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MOLECULAR WEIGHTS BY SURFACE TENSION
WITHOUT USE OF BALANCE

G. W. THIESSEN axp GEORGE CYPHER
Monmouth College, Monmouth

A routine physical chemistry ex-
periment is the determination of
surface tension of a liquid by the
height it ascends into a ecapillary
tube. By equating surface-tension
force upward and gravitational
force downward at the cirele of con-
tact between liguid surface and tube
wall, it is deduced, for a small tube,

rhdg
that v ==

, where 7 is the sur-
2

face tension in dynes per cm., r the
radius of the capillary in em., d the
density of the liquid in gms. per ecc.,
¢ the acceleration of gravity in em.
per sec.?, and h the height of capil-
lary rise in c¢m.; h is usually meas-
ured by a scale attached to, or
engraved on, the capillary, but some-
times by a cathetometer.

Instead of measuring h directly,
a manometer filled with a liquid of
known density may be used to create
a pressure which depresses the capil-
lary meniseus to its free-surface
level. Water is a convenient mano-
metric fluid. The pressure it creates
may be applied positively to the top
of the capillary or negatively to an
otherwise air-tight vessel holding the
sample liquid, at the capillary’s bot-
tom. The latter is preferable, as it
minimizes contamination of the me-
niscus by water-vapor diffusion. The
essential arrangement is shown in

figure 1. In either case, the pressure
of A’ em. of water becomes h'd’y
dynes per sq. em., d’ being the den-
sity of water. This exerts a down-
ward foree of IIr*h’d’g dynes on the
capillary meniscus. If the meniscus
be restrained from rising by this
rh’d’g

force, v equals - The

new
2

equation for restrained rise is very
like the old one for free rise, there-
fore: only h’, the ‘‘repressing
head,’’ replaces h, the ‘‘free rise,”’
and d’, the density of water, re-
places d, the density of the liquid
being investigated.

Besides the convenience of apply-
ing the scale to the external mano-
meter rather than the internal capil-
lary, the manometric method has two
other advantages: (1) the density
of the unknown liquid need not be
determined to get the surface ten-
sion; (2) the same cross section of
tube is used in successive measure-
ments, so that nonuniformity of
diameter is not a source of error if
surface tension only is sought.

Tt is not necessary to determine
in advance the density of the un-
known liquid, but this density may
be found during the experiment’s
course. If the tube’s bore is
uniform and its length graduated,
then ¥ may be expressed both as
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rhdg rh’d’g
and , whenee hd = h’d’,
2 2
h’
ord= d’. The prineciple is that

h

of Hare’s balancing columns., The
accuracy suffers from the shortness
of the columns involved, but this
fact promotes economy of fluid.

The ability of this simple appa-
ratus to give the surface tension and
the density suggests the possibility
of using Ramsay and Shield’s modi-
fication of the Eoétvés equation to
determine the molecular weight of
the liguid being studied. If this
could be done with simple desk
equipment, without recourse to the
analytical balance which is usunally
remote from the fume-laden organic
chemistry work space, it would be
helpful in routine organie qualita-
tive analysis. The equation reads:

v (M/d)23 =212(t.t-6)
or
2.12

M =d] (tet-6)]3/2

%
M being the required molecular
weight, #. and {t, respectively, the
centigrade critical temperature of
the subject liguid and actual tem-
perature of the experiment. Since,
as an approximation, t. 4+ 273 =
3/2 (ty + 273) or t. = 3/2 t,
+ 137, t;, being the normal boiling
point of the given liquid, a routine
measurement of the boiling point
should give the final requisite datum
for a molecular weight determina-
tion. Tt would be advisable to com-
bine the determination of the boiling
point with the collection of a re-
distilled sample for the surface ten-
sion determination.

Although all the equations used
in this study might be combined into
one, this was not done for two rea-
sons. In the first place, the resultant
expression is unwieldy; second, it
precludes checks on intermediate re-
sults, viz. density and surface
tension.

A test setup was made, using a
thermometer tube with the degree
marks for a scale. Its uniformity
was checked by moving a column of
mercury through it, and noting the
virtually constant number of degree-
marks subtended by it as it pro-
gressed through the tube. The dia-
meter of the bore was ecalculated
from the length and weight of this
column and from the density of mer-
cury. A conversion factor was de-
termined by measurement to enable
the degree marks to be translated to
centimeters. The side-necked test
tube (fig. 1) was replaced by a wider
test tube, through whose stopper
passed the capillary, a thermometer,
and the manometer connection. A
T-tube was arranged between the
manometer and this connection to
permit quick atmospheric communi-
cation to the interior by removal of
a pinch clamp, for determining h.
The usual precautions of cleaning
and rinsing the apparatus, especially
the capillary, were observed; and
of manipulating the meniscus (by
the manometer) about the position
of equilibrium. A light held behind
the capillary was found most useful
in following the movements of the
meniscus. Our particular tube had
a diameter of 0.01556 ecm., and
01775 em. per degree-mark. We
considered this diameter about
right ; meniscus movements were an-
noyingly sluggish with much smaller
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Fia. 1l.—Apparatus for molecular-
weight determination by EO6tvls equa-
tion.

ones, but the rise was too low for
accuracy with larger.

Here is the record of a typical
experiment. Subject, acetone. Tem-
perature, 27° C. Free rise, 41.3 de-
gree-marks, or 7.33 em. Repressing
water head, 5.75 em. Density found,
0.782 at 27°; handbook, 0.792 at
20° C. Surface tension found, 21.8
dynes/em.; handbook, 23.7 at 20°.
Boiling point, 56° C; eritical tem-
perature found from it, 221° C.;
handbook value, 235° C. Molecular
weight by the Ramsay and Shields-
Eétvés equation, 61.2; stoichiomet-
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rie, 58.1; error, 5 percent, If litera-
ture values are taken for the density,
surface tension, and boiling point,
and the molecular weight calculated
by the above equation, a molecular
weight of 57.7 emerges, in error only
1 percent.

In table 1 are shown for several
compounds the density, surface ten-
sion, and molecular weight; in par-
allel lines, for each substance, are
eiven, first, values derived from the
literature for each compound, and,
second, those derived by student ex-
perimentation in our apparatus. It
may be deduced from this table that
large systematic errors may be ex-
pected in this determination, and
that most of the error springs from
the equation rather than from the
apparatus used.

Considering that the manometric
surface-tension method gave values
of the molecular weight not ex-
tremely discrepant from those de-
rivable from published data, we
next inquired into the limiting ac-
curacy of the method based only
on the literature values of the den-
sities, surface tensions, and boiling
points, of a large number of typiecal
simple organic compounds. The re-
sults are shown in table 2, in which
the compounds are grouped func-
tionally. It appears that consider-
able errors may be expected in very
many cases.

The loosest approximation in the
calculation is the formula connect-
ing the absolute eritical and boiling
temperatures by a factor of 3/2.
To see if this was the main offense
against accuracy in the proceedings,
the percentage error in this calcula-
tion of the eritical temperature was
checked against that in the molecu-




Molecular Weights 61

TaBLE 1.—TYPICAL PRECISION OF THE METHOD

L: taken from literature; CL, Calculated from literature values
E: found by our experiments; CE, calculated from our expt. values

Compound Density Surf. tens. Mol. wt. % Error
Koetone: -, v e eiie s v 0.792 L 23.7L 57.7 CL —1
0.782 E 21.8E 61.2 CE +5
Benzyl aleohol. . . ............... 1.050 L 39.7L 109.8 CL +2
1.045 E 35.7TE 128.5 CE +16
Carbon tetrachloride. ............ 1.595 L 26.7 L 121.0 CL —21
1.560 E 25.3E 125.0 CE —19
Aeeticacid:: oo 1.049 I 27.6 L 103.8 CL +73
1.005 E 25.6 E 113.5 CE +87
Nitrobenzene.................... 1.199 L 43.4 L 113.8 CL —8
1.23 E 43.2 E 116.5 CE —5
Ether (Ethyl)................... 0714L | 17.0L | 65.5CL | —11
0.705 E 16.15 E 67.3 CE —9
Carbon disulfide. . ............... 1.263 L 31.4L 53.1 CL —30
1.285 & 31.3E 51.6 CE —32
AGiling: vz s b penrnisnsaine 1.022 L 42.6 L 86.0 CL —38
1.185 B 423 E 938.2 CE +5
Chloroform. .................... 1.498 LL 27.1L 94.2 CL —21
1.490 E 26.0 E 95.2 CE —20

lar weight for some random cases. compounds chloroform-methylene
The results are shown in table 3. chloride, ethyl bromide. The error
From this, it may be inferred that was positive for isovaleric acid
this approximation is not the sole and phenetole, negative for all the
source of error; that it often is not others. It was less than 5 percent
the major one; and that sometimes for acetic acid, phenetole, toluene,
its error cancels other errors in the and aniline,
caleulation. Returning to a consideration of
In nine cases, the largest error the overall percentage errors in the
found in the temperature approxi- molecular weights shown in the final
mation was 16-20 percent, for the ecolumns of table 2, the need for the
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TasLE 3.—CriTicAL TEMPERATURE vS., MOLECULAR WT. ERRORS
Acetic | 7soValeric
Substance acid acid Anisole | Phenetole | Toluene Aniline
% Error:
te —2 +10 0 +5 —b —3
M +73 +63 —13 —7 —12 —8

following restrictive rules upon the
use of the modified E6tvis equation
seems evident :

(1) The proposed method should
not be used until the functional class
of the compound has been found.

(2) It should not be applied to
acids.
(3) It should not be applied to

aleohols boiling at less than 100° C.
" (4) For other substances includ-
ed in table 2, values within 10 per-
cent of correct for the molecular
weight may be expeected if the
Edétvos values be corrected by the
following percentages: (a) for al-
eohols, —10; (b) for ketones, 0; (c¢)
for hydrocarbons, -+10; (d) for
nitro compounds, -+5; (e) for

amines +5; (f) for nitriles, —15;
(2) for esters, +5; (h) for other
compounds, numbers depending on
studies of more examples.

The determination of the mole-
cular weight of a selected unknown
by this method has been used as an
assigned experiment in the physical
chemistry course at Monmouth Col-
lege.

Caleulation of the approximate
parachor P = (M/d)v% could be
done by the proposed apparatus
without the use of the balance if
the molecular weight were already
known.

BIBLIOGRAPHY

GrLassToNE, Text-Book of Physical Chem-
istiy. Van Nostrand, 1940, pp. 473-487.




