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Several factors affect the gradation of solute concentration on freezing and
thawing a column of solution. The effects of shape of vessel, height, volume,
diameter and the volume/diameter and height/volume ratios of the column,
initial concentration of the solution, and molecular weight and specific gravity
of the solute on the cryoscopic effect have been studied.

Dispersion Ratio.—The ratio of solute concentration at the bottom to that at
the top of the column, which brings out interesting correlations not otherwise
revealed, has been formulated as a new physical constant to be considered
among the properties of solutes,

Solutions in tall columns yield the highest dispersion ratio on freezing and
thawing. - There is an optimum height and diameter of the column, and an
optimum volume for which the dispersion ratio is greatest. The ratio rises
steadily with the initial concentration of the solution, In a mixture of solutes
of different molecular weights and specific gravities, the dispersion ratio
appears to be correlated with the specific gravity, but not with the molecular
weight, of the solute, throwing doubt on the current theoretical method of
deriving the molecular volume of a substance. The significance of the ano-
maly, & new interpretation of ‘molecular volume’ and the potential of the
interpretation and of the dispersion ratio as a new physical unit are indi-
cated.

IxTRODUCTION

The phenomenon of separation and graded concentration of solutes on
freezing and thawing a column of solution was reported earlier (Rangappa
1961). The cryoscopic effect, as the phenomenon was named, was expected to
yield a relationship between itself and the height and diameter of the column,
the nature and concentration of solute in the original solution, etc. Some of
the factors influencing the cryoscopic effect have now been investigated, and
general conclusions based on the resulting data are recorded here.

EXPERIMENTAL PROCEDURE

The solute chosen for most of the cryoscopic experiments reported in this
paper was potassium permanganate. For, among several solutes tried, it is
the only one which advantageously exhibits a visible pattern of solute con-
centration in the frozen column. The others—copper sulphate, potassium
sulphate, potassium ferrocyanide, oxalic acid, etc.—yield only an opaque
column on freezing, although every one of them exhibits the eryoscopic effect
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after thawing. - Potassium permanganate was therefore selected without loss of
generality and, unless otherwise stated, the solutions in the experiments are to
be taken as those of potassium permanganate.

Solutions were frozen in a spacious ice-cream freezing cabinet (32 in. X 24
in. X 15 in.) which carried the temperature down to —15° C, and automatically
maintained it correct to +1° C. The cabinet had a rectangular opening at the
top, through which cylinders were lowered into the cabinet.

The frozen samples were thawed at room temperature (2° to 23° C during
the period of the investigations) without disturbing the column in the least
during the process. Five millilitres of solution were carefully pipetted out
from the top and bottom (or at any other required level) of the column. For
- taking bottom samples with the least possible stirring and mixing, the top of
the pipette was kept plugged with the finger until the pipette nozzle touched
hottom. This quite prevented unwanted intermediate layers from rushing
into the pipette.

The strength of the permanganate solution was estimated in every case by
addition of excess oxalic acid and back-titrating the resulting solution with
standard potassium permanganate. The solute concentration has been ex-
pressed as parts per million (ppm).

Dispersion Ratio /

In these investigations it was found that the influence of most of the
factors on the cryoscopic effect appeared more significant and orderly when it
was expressed as a ratio of the solute concentration at the bottom to that at
the top of the thawed column, rather than in terms of absolute concentrations
at each level. This ratio has been designated as the Dispersion Ratio.

Time of Sampling

Preliminary experiments showed that the solute concentration of the top
and bottom layers of the column remain practically the same up to about 12
hours after complete thawing at room temperature.

TABLE 1

Change in solute concentration in a column of
solution after thawing

Hours after Concentration (ppm)

X Top layer Bottom layer
thawing (5 ml) (5 ml)
0 10-29 644-90
12 10-29 574-54
24 32-00 526-66
48 4514 464-70

72 : 96-49 208-11
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In all experiments, therefore, samples were taken generallv within 6 to 12
hours after complete thawing of the frozen solution.

ExPERIMENTAL RESULTS AND DiscussioxN
Position of Freezing Vessel

In the initial stages of investigation on the cryvoscopic effect, the pattern
of solute concentration in the frozen solution was found to vary somewhat on
repetition, especially at the top of the column, and the container sometimes
cracked in the process. Ultimately the variations and breakages were traced
to the position of the vessel, and therefore to the order of freezing of the
solution, within the cabinet. When the vessel was so placed in the freezer
that the column froze steadily from the bottom (and sides) towards the top,
the solute forimed the characteristic cone pattern, with a plug on top. 1If, on
the other hand, the top of the column happened to freeze up before the rest of
the column, the vessel would burst for want of space for the expanding ice
below it. The trick was to so place the vessel in the freezer that the top of
the solution froze simultaneously with the last-freezing core of the solution.
This positioning was achieved by placing the container so that the top of the
solution column was just below the mouth of the cabinet. Plugging the
mouth of the vessel (preferably of pyrex glass) with cotton wool also helped in
preventing the top of the solution from freezing too soon.

Effect of Shape of Vessel

The solution was frozen in a 250 ml cylinder, conical flask, a beaker and a
‘square’ cylinder (specially made in perspex). On freezing, the solute con-
centration patterns (Fig. 1), and the dispersion ratios in each (Table 2) after
thawing were recorded.

TasLE 2

Cryoscopic effect in vessels of different shapes

Concentration
Vessel (ppm) Dispersion ratio
Top Bottom
Beaker 36-2 68-4 1-8
Conical flask 242 56-3 2-3
Cylinder 21-4 124-8 6-1
‘Square’ cylinder 24-1 164-0 6-8
Original solution 40-25 ppm

Among the repeated trials, although slight variations occurred in the
concentration of the solute in the top and bottom layers, the order of difference
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Y16, 1. Influence of shape of vessel on the eryoscopic effect. Wote the pattern of solute
concuntration in cuch containoer.

between the two was about the same in all. It can therefore be inforred that
the dispersion ratio is highest in toll columns rather than in any other shape
of vessel,

Effect of Height and Volume (Diameter (onstant)

Permanganate solution of 40-25 ppm strength was poured into 250 ml
cylinders up to different heights and simultaneously frozen in the freezing
cabinet. The dispersion ratio of the solute after thawing, given in Fig. 2,
depicts the influence of the height of the column on the eryoscopic effect,

It will be scen that, with the height of the column the dispersion ratio of the
solute attains (diameler being constant) a steady level after a steep rise, and then
declines.

The same observation applies to the influence of the change in initial
volume of the solution on the cryoscopic effect (Fig. 3).

It was further observed that no correlation exists between the ratio,
height/volume (the two unavoidable variants in the experiment), and the
dispersion ratio of the solute after thawing.
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Repeat experiments with copper sulphate and ferrous sulphate, while
leading to the same conclusion, also showed that the degree of solute dispersion
(dispersion ratio) differs from solute to solute.
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Effect of Diameter and Volume (Height Constant)

A solution of 147-0 ppm of permanganate was filled up to the 100 ml
mark in & 100 m] cylinder, and then to the same height in four other cylinders
of increasing diameters. The behaviour of the dispersion ratio with the
change in this factor on freezing and thawing the columns is well brought out
m Fig, 4.

It will be seen that for a given height of the column, there is an optimum
diameter of the wvessel for which the dispersion ratio of the solute is most pro-
nounced.

9
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At constant height of the colummn, as in the above experiment, the volume
of the solution inevitably increases with the diameter of the column. An
attempt was therefore made to correlate a combination of the two inter-

dependent factors with the dispersion ratio. Figure 5 clearly shows that
the disperston ratio rises to o peak and then declines as the volume/diameter

i
104
’]
o @
ey
g
g 7]
o
=
g,
.2
G €
3
5]
3
n §1
4
3]
2 v o v
3 4 -} 6 7 [}
Diameter of column in em (height constant).
Fic. 4.
12
10
2
b=
-
5 8
@
g .
.~'ﬂ
3 6
[
bt
=
<]
wn 4
2 S ———e
30, S0 7% S0 o
Ratio of volume and diameter (height constant).
Fia. 5.

9B



SOME FACTORS INFLUENCING THE CRYQSCOPIC EFFECT 249

ratio of the column rises, unlike in the case of the height/volume ratio, where no
predictable relationship exists.

Effect of Initial Concentration

Solutions ranging from 10 to 450 ppmn in strength were filled in 250 ml
cylinders and frozen in the ice-cream cabinet. The dispersion ratio of the
solute in the thawed column for each initial concentration is shown in Fig. 6.

The dispersion ratio of the solute in the thawed column sleadily rises with
the initial solute concentration for the range tried in these experimeuts.
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Effect of Molecular Weight and Specific Gravity

The effect of these two factors was studied by freezing and thawing a
mixture of solutes of different molecular weights and specific gravities. A
solution of alum (sulphates of aluminium and potassium), copper sulphate and
ferrous sulphate of a strength of 1 gm of erystal in 100 m! of solution was frozen
and thawed in a 500 ml cylinder. Samples of 20 ml were carefully collected at
six different levels of the column and analysed for (sulphate ion being common
to all) potassium (Treadwell .and Hall 1949), iron and aluminium ({Scot}
1958). Copper was estimated after displacement by zine, by dissolving it in
nitric acid and igniting the nitrate to cupric oxide (Scott 1958). The distri-
bution pattern of compounds of different molecular weights and specific
gravities in the thawed solution is shown in Table 3 and Figs. 7 and 8.

The spectrum of solutes in the thawed column, as can be seen from the
data and figures, reveals that, while there is hardly any relationship between
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TABLE 8

CUryoscopic gffect in a mixvture of solutes of differing molecular weights and specific gravities

Cylinder Solute concentration in 20 ml portion (as anhydrous salt)
level
{m] mark) Potassium sulphate Aluminium sulphate  Ferrous sulphate Copper sulphato
gm in Y% of gm in 9 of gm in %, of gm in % of
100 ml original 100 ml original 100 ml original 100 ml original
0 0-12i4 128 0-0304 17 0-0904 16 0-0397 61
136 0-3785 404 0-1952 115 0-2324 40 0-2129 21-0
320 0-2433 259 0-7486 422 0-3744 69 0-9151 140-0
500 0-0399 40 0-0272 16 2:4917 460 21502 329-0
Original
solution 0-1887 100 0-3604 100 0-5469 100 0-6396 100
Molecular weight 174-25 342 152 159-6
Speoific gravity 2-662 2-71 3-287 3-606
Dispersion
ratio 5/16 16/17 287 53-9
500+

CRYOSCOPIC EFFECT IN A MIXTURE OF SOLUTES
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the molecular weight and the cryoscopic effect, the dispersion ratio rises with

the specific gravity of the solute.
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Results of experiments with the same mixture in 250 ml and 1,000 ml
cylinders, as well as with & mixture of ferric and merourio chlorides, and of
benzene and acetio acid led to the same conolusion.
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This observation throws doubt on the validity of accepting the molecular
volume of a compound as the quotient of its molecular weight and crystal
density (Lange 1961). For, since the crystal density (specific gravity) of the
solute is related, as revealed in these experiments, to the dispersion ratio, the
molecular weight should, if the accepted formula be correct, be inversely related
to it, which, however, is contrary to expenmental findings.

This anomaly would mean, among other likely implications, that ( l) the
olecular volume derived from the current formula is not the volume of the
molecule, in the sense that the molecular weight is the weight of the molecule,
and (2) the molecular volume so calculated includes the intermolecular space
around the individual molecule (Rangappa 1963). And this interpretation
need not perhaps be confined to the solid state. The quotient of molecular
weight and density (at t° C) would be a measure of the intermolecular space in
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each state at t° C. This interpretation may open up, too, an alternative
method of estimating intermolecular distances and forces.

Figures 7 and 8 also reveal that the dispersion ratio, rather than absolute
values of solute concentration, is a better unit and index of correlation and
comparison. The dispersion ratio may therefore come to take a place
among normal physical constants of solutes, and its measurement for various
solutes may help throw light on the raison d’étre of some of the properties of
the substances.
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