
... (2)

... (I)

Indian Journal of Chemistry
Vol. 24A, July 1985, pp. 603-604

Diffusion of Phenols & Benzyl Alcohol
through Porous (G-4) Diaphragm

S K SANYAL*t & S K MANDAL

Department of Chemistry,
Presidency College. Calcutta 700073

Received 30 July 1984; revised 14 January 1985;
accepted 14 Fehruary 1985

Stokes' diaphragm cell technique has been used for the
determination of diffusion coefficients of aqueous solutions of
phenol, resorcinol, p.,cresol and benzyl alcohol. The data are
interpreted in terms of relative degree of solvation and local
structure-breaking effects of the solutes.

In a previous communication 1 we determined the
isothermal diffusion coefficients of sodium salts of

aliphatic carboxylic acids using the Stokes' diaphragm
diffusion ce1l2• Presently we have determined the
diffusion coefficients of aqueous solutions of phenol,
resorcinol,p-cresol and benzyl alcohol at 30° and 40°C
employing the same technique. The data have been
interpreted qualitatively in terms of effects of solvation
and structure-breaking influences of the solutes on the
diffusional transport.

The commercially available AR grade samples of
non-electrolytes were purified by distillation or
recrystallisation from suitable solvents, as the case
may be.

Diaphragm cell of the type close to that designed by
Stokes2 was used. The vertical cell (int. diam. 2.3 em)
was divided into two compartments by a pyrex G-4
sintered glass disc. The compartments above and
below this diaphragm had volumes of 45.8 and 48.0 ml,
respectively. The temperatures were maintained with
an accuracy of ±0.05° using an air thermostat.

The solution-filled methodology was followed in the
present case thereby eliminating the long pre-diffusion
period for establishing the steady state in the
diaphragm 3.

The cell constants were determined from the
calibration experiments which allowed KCI solutions
(0.05 M each) to diffuse into pure water at 30° and
40°C. The experiments were repeated until four
successive such experimental runs at each temperature
afforded identical results within the limits of

experimental error. The chloride ion concentration in
each compartment was estimated by conductimetric
titration.

t Present address: Department of Agricultural Chemistry & Soil
Science, Bidhan Chandra Krishi Viswavidyalaya, Kalyani 741235

Actual diffusion runs with the present solutes were
performed following the same technique as used in the
calibration experiment.

At the conclusion of the appropriate diffusion
periods ( .••48 hr), solutions from both the compart­
ments were withdrawn and their concentrations
measured spectrophotometrically using a Carl-Zeiss
Spectrophotometer. For this purpose, a calibration
curve was drawn, which passed through origin.

Diffusion coefficient (D) has been calculated using
simple logarithmic formula (1)4,

I (CI-C2)D =71"::"ln~--pI C3 -C4

where D is the (double-average) diaphragm cell
integral diffusion coefficient, P is the cell constant, I is ,
the time of diffusion and (C1 -CJ and (C3 -C4) are
the initial and final (i.e. after time I) concentration
differences between the cell compartments.

The values of cell constants (/1) at 30° and 40°C were
calculated from Eq.(I). The required DKCI (D1) at 30°
(and at 40°) was obtained from the literature value4 of
DKC1 at 25°C (DJ using Eq.(2), assuming that the
radius of the hydrated diffusing entity, i.e. KCI does
not change between 25° and 40°C

Dl_'hTl
D2 -~'T2
In Eq.(2) D1'''1 and D2'''2 values are at temperatures
T 1 and T2 respectively.

The diffusion data thus obtained at 30° and 40°C are
given in Table I. The maximum random errors
calculated for four different experiments by
considering 95% confidence limits for various Ds have·
been found to be about 0.5%.

A lower diffusion coefficient of resorcinol than
phenol, also observed earlier5, is due to the formation
of larger solvated species6•7 involving two weakly
polarising phenolic hydroxyl groups, thereby
decreasing the mobility of resorcinol.

In terms of pKa values at 25° the relative acidity of p­

cresol (PKa = 10.14) is the least as compared to that of
resorcinol (PKa =9.44) or phenol (PKa =9.98). Due to
this the structure-breaking effect of the hydroxyl
group8.9 is also expected to be the highest in the case of
p-cresol. This in turn leads to reduced 'local' viscosity,
and hence to a higher D. The experimental diffusion
coefficients of phenols follow the order: p-cresol
> phenol> resorcinol.

Benzyl alcohol, isomeric with p-cresol but an
alcohol, has somewhat higher D as compared to that of
p-cresol. This perhap~ results from a partial

603



INDIAN J. CHEM., VOL. 24A, JULY 1985

i---I --------
Table I-Diffusion Coefficient Data of Phenols and Benzyl Alcohol at 30° and 40°C

[Mean cell constant for four different calibration runs=0.083cm -2 (30°) and O.l50cm -2 (40°C)]•
Solution 105 D ••••(cm2s -1) at D',I D~ 105 D30"

------------ (cm2s -I)
30°C40°C

(D',)

(D~)

Phenol

0.710.950.750.87

(5.0 x 10-4 M) Resorcinol

0.510.600.850.77

(5.0 x 10-4 M) p-cresol

0.951.150.820.83

(2.5 x 10-4 M) Benzyl alcohol

1.151.440.791.06

(5.0 x 10-3 M)

• Diffusion data at 30cc are taken from reference 5; these values are for 0.1 M
aqueous solutions and obtained using a flow-cell technique.

overla~ping of the structure-promoting and structure­

brcaki~g spheres of influence of the proximatehydro~hobic methylene and hydrophilic hydroxyl
groupsl in benzyl alcohol.

On t~c assumption of the validity of Einstein-Stokes
equatiqn for D over the temperature range used, one

would ~expect the ratio, D30 ID40 ' to correspond to('I:!.~. 33" ~.) where for dilute solutions, as used in the'130 _1

presen~ case, '140 and '130 may b"eapproximated to the
corresponding viscosity coefficients of pure water at

30 an140c, respectively. Using such values of 'I, the
above ratio (D30/D40) turns out to be 0.79, which is

indeed I' rather close to the experimentally observedvalues of (D'll D~)for the various compounds studied
(see T(~ble I).

It is fatlsfying to note that in spite of differences in
the c0rlcentration ranges employed for evaluating D in
the pr4sent study and those reported in Iiterature5,
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both sets of D values agree, in general, as far as the
order of magnitude and the rough qualitative trends
are concerned (D values are reported5 to be insensitive
to concentration changes).

References

I Mandai S K & Sanyal S K. E1ectrochim Acta, 29 (1984) 1375.
2 Stokes R H, J Am chem Soc. 72 (1950) 763.
3 Holmes J T. Rei Sci fllstr. 36 (1965) 831.
4 Robinson R A & Stokes R H. Electrolyte solutiolls(Butterworths,

London). 1959. chap 10.
5 Sanyal S K. Thermal diffusioll of organic compounds in aqueous

solutions. Ph.D. 8;ssertation, Cambridge University,
England, 1978.

6 Wang J H. J Am Oem Soc, 76(1954) 4755; J phys Chem, 58(1954)
686.

7 Erdey-Gniz T, Transport phenomena in aqueous solutions
(Adam-Hilger. London) 1974.228.

8 Agar J N, Ad1llllces in electrochemistry: Electrochemical

engineering, Vol.:> (lnterscience, New York) 1963. 31.
9 Sanyal S K & Mandai S K, Electrochim Acta, 28 (1983) 1875.

ilill lit




