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The conductance of HCI and HBr in water-dimethylformamide (DMF) mixtures of 10—80 wt %
DMF at 25°C has been measured and discussed, using the three parameter conductance equation
suggested by Fuoss et al. in 1965. The ionic conductances and Walden products of the H, Cl~ and
Br~ ions have been determined and explained. No appreciable ion-association of these acids in these

media has been found.

Introduction

Previous studies deal with the conductance of hy-
drogen halides in water-amphiprotic solvent mixtures
[1-4] and water-dipolar aprotic solvent mixtures
[5—-7]. The present work, which is a continuation of
our earlier investigations on the ion solvation in wa-
ter-dimethylformamide (DMF) mixtures, deals with
the conductance of HCl and HBr in these mixtures.

Experimental

The purification of DMF (Merck, India), the prepa-
ration of conductivity water and the various solutions,
and the determination of the dielectric constant and
density of water-DMF mixtures have been described
earlier [8]. The purified sample of DMF had a conduc-
tance of 1.02 x 10”7 ohm ™! cm ™! at 25°C (lit. value [9]
0.5x10~7ohm ™! cm™!), refractive index n3’® = 1.4300
and density, d?° =0.9445 g cm ~ 3 (lit. values [10] 1.4269
and 0.9443 g cm 3 respectively). The conductance of
the conductivity water was about 5x 10”7 ohm™!
cm™ !, in agreement with the literature value [11]. It
was stored in an always closed bottle. The tempera-
ture was maintained at 25+0.02°C with an ultra
cryostat (Lauda-Tischkryostat, TUK 30, Lauda, West
Germany). The viscosity data were taken from [12]
after converting the molefractions to weight percent.
The conductance measurements were made with a
precision conductivity bridge (model WBR/TAV,
WTW GmbH, West Germany) which has a logarith-
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mic indicator amplifier with a built-in 1000 c/s gener-
ator serving as balance-indicator. The resistance mea-
surements are generally accurate to +0.1%.

Results and Discussion

The conductance data, when analysed with the
Fuoss-Onsager-Skinner three parameter equation
[13], using an IBM 360 computer, did not indicate any
appreciable association of the acids. Hence the data
were further analysed with the Fuoss-Onsager-Skinner
two parameter equation ((2.7b) in [13])

A=Ayg—Sc**+E cln®+J c. 1)

The equivalent conductances, 4,, of the acids at in-
finite dilution at various compositions of water-DMF
mixtures are recorded in Table 1. The viscosities of the
solvent mixtures and the Walden products of the acids
at various compositions are recorded in Table 2. The
results show that the acids are practically completely
dissociated in these solvent mixtures, which is further
supported by the linear plots obtained when plotting
A" given by ((2) in [13])

A'=A—Ay+Sc*?>—E clogc )
against ¢, for all compositions of the water-DMF
mixtures. If there is appreciable association, the plots

of A" against c,.4 should not be linear but rather
curved [14a,b].

Variation of A, and the Walden Product, Ay 1,
of the Acids with Solvent Composition

It is seen (Table 1) that A, of both acids decreases
with increasing DMF concentration, reaches a mini-
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Table 1 AQ(HCI) and 4, (HBr) values with standard deviations ¢ for HCI and HBr in water-DMF mixtures at 25°C. 4, in

ohm ™! cm? mol

wt % DMF 0 10 20 40 60 80 100
HCl 426.75* 33545+0.18 253.38+0.40 145.50+0.25 82.18 +0.21 50.56+0.13 65.30°¢
4 0.16 0.30 0.28 0.23 0.17

HBr 428.22° 329.43+0.19 238.92+0.61 142.16+0.32 86.45+0.04 56.51+0.08 88.70¢
o 0.16 0.40 0.23 0.03 0.11

= data from R. H. Stokes, J. Phys. Chem. 65, 1242 (1961).

= data from Table XIII of [16], using ionic conductance values.
and 4 = data from L. R. Dawson, M. Golben, G. R. Leader, and H. K. Zimmerman, J. Electrochem. Soc. 99, 28 (1952).

Table 2. Viscosities of H,O-DMF mixtures at 25°C (1) and
corresponding Walden products (Aq 1) for HCl and HBr.
1o in poise, A, in ohm ™! ¢cm? mol

wt%DMF 0 10 20 40 60 80 100
Mo % 102 0.895 1.075 1.360 2.110 2.490 1.880 0.800
Agno(HCl) 382 361 345 307 205 095 0.52
Aono(HBr) 383 354 325 299 215 106 0.71

mum around 80 wt % of DMF and thereafter in-
creases upto pure DMF. This is in agreement [7, 12]
with the variation of the viscosities of the solvent mix-
tures. The existence of a maximum of 7, can lead to a
minimum in equivalent conductance [7], as observed
in the present case. However, these two do not corre-
spond to the same composition of the solvent mixture
(Mmax) at =60 wt % of DMF, A4 iny at ~80 wt %
DMF). This may be attributed to the larger size of the
solvated ions (specially proton) in the DMF-rich re-
gion, which can be inferred from the size of the DMF
molecule (rppyp=3.13 A) which is greater than [7] that
of water (ry,o=1.93 A). It has also been established
[12] that DMF - n H,O complexes are more bulky
than either of the pure solvents, and that solvation of
the ions by the bulkier DMF - n H,O complexes leads
to an even greater decrease of A,.

The Walden products (4, #,) of the two acids
(Table 2) continuously decrease with increasing com-
position of DMF and may be explained as follows.
Upto 60 wt % of DMF, the larger decrease of the A,
of the acids more than compensates the increase 7, of
the solvent mixture, while at higher compositions
(60 to 80 wt % of DMF) both 4, and 7, decrease,
resulting in a continuous decrease of A,7n,. From
80 wt % DMF and beyond, the decrease in viscosity
of the solvent mixture overweighs the small increase of
equivalent conductance, resulting in a decreasing
trend in the Walden product.

Variation of Ionic Conductances
and Ionic Walden Products with Solvent Composition

By combining the 4, (HCIO,) data obtained from
conductance measurements on HC1O, at 30°C in the
composition range 10—-80 wt % of DMF with the ion
conductance data of ClO; in these mixtures deter-
mined previously [15], the ionic conductances of H*
in various water-DMF mixtures at 30°C were ob-
tained. The ion conductance of H* at 25°C in the
various water-DMF mixtures was then obtained by
applying a correction for the temperature difference
via an equation given in [16]. The ion conductances of
Cl~ and Br~ were then calculated by combining the
A, of the corresponding acids with the ion conduc-
tance data on H* at 25°C in the usual manner. These
data together with the ionic Walden products for
different water-DMF compositions are given in
Table 3. It is seen that A%. decreases continuously
upto 80 wt % DMF. It is well known [2] that the
large A% in water depends on the abnormal proton
transfer mechanism among the associated solvent
molecules. The addition of DMF results in a rapid
decrease of the anomalous proton conductivity due to
a break up of H-bonded water net work and hence the
breakdown of the abnormal proton transfer mecha-
nism. A further possibility for the decrease of Aj-
arises from the increase of the solvation radius of H*
with the addition of DMF, as DMF is known to sol-
vate smaller cations in general and H” in particular
[17], which results in a decrease of its mobility. Be-
tween 40 to 60 wt % DMEF, the formation of the bulky
DMF - n H,0'? type complexes and the solvation of
H* ion by these complexes increases this effect fur-
ther, resulting in a decrease of the mobility of H*. The
4% of C1- and Br~ decreases with the addition of
DMF upto 60 wt % DMF and thereafter increases
upto 80 wt % DMF. This is in accordance with that
expected from the variation of the viscosity of the
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N > P g p = o Table 3. Single ion conductances and ionic
wt%DMF  2%/ohm™" cm* mol - 'IQ/IOhmZ . R=(2"n,) Walden products at infinite dilution for
mol ™" cm* poise rr}g,xture/ H*,Cl™ and Br~ in water-DMF mixtures
(%70) Water a1 75°C.
H* Cl- Br~ H* ClI© Br~ CI° Br~
0 34982 7695 7840 313 0.69 0.70 1.00 1.000
10 27237 6308 57.06 293 0.68 0.61 098 0.871
20 197.24 5614 4168 268 0.76 0.57 1102 0.814
40 11112 3438 31.04 234 0.72 065 1043 0.929
60 75.80 638 1065 1.89 016 026 0232 0.371
80 3597 1459 2054 0.68 027 039 0391 0557

solvent mixtures, which increases upto 60 wt % DMF
and then decreases. It is noteworthy that the A%, of
these ions coincides with the viscosity maximum of the
solvent mixtures.

It is seen (Table 3) that the Walden product of H*
decreases continuously with increasing concentration
of DMF.

The non-constancy of the Walden product and its
decrease for this ion on the addition of DMF in-
dicates an increase of the solvodynamic radius of
H™ by the entry of DMF molecules (1,0 =1.93 A and
rome =3.13 A, calculated assuming that the molecules
are spherical) into the solvation shell of H* as already
mentioned earlier.

The Walden products of anions generally decrease
upto 60 wt % DMF (except at 20 and 40 wt % of
DMF in the case of C1™ and 40 wt % of DMF in the
case of Br~, where there is a slight increase). The
values reach a minimum around 60 wt % DMF and
then increase upto 80 wt % DMF. This is in general
agreement with the observed increase of the viscosity
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