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INTRODUCTION

Depending on the application, polymersand gels
may need to be degraded. For certain gpplications, poly-
merswith lower molecular masshave advantagesover
the highmolecular masscandidatesduetotharrimproved
diffusioninto biologica tissues*2. Continuous expo-
sureto high-energy ultrasonic waves depol ymerizes
macromol eculesin solutionsand produces aperma-
nent reduction in viscosityt*”. Thesound wavesdo not
directly interact with the polymer but they act onthe
solvent causing the growth and rapid collapse of mi-
cro-bubblesresultingin high shear forces®9. Thisshear
forcesaresufficient to break chemical bondsin poly-
mers. Thedegradation of apolymer ishardly carried
out when theviscosity of solutionisabout 2.0 mPas
duetothedisappearance of cavitation”9. Viscometry
isapractical gpproach for monitoring the degradation
of polymersin asolution>”11-14, Theel ucidated merits
of the present ultrasonic processare:

a) Theprocessdoes not require any chemicalsand
additives,

b) The processcanbesmpleandrapid, which means
that the processiscost effective; and

c) Theprocesswill not inducelarge changesinthe

chemical structureand the propertiesof hydroge .
Also, the ultrasonic process has been confirmed to be

applicablefor many kindsof hydrogelsand gels.
RESULTSAND DISCUSSION

Theultrasonicdegradationisafluid mechanicd pro-
cess, thusviscosity of the solvent playsan important
roleindetermining thedegradation rate. Figure 1 shows
thetypica changesin viscosity n and swelling of the
hydrogel sol utionwhich have been observed by soni-
cating (intensity 85% and pulse 8).

Itisclear thatn greatly decreasesat thebeginning,
thenincreaseswith theirradiationtime, and finally de-
creasestoward alimited and constant value. Thein-
creasein viscogty after theinitial decreasewasnot ad-
equately explainedin literature. We proposethefol -
lowing reasonsfor thisobservation;

First, the sonochemica cleavage of polymer chains
in solution leadsto theformation of macroradicas, and
anew polymer can beformed by recombination of dif-
ferent macroradicalsand thisrisestheviscosity.

Second, it could be something concernto the hy-
drogen bonding structuresand viscoe adtic effectsrather
than permanent mol ecular changes.

Third, asshownin Figure 2, it seemsthat partial
degradation of the hydrogel increasesthe contact sur-
face of thehydroge particlesand thechain of polymer
caninterpenetrated to each other moreintensely.
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Figurel: Typical changesin viscosity and swelling by soni-
cating of the hydrogel solution (intensity 85% and pulse 8).
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Theinitial increasein swelling capacity can be at-
tributed to the degradation of somecrossinkerswhich
lead to ahydrogel network with low density of cross
linking (figure2). Asaresult swelling capacity increases.
Theswd ling decrease after the maximum can beattrib-
uted to the ultrasonic degradation of the hydrogel net-
work. At first, methyl ene bisacrylami de can be attacked
by aneuclophile such aswater under ultrasonic condi-
tions. Then, reduction of the polymer molar massisdone
with further irradiation. Findly, swelling decreasesto-
ward alimited and constant value.
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Figure?2: A diagrammatic description of gelatinization and
partially degradation of hydroge by ultrasound
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At theend of the ultrasonictreatment, theviscosity
is near to that of water (about 10 mPa s). The best
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compromise between the duration of sonicationandthe
reduction of the molar massisfound after 3h.

Thereproducibility of theultrasonic degradationand
thestability of theviscosity changeswere studied using
severd hydrogd solutions. Theviscosity of thestudied
hydrogel changed equaly indl cases. Theviscosity was
measured 1 and 3 months after ultrasonictreatment in
sedled containers. Theviscosity valueswerewithin 1%
and 2% of the previousva uesmeasured immediately
after the cessation of irradiation. Also someof samples
centrifuged at 7000 rpm for 1-20 min and oily semi-
solid were precipitated. After radiation, total sample
was gel i nized and the separation of liquid portionwas
Imposs bleeven by centrifuge. pH and refractiveindex
wereabout 6.6 and 1.334 respectively.

Spectr oscopy measur ements

Itisassumed that hydrogel changesmainly contain
the breakage of the crossinker (MBAAM) bonds. To
confirm thisassumption, FTIR spectraweretaken be-
foreand after irradiation (Figure 3). In the spectrum of
the hydrogel (before irradiation) the peaks at 3441,
1679 and 1090 cm'* are attributed to hydroxyl, carbo-
nyl of amideand C-N-C stretching mode, respectively.
Peaksat 1649 and 1744 cm™* weretaken astherefer-
ence peaksdueto thefact that carbonyl groupsdo not
change after degradation. Thescission of C-N bonds
in crosdinker leadsto theformation of hydroxyl group,
whichismanifested asanincreasein theratio of hy-
droxyl group peak (3441 cm?) to thereferences peak.
Resultsa so confirmtheincrescent of oxygen contentin
degraded hydrogel. Thisindicatesthat theoxygenin
theair participatesin thetermination of macroradicals
produced by ultrasonicirradiation.
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Figure3: FT-IR spectraof (a) undegraded and (b) degraded
hydrogel after 180 min of ultrasound irradiation.
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Degradation processwas monitored by UV spec-
trometry and theresultsare shown in Figure4. Absorp-
tion band at about 204 and 208 nm has gppeared which
isdtributed tothen — 7* trangtionsof carbonyl groups
in CONH, and COOH functiond groupsinthepolymer
structure. Thereisno new absorption band inthe UV
spectrum of the degraded hydrogel which meansthat
thereisno changein theunsaturated system.

abs. — — — No Radiation

’\__/ pulse B, 85%
AR

0
200 210 220 230 240 250
wave lenghe (nim)

Figure4: Uv-Visabsor ption spectraof theinitial and irradi-
ated hydroge (at pulse8and power 85%).

Thesampleswereandyzed by gd permestion chro-
matography (GPC). No crosslinking was observed
because the GPC did not show any molecular weight
abovetheinitia molecular weight (Figure5).
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Figure5: GPC representation of thedegraded hydrogel by
ultrasonicirradiationin distilled water solution after 3h.

Degradation reaction and mechanism

M ethylenebisacrylamidein themidpointsand other
point of the polymer chainsare considered asthe posi-
tionsof initid and the next chain scission, respectively.
This process shows approximately awide molecul ar
weight distribution under ultrasonicirradiation. When

molecular weight of the polymer decreasestoalimiting
va ue, the stressinduced by thedeformation of chainis
not enough to break down chemical bond, and me-
chanica degradation stopsasshown by gel permestion
chromatography (Figure5). The shear forces gener-
ated by therapid motion of thesolvent areresponsible
for the breakage of the chemical bondswithinthepoly-
mer(*¥, Inthe case of diluted agueous solutions of the
hydrogel, hydroxyl and hydrogen radicalsareableto
abstract hydrogen atomsfromthe gel structure. Thus,
macroradicals are formed. Subsequent reactions of
macroradicalscan be: chain scission, hydrogen trans-
fer, inter- and intramol ecular recombination and findly
disproportionation of macroradica 91617, The effect
of chain scission can befollowed by areductioninthe
molecular weight of the polymer. Accordingly, ultrasonic
degradation of hydrogel can berepresented by thefol-
lowing mechanism (Figure6).
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Figure6 : Schematic representation of chemical structure
and ultr asonicdegradation of of thehydrogel containing N,N-
methylenebisacrylamide

CONCLUSION

Viscometry isavalid and practical approach for
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monitoring the degradtion of polymersinsolution. The
possibility totailor the network propertiesand degra-
dation timesof these hydrogels makesthem attractive
for variousdrug delivery and tissue engineering appli-
cations. The present research shows that the power
ultrasound can effectively reducetheviscosity of the
hydrogel solutions. Theviscosity of thehydroge solu-
tion after gelatinization can bereduced below 40 mPas
by theultrasonicirradiation applied for 180 min at 25
°C. This work investigates a commercially important
hydrogel, based on acrylic acid and acryl amid. The
ultrasonic process can be devel oped to other kinds of
hydrogels. The experimental resultsindicated that the
rateand extent of degradation of thehydrogelsincrease
with increasing power and pul se of ultrasound and de-
creasewith decreasing kinematic viscosity of the solu-
tions. theviscosity decreaseswith sonicationtime and
inclinestoalimiting val ue, bel ow which no further deg-
radation occursand produces aconvergence of thefi-
nal solutionviscosity value. FTIR and UV spectrom-
etry measurements confirm that the degradation pro-
ceedsby breakage of carbon-nitrogen snglebondsand
itisgoverned by mechanical forcesand involvesradi-
cal scission mechanism. A mechanism was proposed
based on experimenta data
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