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ABSTRACT

Poly (ethylene glycol) (PEG) reactswith cyclodextrins. Theinclusion com-
pound formed from a-cyclodextrin strongly depends on the structure, mo-
lecular weight and geometry of the polymer. Theformation of adicomponent
inclusion complexe (DIC) of poly (ethyleneglycol) and a-cyclodextrininthe
presence of poly (vinyl alcohol) (PVA) and formation of hexagonal crystals
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upon sonification indicated different microstructures. The formation of the
new inclusion complex in PVA is strongly dependent on concentration of
PVA, temperature and sonification time. The morphology of the stable com-
plexeswith hexagonal structuresidentified with XRD are reported.
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INTRODUCTION

Poly (ethyleneglycol) and cyclodextrinsaresoluble
inwater, making athermodynamicaly homogeneousso-
lution. Kinetically, poly (ethyleneglycol) formsare-
versible complex inclusion compound with a —
cyclodextring®Z. The complex inclusion of polymers
with cyclodextrinshas been reviewed by Haradd™. But
there is not much available on the reactions of
cyclodextrinwith PVA.

Inthis paper theregularly shaped, hexagona com-
plex of a-CD with PEG in the presence of PVA were
prepared and studied.

Inthiswork, the sonic energy wasfoundto havea
major effect on theformation of discrete size micro-
hexagond crystd sof the complex inclus on compounds
of PEG- a-CD in PVA solution. At room temperature
(25°C) the sonic energy and timeweredetermining fac-

torsinthisprocess. Theright concentration of PVA fa-
cilitated theformation of the discrete hexagona micro
crystals. Theeffect of PVA, anditssolution viscosity
onthereaction anditseffect ontheionic environment,
contributesto the new morphol ogy and control thesize
of thehexagonal crystallinemicrostructures. At longer
times of sonification micro crystalsmay form. Inthe
absenceof sonificationor PVA, theinduson compounds
tend to become random and discrete hexagonal crys-
talsdid not form. The preparationsof discretecrystals
in PVA have not been reported previously. Complex
crystalsmay beused in drug delivery system because
of their ability to enhance drug delivery through biologi-
cal membranes and aso in the separation process,
HPLC inor gaschromatography (GC).
Cyclodextrinsare capableto forminclusion com-
plexesin pharmacy, anaytica sciences, separation pro-
cesses(e.g., for environmenta protection), and cataly-
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sis, aswdl asinthecosmetic, textile, food and packag-
ingindustry. Inthe pharmaceuticd fied, CDshavepri-
maxrily been applied as solubilizersfor lipophilic drugs
to enhancetheir bioavailability and/or reduce adverse
effectsafter oral, parenterd or other routes of adminis-
tration. After administration of adrug/CD complex, its
dissociation leadsto drug rel easein reevant body com-
partments, which ismediated by dilution effects, com-
petitive replacement by tissue/serum components(e.g.,
lipidsor cholesterol), thereforetheresearchinthisarea
isextremey important.

EXPERIMENTAL

Material

Polies(ethyleneglycal), PEG with molecular weight
of 1000, paly (vinyl dcohal), PVA, withmolecular weight
of 72000, and a-cyclodextrin with molecular weight of
978.2 with high purity (> 98%) were from Merck.
Phosphate bufferswerea so from Merck.

Equipment

Wide- angle X - ray diffraction (WAXD) wasused
to study the diffraction patterns of PVA/ aD/PEG crys-
talsat ambient conditions; aX pert Philipsdiffractmeter
(USA) with nicke filtered CuKa radiationwasusedin
this work. Data were collected at arate of °260 min
over the 5°~60° range of 20, Scanning € ectron mi-
croscopy (SEM), Philips XL 30 (Poland), wasused to
study the Au coated microstructures of complexes.
Chemica structureswerestudiedby FTIRonaFTS-7
—BIO-RAD (USA) instrument in KBr.

Complex formation of a-CD / PEG without sonic
energy

Theinclusioncomplex of a-CD and PEG waspre-
pared by adding an aqueous sol ution of PEG (5.0 mL
of 5.0wt %) to theaqueous solution (5.0 mL of 14.5
wt %) of a-CD continued withmixingfor 1, 2, 4and 6
hoursat 0°C, 25°C, 40°C and 50°C (TABLE 1). The
inclusion complexeswerethen separated and redis-
solved in phosphate buffersat pH (7- 9) at room tem-
peraturg?279,

Preparation of PEG/ a-CD in PVA
Thenew complex of a-CD/ PEG in PVA wasfirst
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prepared from PEG and o-CD (TABLE 1). The
sonificated complex wasthen dissol ved in theagueous
solution of PVA (5.0, 10, 15 and 20 wt %) at room
temperature and alowed to stand for oneday. The so-
lution wasthen stirred for one hour at 50°C and it was
alowed to stand to form the new complex. Thesolid
complex waseasily separated and dissolvesin water to
castfilms

RESULTSAND DISCUSSION

The crystallinemorphologies of o-CD and a-CD/
PEG areshowninfigure 1 and 2. Thereaction conver-
sionor complex formed at 0°C, 25°C, 40°C and 50°C
from 1to 6 hoursisshownin TABLE 1. The conver-
sion of the complex at 0°C increased from 46 % to
55% after 4 hours. The hexagonal crystal lattice of o-
CD and poly (ethyleneglycol) with crystalline dimen-
sions of a=b=1.323mm and y=120° has been re-
ported®>12, Theeffect of PVA onthecrysta lattice of
o-CD and poly (ethyleneglycol) hasnot been reported.
Inthiswork theeffect of sonification onthecrysta for-
mation indicated that alonger sonification time of at
least 30 min. isneeded for crystallization. Under this
condition, the discrete hexagona crystalsareformed
under PVA concentration of (5wt %) in 20 wt% of a-
CD/ PEG Theformationsof new crystalsareshownin
figure4.

Themgor XRD peaks of the complex of a-CD/
PEGinPVA a different sonificationtimesarereported
INTABLE 3. Theeffect of sonificationtimeon themi-
crostructure of thecomplex isshowninfigure7 and 8.

The crystallinemorphologies of o-CD and a-CD/
PEG areshowninfigure 1 and 2. Thereaction conver-
sionor complex formed at 0°C, 25°C, 40°C and 50°C
from 1to 6 hoursisshownin TABLE 1. The conver-
sion of the complex at 0°C increased from 46 % to
55% after 4 hours. Thisfigureindicated that apart from
sonification time (30 min) or temperature (25°C), PVA
concentration hasplayed acritical roleinformation of
discrete and stable microcrystal s of thecomplex of o-
CD with PEG in PVA. The absence of crystals ob-
served at higher concentration of PVA solution PVA/
(a-CD/ PEG) =2/1wt%infigure7 or Y/1linfigure3
may indicatethat adissol ution of thecomplex hastaken
place (Figure7a& 7b).
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Figure2: SEM imagesof the prepared a-CD/ PEG inclusion
compounds, (a)2hour sat 0°C at PH=7 (b) 4 hour at 25°C at
PH=7

Figure3: SEM imagesof theeffect of concentration of a-CD/  Figure4: SEM of theeffect of sonification ontheshapeof crygals
PEG in at fixed concentration of PVA. (a) PVA (5%),[a-CD/  (a) PVA (5%),[a-CD/ PEG] (20% ) sonification time: 15min (b)

PEG](5%) (b)PVA(5%), [a-CD/PEG](20%) PVA (5%),[a-CD/ PEG] (20 %) sonificationtime: 30min
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Figure5: IR peaksof a-CD in PVA Figure6: XRD peaksof a-CD in PVA
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Figure7: SEM of complex of (a-CD/ PEG), Theeffect of Figure8: XRD of thecomplex inclusionsof CD/ PEG with
concentration of PVA on [a-CD/ PEG] at 30min Sonification.  PVA. (a) PVA:5%, [a-CD/ PEG]:20% sonification time 15min
(2)PVA(10%), [a-CD/ PEG](5 %) (b) PVA(15%), [a-CD/  (b) PVA:5%, [a-CD/ PEG]:5% sonification time: 15min (c)
PEG](20%) (c) PVA (5%), [a-CD/ PEG](20%) PVA:5%, [a-CD/ PEG]:20% sonification time:30 min

Themicrostructure of the stable complex crystals  new complex formed under thiscondition at different
showninfigure7cindicated theeffect of sonificationat  timesand PVA concentrations. Thebroad pesk at 20 =
longer timeor 30 minon PVA/ (a-CD/ PEG) =1/4wt  19.260 and anarrower oneat 26 =10.85 (of thefilm)
%. Wherethereisno excess of PVA inthe solution. indicated that PVA solution may act like phosphate

Figure 8indicated the characteristic peaksof the  buffer tofacilitatetheformation of astableand hexago-
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TABLE 1: Conversion of (a-CD/PEG) without sonification at
different timesand temperatures

Conversion of a-CD+PEG without sonification(%)

. . Temperature
Time of reaction
0°C 25°C 40°C 50°C
1 hour 46 32 30 -
2 hour 49 43 39 -
3 hour 51 48 42 41
4 hour 55 52 42 51

TABLE 2: Conversion of) a-CD/PEG) with sonification at
roomtemperature

Concentration Sonification time

of (a-CD+PEG) 15 min 30 min
5% 21% 51 %
15% 23 % 64 %
20 % 32% 82 %

TABLE 3: Themajor XRD peaksfor PEG/a-CD in PVA com-
plexinclusion compounds

Sample 20

5% PVA

20% (a-CD/PEG)
Sonic time:30 min
5% PVA

20% (a-CD/PEG)
Sonic time:15min
5% PVA

5% (a-CD/PEG)
Sonic time:15min
(a-CD in PVA)

5.385, 9.970, 10.855,
17.265, 19.760, 28.375

5.120, 5.460, 7.655,
10.220, 10.970, 44.235

5.445, 7.540, 10.195, 11.005,
11.885, 12.710, 16.530, 19.840,
22.415, 41.625

13.230, 17.660, 19.875, 22.470

na microcrystallinecomplex of about 10um dimension.
The concentration and molecul ar weight of PVA has
contributed to providetheright ionic environment for
thisreaction stabilized by hydrogen bonding. Thehigher
molecular weight of PVA compared to phosphate buff-
ers, may control thereaction in formation of thecom-
plex with higher degree of uniformity and size. The
sonification has provided enough energy to overcome
theviscosity effect of PVA solutioninthisreaction, but
at higher concentration of PVA thechemical potential
maly provideenough energy to assist the dissol ution of
the complex crystals (Figure 7a). Furthermore, the ef-
fect of sonification time on the concentration ratio of
PVA indicatesdifferent microstructures (Figure 8). At
equal PVA/complex ratio new complex with different
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characteristics peaksarereported (TABLE 3). At 30
min. of sonification, PVA ratioisfar less1 or about 1/4,
under thiscondition different inclus on complexesmight
have beenformed. (Figure 7 and TABLE 3).

CONCLUSION

Theinclus on compoundsof PEG/ a-CD havenot
been reported in PVA. The sonification of thereaction
inpoly (vinyl acohol) solutionwith different ratios of
PVA/complex wasused to providethe hydroxyl groups
with rightionic strength and the chain mobilitiesneeded
for theformation of the new inclusion complex with a-
CD with PEG At equal ratio it is possibleto have a
tricomponent inclusion compound or (TIC). Thesize
and geometry of itsmicrocrystd aredmost uniformand
about 10 micron. Inthis processthe chain mobility and
presence of -OH groups, have contributed to thefor-
mation of thecrystal swith specific geometry.
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