6$-Dibromo-cholestan-3$-yl p-methoxybenzoate was recrystallized from acetone.

M.p. 132°, [a]u—34° (c=2.79).

Calculated for C3,Hs,03Br, (680.6): C, 61.76 H, 7.70

Found: C, 61.71 H, 7.70

5a.,6$-Dibromo-19-nor-cholestan-3$-ol was recrystallized from acetone. M.p. 78°,

[<x]d—21°(c=2.00).

5a,6$-Dibromo-n-oxo-androstan-3$-yl acetate was prepared according to Levy and

Jacobsen (22).

5a.,6fi-Dibrotno-choIestan and 5<x,6fi-dibromo-cholestan-3$-ol were prepared according

to Grob and Winstein (3).

5tx,($-Dibromo-cholestan-3$-yl formate, 5a,($-dibromo-cholestan-3$-yl-propionate and

5x,($-dibromo-cholestan-3$-yl chloroacetate were prepared according to Maas and co-

-workers (23).

5$,6x-Dibromo-cholestan and 5$,6a.-dibromo-cholestan-3$-yl benzoale were prepared

according to Barton and Miller (1).

5$,6a.-Dibromo-cholestan-3$-ol and 5$,6a.-dibrotno-cholcstan-3$-yl acetate were

prepared according to Maas and Heus (6).

5$,6a.-Dibromo-cholestan-3$-yl chloroacetate was prepared according to Maas and

co-workers (23).

5$,6a.-Dibromo-cholestan-3$-yl formate. 2g of 5p,6a-dibromo-cholestan-3p-ol, 36

ml of benzene and 6 ml of formic acid were heated to reflux for two hours. The benzene

layer was separated, washed successively with saturated aqueous NaHCOa and water,

dryed over anhydrous MgS04 and the solvent distilled off in vacuo below 35°. The residue

was recrystallized from ethyl acetate-methanol. 5(3,6a-Dibromo-cholestan-3[3-yl formate

was obtained in 45% yield. M.p. 129°, [a]D—35° (c = 2.36).

Calculated for CMH4,0,Br, (574.5): C, 58.54 H, 8.07

Found: C, 58.39 H, 8.00

5$,6a.-Dibromo-3$-hydroxy-androstan- 1 1-one. \0g of 5a,63-dibromo-3p-hydroxy-

-androstan-17-one were dissolved in 100 ml of pure, dry chloroform (3) and the solution

heated to reflux. When the ratio of 5a,6{3- to 5(3,6a-isomer became 3:7 (thin-layer chro

matography with ethyl acetate-benzene 2:3), the solvent was distilled off in vacuo and
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the residue recrystallized from ethyl acetate-petroleum ether. 5[},6a-Dibromo-3|J-hydroxy-

-androstan-17-one was obtained in 44% yield. M.p. 169°, [<x]D— 120° (c = 0.90).

Calculated for C.HjsO.Br, (448.3): C, 50.90 H, 6.29

Found: C, 50.81 H, 6.44

5$,6a.-Dibromo-17-oxo-androstan-'}$-vl acetate obtained from 5(3,6a-dibromo-3P-

-hydroxy-androstan-17-one by acetylation according to Ziegler and Shabica (24) gave

after recrystallization from ethyl acetate-petroleum ether the corresponding acetate in

56% yield. M.p. 170°, [a]D—88° (c=1.00).

Calculated for CtlH,0O,Br, (490.3): C, 51.45 H, 6.17

Found: C, 51.39 H, 5.79

5$,6a.-Dibromo-androstane-3$,\7$-dioI diacetate. 0.5 g of 5a,6(3-dibromo-andro-

stane-3fU7(3-diol diacetate was dissolved in 15 ml of pure, dry chloroform (3) and hes.tei

at 40°. When the ratio of 5a,6(3- to 5(3,6a-isomer became 3:7 (thin-layer chromatography

with benzene-ethyl acetate 9:1), the solvent was distilled off in vacuo and the residue

recrystallized several times from acetone. The 5|3,6a-Dibromo-3|J,17P-diol diacetate

obtained in 40% yield had m.p. 165°, [a]D—38° (c = 2.10).

General procedure for the preparation of steroidal 5%(xt-dibromo-esiers . 10 millimoles

of 5[3,6a-dibromo-cholestan-3|3-ol, 7 ml of pyridine and 20 millimoles of the correspond

ing acyl chloride were dissolved in 60 ml of ethanol-free chloroform (3) and stirred at

0°. The course of the esterification was followed by thin-layer chromatography in benzene.

After completion, the reaction mixture was washed with dilute HC1, saturated aqueous

NaHCOj and water. Drying over anhydrous MgSOj, removal of solvent in vacuo below

30° and crystallization gave the 5(},6oc-dibromo-ester in 80—90% yield.

5$,6a.-Dibromo-cholestan-'}fi-yl propionate was recrystallized from ethyl acetate-

-methanol. M.p. 81°, [a]D—33° (c = 2.24).

Calculated for CwH.oOjBr, (602.6): C, 59.80 H, 8.37

Found: C, 59.98 H, 8.68

5$,6a.-Dibromo-cholestan-'i$-yl cyclohexylcarbonate was recrystallized from acetone-

M.p. 175°, [a]D—42° (c=1.00).

Calculated for CMHs,0,Bra (656.6): C, 62.20 H, 8.60

Found: C, 62.47 H, 8.59

5$,6a.-Dibromo-cholestan-3$-yl m-nitrobenzoate was crystallized from chloroform-

-methanol. M.p. 186°, [tx]D—91° (c = 0.98).

Calculated for Ca^.OjNBr, (695.6): C, 58.71 H, 7.10

Found: C, 58.54 H, 7.12

5$,6<x-Dibromo-chole$tan-i$-yI p-mtrobenzoate was recrystallized from chloroform-

-methanol. M.p. 190°, [a]D—85° (c=1.20).

Calculated for C3,H1904NBr, (695.6): C, 58.71 H, 7.10

Found: C, 58.66 H, 7.06

5$,6at.-Dibronw-cholestan-3$-yl p-metfwxybenzoate was recrystallized from acetone.

M.p. 149°, Mo—91° (c = 0.85).

Calculated for QsH^Br (680.6): C, 61.76 H, 7.70

Found: C, 61.47 H, 7.70.

SUMMARY

The isomerisation reaction of diaxial-5a,6[3- and diequatorial-5(3,

6a-dibromo-steroids, with various [3-substituents at the C3 and G17 positions,

was studied polarimetrically. The kinetics, in chloroform or benzene solution

at 40.0', is well formulated by a reversible first order reaction.

Introduction of electron-withdrawing groups at either the C3 or C17

position decreases the rates of isomerisation. The observed differences in

the isomerisation rates indicate that, besides the well known steric effects

of 3p-substituents, electronic effects also occur.
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The presence of the angular Ci9-methyl group is crucial for the isomeri-

sation of steroidal 5a,6(3-dibromides, since 5a,6[J-dibromo-19-nor-cholestan-

-3(3-ol shows no tendency to isomerise in chloroform or benzene solution.
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H3BOJI

yTHUAJ Or H C17-CynCTHTYEHATA HA BP3HHE

H30MEPH3AUHJE CTEPOHAHHX 5,6-flHBPOMO-flEPHBATA

BOJHHA fl. KPCMAHOBHTIA, MHPOCJIABA J. rAUIHTiA h MMJIYTHHA M.

CTEcfcAHOBUBA

H30MepH3araija mmccniaiamx 5a,6(3- h jjHeKBaTopHjajiHHX 5(3,6<x-,hh-

6poMo-cTepoHfla, pa3JinqHTo cyncTHTyHcaHux y (3-nojio>Kajy Ha Q h C17,

npoyqaBana je nojiapHAieTpHjcKH. H30MepH3auHja, y xjiopocfcopMCKOM hjih

6eH30ncKOM pacTBopy Ha 40,0°C, MOH<e ce jjoSpo dpopMyjuicara Kao pe-

BepcHa peaKunja, Koja nonasyje ramer-HKy npBora peaa.

YBO^eHie cyncnnyeHaTa koj'h npHBJiaqe ejieKTpoHe y C3 hjih C17 no-

jiowaj cjwaifcyje 6p3HHy H30MepH3aimje. IlpHMeheHe pa3JiHKe y 6p3HHajwa

H30MepH3aimje noKa3yjy aa, nopefl no3HaTHX crepHHX ecpeKara 3[3-cyncTH-

TyeHaTa, nocroje h eJieKTDOHCKH edpeKTH.

npHcycTBO aHryjiapHe C19-MerHJi rpyne je Heonxoflno 3a H30iwepH-

3auHjy CTepoH^HHx 5a,6p-AH6poMHfla, nouiTO ce 5a,6(}-,iin6poivio-19-Hop-

xojiecTaH-3p-0Ji He H30i«epH3yje hh y xjiopothopMCKOM hh y 6eH3OJicK0M

pacTBopy.

XeMHJCKH HHCTHTVT

npupoAHO-MaTeMaTHWor (paKyjrreTa, Beorpafl

h Hhcthtvt aa xeMHjy, TexHOJiorajy

h iweTajryprajy, Eeorpaa, JyrocJiaBHja

IIpHAUbeHO 6 HoBeM6pa 1972
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HYKJIEOXHCTOHH THMYCA y CTAPEH>y H HHBOJiyiJHJH

on

JEJIEHE J. EOJAHOBHTi, MHJIAHKE O. ^OPBHTl, HAflE M. 'BOP'BEBHTi

h B. C. nAHTHTi

ITpHpo^a HyiciieoxHCTOHa MHorocTpyKo je HcimTHBaHa c o63npoM ,zja

cy obh komiuickch ocHOBHa rpatja xpoM030Ma. H nopea TeopnjcKH onpaB-

flaHO h BeoMa npeinraHO nocTaBJbeHHX iwofleJia, 3a o6janiH>eH>e HjHxobc

crpyKType join yBeK imcy flaTa flecpHHHTHBHa peuieita, nao hh 3aflOBOJbaiia-

jyhn o/jroBop o SHaieiby anxoBor cacraBa h crpyKType 3a SnojioniKy aK-

THBHOCT hejmje. C flpyre CTpaHe, 3HaH>a o crafty h npoi«eHaiwa obhx kom-

iineKca h h>hxobhx KOMnoHeHTH y nponeciuwa Be3amiM sa crapeibe h HHBOJiy-

irnjy opraHa ynaflJbHBO cy fle4»nrHjeHTHa.

Obo caonniTeibe ce o^hoch Ha HcnHTHBaifca on,Hoca J1.HK h xHcrona

y HyKjieoxHCTOHHMa THiwyca nanpBa y paHOM nocTHaTaJiHOM nepHO,ny, ko#

MJiaAHX OflpaCJIHX C aKTHBHHM THJttyCOM H OApaCJIHX KOfl KO)HX je THJtyC

Beh BH^HO HHBOJiyHpao. HcnHTHBaH>a cy npe;ry3eTa c njuieivi ^a ce y3H-

MajyhH y o63Hp ocooinre h (pyHKnnje ,HHK h xHCTOHa, carjiefla 3HaneH>e

obhx KoivuiJieKca 3a npouece Be3aHe 3a cTapeifce h HHBOJiyniijy.

MATEPHJAJI H METOflE

3a HcnHTHBaiba cy ynoTpe6jBeHH nanpBH coja Wistar, iwy>KjanH, crapn

10, 20, 45 h 75 gana. THMycH cy y3HMaHH y erapcKoj HapK03H, H3anpaHH y

jiefleHOM (pH3HOJiouiKOM pacrBopy, 6p30 cyiueHH H3Mef)y cpmiTap xapTHje

h MepeHH. XoMoreHH3auHja TKHBa (nyjioBH tokhhc 1 flo 2 epajua) h H30J10-

Baite HyKJieyca BpuieHO je no MeTO^H Allfrey-a h cap. (1). HyKJieoxHCTOHH

cy H3o;iOBaHH H3 xoMoreHaTa Hymieyca npeiwa Allfrey-y h cap. (2). Xhctohh

H3 HyKjieoxHCTOHa cy eKcrpaxoBaHH npeiwa Hnilica-y h cap. (3). 0,iiperjH-

Baaa yKyraacc SejiairaesHHa h XHCTOHa HyKjieoxHCTOHa BpmeHa cy no iwe-

to^h Lowry-a h cap. (4). JI.HK xoMoreHaTa Hyicneyca, Kao h no flenpoTen-

HH3anHjn HyKjieoxHCTOHa ^oSnjeHHx JJHK, o,nperjHBaHe cy no MeroflH

Ceriotti-a (5), yKJByqyjyhH ^ejnnnmanHjy h yKJiaiBaifee khccjihx Koiwno-

HeHTH npeiwa Ogur-y h cap. (6). CBe onepannje H3Bol)eHe cy na hhckhm

TeMnepaTypaiwa .

PE3YJITATH H flHCKYCHJA

HcnHTHBaHieM caflp>Kaja xncroHa h anxoBor oflHoca npe.wa yKynHHM

6enairqeBHHaMa HyKJieyca THAiyca, HarjeHe cy 3Harae pa3JinKe y nocMaTpaniiM

crapocHHiw rpynaiwa. y paHOM nocmaTajiHOM nepno/jy, ko# nanoBa crapnx

caMo 10 gana floSnjeHe cy bhcokc BpeflHocrH 3a xhctohckh #eo Ko.wnjieKca,

343



TABEJIAITABLE1

75 3

40.7 —12.1 —45.9 +42.8

DNA

45 4

28.5 —38.4 —62.1

20 3

75.2 +62.4

B
10

5

46.3

75 3

10.01
+52.8 +195.3 +22.7

XHCTOHH HISTONS

45 3

8.16
+24.6 +140.7

20 3

3.39
—48.2

CiapocTy

AaHHMa

Ageindays

10
4

6.55

A

No

M a b c

A.Caap>KajxiicToHaH3onoBaHnxHymieoxHCTOHaMpaweHKao%onynynHHX6enameBHHaHyicneycaTHMyca.—B.Ca/rpwajHHK

jiOBaHHXHyK.ieoxiicroHaH3pa>KeHKao%onyKynmixJXHKHywieyca.No—6pojHOiHTHBaHuxnyjiOBa;M—cpeflifcebpcahocth;%ciwa-

H>eH,ahuhnoBehaa>ayoflHocyHaBpeflHocTH:a.10gaua;b.20gana;c.45gaiia

A.Histonscontentofisolatednucleohistonsexpressedas°0oftotalthymusnucleiproteins.B.TheDNAcontentofisolatednucleohistons
expressedas"„oftotalnucleiDNA.No—numberofpoolsinvestigated;M—meanvalues;%ofdecreaseorincreasereferringto:a.10-days-

-oldrats;b.20-days-oldrats;c.45-days-oldrats.
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H3pa>KeHo y o/iHocy Ha yKynHe SeJiaHMeBHHe HyKJieyca (TaSjiHua 1, A).

MetjyrHM, Beh koa nauoBa crapHx 20 gana caup>Kaj xHCTOHa ce jaKO pe^y-

Kyje, TaKO j\a ^ocTH>Ke HajHH>KH hhbo y noawaTpaHHM crapocHHM rpynaiwa.

HacynpOT oBoiwe, kojj oflpacjmx jumaflHx (crapocT 45 gana), a HapouHTO

oflpacnHX KOfl Kojnx je THMyc Beh y HHBOJiyuHjH (crapocT 75 gana), caflp>Kaj

XHCTOHa je bhcok. HauiHM npeTxoflHHM HcnHTHBaHbHMa canpncaja xncroHa

rajwyca nauoBa pa3jmMHTe CTapoc™, floSnjeHHx ceKBeHHHjaJiHOM eKcrpaK-

UHjoM HyKJieyca, Har)eHa je aHanora cjuma npoMeHa yKynHHx XHCTOHa koa

MJia^Hx h oflpacjiHx, ariH cjiaSnje H3pan<eHa (7). Kjthmchko (8) je Hauiao

#a ce ca cTapouihy jeTpa nauoBa Sorara xHcroHHMa h to Hapo^nno (ppaKiuijoM

oorarajoM aprHHHHOM. Tpe6a HanoMeHyra ^a Pyhtila h cap. (9) Hncy HauuiH

3Ha»iajHHje pa3JiHKe y ca#p>Kajy 6ejiameBHHa h HyKJieonpoTeHHa THMyca Te-

jiera h npaBe, H3y3eB y dppaKHHjH SoraToj aprHHHHOM h to y cmhcjt/ CMa-

&HBaH>a aeHor ca^p>Kaja ko/j crapHje jkhbothhjc

Oflpe^HBaH>eM ^enpoTeHHHcaHHx flHK H30jioBaHHx HyKJieoxHcroHa flo-

6njeHH cy noflaun h o 3HaTHHM npoMenaJvia H.nxoBor ca#p>Kaja y obhm kom-

njieKCHMa y nocMaTpaHHM cTapocHHM rpynaMa (TaSjiHua 1, B). Hjhxob

pejiaTHBHo bhcok hhbo HarjeH KOfl nauoBa crapHx 10 gana (H3pa>KeH0 y

oflHOcy Ha yKyime flHK HyKJieyca) pacre Harjio nocne OBor BpeiaeHa, TaKO

H& j^BaAeceTor .nana nocrHaTajiHor >KHBOTa AocrioKe HajBHiue BpejniocTH

y nocMaTpaHHM hchbothhm /joSnMa. MerjyTHM, ko/j, oflpacjmx MJiazjwx na-

UOBa 3a JJHK KOMnoHemy HyKJieoxHcroHa HarjeH je HH3aK ca#p>Kaj . Kofl

nauoBa ca THMycoM y HHBOJiyuHjH hhbo J\HK y obhm KOMiuieKCHMa 3HaTHo

nopacre, aJiH je HH3aK y oflHOcy Ha caupwaj Har)eH koa naiiOBa crapHx

caMO 20 gana.

TAEEJIA II TABLE 2

CrapocT y flaHHMa

Age in days

XHCTOHH/flHK

HISTONS/DNA

10 20 45 75

No 3 3 3 3

M 0.46 0.19 1.28 1.35

a —58.7 + 178.3 + 193.3

b + 573.7 + 610.5

c + 5.5

CacraB H30JioBaHHX HymreoxHCTOna rapaweH Kao y XHCTOHa na ly JIHK.

Composirion of isolated nucleohistons expressed as y histones per 1 y of DNA.

2
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KBaHTHTaTHBHO HOIHTHBaifce OflHOCa XHCTOHa H JtfiK y H30JI0BaHHM

HyKJieonpoTeHHHMa THAiyca naqoea, H3pa>KeHor Kao caap>Kaj XHCTOHa Ha

jeflaH y JJHK (raSjiHua 2), noKariaJia cy w cacraB obhx KOJvuuieKca HHje

CTajiair h #a 3aBHCH o,n >KHBOTHor floSa. 3Harae paxTHKe iial)eHe y cacraBy

HyK^eoxHCTona THMyca naupua pa3JiH^HTe crapocrH H3r.ie^a fla ce Mory

ycarjiacHTH ca npoMeHaiwa MeraSojiHiKe aKTHBHOCTH hejinje. TaKO, iHite-

HHua #a je BejiHKa KOJimiHHa HHK Hymieyca y nocrHaTaJiHOM nepHo^y,

a napoMHTo KOfl naupBa crapHx 20 gana, Ka#a cy chhtcthiikh nporjecn

y heiiHjH ripno aKTHBHH, Be3aHa y KOMiuieKce ca ManHM caflpntajeM XHCTOHa,

ronopH o crpyKTypH HyKJieoxHCTOHa ca Marco rycro naKOBaHHx, MeTaoojiH-

»ikh iieaKTHBHHX ceKBeHUH. IIpoMeHa y OflHOcy xhctohh/JJHK y HyKJieo-

xHCTOHHAia ojipacjinx naqoBa (raMyc aKTHBaH), HaroBeunaBa CTaGnnHHjy

cTp>T<Typy KOMiuieKca, H3MeifceHe Bhojiouikc aKTHBHOCTH. Paul h Gilmour

(10) cy npBH ynaaanH fla Be3HBaH>e SejiaHHeBHHa orpaHHiiaBa OHOJiouiKy

aKTHBHocr xpoM030MamiHX HyKJieoxHCTOHa, a Hoare h Johns (11) Ha mo-

ryhnocT pfi. y peryjiaHHjH reHa penpecHBHH e<peKT XHCTOHa 3aBHCH on o/i-

noca xhctohh/,H,HK.

IIoTpe6Ho je iianoMeiryTH fla je cjiHiHy cjiHKy npoiweHa y canp>Kajy

yi<yiiHHx XHCTOHa Ha jeflHHHuy ,H,HK y HyKJieycHMa jerpe naupBa pa3Jnr0rre

crapocTH Hauiao Kjihmchko (8). HacynpoT obomc, Pyhtila h cap. (12)

HHcy MorjiH Hahn paajiHKe y HyKJieoxHCTOHHMa THMyca roBeyera paajra-

»IHTe CTapoCTH.

npomene y cacraBy HyKJieoxHCTOHa THMyca y HHBOjryuHjH, nao pe3yji-

TaT 3HaMajnor noBehaita caflpwaja XHCTOHa Ha jejiHHHiry ^HK, yiryhyje

na 3aKJbyMaK o ycnocraBJtaifcy cTpyKType KOMiuieKca KojoM je ycjioBJteHO

peflyKOBaH>e o^hocho rameifce cHHTe3e 3a H3BecHe Bpcre SeJiaHMeBHHa.

IlpeTiiocTauKa fla ce y HHBOJiyHpaHOM THiwycy y HyKJieoxHCTOHHMa ycno-

craBJta BHiue ne3a, BHuie nepMaHeHTHHx Be3a (7) MOH<e ce npHMeHHTH h

OBfle, a fla ce npH tom ne flohe y cynporaocT ca rjieflHiHTeM Mirsky-a (13)

Aa je 3a GnojioniKy 3kthbhoct HyKJieoxHCTOHa npecy^Ha He KOJiHHHHa Be-

3aiiHx Ce.ianMeBHHa neh npHpo,zra ycnocraBjteHHx Be3a.

H3BOJI:

HcriHTHBaH je cacraB HyKJieoxHCTOHa THMyca naupBa y paHOM nocr-

HaTaJinoM nepnojiy, ko/i o^pacjmx mtoahx c aKTHBHHM THMycoM h ojipacjinx

c THMycoM y HHBOjryuHjH. HafyeHo je ^a cacraB obhx KOMmieKca HHje craJiaH

h fla 3aBHCH ofl >KHBOTHor floQa. Koji crapujHx >KHBOTHH>a caflp>Kaj XHCTOH-

CKe KOMnoHeHTe je Behn, a y HHiioJiynpaiioM TiiMycy HarjeHe cy HajBHUie

ispefliiocTH. Tafla cy h BejiHKe Ko.nmHHe J1.HK Hynjieyca Be3aHe y oBe

KOMiuieKce. Ha ocHOBy obhx pe3yjiTara pa3MaTpan je ojjhoc CTpyKType

HyKJieoxHCTOHa h MeTaGo.TjMKe aKTHBHOCTH hejinje. HafieHe npoMeHe y

HyKJieoxHCTOHHMa THMyca y HHBOJiyiiHjH H3rjieflajy aHaJiore npoMeHaMa

y npouecHMa Be3aHHM 3a crapeite.

XeMHJCKH HHCTHTyT, ITpHM-TjeHO 5. jyHa 1972

MeflimHHCKH (paKyjrreT, Eeorpa/j

<t>H3H0JI0IHKH HHCTHTyT,

MeflHHHHCKH (JjaKyjrreT, Eeorpafl
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ABSTRACT

THYMUS NUCLEOHISTONS IN AGEING

AND THYMUS INVOLUTION

by

JELENA J. BOJANOVIC, MILANKA O. CORBlC, NADA M. DORDEVlC

and V. S. PANTlC

Investigations of rat thymus nucleohistons composition revealed con

siderable age related changes. In the active thymus of young rats an increase

in histons and decrease in DNA content of these complexes with age was

observed. In the nucleohistons of thymus in involution the highest level

of histons was found, and a large quantity of nuclei DNA is then bound

into these complexes. The relation of nucleohistons structure and cell meta

bolic activity is discussed on the basis of these results. The changes in nucleo

histons found in thymus in involution seem to be analogous to the changes

in age related processes.
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HYKJIEHHCKE KHCEJIHHE THMYCA HOBOPO'BEHHX

H OflPACJIHX IIAIJOBA

Off,

JEJIEHE J. BOJAHOBHTi, CJIOEOJIAHKE M. flyrAHU-HTi, PAflMHJIE M.

IIIErOBHTi h HAflE M. "BOPEEBHTi

y oSjiacTH Hcrpa>KHBaH>a npHpo^e h Mexami3Ma npoiweHa Koje Kapan-

TepHiuy Shojioiiikh cpeHOMeH crapeiba ojj, H3y3erHor cy 3HaHaja HaiHTHBatfca

HyicieHHCKHx KHcejiHHa h HjHxobhx KOMiuieKca. 3a npoiweHe y MeTaSojiHHKoj

aKTHBHOCTH hcTHje y crapeifcy npeTnocraBJba ce ;ja cy ycjioBJbeHe KBaJiH-

TaTHBHHM MOflncpHKaHHjaMa JJ.HK (1—5). IlojaBa ,,rameH>a" cHHTe3e 6e-

jiaH^eBHHa y CTapocTH aviaTpa ce aa Mowe cTojara y Be3H ca CTpyKTypHHM

npojweHaMa JJHK (crpyKTypHO crapeH>e) Koje ce jaBJBajy nao nocjieflnqa

jioKajiHe AeHaTypaipije ko^ crapHjHx opraHH3aMa, uito 6h ycjioBHJio h»h-

xobo MBpmhe, HpeBep3H6HJiHO Be3HBaH>e c XHcroHHMa, a THiwe h SjioKHpaite

reHeTCKe HH^opiwaipije hennje (6). MetjyTHM, nocrojH h onpewo MHuubeite

fla ce DNK HymieonpoTeHHa y nomeay cacraBa h oco6HHa He Meitajy ca

crapouihy (7). y"3HMajyhH y ofenp OBe Mmfcemme >Kejiejm cmo fla y cjio-

weHOM rnrraifey MeiaGonHMKe aKTHBHOcro hejiHje y npou,ecHMa Be3aHHiw 3a

pa3Boj, CTapeae h HHBOJiyunjy opraHa (THMyc), yTBpflHMo 3HaieH>e ca,np-

>Kaja HyKjieHHCKHx KHcejmHa, cacraBa HyKJieonpoTeima h h>hxobhx npo-

MeHa, Kao h o/nroca c flpyrHM KOHCTHTyeHTmvia hejiHje. Obo caonuiTeH>e

ce oflHocH Ha HcnHTHBaH>a caflp«<aja h oflHoca ,HHK h PHK xoMoreHara

THjwyca naupBa y paHOM nocTHaraJiHOM nepnofly (crapocT 0, 10 h 20 gana),

koh ivuia^Hx oflpacjinx (crapocr 45 gana) h oapacJiHX c THMycoM y hhbo-

.nyuHjH (crapocr 75 gana).

MATEPHJAJI H METOPE

EKcuepujueHiuaAHe otcueoiuune. 3a CBa HcnHTHBaiba ynoTpe6jteHH cy

naqoBH soja Wistar, My>Kjau,H, CTapocTH 0, 10, 20, 45 h 75 gana, apHtann no/i

craHflapflHHM ycnoBHMa >KHBOTa. Thm>'ch cy y3HMaHH y eTapci<oj HapK03H.

XoMoieHMayuja vuKuea. XoiworeHH3auHja THiwyca BpmeHa je y cra-

KJieHOM xoMoreHH3aTopy (8). Kano Te>KHHa TKHBa Hwje npejia3H:ia 0.6 g

to je 3a xoMoreHH3au,Hjy ao^aBaHO 2.5 ml pacTBopa: 0.32 M caxapo3a

—0.001 M MgCl2 —0.0004 M K,HP04, pH = 6.7—6.8. no saBpuienoj' xo-

MoreHH3auH)H flonyitaBajy ce xoMorenaTH #o 3anpeMHHe ofl 5 ml c pac-

TBopoM y Koiwe je BpiueHa xoMoreHH3aHHj'a h ueHTpn^yrHpa ce 10 Munyuia

Ha 750 g. Pacreop Hafl ceflHiweHTOM yiiOTpe6jbaBaH je 3a HcnHTHBaftu.

CBe onepauHje ca cbokhm tkhbom BpmeHe cy na hhckhm TeianepaTypaMa.
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Oflpe^HBaite HymieHHCKHx KHceiiHHa. FIpHnpeiHa eKCTpanaTa xomo-

reHara THMyca 3a ojipeljHBaifce ,H,HK h PHK BpiueHO je no iweTOflH Ogur-a

h cap. (9), Koja yK^.yMyje fl&nHnnnauHjy h OTKJiaH>aH>e y KHceJiHH&wa pac-

tbophhx jeflmteifca. HyioieHHCKe KHcejiHHe cy oape^HBaHe y nepxjiopHOM

eKCTpaicry npeMa Ceriotti-y (10, 11), Ha ocHOBy SojeHe peaianije pn6o3e-

-PHK h ae30KCHpH6o3e-JliHK. Kojihihhc PHK h JXHK cy H3pa>KaBaHe

y npoueHTHMa Ha cbokc tkhbo, Kao h kojihihhom cpoccpopa PHK h JJ,HK

Ha mg 6ejiaHHeBHHa. BpeflHocra 3a cpoccpop PHK h JIHK flo6HjeHe cy

payyHCKHM nyTeM.

PE3YJITATH H flHCKYCHJA

HcnHTHBaHiHMa caapwaja ,HHK h PHK THMyca nauoBa y paHoiw pa3-

Bojy h KOfl o^pacjiHx, npeTxoflHJia cy HcnHTHBaH>a 6enaHMeBHHa (12), xh-

CTOHa (13) h HymieoxHCTOHa (14) THMyca nauoBa hcthx crapocHHx rpyna.

CaflauiH.HM HcnHTHBaifcHMa je HaljeHO #a je hhbo JJHK h PHK y xomo-

reHaTy THMyca HOBopofjeroix nauoBa bhcok h jj& Beh y paHOM nocrHaTaJiHoiw

nepnofly ona^a (raGjiHija 1 h 2). y hcto BpeMe Hal)eH je nafl caap>Kaja ynyn-

hhx GejiaHMeBHHa (12) h xncTOHa (13) y hcthm cpeflHHaivia. OBe npoMeHe

y aAanraintoHOM nepno;iy Mory ce flOBecrH y Be3y c aKTHBHOM yjioroiw

THMyca y MopcpojiouiKo cpyHKinioHajiHHM npoMeHaMa Be3aHHM 3a obo >kh-

botho flo6a. Kofl nanoBa crapHx 20 gana y xoMoreHaTy THMyca Hal)eHe cy

HajHHH<e BpeflHocra 3a ca#p>Kaj ,H,HK y nopel)eH>y c ApyniM crapocHHM

rpynaMa, a Tafla je y HyiuieoxHCTOHHMa HaljeHa h HajHHH<a BpeflHOcr 3a

xHCTOHCKy KOMnoHeHTy (14). y obo BpeMe, y nepno^y ofl aeceTor ro #Ba-

Aeceror aaHa nocTHaTaJiHor >KHBOTa flo.ia3H no Har.ior nopacra ca#p>Kaja

PHK (noBehaite h3hoch 145% y o^Hocy Ha bpchhocth Ha^eHe .neceTor

aaHa); nopacr TejiecHe tokhhc h tokhhc THMyca je Taaa HajBehn (noBehaifce

3a 490%, oflHOCHO 407%), (12). AHa.iory nojaBy BCTHKor noBehaH>a caflp-

maja PHK y jeTpn nauoBa HHja TeHanra o^roBapa obom >khbothom flo6y

HauiJiH cy Fukuda h cap. (15).

Kofl nauoBa crapnx 45 gana, Ka#a je TOKHHa THMyca HajBeha, a TejiecHa

Te>KHHa flocTHJKe Te>KHHy oflpacrcor opraHH3Ma, caap>Kaj JJHK xoMore-

naTa THMyca HMa bhcokc Bpe^HocTH, HacynpoT hhckom HHBoy 3a PHK h

6eJiaHMeBHHe (12). y obo BpeMe Ko;wnHHa xncTOHa je noBehaHa (13, 14).

Ko.ni nauoBa crapHx 75 gana, kor nojux je npnpauiTaj TenecHe tokhhc MaJiH,

a Te>KHHa THMyca pe^yKOBaHa 3a npeno 50%, HaljeHo je #a je caflpw<aj

JJHK y xoMoreiiaTy THMyca HH3aK, a PHK bhcok, iuto ce o^paHOBa Ha oflHOC

PHK/JJHK Kojn ce y BpeMeHy oj\ 45 no 75 gana >KHBora noBeha 3a 238%

(TaGjinija 3). Kano ce koa nauoBa cTapux 75 gana paflH o 3HaTH0 HHBOJiyHpaHHM

THMycHMa, c H3pa>KeHHM npoMeHaMa y MeTaGojiHTOoj aKTHBHocra hejinja,

TaKBa nojaca mije H3HeHal)yjyha. yanagisawa (16) je ynasao Ha HHHbeimiry

fla y 6ai<TepHjcKiiM cucreMHMa ryje yrjiaBHOM HeMa xncTOHa, atcyMyjiauHja

PHK Hfle napa^eJTHO c aicyMyjiauHjoM penpecopHHx cyncraHHH. Tpe6a

iLvvara y BH^y h Ha;ia3 na ce y HepBHHM hcinjaMa crapnx oprami3aMa PHK

anyMyjinpa y cpyiiKinioHajiHo HiiepTHHM hemjaMa (17).

npoMeHe y cHHTeraMKoj aKTHBHOCTH hejinja THMyca y crapeity h y

HHBO.nyuHjH BepoBaTHo aa cTojn y Be3H ca npoMeHaMa y KOMiLiency HyKJieo-

XHCTOHa . 3a aHajiore npoMene noj e ce jaBJtajy y crapocTH MeflBe^eB ( 1 8—20) ,



TABEJ1A1TABLE

B

CTapocr
ynaHH.wa

Agein days

10

20

45

75

10

20

45

75
14.51—21.7410.33—18.25 15.64 3.34 1.49 21.35 —45.61 +47.68 +59.91 —16.80

p<0.01 p<0.01 p~0.01 p>0.05

5

18.80 4.73 2.11 25.15 —34.63 +77.52 +92.22

p«<0.05 p<0.01 p<0.01

5

'—12.067.18—12.25 9.78 2.26 1.01 23.10 —65.99 —7.64

p<0.001 p>0.05

5

10.59 1.77 0.79 16.71 —63.88

p<0.001

5

27.63—29.907.57

29.32 1.60 1.13 5.56

2*

0.17—0.33 0.27 0.06 0.03 23.70 —49.05 +50.00 +68.75 —12.90

p<0.001 p<0.05 p<0.01 p>0.05

5

0.21—0.40 0.31 0.06 0.03 19.35 —41.50 +72.22 +93.72

p<0.001 p<0.01 p<0.001

5

0.12—0.23 0.16 0.04 0.02 25.00 —69.81 —11.11

p<0.001 p>0.05

5

0.14—0.22 0.18 0.03 0.02 16.66 —66.03

p<0.001

5

R0.46—0.57

0.53 0.05 0.02 9.43

4*

cv%No

M
SD SE

a b V g a b g

*nyjiOBiino9Tiwyca

poolsof9thymuseseach

Caap>KajH.HKxo.MoreHaTaTHiwycanauoBapa3JiHinTHXCTapoCTHH3pa>KeHHXy%yOflHOcyHacbokctkhbo(A)hKaofflHK-PHami
PN(B).No—6pojcnyqajeBa;R—rpammHeBpeflHocTH;M—cpenoaBpeAHOcrjSD—cnqgapflHaAeBHjaunja;SE—craHflapflHarpeuiKa;

CV%—KoecpHiwjeHaTBapiijamije;%CMaibeH>ahjihnoBehaoaahhbohCHrHHd)HKaHTHOCTHnpoMeHayoflHocyHaBpeflHocTHflo6nBeHe

3a:a.0gana,b.10gaua,v.20gma,g.45gaua.

TheDNAcontentofthymushomogenateofratsofdifferentageexpressedas%ofwetweight(A)andasyDNA-PpermgPN(B).No—

numberofcases;R—rangeofvalues;M—meanvalue;SD—standarddeviation;SE—standarderror;CV%—coefficientofvariation;%of

decreaseorincreaseandlevelofsignificanceofchangesinrelationtothevaluesobtainedfor:a.0days,b.10days,v.20days,g.45days.
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TABEJIA2TABLE

CTapocr
yAaHHiwa

Agein

10

20

45

75

10

20

45

75
s

32.86—42.41 37.61 4.55 2.04 12.09

—11.02 +70.02 —38.96 +175.12

p>0.05 p<0.01 p<0.001 p<0.001

5
10.87—17.67 13.67 2.93 2.62 21.43

—67.63 —38.20 —77.81

p<0.001 p=»0.05 p<0.001

5
54.54—68.67 61.62 6.81 3.03 11.05

+45.77 +178.57

p<0.05 p<0.001

5
16.42—30.50 22.12 6.09 2.73 27.53 —47.66

p<0.05

2*

38.60—45.95 42.27 5.20 2.32 12.30

5
0.58—0.82 0.69

0.099
0.04 14.34 —21.59 +58.13 —36.11 +187.50

p-0.05 p<0.01

p<0.C01

p<0.001

5
0.17—0.33 0.24 0.07 0.03 29.16 —72.73 —45.45 —77.77

p<0.001 p<0.01 p<0.001

s

1.02—1.22 1.08 0.08 0.03 7.40 +22.72 +145.45

p<0.01 p<0.001

5
0.31—0.56 0.44 0.10 0.01 22.72 —50.00

p<0.001

4*
-0.92 0.88 0.05 0.02 5.68

days No

R0.81 M
SD SE cv%

11 b V g a h V g

*nyjroBHno9THiwyca

poolsof9thymuseseach

CaApwajPHKxoMoreHaTaTHMycanaiiOBapaa-TOWnixcrapocTHH3pa>KeHHXy%yOAHOcyHaCBe>Ketkhbo(A)hKaoyPHK-PHamg

PN(B).No—6pojcjiy^iajeBa;R—rpaHHMHeBpeflHOCTHjM—cpenH>aBpeflHOCT;SD—craHflap/iHaAeBHiainiajSE—eraHflapnHarpeuma;CV%—

KoetpHUHjeHaTBapHjauHje;%CMajteitahjihnoBehan»ahhhbohCHrHHdpHKaHTHOCTHnpoMCKayoflHOcyHaBpeflHocniflo6HBeHe3a:a.0gana,

b.10gma,v.20gma,g.45gana.

TheRNAcontentofthymushomogenateofratsofdifferentageexpressedas%ofwetweight(A)andasyRNA-PmgPN(B).No—num

berofcases;R—rangeofvalues;M—meanvalue;SD—standarddeviation;SE—standarderror;CV%—coefficientofvariation;%of

decreaseorincreaseandlevelofsignificanceofchangesinrelationtothevaluesobtainedfor:a.0days,b.10days,v.20days,g.45days.
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TABEJIA 3 TABLE

dapocT y

AaHHMa

Age in days

0 10 20 45 75

No 2* 5 5 5 5

R 1.40—1.54 1.36—2.67 5.11—7.60 0.54—0.87 2.13—3.20

M 1.47 2.21 6.48 0.73 2.47

SD 0.10 0.47 1.08 0.13 0.42

SE 0.02 0.21 0.48 0.06 0.19

cv% 6.80 21.26 16.66 17.80 17.00

a + 50.34 + 340.80 —50.34 + 68.03

t> + 193.21 —66.96 + 11.76

V —88.73 —61.88

g + 238.30

a p>0.05 p<0.01 p«*0.001 p<0.05

b p<0.001 p<0.001 p>0.05

V p< 0.001 p< 0.001

g p< 0.001

* nyjioBH no 9 Twwyca

pools of 9 thymuses each

OflHOC HyioieHHCKHX KHCejiHHa xoMoreHaTa THMyca naupBa paanmtHTHX crapocTH H3pa-

H<eH Kao y PHK-P/y JJHK-P. No — 6poj cjiy*tajeBa;R-rpaHmme BpeflHOCTH; M — cpexuta

BpeflHOCT; SD — craHflapflHafleBHjauHja;SE— CTaHflapflHa rpeuiKa; CV% — KoecbnUHjeHaT

BapHjaimje; % CMaH>eH>a hjih noBehaita h hhboh cnrHH(bHKaHTH0CTH npojweHa y oaHocy

Ha BpeflHoc™ Ao6HBeHe 3a: a. 0 gana, b. 10 gana, v. 20 gana, g. 45 gana.

The ratio of nucleic acids of thymus homogenates of rats of different age expressed

as y RNA-P/y DNA-P. No — number of cases ; R — range of values ; M — mean value ; SD —

— standard deviation; SE — standard error; CV% — coefficient of variation; % of

decrease or increase and level of significance of changes in relation to the values obtained

for: a. 0 days, b. 10 days, v. 20 days, g. 45 days.

Hhkhthh (21) h HaropHH h cap. (22) cy npeTnocTaiiHJiH ,na ce jaBJtajy Kao

nocjieflHua npoAieHa y nammy Be3HBaH>a BeJiaH^eBHHa h HyKJiemicKiix kh-

cejiHHa, a von Hahn (6) ciwaTpa p,a cy Be3e H3Mel)y JI.HK h XHcrona y cra-

Phjhm opraHH3MHjwa rapmhe. HauiHM npeTxo/iHHM HcnHTiiBaHbHMa Tanofje

je yTBpl)eHO aa ce y THMycHMa crapHjHx naupBa, cneqHja.nio HUBOJiyHpaimM,

noBehaBa KOJiHMHHa CTa6HjiHHjHx KOMnjieKca HyK.ieoxHcrona (13). Ca obhm

rjieAHuiTHina crojH y carjiacHocrH Te3a Mirsky-a (23), na 6nojiouiKa 8kthb-

hoct nojeAHHHX ae^OBa reHa 3aBHCH or npnpofle ycnocTaBJbenHX Be;ta

H3Mer)y HHK h SejiaHHeBHHa. Caiwo, noTpe6no je HMara y BHfly m pa3Jim<e

y oaHocy xhctohh/^I,HK raojioBaHHx HyKJieoxHcrona TH.wyca naupBa pa3Jin-

mrre crapocTH (14) yKa3yjy Ha aKyMV.iau.Hjy xHcrona y THMycy crapHjHx,

HapomiTO y HHBOJiyipijH, bjto Mo>Ke 6hth je^aii ofl cbaKropa HuaKTHBamije
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HyKJieoxHcroHa omhocho flHK, orpammaBaifeeM h>hxobhx (pyHKUHja y chh-

Te3H SeJiaHMeBHHa h H>HXOBoj pereHepauHjH. OBaj no^araK 6h 6ho y ca-

rjiacHocra ca HarjeHHM npoMeHaiwa h ycnocTaeJteHHM oAHocniwa HyKJieim-

ckhx KHceriHHa THMyca y nocMaTpaHww >khbothhm flo6Hiwa.

H3BOJI:

HcnHTHBaH je caapwaj JI.HK h PHK xoAioreHaTa THMyca naupBa y

paHOM nocTHaTaJiHow nepHoay, koa mjkiahx oflpacjmx h oapacjiHX c th-

Mycoiw y HHBOJiyuHjH. HaheHe cy 3HaTHe npoMeHe y hjixobom ca#p>Kajy,

Koje cy pa3MaTpaHe y3HMajyhH y o63Hp npoMeHe yKyiiHHx rJejiairaeBHHa,

xHcroiia h HyKJieoxHcroHa hcthx cpeflHHa, a ca craHOBHiirra anxoBor 3Ha-

yeita 3a MeTa6ojiHMKy 3kthbhoct he;iHje y nocivtaTpaHHM hohbothhm floSHMa .
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CnEKTPOMETPHJCKO OAPETdHBAHjE BEPHJIHJYMA

y EAKAPHHM JIErYPAMA nOMOTiy

CTAEHJIH30BAHOr JIYKA

OA

MAPE KJIHCKE-MATHTi h MOMHPA MAPHHKOBHTiA

y HeKHM cneuHjajiHHM 6aKapHrow Jierypaivia SepmrajyAi je npHcyraH

Kao .lerHpajyhH eJieiweHaT y KOHueHTpauHjaiwa no Asa npoueHra. OBe Jie-

rype Mory aa caAP>Ke y MaHbHM KOJuraHHaina h Al, Fe, Ni h Co ««ije npn-

cycrBo, no npaBHjiy, 0T«KaBa OApel)HBaH>e 6epnjiHjyMa. IlpeMa noaauHMa

H3 jiHTepaType, 3a oapel)HBaH>e Sepmmjyivia KopHcre ce pa3JiHMHTe iweToae,

Kao Ha npHMep, rpaBHMeTpHjcKe, KOJiopHMeTpHjcKe, cneKTpocpoTOMeTpHjcKe

h apyre (1). MeljyrHM, nocrojehe rpaBHMeTpHjcKe h (pOTOMerpHjcKe Merofle

3a oApe^HBaite 6epnjiHjyiwa Hncy aobojbho npaKranHe jep 3axTeBajy npeT-

xoflHO H3flBajaH.e 6epHjiHjyi«a, aok cneKTporpacpcKe MeTOfle oShmho Hncy

Aobojbho Ta^He, a nopea Tora h npraipeiwa craHAapfla je npHJinqHo kom-

HJIHKOBaHa.

y obom paay cmo onHcajra, Kao jeflHy aJiTepHaTHBHy Meroay, npHMeHy

cra6HJiH30BaHor Jiyna Kao eKciniTauHOHor H3Bopa 3a cneiopoMeTpHjcKO o#-

peJ)HBaibe GepwiHjyMa y SaKapHHM Jierypaivia. PaHHje oimcaHH CTa6HJiH3o-

BaHH jt/k (2) oinoryhaBa AHpercrHy eKCUHTauHjy pacTBopa kojh ce ysofle

y jr/qHH cry6 y oSjiHKy aepocojia. Oco6nHe noMeHyror JiyKa npn cneicrpo-

xeMHjcKOM eKCHHTOBaH>y pacTBopa aeTaiBHo cy oimcaHe y pecpepeHnaivia (3, 4).

HeKe ocoSeHocTH yBol)eH>a aepocojia y jiynHH cry6 aoShbchc cy npn ncnn-

THBafty xopH30HxajiHe MOAncpHKannje noMeHyror Jiyna HaiweibeHor aTOMCKo-

-ancopimnoHHAi MepeH>HMa (5, 6). HeuiTo jeAHOCTaBHnja KOHCTpyKnnja cra-

6Hjm30BaHor JiyKa npnMeH>eHa je 3a cneKTporpacpcKO 0Apel)HBaH>e 6epn-

jmjyMa y SepHJiniwa (7).

CTa6nnHOCT cneKTpaJiHe eMHCHje koa OBaKBor THiia eKcnHTaiuioHor

H3Bopa OMoryhaBa Kopnmheifce HenHTerpnpajyhHx (poToejieKTpnMHHX Ae-

TeKTopa ujto y 3HaTH0j iwepn nojeAHocraBJbyje aHajiHrauKH nocTynaK h

noBehaBa TanHocT OApel)HBaH>a y oAHOcy Ha cneKTporpaci)ci<e MeToae. Te-

XHHKa paua, a TaKol)e h npenH3H0CT 0Apel}HBaH>a yniauHOM je cjnmna i<ao

koa cpoTOMerpHje imaiweHa h aroMCKe ancopiinnje. CTa6HJin30BaHH Jiyj< je

noroAaH 3a eKcunTOBanbe crceivieHaTa Kano ohhx Kojn ce jiaKo OApel)yjy

eiKHCHOHHM h ancopimnoHHiw jweToaaivia cpoToineTpHje njiaiwena Tano h ohhx

3a mje OApel)HBaH>e cy noTpeSHe cnennjaime TexiiHKe Aa 6n ce H:t6er.io

CTBapaHbe CTaGnjiHHX OKCHAa y njiaivieHOBHina. JeAan oa ejieMeHaTa KojH ce

357
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TeuiKO Mory oflpel)HBaTH MeTOflaiwa (pOTOMerpHje miaivieHa jeare h 6epH-

jrajyiw yaiefl (popjvuipaifca craSmiHor OKcnwa h BHCOKor eKoprraijHOHor no-

TeHipijajia aHaJiHTH^ne jmHHje.

AnAPATYPA

EKCUfMiiaufWHu ussop. CTa6Hjin30BaiiH jiyK kojh je KopniiiheH y obom pafly npeT-

CTaBJba MOflHfpHKaujijy pairnje onncaHor H3Bopa (2). Yperjaj 3a CTaSmnooBaHM jtvk ce

cacrojH ojj iweTajiHHX cerMeHaTa eneKTpHMHO H30JioBaHHX H XJiar)eHHX BOfloM. Ejick-

Tpwuut JiyK ropH y nanajiy kojh camnbaBajy otboph y cenweHTHMa 2—6, cji. 1 . AHOfla

 

Copper

— ARGON

AEROSOL

— ARGON

Mm Insulator

IHI Graphite

GflHKa 1 CTa6HJTH30BaHH JiyK

Figure 1 Stabilized arc



CnEKTPOMETPHJCKO OflPE'BMBAHbE BEPMJIMJYMA V BAKAPHMM

JIEryPAMA nOMOW CTABMJlM30BAHOr JiyKA

1 je HaMHH>eHa ofl 6aKpa h xjiat)eHa je BOflOM, a KaTOfla 8 je nanpaoibeHa ofl yrJbeHHKa.

KaTOfla je aKCHjajmo H36ynieHa paflH naJteH.a Jiyna noniohy rpacpHTHe miniKe. OraopH

npeiHHKa 3 mm Ha ceriweHTHMa 3 h 5 oranaifcajy yrauaj HenpaBmiHor Kperauba KaTOflHe

h aHOflHe Mpjbe Ha ueHTpajiHH fleo jiyroor cry6a. Ha obhm MeCTHMa CTa6miH3aijnja Jiytmor

<rry6a je n3BefleHa noMohy 3HflOBa cerMeHaTa. Ha flejiy jiyHHor cry6a H3MeI)y obhx cer

MeHaTa CTa6njiH3ai(Hja je MBpnieHa bptjiojkhom crpyjoM raca KojH ce yBOflH y ueHTpaJiHH

cerMeHT. Cbctjioct 3a aHaiuoy y3HMaHa je Ha flejiy jiyKa H3Met)y cerMeHaTa 4 h 5, Y

inuby cnpenaBaiba Tpomeifea yrjbeHe KaTOfle h OKCHflaunje SaKapHe aHOfle ycnefl flo«npa

ca Ba3AyxoM, cjia6a crpyja aproHa je jraoljeHa y ceKiwje H3Bopa HenocpeflHO oko ejien-

Tpofla. Ctea CTpyja aprona je H3Jia3HJia Kpo3 nponene H3Me^y cerMeHaTa 2 h 3, oahocho

5 h 6. Aepocoji ce yBOflH TaHreHUHjajino y mymtHHy cerivieHTa 4, Kojn 3a pa3JiHi<y ofl

ocraJiHX cerMeHaTa, HHje xjialjeH boaom. 3a BpeMe pafla JiyKa TeMnepaTypa OBor cer-

MeHTa je noBHiueHa urro cnpewaBa KOHfle30BaH>e Kaiubima aepocoua.

Hatop ciupyje. Tpocpa3HH HcnpaBJbaq, HanoHa 240 bojith npw oTBopeHOM Kony,

ynoTpe6jieH je Kao H3Bop 3a Hanajaae JiyKa. Ca crpyjoM op, 6 aMnepa jijtk ropn CTafimmo

npH MeMy nafl Hanona Ha eneKTpoflaMa h3hoch oko 80 bojith. yraiiaj (JwryKTyainija omopa

jiyoror CTy6a, Koje Hacrajy ycnefl noMepan>a ejieicrpoflHHX Mpjta, Ha cTpyjy nyKa H36er-

Hjrr je npnMeHOM eneiapoHCKe cTa6iuiH3auHje cTpyje. Kofl Hauie anapaType CTa6H;iH3a-

imja je 6njia Gojta ofl 0,2%. EjiempoHCKa CTa6HJiM3aqHja CTpyje JiyKa HeonxoflHa je 36or

Kopmnheita HeHHTerpHpajyhHx (poroe.rieKTpH'jHHX AeTeKTopa.

PacupmuaaH. y3opnH, KojH Mopajy 6hth y o6jiHKy pacTBopa, pacnpiuyjy ce no-

Mohy HHflHpeKTHor pacnpuiHBawa y CTpyjy cra6HJiH3yjyher raca h AOOHBeRH aepocon

yBOAH y cerMeHT 6p. 4. 3a pacnpiiiHBaibe h Kao cTa6HJiH3yjyhH rac KopmuheH je aproH

Kojn ce oShhho KopHCTH 3a ayroreHo aaBapHBaoe. npoTOK aproHa hshdcho je 3,5

lit\min yrpomaK pacrraopa 3 mljmin, a ecpHKacHOCT pacnpniHBaqa, T.j. OHaj fleo

pacTBopa Kojn y o6jiHi<y aepocojia HomeK crpyjoM aproHa floneBa y jt/k, H3Hociuia je

oko 3,5%.

MoHoxpoMaiuop. KopHinheH je MOHOxpoMaTop ca KBapuHOM npHSMOM ofl Hilger-

-ovog Uvispek cnercrpoepOTOMeTpa. IIInpHHa yjia3Hor h H3Jia3Hor pa3pe3a iBHOcmia je

0,1 mm. noMohy CHcreMa ofl Tpn KOHfleroopa ca MetjyjmKoM, fleo jiy^nior CTy6a H3Me^y

cerMeHaTa 4 h 5 je (ponycHpaH Ha KOJiHMaTopcKO orjieflajio MOHOxpoMaTopa. 3a Mepeae

HHTeH3HTeTa eMHcnje KopHmheH je (poTOMyjiTHiuiHKaTop RCA 1P28. 4>OTOCTpyja H3

cpoTOMyjrnuiJDiKaTopa MepeHa je flnpeKTHO noMohy oceTJBHBor rajiBaHOMeTpa npoH3-

BOflH>e Carl Zeiss, Jena, nnja je oceTJbHBOCT H3Hocmia 5.10"10 aMnepa no nofleoKy.

(WE'BHBAIfcE Be Y JIErYPH BAKPA

y TOKy npejiHMHHapraix HcmrrHBaifea yTBptjeHO je fla 6aKap kojh je

npHcyraH y aHajiH3HpaHHM pacrBopHMa ym^e Ha cneiapaJiHy eMHCHjy 6e-

pHJiHjyjwa, cji. 2. IlpHcycTBO Sanpa noBehaBa HHTeH3HTeT 6epnjiHjyMOBe

jiHHHje. OBaj ynmaj je BHiue H3pa>KeH ko« jviaifanx KOHuempainija 6anpa

h SepujmjyMa. Oa ocTajmx ejieMeHaia kojh cy npHcyrHH y Jierypn Kao Jie-

rapajyhH ejieMeHTH HcrmTaJiH cmo unpKOHHjyM h HHKan. Obh e-ieAieiiTH cy

npHcyrHH y rany ^erype Kojy cmo aHajiH3HpajiH. H)Hxob yTHi^aj Ha eMHCHjy

SepHjmjyMa je 3aHejwapJbHB yKOJiHKO ce HaJia3e ao 5% y jierypw, oahocho

0,125 mgjml, na hx y obom cjijrnajy HHje Tpe6aAO y3HMaTn y o63iip iiphjihkom

npaBJbeifca CTaHAapAHHX pacTBopa. CiwaifceHbe HHTeH3HTeTa GepujinjyMOBe

JiHHHje ycjieA npHcycrea cyMnopue khccahhc y pacnpuniBaHOM pacruopy

H3H0CH OKO 5% H npaKTIPIHO He 3aBHCH OA HbeHe KOHIKiHTpaHHje.

TIpuupeMcube y30pcaca. OflMepH ce 0,25 gr jierype i<oja cc 3aTHM pacTBopii y 5 ml

CMeme a30THe h cyMnopHe KHceJinne, pacTBop npenece y nopManHM cyfl H pa36jia>KH bo-

flOM flo 100 ml. Ciwenia KHcejmHa npnnpeMa ce na cueAehu Ha^HH: 300 ml kohu. H2S04

AOAa ce ys MeuiaH>e y 750 ml Bofle, Kafla ce cMeca oxjiaflH flofla ce 210 ml kohu.

HNO,.
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npuupeMan>e duaugapga. CTaHjapaHH pacTBopH nprnipe.waHH cy pacTBapaiteM Sanpa

y cMeiim a30THe h cyjwnopHe KHceJume, h flOflasaifeeM oapebeHe 3anpe.MiiHe craHflap/iH-

3OBaH0r pacTBopa 6epwiHjyMa. HanpjBibeHH cy pacTBopH kojh canpwe 1, 2, 5, 10, 20

 

20ppm Be

 

10 ppm Be

5 ppm Be

1 ppm Be

Concentration, . / .

Koncentraclja, mgCu/ml

OiHKa 2 y™uaj 6aKpa Ha eMHCwjy SepHjrujyiwa

Figure 2. The influence of copper on the beryllium emission

h 40 (ig/m/ rjepHjmjyiwa. CBaKH on obhx pacrnopa caapwaBao je 2,5 mgjml Ganpa h

HCTy KOHUeinpaimjy a30THe h cyMnopHe KHcejiMHe Kao h pacTBopH y3opai<a.



CnEKTPOMETPHJCKO OflPEHMBAHjE BEPMJIMjyMA Y BAKAPHMM 1£1

JIEryPAMA nOMOTiy CTAEMJIK30BAHOT J1YKA

AuajtumuHKU uociuyuax. PacTBopw, ao6hbchh Ha rope onncanH HaHHH, pacnp-

iuiiBaHH cy noMohy HHzmpeKTHor pacnpuiHBaMa y crpyjy aproHa npH jeflHOBpeMeHOM

Mepen>y cneKTpajme eiMHCHje 6epHJinjyMOBe JiHHHje koa 234,86 nm. MepeHH cy Hajnpe

craimapAH na y3opim, 3aTHM je Mepeite noHOBJteHO ajm o6pHyTHM pe/ioni. On OBaKO

ao6HBeHHX napoBa BpeflHOcra H3pa*iyHaTe cy cpewte BpeflHOCTH noKa3HBaH>a rajmaHO-

MeTpa. OBaKaB nocrynaK Mepeita je oflaGpaH fla 6h ce eJlBMBBHcano eBeHTyanHO noMepaH>e

noKa3HBaH>a rajiBaHoiweTpa CapH(pT) Koje noTHMe on pa3JiHHHTHX y3poKa, Kao Ha npHMep :

HecraCmiHocTH eJieKTpoHHKe, pa«a pacnprnHBawa, npHTHCKa raca ht/i.

AHajiHTHMKa KpHBa je aoGnBeHa yu.pTaBaH.eM CKpeTaita rajiBaHOMeTpa Ha opflHHaTy,

a KOHueHTpauHje 6epmiHjyMa Ha anuncy Ha jiorapHTaMCKoj Mpe>KH, cji. 3.

1000h

 

0.04 0.1 0.2 Q3 0.4

Concentration, R
Koncentracija, Be

CjiHKa 3 AHaJiHTHMKa KpiiBa

Figure 3. The analytical curve

1.6

npeun3H0ciu u maHHOcm auamiiiiuuKoi uocmyma. ripeuH3H0CT nocTynra HcrwTaHa

je Ha ocaM y3opai<a. Oapet)HBaibe je nonoBJi>eHO ocaM nyra h to y pa3jnmHTe ;(ane y tokv

on Meceu flaHa. Pe3yjiTaTH, ymbyMyjyhw h npemioc™ nojeAHHaMHiix oflpchiiBaifea, cy

npHKa3aHH y Ta6ji. I.
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TAEJIHIJA I TABLE

IIpeiui3HOCT oflpeljHBaiba GcpmmjyMa

Precision of beryllium determinations

y3opaK

Sample

Caflpwaj Be, %

Be content, %

Cpeaiba KoetpHUHjeHaT

BpeflHOCT Bapnjamije

Coefficient of

variationMean value

1
0,192

0,180

0,190

0,188

0,190

0,188

0,192

0,188
0,188 2,02

2
0,168

0,153

0,172

0,165

0,163

0,164

0,170

0,164
0,165 3,96

3
0,203

0,194

0,200

0,194

0,200

0,195

0,193
0,197 2,27

4
0,172

0,167

0,183

0,168

0,173

0,172

0,178

0,168
0,173 2,72

5
0,212

0,203

0,221

0,210

0,216

0,208

0,218

0,205
0,212 3,05

6
0,168

0,164

0,177

0,165

0,170

0,165

0,168

0,162
0,167 2,81

7
0,060

0,058

0,059

0,058

0,058 0,058
0,058 1,52

8
0,400

0,380

0,400

0,390

0,380 0,390
0,390 2,16

TamtocT nocrynKa npoBepeHa je Ha chhtcthikhm y3opinwia. HeKH TranrwH

pe3yjrraTH o,opet}HBaH>a 6epiumjyMa aara cy y Ta6. II.

TABJIHU.A II TABLE

Oflpet)HBaH,e 6epniiHjyMa y CHHTeraHKHM y3opu,HMa

The determination of beryllium in synthetic samples

Y3opaK floAaHO Be, % HaheHo Pa3JiHKa, %

Sample Added Be, % Found Difference, %

1 0,040 0,039 -2,5

2 0,270 0,260 -3,5

3 0,383 0,400 + 3,0

4 1,230 1,215 -1,2



CnKKTPOMETPMJCKO OflPE"BMBAH.E BEPHJIMjyMA y BAKAPHHM

JIEryPAMA HOMOTiy CTAEHJIH30BAHOT JIYKA

OflPE-BHEAIbE Be Y PACTBOPy Y ITPHCyCTBy BAKPA

H JIHMYHCKE KHCEJIHHE

y mui>y HcimTHBaifca HHTepMeraJiHHx yicn>yqaKa Jierype Sanpa cy nc-A-

BpraBaHe aHOAHOM pacrBapaity y 5 M jraiwyHCKoj khc&jihhh. jja 6h ce h

y obhm cjiynajeBHAia Aiorao npHJweHHTH cra6HJiH30BaHH jiyn 3a OApeJjHBa-

H>e 6epHJiHjyjwa (y pacrBopy h HHTepMeTaJiHHM yjotymBiMa) 6hjio je Heon-

xoaho «a ce HcnHTa yrarjaj jiHMyHCKe KHcejiHHe Ha cnempaJiHy eMHCHjy 6e-

pHjiHjyivia h ii3Bpiiin npjujiarofjaBaibe nocrynKa. KopHiuheHa anapaTypa

je 6nna HAeHTHMHa ohoj oimcanoj y npeflxoAHOM OAeJBKy.

y&uifaj AtmyHCKe Kucenune. Ynmaj jmiwyHCKe KHcejume HcimTaH je ao

KOHixeHTpaiBije 2 M. Tlpn BehHM KOHqeHTpaiuijawa, ycrieA noBehaHor bh-

CK03HTeTa pacreopa, pacnpiiiHBai He paflH Ao6po. Pe3yjiTaTH cy npHKa3aHH

y TaSji. III.

TAEJIHHA III TABLE

yTHuaj JiHMyHCKe KHcejiHHe

The influence of citric acid

KOHU. JiHMyHCKe

KHcerorae , [AfJ

Cone, of citric

acid, [Af]

0 0,01 0,05 0,1 0,5 1

CKpeTa&e

ransaHOMeTpa

Galvanometer 172 160 155 157 155 145

reading

H3 Ta6jiHH,e ce bhah as je yrHnaj JiHMyHCKe KHcejiHHe npHMeTaH nan

h npn MaJuiM KOHHeHTpaAHjaivia, aJiH je obo HenoBOJBHO AejcrBO juuviyHCKe

KHcejiHHe AeJTHMHMHO H36erHyTo nyreM pa35jia>KHBaifca pacTBopa KaA toa

je to 6hjio Moryhe c o63Hpoiw Ha oceTJBHBOCT OAper)HBaH>a.

Meiuoga riumgapgHoi gogatuKa. 36or npoMeHJbHBe KOHUeHTpauHje 6aKpa h npw-

cycrBa JiHMyHCKe KHceJirae y obom cnynajy KopHiuheHa je Merofla cTaimapflHor aoflaTKa.

IIocrynaK npnnpeMaKa npoSa 3a anajiii3y cacrojao ce y CJiefleheM: Asa ajiHKBOTa (1 ml

hjm 0,5 ml) pacTBopa y 5 M jiHMyHCKoj khccjihhh npeHecy ce y HopMajme cyAOBe oa

10 ml, jeAHa npo6a ce flonyHH boaom ao 10 ml, a y Apyry ce AOAa 0Aper)eHa 3anpeMHHa

cTaHAapAHor pacTBopa 6epmmjyMa h 3aTHM pa36jia>KH ao 10 ml. JJajbH nocTynaK ca

oBaKO irpHnpeMJbeHHM pacTBopHMa je HfleHTHHaH ca ohhm onHcaHHM y npeTxoAHOM OAejbKy.

3a H3patiyHaBaH,e Heno3HaTe KOHueHTpairHje nopHuiheHa je pejiaquja:

 

rAe je: a — cKperaifce raJiBaiionneTpa, KopjuroBaHo Ha no3aAHHy, 3a npo6y y

Kojy je aoast SepmiHjyM, 6 — cKpeTaifce rajiBaHoiweTpa, KopHronaHO Ha no3a-

AHHy, 3a npo6y Koja caAP>KH caiwo Heno3HaTy KOHH,eHTpai(njy 6epHJiHjyiwa,

c — A«AaTa KOHijeinpauHja H x — Heno3HaTa KOHueHTpaiuija SepHJinjyjvia.

3*
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Koprauheifce oBe dpopMyrae, yMecro jeflHocraBHHje Koja ce o6imho ko-

Phcth koa MeTOAe ,o;o,naTKa (8), je HeonxoflHO ycneA 3aKpHBJbeHocra aiia-

inmwKe KpHBe Koja noBe3yje HHTe3HTer (I) ca KOHueHrpaiBijoM (c). OBa

3aBHCHocr flaTa je jeflHa^Huroiw : I=CP (9). Kao nocjieflitna OBaKBor oSjiHKa

aHajiHTHMKe KpHBe rrpoH3mia3H ropita (hopiviy;ia 3a n3pa>jyHaBaH>e kohuch-

Tpaujije no mctoah craHAapAHor floaaTKa. Ha norapHTaMCKoj mdokh aHajm-

THMKe KpHBe cy npeTcraBJbeHe npaBHM JiHHHja.wa aJiH ca HaraSon/i (TaHreHC

yrjia Kojn 3aKJiana KpHBa ca ocom Kon,eHTpaimje) Kojn h3hoch p. Y HauiHM

eKcnepHMeHTaJiHHM ycnoBHMa p je h3hochjio 0,88.

MeTOfla CTaHHapflHor aoflaTKa KopninheHa je h 3a oapef)HBaH>e oepHjmjy.wa y HHrep-

MeTajjHoj (pa3H. Ilpo6e cy npmipeMaHe Ha cjieflehw nauHH. 20 mg y3opKa pacraopH ce

y 1 ml oweiiie KHceJimia (cyMnopHe h a3o™e), pacrBop npeHece y Hop.wajmH cyA h pa36jia>KH

AO 25 ml. Ofl OBor pacraopa y3HMaHH cy, 3aBHCHO on KOHueHTpaitHje Be, noTpe6HK

aJiHKBoro h npeHomeHH y HopMajme cyflOBe oa 10 ml. JlpJbe je npuMeitHBaH ormcaj™

nocrynaK MeTofle craHflapAHor flOflaTKa .

H3BOfl

JlyK cTa6HJiH30BaH racoM ynoTpeojteH je 3a o;rpel)HBaH>e 6epHJiHjyj«a

y Jierypaiwa 6aKpa h y pacTBopHMa Kojn ca#p>Ke 6aKap h jiHMyHCKy KHcejiHHy.

Y30PUH y oSjiHKy pacTBopa pacnpuiHBaHH cy y crpyjy aproHa h aoSHBeHH

aepocoji je yBofieH y jiyHHH cry6. CneKTpaJiHa eivmcHja SepiuiHjyMOBe jih-

HHje KOfl 234,86 nm MepeHa je noMohy HeHHTerpHpajyher (pOToejieKrpiraHor

flereKTopa. KoecpHinijeHaT BapHjaunje 3a nojeAHHa^Ho o/jpehHsaifee h3hoch

oko 2,6%. Hnje KOHcraTOBaHa HHTeptbepeHUHja oa crpaHe ^pyrnx Jiern-

pajyhnx ejieweHaxa.

HHCTHTyT ,,BopHC KHflpHH" BHHMa,

JIa6opaTopHja 3a cbiramiKy xeiwnjy,

11001 Beorpaa.

FIpHMJbeHO 10. anpnjia 1972

SUMMARY

A SPECTROMETRIC DETERMINATION OF BERYLLIUM

IN COPPER-BASE ALLOYS WITH A GAS-STABILIZED ARC

by

MARA KLISKA-MATIC and MOMIR MARINKOVlC

A gas-stabilized arc was used for determination of beryllium in copper

base alloys and in solutions containing copper and citric acid. Sample solu

tions were nebulized into the argon stream and the aerosol obtained was

introduced into the arc column. The spectral emission of the Be 234,86 nm

line was measured with a nonintegrating photoelectric detector system.

The coefficient of variation for a single determination is about 2.6 per cent.

No interferences of other alloying elements were observed.

The Boiis Kidric Institute — Vinia, Received April 10, 1972

Department of Physical Chemistry,

11001 Beograd,

Yugoslavia.
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CnEKTPOITAcfcCKO O^PE-BHBAIfcE OJIYOPA y

VTAHy H IbErOBHM OKCHJJHMA nPHMEHOM UEBH

3A nPA>KIfcEH>E CA UHJIHHJIPHMHOM KATOAOM

JEJIEHE C. MATHTi-.TT.OEPOCABJLEBH'B.

YBOJX

XajioreHH h jxpyrn HeMerajiH npHcyniH y xcmhjckhm jejunteifcHMa Kao

KOHCTHTyeHTH HeraTHBHHx paflHKajia hjih aHjoHa Mory ce aHanH3npaTH on-

thmkom eMHCHOHOM cneKTpocKoimjoM. MeljyrHM, npHiweHa KOHBemyioHaJiHHX

cneKTpoxeMHjcKHX MeTOAa aa o,aper)HBaH>e hhckhx KOHHeHTpaiDija je OTe-

>Kana H3 pm paanora: 1) yjiTHMHe junnije HeyTpajrHHx aTOMa obhx ejieMe-

Hara najiase ce y BaKyyjwcKOM yjrrpaBHOJieTy h 2) eKcnHTanHOHH noTeHUHjaJiH

cneKTpajiHHx jiHHHja obhx ejieMenaTa cy jjBa flo ^erapH nyra BehH op, enc-

UMTaunoHHx noTeHqajaJia jiHHHja MeraJia, Tano pa. npHcycTBO y yjopKy

ejieAieHaTa ca hhckhm jomi3auHOHHM noTeHnHjajiHiwa oTOKaBa poGujajbe

cneKTapa HeMeTana. y JiirrepaTypH je HaBefleH BehH 6poj cnacrpoxeMnjcKHx

Meroaa 3a o,riper)HBaH>e cpjiyopa h apyrax HeMCTajia, a onmnpaH nperjiea

•rax MeTOAa ino>Ke ce HahH nop Clarka (1).

EKCipiTauHjoM y jeflHoowepHOM jiyny Mory ce oapeflHTH xaJioreHH no

Tpanaivia flHaTOMCKHx MOJienyjia <popMHpaHHx y TOKy npa>KH>eH>a H3Mer)y xajio-

reHa h 3eMHoajn<aiiHHx MeraJia npHcynmx y y3opKy. 3a 0Aper)HBaH»e (pjryopa

Hajieuihe ce KopHcre Tpai<e CaF hjih SrF. HajHH>Ka KOHnempanHja Koja

je Oflpe^eHa no oboj MeTo^H je 5 x 10-3%F (1).

3a nponjaifce JiHHHjcKHx cneKTapa xajioreHa KopHCTe ce pa3JinqHTH

BapHHiHH H3Bopn. Hajieiuhe cy to BapHHue y KOHTpojiHcaHHM aTMOccpepaivia

h npn craoKeHOM npnTHCKy. CneKTpajme jiHHHje Koje ce KopHcre y tom

aryqajy cy y noro/jHOM 3a KopHinhe&e, bhajmbom no^py^jy op 3500 po

5000 A. Here jiHHHje Kopncre ce h koa MeTOAa ca BHconocbpeKBeHTHOM

eKCUHTaUHjOM.

y BaKyyMCKOM yjiTpaBHOJieTy HeiweTajiHH ejiejvieHTH mwajy yjiTHMHe

jnomje pejiaraBHo cjiooonHe op HHTepcpepeHunje. Jl^HcppaKiiHOHH cneiapo-

rpacpH ca ohthkom op CaF2 hjih LiF eBaKyncaHH hjih HarryHbenH boaohhkom

HJIH XeJIHjyMOM y3 eKCUHTaUHOHH H3BOp (BapHHUa, BHCOKO(j)peKBeHTHO npa>K-

H>eH>e hjih npawHjeifee y nHJiHHflpHTOoj KaTOfln) ^urne onpejwy 3a o/jpefyiBaifce.

Kao najoceTJbHBHjH cneKTpoxeMHjcKH H3sop 3a o/ipeljHBaHbe xajiorena

HaBO/iH ce UHJaiHApHtiHa KaTOfla. 3a no6yf)HBan>e aTOMCKnx jiHHHja cpjiyopa

OBaj H3Bop npBH je npHMeimo Campbell (2) 1933. roflmie, a hckojihko
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roaHHa KacHHje h Edlen (3). McNally, Harison and Rowe (4) 1947. roflHHe

KopncTHJiH cy OBaj H3Bop 3a o,npeI)HBaH»e npHiweca (pjryopa, xjiopa h cym-

nopa. MeTOflHKy McNally-a npmvieibyje h MaiiKa (5) 1957. roflHHe 3a oa-

pe^HBaite (pjiyopa h xjiopa y OKcmuuvia ypaHa h TopHjyMa. 0,apel)HBaH>e

c})jiyopa y MexaJiHOiw unpKOHHjyMy KopmnheHieM ceKyHAapHHX xcmhj'ckhx

peaiapija Koje ce aeuiasajy y Tony npa>KH>eH>a y inuiHHApmiHoj KaTO/jH

H3Me^y (pjiyopa h ochobc HaBOflH KopoBHH (6). Hcth ayTop (7) 0Ape!)yje

cpjiyop h xjiop y MerajiHOM SepmiHjyMy no Hejuuvia TpaKa ahhtomckhx MOJienyjia

BeF h BeCl, npn qeivry je fleTeKTa6HJiH0CT 3a cpjiyop 1 x 10-*%. Oape-

r)HBaH>e cyjunopa h xaJioreHa y pacTBopnuwa ynoTpe6oM HaBeaeHor H3Bopa

cpehe ce y jnrrepaTypH kor Eepe3HHa (8). KapyaKHH, CaBHHOBa h 3axapoB

(9) Kopncre nHJiHHapmiHy naTOAy 3a o/T,pef)HBaH>e (pjiyopa y pyaaiwa h

MHHepajiHMa y KOHnempauHOHOM oncery oa 2,5 x lO-3 ao 1 x 10-*% .

KopHcrehn HaBeaeHe JiHTepaTypcKe noaaTKe, nao h Hama nperrxoaHa

HCKycrua npn oapet)HBaiby npHMeca H3 pecppaKTopmoc ocHoea y npa>K-

H>en>y ca ujuiHHflpHMHOM KaTOflOM (10, 1 1), oaaSpajiH cmo HaBeaeHH cneKTpo-

xovuijcKH H3Bop 3a oapetjHBa&e npHMeca (pjiyopa y ypaHy h HseroBHM ok-

cHflHMa. y inuby oflaSnpaiba onrHMaJiHHx ycnoBa 3a eKcuirraijHjy JiHHHja

(pjiyopa, noce6Hy na>KH>y oSpamjiH cmo HcnHTHBaay napaMerapa npa>KH>eH>a.

EKCnEPHMEHTAJIHH flEO

Auapauiypa. Ha cji. 1 npHKa3aH je BanyMCKH aeo anapaType ca ko)om je paljeHO.

TacHH uHpKyjiauHOHH cHCTeM (cji. la) cjiv>kh 3a iipe<niujKanaii>e Hoceher raca

xeJiHjyMa ojs, HeMHcroha npHcyTHHX y caMOM racy, 3aTHiw on, racona aacopoonamix Ha

CTaKJieHHM flejioBHiwa anapaType h on. racoBa kojh ce ocno6al)ajy y TOKy caMor npawc-

H>eH>a. Chctcm je HanpaBJteH 0/1 Pyrex craKJia. >KnBHHa ;j,H(py3HOHa nyivina ocTBapyje

pa3JiHKy npHTHCKa HeonxoaHy 3a CTajmy ij.HpKyjiau.Hjy racoBa. 3a a/j,cop6oBaH>e racHHX

HenHCToha Kao 02, N2, CO, C02, BoaeHe nape h apyrnx cjt/>kh KJionna ca aKTHBHHM

yrjbeiw noja ce xjiaan tctohm a30T0M.

a)

H20-

H20_
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CnEKTPOrPA*CKO OflPETiKBAIiE *JlyOPA y yPAHY H HiErOBKM OKCH-

ZIMMA nPMMEHOM U,EBM 3A IIPA2KH>EH>E CA UMJIMHflPMHHOM KATOflOM

 

 

CnHKa 1 — Figure

a, TacHH UHpKyjiaqHOHH cncreM. 1 — >KHBHHa AH(py3HOHa nyiwna; 2 — npH-

KJbyMaK 3a BaKynuvieTap; 3 — yjtHH MaHOMeTap ; 4 — KJionxa ca aKTHBHHM yrjbeM xjiaheHa

TeiHHM asoTOMj 5 — ooue ca He; 6 — KJionKa Ha H3Jia3H0M flejry Hg nyiwne.

b, UeB 3a rrpa>KH>eH>e. 1 — cTaKJieHO Teno ueBH; 2 — uuiHcboBH B-14 3a JtOBoa

h oflBOfl Hoceher raca; 3 — npo3op; 4 — Al aHO.ua; 5 — Fe KaTOfle; 6 — W whib

3a AOBorjefte HanoHa Ha naTofly; 7 — ccpepHH iiijih4> 50/35 BS.

c, UnjiHHflpKHHa KaTOfla. 1 — y3opaK 3a aHajiH3y

a, Gas circulating system. 1 — mercury diffusion pump; 2 — ionization gauge;

3 — oil manometer; 4 — liquid nitrogen cooled trap with active charcoal; 5 — reservoirs

for helium; 6 — trap at the outlet of Hg pump

b, Discharge tube. 1 — pyrex tube; 2 — standard B-14 joints; 3 — window;

4 — aluminum anode; 5 — iron cathode; 6 — tungsten electrical connection;

7 — spherical ground joint 50/35 BS

c, Hollow cathode.

1 — assay sample

HeB 3a npaMObeibe (en. lb) ca jeflnor Kpaja je 3aTBopeHa uuiHcpoBanHM 33TBapa-

ueivi y KojH cy 3aTomi>eHa tph BOJKppa.woBa ,np>Ka<ia KaToaa. Ha ^pyro.M xpajy uerni je

CTaKJieHH npo3op i<po3 KojH npo^a3H cBeTJiocT va KaTo;;e n na/ia ua pa3pe3 cnei<Tpajinor

anapaTa. npcTeHacra aHO.ua H3par)eHa je op, ajiyMHHHjyMa iioujto ce oh Majio pacnpauiyje

y npaiKH>eH>y.

Ha en. lc npHKa3aHa je UH.aHHApHMna KaT0.na y Kojy ce cTaBJta y3opaK y o6jiHi<y

6pHKeTa. y jiHTepaTypn Kao MaTepujaJi 3a ioToay Hajneiuhe ce HaBoflH rpacpHT. Mehy-

thm, ksko y HauieM cnyiajy ;iojia3H no oceTHor c.Maibeita HHTeH3HTeTa juiHiija dxiyopa

npw ynoTpe6H rpatpHTHHX KaTofla y ofliiocy «a rB03,ueHe (TajiC. I), kopiicthjih cmo ibo3-

fleHe KaTOAe.



370
JEJIEHA C. MATHH-AOEPOCABJbEBWB.

TABJIHOA I TABLE

3aBHCH0cr HHTeH3HTeTa cneKTpaJiHHx jimmja dwryopa oa iwaTepHjajia KaTOAe

The dependence of intensity of the spectral lines of fluorine on cathode material

MaTepHjaji KaTOAe
HHTeH3HTeT jiHHuje — Line intensity*

Cathode material
F 6856,0 A F 7037,5 A F 7127,9 A

TpaipHT

Graphite
9 21 14

TBOKhe

Iron
21 61 40

* HHTeH3HTCT JiMHHj'a AaT je y pejiaTHBHHM jeAHHHitaMa

Line intensity is given in relative units

Grpyja npa>KH>eH>a, i = 200 mA

Discharge current, \ = 2QfimA

FIpHTHcaK Hoceher raca xeJiHjyjwa, PHe= 8 mm Hg

Helium carrier gas pressure, Ph* = 8 mm Hg

CnuMatbe cueKutpa. ycnoBH 3a CHHMaifce cneicrpa flara cy y Ta6ji. II.

TABJIHUA II TABLE

AnapaTypa h paAHH ycjioBH

Spectrographic apparatus and operating conditions

CneKTporpatp JlHtbpaKUHOHH. Eagle 3 m, pemeTKa 600 n\mm

Spectrograph Eagle 3 m, grating 600 grooves/mm

UlnpHHa pa3pe3a 0,050 mm

Slit width 0,050 mm

OcBeTJbaBaH>e .HHpeicrHO npojeKTOBaH>e Ha pa3pe3 noMohy jeAHor

HHJiHHflpHMHor coMHBa (Hilger F 997)

Slit illumination The hollow cathode is focused on the entrance slit with

single spherocylindrical lens (Hilger F 997)

JKvt

Yellow

/Km ii ii i HcnpaBitat), 1600 V, 600 mA

Mercury rectifier, open circuit voltage 1600 V, max.

current 600 mA

npcreii on aJiyMHHHjyiwa

Aluminum ring

rB03,teHa, A"MeH3iije AaTe Ha cji. lc

Made of iron; dimensions as in Fig. Ic

Kodak II-N

<t>HJlTep

Filter

CrpyjHH H3BOP

D. c power supply

AHoaa

Anode

KaTOfla

Cathode

EMyjisiija

Emulsion

Xiinepceii3ii6njni3amija

eiwyji3Hje

Emulsion hypersensitization

Pa3Biijaii

Developer

noTanaite y tokv oa 1 min. y 4% BOAeHH pacreop

NH3 Ha TeMn. HcnoA 16°C V3 HaKHaAHO cynicHie njioMe

(peiiOM

Bathing the plate for 1 min. in a solution of 4 parts of

28 per cent ammonia diluted with 100 parts of water

at a temp, not above 16 C, and drying the plate in a

stream of air

Ilford ID-2. 8 min. Ha 20°C

Ilford ID-2, 8 min. at 20°C



CriEKTPOrPA<I>CKO OAPE'BHBAK.E OJiyOPA y yPAHY M HbErOBHM OKCH-

HHMA nPMMEHOM UEBH 3A ITPAJKHjEHjE CA UMJIMHflPMHHOM KATOflOM

npuupema cutangapga u y30pana. IIpHnpeMJbeH je hh:j craHAapAa y KOHueHTpa-

ixhohom mrrepBajiy oa 5 x 10-4 ao 10_1% F/U. CTaHAapAH cy floCiijcHH Meuian>eM cyBHX

npaxoBa ypaHoypaHH OKCHAa (U308) ca Ha-jp ijyM (pjiyopHAOM (Merck). U,08 Ao6nja ce

cyruejteM h wape&eM Merck-OBOr ypamin-HHTpaTa p.a. (wapeite 1/2 iaca Ha 900°C).

JI,o6HjeHH craHflapAHH ysopuH y OAMepKaMa oa 100 mg npecoBaHH cy Ha pyqHoj npecn
rrpH rrpHTHCKy oa 1 >8 t/cma, npn weMy cy AoonjeHH SpHKera npewHHKa 4,5 mm h Ae6n>HHe

1 ,5 mm.

y3opuH ce npeBOAe y okcha ypaHa U3Os Ha Hanoi Kao urro je HH>Ke onwcaHo:

MeTajn™ ypaH — npBO ce Hcnepe y aueTOHy, 3aTHM y HN03 p.a. (1 : 1), a noTOM y

aecTiLTHcaHoj boah. FacTBapaibe ce h3boah y urro Ma&oj 3anpeMHHn AecranHcaHe HNO,

CI :1). PacTBop ce ynapH ao cyBa h >Kapn nocreneHO ao 900°C h Ha Toj TeMnepaTypw

OApnoBa 30 min.

YpaHOBH okchah — UOs h U308 — noABpraBajy ce pacTBapan>y h >KapeH>y Aa

6h ce 3aAP>«ao hcth nocrynaK Kao 3a MeTajmH ypaH. JtoGnjeHH U308 H3MpBH ce h npe-

cyje y 6pHKere.

HcuuuiuKUbe 3a upaoKneibe. H3 jnrrepaType (5) je no3HaTO Aa npHiwece Koje

caAP«<e (pjryop crynajy H3 VBpcre (pa3e y 30Hy rrpa>KH>eH>a ycjieA 3arpeBan.a y3opKa h

HcnapaBa&a pejianreHO JiaKO HcnapjtHBHX (pjryopHAa H3 pecbpaKTopHor OKCHAa ypaHa.

KaKo je xeivinepaTypa KaTOAe ahpcktho 3aBHCHa oa ja>oiHe crpyje y TOKy npaHoteita,

HcmrrajiH cmo 3aBHcHOCT HHTeH3HTeTa jiHHHja (pjryopa 3a oncer crpyja oa 100 ao 400 mA

h AOOHjeHe pe3yjnaTe rpadmwKH npeTcraBHAH Ha en. 2a. H3 rpacpHKa ce bhah Aa nopacTOM

 

(i = 200 mA)

Figure 2 a, The dependence of the intensity of the F 7037 A line on discharge current

(PHe= 12 mm Hg)

b, The dependence of the intensity of the F 7037 A line on helium carrier gas

pressure (i = 200 mA)

crpyje npa>KH>eH>a HHTeH3HTeT AHHHje cpjryopa pacTe. Ca BchHM CTpyjaiwa oa 400 mA

hhcmo paAHJDi noinro ce MaTepnjan KaTOAe — raowhe TonH.

3a AaTe KaTOAHe AHMeH3Hje, Aa 6h ce ao6hjio cTa6HJino npa>Kif>eH>e, npHracaK

Hoceher raca ce MOJKe BapHpam y pejiaTHBHO vckhm rpaHHuaMa i<oje cy pe«a BeJiiiMimc

HeKOAHKo mm Hg. 3ana3HJiH cmo Aa nopacroM npHTiicio Hoceher raca HHTen3HTex cmh-

TOBamrx dwryopoBHx jiHHHja pacTe. HciiHTajm cmo OBy 3aBHCHOCT 3a HHTepBa.i npiiTti-

caKa oa 4 ao 12 mm Hg. H3 KpHBe AaTe Ha en. 2b ce bhah Aa jc npn AaTOM ycnoBHMa

HajnoBOJtHHje paAHTH npn 12 mm Hg xeAHjyMa.
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PE3YJ1TATH

KopHCTehH orrrnManHe ycjiOBe npa>KH>eH,a, Tj. crpyjy o# 400 mA h

npHTHcan Hoceher raca xejiHjyivia 12 mm Hg, CHHMJbeHaj e 3aBHCHOcr hhtch-

3HTera jiHHHja ofl KOHneHTpaquje eneiweHTa y y3opKy. AHajwnmKe KpHBe

3a oflpe^HBaH>e (pjiyopa y U3Og y KOHneHTpaipioHOM HHTepBaJiy on 1 X 10-3

F 7037
 

5-10"2

cone. ,%

CjiHKa 3 — AHajiHTHMKe KpiiBe 3a o,upel)HBaifce cp.nyopa H3 U3Os ochobc

a, Kpiina AoGnjena cnii.MaH.eAi Ha XHnepceH3H6HJiHcanoj njio^H Kodak II-N

b, Kpwia /iooiijena cHiiviaK>eM Ha njioiH Kodak II-N 6e3 npeTxoflHe XHnepceH:

3auiije

Figure 3 — Analytical curves for the determination of fluorine in U3Ob matrix

a, The curve obtained by using hypcrsensitized emulsion

b, The curve obtained without emulsion hypersensitization



CnEKTPOrPAOCKO OflPE'BMBAH.E *JlyoPA y VPAHy M H>ErOBMM OKCM-

flHMA nPMMEHOM I1EBM 3A nPAJKH>EH»E CA ITMJIMHJIPHHHOM KATOJtOM

AO 1 x 10_1% F/U no jihhhjh F 7037 A fliTe cy Ha cji. 3. AHaJiirrmiKe KpHBe

flaTe cy y SmiorapHTaMCKOM cncreMy Tano iiito cy Ha op^'maray ocy Ha-

HomeHe BpeaHocrH o/iHOca HHTeH3HTeTa aHaJiHTHtKe jiHHHje dpjiyopa ca

no3aflHHCKHM 3aixpH>eH.eM yiwaiteHe 3a HHTeH3HTeT no3aflHHCKor 3aiiprkeiba,

npeiwa HHTeH3HTeTy no3aflHHCKor 3anpH>eH>a, rok cy Ha ancuHCHy ocy Ha-

HomeHe BpeAHocTH KOHeHTpaiinje (bjryopa y npouem-HMa. Ha cji. 3b AaTa

je aHajiHTHMKa KpHBa 3a oflper)HBaK.e duryopa no jihhh]'h 7037 A y KOHneHTpa-

ithohom HHTepBaiiy ojx I x 10-z ao 1 x 10-*% F/U. CneicrpH cy CHmwaHH

Ha (poTO-njiom Kodak II-N. KopHinheifceM xHnepceH3H6HJiHcaHe ruioqe

y pa36jia>KeHOM pacrBopy aMOHHjaKa, aHaJiHTH^na KpHBa 3a ncry jiHHHjy

F 7037 A noMepa ce 3a je/jHy noTeiury HH>Ke uito je flaTO Ha cji. 3a.

Kao Mepnjio npenH3HocTH pe3yjiTaTa H3patiyHaT je KoecpmiiijeHaT Bapn-

jairnje Kojn h3hoch ±15% 3a KOHqeHTpanHjy (bjryopa ofl 1 X 10-2%.

H3BOJI

3a OApe^HBaae (bjryopa y ypaHy h H>eroBHM OKCHflHMa KopnuiheH je

CneKTpOXeMHjcKH eKCUHTaUHOHH H3B0p KOjH paflH npH CHH>KeHOM npHTHCKy

— neB 3a npa>KH>eH>e ca uhjihhapihihom KaTOflOM. 3a cneKTpaJiHO pasjia-

raH>e ynoTpe6.ra>eH je flH(bpaKUHOHH Eagle 3m cneicrporpacp ca peuieTKoiw

oa 600 njmm h npBH pejr. HcimraHa je 3aBHCHocr HHTeH3HTera cneKTpaJiHHx

jiHHHja (bjryopa op, npHTHcna Hoceher raca xejmjyMa, o,n crpyje npawiteiba

h iwaTepnjajia KaTOfle. KopHuiheHe cy aHaJuromKe JiHHHje (Jjiyopa y bhjj-

JbHBoj oSjiacra cneicrpa 3a KOHqempauHOHH HirrepBaJi ojj 1 x 10-3

1 x 10-lo/o F/U.

Hhcthtyt ,,BopHc Khaphm" BHHMa,

JIa6opaTopHja 3a d)H3HHKy xeMiijy,

11001 Beorpafl.

ABSTRACT

A SPECTROGRAPHIC DETERMINATION OF FLUORINE

IN URANIUM AND ITS OXIDES USING

A DISCHARGE TUBE WITH A HOLLOW CATHODE

by

JELENA S. MATlC-DOBROSAVLJEVlC

A spectrochemical method using a discharge tube with a hollow cathode

as an excitation source for determination of fluorine in uranium and its

oxides is described. For spectral decomposition use was made of a 3 meter

Eagle mounting spectrograph with a 600 grooves/ww grating in the first

order. The influence of carrier gas pressure, discharge current and cathode

material on the spectral line intensities of fluorine was studied. The ana

lytical lines of fluorine in the visible region were used over the concentration

range 1 x 10"3 to 1 X 10-' p.c. F/U.

Department of Physical Chemistry

The Boris Kidrii Institute

1 1001 Belgrade
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A CARBON-AIR ELECTRODE FOR METAL-AIR

BATTERIES AND FUEL CELLS

by

DRAGUTIN M. DRAZjC, LAZAR Z. VORKAPIC and RADOSLAV R. AD2IC

INTRODUCTION

One of the few essential difficulties which metal-air battery and fuel

cell technology has to overcome is the lack of efficient and cheap oxygen

reduction electrocatalyst. In alkaline solutions at room temperature very

good results were obtained with silver and Raney-silver electrodes (1).

Porous nickel electrodes with an addition of silver as the catalyst also pro

vided a good performance (2). However, the weight of metal electrodes

decreases considerably the specific power density of such batteries so that

most of the recent research has been devoted to the use of light and cheap

materials such as active carbon (4—8) and various plastics (9).

To increase the electrochemical activity of active carbon it was treated

in various ways (7, 8) and various catalysts were added, e.g. silver (4, 5, 9),

platinum (9), nickel, gold, copper and spinels (6). The use of noble metals

affects the price of such electrodes considerably, so that the added amount

of such metals should be either extremely small or reduced to zero. The

problem of the positive electrode becomes even more complicated when

not very cheap pure oxygen should be replaced by air.

In the present work the results obtained with carbon-air electrodes

with natural convection of air are presented.

EXPERIMENTAL

The active carbon used for electrode manufacturing was of the GM Type (Miloie

Zakic Factory, KruSevac — Yugoslavia), ground and sieved to 80—120 microns fraction,

and treated by a method described elsewhere (7,8) to obtain a surface area higher than

1500 m*lg. Such carbon powder was either impregnated with silver to obtain 30 mg Ag/cm'

of the geometric electrode surface, or was used without the catalyst. The method of catalyst

impregnation was based on chemical reduction of silver nitrate and was described in a

previous paper (8). The catalyzed or non-catalyzed active carbon powder was mixed with

teflon emulsion (Du Pont, TEF 30, 20% wt.). For the experiments described here, elec

trodes were obtained by pressing this carbon mixture, polyethylene powder (80— 125 mic

rons fraction, Dow Chemical-England), and a nickel plated iron gauze, into a sandwich

with a polyethylene layer 0.5, 0.9 or 1.2 mm thick on one side and a 0.7 mm carbon layer

on the other side of the gauze. The electrodes were of a rectangular form of 65 ■ 43 mm.

Two of such electrodes were cemented at the edges (a strip 5 mm wide) to the electrode

375
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frame made of Lucite with carbon layers outwards. The final form of the electrode is shown

in Fig. 1. The electrodes were tested electrochemically in a thermoregulated cell with

two platinum wire auxiliary electrodes on each side of the carbon electrode, the cell being

filled with 20% (wt) NaOH. The electrode was polarized cathodically by means of an

Fig. 1. Cross-section of the carbon-air electrode. 1) free access of air; 2) Lucite frame;

3) polyethylene layer; 4) current collector; 5) carbon layer.

external constant d.c. current device with different current densities, while the electrode

potentials were measured with respect to a large surface zinc electrode in the same elec

trolyte. All the potentials were recalculated to the standard hydrogen potential scale

(SHS), taking zinc electrode potential to be — 1.340 V on SHS, as determined experi

mentally by frequent checking with a saturated calomel electrode. The potentials were

not corrected for IR drop.

The electrode material used in these experiments was the same carbon

powder as that used in our previous experiments with powder electrodes

and oxygen (1, 2). The results obtained in previous experiments are plotted

on curve a in Fig. 2. for comparison. Curve b and c in the same graph re

present the polarization curves for carbon electrodes prepared by the above

given method, fed with oxygen or air, respectively. The thickness of the

polyethylene layer for these electrodes was 0.9 mm, and pressing force

90 kgjarfi. The electrolyte was maintained at 40°C by a thermostat. Oxygen

or air were forced to pass through the gas chamber by covering the slit

on the electrode with a suitable cover with the gas inlet and outlet tubes.

Since they were wide enough, the gas overpressure inside the chamber was

 

3
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practically zero. As is seen from Fig. 2. the difference between the two types

of electrodes fed with oxygen (curves a and b) is very small. However, when

oxygen was replaced by air, the difference was very large. The powder elec

trode with air had very poor electrochemical characteristics, being unable

to sustain 30 mA/cm2 in permanent operation (curve d). The presently used

type of carbon electrode showed much smaller difference when oxygen was

 

i CmA/bm'J

Fig. 2. Cathodic polarization curves for oxygen reduction: a) powder carbon electrode

fed with Ot (ref 2); b) present carbon electrode fed with 02; c) present carbon electrode

fed with air; d) powder carbon electrode fed with air.
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Fig. 3. Cathodic polarization curves for carbon-air electrodes with different polyethylene

layer thicknesses: a) 1.2 mm; b) 0.9 mm; c) 0.5 mm.
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replaced by air (compare curves b and c). Much better communication of

air through polyethylene layer in this type of electrode obviously removes

the accumulated nitrogen from the porous system. This feature of these

electrodes seems to be of great practical interest.

Three polarization curves are presented in Fig. 3. for the electrodes

with three thicknesses of polyethylene layer (1.2, 0.9 and 0.5 mm). The

decrease of polyethylene layer thickness obviously improves the electrode

performance. All the electrodes worked with natural convection of air through

the slit, at 25°C. As was to be expected, increase in temperature decreases the

electrode polarization, as shown in Fig. 4., but this effect is not very large.

2
UJ

-09

-08

-

-07 -

-06

-05 -

-C -

-03

-02

-Q1

a

ail
 

I J I 1 1 1 -

0 20 40 60 «0 100 itmA/cm'J

Fig. 5. Cathodic polarization curves for carbon-air electrodes: a) with 30 mg Ag/cm1;

b) without any catalyst added.
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The best results were obtained with the electrode having a polyethylene

layer 0.9 mm thick, and carbon activated with 30 mg Agjcm1 (Fig. 5, curve a).

However, these electrodes can be used even without addition of silver as

the catalyst, as exemplified by curve b. Even though the polarization of the

silver catalyzed carbon air electrode was lower than for the non-catalyzed,

the difference was much smaller than expected, so that for the large scale

use of carbon electrodes, it does not seem economically justified to catalyze

the electrodes with silver, as is usually done.

In a long-run test with 8 hours daily working periods at a current density

of 40 mAjcm2 the activity of electrodes was practically the same for the

tested 800 operating hours, with an average increase of polarization for 5

tested electrodes by ca. 30 mV.

Since the operating life of the electrodes might be affected by the

accumulation of carbonate from CO2 or by the accumulation of zincate ions

of the electrode if to be used in zinc-air batteries, the activity of the elec

trodes in pure 10N KOH solution and in zincate saturated 10 N KOH,

and also in 10N KOH with various amounts of carbonate added, were

compared.

O 27.K.CO,
 

0 20 40 60 80 (00 iCmA/cm'J

Fig. 6. Cathodic polarization curves for carbon-air electrodes in 10 M KOH with various

amounts of KtCO, added.

No effect of zincate ions was observed. Fig. 6. presents the points on

the polarization curves obtained in hydroxide containing various amounts

of carbonate. Even with 20% (wt). of carbonate the effect amounts only

to about 30 mV of increased polarization, which can be considered as

negligible.

4*
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SUMMARY

Carbon powder with a very high surface area (more than 1 500 m2lg)

was used for preparing a pocket type carbon-air electrode with free access

of air. The rectangular electrode was made of two double layer electrodes

on each side, with a gap in between, and a slit for connection with the sur

rounding air. The double layer electrodes were 1 .2 mm thick with a 0.7 mm

activated carbon layer and a 0.5 mm polyethylene powder layer pressed

onto a nickel plated iron gauze. Impregnation of carbon powder with

30 mg Agjcm2 gave an electrode with good activity even after 800 hours of

operation. However, even without any catalyst added, the carbon-air elec

trode had sufficient activity for practical application in fuel cell or zinc-air

batteries.

Institute of Chemistry, Received, January 25, 1973

Technology and Metallurgy, and

Faculty of Technology

and Metallurgy, Beograd

H3BO.H

yiMLEHE BA3J],yjIIHE EJIEKTPOJJE 3A METAJI-BA3,n,yX

EATEPHJE H TAJIBAHCKE TOPHBHE CITPErOBE

OA

flPArYTHHA M. JIPAJKHTiA, JIA3APA )K. BOPKAmiTiA

h PAUOCJ1ABA P. AUHTiA

Akthbhh yrjbeHH npax BejiHKe cneipHpHTOe nOBpumHe (bhuic oa 1500

m2jg) KopHiuheH je 3a H3pa#y ueiiHor Tana yrjbeHe BasayuiHe ejieiapoAe

ca cjio6oahhm AOCTynoM Ba3ayxa. HeTBopoyrjiacra ejieicrpofla naMHH>eHa

je op, #Be ^BOCJiojHe ejiercrpoAe ca MehynpocropoM jMMerjy h rrpope30M 3a

cjioSoAaH flocTyn Ba3flyxa. JI,BocjiojHa ejieicrpofla 6mia je fleSena 1,2 mm, ca

0,7 mm fle6eJiHM yrjbeHHM cnojeM h 0,5 mm aeSeJiHM nojineTHJieHCKHM no-

po3HHM cjiojeM HanpecoBaHHM Ha HHKJiOBaHy rB03Aeny MpoKimy.

HMnperHHcaH>e yrjta ca 30 mg Agjcm2 AaBajio je ejiempo/je ao6pe

aKTHBHocTH h nocjie 800 qacoBa pa;^a. MefiyTHM, h 6e3 /joflaTaKa HKaKBor

KaTajiH3aTopa yrjteHa Ba3AyuiHa ejieKTpo.ua uiwajia je AOBOJwry aKTHBHocr

3a npaKTHMHy npmvieHy y raJinaiicKiiM ropitBHHM cnperoBitMa hjih uhhk-

-Ba3Ayx 6aTepnjaMa.

Hhctht>t 3a xeMHjy, TexHOJiornjy ITpHMibeHO, 25 jaHyapa 1973

h MeTajiyprajy, Eeorpaa h

TexHOJiouiKO-iweTajiypiiiKH cJiaKyjrreT,

Eeorpaa
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EJIEKTPOJIHTH^KA PAOHHAUHJA KAflMHJYMA

nPHMEHOM AMAJITAMHHX BHnOJIAPHHX EJIEKTPO^A

PAHA M. -ROCOBHTiA h flPATHUE H. -BYPKOBHTi

Pa3BirraK caspeMeHe HayKe h TexHHKe Hepa3ABojHo je noBe3aH ca yno-

Tpe6oM JwaTepHjana bhcokc HHcrohe, inje je Ao6HBaH>e CKonwaHo ca bcjihkhm

TexHOJiouiKHM TeuiKohaJwa. IlocTojehe TexHOJioiiiKe mejwe cy hccio komidih-

KOBaHe, cacToje ce H3 BejiHKor 6poja pa3JiH^HTHx onepainija h ceuvihm thai

cy MaJio npoflyKTHBHe. 36or Tora, flaHac y CBeTy nocrojH bcjihkh HHrepec

3a npoiiana>KeH.e h pa3BH]"aH>e hobhx, jeAHOcraBHHjHX h eKOHOMHWHHjHx

weTOfla.

EjieKTpojiH3a ca aManraMHHM 6nnojiapHHM ejieKTpoAaivia je jeAHa oa

HajnepcneKTHBHHjHX MeTo^a 3a Ao6HBaH>e HH3a iweTaJia bhcokc qncrohe

(HHAHjyMa, TanHjyMa, KaAMHjyiwa, HHHKa, ojioBa, Kaoaja, >khbc h ap)- Oa-

jiHKyje ce bhcokom ceneKTHBHomhy h oivioryhyje Aa ce ca MaJio Tpy^a floSnjy

MeTaJiH ca cyMOM npHAieca AiaitoM oa 1 x 10-*% (1—4).

BncoKy cejieKTHBHocr, y oAHOcy Ha ejieKTpojiH3y ca hbpcthm ejieKTpo-

AaMa, OMoryhaBa joj aaneKO Beha 6p3HHa pjvby3H}e y tcmhhm ejieicrpoflaMa-

-aiwajiraMy, Koja MOH<e 6hth h ao ivutuHjapay nyra Beha Hero y hbpctom

crafty, nao h HeKe oco6hhc noTemjHjaJia pa36jia>KeHHX ajwajiraiwa Ha ao-

flnpHoj noBpuiHHH ca ejieKTpojntTOM : — 0Apel)eH0CT noTeimHjaJia Haj-

MaH>e njiejvieHHTOM KOJvuioHeHTOM, cnoHraHo aeuiaBaH>e ohhx peaKHHja Koje

MHHe noTeHnnjaji aMaJirawa no3HTHBHHjHM h HeynecTBOBaifce aMaJiraiwa y

peaioBijH Koja He MeH»a H>eroB noTeHunjaJi (4).

HaKO je ejieicrpojiH3a ca aMajiraMHHM GnnojiapHHAi e.ueKTpoaaMa no-

roflHa Merofla 3a npeqHiiihaBaifce KaflMHjyMa, a HcroBpejvieHo nocToje no-

Tpe6e 3a KaaMHjyMOM bhcokc *mcrohe, npeiwa flocTynnoj jiHTepaTypn Msum

6poj HCTpaHCHBa^a ce 6aBH0 obhm npo6jiemoM. Kao HajBa>KHHje paaoise

H3 OBe oSjiacTH Tpe6a noMeHyrH paflOBe Ko3uh--a h capaAHHKa (5-7), Kojn ce

oflHoce Ha npoy^aBaifce ejieicrpoxeMHjcKor iioHamaiba KaflMHjyivia h H>eroBHX

npHineca y npouecy OKCHAO-peAyKimje Ha >khbhhhm h aManraMHHM ejiei<-

TpoAajwa, y xjiophahhm, cyncpaTHHM h nepx:iopaTHHM ejieKTpojiHTHAia. Kao

pe3yjiTaT thx HOiHTHBaifca npeA-;io>KeH je iieTBopocTeiieiiH nocTynai< ejien-

TpoJiH3e H3 KOM6HHOBaHor cyMnopHOKHce.uor-nepxjiopaTHor e.ueKTpo.niTa

npHMeHOM aMaJiraMHe aHOAe h Tpn OHno.napHe aAianraMHe ejieicrpoAe. Ilpn

aHOflHoj rycTHHH CTpyje oa 400—500 A/m2 aoohbch je npoH3BOAj Kojn

je nooie nperanafta y naKyyjwy caApwao 99,99997% Cd.

Jlpyra paA oahoch ce Ha nocrynaK 3a H3ABajaH.e KaAMHjywa H3 nojry-

npoAyKaxa npoH3BOAH>e HHHKa, Kojn cy pa3paAHJin Binetti h Vaschetti (8).

Ilo obom nocrynKy KaAMHjyM ce H3 pacraopa H3ABaja y oSjiHKy a«aJiraAia
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dpa3H0M H3MeHOM ca UHHKajwaJiraMOM. JI,o6HBeHH aMaJiraM, ca 5—6% Cd, pa3-

jia>Ke ce ejieKTpojuraoAi y Kaflaiwa ca oSpthhm ojiobhhm flHCK-aHOflaMa h ajryMH-

HHjyMCKHM KaTOflajwa, rrpn KaTOflHoj rycTHHH crpyje 300 A/m2. Ejicktpojiht

je cyinnopHo khccjih pacrBop KamwHjyjwcyjidpaTa. OBaj nocrynaK, netfynm, He

flaje npoayKaT MHCTHjH ofl 99,99% Cd.

IJhjb oBor paaa je 6ho aa ce HcnHTa MoryhHOCT npcumihaBaifca i<a,i-

MKjyjwa flo creneHa MHcrohe 5—6 fleBeTKH, eJieKTpojiH30M y qeTBopohejmj-

ckom ejieKTpojiH3epy ca aiwaJiraMHOM aHOAOM h aiwaJiraMHHM 6HnojiapHHM

ejieKTpoflaMa, H3 racejior cyjidpaTHor ejieicrpojiHra. Jep, Ha ocHOBy aHoaKHx

h KaTOflHHX nojiapH3auHOHHx kphbhx aMajiraiwa KartMHjyjvia h H>eroBHx npn-

Meca y khccjiom cyjidpaTHOM ejiercrpojiHTy (5), ivu»Ke ce oyeKHBara /ja he

ce npHMeHOM aiwajiraMHHx 6nnojiapHHx ejieKTpoaa KaflAiHjyjw ycneuiHo npe-

WHiuhaBaTH KaKO on HenjiejvveHHTHjHx: iniHKa, rajiHjyjwa, MaHrana, Tano h

ofl njieMeHHTHjnx iwerajia npHMeca: ojioBa, 6aKpa, Kanaja h ap.

EKCnEPHMEHTAJlHH JIEO

Meiuog paga

EjieKrpojnraep y Koiwe cy H3Bof>CHH oiihth H3pa!)eH je oa njieKCHCraKJia. CacrojH

ce oa MeTHpH hejinje, ca aiwaJiraMHOM aHOflOM y npBoj h ibpctom KaTOAOM oa Tairrajia

y »ieTBpToj hejmjH, H3Meljy kojhx cy KacraAHO pacnopeljeHe Tpn aMaJiraMHe SmiojiapHe

ejieKTpoae. H3Bop CTpyje npHKJbywyje ce canto Ha Kpajae eJierapoAe — aHOAy h KaTOAV.

EHnojiapHOCT aManraMHHX ejreKTpoAa ocTBapyje ce noMohy nariynperpaAa Koje cy ypo-

H»eHe y aMajiraiw, (aJin He AonHpy ao AHa) h Aene ra Ha ABa jeflHaKa AeJia, oHeiworyhaBa-

jyhn Meuiane eJieKTpojiHTa jeAHe hejinje ca ejieKTpojnrroM Apyre (bhah cjiHKy 1). CBaKa

hejmja CHa6AeBeHa je MexaHirocoM MeiiiajiHiioM 3a MeiuaH>e aiwajiraAia h eJieKTpojiHTa

CBaKor noce6Ho.

FIpHHUHnHjenHa uieiwa npewHiuhaBaifea y obom ™ny eJieKTpojnreepa npHKa3aHa

je Ha cjihuh 2. Cxoaho HanpeA H3HeTHM oco6nna.via noTemiHjajia pa36jia>KeHHX aMajirajwa

BpuiH ce pacnoAejia npHMeca H3MeI)y aMajiraMHHX ejiei<TpoAa h eJieKTpojiHTa. Ca aHOAe

y eJieKTpojiHT npejia3e npBO HenjieMeHHraje MeTajme npHMece, 3aTHM ochobhh mctbji

h Aeo njieMeHHTHjnx Merajmrnc npHMeca. ripouecH Ha KaTOAH AemaBajy ce oSpHyrHM

peAOM: npBO ce H3ABajajy MeTajme npHMece njieMeHHTHje oa ocHOBHor MeTajia, 3araM

ochobhh MeTaJi, h Ha Kpajy Majm Aeo HeiuieMeHHTHjHX npHMeca. Y cneAehHM heJwjaMa

OBaj npouec ce noHaBJba, npn MeMy ca ochobhhm MeTanoM ,,nyTyje" CBe Malta KOJiH^HHa

o6ejy npHMeca, aok Ha Kpajy He ocraHe caMo ochobhh MeTun.

Kao chpobh MeTaji ynoTpe6.T>eH je rpaHyjiHcaim KaAWHjyM ca cJieAehHM caApwajeM

npHMeca ropaweHHM y ppm: 7,1 Cu; 0,78 Fe; 12,0 Ag; 21,5 Bi; 0,5 Ni; 100 Pb. Flpn

H36opy cnpoBor MeTajia Bol)eHO je pavyHa o ycjiOBy Aa Mopa 6hth MHHHMaJiHe MHcrohe

oko 99,95% ocHOBHor MeTajia Aa 6h Morao 6hth ycneumo npe<umiheH ejieKTpoJiH30M ca

aMaJiraMHHM 6HnoJiapHHM ejieKTpoAaMa.

EneKTpojiHT h aMajiraM 3a CBe hejmje npnnpeMaHH cy oa cnpoBor KaAMHjyMa HanpeA

AaTor KBajiHTeTa. 3a npnnpeMy eJieKTpojiHTa ynoTpeSjtaBaHa je cyMnopHa KHceJiHHa

pa. H SHAecTHJioBaHa boab. KoHtieHTpauHja KaAMHjyMa y enei<Tpo;niTy H3HOCHJia je

60 g Cd//, a KOHueHTpaunja c™6oAHe cyMnopHe KHcejnine oko 100 gjl.

AMaJiraM je npnnpeMaH pacTBapaH.eM KaAMHjyMa y >khbh na cooHoj TeMnepaTypH.

KoHuenTpainija KaAMHjyMa y aMaJiraMy aHOAe ii3Hociuia je Ha noieTKy eJieKTpojiH3e

6aT-%, a Ha Kpajy 1—1,5 aT-% Cd. Y aMajiraMy 6nnojiapHHx ejieKTpoAa H3HOCHJia je

2,5 at-% Cd. Y TOKy onHTa h eJieKTpoJiHT h aMajiraM MeuianH cy MexammKHM Meuiajiii-

naMa Mnja je 6p3iina oopTaiba ii3Hocn.aa 64 obfrnin.

EjieKTpoJiH3a je H3Bol)ena Ha co6Hoj Te.MnepaTypH, y3 KOHTpojiy noxenuHjajia aiioAe.

YjeAno, na onaj naMim Mepeno je h ocHpoMaineibe aHOAe Ha KaAMHjyMy, jep je noTen-

inijaji aMajirawa npii cTajnioj KOimeirrpauHjn eneKTpojntTa 3aBHcan cawo oa KOHaeHrpa-

inije aMaJiraMa (3).
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CjiHKa 1 Figure

WeTBopohejmjcKH ejieKTpojni3ep ca 6nno.iapHiiM aiwaJiraMHHM ejieKTpoAa.wa

Four-stage electrolytic cell with bipolar amalgam electrodes

1. ripBa hejmja — First stage

2. Upyra heJiuja — Second stage

3. Tpeha he/utja — Third stage

4. MeTBpTa hejmja — Fourth stage

5. MemajiHUa — Stirrer

6. nojrynperpa.ua — Semipartition

7. OiaBHHa — Valve

8. IIpHKJbyHaK 3a H3Bop crpyje — Power source terminals

9. AjwaJiraMHe onnoJiapHe eJieKTpofle — Amalgam bipolar electrodes

KaflMHjyiw ce Ha WBperoj KaTojiit H3flBaja y o6jiHi<y cyHhepa, a no HBHuaMa y oojniny

WHUpirra. JIaKO ce CKH/ta ca KaToae. Hcnnpaii je 6i«ecTHJioBaH0M boaom H aJiKoxojioin

h cyuieH Ha Ba3/tyxy Ha TeMnepaTypii oko 40C Cavrpwaj npn.Meca y ibcMy o;ipcb»naH

je cneKTporpacpcKH.

ITocJie (bop.MHpaiba e.iei<TpojiH3epa ejici<TpojiH3a je nobcua npn aHo/jHoj rycTHHit

crpyje cca 35 A/m2 h KaTo/woj rycTHHH 95—100 Ajnr, y muby jja ce ycnocTaBH paBiio-

Te>KHa pacno/jejia npHMeca >i3Mchy cncKTpojiHTa h cjicKTpo,ia, tc aa ce na raj na'inii encK-

tpojiht h aMajira.M 6nnojiapmix e.ieKTpoAa ohhcth ojj npHcyTwix npii.weca. H3;iuojcnn

MeTaJi o/i6amiBait je, jep jc cajjp>i<ao nyno 6aKpa, cpe6pa, 6n3M\Ta ii o.ioBa — ohmx npn-

Meca kojhx HMa aocTa y iweiajry o;t i<ora je npmipcMan e.'iei<TpojmT h aiwajiraM. Ouaj npo-

uec BobeH je flo ;ioonBaiba KaTOflHor Tajiora ca cy.woiH npii.weca iwaH.oM on 10 ppm (hh,ih

Ta6JTHiry II, onHT 5p. 1). Ilocire tora, HSBobenH cy oiiiitii npn pa3.nmnTHM anoflHHM 11

KaTOAHHM rycTnna.>ia CTpyje, y miJby licniiTiinaiba onraMaJiHiix napa.vieTapa e:iei<Tpo-

juoe. ripe noMeTKa cnanor on obhx onHTa aiHajirawy ano;te ;to;ianana jc nona Ko.niMinia

CHpoBor MeTajia fla 6h noMcniH ycjionn 6iijih je/niaiai 3a cue oithtc.

AHOflHa rycTima CTpyje Aieii.ana je on 35—450 /J/»;2, a KiTOflin o,t 95— 450 A 'nr.

EKcnepHMeHTH ca Behi™ rycTHHaina CTpyje hhcv Mor.nt Chtii H3Be,;eiiH jep jc ;;o.ia:m.'io

flo ocentor nooehaiba TeMneparype eJieicrpojiHTa.
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CjmKa 2 Figure

IIpHHiiHn npeHHiuhaBaiba MeTajia y eJieKTpojm3epy ca 6iinojiapHHM aMajiraiwHHM

ejieKTpofla.Ma

The principle of refinement of metals in the electrolytic cell with bipolar amalgam

electrodes

1. MeTajr kojh ce pad)HHHiue — The metal to be refined

2. HeruieiweHHTHje MeTajme npwwece — Less noble metallic impurities

3. rLieMeHinnje MeTajme npnAiece — More noble metallic impurities

PE3YJITATH H flMCKYCHJA

Ycjiobh h pe3y.iTaTH H3BefleHHX eKcnepHMeHaia npHKa3aHH cy y ra6-

mai&m I h II.

Ha ocHOBy ncwaTaKa rrpHKa3aHHx y TafjjiHirH I MOH<e ce 3aKJi>yiHTH

fla je HCKopmuheH>e crpyje He3aBHCHO oa Ka-roflHe ryc-nrae crpyje y rpaHH-

uaftia oa 100—250 Ajm2 h fla je Bpjio bcjihko — h3hoch 99—100%.

TAEJIHUAI TABLE

EKcnepHMeHTa^HH ycjioBH ejieKTponHTmtKe patpHHaiwje KaAMHjyMa npHMeHOM aiwaji-

raMHHX 6HnojiapHnx cnetcTpo/ta.

Experimental data on electrolytic refinement of cadmium using amalgam

bipolar electrodes

Pea.

6poj

No.

AHcina rycTHHa crpyje A\n?

KaToflHa rycTHHa crpvje Ka-roflHO hckophiu-

heifee crpyje, %

Anodic current density Aim* Cathodic current density, Cathodic current

Aim* efficiency, %

1 34— 36 98—100 100

: 95—100 95—100 100

3 95—100 190—200 98,8

4 95—100 280—300 99,1

5 190—200 280—300 100

6 290—300 280—300 100

7 430—450 430—450 99,1



EJIEKTPOJIMTHHKA PA*UHAIIMJA KAflMHjyMA nPHMEHOM
387

AMAJirAMHMX BMnOJIAPHMX EJIEKTPOflA

AHajiH30M ca^P>Kaja npHMeca (TaSjinna. II), MOH<e ce yowrH Aa oh

yrjiaBHOM He 3aBHCH oa aHOAHe rycTHHe cTpyje y rpammaMa oa 35—450 Aim2.

HeiiiTo Behn caflp>Kaj 6aicpa y KaTO/pniM TaJi03HMa aoGhbchhm npn aHOAHoj

rycxHHH oa cca 100 A\m2, BepoBaTHO je nocrceAHira jom HeycnocraBJbeHe

paBHOTOKHe pacnofleJie 6aKpa H3Mer)y SHnojiapHHx ejieKTpoAa h ejieKTpojiHTa.

TAEJIHUA II TABLE

Caap>Kaj npHMeca y iotoahom Tajiory KaflMHjyiwa

Impurities content of electrodeposited cadmium

Bpoj
CaflpHtaj npHMeca, ppm — Impurities content, ppm

Run
Ca Fe Ag Bi Ni Pb Sb

1 2,75

1,60

1,15

0,52

0,20

0,17

0,45

1,01

0,79

1,10

0,61

0,51

1,10

0,90

0,76

0,39

0,44

0,21

0,06

0,07

0,14

2,65

0,24

0,32

0,26

0,05

0,05

0,05

<0,3

<0,3

<0,3

0,11

0,05

0,06

0,08

1,02

0,61

0,50

0,95

0,75

0,60

0,60

<1

<1

<1

<1

<1

<1

<1

2

3

4

5

6

7

npeiwa nojeflHHaiHOM caapHcajy npHMeca y KaTOAHOM KaAMHjyMy, MOH<e

ce KOHcraTOBaTH p,a ce nocrH>Ke HapciHTO bhcok creneH OTCTpaH>eH>a ojioBa

Kora y yjia3y HMa BHuie oa 100 ppm, a 3aTHiw h 6H3Myra, cpe6pa h 6aKpa.

IIpoceiaH CTeneH OTcrpaifceifea nojeAHHHx npHMeca H3pan<eH oahocom

KOHneHTpanHja npHMeca y chpobom MeTany h KaTOAHOM Tanory, 3a onHTe

oa 6poja 2—7, h3hoch: 8,3 3a Cu, 54,5 3a Ag, 60,6 3a Bi, 149,2 3a Pb.

YKynaH creneH OTCTpaH>eH>a npHMeca h3hoch npocemo 35.

HeMa cyMH>e Aa cy AaTe BpeAHOCTH CTeneHa 0TcrpaH>eH>a pejiaraBHe, ajin

OHe HJiycTpyjy H3BaHpeAHO BejiHKy cejieKTHBHOCT aMaJiraMHe eneicrpo-

jra3e nao MeTOAe 3a patpHHanHjy MeTajia.

Caflp>Kaj ojioBa ce CMaH>yje 3a BHuie oa 100 ppm kojihko ra HMa y

chpobom KaAMHjyMy Ha oko 0,60 ppm y padpimaTy; 6H3Myra ca 21 ,5 Ha 0,05—

—0,03 ppm; cpe6pa ca 12 Ha 0,06—0,04 ppm; 6aKpa ca 7,1 Ha 0,2—0,5 ppm,

AOK caAP>Kaj rBo>Kr)a oa 0,78 ppm ocraje Man>e BHuie HenpoMeiteH. H3-

raeAa Aa caAP>Kaj rBondja 3aBHCH oa o6e36erjeH>a npeBeHTHBHHX ycjiOBa

y TOKy e^eKTpoirH3e, any Tony aHaJiHTH^Kor Tperopasba.

IIpoceqaH ca^p>Kaj ynynHHx npHMeca y naTOAHoM Tajiory KaAMHjyMa

AoShbchom npn aHOAHoj rycTHHH CTpyje oa 100—450 A/m2 (omn 2—7)

H3hoch cca 4 ppm, aok hcth paiyHaT caiwo 3a onHTe H3BeAeHe npn aHOAHoj

rycTHHH crpyje oa 200—450 A/m2 h KaTOAHoj oa 300—450 A/m2, (omn

S—7), h3hoch cca 3 ppm. Ha ocHOBy obhx noAaTaKa iwo>Ke ce KOHCTaTOBaTH

Aa KaTOAHH Tsuior caAP>KH oa 99,9996—99,9997% Cd ihto npeTcraiiJba

BeoMa 3aA0BOJtaBajyhH CTeneH uHcrohe. Hnje HCKJbyneHo Aa 6h ce o6e3-

6er)eH>eM cbhx npeBeHTHBHHX ycnoBa y TOKy e^eKTpojiH3e, noqeB oa ^HCTohe
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eneKTpoJiHTa y 3aAH>e Tpn hejmje h aMajirajwa 3a GnnojiapHe ejieKTpoAe

(obh Tpe6a pa 6y^y npHnpeMJbeHH op, bhcoko qHcror MeraJia) (1), na po

iHcrohe h H30JioBaHocra npocropnje, 3aiiiTHTHHX KOMopa HTfl., Morao po-

6HTH jOIII qHCTHJH npOH3BOfl.

C o63HpoM Ha nocTHTHyTH creneH iHcrohe KaAMHjyina h Ha iteroBy

He3aBHCH0CT op aHOflHe rycraHe cipyje, Kao h Ha He3aBHCHocr hckophui-

heita cTpyje op KaTOflHe rycroHe, Kao onTHMajiHa BpeflHOcr aHOflHe rycraHe

crpyje Mo>Ke ce npeflJioHarra BpeflHocr op 400—450 A/m2. Bpe/yiocr na-

TOflHe rycraHe crpyje y o6jiacrH op 450 Ajm2 HHje op 6HTHor 3Ha*iaja jep

je oHa HHa^e AecpmmcaHa caAio y noMe-ray ejieKTpojnoe a HeH3BecHa je

y TOKy rrpoueca SyayhH pa ce KaaMHjyM ro/iBaja Ha KaTOflH y oGjiHKy cyn-

r)epa h Kpynraix KpHcraJia.

H3BOJ

HcnHTHBaHH cy ycnoBH 3a npetjHUihaBaH>e KaAMHjyivia WHcrohe

99,98% Cd ejieKTpojiH30M po BHcoKor cTeneHa MHCTohe y MeTBopohejraj-

ckom ejieKTpojiH3epy ca ajvtaJiraMHHM 6HnojiapHHM ejieicrpoaaMa. AHOAa je

6njia KaflMHjyjwaMajiraM npHnpeMJBeH pacrBapaifceH cnpoBor KaflAinjyMa y

SHflecTHJiOBaHoj >khbh. Ana-iraM 3a SnnojiapHe eJieKTpofle rrpHnpeMJBeH

je Ha HCTH osmiH. KaflMHjyM je H3#BajaH Ha KaTOAH op Tairrajia H3 cyiyinopHO-

KHcejior pacTBopa KaaMHjyM cyjicbaTa.

HcnHTHBaH je yraijaj aHO/iHe h KaTO/iHe rycraHe CTpyje na MHcrohy

KaTOAHor TaJiora KamvmjyAia y rpaHHuaJvia op 35—450 A/m2 h 100—450 Ajm2

pecneKTHBHo, Kao h 33bhchoct HCKopHuiheH>a crpyje op KaTOflHe rycraHe.

MeTannH Ka/iMHjyM aoGhbch npn onraMajiHHM ycjiOBHMa caapwao je BHiue

oa 99,9995% Cd.

Hhcthtyt 3a TexHOJiorajy HyioieapHHx ripHMJbeHO, 1 1 iwaja 1972.

H flpjTHX MHHepajIHHX CHpOBHHa

Beorpafl

ABSTRACT

ELECTROLYTIC REFINING OF CADMIUM USING

AMALGAM BIPOLAR ELECTRODES

by

RADE M. COSOVIC and DRAGICA N. DURKOVIC

The conditions were investigated for refining of cadmium of a purity

of 99.98% Cd to high purity grade by electrolysis using amalgam bipolar

electrodes in a four-stage electrolytic cell. The anode was a cadmium amalgam

prepared by dissolving raw cadmium in bidistilled mercury. The amalgam

for bipolar electrodes was prepared in the same way. Cadmium was elec-

trodeposited on a tantalum cathode from a cadmium sulphate solution which

contained free sulphuric acid.
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The influence of anodic and cathodic current density on the purity

of the deposit was studied over the range of 35—450 A\m2 and 100—450 Aim2

respectively. The dependence of cathodic current efficiency on the cathodic

current density was also investigated. The deposit obtained under optimal

conditions contained more than 99.9995% Cd.

Institute for Technology of Nuclear Received May 1 1, 1972

and other Mineral Raw Materials

Belgrade.
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30HAJIHO TOnjbEH>E EH3MYTA

Off,

flPArHUE H. -BYPKOBH-fi, CPBOBPAHA M. nETPOBHTiA

h PAflA M. TiOCOBHTiA

YBOfl

HenocpeAHH ijhji. OBor pa^a je oflpe^HBaibe KoecpHipijeHaTa pacno-

A&me npHMeca npH 30HaJiHOM ToiuBeH»y TOiraompiKor 6H3Myra floiwahe npo-

h3boah>c Pe3yjiTaTH OBor pa#a Tpe6a aa nociry>Ke carjieaaBaH>y MoryhHO-

cth 3a AoSHjaite BHCOKOUHcror 6H3MyTa.

IlpeMa cneKTporpac})CKoj aHamoH (TaSjuma I), ochobhc npHMece y

TOimoHimKOM 6H3MyTy cy: ojiobo, cpe6po, hhkji h SaKap. CaAp>naj OBa

yeropH ejieftieHTa y oflnocy na ynynaH caflpH<aj npHMeca h3hoch BHiiie 03

98%.

TABJIHUA I — TABLEAU

CaapjKaj HeTOCToha y 6H3MyTy

Teneurs en impuretes du Bismuth

Fe 0,25 ppm

Mn <0,1

Al <0,5

Mn 0,18

Zn <1

Pb 440

Ni 6,5

V <0,1

Sb <0,2

Cd <0,25

Cr <1

Sn <0,1

In <0,1

Ag 64

Cu 3,0

OTcrpaH>HBaH>e npwweca mcto^om 3ona.'inor Toiuteiba Moryhe je ca.wo

y cny^ajy nocTojaH>a pa3iiHKe H3Mel)y pacTBopjbHBOCTH obhx y MBpcroj

h TeMHoj 4>a3H ocHOBHor MeTaJia.
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PAflE M. 'ROCOBMTi

AnajiH30M 6HHapHHx AHjarpaMa cnnta (1) ,,6H3MyT-npHMeca" MOM<e ce

npeaBHaeTH noHamaibe BehHHe npHiweca y npoijecy 3onajmor Toiubeita.

y Te^HOM crafty 6H3Myr pacTBapa cpeGpo iuto 3naim Aa He oho y npo-

uecy 30Hajmor TorubeH>a Bpno e({)HKacHo npaTHTH Temiy 30Hy h kohuch-

TpHcaTH ce Ha Kpaj HHroTa.

Baxap h hhkji ce caMo He3naTHo pacrBapajy y mbpctom 6H3Myry aok je

H>HX0Ba pacTBopjbHuocT y TeHHOM 6H3MyTy noTnyHa. OBanaB oahoc pacrBop-

jbhbocth >'Ka3yje Aa h y aiyqajy oBa Ana ejieweHTa Tpe6a oieKHBaTH etpn-

KacHO KOHneHTpncaibe Ha Kpaj iinroTa, Mana y hcujto MaiteM o6HMy Hero

koa cpe6pa.

(Xjiobo ce pacTBapa h y tcmhom h y ^bpctom 6H3M>ry, y Te*iHOM Heorpa-

HHieHO y MBpcroM oko 0,5%, TaKO Aa he ce npH 30HanHoj pacpHHaipijH h

oho KOHueHTpHcaTH Ha Kpaj HHroTa MaAa y 3HaTHo Maitoj MepH h oa cpeSpa

h oa Gaxpa h HHK^a.

Koa njiaHHpaH>a onHTa h H36opa napaMerapa Toiuteiba pynoBOAHJiH

cmo ce npBeHCTBeHO cneuHcbHMHocTHMa Haj3acTynJbeHHjHx npiuneca. O63H-

poiw Ha ecbHKacHO 0ACTpaH>HBaH>e cpe6pa, 6anpa h HHK.ia, a BepoBarao,

3a iwaH>e 6p3HHe KpeTaH>a 30He h o.ioBa, 3a o6paAy eKcnepHMeHTajiHHX

noAaTaKa H3a6pana je MeroAa III. H. rieH3yjiajeBa h capaAHHKa (2). Oea

MeTOAa je noroAHa 3aTo ujto je 3a Ao6HjaH>e cjihkc 0 H3BpmeHoj pacnoAejiH

nocne 30HaJiHor Tonjteifea aobojbho oapcahth caApwaje npHMeca peAa

Be.TOHHHe nojia3Hor caAp>naja (onojiHHa ,,npejia3He rawe"*) a 3a MaTe-

MaTH^iKy o6paAy ao6h)chhx noAaraKa MO>Ke ce kophcthth jeAHaiHHa sa

6ecK0HaiHy pacnoAejiy, Kano cy to noKa3aJiH Marshall h Braun (2). HaHiwe,

,,npejia3Ha rawa" AOCTn>Ke hph6jih>kho hcth no.noncaj Kao y 6ecKOHa*nioj

pacnoAejiH Beh nocne penaraBHO Manor 6poja npoBJiana, y kojihko oApe-

hHBaHH KoetbHHHjeirr pacnoAejie unje Behn oa 0,9. OApel)HBaH>e Koe(j)H-

HHeHaTa pacnoAejie iwaibHx oa 0,2 cnonMaHo je nan, ca bcjihkom rpeuiKOM

oApe^HBaH>a. MehyraM, Hajieiuhn cjiyMaj OApebHBaH>a KoecbHUHjeHara

pacnoAejie ynpaBO h jiokh y ropitHM rparomaMa.

EKCnEPMMEHTAJIHH JIEO

3onajrna Toniben>a cy H3not)eHa na xopH30HTajmoj anapaTypH ca 4>hkchhm ejieKTpo-

oTiiopHH.w npcTeHOM. Y UHJby cnpciauaiba oi<cnaainije 6n3.M\Ta h npHMeca BpuieHa je

cieaeha npiinpe.wa HiiroTa 3a TonjbeH>e: y noce6HO npHnpeMJteHy ueB on niipexc craKJia

uiap>Knpano je 100 g MeTa-ia. TonJi>eH>e h „OTi<anaBaH>e" MeTaJia npei<o KOJieHa y a.vi-

nyny n3Bpmeno je nofl BanyMOM ofl 5 x 10~3 torra. JeaaH i<paj HHroTa 6no je oflBojeH

o;; nejia a.wny.ne MeTa.TmiiM u,hjihhapom oojio/Kchhm ckikjiom H onpyroM Kano 6h ce cnpe.

muio pa36Hjan>e a.Mnyne ycnefl HeraTHBHor TepMnu<or i<oecpiiunjeHTa miipeifca 6H3M>Ta-

Aivinyjia je 3aTiiM 3aTanana H CTaBitena y KBapnny ueB anapaType 3a 30HajiHO Ton-

jteifce. HaruG ueBH ii3hociio je 3°, ioko 6h ce cnpeHHJia no3HaTa nojaBa nperauaH>a-

riapaMeTpii Ton.i>eH>a 6hjih cy cjieflehit:

JIy>KiiHa imroTa 150 mm

IilHpiuia 30He 1 5 i 1 mm

Ep3Hne KpeTaH>a 3oHe 1, 0,7 h 0,5 mmjmin.

BaKyy.w, cTaTHMKii 5 x 10~~s torra.

Epoj npoB-iana 12

npeceK KpiiBe pacnoAejie ca npaBo.M no.ia3Hor caAP>Kaja.
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HaKOH Tonjbeaa hhtoth cy y3opKOBaHH h

Ka3aHH cy y Ta6jranaMa II, III h IV.

Pe3yjrraTH npn-

TAEJIHUAII— TABLEAU

PejiaTHBHH cajroarajH npHMeca y 3OH&nH0 TonJbeHOM 6H3MyTy. Ep3HHa op, 1 mm\min.

Teneurs relatives en impuretes de Bismuth de zone fondue la vitesse de 1 mmjtnin.

npHMeca

Impurete

IIo fly>KHHH HHroTa % Le long du lingot %

18 63,5 71,2 79 91

Ag <0,0016 <0,0016 0,67   

Cn 0,07 0,36 1,30 1,33 1,67

Pb 0,18 1,06 — — —

Ni 0,14 1 5 3,85 2,15

TABJIHUA III — TABLEAU

PejiaTHBHH cajrpxcajH npHMeca y 30Hajmo TonJbeHOM 6H3Myry. Bp3HHa ofl 0,7 mm/min.

Teneurs relatives en impuretes de Bismuth de zone fondue. La vitesse de 0,7 mm\rmn.

IIpH

Impurete

IIo HjnKHHH HHTora % Le long du lingot %

7,3 20

Ag <0,0016 <0,0016

Cu 0,107 0,08

Pb <0,00023 0,0046

Ni <0,015 <0,015

38,5 63

<0,0016 <0,0016

0,12 0,067

0,075 0,35

0,33 <0,015

70 77,6

;0,0016 ~0,16

0,30 —

0,7 1,7

0,95 8,6

83

1,8

6,9

TABEJIA IV — TABLEAU

PejiaTHBHH caflp>Kajn npHMeca y 30HajiH0 TonJbeHOM 6n3MyTy. Bp3HHa oa 0,5 ntmjmin.

Teneurs relatives en impuretes de Bismuth de zone fondue. La vitesse de 0,5 mm/min.

no flywHHH HHTOTa % Le long du lingot %

Impurete

7 18 39 59 69 78 8S

Ag <0,0016 <0,00 16 < 0,001 6 <0,0016 <0,0016 0,039 1,44

Cu <0,033 <0,03 3 <0,03 3 <0,033 <0,033 2,39 2,40

Pb 0,00057 0,0155 0,034 0,2 ~0,23 0,9 —

Ni <0,015 <0,015 <0,0!5 <0,015 <0,015 2,6 1,1

5
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PAAE M. HOCOBM'R

Ca^p>Kajn npHMeca y Ta6jiim.a.\ia cy ii3pa>Kcwi y oflHocy iia nojia3HH caApxcaj.

htckhm nyTeM cy on;

jeAHaHHHy no Pfan-y (3).

xi
TpatptpnoiM nyTeM cy oflpel)eHH noJiomajH ,,npeJia3HHX TauaKa" — h yBpnrhaBaH>eM y

N

x1 1
■=— In

N BN BN

B 1

eB 1—1

rae je: K — KoecpmuijeHaT paciio.ic.ie

1 — fly>KHHa 30He

xt — noJioHoj npejja3He Ta<u<e H3pa>KeH Gpoje.M miipiuia 30He

N — fly>KHHa HHTOTa H3pa>KeHa 6pojeM iniipiiHa 3one

B — KOHCTairra no Pfan-y

AOOHjeHe cy 6pojHe Bpe«HOCTH ecpeKTHUirax KoetpinuijeHaTa pacnoaejie 3a flare eKcnepn-

MeHTajme yoioBe.

ripHMeHOM paijyHa rpemi<e no «Ba ocHOBHa H3Bopa, OTcrynaBie umpitHe TCMHe

30He h rpeuiKe Be3ane 3a oapctyimaibe nojioncaja „npejia3He Tam<e", ao6H)eHH cy H3pa3ii:

1 8K 1 8K B(BlK—1)

K 6X!=K eL^l+B^—eB(N-x,) H ^

1 3K

= 1-K—B (3)K SI w

i\ne je: L — fly>KHHa HHroTa

/ — lUHpima 30ne

no Kojwvia je oapeljeHa Mai-ccHMajma rpeinKa oflpe^HBaifca e(peKTHBHHX KoecJmunjeiiaTa

pacnoaejie.

EKcnepHMeHTajiHH pe3yjrraTH ecpeKTHBHHX i<oe(pninijeHaTa pacno/KJie npm<a3aHH

cy y TaCjiHuii V.

TAEJ1HUAV— TABLEAU

IiapaiweTpn 3onajmor Tonjteiba

Les parametres de zone fondue

f *1

mmjmin. N N BN K

Ag

1,0

0,7

0,5

0,72

0,82

0,87

9,8

10,5

10,4

6,90

15,6

24,7

0,69 ±0,03

0,4510,05

0,24 1 0,15

Cu

1.0

0,7

0,5

0,69

0,73

0,76

9,8

10,5

10,4

5,53

7,49

9,29

0,75 ±0,03

0,70 + 0,03

0,62 ±0,04

1,0

0,7

0,5

0,63

0,70

0,765

9,8

10,5

10,4

3,40

5,96

9,7

0,8410,02

0,74 i 0,03

0,61 10,04

1,0 0,63

0,73

0,78

9,8

10,5

10,4

3,40

7,49

10,7

0,841 0,02

0,70 1 0,03

0,58 { 0,04

Pb 0,7

0,5

** o6jihk jeAHamnie 3a opflimaTy — -- 1
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3aBHCHocr e<l>eKTHBHHx i<oc<pnunjenaTa pacno^ejie on; 6p3HHe KperaH>a icme 30He

npm<a3yje jeflHaMHHa no Burton-y (3)

>(H Hi-K «

rae je:

K — e4>eKTHBHH KoecpHinijeHT pacnoAeJie

K0 — paBHOTe>KHH KoecpHUHjeHT pacnoflejie

f — 6p3KHa KpeTaita 30He

S — ;ie6jbHHe flH<py3HOHor CJioja

D — KoecpHUHjeHT AHcpy3Hje

 

Q1 I I ; I l I I I i 1 i 1 1 1

Ql 02 Q5 a* Q5 06 Q7 as Q9 10 v(mm/min}

CjiiiKa 4 Figure

3auHCHOCT KoecpHUHjciiaTa pacnoflejie o/i 6p3nne i<pHCTajiH3auHje.

Variation du coefficient de partage en fonction de la vitesse dc le crystallisation.
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PAAE M. "ROCOBHTi

Ha cji. 1 npHKa3aHe cy rpa(pjrm<H 33bhchocth KoecpimHjenaTa pacnoACJie y (pyHKUH)H

6p3HHe KpCTaita 30HC.

Koe<pHUHjeHTH npaBHX Ha cji. 1 H3Hoce 3a Ag — 1,92; Cu — 0,67; Ni — 1,23; Pb — 1,20

h, nopefl Tora mto npeflCTaujbajy eKcnepHMeirrajmo oAperjeHe oAHrce p,e6n,me flH<py-

3HOHor cnoja h Koe<j>nuHjenaTa AHcpysHje npeflcraBJbajy h Mepy ynmaja 6p3HHe Kperaiba

30He Ha npo.vcuy etpeKTHBHHX KoetprarHjeHaTa pacno.ic.ic .

TaKO peiuiMo, koa 6aKpa kojh ce npH Mamuw 6p3HnaMa c.-iaOuje AHCTpufiyupa oa

HHKJia H>eroBa AHcrpHtSyirjija, npii 6p3HHaMa BehHM oa 0,5 mmjmin. nocraje ecpiiKacmija

Hero y cnywajy HHK.ia.

EncTpanojiauHjoM npaBHx ca en. 1 Ha „Hyjrry" 6p3HHy oapc^chh cy paBHorewcHH

KoecpHUHjeHTH pacnoAeJie h ohh H3Hoce:

K„A, - 0,03

K0Cu - 0,4

K.N1 - 0,25

K0pt, — 0,3

JlooHjeHe 6pojHe bdcahocth noKa3yjy Ao6po cjiara&e ca noAarfniwa y jnrrepaTypH

(2), a BHuiecrpyKO necjiaraibe ca noAaun.«a y jnrrepaTypH (4).

H3BOJ1

H3BefleHa je pacpHHaimja 6H3Mjrra mcto/jom 30Hajmor TorubeHia. Ytbp-

rjeHO je aa ce Pb, Ag, Ni h Cu KOHuempHury Ha Kpaj HHroTa.

OflpeÇeHH cy h>hxobh KoecbHiuijeHTH pacnorjejie.

HHCTHTyT 3a TexHOJiorajy HyKJieapHHX h ripHMJbeHO 12 iwaja 1972

APymx MHHepanHHX ciipomnia, BeorpaA

RÉSUMÉ

LA RAFFINATION DU BISMUTH PAR LA MÉTHODE

DE LA ZONE FONDUE

par

DRAGICA N. DURKOVIC et SRBOBRAN M. PETROVIC

On a fait la raffination du bismuth par la méthode de la zone fondue.

On a constaté qu'à la queue du lingot se concentrent Pb, Ag, Ni et Cu.

On a déterminé leurs coefficients de partage.

Institut technologique de matières premieres Reçu le 12 Mai 1972

nucléaires et minérales, Belgrade.
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H3BEIUTAJ YIIPABHOr OJJEOPA

cpncKor xEMHjcKor jipyniTBA o PA^y y 1972. tojihhh

(noflHeT PeaoBHoj ro.imiiiH.oj CKyimiTHHH JIpyiirrBa oflpnraHoj 24. jaiiyapa

1973. roflHHe y Eeorpafly, op crpaHe ceKperapa CpncKor xeivmjcKor ppy-

uiTBa JoBaHa JoBaHOBHha)

y carjiacHOCTH ca iuiaHOM pafla kojh je npHXBaheH Ha roflHumoj

cKyimiTHHH oflp>KaHoj 17. jaHyapa 1972. toahhc y Eeorpa#y, CpncKO

xejvmjcKO flpyuiTBO je yawepHjio pafl y TOKy 1972. roAHHe Ha H3BpuieH>e

cjieAehax rjiasHnx 3aflaTaKa:

— opraHH30BaH>e npocjiaBe 75-roflHuiH>HHe ocHHBa&a JIpyuiTBa h

CHMno3HjyMa o HacraBH xejvwje;

— opraHH30BaH>e XVII caBeTOBaaa xeMH^iapa CP Cp6Hje ca III jyro-

cjioBeHCKHM CHMno3HjyMOM o xejvwjH h TexHOJiorHjn MaKpoMOJieKyjia;

— H3flaBaH>e peAOBHHx ny6jiHKauHja JIpyuiTBa: „rjiacHHKa xeMHjcjcor

apyuiTua. — Eeorpaa" h ,,XeMHjcKor nperjieaa";

— aHra>KOBaH>e y npnnpeMH h H3Bol)eH>y ruiaHa h nporpaMa HacTaBe

xeMHje y ochobhhm h cpefliLHM iiiKOJiajna;

— opraHH30BaH>e njieHapHHX npeflaBaifca HcraKHyTHX HaynHHX pafl-

HHKa H3 3CMJBC H HHOCTpaHCTBa.

Ilopefl pafla Ha obhm rjiaBHHM 3aAaijHMa, ynpaBHH oflSop CpncKor

xeivmjcKor flpyiuTBa je paflno Ha H3BpuiaBaH.y cbojhx peflOBimx o6aBe3a:

ynnc hobhx wiaHona, noMaraite pafla noflpyaauma h ceiajHja JJpyuiTBa,

o6e36e^eH>e (J)HHaHCHjcKHX cpeflcraBa, 6H6jinoTeKa JIpyuiTBa, nourra h flp.

I. nPOCJIABA 75-rOflHUIH)HUE OCHHBAIfcA JPYUITBA

IlpocjiaBa 75-roflHuiH>HHe oflpnraHa je op, 26. ao 29. cenTejw6pa 1972.

roaHHe y Eeorpafly h o6yxBaxaJia je CBetiaHy aKaflejvuijy, Hayroy MaHH^ecra-

Hnjy ,,XeAiHja flaHac h cyTpa" h „CHMno3HjyM o HacraBH xeMHje — 1972".

noierKOM 1971. roflHHe o(J)opjvubeHa cy flBa opraHH3aflHOHa oflSopa

3a npnnpeMy IIpocjiaBe: Ofl6op 3a opraHH30Baif>e CBe*iaHe anafleMnje h

nayMHe MaHH<f>ecTaHHje „Xejvmja flaHac h cyTpa" ca npeflceflHHKOM oflSopa

ManocaBOM JIparojeBHheM h OflSop 3a opramiaanHjy CHMno3Hjyjvia o Ha

craBH xeMHje ca npeflceflHHKOM ofl6opa JoBaHOM IIIenoM.

OpraHH30BaH>e IIpocjiaBe noMorjie cy noflpy^mme flpyuiTBa, mhoi-o-

6pojHH qjiaHOBH flpyuiTBa, PenySjnraKO H3BpiuH0 Behe CP CpSnje, Peny-

6jnmKa 3ajefli«ma 3a Haymm pafl, EeorpaflCKa 3ajeflHHua o6pa30BaH>a,

,,3opKa" — xeivuijcKa HHflycrpHja — UIa6aq, HucTHTyT 3a xeMHjy, tcxho

397
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M3BEUITAJ O PAfly CXfl y 1»72. fOfl.

jiorajy h MereuiyprKjy — EeorpaA. „Ha(})Tarac" — iiacpTiia HHaycrpHja

— Hobh Caa, — PacpmepHja HacpTe — ITaHMeBO, npHpoAHo-MaTeMaTHHKH

(paKyjiTeT, Oacck 3a xeMHjCKe h (pH3HHKO-xeMHjcKe Hayne — Beorpafl,

„nporpec-HHBecT" — HH>KeH>epHHr npe^y3ehe — EeorpaA, CaBe3Ha npn-

BpeAHa KOMopa, CaBCT 3a xeMHjcKy h ryjviapcKy HHAycrpHjy — EeorpaA>

TexHOJioiiiKO-MeTaJiypniKH (paKyjiTeT — EeorpaA. TexHOJiouiKH (paKyjrreT

— Hobh Caa, XeiwijcKa HHAycrpnja — FlaHqeBo h XenuijcKH KOMOHHaT

„XeMKo" — EeorpaA-

rTpeiwa nporpajwy, IlpocjiaBa je nonena CBe<iaHOM aKafleAwjoM 26.

ceirreM6pa npe noAHe y BejiHKoj ABopaim flojwa CHHAHKaxa. AKaAeMHjn je

npHcycreoBao npeAceAHHK CKynuiTHHe CP Cpfinje JIparocnaB MapKOBHh

h npeno 1 200 jinna, Kao h 3HaraH 6poj irpeACTaBHHKa APyniTBeHo-noJiH-

thhkhx, npocBeTHHX, KyjiTypHHx h npHBpeAHHX opraHH3aiuija, Kao h AeJie-

raTa xeMHjcKHX ApyurraBa H3 3eMJBe h HHOcrpaHCTBa. IIoboaom npooiaBe

CpncKO xomjcKO Apyurrso je H3AaJio jyCmiapHH 6poj rjiacinno xeamjcKor

ApyuiTBa — BeorpaAj a H3pal)eHa je h cnojweH mui'iica ^pynrraa. H rjiacHHK

h 3HaiKa flejbeHH cy cbhm npHcyrHHiw Ha CBenaHoj aKaAeiwHjH.

CBeiaHy aKafleMHjy je otbopho npeAceAHHK OpraioraanHOHor OA&opa

MnjiocaB flparojeBHh.

ITocJie OTBapaita AKaAeMHje cnyn je no3ApaBHO y HMe CKynuiTHHe

CP CpSnje AjieKcanAap BaKoqeBHh, a 3aTHM je npeAceAHHK JIpyuiTBa

"Boplje Jl,HMHTpHjeBHh H3Heo HcropHjaT J3,pyuiTBa oa ocHHBaaa ao Aanac.

riocne H3Jiarafta npeAceAHHKa flHMHTpnjeBHha, JIpyiuTBy cy ynynuiH

MecTHTKe y HMe :

CpncKe aKaAeivuije Hayna h yiweTHOcTH — npeAceAHHK ITaBJie CaBHh

BeorpaACKor yHHBep3HTeTa — peKTop JoBaH DiHropHjeBHh

HoBocaACKor yHHBep3HTeTa — npopeicrop PaAocnaB "BypHh

ripHHrrHHCKor yHHBep3HTeTa — peicrop JJepBHin PoH<aja

CaBeia PenyGjumKe 3ajeAHHHe 3a naynHH paA — npeAceAHHK AjieKcaH-

Aap ,El,eAHjep

YHHje xeMHjcKHX APyuiTasa JyrooiaBHje h EBponcne cpeAepannje

xeMnjcKHx ApymTaBa — noqacHH npeAceAHHK YHHje Eo>ko Ten<aK

CaBena xeiwHqapa h Texno;iora JyrooiaBHje — npeAceAHHK OpaHKO

UeTHHHh

XpBaTCKor KeMiijcKor ApyuiTBa — npeAceAHHK Anna KerjieBHh

CaBe3a KCAumapa h TexHOJiora XpBaTCKe —■ HnaH Eyryjia

CaBe3a HHweitepa h TexHHnapa TexHOJiora h xejvumapa CpSnje —

npeAceAHHK CrjenaH JleBaTa

IUPAC-a — npo(p. P. napn

Ha^Ho-TexHHHKor caBeTa xewnjcKe HHAycTpnje ByrapcKe — npo<p.

JJ. IJorjieB

Opamr/cKor xeMHjcKor ApyuiTBa — npocp. K. KimopoH

XeMiijcKor APymTisa, JIohaoh — npotp. P. T. B. Hopnui

MaI)apcKor xeMHjcKor ApyuiTBa — npocj). UI. JleHfjen

CjiOBawor xeMHjcKor npyunua n MeniKor xcwijcKor ApyniTBa —

npocj), J. Tomko
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IIlBajqapcKor xeMHjcKor ^pyuiTBa — npocp. fl. ApHroHH

AiwepHMKor xeMHjcKor ApyuiTBa — npocp. P. ITapH

IloBOAOAi 75-roAHUiH>HU,e JIpyuiTBO je aoShjio noBen>e oa:

AiviepHMKor xeMHjcKor flpyuiTBa, XeMHjcKor ApyuiTBa — JIohaoh,

IllBajuapcKor xeMHjcKor ApyuiTBa, HayMHo-TexHHwor caBe3a xeMHjcKe

HHflycrpHje ByrapcKe, XpsaTCKor Ke»mjcKor flpyuiTBa, JIpymTBa He«a-

hkhx xeAuraapa h AcouHjauHje (Phhckhx xewijcKHx flpyunaBa. IIocJieAH>a

flBa /ipyiiiTBa nocnajia cy nam noBejbe noiirroM, aok cy ocraJia ApyuiTBa

npeno cbojhx npeflcraBHHKa noBejbe npe^ajia Ha AKafleAuija. IlpeflCTaBHHK

Mar)apci<or xavmjcKor ApyuiTBa npeflao je CpncKOM xeivmjcKOM apyuiTBy

njiaKCTy h II(paj<pep Hraau-MeAaJby, npeflcraBHHK GnoBaiKor flpyiirrBa

KpHCTajmy Ba3y, a HexoanoBamto apyiiiTBo nocnajio HaM je nourroM anSyiw

ITpara ca hccthtkom.

Ilocjie noaflpaBa ynyherax JIpyuiTBy, H3BpmeHa je noflena noB&nba

3axBajiHocrH ca nnaKeTOJw cpaKyjrreTHJwa Kojn cy noce6HO 3aAy>KHJiH Hpy-

iutbo h H3y3eTHO 3acjiy>KHHM HJiaHOBHMa flpyuiTBa, h to:

TexHOJioiiiKo-AieTajiypuiKOM (paKyjirery — BeorpaA

OflceKy 3a xeMHjcKe h (pH3H«iKO-xeivuijcKe HayKe npHpoAHo-MaTeAia-

THMKor (J)aKyjrreTa —■ BeorpaA

TexHOJioiiiKOM (paKy/iTeTy — Hobh Can

OapMaueyrcKOM (paKyrrreTy — BeorpaA

JIaBocjiaBy Pjokhhkh

AneKcaHflpy JleKO

ByKHhy MnhoBMhy

rianTH TyiyHUHhy, post mortem

Manoiuy MjiafleHOBHhy

"Bopfjy J],HMHTpHjeBHhy h

CjioSoflaHy Komiap-'Bypr)eBHhy

IloBeibe 3axBajmocTH TaKotje cy ypyyeHe h cjieaehHM npHBpeflHHM

opraHH3airHjaiwa Koje cy CBojHM noce6HHM aHra>KOBaiteM noMorne opraHH-

30Baifce IIpocjiaBe:

,,3opKa" — XeMHjcKa HHAycTpuja — IIIa6au

HHCTHTyr 3a xeMHjy, TexHOJiornjy h MeTaJiyprajy — BeorpaA

„HacpTarac" — Hacpnra HHAycTpuja — Hobh CaA> PacJwHepHja Har])Te

— IlaHMeBO

,,nporpec-HHBecr" — HroKeitepHHr npeayaehe — BeorpaA

CaBe3Ha npHBpeAHa Koiviopa, CaBeT 3a xeMHjy h ry.wapcny HHAycTpnjy

— BeorpaA

XeMHjcKa HHAycTpHja ,,riairMei3o" — IlaHHeBo

XeMHjcKH KOMfjHHaT ,,XeMKo" — Eeorpao..

3aTHM je aKaAeMHK ByKuh MnhoBHh oApwao npeAauaibe ca tcmom:

„XeMHja y CpSHjn".

CBeiaHa aKaAeMHja .iaBpmeHa je My3HHKn>\ riporpaMOM,rKojn je H3Beo

xop Collegium musicum. 3a rocTe h jeaaH 6poj ynecHHKa npeAceAHHK Jlpy-

uiTBa "Boprje JjHMHTpHjeBHh je npHpeAiio cae'iaiiH ps'HaK y ,,BHnorpa;;HMa"

y TporjKoj . npeABene y 1 8 .00, noTiipeAceAHHK CKyiiuiTHHe rpaAa BeorpaAa
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MHJiaH ByKOC npHpe/jHO je rrpHjeM 3a CBe rocre h yiecHHKe IlpocjiaBe.

YBene cy rocra h yqecjiHUH npocjiaoe, nao rocro JlpyuiTBa, mcpajm hjih

no3opmiiHy npeacraBy „By6a y yxy" y JyrocjioBeHCKOM /rpaMCKOM no30-

pHiiiTy hjih npeflcraBy ancaMGjia „Kojio" Ha KojiapneBOM yHHBep3HTeTy.

JJpyror nana, 27. ceirreiviSpa 1972. ro/i., npooiaBa je HacraBJbeHa y

BejiHKOM AiyicpHTeaTpy TexHOJiouiKO-MeTanypuiKor (paKyjrreTa, HaymoM

MaHHtpecraHHjoM ,,XeMHja flaHac h cyrpa" Ha nojoj cy eMHHeHTHH cbctckh

HayqHHUH, rrpocpecopH D. Arigoni, Sir N. Mott, H. Benoit h J. O'M.

Bockris o/ip>KaJiH npeflaBaita npe# bcjihkhm Gpojeiw yiecHHKa (150—200).

Ilpe noflHe je npBO npe;;aBaH>e oap>Kao D. Arigoni: „Heyo6ir<iajeHa

xHAPHAHa npeMeurraifca y xouijcKHM h 6HoxeMHj'cKHM CHcreMHMa", a 3aTHM,

Sir N. Mott: „Pa3AiaTpaH>e o yjio3H xeMHje h (pH3HKe y pa3yAieBaH>y

ocoSnHa craKJia". Y noflHe je JJjpanra MapKOBHh, npeAce/iHHK CKynuiTHHe

CP CpSnje, npHpe^HO npnjeM 3a rocre h jenaH 6poj yqecHHKa IlpocjiaBe.

ITocjie noflHe cy npe,naBaH>a oflpnojiH H. Benoit: ,,HajHOBHja ca3HaH>a o

oco6HHaivia pacraopa nojiHAiepa" h J. O'M. Bockris: ,,EjieKTpoxeMHjcKa

Hayna nao ochob TexHOJiornje SynyhHOCTH Koja Hehe 3arar)HBaTH OKOJimry".

IIpeaaBafta npocpecopa Sir N. Mott-a h J. O'M. Bockris-a iirraMnaHa cy,

Ha eHrjiecKOM je3HKy, y jyonjiapHoj cbcchh Hamer TjiacHHKa.

Ha Kpajy oBe MaHHcpecraiTHje no/jeJBeHe cy noBejbe 3axBaJiHocrH 3a"

cnywHHAi uiaHOBHMa JJpyuiTBa h to:

BJlAflHMHPy AJIMAJKAHy

CTAHHMHPy APCEHHJEBHRy

BOPHBOjy BACTHTiy

HBAHy BAJAJIOBHTiy

.UAHHUH BE3yXOBHTi

BPAHKy BOKHTiy

BHJIHMy BAjrAH^y

JXPArOMHPy BHTOPOBHTiy

JbyBHUM BPXOBAH

JOBAHy BEJIHMKOBHTiy

BOJAHH rPyjHTi-HH>AU

AJIEKCAHflPy flE^HJEPy

flEJAHy flEJIHRy

3JlEHKy _HH3,HAPy

AJIEKCAHJIPy jjEcnHRy

BPAHKy flHBJBAHy

HHKOJIH flHMHTPHJEBH-Ry

HBAHy flOPOCJIOBAHKOM

MHJIOCABy JPArOJEBHTiy

flPAryTHHy jiPA^HRy

JEJ1EHH "BOPH-R

CnACOjy BOPREBHRy

MHPOCJIABy TAUIHIiy

JOBAHy HJIHRy

JOBAHy JOBAHOBHTiy

OJirH -ByPKOBHTi

MOMHPy JOBAHOBHRy

MHJIHHH MHJIOCABJBEBH'R

HHKOJIH MHJiyTHHOBHTiy

PAflMHJIH MAPKOBHTi

PAflMHJIH >KE)KE.Tb

MHAXHJiy MHXAHJIOBH Ry

AJIEKCAHJJpy MOUJH'Ry

MH/IAHy nAJEBHRy

BJIAUHMHPy HEJOBHRy

Bo^HOApy nonoBHRy

JJHMHTPHjy nEUIHTiy

nAyjiH nyTAHOB

HEHAfly PAJXOUIEBH"Ry

CJIOEOJJAHy PAflOCABJREBH'Ry

CJIABKy PAUIAJCKOM

CJIOEOJIAHy PHBHHKAPy

CJIOBOflAHy PHCTHTiy

BJIAJIHMHPy PEKAJIHTiy

MHJIHHH CHMHTi

HHKOJIH CHMHTiy

MHJIHHH CHH^EJIHTi

CHHHUIH CTAHKOBHTiy

'ROP'By CTEOAHOBHTiy

MHJiyTHHy CTEOAHOBHTiy

AJIEKCAHflPH CTOJHJLKOBH'R

nABjiy TPnHHHy

03PH TATHH-JAIfcHTi

MHPOCJIABy nEPrAJiy

MHJIEHKy TiEJIAny

BEJIHMHPy HAHHTiy

JXHMHTPHjy HOKHTiy

JOBAHy UIEnH

AUAJIEEPTy UIEHBOPHY

CJIOBOJJ.AHV uiyuiH-Ry

MHPH APCEHHJEBHRy

MHOJRyEy TOJIOPOBHTiy

>KHBAJJ,HHy ABPAMOBHTiy

nETpy MHUHiiy

BEPH MATHTi

MHJIEHH UiyPJAHOBHTi

CTEBAHy JEPOTHJEBH-Ry

MOMHHJiy PHCTHRy

EKCAKyCTOflHJAHy

JJOEPOHBETOBy
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noBeJbe 3axBauHocTH cy AOflejbeHe h 3acny>KHHjw yjiaHOBHMa JJpyuiTBa

. rrpeflnor noApyHooma, h to:

— Ha rrpeflnor IIoApyH<HHD;e — Hobh Cafl

EO^HJtAPy BEJIHJH

EOPHCJIABY TOMHTiY

AJiEKCAnupy syTOpy

3ABOW 3A XEMHjy yHHBEP3HTETA

— Ha npeflJior IToflpy>KHHH,e — Bop

nABJiy ByrAPCKOM

MHJIOUiy JfcyiUTHHH

flAMJAHy UBETKOBH'By

— Ha npeflJior noflpyHaame — 3pertaHHH

HJIOHH BAPAHjH

ByKHUH JAHOIUEB

J03H JAHOIIiy

CP"BAHy KAMEHKOBHTiy

jyjlKH JIE5KAJHTi

MHJIHBOjy MOJbUy

ECTEPH CEKPEPEIU

EPHEy UIBAHy

BEJIH UIBHPTJIHXy

Iloflejia noBtiba MJianoBHMa IIoapy>KHHua — Hobh Can h Bop H3Bp-

meHa je Ha roAHuntoj CKynurraHH JI,pyuiTBa oAp>KaHoj 24. jaHyapa 1973.

IIoBeJBe qnaHOBHiwa IIoApy>KHHHe y 3peibaHHHy ypyqnhe npeflcegHHK

IloflpyjKHHHe Ha npBoj ccahhhh YnpaBe IIoApyH<HHHe.

noB&ibe 3axBajmocTH cy ao.aeji.eHe h noKojHHM ^uiaHOBHiwa JIpyuiTBa,

Kojn cy CBojHM paflOM 3aflyHouiH JlpyuiTBO y nepnofly oa 50-roAHiHH.HH.e

AO 75-roAHiHH.HH.e, h to:

"ByPH AHflPHMEKy

BOJHCJIABy BOPJAHOBHTiy

AJIEKCAHflPy flAMAHCKOM

CBETOJIHKy flPEHOBUy

nEPCHjm HJIH-B-ByjIHTi

CBET03APy JOBAHOBHTiy

KAJHLIH jy3BAUIHTiy

BHKTOpy Kymjy

30PH MAPKOBHTi

nETpy MATAByjty

CTAHKy MMXaFIHTiy

MHJIEHKy MHAHTiy

MOMqHJiy MOKPAH>Uy

nnnroPHjy MyiinPHTiy

PA^OMHPy HKKOAHTiy

JIPATOMHPy nEJMHTiy

AJIEKCH CTAHOJEBHTiy

AJIEKCAHJIPy XOPOBHUy

27. ceirreM6pa yBene oaphoh je 6aHKeT y xoT&ny ,,MeTponoji" y

npncycTBy cbhx rocrajy h BejiHKor 6poja yqecHHKa ripocjiaBe.

ITpocjiaBa je HacraBJbeHa, y Bcjihkom aM(pHTeaTpy Ha TexnoiioiuKo-

-MeTaJiypuiKOM cj)aKyjiTeTy, 28. cerrreinGpa cne'iamm OTBapaH>eM Ciiauio-

3Hjyj«a o HacraBH xeMHje. y npncycTBy oko 600 yiecimKa CHMno3HjyM je

otbopho JoBaH lllena. CiiMno3HjyM cy no3ApaBHJiH npeAcrraBHHK H3BpiuHor

Beha CP CpGnje h npeACTaBHHK JyrocjiOBeHCKe napoAne apAuije. PaA je,

3aTHM, HacraBJbeH npeflaBaifcHMa Koja cy oApwaJiH npocpecopn JI. Ubctkob

(CCCP) h R. Parry (CAJX). FIoTiryH tckct obhx npeflauaiba na pycKOiw,

oahocho eHrjiecKOM je3HKy uiTOMiiaH je y jySnjiapnoj ciiecifH DracHmo

xeMHjcKor APyiHTua — BeorpaA, a npeBOAH na nam jemiK oGjaiubeirH cy y

,,XeMHjcKOM nperneAy" XIII, 6p. 3, crp. 63, oahocho 71, 1972. y oKnupy

npBor paAHor cacraHKa noAne.iH cy, npewa nporpawy, peiJiepaTe P. PaAona-

HOBHh H H. flHMHTpiijennh, npo(j)ecopH xeMHje II 6eorpaAci<e rHMnarwje.

yjviecTO npHjaBiteiior h naKiraAno OTi<a3anor pe(})epaTa JlHAHje ByqHh,
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oflp>Kana je npe^aBaifce AneKcaH,apa KopHxay3ep, npocpecop yHHBep3HTeTa

H3 JByGjbaHe, ca tcmom: ,,AHaJiH3a HacraBe xeMHje y ochobhhm h cpeflifcHM

iiiKOJiajwa y GnoBeHHjH h npojeKTH 3a M0flepHH3aimjy". Ha nonoAHeBHOM

cacraBKy oflpwaHa cy cjie^eha npeaataH>a:

Bhjihm BajraHfl: ,,HacraBa xeMHje y cpeA&HM uiKOJiaiwa nao ocHOBa

3a cryoHje Ha 4>aKyjiTeTHMa".

IlaBJie TpmtHau;: ,,CHHxpoHH3anHja HacraBe 6nojiorHje h xeivmje y

cpeflibHM h ochobhhm uiKOjiaMa".

Cjio6oaaH KoHMap-'Byp^eBHh : ,,MaTeMaTHKa, (pH3HKa h xeMHja y

cpeAftoj uikojth — npeacnpeMa 3a cryAHje xeMHjcKor HH>KeH>epcTBa".

Momhhjio JoBeTHh: ,,MecTO h yjiora ormrre h HeopraHCKe xejvwje y

o6pa30BaH>y Texmraapa xeMHjcKe crpyKe".

flaHHJio ByKOBHh: ,,Xe>mja y HacraBHHM ruiaHOBHMa h nporpaMHMa

qpefl&HX crpymuix uiKOJia y CP Cp6njn".

Momhp JoBaHOBHh: „ripo6jieMH HacraBe xeMHje Ha BojHoj aKaAeMHjH

KorraeHe BojcKe".

OaflHJi OcMaHOBHh: „Ehthh acneKTH HacraBe xeMHje y cpeflH>oj uu<ojih

KonHeHe Bojace".

^eAOMHp "BypHh: „HacraBHH rmaH h nporpaM xeMHje y ochobhhm h

cpeflH.HM uiKOJiaMa".

Ha Kpajy je CHMno3HjyM no3ApaBHo npocp. OpnaepHK lepji, inja je

pe^ y noTnyHOCTH o6jaBJteHa y ,,XeMHjcKOM nperjieay" XIII, 6, 186, 1972.

y flHCKycHjH je yyecTBonao HBaH BajajioBHh.

PaA CnMno3HjyMa HacraBJBeH je 29. cerrreMSpa npe noflHe y npHcycTBy

oko 160 yqecHHKa. Oflp>KaHa cy cnefleha npeflaBaH>a:

XyceHH "BaHHh h CajiKO PaMHh: ,,CaBpeMeHO yno3HaBaH>e xeMHje".

XyceHH "BaHHh: ,,0 hckhjh MoryhHocTHMa nporpaMHpaita HacraBe

xeMHje".

JKHBaziHH ABpaMOBHh: ,,KaKO caM o6par)HBao napraje o yrjbeHHM

xnflpaTHMa y III pa3pe#y YMHTejbCKe iBKOJie".

AjieKcaHflap MaTejnh: ,,HacraBa xeMHje H3Md)y TpaAHn,HOHajra3Ma h

hobhx HAeja".

JLHJBaHa PameBHh: „HacraBa xeMHje y jyGnjiapHoj niKOJiCKoj 1971/72.

roflHHH y THMHa3HjH ,,Bopa CTaHKOBHh" y Bopy.

Bepa Marah: ,,Ocbpt Ha pe3yjiTaTe y HacraBH xeMHje y ochobhhm uiko-

JiaMa Ha TepHTopHjn 11113 KpymeBan".

Mhjioui JoBaHOBHh: ,,n.naH h nporpaM HacraBe xeMHje y ochobhoj

uikojih".

MnjuicaB MHuoBaHOBHh : ,,<t>0HA qacoBa HacraBe xeMHje y rHMHa3HjH".

JBySoMHp AKceHTHjeBHh: ,,Ocbpt Ha nacTaBHH ruiaH h nporpaM xeMHj-

CKo-TexHo:iouiKHX TexHHMKHx ihkojki, H>eroBa aAeKBaraocT, MoryhHOcr

peajm3annje h ycioBa 3a noBe3HBaite c npHBpeAOM".

IlepcHAa PaAocaBJi>eBHh : ,,CraH>e HacraBe xeMHje y ochobhhm uiKOJiaMa

Ha noapyyjy omuraHe 3ajeqap".

CxioSoflaH 'BopljeBHh: 3,yno3HaBaH>e yyeiuiKa ca enercrpoHCKOM crpyK-

TypoM MaTepnje".
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MHOflpar HribaTOBHh, npocBeinH caBCTHHK — Hum, h3bcctho je o

pe3yjrraTHMa aHKere cnpOBeaeHe y AeBer mi-cana HHiiiKor peraoHa.

Ha nonoflHeBHOM cacraHKy JoBaH Illena H3Heo je aHajnoy aHKere. V

AHCKycHjH cy yqecTBOBanH n. TpmiHaH, B. Bajraim, xi. "Bypnh, H. Baja-

jioBHh, PaKOMeBHh, H. OuianoBHh, JI. IIbctkob h B. Marah.

Paa CnMno3HjyMa 3aBpiuen je 29. cerrreMSpa yBeie AOHOuieiteM saKiby-

MaKa pn, npe CBera HacraBHe ceKunje JlpyuiTBa HacraBe Hm-eionBaH pan:

ca TOKHiirreM Ha cjieaehHiw TeMajwa :

I Mecro xeMHje y caBpe«eHoj HacraBH

II yHanpe^efte HacraBe xeMHje

III ycaBpmaBa&e HacraBHHKa xeMHje

IV yn6eHHHH.

OflJiyqeHO je aa OBe Tejwe 6yny rjiaBHH npeflMeT pacnpaBe yjiaHOBa

HacraBHHX ceKunja CpncKor xeMHjcKor apyuiTBa Ha XVII jaHyapcKoiw

CaBeTOBaay xeMiwapa CP Cp6nje 1973.

flerajBaH nporpaiw CHjvmo3Hjyjwa o HacraBH xeMHje — 1972, h3boah

caorauTeH>a h pe3yjrraTH aHKere uiraivinaHH cy y „XeMHjcKOM nperjiefly"

XIII, 6p. 4/1972., 105—145, a noTnyHH tckct no3flpaBHe pe^H BjiaaHMHpa

CreBaHOBHha, ceKpeTapa PenyoVumKor ceKperapHjara 3a o6pa30BaH>e h

HayKy CP CpSnje h Jocnna JaKHia, Ha^ejiHHKa ynpaBe CaBesHor ceKpera

pHjara JHA, Kao h 3anHCHHUH h 3aKJby*nm ca CHMno3njyMa, 3ajeflHo ca

KOMenrapoM o CHMno3HjyMy C>peflepHKa Tepjia, mraMnaHH cy y ,,XeMHj-

ckom nperjiefly", XIII, 6p. 6, crp. 174—187, 1972.

II. CTAH.E MJIAHCTBA

CpncKO xeMHjcKO flpyuiTBO HMa 1617 qjiaHOBa. Or OBor 6poja y Eeo-

rpa,iy je peracrpoBairo 667 ^jiaHosa h 346 niaHOBa H3 yHyTpauiH>ocTH

H3 Mecra y KojHMa flpyuiTBo Heivta no,opy>KHHH,e. IIpeMa H3BeiurajHMa

noflpy>KHHua y Bopy je ynncaHO 72, y Bpaay 48, y 3peH>aHHHy 134, y

KparyjeBuy 30, y KpyuieBuy 40, y Hmiiy 30 h Hobom Caay 250 u^aHOBa.

y TOKy 1972. roflHHe npHMiteHO je y uiaHCTBo 74 yjiaHa, aok ce

ca 20 MJiaHOBa mije Morao ycnocraBHTH KOHraKT ycjiefl npoMeHe Mecra

SopaBKa, npoMeHe an;pece h oi.

III. nJIEHAPHH CACTAHUH APVUITBA

y npoTCKJioj toahhh oflpwaHa Ty Tpn cacranKa ca Ao;ie naBe;jeHHM

njienapHHM npeAaBaiLHMa. To je HeuiTo Maite oa 3aa;HbHX roflmia yoSH'ia-

jeHor 6poja npe,o;aBaH>a, Kojn je h3hocho HajMaifce mecr. Tpn iuieHapua

npeflaBaifca He npeflCTaajta, MeljyTHM, CMaH>eny aKTHBiiocT JIpyuiTBa y

OBoj Bpjio Ba>KHoj oGjiacTH AeJioBan>a, c o63HpoM Ha ce^aM iuieHapHHx

npeflaBaH>a o^pwaHHx y BpeMe npocjiaBe 75-ro,nnujH>HU,e.

3. anpnjia 1972. roAHHe: IIpocp. MARK GREEN, ca YHHBep3HTeTa y

Mnweiiy: „CTEPEOXEMHJA H MACEHA CnEKTPOMETPHJA";
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19 Maj 1972. roAHHe: nP0(p. AP GONTHER WILKE: „XHAPH,H,H,

AJIKHJIH H AJIHJIH HHKJIA KAO HHTEPMEAHJAPH Y KATAJIH-

THHKHM PEAKUHJAMA";

22 Maj 1972. roaHHe: IIpocp. VIRGIL BOEKELHEIDE, ca YHHBep-

3HTera y OperoHy: „HOBH APOMATHMHH MOJIEKYJIH".

iv. pah, nojxpy^HHUA cpncKor XEMHjacor jpyuitba

nogpyotcnm^ CXJJ, y Eopy aKTHBHO je paflmia y npoTeiuioj ropyam.

OAP«<aH je BehH 6poj npeflaBaita H3 nojeAHHHx oojkicth xeMHje h tcxho-

jiornje, KaKO 3a uiaHOBe JIpymrBa, xaKo h 3a ocrane 3aHHTepecoBane .

Tano cy oAP>KaHa npeaaBan>a H3 aepo3ararjenocrH , MeTajiyprnje, jiy>Keifca,

MHKpo6HOJiouiKor jipKeita, ejieicrpoxeMHje h ejieKTpoMeTaJiyprHje . Tpn

crpana crpymfcaKa CEB-a (H3 HejwaiKe, Pycnje h nojbCKe) oaphojei cy

tph npeflaBa&a 3a uiaHOBe noApy>KHHH.e. rioApyHaama je ca cbojhm

qjiaHOBHMa noMorjia oprainooBaibe OicroSapcKor caBeroBaifea MeraJiypra h

pyoapa y Eopy, Ha KOMe cy qjiaHOBH noApyjKHHue B3Heim 6pojHe pecpe-

paTe. Y Tony npoTeioie roAHHe Ha HHHimjaTHBy IIoflpy>KHHHe, y Eopy ce

aKTHBHO paaHJio Ha npHKynjba&y noAaTaKa 3a AHKeTy, Koja je cnpoBeAeHa

y Be3H CHMno3Hjyiwa o HacraBH xeMHje. Te>KH>a je 6ana Aa ce craopH urro

Teiuiba capa/m>a ca cpeAH>HM h ocMoroAHUi&HM uiKOJiaMa. IIoBeAeHa je

aKunja aa CBaKH mjish CXJJ-a Sy^e h npenuiaTHHK „rjiacHHKa xejvmjcKor

ApyuiTBa — Eeorpafl" h ,,XeMHjcKor npenneAa". noceoHO je noBeAeHa

awrnja npeKO 3ajeAHHH,e o6pa30Baifea CO Eop h hckhx cpeAH»nx mKOJia,

Aa ce uito BHUie noBeha 6poj npemnaTa 3a ,,XeMHjcKH nperjieA". Ha

roAHuntoj CKynumiHH noApyHonme, Koja je OApHtaHa 14. AeueMSpa 1972.

roflHHe y Eopy, npHXBaheH je H3Beiirraj o pany y npoTeioioj roAHHH h

AaTa je pa3peHiHHua YnpaBHOM OA6opy IIoApyHaume. Ha CKymuTHHH je

H3a6paH hob YnpaBHH ofl6op. 3a npeAceflHHKa noApy>KHHue H3a6paH je

noHOBO MnjbaH njeumHh.

riogpyycHtafa CXJJ y Bpatby aKTHBHO je paAH.ua y npoTemioj toahhh.

OApH<aHa cy qeTHpn paAna cacraHKa y BpaH>y, BpaitcKoj 6an>H h CypAy-

jihhh. Ha obhm cacraHHHMa npHcycTBOBajiH cy, nopeA npeAcraBHHKa CX.II,

h HacraBHHKa H3 Bpaiba h okojihhc h Behn 6poj npocBeraHX caBeTHHKa h

npeACTaBHHKa npocBeTHO-neAaroiiiKHX 3aB0Aa KpymeBua, Madura, Y>KHHa,

3ajeyapa, HoBor Cafla h Eeorpaaa. Ha cacTamrHMa cy pa3MaTpana mrraH>a

nojiowaja xeMHje y nporpaMy 3a ocHOBHy uiKOJiy h npoSjieMH y Be3H ca

HacTaBHHUHMa h HacraBOM xeMHje. nopeA ona yeropH cacraHKa, KojHMa

je npHcycTBOBaJio npoce^nro no 30 MJianoBa noApy>KHHH.e, OAPHOHa cy

yeTHpn TeopHjcKO-MeTOAOJiouiKa npeAaBarfaa, Ha KojHMa cy HacraBHmniMa

npHKa3aHH hobh ranoBH nacoBa nncMeHHx h jiaSoparapHjcKHx bok6h,

ca HaMepoM Aa uinpn Kpyr HacraBHHKa nomie ca yBor)en>eM AeMOHCTpairHo-

hhx h Jia6opaTopHjcKHx eKcnepiiiMenaTa y HacTaBH xeMHje y ochobhhm

HJKojiaMa. noApy>KHHiJia je Bpjio aKTHBHO y^ecTBOBa.'ia y opraHH30BaH>y

npocnaBe 75-roAHuiH.nye.

H3BpmeHo je aHKerapaibe npeno Tpn XHJbaAe y^eHHKa H3 npeKo 20

ochobhhx uiKojia ca TepHTopHje 6HBLuer cpe3a Bpaibe. AHKeTHpaHo je

'310 poAHTejba yqeHHKa h 179 HacTaBHHKa kojh He npeaajy xeMHjy. Ah-

KeTa je oSpa^eHa h rr>^jiHKOBaHa y ,,XeMHjcK0M nperjieAy".
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Ha roAHiiiH>oj cKyniiiTHHH IIoflpy>KHHi;e, Koja je OAp>naHa 8. AeuewSpa

1972. roAHHe y Bpaiby, npHXBaheH je H3Beuixaj o pany y npoTemioj toahhh

h p&Td je pa3peiuHHua YnpaBHOM oAOopy rioflpyHaome. Ha CKynnrrHHH

je H3a6paH hob ynpaBHH oa6op, Kojn ce oflMax nocne CKynnrrHHe h kohcth-

TyHcao h 3a npeflceflHHKa noHOBo H3a6pao }KHBaAHHa ABpaMOBHha.

IIogpyMCHutfa CXff y 3penaHUHy aKTHBHO je pamina y npoTemioj

roAHHH. 1972. roAHHa o6ejie>KaBa 20 roflHHa nocrojaH>a IToApyHanme,

Ta^HHje, 24. jyHa 1952. roAHHe Ha HHHHHjaTHBy noK. BojHcnaBa Eopja-

HOBHha ocHOBaHa je noAppKHHna y 3peifcaHHHy, Koja je Ta^a 6pojajia 20

toanoBa. flaHac IIoApy>KHHna HMa oko 200 HJiaHOBa.

y npoTeKJioj roflHHH o^p>KaHa cy HerapH cacraHKa, Ha Kojiwia ce pa-

cnpaBJtaJio o paay noApy>KHHne, noce6HO o cna6oM ofl3HBy h He3aHHTepe-

coBaHocTH HJiaHOBa naaa cy y nHTaay aKUHje flpyuiTBa H KaKO aa ce to

craae noSojfciua. H3BpmeH je HHBeirrap KH>Hra y crpyHHoj ShSjihotchh

noApyn<HHHe, a (J)opMHpaHa je KOMHcnja Koja je Ao6iuia 3aAaTaK Aa cpe^H

SnSjiHOTeKy h OMoryhn aeHO npoumpeifce hobhm KH>nraMa. JeflaH oa BHAOBa

npouiHpeiba 6H6jiHOTeKe 6h 6ho, npeMa npeA>i03HMa hckhx ujianoBa, Ao6po-

BOJbHo noK.iaH.aifae KifeHra oa crpaHe ^jiaHOBa rioApy>KHHue. OAP>KaHa

cy h ABa cacraHKa ca npeAaBaaHAia:

1. „0 motophhm yjBHjwa" — npeAaBai je 6ho PaAHBoje ToMameBHh,

crpyMHH capaAHHK ,,HacpTaraca", Hobh CaA — npHcyrao 7 MJiaHOBa ;

2. jjEyoper nao xeMHjcKa JiaSopaTopnja" — npeAaBa^ je 6ho naBJie

TpnHHan peAOBHH npotpecop MeAHHHHCKor (paKyjiTeTa, BeorpaA — npe-

AaBaH>y je npHcycTBOBano oko 120 nocerajiana, oa Tora oko 50 qjiaHOBa

JfcynrrBa.

TeuiKohe Ha Koje noApy>KHHHa Haj^einhe namiasH cy cjiaS oa3hb ^maH-

CTBa KaAa cy y nHTaity aKunje ApyuiTBa, CKyrubaifce unaHapHHe h Hepe-

uieHO iiHTaite kjt/6ckhx npocTopHja. Ha roAHiHH>oj CKynuiTHHH noApy>K-

mme, Koja je OAP>KaHa 15. XII 1972. roAHHe y 3peH>aHHHy, npHXBaheH

je H3BeiuTaj o paAy y npoTemioj toahhh h Aara je pa3peiuHHua YnpaBHOM

OA6opy. Ha CKynuiTHHH je H3a6paH hob YnpaBHH oa6op, Kojn he ce koh-

CTHTyHCaTH Ha CBOjoj npBOj CeAHHHH.

TIogpyoKHUija CXff y Kpytueetfy aKTHBHO je paAHJia y npoTeKJioj

roAHHH. To je Hauia Hajivuia^a noApy>KHHna h cBoj paA je y npoTeKJioj

toahhh y BejiHKoj jwepn ycMepnjia Ha OKyiPbaifee, y cBoje peAOBe, xeivumapa

h TexHOJiora KpyuieBaMKor Kpaja. IIoApyJKHHna AaHac HMa oko 40 yjiaHona.

y 1972. toahhh oflpwauH cy cneAehn cacraimH ca npeAauaifciiMa :

1. „ripo6jieM BaneHne, ca noce6HHM ocbptom Ha BaiieHTHocT koa

Ba>KHHjHx SHOMaKpoMOJieKyrca", npeAaBaH>e je oAP>nao GnoooAan PhcthIi,

npocpecop HMO y EeorpaAy-

2. jjEjiocrpojiHTHUKa AHcoioijanHja h ejieKTpo;iH3a" h ,,Op6iiTajiHa

Teopnja", npeAaBaaa je OAPHOJia GnaBKa BomibaKOBnh, npotpecop Biime

neAaroniKe niKOJie y EeorpaAy.

Ha nuaHy ycaBpiuaBaifca HacTaBe TexHOJiornje h xentuje o;;p>KaHa cy

cneAeha npeAaBa&a:

1. OCpaAa HacraBHe Teivie, ,,Yrji>eHM0H0KCHA h >TJbeH7uioKCHA">

npeAaaafte je OApn<a^a GnaBKa EouiibaKonHh y3 AeMoncTpauHjy orjieAa

Koje je H3B&na PaAMHJia MnjieHKOBHh, HacraBHHK, ocuoBiie uiKOJie y Eeo

rpaAy.
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2. ,,riepHOflHH CHcreM ejieMenara" — orjieAHo upeaanaifce, Koje je

ojjpHoo y CBojoj uikojih CTaHKO BacKOBapuuh.

3. „Mac npaKTHMHor pa#a yMemiKa" — orjieAHo npeflaBa&e, Koje

je o^pM<ao JaKOB "Bypnh, npoc})ecop TeximiKor iUKO.icKor ueffrpa.

Obhm npeaaBaifcHJwa cy npHcycTBOBami h HacraBHHUH ochobhhx h

cpeflH>Hx iiiKOJia.

y oKBHpy noKpeTa ,,HayKa ivuiaaHMa" y 3ajejiHHUH ca ITpocBeTHO-

-neflarouiKHAi 3aBo,apM, opraHH30BaHa cy TaKivumeH>a yHemao H3 xeMHje y

HeKHM ochobhhai h cpen,H>HM uiKOJiaMa. Ha Taroumeifcy cy ce nocefiHO HcraKJiH

yMeirHUH ochobhhx iiiKOJia ,,JI,ocHTej 06pjwoBHh" h „ByK Kapaunh" y

KpyuieBuy. Tpn yneraiKa obhx uinojia ocBojium cy Tpn npBa Mecra na

Peny6jiHMKOM TaKJvumeiby.

Kao h Apyre noApy>KHHue h no/ipy>KHHua y KpyuieBuy je nojviorna

npocnaBy 75-rojjHUiHJiue, noce6HO CHMno3njyivi o HacraBH xeMHje cnpo-

BOflehu aHKeTy o Mecry xeMHje y ochobhhm h cpeflBiHM uiKOJiaMa.

Ha roflHiuifcoj CKynuiTHHH noflpy>KHHHe Koja je oap>KaHa 22. XII 1972.

roflHHe y KpyuieBuy npuxBaheH je H3BeuiTaj o pajry y npoTewioj rojjHHH h

aaTa je paapeunmua YnpaBHOM ofl6opy. Ha CKynuiTHHH je H3a6paH hob

YnpaBHH o,o6op, Kojn ce Ha CBojoj npBoj cejxHHUH KOHCTHTyHcao H3a6paBum

3a npeflceAHHKa noapyH<HHue Jby6oMHpa AKceHTHjeBHha.

FIogpyotCHUiia CXJJ y Hobom Cagy aKTHBHO je pazuuia y npoTemioj

roflHHH. YnpaBHH oflSop o/xp>Kao je Merapu cacrauKa, a yn<a Ynpana h

ocTajia paflHa Te.ia cy no noTpe6n 3ace/;ajia BHUie nyra. OflpH<aHa cy cne-

neha npeaaBaifca:

1. ,,HcnHTHBaH>a flejioBaifca neicrojiHTHUKHx npenapara Ha neicraH-

ckhm cHpoBHHaMa h KauiaMa ofl Boha h noBpha" — npeaaBaite je oflpncao

BejiHMHp Illyjiu, npodiecop TexHOJiouinor dpaKyjiTeTa, Hobh Cafl (25 noce

THJiaua).

2. „Das Verhalten nicht-cyanidischer Mettallkomplexe bei der her-

kommlichen Entgiftung von Galvanikabwassern" — npeflaBaite je onpncao

Rudolf Wagner, ca YHHBep3HTeTa y UlTyrrapTy (40 noceTHJiaua).

3. ,,Methoden zur Abwasseranalyse und zugehorige Einrichtung beim

Institut fiir Siedlungswasserbau der Universitat Stutgart" — npeAaBaHse

je OApnrao Rolf Konig, ca YHHBep3HTeTa y UlTyrrapTy (npncyrHO 40 no

ceTHJiaua).

4. ,,0,oper)HBaifee 3aepuiHe Tam<e y KyjiOMeTnjcKHM THTpauHjaiwa nojry-

peBepcimx cHCTeMa" — npeflaBaite je o;;p>Kao Hnnojia MapjaHOBHh,

TexHOJiouiKH d)aKyjiTeT, Hobh Csn (npHcyrHo 25 noceTHJiaua).

5. Modern methods for the detection and determination of organic

halogenic compounds" — npe/^Ban>e je OAp>Kao Laszlo Mazora, ca Yhh-

BepsHTeTa y Ey,a,HMneuiTH (26 noceTHJiaua).

6. ,,H3paAa h ynoTpe6a Mo^ejia y HacraBH xeMHje" — npeflaBaae je

OApwajia "Byprjima BajraHji, caBeraHK 3a xejvmjy y JyrocnoBeHCKOM 3aB0Jiy

3a mKOJicKa h npocBeTHa iuiTaH>a (50 noceTHJiaua).

Y 3ajeaHHUH ca (pnpMOM ,,Camag" H3 DlBajuapcKe h (bupMOM >5Kugleks"

H3 Eeorpazja, noflpy>KHHua je oprami30BaJia jiboahcbhh ceMHHap H3 TaHKO-

cjiojHe xpoMaTorpatbnje, TaHKOCJiojHe ejieicrpocpopeae h BHcoKOiianoHCKe

ejieicrpo(bope3e. Ha ceMHHapy je yMecTBOBaJio 50 oco6a.
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HajivmaljH q^aHOBH CXJJ no,npy>KHHHe Hobh Can opraHH30BajiH cy

I jyrooiOBeHCKH cacraHaK CTyflenaTa ^mcre h npHMe&eHe xeMHje, Kojn

je oapmoh 16. flei^eMSpa 1972. roflHHe y Hobom Cany. Ha cacraHKy je

oflp»caHO 13 npe;;aBaifca. H3boah obhx npeflaBaifea uiTamnaHH cy y noce6Hoj

CBecqH. OpraHH3aipija je Guna. BeoMa ycneiiiHa, npeaaBaifca cy npaheHa

>khbhm flHCKycnjaMa h yMecTBOBano je npeno 150 oco6a.

HacraBHa ceKunja no,apy>KHHHe y Hobom Cany je y npoTemioj toahhh

CBoj pan opHjeHTHcaJia Ha capacity ca npocBeTHo-neaarouiKHM 3aB0#0M H3

HoBor Cafla, Te je Taxo ocTBapeH hh3 aKTHBHoc™ on sajeflHHiKor hhtc-

peca, KaKo 3a Cpncno xeMHjcKO flpyurrBO, TaKO h 3a 3aBOA. Ilocjie cnpo-

BefleHe aHKeTe y Kojoj cy ce HacTaBHHUH H3jauiiiaBaJiH Koja 6h crpyiHa

npeAaBaita wcjiejm n& cjiymajy y HHJby crpy^Hor h MeroflCKOr ycaBpiua-

Baita opraHH30BaHa cy cjieaeha npeflaBaH>a 3a npo<J)ecope cpeAH>Hx h ochob-

hhx uiKOJia :

— Py>Ka XopBaT — Hobh Can- ,,yrjbeHflHOKCHfl — jia6opaTopHjcKe

Be>K6e yqeHHKa".

— Mapna Bana — Hobh Can- ,,XimpojiH3a cojih" (npHMeHa nporpa-

MHpaHor yqeHba y HacraBH xeivuije).

— JIp Py^H KyHepT — Xane: ,,EKcnepHAveHT y HacTaBH xeMHje".

^IjiaHOBH HacTaBHe ceKunje, Kao h paHHjnx roflHHa 6hjih cy aHra)Ko-

BaHH oko opraHH3auHje h cnpoBo^eaa noKpajHHCKor TaKMH^eiba y PyMH

h caBe3Hor TaKMH*ieH>a y Hobom Ca#y H3 xeMHje, y OKBHpy nonpeTa ,,HayKy

MJiaAHMa". OBa TaKMH*ieH>a cy Sana flo6po opraHH30BaHa, iuto ce mowe

3axBariHTH noBe3HBaH>y ^uiaHOBa oBe ceranije ca 3aBOflOM 3a xeMHjy yHH-

Bep3HTeTa y Hobom Ca#y.

noflpy>KHHua opraHH3yje y capaaifcH ca CaBe30M rooKeaepa h tcxhh-

tapa TexHOJiora h xeMmapa Cp6nje III jyrocnoBeHCKH CHMno3HjyM o noBp-

iHHHCKH aKTHBHHM MaTepHjaMa, Kojn he ce oflp>KaTH cenrreM6pa 1973. ro^HHe

y Hobom Cafly.

y npoTeiciOM nepnofly je noBehaH 6poj HJiaHOBa CpncKor xeMHjcKor

flpyuiTBa — noflpy>KHHBa Hobh Cafl ca 50 HOBonpHMJBeHHX uiaHOBa.

roflHUHia CKynniTHHa no#py>KHHue o^p>KaHa je 16. XII 1972. rofl.

Ha CKynuiTHHH je npHMJteH roflHuiH>H H3BeuiTaj h flaTa je paspemmma

YnpaBHOM oflSopy. HoBOH3a6paHH YnpaBHH oflSop no,qpy>KHHue ce koh-

cTHTyncao Ha cBojoj npBoj ccahhhh oap>KaHoj 28. XII 1972. roflHHe H3a-

SpaBiiui 3a npe,ijce;;HHKa Muogpcua Eozocae.heeuha.

npBor aaHa CaBeroBaHba CTHrao je u3eeiuiuaj IJogpyMCHutie y Hutuy.

noflpy>KHHua je o,np>Kajia ToflHUHby cKynuiTHHy 17. I 1973. ro^HHe na

Kojoj je KOHcraTOBaHa 3a6pHH>aBajyha HeaKTHBHocT no#py>KHHHe. H3a6pan

je h hob YnpaBHH o#6op ca npeflceflHHKOM MnoAparoM HnfcaTOBHheM

Ha yejiy.

Beh HeKOjmKO roflHHa yHa3a/i OBa noApy>KHHua noKa3yje sp.io cjia6y

aKTHBHocr. Hhiu je flaHac yHHBep3HTeTCKH rpaa y KOMe ce xeMHja npeAaje

im (jjaKyjiTeTCKOM HHBoy n TpeSajio 6h ceaKaKo nonyiiiaTH omchbcth pan

noapy«<HHHe, 3aiiiTo cy noTpeSroi HenocpeflHHjH KOHTarcrH ca bcKhm

6pojeM Konera H3 Hniiia.

Cjdwho He3aA0B0JbaBajyhe cTaite BJia#a h y KparyjeBuy. Ona IToflpy-

MCHHua HHje AocTa3HJia CBoj H3ueuiTaj o pauy y npoTeKJioj toahhh.
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V. PAR CEKUHJA CPnCKOr XEMHJCKOr iJPYIHTBA

y OKBHpy Hacmaeue ceKtfuje CXJJ 0flpH<aHa cy cjiefleha npeflaBa&a:

1. CJIABKA EOIMfcAKOBHTi, rnxxpecop Bume neflarouiKe uiKOJie

H3 Eeorpafla Ha TeAiy: „ycjiOBH nocrojaifca CO h CO2 h xeAUijcKa neia

MOJieKyjia CO h CO2". Oa3hb HacraBHHKa je 6ho pejiaTHBHo msjih h to

He 36or Tora uito HacraBHHHH HHcy 6hjih 3aHHTepecoBaHH 3a rrpeflaBaite,

Beh, Behn fleo HacraBHHKa y BpeMe oflp>KaBaH>a npeAaBarta HMa peflOBHe

yacoBe y iukojih.

2. CJIOBOJ1AH "BYKHTi, npocBeTHH caBeTHHK npocBeTHo-nefla-

rouiKor 3aBOfla KpaiteBo Ha TeMy: ,,<t>yHKUHOHajiHe rpyne h y3ajaMHH

yrauajH aTOAia y MOJieKyjiHiwa: anKoxona, (peHOJia, ajiflexH.ua h KHcejoraa".

3. MHJIEHA BiyPJAHOBHTi, npocpecop rHAma3Hje y Hobom Cafly,

oflpHona je npeflaBan>e HaTejviy: „KoH<J)opMauHje auHKJimHHX MOJieKyjia".

Obo npeflaEaH>e je H3a3BaJio noray flHCKycnjy c o63HpoM fla ce oahoch Ha

noKyuiaj ynoiueiba hobhx TyMaieaa y HacraBH xeMHje y cpeflitHM uiKOJiaMa.

HHane, pafl HacraBHe ceKUHje, y npoTeioioj roflHHH je BehHM flejiojw

6ho nocBeheH npHirpeinaMa 3a CHMno3HjyM o HacraBH xeinnje, noBOflOM

75-roflHiHH>HHe pafla CX.H,, noce6HO, uito cy hock uiaHOBH YrrpaBe HacraBHe

ceKunje 6hjih h yjianoBH OpraHH3auHOHor oflSopa CHMno3HjyMa.

Ocrana Aiaita npeflaBaita Gnjia cy nocBehena yrjiaBHOM pacBeTJtaBaifcy

npo6jiej«a y Be3H ca mctoahkom npeflaBaita xejvwjey ochobhhm h cpe/utHM

uiKojiaMa.

YnpaBa HacraBHe ceKunje je 6e3 o63Hpa Ha o6jeKTHBHe pa3Jiore, Kojn

cBaKaKO nocroje, Bpjio He3aflOBOJi>Ha oa3hbom qjiaHOBa Kojn npHcycTByjy

cacraHHHMa. CBanaKo aa jeflaH ofl paanora Tpeoa TpaHarra h y pafly ynpaBe

ceKunje. Me^yTHM, HajBepoBaranje je fla cy HacraBHHHH jaKO orrrepeheHH,

a h fla je bcjehkh 6poj Kao uito je Beh aiajionpe HcraiaryTO 3ay3cr y to BpeMe

y iukojih. 36or Tora je aohct 3aKJbyMaK fla ce cacraHUH ceKunje oflpHcasajy

6e3 o63Hpa Ha 6poj npHcynrHx, csaKe cpefle.

Obh cacraHUH He 6h HMarm Kapaicrep ruieHapHHx npeflaBaita Beh 6h

ce Ha iBHiwa pa3MaTpajiH npo6jieMH koj'h ce CBaKOflHeBHO cycpehy y npaKCH

HacraBHHKa. To He 3Ha*iH fla cenuHja Hehe h flajbe opraHH30BaTH ruieHapHa

npeflaBaflba. ,H,o cazra je oflpn<aHo TpH cacraHKa ceKunje Ha OBaKO opraim-

30BaH HaiHH. Ha npBOM cacraHKy ceKuuje HeHafl Kocrah, cryfleHT IIM<t>

H3Heo je CBoje KOHuenuHje o Tyjua^eifcy flarrroHOBor 3aKOHa h hoodc Tep-

jvuiHa y Be3H ca IlepHOflHHM chctcmom ejieweiraTa. Ha flpyrojw AjieKcaHflap

JleKO je roBopuo o MaKpoMOJieKyjiHMa, a Ha Tpeheiw cacraHKy ceKinije Bhjthm

Bajraufl je flao rpacpH^KH npHKa3 npycroBor 3aKona. 3a OBaj Hamm pafla

Aurora qjiaHOBH ceKuuje cy noi<a3aJiH Behe HHTepecoBai&e urro noTBpfjyjy

flucKycnje yBOflHHx H3Jiaran>a npeflaBa^a.

C o63HpoM fla ce OBe roflHHe He rrpeflBHr)a opraHH30BaH>e Hene Behe

MaHHcpecrauHje, oqeKyje ce fla he pafl ceKunje 6hth joui nnoflOHOcHHjH.

npeflceflHHK ceKunje je Momhuao Joteuiuh.

Pafl AnajiuuiuHKe ceKtfuje y 1972. roflHHH 6ho je npHJOfmo ruioflaH.

Oflp>KaHo je HeKOJiHKo npeflaBaH>a a H3BecraH 6poj tuiaHOBa ceKunje yqe-

crBOBao je ca pe(pepaTHAia Ha II-om HHTepHarniOHairHOM CHMno3HjyMy 3a

aHaJiHTH^Ky xeMHjy.
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1. EneKrpoxeMHjcKa ceKUHja y capaflH>n ca aHanHTimKOM, opraHH30-

Bana je npeAaBaH»e 27. Ill 1972. roomie ca tcmom: ,,KnHeTHKa ejieKTpofl-

hhx npou.eca Bi y npncycTBy HeKHX aTcop6HpajyhHx TBapH", Koje je OApntao

AoqeHT KeamjcKO-TexHOJioniKor (paKynTera y CiuiHTy HBHua MeKjaBHh.

rTpeAaBaity je npHcycTBOuano oko 25 qjiaHOBa.

2. Ha II. HHTepHauHOHaJiHOM cHMno3HjyMy 3a aHajmraMKy xeAuijy,

KojH je OAP>KaH y JLyfjjBaHH oa 12.—17. jyHa 1972. ro/jHHe y^ecTBOBajio

je 1 5 HJiaHOBa ca 1 1 pecpepara.

3. AHajnroraKa ceKiurja opraHH30Bana je 12. OKTo6pa 1972. roAHHe

Ha TexHOJiouiKO-MeTajiypuiKOM (paKyjrreTy y Beorpafly flBa npeaaBaif>a h to :

a) flp hhjk. Rudolf Wagner, wiss. oberrat, Ha^ejiHHK XeMHjcKor orc-

jBe&a Institut fur Siedlungswasserbau der Universitat Stuttgan ca tcmom

,,MoryhHocT SnoxeMMjcKor pa3rparjHBaH>a opraHCKHx MaTepuja — mctoaom

HcnHTHBaiba h pe3yjrraTH".

6) .Hpyra npeflaBa'i je 6ho Rolf Konig, AHrui. xeM., rued) AnaJiHTHiKe

jiaSopaTopuje ucror HHcraTyTa. IlpeflaBaH>e je 6hjio ca tcmom: ,,AHariH-

TH»n<e Mero^e h noTpe6Ha onpeMa y HHCTHTyry 3a KOMyHajnry xHAporpanrty

h o^rynaibe KBaJirrreTa BOAe yHHBep3HTera y IIlTyTrapT-y". CacraHKy je

npHcycTBOBaJio 26 HJiaHOBa.

4. 8. XII 1972. ro^HHe y OKBHpy AHajnrorqKe ceKiruje oap>Kao je

npeaaBafte Teo^op Act ca tcmom: „Hobh nyreBH MaceHe cneKTpoMeTpHje".

ripeAaBaay je npHcycrBOBano 25 uiaHOBa.

IlpeflceflHHK ceKUuje je MoMup Joeameuh.

Ha npefljior HHHHHjaTHBHor o^Sopa rra ToflHruHboj cKyrrurrHHH CpncKor

xeMujcKor flpyuiTBa oa 17. jairyapa 1972. roAHHe ocHOBarra je Cexifuja

3a xeMujy u utexHOjiozujy MaxpOMOAeKyjia.

OcHHBa^KH cacraHaK ceionrje OApn<aH je 21. <pe6pyapa 1972. roflHHe h

H3BpiueH je H30op uiaHOBa ynpaBe ceraruje.

Ha obom cacraHKy oap>Kao je npeflaBaH>e Muxaujio JahoBnh, ca tcmom:

,,MexaHH3aM aerpaflaurije Heratx bhhhjihhx nojucwepa". CacTaHKy je npu-

cycTBOBano 40 HJiaHOBa.

6. HOBeM6pa 1972. roAHHe oapjKaH je cacraHaK ceKinrje Ha KOMe je

BecHa Bo>KOBHh 0Ap>Kana npeflaBafte, ca tcmom: „TexHOJioiiiKH 3Ha^aj h

ocoSuHe KaneMJBeHHX KonojuiMepa uejryjio3e". CacraHKy je npHcycTBOBaJio

20 inaHona.

y obom nepnoay uiaHOBH ceKUHje cy ce aHraJKOBaJM Ha opraHH30BaH>y

III jyrocnoBeHCKor cHMno3HjyMa o xeMHju h TexHOJiorajH MaKpoMOJieKyjia

Kojn ce OAP«<aBa y Beorpafly 03 22. ao 24. jarryapa 1973. roAHHe. IIpeA-

ceAHHK ceKUHje jejoean BeAUHKoeuh.

y TOKy rrpoTeKJie roAHHe paA CeKtfuje 3a iueKciuuAHy xejaujy u iuex-

dHuAHy iuexHOAoeujy o^BHjao ce Kpo3 cacrariKe Ha KojHMa cy OApnraHa npe-

AaBafiba 3a MJiaHOBe ceKinrje H3 pa3nH*mTHX oSjiacra TeKcmjiHe xeMHje h

TexHOJiornje.

Ha peaoBHOM Foamurn,eM cacraHKy Koja je OApn<aH 12. jaHyapa 1972.

ronHHe, crapoM OAOopy ceKuuje npoAy>KeH je MaH^aT 3a joui je^Hy rofliiHy:

y npoTeKiioj roAHHH OAP>KaHa cy cjiefleha npeAaBaifca:

12. I 1972. roAHHe — reopnaje Tjiojep: ,,ripHMeHa e^eKTpoHCKe

oSpaAe noAaTaKa y TeKcmraoj HHAycTpHju". IIpHcyTHO 42 uiaHa ceKuuje.
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19. V 1972. roomie — JXp C. L. Hoffpauer, noMohHHK flHpeKropa

Southern Region Research Laboratory H3 H>y OpueaHca oflpHtao je npeAa-

uaite ca tcmom: „TeKCTHJi y CAJI, 70-thx roAHHa" . npHcyrHO 65 uiaHOBa

ceKUHje.

I. VI 1972. roAHHe — FIpocp. R. Barker ca Clemson yHHBep3HTeTa y

CAfl: „CaAaunfca Hcrpa>KHBaH>a y oGjiacra TeKcmna y CAJI,". ripeAaBaifcy

je npHcycTBOBajio oko 20 MjiaHoea ceKUHje, Kojn cy ce kdo3 Hanaraibe h

flHCKycHjy yno3Hajm ca HajaKTyenHHjHM npaBUHMa Hcrpa>KHBaH>a h npo-

6jieiwnMa TeKCTHJiHe myrycrpHje y CAJI,.

II. X 1972. JJhtiji. hh>k. Rosch, pyKOBOAHJian jiaGopaTopnje 3a pa3Boj

(hnpMe HOECHST H3 OpaHKcbypTa : ..OirrawKa cpeflcrea 3a 6eJBen>e y

TeKCTHJiHoj HHAycTpHjH". ITpeflaBaH>y je npHcycrBonaJio 35 MJiaHOBa

ceKunje.

ITpeAceAHHK OBe ceKUHje je PagMuna Joeanoeuh.

Akthbhoct CueK&poxeMujcKe cexifuje y 1972. roAHHH oSyxBamna je

npeAaBaite oaphoho Ha cacraHKy ceKinije Kao h yieuihe *uiaHOBa ceKUHje

Ha MehyHapoAHHM h flOMaKHM CKynoBHiwa.

OKToGpa 1972. rofl. npo<p. G. Milazzo H3 Pnjwa oap>Kao je npeAaBaite

Ha cacraHKy ceKinije, ca tcmom: ,,CneKTpoxeMHjcKa a>ta:iH3a y saKyyMCKOM

yjiTpaBHOJiery noMohy tuynjBe KaTOAe Kao eKcuHTauHOHor H3Bopa".

OicroSpa Meceua y 3arpe6y oaphoho je III jyrocjioBeHCKo caBeroBaifce

,,npHMeH>eHa cneKTpocKormja". MjiaHOBH ceionije oap>KaJiH cy 4 mieHapHa

npeaaBaHja h npowrajm 15 caomiiTeH>a. CeKunja je capahnea-ia Ha opra-

HH30BaHjy oBor CaBeTOBafta.

Ha II MehyHapoflHOM cHMno3HjyMy 3a aHaJuronwy xeMHjy OApn<aHOM

y Jby6jtaHH, MJianoBH ceKUHje npo^HTaiH cy MenipH pecbepaTa.

IIpeAceflHHK ceKunje je Momup MapunKoeuh.

y TOKy 1972. roflHHe paA Cexyuje 3a xe.nujcKo uH^cefbepciueo Hnje ce

pa3JiHKOBao oa pa«a npeTxoAHHx roAHna. Oh ce cacrojao y:

A. Opraiui30BaH>y h no3HBaH>y na npeAaBaita crpaHHX h flOMahnx

npeflaBa^a.

CeiajHja je opraHH30Ba.ia npeflaBaifce npo(p. AP E.waHye;ia XopoBHua

(Emanuel Horovitz, Deputy Director, Inst, for Materials Research, Nat.

Bur. of Stds, Wash, D C.) ca tcmom: ,,CaBpeMeHH acneKTH Hayne o*a-

Tepnja.Ti™a".

MjiaHOBH Cerauije cy npamim cepnjy npeAaBaita npo(p. X. JlHTMaHa

(Howard Littman, Rensselear Polytechnic Institute, Troy — N. Y., USA)

y opraHH3an,HjH KaTeApe 3a xeMHjcKo h MeTa.iypmKo HH>KeH>epcTBo TMO.

TeMe npeAaBaH,a cy 6Hjie: ,,HHTepaKinije Mexypa raca y (pJiyHAH30BaHHM

cjiojeBHMa" h ,,MexanH3aM npenoca toiliotc »iecTHne-rac y (p-'iyHAH30-

BaHHM c^ojeBHMa".

Ca TexHo.'iomKO-.vieTaJiypiuKHM cj>aKy.iTeTOM opraiiH30BaHO je aboahcbho

npeAaBaH>e npocp. EoTepH.'ia (J. S. M. Botterill, Chcm. Eng. Department

University of Birmingham, England) ca TeM&na: ,,renepaTopH nape ca

cbjiyiiAH30naHHM cnojeM" h ,,Mexaim:jaM npenoca ToiuioTe HMietjy racoM

(pjiyHAH30BaHor cjioja h ypoibene noBpuiHHe".

Ha npeAauaifcHMa je npoccjHO 6hjio 15—20 ciyuia-iana.
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B. CenijHja y hcjihhh, Kao h H>eHH nojeAHHH *uiaH0BH, cy y Ayxy

acpHpiviauHje Haiucr xeivuijcKor HiiweitepcTBa y 3cmjbh h HHOcrpaHcrBy,

paflmiH Ha iiito aKTHBHHjeM yieiuhy H>emix miaHOBa y paay Mel)yHapoAHHX

KOHrpeca h HayHHHx CKynoea, HapoTOTO 3a MaHHcpecraijHje:

— XeMHjcKO HH>KetbcpcTBO y cJiywcSn qoBeMaHCTBa, IlapH3, cerrrejwSpa

1972. roflHHe,

— CHISA 72, npar, 11—15 cemeMSap 1972. roflHHe,

— Ill jyrocnoBeHCKH KOHrpec 3a MHcry h npHMeH>eHy xeMHjy,

Jby6jbaHa, 12—17. jyHH 1972. roA-

Ha CHMno3Hjyjwy o HacraBH xe»mje kojh je oaphoh y OKBHpy ITpo-

cjiaBe 75-roAHiiiHbHue CXJJ-a, npeflceflHHK Cenimje GnoSoAaH Koiniap-

-"Byp^eBHh je oap>Kao npeaaBaifee ca tcmom: ,,MaTeiwaTHKa, (pH3HKa h

xouqa y cpeflH>oj iukojih — npeAcnpeivia 3a cryAHje xeivrnjcKor HHH<e-

H>epcTBa".

C. H OBe roAHHe MjiaHOBH CeKUHje cy paflHJiH Ha o6pa«H iwaTepnjajia

Be3aHor 3a 03HaKe, cHAioojie h HOMeHKJiaTypy y xeMHjcKOM HroKeftepcTBy

cpncKO-xpBaTCKor je3HHHor no^pyqja.

Akthbhoct CcKunje orjieAa ce h y 6pojy caoimrreH>a H3 cbhx o6jiacrH

xeMHjcKor HHH<eH>epcTBa npHjaBJteHHx 3a XVII caBeTOBaite xeMH*iapa CP

Cp6nje.

Kao h ao cafla Taxo je h OBe roAHHe Bpjio ycno capal)HBaHO ca Jyrocjio-

BeHCKHM KOMHTeTOM 3a xeMHjcKO HH>KeH.epcTBO h CaBe30M xejvumapa H

TexHOJiora Cp6Hje, oahocho JyrocjiaBHje.

IIpeAceAHHK CeKiuije je Cno6ogaH Komap-'Rypfyeeuh.

Akthbhoct Cextfuje 3a KepaMuxy y TOKy 1972. roAHHe orjieflajia ce y

cjieAehoi :

1. KoMHcnja 3a (pyHAaAieHrajiaH paA- CacraHaK KoMKcnje je OApn<aH

y Beorpafly ca cneAehmvi nporpaMOM npeAaBaifea :

— M. Bjiajnh h H. GraMeHKOBHh: ,,HcnHTHBaK>e yrauaja naKOBaifca

MecTHAa Ha cKynjbaite h Kaparcrep nopo3HOCTH cHHTepoBanHx y3opai<a".

— III. Khui: ,,AHaJiH3a 3anpeMHHCKHx npoMeHa koa AH(})y3HjoM koh-

TpojiHcaHHx peaKunja y MBpcroj cpa3H Ha ccpepHHM qecTHu,ajvia" .

— P. UlrarnHh h M. CTe(J)aHOBHh : ,,EjieKTpHqHa npoBOA-ifcHBOCT

AOiiHHrosaHor NiO".

— C. JoKCHMOBHh-TjanKHH : ,,KHHeTHKa jiaHiaimx peaKqHja". IIpH-

cyTHO 42 qjiaHa.

2. KoMHcnja 3a CHJiHKaTHy h e.neKTpoHCKy KepaMHKy. CacraHaK Komh-

cnje je OApwaH y ApanfyejioBuy ca cieAehHM nporpaMOM npeAaBaH>a:

— M. TeuHJia3Hh-CTeBaHOBnh, JB. 3ajnh h X. HapwaT: „KnneTiiKa

BHcoKOTeMnepaTypuHx peaKHHj'a nacrajaHia iwyjurra y cHcreiwy Kao.uHHHT

— MHHepa^H3aTop".

— P. HhkojihH: ,,0 KpncTa:rn3aimjH craKJiacre (})a3e CTeaTiird".

— A. JlyKOBHh: ,,OApel)HBaH>e oiiTHMajme BJiare nepaMHiKHx cycneii-

3Hja Ha 6a3H pecnoiuKHx oco6Hira".

— H. IIIyBajnh h M. Cmvuih: ,,HcnHTHi:aH>e peoKCHAannje MnZn-

-(pepiiTa y TOKy npoueca xjiat)eH>a".

— H. IIIyBajnh H r. CTO)KOBHh: ,,CnHTC3a BHCOKOIICpMCa6n.'IHOr

MnZn-tpepHTa' ' .

CacraHKy je npHcycTBOBajio 63 MJiana CennHje 3a KepaMHKy CX.H,.
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3. KoMHCHja 3a uaTpocrajme MaTepnjajie. CacraHaK KoMHcnje je oap-

»aH y KpaJteBy ca cneAehuM uporpaMOM npeAaBaaa:

H. EyflHAmp, "B. rionoBHh h fl. MapHwh: „KopeKHHja OAHOca CaO/

/Si02 y MarHe3HTHHM BaTpocrajiHHJw MaTepHjanHMa".

— M. Bjiajnh h H. CTaMeHKOBHh: „HcmrrHBaH»e K0xe3Hje Hecnma

OKCHflHHX npaxoBa y KcnpecKy".

— B. CTojaHOBHh: „OApeI)HBaH>e 3aBHCH0cra HacHime tokhhc BJia-

jkhhx CHHTep-MarHe3HTHnx Maca ofl rpaHyjioMCTpHjcKor cacraBa".

— P. Japnh: ,„H,o6HjaH>e micror MarHe3HjyM0KCHAa".

— fl. IlpoflaHOBHh: ,,MoryhHOCT npHMeHe xojioj3HTa y npoH3BOAH>H

BaTpocrajiHor iuaMOTHor AiaTepHjana".

CacraHKy je npHcycTBOBano 70 yjiaHOBa CeKUHje 3a KepaMHKy CXJI,.

4. KoMHCHja 3a rpal)eBHHCKe MaTepnjaJie. CacraHaK KoMHcnje je oap-

>Kair y Hobom ITonoBuy ca cjieflehHM nporpaMOM npeaaBaH>a:

— B. Ocrepu,: ,,HcTpa>KHBaH>a MHHepaJiHHx CHpoBHHa h ueMeHra HMe-

PH3HOHOM MeTOAOM y 6ojH".

— B. IJ,apHH : „MoryhHOCTH Hcrpa>KHBaifca oirnmKHX KapaKTepHCTHKa

MHHepana KJiHHKepa noiwohy yHHBep3anHor MHKpocKona".

— M. MocKOBJbeBHh : ,,KoHTpojia TexHOJiouiKor nponeca noMohy

MHKpocKona".

— H. JlyKHh: „HHflyKOBaHa Meroaa npHnpewtaifca KpemfcaiKO-nem-

qaHor Myjta y 3aBHCHocm oa KBaJiHTera jianopna".

— M. GrecpaHOBHh: „flonpHHOC TeopnjH KOMnoHOBa&a cupoBHHa 3a

npoH3BOflH.y nopTjiaHA HeMemHor KJiHHKepa".

— B. MeHAe6a6a: „Pa3MaTpaH>a MoryhHocra npoH3BOAH>e 3HAapcKHx

ueiweHTa y Hauioj 3eMJBH".

CacraHKy je npHcycTBOBano 23 MJiaHa CeKunje 3a KepaMHKy CXJI,.

5. KoMHCHja 3a MOHOKpHcrane h MeraJioKepaMHKy. CacraHaK KoMHcnje

je oap>KaH y Eeorpaay ca cvrceAehHM nporpaMOM npeaaBaifca:

— A. Bajnmh, M. BpeKHh h P. Poiomh: „yTHnaj ycnoBa pacra moho-

KpHcrajia Ha Kpajity rycTHHy AHCJiOKanHja".

— M. )KHBKOBHh h M. M. PncTHh: „HeKH npoSjieivui 3apacraH»a h

KpeTaaa H30JiOBaHe nope y KpHcraJiy y TOKy nponeca cmrrepoBaifca".

— H. T. KaKapeH, B. JI. Mnxenp, JI. A. CopHH, T. U,. CaMCOHOB,

Jh. HHKOjmh, JX- YcKOKOBKh h M. M. PncTHh i „AHaJiH3a nponeca chhtc-

poBaita ejieKTponcKOAi napaMaraeTHOM pe30HaHnpM".

CacraHKy je npHcycrBOBaJio 25 unaHOBa CeKinije 3a KepaMHKy CX^.

JI,HCKycHje no cbhm paflOBHAia 6njie cy BeoMa >Knne h HHTepecaHTHe.

Ha ceAHnnaiwa VnpanHor o#6opa Ceiouije AonecenH cy 3aKJByMUH o

HeKOJiHKo 3HauajHHX aKunja, Mel)y Kojiiwa Tpe6a Hcrahii cjienehe:

— Aa pyKOBOAHonH KOMHcnja npy>Ke crpyray iioiwoh MJiaHOBHAia CeK-

nnje npn imcaiby pa«OBa h

— Aa YnpaBa CeKiuije noMorae qjiaHOBHMa Aa ce HajSojbii crpynHH

pan,0BH nyojiHKyjy y OAroBapajyhnM crpyqHHM MaconncHMa.
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y OKBHpy aKTHBHOcra Ha apyroM noji>y CeKUHja je y TOKy rrpoTeKJie

roflHHe Ha HHHHHjaTHBy YHHje xejvmjcKHx ApyurraBa pfrna CBoje MHUiJbeifce

h cyrecTHje Ha HOiweHKJiaTypy y oGjiacrH JL3A, MerjyHapoAHoj KOHtpepeHUH-

jh 3a Tepjvuraty aHaJiray IUPAC-a.

Tpe6a Hcxahn aa je CeKUHja 3a KepaMHKy h H>ena YnpaBa oAHrpana

3HaiajHy yjiory y opraHH30BaH>y II jyrocjioBeHCKor caBeTOBaH>a o cHirre-

poBaH>y y Hnuiy — 4.—7. ceirreiwSpa. Ycto je y 3ajeAHHUH ca Jyrocno-

BeHCKHM KOMHTeTOM 3a ETAH (CeKunja 3a (pH3HMKy xeMHjy npoueca chh-

Te3e MaTepHjana) opraHH30Bana 21. XII cneaeha ruieHapHa npeflaBaa>a:

— npcxp. B. J. IIIibyKo (KHjeBCKH nojiHTexHiraKH HHcraiyT — CCCP):

,,Hobh MaTepHjariH y ejieicrpoHHUH".

— Mp 3. XoiojiaBa (HHCTHTyT 3a MeTaJiyprajy —T6hjihch — CCCP) :

,,MaTepH]'aJiH 3a eJieKrpH*nre KOHTaKre".

CeKUHja TaKolje Hiwa aKTHBHy ynory y opraHH30BaH»y III internati

onal Round Table on Sintering, KojH he ce oflpHOTO OA 3.—8. cerrreMSpa

1973. roflHHe y Xepuer Hobom. 3a OBaj CKyn je «o caaa npHjaBJteHO npeKO

60 pecbepaTa H3 cbhx 3eMajta ca cbhx KOHTHHeHaia.

HAiajyhH y BHAy aonpHHoc npeAceflHHKa CeKuuje flejana JJejraha Hayun

o MaTepHjanHMa, International Team for Study of Sintering ra je H3a6pao

3a CBor no^acHor qjiana, npn ieiwy je npeKO AeKaHa TexHOJiouiKo-Merajiyp-

uiKor d>aKyjrreTa ynyheHa cneuHjajnra Auruioiwa.

IleHehu flonpHHOc CeKunje Hayuu o cHHTepoBa&y noAnpeAceAHHK

CeKunje Momuhjio M. PHCTHh naadpaH je 3a uiaHa International Liaison

Committee IV, IV Mer)yHapoAHe KOHdpepeHUHje o MeTanyprnju npaxa Koja

he ce 0AP>KaTH 17. ro 20. jyjia 1973. roflHHe y Topomy.

IIpeAceflHHK CeKunje je JJejan JJeAuh.

Akthbhoct MeiuanypuiKe ceKtfuje CXJI, tokom 1972. roflHHe oflBHjaJia

ce ycraJbeHOM (popMOM Kpo3 MeceiHe crpy^He cacraHKe. Ha peflOBHHM h

BaHpeflHHM CTpyrouM cacraHUHMa CeKunje oAp»aHa cy cjieaeha npeflaBafta:

1. Kejwan KaneraHOBHh, MeTaJiypuiKH HHCTHTyr, 3eroma: „yTHuaj

ojuiroejieMeHara rapeuiKHx py#a Ha ocoSroie MeKor qejirata".

2. JL "BypKOBHh, HHCTHTyT 3a MHHep. h apyre cupoBHHe, Eeorpaa:

j^hcth MeTajiH y caBpeiweHoj HayuH h tcxhhuh — Hame MoryhHOCTH h

pe3yjiTa™ HcnHTHBaaa".

3. JL ByuypoBHh, TMO, Eeorpaa: „AKryejiHa rotrauba nocTAHiuioM-

ckhx CTyAHja y cBeTy h koa Hac".

4. P. lIIoTpa, YMH — EeorpaA: ,,HoBHje TeHAeHunje y pa3Bojy npo-

ueca HHOKyjiauHje".

5. K. Kpacnh, MeTanypuiKH KoiwSHHaT, GneAepeBo : ,,npoH3BOflH>a y

jiHBHHuaiwa MejiHKa 3a nocjieAH>Hx 10 roflHHa".

6. IIpo(p. Tepxapa, HHCTHTyT 3a MeTane, IIlTyirapT: ,,TeuiKO TonHBH

MeTanw".

7. JL ByrypoBuh, H. Hjiuh, M. CnacHh, TM<E>, EeorpaA: ,,TpeTHpaH>e

jyrocJiOBeHCKHx py^a mctoaom xjiopoBaita".

8. JL ByqypoBHh, TM<t>, EeorpaA: ,,CaBpeMeno CTaH>e h nepcneKTHBe

pa3Boja npoueca 3a Ao6ujaH>a HHKJia H3 cHpoiviauiHHx pyAa".
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9. A. HaBHh, „ITpojMeTaJi", EeorpaA: ,,CTpyKTypa h bhcko3htct Tpo-

ckh bhcokhx nehH ca BaO".

10. M. OrecpaHOBHh, MeraJiypiiiKH KOM6HHaT, GvieAepeBo: ,,Pa3Boj

MeTajiypuiKor KOM6HHaTa CjvieaepeBo".

nopea OAP>KaHHx cacraHana h H3Jio>KeHHx npeflaBaaa Ha H>HMa npn-

npeMJbeH je h nporpaiw CaBeTOBaH>a MerajiypuiKe ceKunje y oBHpy XVII

caBeroBaifca xeaumapa CP Cp6nje jaHyapa 1973. ro/pme ca yKyimo ce^aM

paAOBa.

Ha cacraHujiAia CeKUHje kojh cy npoceiHO Tpajajra 90 MHHyra npncy-

CTBOBajio je y npoceKy 30 wiaHOBa.

y nopet)eH>y ca paaoM CeKUHje y npouuioj roflHHH oceha ce noBehaHa

aKTHBHOcr h peflOBHocT y 0Apn<aBaH>y cacraHaKa, urro ce orjieaa y 6pojy

oaphohhx npeaaBaita. y caiwoM paay Cerapije 3ana>Kajy ce oape^eHe

HOBHHe y TeMaTHijH H3JiaraHHX npeAaBa&a Koja cy y oBoj toahhh, nopea

opHrHHanHHx eKcnepHMeHTanHHx Hcrpa>KHBaifca yKJbymuia h npoSjieMaraKy

H3rpaaa>e nojeflHHHx MeTaJiypiiiKHx KanauHTera.

CacraHUH CeKUHje cy y oboj ro/jHHH HCKopHuiheHH h Kao TpnSHHa 3a

yno3HaBaH.e MJiaHOBa CeiojHje ca npo6jieMaTHKOM pa3Boja Hacrase h o6pa-

30Baifca Ha TexHOJiouiKo-MeTaJiypuiKOM cbaKyjrreTy, aKTyeJiHHM mrraifcHMa

HaArpaflH>e nociAHiuioMCKHX crynHja, KaKO y Hac, Tano h y CBeTy.

Akthbhoct CeKUHje y OBoj roAHHH noTBphyje, Ha no^eTKy roAHHe

ynHH>eHy npeAnocraBKy, fla he nponmpeifce npoSjieJwaTHKe paAosa H3-

JiaraHHx Ha cacTaHUHiwa oMoryhHTH HHreH3HBHHjH pafl h noBeha™ HHTepec

MJiaHOBa 3a aKTHBHHjHM yneuiheM y papy MeTaJiypuiKe ceKinije.

IIpeaceflHHK ceKHHje je Muaoh IJajeeuh.

y OKBHpy FAeKuipoxeMujcKe cexyuje CXJ1, o#p>KaHa cy cneaeha npe-

AaBaita:

17. I 1972. roAHHe — JX- ,H,pa>KHh: „CToroAHuiH.Hua cxBaTa&a ejieK-

TpHMHOr ABOjHOr crioja".

— fl. CTojKOBHh: „A.<E>pyiwKHH— >khbot h pafl"

10. IV 1972. roAHHe — J^p John Diggle, yHHsep3HTeT y Kaiw6epH

(Aycrpajuija) : „PacrBapaH>e OKCHfla h okcha-

HHX (pHJIMOBa".

29. V 1972. roomie — H. MeKjaBHh, KeAiHjcKO-TexHOJiouiKH (baKyji-

TeT y Cranny: ,,KiiHeTHKa eJieKTpoAHHX npo-

neca 6H3Myra y npHcycray hckhx aAcop6n-

pajyhHx TBapn".

20. VII 1972. roAHHe — J\p M. Bonnemay, AnpeKTop Jia6opaTopHje

3a ejieKTpo.TH3y CNRS, Bellevue,<t>paHnycKa:

,,GrpyKTypa hbpcthx ejiercrpoAa h HbHXOBe

ejieKTpoxeMHjcKe ocoShhc".

9. X 1972. roAHHe — JXp Giulio Milazzo, npotp. yHHBep3HTera

y PiiMy: ,,Koe(pHnHjeHTH aKTHBHocra hhah-

BHAyaJIHHX jOHCKHX BpCTa".
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30. X 1972. roAHHe — ,H,p BjiaflncnaB JyjbeBHi Ohjihhobckh, capafl-

hhk EjieKTpoxeMHjcKor HHCTHTyra AKafleiWHje

HayKa CCCP: „IIpHMeHa porapajyhe ahck

ejieKTpofle ca npcTeHOiw y H3y*iaBaH>y KHHeroKe

ejieKTpoxeMHjcKHx peaKirnja".

H3 H3Jio«eHor bhah ce fla je y npoTemioj roflHHH oflpHcaHO ceflaiw

cacraHaKa CeKirnja, ira KojHMa je H3Jio>KeHO ceflaiw. pecpepara.

IIpeflceflHHK CenirHje je flapuHxa CCuojKoeuh.

Pafl CeKtfuje 3a xeMujy u iuexHO/ioeujy xpane 6ho je y npoTeioioj

roflHHH ycnemaH h MO>Ke ce cMaTpara fla he OBa MJiafla CeKUHja, Koja je

(popMHpaHa Ha noflpyijy IIoflpy>KHHHe y Hobom Cafly 1970. roflHHe, ycnero

fla ocTBapH cBoje HHJBeBe y 1973. roflHHH aKTHBHpaibeiw MjiatjHX KOJiera

ca nojeflHHHx (paKyjiTda, HHCTHTyra, 3aB0fla H3 npHBpeflHe KOMope h H3

npefly3eha.

H3 noAHerax H3Beiirraja ce bhah fla cy h OBe roflHHe anraBHo pafliine:

HacraBHa ceKunja, anajiHTHMKa ceKunja, cerarnja 3a xeMHjy h TexHOJiorajy

jwaKpoiwojieKyjia, ceKunja 3a TeKcranHy xejvmjy h TeKcnunry TexHOJiorajy,

cneKTpoxejvwjcKa ceKunja, ceKunja 3a xeMHjcKO HH>KeH>epCTBO, ceKHHja 3a

KepaMHKy, ejieKTpoxeMHjcKa ceKunja h ceKunja 3a xeMHjy h TexHOJiorajy

xpaHe.

H3BeuiTaje HHcy noflHene cjieflehe cewmje: paflHoxeMHjcKa ceKHHja,

ceKirnja 3a yrajB, HatpTy h neTpoxeivmjy, ceKHHja 3a u,ejryji03y h naimp,

6HoxeMHjcKa cenirHja. Cerarnja 3a opraHCKy xejvmjy, Koja je ocHOBaHa 1971.

roflHHe, HHje ce join KOHCTHTyHcajia. To He 3Haqn, MerJymM, Maity aKTHB-

hoct xejvuraapa-opramiqapa, nouiTO cy ruieHapHa npeflaBaita, a Hapomrro

npeflaBaifea HHOCTpamoc rocrHjy 3aflH>Hx roflHHa Snjia totobo HCKJBy^iHBO

H3 opraHCKe xejvmje.

VI. nyBJIHKAUHJE flPyfflTBA

Ype^HBaiKH ofl6op TjiacHHKa xeMHjcKor flpynrrBa y^HHHO je h y npo-

TeKJioj roflHHH MaKCHMajiaH Hanop y irmty aatypHpaaa h no5ojtuiaH>a

TexHHiKe onpeMe yacormca. Y TOKy 1972. roflHHe 3aBpmeH0 je urraAiiiaifce

KOMnjieraor 1971. roflHurra — Kanra 36. KitHra 37, oahocho 1972.

roflmirre, flejiHAUPiHo je ofliirraMiiaHa (JyGnjiapHH 6poj, CBecna 2 h 3-4).

OcraJic cBecKe cy y unaAiriH h 3aBpuieTaK urraMnaifca qejior roflHurra

onenyje ce flo Kpaja <pe6pyapa 1973. Hiwa rarjiefla fla ce y 1973. roflHHH

nocTHTHe noTiryHa aJKypHocr ny6jiHK0BaH>a TjiacHHKa.

„XeMHjcKH nperjiefl" HMa H3 roAHHe y roflHHy cee BHiue npemjiaTHHKa :

1969—500, 1970—700, 1971—882, 1972—1046. nPBa CBecna 3a 1973. ro

flHHy crarjia je jyqe h 6nhe ofliwax flHcrpH6yHpaHa. Ofl cbof noHOBHor

por)eH>a y 1967. roflHHH, „XeMHjcKH nperjiefl" Heina npairomHO HHKaKBy

(pHHaHCHjcny noMoh h oAP>Kasa ce 3aHcra KpajftHM nanopHJvia flpyuiTBa,

HapoiHTo fteroBor rjiaBHor ypeAHHKa AJIEKCAHflPA JIEKA. riocroje,

we^yrHM, floGpn H3rjieflH fla 3ajeflHHua 3a o6pa30BaH>e MaTepHjajiHo

noMorne ,,XeMHjcKH nperjiefl". PeflaKunja Ty noMoh oyenyje y oboj

rOflHHH.
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VII H3BEIIITAJ EHEJIHOTEKE JlPyiUTBA 3A 1972. rOJIMHY

EnGjiHOTeKa CpncKor xejvwjcKor apyuiTBa je npHAimia y TOKy 1972.

roAHHe 69 HacjiOBa crpaimx qaconnca h 13 nacjiOBa floiwahe nepHognKe.

BH6jiHOTeKa je npHAuuia 496 cBe3ai<a nacormca :

H3 ApreHTHHe 1 iiacjiOB

" BejirHje 1

" ByrapcKe 5

" MexocnoBaiKe 6

" JIaHCKe 1

" EHTJiecKe 1

" OpainjycKe 2 "

" rp»u<e 1

" HHflHje 3

" JaiiaHa 12

" MaljapcKe 5

" MeKcraca 1

" riaKHcraHa 2 "

" IIojbCKe 4

" PyMymije 5

" CAfl-a 1 1 "

" CCCP-a 5

" UleajuapcKe 2 "

" BeHeuyejie 1

CBera: 69 HacnoBa

BH6jiHOTeKa je y TOKy 1972. roflHHe npHMHJia 6 KH>Hra, CBe H3 CCCP-a.

JyrocjiOBeHCKOM 6H6jiHorpa(pCKOM HHcraTyTy cy nocjiara noaaijH o ripn-

HOBJbeHHM nacormcHMa y TOKy 1971. toahhc.

viii. paji ynpABHor ojieopa

H nPEACEJIHHUITBA CnPCKOr XEMHJCKOr JIPYUITBA

YnpaBHH oflSop CXJ], KojH je H3a6paH Ha npouuioj CKynuiTHHH koh-

cTHTyHcao ce Ha CBojoj npBoj ccuhhuh oapwanoj 22. II 1972. roflHHe H3a-

6paBuiH 3a npeflceaHHKa "BOPTiA JJHMHTPHJEBHTiA, 3a noTrrpeflcefl-

HHKe flPArOMHPA BHTOPOBH-RA, MHJIOCABA JJPArOJEBH-RA,

HHKOJIY flHMHTPHJEBH'BA H BEJIHMHPA UAHITEA, sa ceKpeTape

MHPOCJIABA rAIUH'RA h JOBAHA JOBAHOBHTiA, sa 6jiarajHHKe

flPArYTHHA JipA^H-RA h BJIAJJHMHPA PEKAJIH-fiA, a aa raaBHor

ypeaHHKa ,,rjiacHHKa xeMHjcKor flpyiUTBa" AJIEKCAHJIPA JJEdlHTlA.

y TOKy npoTeicne resume ynpaBHH oflGop je oapwao tph ceniome Ha

KojHiwa je pacnpaBJBao o npHnpejwaMa 3a IIpocjiaBy 75-roaHuiH>HHe ochh-

Bajta flpyuiTBa, npHnpejviaMa 3a CHMno3HjyM o HacraBH xejvmje, o opraHH30-

Baiby rmenapHHx npeflaBan>a, H3AanaH>y yacoimca, paay noflpjoKHHua h

ceKiuija JIpymTBa, npHnpejviaMa 3a XVII caBeTOBaibe xenumapa CP CpGnje

h III jyrocjioBeHCKOM cnMno3HjyMy o xejvmjH h TexHOJiorajH AiaKpoinojie-

KyJia, KaO H O TeKyhHM, aAiVUIHHCTpaTHBHHM, CpHHaHCHJCKHM H TeXHHMKHM

rtHTaftHAia.
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3a 6H6^HOTeKapa flpyiirraa je noHOBO H3a6paH CI1ACOJE 'BOP'BEBH'R,

a 3a aaweHHKa flOEPOIIBETOB EKCAKyCTOflHJAH .

H3a6paHH cy ypeljHBaHKH oflGopH ,,rjiacHHKa xeMHjcKor flpyuiTBa" h

,,XeMHjcKor nperjiefla".

IlpeflceAHHuiTBO je y TOKy npoTeicne roAHHe oaphojio 12 ceAHHua Ha

KojHJwa cy pa3MaTpaHH TeicyhH npo6jieMH flpymTBa h npHnpeMaHH cacraHnH

VnpaBHor OA6opa.

IX. XVII CABETOBAEbE XEMOTAPA CP CPBHJE

CA III JYTOCJIOBEHCKHM CHMII03HjyMOM O XEMHJH

H TEXHOJIOrHJH MAKPOMOJIEKYJIA

Oa 22. flo 24. jaHyapa 1973. roAHHe OAP>KaHo je XVII caBeTOBaifee

xouwapa CP Cp6nje h III jyrocjioBeHCKH CHMno3HjyM o xeMHja y tcxho-

JiornjH MaKpojwojieKyjia. Ha CaBeTOBaH>y je caonuiTeHO 100 Haymnoc

paaoBa H3 opraHCKe, aHaJuroraKe h <pH3Hm<e xeMHje, eJieicrpoxeMHje, Me-

Tajiyprnje, KepaMHKe, TeKcnuiHe xeMHje h TexHOJioraje h xeMHjcKor htokc-

H>epcTBa. Ha cacraHKy HacraBHe ceiopije oaphoho je 6 npeflaBan>a, Koja

Tperapajy npoSjieiwe HacxaBe xeMHje. Ha CHMn03HjyMy o xeMHjn h Tex-

HOJiorajn MaKpoMOJieKyjia H3Jio>KeHo je 85 HaynHHx paaoBa H3 OBe oSjiacrH.

y OKBHpy CHMno3Hjyiwa oflpwaHO je 9 iuieiiapHnx npeflaBaita.

CnHoncHCH cbhx caoinirreHHx paflOBa nySjiHKOBaHH cy y rjiacmocy

xeMHjcKor apyuiTBa 6p. 1 3a 1973. roAHHy.

XVII caBeTOBaifce otbopho je npeAceflHHK flpyuiTBa "BOPBE flHMH-

TPHJEBHTi, Kojn je no3ApaBHO CBe npHcyme rocre h HJiaHOBe JIpyiHTBa.

XVII caBeTOBaiie xeMHqapa CP CpSnje h III jyrocjioBeHCKH CHMno-

3HjyM o xeAinjH h TexHOJiorajH MaKpoMOJieKyjia OApn<aHH cy Ha TexHOJiom-

KO-MeTajiypniKOM (paKyjrreTy y Eeorpazry.

X. PAJI CPnCKOr XEMHJCKOr JIPyillTBA y 1973. roaHHH

y jeflHoj oa TairaKa AHeBHor pe^a OBe CKynuiTHHe 6nhe noAHer npefl-

jior iuiaHa pa«a 3a npeACTojehy roAHHy, Kojn he HcrahH HajBa>KHHje 3a-

aaTKe. H3BpuiaBaH>e obhx 3aflaTaKa h ocrajinx TeKyhnx nocjioBa, 3axTe-

Bahe oa Hauler flpyuiTBa h y 1973. toahhh 036hjbhc nanope.

Tpe6a opraHH30BaTH y Hobom Cafly XVIII caBe-roBaifce xeAumapa CP

Cp6nje ca CHMno3HjyMOM o HacpTH h nerpoxeMHjH. noTpe6HO je na Bpeme

o6e36eflHTH (pHHaHcnjcKa cpeACTBa KOHKypHuiyhn koa Peny6jiHm<e 3a-

jeAHHue 3a HayHHH pan. OnHaHcnjcKa cpeACTBa rpe6a Tpa>KHTH i<ao h ao

caAa, y npeAy3ehHAia xejvuijcKe HHAycrpnje h bhcokouikojickhm ycraHOBaMa

h HHCTrayTHMa. Vkojoiko CHMno3HjyM o Ha<J)Tn h neTpoxeMnjH HMa jyro

cjioBeHCKH KapaKTep oHAa h 3a H>era Tpe6a, 3ajeAiio ca OArosapajyhiiM

opraHOM yHHje xeMHjcKHX ApyiHTaBa JyrocnaBHje Tpa>KHTH AOAaiHa cpn-

HaHCHjcKa cpeACTBa.

y Be3H HauiHx nySjuiKauHja Banaio je nocrHrHyTy a>KypHocr TjiacuHKa

xeMHjcKor ApyuiTBa 0ApH<aTH h iwo>KAa jom no6ojbuiaTH.<t>HnaHCHjci<a cpeA-

CTBa 3a rjiacHHK Tpeoa, Kao h pannjHx roAHHa oneT Ha BpeMe Tpa>KHTH
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ofl 3ajeflHHi|e 3a Hayron paA, ojj, HHcnnyTa 3a xeMHj'y, TexHOJiorajy

h MeTajiyprajy, TexHOJiouiKO-MeTajiypiuKor (paKyjrreTa, npHpoAHO-MaTe-

ManiqKor (J)aKyjrreTa, <t>apMan.eyrcKor (paKyjiTera h IToKpajuHCKe 3a-

jeamme 3a HaymH pan H3 HoBor CaAa. H nopea (pmiaHCHjcKHx

TeiiiKoha Tpe6a o6e36eAHTH HacTaBJiaite peAOBHor H3Jia>Keifca „XeMHjcKor

nperjieaa". Tpe6a Hcrona™ CBe MoryhHocrH Aa ce 3a H>eroBO H3Jia>KeH>e

Ao6wje (pHHacHjcKa noiwoh. C thm y Be3H Tpe6a TpaHarra noiwoh oa

PenySjuwKe 3ajeAHHu,e o6pa30BaH»a, nouxro Haiw je ca Te crpaHe Taraa

noMoh o6ehaHa.

HacraBJbaHie, y npouuioj toahhh 3anoHeTor, aHra>KOBaH>a JlpyiirrBa y

CTBapaay nJiaHOBa h nporpaiwa HacraBe xeMHj'e y ochobhhm h cpeA&HM

uiKOJiaMa 3axTeBa, Kao npBy Mepy, paa Ha cnpoBol)eii>y 3aKJbyqaKa aohcthx

Ha CHMno3Hjyjwy o HacraBH xeivuije — 1972. To he 6hth BenHKa o6aBe3a,

npe cBera, HacraBHHx ceKunja JlpyurrBa.

OSe36el)HBaHbe opraHH3auHje oa HajMa&e inecr mieHapHHX npeAaBaita

eMHHeHTHHX crpaHHX h AOMahHx npeAaBa^a, nopeA MaTepHjaJiHHx npoBjieiwa

hoch y ce6H h npoSjieiw 6poja yqecHHKa — cnyiiianana Kojn CBaKaKo, Hapo-

mrro koa MJia^Hx xeAuwapa, ipe6a noBehani. To ce MOHce nocrahH cawo

aKO HauiH npocpecopH h HcraKHyrH xeivaraapH-HCTpaJKHBaiH 6yAy aicrHB-

hhjh y npaBOBpejvieHOM nponarHpaH>y npeAaBa&a Meljy MJialjHM capaA-

HHHHMa. Obo je noce6HO Banoio, jep xeMiraapH y Hainoj cpeAHHH AietjycooHo

cyBHiue MaJio roBope o xeivmjH. CpncKO xeMHjcKO ApyniTBO oaa miH>eHHna

H3y3eTHo MHoro 6pHHe h paA Ha noGojbiuaHby OBaKBor craaa je BenHKa

o6aBe3a JlpyiHTBa.

Beh HeKOjraKO roAHHa He 3aA0B0JtaBa paA IIoApyHanma y Hniiiy 11

KparyjeBuy. IIoTpe5HO je ycnocraBHTH KOHTaicre ca xeivuraapHMa y Hmiry h

KparyjeBuy, noTnoMokn iJiaHOBe HpyuiTBa cnpeMHe Aa ce npnxBaTe 06a-

Be3a h nojwohH hx HajBHiue Moryhe, npe CBera y3Hj«ajyhH yqemha y h>h-

xobhm cacraHAHMa h noMa>Kyhii hm npH opraHH3auH)H npeAaBa&a.

ITpeA flpyuiTBOM cy h y 1973. toahhh peAOBHe o6aBe3e o6e36el)eft>a

MaTepHjaJiHHx cpeflcraBa 3a HopiwajiaH paA KaimejiapHje flpyuiTBa, pavy-

HOBOACTBa h 6H6jmoTeKe. PaA JIpyuiTBa je ao caAa o6e36el)HBaJia AiaTepn-

jajraa nowoh Peny6jiHii<e 3ajeAHHH,e 3a Hay^nm paA, TexHOJiouiKO-MeTaJiyp-

uiKor (paKyjrreTa, HHCTHTyra 3a xenwjy, TexHOJiorajy h MeTaJiyprnjy, OAcena

3a xesmjcKe h (pH3H*n<o-xeMHjcKe Hayue nM<l>,<t>apAiaH,eyTCKor (paKyjiTeTa

h rioKpajHHCKe 3ajeAHHue 3a Hayum paA — Hobh CaA. Ta ce nojvioh Mopa

h y npeAcrojehoj toakhh ocTBapHTH.

YnpaBHH oflSop ce Hana, Aa ce Ha ocHOBy oBora H3BeuiTaja Mo>Ke 3a-

KJtyTOTH pja. je ACJiaTHocr Cpncnor xejvwjcKor APyurrBa y 1972. foahhh

6n.ia ycneuiHa h mojih CKynuiTHHy Aa My, nourro 6yAy cacjiyuiaHH H3Beui-

TajH 6jiarajHHKa h HaA3opHor OAobpa, m pa3peuiHHuy.
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A CONTRIBUTION TO THE INVESTIGATION OF CHANGES

IN THE SPECTRAL-LINE INTENSITIES OF TRACES

IN ARCS BURNING IN TUBES

by

BOSKO V. PAVLOVIC, DRAGANA V. PETROVIC and NATALIJA

N. IKONOMOV

If an electric arc discharge takes place in a vertical tube of a small dia

meter then the conditions of the arc burning are not the same as in the case

of a free-burning arc whose plasma is not limited by the walls of the tube.

The application of such, or similar, wall-stabilized arcs was initially con

fined to physical investigations (1, 2, 3), but the stabilized arc has recently

been described in the spectrochemical literature (4, 5) and also applied in

spectrochemical analysis.

Vukanovic and Georgijevic (7) investigated spectral-line intensity dif

ferences between an arc in a tube and a free-burning arc and found that

if an arc is burning in a tube it may give considerably lower line intensities.

In the present paper we try to treat the problem of changes in the spec

tral-line intensities by taking into account the radial distribution of tem

perature and electron concentration in the arc plasma.

THEORETICAL CONSIDERATIONS

The intensity Iqp of the atom line of element j can be calculated from the following

equation, given in the spectrochemical literature (for example 8,9):

Jqp=T- aqp NJ Kp (1 -!^-exp (-E.,/kT) 1.

4tt Zaj

where: Aqp is the probability of the transition q->-p

Nj is the total concentration of the element j

h is the Planck constant

vqp is the frequency of the transition q->-p

xj is the degree of ionization of the element j

gqj is the statistical weight of the upper level q of the element j

Z»j is the partition function of the atom of the element j

Eaj is the excitation energy of the upper level q of the atom j

k is the Boltzmann constant

T is the absolute temperature.

1

419
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The degree of ionization xj in the above equation can be calculated by means of

the Saha equation if the temperature (T) and the electron pressure (pe), or the electron

concentration (n«), are known:

- --- p,, = cT»/» — exp (- Eu/kT) 2.

gj

where: c is the velocity of light —

gj+/gj is the ratio of the statistical weights of the ground levels of the ion and

the atom of the element j.

Eij is the ionization energy of the element j.

The values gqj, Aqp, Eaj, vqp, Eij and gf/gj are constant and independent of T,

while others are functions of T, i.e. of r. Namely, if T (r) is known, then it is possible

to find nj(r), xj(r), pe(r) and Znj(r). Therefore, if the radial distributions of temperature

and electron concentration are experimentally determined we can compute the radial

emmision distribution I (r), since the values of Zaj can be taken from data given in the

literature (10).

From the radial distribution of the emission I (r) per unit volume per unit solid

angle, it is possible to compute the intensity of the spectral line by integration over a part

of the source:

I.= 2/I(r)dr 3.

o

Since we take the vertical arc which is focused vertically and symmetrically on the

vertical slit of the spectrograph, we can compute the spectral-line intensity by integrating

the emission I (r) over the entire cross-section of the arc

ro

Ic = 2rr/rl (r)dr 4.

o

If the radial distributions of temperature and electron concentrations were the same

in the plasma of a free burning arc and in an arc burning in a tube, then we could expect

to have the same radial emission distributions in both cases. But, if the radial distributions

of temperature and electron concentration are different, we could give a possible explanation

of the spectral line intensity differences between an arc in a tube and a free burning arc.

From equation 1., which expresses the proportionality between the line intensity

IqP and the number of particles nj in vapor phase, it can be concluded that, for a uniform

source, the Boltzmann exponential factor — exp ( — EaJ/kT) and the ionization factor

(1— xj) are determined by the temperature and the electron pressure of the arc plasma.

If we assume that these two factors have the same values in the plasma of a free burning

arc and of an arc burning in the tube, then the line intensity will be proportional to the

concentration of particles nj in the plasma column. But it the temperature and the elec

tron concentration in the plasma of a free burning arc differ from those in the plasma of

an arc burning in a tube, it is to be expected that the spectral-line intensities of the element

j will be different even if the assumption that the number nj will be the same in both plasma

columns is valid.

EXPERIMENT AND RESULTS

The radial temperature distribution in the arc was experimentally determined by

using the spectroscopic two-line method. The zinc impurities in the plasma allowed us

to determine the temperature from the intensity ratio of the lines Znl 307,206 wm and

Znl 307,59 nm. The transition probabilities were taken from (9).

The radial distribution of electron concentration was experimentally determined

from the intensity ratio (I1 /I) of an ion-atom line pair. We used the lines Mgll 279,6 nm

and Mgl 285,2 nm. The transition probabilities were also taken from (9).
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The radial distribution of the radiation density was determined according to the

Abel integral equation. The calculation was made with the aid of tables (11).

Experiments were performed with a 9A dc-arc burning freely in the air between

graphite electrodes and in water-cooled brass tubes 12, 16 and 20 mm in diameter. All the

tubes had openings towards the slit. The openings were covered with quartz plates.

A Zeiss PGS-2 spectrograph was used. The slit width was 40(x and its height 14 mm.

A part of data on intensity changes in spectral lines from plasma of the free burning

arc and the arc burning in tubes are taken from the paper of Vukanovic and Georgijevic

(7). Here we present these results graphically (Fig. 1).

 

Li Ge Ag Cd Sn Pb Bi

A =6,9 7,26 107,9 112,4 118,7 207,2 209,0

\=323J26;27$0;328J07;326,1;284,0;2823; 289,79 nm

Fig. 1. Graphically presented values of the atomic masses (A), degrees of ionization (x)

and ratios I/Ii of spectral-line intensities emitted from the arc burning in a water-cooled

tube (0 12 mm) and from the free-burning arc.

As we can conclude from the experiments, cadmium, lead and bismuth show prac

tically no changes in the observed spectral-line intensities. Germanium shows an obser

vable decrease in line intensity. Tin and silver show still larger decrease in spectral-line

intensity. The largest one was observed with lithium, which has a low atomic mass and

is highly ionized.

The effect observed was the most pronounced if the arc burnt in the tube 1 2 mm

in diameter, but similar results were obtained with the arc burning in the tubes of larger

diameters.

The radial temperature distributions of the arc burning in the water-cooled tubes

12, 16 and 20 mm in diameter are represented in Fig. 2. These values are compared with

the corresponding radial temperature distribution in the free-burning arc.

1*
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The radial temperature distribution was found to depend on the tube diameter.

If the tube has smaller diameter the temperature in the arc axis increases, although the

arc current has the same intensity.

The results on radial distributions of the electron densities compared with those

in the free burning arc are given in Fig. 3.

7000

 

6000Y

OJ

000 0=12mm

• •• 0=16 mm

0,2 R cm

xxx 0= 20mm

000 the free-bur

ning arc

Fig. 2. The radial temperature distribution in the air plasma of the arc burning in the

water-cooled tubes 1 2, 1 6 and 20 mm in diameter, compared with the corresponding radial

temperature distribution in the free-burning arc.

ne cm r

 

OJ 02 Rem

00° 0=12 mm xxx 0=20 mm

••• 0=16 mm 000 the free -burning

arc

Fig. 3. The radial distribution of the electron concentration in the air plasma of the arc

burning in the water-cooled tubes 12, 16 and 20 mm in diameter, compared with the corre

sponding radial distribution in the free-burning arc.
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DISCUSSION OF RESULTS

Analyzing the experimental results on the ratios of spectral-line inten

sities from the plasma of the tube-burning and free-burning arc, as well

as the results on the radial distribution of the temperature and the electron

concentration, and considering the theoretical aspects of proportionality bet

ween the line intensities and factors involved in equation 1., we can con

clude that it is difficult to find correlations between various factors affecting

the spectral-line intensity which we obtained in our experiments.

It can be noticed that for Bi, Pb and Cd, practically there are no chan

ges in line intensities between the tube-burning and free-burning arcs.

Bismuth and lead are heavy elements, while cadmium has an atomic mass

lower by a factor of about 2 than that of Bi and Pb. The degree of ioniza

tion of Cd is almost negligible.

Germanium has also a low degree of ionization, but shows an obser

vable decrease in line intensity. Tin and silver show still greater intensity

decrease, although their degrees of ionization are higher than that of ger

manium. The largest decrease in spectral line intensity is observed with

lithium, which has a low atomic mass and is highly ionized.

The changes observed cannot be explained only as a consequence of

the change in the plasma temperature or in the electron pressure. No doubt

transport phenomena of particles in plasma must also be involved.

The concentration nj in the plasma is determined by evaporation and

transport processes, whose effects also depend on the temperature. It is

assumed (8) that the number Nj of particles of an element j present in the

arc is denned by an equation of the form

^=Qi-XlNj 5.

dt

where Qj is the number of particles of the element j entering the arc in

unit time;

Xj is a constant that determines the rate at which the particles leave

the discharge;

t is the time interval.

In the steady state we shall have

Nj =^ = QjTj 6.

h

where tj is the mean time spent by particles of the species j in the arc. The

mean time tj is related to the mean concentration nj of particles in the arc

discharge volume (Vare) as follows:

nj= = - -- ■ 7.

Varc Varn

Since we have

hj oc Iqp
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we can conclude that we shall also have

Tj OC Iqp 8.

i.e. the spectral-line intensity of atom j is proportional to the mean time tj

spent by the atom j in the discharge zone of the arc. The mean time de

pends on transport processes occuring in the arc plasma.

If we compare the line intensity ratio I/Ii of different elements from

Figure 1., we can notice that the largest decrease in this ratio is observed

with Li which has the lowest atomic mass among the elements investigated.

Similarly, if we consider other results, i.e. the behaviour of other investi

gated elements, we can conclude that the ratio I/Ii depends not only on

radial distributions of temperature and the electron concentration in the

arc plasma but also on transport phenomena of particles involved in the

arc plasma.

Namely, from equations 1. and 8. written for tube-burning and free-

-burning arcs, we have

Itube I n 1—x Eaf 1 , 1

=_= exp (-—

Ifree lo n0 1 — X0 k ^ T0 T

from which we see that the spectral-line intensity may be proportional,

besides to the ratio of the ionization factor and the Boltzmann factor, to

the ratio of the concentrations — and to the ratio of the mean residence

n0

times — in the tube-burning arc and the free-burning arc:

To

— oc— oc— 10.

lo n0 t0

where the quantities referring to the free-burning arc are denoted by the

subscript "o".

Therefore, to explain the experimental results on spectral-line inten

sity changes given in Fig. 1, it would be necessary to take into account —

besides the possible effects of electron concentration and temperature of

the arc plasma on the spectral-line intensities (Equat. 9) — even the mean

residence time of particles of the observed elements in the arc plasma.

 

SUMMARY

The spectral-line intensities of some elements in an arc burning in a

water-cooled tube differ from those in a free-burning arc. The radial tem

perature distribution and the radial distribution of the electron concentra

tion in the arc burning in a water-cooled tube and in the free-burning arc

were investigated in order to explain the possible influence of the arc plasma

temperature and the electron concentration on the variations of the spec

tral-line intensities.
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H 3 B O A

nPHJIOr HCnHTHBAH>y nPOMEHA HHTEH3HTETA

Cn.EKTPAJIH.HX JIHHHJA EJIEMEHATA y TPArOBHMA,

y JiyRy kojh toph y hebhma

EOIUKA B. nABJIOBWRA, .UPATAHE B. IIETPOBHTi h HATAJIHJE H.

HKOHOMOB

ynoper)yjyhH HHTeH3HTeTe cneKTpajiHHX JiHimja hckhx eneMeHaTa y

jryKy Kojn ropH y ueBiuvia pa3JiHMHTHX npeiHHKa (12, 16 h 20 mm) ca hhtch-

3irreTHAia hcthx cneKTpajiHHX JiHimja flo6nBeHHX y jiyny Kojn cjio6oaho

ropn, Har}eHo je jj,a nocrojH paannKa. HcnHTyjyhH cpaKTope Ha ocHOBy

KojHx MOH<e aa ce o6jacHH oBa pa3JiHKa, oaper)HBaHa je paAnjajma pacno-

aejia TejvuiepaType h paflHjajma pacnoflejia ejieKTpoHCKe rycTHHe y ruia3MH

jryKa Kojn ropn y ueBHivia pa3JinMHTHx npemiHKa xjiar)eHHx boaom h y Jiyny

Kojn cno6oflHO ropw. Har)eno je na npoMeHa pa/tHjajme pacno^ejie obhx

BenHMHHa AonpHHOcn npoivieHH y HHTeH3HTeTy cneKTpajiHHX JiHimja hc-

mrrHBaHHx ejieMeHaTa, a.'iH na je noTpeoHo y3eTH y ofonp h TpaHcnopTHe

(J)eHOMeHe y njia3MH Jiyna paan noTnyHHjer paayivieBaifca.

Hhctmtvt 3a xeiwnjy, TexnoJiorajy IIpHMJbeHo 29. jaHyapa 1973.

M MCTaJiyprajy, EeorpaA

KaTeapa 3a <pH3HKy,

TexHonoiuKo-MeTajrypuiKH (paKyjrreT, Eeorpa.it

KaTeapa sa (bn3MMKy-xeMHjy,

ITpHpoAHo-MaTeMaTHUKH (pany.'iTeT, Eeorpa^
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THE EFFECT OF THE FINAL EVAPORATION TEMPERATURE

OF AQUEOUS AMMONIUM FLUORIDE SOLUTION ON THE

COMPOSITION AND CONCENTRATION OF THE EVAPORATED

SOLUTION

by

DORDE R. STOJAKOVIC, SLOBODAN D. RADOSAVLJEVlC

and VERA C. SCEPANOVIC

In connection with investigations concerning an earlier proposed (1)

method of anhydrous HF preparation from hexafluorosilicic acid — by

which H2SiF6 is treated with NH3, the resulting NH4F solution is evapo

rated to dryness and the salt mixture obtained is decomposed by treating

with concentrated sulfuric acid — we report in this paper our investigations

of the changes which accompany the evaporation of aqueous solution of

NH4F.

Ammonium fluoride undergoes the following thermal dissociation

(2,3,4):

2NH4F = NH4F • HF + NH3 (1)

NH4F = NH3 + HF (2)

NH4F • HF = NH3 i 2HF (3)

The decomposition according to Eq. (1) begins at temperatures some

what below 100°C (1 at), while reactions (2) and (3) (decomposition of

NH4F • HF produced by reaction (1)) start at higher temperatures. It fol

lows that on evaporation of a NH4F solution one should expect these chan

ges: 1. the presence of a NH4F and NH4F ■ HF mixture in the evaporated

solution; 2. some losses in fluorine component. In this work we investigated

the effect of the final evaporation temperature on:

1. the degree of loss in fluorine component

2. the NH4F • HF/NH4F molar ratio in the evaporated solution

3. the concentration of the evaporated solution.

EXPERIMENTAL

The evaporation experiments were carried out at atmospheric pressure starting

with a 10.72"„ wt. NH4F solution contained in an open stainless steel vessel. The solu

tion was evaporated up to a definite final temperature and the evaporated solution was

afterwards quantitatively anlyzed to find its fluorine and ammonia contents. The results

obtained were used to calculate the three quantities mentioned above.

427
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RESULTS AND DISCUSSION

Fig. I . shows the dependence of the degree of the fluorine component

loss on the final evaporation temperature.

 

(35 WO WE) ltd Itfj ieo IS&

Final evoporahon iemperalure , ('c)

Pig. 1 . Dependence of the degree of fluorine component loss on the final

evaporation temperature

Fig. 2. shows the dependence of the evaporated solution's composition

on the final evaporation temperature. The composition mentioned is ex

pressed as the NH4F ■ HF/NH4F molar ratio in the evaporated solution.
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Fig. 3. shows the dependence of the evaporated solution's concentra

tion on the final evaporation temperature.

 

i i i i i i i i__
rG6 fSO 136 wo WS ISO »OG KJO 165

Firtol evQporoiion iemperaiure . (°c)

Fig. 2. Dependence of the composition of the evaporated solution on the final

evaporation temperature

From the results presented in the three diagrams the following can

be concluded:

1. The losses in the fluorine component begin to appear as the final

evaporation temperature exceeds 140°C and after that increase linearly as

the final evaporation temperature raises.

2. The NH3 evolution, according to Eq. (1), is accelerated as the final

evaporation temperature raises, i.e. the NH4F • HF/NH4F molar ratio in

the evaporated solution increases. The slope of the curve shown in Fig. 2

decreases above 155°C, which indicates that at these temperatures the rates
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of reactions (2) and (3) are considerably higher than that of reaction (1).

This causes NH3 and HF to leave the system at nearly equal rates so that

the NH4F • HF/NH4F molar ratio in the evaporated solution tends to pre

serve a constant value.

 

i ISO 130 WO (WSs ICO 156 K30

Fii-iqI evaporation iemperolure , ("C)

Fig. 3. Dependence of the concentration of the evaporated solution on the final

evaporation temperature

3. At temperatures above 150°C the solution concentration increases

more slowly with increasing final evaporation temperature, i.e. the slope

of the curve shown in Fig. (3) decreases. The cause of this is a higher re

action rate of reactions (2) and (3) at these temperatures: not only water

but also HF and NH3 then leave the system so that the concentration of

the solution changes only slightly.

In the case the evaporated NH4F solution is used for subsequent pre

paration of anhydrous HF (1) the optimal final evaporation temperature

seems to be about 150°C. Higher temperatures would cause a too high loss

in fluorine component, while at lower temperatures the evaporated solu

tion still contains considerable percentage of water which alone would make
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the preparation of anhydrous HF more difficult. From Figs. (1), (2), and

(3) it can be seen that a NH4F solution evaporated to 150°C has the follo

wing characteristics:

— total salt concentration: 94%wt.

— NH4FHF/NH4F molar ratio: 2.56

— fluorine component losses on evaporation: 3%

In other words, such a product contains 60%wt. of fluorine and 31.2%wt.

of ammonia.

SUMMARY

The changes which accompany evaporation of an aqueous solution of

ammonium fluoride were investigated, particularly the effect of the final

evaporation temperature on the composition and concentration of the eva

porated solution. It was found that losses in fluorine component begin to

appear as the final evaporation temperature exceeds 140°C and that the

concentration of the evaporated solution and its NH4F • HF/NH4F molar

ratio change comparatively slightly once the final evaporation temperature

is above 150°C and 155°C, respectively.

Faculty of Technology and Received December 28, 1972

Metallurgy, Belgrade and

Institute of Chemistry, Technology

and Metallurgy, Belgrade

H 3 B O a

YTHIIAJ KPAJHjE TEMIIEPATyPE YIIAPABAIfcA PACTBOPA

AMOHHjyM-OJIYOPHJlA HA CACTAB H KOHUEHTPAIJHjy

ynAPEHor pactbopa

■BOPT.A P. CTOJAKOBHTiA, CJIOEOJTAHA fl. PAflOCABJBEBHTiA h

BEPE H. UTREriAHOBHTi

HcnnraHe cy npoMeite noje ce aeuiaBajy npn ynapaBaity BOfleHor

paciBopa aMOHHjyM-dpjryopHfla, noceoHO yrHuaj KpajH>e TeMnepaType yna-

paBan>a Ha cacraB h KOHueHTpaunjy ynapeHor pacrBopa. Haheno je aa

rySHim dpjryopa nomnty aa. ce jaBJbajy naaa KpajH^a TeivuiepaTypa ynapa-

Batfca npefie 140CC h p,a ce KOHueHrpauHja ynapeHor paciBopa h mojickh

o;ihoc NH4F-HF/NH4F y H>eMy cpa3iwepH0 jwajio MeH>ajy naaa Kpajtta

TeMnepaTypa ynapaBaita je/tHOiw nper)e I50°C, o;ihocho 155°C

TexHOJiouiKO-MeTajrypuiKM (baKyjrreT npuwjbcHo 28. flenei«6pa 1972.

yHKBep3HTeTa y Beorpaay

HHcnrryT 3a xeMHjCKa, TexHOJiouiKa h

MeTajiypnjKa Hcrpa>KHBaH>a, Eeorpafl
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AN INVESTIGATION OF THREE-COMPONENT ZINC-COPPER-

-CHROMIUM CATALYSTS FOR METHANOL SYNTHESIS.

III. INVESTIGATION OF TERNARY SYSTEMS WITH

A COMPONENT RATIO CORRESPONDING TO

INDUSTRIAL CATALYSTS

by

PAULA S. PUTANOV, BOJANA D. ALEKSIC and

ANA TERLECKI-BARICEVIC

Zinc-chromium and zinc-copper-chromium catalysts so far used in in

dustrial production of methanol contain zinc oxide, which is their basic

and predominant component. The amount of zinc oxide in three-component

catalysts varies from 38 to 75%, as reported in papers dealing with the com

position of industrial catalysts (2, 5, 7, 9, 10). Copper oxide is the second

active component and represents the most sensitive one as regards the ther

mal resistance and chemical stability. The content of copper oxide varies

from 9 to 25%. In most industrial catalysts, the amount of chromium ses-

quioxide does not vary much, from 25 to 30%, so that changes in the com

position of these catalysts may be due to those in the zinc to copper ratio.

Since, besides the chemical composition, the mode of formation also has

a dominant influence on catalyst properties, it is necessary to investigate

these two parameters simultaneously.

So far, our investigations of three-component catalysts containing copper,

zinc and chromium, involved binary mixtures of zinc and chromium and

copper and chromium with a ratio of components required for chromate

formation (11), and a ternary system in which the ratio of zinc to copper

corresponded to that in the chromite (12). The molar formula of this cata

lyst was ZnO • Cr203 ■ 0.5 CuO.

These investigations have shown that not only the chemical compo

sition, but also the method of sample preparation affects the phase compo

sition of the catalyst in the temperature interval important for the use of

the catalyst. It has also been shown that thermal transformations taking

place during preparation of the three-component system represent a com

plex combination of processes investigated in corresponding two-compo

nent systems.

An analysis of the elementary composition of industrial catalysts has

proved that the composition of catalysts with optimal activity differs from

the stoichiometric ones corresponding to chromites, hence it is interesting

433
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to determine to what extent the activity is related to the different compo

sition under the working conditions of the catalyst. The molar formula of

the catalyst chosen for these investigations is ZnO • 0.26 Cr203 • 0.25 CuO,

which corresponds to the following content of oxides: ZnO 57.4, C12O3

28.1, CuO 14.4 wt%. A catalyst of this composition was investigated by

the BET, DTA, TG and electric conductivity methods described in ear

lier papers (11, 12).

SYNTHESIS OF SAMPLES

The investigated catalysts were synthetized by the impregnation method,

varying the sequence of component addition. However, for the sake of com

parison with the results of previous investigations, one sample was synthe

tized by co-precipitating all the three components in the form of hydrox

ides.

The synthesis of catalysts was carried out by the same procedure as

in the case of the corresponding impregnated and precipitated bi- and three-

-component samples investigated previously (11, 12).

The synthesis procedure, the sequence of component addition denoted

symbolically, and the bivalent metal ratio determined by chemical analy

sis are given in Table 1.

TABLE 1

Synthesis of zinc-copper-chromium catalysts and the Cu/Zn

ratios determined by chemical analysis

Sample

No
Synthesis procedure

Exp. determined Cu/Zn ratio

(calculated Cu/Zn = 0.248)

M-9 (ZnO f CuOH CrOsaq 0.241

M-10 (ZnO + Cr03aq) f CuO 0.232

M-ll (CuO+ CrOsaq) + ZnO 0.262

M-12 (ZnO+ CrOs+ CuO)+ H2O 0.232

M-13 Zn (OH)2+ Cr (OH)3+Cu (OH)2 0.237

The deviations of the experimentaly determined copper to zinc ratios

are within the limits of accuracy of the applied analytical method.

According to former reports on the two-component catalyst in the

reaction of methanol synthesis ( 1 , 3, 4, 6) only transition forms between

the starting mixture of components and the stable spinel of zinc and chro

mium are active. A thermal analysis of two-component and three-component

systems of species involved in the catalysts for methanol synthesis has shown

that stable spinels are formed at temperatures exceeding 500°C. However,

the determination of the part of bivalent elements entering in transition

chromium compounds by a simple chemical analysis is not reliable because

the solubility of intermediary chromites does not differ considerably from

the other present compounds of copper and zinc. Therefore, some of the
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synthetized samples were annealed in air for one and a half hour up to 650°C,

where the formation of insoluble spinel was to be expected. The assumption

was made that the relative distribution of chromium between bivalent me

tals remains the same in the entire interval of catalyst thermal treatment,

the crystal structure being changed, only. After annealing and cooling, the

samples were subjected to chemical analysis. For this purpose the method

of selective dissolution in l:10HzSO4 or 18%HC1 of the zinc and copper

oxide not entering in the spinel was applied.

A chemical analysis has shown that the total amount of chromium is

in indissoluble trivalent form. Both bivalent metals partly form an inso

luble chromite spinel and partly remain as free oxides.

The results of analysis of the impregnated catalyst, M-12, are shown

in Table 2.

TABLE 2

Selective analysis of tlie catalyst M-12

Components ZnO, wt% CuO, wt%

Added amounts 57.5 14.4

Total 57.1 13.4

Found

Soluble 42.8 11.0

Entered in spinel 14.3 2.4

The added chromium sesquioxide, amounting to 28.1%, all of which

was found to be in the chromite form, could theoretically bind 15.06%ZnO

or 14.8%CuO if it reacts with only one of the bivalent metals.

Hence it may be concluded that the percentage of zinc oxide reacted

to the spinel is much higher than that of copper oxide, which points out

that chromium trioxide is bound in the spinel to both bivalent metals but

not in equal molar ratios. This is to be expected taking into account the

method of catalyst synthesis and reactivities of zinc and copper oxides.

The real densities and specific surfaces of samples dried at 110°C and

annealed at 650°C are shown in Table 3. As in the case of the binary mix

tures and ternary stoichiometric mixtures investigated previously, impreg

nated samples show higher densities and smaller specific surfaces than the

precipitated samples consisting of hydrated oxides of corresponding metals.

TABLE 3

Real densities and specific surfaces of various catalysts

Sample Dried at 1I0DC Annealed at 650"C

No d,gjcms s,m-jg d,gjcm3 s, ml\g

M-9 3.72 12.8

M-10 3.69 23.4

M-ll 3.67 14.6

M-12 3.58 15.4 5.24 5.6

M-13 2.62 94.4 4.90 7.7

2
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THERMAL ANALYSIS

The thermogravimetic analysis of samples carried out at temperatures

up to 800°C in air shows that all the samples undergo a gradual loss of

weight over the entire temperature range. As pointed out by the thermo

grams of several impregnated and precipitated samples shown in Fig. 1,

the difference between impregnated and precipitated catalysts is mainly

expressed in the intensity of these losses, which results from different con

tents of water and different bonds of OH groups in chromium compounds.

The number of steps is the same in all the samples but the temperature

intervals of corresponding steps differ for samples synthetized by different

methods. The last step of weight losses in all cases takes place within the

A 9 V.

5
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30-

500

 

600 700

M-11 jmpr.

 

Fig. 1. Thermogravimetric curves for an impregnated and a precipitated
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same temperature interval beginning at 400—420°C and ending at 500—

— 520°C. After this temperature the weight remains constant in all the

samples.

A comparison of the results of previous thermogravimetric investi

gations of binary mixtures of zinc and chromium and ternary systems with

a stoichiometric zinc to chromium ratio required for chromite formation

(11, 12) has shown that processes of water and oxygen removal in preci

pitated samples proceed continuously with a sharp change in the intensity

of weight loss at about 350°C. The three-component catalysts investigated

in the present work also show gradual loss of weight in precipitated samples,

while the impregnated catalysts in all cases show several steps of weight

loss.

The differential thermal analysis of industrial three-component cata

lysts has shown that all impregnated samples, irrespective of the sequence

of component addition, have almost identical thermal effects. The sample

M-12, in which all components were first mixed in dry form and then formed

with water as a paste, differs only by the absence of effect at 320— 330°C

The endothermal effect at about 360°C includes two endothermal processes-

,♦41

 

 

Fig. 2. Differential-thermal curves for samples impregnated in different sequences.

-complete removal of water and release of oxygen from the chromates formed.

In this region the endothermal decomposition of chromates begins, and

is completed by an intense effect at about 514°C. The weak effect at about

2*
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320°C indicates the beginning of gradual deoxidation of chromic acid, but

the fact that it also appears in precipitated samples does not allow us to draw

a reliable conclusion. In this region, partial decomposition of zinc chro-

mates also takes place.

Precipitated catalysts show stronger dehydration up to 200°C, an in

tense endothermal effect beginning at about 220°C and ending at about 240°C,

immediatly followed by another more intense endothermal effect whose

maximum is at about 270°C. The fact that in precipitated samples, too,

retardation occurs in the interval 310— 320°C is significant. As distinct

from impregnated samples, these catalysts have an exothermal reaction

with maximum at about 410°C, which corresponds to the crystallization

of chromium oxides. Here, too, at temperatures above 520°C gradual for

mation of spinels takes place, somewhat more clearly pronounced than in

impregnated catalysts (Fig. 3).

 

Fig. 3. Differential-thermal curves for a precipitated sample.

In comparing the results of the thermal analysis of these samples with

those of previous investigations of binary mixtures and ternary systems

with higher chromium contents, one finds some common characteristic

effects: endothermal decomposition of chromates at temperatures of about

500°C in impregnated samples, exothermal effect of chromium oxide cry

stallization at temperatures of about 400°C, effects following the formation

of spinels at temperatures above 580°C. There are differences in dehydration

processes, which implies different formation of hydrates and hydroxy

chromates depending on the chemical nature and amount of the elements

present.

It may be pointed out that there is more similarity between three-

-component catalysts with a stoichiometric ratio of zinc to chromium re

quired for chromite formation and binary mixtures than in the case of in

dustrial catalysts, as illustrated by the thermogravimetric curves shown in

Fig. 4.
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ELECTRIC CONDUCTIVITY

Along with the thermal analysis of industrial catalysts, change in their

electric conductivity was observed on heating nonreduced forms at a tem

perature of 450°C. At this temperature the catalyst tablets were stabilized

for one hour and then their conductivity measured on cooling. As in the

case of previous investigations, a compensation method of resistance mea

surement in direct current was applied in a sandwich type cell with Pt-

-electrodes.

The impregnated catalysts (from M-9 to M-12) undergo the same

change in electric conductivity at the temperature increases. The electric

conductivity of all these samples in air increases at a continual rate over

the entire investigated temperature range excepting the small retardation at

temperatures between 350° — 400 C. Figure 5 presents curves for electric-

conductivity as a function of the reciprocal value of absolute temperature

for the impregnated catalysts M-l 1 and M- 1 2 obtained on heating and cooling.

On colling the tablets stabilized at 450 C, in most samples the conduc

tivity changes continuously with temperature, while in some of them slight

reflections are observed at the same temperatures as in the case of heating.

On heating the tablets of these catalysts in vacuum, no retardation is ob

served at temperatures of 350—400"C. Such conductivity change in vacuum

may be ascribed to the faster and more uniform separation of water and oxygen
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Fig. 5. Temperature dependence of the electric conductivity of different impregnated

samples during heating and cooling in air.

at lower temperatures, while according to thermal analysis, these processes

in air take place at temperatures between 350 and 400°C In Fig. 6 the change

of electric conductivity is given as a function of temperature in vacuum,

obtained for samples M-9 and M-10.

The sample Al-13 synthetized by co-precipitating hydroxides of zinc,

copper and chromium, has a considerably lower electric conductivity, which

is in agreement with the results of the previous investigations of binary

mixtures (11) and ternary samples of catalysts of various composition (12).
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o M-9 heating

• M-9 cooling

. , - a M-10 heating

x M-10 cooling

12 U 1.6 1.8 2D 2.2 7A 1/T-103

Fig. 6. Temperature dependence of the electric conductivity of impregnated samples

in vacuum.

The electric conductivity-versus-temperature curves, obtained on heating

and colling the tablet in air, show reflections at a temperature of 300°C

(Fig. 7).

The results obtained by a preliminary investigation of the electric con

ductivity of binary mixtures and three-component catalysts containing chro

mium required for zinc chromitc formation, as well as the results reported
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in the present paper, point out essential differences between precipitated

and impregnated samples in electric conductivity change as a function of

temperature. Besides a different course of conductivity, precipitated samples

have considerably lower conductivity values. The sequence of adding com-

 ■o M-13 heating

M-13 cooling

1,2 1,4 lj6 13 20 22 2A 1/T 103 "

Fig. 7. Temperature dependence of the electric conductivity of a precipitated sample

during heating and cooling in air.

ponents during catalysts synthesis does not have a considerable effect on

electric conductivity as a function of temperature. In the case of impre

gnated catalysts, slight differences are observed only in samples obtained

by mixing dry components and then making paste with water (by dry pro

cedure), which is in accordance with the thermal behaviour of these samples.

Figure 8 shows curves for electric conductivity as a function of tempe

rature for an impregnated sample of binary mixture with a zinc to chromium

ratio corresponding to that in zinc chromite (S-l), a sample from a series

of catalysts with a stoichiometric zinc-to-chromium ratio required for the

formation of chromites (M-2) and a sample from a series of industrial cata

lysts (M-10). All the samples were synthetized by impregnation.

As is evident from the diagram in Fig. 8, electric conductivity changes

with temperature in binary mixtures and impregnated catalysts with a

stoichiometric zinc-to-chromium ratio required for chromite formation,

show a characteristic reflection at a temperature of 450°C and from 200—



Zn — Cu — Cr CATALYSTS FOR METHANOL SYNTHESIS. III. 443

—250°C. The catalysts investigated have a slight retardation in the change

rate at lower temperatures between 350 and 400°C, while the starting con

ductivity is lower than 1.5 X lO-^okm^cmr1.

I -log

 

' 1-2 W i!i 18 W 22 7M l/r-103

Fig. 8. Temperature dependence of the electric conductivity of binary, ternary stoichio

metric and ternary industrial catalysts.
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CONCLUSION

On the basis of the results obtained by simultaneous application of

the methods described above the following conclusions could be drawn:

The formation process in impregnated and precipitated catalysts varies

over a temperature range up to about 450°C. The temperatures of spinel

formation are close for both groups of samples, which indicates that cata

lysts deactivation would proceed under the same conditions of thermal

treatment.

The sequence of component addition during impregnation has no con

siderable effect on processes during catalyst formation, while synthesis by

simultaneous mixing of all the three components in dry form produces a

sample of a lower homogeneity.

In the case of precipitated hydroxides, there is no difference in the sample

obtained by simultaneous precipitation of all the three components except

that it has a more uniform course of the characteristic processes.

Comparisons of three-component catalysts with different compositions

have shown that chromic acid content primarily affects the amount of bound

water, affecting thereby the dehydration temperature of hydroxy chromates

produced in the first phase of catalyst formation.

SUMMARY

As a continuation of the previous studies of two-component zinc-chro

mium and copper-chromium systems, as well as the three-component system

with a given stoichiometric ratio of components, investigations have been

undertaken of a nonstoichiometric three-component system which corre

sponds to industrial catalysts and has the following composition: ZnO •

. 0.26 Cr203 • 0.25 CuO.

For these investigations thermogravimetric method was used and dif

ferential thermal analysis and electric conductivity measurements were car

ried out under the same conditions as in the previous study.

The characteristics of catalysts synthetized by impregnation and co-

-precipitation, varying the sequence of adding components, were compared.

The results obtained point out the influence of each catalyst compo

nent on the formation and properties of this complex catalyst system.

Institute of Chemistry, Received January 20, 1971

Technology and Metallurgy, Belgrade
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H 3 B O

HCIIHTHBAH>E TPHKOMIlOHEHTHOr IJHHK-EAKAP-XPOM

KATAJIH3ATOPA 3A CHHTE3Y METAHOJIA. III.

HCnHTHBAH>E TEPHEPHOr CHCTEMA CA OflHOCHMA

KOMnOHEHATA KOJE OJlfOBAPAjy HHflYCTPHJCKHM

KATAJIH3ATOPHMA

IIAyjlE C. nYTAHOB, BOJAHE fl. AJIEKCHTi h AHE TEPJIEUKH-EAPHMEBH'R.

y HaCTaBK> paHHJHX HCHHTHBaH>a flBOKOMIIOHeHTHHX IDiHK-XpOM H

6aKap-xpoiw, nao h TpoKoiwnoHeHTHHX CHcreiwa o,nper)eHHX cnexHOMeTpHj-

ckhx oflHoca KOMnoHeHaia H3BpuieHa cy HCHHTHBan>a HecrexHOMeTpHjcKHx

TpoKoiwnoHeHTHHX cHCTeMa cacraBa ZnO • 0,26 CrzCV 0,25 CuO, a kojh oaro-

Bapa HHflycrpHjcKHM KaTaJiH3aTopHMa.

ripH TOMe cy KopHiiiheHe TepiworpaBHiweTpHjcKe Merofle, aH(hepeitHHja.riHa

TepiWHjcKa aHajiH3a h Mepeite ejieicrpHUHe npoBOflJbHBOcra noa hcthm

eKcnepHMeHraJiHHM ycnoBHJvia nao y nperxoAHoiw paay.

Ynope^eHe cy KapaKTepHCTHKe KaTajiH3aiopa aooHjeHHx HiwnperHa-

Uhjom h KonpeuHnHTaujijoM, y3 H3MeHy pefla flOAaBaHba KOMnoHeHaTa npn

cnpaarbaHiy KaTa^H3aTopa.

JI,o6HjeHH pa3yjrrara yica3yjy Ha oaperjeHe yraijaje CBaKe nojeflHHe

KOMnoHeHre Ha CTBapaH>e h oco6hhc obhx KOMruieKCHHx KaTaJiH3aTopcKHX

CHCTeMa.

HHcnrryT 3a xeiwHjy, TexHOJiorajy ITpHM.Ji.eHO, 20. janyapa 1971.

h MeTanyprajy, Eeorpafl
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by

BOJANA D. ALEKSIC and ANA TERLECKI-BARlCEVlC

The effects of promotors in ammonia synthesis catalysts are manifold,

but, so far, they have not been sufficiently clarified. Investigation of these

effects is interesting from the standpoint of fundamental explanation of the

properties of solid multicomponent systems as well as from the poirt of

view of the practical possibility of regulating structural, thermal and catalytic

properties of the systems which are to act as catalysts. Since the active form

of a catalyst for ammonia synthesis is obtained by reducing the previously

formed mixed system of iron oxides and promotors (oxides of potassium,

calcium, magnesium, silicon, etc.), the properties of the reduced catalyst

considerably depend on the mode of catalyst synthesis and on the chemical

nature and distribution of the oxide compounds of the promotors, which

remain unreduced during the final treatment of the catalyst.

The systematic investigations of the effect of promotors on different

properties of ammonia synthesis catalysts involved measurements of the

electric conductivity of synthetized catalysts, whose promotor content corre

sponds to available industrial types of catalysts.

Few data (5,6) have been published on the conductivity of these systems

and they mainly refer to pure oxides, i.e. to magnetite or a— Fe20s.

In order to investigate the effect of the mode of synthesis of the oxide

form of catalysts on electric conductivity, catalysts were synthetized by

thermal treatment of hydrated iron oxides obtained by precipitation from

corresponding nitrates and addition of promotors, and by melting natural

magnetite to which promotors were previously added in different ways.

The number of promotors, the mode of addition and the chemical nature

of the starting compound by which some of the promotors were added,

varied.

EXPERIMENTAL

a) Synthesis of catalysts

In all samples synthetized by precipitation, a bulk of hydrated iron and aluminium

oxides was formed by precipitation with 10% ammonium hydroxide from a 10% solution

of iron nitrate and aluminium nitrate at room temperature, at pH 9. The ferroalumogel

447
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precipitate was filtered, washed until reaction on nitrates stopped, then formed by extru

sion and dried in air for four hours at 140'C After addition of promotors, all samples

were annealed for four hours at 400°C.

Samples with two, three, four and five promotors were synthetized. The amounts

of potassium, calcium, magnesium, aluminium, silicon and samarium oxides as promotors

varied from 1 to 3% of each promotor. They were added in the following way: — potas

sium oxide — by soaking dried and extruded ferroalumogel in an alcoholic solution of

potassium hydroxide, removing alcohol in vacuum, or by precipitation with ammonium

hydroxide from potassium nitrate together with ferroalumogel;

— calcium oxide — by mixing lime milk with a moist paste of filtered ferroalu

mogel, by precipitation from the nitrate together with iron and aluminium, or by soaking

dry ferroalumogel with a calcium acetate solution;

— magnesium oxide — as MgO powder, p. a., by mixing with precipitated ferro

alumogel or by precipitation from nitrate together with iron and aluminium;

— silica — as Si02 powder, p. a., granulation less than 70 mesh, by addition with

mixing during ferroalumogel precipitation, or in the form of an organic compound of

tetraeth oxysilane by pouring it out drop by drop into the solution during precipitation

of iron and aluminium hydroxides;

— samarium oxide — by mixing Sm203 powder (purum), during the precipitation

of iron and aluminium hydroxides.

The number of added promotors in the samples synthetized and the mode of their

addition are given in Table 1 .

TABLE 1

Mode of promotor addition to the catalyst*

^^^^promotor 1

sample ~"""""~-\|

K20 CaO MgO SiOa Sm203

F-I-a by soaking

with KOH

- - - -

F-I-b

99

mixing

with lime

milk

- - -

F-I-d 99 »
—

Si02

powder

F-II-b soaking

with KOH —

from

nitrates - -

F-V-C form

nitrates

from

nitrates

tetra

etoxysilane

F-VI-a soaking

with KOH

mixing

with lime

milk

- -

-
99

-

F-VII-a 9) soaking from

nitrates

99

with

acetate

F-VIII-a 99
— — — Sm2Os

powder

F-VIII-b 99
— — Si02

powder

Sm203

powder

* Al203 was added to all samples by precipitation from nitrate together with iron.

The sample F-VIII-a does not contain aluminium oxide.
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For catalytic synthesis by melting magnetite, the basis was natural magnetite from

the deposits of "RUDNA GLAVA", purified by wet magnetic separation. To both synthe-

tized samples, potassium calcium, magnesium and aluminium oxides were added. Silicon

dioxide was not added, since it was contained in natural magnetite. To one sample, deno

ted by MB-1, promoters were added in the following way: by precipitation on the sus

pension of powdered magnesium oxide and magnetite (Al (OH),), by mixing with the

paste (CaO), and by soaking, (KOH). To the sample denoted by MB-2 all promotors were

added in the form of dry oxide powders, p.a. purity, by homogenization on a rotation mixer

for 12 hours. In both cases magnetite with promotors was melted at 1600°C under condi

tions which, in the available furnace, would mostly prevent a shift of the stoichiometric

ratio Fe2+/Fe3+ = 0.5 on which, inter alia, the catalytic properties of the catalyst depend*1'.

b) Electric conductivity measurement

The electric conductivity was measured in a "sandwich" type cell with platinum

electrodes. Resistance measurements up to 10s Ohm were performed in direct current

of 4 V, by the compensation method. Higher resistances of the catalyst tablets were re

gistered with a megaohmmeter, type Bruel and Kaer (Denmark).

The conductivity changes of the synthetized samples were observed in vacuum,

in nitrogen and in air, over the temperature range 100 to 450°C. The measurement cycle

in different atmospheres was identical for all the samples synthetized and consisted in

heating the tablets in vacuum up to 450°C, then keeping them at this temperature until

constant resistance was reached and cooling them with permanent evacuation. This cycle

was repeated twice, the resistance being registered at every 50°C. Then a stream of nitro

gen over the tablet cooled to room temperature was allowed to pass and the resistances

during heating and cooling recorded. The tablet was then evacuated for 30 minutes and

the conductivity measured during heating and cooling in air. In all cases the tablet was

kept for about 30 minutes at 4S0°C, for resistance stabilization.

RESULTS AND DISCUSSION

The results of electric conductivity measurements are grouped accor

ding to the mode of catalytic synthesis. Because of the more uniform tem

perature change, the conductivities in all cases were observed during cooling.

A good reproductibility was obtained as in the previous measurements,

each curve presenting the results from one measuring cycle.

I. Catalysts synthetized by melting magnetite.

a) Effect of the mode of adding promotors.

The dependences of lg a on 1 /T obtained for natural magnetite (after

melting), for two synthetized catalysts on magnetite basis to which pro-

motors were added by different methods (MB-1 and MB-2) and for one

commercial sample of industrial catalyst (D), are shown in Figs. 1, 2, 3 and 4.

The electric conductivity of all the samples tested does not change

uniformly with changing temperature. Two regions with different activa

tion energies were observed. The calculated activation energies for inter

vals of linear dependence of lg er on 1 /T in vacuum, nitrogen and air, are

shown in Table 2.

The more similar behaviour of conductivity change and the mutually

closer values of calculated activation energies in the lower and higher tempe

rature interval for the samples MB-2 and D can be ascribed to the effect

of the similar procedure of promotor addition during catalyst synthesis.

This effect is also manifested in the higher activation energies in compa-

rasion with the sample MB-1 to which promotors were added in another

way.
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In explaining the effect of the mode of promotor addition on electric

conductivity, one should bear in mind the specific structure of the catalysts

for ammonia synthesis obtained by melting magnetite with promotors.

Besides the appearance of structural defects in the mass during melting,

around the magnetite grains different mixed oxides are formed by the inter

action of the promotors or by their reaction with iron oxides. These compo

unds are partly dissolved in glass phase formed by silica and, partly, because

0-

 

_i 1 1 1 1 1 1 ».

{4 (,6 f,8 2,0 2p. 2h 2fi 1/TIO3

Fig. 1 . Dependence of lg a on 1 /T for natural magnetite (melted)
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TABLE 2

Activation energies of the electric conductivity of samples obtained by melting magnetite

Sample

vacuum

E, eV

nitrogen ait

MB-1
0.32 (100

0.42 (350

-350°C)

-450°C)

0.25 (100-350°C)

0.52 (350-450°C)

0.38 (100-

0.68 (200-

-200°C)

-450°C)

MB-2
0.29 (150

0.80 (250

-250°C)

-450°C)

0.48 (150-300°C)

1.22 (300- 450°C)

0.67 (150-

1.44 (280-

-280°C)

-450°C)

D
0.42 (215-

1.10 (300

-300°C)

-425°C)

0.57 (215-350°C)

1.24 (350-425°C)

0.41 (125-

1.54 (260-

-260°C)

-425°C)

Melted

magnetite
0.60 (200--450°C) 0.95 (250-450°C)

0.61 (150-

0.85 (300-

-300°C)

-450°C)

-1096

oh
• Vaciuun

t Witrogen

Air- 

f> (6 1,6 2,0 2,2 2{t 2,6 t/T103

Fig. 2. Dependence of lg a on 1/T for the MB-1 catalyst
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of the similarity of structure, can be incorporated in the structure of magne

tite spinel*4'. In addition, cations from promotor oxides, whose ionic radii

are smaller than the magnetite lattice parameter, can be incorporated into

the spinel lattice. All these phenomena inevitably affect the nature of the

catalyst electric conductivity.

Our experimental conditions of measurement by direct current or by low

frequency current make it possible to determine from the results obtained

the shares of the magnetite intrinsic conductivity and transfer of electricity

over the surface in the total conductivity. For clear mutual separation

of these two types of conductivity, it is necessary to carry out measurements

over a wider range of frequencies.

The obtained differences in the activation energies, (E), shown in Table 2,

undoubtedly indicate that, in the lower temperature intervals a conducti-

-loglD

0 -

• Vacuum

> Nitrogen
 

Fig. 3. Dependence of lg a on 1 /T for the MB-2 catalyst
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vity predominates which, according to E, corresponds to the surface con

ductivity, i.e. to the conductivity of the additives. At higher temperatures

activation of defects in the magnetite mass takes place with a larger expen

diture of energy and, at the same time, diffusion of these defects over the

surface of the catalyst*6*.

The observed differences in the specific conductivity of the samples

tested may partly be ascribed to the different ratio of bi- and trivalent iron

in molten catalysts.

The specificity of magnetite as a semiconductor consists in its inver

sion spinel structure which can be expressed by the following formula:

[Fe+3/ j+j t] [Fe+3Fe+2/ FR 0] O4-2

[+] t — Symbol for normal tetrahedral cation site

j+j o — Symbol for normal octahedral cation site

Exchange of electrons between ferro- and ferri-ions in octahedral

coordination is ascribed to the exceptionally low resistance of this oxide,

-I096

0

 

31 , , , , , , ,—_

iff 1,6 1fi 2,0 2,2 2/t 2/5 f/7KT

Fig. 4. Dependence of lg ct on I /T for a commercial sample of industrial catalyst (T)
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even in the absence of defects*7*. The shift of the Fe2+/Fe3+ ratio during

magnetite melting changes the equilibrium of the valency state, disturbing

thereby the electron transitions as well.

A chemical analysis*1' has shown that the Fe2+/Fe3+ ratio in the MB-1

and D samples is 0.66 and 0.50, respectively; their specific conductivities

in nitrogen and in vacuum are of the same order of magnitude. In the MB-2

sample and in molten natural magnetite without promotors, the ratio of

bi- and tri- valent iron is shifted towards much higher values (1.02 and 0.94,

respectively), which results in a certain decrease of specific conductivity.

b) Effect of melting.

Within the framework of investigations of the changes which occur

during melting in magnetite, as the catalyst basis, the electric conductivity

of natural magnetite was measured before and after melting.

Changes in specific conductivity with temperature for a nonmolten

and molten sample of natural magnetite are shown in Figure 5. After out-

gassing the sample surface and stabilizing its electric conductivity in vacuum,

the resistances were measured during heating and cooling in air, the cycle

in air being repeated.

i heating in Air I

k cooling m Air I

• heating in Air II

o cooling in Air £

loq f",

 

i heating in Air I

i cooling in Air I

• heating in Air I

 

20 2,2 2> UT^»,1,6 (8 2,0 2,2 2,<r //MO3

a b

Fig. 5. Dependence of lga on 1/T on heating and cooling in air for magnetite before

and after melting

Nonmolten natural magnetite shows the characteristic behaviour of

the conductivity during heating. The conductivity decrease at temperatures

above 250°C, which is not observed in molten magnetite, may be ascri

bed to surface oxidation of the magnetite grains, which, in air, takes place

near this temperature. Comparison of the first and the second cycle of hea

ting in air shows that, as distinct from molten magnetite, the conductivity

in natural magnetite was not stabilized during the first cycle of heating.
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II. Catalysts synthetized by precipitation.

Calculated values for activation energies of electric conductivity for

precipitated catalysts, in different atmospheres, are presented in Table 3.

TABLE 3

Activation energies of the electric conductivity of catalysts synthetized by precipitation

Catalyst

F-I-a

F-II-b

E, eV

vacuum nitrogen air

1.26

0.61 (125 -260°C) 1.10 (170 -21 5°C) (170 - 260°C)

1.56*

1.52 2.58

1.72 (260-425°C) (215-425°C) (260 - 425°C)

1.28* 2.58*

1.29 (150-350°C) 1.37 (150-350°C)

F-I-b 1.95 (150~450°C)

1.72 (350-450°C) 0.93 (350-450 C)

F-I-d 1.24 (150-450°C) 1.66 (150-450°C) 1.21 (150-450'C)

1.15 1.39 1.28

(150-250°C) (150-250°C) (150-300'C)

1.25* 1.59* 1.28*

1.48 1.64 1.70

(300 - 400°C) (300-450°C) (350-450°C)

1.82* 1.64* 1.27*

1.95 (215-260°C) 2.10 (215-300°C)

F-V-c 1.36 (260 - 425°C)

2.70 (350 -425°C) 1.60 (300-425°C)

1.24 (150-250"C) 1.50 (150-300 C)

F-VI-a 1.02 (100 300°C)

1.76 (250 400'C) 2.05 (300 450 C)

0.95 (125-260"C) 1.04 (170-215°C)

F-VII-a 0.79 (125-400°C)

2.12 (200 -425°C) 1.90 (215-425 C)

0.99 (150-300°C) 1.69 (150-250"C)

F-VIII-a 1.42 (150-400'C)

3.00 (300-450 C) 1.22 (250-450°C.

1.34 (125 -350°C) 0.95 (125-300°C)

F-VIII-b 0.57 (170-425 C)

2.10 (350-425°C) 1.79 (300-425°C)

* In order to estimate the error made by graphical determination of activation

energies, the least-square method was applied in the case of some samples with larger

straggling of experimentally determined electric conductivities. The calculated values

of activation energies are marked in Table 3 with asterisks. In some temperature inter

vals the differences in activation energies are somewhat larger, which is caused by the

discrepancy in the values of measured resistivities. In other samples the agreement was

as satisfactory as in the case of molten catalysts in which two methods for activation ener

gies determination were used, too.
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The method of catalyst synthesis by precipitation makes it possible

to observe the effect of the number of promotors, the mode of promotor

addition and the nature of the starting compound from which the promotor

was taken, on the electric conductivity of the catalyst.

a) Catalysts with various number of promotors.

Figure 6 presents diagrams for the dependence of lgo- on 1/T, obta

ined in vacuum, nitrogen and air for catalysts in which two (F—I— a), three

(F— I—b) and four (F—I— d) promotors are present.

 

'A ifi <fi 2p 2,* 2.6 l/TIO*

a

 • Vacuum

A Air

 

I,' (,6 (1 Ifi ip. 2-f l/TW

C

Fig. 6. Dependence of lg a on 1/T for samples with a different number of promotors

a) F-I-a b) F-I-b c) F-I-d

An analysis of the diagrams has not shown any specific dependence

of electric conductivity changes on the increasing number of added promotors,

although there are differences in the activation energy, i.e. in the slope of

electric conductivity curves as a function of temperature in various gaseous

atmospheres. Increased number of promotors yields a more uniform

change in conductivity with temperature, and smaller differences in acti

vation energies and specific conductivities in different atmospheres. This

points out the role of promotors in the structural stabilization of the catalyst.

b) Catalysts with promotors added by different procedures.

A comparison of the samples to which the same promotors were added

in different ways i.e., by mixing the oxides and soaking (F-I-d, Fig. 6c),

or by co-precipitation of all promotors from corresponding nitrates (F-I-c),

has shown that the effect of atmosphere on electric conductivity changes

is less pronounced in catalysts to which promotors are added by mixing

and soaking than in catalysts with co-precipitated promotors in which the

conductivity is considerably different in different atmospheres (Fig. 7).

In this sample, a considerable decrease in conductivity in air and in vacuum

is observed over the entire temperature range investigated.
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Besides this, the activation energies in air in catalysts with promotors

added by precipitation are also higher in some temperature intervals (Table 3),

which results from the effect of the atmosphere and the mode of promotor

binding in the catalyst. As distinct from the samples obtained by magnetite

melting the precipitated samples are more or less hydrated oxides of tri-

valent iron with small contents of Fe+2 cations (0.2—0.4%). Co-precipi

tation of iron hydroxides with promotor hydroxides yields stronger mutual

bonds in mixed gels, which are converted by thermal treatment into mixed

oxides. This phenomenon is more pronounced in the case of potassium,

calcium and magnesium.

c) Catalysts with promotors added in different chemical forms.

The effect of the compound from which the promotor was added to

the catalyst was observed in the case of silicon addition. To the sample

F-I-d, silicon was added as SiC>2 powder, while to F-VI-a, it was

added as organic compound. The obtained dependences of lg a on 1/T

for these two samples are shown in Fig. 8.

 

-log

 

if, If, Ifi If) 2,2 2/, 2,6 f/ MO'

a

i/t if, /a ?p 2,2 2> 2,6 vr-sr

b

Fig. 8. Dependence of Iga on 1/T for samples with promotors added from different

starting compounds, a) F-I-d b) F-VI-a

The specific conductivity of both samples lies within the same range

of conductivity and the conductivity changes are very similar. Only the

effect of the atmosphere is slightly less pronounced in catalysts with promo

tors added as silicon dioxide.

Within the framework of investigations of a series of possible effects

of promotors on catalyst properties, a comparison was also made of the

effect of the chemical nature of cations close to one another either according

to the place in the periodic system of elements or according to the proper

ties of their oxides. For this purpose, a part of the calcium or the whole

amount of it was replaced by magnesium.
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Diagrams for the dependence of lg (T on 1 /T for samples in which a

part of the calcium (F-VII-a) or the whole amount of it (F-II-b) was repla

ced by magnesium, are shown in Fig. 9.

 

16 l,B 1,0 22 2,<r 2,6 1/TIO* t* (6 1.9 2,0 2fL 2/, 2fi 1/TIO>

a b

Fig. 9. Dependence of lgd on 1/T for samples with contents of calcium and magnesium.

a) F-VII-a b) F-II-b

In the sample in which one half of the calcium was replaced by magne

sium (F-VII-a), a considerable decrease was observed in conductivity in

air as compared to that in nitrogen atmosphere. In comparison with the

sample containing only calcium (F-I-d, Fig. 8), the specific conductivity of

this sample in nitrogen is considerably higher, whereas the activation energy

is lower.

In samples containing three promotors (F-I-b), replacement of the

whole amount of calcium by magnesium (F-II-b) also brought about certain

increase in conductivity in nitrogen.

The positive effect of the presence of magnesium oxide, besides cal

cium oxides, on the increase of electric conductivity may also be related

to the increase of activity of catalysts in which one half of the calcium is

replaced by magnesium, in the reaction of ammonia synthesis<2,.

Addition of samarium oxide instead of aluminium oxide (F-VIII-a)

or instead of alkaline earth oxides (F-VIII-b), caused a sharp increase in

conductivity in the temperature interval 350— 450 C (Fig. 10).

In the sample F-VIII-b, containing silica, the increase in conductivity

is smaller; however, in this sample the conductivity in air is considerably

lower than that in nitrogen, analogous to the sample in which calcium and

magnesium oxides are simultaneously present (F-VII-a).
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In general, at temperatures above 400°C, the conductivities of the

samples in which samarium is present are by one order of magnitude higher

than those of other investigated samples, while in nitrogen atmosphere,

this increase is even more pronounced.

 

V> V 2,0 XI 2ft 2* 38 f/T K)3

a

1,4 1,6 p zp 2,2 2,* 1/Tto'

Fig. 10. Dependence of lgo on 1/T for samples with samarium oxide as promotor.

a) F-VIII-a b) F-VIII-b

CONCLUSION

After an analysis of the results of electric conductivity measurements

in the samples obtained by melting magnetite and precipitating hydroxides,

the following may be concluded :

— Catalysts based on magnetite in oxidized form have considerably

higher specific conductivities than those obtained by precipitation. The

range of electric conductivity changes in the tested temperature interval

from 100 to 450°C is, however, larger than in precipitated samples and

varies from 10~8 to 10 4 Ohm^cm1, whereas the conductivity changes

in melted samples lie in an interval of two orders of magnitude.

— Activation energies are lower in melted catalysts in the entire inve

stigated temperature interval, in comparison with those in precipitated ones.

— Although the pure components which enter in the synthetized

catalysts are, by their nature, n-type semiconductors, investigations of elec

tric conductivity carried out in vacuum, nitrogen and air have not revealed

any clearly manifested type of semiconductivity of precipitated samples.

In the case of magnetite, a decrease in conductivity in air implies that M-type

conductivity predominate? . For a precise determination of the type of con
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ductivity it would be necessary to perform conductivity measurements in

an atmosphere of donor gas, which is, in the case of precipitated oxides

of iron and magnetite, associated with the reduction of the catalyst, this

being followed by the removal of a large amount of water, which leads to

interferences in resistance measurements.

— The nature of the promotors investigated affects the electric conduc

tivity of catalysts, which is particularly pronounced in the case of magnesium

and samarium.

— The mode of promotor addition affected the shift of the tempera

ture range in which the intrinsic conductivity of the oxidized catalyst was

manifested.

SUMMARY

The effect of the mode of synthesis of the oxide form of ammonia syn

thesis catalysts on electric conductivity was investigated on two groups of

catalysts obtained from precipitated iron hydroxides with addition of pro-

motors and from natural magnetite by melting with promotors.

Within the framework of investigations of the effect of each promotor

on catalyst properties, changes in the specific conductivity and activation

energy of conductivity were observed in relation to the nature of the promotor

and the mode of promotor addition to the catalyst. The number of pro-

motors in the catalyst and the starting compound from which the promotor

is added, varied.

Electric conductivity changes of the samples synthetized were observed

over the temperature range 100 to 450°C in vacuum, nitrogen and air.
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IIPOMEHE EJIEKTPHHHE nPOBOJUBHBOCTH HEPEJIYKOBAHHX

KATAJIH3ATOPA 3A CHHTE3Y AMOHHJAKA Y 3ABHCHOCTH

OR HA1HHA CHHTE3E KATAJIH3ATOPA H nPHPO^E nPHCYT-

HHX IIPOMOTOPA

Ofl

BOJAHE fl. AJIEKCHTi h AHE TEPJIEHKH-EAPI«EBH,B.

YTHuaj Ha^Hna cmrreae okchzutoi" oGjintca KaTa-nnsaTopa 3a CHHTe3y

aMOHHjana Ha ejieHTpntHy npoBo/ytiiBocT iicnuTHnan je na ziBeAia rpyna.wa

KaTajiH3aTopa aoGhdchhm H3 Ta.'io>Kennx xnnpoKcitna ruo>Kr)a ya Ao/uiTaK

npoMOTopa h H3 npHpo/mor AtarneraTa TonjbetteM ca npoMOTopitivia.

Y CKJiony HcriHTHBaHsa yTHuaja nojeflHHHX npoMOTopa Ha cuojcTim

KaTaJiH3aTopa nocMaTpane cy npo.weiie cneuii(})HMne npoBOfljLHBocrH h enep-

raje aKTHBannje npoBoFjetba y 3aBiicnocni oa npupoae npoMOTopa Kao h
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oa HaiHHa yHomeaa npoMOTopa y KaTajiii3aTop. IlpH TOMe cy BapwpaHH

6poj npoMoropa y KaTanioaTopy h npHpoaa nojia3Hor jeflHH>eit>a H3 Kora

je yBeaeH npoiworop.

ITpoMeHe ejieKTpHMHe npoBo;rjbHBOCTH CHHreTH30BaHHX y3opaKa npa-

heHe cy y TeiwnepaTypHOM HHTepBany on 100 ro 450°C y BaKyyMy, a30Ty

h Ba3ayxy.

Hhctht>t 3a xeMHjy, TexHOJiorajy h MeTajiypinjy, ITpHMJbeHO 29. MapTa 1972.
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For many years interest in the chemistry of heterocyclic steroids has

been directed only to the heterocyclic steroids containing a hetero-ring

connected to or fused to the ring D of steroid nucleus, mainly because such

compounds can be correlated with the structure of some important natural

products (1). However, in the last few years heterocyclic steroids having

a hetero-ring fused to the ring A of steroid nucleus have also been studied

extensively. New synthetic routes for providing the heterocyclic steroids

of this type were found, prompting still more investigations of this class of

steroids (2). As our contribution, we wish to present a simple 2-step method

for the synthesis of the title steroids (3).

The title steroids have already been described in the literature (4,5).

The first method (4) involves 1,4-addition of the Corey reagent onto the

dimethylaminomethyl derivative of estrone or estradiol, while by the second

furo-steroids are obtained through the reaction of difluorocarbene with

2-methoxymethylene-3-keto steroids (5). The common feature of both

reported methods is that they can hardly be used as a straightforward route

for the preparation of these steroids.

As starting materials for our synthesis of the title steroids we used

2-iodo derivatives of estrone or estradiol (I, II). These compounds can

easily be ensured by iodination of estrone or estradiol in AcOH and in the

presence of mercuric salts as catalysts (6). In the next step these 2-iodo

derivatives are reacted in boiling pyridine with different cuprous acety-

lides (7) affording, via hypothetic 2-alkynyl-estrones or estradiols*, the

new fUran steroids :

* In fact, these obvious intermediates in this substitution reaction (8) could not

be isolated because spontaneous cyclization took place affording furans III— VIII.
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The new furans III-VIII, after chromatographic purification on a

silica gel column (see Experimental), were obtained as white crystalline

compounds in ca. 70% yields (based on the starting estrone and estradiol).

Their structures were easily confirmed taking into account both spectral

and chemical evidence. Thus, for example, the compound III has the follo

wing spectral characteristics: IR spectrum (KBr): 1744 (carbonyl), 1212,

1144 (C-O), and 885 cm"1 (1,2,4, 5-tetrasubstituted benzene); NMR spec

trum (CCU+TMS): singlet at 6.22 8 (4'H), singlets at 7.00 and 7.26 8

(aromatic protons of benzene ring) ; Mass spectrum : maxima at 336 (mole

cular ion MH ) and 307 mass units (Mh— C2H5).

The chemistry of the furans III-VIII was not studied in detail; never

theless, few attempts were made to carry out the hydrogenation of these

compounds. Although various conditions for hydrogenation were employed

(ethanol and ethyl acetate as solvents; PtO-2 and Pd as catalysts; molecular

H2 at atmospheric and higher pressures) the steroids III-VIII resisted

hydrogenation, and hydrogenation products could by no means be isolated.

Even the more reactive 4' — 5' bond in the furan part of the steroid compound*

failed to hydrogenate and dihydrofurosteroid derivatives were not obtained

either. It is difficult to explain this lack of reactivity of the title steroids

in the hydrogenation reaction. However, since some benzofurans of the

non-steroid nature can be hydrogenated (9), for the time being it can be

assumed that the reactivity of the aromatic portion of the molecule is inhi

bited by an impact of the rest of the steroid compound.

* That this bond has a somewhat more pronounced "olcfinic" character as compared

to other bonds in the benzofuran portion of the steroid molecule can be seen from the

following mcsomeric structures (dipolar structures are omitted since they are less impor

tant) :
 

Therefore, this bond should have enhanced reactivity in some reactions.
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An attempt was also made to stop the substitution reaction in the

intermediate phase, i.e. before the cyclization took place (see Scheme,

supra), since 2-alkynyl-estrones could be used as valuable intermediates

for the preparation of otherwise not easily accessible 2-alkyl-estrones (10).

Therefore, the hydroxy group in the starting 2-iodo-estrone (I) was pro

tected either by O-methylation or acetylation and compounds IX and X

were obtained. Compound IX, i.e. methyl ether of 2-iodo estrone, under

the reaction conditions quoted above, failed to react with cuprous acety-

lides. Again, this result can be attributed to the influence of the steroid

nucleus, since it is known that o-iodo-methoxybenzene, for example, reacts

readily with different cuprous acetylides affording high yields of the corre

sponding substitution products* (11).

On the other hand, O-acetyl derivative of 2-iodo-estrone (X) reacted

smoothly under the same conditions, but as non-acetylated 2-iodo-estrone

yielded the same cyclic products III-VIII. In the subsequent few experi

ments pyridine was replaced by other aprotic solvents, including DMF

and DMSO, which were known as good alternates for pyridine in this

substitution reaction (II). However, no reaction occured and no further

efforts to bring it about were exerted at this stage.

Investigations of some other aspects of the chemistry of furansteroids

are in progress.

EXPERIMENTAL

The melting points are not corrected. IR spectra were measured on a Perkin-Elmer

337-G infrared spectrophotometer in KBr pellets. NMR spectra were taken in CCU or

CDCI3 solutions with TMS as internal standard on a Varian Associates A-60 instrument.

Mass spectra were recorded using a Varian CH-5 mass spectrophotometer. For TLC

chromatography silica gel G (Merck) was used, and plates were eluated with 9 : 1 benzene :

ethyl acetate mixture. The spots were developed using H2SO4 or iodine chamber. For

column chromatography Merck silica gel of 0.08 mesh was used.

Starting materials

Cuprous acetylides were prepared by reacting cuprous sulphate with the appro

priate acetylenes (12). After careful washing and drying they could be stored in tightly

stoppered bottles for a long time.

2-Iodo-estrone was made from estrone by a procedure described in the literature

(6). However, in our hands this reaction gave slightly lower yields (averaging 85 —90%)

and in order to obtain a pure sample of 2-iodo-estrone we had to purify it chromatographi-

cally (m. p. of the pure sample is 180 C with dec). Similarly, 2-iodo-estradiol was prepared

by iodinating estradiol (6), but again a pure sample could be obtained only chromato-

graphically.

General procedure for the synthesis of estra-l(10),4-dieno-(3,2-b) furans

A three-necked flask equipped with a magnetic stirring bar, a nitrogen inlet and

a reflux condenser connected to a mercury trap was flushed with nitrogen and sharged

with 1 50 ml. of anh. pyridine. The solvent was stirred under a nitrogen sweep for 30 minu

tes. Under nitrogen, 0.015 mole of the corresponding cuprous alkyl or aryl acetylide,

respectively, and 0.015 mole (5.85 £) of 2-iodo-estrone were added. The stirred mixture

was heated in an oil bath to 100° and kept at this temperature for 3 hours. A slow nitrogen

stream was passed through the apparatus during the course of the reaction. After cooling,

* Because of the electron-donating properties of the methyl group the electron

density on the oxygen atom is slightly increased. This should lead to the faster reaction

since it is assumed that the first step of this reaction involves complexing of the acetylide

by the nucleophilic oxygen.



TABLE1

multipletsat

7.34and7.74NMR(S)
6.22(s,IH) 6.98(s,IH) 7.24(s,IH) 6.20(s,IH) 7.05(s,IH) 7.34(s,IH) 3.93(t,2H) 6.41(s,IH) 7.14(s,IH) 7.38(s,IH) (7H) 6.23(s,IH) 7.05(s,IH) 7.27(s,IH)

Spectral

1750(C=0)

1215,1146(C-O)

880

1750(C=0)

1215,1144(C-0)

878

3530(OH)

1730(C=0)

1210,1138(C=0)

1063(C-O)875

1742(C=0)

1210,1185(C-O)

880

3470(OH)

1218,1182,

1145,1058(C-O)

879

IR(cm-■)

(c=1.0,

CHCls) +180° +130° +130° +170°
+1003

+50°

m.p.

(recryst.solvent)
125°(acetone) 145°(acetone) 129°(acetone)

176°(MeOH)
188°(acetone)

160°(MeOH)

124- 143- 128- 174- 186- 158-

ElementalAnalysis

Calcd.(Found)

CH

82.1(82.0)8.4(8.4)
82.2(82.3)8.6(8.6)

82.5(82.4.9.1(9.0)
78.1(78.4)7.7(7.8) 84.3(84.4)7.1(7.2) 81.6(81.5)8.9(8.7)

Yield 68.9 65.4 63.4 60.1 71.2 61.1

(%)

17-keto-5'-hvdroxvethvl-estra-l(10),4-

-dieno[3,2-b]furan(VI)

17-hvdroxv-5'-propvl-estra-1(10),4- -dieno[3,2-b]furan(VIII)

17-keto-5'-propyl-estra-l(10),4- -dieno[3,2-b]furan(III)
17-keto-5'-hutyl-estra-l(10),4- -dieno[3,2-b]furan(IV)

17-keto-5'-hexyl-estra-1(10),4-
-dieno[3,2-b]furan(V)

17-keto-5'-phenvl-estra-l(10),4-
-dieno[3,2-b]furan(VII)

Compound
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the reaction mixture was poured into a beaker containing 2 / of aqueous ammonia solution.

The precipitate was filtered off, and the solid substance obtained was boiled in a small

amount of CHCI3 for ca. 30 minutes. The hot chloroformic solution was filtered (to

remove any Cul left), dried over magnesium sulfate and then concentrated in vacuo with

a rotary evaporator affording crude III as a dark brown oil. This oil was chromatographed

on a silica-gel column (100 #) which was eluated with benzene containing 3% of ethyl-

acetate. Fractions containing the least polar product were collected and evaporated yiel

ding corresponding pure crystalline 5'-substituted-l(10),4-dieno-3,2-b furans.

The characteristics and yields of the furan steroids III-VIII are given in Table 1.

The compound VIII was obtained when 2-iodo-estradiol (II) was reacted with cuprous

n-propylacetylide under similar reaction conditions.

Methyl ether of 2-iodo-estrone (IX)

This compound was prepared by O-methylation of 2-iodo-estrone using the stan

dard methylation techniques. The following amounts of the reactants were employed:

5.85 g. (0.015 mole) of 2-iodo-estrone, 60.8 g. (0.045 mole) of dimethyl sulfate, 26.0 g.

of NaOH (0.65 mole) and 80 ml. of MeOH as solvent. As indicated by TLC the reaction

was completed in about 5 hours. The reaction mixture was poured into ice-cooled water

and the precipitate formed was filtered off. After the crystallization from MeOH, an amo

unt of 5.2 g. (86.6%) of pure methyl ether of 2-iodo-estrone (IX) was obtained, m.p.

170— 172°C. All spectral data confirmed this structure. Analysis: Calcd. for C19H23O2I:

C, 55.61; H, 5.63. Found: C, 55.52; H, 5.72.

O-Acetyl derivative of 2-iodo-estrone (X)

This compound was produced by a method described in the literature (6). 5.85 g.

(0.015 mole) of 2-iodo-estrone, 35.1 g. (0.45 mole) of anhydrous pyridine and 12.5 g. (0.15

mole) of AC2O were mixed together and the reaction mixture was left to stand overnight

at room temperature. The next day, the mixture was poured into ice water, and the preci

pitated product was filtered off. After crystallization from methanol-water, 3.8 g of. compo

und X (63.3%) were obtained, m.p. 172-173°C (lit. m.p. 176°C).

Attempted hydrogenation of 17-keto-5'-propyl-estra-l(I0),4-dieno-[3,2-b] furan (III)

Attempts were made to hydrogenate compound III under various reaction conditi

ons. Methanol, ethylacetate and dioxane were used as solvents, while PtC>2, Raney Ni

and Pd/C were employed as catalysts. Temperature ranged from 25° to 300°C, and pressures

up to 150 aim. H2 were applied. In all cases the unchanged starting material was recovered

in a yield higher than 95%.
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SUMMARY

A simple synthesis is described of a novel class of heterocyclic steroids

containing the furan ring fused to ring A of steroid nucleus. It is based on

the reaction of 2-iodo-estrone and 2-iodo-estradiol with different cuprous

acetylides in boling pyridine solution and in an inert atmosphere. The struc

ture of the novel estra-l(IO),4-dieno [3,2— b] furans is confirmed by

their spectral characteristics and partly by the chemical evidence.

A simple chemistry of the new furan-steroids is discussed.

Department of Chemistry, Received January 1 1 , 1973

Faculty of Science,

Beograd

and

Institute of Chemistry,

Technology and Metallurgy,

Beograd

4



468 M. STEFANOVKi, U. KRSTld and S. MLADfiNOVN*

H 3 B O H

XETEPOUHKJIHMHH CTEPOHJIH KOJH CAflPJKE

cpyPAHCKH nPCTEH KOHAEH30BAH CA nPCTEHOM

A CTEPOHflHOr JE3rPA

off

MHJIYTHHA CTEOAHOBHTiA, JLYEOMHPA KPCTHTiA

H CJIOBOJIAHA MJIAJXEHOBHUA

OiiHcaHa je npocra cHHTe3a HOBe miace xeTepoiTHKJiHtHHX crepowia,

ko)h caAP>«e 4)ypaHCKH npcreH KOHfleH30BaH ca npcreHOM A crepoHflHor

CKejiera, 3acH0BaHa Ha peaKUHjH 2-joa-ecTpoHa hjih 2-jofl-ecrpaflHOJia ca

pa3JiHwrHM KynpoaueTHJiHAHMa y KJbyiaJioM iihphahhckom pacrBopy h y

HHepTHojaTMOcc})epH.CTpyKTypaHOBHxecTpa,-l(10),4-flHeHO f3,2-fe] (pypaHa

noTBp^eHa je h>hxobhm cneKTpaJiHHM KapaKTepHCTHKajvia, a acjihmhiho h

npoyqaBaH>eM H>nxoBor xeMHjcKor noHauiaHba.

JjHCKyroBaHe cy HeKe xenuijcKe oco6hhc hobhx (hypaHCKHx crepoHfla.

ITpHpoflHO-MaTeMaTHnKH 4>aKyjrreT IIpKMJfeeHO 11. jaiiyapa 1973

KaTeApa 3a xeMMjy

Beorpaa

H

Hhcthtyt 3a xeMHjy,

TexHOJiorajy h iweTajiyprnjy

BeorpaA

REFERENCES

1. See, for example, Van Binst, G. and Nouls, J. C, J. Chem. Soc, (C), 150 (1970), and

references therein.

2. CrabbiP., Maldonado, L. /I. and Sanchez, J., Tetrahedron, 27, 711 (1970), and referen

ces therein.

3. Previous communication: Stefanovii, M., Krstic, Lj. and Mladenovii, S., Tetrahedron

Letters No. 36, pp. 3311-3312, (1971).

4. Lehmarm, H. G., Tetrahedron Letters, 607 (1968).

5. Derenberg, Af. and Philip Hodge, Chemical Communications, 233 (1971).

6. Hillmann-Elies, A.,Hillman, G.,and Schiedt, U.,Z. Naturforsch., 8b, 436-440 (1953).

7. Mladenovii, S. and Castro, C. E., J. of Heterocyclic Chem., 5, 227 (1968), and referen

ces therein.

8. Castro, C. E., Gaughan, E. J. and Owsley, D. C, J. Org. Chem., 31, 4071 (1966).

9. Entel, J., Ruof, C. H. and Howard, H. C, J. Amer. Chem. Soc, 73, 4152 (1951).

10. IriarU, J. and Ringold, H. J., Tetrahedron, 3, 28 (1958).

11. Castro, C. E. and Stephens, R. D., J. Org. Chem., 28, 2163 (1963).

12. Schlubach, H. H. and Wolf, V., Ann., 568, 141 (1950).



r.TtACHMK XEMHJCKOr flpyillTBA EEOrPAfl

BULLETIN DE LA SOCIETE CHIMIQUE BEOGRAD38 (1973)

OHDB-227 UDK 547.472-314:54-32:542.943:547.662

Original Scientific Paper

a-LACTONE INTERMEDIATES. PERACIDS OXIDATION OF

DIPHENYLKETENE

by

ZIVORAD CEKOVIC and RADAVA KALlCANIN

The a-lactone is one of the most intriguing molecules among the small

ring compounds. In the last few years these small heterocyclic ring systems

were extensively investigated, theoretically as well as experimentally, but

they have never been isolated and characterized as pure compounds. Howe

ver, there is a conclusive evidence that a-lactones (I) are involved, as reactive

intermediates, in several chemical transformations with different mecha

nisms.
 

■0=0

I

a-Lactones have been assumed to be reactive intermediates in some

nucleophilic displacement reactions e.g. the solvolysis of a-halocarboxylate

anions (1—4), decomposition of acetyl aroyl peroxides (5,6) and decompo

sition of certain peresters (7,8). A more detailed evidence on the real exi

stence of a-lactones was obtained by the photodecarboxylation of suitable

cyclic peroxides such as II (9,10). The a-lactone III was detected in solution

by IR spectrum and had carbonyl absorption at 1895 cm1 (10). A similar

observation in the ozonolysis of ketenes was reported (11).

0 

II
III
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It was assumed (12) that such an a-lactone intermediate was also invol

ved in the reaction of acetylenic compounds with peracids.

A variety of ingenious approaches have been used in attempt to generate

a-lactones (9—11); however, characterization of these elusive compounds

has been limited to IR and NMR observations and the preparation of several

derivatives in situ, but these compounds themselves have never been isola

ted because they are unstable even at —100° (10, 11).

Structurally similar compounds containing a sp2-carbon atom in a

three-membered carbocyclic IV ( 1 3, 1 4) or heterocyclic ring V and VI ( 1 5— 1 8)

were isolated and characterized.

r A /N\

IV V VI

We wish to report a new approach to the generation of a-lactones,

and an attempt of their isolation and characterization. Using peracids as

epoxidizing agents we wanted to incorporate an oxygen atom into the carbon-

-carbon double bond of the diphenylketene (VII) in order to form an epo

xide ring which, at the same time, has the a-lactone structure. Monoepoxides

of the type V of allenic cumulative double bond compounds were obtained

by using peracids as oxygen-transfer agents (15—17).

Thus in the reaction of diphenylketene (VII) with perbenzoic acid

(Villa) in methylene chloride at —50° in the presence of sodium carbonate,

under nitrogen, the following reaction products were obtained: benzophe-

none (IX) in 22%, a-benzoyloxydiphenylacetic acid (Xa) (4%) and poly

ester of benzilic acid (XI) in 30% yield. A similar ratio of reaction products

Ph^ Fh Ph

Ph-

C=C=0 + ArCOOOH — "TC=0 + ^C-COOH + 4-0—C-O-f-

Ph Ptr I

OAr

Ph 0

H

VII Villa IX Xa XI

VHIb Xb

Villa, Xa: Ar - C6U^

VHIb, Xb: Ar - -o-C5H4C00H

was obtained in the reaction of diphenylketene (VII) with monoperphthalic

acid (VHIb).

The acidic reaction products were isolated from the solid part of the

reaction mixture and the neutral compounds were isolated from methylene

chloride solution after removal of the solvent under reduced pressure at

temperatures lower than 0°, by chromatography on silica gel.
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It was not possible to isolate a compound having the a-lactone struc

ture from the reaction mixture. However, the formation of the isolated and

identified products should be explained at the best by assuming an initial

formation of an a-lactone intermediate. The mechanism of formation of

the a-lactone XIII probably involves two simultaneous reactions: a Baeyer-

-Villiger-like oxidation of ketones (similar to the initial step of ketone oxi-

^c=c—0 J^C=C— ou

Ph <» Ph ^0-3-C-Ph

S 0

VII VIII XII

Ptl

yO—Q—0

Ph>^<°0

Phx

XIII

0

Ph&O-O©

Ph^V

U~-(J-C-Ph

I

0

XIV

 

XHIa

C-COOH

COPh

Xa

Ph 0

-c—fc-o—I

I

Ph

XI

 

IX

dation by peracids) and epoxidation of double bond forming an intermediate

having the a-lactone structure. The reaction proceeds by nuclcophilic addi

tion of pcrcarboxylate anion onto the sp-carbon atom of diphenylketene

forming an intermediate (XII) as in the Baeyer-Villigcr reaction. The

1,2-migration of a 7t-bond from carbon to pcroxy oxygen and peroxy bond

scission could give rise to the a-lactone intermediate XIII. Although posse-

sing two phenyl groups attached to the lactonic ring, such a strained system
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is still unstable. It has been suggested that a-lactone intermediate XIII

may have open zwitter-ionic structure Xllla, because two phenyl groups

so delocalize the positive charge from the benzylic carbon, and only small

energy separates the cyclic form of an a-lactone XIII from its 1,3-dipolar

structure Xllla, as is the case of cyclopropanone (11, 14). Such a dipolar

structure was supposed to be involved prior the stable reaction products

formation (11).

The formation of benzophenone (IX) from the a-lactone intermediate

could be explained by nucleophilic attack of the percarboxylate anion (from

the VIII) on the dipolar structure Xllla affording anionic species XIV,

that undergoes decarboxylation yielding the benzophenone (Scheme 1).

However the formation of ketone IX can also be explained by a decarbony-

lation process of the cyclic form of the a-lactonic structure XIII. Loss of

carbon monoxide from XIII that occurs either spontaneously or induced

by a reaction with percarboxylate or carboxylate anion represents the second

possibility for the formation of benzophenone.

ph

^c-b-c=o — >3= 0 + CO

XIII IX

The benzoate ester of benzilic acid Xa (unstable compound) was ob

tained in the reaction of diphenylketene with perbezoic acid. The formation

of such an ester probably involves nucleophilic attack of carboxylate anion

onto the cyclic or dipolar structure of a-lactone intermediate XIII and

Xllla. The formation of this ester Xa could be explained only by involving

an a-lactone intermediate (Scheme 1).

The a-hydroxy acid polyester of type XI was the accompanying product

in all reactions involving a-lactone intermediates (9, 10, 11). For their forma

tion the zwitter-ionic structure of lactone intermediate Xllla is responsible.

It was reported that a-lactones arising from other precursors at temperatures

above —100° undergo mainly polymerization yielding the corresponding

polyesters (9—11). Since all our experiments were carried out at —50°,

such a relatively high yield of polyester XI is in accordance with the reported

results. In treating the polyester XI with strong alkali, partial hydrolysis

takes place and traces of benzilic acid are produced.

The reaction mixtures in all the performed experiments contained a

few per cents of diphenylacetic acid, a hydration product of diphenylketene.

EXPERIMENTAL

Diphenylketene. Benzilmonohydrazone was obtained by reacting benzil with hydra

zine sulfate in a 88% yield. Oxidation of benzilmonohydrazone with yellow mercuric

oxide yielded azibenzil (19).
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A solution of 15 g of azibenzil in 75 ml of dry benzene was placed in a dropping fun

nel fixed on a Claisen flask that was provided with a condenser mounted in such a way

that it could be heated in an oil bath. The temperature of the bath was maintained at 100 —

— 110°, and the solution of azibenzil was added slowly into the preheated flask. The reac

tion was performed under nitrogen. After the reaction was over, benzene was removed,

the yellow-red oily residue was distilled under reduced pressure (under nitrogen) and

diphenylketene collected at 146°/12 mm (20). An amount of 5.6 g (43%) of the product was

obtained. In the IR spectrum C=0 carbonyl bond has absorption at 2100 cm-1.

REACTION OF DIPHENYLKETENE WITH PERBENZOIC ACID

3.45 g (0.025 mole) of perbenzoic acid (140 m/ of methylene chloride solution) and

3.1 5 g (0.03 mole) of anhydrous sodium carbonate were placed in a three-necked flask,

equipped with a reflux condenser (protected by a drying tube), a dropping funnel, an inlet

tube for nitrogen and a magnetic stirrer. The reaction mixture was cooled to —50° in a

mixture of dry ice-acetone. A solution of 2.00 g (0.01 mole) of diphenylketene in 60 ml

of methylene chloride was added (under nitrogen) in the course of 3 hours while cooling

and stirring the reaction mixture. The mixture was stirred for one more hour and the

temperature maintained below —50"; the diphenylketene was completely consumed (the

presence of diphenylketene was controlled by IR spectroscopy observing the disappearance

of the bond at 2100 cm-1. The solid was separated from the solution by filtering and the

precipitate was washed with methylene chloride.

The precipitate (sodium salts of organic acids, sodium carbonate and polyester

XI), was dissolved in water. Undissolved material (0.7 g) was filtered off and identified as

a polyester of benzilic acid (XI) (35%). The polyester was a substance indissoluble in

solvents of diferent types, with a melting point not below 250°; IR spectrum: 1740,

1190, 1150, and 710 cm-1. In treating the polyester XI with 3 M methanolic solution of

of potassium hydroxide only partial hydrolysis takes place and traces of benzilic acid are

produced.

The alkaline solution in water, obtained after removal of the polyester, was acidi

fied with hydrochloric acid and a mixture of acids precipitated. The esterification of this

mixture was carried out by an ethereal solution of diazomethane. The methyl esters ob

tained were separated by gas chromatography (using a SE-30 column, at 160°). The main

product was methyl benzoate, while methyl diphenylacetate and methyl benzoyloxydi-

phenylacetate (methyl ester of Xa) were obtained in 4 and 4% yield, respectively. The

methyl ester of (Xa) was identified by mass spectroscopy, m/e 77, 166.

The solvent was evaporated carefully (from the methylene chloride solution) under

reduced pressure so that the temperature did not exceed 0° and the residual oil (0.7 g)

was chromatographed on silica gel (0.02 — 0.5 mesh) using a mixture of light petroleum-

-benzene as eluent. The benzophenone (0.4 g), m.p. 47° was isolated in a 22"„ yield and

characterized by IR and mass spectra as well as 2,4-dinitrophenylhydrazone derivative,

m. p. 235°. In addition it was possible to isolate a pure compound (25 mg) having the mo

lecular formula C]4Hi20, molecular weight 172, IR spectrum: 1820, 1200, 1075, 960 and

710 cm-1, but there was not enough evidence to propose a correct structure.

REACTION OF DIPHENYLKETENE WITH MONOPERPHTHALIC

ACID.

The reaction was carried out in the same apparatus as described above. The methy

lene chloride solution (75 m/) contained 9.\0g (0.05 mole) monoperphthalic acid; 12.72 g

(0.12 mole) of anhydrous sodium carbonate were placed in a cooled (- 50°) reaction flask

and 100 m/ of methylene chloride solution containing 3.00.? (0.015 mole) of diphenylke

tene were added during 3 hours.

The following reaction products were isolated in the way described above: benzo

phenone 0.43 £ (16%) and polyester of benzilic acid XI 1 .30 ^ (41%).
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SUMMARY

The oxidation of diphenylketene by perbenzoic and monoperphthalic

acid yields benzophenone and polyester of benzilic acid as the major reac

tion products. It was assumed that the formation of these products involves

an a-lactone intermediate which exists in a cyclic lactonic and an open 1,3-

-dipolar form.
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nPHJior no3HABAH>y kemhje

nOJIHOKCO-CnOJEBA p-KYMEHA

on

MAPHJAHA JIATiAHA h XYCEHHA UAHHTiA

KeiHHjcKa, 6HOJioim<a h (})H3HOJioiiiKa CBojcrBa nojiHOKco-cnojeBa h

hjdcobhx AepHBaTa (-AHKeroHH, l,5-AH-apiui-I,3,5-neHTaHTpHOHH h 1,6-ah-

-apHJi-l,3,4,6-xeKcaHTeTpoHH) cy HaM aajia #obojbho pa3Jiora 3a cHirre3y

hobhx Heo6jaB^>enHx cnojeBa ca p-KyiweHHJi- h p-KyMeHOHJi- rpynoM. Hewn

flepHBara nojiHOKco-cnojeBa />-KyMeHa cy Beh Hainjm npHMjeHy y cJ)apMa-

ueyrcKoj h cpo^KHM HHflycrpHjaMa (aHTHcemnK, aHTHTyoepKyjiacTHK, koh-

3epBaHCH, cpeflCTBa 3a 3aiiiTHTy 6wb&, ncnxocpapiwaun).

Claisen-OBOM KOHAeH3anHjoM ( 1 )/>-aueTHJiKyiweHa h flnemn-OKcaJiaTa

y MOJiapHoiw oiwjepy 2:1 y3 Na-eTHJiaT Kao KaTajiH3aTop Hacraje 1,6-flH-

-(p-KyMeHH^)-l,3,4,6-xeKcaHTeTpoH (I). Hcth peaKTamH y MOJiapnoM oMjepy

1 : 1 non pa3JiHiHTHM peaKipijcKHM yBjeTHAia aajy MOHOxH,zjpaT a,y-aHOKco-

-Y-/>-KyAieHHJiMacjiaHHe KncejiHHe (III) h H>eH eTHJiecrep (VII). Hcko-

pHiuTeH>a (I), (III) h (VII) OBHce o yBjera;wa K0HfleH3anHje n xhapojih3C

KoHfleH3aimjoM MOJia p-anerHJiKyMeHa h erajianeTaTa y cyBHuu<y, y3

moji cyxor Na-eTHJiaTa Hacraje p-KyiweHOHJianeTOH (IX).

PeararnjoM cnojeBa (I), (VII) h (IX) ca pa3JinnnTHM pearencnAia ,qo-

Shbchh cy xerepouHK.nmHH cnojeiiH i<ojH ca/ip>Ke ^-KyMemui-rpyny. Tano

KOHfleH3auHjoM cnoja (I) h o-cljeHUJieH^HaAuma y N,N-AHMera.i(})opMaMHAy

Hacraje 2,3-flH-(p-H3onponHJicl)eHaHHJi)-i<HHOKcaJiHH (II) (2). Cuoj (VII) ca

2,4-flHHHTpo(})eHHJixHZipa3HHOM (3) flaje era;iecTep 3 (5)-p-KyMeHHJi-l-(2,4-

-AHHmpo(^eHHJi)-nHpa30Ji-Kap6oHCKe KHcejiHHe (VIII). Cnoj (IX) ca 2,4-

-flHHHTpO({)eHHjIXHApa3HHOM flaje 3-MeTHJI-5-/>-KyMeHHJI- 1 -(2,4-flHHHTpO-

cj)eHH^)-rrnpa30Ji (X). Cnoj (IX) pearnpa ca 6aKpeHHM aneTaroM (4,5) h

HaTpnjeBHM aueTaTOM (1:4) npn ncmy ce ^oSnBa GaKpenn xe;iaT 6nc-(p-

-KyMenoHJianeToiia) (XI).

Cnoj (I) OKCunairnjoM ca ojiobo (IV) aneTaxoivi Tpaiic(J)opMai<HjoM nn:ta

(6) aaje 6-p-KyMeHHJi-3-/>-KyftienoHJi-3,5-/iHXHHpoHHpaH-2)4-,iiHOH (IV). JI,e-

Kap6oKCH.'ianHjoM cnoja (IV) ca cojihoiyi y onrcHoj khccjihiih (7) ce flo6nje

2,6-flH-(/>-KyMennji)-4-nnpoii (V). Cnoj (V) y eTano:inoM KOH pccj).iyi<-

cnpaifceM (7) /jaje 1 ,5-AH-(/)-Kyj\ieiiHJi)-l ,3,5-neHTaHTpnon (VI).

rio.'iHOKco-cnojenii (I), (III), (VI), (VII) h (IX) noi<a3yjy y IR-cnei<Tpy

KapaKTepncTn»me 3aje;nm'iKe ancopnnnjci<e Bpnne y no/ipyMjwvia oko 3450,

2950, 1690, 1600, 1540, 1280, 920, 810 h 780 cm a y UV-cneKTpy y no/i-

pyqjniwa 205, 260 h 365 ran, uito yi<a3yje na eno-iny CTpymypy cbhx cnojeBa.
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XljejioBaifceM />-T0jryeHflHa30HHjeBa KiopHfla Ha aicrHBHpaHy MemneHCKy

rpyny (8,9,10) flHKCTOHa (IX), TpHKerona (VI) h TeTpaKeroHa (I) y eTaHOJi-

hom KOH kojt 0 ao 4° 4o6hbch je l,5-jTH-(/>-TOJiHi)-3-p-KyMeHOHJi-<}jop-

Ma3aH (XII). OKCunaujijow cnoja (XII) c N-6poMcyKirHHHMH£OM flo6HBeH

je 2,3-flH-(/>-TOJiH^)-5-/)-KyjvieHOHJiTeTpa30JiHjeB 6poMHfl (XIII).

EKCnEPHMEHTAJIHH flHO

IR-cneKTpH cy CHHMJbeHH y KBr-nacnuiH Ha HHCTpyiweHTy PERKIN-ELMER

Infracord-137, UV/VIS-cneKTpH cy CHHMJbeHH y noroAHOM OTanajiy Ha HHCTpyiweHTy

PERKIN-ELMER UV /VIS-MOfleji 137 h NMR-cneKTpn cy CHHMJbeHH Ha HMcrpy-

MeHTy VARIAN A-60 y3 TeTpacHJiaH Kao HHTepHH CTaHAapA h y TeTpaKJiopyrjbHKy hjih

fleyrepifpaHOM KJiopotpopMy.

1 ,6-Mu-(J>-KyMeitUA)-l , 3, 4, 6, -xexccutuieuipoH (I)

y 150 m/ ancojiyTHor crepa npnnpeMH ce Na-eTHJiaT [2,3 g (0,1 raTo.vi) narpifja h

60,6 m/ (1 moji) ancojiyroor eTaHOjia]. ITpHnpeMJbeHy Na-erarcaTy ce OAjeAHOM aoaz

5g p-aueTMJiKyMeHa. ITpeocTajiHX 11,2 g p-aneTHJiKVMeHa (oa 0,1 moji) ce noMHjeuia

ca 7,38 g (0,05 mojt) AHeTHJioKcaJiaTa h nocTeneHO floaaje y Na-enfjiaT >'3 MMjemaH>e y Bpe-

MeHy oa 2 caTa. PeaKimja ce h3bo«h y thkbhuh oa 500 ml CHa6A)eBeHoj boachhm xjia-

AHjiom h KJiopKamiHjcKOM HHjeBH. Y noMeTKy peaKiuija je 6ypHa, na je noTpe6HO xjiat)eH>e

jicaom. H3Jiytiyje ce MOKOJiaAHO-wyro Tajior. KoHAeH3aT ce 3arpHje Ha 90° h ocTaBH

2 AaHa Aa ce nponec AOBpiim. KpyrH npoAyKT ce H3MyjbH y 500 ml eTOHOJia H npocpHJi-

TpHpa. Tajior ce cyum Ha 3paKy, a 3aTHM y eKCHKaTopy noA BaKyyMOM.

IIoTnyHO cyxa Na-coji ce Ao6po ycHTHH H MHjema 2 caTa ca 1 kg neaz ao (pirne

cycneH3Hje. Y BpeiweHy oa 3 caTa xHApojiH3ifpa ce ca cojihom KHcejiHHOM (1 : 1) ao pH 3

h ocTaBH npeKO hoKh, Aa ce npouec AOBpuiH. TeKyhH aho ce OAexaHTHpa, a npoAyKT

pa3MyjbH c 200 ml eTaHOjia H 3arpHje Ha 70°, Te Bpyhe npodwttrrpHpa. Ho6hbchh «<yTM

TaJior (I) ce npeKpHCTaJiH3Hpa H3 N,N-AHMeTHJi(popMaMHAa h cyuiH (7,5 g; 40,2%).

T.t= 162,5- 163,5°. IR-cneKTap: vmsx= 1610 s, 1538 vs H 920w (eHOJiHa (popiwa) cm-1 UV-

-cneKTap: Xm£H = 385 nm (loge=4,190) h 205 nm (log e = 4,185). NMR-cneKTap

(CDC1J: 8=1,3—1,5 (MeTKJi nporoHH H3onponHJme rpyne); 2,7—3,3 (mcthhckh npoTOH

H3onponHjme rpyne); 3,7 (—CH2—); 7,15 ( = CH—) h 7,59—8,5 ppm. ((peHHJi-npoTOHii).

AHaji.: C.4HmO« (378,46) mpai.: C 76,16; H 6,93%

Hal).: C 76,20; H 7,20%

2,3-/(u-(p-u3oupoiiujitp~eHat4Uji)-Ku>ioKcaAUH (II)

EKBKMOJiapHa KOJUWHHa cnoja (I) 1,89 g (0,005 moji) OTorubeHO y 15 ml N,N-ah-

MeTHJitpopMaMHAa H 0,54 # (0,005 moji) o-cpeHHJieHAHaMHHa oToiubeHa y 5 ml ancojr/T-

Hor eTaHOjia petpjryKCHpa ce 4 caTa. ITpOAyKT 6oje MeAa ce oxjiaAH, OACHiue Ha BanyyM

CHcajbux H cyum Ha 3pany (0,6 g; 27,27%). BHinecrpyKOM npeKpHCTajnoauHjoM H3

N,N-AH.MeTHJi(popMaMHAa Ao6Hjy ce HapaHuacro-upBeHH KpncTaJm (II). T. t= 162,5 —

—163°. IR-cneKTap: vmax=1600 vs (CO) h 1425 s (C = N) cm-1. UV/VIS-cneKTap:

Xma°H = 485 nm Oog e= 5,187), 422 nm (Log e = 5,212), 312 nm (loge = 5,197) H 205 nm

(log z = 4,307).

AHaji.: C aoH^OaNj (450,56)

HspaM. : C 79,93 ; H 6,71 ; N 6,22%

Hal). : C 79,97; H 6,94; N 6,16%

MoHoxugpaiu a, y-guoKco-y-p-KyMeuu/iMacAawte Kiice.tUHc (III)

Y 156 ml ancojiyraor eTaHOjia (4,2 moji) AOAa ce 7,2 g (0,32 raTOM) iiaTpiija y ana-

paTypH 3a pe(pjiyKCHpan>e c KJiopKanunjcKOM u,njeBii. IIpmipeMJbcHOM Na-cTHJiaTy y

BpeMeHy oa 45 MHHyTa AonanaBa ce eKBHMOJiapHa cMjeca oa 24,32 ml (0,16 moji) ahcthji-

oKcaJiaTa h 25,34 ml (0,16 moji) p-au,eTHJii<yMCHa oTonjbcua y 40 ml ancojiyraor cTaHojia.

CMjeca ce pedwiyKCHpa 1 caT h ocTaim npexo HohH, Aa ce npouec aobpuih. KoiiAen3aT
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ce ynapH ao cyxa noA BaKyyMOM y3 3arpHjaBaH>e Ha BOAeHoj KynejhH. Cyxa Na-coji ce

Ao6po ycHTHM h cycneHAHpa c 1 kg Jie«a, a (pmnpHpaifeeM oabo)h HeTonHBO. HeTonHBO

ce (ppaKUHOHO xnnpoJiK3Hpa oirreHOM KHcejiHHOM (1:1) flo pH 4, (pKJiTpHpa M (pmnpaT

XHapojiH3Hpa cojihom KHcejiHHOM (1:1) ao pH 1, (pmnpHpa h npoAyKT (III) cyuiH Ha

3paKy (8,2 g; 43,8%). BHuiecrpyKOM npeKpHCTajnnaiuijoM H3 KJiopcxpopiwa AOOHjy ce

CBHjeTJio-rayra KpHcrrajm. T. t.= 118—118,5°. IR-cneKTap: vmax = 3510m(—OH),

1600 vs (KOH»yr. chojihh CO), 1320 s (COOH), 830 s (eHOJraa cpopMa) em-1. UV-cneKTap:
Xm«H = 320M 205 nm.

AHaji. : C1SH1605 (252,26) Hspan.: C 61,89; H 6,39%

Ha^.: C 62,05; H 6,33%

6-p- KyMeituA- 3-p-KyMeHouA-3,-5-guxugpouupan-2,4-guoH (IV)

y Tporpjiy TKKBHuy y 200 ml JieAeHe ouTeHe KHcejiHHe cycneHAHpa ce 8,7 g (0,02

moji) cnoja (I) h OKCHAHpa ca 30 g ojiobhot IV aueTaTa koa 70 ' y BpeMeHy oa 30 jvumyTa

y3 HHTeH3HBH0 MHjeiuaite. 3arpnjaBan>e h MHjeuiaifee ce HOCTaBH joui 6 caTH. HacraJM

npoA>'KT (IV) (5,6 g 64,02%); ce oxjmah, OAtpHJrrpHpa h BHiuecxpyKO npsKpHCTajiHSHpa

H3 jieAeHe oirreHe KHcejume T.t. = 136—136,5 °. IR-cneKTap: vm„x=1710 s (CO), 1600 s
(nnpiH CO) cm-1. UV-cneKTap: X™°H = 332 nm (logs =3,70), 360 nm (log e = 4,02)

h 208 nm (log e = 4,11).

AHaji.: CmHjjOi (376,43) Hspaq.: C 76,57; H 6,42%

Hal).: C 76,77; H 6,34%

2,6-Hu-(p-KyMeHUA)-4-uupoH (V)

PecpjiyKCHpa ce 3,3 g (0,005 moji) cnoja (IV) c 240 ml JieAeHe oirTeHe KHcejiHHe

h 120 m/ kohu. cojme KHcejiHHe 16 cara. XjiaAHoj peaKUHOHoj ciwjecH ce AOAa 500 g

JieAa, Te HaKOH CTajaita npeKO hoKh OAcpHJrrpHpa 6HjejiH naxyjbacTH Tajior (V) (1,3 g;

73,8%). npeKpHCTaJBoaunja H3 cyxor aueroHa Aaje Sitjejm KpHCTajiHH npoAyKT. T.

t. = 143—143,5°. IR-cnei<Tap: vmax = 2950m (p-H3onponHJi-), 1670 vs (rntpoH CO) cm-1.

UV-cneKTap: xS'aT^OO—268 nm (log £ = 4,765—4,835) H 205 nm (log e = 5,O05).

Aheji.: CmH^O, (332,42) ropaH.: C 84,10; H 7,28%

Hal).: C 83,97; H 7,61%

/ ,6-Jl,u-(p-KyMenuA)-1,3,5-ueHmamupuoit (VI)

PecpjiyKCHpa ce 30 MHHyTa 0,1 g (0,0021 moji) cnoja (V) y 25 ml eTaHOJia ca 25 g

KOH. PeanimoHa c.wjeca ce oxjkiah, pa3pnjeAH c 200 g JieAa ii 3aKiicejin cojihom KHce-

jihhom (1:1) ao pH 3. IIpoAyKT ce OAtpHJiTpnpa (0,5 g; 65,7%) h npeKpncTaJiH3Hpa H3

ancojiyTHor eTaHOJia. T.t. = 75—75,5'. IR-cneKTap: vmax = 1690 vs (KoityrHpaHH CO),
945 m (eHOJina cpopMa) cm~x. UV-cneKTap: XJ^" = 380, 310, 235 H 205 nm.

Ahbjj.: C23H2,03 (350,44) H3pan.: C 78,82; H 7,48%

Hal).: C 78,60; H 7,25%

Eiuu.tccuiep <x, f-gnoKco-f-p-KyMeHUAMac.ia'iHe KUceAwte (VII)

y npHnpeMJteHy OToriMHy Na-erajraTa [2,3 g (0,1 raTOM) naTpuja n 40 ml (0,66 moji)

ancojiyTHor eTanojia] xjial)eny jicaom AoiranaBa ce i<po3 30 MHiiyTa CMjeca 16,2 g (0,1

moji) />-aueTHJii<yMena H 13 ml (0,1 mo.i) AHCTHJioKcaJiaTa oTOiubeiia y 30 ml ancojiyraor

eTaHOJia. Hanon 3 Aana npoAyKT ce ynapH ao cyxa Ha BaKyyM cucajbUH 6es 3arpnjaBaH>a.

Na-coJi ce vchthh y cilTaH npax h OTonn y 5 / xnaAHe BOAe, iipocJiHjrrpifpa h 3ai<HceJiH

OKTeHOM KHcejiHHOM (1 : 1) ao pH 4. JleKanTHpaibeM ce OABojH cBiijeTJio-Hcyro yjBe (VII)

Koje ce cvuih ca Na2S04 (ll,9g; 45,5%). yjbe ce o6paAH i<ao cnoj (XI) h XHAPojiraaT

npeAccTHJrapa iioa BaKyyMOM. T. k. 320—325°. IR-cneKTap: v,nax^ 1720 m (CO), 1600
vs (KoikyrifpanH CO) 920 s (enojma cpopMa) cm'1. UV-cneKTap: Xm"xH = 315, 258, 215 nm.

Anaji.: C15H1804 (262,29) irapaM.: C 68.68; H6.92%

Hal).: C 68,60; H7,05%
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EwuAecuiep3(5)-p-KyMeHwt-I-(2,4-guiiuiupofoHUjt)-uupa30A-Kap6oHCi<e KuceAune (VIII)

2,6 # (0,01 moji) cnoja (VII) ce otoiih y 30 ml eTaHOJia, a 3,94 g (0,02 moji) 2,4-

-flHHHTpo(J)eHHjixidpa3HHa y 200 ml eTaHOJia H 10 ml 6 N HC1 ce KJtyqajio H3MHjeuia

h petpjiyKCHpa 30 MHHyTa. TaMHo-upBeHH KpHCTaJiH impaaojm (VIII) ce o/jciniry Ha Ba-

Kyyjn cHcaJtinf h npeKpHCTaJM3npajy H3 eTaHOJia (3,9#; 92,8%). T. t. = 109—110°.

IR-cneKrap: vmax=1670 s (CO), 1600 vs, 1490 vs h 1340 vs (apoM. NOa), 725 w h

740 w (CH-CH xertpoiwKji.) cm-K UV-cneKTap: Xm8°H = 355 nm (logs= 4,22), 227 nm

(log e = 4,04) h 188 nm (log e = 4,105).

AHaji.: CjiHjoO.N, (424,41)

H3pai.: C 59,43; H 4,75; N 13,20%

Hal).: C 59,16; H 4,64; N 13,36%

p-KyjuenouAaufiiuoH (IX)

y cyxH npMnpeMJbeHH Na-emnaT [11,5 g (0,5 raTOM) HaTpnja, 121 ml (2 moji) anco-

jiyraor eTaHOJia] ce floflaje y3 xjiat)eH>e CMjeca 32,4 g (0,2 moji) p-aneTHJiKyMeHa y 250 ml

emnaueTaTa (cyBHinaK). HaKOH 4 /jaHa Na-coji ce o,n<pHJrrpnpa, HcnHpe eTepoM H cyniH

Ha 3pany. Chthh npax Na- cojim ce oTonw y 2 / xjia/jHe BOfle H 500 g neaa, Te XHApoJiH3Hpa

cojihom KHcejiHHOM (1 : 1) ao pH 3, y BpeMeHy o,n 3 caTa. CBHjeTJio wyro yjbe ce o6paAH

Kao cnoj (XI) h xHAponraaT npeaecTHJiapa no/j BaKyyMOM. T. k. = 300—301 IR-cneK-

Tap! vmll= 1600 vs (KoityrHpaHH CO), 980 s (eHOJiHa (popMa) cm-1. UV-CneKT3p I Amax —

= 315 nm (loge = 3,78), 256 nm (log e =4,27) h 215 nm (log 2 = 4,38).

AHaJi.: CwHMOt (204,26) Hspan.: C 76,43; H 7,89%

Hal).: C 76,18; H 7,83%

3-MeiuuA-5-p-KyMeHwi-l-(2,4-ffwmuipo<p~eHUA)-iiupa30/i (X)

Cnoj (X) ce npraipeMa hcthm MOJiapHHM OMjepiiMa Kao H cnoj (VIII), koa *iera

HacTajy HapaHuacro-H<yTH KpHcrrajiH (3,4#; 91,8%). T.t. = 117—118°. IR-cnei<Tap:

vm„=1540 vs (C-N), 1340 vs (apoM. N02) cm K UV-cneKTap: Xn,a°x" = 310, 307, 242

h 207 nm.

AHaji.: CuH^O^ (366,37)

Hspati.: C 62,28; H 4,95; N 15,29%

Har).: C 62,43; H 5,23; N 15,22%

Eaxpehtu xenam 5uc-(p-KyMeHOu.<iau,euioHa l) (XI)

PecpjiyKCHpa ce 30 MimyTa 3g (0,015 moji) p-KyMeHonnaueTOHa OTonjbeHa y 70 m/

eTaHOJia H 2,8 g (0,015 moji) SaKpeHor (II) aneTaTa ca 11,2^ (0,13 moji) narpnjei3a aue-

TaTa OTonjbeHa y 100 ml Bone. 3ejieHH npcayKT ce ncnnpe boaom, a 3aTHM eTaHOJioM.

TaJior ce eKcrrpaxHpa KJiopot}iopMOM (3 g; 88,2%) h npei<pHCTaJiH3iipa H3 KJiopocpopM-

-eTaHOJi (1:2). T.T. = 226—227 '. IR-cneKTap: vmax ^3450\v, 845 s, 775m, 705m (i<yMe-

hhji paflHKaji), 1570s(CO), 1500 vs, 1410m, 1270m (O-C—C—C—O) cm~K UV-cneK-

Tap: Xm»°xH = 325 nm (log e 4,75), 278 nm (loge-4,855) ii 215 nm (logs-494).

AHaji.: CmH^Cu (470,07)

HspaM.: C 66,43; H 6,43; Cu 13,51%

Hal).: C 66,49; H 6,71 ; Cu 13,49%

1 £-Jlu-(p-utOAUji)-3-p-KyMeiiouA<p'opMa3a>i (XII)

A. 4g (0,022 moji) p-KyMeHOHJiaueTona (IX) OTonjbeHa y 100 m/ eTaHOJia H 4 ml

30%-THor KOH ce KonyjiHpa ca 0,044 MOJia arta30HMjene cojih* y3 0,3 ml nHpiWHHa

KaTaJiH3aTop) 40 MMnyra ko/i 0—4' y3 noTpoiuH>y 10 m/ 15% KOH 3a OAP>KanaH.e

pH oko 13. ripoflyKT ce ojj,(J>MJiTpnpa 11 cymH Ha 3pai<y. TaMHo npiieHH npo«yi<T (4g;
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51,9%) npeKpHCTajiM3Hpa ce H3 eTawwia. T. t. = 138—139°. IR-cneKTap: vm„=17l5

w (CO), 1500 vs h 1280 s (C-N h C = N), 1 150 s (N-H) cm"1. UV-cneicrap: a™°k = 438,

235, 205 nm.

AHaji. : C2sHMON4 (398,51) H3pan.: C 75,39; H 6,57; N 14,06%

hu$.: C 75,21; H 6,65; N 14,29%

B. 3,78 g (0,01 moji) cnoja (I) Kao noA A. ce Konyjwpa ca 0,04 Mona AHa30HHjeBe

cojih*. 3a oflpwaBaae pH oko 13 noTpomeHO je 17 m/ 15%-THor KOH. TaMHO-upBeHH

npo^yKT npeKpMcraJTH3Hpa ce H3 eTaHOJia (3,2 g; 40,2%). T. t., IR, UV-cnei<Tap, Te

eneMeHTapHa aHaJM3a noTBptjyjy cnoj (XII).

C. 1,75 g (0,005 moji) cnoja (VI) ce otoiih y 70 ml eTaHOJia ca 4 ml 30%-thof KOH

h Konyjnipa ca 0,02 MOJia AHa30HHjeBe cojih*. 3a OAP>«aBaH>e pH 13 noTpomeHO je 10 m/

15%-THor KOH. TaMHO-upBeHH npoAVKT (0,68 g; 35,4%) cnoja (XII) npei<pHCTajiH3H-

paH je H3 eTaHOJia. T. t., IR, UV-cneKTpn, Te eJie.MeHTapHa aHaJiH3a noTBpt)yjy cnoj (XII).

H3 CMjece H3ojiitpaH je h upBeHO-HapaHuacTH 1 ,3-AH-(p-TojiHJixHApa30H)-2-nponaHOH

(XIV) (0,3 g ; 20,4%) noTBpl)eH eJieMeirrapHOM anajiii30M, IR h UV-cneKTpHMa.

2,3-JJu-(p-uwAUji)-5-p-KyMeHowiiueiupa30Auje8 Sponug (XI 1 1)

Ij; (0,00252 moji) cnoja (XII) oTonjheHa y 15 m/ KJiopoipop.Ma ce pe(pJiyKCHpa 20

MHnyTa ca 2 ° N-6poMcyi<iniHHMHAa (0,0025 moji) oToiubena y 60 ml itnopotpopMa. Kjio-

poepopM ce oniapH Ha BOfleHoj KyncJLii, a cyxn npoayi<T oranH y 10 ml 80%-THor eTaHOJia

h npeKpHCTaJiH3aiiHjoM Ao6njy (0,54 g; 45,4%) CBHjeTJio->KVTH KpncrajiH. T. t.=- 251—

—253\ IR-cneKTap: vm„=1670vs (CO), 1580 vs, 1500 vs, 1240 m (C-N; C=N; N=N)

cm-K UV-cneicrap: Xm°xH = 268 nm (loge = 4,69) h 205 nm (log e = 4,996).

AHaji.: C25H2sON4Br (477,42)

Hspai.: C 62,90; H 5,25; N 11,71 ; Br 16,74%

Hal).: C 62,69; H 5,40; N 11,59; Br 16,64%

H 3 B O A

Ciaisen-OBOM K0HfleH3airHjo« p-auerajiKyMeHa h aHerojioKcanaTa obhcho

0 VBjeTHMa H MOJiapHHM OMjepHMa CHHTeTH3HpaHH Cy: 1 ,6-flH-(/)-K>itteHHJl)-

-1,3,4,6-xeKcaHTeTpoH (I), MOHoxHApaT a^-AHOKCo-y-p-KyivieHHJiMacjiaqHe

KHcejiHHe (III) h eTHJiecTep-a-Y-AHOKco-Y-/>-K>'MeHHJiAiaaiaMHe KHcenHHe

(VII), a ca eTHJiau;eTaTOM />-KyMeHonjiau,eTOH (IX). OflroBapajyhHM Ke-

mhjckhm peaKiiHjaMa (I) ce npeBOAH y 2,3-AH-(p-H3onporiHJi<peHairHJi)-

-KHHOKCaJIHH (II) , 6-/>-KyMeHHJI-3-/>-KyMeHOHJI-3 , 5-AHXHAponHpaH-2 ,4-flHOH

(IV), 2,6-AH-(/)-KyMeHHJi)-4-raipoH (V) h y 1 ,5-AH-(/>-KyjvieHHJi)-l ,3,5-neH-

TaHTpHOH (VI). JJepHBai (VII) je eTHJiecTep 3(5)-/>-KyMeHn.i-I-(2,4-AHHHTpc—

(peHHJi)-impa30ji Kap6oHCKe KHcejiHHe (VIII); (IX) je 3-MeTH.i-5-/>-KyJtteHHJi-

-l-(2,4-AHHHTpo(peHiiJi)-nnpa30Ji (X) h BaioeHH xejiaT 6nc-(/>-KyivieHOHJiau,e-

TOHa) (XI). IlojiHOKCo-cnojeBH (I), (VI) h (IX) Aajy hcth 1 ,5-ah-(/>-tojihji)-

-3-/>-KyMeHOHJi(popAia3aH (XII) uito nac HaBOAH Ha cTpyKTypy h peaKTHBHOcr

aKTHBHpaHe MeTuneHCKe rpyne koa obhx cnojeBa. JlepHBaT (XII) je 2,3-ah-

-(/)-TOJIHJl)-5-/)-KyMeHOHJlTeTpa30JlHjeB 6pOMHA (XIII).

TexHOJiouiKH 4>aKyjiTeT npiiM.teHo 19. jyHa 1972.

3arpeo

rieaarouiKa aKafleMHja

neTpHH>a

* JlHa30HHjeBa coji10 je npHnpeMJbeHa H3 5,5 g p-TOJiyHAHHa 7,5 ml BOAe y3

AOAaBaite 12,5 ml kohu.. cojme KHcejiinte u oxjia/ui Ha 0°. Ha TeMncpaTypH oa —1 ao

+ 5° 3,5 g NaN04 oTonJbeHa y 10 m/ Bo«e ce floaajy p-TOjiyiiAHHy.
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SUMMARY

CONTRIBUTION TO THE CHEMISTRY OF POLYOXO

COMPOUNDS OF p-CUMENE

by

MARIJAN LACAN and HUSEIN D2ANIC

By Claisen condensation of />-acetyIcumene and diethyloxalate under

different experimental conditions and with different molar ratios of the reac-

tants we have synthetized: l,6-di-/>-cumenyl-l, 3, 4, 6-hexatetrone (I) a,

y-dioxo-y-/)-cumenylbutyric acid monohydrate (III), and using ethyl

acetate and />-acetylcumene we obtained a,Y-dioxo-Y-/>-cumenylbutyric

acid (IX). Using appropriate chemical reactions, the product (I) is trans

formed into the following compounds: 2,3-di-(l-isopropylphenacyl)-chin-

oxaline (II), 6-/>-cumenyl-3-/>-cumenoyl-3,5-dihydropyrane-2,4-dione (IV),

2,6-di-/>-cumenyl-l, 3, 5-pentatrione (VI). The derivative (VII) is

ethylester of 3 (5)-/>-cumenyl- 1 (2,4-dinitrophanyl)-pyrazol-carboxylic acid

(VIII). The product (IX) was identified as cumenyl-l-(2,4- dinitrophenyl)-

-pyrazole (X) and the product (XI) as copper chelate of bis-(/>-cumenoyl-

acetone). Polyoxo compounds (I), (VI) and (IX) gave the same l,5-di-(/>-

-tolyl)-3-/>-cumenoylphormazane (XII), which confirms the structures of

these compounds. The derivative (XII) was identified as 2,3-di-(p-tolyl)-5-/>-

-cumenoyl-tetrazole bromide (XIII).

Faculty of Technology, Received, June 19, 1972

University of Zagreb,

Pedagogical Academy,

Petrinja

LITERATURA:

1. Bromme, E., Claisen, L., Chem, Ber. 21, 1 134 (1888)

2. Hinsberg, O., Ann. 237, 327-372 (1887)

3. Bryant, W. M. D., Smith, D. M., J. Am. Chem. Soc, 57, 57 (1935)

4. Seaman, W., Woods, J. T., Massad, E. A., Anal. Chem. 19, 341 (1947)

5. Wolf, L., Hening, H., Z. anorg. alg. Chem. 1-12, 341 (1965)

6. Balenovit, K., Experientia 2, 406 (1946)

7. Balenovic, K., Munk, R., Arhiv za kemiju, 1—4, 41 (1946)

8. Hurting, S., Boes, O., Ann., 28, 579 (1953)

9. Ried, W., Hillenbrand, H., Ann. 128, 590 (1953)

10. Finar I. L., J. Chem. Soc, 1207 (1955)





TJIACHMK XEMHJCKOr flpyiUTBA BEOrPAfl

BULLETIN DE LA SOClETE CHIMIQUE BEOGRAD38 (1973)

GHDB-229 UDK 542.941.8:541.127.1:541.135.52:546.92:547.262

Original Scientific Paper

EP3HHA PEAKUHJE AEXHJlfOrEHAIIHJE ETAHOJIA

HA nJIATHHCKOJ EJIEKTPOflH

BEPE J. flPAHCHU

ITpH xeivLHCoprauijH MHorHx opraHCKHX jeAHH>eH>a, na h aJiKoxana, Ha

miaTHHH h MerajiHMa njiaraHCKe rpyne, Hacraje h boaohhk. Ma fla ce npn-

cycrBO BOflOHHKa Ha imaTHHH Mowe npoTyjviayHTH h nao ceKynqapHa nojaBa

y BOflOHHiHoj oSjiacTH noTeHHHjaua, npHiwapHO oApel)eHHM ejieKTpoxeMHj-

ckom peanunjoM aJiKoxona^, hooi cy paAOBH noK33aJiH<2_7:) Aa ce MHore

opraHCKe cyncraflHe, iwel)y KojHAia h eraHOJi, AHcouHjaraBHO xeMHcop6yjy

Ha noBpuiHHH eneicrpoAe, npw Meaty je jeflaH oa npcuyKara xeAmcop6oBaHH

boaohhk. OcxaJio je cnopHo mrraifce na jih je AHConnjaTHBHa xeAwcopimHja

jeaaH oa cyicqecHBHHx cTynaeBa h npn ejieKTpooKCHAauHjH, hjih OHa, KaKO

HeKH ayTopn TBpAe(8,9), caiwo OApeljyje crauHOHapHH noTeHUHjaJi otbo-

peHor crpyjuor rawia, a Aa ce npou.ec ejieKTpooKCHAauHje OAnrpaBa hckhm

ApyTHM MexaHH3MOM.

Ha ocHOsy naumx AocaAauiH>Hx khhcthukhx HcrorrHBaifca'10) noKa3aHO

je Aa eneicrpoxeMHjcKa oKCHAaujija ajiKoxojia npara JiHueapny Ta(pejiOBCKy

3aBHCHocr noTeHHHja.ia h jiorapHTMa rycrHHe crpyje ca HarHOOM oa oko

120 mV y o&Jiacra noTeHHHjajia p,o oko 0,75 V (cbh noTeHHHja^H H3pa>KeHH

cy npeivia boaohhmho) ejieicrpoAH y hctom pacrBopy), KaAa nocnoKe MaKCH-

lwajray rpaHHWHy BpeAHOcr yoiOBJieHy BepoBaTHO nacHBaioijoM ejieiopoAe

y Toj o6jiacrH noTeHHHjaJia. 3a o6jiacr noTeHHHjaJia ao nocrasaifea OBor

MaKCHMyvia, peaKUHOHH MexaHH3aM eneKTpooKCHAaHHje eTaHona Ha imaraHH

Morao 6h Aa ce npHKa>Ke cjieAehoM cxoviom:

RH —^ R- + H (1)

H _=^H++ e (2)

R- ► KHcejiHHa + 3 e (3)

y Kojoj je AaJta ejieKTpoxeMHj cKa OKCHAauHja paAHKajia R- cnopn cTynan.

peaKHHje, a cawa peaKUHja (3) BepoBaTHO ciiowena peaKioija 3a *mjy ana.iH3y

TpeHyTHO neAOcrajy eKcuepHMeHraJiiiH noAauH.

npoqec ycnocTaBJbaH>a crauHOHapHor noTeHHHjajia oTBopeHor i<ona

y pacrBopy eTaHOJia, KojH h3hoch oko 0,3 V, yciioBJBeH je 6p3HHoiw npuor

CTymta npoueca (peaKHHja 1), Tj. AexHAporeHaunjoM h cTBapaiteM aAcop-

OOBaHOr BOAOHHKa, KojH 3aTHM 6p30 j0HH3aUHj0M (jeAHaTOHa 2) OCTaBJBa

5
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ejieKTpoflH cbo) ejieKTpoH h npe^a3H y pacrBop Kao H+ joh. OBaKo ocjio-

6orjeHH e^eKTpoHH HeraraBHpajy ejieKTpoay oapetjeHOM 6p3HHOM, Koja 3a-

bhch oa 6p3HHe flexHflporeHaijHje h eKBHBaJieHraor ejieKTpmiHor Kanaiprrera

ejieKTpofle.

3a MepeH>e 6p3HHe aexHAporeHamije crora cy KopnmheHe KpHBe Hera-

THBHpaH>a noTeHi(HjaJia rniaraHe y pacraopy eraHOJia, ca Hene BpeflHocrH

no3HTHBHHje ofl noTeHUHjajia oTBopeHor KOJia. KaKO ce ejieicrpoflHH no-

TeHujijaji Mowe HeraTHBHpaTH h flOBofjeibeM KaTOflHe crpyje H3 cnojbHor

eJieKTpnqHor nana, 6p3HHa AexHflporeHaqHje H3pa>KeHa je Bpe,HHomhy ckbh-

BajieHTHe Kaio/iHe cTpyje. YnopetjeHie OBauo H3pa>KeHe 6p3HHe aexHApo-

reHaqHje h 6p3HHe craujiOHapHor npoijeca ejieKTpooKCHaauHje ajiKoxojia,

npyxca OAroBop Ha nnTaH>e aa jib je npoi^ec AexHflporeHauHje aobojbho

6p3 fla 6h ce lworao CMaTpara cyKu,ecHBHHM cTynH.eM ejieKTpooKCHflauHje

eTaHOJia.

EKCnEPHMEHTAJIHH JlEO

y pafly je KopmnheHa eJiempoJiHTHMKa hejmja oa nHpei<c cTamia, Koja Hcnyn»aBa

noTpe6He ycjioBe 3a KHHeTHwa Mepe&a, ca OABojeHHM fleJiOBHiwa 3a paAHy, noiwohHy

h pe(pepeHTHy eneKTpoAy, cna6AeBaHa npeHHiuheHHM a30TOM 3a o6e36el)eH>e HeyTpa-iHe

aTMoapepe. EjieKTpoAa je 6hju nojmpaH miaTHHCKH ahck, yrpatjeH y TeipjioHCKH ap>Kai,

kojh je 6ho fleo CHcreMa 3a poTHpaifce. CMcreM je 6ho noBe3aH ca raJiBaHocraTOM con-

CTBeHe npoH3BOffH>e ca CTa6njiH30BanHM K3BopoM jeAHOCMepiie crpyje, noTeHUHOcraTOM

™na Wenking 61 RH h octuwiocKonoM THna Tektronix 643B, ca tuijer enpaHa cy npe-

jia3HH (peHOMeHH (poTorpa(pHcaHH.

PE3YJITATH H tfHCKYCHJA

IIpejia3He KpHBe HeraniBHpaiba noTeHUHja^a y >KejbeHOM HHTepBaJiy Mory ce ao6hth

Ha ABa na^HHa.

IIpBH Hamm je Aa ce ejieKTpoAa noTemtHocTaTHpa Ha yHanpeA 3aAaTy no3HTHBHy

BpeAHOCT, 3aTHM ce kojio npeKHne h ejieKTpoAH ao3bojih Aa cnoHTaHO ycnocTaBJba noTCH-

HHjaji OTBopeHor KOJia. Bp3HHa AexHAporeHaujije Ao6nja ce H3 6p3HHe npoiweHe noTeH-

iQfjajia Kao rycrana CTpyje, noTpe6Ha 3a nyn»en>e eKBHBajieHTHor KananjrreTa ejieicrpoAe,

*mja BpeAHOCT ce iwopa noce6Ho OApeAHTH y pacTBopy ocHOBHor eJieKTpojnrra.

Ha Apyra HaMHH ce no npeKHAy noTeituHOCTanrpaiba eneKTpoAe, n>eH noTeHUHjaji

HeraTHBHpa y3 KOHCTaHTHy KaTOAHy CTpyjy. Pa3jiHKa y 6p3HHH npojweHe noTeHUHjajia

njiaTHHe y npwcycTBy h OAcycTBy eTaHOJia, noTipte oa npoueca AexHAporeHauHje.

KaAa ce, no npBOM Hammy, iuiaTHHCKa ejieKTpoAa y pacTBopy eTaHOJia noTemmo-

cTawpa Ha EP = 1,9V h noTemniocTaT 3aTHM HCKJbyqH, ycnocTaBJi>aH»e noTeHimjajia

OTBopenor KOJia y onurreiH oiyMajy H3rjieAa Kao Ha an. 1 . Flocjie jeAHor npeBoja Ha 1,7 V

H Tajiaca peAyKUwje OKCHAa na oko 0,9 V, noTeHUHjaji ce Harjio HeraTHBHpa h nocne

jeAHor MHHHMyMa, ycnocTaBJba crauHoHapHy BpeAHOCT. Oa Hapowror HHTepeca 3a OBaj

paA je o6jiacT nocjie peAyKujije OKCHAa AO noTeHUHjajia oTBopenor KOJia, jep ce y n>oj

oAHrpaBa h npouec ejieKTpooKCHAaimje eTaHOJia.

TycTHHe CTpyja idch, eKBHBajieHTHe 6p3HHH AexHAporeHainije npn nojeAHHKM

BpeAHocTHiwa noTeHinijajia, paqyHaTe cy no jeAHanHHH:

dE

ideh = C (4)

dt

rAe je dE /dt 6p3HHa npoMeHe noTeHUHjajia, a C KanauMTeT ejieKTpoAe Ha unje ce nyaeH>e

CTpyja TpouiH. BpeAHocTH C, y 3aBHCH0CTH oa noTeHUHjajia ejieKTpoAe E, OApe^eHe cy

Kao kojihwhhk H3 rycTHHe dpyjc nyH>en>a U narwSa rajiBaHodaTCKHX kphbhx nyH>en>a

y ochobhom ejieKTpoJWTy.
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BpeflHOCTH rycnnia CTpyje AexHflporeHarntje, npn npoMeHH noTeHUHjana noTemrHo-

CTaTHpaiba ejiempofle Ep m Tpajaita noTeHUHocTaTHpaifca, ca na3iiaHett>eM noTeHUnjajia

E npn KojHMa cy Hant6H MepeHH, flaTe cy y TaSeim I.

ELV1

7.0 V

u

1.6 -

U -

12

1.0 h

os

06

04

0.2

Vreme

time

Cjnno 1.

OnnrrH o6jihk npHBe ycnocxaBJbaa.a CTairMOHapHor noTeHinijajia OTBopeHor cTpyjHor

KOJia Ha Pt y pacraopy eTaHOjia.

Figure 1.

General shape of the transient for the open circuit potential formation on Pt in ethanol

solution.
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Ta6e;ia 1.

YcAotu iteptHA u 6p3une gexugpoUnanuje upu cuohvuohom ycuoduas/bathy ciuaufiOHapHoi

{wiuenu'tja ia o&topeHOt ciupyjHoi KO.ia

TABLE 1.

Measuring Conditions and Dehydrogenation rates during the spontaneous formation of the

open circuit potential
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~ 0 1100 7,1 1,78

INH2SO4 +

IN

1,9 0,41 2 5,4
"

5,9 1

4 5,4
»»

W 1

HCOOH
~ 0 5,2 810 4,2 1,05

MHpHa Pt

stationary Pt 0,64 0,60 4 5,2 4,2

10 | 5,2
»)

4,2
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Here BejnmHHe MepeHe cy h y pacTBopy MpaBJbe KHcejiHHe, npn »urjoj ce ejieKTpo-

oKcn;iamiji[ AexHAporeHaioija ciwaTpa 6p3HM npouecoM(n).

JIo6njeHe BpeAHoc™ 3a ideh nx>A pa3HHM ycjioBKMa, noKa3yjy BejiHKy ocewbH-

boct ejieKTpo^e Ha npHcycreo tmciaa h opraHCKHX npoAYKaTa, HacTaJnrx peflyKUjijoM

OKCHAa opraHCKOM cyncTaHupM. CTora je aimrBHOCT ejieKTpofle 3a npouec AexHAporeHaimje

jwajia y OKCHAHoj oSjkicth h HenocpeAHo no peayKUHjH OKCHAa, jep ejieiapoAa Ty joiu

ca.ip>Kn opraHCKe npoAyKTe kojii ce cnopo flecop6yjy.

y cjiynajy MpaBJbe kucc.ihiic, npoAyKT H>eHe oKcn;;auiiie, COj, o;L'ia:»»f ca ejieKTpo-

Ae, na je Ty etpeKaT TpoBaita He3HaTaH.

Oa BpeflHocTK y Ta6eJiH I 3a noper)eH>e cy peajmuje OHe, MepeHe Ha ejieKTpOAaMa

Koje cy ca noTeHuxj&na OTBopeHor Kojia noTeHUHocTanipaHe Ha BpeflHocT r^e ce enercrpofla

He OKCHAHiue (flo 0,8 V). OBaKBe BpeAHOCTH, npH Bpjio KpaTKOM noTeHUHocTaTHpaH>y,

oaroBapajy ycjiOBHiwa Mepeua nojiapH3auHOHHX KapaKTepHCTHKa ejieKTpoAe npH okch-

AauHjK. nojiapioaHHOHe KapaKTepHCTHKa ejieKTpooKCHAaiwje Ha HCToj ejieicrpoAH H

npH oflroBapajyhHM ycrcoBHMa npKK03aHe cy y rz6em II.

TABEJIA II.

Haiubu Ta<p~eAo«ux upaeux u ipanwrne ciupyje OKCugaufije 3a Mpae.by Kucejimy u euiaHOA

TABLE 2.

Tafel slopes and limiting currents for formic acid and ethanol electroxidation

TadiejioB Harn6

Tafel slope

rpaHHwa CTpyja

Limiting current

(mA/cm2)

CpeflHHa

Medium

EjieKTpo«a

Electrode

(mV)

1NHCOOH +

IN H2SO4

MHpHa Pt

stationary Pt 139 4

IN KOH+

0,5M C2H5OH

MHpHa Pt

stationary Pt 108 2,51

1NKOH +

0,5N C2H5OH

poTHpajyha Pt

rotating Pt 121 0,63

IN H2S04 f

0,5N C2H5OH

MHpHa Pt

stationary Pt 125 9,8

INH2SO4+

0,5N C2H5OH

poTHpajyha Pt

rotating Pt 125 6,3

y nocJie,int>oj kojiohk Ta6e.ic I H3paMVHaT jc oaiioc rycTHHe CTpyje ,nexn/;porciia-

twje H rpaHHUHe CTpyje ejieinpooKCiiAauHje cTaHOJia y OAroBapajyheM pacTBopy M vcjio-

BHMa AH(py3Hje. IIoTpe6Ho je HanoMenyTH Aa eJieKTpooKCKAaHnja HAe >'3 H3MeHy mcthph

ejieKTpoHa, aok AexHAporcnaiuijy upaTM BeponaTHo n:)Mena jeAHorW hah ABaO, Te je

3a peajmo ynopel)eibc oBaj kojihhhhk noTpe6no yieTBopocTpymrrn hah VAnocTpywrH.

OnaKo KopuroBaH oahoc, Kojn je totobo vbck uehu oa jeAHHuue m npn MaKCH-

Majmoj cTpyjir oKCKAannje, noi<a3yje Aa je 6p3HHa AexitAporenannje aobojbho BemiKa

Aa 6h MorAa Aa npeACTaBJta npBH CTynan> oKCHAaunje eTaHo.ia no npeAJio>KeHOM pean-

UHohom MexaHH3My (jeAHamme (1)—(3)).
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Kaaa ce HerantBUpaibe noiemwjajia Bpuof no Apyroj mctoah, npa jeAHOBpeMeHOM

npoTHHan>y KaTO/nie CTpyje rycniHe u, y paeraopy eTaHojia nmt iwpaBJbe KHcejmHe h

y pacTBopy ocHOBHor eJiMcrpojnrra, 6p3ima AexHAPoreHainije, mmjh je cTpyjHH ckbh-

BajieHT iaeh, MOH<e ce H3pa3KTii Kao AonpKHOC npoueca AexHAporeHaimje 6p3HHH npo-

MeHe noTenmijajia. BpeflHOCT iaeh ce MO>Ke eKcnjnnnfrao H3pa3HTH M3 6njiaHca noTpeone

KOJiHHHHe KaTOflHe crpyje 3a npo.weHy noTemrjfjajia H3Mel)y hcthx bpcahocth, y pacTBopy

opraHCKe cyneraHue h y pacTBopy ocHOBHor eJieKTpojnrra, npa neiwy ce Ao6nja lopa.i:

« - torg ,

>dell = Jk " (5)

*org

OBAe cy toe H torg Bpe.weHa npo.wene noTeHiwjajia H3Me5)y ABe OApeljeHe BpeflHocTH

y paeraopy ocHOBHor ejreKTpojnrra H y pacTBopy opraHCKe cyncTaime, npH qej«y ce iaeh

MOH<e CMaTpaTH cpeflibOM BpeflHomhy 6p3HHe AexHAporeHanjrje H3Meljy Te ABe BpeAHoc™

noTemnfjana.

BpeAHOCTH 6p3HHa AexKAporeHaimje mpaqyHaTe cy H3 noAaraxa ca OATOBapajyhnx

ocintnocKoncKHX CHHMaxa. H3rjieA kphbhx npoiweHe noTeHujijajia, chmmjmhhx Ha ocuh-

jiocKoncKOM eKpany y IN KOH+0,5 N C2H6OH pacTBopy h y pacTBopy IN KOH,

ca MHpHOM iuiaTHHCKOM eJietcrpOAOM, npm<a3aH je Ha en. 2. h 3., 3a ABe pasjnmre o6jia-

ctm noTeHimjana.

BpeAHOCTM rycTHMa crpyje iaeh H3paiyHaTHX no jeAHamnw (5), 3a HcnirrHBaHe

cHCTeiwe, AaTe cy y Ta6ejm III.

TABEJIA III.

Ep3une gexugpoienaufije Mepeue y3 upoiuuuflihe Kaiuogne cuipyje

TABLE 3.

Dehydrogenation rates measured while catkodic current was flowing

CpeAMna

Medium

06jiacT noTeHUMjajia

Potential range

iaeh

(mA/cm2)

ideh/imax

IN KOH+

(V)

0,5N C2H5OH 0,66--0,40 9,7

MHpHa eneKTpoAa 0,40--0,27 9 3,6- 7,1

stationary electrode 0,27--0,14 9

(imax = 2,5 mA/cm2) 0,14 0,12 17,8

1NKOH+ 0,76--0,63 24

0,5N C2H5OH

poTHpajyha ejieKTOOAa

0,63--0,57 48,5

0,57--0,50 76 40- 120

rotating electrode 0,50--0,44 76

(im»x = 0,63 mA/cm2) 0,44--0,36 49,5

1NH2S04+

1N HCOOH

MHpHa ejieKTpoAa

stationary electrode

0,66--0,40

-0,34

-0,26

49

0,40 25,7 6,5- 12

0,34 40

y nocjieA!t>oj kojiohh OBe Ta6ejie ;iaT je oahoc rycTmia crpyje AexHAporeHaiwje H

rpaHHMHHX CTpyja ejieKTpooKCH^anHje obhx cHCTe/«a.

CTpyje AexMAporeHauHje, Ao6njeHe y3 npornuaH>e KaTOAHe CTpyje (ik = 4,8 wA/cra')

MHoro cy Behe, jep ce rmaTiniCKif okchh peaynyje obom cTpyjoM, a He eTaHOJioiw, npH

Meiwy na noBpuiHHH eJieKTpoae He 3aoctajy oprancKH HHTepneAiijapH, Te je oua jvutoro
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Ma»>e aaipoBUB. Ko,a MpaBJbe KMcejiHHe, rae maBHH opraHCKH npoayKaT peaKimje Ha-

nyurra ejieKTpoay, pe3yjrrara iwepett>a no npBOM h flpyroM Haimry, flajy MHoro CJimfflHje

BpeflHOCTM.

E[V]

im

138

190

SMCiHiOh

INKOH

at sec

CjiHKa 2. Figure

IlpoMeHa noTeHUHjaJia Pt eneKTpo^e npa ik = 4,8 mA /crri1. PerHCTpoBaH»e noneTo on, 1,9 V

The change in the potential of Pt electrode at ic»i = 4.8 mAjcm2. Recording started at 1.9 V

isOH ^

f/VXCH

Y

tjec -—

EM

-0.12

O.H

0A0

0.66

Cjiima 3. Figure

IlpoMeHa noTcHuiija.ia Pt ejiercrpo/ie iipn ik = 4,8 mA jant. PerncTpoBaifce noweTO ojs,

0,66 V

The change in the potential of Pt electrode at icat =4.8 mA/cm2. Recording started at

0.66 V.
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Ha ocHOBy H3Jio>KeHHx pe3yjrraTa MO>Ke ce 3aKJbywrn /ja je AexHaporeHauHja eTa-

HOJia, Kao h MpaBJbe KMceJiHHe, y cramtOHapHOM CTaay npoueca H>HxoBe ejieKTpoxeMUj-

CKe OKCHAaiwje, 6p>KH npouec 03 oKCH«aunje b>hxobhx opraHCKHX paAHKana, h fla je

Bpno BepoBaTHO fla OHa Kao cyKuecHBaH crynaib yMecTByje y peaKinfoHOM MexaHH3My

npoueca oKCHflaimje, Kao iiito Ham moacji MexaHH3Ma npeTnoeraBJba.

H 3 B O R

JI& 6h ce noKaaajio /ja jih je peaKunja AexnnporeHainije aoBOJbHo 6p3a na

6h yyecTBORaJia Kao cyKnecHBHH crynaife y Tony npoueca ejieKTpooKCHflaiaije

eTaHOJia, oapefieHe cy 6p3HHe /jexHflporeHanHje eraHOJia na imaTiiHCKHM

ejieKTpoaaMa. 0/iper)HBaifca cy Bpiuena hjih H3 npejia3HHx kphbhx noTeH-

unjaJia npa cnomaHOM ycnocraBJbaifcy crauHOHapHor noTeHiDijajia otbo-

peHor crpyjuor KOJia, hjih ynoper)eii>eM npejia3HHX kphbhx noTeimnjaJia

y HHTepBa-iy noTeHunjaJia 0,8—0,5 V, aoSnjeiiHx y TOKy raJiBaHocraTCKor

KaTOflHor nyjica, y npncycTBy h oacycrBy eraHOJia y pacrBopy.

ynope^eaeM MaKCHiwaJiHHx 6p3HHa eJiercrpooKCHflainije (rpaHHMHHx

crpyja) ca oApeheHHM 6p3HHaMa AexHflporeHauHje y Hcroj cpeaniiH (KHcejioj

hjih anKajiHoj), 3aKJbyqeHo je aa je crynaifc aexHAporeHainije ,hoboji>ho 6p3

h aa MOH<e 6hth cyKnecHBHH crynaH> y TOKy ejieKTpooKCHAauHje eraHOJia.

TexHOJiouiKo-MeTajiypuiKK (paKyjrreT npMMJi>e.Ho 10. cpeopyapa 1973

Beorpafl

SUMMARY

THE RATE OF DEHYDROGENATION OF ETHANOL AT

PLATINUM ELECTRODE

by

VERA J. DRAZlC

In order to find out whether the dehydrogenation step is fast enough

to take part in the overall reaction of electrochemical oxidation, the rates

of ethanol dehydrogenation at platinum electrodes were determined. They

were evaluated either from the potential transients during the spontaneous

formation of the open circuit potentials, or by compaiison of the potential

transients in the same potential region (0.8— 0.5 V) obtained under the

cathodic galvanostatic pulses in the presence and in the absonce of ethanol

in the electrolyte.

A comparison of the highest possible electrooxidation rates (limiting

currents) with the evaluated dehydrogenation rates in the same media (acid

or alkaline) leads to the conclusion that the dehydrogenation process is

fast enough to be a step in the consecutive reaction mechanism of ethanol

electrooxidation.

Faculty of Technology and

Metallurgy, Beograd

Received February 10, 1973
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BULLETIN DE LA SOClETE CHIMIQUE BEOGRAD38 (1973)

GHDB-230 UDK 543.257.5:546.41:547-32

Original Scientific Paper

KOHflYKTOMETPHJCKO OJJPE'BHBAHjE HEKHX

KAJIUHjyMOBHX COJIH OPrAHCKHX KHCEJIHHA

on

KOCTE H. HHKOJlHTiA, HAflE>KiXE P. CBETiEHCKH

h PAUOMHPA B. nonOBHTiA

3a o,npeJ)HBaH>e KaJiiuijyMOBHx cojih oprairacKHx jeflHiteifca nocrojH

BejiHKH 6poj jweToaa. Y (papMaKonejaiwa Hajnemhe ce HaBoae nocTynuH

KOMiuieKCOMeTpHje, aijHAHMerpHje, nepwaHraHOMeTpHje h rpaBHMerpHje.

KoHAyKTOMerpHjcKa THTpauHja ca ycnexoM ce ynoTpeGjbaBa 3a oape-

^HBaite MHorax jeaHH>eiba. Obhm nocrynKOM ce floonjajy Beoiwa Ta^HH

pe3yjiTaTH, a H3Bol)eibe je jeaHOcraBHO h 6p30. Paan Tora je npHcrynjbeHo

pa3paflH nocrynRa 3a npmvieHy KOHayKToiweTpHjcKe Merofle y HCiiHTHBaH>y

caflpnraja KajmHjyMOBHx cojih hckhx opraHCKHX KHceJimra. IIpeTXOflHa hciih-

THBaita, H3BpmeHa nop, oapel)eHHM ycjioBHiwa, nonasajia cy aa npn Tmpa-

Hhjh pacrBopa obhx jeAHH>eiba ca xjiopoboaohhmhom khccjihhom Hacrajy

npoiweHe y npoBOflJbHBOcra noje aajy TaKaB ran KOHflyKTOMeTpnjcKe tot-

pauHOHe KpHBe H3 noje je iworyhe penpoAyKTHBHO flo6HjaH>e 3aBpuiHe

Ta»iKe THTpauHje. Grora je oBaj nocnynaK KopmiiheH 3a oape^HBaite:

KajiuHjyM-aqeraTa, KaJmHjyM-6poMHfl-JiaKTo6HOHaxa, KajmHjyM-rjnm,epHHo-

(})oc4)aTa, KaJiiDijyM-r^yKOHaTa, KajunijyM-rjiyKOxeiiTOHaTa, KaimHjyM-JiaK-

TaTa, KaJmHjyM-naHTOTeHaTa h Calcihept aiwnyjia.

EKCriEPHMEHTAJIHH flEO

Auapaiuypa :

3a H3Bol)eH>e KOHflyKTOMCTpHjcKe THTpaunje ynoTpe6ji>aBaH je koh-

flyKTOMeTap CDM 2e „PaAHOMeTep" ca ejieKTpoflOM CDC 104 MHjn je

KanaujrreT 1 cir. Mepeita cy H3Bol)eHa Ha cooHoj TeMnepaTypn.

Peaiencu :

— EiaHOJi, anco.'iyTHH

— X.nopoBoaoHHHHa KHcejiHHa, 0,1 N pacTBop.

IlocuiyuaK ogpet)ueaH>a :

Ilpe oapel)HBaH>a, cBe HcnHTHBaHe cyncTaHuiije, paan oacTpaH>nBaH>a

B/iare, cymeHe cy Ha o,npef)eHoj TeiwnepaTypH ;;o KoncTanTue tokhhc Cyme-

H»e je H3Bo^eno Ha xeMnepaTypaMa nauefleHHiw y (fiapiviaKonejcKHM nponncHMa.

Y 3anncHocrH OA ycnoBa H3Bol)eii>a KoimyKTOMeTpHjcKe ana.'iH:ie,

THTpaunja ce h3boah y boachom hjih eTaHOJiiroM pacrBopy. 3a oApefyiBaibe

Ka^UHjyM-6poMHfl-JiaKTo6HOHaTa, KaJiuajyiH-rjiHuepHHo-^oupaTa, KaJiUHjyivi

493



494 K. M. HMKOJIMH, H. P. CBEHEHCKM H P. B. IIOnOBMH

-rjiyKOHaTa, KanuHjyM-rJiyKoxeirroHaTa h KaJiUHjyM-jiaKTaTa npHnpeiwaHH cy

0,1 % BOAeHH paCTBOpH. ETaHOJIHH pacrBop Here KOHueHrpauHje, KOjH CJiy>KH

3a oape^HBaibe KajiuHjyM-aueraTa h KaJmHjyM-naHTOTeHaTa, no6nja ce pacrr-

TBapan>eM 0.1 g cyncraHiBije y 0,5 ml BOfle, a 3aTHM aonyHH ancojiyraHM

eraHOJioM ao 100 ml. TmpauHja ce h3boah Tano iiito ce 10.0 ml oaroBapa-

jyher pacreopa npeHece y nocyoy 3a nrrpHpaHie, floaa 20 ml Boae mm

ancojiyraor eraHOJia, ano ce pa/m ca eraHOJiHHHM pacTBopoM. 3aTHM ce

y pacreop ypoHe rmaniHCKe ejieKTpofle. TmpauHja ce Bpum ca 0,1 N

xjiopoBOflOHOTHOM KHcejiHHOM, Koja ce ao,naje no 0,1 ml, y3 cranHo Me-

maibe TeMHOcro MarHeTHOM MeiiKumupM. IlpH cBaKOM AOAaBa&y THTpairra

MepH ce npoBOflJbHBOCT pacrBopa.

AHajiH3a Calcihept awnyjia BpmeHa je hcthm nocrrynKOM Kao h KariUHjyM-

-rjiyKOxenTOnaTa, kojh je aKTHBHH npmmiin OBor upenapaTa. V'nopeao ca

KOHflyKTOMeTpHjcKOM THTpaUHjOM H3BOr)eHO je H KOMIIJieKCOMeTpHjcKO oflpe-

^HBaite npejwa nporiHCHMa <J>apiviaKoneja (1,2).

PE3YJITATH H flHCKYCHJA

Pe3yjixaTH KOHAyKTOMerpHjcKor h KOMnjieKcoiweTpHjcKor caper)HBaH>a

npi«<a3aHH cy y Ta6jimjH I.

Beha oflcTynaita op, y3eTe KOjmmiHe jaBJtajy ce koa KajmHjyM-

rjiHuepHHocpoccpaTa. Obo je nocrceflHua creneHa tmcrohe cyncraHUHje, Ha

una yna3yjy h peayjiTara o;iper)HBaH>a KOMiuieKcoivieTpHjcKOM THTpaunjoM.

Ha cjihuh 1 npnKa3aHa je KOHayKTOMeTpHjcKa TmpauHOHa npHsa,

KapaKTepHCTHMHa 3a CBe HcnHTHBaHe cojih h Calcihept aiwnyjie.

 

CjiHKa 1 . Figure

TnTpau.njcKa KpilBa i<ajinnjyM-r;iyi<oxenTOH:aTa ca 0,1 N xjiopomviommHOM

KHceJimiOM

The titration curve of Calcium-Glucoheptonate with

a 0.1 N hydrochloric acid.
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TABJIHUA I - TABLE I

Y3eTa
Bpoj

THTpa-

itHja

HaheHa kojunhhs — Amount found

Kojm-

MKHa

Taken

amount

KoHflyKTOMeT- KoMimeKcoMeT-

p«jcKa THTpauHja

Complexometric

titration

mg

TmpHpaHa cyncTaHUHja

Substance titrated
No. of

titration

pnjcKa THTpaiwja

Conductometric

titration

mg

KannjrjyM-aueTaT

mg

Calcium Acetate
10 7 9,96 ±0,01 9,96±0,01*

Ca (CH3COO)2 "Merck"

purum

KajmHjyM-6poMHfl-

-JiaKTOOHOHaT

Calcium Bromolactobionate
(Ci2H2iOi2)2 ■ CaBr2

"Sandoz" p.a.

10 7 10,01 ±0,01 10,01 ±0,01

KajiuHjyM-rjwitepHHO-

(boccbaT

Calcium Glycerophosphate

(HOCH)2CHP03Ca ■ 2H20

"Merck" purum

10 7 9,85 ±0,01 9,86 ±0,01

KajiitH)yM-rjiyKOHaT

Calcium Gluconate

Ca [HOCH (CHOH)4COO]2

"Carlo Erba" puriss. p.i.

10 7 10,00 ±0,01 10,00 ±0,01

KajmKjyM-rjiyKoxenTOHaT

Calcium Glucoheptonate

Ca (C7Hi308)2

"Fluka", puriss. p.i.

10 7 10,05 ±0,01 10,05 ±0,01

KajiinijyM-naKTaT

Calcium Lactate

Ca (CH3CHOHCOO)2

"Fluka", purum

10 7 10,03 ±0,01 10,03 ±0,01

KajiirajyM-naHTOTeHaT

Calcium Pantothenate

[HOCH2C(CH3)2CHOHCO

-NHCH2CH2COO]2Ca

"Merck", p.a.

10 7 10,07 1 0,01 10,07±0,01

KajiUHxem aiwiyjie

10%, „JIei<"

Calcihept ampoules

10%, „Lek"

10 7 10,03 1 0,01 10,03 ±0,01

* CraimapflHa aeBHjaijHja cpeflHHe — Standard deviation of the mean.
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Ao 3aBpuiHe raiKe THTpaunje npoBOAJtHBOcr pacrBopa Bpjio iwajio pac-

TC. JIpAaTKOM XJlOpOBOAOHHMHe KHCejIHHe y BHIUKy npOBOflJbHBOCT Harjio

pacre, jep je yaeo 6p3nx boaohhkobhx joHa y npoBo!)eH>y 3HaTHO Behn oa

ocTanux joHa y pacTBopy. Ha obo yKa3yje h KpHBa b Ha cjthhh 1, noja npn-

Ka3yje 3aBHCHOcr pH pacrBopa y dpyHKHHjH 6poja AOAarax ml THTpaHTa.

H>eH o6jihk cacBHM oaroBapa noHama&y KOHflyKTOMerpHjcKe THTpauHOHe

KpHBC

KaJiOHjyM-aqeTaT h KaJTAHjyM-naHTOTeHaT THTpnpaHH cy y eraHOJiHOM

pacTBopy, nouiTO HacTane npoiweHe y npoBOflJBHBocTH BOfleHor pacrBopa

HHcy aaBaJie THTparjHOHy KpHBy H<ejBeHor o6jiHKa. Y eraHOJiHOM pacTBopy

THTpaujHOHa KpHBa je Tano dpopiviHpaHa, fla je oiworyheHO Henpoflyici'HBHo

Ao6njaH>e Ta^HHX pe3yjiTaTa h H>eH oSjihk je noTnyHo hcth nao h koa bo-

AeHHx pacrBopa Apyrnx HciiHTHBaHHx cojih. Yrao Kojn cmianajy THTpa-

UHOHe KpHBe flo6HjeHe y boachhm h eTaHoriHHM pacrBopHMa OMoryhaBa

penpoayKTHBHO oflpefiHBaH>e 3aBpuiHe Tawne THTpainije npn qeiviy cy ao-

SnjeHH cacBHM 3aAOBOJbaBajyhH pe3yriTaTH.

H3BOfl

KoHAyKTOiweTpHjcKOM MeTOflOM je iworyhe 6p30 OApef)HBaH»e KaimHjyM-

obhx cojih opraHCKHx KHcejiHHa. ,Ho6HjeHH pe3yjrraTH noKa3yjy aa ce OBa

Merofla Mo>Ke npHMeHHTH ca bcjihkoai TaHHomhy.

3a H3Bo^eH>e THTpaioije ynoTpe6jbaBaH je KOHAyKTOiweTap CDM 2e

„Radiometer" ca ejieKTpoAaivia CDC 104.

CBe HcnHTHBaHe cyncraHUHje cy cymeHe ao KOHcraHTHe TeiKHHe. Kao

THTpaHT ynoTpeSjbaBaH je 0,1 N pacTBop xjiopoboaohhmhc KHcejmHe. 3a

KOHAyi<TOMeTpHjcKy THTpaunjy y3HMaHO je 10 ml BOAeHor pacrBopa Hc

nHTHBaHe cyncTamrHje h AOAaBaHO 20 ml AecTHJioBaHe boac Koa OApehn-

Baita Ka^UHjyM-aqeTaTa h KanHHjyM-naHTOTeHaTa ynorpeSibaBaH je, yMecro

BOAeHor, eTaHOJiHH pacrBop.

HHcnrryT 3a (J)K3HMKy xesmjy, nprnvuteHo 6. Mapra 1973.

Oap.viaueyTCKH (paKyjrreT,

Eeorpafl

BojHOMeAKUHHCKa AKafleMHja,

AnoTeKa, Beorpafl

SUMMARY

CONDUCTOMETRIC DETERMINATION OF SOME CALCIUM

SALTS OF ORGANIC ACIDS

by

KOSTA I. NIKOLIC, NADE2DA R. SVEeENSKI and RADOMIR B. POPOVlC

The conductometric method makes it possible to determine quickly

calcium salts of organic acids. The results obtained show that the method

can yield a high accuracy of determination.

A conductometer of the type CDM 2e "Radiometer" with CDC 104

electrodes was used for the titration.
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All the substances investigated were dried to a constant weight.

A 0.1 N hydrochloric acid solution was used as titrant. For conducto-

metric titration 10 ml of aqueous solution of the substance investigated

were used, and 20 ml of distilled water were added each time. To determine

calcium acetate and calcium pantothenate an ethanol solution was used

instead of an aqueous one.

Institute of Physical Chemistry, Received March 6, 1973

Faculty of Farmacy,

Belgrade

The Pharmacy,

Military Medical Academy,

Belgrade
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BELESKA - NOTE

CARBON ISOTOPE EFFECTS IN THE PREDISSOCIATION

SPECTRUM OF PHOSGENE

by

ZORKA B. VUKMIROVIC and SLOBODAN V. RIBNIKAR

One of the first spectra of polyatomic molecules to be analyzed was

the spectrum of phosgene in the near ultra-violet. Henri and Howell (1)

have detected some 263 bands between 305 and 238 nm which could be

fitted into a vibrational scheme. These bands are getting increasingly diffuse

when going towards shorter wavelengths. This is a characteristic of the

phenomenon which Henri (2) has earlier named predissociation. The above

authors established that predissociation begins at 270 nm.

Later, Giddings and Innes (3) have rephotographed the phosgene

spectrum over a wide temperature range, with a higher resolving power.

They have confirmed most of the previous findings. Their vibrational ana

lysis pointed out an alteration in the molecular symmetry in excited states,

i.e. the loss of the planar symmetry of the molecule. A detailed analysis

of the 297 nm absorption band system of phosgene has recently been carreid

out by Moule and Foo (4).

Since the electronic transitions in the region of predissociation arc very

sensitive to isotopic substitution (5), and since phosgene has an altered

molecular symmetry in its excited states, an isotopic substitution of the

carbon atom is expected to yield detectable changes in its spectrum. A

recording of a spectrum of phosgene-13C was therefore undertaken.

Labeled barium carbonate (a product of the 20th Century Electronics,

Ltd., England) was first converted into carbon dioxide using the method

of melting with lead chloride (6). The carbon dioxide was reduced to mo

noxide in a zinc furnace at 405_-t5°C (7). For the synthesis of phosgene,

anhydrous gold chloride was first prepared by the action of dry chlorine

on a gold foil at 200 C. At 100° AuCls releases very pure chlorine which

reacts rapidly with carbon monoxide. The reaction was stopped before all

the carbon monoxide was consumed. The middle fraction of the product

was further used. A mass spectrometric analysis of the labeled phosgene,

converted into carbon dioxide, showed a 13C content of 52.2 | 0. 1"0.

Phosgene of natural 13C abundance (1.1",',) was obtained from a com

mercial cylinder. It was distilled in a low temperature packed column

of high efficiency. Judging from its vapor pressure, the maximum amount

6

499



Z. B. VUKMIROVIC and S. V. RIBNIKAR
 



CARBON ISOTOPE EFFECTS 501

of impurities could not exceed 0.2%. The infrared spectra of both the nor

mal and enriched samples did not show any detectable impurities, parti

cularly not carbon dioxide.

The near ultraviolet spectrum was recorded with a Beckman DK-1A

recording spectrophotometer. The narrowest slit program was used, with

a recording with 3 nmjcmjmin. The temperature of the samples was always

close to 30°C. Quartz cells, adapted for vacuum connection, of thicknesses

from 0.5 to 10 cm, were used.

The recorded spectra of natural isotopic phosgene are given in Figure 1 .

The spectrum denoted by 1 is in complete agreement with that obtained

by Moule and Foo (4). The bands recorded in the region between 285 and

300 ran (curve 3, Fig. 1), obtained with a larger absorbing path, comple

tely correspond to the spectrum due to Giddings and Innes (3).

Figure 2 shows the spectra of "pure" 13COCl2. They were obtained

by careful compensation of the 12COCl2 spectrum in the labeled mixture

by natural phosgene in the reference beam. Two samples of enriched phos

gene in a 10 cm cell, at 78 and 115 Torr, were compensated with natural

abudance phosgene at 38 and 55 Torr, respectively.

2

 

WAVELENGTH , nm

Fig. 2. The near ultraviolet absorption spectrum of phosgene-13C.

6*
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The effect of isotopic substitution is very conspicuous. Due to the gene

ral shift in the vibrational structure above 243 nm, at a wavelength close

to the mercury resonance emission line at 253.7 nm (used ferquently for

photodissociation experiments), the molecule 12COCl2 shows a sharp max

imum (at 253.8 nm), whereas 13COCl2, at the same wavelength, has a pro

nounced minimum. The over-all absorption coefficient in this general region

has a smaller value for the heavier isotopic species.

Boris Kidrid Institute, Belgrade, and

Faculty of Science, University of Belgrade

Received January 22, 1973

H 3 B O #

H30TOnCKH EOEKTH yrJLEHHKA

y CriEKTPy nPE,II,HCOIJ,JiJALTHJE cJ>03rEHA

OA

30PKE B. ByKMHPOBHTi h CJIOEOHAHA B. PHEHHKAPA

CHHMJbeHH cy cneKTpH (po3reHa-12C h cbo3reHa-13C y o6jiacrH on 200

AO 300 nm. 3ana>KeH0 je H3pa3HTO noiwepaite y BHSpauwoHoj (bimoj crrpyK-

TypH y ofiriaciH H3Haa 239 nm. Ha TajiacHoj ajokhhh Beojvia 6jihckoj' >khbhhoj

eMHCHOHoj JiHHnjH 253.7 nm, koa MOJieKyjia 12COCl2 3ana>Ka ce ouiTap

MaKCHMyM, AOK MOJieKyjI 13COCl2 OBAe HMa H3pa3HT MHHHMyM.

HHcnrryT „BopHC Kmaphm", Beorpafl — Binma h ripHMJbeHO 22. jaHyapa 1973.

npHpoAHo-MaTeMaTinjKH cpaKymeT, Beorpafl
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BELESKA - NOTE

UBER />-HYDROXY-THIOBENZOESAURE-TOLUIDIDE

MIROSLAVA M. JANCEVSKA und VASILKA D. PRISAGANEC

Zur Bestatigung der friiheren Resultate uber die Schwefelung der Aro-

matischen und Heteroaromatischen Oxycarbonsaureaniliden<1_3>, wenn vor-

her die Hydroxylgruppe durch Acetylieren geschiitzt wird, wurden die Dar-

stellungen von p-Hydroxybenz (o, m, />)-thiotoluidide (Tabelle III) duch-

gefiihrt.

TABELLE I

p-Aceloxybenz- Toluidide

CH3COO (CftH15N03)

No CH3
Ausbeute

%

Schmp. °C Analyse: Ber./Gef.

(unkorr.)
%c %H %N

I ortho 93 130-131

71,36

71,06

5,61

5,81

5,21

5,30

II meta 95 98-99

71,36

71,12

5,61

5,58

5,21

5,25

III para8 94 174-175

71,36

71,20

5,61

5,63

5,21

5,20

CH3COO-^^CSNH-^^ (C16H

TABELLE II

p-Acetoxybenz- Thiotoluidide

CH3

,5N02S)

No CH3
Ausbeute Schmp. "C Analyse: Ber./Gef.

(unkorr.)
^' , 0 %H "„N

IV ortho 97 119-120

67,42

67,48

5,31

5,22

4,92

4,75

V meta 96 110- 111

67,42

67,43

5,31

5,64

"4,92

4,80

VI para 94 153-154

67,42

67,35

5,31

5,30

4,92

4,85
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Die Schwefelung von Aniliden (Tabelle I) mit Phosphorpentasulfid

wurde in trockenen Losungsmitteln (Dioxan, Pyridin)<4,5,5 nach der vor-

herigen Blockierung der freien Hydroxylgruppe, uberfuhrt. Die freie

Hydroxylgruppe wurde mit verschiedenen Gruppen (Acetyl, Carbobenzoxy,

Carbetoxy) blockiert und nach zahlreichen Versuchen wurde festgestellt,

dass die Acetylgruppe die wirksamste ist.

TABELLE III

p-Hydroxybenz- Thiotoluidide

^csnh-Q

SCH3

(CUH13NOS)

No CH3
Ausbeute

0 '
. 0

Schmp. °C Analyse Ber./Gef.

(unkorr.)
%c %H %N

VII ortho 98 159-160

69,19

69,31

5,39

5,51

5,67

5,55

VIII meta 97 72-73

69,19

68,98

5,39

5,26

5,76

5,79

IX para 97 190-191

69,19

69,14

5,39

5,56

5,76

5,72

Nach der ausgefuhrten Schwefelung (Tabelle II) wurde durch Erwarmen

mit wasseriger Natronlauge ( 1 N NaOH) die Acetylgruppe leicht abgespaltet

und die Hydroxybenzthiotoluidide (Tabelle III) erfolgreich dargestellt.

BESCHREIBUNG DER VERSUCHE

p-Acetoxybenz-(ortho, meta, para)-Toluidide (I— III)

In eine Pyridin Losung von 5,35 g (0.05 Mol) ortho- bzw. meta- bzw.

para-Toluidin wurde in Laufe von 30 — 40 Minuten tropfenweise 9.93 g

(0.05 Mol) p-acetoxybenzoylchlorid(6'7> zugegeben. Das Reaktionsgemisch

wurde, nach Beendigung der Reaktion, ins Eiswasser gegossen. Das aus-

geschiedene rohe Produkt wurde abfiltriert und getrocknet. Nach dem Um-

kristallisieren aus Athanol erhalt man farblose Nadeln (Tabelle I).

p-Acetoxybenz-(ortho, meta, para)-Thiotouidide {IV— VI)

Zu einer warmen Losung von 2,7 g (0,01 Mol) Toluidid (I — III) in

10 ml trockenem Pyridin bzw. Dioxan wurde 2,22 g (0,01 Mol) Phosphor

pentasulfid portionsweise zugefiigt. Das Reaktionsgemisch wurde 20—40 Mi

nuten zu gelindem Sieden erhitzt. Die Farbe des Gemisches andert sich von

gclb bis dunkcl rot. Danach wurde es in 200 ml Wasser gegossen. Das aus-

geschiedene Rohprodukt erstarrte alsbald zu einer braunen Kristallmasse,

die abgesaugt, mit Wasser ausgewaschen und getrocknet wurde. Die wei-

tere Reinigung konnte durch Umkristallisieren aus Athanol durchgefuhrt

werden (gelbe Kristalle).
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p-Hydroxybenz-(ortho, meta, para)-Thiotoluidide (VII— IX)

Das Gemisch von Thiotoluidid (IV—VI) und 12 ml IN wassriger NaOH

wurde im Wasserbad 15 Minuten auf 80—90° erwarmt. Die gebildete gelbe

Losung wurde filtriert und nach Abkiihlen mit IN HC1 bis pH 3—4 ange-

sauert. Der ausgeschiedene Hydroxyderivat wurde abgesaugt und mit Wasser

ausgewaschen. Er wurde aus Athanol umkristallisiert (gelbe Kristalle).

Chemisches Institut der Naturwissenschaftlich-

-Mathematischen Fakultat, Universitat Skopje,

Macedonien, Jugoslawien

Eingegangen den 10 November 1971

H 3 B O R

O TOJIYHAHXI.HMA p-XH,n,POKCHTHOEEH30EBE KHCEJIHHE

MMPOCJIABA M. JAHMEBCKA a BACHJ1KA R. nPHCAfAHEIJ,

H3 opto-, MeTa-, h napa-TOJivH/rnaa p-aueTOKCH6eH3oeBe KncennHe

(Ta6ejia I) Mory ce, noroflHOiw oGpaaoivi ca (poccpopneHTacyjidpHflOM y cyxoiw

nnpHflKHy hjih anoKcaHy, npnnpeMHTH oflroBapajyhH aueTOKCH-THoaMH^H

(Ta6ena II). Xhapojih30m (ca IN NaOH) ii3 jemnfeeifea (TaGejia II) aooHBeHH

cy Tpan<eHH xHflpoKCH-6eH3THOTOJiyHflHflH (Taoejia III) y aoopoiw npimocy.

XeMHjCKH HHCTMTVT,

ITpHpoAHO-MaTeMaTiwKH draKyjrreT

CKonje ITpHMJbeHO 10. HOBeiviSpa 1971.
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ynyTCTBA aytophma

TJIACHHK XEMHJCKOr ^PyfflTBA EEOrPAJJ

oSjaBJbyje opuzuHcuine Haynne padoee, 6eJieuiKe, riperxodna caonmrema

m pev,eH3uje K«>uza

OpuzuHaJtHit uayHHu padoBu caflpsce pe3yjiTaTe opnrMHajiHMX HCTpaacM-

Ba»>a kojh wicy o6jaBJbeHM a Tpe6a fla Syfly HanncaHM TaKO fla ce HaBeflemi

eKcnepuMenTM Mory penpoflyicoBaTw. PaflOBM ce majfay Ha peu.eH3Mjy, a npn-

xBaTaH>e pafla o6aBe3yje ayTope fla Mere pe3yjiTaTe Hehe oSjaBHTM Ha flpyroM

MecTy.

BejieuiKe caflpace pe3yjiTaTe Kpahnx, ajiH flOBpiueHMx MCTpaxtMBaita hjih

npHKa3yjy concTBeHa opnrnHajTHa MCKycTBa M3 jiaoopaTopnjcKe npaKce (mcto-

fliiKe, anapaType m cjimhho). 06mm 6ejieniKe He Tpe6a fla npehe 500 pew.

nperxodHa caonmreiba Tpe6a fla caflpste opHTHHajiHe Hayroe MHCpopMa-

uMje HHjw KapaKTep 3axTeBa 6p30 o6jaBjfcMBan>e m He Tpe6a fla 6yfly flyxca

op, 1000 peHM.

Cbh paflOBH Mopajy oaflpxin ■sbmisb ihkuhmmi pwyarw h npefl-

CTaBjtaTH HayiHy hoboct.

OnuiTe HanoMene

Pafl Mosce 6mtm nwcaH Ha cpncKOxpBaTCKOM mjim HeKOM op cjieflehMX

CTpaHMX je3MKa: eHiviecKOM, cppamrycKOM, HesiaiKOM yum pycKOM. Ayropruia

ce npenopynyje da noduoce padoee nucaue na crpanoM je3UKy, c o63wpoM pa

ce TaKBM paflOBH y u,enyam oSjaBJtyjy m y 36opHMKy Collectanea Chemica

Yugoslavica, pok ce paflOBM Ha HarueM je3raty npnKa3yjy y obom 36opHMKy

CDMO M3BOflOM Ha CTpaHOM je3MKy.

Pap kojh ayropM noflHecy peflaKUHjw Tpe6a fla je HanncaH y HajKpaheia

MoryheM o6jiMKy, a fla npM TOMe 6yfle jacaH. y yboahom flejiy Tpe6a flaTM caMO

HajHyaKHwjH nperjiefl paiinjnx HCTpaatHBaHba ti o6jacHMTM CBpxy pafla.

Onwupuu npuxo3 nperxodnux padoea ua ocuoey Aureparype Hehe ce npw-

XBaTMTM. HapoHMTy najKH>y Tpe6a nocBeTMTM npeu,H3HOM m jacHOM M3H0ineit>y

eKcnepHMeHTajiHMX noflaTaKa. Il03HaTe MeTOflMKe m TexHHKe Tpe6a 03HaHHTM

HMeHOM M JIMTepaTypHHM UMTaTOM.

CBaKH pafl Mopa MMaTM KpaTaK M3BOfl Ha je3HKy Ha KOjeM je nwcaH-, aKO

je pafl nwcaH Ha HameM je3i«ty Mopa MMaTM join m M3B0fl Ha jeflHOM ofl paHHje

HaBefleHMx crpaHMX je3MKa, a ano je nMcaH Ha CTpaHOM je3MKy Mopa MMaTM

joui m M3BOfl Ha HauieM je3MKy. M3BOfl Tpe6a fla caflpxM CBpxy pafla, 3HanajHe

noflaTKe m 3aKJbyHKe; He Tpe6a fla caflpjKH BMiue ofl 150 peiM.

PaflOBM Koje je PeflaKipija npMXBamna urraMnajy ce no pefly npwjeMa,

j'kojimko h>mxobo o6jaBJBMBan>e He 6yfle 3aflpHtaH0 McnpaBKaMa. AyTopn ao6m-

jajy 6ecnjiaTHO 40 noceSHMX OTMcaKa CBora pafla.

Padoeu koju no Texnuv/Koj onpejuu u nanuny v.3jiaian>a we odzoeapajy

cnuiy padosa Koju ce o6jaeA>yjy y TjiacwwKy, 6uhe epahenu ayropy na npe-

pady. CTora ce ayTopMMa CKpehe naJKK>a fla ce npn nncaifcy paflOBa rrpHflp-

jKaBajy cjiefleher ynyTerea:

Onpesia pyKonnca

PyKonMC Mopa 6mtm flocTaBJbeH PeflaKuwjM y dea npuMepKa, nwcaHa MaiiiM-

hom ca hmctmm cjioBMMa, ca flBocTpsrKMM npopeflOM, Ha jeflHoj cTpaHM naroipa

cpopMaTa A4 m ca MaprHHOM op 3 cm ca CBaKe crpaHe. IIpM Kyuafty He Tpe6a
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KopwcTMTM Koce upTe Kao 3arpafle. OpurHHaji pyKonnca Tpe6a fla caspKH CBe

cjiMKe, flMjarpaMe a Ta6.nnu,e, KOje TpeSa npmiOHCMTM Ha noce6HMM jiHCTOBMMa

Ha Kpajy pyKonnca, a y TeKCTy Tpe6a 03HaHMTM caiuo h>mxobo npH6jiMJKHO

wecTO. Pe3yjiTaTK ce Mory npMKa3aTM vuiu cjimkom vuvu TaSjiimpM. Mctm pe3yji-

TaT He MOHte ce npnKa3HBaTM Ha 06a HaHima. He npHXBaTa ce penpoflyKOBan>e

c.iMKa m TaBjiMua M3 flpyrax paflOBa. CTpaHe pyKonnca Tpe6a HyMepwcaTM.

IlapoHMTy na«H>y TpeSa nocBeTHTH HOMeHKJiaTypM h TepMHHOJiorajM, KOje

Tpe6a fla 6y/iy y CKJiafly ca npenopyicaMa MHTepHan.noHa.jiHe yHMje 3a Hwcxy

w npnMeH.eHy xeMMjy. CKpaheHnn,e m cmmoojic TpeSa oSjacmiTH npw npsoj

ynoTpeSw y TeKCTy. CneKTpn (IR, UV, NMR), xponaaTorpaMH h cji. Hehe ce

oBjaBJBMBaTM, yKOJiMKO mm je jeflMHa CBpxa flonyHCKO KapaKTepMcaH>e jeflM-

H)eH>a. y HacjioBy pafla Tpe6a fla 6yfly McnwcaHa MMeHa m cpejnte cjiobo

ayTopa, a HacjiOB aKO je HKaKO Moryhe He Tpe6a fla canp>Kn cwMSojie m cpop-

Myjie.

Ilocjie cpncKoxpBaTCKor TeKCTa CTaBJba ce nyH Ha3MB MHCTHTyn,nje y

Kojoj je pafl ypabeH, Ha cpncnoxpsaTCKOM, a nocjie CTpaHor TeKCTa, Ha oflro-

papajyheM cTpanoM je3MKy.

H3B03 Ha CTpaHOM je3MKy Mopa fla MMa npeBefleH HacjiOB pafla m nyHa

HMeHa ayTopa, m Ha Kpajy na3iiB HHCTMTyuMje; hcto Bam h 3a n3BOfl Ha

HumeM je3MKy, Kojw erojM y3 pafl nwcaH Ha CTpaHOM je3HKy.

I^ejioKynan tckct y Ta6.iuv,a.M.a h JiezendaMa y3 cnnKe Tpe6a ceM Ha

cpncKoxpBaTCKOM je3MKy aa™ y noTnyHOCTH w Ha ohom CTpaHOM je3MKy Ha

KOMe je flaT H3BOfl. TaS.HMue o6aBe3Ho Tpe6a fla wnajy HacjiOB, a Hyiiepmny

ce pmmckmm SpojeBMMa. CjiHKe ce Hyiuepmny apancKUM opojeBMMa. IIpHKa3M-

oaite mcthx pe3yjiTaTa ii Ta6jinnaMa m fliijarpaMHMa y Hanejiy Hwje fl03BO-

jbeHO.

U,pT23KU u cjiuice. Uptokii Mopajy Cmth na>KJbHBO mpabeHii TymeM m

Tpe6a fla 6yfly oko daa nyra eehu ofl KJiMiiiea Kojn Tpe6a fla ce irjpaAii. *oto-

rpadpwje Tpe6a M35eranaTH, a yKOjniito cy HeonxoflHe, Mopajy 6mtm Ha 3aflOBO-

jbaBajyhein TexHMHKOM HMBoy 3a M3pafly KJiMiiiea.

Jlureparypnu viuraru Tpe6a fla 6yfly npHJioraeHM noce6HO h HyMepwcaHH

ohmm peflOM KojiiM ce nojaBJtyjy y TeKCTy. HyMepncaH>e y TeKCTy Tpe6a

BpuiMTM y hctom pefly ca tckctom apancKMM uiicppaina HopMajiHe bcjihhmhc y

OKpyrjiMM 3arpaflaMa. CKpaheHwue 3a naconnce TpeGa y3HMara npcina Chemical

Abstract, 55, lj-397j (1961). HapoHMTy nastfty Tpe6a nocBeTMTM HHTepnyHK-

u,njn. PaflOBM ce u,iiTnpajy Ha cjieflehii Hanim: Newton, M., Boer, F. and

Lipscomb, W., J. Amer. Chem. Soc, 88, 2353 (1966). Ki*.Mre ce u,nTnpajy Ha

cjieflehH HaniiH: Rutgers, A. J., Physical Chemistry, Interscience Publ., New

York, 1954, erp. 76—81.

3a paflOBe niicaHe na cpncKoxpBaTCKOM je3MKy pycKy jiMTepaTypy Tpe6a

HaBOflMTM y M3BopnoM o6jiMKy, a ano je TeKCT nwcaH na HeKOM 3anaflHOM je3HKy

jiMTepaTypHe naBOfle Tpe6a TpaHCKpn6oBaTM (Ht-zh; x-kh; u.-ts; M-ch; ui-sh;

m-shch; fai-y; ro-yu; H-ya; 3-e; Pi-i).

M3BOflM paflOBa, caoSpajKeHM ycnoBmaa Chemical Abstract-a urraMnajy ce

Ha noce6HMM KapTimaiwa y npunory TjiacHMKa. CTora ce y.MOJBaBajy ayTopw fla

y3 pafl flocTaBe m jincTy Ba^iinjHx nojMOBa kojm KapaKTepwiiry flonpMHOc pafla

tc 3acnyjKyjy fla no H>MMa pafl 6yfle CBpcTaH y Chemical Abstract Subject

Index-y, Hnp.: KaTa^M3a, eii3MMCKe peaKU,nje, xeMMH, hhaoji, xeMorjioSHH.

oKCHflamija.
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ANHARMONICITY OF THE CARBON DIOXIDE MOLECULE

IN SOLUTIONS OF ACETYLENE AND CARBON

TETRACHLORIDE

by

SLOBODAN V. RIBNIKAR, OLGA S. PUZIC and

BILJANA N. SUKAROVA

The anharmonicity of molecular vibrations is an essential factor de

termining the energy levels of the molecules. The question whether the

degree of anharmonicity changes in the process of condensation has been

checked recently on the example of carbon disulfide (1). No significant

change was found. Another molecule of the same symmetry type, carbon

dioxide, seemed appropriate to extend this investigation.

Since the recording of the infrared spectrum of liquid carbon dioxide

presents a considerable technical problem (its triple point pressure being

5.2 atm), the closest approximation to this state was the recording of a

carbon dioxide — acetylene mixture in a ratio 1 to 2. This system forms

an eutectic mixture which melts at 170.3 K with a pressure of 0.32 atm

(2), and hence could be safely handled with common cell windows. Another

mixture was also recorded : a solution of carbon dioxide in carbon tetrachlo

ride. Because of a rather low solubility, which is 1.07 mol per cent at one

atmosphere and 25°C (3), some parts of the spectrum had to be recorded

with solutions pressurized with carbon dioxide gas.

EXPERIMENTAL

Tank acetylene and tank carbon dioxide were passed through cold traps kept at

dry ice — alcohol temperature, and mixed in a ratio 2 to 1. The mixture was condensed

into a liquid which was distilled several times discarding first and last fractions. The

same procedure was applied with acetylene-Da, obtained from heavy water and calcium

carbide.

Carbon tetrachloride was saturated with carbon dioxide either with a stream from

sublimed dry ice prior to filling the cells, or with CO2 gas applied as a static pressure

above the solvent in an absorption cell designed to withstand increased pressures. The

cell, used in the near infrared part of the spectrum, was made of a brass cylinder with

glass windows 4 mm thick. The effective absorption length was 90 mm. It was operated

up to 11 atm. Assuming the validity of Henry's law, this pressure would correspond to

a concentration of about 11 mol per cent of CO2 in carbon tetrachloride.

The recording of the infrared spectra at temperatures below ambient was made

using a Variable Temperature Cell, Model VLT-2, of the I.C.I.C., London, following

the filling procedure described in Ref. 4. The acetylene — carbon dioxide mixtures were

kept at — 80±2°C using liquid nitrogen as coolant. Cell thicknesses were varied from

0.01 to 0.5 mm, using silver chloride windows.

509
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The spectral range of 400 to 10,000 cm-1 was covered with spectrophotometers

Perkin-Elmer 457, the UR-10 of Carl Zeiss, Jena, and the Beckman DK-1A. A Raman

spectrum of the CCU — CO2 solution was recorded with a Hilger & Watts Raman spectro

meter with a 400 watt mercury arc excitation. Due to the faintness of the lines sought

for, an extended photographic recording was done using the435.8 nm line for excitation.

100 r-r

 

20 -

0 L ; 1 1 l_: 1

5200 5100 5000 4900 4800 cm"1

Fig. 1 — The first D-triad of carbon dioxide in CCI.1 solution. Concentration 9%, cell

length 90 mm, 25°C.

Table 1 lists the measured carbon dioxide frequencies. A detail of the spectrum

is shown in Fig. 1. The band positions of C2H2, C>HD and C2D2 in the mixture are given

in Table 2.

Nuclear magnetic resonance spectra of several liquid mixtures of acetylene and

carbon dioxide were recorded at low temperatures with a Varian A 60 A NMR spectro
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TABLE 1

Vibrational frequencies of carbon dioxide dissolved in acetylene and carbon tetrachloride

(cm-1, vacuum corrected)

co2-
C02-CC14) 25°C

Transition" Species Gas" -C2U2

-80°C Obs. Calcd.
Calcd. -

-Obs.

opo^-oo-o nu-zt+ 667.40 658 660 660 *

J02°0-MX)o0
1285.43 1278c 1276c 1276 *

{l0°0-<-00o0
1388.15 1382 1379" 1379 *

f03»0-<-O0o0
1932.45 - 1917" 1916 -1

|ulo-«-oo°o
nu-sg+ 2076.85 - - 2061

13C00°1 -«-00°0 2284.5 2278 2269

00°1-h-00°0 2349.16 2342.7' 2334.5 2334.5 *

[02°1«-00°0 3612.79 3594 3590 3590 *

[10°l*-00°0 3714.74 3700 3693 3693 *

04ol-HX)°0
4853.56 4828 4824 4824 *

12°lf-00°0 4977.8 4959 4955 4955 *<

20°l*-00°0 5099.63 5077* 5073 5073 *

06°l-<-00o0
6075.97 - - 6049

14ol«-00o0
6227.92 - 6194" 6197 3

22°l-<-00o0
6347.85 - 6319" 6319 0

30°l-^O0°0 6503.09 - - 6482

00°3-e-00°0 sj-zj 6972.49 - 6923" 6923 *

f02°0-M)liO
s(+-na 618.0 620 616 616 0

|lO°0-M)liO
s.+-na 720.8 - - 719

f0310-H)2o0
na-sf+ 647.02 - 641 640 -1

\ll10-H)2o0
nu-E,+ 791.46 - - 785

01M-<-0110 ng-ntt .2336.68 - 2322 2322 0

ng-nu 3580.27 - 3556 3558 2

ng-n0 3723.19 - 3705 3702 -3

05>1«-01'0 ng-nu 4807.63 - 4780 4779 -1

ng-nu 4965.35 - - 4943

211l-<-01>0 ng-nu 5123.17 - 5098 5099 1

Ol^-f-OPO n8-nu 6935.07 - 6887" 6885 -2

a) Levels within braces are in Fermi resonance.

b) Ref. 8.

c) Calculated from difference bands 02°0-0110.

d) Raman value.

e) Calculated from the difference band 03,0-02°0.

f) Because of too high intensity, the position was calculated from the 13C band, assuming

equal solution shifts in both systems.

g) Assumed by analogy with the same triad in CCU solution.

h) Nine to eleven per cent solution. At least for the triad, there is no change within the

scatter of data in the interval of 1 to 10 percent.

I*
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meter. The gases were mixed with tetramethyl silane internal standard, condensed into

standard NMR tubes, sealed off, and transferred frozen to the precooled measuring compart

ment of the spectrometer. The recorded chemical shifts are presented in Table 3. In all

the cases the acetylene proton peak was single and well defined.

In order to clarify some features appearing in the spectrum of the CCI4 solution,

a spectrum of dissolved 13C02 (8 per cent enrichment) was recorded in the region of the

V3 band.

TABLE 2

Bands of acetylene, acetylene-D and acetylene-Dt appearing in the liquid mixture with

carbon dioxide at — 80°C (cm-1).

Assignment C2H2 C.HD Q.D2

VJ 755 v.s * 697 s. 550 v.s.

V4 + V5 1365 s. 1066 s.

2V4+V5 1962 m.

v» 1840 m.

vs+vs 2707 w.

VI 3253 v.s. 2559 s. 2414 v.s.

VI 3304 s.

VS+V4 3873 m. 2930 w.

Vl + v5 4084 m.

* v. — very, s. — strong, m. - medium, w. — weak.

The same region, with normal CO2, was also recorded in chloroform and toluene

as solvents. The cell temperature was varied from 25° to —62° and — 76°C respectively.

The relative intensities of two shoulders appearing on both sides of the vs band were

measured. The high frequency shoulder, shifted by 7 to 8 cm-1 from the band center,

TABLE 3

NMR chemical shifts of liquid acetylene and mixtures of acetylene and carbon dioxide

(ppm against TMS).

Substance

Temperature, °C

-20 -30 -40 -50 -60

Liquid C2H2 2.00 2.03 2.05 2.07

3C2H2 + C02 1.96 2.00 2.03

2C2H2 + COa 1.98 2.00 2.03

stayed in the whole temperature interval in both solvents between 2 and 3 percent of the

main band. The low frequency shoulder, after subtracting it from the whole, appears

as a band with a maximum displaced by 11 to 12 cm-1, with a wing extending towards

lower frequencies. Tjje contribution of this shoulder amounts to 16 percent of the whole
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at 25°C. It decreases to 9 percent at the lowest temperatures. During these recordings

the instrument was being constantly flushed with nitrogen. It should be noted that both

shoulders, with practically equal displacements, appear in the 13C peak, making thus an

influence of possible impurities highly improbable.

Some of the CO2 bands in solution have convenient frequency calibration points

in their vicinity. The bands of V2 and vs could be recorded with superimposed rotational

lines of the corresponding CO2 bands of the atmosphere (5 — 7). These recorded frequen

cies are therefore believed to be accurate within one wavenumber. The frequencies of

the diad 02°1/10°1 could be conveniently checked against the rotational structure of the

atmospheric water band in their vicinity (5), giving again frequencies quite precisely
known. The positions of the members of the triad 04ol/12°l/20°l are determined less

precisely and are believed to be accurate to 3 cm"1. (The third member of this triad in

C2H2 solution was for instrumental reasons not recorded and was given a frequency assu

med by analogy with the other system; an error limit of ±8 cm-1 is ascribed to it). The

fundamental v\ appears quite weakly and broadly in the spectrum of the C2D2— CO2

mixture 0.5 mm thick. In the CCU solution it is hardly noticeable, but the Raman spec

trum yielded a measurable band. A possible uncertainty of ±3 cm-1 is ascribed to these

data. For the other component of the first diad, 2v2, appearing poorly defined in both

IR spectra, the frequencies accepted are from the difference bands 02°0-«-0110, which are

visible in the spectra of both systems. A possible error of ±4 cm-1 is ascribed to these

data. All these errors increase somewhat in the cases where Fermi resonance is involved,

when corresponding unperturbed frequencies are calculated.

EVALUATION OF THE ANHARMONICITY CONSTANTS

In order to determine the three zero-order frequencies, toi, and the

seven anharmonicity constants xik (k^i) and gw, a procedure similar to

the one described in Ref. 1 was used. The first assumption taken was the

equality of the quantum mechanical interaction constant, W, between the

gaseous and dissolved states. For the resonance of levels with quantum num

bers vi, V2, V3, k with levels (v)~ 1), (v2 + 2), V3, k, the value of the inter

action constant was calculated from the equation derived by Courtoy (8)

for gaseous carbon dioxide:

ir2=(51.31 -0.15 z>i-0.41 wa-0.78 vs)2 x — [01+2)2-/2] Cl. (l)

The frequencies belonging to the levels perturbed by Fermi resonance

were treated and the appropriate unperturbed frequencies calculated. The

chosen ten frequencies are marked with asterisks in Table 1. The calcu

lation of the positions of unperturbed levels of resonating diads is straight

forward (9a), but in the case of the E-triad, an iterative procedure had

to be used.

A set of ten equations with ten unknowns of the type

Go (f1, V2, V3, h) =2 rSS -vik [v 1 vk + Z 1 f + 2 2 £tk h k

i 1 k.-i { 2 2 ) 1 k i

is obtained, where Go is the unperturbed frequency and d\ and are the

degeneracies of the t-th and k-th levels. The augmented matrix of the sys

tem of equations for CO2 in the CCI4 solution is :
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660.0 0 1 0 0 3 0
2

0
2

1

1321.8 0 2 0 0 8 0 I 0 1 0

1333.2 1 0 0 2 0 0 1

1

0 0
2

2334.5 0 0 1 0 0 2 0

1

1 0
2

3630.8 0 2 1 0 8 2 1

1

4 0
2

3652.2 1 0 I 2 0 2 1 2 1 0

4922.5 0 4 1 0 24 2 2

1

7 0
2

4957.9 1 2 1 2 8 2 4 2 4 0

4971.6 2 0 1 6 0 2 2

7

2
1 0

6923.0 0 0 3 0 0 12 0

3

3 0
7

where the columns correspond to Go and the coefficients of coi, <D2j 0)3,

*22> X33y xiz, xis, X23 and g22- The system can be solved with the aid of an

electronic computer, but it can be shown that the solutions can also be

obtained from the following relations :

*n=- [(20°l)o-2(100l)o+(00°l)],

*22=7 [(04°l)o-2(02°l)0+(000l)])

*33=7r [(00°3)-3 (00°1)],

(2)

(3)

(4)

*i2=2 [(120l)o-(100l)o-(020l)o+(00°l)],

xi3=(100l)o-(101)o-(000l),

x23= 4 [(02J 1 )0 - (02 0)0 - (00° 1 )],

(5)

(6)

(7)

£22 = 7 P (0110)-(02°0)0+2xa2], (8)
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coi=2 (10°l)o+{ (1000)o-(20°l)o-(00°l)-y (12°l)0+{ (02°1)0, (9)

a>2=(020l)o+|(02°0)o-{ (00°1)-| (<M°1)0-^ (12°1)0+^ (10°1)0, (10)

co3=3 (00°l)-y (00°3)- \ [(10°1)+(02°1)]+| [(02°0)+(10°0)], (11)

where (v\ vs) aer the observed (unperturbed) frequencies, while the terms

indexed zero represent the unperturbed energies calculated in the previo

usly mentioned manner. It should be noted that the solutions for X33 and

W3 can be obtained without knowing the resonance parameters, i.e. only

unperturbed terms and sums of resonating ones are involved.

The solution was complete for the carbon tetrachloride solution, but

in the acetylene system two frequencies were missing: 20° 1 and 00°3. The

former one was assumed, as said, by analogy. Instead of the latter, which

is necessary to compute X33, the value of this constant was assumed to be

the same in both sets. The results of the calculation are given in Table 4.

The error limits attached originate only from the estimated uncertainties

in frequency determination.

TABLE 4

Anharmonicity constants of gaseous and dissolved carbon dioxide (cm"1)

Constant

G a s CO2 in C2H2

-80°C

CO2 in CCU

25°CRef. 9b Ref. 8

COl 1351.2 1354.94 1352.0±12 1334.7 ± 10

(02 672.2 673.02 661.8^6 667.3 ±4

CO3 2396.4 2396.40 2395.2±7 2381.84-5

Xll -0.3 -3.75 -4.3 ±4 0.8±3

Xtt -1.3 -0.63 1.0 J- 1 -0.6±1

X33 -12.5 -12.63 (-13.4) -13.4±3

XI 2 5.7 3.62 5.2 -t 6 4.7±4

XI3 -21.9 -19.37 -18.6H 6 -15.5±5

X23 -11.0 -12.53 -16.4±3 -12.7±2

£22 1.7 0.775 -1.3±3 -1.5±3

For the set of constants of the CCU solution, in the case of the con

stant X23, besides Eq. 7, two additional checks are available. It can be shown

that the difference in frequency between the transition 00°1<- 00°0 and its

"hot" band OlM-c-Ol'O equals — X23, while analogously the difference bet

ween 00o3<-00°0 and 0U3<-01'0 equals -3 x23. The Eq. 7 value is - 12.7-f

±2 cm^1, while the other two methods yield — 1 1.5± 1 and — 12.4J 0.6 res

pectively. The agreement is quite satisfactory.

Unperturbed frequencies for all levels can be calculated now and appro

priate perturbation calculation applied. Triads were treated according to

Kovacs and Singer (10) and the tetrad according to Brandt (II), taking

Eq. 1 into account.
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The calculated frequencies are listed in Column 6 of Table 1. This

applies only to the CCU solution data since all the observed frequencies in

the acetylene solution were involved in the calculation, and the obtained

values are predetermined to agree fully.

DISCUSSION

Two transitions have been detected in the infrared which are normally

forbidden by the rule of mutual exclusion : the band of vi in both solutions

and the band of 2v2 in the acetylene solution. This is by no means sur

prising in view of the fact that both bands appear even in pressurized CO2

gas (12) and the same behavior could be expected by analogy with car

bon disulfide in liquid and dissolved states (1). Increased dilution tends

to diminish their intensity (1, 13), which explains the findings in the CCU

solution.

The room temperature spectrum of the CCU solution contains a mul

titude of difference and "hot" bands which are missing in the low tempera

ture spectrum of the acetylene solution. This is to be expected because of

a considerably smaller population of levels where these transitions ori

ginate.

One of the "hot" bands is the transition 01*1 ■♦-OlM) accompanying

the band of V3. It appears as a shoulder on the low frequency side of the

main band. It has been noticed also by Cunliffe-Jones (14) in solutions of

CO2 in CCI4 and various other solvents. The relative intensity of this band

does not, however, agree with the one predicted from the population

of the doubly degenerate level 01*0. Instead of 8.4 per cent, its intensity

amounts to 16 per cent. On cooling to some — 70°C the population of the

level 01*0 is expected to decrease to 1.6 per cent, i.e. a 6.8 point change.

The found decrease from 1 6 to 9 per cent is also a 7 per cent change, point

ing to a temperature independent component of this shoulder. No con

ceivable transition could be found to explain the origin of this band, as

well as the one on the high frequency side. It is known, however, that some

small molecules, like CO, NO and CH4, retain some of their rotational

energy in solutions, producing in their spectra wings on absorption bands,

which are remnants of their P- and i?-branches in the gas (15). These wings

are in addition found to be almost temperature insensitive. Since the mole

cular diameter of CO2, which is 3.8A (Lennard-Jones potential), does not

differ considerably from the diameters of the above mentioned molecules

(3.7, 3.4 and 3.8A respectively), it seems reasonable to assume some free

rotation of carbon dioxide in the CCI4 solution, and to ascribe the two ob

served side-bands to unresolved rotational structure.

The two CO2 bands in the acetylene mixture, vi and 2v2, appear to

be closer to the ones in CCI4 solution than to the ones found in the room

temperature Raman spectrum of liquid CO» (16), although the difference

of some 100 degrees between the temperatures of recording does not allow

a definite conclusion. On the other hand, the virtual absence of influence

of CO2 on the acetylene proton resonance frequency, as found in the NMR

spectrum, points to the absence of intermolecular interactions between CO2

and CgH2 in their liquid mixtures. This fact might, firstly, mean that the
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recorded spectrum resembles very much to the spectrum liquid acetylene

would have at this temperature, and secondly, casts some light on the appea

rance of the deeply lying eutectic mixture formed by these two substances.

Namely, both compounds show anomalously high triple points in their pure

states. When mixed, their behavior approaches the one of "normal" sub

stances. This might mean that the forces holding both CO2 and C2H2 to

gether in their solid states are a rather spatial effect, a consequence of packing,

which disappears when these substances are mixed. The packing in the

crystal, where the high site symmetry allows a strainless arrangement of

the molecules, does not affect their symmetry, which can be concluded

from the absence of "forbidden" bands in the crystal spectrum (17). In

the cases of pressurized and dissolved CO2, random interactions may produce

a deformation of the molecules, changing their symmetry from D<x>t, to

Ca, similar to carbon disulfide (1). An alternate explanation might be given

without assuming a molecular geometry change, considering only van der

Waals interaction forces: the CO2 molecules at the moment of a close col

lision, because of dispersion forces, or quadrupole-quadrupole interaction,

may suffer an electrical asymmetry. Close collisions are most frequent in

the liquid state. They are much less frequent in the gas, and in the solid

the molecules are held at fixed distances by the crystal lattice.

As can be seen from Eqs. 2 to 11, the values of the anharmonicity con

stants are obtained as small differences between large numbers. They are

affected therefore directly by the uncertainties in frequency determination.

However, the agreement between the observed and calculated band fre

quencies seems to be quite satisfactory, since some errors obviously cancel

each other. This agreement is comparable to the one found in the case of

carbon disulfide (1), where the Fermi resonance plays a less significant

role. It can be concluded that the application of the interaction constants

found for gaseous CO> does not introduce serious deviations, at least not

larger than the experimental error in the present determination.

The average (absolute) deviation between the calculated and observed

values of the 1 1 bands not used in setting the system of constants, is about

0.1 per cent in the frequencies. Even if one assumes no change in the x's

between the gas and solution, and corrects the gaseous zero-order frequen

cies just for the observed gas — solution frequency shifts of the fundamen

tals, the agreement is 0.2 percent on the average. This should be compared

with the situation where no anharmonicity and resonance is taken into account,

when the average error exceeds 2 percent.

CONCLUSIONS

1. Recorded infrared and Raman frequencies of carbon dioxide dissol

ved in CCI4 at room temperature, or as a liquid mixture with acetylene at

— 80°C, can be used to obtain the anharmonicity constants and zero-order

frequencies of the molecule.

2. The obtained anharmonicity constants do not differ substantially

from the ones derived from the gas spectra. The differences are expressed

in the change of the zero-order frequencies.
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3. The band frequencies calculated using these constants, and the Fermi

resonance interaction constants derived from the gas spectra, yield a satis

factory agreement within the limits of experimental errors.

4. Appearance of infrared "forbidden" bands in the solution spectra

means either that tha CO2 molecule suffered a deformation in the solution

or that random close collisions have induced electrical asymmetry.

5. Remnants of gaseous P- and i?-branches could be detected on the

sides of the band of v3 in the CCI4 solution, indicating some free rotation

in the solution.

Acknowledgment. The authors are indebted to Prof. Jacob Bigeleisen for a very

helpful discussion and to Dr. D. Jeremic for the recording of the NMR spectra.

SUMMARY

The infrared spectra of a liquid mixture of carbon dioxide and acety

lene (1:2) at — 80°C were recorded in the interval 400 to 5000 cm"1. In

frared and Raman spectra of solutions of CO2 in CCI4 were recorded up

to 10,000cm_1. From the found band frequencies, the anharmonicity con

stants and the zero-order frequencies of the CO2 molecule were calculated

for both systems. It was found that dissolution does not measurably affect

the anharmonicity constants; the difference is expressed in the zero-order

frequencies. The agreement between the positions of calculated and found

bands is 0.1 percent on the average.

The V3 band of CO2 in CCI4 exhibits two weaker and temperature

independent side-bands. They have been explained as remnants of the rota

tional branches of the gas spectrum, indicating a certain degree of free ro

tation of CO2 in this solution.
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H3BOJ

HEXAPMOHH^HOCT MOJIEKYJIA KAPBOH-JIHOKCHJIA

y PACTBOPHMA Y AUETHJIEHY H KAPBOH-TETPAXJIOPH^Y

ofl

CJIOBOJI.AHA B. PHBHHKAPA, OJirE C. h BHJLAHE

H. IUYKAPOBE

CnHMJbeHH cy HH<bpanpBeHH ciieKTpn Teine civieiue Kap6on-xiHOKcnaa

h auerajieHa (1 : 2) Ha —80°C y iiirrepBaJiy 0/1 400 ao 5000 cm-1. Tanobe

cy CHiiMJbeiiH HncfcpanpisenH it paiviaricKii cnei<Tpii pacTBopa KapSoH-flitoK-

cH^a y KapSoH-TeTpaxjiopnay ao 10.000 cm"1. H3 Habemix cbpeKBeHiinja

Tpana H.ipayyuare cy cjipeKisennHje ny.'iTor pe/;a h ceaaiw KoncranTH nexapMO-

hhthocth MOJieKyjia CO2 :«a 06a cucTeiwa. HabeHO je jia pacrBaparbe 6htho

He yruHe 11a KoncranTe HexapMOHHHHOcra Beh ce MaHHCpecryje y npoMeHH

cbpeKBenuMja ny.Tror peaa. Giaraike H3Mepennx h H^paHyHarax nojion<aja

TpaKa je y npoceKy 0,1%.
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Tpana V3 KapobH-AHOKCuna y CCJ4 HMa asa TejvuiepaTypcKH Henpo-

MeHJbHua nparaoua iwaiter HHTeH3HTera. IloKa3aHo je n& ohh npeAcraBjfcajy

ocraTKe rpaHa P h R racnor cneKTpa, hito yKa3yje Ha H3BecraH creneH

cno6oflHe poTaunje MOJienyjia CO2 y obcm pacTBopy.

npMpoAHo-MaTeManpn<K (JjaKyjrreT, Beorpaa, IIpHMJi.eHO 30. aBrycTa 1972

IlHCTirryT „Eopnc KHapira", Eeorpafl — Bumia,

npHpoano-MaTeManwKH (baKyjrreT, CKonjbe,

HHCTHTyr 3a xeMHjy, TexHOJiorajy m MeTajiyprHjy, Beorpafl.

REFERENCES

1. Ribnikar, S. V. and Puzic, O. S., Spectrockim. Acta 29A, 307 (1973).

2. Clark, A. M. and Din, F., Trans. Farad. Soc, 46, 901 (1950).

3. Gjaldbaek, J. C, Acta Chem. Scand., 8, 1398 (1954).

4. Ribnikar, S. V. and Dokic, V., Bull. Soc. chim. Beograd 37, 215 (1972).

5. Downie, A. R., Magoon, M. C, Purcell, T. and Crawford, B. Jr., J. Opt. Soc. Amer.,

43, 941 (1953).

6. Cameron, D. M. and Nielsen, H. H., Phys. Rev., 53, 246 (1937).

7. Plyler, E. K., Blaine, L. R. and Tidwell, E. D.,J. Res. Natl. Bur. Standards, 55, 183

(1955).

8. Courtoy, C. P., Can J. Phys., 35, 608 (1957).

9. Herzberg, G., Infrared and Raman Spectra of Polyatomic Molecules, D. Van No-

strand Co., Inc., New York 1945. a) p. 216, b) p. 274.

10. Kovacs, I. and Singer, S., Phys. Z., 43, 362 (1942).

11. Brandt, W. H., Phys. Rev., 50, 778 (1936).

12. Welsh, H. L., Crawford, M. F. and Locke, J. L., Phys. Rev., 76, 580 (1949).

13. Koningstein, J. A., Rec. trav. chim. Pays-Bas, 83, 315 (1964).

14. Cunliffe-Jones, D. B., Spectrochim. Acta, 25A, 779 (1969).

15. Lascombe, J., Huong, P. V. et Josien, M. L., Bull. Soc. Chim. France, 1959, 1175.

16. Welsh, H. L., Pashler, P. E. and Stoicheff, B. P., Can. J. Phys., 30, 99 (1952).

17. Osberg, W. E. and Hornig, D. F., /. Chem. Phys., 20, 1345 (1952).





TJIACHMK XEMMJCKOr flPyiUTBA BEOrPAfl;

BULLETIN DE LA SOClETE CHIMIQUE BEOGRAD

38 (1973)

GHDB-234 UDK 542.91 :541.8:546.73'72'32'266:546.73'72'36'266

Original Scientific Paper

PROPERTIES OF THE COBALTOUS POTASSIUM

HEXACYANOFERRATE (II). I. SYNTHESIS AND

SOLUBILITY IN WATER

by

TATJANA S. CERANIC and LOVORKA S. SARUNAC

Cobaltous hexacyanoferrate(II), a compound of a very low solubility,

has the ability to exchange Co2+ ions with alkali metal ions of large ionic

radii. This behavior has been observed also with other insoluble hexacyano-

ferrates(II) of divalent heavy metals (copper, nickel, zinc etc.), (1, 2).

According to the same authors, pure cobaltous hexacyanoferrate (II),

C02 [Fe (CN)6], can be synthetized only by precipitation of cobalt with

H4[Fe (CN)6], or with the hexacyanoferrates(II) of lithium and sodium,

i.e. with soluble hexacyanoferrates(II) containing an alkali metal ion of

small crystal radius.

When a potassium hexacyanoferrate(II) solution is used as the preci

pitating agent, precipitates with various ratios of cobalt to potassium are

obtained. This can be concluded from the results of cobalt determination

with a standard potassium hexacyanoferrate(II) solution (3, 4). The follo

wing compositions have been ascribed to these precipitates:

2Co2 [Fe (CN)6] ■ K4 [Fe (CN)6], (3)

K6Co5 [Fe (CN)6]4, (3) and

K4C010 [Fe (CN)6]6, (4).

It is evident that their composition depends on the conditions of

precipitation.

Since no conditions have been defined for the synthesis of precipitates

with a definite content of cobalt and potassium, and the solubility of these

precipitates in water is not known either, the purpose of the present work

was to determine them.

EXPERIMENTAL

a) Conditions for the precipitation of cobaltous potassium hexacyanoferrates

(II). The conditions for the precipitation of cobaltous potassium hexa-

cyanoferrates(II) were determined by a radiometric titration of ^Co-labeled

solution of C0CI2 with a solution of K.4[Fe(CN)6].

521
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Samples of a 0.01 M C0CI2 solution, 20 ml each, were put into 25 ml

volumetric flasks. Various amounts of a 0.0501 M K4[Fe(CN)6] solution

were added and the flasks filled-up with water at room temperature. After

centrifugation, the radioactivity of the solution was measured. The con

centration of cobalt in the precipitate could be thus determined. The re

sults obtained are shown in Fig. 1, where the number of mols of Co2+ in

the precipitate is plotted against the total amount of added K.4[Fe (CN)e].

Curve b represents the experimental data, whereas curve a is calculated,

assuming the formation of Co2[Fe (CN)e] only.

 

t 2 3 4 5 6 7 a 9 10 11 a 13 14 15

ADDED MOLS OF K4[Fe(CN)6j*K?

Fig. 1 — Results of the radiometric titration of a 8 x I0~3 M C0CI2 solution with a 0.0501 M

solution of K^[Fe (CN)o] As radioactive indicator 60Co was used. Curve a: calculated;

curve b: experimental.

From the results of the radiometric titration (Fig. 1 ) it can be concluded

that the precipitates incorporate potassium in place of Co2+ ions. This was

the reason for carrying out experiments where Co2* was precipitated with

a definite amount of K.4[Fe (CN)e], but in the presence of an excess of K+

or Cs+ ions, in order to establish the degree of incorporation of alkali cations

of differentjcrystal radius, and to determine the stoichiometric compo

sition of such precipitates.

The influence of potassium and cesium on the precipitation of cobalt

was investigated in the following way. The solutions were prepared in the

same way as described above. The initial cobalt concentration was main

tained constant (2.0x10 4 mols total) and the concentration of added KC1

or CsCl was varied. The precipitation was in all cases done with 6xl0~5
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mols of K4[Fe (CN)e]. The amount of precipitated cobalt, potassium, and

cesium was measured by labeling the appropriate cation with its radioiso

tope (^Co, 42K and 137Cs). The equivalent ratios of Co:K and Co:Cs in

the precipitate, as a function of concentrations of KC1 and CsCl, respecti

vely, are shown in Fig. 2.

 

10 20 30 40 50 60 70 60 90 100

ADDED MOIS 0t= KCt, OH CiCt *10S

Fig. 2 — Change in the equivalent ratio Co:K (curve a) and Co:Cs (curve b) in the pre

cipitate as a function of resp. KCl, CsCl concentrations. In all the cases 20 X 10~5 mols

of cobalt were precipitated with 6x 10~5 mols K4 [Fe (CN)e].

b) Isolation of various forms of cobaltous potassium hexacyanoferrate(II).

According to the obtained data, described in Sec. a), four different forms

of cobaltous potassium hexacyanoferrate(II) were precipitated and isolated.

The conditions for their preparation are given in Table 1.

TABLE 1

Experimental conditions for the synthesis of isolated cobaltous potassium hexacyanoferrate( II)

Stoichiometric

ratio Co:K:Fe

Added

K4[Fe(CN)„]

0.0501 Af(ml)

Volume of

C0CI2 soluti

on (ml)

Molarity of

C0CI2 soluti

on x 103

Abbreviated*

designation of

isolated crystals

2:0:1 36** 464 8.62 100% Co

1.68:0.68:1 24 476 8.50 84% CoK

1.44:1.12:1 36 470 8.51 72% CoK

1.10:1.90:1 36 464 8.62*** 55% CoK

* For the sake of simplicity, percentages of cobalt to iron are taken.

** In this case the precipitation was done with H,j[Fe (CN)e], which was synthe-

tized by passing K4[Fe (CN)e] solution through a column with a Dowex 50x8 cation

exchanger in its H+ form. The solution formed was used immediately.

*** Besides cobalt this solution contained potassium in a concentration of 3.22 x

X 10-2 Af.
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The K4[Fe (CN)6] solution was being added in the course of two

hours, under constant stirring, at ambient temperature. In order to faci

litate the filtration, the precipitates were left for 24 hours. They were washed

with water until Co2h disappeared in the filtrate. The precipitates were

dried in air up to a constant weight.

The stoichiometric ratio of cobalt to potassium and iron was obtained

by a direct analysis. The cobalt and iron content was determined by polaro-

graphy, and potassium by flame photometry. The results are shown in the

first column of Table 1.

c) The solubility of the crystalline precipitates in water. The solubility

was determined by the radiometric method. The isolated crystals were in

one case labeled with ^Co and in another the iron of the hexacyanoferrate

(II) group with 55-59Fe. The two results were in agreement within the limits

of experimental error. The solubilites in the interval of 20° to 40°C are

shown in Table 2.

TABLE 2

Solubility (%R) of the isolated crystal precipitates in water bettveen 20° and 40°C.

t, °c
100% Co

%R x 10"

84% CoK

%Rx 104

72% CoK

%Rxl04

55% CoK

%Rx 10*

20 4.1 20.0 39.2 14.2

25 8.2 27.2 55.4 18.2

30 9.4 27.2 71.5 21.8

35 6.8 16.0 46.9 19.1

41 10.3 28.0 66.2 20.0

* %R is expressed in grams of the air-dried isolated crystal precipitate dissolved

in 100 g of saturated solution.

DISCUSSION OF RESULTS

The radiometric titration curves show that the increase of cobalt in

the precipitate cannot be accounted for by the simple reaction:

2CoCl2+K4 [Fe (CN)6] = Co2 [Fe (CN)6] +4KC1 ( 1 )

The experimentally obtained curve deviates appreciably from the calcu

lated one, as shown in Fig. 1. The cobalt content in the precipitate decre

ases as more K4 [Fe (CN)e] is added. This can be explained only by a simul

taneous inclusion of both cobalt and potassium into the precipitate. The

experimental curve shows a non-linear change of the cobalt content in the

precipitate (denoted by /, 2, and 3 on curve b, Fig. 1), indicating definite

stoichiometric ratios of cobalt to potassium. This means that there is no

continuous incorporation of potassium in the precipitate.The dotted por

tion of curve b is uncertain owing to the formation of a finely dispersed

solid phase, which cannot be completely separated from the liquid. It was

found that the precipitate is most easy ro filtrate when only one half of the

available cobalt has reacted.
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In the case of cobalt precipitation with 6x 10~5 mols of K4[Fe (CN)6],

the latter reagent is the only source of potassium in the solution and the

precipitate has an equivalent ratio Co:K=10:2. The stoichiometric equ

ation can be thus written as:

5CoCl2+3IQ[Fe (CN)6] = Co5K2[Fe (CN>]3+ 10KC1 (2)

The increase of KC1 concentration in the initial solutions leads to a

decrease of the Co:K equivalent ratio from 5 to about 3 (Fig. 2, the part

of curve a marked with a{). The consequence is a transformation of the

precipitated crystals and the corresponding equation is:

3CoCI2+2K4[Fe (CN)6] = Co3K2[Fe (CN)6]2+6KC1 (3)

which is consistent with the results of the radiometric titration (Fig. 1, the

part of curve b marked with 3).

A further increase of KC1 concentration leads to crystals still richer

in potassium:

CoCl2+K4[Fe (CN)6] = CoK2[Fe (CN)6]+2KC1 (4)

where the Co:K equivalent ratio becomes unity (Fig. 2, the part of curve

a marked with a2). The formation of the crystals defined by Eq. (4) occurs

only when the K:Co equivalent ratio in the initial solution exceeds 2.25.

The influence of cesium on the precipitate formed is shown in Fig. 2,

curve b. The formation of the crystals CoCs2[Fe (CN)e] is preceded by

a series of intermediate precipitates (Fig. 2, curve b marked with bi and 2>2).

At lower concentrations of cesium, the precipitate formed contains both

cesium and potassium from IQtFe (CN)s]. In this intermediate region,

cobalt, cesium and potassium are found in various ratios. The reaction:

CoCl2+K4[Fe (CN)6]+2CsCl = CoCs2[Fe (CN)6]+4KC1 (5)

occurs at lower ratios of Cs:Co in the initial solution (at all equivalent ratios

above 1.25) compared to the case of potassium without cesium.

According to these considerations it is possible to define two limiting

cases: i) when the potassium or cesium concentration tends to zero, the

crystals in the precipitate have the composition Co2[Fe (CN)o], (Eq. (1) and

Fig. 1); ii) when the concentration of potassium in the solution becomes

twice the equivalent of cobalt concentration, CoK2 [Fe(CN)e] is being for

med (Eq. (4)). When the concentration of cesium exceeds the equivalent

cobalt concentration by 25%, the crystals formed are CoCs2 [Fe (CN)e],

(Eq. (5)). The tendency of cesium to prcipitate with cobalt in the cobaltous

hexacyanoferrate(II) is more pronounced than in the case of potassium.

This fact might be explained by the greater crystal radius of cesium (rjc=

=0.133 nm, rC3=0.161 nm).

Between these two limiting cases a series of intermediate precipitates

are formed, with various contents of cobalt and potassium or cobalt and

cesium. It is possible to isolate some of them (Eqs. (2) and (3) and Fig. 1,

the parts of curve b marked with 2 and 3).

2
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According to these experimental results, the conditions for the synthe

sis of the four crystalline precipitates are given by Eqs. (1) to (4). Their

composition is shown in Table 1 as a stoichiometric ratio Co:K:Fe. Due

to the lack of knowledge of the actual molecular weights, the isolated non-

-stoichiometric crystals could not be represented by appropriate formulae.

The crystals with a ratio Co :K : Fe = 2 :0 : 1 were synthetized using H4[Fe(CN)e],

which shows that the H+ ion does not enter the crystals. A study of the wa

ter content of the isolated crystals is a subject of further investigations, which

will be reported elsewhere.

The solubility of the isolated crystals in water does not increase conti

nually with increasing temperature, as shown in Table 2. There are two

turning points, at about 30° and about 35°C. These points represent rever

sible transformations, since they occur at increasing and decreasing tem

peratures. These transformations can be explained by changes in the water

content, confirmed in a further investigation (to be published).

It should be noted that the solubility of the intermediate crystals is

higher than those representing the two limiting cases. This is probably a

consequence of a more defective structure, if the intermediate crystals are

considered as non-stoichiometric conglomerates.
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SUMMARY

The conditions for synthesis of cobaltous hexacyanoferrate (II), contain

ing potassium and cesium, were investigated. It was found that cesium has

a greater affinity for the formation of non-stoichiometric crystals, com

pared to potassium. Cobaltous hexacyanoferrate(II) in a pure state cannot

be obtained if a K4[Fe(CN)e] solution is used. Crystals of various potas

sium contents are formed up to a limiting case where the equivalent

ratio Co:K=l. The following stoichiometric ratios Co:K:Fe for four iso

lated crystalline precipitates were found : C02 [Fe(CN)e], Coi.68Ko.6*[Fe(CN)6],

C01.44K1.12 [Fe(CN)8] and Coi.ioKi.do [Fe (CN)6].

The solubility of these crystals in water was determined in the tem

perature interval of 20°-40°C.
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H3B0JI

OCOBHHE KOBAJITO-KAJIHJYM-cUEPOLlHJAHHJlA

I. CHHTE3A H PACTBOPJBHBOCT y BOflH

TATJAHE TiEPAHHIi h JIOBOPKE IUAPYHAU

HcnHTHBaHH cy yaiOBH 3a CHHTe3y Ko6aJiTO-4)epouHjaHHfla ca Kajmjy-

mo.m h ue3HjyjwoM y cbom cacraBy. ycraHOBJbeHo je aa H.e3HjyM HMa Behy

ckjiohoct npeiwa rpal)eH.y cno>KeHHX TaJiora Hero KaJiHjyM. ^hct Kooajrro-

-(J)epouHjaHHA He iwo>Ke aa ce CHHTeTH3yje aKO ce 3a Tano>Kea.e kophcth

pacroop K4[Fe(CN)6]. Tpafle ce Tano3H ca npoiweHJbHBHM ca^p>KajeM KaJiH-

jyMa h KoSaJiTa up rpaHH™or cjiy^aja Ka#a je y KpHcraJiHMa Tajiora ckbh-

BaJieHTHH oflHoc Co : K = 1. H30JioBaHa cy qeTHpn Tajiora ca cneflehHM

cTexHOMeTpHjcKHM cacTaBOM: Co2[Fe(CN)e], Coi 68Ko.6s[Fe(CN)6],

Coi.44Ki.i2[Fe(CN)6] h Coi.i0Ki.9o[Fe(CN)6].

Oflpe^eHa je h pacTBopj&HBocr obhx h30jiob3hhx KpHcrajiHTa y bo^h

y TeivuiepaTypcKOM HHTepB&ny ofl 20°—40°C.

HHCTHTyT 3a 4>H3ma<y xeMHjy, IIpHMJbeHO 31 . jaHyapa 1973.

npHpoflHO-iwaTeiwaTiCHKH 4>aKyjiTeT,

yHHBep3irreTa y Eeorpafly

Beorpafl
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SVETOMIR A. HADZI JORDANOV and DRAGUTIN M. DRAZlC

The kinetics and mechanism of the electrochemical deposition and

dissolution of zinc has been investigated by many authors during the last

two decades. These investigations have been made with zinc amalgams and

solid zinc electrodes in all pH ranges from acid to alkaline, and in the pre

sence of various anions including those forming stable complexes with zinc

ions. A more detailed review of the relevant literature is given elsewhere

(1, 2, 12).

The results published, particularly for the solid zinc electrode in acid

pH region, differ in many respects, and in some cases are even contradictory.

This resulted in several proposed mechanisms for the zinc electrode reaction.

So, Kravtsov and Zverevich (3) suggested a two-electron exchange reaction

Zn2+ + 2e -* Zn (1)

Losev and Budev (4) suggested the following two stepwise one-electron

reactions :

Zn2+ + e -> Zn+ (2)

Zn+ + e ^ Zn (3)

with the intermediate formation of a monovalent Zn+ ion.

Lorenz (5) interpreted his farada'C impedance measurements by the

two-electron exchange reaction step followed by a slow surface diffusion

of zinc adions

Zn2+ + 2e ^ Zna,i (4)

Zna.j -»■ Zn (5)

Some other mechanisms involving the simultaneous or stepwise ex

change of more than two electrons were also suggested (6, 7), but since

they involve the exchange of more than two electrons they should be con

sidered as highly improbable (8).

* Presented at the 15th Meeting of Chemists of S. R. Serbia, Novi Sad, January 1970
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In this work the kinetics of zinc deposition and dissolution on solid

zinc electrode was followed galvanostatically in zinc sulfate solutions at

various concentrations of zinc ions, over the pH range 0.5—5.

EXPERIMENTAL

The test electrodes were made of zinc rods (Merck, p.a. 2.5 mm in diameter) plug

ged into a Teflon holder. Before each set of measurements the zinc surface was renewed

with emery paper and then anodically dissolved 10 minutes with 20 mA/cm2. In about

1 5 minutes after such treatment the electrode potential would stabilize with fairly good

reproducibility within 10 mV.

The measurements were done in zinc sulfate solutions at different concentrations

of Zn2+ ions (0.03 — 1 M), and pH (0.5 — 5). In some experiments when hydrogen evo

lution was followed, the solutions used contained the equivalent amounts of Na2SC>4 and

H2SO4 only. All the solutions were prepared by dissolving the appropriate amounts of

recrystallized p.a. grade ZnSCh and Na2SC>4 to make the total ionic strength equal 3.5

to 4 and small amount of H2SO4 to obtain the desired pH. The water used for solution

preparation and final washing of the cell was triply distilled. Before the last distillation

performed in an all Pyrex glass still under purified nitrogen stream, 2 g/1 of purified active

charcoal was added to bidistilled water, left for 24 hours, and water decanted.

A Pyrex glass three-compartment cell of the standard type (cf. (9)) was used for

the measurements. Before each set of measurements it was cleaned in 1 :1 mixture of con

centrated H2SO4 and HNO3. During the experiments the electrolyte and cell were per

manently flushed with prepurified hydrogen.

The electrical circuitry and instrument used for the galvanostatic measurements

were similar to those described elsewhere (10). All the potentials are referred to the stan

dard hydrogen potential scale. The measurements were made at room temperature.

RESULTS

Corrosion Potentials

The corrosion potential measurements revealed the practical indepen

dence of the corrosion potential on pH over the whole pH range examined

in 1 M zinc ion solutions. However, at lower concentrations of Zn2+ ions,

as shown in Fig. 1 for 0.01 M ZnSO-i, the corrosion potential had the S

shape dependence onpH. (Fig. 1.) At higher pH values the corrosion poten

tial approaches the reversible Zn/Zn2+ potentials. At lower pH values the

real corrosion potential should be evaluated taking into account that the

liquid junction potential is also pH dependent and that the real corrosion

potential should be obtained when the liquid junction potential is subtracted

from the experimentally measured values. The dashed line in Fig. 1 was

obtained when the corrections for the liquid junction potentials, calculated

according to the Henderson's equation (13), were taken into account. The

slope of the corrosion potential dependency in the linear part was 32 mV/pH.

Transients

Cathodic and anodic transients showed typical behavior as already

observed in some electrochemical systems involving solid metal as the elec

trode material (cf. (10). At lower current densities the galvanostatic tran

sients had the normal shape with well denned steady state overpotential

values. At larger current densities, a superpolarization peak appeared at
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the beginning of the steady state plateau (cf. (10)). At much higher cathodic

overpotentials transition times were observed with the subsequent transi

tion into the hydrogen evolution reaction.

The agreement within 20% between the experimental transition times

and those calculated using Sand's equation clearly showed that the first

plateau of the cathodic transient corresponded to the zinc deposition reac

tion. Therefore the cathodic £-log i curves were constructed using the values

of the potentials at the plateau.

 

0 1 2 3 4 5

Fig. 1 — Corrosion potential as a function of solution pH for a solution containing 0.01 M

of Zn2+ ions. Dashed line-values corrected for diffusion potential.
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The anodic transients at lower current densities had the usual shape,

while at higher current densities had a superpolarization peak similar to

that at the cathodic transients (cf. (10)), being larger the larger current

density applied. After this peak the potential stabilized in a short time at

a slightly lower, steady state value, which was used later for constructing

iJ-log » curves.

From the initial slope of the galvanostatic transients the electrode capa

citances were estimated. For 0.1 M ZnSC>4 solutions the values are presented

in Table 1.

TABLE 1

The zinc electrode capacitances in 0.1 Af ZnSO* solution as a function of pH

pH 0.5 1 1.5-5

Capacitance (xF/cm2 125 108 83±3

Similar values were obtained for other Zn2f ion concentrations.

The cathodic transients for hydrogen evolution only (Na2SC>4 + H2SO4

solutions), had two plateaux, the first corresponding to H+ discharge, and

the second to H2O discharge.

Anodic steady state polarization curves

The anodic steady state polarization curves showed the independence

on concentration of Zn2+ ions at constant pH, and dependence on pH at

constant Zn2+ ion concentration, as exemplified in Figures 2 and 3. The

820h

 

log 1 |mA/cmJi

Fig. 2 — Steady state anodic polarization curve for different Zn2+ ion concentration at

pH-2.
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character of the pH dependence can be seen more clearly from Figure 4

in which the logarithms of the anodic current densities at constant potential

of — 760 mV are plotted versus pH for solutions containing lAfZnSC>4.

 

0 1 2

log i [mA/cm2]

Fig. 3 — Steady state anodic polarization curves for 0.3 MZnSCU+l M Na2S04 so

lutions at different pH values.

Similar graphs were obtained for other ZnSC>4 concentrations. In all the

cases the diagrams have minima in solutions having a pH of about 2. How

ever, if the corrections of the experimental points for liquid junction po

tential are applied the dashed line dependence is obtained, with the prac

tical disappearance of the minimum. The corrected points would indicate

at first sight still the existence of the minimum, but taking into account

that the deviations of the corrected points from the dashed line correspond

to less than a 5 mV change of potential, and also the possible errors in the

experimental measurements and Henderson's equation calculations, we would

hesitate to ascribe to this deviations any significance. In the pH range 2 — 4

the pH dependence is well expressed by the slope d log ia/dpH^O.3.

In all the cases the anodic steady state polarization curves exhibited

the linear Tafel part in E-log i plots at higher current densities (see Fig. 2)

with approximately the same slopes d Ejd log z =&40 mV. However, for solu

tions with a Zn2+ ion concentration higher than 0.3 M, or solutions with

low pH values, the curvatures of the polarization curves in the region of

the lower overpotentials were much larger than one would expect according

to the Butler-Volmer equation.

The simplest way to verify whether the experimental points follow the

Butler-Volmer equation (i.e., whether the overpotentials measured are only
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the charge-transfer overpolentials) is to replot the experimental data in the

manner shown before by Despic and Bockris (11) in the rj-log y diagrams,

where
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Any 'deviation of the experimental points from the straight line depen

dence indicate the existence of some additional kind of overpotential,

besides the charge-transfer overpotential, In Fig. 5a such a plot is shown for

 

I l I I -

0 12 3

log y [mA/cm1]

Fig. 5a — i]-log y plot for anodic dissolution at pH — 4 in 0.03 M ZnSOa,

0.03 M zinc sulfate solution at pH -4, with practically all the points fol

lowing a straight line and a slope of 40 mV. However, as shown in Fig. 5b

for 1M ZnS04 solution at pH — 4, there is some additional overpotential
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in the region of overpotentials lower than ca. 30 mV. This would be a typi

cal case if the surface diffusion of Zn adions were the rate determining

step in the proces of zinc deposition and dissolution (11). The same effect

was obtained for the cathodic polarizations.

 

0 12 3

log y [mA/cm2]

Fig. 5b — 7]-log y plot for anodic dissolution at pH — 4 in 1 Af ZnS04.

Cathodic steady state polarization curves in ZnSOi solutions

Since the potentials for zinc deposition are very negatie, the depo

sition of zinc is always accompanied by hydrogen evolution. Depending

on the pH of the solution and Zn2 1 ion concentration, the current efficiency
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for zinc deposition can vary considerably, the lowest being at low pH's

and low Zn2+ ion concentrations. This can easily be concluded by comparing

the cathodic polarization curves shown in Figures 6 for solutions contai

ning Zn2+ ions (when simultaneous Zn deposition and H2 evolution occurs)

and Figure 7a representing the steady state H2 evolution from the correspon

ding, but Zn2+ ion free solutions.

 

log i [mA/cm1]

Fig. 6 — Steady state cathodic polarization curves for a 0.03 M ZnSC>4 solution at various

pH values.

The cathodic polarization curves have the linear Tafel region with

the values of the slope ranging between 80 mV at higher pH to 140 mV at

lower pH.

When values of the logarithm of the current densities at a constant

potential (— 850 mV) were plotted versus Zn2+ ion concentration, a linear

relationship was obtained, as shown in Figure 8 (open circles), with the slope

d log i/d log czn24 = 1, i.e. the reaction order of Zn2h ions of unity.

Cathodic evolution of hydrogen

In a separate series of experiments the cathodic evolution of hydrogen

was followed in a similar manner but in solutions containing only NaaSCXi

and H2SO4 to adjust the pH. The steady state polarization curves exhibiting

the diffusion controlled H 1 discharge are shown in Figure 7a, while the pola

rization curves constructed by taking only the charge transfer overpoten
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tials from the galvanostatic transients are shown in Figure 7b. When the

logarithms of current densities at a constant potential (—970 mV) are plot

ted versus pH, a linear dependence with the slope dlogi'/dpH= — 1 (i.e.

 

J I I L

' log i!mA/cm2] ^

Fig. 7a — Steady state cathodic polarization curves for hydrogen evolution for solutions

of different pH values, but in the absence of ZnS04.

reaction order of H+ ion discharge equal to 1) is obtained. At pH>4.5 a

change in the slope to horizontal line is observed indicating the transition

of the hydrogen evolution reaction from the H+ discharge to H2O discharge

mechanism.
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DISCUSSION

a. pH dependence of the anodic process

It has been established elsewhere (10) that the electrochemical kinetics

of some transition metals (Fe, Co, Ni) is affected by the pH of the solution,

indicating that one OH- ion (or its equivalent) is involved in the rate deter

mining step. As shown in Fig. 4, the kinetics of anodic dissolution of zinc

is also affected by pH, even though in a much more complex way, indicating

that the pH effect has a nature different from that in the former case. There

is a clear difference between the behavior in the region of pH<2, where

 

-1

log i [mA/cm2]

Fig. 7b — Cathodic polarization curves for hydrogen evolution obtained from transients

(only activation polarization).
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the reaction is practically pH independent and the behavior in PH region

above 2 where the formal reaction order of about 0.3 in respect to OH-

ions is observed.

Hence, for a pH region below about 2 the following kinetic relation

can be written

^a=£l•exp E\

{RT )

(J)

E

E

_y

CD
O

 

-2 logCZn2+

Fig. 8 — Log t-log c plots for Zn2+ deposition (open circles) at —850 mV and hydrogen

evolution (solid circles) at — 970 mV.
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while for the pH region 2— 4 the relation

is valid. In both cases the transfer coefficient is aa=1.5.

Even though the experimental reaction order 0.3 for OH- ions points

out that these ions are involved, in the appropriate stoichiometry, in the

reaction preceding the rate determining step, it is difficult to accept that

the mechanism is basically different in these two pH regions. Also, a reac

tion order of 0.3 for OH~ should mean the interaction of three metal ions

with one OH- ion, which is very improbable.

The role of anions is often disregarded in analysing the reaction mecha

nisms, particularly if simple inorganic ions are present. One of the reasons

for that is the lack of reliable data for possible interactions of metal ions

with those simple ions.

It is known, however, that Zn2+ and SO|~ ions interact forming ion

pairs with a stability constant of about 200 (14). On the other hand, the

second dissociation constant of sulfuric acid is about 10~2, indicating that

most sulfate ions at a pH below 2 are in the form of HSOj ions.

It is not possible to give a full account, on the basis of the experimental

data obtained, why the pH effect is as observed. However, having in mind

the mentioned tendency of zinc ions to form ion pairs with SO2- ions, and

possibly with HSOj ions, we may envisage the situation in which the total

quantity of zinc ions is partly ion-paired with these two kinds of ions, while

the rest is in simple hydrated form. Since the interaction of Zn2+ ions with

other particles affects the ground state energies, the rates of the reactions

(i.e., current densities) should be different depending on which type of parti

cle is predominantly reacting at the electrode.

Since by change of pH the ratio of HSOj and SO|+ ions is changed,

this also affects the distribution of Zn2+ ions in three possible forms. Hence,

the observed PH dependence might be explained in terms of predominance

of Zn • SO4 ion pairs at pH>2 and their reaction at the Zn electrode, while

at pH<2 either simple hydrated Zn2+ ions or possible Zn • (HSO^ ion

pairs are the reacting species. The lack of any quantitative data on ionic

equalibria in such a system does not permit any quantitative interpretation

of the proposed hypothesis.

b. Surface diffusion phenomena

The appearance of additional overpotential besides the activation over-

potential at lower current densities (see Fig. 5) indicates the surface diffu

sion of Zn adions as the slow step in this potential region. The fact that it

appears only at higher concentrations of Zn2+ ions in solution can be ex

plained by the fact that the i0 for zinc deposition increases with Zn2+ ion

concentration, and therefore the rate of discharge reaction becomes higher

than the surface diffusion, i.e., in this case surface diffusion is the rate de

termining step. A more detailed analysis of surface diffusion parameters

obtained from transients will be given elsewhere.

 

(8)
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c. Cathodic polarization curves

As shown in Fig. 7a the cathodic evolution of hydrogen in the pH

range 2— 5 is diffusion controlled, and hence the pH at the electrode sur

face is different for different electrode potentials.

It has been shown elsewhere (10) that for non-buffered solutions of

electrolyte having concentrations sufficiently high so that the diffuse double

layer effects can be neglected, the surface OH- ion concentration, (Cho_)s>

can be related to the bulk OH" ion concentration, (CoH~)t>, i.e. to pH

by the equation

(Coh-)s = (CoH-)b exp I -—E I (9)

( 0 5

E

I RT )

This equation, originally derived for surface H+ ion concentration (hence,

applicable to OH- ions also), follows from the simple argument that each

tenfold decrease of H+ ion concentration due to diffusional phenomena

changes the reversible potential by 60 mV, and increases the activation

overpotential by some further 60 mV (i.e., «o,h+=& 1 Ck\)- Hence, a ten

fold decrease of H+, or increase of OH ion concentration is accompanied

by a potential change of 120 mV.

If, as shown in anodic experiments, the zinc dissolution reaction (and,

according to the principle of microscopic reversibility, the cathodic reaction

as well), is pH dependent with an apparent reaction order of about 0.3,

the equation for cathodic current can be written as

ic = k- Czn2+(C0H-)»-3 exp | - e) (10)

assuming that the first electron exchange in the Zn2+ ion discharge is the

rate determining step (i.e. <xc=0.5).

Substituting equation (9) into (10) one obtains

ic = *-CZn2+-(CoH-)g- exp|--^p7£j7xm (11)

from which one easily calculates the lower effective Tafel slope 2.3 RTj

/0.65 F = 93 mV, as obtained experimentally for higher pH values.

Hence, at pH values lower than 2, when H2 evolution is still under

activation control only, the experimental Tafel lines represent the sum of

two parallel processes, each one having the slope of 120mV. Hence, the

overall Tafel line slope is again 120 mV.

At higher pH's of the solution, diffusion phenomena for H2 evolution

produce surface pH changes and, since the zinc deposition reaction is pH

dependent, it is likely that, through its effect on the concentration of SO2,-

ions and Zn • SO.i ion pairs, the experimentally determined Tafel lines

reflect this complex behavior by decreasing the slope to lower values.
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On the basis of the experimental data and arguments given in the pre

vious analysis the following mechanism can be proposed:

Zn (II) + e R"D S- , Zn (I) (12)

Zn(I) + e^Znadion (13)

ZlUdion -> Zniattlce (14)

in which Zn (I) and Zn (II) represent a complex, probably ion paired par

ticles of zinc ions with present anions, in this case SO|~ and HSO4, or

Zn2+ hydrated ion, depending on the actual pH.

SUMMARY

The kinetic parameters of zinc electrodeposition and dissolution reaction

were measured galvanostatically at a solid Zn electrode in solutions contai

ning different concentrations of Zn2+ ions (0.01 — 1 M) and at different

pH values (0.5—5). The anodic Tafel slopes were about 40 mV, while the

cathodic ones varied from 120 mV at lower pH values to about 80 mV at

higher pH values. The polarization behavior, both in a steady state and

during transients, indicates the surface diffusion of adions as the rate deter

mining step at polarizations lower than 30 mV. The anodic reaction rate

was found to be pH dependent in the pH range 2—4, which is explained

by a change in the effective SO|~ ion concentration. The suggested reaction

mechanism involves two stepwise one-electron exchange deposition reac

tions, the first reaction being the rate detennining step, and slow surface

diffusion of Zn adion, which is significant at low polarizations.
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H3BOJI

KHHETHKA H MEXAHH3AM EJIEKTPOXEMHJCKOr

TAJIO)KEILA H PACTBAPAH>A UHHKA Y KHCEJIHM

CYJIOATHHM PACTBOPHMA

op.

CBETOMHPA A. XAIJH JOPflAHOBA h flPATYTHHA M. JPAJKITRA

raJiBaHOcraTCKOM MerofloM cy onpehemi khhcthhkh napaMerpn ejiercrpo-

xeivuijcKor Tajio>KeH>a h pacTBapaifca imHKa 11a HBpcroj hhhkoboj' ejieKTpoflH

y pacTBopmvia paanniHTHX KOHneHTpainija Zn2+ joHa (0,01— 1 M) h pa3-

jihhhtoi" pH (0,5—5). AHOflHe TacbenoBe npaBe Hiwajie cy HarH6 on. oko

40 mV, h,ok cy ce KaTo/iHH HarnoH MeitajiH or 1 20 mV y khccjihm ao oko

80 mV y iwaH>e khccjihm pacrBopHAia. Iloiiamaifae eneicrpofle npn nojia
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pH3aJHH]H Kano y craiTHOHapHOM crafty ratto h y npejia3HHM nepHaumvia yica-

3yje Ha cnopocr noBpiuHHcne ,a.H(py3Hje aajoHa npH iiojiapH3aujijaAia jwa&HM

ofl 30 mV. Bp3HHa aHOflHe peaKUHje je pH 3aBHCHa y o6jiacrH pH 2 no

4, a obo je o6jauiH>eHo npoiweHOM ecpeKTHBHe KOHueHTpauHje SO^- joHa

y OBoj oQjiacTH. npeMJiomeHH peanuHOHH MexaHH3aM yKJbyyyje ABe cryn-

H>eBHTe jeAHoejieKTpoHCKe H3iweHe y KaTOflHoj peaKuiijH, iyje je npBH cnynaBb

cnop CTynaifc, Kao h cnopy noBpuiHHCKy AH(py3Hjy Zn a^joHa npH MajiHiw

nojiapH3aipijaMa .

HHcnrryT 3a xeMHjy, TexHOJiornjy npHMJbeHO 16. Mapra 1973

h MeTajiyprajy, Beorpaa,

H

TexHOJiouiKo-MeTajiypuiKH (paKyjrreT,

Deorpaj
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IIPOyHABAH>E OCOBHHA OKCHjmor CJIOJA HA

EJIOKCHPAHOM AJIYMHHHjyMy nO^ KOP03HOHHM

YCJIOBHMA

CJIOBOflAHA K. KOHIAP-'ByP'BEBH'RA, OJITE B. BYKOBHTi,

BJlAflHMHPA Jb. BYJ^HTiA h AHE J. KPHDKAHHTi

Ujvh OBor paaa cacrojH ce y npoyqaBaity ocoSnHa anoKCHpaHor oioja,

kojh je H3Jio>KeH Kopo3H)H y pacTBopy HaTpHjynxHApoKCHfla noa crscrm-

KHM, OAHOCHO Oflpe^eHHM XHflpOflHHaMHMKHM yCJlOBHMa.

3aMHcao HaM je Smia aa Ha enoKCHpaHHiw aJiyMHHHjyMCKHM yaopinuwa

aacopoyjeiwo 6ojy h aa TpeTHpaH>ejw oBano o6ojeHHx noBpinHHa pacTBopow

HaTpHjyMXHflpoKCHfla pacTBopHMo okchuhh cjioj, npH iei«y 6h oapeljeHa

KOJiH^nraa 6oje H3 OBor cnoja npenuia y pacrBop. CjwaTpaJiH cmo aa obhm

HcrtHTHBaifcHMa AKWKeiwo aa aol)eiwo ao KBaHTHTaTHBHHX 3aKJByqaKa o Kopo-

AHBHo-3auiTHTHHM ocoSHHaiwa ejioKCHpaHor oioja h aa aoGnjeMO H3BecHy

npeacraBy o H>eroBoj reoiweTpnjcKoj cTpyKTypH h aacopmpioHHM oco6HHaivia.

TEOPHJCKH flEO

EjiOKCHpaHH aioj ce cacrojH oa KOMnaKTHor 6apHjepHor cnoja, ae-

SjbHHe 0,01 ao 0,1 [xm, kojh ce Hajia3H HenocpeaHO y3 iwera^ h nopo3Hor

XHaparacaHor cnoja, unja ce ae6ji>HHa Kpehe ao 50 (i,m, a y cneuHjanHHM

cjiyqajeBHina h ao 200 |i,m (1). reoiweTpHjcKa crpyKTypa h cacraB cjiokch-

paHor cjioja jom yBeK cy npea»ieT HcnHTHBaita (2).

ITo G. Rummel-y (2) nope, Koje Hacrajy y ejioKcnpaHOM cnojy, Hiwajy

oSjihk KOHyca ca jaKO xnapaTHcaHHM 3naoBHiwa. Obo je nocjieanna, no

MHiHJi>eH>y noMeHyror ayropa, xeMnjcKor aejcTBa eneKTpojiHTa Ha cnoj,

Koiwe cy BHine H3Jio>KeHH meroBH noBpuiHHCKH aeJioBH Hero yHyrpamifcH

y Tony ejiOKCHpaH>a.

AKcoHOMerpHjcKa uiejvia reoMerpHjcKe crrpyKType ejioKCHpaHor cjioja,

no Keller-y h capaaHmnuwa (3), aoSnjena Ha ejieicrpoHCKOM MHKpocKony,

yKa3yje Ha nmfeeHHir/ aa ce nopo3HH xnaparacaHH cjioj cacTojn oa HH3a

KOMnaKTHO CJIOH<eHHX UieCTOCTpaHHX npH3MH, npaKTH^HO HCTHX aHMeH3Hja.

y neirrpy CBane npH3iwe Hajia3ii ce naHaji nope, MHja je ocoBHHa napajiejiHa

ca HBHuaiwa npH3iwe. ITpeiHHK KaHana ce He3HaTiio ciwaifcyje ca aeGjbHHOM

ejioKCHpaHor cjioja, aoK ce H3pa3HTo noBehaBa caMo y 6jih3hhh cnoJi>auiH>e

noBpuiHHe.
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EKCnEPHMEHTAJIHH flEO

Meuioguxa paga

y eKcnepHMeinaJiHOM flejiy paoa ejioncnpaHe cy iuio^ie oa ajiyMHHKjyMCKor jntMa,

AK«eH3H)a 2 x 150x450 mm, ca 99,5%-hhm caAP>KajeM ajryMHHHjyMa.

rinoqe cy npeTxoflHO OAMaurheHe y 15%-hom boachom pacraopy NaOH ca flo-

flaTKOM 150 g// NaCl, Ha TeMnepaTypH oa 50—60°C, 15 MHHyTa. Ilocjie OAMamhnBaH>a

OHe cy .JieKanHpaHe" y 20%-hom pacraopy HNOa, 30 cenyHAH. AjryMHHHjyMCKe njioqe

cy 3aTHM ejioKCMpaHe y 20%-hom pacraopy cyMnopHe KHcemme, ca rycTHHOM aHOAHe

CTpyje 1,5 A /dm2. EjiOKCHpaite je Tpajajio 120 MHHyTa y KaflH oa onoBHor JiHMa, Koja

je HCTOBpeMeHo cjiy>KHJia Kao Karo^a. y TOKy pafla pacTBop 3a eJioKCnpaH.e je xjiar)eH

BOfloM, TaKo aa ce H>eroBa TeMnepaTypa KpeTaJia y pacnoHy 20±1°C.

Ilpe 6ojeH>a noBpmmia OKCHAa je KBauieHa boaom, fla He 6h aouxjio ao KanHjiapnor

ynHjaifea pacTBopa 6oje h HenpaBHjme aacopnialje (4). Eojefte je Tpajajio 2,5 *iaca y

0,2%-hom pacTBopy 6oje 3a eJiOKCHpami ajiyMHHHjyiw (Anoxydal MLW, Tiefschwarz

npoH3BOAH>e Durand, Hygenin), npn qeiwy je AOJia3ttno ao paBHOTOKHor 3acnheH>a

eAOKCHpaHor cnoja no H>eroBoj ueAoj ac6a>hhh.

OoojeHe nAOMe cy HceMeHe h Ao6HjeHH cy y3opuH A"MCH3nja 2 x 70x100 mm,

Ha KojHMa cy MepeHe AOKaAHe Ae6jbHHe OKCHAHOr cAoja H HHTeH3HTeTH AOKaAHor 060-

jeH>a iberoBe noBpuiHHe. Ha ocHOBy obhx noAaTaKa npoueH>eHe cy BpeAHOcra h>hxobhx

cpeAH>Hx BeAH<oiHa, Kao apnT.weTnm<a cpeAHHa noje,HHHa<iHHx Mepeifaa 3a CBann yaopan.

Jle6n,nna, OApe^eHa mctoaom AHpeKroe AHJiaTOMeTptfje, Ha cbhm y3opuHMa je

H3HOCHAa oko 60 (zm ca MaKCHMajiHHM, AOKaAHHM, OACTynaaeM ±5%.

HHTeH3HTeT o6ojeH>a, irapaweH pecpneKCHjoM, MepeH je noMohy KOAopHMCTpa 3a

paBHe noBpunme KojH je KOHCTpyHcaH y 3aB0Ay 3a xeMHjcKO h MeTaAypuiKO moKetbep-

ctbo TM<t> y EeorpaAy (5, 6). Obhm KOAopHMeTpoM creneH ooojefta ce MepH hhtch-

3irreT0M AH<py3H0 pedvieKTOBaHe cbctaocth ca jeAHor cm2 noBpunme y3opKa, noiwohy

(poToheAHje h rajreaHOMeTpa.

riocne Mepeita Ae6jbHne cnoja h CTeneHa ooojeita noBpimme, y3opini cy H3Jiarami

Aejcray 0,6%-Hor pa<rroopa HaTpHjyMXHApoKCHAa, noA CTaTHWHjw ycJioBHMa, y Bpe-

MeHy oa 2 ao 40 MHHyTa. Pacraapaibe je BpuieHO y KtfBeTa.wa napaAeAommeAHOr o&infKa,

Koje cy 6HAe HanmteHe oa nAeKCH-crraKAa. ynoTpe6jbaBaHe cy KHBeTe AHMeH3Hja: 25 x

x 100 x 120 mm. KHBeTe cy nyH>eHe pacraopoM HaTpHjyMXHApoKCHAa, TeMnepaType 20°C,

TaKo as hhbo pacTBopa y H>HMa 6yAe 20 mm H3HaA ropH>e HBHue y3opKa. y 3aBHCHOCTH

oa BpeMeHa pacraapaiba CMaH>HBajia ce Ae6A>HHa OKCHAHOr cAoja, HHTeH3HTeT o6ojeH>a

noBpmHHe H KOHueHTpannje anyMHHHjyMa h 6oje y pacTBopy.

 

CjTHKa 1 Tigure

IIleMa KOMope 3a HcnHTHBaH>e Kopo3Hje noA oApebeHHM XHApoAHnaMiiMKHM ycAOBHMa.

Schematic view of the cell for investigation of corrosion under definite hydrodynamical

conditions.
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Ha y3opuHMa cy, nocne pacTBapaita, iiohobo, oapetjeHe Jionajme bpchhocth fle6-

JbHHe h HHTeH3HTeTa o6o)eH>a, Ha hcthm MecTHMa Ha KojHMa cy OBa Mepetta BpmeHa npe

pacTBapaH^a. KoHneHTpaintja 6oje y pacTBOpy MepeHa je (pOTOKOJiopHiweTpoM, a koh-

ueHTpaiflija ajiyMHHiijyiHa KOMruieKcoiweTpHjcKH, no PriSibil-y (7).

ripHMeHOM HaBe^eHe Merofle MOH<e fla ce rrpoyHaBa h Kopo3«ja ejiOKCHpaHHX cjio-

jeBa y CTpyjH pacrBopa HaTpujyMXHApoKCHfla non oflperjeHHiw XHapoflHHajvuwKHM ycjio-

BHMa. y oKBHpy obhx HcnnTKBaH>a paBHe ajryMHHHjyiwcKe njuwe, flHMeH3ttja 2x 100 x

x 300 mm, ejiOKCHpaae h paBHOMepHO ooojeHe nofl pamije HaBeaeraiM ycnoBHiwa, craB-

JbaHe cy y cpemary KOiwope, «HMeH3Hja 100 x100 x 300 mm, KaKO je to Ha cjihuh 1

noKaaano.

Kpo3 Koiwopy je tokom orjieoa, <rrpyjao 0,025 %-hh BOfleHM pacTBop HaTpHjyM-

xHHpoKCH.ua. Flocjie 2,5 MHHyTa, kojihko je Tpajao ornea, njione cy Bar)eHe H3 KOMope,

a 3aTHM cy KOJiopHiweTpHcaHe.
 

ITpoMeHa HHTeH3HTeTa flH(by3HO pc<pjici<TOBane cbctjiocth ca oGojeHe noupimnie, Rsr,

y cpyHKimjH fleGjbioie o6ojeHor ejroKciipaiior c.ioja, npcocTajior nocjie pacTBapaita, Ssr.

Intensity changes in the diffuse reflected light from the dyed surface, Rsr, as a function

of the thickness of the dyed anodized layer, remaining after dissolution, S8r.
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ITPHKA3 H jmCKYCHJA PE3YJITATA

ITpoMeHa HHTeH3HTera AH(py3HO pecpJieicroBaHe cbctjiocth, ca o6ojeHe

noBpuiHHe enoKCHpaHor cnoja npeocrajior nocne pacTBapaifca, iwepeHa pe-

cpJieKCHjoiw, R8r> y cpyHKUHjH H>eroBe AeSjBHHe, S8r, npnKa33Ha je Ha cjihhh 2.

HaBe^eHa 3aBHCHOcr je npeACTaBJteHa KOHTHHyarraoM kphbom jihhhjom,

iiito yKa3yje Ha AHCpepeHHHjajiHO cynepnoHHpaH>e Beher 6poja eqbeKaTa.

Obo je nocneflima HcroBpeivieHor pacrsapaifca Kai<o noBpuiHHCKHx rano h

AyShhckhx aejioBa cjioja. V o6jiacra cnojbauiH,er aena ejioKcnpaHor cnoja,

oa 60 ao 15 (j.m, 3HaTHoj npoMe™ H>eroBe ae6n>HHe o^roBapa Mana npo-

MeHa HHTeH3HTera o6ojeH>a noBpuiHHe.

y yHyrpaiiiifcoj o6jiacra, MeljyrHM, oBa npoMeHa je o6pHyra. To 3Ha*iH

Aa cnojbaiuH>H actcobh cnoja, 3(5or Behe aKTHBHe noBpuiHHe Koja iwo>Ke Aa

aacopSyje, canp>Ke cnopo paBHOMepHO pacnoper)eHy BejiHKy KOJiHHHHy 6oje.

y yHyTpauiibHM AejioBmwa aAcopGoBana je Mana KOJumHHa 6oje, <mja BpeA-

hoct Harjio nana y oojiacm 3aBpmeTKa nopa. Kpnsa npHKa3aHa Ha cjihuh 2

Mo>Ke Aa nocny>KH nao 6a>KAapHH AHjarpaiw 3a oAper)HBaH>e jioKaJiHHx ac-

6jbHHa enoKCHpaHor cnoja noMohy KOJiopHMeTpa 3a paBHe noBpuiHHe.

IIpoMeHa KOJomHHe 6oje, noja ce npeHece y pacrBop ca jeAHor cm2

o6ojeHe eJioKcnpaHe noBpuiHHe, Gsr, ca npoMeHOM Ae6jBHHe cnoja, Ssr, npu-

Ka3aHa je Ha cjihuh 3.

 

OlMKa 3 Figure

IIpoMeHa KOJiHMHHe 6oje y pacTBopy, Gsr, y cbyHKLTHjii /teojbWHe cnoja, 8sr.

Change of the dye quantity in solution, Gsr, as a function of the layer thickness, 88r.
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OBa KpHBa ce cacrojH oa jxbc, npH6jm>KHo, npaBe JiHHHje (A) h (B).

3HaTaH HarH6 npaBe (A), Koja ce oahoch Ha cnojbaniH.H fleo ejioKCHpaHor

cnoja, yna3yje Ha bcjihkh ca^p>Kaj npaBHJiHO pacnoperjeHe 6oje y oboj

oojiacm. yHyrpaunbH /jeo cnoja caapnai Majiy KOjnraHHy 6oje uito ce Mo>Ke

3aKJi.yqHTH no He3HaTHOM Harn6y npaBe (B).

Ha cjihuh 4 npHKa3aHa je npoiweHa pa3JiHKe HHTeH3HTeTa o6ojeH>a

noBpuiHHe npe h nocjie pacreapaHia ejioKCHpaHor cnoja, ARar, y (fcyHKunjH

kojihthhc pacTBopeHor aJiyMHHHjyMa ca jeAHor cm2 noBpuiHHe y3opKa

Asr-

36or 3acHheHOCTH noBpmnHCKor ^ena ejiOKcnpaHor cjioja 6ojoM, Be-

jiHKoj kojihtohh aJiyMHHHjyMa, Koja npejia3H y pacrBop, oAroBapa Majia

npoMeHa HHTeH3HTeTa o6ojeH>a noBpuiHHe, aok cy koa yHyTpaunier Aeua

obh oflHOCH o6pHyra. 3aBHCHOcr npHKa3aHa Ha cjihuh 4 mwa 3Hauaja 3a

npHiweny ose MeToae Ha npoy«aBait>e npeHoca Mace y nponecy Kopo3Hje

ejiOKcnpaHor aJiyMHHHjyMa y pacTBopy HaTpHjyMXHApoKCHAa, rae MOH<e Aa

nocjiy>KH Kao 6a>KAapHH AHjarpaiw.

MepeHa je h 6p3HHa pacroapaiba, oahocho Kopo3Hje, ejioKCHpaHHx cjio-

jeBa y pacTBopy HaTpHjyMXHApoKCHAa, npoMeHOM kojihuhhc pacTBopeHor

aJiyMHHHjyMa ca noBpuiHHe oa jeAHor cm2 y3opKa, Asr, y (pyiiKUHjH Bpe-

MeHa, t, cjiHKa 5.

Ha Kpneoj xHnep6ojnraHor o6jiHKa, Koja je npHKa3aHa Ha oBoj cjihuh,

jacHo je H3pa>KeH noqerHH, totobo, npaBOJMHHjcKH Aeo, Kojn je Hurepe-

caHraH 3a npaKTHUHa pa3iwaTpaifca. OBaj, cnopo npaBOjnunijcKH o6jihk 3a-

bhchocth, yKa3yje Ha ynpaBHy nponopuHOHajmocT H3Mer)y BpeMeHa pacr-

Bapaita h kojih^hhc pacTBopeHor aJiyMHHHjyMa ca jeAHronme noBpuiHHe

y3opKa. To 3HauH, Aa ce 6p3HHa Kopo3Hje, y obom cHCTeiwy, Ha caMOM no-

ieTKy nponeca MOH<e Aa ciwaTpa npH6jin>KHo KOHcraHTHOM, oAamie npo-

H3HJia3H Aa ce rpaAujeHTH KOHneHTpannje aJiyMHHHjyMa y Macn pacrBopa

h y HenocpeAHoj 6jih3hhh ejioKcnpaHe noBpuiHHe He Meitajy ca BpeMe-

HOM.

npeMa tomc Kopo3Hja ejiOKcnpaHor aJiyMHHHjyMa y pacTBopy HaTpnjyM-

XHApoKCHAa, MaAa HecrauHOHapHa nojaBa, Mo>Ke Aa ce cMaTpa crauHOHapHOM

Ha caMOM noueTKy. OimiMajiHO BpeMe, y KOMe ce OBaj npouec y ncnHTHBaHOM

CHcreMy Mo>Ke CMaTpara cTauHOHapHHM, je flo 5 MHHyra.

Hrcoqe, Koje cy H3JiaraHe Aejcray pacrBopa HaTpujyMxuApoKCHAa, noA

OApetjeHHM XHApoAHHaMHMKHM ycjioBHMa, KOJiopHMeTpHcane cy y Tpn no-

npeuHa npecena (Ha pacrojaibHMa 5, 145 h 285 mm oa npe^ifce HBHne

rnioue) — cjiHKa 6.

Ha cjihuh 6 (a), (b) h (c) npHKa3aHe cy npoMene AeSjbUHe, 8, okchahhx

cjiojeBa nocjie Kopo3Hje y CBa Tpn pacrojaiba, y (pyiuauijH nmpuHe iuioue,

y, 3a 6p3HHy crpyjaifca pacrBopa 0,05 m /s h bpcjjhoct Reynolds-ouor 6poja

5000. AHajiH3a OBe cjihkc noi<a3yje Aa je, nocie pacTBapaita, iiajaeha 3a-

ocTajia AeS.biina oKcn;uior aioja no HBHuawa mio'ie, a HajMaiba iia cpeAHHH

y npaBuy crpyjaiba pacraopa. Hajraibii cjioj, oahociio najBeha KopoaHja,

je Ha Mecry yrnuaiba — c.im<a 6 (a) — irje je h 6p3HHa crpyjaiba pacruopa

najBeha. Kopo3Hja jc, yomuTe y3eB, 3Hamo cjia6nja Ha cpeAHHH Ay>i<nne

njioue — cjiHKa (6) (b) — aok je na Mecry Hcranaiba pacrBopa — cjinna 6

(c) — noBehaiia, ajm join yBen lie AocrHH<e Bejmuuiiy Kopo3Hje Ha Mecry

yTHnaHba.
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Pe3yjiTaTH, floSiijeHH obhm HcmrraBaHJiMa, cia>Ky ce ca pe3yjrraTHMa

h HCKycTBHMa H3 o6jiaciH xnnpoflHHaMHKe no Kojnx cmo paHHjHM »iepe-

HiHMa flOUIJlH (4, 6).

So

 

08 1.6 2 A 3.2 Vo 4 6

CjiMKa 4 Figure M'&'J

ITpoMeHa paauHKe pedwieKCHje o6ojeHHX ejioKCHpaHHX noBpuiKHa, AR-sr> V (pyHKUHjH

KOJiH^HHe pacTBopeHor ajryMHHHjyMa ca jeflHor cm8 noBpuiHHe y3opKa, A,r.

The change in reflection difference of the dyed anodized surfaces, ARsr, as a function of

the quantity of dissolved aluminium from one cm2 of the sample surface, Asr.

 

0 2 5 10 15 ZO 25 iO 15 40 '("(w*!

C/iHKa 5

Ep3HHa Kopo3iije ejioi<ciipannx cjiojeua y (pyHKmijH Bpe.weHa.

The corrosion rate of the anodized layers on aluminium as a function of time.
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CjiHKa 6

IlpoMeHa ae6jbHHe, 8, oKCHAHor cnoja nocjie Kopo3Hje y (pyHKUHjH umpHHe nncme, y,

3a pacTojaaa: a) 5 mm; b) 145 mm h c) 285 mm o« MecTa yTHuaita pacrBopa.

The change in the thickness of the anodized layer after corrosion, 8, as a function of the

plate width, y, for the following distances from the place of solution influx: a) 5 mm;

b) 145 mm; c) 285 mm.

H3BOJJ

y obom paay je HcmrrHBaHa otiiophoct Ha Kopo3Hj'y enoKcupaHHx

aiojeBa Ha aJiyMHHHjyiwy. Pe3yjiTaTH, ^oGhjchh obhm nciMTHBaifcHMa, no-

Ka3£uiH cy cneaehe:

1 . IlpHMeHOM HaBeaeHor nocrynKa Mory na ce o/ipe,ae Ae6jbHHe ejion-

cnpaHHX onojeBa KOJiopHMeTpHcaibeM oSojeHHX noBpuiHHa y flHdpy3HO pedp-

jieKTOBaHoj CBerjiocTH, KopHiuheH.eM OAroBapajyher 6a>KAapHor flHjarpajvia;
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2. OjvioryheHO je KBaHnrraTHBHO npoyqaBaite npenoca iwace y nporjecy

Kopo3Hje enoKCHpaHHx cnojeBa, h to iwepen,eM nano jiOKajiHHX TaKo h

HHTerpammx iwaceimx (pJiyKceBa ;

3. Mepe&eiw 6p3HHe Kopo3Hje ejioKCHparoix cnojeBa aedpHHHcaHH cy

ycjiOBH nofl KojHMa ce HecrauHOHapHH (peHOMeH Kopo3Hje, y obom cHcreMy,

Mowe fla CMaTpa craHHOHapHHM — to je Ha caiwoM noweTKy npoijeca;

4. Kopo3Hja ejioKcnpaHor anysiHHHjyMa Mo>Ke «a ce npoytaBa, npa-

MeHOM oBor nocrynKa, h y crpyjH pacrBopa HaTpHjyMXHApoKciwa nop, oa-

per)eHHM xHflpoflHHajwH'uaiM ycjiOBHiwa. Pe3yjiTara, flooHjeHH Ha oBaj Ha™H,

cjia>Ky ce ca pe3yjrraTHMa h HCKycrBHMa flo nojHx ce aouijio npyrnn iweTOflaMa.

TexHOJiouiKO-MeTajiypniKM (paKyjrreT IIpHinJheHO 11. jyna 1973

yHHBepsfrreTa y Eeorpauy

Beorpaa

SUMMARY

PROPERTIES OF CORRODED ANODIZED LAYERS

ON ALUMINIUM

by

SLOBODAN K. KONCAR-DURDEVIC, OLGA B. VUKOVIC, VLADIMIR LJ.

VUjCld and ANA J. KRlZANIC

Properties of anodized layers on aluminium exposed to corrosion were

studied. The results obtained by this investigation show the following:

1. By the method described in the paper, the thicknesses of anodized

layers on aluminium can be determined by diffuse reflectance colorimetry

of dyed surfaces, when using appropriate calibration graphs;

2. A quantitative investigation of mass transfer in the process of corro

sion of the anodized layers is made possible by measuring both local and

integral mass fluxes ;

3. By measurement of the corrosion rate of anodized layers, conditions

are determined under which the nonstationary corrosion phenomenon can

be considered as a stationary one — this is at the very beginning of the process;

4. The corrosion of anodized aluminium can be investigated by this

method also in the flow of a sodium hydroxide solution, under definite

hydrodynamical conditions.

The results obtained in this way are in accordance with the results

and experience obtained by other methods.
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nojiAPorPAocKO iiohaiijah>e As(iii) y ajikajihoj

cpejihhh y riPHcycTBy xjiophahhx joha

op,

MHJbAHA T. njEIU^IHTiA h MHJIEHKA B. IIiyiUHTVA

y b o a

nojiaporpacpcKO noHaiuaite As(III) y KHcejioj cpeAHHH y npncycTBy

h 6e3 npncycTBa xjiophahhx joHa je npoyqapaHO y HauieM 3aBOAy h pe-

3yjiTaTH cy caKynjbeHH y paaoBHAia (1) h (3). TaKor)e je npoyiaBaHO h

nojiaporpa(J)CKo noHauiaite As(III) y ajinajmoj cpeAHHH 6e3 npHcycrBa

KOMnneKCHpajyhHX areHaca h pe3yjiTa™ cy o6jaBJbeHH y pa^y (2). y thm

paAOBHMa je Aara h aHariH3a JiHTeparypHHx noaaTaKa Kojn ce OAHOce Ha

nonaporpacpcKO noHaiuaH>e As(III) y KHcejioj h ajinaJiHoj cpeAHHH. Ufub

oBora paAa je 6ho Aa ce npoynn nojiaporpacpcKO noHamaH>e As(III) y aji-

KajiHoj cpeAHHH y npncycTBy xjiophahhx h opomhahhx joHa Kao KOMnjieK-

cnpajyher areHca.

EKCI1EPMMEHTH

Mepeita cy BpuieHa Ha nojiaporpa<py Radiometer P04d h pH-iweTpy Radiometer

PHM 22r. Bp3HHa KaTOAHe nojiapH3aimje je 6hm 0.4 V /min. Bpeiwe nanaita >KHBe je

6ano 2,4 sec, y HcmrrHBaHOM pacTBopy Ha noTemwjajiy —1,85 V, a 6p3HBa HcnmaH>a

xaffie je 6iuia 3,2 mg/sec. Bpoj ejieKTpoHa KojH yqecTByjy y ejieKTpojjHoj peaKimjH pe-

jsyKuaje ojrpetjeH je MHKpoKyjioiweTpHjcKOM H xpoHonoTeHiwoMeTpHjcKOM MeTOflOM (1,

2, 3), a 6poj joHa xjiopa kojh ce Bewy y KoiwnjieKc ca As(III) oaper)eH je KOHflyKTOMeTpHjcKH

MeioflOM KOHTHHyajiHe BapHjauHje (3). ynoTpe6jkaBaHe cy ^HCTe xeMHKajiHje, Carlo

Erba Milano, AsaO„ LiCl, NaBr h HC104.

PE3yjITATH

y anKajiHoj cpeAHHH, pH 10,1—10,80, y npncycrBy xjiophahhx joHa

h 0,005% >«enaTHHa, As(III) Aaje Ao6po AecpHHHcaH naTOAHH Tajiac. Bh-

cHHa Tanaca je cpa3iwepHa KOHHeHTpauHjH As(III) y pacTBopy h jeAHana

je bhchhh o6a TaJiaca y KHcejioj cpeAHHH npn eKBHMOJiapHHM KOHueHTpaHH-

jaMa. Ca nopacroM KOHueHTpauHje xjiophahhx jona, nojryrajiacHH noTeH-

HHjaJi ce noMepa y npaBiry no3HTHBHHjnx noTetmHjajia. Cjihiho Kao h

y KHcejioj cpeAHHH, Harn6 npaBe AEi/2/ApH je uehu npn KOHiieiiTpa-

HHjH xjiophahhx joHa Behoj oa 1,0 M nero npn KoimeiiTpaHHjn xjiophahhx

joHa iwaifcoj oa l,0M, Ha ocuoBy obhx noAaTana h apjthx aHaJiornja ca

nojiaporpadpcKHM iionamaifceM As(III) y KHcenoj cpeAHHH y npHcycmy

xjiophahhx joHa (2), yrBprjeiio je Aa As(III) ca xjiophahhm joHHMa y

555
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aJiKaJiHoj cpeflHHH rpaan KOMrweKCHa jeflHH>eH>a AsOCl h AsOCl^ a ca

SpoMHAHHM joHHMa jeflHH>eH>a AsOBr h AsOBnj. npeiwa pe3yjrraTHMa

KyjioiwerpHjcKHx h xpoHonoTeHirHOiweTpHjcKHX HcnHTHBaita (1, 3), peayK-

iuija As(III) y ajiKanHoj cpeAHHH y npHcycrBy xjiophahhx h 6poMHflHHX

joHa Hfle ao tneMeHrapHor apceHa. AHaJiH30M Tajiaca je yTBpr)eHo na je

npou.ec pe^yKijHje HpeBep3H6HnaH h Aa npoiweHa KOHueHTpainije boaohh-

hhhx joHa yTH^e Ha nojryTanacnH noTeHHHjaJi Tano uito nojiyTanacHH no-

TeHuiHjaJi nocraje CBe HeraTHBHHjH ca nopacroM pH, cji. 1 .

 

i i i i I i i i i I i i i i I i

10 10.5 11.0 pH

CjiHKa 1. Figure

3aBHCHOCT nojiyiajiacnor noTeHinijajia h (log k° o,t pH y pacTDopy 5,06- 10-4 M As (III) +

+ 1,0 M LiCl (-0,005% wejiaTHHa.

Dependence of the half-wave potential and log on pH in the solution 5.06 x 10~* M As

(III) 1.0 M LiCl+0.005% gelatine.

Koe(})HixnjeHaT iipeHOca ana h KOHcranTe 6p3HHe Ha pa3HHM pH oAperjeHH

cy mctoaom Meites-a h Israel-a (4), KopHcrehH jeflHauHHe

0,0591, 1,349 kOti/2 0,0542, I

Ek.e= log- —— log- -. (1)

an, D1'2 aria la — I
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H3 HarH6a npaBe log =f(E) H3pa<iyHaT je KoecpHUHjeHaT npeHoca

Id — I

ana H OH H3HOCH 0,68.

Kaaa je Ek.e=Ei/2 OHna je

0.0591, l,349k»ti«

Ek.e=E1/,= —log — • (2)
' a na D1/z

KopHcrehH jeflHa^Hy (2), oape^eHe cy KOHCTairre 6p3HHe y onHocy

Ha KBa3H-peBep3H6miHH noTeHunjan, Ha pa3HHM pH. nojiyraJiacHH noTeH-

nnjaJi h JiorapHTaM KOHCTairre 6p3HHe ce JiHHeapHo Meitajy ca npoiweHOM

pH, na ce 6poj BO/joHH'iHHx joHa KojH yqecTByjy y eneKTponHoj peaKUHjH

H3paiyHaBa H3 HaraSa npaBHX Ei/2= f (pH) h log k°=f (pH), en. 1, KopH-

CTehH jeflHa^HHe

AE^=0,0591 m Alogko

ApH an, ApH w

rne je p 6poj BOflOHiramx joHa.

Hara6 npaBHxAEi/2/ApH h Alogk°/ApH h3hoch 0,86 h 0,98, na

je 6poj BonpHHqHHx joHa Kojn yiecTByjy y cnopo/vi crymfcy ejieKTpoflHe

peaiasije penyKipije paBaH jeflHHHUH npn cbhm KOHqempanjijaMa LiCl on,

0,01 no 5,0 M. AKTHBauHOHa eHepraja ejieKTpoflHor npon,eca penyiapije

y oaHocy Ha KBa3H-peBep3H6HJiHH noTeHHHjaJi, onpeljeHa je mcto/jom Vlcek-a

(5), KopHCTehH jeflHaiHHe

Ei/2-E^=2'3R1°gAT L_(Qr_1/2QD) (4)

a n»F a na

h log-i—=logA-^ -4^-[Q'-l/2QD-nF(Ei/s-Ei/2)] (5)

Id — I r 2,3R

rfle je Qr aKTHBauHOHa eHepraja ejieKTponHor nponeca peayKUHje Ha KBa3H-

-peBep3H6HjraoM noTemjHjaJiy EJ/2, a Qd aKTHBauHOHa eHepraja flHcpy-

3HOHor npon.eca.

nojiyraJiacHH noTeranijaJi ce jiHHeapHO noiwepa y cMHCJiy no3HTHBHHjHX

noTeHHHjaJia ca nopacroM TeiwnepaType, na je H3 onceiKa npaBe (Ei/2—E[/2) =

=f (T) Ha opflHHaTH, cji. 2, onpel)eHa aKTHBauHOHa eHepraja KopHcrehH

ieflHa^iHHy (4). AKTHBauHOHa eHepraja oape^eHa Ha Taj HaMHH H3hoch 7,43

kcal/mol. H3 KoecpHUHjeHTa npaBua npaBe log =fj— J, cji. 3, ko-

Id — I \T)

PHcrehH jenHatamy (5), TaKol)e je H3pa,iyHaTa aKTHBauHOHa eHepraja Qr

h OHa h3hoch 7,48 kcal/mol. OSe bpcohocth 3a aKTHBauHOHy eHeprajy ce

cacBHM npSpo cnamy.

JIa 6h H3pa*iyHaJiH aKTHBauHOHy eHeprajy ejieKTpoaHor nponeca peayK-

nnje, nperxonHO je oapel)eHa aKTHBauHOHa eHepraja AH(py3HOHor nponeca,

KopHcrehH jeAHa»iHHy

. , _ 0,434 QD 1
log D=log Do - (6)

R T

4
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KoecpHnHjeHTH AH(})y3Hje Ha pa3HHM pH, ropatiyHaTH cy H3 HjiKOBH^eBe

jeflHa«niHe, na je HanpTaHa npaBa log D=f |~rj- I*3 Koe(pHUHjeHra npaBua

OBe npaBe oapetjena je aKTHBannoHa eHeprnja AH(py3H0Hor nponeca h OHa

H3HOCH 2,22 kcal/mol.

"(EV2-Efe)

0.20-

0.05h

0.15-

0129 =

0.10

^

V

\

\

\

\

-I L

31 ' 3b ' T°K-10

CjmKa 2. Figure

3aBHCHOCT —£[/2 ofl TewnepaType 3a Tanace y pacTBopy 5,06— 10_'Af As(III)

+ 1,0 M LiCl + 0,005% H<ejiaTHHa, pH = 10,80.

Dependence of Ei^ — E\iz on temperature for the waves in the solution 5.06 x 10-4 M As

(III) + 1.0MLiCl +0.005% gelatine at pH= 10.80.

KoHcraHTe 6p3HHe Ha pa3HHM pH h aKTHBanHOHa enepraja oaper)eHH

cy y oaHocy Ha KBa3H-peBep3H6HJiHH noTeHUHjaji. KBa3H-peBep3H6njiHH no-

Temmjaji h3hoch —1,81 V, a oflpetjeH je H3 oAce^Ka npaBe

log =f (E) Ha E och.

Id -I

Ha ocHOBy H3Jio>KeHHx eKcnepHMeirraJiHHx pe3yjiTaTa, oaaTpaMO aa ce

peAyKHHja As(III) y aJiKanHoj cpe/jHHH y npHcycrBy xjiophuhhx joHa

oflBHja no cneflehoj cxeivm:
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IlpH KOHi^eHTpaqHjH xnopHAHHx joHa Maiioj oa 1,0 Af:

AsOCl + le + H20 caopo . As (OH)+ + C1-+OH- h

As (OH)+ + 2e 81,30 ■ As + OH~

iii

-0.9

-0.8

-0.7

-0.6

-0.5

-0.4

■ ■ 1 1 1 ■ 1 1

31 32 33

CjmKa 3. Figure

3aBHCROCT log

Id-I

on 1 /T 3a Tajiace y pacraopy 5,06,- 10~4 Af As(III) +1,0 M LiCl

+0,005% wejiaTMHa, pH= 10,80.

Dependence of log on 1 /T for waves in the solution 5.06 xl0~* M As(III) + 1 .0 M

la — I

LiCl+0.005% gelatine at pH= 10.80.
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ripH KOHueHTpaipijH xjiopnnHHx joHa Behoj oa 1,0 Af:

AsOC£ + le + H20 cnopo ■ As (OH)+ + 2C1~ + OH- h

As (OH)+ + 2e As + OH~.

—I—1—1—1—1—1—r

X 31

-| 1 1 1 1 1 r-

32

-1—1—I—i—TT"

34 f-V

U5r-

4.55k

-logD

CjiHKa 4. Figure

3aBHCHOCT log D oa 1 IT 3a Tajiace y pacTBopy 5,06-10_4Af As(III) +1,0 M LiCl

+0,005% >Kejiarana, pH = 10,80.

Dependence of log D on 1/2" for waves in the solution S.OexlO-'M As(III) +1.0 M

LiCl + 0.005% gelatine at pH= 10.80.

Ha cjiiraaH wmm je npoyqaBaHO h nojiaporpa(pcKO noHauiaE>e As

(III) y npHcycrBy Spomhahhx jowa, na je carjiacHO eKcnepHMejrraJiHHivi

pe3yjiTaTHiwa npeA-'io>KeH aieAeriH MexaHH3aM peAyKijHje:

npn KOHneirrpaqnjH 6pomh;;hhx jona iwaitoj oa 1,0 Af:

AsOBr+le+ H20 cnopo— As (OH)' + Br" + OH" h

As (OH)++ 2e -6p3°—* As + OH-.

npn KOHueHTpamijH 6po.MHAHHx joHa Behoj oa 1,0 Af:

AsOBrJ + le +HzO -enopc As (OH)+ + 2Br~ + OH~ h

As (OH)+ + 2e — As + OH".
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H3BOJI

HcrarraH je yraijaj xjioph^hhx joHa y aJiKanHoj cpeflHHH, pH 10,10—

—10,80 h 6poMHflHHx joHa, pH 9,40—10,10, Ha nojiaporpadpcKo noHama&e

As(III). OflpeheHe cy KOHcraHTe 6p3HHe ejieKipoflHor npoueca pejryKirHje

Ha pa3HHM pH, 3aTHM Koe(pHU(HjeHTH npeHOca ana, aKTHBaimoHa eHeprnja

h aKTHBauiioHa eHeprnja flH(py3HOHor npoueca. Ha ocHOBy eKcnepHMeHTaJi-

hhx pe3yjiTaTa npeflJio>KeH je MexaHH3aM pe,nyKimje.

HHCTmyr 3a i|iH3iFiKy xeMHjy, IIpHAUbeHO 9. HOBe.vi6pa 1972

IIpHpoflHO-MaTeManwKH (paKyjrreT, Eeorpaa

SUMMARY

POLAROGRAPHIC BEHAVIOUR OF As(III) IN ALKALINE

SOLUTION IN THE PRESENCE OF CHLORIDE AND BROMIDE

IONS

by

MILJAN G. PJESCIC and MILENKO V. SUSlC

The effect of chloride and bromide ions in alkaline solutions, in the

pH regions 10.10—10.80 and 9.40—10.10 respectively, on the polarogra-

phic behaviour of As (III) was investigated. The rate constants of the elec

trode reduction process at various pH's, the transfer coefficients am, the

activation energy and the activation energy of diffusion process were deter

mined.

On the basis of the experimental results obtained, the mechanism of

reduction was proposed.

Institute of Physical Chemistry, Received November 9, 1972

Faculty of Science,

University of Belgrade, Belgrade
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nOJIAPOrPAOCKO HCIIHTHBAIfcE KOMEHAMHHCKE

KHCEJIHHE

AH'BEJIHJE B. CTEOAHOBHTi h KCEHHJE P. BEJIAIIIEBHH

F. §orm h capaAHHUH (1) cy nojiaporpatpcKH HcnHTHBaJiH peflyKuiijy

HeKHx nnpmiHHKap6oHCKHX KHcejiHHa h HjHxobhx aepHBaTa Ha Kanajyhoj

>KHBHHOj eJieKTpOflH. OcUHJlOnonaporpa^CKHM HCnHTHBaifeeM nHKOJIHHCKe

h HaoHHKOTHHCKe KHceiiHHe je yrBpljeHO fla OBe KHcejiHHe .zjajy peBep3H-

6iuiHe npoayKTe (2).

KoiweHaiwHHCKa KHcejiHHa cnaaa y rpyny mipHaHHKap6oHCKHX KHce-

jiHHa. JaBJba ce y asa TayroiwepHa oSjiHKa, Kao 4,5-flHOKCH-nHpHflHHKap-

6oHCKa (2)-KHcejiHHa h 5-OKCH-nHpHflOH-4-Kap6oHCKa (2)-KHcejiHHa. OBa

KHcejiHHa je Bpjio juano npoyyaBaHa. Y HameM nperxoflHOM paay HcrurraHH

cy (J)Jiyopecu[eHTHH h ancopimnoHH cneKTpH OBe KHcejiHHe y ^bpctom crafty

H paCTBOpHMa pa3JIHqHTHX pH (3).

UfVh nojiaporpa<|)CKor HcnHTHBaH>a KOMeHaMHHCKe KHceJume je fla ce

npoyie peaKHHje Koje ce Bpuie npn peayKioijH KOiweHaJvumcKe KHcejiHHe

Ha Kanajyhoj >KHBHHoj ejieicrpoAH npn pa3JuniHTHM pH BpeAHocTHAia h aa

ce oflpefle onTHMaJiHH ycJiOBH 3a KBaHTHTaniBHO oApeh)HBaH>e OBe KHcejiHHe.

EKCnEPHMEHTAJIHH JXEO

PeareHCH: 1. Ko/weHaiHHHCKa KHcemma je CHHTeracaHa npeiwa EejioHocoBy (4).

2. Britton-Robinson-OB nydpep (~0,04Af) y pH o6jiacTH oa 1,90 flo 6,25

npW KOHCTaHTHO) joHCKO) jaMHHH [i = 0,l (NaClOj).

Anapa™: 1. pH-MeTap „Radiometer 22"

2. ..Cambridge" nojiaporpad), Tun „Pen recording". Kannjiapa nwa cjieaehe

KapaKTepucTHKe : y 0,1 M KC1 Ha noTeHUHjajiy —1,0 V (ZKE) npn hko, =

= 58 cm, t = 2,7 sec, m^ 3.38 mg sec-1. Mepeita cy BpiueHa Ha coGhoj

TeiwnepaTypn ca CBe>Ke npHnpe.MJi.eHHM pacTBopn.wa y aTMocdpepn a30Ta.

PE3YJ1TATH H JtHCKYCHJA

HcriHTHBana je nojiaporpa<J)CKa pe/jyKiDija KOMenaAuiHCKe KHcejiHHe y

KHcejioj cpe/iHHH y pH oojiacra 1,30—6,25. Ha pH 1,30, y nepx.iopHoj

KHceJiHHH, KO.MeiiaMHHCKa KHcejiHHa ce pe^yKyje ya rpar)eH>e jeflnor ^oGpo

H3pan<eHor Tanaca ca nojryTa-iacHHM noTeHUHjanoM Ei/2=—1,04 V (cji. 1.).
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1 ' 1 1 1 I J

-0.8 - hO -J.2 -U V

Cjiioca I. Figure

ITojiaporpaM KOMeHasuracKe KHcejnme

Polarogram of comenamic acid

pH 1,30(HC104) c= 2,5xlO-<Af |i = 0,l

 

-0.9 V -0-9V -10 V -12 V -1-2 V - I jV

Cjihio 2. Figure

nonaporpa.Mii KOMeHaiwKHCKe KHce.iHHe

(Epojxe o3HayaBajy pH)

Polarograms of comenamic acid

(Digits indicate pH)

c= 2,5xl0-'Af n = 0,l (Britton-Robinson buffer)
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Ca nopacroM pH BpeflHocra, o6jihk h nojiyraJiacHH noTemrHjaJi TaJiaca

ce Meitajy. Ha cjihith 2. je npHKa3aHo hckojihko nojiaporpajvia KOiweHaMHH-

CKe KHcejiHHe y Britton-Robinson-OBOM nycpepy Ha pa3JumHTHM pH Bpezi-

HOCTHMa.

Ha cjihith 2. ce bh/ih aa cy Ha pH 1,99 h 2,75 Tajiacn ao6po H3pa>KeHH

h yrjiaBHOM neHTpocHMeTpirqHH, flOK je TaJiac Ha pH 3,10 Jiouie H3pan<eH

h HHje CHMeTpHMaH. Ha pH Beheiw oji 4,40 TaJiacH cy oner 6ojte H3pa«<eHH,

arm ce H>nxoBa BHCHHa Harjio cMaH>yje, TaKO, pa Ha pH Beheiw oa 5,65 TaJiac

noTnyHO Hecraje.

nojiyraJiacHH noTeHUHjaJi y pH o6jiacra 1,93—2,26 je CKopo koh-

craHTaH h h3hoch npH6jiH>KH0 —1,08 V. nopacroM pH on. 2,50—4,70

nojiyranacHH noTemrHjan ce nocrynHO noMepa na HeraTHBHHjHiw Bpe/iHO-

crmwa, TaKO aa cpe/iH>e noiwepaite y oBoj o6jiacTH h3hoch oko 181 mV/pH.

Ha pH Beheiw on 4,70 nojiyraJiacHH noTemrHjan je oner CKopo KOHcraHTaH

h h3hoch oko —1,48 V. npoMeHe nojiyraJiacHor noTemrHjaJia y 3aBHC-

HOCTH on pH npnKa3aHe cy Ha cjihith 3.

1-2 h

1-3 \-

hi h

 

2 3 4 5 6 pH

GnMKa 3. Figure

3aBHCHOCT Ofl pH

Dependence of E1/2 on pH

Ca npoiweHoiw pH MeH>a ce h BHcmia no.iaporpa(j)ci<or TaJiaca. Y pH

oCwiacra 1,90—3,10 BiicHHa TaJiaca iiocreneno onaaa, a 3araM hohobo pacre

no pH 4,00. Ha pH Beheiw ojj, 4,7 BHoma TaJiaca narjio ona.ua, TaKO na

Ha pH 6,2 nojiaporpacjjcKH TaJiac noTiiyHO necTaje.
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6h ce Hcmrrao KapaKTep nojiaporpacpcKHx crpyja Ha pa3jm*iHTHM

pH BpeAHOCTHAia, OApe^eHa je 3aBHCHOcr bhchhc nonaporpadpcKHx Tanaca

ofl BHCHHe HtHBHHor CTy6a Ha cjieaehHM pH BpeAHocrHMa: 1,30, 2,10,

2,56, 3,10 h 5,25. 3aBHCHOcr bhchhc nojiaporpadpcKor Tanaca oa KBaA-

paTHor KopeHa bhchhc WHBHHor cry6a Ha hckhm BpeAHocrHMa pH, npn-

Ka3aHa je Ha cjihhh 4.

 

CjiMKa 4. Figure

3aBHCH0CT BHCHHe Tajiaca ofl VhHg

(BpojKe 03HaMaBajy pH)

Dependence of wave-height on ]/hBg

(Digits indicate pH)

c= 2,5xl0-"Af u= 0,l

3a pH BpeaHOcr 1,30 flo6nja ce npaBa noja npo.ia3H Kpo3 KoopflHHaTHH

noMeraK uito flOKa3yje AHdpy3HOHH KapaKTep oBor Tanaca. IlpaBe AoSnjeHe

3a pH BpeAHOCTH 2,10 h 3,10 ceny opAHHaiy, uito 3Ha™ na cy oBe crpyje

.iiejiHMHHHo KHHeTH^Kor, a AeJiHivumHO AH(hy3HOHor KapaKTepa. Ha pH 5,25

cTpyja je caMo KHHeTHyKor KapaKTepa, jep je AoSnjeHa npaBa napaJiejiHa

ca ancuHcoM.

y HauieM nperxoAHOM paAy cy HcmrraHH HH(})paHpBeHH, yTrpaJbySH-

HaCTH H (jMyOpeCUeHTHH cneKTpH KOMenaJWHHCKe KHCClHHe Ha pa3JUmHTHM

pH BpeAHocTHMa (3) h na ocuony obhx HcnHTHBaH>a cy oApefjeHe KOHcraHTe

AHcoHHjaHHje KOiwenaMHHCKe KHcc'iHue. HHTepecaHTHO je HanoiweHyTH aa ce

ancopSaHunja 3a KoiweHaiwuHCKy KHcejiHHy Meita ci<opo Ha hcth HanHH nao

h BHCHHa no.riaporpachcKHx Tajiaca, KaAa ce weita pH pacrBopa. To noT-

Bphyje Aa ce y o6a ciy^aja paAH o nocTojaiby paajiH^HTiix o6.uHKa komch-

aMHHCKe KHCejIHHe Ha pa3JIH1HTHIW pH BpeAHOCTHIVia.



nOJIAPOrPA*CKO MCIIHTHBAIfcE KOMEHAMHHCKE KMCEJIMHE 567

Onaaaite bhchhc nojiaporpacpcKor TaJiaca y pH oSjiacrH 2 ao 3 Bepo-

Barao Hacraje ycjiea aenpoTOHH3aipije a30TOBor aToiwa y nupmiHHCKOivi

npcreHy. Ha OBy nojaBy cy yt<a3ajiH Sorm (1) h Knobloch (2) rrHCKyryjyhH

o nonaporpacpHjH iihphahhckhx je,HHH>eH>a h nnpHflHHKap6oHCKHx KHce-

jiHHa. Cjnuraa nojaBa, onaAaifce ancopSaHHHje 3a KOMeHawmcKy KHcejiHHy

Ha pH MaH>eM or 2,50, ycreHa je y HaiueM nperxoflHOM paay h TaKotje npn-

nncaHa AenporoHH3auHjH a30Ta.

Harvio onaaaite bhchhc nonaporpaebcKor Tajiaca y pH o6jiacra 4,70

flo 5,50 Mowe ce o6jacHHTH flHconHjaipijoM Kap6oKCHJiHe rpyne. BncHHa

nojiaporpacpcKor TaJiaca y cbyHKHHjn pH Bpjio je cinema kphboj Koja ce

aooiija noTeHUHOMerpHjcKOM THTpaunjoM h npe#CTaBJi>a nojiaporpadpcKy jjh-

counjauHOHy KpHBy. Ako ce ca id o3HaiH inaKCHJwajiHa crpyja Ha pH 4,0

a ca imin ja^HHa crpyje Ha pH BeheM or 4,0, oH^a ce H3 33bhchocth o^Hoca

imin/id ofl pH Mowe ao6hth pK uiTo je npHKa3aHo Ha cjiihjh 5.

 

6 pH

GriHKa 5. Figure

3aB«CHOCT imln x 102 /id oa pH

Dependence of imin • l02/i<i on pH

c= 2,5xl0-4Ai (i-=<U
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y tom oryqajy pK ce Hana3H H3 BpeAHocra pH npn imin = 50% i&.

BpeAHOcr pK 3a Kap6oKCHJiHy rpyny oaperjeHa nojiaporpacpcKOM mctoaom

H3HOCH 5,10, aoK ce 3a Hcry KOHCTaHry cneKTpo(poTOMeTpHjcKH Aooiija

3,68 (3), a noTemflioMeTpHjckH 3,62 (5). OBa pa3JiHKa y BpeflHocTHMa Mowe

ce o6jacHHTH peKOMSHHannjoM aHjoHa KOMeHaMHHCKe KHcejiHHe h bo/jo-

hhkobhx joHa Ha eiieKTpoflH. HaHMe, peflyKUHja KOMeHaMHHCKe KHcejume

noMepa paBHOTOKy AHcounjauHje Ha noBpuiHHH ejieicrpoAe. fla 6h ce

noHOBO ycnocTaBHJia paBHOTe>Ka flHConjijauHje Ha ejieicrpoflH Koja oato-

Bapa AaTOM pH, aHjomi KOMeHaMHHCKe KHcejiHHe ce jeAHHe ca boaohhkobhm.

joHHiwa. Ycjiea OBe peKOMSHHaunje joHa, KOHueHrpauHja KOMeHaMHHCKe KH

cejiHHe Ha eJieKTpoflH je Beha Hero y pacTBopy, Te BHCHHa nojiaporpacpcKor

TaJiaca 3aBHCH oa 6p3HHe peKOMOHHauHje. GrmnHa oncTynaifca nojiaporpa(p-

CKHX flHCOUHjaHHOHHX KpHBHX y OJTHOCy Ha nOTeHUHOMeTpHjcKe THTpaUHOHe

KpHBe ycjieu peKOMGHHaunje joHa, nocroje h koa iwHornx Apyrnx opraH-

ckhx KHcejiHHa: AieKOHcne (6), nnporpoHc^aHe (7), oncajiHe (8) h ap.

OnuiHpHHje cmo npoyMaBaim pezryKUHjy KOMeHaMHHCKe KHcejiHHe Ha

pH 1,30 (HCIO4) jep ce Ha tom pH rpaan AoSpo H3pa>KeH h jiaKO penpo-

AyKTHBaH Tariac AH(})y3HOHor Kapaicrepa. H3BpiueHa je aHa-rum Tor TaJiaca

Ha OCHOBy 3aBHCHOCTH:

A E/A log —^—

id— i

 

CjiHKa 6. Figure

Kajiif6panMOHa i<pnua

Calibration curve

pH=l,30(HC104) \x -0,1
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YTBpIjeHO je aa je peaKunja peBep3H6HJiHa h flBoejieiopoHCKa. To ce cna>Ke

ca noAauHMa aaTHM 3a apyre irapnAKHKapSoHCKe KHcejiHHe (1, 2).

fla 6h ce HcrarraJia MoryhHOcr nproweHe OBor Tajiaca y aHajiHTHTOe

CBpxe, ouperjeHa je 3aBncHOCT bhchhc Tanaca ofl KomjeHTpaimje KOMeHa-

MHHcne KHcemHe na pH 1,30. OBa 3aBHCH0CT je npHKa3aHa Ha cjihhh 6.

JJoSnjeHa npaBa, Koja npojia3H Kpo3 KoopflHHaTHH noqeraK, noKa3yje

Aa ce KOMeHaMHHCKa KHcejiHHa jwo>Ke Bpno penpo^yKTHBHo oapciihth nop,

obhm ycjioBHMa y KOHneHTpauHjaiwa 10~4 ro 10~5 M.

AyropH ce 3axBaJbyjy npotp. Jlp JojiaHflH XojiwaH Ha kophchhm caBeTHiwa

h cyrecTHjaivia npn H3BorjeH>y OBor pa,na.

H3BOJ1

HcnHTHBaHa je nonaporpacpcKa peaynuHja KOMeHaMHHCKe KHcenHHe y

KHcenoj cpeAHHH h HaheHO je na ce Bpuin y3 rpaf)eH>e jeflHor Tajiaca.

rioJiaporpa^cKHM HcrmTHBaH>eM peayKHHje KoiweHaiwHHCKe KHcejiHHe y

Britton-Robinson-OBOM ny(pepy (pH 1,90—6,20) HaheHO je j\a pH HMa

3HaTaH yrouaj Ha nwiaporpacpcKe kphbc ITojiaporparpcKO noHaiuaite komch-

aMHHCKe KHcejiHHe y pH oSnacTH 2 flo 3 o6jauiH>eHO je flenpoTOHH3aHHjoiw

a30Ta y mtpHzrHHCKOM npcreHy, aok je noHamanbe KOMeHaMHHCKe KHcejiHHe

y pH oojiacTH 4,70—5,50 o6jauiH>eHO flHcoiBijauHjoM KapSoKcmiHe rpyne

h peKOMGHHaunjoM joHa Ha eJieKTpoAH. YTBpr)eHo je aa cy crpyje y OBoj

o6jiacTH pH noTnyHO huh acjihmh^ho KHHeraMKor KapaKTepa. Ha pH

1,30 (HCIO4) TaJiac je AH4>y3HOHor KapaKTepa, a peanuHja je peBep3H6HJiHa

h flBoejieKTpoHCKa. Tajiac je go6po H3pa>KeH a oahoc ia/C KOHCTairraH.

OBa HcnHTHBaHa noKa3yjy na ce KOMeHaMHHCKa KHce^HHa MOH<e oape^HTH

Ha pH 1,30 y KomjeHTpauHjaivia 10-5 jjp 10~4 M.

<t>apMai;eyTCKH (JjaKyjrreT, Beorpafl

3aBOA 3a HeopraHCKy h aHajiHTHMKy xeMHjy

3aBOA 3a (praiMKy xeMHjy

npHMJteHO 26. MapTa 1973

SUMMARY

A POLAROGRAPHIC STUDY OF COMENAMIC ACID

by

ANDELIJA B. STEFANOVIC and KSENIJA R. VELASEVIC

The polarographic reduction of comenamic acid in acidic solutions was

studied, and it was found to produce only one wave. By a polarographic

investigation of comenamic acid reduction in the Britton-Robinson buffer

(pH 1.90—6.20) it was found that pH has a considerable effect on the polaro

graphic curves. The polarographic behaviour of comenamic acid in the pH

range 2— 3 is explained by deprotonization of nitrogen in the pyridine ring,

while the behaviour of comenamic acid in the pH range 4.70—5.50 is ex

plained by dissociation of the carboxyl group and by recombination of ions

on the electrode surface. The currents in the pH range 1.90—5.50 were

found to be totally or partially of a kinetic character.
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At pH 1.30 (HCIO4) the wave has a diffusion character, while the reac

tion is a reversible, two-electron process. The wave is well formed and the

ici/C ratio constant. These investigations indicate that comenamic acid can

be determined at pH 1.30 in the concentration range 10~5— 10_4Af.
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Institute of Physical Chemistry,

Faculty of Pharmacy, University of Belgrade
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CALCULATION OF COUNTERCURRENT EXTRACTORS WITH

BACKMIXING I. STAGE ADDITIVITY CONCEPT

by

ALEKSANDAR TOLIC*, VLADIMIR ROD** and VLASTIMIR JEVTOVIC

Existing methods for the calculation of a countercurrent extractors

in which mass transfer and backmixing or axial dispersion take place are

based on the so-called back flow or diffusion model. Analytical solutions

for both models are confined to the linear case of solute distribution (1—4).

Numerical solutions for the non-linear case are obtained by the boundary

iteration method (5— 7) or the method of simultaneous solution of the set

of non-linear equations (8—10). Application of the boundary iteration indu

ces instability of the solution and the sensitivity of the concentration pro

files to the initial estimates of the end concentrations, hence this method

is reliable only when the backmixing in one phase is high or completely

absent. The mentioned instability is avoided by the use of simultaneous

solution, but the numerical procedure is very complex.

In view of the need of a simple approximate and sufficiently accurate

method for a rapid estimation of the number of stages or evaluation of

extraction parameters several approximate methods have been devised

(3, 5j 11 — 15). Two approaches based on back-flow model have been pro

posed. One approach (11) is derived from the exact solution for the case

where backmixing is absent. The equation obtained for this case has been

modified by introducing the back-flow coefficients so that it gives exact

solution in certain limiting cases.

The other approach (5, 14, 15) is to consider the extractor to be divided

into a central and two end sections. The equations derived for each section,

after some simplification have then been combined to approach solution.

The method has also been applied for non-linear distribution and parti

cularly miscible solvents (15).

In this paper a new approach is considered for the calculation of the

number of stages for a general linear case, based on stage additivity.

* Present address: Faculty of Technology, Novi Sad.

** Insititute of Chemical Process Fundamentals of the Czechoslovak Academy of

Sciences, Prague.
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STAGE ADDITIVITY CONCEPT

The analytical solution expressing the extent of extraction, ^n, in the

back-flow model for the linear equilibrium distribution can be written in a

general form as the function

tJ/N =0l(N,F,l/t,f,s) (1)

This function reduces to simpler forms at extreme values of f, s and

t. Keeping the value of constant, these forms can be used to define a

new Active number of stages under the extreme conditions.

Setting f=s=0, we get:

^n=o2(Nm, F, 1/t) (2)

where Nm is the number of stages when backmixing is absent.

Putting s=0, l/t=0, we obtain,

4/N = 03(Ndx, F, f) (3)

where Ndx is the number of stages when mass transfer rate is infinite and

backmixing in y-phase is absent.

Setting f=0, l/t=0, we get:

lj/N =04(NDy, F, s) (4)

where NDy is the number of stages when mass transfer is infinite and back-

mixing in x-phase is absent.

Finally, if f=0, s=0 and l/t=0, then:

4n=05(Nt, F) (5)

where Nt is the number of stages when mass transfer rate is infinite and

backmixing in both phases is absent (i.e. the number of theoretical stages).

Eliminating the parameters ^n, f, s and 1/t from Eqs. (1—5), we can

relate N by means of the function:

06 (N, NT) Nm, NDx, NDy, F)=0 (6)

Relation (6) is very complex and cannot be solved explicitely for N,

as well as Eq. (1). Therefore we express Eq. (6) in the following way assu

ming that the total number of stages can be expressed as the sum of the num

ber of stages due to mass transfer (Nm), the number of stages due to back-

mixing for each phase: (Ndx—Nt) and (NDy—Nt), and some correction

term:

N=Nh+(Ndx-Nt)+(NDv-Nt)+AN* (7)

This equation expresses the concept of stage additivity in which A N* is

a correction term for non-additivity effects. As it is apparent from Eqs.

(6) and (7), A N* is a function of NM, ND.x, NDy, NT and F:

AN*=07(NM, NDx,NDy,NT, F) (8)
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It can be shown that the correction term AN* equals zero in the fol

lowing limiting cases even for non linear equilibrium :

a) f=s=0, since NDx=NDy=NT, and N=Nm

b) f=— =0, since Ndx=Nm=Nt, and N=NDy

t

c) s=—=0, since NDy=Nji=NT, and N=Ndx

t

For the linear equilibrium it can be shown that also A N* equals zero,

if 1 /t=0 and F=l, since

ND=NDx+NDy-NT (9)

where Nd is the number of stages when mass transfer is infinite, or the

number of so-called equilibrium stages (16).

In addition, another relation has been proved to be valid for linear

case, when F=l, i. e.

.. AN*

hm = 0

N

N -+ oo 0J/N--1)

which shows that the relative deviation from the additivity of stages appro

aches zero with increasing number of stages.

Since the correction term in the above mentioned limiting cases cancels

or its relative value approaches zero, it is to be expected that in general its

value will represent in Eq. (7) only a small fraction relative to N. From

this it follows that, in developing a straightforward method for calculation

of N, higher accurancy can be achieved by approximation of A N* in Eq.

(8), than by direct approximation of N in Eq. (1).

Before evaluating the correction term we combine Eqs. (7) and (9)

and get another form of additivity equation:

N=Nm+(Nd-Nt)+AN 10

where the correction term A N will equal zero in all the mentioned limiting

cases. A N is very close to A N*, since it has been shown that Eq. (9) is

approximately valid in all practical cases. With regard to Eq. (8), we can

assume that the correction term A N can be expressed as the function :

AN=08(t,f,s, NT, F). (11)

In order to find a suitable form of this function we start with the simplest

cases, in which the form of the function can be obtained analytically.

DERIVATION OF CORRECTION TERM AN

A. Back-mixing is only in x phase (s=0)

The simple case where F=l will be first considered, and thereupon

the derived equation for A N will be modified to be valid for other values

of F.

5
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a) F=l and s=0

The number of stages can be expressed in an explicit form from the equa

tion for the overall separation factor given by Hartland and Mecklen-

burgh (1), as:

N_ j.N(l+f+l/t+B)-B ,X2)

where

B= - ft(1+f)

H t(l+f)

fl-f {—T} (13)

I L(i+o(i+t)J j

Equation ( 1 2), under extreme values of f and t reduces to simpler forms,

thus for:

f=0: NM =M1+M (14)

1 — 4»N

+N(l+2f)-f ....

t= oo : Ndx= -— ( 1 5)

1 — <|>N

f=Oandt=oo: NT-—^—. (16)

1 — tyl*

On substitution of expressions (12), (13), (14) and (16) into Eq. (10)

the following expression for the correction term is obtained:

AN=f-B (17)

Since the term (f/(l+f) (l+t))N <^ 1 in Eq. (13) can be neglected over

the whole range of variables of practical interest, Eq. (17) can then be written

as:

4N-ANX= . (18)

l+t(l+f)

b) F# 1 and s=0

By preliminary checking it was found that Eq. (18) is a very good appro

ximation for the correction term, if extraction factor (F) is equal to unity,

but if the extraction factor differs from unity it is necessary to include into

Eq. (18) the extraction factor, as well as the number of theoretical stages.

After having tried several forms of correction terms, the following form

has been selected for further evaluation:

A l-G(NT,F)f

l + t(l+Ff)

In order that equation (19) may reduce to Eq. (18), the function

G (Nt, F) must satisfy the condition G (Nt, 1)=0. With respect to this

the following function was proposed:

G (NT, F)=(C+FCi) (Nt-1) InF (20)

where, C and d are empirical constants.
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Substituting Eq. (20) into Eq. (19) the final form of correction term

in which constants C and Ci have to be evaluated is obtained:

A l-(C+C1F)(NT-l)lnFf

l+t(l+Ff)

For the evaluation of the constants C and Ci in Eq. (20) the following

range of variables was selected:

F=0.2; 5.0;

f=0.1j 0.2; 0.5; 1.0; 2.0; 5.0; 10.0;

t= 1/9; 3/7; 1.0; 3/2; 7/3, 4.0; 9.0;

N=2.0; 4.0; 8.0; 16.0; 32.0.

The calculation of A Nx, Nm, Nt and Nd, for all combinations of

variables was done on a CDC 3600 computer. A Nx was calculated by means

of the additivity equation (10), while Nm, Nt and Nd were calculated by

means of the following equations derived from the corresponding Hartland

and Mecklenburgh expression (1):

Nm (22)

1+Ft

In

In

In

NT=

and

1+t

1 —+w

Nt=—^ (23)

In

InF

(l+f)(l-^N)

(i+fg)(i-4C

^FO+f)

(1+fF)

<J>n in Eqs. (22— 24) is also calculated by means of corresponding Hartland

and Mecklenburgh expression (1).

Since a large number of correction terms which correspond to each of

the computed combinations of variables was obtained for the whole range

of selected variables, only those cases for which: A Nx-lOO/N^lO, Nt^1.5

and ^n<0.990, were used for the evaluation of the constants. The con

stants C and Ci were obtained by minimizing the relative deviation bet

ween the number of stages obtained by means of the approximate and the

exact solution. The values of constants C and Q were found to be 0.79

and 0.14 respectively. The mean square error of the approximation is±l-4%

and maximum error 3.4%

5*
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B. Backmixing only in y phase (f=0).

Expression for the correction term A Ny in the case where backmixing

is in y phase can be obtained directly from equation (21) by inverting the

symbols: f+=s, F+=l/F and t+= Ft(l). (Here inversion is denoted by +).

Introducing the inverted symbols into Eq. (21) the equation for correction

term A Ny is obtained :

A l+(C+ C1/F)(NI-l)lnFs

l+t(s+ F)

where C=0.79 and Ci=0.14.

C. Backmixing in both phases

Correction term A N for the general case where backmixing is in both

phases can be evaluated by summing the correction terms A Nx and A Ny :

AN=ANy+ANx (26)

As an alternative, another slightly modified and more concise expres

sion for the correction term was proposed :

AN- (f+ s) ~ ((C* + c3 F) f~ (Cg + Cb/f) s) (NT- 1 ) InF

l+t(l + F+Ff+s)

where C2=0.86 and C3=0.22. The procedure, the range of extraction para

meters and the other conditions for determination of the constants C2 and C3

are the same as those given for the constants C and d.

COMPARISON OF THE PROPOSED METHOD WITH EXACT SOLUTION

In order to compare the proposed concept with the exact solution (1),

N was calculated from Eq. (10) and compared with the exact value over

a wide range of variables. Calculation of Nm and Nt in Eq. (10) was per

formed by Eqs. (22) and (23), and No by the following equation:

In "F + s +Ff l-tfr

"[ 1-fs+Ff F(l-fN)ND= - v tn. j (2g)

, F + s + Ff

In

1+s+Ff

For the case where F=l, Nm and Nt were calculated by Eqs. (14) and (16),

and Nd by the following equation:

ND=>(l + 2f+2s)-(s+f) (29)

1 — 4>N

Nd in Eqs. (28) and (29) was derived from corresponding Hartland and

Mecklenburgh expressions (1), while in these equations was calculated

by means of the same expressions.
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The correction term was calculated both from Eq. (26), and from Eq.

(27).

A comparison of the number of stages calculated from Eq. (10) with

exact N was made for the following ranges of variables :

F 0.2; 1.0; 5.0;

f 0.0; 0.5; 5.0;

s 0.0; 0.5; 5.0;

t 1/9; 1.0; 9.0;

N 2.0; 4.0; 8.0;

For all combinations of the above variables for which Nt^1.5 and i^n^

^0.990, the calculation was done by a digital computer CDC 3600. The

values of A N/N were found to vary between —17.3 and 30.1% in the whole

range of variables. The comparison of the number of stages calculated by

the additivity concept with exact values of N shows that the correlation

by means of Eq. (26) gives a mean square deviation of ±1.2% and extre

me deviations of —4.5 and 3.9%, while the correlation by means of Eq.

(27) gives ±2.1% and —3.1 and 9.0%, respectively.

DISCUSSION

The good agreement of the results of the comparison of the proposed

additivity concept with the exact solution, and the simplicity of the pro

posed form of solution show that within a wide range of variables of prac

tical interest, the additivity concept is a useful tool for the calculation of

countercurrent extractors with backmixing.

Since the correction term A N in the additivity equation (10) is only

a small fraction relative to N, it turned out to be convenient to approximate

A N by simple functions. The results of the two proposed functions for

A N show that A N given by Eq. (26) is more accurate than that given by

Eq. (27). The accuracy is within the design requirements, since the accuracy

of determination of f, s and t is within the accuracy of the proposed concept.

The proposed procedure is straightforward for calculating N and only

simple iteration or, more precisely, interpolation, is needed for solving

or t.

The proposed concept can be applied simply with either analytical

or graphical procedures for determination of Nm> Nd and Nt- Graphical

procedures for calculating Nm and Nt are well-known, while a procedure

for calculating Nn has been described in a previous paper (16).

The concept is promising for the extension to nonlinear case of equi

librium distribution by the insertion of a mean value of F in the correc

tion term provided that the number of stages: Nm, Nd and Nt are calcula
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ted either by applying the mentioned graphical procedure or by solving

the system of corresponding equations, as it will be dicussed in our next

paper (17).

CONCLUSION

The concept of stage additivity proves to be a suitable approximate

model for mass transfer calculation in countercurrent extractors with back-

mixing. The comparison of stage additivity concept with the exact solution

shows that, within the range of the selected parameters, all data fall within

the limits —4.5 to 3.9%, if the correction term is calculated by Eq. (16),

while the corresponding average deviation is ±1.2%.

The stage additivity concept turns out to be a good basis for an approxi

mate method for the calculation of countercurrent extractors with back-

mixing for the linear case of distribution. The method is straightforward

for calculating N and only simple iterations are needed for solving or t.

The proposed procedure for the determination of N, for a given ^n,

F, s, f and t, consists in calculating Nt, Nm and Nu either graphically or

analytically (Eqs. (21), (22) and (23) for F# 1 and Eqs. (14), (15) and for

F=l) and evaluating the correction term by means of Eq. (20). The real

number of stages is then calculated using the additivity equation (10).

ACKNOWLEDGEMENTS

The authors wish to express their thanks to Mrs. B. Jeremic for her

assistance in routine calculations.

SUMMARY

The concept of stage additivity, as a basis of a new approximate model

for the calculation of the countercurrent extractors with backmixing, is

presented. The mathematical form of the concept is defined as:

N=Nm+Nd-Nt+AN.

Here, N is the total number of the stages, Nt is the total number of

the theoretical stages, Nm is the number of stages when backmixing is ab

sent, Nu is the number of stages when mass transfer rate is infinite and A N

is a correction for non-additive effects. The correction term A N has been

evaluated and a correlating function has been proposed.

A comparison of the proposed model based on the additivity concept

with the exact solution, for a linear distribution within the range of variab

les which are of practical interest, shows a very good agreement.

Boris Kidrii Institute, Belgrade Received December 15, 1972.
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H3BOJI

nPOPAHYHABAIfeE CyilPOTHOCTPyjHHX EKCTPAKTOPA

CA nOBPATHHM MEIIIAHbEM

I. KOHDEnT AflHTHBHOCTH CTYnitEBA

ofl,

AJIEKCAHOTA TOJIH-RA, BJIAJIHMHPA POflA H BJIACTHMHPA

JEBTOBHTiA

IlpHKa3aH je KOHueirr aflHTHBHOCTH crynHbeBa, Kao ocHOBa HOBor an-

poKCHMaTHBHor MOAena 3a npopa^iyHaBaifce cynpoTHocTpyjHHx eKcrparcropa.

MaTeiwaTHiKH o6jihk KOHuerrra je fleqbHHHcaH H3pa30M:

N=NM +(ND—NT)+AN .

OBfle je: N — ynynan 6poj cryiiH>eBa, Nt — ynynaH 6poj TeopHjcKHXcry-

nH.eBa, Nm — 6poj crymfceBa icaaa je oflcymo noBpaTHo Meuiaite, Nd —

6poj cTynHjeBa naAa je 6p3mia npeHoca Mace 6ecKOHaMHa h N — KopeK-

UHja 6poja CTynibeBa ycjien nocrojaifea HeaflHTHBHHx edpeKaTa.

y pa^y je eBaJiyHpaH KopeKUHOHH H3pa3, AN, h aaTa H>eroBa nope-

naujHOHa cpyHKunja.

Pe3yjiTara noper)eH>a npea.io>KeHor Moaejia ca er3aKTHHM peiueifceM,

3a cjiyiaj JiHHeapue paBHOTe>KHe pacno,neJie noKa3aJiH cyBeoiwa ao6py ca-

rjiacHocr y iimpoKoj o6jiacTH eKcrrpaKijHOHHX napaiweTapa op, npaKTHtmor

3Ha*raja.

HHcnfryT „BopHc Knnpm", Biuma, Eeorpaa ripuvubeHO 15. fleueM6pa 1972.

NOTATION

a interfacial area per unit volume

C, Ci, C2, C3 constants, Eqs. (20) and (27)

C„ constant in equation y = mx+ C0

f backmixing coefficient in phase (x)

F=L/mG extraction factor

G volume flow rate of phase (y)

k. overall mass transfer coefficient based on phase (x)

L volume flow rate of phase (x)

m slope of equilibrium line y = mx + C0

N total number of stages

Nm number of stages when backmixing is absent

Nd number of stages when mass transfer rate is infinite

Nd* number of stages when mass transfer rate is infinite and backmixing

in phase (y) is absent

Ndjt number of stages when mass transfer rate is infinite and backmixing

in phase (x) is absent

Nt number of stages when mass transfer rate is infinite and backmixing

in both phases is absent

s backmixing coefficient in phase (y)
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t = k»av/L number of transfer units in a stage

v volume of a stage

x concentration of solute in phase (x)

y concentration of solute in phase (y)

AN correction term, defined by Eqs. (7) and (11)

ANX correction term when backmixing is in phase (x)

ANy correction term when backmixing is in phase (y)

y+C
x*= - concentration in equilibrium with y concentration

m

i Xjn — Xoot .

<pN= overall separation factor

SUBSCRIPTS

ln before entry to extractor

out at exit from extractor

SUPERSCRIPTS

+ denotes inversion

* denotes equilibrium value
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BACKMIXING II. EXTENSION OF THE STAGE ADDITIVITY

CONCEPT TO A GENERAL CASE OF DISTRIBUTION

by

ALEKSANDAR TOLIC*, VLADIMIR ROD** and VLASTIMIR JEVTOVIC

The general form of the stage additivity concept and its analytical

expressions for a linear case of equilibrium distribution are presented in

our previous paper (1).

In this paper an attempt is made to extend the stage additivity con

cept (1) to a general case of equilibrium distribution. The procedure con

sists in calculating the Active number of stages (Nm, Nt and Nd) by suc

cessive solution of the corresponding material balance equations and equili

brium equation for each stage, and further in calculating the correction term

by means of the expression previously derived for a linear case using a mean

value for extraction factor.

THE GENERAL FORM OF THE STAGE ADDITIVITY CONCEPT

The general form of the stage additivity concept (1) is:

N=Nm+(Nd-Nt)+AN (1)

where,

N is the total number of stages,

Nm is the number of stages when backmixing is absent,

Nt is the number of stages when mass transfer rate is infinite and

backmixing is absent,

Nd is the number of stages when mass transfer rate is infinite,

A N is the correction for non-additive effects.

* Present address : Faculty of Technology, Novi Sad.

** Institute of Chemical Process Fundamentals of the Czechoslovak Academy of

Sciences, Prague
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CALCULATION OF FICTIVE NUMBER OF STAGES

Starting from a schematic representation of the back-flow model with

variable back-flows (Fig. 1) and considering the ntn stage we obtain the fol

lowing two material balance equations :

a) a balance equation around the ntn stage for feed phase (x)

(L+En) x„-i—(L+En+En+i) xn+En+i xn+i=kav (xn—XJ) (2)

b) an overall balance equation around the first n stages:

L xo+En+i Xn+i—(L+En+i) xn+Gyn— Snyn-(-(G+Sn) yn+i=0 (3)

Equations (2) and (3) are valid for each stage including both end stages

of the cascade with respect to the boundary conditions :

Ei=En+i = So=Sn=0

Defining backmixing coefficients

fn =En/L (5)

sn=Rn/G (6)

and the mass transfer number

as well as

t=kav/L (7)

L/G =Q (8)

we can rearrange Eqs. (2), (3) and (4) into (9), (10) and (11), respectively

( 1 +fn) X„-l- ( 1 +fn+fn+l)Xn+ fnX„+i- 1 (X„-X*)=0 (9)

x0 + fn+i xn+i - ( 1 r fn+i) x„- ( 1 /Q) yi - (s„/Q) yn+ ( 1 /Q) ( 1 + s„) yn+i= 0 (10)

fl = fN+l = So= SN = 0 (11)

Equations (9) and (10) respecting boundary conditions (Eq. 11), together

with the equlibrium equation

x;=xn(yn) (12)

completely define mass transfer in a stage.

Using the values of f, s and t, defined for each of the three Active num

bers of stages in Eqs. (9), (10) and (12), we obtain basic systems of normal

equations for the calculation of Nm, Nt and Nd. The systems for the cal

culation of Nm, Nt and Nd are given in Table 1, for variable backmixing

coefficients. The method based on the stage additivity concept is confined

to constant backmixing coefficients fn = f and sn= s.

The number of fictive stages (Ni, where i=T, M, D) is calculated by

successive solution of the corresponding set of normal equations given in

Table 1, starting from stage 1 and finishing when condition XNJsxout is

reached. The total number of fictive stages is then calculated by the expres

sion:

Nl^N_1+5^rXout_ (i3)

xn-i — xn
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(G ♦s,>y2f 1 V,

Lx°fLxin

E2x2' |(L*E2)x,

n

(G*S«)y„J S"y" Ei»Jxii.i i(L»EnJ)xn

(G.SN_,)y.
. ISn-iYh EnxnW(L;En>V,

in

Fig. 1

Schematic presentation of the back-flow model with variable back-flows (Ez, En, En+1,

En and Si, Sn_1, Sn, Sn^, denote backflows from corresponding stages in x and y phase).

TABLE 1.

Systems of equations for the calculation of Nf, N,vf and

Conditions and corresponding systems of equations

N„

For conditions: I /t = 0; /n = sn = 0 for all n = l, 2, 3 . . . N

System T:

Xn = X*,

xo-x„-(l/Q) yi -(1/Q) yn+1=0,

x»=x*(y„)

For condition: fn = s„^ 0 for all n=l, 2, 3 . . . N

System M:

X„_1-Xn-t(Xn X*)^0,

x„-xn_(l/Q)yi+(i/e) y„+l-o,

x*=x*(y„)

For condition: l/t = 0

System D:

Xn — X*s

X0 + fnt.ixn+l-(l+fn+l) Xn~(l/Q)yi-

-(WQ)yn+(i/Q)(i+sn) y„+i=o,

x*=x» (y„).

(1)

(2)

(3)

(4)

(5)

(7)

(8)

(9)



584 A. TOLIC, V. ROD and V. JEVTOVIC

CALCULATION OF THE CORRECTION TERM

The calculation of the correction term (AN) for a general case of equi

librium distribution in the additivity equation is based on the idea to apply

the relation derived for a linear case of equilibrium distribution (1):

AN=ANx+ANy (14)

A l-(0.79+0.14F)(NT-l)lnFf

l+t(l+Ff)

A ,j+(0.79 + 0.14/F)JNx-l)jnFg

l+t(s+ F)

in which for the extraction factor (F) some mean value has to be introdu

ced. That means that the problem is to find a proper mean value of extrac

tion factor for a general case of equilibrium distribution.

Eliminating <|in from the analytical expressions for Nm and Nt, deri

ved for a linear case (1), we obtain the following equation

lnF==^L.lni±Zl (17)

NT 1+t

in which F is an implicit function of Nm/Nt and t.

As the calculation of Nm and Nt for a general case of equilibrium

distribution does not depend on the so defined mean value of extraction

factor, the calculation of F by Eq. (17) requires only a simple iteration pro

cedure.

TESTING OF THE STAGE ADDITIVITY CONCEPT

In order to test the applicability of the stage additivity concept for

a general case of equilibrium distribution, the total number of stages was

calculated by the stage additivity concept applying the developed procedure

for the calculation of Nm, Nt, Nd and A N, and compared with the exact

value of the total number of stages.

Selecting characteristic combinations of the parameters: N, f, s, t,

and Q, inlet concentrations and two types of equilibrium lines: xj=y2

and x*=xj;/2, the end concentrations were calculated by the Vrba and Rod

method (2) on a CDC 3600 digital computer (3). The results of calculations

together with the selected combinations of parameters, for which Nt 5=1.5

and 0.990, are given in Table 2.

Starting from the data given in Table 2, the number of stages was

calculated by the proposed procedure and compared with the exact N.

The calculation was done on a digital computer CDC 3600, and the results

are given in Table 3. These results show that the average square deviation

of the number of stages calculated by the additivity concept from the exact

values of N is ±2.3%, while the corresponding extreme deviations are

5.5% and -4.4%.
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TABLE 2.

Results of calculation of the end concentrations by Vrba and Rod's method (2). (The following

extraction parameters are constants in all the selected combinations of parameters:

Q= 1 .00, x0 = xin = 1 .00 and yN + , = yin = 0.0).

No. N f s t yi=y0ut XN = Xout

Equilibrium curve

x;=y£

1 4.00 1.00 0.00 1.00 0.73695 0.26305

2 4.00 0.00 1.00 1.00 0.74409 0.25591

3 16.00 1.00 0.00 10.00 0.98972 0.01028

4 16.00 0.00 1.00 10.00 0.99177 0.00828

5 16.00 1.00 1.00 10.00 0.97271 0.02729

6 16.00 5.00 0.00 1.00 0.87437 0.12563

7 16.00 0.00 5.00 1.00 0.89166 0.10834

8 16.00 5.00 5.00 1.00 0.80431 0.19569

9 32.00 1.00 0.00 0.10 0.85242 0.14578

10 32.00 0.00 1.00 0.10 0.85596 0.14404

11 32.00 1.00 1.00 0.10 0.84012 0.15988

12 32.00 0.00 5.00 1.00 0.96906 0.03094

Equilibrium curve

x?=yi'2

13 4.00 1.00 0.00 10.00 0.54558 0.45442

14 16.00 0.00 1.00 10.00 0.69173 0.30827

15 16.00 5.00 0.00 1.00 0.57810 0.42190

16 16.00 0.00 5.00 1.00 0.57069 0.42931

17 16.00 5.00 5.00 1.00 0.50930 0.49070

18 32.00 5.00 0.00 0.10 0.52390 0.47601

Note: Here <J>N=yi.

DISCUSSION

The stage additivity concept in comparison to the other approximative

models for the calculation of countercurrent extractors (4, 5, 6) can be extra

polated simply to a general case of equilibrium distribution, since a very

simple procedure could be devised for the calculation of the Active num

ber of stages (Nt> Nm and Nd) and the correction term. The calculation

of Nt> Nm and Nd is exact and does not require any simplification, since

real equilibrium relationship is used in the procedure.

The calculation of the correction term for the general case of equi

librium distribution which is based on Eq. (14) and in which the mean

value of the extraction factor is used, is simple and of course approximate.

We suggested that Eq. (17) should serve for expressing the average value

of the extraction factor for the general case of equilibrium distribution.

As it is derived from the exact analytical expressions, so calculated F redu

ces to the exact value in the linear case. As the influence of the extraction

factor on the correction term is relatively weak, the error due to this simpli

fication cannot be too large.



TABLE3.

Resultsofcomparisonofthenumberofstagescalculatedbytheadditivityequationwiththeexactnumberofstagesfortheextractionparametersgiven inTable2(Nistheexactnumberofstages:NA=Nit+No—Nt;(AN)*=N—NA;ANcorrectionterm;Adeviationoftheexactnumberof

stagesandofthenumberofstagescalculatedbyapplyingtheadditivityconcept).

A/N 0.5 -1.2 -2.0 4.0 -1.3 -2.3 -4.4 3.8 0.1 -0.2 -0.1 0.2 0.0 0.3 1.4 -0.3 5.5 1.2

in%

AN/N
7.2 8.2 0.8 0.9 0.6 5.1 8.9 9.3 2.8 2.4 5.2 1.9 1.7 0.3 5.3 4.0 9.2 10.3

(AN)*/N

7.7 7.0 -1.2 4.9 -0.7 2.8 4.5 13.1 2.9 2.2 5.1 2.1 1.7 0.6 6.7 3.7 14.7 11.5

AN 0.29 0.33 0.13 0.14 0.10 0.82 1.42 1.48 0.90 0.77 1.67 0.59 0.07 0.05 0.85 0.64 1.47 3.29

CAN)*

Equilibriumlinex*

0.31 0.28 -0.19 0.78 -0.11 0.45 0.72 2.09 0.92 0.71 1.62 0.66 0.07 0.09 1.08 0.60 2.35 3.71

F 1.16 1.00 0.79 1.49 0.65 0.94 1.96 0.92 0.95 0.95 0.97 0.96 0.77 1.00 0.93 0.93 0.94 0.96

3.69 3.72 16.19 15.22 16.11 15.55 15.28 13.91 31.08 31.29 30.38 31.34 3.93 15.91 14.92 15.40 13.65 28.29

N„

2.11 2.08 15.30 14.42 15.37 12.59 12.04 11.78 25.45 3.89 4.99 25.45 3.67 15.13 11.94 12.57 11.66 7.24

NM
3.18 3.28 8.75 9.00 6.64 5.82 6.42 4.17 8.26 30.06 27.88 11.64 2.57 8.58 5.86 5.56 3.91 23.11

1.60 1.64 7.86 8.20 5.90 2.86 3.18 2.04 2.63 2.66 2.49 5.75 2.31 7.80 2.88 2.73 1.92 2.06

N

4.00 4.00 16.00 16.00 16.00 16.00 16.00 16.00 32.00 32.00 32.00 32.00 4.00 16.00 16.00 16.00 16.00 32.00

No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
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The applicability of the stage additivity concept for the general case

of equilibrium distribution was tested for the characteristic combination

of the extraction parameters and two selected equilibrium lines: x*=y£

and x*=yi/2, respecting the same restrictions for Nt and <]>n as for a linear

case of equilibrium distribution (1). The combinations of extraction para

meters were so selected as to cover typical cases of practical interest in which,

first of all, backmixing, either in one of the phases, or in both phases, is

pronounced (Tables 2 and 3). The ratio of backmixing coefficients has a

special effect on mass transfer and therefore all the four combinations of

backmixing coefficients for which Mecklenburgh and Hartland (7) derived

different approximative models are included in the selected combinations

of extraction parameters.

An analysis of the results given in Table 3 shows that the extreme

relative deviation of the number of stages calculated by the stage additivity

concept from the exact number of stages is within ±5.5%, while the rela

tive r. m. s. deviation is ±2.3%. These results show that the proposed stage

additivity concept is in good agreement with the exact solution for a non-

-linear case. In spite of the fact that rather limited number of the combi

nations have been considered, the involved combinations, characteristics

and range of variables and the obtained results allow us to assume full appli

cability of the stage additivity concept for the general case within the range

of variables which is of practical interest. The obtained results are appar

ently better than those obtained from the linear case which is probably

due to the fact that the range of the average extraction factor is smaller and

closer to one.

CONCLUSION

The generalization of the stage additivity concept to non-linear cases

of equilibrium distribution, for constant values of f, s and t, has been simply

made by applying derived procedures for calculation of the Active number

of stages (Nm, Nt and Nd) and correction factor (A N). The procedure for

the calculation of the Active number of stages is of general validity and based

on succesive solution of the corresponding material balance equations (Eqs.

9 and 10) and equilibrium equation (Eq. 12), for each stage. The proce

dure for the calculation of correction factor has been extended to the general

case by applying an average value of extraction factor for which expression

(17) has been derived.

Testing of the applicability of the stage additivity method for a non-

-linear case of equilibrium distribution, within the selected combinations

of extraction parameters of practical interest, shows good results which

are comparable to those obtained for the linear case. The stage additivity

model proved to be a simple, useful and for practical purposes sufficiently

accurate approximative model for the calculation of countercurrent extrac

tors with backmixing for the general equilibrium distribution.
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SUMMARY

An extension of the stage additivity concept to a general case of equi

librium distribution is presented. For that purpose an approach to the cal

culation of the number of Active stages (Nm, Nt and Nd) and a correction

term, (AN), is given.

A test of the stage additivity concept for a general case of equilibrium

distributions, for selected characteristic combinations of extraction para

meters, gives good results. This confirms that the stage additivity con

cept may serve as a useful and attractive basis for the calculation of counter-

current extractors.

Boris Kidrid Institute, Belgrade Received January 5, 1973.
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H3BOJI

nPOPAMYH CynPOTHOCTPyjHHX EKCTPAKTOPA

CA IIOBPATHHM MEIHAH>EM

II. nPOIUHPEH>E KOHUEnTA AJIHTHBHOCTH CTYIIrbEBA

HA OnUITH CJIYHAJ PABHOTEJKE

ofl

AJIEKCAHJXPA TOJIHTiA, BJIAflHMHPA POflA h

BJIACTHMHPA JEBTOBHTLA

y pafly je npHKa3aHO npouinpeibe KOHnerrra aflHTHBHocTH cTym&eBa

Ha oniiiTO cJiyiaj paBHOTOKHe pacnofl&ne. Y tom unity flaT je nocrynaK

3a npopaiyH (J)hkthbhhx crynibeBa (Nm, Nt h Nd) h KopeKUHOHor H3-

pa3a (AN).

HcnHTHBaita BarbaHocra KOHueina aflHTHBHocTH cTyniteBa 3a oiiiiith

cnyiaj paBHOTOKHe pacnoflejie, 3a cejieKTOBaHe KapaKTepncTH*iHe kom6h-

HauHje eKCTpaKUHOHnx napaiwerapa, aana cy ao6pe pe3yjrraTe. Obhm je

KOHuerrr aflHTHBHocTH crynHieBa aoSho CBojy noTBpay h npenopyKy fla no-

cjiy>KH Kao KopHCHa h aTpaKTHBHa ocHOBa 3a npopa^iyH cynpoTHocTpyjHHX

eKcrpaKTopa.

Hhcthtvt „BopHc Kwrpira", Bums, Beorpafl ITpHMJbeHo 5. jaHyapa 1973
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NOTATION

a Interfacial area per unit volume

En back-flow in (x) phase from stage n

f backmixing coefficient in phase (x)

F extraction factor

F=L/mG, for a linear case of equilibrium distribution

G volume flow rate of phase of concentration y

k overall mass transfer coefficient based on phase (x)

L volume flow rate of phase of concentration x

m slope of equilibrium line

n stage number counted from (x) phase inlet

N total number of stages

end stage number counted from (x) phase inlet

Nm number of stages when backmixing is absent

6
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flow ratio

Nd number of stages when mass transfer rate is infinite

Nt number of stages when mass transfer rate is infinite

and backmixing in both phases is absent

L

8 backmixing coefficient in phase (y)

S back-flow in (y) phase

t — k a v/L true number of transfer unit in a stage

v volume of a stage

x concentration of solute in phase (x)

x„ inlet concentration of (x) phase

x* x concentration in equilibrium with y

y concentration of solute in phase (y)

AN correction term

(J,N=_ ^1 overall separation factor

SUBSCRIPTS

iu before entry to extractor

out at exit from extractor

1, n — I, n, n+ 1 refers to corresponding stage of extractor

Superscripts

* denotes equilibrium value
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In our previous papers (1, 2) the stage additivity concept has been

proved within wide range of extraction parameters for a linear and non-

-linear case of equilibrium distribution, and the concept has been recom

mended as a simple and useful basis for the calculation of countercurrent

extractors with backmixing for a general case of equilibrium distribution.

In addition the procedures for numerical calculation of the Active number

of stages and correction term (1, 2), as well as the graphical procedure for

calculation of number of equilibrium stages (3), have been developed, which

enables to make the calculation of extractors simple.

In this paper the suggested method for approximate calculation of

countercurrent extractors with backmixing is applied for the caculation

of total number of stages (N) and for the evaluation of the number of mass

transfer units (t).

NUMERICAL PROCEDURE

The numerical procedure for the calculation of countercurrent extrac

tors could be applied simply by the hand calculation if equilibrium distri

bution is given by a linear or a simply function for evaluation, but the calcu

lation is too slow if the number of stages is too high. In the case when equi

librium distribution is given or could be presented by some complex

function (for example, by a high order polynomial equation), the numerical

method requires the use of a digital computer, due to application of an

iterative procedure for the solution of the corresponding equations for

the calculation of Nt, Nm> Nd and F, which is a time consuming operation

especially, when the number of stages is large and high accuracy of the
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calculation is wanted. Taking into consideration these facts we developed

a Fortran program for a digital computer CDC 3600. Block diagram of the

computer program is given on Fig. 1 .

The computer program is so developed to enable either the calculation

of the total number of stages (N) in the extractors, or the evaluation of the

number of mass transfer unit (t) in the stage, from the experimental data, for

any case of equilibrium distribution. The program contains three parts

with respect whether equilibrium distribution is given as: 1) a polynomial

equation of second degree, 2) an analytical equation of any degree and 3) a

table. The case of the second degree polynomial equation is separatly treated

in order to avoid the iterative procedure for the solution of the correspon

dent equations for the calculation of the Active number of stages. In addition,

second degree polynomial equation could be simply reduced to a linear

equation by introducing zero value for coefficient at the square term so on

that way the linear equilibrium distribution is included in this case.

The proposed numerical method is directly applied for the calculation

of the total number of stages or height of the extractors. The application

of the method for the evaluation of extraction parameters requests the use

of a simple inverse interpolation procedure. The last procedure has been

used in the developed computer program for the evaluation of the number

of mass transfer unit in the stage.

The application of the proposed numerical method for the calculation

of extractors, analogous to the majority of corresponding methods, requires

knowledge of the number of mass transfer unit (t), backmixing coefficients

(f, s) flow ratio (Q), and inlet (x0=Xin, yN+i=yin) and outlet (xN=xout,

yi=yout) concentrations. The inlet and outlet concentrations as well as the

flow ratio are given as design data, while the other parameters (f, s, t), unless

they are known, have to be determined by experiments or by calculation.

Experimental procedures and correlating expressions for a determination

of backmixing coefficients in different types of extractors, are given else

where (4 — 9). However, the determination of number of mass transfer unit

(t) from the expression

t=^ (1)

requires knowledge of a mass transfer coefficient (k), interface area per

unit volume (a), stage volume (v) and volume flow rate (L). Since, reliable

correlations for the determination of k and a are not available, the direct

evaluation of t from experimental data obtained on the extractors, seems

to be a more correct approach. Due to this reason the computer program

for the calculation of t based on the knowledge of N, s, f, and balance data,

has been developed in this paper.

The application of the proposed method for the calculation of the total

number of stages is straightforward, provided that the parametrs f, s, t, Q,

xm, ym, Xout, y,™t and x*=x*(y„), are known. Height of extractor (Hc),

if it is required could be calculated on the basis of calculated N by use of

the expression

Hc-hm • N (2)

where hm is the known (or defined with respect to f, s and t) height of a stage.
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Fig. 2 Diagram for determination of F for the non-linear case



TABLE1

Resultsofapplicationofproposednumericalandgraphicalproceduresoncalculationoftotalnumberofstagesfortheselectedexamples(2).(Thefollowing
extractionparametersaremutualforallexamples:Q=1.00;x0=xm=1.00;3'N+i=>'iii=0.00andXs=Xout=1—y^HereareN-exactnumberofto

talstages;F—averageextractioncoefficient;Nc-calculatedtotalnumberofstagesbynumericalC/VCx)andbygraphical(JVCG)procedures;A.=N—N£; Ax/AT
4.7 2.2 4.1 4.0 1.0 1.2

%

in

A/AT 0.5 5.2 -1.2 1.0 -2.0 2.1 -1.3 2.7 3.8 4.8 0.0 1.2

A

0.19 0.09 0.65 0.63 0.16 0.05

A

0.797;x*=ya

0.02 0.21

0.744;x*=yB

0.05 0.04

=0.990;x*=y*

0.32 0.33

=0.973;xt=yB

0.21 0.43

=0.804;xt=y*

0.61 0.77

=0.546;x*=y£''2

0.00 0.05

N

4.00 4.00 4.00 4.00 16.00 16.00 16.00 16.00 16.00 16.00 4.00 4.00

\NNc f=1.00;y1=y0m=
0.293.98 0.263.79 f=1.00;3>!=.yout= 0.334.05 0.343.96

t=10.00;y1=yaat
0.1316.32 -0.0315.67

r=10.00;y^yout
0.1016.21 0.0715.57

,f=1.00;y1=y0ui-
1.4815.39 1.4315.23 t=10.00;y1=y0ut- 0.074.00 0.083.95

NuF
/=1.00;j=0.00;

2.111.16
2.131.3

/=0.00;J=1.00j

2081.00 2071.1

/=1.00;i=0.00;

15.300.79
15.001.3

/=l.OOji-l.OO;

15.370.65
15.001.4

/=5.00;1=5.00

11.780.92 11.801.00

/=1.00;i=0.00;

3.670.77 3.570.65

Nu
3.18 3.00 3.28 3.20 8.75 8.60 6.64 6.20 4.17 4.00 2.57 2.60

Nt
1.60 1.60 1.64 1.65 7.86 7.90 5.90 5.70 2.04 2.00 2.31 2.30

Procedure Numerical Graphical Numerical Graphical
Numerical Graphical Numerical Graphical Numerical Graphical

Numerical Graphical

No

1 2 3 4 5 6



TABLE1(continued)<g

%

A./N 0.6
0.3

n

A/N

0.03
0.9 5.5 5.8

A,

 0.10  0.05

A

=0.692;x*=yD12

0.04 0.14

=0.509;**=>>„12

0.88 0.93

N

16.00

'f00

16.00 16.00

N.

=J>onl= 15.96 15.86 =>out= 15.12 15.07

AN

1=10.00;yx

0.05 0.11

r=1.00;3-i=

1.47 1.32

F j=1.00;

1.00
1.3

i=5.00;

0.94
1.2

ND

/=0.00;

15.13 15.00

/=5.00;

11.66 12.00

Nm
8.58 8.50 3.91 3.60

Nt
7.80 7.75 1.92 1.85

No.Procedure

7

Numerical Graphical

8

Numerical
Graphical

HOr r> p CO oz > iacsaM< uM
-i
?!O<



i-3
f-H t-fSi
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TABLE2.

Resultsofapplicationoftheproposednumericalmethodoncalculationofnumberofmasstransferunit,forsomeselectedexamples.(Thefollowingextrac
tionparametersaremutualforallexamples:Q=1.00;x0=xin=1.00;,yN+i=.yin=0.00;xn=acoui=1—3>\.Hereare:N-exactnumberoftotal

stages,tandt*-numberofmasstransferunitexactandcalculatedbynumericalmzthoi,andA=t—t*).

A/tin% 1.0
-2.00

-1.0 -2.9 4.5 0.0 17.1 17.2 1.0 9.8 28.2 3.8

A

0.001 -0.002 -0.001 -0.029 0.045 0.000 0.171 0.172 0.001 0.098 0.282 0.382

t

0.100 0.100 0.100 1.000 1.000 1.000 1.000 1.000 0.100
1.00

1.000 10.000

t*

0.099 0.102 0.101 1.029 0.955 1.000 0.829 0.828 0.099 0.902 0.718 9.618

x*=y»

N

16.00 16.00 16.00 4.00 4.00 4.00 4.00 16.00 16.00 4.00 4.00 16.00

0.679 0.686 0.666 0.744 0.698 0.669 0.606 0.804 0.362 0.408 0.368 0.692

a
0.00 1.00 1.00 1.00 1.00 5.00 5.00 5.00 5.00 5.00 5.00 1.00

f

1.00 0.00 1.00 0.00 1.00 0.00 5.00 5.00 5.00 0.00 5.00 0.00

No. 1 2 3 4 5 6 7 8 9 10 11 12
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Table 1 shows the application of the procedure and gives the results

of the computer calculation of N for selected examples from our previous

paper (2). The accuracy of the method for the calculation of N has been

discussed in the previous parts (1, 2).

The results given in Table 2, illustrate the application of the stage addi-

tivity method for evaluation of t from extraction data. As it is evident from

Table 2, the calculated values of mass transfer unit in some cases differ

more than 10% from exact values, what causes corresponding deviation

in N but the deviations are within the accuracy of the stage additivity method.

Therefore the procedure can be considered as sufficiently accurate for prac

tical use, if the calculated t is used as a parameter for design calculation

of the extractor by means of the same method.

GRAPHICAL PROCEDURE

The graphical procedure consists in graphical calculation of Nt and

Nm by known methods (10, 11) and in graphical calculation of Nd by

the previously described method (3), while AN is calculated from the pre

viously derived equation (1, 2). In order to facilitate the determination of

the average value of extraction factor (F) in equation for AN in non-linear

cases, graphical plots for calculation of F are presented in Figure 2.

Illustration of the application of the graphical procedure for calculating

N is given in Figures 3, 4 and 5 and Table 3.

Results of the application of the graphical procedure for calculating N,

for some selected examples (2). are given in Table 1 . In the same table devi

ations of N calculated by graphical procedure from numerical one (A 1 /N)

are presented. These results show a good agreement between both pro

cedures (the deviations do not exceed 5%).

TABLE 3.

Example of application of the graphical procedure for calculation of total number of stages

Extraction data

xi„ = 1.00

Q = 1.00

yin=0.00 Xout=0.027

f=s = 1.00 t=10.0 and

yOui = 0.973

Results

NT Nm Nn F AN NM, N

5.70 6.20 15.00 1.4 0.04 15.54 16.00

The graphical procedure is very simple and rapid and can be applied

without difficulties to any form of equilibrium line. The procedure can be

extended to the cases of mutually soluble solvents and variable flows.
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0.00 0.10 0.20 030 0.40 050 0.60 0.70 0.80 030 1.00 x

Fig. 3 Construction of Nt for selected example.
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SUMMARY

Application of the stage additivity concept for numerical caculation

of number of stages (N) in countercurrent extractors with backmixing

and for the evaluation of the mass transfer number (t) in a stage is pre

sented. A computer program is developed and its application for calcu

lation of N and t is given.

A graphical procedure for calculation of N is described and its ap

plication is discussed.
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y
 

Fig. 4 Constuction of Nm for selected example.

H3BOJI

nPOPA^YHABAILE CYnPOTHOCTPyjHHX EKCTPAKTOPA

CA nOBPATHHM MEIHArbEM

III. nPHMEHA KOHUEITTA AJIHTHBHOCTH CTyilrbEBA

3A nPOPA^YHABArfaE EKCTPAKTOPA

AJIEKCAHflPA TOJIH'RA, BJIAUHMHPA POUA, CJIOBOflAHA

KOHHAPA--ByP1iEBimA n ^PArAHA nETKOBIITiA

y paay je npHKa3ana npHiwena Komjerrra aflHTHBHOcTH cTyniteBa 3a

npopaiiyHaBaite 6poja cTyiutcBa (N) y eKCTpai<Topy ca iiOBpaTHHM iweiiia-

H.eM, Kao h nocTynan 3a eBajryimjy 5poja jejimmixa npeHOca Mace (t)

y cTynity eKCTpaKTopa. Pa3BHjeH je nporpaM 3a ejieKTpoHCKH ijHdpapcKH

paqyHap 3a npopaiyH N h t.
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0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

Fig. 5 Construction of Nu for selected example.

y paay jc ormcaH rpadpmiKH nocTynaK aa iipopaqyHaBaH>e N h ahc-

KyTOBaHa H>eroBa npoMeHa.

Hhcthtvt „Bopirc Kh^phm", Biuma, Beorpaa IIpHMJbeiio 11. Maja 1973

NOTATION

a interfacial area per unit volume

f backmixing or back-flow coefficient in phase (x)

F extraction factor

F = L/mG for a linear case of equilibrium distribution

G volume flow rate of phase of concentration y

k overall mass transfer coefficient based on phase (x)

L volume flow rate of phase of concentration x

m slope of equilibrium line

N total number of stages

end stage counted from (x) phase inlet
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Nh number of stages when backmixing is absent

Nd number of stages when mass transfer rate is infinite

Nt number of stages when mass transfer rate is infinite

and backmixing in both phases is absent

L
Q=— flow ratio

G

s backmixing coefficient in phase (y)

t = k a v/L true number of transfer unit in a stage

v volume of a stage

x concentration of solute in phase (x)

x„ inlet concentration of (x) phase

x* x concentration in equilibrium with y*

y concentration of solute in phase (y)

AN correction term.

Xln— Xout .
<|<N = overall separation factor

Subscripts

in before entry to extractor

out at exit from extractor

i = T, M, D

1 , n — 1 , n, n + 1 , refers to corresponding stage of extractor

Superscripts

* denotes equilibrium value
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ynyTCTBA aytophma

TJIACHHK XEMHJCKOr flPyiHTBA BEOrPAA

o6jaB.tyje oputunajine naynne padoee, Se./ietuxe, nperxodna caonvnetba

m pev,en3uje KH>uza

OpuzuHOAHU Hayunu padoeu caflpsce pe3yjiTaTe opnraHaJiHHX MCTpaJKH-

BaK.a Kojw iiwcy oBjaBJbeHH a Tpe6a fla 6yfly HanMcaHW TaKO fla ce HaBefleroi

eKcnepHineHTM Mory penpoflyKOBaTM. PaflOBH ce majty Ha peu.eH3njy, a npwx-

BaTaite pafla o6aBC3yje ayTope fla wcTe pe3yjiTaTe Hehe oBjaBHTH Ha flpyroM

MecTy.

BeJiewKe caflpsce pe3yjiTaTe KpahMX, ajin flOBpuieroix ncTpaxnBaH>a hjih

npMKa3yjy concTBeHa opwrnHajiHa wcicycTBa M3 jia6opaTopnjcKe npaKce (ineTO-

flMKe, anapaType m cjimhho). OShm 6ejiennce He Tpe6a fla npefce 500 pew.

nperxodna caonmreiba Tpe6a fla caflpsce opuraHajrae HayHHe HH(popMa-

MHje MMjM KapaKTep 3axTeBa 6p30 o6jaBJbMBaH>e m He Tpe6a fla 6yfly flysca

ofl 1000 peHM.

Cbm paaoBH Mopajy caapwaTH H3BecTaH no3HTHBaH pe3yjrraT h npefl-

CTaejbaTM HaynHy hoboct.

Onnrre HanoMCHe

Pafl MO>Ke 6mtm nucaH Ha cpncKoxpBaTCKOM win HeKOM Ofl cjieflehnx

CTpaHHx je3MKa: eHrjiecKOM, cppaHuycKOM, HeMaHKOM mjim pycKOM. AyropuMa

ce npenopynyje da nodnoce padoee nucane ua crpanox je3UKy, c o63npoM fla

ce TaKBM paflOBM y uejiMHH oSjaBJtyjy h y 36opHHKy Collectanea Chemica

Yugoslavica, flOK ce paflOBH Ha HauieM je3HKy npwKa3yjy y obom 36opHMKy

caMo M3BOAOM Ha CTpaHOM je3HKy.

Pafl Kojn ayTopM noflHecy peflaKu,Hjn Tpe6a fla je HanwcaH y HajxpaheM

MoryheM o6jinKy. a fla npn TOMe Syfle jacaH. y yBOflHOM flejiy Tpe6a fla™ caMo

HajHyjKHMjM nperjiefl paHwjux HCTpastHBaifca m o6jacHMTH CBpxy pafla.

OnmupHU npMK03 nperxodnux padoea ua ocnoay Jimeparype Hehe ce npnx-

BaTaTM. HapoHHTy naaoby TpeSa nocBeTirra npeu,H3H0M m jacHOM M3H0ineH>y

eKcnepHMeHTajiHMx noflaTaica. IIo3HaTe MeroflHKe m TexmiKe TpeSa 03HaHwrn

MMeHOM M JIMTepaTypHHM UMTaTOM.

CBaKH pafl Mopa M-Mara KpaTaK H3BOfl Ha je3HKy Ha KojeM je nucaH; aKO

je pafl nucaH Ha nauieM je3Mxy Mopa HiaaTH join w H3BOfl Ha jeflHOM ofl paHHje

naBefleHwx CTpanMX je3nKa, a aKO je nucaH Ha CTpaHOM je3HKy Mopa MMaTH

jom h M3BOfl Ha HaiueM je3MKy. M3BOfl TpeSa fla caflpran CBpxy pafla, 3HanajHe

noflaTKe m 3axjbyHKe; He Tpe6a fla caflpran BHiue op, 150 penn.

PaflOBM Koje je PeflaKu.wja npuxBamna iHTainnajy ce no pefly npnjeina,

yKojiMKO HbHxoBO o6jaB^>HBaH>e He 6yfle 3aflpj«aHO ucnpaBKaMa. AyTopw ao6m-

jajy 6ecnjiaTHO 40 noceSHwx OTticaKa CBora pa^a.

Padoau Koju no rexnuHKOj onpeMU. u Hanuny H3MtaH>a He odzoeapajy

CTvmy padoea Koju ce odjaejbyjy y TjiacHWiy, 6uhe epaKenu ayropy na npe-

pady. CTora ce ayTopmia cxpehe naxita fla ce npw nwcaHiy paflOBa npwflp-

HcaBajy cjiefleher ynyTCTBa:

Onpem pyxoimoa

PyKonwc Mopa 6mtm flocTaBJbeH PeflaKUMjM y dea npuMepna, nwcaHa Matuw-

hom ca HMCTiiM cjiOBMMa, ca flBocTpyKMM npopeflOM, Ha jeflHoj cTpaHH nannpa

(JjopMaTa A4 h ca MaprMHOM ofl 3 cm ca CBane CTpaHe. flpw Kyi;aK.y He Tpe6a

KopncTMTM Koce upTe Kao 3arpafle. OpnrnHaji pyKonnca TpeSa fla caflpKH CBe
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cjiioce, flwjarpaMe m TaSjiwne, icoje Tpe6a npmioxtHTH Ha noce6HHM jiHCTOBHMa

Ha Kpajy pyiconiica, a y TeKCTy TpeSa 03HaHHTH caMO h>hxobo npn6jiM»HO

MecTo. Pe3yji'raTM ce Mory npiiKa3aTH ujiu cjihkom uau Ta6jiim,OM. Mcth pe3yji-

TaT He MO>Ke ce npnKa3HBaTM Ha 06a HaHHHa. He npnxBaTa ce penpoflyKOBait>e

cjiHKa h TaBjiima H3 flpyrax paflOBa. CTpaHe pyKonMca Tpe6a HyMepiicara.

HapoHMTy najKjty Tpe6a nocBeTHTH HOMeHKJiaTypw m TepMHHOJiornjH, KOje

Tpe6a fla 6yfly y CKJiafly ca npenopyKaMa MHTepHaqnoHajiHe yHiije 3a HMCTy

h npHMeiteHy xeiwHjy. CitpaheHHne m cn\i6ojie Tpe6a oBjacHHTH npM npBoj

ynoTpe6n y TeKCTy. CneKTpn (IR, UV, NMR), xpoMaTorpaMH h cji. Hehe ce

o6jaBjbHBaTM, ynojiMKO hm je jeflHHa CBpxa flonyncno KapaKTepncaite je«n-

frbeifca. y Hacjiosy pafla Tpe6a fla 6yfly HcnwcaHa waeHa m cpefltt>e cjiobo

ayTopa, a HacjioB axo je iiKaKO Moryhe He Tpe6a fla caflpwu cMMSojie h cpop-

Myjie.

Ilocjie cpncKoxpBaTCKor TeKCTa CTaBJta ce nyH iiu3hb MHCTMTyu.Hje y

K.ojoj je pafl ypa^eH, Ha cpncKoxpBaTCKOM, a nocjie CTpaHor TeKCTa Ha oflro-

BapajyheM CTpaHOM je3HKy.

M3BOfl Ha CTpaHOM je3iiKy Mopa fla tnta npeBefleH nacjiOB pafla h nyHa

HMeHa ayTopa, w na Kpajy Ha3WB MHCTHTyu.Hje; hcto h;i>km m 3a n3B0fl Ha

HameM je3MKy, kojh CTojM y3 pafl nftcaH Ha CTpaHOM je3MKy.

I^enoKynaH TeKCT y Ta6jiuii,aMa h JiezeudaMa ys cjihkc TpeSa ceiu Ha

cpncKoxpBaTCKOM je3HKy flaTH y noTnyHOCTH h Ha ohom CTpaHOM je3MKy Ha

KOMe je flaT M3B0fl. TaOjiwqe o6aBe3HO Tpe5a fla mwajy HacjioB, a HyMepwuiy

ce phmckhm 6pojBiiMa. CjiHKe ce HyMepumy apancKHM 6pojeBHMa. npnKa3H-

tiaibe hcthx pe3yjiTaTa n TaOjinqaiwa m flwjarpaMHMa y Hanejiy mije fl03Bo-

JbeHO.

IfpreacM u CMUKe. UjyrextH Mopajy Ghtm na;«.n>MBo ;i3pa!jeHM TymeM u

TpeSa fla 6yfly oko dea nyra eehu ofl K.nwujea xojn Tpe6a fla ce H3paflM. <J>oto-

rpacpiije Tpe6a M3GeraBaTM, a .vkcjihko cy HeonxoflHe, Mopajy 6hth Ha 3aflOBO-

jbaBajyhein tcxhhhkom miBoy 3a H3pafly KJii-imea.

JIiiTeparypiiu v,uTaTU Tpe6a fla Syfly npHJioHceHH noce6Ho h HyMepucaHH

OHiiM peflOM KojwM ce nojaBJbyjy y TeKCTy. HyMepncan>e y TeKCTy TpeSa

BpiuMTH y mctom pefly ca TeKCTOM apancKHM un(ppaMa HopMajine BejiiiHHHe y

OKpyrjiMM 3arpaflaMa. CKpahemme 3a naconwce TpeCa y3MMaTM npeMa Chemical

Abstract, 55, lj-397j (1961). HapoHMTy naxity TpeBa nocBeTHTH MHTepnyHK-

uiijH. PaflOBH ce qHTMpajy Ha cjieflehn nanwH: Newton, M., Boer, F. and

Lipscomb, W., J. Amer. Chem. Soc, 88, 2353 (1966). Kn,nre ce UHTHpajy Ha

cieflehu HaHMH: Rutgers, A. J., Physical Chemistry, Interscience Publ., New

York, 1954, erp. 76—81.

3a pafloBe rmcaHe Ha cpncKoxpBaTCKOM je3HKy pycKy jniTepaTypy Tpe6a

naBOflHTH y M3BopHOM o6jinKy, a aKO je tckct nwcaH Ha neKOM 3anaflHOM je3HKy

jinTepaTypHe Hanofle TpeSa TpaHCKpwSoBaTH (jK-zh; x-kh; ii-ts; H-ch; m-sh;

m-shch; fai-y; 10-yu; a-ya;3-e;ii-i).

M3BOflM paflOBa, cao6pa»ceHH ycjioBHMa Chemical Abstract-a urraMnajy ce

na noceSHHM KapTMnaMa y npnjiory TJiacHHKa. CTora ce yMOJbaBajy ayTopH fla

y3 pafl flocTaBe 11 JiHCTy BajKiiiijux nojMOBa Kojn KapaKTepiiuiy flonpMHoc pafla

Te 3acjiyjKyjy fla no H,MMa pafl 6yfle CBpcTaH y Chemical Abstract Subject

Index-y, Hnp.: KaTajiina, eH3HMCKe peaKniije, xeMHH, hhaoji, xeMorjio6HH,

OKCHflanwja.
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