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Abstract : The absorption spectra of paranitroaniline (PNA) doped in thin films oi PMMA (polymethyl methacrylate) and PVA (poly vinyl alcohol) have been reported The extents of poling have been estimated by changes in absorption spectra ITie changes appear mainly m the fonn of shids in the position of band maxima and absorption coefiicients 'llns understanding is necessary for the development and design of second- order nonlinear optical polymenc devicesKeywords : Paranitroaniline, absorption spectra, poling.PACS No. . 07.60 Rd. 42 70 Nq, 82.35 Ej
P o le d  p o ly m e r f i lm s  d o p e d  w illi o p tic a lly  n o n - l in e a r  o rg a n ic  

c h ro m o p h o re s  h a v e  b e e n  th e  su b jec ts  o f  e x te n s iv e  s tu d ie s  in  

re c e n t y e a rs  (1 - 3 1. T h e se  p o ly m e rs  h a v e  a ttrac tiv e  m e ch a n ica l 

p ro p e r t ie s ,  h ig h  d a m a g e  th r e s h o ld s ,  la rg e  n o n - l in e a r  

c o e ff ic ie n ts  a n d  e a se  o f  p ro c e s s in g  re la tiv e  to  c ry s ta ll in e  

m a te r ia ls  th a t  fa c i l i ta te  th e i r  u se  in  p ra c tic a l dev ice s. W h e n  

th e s e  d o p e d  p o ly m e rs  a re  p o le d , th e  c h ro m o p h o re s  a rc  

a lig n e d  in  a p a r t ic u la r  d ire c tio n  to  p ro v id e  h ig h  n o n lin c a ritic s  

[4,5]. S ig n ific a n t c h a n g e s  a rc  observed  in  th e  o p tica l p ro p ertie s  

o f  th e s e  p o ly m e r ic  f i lm s  viz. s h if ts  in  th e  a b so rp tio n  a n d  

e m iss io n  p e a k s  a s  w e ll a s  c h a n g e s  in  th e  in te n s itie s  w h e n  th ey  

a re  p o le d . A  q u a n ti ta t iv e  a n a ly s is  o f  th e s e  sp ec tro sco p ic  

c h a n g e s  c a n  b e  u ti l iz e d  to  d e te rm in e  th e  e x te n t o f  p o lin g . In  

th e  p re s e n t  w o rk , w e  re p o r t  th e  o p tic a l p ro p e r tie s  o f  p o led  

P N A  d o p e d  th i n  f i lm s  o f  P M M A  (p o ly m e th y l m e tlia c ry la te )  

a n d  P V A  (p o ly  v in y l a lc o h o l)  b y  a b so rp tio n  spectroscopy . 

T h e  e ffec t o n  th e  a b so rp tio n  c h a ra c te r is tic s  o n  p o lin g  th e  

f i lm s  h a s  a lso  b e e n  d isc u sse d .

P a ra n i tro a n il in e  (P N A ) w a s  ta k e n  f ro m  A ld ric h  a n d  u sed  

w ith o u t f u r th e r  p u r if ic a tio n . T h e  h o s t p o ly m e rs  P M M A  

(p o ly m e th y l m e th a c ry la te )  a n d  P V A  (p o ly  v in y l a lc o h o l)  

w e re  a lso  f ro m  A ld ric h . S o lu tio n s  o f  th e s e  in  a p p ro p r ia te

p ro p o rtio n s  w ere  nu ide  in  ch lo ro fo rm  an d  ace to n e  respectively . 

T h in  f i lm s  o f  (2 -3  p m ) th ic k  w ere  p re p a re d  b y  ca s t m e th o d . 

O rg a n ic  so lv en ts  fo r  sp e c tro sc o p ic  m e a s u re m e n ts  w e re  o f  

sp e c tro sc o p ic  q u a li ty  a n d  w e re  u se d  w ith o u t  fu r th e r  

pu rifica tion . T h e  ab so rp tio n  sp ec tra  o f  tlie film s w ere  m easu red  

o n  JA S C O  V -5 0 0  U V -v is ib le  sp e c tro p h o to m e te r .

C o ro n a  p o lin g  m e th o d  [3 ,6 ,7 ]  w a s  u se d  to  a l ig n  

c h ro m o p h o rc  in  th e  p o ly m e ric  f ilm s. T h e  e x p e r im e n ta l 

a r r a n g e m e n t fo r  c o ro n a  p o lin g  is s c h e m a tic a lly  sh o w n  in  

F ig u re  1. A  sh a rp  tu n g s te n  n e e d le  a t h ig h  s ta te  p o te n tia l w as 

p o s itio n e d  ab o v e  a  g ro u n d e d  e le c tro d e  o n to  w h ic h  th e  

p o ly m e r f i lm  w a s  co a te d . O n se t o f  d is c h a rg e  o c c u rs  a t a  

p a r t ic u la r  v o ltag e , d e p e n d in g  o n  th e  d ia m e te r  o f  th e  n e e d le  

tip  a n d  a tm o sp h e ric  co n d itio n s . Io n s  a re  c rea ted  a n d  d ep o sited  

o n  to p  o f  th e  b a re  su rfa c e  o f  th e  p o ly m e ric  film . T h is  c re a te s  

a n  e le c tr ic  f ie ld  w h ic h  is  d e fin e d  b y  th e  su rfa c e  p o te n tia l  a n d  

th e  f i lm  th ic k n e ss . T h e  m a jo r  a d v a n ta g e  o f  tl iis  m e th o d  is  th e  

fac t th a t  o n ly  th e  b a re , lo w  c o n d u c tiv ity  p o ly m e r su rfa c e  is  

c h a rg ed . Im p u rit ie s , d e fec ts  a n d  p in h o le s , th e re fo re , c a u se  

o n ly  re la tiv e ly  sm a ll lo ca l c u r re n ts  a n d  d o  n o t r e s u lt  in  sh o rt 

c irc u it in g  th e  w h o le  sam p le . T h e  8 - 1 0  K V  p o w e r  su p p ly  h as  

b e e n  u se d  fo r a p p ly in g  h ig h  v o lta g e . In  e a c h  case , f i lm s  a rc
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p o led  fo r 30  m in u te s  a t a  tem p era tu re  s ligh tly  h ig h er than 

ro o m  te m p e ra tu re .
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Figure 1. Corona poling setup

F ig u re  2 sh o w s a b so rp tio n  sp e c tra  o f  u n p o led  and po led  

P M M A  d o p e d  film  o f  P N A , re c o rd e d  u n d e r  s im ila r  

g eo m e trica l co n d itio n s . T h e  sp ec tru m  is b ro ad  ban d ed  and 

is a n a lo g o u s  to  th e  sp ec tru m  in m eth an o l [7]. T he ab so rp tio n
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Figure 2. Absoî Hion .spectra of PNA m PMMA . (1) belbrc poling, (2) after poling

p eak  lies at 372  nm . A b so rp tio n  sp ec tra  o f  u n p o led  an d  po led  

PVA d o p ed  film  on PN A  are  g iv en  in F ig u re  3. T he 

a b so rp tio n  peak  in th is  m atrix  is at 384  nm , the  spec tra l 

fea tu res  a re  sam e as in P M M A . B an d  p o sitio n s , a longw ith  

th e  sh ifts  and th e  in tensity  ra tio s  b e fo re  and  a fte r  p o lin g  in 

d iffe ren t m atrices  a re  g iven  in T ab le  1.

Table 1. Absorption peak positions and intensity ratios of PMMA and PVA films doped with PNA before and after polingPolymericmatrix Absorption peak (cm') Ratio of intensityBeforepoling Afterpoling Shift Before / after26881 26737 144 1 88PVA 26041 2.S974 67 1 37

Figure 3. Absorption spectra of PNA in PVA (I) after poling, (2) before poling

PNA
It is seen  from  the  fig u res an d  th e  tab le  th a t on poling , 

th in  film s o f  b o th  P M M A  and  PVA sh o w  tw o  e lec tro ch ro m ic  

eft'ects ; F irst, d ec rea se  in ab so rb an ce , an d  seco n d , re d  shift 

in th e  ab so rp tio n  m ax im a. T h e  a b so rp tio n  sh ift is h ig h e r in 

P M M A  (1 4 4  c m ')  th an  in PVA (67  cm~^). T h e  in tensity  

ra tio s  a re  1.88 in P M M A  and  1.37 in PV A  resp ec tiv e ly . T he 

o rd e r p a ram e te r is a s tan d ard  sca le  to  m easu re  th e  o rien ta tio n  

o f  th e  ch ro m o p h o res. T h e  o rd e r in g  p a ram e te rs  o f  a po led  

p o ly m eric  film  is d e fin ed  by (I  -  AIAq), w h ere  A an d  /to are 

a b so rb an ces  a fte r and  b e fo re  p o lin g , re sp ec tiv e ly , an d  is 

co m m o n ly  used  to  d e sc rib e  the  p o lin g  e ffic ien cy  [8]. T he 

o rd e r in g  p a ram e te rs  are 0 .53  and  0 .7 2  fo r P M M A  and  PVA 

d o p ed  film  o f  P N A , w hich  su g g est th a t th ese  p o ly m ers  arc 

e ff ic ien tly  p o led . N o  em issio n  s tu d ies  o f  P N A  d o p e d  film s 

co u ld  be p o ss ib le  b ecau se  th e  film s w ere  n o n flu o re sc e n t at 

ro o m  tem p era tu re .

P a ran itro a n ilin e  (P N A ) is a w ell k n o w n  seco n d -o rd e r 

n o n lin ea r op tica l m a te ria l in w h ich  o n e  d o n o r (N H 2) and 

a c c e p to r (N O 2) are lo ca ted  a t th e  o p p o s ite  en d s  o f  the 

co n ju g a ted  system  [9]. T h e  su b s titu en ts  d o n a te  o r  accep t 

;r-eIectrons from  sk e le ta l b en zen e  r in g  th e reb y  re m o v in g  the 

cen te r o f  sym m etry  an d  e x h ib itin g  la rg e  n o n lin e a r effects. 

T h e  se c o n d -o rd e r p o la r iz a b ility  {fi) fo r  P N A  h as been  

ca lc u la te d  b y  v a rio u s  tech n iq u es . B y  E F IS H  tec h n iq u e , y? for 

PN A  is 38 10 esu [10] w hile  the  S o lv a to ch ro m ic  techn ique

g iv es  a  v a lu e  o f  p  eq u a l to  18 ^ 1 es u [ 11 ] b y  u s in g  tw o- 

level m o d e l. A  co m p ariso n  w ith  o rth o  an d  m e tan itro an ilin e  

(fi v a lu es  a rc  ap p ro x im a te ly  4  10'^® an d  10 x 10"^® esu  [9]

re sp ec tiv e ly ) su g g est th a t P N A  is h ig h ly  n o n -lin e a r an d  is a 

b e tte r  m o lecu le  fo r  n o n -lin e a r ap p lica tio n s .

T h e  red u c tio n  in a b so rp tio n  an d  th e  red  sh ift in  the 

a b so rp tio n  p eak s  in P M M A  an d  PVA film s d o p e d  w ith  PN A  

m ig h t b e  due  to  v a rio u s  n o n  tr iv ia l an d  tr iv ia l m ech an ism s. 

T h ese  a re  (i)  u n id ire c tio n a l a lig n m en t o f  th e  m o le c u le s ,

(ii)  agg regatio ffeffi^cts and  (iii)  e le c tro c h ro m ic  e ffec ts . In  the
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case  o f  u n p o le d  film s th e  m o lecu le s  are  ran d o m ly  o rien ted , 

th e  sc a tte r in g  lo sses  o f  ligh t d u rin g  th e  co u rse  o f  trav e llin g  

th ro u g h  th e  film  a re  e x p e c te d  to  be  h igher. H ow ever, po lin g  

o f  f i lm s  c r e a t e s  a  u n id i r e c t io n a l  a l ig n m e n t  o f  th e  

ch ro m o p h o re s , w h ich  can  red u c e  th e  sca tte rin g  losses. T he 

re su lt w ill be  an  in c rease  in th e  a m o u n t o f  th e  tran sm itted  

ligh t (o r  in  o th e r  w o rd s  d e c re a se  in th e  ab so rp tio n  pro file ). 

W ith  th e  reo rien ta tio n  o f  th e  m o lecu les  to  a  m ore  perpend icu lar 

a rra n g e m e n t w ith  re g a rd  to  th e  film  su rface , th e  tran sitio n  

m o m en ts  o f  th e  c h ro m o p h o re s  a re  o rien ted , in g en era l m ore 

n o rm a l to  th e  film . S in ce  tran sm itted  ligh t n o rm al to  the  

su rface  h as its e lec tric  v ec to r p a ra lle l to  the  film , its in teraction  

w ith  th e  n o rm a l c h ro m o p h o re s  is red u ced  an d  th e  resu lting  

sp ec tra  sh o w  b o th  a  d ec rea se  in in ten sity  and  a slight 

w av e len g th  sh ift. T h e  en erg y  d is trib u tio n  fro m  th e  in te rac tion  

o f  th e  d ip o le  m o m en t an d  th e  e lec tric  fie ld  causes an 

e le c tro c h ro m ic  sh ifts  o f  bo th  th e  g ro u n d  and  ex c ited  state  

en e rg y  levels. S in ce  th e  ex c ited  sta te  d ip o le  m o m en t is 

u su a lly  g re a te r  th an  the  g ro u n d  sta te  d ip o le  m o m en t the 

o v era ll sh ift is to  lo w er en erg y  i.e lo n g e r w aveleng th . 

S im ilarly , o th e r re a so n s  like th e  ch ro m o p h o re  d eco m p o s itio n  

d u e  to  h ea t, o x id a tio n  o r  m o le c u la r  ag g reg a tio n  u n d e r the 

co ro n a  p o ling  co n d itio n s m ay  cause  the reduction  o f  abso rp tion  

as w ell as sh ift in  th e  a b so rp tio n  p eak .

T h eo re tica l exp ressio n s fo r d ich ro ism  and e lec troch rom ism  

o f  m a c ro m o le c u le s  in so lu tio n  from  a sem ic la ss ica l trea tm en t 

o f  p o la r ized  a b so rp tio n  o f  m o lecu le s  o rien ted  by  Y am aoka 

an d  C h d m ey  [ 12] w ith  p a r tic u la r  em p h as is  on  rig id  m o lecu les  

h av in g  ax ia l sym m etry . T h e  p a ram ete rs  viz. red u ced  d ich ro ism  

and  re d u c e d  e le c tro c h ro m ism  w ere  c a lc u la ted  u n d e r v a rio u s 

fie ld  c o n d itio n s . P ag e  et al [8] h av e  a lso  m ade  e lec tro ch ro m ic  

w av e g u id e  s tu d ie s  o f  co ro n a  p o led  e le c tro -o p tic  p o ly m er 

film s. T h ey  h av e  a lso  o b se rv e d  ch an g es  in a b so rp tio n  and the 

e le c tro c h ro m ic  sh ifts  in th e  a b so rp tio n  sp ec tra  o f  D A N S , 

p h en o l b lu e  an d  d isp e rse  re d  1. T h ey  h av e  u sed  the  m odel 

in w h ich  th e  c h ro m o p h o re s  a re  su p p o sed  be d isso lv ed  

u n ifo rm ly  in th e  p o ly m e r h o st o f  sta tic  d ie lec tr ic  co n stan t and  

th e  o rie n te d  fo rc e s  a re  assu m ed  to  d u e  o n ly  to  th e  dye 

m o lecu le . A lso  it w as a ssu m ed  th a t d u rin g  o p tica l ab so rp tio n  

( o f  ch a rg e  tra n s fe r  b a n d )  th e  ch an g e  in d ip o le  m o m en t o ccu rs

in the  d irec tio n  o f  g ro u n d  sta te  d ip o le  m o m en t. In th e  fro zen  

o rien ted  sam ple  ap p lica tio n  o f  an e lec tric  fie ld  c a u ses  a  sh ift 

o f  th e  ch arg e  tran sfe r b an d  frequency , le ad in g  to  a ch an g e  

in the  re frac tiv e  index. In the p re sen t case  a lso  s im ila r  e ffec ts  

h av e  been  o b ta in ed  fo r PN A  in bo th  P M M A  an d  PVA. 

H ow ever, fu rth e r investig a tio n s, m a in ly  p o la r iz a tio n  s tu d ies , 

w ill be req u ired  fo r th e  d e ta iled  in v es tig a tio n s  o f  b o th  the 

o rien ta tio n  and  e lec tro ch ro m ic  effec ts.

O p tica l n o n lin ea r o rg an ic  m a te ria ls  d o p e d  in to  th in  

p o ly m eric  film s can  be h ig h ly  usefu l fo r fu tu re  n o n lin e a r 

ap p lica tio n s. P o lin g  o f  these  film s in c rea se s  th e ir  e ffic iency . 

S p ec tro sco p ic  stu d ies  like the a b so rp tio n  sp e c tro sc o p y  c an  

be used  to  m easu re  the ex ten t o f  p o lin g  o f  th ese  film s. In th e  

p resen t in v estig a tio n , P M M A  and  PVA film s d o p e d  w ith  

P N A  show  a d ec rea se  in a b so rp tio n  as w ell as sh if t in th e  

a b so rp tio n  p eak s. A m ore  q u a n tita tiv e  in v e s tig a tio n  is 

underw ay.
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