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Studies on the  Photoacoustic Spectrum of Crystal of an 

Amino-Acid Copper Complex ICu(L-Phe)(O-Phen)(IEO)INO..IM 

LI Jianmin. Xu Ming. Yang Min. Zhang Yugeng 

Department of Chemical Physic6,University of 

Science and Technology of China,IIeifei.Anhui, 

230026,P.R.China 

ADSTRACT: 

C r y s t a l  of an  amino-acid copper complex [Cu(L-Phe)(O-Phen) 

(IIYO)]NOI 11x0 was syn thes i zed ,  and  i t s  photoacous t ic  spec t rum 

was recorded u n d e r  room tempera ture .  A semi-empirical method of 

coord ina te- f ie ld  t h e o r y  was u t i l i zed  t o  c a l c u l a t e  t h e  d-d 

t r a n s i t i o n  e n e r g y .  With t h e  r e s u l t s ,  we exp la ined  t h e  s p e c t r u m  

satisfactorily. 

INTRODUCTIONS: 

Meta l  p r o t e i n s  a r e  of g r e a t  s i g n i f i c a n c e  i n  l i r e  a c t i v i t i e s .  

Many m e t a l  p r o t e i n s  a c t  as  h i g h  s e l e c t i v e . h i g h  e f f i c i e n t  c a t a l y s t s  

i n  b io log ica l  p r o c e s s e s  i n  l i v i n g  b o d i e s [ l ] . O t h e r  m e t a l  p r o t e i n s  

( l i k e  f e r rohemog1ob in )a re  good oxygen  s u p p o r t  i n  r e s p i r a t i o n s . A s  

simple models of meta l  p ro t e ins ,  many amino-acld me ta l  complexes 

are synthesized and researched[2][31. 

In r e c e n t  y e a r s , p h o t o a c o u s t i c  measurements  have  been  widely 

used  t o  i n v e s t i g a t e  t h e  chemica l  a n d  phys ica l  p r o p e r t i e s  Of a l m o s t  

a l l  k inds  of s amples . the  p recedence  l i e s  i n  t h a t  i t  e n a b l e s  t h e  

s c i e n t i s t s  t o  o b t a i n  s p e c t r u m s  of a n y  t y p e  of s o l i d s , w h e t h e r  i t  is 
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828 LI ET AL. 

c r y s t a l l i n e .  powder o r  g e l .  T h e o r e t i c a l l y .  if t h e  sample  i s  n o t  

luminescent ,  t h e  pho toacous t i c  spec t rum will co inc lde  with t h e  

electronic absorption spectrum. 

EXPERIMENTAL: 

The object complex was synthes ized  according to  a method 

submi t ted  by Ref[5j. Photoacous t ic  spec t rum was recorded  In t h e  

reg ion  300-800nm under  room t empera tu re .  t h e  exc i t a t ion  source  was 

a 500W xenon lamp. The l ight source was modulated by a var iab le  

speed  mechanical chopper a t  a frequency of 12112. The acoustic 

s igna l  was de t ec t ed  wi th  t h e  sample placed in  a locally bui l t  

pho toacous t i c  ce l l  f i t t e d  wi th  a n  ERM10 e l e c t r e t  microphone.The 

o u t p u t  s igna l  was normalized f o r  changes  in  lamp i n t e n s i t y  us ing  a 

carbon-blank reference. 

RESULTS AND DISCUSSIONS: 

1.Description of the molecular structure: 

The  s p a c e  c o o r d i n a t e  cond i t ion  of [ C u ( L  - P he  (0 - P he  n ) ( IizO ) I 

N O a .  1 1 x 0  is shown i n  F1gure l l l .To  make i t  conven ien t  i n  t h e o r e t i c a l  

c a l c u l a t i o n . w e  d e s c r i b e  t h e  s t r u c t u r e  in  a pole coord ina te  sys t em 

.the values are given in Tablel. 

2.Theoretical calculation and spectrum resolution 

The  pho toacous t i c  s p e c t r u m  i s  g iven  in  Figurel2j.We can  s e e  a 

broad  i n t e n s e  peak i n  16060cm-1 and  a r e l a t ive ly  s h a r p  peak in 

30300~m-~.  

F i r s t l y . t h e r e  i s  a r e l a t i v e l y  s h a r p  p e a k  i n  n e a r  u l t r a v i o l e t  

r eg ion . the  r e s e a r c h e s  on t h e  pho toacous t i c  spec t rum sugges t  t h a t  

i t  Is no t  a u l t r a v i o l e t  a b s o r p t i o n  of t h e  n ob i t a l  abso rp t ion  of  

t h e  1igands.We a t t r l b u t e  t h i s  peak  t o  t h e  LMCT t r a n s i t i o n  from t h e  

n o b l t a l s  of t h e  l i gands  t o  t h e  d o b i t a l s  of c e n t r a l  ion Cu(I1) 

161. We a t t i bu te  the  broad in t ense  peak In 1 6 0 5 0 ~ m - ~  t o  t h e  d 

o b i t a l s  e l e c t r o n i c  t r a n s i t i o n  of t h e  c e n t r a l  i on  Cu(I1). The  
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AMINO-ACID COPPER COMPLEX 829 

Fig. 1 .  Simplified space structure 

TABLE 1 

The data of the crystal structure of [Cu(L-ArgH)r (Ac)Y 1 3 H r O  

R ( A )  1 . 9 2 7  2 . 0 0 4  2 . 0 1 0  1 . 9 6 8  2 . 2 1 3  

e(deg.) 103.9 9 6 . 4  9 2 . 4  9 4 . 1  0 

I (deg. ) 1 8 9 . 7  2 6 1 . 8  0 8 2 . 9 .  / 
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TABLE 2 

Valuas of d-d t r a n s i t i o n  e n e r g y ( u n i t : c m - l )  

Peak t r a n s i t i o n  e n e r g y  v a l u e  

Vl 7019 
VL 12830 
V r  1 4 5 4 2  
V4 16995  

spectrum i s  not sharp  peaks caused by s p l i t  d-d energy gap a s  

we. a n t i c i p a t e d .  I t  i s  caused  by t h e  fo l lowing  r e a s o n s : l . C r y s t a i  

g r a t i n g  v ib ra t ions .  The  v i b r a t i o n s  make t h e  d i s t a n c e s  be tween t h e  

c e n t r a l  ions  and  t h e  coord ina te  atoms change  quick ly  in a c e r t a i n  

region, which makes t h e  coord ina te  f ie ld  i n t e n s i t y  change  in a 

c e r t a i n  reg ion .  2 . Jahn-Te l l e r  e f f e c t .  3 .The  low symmetry of t h e  

coord ina te  f ie ld  makes t h e  d e n e r g y  l e v e l  s p l i t . I t  Is n e c e s s a r y  

t o  e x p l a i n  t h e  spec t rum in  details .We now u t i l i z e  a semi-empir ica l  

method PLFT(7-111 of t h e  coord ina te  f i e l d  t h e o r y  t o  c a l c u l a t e  t h e  

d energy level. 

PLPT i s  s u c h  a s o f t w a r e  pack:  P o i n t  e l e c t r i c  c h a r g e - e l e c t r i c  

d ipole  model a r e  a d o p t e d ;  Under  c e n t r a l - f o r c e  f i e l d  a p p r o x i m a t i o n ,  

r a d i a l  wave  func t ions  of non-freedom t r ans i t i on -me ta l  ions  a r e  

de t e rmined .  With s t r o n g - f i e l d  d i s p o s a l  o f  t h e  Coord ina te  t h e o r y ,  

FORTRAN77 s t r u c t u r a l  l anguage  i s  u t i l i z e d  t o  wr i t e  t h e  s o f t s a r e .  

In t h i s  software there  Is only one  adap tab le  parameter - the  

convalency  f ac to r  g*, which is be tween 0 . 8  t o  1.0. So fa r  t h e  

so f tware  pack h a s  success fu l ly  exp la ined  spec t rum p rope r t i e s  o f  

more than one hundred transition-metal complex crystalsl41. 

The  pa rame te r s  o f  t h e  c r y s t a l  f i e ld  a n d  e l ec t ron ic  energy  

level a re  calculated and the the values are shown in Table 2. 

E l e c t r o n i c  abso rp t ion  spec t rums  of o t h e r  amino ac id-copper  

complexes  were s tud ied1  12l . I t  was conc luded  t h a t  t h e  i n t e n s i t y  a n d  
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AMINO-ACID COPPER COMPLEX 83 1 

t h e  pos i t i on  of t h e  broad peak a r e  genera l ly  determined by v z  

a n d  V I  t r a n s i t i o n s .  whfch c o i n c i d e s  w i t h  our  r e su1 t s :The  p o s i t i o n  

of t h e  broad peak 16060cm-' is J u s t  between V d 1 4 5 4 2 ~ m - ~ )  

a n d  V1(16996cm-~) .  The  p h o t o a c o u s t i c  s p e c t r u m  Is s a t i s f a c t o r i l y  

e x p l a i n e d .  Re i l l31  a s sumed  t r a n s i t i o n s  VI a n d  VY a r e  de te rmined  

by a c e r t a i n  space  inh ib i t ion .  so f a r  t h e  a s sumpt ion  h a s  n o t  been  

p r o v e d  t h e o r e t i c a l l y . I n  f a c t . t h e  i n t e n s i t y  d i s t r i b u t i o n  of  t h e  d - d  

e l ec t ron ic  t r a n s i t i o n  h a s  no t  been exp la ined  by a success fu l  

theory. 
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