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ABSTRUCT 

7 -Ray irradiation post-polymerizations of long-chain acrylates containing 
fluorocarbon chain, H(CF2),oCH20C0CH=CH2 and H (CF2)8CH2OCOCH=CH2, were inves
tigated and also the structures and thermal properties of comb-like polymers 
obtained were studied. It was found that these monomers exhibited very high 
polymerizability at wide temperature ranges around the melting points. Be
cause the fluorocarbon chains are less flexible and thicker than the hydro
carbon chains, it can be expected that the aggregation force among the monomer 
molecules is strong and the conformational freedom of functional group for 
polymerization is large. According to the DSC and the X-ray diffraction meas
urements of the comb-like polymers obtained, the fluorocarbon chains are 
aggregated in a mode of hexagonal packing in the lamellar crystals. This 
situation can be considered as an optimum condition for the 7 -ray irradiation 
post-polymerization. 
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INTRODUCTION 

In solid-state, the polymerization reaction of long-chain vinyl compounds will 
be influenced remarkably by the arrangement and packing mode of monomer mole
cules, because polymerization proceeds two-diraensionally in lamellar crystals 
and the polymerizability is controlled by the distance among the functional 
groups for polymerization and their local motion (Shibasaki et al.,1979; Shi-
basaki,1980; Shiozawa et al., 1992). Fluorocarbon chain is thicker than that 
of hydrocarbon chain and less flexible, since the van der Waals radius of 
fluorine atom is too big to make a trans zig-zag conformation of -(CF2-CF2)„-
chain. Some monomer molecules containing long-fluorocarbon chains have a ten
dency to make a layered structure and the functional groups should be arranged 
in an effectively condensed state having a conformational freedom. Therefore, 
a monomer molecule, in which functional group is linked with a fluorocarbon 
chain by a CH2 chain, may have good polymerizability in the solid-state. On 
the other hand, comb-like polymers containing fluorocarbon chain in the long-
side chains have been interested from the viewpoint of new functional polymers 
with special electrical and chemical properties. In this work, 7 -ray irradi
ation post-polymerizations of long-chain acrylates containing fluorocarbon 
chain were investigated and also the structures and thermal properties of 
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comb-like polymers obtained were studied. 

EXPERIMENTALS 

1H,1H,1 IH-icosafluoroundecyl acrylate (H(CF2) , 0CHaOCOCH=CHi, , Abbr.:F,uA, mp 
44.0-45.4 TC) and 1H, lH,9H-hexadecaf luorononyl acrylate (H(CF2 ) „CH::OCOCH=CH;j , 
Abbr.:F8A, mp -19 °C) were bought from Daikin Chemical Co. F10A was purified 
by recrystallization from the ethanol solution, but FBA was used as received. 
The samples of F, 0A and F8A (1-2 g) were sealed in Pyrex tubes (i.d. 10 mm) 
under the nitrogen atmosphere or in vacuum and then crystallized by rapid 
cooling of the melt in liguid nitrogen. After 7 -ray-irradiation of 2.58X IQ2 

-7.74X 102 C kg"1 (1-3 Mrad, total dose) at -196 1C , post-polymerizations at 
various temperatures were allowed to proceed for 24 h. The reaction mixtures 
of F, 0A were crushed and suspended in CC1,, for 24 h, and further they were 
treated under the ultrasonic vibration for 4 h at room temperature to remove 
completely the unreacted monomer molecules from the polymer of F,0A (Abbr.: 
PF,0A). In the case of F8A, the polymerized samples were dissolved in acetone 
of 1-2 ml and poured into CC14 of 60-80 ml at room temperature (below ca. 20 
°C) to obtain the polymer of FaA (Abbr.: PF8A) as precipitation. Percent con
versions were determined from the weights of polymers obtained. Thermal prop
erties of monomers and polymers were measured using a Seiko Instruments Model 
DSC20 differential scanning calorimeter. IR spectra for monomers and polymers 
were measured using a JEOL Fourier transfer IR spectrophotometer (JIR 100) . 
X-ray diffraction patterns were measured with a Rigaku diffractometer (RAD-B, 
CnKa radiation: 0.15405 nm) . 

RESULTS AND DISCUSSION 

As shown in Fig.l, F, 0A exhibited a simple phase transition behavior in the 
DSC measurement. DSC curves for PF,0A are also shown in Fig.l for comparison 
with those of F10A. Melting of PF10A occurred at a relatively wide temper
ature range. The melting temperature of PF[0A estimated from the peak top of 
DSC curve was 118 "C , which was higher than that of F,0A about 73 °C - Al
though, molar heat of fusion for constitutional unit of PF,0A (AtH=73.22 kJ 
mol'1) was almost same with that of F, UA (A(H=75.31 kJ mol"

1), the entropy 
change for PF,0A (A ,S=187 J K ' mol'1) was smaller than that for F,0A (A ,S= 
236 J K~' mol-1). These results indicate that arrangement of fluorocarbon 
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Fig.l DSC curves for FI0A and PF10A. 
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chains in the comb-like polymer of PF10A may be somewhat disturbed by the 
conformation of the main chain. In addition, the value of entropy change for 
fusion AiS of F,0A is smaller than a critical value ranging from 270 to 310 J 
K~' mol" ' , below which solid state polymerization may be allowed, reflecting 
the conformational freedom of the functional groups (Shibasaki et.al.,1988). 
In IR spectra of F, UA, with the progress of post-polymerization, the band at 
1747 cm"1 for ester group v c=o shifted to 1759 cm"

1 and intensities of vc=c 
band at 1637 cm'1, (5Cn(in plane) bands at 1414 and 1300 cm"

1, and S Cn (out-
of-plane) bands at 983 and 806 cm"' decreased remarkably. 

In the X-ray diffraction pattern of PF,„A obtained by powder method, two dif
fraction peaks appeared at 20=4.96" (vs) and 10.0" (w) indicating a layered 
structure of 1.78 nm distance and a very strong peak appeared at 20 =17.96" , 
which corresponds to a hexagonal packing of fluorocarbon chains (d=0.49 nm) 
and is larger than the dimension of hexagonal packing of hydrocarbon chains 
(d=0.42 nm) . In addition, the -CH=CHZ groups are arranged regularly in 
layered crystal of F,„A and they have fairly large freedom for local motion. 
This situation can be considered as an optimum condition for the solid-state 
polymerization. 

Results of post-polymerization of F,„A at 0, 20, 40 and 60 °C are shown in 
Fig.2. At temperatures (40-60"C) around the melting point (45.5 t!) the 
polymeization of F,0A proceeded rapidly and reached to very high conversion. 
The polymerizability of F10A was rather high even at 0 1C- From these results, 
it can be considered that conformational freedom of acrylic acid resides,i.e., 
local motions of functional groups for polymerization are relatively high, be
cause diameter of the CF2 sequence is relatively large comparing with those of 
CH2 and 0C0CH=CH2 groups in the F,0A molecule as shown schematically in Fig.3. 
Furthermore, at a temperature fairly above the melting point, the layered 
structure has been maintained owing to the strong aggregation force between 
fluorocarbcn chains. Therefore, the polymerization of FI0A proceeded two-
diraensionally in a single layere and achieved very high conversions. 
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Fig.2 Polymerization curves for FI0A. 

As shown in Fig.4, FaA exhibited double peaks for fusion at -20.5 and -18.0 °C 
and crystallization at -20.9 and -24 °C in DSC curves, indicating an enantio-
tropic phase transition, such as crystalsmesophase=isotropic liquid. This 
feature differs from the phase transion behavior of F10A- Packing mode of FHA 
in the crystal may be similar to that of F|0A, although crystal structure of 
F8A is not yet clarified by the X-ray diffraction measurement. It seems that 
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Fig.3 Schematic illustration for arrangements of 
F,„A and PF|0A in the lamellar structure. 

the mesophase of F8A observed is a kind of smectic liquid crystal. DSC curves 
of PF8A are also shown in Fig.4. PF8A melts at 65.5 °C , which is higher than 
that of F8A about 85 °C , and crystallizes at 22.5 °C . This wide difference in 
temperature between the melting and the crystallizing is an unexpected chara
cter of PF8A. This phenomenon may be related to the very high polymerizabil-
ity of F8A in a wide temperature range around the melting point. The double 
peaks in the cooling curve seem to reflect the difference in microtacticity of 
the comb-like polymer obtained. 
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Fig.4 DSC curves for F8A and PF8A. 

Results of post-polymerization of F8A at -20 and 0 °C are shown in Fig.5. At 
temperatures just below (-20 °C) and above (0 °C) the melting point (-19 °C) 
post-polymerization of FBA proceeded rapidly and resulted in a comb-like 
polymer with very high conversions. In the case of post-polyraerization of F„A 
after y -ray-irradiation of 2.58X 10z C kg-1, we can distinguish a difference 
in polymerizability of F„A at 0 t and -20 V • However, after a larg radia
tion dose of 7.74X 102 C kg"1 any difference in polymerizability due to the 
polymerization temperature could not be observed, since the polyraerizability 
of FaA in the organized systems, such as lamellar crystal and mesophase, was 
too high. It can be considered that a part of F8A molecules was frozen in the 
mesophase and polymerized rapidly. 
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Fig.5 Polymerization curves for F8A. 

CONCLUSION 

Radiation induced post-polymerization of long-chain acrylates containing 
fluorocarbon chain proceeds very fastly, because in the crystal with hexagonal 
packing of fluorocarbon chains the acrylic acid residue (-C0CH=CH2) are ar
ranged regularly in layered structure and have fairly large freedom for local 
motion. The optimum condition for solid-state polymerization can be main
tained up to temperatures fairly above the melting points of monomers, owing 
to the strong self-organizing property of comb-like polymers of F8A and F,0A. 
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