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ON THE LOCATION OF THE dLECTRJNIC TULJSITI3NS 

OF CHLOROPHYLL "Ai' AND PROTOCHLOROPHYLL Ic-4ii 

DEPENDING Oil THE DEGREE i)F SOLVwTE STATE 

M.V.Belkov and A.P.Losev 
I n s t i t u t e  of Physics, Byelorussian Academy 

of  Sciences , Unsk ,  USSR 

A BS TRACT 

Anisotropy of op t i ca l  t r a n s i t i o n s  of monosolvate 

and d iao lva te  species  of chlorophyll  l1aii (Chl) ana pro-  

tochlorophyl l  "a" (PChl) have been inves t iga ted  wing 

fluorescence po la r i za t ion  (FP),  c i r c u l a r  d ichro isn  (c3) 

md magnetic Ci rcu lar  dichroism (YCD).  The Q,(o-o) 

t r a n s i t i o n  of monosolvate spec ies  is found at 621-630 

nm, while the Q,(o-o) t r a n s i t i o n  of Chl d i so lva te  ape- 

c iea  at 639-642 nm. Therefore, previously accepted as- 

signment of the Chl Q,(o-o) t r a n s i t i o n  ks not cor rec t .  

The longest wavelength t r a n s i t i o n  of PChl is assigned 

t o  Q,(O-O). 

The most pronounced s p e c t r a l  change i n  converaion 

from monosolvate t o  d i so lva te  spec ies  is an i n t e n s i t y  
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654 BELKOV AND LOSEV 

increase  I n  the Chl Q,(o-o) t r a n s i t i o n  and i n t e n s i t y  

decrease i n  the  PChl Q ( 0 - 0 )  t r ans i t i on .  Y 
Correlat ion of the t r a n s i t i o n  or len ta t ione  and 

eigns of the correeponding absorpt ion bands i n  the CD 

and YCD spec t r a  of pigment8 hae been discovered. 

The data obtained c r e a t e  the experimental b a s i s  

for the f u r t h e r  t heo re t i ca l  ca lcu la t ion8  of the elec- 

t ron ic  s t r u c t u r e  of Chl and Its der iva t ives ,  

Speatroecoplc e tudlee of porphyrina, chlorophylls 

and t h e i r  der iva t lvee  ehow tha t  e l ec t ron ic  abaorptlon 

spec t r a  of these moleculee are due t o  four  e l ec t ron ic  

t r a r r s i t i o ~ 1 ' 2 .  Two of them belong t o  the Soret  band 

and two others  l i e  i n  the v i s i b l e  region and corres- 

pond t o  the exc i t a t ion  of the first and eecond s i n g l e t  

exci ted states of the  moleculee. Only the last two 

t r a n a l t i o m  have been dlscueeed i n  t h i s  paper. In ac- 

cordance with the  wel l  known deelgnatlon we denote 

these t r ana l t i one  aa Q,and Q 

-8. which un i t e  the  ni t rogen atoms of the i?, and @ , 
and 

ly.  The ava i lab le  s p e c t r a l  

energy of  the Q, and Qy t r ana l t i ona  is determined by 

the coordination s t a t e  Of the  Mg atom i n  the molecule. 

Usually, the Mg atom has the coordination number 5 

Where X and Y a r e  the  Y' 

and @ pyrrole  rings Of the pigments, respect iv-  

* 5  i nd ica t e  tha t  
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LOCATION OF ELECTRONIC TRANSITIONS 655 

and is solvated by one molecule of the solvent5.  Chl, 

dissolved in d ie thy l  e the r ,  ie used as an example of 

monoeolvate species  of the  pigment. The s t a i r c a s e  of 

t h e  bands growing in In t ens i ty  before the Q ( 0 - 0 )  tran- 

e i t i o n  is t yp ica l  f o r  the absorpt ion spec t ra  of mono- 

so lva te  species  of the  pigment. From the  MCD spec t r a  

the  Q ( 0 - 0 )  t r a n s i t i o n  i s  ueually assigned t o  the  ab- 

eorp t ion  band a t  575 nm and the Q y ( o - 0 )  t r a n s i t i o n  a t  

662 nm. 

Y 

X 

In  a highly p o l a r  so lvents  Mg has the coordinat ion 

number 6 and is  solvated by two molecules of  the  801- 

vent. Chl eolut ion i n  pyridine or alcohol  g l a s s  (mix- 

t u r e  of  d i e thy l  e the r ,  petroleum e t h e r  and ieopropanol 

in the  r a t i o  of 5 : 5 : 2, respec t ive ly ,  at 77’K) i s  

a t yp ica l  example of d ieo lva te  species  of the  pigment. 

It has been ehown by using the  FP method t h a t  i n  al- 

cohol g l a s s  (77’K) the  Q,(o-o) trglneit ion occurs at 

639 The comparison of the ava i lab le  data for 
monoaolvate and d ieo lva te  spec ies  of C h l  suggeste tha t  

t h e  Qx(o-o) t r a n s i t i o n  i s  highky sene i t l ve  t o  the  so l -  

va t a t ion  s t a t e  of the  molecule and by I700 cm” 

8hif t8  

However, theee g rea t  s h i f t e  a r e  usua l ly  observed 

i n  e s s e n t i a l  chemical modifications of the molecules . 
so i t  l e  u n l i k e  t ha t  such a weak per turba t ion  ae so l -  

va t a t ion  w i l l  induce such a g r e a t  change in the  e l ec t -  
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656 BELKOV AND LOSEV 

ronic band posit ion.  For the r e l i a b l e  i n t e r p r e t a t i o n  

of the e lec t ronic  t r ans i t i ons  of Chl molecules i n  va- 

r i o u s  s t a t e s  of so lva ta t ion  systematical  s tud ie s  of 

t he  t r a n s i t i o n  anisotropy using the FP, CD and MCD 

methods are necessary. The above problems a r e  discus- 

aed i n  t h i s  paper. The s imi l a r  inves t iga t ions  f o r  PChl, 

porphyrin predecessor of Chi* are of a c e r t a i n  in t e -  

r e s t ,  It i s  known t h a t  Q, and Q t r a n s i t i o n s  of por- 

phyrins ar9 quaai-forbidden. In  conversion from por- 

phyrin t o  ch lor in  (chlorophyl l )  only one transition 

is allowed which is s h i f t e d  t o  a long wavelength re-  

gion and in tens i f ied* .  A t  the same time the  second 

e l ec t ron ic  t r a n s i t i o n  is  almost unchangabled both i n  

energy and in t ens i ty  I**. These common r e g u l a r i t i e s  

may serve as the baeie for the  in t e rp re t a t ion  of elec- 

t r o n i c  t r a m i t i o n  i n  the PChl molecules. 

dXPERIMENTAL SECTION 

Y 

Chl  Itat' was obtained from drj n e t t l e  powder with 

a subsequent chromatographing on powdered sugar . Chl 

fla'tl, diastereoisomer of Chl I1att, w a a  obtained by b o i l -  

ling Chl tlafl i n  toluene w i t h  a subeesuent rechromato- 

graphing the samples on powedered sugar by the  mixtu- 

r e  of t he  petroleum e the r  and propanol ( 0 , 5 % ) .  

6 

It should be noticed that infrared and e lec t ro-  

n i c  absorption Spectra and Quantum y i e l d s  of  f luores-  
6 cence o f  Chl "atr and fla'lr a r e  eesen t i a l ly  i d e n t i c a l  , 
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LOCATION OF ELECTRONIC TRANSITIONS 65 7 

They d i f f e r  0nI.Y i n  the FP’ and CO s p e ~ t ~ ( 1 ~ .  But t h e s e  

d i f f e r e n c e s ,  however, are n o t  of p r i n c i p l e  and con- 

sist i n  the  difference6 of t r a n s i t i o n  i n t e n c i t i e s ,  

PChl *larr was obtained from the cover 31‘ seeds  of 

Ecballium e la te r ium which conta ins  a high concentra- 

t i o n  of PChl. There a re  no t y p i c 5 1  admixtures such as 

~ ~ i n y l p r o t o c h l o r o p h ~ l l  and pratopheopnytin (FFheoj 

which tire usual ly  contained i n  t h e  t r e d i t i c n a l  source  

of PCh1,i.e. i n  t h e  cover of seeds of pumpkin6. &I 

a d d i t i o n a l  p u r i f i c a t i o n  of the  FChl was obtained by 

m u l t i p l e  rechromatographing the  samples on the  pocdc- 

red sugar using i n i t i a l l y  the  petroleum e t h e r  (40-70’2) 

and toluene (30%) mixtures ,  and then tke  petroleum 

e t h e r  and propanol (0 ,SW)  mixtures .  

S p e c t r a l l y  pure mesoporphyrin was kindly preaen- 

t e d  by A.M.Yhulga. 

The absorp t ion  s p e c t r a  were recorded by a *Y3F-IO” 

spectrophotometer.  The f luorescence  GpectrL wc-I e recLI - 
ded us ing  a V i ~ a - 5 5 ~ ~  spectrof luorometer .  The CD and 

MCD s p e c t r a  were recorded using a r 1 J ~ s c o - 2 0 r ~  spectropo- 

l a r i m e t e r .  The magnetic f i e l d  was d i r e c t e d  a x i h l l y  and 

i n  t h e  sense  of propagation Of t h e  l i g h t .  The f i e l d  

s t r e n g t h  “a5 8000 gaUSe. 

The FP s p e c t r a  were recorded with t h e  instrument  

d is igned  on t h e  base of two d i f f r a c t i o n  monochromators. 
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658 BELKOV AND LOSEV 

The spec t ra  wid th  a t  the axci to t ion  a d  record of the  

fluorescence was 1-3 nm. For the FP the e r r o r  *as 5-10%. 

RESULTS 

I. Chloroohyll "aot and "a ( I .  

- 
The s tud ie s  of t r ans i t l one  anieotropy of Chl "at' 

and "a I( gave eimilar r e su l t s .  It will be noted that 

the  Chl I*a 

CD and FP spectra .  Therefore, i n  f u r t h e r  discussion only 

t he  da t a  on Chl (la w i l l  be used, The absorpt ion,  f l u o -  

rescence and FP epectra  of Chl "a 

i n  Fig,IA. Independence of the fluoreecence spec t r a  

shape on the  exc i t a t ion  wavelength c o n f i r m  the f a c t  

t h a t  there  a r e  onlv one kind of f luorescent  molecules 

in the eo lu t ion ,  which are aesigned a8 ea r l i e r3 - '  t o  

d i so lva te  species  of Chl. 

Q, t r ans i t i ons  a r e  more expressive in t h e  

a t  77'K a r e  shown 

The negative values of the degree of FP (Fig.IA) 

of the band at 639 m i nd ica t e  tha t  the  t r a m i t i o n  d i -  

pole moment is perpendicular t o  the t r a n s i t i o n  dipole  

moments of the  Q y ( o - 0 )  and Q (0-1) bands. This r e s u l t  

may be accounted f o r  by two ways: I. The band at  639 nm 

belongs t o  inCOmpletelY eymmetrical v ib ra t iona l  s a t e l -  

l i t e  o f  the Q p ( 0 - 0 )  t r s ae i t i ono ;  2. The band a t  639 nm 

is the Q,(o-~) t r a m i t i o n ,  

Y 

The FP da ta  t e s t i f y  that the  first of the  euppo- 
i n  

e i t i o n s  is hardly probable. In f a c t  the fluorescence 
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LOCATION OF ELECTRONIC TRANSITIONS 659 
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A. Absorption ( ) and fluorescence 
(- -) spectra, excitation epectrum of FP 
(oooooo) and FP along the emission spectrum 
( o o o o o o )  of Chl lva'fg in alcohol glass at 77OK. 

(-- - - - --) epectra of Chl Ira' 
room temperature. 

B. Absorption ( ) ,  CD(- -) and MCD 
in pyridine at 
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660 BELKOV AND LOSEV 

s p e c t r a  t h e r e  is no m i r r o r  imaging a b s o r p t i o n  band t h a t  

corresponds t o  t h e  absorp t ion  band at 639 nm. The res t  

of t h e  region of t h e  f luoraecence s p e c t r a  i s  t h e  m i r r o r  

symmetrical t o  t h e  abeorp t ion  band. Moreover, t h e  FP 

3pectx-a. measured i n  t h e  r e g i o n  o f  f luorescence  band 

(A, ,  
ponds t o  t h e  nega t ive  p o l a r i z e d  band a t  639 nn i n  t h e  

e x c i t a t i o n  s p e c t r a  of  FP. 

669 nm) do not c o n t a i n  t h e  gap t h a t  cor res -  

These data permit t o  concludo t h a t  t h e  band a t  

639 nm belongs t o  t h e  Qx(o-o) t r a n s i t i o n .  

The analogous informEition m a y  b e  obtained from t h e  

C D  and MCD d a t a  (Fig.IB) of Chl lqa' t '  d i a o l v a t e .  In  

Fig.IB i t  ie obvious t h a t  t h e  signs of t h e  MCD spec t -  

rum of pyr id ine  eOlUtlOn8 of Chl co inc ide  w i t h  t h e  

s igna  of the  FP S F e C t r U  of Chl i n  a lcohol  g l a s s .  The 

first ( t h e  most wavelength) band i n  MCD spectrum of Chl 

is poei t ive .  This r e e u l t  is  t h e  p a r t i c u l a r  c a s e  of t h e  

common r u l e ,  t h a t  cOneist8 in t h a t  t h e  s i g n  of t h e  first 

band i n  MCD s p e c t r a  is always p o s i t i v e .  This rule has no 

except ions f o r  a l l  i n v e s t i g a t e d  MCD s p e c t r a  o f  both chlo-  

rophyl la  and porphyrine. The r e p o r t  in7 on t h e  nega t ive  

e i g n  of t h e  long wavelength band of some porphyrins  and 

i n  p a r t i c u l a r  meeoporphyrin i e  not  confirmed by our ex- 

periments. 

So in accordance with t h e  MCD data t h e  Q,(o-0) 

t r a n s i t i o n  of pyr id ine  s o l u t i o n  of  Chl i s  l o c a t e d  a t  
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LOCATION OF ELECTRONIC TRANSITIONS 661 

639 nm, The CD method as d i s t i n c t  from the  MCL) apparent- 

l y  " fee ls"  absolute  or ien ta t ion  of the t r a n s i t i o n s  i n  

respect  of the  molecule skeleton.  A de t a i l ed  ana lys i s  

of our r e s u l t s  and da ta  av t i i l ab le l~Svlo  on chlsro-  

p h y l l s  and t h e i r  der iva t ives  allows t o  suppose tha t  

t he  Q, t r a n s i t i o n s  always have the  pos i t i ve  CD s i g n  

and the  Q t r ans i t i ona  have the negative C D  s ign.  The 

assigning of  the t r a n s i t i o n s  of PChl and PPheo a r e  the 

exceptions t o  t h i s  ru le .  However, below the experimen- 

t a l  data w i l l  be given which a l low t o  propose the now 

assignments of the Q ( 0 - 0 )  and Q (0-0) t r a n s i t i o n s  of  
X Y 

PChl ,  confirming the  c0mmunit.v of the r u l e  about the CU 

s igns  of  the X and Y t r ans i t i ons .  

Y 

In  accordance w i t h  the  s igns  of  CD bands (Fig.IB) 

t he  Qx(o-o) transition of Chl corresponds t o  the  band 

a t  639 nm and i t s  v ib ra t iona l  s a t e l l i t e  t o  the band at 

595 nm. The energy d i f fe rence  between Q,(o-0) and Q,(o-I) 

ia about I200 cm". 

Therefore,  i t  i s  evident tha t  each 'of  the above 

methods gives  the same results. 

In order  t o  e s t a b l i s h  the  loca t ion  of the  Q,(o-0) 

t r a n s i t i o n  i n  the absorpt ion spec t r a  of monosolvate spe- 

c i e s  of  Chl the  search f o r  the  proper system of so lvents  

which provides r e t a in ing  the  s p e c t r a l  p roper t ies  of the  

monosolvated spec ies  of  t he  pigments a t  77OK and is good 

f o r  FP meaeurements has been c a r r i e d  out. The mixture of 
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662 BELKOV AND LOSEV 

c a e t o r  o i l  and d i e thy l  e t h e r  (1:I) a a t i e f i e e  theee re-  

quirements. The shape of fluoreecence epec t ra  of the  p ig -  

mente dissolved i n  the mixture of c a s t o r  o i l  and d i e t h y l  

e t h e r  doe8 not depend on the exc i t a t ion  wavelength. 

This i e  an evidence t h a t  there  ie only one kind of 

f:uorescent molecules i n  the mixture. For meaeure- 

msnte of the CD and YCD mpectra of Chl monoeolvate the 

e t h e r  eolut ione of the pigment were ueed. The r eeu l t e  

a r e  preeented in Fig.2. In order  t o  achieve b e t t e r  in- 

t e n e i t y  of  the  CD spec t r a  the o p t i c a l  densi ty  in the  

orange-yellow region of t he  abeorption epec t ra  wae 

about one. 

The exc i t a t ion  epectrsl o f  FP (FIg.2A) i nd ica t e  

t ha t  there  i e  a t r a n e i t i o n  i n  the  region of 630 nm and 

i t s  o r i en ta t ion  is eei3ential&y perpendicular t o  the  

o r i en ta t ion  of the Qv t ranoi t ions .  It w i l l  be observed 

t ha t  the  FP along the  fluoreecence epec t ra  remaiae 

nearly conatant. Thus, the t r a m i t i o n  a t  630 nm ie the  

Q ( 0 - 0 )  t r a n s i t i o n  of monoeolvate species  o f  Chl. It is 

almoat forbidden and covered by v ib ra t iona l  s a t e l l i t e  

of the  Qy(o-0)  t r w i t i o n .  
The MCD and CD data (FIg.2B) confirm the  conclu- 

eion that  the Q,(o-O) t r a n s i t i o n  is located at 621 on 

the long wavelength elope of the Qy(o-x) t r a m i t i o n .  

The band at 578 MI di f fe red  from the Q,(o-0) t r a n a i t i o n  

by about I200 Cm" can be a t t r i b u t e d  t o  the Q,(O-I) 

X 
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Fig. 2 

spectra, exc i tat ion spectrum of FP (oooooo 
and FP along the emission spectrum (oooooo 
of Chl "a'tt  i n  the mixturg of castor oil and 
diethyl  ether (1:I) at  77 K .  

A. Absorption (--J and fluoresoence (- 

B.  Absorption ( ) CD(- -) and MCD(------ 1 
spectra of Chl l'a'll in diethyl ether at room 
temperature. 
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664 BELKOV AND LOSEV 

t r a n e l t i o n  i n  accordance with the CD and MCD data. But 

i t  is d i f f i c u l t  t o  neglect that  the band a t  578 nm be- 

long t o  the t h i r d  e lec t ronic  t r a n s i t i o n ,  which is ori- 

ented in the  X di rec t ion .  Therefore, the r e e u l t s  ob- 

ta ined bear out the  f a c t  t h a t  the  previous in t e rp re t a -  

t i o n  of the Q,(O-O) t ransi t ion9*10 is not cor rec t .  The 

a i m i l a r  concluSioae are valid for some chlorophyll  do- 

r i v a t  ives  . 
The camparison of the absorption spec t ra  of Chl 

dissolved i n  e the r  and i n  pyridine shows t h a t  the most 

pronounced s p e c t r a l  change i n  conversion from monosol- 

va t e  t o  d iso lva te  species  is the  r i s e  of i n t e n s i t y  of 

the Q,(o-0) t r ans i t i on .  

The s t rong red s h i f t  of t h e  spectnim apparently 

connect with the  differences of the r e f r a c t i v e  ind ices  

of e t h e r  and pyridine.  Really, i n  so lvents  where the  

value of the r e f r ac t ive  index is high ( cas to r  o i l ) ,  

the  most wavelength maximum of the  monoaolvate Chl 

s h i f t s  t o  the 672 nm and coincides with the loca t ion  

of the abaorption maximum of d i so lva te  apeciee of Chl 

i n  pyridine. 

It is i n t e rea t ing  that the Q,(o-o) sh i f t s  more 

etronger  than Q Y ( o - o ) ,  and t h e i r  v ibra t iona l  s a t e l l i -  

t ea  eh i f  t e  exact ly  as the correaponding e lec t ronic  

t r ans i t i ons .  
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LOCATION OF ELECTRONIC TRANSITIONS 665 

2 .  Protochloroph.vl1 l l a l l  

The s tud ie s  of PChl in various solvents  she" tha t  

PChl has two cha rac t e r i s t i c  types of  the  absorpt ion 

spec t ra .  In the absorption spectrum o f  PChl i n  e t h e r  

one c m  observe two band 8.vstems I , 3 , 5  and 2.4.6 (Fig.3) 

These bands a re  sh i f t ed  r e l a t i v e  t o  each other  by about 

500 cm-l. BY analogs with  the Chl we ass ign  such type 

of the spectrum t o  mOnOSOlVate species  of PChl. While 

PChl is dissolved i n  pyridine,  a lcohol  glass o r  i n  the 

mixture of pyridine and alcohol ( 7 7 O K )  the absorption 

spec t ra  cons is t  of only 1,3,5 bands (Fig.3). It is evi- 

dent t h a t  t h i s  type of spectnim is due t o  the  d jso lva te  

spec ies  of PChl. Disappearing the  bands 2.4.6 is l i k e l y  

t o  connect with the s t rengthening the ouaei-prohibit ion 

of the second e lec t ronic  t r a m i t i o n  and v ib ra t iona l  sa- 

t e l l i t e s  of the t r a n s i t i o n  a re  the  main spectroscopic 

propertfes  of the disolvated PChl. 

The da ta  on the  propert ies  of the e l ec t ron ic  t ran-  

a i t i one  and t h e i r  v ib ra t iona l  s a t e l l i t e s  for monosolvate 

pchl and Chl species  i n  d i e thy l  e the r  and d i so lva te  

species  i n  pyridine o r  a lcohol  glaoa obtained by t he  FP, 

CD and MCD methods a r e  given in t he  Table I. These data  

show t h a t  the t r a n s i t i o n  I of monosolvated PChl has the  

same energv as the Q,(o-o) t r a m i t i o n  of monosolvated 

Chl while both pigments diesolved in die thvl  e ther .  

praneformation from rnonosolvate t o  dioolvate  epeoiee of 
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666 BELKOV AND LOSEV 

D 

FIG.3 

Abeorption epectro of PChl i n  e the r  a t  room teqgpe- 
r a tu re  ( 1 and i n  6 l C O h O l  glass at  77 K 
(- - 1. 

' t he  pigments induces e lmi la r  long wavelength s h i f t s  of 

the  t r a n e l t i o n  I of PChl and Q,(o-o) of Chl. 

So, It I s  na tu ra l  t o  i d e n t i f y  the  first band i n  

the  abeorption 6peCtZWU of PChl w i t h  the Qx(o-o) tranai- 

t i o n  and the bands 3 and 5 correepond t o  its v ib ra t iona l  

a a t e l l i t e e .  The QY(0-0 )  t r a n s i t i o n  is  almost  forbidden 

and located i n  the s h o r t e r  wavelength region (band 2) .  
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LOCATION OF ELECTRONIC TRANSITIONS 667 

TABLE I 

Opticel propert ies  of t h e  PChl and Chl  pigments 

so lva te  assign- abs .  a igns 
s t a t e  ments max cm 

(m> 
-~ 

Chl 

mono 

d i  

mono 

d i  

mono 

d i  

mono 

d i  

- 

PChl - 
mono 

d i  

mono 

d i  

662 

6 I1 

620 

624 

Qy(o-x) 

5 78 

I5105 - + 

- + 
24 7 

14858 

16266 - + 

- 16077 + 
+ - 452 

I5625 
I7301 + - 

- Q,(O-I) 495 
595 Ib806 + 

6 24 

640 

605 

6 I4 

Q, ( 0-0 

Qy(O-O) 

I6025 + + 
15625 
I6528 - - 
I6286 

+ 452 + 

- - 242 

+O ,40 

+O. 37 

+O 923 

+0,22 

+O 915 

0.00 

0.00 

-0.08 

+0,37 

+O 27 

*0,12 

-0 ,OI 

It is interee. t ing t o  note that i n  the framework of 

the  i n t e r p r e t a t i o n  proposed the coincidence of the CD 

signs of the band I of PChl and the  U,(o-o) band of Chl 

is not acc identa1 , i t  i e  a consequence of the  common r u l e  

for chlorophyll  der iva t ives .  In accordance w i t h  t h i s  
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668 BELKOV AND LOSEV 

ru l e  t h s  Qx t r ans i t i ons  has alrraye pos i t ive  s igns  and 

the 4 t r ans i t i ons  has alYvays negative s igns .  To base 

th i& ru l e  f u r t h e r  experiment4 and t h e o r e t i c a l  i n v e e  

t i ga t ions  a r e  necessary. 

Y 

'ivhen summarizing the P C r l  data  i t  should be empha- 

sired tha t  the main spectroscopic e f f ec t  of  PChl  solva- 

t a t i o n  is tile strendthening o f  the quasi-prohibit ion i n  

the  qY t r ans i t i ons .  Reduction of the PChl t o  Chl l e v e l  

i n t e n s i f i e s  and s h i f t s  by 1400 cm" t o  the long wave- 

length region the ;zY(o-o) t r a n s i t i o n ,  and the Q,(o-o) 

t r a n s i t i o n  does not change l t s  loca t ion  i n  the absorp- 

t i o n  spectra .  SO,  although t h i s  assignment d i f f e r s  from 

the  accepted one", i t  is i n  good agreement w i t h  expe- 

rimental  r eeu l t e  obtained. 

CONCLUSION 

I. Analysis of the ava i lab le  data shows that the  

l o n g  wavelength t r a m i t i o n  i n  the  MCD spec t ra  of por- 

phyrins, chlorophylle and t h e i r  der iva t ives  has always 

a pos i t ive  sign. 

2. From the CD data i t  follows that the Q, tran- 

s i t i o n  of Chl and PChl der iva t ives  ha6 always pos i t i ve  

eig- and the Qy t r a m i t i o n  ha6 always negative eigna 

in the CD spectra .  Probably, this r u l e  can serve  as 

t h e  c r i t e r i o n  for t he  t r a n s i t i o n  assignment. 

3. I n  the Chl molecules the Q,(o-o) t r a a a i t i o n  ia 

a t  long Wavelength side oP the Oy(o-r) t r a n s i t i o n  or 
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LOCATION OF ELECTRONIC TRANSITIONS 669 

l i e s  between t h e  Uy(o-01 and Q (0-1) t r a n s i t i o n s  de- 

pending on t h e  s o l v a t e  e t a t e  of Mg atom i n  t h e  molecu- 

l e .  The first e l e c t r o n i c  t r a n s t i o n  of  PChl is ass igned  

Y 

i 

t o  Qx(O-O)* 
4. The main spec t roscopic  e f f e c t  of d i s o l v a t a t i o n  

of t h e  Chl and PChl i e  t h e  change i n  t h e  i n t e n s i t v  of 

one of t h e  t r a n s i t i o n e .  The i n t e n s i t y  of the Chl Q,(o-0) 

t r a n s i t i o n  i n c r e a s e s  and the  i n t e n s i t y  o f  the  PCn1 

Q (0-0) decreases .  
Y 
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