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Rate constants have been determined for the reactions of diazodiphenylmethane
(DDM) with 3- and 4-pyridineacetic acid, 3- and 4-pyridineacetic acid N-oxide and
some meta- and para-substituted phenylacetic acids in twelve alcohols. The determined
rate constants, together with literature data, were used for calculation of Hammett p val-
ues in a series of alcohols. Secondary 0 constants have been calculated for substituents
in meta and para-position of phenylacetic acids not given in literature, and also 0 con-
stants for 3N, 3N-0O, 4N and 4N—O in pyridineacetic acids, in alcohols used. The trans-
mission of electronic effects through the phenylacetic acid system and pyridineacetic
system is compared with that in benzene and pyridine. The multiple correlation of log &
values for reaction of above acids in 12 alcohols with group of suitable solvent parame-
ters was very successful.

Keywords: substituted pyridineacetic and phenylacetic acids, protic solvents, solvent
parameters, Hammett correlation.

INTRODUCTION

In connection with our study of the transmission of substituent effects in meta- and
para-position through pyridine ring and benzene ring, we now in this paper extend our pre-
vious work!-2 on the reactivity of meta- and para-substituted phenylacetic acids and 3- and
4-pyridineacetic acid and 3- and 4-pyridineacetic acid N-oxide in the same alcohols. Other
autors investigated the reactivity of certain 3- and 4-substituted phenylacetic acids in a sim-
ilar solvent system.3 We studied the kinetics of the reactions of para- and meta-substituted
phenylacetic acids with substituents: H, Cl, CH3, NO,, OH, 3- and 4-pyridineacetic acids
and 3- and 4-pyridineacetic acids N-oxides in a series of alcohols to elucidate the influence
of solvents on the rate, O constants and also on the reaction constants p. Obtained results are
compared with the data for the meta- and para-substituted benzoic acids with the same sub-
stituents and also for pyridine carboxylic acids.!-2
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RESULTS AND DISCUSSION

The mechanism of the reaction between carboxylic acids and DDM has been
throughly studied,*7 and found to involve rate-determining proton transfer from the
acids to DDM to form a diphenylmethanediazonium carboxylate ion-pair.5-8:9

PhyCN, + RCOOH 0¥  Ph,CHN, OOCR

The rate data for the reaction with DDM in alcohols obtained in the present study
together with literature data for investigated acids, are given in Tables I and IL.

TABLE 1. Rate constants (dm> mol-! min'!) for the reaction of meta-substituted phenylacetic acids,
3-pyridineacetic acid and 3-pyridineacetic acid N-oxide with DDM at 30 °C in various alcohols

Solvent H 3-Cl 3-NO, 3-CH; 3-OH 3N 3N-O
Methanol 2.542 3.452 4.492 2.49% 2.6 5.06 9.1
Ethanol 1.14% 1.65% 2252 1.122 1.2 2.35 4.9
Propan-1-ol 1.322 1.882 2.632 1.272 1.34 3.07 4.9
Butan-1-ol 1.182 1.65 2.20 1.12 1.23 2.30 4.7
Propan-2-ol 0.808% 1.25% 1.792 0.7872 0.80 1.94 3.53
Butan-2-ol 0.8252 1.32 1.75 0.76 0.83 1.82 3.42
Cyclopentanol 0.980 1.45 2.11 0.95 0.01 2.21 3.8
2-Me-butan-2-ol 0.192%  0.355*  0.663*  0.176% 0.24 0.579 1.14
Pentan-1-ol 1.24 1.65 2.51 1.04 1.1 2.57 43

2-Me-propan-1-ol 1.952 2.812 3.96% 1.872 2.04 4.04 6.97
2-Me-propan-2-ol 0.345%  0.5942 0.992 0.3192 0.36 0.883 1.66
Benzyl alcohol 9.85% 13.22 17.12 9.502 9.2 17.92 25.12

Ref. 3

TABLE II. Rate constants (dm3 mol™! min'!) for the reaction of para-substituted phenylacetic acids,
4-pyridineacetic acid, 4-pyridineacetic acid N-oxide with DDM at 30 °C in various alcohols

Solvent H 4C1 4NO, 4CH;3 40H 4N 4N-O
Methanol 2.542 3.042 4472 2.362 2.2 5.5 6.8
Ethanol 1.142 1.428 2212 1.052 0.94 3.04 43
Propan-1-ol 1.322 1.83 2.632 1.21 1.05 3.1 4.1
Butan-1-o0l 1.182 1.59 2.33 1.08 0.95 2.35 3.6
Propan-2-ol 0.808%2 1.112 1.782 0.736% 0.68 2.2 32
Butan-2-o0l 0.8252 1.26 2.12 0.74 0.67 1.9 2.9
Cyclopentanol 0.980 1.38 2.19 0.87 0.78 2.3 2.9
2-Me-butan-2-ol ~ 0.1922 0.320? 0.7222 0.165% 0.14 0.61 0.98
Pentan-1-ol 1.24 1.59 2.51 0.96 0.92 2.7 34
2-Me-propan-1-ol 1.952 2.502 3912 1.81 1.66 - 6.44
2-Me-propan-2-ol ~ 0.3452 0.5322 1.022 0.3092 0.273 - 1.41
Benzyl alcohol 9.852 11.75 18.52 8.6 8.1 — 21.3

Ref. 3
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The literature data for substituted benzoic acids used in this work are taken from
literature. 1-2:5:10,11 The reactivity of unstable 4-pyridineacetic acid!2 was studied under
specific conditions. Namely, this acid which decomposes at reaction conditions was in-
vestigated via its hydrochloride!3 which was neutralized in situ. This method is de-
scribed in the experimental section.

The log k values of the investigated acids in all alcohol solvents used, show a lin-
ear correlation with the corresponding values of log £ for the reaction of benzoic acid
with DDM at 30 °C in the same solvents taken from the literature,-10-11 with correlation
coefficient » in the range (0.97 — 0.99) and standard deviation s (0.01 —0.07), except for
4-pyridineacetic acid (» = 0.93), (s = 0.129). Such linear free-energy intercorrelations
indicate that the same solvent properties influence the reactivity of benzoic acid and the
investigated acids.

Solvent effects on the rate constants for the reaction of investigated acids with DDM

Since the mechanism of the reaction involves the formation of an ion-pair inter-
mediate one may expect the rate to increase with an increase in the polarity of the sol-
vent.14

The attempted correlation between the rates and dielectric constant €, or 1/€ or the
Kirkwood function!S of dielectric constant, {€) = (€, — 1)/(2€; + 1) was poor. The corre-
lation of log k with 0*, the polar constant of the alkyl group!© of the alcohol was satis-
factory for p-supstituted phenylacetic acid (» = 0.960), for 3-pyridineacetic, 3- and
4-pyridineacetic acids N-oxide (» = 0.970), and for 4-pyridineacetic acid (» = 0.925).

Chapman et al.!7 and other autors!8 have established that the solvent effect is best
interpreted and investigated by the equation

log k= a+ bfie) + cO* + dnyy (1)

where the f(€) is Kirkwood function,!5 o* is Taft polar constants of alkyl group in
alcohols!® and nyy is the number of y-hydrogen atoms in alcohols. These solvent
parameters for alcohols are given in the literature.10

Multiple linear regressions of the log k for the acids from Table I and II with f{€),
0* and nyy in alcohol solvents are given in the following equations:

3N-pyridineacetic acid:

log k= (~0.380+0.413) + (2.357+0.8935) f) + (2.531+0.1620) o* +
+(0.029+0.011) nygy (2)
(r=10.9888; 5 =0.065, n = 12)

3-Pyridineacetic acid N-oxide:

log k = (—0.392+0.272) + (2.762+0.589) f{€) + (2.257%0.107) o* +
+(0.025%0.007) nyiy (3)
(r=0.9941; s =0.043, n = 12)
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4-Pyridineacetic acid:

log k= (~1.706£1.175) + (5.251£2.377) f(g) + (1.892+0.782) 0* +
+(0.019+0.029) nyiy (4)
(r=10.9635; 5 =0.099, n =9)

4-Pyridineacetic acid N-oxide:

log k= (~0.37620.3973) + (2.647+0.8581) f(€) + (2.244%0.156) 0* +
+(0.030.010) nyy ©)
(r=10.9873; s=0.063, n = 12)

After analyzing above equations and equations from literature!-23 it could be said
that influence of relative permittivity as a term of the Kirkwood function on the rate con-
stants of benzoic and pyridine carboxylic acids is more important than in phenylacetic
and pyridineacetic acids. The influence of the polarity of the solvent alkyl group, ex-
pressed by Taft polar constants 0*, appears to be the main influence on the rate of chemi-
cal reaction in alcohols.!-19 This is also confirmed in this work by good partial correlation
with 0* only, where the correlation coefficients are satisfactory, in contrast to separate
correlation with other solvent parameters, f(€) and nygy, which were poor.

Influence of 0* is of almost the same intensity for substituents in phenylacetic
and pyridineacetic acid, and substituents in benzoic and pyridine carboxylic acids so
that the differences in coefficients attached to o* for substituents in phenylacetic and
pyridineacetic acids and substituents in benzoic and pyridine carboxylic acids are less
than corresponding differences in coefficients attached to f(€). The nyy term is generally
needed to account for the observed rate enhancing effect of branching at the (3-carbon
atom of the alcohol.!® The necessity to include it in this work was to account for the un-
expectedly high values of rate constants for 2-methyl-propan-1-ol. The exclusion of
nyy gives poorer regression coefficients.

The variation of substituent ¢ constants with the solvent

In the course of the present work further information has been obtained on the sol-
vent dependence of the O values for 3N, 3N-O, 4N, 4N-O of pyridineacetic acids,
m-OH, p-OH phenylacetic acids and p-NO,, p-Cl and p-CHj3 phenylacetic acids in the
solvents which have not been determined in the previous work.3 Table III shows that the
Hammett equation gives an excellent correlation for the mefa substituted acids in each
solvent. Hammett correlations were not successful for p-substituted acids,3 whichever of
the well known sets of 0-values is used, viz., 0 (Jaffe),20 " (Wepster)?! or 60 (Taft).22

In Table I1I literature values? of the reaction constant p and log kj for the reaction
of a series of m-substituted phenylacetic acids with DDM are given, together with the
data in the alcohols, butan-1-ol, butan-2-ol, pentan-1-ol and cyclopentanol determined
in the present work. These values were used for the calculation of new secondary 0y,
and 0, constants by using Wepster’s procedure.2! The results obtained are collected in
Table IV.
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There are a substantial variety of the values of secondary 0 constants in Table IV.
This is understandable considering that the energy of the transition state has been influ-
enced both by the solvent modified electronic effect of the substituent and by solvent ef-
fects on the stabilization of the initial vs. transition states.

It has been stated in literature3 that para-substituents at phenylacetic acids as re-
flected by the corresponding secondary O constants, irrespective of their polar nature,
become more electron-attracting (or less electron-releasing) as the polarity of the sol-
vent decreases. This is also true for the secondary 0, constants determined in the pres-
ent work and presented in Table IV together with literature data. On the contrary, sec-
ondary 0 values for 4N and 4N—O in pyridineacetic acids show opposite behaviour, the
same as it was for 4N and 4N—O in pyridine carboxylic acids from our previous work.!
The possible explanation for the investigated heterocyclic nuclei is that the intermo-
lecular hydrogen bonding between pyridine nitrogen and N-oxide function with alco-
hol hydroxylic group suppresses the electron donating ability of both groups, and this
interaction is stronger with more polar alcohols.

Jaffe0 and Chapman3 have suggested that polar substituents may be extensively
hydrogen-bonded to solvent molecules in hydroxylic media, and variation of substi-
tuent constants with the solvent is to be expected. Reaction in water and in aqueous
mixtures play an important part in establishing 0-values and it seems certain that the in-
fluence of the specific solvation of substituents by water has often been incorporated in
o-values.3

TABLE III. Values of Hammett p and log & values calculated for reaction of DDM with meta substi-
tuted phenylacetic acids (H, m—CH3, m—Cl and m—NO,) in various alcohols at 30 °C

Solvent p log ko 7
Methanol 0.34P 0.412 0.999
Ethanol 0.40P 0.068 0.998
Propan-1-ol 0.42° 0.125 0.999
Butan-1-ol 0.38 0.074 0.999
Propan-2-ol 0.47° -0.081 0.999
Butan-2-ol 0.47 -0.079 0.995
Cyclopentanol 0.45 —0.001 0.999
2-Me-butan-2-ol 0.74° -0.714 0.999
Pentan-1-o0l 0.46 0.066 0.991
2-Me-propan-1-ol 0.420 0.295 0.999
2-Me-propan-2-ol 0.63b —0.458 1.000
Benzyl alcohol 0.33 0.997 1.000

Footnotes: "Correlation coefficients, bRef. 3

The o, values for OH are very close to zero, except for 2-methyl-2-butanol and
benzyl alcohol, but the average value is in agreement to values previously determined
for g,, OH based on the reaction ionization of 3-hydroxy benzoic acid,2% and from vari-
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ous reactions where the average value of g,,, OH was —0.002.1% In alcohols, the values
range from —0.1 to 0.13, i.e., giving an average value of 0.01. The hydrogen bonding
between the hydroxylic group substituent and alcohol hydroxylic group has been exten-
sively discussed in our previous paper! and also in literature.1?

TABLEIV: Secondary values of 0,, for OH, 3N, 3N-O and 0, for OH, CH3, NO,, Cl, 4N and 4N-O from
reaction of substituted phenylacetic acids and substituted pyridineacetic with DDM in various alcohols

OH 3N 3N-0 OH CH; NO, Cl 4N 4N-O

Solvent
Gm Gm Gm O-D GD O-D GD O-D OD
Methanol 0.01 0.86 1.61 -0.21 -0.12*% 0.71* 0.21* 0.97 1.24
Ethanol 0.02 0.76 1.56 -024 -0.11* 0.69* 0212 1.04 1.41

Propan-1-ol 0.005  0.82 134 -025 -0.10 0.70 0.33 0.87 1.16
Butan-1-ol 0.04 0.76 1.57 =025 -0.11 0.77 0.33 0.78 1.27
Propan-2-ol -0.03  0.77 134  -0.18 -0.11* 0.70* 0.27*  0.90 1.25
Butan-2-ol 0.002  0.72 1.30 -0.20 -0.11 0.86 0.38 0.76 1.15
Cyclopentanol 0.01 0.77 1.29 -024 -0.13 0.75 0.31 0.81 1.03
2-Me-butan-2-ol  0.13 0.64 1.04 -0.19 -0.09* 0.77% 0.30*  0.68 0.95
Pentan-1-ol -0.05 0.75 123 -023 -0.18 0.73 0.29 0.79 1.01

2-Me-propan-1-ol  0.04 0.74 1.30  -0.18 -0.09% 0.708 0.24% - 1.22
2-Me-propan-2-ol  0.02 0.64 1.08 —0.17 -0.08* 0.74* 0.292 - 0.96
Benzyl alcohol  -0.10  0.78 122 -0.17 -0.08 0.74 0.29 - 1.01

Average values  0.01 0.75 132 020 -0.11 0.74 0.28 0.84 1.14
a
Ref. 3

Negative 0, values for OH group are expected, considering the electron-donating
effect through the direct influence, but in this system the electron donating effects of
OH group is smaller than in benzene ring and this is understandable because of sup-
pressed direct conjugation between the substituent and reaction center. The average
value for 0, OH constants, however, are in agreement with the constants from litera-
ture?022 and it may be stated that those G, OH constant could be satisfactory used for
reactions in alcohol solvents.

It is interesting to note that the differences in 0, in various solvents for 3N and 4N
are smaller than for 3N—O and 4N-O group. This is not surprising as this is the most
polarizable group in the whole range of substituents investigated here. These results
also justify the calculation of secondary O constants for the reaction in alcohols.

Solvent effects on calculated reaction constant p in the reactions of investigated ac-
ids with DDM

Using the average values of secondary 0y, 0, (Table IV) separate py, for seven
meta- and Py, for six para-substituted phenylacetic acids, were calculated in twelve in-
vestigated alcohols. These results are presented in Table V, and are lower than the val-
ues of reaction constants p for substituted benzoic acids.!
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TABLE V: Values of reaction constants p and log k for the reaction of DDM with meta- and para-sub-
stituted phenylacetic acids, 3-pyridineacetic, 3- and 4-pyridineacetic acids N-oxide in various alcohols
at 30 °C

m-substituted acids p-substituted acids
H, 3N, 3N-O, 3-NO,, H, 4N-0O, 4-NO,,
Solvent 3-OH, 3-CH; 3-Cl 4-OH, 4-CHj, 4-Cl
P log kg r s P, log ky r s
Methanol 0.400  0.404 09948 0.023 0.404  0.359 0.9961 0.019
Ethanol 0.451 0.06 09950 0.026 0.468  0.053 0.9891 0.041

Propan-1-ol 0.434 0126 0997 0.019 0.427  0.122  0.9979 0.016
Butan-1-ol 0.430  0.068 0994  0.027 0.419  0.072 0.9989 0.012
Propan-2-ol 0.484 -0.086 0.999 0.012 0.494 -0.084 0.9969 0.023
Butan-2-ol 0.465 —0.08 0998 0.014 0.491 -0.068 0.9954 0.028
Cyclopentanol 0.444  0.001 0999 0.009 0.433  -0.006 0.9958 0.024
2-Me-butan-2-ol ~ 0.587 -0.673 0.9875  0.053 0.660 —0.703 0.9919  0.050
Pentan-1-ol 0.446  0.062 0996 0.024 0.430  0.062 0.9936  0.029
2-Me-propan-1-0l  0.413 0.30 0.999  0.006 0.432 0295 0.9970 0.020
2-Me-propan-2-ol ~ 0.53  -0.443 0993  0.036 0.553  -0.446 0.9954 0.031
Benzyl alcohol ~ 0.323  0.992  0.994 0.02 0329 0982 0.9906 0.027
Average values  0.451 0.465

It was to be expected that the susceptibility to the polar effect of substituents will be
greater for the substituted benzene ring than for substituted phenylacetic acid system, due to
intervening methylene group. Calculated the average attenuating efect TT= pPppaa/PBA =
0.46 is in very good agreement with literature values!3:17 for attenuating effects for meta
and para substituted acids of similar structure where the values Ttare between 0.39 and 0.53.

The results given in the Table V shown that the p values are decreased by increas-
ing the relative permittivity. This may be interpreted in two ways as have been sug-
gested by some authors before.20-23 Firstly, the transmission of the polar effects of the
substitutents through the medium increases in importance relative to transmission
through the molecular cavity as €, is decreased. Secondly, at high relative permittivities
the energy necessary to bring about the charge separation in the transition state is rela-
tively small, and this gives rise to a low susceptibility to the polar effects of substituents.
The p values thus increases as the energy necessary to achieve charge separation in-
creases as €, is decreased. Therefore it is reasonable to correlate p,, and p,, with sol-
vent10 parameters as was done for log k.

For the para-substituted phenylacetic acids and for para-substituted benzoic ac-
ids at 30 °C from Table V, the following relationships were obtained for the correspond-
ing series of acids in twelve alcohols:
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— for para-substituted phenylacetic acids:

Ppphaa = (1.093+0.193) — (1.5060.416) f(€) — (0.418+0.076) 0* —
—(0.005+0.005) nyy (6)
(r=0.9504; s = 0.030; n = 12)

— for para-substituted benzoic acids:!

PpBA = (1.665+0.281) — (1.670+0.608) fi€) — (0.698+0.110) 0* —
—(0.002%0.007) nyy (7
(r=0.9531; s =0.044; n = 12)

For the meta-substituted phenylacetic acids at 30 °C from Table V and for
meta-substituted benzoic acids,! the following relationships were obtained for the cor-
responding series of acids in twelve alcohols:

Pmphaa = (0.79320.095) — (0.854+0.204) f(€) — (0.394+0.037) 0* —
— (0.00620.002) nyiy (8)
(r=0.9810; s =0.015; n = 12)

PmBA = (1.308%0.306) — (0.960+0.661) A€) — (1.050%0.120) 0* —
—(0.007%0.008) nyjy ©)
(r=10.9658; s = 0.048; n = 12)

In our previous work! and some other papers!8:19 it has been suggested that the
value associated with the 0* term has a more significant contribution to p than the value
associated with the f{€) term in alcohol solvents. The results obtained using multiple re-
gression analysis with three solvent parameters, Egs. (6-9), confirm the conclusions
from our earlier paper! that 0* in comparison with the dielectric term, had the main in-
fluence in the solvent effects.

The correlation coefficients in relationships (6-9) are not particularly high, but
are better than those from two-parameter equations. This could have been expected,
considering the large number of data involved in the overall calculation, and the possi-
bility of direct resonance conjugation in para-substituted benzoic acids.

On the basis of all information presented, it may be concluded that linear free en-
ergy relationships are applicable to kinetic data for meta- and para-substituted phenyl-
acetic, 3- and 4-pyridineacetic acids, and for 3- and 4-pyridineacetic acids N-oxide. The
multiple linear correlations with three suitable solvent parameters f(€), 0*, nyy for both
log k and p values were fairly successful.

EXPERIMENTAL

Materials
The acids were commercial samples or were prepared by standard methods. They were
recrystallised, and had m.p.s. identical or very close to those recorded in the literature.

3-Pyridineacetic acid N-oxide, m.p. 140-142 °C (Ref.24 142144 °C) was prepared by a
known method and had the melting point as stated in Ref.24
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4-Pyridineacetic acid N-oxide,>> m.p. 143—144°C (dec.) (Ref.2% 144—145 °C) was prepared in
rearrangement reaction from 4-(N-acetoacetyl)pyridinesulfonamide 1-oxide which is derived from
4-pyridinesulfonamide 1-oxide.?

Anal: Caled. for C;H,03N: C, 54.91; H, 4.61. Found: C, 54.47; H, 4.38.

Diazodiphenylmethane was prepared by Smith and Howard’s method,2° stock solution of ca.
0.06 mol dm™ was stored in a refrigerator and diluted before use.

Solvents were purified as described in the Ref. 1

All the solvents used for kinetic studies were examined by GLC and no impurities were de-
tected.
Kinetic measurements

Rate constant £, for the reaction of investigated acids with DDM were determined as reported
previously by the spectroscopic method of Roberts and his coworkers?? using a SHIMADZU 160A
spectrophotometer. Optical density measurements were performed at 525 nm with 1 cm cells at
30+0.05 °C.

Three to five rate determinations were made on each acid and in every case the individual sec-
ond-order rate constants agreed within 3 % of the mean.

The solution of 4-pyridineacetic acid hydrochloride in investigated solvents was treated with
KOH in the same solvents maintaining the same concentration as above, and immediately treated
with DDM. However, precipitation of KCl interfered in the initial stage of the reaction and better re-
sults were obtained if the reaction was studied as a second order process.!3

U3BOJ

KOMITAPATHBHA LFER CTYIMNJA PEAKTUBHOCTU IMPUIMHCUPRETHUX,
TTMPUIWH-N-OKCUJI-CUPRETHUX KUCEJIMHA 1 CYTICTUTYNUCAHUX
OEHNIICUPRETHUX KUCEJIIMHA CA TUASOJUPEHUIIMETAHOM Y PA3JIMYNTUM
AJIKOXOJIIMMA

CAIIA XK. IPMAHWG, BPATHUCJIAB XK. JOBAHOBWH n MUJIIMIA M. MUIINKh-BYKOBUh

Texnoaowrxo-meimiarypuiku ¢arxyaitieii Ynusepauitieitia y beozpaoy, Kapuezujesa 4, i. tip. 35-03, 11000 beozpao

Onpebene cy koHcTaHTe Op3uHe peakiyje ectepudukanuje 3- u 4-nupupnHcupheTHe
KUCeNnnHe, 3- u 4-nupuauH-N-oKcua-cupheTHe KuceluHe W HEKUX Meitia U iapa-cyncTu-
TyncaHux peHmncupheTHUX KucenuHa ca guasofauderuameranom Ha 30 °C y BaHaecT ajko-
XOJIHUX pacTBapayda. Ha ocHOBY oOujeHNX KOHCTaHTH Op3WHa peakiyja NupuanHCHpheTHUX
KHUCEJIMHA U CYICTUTYHCAHUX (peHIIICHpheTHUX KMCENINHA U3pauyHaTe Cy HOBE CEKYHJlapHE O
KOHCTaHTe cyncTtuTyeHaTta. Takobe cy kopumthewmem Hammett-oBe jegHaumne oppebene
peakoHe KOHCTaHTe P 3a HaBeJleHe KHUCEeJIMHE U JUCKYTOBaH je edeKaT NpUryuema Me-
THJIEHCKE Tpyne. BuiecTpykoM perpecioHOM aHaln30M yCIIOCTaBJbeHa je 3aJ0BoJbaBajyha
3aBUCHOCT KOHCTaHTH Op3MHA peakifja Kao M peakiyoHe KOHCTAHTE P ca mapameTpuma
pacTBapaua kao mro cy: Kirkwood-oBa ¢yHknuja penaturae nepMutuBHOCTH f(€), TacpTOBa
0* KOHCTAHTA 32 aJIKUJI IPYyIIE aIKOX0JIa U nyH KOjU IIPeJCTaBIba OpOj Y-BOJOHUKOBUX aTOMA Y
AJIKOXOJTy.

(IMpumibeno 17. jyna, pesuaupano 18. cenremGpa 2000)
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