1976

923

Reversible Chelate Ring-opening and Ring-closure Substitution Reac-
tions of trans-Dichlorobis(o-dimethylaminophenyldimethylarsine-NAs)-
rhodium(m) lons. A Kinetic Study in Hydroxylic Solvents

By Arnaldo Peloso,” C.N.R. Centro di Studio sulla Stabilitd e Reattivitd dei Composti di Coordinazione,

Istituto di Chimica Analitica, Universita di Padova, Padua, Italy
Luciano Volponi, Istituto di Chimica Generale, Universitd di Padova, Via Loredan 4, Padua, ltaly

The kinetics of the interconversion (i) have been studied in hydroxylic solvents (X = CI, Br, |, and occasionally

trans-[Rh(L),Cl,]+ + X- === mer-[Rh(L) (L") Cl,X] 0]
SCN:; L and L’ = o-dimethylaminophenyldimethylarsine-NAs and -As respectively). The system obeys rate law
— d[Rh(L):Cly*1/dt = kysm®v . 2[R(L)2Cla*1[X"] = ku—sy [RN(L) (L) ClpX] (i)

(ii). The rate of the forward reaction increases with decreasing polarity of the solvent, as expected for reactions
between ions of opposite charge. The reactivity of the trans complex changes with the entering group, an order
SCN > | > Br > Cl being observed in methanol, and is explained by the occurrence of some Rh—X bond making
during formation of the transition state. The rate of the reverse reaction is also affected both by the solvent and
by the nature of the X group. The solvent effect is rationalized in terms of the Grunwald-Winstein relation
log kg—m® = mY + constant. The high values of m obtained [1.24 (X = CI),1.19 (Br), and 0.95 (I)] are considered
to indicate extensive Rh—X bond rupture in the activated complex of the mer —» trans conversion. The reactivity
order with respect to the leaving group, SCN < Cl < Br < |, is interpreted in terms of the energy required to break

the Rh—X bond in order to attain the configuration of the activated complex.

WE recently reported a kinetic investigation on the
trans = mer interconversion between frans-dichlorobis(o-
dimethylaminophenyldimethylarsine-IN 4 s)rhodium(111)
chloride, trans-[Rh(L),Cl,]Cl, and mer-trichloro(o-di-
methylaminophenyldimethylarsine-A4s)(o-dimethyl-
aminophenyldimethylarsine-N4s)rhodium(i1), wer-
[Rh(L)(L)Cly] [equation (1); X = Cl], in methanol,
ethanol, propan-l-ol, and propan-2-ol! A dissocia-
tive-interchange mechanism, involving the formation of
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(I}
trans - [Rh(L)ZClz]’

a precursor ion pair between the frans complex and the
chloride ion, followed by a slow Rh—~N bond rupture, has
been proposed for the forward reaction. The reverse
reaction is thought to imply a dissociative mechanism
with extensive Rh—Cl bond rupture in the activated
complex.

This paper reports the results of a kinetic study of
system (1) with X = Br, I, and occasionally SCN in the
solvents previously used. The investigation was made
in order to achieve a more accurate description of the
reaction mechanism on the grounds of either the solvent

1 A. Peloso and L. Volponi, J.C.S. Dalton, 1974, 278.

2 L. Volponi, C. Panattoni, R. Graziani, and G. Bombieri,
Gazzetta, 1966, 96, 11568.

effects or the kinetic effects of X on both the forward and
the reverse reactions. The reaction with chloride,
previously studied by using LiCl as chloride source, has
been reinvestigated by using [NMe,]Cl, whose association
constant is known in the solvents considered.

EXPERIMENTAL

The complexes mer-[Rh(L)(L")Cly] and trans-{Rh(L),Cl,]-
[NO,] were prepared as described elsewhere.? The new

‘ 1
@

X~ (1)

(o)
mer~ [Rh{L}{L)CloX]

complexes mer-[Rh(L)(L")Cl,X] (X = Br, I, or SCN) were
identified in solution (see below). Reagent grade [NMe,]C],
[NBu,]Br, [NBu,lI, [NBu,}[Cl0,], Na[SCN], and Na[ClO,]
were dried before use. Methanol, ethanol, propan-1-ol,
and propan-2-ol were purified by standard methods.?
Stoicheiometry of the Reactions, Preparvation of the Reaction
Mixtures, and Evaluation of the Reaction Rates.—Reactions
of the frams-dichloro-complex with chloride are already
known to obey stoicheiometry (1).! The identification of
the stoicheiometry of the reactions with bromide and iodide
was not straightforward. Thus, when bromide or iodide

3 A. Weissberger, E. S. Praskasuer, J. A. Reddick, and E. E.
Toops, jun., * Technique of Organic Chemistry,” vol. 7, * Organic
Solvents,” 2nd edn., Interscience, New York, 1955, pp. 333, 337,
343, 344.
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were treated with trans-[Rh(L),Cl,][NO,] in boiling methanol
products of formula mer-[Rh(L)(L)X;] were isolated.t
These complexes are not, however, the reaction products
formed in the kinetic conditions. Thus, for instance, mer-
[Rh(L)(L")Bry] exhibits an absorption maximum at 297 nm
compared with the value of 275 nm (Figure 1) shown by
the reaction products formed under kinetic conditions.
Stoicheiometry (1) was found to hold for X = Br and I by
indirect evidence. Solutions of #rans-[Rh(L),CL,][NO,]
(ca. 8.3 X 10 mol dm™) were treated with [NBu,Br (ca.
1072 mol dm™) or [NBu,]I (ca. 1072 mol dm™) in methanol at
25 °C. The course of the reaction was followed spectro-
photometrically in the 350—250 nm region until equilibrium
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FIGURE 1 Spectra of a solution originally containing #rans-
[Rh(L)4Cl,][NOg] {ca. 3.3 X 107® mol dm™), [NBugBr (5.0 x
1072 mol dm™), and [NBu,j[ClO,] (1.67 X 1072 mol dm™) in
propan-2-ol at 25 °C: after 15 (a), 120 (b), 240 (c), 420 (2), 720
(¢), and 4 500 s (f)

was attained. Subsequent addition of a large amount of
Na[ClO,] to the solution caused almost quantitative dis-
appearance of the reaction product and the reappearance of
the starting rhodium(1ir) complex. The process could be
repeated by further addition of halide followed by Na[ClO,].
This behaviour was observed also in the other alcohols, as
well as in the case of the chloride reaction of known
stoicheiometry. The reappearance of the starting dichloro-
complex merely by increasing the ionic strength implies that
both the chloride ions are firmly bonded to RhII even when
the incoming ligand X co-ordinates to the central metal
atom, and is fully consistent with the expectation of a
reversible reaction of type (1). In our opinion, these
results substantiate stoicheiometry (1). We were not able
to isolate the complexes [Rh(L)(L)CLX] (X = Br or I).
Their non-ionic nature prevented use of an appropriate
counter ion as precipitating agent. On the other hand,
precipitation by addition of a suitable solvent also resulted
in separation of the salts present in solution which were not
easily removed without concomitant transformation of the
complex to the starting #rans isomer. Therefore no
precise information is available on the mutual position of the
halides. However, structure (II) is proposed for such
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complexes in view of their kinetic behaviour which is very
similar to that of mer-[Rh(L)(L")Cly]. A similar mer
complex is also formed in the reaction with thiocyanate.
The reactions were started by mixing appropriate
volumes of thermostatted stock solutions of the reagents,
prepared by weight, in a 1 cm silica cell maintained in the
thermostatted cell compartment of either a Beckman
DK2A or an Optica CF4R recording spectrophotometer.
At suitable times the spectrum of the reacting mixture was
scanned in the range 350—250 nm, where large changes in
absorbance were observed during the reaction, together with
the occurrence of isosbestic points [at 313 and 250 (X = Cl),
at 259 (Br), at 262 (I), and at 345, 332, and 262 nm (SCN)].
Faster reactions were followed by recording the changes in
absorbance with time at a suitable wavelength [285 (X =
Cl), 280 nm (Brand I)]. The reactions were clean, as shown
from the spectrophotometric behaviour of the reacting
mixtures, the isosbestic points being maintained over the
course of the reaction (¢.g. Figure 1). The initial concentra-
tion of #ans-[Rh(L),Cl,][NO,] was in the range 1 X 1075—
5 X 10°® mol dm™. The concentrations of the other
reagents were varied as follows: [NMe,]Cl, 1.33 x 1072—
8.68 x 107%; [NBu,]Br and [NBu,I, 3.33 x 103—6.67 X
1072 mol dm™. The reactions with bromide and iodide were
made at four different concentrations of [NBu,X +4-
[NBu,J[CIO,], i.e. 6.67 X 1072, 3.32 X 1072, 1.67 x 1072,
and 8.33 X 102 moldm™. In each series the concentration
of [NBu,X was varied at least five times. The tempera-
tures explored are listed in Table 1. A single series of

TABLE 1

Comparison between the equilibrium constants, Keq, of
system (1), derived from the absorbances of the reaction
mixtures at equilibrium at 25 °C, and the quotients
kafky

[Salt] @ 1021 Keq® kolky ®
Solvent X moldm™ moldm™ dm?® mol? dms® mol™*
Ethanol Br 6.67 x 102 3.5 90 112
1.67 x 1072 1.2 210 180
I 667 x 102 29 1656 152
1.67 x 1072 1.0 260 212
Propan-l1-ol Br 6.67 x 1072 2.3 350 495
1.67 x 1072 0.86 580 680
I 667x102 1.9 470 560
1.67 x 102 0.73 800 820
@ [NBu,X] + [NBu,ClO,]. ¢ 4-109%,.

kinetic runs was made in methanol at 25 °C with X = SCN,
using a constant concentration of Na[SCN] 4 Na[ClO,]
(3.56 X 102 mol dm™). The concentration of Na[SCN]
was varied in the range 7.13 X 107%-—3.56 X 1072 mol dm™s.

The observed rate constants, Zys, were determined from
the gradients of plots of log|D; — D,| against time, where
D, and D, are the absorbances of the reaction mixture at
time £ and at the end of the reaction. The gradients of the
plots were independent of the particular wavelength
considered.

RESULTS

The observed rate constants, kg, for the reactions with
bromide and iodide increased linearly with the concentration
of [NBu,]JX provided a constant salt concentration ((NBu,]X
+ [NBu,][ClO,]) was used. However, an adequate

4 L. Volponi, C. Panattoni, and B. Zarli, Proc. Annual Meet-
ing Chim. Inorg., Padova, 1967, p. 25.
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description of the dependence of Zons, on [X~] requires the
knowledge of the effective concentration of X~ in solution.
This was obtained from the association constants, K, of the
salts used at 25 °C, referred to the particular ionic strength
in the reacting mixture according to the relation K =
Kyy.? where K, is the association constant at zero ionic
strength.5”? The mean ionic activity coefficient, y,, was
calculated from the extended Debye-Huckel expression (2),

1.826 X 10%z,z_(a) )
(DT)I + 50.29(DT)¥(d)H]

logy, =

where d is the density of the solvent, D its dielectric constant,
and I the ionic strength.® The Bjerrum critical distance
for 1:1 electrolytes (equal to ¢2/2DET) was used as a value
of ¥ in equation (2) in place of the ion-size parameter,
according to recent practice.%%1® The association constants
of [NBu,X were assumed to be negligibly affected by the
temperature in the range of temperature explored.” Figure
2 gives an example of a plot of ke, against [X™).
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FiGURE 2 Observed rate constants, ZAon., for the reaction of
trans-[Rh(L),Cl;][NO,] with [NBu,]Br in ethanol at 25 °C as a
function of the concentration of bromide ions. Salt concen-
trations ([NBu,]Br + [NBu/[ClO,]): 6.67 x 1072 (O), 3.34 X
107 (@), 1.67 x 1073 (A), and 8.33 X 1072 mol dm™(A)

Thus, the observed rate constant appears to be governed
by equation (3). System (1) is reversible, the concentration

kabs. = kl + kz[x_] (3)

of mer-[Rh(L)(L")CL,X] at equilibrium increasing to a
limiting value either by increasing the concentration of X~
or by decreasing the ionic strength. From the dependence
of the absorbances of the reaction mixtures at equilibrium
on the concentration of X~, it was possible to derive the
equilibrium constants, Keq, of system (1) for X = Br and I
at any ionic strength. Some typical values are collected in
Table 1. For first-order or pseudo-first-order reversible
reactions,»!! £, in equation (3) may be identified with
Rty and k, with R¢_,m) referred to the particular ionic
strength in solution. This is confirmed by the fact that the
quotients &,/k, from equation (3) are fairly similar to the
measured equilibrium constants (Table 1).

Only the specific rate constant of the forward reaction is

5 R. L. Kay, C. Zawoyski, and D. F. Evans, J. Phys. Chem.,
1965, 69, 4208.

¢ D. F. Evans and P. Gardan, J. Phys. Chem., 1968, 72, 3281.

? M. A. Matesich, J. A. Nadas, and D. F. Evans, J. Phys.
Chem., 1970, 74, 4568
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Ficure 3 Effect of ionic strength at 25 °C, expressed in terms
of the mean ionic activity coefficient, y;, on Ay—m) (open
symbols) and on ks (closed symbols) for the reactions with
[NBu,Br (circles) and [NBu,I (triangles) in ethanol (—),
propan-1-ol (- * +), and propan-2-ol {~ - ~)
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FiGUurRe 4 Observed rate constants, kg,., for the reactions of
trans-[Rh(L),CL][NOy] with [NBu,JBr in propan-1-ol (closed
symbols) and with [NBu,]I in ethanol (open symbols) at
25 °C as a function of y . 2[X-]. Salt concentrations ([NBu,JX
+ [NBu/J[ClO,}): 6.67 X 107 (O, @); 3.34 X 10 (A, A);
1.67 x 102 (0, IB): 8.33 x 107 mol dm™ (O, ¢)

8 * The Chemistry of Non-aqueous Solvents,’ ed. J. J. Lagow~
ski, Academic Press, New York, 1966, vol. 1, p. 102.
65, 5 J. C Justice, R. Bury, and C. Treiner, J. Chim. phys., 1968,
1708
0 7, C. Justice, J. Chim. phys., 1969, 66, 1193.
11 A, A. Frost and R. G. Pearson, ‘ Kinetics and Mechanism,’
Wiley, New York, 1962, p. 185.
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affected by variations in the ionic strength (Figures 2 and
3), in such a way that relation (4) is obeyed, where k¢’
is the specific rate constant of the forward reaction at zero

Robs, = Bm—rty + Resmy 3 X7] 4)

ionic strength. Plots of &, against y,2(X7] (e.g. in
Figure 4) gave the same straight line regardless of the salt
concentration used. The values of Ay and Ag.m)®
obtained are listed in Table 2 together with the related
activation parameters. Equation (4) held also for the
reactions with Na[SCN] and [NMe,JCl. 1In the first case the
data reported in Table 2 were derived with the assumption

J.C.S. Dalton

separately the forward and the reverse reactions of
system (1).

The specific rate of the forward reaction (frans —»
mer conversion) at infinite dilution, k¢,m?, is affected
by the solvent and the entering group X-. This rate
term increases with decreasing polarity of the solvent
expressed in terms of both the Grunwald-Winstein para-
meters (Figure 5) * or the reciprocal of the dielectric
constant, as expected for reactions involving an inter-
action between ions of opposite charge. An increase in
the entropy of activation, AS,.n!, in going from

TABLE 2

Rate constants and activation parameters for the interconversion frans-[Rh(L),Cl,]* -+ X~

=== mey-[Rh(L)(L")Cl,X] at

zero ionic strength

B kim—ry AHpm—yt ASt kuom® AHym? ASt
Solvent X °C st kJ mol™? JK1mol? dm3 molls? kJ mol™ J K71 mol™!
Methanol Cl 20 1.50 x 107 3.27 x 10728
30 4.14 x 10734 le —54e 9.65 x 1072¢? 720 —27
40 1.04 x 1072° 2.33 x 10718
Br 25 4.14 x 107 9 x 1072¢
40 1.67 x 107 70 —55 7 %x 1071¢
I 25 6.35 x 107 1.5 x 1071e
40 2.38 x 107 66 —64 1.5¢
SCN 25 3.50 x 107 5.95 x 1071
Ethanol Cl 30 3.20 x 10 2.65 x 107!
50 2.30 x 1073 764 —58a 1.52 70 —25
Br 25 5.03 x 10™* 1.76 x 107!
40 2.20 x 107 73 —61 7.44 72 —17
I 25 7.76 x 107 3.44 x 107!
40 3.62 x 107 77 —46 1.41 70 —18
Propan-1-ol Cl 30  1.66 x 10™e 4.85 x 107!
50 1.20 x 107%sa 784 — 584 3.20 74 —6
Br 25 2.01 x 107 3.16 x 1071
40 1.06 x 107* 83 —35 1.31 71 —15
1 25 3.65 x 107 6.36 x 107!
40 1.87 x 1073 81 —38 2.60 70 —13
Propan-2-o} Cl 30 290 x 107°s 8.10 x 107!
50 2.20 x 1074a 80¢# —T7le 5.30 74 +17
Br 25 6 x 107%¢ 491 x 1071
40 4 x 107*¢ 2.16 74 —2
I 25 1.7 x 1074 1.09
40 6.0 x 107%e 5.10 77 +14
Errors: k 4+ 3%; AH? + 4 kJ mol™; AS? + 10 J K™ mol™.
¢ Data taken from ref. 1. ¢ % 4 5%; AH? + 7k] mol™; AS* + 18 J K mol™™. ¢ 4+15%,.

that Na[SCN] is essentially fully dissociated in methanol,
which appears to be a reasonable approximation in view of
the general behaviour of sodium halides and pseudo-halides
in this solvent.1»13  The values of 2y ,m?® for the reactions
with [NMe,]Cl were obtained from gradients of plots of Agpg,
against y,%Cl7], the association constant of [NMe,]Cl
being known in the solvents used.? As expected, the
intercepts of these plots were close (within an error of
46%) to the values of Zu,_,; previously obtained ! from
the direct conversion mey — trans.

DISCUSSION
The dependence of % on the concentration of X~
[equation (4)] indicates that system (1) follows rate law
(56). The results are better examined by considering
—d[Rh(L),Cl*}/dt = kgomy *[RO(L);CL*IX ] —
kemn[Rh(L)(L")CLX]  (5)
* The value of Y for propan-1-ol has been derived by inter-

polation of the relation between the Kosower Z values with the
Y values of alcohols. 415

methanol to the less polar propan-2-ol, appears to be
mainly responsible for the observed solvent effect, and is
in the order expected from theoretical considerations.16
Indirect evidence against the dissociative-interchange
mechanism, [, previously proposed ! is obtained when
the solvent effect is examined in terms of the dielectric
constants of the solvents used. Thus, radii of 6.5—7.5 A
can be derived for the possible precursor ion pair trans-
[Rh(L),Cl,]*, X~ from gradients of plots of log A¢—m®
against 1/D.17 Introducing these values into the Fuoss

12 J. Miller and A. J. Parker, . Chem. Soc., 1961, 117 and refs.
therein.

13 B. O. Coniglio, D. E. Giles, W. R. McDonald, and A. J.
Parker, J. Chem. Soc. (B), 1966, 152.

14 E. M. Kosower, J. Amer. Chem. Soc., 1958, 80, 3267.

15 C. Reichardt, Angew. Chem. Internat. Edn., 1965, 4, 29.

18 K. J. Laidler, ‘Chemical Kinetics,” McGraw-Hill, New
York, 1950, ch. 5.

17 K. Kustin and J. Swinehart, Progr. Inorg. Chem., 1970, 18,
107. .
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equation,!® the following values for the formation con-
stant, Kyp, of the ion pair are obtained: 10 (methanol);
25 (ethanol); 50 (propan-l-ol); and 70 dm?® mol?
(propan-2-ol). These values are high enough to imply
a non-linear dependence of kqs* on ¢, 2(X~]. This
expectation does not appear to be experimentally
verified (e.g. Figure 4). The sensitivity of the reaction
rate to the nature of the entering group is also good
evidence against an I3 mechanism. The rate term,
ky—m? changes with changing X~ (Table 2). a definite
order  SCN(10.7) > I(2.7) > Br(1.6) > Cl(1)  being
observed in methanol. Conversely, on the basis of an
I3 mechanism such a rate term would be little affected by

W/

1
TG T
2-PrOH 1-PrOH EtOH MeOH
Y

Ficure 5 Dependence of ky—m® (open symbols) and Em—sgy
(closed symbols) on the polarity of the solvent at 25 °C for the
reactions with [NMegCl (O, @), [NBu Br (A, A), and
(NBu,JI (O, WD

changes in the entering anion, provided that anions of
constant charge are considered.’” The sensitivity of the
rates to the nature of X~ must be assigned to some bond
making during formation of the transition state. An
associative-interchange mechanism, I,, appears to be
adequate to account for the observed results. According
to this mechanism some Rh-X bond formation would be
involved before Rh-N bond breaking is complete.
Although such a mechanism appears to be satisfactory
in all respects, a pure dissociative mechanism, D, of type

Ky HXT)
1+ Kreys?[X7]
is the first-order rate constant for ‘ isomerization ’ of the ion pair.

t+ The mean ionic activity coefficient, y,, is assumed to be
unity.

b ?& specific solvation effect of the reactive NAs ligand may also
contribute to the extraordinarily high values of m. We are
grateful to one of the referees for this suggestion.

* kovs. Would be equal to + Ronon, where k
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(6), cannot be ruled out. Such a mechanism is governed
by rate law (7)  which is of the same form as that found

trans-[Rh(L),Cly]* + X~ —i~..= [Rh(L)(L")CL]*" + X~

;—Mzmer-[Rh(L)(L’)Clz)(] (6)

ke
—d[RO(L),Cly"] _ kykyRO(L),CLAXT
T kT AX]

koy[RI(L)(L)CLX] (7)
ky + Ry X7

experimentally, provided that £, > A,[X~]. Such a
condition would be expected for mechanism (6) because
the five-co-ordinate intermediate, [Rh(L)(L')CL}*, has
the outgoing group NMe, very near to the reaction site
and would be very similar to the activated complex
of the reaction step k,. Although no information is yet
available for a correct choice between the alternative
mechanisms I, and D, both mechanisms imply an 7,
path for the attack of the entering group X-.

The tendency of mer-[Rh(L)(L")Cl,X] to convert into
the frans isomer [reverse reaction of system (1)] increases
in the order SCN < Cl < Br << I. The high negative
values of the activation entropies are an indication of
increasing solvation in going from the ground state to the
activated complex, possibly due to significant charge
separation caused by extensive Rh—X bond breaking
during the formation of the transition state. The extent
of Rh—-X bond rupture in the activated complex related
to the mey —- trans conversion is best considered by
examining the solvent effect. It is seen (Table 2) that
kn—t Increases in the order propan-2-ol <C propan-1-ol
< ethanol < methanol. The effect of the solvent on
the rates of substitutions of halide in octahedral com-
plexes has been usually examined in terms of the
Grunwald-Winstein Y parameters.?®2' Satisfactory
linear correlations between log (- and Y are found
in our cases (Figure 5), and the solvent effect can be
rationalized in terms of the Grunwald-Winstein equation
log Ay = mY + constant. The s values obtained
are very high [1.24 4- 0.10 (X =Cl), 1.19 -+ 0.13 (Br),
and 0.95 4- 0.05 (I)] and can be taken as a positive
indication of extended Rh-X bond rupture in the acti-
vated complex.?>{ In view of the fact that the acti-
vated complex for both the forward and the reverse
reactions of system (1) is the same, this conclusion
implies that there is little Rh=X bond formation in the
transition state for the trans —- mer conversion. This
is possibly the reason why the effect of the entering group
on the reactions of trans-[Rh(L},CL,]* is not as marked as
in nucleophilic substitutions on other co-ordination

18 R. M. Fuoss, J. Amey. Chem. Soc., 1958, 80, 5059.

19 C. H. Langford, Inorg. Chem., 1964, 3, 228.

20 7. Burgess, J. Chem. Soc. (4), 1970, 2703.

2t J, Burgess and M. G. Price, J. Chem. Soc. (4), 1971, 3108.

22 C. H. Langford and V. S. Sastri in ‘ Reaction Mechanisms
in Inorganic Chemistry,’ ed. M. L. Tobe, Infernat. Rev. Sci.,
Inorganic Chemistry Series One, Butterworths, London, 1972,
vol. 9, p. 203 (section 6.3.2.5).
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compounds such as square-planar platinum(r) com-
plexes. The mer — trans conversion has a reactivity
sequence Cl < Br < I for the leaving halide, opposite to
the sequence usually found in substitution reactions of
rhodium(11) complexes in aqueous solution.2-2 This
peculiar behaviour is probably related to differences in
the solvation energy of the outgoing halide ions in the
activated complex in going from water to alcohols. In
fact, the enthalpy of activation, which appears to be most
important in determining the observed variation of
reactivity with the solvent, depends significantly both on
the contribution from the increased solvation of the
leaving group in going from the ground state to the
activated complex and on the energy required to break
the Rh—X bond in order to attain the transition-state
configuration. Another contribution in water would be
given by the enthalpy of solvation of the outgoing

23 H. L. Bott, E. J. Bounsell, and A. J. Pog§, J. Chem. Soc. (4),
1966, 1275.

24 A. J. Poé, K. Shaw, and M. J. Wendt, Inorg. Chim. Acta,
1967, 1, 371.

J.C.S. Dalton

halides, which is in the order Cl < Br < I for the free
anions.26 This would lead to a reactivity order
I < Br < Cl. In the less solvating alcohols the energy
required to break the Rh—-X bond, which is expected to
be in the order I << Br < Cl,%7 tends to be larger than the
solvation contribution, thus causing the sequence of
reactivity Cl < Br << I. The low reactivity observed
for X = SCN is then regarded as a consequence of the
strong affinity of Rhi! for sulphur. In agreement with
the above considerations, a reactivity sequence I <
Br < Cl is also expected in water (Y 3.49) for the
mer —» trans conversion, provided that the relation
between log £ and Y still holds for values of Y
outside the range explored.

[5/1470 Received, 25th July, 1975]

25 H. K. J. Powell, Inorg. Nuclear Chem. Letters, 1972, 8, 891.

26 C. H. Nancollas, ‘ Interactions in Electrolytic Solutions,’
Elsevier, Amsterdam, 1966, p. 123.

27 R. J. P. Williams and J. D. Hale, Structure and Bonding,
1966, 1, 249.
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