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Rates of chloride replacement by nitrite and radiochloride in the platinum(II) complex trattS-[Pt(PEt:l)2Cl2] 
are reported. The results show that both first-order and second-order reactions occur. The first-order rate 
constant for the reaction with NO2" is obtained by applying a stationary state treatment. The relative re
activities of Cl" and NO 2 " are compared with those of similar amino complexes of platinum(II). The bi-
molecular reactivity of NO 2 " decreases in the reaction with <)"aws-[Pt(PEt:i)2Cl2] and this is interpreted in terms 
of the electrophilic character of the nitrite ion and of the electronic structure of the complex. 

The kinetics of nucleophilic substitution in square 
complexes generally take place according to two simul
taneous paths, one of which is first order and the other 
is second order.1 ^ 1 3 This results in the general kinetic 
equation12 

&ob«d = ki + ki[Y] 

where &0bsd is a pseudo-first-order constant, kx and k% are 
constants of first and second order, and Y is the entering 
group. 

The first-order path of the reaction is generally as
sumed to involve a nucleophilic displacement by the 
solvent followed by the coordinated solvent being rapidly 
replaced by the entering reagent. Hence ku a pseudo-
first-order rate constant, is independent of the nature of 
the reagent. 

The second-order path of the reaction, ascribed to 
ki, is interpreted as a direct bimolecular reaction be
tween the complex and the entering group. A com
parison of the specific rate constants ki for some reac
tions of C l " and N O 2 " with P t ( I I ) complexes has shown 
tha t C l - reacts more rapidly than N O 2

- with positively 
charged complexes, whereas with negatively charged 
and neutral complexes the opposite occurs.13 This 
leads to the conclusion tha t the N O 2 " at tack can be 
partially electrophilic and tha t of Cl" is primarily nu
cleophilic. This is reasonable if we consider the ability 
of N O 2 " to stabilize the transition state by using elec
trons in the 5d-orbitals of P t ( I I ) . 1 3 

I t is generally accepted tha t filled wd-orbitals of 
transition metals are used in the formation of 7r-bonds 
with the empty 3d-orbitals of phosphorus.14 This 
type of interaction is formally equivalent to transferring 
some negative charge from the metal to the ligands and 
hence to render it more "positive." Thus the effec
tiveness of N O 2 " as an electrophilic reagent is expected 
to be reduced in complexes of plat inum(II) with ter t iary 
phosphines. Accepting this view as a working hypothe-
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sis, we have studied the reactions of C l - and of N O 2 " 
with <ra«5-[Pt(PEt3)2Cl2]. Similar complexes con
taining cyclohexylphosphine or phenylphosphine proved 
to be unsuitable for the present work owing to their 
limited solubility. 

Experimental 

Preparation of Materials.—P(C2H5J3 was prepared as described16 

from PCU and Grignard compound in ether. 
/ra«s-[Pt(PEts)2Cl2] was prepared from H2PtCl8 in water.16 

In order to separate it from the cis isomer, the product was 
treated with ether and purified by recrystallization from ethanol; 
m.p. 142-143°. Anal. Calcd.: Cl, 14.2. Found: Cl, 14.1. 

Anhydrous CH8OH was obtained by distillation over (CH3O)2-
M g . " 

Li36Cl was obtained from LiCl and H36Cl by isotopic exchange 
and purified by recrystallization from acetone. 

Rate of Isotopic Exchange.—The isotopic exchange experi
ments were carried out in CH3OH and the ionic strength was kept 
constant by addition of LiNOs. The reaction mixture was 
divided into several portions and sealed in glass ampoules, care 
being taken to avoid moisture. Ampoules were removed from 
the constant temperature bath and rapidly cooled to —78°, 
thus stopping the reaction. The complex which crystallized was 
separated from the solution by centrifugation and washed with 
water. The complex was treated with aqueous HNO3 and Ag-
NO3. The AgCl precipitate was then treated with zinc in very 
dilute nitric acid and the chloride was again precipitated as 
Hg2Cl2 by adding Hg2(NOa)2. Mercurous chloride was trans
ferred to small plastic disks and the specific activity determined 
by means of an end-window counter, using a calibration plot. 

Another procedure involved the separation of the complex from 
the reaction solution by addition of water. The precipitation 
was quantitative and the sum of the radioactivity of the complex 
and of the solution containing Li36Cl was found to be equal to the 
initial activity of the lithium chloride. 

Rate of Reaction with Nitrite Ion.—Rates of reaction between 
«ra>n-[Pt(PEt3)2Cl2] and NO 2 " have been studied, adding LiNO3 
to maintain the same ionic strength (2.75 X 10"1 M), keeping 
the same initial complex concentration (5 X 10~3 M), and varying 
that of NaNO2 . Toluenesulfonic acid was added to avoid the 
formation of CH3O". The reaction mixture was divided into 
10-ml. aliquots and the reaction was stopped by rapidly cooling 
the solution. The displaced chloride was titrated with AgNO3 
(10~2 N) in CH3OH using the dead-stop end-point method 
for the determination of the equivalence point. The titration 
results were confirmed by determining, potentiometrieally, the 
concentration of the chloride ion by means of a concentration 
cell. The reference silver-silver chloride electrode contained a 
known concentration of Cl" , all other reagents being the same as 
in the reaction solution. A saturated solution of lithium nitrate 
in methanol was used as a salt bridge. 

The reaction of JrQKi-[Pt(PEtS)2Cl2] with NO2" in methanol 
was also followed by measuring changes in optical density in the 
range from 4200 to 4600 A. In this range, the absorbancies of 
<ro«.s-[Pt(PEt3)2Cl2] are considerably larger than those of trans-
[Pt(PEt3)2(N02)2] . The rate of disappearance of trans-[Vt-
(PEt3)2Cl2] was equal to that calculated from the Cl" titrations, 
according to the equation kt = 2.303 log alia - x) (where 
a — initial concentration of the complex, .r = 1A[released chlo
rine]), based on the assumption of the release of two chlorine 
atoms for each kinetic act. The completeness of the reaction 
was checked by comparing the spectrum of a solution of trans-
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[Pt(PEt3)2('N02)2] at the desired concentration with the final 
spectrum obtained from the reacting solution. Titrati-on of the 
released chloride also indicated that the reaction had gone to 
completion. 

Spectrophotometric tests showed that no appreciable amounts 
of cis isomer are formed under these experimental conditions. 
However, the possible formation of trace amounts of the cis 
isomer cannot be excluded. It was found that the nitrate ion 
does not react with (raws-[Pt(PEt3)SCl*] under these experimental 
conditions. 

Results and Discussion 

The values of &obsd obtained for the isotopic exchange 

[Pt(PEtS)2Cl2] + 36Cl" ^ ± [Pt(PEtS)2Cl36Cl] + Cl

are given in Table I. A typical run is shown in Fig. 1. 

The log (1 — F) plots indicate tha t the two chlorine 

100 200 300 
Time, minutes 

Fig. 1.—Chloride exchange; temperature 55°; concn. complex, 
0.005 M; concn. Li36Cl, 0.06 M; typical experiment. 

atoms are equivalent, in accordance with the structure 
of the complex. The values of kj and ki have been ob
tained graphically from the diagram shown in Fig. 2. 
The intercept gives the value of ki and the slope gives 
the value of k-2. 

TABLE I 

RATES OF REACTION OF trans-[Pt(PEt3)2C12] COMPLEX WITH 
3 6 C r IN CH3OH AT 55° 

Complex 

tant, concn. 
!SCl-(LiCl) 

0.03 
.06 
.10 

concn. 

(M) 

<raw5-[Pt(PEtsX 

Added substance, 
U LiNOj 

0.07 
0.04 

Cl2 ] = 0.005 M 

*obad X 105, sec. -i 

5.78 
7. OS 
8.72 

.RzWu-[Pt(PEtS)2Cl2 

A pseudo-first-order plot for the reaction 

[Pt(PEtS)2Cl2] + 2NO2 [Pt(PEt3)2(N02)2] + 2Cl-

is shown in Fig. 3. The marked departure from lin
earity can be at t r ibuted to the competition between 
N O 2

- and the C l - ion formed during the course of reac
tion. This was proved by carrying out some experi
ments in the presence of variable amounts of LiCl. In
crease of chloride concentration results in a decrease in 
^obsd-

Gray12 found, for the reaction between [Pt(dien)-
Br]Br and pyridine, tha t the value of ki was smaller 
than the values obtained with other nucleophilic rea
gents. He at t r ibuted this difference to a competitive 

reaction between B r - and pyridine. When B r - is ab
sent (at the beginning of the reaction using [Pt(dien)-
Br]NOs), the values of k\ agree with those obtained with 
other reagents. 

.12 

U 

"JO-

i8' 
6 

4 

2 

5 , 10 
[cr]«io M. 

Fig. 2.—Dependence of kohtd on concentration of Cl" 

Time,hours. 

Fig. 3.—First-order plot for the reaction of trans-[Pt(PEt3)2-
Cl2] with XO2- in CH3OH at 55°: a = 0.005 M concn. complex; 
x = 0.5[Cl-J determined; concn. XO2 (XaXO2) = 0.10 M; 
typical experiment. 

The product of the reaction between trans- [Pt(PEt3)2-
Cl2] and N O 2 " is [Pt(PEt3)2(N02)2] , However, the 
rate-determining stage must be the replacement of the 
first C l - of the complex, leading to the formation of the 
intermediate species [P t (PEt 3 ) 2 GN0 2 ] . Displace
ment of the second C l - must occur at a much higher 
rate in accord with the greater trans effect of N O 2 -
compared to C l - . I t was not possible to detect the 
presence, in solution, of the chloronitro complex. Spec
trophotometric studies showed tha t the rate of appear
ance of the chloride ion is twice tha t of the consumption 
of the dichloro complex, thus showing that no other ab
sorbing species is formed in appreciable concentration 
during the course of the kinetics. The compound [Pt-
(PEt3I2ClNO2] is expected to absorb in the range 4200-
4600 A. used in the present investigation (shorter wave 
lengths are useless owing to the strong absorption of 
NO 2 - ) considering tha t the absorption curve of [Pt-
(PEt3)2(N02)2] and that of /ra«s-[Pt(PEt3)2Cl2] start at 
~ 3 6 0 0 and ~ 5 0 0 0 A., respectively. 
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T h e over -a l l r e a c t i o n m a y b e s u m m a r i z e d as 

Jra»j-[Pt(PEt3)2ClN02] 

fast (A1) T + N O 2 -

Vol. 86 

Since [RS] is a l w a y s smal l we c a n a p p l y a s t a t i o n a r y 
s t a t e t r e a t m e n t so t h a t 

ARS/At = J1[RX] - ,U[RS][X] - J3[RS][Y] = 0 

[RS] = J 1 [RX]AU 1 [X] + J3[Y]) 

/ra».s-[Pt(PEt3)2Cl(CH3OH)]+ + C l -

fast (ft- i) 

trans-[Pt(PEt3)2Cl2] + CH3OH 

ki I + NOi -

trans- [Pt( PEt3)2ClN02] 

T h e r a t e c o n s t a n t s £2 w e r e c a l c u l a t e d f rom t h e s lopes 
of t he c u r v e s o b t a i n e d b y p l o t t i n g &0bsd ( T a b l e I I ) vs. 
n i t r i t e c o n c e n t r a t i o n . 

TABLE II 

RATES OF REACTIONS OF <rans-[Pt(PEt3)2Cl2] COMPLEX WITH 

NaXO2 IN CH3OH AT 55° 
Complex concn. <ra»5-[Pt(PEt3)2Cl2] = 0.005 M 

R e a c t a n t , 
concn. M 

0.10 

.15 

.20 

.25 

Added subs t ance 

0.165 AfLiNO3 

.01 M toluenesulfonic acid 

.11 M L i N O 3 

.015 M toluenesulfonic acid 

.055 M L i N O 3 

. 02 M toluenesulfonic acid 

. 025 M toluenesulfonic acid 

ftobsd X 10», 
sec. - l 

3.62 

4.15 

4.55 

5.10 

T h e b e s t v a l u e s of ki o b t a i n e d f rom e x p e r i m e n t s w i t h 
t h e h i g h e s t n i t r i t e c o n c e n t r a t i o n w e r e u s e d in o r d e r t o 
c a l c u l a t e t h e r a t e c o n s t a n t kx. T h i s w a s o b t a i n e d b y 
us ing t h e fol lowing m a t h e m a t i c a l t r e a t m e n t s u g g e s t e d 
b y T o b e . 1 8 

T h e g e n e r a l e q u a t i o n s 1, 2, 3, a n d 4 c a n b e w r i t t e n 
i gno r ing for t h e m o m e n t t h e fact t h a t t h e r e a r e t w o r e 
p l a c e a b l e ch lo r ines ( b u t t h i s m u s t b e r e m e m b e r e d 
l a t e r o n ) . 

RX + Y-

RX + S-

RS 

RS 4- Y-

RY + X 

RS + X 

RX + S 

RY + S 

(D 

(2) 

(3) 

(4) 

w h e r e 

RX = [Pt(PEtJ)2Cl2] 

RY = [Pt(PEt3)2(N02)2] 

S = CH3OH 

Y = NO 2 -

Since s t e p s 3 a n d 4 a re k n o w n t o b e m u c h fas t e r t h a n 1 
a n d 2, t h e c o n c e n t r a t i o n of R S is a l w a y s v e r y sma l l , 
T h e n 

dRY/d< = - ARX/At = Ax/2At = "ra te" 

"ra te" = JJ3[RS] + J2[RX]][Y] 

T h e n 

" ra te" = 
J1J3[Y] j; 

J_JX] + J3[Y] \ [RX] + J2[RX][Y] 

If Y is in l a rge excess [Y] r e m a i n s c o n s t a n t for a p a r t i c 
u l a r e x p e r i m e n t a n d we c a n w r i t e 

J2[Y] = J2 ' ; J3[Y] = J3 ' 

So for a p a r t i c u l a r c o n c e n t r a t i o n of Y 

"rate" i*-,[x*+fc' + * ' 1 [ R X 1 

O b v i o u s l y th i s is n o t a s imple f i r s t -order process . If we 
w r i t e t h e r a t e in t e r m s of x 

Ax JiJ3 ' 
2(a - 1Z2X)At 

Ax 
2(o - 1ZiX)At 

- + J2' 

T h e r e f o r e 

- ^ log (a 1ZiX) = 

J - J X ] 4- J3 

- d ln(a - 1IiX) 
At 

JiJ3 ' 
2.303 / U i [ X ] + J3 

+ J2' 

If we p l o t log (a — 1IiX) a g a i n s t t i m e , t h e slope is n o t 
c o n s t a n t b u t is e q u a l t o 

_ 1 \ J1J3' , , / 
2.303 / J - J X ] + J3 ' + \ 

T h e r a t e c o n s t a n t k\ c a n b e c a l c u l a t e d w i t h t h e follow
ing express ion , b y m e a s u r i n g t h e s lope 'at v a r i o u s t i m e s 
a n d k n o w i n g t h e v a l u e of [X ] a t t h e s a m e t i m e s 

1 
2.303"slope" 4- J2 ' 

U [ X ] + 1_ 
J1J3 ' Jl 

(18) M L, Tobe , p r iva t e c o m m u n i c a t i o n . 

P l o t t i n g — l / ( 2 . 3 0 3 " s l o p e " + ki) a g a i n s t x o n e shou ld 
h a v e a s t r a i g h t l ine of i n t e r c e p t \/k\. 

TABLE III 

CALCULATED FIRST-ORDER RATE CONSTANTS 

Complex concn. = 0.005 M 

ki, sec. - ' X 10s 

3.45 
4.00 
5.45 
6.25 

T h e c a l c u l a t e d r a t e c o n s t a n t s ki a r e p r e s e n t e d in 
T a b l e I I I . F i g u r e 4 shows t h a t a good l inear r e l a t i o n 
is o b t a i n e d for t h e c u r v e s a t v a r i o u s n i t r i t e ion c o n c e n 
t r a t i o n s . T h e e x t r a p o l a t e d v a l u e s of l /&i for [ C l - ] -*• 0 
a re n o t e x a c t l y t h e s a m e . H o w e v e r , t h e y c a n be con 
s ide red s a t i s f ac to ry , e x c e p t p e r h a p s for t h e v a l u e a t t h e 
h i g h e s t n i t r i t e c o n c e n t r a t i o n . T h i s m a y re su l t f rom 
t h e f ac t t h a t a t h ighes t n i t r i t e c o n c e n t r a t i o n s m o s t of 
t h e r e a c t i o n goes b y t h e ki p a t h so t h a t t h e e r r o r s in kx 

b e c o m e a p p r e c i a b l e . T h e a v e r a g e ki in T a b l e I V h a s 

R e a c t a n t concn. , 

0.10 
.15 
.20 
.25 

M 
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been calculated neglecting the value obtained for the 
highest nitrite ion concentration. It can be seen that 
the agreement between the &iN°2~ and kia~ is extraor
dinarily good. If the neglected value at highest 
[NO2

-] were also used, then the average ki becomes 
5.05 X 1O-6, which is still a very satisfactory value. 

TABLE IV 

RATES CONSTANTS FOR THE REACTION OF <raMs-[Pt(PEt3)2Cl2] 

WITH 36Cl" AND N O 2
- IN CH3OH AT 55° 

Reactant h, sec." i X 10s ki, M - 1 sec.- ' X 10« 

36Cl" 4 .5 4.20 
XO 2 " 4.47 0.97 

The kinetic data for several Pt(II) complexes in 
water indicate that the effectiveness of NO 2

- as a rea
gent, as compared to Cl - , is much greater for the neu
tral and anionic complexes, e.g., [Pt(NH3)2Cl2] and 
[PtCU]2-, than for cationic complexes. Indeed, for 
[Pt(dien)H20]'2 + the reactivity order is inverted. A 
comparison of &2 values between the substitution and 
chlorine exchange reactions is given in Table IV. The 
ratio feXO!7^a" is °f the order of magnitude found for 
positively charged complexes in water.13 

That NO 2
- can act as an electrophilic agent can 

easily be understood if one considers that it has an 
empty antibonding Tr-orbital where charge can be 
transferred from the metal atom. If 14 of the 18 outer 
shell electrons of the nitrite ion are put in its bonding 
orbitals and lone pair orbitals, there are 4 electrons left 
for occupation of three 7r-orbitals. These are orbitals 
arising from the combination (pZl + pZ!) + XpZN (bond
ing, filled), p2l — p7.2 (nonbonding, filled), and X(pzi + 
Pz2) — PzN (antibonding, empty), written in order of 
increasing energy. The antibonding orbital is probably 
of too high an energy to combine with the 7r-platinum 
orbitals. However, the drift of electrons in the N -*• 
Pt cr-bond will cause the energy of the antibonding or-

Introduction 

Hydrolysis reactions of Co(III) amine complexes 
have been the subject of intensive study,2 but the re
verse reaction, "anation," has received much less 
attention. Yet anation has not only its intrinsic in-

(1) From a thesis by M. P. J. submitted in fulfillment of a requirement for 
the B,A. degree with honors. Amherst College, 1963. This work was sup
ported by a grant from the Research Corporation and presented at the 145th 
National Meeting of the American Chemical Society. New York, N. Y., 
Sept. 8-13, 1963. 

(2) F. Basolo and R. G. Pearson, "Mechanisms of Inorganic Reactions," 
John Wiley and Sons, Inc., New York, N. Y., 1958. Chapter 3. 
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Fig. 4.—Graphical derivation of &, using stationary state 
treatment (Y = NO 2 - ) : a, [Y] = 0.1; b, [Y] = 0.15; c, [Y] = 
0.2; d, [Y] = 0.25. 

bital to be lowered, becoming thus accessible for bond 
formation with platinum. This empty orbital must be 
more localized on the less electronegative nitrogen 
atom. In this way the electrophilic nature of the ni-

trite ion may arise from a sort of synergic O2N <=* Pt 

interaction. However, when the platinum atom is 
bonded to strong 7r-electron acceptor ligands, the 
energy of its 7r-electrons will be lowered and the TT-
attack of the nitrite ion will become less favorable. 

The results presented here are consistent with the 
assumption made that 7r-bonding may be of importance 
in determining the effectiveness of NO 2

- as an electro
philic reagent. 
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terest but also offers information about the transition 
state of the hydrolysis process through application of 
the principle of microscopic reversibility. 

The kinetics of reaction 1 in aqueous solution using 
the cis isomer were investigated by Basolo, Stone, 

[Co(en)2N02OH2]+ + + X - >• [Co(en)2N02X] + + H2O (1) 

Bergmann, and Pearson.3 They found that the 
reaction was first order in the complex, first order in the 

(3) F. Basolo, B. D. Stone, J. G. Bergmann, and R. G. Pearson. J. Am-
Chem. Soc, 76, 3079 (1954). 

[CONTRIBUTION FROM THE MOORE LABORATORY OF CHEMISTRY, AMHERST COLLEGE, AMHERST, MASS.] 

Anation of the frans-Aquonitrobis-(ethylenediamine)-cobalt(III) Ion in a 
Tetramethylene SuIfone-Water Mixture1 

BY C. H. LANGFORD AND M. P. JOHNSON 

RECEIVED AUGUST 26, 1963 

The rates of entry of the anions Cl", Br", NO 3
- , and SCN" into <raras-[Co(en)2N02OH2]

 + + (en = ethylenedi-
amine) were found to differ by no more than a factor of four in the solvent 7.8% aqueous tetramethylene sul-
fone. The reactions were nearly zero order in the anion concentration. Conductance data on a model sys
tem strongly suggest that the observed reactions take place within outer-sphere complexes. The insensitivity 
of the rate to changes in the nature of the entering group suggests no more than weak bonding of the entering 
group to cobalt in the transition state. 


