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The chloro complexes of gold(l) in dimethyl sulfoxide 
have been investigated electrochemically. Potentio- 
metric studies yielded the following values for K.MI 
and KA,,cI,-: 10’“.y and 1@,7. Conventional and cyclic 
voltammetric experiments with AuClr- are also re- 
ported. 

Introduction 

Because of its pronounced tendency to dispropor- 
tionate in aqueous medium, relatively little work 
has been carried out on the solution chemistry of 
gold(I). The two studies’** which have been report- 
ed on the behavior of this unstable species in aceto- 
nitrile indicate that non-aqueous media can be extre- 
mely valuable in establishing the chemistry of gold(I) 
in solution. To develop a more complete picture of 
the behavior of gold(I) in solution, potentiometric 
and voltammetric examination of its chloro complexes 
in dimethyl sulfoxide was undertaken. As our work 
neared completion, a report on the redox chemistry 
of gold(I) species in dimethyl sulfoxide appeared in 
the literature? In view of a substantial difference ob- 
served in the stability of one of the chloro complexes 
and our inability to determine the reason for this 
discrepancy, we think it important to report our find- 
ings on gold(I). In addition, some interesting voltam- 
metric observations on gold( I I I)-chloro complexes are 
described. 

Experimental Section 

The solvent, dimethyl sulfoxide, and the salts, te- 
traethylammonium perchlorate and tetraethylammo- 
nium chloride, were purified as reported in a pre- 
vious communication.* Stock solutions of goldt 1) per- 
chlorate in acetonitrile were prepared by dissolving 
bis(acetonitriIe)gold( I) perchlorate’ in the solvent. Di- 
methyl sulfoxide solutions of gold(I) perchlorate were 
made by adding 0.20 to 2.00 ml of the stock gold(I) 
solution in acetonitrile and 0.574 g of tetraethylam- 
monium perchlorate (0.10 F) to a darkened 25-ml 
volumetric flask and diluting to the mark with deae- 
rated solvent. These solutions were stable for IO-12 
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hr. when kept in the dark. Appropriate dilutions of 
the solutions were made for electrochemical measure- 
ments. The gold(I) content of the diluted solutions 
was determined by potentiometric titration with chlo- 
ride ion. The varying amounts of acetonitrile in the 
diluted solutions had no effect on the electrochemical 
results. 

Tetraethylammonium tetrachloroaurate( III) was 
precipitated by adding an aqueous solution of tetra- 
ethylammonium perchlorate to a similar solution of 
tetrachloroauric acid. The precipitate was washed 
five times with cold water and dried in vacua at 50” 
for 4 hr.= 

p-Toluenesulfonic acid (reagent grade) was recry- 
stallised twice from warm water and dried under va- 
cuum for 48 hr; m.p., 102-104”; lit., 104-105” for 
the monohydrate. 

The basic equipment for the potentiometric and 
voltammetric measurements has been described.4 For 
the potentiometric work the titration cell was protect- 
ed from light to prevent photochemical reduction of 
the gold(I), and a gold wire was used as the indica- 
tor electrode. 

Coulometric data on gold(II1) solutions were ob- 
tained with equipment described earlier.’ 

Results and Discussion 

A typical potentiometric titration curve for the 
cold(I)-chloride system in dimethyl sulfoxide is shown 
in Figure 1. From such curves, the stepwise forma- 
tion constants KWI and KAuCb- were calculated by a 
method described earlier for the analysis of gold(I)- 
chloride complexes in ecetonitrile.= Values of 10’“.9+o.’ 
and 105~7+o~’ were obtained for the 1: 1 and 2: 1 spe- 
cies. (Corrections for ion-pair formations between 
EtrN+ Cl- and CIO+- have been made.) A formal 
potential of 1.358 v. vs. the “DMSO” reference elec- 
trode4 was found for the gold(I)-gold metal system, 
which was shown to follow Nernstian behavior (0.059 
20.004 for the coefficient of the log term in the Nernst 
expression). The value for KA~Q- agrees very well 
with that reported from another laboratory: but 
there is substantial difference in the K,WI constant 
( 1O’o,9 vs. 10’2.6). Because our electrolytic medium was 
0.10 F tetraethylammonium perchlorate and that of the 
other investigators 0.10 F p-toluenesulfonic acid, we 
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steps at 0.5 and 0.8 v. were observed. It is clear 
then that reduction of gold(I) to the metal must take 
place before the 0.5 and 0.8 v. oxidation steps appear 
in the return sweep. When the reduction step at 
0.12 v. for solutions of AuCld- was scanned (1.5 v. 
per min.) repeatedly without going out to the oxida- 
tion step at 1.0 v., the peak current decreased rapid- 
ly with increasing number of scans. If the cyclic 
experiment is carried out by scanning beyond 1.0 
volt, the peak height for the reduction step decreases 
only slightly with increasing number of scans. Even 
when the last experiment is performed at the very 
high scan rate of 1200 v. per min., no change occurs 
in the cyclic voltammograms. 

The cyclic voltammetric experiments show clearly 
that the gold(I) species formed on reduction of Au- 
Cl,+- is essentially quantitatively reconverted to Au- 
Cl+- only on scanning beyond 1.0 v. This raises the 
interesting question of the nature of the gold(l) spe- 

ties formed on reduction of AuClr- at 0.12 v. which 
cannot be reversibly oxidized. Two possibilities co- 
me to mind: (1) A tetrachlorogold( I) species, AuCla3-, 
is formed but its geometry differs from that of Au&- 
(square planar). (2) Reduction gives a species con- 
taining fewer than four coordinated chloride ligands. 
The regeneration of AuClr- on scanning beyond 1.0 
v. may possibly, occur from an electrochemical oxi- 
dation of gold(l) or by chemical oxidation by elemen- 
tal chlorine which is generated electrochemically from 
chloride ion at about 1.0 v., each type of oxidation 
being followed by appropriate chemical change. Stu- 
dies are currently underway to gain insight on the 
cyclic voltammetric processes. 
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