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The miscibility of polyimide/polyimide (PI/PI) blends was investigated by using intermolecular 
charge-transfer (CT) fluorescence of aromatic PIs. Two blend systems, i.e. clear PI(BPDA/PDAI/ 
PI(PMDA/PDA) and cloudy PI(BPDA/PDA)/PI(PMDA/ODA), were selected for fluorescence 
measurements (BPDA=biphenyltetracarboxylic dianhydride; PDA=p-phenylene diamine; PMDA = 
pyromellitic dianhydride; ODA=oxydianiline). For PI(BPDA/PDA)/PI(PMDA/PDA) blends, the 
fluorescence intensity rapidly decreased with the addition of a non-fluorescent PI(PMDA/PDA) into 
fluorescent PI(BPDA/PDA), while for PI(BPDA/PDA)/PI(PMDA/ODA) the fluorescence intensity first 
increased and then decreased with the addition of non-fluorescent PI(PMDA/ODA), showing that the 
miscibility of the blends strongly affects the fluorescence behaviour. In order to correlate the fluorescence 
data with the miscibility of PI/PI blends, dynamic mechanical analysis and phase-contrast microscopy 
were also carried out. Furthermore, binary blends of fluorescent PI(BPDA/PDA) with non-fluorescent 
PI(PMDA/PDA:ODA) random copolymer indicated that with the increase of PDA content in the 
copolymer the transparency of the blends (5/5) became better and the fluorescence intensity decreased. 
This shows that as a result the formation of intermolecular CT complexes in the homo-PI(BPDA/PDA) 
phase is hindered by the copolymer. The dependence of the miscibility of PI/PI blends on casting temperature 
(T~=s,) at the stage of poly(amic acid) was also studied. It is clearly shown that the miscibility of PI/PI 
blends depends strongly on Tca.~ ,. As Toast increases from 40 to 120 or 130cC, the domain size in the 
phase-separated structure is reduced, and finally at 120 or 130~C the blends become perfectly transparent. 
Furthermore the dynamic mechanical spectra of the blends with higher Tc,~t show that the blends are 
miscible. On the other hand, the CT fluorescence intensity of the blends decreases drastically with increasing 
T~ast. It was found that the decrease of CT fluorescence intensity reflects the increase of the miscibility of 
PI/PI blends. 

(Keywords: polyimide; blend; miscibility; charge-transfer fluorescence) 

I N T R O D U C T I O N  

Rigid-rod molecular composites (MC) have been shown 
to have outstanding mechanical properties. We have 
investigated high-modulus and high-strength aromatic 
polyimide (PI) 1 and P I /P I  MC 2. For the preparation of 
PI/P1 MC or other PI alloys, it is important  to know 
the miscibility of the polymer mixtures 3'4. Studies of 
blends of PI with other polymers and P I /P I  blends using 
d.s.c, and d.m.a, have so far been reported ~-~2. D.s.c. 
and d.m.a., usually used for the evaluation of miscibility 
of common polymer blends, are unsuitable when the Tg 
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values of the component  polymers are very close ~ 3 and/or  
the polymer chains are very rigid, as for wholly aromatic 
PIs. 

Photoluminescence methods developed by some 
research groups are very sensitive to the miscibility of 
polymer blends 14-t9. Unfortunately the strong absorp- 
tion from the u.v. to the visible range in aromatic PIs 
makes it difficult to introduce common luminescence 
probe molecules into PI systems. In the present paper, 
we will show that the intrinsic fluorescence of solid Pls, 
which is due to the intermolecular CT interaction 2°, is 
very useful to study the miscibility of P I /PI  blends. 

E X P E R I M E N T A L  

PI precursors, poly(amic acids), PAAs, were synthesized 
as reported previously 2°. The chemical structures and 
symbols of Pls used are shown in Figure 1. The following 
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Figure I Chemical structures and symbols of the PIs used 

abbreviations of the monomers are used: pyromeUitic 
dianhydride (PMDA), biphenyltetracarboxylic dian- 
hydride (BPDA), p-phenylene diamine (PDA) and 
oxydianiline (ODA). The weight-average molecular 
weights M~, of PAAs, which were determined by the 
light-scattering method (Union Giken, model LS-601), 
the extinction coefficients and the densities are shown in 
Table I. Homo-PAA films were prepared by casting 
10wt% solutions in N,N-dimethylacetamide (DMAc) 
onto a glass plate at 50°C, followed by vacuum drying 
at 50°C for 24 h. Imidization practically does not occur 
at around 50~C. PAA/PAA binary blends were prepared 
by dissolving the requisite ratios of solid PAAs into dry 
DMAc at 7-8 wt% polymer concentration at 0-5°C 
away from moisture in air, and followed by vacuum 
drying at 50~C for 24 h. Then PAA/PAA blend films 
were thermally imidized stepwise at 150~C/1 h, 
200°C/1 h, 250~C/2 h (step 250°C) in a vacuum oven to 
obtain PI/PI blend films (30-40 pm thick). 

A fluorescence spectrophotometer (Hitachi, model 
850) was used for measurement of the emission and 
excitation spectra. The spectrum was obtained at room 
temperature in a front-face arrangement using 5 nm 
bandpasses for both the excitation and emission 
monochromator and a sharp-cut filter (L-39) for the 
emission side. The reabsorption of the fluorescence is 
negligible in all cases. 

The refractive indices of some homo-PI films were 
measured by using a Abbe refractometer. The morpho- 
logies of the phase-separated blends were observed using 
a phase-contrast microscope. 

Dynamic mechanical loss measurement was carried 
out using a viscoelastometer (Toyo Baldwin, Rheovibron 
model Rheo-200) at l l0Hz at a heating rate of 
3°C min- 1. 

The densities of the blend films were measured using 
a density gradient column (xylene/CC14 system). The 
extinction coefficients were determined from the 
absorbance and thickness of thin PI films using a u.v.-vis. 
spectrophotometer (Jasco, model Uvidec-660). 

RESULTS AND DISCUSSION 

Miscibility of PAA/PAA and PI/PI blends 
Since PI/PI blends are generally obtained by a thermal 

cyclization reaction of PAA/PAA blends, the morpho- 
logy of PI/PI blends formed is determined by the 
miscibility of the initial PAA/PAA blends, the rigidity of 
the polymer chains, which increases as the reaction 
proceeds, and the translational diffusion. The following 
factors should be noted with regard to the rigidity of PI 
chains. 

(1) The miscibility of PI/PI blends in the thermo- 
dynamic equilibrium state. When the PI chains are flexible, 
phase equilibrium can be realized by sufficient thermal 
treatment above the T~ of the PI/PI blends. Accordingly, 
even if a PAA/PAA blend is immiscible, the blend 
morphology of the PI/PI blend can be changed from 
immiscible to miscible due to sufficient heat treatment if 
the PI/PI blend is miscible in the thermodynamic 
equilibrium state. 

(2) The miscibility of PI/PI blends formed in 
non-equilibrium conditions. When the PI chains are very 
rigid, the PI/PI blend formed is in a non-equilibrium 
state, because the molecular mobility of the PI chains 
decreases rapidly as imidization proceeds. That is, the 
miscibility of the PI/PI blends depends strongly on the 
miscibility of the initial PAA/PAA blends and the 
imidization conditions. 

Since thermal imidization of PAAs is an intramolecular 
cyclization reaction, so large molecular motions are not 
required for the reaction. This illustrates the fact that the 
reaction proceeds gradually even if the imidization 
temperature (Ti) is lower than the Tg, increasing with the 
conversion. On the other hand, for the change of the 
blend morphology, higher T i than Tg, increasing with the 
conversion, is required to allow very large molecular 
motions of the polymer chains (translational diffusion). 
It is empirically expected that when imidized at step 
250°C the reaction temperature will always be lower than 
the Tg increasing with conversion, because deformation 
of films and adhesion between the films and aluminium 
wrapping foil are not practically observed. 

As an example of case (2), the PI(BPDA/PDA)/ 
PI(PMDA/ODA) blend, selected for fluorescence studies 
in a later section, is cloudy due to phase separation, and 
both component polymer chains are very rigid T M  

Actually, when imidized at step 250":C, there was little 
difference in the phase-separated structures between the 
PAA/PAA and PI/PI blends (the morphology of 
PAA/PAA is fixed). That is, the miscibility of PI/PI 
blends depends on that of PAA/PAA blends. It is 
interpreted that the imidization at step 250~C is a 
kineticaily controlled process and that the PI/PI blend 
formed is in a non-equilibrium state. 

The experimental result that additional heat treatment 
ofa PI/PI blend imidized at step 250°C above T~ of both 
component Pls does not change the blend morphology 
indicates that the PI/PI blend imidized at step 250°C is 

Table I Weight-average molecular weights ,Q~. 
cxtinction coefficients ~: and densities of PI films 

Symbol 

PI(BPDA:PDA) 
PI(PMDA:ODA) 
PI(PMDA/PDA) 

PI (PMDA'PDA:ODA)  
PDA:ODA = 10:0 

9:1 
8:2 
7:3 
5:5 
3:7 
2:8 
0:10 

"The values of ~: depend on the 

of PAAs and 

Density 

75 (XX) 2600 1.4239 
110000 12(X) 1.3807 
89000 1600 1.5107 

89 000 1600 1.5107 
43 000 1600 1.4944 
45 000 1500 1.4677 
40 (X)O 1300 1.4475 
30 000 1300 1.4139 
67 000 12(X) 1.3990 
59 000 1200 1.3934 
40 (XX) 1200 1.3805 

cure temperature 
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Figure 2 Fluorescence spectra of PI(BPDA, PDA) .PI (PMDA.PDA)  
blends as a function of blend ratio 
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Figure 3 Change of the fluorescence intensity for (a) PI(BPDA/PDA)/  
PI (PMDA/PDA)  and (b) P I (BPDA/PDA)/PI (PMDA/ODA)  with 
blend ratio 

perfectly frozen. Although the PI/PI is not in the 
thermodynamic equilibrium state, it is important to argue 
the degree of mixing for the perfectly frozen PI/PI blend. 

As mentioned above, since the miscibility of rigid PI/PI 
blends depends strongly on that of the initial PAA/PAA 
blends, the control of the miscibility of PAA/PAA is very 
important. The effect of casting temperature (Toast) on 
the miscibility of PAA/PAA blends is remarkable. This 
will be discussed later. 

One may point out the possibility of an amide exchange 
reaction of PAA/PAA systems in solutions 22 or solid 
states 11. But we have some reliable evidence that the 
exchange reaction is not predominant under our 
experimental conditions. The problems will be discussed 
in separate papers in detail. 

Fluorescence spectra of PI/PI blends 
In the previous pape r2°, we have reported that, of the 

PIs used, PI(BPDA/PDA) emits strong fluorescence and 
PI(PMDA/PDA) and PI(PMDA/ODA) are almost 
non-fluorescent. Consequently the fluorescence of 
PI(BPDA/PDA) mixed with a non-fluorescent PI will 
present information on the degree of self-aggregation of 
PI(BPDA/PDA) chains (in other words, degree of 
mixing). Two blend systems, i.e. clear PI(BPDA/PDA)/ 
PI(PMDA/PDA) and cloudy PI (BPDA/PDA)/  
PI(PMDA/ODA) blends, were selected for fluorescence 
measurements. 

Figure 2 shows blend ratio dependence of the fluores- 

cence spectra for clear P I (BPDA/PDA) /  
PI(PMDA/PDA). With the addition of non-fluorescent 
PI(PMDA/PDA) into fluorescent PI(BPDA/PDA), the 
fluorescence intensity decreases. As shown in Figure 3, 
the experimental data (open circles) deviate downwards 
from a simple additive law corresponding to a perfectly 
phase-separated blend. The additive law curves are 
calculated on the basis of the following equation" 

F, 1C 1 c2C 2 
/b . . . . . . .  I1 + ........ 12 (1) 

EIC  1 -4- g2C2 £1C1 + E2C 2 

where I is fluorescence intensity; suffixes b, 1 and 2 denote 
the blend, pure PI(BPDA/PDA) and non-fluorescent 
PIs, i.e. PI(PMDA/PDA) or PI(PMDA/ODA) or 
PI(PMDA/PDA:ODA) copolymer respectively; r. is the 
extinction coefficient, summarized in Table I" and 12 is 
negligible. For phase-separated blends, equation (1) 
should be corrected for the loss of incident light due to 
light scattering. But since the light absorption of the 
PI/PI blends at 350 nm is very strong (OD > 3) and/or 
the ratio of scattering light intensity to the incident light 
is small for all blend ratios (within 5%), the correction 
of the fluorescence intensity for the light scattering can 
practically be neglected under our experimental condi- 
tions. Also we confirmed using a thermotropic liquid 
crystalline (LC) polymer in the amorphous state (clear) 
and LC state (cloudy) that no shift of the fluorescence 
spectrum due to the light scattering occurs. Accordingly 
the changes of the intensity and position in the 
fluorescence spectra for the cloudy PI.,PI blends are 
essential phenomena. The fluorescence behaviour for the 
PI(BPDA/PDA)/PI(PMDA/PDA) in Figure 3 means 
that the PI(PMDA/PDA) chains entered into the 
homo-PI(BPDA/PDA) phase and as a result the 
formation of intermolecular CT complexes in homo- 
PI(BPDA/PDA) is hindered. If no interaction exists 
between the component polymers, the experimental data 
should approach the additive law curve (broken curve), 
and the spectral shape of the blends and that of pure 
I~I(BPDA,)PDA) should be idenficall BUt in Fiyure 4 thc 
spectral shapes normalized at 525 nm are not identical 
for PI(BPDA/PDA);'PI(PMDA/PDA) (5,.5) and for 
pure PI(BPDA/PDA), showing the existence of some 
interchain interactions in this blend. 

For cloudy and consequently macroscopically incom- 
patible PI(BPDA/PDA)/PI(PMDA.,ODA) blends, the 
blend ratio dependence of fluorescence spectra is shown 

• ~ / /  X,',., .--PI (BP DA/P DA)/P| (PM DA/PDA) 

.~_ 
O 

' ' ' s 6 o -  . . . . . . . . .  6o0 7 6 o  
Wavelength (nm) 

Figure  4 Fluorescence spectra of PI(BPDA/PDA),P[(PMDA. 'PDA) 
( 5 / 5 )  and homo-PI(BPDA,PDA) normalized at 525 nm 
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Figure 5 Fluorescence spectra of PI(BPDA,,'PDA),,'PI(PMDA/ODA) Temperature (°C) 
blends as a function of the blend ratio 

in Figure 5. With the addition of P I (PMDA/ODA)  into 
PI (B PDA/PDA) the fluorescence of blends first increases 10 
and then decreases as shown in Figure 3. It is interesting 
to note that the fluorescence intensity is stronger at 
around 8/2 composition than for pure PI(BPDA/PDA),  
although the reason is not yet clear. The fluorescence 
intensity as a function of blend ratio indicates that the 9 
miscibility for P I (BPDA/PDA) /P I (PMDA/PDA)  is 
better than for P I (BPDA/PDA) /PI (PMDA/ODA)  be- 
cause the intensity for the former is smaller than for the t, 
latter for the whole blend ratios, g' - 8  

It is reasonable to assume that for the 
P I (BPDA/PDA) /PI (PMDA/ODA)  any electronic inter- 
action between the distinct PIs is small except for that 
at the interfaces because the phase separation occurs 
macroscopically. Although it is not yet clear, the unusual 7 
behaviour for the P I (BPDA/PDA) /PI (PMDA/ODA) ,  
such as the fluorescence enhancement and spectral shift, 
may be due to internal stress generated during the 
thermal imidization of the macroscopically phase- 
separated PAA/PAA blends. 

Dynamic mechanical spectra 
As the refractive indices (no) of homo-PI(BPDA/PDA) 

and homo-PI(PMDA/PDA),  which depend on curing 
conditions, are 1.544 and 1.553 respectively, if phase 
separation occurs in P I (BPDA/PDA) /PI (PMDA/PDA)  
(5/5) blend, the films should become cloudy due to the 
difference of the nD (ref. 23). Practically the blend films 
prepared from Tca.,~ = 50°C were clear for all blend ratios, 
and domains due to phase separation were not observed 
by optical microscopy. This indicates that the domains 
in the blends are smaller than the extent of the wavelength 
of visible light. 

In order to obtain further information on degree of 
mixing, the dynamic mechanical spectra for the blends 
and the homo-Pls  were measured. Fortunately d.m.a, is 
applicable to PIs or PI /PI  blends imidized at step 250°C, 
although when post-cured at more than 330°C the blends 
and the homo-PIs do not show a clear ~ loss peak. Fiyures 
6a (curves (1)) and 6b show the storage modulus E' and 
the loss modulus E" curves for PI (BPDA/PDA) and 
P I (BPDA/PDA) /PI (PMDA/PDA)  (5/5, Tca~t=50°C) 
respectively. Unfortunately it was impossible to measure 
the thermally imidized PI (PMDA/PDA)  because the film 
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Figure 6 Dynamic mechanical spectra of (a) homo-PI(BPDA,:PDA) 
(I)  and h o m o - P I ( P M D A : O D A )  (2), (b) P I ( B P D A / P D A ) , '  
PI(PMDA,:PDA) (5,,5) and (c) PI(BPDA. 'PDA)/PI(PMDA,'ODA) 
(5/5) 
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F i g u r e 7  Phase-contrast microscope photographs of PI(BPDA,. 
PDA).PI(PMDA PDA:ODA) (5.'5) with various PDA contents in the 
copolymer 

is very brittle. The homo-PI(BPDA/PDA) shows an ~t 
loss peak at about 310~C, and a broad /3 loss peak at 
around 230~C. The blend also has an ~t loss peak at the 
temperature corresponding to pure PI(BPDA/PDA), 
showing the PI(BPDA/PDA) phase exists partially in 
the blend. A broad loss peak at around 370~C for the 
blend is very likely different from that of homo- 
PI(PMDA/PDA) because it has been reported 24 that the 
calculated Tg is about 70WC (it is difficult to measure it 
experimentally because of thermal degradation) and 
different from the fl loss peak of PI(PMDA/PDA) as 
described below. Accordingly it appears that the peak is 
due to the partial mixing phase. Although we do not 
have data for homo-PI(PMDA/PDA) imidized at step 
25OC, from the following experimental results it is 
reasonable to assume that the fl loss peak of 
PI(PMDA/PDA) appears at around 80C.  Dynamic 
mechanical spectra of PI(PMDA/PDA:ODA) copoly- 
mers (PDA = 0 -80 mol%) imidized at step 250°C show 
that the /3 loss peak always appears around 80~C 
regardless of PDA content in the copolymer. As reported 
previously, the position of the fl loss peak of 
PI(PMDA/ODA) is independent of the cure conditions 
unlike the T~, which depends on the cure conditions 2t 
Furthermore the dynamic mechanical spectra of the 
chemically imidized PI(PMDA/PDA) can be measured. 
The E" curve of the polymer shows a fl loss peak around 
80 C 2s. According to the T~ criterion for miscibility of 
polymer blends, in PI(BPDA,PDA)/PI(PMDA/PDA) 
blend in which the fl loss peak appears at a temperature 
between the fl loss peaks of the two component 
homopolymers (80~C for PI(PMDA/PDA) and 230C 
for PI(BPDA/PDA)), the effect of mixing is observed. 
This will become clear by comparing with the 
phase-separated P I (BPDA/PDA) /PI (PMDA/ODA)in  
Figure 6c where the fl loss peaks of PI(PMDA/ODA) 
(80C) and PI(BPDA/PDA) (230 C) appear indepen- 
dently. 

On the other hand, as shown in Fiqure 6c the E" curve 
for cloudy PI(BPDA/PDA)/PI(PMDA/ODA) (5/5, 
T,,~t = 50 CI shows only an :t loss peak corresponding 
to PI(BPDA/PDA) without a peak due to partial mixing, 
and the E' curve decreases rapidly over about 310"C 
similarly to homo-PI(BPDA/PDA). No effect of mixing 
in this blend was observed. From their dynamic 
mechanical spectra, the degree of mixing for 
PI(BPDA/PDA)/PI(PMDA/PDA) is better than for 
PI(BPDA/PDA)/PI(PMDA/ODA),  coinciding qualita- 
tively with the fluorescence data. 

Miscibility of PI/PI blends and CT fluorescence: M. Hasegawa et al. 

- PI(BPDA/PDA)/PI(PMDA/PDA. 'ODA) blends 
Since P I ( B P D A / P D A ) / P I ( P M D A / P D A )  and 

PI(BPDA/PDA)/PI(PMDA/ODA) are transparent and 
cloudy respectively, when a random copolymer 

. . . . . .  : ~  PI(PMDA/PDA:ODA) (PDA = 20-90mo1%) is used 
3o as a component of blends it is expected that with 

increasing PDA content in the copolymer the morpho- 
logy of PI(BPDA/PDA)/PI(PMDA/PDA:ODA) (5/5, 
T~,,t=5ff'C) changes from heterogeneous to homo- 
geneous and that the fluorescence of the blends reduces 
successively. The copolyimides imidized at step 250~C 

____:_~ were non-fluorescent. The observation of the blend films 
by a phase-contrast microscope shows the successive 
reduction of the domain size with increasing PDA content 
in the copolymer, as shown in Fiyure 7. The blends 
become perfectly transparent over 80% in PDA. Fiyure 
8 shows the fluorescence spectra of the blends (5/5) as a 

/ /  "~ PI (BPDA/PDA)/PI (PMDA/PDA:ODA) 
/ 4\ blends (5•5) PI(BPDA/PDA)-,'.' ,.., .,,., 
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Figure 8 Fluorescence spectra of PI (BPDA PDA). 
PI(PMDA.PDA:ODA) (5 51 as a function of PI)A content in the 
copolyimide 
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Figure I1 Fluorescence spectra of 
PI(PMDA,ODA) (5/5) as a function of T¢+~, 
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function of PDA content in the copolymer. The 
fluorescence of the blends reduces with some spectral 
shifts as the blends become homogeneous. The changes 
of the intensity and the peak position are plotted in Figure 
9. It is interesting to note that the additive law curve 
(broken line) is nearly independent of PDA content, while 
the experimental data rapidly decrease with the increase 
of PDA content. Further experimental evidence is 
necessary to explain such spectral shifts. But in any case, 
the reduction of the intermolecular CT fluorescence can 
be strongly correlated to the increase of the degree of 
mixing in the PI/PI blends. 

Casting temperature dependence 
Dependence of the miscibility of PI/P1 blends on the 

casting temperature (Tc,.~,) at the stage of the precursors 
was also examined. It is clearly shown that the miscibility 
of PI/PI blends depends strongly on Toast. As shown in 
Figure 10, the observation of PI(BPDA/PDA)/ 
PI(PMDA/ODA) by a phase-contrast microscope shows 
that as T,,~t increases from 40 to 130°C the domain size 
in the phase-separated structure is reduced and finally 
the blends become perfectly transparent over 120°C. 

On the other hand, the CT fluorescence spectra of the 
blends decrease drastically with increasing To=st and 
finally at 130°C the fluorescence becomes very weak as 
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Figure 12 Change of the fluorescence intensity for (a) 
PI(BPDA/PDA)/PI(PMDA/ODA) (5/5) and (b) PItBPDA/PDA)/ 
PI(PMDA/PDA) (5/5) against T=.~,. Open and full symbols denote 
optically clear and cloudy blends, respectively 
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shown in Figure I 1. The changes of the intensity due to 
Tca~, for PI(BPDA/PDA)/PI(PMDA/ODA) and 
PI(BPDA/PDA)/PI(PMDA/PDA) are plotted in Figure 
12. 

The dynamic mechanical spectra for PI(BPDA/PDA)/ 
P I ( P M D A / O D A )  (5/5 ,  Tcas,= 130~C) and  
PI(BPDA/PDA)/PI(PMDA/PDA) (5/5, T¢,s, = 120~C) 
are shown in Figures 13a and 13b respectively. Figure 
13a shows a very broad [/ loss peak at around 
150"'C, between 80~C (PI(PMDA/ODA)) and 230'C 
(PI(BPDA/PDA)), and a broad single 7 loss peak at 
around 330:C, between 310~C (PI(BPDA/PDA)) and 
350:C (PI(PMDA/ODA)),  indicating that the blend is 
miscible compared with Figure 6c. Similarly Figure 13b 
shows a very broad fl relaxation and the disappearance 
of the :~ loss peak due to PI(BPDA/PDA), indicating 
that the degree of mixing in the blend became good 
compared with Figure 6b. Similar viscoelastic behaviour 
is observed for the PI(BPDA/ODA)/PI(PMDA/PDA) 
blend. We found that no :~ loss peak is observed for the 
blend despite the fact that homo-PI(BPDA/ODA) shows 
a clear :c loss peak at 290~C 25. Since PI(PMDA/PDA) 
does not show a clear Tg, if phase separation occurs, only 
the z~ loss peak due to PI(BPDA/ODA) should be 
observed. This is interpreted as a result that the blend is 
miscible so that segmental motions of PI(BPDA/ODA) 
were suppressed by rigid PI(PMDA/PDA).  Accordingly 
we consider  that  in the P I ( B P D A / P D A ) /  
PI(PMDA/PDA) blend the disappearance of the :~ loss 
peak due to PI(BPDA/PDA) is attributed to the increase 
of the degree of mixing. The results show that the 
reduction of fluorescence intensity is strongly correlated 
to the changes of the viscoelastic data due to T~,. 

The changes of the density of the PI/P1 blends due to 
T~s, are shown in Figure 14. Although the amount of 
change is small, the shapes of the curves are very similar 
to that in Figure 12 except for the increase of the density 
at 120 or 13ffC. The decrease of the density with increase 
of "/cast is interpreted as the decrease of intermolecular 
CT complex population, reflecting the molecular packing 
due to interpenetration between the distinct Plsa's. Thus 
the intermolecular CT fluorescence is a sensitive indicator 
of the miscibility of PI/PI blends. 

We now ask, why does the miscibility increase with 
increasing "F~s,'? We propose the following possibilities. 

(1) The PAA/PAA blends possess a UCST (upper 
critical solution temperature) phase diagram. 

(2) The homogeneous state in the solution is fixed due 
to rapid evaporation of solvent. 

(3) The liquid-crystalline phase of PAA in solution 
melts at higher Tea,, and becomes isotropic (PAA/PAA 
blends are easier to mix in the isotropic state than in the 
LC state). 

It is known that the blends in which both component 
polymers have sufficiently large molecular weights do not 
generally show a UCST phase diagram because the 
entropy change of mixing is very low 13. Since it is 
reasonable to suppose that the sudden changes at a 
certain temperature as shown in Figures 11 and 13 are 
attributed to a transitional phenomenon, we consider 
now that the third factor contributes predominantly to 
the behaviour rather than the second. Recently Whang et 
al. 26 reported that an aromatic PAA in N-methylpyr- 
rolidone (NM P) forms a lyotropic liquid crystal at room 
temperature, and becomes isotropic at more than 80~C. 
The results support our consideration about the effect of 
T~a,t. However if melting of LC at higher temperature 
may bring about the increase of ASm~x, when cast at higher 
temperature, the possibility of case (1) remains. 

Nature of  intermoleeular CT.fluorescence 
We have previously reported that various wholly 

aromatic PIs emit intermolecular CT fluorescence when 
excited at 350nm and longer wavelength (450 
550 nm) z2. The existence of two excitation bands is 
consistent with the experimental results of Iida et al. z~, 
in which the photocurrent spectra of PI(PMDA/ODA) 
due to CT interactions possess two bands at approxi- 
mately 350 and 460 nm. 

Wachsman et al. 28 argued that for PI(PMDA/ODA) 
the increase of the CT fluorescence intensity with curing 
temperature could be due to two possible reasons. The 
first is an increase in the population of the coplanar state 
between pyromellitimide rings and diphenyl ether groups 
by conformational changes (intramolecular CT); and the 
second is the formation of the fluorescent sandwich 
structure (intermolecular CT). They opted for intra- 
molecular CT. On the other hand, Erskine et al. 29 found 
that the long-wavelength absorption edge in the 
transmission spectra of Kapton film red-shifts with 
pressure (up to 120 kbar) and the observed changes are 
strictly reversible, and they concluded that the 
long-wavelength absorption band is attributed to the 
intermolecular CT complex between the pyromellitimide 
and diphenyl ether moieties. Their direct experimental 
results strongly support our opinion that the long- 
wavelength excitation band is due to intermolecular CT. 
From the results of our present study, it is obvious that 
the CT fluorescence emitted by a short-wavelength 
excitation (350 nm) is due to intermolecular CT. If the 
CT fluorescence occurs intramolecularly, the fluorescence 
of PI/PI blends ought to be independent of the blend 
morphologies. Accordingly we conclude from our present 
study and other spectroscopic data that both the 
short- and the long-wavelength excitation bands 
originate from the intermolecular CT interactions. 

CONCLUSIONS 

The fluorescence intensity as a function of blend ratio 
indicates that the miscibility of PI(BPDA/PDA)/ 
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P I ( P M D A / P D A )  is bet ter  than  that  of  P I ( B P D A / P D A ) /  
P I ( P M D A / O D A )  because the fluorescence intensi ty of 
the former  is smal ler  at  all blend rat ios  than  that  of the 
latter.  This was suppor t ed  by the results of  dynamic  
mechanica l  analysis .  

The  d o m a i n s  in P I ( B P D A / P D A ) / P I ( P M D A /  
P D A : O D A )  reduced successively with increas ing P D A  
con ten t  in the copo ly imide ,  and  the CT fluorescence 
intensi ty of  the b lends  decreased successively. 

It was clear ly shown that ,  as Teas1 increases,  the 
miscibi l i ty  of  P I ( B P D A / P D A ) / P I ( P M D A / O D A )  and  
P I ( B P D A / P D A ) / P I ( P M D A / P D A )  increases,  and  the 
densi ty  and  the f luorescence intensi ty dras t ica l ly  
decreased.  It was conf i rmed from dynamic  mechanica l  
analysis  and  opt ica l  mic roscopy  and densi ty  measure-  
ments  tha t  the reduct ion  of  the in te rmolecu la r  CT 
fluorescence intensi ty  corre la tes  s t rongly  with the 
increase of  the miscibi l i ty  of  the blends c o m p o s e d  of  
f luorescent  PI and  non-f luorescent  PI.  This  me thod  is 
useful for P I / P I  blends having very rigid po lymer  chains.  
useful for P I / P I  blends having very rigid po lymer  chains.  
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