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Kinetics and Equilibria of Reversible Chelate Ring-opening Nucleophilic 
Substitution Reactions of [ (o- Dimethylaminophenyl)d imet hylarsine] - 
rhodium(iii) Complexes 

By Arnaldo Peloso, C.N.R., Centro di Studio sulla Stabilita’ e Reattivita‘ dei Composti di Coordinazione, lstituto 
di Chimica Analitica, Universita‘ di Padova, Padua, Italy 

The kinetics and equilibria of the reversible reactions trans-[RhL,CI,]+ + X”- + mer- [RhL(L’)CI,X] lPn have 
been studied in methanol [ X n -  = SCN-, SeCN-, NO2-, N3-, or pyridine; Land L’ = (o-dimethylarninophenyl)- 
dimethylarsine-NAs and -As respectively]. The second-order rate constants of the forward reactions are scarcely 
affected by the nature of the entering group, whereas the first-order rate constants of the reverse reactions are 
strongly influenced by the leaving group involved. A linear free-energy relationship of the type AG(m+t$ = 
C C A G ( , , + ~ ) ~  + p with a value of c1 of 0.75 exists for the activation and standard free energies of mer ---t trans 
reactions where a dissociative mechanism is considered to be operative. When X”- is SCN-, N3-, or NO2-, the 
rner ---t trans reactions are acid-catalyzed, through protonation of the leaving group. 

I N  preivious papers 1-5 a series of kinetic studies of re- 
versible systems (1) * in hydroxylic solvents were 
described [ L and L’ = (o-dimethylaminopheny1)- 
dimethylarsine-NA s and -As respectively ; X7a- = C1-, 
Br-, I-, thiourea, primary aliphatic amines, or sub- 
stituted pyridines]. I t  was found that the rates of the 

traizs-[KhL,Cl,] + Xn- 

forward reactions, which involve opening of a chelate 
ring at  the NMe, end, were little affected by the nature vf 
the entering X,, , whereas those of the reverse reactions 
strongly depend on the leairing group, at least when this 
is a primary aliphatic amine or a substituted pyridine. 
In these cases, the mer - trans reactions obey linear 
relationships of type ( 2 ) ,  with values of or[l.2 (substituted 
pyridines) ,3 0.84 (primary aliphatic a m i n e ~ ) ~ ]  which are 

mer- [ R hL (L‘) Cl,X] - ) A  ( 1) 

consistent with extensive Kh-X bond rupture in the 
transition state. Although the solvent effect also sug- 
gests extensi1.e Kh-X bond breaking for anionic leaving 
groups, linear relationships of type (2) were not obtained 
in these cases since only small changes in both K( l IE- - f t )  and 
Keg. occur on going from Xn- = C1- to Br- and I-.5 
Some further indications as to the mechanism were 
obtained froni the effect of acidity on the rates of the 
forward and reverse reactions (1) ( S n -  = C1 , I W ,  or 
I-) ,  the former being acid-catalyzed and the latter acid- 
inhibited.5 I t  has been argued that relrersible proton- 
ation of the KMe, group of L’ in both the rner complex 
and the fii-e-co-ordinate reaction intermediate, [KhL- 
(L’)Cl,] I ,  is responsible for the observed acidity e f f e ~ t . ~  

1his paper concerns an investigation of the rates and 
equilibria of systems (1) with X ~ L -  = SCN-, SeCN-, 
NO, , or N3 , together with the effect of acidity on the 
mer -+ traits reactions, including that of wter-LRhL- 
(IA’)C12(py)] (py = pyridine). The above anionic 
ligands werc chosen in order to (i) obtain a series of re- 

In 
the other cases i t  is intended to emphasize that Xn- and the tvans- 
chlorides lie in the same meridional plane. 

r. 

* The mev designation is appropriate only for X*- = C1-. 

actions of type (l), with anions as reactive groups, with 
sufficiently large differences between their standard free 
energies to allow detection of the influence of AG* on the 
reaction rates, and (ii) investigate the effect of acidity 
on the rates of the substitution reactions of complexes 
bearing leaving group ligands which exhibit a residual 
basic character even when co-ordinated.6 

EXPERIMENTAL 

iWateriaZs.-The complex tvans-[RhL,CI,] [ClO,j was pre- 
pared from a concentrated methanolic suspension of w m -  
[RhL(L’)Cl,] (0.5 g), prepared by literature methods,’ which 
was held a t  40 “C for 30 min. The resulting clear yellow 
solution was then stirred with Na[ClO,] (2 g) followed by the 
addition of small quantities of water. 

The complexes mer-[RhL(L’)Cl,X] (X- = SCN-, SeCN-, 
NO,-, or N3-) and mer-[RhL(L’)Cl,(py)] [ClO,] were pre- 
pared by treating a concentrated methanolic solution of 
trans-[RhL,Cl,][ClO,] a t  30 “C with an excess of entering 
group. The complex containing py was isolated as the 
perchlorate salt, as described above for trans-[RhL,CI,]- 
[CIO,], while the other complexes spontaneously separated 
from the solution within 5-40 min as yellow crystals. The 
products were filtered off, washed with cold methanol, and 
dried under vacuum (Table 1). Their i.r. spectra ( i lujol  

Con1plex 
m e  Y -  1 li h L ( L’) C1 ,XI 

X - NO, 

SeCN 

SCN 

N, 

mev- [ RhL ( L’) C1, ( p y) ] - 
[C10,1 

trans-[RhL,Cl,] [ClO,] 

35.8 

34.6 
($4.6) 
37.0 

(!6.95) 
36.1 

(36.05) 
37.2 

33.5 

(3  5.85) 

(37.4) 

(33.4) 

6.20 

5.70 

6.15 

(6.25) 

(5.75) 

(6.15) 
10.6 

(10.5) 
5.25 

(5.25) 
3.85 

(3.90) 

4.70 
(4.80) 
4.26 

(4.40) 
4.65 

4.80 
(4.85) 
4.60 

(4.65) 
4.55 

(4.50) 

(4.75) 

10.5 
(10.6) 

9.90 
(9.70) 
10.4 

(10.4) 
10.6 

(10.65) 
13.3 

(13.26) 
14.8 

(14.8) 
t Calculated values are given in parentheses. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
81

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ite

it 
U

tr
ec

ht
 o

n 
25

/1
0/

20
14

 0
9:

18
:3

8.
 

View Article Online / Journal Homepage / Table of Contents for this issue

http://dx.doi.org/10.1039/dt9810002429
http://pubs.rsc.org/en/journals/journal/DT
http://pubs.rsc.org/en/journals/journal/DT?issueid=DT1981_0_12


J.C.S. Dalton 

2 0- 

mulls) showed a single strong band at 350 cm-1 (likewise for 
trans-[RhL,Cl,] [ClO,]) attributable to the asymmetric 
stretching of a trans Cl-Rh-Cl  nit.^,^ This suggests that 
the Xn- group occupies the meridional position, located 
between the two trans chlorides, vacated by the outgoing 
labile NMe, group of a chelate ligand of tvans-[RhL,Cl,]- 
[C104I. 

The complex mer-[RhL(L')Cl,(NO,)] exhibits a vasym.- 
(NO,) stretching frequency a t  1 323 cm-l but no vSym.(rYTO,) 
bands a t  frequencies lower than that of the free ion (1 261 
cm-l), suggesting the presence of a nitro- rather than a 
nitrito-group.lO The assignments of M-N or M-S and M-Se 
bands for the complexes containing SCN- and SeCN- were 
only tentative. Therefore, it is not yet possible to specify 
which atom is bonded to rhodium(m), a point which is cer- 
tainly important, but which is believed not to be essential 
for the purposes of this paper. 

Potassium selenocyanate, sodium thiocyanate, nitrite, 
azide, toluene-9-sulphonate, and toluene-p-sulphonic acid 
(Hpts) were reagent grade. Dried methanol was carefully 
distilled in the presence of small amounts of Hpts before use. 

Preparation of the Reaction Mixtures.-The reactions were 
carried out in methanol (I = 5.14 x lo-, mol dm-3) with 
sodium toluene-p-sulphonate as supporting electrolyte. 
Stock solutions of the reactants were prepared by weight or 
by titration (Hpts) . * 

The reactions were initiated by mixing appropriate 
volumes of thermostatted stock solutions of the reactants in 
l-cm silica cells maintained in the thermostatically con- 
trolled cell compartment of an Optica CF4R spectrophoto- 
meter. The initial concentrations of the complexes in the 
reaction mixtures were varied over the range 1.6 x lW5- 
5.4 x 10-5 mol dm-3. The ranges of concentration of the 
entering groups in the reactions of the trans coniplexes were 
(i) 2.57 x 10-3-4.28 x lop2 (SCN-), (ii) 3.43 x 
5.14 x (SeCN-), (iii) 5.14 x 10-4-5.14 x (N3-), 
and (iu) 3.43 x 1OP3-5.14 x lop2 mol dm-3 (NO,-). The 
reactions with the mer complexes were performed in the 
absence of added X n -  and the ranges of Hpts concentration 
used in studying the effect of acidity were ( 2 )  1.37 x lW4- 
2.23 x lo-, (SCN-, py), (22) 2.57 x 10-3-1.54 x (Se- 
CN-), and (iii) 1.54 x 10-4-2.57 x lop3 mol dm-3 (X3-, 

The reactions were clean and exhibited the expected isos- 
bestic points (Figure 1) over the entire course of the re- 
action [Aisoa = 262 (SeCN- and N3-); 256 (NO,-; 262, 332, 
and 345 nm (SCN-) t]. 1 The final absorption spectrum for 
reactions which went to completion was quantitatively con- 
sistent with that of the expected product. Moreover, 
addition of Xn- to exhausted non-acidic solutions of the mev 
complexes restored the starting complex. 

The progress of the reaction was followed by scanning the 
absorption spectrum of the reacting mixture in the range 
290-360 nm a t  suitable time intervals. Fast reactions were 
followed by recording absorbance against time a t  a selected 
wavelength by conventional or stopped-flow techniques. 
Series of at least seven runs with different concentrations of 
entering group were performed for the reactions of the trans 

* Solutions of mer complexes were prepared and maintained 
at 0 "C, at which temperature mer trans conversions were 
usually negligible for 2-3 h. They were rapidly heated (15-20 
s )  t o  the required temperature before introduction into the 
reaction vessel. 

t lis0. changes with the acidity (e.g. from 332 t o  325 nm). 
$ Data below 290 nm were obtained using Na[C10,] as support- 

NO,-). 

ing electrolyte. 

1 1 1 1 

4*51 

I,: 

complex, whereas in the reactions of wzev complexes at least 
four diff erent concentrations of the complexes were employ- 
ed. Six or more different concentrations of Hpts were used 
in studying the effect of acidity on the mer - trans reac- 
tions. The temperatures of reaction are listed in the Tables. 

RESULTS 

The reactions of tvans-[RhL,CI,] [ClO,] go to completion 
only when high concentrations of entering group are used ; 
complete reaction was never achieved with NO,-. The 
observed rate constants for the approach to equilibrium, kobs., 
accord with equation (3) ,  which is that usually found for this 

koba. = k f  + kr = k(t-+m)[Xn-1 + k(m+t)  (3) 
compound.1-5 The k(,,,,,) term was determined indepen- 
dently from reaction mixtures initially containing the mer 
complexes without added Xn-. In  the concentration ranges 
explored, the reactions of nzer complexes containing NO,- 
and SCN- as leaving groups went to completion following a 
first-order rate law, with rate constant k(,+t). When N,- 
or SeCN- were the leaving groups, the reactions progressed 
only partially with the equilibrium being increasingly dis- 
placed towards the products as the concentration of the mer 
starting complex was decreased. In agreement with equa- 
tion (3) these reactions follow rate law (4), which leads to 
the integrated form (5) for [X-] = [tvaws].ll The values of 
k(rtl,tl observed (Table 2) were consistent with those obtained 

- d[mevl/dt = d[tvuns]/dt = 

k(,,,+,)[mer! - k,t+,,>[X-l [trans] (4) 

from extrapolation of (3) to [X-] = 0. 

The equilibrium constants of reactions (1) were obtained 
from equation (6) when trans-[RhL,ClJ+ was the starting 
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TABLE 2 
Equilibrium and rate constants and activation parameters a for reactions (1) in methanol (I = 5.14 x lo-, mol dm-3) 

25.0 1.95 x 83 -57 7.94 X lo-' 69 -35 4.1 x 103 4.5 x 103 -14 N3- 
45.0 1.70 x 4.92 x 10-l 2.9 x 103 4.0 x 103 

SeCN- 25.0 6.40 x 89 -27 3.42 x 10-1 69 -22 5.3 x 103 5.0 x 103 -20  
45.0 6.48 x lop4 2.10 3.2 x 103 3.1 x 103 

45.0 2.65 x 1.37 517 445 
NO,- 25.0 4.81 x 83 -30 2.74 x lo-, 79 -10 57 70 -4 

45.0 4.15 x 2.17 x 10-l 52 60 
PY 25.0 2.68 x 10-4 94 1 2.34 x lo-, 65 ' -59' 87 95 - 29 

45.0 3.08 x 10-3 1.29 x 10-l 42 54 
C1- 4 25.0 2.86 x 69 -63 1.80 x lo-, 81 - 5  6.3 6 12 
Br- 25.0 4.43 x 73 -44 3.46 x lo-, 75 -21 7.8 8 2 
I- d 25.0 6.10 x 70 -54 7.03 x 79 -3 11.5 12 9 

SCN- 25.0 3.08 x 82 -36 2.26 x lo-' 68 -29 734 798 - 14 

k & 336,  A H :  3- 4 kJ mol-l, AS: f 12 J K-l mol-I, Keq. & 107;. Values obtained from Keq. = k(t-+m)/ktrn+f). 
AH,f+m)e + 6 kJ mol-1, AS(t+nl)e f 18 J K-I mol-1. c Values taken from ref. 3. Values taken from ref. 5. 

complex, ant1 from equation (7) when rner-[RhL(I,')Cl,X] 
(X- == K3 ~ or SeCN-) was the starting material. The values 
obtained (Table 2) agree satisfactorily with k(l+ln)/k(rrt++).  

"A0 - & ) / ( A ,  - A e q . ) l [ ( A o  - A d ( A 0  - &q.) - 11 
rmer10 

(,) 

The reaction of each mer complex (Xn- = SCN-, SeCN-, 
NO,-, N3-, or py) in acidified methanol goes to completion 
following a first-order rate law.* The dependence of the 
rate on acidity is a function of the leaving group involved. 
The observed rate constant, Kobs., of mer - trans reactions 
of mev-[RhI,(I,')Cl,(SCN)] increases with increasing Hpts 
concentration (Figure 2) and approachs a limiting value 
according to equation (S) ,  where k(m+t)H corresponds to h ,  
[see equation (13)]. The addition of acid also has a 

h s .  = (k(rt ,+t)  + k(rn+t)HK,rHPtsl)/(l + K,[HptsI) (8 )  
catalytic effect on the meY -+ trans reactions of nitro- 
and azido-complexes as shown (Tables 2 and 3) by the  

TABLE 3 
Rate constants and values of K ,  (see text) for reactions 

(1) in acidic methanol a 

SCN- 25.0 2.8 x 
45.0 2.1 x 

75 
80 

N,- 20.0 7.10 x lo-' 77 -6 > 104 
25.0 1.22 x 10-l > 104 
30.0 2.10 x 10 > 104 

NO2- 20.0 4.44 x lo-, 81 6 > 104 
25.0 7.74 x lo-, > 104 
30.0 3.33 x 10-l > 104 

a R(m+t )H t 3"/:, ; A H H ~  & 4 kJ mol-I; ASH$ + 12 J K-' mol-I. 

marked increase in the observed rate constant (by factors of 
ca. 1.6 x lo2 for NO,- and 6 x lo3 for N3-) on going from 

* Completion of the reaction of the azido-complex is probably 
due to  protonation of the leaving N3-, whereas decomposition of 
SeCN- in acidic solution could account for the irreversibility of 
the reaction of the selenocyanato-complex.12 Such decomposi- 
tion was found to be very fast in methanol. 

b k(m,t)H and h', f l O o / b .  

22 

5 

7 

20 

- 60 

58 
23 
51 

Errors : 

neutral to Hpts ( mol dm-3) solutions. If equation (8) 
is assumed to hold in these cases too, it can be concluded that 
hobs. has already reached its limiting value a t  the above Hpts 
concentration since the rate is little affected by further in- 
creases in acid concentration. Thus, the value of K ,  must 

1 I 

1 2 3 
lo"[ Hpts] /mol dm-3 

FIGURE 2 trans reactions of 
mev-[RhL(L')CI,X] in methanol (I = 5.14 x 10-2 mol dm-3) a t  
25 "C. X = SCN (0, m = 4, n = 2), SeCN- (e, m 1 5, n = 
2), N,- (E, wz = 2, n = 3), or NO,- (m, m = 2, n = 3) 

Effects of acidity on the mev 

be greater than lo4 dm3 mol-l and kob8. coincident with 
k(,,,,H. In order to obtain more information on the course 
of these reactions, some runs have been carried out in acidic 
solutions in the presence of chloride ions. I t  was found that 
the final product, mer-[RhL(L')Cl,], is never formed 
directly, tra~zs-[RhL,Cl,]+ always being the first reaction 
product. The values of k(nl-.,t)H and I(,  from equation (8) are 
given in Table 3. 

The nzev + trans reaction rate for mer-[RhL(I,')Cl,- 
(SeCS)] is slightly suppressed by Hpts, a decrease in the rate 
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J.C.S. Dalton 
of GU. 30% being observed on going from neutral to Hpts (1.5 
x mol dm-3) solutions (Figure 2). If equation (8) is still 
assumed to hold, very approximate values of K ,  and k(,+# 
can be obtained (3 x lo2 dm3 mol-l and 4 x s-l respec- 
tively, a t  25 "C). 

The m e y  --w trans reaction rate for nzev-[RhL(L')Cl,- 
(py)]+ is almost unaffected by acidity. 

DISCUSSION 

Analysis of the results obtained in neutral solutions 
(Table 2) shows that the nature of X- significantly affects 
both the thermodynamics of systems (1) and the rates of 
the rner -+ trans reactions, whereas it has little effect 
when X- acts as entering ligand (k(t,,,) rate term). This 
presumably implies that the driving forces which control 
the thermodynamics of these reactions are scarcely 
operating in the activation process of the forward re- 
action, but that they are effective in that of the reverse 
path.13 Moreover, i t  is found that the standard en- 
tropies of the forward reactions (AS,,,,)e of Table 2) are 
always positive when the entering group is anionic, 
probably as a consequence of the strong desolvation 
caused by the neutralization of charges occurring in the 
formation of the uncharged species mer-[RhL(L')Cl,X].* 
On the other hand, the related activation entropies 
(AS,,,,,,)X of Table 2) are always negative, suggesting that 
desolvation does not significantly occur during the for- 
mation of the activated complex. 

Both the standard entropy of reaction and the activ- 
ation entropy for the mer - trans reactions (- A.S,,,,,e 
and AS,,,,)I of Table 2) are negative, with the exception 
of the complex containing py,? suggesting that in these 
cases the extent of solvation of the activated complex is 
similar to that of the final products. These observ- 
ations are accounted for by the fact that reactions of this 
type take place through an activated complex where 
there is only a weak interaction between rhodium(m) 
and the labile X- gr0up.l" Therefore, the sensitivity of 
the mer - trans reaction rates towards the leaving 
group can be ascribed to the energetics of Rh-X bond 
rupture in the attainment of the transition-state con- 
figuration. 

The mer - trans reactions studied here, together 
with those previously examined with X- = halide,5 
display a linear free-energy relationship of type (2) with a 
ca. 0.75. Values of a lower than 1 are usually considered 
as indicative of a mechanism with an associative mode of 
activation.13 If this were the case here, then i t  would 
imply incipient bond formation between rhodium( 111) and 
the incoming NMe, group of L' in the activated complex 
prior to the X- group leaving the reaction site [equation 
(9)]. However, this mechanism could hardly account 
for the acid catalysis previously observed in the trans - 
rner reaction (X- = halide), which is instead explained by 

* When the reactions do not involve neutralization of charges 
( L e .  reactions with py) the standard entropies of reaction are 
negative. 

?The standard entropies of reaction of these processes are 
expected to  be positive in the absence of solvation effects. 

(6) 
0 

5 10 15 20 

FIGURE 3 Relation between free energy of activation and 
trans reactions in methanol 

mol dm-3) a t  25 "C. X = C1 ( l ) ,  Br (2) ,  I (3) ,  
standard free energy of me?' 
( I  = 5.14 x 
N0,(4), SCN(5), N3(6), and SeCN(7) 

a dissociative mechanism, 0.5 Values of a less than 1 for 
dissociative mechanisms have, in fact, been both postu- 
lated and found in reactions of octahedral complexes 
involving long-lived five-co-ordinate intermediates.14 

.N  
X * * *  R ha< I 

A s  

XRh-ASN * R h ( A s N ) + +  X- ( 9 )  
transit ion s t a t e  

(met-) ( t r a n s )  

Therefore, our results do not conflict with the previously 
reported D mechani~m,~ [equations (lo)-( 14)]. 

Rh(AsN)+ Rh-AsN+ 
(trans) (reactive intermediate) (10) 

Rh-AsN+ + H +  Rh-AsNH2+ (11) 

Rh-AsN+ + X- XRh-AsN k3 

(12) 
(me4 

ka Rh-AsNH2+ + X- XRh-AsNH+ (13) 
ks 

(mer-H+) 

XRh-AsN + H+ XRh-AsNH+ 
(mer-H+) (14) 

(me4 
Equations (10)-(14) lead to equation (15) for kobs., by 

assuming k3[X-] < k,  > k,K[H+][X-1, relationships (16) 
holding for non-acidic solutions. * According to this 

* A solvent-assisted dissociative mechanism for reaction step 
k ,  (and possibly for h6),16116 implying the formation of a solvated 
complex instead of a true five-co-ordinate intermediate, could 
also explain the results obtained. However, a D mechanism is a t  
present preferred, since it is not readily understood why RhI'I 
in the transition state would preferentially interact with a 
solvent molecule rather than with the thermodynamically more 
favourable NMe, entering group which is necessarily present a t  
the reactive site, 
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kf = K(t+-rn) = k,k3/k,;  k r  = k(m-,t> = k,  (16) 
mechanism, extensive Rh-X bond rupture occurring in 
the transition state of the k,  = k(m-.l> reaction step 
accounts for the effect of the leaving group on mer -+ 
trans reaction rate, whereas the slight dependence of 
k++m) on the nature of the incoming X- group can be 
ascribed to the associative nature of the activation pro- 
cess in reaction step k,  [equation (IS)]. 

The above mechanism also accounts satisfactorily for 
the kinetic behaviour displayed in acidic solutions by the 
mer complexes [equation (S)], with k(,+rl* = k,. Accord- 
ing to this mechanism, the observed lack of direct 
formation of mer-[ RhL( L')Cl,], when mer-[RhL( L') C1,- 
XI ( X -  = NO,- or N3-) reacts in acidic solutions in the 
presence of chloride ions, implies that the five-co- 
ordinate intermediate undergoes ring closure ( k ,  re- 
action step) much more readily than associative attack by 
chloride ion (k3  and k,  reaction steps). The proton in the 
mer-H+ form [equation (14)] of complexes previously 
studied with X- = halide is probably linked to the basic 
NMe, group of L',, so that K,  in these cases is mainly a 
measure of the basicity of co-ordinated L'. The value 
of K ,  for the mer complexes examined in this paper 
sharply increases with the basicity of bonded X- (Table 
3) so that it is reasonable to assume that protonation 
involves this group in some way. Protonation of co- 
ordinated SCN-, N3-, and NO,- is widely documented, 
e.g. in aquation reactions of several co-ordination com- 
p l e ~ e s . ~ ~ ~ ~  However, since the basic NMe, group of L' is 
always close to the reactive X-, it is possible that the 
proton interacts with both NMe, and X-. Also, the 
reactility of protonated mer complexes, measured by 
k(, , l+llH = k,, increases with the basicity of X-, i .e. C1-, 
Br-, IP(rate term absent), 6 SeCN-(ca. 4 x 10") < 
SCN-- (2.8 x < NO,- (7.74 x lo-,) < N3-* (1.22 x 
10-1 s-l) at 25 "C. This sequence does not parallel that 

found for the reactions of unprotonated mer complexes 
[i.e. k(m-.t) at  25 "C; N,- (1.95 x < SeCN- (6.40 x 

< SCN- (3.08 x lo-*) < NO,- (4.81 x < 
C1- (2.86 x s-l)] and can be ascribed to the increased 
importance of the interaction between the proton and the 
outgoing ligand as its basicity increases. This inter- 
action promotes the release of X-, stabilized as HX. 
Finally, the absence of a kinetic effect of acidity on the 
reaction rate of mer-[RhL(L')Cl,(py)]+ is assignable to 
a very low value of K,  [equation (la)], due to the fact 
that this complex is positively charged, and also indicates 
that the effect of acidity observed for basic leaving groups 
is not related to their basicity as unco-ordinated species. 

[1/639 Received, 22nd A p r i l ,  19811 
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