J. Serb. Chem. Soc.65(5-6)345-352(2000) UDC 546.593:535.243:546.32°15"
JSCS-2753 Original scientific paper

Spectrophotometric investigations of the reaction between
gold(IIT) and potassium iodide™

VESNA VASIC,' SUZANA PREMOVIC,' MIRA CAKA*I*Z,Z BOJAN RADAK'
and GORDANA MILOVANOVIC?

Vinea Institute of Nuclear Sciences, P. O. Box 522, YU-11001 Belgrade, ’F. aculty of Pharmacy,
University of Belgrade, Vojvode Stepe 450, YU-11001 Belgrade and 3Faculty of Chemistry,
University of Belgrade, Studentski trg 15, YU-11001 Belgrade, Yugoslavia

(Received 27 October 1999, revised 24 February 2000)

The equilibria of the complex formation between AuCls.,(OH),” and I was
studied spectrophotometrically in aqueous solutions containing KI:Au(Il)<2 in the
acidity range from 1 M HCI to pH 7 at 25 °C. From the hydrogen ion and CI ion
dependence of the absorption spectra, it was found that AuChly” and Au(OH)2lo
complexes were formed. The equilibrium constants of complex formation were deter-
mined.
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INTRODUCTION

Due to its characteristic to be reduced to gold(I) or elementary gold, gold(III)
forms a limited number of complexes, especially with inorganic ligands in aqueous
solutions.'2 One of the most investigated complexes of gold(IIT) with halogens is
the tetrachloroaurate ion.3~¢ The hydrolysis of this complex has been widely
investigated and the equilibrium constants of successive protolytic reactions have
been determined by potentiometric methods.> ™

Research on other gold(Ill)-halogen compounds revealed that gold(IIT) belongs
to the group of typical acceptors of the Chatt-Ahrland B group,” and forms very strong
iodine complexes. According to studies of the electrochemical behaviour of gold in
iodide solutions it was found that the iodide ion is an efficient complexing agent of
gold.!0 Literature data indicate that gold(III) is unstable in aqueous iodide solutions,
inducing the quantitative release of iodine.!! The reduction of gold(IIT) by iodide ions
is used in the potentiometric determination of gold in ores and alloys.!2

The reaction of tetrachloroaurate acid with potassium iodide in aqueous
solution has recently found a practical application in the kinetic determination of
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oxime antidotes used in the therapy of nerve toxin intoxication.!3~13 Due to the lack
of literature data on the mechanism of this reaction, the aim of this work was to
investigate the reaction of Au(Ill) and KI, and to clucidate the equilibria reactions
between I and AuCl4_,(OH),, species in a wide acidity range.

EXPERIMENTAL

Reagents

All reagents were commercial products of the highest purity available. The solutions were
prepared using bidistilled water. The 1.0x10 M tetracholoraurate acid (HAuCly) stock solution was
prepared by dissolving the appropriate amount of HAuClsx3H>O (Aldrich) in 1 M HCl to avoid the
hydrolisis of AuCly . A freshly prepared solution was used; more diluted solutions were obtained by
appropriate dilution with water. The concentration of the stock potassium iodide (Merck) 1.0x10° M
and potassium chloride (Merck) solution was 3 M, respectively. | M HCI and 1 M NaOH solutions
were used for the adjustment of the acidity.
Apparatus

The absorption spectra were recorded on a Beckman UV VIS 2560 spectrophotometer, in a 1
cm matched quartz cuvette, with the sample compartment thermostated at 25 °C £0.1 °C. The pH was
measured using a Metrohm 713 pH-Meter with a presicion of £0.005 pH units.
Spectrophotometric and equilibria measurements

The reaction with potassium iodide was initiated by adding the appropriate aliquot of KI into
a previously prepared and equilibrated solution of HAuCls in the medium of desired acidity and CI”
concentration. The ionic strength was kept constant (1 M and 2.5 x1073 M) by addition of the
appropriate amount of KCI. The acidity of the solution was adjusted by addition of the appropriate
amount of 1 M HCl or NaOH. The absorption spectra and pH measuring were performed immediately
after K1 addition.

RESULTS AND DISCUSSION

Absorption spectra and composition of Au(lll) complexes with I

The reaction between HAuCly and KI was investigated spectrophotometri-
cally in the acidity range between 1 M HCI and pH 7 in the presence of KCI from
2x1073 M to 1 M. The absorption spectra of solutions containing 510> M HAuCly,
1104 M K1 and various concentrations of KCl at different acidities, recorded from
200 nm to 450 nm, are presented in Fig. 1.

The results show that the reaction between HAuClg and I™ is strongly affected
by the concentration ratio of the species, as well as the acidity and C1™ concentration.
The changes of the absorption spectra indicate the formation of two forms of Au(IlLI)
complexes with I, with different spectral characteristics.

The complex with an absorption maximum at 245 nm (Fig. 1, curve 1) was
formed in the acidity range between 1 M HCl and pH 6 in the presence of 1 M CI™.
When the CI™ concentration was decreased the other complex, with an absorption
maximum at 200 nm and a shoulder between 260-320 nm, (Fig. 1, curve 2) was
formed in the acidity range between pH 2 and pH 6.
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The absorption spectra of 5x10~> M HAuCly in the absence of KI were also
recorded as a function of acidity and CI™ concentration, in order to compare them
with the absorption spectra of Au(IIl) complexes with I". The spectra were recorded
in the acidity range from 1 M HCI to pH 7, varying the concentration of CI™ from 1
M to 2.5x1073 M. As an example, the absorption spectrum of Au(IIl) in 1 M HCl is
presented in Fig 1 (curve 3). Absorption maxima at 225 nm and 315 nm were visible,
the intensities and positions of which showed no significant changes in the investi-
gated CI™ concentration and pH range. The results presented in Fig. 1 show that the
absorption spectra of the Au(Ill) complexes with I™ differ significantly from the
absorption spectra of the Au(Ill) chloro complexes.

The stoichiometry of the Au(Ill) complexes with I” was determined by the
mole ratio method, keeping the HAuCly concentration constant at 5%107> M, and
varying the KI concentration. The experiments were performed in 1 M HCI and
pH 2.8 in the presence of 1 M KCI (Fig. 2a), and pH 2.8 and pH 5.7 in the presence
of 2.5%1073 M KCl (Fig. 2b). The absorbance change as the function of I /Au(III)
ratio was followed at 250 nm in the presence of high (1 M) and 265 nm in the
presence of low (2.5%1073 M) Cl-concentration. These wavelengths were chosen
for the complex stoichiometry determination because of the highest difference
between the absorbance of Au(Ill) ionic forms and its iodo complex formed in the
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presence of high and low CI™ concentration (see Fig. 1). The ratio Au(IIl):I” = 1:2
in the complex was found in all cases. The changes of the absorption spectra as a
function of KI concentration, which accompanied the formation of the complex
under the present experimental conditions, showed well defined isobestic points.
The results also showed that both complexes were formed in solutions where the
concentration ratio was KL:Au(Il[)< 2. The absorption spectra of the solutions
containing KI: Au(Ill) > 2 showed two absorption bands with the maximum at 288
nm and 355 nm, indicating the well known reduction of Au(Ill) by I, followed by
the formation of Iz~ ions.!2

The comparison between the absorption spectra of Au(IIl) complexes with I~
and the absorption spectra of Au(Ill) ionic forms indicates that the complex
formation in the presence of 1 M Cl™ caused the batochromic shift of the absorption
maximum. This would be in accordance with the substitution of two CI™ ions by
two I, suggesting the formation of AuClzI . The experimental results showed that
the substitution of CI™ by OH™ in AuCls™ complex induced the hypsochromic shift



GOLD(II)WITH KI REACTION 349

of the absorption maximum (data not shown). The complex formation in the
presence of low Cl™ concentration was followed by the hypsochromic shift of the
absorption maximum and the appearance of the batochromically shifted shoulder.
It suggests that the other complex may contain also —OH ligands in its structure,
having the composition Au(OH)I> ™.

Effect of CI ions on the complexation equilibria
The effect of Cl™ ions on the absorption spectra of Au(Ill) complexes with I™

was investigated in the solutions containing 5%10~> M Au(III) and 1x10~* M KI at
pH 2.8 and pH 5.3, by varying the CI~ concentration from 2x1073 to 1 M. The
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Fig. 3. Absorbance of AuChly (1,2)
o, and Au(OH)21>" (3,4) as a function of
| : : Asl 8 | CT concentration. [Au(IIl)] =5x10 >
3 2 R 0 1 M,[1]=1x10 “*M.1,3—pH2.8;2.4
- —pHS5.3.
log [CI]

absorbances at 250 nm and 300 nm are presented as a function of CI™ concentration
atpH 2.8 and pH 5.3 in Fig. 3. The results indicate that the formation of the AuClaIp™
complex is strongy dependent on the CI™ concentration over a wide acidity range.
A decrease in the Cl™ concentration was accompanied by the appeareance of the
Au(OH)I2~ complex. The spectral changes formed a scattered isobestic point,
indicating also that consecutive equlibria between AuCl4_,(OH),~ forms oc-
curred.

Complexation equilibria of Au(Ill) with I
In the investigated ranges of acidity and CI™ concentration a stepwise hydroly-
sis of AuCly™ takes place according to the equation:
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AUCl4n(OH)y + H20 = AUCl4(ns1)(OH)ns1 "+ H" +CIT  (n=0-4) (1)

The distribution of AuCls_,(OH),,” complexes was calculated using the known
equilibria constants! for the hydrolysis of the AuCly ™ ion (data not shown). On the basis
of these results and the results obtained by the spectrophotometric investigations, it was
concluded that AuCls—,(OH),,” ions react with I” forming mixed complexes depending
on the acidity and CI™ concentration. The results indicate that in the presence of 1 M
CI™ in the acidity range from pH 0 (1 M HCI) to pH 6 equilibrium (2) exists, since under
these experimental conditions Au(Ill) is in the form of AuCly™:

AUCly~ + 21" = AuCloly™ + 2CI (2

The distribution diagram shows that AuCls~, AuCl30OH™ and AuClx(OH)2™
complexes are in equilibria at pH 2.8 and 5.5. They probably form AuClzI™
complex, which undergoes to the hydrolysis in the lack of the CI™ ions, according
to the equations:

AUCI3OH™ + 2I” = AuClyly™ + CI™ + OH™ 3)
AUCIx(OH)y™ + 217 = AuCloly ™+ 20H™ 4)
AUCIoly™ + nH0 = AuCly_n(OH)nly ™+ nCI™ + nH* )

The equilibrium constants corresponding to Egs. (2) and (5), K and K¢q
respectively, can be easily determined from the spectrophotometric data presented
in Fig. 2 and Fig. 3. K and K¢q can be expressed as follows (the charges are omitted
for simplicity):

= [AuChlal [C1° ©
[AuClg] [1]

_ [AuCl-n(OH)nl2] [CI]" [H]" 7
€4 [AuClals]

where the square brackets denote the equilibrium concentrations of the species. The
Cl concentration was sufficiently high under the present experimental conditions
that its changes during complex formation were negligible. The values of K for the
formation of AuCl2lp  were determined from the changes of absorbance as a
function of I concentration at pH 2.8 in the presence of 1 M KCI in 1 M HCI,
assuming that under these experimental conditions only this type of complex is
formed.

For equilibrium (5), the following equation is derived by simple manipulation
of Eq. (7):

AmaX_A_

log———
A = Anmin

log Keg — N log CI™ + npH (8
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where Amax and Amin represent the absorbancies at the maximum or minimum of the
absorbance vs. Cl curves (Fig. 3) and A4 is the absorbance at any CI concentration. The
equilibrium constant Keq was obtained according to Eq. (8) from the dependence of the
left hand side of Eq. (8) on [CI ] at pH 2.8 and pH 5.3. Straight lines with the slope =2
were obtained in both cases. All obtained results are summarised in Table 1.

TABLE I. Equilibria constants for the reactions between Au(Ill) and I

Equilibria pH CI'’'M Constant
Q) 0 (1 M HCI) 1 K (4.1240.09)x10""
2.8 1 (7.09+0.08)x10'"
3) 2.8 2.5x107 Keq (1.69£0.09)x107
n=2.1%0.1
53 2.5x107 (3.16+0.08)x10™"!
n=22%02

Although the literature data indicate that AuCls™ is reduced by 1 M KI, the
present study shows that it undergoes C1™ substitution by I, forming AuClzI>™ and
Au(OH)zI2™ complexes in the presence of low concentrations of KI. The substitution
of CI” by I" was confirmed by the shift of the charge transfer band to longer
wavelengths, as was also found for the bromo complexes.> The values of the
equilibria constants, K, (Table I) indicate the formation of a very stable mixed
complex, which undergoes hydrolysis in the presence of low concentrations of Cl .
The slope =2 in Eq. (8) suggests that the composition of the complex is Au(OH)21z -,
since two Cl™ ions were replaced by OH™ in equilibria (5). As the values of the
equilibria constant Keq (Table I) show, the hydrolysis of AuCl2lp™ is strongly
dependent on the hydrogen ion concentration. This fact confirms that the reactions
of AuClzI>™ in aqueous medium can be quite complex, leading to the formation of
Au(OH)I7™ through a complex reaction mechanism. A kinetic study of this complex
system should give useful information about the reaction mechanism.
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CTIEKTPO®OTOMETPUICKO UCTTUTUBATLE PEAKITMIE 3IATA(II) CA
KA YM-JO/IUIOM

B.M.BACHUR', C. TIPEMOBUR', M. M. YAKAP?, B. PATTAK' uT. A. MUJIOBAHOBUR®

II/IHcmmﬁlel 3a HykaeapHe Hayke "Bunua", @. iip. 522, 11001 Beozpao, ZQapM(tueszlcxu aryaitieiti, Yrnueep3uitieii y
Beozpady, Bojeode Citiciie 450, 11001 Beozpad u’ Xemujcku paxyaitieisi, Ynusepsuitieii y Beozpady, Cimiydeniticku
wipz 15, 11001 Beozpao.

PaBHOTEeRe 00pa3oBama KoMiuiekca n3Meby AuClyn(OH)n 1 Kl ucnuriBaHze cy cieKTpo-
(POTOMETPHCKH Y BOJICHUM pacTBOpuMa Tipu ofHocy KoHieHTpammja Kl:Au(lll) = 2 y o6mactu
kucestocta off 1 M HCI o pH 7 Ha 25 °C. VI3 npoMeHe alCOPIIMOHHX CIIEKTapa Y 3aBUCHOCTH Off
KHceJocTr cpefuHe u KoHneHTpanyje Cl™ joHa HabeHo je ma ce o6pa3syjy kommuteken AuClaly, u
Au(OH)2l2". OppebeHe cy KOHCTaHTe paBHOTEXKE OiIrOBapajyhux peakipja.

(ITpumsbeno 27. okTo6pa 1999, pesugupano 24. dpebpyapa 2000)

REFERENCES

. A. L. Busev, V. M. Ivanov, 4naliticheskaya khimiya zolota, Nauka, Moskva, 1973, p. 13-22
. D. Vlassopoulos, S. Wood, Geochim. Cosmochim. Acta 54 (1990) 3
. A. K. Gangopadhvay, A. Chakravorty, J. Chim. Phys. 35 (1961) 2206
. C. K. Jorgenson, J. Pauradier, J. Chim. Phys. 67 (1970) 124
. V. L. Dubinskii, V. M. Shchul’man, B. 1. Peshchevickii, Zh. neorgan. khimii 13 (1968) 54
. L. Carlsson, G. Lundgren, Acta Chem. Scand. 21 (1967) 819
. W. Robb, Inorg. Chem. 6 (1967) 382
. F. H. Fry, G. A. Hamilton, J. Turkevich, Inorg. Chem. 5 (1966) 1943
9. C. Ahrland, Struct. Bonding (Berlin) 1 (1966) 207
10. P. H. Qi, J. B. Heskey, Hydrometallurgy 32 (1993) 161

11. W. M. Latimer, J. H. Hildebrand, Reference Book of Inorganic Chemistry, The Macmmillan Co.,
New York, 1951, p. 127

12. L. C. Robles, C. Garciaolalla, A. J. Aller, Fresenius J. Anal. Chem. 345 (1993) 441
13. G. A. Milovanovi¢, M. M. Cakar, Analyst 115 (1990) 787

14. G. A. Milovanovi¢, M. M. Cakar, J. Serb. Chem. Soc. 57 (1992) 247

15. G. A. Milovanovi¢, M. M. Cakar, J. Serb. Chem. Soc. 59 (1994) 127.

0 01N N AW =



