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ABSTRACT

ypothesis: In the synthesis of vinyl polymers, tacticity of monomers, is one
of the important parameters that may play a significant role in the physical-

mechanical properties within the polymer chain. Poly(methyl methacrylate)
(PMMA) is considered as one of the important industrial polymers. While the method
of its synthesis can be influenced by temperature it is equally expected that it has a
major effect on polymer tacticity and finally influence its final properties. Therefore,
one of the parameters with a significant effect on stereoregularity of PMMA is the
reaction temperature.
Methods: PMMA was synthesized at three different temperatures of 50, 150, and
250°C by bulk thermal polymerization method. The most important instrument that
can be used to study tacticity order is nuclear magnetic resonance spectroscopy.
The tacticity of PMMA was studied through alpha-methyl protons splitting and

alpha-methyl and carbonyl carbons splitting, respectively, using proton (‘"H NMR)
and carbon (*C NMR) nuclear magnetic resonance spectroscopy in deuterated

poly(methyl methacrylate,) chloroform (CDCI,) and deuterated tetrahydrofuran (THF-d8). The assignment of all
microstructure, stereosequences at triad level for alpha-methyl proton and pentad level for alpha-

methyl carbon and carbonyl carbon was carried out by liquid nuclear magnetic

resonance spectroscopy in deuterated chloroform. Bernoullian and first-order Markov

nuclear magnetic resonance statistics models were calculated for the synthesized PMMA and compared them with

the experimental results.

o Findings: The results indicated that higher the polymerization temperature of MMA

thermal bulk polymerization the higher would be the probability of meso (P, ) formation. The probability of meso
values, of 0.203, 0.274, and 0.356 for PMMA formation were determined at their
corresponding temperatures of 50, 150, 250°C. Finally, the effect of tacticity on glass
transition temperature using differential scanning calorimetry (DSC) is discussed. The
results showed that PMMA synthesized at the above temperatures has its respective
glass transition temperatures at 126.0, 125.1 and 102.9°C.
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Table 1. The conditions for conducting thermal-bulk

polymerization reaction of methyl methacrylate.

Temperature Time Conversion
Sample )
4®) (min) (%)
PMMA-50 50 1650 6.14
PMMA-150 150 300 3.86
PMMA-250 250 180 1.98
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Fig. 2. '"H NMR spectrum of alpha-methyl proton region of
synthesized poly(methyl methacrylate) in deuterated chloro-
form solvent at 20°C in polymerization reaction temperature:

(a) 50°C, (b) 150°C, and (c) 250°C.

sl bl it Toasls 5 bl e Y oasls
LU Y Jsdr ouzman oz e 0L 15 (0 Sk Lze) L
dpady o 5 b (65 eddedalie gla JI5 oo
slales ;3 LWl 055 s Bernoullian (g bl Sl
s e OLES YOC 0030 (les 53 1, YO42C 5100 O jrw
Lol B sles Sdir pa b pr edalie ¥ JSE s oS sb0kes
5 Al (D) il Jg I ol b b33 O el
S b e il (mm) T eeS s WS ol
oslital g gove Cj.la.,., S5 L e I sy ez
o3 5 dewlne B Sbaw la JIg gl 5550 (oLl oy 5
s dis ¥ Jsds 5 &S 5 5boken el el ¥ U s O zl s

OCH

o

35 30 25 20 15 10

CH,

0.5 ppm

sbed) el (9 Sk Jze) & 'TH NMR el -V (IS
Y°C L;Lasjjlsv_if”p t).é)JlS I 53 (04°C Qs jaldy 28T
Fig. 1. '"H NMR spectrum of PMMA-50 in deuterated chloro-

form solvent at 20°C.
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Table 2. Triad sequence distribution results of alpha-methyl proton of methyl methacrylate polymerized at temperatures of 50, 150

and 250°C at the analysis temperature of 20°C in deuterated chloroform solvent.

peak . Chemical | PMMA-50 (P =0.203) | PMMA-150 (P, =0.274) | PMMA-250 (P_=0.356)
Assignment )
no. shift (ppm) Obs. Cal? Obs. Cal® Obs. Cal.
1 mm 1.15 0.0410 0.0412 0.0780 0.0778 0.1416 0.1267
2 mr 0.95 0.3250 0.3236 0.3930 0.3927 0.4198 0.4586
3 I 0.75 0.6340 0.6352 0.5290 0.5295 0.4341 0.4147

Bernoullian statistical model
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e ili9)) (lediub b M S Uis Jullo gdul pouls S [CRE- Y Y OhisTy slod »3l w22

S wgos a3 (P) 550 JI5 350 Jlaml 3lie 355 0
YOS 5 /YVE G/YY s Y0°C 5100 O slales s
s sl s s ez olel ol 53 .l skel s
Sad e 2 (V) (V) dolas g5 Sy (P) Saly 5 (P)
s i Sl o ja T ymr mm b b Jlg bl s

L8] Cl o i3 Syl gmess 5 Sl o el TS

P, =(2mm + mr)/2 Q)

P, = (2rr + mr)/2 Q)

Ol oy glos (ol 81 48 05 g0 sl b 53 s sl L
STYVT Ol o el s s & S (29 Sbie o) L s
5o SIS e 53 i Lol i VAL Ol ey

25 Sl

(&3 7o Jsio) o “C NMR i
(3 Sk J2e) L PCNMR 055 5 5l eddicidrl s b Y S
VU Ole 31 o i 5 35 00 0z OF 3 (0 S 658 gy S S
WSS ol g S (Wl e S slacn S els ol &
o3 il oS S 5 Dl s S S S es S S
5 Jeem Wl lacn S (555 (bad o) (et s 853
Sl Joigr S 5 el 05,5 08 53 sl 0l plail L5y, S
adlles sl 2 50 LIS i o b Uy g JI5
3 edd ool 5,8 S Sl (O Sk fe) by bl
s il sla e g ax ST[F] il el alSs g

~OCH,

>C=0 -CH

“UI

200 180 160 140 120 100 80 60 40 20  ppm

bs) sl (M Sk i) L "C NMR ids ¥ s
.Y'OC j)lbﬁ;’:’)b D,UJIS J)AP- L (O'OC QMM u,ﬁb
Fig. 3. ®C NMR spectrum of synthesized PMMA-50 in

deuterated chloroform solvent at 20°C.

V) QLT p40 € o lass omiggioms Jlus posly 399515 5 ke ke alzo YaA



e oili9)) (lodiado by My S lio Jusio b pouds )3 (5 3douniyT y3 (iiSTy slod y3l w3

5Y0°C a3l Glos 53 YOHOC 5100 00 (slos 3 ooy OO Sko e 51 e Wl 0 S by sa I F s Y dss

.)‘Jﬁjﬂjsffé_}]\sgjy\?

Table 3. Pentad sequence distribution results of alpha-methyl carbon of methyl methacrylate polymerized at temperatures of 50,

150 and 250°C at the analysis temperature of 20°C in deuterated chloroform solvent.

peak Chemical PMMA-50 PMMA-150 PMMA-250
Aassignment
no. shift (ppm) | Obs. Cal.? Cal® Obs. Cal.? Cal.b Obs. Cal.? Cal.b
1 mmmr+mmmm 22.40 0.0070 | 0.0150 | 0.0149 | 0.0216 | 0.0355 | 0.0378 | 0.0362 | 0.0742 | 0.0988
2 rmmr 21.90 0.0177 | 0.0262 | 0.0262 | 0.0383 | 0.0395 | 0.0398 | 0.0473 | 0.0526 | 0.0541
3 mmrm-+rmrm 19.80 0.0515 | 0.0657 | 0.0662 | 0.1074 | 0.1090 | 0.1092 | 0.1660 | 0.1632 | 0.1432
4 rmrr+-mmrr 19.40 0.2921 | 0.2579 | 0.2575 | 0.3184 | 0.2890 | 0.2862 | 0.3020 | 0.2952 | 0.2892
5 T 17.30 0.6317 | 0.6352 | 0.6352 | 0.5143 | 0.5270 | 0.5270 | 0.4485 | 0.4148 | 0.4147
a) Bernoullian statistical model and b) First-order Markov statistical model.
P . =1-P_ =mr/(2mm + mr) *) mr = mmrm + mmir + rmrm + rmirr )
IT = mrrm + mrrr + rrer )
P, =1-P =mr/(2rr+ mr) V)
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Table 4. Standard deviation values of models and experimental data for carbon alpha-methyl and carbonyl poly(methyl methacrylate)

at polymerization temperatures of 50, 150 and 250°C in deuterated chloroform solvent.

Standard deviation (3 <d>?) PMMA-50 PMMA-150 PMMA-250
alpha methyl carbon 1.52x10°3 1.22x10°3 2.66x107
Bernoullian model
carbonyl carbon 1.52x10°3 1.20x10°3 4.90x103
First-order Markov alpha methyl carbon 1.46x107 1.46x107 5.80x107
statistical model carbonyl carbon 14.90x1073 8.90x1073 7.60x107
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Fig. 5. BC NMR spectrum of carbonyl carbon region of
synthesized PMMA-50 in deuterated chloroform solvent at 20°C.
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Table 5. Pentad sequence distribution results of carbonyl carbon of methyl methacrylate polymerized at temperatures of 50, 150

and 250°C at the analysis temperature of 20°C in deuterated chloroform solvent.

Peak Chemical PMMA-50 PMMA-150 PMMA-250
Assignment

no. shift (ppm) | Obs. Cal.? Cal® | Obs. | Cal® | Cal® | Obs. | Cal® | Cal®
1 mrrm 179.0 0.0279 | 0.0261 | 0.0263 | 0.0471 | 0.0395 | 0.0386 | 0.0723 | 0.0525 | 0.0460
2 mrrr 1789 0.1994 | 0.2055 | 0.2053 | 0.2149 | 0.2010 | 0.2091 | 0.2022 | 0.1901 | 0.1905
3 rrrr 178.6 0.3945 | 0.4037 | 0.4021 | 0.2813 | 0.2780 | 0.2824 | 0.2018 | 0.1720 | 0.1971
4 mmrm-+rmrm 178.0 0.0674 | 0.0657 | 0.0663 | 0.1260 | 0.1090 | 0.1057 | 0.1892 | 0.1632 | 0.1367
5 mmrr-+Hrmrr 177.9 0.2451 | 02577 | 0.2588 | 0.2576 | 0.2976 | 0.2862 | 0.2573 | 0.2952 | 0.2827
6 | mmmm+mmmr 177.7 0.0330 | 0.0152 | 0.0150 | 0.0242 | 0.0354 | 0.0380 | 0.0409 | 0.0741 | 0.0982
7 rmmr 169.9 0.0327 | 0.0261 | 0.0262 | 0.0309 | 0.0395 | 0.0400 | 0.0363 | 0.0525 | 0.0508

(a) Bernoullian statistical model and (b) First-order Markov statistical model.
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Table 6. Specifications of the solvents used [32].

Boiling | Viscosity | Solubility

Solvent point at 20°C parameter

(°C) (cp) (cal/cm?)!"?
Chloroform-d 61 0.55 9.3
Tetrahydrofuran-d8 66 0.53 9.1
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Fig. 6. 'H NMR spectrum of alpha-methyl proton region of synthesized PMMA-50 in deuterated solvents: (a) chloroform and (b)

tetrahydrofuran at 20°C.
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Fig. 7. DSC thermograms of synthesized poly(methyl
methacrylate) in polymerization three reaction temperature

(a) 50°C, (b) 150°C, and (c) 250°C.
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