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Water—-Ammonia Exchange at Amminerhodium(m) Complexes in Aqueous
Ammoniacal Solution

By Sijbe Balt * and Andries Jelsma, Department of Inorganic Chemistry, Free University, De Boelelaan 1083,
1081 HV Amsterdam, The Netherlands

The kinetics of water-ammonia exchange at trans-[Rh(NH;),(OH),]* and [Rh(NH;);(OH)]%* have been studied
in aqueous ammoniacal solution. The reaction of trans-[Rh(NH;),(OH),]1* with ammonia to form [Rh(NH;);-
(OH)12* has been studied in the temperature range 68—90 °C. The pH dependence of the observed rate constant
indicates H,0 to be the leaving group. The kinetics could be interpreted in terms of the usual Eigen-Wilkins
interchange mechanism, with a more associative character than cobalt(ill). The reaction of [Rh(NH,;);(OH)]?+
with ammonia has been studied in the temperature range 112—142 °C, where the reaction results in an equilibrium
mixture of [Rh(NH;);(OH)]%* and [Rh(NH;):]®+. The equilibrium constant has been determined spectro-
photometrically and kinetically. The forward reaction is pH-independent. The reverse reaction, which gives a
small contribution to the overall rate, is base-catalysed. These results can be explained by a direct interchange of

OH- and NHj; or by the conjugate-base mechanism.

A sUBSTANTIAL amount of information has been gathered
about substitution reactions of octahedral rhodium(1r)
complexes in aqueous solution.!® Most of these studies
have been centred on formation and breaking of the
Rh-X bond in complexes of formula [Rh(NH,);X]?* or
[Rh(en),X,]" (en = ethylenediamine) and with X anionic
ligand such as Cl7, Br~, I7, NCS~ efc. All these studies
involve aquation, base hydrolysis, or anation, in which
the rhodium(ir)-amine skeleton is inert. The mechan-
istic picture emerging from these studies is that substi-
tution at rhodium(i) tends to be more associative in
character than at cobalt(111). Although this seems to be
the prevalent picture of rhodium(imr) reactions, for a
number of substitutions a dissociative (D) mechanism is
indicated.”®

Most of the information known about cobalt(im)
amine substitution reactions deals with a stable cobalt-
amine skeleton, in which ligands other than amines are
reactive. Consequently, not much is known about the
kinetics and mechanism of the Co'"-NH; bond. To
fill this gap, some years ago investigations were started
at our laboratories of water-ammonia exchange reac-
tions of some ammineaquocobalt(i1) complexes.10-14
The complex cis-[Co(NH,),(OH,),]3* has been the
starting product for most of these studies. In aqueous
ammoniacal solution this complex splits off the aquo-
protons in two consecutive rapid acid-base equilibria,!t
the three resulting tetra-ammines undergo cis—trans
rearrangement.!’® These equilibria are followed by a
slower uptake of ammonia to form [Co(NH,);(OH)]2+.1!

The medium dependence of the uptake of ammonia
indicates that both the dihydroxo-complex and the
aquohydroxo-complex are reactive species. The reac-
tion with ammonia could be described by a dissociative-
interchange (I;) mechanism.® In the absence of am-
monia the tetra-amminecobalt(111) complexes undergo
tetramerisation.'®17 In order to study the breaking of
the Co-NH, bond, the reaction of [Co(NH,);(OH)]** to
form [Co(NH,),(OH),]* has been studied.! This re-
action proceeds via outer-sphere complexes of [Co(NH,),-

(OH)]2* or its conjugate base with water or hydroxyl
ions.

The studies of water-ammonia exchange reactions were
extended to some rhodium(iir) complexes in order to
study the kinetics of formation and breaking of the
Rh-NH; bond for the reasons given above.

RESULTS AND DISCUSSION

Alkaline aqueous solutions of the [Co(NH,),(OH),}* ion
show tetramerisation 617 and cis—¢rans isomerisation 10
complicating the study of ammonia uptake.l™® The
presence of these and similar reactions was checked for
trans-[Rh(NH,),(OH),]* by following pH and the u.v.—-
visible absorption spectrum of alkaline solutions (pH =
7—10.5) of this complex as a function of time. Even
after 50 h at 50 °C in a closed vessel no change of pH or
spectrum was observed and no release of ammonia could
be detected by an ammonia electrode. Consequently,
neither a tetramerisation or other polymerisation, nor
a trans—cts isomerisation have to be reckoned with under
the circumstances used for the ammonia uptake reac-
tions.

Reaction of trans-[Rh(NH,),(OH),}* with Ammonia.—
The kinetics of the reaction of ¢rans-[Rh(NH,),(OH),1*
with ammonia were studied in ammonia buffers at a
constant ionic medium of 1.00 mol! dm™3. The u.v.-
visible spectrum of the reaction product was identical to
that of [Rh(NH,);(OH)]2+.3¥ At constant ammonia
concentration, the observed rate constant was propor-
tional to the ammonium ion concentration, and at con-
stant [NH,*] the observed rate constant varied linearly
with [NH,], with a non-zero intercept. The reaction
can thus be described by the rate equation (1).

kovs, = ag + a;[NH "] + ap NH,JINH,*] (1)

A least-squares fit of equation (1) to the observed rate
constants resulted in the parameter values of 4, and a,,
given in Table 1.t The mean deviation between the
observed and calculated rate constants is generally less

1 Additional material available on request.
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than 39,. The parameter a, is zero within experimental
error. The activation parameters of @; and a, are in
Table 2. The activation plots did not show curvature.

TABLE 1
Kinetic parameters for the reaction of frans-[Rh(NH,),-

(OH),]* with ammonia in aqueous ammoniacal
solutions
10* a,/dm? 104 a,/dm®

6./°C mol1 s mol™2 s7!

68.6 0.58 4 0.03 0.19 + 0.03

76.3 1.78 + 0.05 0.54 4+ 0.03

81.4 3.52 + 0.16 0.88 + 0.08

88.5 8.35 + 0.33 2.23 + 0.25

90.4 11.0 4 0.3 2.67 + 0.18

The published pK values for the diaquo-complex 19 and
the measured u.v.~visible spectra indicate that at the pH
values of the solutions used the complex will be present
almost entirely in the dihydroxo-form. Equation (1)
may be rewritten as (1').

Rops. = a, + (all[NHs} + “2’[NH3]2) [H*] (1’)

Equation (1) governs the ammonia uptake 13 by cis-
and trans-[Co(NH;),(OH),]*, with 4, as a complicated
function of [NH;]. Therefore the mechanism will be
similar in both cases, so that the reaction of trans-
[Rh(NH,),(OH),]* with ammonia can be described by
the Eigen—Wilkins interchange mechanism,® postulated
for [Co(NH,),(OH),]*1® equations (2)—(4), where K,
[Rh(NH,),(OH,)(OH) > e

[Rh(NHy),(OH),J* + H* (2)
[Rh(NH)y(OH,)(OH)1** + NH, ===
[Rh(NHg),(OH,)(OH)J?* - - - NH,

(3)

[Rh(NH3)4(OH2)(OH)]2+ e NH3 kex.t

[Rh(NH,),(OH)}?* + H,0 (4)

represents a rapid acid-base equilibrium, g* the form-
ation constant of the outer-sphere complex with am-
monia, and %.x? the rate-determining exchange of NH,

J.C.S. Dalton

adding ammonia.’® The difference with the cobalt(im)
case is the absence of a pH-independent term in the rate
expression (1’) for the rhodium(i1r) complex (a, = 0).
The a, term in equation (1’) denotes the contribution of
[Co(NH,)4(OH),]* to the rate constant, thus implying
direct loss of OH-.2® Evidently this reaction route is
not favourable in the analogous rhodium(111) complex.
The activation parameters for water-ammonia ex-
change at trans-[Rh(NH,),(OH),]* are given in Table 2,
together with the available data on cobalt(1m1). Rates of
reaction with ammonia of ¢¢s- and trans-[Co(NH,),(OH),]*
are the same within experimental error.’? In order
to make a straightforward comparison, the activation
parameters for trans-[Rh(NH,),(OH),]* were converted
to the formulation of equation (1'), with the aid of
the hydrolysis constant KNHs of ammonia (AH =0,
AS = —80 J K mol1) 2! and with AH® = 56 k] mol™!,
AS® = —113 J K mol?! for K,,2? using the formula
a,) = a; KNGK 1. A comparison of the activation
parameters for a,’ of [Co(NH,),(OH),)* and trans-
[Rh(NH,),(OH),]* shows that both AH* and AST are
lower for the rhodium(iir) complex. This may be an
indication of a less dissociative activation mode for the
rhodium(i11) complex. It should be noted that a,’
kex 284/ K,%, so the activation parameters also contain
the thermodynamic parameters for 8¢ and K,%. The
value of AH for g? will be close to zero.2 AH Values for
the acid dissociation constant of [Co(NH,);(OH,)]3* and
[Rh(NH,);(OH,)13* are 33 and 25 kJ mol™ respectively.2
If it is assumed that the difference in AH for K,4 between
the tetra-ammines of rhodium(111) and cobalt(11r) is the
same as for the analogous penta-ammines, the activation
enthalpies for %.x 4 at cobalt(111) and rhodium(111) will differ
by as much as 26 kJ moll. The entropy changes for
the acid dissociation constants of [Co(NH,);(OH,)]*+ and
[Rh(NH,);(OH,)]3* are: —5 J K* mol! and —38 J K1
mol™, respectively.? Using this difference for the
change in AS for K,* on going from cobalt(111) to rhodium-
(111) and assuming the change in g% to be small, the activ-

TABALE 2

Activation parameters for water-ammonia exchange

Complex Parameter AH!/k] mol™? AS*] K™ mol™ I/mol dm™ Ref.
trans-[Rh(NH,;),(OH),}* a, 135 + 2 68 + 5 1.00 a
a, 122 4- 3 21 + 9 1.00 a
a,’® 79 101 1.00 a
[Co(NH,),(OH),}* ¢ a,’ 97 181 0.20 11
[Rh(NH,;);(OH)]*+ k5 133 4- 6 0+ 16 0.10 a
k_,® 210 4- 6 154 + 15 0.10 a
k_,8 (KNHy)71 210 234 0.10 a

@ This work. ¢ a," = k., B K,* (see text).
and H,O between the inner and outer co-ordination
sphere. The superscript 4 on the parameters denotes
that a tetra-ammine complex is represented.

This scheme explains equation (1’) with a;" = ke %
B4 K.t In the case of [Co(NH,),(OH),]* the a,” term of
equation (1') has been proved to arise from a lowering
of the dielectric constant of the medium, caused by

¢ a,’” is the same for the cis and frans complexes (ref. 12).

ation entropy for k. will decrease by 113 J K-1 mol-! on
going from cobalt(111) to rhodium(tr). Summarizing,
after corrections for the thermodynamic parameters for
K,% and 8% are applied, kex? for frans-[Rh(NH,),(OH),]*
will be characterized by an even more pronounced
lowering of both AH? (by 26 kJ mol?) and AS! (by
113 J K™ mol!) compared to [Co(NH,),(OH),]*. As
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suggested above this may indicate a change of mechanism
from I4 to I, on going from cobalt(ir1) to rhodium(iir),
which is quite common. By means of measuring the
volume of activation, water exchange at [Rh(NHj,),-
(OH,)33* has been proven to be associative in character.®
Also, anation reactions of [Rh(NH,);(OH,)]** by chloride
and bromide have been ascribed to a possible nucleo-
philic assistance of the incoming group upon activation.’
Bott et al.® have concluded that trans-[Rh(en)y,(OH,),)3*
behaves similarly to [Rh(NH,),(OH,)}3+.

Reaction of [Rh(NH,);(OH)1*" with Ammonia.—The
study of the kinetics of the reaction between penta-
amminehydroxorhodium(1i1) and ammonia was started
at a constant ionic medium of 1.00 mol dm=. However
at this electrolyte concentration a precipitate is formed
upon cooling the samples, so the reactions were studied
at the lower value of 0.10 mol dm™=. The published pK
values # and the u.v.—visible spectra 18 indicate that at the
pH values of the solutions used the complex will be
present entirely in the hydroxo-form. The observed
rate constant as a function of [NH;] and [NH,*] could be
described by the rate equation (5).

Fovs. = by -+ by[NHg] + b[NH,][NH,*]?  (5)

Equation (5) was fitted to the observed rate constants
at varying [NH,] and [NH,*]; the resulting values of &,
and b, are given in Table 3.* The intercept b, was zero

TABLE 3

Parameters describing the equilibrium between
[Rh(NH,);(OH)]** and [Rh(NHy)]**

108 b, /dm?® K589 K588/
0./°C mol™ st 107 b,[s7t dm?® mol™? dm? mol™
111.5 0.588 4- 0.035 0.241 4+ 0.011 244 230
125.0 2.64 + 0.02 2.43 + 0.07 109 84
135.0 6.1 + 0.5 13+1 47 63
142.0 14.6 4 0.8 31 +3 47 43

¢ Calculated from the kinetic parameters: K& = b,/b,.

® Mean values of spectrophotometric determinations.

within experimental error at all temperatures. Because
of the sampling system used to study these reactions,
the accuracy was rather low: the mean deviation be-
tween the observed and calculated rate constants gener-
ally was only better than 59%,. The absorbance of the
reacting solutions on completion of the reaction (after
more than five half lives) was found to be dependent on
the ammonium ion concentration, moving closer towards
the value for pure [Rh(NH,)¢?* as more ammonium
perchlorate was added. So the reaction product appears
to be an equilibrium mixture of [Rh(NH,);(OH)]%* and
[Rh(NH,)e3*, equation (6).
[Rh(NH,);(OH)J** + NH,* <=
[Rh(NH,)¢]3* + H,O (6)
From the absorbance of the equilibrium mixture at
342 nm (the wavelength at which the change in absorb-
ance is largest) and the known absorption coefficients of
[Rh(NH,);(OH)]?* and [Rh(NH,)¢]3* at this wavelength,
the ratio [Rh(NH,)2*]1/[Rh(NH,);(OH)?*] could be

* Additional material available on request.
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calculated as a function of [NH,;] and [NH,*]. This
ratio appeared to be independent of [NH,] and pro-
portional to [NH,*], which proves the formulation of the
equilibrium constant K56 according to equation (7).

K5 = [Rh(NHy)g)/[Rh(NH,);(OH)*][NH, "] =
| Rk (7)

This means that in equation (5) the two terms refer to
the forward (b;) and the reverse (b,) reaction of equilib-
rium (6), so that b, = %% and b, = £,%. To check this
interpretation the mean values of K38, calculated from
the absorbance measurements, and those calculated from
the kinetic parameters are compared in Table 3. As can
be seen from the values of K58 and k_® the contribu-
tion of %k, to the overall reaction is generally small.
Consequently, the accuracy of the photometrically
determined K% is rather low, but both sets of K% values
appear to follow each other closely, which reinforces the
interpretation of equation (5). The activation param-
eters of %;° and k_,® are presented in Table 2. No curva-
ture was found in the activation plots.

The medium dependence of the forward and the reverse
reaction may now be used to work out a mechanism.
The uptake of ammonia (k,5) appears to be independent
of pH, so it may be concluded that OH~ is the leaving
group and the reaction is not proceeding via the con-
jugate aquo-complex [Rh(NH,);(OH,)]®*, as found for
trans-[Rh(NH,),(OH),]*. Assuming - again an inter-
change mechanism, &,% will be equal to &y 58° (definitions
as in the preceding reaction). The enthalpy of activa-
tion for the composite parameter %,°is 133 kJ mol?,
which is 30 kJ mol? higher than for the water exchange
of [Rh(NH,);(OH,)13*; 8 as AH for 85 may be expected
to be close to zero 2 this difference reflects the difference
in ease of leaving between OH~ and H,0. This charac-
teristic of the hydroxo-group of being a poor leaving
group is also evident from the slow water exchange of
[Rh(NH,);(OH)]?* in basic aqueous solution.2> The
entropy of activation for both ammonia uptake and water
exchange ¢ is close to zero and because AS for g% will be
rather small, the reaction of [Rh(NH,),(OH)]?* with
ammonia will proceed via an associative interchange (Z,)
mechanism, like water exchange.®

The rate of the reverse reaction (k_;%) appears to be
proportional to the ratio [NH,]/[NH,*], 7.e. to the con-
centration of hydroxide ions in solution. The mechan-
ism, which must be the microscopic reverse of the for-
ward reaction (k,%), will then also be of the Eigen-
Wilkins interchange type. Consequently the rate-
determining step is the interchange between inner-
sphere NH,; and outer-sphere OH-, analogous to
reactions (3) and (4). One may even assume that the
entering group assists the leaving group in loosening the
Rh—0O bond. Because both the reactions share the same
transition state, a similar effect will appear in the for-
ward reaction, and the transition state of reaction (6) will
be as shown below.t

+ This formulation of the transition state was suggested by one
of the referees.
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The proposed mechanism is very close to the Chan
outer-sphere mechanism 26 for the Dbase-catalyzed
reactions of amine complexes. However, Bohte and

2+

He M

>N
. o N

(H3N)sRK. H
\~o‘a

NH

Balt 14 have argued on the basis of a much more exten-
sive set of data for the series of ammineaquocobalt(111)
complexes, that the OH™-NH, exchange can better be
explained by the familiar conjugate-base (CB) mechan-
ism.%

For the present case, because forward and reverse
reactions must obey the principle of microscopic revers-
ibility, the reaction sequence will be (A = NH,) given by
(8)—(11). In thisscheme the hydroxo-compound attains
a more reactive form by an intramolecular proton jump

[RhA;(OH)J2* <= [RhA,(NH,)(OH,)}**  (8)

[RhA,(NH,)(OH,)J** + NH, ==
[RhA«a(NHz) (OH2)12+ e NHa (9)

[RhA,(NH,) (OHy)J2* « - - NH, ==
[RhAg(NH,)]?* - - - OH, (10)
[RhA(NH) ] + NH,* <ol
[RhAg®* + NH, (11)

in a fast pre-equilibrium (P = equilibrium constant) (8).
In this way the complex gains the easier leaving group
H,0 and the labilizing group NH,~.1* This cation forms
an outer-sphere complex with ammonia (9). The rate-
determining step for the forward and reverse reaction is
the interchange of NH, and H,O between inner and outer
co-ordination sphere of the conjugate base (10). Al-
though this concept of NH,;~-H,O interchange at the
conjugate base is introduced here primarily for reason of
simplicity of presentation, there are serious indications
for the operation of similar processes in the base-cata-
lyzed reactions of amine complexes, the Sx2CB 28 and the
Sx1(CB)I P mechanisms (P = ion pair).?® In addition,
the base-catalyzed ammoniation of penta-ammine-
rhodium(ir1) complexes in liquid ammonia exhibits
activation parameters indicative of solvent assistance in
the rate-determining step.® However, for the present
case a two-step process for reaction (10) cannot be ex-
cluded, equations (l0a) and (10b). Now a five-co-
ordinate intermediate, presumably formed in a D

[RhA,(NH,)(OH,)J2* « + - NH, ==

NH,4
[RhA,(NHpP  ° (10a)
~OH,
~NH,4
[RhA(NH,)]?* =
“OH,
[RhA,(NH,))2*+++ OH, (10b)

J.C.S. Dalton

process, is postulated. The mechanism may be pro-
gressively complicated by assuming a outer-sphere
equilibrium of this intermediate with ammonia.
Without loss of generality the discussion here can be
limited to the interchange CB mechanism. We have
then equations (12) and (13). Coming back to %2_,%, in

ko — PBkord (12)
k% = Kogbkeg® (13)

order to make a more general comparison, the activation
parameters for %_® were converted to the hydroxide
scale by using the hydrolysis constant K¥H. for am-
monia.?! A comparison of the activation parameters
(Table 2) with literature data on [Rh(NH,);X1%* com-
plexes (X = Cl~ or Br~)%3 indicates that both AH? and
AS? for k8 (K¥H:)1 are extremely high. The activation
parameters for base hydrolysis of [Co(NH,)]3* are:
AHY = 146 kJ mol™! and AS?! =130 J K mol?,3 so
also compared to this complex the activation parameters
for the base hydrolysis of the hexa-amminerhodium(r1r)
ion are very high. These high values of both AH? and
AS?t are a further strong indication #7 that a CB mechan-
ism is in operation.

EXPERIMENTAL

Materials.—The compound [Rh(NH,),Cl]JCl, was pre-
pared according to a standard method.3? It was converted
to [Rh(NH,);(OH,)][ClO,]; by boiling in aqueous sodium
hydroxide, followed by filtration and precipitation with
concentrated perchloric acid.® The complex was recry-
stallized from dilute perchloric acid. The u.v.—visible
spectrum agreed with the previously published one 18
{Found: Rh, 20.3. Calc. for [Rh(NH,)s(OH,)][ClO];:
Rh, 20.49,}.

The compound [Rh(NH,)][NO,]; was prepared according
to Thomas and Crosby,3® freed from [Rh(NH,);(OH,)]-
[NO,], as described,?* and converted to the perchlorate salt
by dissolving it in water, followed by precipitation with
concentrated perchloric acid. Finally, the complex was
recrystallized from dilute perchloric acid. The u.v.—visible
spectrum agreed with literature data !83% {Found: Rh,
20.5. Calc. for [Rh(NH,;)6][ClO,];: Rh, 20.45%}.

trans-[Rh(NH,),(OH,),][C10,],. The compound [Rh-
(NH,);Cl]2" was converted to trans-[Rh(NH,),(OH,)H]*" by
a published procedure.?® The latter complex was converted
to the trams-diaquo-complex by adding H,0, and boiling
with HC1O,. Upon cooling and addition of concentrated
HCIO,, the complex precipitated. The complex was re-
crystallized from dilute HCIO,. The u.v.—visible spectrum
recorded in 0.10 mol dm™ HCIO, showed maxima at 353
and 273 nm, with absorption coefficients of 52 and 96 dm?
mol? cm™ respectively, which is in good agreement with
published data® {Found: Rh, 20.5. Calc. for [Rh-
(NH,),(OH,),][C10J,;: Rh, 20.35%}.

cis-[Rh(NH,),(OH,},][Cl0,];. The compound [Rh(NH;),-
Cl]2* was converted to tetra-ammineoxalatorhodium (i),
and the latter to cis-[Rh(NH,),Cl,]* by the method of
Hancock.3” The compound ¢is-[Rh(NH,),Cl,]* was boiled
in 1 mol dm™ aqueous Na[OH] for 30 min; after filtering
the still hot solution cis-[Rh(NH,),(OH,),][Cl0,], was pre-
cipitated by adding concentrated HCIO,. The complex
was recrystallized from dilute HCIO,. The u.v.-visible
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spectrum showed maxima at 325 and 268 nm, with absorp-
tion coefficients of 106 and 90 dm?® mol™! cm™!, respectively.
This is in good agreement with the spectrum described by
Hancock,®® A = 326 nm (¢ = 107 dm? mol! cm™) and
A= 268 nm (e = 91 dm® mol? cm™) {Found: CI, 20.7;
N, 11.0; O, 44.15. Calc. for [Rh(NH,),(OH,),][CIO],: CI,
21.05; N, 11.1; O, 44.3%}. An attempt was made to
prepare the cis-diaquo-complex by direct hydrolysis of
tetra-ammineoxalatorhodium(rir) in 1 mol dm™ HCIO,.
However, upon addition of concentrated HC1O, and cooling,
a white precipitate of varying properties formed. It is not
clear yet what happens in this synthesis.

Kinetics. —The experimental set-up and procedure was
the same as described previously.?! The water-ammonia
exchange of trans-[R1hW(NH,;),(OH),)* was studied at five
different temperatures between 68 and 90 °C at a constant
ionic medium of 1.00 mol dm™, which was adjusted by
adding a calculated amount of sodium perchlorate. The
ammonia concentration was varied between 0.33 and 2.60
mol dm™2, the ammonium perchlorate concentration between
0.04 and 0.40 mol dm™. The complex concentration was
ca. 4 x 1073 mol dm™. Isosbestic points were found at 342,
300, and 247 nm. The spectrum of the final product was
identical to that of [Rh(NH,);(OH)]**.18 Reactions were
followed at 272 and 330 nm; as no wavelength dependence
of the observed rate constant was found, most of the
reactions were followed only at 272 nm. At 81.4 and 88.5
°C, reactions were followed at five different NH, concentra-
tions and five different NH,* concentrations. At the other
temperatures, four different NH, concentrations and five
different NH,* concentrations were selected.

The u.v.—visible spectrum of cis-[Rh(NH;),(OH),]* at
76 °C and [NH,] = 1.33 mol dm™, [NH,*] = 0.20 mol dm™
showed a clear change in absorbance towards the spectrum
of [Rh(NH,),(OH)]?*. Isosbestic points were found at 330,
290, 280, and 245 nm. However, upon varying the medium
and temperature, no reproducible pattern emerged.

The slower reaction of [Rh(NH,);(OH)]*" with ammonia
needed much higher temperatures, so these reactions could
not be studied in a conventional spectrophotometric cell.?!
Therefore, stainless steel vessels with Teflon coatings were
used to contain the reaction mixtures. The vessels were
kept in a thermostatted oil bath (temperature constancy
40.1 °C)-and at appropriate time intervals a vessel was
withdrawn, cooled, and the absorbance of a sample of the
solution recorded at 342 nm on a Zeiss PMQ 11 spectro-
photometer. Rate constants were calculated from 20
readings at 135 °C and 10 readings at the other temperatures
(111.5, 125.0, 142.0 °C). The ionic medium was adjusted to
0.10 mol dm™ by adding a calculated amount of Na[ClO,].
The ammonia concentration was varied between 0.65 and
2.60 mol dm™, the ammonium perchlorate concentration
between 0.02 and 0.08 mol dm™. The complex concentra-
tion was ca. 3 x 1073 mol dm™. Isosbestic points were
found at 310, 293, and 260 nm. During the reaction the
absorption maxima of the solution moved towards those
reported for [Rh(NH,)]3*.1%3% At 111.5 and 125.0 °C
reactions were followed at four different NH, concentrations
and five, and four respectively, different NH,* concentra-
tions. At 135.0 and 142.0 °C, five NH, concentrations and
four NH,* concentrations were selected.

All reactions studied kinetically obeyed a first-order rate
law; the fitting error was always within 19,. Varying the
complex concentration over one order of magnitude did not
influence the observed rate constant within the fitting
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error. First-order rate constants were obtained by a
computerized least-squares method.?® Activation param-
eters were calculated by means of a least-squares method on
the basis of the Eyring formula.?® The pH was measured
with a Mettler DK10/DKI11 pH-meter, using an Electrofact
7 G 411 glass electrode and a sodium sulphate reference
electrode, calibrated with NBS buffers. Ammonia con-
centrations were measured with an EIL 8002-2 ammonia
selective electrode.
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mental work, and Mr. J. Ph. Musch and co-workers for the
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Netherlands Foundation for Chemical Research (SON).
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