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SUMMARY

The gas chromatographic behaviour of various types of porous polymer beads
(Porapak N, P, Q, R, S and T) was investigated by analysing mixtures of gases
(H,, CO,, CH,, CH, and C,Hy) at different temperatures. The values of AH®, AS°
and AG® of solution for these compounds were czalculated, in order to characterize
the various Porapak types. The relative retention with respect to ethylene can also be
used for the rapid identification of the type of Porapak and to ensure reproducibility
of the behaviour of columns made with beads belonging to different batches.

INTRODUCTION

Porapak™ stationary phases are porous polymer beads, modified to give
different retention characteristics. By incorporating polar monomers into the basic
polymer they can be used for a wide range of gas chromatographic (GC) separations.

The analysis of light hydrocarbons and permanent gases was facilitated by the
use of these packings, owing to their stability and selectivity. Unfeortunately, poor
reproducibility of the retention times in the analysis of these substances was ob-
served!—3. As an example, Hollis?, in an extensive review of the most significant
works on the use of polymer beads, reported that C, hydrocarbons can be eluted in
different orders depending on the type of Porapak used and the temperature. In a
study of the effect of temperature® it was found that the adjusted retention times,
tz, of the compounds change with the temperature of the column in different ways,
depending on the type of Porapak. Various compounds may have the same iz
values in a particular temperature range, making the separation impossible, while
below or above this range the elution erder is altered. Appropriate types of Porapak
must therefore be used for the GC separation of ethane, ethylene and acetylene in
the presence of hydrogen, air, carbon dioxide and methane in order to permit a
satisfactory analysis of the mixture in a wide temperature range. Mixed columns
sometimes bave to be used to achieve the desired resultss-S.

Batch-to-batch variation of the polymer beads makes the preparation of
celumns with identical behaviour difficult. This may cause problems with routine
analyses of gas streams, performed in different laboratories and factories’. Replace-
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ment of an old or contaminated column with a new one having the same characteristics
may also be a problem. When data systems and computers are used for the evalua-
tion of the chromatograms and for process control, unwanted changes in the
behaviour of the column may produce large errors and require time-consuming
maodification of the software.

A method that permits a simple and rapid characterization of the properties
of a polymer column is therefore useful for many practical applications. The
producer (Waters Assoc., Milford, MA, U.S.A)) lists the Porapaks in order of in-
creasing polarity on the basis of the elution time of water with respect to hydro-
carbons; water is progressively moved from an elution position just after ethane for
Porapak Q to elution with the butenes on Porapak T. Available data® give various
polarity orders depending on the hydrccarbon used as a reference and on the fem-
perature. Although the effect of temperature has been previously investigated* and
the experimental values measured at various temperatures can therefore be corrected,
the choice of the reference standard substances has a considerable influence on the
resulting polarity order. The order Porapak Q, P, R, S, N, T is generally accepted
(not taking into account the S or silanized types), but numerical values of the
polarity are still subject to uncertainty.

Previous methdds for the characterization of porous polyaromatic beads
used in GC*'* involved the use of liquid standard samples that were analysed at high
temperatures. The results obtained cannot be applied easily to analyses at room
temperature. As various types of Porapak behave differently in the separation of
light hydrocarbons (mainly C,) and inorganic gases, the analysis of a suitable mixture
of these compounds can be used for the charactcrization of these stationary phases.

EXPERIMENTAL

Stainless-steel columns (3 m X 2.4 mm L.D.) were carefully washed, dried
under a flow of nitrogen and filled by gravity under vibration with Porapak N, P,
Q, R, S and T (80-100 mesh) from different batches. Some tests were also made with
other mesh sizes. The weight of packing in each column was carefully measured.

Thermal conductivity detectors with semi-diffusion cells (Aerograph A350) and
flow-through microcells (Varian 1420) were used. The pressures at the head and the
end of the columns were monitored with a mercury manometer and the flow-rate
(22 ml min ! of helium) measured with a bubble flow meter. The column temperature
was known with an accuracy of +0.1°C.

The samples (mixtures of H,, air, CO,, CH,, C,H,;, C,H, and C,H,) were
diluted with pure helium and injected by means of a gas sampling valve directly
connected to the column in order to avoid the dead volume of the injector. Each
sample was repeatedly analysed at temperature intervals of 5°C in the range 30-70°C.
The smallest possible amount of each gas was injected in order to avoid peak
asymmetrys

The adjusted retention volumes (V) were calculated by subtracting from the
uncorrected retention times the hold-up volume, ¥V, taken to equal the retention
volume of hydrogen, practically corresponding to that of helium*. The net retention
volumes, ¥y, were calculated by using the equation

Va =JV; (1)
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where J is the pressure gradient correction factor of James and Martin’® and was
calculated from the equation

_ 3PP — 1
T = wE =T @

where P, and P, are the absolute pressures at the column inlet and outlet, respectively.

RESULTS AND DISCUSSION

The plots of lIn Vy as a function of 1/T (T = absolute temperature of the
column) were linear for all Porapaks and for all analysed gases in the temperature
range studied (see Fig. 1). Intersecting lines show that two compcunds have the
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Fiz. 1. Plot of In Vy against 1/7 on various Porapaks (80-100 mesh). Helium fiow-rate: 22 ml min—1t.
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same retention time and therefore cannot be resolved with this stationary phase at
temperatures near the intersection point. By solving an appropriate system of
equations of the type
1
T T @ (3a)
1

In Viey =p- - T T 4> (3b)

etc., the intersection temperature for each sample pair can be calculated and the

usefulness of the various Porapaks for the separation of a given mixture can be
evaluated. Table I shows the values of p and g and Table II the calculated intersection

temperatures.
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Obviously, the separation of a given pair of compounds showing an inter-
section point is influenced by the resolution of the column, ie., by its length and
by the mesh size of the stationary phase. The separation is therefore impossible
within a certain temperature range near the intersection point. This is exemplified
by the series of chromatograms in Fig. 2, which show the behaviour of Porapak P
in the range 30-70°C. In order to permit an easy comparison, the retention values and
the peak widths are reported as ac,y, values [ecy, = #o(X)/t:{(CHY)), ie., as the
relative retention of a compound X with respect of ethylene, which was chosen as
the reference compound owing to the small dependence of its retention time on
temperaiure, confirmed by the lower values of the slope p in Table 1. Although
the calculated intersection point between C,H, and C,Hj is above 300°C, a resolution
of only 40Y is achieved at 70°C, owing to the increasing widths (b;) of the peaks
with respect to their retention times. Extrapolation of the trends of both ac,;, and
b; shows that at 120-150°C a single peak will be obtained from C,H, and C,Hg on
the column used. Of course, increasing resolution is ensured by using a longer
column and a smaller mesh size.

PORAPAK P - 80/100 mesh CoHa

0 05 1 5 o,

Fig. 2. Change of peak resolution as a function of temperature. Column: Porapak P (80-100 mesh)
from 30 to 70°C.

Fig. 3 shows ac,y, values obtained on the various Porapaks and typical peak
shapes on 3-m 80-100-mesh columns. The behaviour of the ac,, values is typical
for the various Porapaks and, at a given temperature, permits any Porapak type to
be identified by giving a “fingerprint” of the separation properties of the stationary
phases towards a simple gas mixture.

The calculation of the e values, obtained from the ratio of the adjusted reten-
tion times or volumes, may be more complex than the determination of the separa-
tion factor A4, given by the ratio of absolute retention times. This is due to the fact
that dead times, &, cannot be determined, as normally in GC by measuring the
retention time of air, because Porapak columns retain O, and N, more than helium.
As seen previously®, the addition of hydrogen to the test mixture permits the
measurement of #,, with good accuracy, because the retention times of H, and He
are almost identical at temperatures above 20°C, as shown by using N, as the carrier
gas. Notwithstanding this slight additional complexity, the calculation of e is con-
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Fig. 3. Peak resolution as a function of temperature on various Porapaks. Conditions and symbols
as in Fig. 1. Acctylene off-scale on Porapak N and T.

venient because it yields values that are less dependent than 4 on experimental
conditions. As an example, Table Il shows the mean values and the standard
deviations, ¢, of ec.u, on a Porapak R column (80-100 mesh) at 30°C as a function of
the carrier gas flow-rate (between 10 and 70 ml min~?!) and of the column length
(between 0.5 and 3 m). The variaticns are very small: the ac,y, values are less
dependent on the carrier gas flow-rate than on the column length, especially for very
short columns. This may be due to the inherent errors in the measurements of short
retention times. On increasing the mesh size of the Porapak the ey, values increase
(a variation of about 589 was observed between 80-100 and 120-150 mesh), but
their ratios and relative values remain almost constant.

Table IV shows an example of classification of the various Porapaks on the
basis of the @y, values at 30 and 50°C. The qc,y, values for acetylene follow the
“polarity” order given by the producer, except for R and S types, which show an
inversion. A batch of Porapak, sold as R type, showed a different behaviour, giving

TABLE III

EFFECT OF CARRIER GAS FLOW-RATE (¢) AND OF THE COLUMN LENGTH (L) ON
THE ac,u, VALUES

Porzpak R, 80-100 mesh, at 30°C.

Compowund Gcome g

Ap 10-70 ml min~* AL1-3m 4L05-3m
CH, 0.130 =+0.002 +0.009 +0.020
CO; 0.549 =0.003 +0.009 +0.012
C.H: 1,401 +0.097 +0.006 +0.006

C.H, 1.669 +0.006 +0.002 =0.007
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TABLE IV

VALUES OF ac,z, AT 30 AND 50°C ON VARIOUS PORAPAKS (80-100 MESH), USED AS
A QUANTITATIVE EVALUATION OF THE “POLARITY" OF THE PEASE

Compaurnd Temperature Porapak
(°C)
o P R S N T
CO. 30 0.44 0.49 0.54 0.53 0.74 0.94
50 049 0.55 0.56 0.55 0.74 0.90
C.H; 30 1.03 1.16 1.67 1.37 2.34 3.12
50 0.99 1.14 1.50 1.26 1.97 2.69
CH, 30 1.62 1.43 1.40 1.47 1.30 1.18
50 1.45 1.38 1.36 1.40 1.26 L.16

@c,u, values for acetylene lower than the corresponding values on the S type. It is not
yet clear whether this was due to improper packaging or to any variation of behaviour
due to other reasons.

The reported ec,y, values, taking into account the corrections for temperature,
made on the basis of the In Vy versus 1/T plots, permit a quantitative evalnation of
the behaviour of the various Porapak types. It should be noted that the a values,
sometimes indicated as “solvent efficiency” values, correspond to the ratio of the
partition coefficients, K, for the various compounds on any given statiopary phase.
At identical carrier gas flow-raies and pressures, by injecting identical, very small
sample volumes, the amount of solute per unit volume of gas phase can be considered
constant and the ¢ values are therefore proportional to the amounts of solute
dissolved per unit volume of any stationary phase.

By following the procedure suggested by some workers'’!8, the sample—
stationary phase interactions could also be investigated by measuring the values of
the thermodynamic properties of solution. The linear dependence of In ¥ on 1/T
permits the determination of their values, as Py in a gas—solid chromatographic
system is related to the partition coefficient by

Vv =KWs @

where W; is the weight of the packing matcrial and K is related to the partial
molar free energy (4G®):

AG® = AH® — FAS® = —RTIn K )
By using the equation
—AH® —AH® As8°
ann——Rf——-{—q—— RT + B + In W5 ©)

the values of AH° can be calculated from the slope (p) of the plot In Vy against 1/7.
If the weight of the packing material W5 is known, AS° can be calculated from the
values of the intercept g, and AG® can also be found.

The validity of this approach depends on the exact nature of the mechanism
of retention. It is generally thought that the retention mechanism on porous polymers
is complex and that both adsorption and solution mechanisms are involved'®, As the



GC OF LIGHT HYDROCARBONS 253

above calculation of thermodynamic functions assumes that equilibrium occurs, the
exact nature of this equilibrium has to be known. If dissolution phenomena pre-
dominate, and involve the whole bulk material, the suggested approach may be
considered exhaustive, and the weight of stationary phase is a relevant parameter.
On the other hand, if the sorption mechanism involved is adsorption rather than bulk
dissolution!®, then it is not the weight but the surface area (macro- and micropores)
that is of importance. In this instance, the use of egn. 6 for the calculation of AS°
and AG® may be questionable, while the determination of the adsorption enthalpics
(4 H°) will give an idea of the molecular interactions, regardless of the physical state
of the column packing where these interacticns take place, and will permit a com-
parison of the behaviour of the various Porapak types with the reported literaturs
data_This is not a completely correct zpproach, but is certainly a good approximation.

Table V gives the values of —AH° for the various gases analysed on difierent
Porapak types. They are of the same order of magnitude as those calculated by
Czubryt and Gesser'? for CH, 2nd CO, on Porapak S, taking into account the
difference in the experimental conditions and the reliability of the results in the
determipation of thermodynamic properties by GC when different operators and
instruments are involved?®®.

TABLE V

VALUES OF —AH" (kcal mol™!) FOR LIGHT HYDROCARBONS AND CO. ON VARIOUS
PORAPAK TYPES

Conditions as in Table L.
Compound Porapck

N P o R S T
CH, 492 362 3.72 3.65 4.28 3.65
CO; 7.19 5.67 5.71 5.83 6.22 6.70
C:H, 7.66 6.97 6.55 6.62 7.02 6.55
C:H, 7.27 6.54 5.80 6.37 6.59 6.37
CH; 8.90 6.75 6.20 7.31 7.39 7.92

Depending on the substances taken as a reference (CO,, C,H,, C,H,) a difier-
ent order of interaction can be deduced from the AH° values for Porapak P and Q,
while the order Porapak R, S, T and N is shown by all of the sample gases. The
AS°® and AG® values, caiculated formally with egn. 6 with the hypothesis of a pure
“partition” equilibrium, also are of the same order of magnitude as the values
previously found'’, but their use for ihe classification of the various Porapaks leads
to different “polarity” orders. Therefore, the usefuiness of the calculation of thermo-
dynamic functions for the characterization and classification of polymer beads is
guestionable in the absence of any information on what parts of the stationary phase
are accessible to the solute and on the type of equilibrium that is predominant de-
pending on the type of solute, type of Porapak and temperature.

Measurements of the thermodynamic parameters over a wider range of
particle sizes and porosity are therefore necessary in order to elucidate the separation
mechanism and to cvaluate the usefulness of a thermodynamic approach for the
characterization of porous polymers.
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CONCLUSIONS

We do not feel that the values of e, that we measured represent the true
mean values of all of the possible batches of the different Porapak types available.
The maximum variation that we have observed between the fested batches of the
same type was about 3-67%, i.e., the same order of magnitude as the fuctuations due
to change in mesh size. On the other hand, single batches of Porapak Q and R gave
values of ac,y, differing from the mean values and it is therefore possible that a
greater variation could be observed over a larger range of samples.

A wider evaluation of the ac,y,, 4H% AS° and AG® values for a large number
of batches was beyond the scope of this work, taking into account the high price of
the stationary phases and the time needed for the accurate determination of the
thermodynamic functions.

The practical usefulness of the ac,y, values is due to the fact that columns
with similar values for CQO,, C,H and GC,H, showed a reasonable reproducibility of
the behaviour if used for the anzlysis of both gaseous and liquid samples at various
temperatures. The routine measurement of the acy, values for all freshly prepared
Porapak columns permitted a prior evaluation of the reproducibility of the column
behaviour, thus avoiding unexpected results when these columns were used in com-
plex multi-column systems with computerized data acquisition.

A standard classification of the various baiches of Porapak on the basis of
a (or 4 H®) values, should avoid uncertainty in the choice of a given Porapak type
for routine analyses. As the measurement of dc,y, values is relatively simple, in
comparison with the troublesome determination of the thermodynamic properties of
solution, the collection of data from many laboratories that use polyaromatic beads
for GC would permit an evaluation of the usefulness of the ¢ 4, values for a general

classification of these stationary phases.
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