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VOLUME AND COMPRESSIBILITY CHANGES OF SOLVENTS
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Both reactions, SN1 and SN2 mechanisms respectively, are each
time originating more ionic species as-they get forward. So the
solvations increasing on account of that and in particular, the
humber of the solvent molecules solvating the activated complex
are in both cases higher than in initial state.

From the rate constant as a function of pressure the volumes

of activation are obtained - eventually as a function of
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temperature, pressure and solvent. Such parameter can be dissected

in two components as follows:

#.,0 ¢<; # 0 (3)

#

where A V: is concerned with intramolecular substrate volume

changes and A¢V: relates solvent volume change on account of
substrate-solvent interactions. For these reactions A*V; values

P

are larger than A¢V1 and the A"V® values are strongly negatives,

wich suggest a strong involvement of the solvent in the activated

complex.

The solvent molar volumes around the activateq complex and in

#

the bulk, V2 and VM{ respectively are related trougﬁ equation

ATV, =V, =V (4)

These values are shown in téb1es 1 and 2.

' As it can be seen the molar volumes around the activated
complex are always much smaller than in the bulk which shows an
1ncreasiﬁg concentration of the solvent molecules as the change
are developed over the substracta gnd as it can be proved by the
values of the heat caﬁacities of activation®’®. Equating the

volume of activation in terms of the solvent free volume
V.=V -V (5)

where Vr’ VM and VS are the free vo1umel>;he 1iguid volume and the

non-operable volume, it is possible to obtain'~>
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Table 1 Activation volumes and molar volumes of tBuCl in MeOH as function of pressure (T = 313.15 K)

p/bar -8%v®/em’mo1 ™! —Aitvg/cmamcﬂ"l vM/cm3m01" V:/cmamol"
1 26.7%1.2 30.7%2.2 41.47 10.8%x2.2
500 20.7+0.1 24.7%1 .1 39.31 14.6%1.1
1000 16.6%0.1 20.6x1.1 37.92 17 .3%%..1
1500 14.4%0.1 18.4%1.1 36.89 18.4%1.1
2000 13.6%0.3 17.6x1.3 36.07 18.4%1.3

A*

Vv, was determined on the basis described in reference (1)

Table 2 Activation volumes and molar volumes of a Menschutkin reaction as a function of solvent

(T = 313.15 K , p = 1

atm)

Solvent -8%v®/cm*mo1 ™! —A¢Vg/cm]mo]-l VM/(:mamo]"1 Vz/cm:‘mof1 n
MeOH 29.8%0.8 21.3%2.5 41.47 20.2%£2.5 8.7
EtOH 27 .5%0..7 17.0x2.8 59.67 42.9%2.8 1.8

1-PrOH 25.7£0.7 12.6%x2.7 76.32 63.7£2.7 1.2

1-BuOH 20.8%0.4 6.5%1.8 93.28 86.8%1.8 0.4

2-ProH 28.7x1.0 19.9%£1.9 78.22 58.3+1.9 1:58

2-BuOH 26.4%0.7 18.2+1.1 93.86 75. 721 .1 2 P~

A*V1 was obtained having in

account the Kondo and cc]'equations‘ and

the Asano and

. 5
col’equations

from which the extrasolvation number, n, on account of the

activated complex formation, is obtained since A¢V: can be
considered constant in relation to A¢V:. So (6A¢V°/6VM)T = n. Such

#,,0

derivative 1is determined through (A™V ,VM) variations which are

always very approximately linear. An example of it 1is shown 1in

"2 and the n values are as follow in table 2.

Fig. 1
Having 1in consideration the equation (4) the following

relationship

P
x2

= - (1 /V3) x (V] / dp), = - (8InV} / 9p), (7)
is obtained and from which the solvent compressibility of
activation as well as the normal solvent compressibilities are
obtained. Table 3 shows the normal solvent compressibility as well
as the solvent compressibi]iﬁy of activation understood in both
senses, the absolute value, x:, and the variation of the solvent

compressibility
ATx, = X%, - X (8)

respectively, as a function of solvent.

As it can be seen the solvent compressibility decreases as
the solvent carbon chain increases while the solvent
compressibility of activation increases under similar conditions.
This 1is in accordance to the larger sizes of solvent molecules
which causes a smaller decreasing of solvent around the reaction

sites as the solvent molecules increases.
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Table 3 Normal solvent compressibility and solvent compressibility of activation for
MeOH E(sN + Etl a Menschutkin reaction as a function of solvent
[ ] (T = .318.15 K )
2000 bar (T=313.15K)
: # 4 -1 ) -1 # 4 -1
2.,° k] el | el Solvent X_x10 /bar Xx10 /bar A"X_x10 /bar
A"V/em mol vs Vm/cm mol z 2
MeOH -1.68%0.05 1.384 -3.06+0.05
=10 EtOH —0.4310.06 1.272 -1.70+£0.06
1-ProH 0.19%0.05 1.120 -0.93%£0.05
1-BuOH 0.42%+0.04 1.038 -0.62+0.04
EESH 1-PrOH *
* 2-ProH -0.56+0.06 1.278 -1.84£0.06
) [ ]
1s00bar 1-BuOH 2-BuOH -0.31%0.04 1.103 -1.420.04
® %
[ ]
% o MeOH® -2.6£0.7 1.384 -4.0%0.7
°
° b . y
1000bar ° ° ® Reaction of tBuCl (T = 313.15 K)
[
*
° *
[ ]
°
® Xe % ;
seobar ° ° *
. ° *
250bar s * *
: B
2-BuOH
100bar @ "
k30 ibar @ 2-PrOH
50 70
1 1

Fig. 1 Volumes of activation of ET3N + EtI 1in

different alcohols as a function of molar volumes
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STABILITY OF LIQUID JUNCTION POTENTIALS
Cristina R.R. Oliveira, M.J.F. Rebelo, M.F.G.F.C. Camdes

CECUL - INIC, Faculdade de Ciéncias - Universidade de Lisboa,

R. Escola Politécnica, 58, 1294 Lisboa Codex

The widespread use of ion selective electrodes in the most
varied fields - from environment to clinical chemistry, etc, as
well as renewal of interest in transference data of
electrolytes obtained from emf of cells with liquid-liquid
junction make it crucial to have a trustworthy method of
forming that junction.

The most recent transference data obtained by the
determination of the electromotive force of cells with liquid-
liquid junction refer to cell vessel qesigns which seem to be
prone to instability. Several authors wuse the cell vessel
design which is presented by F. Kingiand M. Spiro (1) (e.g.
(2), (3)), others use.the one developed by Rupert (4) and
adapted by Braun and Weingirtner (5) (e.g. (&), (7), (esy 0 Fig.
1,2, ‘

The cell vessel design used in our work, in which the
junction is formed at the middle of a capillary tube of
cylindrical symmetry, was developed to obtain operational pH
values (8), (9) producing very steady and reproducible values,
even though there was hydrogen bubbling in both comparthents.

However, wearing of the ground glass of the Y taps (which
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