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Abstract. An O-bonded wlghito complex, Rh(OH,)s(OSO,H)?, is reversibly formed in the stopped-
flow time scale when Rh(OH,)%" and SO,/HSO; buffer (1< pH < 3) are allowed to react. For Rh(OH,)sOH*" +
SO, 0 Rh(OH)s(0SOH)?  (ki/k.y), ki=(22+0%) " 10°dm®’mol™s?, k,=0568+046s" (25°C,
| = 0% mol dm™). The protonated O-sulphito complex is a moderate acid (Kq=3" 10~ mol dm™, 25°C,
| = 0% mol dm™). This complex undergoes (O, O) chelation by the bound bisulphite with k= 14" 103s™
(31°C) to Rh(OH,)4(0,S0)" and the chelated sulphito complex takes up another HSO; in a fast equilibrium
step to yield Rh(OH,)3(0,S0)(0SO,H) which further undergoes intramolecular ligand isomerisation to
the S-bonded sulphito complex: Rh(OH,)3(0,S0)(0S0,)” ® Rh(OH,)3(0,S0)(S03)™ (ki =3~ 10™*s™,
31°C). A dinuclear (mO, O) sulphite-bridged complex, Nay[Rh,(mOH),(OH),(mOS(0)0)(0,S0)(S05)
(OH,)]5H,0 with (O, O) chelated and S-bonded sulphites has been isolated and characterized. This com-
plex is sparingly soluble in water and most organic solvents and very stable to acid-catalysed decomposi-

tion.
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1. Introduction

Rhodium forms a variety of complexes in various
oxidation states ranging from +1 to +6. Interest on
the coordination chemistry of rhodium continues to
be in accelerating pace due to interesting chemical
reactivity, anti tumour activity, electronic structure,
and catalytic functions of its complexes with poten-
tial industrial applications.*

Rh"(bipy)./Rh" (bipy); are believed to be involved
in the photo reduction of water.” In recent years,
kinetic studies of labile rhodium (1) (4d") com-
plexes® and the relatively more stable rhodium(lV)
complexes’ have been reported. The most extensive
kinetic and structural investigations, however, have
centred around low-spin rhodium (111) complexes,*>¢
of which the hexa-aquarhodium (I11), Rh(OH,)%', is
important. Harris et al® observed that the rate con-
stants of anation of Rh(OH,)$ by CI~ and Br~ were
virtually independent of the anating ligand and
compared well with the water exchange rate constant
of the agua cation. On this basis, they proposed a

*For correspondence

Rhodium—sulphur complexes; intramolecular ligand isomerisation; sulphite-bridged com-

dissociative interchange mechanism for the aqua
ligand substitution of Rh(OH, ¥ Recent theoretical
studies® and experimental investigations’ (i.e. acti-
vation volume measurements) of the bromide ana-
tion of Rh(OH,)%/Rh(OH,)sOH** have pointed out
that the aqua ligand substitution of Rh(OH,)% in-
volves associative interchange mechanism (1) while
the same for the hydroxopentaaguarhodium (l11),
Rh(OH,)sOH?*" is essentially dissociative inter-
change (I4). However, the possibility of ion-pairing
of Rh(OH,% and Rh(OH,)sOH* with anionic
nucleophiles cannot be overlooked as pointed out by
Richens et al.” A further point of interest on the
ligand substitution reactions of Rh(OH,)sX?*" (X = CI,
Br7, I” and OH") is the trans effect of the ligand X~
which facilitates the substitution of the agua ligand
transto X.*’

It is known that sulphite exerts very strong kinetic
and structural trans effects in several (sulphito)
aminecobalt (111) complexes in which it is S-bonded
to the metal centre.® Such studies on rhodium (I11)
arerare. There is, however, a report on the formation
of the O-bonded sulphito complex, Rh(NH3)s(0S0,)* °
which is reversibly formed in solution. Ford et al*
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have investigated the photochemical reactions of
trans-(NH3),Rh(NCS)(SO;) and trans-Rh(NH3),4
(S05); (both S-bonded sulphito complexes). The tris
sulphito rhodium (111) complexes, K3[Rh(S05)3]2H,0
and K3[Rh(SO3)3(NH3)s] 3%6 H,O have been report-
ted.’* However, the details of cis/trans-labilising
action of O/S-bonded sulphito complexes of Rh'"
have not been investigated in detail athough S-
bonded sulphite in trans-(NH3;),Rh(CI)SO; has been
reported™ to exert trans effect.

Our current interest on the reactions of SV with
transition metal complexes®*** prompted us to in-
vestigate the aqua ligand substitution of Rh(OH,)%'
by SY with the intention of examining (i) the
mechanism of reaction of SO,/HSO3/SO% with rho-
dium (111), and (ii) the cig/trans-labilising effect of
sulphite if any in the corresponding sulphito com-
plexes. It is pertinent to mention here that SO, has
proved to be a versatile ligand capable of direct co-
ordination to metal centres, especialy Ru', with
several bonding modes,™ and HSO3/SO% are excel-
lent nucleophiles.

It would be of great interest to examine the possi-
bilities of direct SO, interaction with Rh(OH,)%/
Rh(OH,)s(OH)*" replacing the aqua ligand, and in-
sertion of SO, in Rh"-OH, besides substitution of
the aqua ligands by HSO3/SO%.

2. Experimental

Solutions of Rh(OH,)%¥ in dilute perchloric acid
were prepared by digesting RhCl3.3H,O (Johnson—
Mathey) with 70% perchloric acid till free from
chloride and diluting to desired volume. The stock
solution of Rh**(ag.) was diluted appropriately and
the [H'] was estimated by pH measurements. A
standard calibration curve using HCIO, solution of
known concentration was used to convert pH data to
p[H'] = (Hog[H™]).”® The concentration of Rh* in
the stock solution was checked spectrophotometri-
caly {e=674 and 62dm®*mol™ cm™ at 311 and
396 nm for Rh(OH,)}¥ respectively}.” Analytical
grade reagents were used. Sodium meta bisulphite
(N&S,05) (GRE Merck) was the source of SV
which in aqueous solution is rapidly hydrolysed to
an equilibrium mixture of SO,/HSO3SO%". Fresh so-
lution of S was prepared every time before starting
the kinetics and equilibrium measurements. Sodium
perchlorate was prepared by mixing standard solu-
tions of NaOH and HCIO,. The pH of the stock
NaClO, solution was adjusted to 6. Freshly prepared

doubly distilled water (the second distillation was
made from akaline KMnQO,) received from a glass
distillation apparatus was used for solution prepara-
tion.

The pH measurements were made on a Systronics
digital pH meter model 335 equipped with a combi-
ned electrode, CL 51 (0 < pH < 14). The reference
electrode was filled with 3 mol dm™ NaCl saturated
with AgCl. NBS buffers of pH 4X1, 686 and 92
were used to calibrate the instrument. The spectral
measurements and kinetic runs were made using a
PC-operated Systonics UV-Visible spectrophoto-
meter model 119; 1 cm matched quartz cells were
used. Na was estimated flame photometrically using
a Systronics digital flame photometer model 125
and by AAS using aVarian atomic absorption spectro-
meter Spectro AA 20+. IR spectra (KBr disc) were
recorded on Shimadzu 8300 and a Nicolet FTIR
spectrometers. Sulphur and hydrogen were analysed
on a Perkin—Elmer 240C CHNS analyser.

Nay[Rh,(OH)4(S0s)3], 6H,0 was prepared as fol-
lows. A mixture of 06 g (00019 mole) of RhCls;,
3H,0 and 04 g (050021 mole) of N&S,0s in 50 cm®
of water was refluxed on a water bath. A white solid
formed immediately. Heating was continued for 24 h
after which the solid was collected on a sintered
glass funnel (G2), washed with cold water followed
by ethanol and ether, and stored over silica gel in a
dessicator. Qualitative tests for Cl™ using K,Cr,0O,
and H,SO, (chromyl chloride test) was negative
while there was reduction of dichromate to Cr** thus
indicating the presence of sulphite. Analysis. S,
12>6; Rh, 28%, Na, 124, H, 1501, C, 044%. Calcd.
for Na;Rh,S;0,0H15 (formula wt. = 713:8): S, 13;
Rh, 28%8; Na, 128, H, 2:2%.

Rh"' content was analysed by two methods. The
complex was decomposed with 70% HCIO, at sand
bath temperature and suitably diluted in distilled
water. The absorbance for Rh(OHz)‘?; was measured
at 396 nm as mentioned. In a second method,*® a
known volume of the decomposed complex solution
was treated with freshly prepared stannous bromide
(using Sn and 48% HBr) and 70% HCIO, to develop
yellow colour and then diluted to 50 cm® ([Rh]; =
3 ng/lcm?®). Absorbance was measured after 25 min
at 427nm (e=2%9" 10*dm®*mol™ cm™). A blank
correction was also applied. Rh% calculated by these
two methods agreed to + 2%.%

The fast reactions were studied by a stopped flow
spectrophotometer SF 51 (M/s Hitech, UK). The de-
tails of the experimental procedure were essentially
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the same as described in our earlier work.*? Reaction
was studied under pseudo-first order condition with
respect to [SV]r The working wavelength was
290 nm at which the mixtures of Rh*(ag) and SV
(pH = 14-3%) displayed an exponential increase in
absorbance with time characteristics of a first-order
reaction. At least seven replicate runs were taken for
each composition and ks data are collected in table
1. Replicate runs using different sets of freshly pre-
pared solutions of a given composition reproduced
Kaps Within the error limits (s (Kops)).

The slow reactions were monitored by conventio-
nal spectrophotometry. The reaction was initiated by
mixing the reactants in a volumetric flask (50, 25 or
10 cm®) diluting to the appropriate volume and then
transferring the mixture to the spectrophotometric
cell. The time delay was noted (~30 s) and the pro-
gress of the reaction was monitored at a suitable
wavelength (see table 2). Some runs (at >30°C,
kovs < 107 s™) were also made by batch sampling
method which involved thermostatting the reaction
mixture in a water thermostat and then drawing
samples at known time intervals for absorbance
measurements.

All calculations were made on a PC.

3. Resultsand discussion

The UV-Visible spectra of Rh(OH,)¥, [SY] and a
mixture of the two at pH = 32 clearly display an in-
teraction between the two (see figure 1). On mixing
the two reactants an absorption maximum appears at
280 nm instantaneously. The aqua ligand substitu-
tion reactions of Rh(OH,)%¥ and its aqua-hydroxo
analogue are extremely slow.*®™” For example, the
water exchange rate constants (ko) of Rh(OH,)%
and its aqua-hydroxo analogue, Rh(OH,)sOH%, are
28" 10° and 42" 10°s™ at 70°C respectively.'’
It is, therefore, not likely that the direct replacement
of the aqua ligand by any of the S species (SO,,
HSO;3 or 8023‘) will be too fast to account for the
observed spectral changes. The behaviour of
Rh(OH,)¥ + SV is very similar to that of (NH3)s
RhOH3 + SV for which fast formation of the O-
bonded sulphito complex was observed.® Several
(aqua)(amine)cobalt (I11) ions have been shown to
undergo fast and reversible formation of the O-bon-
ded sulphito complexes in the presence of SO, in
mild acidic media.®

On immediate acidification of the reaction mix-
ture of Rh(OH,)¥ + SY to pH 1, the characteristic

absorption band at 280 nm, however, intensified.
This is due to the strong absorption of SO, (ag.) {e
(280 nm) = (2228 + 009) ~ 10* dm® mol™ cm™®, this
work; e~ 240 dm® mol™ cm™ at 278 nm reported by
van Eldik®}. After correcting for the absorption of
SO,(ag.) it turned out that the instantaneously
formed Rh"-sulphito complex also decayed very
rapidly on acidification. Since O-bonded sulphito
complexes undergo very rapid acid-catalysed elimi-
nation of SO,,*? it is concluded that the rapid spe-
ctral changes observed are due to the reversible
formation of the O-bonded sulphito complex,
Rh(OH,)s(0S0,)" {I max, nm (e dm?mol™ cm™):
280 (2700)} whose spectral parameters agree well
with those for (NH3)sRh(OSO,)" {I max, nm (e dm?
mol™ cm™): 258 (~2100)}.°

The repetitive spectral scans of the reaction mix-
ture on extended time scale displayed profound
changes (figure 2) due to the slow secondary reac-
tions of the O-bonded sulphito complex (see |ater).

SO, in agueous medium retains its identity with
equilibria as shown below.

SO, + H,0 = SHO3 + H, K4, (1)
SHO3 = SO% + H*, Ky, (2
2SHO3 = S,0% + H,0, Kp, ©)

Table 1. Rate constants (k.ps) for the reversible forma-
tion of [Rh(OH,)s(OSO,H)]* 2

[SY]r(mol dm™)  pH Kops (S Keal (S7)
020 200 156 + 02 12
040 206 1% + 02 10
0050 292 28 + 02 23
0060 300 2% + 02 26
0080 366 38+ 04 32
0-.00 301 456 + OX 40
020 147 14 + 02 086
020 285 18 + 02 18
0020 202 000 + 02 134
020 224 12 + 02 12
0040 162 12 + 04 12
040 1>49 12 + 02 12
040 164 14 + 02 18
040 166 18 + 02 18
0040 1>60 12 + 02 1>8

ky(dm®*mol™s™); (24 +0%) " 10% Kg(mol dm™®); 38~
10% ky (s7); 088+ 0%6; ko(dm*mol™s™?); 0002+
58; F° 94

225% + 04°C; [Rh"]1=5%0" 10 1 = 0% mol dm>; | =
290 nm

°F = O[(Keat — Kobo)/S (Kops)]?
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Table 2. Rate constants for the (O, O) chelation by O-bonded sulphito complex and for-

mation of the disulphito complex.?

[SV]r(mol dm™®)  pH  10°5s(s™) 10%5s(sh)  10%G&°(s™)  10%& °(sY)
00025 366 178+ 056 099 + 007 068 146
0005 365 1940+ 064 191 + 022 0575 145
0010 2%3 160+ 049 0533 + 005 0565 044
0010 3411 185+ 045 0%75 + 0509 0%69 059
0010 346 151+ 046 0584 + 0505 0578 088
0010 388 180+ 023 184 + 008 104 160
0010 448 1564 + 08 334 + 085 145 241
0010 488 2568 + 1386 4%0 + 04 4576 460
0015 368 160+ 026 109 + 008 003 104
0020 405 108+ 021 192 + 003 184 203
0030 380 162+ 020 0%7 + 0503 094 0573
0030 385 266+ 149 183 + 009 197 163
0040 441  1¥6 + 087 290 + 041 342 220
ky(dm® mol™ s™)° = (000014 + 99) © 107 A he=(328+142) " 107

|<2Kh(s:12b = (54 +08) " 107; B(s* mol dm™)® = (227 + 045) " 10

Ko (54)° = 062 + 049; C (mol dm™®)°= (3% + 1¥) ~ 10°°

Kn(mol dm3)° =10 10°% F° = 274; F® = 102

3318 + 02°C, | = 05, 10* [Rh'"']+ = 147 or 24 mol dm3; | = 250 nm
®Calculated values are based on (6) (see text) using the best fit values of ki, kK, ko, and K,

“Calculated values are based on (7)
IF = O [10%(k — knds (k)]?
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Figure 1. Absorption spectra of Rh(OH,)% + SV mix-
tures. [Rh(OH)%]y=58" 107, [SV]=58" 10° mol
dm™, pH=32 (25°C); (1) Rh(OH,)¥, (2 SV, (3)
[Rh(OH,)¥ +SV.

where SHO; denotes [bisulphite]r as equilibrium
mixture of H-SO; and H-O-SO;, the latter species
predominating to > 75%.'® All experiments were re-
stricted to [SV]y O 04 mol dm™ (Kp = 0082 dm®
mol™ at 25°C, | = 150 mol dm )™ to minimize com-
plications due to dimerisation of bisulphite.

The observed pseudo-first order rate constants for
the initial fast reaction of SV with Rh(OH,)¥ are
collected in table 1. The ks values are interpreted
in terms (see scheme 1) of a fast reaction between
SO,(ag.) and Rh(OH,)sOH?/Rh(OH,)%'.
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Figure 2. Repetitive spectral scans of Rh(OH,)% + SV
at 25°C. [Rh*]r =24~ 10™ [HSO3]r = 0501, | = 055 mol
dm™, pH = 360; Curves generated after 1 min (1), 15 min
(2), 40 min (3), 80 min (4) and 110 min (5) of mixing.

In accord with scheme 1, kqs iS given by,

Kobs = {ka f3 + ko (1 = fa)}f1[ S V] 1 + K, 4

ke =k + Ko [HT)/(1 + Kd/[H']),

where f, =[H']/([H'] + K;) (denoting fraction of
[SV]7 as SO,), K, is the acid ionisation constant of
SO, f; = Kg/([H'] + Ky) (i.e. the fraction of Rh(OH,)%
as Rh(OH,)sO0H?), and Kj is the acid dissociation
constant of Rh(OH,)¥. The ionisation of HSO3 to
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SO% (pK=6% at 25°C, | =0% mol dm™)® was
neglected. When data were fitted to (4) using
pK; = 18 (1 = 06 mol dm™, 250°C)* and initially
guessed value of pKj = 3:8,% the k ,[H"] term turned
out statistically insignificant. Setting k., + k,[H'] as
k_; the data were refitted to (4). The best fit value of
pKs turned out to be 3» and the calculated parame-
ters are presented in table 1.

It is interesting to note that the SO, uptake rate
constant (k;) for Rh(OH,)sOH?* is 10° times smaller
than the same for Rh(NH3)sOH* (k,= 18"
10°dm®mol™ s* at 25°C, | =10 mol dm™)° but
comparable to that of Cr(OH,)sOH*" (k, =44~
10° dm®*mol™ s at 25°C, | = 10 mol dm™).? The
k, values parallel the basicity of the M-OH?* species
as adjudged by the pK of the corresponding aqua
cations (pK;=68 and 388 for (NH3)sRhOH3
and Cr(OH,)¥ respectively at 25°C and | = 10 mol
dm—3).9,22

Thisisin conformity with Bronstead catalysis law
which has been found to be valid for SO, uptake re-
actions of metal-hydroxo species.*® This work fur-
ther shows that the reaction of Rh(OH,)¥ with SO,
is statistically insignificant (k. = 0002 + 58 dm®
mol™ s™ at 25°C, seetable 1).

The SO, elimination rate constant of Rh(OH,)s
(OSO,H)* (k,=0%8s™ at 25°C) is significantly
small as compared to that of (tetren)Co(OSO,H)*
(ky=1" 10°s?, 25°C).% The relevant data for other
protonated O-sulphito complexes are not available
for comparison. Moritzen et al® did not observe
significant protonation of Cr(OH,)s(0S0,)* (045 <
[H] < 10 mol dm™®) and reported the second order
rate constant for SO, elimination as 1°68 + 004 dm®
mol™ s (25°C, | = 10 mol dm™).

The SO, elimination reaction of Rh(NH3)s(0S0,)*
was studied by van Eldik® under second order condi-
tions. With a value of K4=10" 10™ the second

3t K3 2+ +
Rh(OH,);" === Rh(OH,)sOH"" + H
+ +
SOQ SOZ
k-zﬂ k2 ki 1 g

H"  + Rh(OH,)5(0SO,H)*"

Ko

Rh(OH,)5(0S0,)"

+

+ H

Scheme 1.

order rate constant 4%+ 08 10°dm?®mol™* s
(25°C, | = 10 mol dm™) translatestok , =4~ 10°s™.

This remarkable rate difference for the two rho-
dium complexes must be due to two factors: (i) ease
of intra molecular proton transfer from the coordi-
nated bisulphite to the Rh—O bond, and (ii) thermo-
dynamic stability of the hydrogen bonded structure
of the bisulphite complex (see figure 3). While the
proton transfer will depend upon the basicity of the
Rh"'—O bond which is expected for (NH3)sRh'"'-O
to be higher than for (OH,)sRh'"'-0O, the thermody-
namic stability due to hydrogen bonding will be ac-
centuated by the presence of the vicinal agua ligand.
Thus both these effects favour overall stabilization
of Rh(OH,)s(0SO,H)*" towards SO, elimination in
comparison to the same for the corresponding am-
mine complex. It is pertinent to mention here that
the stabilizing influence of intra molecular hydrogen
bonding in the SO, elimination of cis [Co(1,3 dia-
minopropane),(OH,)(0S0,)]" was observed by us
earlier.

A relatively slow reaction was observed when the
initially formed O-bonded sulphito complex was al-
lowed to react in excess of HSOs. The time depend-
ence of the spectral scans of the reaction mixture
(see figure 2) showed the gradual build up of the
product. This reaction was monitored at 250 nm (at
which the absorbance due SV is relatively low) and
the absorbance time data under pseudo first order
conditions of [S"] fitted well to a double exponen-
tial equation (Agps = C1 eXp(—Kenet) + Ca exp(—Kept) +
A,) characteristic of consecutive reactions. R ®
INT ® P where R, INT and P denote the reactant,
intermediate and the final product respectively. The
rate constants, k'ps and ks are collected in table 2. It
is worth noting that ki is virtually independent of
pH and [SV]r while k$s exhibits virtually little
[SV]+ but significant pH dependence. The k& tends
to increase with the increase of pH. These results
indicate that under the conditions of [S"V]; and pH,
rhodium (I11) is fully and instantaneously converted

\ i ~
° 0 o, A2
(H20)4 Rh"l/ \ﬁ/ (H20)4 Rhlly \‘.S,,/
 —
o=
H H H N

Figure 3. Hydrogen-bonded structure of the rhodium
bisul phite complex.
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to the O-bonded sulphito species which then under-
goes slow transformation to an intermediate, (5)
below. The lack of pH dependence of ks (331 O
pH O 488) is also consistent with the fact that the
O-sulphito complex is not appreciably protonated
and also there is little specific H* catalysis in its
transformation to the intermediate (INT). The aver-
age value of ks (weighted mean) is 145 (+ 0X02)
102 s (310°C, | = 06 mol dm®).

Rh(OH,)s(~0S0,)* %:%%® INT. (5)

The two distinct possibilities of reaction (5) are: (i)
dow O, O chelation of the mono dentate sulphito
complex, and (ii) intra molecular O to S-ligand
isomerisation, Rh'"'(OH,)s(0SO,(H)) ® Rh"(OH,)s
(S0s), the S, O chelation of sulphite being dis
counted due to the strained 3-membered ring forma-
tion. The O- to S-bonded ligand isomerisation has
been studied for several cobalt(l11)-amine-sulphito
complexes for which kis, is essentially 107*s™
(25°C).2%2%  The [Pt(NH3)4(OH,)(0S0O,)]* is
reported to isomerise to its S-bonded analogue with
ki, = 4%~ 107 s (25°C).° Moritzen et al* reported
avalue of 2° 107 s™ (25°C) for Cr(OH,)s(0S0,)*.
Since S-sulphite is a soft ligand and Cr(OH,)% is a
hard metal ion, the ligand isomerisation in this sys-
tem is less likely. On the other hand this could be
due to the O, O chelation by sulphite. Since the re-
actions of Rh"' complexes are slower than those of
cr' and Co"' <" we are led to believe that the re-
action (5) is not likely the ligand isomerisation but
O, O chelation by sulphite. This being an intra
molecular process, is likely favoured by the cis-
labilising effect of the O-bonded sulphite (mono
dentate) and accentuated by the presence of the dis-
placeable agua ligand. It is worth noting that the cis
and trans-activation of the O-bonded sulphite has
been observed in the SO3/HSO; catalysed aquation
of Cr(H,0)sX** (X = CI7, NCS)*"® and in the aqua
ligand substitution of trans-[Cr(salen)(OH,)(0S0.)]~
(salen = N,N¢ethylene bis salicylidiniminate).”® This
is the first report on the cis-activating influence of
O-bonded sulphite in a Rh""'-O-sul phito complex.
The chelation reaction (5) is further succeeded by
sulphite substitution for the aqua-sulphito complex
with which kg is associated. Earlier reports on the
halide anation of the Rh(OH,)%/Rh(OH,)sOH*" also
demonstrated the formation of the dihalogeno spe-
cies, Rh(OH,)4(X)3 (X =Br~, ClI"), the entry of the
second halide being much faster than the first
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one.®®’ Scheme 2 and the relevant rate (6) were con-
sidered for interpreting the rate data (kss). The
[HSO3] values were taken to be (1-f,)[SV]+ (f, as
defined above) and k3, data were fitted to (6). It
turned out that k4[H*] term is insignificant and K,
(the acid dissociation constant of [Rh(OH,)s(0,SO)]*
is 10" 10°mol dm™. Hence the value of K, was
held fixed at 10~ 10°°, k.[H"] term was neglected
and the rate constants were refitted to the modified
form of (6). The value of k; turned out statistically
insignificant and data fitting was also poor (see
table 2).

Kovs = (K1 + koKn/[H'])[HSO3]/
(1+ Ko/[H'T) + ka[H] + kea. (6)

Interestingly when ks,s data were fitted to the empi-
rical (7), the fit improved very significantly (see
table 2).

Ksbs = (A + BI[H'])/(1 + C/[H']). ()

The values of A, B, and C are collected in table 2.
These parameters are interpreted in the frame work
of a mechanism for the formation of the disulphito
complexes (O- and S-bonded isomers) as depicted in
scheme 3 for which kg is given by (8).

Kobs = { (Koiso + Ka/Q) + KaisoKo/[H"T}
Q[HSO3]/D; + ku[H],  (8)

where
D1 =1+ Q[HSO3] (1 + K/[H™]). (9

Q is the equilibrium quotient for the formation of
the disulphito complex, [Rh(OH,)3(0.S0O)(0SO,H)]
and Ky is its acid dissociation constant. It is further
assumed that the reaction of HSO3; with the
(aqua)(sulphito) complex to yield, Rh(OH,)3(0,S0)

K,
Rh(OH,)4(0,80)" == Rh(OH,);(OH)(0,80) +H"
+
k, kl -
1 HSO; k|l &

H +  Rh(OH,);(0,S0)(803)

Scheme 2.
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Rh(OH,),(0,S0)" + HSO;

Rh(OH,)3(0,S0)(0S0,H)

k 4 k4 k2 iso ﬂ Kd
Rh(OH,)3(0,S0)(SO3)<————— RO(OH,)3(0,S0)(0S0y)
+ k3 iso +
H H
Scheme 3.

(OSO,H) isfast and equilibrium controlled as thisis
kinetically equivalent to the reaction of the hydroxo-
sulphito complex with SO, and to that of the fast
SO, addition reaction of Rh(OH,)sOH?**. Assuming
that Q[HSO3](1+ K¢/[H™]) > 1, (8) and (9) yield
(10) which is essentially equivalent to (7) but for the
reverse reaction of the disulphito complex,
[Rh(OH,)3(0,S0)(S0O5)]". Data fitted to (10) showed
that k 4[H'] isindeed insignificant and hence A, B, C
of (7) are reconciled with (kais + Ka/Q), (kaissKg) and
Kq of (10) respectively,

Kobs = { (Kaiso + Ka/Q) + KaisoKo/[H'T}H(1 + Ko/[H'])
+k4[H].  (10)

The value of kss (=B/C) is (6 +30) " 107s™
(31°C) which reflects the (O, O chelated) sulphite
induced O- to S-bonded isomerisation of coordinated
(monodentate) sulphite (see scheme 3) in [Rh(OH,)3
(0,S0)(0-S0,)]". Assuming that kis > ki/Q, the
optimised value of kiy (=A) is (3+1)  10™*s*
which is also comparable to the value of kjig.

4. Equilibrium study for the formation of
Rh(OH,)s(OSO,H)*

An attempt was made to study the initial rapid equi-
librium formation of the sulphito complex. The ab-
sorbances of the mixtures of Rh(OH,)%¥ and SV
(1=0%6mol dn®) were measured immediately
(within 2 min of mixing) at 280 nm. Data are collec-
ted in table 3. Assuming scheme 1 for the rapid and
reversible formation of the O-sulphito complex the
absorbance data at a fixed total [Rh*"]; and varying
[SV]; and pH after correcting for the absorbance of
[SV]7isgiven by (11)

AAobs = { AKL + [H']/Ks5) + 2K f,[SV]}H

{1+[H1/Ks+Keg fi[SV]1}, (10

Table 3. Initid rapid equilibrium formation of
Rh(OH,)s(0OSO,H)?* .2

[SV]r(mol dm™) pH  Aw’  Afks”  AAg
0001 261 0476 0039 0437
0002 263 0278 0075 0203
0003 266 0388 0405 0283
0004 260 0610 0458 0852
0005 263 0496 0453 0843
0006 268 0662 0467 07896
0008 269 0653 0217 0436
0010 269  0¥81 0833 0448
A2 Keq = (787 £ 05) ~ 10°dm® mol™;  Kg= (120

0:49) - 10* dm® mol™; F¢ = 076

RhM; =224 10 1 = 06 mol dm, 300°C, | =280 nm,
cell path=1cm

PAps and A, denote absorbances of the mixture of Rh"
and SV and in absence of Rh" respectively; AAg=
Agbs — Allhs. Aops = 00028 for [Rh"]r =224 107 mol dm™
at pH = 2565 + 002, [SV]; = 0 and | = 056 mol dm™

°F = O[10(AAgss — AAca)]”

Table 4. Equilibrium data for the formation of the di-
sulphito complex, Rh(OH,)4(S05)32.2

[V Aobs ASY)°
(mol dm™) pH (280 nm) (280 nm)
0005 346 0610 0071
0010 39 ox47 0094
015 3149 0875 0441
020 316 0923 0+95
030 316 1442 0292
0040 34 1821 0398
0050 341 1447 0’615
0030 344 1247 0x41
030 320 1255 0105
030 340 1422 0812

(A2-AQ™ 187+ 048, [(A-AQKye] ™ 417 £ 38, AG
0%41; Kyeq (46 £ 056) © 10°%; CRCF; 00967

2310°C, | = 06 mol dm™®

bA(SY) (280 nm) = e, f[SVl+e (1- fl)ES'V]T; e =
(2528 + 0509) © 10°, e, = 495 + 043 dm® mol ™ cm™
“Corr. coeff. of the double reciprocal plot

where A¢and A2 denote Ay, a [SV]r=0 (i.e. for
Rh"" alone at the same pH and ionic strength) and
for the complete transformation of [Rh*']; to its O-
sulphito complex, Rh-OSO,H?** respectively, Ki, Kg
are as defined earlier, and Ke(= ki/k4): is the equi-
librium constant. Data were fitted to (11) using
pKs = 34 (see above) and pK; = 18 and we obtained
Keg=12 (£02)° 10°dm’mol™, A2Ky = (787 +
0%5) " 10°dm*mol™ (310°C, 1= 0% mol dm™),
and e (80 nm) = 2,728 + 500 dm® mol™ cm™ (e= A2/
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Table5. Infrared data of some sulphito complexes.
Complex Frequency (cm™)
Kg[Pt(SO3)4] 2H,0% 1082, 1057 964 660 540
Cis-K,[Pd(SO3),(NH3),]? 1093, 1056 995, 977, 958, 831, 792, 771 655, 622 569, 522, 505
Trans-K [ Pd(SO3),(NH3)2]? 1074 986, 958, 837, 812 646 525, 511
K3[Rh(SO3)3(NH3)3] 3%6H,0% 1107, 1056, 1017 954, 800 638 524
K3[Rh(S03)3] 2H,0% 1157, 1113, 1058 939 690, 647 527
K,[Pd(SO5),]? 1157, 1099, 1056 933, 904 664, 637 563, 516, 497
K,[Pt(SO3),] 2H,0% 1166, 1092, 1036 977
[Co(NH3)s(SO5)]CI2 1110 985 633 519
[Co(NH3)s(SO3)]Cl, H,0° 1105 994, 985 640 525
[N3Cr(mOH),(mOS(O)O)CrN3](ClOy),, 974, 940, 912, 832, 866 640
3H,0°
Nay[(HO)(SO3)-Rh(mOH),(mOS(0)0) 1175, 1121, 1067 957 689, 642 552, 523
Rh(OH)(SO5)], 6H,0°
Cuz(mO-S(OH)0),(sal pd),(OH,),° 1057, 1038 853 617 585

Ref 11(b); "Ref (33); °Ref (31); “This work; °Ref (30)

[Rh**]7) for the O-sulphito complex. From kinetic
data we obtained Ke, (= ki/ky) as (4% 1)~ 10°dm®
mol ™. The agreement between the two sets of values
is good considering the competing secondary reac-
tions.

The equilibrium for the formation of the disul-
phito complex, Rh(OH,)3(0,S0)(S0s)™ (see scheme
3) was also studied at constant [Rh"']+ and varying
[S"V]+. The mixed solutions of appropriate composi-
tions were equilibrated for ca. 10ty, as judged by
the values of k3, The absorbance data (280 nm) of
the equilibrium mixtures ([SV]r > {[Rh"], | = 0%
mol dm™) after correcting for the absorbance of SV
(AAgs) were fitted to (12b), the linearized form
of (12a) where Kye(= ko/ky) is the equilibrium
constant for the formation of the disulphito com-
plex: Rh(OH,)4(0,SO)" + HSO3; O Rh(OH3)3(0,S0)
(SO3)™+ H" (Kzeq), Atand A2 denote the absorbances
of (Rh(OH2)4(0:S0)" and Rh(OH2)3(0,S0)(SOs)"
respectively for the same [Rh'"']+.

APgbs = (AC+ A2Koeg[HSO3]/[H'])/

(1 + Koeg[HSO3]/[H']), (123)
(AAobs - AO)_l = (A2 - Aq)_l
+ [(A2 = AQK e "X[H)/[HSO3].  (12Db)

The relevant data are collected in table 4. The direct
sulphite substitution rate constant (k;) may be 10
dm®mol™ s (31°C) based on which K.u(= Ka/Kzeq)
isca. ~2° 10 dm® mol™ s supporting the validity
of (7) under the experimental conditions (i.e. insig-

nificant k4[H"] term, see scheme 3).

5. Nature of the sulphito complex,
Nay[Rh,(OH)4(S05)s] 6H,0 and itsreactions

This sulphito complex was isolated as an amorphous
white solid, very slightly soluble in water and most
organic and aguo-organic solvents. The IR spectrum
of the complex is compared with those of severa
other sulphito complexes in table 5. The presence of
water isindicated by strong bands at 3448 and 1637.
Multiple bands at 1067-1175 (see table 5) are as-
signed to the asymmetric S=0 stretching of the co-
ordinated sulphite which is split due to the reduction
of the local symmetry of the coordinated sulphite
from Cay (M-SO;) to Cs (M-OSO, or M-0,S0).**
The IR spectrum of the complex shows some simi-
larity with that of NasRh(SO3)s,™™® [Cus(mOS(OH)-
O)z(salpd)2(OH;)2]*  and  [NaCr(mOH)(mOS(O)
OCrN;] (N3 —a tridentate N-donor ligand)®* (see
table 5); in the tris-sulphito rhodium complex (O, O)
chelation by sulphite has been suggested while SO%
and HSO;3 act as (O, O) bridges between the metal
centres in the latter two complexes. It is also worth
noting that the IR spectrum of K3[Rh(SO3)3(NH3)3]
3% H,0 (see table 5) which has S-bonded sulphite
shows multiplets at 1017-1107 while that of trans-
K,[Pd(SO3)2(NH3),] shows one band at 1074 cm™.
The disodium trans-disulphitodiamminepalladate (1)
hexahydrate has been structurally characterised® to
have Pd-S coordination and Co-S bond exists in
(NH3)sCoSO; (ref 33). We are led to believe that the
rhodium (l11)-sulphite complex which we report has
both mono dentate S- and (O, O) chelated sulphite
and a bridging (mOS(0)0) sulphite (tentative struc-
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ture I). The kinetic results discussed earlier are in
favour of the proposed bonding modes of sulphite
(O, O chelation and S-coordination).

The mO, O sulphite bridge for the Cr(l11) com-
plex reported by Maragh et al®* has exceptional sta-
bility towards acid catalysed aquation in preference
to the hydroxo-bridge cleavage. Our complex was
also very stable to decomposition in strongly acidic
medium. A preliminary specrophotometric meas-
urements (280 nm, initial rate method) of the acid
induced decomposition of this complex in 1 mol
dm?HCIO, yieldedk=5" 10°s™ at 50°C.
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