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Formation kinetics of the metal-metal bonded hinuclear [(CN)sPt=TI(CN)]~ (1) and the trinuclear [(CN)sPt—TI-Pt-
(CN)s*~ (2) complexes is studied, using the standard mix-and-measure spectrophotometric method. The overall
reactions are Pt(CN),2~ + TI(CN),* == 1 and Pt(CN),2~ + [(CN)sPt=TI(CN)]~ == 2. The corresponding expressions
for the pseudo-first-order rate constants are kops = (Ka[TI(CN),*] + k—1)[TI(CN),"] (at TI(CN),* excess) and Kops =
(k2[Pt(CN)427] + k—2)[HCN] (at Pt(CN),2~ excess), and the computed parameters are k; = 1.04 + 0.02 M2 571,
kep=ki/Ky =7 x10""M s tand ky, = 0.45 £ 0.04 M2 572, Ky = 26 + 6 M™%, k_pp = Kop/Kpp = 0.017 M~?
s™1, respectively. Detailed kinetic models are proposed to rationalize the rate laws. Two important steps need to
occur during the complex formation in both cases: (i) metal-metal bond formation and (i) the coordination of the
fifth cyanide to the platinum site in a nucleophilic addition. The main difference in the formation kinetics of the
complexes is the nature of the cyanide donor in step ii. In the formation of [(CN)sPt—TI(CN)]~, TI(CN)," is the
source of the cyanide ligand, while HCN is the cyanide donating agent in the formation of the trinuclear species.
The combination of the results with previous data predict the following reactivity order for the nucleophilic agents:
CN~™ > TI(CN),* > HCN.

state metal centers, and they are surprisingly stable under
certain conditions, in particular if the strong oxidative pro-
perties of thallium(lll) are taken into accourt Studies on
ructural>45and equilibriund features, photochemical and

Introduction

Four binuclear platinumthallium cyano compounds and
a trinuclear one containing direct metahetal bonds that

. - t
are not supported by ligands have been prepared in aqueou‘lghermal decomposition, and theoretical calculatidhgof

solution via reversible reactions of TI(CR)" and Pt(CNY?~ th molexes have oreviously been reported. A i
species. The general compositions of the binuclear and the €s€ compiexes have previously been reported. A speciiic

wrinuclear complexes are [(CM-TICN)(aq)]" (n = felatu.r_? of the sy_stem is thﬁ: the teqwhbr;;mon clar:_ be qli;te
0-3) and [(NC}Pt—TI—Pt(CN}J*", respectively. The com- slow; it may require several hours to reach completion under

plexes have been identified and structurally characterized inaCIdIC crgpdmons. The _formauon Kinetics of _the [(N€)~
solution by multinuclear NMR, EXAFS, and vibration TI(CN)s]*" complex using spectrophotometric methods has

3 : . recently been studietiThe overall order of the reaction Pt-
spectroscopy. These complexes feature transient oxidation (CN)2 + TICN)s~ = [(NC):PTI(CN)* is 3 in the
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delfin kite.hu. and also for the [CN]. The mechanism includes a metal
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Figure 1. Spectral changes as a function of time during the formation of the (a) binuclearsREN)(CN)]~ complex ([Pt(CN)2~] = 0.0025 M; [CN 1ot
= 0.075 M; [TP™]wt = 0.030 M initial concentrations; pH= 1.9; 1 = 1 mm; duration of the experiment 100 min) and (b) trinuclear [(§¥)TI—Pt-
(CN)s]®~ complex ([Pt(CN)]2~ = 0.060 M; [CN ]t = 0.0142 M; [TP+]it = 0.0050 M initial concentrations; pk: 1.9;1 = 0.1 mm, duration of the
experiment 300 min).

metal bond formation step, the coordination of the axial cy- the TI(CN)" species has negligible contribution to the absorbance.
anide to the platinum center, and finally the fast dissociation The temperature was set to 26 in all cases and controlled by a
of the cyanide from the thallium center. The sequence of LAUDA RM 20 thermostat. P{(CNJ-, [(CN)sPt=TI(CN)]~, and
the first two steps could not be resolved, i.e., they may occur [(NC)sPt=TI=P{CN]*" exhibit intense absorption bands in the
in reverse order. In this work we continue the investigation YV Wavele”gh rangee(= 10°=1C° M~* cmr™), and [(NC}Pt-
of the Pt-TI bond formation and discuss the formation ki- II_Pt(cElN};] 71also absorbs light in the visible regiod £ 435, ¢

. . . _ =22 M~tcmY), as indicated by the yellow color of the solutions.
netics and_ mechanism of the binuclear [(M)-TI(CN)] i The stability constants of the complexes studied are expressed
and the trinuclear [(NGPt=TI—Pt(CN)}]*~ complexes in as follows?
detail.

Experimental Section Pt(CN),>~ + TI(CN),"” = [(CN)sPt—TI(CN)] ™ (k;, k_,) (1)
Materials. Solutions of TI(CN)* " and Pt(CN)>~ were prepared [(CN)gPLTI(CN)]
as reported elsewhefe!t 1= m P

pH Measurements.pH values were measured by a combination [TIEN), JPYCN),™ ]
electrode (Metrohm, 6.0234.100) connected to a pH meter (Radi-
ometer PHM26). The pH meter readings were calibratestltm
[H*] values using the method of Irving et &l.

Kinetic Measurements?!® Time-resolved UV-vis spectropho-
tometry is suitable to follow the metametal bond formation 2
because these reactions are associated with characteristic spectral _ [CN)PIIPUCNY] _ o oe s 1M
changes in the 266360 nm wavelength range, see Figure 1. Kinetic 2z [TI(CN),"IPt(CN),2 >
measurements were made with a CARY 1E -Y¥sible spectro-
photometer, using 1 cm, 0.1 ¢cm, 0.02 cm, and 0.001 cm wide optical Actually, the formation of the trinuclear complex can also be
cells. Because of photochemical decomposition of the dinuclear described as follows:
and especially the even more sensitive trinuclear species, the
continuou; kinetic mode of the.instrument was not syitable to follow Pt(CN)f’ + [(CN)sPTI(CN)] " = [(CN)5Pt—TI—Pt(CN)5]3’
the reactions. In such experiments the sample is exposed to a Kk b
constant irradiation by the relatively high energy emission of the (Ko K-2y) (2b)
D-lamp. Therefore, the scanning mode of the spectrophotometer
had to be used by parking the beam at 790 nm (where the species
have no absorption) between cycles. The spectra were recorded in
the wavelength ranges of 19090 and 306-790 nm in the cases
of the binuclear and the trinuclear complexes, respectively. The Due to the small value oKz, a large excess of [Pt(Ch)] was
data were evaluated at wavelengths where the spectra of RCN) used to maintain high conversion for the trinuclear complex.
and the metatmetal bonded complex are sufficiently different and Concentration Ranges. (a) Formation Kinetics of [(CNjPt—
TI(CN)] . (i) [TI(CN) 2] Dependence[TI3"]; = 0.02-0.045 M;

(8) Nagy, P.; Tth, I.; Fabian, I.; Maliarik, M.; Glaser, JInorg. Chem. -1, — 3+], -
2008 42, 69016014 [CN™]iot = 2.5[TP"]oy; at constant 0.0025 M [Pt(Ch¥ io: and pH

=158x 10°mM™?!

In the presence of excess [Pt(GN] a trinuclear species is formed:

2Pt(CN)? + TI(CN)," = [(CN);Pt—TI-Pt(CNL]*" (2a)

-1

_ [CN)PLTIPYCNY]
" [(CN){PLTICNY JPHCN),Z]

(9) Biedermann, GArk. Kemi1953 5, 441. = 1.90. Kinetic traces were evaluated at both 239 and 215 nm, on
(10) Blixt, J.; Gyai, B.; Glaser, JJ. Am. Chem. Sod.989 111, 7784 the absorption band of the [(CH¥Pt—TI(CN)]~ and the Pt(CN§~
7791, _ _ complexes, respectively.
(11) g/ltggiﬂg,lmngglc.toral Thesis, The Royal Institute of Technology, (b) Formation Kinetics of [(CN)sPt—TI—Pt(CN)s]*~. (i) Using
(12) Irving, H. M. L. Miles, M. G.; Pettit, L. PAnal. Chim. Actal967, Pt(CN),2~ and TI(CN)," Reactants.[TI3*];; = 0.02 (a, b), 0.016
38, 475-488. (€) M; [CN ot = 2.5[TBMyor; [Pt(CN)2 Jiot = 0.13 (a), 0.1 (b, ¢)

(13) Throughout the paper square brackets, [], are used to indicate actuaIM. and pH= 3. Kinetic traces were evaluated at 344 nm, which
concentration in the kinetic equations or equilibrium concentrations ’ . '
in the formation constants when the charges are inside and mark COrresponds to the bottom part of the characteristic absorbance band

complexes when the charges are outside. of the trinuclear species. These conditions were necessary to keep
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Figure 2. Typical concentration distribution of the Pt containing species Figure 3. kopd[TI(CN)2*] vs [TI(CN)2t] plot at [Pt(CN)2 Jior = 0.0025

in aqueous solution as a function of pH. The calculations were made with M; [TI3+],,; = 0.020-0.045 M; [CNJiot = 2.5[T**]sor and pH= 1.90.
stability constants taken from ref 3. [Pt(CA)~ = 0.0025 M, [TFH]or =

0.03

0.035 M, and [CN]mt = 0.0847 M. Pt2T|(CN)10&
/m

the absorbance values in the 81lregion and to have significant 0.031 -

conversion at the same time. Measurements in thinner than 1 mm

cells led to technical complications, and the observed data were ,§0,02 PLTICCN)

not reproducible. 8 °  PATICN),

(i) Using Pt(CN),2~ and [(CN)sPt—TI(CN)]~ Reactants: = — &
[Pt(CN)2-] Dependence.[Pt(CN)? ] = 0.05-0.17 M; with 0011 <
[(CN)5Pt_T|(CN)7]10t =0.0041 M ([Tp+]t0t = 0005, [CN]tot = B PtT|(CN)72-
0.0142) and pH= 1.9. Kinetic traces were evaluated at 338 nm 0.00o ; \““é - T 1
for the same reason mentioned above. H

p

(iii) Cyanide DependenceWith constant [Pt(CN§ ]o; = 0.0909
M; [T13]or = 0.0033 and with different [CN;,t = 0.00807-0.0207
([HCN] = 0.0015-0.0142) and pH= 1.34-2.20.

The “absorption-time” curves were fitted by Microcal Origin
curve fitting routine* All experimental rate constants were fitted
simultaneously by the Micromath Scientist data fitting progtam.

Figure 4. Typical concentration distribution of the Tl containing species
in aqueous solution as a function of pH. The calculations were made with
stability constants taken from ref 3. [Pt(CN) = 0.10 M, [TF*];t = 0.0050

M, and [CN it = 0.0142 M.

value ofk_;) of the appropriate plot dé,,d[TI(CN)»*] versus
[TI(CN),*] (Figure 3) is in agreement with the large
Results equilibrium constant reported for the formation of [(GRi}—
Formation Kinetics of [(CN)sPt—TI(CN)] . Speciation TI(CN)]~ (log K; = 4.2)3 Therefore, direct experimental
in the Pt=TI—-CN~ system exhibits composite features, as information could not be obtained f&r; and its value could
more than one metalmetal bonded complex may coexist only be calculated ak-1 = ki/K;. The fitted value ok; =
in the solution depending on the concentrations and con-1.04+ 0.02 M2standk 1 = k/K; =7 x 10°M~1s™1
centration ratios of the metal ions and the ligand. Neverthe- Formation Kinetics of [(CN)sPt—TI—Pt(CN)s]*>". As
less, specific conditions can be designed where the predomi-discussed in the introduction part, a trinuclear complex,
nant species is the [([CABt—TI(CN)]~ complex and the ki-  [(NC)sPt=TI—Pt(CN})]*~, can form Pt/Tl ratio larger than
netics of reaction 1 can conveniently be studied (Figure 2). 1 (Figure 4). The reaction was followed in the 29850 nm
Preliminary experiments showed that the formation of region. A large excess of [Pt(CMN)] was used over
[(CN)sPt—TI(CN)]~ is relatively slow and could be followed [TI(CN),*] to shift the equilibria to the formation of the
by the standard mix-and-measure spectrophotometric tech{(NC)sPt—TI—Pt(CN)]*~ complex and to maintain pseudo-
nique. Rate constants, obtained under pseudo-first-orderfirst-order conditions. When the reaction was triggered by
conditions ([TI(CN}'] > [Pt(CN)?"]) at different wave- mixing Pt(CN)?~ and TI(CN}" in appropriate amounts,
lengths agreed within the experimental error. Single- complex kinetic patterns were observed which featured an
exponential kinetic traces indicate that the reaction is first- induction period (see Figure 5). This indicates that the
order for the [Pt(CNy#] reactant. The pseudo-first-order rate  [(NC)sPt—TI—Pt(CN)}]*~ complex is formed in a composite
constantskos (see Table S1), show second-order [TI(G) kinetic process presumably via the [(GR}-TI(CN)]-
dependence (Figure 3), were found to be independent of bothintermediate. Such complications were not observed and
[HCN] and [CN] concentrations, and can be written in the single-exponential kinetic curves were recorded when
following form: Pt(CN)?~ was reacted with the [(CAPt—TI(CN)~] complex.
This finding corroborates the assumption that the latter
species acts as a precursor in the formation of [RE)
TI—-Pt(CN)}]®~ when the reactants are Pt(CGK) and TI-
where k; and k-; are the forward and the reverse rate (CN),". Detailed kinetic studies of reaction 2b were made
constants for reaction 1. The almost zero intercept (small with [(CN)sPt—TI(CN)~] solutions which were allowed to
reach chemical equilibrium overnight. Single-exponential

Kops= (Ki[TI(CN), T + k_[TICN), ] ®3)

(14) Microcal Origin 6.1 curve fitting program, OriginLab Corporation.

(15) MicroMath Scientist data fitting program, MicroMath Scientific
Software, Inc.
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kinetic traces and the linear dependencekgf versus
[Pt(CN)2] (Figure 6) and [HCN] (Figure 7) clearly confirm



Platinum—Thallium Bond Formation

20}
.
(\l\/ .'... LA b
S 15+ f“. ...o'.
> o
g - AAAA‘A‘C
2 g0l aasst
§ ) * st :
5
-
S o05f
o
&
0.0 " L
0 50 100 150
Time (min)

Figure 5. Formation kinetics of the complex [(NEDt—TI—Pt(CN)]3~

in aqueous solution at pH 3.0. Data sets represent concentrations of the
starting [Pt(CN)]2~ and [TI(CN)(aq)I" complexes: 0.13 and 0.02 M (a),
0.10 and 0.02 M (b), 0.10 and 0.016 M (c).
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Figure 6. kopsVs [Pt(CN)Y2"] plot with [(CN)sPt—TI(CN)~] = 0.0041 M

([TI3 10t = 0.0050, [CN]ot =0.0142 M) and pH= 1.90; [Pt(CN)Z ot =
0.050-0.17 M.
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Figure 7. kops VS [HCN] plot at constant [Pt(CNj ]t = 0.0909 M
([PY(CN)?] = 0.0854 M); [TF]iot = 0.0033 M; [(CN}PE=TI(CN)"] =
0.00102 M and [CN] = 2.8 x 10710 M; and with different [CN ot =
0.00807-0.0207 M ([HCN] 0.0015-0.0142 M) and pH= 1.34-2.20.

4+ 0.04 M2 Sﬁl, Kopb=26+6 Mil, K_op = koy/Kop = 0.017
M™% s (see Table S1). The stability constant of the
trinuclear complex is in excellent agreement with the result
obtained independently (25M) using?°5Tl and %Pt NMR
measurements.

Discussion

The Formation of the [(CN)sPt—TI(CN)]~ Complex.
According to NMR and EXAFS results on the binuclearPt
Tl cyanide complex in aqueous solution, both platinum and
thallium have octahedral geometries in this complex (i.e.,
four water molecules coordinate to the thallium center in
the PtTI cluster and also in TI(CNY).2° The stoichiometry
of reaction 1 requires that, apart from the formation of the
metal-metal bond, the TI center releases one cyanide ion
and the coordination number of Pt increases from four to
six during the complex formation. Therefore any kinetic
model for this reaction needs to include a metaktal bond
formation step and should also account for the transfer of a
cyanide ion from the Tl to the Pt center.

In principle, simple first-order dependence on [Pt(¢&N)
and [TI(CN)*] would be plausible as such a rate law could
account for the formation of the Pl bond and the stoi-
chiometry of the reaction. However, the overall order of the
rate law is three, strongly resembling the rate law féund
for the formation of the [(CNJPt—TI(CN)3]®~ complex. It
follows that a reaction path through a cyanide bridged inter-
mediate, which would imply an intramolecular rearrangement
step, can be rejected similarly to the formation of the
[(CN)sPt=TI(CN)3]®~ complex® In that case, the mechanism
postulated the coordination of a fifth cyanide ligand from
the bulk to the platinum center. It was assumed that the
product is stabilized by the release of another cyanide from
the thallium side. Provided that the formation of the [(GN)
Pt—TI(CN)]~ complex occurs in a similar fashion, a cyanide
source is necessary to form the corresponding axially co-
ordinated Pt center. In acidic solution Ché present at ex-
tremely low concentration levels and a direct reaction with
this species can be excluded. The two major@lNntaining
species are [TI(CN)™ and HCN, and they were present in
comparable concentrations in our experiments. Howédygy,
was independent of the concentration of HCN, confirming

that the reaction is first-order in both reactants and HCN that the cyanide is not coming from the bulk HCN, i.e., this
catalyzes the reaction. Under these conditions the concentraSPecies cannot be the source of the axial ligand. On tfle other
tion of the individual species cannot be changed indepen-hand, the second-order dependencekf on [TI(CN),"]
dently. We made several attempts to test how other com- directly indicates that this complex donates the fifth cyanide
ponents may affect the reaction, but the rate was found tot0 the Pt center.

be independent of the concentrations of other species (i.e.,

CN, TI(CN);*, and pH). Thus, the pseudo-first-order rate
constant can be written in the following form:

Kobs = (Ko P(CN),> ] + K_,)[HCN] (4)

where ko, and k-, are the forward and the reverse rate
constants for reaction 2b. The [Pt(CA] and [HCN]

The ability of TI(lll) to adopt different compositions and
geometries has been discussed elsewh&he structure of
the thallium halide and pseudohalide complexes was studied
both in the solid state and in solution by means of IR,
Ramant®18 X-ray diffraction® 25 and?°5TI NMR spectro-

(16) Lee, A. G.The Chemistry of ThalliupElsevier: Amsterdam, 1971;
pp 45-84.
(17) Carr, C. Ph.D. Thesis, University of Bristol, England, 1984.

dependent experimental rate constants were fitted simulta-(18) (a) Spiro, T. Glnorg. Chem.1965 4, 731; (b) 1965 4, 1290; (c)

neously on the basis of eq 4 by replacing the reverse rate(lg)

constant withk_op = koy/Kop. The fitted values arky, = 0.45

1967, 6, 569.
Glaser, J.; Johansson, &cta Chem. Scand.982 36, 125.
(20) Glaser, JActa Chem. Scand.982 36, 451.
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scopy!926 Detailed studies of the ligand exchange reactions ©CN---Pt(CN), entity). Thus the sequence of the metal

of the parent TI(CNy " complexe%?8have concluded that metal bond formation and the coordination of the fifth
“self-exchange” reactions (i.e., a direct encounter of two cyanide to Pt(ll) can be reversed. The experimental observa-
thallium(lll) cyano complexes) play a dominant role besides tions do not allow us to make a distinction between these
the anation and the ligand substitution reactions. The alternatives, in analogy with [(ChHPt—TI(CN)s]3~ forma-
dominance of the “self-exchange” reactions, especially in tion Whatever the order of the first two steps is, the cyano-
systems with ligand/metal ratig6, is the consequence of bridged TI(CN¥* has to be released and the (\Rt—TI

low cyanide ion concentration and the low reactivity of HCN. entity with a strong axial bond of the Pt center is formed
These observations support the assumption that T{CN)  after the formation of the trinuclear intermedidié (The

donates the “extra” cyanide. break of the T+xCN bond, the tight coordination of the
The following model is consistent with the experimental 5xjg| cyanide to Pt, and the shortening of the-Ptbond is
observations (of eq 3): unlikely an elementary step, but we have no information
o . about the intimate details.) In fact the product of eq 7, i.e.,
PN + TICNY _=C\p!_mmz ok ) [(CN)5Pt—TI(.CN)2]2*, is a “ready” metat-metal bonded
ol b complex, which can be converted to the [(GRE-TI(CN)]~
o on - " e o complex in the fast reaction®Reactions 9 and 10 are also
ToNy - }a{—wcw» — Nc—ﬂ—‘g—}’ti—wcw» ok © known to be fast steg8 Equation 11 predicts that eventually
o en o TI(CN);" should inhibit the overall reaction. Because of
Noy N ] N e experimental con;tramts, such a concentration dependence
Ne—TI— ¢ ?N,P‘\CN— on, == CN;[’\;“‘C”’Z + TIoN G ben) (7 could not be confirmed.
it b intc The Formation of the [(CN)sPt—TI—Pt(CN)s]®*~ Com-
oy v plex. This species is also formed in an overall third-order
CN;/P\J new, = CNC—N,"‘\C: TN e oN ® process from [(CNPt=TI(CN)]~ and Pt(CN)?~. As in the -
e previous case, formally these complexes can be combined
v o o © into the trinuclear complex and the stoichiometry of the
corresponding reaction would not require the involvement
TGN+ HCN — TNy ¢ W (10) of HCN. The kinetic role of HCN can be understood in terms
(PO TN  hew v of a mechanism which_ inc_ludes the me{metal bond
ST med % Tonmd T o2 Hon formation and axial coordination of a cyanide to the Pt center.

In this case, experiments were run under conditions where
Assuming that intermediatesandb are in the steady state  HCN was present in orders of magnitude higher concentra-
and reactions 810 are fast equilibria, standard derivation tions than the cyanide donors identified in the other reactions,

yields the following expression fdg andk—;: i.e., in the formation of the [(CNPt—TI(CN)3]®>~ and the
[(CN)sPt=TI(CN)]~ complexes. Thus, in agreement with the
K = kskeky experimental results (eq 4), it needs to be concluded that
1 K_ok g+ K_gky + kg [TI(CN), ] HCN donates the fifth Ptcyanide in this reaction. The
proposed model for the formation of the trinuclear complex
K_gk_gk_- is as follows:
KK VK
1= 8P 10 T (11) CN\ /CN - CN\ /CN CN\ o ¥ (i k1) (12)
K_gk_g + K_gk; + kgk[TI(CN), '] ON—RTN e PION = oN— P T
CN CN CN CN CN CN CN
int. &'
. . . 13 ;14
The first TI(CN)' can coordinate to the platinum center ~ “\/* o /™ PN ki 03
. . . . . CN— Pt———T——Pt + HCN == CN—Pt TH———Pt—CN + H
via the thallium ion (eq 5; formation of a partial metal ol S by ool b ol b ool by
metal bond in a dominantly electron transfer step), or via .o e
one of its cyanide ligands (forming a cyano-bridged-TI o o /C"j" N (ks ki) (14)
CN*/PI\ 'I"Ii/P(\—CN E S CN*/P! —TI—Pt—CN + Cl
(21) Glaser, JActa Chem. Scand.979 33, 789. AR e
(22) Gutierrez-Puebla, E.; Vegas, A.; Garcia-BlancoA&a Crystallogr. ©)
1980 B36, 145. H® +CN === HCN
(23) Bermejo, M. R.; Castineiras, A.; Gayoso, M.; Hiller, W.; Englert, U.;
Stréhle, J.Z. Naturforsch 1984 39h, 1159. K CN_ _[HCN]

(24) Glaser, J. Ph.D. Thesis, The Royal Institute of Technology (KTH), * o eNTIHY
Stockholm, Sweden, 1981.
(25) Glaser, J.; Henriksson, U. Am. Chem. S0d.981, 103 6642.

(26) Blixt, J. Ph.D. Thesis, The Royal Institute of Technology (KTH), The following expression can be derived for andk-2p

Stockholm, Sweden, 1993. by assuming that intermediatesSandb’ are in the steady
(27) Bayai, |.; Glaser, J.; Losonczi, Jnorg. Chem.1997 36, 5900
5908.
(28) Banyai, I.; Glaser, J.; T, I. Eur. J. Inorg. Chem2001, 1709~ (29) Blixt, J.; Glaser, J.; Mink, J.; Persson, |.; Persson, P. Samdsivb
1717. J. Am. Chem. Sod.995 117, 5089-5104.

5220 Inorganic Chemistry, Vol. 43, No. 17, 2004



Platinum—Thallium Bond Formation

state and reaction 9 is a fast equilibrium:

o = k12k13k14
2b T
k712k713[H+] + k7:|_2k14 + k13kl4[HCN]
k—lzk—lsk—l4
K CN
K 20 : (15)

k— le— 13[H Jr] + k— 12kl4 + k13k14[H C N]

If reaction 13 is the rate determining step (as it is in case
of the formation of the binuclear complefeand therefore
K_1ok1g4 > K10k 13[H] + kiskifHCN], this expression can
be S|mpI|f|ed, i.e.,kop = kiokigk_1o and keop= Kk_13K_14/
(k14Kp). Data fitting is in agreement with this assumption as
the fitted and observetlops values show less than 10%
deviations (Table S1).

In the formation of the binuclear species, the order of the
metal-metal bond formation and the coordination of the fifth

cyanide ion to the Pt center could not be elaborated and the

alternative models provided equivalent interpretation of the

experimental results. Such an ambiguity does not exist when

the formation of [(CN)Pt—TI—Pt(CN)]3" is considered.

Reversing the order of steps 12 and 13 would predict proton

inhibited complex formation. Such a pH effect was not
observed experimentally confirming that the alternative
model is not feasible. The fact that the ligand exchange
between free HCN and Pt(CN) is unmeasurably slow
strongly supports our assumptiéf!

Summary

The results presented here confirm that-Pt bonded
cyano complexes are formed via very similar reaction paths.
The overall reaction includes (i) metahetal bond formation
and (i) the coordination of a fifth cyanide ion to Pt. The

nucleophilic attack at, the Pt center. The corresponding
reactions are different in the nucleophilic agent which donates
the fifth cyanide to Pt.

In the alkaline to slightly acidic pH range Citatalyzes
the formation of the [(CNJPt=TI(CN)z]®~ and HCN has
negligible effect even when it is present at considerably
higher concentrations than CNThis difference in the kinetic
behavior is in line with the fact that CNis a much stronger
nucleophile than HCN and strongly suggests that step ii is a
nucleophilic addition.

The concentration of CNis very low at pH~2 and TI-
(CN)," is the nucleophilic agent in the formation of
[(CN)sPt—TI(CN)]~. Although HCN is present at comparable
concentrations to TI(CNJ, it does not affect the complex
formation kinetics. To some extent it is surprising that Tl-
(CN)," is more reactive (virtually it is a stronger nucleophile)
than HCN. The noted difference can be understood by
considering that the attractive electrostatic interactions
between the negatively charged intermediateand the
positively charged TI(CN) promote reaction 6. Such an
enhancement is absent with HCN.

Finally, the results for the formation of the trinuclear
complex confirm that HCN can also act as a nucleophilic
agent and donate a cyanide ligand to the Pt center. In this
case, other nucleophiles are present at very low concentration
levels and the reaction occurs with HCN simply because it
is present in sufficiently large concentration.

In light of the results presented here, further studies should
address how various ligands coordinated to the TI(lll) center
and the presence of other nucleophiles affect the formation
kinetics of Pt-Tl bonded complexes. Detailed studies toward
this direction are under way in our laboratories.
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