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Pressure and Isotope Effects on the Proton Jump
of the Hydroxide Ion at 25°C
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The limiting molar conductances A° of potassium deuteroxide KOD in
D,0 and potassium hydroxide KOH in H,0O were determined at 25°C as a
Junction of pressure to disclose the difference in the proton-jump
mechanism between an OH (OD”) and a H,O* (Ds0") ion. The excess
conductance of the OD™ ion in D,0 kg( OD"), as estimated by the equation
AR(OD™) = A%(KOD/D;0) - A°(KCI/D,0)
increases a little with pressure as well as the excess conductance of the
OH ionin HO
ANOH ) = A°(KOH/H,0) - A%(KCI/H,0)
However, their rates of increase with pressure are much smaller than those
of the excess deuteron and proton conductances, LS( D*) and lg( H* ). With
respect to the isotope effect on the excess conductance, kg( OH )AS( oDT)
decreases with pressure as in the case of AR(H')AS(D*), but the value of
AS(OH )AS(OD") itself is much larger than that of Ag(H*)A(D*) at each
pressure. These results are ascribed 1o the difference in the pre-rotation of
water molecules, which is brought about by the difference in the initial

orientation of the rotating water molecule adjacent to the OH (OD”} or
the Hy;O* (D;0%) ion.
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1. Introduction

The conductance of the hydroxide ion has been studied by many
researchers™® since it shows anomalously larger mobility, as well as the
hydrogen ion, than other monovalent ions in aqueous solutions. The
larger mobilities of these ions are explained in terms of the proton-jump
mechanism. Conway et al.® have shown that the reorientation of a
hydrogen-bonded water molecule adjacent to the OH™ (H;0%) ion is the
rate-determining step in the proton-jump mechanism, and that the excess
conductance Ag of the OH™ (H;0%) ion is expressed by

A2 = (1/9kNPIm (fIP)IF )
where P is the force on hydrogen-bonded water molecules due to the
OH™ (H;0") ion; f is the extra force due to the applied field; m is the
mass of a hydrogen atom; [ is the distance the charge of the OH™ (H;0)
ion is transported by each proton transfer and rotation; and F is the
Faraday constant. kVP/m corresponds to the reciprocal of the time re-
quired for hydrogen-bonded water molecules to rotate through 120° in
the absence of the applied field. It is derived from their model that the
isotope effect on Ag is determined by the ratio of reciprocal square root
of the mass between a deuterium and a hydrogen atom, and does not
depend on the pressure and temperature. However, we have shown in
our previous paper'” that AZ(H*)/AR(D") decreases gradually with pres-
sure and temperature contrary to their model and that it is necessary to
take into consideration the pre-rotation of adjacent water molecules,
which is a cooperative reaction of proton jump, in order to explain the
variation of Ag(H")/Ag(D*) with pressure and temperature. Conway et
al. have also shown, from the estimation of the reciprocal of the time
kVP/m in Eq. (1), that the excess conductance of the OH™ ion A(OH) is
about 1/2 times as large as the excess proton conductance Ag(H'),
namely, AZ(H*Y/AZ(OH") = 2. A study on the pressure and temperature
effects on AQ(OH")® is experimentally in favor of the conclusion that

S(HY/AZ(OHY) = 2. In this paper we have reported the excess conduc-
tances of the OD™~ ion in D,O and the OH™ ion in H,O at high pressure in
order to see whether the value of AZ(OH™)/Ag(OD") depends on the pres-
sure or not and whether the relation of AZ(D*YAZOD") = 2 holds in
D,0, and finally to examine the difference in the proton-jump
mechanism between the OH~ (OD") and the H;0" (D;0%) ion by using a
modified version of the Conway model.



Conductance of KOH and KOD 1137

2. Experimental

Table I. Properties of Heavy and Light Water at 25°C

Pll Ksa pa nﬂ 8
D,0
1 1.04 1.1044 1.097 78.1
500 1.16 1.1284 1.083 79.8
1000 1.32 1.1499 1.085 815
1500 1.51 1.1692 1.008 83.0
2000 1.76 1.1863 1119 845
H,0
1 0.88 0.9970 0.8903 78.5
500 1.14 1.0181 0.8831 80.2
1000 1.45 1.0372 0.8863 81.9
1500 1.80 1.0546 0.8999 83.5
2000 2.19 1.0707 09197 85.0

@ Units: P, kgf-cm2; kg, uS-cml; p, g-cm3; i, mPa-s.

2.1. Chemicals and Solutions

Heavy water D,O (99.8% D, obtained from CEA, France) was
distilled under a nitrogen atmosphere. Light water H,O was purified by
passing distilled H,O through an ion-exchange resin. Purified D,O and
H,0 were stored in a dry box wiich was filled with a nitrogen gas. The
properties of D,0 and H,O such as density p,**? viscosity n°,*'® and
dielectric constant €!” used in the data analysis are shown in Table I
together with specific conductivities ;.

Concentrated potassium deuteroxide KOD (98+% D) in D,O solu-
tion and potassium hydroxide KOH (>99.99%) were obtained from
Aldrich. The stock solutions of KOD in D,0 (KOD/D,0) (about 0.2 M,
M = mol-dm™) were prepared by diluting the concentrated KOD/D,0O
solution with D,O. On the other hand, the stock solutions of KOH in
H,O (KOH/H,0) (about 0.2M) were prepared by diluting with H,O a
saturated solution which was made at 0°C. These stock solutions were
titrated with oxalic acid solutions by the use of a phenolphthalein in-

3The values of viscosity at 1 atm are taken from Ref. 13 for D;O and Ref. 15 for H,O:
they are multiplied by the relative viscosities at high pressures and at 25°C, which are
reported in Ref. 14 for D;O and Ref. 16 for H;O.
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dicator to determine the molar concentrations of the stock solutions; the
titration was performed with a micro-burette within an accuracy of +0.1
percent. In order to dilute the stock solutions by weight, the molar con-
centrations C(M) of the stock solutions were converted into the molal
concentrations m (mol-kg™) with the aid of the densities of solutions
which were measured at 25°C and at 1 atm in the range (0.05-0.2)M by
using a digital vibrating densimeter (SS-D- 200 twin type) manufactured
by Shibayama Scientific. The following Eqgs. (2,3) were obtained for
KOD/D,0 and KOH/H,0 solutions, respectively.

p(KOD/D,0) = 1.10445 + 0.0521C 2)

p(KOH/H,0) = 0.99705 + 0.0505C 3)

where p is the density of solution in g-cm™. All the solutions of definite
concentrations were prepared in a dry box under a nitrogen atmosphere.
The molar concentrations of the dilute solutions at 1 atm were deter-
mined by using the densities of solutions, while those at high pressures
were corrected by using the data on the density of pure solvent because
the solutions were sufficiently dilute.

2.2. Conductance Measurement

In the high pressure experiment it took about 8-9 hours to finish
one run for each concentration. Thus, in the case of alkaline solutions a
Teflon cell (capacity 12 cm®) having a membrane thin enough to trans-
mit the oil pressure was employed instead of a glass cell to avoid the
reaction of OH™ (OD") ions with the glass. The cell constants at 1 atm
and at high %:rressures were calibrated by the same method as described
previously.¢

The molar conductances A of KOD in D,O and KOH in H,0 were
measured at more than six different concentrations in the range (3-15)
mM as a function of pressure up to 2000 kgf-em? (1 kgf-cm? =
0.9807x10° Pa). No solvent corrections were made for the conduc-
tances of the solutions because the solvent conductivity is suppressed in
the presence of a strong base as well as a strong acid. The molar con-
ductances A measured were reproducible within a precision of £0.1
percent. The procedure and apparatus for the conductance measurement
at high pressure have been described elsewhere.'®
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Table I1. Molar Conductances for KOD in D;0O and KOH
in HoO as a Function of Pressure at 25°C

P AP

KOD in D,0
4003°  5000° 6.000° 7.000° 8.000° 8.999° 10.00° 1200° 15.00°

1 1733 1727 122 1717 1713 1709 1705 1700 16838
500 1762 1758 1754 1748 1743 1741
1000 1774 1768 1764 1759 1752 1749
1500 1775 1769 1765 1760 1752 1749
2000 1773 1765 176.0 1756 1749 1746

KOH in H,0
3.018° 4.001° 5.000° 6.000° 7.003° 8.003° 9.001°

1 2672 2663 2655 2649 2643 2638 2633
500 2702 2695 2688 2680 2675 2669  266.4
1000 2715 2708 2702 269.6 2689  268.1 2677
1500 2716 2709 2705 2699 269.2 2683 2679
2000 2708 2701  269.6 269.0 2684 2675 2672

“kgf-cm2, b S-cm?-mol'!. ¢ Millimolar concentrations (mM) at atmospheric pressure.

3. Results

The measured molar conductances of KOD in D,O and KOH in
H,0 are listed in Table II. In order to determine the limiting molar con-
ductances A°, the A data in Table II were analyzed by the least-squares

method™ with the aid of the Fuoss-Onsager conductance equation***V
for unassociated electrolytes

A=A°-SVC+EClogC+JC @

where S, E, and J have their usual meanings. The limiting molar con-
ductances A° thus obtained are listed in Table III together with the re-
lated parameters in Eq. (4). No data are available for comparison for
KOD in D,O. On the other hand, the present value of A°(KOH/H,0) at
1 atm (273.6 S-cm”-mol™) is larger by about 0.3% than that calculated
from the values adopted by Robinson and Stokes®? and larger by about
0.6% than that given by Darken and Meier'” and Hamann and Strauss.®
The pressure dependence of A°(KOH/H,0), AY/A7, is in good agreement
with that given by Hamann and Strauss,” but is larger by about 0.8 and
1.0% at 1000 and 2000 kgf-cm™, respectively, than that of Ay/A,; at 0.1
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Table III. Conductance Parameters from Eq. (4)°

P A° S E J N
KOD in D,0
1 178.8 90.58 62.45 2009 0.14
500 181.7 90.00 58.86 227.6 0.11
1000 183.1 88.43 5531 153.7 0.11
1500 183.2 86.38 52.25 1173 0.14
2000 182.8 83.96 4937 98.06 0.10
KOH in H,O
1 273.6 1232 103.7 367.8 0.14
500 276.8 121.8 97.64 346.6 0.08
1000 278.1 1194 91.66 316.4 0.17
1500 278.1 116.2 86.35 306.6 0.25
2000 2771 112.7 81.58 2919 0.20

® For units see Tables II.  Standard deviation of A.

mol-kg estimated from the data given by Lown and Thirsk.®

As shown in Table IV, the limiting molar conductance of the OD~
ion in D,0 A°(OD/D,0) determined by using A°(KCIV/D,0) and the
limiting cation transference number £ for KCI in D,0® is about twice
as large as that of the CI™ ion in D,0 A%(Cl/D;0) at each pressure. As
for the pressure dependence of A°, A°(OD/D,0) increases slightly with
pressure, while A°(C17/D,0) has a maximum about 1500 kgf-cm which
qualitatively corresponds to the pressure dependence of the reciprocal of
solvent viscosity. Thus, it is expected that the proton-jump mechanism
works well in the migration of the OD™ ion in D,O as well as the D;0*
ion in D,0. Similar tendencies can be seen in the case of light water
H,0. Here, we estimate the excess conductances of the OD™ ion in D,0
and the OH™ ion in H,0, AZ(OD™) and AZ(OH"), by

2(0D") = A°(0D/D,0) - A°(CI/D,0) = A%KOD/D,0) - A°(KCI/D,0)
®

and

AR(OH") = A°(OH7H,0) - AXCI/H,0) = AAKOH/H,0) - A°(KCI/H,0)
(6)

In Egs. (5,6), the translational mobilities of the OD™ and OH™ ions
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Table IV, Limiting Ionic Conductances in D0 and H;0*¢

D,0 H,0

P A°(ODY) A%(CI) A°(OHY) A%(C)
1 1173 62.7° 200.0 76.3¢
500 119.6 64.47 202.9 77.9¢
1000 121.1 65.4° 204.8 78.9°
1500 121.8 65.6° 205.5 78.8°
2000 122.3 65.3% 205.9 78.0¢

2 For units see Table IL ” Ref. 23.  Ref. 18. 4 Obtained by expressing the data for A°
and t°, for KCI in HyO up to 1500 kgf-cm™2 in Ref. 18 as a quadratic equation in pres-
sure.

are approximated by those of the CI” ion in D,O and in H,0, because
their ionic sizes are similar. Table V shows that both Ag(OD”) and

2(OH") increase slightly with pressure as well as A(D*) and Ag(H*), al-
though the rate of increase in Ag with pressure is smaller for the OD~
(OH") ion than for the D;O* (H;0%) ion. On the other hand, in contrast
with the relation of AY(H*/AR(OH") = 2,¥ the value of AYD*Y/A(OD")
shown in Table V is much larger than 2 at each pressure. As for the
isotope effect on A2, Az(OHY/AZ(OD") tends to decrease with pressure
as well as AR(H*YAS(D*). However, the value of AZ(OH )/AZ(OD") is

much larger than V2 anticipated from the model and also than that of
AMHYAXDY) at each pressure: AZ(OH)/AZ(OD) = (2.2-2.3) and
ARHYY/ARDY) = (1.46-1.48). As mentioned above, there are some dis-
crepancies between the model and experiment, and some differences in
pressure and isotope effects on Ag between the OD™ (OH") and the D;O*
(H;0%) ion. What kinds of factors are important in the proton-jump
mechanism will be discussed in the following section.

4. Discussion
4.1. Pressure Effect on the Excess Conductance

According to the model proposed by Conway et al.,’” A3 depends
substantially on P in Eq. (1) which is calculated from the gradient of the
angular potential curve and determined by the O-O distance between the
hydroxide (hydrogen) ion and the adjacent water molecule. The value
of P in Eq. (1) increases if the O-O distance between the hydroxide



1142 Tada, Ueno, Tsuchihashi, and Shimizu

Table V. Pressure Dependence of the Excess Conductance and the
Ratio of the Excess Conductance at 25°C*

ABDY)  ARHY) AROH) ARHY)

P AZODY) AROH) ADYH AJHY) ANOD) AROH) AZOD) AZDY

1 546 1237 1879° 216?344 2244 227 1477
500 552 1250 1954° 2881% 354 2305 226 1474
1000 55.8 1259 2023° 2065% 363 2355 226  1.466°
1500 56.2 1267  2080° 3040° 370 2399 225 14620
2000 570 1279 2128 3104® 373 2427 224 14590

@ For units see Table T ?Ref. 7.

(hydrogen) ion and the adjacent water molecule decreases with pressure;
as a result, A decreases with pressure. The X-ray study,?® molecular
dynamics simulation,® and Raman spectral study®® have shown that
the nearest O-O distance between water molecules decreases a little
(0.0014-0.01 A-kbar?, 0.05-0.35 %-kbar™), and that the hydrogen bonds
in water tend to be bent with pressure. Judging from these experimental
results on pure water, Ag is expected to decrease with pressure if the
variation of the O-O distance with pressure between the OD™ (OH") ion
and the adjacent water molecule is parallel to that of the nearest O-O
distance between water molecules. However, this is contrary to the ex-
perimental results. Thus, the increase in Ag with pressure cannot be ex-
plained in terms of the variation of P with pressure, and it is necessary
to consider another factor to explain the increase in Ag with pressure.

An increase in the pressure bends hydrogen bonds between water
molecules. The bending of hydrogen bonds would reduce the angle
through which hydrogen-bonded water molecules, adjacent to the OD™
(OH") ion, have to rotate and would shorten the time required for the
water molecules to rotate to donate a deuteron (a proton) to the OD~
(OH") ion. Taking into consideration the bending of hydrogen bonds
with pressure, we have modified Eq. (1) as

Mg = (19)(Utac) (fIP)IF @]

where 1, is the alternative parameter to kVP/m in Eq. (1), and is the ac-
tual time of the reorientation of water molecules.” Pressure will
promote the bending of hydrogen bonds, and t, in Eq. (7) decreases
with pressure. Thus, the increase in A of the OD~ (OH") ion with pres-
sure shown in Table V may be ascribed to the bending of hydrogen
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bonds with pressure as in the case of the D;0* (H;0%) ion.””

The rate of increase in Ag with pressure is, however, smaller in the
OD™ (OH) ion than in the D;O* (H;0%) ion: Ag increases from 1 atm to
2000 kgf-cm™ by about 3 to 4 percent for the OD~ and OH- ions but by
about 12 to 13 percent for the D;O" and H;O" ions. Such a difference in
pressure effect on Ag between the OD~ (OH") and the D;0* (H;0") ion
may be derived from the difference in the pre-rotation of water
molecules, which is brought about by the difference in the initial orien-
tation of the rotating water molecule adjacent to the OD~ (OH") or the
D;0* (Hs0") ion. In the Conway model for the proton-jump mechanism
of the D;0* (H;0%) ion,® the particular initial configuration of opposed
OD (OH) bonds, i. e., [OD-DO (OH-HO)], is formed between the D;0*
(H;0%) ion and the adjacent water molecule. The driving force for the
rotation of water molecules P in Eq. (1) arises mainly from the strong
repulsive effect of [OD-DO (OH-HO)] and from the repulsion between
the D;O* (H;0%) ion and the unfavorably oriented dipole of the adjacent
water molecule, and accelerates the rotation of adjacent water
molecules. In our previous paper,” however, we have explained the in-
crease in Ag with temperature by assuming that the reorientation of a
water molecule begins with the pre-rotation of a water molecule as
shown in Fig. 1: the hydrogen-bonded water molecule of (H,0)’ in Fig.
1(b) will have begun to rotate around the axis of one OH bond with a
breakage of two hydrogen bonds due to the strong repulsive effect of
[OH-HO] between (H,0)? and (H,0)? before perceiving the field of the
(H;0%)! ion. As the pre-rotation of water molecules is promoted by the
repulsive effect, f, in Eq. (7) decreases as in the case of the bending of
hydrogen bonds with pressure, and consequently, A increases. On the
other hand, in the proton jump of the OD~ (OH") ion, the particular in-
itial configuration {OD-DO (OH-HO)] does not take place, and the
driving force for the rotation of water molecules arises only from the
repulsion between the OD~ (OH™) ion and the unfavorably oriented
dipole of the adjacent water molecule. As shown in Fig. 2(b), therefore,
it can be expected that the absence of the strong repulsive effect
[OH—Is-IO] induces little pre-rotation of an adjacent water molecule
H0)".

In order to see whether the pre-rotation of adjacent water
molecules occurs or not and to estimate the driving force for the rotation
of water molecules, we have calculated the angular potential energy of
the rotating water molecule adjacent to the OD~ (OH") ion in detail by
the same way as Conway® for the D;O* (H;0%) ion: the potential
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Fig. 1. Schematic representation of the reorientation of adjacent water molecules in the
proton jump mechanism for the H30" ion: O, oxygen atom; e, hydrogen atom; ---,
hydrogen bond. A dashed circle represents a hydrogen atom behind an oxygen atom. A
superscript indicates a molecular number.
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Potential Energy / kJ mol !

Angle / deg.

Fig. 3. Angular potential energy curves for the rotation of a water molecule in the
vicinity of the OD™ (OH™) or the D3;0* (H30") ions: e, OD™ (OH") ion; o, D;O*
(H30*) ion.

energy of the rotating (H,0)* (see Fig. 2(a) and (b)) has been calculated
as a function of angular displacement 6 at 15° intervals. As shown in
Fig. 3, the potential energy of the rotating water molecule adjacent to
the OD~ (OH") ion does not decrease in the initial state of rotation, even
if the repulsion between the OD~ (OH) ion and the unfavorably
oriented dipole of the adjacent water molecule is taken into considera-
tion. This result indicates that the repulsion between the OD™ (OH") ion
and the adjacent water molecule is too small to break the hydrogen
bonds of the rotating water molecule. Thus, it is considered that this
kind of orientation between (H,0)* and (H,0)® shown in Fig. 2(b) does
not induce the pre-rotation of the adjacent water molecule (H,0)’. On
the other hand, the strong repulsive effect of [OD-DO (OH-HO)] in the
proton jump of the D;O" (H30") ion promotes the pre-rotation of ad-
jacent water molecules, which would become more remarkable at high
pressure because the repulsive effect of [OD-DO (OH-HO)] becomes
stronger with a decrease in the O-O distance by pressure. Thus, the dif-
ference in pressure effect on Ag between the OD™ (OH") and the D;0*
(H;0% ion can be ascribed to the difference in the pre-rotation of ad-
jacent water molecules and in pressure effect on the pre-rotation.

In order to make the difference in pressure effect on A more ex-
plicit, we have estimated tentatively the values of t,¢ by Eq. (7°).

tat = (119)(1/AE) (fIP)IF ()
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Fig. 4. The actual time of the reorientation of a water molecule adjacent to the OD™
(OH") or the D3O* (H30%) ions: o, OD™; ¢, OH™; g, D30*; m, H30™.

In Eq. (7°), P = 1.8x10™ and 3.4x10™* dyne-molec™ obtained from Fig. 3
are used for the OD~ (OH") and for the D;0* (H;0%) ions respectively; f
= 0.74x10™"! dyne-molecule™;® 1 = 2.8x10® cm;® and the decrease of
the O-O distance with pressure is estimated to be 0.2% / 1000 kgf-cm™
on the average. As shown in Fig. 4, the values of f,, for the OD™ and
OH- ions are much larger than those for the D;0* and H;0" ions, and .
decreases from 1 atm to 2000 kgf-cm by about 4-5% for the OD" and
OH- ions but by about 13-14% for the D;0* and H;0" ions. The dif-
ference in pressure effect on Ag between the OD™ (OH") and the D;0*
(H;0™") ion is reflected on the difference in the decrease of 1, with pres-
sure.

4.2, Isotope Effect on the Excess Conductance

In our previous paper” we have shown that the isotope effect on
the excess proton conductance Ag(H"YAR(D*) depends not only on the
ratio of reciprocal square root of the mass between a hydrogen and a
deuterium atom, but also on the angle of the pre-rotation including the
bending of hydrogen bonds. The pre-rotation of water molecules would
be depressed more in D,O than in H,O by stronger hydrogen bonds in
D,0 especially at low pressures and temperatures. As a result, the value

of AS(H*YAYD*) would become a little larger than V2 under these con-
ditions.

The value of the isotope effect on Ag of the hydroxide ion is also
expected to be about the same as that of the oxonium ion according to
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the model proposed by Conway et al.®® As shown in Table V, however,
the value of AZ(OH")/A(OD") is about 2.2 which is much larger than V2.

The value of AZ(OH~)/AY(OD") larger than V2 can be ascribed to the dif-
ference in strength of hydrogen bonds in D,0 and H,O as in the case of
ASHY/AR(MDY,? but the value of AR(OH-)/AX(OD") is much larger than
that of Ag(H*)/Az(D*). As is considered in the pressure effect on Ag, the
larger value of AZ(OH™)/AZ(OD") could be explained in terms of the dif-
ference in the repulsive effect between the OD~ (OH") or the D;O*
(H;0) ion and the adjacent water molecule. When the D,0 molecule
adjacent to the OD~ or the D;O" ion reorients, the D,0O molecule has to
break the stronger hydrogen bonds compared with the H,O molecule.
As mentioned before, however, the repulsive effect between the OD~
(OH") ion and the adjacent water molecule is too small to break the
hydrogen bonds of the rotating water molecule, and the pre-rotation of
adjacent water molecules is not induced in the proton jump of the OD™
(OH") ion. As a result of the absence of the strong repulsive effect
[OD-DO (OH-HO)], the difference in strength of hydrogen bonds in
D,0 and H,0 is reflected clearly in the rotation of water molecules. It
becomes more difficult for the adjacent D,O molecule to rotate than for
the H,O molecule in comparison with the case of the oxonium ion.
Consequently, Ag(OH™)/AZ(OD") would become much larger than
Ae(HY/Ag(D*). However, an increase in the pressure bends hydrogen
bonds more effectively in D,O than in H,O and diminishes the dif-
ference in strength of hydrogen bonds in D,O and H,O. This pressure
effect would reduce the value of AZ(OH™)/AZ(OD") gradually with pres-
sure.

5. Conclusion

A study of the pressure effect on the excess conductance of the
deuteroxide (hydroxide) ion has given us detailed evidence for the dif-
ference in the proton-jump mechanism between the OD™ (OH") and the
D;0* (H;0%) ions. The rate of increase in Ag with pressure is much
smaller in the OD~ (OH") ion than in the D;O* (H50") ion, which is re-
lated to the difference in the initial orientation of the rotating water
molecule. The repulsive effect between the OD™(OH") ion and the ad-
jacent water molecule is too small to break the hydrogen bonds of the
rotating water molecule, while the repulsive effect [OD-DO (OH-HO)]
in the case of the D3O (H50") ion is strong enough to induce the pre-
rotation of adjacent water molecules which is promoted with pressure.
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As for the isotope effect on Ag, the value of Ag(OH™)/Ag(OD") is much
larger than that of AZ(H'YAZ(D*) at each pressure, although both
decrease with pressure. The larger value of Ag(OH™)Y/AZ(OD") indicates
that the isotope effect on Ag of the hydroxide ion reflects the difference
in strength of hydrogen bonds in D,O and H,0 more directly than that
of the oxonium ion.
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