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Abstract

The ionic interaction complexation between metal carboxylated polystyrene ionomers and poly(butyl methecilayepyridine)
(BVP) in both solution and bulk was studied by viscometry, laser light scattering (LLS) and differential scanning calorimetry (DSC) and
compared with that between BVP and carboxylated polystyrene (CPS), in which the interacting groups are in acid form. The results show that
both kinds of complexation strongly depend on the level of the specific interaction and give rise to an increased hydrodynamic radius over the
component polymer coils. However, the ionic interaction complexation generally results in an increased viscosity in the solution and almost
always exhibits two glass transition temperaturgs), in contrast, the hydrogen bonding complexation leads to a decreased viscosity and
only oneT,. The different behavior is attributed to the difference in spatial distributions of the interacting sites in the com@I2xa&8
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1. Introduction the literature, attention has also been paid to the inter-
macromolecular complexation caused by the ionic inter-
Intermacromolecular complexation between unlike action [4]. The complexation of sulfonated random
chains through secondary bonding or specific interactionsionomers such as those based on poly(ethyl@me-
has aroused considerable interests experimentally and theopropyleneeo-ethylidiene nobornene) (SEPDM) [6-8]
retically for years [1-21], because of its significant impor- and poly(phenylene oxide) (SPPO) [9,10] and polystyr-
tance in understanding some biological processes and selfene (SPS) [9-11] with pyridine-containing random
assembly of molecules, as well as in developing new func- copolymer, i.e. poly(styrenee-4-vinylpyridine) (SVP)
tional assembled materials. The development made on H-in nonpolar and polar solvents were investigated by
bonding complexation in the last decade has been reviewedviscometry in several laboratories [6—11]. MacKnight
quite recently by Jiang et al. [1]. It has been demonstrated et al. [12] assessed the complexation between SPS and
that H-bonding complexation in solution generally shows a poly(ethyl acrylateco-4-vinylpyridine) (EVP) in solu-
decreased viscosity compared to the expected value by addition by means of the fluorescent probe technique.
tivity law and only oneTy in bulk. By laser light scattering ~ These studies reported that the ionic intercomponent
(LLS), we found that H-bonding complexation usually leads complexation in bulk often show two glass transition
to an increase in hydrodynamic radius and narrowing in temperaturesTgs) in bulk, and an increase in viscosity
hydrodynamic radius distribution compared to the compo- in solution. Similar behavior has been observed for the
nent polymer coils in solution [1-4]. On the other hand, in blends containing ionic interaction groups located at the
chain ends exclusively leading to non-covalent block or
. . L graft architectures [13—19]. Our investigations on the blends
Ozgi?rrespondmg author. Tel.+86-21-6564-3919; fax:+86-21-6564- of triblock ionomers based on poly(styrehesthyleneeo-
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Table 1
Characterization data of precursors of CPS ionomers and BVP

Sample My M, My/M,, Carboxylation extent (mol%)
1.2CPS 154x 105 143x 105 1.08 1.2
7.2CPS 154x 105 143x 105 1.08 7.2
BVP4.7 529x 105 35x 105 1.51 4.7
BVP11.1 372x 105 22x 105 1.69 111
BVP28.9 195x% 105 13x 105 15 28.9

copolymers indicate the complexation between the block then further purified by repeating the process of redissolu-
ionomer and the copolymer leading to complex aggregatestion in chloroform and reprecipitation in petroleum ether
[20,21]. twice. The total conversion of the monomer was kept at
The difference between the two kinds of complexation less than 10%. The molar contents of pyridine units in
has puzzled us for a long time. As both the ionic-interaction BVP were measured by nitrogen analysis.
complexation and H-bonding complexation are dependent The molecular weight and molecular weight distribution
on many factors such as the molecular weight and its distri- index of CPS and BVP were determined by size-exclusion
bution of the component polymers, the level of the interac- chromatography (SEC) with a flow rate of 1.0 ml/min, using
tion, the solvent used, making a comparison by using two a Waters Model 510 pump, an ERMA ERC-7512 refractive
polymer blends differing only in the type of the specific index detector and a set of columns from Polymer Standard
interactions is not easy. Fortunately, we accumulated Service and monodispersed polystyrenes for calibration.
some data on complexation between the carboxylated poly- The nomenclature used for the CPS ionome«+MCPS,
styrene (CPS) and pyridine-containing copolymers becausewherex is the carboxylation degree in mole percent, and M
of H-bonding [2,3]. Parallel to the previous work, in this designates the counterion, either Li or Zn. BVP samples are
article, we report the complexation between CPS ionomers designated as BVR-wherezis the mole content of pyridine
and BVP, due to ionic interactions. The blend systems usedunit. All the characterization data of the ionomer and BVP
in the two studies are similar in chemistry. The main differ- samples used for the studies on intermacromolecular
ence is that the interacting sites in CPS are carboxylic acid complexation are listed in Table 1.
and in the ionomers the corresponding metal ions. Based on
the results of the two systems, we attempt to explore the 3 5 vjscosity measurements
origin of the difference and correlate it with the complex
structure. Reduced solution viscosity measurements were made
with an Ubbelodhe viscometer at 300.1°C with a total
polymer concentration of.@x 103 g/ml.
2. Experimental
2.3. Laser light scattering
2.1. Materials
A modified commercial LLS spectrometer (ALV/SP-125)
All polystyrene samples were prepared by anionic poly- equipped with a multi= digital time correlation (ALV5000)
merization in cyclohexane initiated by butylithium-BulLi) and a solid-state laser(ADLAS DPY425Il, output
at 50C. CPS samples with different carboxylation extent power=400 mW at A\; =532 nn) as light source was
were synthesized by partially carboxylating the polystyrene used. The incident beam was vertically polarized with
via a mild Friedel—-Crafts acetylation and a subsequent halo- respect to the scattering plane.
form oxidation of the resulting acetyl groups with cetyltri- In dynamic LLS, i.e. DLS, the line-width distribution
methylammonium bromide as the phase transfer catalystG(I") can be calculated from the Laplace inversion of the
[22]. The lithium and zinc salts of CPS were prepared by intensity—intensity time correlation functic®®(t,q) [23].
neutralizing CPS in THF with lithium methylate and zinc In this study, the inversion was carried out by the CONTIN
acetate in toluene/methanol (90/10 v/v) mixture, respec- programme supplied with the ALV-5000 digital time corre-
tively. The carboxylation extent was determined by titration lator. For a diffusive relaxatiorl;’ is normally a function of
of the CPS solution in THF to a phenolphthalein end point both C andq, at C — 0 andq— 0, I7q? — D. Therefore,
with a solution of sodium methylate in toluene/methanol we can transfe6(I") obtained in a finite concentration and
(90/10 v/v) mixture. at a certain scattering angle into a translational diffusion
BVP samples were prepared by free radical polymeriza- coefficient distribution G(D). Further, G(D) can be
tion of butyl acrylate and 4-vinyl pyridine at 80 under converted into a hydrodynamic radius distributibtiRy,)
nitrogen using 0.3 wt% azobiisobutyronitrile as the initiator. by using the Stokes—Einstein equationR, =
The copolymers were precipitated in petroleum ether and (kgT/6mm)D™ %, where k, T and n are the Boltzmann
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1.6 3. Results and discussion

A 72LCPS/BVP28.9

O 7.2LiCPS/BVPII.1

B TILCPSBVRLT 3.1. Complexation in solution studied by viscometry
~
<)
3 Viscometry is a simple and effective technique for moni-
= toring complexation of polymer blend solutions. Generally,
C\) if no specific interactions exist in the polymer pair, the
:_% component polymer coils spatially isolate from each other

in dilute solutions, and the reduced viscosity of the polymer
pair is close to the additivity law of the component viscosity.
However, positive [4,6—11,20,21] or negative [1—-4] devia-
tions from the additivity law may occur if the specific inter-
actions between the polymer pair are strong enough,
F suggesting intermacromolecular complexation.
Fig. 1 shows the reduced viscosities of the LICPS/BVP
Fig. 1. Reduced viscosity of blend solutions of 7.2LICPS/BVP versus the blend solutions versus the weight fraction of the ionomer
blend composition (7.2LICPS content in wi%). LICPS ). It shows that even when both LICPS and BVP
have the highest content of functional groups in the range
constant, the absolute temperature and the solvent viscositywe examined, the reduced viscosity of the blend solution
respectively. follows the additivity law of the component viscosity. This
All DLS measurements were performed &= 15° and means there are no significant interactions between the —
257" 0.1°C, and all samples with a total polymer concentra- COOLi and VP units. In other words, the alkali metal salt of
tion of L0 x 10 % g/ml were clarified using a 0.p:m Milli- CPS, i.e. LICPS chains cannot form intermacromolecular
pore filter. complexation with BVP. Figs. 2 and 3A show the blend
viscosity behavior of the transition metal salt ZnCPS and
BVP. In Fig. 2 the reduced viscosities of the blend solutions
of 1.2ZnCPS and BVP with different VP contents are almost

THF solutions of an ionomer and BVP were mixed inthe €qual to the weight average values, indicating that the
desired composition with violent agitation. Typically, 5ml content of —~COOZn here is too low to form complexes.
of the mixed solution was allowed to slowly evaporate in a However, when the carboxylation extent is increased to
Teflon cell with a glass cover. The blend film formed in /-2 MOI%, the results are different as shown in Fig. 3A.
about a week. After removing most of the remaining solvent Although the reduced viscosities of 7.2ZnCPS/BVP4.7
at room temperature, the sample was thoroughly dried underStill follow the additivity law as the VP content is only
vacuum, first at 5@ for 72 h and then at 12G for 24 h. 4.7 mol%, the blends show positive deviation as VP content
DSC measurements were carried out with a Shimadzu DSc-réaches 11.1 and 28.9 mol%. This dependence of the visc-
50 at a heating rate of 10/min under nitrogen atmosphere. 0Sity on the VP content in BVP can be shown more clearly

T, was defined as the temperature corresponding to thein the plot of ng againstF,, wherenq is the difference
midpoint of heat capacity change. between the experimentally measured reduced viscosity

1s/C and the corresponding value calculated from the addi-
1.6 tivity law, andF, is the mole fraction of [-COQ, i.e. F, =
4 1acesmven [-COO 1/[-COO 1+ [VP] (Fig. 4). It clearly shows that
O 12CPSmVRLT nqg = 0 for the blends containing BVP4.7 over the whole
composition range; bujy > 0, for those with BVP11.1 and
BVP28.9. Moreover, the higher the VP content, the larger
the viscosity enhancement. The marked increase in viscosity
indicates the formation of the intermacromolecular
complexes between 7.2ZnCPS and BVP chains.
It has been found that ionic interaction complexation in
solution depends on the counterion and solvent [7—
11,20,21], especially the polarity of the solvent has a strong
. 4 . 1 influence on the complexation of ionomeric blends when an
0.0 0.2 0.4 0.6 0.8 1.0 alkali or alkaline earth metal served as the counterions [7—

F 11,20,21]. Lundberg et al. [7] reported that the alkali or the

w alkaline earth metal neutralized SEPDM hardly form

Fig. 2. Reduced viscosity of blend solutions of 1.2ZnCPS/BVP versus the COMplexes with SVP in nonpolar solvent. Feng et al. [8]
blend composition. found that the complexation occurred in such ionomeric

2.4. DSC measurements
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1.6 solvation of THF on lithium because of the relatively weak
= . o ramcrsmns acidity of carboxyl and the inability of the coordination of
N 12 S o 72EncPsEwReT pyridine to lithium ion are responsible for the absence of
Z complexation between LiCPS and BVP.

8 0.8 Unlike alkali and alkaline earth metal salts, transition
i metal salts of sulfonated ionomers can form complexes

04l with pyridine unit containing copolymers in either polar

or nonpolar solvents [7-11,20,21]. It is generally accepted

1.0 ‘ * ; ; that the intermacromolecular complexation is because of the
- o Tacesmmes ligand—metal coordination between the transition metal ions
5" 0.8 and VP groups, independent of the solvation of the cations.
) Following this point of view, it is understandable that
O 06 ZnCPS forms complexes with BVP in THF, provided the
e content of ionic groups reaches a certain value.

a 04l The viscosity behavior of ionic inteaction complexation
is very differnt from that of H-bonding complexation (See

Fig. 3B). As reported earlier [1-4], CPS/BVP and many
F other H-bonding complexes generally show a negative
deviation from the additivity law and a tendency of having
Fig. 3. Reduced viscosity of blend solutions of 7.2ZnCPS/BVP (A) and a fixed segment composition corresponding to the minimum
7.2CPS/BVP (B) versus the blend composition. viscosity, suggest the segments of component polymer coils
pairing each other. For ionic interaction complexes, the
blends when a minor polar solvent was added to the blendsituation is complicated. It can be seen from Fig. 4 that
solutions. Pan et al. [9,10] also found that the minor polar the curves are relatively flat, so tH& corresponding to
cosolvent plays an important role in the formation of the maxima locates at a relatively broad range rather than
complexes between the alkali salts SPS and SVP in thea fixed value. A similar phenomenon has been reported for
nonpolar solvent chloroform. Weiss et al. [11] reported many ionic interaction systems, e.g. Lu and Weiss reported
that both the alkali and alkaline earth metal salts of SPS that SPS ionomer/SVP solutions in THF exhibited the visc-
can form complexation with SVP in the polar solvent osity maximalocating atarange[@O; J/[VP] = 1/3t0 1/2,
N,N-dimethylformide (DMF). We previously reported and we also found that SSEBS triblock ionomers/SVP blend
[20,21] that alkali and alkaline earth metal salts of sulfo- solutions showed a rather flat maximum range in viscosity
nated SEBS triblock ionomers form complexes in the low versus composition curves.
polarity solvent THF, which may act as an alternative of a
mixture of a nonpolar solvent and a little polar solvent. All 3 5 Complexation in solution studied by DLS
the above facts suggest that the formation of the complexa-
tion depends on the solvating ability of the solvent to the  DLS is one of the most sensitive methods for studying the
ionic groups. In the present work, we think that the poor association of ionomers [24—28] and polyeletrolytes [29] in
solution. So far, to our knowledge, there are very few publi-

0.5 cations on the intermacromolecular complexation ofionomers
& ramcrsmves in both aqueous [29] and non-aqueous media [1-3,20,21]
o 73R studied by DLS. In our previous work [1—3,20,21], DLS inves-

B
SN
T

tigations on intermacromolecular complexation because of
H-bonding or ionic interaction have been successfully
conducted. DLS can directly monitor the complexation

based on the fact that complexation is often accompanied

by the change in the hydrodynamic radius because of the
interpenetration and aggregation of the unlike chains.
Generally, a larger hydrodynamic radius with narrower
distribution would result when a complex is formed by
either the H-bonding or the ionic interaction [1-3,20,21].
It should be noted that the H-bonding complexation in poly-
F mer blend solutions often results in unstable complex

r dispersion and even precipitates [8]. This of course causes

Fig. 4. Reduced viscosity incremenjd) of blend solutions of 7.2ZnCPS/ some difficulties in the characterization of the complexes

BVP versus the molar fraction of ion grougs, = [COO ]/[COO | + and the complexation process. In the present study,
[VP)). however, ZnCPS/BVP ionic interaction complexes are
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5 For 7.2ZnCPS/BVP28.9, Fig. 6 shows tH@R,) of the
A 12Z1CPS/BVP28.9 blends largely depends on the composition. The blend with a

4l [ oy relatively low content of 7.2ZnCP$,, = 0.2) shows a
4 /cé\f);ﬂ\ :Z:y; distribution broader than both the component polymers,

— 3{ 4 f‘_ % A having a tail with R, extending to a few hundreds of

g{: J.,ﬁ. D)ﬂ? \ nanometers, and consequently an higher ave{Bgethan
el ST ) ;&o that calculated by the additivity (See Fig. 7). It means that
2 J / ,,.‘? A \o\ complexation between ZnCPS and BVP29 forms resulting
J &9 > {g \'\ in the coexistence of the complexes and the component
1t / /A/"’?Z/ ?\‘i ”\- polymers. As ZnCPS becomes predominant, the blends

/./ /A /° ; A\:\O ta-\ show much narrower distributions ai] at peak position
0 a g (R, peay much larger than either 7.2CPS or BVP29. These
10" 10° facts directly demonstrate the occurrence of complexation.

/ Further, as shown in Figs. 6 and 7 fgf = 0.9 (F, = 0.73),
Rh nm R, of the blend shows the narrowest distribution and the

average valuéR,) reaches about 55 nm, about double the
corresponding weight average value of the independent
component polymer coils. This suggests that the two kinds
of component polymer coil are no longer isolated but
soluble, thus DLS can provide more reliable information on combined. We notice that thg corresponding to the maxi-
complexation. mum (R,) here is somewhat higher than that for the maxi-
Both Figs. 5 and 6 show the apparent hydrodynamic mum viscosity shown in Fig. 4. This is probably because of
radius distributionsf(R,) of the blend solutions versus the fact that the solution concentration for DL%.0 X
composition. It can be seen that both 1.2ZnCPS and 10 “g/ml) is much lower than that for the viscosity
7.2ZnCPS show broad(R,) extending to about 60 and measurements2 x 10 2 g/ml). Although intuitively it is
90 nm, respectively, although their parent polystyrene understandable that complexation depends on the concen-
possesses a narrow molecular weight distribution. This is tration of the blend solution, i.e. the higher the concentra-
an indication of the intermolecular self-association of the tion, the stronger the complexation ability, no detailed
ionomers coexisting with single ionomer chains in THF. experimental data are available for discussing the question.
Meanwhile all the blend solutions of 1.2ZnCPS/BVP28.9 The main reason is lack of techniques capable of monitoring
with different compositions show brod(R,) over the size  complexation over a broad range of concentration, espe-
range of the two components. Further, as shown in Fig. 7, cially for the concentrated solutions.
the average hydrodynamic radiuf()) of the blend solu-
tions varies linearly with composition, i.€R,) closely 33 A comparison between hydrogen-bonding complexation
follows the additivity law. This clearly indicates that littte 514 ionic interaction complexation in solution
detectable complexation takes place in the blends, as the
content of the interaction site in CPS is too low. Although complexation induced by either ionic interac-
tions or H-bonding results in the formation of the complex
aggregate with much larger hydrodynamic radius than the

Fig. 5. Hydrodynamic radius distributionf$R,) of 1.2ZnCPS/BVP28.9
blend solutions in THF.

8 7.2ZnCPS/BVP29 (wiw components, they show opposite viscosity behavior. Just as
6F ;‘n j;:;?]") we summarized in our review article [1], interpolymer
J? a8 complexation because of H-bonding in solutions always
T s T leads to a negative deviation from the additivity law in the
4} T ! —e—0/10 plot of reduced viscosity against blend composition, but
g | meanwhile, a substantial increase of the hydrodynamic

radius compared to those of the component polymers. As
an example, the results of blend solutions of 7.2CPS and
BVP in butanone [2,3], where the interacting group in CPS
is in acid form [2,3] but with the same content as that for
ZnCPS is shown in Fig. 3B. The 7.2CPS/BVP solutions
show much lower viscosity than the expected values by
additivity and the larger the interacting group content, the
R /nm lower the viscosity. As mentioned above, for ZnCPS/BVP
h in THF caused by the coordination interaction between pyri-

Fig. 6. Hydrodynamic radius distributiori¢R,) of 7.2znCPs/BvP28.9  dine and zinc ions, a positive viscosity deviation from the
blend solutions in THF. additivity law is observed. In our opinion, this striking
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words, the ionic groups in the solutions do not distribute
6ok o THcmmvess homogeneously but concentrate in the ion-rich microdo-
o 1.2ZnCPS/BVP28.9 . . . . .
mains. It is reasonable to think that the interaction between
the ligand in BVP chains and the metal ions is basically
localized in the microdomains as well. Therefore, although
the interactions can connect the unlike chains to form a large
complex aggregate, as evidenced by a pronounced increase
of (R,), the localization of the interaction prevents the
unlike chains from fully confusing and interpenetrating at
a segment level. In other words, the conformation of the
component polymer chains is slightly affected by the
%_0 0.2 0.4 0.6 0.8 1.0 complexation, thus the complexing polymer chains can
consequently retain their solvation to a certain extent, and
Fw keep soluble. When the interactions are very strong, they
form gel instead of precipitates [20,21].

For the blend solutions composed of proton-donating and
proton-accepting polymers, both the interacting groups,
being non-ionic, do not possess sufficient contrast in polarity
difference can be attributed to the unlike microstructural with the backbones, and thus distribute homogeneously in
characters between the ionic interaction and the H-bondingthe coils in solution. Therefore, the H-bonding between the
systems (Fig. 8). It is well known that an ionomer solution in unlike chains not only makes interchain connection but also
a nonpolar solvent, is characteristic of the intra- and inter- influences greatly the chain conformation, namely, it causes
molecular association caused by aggregation of the ionicthe unlike-segment pairing and thus the chains lose its
groups because of the great difference in polarity betweensolvation ability and collapse in the solutions. Conse-
the ionic groups and hydrocarbon backbones. In other quently, much lower viscosity is obtained. In many cases,

Fig. 7. Composition dependence of average hydrodynamic radius of
ZnCPS/BVP28.9 blends.

H-donor
+ ) >
Qg 2, T
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Complexation due to H-bonding
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A, &0
g Pa9 . Q" S a.
i¥d L P d S
BVP %65 bi°¢ o pf d g
&, o7 :ODD
oo q b °

Lonic interaction complex

Complexation due to 1onic interaction

Fig. 8. A schematic presentation of the two kinds of complexation.
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Table 2
Tgs (°C) for ZnCPS, BVP and the blends of ZnCPS/BVP (w/w 80/20)

1.2ZnCPS 7.2ZnCPS BVP4.7 BVP11.1 BVP28.9
Pure component 102 116 38 42 46
1.2ZnCPS/BVP4.7 101 / 38 / /
1.2ZnCPS/BVP11.1 102 / / 43
1.2ZnCPS/BVP28.9 102 / / / 46
7.2ZnCPS/BVP4.7 / 116 38 / /
7.2ZnCPS/BVP11.1 / 107 / 47
7.2ZnCPS/BVP28.9 Ong,; 100

when the concentration is not very low, precipitation even compared to those of the component polymers are observed.
occurs. Figs. 9 and 10A are the plots of DSC thermograms and the
corresponding T, versus composition for 7.2ZnCPS/
BVP28.9 blends, respectively. For the pure component, a
single sharp glass transition, i.e. 2@6for 7.2ZnCPS and
Our investigations on complexation behavior of the blend 46°C for BVP28.9 was observed. Each of the blends, i.e.
solutions were extended to the solid state and the variationZNCPS/BVP w/w 4/6 and 6/4 exhibits twas, shifting
in T, was used to evaluate the miscibility and complexation towards each other. This means that some miscibility
of the THF-cast blends. For all the blends with LiCPS, €nhancement has been realized in the blends. In fact, at a
including that with the highest ionic interaction level we high content, e.g. 80 wt% of 7.2ZnCPS, a singjjecan be
examined, i.e. 7.2LICPS/BVP28.9, twd,s, which are seen, indicating that miscibility is resulted. It is remarkable
very close to those of the corresponding components, t0 see that the polymer pairs forming complexes in solutions
were observed. This implies that no intermolecular @s evidenced by viscometry and DLS measurements, may
complexation in the blend occurs. Obviously, this result of display twoTgs. In other words, the complexation caused by
the blends in solid state is in consistence with the solution ionic interaction does not necessarily lead to miscibility.
data. Table 2 list3,s of the ZnCPS/BVP blends with differ- It is worth noting that either in solutions or in bulk, the
ent Compositions cast from THF solutions Compared to lithium ionomers LICPS show much weaker Complexation
those of the Component po|ymers_ It can be seen that, ablllty with VP-Containing pOlymerS than the transition
when either ionic group or VP unit is at the lowest content metal ionomers ZnCPS do. This result parallels with that
we investigated, i.e. in 1.2ZnCPS/BVP and ZnCPS/BVP4.7 found insulfonatedonomers. Many reports [6,7,11] proved
blends, twaT,s close to those of the corresponding compo- that with VP-containing polymers the alkali and alkaline
nent polymers are observed, indicating that the interpolymer €arth metal sulfonates show very weak interactions, insig-
interaction is not strong enough to cause phase mixing andnificant as compared with the transition metal ones.
complexation between the component polymers. However, Recently, Goh et al. [30] reported that X-ray photoelectron
when the interactions reach a certain level, such as inSpectroscopy (XPS) showed the development of high-bind-

7.2ZnCPS/BVP11.1 blends, twiys with substantial shifts ~ ing-energy N 1s peak in Zn sulfonated PS/P4VPy but notin
the Li ionomer blends. In other words, XPS reveals the

existence of coordination between Zn ion and P4VPy but
\—M not between Li ion and P4VPy. In the case of polyamide
used as the counter polymer, detailed spectroscopic studies
| o including FTIR [31,32] and solid-state NMR [31,33]
P2t ¢ ‘ o confirmed the legand—metal coordination between the
) ! | amide nitrogen and the Zinc cations in sulfonates. However,
E,E to our knowledge, for carboxylated ionomer blends, little
attention has been paid on the interaction nature by spectro-
scopy in the literature so far and the topic is still open. As in
the case ofcid formof sulfonated and carboxylated iono-
-6 ) . ) , mers, the difference in their interactions with VP-containing
0 50 100 150 200 polymers is significant. FTIR studies [34,35] showed that in
the blends, the sulfonic acid groups formed sulfonate anions
and the pyridine groups formed pyridium cations, basically,
there is acid/base interaction betweens8@nd pyridine
Fig. 9. DSC curves of 7.2ZnCPS, BVP28.9 and their blends at different groups. However, for CPS/BVP blends, no IR absorption
compositions (indicated in the figure). band for pyridinium ion was observed [2], which implies

3.4. The complexation in bulk

7.2ZnCPS/BVP28.9 (w/w)

Temperature / °c
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Fig. 10. Composition dependence Bf for 7.2ZnCPS/BVP28.9 (A) and
7.2CPS/BVP28.9 blends (B).

that hydrogen-bonding interaction dominates between
COOH and pyridine groups.

It is generally accepted that the ion pairs of an ionomer
aggregate forming ion-rich regions such as mutiplets and
clusters in solid state [36,37]. For ZnCPS/BVP blends, we
are inclined to think that the ionic interaction mainly exists
in the ion-rich regions in solid state. As we pointed out
above, in solutions, a relatively low ionic interaction level
may be enough to physically cross-link the unlike chains,
namely forming complex, but this localized interactions
may not be strong enough to result in mixing of unlike
chains at a segmental level. In fact, only at a very high
level of ionic interaction, e.g. in 7.2ZnCPS/BVP28.9 blends
(8/2 wiw), the unlike chains can be completely miscible, and
only oneTy is observed.

H-bonding complexes [1-4] show different behavior. For
example, as shown in Fig. 10B, for the blend of 7.2CPS/
BVP28.9 with the same contents of the functional groups as
those of 7.2ZnCPS/BVP28.9, over the whole composition
range, only ondj is obtained [2,3]. Further, when 7.2CPS is
predominant, Ty is apparently higher than the values
expected by the additivity law, e.g. 7.2CPS/BVP28.9 (7/3
w/w) shows aT, of 110°C versus the weight average value
94°C. In fact, in all the polymer pairs with hydrogen bond-
ing we studied [1], complexation exclusively leads to one
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4. Conclusion

Intermacromolecular complexation behavior between
ionomers based on CPS and pyridine-unit containing copo-
lymers have been investigated in solution and in bulk. It
shows that the transition metal salts ZnCPS can form
complexation with BVP at a relatively high level of specific
interaction, reflected in the enhanced viscosity, increased
hydrodynamic radius with a narrow distribution in solution,
as well as twdTgs shifting towards each other or even only
one Ty at a high specific interaction level in solid state. In
contrast, the H-bonding complexation usually gives rise to a
decrease in viscosity, an increase in the hydrodynamic
radius and the narrowing hydrodynamic radius distribution
in solution, and only one, often increasgglin solid state.
These differences between the H-bonding complexation and
ionic interaction complexation can be attributed to that the
ionic interacting groups aggregate in the ion-rich microdo-
mains while the H-bonding sites are randomly distributed.
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