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ABSTRACT

Preparation of photochromic copolymer grafting 4-(4-nitro phenylazo)-1-
naphthol units on pullulan molecular surface has been accomplished. Sur-
face modification was carried out in aqueous by an inverse emulsion poly-
merization method. Polymerization productswere characterized by IR, SEM,
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XRD and TG-DTA. UV-VIS spectroscopy has been used to monitor the
photoisomerization of azobenzene moieties on pullulan molecular surface.
The results indicated that functional copolymer has better photochromism
property than its corresponding azobenzene moieties, reflecting the macro-
molecular backbone of pullulan should do actively effect on

photoi someri zati on of azoaromatic moieties.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Azoaromatic compounds haveattracted much at-
tention dueto their novel photochromic propertieg®*l.
Synthesis of photochromic polymer containing
azoaromatic chromophoreshave attracted interesting
inrecent years, because they can beused asmaterials
for optical data storage, information processing,
hol ographis and el ectrooptic applications”!. At the
sametime, theapplication of these photochromic poly-
merswaslimited by their low solubility and stability in
solvents as well as their low thermal stability!?214,
Pullulan isabiodegradablewater-solubl e, extra-cel lu-
lar neutral polysaccharidewith alineer flexiblechain of
1,6-linked maltotriose units, and produced from plant-
based starch or sugars regenerated by natural photo-
synthesis of carbon dioxide and water!*>9, Unlike
starchand cellulose, pullulaniseasily solublein water

and dimethyl sulfoxide (DM SO), even thoughitsmo-
lecular weight ishigher, and consequently deemtobea
promising materia for synthetic polymer. Somuchin-
creasing attention has been paid to chemica modifica
tion of pul lulan™*”21,

The purpose of our present work isto investigate
thefeasibility of grafting vinyl monomer containing 4-
(4-nitro phenylazo)-1-naphthol (NPANO) onto pullulan
(Scheme 1). Weaim to develop functional copolymer
with photochromic properties, perfectly solubility and
thermal stability.

We know that azobenzene compounds have-N =
N- boundswhich can photoisomerizefromtranstocis
isomer(2224, Micromol ecul ar azobenzene compounds
generdly havemoreexcd lent photochromismthan mac-
romolecular ones®2, |n our present experiment, the
photochromism property of pullulan which grafted
azobenzene compounds has been monitored by UV-



184

Photochromic copolymer grafting azoaromatic chromospheres

MSAIJ, 6(3) September 2010

Full P@p@f =

(Yo

HO

(0] (0]
OH

(NH4)2Ce(No3)6l Glc | Glc 1l Glc 1l
+G|C I Glc Il Glc |I|+

| | n

M M M

(0]
Hz Hy |

M= —C -C -C—0 N=N NO,

@
W,

Scheme1: Synthesisprocedureand chemical structure of thegraft copolymer

Visspectroscopy in DM SO solution under 365 nmul-
traviolet light irradiated. Surprisingly, theresultsshowed
that pullulan copolymer had much better photochromism
property than corresponding vinyl monomer containing
NPANO. We consider the results demonstrated
pullulan’s macromolecular backbone should exert an
influence on photochromism property of the copoly-
mer inadramatic way.

EXPERIMENTAL

M aterialsand methods

Pullulan (M/W = 150,000) supplied by NWNU
Bioengineering Lab (China), wasdried at 40°Cfor 20
h beforeuse. 4-(4-nitro phenylazo)-1-naphthol (Shang-
hai chemica Co. Ltd, China) wasdried over anhydrous
CaCl, and storedinarefrigerator. Thevinyl monomers
were prepared according the method described in the
literatures? %, Cericammoniumnnitrate (CAN) (Beijing
Chemical Co. Ltd, China) was dried in air oven at
100°Cfor about 5 h, used asa0.1 M solutioninmolar
nitricacid (Baiying Chemical Co. Ltd, China). Other
chemicaswereof andytica gradeand used asreceived.

Graft copolymerization
Polymerization reactionwas carried out ina250mL

Three-neck flask equipped with astirrer and condenser.
Pulluan was added to distilled water, stirred for about
30 min at 45°C, then cool ed to room temperature un-
der continuousstirring. When the mixtureswerefully
mixed, therequired amount of vinyl monomers, paraf-
finail, Span 80 and CAN (used asinitiator) were added
in. TheN, gaswaspurged into theflask to removethe
presence of the oxygen. Under nitrogen atmosphere,
thethree-neck flask was placed in amicrowave reac-
tor with apower of 70W for 2 h at 60°C. After reac-
tion, the crude products were extracted with benzene
inaSoxhletsextractor for 24 hto remove homopoly-
mer, and pure copolymer werethen dried at 40°C to
constant weight.

The Percentageof grafting (G%)) and grafting effi-
ciency (GE%) wascad cul ated from the equation given
below:

Weight of graft polymer

Per centageof grafting= - x 100
weight of backbone
Grafting weight of graft polymer
_ =— - x 100
efficiency  weight of graft weight of
polymer hom opolymer

Variousgrafted copolymerswith different G% and
GE% were prepared by changing the reaction condi-
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tions. A representative conditionis5gpullulan, 40.0ml
water, 20 mmol vinyl monomersand 0.25 mmol CAN.
The G% and GE% of the resulted sample were 65%
and 70%.

Infrared (IR) spectr oscopy

The IR spectraof copolymer and pullulan pow-
deredinKBr wafer werecollected usng aPerkin-Elmer
FTIR 1725 spectrometer. Spectra were recorded in
therange of 4000-5000cm'.

Scanning electr on micr oscopy

Thesurface morphology of copolymer and pullulan
sampleswere studied using aJSM-120 microscope
(Japan).The specimen in the form of films were
mounted on the specimen stabs and coated with thin
film of gold by theion sputtering method, then tested
onvacuum.

Thermogravimetricanalysis

Thesamplesof pure pullulan and copolymer were
tested on aShimadzu Thermal Analyzer DT-40 TGA
system in thetemperature range of 25-500°C with a
heating rate of 10K/min.

X-ray diffraction studies

The X-ray powder diffraction (XRD) of therepre-
sentative copolymer sampleand pure pullulan was per-
formed on aD/max-RB diffractometer, using Cu Ka
radiation with ascanning angle (20) of 5-80° and a
voltageand current of 40 kV and 100mA.

UV-Visabsor ption spectr oscopy

The absorption spectrawere determined by means
of U-3400 UV-Vis spectrophotometer (Japan) with
matched quartz absorption cellsand the solvent asthe
referencestandard. Thesamplesol utions (gpproximeatey
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2.5mg grafted copolymer and vinyl monomerswere
dissolvedin 100mL freshly digtilled DM SO respectively)
wereirradiated under 365 nm light fromultraviolet lamp.

RESULTSAND DISCUSSION

Infrared spectraanalysis

ThelR spectraof purepullulanand copolymer are
showninfigure 1. Both of the spectrahad similar ab-
sorption peaksat 3450-3520cm dueto O-H stretch-
ing and bending modes, respectively. Additiona char-
acteristic bands of pullulan appeared at 1108cm™ due
to C-O stretching and bending vibration. The IR spec-
traof copolymer showed new absorption at 2925cm'*
of -CH,, stretching, 1655cm* of C= O stretching, and
1545 cmr wererel ated to stretching vibration of the
phenyl groups. From the FT-IR spectra, it can be con-
cluded that azo vinyl monomersweregrafted on pullulan
successfully.

SEM analysis

The SEM micrographsof Pullulan and copolymer
areshowninfigure2 and figure 3. Surface morphol ogy
of Pullulan before grafting showsafloccusstructure,
which hasbeen changed to thorn form after grafting. In
other respects, Pullulan surface have asmoother and
more homogeneous appearance than grafted copoly-
mers. The heterogeneous appearance of surfacesis
another proof of grafting.

Thermogravimetricanalysis

Thermogravimetric analysis (TGA) of Pullulan
showed that decompasition of Pullulan garted at 210°C,
and it wasasinglestep degradation process(Figure4).
Therateof weight lossincreased initially but after 80%
weight loss, therate wasfound to decrease. It wascon-

2000 1500 1000
. -1
Wavenumber (cm )

Figurel: IR spectraof pullulan (a) and gr aft copolymer (b)
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Figure2: SEM photosof pullulan
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Figure8: UV spectraof azo monmoer ssamplefor different

irradiation timesin ethanol solution at 25°C

sidered that the endothermal behaviour for pullulan
should berelated to its decomposition. The degrada-
tion of grafted copolymer started above 187°C. The
degradation appeared to be atwo stage process (Fig-
ureb). Thefirst stageof weight, from 187°Cto 240°C,

Figure3: SEM photosof graft copolymer
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Figure9: UV spectraof graft copolymer samplefor different
irradiation timesin ethanol solution at 25°C

was dueto decomposition of latera group. The second
stage, from 240°C to 295°C, may bearesult of pullulan
decomposition. It indicated that the monomershave
been grafted on pullulan, and significantly altered the
thermd stability of Pullulan.
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X-ray diffraction studies

XRD analysisshowed that both Pullulan and co-
polymer exhibit crystallinity (Figure6 and Figure 7). In
thecase of Pullulan, the crystalline peaks appear inthe
20 rangeof 24-60°. However, in the grafted products,
somecrystaline pesksof Pulluan disgppeared but other
new crystalinepeaks (20 =8°, 10°, 12°,25°) appeared.
It may beconcluded that graftingleadsto disruptionin
thecrystdlinestructure of Pullulan, and new crystaline
cameinto being.

UV-Visabsor ption spectr oscopy

Figure 8 and figure 9 illustrated the behavior of
photoisomerization at 365nm UV irradiation onthevi-
nyl monomer and pullulan copolymer in DM SO solu-
tion at room temperature. Asit can beseenfromfigure
8, the absorption maximumfor thetransisomer isfound
at 467.0nm. With theincrease of irradiation time, the
A, positiondidn’t shift, and the cis isomers could not
be observed, which showed that photoisomerization did
not take place. Figure 9 is the UV spectroscopy of
copolymer before and after irradiation, thetransiso-
mer absorption peak around 467.0nm, and thecisiso-
mer absorption peak around at 600nm. Asthesolution
wasirradiated, theintensity of absorption at 467.0nm
(A, decreased, which duetothen-n* trangition, while
the cisisomer absorption at 600nm increased, which
dueto the n-it* transition. We can a so observe two
isobestitic pointsat 419.9nm and 485.0 nm, indicating
that the photoi somerizationisonly chemical transfor-
mation without other side reactions, such as
photodegradation?°=,

Asdescribed above, the pullulan copolymer have
much better photochromism property than the corre-
sponding vinyl monomer. We speculated when
azobenzene compoundswerepartsof pullulan, or bound
to them, it seemed possiblethat pullulan conformation
might be madeto influence the photochromism prop-
erty of the azobenzene compounds. Hencethe back-
bone of pullulaninthe main chain should betakeinto
account, thestructure of pullulanisasaturated system,
which couldn’t affect the A position, sothe confor-
mation of macromolecular backbonemust beakey fac-
tor in photoi somerization process. We consider the ef-
fect of macromolecular conformation have two facets
usualy, oneispoditive, theother isnegative. Negatively

= Fyf] Paper

effect dwaysmight hinder the photoi somerization pro-
cess of the azobenzene compounds, evenimpairsor
bal ance out compl etely the appearance of absorption
spectraand displacement compl etel yi3+%2. However
positive effect strengthen, promote the
photoi someri zation process. Based ontheavailableevi-
dencereveaedin our present work, we deduced that
pullulan macromol ecule backboneisnormaly coiled, it
may be made to overcrowd by binding azobenzene
compoundsinthetransform, and thereforethepullulan
macromol ecule backbonehaveatrendtoreax intoits
neutral coil conformation. Uponirradiation by 365 nm
UV light, if the trans form turn to the cis form,
azobenzene compoundscould not to bindsso tightly as
they dointhetransform. Whenthey leavethe pullulan
macromol ecule domain, so do their charges, allowing
the pullulan macromoleculebackbonetorelax intoits
neutral coil conformation. Asaresult of thismutual in-
fluence, the pullulan copolymer did apositive effect to
retroactive its structure and promote the
photoi somerization process of azobenzene compounds.
Wea so consider if the pullulan copolymer macromol-
eculeisforced into achanged conformation insolution,
theremight occur aconversion of energy. Wewill con-
tinueour studiesontheinteresting phenomenon and get
downto brasstacks.

CONCLUSIONS

Inthisstudy, thefeasibility of grafting azobenzene
compound NPANO onto pullulan usng CAN initiator
was performed. Theexistence of graft polymerization
was proved by the FTIR spectra, SEM analysis,
thermogravimetric analyssand X-ray diffraction stud-
ies. All of theresultsindicated that graft reaction has
occurred. Wea so found the copolymer hasbetter pho-
tochromism property than corresponding vinyl mono-
mer containing NPANO. We considered that macro-
mol ecular backbone of pullulan should have actively
effect on photochromism property of the copolymer.
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