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A preparation of high-molecular poly(ethylene-oxide)-urea complexes
from a solution and their structural changes on heating
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The preparation of high-molecular poly(ethylene oxide)-urea molecular complex by mixing their benzene and
methanol solutions had been studied. The composition of the soluble and insoluble solid dispersed phase in benzene-
methanol mixture had been investigated by means of X-ray and calorimetric analyses. It is shown that at molar ratio
between poly(ethylene oxide) and urea of 1:2, which corresponds to the molecular complex composition, the yield of
solid dispersed phase increases in a non-linear mode with an extension of the interaction time to 50 hours and after

that it doesn’t change any more.

The structural changes of poly(ethylene oxide)-urea molecular complex on heating from room temperature up to
147.5 °C had been studied using high-temperature X-ray analyses. It was shown that improvement processes of the
molecular complex crystal structure were carried out in the temperature range before melting.
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INTRODUCTION

It is known that poly(ethylene oxide) (PEO)
and urea form crystal molecular complex (MC)
by mixing [1-5]. The molar ratio of PEO and urea
in the molecular complex is 1:2. It has been es-
tablished that the MC crystal structure is different
from the crystal structure of the initial components
[4, 5]. Its melting temperature (T, =144.5 °C) is
higher than the melting temperature of PEO (65 °C)
and urea (132 °C).

Till now there are no references available con-
cerning investigation of the structural changes in
PEO-urea MC on heating and cooling. Wide-angle
X-ray is an useful method for this purpose. The
structure and the structural transformations of
high-molecular PEO-urea molecular complex on
heating and its mixtures with the initial compo-
nents have been studied by means of this method.
The results obtained are the subject discussed in
the present paper.
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EXPERIMENTAL

High-molecular PEO “Badimol”, produced in-
dustrially by “Chemist plant” at Dimitrovgrad with
a molecular weight, determined viscosimetrically
M, =2.7x10° was used for the preparation of PEO-
urea molecular complex and their binary mixtures
with the initial components. The urea is chem. pure
for analysis, supplied by “Riedel de Hoen-Germany.
The PEO content in its urea mixtures was changed
from 15 to 90 wt.%, which corresponds to the change
of PEO-urea molar ratio from 1:3.5 to 1:0.1.

PEO-urea binary mixtures were prepared by mix-
ing a 1% solution of PEO in benzene with methanol
solutions of urea (10 wt.%) at 20 °C and benzene:
methanol ratio of 1:0.27 volume parts. After some
time in the range from 1 to 200 hours, the resulting
insoluble precipitate was separated by a decantation
and it was washed out with benzene. The decanted
solution was evaporated under vacuum at 50 °C.
The resulting solid residuum and the washed pre-
cipitate were dried at 50 °C under vacuum to a con-
stant weight.

The X-ray investigations were carried out at
room and elevated temperature by an apparatus
“Dron-3” — Russia and “Tur-M 6117 — Germany
with Ni-filtered CuKa radiation under a reflection
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condition in the angular range (20) from 8 to 44°.
A differential scanning calorimeter “DSC-1117, a
product of Setaram, France, was also used.

RESULTS AND DISCUSSION

A heterophase system of a solid dispersed phase
and a liquid continuous phase is obtained by mixing
monophased PEO solutions in benzene and a meth-
anol solution of urea at a temperature of 20 °C. The
content and the composition of the insoluble solid
dispersed phase depend on the initial ratio of the
components PEO and urea and on the interaction
period. At PEO-urea ratio of 1:2 molar fractions,
corresponding to the molecular complex composi-
tion, the solid dispersed phase yield, which is in-
soluble in a benzene-methanol mixture increases in
a non-linear mode with an extension of the interac-
tion period 50 hours, it reaches 75-80 wt.% towards
PEO-urea mixture and it doesn’t change any more
(Fig. 1, curve 1).
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Fig. 1. Dependence of production of insoluble fraction
in PEO-urea mixtures on the PEO content in the initial
mixture (curve 2) and on the interaction period at PEO-
urea ratio of 1:2 molar fractions (curve 1)

It has been established by means of X-ray and ca-
lorimetry, that the liquid phase and the solid fraction,
dissolved in it and separated after the evaporation of
a benzene-methanol mixture, represents PEO-urea
molecular complex (Fig. 2, curve 4; Fig. 3, curve 2;
Fig. 4, curve 3, 4).

The PEO-urea interaction at a ratio of 1:2 molar
fractions and the formation of a molecular complex
are carried out relatively quickly at the conditions
investigated. Almost a complete (100%) association
in a molecular complex has been observed. After 50
hours equilibrium between the soluble and insolu-
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Fig. 2. Wide-angle X-ray diffractograms of PEO-urea
mixtures, prepared from a solution (insoluble fraction).
PEO — urea ratio, molar fractions: curve 1 — 0:1; curve
2—1:0; curve 3 —1:0.5; curve 4 — 1:2; curve 5—1:3.5

mol. fr.
1:3,5

oA
b

1:0,5

LI
\Kvmj

0 52

Ll

56 48 40 32 26 16 8 o

—_

Fig. 3. Wide-angle X-ray diffractograms of PEO-urea
mixtures, prepared from a solution (soluble fraction).
PEO-urea ratio, molar fractions: curve 1 — 1:0.5; curve
2—1:2; curve 3 —1:3.5.
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Fig. 4. DSC curves on heating of insoluble (1, 3, 6) and
soluble (2, 4, 5) fractions in a benzene-methanol mixture
of PEO-urea binary system. Molar fractions of PEO and
urea: curves 1, 2 — 1:0; curves 3, 4 — 1:2 and curves 5,
6-1:3.5

ble fraction of the molecular complex in a benzene-
methanol mixtures is established (Fig. 1, curve 1).

PEO-urea mixtures with a content of the first
component from 17.3 to 59.5 wt.% in a benzene-
methanol solution at an interaction period of 50
hours and at identical other conditions are prepared.
The dependence of the insoluble fraction yield on
the proportion between the two components is pre-
sented in Fig. 1, curve 2. It has been established by
means of X-ray and calorimetry, that the insoluble
fraction represents PEO-urea molecular complex at
an urea content in the initial mixture from 0.5 to
2 molar fractions per ethylene oxide unit (Fig. 2,
curves 3, 4; Fig. 4, curves 1, 3). The insoluble frac-
tion represents PEO-urea molecular complex and
traces of free urea at an urea content higher than
2 molar fractions per ethylene oxide unit (Fig. 2,
curve 5; Fig. 4, curve 6).

It has been established as it was expected from
the results obtained that the soluble fraction in
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a benzene-methanol mixture differ in a compo-
sition from the insoluble solid dispersed phase,
when the initial PEO-urea ratio is different from
the complex composition. At a PEO content high-
er then 26.8 wt.% towards its urea mixture (less
then 2 moles of urea per one monomeric unit),
the soluble fraction in solid state represents mo-
lecular complex and free PE mixture, which form
separate crystal phases (Fig. 3, curve 1; Fig. 4,
curve 2). When the urea content in the initial mix-
ture is above 73.2 wt.% towards its PEO mixture
(above 2 moles of urea per ethylene oxide unit),
the soluble fraction in solid state contains mainly
free urea (Fig. 3, curve 3; Fig. 4, curve 5).

The structural changes on heating of PEO-
urea molecular complex fro room temperature to
147.5 °C have been investigated using high-temper-
ature X-ray (Fig. 5).

It has been established that on first heating in the
range about 120 to 135 °C, a slight but measurable
increase of the integral intensity of the reflexes is
observed, due to MC, 002 (20 = 19.42°), 202 (20 =
27.35°) and 102 (20 = 21.64°) and also decrease of
their half-width is observed (Fig. 6, 7).
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Fig. 5. Wide-angle X-ray diffractograms of PEO-urea
MC, prepared from a solution (1:2 molar fractions) at
different temperatures. First heating temperature, °C:
curve 1-18; curve 2—-120; curve 3-130; curve 4-145;
curve 5-147.5
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Fig. 6. Dependence of intensity of crystal reflexes in
the wide-angle X-ray diffractograms of PEO-urea MC
(1:2 molar fractions)(prepared from a solution), on the
heating temperature, 20: 1-25.5°; 2-21.64°; 3-27.35°;
4-19.42°
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Fig. 7. Dependence of integral half-width of crystal re-
flexes in the wide-angle X-ray diffractograms of PEO-
urea MC (1:2 molar fractions), prepared from a solu-
tion, on the heating temperature, 20: 1-25.5°; 2-27.35°;
3-21.64°; 4-19.42°
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Fig. 8. Dependence of X-ray degree of crystallinity (a,)
of PEO-urea MC (1:2 molar fractions), prepared from a
solution, on the temperature

Above 135 °C the intensity of the diffraction
maximums of the molecular complex crystal phase
(Fig. 6) and the degree of crystallinity (Fig. 8)
abruptly decrease.

This temperature coincides with the initial melt-
ing temperature of the molecular complex deter-
mined calorimetrically. Consequently, improve-
ment processes of the molecular complex crystal
structure are carried out on heating in the tempera-
ture range before melting. Similar effects have been
observed earlier (Fig. 6, 7) for high-molecular PEO
and they are explained with the structural changes
of the crystal phase into plastic state.
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IHOJIYHYABAHE HA KOMIIJIEKCH HA BUCOKOMOJIEKYJIEH
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(Pesrome)

[Tomyuen 6e MoneKyIeH KOMIUIEKC OT BUCOKOMOJIEKYJICH MOJIMETUIICHOKCHT M KapOaMH/ Upe3 CMECBaHe Ha TEXHH
OCH3CHOBHM M METAHOJIHH pa3TBopH. KommosuiusaTa Ha pa3TBOpMMaTa M Hepa3TBOpPHMAaTa TBBpJAA AWUcCHepcHa (asa
B OCH3EeH-METaHOIHATA CMecC Oellle n3cie/IBaHa PEHTTEHOCTPYKTYPHO U KalopuMeTpuyHo. bere mokaszaHo, ue mpu
MOJTHO CHOTHOIIICHHE MEXTy MOJIMETHICHOKCHAA U KapbaMuaa 1:2, chOTBETCTBAIIO HA MOJICKYJTHHUS KOMIUIEKC, KO-
JIMYECTBOTO Ha TBBbp/ATa AMUCIepCcHa (pa3a HapacTBa HEMHEHHO ¢ yBelInYaBaHe Ha PEaKIMOHHOTO BpeMe 1o S0 yaca

u CJIe] TOBAa HC CC U3MCHS ITIOBCYC.

CprKTypHI/ITe N3MCHCHHUA Ha MOJICKYJIHHUA KOMIUICKC MCKAY MOJHUCTUIICHOKCHUAA U Kap6aMI/ma Ipyu HarpsBa-
He OT cTaifHa Temmeparypa a0 147.5 °C 6sxa u3cieBaHM C MMOMOINTa BHCOKOTEMIIEpaTypHa MpaxoBa PEeHTICHOBA
mudpakromerpus. [Tokasano Gemre, ue B TeMnepaTypHHUS MHTEPBAJI MPEAU TOTICHE C€ YChBBPIICHCTBA KPUCTATHATA

CTPYKTYpa Ha MOJICKYJTHHS KOMILIEKC.
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