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 Parameters and Characterization of Poly(Methyl
Methacrylate) with some Probes using Inverse Gas Chromatography
Ismet Kaya?; Eyiip Ozdemir’; Mehmet Coslkun®

2 Department of Chemistry, Faculty of Sciences and Arts, K. Marag Siit¢ti Imam University, Turkey ®
Department of Chemistry, Faculty of Sciences and Arts, Firat University, Turkey

To cite this Article Kaya, Ismet , Ozdemir, Eyiip and Coslkun, Mehmet(1996) 'Thermodynamic Parameters and
Characterization of Poly(Methyl Methacrylate) with some Probes using Inverse Gas Chromatography’, Journal of
Macromolecular Science, Part A, 33: 1, 37 — 47

To link to this Article: DOI: 10.1080/10601329608020355
URL: http://dx.doi.org/10.1080/10601329608020355

PLEASE SCROLL DOWN FOR ARTICLE

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

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan 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
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary 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/10.1080/10601329608020355
http://www.informaworld.com/terms-and-conditions-of-access.pdf

15:16 24 January 2011

Downl oaded At:

MACROMOLECULAR REPORTS, A33(SUPPL. 1), 37-47 (1996)

THERMODYNAMIC PARAMETERS AND
CHARACTERIZATION OF POLY(METHYL
METHACRYLATE) WITH SOME PROBES USING
INVERSE GAS CHROMATOGRAPHY

ismet Kaya
Department of Chemistry, Faculty of Sciences and Arts, K.Maras Siitcii imam
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ABSTRACT

Activity coefficient Q4”, Flory-Huggins interaction parameters x., and partial

molar free energy of mixing at infinite dilution AG,*  for solutions of poly (methyl
methacrylate) (PMMA) with alkanes, ketones, acetates, aromatic and alcohol at
temperatures ranging from 433K to 473°K have been obtained from inverse gas
chromatography retention data. Five different families with different chemical nature
and polarity were used to obtain some insights about PMMA-solvent interactions. The
PMMA-solvent interaction parameters and the free energy of mixing were found at a
series of temperature. The glass transition temperature and melting point of PMMA is
found 110 °C and 170 °C, respectively. The thermodynamic sorption functions for the
sorption process of the different chemical nature of probes into PMMA solution were
obtained and discussed in terms of their interactions with PMMA. Furthermore, the
contributions of CH,, C=0, C=0-OR, aromatic and OH functional groups in the five
series to the sorption process were also obtained. Acetates, ketones and methanol were
found to be good solvents for PMMA, and alkanes and o-xylene were found to be non-
solvents of PMMA.
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INTRODUCTION

The i.g.c. method was developed by Smidsrod and Guillet' and was applied to
many polymeric systems. Recently, the i.g.c. method has been used extensively by
many workers and applied to amorphous and semicrystalline polymers and polymer

blends' "

.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 coefficients, enthalpies of mixing, surface energies and areas, adsorption
isotherms, glass transition temperatures, melting point temperatures and degree of
crystallinity. Furthermore, the i.g.c. method is capable of obtaining physicochemical
properties, the structure and chemical interactions of macromolecules.

Recently, Al-Saigh et al. demonstrated that the inverse gas chromatography (i.g.c.)
method can yield,after careful analysis,a wealth of information on polymeric systems’"
“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 diffuculties.The i.g.c.
method is a fast method to obtain thermodynamic quantities on polymers and polymer
blend systems.

In this paper, we have examined the application of the i.g.c. method to an
semicrystalline poly (methyl methacrylate) (PMMA) in the temperature range of 323 K
to 473 K.

Data reductions

The probe specific retention volumes,V,° corrected to 0°C were calculated from the

standard chromatographic relation 1
Vg’= AtFJ273.2/wT, )

Where At = -t is the difference between the retention times of the probe, t,, and the
methane tg, F is the flow rate of the carrier gas measured at room temperature T, , w is
the mass of the polymeric stationary phase and J is a correction factor for gas
compressibility,defined by the following relation:
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J = 3120 (P, /Po)*1/ (P/P,)*-1] @

Where P, and P, are the inlet and outlet pressures, respectively.
Flory-Huggins 1, parameters characterizing the interactions of the vapour-phase

probe with polymer are determined by the following equation:

%12 =Ln (273.2R vof Vg° Vy P1°)-1-P°RT (B11-Vy ) @3)

where R is the gas constant, v, and V, the molar volume (mi/fg) of PMMA and the
solutes, respectively, P.° is the vapour pressure and B, is the second virial coefficient
of the solute in the gaseous state.V,, P, and B4, were calculated at the column
temperature. The vapour pressure P;° was calculated from the Antoine equation’’.

Second virial coefficients By, values of hydrocarbons were computed using the

following equation: ™
Bi1/ V.= 0.430 -0.886( Tc/T)- 0.694(Tc/T) - 0.0375 (n-1) (Te/T)*® (4)

Where Vc and Tc are the critical molar volume and the critical temperature of the
solute, respectively, and n is the number of carbon atoms in the solute. The molar
volumes of the solutes Vy, were calculated using equations given in the literature.”
The molar heat (enthalpy) of sorption of probe absorbed by the PMMA (AH+®) is given
by the following equation:

AH:* =-Ra1InVy°1 8 (1T) (5)

Where V;° is the probe specific retention volumes and T is the column temperature.
The average partial molar heat of mixing at infinite dilution of the probe was
calculated as following:

AH"=R3IN (") /3(1T) (6)

Where (2" ) is the weight fraction activity coefficient of the solute probe at infinite

dilution which is calculated according to the following equation:'™

Q" =273.2RNy P° My exp [-P+° (B15-V1 ) /RT] )
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Where P;° and V, were defined as in literature (17), (18), respectively, 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 :

AGy" =RTIn €y " (8)
The partial molar free energy of sorption at infinite dilution is calculated from the
following equation:

AG: = -RTIn (My V°/ 2732 R ) ©)

By incorporating equations (5) and (9) we calculated the entropy of sorption of solutes
as:

AG® = AHS-TA S° (10

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.n-Octane n-nonane,
n-decane,n-undecane and n-dodecane were supplied from Aldrich Chemical Co.and
methanol,acetone, ethyl methyl ketone, methyl acetate, ethyl acetate and o-xylene
were supplied from Merck Chemical Co. as chromatographic grade. Poly(methyl
methacrylate) was supplied by Aldrich Chemical Co.in powder form. lts average
molecular weight was 120,000. 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
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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 rates
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. The spiral glass tubing was
washed with methyiene chloride and was annealed prior to use. A column packing
material was prepared by coating 45-60 mesh size Chromosorb w with PMMA
0.53600 g was dissolved in 50 ml of benzene (Merck) and 6.15731 g 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 Rotary
eveporator.The prepared material was packed into a spiral glass tubing (3.2mm
1.D.x2.1m.). Column was conditioned at 80°C and fast carrier gas (N,) flow rate for 24h
prior to use. Probes were injected onto the column with 1ul Hamilton syringes.Three
consecutive injections were made for each probe at each set of measurements. An
injection volume was selected 0.3ul.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.

RESULTS AND DISCUSSION

The specific retention volumes ( Vg° of 11 probes ) were obtained by using one
loading PMMA and at a series of temperature Different chemical nature and polarity (n-
alkanes,n-acetates,n-ketones,aromatic and alcohol ) were selected for this study.The
V,° values of these probes were calculated according to equation (1).The specific
retention volume data are essential in the determination of physicochemical or
thermodynamic properties 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 (V,° ) are given in Table
1. Data in Table 1. for each probe is demonstrated such as in Figure 1.

As can be seen from Figure 1, the specific retention volumes of probes on PMMA
are temperature dependent and decrease with the increase of temperature.The glass
transition temperature of PMMA is found 110°C, which is in agreement with the previous

literature data.”®
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TABLE 1

Chan jes in specific retention volumes as a function of temperature (cm3/g polymer)

T(K) Meth. Acet.Met.Act. Et. Act.E.M.K o-xyl. n-oct. n-non. n-dec. n-undec n-dodec.

323 1886 6.85 6548 688 690 2982 6.81 21.21 4215 8297 11520
333 17.22 518 503 521 6.05 1579 596 14.88 31.23 58.70 8952
343 16.74 506 501 520 568 1384 530 11.62 2457 4446 70.08
353 1513 500 495 517 558 1084 478 894 1785 3404 6547
363 1125 499 494 516 552 940 465 867 13.79 2278 4249
373 884 492 488 506 541 743 441 772 1119 1756 29.18
383 6.82 488 486 496 537 707 434 726 736 1159 1551
393 6.84 578 570 580 6.34 1146 457 732 994 1352 1874
403 6.52 627 596 630 721 1500 565 757 996 1199 1413
413 621 633 646 683 762 1746 801 873 13.03 16.74 1488
423 599 631 622 662 7.31 1625 751 840 1065 1517 13.89
433 578 564 596 635 6.98 1510 7.09 746 986 980 13.04
443 522 548 559 590 641 1352 664 643 762 920 1192
453 545 550 555 562 589 1196 613 657 8.79 1124 1048
463 521 526 530 538 563 912 528 6585 714 1010 944
473 498 506 507 510 537 846 505 555 619 705 8.25

Mett : Methanol, Acet: Acetone, Met Act: Methyl Acetate, Et.Act: Ethyl Acetate, E.M.K.:
Ethyl methyl ketone, O-xyl; O-xylene, n-Oct: n-Octane, n-Non: n-Nonane, n-Dec:
n-Decane, n-Undec: n-Undecaneg,n-dodec:n-Dodecane.
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Figure 1. Changes in the specific retention volumes of the probes as a function of the

inverse of emperature.

PMMA-solvent interaction parameters, such as Flory-Huggins interaction parameter

%12 at infinite dilution of the probe,were calculated according to equation (3) in between

433K to 473K Generally, %1 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 %12 found in this experiment are high for alkanes and o-
xylene, as usuai for polymer-nonsolvent systems but are low for acetates , ketones,
benzene, THF and methanol as usual for polymer-solvent systems. Similar resuits were
obtained for the weight fraction activity coefficients (€2,") and results listed in Table 2.
We caiculated the partial molar free energy of mixing (AG,”) and partial molar free
energies of sorption (AG;®) of probes according to equation (8), (9) and results listed in
Table 3.

According to data in Table 2 it shows that alkanes and o-xylene are nonsolvents but
acetates, ketones, are good solvents and methanol is moderate solvent for PMMA for
the following rules which have been formulated by Guillet.”
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TABLE 2
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PMMA-solute interaction coefficients 71, and weight fraction activity coefficient (24" of

alkanes,acetates, ketones, o-xylene and methanol at 433-473K.

(o7

Probes/ T(K) 433 443 453 463 473 433 443 453 463 473
Meth. 785 713 567 495 442 0.644 0504 0213 0.032 -0.144
Ace:, 599 527 4.54 413 379 0.254  0.079 -0.119 -0.274 0413
Met Act. 576 524 470 423 389 0.261  0.123 -0.033 -0.197 -0.330
Et.Act. 6.83 6.22 577 518 469 0463 0327 0211 0.051 -0.099
EMK. 458 422 368 338 310 -0.037 -0.164 -0.354 -0.496 -0.642
O-2y1. 10.03 8.99 8.33 8.82 490 1.001 0871 0.767 0.799 0.639
n-Oct. 1298 11.30 1012 982 893 1170 0999 (.849 0777 0.610
n-Non. 1991 1841 1454 1333 1159 1.668  1.563 1.297 L[.176 1.000
n-Dec. 2500 2459 16.66 1634 1520 1919 1.907 1491 1446 1343
n-Undec. 40.08  32.20 2030 1761 1989 2447 2212 1.733 1.56Y 1.666
n-Dodec. 49.32 3981 3378 2857 2543 2676 2450 2272 2088 1954

(Q") <5 good solvents

5<(Qy”) <10 moderate solvents

(€i")>10 non-solvents

Partial molar heats of probes into PMMA solution were calculated by using equation (5).

Table 4. shows the calculated sorption vaiues for the temperature range of 393-443 K.

Since the chemical nature and number of carbons of each probe are different, the

values of sorption heat increases as more CH, groups are added to these three families
of probes.The attraction forces between PMMA and acetates and ketones are actually a

combination of two types; dispersive forces between the CH, groups of the acetates,
ketones and the methyl group of PMMA, and the interaction of the C=0 groups of the
acetates and ketones with the C=0 groups of PMMA via dipole-dipole interactions. We
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TABLE 3
The partial molar free energies of mixing AG:™ (kcal mol’") and partial molar free

45

energies of sorption AG,® (kcal mol") alkanes, acetates, ketones, o-xylene and

methanol at a series temperature by using PMMA as stationary phase.

AG)” AGY
Probes/T(K) 433 443 453 463 473 393 403 413 423 433 443
Methanol 1.77 173 156 147 140 3ol 374 388 400 413 431
Acetone 1.54 146 136 131 125 328 330 337 346 364 374
Methyl Acet. 151 146 140 133 128 295 296 297 307 317 331
Ethyl Acet. .65 161 158 151 145 304 301 304 315 327 342
EMK. L3t 127 117 112 1.06 300 314 3116 3.26 338 351
O-xylenc 198 193 191 200 194 227 212 205 216 227 242
n-Octane 221 213 208 210 206 294 284 262 274 286 298
n-Nonane 257 256 241 238 230 248 251 246 255 271 191
n-Decane 277 282 253 257 256 216 221 204 226 238 267
n-Undecane 3.18 306 2.71 2.64 261 18 199 176 189 231 242
n-Dodecanc  3.35 324 317 3.08 3.04 152 179 179 189 199 21]
TABLE 4

Partial molar heats of sorption AH,® (kcal mol’*) of alkanes,acetates ketones,o-xylene

and methanol at temperature range 393-443K

Methanol Acetone Methy! Acetate Ethyl Acetate Ethyl Methyl Ketone O-xylene n-C8n-C9n-C10n-C11 n-C 12

-2.05

-203 -1.77

-1.79

-2.09

-3.14

-2.34-3.84 -631-8.32-9.78
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calculated the contribution of the C=0O 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
3-4).The dipole-dipole interactions in PMMA-acetates systems are weaker than
ketones.On the other hand, the dipole-dipole interactions in PMMA-ketones and

acetates systems are weaker than the hydrogen-bond interactions in PMMA-methanol

KAYA, OZDEMIR, AND COSKUN

system.

According to GC analysis the glass transition temperature, Tg and melting point,Tm

of PMMA has been found 110 °C and 170 °C, respectively.

0 ~N O 0 A~ W N =

1

18.
19.
20.
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