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HEMICAL ENGINEERING COURSES, par-

ticularly in the field of transfer phenomena,
include numerous calculations involving many
physico-chemical data. Frequently, such calcula-
tions are designed to solve real industrial prob-
lems. It is not unusual, however, that the required
physico-chemical data are not readily available in
the literature. In these cases the data have to be
either estimated or determined by some suitable
experimental method.

For example, in calculations related to distilla-
tion the student has to evaluate the boiling tem-
peratures of the major components of the mixture
at a given working pressure. For this purpose the
Clausius-Clapeyron or the Antoine equation is
very often used. When the parameters for either
equation are not known, it is advisable to deter-
mine them experimentally by measuring the vapor
pressure as a function of temperature, instead of
using the simple Trouton’s rule for which in fact
the data might also be unavailable.

However, among the several experimental
methods commonly used for vapor pressure deter-
mination, only a few could easily be adapted for
undergraduate laboratory courses. Those few,
furthermore, would be rather time consuming.
Therefore to encourage students’ interest in ex-
perimental methods and to teach them to seek the
experimental determination of missing physico-
chemical parameters whenever possible, we have
developed a simple and rapid method of vapor
pressure determination. The description of this
method, employing a gas chromatograph is the

140

subject of the present work. This method was suc-
cessfully adopted for undergraduate laboratory
courses at the Institute du génie chimique de
Toulouse (France) and requires one laboratory
session.

PRINCIPLE OF THE METHOD

A SUITABLE AMOUNT OF a liquid sample of

low vapor pressure is injected into the
chromatograph and completely vaporized at high
temperature. The carrier gas containing the va-
porized sample then passes through an empty
column kept at a temperature below that of the
injection port and below the boiling point of the
sample. On passing through this cooler region, a
part of the sample condenses on the walls, leaving
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FIGURE 1. Detector Response as a Function of Sample
size and Temperature. Temperature T, > T,; Sample Size
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the carrier gas saturated at the temperature of the
empty column. The sample-free carrier gas mean-
while entering the column becomes saturated on
passing through the tube containing the condensed
sample until the amount injected is completely
taken up. The saturated carrier gas passes
through the detector which monitors the in-
stantaneous sample concentration in the carrier
gas and the total amount of the sample injected.
Thus, the response of the detector is recorded as
an area resembling rectangle (instead of a peak)
whose height depends, for given sensitivities of
detector and recorder, on the concentration of the
sample in the carrier gas i.e. its vapor pressure.
The width of the recorded rectangular area de-
pends on the total amount of the sample injected
(see Fig. 1).

The equations relating the vapor pressure, the
detector response and the total amount of the
sample may be derived as follows.

The partial pressure of a sample P, can be re-
lated to the pressure of the carrier gas P at the
end of the empty tube by

P, =xP (1)

where x, is the mole fraction of the sample in the
carrier gas.

For very low concentrations, the mole fraction
of the sample in the carrier gas can be approxi-
mated by

ng n, 5
X, = = 2
*  ng+ n, n, (2)

where n, is the number of moles of the sample and
n, is the number of moles of the carrier gas, per
unit volume.

The response of a detector, expressed in terms
of the signal voltage E, is related to the mole frac-
tion of the sample in the carrier gas passing
through the detector and a proportionality con-
stant k by

b )
E~knc—kxs (3)

The proportionality constant k depends on the
conditions of experiment and can be expressed as

k = 01 Cz Ca 04 (4)
where C, is the recorder sensitivity in mV/cm, C,
is the reciprocal chart speed in min/cm, C; is the
flowrate of the carrier gas in moles/min, and « is
the response area per mole (cm?/mole), i.e. the
ratio of recorded area A to the total number of
moles n, of the sample.
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From eq. 3, the unknown value of x, (instan-
taneous mole fraction of sample s) is given by

. (5)

Xg =

Expressing E in terms of the recorder sensitiv-
ity C, and the height h of the recorded area, we
have

and x; becomes, from eq. 4, 5 and 6
_ h(C,
%= G6.CCea )

Thus from eq. 1 and 7 the vapor pressure of a
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sample can directly be related to the recorded de-
tector response h as:

h
Ps — WP (8)

& has to be determined by

8

The parameter a =

calibration.

EXPERIMENTAL

THE PROCEDURE FOR THE experimental

method just described is relatively simple. The
chromatographic column of the apparatus is re-
placed by an empty tube, preferably of stainless
steel (9-12 ft long and 1/8 in diameter). This
tube has to be carefully thermostated and its tem-
perature precisely measured. In our experiments
we used thermocouple. The temperature of the in-
jection port and that of the detector are higher
than the temperature of the empty column; high
enough to assure a complete vaporisation of the
injected sample and to prevent any condensation
on the detector. The flowrate of the carrier gas
has to be kept constant throughout the experiment
and the calibration. It is usually measured in
terms of ml/min by means of a soap-bubble flow-
meter. In this case, the measured volume flowrate
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C’; is converted into the mole flowrate C; (moles/
min) by using the equation:

(P'Pﬂzo)

~RT, (9)
where R is the gas constant, T, is the ambient tem-
perature at which C’; has been measured, Px.o is
the vapor pressure of water at T, and P is the
pressure of the carrier gas.

While the parameters C,, C, and C; can be pre-
selected and kept constant for a series of experi-

Cs =C’

ments, the ratio o = nA has to be determined by

calibration.

To calibrate the apparatus i.e. to determine «,
a known amount of a sample dispensed from a
syringe (can be determined by weighing) is in-
jected into the system and a corresponding re-
sponse is recorded. The response area is measured
by means of an integrator, or other suitable
method.

RESULTS AND DISCUSSION

HE MAIN ADVANTAGE of the described

method is its simplicity and relatively short ex-
perimental time. However the method has certain
limitations, and its success depends on the degree
of a dynamic equilibrium achieved in the “cold”
column and on the precision of calibration.

To assure the equilibrium vapor pressure of
the investigated sample, low flowrate of carrier
gas and a relatively long, small diameter column
should be used. The amount of sample has to be
large enough to assure that a substantial portion
condenses in the empty column. However, it is
important that the instantaneous sample concen-
tration in the carrier gas always lies within the
concentration range of the linear response of the
detector. Thus the method is limited to liquids
with low vapor pressures at the temperatures
used.

For calibration, a wider range of sample size
should be used to verify the constancy of the «
factor.

The vapor pressure data determined at differ-
ent temperatures can be fitted to either the
Clausius-Clapeyron equation :

log B, = A—% (10)
or to the Antoine equation:
o A B o
logP, = A’ = 5 C (t=-°0) (11)
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depending on the particular liquid.

To verify the method, we have chosen dicyclo-
hexyl and cyclohexylbenzene. For dicyclohexyl the
data were fitted to the Clausius-Clapeyron equa-
tion and the parameters A and B were determined
by using the least squares method :

A =821,B = 27128

The correlation coefficient of this fit was r2 =
0.9997. The cyclohexylbenzene data were fitted to
the Antoine equation and the following parameters
were obtained :

A’ = 17.562, B’ = 2162.0, C = 223.5

In this case the correlation coefficient was rz =
0.998. These results agree very well with those ob-
tained by other methods [1]. O
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comments) conveyed general high hopes and ex-
pectations for the project and enthusiastic antici-
pation for its products.

SUMMARY AND CONCLUSIONS

HE BRIEF SURVEY, administered to the

entire ChEd college sponsored by the ASEE
(attended by representatives of most institutes
and universities where ChE is taught), was re-
turned by over 25% of those receiving it. The
survey indicated that participants held a fairly
uniform view of the value of modular materials
for remediation, acceleration, self-pacing, in-
dividualization and more thorough coverage of
topics. In brief, they were thought to be a
marvelous resource. Respondents who had had
previous experience with modular materials
(about 50%) had more specific opinions than
those without such experience (hardly a striking
finding) . But the general tone, the serious nature
of the comments, and the thoroughness of re-
sponses indicates a real concern with teaching
effectiveness, and hope and expectation that the
completed set of CHEMI modules will be able to
improve teaching effectiveness in a variety of
ways. O
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