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The conductance of HCl and HBr in water-dimethylformamide (DMF) mixtures of 10-80 wt % 
DMF at 25 CC has been measured and discussed, using the three parameter conductance equation 
suggested by Fuoss et al. in 1965. The ionic conductances and Waiden products of the H + , C P 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 conduc tance of hy-
drogen halides in water -amphiprot ic solvent mixtures 
[1 -4 ] and water-dipolar aprot ic solvent mixtures 
[5 -7 ] . The present work, which is a con t inua t ion of 
our earlier investigations on the ion solvation in wa-
ter-dimethylformamide ( D M F ) mixtures, deals with 
the conductance of HCl and HBr in these mixtures. 

Experimental 

The purification of D M F (Merck, India), the prepa-
rat ion of conductivity water and the various solutions, 
and the determinat ion of the dielectric cons tant and 
density of w a t e r - D M F mixtures have been described 
earlier [8]. The purified sample of D M F had a conduc-
tance of 1.02 x 10 ~ 7 ohm " 1 cm " 1 at 25 °C (lit. value [9] 
0.5 x 1 0 " 7 o h m " 1 e ra" 1 ) , refractive index n = 1.4300 
and density, d 2 5 = 0.9445 g c m " 3 (lit. values [10] 1.4269 
and 0.9443 g cm " 3 respectively). The conductance of 
the conductivity water was abou t 5 x 1 0 " 7 o h m " 1 

c m " 1 , in agreement with the l i terature value [11]. It 
was stored in an always closed bottle. The tempera-
ture was maintained at 25 + 0 . 0 2 °C with an ul tra 
cryostat (Lauda-Tischkryostat , T U K 30, Lauda , West 
Germany). The viscosity data were taken f rom [12] 
after converting the molefractions to weight percent. 
The conductance measurements were made with a 
precision conductivity bridge (model WBR/TAV, 
W T W G m b H , West Germany) which has a logari th-
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mic indicator amplifier with a built-in 1000 c/s gener-
a tor 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 equat ion 
[13], using an IBM 360 computer , did not indicate any 
appreciable association of the acids. Hence the da t a 
were further analysed with the Fuoss-Onsager-Skinner 
two parameter equat ion ((2.7 b) in [13]) 

A—A0 — Sc1/2 + E' c In z2 + J' c. (1) 

The equivalent conductances, A0, of the acids at in-
finite dilution at various composit ions of w a t e r - D M F 
mixtures are recorded in Table 1. The viscosities of the 
solvent mixtures and the Waiden products of the acids 
at various composi t ions are recorded in Table 2. The 
results show that the acids are practically completely 
dissociated in these solvent mixtures, which is fur ther 
suppor ted by the linear plots obtained when plott ing 
A' given by ((2) in [13]) 

A' = A — A0 + Sc112 — E c logc (2) 

against ca c i d for all composit ions of the w a t e r - D M F 
mixtures. If there is appreciable association, the plots 
of Ä against ca c i d should not be linear but ra ther 
curved [14 a, b]. 

Variation of A0 and the Waiden Product, A0 r/0, 
of the Acids with Solvent Composition 

It is seen (Table 1) that A 0 of both acids decreases 
with increasing D M F concentrat ion, reaches a mini-
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Table 1. /Iq(HCI) and /l0(HBr) values with standard deviations a for HCl and HBr in water-DMF mixtures at 25 °C. A0 in 
ohm - 1 cm mol" l . 

wt % DMF 0 10 20 40 60 80 100 

HCl 426.75a 335.45 + 0.18 253.38±0.40 145.50±0.25 82.18±0.21 50.56±0.13 65.30c 

a 0.16 0.30 0.28 0.23 0.17 
HBr 428.22b 329.43±0.19 238.92±0.61 142.16±0.32 86.45±0.04 56.51 ±0.08 88.70d 

o 0.16 0.40 0.23 0.03 0.11 
3 = data from R. H. Stokes, J. Phys. Chem. 65, 1242 (1961). 
b = data from Table XIII of [16], using ionic conductance values. 
c and d = 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 2 0 - D M F mixtures at 25 °C (t]0) and 
corresponding Waiden products (^n>7o) f° r HCl and HBr. 
r]0 in poise, A0 in ohm" 1 cm2 mol . 

wt % DMF 0 10 20 40 60 80 100 

>?oxl02 

^o'Zo(HCl) 
^ofo(HBr) 

0.895 
3.82 
3.83 

1.075 
3.61 
3.54 

1.360 
3.45 
3.25 

2.110 
3.07 
2.99 

2.490 
2.05 
2.15 

1.880 
0.95 
1.06 

0.800 
0.52 
0.71 

m u m a round 80 wt % of D M F and thereafter in-
creases up to pure D M F . This is in agreement [7, 12] 
with the variation of the viscosities of the solvent mix-
tures. The existence of a max imum of rj0 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 composit ion of the solvent mixture 

max) at —60 wt % of D M F , A0(min) at - 8 0 wt % 
DMF) . This may be at t r ibuted to the larger size of the 
solvated ions (specially proton) in the D M F - r i c h re-
gion, which can be inferred f rom the size of the D M F 
molecule (rDMF = 3.13 Ä) which is greater than [7] tha t 
of water (rH2G = 1.93 Ä). It has also been established 
[12] that D M F n H 2 0 complexes are more bulky 
than either of the pure solvents, and that solvation of 
the ions by the bulkier D M F • n H 2 0 complexes leads 
to an even greater decrease of A0. 

The Waiden products (A0rj0) of the two acids 
(Table 2) continuously decrease with increasing com-
position of D M F and may be explained as follows. 
U p t o 60 wt % of D M F , the larger decrease of the A 0 

of the acids more than compensates the increase r\0 of 
the solvent mixture, while at higher composi t ions 
(60 to 80 wt % of D M F ) both A o and rj0 decrease, 
resulting in a cont inuous decrease of A0rj0. F r o m 
80 wt % D M F and beyond, the decrease in viscosity 
of the solvent mixture overweighs the small increase of 
equivalent conductance, resulting in a decreasing 
trend in the Waiden product . 

Variation of Ionic Conductances 
and Ionic Waiden Products with Solvent Composition 

By combining the A0 ( H C 1 0 4 ) da ta obtained f rom 
conduc tance measurements on H C 1 0 4 at 30 °C in the 
composi t ion range 1 0 - 8 0 wt % of D M F with the ion 
conduc tance da ta of CIO4 in these mixtures deter-
mined previously [15], the ionic conductances of H + 

in various w a t e r - D M F mixtures at 30°C were ob-
tained. The ion conductance of H + at 25 °C in the 
various w a t e r - D M F mixtures was then obta ined by 
applying a correction for the temperature difference 
via an equa t ion given in [16]. The ion conductances of 
C l " and B r " were then calculated by combining the 
Aq of the corresponding acids with the ion conduc-
tance da t a on H + at 25 °C in the usual manner . These 
da t a together with the ionic Waiden produc ts for 
different w a t e r - D M F composi t ions are given in 
Table 3. It is seen that decreases cont inuously 
up to 80 wt % D M F . It is well known [2] tha t the 
large + in water depends on the abnorma l p ro ton 
transfer mechanism a m o n g the associated solvent 
molecules. The addi t ion of D M F results in a rapid 
decrease of the anomalous p ro ton conductivity due to 
a break up of H-bonded water net work and hence the 
b r eakdown of the abnormal p ro ton transfer mecha-
nism. A fur ther possibility for the decrease of + 

arises f rom the increase of the solvation radius of H + 

with the addi t ion of D M F , as D M F is known to sol-
vate smaller cat ions in general and H + in par t icular 
[17], which results in a decrease of its mobility. Be-
tween 40 to 60 wt % D M F , the format ion of the bulky 
D M F • n H 2 0 1 2 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 

of Cl~ and B r - decreases with the addi t ion of 
D M F up to 6 0 w t % D M F and thereafter increases 
up to 80 wt % D M F . This is in accordance with that 
expected f rom the variat ion of the viscosity of the 
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wt % DMF ;.°/ohnP 1 cm2 mol -1 ?/0/ohm l R = (/.° 1o) 
mol 1 cm poise mixture/ 

(/.° rj0) water 

H + C P B P H + C P Br" C P B P 

0 349.82 76.95 78.40 3.13 0.69 0.70 1.00 1.000 
10 272.37 63.08 57.06 2.93 0.68 0.61 0.986 0.871 
20 197.24 56.14 41.68 2.68 0.76 0.57 1.102 0.814 
40 111.12 34.38 31.04 2.34 0.72 0.65 1.043 0.929 
60 75.80 6.38 10.65 1.89 0.16 0.26 0.232 0.371 
80 35.97 14.59 20.54 0.68 0.27 0.39 0.391 0.557 

Table 3. Single ion conductances and ionic 
Waiden products at infinite dilution for 
H + , C P and Br - in water-DMF mixtures 
at 25 °C. 

solvent mixtures, which increases up to 60 wt % D M F 
and then decreases. It is noteworthy that the in of 
these ions coincides with the viscosity max imum of the 
solvent mixtures. 

It is seen (Table 3) that the Waiden product of H + 

decreases cont inuously with increasing concentra t ion 
of D M F . 

The non-constancy of the Waiden product and its 
decrease for this ion on the addi t ion of D M F in-
dicates an increase of the solvodynamic radius of 
H + by the entry of D M F molecules ( r H i 0 = 1.93 Ä and 
rD M F = 3.13 Ä, calculated assuming that the molecules 
are spherical) into the solvation shell of H + as already 
mentioned earlier. 

The Waiden products of anions generally decrease 
up to 60 wt % D M F (except at 20 and 40 wt % of 
D M F in the case of C P and 40 wt % of D M F in the 
case of B r - , where there is a slight increase). The 
values reach a min imum around 60 wt % D M F and 
then increase up to 80 wt % D M F . This is in general 
agreement with the observed increase of the viscosity 

of the solvent and may be ascribed to strong solvent-
solvent interact ions giving D M F • n H 2 0 type com-
plexes. The min imum in the Waiden product coincides 
with the m a x i m u m viscosity ( ~ 6 0 wt % D M F ) of the 
solvent mixture. F r o m 60 wt % D M F onwards, the 
viscosity of the solvent mixture decreases, whereby the 
ionic mobilities will increase, giving rise to an increase 
in the Waiden product of the anions. It is seen that 
R < 1 (JR = (x° mixed solvent / ( /° rj0) water) for Br~ 
in all solvent mixtures and tha t R generally decreases 
with the addi t ion of D M F while the R for C P slightly 
increases beyond unity in the 2 0 - 4 0 wt % D M F 
region and subsequently decreases below unity. The 
R values which are less than unity and their decrease 
with the addi t ion of D M F is in agreement [18] with 
the results obtained for the same ions in w a t e r - D M S O 
mixtures. Consider ing the conductance behaviour of 
halide ions as indicative of the degree of solvent struc-
ture, D M F will be classified as a structure breaker of 
water, which is in agreement with the results reported 
previously [19]. 
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