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Aggregation Behavior of New Cyclic Saturated Copolymers Synthesized via
Ring-opening Methathesis Polymerization

Mk — WA B
Yoichi Ogata Motoki Okaniwa Yutaka Makita

Cyclic saturated copolymers were prepared from 8methyl-8methoxycarbonyltetracyclo[4.4.0.1%°.1""]
dodec-3-ene (MMT) with polar ester group and dicyclopentadiene (DCP) without polar group. This proce-
dure consisted of ring-opening metathesis polymerization (ROMP) followed by hydrogenation. Monomer
reactivity of DCP was higher than that of MMT, the monomer reactivity ratio 7cr varied from 1.423 to 1.062
in a temperature range from 80 to 130 C. These kinetic results indicated that the copolymer had distribu-
tion of DCP composition in a macromolecule chain, which could provide the interesting aggregation behav-
ior. The aggregation behaviors of the hydrogenated copolymer and the homopolymer in various solvents
were also examined using dynamic light scattering (DLS) and static light scattering (SLS). DLS analysis in-
dicated that the fast mode in each polymer is attributed to the diffusive motion of each single polymer
chain, while the slow mode in the copolymer is caused by aggregated polymer. The aggregation degree of
the copolymer decreased with increasing hydrophobicity of solvent, decreasing polymer concentration, de-
creasing molecular size of solvent and increasing temperature. Based on these findings, the mechanism of
aggregation behavior was clarified that the DCP-rich unit in a macromolecule might be acting as core to
give the aggregation in poor solvent.
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Scheme 1 Synthesis of homopolymer and copolymer
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Table 1 The Monomer Reactivity Ra-
tio of DCP and MMT

Reaction temp. (C) oep Pt
80 1.423 0.552
105 1.180 0.911
130 1.062 0.916

Table 2 The Copolymer Composition of DCP
and MMT*

Copolymer Com-
position’ (wt%)

DCP MMT DCP MMT
First Stage  44.0 37.9 27.5 72.5
Final Stage  96.2 93.7 25.5 74.5

“ Monomer feed ratio DCP/MMT=25/75 (wt%) at
105 C as an initial internal temperature.
" Calculated by monomer conversion using GC.

Conversion (%)
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!

Middle Stage
Ideal random copolymer

!

Final Stage
MMT rich copolymer
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Scheme 2 Possible Reaction Mechanism of Copolymer Formation
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Table 3 Characterizations and Properties of Homopolymer and Copolymer

Sample Yield Molecular weight M,/M," n°

MMT/DCP unit

Film Photo
Degree of Water . . .
T, withdrawing elastic

hydrogenation Absorption
strength? coefficient
w Mw feed - Tound %) (C)  (wt%)  (gf/100um)  (cm*/dyn)
(g/mol) (g/mol) (Wt%) (Wt%)
homopolymer 94 139,000 42,900 3.2 0.78 100/0 100/0 >99.9 171 0.4 17 3x107*
copolymer 96 53,400 27,100 4.1 0. 65 75/25  73.5/27.2 >99.9 148 0.2 42 3x107"

“ Measured by SLS with THF solution.
* Measured by GPC using THF as eluent.

“ Measured by reduced viscosity of 0.5 g/L in dichlorobenzene.

“Measured by '"H NMR spectroscopy in CDCL.
¢ Measured by DSC.

7 According to ASTM D570;water immersion at 23 C for 2 weeks.

¢ Measured by K7128.
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A copolymer
1.0E-01 F 10 % THF solution
o
R 1.0E-02 [
)
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1.0E-04 Q&

1.0E-03 1.0E-01 1.0E+01 1.0E+03

t/ ms
Figure 1 Normalized autocorrelation functions of
homopolymer and copolymer in THF so-
lution with a concentration of 10 wt% at
23 °C and 6=60°.
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O homopolymer/Fast Mode
| Acopolymer /FastMode
100,000 9 copolymer  /Slow Mode 10,000
10 % THF solution
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Figure 2 Scattering vector (g¢*) dependence of the
decay rates (I') of homopolymer and co-
polymer in THF solution with a concen-
tration of 10 wt% at 23 °C.
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Figure 3 Decay rate distribution function versus
the hydrodynamic radius in different four
solutions with a concentration of 15 wt%
at 23 °C and 6=60"; (a) Decay rate distri-
bution of homopolymer; (b) Decay rate
distribution of copolymer; (c) Enlarged
view of (b) in the hydrodynamic radius
range from 10 to 10,000 nm.
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Figure 4 Concentration dependence of the decay
rate distribution function versus the hy-
drodynamic radius of copolymer in THF
solution at 23 °C and 8=60°.
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Figure 5 Temperature dependence of the decay
rate distribution function versus the hy-
drodynamic radius of copolymer in TL/
CHX mixed solution with a concentration
of 15 wt% at 6=60°.
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Figure 6 Temperature dependence of the decay
rate distribution function versus the hy-
drodynamic radius of copolymer in THF
mixed solution with a concentration of 15
wt% at 6=60°.

Table 4 The relations between Aggregation and Solubility of Homopolymer and

Copolymer
Solvent £ Peak area of aggregation® 10’45 ko'
(=) (%) (cm’molg™) (em’g™)
TL/CPE=50/50 2.23" 0.0/ 0.0 7.3/12.0 20.8/33.4
TL/CHX=50/50 2.20° 0.0/ 7.2 8.1/12.0 20.2/30.0
THF 7.52¢ 0.0/12.4 9.6/ 8.1 55.4/13.5
DCM 8.93¢ 0.0/18.5 10.3/ 6.0 60.7/ 1.3

“Listed in the order corresponding to homopolymer/copolymer.
" The average value of TL (2. 38) [23]and CPE (2. 08) [23].
 The average value of TL (2. 38) [23]and CHX (2.02) [23].

“The value of literature [23].
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