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Dipole moment of a biologically important model compound: Charge transfer complex 1-ethyl-
-4-methoxy carbonyl pyridinium iodide was determined experimentally. A three component
method was employed for this purpose, which is especially useful for determining the dipole
moment of a salt insoluble in nonpolar solvents. The experimental dipole moment of this com-
pound, hitherto unmeasured, was found to be (377 ± 10) . 10—30 C m against the theoretical
(contact) ion pair value of 464 . 1O°C m.

Dipole moment (charge x distance) is a fundamental property of a molecule which
gives information on the ionic character of bonds (in some cases of a particular bond)
in a molecule, i.e. information on the polarity of a molecule' . It is a microscopic
property4 of molecules as compared to dielectric constant which is a macroscopic
property.

Dipole moment measurements have been associated with the studies on the
molecular structure i.e. its measurements can help in elucidating the structure or
geometry of a molecule56. Generally JR spectra (rotational and vibrational), micro-
wave spectra7 and measurement of dielectric constant of a dilute solution of polar
solute in nonpolar solvent gives the value of the dipole moment56. For simple
molecules or conjugated hydrocarbons or simple heteroatomic molecules the dipole
moment can be calculated theoretically8. In fact, instead of using variation method
of minimizing energy for selecting good molecular orbital, an optimization of orbitals
can be carried out which can give good or reasonable agreement of dipole moment
with experiment9.

Dipole moment of a polar molecule in a nonpolar solvent may be determined
by a simple method based on application of the Clausius—Mosotti equation'6
or its modified form. The method involves the measurement of dielectric constant
and refractive index of a series of dilute solutions of the polar compound.

Charge transfer complexes are an important and interesting class of polar com-
pounds'°1 . However, information regarding the dipole moments of charge transfer
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complexesis almost lacking. Generally the measurement of dipole moment of a charge
transfer complex by measuring the dielectric constant of its solution presents pro-
blem since one has to deal with a ternary system containing a donor (D), an acceptor
(A), the charge transfer complex (DA)CT/(or D A-) and the nonpolar solvent (5).
The other alternative consists in considering the charge transfer complex as a contact
ion pair and calculating the dipole moment from the van der Waals radii of the donor
and acceptor'4.

Pyridinium iodides, which exhibit charge transfer property4, can be isolated as
pure crystalline solids. Pyridinium ion is biologically important as it forms a part
of, say, WAD (refs'6 17). The role of pyridinium ring vis a vis charge transfer
complex formation had been proposed'6 17 Synthesis and studies of the model
compounds, pyridinium iodides, have provided information which has helped in
the understanding of some biological reactions'6

+

COOCH3

C2H5

I
The model charge transfer compound, 1-ethyl-4-methoxy carbonyl iodide (I), has

been extensively studied by Kosower and Mohammad'823. The optical spectrum
of I is solvent sensitive. The large solvent shifts observed for I in various solvents
led Kosower to suggest it as a standard for the solvent polarity parameter — the
Z-values'5. The dipole moment of I has not been measured experimentally. How-
ever, a theoretical value of about 468. 10—30 C m has been estimated assuming it
as a contact ion pair'4. Therefore it is felt that an experimental value of the dipole
moment of I may be helpful in understanding its structure and properties. In this
report we present the results of our determination of the dipole moment of I in
carbon tetrachloride, benzene and chloroform. Since 1-ethyl-4-methoxy carbonyl
pyridinium iodide is not soluble in CC14 and C6H6, the dipole moment is measured
in a three component system.

THEORETICAL

For a polar solute in a nonpolar solvent the Debye equation24
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(1)4irN

gives relationship between ,u and the total polarization at infinite dilution (P),
the atomic and electronic polarizations (P and P8) (P — pa — Fe) may be cal-
culated from an equation4 which avoids the need to measure the density of each
solution

ppe_pa= a8—a
, (2)d1 ( + 2)2

where M2 is the molecular weight of the solute, d1 the density of the solvent, c1
the dielectric constant of the solvent, a8 and a are the slopes of the linear relationship
between weight fraction (w2) and dielectric constant (e12) and the (square of the)
refractive index (n12) of the solution i.e.

= C1 + a6w2 (3)

n2 = n + aw2. (4)

Thus t ofa polar solute in a "nonpolar" solvent can be obtained from the following
equation

2 27kT M2
/2 = (a —a) (5)

4irN d1(e1 + 2)2
£

where N is Avogadro number, Tis temperature and k is Boltzmann constant. Equation
(5) may be used for determining the dipole moment of a polar solute in a binary
mixture of solvents. In that case d1 and refer to the density and dielectric constant
of the solvent mixture.

EXPERIMENTAL

Chemicals. 1-Ethyl-4-methoxy carbonyl pyridinium iodide was recrystallized from acetone25.
Benzene was purified by shaking with H2S04, then with water, dilute NaOH and water. It was
dried first with CaCI2 and then with 4A Linde molecular sieve and finally with CaH2. Carbon
tetrachioride was shaken with conc. H2S04, washed with water, dried with CaCl2 and then
distilled from P205. Chloroform was washed with water, dried with CaCl2, refluxed with P205
and distilled. All solvents were transferred into the measuring cell by passing through a 4A
Linde molecular sieve column under nitrogen atmosphere. I ,2-Dinitrobenzene (BDH) was further
purified by crystallizing from ethanol.

Instrumentation and measurement of dipole moment. The dipolemeter DM01 (WTW) with
DFLI measuring cell was used for measuring dielectric constant. An Abbe refractometer was
used for the measurement of refractive index. The temperature of the measuring cell and the
refractometer was controlled to +O2°C by a thermostat.
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The usual method of determining dipole moment by measuring dielectric constants and
refractive indices of dilute solutions of polar molecules in nonpolar solvents cannot be used
for I since it is insoluble in CC14 and C6H6. Therefore the dipole moment of I was measured
using a three-component system i.e. dilute solutions of I were prepared in CHC13—CC14 and
CHC13—C6H6 mixtures of various compositions and their refractive indices and dielectric
constants were measured. Application of Eq. (5) to three-component system was tested by
determining the dipole moment of l,2-dinitrobenzene (l,2-DNB) in CHC13—C6H6 and CHCI3—
—CCI4 mixtures as described below.

The dipole meter was calibrated using solvents (cyclohexane and benzene) of known dielectric
constants. Then dielectric constant and refractive index of solutions of l,2-DNB of various
weight fractions in CHC13—CCI4 or CHC13—C6H6 mixtures of varying compositions were
measured. The slopes aE and a were obtained from e and n2 vs weight fraction plots. The di-
electric constant (Ci) and densities (d1) of solvent mixtures were also measured. The dipole
moment of 1,2-DNB was then evaluated for each solvent mixture using Eq. (5). Dipole moment
of l,2-DNB in "pure nonpolar solvent i.e. C6H6 or CCI4" was determined by extrapolating
measured dipole moment in solvent mixtures to zero CHC13 concentration. Similar procedure
was adopted for the determination of dipole moment of 1 in CHCI3—C6H6 and CHCI3—CCI4
mixtures.

RESULTS AND DISCUSSIONS

Results of the measurement of dipole moments of 1,2-DNB in CHC13—C6H6 mix-
tures together with slopes a, a and dielectric constants (c1) and densities (d1)
of solvent mixtures are collected in Table I. Similar measurements were also per-
formed in CHC13—CC14 mixtures. In Fig. 1 measured dipole moment of 1,2-DNB
in mixed solvents is plotted against the concentration (in vol. %) of CHCI3. The
values of 21O. iO° C m and 216. iO° C m for the dipole moment of 1,2-DNB
in "pure benzene" and "pure carbon tetrachioride" respectively correspond to zero
concentration of CHC13. These values are obtained by least square regression analysis

TABLE I

Dielectric constants (ci), slopes and densities (d1) of mixtures of CHC13—C6H6 and ji of 1,2-
-dinitrobenzene (observed in benzene 198. 10—30 Cm, from extrapolation 2l0. 10—30 Cm,
reported 202. i0 Cm)

c(CHCI3)
vol.% C1 a8 a d1

/1. iø°
Cm

15 271254 37370 3500 09116 2146
20 281258 39830 3800 09263 2151

25 282160 40720 3900 0 9420 2168
30 291889 43310 4050 09587 2170
35 300429 4596O 4150 09742 2188
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of the experimental data and may be compared with the literature value26 (20.2.
10-30 C m) or the directly measured value of 198. o C m in benzene. It is

seen that the agreement is reasonable i.e. about 5%. Therefore the method of deter-
mining the dipole moment of a polar compound in a three component system may
be adopted confidently for I.

Tables II and III summarize the results of the measurements of dipole moment
of I in solvent mixtures (CHC13—C6H6 and CHC13—CC14) of various compositions,
dielectric constants (Ci) and densities (d1) of mixed solvents and slopes a8 and a.
The dipole moment of I in CHC13—CC14 is plotted against the concentration of
CHC13 in Fig. 2. The values of 386. 10-30 C m and 366. 10-30 C m are obtained

and p of Pyl (p =

TABLE III

Dielectric constant (), slopes and densities (d1) of mixtures of CHCI3—CCI4 and dipole moment
z of Pyt (p = 387. i00 Cm from extrapolation to c(CHCI3) = 0) at 198 K

c(CHCI3)
vol.% a8

Ii.
a d1 Cm

TABLE II
Dielectric constant (es), slopes and densities (d1) of CHCI3—C6H6 mixtures
= 367. i00 Cm from extrapolation to c(CHCI3) = 0) at 298 + 02 K

c(CHCI3)
vol.% e1

ba a d d
1

p. 1030e
Cm

15 271254 63530 5850 09116 3694
20 281258 67233 6200 09263 3697
25 282160 68900 6350 09420 3700
30 291889 73760 6920 09587 3717

35 3.ØJ479 77.433 7.330 09742 3734

a Dielectric constant of pure solvent mixture; b slope of the plot of the dielectric constant of solu-
tions of various weight fractions of Pyl vs weight fraction; C slope of the plot of refractive index
of solutions of various weight fraction, of Pyl vs weight fraction; d density of pure solvent mix-
ture; e dipole moment of Pyl in solvent mixture.

15 266758 123710 12000 156320 394

20 267267 125400 12400 155659 399
25 267840 127200 12010 155024 402
30 268115 128960 13500 154405 40•4

35 268440 130700 14100 153816 40•7
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for the dipole moment of I in "pure CC!4" and "pure benzene" respectively from
the least square treatment of the data. Thus an average value of dipole moment of I
is (377 ± 1.01). 10 30 C m. However, a value of 434. 10 30 C m may be obtained
for the dipole moment of I by extrapolation of the CHC!3—CC14 data to 100%
CHCI3 concentration i.e. "pure CHCI3". Interestingly the contact ion pair value14
for the dipole moment of I calculated from the van der Waals radii of 1 and N
in pyridinium ring is 464. 10-30 C m. Extrapolation of CHC13—C6H6 data gives
a value of 39.4. Ø C m for the dipole moment of I in "pure CHC13". Thus the
average value of ji for I in pure CHC!3 would be (41.4 ± 2.0). 10 30 C m.

It may be noted that (i) the dipole moment of I is higher in CC14 than in C6H6
by 20. 10 30 C m(ii) dipole moment of I in CC!4 or C6H6 differs from the theoretical
value of 464. 10-30 C m calculated on the basis of ion-pair model (iii) extrapolation
of measured ,i in CHC13—CC14 and CHC13—C6H6 mixtures gives values of 434.
• 10-30 C m and 394. 10-30 C m respectively for the dipole moment of I in "pure
CHC13" (iv) observed dipole moments vary with composition of the solvent mixture.

To explain points (i) and (ii) the following factors may be considered a) specific
interaction of I with solvent b) the nature of bond in I (due to charge transfer com-
plex and ion pair formation and c) mutual polarizability effect. The measured dipole
moment of I in C6H6 is slightly less than the one in Cd4 and it may be tempting
to take this value (4u = 367. io° C m as the true dipole moment of I. However
this slight lowering of jiin C6H6 could be attributed to some extent to specific inter-
action of C6H6 with I (see, however, below) which reduces the dipole moment of I

FIG. 1

Plot of measured dipole moment of l,2-DNB
vs concentration of CHC13 in CHC13—C6H6
(A) and CHC13—CC14 (0) mixture solvents

Plot of measured dipole moment of 1-ethyl-
-4-methoxy carbonyl pyridinium iodide vs
concentration of CHCI3 in CHCI3—CC14
mixture solvent
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in this solvent. Alternatively some interaction between the two solvents, CHCI3
and C6H6, (forming non-ideal solution) may be responsible in affecting the intercept
and hence the value of 4u.

It is worth considering the possibility of the interaction of I with CHC13, parti-
cularly at lower concentrations of CHC13 in mixed solvents. The extent of this parti-
cular interaction should be identical in CHC13—C6H6 and CHC13—CCI4 solvent
systems. The likely way in which I can interact specifically with CHC13 is through
dipole—dipole interaction (orientation effect). The most favourable orientation of
the two interacting dipoles corresponding to minimum energy is the one in which
they are placed "head-to-tail". For this case the interaction energy is given by
Edipo IedipoIe = — 2iiAuB/r3. For the interaction of I with CHC13, an estimate of

may be made by taking p(CHCI3) = 334. 1030 C m, ji(I) 37.7
io° C m, r(CHCI3) = 31 . 10_b m, r(1) = 30. 10_b m and r = r(CHCJ3) +

r(1). Thus a value of 55 kJ is obtained for EdjpoJe_djpole for the most favourable
orientation. It is of the same order of magnitude as that arising from thermal agita-
tion (2.5 kJ).

In summary it may be said safely that the specific interaction of I with C6H6, CC!4
or CHCI3 is not a significant factor in determining the dipole moment of I in these
solvents. As regards to point (ii), the difference of 84. 10 30 C m is of such an order
of magnitude that it cannot be explained on the basis of mutual polarizability2728
or specific solute—solvent interaction as explained above.

There is no evidence, spectroscopic or otherwise, that either benzene or CCI4
interacts significantly with I in any way other than influencing the charge transfer
complex-ion pair structure equilibria29 (Eq. (6)). It has been proposed that, de-
pending upon the nature of the solvent, I exists in solution in the following equili-
bria23.

K1 + K2

(PyI)cTorVTp - [Py , I]ijporcip <

[Py] Py + I, (6)

where VTIP very tight ion-pair, CT charge transfer complex, LIP loose ion pair,
CIP contact/caged ion pair and SSIP solvent separated ion-pair. The average value
of (37.7 ± 10). io° C m in C6H6 and CC14 may be attributed to CT or VTIP
structure of I, while the theoretical value of 464. io° C m reflects the value
associated with LPI or CIP of I. These values of u also reflect greater contribution
of covalent bond in CT(VTIP) structure and of ionic bond in LIP(CIP) structure
respectively. As regards to point (iii), the difference 404. iO° C m in the extra-
polated values of 1u corresponding to "pure CHC13" may arise from a) specific inter-
action of I with benzene at low concentration of CHCJ3 and/or b) the non-validity
of linear extrapolation to the limit of zero concentration of C6H6 in the case of
C6H6—CHC13 system. As explained above contribution from a) may be slight while

Collect. Czech. Chem. Commun. (Vol. 56) (1991)



Dipole Moment 567

factor b) may be valid. Unfortunately dipole moment measurement in pure CHCI3
or with higher concentration of CHC13 in CHC13—C6H6 could not be carried out
because of the limitation of the measuring cell used. However the value of 437.

io° C m is more acceptable in view the calculated value14, 4&4. 10-30 C m,
which is based on complete association of Pyl in CHCI3. The slight difference 30.
• 10—30 C m is within 10 of the theoretical value and this could arise from the
existence of CT ± LIP equilibrium in CHC13. Therefore dipole moment of I in
this solvent may be expressed as

Pobs = XCT/iCT + Xjp/jp, (7)

where X's are the mole fractions of the species in equilibrium. Thus K1 in Eq. (6)
can be calculated23 from Eq. (8)

K1
I1CT — /2obs

(8)
Pobs —

Using tCT = 387. io° C m, it1obs (in CHC13) = 43.4. iO° Cm and 1U11 = 461.
i0° C m, a value of 155 is obtained for K1. It agrees reasonably with the value

of 05 for K1 (in CHC13) calculated from the proton NMR chemical shifts23. How-
ever using average values, 37•7. o C m for /1cv and 414. 10 30 C m (in CHC13)
for /.tobs, a value of 054 may be calculated for K1. This later value of K1 agrees
well with the earlier reported value. Thus the value of 4u for (PyI)CT may be taken as
(37.7 ± FO). o C m while in CHC13 it may be taken as (41.4 ± 2.0). 10 30 C m.
The variation in the dipole moment with the change in the composition of solvent
mixture (point (iv) above) can be explained on the basis of equilibrium (Eq. (6)) and
Eq. (7). Equilibrium constant K1 for these solvent mixtures can be evaluated using
Eq.(8).

In conclusion a value of (37.7 ± 1.0). 10 30 C m is obtained for the dipole
moment of the charge transfer complex (or VTIP) of 1-ethyl-4-methoxy carbonyl
pyridinium iodide using the method of three component system. The dipole moment
of I in CHCI3 is 421 . 10-30 C m since it gives a reasonable value for K1 when
Eq. (8) is used.
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