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CRYOSCOPIC CONSTANT, HEAT OF FUSION, AND HEAT
CAPACITY OF CAMPHOR

By Mikkel Frandsen

ABSTRACT

In order to determine the cryoscopic constant of camphor the latent heat of
fusion of this substance was measured calorimetrically. Values for the heat
capacities of solid and liquid camphor were obtained at the same time. The
determinations were made on synthetic camphor, the freezing point of which
was found to be 178.43° C. Two samples of this material and one of pure silver,

serving as a reference substance, were sealed in evacuated, thin-walled glass tubes,
and successively heated to constant, well-defined temperatures in a narrow glass

tube surrounded by the vapors of various liquids, boiling in the range from 20°

to 212° C. In each case the heat content of the sample was measured by trans-
ferring it to a silvered Dewar tube, containing about 300 g of water. From a
plot of the heat content against the temperature the following results were
obtained:
The latent heat of fusion at 178.4° C, ^=10.74 ±0.40, cali5 g"1

, or, LF=
1,630±60, cali5 mole-1 . The cryqscopic constant, fcF=37.7±1.4° C. mole -1

kg. The heat capacity of crystalline camphor in the range from 20 to 178.4° C,
c (so i»d)= (0.4208+0.000215 *)±0.0035, calisg-^C." 1

, or, C(soHd ) = (64.0+ 0.0330
±0.5, calis mole -10C.-1 The heat capacity of liquid camphor in the range from
178.4° to 210° C, c (liquid)= 0.571 ± 0.045, cal 16 g-*°CH., or, C (, iquid) =87± 7 cal 15

mole -^C." 1
.
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I. INTRODUCTION

Camphor is often used as a solvent in determinations of molecular
weights by the freezing-point method. Unfortunately, however,
there seems to be some difference of opinion in regard to the value of

the cryoscopic constant for this substance. From a large number
of determinations Jouniaux * has obtained the average value 49.5,

and Efremov's 2 determinations lead to an average of 48.7. Rast,3

on the other hand, gives the value as 39.7, which also was used by
Smith and Young,4 while Houben 5 and Carlsohn 6 used the value
40.0.

i Jouniaux, Compt. rend., 154, p. 1592; 1912. Bull. soc. chim., 11, pp. 722, 993; 1912.
' Efremov, Tables Annuelles Internationales de Constants et Donn6s Numeriques, 5, p. 853; 1922.
» Rast, Ber., 55, pp. 1051, 3727; 1922.
* Smith and Young, J. Biol. Chem., 75, p. 289; 1927.
4 Houben, J. prakt, Chem., 105, p. 27; 1922.
• Carlsohn, Ber., 60, p. 473; 1927.
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Since the true cryoscopic constant of a substance is completely
denned by its melting point and latent heat of fusion, a determination
of these two properties should lead to a clarification of the situation

with respect to this constant for camphor. The equipment required
for these measurements being at hand in connection with another
investigation, advantage was taken of the possession of a small

sample of pure synthetic camphor to carry out a few determinations.
Incidently, approximate values for the heat capacities of solid and
liquid camphor, respectively, were also obtained.
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Cooling curve of camphor

II. MATERIAL

The material on which the determinations were made was synthetic

camphor, which had been purified by several recrystallizations from
ethyl alcohol. 7

The freezing point of this material was determined ' in a small

silvered Dewar tube, using the procedure described by Washburn.8

A cooling curve obtained as an average of four single curves is

shown in Figure 1. From this curve the freezing point is found to be

i This material was supplied by Dr. C. L. Reese, of the DuPont Co.
« Washburn, Ind. Eng. Chem., 16, p. 275; 1924.
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178.43 ± 0.04° C. A comparison with the determinations made by
Komppa 9 and Haller, 10 namely, 178° to 178.5° C. and 178.8° C.,

respectively, leads to the conclusion that the material was sufficiently

pure. It may not have been absolutely pure, however, since an equilib-

rium cooling curve should have the shape indicated by the dotted
lines in Figure 1. Possibly complete equilibrium was not attained
toward the end of the crystallization owing to the thermometer
becoming covered with solid camphor.

III. CALORIMETRIC APPARATUS AND PROCEDURE

In this investigation the calorimetric method of mixtures was
employed in a manner substantially that described by Andrews, Lynn,
and Johnston. 11

The calorimeter consisted of a silvered Dewar tube, 5.1X25.4 cm,
surrounded by appropriate insulating material, and charged with
about 300 grams of water. The heat capacity of the calorimeter was
accurately determined by electrical calibration and the procedure was
standardized against metallic silver as in the experiments of Andrews,
Lynn, and Johnston.
The true temperature rise in the calorimeter was found by the

graphic method described by Dickinson. 12

On account of the low thermal conductivity of solid camphor it was
found necessary, first, to leave the samples in the high-temperature
bath for at least four hours; second, to use an after-period of 30
minutes; and third, to remove the sample of camphor from the calorim-
eter before observing the final rate of temperature change.

Corrections were applied for the heat given up to the calorimeter by
the suspending wire and glass containing-tube, and for the vaporiza-
tion of a small amount of camphor at the higher temperatures,
corrected quantity of heat given up by the sample, divided by the
mass of camphor, is the quantity of heat required to raise the tem-
perature of 1 g of camphor from the final temperature of the calorim-
eter to the initial temperature of the sample. This is equal, within
the limit of experimental error, to the heat content of 1 g of camphor
at its initial temperature and under any constant low pressure, if the
heat content at the final temperature of the calorimeter is taken as

zero. The final temperature of the calorimeter was not the same in

all experiments, although it was always close to 20° C. To make the
results comparable, the values of heat content were all reduced to the
basis of heat content = at 20° C, using the value 0.425 calories per
gram for the heat capacity of camphor at room temperature, a value
which results from this investigation.

• Komppa, Ber., 41, p. 4473; 1908.
i° Haller, Compt. rend., 105, p. 68; 1887.
11 Andrews, Lynn, and Johnston, J. Am. Chem, Soc, 48, p. 1274; 1926.
» Dickinson, B. S. Bull., 11, p. 231; 1915.



480 Bureau oj Standards Journal of Research [Vol, 7

IV. EXPERIMENTAL RESULTS

1. DATA AND DISCUSSION

The experimental results are shown in Table 1.

The heat contents in Table 1 have been plotted against the tem-
perature as shown in Figure 2. From this figure it is seen that the

100 120 140
Degrees Centigrade

Figure 2.

—

Heat content of camphor as a function of temperature

The ordinate shows the heat content at the temperatures given on the abscissa less the heat content
at 20° C. Curve <S refers to solidified camphor. Curve L results from determinations above the
melting point.

duplicate determinations on solidified camphor are in good agreement.
The fact that the curve for this material when extrapolated passes
through the point (0, 20) indicates that the results are not vitiated by
the most probable types of systematic errors.
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Table 1.—Heat content of synthetic camphor at various temperatures

Run
No.

1

2

3

4

5

6

7

8

9

10

Vapor bath

Ethyl ether
do

Methyl alcohol.
do

Water

do
Chloro-benzene.

do
Butyl butyrate.

do

Tem-
pera-
ture

C.
33.8
34.1
64.4
64.5
100.1

100.1
130.6
130.2
163.6
164.1

Ht-H2o

Cal.fg
5.83
5.71
19.31
18.64
34.87

34.59
48.50
48.30
63.61
63.30

State
of cam-
phor

Solidi-

fied
melt.

Run
No.

Vapor bath

Aniline
do

Dimethyl-aniline
do

Nitro-benzene
do

Tem-
pera- Ht-Hm
ture

° a Cal./g

182.5 82.97
182.7 83.44
192.6 89.42
193.9 88.98
210.1 100. 17
210.5 97.56

State
of cam-
phor

Liq-
uid.

The duplicate determinations on liquid camphor at 193° and 210°

C. do not agree so well, probably on account of incipient decomposi-
tion of the camphor caused by prolonged heating at those tempera-
tures.

For two reasons it is important to find out whether complete
crystallization of the fused camphor took place when the sample was
plunged into water at room temperature. If so (1) the slope of the
curve for solidified camphor represents the heat capacity of solid,

crystalline camphor; and (2) the difference in the ordinates of the two
heat content curves at the melting point represents the latent heat of

fusion of the same substance. A crystallographic examination of a
sample of camphor which had been quenched from the liquid state

on a microscope slide showed no detectable amount of vitreous

material. Crystallization in the calorimeter may, therefore, be
assumed to have been complete.

2. LATENT HEAT OF FUSION

From Figure 2 the latent heat of fusion, determined as the difference

in heat content of liquid and crystalline camphor at the freezing point,

is found to be

or

l?= 10.74 ± 0.40, cal.is per gram

L F= 1630 ± 60, cal.15 per mole
at 178.4° C. 13

3. THE CRYOSCOPIC CONSTANT

The cryoscopic constant, k Ff of a substance is defined as the limit-

ing value for infinite dilution of the freezing point lowering, AtF ,
pro-

duced per mole of solute in 1,000 g of the substance, or

k F= lim/At F\

M = \Nj
where Ni is the concentration of the solute in moles per 1,000 g of

solvent. The cryoscopic constant may be calculated from the for-

mula

^-=
1

l

9

,00Q?/'
° C - mole"' kg

13 Attempts to calculate the heat of fusion, by means of the Thomson-Kirchhoff relation, from the vapor
pressure curves of the two phases in the neighborhood of the freezing point were unsuccessful, owing to lack
of accuracy in the available data, the two curves apparently intersecting at 160° instead of 178° C.

68723—31 5
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in which TF is the melting point of the solvent in °K. and I, its

latent heat of fusion in cal.i 5 per gram.
Substituting the values for camphor •

Tr = 178.4 + 273.1

and
l F = 10.74 ±0.40

gives

&,= 37.7 ±4.4, ° C. mole" 1 kg

for the cryoscopic constant of camphor.

4. HEAT CAPACITIES

For the curve in Figure 2 showing the heat content of solidified

camphor, the following equation has been derived

:

Ht
= (-8.459 + 0.4208 tf + 0.0001076 J

2
) ±0.25, cal. 15 g" 1

By differentiation of this equation the heat capacity of solid cam-
phor is found to be

JTT
c< (solid) =^ = (0.4208 + 0.000215 t) ± 0.0035, cal. 15 g"

1Q C." 1

or

C
( 8ond) = (64.0 + 0.033 ±0.5, cal. 15 mole"

10 C." 1

These three equations apply to solid camphor, in the range from
20°to 178.4° C.

Similarly the slope of the upper curve in Figure 2 gives for the

heat capacity of liquid camphor

c (,iQ„id)
= 0.571 ±0.045, cal. 15 g~

10 C." 1

or

G (iiQuid) =87 ±7, cal. 15 mole"
10 C." 1

in the range from 178.4 to 210° C.
Strictly speaking, these heat capacities are the heat capacities of

the solid and liquid camphor, respectively, under an external pres-

sure at all times equal to the vapor pressure. They do not differ

appreciably, however, from the heat capacities at a constant pres-

sure of 1 atmosphere.

V. CONCLUSIONS

From calorimetric measurements the following thermal data for

pure synthetic camphor were obtained:
The latent heat of fusion at 178.4° C.

l F = 10.74 ±0.40, cal. 15 g
-1

or

Z,= 1630±60, cal. 15 mole"
1

The cryoscopic constant,

&, = 37.7±1,4° C. mole" 1 kg
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The heat capacity of solid, crystalline camphor

c (solid)
= (0.4208 4- 0.000215 t) ±0.0035, cal. 15 g~

10 Cr l

or

C
(8oiid)

= (64.0 + 0.033 t) ±0.5, cal. 15 mole"- 10 Cr1

in the range from 20° to 178.4° C.
Similarly, for liquid camphor,

c (liquid) = 0.571 ±0.045, cal. 15 g~
10 C." 1

or

C (liquid) =87 ±7, cal. 15 mole"
10 C." 1

in the range from 178.4° to 210° C.
The freezing point, obtained from the cooling curve, was found to

be 178.43° ±0.04° C.
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