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A conductivity method was utilized to study the kine- 
tics of the successive replacement of chloride ligands 
by ammonia in methanol solvent for the three com- 
plexes. For t-Pt(P(C2H5)J)X12 there was an induc- 
tion period and complete description of the kinetics 
was not achieved. The second ammonation step for 
this compound .was not complete but approached an 
equilibrium steady state. For t-Pt(NH&C12, solva- 
tion and ammonation occurred at comparable rates. 
For t-Pt(P(CsH5)&Clz each ammonation proceeded 
essentially to completion by a second order process. 
At 35°C it appeared that the ammonation rates of all 
three complexes did not differ greatly so little cis ef- 
fect was apparent. In each case the second ammona- 
tion rate constant was an order of magnitude lower 
than that for the initial ammonation reaction. 

Introduction 

A kinetic trans effect upon the ligand substitution 
reactions for platinum(H) complexes is well recogniz- 
ed and various theories have been presented to ac- 
count for it.* However, it has been shown that for 
the weakly trans-directing ligands of NH3 and Cl-, a 
cis-effect apparently plays as significant a role as the 
trans-eff ect? The present work was undertaken to 
compare the cis-effects between a strongly trans-direc- 
ting phosphine and the weakly trans-directing ammo- 
nia group. The three complexes, t-Pt(P(C2H5)&C12, 
t-Pt(NH3)(P(C2H&)ClZ and t-Pt(NH@X, all have 
the same (zero) charge, and for each there is a chlor- 
ide trans to the chloride which is replaced initially. 
The principal difference between the complexes resi- 
des in the nature of cis neighbors. For chloride and 
bromide exchange and replacement reactions, Cartu- 
ran and Martin found little difference in the cis-effect 
of triethylphosphine, ammonia and diethylbenzylam- 
ine.4 However, one consequence of this work was 
the demonstration that the reactions of trans-dichloro- 

(1) Work was performed at the Ames Laboratory of the U.S. Ato- 
mic Energy Commission. 

(2) a) Basolo F. and Pearson R.G., ( Mechanism of Inorganic 
Reactions m, (2nd Ed., Wiley, New York, 1967) Chapt. 5. 

b) Basolo F., q Progress in Inorganic Chemistry z+, Cotton F.A., 
(Wiley, Interscience, New York, 1962) Vol. 4. 

c) Langford C.H. and Gray H.B., * Ligand Substitution Processes Y, 
(Benjamin, New York, 1965) Chapt. 2. 

(3) Martin, Jr., D.S., Inorg. Chinl. Acfa Reviews, 1, 87 0967). 
(4) Carturan G. and Martin, Jr., D.S., Inorg. Chem., 9, 258 (1970). 

bis( triethylphosphine)platinum( II) were unexpectedly 
slow in comparison to those of related complexes. 
The present work provides some further information 
about anomalous behavior of this compound. 

Experimental Section 

Experiments were performed at 25.0“ and 35.0” so 
a close comparison of the ammonation with the chlor- 
ide and bromide displacement reactions could be ob- 
tained. Also, the same solvent, methanol, was em- 
ployed which provides a suitable solubility for the 
phosphine complexes. However, the solubility of t- 
Pt(NH&G was so low that kinetics experiments 
were attempted only for 35.0”. 

Since replacement of chloride by NH, from a neu- 
tral complex yields a pair of ions, a conductimetric 
technique was utilized. From reasonable values for 
ionic mobilities the conductances provide an estimate 
of the absolute extent of reaction which cannot be 
obtained spectrophotometrically without isolation of 
products and intermediates. 

Materials. A platinum stock had been purified by 
the technique of Jowanovitz et a1.5 to reduce the iri- 
dium content to the level of 0.020 ppm. Preparation 
of KzPtCb, KzPtCh, [Pt(NH&]Clz and t-Pt(NH+C& 
followed procedures described in previous work.6 

Trans-Dichlorobis(triethylphosphine)platinum(ZI). 
This complex was prepared by either the reaction bet- 
ween P(GH& and IGPtC& or the reaction of P(C2H& 
with KzPtCL according to the procedures of Jensen.’ 

The product from either of these preparations was 
extracted into boiling ether in which the cis-complex 
is insoluble. The extraction was under a bright light 
to effect the isomerization of the cis- to the trans- 
compound. Bright yellow crystals were obtained 
which were recrystallized from methanol under weak 
red light until no changes in the ultraviolet spectrum 
were discerned. The melting range of the crystals 
was 142-142.3”C. 

(5) Jowanovitz L.S., McNatt F.M., McCarley R.E., and Martin, Jr., 
D.S., Anal. Chem., 32, 1270 (1960). 

(6) (a) Martin Tr., D.S. and Adams R.A., K Advances in Chemistry 
of the Coordination Compounds 8, McMillan Co., New York, 1961, 
p. 579. 

(b) Grantham L.F., Elleman T.S., and Martin, Ir., D.S., I. Am. 
Chzm. Sot., 77, 2965 (1955). 

(7) Tensen K.A., Z. Anorg. Chem., 229, 252 (1936). 
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TransDichloroammine(triethylphosphine)platinum- 
(II). The chloro bridged dimer complex, sym-trans- 

di-~-chloro-dichlorobis(triethylphosphine)diplatinum- 
(II) was prepared by the method described by Chatt.B 
The product was extracted and recrystallized several 
times from acetone, and then from methanol. Be- 
cause a band in the ultraviolet spectrum at 272 nm 
coincides with an absorption of acetone there was 
some concern that this product was contaminated by 
acetone. However, a fast neutron activation analysis 
for oxygen indicated only 790 ppm; and from this le- 
vel it could be concluded that absorption by acetone 
in this region was not significant. To convert the 
dimer, [ PtC12(P(C2H&)]2, into t-Pt(P(CzH&)(NHs)- 
CIZ, the stoichiometric amount of standardized solu- 
tion of NH3 in anhydrous ethanol was added to its 
ethanol solution. Following evaporation of the etha- 
nol, the yellow crystals were recrystallized from pe- 
troleum ether, boiling range 80-100°C. The infrared 
spectrum showed the single v(Pt-Cl) band at 339.5 
cm-’ expected for the truns-isomer. 

In a mass spectrum the ions of the parent com- 
pound were identified. However, the most intense 
mass peaks corresponded to 17 mass units less than 
the parent compound, indicating that in the ion source 
NH3 was readily lost. A melting point for the com- 

g 
ound could not be obtained. Sublimation would 
egin at 110°C but as the temperature was raised to 

130” the residue changed from pale yellow to orange 
yellow. Ultraviolet spectra revealed that while su- 
blimate was the &Pt(P(C2H&)(NH3)Clz the residue 
was the dimer, [ Pt( P(CzHs)&C12]2. 

Reaction Solutions. A spectrochemical grade of 
methanol was used to prepare the reaction solutions. 
Its specific conductance was found to be 1.0X low6 
ohms-’ cm-‘. All the reactions were studied in a 
solution of 0.01 M KC1 in the methanol. The KC1 
served to suppress the solvolysis of the complex, to 
establish a nearly constant ionic strength, and to 
bring the resistance of the solutions in the cells into 
the convenient lOOO-10,000 ohm region for measu- 
rement. The ammonia solutions were prepared by 
passing anhydrous NH3 through the methanol. The 
concentration of NH1 was determined by titration 
with a standard sulfamic acid solution with a methyl 
red end-point. 

Conductance Measurements. The conductivity cells 
had bright platinum electrodes and were designed to 
conform to the recommendations of Jones and Bol- 
linger’ and had cell constants of about 6.4 cm-‘, from 
calibrations with 0.02 M aqueous KCl. The cells 
were immersed in a thermostat utilizing a transformer 
oil bath which was maintained to within +O.O2”C 
of the set-point. The conductivity for a 1.00 khz 
current was measured by means of a General Radio 
Co. Type 71C capacitance bridge with the output 
from the bridge determined by a Tetronix Type 122 
preamplifier, and a General Radio Type 1231B am- 
plifier and null-detector. The oscillator voltage was 
only applied during the measurement of resistances, 

The signal generator and thermostat were in a 
darkened room with only dim red lights and located 

(8) Chatt I., I. Chem. Sot., 652 (1951). 
(9) Jones S. and Bollinger GM., 1, Am. Chem. Sot., 53, 411 (1931). 

12 meters from the capacitance bridge. It was found 
that when any solution was introduced into the cells, 
the resistance initially dropped rapidly, apparently 
from evaporative cooling. Solutions stabilized within 
15 minutes. However, it was not possible to measure 
ctzero time,, resistances because of this effect. 

To start an experiment, a solution of NH3 in the 
0.01 M KC1 was added to a solution of the complex 
in 0.01 M KCl. This time of mixing was recorded 
as zero time. 1 he solution was added to the con- 
ductivity cell. Measurements of the resistance were 
performed repeatedly and 100 or more values would 
be recorded over a period of several days. It was 
noted that the resistance continued to decrease slowly 
after the substitution reaction was substantially com- 
pleted. A similar drop of resistance was noted in 
solutions containing only NH3 in methanolic KC1 so 
it was concluded that there was a very slow leaching 
of ions from the glass walls of the cells. An ((infinity- 
timen conductance therefore could not be measured. 
However, the conductances of the solution were fol- 
lowed for a sufficiently long time that this slow rise 
in conductance could be extrapolated to zero time 
with reasonable confidence. This extrapolated resi- 
stance has been designated R, which is a function of 
time. The conductances, 1 /R(t) measured during 
the course of the reaction were subtracted from the 
coresponding 1 /R, to provide the changes caused 
by the course of the ammonation reactions. 

Results and Discussion 

In the ammonation of the truns-dichloro complexes 
the possible reversible reactions can in each case be 
written 

t-PtL,Clz+NH,=f--PtL,(NH,)CI++Cl- (1) 

and 

t-Pt~(NH,)Cl++NH,~t-PtL,(NH,)Cl:++Cl-, (2) 

where the L represents the non-replaced neutral li- 
gands in the starting complex, either triethylphosphine 
or ammonia. 

The conductance is expected to be described by the 
equation, 

J/R(t)= l/W+& (AImw~~~~~[ PtLz(NH,)Cl+] 

+~~IP~.w,,,,cI,[ PtLdNHd:‘]) (3) 

where the A’s are equivalent conductances of the 
salts in question, the brackets represent molar con- 
centrations, and k is the cell constant. 1 /R(O) con- 
tains the contribution from the KC1 in the solution; 
and since [Cl-] and ionic strength are substantially 
unchanged, the equivalent conductances of the two 
products arc expected to remain substantially con- 
stant. Some contribution to the conductance also 
resulted from the acid-base equilibrium between NH3 
and the solvent. 

The formation of ion pairs, which can be expected 
to be greater in a non-aqueous solvent than in water, 
will reduce the equivalent conductance of a salt. 
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There is not a unanimity concerning the extent of 
ion pair formation for even a simple electrolyte as 
KCl. Various workers have estimated that the as- 
sociation or ion pair formation constant for their elec- 
trolytes, defined in equation (4), ammounts to 1.2 to 
14.7 M-l at 25°C 

[P] + [n]-+[P-n]; K=w 
n 

(4) 

where [p] refers to the positive ion, [n] refers to 
the negative ion and [pn] refers to the ion pair. 
However, when ionic atmosphere and anion concen- 
tration was maintained essentially constant in a se- 
ries of experiments the fractional ion pair formation 
is expected to remain constant. 

Each of the complexes studied exhibited substan- 
tially different behavior in these studies, hence the 
results for each one will be discussed separately. 

Tmns-[Pt(P(C,H,),(NH3)CZ*]. Of the three com- 
pounds under study the kinetics of this compound 
were the best characterized. It was apparent from 
the conductance vs. time curves that reactions (1) 
and (2) for this system proceded to completion in the 
presence of excess NHJ. Plots of l/R,-l/R(t) gave 
two periods from which initial values of pseudo first 
order rate constants could be estimated. Since the 
replacement of the first chloride was approximately 
10 times faster than that for the second chloride the 
periods were readly resolved. A final refinement 
of the rate constants was obtained in the following 
way. With each of reactions (1) and (2) considered 
as possibly reversible reactions the differential equa- 
tions to describe the kinetcs were taken to be: 

d[ Ptb(NHXI+] = 
dt -w,[ NH,] [ PUX] 

-_(k-JCl-] + lc-N”,[ NHx])[ PtL,(NHXI+] (5) 
+k_2[Cl-][PtL2(NH,)12+], 

and 

d[PtL>(NH,),2+] 
dt 

=k2-,+[NHJ [PtL,(NH,)Cl+] 

-k_,[Cl-][PtL,(NH,),‘+]. (6) 

The additional constraints were: 

[NH31 = [NH,]o-[PtL,(NH,)CI+]-2[I’tL,(NH,):+], (7) 

and 

[Cl-]= [Cl],+[PtL,(NH,)Cl+] +2[PtL,(NH,)‘+]. (8) 

From the initial concentration and a set of rate con- 
stants the concentration of each species could be 
calculated by a Runge-Kutta technique” with the 
IBM 350-65 computer of the Iowa State Computer 
Center. From the concentration of each species the 
conductance of a solution (l/R-l/R,) could be cal- 
culated for comparison with experimental measure- 
ments from equation(3) with the two additional pa- 
rameters, &P~L~(NH~)CIICI, A[P~L~(NH~)~JcL~ and 1 /R(O). 

With k-1 and k-2 set equal to zero, a set of A, s and 
k, s was sought which would reproduce the experi- 
mental data. The conditions of the experiments are 

(10) Scarborough J.B., e Numerical Mathematical Analysis w. 4th Ed. 
John Hopkins Press, Baltimore, Md., 1958, p. 314. 

given in Table I. A set of values for k& and for 
&PtL2(N~3)cl]cI was found which described the experi- 
mental conductances satisfactorily with O.OlM initial 
chloride if a small dependence of &~L~(NH~)~]C~~ upon 
the initial complex concentration was permitted. 
Values of the parameters are also in Table I. Althou- 
gh only a subjective test of the calculation was made, 
it was rather severe since generally all experimental 
values of l/L-/R(t) fell within 2% of the calcu- 
lated curves. 

The relatively high values for ~Pt(P(CSH5)3(NH3EI]Cl 

which were constants in experiments at O.OlM KC1 
in methanol indicates that ion pair formation was 
not an important factor for the + 1 ion of this salt. 
In addition, the equivalent conductance for this salt 
changed by nearly the same factor as that for the 
KC1 solution between the ionic strengths 0.01 and 
0.03M. On the other hand both the lower values for 
A[P~(P(c~H~,~)~NH~,~IcI* and the dependence upon complex 
concentration indicates a greater, but not overwhel- 
ming ion pair formation by the +2 ion and chloride. 

The experiment in which Hz0 was added to the 
solvent was especially gratifying since it indicated 
that the rate constants were not changed significantly 
by this fairly massive addition of H20. Therefore, it 
is unlikely that traces of Hz0 which might have been 
absorbed from the atmosphere influenced the rate 
constants to a significant degree. There was an in- 
crease in A for [t-Pt(P(C:H&)(NH,),]Cb upon the 
addition of HO whereas the value for [t-Pt(P(C2Hs)+ 
(NH&Cl]Cl was not changed. This result supports 
the above conclusion concerning the magnitude of ion 
pair formation since the presence of Hz0 should 
enhance the solvation of ions and the dissociation of 
ion pairs, The relative constancy of the A’s over 
rather wide variations of NH3 concentration indicates 
that both ammonations were substantially complete. 

The activation enthalpies for ammonation are rather 
normal for ligand substitution reactions of platinum- 
(II) complexes as are the moderately large negative 
activation entropies. It is noted that the ammonation 
rate, in even the slowest reaction was at least 4 times 
faster than the solvation rate which was indicated 
from isotopic exchange reactions.4 

Trans-Pt(NH3)&. This complex was not exten- 
sively studied. For one thing, a twelve hour equili- 
bration of methanol with the compound at 35°C pro- 
duced a solution of only 0.146 mM which was near 
the limit of its solubility. At such low concentration, 
noise was a serious problem, and experiments were 
not attempted at 25” where the solubility and equiva- 
lent conductances were even lower. The technique 
used to analyze the data for t-Pt(P(GHsh)(NH~)CL 
could not be used since equation (5) did not properly 
describe the kinetics. 

The semilogarithmic plot of [ l/R,-l/R(T)] us. 
time was resolved into two components of nearly 
equal conductance change. Since NHLI was present 
in large excess, pseudo first-order conditions applied. 
The pseudo first order constants kl’ and k2’ were cal- 
culated from (ln2)/-cl, of the rapid and slow compo- 
nents respectively. The experimental conditions are 
given in Table II together with the indicated pseudo 
rate constants kl’ and kz’. 
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Tablo I. Ammonation of t-[ Pt(PEt,)(NH,)CI,] in 0,OlOM KCI. 

[ Pt(PEt,)(NHJCL]o [ NH,]o ApWWC!lCl A [PuN”d>lCI, 

mM mM cm’ohm-‘N-’ cm’ohm-IN-’ 

25T kl--NH>= 5.4 x lo-‘. 

0.277 
0.480 
0.592 
0.601 
0.803 

1310 

s”s9 
600 

1240 

35” k,_NH,= 14.2x lo-‘. 

0.241 
0.649 

0.:50 
0.787 
0.951 
0.622 a 
0.657 b 

100 
89.9 
41 

173 
604 
100 
320 
352 

kz_NH1=4.9x 10-sM-‘sec-’ 

59.1 
B 
B 
Y 
* 

k~+,“,= 12x IO-‘M-‘set-’ 

67.9 
>> 
B 
>> 
1, 

5;1.3 
67.9 

48.2 
47.8 
47.4 

4T.1 

55.4 
52.7 

>> 
* 

5:.0 
41.3 
55.8 

AH,*=17+1. AH1*=16*2 kcal/mole 

AS,*=-17k3. A&*=--26&5 cal/deg mole 

(1 In this experiment the KC1 was 0.03 M KCI. b In this experiment HI0 was added to 2% by volume. 

Table II. Ammonation of t-[ Pt(NH,)$I,] at 35°C. 

r PmH&c1210 [r-4-$10 r:;10 1O’x k, a 1O’x k, b 
set-’ set-’ 

0.135 166 10 34.0 3.11s 
0.139 168 10 30.4 3.45 
0.135 463 10 62.5 9.17 
0.146 496 10 66.8 10.8 
0.134 589 10 82.5 10.9 

(1 From the least-squares fit of these values to the equation, 
k’=k,-&NH,]+k,; kI_NH,=1.13f0.08x IO-‘M-‘set-‘, 
k,= 1.3&0.3x IO-‘set-‘. b From the least-squares fit of these 
values to the equation, k2’=kl-NH,[NHI], kJmNHI= 1.98&0.07- 
x lo-‘M-‘set-‘. 

It is apparent from the data that k,’ can not be 
represented by the expression, kl_-N+[NH3] but rather 
is fitted by 

k,‘=k.+L.&NH,] (9) 

An expression of the form of equation 9 is frequently 
found for platinum(H) complexes when the solvent 
competes with the attacking nucleophile as in the 
reaction 

r-Pt(NHWl,+CH,OHTt-Pt(NH,)Xl(CH,OH)++Cl-. (10) 
* 

Following the solvation the entering nucleophile usu- 
ally replaces the solvent rapidly. It appears more 
likely that in this case, however, from the analogy 
of the methanol solvent to HzO, that the NH3 removes 
a proton from the methanol ligand to give the pro- 
duct: 

t-Pt(NH,)Xl(CH,OH)+ +NH, 
+f-Pt(NH,)Xl(CHaO) + NH,+. (11) 

In any event, a pair of ions.are produced by the sol- 
vation in competition with the formation of t-Pt- 

(NH&Cl+. The results of a least squares evaluation 
of k, and kl_NHj are given in Table II. 

In the slowest reaction the solvation reaction was 
about * 6 of kl_NN3[NH3]. It was found that kz’ was 
well represented by k~_&NH~] and a least squares 
value of 1.98X 1O-4 set-’ M-’ was indicated. Note 
that this was not the rate constant for a pure complex 
species, since presumably both Pt(NH&Cl+ and Pt- 
(NH&Cl(CH30)+ were undergoing ammonation. 

Trans-Dichlorobis(triethylphosphine)platinum(Il). 
The kinetics for ammonation of this compound prov- 
ed to be unexpectedly complex and a complete charac- 
terization of these kinetics has not been attained. 

First of all, the rate of increase of conductance was 
somewhat slower than for the other two complexes 
upon the addition of NH3. However, this rate slowly 
increased until it had approximately doubled. This 
increase in the rate of change of conductance was re- 
producible under a given set of conditions. No dif- 
ference was observed between a freshly prepared so- 
lution of the complex and a solution which had been 
prepared 12 to 24 hours earlier. The time from the 
start of an experiment to the inflection point in the 
rate curve will be designated as the induction period 
for the reaction. 

Secondly, following a change of conductance cor- 
responding to the stoichiometric replacement of one 
Cl- ligand by NH3 there was a continued increase in 
conductivity at a much slower rate. However, this 
second increase in conductivity corresponded to the 
replacement of considerably less than 1 Cl- ligand per 
P&complex. It appears therefore that the second am- 
monation, instead of proceeding essentially to com- 
pletion, approached an equilibrium steady state. 
Therefore the kinetics must be treated as a reversible 
process. 

The above features of the ammonation reactions 
were also confirmed qualitatively by spectrophoto- 
metric means. The spectrum of a reacting solution 

Inorganica Chimica Acfa 1 6:l 1 March, 1972 



85 

was scanned repeatedly by a Cary Model 14 spectro- 
photometer from 400 to 200 nm during the course 
of an ammonation reaction. The spectrum of the 
t-Pt(P(GH5)&CL in methanol is dominated by a 
pair of peaks, one at 247.5 nm, E = 1.06 X lo4 cm-’ 
M: and a second at 267 nm, E = 1.02X lo4 cm-’ 

During the early reaction periods these two 
peaks diminished in size as the t-Pt(P(GH5)&C% 
disappeared and a peak at 233 nm appeared. The 
height of this new peak passed through a maximum, 
but even at very long times it did not disappear. It 
apparently can be attributed to the t-Pt(P(GHs)& - 
(NH&Z1 which remained at an appreciable equilibrium 
concentration. When the absorbance of the peak 
at 267 nm was plotted as a function of time, an in- 
crease in the rate of disappearance of this peak was 
clearly apparent, confirming the induction period ob- 
served conductimetrically. 

A number of experiments were performed to inve- 
stigate the induction period for the reaction. A solu- 
tion was allowed to react to the final steady state. A 
small quantity of his final equilibrium solution was 
added to a freshly prepared kinetics mixture. The 
addition corresponded to 3.7 per cent of the fresh 
soluticn. The initial reaction rate was much greater 
and there was no inflection in the conductance curve. 
Thees results are shown in Figure 1. Small amounts 
of possible impurities were added in other experi- 
ments. Both c-Pt(P(GH&)Eh and t-Pt(P(GHs)& 
(H)Cl reacted very rapidly with NH3 because of the 
strong trans-directing properties of hydride and tri- 
ethylphosphine ligands. The change in conductivities 
following the fast reactions of these adducts are also 
shown in Figure 1. It can be seen from the curves 
that whereas the addition c-Pt(P(GH5)&& had no 
effect, both t-Pt(P(CzHs)&(H)C1 and t-Pt(P(CzH5)&- 
CL extended the induction period. 

TIM - Min 

Figure 1. Influence of four added compcunds on the molar 
conductances during the ammonation of t-Pt(P(C,H,),),Cl, at 
35”. For the solution without additions, KCl=O.OlM,[Pt], 
=0.644mM, and [NHl]o=0.18M. In other experiments the 
[Pt10 concentrations were in the range of 0.60%0.651mM 
and [NH,& in the range of 0.199-0.217M. 

The induction period may result from an autocata- 
lytic process in which one of the products of the am- 
monation reaction serves as a catalyst to accelerate 
the ammonation of t-Pt(P(GH&)$% If so, the ini- 

tial rate of the reaction, before the formation of 
products, will characterize the uncatalyzed reaction. 

Figure 2. Conductance us time in an ammonaticn experi- 
ment for r-Pt(P(CN,),),Cl, at 35’. 

Figure 3. Semilogarithmic plot of [ l/R,-l/R(t)] for the 
experiment in Figure 2. 

Results of one of the kinetics experiments is illustrat- 
ed in Figures 2 and 3 which will illustrate the treat- 
ment of the data. In Figure 2, l/R(t) has been plot- 
ted. The dashed line is the linear extrapolation of 
the conductance, l/L, resulting from the slow leach- 
ing of the glass cell. In Figure 3 is presented plot of 
log [ l/R,-l/R(t)] vs. time. The component with 
the 940 min half-life apparently describes the pseudo 
first order approach to the equilibrium with respect 
to the second ammonation process in accordance with 
the equation, 

d[ptL;tNH3)z1 =k; [ PtL,(NH,)Cl+]-lc-, [ PtL,(NH,):+]. (12) 

The straight line portion of the plot in Figure 3 de- 
scribes the change in conductivity following the com- 
pletion of the first ammonation. For this linear por- 
tion, the value of [l/&-l/R(t)]* will be: 

[l/L-I/R(t)]*= &(2htPUN”.I.,CI, 

-A IPIL.,NH,CIICI) . [ Ptb(NHs)21+ I,exp(ti + k’-2)f. (13) 

From the slope of the plots of [ l/R,-l/R(t)] the va- 
lues of (k21+ klz ) could be calculated. The indicat- 
ed values for a series of experiments are given in 
Table III. For 35” the plots (kz’+k’_z) vs. NH3 were 
pt by least squares. The intercept gave k21/[ NHJ] 

2 NH. 

!f 

For the limited experiments at 25” the 
scatter o the rates prevented evaluation of rate con- 
stants with real statisitcal significance for k2_NH1 and 
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k-2 since the rates were too slow for an accurate 
resolution of the second ammonation from the change 
in the l/R, line. 

The quantity, 6, is defined as [(I/R,l/R(t))- 
(1/Rr1/R(t)M. If initially, before products are 
formed, the ammonation of trans-Pt(P(C2H5)&Clz is 
described by the expression 

d[ PtL,Cl,] 
dt 

=-kl-~i+[NH,][PtL~Cl~]=k,‘[PtL~Cl~] (14) 

the value of kl’ is given by the equation. 

(15) 

Values of k,’ determined from such slopes, extrapol- 
ated to a time of zero, are also included in Table III. 
The value of kl_-N+ was evaluated from a linear least 
squares plot of kl’ vs. [NHJ]. Uncertainties in the 
extrapolation in the quantity, (l/R,-l/R(t)*, to zero 
time limited the accuracy of the values of k,‘. How- 
ever, despite these uncertainties and the fact that 
values of kl’ extended over a considerable range, the 
fractional standard deviations for the indicated kl-NH3 

Table III. Ammonation of t-Pt(P(C,H,),),Cl,. 

[~F’$‘(GHI)XI& [N--J, KC1 lo’xk,’ 10S(kz’+k’-2) 
mM set-’ set-’ 

25” 
0.441 0.142 10 0.333 

.874 .814 10 
2:.: 

1.39 
.664 1.02 10 24:5 2.34 
.334 1.22 10 30.4 2.18 
.812 1.26 10 33.5 2.74 

k,-NH,=kt’/[NH,] =2.5+-0.6x lo-‘M-‘set-’ 

kr_NH,=2+ .3 x 10-5M-‘sec-‘, k-,=0+-.3x IO-‘M-‘set-’ 

.642 

.282 

.643 

.644 

.593 

.292 

.627 

.623’= 

.639* 

.644 

35” 
.0409 10 2.77 
.082 10 5.09 
.0835 10 5.23 
.180 10 11.1 
.364 10 24.8 
.445 10 30.8 
.604 10 43.3 
.282 10 19.6 
.357 10 30.2 
.320 30 21.8 

k,-N”s=7.0&.3 x IO-‘M-‘set-’ 

0.623 
- 
1.18 
1.23 
1.50 
2.18 
2.02 
1.30 
1.77 
3.79 

kI_NHI = 2.2 f .6 x IO-‘M-‘set-‘, k-2=9*2x lo-‘MT -I set-’ 

a Solution aged 12 hrs before addition of NH,. *Solution 
contained 2% HIO. 

as shown in Table III were 25% at 25” and only 
about 8% at 35”. These were considerably better 
than those for k2_NHj and k-2. However, the varia- 
tions were too large to provide meaningful activation 
enthalpies. 

Attempts to provide for complete characterization 
of the kinetics were unsuccessful. For this effort, 
in addition to reactions 1 and 2 the following proces- 
ses were added to provide for autocatalysis. 

and 

Y+PtL,Cl,+Z; Rate=k,[Y][PtbCl,] (16) 

Z+NH+PtLz(NH,)CI++Cl-+Y; Rate=k,[Z][NH,]. (17) 

Such a mechanism to provide autocatalysis was sug- 
gested by the dimeric transition state found for the 
exchange of the bromide ligands of PtBr4*- with free 
Br-. Both PtL2NHjCl+ and PtL2(NH#+ were tested 
for Y in the mechanism. Integration of the rate 
equations were performed numerically for trial sets 
of rate constants. Although the conductance change 
of any one experiment could be duplicated, it was 
not possible to find a set of rate constants and reason- 
able ionic conductances which would satisfactorily 
describe all the experiments over the range of com- 
plex concentrations. 

Comparison of Reaction Rates. Values of kI_NHJ, 
indicated as kNHj, are collected in Table IV for each 
of the compounds together with the second order rate 
constants for chloride replacement by chloride ligands 
and the first order solvation rate constants. 

Data for the aqueous system for t-Pt(NHx):CL are 
included for comparison. A surprising feature of 
the results is the close similarity in the second order 
ammonation rate constants in methanol. There is 
the uncertainty in the kNHj for Pt(P(GH5)&C12 be- 
cause the kinetics were not fully characterized and 
one suspects that the value may perhaps be lower 
than the indicated value of 7X 10m4 M-’ set-’ in view 
of the differences between kc, and k, for this complex. 
However, the values of kNH3 for t-Pt(P(GH&)(NH+ 
Clz and t-Pt(NHXl2 are very similar. One must 
conclude that the cis-neighbor provides very little in- 
fluence on the ammonation despite the differences in 
kc1 and k,. It is interesting that there is so large a 
difference in kNH3 for t-Pt(NH&CL between Hz0 
and CHjOH whereas k, is very similar. lt is also 
to be noted that in each case when the trans-chloride 
has been replaced by an NH3, the ammonation rate 
is reduced by about an order of magnitude in accor- 
dance with the difference in the trans directive pro- 
perties of Cl- and NH,. 

Table IV. Ammonation, solvation and chloride exchange rate constants for PtL,Cl, at 35”. 

Complex Ionis :;;y;tth(M) k NH3 k 
M-&l k, 

M-’ set-’ set’ 

t-Pt(P(C,H&),CI, O.Ol/CH,OH 7 x lo-‘? 
f-Pt(P(CzH,),)(NH,h)CL 

1.2x lo-‘a 
.Ol/CH,OH 

1 x 10-7 
1.4x 10-S 

t-Pt(NH,),Clz 
1.7 x 10-J fI 1.3x 1om5 

- 
t-Pt(NHJ,Cl, 

.Ol/CH,OH 1.1 x lo-’ 

.32/HzO 
1.3 x to-* 

1.1 x 1o-2 2.3 x 10-l 0 9.8 x 1O-s * 

a Reference 4. * Reference 6a. 
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The finding that the ammonation reaction of t-Pt- 
(P(C~HS)&C& was not described by a simple kinetics 
law is but one more anomaly in the kinetics for ligand 
substitution reaction for the square planar platinum(I1) 
complexes which have been discussed previously.3 The 
behavior of t-Pt(P(C2H5)&21z is certainly not in 
line with that of other closely related complexes and 
probably reflects steric effects resulting from the two 
phosphine ligands in the complex. It is apparent 

that the unravelling of the kinetics of t-Pt(P(CzHs)&- 
Cl2 towards ligand substitution reactions will be a 
formidable task. 
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