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ABSTRACT

Some multi component inter polymer complexes or polymer blends have
been prepared by incorporating some polymers(e.g., PVP, PEO, PVA etc.) on
the poly (methacrylic acid) (PMA) chains. Stability constants and related
thermodynamic parameters (e.g., AH®, AS?) for the systems at different tem-
peratures were determined. I nterpretations have been sought in terms of the
various proportions of the component polymers and hence the secondary
binding forces associated with them. A closed chain mechanism has been
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proposed on the basis of the experimental findings. further confirmation has

been provided by spectral and electrochemical studies.
© 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

Studiesinvolving polyd ectrolyte complexes (PEC)
have been of great interest dueto their close resem-
blance to the complicated biological systemg*®.
Polycomplexesof thegiventypeareusedin designing
new medicines, as separating membranes, flocculants
and other important functiona materials. Processes of
polymer —polymer interactionsbetweenvery long (ma
trices) and rdatively short (oligomers) macromolecules
areof specia interest:

P, (matrice) +n.P, = inter PC (P, +nP,)

By involving variousnonionichomopolymersonthe
matrice. Itisexpected that their propertiesand stabili-
tiescould appropriately bemodified. Kegping thisthing

inmind, wehaveincorporated various homopolymers
onthemethacrylicacid (PMA) chainin definite order
and stoichiometries. Simultaneousinteractionsbetween
PMA and homopolymerslikepoly (ethyleneimine) PEI,
poly (vinyl pyrrolidone) PVP, poly (ethylene oxide)
PEO, poly (vinyl acohol) PVA, lead to theformation
of multicomponent complexes. Formation of such of
such quaternary and higher ordered complexescan be
explaned onthebas sof open and closed chain mecha
nismg”8 aswell as ‘all or none’ mechanismg?. Differ-
ent interacting pairsundergo complexation dueto dif-
ferent secondary binding forces*24. Depending upon
the secondary stoi chiometric amounts and typesof these
forces, one could predict the stability of these com-
plexes. Different interacting unitsare destabilized a dif-
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ferent temperatures. Thisisreflected fromtheir enthal py
and entropy data. Thus, onthebasisof thetemperature
dependence studiesof stability constants, aninsight to
the mechanism of degradation of these complexescan
be provided. Inthisinvestigation, Osada’s method** 1
to cdculatethe stability constantsand therel ated ther-
modynamic parameters (e.g., AH®, AS?). Of various
multicomponent complexeshas been used.

Excdlent correlaion wasobserved betweenthesta-
bility and relative proportionsof variousinteracting units
present inthe complexes. A closed chain mechanism
has been suggested on the basis of these observations.

EXPERIMENTAL

Poly (Methacrylic acid) PMA was prepared by
knownmethods. M, was cdl cul ated from viscosity mea-
surementsand was found to be2.5 x 10°g. mol-4*2,

Poly (Ethyleneimine) PEI was supplied by BDH
chemicalsLtd. (Poole, U.K.)intheform of 50% vis-
cousagueous solution.[*?!

Poly (Vinyl pyrrolidone) PV Pwassupplied by FHuka,
Switzerland. The polymer was characterized by vis-
cosity measurementsand itsweight average molecular
weight (Mw) wasfound to be 2.4 x 10* g/mol .14

Poly (Ethylene oxide) PEO was supplied by Iwal
Kagaru Co. Japan. It was characterized by calculating
itsweight averageM ol ecular wei ght fromviscosty mea:
surementsin agqueous medium at 25°C and wasfound
tobe 1.9 x 10* g/moal .9

Poly (Vinyl alcohol) PVA wassupplied by Huka, USA.
Mw was cal cul ated from viscosity measurementsin
agueous medium at 25°C and was found to be 2.1 x
10*g/mol 128

Solvent: Doubledistilled water wasused inthe present
experiment.
M easur ement of pH: the measurement of pH of vari-
ous solutions of thehomopol ymers or complexeswas
carried out inawater jacketed cell usingaPTA digital
pH meter using acombination € ectrode. Thetempera-
ture of the samplewas controlled by circul ating ther-
mostatically controlled water.

The pH was measured at the homopol ymer con-
centrationsof 5x 102 (unit mole) umL*intheabsence
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and presence of stoichiometric concentrationsof PEI,
PV PR, PEO and PVA. Complexesdid not precipitate at
these concentrations.

RESULTSAND DISCUSSION

PMA interactswith PEI through coulombicinter-
actiong”, with PV P through H — bonding and ion—
dipoleinteractiong*®, with PEO and PVA through only
H — bonding™. Strengths of theseforcesarewidely
different from each other. Thestability isd soinfluenced
by the stoichiometric amounts of different interacting
pairs. The probable structure of such acomplex may
berepresented as.

Thefallowingfour multicomponent complexescon-
tainingfivedifferent component polymerswith different
stoichiometries have been prepared. It should be noted
herethat um refersto the unit molesof the polymers:

Complex 1: lJumPMA + 0.4um PEI +0.2um PVP+
0.2um PEO + 0.2um PVA

Complex 2: lJumPMA +0.2um PEI + 0.4um PVP+
0.2um PEO + 0.2um PVA

Complex 3: lJumPMA +0.2um PEI +0.2um PVP+
0.4um PEO + 0.2um PVA

Complex 4: lJum PMA + 0.2um PEI + 0.2um PVP +
0.2um PEO + 0.4um PVA

Degree of association (®) and stability constants
(K) of the complexes (1to 4) at different tempera-
tures have been calculated using Osada’s proce-
dure™® and presented in TABLE 1. Plotsof INnK Vs
UT for thesystemsare shownin Figure 1. The bond
energy AE in the polycomplex isthe sum of various
energies. The multicomponent complex formed, due
to various secondary forcesisstable evenif the en-
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ergy of formation of each separate bond formed be-
tweentheunits, AE, isvery small. If, AE ~-kt, it can
commensurate with the energy of interaction of sec-
tions of double chains of polycomplex, or with AE,
theenergy of hydrophobicinteractions, or AE,, inthe
formation of polycomplex inwater if thelater isasol-
vent for it. Hence,

AE=3 AE,

All theinteractionscorresponding to theseenergies
contributeto the stabilization of thepolycomplex. More-
over, arelativeroleof any interaction can changeif the
reaction conditionsare atered*,

TABLE 1: Thedegreeof linkage (0) and stability constant
(K) of complexes1to4at varioustemperatures

Complexation Systems

lumPMA+ 1umPMA+ 21umPMA+ 1umPMA+
04umPEIl + 02umPElI+ 02umPElI+ 0.2umPEI +

T((:rg)p .02umPVP+ 04umPVP+ 02umPVP+ 0.2umPVP+

02umPEO+ 02umPEO+ 04umPEO+ 0.2umPEO +
0.2umPVA 02umPVA 02umPVA 04umPVA
0 InK 0 InK 0 InK 0 InK
10° 0826 861 0475 584 0450 569 0450 5.69
15° 0818 851 0521 612 049 598 0475 584
20° 0834 871 0602 6.63 0563 638 0521 6.12
25° 0834 871 0602 663 0583 651 0563 6.38
30° 0826 861 0619 6.75 0602 663 0602 6.63
35 0826 861 0637 687 0619 675 0919 6.75
40° 0841 881 0653 699 0637 687 0637 6.87
45 0834 871 0669 7.10 0653 699 0653 6.99
50° 0826 861 0684 722 0669 710 0669 7.10
55° 0818 851 0.667 710 0653 699 0.653 6.99
60° 0809 840 0.637 6.87 0637 687 0637 6.87
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Keepinginview theabove objective, the systems
studied here provide an excellent correlation. The na-
ture of the curvesfor thecomplexes2to4ismoreor
lessidentical whereas, the curvefor thecomplex 1is
distinctly different (cf. Figure1and TABLE 1). The
difference may be attributed to the presence of rela
tively higher proportion of PEI presentinthiscomplex,
whichinvolvescomparatively stronger coulombicin-
teractiond?-23, There ated thermodynamic parameters
((e.g., AH®, ASY) of the complexes 1 to 4 have aso
been cd culated using thefollowing equations:
dinK/d(UT)=-AHYR
AF°=-RT InK
AS=- (AF°-AHY/ T

Thecorresponding plotsfor AH°VST and AS’Vs
T of thesystemsaregivenin Figures 2 and 3 respec-
tively. Both of these Figures. show asharp and distinct
peak at around 17.5°C. these peaks correspond to the
breaking of MA-VP, MA-EO and MA-VA interac-
tions. Thevauesof AHC obtained fromthegraph at the
first peak aregivenin TABLE 2. Thetotal amount of
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change (AH®) for thecomplexation systems 1-4.
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Figure 3 : Temperature dependence of standard entropy
change (AS’) for thecomplexation systems1-4.

TABLE 2: Valuesof maxima of AH® correspondingto first
peak for systems1to4

Complex AH® value at 17.5°C (K cal mol™)
1 6.7
2 16.9
3 13.18
4 9.17

nonionic units(e.g., MA,EO, andVA) in complexes 2
to4areidentica i.e., 0.8umwhilein complex 1this
amount isjust 0.6 um. Therelativedifferenceinthe
valuesof AH at thefirst peak may beattributed to the
total amount of these units present and their relative
proportion”d. Asin complex 2, theproportion of PVP
is0.4um, whilePEOQis0.4 umincomplex 3and PVA
is 0.4 um in complex 4. The order of the relative
strengths of theinvolved interacting pairsisMA-VP >
MA-EO >MA-VA and hence, thetrend observed for
thefirst peak isjudtified. The second peak for complex
lisvery distinct and sharp where asthereisabroad
hat for each of thesystemsnumbering 2to 4. Thevadue
of AH°obtained from thegraphs(cf. Figure2 and 3) at
the sharp peak (for complex 1) and center of broad
peak for complexes2to4 aregivenin TABLE 3. The
higher value of AHat the second peak for complex 1
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may beattributed to therd atively larger proportion of
PEI here. The dmost identical value of AH® for the
complexes 2 to 4 may be due to the fact that equal
amount of PEI ispresent in each of these complexes.

~ MA MA MA MA MA ~
~ VP ~ ~ EO ~ ~ VA ~ ~ E|IE ~
(A)
~MA ~ EO ~ ~ vA ~
: :
H |
]
~ VP T MA MA MA
\\\:,,1
(B)
~ MA MA I\I/IA MA
o
\\. ,
El + 0.8 um non-ionic homopolymer

©

TABLE 3: Valuesof maxima of AH® correspondingto center
of second broad peak for syssems1to4

Complex AH° value at 37.5°C (Kcal mol™)
1 7.76
2 4.62
3 4.50
4 4.50

Aninteresting observation for thecomplex 2to 4
was noticed. All of these complexes show an abrupt
fal in AH® valuebeyond 47°C, wheress, in case of the
complex 1, thefdl wasat relatively lower temperature,
i.e., at 37°C. incaseof complexes2to4 (structureA),
the proposed mechanism suggests that the weak H-
bonding involved between MA-VPE, MA-EO and MA-
VA gets destabilized at around 17.5°C (structure B)
resultinginthereleaseof freeMA unitswhich might get
complexed with already complexed 0.2 um PEI, re-
aultingintheformation of 1.5 PEI-PV P complex (struc-
tureC). Theabrupt fall AH® of at 47°C might beattrib-
uted to the breaking down of thiscomplex in case of
complexes2to 4. Tsuchidaand coworkers explained
such phenomenon in sel ective complexation reactions
Onthebasisof aclosed chain mechanism. Thefollow-
ing mechani sm has been proposed!”82429,

Straight linesindicate cova ent bondsbetween units;
curved linesindicate continuity of thepolymer whiledot-
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ted linesindicate secondary binding forces. Further evi-
dencehasbeen provided by the IR studies. INTABLE 4
thegtretchingfrequenciesof variousbondsinthecompo-
nent polymersandinter polymer complexesarepresented.

TABLE 4 : IR studies of component and inter polymer

complexes

Component/

inter polymer V N-H Vc=0 Vc=0 Vc.o-c Vc-o-cC

complex (inPEI) (inPMA) (inPVP) (inPEO) (in PVA)

PEI 1570
PVP 1625
PEO 1100 1100
PVA
PMA 1690
COMPLEX 1 1619 1718 1637 1180 1180
COMPLEX 2 1618 1718 1637 1179 1179
COMPLEX 3 1618 1716 1638 1180 1180
COMPLEX 4 1690 1718 1637 1181 1181

Someauthentic evidence about theinteractions of
various component polymers (PEI, PVP, PEO and
PVA) with thePM A chain could be obtained from el ec-
trochemica studies. Figures4to 7 present thevariation
of specific conductanceand pH of 1 um aqueoussolu-
tion of variouscomponent polymersinamal ingalments.
Both, the conductance and pH curves, show sharp and
distinct bregksat variousstoichiometries, indicating dis-
tinct interactions of the component polymerswith the
PMA chain. These observations provide an additional
evidencefor theformation of multicomponent complexes
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Figure4: Variation of pH and specific conductanceof PM A
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