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SUMMARY 

The effect of column ageing at 200°C under a flow of carrier gas on the gas 
chromatographic behaviour of porous polymer bead (PPB) stationary phases was 
investigated by analysing standard mixtures of linear alkanes and polarity “probes”: 
ethanol, butanol, pyridine, nitrometbane, I-nitropropane, benzene, methylethyl 
ketone and methylpropyl ketones. 

A linear dependence of the logarithm of the adjusted retention times (log tk) on 
the time of ageing was observed for many PPBs, but some of them showed non-linear 
relationships (Chromosorb 103, 107 and 108). The PPBs showing linear behaviour 
can be divided into four classes: (1) no variation of log tk with ageing (Porapak N, Q 
and R and Chromosorb 106); (2) linear increase in log tk (Porapak P and S and 
Chromosorb 101,102 and 104); (3) linear decrease in log th (Porapak T); (4) horizon- 
tal, increasing or decreasing log tk values depending on the chemical composition of 
the polarity probes (Chromosorb 105)- 

The variation of retention times and elution order with thermal ageing of the 
PPBs can explain the differences between retention data reported in the literature and 
must be taken into account in the determination of the high-temperature polarity of 
these stationary phases. 

INTRODUCTION 

The effect of various parameters on the reproducibility of gas chromatographic 
(GC) retention data obtained by using porous polymer beads (PPBs) in the analysis 
of light hydrocarbons and inorganic gases has been previously examined at low 
temperatures’-3 and a general classification based on retention index (I) values of 
ethylene, acetylene and carbon dioxide was suggested*_ Preliminary investigations 
intended to verify if the low-temperature characterization could be extended to ana- 
lytical conditions near the temperature ihits of the beads showed that some of the 
discrepancies previously observed between retention times and I values of reference 
substances5*6 may depend on the variation of the GC behaviour of the PPBs with the 
length of the high-temperature conditioning (ageing) of the columns. 

Columns filled with various PPBs (Porapak and Chromosorb “Century 
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TABLE I 

PHYSICAL PROPERTIES OF ROHRSCHNEIDER AND OF SOME McREYNOLDS‘ PROBES 

Probe S_WRbOl Refrence Molecular 
s_rsrem+ m-eigh’ 

Ethanol ETA R 46.07 
Methyl ethyl ketone MJZK R 7x1, 

BE R-M 78.12 
Nitrotnethane NM R 61.04 
Methyl propyl ketone MPK M 86.14 
Pyriditte Py R-M 79.10 
Bumno BUX M 7412 
i-NiSOprCpime INP .M 59.09 

f R = Rohnchneider: M = _McReytolds_ 

Boihxg p-&l 
(‘C CII 760 m-r) 

78.5 
79-6 
80.1 

1OO.S 
IO2 
115.5 
11725 
130.5 

SeriesqT) were therefore submitted to continuous ageing at 200°C for 25-30 days under 
a flow of helium and analyses of reference polarity probes were carried out at suitable 
intervals. Standard mixtures containing linear alkanes (5-10°C) and variable amounts 
of the polarity probes suggested by Rohrschneider’.’ and McReynoldsg were used 
(see Table I)_ GC behaviour of these compounds, selected in order to characterize the 
“poiarity~’ of the GLC stationary phases, differs widely and their use was therefore 
useful for measuring the changes in the interactions of different types of solute 
moiecdes with the various PPBs. 

EXPERIMEhTAL 

StainIess-steel columns (3 m x 2.4 mm I.D.) packed with known amounts of 
Porapak or Chromosorb ‘-Century Series” PPBs (SO-100 mesh) were installed in a 
Varian 3760 gas chromatograph equipped with a thermal conductivity detector and 
heated at 200 + 1°C. A flow of helium of 20 ml min- ’ was used aS the carrier gas and 
was maintained continuously for the entire ageing time of the cohmm (25-30 days). 
The analyses were accomplished by injecting the reference mixtures directly into the 
cohunn inIet, with the injector temperature at 200°C in order to avoid overheating of 
the initial section of the column. The flow of carrier gas was measured before and 
after analysis. 

For each PPB tested, the samples were prepared by mixing equal amounts of 
some probes and linear alkanes, in order to avoid interferences between adjacent 
peaks. Several mixtures were therefore injected at reguIar time intervals (from 1 to 5 
days), depending on the behaviour of the column: more frequent analyses were car- 
ried out when a rapid initial change in the retention times showed a greater- depen- 
dence of thecolumn characteristics on the ageing time. Very smalI amounts of sample 
were injected, in order to obtain syinmetrical-peaks. When necessary, a larger amount 
of a probe or of a linear alkane was added to the mixture in order to act as a solvent 
and to permit greater and reproducible amounts of sample to be handled without 
increasing the widths of the peaks to be measured. Of course, the retention times of 
the compounds used as the solvents were not taken into account in the evaluation of 
the run. 
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Retention times were measured with a Varian CDS-l 1 I C data system. The 
dead time was taken as being equal to the retention time of air, corresponding at 
200°C to that of helium within the accuracy limits of the retention time measurements 
( &- 0.0 1 min). 

RESULTS AND DISCUSSION 

Some of the PPBs tested showed no appreciable variation of the retention times 
of the probes with ageing time. The left-hand plot in Fig_ 1 shows the typical be- 
haviour of Porapak R which, together with Porapak N and Chromosorb 106, was not 
affected by thermal deterioration of the column. Least-squares calculations permitted 
the intercept, a, and slope, b, of the following equation to be measured: 

log tX = u -!- br (1) 

where fk is the adjusted retention time (min) calculated by subtracting the air dead 
time from the retention time of each compound and t is the ageing time (days). Table 
II shows the values of a and b for at1 the polarity probes and two linear alkanes. A 
horizontal trend of eqn. 1 is shown, for Porapak N and R and Chromosorb 106, by 
the small values of the slope, 6. 

A horizontal trend of eqn. 1 was also shown by Porapak Q, but on this 
stationary phase the peaks of alcohols and pyridine tailed severely, with retention 
times values depending on the amount injected. The correlation coefficients of eqn. 1 
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Fig. 1. Variation of log x& as a function of ageing time at 200” and a carrier gas flow-rate of 20 cm3/min for 
some PPB coiumns, showing coastant values or linear changes of log rk_ Symbok as in Table I. 
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were therefore low on this stationary phase, and a suitable calculation of Q and b was 
not possible_ The average values over the entire ageing time are therefore shown in 
Table II for these polar probes. Scattering area values of the nitromethane peak 

(without a change in the retention time) seem to show that this compound reacts with 
the stationary phases and is therefore decomposed in the column. The trend of log tk 
on Porapak P was near to horizontal for linear alkanes, nitroalkanes, benzene and 
ketones and showed a significant slope for alcohols and pyridine, whose peaks were 
non-symmetrical but with reproducible tk values which permit the calculation of a 
and b. 

Another group of PPBs (Porapak S and Chromosorb 101,102 and 104) show a 
slight and linear increase in log t& with t. The slopes, b, are very similar for ail of the 
probes and n-alkanes, and the plots of log t; wrsus t therefore show parallel straight 

lines. As with Porapak Q, severe tailing of the alcohol and pyridine peaks was ob- 
served on Porapak S. Linear log ti plots with positive (for pyridine), negative (for 
alkanes and benzene) and near zero slopes (for the other probes) were shown by 
Chromosorb 105 (see central plot in Fig_ I), while rapidly decreasing log tk values 
were obtained on Porapak T (r&&t-hand plot in Fi,. -0 1) which shows changes in the 

elution order also (Fig. 2) 
Only three PPBs (Chromosorb 103, 107 and 108) showed non-linear plots of 

log tk dues (Table III and Fig. 3). After ageing for about 5 days, near linear vari- 
ations u-ere again observed for Chromosorb 103 and 107_ 

The observed behaviour of the PPBs can hardly be correlated with the polymer 

composition given by the producers_ Tailing peaks for alcohols and pyridine were 
shown by ethylvinylbenzene-divinylbenzene, styrenedivinylbenzene and vinylpy- 

ridine polymers (Porapak Q. P and S, respectively) but, on the other hand, other 
styrene-divinylbenzene polymers (Chromosorb 101 and 102) did not show excessive 

. - 
1 

0 ; 4 6 8 lb 12 14 16 1; 2omit-s 

not BE VIP 

cs 

ETA 
c7 

1 il 

Fi_e L Variation ofthe retention times and eI&oon order of linear allcanes and polarity probes on a 3 m x 
IjS in_ 1-D. cdumn fiIIa3 with PorapIc I (SO-100 mesh) as a function of ageing time at 200°C. Wow, after 
3 days; a5csq after 25 d;tyr Symbols as in Table I. Broken peak; xerc taken from othcrcbromatograms~ 

in order to avoid inttierezice. 
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TABLE III 

VALUES OF f; (mitt) AS A FLJNCIION OF AGEING AT 200°C AND A CARRIER GAS FLOW-RATE OF 20 
cm3/min FOR PPB COLUMNS SHOWING A NON-LINEAR DEPENDENCE OF LOG ri ON TIME 

Probe* Chromosorb IO3 Chromosorb 107 Chromosorb IO8 

Iniriai fk after tk after initial rjR after rk after Itiif ial 1; after 1; afrcr 

G 8 dap 22 &_rs 1; 10 dq-s 22 &I-s 1; IO dqrs 22 da vs 

ETA 0.7s 

MEK 1.60 
NM _- 

BE 2.47 
BUA 2.32 
MPK 151 

m 4.61 
INP _- 

n-Pentane 0.61 

n-Octane 2.59 

0.86 0.92 
1.74 1.79 

- - 

2.60 2.70 
2.67 2.53 
2.73 2.59 
4.91 5.06 

- - 

0.64 0.67 
3.23 3.39 

3_67t* 3-08 3.07 
9.41 s-15 7.91 
8.63 8.02 s-05 
1.03 9.20 s-71 

15.93** 12.58 12.53 
17.65 14.64 14.13 
21.26* 19.95 19.67 
27.27 23.63 23.17 

3.34 2.66 2.52 

23.90 16.57 15.21 

3 35f* ___ 

4.41 

3.49 

Xi0 
6.98* 

7.31 
11_os** 
12.52 

1.53 
7.36 

1.79 1.48 
3.59 2.94 
J-54 3.94 
4.14 3.52 
6.01 4.79 
5.58 4.75 
9.25 7.83 

10.16 8.74 
1.03 0.67 
4.97 -1.07 

* For abbreviations, see Table I. 
It* Tailing peaks. 

- Reacts with stationary phase. 

tailing of polar compounds_ Decomposition of nitromethane and 1-nitropropane. 
probably by reaction with the stationary phase, was so high on Porapak S and Chro- 
mosorb 103 (polystyrene type) that it impaired the determination of retention times. 
Acrylic ester polymer showed both linear (Chromosorb 105) and non-linear (Chro- 

1.6 

Fig_ 3. Values of log fk as a function of ageingtime at ZCWC, and a carrier gas flow-rate of 20 c&/min for 
some PPBs columns, showing non-linear variation of log rk. Symbols as in Table I. 
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mosorb 107 and 108) variations of log rg vahres. A strong and linear decrease in 
log rk values with agein, = time was observed only with Porapak T [ethylene 
glycol dimethacrylate polymer (EGDMA)] and may be due to the fact that the tem- 
perature limit for this phase given by the producer for continuous isothermal use is 

19OC, but, on the other hand, horizontal trends were shown by Porapak N (vinylpyr- 
robdone) that theoreticaliy has the same temperature limit. All other PPBs were 
tested largely below their temperature limits (225°C for Chromosorb 106, 107 and 
108; 250°C for Porapak P, Q, R and S and Chromosorb 102, 104 and 105; 275°C for 
Chromosorb 101 and 103) and therefore their behaviour cannot be correlated with 
therma decomposition_ In general, vinylpyrrolidone. styrene-divinylbenzene, poly- 
styrene and acrylonitriIediviny_Ibenzene (Chromosorb 104) polymers showed no 

variation of the retention times with ageing or a small and linear change of log & 
vdues (Chromosorb 103 aIso shows a linear trend after the first 5 days of ageing). 
Acrylic esters. EGDIMA and vinylpyridine polymers show great changes in their 
behaviour with ageing time (Porapak T, Chromosorb 107 and 10s) or react with 
probes and show tailing peaks (Porapak S)_ 

At low temperatures, the effect of ageing on retention times is expected to be 
very small, owing to the reduced kinetics of the various chemical and physical moditi- 
cations responsible for the observed changes. This was conl%-med by the repeatability 
of the retention data obtained with PPB columns that which have been in use in our 
laboratory for many years. Fig. 3 shows the value of the retention index (with respect 
to methane and ethane) of acetylene and carbon dioxide measured on two Porapak P 
columns that were continuously maintained under a Sow of hehum in order to keep 
metastable helium detectors free from contamination for immediate use and maxi- 
mum sensitivity_ Taking into account the fact that the I values in Fig. 3 were calcu- 
lated from chromatograms obtained during routine analyses, at various flow-rates, 

with different sampling volumes and at temperatures ranging between 20 and 35°C. 

I- Column A _ Column 8 
I’ 

-I 

100 - 

6 r; 18 24 
Months 

Fig_ 4_ Ageing of Porapak P at Iow temperature (XUOT). The retention index values of acetylene (above) 
and carbon dio.xide (Wow) were measured at in- on columns maintained com.inUOlrS1y under a flow 
of carrier _gs.s 
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the results show that the ageing of PPBs at low temperature has a negligible effect on 
the performance of the columns. 

In contrast, the variation of the characteristics of some PPBs with ageing at 
high temperature is significant and may explain many of the differences between 
retention values reported in the literature, especially when the changes in retention 
times for products having different polarities reverse the order of elution of some 
peaks (Porapak T and Chromosorb 103, 105, 107 and 108). PPBs of the same type 
belonging to similar batches could show the same initial behaviour in different labo- 
ratories, but slowly change their characteristics as a function of ageing time and 
temperature_ Polymers that show a horizontal dependence of log rk on ageing time 
(Porapak N, Q and R and Chromosorb 106) yield constant and reproducible values 
of both absolute and relative retention data, while near parallel changes in log 1; 
values of the various probes and linear alkanes still permit co.mparable values of 
relative retention to be obtained (Porapak S and Chromosorb 102). All of the other 

PPBs that show different slopes of the log rk plots of various probes or non-linear 
behaviour will probably Cause scattered values of reference data to be obtained in 

different laboratories. Of course, greater changes in the chemical and physical charac- 
teristics of the PPBs, caused by oxidation due to the use of a contaminated carrier gas 
or by the reaction of some samples with the stationary phase, may have increased the 
variation between the results reported by various workers_ Also, when great care is 

taken when measuring the retention times of reference compounds in near ideal 
conditions (fresh stationary phase. pure carrier gas, controlled conditioning and 
column ageing, use of standards that do not react with the stationary phase. etc.), the 
reported results show that the unavoidable variation in some retention times during 
the column life must be taken into account when a classification of the GC properties 
and polarities of PPBs used at high temperature is attempted_ 
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