
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 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

Vinyl Polymerization. CLXXII. Polymerization of Methyl Methacrylate
Initiated by Nickel Peroxide
Tadashi Nakataa; Takayuki Otsua; Masami Yamaguchia; Minoru Imotoa

a FACULTY OF ENGINEERING, OSAKA CITY UNIVERSITY SUGIMOTO-CHO, OSAKA, JAPAN

To cite this Article Nakata, Tadashi , Otsu, Takayuki , Yamaguchi, Masami and Imoto, Minoru(1967) 'Vinyl
Polymerization. CLXXII. Polymerization of Methyl Methacrylate Initiated by Nickel Peroxide', Journal of
Macromolecular Science, Part A, 1: 8, 1447 — 1455
To link to this Article: DOI: 10.1080/10601326708053784
URL: http://dx.doi.org/10.1080/10601326708053784

Full terms and conditions of use: http://www.informaworld.com/terms-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, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, 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/10.1080/10601326708053784
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. MACROMOL. SCI.-CHEM., A1(8), pp. 1447-1455, Dec., 1967 
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Methyl Methacrylate Initiated by Nickel Peroxide 
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MASAMI YAMAGUCHI, and MINORU IMOTO 
FACULTY OF ENGINEERING 
OSAKA CITY UNIVERSITY 
SUGIMOTO-CHO, SUMIYOSHI-W, OSAKA, JAPAN 

Summary 

When nickel peroxide was used as an initiator of the polymerization of 
methyl methacrylate, it was found that the radical polymerization pro- 
ceeded easier than styrene under similar conditions, and that the polymers 
obtained at low temperatures showed somewhat increased syndiotactic 
sequence as compared with ordinary radical polymers. From the NMR 
determinations of the polymers resulted by nickel peroxide at various tem- 
peratures, the Bovey-Tiers relationship, that is, that the probabilities of 
formation of isotactic, syndiotactic, and heterotactic triads of monomer unit 
among the polymer chain are controlled by a single parameter of the prob- 
ability of isotactic addition of monomer in the propagation step was con- 
firmed in this case. Similarly, the ratio k, /k ,  in rate constants for isotactic 
and syndiotactic additions in the polymerization by nickel peroxide in 
bulk was expressed by the following equation: 

k,/k, = 1.31 exp(-1.17 kcal/AT) 

In this equation, the difference in activation energy and entropy were 
somewhat larger than those reported for ordinary radical polymerization. 
These results might be understandable if the monomers adsorbed on the 
solid nickel peroxide were favored to enter to the syndiotactic propagation. 

In the polymerization of styrene initiated by nickel peroxide 
(Ni-PO) as a solid radical initiator, it was found to be obtained as an 
isotactic polymer ( I ) .  Such stereoregulating effects of the Ni-PO 
were also observed in the polymerizations of butadiene (2) ,  iso- 
prene (2),  vinyl acetate (3), and vinyl chloride (4). In the previous 
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paper (5) it was reported from the copolymerization experiment that 
Ni-PO could induce the radical polymerization of methyl meth- 
acrylate. The present paper describes the effect of Ni-PO on the 
stereoregularity of the polymerization of methyl methacrylate at 
various temperatures. 

EXPERIMENTAL 

The preparation of the Ni-PO and the determination of its active 
oxygen content (0" g-atomlg of Ni-PO), which was used as the 
initiator concentration available for polymerization, were carried 
out according to the method described in the previous paper (1). 

Methyl methacrylate (MMA) was fractionally distilled under 
reduced pressure before use, and the other reagents were purified 
by distillation. 

Polymerizations were carried out in sealed glass tubes under 
shaking in a thermostat maintained at a given temperature. The 
resulting polymer was isolated by the addition of a large amount 
of methanol, followed by the decomposition of the Ni-PO with a 
large amount of methanol containing 3 vol. % of concentrated 
hydrochloric acid. The resulting polymer was then purified by 
reprecipitating from acetone with petroleum ether. 

The stereoregularity of the resulting poly(methy1 methacrylate) 
(PMMA) was estimated from the NMR spectra, which were re- 
corded in deuterated chloroform solution by using a Varian A-60, 
according to the method of Bovey and Tiers (6). IR spectra of the 
polymers were also used for determining their stereoregularities, 
according to the treatment of Goode et al. (7). 

Number-average degree of polymerization (P,)  was calculated 
from the Baysal-Tobolsky equation (8), by using the intrinsic vis- 
cosity determined in chloroform solution at 30°C. The glass transi- 
tion temperatures (T,) and melting points (T,) of the resulting 
PMMA were determined by the dilatometric method and the hot- 
plate method, respectively. 

RESULTS AND DISCUSSION 

The results of the polymerization of MMA initiated by Ni-PO at 
various temperatures and of the structural parameters of the result- 
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POLYMERIZATION OF MMA INITIATED BY NICKEL PEROXIDE 1449 

TABLE 1 

Results of Polymerization of MMA with Ni-PO 
([MMA] = 1.82 moles/liter in toluene) 

Polymerization 

Temp., Time, sion, Infrared* T,, To, Polymer 
P, J value T "C structurec 

Conver- 

Initiator" "C hr % 

Ni-PO 
Ni-PO 
Ni-PO 
Ni-PO 
Ni-PO 
BPO 
PhMgBr 
PhMgBr 

80 6 86.5 
60 8 78.3 
20 18 53.4 
10 24 25.0 
0 36 17.8 

100 8 91.6 
3 4 73.5 

-78 4 12.1 

320 
430 

- 
140 

2060 
650 

104 - 
104 178-189 
108 190 
112 190 
110 190 
98.7 - 
27.7 160 
48.5 170 

S - 
115 S 
115 S 

115 S 
115 S 

104 h 
45 i 

79-95 i s  

Initiator concentrations are as follows: [Ni-PO] = 0.18 0' g-atom/liter, [BPO] = 

* Determined from IR spectra of PMMA films according to the method of Coode 

c Estimated from the] value: i ,  isotactic; s, syndiotactic; h, heterotactic; is ,  stereo- 

0.02 mole/liter, and [PhMgBr] = 0.02 molelliter in toluene. 

et al. (7). 

block. 

ing polymers are shown in Table 1, in which the results obtained 
by benzoyl peroxide (BPO: soluble radical initiator) and phenyl 
magnesium bromide (PhMgBr: anionic catalyst) are also indicated. 

When Ni-PO was used as an initiator of the polymerization of 
MMA, it was found that the radical polymerization proceeded 
easier than styrene (1)  under similar conditions. 

Infrared spectra of the polymers obtained by using the different 
initiators are shown in Fig. 1, from which their] values were de- 
termined by the method reported by Goode et al. (7) as indicated 
in Table 1. As can be seen this table, the polymers obtained by 
Ni-PO gave higher] values as compared with those by other ini- 
tiators, indicating that these polymers are rich in syndiotactic 
sequence. This result corresponds to the observed differences in 
the glass transition and melting temperatures of the polymers 
(see Table 1) and in NMR spectra, as shown in Fig. 2. 

To further clarify the stereoregulating effect of Ni-PO, the polym- 
erizations were carried out in bulk and in water at various tempera- 
tures and the stereoregularities of the polymers were determined 
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FIG. 1. Infrared spectra PMMA obtained by using different initiators: (a) 
syndiotactic PMMA obtained by Ni-PO at 0°C; (b) stereoblock PMMA ob- 
tained by PhMgBr at -78°C; (c) isotactic PMMA obtained by PhMgBr at 

3°C; (d) heterotactic PMMA obtained by BPO at 100°C. 

by their NMR spectra according to the treatment by Bovey and 
Tiers (6). The results are shown in Table 2. The effect of water on 
the vinyl polymerization will be described in the next paper (9). 

Comparing the result of Table 2 with the reported result under 
the same temperature (6,10), the PMMA obtained by Ni-PO in bulk 
were found to be rich in syndiotactic sequence, but those obtained 

6.5 70 7.5 8 .O 8.5 9.0 9.5 10 
T-, 

6 0  

FIG. 2. NMR spectra of PMMA (in 3% deuterated chloroform solution, 
60 Mc, at 25°C); (a), (b), (c), and (d) are the same as those indicated in Fig. 1. 
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TABLE 2 

Effect of Ni-PO on the Stereoregularities in the Polymerization of MMA 
("1-PO] = 0.43 0' g-atomlliter) 

Polymerization Rate of 

Temp., Time, sion, erization, 
Conver- polym- Tacticity, %" 

Run "C hr % %/hr F" P. P h  PI 4 

In bulk ([MMA] = 9.36 molelliter) 
1 80 0.75 19.4 25.8 380 71.6 22.0 6.4 0.152 
2 60 1.25 22.4 17.9 900 75.2 19.3 5.5 0.132 
3 40 2.00 15.0 7.5 1600 77.0 19.2 3.8 0.116 
4 20 4.92 11.1 2.3 2800 79.6 16.0 4.4 0.105 
5 10 10.0 16.8 1.7 4000 82.1 15.6 2.3 0.094 
6 0 18.3 13.5 0.74 4500 82.6 14.2 3.2 0.091 
7 -78 31.8 0.41 0.013 - 86.7 9.8 3.5 0.068 

In water ([MMA] = 4.68 molehter) 

8 80 0.75 17.4 23.2 6100 56.2 35.7 8.0 0.248 
9 60 1.25 19.4 11.4 6400 58.8 34.0 7.2 0.231 

10 40 2.00 15.9 8.0 8600 60.6 33.2 6.2 0.218 
11 20 3.14 14.4 4.58 9OOO 68.1 27.5 4.4 0.170 
12 10 6.26 18.9 3.02 12000 69.8 26.5 3.7 0.162 
13 0 6.26 14.2 2.26 14000 70.5 24.8 4.7 0.157 

" Determined from NMR s ctra. 
Probability of isotactic a g t i o n  of monomer in the propagation step, 

in water did not give such marked differences. From Table 2 it was 
also observed that the syndiotactic sequence of the polymers in- 
creased with decreasing polymerization temperatures, the same 
as ordinary radical polymerization. However, this result was in 
marked contrast to that for styrene, which produced an isotactic 
polymer (1). 

According to the treatment of Bovey and Tiers (6), if the stereo- 
chemical structure of the polymers is controlled by a single param- 
eter of the probability of isotactic addition of monomer (a) in the 
propagation step, the ratio in rate constants for isotactic and syndio- 
tactic additions can be given by 

all- u = kJk, (1) 
where ki and k, are the rate constants for isotactic and syndiotactic 
additions, respectively And the probabilities of formation of iso- 
tactic, syndiotactic, and heterotactic triads of monomer unit (Pi, P,, 
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0 0.2 0.4 0.6 0.8 1.0 
CT 

FIG. 3. Plot of the Bovey-Tiers relationship, Eqs. (2) to (4). 

and Ph) can be expressed by 
Pi = a2 
P, = (1 - u ) 2  (3) 
ph = 2u( 1 - a) (4) 

To check whether the Bovey-Tiers relationships, Eqs. (2) to 
(4), are applicable in the polymerization by solid Ni-PO, the prob- 
abilities of formation of the respective triads (P i ,  P,, and P h )  shown 
in Table 2 were plotted as a function of the u value. The results are 
shown in Fig. 3, from which the Bovey-Tiers relationship was con- 
firmed to be established in the present system. 

Then the temperature dependence of the rate constant ratio 
(ki/k,), which was determined by using the u values in Eq. (l), was 
tested. The results are shown in Fig. 4, from which the following 
relationships were drawn: 

In bulk: 
kJk, = 1.31 exp(-1.17 kcal/RT) ( 5 )  
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-0.4 

-0.5 

-0.6 

-0.7 - 
P 2 -0.0 
m 

-0.9 

- 
- 

-1.0 

- I  I 

- 1.2 

In water: 

- 

- 

- 
- 

- 

- 

- 
- 

- 

kJk, = 0.34 exp(-1.51 kcal/RT) (6) 
As can be seen from Eqs. (5 )  and (6), the difference in activation 

energy, (E ,  - EJ, for the polymerization by Ni-PO was somewhat 
larger than the reported values r0.775 (6), 0.960 (11), and 1.040 
kcal/mole (I O)] for ordinary radical polymerization with azobisiso- 
butyronitrile as an initiator. And also the difference in activation 
entropy might be important, especially in considering the observed 
discrepancy between bulk and water polymerizations. These re- 
sults might be understandable if the monomers adsorbed on the 
solid Ni-PO were favored to enter the syndiotactic propagation. In 
this case it might also be useful to consider the syndiotactic adsorp- 
tion of the reacting monomer. 
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Zurammenfarrung 

Bei Venvendung von Nickelperoxyd als Initiator der methyl methacryl- 
saure-polymerisation ergab sich, dass die Radikalpolymerisation leichter 
vor sich geht als die von Styrol unter vergleichbaren Bedingungen. Ausser- 
dem waren die bei tiefen Temperaturen erhaltenen Polymeren dadurch 
charakterisiert, dass sie eine etwas erhohte syndiotaktische Anordnung auf- 
wiesen als normale Radikalpolymere. Aus NMR Messungen der mit 
Nickelperoxyd erzeugten Polymeren, die bei verschiedenen Temperaturen 
ausgefiihrt wurden, ergab sich eine Bestiitigung der Bovey-Tier’schen 
Beziehung, wonach die Wahrscheinlichkeit der Bildung von isotaktischen, 
syndiotaktischen und heterotaktischen Monomerentriaden innerhalb der 
Polymerenkette durch einen einzigen Parameter bestimmt ist, namlich der 
Wahrscheinlichkeit der isotaktischen Addition des Monomeren im Ketten- 
fortpflanzungsprozess. Das Verhdtnis der Geschwindigkeitskonstanten, 
kj/k,, der isotaktischen und syndiotaktischen Addition wahrend der Polym- 
erisation durch Nickelperoxyd konnte in Form folgender Gleichung 
ausgedriickt werden: 

k j /k ,  = 1.31 exp(-1.17 kcal/RT) 

In dieser Gleichung sind die Unterschiede in der Aktivierungsenergie und 
der Entropie etwas grosser als im Falle gewohnlicher Radikalpolymeri- 
sationen. Diese Verhalten lasst sich erkliiren, wenn man annimmt, dass das 
am festen Nickelperoxyd adsorbierte Monomere bevorzugt syndiotaktisch 
reagiert. 
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On a trouvk que la polymerisation du methacrylate de methyl procede 
plus facilement que la polymerisation du styrene, lorsqu’on emploi le 
peroxyde de nickel comme initiateur de polymerisation. Les polymhres 
obtenus B basses temperatures possedent une sequence syndiotactique un 
peu augmentee en comparaison avec les polymeres radicalaires ordinaires. 
On a confirm6 B I’aide des determinations de RNM des polymbres obtenus 
avec le peroxyde de nickel, que la relation de Bovey-Tiers sur les probabil- 
ites de formation de triades d’unitBs de monomeres isotactiques, syndio- 
tactiques et  hetdrotactiques, etant controlees par un seul parametre de 
probabilitk d’addition isotactique dans le stade de  propagation, est valable 
dans ce cas. D’une manibre analogue le rapport (kJk.) des constantes de 
vitesse des additions isotactiques et  syndiotactiques dans la polymkrisa- 
tion en masse avec le peroxyde de nickel, est exprime par 1’6quation 
suivante: 

k, /k ,  = 1.31 exp(-1.17 kcal/RT) 

Dans cette Bquation les differences d’energie &activation et d’enthropie 
sont un peu plus grandes que celles rapportees pour une polymerisation 
radicalaire ordinaire. Si le monomere adsorbe sur le peroxyde de nickel 
solide est favoris6 pour entrer dans la propagation syndiotactique, ces 
resultats deviendront comprehensibles. 
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