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ABSTRACT: Poly(N-vinylpyrrolidone) (PVP) is miscible with cellulose acetate (CA) with a degree of acetyl
substitution (DS) of less than ca. 2.75, and a random copolymevaiylpyrrolidone (VP) and methyl methacrylate
(MMA) can also form completely miscible blends with CA, when the VP fraction in the copolymeB&mol

% and the DS of CA i<2.5. The molecular orientation and optical anisotropy induced by uniaxial deformation

of the miscible blends of the VP-containing vinyl polymers [P(&*MMA)s] with CA were characterized by

a fluorescence polarization method and birefringence quantification, respectively. Film samples of more than 10
pairs of CA/P(VPeo-MMA) were cast from mixed polymer solutions M,N-dimethylformamide containing a

slight amount of a stilbene derivative as a fluorescent probe, to assume different blend compositions for each
individual polymer pair. Through analysis of polarized fluorescence intensity, it was found that all the drawn
films gave a positive orientation function, but the orientation development became suppressed with increasing
content of the vinyl polymer component. In comparison between different CA/PVP series, the drawn blends
comprising a CA of comparatively lower DS and a PVP of higher molecular weight indicated a higher degree of
orientation at any stage of elongation. The molecular orientation in CAMMA copolymer blends was affected

by the DS of CA in a similar manner to that in the CA/PVP series, but the VP:MMA ratio in the copolymer was
less effective. The optical birefringence of the drawn films, when compared at a given draw ratio for a series of
blends, decreased drastically with an increase in the vinyl polymer content and changed from positive to negative
values at a certain blend composition. This optical behavior is interpretable in terms of an effect of birefringence
compensation due to the positive and negative contributions of oriented CA and vinyl polymer, respectively, to
the overall birefringence. The critical binary composition where the blend remains a birefringence-free material
shifted to the CA-rich composition side with increasing DS of the CA used as well as with increasing VP fraction
in the P(VPeo-MMA) component. At vinyl polymer-rich compositions, the negative birefringence observed for
the drawn blends was even greater in absolute value than that of the drawn, unblended vinyl polymer, suggesting
that the two constituent polymers can orient cooperatively as a result of their high miscibility.

Introduction may be a convenient one not only to obtain the birefringence-
free material but also to acquire an additional, novel or wide-

polymer into some industrial products whether a manufacturer ;,‘S‘T(?'ng propertyr;allowmg t?e material to ie us?d In %rfer(jgnt
intends it or not. Physical properties of the products can change1€1dS- However, there were few reports on the polymer blending

sensitively according to the state of the orientation furnished. method in the past decade, for most polymer pairs make no
Therefore, it is important to clarify and comprehend the strong, attractive intermolecular interaction and rather phase-
relationship between the molecular orientation and the physical S€Parate on a scale of more than several tens of nanometers,
properties such as mechanical and optical ones. In recent opticaPftén léading to scattering of visible light. Therefore, a high
technologies, birefringence-free polymer materials that give rise I€V€! of miscibility at the molecular level, carried through a
to no birefringence even though the molecular orientation is SPecific attractive force such as hydrogen-bonding or ionic
induced by deformation, and, conversely, widely birefringence- intéractions, would be usually required for the polymer blends
controllable polymer materials as well, have been demanded to!© Serve as optical media.
produce polarization-protecting or regulating films for liquid Meanwhile, cellulose and related polysaccharides have re-
crystal displays? and to design other optically functional media cently been reevaluated as fascinating chemicals or materials
for many-faceted prospective applications. with industrially higher potential, not only due to their con-
Several methods have so far been proposed to create thdormability to the environment but also due to their useful
birefringence-free materials. They are the random copolymer- characteristics at the molecular and supramolecular levels. As
ization method the anisotropic molecule dopant mettfftl,  a part of studies on modern applications of polysaccharides,
the birefringent crystal dopant meth68,and the polymer the authors’ group has been trying to design and fabricate novel
blending method-13 A conception common to these methods multicompositional polymer materials based on cellulo$fes.
is to offset the optical anisotropy of a host component by Cellulose acetate (CA) used in the present work is an important
conjugating the guest constituent providing opposite birefrin- cellulose ester derivative established already for practical
gence to the host. In particular, the polymer blending method applications. For instance, it is utilized in film form due to
desirable physical properties involving good optical clarity as
* Author for correspondence: e-mail ynishio@Kais.kyoto-u.ac.jp; phone Well as in fiber form due to a comparatively high modulus and
+81-75-753-6250; fax-81-75-753-6300. flexural and tensile strengths. In addition, CAs with a degree

Polymer chains are often oriented in the process of the
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Figure 1. Structural formulas of CA, P(VRe-MMA), and BBS.
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of acetyl substitution (DS) 0k2.5 have been reported to be
practically biodegradabl-18 In order to further exploit the
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Figure 2. Miscibility map for CA/P(VP€o-MMA) blend series, quoted
from a previous papétwith additional data. Symbols indicate whether

a give pair of CA/P(VPeo-MMA) is miscible (O and®) or immiscible

(x). Filled circles represent the blend series used in the present
orientation study. Three lines, designated as 70/30, 50/50, and 30/70,
inform a critical blend composition. The miscible polymer combinations
fitting the respective lines can produce a birefringence-free material at
the indicated critical composition (see the latter half of text for
discussion).

molecular orientation and optical behavior observed when the
CAJvinyl polymer blends are mechanically deformed at elevated
temperatures, in connection with the miscibility and intermo-

lecular interaction between the two components. A fluorescence
polarization technique is used to obtain information about the

properties and extend the availability of CA, we have designed gegree and type of molecular orientation in uniaxially drawn
and characterized several CA-based hybrid materials producedjims of the miscible blends, and birefringence quantification

by the graft copolymerizatidfi22 or miscible blending with
other polymerg3-27

In a recent pape¥, the authors reported on the miscibility
and intermolecular interactions for CA blends with synthetic
homopolymers and random copolymers compridirginylpyr-
rolidone (VP) and/or methyl methacrylate (MMA) units, i.e.,
poly(N-vinylpyrrolidone) (PVP), poly(methyl methacrylate)
(PMMA), and poly{N-vinylpyrrolidoneco-methyl methacrylate)
[P(VP-co-MMA)] (Figure 1). The incorporation of MMA into

is also carried out to estimate the state of optical anisotropy
induced therein.

Experimental Section

Materials. Four grades of cellulose acetate (CA), determined
as DS= 1.80, 2.18, 2.48, and 2.70 B4 NMR measurements,
were used in this work. The weight-average and number-average
degrees of polymerization of the CAs are respectively-5880
and 220-270242" the data of the same class being in a range of

the vinyl polymer as a counterpart of the CA blends may be magnitude comparable to each other. The basic characterization
significant in practice because PMMA is an essential material for the respective CA samples has been described in a preceding

in optical and medical fields on account of the distingue physical
properties and safety for living bodies. On the basis of thermal
analysis data, a miscibility map was constructed as a function

of the DS of CA and the VP fraction in P(VE&&-MMA), as

paper?’ Two samples of poly{-vinylpyrrolidone) (PVP) differing
in molecular weight ¥1,,) from each other, i.e., nominally,,
360 000 (PVP-H) and 24500 (PVP-L), were purchased from
Nacalai Tesque, Inc. Three random copolymers of poliaylpyr-
rolidone€o-methyl methacrylate) [P(Viee-MMA)] were prepared

summarized in Figure 2. As can be seen from the map, most of by free radical polymerization in our laboratdythe VP:MMA

the pairs composed of CA of DS 2.5 and P(VReo-MMA) of

compositions being determined as 50:50, 47:53, and 35:65 by the

VP > 30 mol % were miscible, whereas the other combinations FT-IR method®® The weight-average molecular weights of the
of DS and VP values led to an immiscible blend series, but respective copolymers wetd,, = 1.84 x 10, 2.41 x 1, and

with a possible exception such as a miscible pair of£3.70
and VP= 100 mol %. Fourier transform infrared (FT-IR) and
solid-state'3C NMR spectroscopy revealed that a driving force

for the miscibility attainment was the hydrogen bonding formed
between the residual hydroxyl groups of CA and the carbonyl
groups of VP residues in the vinyl polymer component. The

homogeneity of the miscible CA/P(VE-MMA) blends was

2.90 x 1P, determined by gel permeation chromatography (mobile
phase, 10 mM/L lithium bromid®/,N-dimethylformamide (DMF)
at 40°C) in comparison with polystyrene standards. A fluorescent
molecule, 4,4bis(2-benzoxazolyl)stilbene (BBS), the chemical
structure of which is shown in Figure 1, was used as a probe for
the orientation estimation by afluorescence polarization techigtié?
Preparation of Blend Samples.Miscible CA/vinyl polymer
films were cast from mixed polymer solutions by solvent evapora-

also confirmed to be substantially on a scale within a few tion. DMF was selected as a common solvent. A 5.0 wt % solution

nanometers, through evaluations of proton spattice relax-
ation times T3,) in the NMR study.

The present study is an extension of the blend study on th

CA/P(VPco-MMA) system. This blend system has a potential

as optical materials of that kind stated in the beginning, in

of CA and that of the vinyl polymer as a counter component were
prepared separately and mixed with each other in the desired weight

e proportions. After stirring over a period of 24 h at room temperature

(25 °C), a small quantity of solution of BBS in DMF was added
into the blend solutions so that the concentration of the fluorescent
probe in each cast film was able to reaeb.0 x 10-° mol/L, and

addition to the utility as membranes showing a selective liquid- then the blend solutions were further stirred overnight. At this level
or vapor-absorption property controllable by varying the blend of BBS concentration, any effect of fluorescence depolarization,
and copolymer compositions. From such a viewpoint of caused by energy migration due to higher concentration of
functional development, therefore, we provide insight into the chromophores, is substantially negligiBté!-33Both blend and plain
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Figure 3. Representative plots dfy vs CA content for CA blends
with PVP or P(VPeo-MMA) copolymer. Ty was determined from the
midpoint of a baseline shift appearing in the respective DSC thermo-
grams.
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polymer films ca. 10Q«m thick were made on a Teflon tray via
casting the respective solutions at 80 under reduced pressure.
Strips of 20x 4 mm cut from the as-cast films were dried at
40 °C in vacuo for 3 days, followed by further heat treatment at
120°C in vacuo for 10 min.

Each of the film strips was fixed onto a hand-cranked drawing

device which was allowed to be placed in a heated air oven. Then

the film was uniaxially stretched to the desired draw ratio at a
temperature which was prescribed to be higher B\C2han the
glass transition pointT() of the blend or unblended sample used.
The deformation rate was45 mm/min. After the drawing process
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wherel; (i, j = X or Z) is a polarized component of the fluorescence
intensity andA is a parameter that characterizes the intrinsic
photophysical anisotropy of the fluorescent molecule which is
dispersed as an orientation probe in a polymeric medium. Four
polarized components;,, |,y I« andly, were measured by using
the following combinations of the transmission axis of a polarizer
and that of an analyzer: lét, be a polarized component of the
fluorescence intensity which is observed when the two axes are
both parallel to thez-axis andl,x be a component obtained when
the axis of the polarizer and that of the analyzer are parallel to the
Z- and X-axes, respectivelyl andly, can be defined in a similar
way. For the stilbene derivative BBS, the anisotropy of light
absorption and that of emission were assumed to be similar in
extent, since the observed intensitigsandl,, were almost equal
to each other irrespective of the degree of orientation of the actually
drawn sample$® Then the value ofA can be obtained from the
following relationship applicable to undrawn samples with a random
orientation distribution:

1)2

Ideally theA value is 1, if both light-absorbing axis and emitting

I = 1o _g(aA— @)

l,,+2,, 5 2

was completed, the film specimens were cooled quickly to ambient gne of the fluorescent probe coincide with the molecular a&is

temperature (258C) and then stored in a desiccator until used for
the measurements. The draw ratip ¢r percentage elongation)(
[e = (A — 1) x 100%] of the oriented samples was determined
from the positions of ink marks on the films.

Measurements. Differential scanning calorimetry (DSC) was
conducted with a Seiko DSC6200/EXSTAR6000 apparatus to
determine the glass transition temperatufg) Of the respective

to be a single linear oscillator. However, it is usually less than 1
due to some effects involving thermal fluctuations in structure of
the molecule. In the present study, the value wdks83 as an
average.

The birefringenceAn) of drawn CA/vinyl polymer samples was
determined by using an Olympus polarized optical microscope POS
equipped with a Berek compensator, at room temperaturéGp0

film samples to be elongated. The scanning procedure and conditionThe thickness of each film specimen was measured separately with

were the same as those adopted previo#fslyThe thermogram

of the second heating scan was employed fofTiheéetermination.

In Figure 3, typical plots offy vs CA content are illustrated for
representative sample®gs of the miscible blends are found to be
widely changeable depending on the DS of CA, molecular weight
of PVP, and VP:MMA ratio in P(VR:o-MMA). On the basis of
theseTy data, the temperature of drawing for the respective films
was prescribed.

a dial gauge.

Results and Discussion

1. CA/PVP Blends. The visual inspection and thermal
transition behavior of a series of CA blends with a lower
molecular-weight PVP-L have already been described in a
previous papef? In brief, the blend films employing CAs of

Fluorescence polarization measurements allow the determinationDS < 2.75 were homogeneous and highly transparent, and the

of the second and fourth moments of the orientation distribution

thermograms gave a single, composition-dependgn{see

function. The measurements were performed at ambient temperaturerigure 3). Even when a higher molecular-weight PVP-H was

(20 °C) with an apparatus that had been built in our laboratdry.
When the alignment of the molecular axi{axis) of a

fluorescent probe is specified by a set of polar and azimuthal angles

(w, @) in a sample coordinate syste®XYZ where theZ- and
Y-axes are aligned in the draw direction of a film sample and in
the direction perpendicular to the plane of the film surface,

blended with the CAs, the thermal behavior of the blends was
almost similar, but theillgs elevated by less than 2Q relative

to those of the corresponding CA/PVP-L compositions. Thus,
all the CA/PVP pairs used in this paper provided miscible blend
films over the entire range of binary compositions.

respectively, the molecular orientation state can be characterized 1.1. Molecular Orientation Characteristics. In Figure 4,

statistically in terms of the second and fourth moments defined in
the following way:

cod o= [ ["cok wN(w,g) sinw do dgp  (k=2,4)
(N

whereN(w,¢) is a normalized function representing the molecular
orientation distribution. According to the procedure established
formerly by Nishio et al’? the values of¢os wand¢os' wlcan

be determined from eqgs 2 and 3, respectively.

the second moment of molecular orientatifins wjevaluated

by the fluorescence polarization method, is plotted against the
percentage elongation of film specimens of CA(BS2.18)/
PVP-H blends. Generally, films of unblended CA, the DS
ranging from 1.80 to 2.70, showed quite a high level of
molecular orientation on stretching; however, they were prone
to break at an earlier stage of elongatien= ~50%). The
capability of CA for high degrees of orientation may be
attributed not only to the relatively semirigid carbohydrate
backbone but also to the intermolecular interactions via hydrogen-
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Figure 4. Plots of(@og wlvs % elongation for drawn blends of CA-
(DS = 2.18)/PVP-H.
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bonding between the residual hydroxyl groups. As is made 0.5

clearer in a later discussion, actually, the value&of wfor r

plain CA films decreased slightly with increasing DS value, A 041

when compared at a given draw ratio, possibly due to the < 0al

decrease in frequency of the hydrogen-bonding interactions. On e |

the other hand, a considerably lower level of orientation 0.2f

prevailed in drawn PVP films, as seen in Figure 4. This vinyl

polymer material is known to be highly susceptible to plastic 0'103 04 05 06
flow during deformation aTy and higher temperaturésa rapid <cos?w>

orientation relaxation concurrent in the drawing process may Figure 6. Plots of [Gos' wOvs [@og wOfor drawn CA(DS= 2.18)/
be responsible for the inherently less capability for orientation. PVP-H samples with a 70/30 composition. The continuous line
In support of this idea, drawn PVP-H films gave somewhat represents a relationship between the two moments calculated in terms
higher values ofto€ w(ithan PVP-L films at every stage of of a model of prolate ellipsoid of rotation for the type of molecular
gner v : y stag orientation distribution.
elongation, since the PVP-H molecules of longer chain length
have longer relaxation times. It should be kept in mind, however, This is also in favor of a restriction of the possible relaxation
that both PVP films imparted a decidedly “positive” orientation of the molecular orientation in the deformed polymer blends.
function, i.e.,f = (3[tog w— 1)/2 > 0, on stretching. A similar consideration has been made in an orientation study
Concerning the blends of CA and PVP(-L or -H), tli®s for a miscible poly(vinyl alcohol)/PVP systefd.
wlvs percentage elongation plots were always located between In the fluorescence polarization method, it is possible to obtain
the corresponding plots obtained for the two polymers per se. information about not only the degree but also the type of
Namely, the degree of orientation decreased monotonically with molecular orientation in the noncrystalline regions of polymer
an increase in PVP content, when compared at a given stage okolids132%32 A convenient way for estimating the type of
elongation. A similar composition dependence of the molecular molecular orientation is to construct a plot of the fourth moment
orientation was observed for all the blend series of CA/PVP [¢os wlagainst the second momeiidbs w[of orientation and
examined, irrespective of the DS of CA and the molecular then to search for conformity of the plot to a theoretical
weight of PVP. In the previous papétd® dealing with the relationship between the moments calculated in terms of some
miscibility of CA and PVP, we reported the presence of a potential model of the orientation distribution. Figure 6 exempli-
specific intercomponent interaction, i.e., the hydrogen bonding fies the construction of th&os' wvs [¢og wOplot for a 70/
which was formed between the residual hydroxyls of CA and 30 composition of CA(DS= 2.18)/PVP-H blends. The con-
the carbonyls of VP units, as a driving force for attainment of tinuous line in the figure represents a relationship derived by
the blend miscibility. Owing to the attractive interaction, assuming that the molecular orientation obeys a type of prolate
presumably, the two polymers must have been oriented coop-ellipsoid of rotation about the stretching axis of the film sample.
eratively in the blend films during the course of the uniaxial The calculated curve is virtually equivalent to a theoretical curve

stretching process.

Figure 5 shows data ditog wlvs percentage elongation
for four selected CA/PVP blends with a fixed composition of
70/30, prepared by using combinations of BS1.80 or 2.48

predicted by a Kratky-type affine deformation schethe,
proposed for the orientation of rodlike structural units floating
in a bulk matrix. As demonstrated in the figure, the experimental
data obtained for all the drawn films of CA(BS2.18)/PVP-H

and PVP-L or -H. As can be seen from the comparison between= 70/30 fitted the calculated curve, implying that the type of

the four sets of the plot, the selection of the lower DS of CA
and that of the higher molecular weight of PVP result in the
attainment of a higher degree of molecular orientation. It is
conceivable that the molecular mobility and orientation relax-
ation are more limited in the more viscous polymer medium
which contains the PVP species of a higher molecular weight
Furthermore, both lower DS of CA and higher molecular weight

molecular orientation distribution in the uniaxially deformed
blend follows well the model of prolate ellipsoid of rotation
regardless of the rate of orientation development. This held for
the other series of CA/PVP blends examined, irrespective of
the DS of CA, the PVP molecular weight, and the blend
. composition.
1.2. Optical Anisotropy Estimation. Optical birefringence

of PVP would increase the number of the functional groups derives from the orientation of polymer chains which have
associated with the hydrogen bonding, per unit molecule of the inherently the anisotropy of polarizability. In the simplest case
respective polymers, which allows the blend matrix to be a of uniaxial stretching of amorphous homopolymers, the bire-
“guasi-network system” having a higher density of cross-links. fringence, defined adn = n; — ng with a refractive indexrg)
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3 - " " " elongation was suppressed noticeably with increasing DS, which
@ 100/0 may be interpreted by assuming that the acetyl carbonyl groups
aligned almost perpendicular to the cellulose backbaoen-
pensate the optical anisotropy of the trunk polymer chain. On
the other hand, as is already kno®rdrawn PVP films show

a definitely negative birefringencé(°pyvp < 0), notwithstand-

ing the fact that the induced optical anisotropy is relatively low,
particularly in the PVP-L samples.

Concerning the blends composed of the two polymers
showing intrinsic birefringences of opposite sign, the following
observations on thAn data were worth noting, with respect to
the dependence on the blend composition and that on the DS
and molecular weight of the CA and PVP components,
% Elongation respectively.

' ' ' (1) In all of the eight series of CA/PVP blendsn decreased
monotonically but quite rapidly with increasing PVP content
in the composition range 1006/B0/70, when compared at a
given stage of elongation intermediate ca. 10 and 40%.

(2) At compositions containing 50 wt % PVP, drawn blends
showed more negative birefringence than drawn, plain PVP. In
the CA/PVP-L blends of acetyl DS 2.48, even the 70/30 films
exhibited a smalleAn (<0), compared with that of the PVP-L
homopolymer samples deformed at similar draw ratios (data

An x 103

At

30/70

0 20 40 60 80 100

An x 103

not shown).
i . (3) Any of the CA/PVP-H series gave lowekn values,
0 20 40 60 80 100 compared with the corresponding CA/PVP-L series; here,
% Elongation caution should be exercised to the fact that the former blend
Figure 7. Plots of birefringence vs % elongation for drawn (a) CA- Series was capable of higher orientation rather than the latter
(DS = 2.18)/PVP-L and (b) CA(DS= 2.18)/PVP-H. (e.g., see Figure 5).

(4) The higher the DS of the CA component, the wider was
the composition range where drawn CA/PVP blends showed a
negative birefringence.

1 In the present blend system, as is apparent from observations
An=§(3ﬁt052 w - 1)An° (5) (1) and (2), there occurs a compensation effect due to the
positive and negative contributions of the oriented CA and PVP,
whereAn° is an intrinsic birefringence for the perfect uniaxial 'espectively, to the overall birefringence. Observation (3)
orientation of polymer chains aniog w{Jis the second indicates that the negative contribution of PVP is more intensely
moment of orientation for an anisotropic segmental @nitith pronounced in the drawn blends containing higher-molecular-
a certain polarizability. Here it should be noted that two second Weight PVP. Observation (2) is also one of the pieces of
moments[¢og wandGos w4 obtained from the fluorescence  €vidence for a high level of miscibility in this blend system;
polarization and birefringence measurements, respectively, arePecause the resultimplies that orientation of the PVP molecules
generally different in magnitude from each other, since there IS @ppreciably enhanced in the presence of CA, possibly by
should be a respectable difference in size of the structural unit Virtue of the interpolymer interactions that occur through
for orientation estimation between the two methods (usuglly ~ Nydrogen bonding between the carbonyl and hydroxyl groups.
< M)). In correspondence with observations (3) and (4) stated above,

In the case of the stretching of a blend composed of polymer @ critical blend composition, conveniently defined as a minimal

1 and polymer 2, the birefringenden of the deformed sample CA fraction,w;, below which the drawn blends show negative

parallel to the draw direction and that-j perpendicular to it,
can be given by

may be represented by birefringence, would vary sensitively depending on the DS of
the CA and on the molecular weight of the PVP component.
An=y,An; + v,An, (6) To make it clearer, Figure 8 illustratésn vs CA content data

obtained for four series of CA/PVP-H samples deformed to a
whereviAn; (i = 1, 2) indicates the contribution of an oriented draw ratio of ca. 1.25. For comparison, the composition
polymer componenit to the total birefringence and denotes dependence okn observed for a CA(DS- 1.80)/PVP-L series
the volume fraction of that component. If the sample contains (e = ~25%) is also represented by a dotted-line curve. It can
a crystalline phase of a compondntAn; should be divided readily be seen from the figure that the critical fraction for
into two terms, taking account of the degree of crystallinity. In the two CA/PVP-H series using CAs of DS 2.48 is located
the present CA/PVP system, however, any of the blend samplesbetween 0.70 and 1.00, while the fraction is rather lower (0.50
can be assumed to be an overall amorphous material which< w;; < 0.70) in the case using CAs of DS2.18. In addition,
exhibits a high level of miscibility* w for the CA/PVP-L series is found to be further lower than

Parts a and b of Figure 7 show results of the birefringence that for the corresponding CA/PVP-H series. In the CABS
measurements carried out on drawn CABS.18)/PVP-L and 1.80)/PVP-L seriesyscis equal to~0.50, and actually the blend
CA(DS = 2.18)/PVP-H films, respectively. Unblended CAs of of 50/50 composition behaved as almost the birefringence-free
DS = 1.80-2.70 exhibited positive optical anisotropxrf°ca material. Also, a 70/30 composition of CA(BS2.18)/PVP-H
> 0) on stretching. However, the rise ain with percentage (i.e., wic = 0.70) was nearly the critical composition for the
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Figure 10. Plots of [to$ wllvs % elongation for CA(DS= 1.80)/
P(VP-co-MMA)(VP:MMA = 35:65) blends.

deformed uniaxially to a draw ratio 0¥1.25. DS of CA: O, 1.80;@,
2.18; 1, 2.48; A, 2.70. A dotted-line curve indicates, for comparison,
a corresponding data obtained for a CA(BSL.80)/PVP-L series.

0.5} © DS=1.80, VP=100 mol% ( = 26%)
& DS=1.80, VP=47 mol% (¢ = 21%)
2 | A 04| DS=1:80,VP=35mol% (¢ = 21%)
x L - 3
-
S g 03
L i v
0.2 ]
2l . . . . ® DS=2.48, VP=100 mol% (¢ = 23%)
0.33 0.35 0.37 0.39 01l 4 DS=2.48, VP=50 mol% (¢ = 18%) |
<cos2w> W DS=2.48, VP=47 mol% (& = 23%)
Figure 9. Birefringence vsicog wOfor drawn blends of CA(DS= 0.3 0.4 , 05 0.6
2.18)/PVP-L ®) and CA(DS = 2.18)/PVP-H ©) with a 50/50 <cos*w>

composition. Figure 11. Plots of(¢os' wlvs [0S wlifor selected samples of CA/

P(VP-co-MMA) = 70/30 deformed uniaxially to a draw ratio of ca.
blend to be such a specific optical medium, as is evidenced by 1.20-1.25. The acetyl DS and VP content of the CA and P@#P-
i MMA) components, respectively, are denoted in the figure. The solid-
the An data in Figure 7b. ; PO X ; A
In Ei A | | d f . fth d line curve indicates a theoretical relationship between the moments,
n Figure 9,. nvalues are p otted as a .I..JnCtIOI‘l of the second he same as that depicted in Figure 6.
moment of orientation for 50/50 compositions of the two series

of CA(DS = 2.18)/PVP blends prepared with different PVP 4414 hoint of thégog wplot for each composition of the CA-
molecular weight. As is apparent from the comparison of the (DS = 1.80)/copolymer blends was located at an equal or
plots between the two series, even though the respective blendgighy lower level in the moment amplitude, compared with
are oriented to an equal degree(06s’ wCwhen viewed ina  yne atg point obtained for the corresponding composition and
structural unit of 2.5 nm scale, the CA/PVP-H series provides elongation of the drawn blends of CA(DS 1.80) with “PVP-

a negative birefringence greater in absolute value than that of . (data not shown). A similar observation was made for the

Fhe othgr series with PVP-L. This observation held true five series using the other combinations of the DS of CA and
irrespective of the DS of the CA component. It follows, o \/p\iMA ratio of P(VPeo-MMA). Here, it should be noted

there_fore, _that the PVP-H component acquires a higher degreethat the molecular weights of the copolymers used, ranging from
of orientation even at the segmental level in the drawn blends 1.84 x 10 to 2.90x 1P, are considerably higher than that of

with CA and hence makes, more effectively, a negative i )
contribution to the total birefringence, than does PVP-L when PVP-L (2.45x 10Y), but rather comparable to that of PVP-H

employed similarly.
2. CA/VP-MMA Copolymer Blends. Total six series of
blend films composed CA and P(Mi-MMA) copolymer were

(3.6 x 10°).

Figure 11 exemplifies a construction of thms wvs [¢og
wlplot for selected blends of CA(DS 1.80 or 2.48) with

prepared so as to cover the miscible pairing region designatedPVP-H (VP= 100 mol %) and P(VRo-MMA) of VP = 35—

by the DS of CA and the VP fraction in P(V&&-MMA), as
indicated in Figure 2; CAs of DS 1.80 and 2.18 were blended
with the copolymers of VRP= 35 and 47 mol %, and one more
DS = 2.48 was combined with VB 47 and 50 mol %. Any

50 mol %, the film samples being deformed to a draw ratio of
ca. 1.26-1.25 ¢ ~ 20—25%). The composition of CA/vinyl
polymer is, in common, 70/30 in the weight proportion. A solid-
line curve in the figure represents a theoretical relationship

of the blend films showed a homogeneous, clear appearancebetween the moments, calculated in terms of the ellipsoidal
irrespective of the mixing polymer composition. In DSC distribution model described in the preceding section. [Boe!
measurements, these blends showed a noncrystalline nature ane[vs [¢og w[data for three CA blends of DS 1.80 are found
were confirmed to be miscible from the finding of a single, on the solid-line curve, collecting at a comparatively higher
composition-dependeiit, that shifted to the higher temperature level, while the data points for the other three of BS2.48
side along with increasing CA content (see Figure 3). are closely situated on the curve at lower and left positions.
In Figure 10, the second moment of molecular orientation, Thus, in the uniaxial drawing of CA/P(VBs-MMA) blends,
[¢os wl] measured for a series of blends of CA(BS1.80) the lower DS of the CA component is favorable for the progress
with P(VPco-MMA) of VP = 35 mol % are plotted against  in molecular orientation of the blends, but the variable VP:MMA
percentage elongation of the respective film specimens. Any ratio in the vinyl polymer is an inert factor scarcely affecting
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the molecular orientation behavior in both degree and distribu- 6
tion type.

In the miscible CA/P(VReo-MMA) system, the residual
hydroxyls of CA form a hydrogen-bonding interaction with the
carbonyls of the VP units in the vinyl copolymer, not with ones
of the MMA units, as has already been proved in our previous
paper?’ Accordingly, the lower VP content in the copolymer
would be of greater disadvantage for prevalence of a higher
extent of orientation in the blends with CA due to the lower 0
frequency of the intermolecular interaction, as does the higher
DS of the CA component. In interpreting the less dependence
of the orientation development in the CA/copolymer blends on -2
the VP:MMA ratio, there is a possibility that the MMA
segmental sequence may be essentially less susceptible of the
orientation relaxation in the course of deformation of the vinyl
polymer, rather than the VP sequence. In fact, some drawn films
of PMMA (My, ~ 9 x 10% were prone to give a slightly higher
degree of orientation than those of PVP-H, when compared at
more than 100% elongation by the fluorescence polarization
method, although both vinyl polymers showed an inherently
less capability for orientation. Such an increased effect of
relaxation restraint by the MMA units might have canceled out
the less interaction effect attended by the decease of the VP
content, when the CA/P(VBe-MMA) blends were subjected

100/0

An x 10°
N

0 20 40 60 80 100
% Elongation

An x 103

to the uniaxial stretching. 3070 0/100 |
Figure 12 compiles results of the birefringence measurements 2 . . . .

conducted for drawn films of three series of CA/P(UEMMA) 0 20 40 60 80 100

blends prepared with different combinations of DS and VP: % Elongation

MMA ratio: (a) DS= 1.80 and VP:MMA= 35:65; (b) DS= 2 . . . .

2.18 and VP:MMA= 47:53; and (c) DS= 2.48 and VP:MMA | 10010 ©]

= 50:50. As is well-known, drawn films of PMMA show

negative optical anisotropy, a value Ah°ppma = —50.7 x 1

104 being predicted in the literatueas the intrinsic birefrin- 2 05

gence. Undoubtedly, therefore, the vinyl copolymer P@dP- -

MMA) should also give a negative birefringence on stretching ’; 0

the film, and in Figure 12An data for the three samples < .05}

designated commonly as 0/100 are actually consistent with this
assumption.

The optical anisotropy of the oriented CA/P(\éB-MMA) 15¢
system was also affected seriously by the compensation effect 2 .
due to the positive and negative contributions of the CA and 0 20 40 €0 80 100

copolymer components, respectively, to the overall birefrin- % Elongation

gence, as can be seen from the swift change in location of theFigure 12. Birefringence vs % elongation for drawn films of three

; i At series of CA/P(VR:o-MMA) blends prepared with different combina-
An vs percentage elongation plot with variation of the blend = =5 & (5 viA Tatio: (a) DS- 1.80 and VP:MMA= 35:
composition, observed for any of the three series in Figure 12. 5. (b) DS= 2.18 and VP:MMA= 47:53: (c) DS= 2.48 and VP:
As shown in Figure 12b,c, some copolymer-rich blends provided MMA = 50:50.

a negative birefringence larger in magnitude than that of the
respective unblended copolymers, reflecting a certain level of negative contribution of PVP-H to the total birefringence is more
cooperative orientation of the miscible two polymer components intense than that of VP-MMA copolymers, implying that the
in the uniaxial drawing process. negative anisotropy in polarizability of the VP unit is of greater
Comparing the birefringence data shown in Figure 12b for extent than that of the MMA unit, i.eAn°pyp < An°pyma. IN
the CA(DS= 2.18)/P(VPeo-MMA)(VP:MMA = 47:53) series correspondence to this, in the CA/copolymer series, the critical
with those for the CA(DS= 2.18)/PVP-H series (Figure 7b), CA fraction wic at the composition to generate a zero-
we find that theAn values obtained for the 30/70, 50/50, and birefringence blend material is lowered to a considerable extent,
70/30 compositions of the former series are higher than thosecompared with the corresponding CA/PVP-H series; for in-
for the corresponding compositions of the latter series at every stance, in Figure 12b (DS of CA, 2.18Y,.is found to be~0.50
stage of elongation. This observation was applicable to similar lowered from~0.70 (see Figure 7b).
comparisons made between the respective two series of CA Of the three series shown in Figure 12, the combination (a)
blends of other DSs with PVP-H and P(\d®&-MMA). In of DS = 1.80 and VP:MMA= 35:65 gives rise to the lowest
contrast, as mentioned previously, there was less difference incritical value of wic = ~0.30 because this blend series is
the extent of orientation development between the CA/VP-MMA composed of a pair of CA having a positiva° of the largest
copolymer and CA/PVP-H blends of a mutually equivalent magnitude and P(Viee-MMA) having a negativeAn° of the
binary composition, as far as a common CA was used. smallest magnitude. As a matter of course, the higlvgstalue,
Therefore, we can readily infer from these results that the a little over 0.70, can be observed for another CA/PQdP-
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Figure 13. Birefringence for selected compositions of CA/P(Z@-
MMA) blends deformed te = ~25%, plotted as a function of (a) DS
of CA and (b) VP fraction in P(VRO-MMA), with the proviso that
(@) VP:MMA = 47:53 and (b) DS= 1.80 for the respective blending
partners.

MMA) series using the combination (c) of DS 2.48 and VP:
MMA = 50:50.

In Figure 13,An values are plotted as a function of (a) DS
of CA and of (b) VP fraction in P(VRo-MMA) for selected
compositions of CA/P(VR:o-MMA) blends, with the proviso:
(@) VP:MMA = 47:53 and (b) DS= 1.80 regarding the

Miscible Blends Composed of CA and P(\8-MMA) 3475

an approximately equal degree of molecular orientation at each
binary composition. Accordingly, that decrease just emphasizes
the difference in the negative effectiveness\of° between the

VP and MMA units in the vinyl polymer component which is
better oriented by virtue of the miscible partner CA.

As is clearly demonstrated by both plots in Figure 13, the
critical fractionw; to be observed for the miscible blends shifts
to higher values with increasing DS of the CA component and
with increasing VP fraction in the P(VEs-MMA) component
as well. In the miscibility map shown in Figure 2, three lines
informing the critical binary composition are depicted, each
designated as 70/30, 50/50, or 30/70. (In the line drawing,
birefringence data for CA blends with “PVP-H" were involved.)
The miscible polymer pairs with the DS and VP fraction
coordinates fitting the respective lines can produce a birefrin-
gence-free material at the indicated blend composition. With
the aid of this map, the optical anisotropy of the present system
is desirably controllable by varying the binary polymer com-
position, as well as by altering the DS of CA and the VP:MMA
ratio in P(VP€o-MMA), which is of great significance for
designing some optically functional blend materials. In the case,
however, attention should be paid to the possible change in
hydrophilic/hydrophobic nature of the blends; generally, the
hydrophobicity would escalate with the increase of the DS of
CA and/or the MMA fraction in P(VREo-MMA).

Conclusion

Blends of cellulose acetate (CA) with poN4vinylpyrroli-
done) (PVP) and those witk-vinylpyrrolidone-methyl meth-
acrylate (VP-MMA) random copolymer were prepared in clear
film form by a solution-casting method, so that any pairing
fulfilled the miscibility condition associated with the degree of
substitution (DS) of the CA component and the VP:MMA ratio
in the vinyl polymer [P(VPeo-MMA)] component. Eight series
of CA/PVP blends using all combinations of four CAs of DS
= 1.80-2.70 and two PVPs (PVP-L and -H, largely different
from each other in molecular weight), and six series of CA/

respective counterpart components. The film samples were allVP-MMA copolymer blends using selected combinations of

deformed to a draw ratio of ca. 1.26 € ~25%). In Figure
13a, a birefringence data obtained for a CA of B2.95 is
also plotted for reference. This CA is a crystalline cellulose
triacetate showing a negativen®, but it should be noted that
CAs of DS = 2.70 were immiscible with the VPMMA
copolymer. In the DS range ensuring the blend miscibility, we
find a constant decrease ain with increasing acetyl DS for

three CAs of DS= 1.80-2.48 and three P(VBe-MMA)s of

VP = 35-50 mol % were examined for estimation of the
molecular orientation and optical anisotropy, which were
induced by drawing the film samples of different blend
compositions uniaxially at the respectivigg + 2 °C. The
estimation of molecular orientation was carried out by using
the second [tos wl) and fourth (@¢os" wl) moments, both

every composition, which is mainly ascribable to a decrease of obtained by the fluorescence polarization method.

the positive contribution of the CA component to the total
birefringence, originating from the essentially declining ampli-
tude of An°ca. Focusing on another falling behavior afn

attended by blending CA with the copolymer, the rate is

All the dawn CA/vinyl polymer films imparted a positive
orientation function @o$ w0 > 0.33) and an orientation
distribution type of prolate ellipsoid of rotation around the
stretching axis. The degree of molecular orientation decreased

generally greater at a lower DS of 1.80, compared with the monotonically with an increase of the vinyl polymer content in
situation at higher DSs. From this perspective, it can be said the blends, when compared at an equal extent of elongation. In
that the birefringence compensation effect is more accentuatedcomparison between different series of CA/PVP blends, a series

in the CA(DS= 1.80) blends showing a comparatively higher
degree of molecular orientation.

using lower-acetylated CA and PVP-H of higher molecular
weight acquired a higher degree of orientation, relative to

Figure 13b contains birefringence data obtained for unblendedanother series using higher acetylated CA and PVP-L of lower

P(VP-co-MMA)s including PMMA (VP = 0 mol %) and
PVP-H (VP = 100 mol %). Their films showed quite a low

molecular weight, when examined at a given composition. The
former blend series assuming a denser quasi-network is of

level of molecular orientation on stretching, and hence the greater advantage to restriction of the possible relaxation of the

resulting smallerAn values 0) bear less dependence on the
VP:MMA ratio. The miscible blends with CA(DS= 1.80),
however, make a linear relationship whefen decreases
remarkably with increasing VP fraction in P(M-MMA), at
any composition of 70/30630/70. These blend samples showed

molecular orientation in the deformation process. Concerning
the CA/VP-MMA copolymer series, the selection of a lower
DS for the CA component was in favor of a better progress of
the molecular orientation in the drawn films, similar to the
situation in the CA/PVP series; however, the dependence of
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the orientation on the VP:MMA ratio of the copolymer  (2) Nakayama, H.; Fukagawa, N.; Nishiura, Y.; Yasuda, T.; lto, T;

component was less prominent. Virtually, the orientation ’Iv”hf‘yassr_“T' .9, Photopolym. Sei T(e?li‘”‘ﬂDOGJlil L o
behavior in the CA/VP-MMA copolymer blends was nearly ~ ©) e apog, o anara, . Thet £ Rol e, 3pn. J. Appl. Phys1996
the same as that in the corresponding CA blends with PVP-H (4) Tagaya, A.; Ohkita, H.; Harada, T.; Ishibashi, K.; Koike, Y.
having a molecular weight comparable to those of the copoly- Macromolecule2006 39, 3019.

mers used. (5) Tagaya, A.; lwata, S.; Kawanami, E.; Tsukahara, H.; KoikeJph.

~ J. Appl. Phys2001 40, 6117.
The two-component polymers CA and P(¢B-MMA) (6) Ohkita, H.; Ishibashi, K.; Tsurumoto, D.; Tagaya, A.; Koike ,Afpl.

constituting the present system showed a mutually opposite sign ™~ phys. A: Mater. Sci. Proces2005 81, 617.
in the intrinsic birefringence, and the drawing of the blend films  (7) Koike, Y.; Yamazaki, K.; Ohkita, H.; Tagaya, Macromol. Symp.
gave rise to a characteristic change in the optical anisotropy 2006 235 64.

with composition. The overall birefringencAif) of the drawn Egg LZ%?}V‘{B' Aé? pvr\;ig;%o?f'f; }jmll—(lgbmaetflrégglz Engé’gooﬁ 26, 966.
blends, when compared at a given stage of elongation, decrease(('ilo) Saito, H.: Inoue, TJ. Polym. Sci., Part B: Polym. Phys987, 25,

rapidly with a decrease in the CA fractiom until w; reached 1629.
a certain valuewso at which An changed from positive to  (11) Zhao, Y.; Jasse, B.; Monnerie, Polymer1991, 32, 209.
negative. This reflects well a compensation effect due to the (12) Nishio, Y.; Haratani, T.; Takahashi, J.Polym. Sci., Part B: Polym.
positive and negative contributions of the cellulosic and vinyl Phys.1990 28, 355.
olymer components, respectively, to the total birefringence of (13) Nishio, v.; Suzuki, H.; Sato, KPolymer1994 35, 1452.
poly p ! pectv y’, . ! Ing - (14) Nishio, Y. InCellulosic Polymers, Blends and Composit&dbert,
the blends. In several blend series, at vinyl polymer-rich R. D., Ed.; Hanser Pub.: Munich, 1994; Chapter 5, p 95.
concentrations, the negative birefringence observed for the(15) Nishio, Y.Adv. Polym. Sci2006 205, 97.
drawn blends was greater in absolute value than that of the(16) Buchanan, C. M.; Gardner, R. M.; Komarek, RJJAppl. Polym.
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h h, : | . ivel (17) Komarek, R. J.; Gardner, R. M.; Buchanan, C. M.; Gedod, 8ppl.
that the two constituent polymers can orient cooperatively to a Polym. Sci1993 50, 1739.
considerable extent as a result of their miscibility at the (18) Shibata, T. IfiThe Recent Trends of Glycochemisttpbayashi, K.,
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