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The Observation of an Intermediate in the Reaction Between
Tetrachlorogold(iir) and Thiocyanate Ions

By Arax J. HALL and DErRek P. N. SATCHELL*
(King’s College, Strand, London, WC2R 2LS)

Summary In aqueous solution at 25 °C the substitution of involves a readily detectable intermediate of 1 AuCl,—:
one chloride ion in tetrachlorogold(irr) by thiocyanate 1 SCN- stoicheiometry.
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It is widely assumed that substitution in square-planar
complexes proceeds via a 5-co-ordinate intermediate.!.?
In spite of the many kinetic studies of square-planar sub-
stitution direct evidence for such an intermediate has
apparently been obtained with only one system.’»? This
system?® involved a somewhat elaborate rhodium complex
and it has been suggested! that conditions favourable for the
detection of such intermediates are, in general, rarely met.
Certainly no 5-co-ordinate intermediate has yet been
detected for gold(rr) complexes. We report now the
detection of an intermediate in the reaction between
tetrachlorogold(rrr) and thiocyanate ions in aqueous
solution at 25 °C.

In an aqueous solution of tetrachlorogold(imr) ions
(104 M) containing added chloride ions (0-10 M) hydrolysis
is repressed and the gold species are virtually entirely*
AuCl,~ (€3, = 4200). Addition of a 10—1000 fold excess of
thiocyanate ions leads initially to a substantial, rapid
increase in absorbance in the 310 nm region, followed by a
somewhat slower fall in absorbance at these wavelengths.
The thiocyanate ion does not itself absorb significantly at
310 nm. The evident reactions are most conveniently
followed using stopped-flow spectrophotometry and we
have shown that the system is properly represented by
equation (1).

1 L. Cattalini, Prog. Inorg. Chem., 1970, 13, 263.
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2
AuCl,—+SCN- = (C) - [AuClSCN]~ + CI~
k‘l
fast | excess
¢ SCN-
Au(SCN),~ + 3Cl— (1)

Significant concentrations of a 1:1 complex (C) are formed
and with a 10 or more fold excess of thiocyanate present
(C) is formed under approximately pre-equilibrium con-
ditions. The two phases of the reaction, the formation of
(C) and its conversion into products, can be studied reason-
ably independently. The equilibrium constant K = &,/k_,
is ca. 350 1 mol~! and (C) has €44 ca. 7700. The observed
rate constant for loss of (C) to product is #,0P8 =
k,K[SCN]~/(1 + K[SCN-]) and at thiocyanate concentra-
tions at which effectively all the tetrachlorogold(i11) ions
are converted into (C), £,°Y8 reaches its constant, maximum
value, k,. For an ionic strength (NaClQ,) = 0-2mM we
find A, = 3:33 X 101 mol~'s™1, k_; = 9-50s7! and %, =
104 s~1, Further details, including the effects of added
chloride ions on the reaction, will be given in our full report
of this work. The simplest interpretation of our results is
that (C) is the 5-co-ordinate intermediate usually assumed
in theoretical discussions of square-planar substitution.
(Recetved, Tth January 1976; Com. 010.)
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