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S U M M A R Y  
The optical absorption spectra of Co-doped PVA thick fihns (~1 ram) of different concentrations from 0.0 

to 30% CoCI 2 are obtained at room temperature in the range 190-900 nm. Cobalt (II) is found to exist only in 

octahedral coordination for concentrations up to 10% with an asymmetrical absorption band located at 511 mn 
and shifted to longer were length with increasing CoCI 2 content. For higher concentration (>10%) the 
coexistence of both octahedral and tetrahedral coordinations is indicated by the appearance of a new structured 
broad band centered at 665 nm. Variations in the obtained spectra suggest a tendency to higher degree of ordering 
in the amorphous regions of the polymer structure by CoCI 2 addition. 

I.  I N T R O D U C T I O N  

P V A  is a c rys ta l l ine  p o l y m e r  wh ich  has  a wide  r ange  o f  t echnologica l  u s e s  [ 1]. An  
impor t an t  fea ture  o f  c rys ta l l ine  p o l y m e r s  is that they  cons i s t  no t  on ly  o f  c rys ta l l ine  but  
a m o r p h o u s  reg ions  as well .  T h e s e  two reg ions  are separa ted  by por t ions  o f  an in te rmedia te  
degree  o f  order ing .  The re  is no  sharp  border l ine  be t ween  the c rys ta l l ine  and a m o r p h o u s  
reg ions  so that  one  m a c r o m o l e c a l e  m a y  run  th rough  severa l  c rys ta l l i t es  and  a m o r p h o u s  
reg ions .  T h e  ex i s t ence  o f  such  t wo-phase  cha ins  is a charac te r i s t i c  fea ture  o f  c rys ta l l ine  
po lymer s .  

It is s o m e t i m e s  be l ieved that a c rys ta l l ine  po l ymer  m a y  be regarded as an a m o r p h o u s  
matr ix  in wh ich  smal l  crysta l l i tes  arc r a n d o m l y  dis t r ibuted.  However ,  it is more  natural  to 
treat a c rys ta l l ine  p o l y m e r  as a cer tain ( suf f ic ien t ly  imperfec t )  c rys ta l l ine  latt ice in wh ich  
the vo ids  are fi l led wi th  a m o r p h o u s  mat te r  [ 2 ] .  T he  role o f  a m o r p h o u s  r eg ions  m a y  be 
p layed  by s i tes  sa tu ra t ed  wi th  c rys ta l  de fec t s ,  k inked  and  j o g g e d  c h a i n s  w h i c h  f o r m  
cha in - fo lded  crys ta l s ,  etc . . . .  

T h e  sens i t i v i ty  o f  the opt ical  p roper t i es  o f  t rans i t ion  meta l  ions  to the i m m e d i a t e  
e n v i r o n m e n t  has  long  been used  to probe s t ructural  var ia t ions  o f  the g iven  compos i te .  The  
optical  spec t ra  o f  Co  (II) has  been ex t ens i ve l y  s tudied  in d i f fe rent  c o m p l e x e s  by d i f fe ren t  
au tho r s  at r oom t e m p e r a t u r e  [ 3 - 1  1],  l iquid  n i t r ogen  t e m p e r a t u r e  [ 12 ]  and  e l eva t ed  
tempera tures  [ 13]. 

Co (II) is k n o w n  to ex is t  e i ther  in oc tahedra l , t e t rahedra l  or  both coord ina t ions .  The  
coord ina t ion  n u m b e r  and  band  pos i t ion  largely  depend  on the s t ructure  o f  the  compos i t e .  
The  o b s e r v e d  absorp t ion  bands  for Co (II) were in terpre ted well  in t e rms  o f  l igand  field 
theory .  

The  a im o f  this paper  is to inves t iga te  the role p layed  by cobal t  chlor ide  addi t ion on  
the s t ruc ture  o f  a c rys ta l l ine  p o l y m e r  such  as PVA.  
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I I .  E X P E R I M E N T A L  

Commerc ia l  PVA Powder  (Hayashi  pure chemical  industries Ltd.), with an average 
degree of  polymerizat ion 1700 was used as the starting material. PVA films were prepared 
by cast ing method.  The pow de r  was dissolved in distilled water  and gently heated in a 
water bath until it was complete ly  dissolved,  cobalt  (II) was  introduced as CoCI 2. 6 H 2 0  

dissolved in absolute  ethyl alcohol and added in concentra t ions  varying from 5 to 30%. 
The solut ions were  left to attain a suitable viscosi ty after which they were  cast  to glass 
dishes and left to dry in a dry a tmosphere  at room temperature.  Thick films of  the order of  
1.0 mm were  obtained. The absorpt ion spectra were measured in the range 190-900 nm, 
us ing  a c o m p u t e r i z e d  Pe rk in -E lmer  s p e c t r o p h o t o m e t e r  model  L a m b d a  4B, at r o o m  
temperature.  

1II .  R E S U L T S  AND D I S C U S S I O N  
I11.1. P V A  S p e c t r u m  

Figure 1 shows  tile absorpt ion spectrum of  undoped PVA film. As depicted from this 
figure two absorpt ion bands appear at 340 and 373 nm in the region of  wavelengths  above 
300 mn (curve a). The presence of  two other absorpt ion bands in the uv range at 200 and 
273 nm is indicated for the same sample by increasing the scale of  absorbance  as shown 
by curve (b). 

These  absorptinn bands could be related to carbonyl-  

O 
II 

c o n t a i n i n g  s t r u c t u r e s  o f  the t y p e s - ( C H = C H ) n - C -  whe re  n = 1,2 . . . . .  These  

carbonyl-conta ining structures arise predominantely from tile presence of  acetaldehyde and 
dissolved air in the vinyl acetate m onom er  during polymerization [ 14]�9 

The concentrat ion of  -CH = CH CO- structures can be estimated from tile absorbance 
at 200 nm while the concentrat ion of  -(CH = CH)3 CO- structures can be est imated from 

the absorbance  at 340 rim. However ,  the absorpt ion at 273 nm is the result  of  an intense 
band due to - (CH=CH)2CO-  and a probable weak band due to isolated carbonyl groups. 
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1. The apt lcat  obsorpt ion spect rum o~ undoped 

PVA f i r m  . 

I11.2. Six- c o o r d i n a t e d  coba l t  

The absorpt ion spectra of  Co-doped PVA with different concentrat ions are shown in 
Fig. (2). The spectrum of Co-free PVA is included for compar ison.Addi t ion  of  5% cobalt  
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chlor ide  caused  the appearance  o f  an a symmet r i c a l  absorp t ion  band located at 5 1 l  nm,  and 
sh i f ted  to l onge r  w a v e  l eng ths  for h i ghe r  concen t r a t ions .  T h e  appea rance  o f  this band  

toge ther  wi th  the fa in t  p ink  co lou r  o f  the s amp l e  indica te  the  p r e sence  o f  Co  2+  ions  in 

oc tahedra l  coord ina t ion .  T h e  p r e sence  of  Co 2+ ion ent i re ly  as s ix -coord ina ted  coba l t  has  

been reported in low-alkal i  borate g las ses  [ 3] ,  ( C o ( H 2 0 ) 6 )  2 in solut ion and crysta l  [15], 

Co(Pie)2 CI2and Co(Pic) 2 Br 2 110J and phospha t e  g las ses  [4]. 
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2.The opt icat  absorpt ion spectra of PVA f i rms  doped 
wi th 0 ( - - ) ,  5 ( - - ) ,  10 ( - - - ) ,  15 ( - , - )  , 20 (--o--) 
and 30 % (--x--) coba l t  chtor ide �9 

From the ene rgy  level  d i ag ram of  Co 2+ ion (3d 7) in oc tahedra l  coord ina t ion  (Fig. 3 
a), this band can be a s s igned  to the 4 T  I (F) ~ 4 T I ( P )  a l lowed  t rans i t ion.  On  the o ther  

hand,  the a s y m m e t r y  o f  this band can  be at t r ibuted to the r e m o v a l  of  d e g e n e r a c y  o f  the 
4T 1 (P) state p robab ly  by a smal l  r h o m b i c  d is tors ion  o f  the oc t ahed ron  o f  l igands  ar is ing 

f rom the J a h n - T e l l e r  ef fec t .  T h i s  r h o m i c  d i s to r t ion  is f ound  to g radua l ly  dec rease  wi th  
inc reas ing  the CoCI 2 which  m a y  indicate  a t endency  to local o rder ing  in the a m o r p h o u s  

reg ions  o f  the p o l y m e r  s t ructure  by cobal t  chlor ide  addit ion.  

T h i s  local o rder ing  m a y  be p layed  by the role o f  i n t e rmolecu la r  in te rac t ions  in the 
p o l y m e r  s t ructure ,  it is s u g g e s t e d  that  addi t ion o f  CoCI  2 to P V A  c a u s e s  an inc rease  in 

the  in t ra-  and  i n t e r m o l e c u l a r  i n t e r a c t i o n s  b e t w e e n  the  p o l y m e r  c h a i n s .  T h u s ,  the  
oc t ahed ron  is expec ted  to b e c o m e  more  s y m m e t r i c  due  to the con t rac t ion  e f fec t  b rough t  
abou t  by such  in terac t ions .  
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3. The energy Level diagram of Co ( l l )  in octohedrot (o) 

and tetrohedrol. (b) coordinations . 
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M o r e o v e r ,  i n c r e a s i n g  t h e  
C o - c o n t e n t  f r o m  0 to 10% is 
a c c o m p a n i e d  by  a d e c r e a s e  in the  
in tens i ty  of  the absorp t ion  bands  at 340 
and  373 n m  (F ig .2 ) .  T h e  v a l u e s  o f  
optical  dens i ty  per m m  for the o ther  two 
bands  (n = 1 and n = 2) be low 3(1(I nm 
were obta ined  by inc reas ing  the scale of  
a b s o r b a n c e  a n d  are  p l o t t e d  v e r s u s  
C o C l 2 - c o n c e n t r a t i o n  (Fig.4).  T h e  drast ic  

d e c r e a s e  ( m o r e  t h a n  8 0 % )  in the  
a b s o r b a n c e  o f  the band  related to n = 1 
by i n c r e a s i n g  CoC12 % from 0 to 10 % 

i n d i c a t e s  a s h a r p  d e c r e a s e  in the  
c o n c e n t r a t i o n  o f  c a r b o n y l - c o n t a i n i n g  
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4. V a r i a t i o n s  in t he  apr ico t  d e n i s t y / m m  

of the two  bonds a t  200 and 273 nm 
l with CoCt 2 concentrat ion.  

s t ruc tu res  o f  sho r t e s t  l eng t  . T h i s  dec r ea se  m a y  be a t t r ibu ted  to the  f o r m a t i o n  o f  a 
ch lo r ine  br idge  (16)  i n b e t w e e n  them by CoC12 addi t ion.  Such  s u m m a t i o n  o f  separa te  

g roups ,  t oge the r  wi th  the role p layed  by in t c rmo lecu la r  in te rac t ions  are poss ib le  factors  
for a h ighe r  deg ree  o f  order ing  to be expec ted  in the a m o r p h o u s  r eg ions  o f  the p o l y m e r  
s t ruc ture .  

T h e  o b s e r v e d  sh i f t  in the  511 n m  absorp t ion  band to longer  w a v e l e n g t h s  (Fig. 5) 
imp ly  a lower va lue  o f  field s t rength  (i.e. lower B value)  with increas ing  CoCI  2 content .  

R e g a r d i n g  tha t  c o v a l e n c y  is e x p e c t e d  to i n c r e a s e  wi th  i n c r e a s i n g  i n t e r m o l e c u l a r  
i n t e r ac t i ons  by CoC12 addi t ion ,  this  shif t  has  its exp lana t ion  in the fact  that  i nc reas ing  

cova l ency  should  lead to lower  B va lues  (17). 

I I I . 3 .  F o u r - c o o r d i n a t e d  c o b a l t  

Inc reas ing  the cobal t  concen t ra t ion  in P V A  to 15% (Fig.2)  caused  the appearance  o f  
a new  s t ruc tu red  band  cen te red  at 6 6 5 n m .  T h e  a p p e a r a n c e  o f  this  band  ind ica te s  the 
p resence  o f  Co  (II) in tetrahedral  coord ina t ion .  It can be seen  that the ratio o f  Co  2+ ions  

wh ich  are p re sen t  as (COCI4) 2- inc reases  with inc reas ing  C o C l 2 - c o n c e n t r a t i o n  up to 30% 

(Fig.2).  T h e  var ia t ion  in s amp l e  colour  is cons i s t en t  with this a s s ignmen t .  Samp le  co lour  
g radua l ly  c h a n g e s  f rom faint  p ink  to in tense  blue for s amp le s  con ta in ing  5 to 30% cobal t  
ch lor ide  respec t ive ly .  T h e  p re sence  o f  Co (II) in both  coord ina t ions  has  been  repor ted in 

borate  [ 5 ,7 ]  s i l icate  [ 6 ]  and p h o s p h a t e  g las ses  [ 3 ,9] .  The  in tense  b lue  colour  o f  the 30% 
samp le  is due  to the fact  that  the mola r  ex t inc t ion  coe f f i c i en t  o f  Co  (I1) in t e t rahedron  
s y s t e m s  is ve ry  m u c h  h igher  than  that  o f  the oc tahedron  sys t ems .  

F r o m  the  e n e r g y  level  d i a g r a m  (Fig .3  b), th is  band  can  be a s s i g n e d  to the  

s p i n - a l l o w e d  t rans i t ion  4 A  2 ~ 4 T 1 .  The  two lower  peaks  at 626 and 682 n m  cou ld  be 
a s s i g n e d  to sp in  fo rb idden  t rans i t ions  to doub le t  s ta tes  a l lowed  by sp in-orb i t  coup l ing .  
However ,  it is preferable  to cons ider  the three peak sys t em as due  on ly  to the sp in  a l lowed 
t r ans i t i on  4 A 2  ~ 4q'1 spl i t  by LS in te rac t ion  i.e d e p a r t u r e  f rom R u s s e l I - S a u n d e r s  

coup l ing  [ 12 ,15] .  

Aga in ,  i n spec t i ng  F igu re  (4), it is no t iced  that fo rma t ion  o f  COC142-,  in s a m p l e s  

c o n t a i n i n g  m o r e  than  10% coba l t  ch lor ide ,  is a c c o m p a n i e d  by a s l igh t  i nc rease  in the  
in tens i ty  o f  the b a n d s  re la ted to n = 1 and  n = 2. The re fo re ,  it m a y  be s u g g e s t e d  that  
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increasing CoCI 2 content beyond 15% causes 518 

a limited degradation in the polymer chains 
and c o n s e q u e n t l y  an i nc r ea se  in the 
c o n c e n t r a t i o n  o f  c a r b o n y l - c o n t a i n i n g  
structures with n = 1 and n = 2. However,  ~ 514 

1o the sl ight  increase in the intensity of these .~ 
two bands may be attributed to an increase in 
the in tens i ty  of  the tail of  the 511 nm 
abso rp t ion  band  by s u b s e q u e n t  CoCt  2 51r 

add i t ives  as an o the r  exp l ana t i on .  The  
s tabi l ized a t ta ined po lymer  s t ruc ture  as 
sugges ted  by the stability of band position 
o f  s i x - c o o r d i n a t e d  c o b a l t  at h i g h  
concent ra t ions  (Fig.5) favours  the second 
explanation,  

' ,'o i o  3'o 
CoCl 2 " / .  

5. Bond position of s ix-coordinated 
cobott for different CoCt 2 concentrations. 
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