
 

 

PLEASE SCROLL DOWN FOR ARTICLE

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

Studies on the Block Copolymerization of Methacrylo-Nitrile and
Hexafluorobutylmethacrlate Using Phenylazo-Triphenylmethane as
Thermal Iniferter
Metin H. Acara; Yusuf Yaĝcia

a Department of Chemistry, Istanbul Technical University, Maslak, Istanbul, Turkey

To cite this Article Acar, Metin H. and Yaĝci, Yusuf(1991) 'Studies on the Block Copolymerization of Methacrylo-Nitrile
and Hexafluorobutylmethacrlate Using Phenylazo-Triphenylmethane as Thermal Iniferter', Journal of Macromolecular
Science, Part A, 28: 1, 177 — 183
To link to this Article: DOI: 10.1080/00222339108054398
URL: http://dx.doi.org/10.1080/00222339108054398

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/10.1080/00222339108054398
http://www.informaworld.com/terms-and-conditions-of-access.pdf


MACROMOLECULAR REPORTS, A28(SUPPL. 2 ) ,  117-183 (1991) 

STUDIES ON THE BLOCK COPOLYMERIZATION OF METHACRYLO- 
NITRILE AND HEXAFLUOROBUTYLHETHACRLATE USING PHENYLAZO- 

TRIPHENYLMETHANE AS THERMAL INIFERTER 

Metin H. Acar, & Yusuf Yagci 

Maslak 80626, Istanbul, Turkey 

ABSTRACT 

Istanbul Technical University, Department o f  Chemistry, 

The iniferter technique was applied to synthesize a 
block copolymer of methacrylonitrile (MAN) and 2,3,3,4,4, 
4- hexaf luorobutylmethacrylate (HFMA). Phenylazotriphenyl 
methane (PAT) was used as initiator for thermally 
initiated polymerization which proceeded via quasi-living 
radical mechanism. This wag informed from the fact that 
yield and molecular weight (Mn) of the polymers increased 
with reaction time. The prepolymer obtained from one 
monomer was used as polymeric iniferter for the poly- 
merization of the other monomer.This way block copolymers 
were obtained. 

INTRODUCTION 

Iniferter technique was extensively explored during 
the last decades for the preparation of block copolymers. 
In this concept, iniferters ( initiator - transfer agent- 
terminatorlare used to desing of the structure of polymer 
chain end in radical polymerization ’ )  . Dlthiocarbamates 
were used as photoiniferters for the preparation of di- 
and tri-block copolymer 2 ,  . Similarly, phenylazotriphenyl 
methane (PAT) 3 ,  and tetraphenylsuccinodinitrile L ,  were 
permitted to act as thermal iniferter. Several other 
types of iniferters were reported 5 - 9 )  . In the case of 
using PAT for the polymerization o f  methylmethacrylate, 
general reaction may be written as follows, 

Ph CH, Ph 

Ph-N=N-C-Ph I + n CHZ= r3 A +  PhfCH,-C I I  k C - P h  
I I  -N 2 

C=O Ph 
I c=o I Ph 
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ACAR AND YAGCI 

When the trityl terminated polymer was used as poly- 
meric iniferter for the polymerization of styrene, the 
block copolymers were obtained. 

Poly (methacrylonitrile) is a promising material in 
pozitive lithography due to high plasma etching 
resistance l o )  . The incorparation of fluorine atom leads 
to improved resist performance of polymethacrylates due 
to the higher radiation sensitivity 1 1 )  . It seemed useful 
to prepare block copolymers with poly (methacrylonitrile) 
(PMAN) and poly (hexafluorobutylmethacrylate) (PHFMA) as 
components. 

Therefore, it seemed appropriate to apply iniferter 
technique using PAT to prepare related copolymer. 

CH 3 

R, 

-+- CH, - i"' .+-+ CH, - f -fm 
I 
R1 

! PMAN = R1: -CN , PHFMA = R,: - -0-CH,-CHF-CF,-CF, 

EXPERIMENTAL 

Monomers and solvents were purified by conventional 
drying and distillation procedures. PAT was synthesized 
according to decribed procedure 1 2 ) .  

Polymerizations of MAN in bulk o r  cyclohexanone 
solution were carried out in degassed and sealed tubes. 
The mixtures were then heated at 80 'C f o r  a given time. 
Polymer formed was precipitated into excess n-hexane. For 
purification, the polymer was reprecipitated from acetone 
solutions with n-hexane. The block copolymerization was 
performed in a similar manner. The seperation of homo 
PHFMA was carried out by extracting with methanol. 

Gel permeation chromatograms were obtained with the 
aid of a Knauer Instrument, model M64,  using ethylmethyl 
ketone as eluent. The flow rate was 1 ml/min. Molecular 
weights were calculated on the bases of a calibration 
curve recorded with poly (methylmethacrylate) standard 
samples. 

RESULTS AND DISCUSSION 

PAT was found to initiate radical polymerization of 
MAN in the same way as reported for MMA polymerization3). 
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E 

The observed time - conversion and time - molecular 
weight (Mn) relations are shown in Figures 1 and 2, 
respectively. 
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Figure.1: Time-conversion relations 
in polymerization o f  MAN,A: PA = 
3 x lo'' H, 65'C in bulk, B: [PA1 = 
1 x lo'* M, 8 0 ' C  in cyclohexanone. 

Figure.2: Time - molecular weight 
relations in polymerization o f  M A N  

hexanone. 

= 3 x lo-' M, 65'C in bulk, 
= 1 x 10'' M, 80'C in cyclo 
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180 ACAR AND YAGCL 

From this figures, it can be seen that both 
conversion and molecular weight o f  the polymers (PMAN) 
increased with reaction time. The Rn values increased 
almost linearly with increasing conversion in both bulk 
and solution polymerization as can be seen from figure 3. 

Conversion ( % I  
Figure.3: Conversion-Molecular weight 

in polymerization of MAN, 
A :  [PAT = 3 x 10" M, 65'C in bulk, 
: at PAT = 1 x 10'' M, 80'C in cyclo 

hexanone. 

These findings are in accordance with the living 
radical polymerization concept, as proposed by Otsu et 
a13) , f o r  the polymerization o f  MMA initiated by PAT. 
Further evidence f o r  the proposed mechanism was obtained 
by the UV analysis o f  the resultant polymer. PMAN 
exhibits the UV absorption o f  trityl end group at Xmdx = 
230 nm. I n  order to synthesize block copolymers of MAN 
and HFMA, the polymerization o f  HFMA in the presence of 
PMAN were attempted. PMAN with trityl end groups are 
expected to initiate the polymerization o f  second monomer 
HFMA, in a manner similar to low molar mass iniferter, 
i.e. PAT. The general schema for the blocking process is 
as follows, 

CHS Ph CH s CH 3 CH, Ph 

PhfCHz-!kC-Ph I + m CH2=C l A  4 PhfCH,-f!~[CH,-C~C-Ph 1 1  
I I  
R z  Ph I I 

R *  R, 
I I  
R, Ph 
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COPOLYMERIZATION OF METHACRYLONITRILE 181 

Typical results obtained are shown in Table 1. The 
increase in total mass of  polymer, Am, reflects the 
formation o f  block copolymer. 

TABLE 1 
Block copolymerization o f  PMAN with HFMAa) 

d) 
PMANb) Time Yield Am f~~~~~ 

HFMA 
Conv. 

(9) (h) ( g )  (w %) ( w  %) (w %) 

1 2.5 1.717 13.3 71.7 6.0 
1 5.0 2 - 153 21.4 115.3 8.5 
1 21.0 3.766 51.3 276.6 17.0 
1 45.0 4.283 60.9 328.3 20.0 

~~ ~ 
~ 

a) Polymerization condition : HFMA= 4 ml, cyclohexanone= 

b) Prepared by polymerization o f  MAN with PAT (10'*M) in 

c) A m =  
d) Weight fraction o f  PHFMA in block copolymer (insoluble 

40 ml at 80'C, 

cyclohexanone at 80'C for 120 h, 
"'final- "'start 

start 

part in methanol), determined by IR spectra. 

The fraction of PHFHA in the 
linearly on the conversion as can be 

block copolymer depends 
seen from figure 4. 

30 I 

-0 25 50 75 
Conv. of HFMA ( O h )  

Figure.4: Conversion - content o f  PHFMA 
in block copolymer by polymerized PMAN 
with HFMA in cyclohexanone at 80.12. 
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182 ACAR AND YAGCI 

Gel permeation chromatograms of prepoly (methacrylo 
nitrile) and block copolymer o f  methacrylonitrile and 
hexafluorobutylmethacrylate are presented in Figure 5 .  
The new peak at higher molecular weight is ascribed to 
the block copolymer. 

Figure.5: GPC curve o f  (I) prepoly 
(methacrylonitrile) obtained by using 
[PAT] = lo-* M, MAN= 15 ml in cyclo 
hexanone ( 5  ml) at 8 0 ' C  for 5 h, 
(11) block copolymer obtained by 
using PMAN= 0.25 g, HFMA= 2.5 ml in 
cyclohexanone (20  m1)at 8 0 ' C  for  48h. 

The seperation of homo PHFMA from the crude product 
was achieved by extracting with methanol which is non- 
solvent for PMAN. Further seperation was not possible 
due to the lack o f  availability of a solvent which is 
non-solvent for PHFMA but solvent for PMAN. Therefore, 
block copolymers may contain some unreacted PMAN. However 
this is not important as far as the use of the block 
copolymer in lithography is concerned. The corresponding 
two homo polymers are immiscible and they seperate into 
two phases and became practically useless due to the 
relatively weak adhesion between the two phases. On the 
other hand, homo PMAN is miscible with the block copoly- 
mer and forms a single phase. 

The most .prominent advantage of  this technique 
apparently consists in the introduction o f  new properties 
(high plasma etching and radiation sensitivity) which can 
be imparted to polymeric materials by block copolymeriza- 
tion of monomers of two different chemical nature. 
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