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ELECTRONIC ABSORPTION SPECTRUM OF Fe3+ DOPED 
I N  AMMONIUM PERCHLORATE SINGLE CRYSTAL. 

S.V.J. LAKSHMAN, B.C. VENKATA REDDY 

J. LAKSHMANA RAO 
AND 

S p e c t r o s c o p i c  L a b o r a t o r i e s ,  P h y s i c s  Depar tmen t ,  
S . V .  U n i v e r s i t y ,  
T i r u p a t i  - 517502, I n d i a .  

ABSTRACT 

S i n g l e  c r y s t a l s  of Iron - doped ammonium p e r c h l o r a t e  

were grown a t  room t e m p e r a t u r e .  The e l e c t r o n i c  a b s o r p t i o n  

bands  o b s e r v e d  a t  room a n d  l i q u i d  a i r  t e m p e r a t u r e s  have  

b e e n  a s s i g n e d  t rans i t ions  from the g r m n d  A l g  s t a t e  t o  

t h e  e x c i t e d  4 Alg, ‘Eg , 4T1g and  4T2g s ta tes .  The 

-1 -1 
c r y s t a l  f i e l d  p a r a m e t e r s  Dq = 870 cm , B = 615 cm a n d  

6 

C = 4.2 B are  found  t o  Rive  a good f i t  t o  t h e  o b s e r v e d  

band p o s i t i o n s .  
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342 MSHMAN. VENKATA REDDY, AND LAKSHMANA RAO 

I NT RO I) UCT I ON 

Ammonium p e r c h l o r a t e  ( N H q C l O 4 )  belongs t o  the  
2 

orthorhombic bipyramidal  c l a s s  (Wyckoff Venkatesan 1. 

ThouEh s e v e r a l  s t u d i e s  such a s  neu t ron  d i f r a c t i o n  
3 4 

(Smith e t  a1 ) I n f r a r e d  (>laddineton ) n u c l e a r  magnetic 

resonance (Inbers', Richard? e t  a1  ) and h e a t  capac i ty  

( J u s t i c e  e t  a1  ) have been c a r r i e d  o u t  on t h e s e  Ammonium 

pe rch lo ra t e  c r y s t a l s ,  no o p t i c a l  a b s o r r t i o n  work has 

7 

7 

so f a r  been r epor t ed  i n  l i t e r a t u r e .  The a u t h o r s  

t h e r e f o r e  took up t h i s  i n v e s t i g a t i o n  of work. 

EXPERIMSNTAL 

S i n g l e  c r y s t a l s  were grown from a so l l i t ion  o f  

FeClS. 6H20 - N H q C 1 0 4 .  I n  t h e  present  work, a c r y s t a l  

o f  t h i ckness  2 mm con ta in inp  0.2 mole percent  o f  i r o n  

was employad .  

The o p t i c a l  a b s o r p t i o n  spectrum was re?orded 

from hsooo A' t o  3000 Ao on a Hilper medium 

qua r t7  spec t ropraab  both a t  room and l i q u i d  a i r  t empera tures .  

The s p e c t r a  were recorded i n  about  10 t o  30 v in i i tes  

on Kodak IN, I l f o r d  Ast ra  and Zeni th  p l a t e s .  

[ J s i n F  rnicrqpliotornetric p r o f i l e s  recorded on a 

moll record ing  m i c r o p h o t , ~ n e t r r ,  t he  wavel3nrths  of  t he  
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ELECTRONIC ABSORPTION SPECTRUM OF Fe3+ 343 

band mavima were measured a q a i n s t  i r o n  aro s t a n l a r d  

l i n e s  (Lakshman e t  a 1  1. 8 

6 
I r o n  has  the  e l i c t r o n i c  s t r u c t u r e  ( A )  ( 3 d )  

2 3+ 
( 4  s )  . The e l e c t r o n i c  c o n f i g u r a t i o n  f o r  Fe is w r i t t e n  

as A (3d) . This  c o n f i g u r a t i o n  g ives  ris? to 
2 

5 

( S ,  P, D, F, G, H, I); 4 ( P ,  D ,  F, G) and 6S s t a t e s  of  

6 which S l i e s  lowes t .  

I n  a s t r o n g  cub ic  c r v s t a l l i n e  f i e l d ,  the f i v e  

valence e l e c t r o n s  a r e  d i s t r i b u t s d  i n t o  the  t r i p l y  

degenera te  t 2  and douhly degenera te  e o r b i t a l s ,  The 
3+ 

ground s t a t e  c o n f i g u r a t i o n  f o r  Fe i on  i s  then  w r i t t e n  

a s  t: I?’ wl-,ich g i v e s  r i s e  t o  t h e  terms 6 A 1 ,  4 A 1 ,  4E,4Aa 

4T1, 4T2 and some o t h e r  double t  s t a t e s  o f  which 6 A 1  l i e s  

lowest .  

6 S ince  Aj. is t he  on ly  h ighes t  m u l t i p l i c i t y  term, 

a l l  of’ t he  abso rp t ion  bands r e s u l t  from sp in- forb idden  t r a n s -  

i t i o n s .  This  f a c t  i s  r e f l e c t p d  i n  the  ve ry  small o s c i l l a t o r  

s t r n n g t h s  ob ta ined  f o r  t h e s e  bands. 

REnSr-1LTS AN3 liNILLY3I.S 

The micrQphotornetric p n o f i l e s  o f  t h e  bands 

recorded a t  l i q u i d  3ir tempera ture  i s  shown i n  Fi:. 1. The 
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34 4 LAKSHMAN, VEMMTA REDDY, AND LAKSHMANA RAO 

I I989 16293 10398 19513 CW-’ 

Fig. 1 Micro hotometric Profiles of the Bands 
of Fe2+ in Ammoniumperclorate at 800K 

wave- l eng ths  and  wavenumbers o f  t h e  hands  o b t a i n e d  by ths 

a u t h o r s  a r?  p r e s e n t e d  i n  t a b l e  1 a l o n g  w i t h  t h t ? i r  a s ~ i ~ n a ~ ~ n t s .  

From t h e  n a t u r e  a n d  o b s e r v e d  p o s i t i n n s  o f  t h o  bands  t h e v  

have been  assumed t o  be long  t o  Fe i o n .  
3+ 

A t  morn t s m p e r a t u r e ,  f o u r  band.; have b e ’ n  r eco rded  
-1 -1 -1 -1 

a t  12002 cm , 16388 cm , 18398 cm and lQ513 cm . 
The i n t e n s i t y  of  t h e  s p e c t r u m  i s  consi3erably IncwasD? 

when the c r y s b a l  has  b e e n  c o o l e d  t o  1 

O f  t h e  f o u r  bands  o b s e r v e d ,  t h e  

i s  found s h a r p  and i n t e n s e .  Ligand f 

-1 
band a t  18308 cm  

elrl bands  a r e  

s h a r p  e i t h e r  when t h e  e n e r q y  e x p r e s s i o n s  f o r  t h e  t m n s i -  

t i  )ns a r e  i n d e p e n d e n t  o r  Dq o r  when t h e  number o f  t:, 

e l ? c t r o n s  i s  t h e  same i p  b o t h  th? e x c i t e r 1  a n 3  ground 
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3+ 
JZECTRONIC ABSORPTION SPECTRUM OF Fe 345 

8330.0 12002 8339.0 11989 
4 
Tlg 

6100.5 16388 6136.0 16293 4 
T2g 

% 5434.0 18398 5434.0 18398 4 

4Jk 5123.5 19513 5123.5 19513 

9 
s ta tes  (Bal lhausen 1. Therefore ,  t he  sharp  band has  t o  

be a t t r i b u t e d  e i t h e r  t o  4 A l  o r  

have the  same energy and t h e i r  energy express ions  a r e  

independent  of  Dq, Fur the r  no s h i f t  f o r  such a band, 

according t o  Dunh0 should be obse rve i  bv cool ing  t h e  

c r y s t a l ,  which indesd  has  been observed t o  be so f o r  

t h i s  p a r t i c u l a r  band. 

4E s t a t e s  a s  t hey  bo th  

11 Fj 
Using Tanabe-Sugano diaKram given f o r  d 

-1 
Cqnf igura t ion ,  t h e  o t h e r  bclnds a t  12002 cm and 
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346 LAKSHMAN, VENKATA REDDY AND LAKSHMANA R40 

16388 cP" 

r e s p e c t i v e l y .  On cool ing  the  c r y s t a l ,  t h e s e  bands 

showed a small r ed  s h i f t  o f  (12002-11989) 13 f o r  

are a t t r i b u t e d  t o  4Tlr(C) and %'2g (G)  s t a t e s  

t h e  f i r s t  and (16388 - 16293) 95 ci' f o r  t h e  second 

bands i n d i c a t i n g  a nega t iv?  silopa f o r  t he  43 v e r s e s  

D q  g raph .  S ince  o n l y  4T1g(G) and %'2g(G) l e v e l s  have 

TABLE: - 2 

The observed and c a l c u l a t e d  enerRie s, O s c i l l a t o r  
3+ 

s t r e n g t h s  and t h e  assignments  of  t h e  bands f o r  Fe i n  

ammonium p e r c h l o r a t e .  

-1 
( B  = 615 CPL , C= 4.2 B and Dq = 879 c i l  ) 

4 
%! 

-5 -5 
1 . 2 9 ~ 1 0  2.36xlC 18398 19065 

-5 -5 
19613 19065 3.04xlO 4.6xlO 
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ELECTRONIC ABSORPTION SPECTRUM OF Fe3+ 34 7 

nega t ive  s l o p e s ,  t he  assignments  g iven  above are 

conf inned. 
Bnergy va lues  a re  eva lua ted  for 4 T i R (  C ) ,  4TygjC) ~ 

Alg(G) and 4Eg (GI s t a t e s  f o r  d i f f e r e n t  values. 01' R , C  4 

an'd Dq by solving t h e  eneray  expres s ions  given by 

Lakshman e t  a1 . Severa l  se t s  of g r a p h s  have been 

drawn f o r  d i f f e r e n t  v a l u e s  o f  C between E and D q .  The 

i n t e r - e l e c t r o n i c  rapul.sioh parameter  B and the  c r y q t a l  

s p l i t t i n g  f a c t o r  Dq are  then  eva lua ted  from the  g r a p h  

wi th  C / B  = 4.2 a s  shown .In F i g .  2 t o  which t h e  s x p e r i -  

12 

0 0.5 0.97 1.0 1-5 
D q  [ I O ' ( ~ m ~ ' > ]  

Fig .  2 Energy Leve l  Diagram of Fe3+ i n  h o n i u n  
P e r c h l o r a t e  i n  Cubic Environment P l o t t e d  
as  a Func t ion  of t h e  Crystal F i e l d  Parameter 
D q ,  wi th  B=61.5 cm.-'- and C-4.211. The So l . i d  
C i r c l e s  Show t h e  Exper imenta l  Ene rg ie s  a t  
8 W R .  
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348 LAKSHMAN, VENKATA REDDY, AND LAKSHMANA RAC 

menta l ly  observed bands could very  w e l l  be f i t t e d .  The 

c a l c u l a t e d  energy p o s i t i o n s  are presented  i n  Table  2 

along w i t h  t he  observed band maxima and t h e i r  o s c i l l a t o r  

s t r e n g t h s .  

DISCUSSION 

A s  is seen from Table 3, e n e r g i e s  o f  4A13(C) 
4 and 

12  
i n t e r a c t i o n  (Zakshman e t  a1 ) .  It h a s  been poin ted  o u t  

by Koide and Pryce13 that t h i s  degeneracy can be l i f t e d  

due t o  covalency i n  t h e  c r y s t a l  when the  4Alg s t a t e  l i e s  

lowest  than  t h e  Eg s t a t e .  The bands a t  18398 cm and 

19513 cml a r e  t h e r e f o r e  a t t r i b u t e d  t o  .Alg am % # s t a t e s  

r e s p e c t i v e l y .  It  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e s e  two 

bands d i d  no t  show any s h i f t  on cool ing  the  c r y s t a l  

i q d i c a t i n g  the r sby  t h a t  they  are independent  of  Dq. 

Eg(C) a r e  d i f f e r e n t  i n  t h e  absence of  c o n f i e u r a t i o n a l  

4 -1 

4 4 

The B v a l u e s  for meta l  i ons  i n  c r y s t a l s  a r e  

sma l l e r  t han  f o r  f r e e  ions  and Jorgensen l4 a t t r i b u t e s  

t h i s  decrease  i n  B t o  cova len t  bonding i n  which meta l  d 

e l e c t r o n s  occupy a g r e a t e r  volume encompassing metal and 

an ion .  T h i s  expansion of t h e  e l e c t r o n  c louds  has  been 

termed t h e  Nephelauxetic e f f e c t .  The r a t i o  p(B/Bo) ,  o f  

t h e  Racah parameter  B f o r  t h e  ion  i n  the  comp1e.c t o  that 

o f  t h e  f r e e  ion Bo i s  a measure of meta l  - anion 
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ELECTRONIC ABSORPTION SPECTRUM OF Fe3+ 349 

TABLE - 3 

6 Energy express ions  f o r  some of  t he  s t a t e s  of d without  

c o n f i g u r a t i o n a l  i n t e r a c t i o n  

T r a n s i t i o n s  f r o m  Energy expres s ions  

-10 Dq + 10 B + 6 C 

-10 Dq + 18 B + 6 C 

10 Dq + 5 C 

1 3 B  + 5 C  

1 3 B  + 5 C  

covalency. From a cornparision of t h e  values presented  

i n  Table 4, i t  i s  seen t h a t  t h e  metal  - anion covalency 

i n  t h e  Ammonium perch lo ra t e  c r y s t a l  i s  more o r  l e s s  t h e  

same a s  t h a t  found i n  I r o n  ch lo r ide  o r  I ron  doped 

Ammonium c h l o r i d e  crystals. 
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350 LAKSIIMAN, VENKATA REDDY, AND LAKSHMANA RAO 

TABLE - 4 
3+ 

Values of B (ern-’) and f o r  Fe Ion i n  
some complexes 

-1 14 
R o  (Free- ion)  = 1085 cm (JorEensen ) 

3+ 
Fe : N%C1 645 0.59 

16 
h’rshrnan e t  a1 

3+ 
Present  work Fe : N H q C 1 0 4  615 0.57 

The assignments  f o r  t h e  bands a r e  made assuming 

cubic  c r y s t a l l i n e  f i e l d  f o r  the  Fe3+ion i n  the  c r y s t a l .  

S ince  no s p l i t t i n g .  of t h s  4 T l g  o r  4T2g bands could be 

observed i n  the  p re sen t  work, t he  s i t e  svmmetry o f  t h e  

Fe3+ ion  i n  the  Ammonium pe rch lo ra t e  c r y s t a l  could not  be 

e s t a b l i s h e d  wi th  c e r t z i n i t p .  However, t he  broad n a t u r e  

of  t he  4Eg band and the  d iscrepancy  i n  the  exper imenta l  

snd t h e o r g t i c n l  va lues  prosented  i n  Table 2 sugnes t  t h a t  

the  Fe3+ Jon i s  no t  e n t i r e l y  sub jec t ed  t o  a cubic  

c r y s t a l l i n e  f i e l d  but  may also be under  t h e  in f luence  o f  

a lowsr symmetry f i e l d .  
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