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Synthests of Phthalimidoethy] (Mcth)acrylate Glycidyl Methacrylate copoly
mer and determination of monomer reactivity ratios

min-ha park

Departmant ot Industrial Chemistry, Graduate School

Pukyong National University

Abstract

phthalimidoethyl (meth)acrylate(NPEM, NPEA), was copolymerized with
glycidyl methacrylate(GMA) using benzoylperoxide as an initiator in
dimethylformamide at 60T. The polymers were characterized by IR and
'H, "C-NMR and GC/MS. The compositions of the copolymers were
analyzed by ultra violet spectrophotometry. The reactivity ratios of the
monomers were determined by the application of Fineman-Ross and
Kelen-Tiidés methods. The values of 1y and r; abtain NPEM-GMA(F-R
method : r=1.09, 1-=0.87 ; F-R method : rn=1.07, r=0.86) and NPEA-GMA
(F-R method : =098, =087, K-T method : r=099, r.=0.88). The Q and
e values of poly(NPEM-co-GMA) and poly(NPEA-co-GMA) calculated
from obtained ri and r2. The polvmer and copolvmer were observed to
exhibit a monomer emission band at 400nm. also, gels contents were

abtained after curing from the ethylenediamine in the THF.
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Table 1. Q and e values of various monomers

EEE o c
acenaphthalene 0.72 -1.88
ethyl vinyl ether 0.018 -1.80
N-viny! pyrolidone 0.088 -1.62
n-butyl vinyl ether 0.038 -1.50
i-butyl vinyl ether 0.030 -1.27
p-methoxystyrene 1.53 -1.40
isobutylene 0.023 -1.20
allyl acetate 0.024 -1.07
vinyl acetate 0.026 -0.88
a-methylstyrene .97 -0.81
styrene 1.00 -0.80
p-bromostyrene 1.30 -0.68
allyl chloride 0.026 -0.60
isoprene 1.00 -0.55
1,3-butadiene 1.70 -0.50
2-vinylpyridine 1.41 -0.42
ethylene 0.016 0.05
vinyl chloride 0.056 0.16
m-nitrostyrene 219 0.20
vinylidene chloride 0.31 0.34
methacrylonitrile 0.45 0.64
acrylamide 0.98 0.62
methacrylic acid 0.98 0.62
methylmethacrylate 0.78 0.40
methacrylonitrile 0.86 0.68
4-vinylpyridine 247 0.85
acrylic acid 0.83 0.88
acrylonitrile 0.48 1.23
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0007mole)E ztzhg tlwE T Eolu)c 10mio] =3 ZeS P31 s A4 ZBPO
5 AHEShe] oAl diste] 05E%H W& 5 308ECh ALEy T PE
S 8883 601U oM 2442 Eet A AESH FAlE Oolg
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o] Table 1, 26 YERHRAT 5 A2l s8alol 3ol 52 89%, 88%
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Table 2. Composition Data for NPEM and CMA in DMF

Feed Composition Initiator Sovent

NPEM GMA BPO DMF

() () (wt) (ml)
0.20 0.90 0.5 10
0.40 0.50 0.5 10
0.50 0.65 05 10
0.60 0.50 05 10
0.80 0.35 0.5 10

Table 3. Composition Data for NPEA and GMA in DMF

Feed Composition Initiator Sovent

NPEM GMA BPO DMF

(2) (%) (Z%) (ml)
0.20 0.90 0.5 10
0.40 0.50 0.5 10
0.50 0.65 0.5 10
0.60 0.50 0.5 10
0.80 0.35 0.5 10
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Figure 1. IR spectrum of 2-(N-phthalimido)ethanol (KBr).
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Figure 2. 'H-NMR spectrum of 2-(N-phthalimido)ethanol in CDCl; with
TMS as international standard (400MHz).
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Figure 3. "C-NMR spectrum of 2-(1,2-phthalimido)ethanol in CDCl; with
TMS as international standard (400MHz).
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Figure 4. IR spectrum of 2-(1,2-phthalimido)ethyl methacrylate (KBr).
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Figure 5. 'H-NMR spectrum of 2-(1,2-phthalimido)ethyl methacrylate in
CDCl; with TMS as international standard (400MHz).
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Figure 6. BC-NMR spectrum of 2-(1,2-phthalimido)ethyl methacrylate
in CDCly with TMS as international standard (400MHz).
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Figure 7. IR spectrum of 2-(1,2-phthalimido)ethyl acrylate (KBr).
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Figure 8. 'H-NMR spectrum of 2-(12-phthalimido)ethy! acrylate in CDCl;
gu P F Y 3
with TMS as international standard (400MHz).

- 26 -



f
|

T v T T T T T T T T T i T T T T T
M0 1560 13RE IR0 16k 1500 140D 1300 100 10 1605 S0 BO0  TOE SO0 500 400 309 36.0 ll;.li ;

Figure 9. "C-NMR spectrum of 2-(1,2-phthalimido)ethyl acrylate in CDCl,

with TMS as international standard (400MHz).
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Figure 10. MS spectrum of 2-(1,2-phthalimido)ethyl methacrylate.
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Figure 11. MS spectrum of 2-(1,2-phthalimido)ethyl acrylate.
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Figure 12. UV spectrum of GMA, NPEM and NPEA of

1,2-dichloramethane.
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Table 4. Molar Extinction coefficient (¢} of monomer

Monomer Solvent Amax (nm) (M cm’)
NPEM Toluene 292 2378
NIPEM DCE 294 2990
NPEM DMF 293 2842
NPEA Toluene 293 2112
NPEA DCE 294 2519
NPEA DMF 293 2952
2. g8e

TE A el oortA &uiE At gste] £ 459k Table 49
FEdAel g faldel £& Erlel Fx e SulE YEuUglY Wi
Ak FETAE 12-vFEEvel, FE2YE uE LGl s, nE
deddE, HEZS| =2t e Saido] Foul, wehe, gk, wiA,

o, #Hab Bufo My ol o] Fa U
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Table 5. Solvents and non-solvent for copolymerization

poly(NPEM poly(NPEA
Solvents noly (NPEM} poly (NPEA) !
-co-GMA) -co-GMA)
1.2-dichloromethane + + + +
chloroform + + + +
DMEF + + + +
MEK + + + +
THF + + + +
methanol - - - .
ethanol - - - -
benzene - - - -
toluene - - - -
hexane - - - -
+ : soluble - nonsoluble
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Figure 13. Reduced and inherent viscosity-concentration curves for

a polv(NPEA) in dichloromethane.
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Figure 14. Reduced and inherent viscosity-concentration curves for
a polviNPEA-co-GMA) in dichloromethane.
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Figure 15. Reduced and inherent viscosity-concentration curves for

a polyv(NPEM) in dichloromethane.
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Figure 16. Reduced and inherent viscosity-concentration curves for

a poly(NPEM-co-GMA)} in dichloromethane,
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Figure 17. Reduced and inherent viscosity-concentration curves for

a poly(GMA)Y in dichloromethane.
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Figure 19. 'H-NMR spectrum of poly(NPEM-co-GMA) in CDCls.
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Figure 20. IR spectrum of poly(NIEA-co-GMA).
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Figure 21. 'H-NMR spectrum of poly(NPEA-co-GMA) in CDCls.
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Figure 22. UV spectra of poly(NPEM-co-GMA) and
poly(NPEA-co-GMA) in 1,2-dichloromethane.
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Figure 24. Fluorescence spectra of NPEM|a], poly(NPEM)[c] and

poly(NPEM-co-GMAJ)[b] in 1,2-dichloromethane at room temperature on

excitation at 310nm.
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Fluorescence spectra of NPEA in 1,2-dichloromethane at room

temperature on excitation at 310nm.
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Figure 26. Fluorescence spectra of poly(NPEA-co-GMA) in 1,2-dichloro-

methane at room temperature on excitation at 310nm.
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Figure 27. Fluorescence spectra of NPEM in 12-dichloromethane at room

temperature on excitation at 310nm.
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Figure 28. Fluorescence spectra of poly(NPEM-co-GMA) in 1,2-dichloro-

methane at room temperature on excitation at 310nm.
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Table 6. Monomer-feed compostion and copolymer composition of

poly(NPEM-co-GMA)

Feed Composition| Conversion | Absorbance | Copolymer Compaosition
M (%) (nm) my
1 0.2 7.4 294 0.228
2 0.4 7.9 294 0.439
3 0.5 7.0 294 0.514
4 0.6 7.3 294 0.630
5 0.8 75 294 0.824

Table 7. Monomer-feed compostion and copolymer composition of

poly(NPEA-co-GMA)

Feed Composition| Conversion | Absorbance | Copolymer Composition
M, (%) (nm) my
1 0.2 77 294 0.215
2 0.4 7.1 294 0.421
3 0.5 7.1 294 0.524
4 0.6 7.2 294 0.610
5 0.8 7.7 294 0.817
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Figure 29. The plot of mole fraction of NIEM in the

feed versus that in the copolymer.
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Figure 30. The plot of mole fraction of NIEA in the

feed versus that in the copolymer.
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Table 8. Parameters of Fineman-Ross, Kelen-Tudos for

poly(NIEM-co-GMA)

F=Mi/M, | f=mi/m; | G=F(f-1)/f | H=F/f | n=G/ (a+H) | e=H/(a+H)
0.2500 0.2837 -0.6312 0.2203 -0.5801 0.2025
0.6666 0.7699 -(.1992 0.5772 -0.1378 0.3994
1.0000 1.0576 0.0545 (.9455 0.0301 0.5214
1.5000 1.7027 0.6190 1.3214 0.2827 0.6036
4.0000 4.6818 2.1456 3.4175 0.7340 0.7975

Table 9. Parameters of Fineman-Ross, Kelen-Tudos for
poly(NIEA-co-GMA)

F=Mi/M; | f=nu/m, | G=F(f-1)/f | H=F/f | n=G/ (a+H) | e=H/(a+H)
0.2500 0.0.2738 -0.6630 0.2282 -0.5854 0.2015
0.6666 0.0.7271 -0.2502 0.6111 -0.1651 0.4032
1.0000 1.1008 0.0915 0.9920 (0.0482 0.5231
1.5000 1.5641 0.5409 1.4385 (.2308 0.6140
4.0000 4.4644 3.1040 3.5839 0.7744 0.7985
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Figure. 31 F-R plot for poly(NPEM-co-GMA).
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Figure 32, F-R plot for poly(NPEA-co-GMA).
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Figure 33. K-T plot for poly(NPEM-co-GMA).
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Figure 34. K-T plot for poly(NPEA-co-GMA).
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Figure 35. DSC curves of homopolymer and copolymer: (a) poly(GMA)
(b) poly(NPEA-co-GMA), (c} poly(NPEA), (d) poly(NPEM-co-GMA),

(e)poly(NPEM).
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Figure 36. TGA curves for (a) poly(GMA), (b) poly
(NPEM-co-GMA)() and (c) poly(NPEM).
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Figure 37. TGA curves for (a) poly(GMA), (b) poly
(NPEA-co-GMA)(} and (c) poly(NPEA).
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7. 43}

gel content FAZ A3l Jelgdo). Table 10= poly(GMA,
NPEM-co-GMA, NPEA-co-GMA)Z AZH1hr) & 27 &tz %2 wala)
70 Zloa, Table 11& £L@0T)E 148 Ae WaAA A7 AL
UERRSith 18 388 BW S0CHZ Ol FA ] wetm, a9 3904
= poly(GMA)+= 2~3hr, poly(NPEM-co-GMA)+= 2hr, poly(NPEA-co-GM-

A 3hr Aol FAREe] Aot S pudAder) =)

Table 10. Gel contents of poly(GMA, NPEM-co-GMA, NPEA-co-GMA) 1

in the presence of ethylenediamine at various temperature

30C 40C 50T 60°C 80T
poly(GMA) 0.0019 g | 00009 g | 00002 g | 0.0004 g | 0.0000 g
poly(NPEM-co

GMA)
poly(NPEA-co

GMA)

0.0004 g | 0.0005 g | 0.0000 g | 0.0001 g | 0.0000 g

0.0004 g | 0.0004 g | 00000 g | 0.0001 g | 0.0000 g

Table 11. Gel contents of poly(GMA, NPEM-co-GMA, NPEA-co-GMA)

in the presence of ethylenediamine at various time

1 hr 2 hr 3 hr 4 hr
poly(GMA) 0.0009 ¢ 0.0004 ¢ 0.0004 ¢ 0.0006 g
poly(NPEM-co
0.0005 g 0.0002 g 0.0001 g 0.0002 ¢
GMA)
poly(NPEA-co
0.0004 ¢ 0.0002 ¢ 0.0003 g 0.0005 g
GMA)
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Figure 38. Gel contents of poly(GMA, NPEM-co-GMA, NPEA-co-GMA)

at various temperature
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Figure 39. Gel contents of poly(GMA, NPEM-co-GMA, NPEA-co-GMA)

at various time
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A zAHE UV 2HERE agste] 2A[SIAN, A gHeAdulE
F-R 33 KT §o 2 Fatgoh
poly(NPEM-co-GMA) 9] F-R : 1;=1.09, r=087, 1 - r=0.95
K-T : n=1.07, r»=0.86, 11 -1:=092

ol

poly(NPEA-co-GMA)2] F-R : rn=098, =087, 1 - r:=0.85
K-T : 1=0.99, =088, 11 -1r=087

r -2 Fhol 1KT 27 gFo ol FFHAT GHAE] EAATTE
A7 YA DZ S dS5T5 Uvh. e Q-e schemeol] 2|3l poly(NIEM-
co-GMA) 2+ poly(NPEA-co-GMA)2] Qgty egtol 2zhzh Q=1.29, e=0.693}
Q=131, e=0.7591t}. =FH&=2L 1,2-dichloromethaned]| £3fA]#A FPFAHE
=248t Ayt 350-~-400nm B9l A monomer emissions ERATH 50
0~550nm H-<tefl Al <3t excimer emissiono] UERHTE HE Ao e
poly(N-PEA-co-GMA)7} poly(NPEM-co-GMA) X t} Z3t31, & Athermogravi-
metric Bl P dol =AU cthylenediamine g AF8-8lod ZHsglA],
AZe sty 50TeM A EYE 25, 2E(G0C)E 2AsHR
poly(GMA, NPEM-co-GMA, NPEA-co-GMA)ol Z}7} 2~3hr, 2hr, 3hr A%
AN ARAHETE T

_53_



Foa & 3

1. T. Alfrey, Jr., & G. Goldfinger, |. Chem. Phys., 12, 205 (1944).

2. F. R. Mayo & F. M. Lewis, |. Am. Chem. Soc., 66, 1594 (1944).

3. F. R Mayo & C. Walling, Chem, Rev, Polymer (Korea) Vol.5, No.3,

June (1951).

4. D. W. Behnken, |. Polym. Sci., A2, 645 (1964).

5. Reghunadhan Nair CP, Macromolecules., 26, 43 (1993).

6. Barson CA, Fean DR, Eur Polym ], 23, 833 (1987).

7. M. Fineman & S. D. Ross, |. Polym. Sci., 5, 259 (1950).

8. T. Kelen & F. Kelen-Tuidés, |. Macromol. Sci,, Chent., A9, 1 (1975).

9. Kelen T. Tudo's F. Turesamji |, | Polym Sci Polym Chen., 15
3047 (1977).

10. Dube, M., Sanayei, R. A, Penlidis, A., O'Driscoll. K.F.O., Reilly. P.M,,
A Micro Computer Program for estimation of Copolymerization
Reactivity Ratios., |. Polym. Sci. Poly. Chem., 29. 703-708 (1991).

11. T. Alfrey, Jr, ].). Bohrer & H. Mark, "Copolymn.", Intersci, New
York, , p8-23 (1952).

12. Alfrey T, Price CC. Relativities in vinyl copolymerization., | Polym
Sci., 2, 101-6 (1947).

13. G. K. Kostov and Al T. Nikolov, J. Appl. Polym. Sci., 55, 43 (1995)

14, Maria S'witala-Zeliazkow, Ewropean  Polymer  Journal, 35, 1591
(1999).

15. S, Soundararajan, B.S.R. Reddy, and S. Rajadurai, Polymer, 31, 366
(1990)

_54..



16.

17.
18.

19.
20.

21

22,

24.

25.

26.

27.

28
29

30

31.

S. Mohammed, ES. Daniels, A. Klein, M.S. El-aasser, | Appl. Polym.

Sci., 67, 359 (1998).

A. Rossi, |. Zhang, and G. Odian, Macromolecules, 29, 2331 (1996).

Cengiz Soykan, Misir Ahmedzade, Mehmet Coskun, European Polymer

Journal., 36, 1667 (2000).

M.H. Espinosa, P.J.O. del Toro, D.Z. Silva, Polymer., 42, 3393 (2001).
Nursel Pekel, Nurettin Sahiner, Olgun Giiven, European Polymer

Journal, 37, 2443 (2001).

Nurseil Uyanik, Candan Erbil, European Polymer Journal, 36, 2561
(2000).

Nancy Valdebenito, Fernando R. Diaz, Luis H. Tagle, Ligia Gargallo,

Deodato Radic, European Polymer Journal., 37, 1735 (2001)

. R. Jayakumar, R. Balaji, Eur polym [ 36, 1659-1666 (2000).

Malay k. Ghosh, Alcon Laboratories Fort Worth, Texas, "Polyimides

fundamentals and application”, p7-48 (1998).

George Odian, Principles of Polymerization, 3rd ed, John Wiley &

Sons, Inc., p 538-541 (1996).

A.C. Somersall and J.E. Guillet, J. Macromol. Sci., Revs. Makromol.

Chent., €13, 135 (1975).

K. Horie, H. Hiura, M. Sawada, K. Mita, H. Kambe, J. Polym. Sci,,

Al, 8, 1357 (1970).

. L t. Smith, Polymer, 2, 95 (1961).

. D.D. Perrin and W.L.F. Armargo, Purification of Laboratory Chemicals,
A. Wheaton and Co., Ltd., Perganon. {1980).

. H. Wenker, J. Am. Chem. Soc., 59, 422 (1937).

M. Fatih Coskun, Kadir Demirelle, ]. Appl. Polym. Sci, 40,

_55_



650-658(2002)
32, A5, Brar, Anil Yadav, Eur Polym )., 38, 1683-1690 (2002)

_56_



&
dn

Table 1. The values of viscosity for polv(NPEA)

A5 | E 5 (A | nw/c | tnnac
lﬁ = (g/dl) (Se(;) Tyel Ny | sy Are NHrel)/
Xomal 47.47

1 1 96.73 11.19(0.19] 0.19 | 1.19 0.17

1 10.6666| 52.56 | 1.10 [0.10] 0.15 | 1.66 0.76
3 1050 |51.58 [1.08[0.08] 0.16 | 2.16 1.54
4 1040 | 5046 11.06]10.06| 0.15 | 2.65 2.43
o 103014915 [1.04]0.04| 013 | 3.46 4.14
6 1028 | 4833 [1.0210.02| 0.07 | 3.64 4.61
71025 14791 11.01]0.01] 0.04 | 4.04 5.58

Table 2. The values of visicosity for poly(NPEA co GMA)

PN I ool o ey I (7 .

HF  (g/dD | (sec) flet | Mo | o/ C (Inen)/C

| 47 47
1 1 5946 [1.25]1025] 025 | 1.25 0.22
2 1066 5541 |1.17]0171 025 | 1.77 0.86
3 0.50 | 5359 [1.1310.13] 0.26 | 226 1.63
4 1040 | 5113 [1.08/008] 0.2 2.7 243
5 1030 5013 |1.05{0.05] 016 | 35 417
6 | 028 14923 11.04(0.04] 0.14 | 3.71 4.63
7 1025 4855 11.02{0.02] 008 | 4.08 5.62
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Table 3. The values of viscosity for poly(NPEM)

A s @7 REW, ‘
e | g/ seo | || Y] ¢ [C
2 5184

T 1 1 15097 1505 005 (115 014
2 066 | 5746 |1.10|10.10| 0.15 | 1.66 0.77
3 050 | 56.20 [1.08|0.08] 0.16 | 2.16 1.54

4 040 | 55.13 [1.06|10.06] 0.15 | 2.65 2.44
5 0.30 | 54.56 |1.05[0.05| 0.16 35 417
6 0.28 15333 (1.03|10.03} 0.10 | 3.68 4.65

7 025 15272 11.0210.02] 0.08 | 4.08 562

Table 4, The values of viscosity for polv(NPEM-co-GMA)

/\] iz %;E Eﬁi T i] P nn'L/ e
tﬂ & (g/dl) (SeC) Arel Nsp | N/ C C (Innrel)/ C
& 51.84

1 1 6140 11181018 ] 0.18 | 1.18 0.16

2 0.66 | 5910 [1.1410.141 021 | 1.73 0.83

3 050 [ B39 11.1210.12] 0.24 | 2.24 1.61

4 040 |1 56.80 [1.09]009] 023 | 2.73 2.5l

5 030 15523 11.06]006f 0.2 | 353 4.20

5 028 15385 11.04|1004] 014 | 3.71 4.68

7 10255255 [1.01(0.01] 0.04 | 4.04 5.58
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Table 5. The values of viscosity for poly(GMA)

ANl sE [FA
1 s fe
Hd_ & (g/d}) (SBC) Brel | Tsp | Aan/ et/ C (Innrel)f C
ol 51.84
1 1 110172137113 1.13 | 2.13 0.76
2 1066 1104211201110 ] 153 [ 3.05 1.69
3 1050 1101.39]11961096] 1.92 | 3.92 2.73
4 1040 1100361941094 [ 235 | 485 3.595
5 103019729 (1.83]088] 293 | 6.27 6.12
6 | 028 19487 {133]1083[ 2.96 | 6.54 6.71
71025 19224 11781078 312 | 7.12 7.85
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