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Kinetics of Water Exchange on the Dihydroxo-Bridged Rhodium(lll) Hydrolytic Dimer
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Conventional®O isotopic labeling techniques have been used to measure the water exchange rates on the Rh(lll)
hydrolytic dimer [(HO)sRh(u-OH);Rh(H,0)4]** atl = 1.0 M for 0.08< [H*] < 0.8 M and temperatures between

308.1 and 323.1 K. Two distinct pathways of water exchange into the bulk solvent were observaddksiow)

which are proposed to correspond to exchange of coordinated water at pasgiandtransto bridging hydroxide

groups. This proposal is supported 39 NMR measurements which clearly showed that the two types of water
ligands exchange at different rates and that the rates of exchange matched those ff@ridbeling data. No
evidence was found for the exchange of label in the bridging OH groups in either experiment. This contrasts
with findings for the Cr(lll) dimer. The dependence of bdth: andkgow 0N [HT] satisfied the expressiokpps

= (KO[H *]tot +KP"Ka1)/([H "1t + Kaz) which allows for the involvement of fully protonated and monodeprotonated
Rh(1ll) dimer. The following rates and activation parameters were determined at 298 K. (i) For fully protonated
dimer: kiast= 1.26 x 107651 (AH" = 1194 4 kJ molt andAS = 41+ 12 J K1 mol™) andkgew = 4.86 x

107 st (AH" =64 £+ 9 kJ mort andAS = —1504 30 J K’ mol™1). (ii) For monodeprotonated dimeke,s;

=3.44x 106551 (AH" = 146+ 4 kJ molt andAS = 140+ 11 J K1 mol?) andkgjow = 2.68 x 1076 s71

(AH" =102+ 3 kJ molt andAS = —9 4+ 11 J K mol™). Deprotonation of the Rh(lll) dimer was found to
labilize the primary coordination sphere of the metal ions and thus increase the rate of water exchange at positions
cis andtransto bridging hydroxides but not to the same extent as for the Cr(lll) dimer. Activation parameters
and mechanisms for ligand substitution processes on the Rh(lll) dimer are discussed and compared to those for
other trivalent metal ions and in particular the Cr(lll) dimer.

Introduction bridging hydroxides Ksiow), and (iii) the 180 label present in
the bridging hydroxide groupsidgd; wherekeast > Ksiow >
Koridge FOr the two water exchange processegs(and Ksiow)
and water exchange on [Cr{8)]®", the acid dependence of
the rate constant could be accounted for by the expression

The kinetic inertness of metal ions such as Cr(l1l) and Rh(lll)
has allowed the study of their hydrolytic polymerization
processes. For Cr(lll), a series of hydrolytic oligomers has been
isolated and characteriZeand detailed kinetic investigatiott$
have revealed that deprotonation of the oligomers has a Kk, =kO+kOH/[H+] 1)
considerable effect on the rates and mechanisms of both bs
intermolecular and intramolecular condensation reactions. HOW-\yharek® and kOH refer to pathways of exchange on the fully

ever, the complexity of these processes can lead to difficulty in protonated and monodeprotonated aqua ions, respectively. This

the interpretation of kinetic data. Additional important informa- dependence was consistent with water exchange data for [Fe-
tion can be obtained from the rates and mechanisms of water(H20)6]3+ 1112 gnd [Rh(HO)g)3+.1314 In all systems studied,

exchange reactions on these oligomers. deprotonation caused considerable labilization of th® H
K;]netlc data 'Ir?r the ac'n% d(e:peljlcgncﬁ of tgeﬂ:atetj o;Iowater groups, and in the case of the Cr(lll) dimer, this effect was
exchange on the monontefCr(H20)s|°" and the dim observed for HO groups that are bothis and trans to the

[(H20)4Cr(u-OH).Cr(Hz0)a] ** was recently obtained usirgO bridging OH groups. Furthermore, the rates of water exchange
labeling techniques. For the Cr(lll) dim&three independent o, the Cr(ll1) dimer were ca. 26200 times faster than those
pathways for exchange of th&0 label were observed and were o the Cr(1Il) monomer, which indicated that the introduction
proposed to be due to exchange of (i) waters positidrasts of bridging OH groups causes significant increases in water
to bridging hydroxides Kas), (i) waters positionedcis to substitution rates. For substitution reactions of Cr(lll) oligomers
in general, labilization of the primary coordination sphere of
® Abstract published if\dvance ACS AbstractSanuary 1, 1996.
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dimer, [(HO)4Rh(u-OH),Rh(H0)4]**. However, kinetic and
mechanistic information on Rh(lll) hydrolytic chemistry is

Drljaca et al.

Table 1. Acid Concentration and Temperature Dependence of the
Rate Constantsor the Water Exchange on

generally lacking. Reported here are measurements of the rate&H20)Rh(-OH:RN(H0),]*"* atl = 1.0 M (NaClO)

of water exchange on the Rh(lll) dimer made usif@ and temp &0.1)  [H1]o 10%Kiast 10%Ksiow
170 labeling techniques. Activation parameters have been (K) (M) (s (s
determined from a variable temperature study and the results  308.1 0.1107 1.08&:0.044 3.55+0.12
compared to those obtained for other metal ions, in particular, 8.1\}383 11.1022?Ztt 8.828 g.;ﬁogggz
the Cr(lll) dimer. 0.2083 0.968+ 0.027 2.533+ 0.062
Experimental Section 03105 081250054 2056021
Materials. Analytical grade reagents were used throughout, and 0.4523 0.787 0.030 1.8114 0.070
water was deionized and distilled prior to use. Crystals of the dimer 0.6019  0.759: 0.032 1.859+ 0.079
salt [(H,0)4Rh(u-OH).Rh(H,0)4](dmtos)-8H,0 (dmtos= mesitylene- 0.7517  0.776t 0.023 1.57Gt 0.042
2-sulfonate) were prepared as described previodslifO enriched 0.751F 0.73740.034 1.58:0.16
samples were prepared by dissolving samples of dimer in 1g6%©OH 313.1 0.1176 2.786+ 0.059 7.64+0.12
(obtained by diluting 98% K80 from Novachem) and heating this 0.1612  2.409+ 0.062 5.82+ 0.13
solution (1.5< pH < 2) at 60°C for 50 h. The solution was then 0.2058  2.155+ 0.060 4,97 0.11
cooled to room temperature and reduced in volume on a vacuum line 0.3116  1.869 0.046 4.06+ 0.075
to initiate crystallization. The mixture was stored at@ for 24 h, 0.4528  1.792 0.051 3.609t 0.083
and the crystals were collected by filtration and stored in a sealed sample 0.6022  1.674t 0.036 3.385t 0.058
jar until required. Chromatographic and spectrophotometric anafyses 0.6022 1'7Ei 0.13 3'4_& 0.19
were used to show that the enriched dimer crystals were pure and had 0.7520 Cll &%&433580.032 %22_9&53?% 40'034
not undergone cleavage or polymerization during enrichment. The Rh 0'7520 1 66&: 0 1'4 3'3& 0 2'1
content of the crystals was determined spectrophotometriéalhyd ' C: = 0.496+ 0.035 C»= 0.506+ 0.037
1 . . 2 . .
corresponded to that expected for the formula,@4Rh(u-OH),Rh-
(H20)4](dmtos)-8H,0O. This indicated that mesitylene-2-sulfonic acid 3185 0.0845  8.120.41 20.54+0.92
had not coprecipitated with the product. Crystal$’6f enriched dimer 8%‘2‘2 géi 8‘212 i;g& 822
were obtained by the same procedure, except that the dimer was ’ : ) ’ :
dissolved in 10% K70 (Novachem) and the solution was heated at 03124 3.94£0.26 7.718£0.38
75 C for 6 h 0.7523  3.38:£0.27 4.95+ 0.34
pKa Measurements. Solution pH measurements were made as 3231 0.1645  15.08-0.43 22.05+0.57
previously describet? Changes in the UV spectrum of dimer with 0.17 12+1 47+ 9
[H*] were used to determine values oKp at 298 K and the 0.2085  13.04-0.28 19.90+ 0.37
temperatures used in the kinetic study and at ionic strehgti.0 M 02085  13.10+0.87 19.89t 0.98
(NaClQ) C;=0.500+ 0.022 C,=0.500+ 0.024
) . 0.3134 11.67 0.33 14.33+0.32
Absorbance changes were measured at the peak maximum of 242 0.4540 9.9Gf 0.15 12.06+ 0.13
nm on a Cary 3E UVvis spectrophotometer for 11 acid standards, 0.454G 9.954+ 0.39 12.13+ 0.34
0.0020< [H*] < 1.0 M (HCIQy), with [Rh]ioras = 9.45x 1074 M. The C,=0.497+0.011 C,=0.503+0.011
data were successfully fitted to the expression 0.6032 8.7 0.27 10.92+ 0.24
0.7527 8.53:0.14 10.05+ 0.12

52420bS= (52420[H+] + 52420HKa1)/ (H +] + Ka) (2

whereexP, €24°H, andKq; are adjustable parameters for the extinction
coefficients of fully protonated and monodeprotonated dimer and the
first acid dissociation constant of the dimer, respectively. A typical
plot of the experimental data and fitted curve is shown in Figure 1.

a2 Rate constants obtained by fitting eq 8 except where indicated.
b [dimer] = 0.025 M except where indicatetiRate constants obtained
by fitting eq 10.9[dimer] = 0.044 M.¢Rate constants and pre-
exponential factors@ and C,) determined by fitting eq 9.Rate
constants determined frofO NMR measurements.

Values of K4 are listed in Table 2. The value of pkat 298 K was

also determined from a pH titration, using the method described in the

literaturel® and is also given in Table 2. There is good agreement

filled glass tube (6 mm o.d.). The solution was frozen in an acetone/
dry ice bath and evacuated on a vacuum line. The tube was then flame-
sealed and immersed in an oil bath for 1 week af@3 Analysis of

between the two methods of determination. _ 180 label in the bulk solvent was then performed as previously
Kinetic Studies. Kinetic experiments were conducted as previously  qescribed?

describeéP with the exception that 0.5 mL sampling solutions were 170 NMR Studies. O NMR spectra of the Rh(Ill) dimer were
prepared with Rh(lll) dimer concentrations of 0.025 or 0.044 M. The recorded in 5 mm NMR tubes on a Bruker DRX 400 spectrometer
resulting CQ was analyzed on a high-precision isotope ratio mass operating at 54.2 MHz and fitted with a variable temperature facility
spectrometer built around Micromass 903 components for measuremen{90° pulses of 18:s were used with 0.1 s between pulses). Chemical
of the12C160%%0:12C160%0 abundance ratio of the sample relative to a  shifts are referenced against the bulk water signal a 0 ppm. A

“normal” CO; standard (seawater). The spectrometer readout expressedpolynomial fitting procedure was used to correct the spectra for baseline

this conventionally a®1s in parts per thousand:

010 = {[(|46/|44)samplé(|46/|44)std] — 1} x 1000

whereln is the ion current for singly ionized molecules of mass
Triple collection of ion currents fom = 44, 45, and 46 permitted
corrections for any minor variations #C and*®0 abundances.

Chromatographic and spectrophotometric analysesre used to
show that the dimer remains unchanged over the sampling pérfod (
10 half-lives of the slowest reaction).

Complete exchange 8fO label was made possible by transferring
a 0.004 mL sample, taken after over 10 half-lives, to a dry argon-

roll. To obtain a spectrum, 10 000 scans were made over a spectral
width of 16 400 Hz and a line broadening correction of 10 Hz was
applied. Samples for NMR measurements were prepared by dissolving
the 1’0 enriched dimer in HCI@NaCIO, acid standards such thatd
1.0 M and [dimer]= 0.05 M. The measured spectrum matched that
reported by Glaseet all” with two overlapping signals due to the
coordinated waters observed-at22.7 and-130.9 ppm and a bridging
hydroxo group at—320 ppm. Dimer spectra were also recorded at
three acid concentrations, 0.02, 0.15, and 0.45 M, to check the effect
of deprotonation on th&’O signal.

Kinetic data were obtained at 323.1 K by recording the spectrum of
a solution of enriched dimer every hour until equilibrium was reached.

(16) Ayres, G. H.; Tuffly, B. L.; Forrester, J. $nal. Chem.1955 27,
1742.

(17) Glaser, J.; Read, M.; SandstroM.; Toth, I.Inorg. Chem1992 31,
4155.
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1850 type of oxygen undergoing exchange. The data at all temper-
atures and acid concentrations were fitted successfully using
1800+ eq 8, as indicated by the random distribution of residuals with
1750+ 1—F=0.5exptkgt) +0.5exptkyt)  (8)
17004 time observed in each case. This equation assumed that only
eMem™) coordinated water ligands exchanged during the reaction and
16504 that the four water molecules at positiotrans to bridging
hydroxide groups exchanged at a rate different from the rate of
16004 exchange for those at thas positions (Scheme 1). A typical
plot of the experimental data and fitted curve (from eq 8) is
15504 shown in Figure 2, and the results of the analysis are sum-
marized in Table 1. The rate constants were found to be
1500 independent of the concentration of Rh(lll) dimer used.
The validity of eq 8 was checked by fitting some data sets to
1450 . : . . eq 9, which allows the pre-exponential terms to be refined as
0.5 1 1.5 2 25
pH 1-F= C1 exp(_kfaslt) + CZ exp(_kslowt) (©)]

Figure 1. [H*] dependence of the extinction coefficients for solutions . :
of the Rh(lll) dimer recorded at 242 nm and 308.1 K. The solid line part of the analysis. In all the cases examined, the values of

represents a fit of eq 2 to data points. C; and C, were within error of 0.5 (see Table 1) and support
the model chosen to describe the water exchange on the Rh(lll)

At this time, the signals from the coordinated waters could no longer dimer. Substitution of eq 5 into eq 8 yields eq 10, which was
be observed. For each spectrum, analysis of the overlapping water

Sl o ut, o G Ve U £ e 100, = {3 =) ~ (=0~ 05 OXp )~
' 0.5 exp-Kyo, D1} + duo(t=0) (10)

also used to successfully éitsp versus time data for each kinetic
run and provided another way of checking the results obtained
in Table 1. This gave values éfsp(t=0) anddiso(t=c0) which

Results

The kinetics of water exchange on the Rh(lll) hydrolytic
dimer [(HO)4Rh(u-OH),Rh(H,0)4]*" were followed by mea-
sulrlng the. rrt]aleasg ¢fO Iabel.from the complex into thfe”bulk were in agreement with the experimental values and rates of
solvent with an isotope ratio mass spectrometer, following e exchange which were concordant with those obtained by
conversion of water into carbon dioxide with guanidine hydro- fitting eq 8 (Table 1). Figure 3 shows a fit of eq 10 to the
chloride. The final acid concentration (o) is the sum of versus time data uséd to produce Figure 2
the addgd acid ([Maad and that liberated from the hydro!ygis The proportion of80 label exchanged from the dimer at the
of thg d'g]ir ([;ﬂhyg a_md_ can tl)e determmhed by combining completion of each run remained constant at ca. 10% for all
egs 3 and 4 and substituting values K at the temperatures o ey neriments. Treatment of reaction mixtures at elevated

[H*] _ [H*] + [H*] 3) temperature for prolonged periods to ensure complete exchange
tot add hyd of label (see Experimental Section) followed by mass spectro-
4 , i metric analysis revealed that 10% of th# label remains
[H " 1hya = Kaa[RO(I11) dimer}/[H ], (4) unexchanged after 10 half-lives of the slowest reaction, confirm-

. . . ing the observation made in the kinetic analysis. This means
useq in this study. Th.e va_lues 8, for 'the R.h(III') dimer that, unlike the case of the Cr(lll) dimer, only partial enrichment
reqwre_d here and required |n_the analysis of_ klnet_lc data were ¢ o bridging OH groups was achieved for the Rh(lll) dimer.
determined spectrophotometrically and are listed in Table 2. ;4.0 importantly, it indicates that the label present in the

Least-squares analysis was used toofip (stable isotope  yiqqing OH groups is not released under the conditions used
composition) versus time data wheFe is the fraction of in this study.

exchange at timedefined by eq 5. Fitting the data to a single- Oxygen-17 NMR studies were carried out to confirm the
— _ _ ) _ interpretation of thé®0 labeling data. Th&’O NMR spectrum
F = [0150(t) = 0150(t=0)1/{ 8.160(t=00) — 0155(t=0)] (5) of the enriched Rh(lll) dimer (enrichment ca. 10%) was in
_c— - agreement with that reported by Glaser al.}” with two
1= F=exp(ky (6) overlapping signals observed for the two types of coordinated
1—-F= water molecules and a signal due to the bridging OH groups.
0.4 ex + 0.4 ex + 0.2 ex _ 7 A kinetic experiment conducted witHO labeled dimer ([H]
PEHesl) PEksion!) p(_kb"dget) (7) = 0.17 M and [dimer}= 0.05 M at 323.1 K) over a period of
exponential function (eq 6) was unsuccessful, giving fits with 72 h showed that both water signals diminish with time,
systematic deviations in plots of residuals versus time. Attempts consistent with the exchange 60 labeled water with unlabeled
to fit the data to eq 7, which rationalized theo versus time ~ Wwater from the bulk solvent, and that there was no change in
data for water exchange on Cr(lll) diméralso gave systematic ~ the intensity of the signal due to the bridging OH groups. The
deviations. Equation 7 allows for two pathways for exchange two water signals were found to diminish at different rates.
of the eight terminal water ligandsi¢ andtransto the bridging ~ Under the experimental conditions used here, the signalat
groups) and one for exchange of the two bridging Gjfoups, ppm could no longer be seen after 12 h while that-a23

and the coefficients represent the proportion of that particular Ppm was still clearly present after the same time. Anal§dfs
of the time-dependent spectra gave rate constants for the two

(18) Helm, L.; Elding, L. I.; Merbach, A. Bnorg. Chem1985 24, 1719. processes. The values obtained were#2)(x 10° s and
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Table 2. Temperature Dependence of the Rate Constants for Water Exchange on Fully Protonated and Monodeprotonated Rh(lll) Dimers
temp &0.1) (K)

308.1 313.1 318.2 323.1
10kas® (s72) 0.6624+ 0.033 1.296+ 0.050 1.85+0.74 5.87+0.28
10keasH (573) 2.36+0.19 6.28+ 0.25 18.0£2.0 36.0+ 1.2
10%Ksion® (574 0.1189+ 0.0087 0.19H-0.028 0.095£ 0.067 0.464£ 0.065
10Pksion" (579 0.9924+ 0.051 2.04£0.14 4.95+0.19 6.30+ 0.28
pKa 1.41+0.04 1.33+ 0.06 1.24+0.04 1.16+ 0.06

a pKay values determined at 298 K using spectrophotometric and pH titration methods gave valuesio0105%nd 1.64- 0.01, respectively.

Scheme 1. Pathways for Water Exchange on the Rh(lll) 1
Dimerab
(a) Fully Protonated Rh(III) Dimer |
N 4+ 0.8
wo
MO e
Rh””
0.6 1
Hy'%0 u j4yﬂzo/1},\o/ > iF
A ' O +Hy0 HO H
/m\ S + H,%0 0.4
H,0 l (] o T
H Kslow
H, \ q4+
H,0
0 o | A 0.2 4
H, O\R O\RL/
~
1,07 | o |
H,0 H 0 T L T T
+ HY%0 0 1000 2000 3000 4000 5000
Time (mins)
(b) Monodeprotonated Rh(IIT) Dimer Figure 2. Typical plot showing the fractional decrease®d label
Hy'® a3 from the Rh(lll) dimer with time at [dimer}= 0.044 M, [H']: = 0.1176
H,0 H M, and T = 313.1 K. Rate constants are given in Table 1, and the
oH N O\th/ solid curve represents a fit of eq 8 to the experimental data.
1 3+ Kease / / | N
Hzlso - /H20 I g 90
18 HO
H, O\Jl<O\RL< +H,0 .
H,"%0
HZO/ | 0/ ' o * M 80 4
q
+H,0 . H;0 H 704
2 O\RI<O\R|11/ 50
< _
HZO/ L 0/ I 5'%0
Ho W 50
+ Hz“‘o
— . 40
aWater molecules occupy the unlabeled coordination sites around W
Rh(Il). ° Site of deprotonation could not be clearly established. 304
47 (£ 9) x 106 s ! at —131 and—123 ppm, respectively. 20
Given that these constants were obtained by analysis of
overlapping, broad signals, there is acceptable agreement with 10 . . ' .
those obtained by th€O experiments (see Table 1). Although 0 1000 2000 3000 4000 5000
the errors in these rate constants are larger than those for the
Time (mins)

180 experiments, the NMR data do provide strong support for
the proposed interpretation of tA& labeling data. Figure 3. Plot showing the variation oo with time for the same
The rate Constanﬂﬁast and kSlOW show a Systematlc increase data l..lsed for Figure 2. The solid curve represents a fit of eq 10 to the
with decreasing acid concentration at each temperature of the®*Perimental data.
kinetic study (Table 1), indicating that both protonated and parameters were determined from the temperature dependence
monodeprotonated Rh(lll) dimers are involved in the exchange of each rate constant and are listed in Table 3 together with
process. Least-squares analysis using eq 11, an extended versiatalculated values of the rate constants at 298 K.
170 NMR spectra of [(HO)sRh(u-OH),Rh(H,0)s]*" were
= (KOTH 1. + KOHK H1 +K 11 recorded at threg acid concentrations (0.92, 0.15, and 045 M)
Kops = (KTH Tror /(M o+ Ke) - (11) in order to establish the site of deprotonation. These conditions
. . . were such that the variation in the proportion of the monodepro-
of eq 1 which allows for the partial deprotonation of Rh(lll) /1 ~ted form with [H] was substantial. However, the spectra

dimer over the experimental range offlh:, gave the final rate showed no systematic change with*[H
constants for the fast and slow pathways of exchange on both

fully protonated and monodeprotonated Rh(lll) dimers. A Discussion
typical example of the experimental and fitted data is shown in  The Rh(lll) dimer [(HO)sRh(u-OH),Rh(H,0)4]** is the first
Figure 4. The results are summarized in Table 2. Activation Rh(lll) oligomer for which water exchange rates have been
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30 cleavage pathway for the Rh(lll) dimer is in keeping with the
extremely slow cleavage of Rh(lll) oligoméfsand the fact that
the singly bridged form of this dimer has, so far, proved difficult
251 to prepare.

In the assignment of the two pathways for water substitution,
the interpretation which is consistent with all the data is one
which proposes that water ligandsans to the bridging
hydroxide groups are exchanged at a faster iatg) than those
in the cis positions Ksow), as described in Scheme 1. This is
in keeping with the now well established greatanslabilizing
effect of OH™ over H0.1020.21 The 170 NMR data indicate
that the water ligands with a signal &tL31 ppm, assigned by

A
Glaseret all” as thosdransto the bridging groups, exchange
faster than those with a signal-atl23 ppm, assigned ass to
31 the bridging group. The low-temperature X-ray crystal structure

of the Rh(lll) dime?? provides evidence for the presence of a
0 weaktransinfluence in the complex; viz., the RIO distances
01 02 03 04 05 06 07 08 transto the bridging group are 2.042(2) and 2.038(2) A while
thosecisare 2.020(2) and 2.026(2) A. While the effect is small,
[H+],,, M) it could be the origin of the small but measurable differences
Figure 4. Acid dependence of the rate constants for water exchange in water exchange rates.
on the Rh(lll) dimer at positionsis gndtransto bridging. hydroxtis The pH dependence of botkis; and ksow is typical of
at 313.1 Kia, kiast; @, ksow. The solid curves were obtained by fitting 1,y grolytic processes which are accelerated by deprotonation of
the experimental data to eq 11. . S L
at least one reactant. Measurements of the first acid dissociation
constant of the Rh(lll) dimer, made by both pH and spectro-
photometric titration, indicate that this oligomer is quite acidic
(pKa1 1.6). Since [Rh(HO)g]3" (pKaz 3.2)12 is much more acidic

20
10°k
(s

measured using isotopic labeling techniques. This investigation
provides the opportunity for comparison with water exchange

data obtained for the Cr(lll) diméf. The rate expression which .

. . . . than [Cr(HO)s]®" (pKa1 4.3)2 the Rh(lll) dimer was expected
fitted t_he isotope labeling data for the Rh(lll) dimer (seg eq 8 to be more acidic than the Cr(Ill) dimerKg; 3.7). However,
and Figure 2) better than any °‘hef reasonable alternative (for e difference in acidity for the Rh(lll) pair is greater than might
example, egs 6 and 7) was one which assumed the presence Q:Fave been anticipated from the data for the Cr(lll) pair. The
only two types of water exchange processes occurring at kinetic parameters obtained by fiting eq 11 to the pH

significa_ntly_different rates. The coefﬁcients_ used in the rate dependence s andksow (Table 3) reveal that water exchange
expression indicate that the two processes involve the releaseOn fully protonated Rh(lll) dimer is 200600-fold faster than
of the same amount of label, and assuming that uniform

3+ 14 i i imi
enrichment has been achieved, this would suggest that thethat on [Rn(HO)e]*.* This enhancement is similar to that

numbers of molecules being exchanged by each process ar found for the Cr(lll) dimer and [Cr(bD)e]*", but it must be

X - 9 9 y proc %tressed that the two Rh(lll) studies were carried out at very
equal. This proposal is supported by the fact that floating the different ionic strengths. Nevertheless, it appears that, as in
pre-expongntlal terms (eq 9) gave the same rate constants 4%he case of Cr(Ill) dimer, the introduction of OH bridges does
those obtained by fitting eq 8 and pre-exponential factors that

were within error of 0.5. The presence of two reaction pathway’s have a labilizing effect on the Rh(lll) coordination sphere.
is confirmed by thé’0 NMR data which clearly show that the Attempts to establish the site of deprotonation were foiled by

two water sites present on the Rh(lll) dimer exchange at the absence of a hydrogen ion effect in 1@ NMR spectrum

different rates. The NMR data further show that no measurable of the Rh(”l), dimer.
exchange of the bridging OH groups takes place on the time _ A comparison of the water exchange data for Rh(lll) and
scale of the water exchange processes. This is in agreemenf'(!l) dimers (Table 3) shows that the equivalent processes
with mass spectrometric data which showed that there was no?'® 10&,4000'f°|d S"?WQf on Rh(lll) than on Cr(lll) and clequy
exchange of label in the bridging groups, even though both the empha5|z.es greater inertness of the Rh(lll) center. There is only
kinetic traces and high-temperature measurements indicated 5004 3-fold difference in rate for the two water exchange pathways
enrichment of the bridging OH groups. on the fully protonated dimer, but this compares reas_onably well
The existence of two pathways for water exchange coupled W'th. the 5-fold dn‘fgrence observed for the Cr(lll) dimer. As
with the absence of exchange of the bridging OH groups is outlined above, this small rate change suggests thatrams

strong evidence in support of the view that the reaction occurs labilizing effect Of_ bridgi_ng .OH groups is marginally greater
with retention of stereochemistry. If this were not the case, than the effect otis labilization. The rate of water exchange

both water ligands should exchange at the one rate and onlyat positionscis andtransto the bridging hydroxides is enhanced

one reaction pathway should be observed. The possibility that Py, deprotonation. ‘However, the increases in rate of 3- and
exchange occurs through a ring opening process can peb-fold, respectlvely, are much smaller _than found for the_
discounted because this would also result in only one exchange®/"esponding processes on the Cr(lll) dimer and those previ-
rate which would be equal to the rate of exchange of the bridging
groups. The results for the Rh(lll) dimer system are consistent (19) Crimp, S. J. Ph.D. Thesis, Monash University, 1994.

with those for the Cr(II) diméf where it has been demonstrated g% 'gglgigd’,:"."M'\gﬂztségd'Lq\,\c,ltgng'eedm@f;ag%gi“ éggngggz 46

that three pathways contribute to the exchange of label, two 43. T ' ' ’
attributed to water ligands and a third to the bridging OH groups. (22) Crimp, S. J. Honours Thesis, Monash University, 1990.The structure
The at ofexchange of abl fom the bidgng grodms (O ORNONE o ves edkemyes
found to match the rate of interconversion between singly and temperature structure has been reported previdagiply data that

doubly bridged Cr(lll) dimers. The absence of a bridge are relevant to the discussion of water exchange rates are presented.
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Table 3. Comparison of the Activation Parameters and Rate Constants at 298 K for the Water Exchange Processes on Fully Protonated and
Monodeprotonated Rh(lll) and Cr(lll) Dimers

Rh(Il1) dimer Cr(lll) dimer®
105k AH*"° AS° 105 AH*"° AS°
(s (kJ mol) (I Ktmol™) (s (kJ mol?) (@ Ktmol™)
Kras® 1.26 118.8+ 3.9 41412 358 80.8 8.0 —40+ 26
asH 3.44 145.9+ 3.7 140+ 11 12 400 125.3 3.9 139+ 13
Ksion? 0.486 64.2£ 9.4 —150+ 30 66.0 97+ 10 0+ 32
Ksiow®" 2.68 102.0+ 3.4 -94+11 4750 82.8+ 5.8 -12+19
Koridge® not obs not obs not obs 11.4 99t55.6 —-10+18
Koridge™ not obs not obs not obs 1468 126:73.5 125+ 12
pKa 1.59 31.74+ 0.48 76.1+ 1.5 3.68 31.4£1.6 35.1+£ 5.3
aThis work.? Data taken from ref 10.
ously observed for the mononuclear agua ions [F&{k)3+ 1112 dimer. Further evidence has been provided that condensation
and [Cr(HO)e]3.2 The Rh(Ill) dimer data appear to contrast of the oligomers results in increases in the lability of the primary
those reported by Plumb and Hatfisnd Laurenczyet all4 coordination sphere of the metal ions in solution and that

for exchange on [Rh(}D)¢]3", where respective enhancements deprotonation leads to more dissociative activation mechanisms
of 100- and 20000-fold were observed on deprotonation albeit for ligand substitution. Information on water exchange reactions
under different conditions. of the recently characterized heterobinuclear aqua iopQjid

The enthalpies of activation for the Rh(lll) dimer (Table 3) Cr(u-OH)Rh(H0)4*" 2 would provide a valuable comparison
are generally higher than those for the Cr(lll) dimer, reflecting to exchange data for both the Rh(lll) and Cr(lll) dimers.
the greater inertness of Rh(lll). For both reaction pathways, i . ) .
deprotonation of the Rh(lll) dimer causes an increasa Acknowledgment. A._D. is grateful for financial support in
consistent with a more dissociative mechanism of substitution, the form of an Australian Postgraduate Award and a Travel
This observation is consistent with water exchange studies onGrant from Monash University which allowed water exchange
Cr+ 9 F&* 1L12R[P+ 14 and the Cr(lll) dimei? TheAS values studies to _be carried out in Cz?\Igary. Financial support_from
for water exchange at positiongns to bridging hydroxides the Austrahan _Research Council (L.S_.) and the Natural Sciences
are more positive than those for exchange atdisgositions and Engineering Research Council of Canada (H.R.K. and
for both fully protonated and mondeprotonated Rh(lll) dimers 1-W-S:) is gratefully acknowledged. We thank Dr J. Weigold
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In summary, deprotonation of the Rh(Ill) dimer enhances the

rate of water exchange at positions andtrans to bridging (23) Crimp, S. J.; Fallon G. D.; Spiccia, 1. Chem. Soc., Chem. Commun.
hydroxide groups but not to the same extent as for the Cr(lll) 1992 2, 197.






