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MACROMOLECULAR REPORTS, A28(SUPPL. 2), 129-136 (1991) 

ESTIMATION OF THERMODYNAMIC PARAMETERS OF POLYSTYRENE- 
n-HY DROCARBONS SYSTEMS US I NG INVERSE GAS 

CHROMATOGRAPHY. 

Eyup OZDEMIR, Mehmet COSKUN and Asli$ah ACIKSES 
Faculty of Sclence an4 Arts, University of Firat, ElanQ/TURKEY 

SUMMARY 

Thermodynamic parameters l ike part ia l  molar free energy, 
Flory-Huggins interaction parameter, weight f ract ion ac t iv i t y  
roe f f  icient and molar heats of polystyrene- n-hydrocarbons systems 
were determined by using inverse gas chromatography technique. The 
resu l ts  obtained Showed s imi la r i t y  w i t h  that of polymer-non solvent 
5VsIims 

INTRODUCTION 
Inverse gas chromatography (IGC, also called the molecular probe 

technique) which was developed by Smidsrod and Guil let ’  i s  used in  the 
s?udy c f  the organic polymers and their  interactions w i t h  the probes. 

The method consists of coating an inert material such as 
Chrcmcswb W w i t h  the polymer t o  be studied and recording the retention 
diagiamiL. Such a diagram obtained for a selected solvent i s  used t o  
rr:ezsure surface areas and adrorbtion isotherms3a4, glass and other sol id 
>!taje transit ions in ~ o l y m e ? . ~ ,  degree o f  c r y ~ t a l l i n i t y ~ ~ ~ ,  and di f fusion 
corcstants for  small molecules in polymeric materialsg as we l l  as 
therrmdynamic parameters of small  molecules w i t h  polymers in the 

Gas chrornatograDhy i s  based on the distr ibut ion of a compound 
Getween t w o  phases. The injected compound i s  carried by the gas through 
a rol l jmn f i l l ed  w i t h  sol id phase and part i t lonmg occurs v ia  the 
mpt ion-desorp t ion  of the compound as i t  travels through the solid. The 
net volume required to  move the probe molecules through the colurnn i s  

j o i i d  p,haje’”li, 

9 ’  
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130 OZDEMIR, COSKLIN, AND ACIKSES 

the total volume o f  gas needed minus the dead volume in the column This 
IS detemined by injecting an inert probe such as methane or air  into the 
column 

The specific retention volume Vp i s  calculated as, 

where t, i s  the net retention time, w IS the weight of polymer, F i s  the 

flow rate of carrler gas at 273 2 K, T 1s the column temperature, P, and Po 
are the inlet and outlet carrier gas pressures, respectively 

Information from a molecular probe experiment i s  usually presented 
in the form of a retention diagram, that is, a plot of In Vg against I / T  

E s t i m a t i o n  of thermodynamic parameters: 

The partial molar free energy of sorption AI~ ,$  Is calculated from the 
re la t Ion, 

"$3 = -RT In (M, V9 / 273 , R )  (2)  

where M,, is  molar mass of the probe and R is the gas constant 
The molar enthalpy of sorption AI-!,~ i s  of the form, 

The entropy is calculated as 

AS:= ( A Y 3  - dGlS) / T 

log P," = A - (B / t *C) 

(4) 

The probe vapour pressure Plo i s  estimated using the Antonle 
equation I 2  

where A, 8 and C are constants 

i4il.C above Tg) i s  calculated from the expression. 

(5) 

The weight fraction act iv i ty coefficient of probes a t  infinite dilution 
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ESTIMATION OF THERMODYNAMIC PARAMETERS 131 

where V, i s  the volume of the probe and f3,, i s  the second vir ia l  coefficient 
o f  the probe The value o f  B,, IS evaluated from the following equation2, 

B,,/Vc = 0.430-0.886 Tc/-0 694 (Tc/TI2 - 0.0375 (n- 1 )(T,/TI4.' (7) 

where V, and T, are the critic21 volume and temparature of the probe, and 
n is the number of carbon atoms in the probe molecule. 

The Flory-Huggins parameter X i s  calculated from 

where V2 is the volume fraction of the polymer. 
The partial molar heat of mlxing AH,- a t  infinite dilution i s  given by. 

Consequently, the partial molar free energy of mixing AG," is  

AG," = RT In (a, / wl)OO (10) 

This paper describes some thermodynamic parameters of polystyrene by 
rising the inverse gas chromatography 

EXPER I MENTAL 

Materials 

Amorphous polystyrene (PSI having a viscosity average molecular wight of % = 
145000 y65 obtainmi from YARPET-TURKPI. 

The probes (n-hexane, n-heptane, nmnane and n~decsne) vere analytical or 
chromtography prade solvents and yare used vithout any -purification. T t e  fo l lw inp  
abbnvlatiom vere u$ed for the probes: 

n-herene : n &  
n-heptane : n-C7 
n-nonane : n _ C g  
n , h n e  : 
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132 O Z D E M I R ,  COSKUN , A N D  A C I K S E S  

Columns 

Polystyrene m d i w l v e d  i n  mthylene chlortdb (CK$l,) and bwited onto an inert 
chromaWrephic support C h r o m r b  W by slw evaporation of mthylena chlorlde with gentle 
stirr ing. Aft8r m u m  dryfng for 48 h. v i t h  slight heating, the chromstopraphic support vbs 
mkd vith the ald of e m h a n l m l  vlbrator into 3.25 mm Ld. copper column which l a  1 m. 
long. 

Chromatography 

The 9m chromatography used ww a Psckard 430 v i t h  a flam ionizatton detector. The 
retention tims were mea!wad with a Shlmsdzu integrator. Methane VI used w tha i n t e r n 1  
marker end nitragen w the c a r r i e r  p. Ths carrier qa3 flw rate vss measured by a 
m p - b u b b l e  flw meter. Probe injections wre done v i th  a ~ H L  Hamilton bqringe. Prmuraa at 
in le t  and outlet of the column, reed from e mercury mammeter,vere used to compute corrected 
retention volumes. 

RESULTS and DISCUSSION 

The speclflc retention volumes o f  for each probe molecular on 
polystyrene were determined at a series of temperature. The results are 
shown in  Fig 1 

1 . 1  

6 -  
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Figure 1. Variation of inV; against \ I T  
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ESTIMATION OF THERMODYNAMlC PARAMETERS 133 

Table I .  Molar enthalpy of probes on polystyren 

n,Hbxam - 7520 
n-bptam - 12066 
n,)knane - 12713 
n-Decane - 12622 

Table II. 4s and  AS,^ valuesof probes on polystyrene for sorption 

373 2472 2189 1122 617 -26,17 -38,31 -37,08 -35,49 
383 2819 2663 1529 961 -26,96 -38,66 -37,17 -35,46 
393 3195 2898 1408 1294 -27,24 -38,22 -35.91 -35,47 
403 3264 3685 2836 1759 -27,62 -39,28 -37,36 -35,67 

As can be seen from Fig I ,  the specific retention volumes of probes on 
polystyrene are temperature dependent and decrease wi th  the increasing 
of temperature. The glass transtit ion temperature of polystyrene i s  found 
363 K, which is i n  agreement w i th  the previous literature data.I3 

The thermodynamic parameters of sorption (between 373-403 K) 
calculated for the polymer include contributions from the process of the 
transfer of a polymer molecule t o  the adsorbed phase and, of i t s  
penetration inside the polymer. The values of molar enthalpy of sorption 
AH,s for each probe on polystyrene are given in  Table I .  

It is  seen that AH,$ values of probes increased wi th  the molecular 
weight of  probe molecules 

The values o f  A G , ~  and  AS,^ calculated according to  the equations (2)  
and (4) are given in Table I I 

The values A G , , ~  for sorption are positive and ~ 5 , ~  Values are negative. 
They agree wel l  w i th  the (polymer-nonsolvent) systems14. 
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134 OZDEMIR, COSKUN, AND A C I K S E S  

Table 111. Weight Fraction Activity Cafflcienb 
(a,&,)- of n -Hydrotmon 

fable IY. X Paramten of n-tll~rocsrbom 
on Polystynne Y a Function of  
Temperature Polwptynne 63 a function of Temperature 

(+/V,)OD X 
T ( K )  n-cg n J 7  n-Cg k C 1 0  T ( K )  hC6 n,C7 n,Cg n,C10 

413 16.31 76.50 37.76 29.45 413 1.2868 2.5399 2.0129 1.9025 
423 14.18 30.60 41.06 38.15 423 1.1515 1.9076 1.8834 2.0933 

433 29.85 25.09 26.92 33.45 433 1.8972 1.7206 1.8132 1.9154 

443 17.40 20.74 20.78 30.25 443 1.3709 1.5303 1.5574 1.9154 
453 17.40 19.76 23.01 37.92 453 1.3586 1.4887 1.6589 2.1382 

The weight fraction activity coefficient at infinite dilution (between 
303-453 K) may be regarded as a measure of the interaction between the 
polymer and probes. The following rules have been formulated by G ~ i l l e t ~ ~ ,  

(q/w,I0 < 5 good solvents 
5 < (a,/w,)= ( 1  0 

(i+/W,)Oo) 10 bad solvents 
Table I l l .  shows that the measured values of (a,/w,)" are bigger than 

10 slml lar  t o  the values of (a,/w,)" whic have been found by Baranyi at a l  
for the system polystyrene - Lhexadecane? Also the values of (a,/w,)" 
decrease w i t h  increasing temperature for a l l  probes. This suggests that 
solubil ity of the hydrocarbons in the polymer increases w i th  
tempera turel7. 

The dependence of the Flory-Huggins X parameter on the temperature 
has been found to  be similar to that for (a,/w,)? The dependence of X on 
the temperature i s  shown in Table IV .  

As a free Hehmholtz energy the parameter X characterizes the 
interaction of the probes w i t h  the chain segments of polymer. A 
corrsequence from theoretical considerations i s  that X has to  be larger 
than 0.5 for the (polymer-nonsolvent) systems and smaller than 0.5 for 
the (polymer-solvent) system 18, The values of X found in this experiment 
are high, as usual for polymer-nonsolvent systems 

moderate solvents 
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ESTIMATION OF THERMODYNAMIC PARAMETERS 135 

Table Y. The values of of hydrocarborn on pol(ptyren8 

100 
1116 
3377 
3629 

The partial molar heats of mixing  AH,^ at inf in l te dilution were 
determined by means of equation (9). For thls purpose, the values of  
In(a,/w,)" were plotted against I / T  between 403-453 K. The values of  

 AH^^ calculated from the slopes of straight llnes are shown In Table V. 
According to DiPaola-Baranyi a t  a l  endothermlc heats of mixing are 

ChimCterlStlCS of polymer-nonsolvent systems while for the polymer 
-solvent systems are exothermlc16. In view of  the weak polymer-probe 
Interactlons, a posttlve heat of mlxlng wouid have been expected. The 
posltive ~ q -  values obtalned In these experlments Is of the order of 
magnitute which might be expected for the systems of th is type; reported 
values f a l l  in the range o f  0 to 4000 c a l / m ~ l ' ~ ~ ~ ~ .  

CONCLUSIONS 

Inverse gas chromatography technique was successfully applied to  
determine the glass transition temperature of polystyrene, the weight 
fraction act iv i ty coefficients, X Flory Huggins parameters and molar heats 
of Lhydrocarbons on polystyrene The results obtalned are i n  good 
agreement w i t h  that of polymer-nonsolvent systems The technique i s  
relatively uncomplicated and the data reduction i s  carried out by a 
moderate-size minicomputer 
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