
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

Direct and Reverse Problems in Linear Dichroism Studies
A. O. Ganagoa; M. V. Fockb

a Institute of Photosynthesis USSR Academy of Sciences Pushchino, Moscow Region b P.N. Lebedev
Institute of Physics USSR Academy of Sciences Leninskii Prospekt, Moscow, USSR

To cite this Article Ganago, A. O. and Fock, M. V.(1981) 'Direct and Reverse Problems in Linear Dichroism Studies',
Spectroscopy Letters, 14: 6, 405 — 414
To link to this Article: DOI: 10.1080/00387018108062600
URL: http://dx.doi.org/10.1080/00387018108062600

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387018108062600
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 1 4 ( 6 ) ,  405-414 (1981) 

DIRECT AND REVERSE PROBLEMS 

I N  LINEAR DICHROISM STUDIES 

Keywords: Linear  Dichroism, Rigid Macromolecules, 
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ABSTRACT 

A new approach is  proposed f o r  l i n e a r  dichroism 
s t u d i e s  of p a r t i c l e s  (macromolecules) of unknown 
shape o r i e n t e d  i n  s t r e t c h e d  o r  compressed polymer 
matr ices .  If p r o p e r t i e s  of t he  matrix are known, and 
the  measurements a r e  taken a t  known deformations o f  
t he  s m p l e ,  then  comparison of experimental  r e s t t l t s  
n i t h  var ious  t h e o r e t i c a l  models  f o r  o r i e n t a t i o n  can 
reveal t h e  shape of s tud ied  p a r t i c l e s .  As an example, 
it i s  shown t h a t  l i n e a r  dichroisrn measurements a l l o w  
t o  d i s t i n g i u s h  between rod-shaped and disc-shaped 
p a r t i c l e s .  

INTRODU C'YION ___ .  -..__- 

Linear  dichroism (LD) measurements appl ied  t o  

pigment molecules o r i en ted  i n  s t r e t ched  polymer 

mzt r ices  can y i e l d  information about t he  engles  d. 

between t h e  t r a n s i t i o n  d ipo le s  and the  molecular 

axes', The case  when the  molecular shape and an 
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406 GANAGO AND FOCK 

adequate model f o r  o r i e n t a t i o n  are known will be r e fe r -  

r e d  he re  as a DIRECT problem i n  LD s tud ie s .  The most 

p r i n c i p a l  drawback h e r e  ie lack of a genera l  theore- 

t i c a l  model f o r  ~ r i e n t a t i o n ~ ' ~ ~ ~ .  The p i c t u r e  appeare 

even more obscure i n  t h e  case of o b j e c t s  which s t ruc -  

ture  is no t  known 

complexes and r e a c t i o n  c e n t e r s  (RC) i s o l a t e d  from 

pho tosyn the t i c  organisms5. The first q u a n t i t a t i v e  

malysis of LD spectra  of o r i e n t e d  RC6 included an 

ove r s impl i f i ed  F r e s e r ' s  model f o r  o r i e n t a t i o n 7  and Ein 

assunpt ion of p e r f e c t  o r i e n t a t i o n  of RC i n  d r i ed  

g e l a t i n  films . 

p r i o r i  such a6 pigment-protein 

6 

Here we propose a new way f o r  LD s t u d i e s  of 

o b j e c t s  w i t h  unknovm s t r u c t u r e .  Its main f e a t u r e s  a re :  

7 )  one should use a polymer matrix with known 

prope r t i e s .  For  exemple, i t  should be amorphous, 

cont inuous,  and u n i f o m ;  

2)  LD measurements should be taken a t  va r ious  

knovm degrees  of deformation of  t h e  polymer s m p l e ;  

3) then ,  one can c o n s t r u c t  va r ious  t h e o r e t i c a l  

models f o r  o r i e n t a t i o n  which r e f e r  t o  s e v e r a l  par t icu-  

lar cases of molecular  shape of t h e  s tud ied  ob jec t s ;  

4)  comparison of t h e o r e t i c a l  c a l c u l a t i o n s  with 

experimental  r e s u l t 8  can r e v e a l  which of t h e  models 

is  v a l i d ,  and hence one can draw conclusions about 

molecular  shape of  t h e  o b j e c t s  under study. ICoreover, 
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LINEAR DICBROISH STUDIES 407 

the angles OC can be calculated w i U I  the help of 

the valid model. 

We shall refer the approach (1-4) ae a WmE 

problem i n  LD studies. In t h i e  paper we outline i t8  

solution for a part icular  cat38 of rod-shaped and 

disc-shaped particlee. 

- THEORY 
Let UB consider orientation of r ig id  axial  sym- 

metric par t ic les t  with axes a >> b = c (rod-shaped) aad 

w i t h  a<< b = c (disc-shaped), Let the par t ic les  be 

embedded in to  a three-dimensional network of amorphous 

polymer w i t h  character is t ic  mesh s ize  d<.(a,b,c). 

This requirement can be most readily valid i f  oriented 

par t ic les  are macromolecules or macromolecular com- 

plexes. We assume tha t  the polymer network does not 

bind chemically t o  the par t ic les  under study, and that  

*molecular f r ic t ion’  between the par t ic le  swface and 

the polymer can be neglected, Then orientation of the 

par t ic les  would be completely determined by deforma- 

t ion  of the polymer sample. Consider uniaxial 

deformation: 

a rectangular sample before and a f t e r  deformation, 

respectively; n being the parameter of deformationt 
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408 GANAGO AND FOCK 

n ) 1 f o r  atretching and n < 1 for compression. 

I n i t i a l l y  (n=l) the par t ic les  are oriented randomly. 

I n  accordance with earlier we assume that  

upon deformation rod-shaped par t ic lee  would ro ta te  80 

tha t  the r a t i o  of projections of the symmetry axis 

(the longeat axis) of a given par t ic le  

of the laboratory framework would change exactly as 

the r a t i o  of the corresponding sample dimensions ( 1 ) .  

For disc-shaped particlee,  the same equation would 

hold f o r  the r a t i o  of projections of the 'molecular 

diameter' that  l i e s  i n  the seme plme viith the labora- 

tory axis 5 ar?d molecular symaetry axis a 

upon the axes 

1 0  

The direction of 

described with a 

symmetry axis a. 

A 
a given t ransi t ion dipole hi may be 

single angle d: between h: and the 

LD is  characterized by dichroic value 

A 

% and A= being opt ical  densities measured viith 

l inear ly  polarised l i gh t  passing the saxple along i ts  

y axis, with the e l ec t r i ca l  vector para l le l  either t o  

the x o r  t o  the z axis of the laboratory framework. 
1 A usual averaging over Euler's angles gives: 
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LZNEAR DICHROISM STUDIES 4 09 

where u=n if n) l  (6) 

lf3n-l if n < l  (7) 
Recent ly  we have shown" t h a t  f o r  n ) l  the  solution 

F1 desc r ibes  o r i e n t a t i o n  of rod-shaped p a r t i c l e s  ( t h e  

r e s u l t  (3 ,4 ,6 )  coincide8 with t h a t  published by Tani- 
z&i  9 >, while F2 r e f e r s  t o  disc-shaped p a r t i c l e s  10 

If n ( l  (7) the  s o l u t i o n s  'tinterchange": F1 i s  f o r  

d i s c s ,  and P2 i s  f o r  rods. The reason f o r  t h i s  " i n t e r -  

change" cen be most e a s i l y  understood i n  t h e  l i m i t i n g  

cese u+o3 (n+oO and n 3 0 ) .  I n  the  "pe r fec t ly  

s t re tched"  sample ( n j m )  t h e  symmetry axes of a l l  

rod-shaped p a r t i c l e s  are p a r a l l e l  t o  t he  z ax i s ,  while 

t h e  symmetry axes of a l l  disc-shaped p a r t i c l e s  are  

perpendicular  t o  z and i s o t r o p i c a l l y  d i s t r i b u t e d  i n  

the  (x,y)  plane. I n  o t h e r  words, t h e  o r i e n t a t i o n  of 

rods  i s  more s t r i c t l y  l i m i t e d  i n  t h i s  case. The 

d i ch ro ic  values  vary from - 1 to+l  for rods  and from 

-1 t o  + 3 f o r  d i scs .  In t he  "pe r fec t ly  compressed" 

sample (n+O) the symmetry axes of a l l  disc-shaped 

p a r t i c l e s  a r e  p a r a l l e l  t o  t h e  z a x i s ,  and a l l  d i s c s  

a re  i n  t he  (x,y) plane. All rods a r e  a l s o  l y i n g  i n  the  

(x ,y )  plane,  and s o  t h e i r  symmetry exes a re  randomly 

d i e t r i b u t e d  in t h i s  plane. Hence, t h i s  case provides 

a more s t r i c t l y  l i m i t e d  o r i e n t a t i o n  f o r  disc-shaped 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



410 GANAGO AND FOCK 

particles.  The dichroic values vary from -1 t o  +$ for 
rods  and from -1 t o  +1 f o r  d i sc s .  A t  any f i n i t e  u, the 

i n t r e v a l s  of P corresponding t o  d i s c s  and r o d s  a l s o  

do n o t  overlap completely, For example i f  n > l ,  then 

If t h e  d i c h r o i c  va lue  P f a l l s  i n t o  t h e  i n t e r v a l  

then  t h e  o b j e c t s  under s tudy  a r e  obviously o r i e n t e d  as 

disc-shaped p a r t i c l e s .  If P f a l l s  i n t o  the  i n t e r v a l  
d i s c  
%ax < ez 

then  t h e  s t u d i e d  o b j e c t s  behave as rods. 

If t h e  measured P is  n e a r  zero  

then t h e  two o r i e n t a t i o n  nodela are ind i s t ingu i shab le ,  

If n ( 1 ,  t h e  i n e q u a l i t i e s  s i m i l a r  t o  (8-10) can h e l p  

t o  choose an adequate o r i e n t z t i o n  model (FIG.?). Then 

t h e  angles  & cen be ce l cu la t ed  from equat ion  (3 ) .  

Eviden t ly ,  t h e  equet ions  (3-7) arid a l l  procedures  

d iscussed  above hold only f o r  non-overlapping absorp- 

t i o n  bands. I n  t h e  oppos i te  case, e x t r a p o l a t i o n  of 

s p e c t r a  t o  p e r f e c t  o r i e n t a t i o n  viould be more f r u i t f u l .  

L e t  t h e  s p e c t r a  measured a t  B eiven u equal  t o :  

(12) 

(13)  

(14)  

& ( A  ,u)= Ay( h , ~ ) = x A i ( h ) * E ~ , ( C f , ~ )  2 

A,( h , u ) = c  A i (  h ) * M i z ( d , u )  
2 

2 2 v,here 2*M9ix + Miz = 1 f o r  sny ( d , u )  
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LINEAR DICHROISM STUDIES 411 

DISCS and RODS -/ DISCS and RODS 
I I I . I I b 

-1 .O -.6 1.0 l o g  n 
DISCS and RODS DISCS and RODS 

-. 8 c 
FIG. 1. 

(15) 2 1 2 2 Idie( ~C,U)= z( ( ~ - C O S  I-( I - ~ C O S  Mi) *Fk( U) ) 
and Ai ( A )  includes m o l a r  ex t inc t ion ,  concentrat ion,  

bandshape ae a funct ion  of wavelength A 
th ickness  assumed t o  equal unit) 

F,(u) is  known, and its l i m i t  value Fk(-) can be 

ca l cu la t ed ,  then absorpt ion s p e c t r a  A,(A,00) and 

Az( h, 00) which correspond t o  pe r fec t  o r i en ta t ion  

are e a s i l y  ca lcu la ted  by a l i n e a r  tranaformation v a l i d  

f o r  any number of overlapping components. This  

(sample 

If t he  func t ion  

approach was used by seve ra l  au thors  12,13,14 and in 

our e a r l i e r  work” a8 a p a r t  of s o l u t i o n  of a DIRECT 

problem i n  LD. l e  s h a l l  emphasize its a p p l i c a b i l i t y  

for t h e  REVERSE problem so lu t ion .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



412 GANAGO AND FOCK 

For  t h e  o r i e n t a t i o n  models d i scussed  he re ,  

F,(OO)=l, F2(00)=0, and one o b t a i n s  f o r  F1: 

(1 - ~F~(u))*S(J t d  - Az(h  ,d 
(19) 

( 2 0 )  

(a(> ,W)= - _- _-__. -__ .__-. --I-.--. - - -  
AX 1 - 3F2(~) 
where 

Provided s e v e r a l  ?a i r s  of abvorpt ion s p e c t r a  A,( h , u>  

A,(h,u) measured a t  v a r i o u s  known va lues  of 

deformation parameter u, one can c a l c u l a t e  pairs of 

e x t r a p o l a t e d  s p e c t r a  us ing  e i t h e r  (16-17) o r  (18-19)* 

If t h e  equa t ions  are chosen c o r r e c t l y ,  then a l l  p a i r s  

of s p e c t r a  Ax(A ,001 and A,( h ,oO) c a l c u l a t e d  from 

d i f f e r e n t  v a l u e s  of u would coincide.  If t h e  equat ions  

correspond t o  an i n v a l i d  o r i e n t a t i o n  model, then the 

s p e c t r a  c a l c u l a t e d  from d i f f e r e n t  u would diverge.  

I n  t h e  case  of  small LD va luee ,  t h i s  divergence can 

be also small, i n  accordvlce with a m b i e i t y  of t h e  

REVERSE problem f o r  near-zero d i c h r o i c  va lues  (11). 

DISCUSS I O N  

S( A ,u )=  2Ax( h,u) + A,( _h ,u) 

The o r i e n t a t i o n  model wi th  F,(u) d i s t r i b u t i o n  
9 func t ion  (3 ,4,6)  is i d e n t i c a l  with Tanizzki ' s  model 
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LLNEAR DICHROISM STUDIES 413 

which appeared t o  be unsat isfactory i n  several  appli- 

cat ions ( see  e.g. discussion i n  
theory-to-experincnt contradictions i n  t h i s  ccse viere 

caused by v io la t ion  of the  assunptions i n t r i n s i c  f o r  

the tuode19. Nmely, the polyrner matrix should behave 

as a continuous and amorphous medium, and i ts  s t re tch-  

ing  should be uniaxial. Recently we have published an 

exa?ple of so lu t ion  of a RE’VERSE problem i n  LD s tudies  

of RC f ron photo sy xith e t i c  bec t e 15 a FhdoJ~ ~ e - y k ~ r r ~ ~ n  c.5 

shserp_gdc_s_ R-26 oriented i n  polyscrylmide gel. The 

experincnt carr icd out with preceutions necec;sary t o  

I’ i 1 the ex: : ,>ti cas rcvcalcd t q p l i c a b i l i t y  of the 

10 ). Vie believe t h a t  

9 model 

p r t i c l e s .  The angles & 
wid showed t h a t  RC were oriented 88 rod-shaped 

were calculated f o r  princi- 
p a l  absorption bands with an accuracy of 22-3O 10 . 

The REVERSE problem applied t o  asymmetric 

p a r t i c l e s  should involve asymmetric deformation of the 

polymer sample and LD measurements i n  t w o  mutually 
perpendicular planes, e.g. (x,z) and (y,z) 15,16 
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