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83. Kinetics of Oxygen Exchange in the System BrO; - HzO (DzO) 
by H. Gamsjagerl), A. Griitter and P. Baertschi 

Eidgentissischcs Institut fur Rcaktorforschung, 5303 Wurenlingen 

(13. I. 72) 

Sunzmavy. The kinetics of oxygen exchange between water (H,O, D,O) and 'Wlabelled broniatc 
ion has been invcstigated over the range of 1.7 5 pH 5 14.3 and 20 I "C i 95. At GO" and ionic 
strength I 2: 1 . 0 ~  (NaNO,), the experimental results were consistent with the rate laws (I? in 
mol 1-'s-l) : 

I? == [ErC),-~] (1.59. 8.1 . 
I?  = [BrO-] {4.69.10--'+ 4.1 . 

[OH-] + 0.122 [Hf],} in H,O and 

[OD-] + 0.378 [I)+],} in U,O. 

From the tcmpcrature dependence of the rate constants the activation parameters A H * ,  AS'* 
and AC* were derived. 

In the acid-catalysed region the form of the rate law and the direction of the solvent isotope 
effect were the same as previously found, but thc numerical values of A H *  and k z ~ / k z ~  differ 
considerably. For the spontaneous and the OH--catalysed exchange reactions bimolecular dis- 
placement mechanisms are proposed. 

1. Introduction. - The isotopic exchange of oxygen between bromate ions and 
water according to the reaction 

B r W -  + 3H,I60 $ Hr160,- + 3H,I80 (A) 

has been investigated extensively in the range pH 5 2.5 [l] [2], but apparently no 
attempt has been made to extend the exchange experiments to neutral or alkaline 
solutions. According to the rate laws and activation energies found by Hoeringet al. [l] 
and Anbar et al. [a], the exchange reaction (A) a t  pH 2 7 and a t  100°C would be 
expected to have a half-time of exchange > lo7 years and to be nearly twice as fast in 
L),O as in H,O. In contradiction to this extremely low extrapolated rate, l80-tagged 
potassium bromate (a convenient reagent for preparing 180-enriched 02), can be pre- 
pared simply by refluxing potassium bromate with lsO-enriched water for six to ten 
days [3]. Preliminary experiments by Marsel i4-1 indicated that in neutral solutions a t  
about 100" the half-time of reaction (A) is about 10 hours in H,O and 24 hours in D,O. 
Obviously the rate and activation energies valid in acid solutions allow prediction of 
neither the order of magnitude of the reaction rate nor the direction of thesolvent 
isotope effect in neutral or alkaline solutions. Therefore we decided to reinvestigate 
the kinetics of the l80 exchange in the system Br0,--H,O (D,O), using as wide a 
range of H+-ion concentrations and temperatures as possible. 

2. Experimental. - 2.1. Mntevzals. High purity H,O, D,O (99.99% D, 0.4% l*O) and H i 0  
(7% 180)  were obtained from the water tlestillation and isotope separation facilities of the E.I.R. 
Wiirenlingen. I<Br*03 (6% lSO) was prepared by refluxing a saturated solution of KBrO, in 
HZO for 140 11. After crystallization by cooling, the I<Br*03 was dried a t  180" and was stored in a 
vacuum desiccator. All chemicals uscd were reagent grade. 

1) Present address : Institut fur anorganische, analytische und physikalische Chemie der Univer- 
sitat Bern, 3000 Bern, Freiestrasse 3. 
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2.2. Procedures. The proper amounts of KBr*0,, HNO, or NaOH were dissolved in H,O or 
D,O and the solution was adjusted to  an  ionic strength I N 1 . 0 ~  with NaNO,. The exchange of 
oxygen between nitrate ion and solvent is very slow under the conditions of thcsc experiments [Z]. 
The test solutions were placed in glass ampoules, glass stoppered flasks (short half-times) or small 
teflon containers (alkaline solutions) and kept in thermostats a t  20, 40, 60, 80 or 95". The densities 
of the solutions at the reaction temperatures and the BrO-, HNO, or NaOH contents were deter- 
mined for each run. T h u s  the concentrations of the reacting species at the reaction temperatures 
could be cxprcsscd in moles/l. Sarnples were drawn a t  four t o  six different time intervals, 
t (0.2 :< t/t,iz 5 5), with hypodermic springes and were injected into ice-cooled test tubes contain- 
ing &NO, and enough HNO, to maintain a slightly acid solution. The reaction mixtures were 
vigorously stirred to  spseed up the AgBr *O, precipitation. Consequently rcaction (A) was quenched 
within a feu- seconds. The AgBr*O, precipitate was centrifuged and was washed first with water, 
then ethanol and finally acetone. After drying undcr vacuum, the AgBr*O, was thermally de- 
composed to give oxygen gas, which was isotopically analyscd with a cycloidal mass spectrometer 
CEC 21-620 A ,  The 1na::s spectra of the isotopic oxygen molecules were scanned at least four times 
to reduce thc errors in peak height measurement to less than 0.3%. Since the decomposition was 
practically complete, i t  is assumed that  the oxygen produced by  pyrolysis of AgBr*O, had the 
same isotopic composition as the parent bromate. 

2.3. CaZcuZatian ofr~?suZts. The mole fractions, x, of 180 in the gaseous oxygen samples submitted 
to inass spectrometric analysis were calculated from the peak hcights at m/e 32 ('W0,+), 33 (1601'0'), 

34 (1s0180-~ and 170,+), 35 (l7Ols0+) and  36 (180,+) according to  the following equations: 

(1) 
(34)/2+ (35)/2+ (36) 

x =  
(32) + (33) + (34) + (35) + (36) ' 

In  eq. (1) the contribution of 1 7 0 , +  t o  rnje 34 was neglected. Eq. (1) docs not imply any restric- 
tions conccrning the dis.tribution of oxygen isotopes in thc molecules, whereas cq. (2) assunies statis- 
tical distribution. I80  abundances, x, calculated by  eq. (1) and eq. (Z) ,  were the same within 
experimcntal error. The rate I? of reaction (A)  leading to thc isotopic exchange [ S ]  was calculated by 

where 
R = rate of oxygen transfer between H,O (D,O) and Hr0,- in m o l 0  1-1 . s-1, 

[13r03-] = total Concentration of broniate in mol/1, 
[H,O] = total concentration of exchangeable oxygen in the solvent in mol/l, 

t = time in s, 
xo, xt, zrn = mole fraction ol ls0 in bromatc at timcs: 1 = 0, t = time o f  sampling, t = cc (at 
cxchangc cquilibriuni). 

I n  principle cq. ( 3 )  is valid only if  there is no cquilibriuni isotopic fractionation between H,O 
and BrO,-, that  is tlic mole fraction of 180 is the same in both H,O and Br0,- at equilibrium. In 
our system only a slig'ht cnrichment of l80 in H,O (D,O) with respect to Br0,- was found, the 
fractionation factors c( being smaller than 1.03 between 20" and 100" [6] .  A calculation following 
the general treatment given by Bunton et al. [7] shows that  in these cases therelativeerror introduced 
in I? by assuming no fractionation (d = 1,000) is of the order of lo-,. This error is negligible in 
comparison with the experimental errors. 

3. Results. - 3.1. Survey of data. All experimental data are compiled in Tables 1 
(H,O) and 2 (D,O). Each result is the average of 4-6 measurements, which differed 
only in times, t ,  of reaction. The values of R/[BrO,-] usually agreed within 1-20/, and, 
in agreement with eq. (3), showed no variation with t. Within a small region around 
pH E 3,  at 60°C (and probably other temperatures) bromate relatively rapidly 
decomposes to bromine and oxygen. Under these conditions (run No. 13 and 33) 
reliable results could be obtained only with short exchange times t I 0.2 tl/2. We have 
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Table 1. Rate of oxygen exchange in the system Br03--H20 
[BrO,-], [H,O], [H+], [OH-], I in mol - I-l, R/[BrO,-] in s-l 
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Run P K  [Br03-] .lo2 [H,O] [H+] [OH-I 1 RLBrOa-1 
KO. 

1 
2 
3 
4 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

7 

293.2 3.814 
313.2 5.043 
333.2 4.833 
333.2 4.780 
333.2 8.701 
333.2 1.899 
333.2 19.43 
333.2 4.907 
333.2 0.983 
333.2 10.19 
333.2 19.88 
333.2 4.900 
333.2 5.109 
333.2 4.792 
333.2 5.034 
333.2 4.661 
333.2 18.99 
333.2 19.63 
333.2 5.131 
3.53.2 4.815 
353.2 9.403 
353.2 4.455 
368.2 4.848 
368.2 9.698 
368.2 4.387 

53.4 
53.1 
52.8 
52.8 
53.0 
52.8 
53.0 
53.0 
53.2 
54.2 
55.2 
53.1 
52.6 
52.9 
52.8 
51.2 
53.4 
55.9 
50.9 
52.2 
53.8 
52.1 
52.0 
53.2 
51.9 

9.44. lop2 
1.88.10-2 

< 10-5 
- 

- 

- 

- 
- 
- 
- 
- 
8.73.10-4 
2.75.10-3 
9.21.10-3 
1.86-10-2 

< 10-5 
- 

- 

1.79. lo-' 
< 10-5 

< 10-5 

- 
1.85.10-2 

- 

1.81. lo-' 

- 
- 

< 10-5 
1.12.10-2 
9.52 * 
9.60. lop2 
9.64*10-2 
9.76. 
9.76. lo-' 
4.81 
9.36. 10-1 
- 
- 

- 
- 

< 10-5 
8.57. 10-1 
1.74 
- 

< 10-5 

< 10-5 

4.61 * 10-l 
- 

4.17.10-l 
- 

1.02 
1.04 
1.01 
1.02 
1.04 
1.06 
1.07 
1.08 
1.08 
1.07 
1.13 
1.02 
1.07 
1.02 
1.03 
1.90 
1.90 
1.94 
1.93 
0.99 
1.01 
1.02 
0.99 
0.96 
1.01 

2.014. 
6.537 * 10W 
1.592.10-6 
1.597.10-6 
1.645 * 10-6 
1.641.10-6 
1.647 * 
1.657 . lop6 
1.694. lo-' 
1.983. 
2.457 * 
1.714.10-6 
2.566. 
1.167. 
4.538.10-5 
1.374 * 10W 
2.158. lop6 
3.303. 
5.450.10-5 

z.810.10-4 

1.103.10-6 
1.388. 

3.983 3 
4.917. lo-' 
9.816. 

Table 2. Rate of oxygen exchange zn the systenz Br03--D20 
[Br03-1, [D,O], [D+], [OD-], I in in01 . l-l, R/[BrO,-] in s-l 

Run TOK [Br03-].102 [D20] [D+] [OD-] I R /  [Br 03-1 
No. 

26 
27 
28 
29 
3 0 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

293.2 
313.2 
333.2 
333.2 
333.2 
333.2 
333.2 
333.2 
333.2 
333.2 
333.2 
333.2 
333.2 
333.2 
353.2 
353.2 
353.2 
368.2 
368.2 
368.2 

4.888 
4.585 
4.944 
4.915 
9.708 

4.914 
4.751 
4.937 
4.708 
4.828 

18.83 

18.98 
19.81 
4.997 
4.816 
9.302 
4.796 
4.842 

4.584 
10.33 

53.2 
53.2 
52.7 
52.5 
53.5 
5.5.0 
52.6 
52.7 
52.5 
52.7 
51.1 
53.3 
55.8 
51.0 
52.2 
53.4 
52.2 
51.8 
53.3 
51.6 

4.83.10W 
9.74.10-3 

< 10-5 
- 

- 

- 

5.68. lo-' 
9.37.10-4 
2.69.10-3 
9.64.10-3 

< 10-5 
- 
- 
w ~ 8 .  10-3 

9.41 .10-3 

9.34.10-3 

< 10-5 

< 10-5 

- 

- 

- 

- 
< 10-5 

8.50.10-2 
4.76.10-1 
9.20. 10-1 
- 
- 
- 

- 

< 10-5 
8.66. 10-1 
1.75 
- 

< 10-5 

< 10-5 

4.94.10-1 
- 

5.37.10-1 
- 

1.02 
1.04 
1.03 
1.11 
1.06 
1.11 
1.02 
1.00 
1.09 
1.01 
1.91 
1.91 
1.95 
1.92 
1.00 
1.04 
1.00 
0.99 
1.09 
1.00 

1.767. 
5.570. 
4.685. lo-' 
4.932. 

8.989. 

7.196 * 
3.106 * 
3.679 * 

7.770 * 
1.331 * 
4.560. 
3.345.10-6 
4.914 * 
2.099. 

6.655.10-7 

4.615.10-7 

4.065. 10-7 

1.301 . lC-5 
1.934 * 
7.373.10-4 
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no explanation for bromate decomposition a t  pH E 3 and for its stability a t  both 
higher and lower pH values. 

3.2. Dependence of R o n  concentrattons at 60°C. The kinetic order of I? with respect 
to the bromate concentration was determined at essentially constant ionic strength 

-8.QL . 
-2.0 -1.5 -1.0 - 8.5 0 

Fig. 1. Dependence of log K on log [Br03-J 
(H,O, 60°C. [OH-] 2: O . ~ M ,  I N 1 ~ )  

- 4.4 

- 4.6 

-4.8 

-5.0 

-5.2 

-5.4 

-5.6 

-5.8 

- 6.0 

-6.2 

-6.4 

o H,O 

020 

i I I 1 
\ 
\ 

I 
I 
I 

I 

? I 

\ 
/ 

m--- - - - - r)r _ _  -.-.' a\ 

log COW] - - log IH' I  

0 -1.0 -2.0 -3.0 -5.0 -4.0 -3.0 -2.0 
Fig. 2. Depeizdence oflog R/[RrO,-] o n  log [H+] and log [OH-] (GO"C, I Y 1 ~ )  

The experimcntal poinlts were taken from Tables 1 and 2, the curves were calculated using eq. (4a) 
and the rate constants of Table 3 
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and OH- concentration (runs No. 5-9). Plots of logR versus log[BrO,-J fell on a 
straight line of slope 1.00 (Fig. 1). Thus, the exchange is first order in bromate. 

Therefore the bromate-independent reaction rate R/[BrO,-] was chosen as the 
main variable and was followed over a wide range of pH in H,O and D,O (runs No. 
3-15 and No. 28-35). In Fig. 2 logR/[BrO,-] is plotted against log[H+] (log[D+]) and 
log [OH--] (log [OD-]), respectively. From Fig. 2 it can be concluded that the regions of 
acid- and base-catalysed exchange are clearly separated by a relatively broad region 
of uncatalysed excliange with a constant rate. This situation suggests a rate law of the 
general form 

R/[BrO,-] = lz, + k ,  [OH-In -1- k,[H+]m. (4) 

The rate constants k ,  as well as the exponent YZ, were determined by plotting 
log (R/[BrO,-] - k,) versus log [OH-] (see Fig. 3)  in the alkaline region, where the last 
term of eq. (4) is negligible. As K/[BrO,-] - k ,  is the difference of two relatively large 
numbers, k ,  is subject to larger fractional errors than k,. The experimental data lie on 
straight lines of slopes close to l..O, indicating a first order dependence, n = 1, of R on 
LOH-] ([OD-]). The numerical values of KO and k ,  obtained from these plots are 
summarized in Table 3. 

Table 3. Rate constaizts and solvent isotope effects ") at I 2: 1~ (NaNO,) 
k ,  in s-l, k ,  in 1 . 5-l . mol-l, k 2  in l2 . s-l . mo1k2; k n H ,  k i H ,  k z H  in H,O; k 0 D ,  k i D ,  k 2 n  in D2O 

Rate constant 95°C 8OoC G O T  40°C 20°C 

3.98. 

3.06 

1.2.10-6 
1.8 
2.87 
8.19 
0.350 

1.30.10-5 

2.2.10-5 

1.10.10-6 
3.35.10-0 
3.30 
6.2. 
3.2. 
1.9 
0.785 
2.37 
0.331 

1.59.10-6 
4.69. 10k7 
3.40 
8.1.10-7 
4.1 '10-7 
2.0 
0.122 
0.378 
0.323 

- 

1.80. 
S.82.10-2 
0.309 

- 
2.26.10-3 
7.57.10-3 
0.299 

1%) The rate constant k2H obtained by Hoering et al. [I] in H20 at 30°C agrees, within the limits of 
error stated, with the value obtained using our experimental data and eq. (5 ) .  Their solvent 
isotope effect k 2 H / k 2 D  = 0.581 a t  30°C is in rather poor agreement with the value of 0.304 
obtained from our data. 

The values measured by Marsel [4] for KO= a t  100°C are consistent with our values using 
eq. (S), his isotope effect k , ~ / k , , ~  = 2.62 being slightly lower. 

A similar method was used for the determination of 12, and rn. Since the term with 
k ,  in eq. (4) can be neglected in acid solutions log (R/[BrO,-] - A,) = logk, + mlog[H+]. 
According to Fig. 4 log (R/[BrO,-J - k,) is a linear function of log [H+] with a slope of 
2.0. Tlius the exchange is second order with respect to the hydrogen ion concentration, 
in agreement with the results of Hoering et al. [I] and Anbar et al. 121. Numerical 
values of k ,  are given in Table 3 .  These evaluations of the experimental data in H,O 
and D,O lead to the following rate law: 

R/[BrO,-] = k ,  + k,/OH-] t -  k,[H+],. 
50 
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- log[OH7,(log[OD7) 

-1.0 -0.5 -0.0 +0.5 -3.0 -2.5 -2.0 -1.5 

I<ig. 3 .  Dependence of log (R/[BrO,-]-k,) O N  

log [Ol-lF (60°C) 
Fig 4 D e p e n d e w e  of log (R/[BrO,-]-h,) 072 

log 1 H + 1 (60°C) 

Preliminary experiments performed a t  higher ionic strength (runs No. 16-19 and 
36-39) showed that Jz, remains constant within the limits of error, whereas k ,  decreases 
and k ,  increases with increasing ionic strength, the effects, however, being quite small. 
Therefore no  corrections due to  minor variations of ionic strengths were applied. 

3.3. Tent f ieru twe  depaiadence of rate constunts and  solveiat isoto@e effect. If cq. (4a) is 
valid between 20 arid 95"C, k,, k ,  and k ,  could be evaluated for different temperatures 
from a series of corresponding exchange measurements. Because of the low reaction 
rates in neutral or alkaline solutions, k ,  and k ,  were not measured directly below G0"C. 
Extrapolated values of Jz ,  were used for the calculation of k ,  from eq. (4a) a t  20 and 
40°C. Since k ,  furnishes only a minor contribution to the overall rate at  pH 5 2 the 
error due to this extrapolation can be neglected. In Table 3 thc rate constants for 
different temperatures and the corresponding solvent isotope effects are listed. In 
accord with the transition state theory [8] log(k/T) was plotted veysus 1/T in Fig. 5. 
These plots are linear for both neutral and alkaline solutions, whereas they are 
slightly curved in the case of acid solutions. The latter beliaviour can be accounted for 
by introducing a non-zero heat capacity AC* of activation, which in turn leads to the 
following equation : 

R In (Iz/T) = - d H ' / T  + A S *  + d C f  (298.2/T - 1 -t In (Ti298.2)) + R In ( R / N h ) .  ( 5 )  

The activation parameters compiled in Table 4 werc dcrivcd from tlic experimental 
data by a least-squares treatment using eq. ( 5 )  191. 
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100 90 80 70 60 50 40 30 20 10 0 
C l P T  5.5 

\ 

\ 

j: -10.0 

. .  
2.6 21 2.8 2.9 3.0 3.1 3:2 3:3 314 3.5 3.6 

1031~- 

Fig. 5. Dependence oflog(k/l ' )  on 1/7' 
The straight lines and curves were calculated using eq. (5) and the activation parameters of Table4, 

thc experimental points mere taken from Tables 1 and 2 

Tablc 4. Activation parameters for the oxygen exchaiage between BrO,--H,O (D,O) in neutral (kJ, 
alkaline (k,) and acid (k,) solutions") 

Rate constant A H *  kcal/mol AS' eu AC* caljmol deg 

21.7 0.1 - 20.0 0.5 
22.4 & 0.2 - 20.4 & 0.7 
22.5 f 0.6 -19 f2 
22.7 & 0.9 -20 f 3  
17.8 & 0.2,b) c) - 9.8 & 0.8") 
17.5 + 0.30) - 8.4 $0.9") 

a) 
b) 

p )  

The errors given are 2 a  (a is the standard deviation). 
These values refer to 298.2"K. 
Hoering et aE. [l] and Aizbar et aE. [2] give a value of AH,* = 13.6 and 14.0 kcal/mol, respectively. 

4. Discussion. - 4.1. Oxygen exchange in neutral and alkaline solutions. The sponta- 
neous exchange with water (rate constant k,) and the OH--catalysed exchange (rate 
constant k,) probably both proceed through similar displacement mechanisms such as 

H,O + Br*O,- + [H,O.. . .Br*O,]- -+ Br0,- + H,*O (B) 

HO- 1 Br*O,- + rHO. .. .Br*0,I2- -+ Br0,- 4 *OH-. (C) 
and 

Reaction (B) implies that the concentration of the solvent water enters the first 
term of eq. (4a) ; this implication, however, cannot be tested experimentally. Taking 
h, = ~H,o[H,O]P the entropy of activation, A S * ,  becomes more negative by a term 
R In 1 H,O]P, while the activation enthalpy, A H',  remains constant. From the pro- 



nouncetl solvent isotope effect of k , ~ ~ / k , ~  (see Table 3), it is evident that  the two 0--H 
bonds in the activated complex are weaker than in the H,O inolecule (see e.g. [lo]). 
Since the activation entropies, A So', for H,O and D,O are very similar (see T a l k  4) ,  
eq. (5) leads to the following approximation : 

h,,rl/k,,n = CXP I - ( A  Hl;FI ~ A IZii))/RT].  (6 )  

With the experimental values of k,rr/k,n (stie 'Tahle 3) one obtains an essentially 
temperature-indepmdent difference of the activation enthalpies of 

A H& ,I Hi,, -~ ~ S 2 0  c:d/lllol. 

Since the thermal excitation of the vibrational energy of the water molecules can 
be neglected in the prevailing temperature range, the  value of 820 cal/mol closely 
represents tlic cnergy by which the difference of the zero point energies between the 
H- and tlie U-species is higher in the water molecule tlinn in the transition state. 

Using k,rr/Iz,u (see Table 3 )  arid a relation similar to eq. (6) for the OH--catalysed 
reaction (C),  a difference of the isotopic activation cntlialpies of 

n E-l;,;, ~- /I FITD ~ 450 c:Ll/mol 
is obtained. 

According to the discussion above, this value represents thc decrease in isotopic 
zero point energy difference of llydroxyl ions passing over to the transition state. 
Sinc;: the value o f  ,!I HI& -- A H &  is about half of the value of A Zf"ll - d H,& it may 
be assumed, that in thc transition states belonging to (C) and (R) one and two 0-H 
bonds are involved, respectively. Thus botli reactions appear to be himolecular dis- 
placcnients. It can also be concluded that the 0-H bond energy in H,O and OH- is 
reduced by about :30°A, in the rcspective transition statcs. 

4.2. Acid-catalysed oxygex exchmge .  The acid-catalysed reaction (rate constant k?) 
has already been discussed [l] 121. The exchange probably proceeds through two suc- 
cessive stcps : the fast equilibrium formation of tlic doul)ly protonated ion H,RrO,+ 

with 

and tlie slow oxygen exchange by \ome kind of himolecular water displacement in 

II,Rr"O,+ II,O a H,*O 1 H,BiO,' (El 
H,RrO, + k 

The ratc of oxlggen exchange K according to (E) thus would be 

I< 12 ,TI,RrO,+ 1 H,Oj - I; . I< H,O] Era,-] I-I 1 1 2 ,  (8) 

which leadi to 
12, 16 . K rIr,o 

It should he mentioned that Sylzes rc al. 111' observed also an 1 H+j3 but no rH+ I 
term for the broinate ouidation of thc. niercury (I)  dimer. 'TINS suggests that  RrO,+ 
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ions play an important role in the redox reactions of broniate as well as in the oxygen 
exchange reaction. On the other hand the results of Wright et al. 1121 were not coii- 
sistent with the formation of the intermediate BrO,+ ion. The true nature of the prob- 
ably occurring intermediate thus remains unknown, but it can be inferred from the 
experimental evidence, that  the exchange proceeds via some kind of hydrated BrO,+. 

The observcd inverse isotope effect K,lf//z,D is an overall effect to which the rate 
constant 12 and the equilibrium constant K may contribute. It is very likely that tlie 
latter predorrinates in this respect, as inverse isotope effects of this magnitude are 
found in inany reactions with similar acid-bas:: preequilibria /13]. As indicated by the 
inverse isotope effect, hydrogen is less strongly bound in the hydrated proton than in 
the protonated bromate. Now, as the licavier atom prefers the stronger bond, tlie 
equilibrium concentration of H,BrO,+ in H,O will be lower than the concentration of 
D2Rr0,+ in D,O. 

N o  clear interpretation can be given for the slight non-linearity of the function 
log (/z,/T) = f ( l /T)  (see Fig. 5). However, such non-linearities might be quite normal for 
experiments covering such large temperature ranges. 

We thank Prol. Ur. H. C. GrZjCfiil~ (E.I.R.) and Dr. M .  Fullenwider (University of 13crne) for 
revising the English of the  tcxt.  We are also indebted t o  Dr. A .  G.  Sykes  (Univcrsity of Leeds) for 
making available Kef. [ l l ]  prior to  publication and for stimulating discussions. The skilled technical 
assistance of Mr. I&’. li. Meier and Mr. P. Lavg is gratefully acknowlcdged. 
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