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Abstract—Oligomeric extracts of poly{ethylene terephthalate-co-ethylene isophthalate)s [(PET/EI] are

analyzed by high performance liquid chromatography(HPLC) and nuclear magnetic resonance spectroscopy

(NMR). Existence of separated peaks for small cyclics of trimer and tetramer gives the existence of

structural isomeric forms. NMR confirms that cyclization of PET/EI occurs more easily at the site of

isophthaloyl unit.

1. Introduction

Condensation polymers, such as polyesters, poly-
amides and polysiloxanes, contain small amount
of cyclic oligomer as a result of equilibrium reac-
tion. Due to commercial and technical importance,
researches concerning the cyclic oligomer of poly-
condensates are mainly on PET. Related studies
on the cyclic oligomer of PET are concentrated

1~3)

on cyclization mechanism'™, separation and iden-

4~9) 10,11)

tification*™, synthesis®’, equilibrium reaction®.
The effect of cyclics onto the crystallization process
of polymer is also investigated>™'¥. It is well esta-

bilished that cyclization probability is strongly inf-
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luenced by the rigidity of repeating monomeric
unit’>'®,

This study aims to investigate on the cyclio-de-
polymerization of copolyesters having various con-
tent of repeat monomeric unit by means of HPLC
and NMR. We made copolyesters that ET unit is
one which does not readily form a cyclic oligomer
and EI unit is one which readily forms a cyclic

oligomer of relatively low molecular weight.

2. Experimental

Homopolymers and copolymers of ethylene iso-
phthalate(EI) and ethylene terephthalate(ET) re-
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peat units were obtained by conventional two step
condensation polymerization'”.

Cyclic oligomer of PET was extracted by using
dioxane for 24 hr. Cyclic oligomer extraction of
PEI and the other copolymers was carried out by
using acetone for 24 hr. As predominant compo-
nents of the extracts from copolymers are cyclics®™®,
the extracts of PET, PET/EI and PEI are abbreviated
as CET, CET/EI and CEIl, respectively.

LEL];, which is a crystalline sublimate, evolves
on the wall of polymer tube during polymerization
of PEI'®. The sublimate was collected and purified
by recrystallizing in monochlorobenzene(MCB)
and dimethylformamide(DMF) subsequently.

Pure [ET]s, which is also crystalline and major
component of CET, was isolated from the mixture
of cyclic oligomers by recrystallization in MCB and
DMF subsequently.

HPLC analysis was performed by using a Pye
Unicam LC-XP series Liquid Chromatograph. Se-
paration of oligomeric components was achieved
through a Technosphere5sil(15cm X 4.6mm) nor-
mal phase column along with a UV detector at
254nm. Hexane/dioxane(70/30, in volume ratio)
was used at the flow rate of 1.5ml/min. '"H NMR
spectra in CDCl; or a mixture of CDCly/trifluoro-
acetic acid(TFA) were obtained by using GE 300
MHz spectrometer. A Du Pont DSC 910 equipped
with a Thermal Analyser 2000 was used for ther-
mal analysis. Mass spectrum of [EI], was taken
by using chemical ionization method with a Kratos

Mass Spectrometer.
3. Results and discussion

3.1 Standard materials : [EI], and [ET];

There are a lot of analytical data for [ET]; which
is crystalline and major component of CET. How-
ever, little attention was paid on CEI, especially
on [EI],'"®. NMR spectrum of [ EI], in Fig. 1 shows
four different types of protons. CDCl/TFA is

chosen for [EI],, which is crystalline and insoluble
in many other solvents. Protons of C; and Cs of
the phenyl ring show spin-spin coupling of triplet
at 8.964 and 7.696, respectively. The protons of
Cs and C; of the phenyl ring show equivalent che-
mical shift at 8.341 and there coupling between
two protons(C, and Cs) produces quartet. The coup-
ling constants of Ju(or Jx) and Js{or Je) are 16
and 7.8 Hz, respectively. Coupling between pro-
tons of C, and Cs, which is expected negligibly
small, is not detected from 300 MHz NMR. And
the protons at ethylene unit show singlet at 4.809.
The spectrum shown in Fig. 1 gives integral of
1:2:1.4 and the absence of other peaks due
to chain end group, thereby the cyclic form of meta
substitution is identified. Mass spectrum of [Ell,
indicates molecular ion(M+1) peak of [EIl, as
shown in Fig. 2. Table 1 gives Tm and the heat

Fig. 1 NMR spectrum of [EI]..

Table 1. DSC data of (El], and [ET],

Oli Tm(t) AH(/g)
igomer
8 Measured Literature g
LEI], 335.9 325—327¢ 136.4
- 1 2
[ET], 3234 316,319 o .

318!, 3182
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of fusion(AH) of [EI], and [ET]; obtained by
DSC. Tm obtained in this study gives higher value
than the data reported by other researchers.
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Fig. 2 Mass spectrum of [Ell.

3.2 HPLC and NMR of cyclic oligomer in

copolyesters

Chromatograms of CET and CEI are shown in
Figs. 3~4, respectively. As internal standard ma-
terials, [ET]; and [EI], are used and all the com-
ponents isolated are assigned by the help of former
studies concerning HPLC of CET* . From the
chromatograms of Fig. 3~4, log(retention time)
against repeat unit of the cyclics are plotted as
shown in Fig. 5. Linear slopes are obtained that
they are homologous series of cyclics. The cyclics
of CET and CEI plotted in Fig. 5 are homologues
of [ET], and [EL],. The retention times of [ET],
are different from those of [EI],. Other components
between [ET], homologues of Fig. 3 are assigned
as cyclics containing diethylene glycol unit.

Fig. 6 shows some chromatograms with the chan-
ge of ET composition. The cyclization theory by
Jacobson and Stockmayer'® confirms that most
probable isomers can be formed at any monomer

composition of PET/EI system. Among the possible
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isomeric forms of cyclic n-mer, [(ED.(ET),]
(x+y=n), the isomers of small size are reolved
into some isolated peaks. The chromatograms of
CET/EI(20/80) and (40/60) also show separated
peaks for small isomeric forms, i.e., cyclic trimer
and tetramer. However, it is not resolved for the
cyclics larger than tetramer because of restricted
column efficiency and the similarity of hydrodyna-

mic volumes.

Fig. 3 HPLC chromatogram of CET.

Table 2 gives the composition of PET/EI and
CET/EIL which is the integration ratio of tereph-
thaloyl to isophthaloyl unit calculated from NMR
data. The composition of PET/EI is quite the same
as monomer feed ratio. For the monomer feed ratio
80/20 and 70/30, EI unit of CET/EI is richer than
that of PET/EL This deviation indicates that cycli-
zation of PET/EI occurs more easily at the site
of EI unit.



=

Fed g g ole-T-AdAo|LdYo|EL n|FTH 23

2
£
£
=4
CET/EI 312
4 |°
5
6
7
0/100 N
3
‘ J
20/80 [_
5
6
7
I
\ y
- 40/60 | {_V
Fig. 4 HPLC chromatogram of CEI. —w\_‘/\_‘—j\—j\J
1
50/50 —

20
Fig. 6 HPLC chromatograms of CET/EI with
the increase of ET composition.
15
Table 2. Composition of PET/EI and CET/EI
T calculated by NMR data
E
15 . Monomer feed ratio PET/El  CET/EI
g
= 100/0 100/0 100/0
o
S 80/20 79/21 64/36
70/30 73/23 60/40
05y 50/50 50/50  50/50
20/80 22/78 20/80
: 0/100 0/100 0/100
00: — —_— — e ke ———
6 8
2 ! References
Ring size
Fig. 5 Logarithmic retention time vs. repeat unit 1. L Goodman and B.F. Nesbitt, / Polym. Sci.
of CET and CEL 48, 423(1960).
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