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Abstract: A new reaction was suggested and a new kinetic method was ela-
borated for determination of Bi(Ill) in solution, based on its catalytic effect on
the oxidation of phenyl-fluorone (PF) by hydrogen peroxide in ammonia buf-
fer. By appllcanon of spectrophotometric technique, a limit of quant|f|cat|on
(LQ) of 128 ng cm 3 was reached, and the limit of detection (LD) of 37 ng cm’®
was obtained, where LQ was defined as the ratio signal:noise = 10:1 and LD
was defined as signa 3:1 against the blank. The RSD value was found to be in
the range 2.8-4.8 % for the investigated concentration range of Bi(lll). The
influence of some ions upon the reaction rate was tested. The method was con-
firmed by determining Bi(I1l) in a stomach ulcer drug (“Bicit HP", Hemofarm
A.D.). The obtained results were compared to those obtained by AAS and good
agreement of results was obtained.

Keywords: kinetic method; catalytic reaction; Bi(I1l) determination.

INTRODUCTION

The most important methods of bismuth determination are kinetic, spectro-
photometric and atomic absorption spectroscopy (AAS) methods.1—21 An interes-
ting electrothermal atomic absorption spectroscopy (ET AAS) method was pub-
lished for the determination of bismuth traces in sea water.22 Some photometric,
chromatographic (HPLC) and flow-injection analysis (FIA) methods are also re-
ported.23-25 There are relatively small number of kinetic methods for Bi(lll)
determination, compared to a great number of spectrophotometric ones based on
its ability to form complexes, mainly colored, with organic and inorganic com-
pounds.
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An interesting kinetic method, described by Murty, points out the catalytic
effect of Bi(lll) in the molybdenum phosphorous acid reduction by ascorbic
acid,1 athough a new method, employing the same reaction system, but with
better sensitivity, was also reported.2 The method was used to determine the tra-
ces of Bi(lll) in aloys. A method based on the catalytic effect of Bi(lll) ionsis
employed in the oxidation of hematoxylin (HT) by H>O, in a strong acid so-
lution.3 Kinetic catalytic method for bismuth determination in strong acid me-
dium with K10O4 as the oxidant and dibrom-nitro-arsenazo (DBN-arsenazo) as the
reductant was used for bismuth determination in drinking water.# Another kinetic
method employed for the determination of Bi(ll1) in aloys and drinking water® is
based on the catalytic effect of bismuth on the oxidation of carboxyazo | by
K10Og4. The inhibitory effect of Bi(lll) on the fading reaction of crystal violet
oxidized by H2O5 in the acetate buffer solution was followed by kinetic spectro-
photometric method.® Of all reported kinetic methods, only the method reported
by Sanz et al. was used to determine bismuth in drugs.”

The am of this communication is to present the results obtained in a new
kinetic spectrophotometric determination of Bi(lll) using its catalytic effect in the
oxidation of phenylfluorone (PF) by hydrogen peroxide in ammonia buffer. The
method is employed for the determination of Bi(lll) in a stomach ulcer drug.

EXPERIMENTAL
Apparatus

The spectrophotometric measurements were performed on a Perkin—Elmer UV-Vis
Lambda 15 spectrophotometer. The cylindrical cells were thermostated at 20+0.1 °C using a
thermocirculating bath. The pH measurements were performed using a Radiometer PHM 29 b
pH-meter with a combined glass—calomel electrode GK 2311 C.

Reagents

All solutions were prepared by dissolving p.a. quality “Merck” reagents in deionized
water (0.4-0.8 uS cm’ ) and ammonia buffer. Adeguate polyethylene vessels were used for
storage of the sol utlons Ammoma buffers were prepared by mixing NHs(ag) and NH4Cl
solutions (0.2 moI dm’ ) % and their pH values were checked using pH-meter. A stock Bi(lll)
solution (1. ox10° gcm ) was prepared by dissolving 1.00 g of metallic bismuth (99.999 %)
in a minima volume of HNOg3 (1:1) and diluting it to 1 dm?® with 2 % HNO3 solution. The
concentration of the stock solution was checked by EDTA titration.?” The concentrations of
H»0, solutions were verified by KMnQOjy titration. The phenylfluorone solution was prepared
by dissolving the exactly measured amount of dry substance in ammonia buffer (pH 10.4).

Procedure

Selected volumes of reactants and deionized water were poured separately into four-
-legged Budarin vessel up to a predeterminated total volume of 10 cm®. The solution of Bi(ll1)
was measured into one leg of Budarin vessel for catalytic reaction and the same volume of
deionized water was measured for the non-catalytic reaction. After thermostating for 10 min
the reagents were mixed and absorbance was measured in 15 s intervals 45 s after beginning
of the reaction. Absobance measurements were performed at 20+0.1 °C.
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RESULTS AND DISCUSSION

While the reaction proceeds, the initial red color of solution fades and a
colorless reaction product is formed. Neither the exact mechanism of reaction nor
the chemical nature of the products was of major interest in this investigation.
The spectrophotometric measurements were performed at the wavelength of the
absorption maximum of phenyl fluorone in ammonia buffer (493.6 nm, Fig. 1).
The logarithm of absorbance-time curves are linear during the first 5-10 min of
reaction for different Bi(I11) concentrations. The rate of the reaction was obtained
using the slope of the kinetic curves of the absorbance-time plot.28

- 0.40
+0.30 3
<
400 500 600 Fig. 1. Absorption spectra of PF in ammonia buffer.

Initial conditions: 1.5x10°° mol dm3 PF; 20+0.1 °C;
A/nm pH: 1) 10.2, 2) 10.6; 3) 11.9.

According to the previous results,2® borate and phosphate buffers are in-
adequate for this reaction. Hence, the influence of the pH value of selected am-
monia buffers on the rate of both the catalytic and non-catalytic reaction was
examined in pH interval of about 9 to about 11. Within this range, the non-ca-
talytic reaction showed zero order dependence on the pH value of the ammonia
buffer, while the catalytic reaction exhibited a complex dependence (Fig. 2). The
value of 10.4 was selected as the most appropriate one, because it provides the
largest difference of the reaction rates of the catalytic and non-catalytic reaction.

N
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3

15 Fig. 2. Dependence of the re-
_.,_4_@.—@_@_@_@_&_@_9_43 action rate on pH. Initial con-
10 ¢ ditions: 4x10° mol dm3 PF;

3.9 mol dm3 H,0,; 2.5 ug cm3
Bi(ll); 20+0.1 °C; 1 — cataly-
; tic reaction, 2 — non-catalytic
8.8 9.2 96 100 104 108 pH  reaction.
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Hence, the ammonia buffer pH 10.4 was used in all subsequent investi-
gations.

The rates of both reactions are of the first order dependence on the reductant
concentration (Fig. 3) within the range of 1.0x10° to 4.0x105 mol dnm3.
Consequently, a concentration of 3.0x10> mol dm=3 was selected as optimal for
the subsegquent measurements.
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Fig. 3. Dependence of the reaction rate on the PF concentration. Initial conditions:
3.9 mol dm3 H,0,; 2.5 ug cm3 Bi(l11); 20+0.1 °C; 1 — catalytic reaction,
2 —non-catalytic reaction.

Based on the previous investigations,2° the dependence of rate of the ca-
talytic and non-catalytic reaction on the oxidant concentration was monitored
within the concentration range of about 2.0 to about 4.0 mol dm=3 H,O,. Within
this interval, the catalytic reaction rate increases with oxidant concentration,
whereas the non-catalytic one does not depend on oxidant concentration (Fig. 4).
As optimal, a concentration of 3.9 mol dn3 H,0, was selected, because at this
concentration (in the investigated range) the difference between the reaction rates
of catalytic and non-catalytic reaction was the greatest.
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Fig. 4. Dependence of the reaction rate on the H,O, concentration. Initial conditions: 3x10°
mol dm3 PF; 2.5 ug cm3 Bi(I11); 20+0.1 °C; 1 — catalytic reaction, 2 — non-catalytic reaction.
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Hence, the optimal conditions for performing the reaction were found to be:
pH 10.4, cpr = 3.0x10-° mol dm3, ciy,0, = 3.9 mol dm=3.

Under the selected conditions, the dependence of catalytic reaction rate on
the Bi(lll) concentration was observed at three temperatures. 20+£0.1, 23+0.1 and
25+0.1 °C. The linear dependence of calibration curves falls within the range of
6.0x10~7 to 3.0x10-6 g cm—3 Bi (I11) (Fig. 5).
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Fig. 5. Calibration curve at different temperatures: 1 —20£0.1, 2 — 23+0.1 and 3 — 25+0.1 °C.

The adequate equations of calibration curves for 20+0.1, 23+0.1 and 25+0.1
°C, were calculated as follows:

Slope = (0.01027+0.00001)c + (0.01495+0.00017) 1)
Slope = (0.01234+0.00003)c + (0.01811+0.00015) 2
Slope = (0.01325+0.00002)c + (0.02246+0.00011) 3)

where cisthe Bi(ll1) concentration in pg cmS3,

The accuracy and precision of the method were checked for three different
Bi(Ill) concentrations within the range of calibration curve. Five repeated
measurements were performed for each concentration. Satisfactory results were
obtained since the Bi(Ill) concentrations of 1.0, 2.0 and 3.0 ug cm—3 gave the
RSD values of 4.8, 3.6 and 2.8 %, respectively.

The accuracy and precision of the method were checked for three different
Bi(I11) concentrations within the range of calibration curve. Five repeated mea-
surements were performed for each concentration. Satisfactory results were ob-
tained since the Bi(I11) concentrations of 1.0, 2.0 and 3.0 ug cm—3 gave the RSD
values of 4.8, 3.6 and 2.8 %, respectively.

The selectivity of reaction was established by separately adding the selected
ions to the reaction mixture. Each ion was added in six known concentration
ratios (0.001:1, 0.01:1, 1:1, 10:1, 100:1 and 1000:1) to the constant Bi(lll)
concentration (2.0 ug cm3). The measurements were performed at 20+0.1 °C,

Available online at www.shd.org.rs/JSCS

2009 Copyright (CC) SCS



982 RANCIC and NIKOLIC-MANDIC

and 30 most frequently used cations and anions were tested ( Na*, K*, Ag*,
CaZ*, Sr2*, BaZt, Mg2*, Zn2*, Cu2*, Pb2*, Ni2*, Co2*, Hg?*, Sn2*, Fe3t, Al3H,
As3t, Sb3*, acetate, tartarate, oxalate, molybdate, wolframate, bromide, iodide,
chloride, nitrate, sulphate, carbonate, phosphate). The method was found to have
extremely good selectivity. Only the presence of As(I11), Sb(lIl), Hg(l1), molyb-
date and wolframate, in the ratio 1:1, interferes the determination of bismuth;
Sn(I1) in the ratio 1:1 inhibits the determination, and Co(ll) in the ratio 0.01:1
catalyzes the determination of Bi(l1l) by this method.

The method was successfully applied to the determination of Bi(lll) in sto-
mach ulcer drug “Bicit HP” (Hemofarm A.D.). This drug contains bismuth in the
form of subcitrate. Solutions containing a known quantity of bismuth were pre-
pared by dissolving the drug in deionized water. The solutions were analyzed by
application of both the presented kinetic method and the AAS method. The re-
sults are given in Table I, from which the good agreement between the results of
both methods can be seen.

TABLE I. Bi(lll) determination in adrug

Measured Kinetic determination® RSD Determined by AAS® RSD
ug cm® ug cm® % ug cm™ %
10 1.16+0.18 4.6 1.05+0.02 10
2.0 2.08+0.13 3.7 2.01+0.02 0.9
3.0 2.93+0.10 2.6 3.00+0.02 0.6

#The mean value of five measurements +2SD

CONCLUSIONS

A new method for the determination of Bi(lll) was developed, providing
rapid and easy performance at room temperature, giving precise, reproducible
results and exhibiting exceptional selectivity. On the grounds of the obtained
results, the method is highly recommendable for the determination of Bi(lll) in
drug solutions. It could also be a good basis for further investigation in the area
of kinetic methods for the determination of bismuth.

U3BO/

KMHETUYKO CIHEKTPO®OTOMETPUICKO OAPEBUBAE Bi(lll) HA OCHOBY
BEIOBOI' KATAJIMTUYKOI" AEJCTBA HA OKCUAALIUTY
OEHWIDJIYOPOHA BOJJOHUK-ITEPOKCHIOM

COOUIA M.PAHUNR' 1 CHEXXAHA J. HMKOHMB-MAHHMBZ

'Mpupodrno—maimiemaiiuuru daxyaiiedm, Odcex 3a xemujy, Yrusepauiied y Huuwy, Buwezpadcka 33, 18000 Huwt u
2 Xemujcxu paryaitiem, Ynusepauiieii y Beozpaoy, Citiyoeniicku imipz 16-22, 11000 Beozpad

IpeiokeHa je HOBA peaxilvja U pa3BHjeHa HOBA KHHETHYKA MeToza 3a oapehusame Bi(lll) y

pacTBOpY, Ha OCHOBY HETOBOI' KaTaJUTHUYKOr J€jcTBa Ha okcuaauujy ¢denuiaduyopona (PF) Bo-
JIOHHK-TIEPOKCUIOM y aMOHHjadHOM Irydepy. [Ipumenom crnekrpodoromerpujcke MeTone, IO
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ONTHMAITHAM YCJIOBHMA, OCTUTHYTa je rpanuna oxpehusama (LQ) ox 128 ng om> ocTBapeHa
rpannma aerekmmje(LD) ox 37 ng cm3. LQ je nedunucana kao ogmoc curaammym = 10:1, a LD
kao curnan 3:1 npema cienoj npoou. RSD ce kpehe on 2,8 1o 4,8 % y UCOUTHBaHOM HUHTEpBATY
konuenrpanuja Bi(lll). Mcnuran je u yTunaj npucycrBa IPYTrHX jOHa y PEaKMOHOj CMEIIH Ha
Op3uHy OCHOBHe peakiuje. MeToza je npuMemeHa 3a oxpeljuBame OU3MyTa y JIeKy 3a 4Up Ha xKe-
nyny, (“Bicit HP', Xemodapm A.Jl.). JobujeHu pesyiratd MOKasyjy A00OpO criarame ¢ pesydi-
TaTMa 1ooujeHnM AAS MeToioM Koja je kopuinheHa kao peepeHTHa METOa.

wn R

© N UM

10.
11.
12.

13.

14.
15.
16.
17.

18.
19.
20.
21.
22.
23.
24.

25.
26.

217.

(Mpumsseno 1. neriemOpa, peuaupano 15. anpuma 2009)
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