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i:rlroduclion

--:,i.rlor is a n'rechanical dcvice lot moving or
-: ..:r3 a mechanrsm or svstem. It takes errelgy. usllally

, .: leil by air. electric cLlfient. or- liqtLicl- artd couvetts

- ::.r 5ome kind ofmotion. The dcvelopment ofactuators
',.:i rjr] rnatelials tirat Ievcrsibly cll;tnge sl]ape and,/ot size

:.:,)ns. to cxternal stimuli iras attrircled rDtercst 1br solne

- i .\ particularly nrtrigujng possibilit.v is ofl'ered by

r. ::ipousivc nutelials. 'lhe photo Iesponse of thesc

,-.:r.rls rs bascrl on the photoisomcrization ol'corlslituent

-:u1es (typically ,-.r/ru .'i.r isomerization of azobenzene

. :rrirpho|es), rvhich gives lise to D]olecolal motions and

-::br defonns thc bulk matclial.-Ihis clfect has bccn used

::rate light defblmablc polymer filns and gcis f2 10],

- ,: :he r esponse tlf- these s.vstems is relatilely slolr'. On the

' ..: halld. the development oi-acnlators that shorv bcnding

. i'rncnl is of inclcasing intercst. The bendtng movement

..'r:rl.\ rrr.l.rCed b' Jrl .,yr)lnlelrr. .OnlrJcllOn Or

. ::niroD ir the nlaterials 111 14]. Tliis t)rpe ofacnrator has

-r:r ]dvantages than thc actuators that sliorv only tu'o-

::::nsjonal ]no\emellts. such as expausiot'i and contfactjotl,

::: thc vje$'lloint of precise threc-dimensionai actlatjon

- : lons iifetime o*'ing to s1.I'rall delbrnation lor tlic

i:iq actlon. Bccause of these uniclue propcrties. tire
' i::rr actuators arc capcctcd to bc usccl Lbt cantilevers.

- .Llmps, and nrany othcr micromecharical applrcations.
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.'\bstract

\<" lighr dri\en pollmeric actuator based on multi-lavered films of polvll-14-(3-carbor\'4-hJdrox)phen\lazo)
:rr'tz.nr\ultontmidol-1,2-ethanedi\'1, sodium srlll \\as labricated and dcm0nstrated its bending and unbending

.'tha\ior\. \lulti-la\ered tilms sholrcd bendi g rnd unbending prop€rties upon [-lVlaser and visiltle light (435 nm)

.ir;)diation respectivch'.'l hese results \terc caused due to the molecular- orientation and cis-tl/rrs photoisomerizalion
,rf lzobenlene chromophores. The changc in the molecular orientation might cause 1he disproportion of the

:rolecular packiDg and the fllm bent to compensate lbr the distortion.

Actuator. Cr! trr?r softer. lightet, and highly processible. which makes lhem

easily made into varior-rs sllapes: consequelltly. studtes hare

been perfonled on thc actuation of-azobenzene pollmeric

materials ald many applrcatious hale been ploposcd ll7].
In addition, the bendtng ol most pol)'neric actLlalors. sllch

as conducting polymers is dlivcn by electlical cnergli thus.

thesc materials require rvilcs to acquire electrical po$'et fl3].
On the othel hand, azobenzene elaston'reric polyme|s.

irchrding gcls and shape memoty polylcts. can uniletgo

n-iechanical actuatiou in Icsponse to various physical stilnLlli.

such as pH [1E], solvelt composilion fi9], hcal 120-221. and

light [2i. 241. Light can bc controlled lemotely ancl rapidly

as an external stit-t-tulus. so it is of glcat xrponancc in

devcloping sirlple, e1ficient. and conlpact azobenzellc

polylnelic actuators that can bc drivcn by 1ight. So in dris

study we aitempted to labricate lighl drivcn azobenzenc

polynreric acluatol based on multi layeled lilnl ancl

den.lonstrated its bcndrng ancl unbcnding plopcrlies by

molcculal olicntatiol'r and .1J-r1ll?J photoisometization o1'

azobenzene cluomophores.

2. Experimental

ln this study. nro polynrcts: one is photolcspotlsivc polytllet.

poly[ 1 -14-(3-carboxy,l hydloxyphenylazo)

benzenesulfonamido] 1,2-cthanedi-vl. sodrtrnr saltl (PAZOf

and other is llon photoresponsive. poll (methyl

methacrylatc) (PMMA) as shorr'n in Schemc 1. rtete uscd

Both of thcsc t$'o polylnels atc commcrcially arailablc.

Poll'l 1 - f4-( 3 -carboxl' zl'h,vdroxi'phclylazo)

-- -i ntaterials have been lepoltcd as the bcDdrl'lg benzenesulibnanido] 1.2 etharledi-vl. sotlium saltl ras

- ,,:.i5. sLrch as piezoeleclric transduccls fl5]. shape- purcliascd f'r on Signa Alclrich and PMMA r'i'as putchascd

r::..alloysII61.andpol-vmelsII2l.lncomparisonuith ftom \\rako Pure Chemtcal Industrics Ltd. P\ZOissolublc
- .: r-,JlcrLals- thc irzobenzene polymer actuators are much in s'ater and PNIN4A is soltLble itr toluene.
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3, ! abrication of multi-la1'ered films

\l.rlr lr)cr. l tll . \\.t( l.bri."red br .lltetn.rlt'c .l'ttt
coatirlg of solLLlions conlaintng PAZO and PNINIA on a

glass subsllate (25 r 20 [rm, ttticto slidc glass. \'IatsLLnanl)

I)pical coallng \,as pcrlbln]ed as follons: speed ol rotatioD

3000 rpn ancl time of rotation ,10 sec u ith '1 u't'li, of PAZO

Azobcnzerte
polyrler
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in lvater and 3 \\t% of I'MVA 11I toluene. Alier spin coatillg
each la-ver *'as c[ied for' 5 nrin at foom ten]perature and

$ater and toluene wele evaporated (Schelre 2). NlLrlti

iayered filn.rs were annealed at EO'C lor about I h, slo*11

cooled to roorn temperatlue aDd separated liom glass

substlate Thickness oi'the fllm $as around 3000 nnr.
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Scheme 2: Consrructron of multr lavcred lilnr by sprr coltins rnctho.l. (r) PAZO singlc lavcr fillrr. (bi PN1M.\TPAZO I bi la,ver fi1m and

(c) I']N1N1r\,PAZO nlLLlti-bycrcd (:0 bi-l!,vcrcd) filrrr

photoirracliation \\,as pcrlormed by using a 500\V high-pressulc Hg Lantp (USHIO) u'ith adequale cLLt illter firr l,V and Vis

liUht at |oorl lempcl.alLLre. Thc cxperintental se1 l4't lbr photoit ladiatlou iS Shown tn Scheme 3
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Scheme J: Schenrxtic drlgrant of the crpcrrnlenlal sel up lbr photoirradistlon



':-:::. .: :::: .t 3S irudied usiltg polarized u\ vis
, ; :::,\:n Elrrer Lambda 650 L. \r,'Vis
.- ;_. :::.:use rhe tansition moment of the a.an.s

, : ,:-':r:u:ne moietr.is directed alolg the long axrs
' -: -: For lhis purpose the angular dependence of
-_: :a::_-.': naS nleasuled.

. i..*in and Discussion

- . ,::tlhcnding of nnlti la.terecl /i/n
:- ur Figure 1. the rrultl-layered lilm shou'ed

' - -. ,:i 'rnbending (a1so shape changes) behaviors upon
,: ,:. :..r1 1'\'Laser and visible lighl respectively. When

-.:: ' l-i rur) light u'as ilradiated upon nulti-layered

' 't)tlto i:utio11 ol Pl,l lllA ontl PIZO bi-layer lilnt

. liible absorption spectroscopy rvas emploved in orcler
::!esligate thc photoisollrerizatron behaviof ol l)\{N,lA

i P.\ZO bi-laver fllms. h] thesc experiments. tlie santples
.:: irracliateil qith the pltotoactive light propagating
::ndicular to the saluple plane. TIie photoisomerization

5-s

film. it became bended gradually to the opposite of
irladration dilectlon. And after prolonged irradiation tlle
film bended to a certain lere1. After observing rhe bending
behavror of multi layered fi1n. visible lght of 4]5 nnl \\.as
also inadiated. Upon nradration of Visible iighr the mrilti
laycr:ed film became unbencling gradually. After' 30 min
visible iight illadiation rhe film shifred to its original
position. Belole UV light inadiation, the lllm rvas annealed
at 80'C for thour. In unlti-layered film. before amrealing
the azobelene chomophores n'ere aiigned tandon y on
glass substrate and afier- amlealtne the azobenzene
clromophores nav be aligned vertically on glass substrate.

teaction was studied b.v irradiating the sample rvith U\r and
visible light and rccoldrng the speclra over differelt trnte
intelvals until pltolostationary states welc |eached. lhe
spectra obtained druing thc photoisonerizatrcn o1 a one bi
lar,cr PM,VATPAZO sarrrple are presented in Figure 2.

. l: Rerersible shapc changes (bendinr: and unbendrn,r) oI multi layered fi1m of P\4N4A and 1,,\ZO upon altcntatire irrtdiatron with
. .,..r (ll5 nr'r) and r isiblc light (':135 nnr) at roor11 tcnrperature.
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)b

,\s thc photoisortlerizrlion reacli(r11 \\a: indtLccd b) L\
li-!ht. a spcclrrl change occurrcd. nilh a !rro!rcs!ive
dccrclse in tlte r t' ballil Iltallilttltttt inLensitl' lllis band

do.]s not disirppcar c!cn aljet 1l)l: lollgcst lrrrdirlion illtcrval.

in,:1lcatrng lhat the pltotoreaclir.rn docs uot rllch colllpl!'tlo11.

\r'.r ,' . rl-, 1 ,1.ttu,l ul I \ ir' r'lt- t"r' lt. I .t .'' t

absottancc'itt thc n n'tratlsillon tcglott bccllllc rcr-l slo*'

rea(lred mlo pholostiltiollart- statc. \s I rcstlll o1 lhe

sLrbsecluclll irradtaliott \\ ith r isible ligllt. llic I er er sc cllauges

occr.u cst;tblisltittg a slea.ly sLatc uith a high conc.lllriltioll

ol_ r'rl/r.\ isornars. Iloscvct. r]ic tccorcLt of the initial

spcctrLlnr is no1 (olnplctc: e\ell llpoll l1-rrolongctl ittarliatioll

Ih. ratc ol rnclease ilt absotbatrcc irl 1hc leSioll ol n-]r

lr.rirsitiou irpon thc irra.lirlion *'ith risiblc ligltt ts tllttcll

Iorrr-r than the lalc ol-dccrease in absolbance lll thc regiou

ol n ir tlansition tLpttn l-\' ittlcliatitltl. Itt casc ol PAl(J

rutrlli layctcrl 111m. siLlilar t)pc ol' (is-lr(tns

pholo iso Ittct izatiott *as lcported bl I)rntc cl rl l25l
Consccluerrtl). tian\ (i! lrotl\ pholo iso llleI irilt ioll c)'clc of
I'.\ZO sirglc Laler lrlm. P-\'l\1,\'PAIO bi lalc'r'lihl as uelL

rs ntrlLi-lalelccl llltrr l'111 bc br,trtght abot-tt br illaclillion ol'

the liSht rn rcgion of365 nm aucl"l3i nrr 2(r' ll .

5. Bacli isomerizirtion in l',{ZO single lnlcr lilm

.,\licr ir|acliatioIr b,v Ll\r light. \c rn\estiSalcd thc lherrnal

(is to lt n: isomerizatjon of the sarlrplc ls sho*rl in ljigrue

-i. lror'lhis purpose. llte saurples *'elc- lcfl in tlic cliuk aucl thc-

L \ r'rsible ilbsolpliort spcctla \\'ere Iucastlre.l aller I llollr'

Aftcl I hout. li\i-ris. absotpti,ln spectrl sho\\'ed

consiclcr'lblc llcrcasc rl absorbancc- lrdicltillg thc lllctlrlal

back isoltrct tzatiol o1-rzobenzcnc cht orllophoLcs.
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6, ,\lignnrcnt behlvior ol irzobenzenc chronl(rpn ':- !t
I'AZO film on f,isiblc lieht lrlarli:rtion

I o erplo|c tlte orictrtiltiollal bc'hlL\ ior ol .: -

clxonrophol-es iu polyrctlc iilnl. l'c' mcastrr.-d il-.:

poianzed absorption spcclt'a bcl'ote and aflel nol:-: -
risrble light irtac!ation. l'ol polarizcd absorl'rttt'r ':-- -
spcctlal nrcasllrements werc nladc a1 _15'' 10 lllnl nlr:: - -
signilicant spectral changes uere obsetled lbL p,'. ,- -

lihrs exposccl to thc ilradialion Nith non polatrzej ' - '
light. Tn the regioti of thc lt-n transilion. lhe ehs,l:.':-.
consrdelabl-v rlecleasc,i as sho\\r in Irigtlre J l:
polalzed absolption speclra. il is clear that the absoll'-'
rn the rcgion ol l-r- t|ausiliotl. arc ar!tLlar deper-:.
Bclblc ron polalizccl r'isible light irradiatiorl. the rn.: ,
depencleucl u,as not signiftcant but aficr llrldlJi:
signriicant angulat clepelidcucy rvas obscrled fhis bthl": :

\1Jas accolnpanic.l by a wcll-pt onotutcccl developnent ol ':
out-of-plane or-clcr of azobenzenc chtonlophores tLp, ::

lisible Iight irladiatlon 128I.
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000300 400 500 6(x)

Wavelength, nnl

lig. .l: Polari/cd UV-\'rs. sbsorption specira of PAIO sLnglc la!cr

lllm befbrc ard altcr \isiLllc light irradirtion ,1lL clefolcs thc

rbsorlrtion \\tcre lhe polrrrzalion dilection is paralLcl to lhc tllnl

flinc lncl ..1' tlcnotcs lllc rbsolplron \\here thc polaririltlon
dircctlon is sct ill .15'lo boLh lllrrr nornrul lnd tllnr pllrc

So liom abore clis.Ltssiou. rt is clcar that thc bendillg arld

runbendrng behar iots of tlultt layctccl lllrrl wele thc

corlbinatioir ol-r:i.s atrr photoisonetizalioll an,i molecLtlar

aligrunent beharior ofazobelzene cluomophotes. .'\t titsl irl
frcsh film. lhe azobelzenc chtomophotes tcte aliguecl

randorr y and afier anncaling. aliguccl vertically shorviug

unbenclinginormal siluation. But upou L\r lascr inacliatioli

.iJ-/r.r/ pholoisomerizatlon look place and coDllactioll ol-

rzoclrr-onioplres occurred. Follo*'lng notl-polarized r Lsible

ligbt inadiation again tnctcased the older patanleter rlltte.

indicating thc translblnralioli of nlolecltlitt oricllllltion ol-

azobervene molccules llotl tantlollt state to orll-oll1lliille

or.lcr due to pholo-oricDtatioll (ScheDre'1)
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- -rr rcation of uovel lipht d|i!en nolvmcr-ic actlrator

Scheme4: Chanr:es rr iliennrenl beha\ror ofrrobenzene nrolecLrlcs on anncalin! li\',lrserlrnd\isrbleliqhrin,r(lirtion
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-. ( onclusion

... :hrs study, nerr light dliven polyrelic actuatolbased on

-:.]Lrt lal,ered films of poly 11 14 (3 ca|boxy-4'
Jroxvphenylazo) benzencsulfonanidol-I.2 cthanecli_vl,

, JrLLm saltl u'as lablicated successl'ully ard denonstrated
:- bcnding and unbending behaviors. \4r,rlti layerecl films
-'-1\cd be1']durg arld unbcnding properties tLpon Ll\,'-laser
.:.i lisjble light (435 nm) ilradiation respectivcly. Bi-layer
-'.:r o1 ])MMA and PAZO shou,ed reversible cr.r-trcru

.-. rto isomer izatiou and also upon [o1]-polarized visible

-:u irradiation, PAZO shorved ou1-of-plane molecular
:::'ntation. So the bending and unbendilg of nulti-layered

: :ia \\Jere caused due 10 the nolecular orientatiofi and cli-
':r photoisomer ization of azobenzene clnomophores. 1lte

--:rse iu the molecular orreDtatioD nxght cause tlte
-:-rroportion of the molecular packing and thc film bent to
- ::'ipensate for the distortion.
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