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ABSTRACT 

Resonance Raman s p e c t r a  o f  Mesoporphyrin I X  d ime thy le s t e r  

i n  s o l u t i o n  were ob ta ined  u s i n g  va r ious  wavelengths i n  t h e  

r eg ion  o f  e l e c t r o n i c  band I V .  V i b r a t i o n a l  d a t a ,  as w e l l  as 

v a r i a t i o n s  i n  t h e  d e p o l a r i z a t i o n  r a t i o s  and t h e  band i n t e n -  

s i t i es  wi th  e x c i t a t i o n  wavelengths were compared t o  t h o s e  

p r e v i o u s l y  o b t a i n e d  f o r  porphin .  The new d a t a  p rov ide  c o n f i r -  

mation o f  t h e  e x i s t e n c e  of  t h r e e ,  most probably p u r e l y  elec- 

t r o n i c  t r a n s i t i o n s  i n  band I V  of  bo th  Mesoporphyrin I X  

d i m e t h y l e s t e r  and porphin .  
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PLUS AND LUTZ 

RESUME 

L'ester  dimethylique de l a  m6soporphyrine IX (mesoPdme) 

es t  Btudie en d i f f u s i o n  Raman de resonance p a r  i r r a d i a t i o n  

dans l a  bande I V  du s p e c t r e  d ' abso rp t ion  ( e n t r e  441 ,6  e t  

514 ,5  nm). L e s  a u t e u r s  d i s c u t e n t  les f requences  des  bandes de 

v i b r a t i o n  observ8es,  les v a r i a t i o n s  de l e u r  i n t e n s i t e  e t  de 

l e u r  t aux  de p o l a r i s a t i o n  e t  les comparent B celles q u ' i l s  

o n t  obtenues p recedemen t  pour l a  porphine.  11s me t t en t  en 

evidence l ' e x i s t e n c e  de t r o i s  zones de resonance dans l a  bande 

I V  ( v e r s  5 0 5 ,  470 e t  4 5 9  nm) q u ' i l s  a t t r i b u e n t ,  come dans l e  

cas de l a  porphine,  Zi l a  presence  de t r o i s  t r a n s i t i o n s  Blec- 

t ron iques  pures  . Enf in  , i ls  montrent Bgalement que des &so- 

nances se produisent  s u r  des  sous-niveaux v i b r a t i o n n e l s  de 

l ' une  de ces t r a n s i t i o n s  a i n s i  q u e  s u r  c e r t a i n s  de l a  bande 111. 

INTRODUCTION 

I n  a r e c e n t  s tudy  of porphin s o l u t i o n s  by Resonance Raman 

(RR) s c a t t e r i n g  (1,  2 )  w e  sugges ted  t h a t  t h r e e  pu re ly  

e l e c t r o n i c  t r a n s i t i o n s  might occur  i n  abso rp t ion  band I V ,  i n  

a d d i t i o n  t o  t h e  p rev ious ly  recognized  v i b r a t i o n a l  s u b l e v e l s  o f  

band 111. W e  have now app l i ed  t h e  same technique  t o  band I V  o f  

Mesoporphyrin I X  d ime thy le s t e r  (mesopdme) ( 3 )  , i n  an a t t empt  to 

confirm t h e  r e s u l t s  ob ta ined  f o r  porphin.  The p r e s e n t  a r t ic le  

d e a l s  wi th  a more d e t a i l e d  d i scuss ion  and comparison of t h e  

e x i s t i n g  v i b r a t i o n a l  and e l e c t r o n i c  d a t a  f o r  porphin and 

mesoPdme. 
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MESOPORPHYRLN IX DIMETHnESTER 

EXPERIMENTAL 

MesoPdme (Koch-Light) , checked f o r  p u r i t y  by t h i n  l a y e r  

chromatography on Kiese lguhr  (4) and by u l t r a v i o l e t  and v i s i b l e  

abso rp t ion  spec t r a ,  w a s  used wi thou t  f u r t h e r  t r ea tmen t  , d i s s o l a  

i n  carbon t e t r a c h l o r i d e  or dimethyl formamide (DMF) , and vacuum 

degassed. Concent ra t ions  were about 4 M. 

Spec t roscopic  methods, a s  w e l l  as t reament  o f  s p e c t r a l  

d a t a  - i nc lud ing  c o r r e c t i o n s  f o r  r eabso rp t ion  and s p e c t r a l  

s e n s i t i v i t y  o f  t h e  appara tus  - were i d e n t i c a l  t o  those  used f o r  

porphin (1, 2). 

F i n a l l y ,  abso rp t ion  s p e c t r a  of samples run i n  a series o f  

Raman experiments d i d  n o t  show any n o t i c e a b l e  i r r a d i a t i o n  

e f f e c t .  

RESULTS AND DISCUSSION 

The v i s i b l e  absorp t ion  spectrum of mesopdme is reproduced 

on f i g u r e  1, t o g e t h e r  w i th  t h e  p o s i t i o n s  of t h e  i r r a d i a t i n g  

wavelengths,  i nc lud ing  t h e  441,6 nm l i n e  of an He-Cd l a s e r .  

F igure  2 shows RR s p e c t r a  of mesoPdme ob ta ined  under 

472,7 nm i l l u m i n a t i o n ,  i n  p a r a l l e l  and pe rpend icu la r  

p o l a r i z a t i o n s .  

Our s p e c t r a  obta ined  under 488 nm i l l u m i n a t i o n  a r e  i n  

good agreement wi th  t h e  RR spectrum o f  s o l i d  mesoPdme r e c e n t l y  

publ i shed  by Verma and Berns t e in  ( 5 ) .  
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MESOPOWHYRIN IX DIMETHYLESTER 

Atxc =L12,1 nm 

Figure  2 : RR s p e c t r a  of mesoPdme i n  DMF a t  472 .7  nm. Dotted 

a r e a s  : Raman spectrum of t h e  c e l l  g l a s s .  x : DMF 

bands.  

V i b r a t i o n a l  f r equenc ie s  

Table I i n d i c a t e s  t h e  v i b r a t i o n a l  f r equenc ie s  observed f o r  

mesoPdme i n  t h e  0-1800 cm-' r eg ion .  A number of t e n t a t i v e  

c o r r e l a t i o n s  wi th  RR f r equenc ie s  of porphin i n  s o l u t i o n  a r e  

proposed, based  n o t  on ly  on t h e  comparison of t h e  observed 

f r equenc ie s ,  b u t  a l s o  on t h e  d e p o l a r i z a t i o n  r a t i o s  found f o r  t h e  
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PLUS AND LUTZ 
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- 
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cm-1 - 
240 
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740 
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985 - 
- 
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1135 

1225 
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1345 

1550 
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- 
- 

PHEOPHYTIN 
RR ( r e f .  7 

P : polar ized ,  aP : anomalously polarized,  dP : depolarized, E : r e l a t i v e  
i n t e n s i t y  <l. Relative intenuitiem on F l e v e l s  are I, o r  I* , according t o  
the po lar iza t ion  s t a t e  o f  the  band under the same condit ions o f  exc i ta t ion .  
-x . RR bands of pheophytin omitted, s e e  ref.7. 

two molecules on irradiation of t h e i r  F l e v e l  (see below), and, 

in some cases,  the ir  r e l a t i v e  i n t e n s i t i e s .  
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MESOPORPWRIN IX DIMETHYLESTER 

W e  have p rev ious ly  noted  (1) t h a t  t h e  RR s p e c t r a  of 

porphin inc luded  a l l  t h e  f r equenc ie s  observed i n  t h e  f l u o r e s -  

cence Shpo l sk i i  s p e c t r a .  In  table I w e  have compared t h e  RR 

f r equenc ie s  of mesoPdme wi th  t h e  v i b r a t i o n a l  f r equenc ie s  

ob ta ined  from t h e  q u a s i l i n e a r  f luo rescence  s p e c t r a  of pro to-  

porphyr in  ( 6 ) .  Taking i n t o  account t h e  chemical d i f f e r e n c e s  

between the two molecules,  t h e  agreement appears s a t i s f a c t o r y .  

As f o r  porphin ,  t h e  RR s p e c t r a  con ta in  more l i n e s  than  the 

Shpo l sk i i  s p e c t r a  : it  is n o t  p o s s i b l e  t o  dec ide  a t  p r e s e n t  

whether t h i s  d i f f e r e n c e  is  simply due t o  t e c h n i c a l  f a c t o r s ,  

o r  i f  i t  has  a t h e o r e t i c a l  b a s i s .  Besides,  i n  table I, 

t e n t a t i v e  c o r r e l a t i o n s  are a l s o  proposed wi th  t h e  RR frequencies 

o f  pheophytin a and b ( 7 ) .  Despi te  their c h l o r i n  s t r u c t u r e  and 

their f i f t h  c y c l e ,  t h e s e  molecules e x h i b i t  a h igh  number of 

p l a u s i b l e  c o r r e l a t i o n s  wi th  RR f requencies  of porphin and of 

mesopdme i n  t h e  1100-1600 c m - l  r eg ion ,  where s t r e t c h i n g  motions 

o f  t h e  t e t r a p y r r o l i c  bonds a r e  expected. 

More i n t e r e s t i n g l y ,  t h e  RR f r equenc ie s  cannot as a r u l e  be 

c o r r e l a t e d  wi th  the I R  f requencies  o f  mesoPdme, as w a s  a l s o  

found f o r  Dqh porphin (8). This  is  shown i n  f i g u r e  3 f o r  t h e  

1000-1800 cm-' r eg ion ,  and i n d i c a t e s  t h a t  mesoPdme r e t a i n s  an 

e f f e c t i v e  symmetry which i n c l u d e s  an inve r s ion  c e n t e r ,  t h a t  i s  , 
D q h ,  C q h ,  o r  Ci. A s i m i l a r  mutual exc lus ion  between I R  and 

R a m a n  a c t i v i t i e s  w a s  a l s o  observed f o r  meta l loporphyr ins  whose 

formal symmetry exc ludes  an i n v e r s i o n  c e n t e r ,  b u t  which posses s  

an appa ren t ly  unper turbed  double bond system ( 9 ) .  
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PLUS AND LUTZ 

r------ 
t- 

I l l  1 1  I 1 1 1 1 1 1 1 1 1 1 1 1  

Ad, cm' 

1800 1700 1600 1600 1400 1300 1200 1100 1001 

Figure  3 : P a r t i a l  I R  s p e c t r a  o f  mesoPdme, A : i n  V o l t a l e f ,  

B : i n  Nujol.  

DMF ; Xexc = 4 6 5 . 8  nm. DMF bands are shaded. 

C : RR spectrum (IH of MesoPdme i n  

Var i a t ions  o f  d e p o l a r i z a t i o n  r a t i o s  

W e  have c a l c u l a t e d  where p o s s i b l e  t h e  d e p o l a r i z a t i o n  

r a t i o s  of fou r t een  bands of mesopdme f o r  each of t h e  t e n  i r ra-  
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MESOPORPHYRIN LX DIMETHYLESTER 

d i a t i o n  wavelengths. Typica l  p l o t s  of t h e s e  ratios a g a i n s t  

i r r a d i a t i o n  wavelength a r e  reproduced i n  f i g u r e s  4 and 5.  

LLl,6 L545L579 L65eL777L795 LO0 L96,S sOr,7 S l y  

LLO L ~ O  460 170 Lao L ~ O  500 510 520 

Figure 4 : Var ia t ions  of d e p o l a r i z a t i o n  r a t i o s  wi th  e x c i t a t i o n  

wavelength. From t o p  t o  bottom : classes b), d) 

and a ) .  
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PLUS AND LUTZ 

27 72@5 2W 2%550l,7 5 1 6  
I I 1 I I 1 

440 450 460 470 480 490 500 510 520 

Figure 5 : Var ia t ions  o f  d e p o l a r i z a t i o n  r a t i o s  wi th  
A cxc. nm. 

e x c i t a t i o n  wavelength - class c ) .  

W e  t e n t a t i v e l y  d i s t i n g u i s h  4 t ypes  of v a r i a t i o n  of 

P O e x c )  : 

a) Bands p o l a r i z e d  throughout t h e  e x c i t a t i o n  range and having 

no maximum around 505 nm : 1550 and 1617 cm” ( f i g .  4). 

b) Bands having one maximum of  anomalous p o l a r i z a t i o n  ( p >  a) 3 i n  

t he  505 nm range ,  that  is, c l o s e  t o  t h e  F l e v e l  (see be low) ,  

and p o l a r i z e d  i n  t h e  remaining s p e c t r a l  r eg ions  : 1120, 1160 

and 1365 cm-’ ( f i g .  4 ) .  
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MESOPORPHYRIN IX DIMETHYLESTER 

c) Bands anomalously p o l a r i z e d  throughout t h e  e x c i t a t i o n  range : 

1326 c m - l  ( f i g .  5). Also, t h e  1390 and 1590 c m - l  bands,  wi th  

very  low I) i n t e n s i t i e s ,  most probably be long  t o  t h i s  t ype .  

d )  Po la r  

probably 

1267 and 

the las t  

zed bands having  a maximum i n  p a t  about 505 nm, which 

remains under 0.75 : 2 4 0 ,  664, 733, 765,  970, 1 2 2 2 ,  

1481 cm-' ( f i g .  4 ) .  Some of t h e s e  bands,  p a r t i c u l a r l y  

one, may a c t u a l l y  be long  t o  types  a) o r  b). 

Four o t h e r  bands, a t  322 ,  480, 9 2 1  and 1595 cm-', which 

have very  low IL i n t e n s i t i e s  can most probably be  inc luded  i n  

one of t h e  3 groups a) , b)  , or d)  . 
This  c l a s s i f i c a t i o n  d i v i d e s  RR v i b r a t i o n s  o f  mesoPdme i n t o  

f o u r  c a t e g o r i e s  wi th  r e s p e c t  t o  t h e i r  symmetry p r o p e r t i e s  .Even 

i f  one assumes t h a t  a l l  t h e  bands of c l a s s  d )  can be  inc luded  

i n  c a t e g o r i e s  a) and/or b ) ,  t h e  e x i s t e n c e  of a t  least  t h r e e  

d i s t i n c t  c a t e g o r i e s  s t r o n g l y  sugges t s  t h a t  mesoPdme r e t a i n s  an 

e f f e c t i v e  Dlh symmetry ( f o u r  Raman a c t i v e  symmetry t y p e s )  

r a t h e r  than a C2h o r  Ci symmetry (two and one Raman a c t i v e  

types  , r e s p e c t i v e l y )  . 
L i m i t s  may be s e t  f o r  t h e  v a r i a t i o n s  o f  p f o r  a v i b r a t i o n  

of a given symmetry type  be longing  t o  a given p o i n t  group by 

making use  o f  the elementary s c a t t e r i n g  t e n s o r s  t a b u l a t e d  by 

McClain ( 1 0 ) .  For t h e  D2h p o i n t  group, t o t a l l y  symmetric 

v i b r a t i o n s  ( A  ) should  remain p o l a r i z e d ,  whi le  non t o t a l l y  

symmetric Raman a c t i v e  v i b r a t i o n s  ( B  ) sou ld  have p b  a . 
Classes a ) ,  c) and d)  de f ined  above r e s p e c t i v e l y  f i l l  t h e s e  

requirements f o r  mesopdme. However, a s  i n  t h e  case  o f  porphin,  

bands of class b) behave i n  a way which i s  c o n t r a d i c t o r y  wi th  

an e f f e c t i v e  D2h symmetry f o r  mesoPdme i n  i t s  ground and lower 

5 
3 

i g  
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PLUS AND LUTZ 

e x c i t e d  states (1).  We leave t h i s  ques t ion  open f o r  t h e  present, 

inasmuch as t h e  fo l lowing  d i scuss ion  does n o t  invoke t h e  

e f f e c t i v e  symmetry of mesoPdme. 

Var i a t ions  of band i n t e n s i t i e s .  

Var i a t ions  of I,, and IL with  i l l u m i n a t i n g  wavelength were 

followed f o r  fou r t een  of t h e  twenty t h r e e  RR bands observed 

f o r  mesoPdme. For s i x  o t h e r  bands,  on ly  11, o r  II v a r i a t i o n s  

could be s t u d i e d ,  t h e  o t h e r  component be ing  t o o  weak t o  be  

measured wi th  any accuracy. The t h r e e  remaining f r equenc ie s  

795, 1205 and 1457 cm-’, corresponded t o  shou lde r s ,  o r  bands 

with very weak 11, and I* i n t e n s i t i e s .  F igure  6 shows t h e  

complete series of s p e c t r a  i n  

Figure 7 shows r e p r e s e n t a t i v e  e x c i t a t i o n  p r o f i l e s  f o r  t h r e e  of 

t h e  bands s t u d i e d t o n  a loga r i thmic  i n t e n s i t y  scale. 

t h e  1280-1480 c m - l  r eg ion .  

For most o f  t h e  34 p r o f i l e s ,  3 maxima i n  i n t e n s i t y  a r e  

observed a t  about 505 2 2, 470 5 2 and 459 2 4 nm ( f i g .  7 ,  8 ) .  

Using t h e  n o t a t i o n  employed p rev ious ly  f o r  porphin ( 2 )  , t h e s e  

w i l l  be r e f e r r e d  t o  h e r e a f t e r  a s  t h e  F, L and S maxima. 

The F maxima are gene ra l ly  very s t r o n g  and t h e  L maxima 

a r e  a l s o  e a s i l y  observed, whereas t h s  S maxima are weaker and 

hence less p r e c i s e l y  located : as i n  t h e  c a s e  of porphin ,  t h e s e  

l a s t  appear c l e a r l y  f o r  on ly  a h a l f  of t h e  bands s t u d i e d .  

some e x c i t a t i o n  p r o f i l e s  e x h i b i t  one o r  t w o  supplementary 

maxima, e .g .  t he  I 

t h e s e  maxima appear t o  have a v a r i a b l e  p o s i t i o n  depending on 

t h e  band s t u d i e d  (F ig .  8 ) .  

p r o f i l e  of band 765 c m - l  (F ig .  7 ) ,  and !I 
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MFSOPORPHYRIN Lx DIMETHYLESTER 

J! 
d 
J 

I 

i 

f L76,5nm 

Figure  6 : P a r t i a l  RR s p e c t r a  of mesoPdme i n  DMF (1300 t o  

1450 c m - ' ) ,  441,6 t o  501,7 nm e x c i t a t i o n .  

n : DMF bands.  

F i n a l l y ,  most of t h e  bands i n c r e a s e  smoothly i n  i n t e n s i t y  

below 455 nm, most probably  on account  of preresonance  i n  t h e  
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PLUS AND LUTZ 

'F 

3001 

200 

10M 

101 

11 

I I 1 I 1 I I I 1 
LUI 450 460 Lm LBO 1.90 500 510 520 

A axe. nrn 

Figure 7 : Exc i t a t ion  s p e c t r a  f o r  t h e  2 4 0 ,  765 and 1120  -1 c m  

bands o f  mesoPdme i n  DMF. Relat ive i n t e n s i t i e s ,  

co r rec t ed  f o r  Instrumental  s e n s i t i v i t y  and reabsorp- 

t i o n .  Black circles : experimental  values.  White 

circles : values  ca l cu la t ed  from I) =A. 
P 
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A m  nm. 

Figure 8 : Exci tat ion spec tra  f o r  6 RR bands of mesoPdme i n  

DMF. Corrected i n t e n s i t i e s .  Individual ordinate  

s c a l e s  are t rans la ted  i n  order t o  show t h e  d i sp la -  

cement o f  the  secondary maxima I11 (0-1) with the  

frequencies of the bands under cons iderat ion.  
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PLUS AND LUTZ 

S o r e t  band sys tem (F ig .  1 ) .  F igure  9 d e p i c t s  t h e  p o s i t i o n s  of 

a l l  t h e  observed  i n t e n s i t y  maxima (upper s e c t i o n )  , i n  r e l a t i o n  

t o  t h e  observed e l e c t r o n i c  spectrum of  mesoPdme ( lower  s e c t i o n ) .  

gL-&-an_a-s-@&ma : These t h r e e  maxima occur  a t  t h e  same wave- 

l e n g t h s ,  r e g a r d l e s s  of  t h e  frequency of t h e  Raman band under 

c o n s i d e r a t i o n .  Previous  obse rva t ions  (11) and t h e o r e t i c a l  

p r e d i c t i o n s  (12)  have i n d i c a t e d  t h a t  a g iven  Raman frequency 

A v R  may e x h i b i t  a resonance maximum when e x c i t e d  a t  t h e  f r e -  

quency v of a pu re ly  e l e c t r o n i c ,  allowed t r a n s i t i o n ,  and a l s o  

a t  t h e  frequency vo + A v R  of t h e  cor responding  v i b r a t i o n a l  

s u b l e v e l  of  t h a t  t r a n s i t i o n .  As i n  t h e  case  of porphin ( 2 )  , t h e  

F, L and S maxima a r e  t h u s  l i k e l y  t o  correspond t o  pu re ly  

e l e c t r o n i c  t r a n s i t i o n s  p r e s e n t  i n  band I V  of  mesoPdme. This  

hypo thes i s  i s  i n  c o n t r a d i c t i o n  wi th  t h e  c u r r e n t  i n t e r p r e t a t i o n  

o f  t h e  e l e c t r o n i c  s p e c t r a  o f  porphyr ins ,  which a s s i g n s  band I V  

t o  v i b r a t i o n a l  s u b l e v e l s  of band I11 (13, 1 4 ) .  For mesoPdme, 

as f o r  porphin ,  t h e  F and L l e v e l s  correspond t o  f e a t u r e s  of  

band I V  observable  a t  room tempera ture .  However, l e v e l  S has  

n o  apparent  correspondence i n  t h e s e  c o n d i t i o n s .  

0 

Table I1 compares t h e  energy d i f f e r e n c e s  measured between 

t h e  F, L,  S and I11 t r a n s i t i o n s  of each o f  t h e  two molecules.  

The s e p a r a t i o n s  F-I11 and S-L a r e  s imi la r  f o r  b o t h ,  wh i l e  t h a t  

of the F and L l e v e l s  i s  g r e a t e r  f o r  mesoPdme than  f o r  porphin .  

This  e x p l a i n s  why t h e  o t h e r  t ypes  o f  i n t e n s i t y  maxima were 

more c l e a r l y  observed f o r  mesoPdme. 
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Figure 9:  
bands of mesopdme i n  DMF, relat ively to the absorption spectrum. 

Positions of maxima and shoulders of the excitation spectra of RR 
See t ex t .  
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PLUS AND LUTZ 

TABLE I1 

Energy d i f f e r e n c e s  between the  F, L,  S and I11 e l e c t r o n i c  

l e v e l s  i n  porphin and mesoporphyrin d ime thy le s t e r .  

S-L L-F F - I I IX  -1 AE, cm 

MesoPdme 510 1 4 7 0  950 

Porphin 545 645 1100 

1 1 

Other maximg : Figure  8 sugges t s  t h a t  t h e  h i g h e r  t h e  frequency 

of t h e  RR band under c o n s i d e r a t i o n ,  t h e  s h o r t e r  t he  wavelength 

a t  which t h e s e  secondary maxima appear.  We s u b t r a c t e d  t h e  

Raman frequency from t h e  abso lu te  frequency of  each o f  t h e s e  

maxima and p l o t t e d  the  corresponding wavelengths on f i g u r e  9 

( c r o s s e s ) .  I t  is  seen  from t h i s  f i g u r e  t h a t  t h e s e  wavelengths 

f a l l  i n t o  two c l e a r l y  de f ined  s p e c t r a l  r eg ions ,  one nea r  t h e  

maximum of  band 111, and one n e a r  t he  F l e v e l  a t  505 nm. 

Following t h e  conclus ions  o f  t h e  s t u d i e s  c i t e d  in t h e  preceding  

s e c t i o n ,  t h e s e  maxima may be i n t e r p r e t e d  a s  resonances on 

v i b r a t i o n a l  sub leve l s  of band 111, and of l e v e l  F. I n  ou r  

opin ion ,  t h i s  p o i n t  s t r o n g l y  confirms t h e  hypothes is  t h a t  l e v e l  

F a c t u a l l y  corresponds t o  a pure  e l e c t r o n i c  t r a n s i t i o n .  

The over lapping  of maxima and d i s c r e t e  e x c i t a t i o n  wave- 

l eng ths  e x p l a i n  why n e i t h e r  t h e  resonances on v i b r a t i o n a l  
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MESOPORPHYRIN IX DIMETHYLESTER 

s u b l e v e l s  of band I11 f o r  AvR s 765 cm-' nor  those  of 

t r a n s i t i o n  F f o r  AvR t 1160  c m - l  a r e  observed. 

Very r e c e n t  t h e o r e t i c a l  work (15)  has i n d i c a t e d  t h a t  

resonance of a Raman band a t  bo th  e x c i t a t i o n  f requencies  v 

and vo f AuR i s  r e s t r i c t e d  to t h e  c a s e  of non t o t a l l y  

symmetric v i b r a t i o n s  coupled t o  both ground and r e s o n a t i n g  

(vo)  e l e c t r o n i c  s t a t e s ,  whi le  resonance ( s )  of  t o t a l l y  

symmetric modes need n o t  co inc ide  wi th  e i t h e r  of t h e s e  t w o  

l e v e l s .  This  theory  should  apply t o  mesoPdme, and should  l e a d  

t o  t h e  same i n t e r p r e t a t i o n ,  i n  s o  f a r  a s  some exper imenta l  

evidence ( 1 6 )  i n d i c a t e s  t h a t  v i b r a t i o n a l  s t r u c t u r e  of ground 

and lower e x c i t e d  e l e c t r o n i c  s t a t e s  o f  t he  va r ious  porphyr ins  

should  n o t  be very d i f f e r e n t ,  and a l s o ,  a s  w e  showed above, 

t h a t  whatever t h e  e f f e c t i v e  symmetry o f  mesoPdme ( D 2 h ,  CZh o r  

ci) , non t o t a l l y  symmetric modes are a c t i v e  i n  t h e  p r e s e n t  RR 

s p e c t r a .  However, t h e  p r e s e n t  r e s u l t s  i n d i c a t e  t h a t  t o t a l l y  

symmetric v i b r a t i o n s  ( e .9 .  1550 and 1 6 1 7  c m - l )  a c t u a l l y  

r e sona te  a t  l e v e l s  F, L and S ,  a s  w e l l  as  a t  v i b r a t i o n a l  

sub leve l s  of band I11 ( f i g .  9 ) .  

0 

CONCLUSION 

By r e v e a l i n g  t h e  presence of f i v e  d i f f e r e n t  t ypes  of 

resonance enhancing l e v e l s  i n  band I V  of mesoPdme, t h e  p r e s e n t  

r e s u l t s  suppor t  ou r  prev ious  hypothes is  ( 2 )  t h a t  band I V  o f  

metal  free porphyr ins  is  more complex than  i t  has  been qenera l -  

l y  suspec ted  ; t h i s  band probably inc ludes  n o t  on ly  v i b r a -  

t i o n a l  sub leve l s  of band 111, b u t  also t h r e e  pu re ly  e l e c t r o n i c  
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PLUS AND LUTZ 

t r a n s i t i o n s ,  and v i b r a t i o n a l  s u b l e v e l s  o f  a t  l eas t  o n e  o f  t h e s e  

( F ) .  A s  f a r  as mesoPdme is concerned ,  new v i b r a t i o n a l  d a t a  are  

r e p o r t e d  : and t h e  new e x c i t a t i o n  p r o f i l e s  o b t a i n e d  f o r  d e p o l a -  

r i z a t i o n  ra t ios  , a l t h o u g h  n o t  y e t  f u l l y  i n t e r p r e t e d ,  s u g g e s t  

t h a t  mesoPdme i n  s o l u t i o n  which p r o b a b l y  r e t a i n s  an i n v e r s i o n  

c e n t e r ,  may assume an  e f f e c t i v e  D2h  symmetry.  
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