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ABSTRACT : Poly(ethylene 2,6-naphthalate-co-ethylene phthalate) (PEN/PEP) and poly
(ethylene 2,6-naphthalate-co-ethylene isophthalate) (PEN/PEI) random copolymers were
synthesized and their sequence distributions were investigated by 'H-NMR spectroscopy. In
PEN copolymers, point was depressed gradually with the increase of dimethyl phthalate (or
dimethy!] isophthalate) mol% in composition. The melting depression of PEN copolymers
were not directly depended on molar fraction, X, but rather on the sequence propagation
probability, P, which is calculated by dyad method. The block length, L,y, of naphthalate
unit in the annealed copolymers was larger than that of the quenched copolymers. It can be
found from the result that the variation of the thermal property and the crys-
tallization behavior have a significant relation to the sequence length distribution of quench-
ed/annealed PEN copolymers.

Kevywords: poly(ethylene 2,6-naphthalate) copolymers, sequence distribution, degree of random-
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Structure of PEN/PEI copolymers

Al ek el A" A9k dimethyl 2,6-
naphthalate (DMN, Grief Bros.), ethylene gly-
col (EG, 32414 3}8), dimethyl phthalate (DMP,
Junsel Chem.), dimethyl isophthalate (DMI, Tokyo
Kasei Chem.)& AA|gle] a2z AM&-3lyg o). w3
Zu} = zinc acetate (Zn(Il), Aldrich)®} antimony
trioxide (Sb(Il), Aldrich)& Abgatgix, A=
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AHg-SHA T
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Figure 1. Effect of DMP(or DMI) contents(mol%)
on the transesterification of DMN and EG at 230 C n

the presence of zinc acetate (1.5%10* mol/mol
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Table 1. Dependence of Rate Constants, K, on
the Formation of PEN Cooligomers

feed composition

type of apparent rate constant

oligimers (mol%) -
DMN DMP(or DMI) ( K,p,x 10%, 1?molZmin™")
BHEN 100 0 50.3
NP(1) 95 5 33.8
NP(2) 90 10 27.8
NP(3) 80 20 24.8
NP(4) 60 40 21.0
BHEP 0 100 3.7
NI(1) 95 5 47.1
NI(2) 90 10 48.7
NI(3) 80 20 416
NI(4) 60 40 42.2
BHEI 0 100 73.7
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Figure 2. 'H-NMR spectra of PEN copolymers; (a)
PEN/PEP and (b) PEN/PEL
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Table 2. Change of Density Value with Quenched
and Annealed PEN Copolymers

actual composition  annealing annealing

WO MR mol%)  emp e (gfem’)
copotymers DMN DMP(or DMI) (%) (hrs) quencﬁéd annealed
PEN 1000 0 210 3 1339 1355
NP(D 941 59 180 3 1333 1353
NP(2) 905 95 170 3 1333 1356
NP(3) 789 2Ll 150 3 1333 1355
NP(4) 604 396 120 5 1338 1346
PEP 00 1000 50 12 1339 1340
NI 939 61 180 3 1331 1351

NI(2) 8838 11.2 170 3 1332 1350
NI(3} 803 19.7 150 3 1339 1347

Ni(4) 623 377 120 3 1337 1341
CPEL 00 1000 50 12 1349 1350
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Figure 6. Ethylene peak splitting of 'NMR spectra in
PEN copolymer; (a) PEN and (b) PEN/PEL
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Table 3. Sequence Distribution Analysis of Quenched PEN Copolymers by '"H-NMR Spectra

type of dyad mole fraction probability of unit finding block length degree of randomness
copolymers Fan o fob P Pox Loy L.y B
PEN 1.000 0.000 0.000 - — - — -
NP(1) 0.867 0.122 0.011 0.066 0.847 15.152 1.181 0.913
NP(2) 0.792 0.189 0.019 0.107 0.833 9.346 1.200 0.940
NP(3) 0.604 0.367 0.029 0.223 0.779 4.484 1.284 1.002
NP(4) 0.368 0.503 0.129 0.406 0.661 2.364 1.513 1.067
PEP 0.000 0.000 1.000 — — — — — ~
NI(1) 0.778 0.195 0.027 0.111 0.783 8.849 1.277 0.894
NI(2) 0.719 0.244 0.037 0.145 0.767 6.687 1.304 0.912
NI(3) 0.578 0.369 0.053 0.242 0.777 4.132 1.287 1.019
NI(4) 0.369 0.566 0.065 0.434 0.813 2.304 1.230 1.247
PEI 0.000 0.000 1.000 - — — — —
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Table 4. Sequence Distribution Analysis of Annealed PEN Copolymers by '"H-NMR Spectra

type of dyad mole fraction probability of unit f 1nd1ng block length degfée of randomness
copolymers Sun v Sop Py Ppx Loy Lo B
PEN 1.000 0.000 0.000 - - - - -
NP(1) 0.889 0.096 0.016 0.061 0.750 19.608 1.333 0.801
NP(2) 0.805 0.168 0.027 0.027 0.757 10.638 1.321 0.851
NP(3) 0.631 0.316 0.053 0.053 0.749 5.000 1.335 0.949
NP(4) 0.375 0.487 0.138 0.138 0.638 2.538 1.567 1.032
PEP 0.000 0.000 1.000 1.000 - - = —
NI(1)  0.78¢  0.85  0.030 0106 0756 9434  1.323 0.862
NI(2) 0.730 0.234 0.036 0.138 0.765 7.246 1.307 0.903
NI(3) 0.670 0.287 0.043 0.176 0.769 5.682 1.300 0.945
NI(4) 0.375 0.550 0.075 0.423 0.786 2.364 1.272 1.209
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