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Abstract The microdomain structure of segmented polyether polyurethaneureas is inves-
tigated by means of positron annihilation lifetime spectroscopy, small-angle X-ray scattering
and differential scanning calorimetry. The experimental results show that the decrease in the
domain volume and free volume results from the incrcase in the hard segment (polyurctha-
neurea segment) contents as the number-average molecular weight 2, of the soft segments
(polyethylene glycol segments) is the same, and that the increase in domain volume and free
volune result from the increase in the M,, of the soft segments when the hard segment content
is the same or nearly the saime. These results demonstrate that positron annihilation lifetime

spectroscopy is a sensitive technique to probe the microdomain structure in polymers.
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1 Introduction

The advantages of assoclating a plastic
electrolyte and a solid electrode were recognized
as early as 1973.[Y) The polymeric solid ionic
conductors have since generated widespread in-
terest among both electrochemists and poly-
mer scientists. The rescarches of polymeric
solid iomnic conductors, in which polyethylenc
oxide (PEQO) is taken as the matrix, have been
widely expanded since Armand et al devel-
oped the complexes of PEO and alkali-metal
salts in the end of 1970s. However, the PEO-
based solid ionic conductors have several dis-
advantages such as low conductivity at ambi-
ent temperature, low melting point, and bad
mechanical properties. For this reason, Gu
et al. have developed a mnovel host poly-
mer, poly(cthylene glycol) (PEG)-type scg-
mented polyether polyurethancurca (PEUU),
which has a melting point of more than 180°C,
the ionic conductivities of polymer film elec-
trolytes formed by PEUU and LiClO4 are 1~2
orders of magnitude higher than those of the
PEO-based solid electrolytes at ambient tem-
perature. The PEUU-LICIO4 film electrolytes
have good mechanical strength, high compli-

ance and better adlhierence to clectrodes.[2~4]

Properties of polymeric solid electrolytes are
strongly dependent on their molecular struc-
ture and aggregated structure. Poly(ethylene
glycol)-type segmented polyether polyuretha-
neurcas (PEUU’s) have typical two-phase mi-
crostructure, consisting of the PEG segment
(soft segment) and polyurethancurea segment
(hard segment). At room temperature, the soft
segment is in the rubbery state, whercas the
hard segment is in the semicrystalline or crys-
talline state. Thus, the density difference be-
tween the soft segment phase and the hard-
segment phase is large. There exists free vol-
ume in the soft-segment phase, and the hard
segment exists as microdomain, so that the soft
segment may be thought as a medium, while
the hard segment as separated identical parti-
cles (the microdomains) in the medium.

Gyration radius f2; of the particles can be
measured by using small-angle X-ray scattering
(SAXS). According to the fundamental theory
of SAXS[®] we have

lgI(h) = —Kh? (1)

h = (4msinf)/ A (2)
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K = (R}lge)/3 (3)

In Eqgs.(1), (2) and (3) m is the scattering in-
tensity of the X-rays, h is the amplitude of the
SAXS, K is the slope of curve of lgI(h) ver-
sus k2%, @ is the X-ray scattering angle, and A
is the wavelength of the X-ray. The IRz can be
determined by the relation of the Eq.(3)

3K
lge

Ry = (4)
where the Rg of the microdomains in the
PEUU’s may be obtained from the data of the
SAXS.

It has been demonstrated that in the
medium the longest component (73) of the
positron annihilation lifetime can be attributed
to the decay of ortho-positronium (o-Ps) by
pick-off annihilation in amorphous regions, that
is, the 73 is the pick-off annihilation of the
positronium in the free volume.[®7] Therefore,
the positron annihilation lifetime (PAL) tech-
nique is a powerful tool to determine the change
in the free volume in the polymer matrix.

In order to investigate the correlation be-
tween the structure of aggregation state and the
ion-conducting behavior in the PEUU-LiClO,4
complexes, we studied the structure of aggrega-
tion state in the PEUU’s by mecans of SAXS,
positron annihilation lifetime (PAL) and differ-
ential scanning calorimetry (DSC) techniques.
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Fig.2 Typical Guinier-plot of the SAXS curves
for the PEUU’s

We here report the results on the character of
microdomain structure in the PEUU’s.

2 Experimental

PEUU’s with the chemical structure
shown in Fig.1 were synthesized from 4,4-
methylenebis(phenylenc isocyanate) (MDI),
PEG (number-average molecular weight
M, =600, 800, 1000 and 1540) and ethylenc-
diamine (EDA). Full details were presented
elsewherc.l¥! The samples for various mea-
surements were prepared by casting a N,N-
dimethylacetamide (DMA) solution of PEUU
into polytetrafluoroethylene mold, followed by
drying in a vaccum oven at 70°C for at least
4d to remove any traces of solvent.
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Fig.1 Molecular structure of segmented polyether
polyurethaneurea based on PEG

IOAJ \
2108 !
= .
E \\:
O 10% Tt
= -f._.-_,'.’:)_;‘_’\ .
g e aen PN
° 1 :
S 10t
10° —— —
0 100 200 300 400

Channel number (0.025 ns/channel}

Fig.3 Typical positron annihilation lifetime
spectrum in PEUU
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SAXS curves were taken with a Model
D/Max-ra Rigaku-Denki rotating-anode X-ray
generator. The sample thickness was 0.3 mm.
The SAXS intensity distribution was measured
with Kratky camera in the 26 region from 0.06°
to 2.00°. The X-ray source was monochro-
matized to CuK, radiation with a Ni filter
and a pulse-height analyzer. The scattering
curve was corrected for air scattering. In or-
der to eliminate slit smearing effects, an ex-
perimentally measured slit weighting function
was used to desmear the data by the iterative
method of Lake.[®] The radius of gyration (I2g)
of microdomain was calculated by Guinier’s
method.®]

Positron annihilation lifetime measure-
ments were made using a fast-fast coincidence
circuitry positron lifetime spectrometer modi-
fied by ourselves from the fast-slow delayed co-
incidence positron lifetime spectrometer (CAN-
BERRA) with a resolution time of 290ps. A
22Na positron source of 740kBq was sand-
wiched between two pieces of the PEUU sam-
ple (in disc form, 10 mm in diameter and 1 mm
in thickness). This assembly was then put be-
tween two detectors. The total counts of each
lifetime spectrum were up to 10% with good
statistics. The lifetime spectra obtained were
deconvoluted into a multi-exponential function
by the IBM-PC/XT computer program Posifit-
extended. The actual resolution for the spec-
tra was represented by two Gaussian functions
in addition to the correction of the source. Ev-
ery lifetime spectrum was carefully resolved into
three components, of which each was character-
ized by a mean lifetime (i.e. lifetime 7y, 7 and
73) and a probability per annihilation with that
particular mean lifetime (i.e. intensity I, I
and I3).

Glass transition temperature T, was deter-
mined by using a Perkin-Elmer DSC-II linked to
a Perkin-Elmer thermal analysis data station.
The experiments were carried out at a heating
rate of 20°C/min under a He purge.l®

3 Results

Fig.2 shows a typical plot of lg-I(_h) versus
h? for the PEUU’s. Fig.3 gives a typical lifetime
spectrum for positrons annihilating in PEUU’s.
The characterization of PEUU’s and the
experimental results are summarized in Table

- JUSRTE— N wmae e -

1, where A is standard deviations. In poly-
mers, the first lifetime 73 may be attributed to
the free positron and para-positronium (p-Ps),
the second lifetime 75 is a measure of the rate
which positron decays by pick-off in the defect
of crystalline region, the third lifetime 73 is as-
sociated with the rate which ortho-positron (o-
Ps) decays by pick-off in the free volume.[%7:%]
The intensities I, I, and I3 are the percent-
age of the number of the positron annihilations
with lifetime 7, 72 and 73 respectively, and
I + I, + I3=1.

4 Discussion

From Table 1, one can see that when the
M, of the soft segments (PEG) is the same,
with the increase in the hard segment con-
tents in the PEUU’s, the T, will be higher,
while the I, of the domain and 73 (long life-
time) become smaller. These results indicate
that the larger the hard segment contents, the
larger the number of domains, but the smaller
the domain volume, the greater the influence
of the hard segments upon the soft segments,
the more greatly the micro-Brown-movements
of macromolecular segments (disordered zone)
in between neighboring domains are impeded,
and the smaller the free volume will become.
Meanwhile as the short lifetime 7; and the mid-
dle lifetime 7> are nearly the same, the free elec-
tric density and the defect size all have no ob-
vious changes. When the hard segment con-
tent is the same or nearly the same, increas-
ing M, of the PEG will lead to larger Ry and
73, and less Ty, while the changes of 7 and m
are not obvious. These phenomena also indi-
cate that the number of the domains decreases,
while the domain becomes larger, the influence
of the hard segments on the soft segments de-
creases; the free volume of the disordered zone
also decreases, but the free electric density and
the defect size are nearly the same.

It is then concluded that the increases in
R and in the free volume result from the in-
crease in M, of PEG, and that the decreases
in R; and in the free volume result from the
imncreases in the hard segment contents, but
the free electric density and the defect size are
nearly the same under the mentioned condi-

tions.
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Table 1 Sample characterization and experimental results

Number of samples 1 2 3 4 5 6 7 8
M, of PEG 600 600 800 800 1000 1000 1540 1540
Molar ratio of MDI/EDA/PEG  2/1/1  3/2/1 2/1/1  3/2/1  2/1/1  3/2/1 2/1/1 28/1.8/1
Hard segment contents(wt%) 47 59 40 52 35 46 26 35
Tg/°C -1.00 +0.10 -23.2 -19.8 375 -35.1 -46.5 -42.4
Ry /mun 6.5 6.0 7.3 6.7 7.6 7.1 8.3 7.9
v £ ATy 0.193 0.180 0.206 0.208 0.221 0.213 0.243 0.236
+0.008 +0.008 =+0.008 +£0.007 +0.007 £0.006 +0.006 +0.006
Lifetime 7/ns ™ + AT 0.436 0.401 0.469 0.466 0.500 0.494 0.561 0.546
+0.012 4+0.012 +£0.022 £0.021 +0.039 £0.022 +0.033 +0.021
5+ ATy 1.763 1.689 1.889 1.827 2.089 1.989 2.169 2.147
4+0.025 40020 +0.028 £0.028 +£0.039 0034 +0.049 +0.046
LAl 44.67 37.20 48.56 49.90 53.78 51.37 59.82 58.26
+3.35 +2.45 +3.17 +3.29 +3.01 +2.34 +2.72 +2.70
Intensity I/% L+ AL 38.22 44.49 33.73 32.48 30.55 32.20 25.18 36.18
+3.09 +2.24 +2.89 +2.99 +2.74 +2.46 +2.38 +2.38
L+t AL 17.11 18.31 17.71 17.62 15.67 16.43 15.00 15.57
+0.36 +0.31 +0.38 +0.40 +0.36 +0.37 +0.44 +0.42
It is quite evident that positron annihila- ing materials and devices. Singapore: World
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