This article was downloaded by:

On: 24 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Thermodynamic Interactions and Characterization of Poly(Ethyl
Methacrylate) by Inverse Gas Chromatography

Ismet Kaya? Eyiip 6zdemir®

@ Department of Chemistry, K. Maras Siitci imam University, K. Maras, Turkey ® Department of
Chemistry, Firat University, Elazi, Turkey

To cite this Article Kaya, [smet and 6zdemir, Eyiip(1995) 'Thermodynamic Interactions and Characterization of Poly(Ethyl
Methacrylate) by Inverse Gas Chromatography', Journal of Macromolecular Science, Part A, 32: 1, 377 — 383

To link to this Article: DOI: 10.1080/10601329508019183
URL: http://dx.doi.org/10.1080/10601329508019183

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi |l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/10601329508019183
http://www.informaworld.com/terms-and-conditions-of-access.pdf

16: 01 24 January 2011

Downl oaded At:

MACROMOLECULAR REPORTS, A32(SUPPL. 3), 377-383 (1995)

THERMODYNAMIC INTERACTIONS AND
CHARACTERIZATION OF POLY(ETHYL METHACRYLATE)
BY INVERSE GAS CHROMATOGRAPHY

Ismet Kaya

Department of Chemistry, K.Maras Siitgi Imam University,K. Maras, Turkey
Eyiip Ozdemir

Department of Chemistry. Firat University. Elazig. Turkey

ABSTRACT

The inverse gas chromatography (i.g.c.)method was applied to poly(ethyl methacrylate) (PEMA)as a
method for polymer characterization and thermodynamic interactions. We have shown that the method was
useful in obtaining meaningful thermodynamic data on PEMA-solvent systems. Five different families with
different chemical nature and polarity were used to obtain some insights about PEMA-solvent interactions.
PEMA was found to decompose above 210 °C ( determined by TGA) The PEMA-solvent interaction
parameters and the free energy of mixing were determined at a series of temperature. The glass transition
temperature (Tg). of PEMA was found about 70 °C .The thermodynamic sorption functions for the sorption
process of the different chemical nature of probes into PEMA solution were obtained and discussed in terms of
their interactions with PEMA Furthermore, the contributions of CH: .C= O.C= O- OR aromatic and OH
functional groups in the five series to the sorption process were also obtained. We found that the formation of
hydrogen bond between the C= O group of PEMA and the OH group of the alcohol is stronger than the dipole-
dipole interactions between PEMA and the carbonyl groups of at the acetate and ketone and the dispersive
forces between PEMA and the alkanes. Acetates and ketones were found to be good solvents and weak solvents
respectively PEMA. Alkanes. o-xylene and methanol were found to be non-solvents of PEMA.

Keywords: Thermodynamic parameters.Poly(ethyl methacrylate). inverse gas chromatography.

INTRODUCTION

The inverse gas chromatography (i.g.c.) method has been used extensively to study the structure of
polymers. the interactions of various liquids and gases with polymeric materials and to investigate polymer-
polymer miscibility'*. The term “inverse” indicates that the polymeric stationary phase of the chromatographic
column is of interest in contrast to conventional gas chromatography. The chromatographic column in this
work contains the polymer under study. Because of the high viscosity of polymers.the existing methods for the
characterization of polymers are best by a number of technical difficulties. The i.g.c. method is a reliable
method for the characterization of amorphous and semicrystalline polymers. The i.g.c. method is simple, fast.
economical. and provides valuable thermodynamic information for characterization of polymeric substances.

The i.g.c. method was developed by Smidsrod and Guillet ® and was applied to many polymeric systems. It
has been shown that the i.g.c. method yields information on polymer-solvent and polymer-polymer systems
such
as solubility parameters, interaction parameters, diffusion constants.enthalpies of mixing.surface energies and
areas,adsorption isotherms.glass transition temperatures, Tg melting point temperatures. Tm and degree of
crystallinity. Furthermore. the i.g.c. method is capable of obtaining physicochemical properties, the structure
and chemical interactions of macromolecules.™'*

In this paper. we have cxamine the application of the i.g.c. method to an amorphous PEMA in temperature
range 50°C to 200°C.
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DATA REDUCTIONS

The probe specific retention volumes,Vg® corrected to 0 °C were calculated from the standard
chromatographic relation 6

Vge= AtFI273.2/ WT(K) m
Where At= tp-tg is the difference between the retention times of the probe, tp. and the methane tg. F is the flow
rat of the carrier gas measured at work temperature T(K), W is the mass of the polymeric stationary phase and
1 is a correction factor for gas compressibility. defined by the following relation:
J= 3/2[ ( Pi/Poy-1/ ( Pi/Po)*-1} @
Where Pi and Po are the inlet and outlet pressures,respectively.
The PEMA-solute interaction parameters,X,; at infinite dilution of different solutes used in this work are
defined by the following equation:
Xi=Ln (273.2R v/ Vg° V, P,°)-1-P\°RT (B;1-V, ) 3)
Where R is the gas constant, v» is the molar volume (ml/gr) of PEMA. V, is the molar volumeof the solute, P,°
is the vapour pressure and B;, is the second virial coefficient of the solute in the gaseous state. V), P,° and By,
were calculated at the column temperature.
"The vapour pressure P;° was calculated from the Antonie equation as follows:

log P,°= A-B/ (t+C) [€)]

Where t is the temperature ( in °C ) and the constants AB and C '’. Second virial coefficients By;. were
corputed using the following equation .'®

Bi1/Vc = 0.430-0.886 (Tc/T ) -0.694 (Te/ T ) >-0.0375 (n-1) (Te / T)*? (5)

Where V¢ and Tc¢ are the critical molar volume and the critical temperature of the solute, respectivcly.7and nis
the number of carbon atoms in the solute. The molar volumes of the solutes V. were calculated using:'

For 0.2<Tr< 0.8
Vr°=0.33593-0.33953 Tr+ 1.31941 Tr* -2.02512 Tr* +1.11422 Tr* (6)
For0.8 <Tr<l.0
Vo= 1.0+1.3 (1-Tr)'* log (1-Tr)-0.50879 (1-Tr)-0.91534 (1-Tr) ©)
For0.2 <Tr<1.0
I" = 0.29607-0.09045 Tr-0.04842 Tr* 8)
VIVR = Vio(Tr) [ 1-w T (To) |T/ Vo (TR [ 1-w T (T )
Waere Vr® and I are functions of reduced temperature and w is the acentric factor,Tr is reduced temperature
an, V= M/dM and d is the molecular weight of the solute and density and Tr® is reduced referance
teniperature.
The molar heat (enthalpy) of sorption of probe absorbed by the PEMA (A H;") is given by the following
eq: ation:
AH®=-R3InVge/c(1/T) (10)

Wlere Vg® is the probe specific retention volumes and T is the column temperature.
T he average partial molar heat of mixing at infinite dilution of the probe was calculated as follows:

AH =R38In(Q ") /3(1/T) an
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Where (€, ) is the weight fraction aclivit?' coefficient of the solute probe at infinite dilution which is
calculated according to the following equation:'®

0,5 =2732R/NVg° P° M, exp [-P,° (Bii-V; ) /RT] 12)

Where P,°,V, and By; were defined in equation (3) and M; is the molecular weight of the probe.
The partial molar free energy of mixing at infinite dilution is calculated from the weight fraction activity
coefficient of the solute as follows :

AG*=RTIn(),” 13)
Where RT is the usual meaning.
The partial molar free energy of sorption at infinite dilution is calculated as follows:

AG’ = -RTIln (M, Vg°/273.2R) (14

By incorporating equations (10) and (14) we calculated the entropy of sorption of solutes as follows:

AG= AH-TA S* (15)
EXPERIMENTAL

Materials

Eleven polar and non-polar probes were used in this study. They were selected to provide several groups of a
chemically different nature and polarity Octane.nonane.decanc.undecane and dodecane were supplied from
Aldrich Chemical Co.and methanol.acetone ethyl methy! ketone.methyl acetate.ethyl acetate,o-xylene were
supplied from Merck Chemical Co. as chromatographic grade. Poly(ethyl methacrylate) was supplied by
Aldrich Chemical Co.in powder from.Its molecular weight was estimated from intrinsic viscosity.( )=0.46d1
gr-1 in 2-butanone at room temperatureto be 215.000 using published Chinai and Samuels constants
(a:0.79,K:0.00283 ml gr-1).Chromosorb W (45-60 mesh) was supplied from Sigma Chemical Co.
Instrumentation and procedure

A Shimadzu GC-14A model gas chromatography equipped with a dual flame ionization dedectors. FID was
used in the analysis. Dried nitrogen gas (research grade) was used as a carrier gas. Methane was used as a
noninteracting marker to correct for dead volume in the column. The net retention time was determined from
the positions of the peak maxima for methane and for the probe molecule at each temperature. Pressures at inlet
and outlet of the column.read from a mercury manometer (mmHg) were used to compute corrected retention
volumes by the usual procedures. Flow rate were measured from the end of the column with a soap bubble flow
meter. A flow rate of about 20 ml/ min” was used throughout our experiment. Column was prepared with 2. 1m.
a spiral glass column.3.2mm ID. The spiral glass column was washed with methylene chloride and was
annealed prior to use. A column packing material was prepared by coating 45-60 mesh size chromosorb W with
PEMA 0.60000 gr. was dissolved in 50 ml of N.N-Dimethyl acetamide (Merck) and 6.00000 gr. of the solid
supporting material was then added to this solution and stirred The solvent was removed by continuous stirring
and slow evaporation under partial vacum in a Rotavapor. The prepared material was packed into a spiral glass
column (3.2mm 1.D.x2.1m.).Column was conditioned at 80°C and fast carrier gas flow rate for 24h prior to
use.Probes were injected onto the column with 1pl Hamilton syringes. Three consecutive injections were made
for each probe at each set of measurements.An injection volume was selected 0.3l The retention times of the
probes were measured by using chromatopac CR6A.Shimadzu Methane was synthesized in the laboratory by the
reaction of sodium acetate with sodium hydroxide.

DTA and TGA curves were obtained by using the Shimadzu DTA 50 and Shimadzu TGA 50H thermal

analyzers in nitrogen current (50 m! min™') at a heating rate of 10°C min™.

RESULTS and DISCUSSION

The specific retention volumes ( Vg®© of 11 probes ) were obtained by using one loading PEMA and at a
series of temperature. Different chemical nature and polarity (r-alkanes.n-acetates.n-ketones,aromatic and
alcohol ) were selected for this study. The Vg® values of these probes were calculated according to equation (1).
The specific retention volume data are essential in the determination of physicochemical or thermodynamic
propertics of a polymer by i.g.c. In order to obtain these data,it is necessary to know the amount of the polymer
that has been coated onto the support.the gas flow rate.column pressures and temperature. The amount of
injected sample also affects the retention volume.’ The specific retention volumes (Vg® ) are given in Table 1.
Data in Table ] for each probe is demonstrated such as in Figure 1.
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Table 1.Changes in specific retention volumes as a function of temperature (cm’/gr polymer ).

T«K) Meth. Acet. Met.Act. Et. Act. EM.K O-xyl. n-Oct. n-Non. n-Dec. n-Undec n-Dodec.

313 26.04
333 2272
33 9.32
333 1117
353 8.38
373 6.70
333 5.83
33 4.76
413 4.30
43 4.07
423 3.80
433 3.55
413 335
433 3.08
453 2.92
473 275

19.13
16.66
8.84
12.25
9.73
8.18
6.47
5.6%9
5.09
4.79
4.36
3.98
3.75
3.53
333
3.07

18.64
17.05
11.83
12.14
9.92
8.06
6.98
5.79
5.03
4.66
428
3.96
3in
3.48
3.30
3.08

25.30
22.17
17.46
14.94
15.23
12.28
9.82
8.22
7.05
6.17
5.45
4.68
4.33
4.03
3.74
3.34

5.23
4.76
4.42
4.00
3.62

162.61
140.26
105.68
106.88
87.04
71.39

771
6.29
5.51
12.41
1136
10.54
9.73
9.27
8.53
7.21
6.20
5.39
4.93
4.49
4.18
379

22.09 104.96

17.16
12.72
26.21
21.30
19.52
17.42
1593
11.61
11.24
9.30
7.68
6.74
5.90
532
4.73

85.74
54.48
60.48
47.78
39.22
31.54
25.74
21.54
18.13
14.27
11.57
9.62
8.85
8.03
6.09

182.00
152.19
100.68

208.46
178.67
136.54
136.78
118.73
100.58
82.96
71.52
60.92
48,79
34.06
29.50
21.06
16.90
13.48
11.02

M ith:Methanol, Acet: Acctone,Met Act:Methyl Acetate Et. Act:Ethy! Acetate.E. M. K.:Ethyl methyl ketone,
O xyl:0-xylene, n-Oct: n-Octane, n-Non: n-Nonane, n-Dec: n-Decane.n-Undec: n-Undecane, n-dodec:

n- Jodecane.

6 1

51 © Methanol

4 “* Acetone
+ EMK.

4 4 - Met. Acet.
°;o  EtAceat
o o O-xylene
3 - n-Octane

34 - n-Nonane

& n-Decane
—~ n-Undecane

24 ¢ n-Dodecanc

1 T Al T g T T v T —

0.9020 0.0022 0.0024 0.0026 0.0028 0.0030 0.0032

VT4

Ficure 1.Changes in the specific retention volumes of the probes as a function of the inverse of

terperature.
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Table 2. PEMA-solute interaction coefficients X;, and weight fraction activity coefficient Q,* of
alkanes, acetates, ketones, o-xylene and methanol at 413-473K

le 'X,;

Probes/ T(K) 413 423 433 443 453 463 473 413 423 433 443 453 463 473

Methanol 17.33 14.72 12.77 11.10 996 8.83 800 1.582 1.383 1201 1.017 0.854 0.680 0.519
Acetone 10.04 922 847 769 7.07 651 625 0932 0805 0.673 0.528 0.394 0.253 0.156
EMK. 9.78 960 9.11 837 769 728 697 0.964 0914 0821 0694 0.567 0.462 0.365
Met. Act. 826 7.52 689 633 586 542 510 0.717 0.580 0.443 0.313 0.183 0.048 -0.074
E.Act 867 810 782 714 657 6.08 5950820 0.716 0.636 0.502 0.369 0.236 0.133
O-Xyl. 887 882 952 922 836 7.53 7.95 0987 0962 1.019 0.965 0.841 0.710 0.734
Octane  20.17 18.53 17.05 1522 1382 1241 11.57 1.744 1.631 1.514 1.3661.230 1.080 0.966
Nonane 22.14 20.45 19.34 17.57 16.19 14.65 13.60 1.891 1.790 1.708 1.586 1.474 1.340 1.230
Decane  23.54 22.33 20.80 19.48 16.54 14.53 15451986 1.918 1.828 1.743 1.554 1.398 1429
Undec. 24.79 23.46 22.18 20.89 20.00 18.38 17.53 2.062 1.995 1.925 1.849 1.787 1.681 1.609
Dodec. 26.02 26.40 21.80 22.53 20.95 20.01 19.04 2.126 2.1311.930 1.951 1864 1.802 1.734

Table 3. The partial molar free energies of mixing AG,"(k.cal.mol') and partial molar free energies
AG/* (k.cal. Amol™) alkanes, acetates, ketones, o-xylene and methanol at 413-473K and 353-403K by
using PEMA of sorption as stationary phase.

AG” AG

Probes/T(K) 413 423 433 443 453 463 473 353 363 373 383 393 403

Methanol 234 226 219 212 207 200 195 290 319 345 364 390 408
Acetone 1.89 1.87 184 180 176 172 172 284 308 330 356 376 3.94
EMK. 1.87 190 150 187 184 183 183 183 203 225 251 272 289
Met. Acet. 1.73 1.70 166 162 139 156 1.53 226 247 269 287 3.09 328
Et Acetat. 177 176 177 173 169 166 168 186 203 225 248 268 2.87
O-xylene 1.79 183 194 196 191 18 195 048 064 080 100 119 141
n-Octane 247 245 244 240 236 232 230 1.94 205 217 229 238 251
n-Nonane  2.54 254 255 252 251 247 245 133 152 162 175 187 217
n-Decane 259 261 262 261 253 246 257 067 08 103 122 141 159
n-Undecane 2.64 2.65 266 268 270 268 269 023 037 051 067 081 104
n-Dodecane 2.67 275 2.65 274 2,74 276 277 0.03 007 020 035 048 061

Table 4.Partial molar heats of sorption AH,® (k.cal.mol“) of alkanes,acetates, ketones,o-xylene and
methanol at temperature range 353-403K

Methano! Acetone E M.K: Met.acetate Et.acetate O-xylene n-Octane n-Nonane n-Decane n-Undec. n-Dodec.

-5.38 -507  -590 -5.00 -5.46 -6.09 -2.08  -3.08 -5.87 696  -9.45
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tigure 2. DTA curve of PEMA in nitrogen current ( 50mi min ') at a heating rate of 10°C min™
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F gure 3. TGA curve of PEMA in nitrogen current (50 ml min™ )at a heating rate of 10 °C min ™
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As can be seen from Figure 1, the specific retention volumes of probes on PEMA are temperature dependent
and decrease with the increase of temperature. The glass transition temperature of PEMA is found about
70°C, which is in agreement with the previous literature data™

PEMA-solvent interaction parameters.such as Flory-Huggins interaction parameter X, at infinite dilution
of the probe.were calculated according to equation (3) in between 413K to 473K Generally, X, showed
considerable dependence with change in the number of carbons and temperature at alkanes ketones and acetates
(Table 2.).A consequence from theoretical considerations is that X;: has to be larger than 0.5 for the (polymer-
nonsolvent ) systems and smaller than 0.5 for the (polymer-solvent ) systems.” The values of %, found in this
experiment are high for alkanes. methanol and o-xylene, as usual for polymer-nonsolvent systems but are lowe
for acetates and ketones as usual for PEMA-solvent systems.Similar results were obtained for the weight
fraction activity coefficients (" ) and results listed in Table 2. We calculated the partial molar free energy of
mixing { AG;* ) and partial molar free energies of sorption (AG,*) of probes according to equation (13),(14) and
results listed inTable 3.

According to ( " )data in Table 2. indicate that alkanes. methanol and o-xylene are bad solvent but
acetates and ketones are moderate solvents for PEMA. The following rules have been formulated by Guillet 2

(W) <5 good solvents
5<(€*)<10 moderate solvents
(€7 )= 10 bad solvents

Partial molar heats of sorption AH,’ for five families of probes into PEMA solution were calculated by using
equation (10).Table 4.shows the calculated sorption function at temperature range 353-403K Since the
chemical nature and number of carbons of each probe are different from each other,the heat of sorption
becomes more exothermic as more CH: groups are added to the three families of probes. The attraction forces
between PEMA and acetates and ketones are actually a combination of two types:dispersive forces between the
CH: groups of the acetates.ketones and the ethyl group of PEMA and the interaction of the C= O groups of the
acetates and ketones with the C= O groups of PEMA via dipole-dipole interactions.We calculated the
contribution of the C= O groups of the acetates.ketones and the - OH group of the methanol to the sorption
functions.by subtracting the contribution of alkanes and o-xylene sorption functions from that of the
acetates ketones and methanol (Table 3 ).The dipole-dipole interactions in PEMA-ketones and acetates systems
are weaker than the hydrogen-bond interactions in PEMA-methanol system.

According to DTA analysis the glass transition temperature, Tg of PEMA has been found 64-65°C.
Moreover according to GC analysis the glass transition temperature. Tg of PEMA has been found 70°C . DTA
curve is shown in Figure 2. During TGA analysts. PEMA started to decompose above 210 °C (TGA curve,
Figure 3).
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