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The ionic association constants (K) of 2, N-dimethyl pyridinium iodide (ZNDMPI) in 95 volume percentage ethanol-water
mixture were determined by a modified UV and conductance method at 20°C~50°C under 1 to 2000 bars. The K values in-
crease with increasing pressure and decrease with temperature. The total partial molar volume change (4V) has relatively
small negative value and the absolute 4V value decrease with increasing pressure and temperature. The ion size (2) and
solvation number (n) of 2NDMPI were about 5 A and changed from 1 to 3 with decreasing temperature. Other thermo-
dynamic parameters such as enthalpy (4H®) and entropy (4S°) for the equilibrium of the 2NDMPI were evaluated. From
all the parameters mentioned above, we came to conclusion that the electrostriction effect of 2NDMPI in the ethanol-water
mixture is enhanced with increasing pressure and decreasing temperature.

Introduction

It has been studied by Kosower!-2 that N-methyl pyridiniu-
m iodide (NMPI) gives rise to an ultraviolet charge transfer
band in aqueous solution. Paul Hemmes et al. investigated the
thermodynamics for the association of NMPI in water-al-
cohol mixtures.? The extensive research for the association of
the four para substituted pyridinium iodides in the same
mixtures was also accomplished by Jong-Gi Jee by using
a modified UV and conductance method and CNDO/2 sche-
me?. The charge transfer band arises due to a transferral of
electron density from an occupied orbital of the pyridinium
ion and result in the formation of ionic dipolar complex
salt.*

In this paper, the pressure effect for the ionic association
of the 2,N-dimethyl pyridinium iodides 2QNDMPI) in the
ethanol-water mixture,which has not been studied,was inves-
tigated by UV and conductance method and its result will be
discussed by using of the thermodynamic parameters.

Equation (1) is the ionic equilibrium relationship for the
2, N-dimethyl pyridinium iodide:
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where A", D~ and A*D~ are a cationic electron acceptor,
anionic electron donor and dipolar ionic complex,Cy* and Cy~
are the initial molar concentration of 4™ and D, and x the
molar concentration of 4D~ at equilibrium state.

Since K is the function of the ionic strength that depens upon
the 2NDMPI concentration, we must modify the association
constant (K) with the product K and the Shedlovsky function
S§45, Therefore, putting x=A/e¢, the following equation is
obtained.
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where A and ¢ are the absorbance (optical density) and mo-
lar absorptivity (extinction coefficient) of A*D~ at maximum
absorbance wavelength, A.

Letting Cot=Cy~=C,, eqn. (2) is rearranged as follows.
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where z can be defined by

2=Cy~7C,y )]

where 7 is the degree of dissociation of the eqn. (1), which
can be defined as follows in nonaqueous system.’
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here A and A, are the equivalent conductance and limiting
equivalent conductance of A*D™ respectively.

Substitution of the eqn. (4) into the eqn. (3) leads to the
next result.

C2S_1 1
LS =Lra+n Cs1+ ¢ ©
And the following relation is given by theeqn. (4)and r=A/¢

g=_A_ )

Co~7C,y
Then the degree of dissociation, 7, is obtained by replacing C,
with fC, in the eqn. (4).

_ (fC—Al9)
7 —fc, ®

where fis the activity coefficient given by the following rela-
tionship from the Debye-Hiickel limiting equation.t
3
1.290 X 10%| 2:2,| (DT) % +/Cy
1+vCr
Substituting C, with fC in the eqn. (6), the result is

—log f= ®
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S _ Ly rCos)+L (10)

The first correction of ¢ in the egn.(7) is obtained from
the 7 value of the eqn(5). obtained by conductivity method.
Next, the 7 value can also be corrected from the eqn.(8) by
using the first corrected ¢ value and f value obtained from the
eqn. (9). These corrected values are used to calculate K value
from the eqn.(8). This cyclic procedure continues until the
successive iterations |e;—¢;41]/€;<<0.05 come out by use of
computer program.

The fundamental equation for the effect of pressure on the
ionic equilibrium of the eqn. (1) is

(25— 45

where AV is the total partial molar volume change of the
dissolved species when they are in the equilibrium state.

The discussion for the 4V will be presented in the part of
the results and discussion.

Experimental

Materials. 2, N-dimethyl pyridinium iodide (2NDMPI)
was prepared in the following way that the extra pure 2-methyl
ypridine and methy iodide were refluxed in absolute ethanol
from Merck, Germany, and four times recrystallized from the
absolute ethanol to give white crystal. The 2NDMPI crystal
was stored in a desiccator filled with silica gel and its melting
point measured was 225 °C. Its structure was confirmed by
use of NMR spectrometer.

Preparation of stock solution. Each measuring solution was
freshly prepared at room temperature before measuring the
conductance and absorption spectrum. Solutions were pre-
pared by dissolving weighted sample of 2NDMPI in the
95 volume % cthanol-water mixture. The concentrations of
the measuring solution which was diluted by ten times of the
stock solution were 5.08, 3.25,2.14 and 0.91 X 10~ mole./"1.
These series of concentration were taken within suitable
limits to keep the measuring UV absorbancy’.

Apparatus and measurements. The conductance and ab-
sorbancy for the ionic solution of 2NDMPI were measured
withconductivity bridge (# PM-70CB, Barnstead Sybron Co)
and double beam spectrophotometer (SHIMADZU-210A).

During the experimental process, the experimental tempera-
ture and pressure were controlled in the range of 20, 30, 40,
50° C (+0.01°C) and 1, 500, 1000, 1500, 2000 bars
respectively.

The conductivity cell, the schematic drawing of which has
been shown elsewhere,? is composed of two parts.

One part, acts as conductance cell, is consisted of a
glass globe of about 5 cm® in volume where two Pt
rectangular plate electrodes were sealed and the other part,
pressure conductor, has two branched tefion tube of 7 cm
long and 0.4 cm in diameter. The cell is set in the pressure
vessel and the pressure measurement system was described
elsewhere?,

Dielectric constantsi® 1! and viscosities!? of the ethanol-
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TABLE 1: Dielectric Constants (D) of 95% Ethanol-Water Mixture
at Various Temperatures and Pressures

P (bars) 1

T (°O) 500 1000 1500 2000
20 27.47 28.61 29.57 30.33 30.91
30 25.87 27.20 28.05 28.62 29.29
40 24.18 25.69 26.64 27.11 27.88
50 22.59 24.10 25.14 25.61 26.28

TABLE 2: Viscosities (7 102 poise) of 95 % Ethanol-Water Mix-
ture at Various Temperature and Pressures

P (bars)
T (°C) 1 500 1000 1500 2000

20 1.360 1.427 1.735 2.053 2.497
30 0.996 1.264 1.556 1.829 2.247
40 0.872 1.114 1.310 1.621 1.976
50 0.754 0.954 1.187 1.400 1.7117

water mixture were calculated in the ratio of volume percen-
tage by use of tabulated data. These results were listed in
Table 1 and 2.

The maximun absorption of 2NDMPT occurs at 266 nm
around room temperature and atmospheric pressure.

Results and Discussion

Limiting equivalent conductance. The limiting equivalent
conductance (A,) were obtained from the extrapolation of
the plot of equivalent conductance (A) vs. the concentrat-
ion (C) of 2NDMPI as shown in Figures 1, 2, 3 and 4. The
results are listed in Table 3. These A, values increase with
increasing temperature and decrease with pressure.

Degree of dissociation. The 7 values of 2NDMPI in the
solvent mixture were calculated after 5 iterations as menti-
oned in the last part of the introduction and put down in
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Figure 1. The Plot of A vs. C for 2NDMPI in 95 9§ Ethanol-
Water Mixture at 20 °C.



2NDMPI in Ethanol-Water Mixture under High Pressure

I00r
= 80\
o .
AN
2 eoko\
o \o\ \. b
g o\o\ ——————— 0 I Qr
- \o\*'\o_soobcrs
T NIm——iTeun
T~ T 2000 bars
20}

0 20 30 40 50
C x10* (mole-1™")

Figure 2. The Plot of A vs. C for 2NDMP! in 95 9§ Ethanol-
Water Mixture at 30°C.
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Figure 3. The Plot of A vs. C for 2NDMPI in 95 95 Ethanol—
Water Mixture at 40°C.

Table 4. The y values increase with increasing temperature
and decrease with pressure, this tendency corresponding to
the variation of the limiting equivalent conductance with
temperature and pressure but not to the dielectric constant
(D) and viscosity of the ethanol-water mixture.

Activity coefficients. The activity coefficients (f) of 2NDMPIT
in the solvent mixture is also obtained from the eqn. (9) using
the above 7 values. The results were shown in Table 5. The f
values decrease with increasing temperature and decreasing
pressure. The reason is associated with the fact that the ideality
of the solution is inversely proportional to temperature becau-
se the interaction such as ion pair-ion pair, ion pair-dipole
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Figure 4. The plot of A vs. C for 2NDMPI in 95 9§ ethanol—

water mixture at 50 °C.

TABLE 3: Limiting Equivalent Conductances (4 em2. mho.mole-1)
of 2NDMPI in 95 % Ethanol-Water Mixture

P (bars) 1 500

T (°C) 1000 1500 2000
20 83.5 76.5 70.0 63.0 58.0
30 87.0 79.0 720 67.0 62.5
40 100 92.0 84.0 78.0 74.0
50 116 106 98.0 90.0 83.0

TABLE 4: Degree of Dissociation () of 2NDMPI in 95 % Ethanol-
Water Mixture

(C,nﬁ}g‘,_l) g?g%l')s) 1 500 1000 1500 2000
508 20 0348 0325 0308 0308 0291
30 0445 0396 0421 0394 0371
40 0479 0477 0460 0435 0.405
S0 0543 0529 0508 0498  0.494
325 20 0389 033 0345 0342  0.329
30 0515 0485 0458 0433 0410
40 0550 0518 0507 0489 0466
S0 0577 0568 0552 0532 0525
214 20 0501 0471 0429 0423 0410
30 0603 0576 0561 0553 0511
40 0669 0632 0613 0602 0582
SO 0682 0675 0658 0639 0618
091 20 0790 0744 0719 0725 0717
30 0833 0815 0809 0808 0.765
40 0839 0821 0811 0816 0.805
50 0859 0863 0845 0842 0838

etc. occurs more vigorously at higher temperature and the
effect for the dimerization of 2NDMPI elevates at higher
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TABLE 5: Activity Coefficients () of 2NDMPI in 95 % Ethanol-
Water Mixture
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TABLE 6: Molar Extinction Coefficients (¢<10-* [.mole-!.cm-1)
of 2ZNDMPI in 95 % Ethanol-Water Mixture

iy Tea® 1 500 1000 1500 2000 phEO 1 s0 1000 1500 2000
5.08 20 0945 0950 0953 0955 0.958 20 1.51 1.35 1.25 1.25 1.22
30 0936 0947 0945 0.948 0951 30 1.90 1.69 1.69 1.65 1.45
40 0.931 0.937 0.941 0.944 0948 40 2.06 1.86 1.79 1.78 1.69
50 0.923 0931 0.936 0938 0.941 50 2.28 2.28 2.09 2.03 1.97
3.25 20 0954 0957 0.961 0962 0964
30 0946 0953 0954 0957 0959 TABLE 7: Association Constants (K X10-3 [-mole-!) of 2NDMPI
40 0.941 0948  0.951 0953 0956 in 95 % Ethanol-Water Mixture
50 0936 0943 0947 0949 0.951 P (bars)
214 20 0958 0962 0965 0966 0.968 T (0O) 1 500 1000 1500 2000
30 0.952 0959 0959 0961 0.963 20 103 120 137 154 173
40 0947 0954 0956 0958 0.960 ’ ’ ’ ' ’
30 5.09 6.43 6.54 7.42 9.12
50 0944 0949 0953 0955 0957 40 401 4.68 5.05 5.55 6.48
0.91 20 0966 0969 0971 0.972 0973 50 305 339 181 415 4.40
30 0964 0968 0968 0969 0971
40 0.962 0965 0967 0968 0970
50 0959 0963 0965 0966 0.968 TABLE 8: Total Partial Molar Volume Change (— 4V cm?®- mole-1)
of 2NDMPI in 95 % Ethanol-Water Mixture
pressure. g ((lgag)s) 1 500 1000 1500 2000
Molar extinction coefficients. Molar extinction coefficients % 745 683 a1 558 496
(e) of 2NDMI.’I in ethano}—water mixture is ev?luated fr(.)m 10 5.62 519 493 472 4.50
The eqn..(IO) using the previous values. e values increase with 40 537 5.15 477 4.34 4.24
increasing temperature and decrease with pressure as shown 50 425 45 4.4 4.24 424
in Table 6.
The effect of pressure on the dipolar ionic complex. Table AV.=—n(Vo~V) (15)

7 shows the effect of pressure and temperature on the associ-
ation constants (K) of the dipolar ionic charge tranfer com-
plex of the eqn. (1). It can be summarized that the associa-
tion constants of 2NDMPI decrease in proportion as the
temperature and the pressure increase.

We checked the following equation by the least-mean—
squares method in order to evaluate the total partial molar
volume change (4V) of the 2NDMPI in 95 % ethanol-water
mixture.

In K=9.241+3.099X10™* P—2. 589X 10~® P? (at 20 °C)
In K=8.078+1.603X107* P—1.190X 107 P?(at 50 °C)
(12)

The 4V values claculated from the eqn.(11), (12) and Table
7 were shown in Table 8. The absolute 4V values decrease
with increasing pressure and temperature. And the extent
of decrease is smaller in the range of higher pressure.
In order to interpret this phenomena, let us consider the next
equation from the eqn.(1).

4V= [VAoD-— (VA.+ VD-)] "n(V()-' V)
=AV+4V, (13)

where Va.p-, Va., and Vp. are the molar volume of A*D™,
A*tand D~,and V,, V and » are the molar volume of free
solvent, molar volume of compressed solvent due to solvation,
and solvation number for all the ionic species of the eq. (1)
respectively. Intrinsic volume (4V;,) and electrostriction
volume (4V,;) can be defined by?

AViy=Vap-—~ (Va+Vp) (14)

The AV value is the sum of 4V;, and 4V,, in which the
former is the volume change of reactant particles themselves
when they form the product complex (structral effect) and the
latter, the corresponding volume change caused by interac-
tions between these particles and solvent molecules (solvent
effect).

To evaluate 4V,; from a sound electrostatic theory of the
contraction of solvent around an ion, let us consider the
following Born’s formula for the molar free energy of solva-
tion of ions.!*

_ _Nlzzle ({_ 1

where a is the ionpair size i. e. the distance between the cen-
ter of ions in an ionpair, z; and z, are the valences of ions, N
and e Avogadro’s number and the electronic charge, D the
dielectric constant of the solvent. Krichevskiil® obtained the
next expression for A4V, by differentiating the eqn. (16)
with respect to pressure

= _Ningle (_32)

AVa===ops \3P )z an

On the other hand, Hamann et al'®~18 have shown that the

A4V of the eqn.(13) can be estimated quite reliably from Fous-
s’s theory of ion pair formation.!?

sv-sele (B8 r(Bs) o

From the eqn. (11), (12) and (18), we obtained the ion pair
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TABLE 9: Ion Pair Size (@ x 10° cm) and Solvation Number (1)
of 2NDMPI in 95 % Ethanol-Water Mixture

1 bar 500bars 1000 bars 1500 bars 2000 bars
a 20°C 324 3.48 3.77 4.10 4.50
50°C  4.93 493 4.93 4.94 494

20°C  30°C 40°C 50°C
n 2.95 2.40 1.63 0.95

TABLE 10: Thermodynamic Parameters of 2NDMPI in 95 %
Ethanol-Water Mixture at 30 °C and Various Pressures

P (bars) 1 500 1000 1500 2000
G 514 —528 —530 —537 —5.49

(kcal-mole-1) : ; : : :
(kcal_g;e_l) —435 —463 —503 —548 —6.88
48° 262 214 089 —036 —4.59

& . . . . .

size (@) of 2NDMPI in the ethanol ~water mixture by using
the data of D in Table 1 and the density (p) of the mixture
were calculated to the mole ratio of ethanol and water from
the published density of ethanol!®!l and water?® at various
pressure at 20°C and 50°C. The results are listed in Table 9.

The next equation is given by differentiation of the eqn.(13)
with respect to V, assuming that » and V are independent of
external pressure as the electrostriction effect of ionic
reactions is dependent on only the nature of ions and
solvents over the pressure range studied.

Y| in 7}
(57~ (%55=). (555) )
A similar equation for kinetics under high pressure was in-
troduced by Goniberg and El'vanov.?! The calculated solva-
tion number (n) were summarized in Table 9.

The free energy of reaction (4G°), enthalpy of reaction
(4H®) and entropy of reaction (45°) for the equilibrium
of the eqn.(1) were calculated at 30°C fromthe plot of In K
vs. 1/T and shown in Table 10.

The ionpair size (a) increases with increasing pressure at 20°C
but are independent of pressure at 50°C. This phenomena
can be explained by the fact that the electrostriction effect of

" 2NDMPI at 20°C is larger than that at 50°C since the solva-
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tion number (n) decreases with increasing temperature and
increases with increasing pressure, because the negative 4H °
value increases with pressure and 4S° value decreases with
pressure.
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