
GAS CHROMA~QGRAPHIC ANALYSIS OF LIGHT HM)RQCARBQNS 
FOR THE CHAEWCERIZ4-f’ION OF PQEtAPAK COLWMNS 

S-Y 

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 
(Hz, CO,, CH,, C&I, and C&) at dZferent temperatures. The values of ANO, As0 
and AC0 of solution for these compounds were calculated, in order to charactcriz 
the various Porapak types. ne rektive 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 

PorapaI? stationary phases are porous polymer beads, mod&d to give 
different retention characteristics. By incorporating polar monomers into the basic 
polymer they can be used for a wide range of gas chromatographic (CC) separations. 

The analysis of light hydrocarbons and permanent gases was facilitated by the 
use of these packings, owing to their stability and sekctivity. Unfktunately, poor 
reproducibility of the retention times in the analysis of these substances was ob- 
servedzJ. As an example. Hollis3, in an extensive review of the most signiticant 
works on the use of polymer beads, reported that G hydrocarbons can be eluted in 
difEerent orders depending on the type of Porapak used and the temperature. In a 
study of the effect of temperature4 it was found that the adjusted retention times, 
f& 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 t: 
values in a particular temperature range, making the separation impossible, while 
below or above this range the elution order is altered, Appropriate types of Porapak 
must therefore be used for the CC 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. h5ixed columns 
sometimes have to be used to achieve the desired resuW-6. 

Batch-to-batch variation of the polymer beads makes the preparation of 
columns with identical behaviour diicult. 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 ffie evalua- 
tion of the chromatograms and for process control, unwanted changes in the 
behwiour of the column may produce large errors and require time-camuning 
modikation 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 etbane for 
Porapak Q to elution with the butenes on Porapak T_ Available data* give various 
polarity orders depending on the hydrocarbon used as a reference and on the tem- 
perature. Although the effect of temperature has been previously investigated4 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 Gels 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 CJ and inorganic gases, the analysis of a suitable mixture 
of these compounds can be used for the characterization of these stationary phases. 

EXPERIMENTAL 

Stainless-steel columns (3 m x 2.4 mm I.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 (SO-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-difksion cells (Aerograph A350) and 
flow-through mic~ocells (Varian 1420) were used. The pressures at the head and the 
end of the columns were monitored with a mercury manometer and the ffow-rate 
(22mlmiIl- l of helium) measured with a bubble flow meter. The column temperature 
was known with an accuracy of fO_l”C. 

The samples (mixtures of Ii,, air, CO,, Cl&, C&, C&T, and CJ&) 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_7O”C_ 
The smallest possible amount of each gas was injected in order to avoid peak 
asymmetry% 

The adjusted retention volumes (V-3 were cakulated 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 helmme. The net retention 
volumes, V’, were calculated by using the equation 

V, = Jv’, 



where J is the pressure gradient correction factor of James and MartiS and was 
c&uIated from the equation 

where Pi and P,, are the absolcte pressures at the column inlet and outleG respectiveIy. 

RESI_.iJzTs AND DISCIJSSION 

The plots of In Vx as a function of l/T (T = absolute temperature of the 
column) were linear for ail Porapaks and for all analysed gases in the temperature 
range studied (see Fig_ I)_ Intersectiug lines show that two compounds have the 

COLUMN TEMPERATURE (*C 1 
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Fig_ l_ Plot of In Vs ztgSnst l/Ton nrious Porapks (SC100 mesh). Helium ITow-rate: 22 ml rnixrl_ 
- - - -, CHG - - -, Coz; a C&is; @. GHC; 0, GH,. 

same retention time and therefore cannot bc resolved with this stationary phase at 
temperatures near the intersection point. By solving an appropriate system of 
equations of the type 

1 
In KiU, = Pr - T f Qr (W 

In vhic,, =pz - f -i- qz VO 

etc., the intersection temperature for each sample pair cm be czlculated 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 q 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 cohmm, Le., 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 hehaviour 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 %za values [ac,~c = &(X)/rA(GHJ], Le., 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 
temperature, confirmed by the lower values of the slope p in Table I. Although 
the calculated intersection point between C&Z4 and C&& is above 3OQ”C, a resolution 
of only 40% is achieved at 7O”C, owing to the increasing widths (&) of the peaks 
wirh respect to their retention times. Extrapolation of the trends of both a~,, and 
b+ shows that at 120-150°C a single peak will be obtained from C;& and C& on 
the column used. Of course, increasing resolution is ensured by using a longer 
column and a smaller mesh size. 

KIRAPAK P - ao/100 mesh C2H4 

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

Fig. 3 shows qsHI values obtained on the various Porapaks and typical peak 
shapes on 3-m SO-lOO-mesh columns. The behaviour of the acz~~ 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 a 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 A, given by the ratio of absolute retention times. This is due to the fact 
that dead times, tM, cannot be determined, as normally in GC by measuring the 
retention time of air, because Porapak columns retain 0, and Nz more than helium. 
As seen previouslYq, the addition of hydrogen to the test mixture pe_tits the 
measurement of tM with good accuracy, because the retention times of I-& and He 
are almost id&&al at temperatures above 2O”C, as shown by using N2 as the carrier 
gas. Notwithstanding this slight additional complexity, the calculation of CL is con- 
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venient because it yields values that are less dependent than A on experimentai 
conditions. As an example. Table III shows the mean values and the standard 
deviations, o, of%:% on a Forapak R column (SO-100 mesh) at 30°C as a function of 
the carrier gas flow-rate (between 10 and 70 ml min-‘) and of the column iength 
(between 0.5 and 3 m). The variaticns are very small: the q--& values are less 
dependent on the carrier gas ffow-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 czcrHI values increase 
(a variation of about 543% was observed between SO-100 and 120450 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 ucza vaIues at 30 and 50°C. The I+~ 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 IIl 

EFFEC’l-OFCARRIER GA!3 FLOW-EWTE (q) AND OF THE COLUMN LENGTH (,C.) ON 
TEE ucz, VALUES 
Portpak R, SO-100 mesh_ at 3O’C. 

Ag IO-70 d II&-’ ALL3m AL 05-3 m 

CH, 0.130 *0_002 *0_009 *o.ozfI 

z$a 
OS49 io.003 iO.009 *0.012 
1.401 *OS07 iO.006 fO.OQ6 

czH.4 la9 iO.tM6 +0JXE t0.007 



TABLE IV 

VALUES OF ac,m AT 30 AND 50°C ON VARIOUS POEhtl?~ @O-l&J mm. UsED fi 
A Qu~Am EVALUATION OF THE “POLARl2-Y’ OF THE PEASE 

Compound Temperatare 

(“Cl 
Porapak 

Q P R s N T 

co, 30 0.44 0.49 0.54 0.53 0.74 0.94 
50 0.49 0.55 0.56 0.55 0.74 0.90 

cd% 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 

G2tr-6 30 1.62 1.43 1.40 1.47 1.30 1.18 
50 1.45 1.38 1.36 1.40 1.26 1.16 

e2% 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 qzE4 values, taking into account the corrections for temperature, 
made on the basis of the In VN versus l/TpIots, permit a quantitative evaluation of 
the behaviour of the various Porapak types. It should be noted that the Q values, 
sometimes indicated as “solvent efkiency” values, correspond to the ratio of the 
partition coefhcients, K, for the various compounds on any given stationary phase. 
At identical carrier gas flow-rates 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 u values are therefore proportional to the amounts of sob&e 
dissolved per unit volume of any stationary phase. 

By following the procedure suggested by some workers”*‘“, the samp& 
stationary phase interactions could also be investigated by measuring the values of 
the thermodynamic properties of solution. The linear dependence of In V, on l/T 
permits the determination of their values, as V, in a gas-solid chromatographic 
system is related to the partition coefficient by 

v, = K w, (4) 

where W, is the weight of the packing mat&al and K is related to the partial 
molar free energy (&P) : 

AGO=ANO- TAP = -RI-h K 0 

By using the equation 

In VN = 
-AHo 

R* -l-f?= ---go + $ f In W, 

the values of AH0 can be calculated from the slope (p) of the plot ln V, against 1/T. 
If the weight of the packing material W, is known, As0 can be calcdateci from the 
values of the intercept Q, and AC;0 can dso be found. 

The validity of this approach depends on the exact nature of the mechanism 
of retention. It is generally thought that the retention mechanisru on porous polymers 
is complex and that both adsorption and solution mechanisms are involvedr8. As the 
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above cidzulation of thermod~c functions assumes that equilibriuru occurs, the 
exact nature of this equilibrium has to be known. If dissolution phenomena prc- 
dominate, znd involve the whole bulk material, the suggested approach may be 
considered exhaustive, and the weight of smtionary phase is a relevant parameter. 
On the other hand, ifthe sorption mechauism involved is adsorption rather thau bulk 
dissolutions. then it is not the weight but the surface area (macro- and micropores) 
that is of importance. In this iustauce, the use of eqn_ 6 for the c&&ation of ASO 
and AGo may be questionable, while the determination of the adsorption cuthalpics 
(AH”) will give au idea of the molecular iutcractions, regard!ess of the physical state 
of the column packing where these interactions take place, and will permit a com- 
parison of the behaviour of the various Porapak typzs with the reported literature 
data_This is not a completely correct approach, but is certaiuly a good approximation_ 

Table V gives the values of -AH0 for the various gases analyscd on different 
Porapak types. They are of the same order of magnitude as those calculated by 
Czubryt and Gesser” for CH, uld CO, on Poralxak S, taking into account the 
ditTerence in the experimental conditions and the reliability of the results in the 
determination of thermodynamic properties by CC when different operators and 
instruments are involvedzo_ 

TABLE V 

VALUES OF -AN” (kcal mol-‘) FOR LIGHT HYDR OCARBONS AND CO2 ON VARIOUS 
PORAPAKTYPES 
GYn&tiw as in Table I. 

N P Q R S T 

CH, 492 3-62 3.72 3.65 4.28 3.65 
z& 7.66 7.19 6.97 5.67 6.55 5.71 6.62 5.83 6.22 7.02 6.55 6.70 

G& 727 65% 5.80 6.37 6.59 6.37 
GHZ 8.90 6.75 6.20 7.31 7.39 7.92 

Depending on the substances takeu as a heference (CO,, C&II, C&) a differ- 
ent order of interaction can be deduced from the AHo values for Porapak P and Q, 
while the order Porapak R, S, T and N is shown by all of the sample -oases. The 
ASO and AC0 values, cakzulated formally with eqn_ 6 with the hypothesis of a pure 
“partition” equilibrium, also are of the same order of magnitude as the values 
previously foundz7, but their use for the classification of the various Porepaks leads 
to diEerent “po&;ty” orders_ Therefore, the usefulness of the calculxion of thermo- 
dynamic functions for the characteriz&on and classi&ation of polymer beads is 
questionable iu the absence of any information on what parts of the stationary phase 
arc 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 
mechauism and to evaluate the usefulness of a thermodynamic approach for the 
cmtion of porous polymers. 
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CONCLUSLONS 

We do not feel that the values of %za that we measured represent the true 
mean values of all of the passibk batches of the di&rent Pomp& types available. 
The maximum variation that we have observed between the tested batches of the 

- same type was about 3-6x, i.e., the same order of magnitude as the ffuctuations due 
to change in mesh size_ On the other hand, single batches of Porapak Q and R sve 
values of Qcz& 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 q2,, AHo, AS” and AGO values for a large number 
of bat&es was beyond the scope of &is 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 %=a ~dues is due to the fact that columns 
with similar values for CO,, C&& and GH, showed a reasonable reproducibility of 
the behaviour if used for the analysis of both gaseous and liquid samples at various 
temperatures. The routine measurement of the tzczS v&es for all freshly prepared 
Porapak columns permitted a prior evaluation of the reproducibility of the c&muz 
b&&our, 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 batches of Pomp& on the basis of 
Q (or AHo) values, shouId avoid uncertainty in the choice of a given Porapak type 
for routine analyses. As the measurement of Q,=~% values is relatively simple, in 
comparison with the troublesome determination of the thermodynamic properties of 
solution, the colIection of data from many laboratories that use poIyaromatic beads 
for GC would permit an evaluation of the usefulness of the eza values for a general 
classikation of these stationary phases. 
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