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SPECTROSCOPY LETTERS, 1 4 ( 1 0 ) ,  681-686 (1981) 

DETERMINATION OF LENGTHS AND OIAETERS OF ROPCIKE MACRONOLECLLES BY 

INTENSITY FLUCTUATION SPECTROSCOPY. 

M.A. R e b o l l e d o  and  J .C.  Abad 

Departamento d e  F f s i c a  Fundamental .  F a c u l t a d  d e  C i e n c i a s . U n i v e r s i d a d  d e  

San tande r .Espa f i a .  

T h i s  work p r e s e n t s  a n u m e r i c a l  s t u d y  on t h e  p o s s i b i l i t y  of i d e n t i -  

f y i n g  t h e  l e n g t h  and  t h e  d i a m e t e r  of r o d - l i k e  macromolecules  i n  o i l u t e d  

s o l u t i o n , w h e n  t h e  laser l i g h t  s c a t t e r e d  by t h e  s o l u t i o n  is a n a l y z e d  by mean5 

o f  i n t e n s i t y  f l u c t u a t i o n  s p e c t r o s c o p y  ( I F S )  . T h i s  s t u d y  is made by computer- 

s i m u l a t i o n  of t h e  second  o r d e r  n o r m l y z e d  f a c t o r i a l  momnt  ,n( ' ) (T) ,  of t h e  

laser  l i g h t  s c a t t e r e d  by t h e  macromolecules .The r e s u l t s  are p r e s e n t e d  and  

d i s c u s s e d .  

The s p e c t r o s c o p i c  i n f o r m t i o n  i n  IFS  is u s u a l l y  o b t a i n e d  from t h e  

second  o r d e r  t e m p o r a l  c o h e r e n c e  d e g r e e  g ( 2 ) ( o ) .  For t h e  case of r o d - l i k e  

m c r o m o l e c u l e s  I I] it is accompl i shed  

where C i s  a s p a t i a l  c o h e r e n c e  f a c t o r ,  K t h e  modulus of t h e  s c a t t e r i n g  

v e c t o r  ( t h a t  depends  on t h e  s c a t t e r i n g  a n g l e  6), D t h e  t r a n s l a t i o n a l  d i f f i  
T 

s i o n  c o e f f i c i e n t ,  D t h e  r o t a t i o n a l  d i f f u s i o n  c o e f f i c i e n t  and B o v B , , B B  
R 

t h e  well-known c o e f f i c i e n t s  of Pecora  [Z] g i v e n  by t h e  f o l l o w i n g  e q u a t i o n s  

2 
€lo=[ (2/KL) J :/' ( s i n  x/x)dx] 
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682 REBOLLEW AND ABAD 

(3) 
B,=5{( 1/KL)[-3j l (KL/2)+ 1;” ( s i n  x/x)dx]} 2 

(4)  
2 

8 =(2/KL) ( s i n  x/x)dx-[( s i n  K L / 2 ) / (  KL/2)]  

L b e i n q  t h e  l e n g t h  of t h e  r o d  a n d  j, tile Eiessel s p h e r i c a l  f u n c t i o n  of first 

o rde r .The  i n f o r m a t i o n  c a n  also be o b t a l n e d  from t h e  second  o r d e r  normalyzed 

f a c t o r i a i  moment ,.(‘I( I ) ,  o f  t h e  c o u n t i n g  d i s t r i b u t i o n , w h i c h  is r e l a t e d  

i m m d i a t e l y  t o  g(2 ) ( t )  t h r o u g h  [ 3 1  

where T is  t h e  c o u n t i n g  t ime .  

S i n c e  t h e  o b j e c t i v e  of t h i s  work is  t h e  measurement o f  t h e  l e n g t h  

L and  t h e  d i a m e t e r  D OF r o d s , i t  is n e c e s s a r y  t o  know how D a n d  D depend 

on L and D . I n  s p i t e  o f  t h e  fact t h a t  no e x a c t  s o l u t i o n  is known f o r  t h i s  

p rob lem,sewera l  a p p r o x i r a t e  models  have been d e w e l o p e d , l i k e  t h e  e q u i v a l e n t  

e l l i p s o i d  model [ 4 ] , r m d e l s  based  on t h e  i n t e r n a l  r o d  s t r u c t u E  [ 5 , 6 , 7 ]  , 
and  e m p i r i c a l  models  l i k e  t h a t  of B r o e r s m a [ 8 , 9 l . I t  seems t o  u s  t h a t  t h i s  

l a s t  model i s  t h e  most s u i t a b l e  o f  them and  is  t h e  one w e  have u t i l i z e d .  

According t o  i t  

T R 

where 

K b e i n g  t h e  c o n s t a n t  of Boltzmann,T t h e  t e m p e r a t u r e  i n  K e l v i n  d e g r e e s  and  

1 t h e  s o l v e n t  v i s c o s i t y .  
E 

Tobacco mosa ic  v i r u s  TMV (L2980 a , D=I80 A) is t h e  r o d - l i k e  

m c r o m o l e c u l e  t o  which t h e  most works on t h i s  area have been devoted.Cummins 

e t  a l .  [la per fo rmed  e x p e r i m e n t a l  measurements  on TMV,obtaining fo r  D and  

D v a l u e s  t h a t  a p p r o x i m a t e  t o  t h o s e  p r e d i c t e d  by t h e  t h e o r e t i c a l  m o d e l s , b u t  
T 

R 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



ROD-LIKE MACROMOLECULES 683 

which d i d  n o t  agree w i t h  them a s  much a s  it c o u l d  be expected.Maeda and  S a i t o  

[ I l l  s u g g e s t e d  t h a t  t h i s  d i sag reemen t  c o u l d  be due t o  a phenomenon o f  an i so -  

t r o p y  i n  t h e  m v e m n t  Of t h e  p a r t i c l e s . 8 u t  t h e  measurements c a r r i e d  o u t  by 

S c h a e f e r  e t  a l .  [ 123 showed t h a t  t h i s  phenomenon was not enough t o  e x p l a i n  

t h e  discrepancy.Dn t h e  o t h e r  hand t h e  r e s u l t s  f o r  DR o b t a i n e d  from t h e  analy 

sis o f  t h e  d e p o l a r i z e d  component of  t h e  s c a t t e r e d  l i g h t  [13,14,15] showed 

t h e  same d i v e r g e n c e  between e x p e r i m n t  and  theory.Though t h i s  d i v e r g e n c e  

c o u l d  be a t t r i b u t e d  t o  d e f i c i e n c i e s  i n  t h e  t h e o r e t i c a l  m o d e l e , i t  seems more 

r e a s o n a b l e  t o  a t t r i b u t e  it t o  t h e  c h a r a c t e r i s t i c  p e c u l i a r i t i e s  o f  T W  141 
( i n t e r n a l  c y l i n d r i c a l  h o l e , n o t  homogeneous d i s t r i b u t i o n  o f  i ts  rrrrss,etc). 

We t h i n k  t h a t  t h i s  l a s t  h y p o t h e s i s  i s  confirmed by Newman e t  a l .  [ 161 

r e s u l t s . T h e s e  a u t h o r s  found  a good agreement between t h e  e x p e r i m e n t a l  and  

t h e  t e h o r e t i c a l  r e s u l t s  o b t a i n e d  from Oroersma's model f o r  the f H N A  

c y l i n d r i c a l  v i r u s  (L=9150 A , D=85 A).This is why we c o n s i d e r  t h a t  Broerr 

ma's model g i v e s  an a d e q u a t e  d e s c r i p t i o n  O f  the d i f f u s i o n  c o e f f i c i e n t s  D 

D o f  a rod - l ike  p a r t i c l e  and it i s  t h e  model we have u t i l i z e d  i n  t h i s  

work. 

T '  

R 

E q u a t i o n s  (2)  , (3), (4),  (6) and (7) s u b s t i t u t e d  i n t o  e q s .  (I) and 

(5) p r o v i d e  u s  w i t h  e x p r e s s i o n s  o f  S(')(C) and n(2)( t )  as f u n c t i o n s  o f  L 

and D.In t h i s  a r t ic le  we j u s t  t r y  t o  s t u d y  t h e  p o s s i b i l i t y  O f  d e t e r m i n i n g  

L and D from one o f  t h e s e  e x p r e s s i o n s  i n  an expe r imen t  o f  IFS.We have 

u t i l i z e d  n(')(T) and have wide a computer-s imulat ion o f  the v a l u e 3  o f  

n(')(T) t h a t  would be o b t a i n e d  i n  an expe r imen t  by mans o f  a fast simula- 

t i o n  method developed by u s  [ 171 .These s imula t ed  v a l u e s  i n c l u d e  t h e  f l u c t u a  

tions due t o  t h e  d e t e c t i o n  n o i s e .  

We have s e l e c t e d  s e v e r a l  cases f o r  d i f f e r e n t  v a l u e s  o f  L, D and  

o f  t h e  s c a t t e r i n g  a n g l e  B.Ten series of v a l u e s  o f  n ( 2 ) ( T )  have been s i rmla -  

t e d  f o r  e a c h  case,each one of  them i n  f i v e  d i f f e r e n t  v a l u e s  Of t h e  c o u n t i n g  

t ime.The s i m u l a t i o n  o f  a v a l u e  o f  n(')(T) is  c a r r i e d  out s t e r t i ng  from its 

t h e o r e t i c a l  v a l u e , c a l c u l a t e d  from L , D , 8 and  eqs. (1) t o  ( 7 ) . A f t e n v a r d s  

t h e  t e n  series o f  v a l u e s  o f  n(* ) (T)  c o r r e s p o n d i n g  t o  e a c h  case are f i t t e d  

t o  t h e  t h e o r e t i c a l  e x p r e s s i o n  by a least  s q u a r e s  pr0cedure.A v a l u e  o f  L and 

a n o t h e r  of D are o b t a i n e d  from t h e  f i t t i n g  o f  e a c h  s e r i e s . W i t h  t h e  v a l u e s  

o f  L and  D g i v e n  by t h e  t en  series w e  have c a l c u l a t e d  <L> , <D> , d(L)/<L> 
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684 REBOLLEM) AND ABAD 

a n d d ( D ) / < D >  , b e i n g  t h e s e  two l a s t  p a r a m t e r s  t h e  errors w i t h  which L and  

D would be de t e rmined  from a real expe r imen t .A l1  t h e  s i m u l a t i o n s  have been 

performed f o r  lo6 samples  i n  e a c h  v a l u e  o f  t h e  c o u n t i n g  t i m e , f o r  10 pho tons  

p e r  c o h e r e n c e  time and  f o r  t h e  data t h a t  c o r r e s p o n d  t o  a s o l u t i o n  tempera- 

t u r e  o f  25'C.Owing t o  t h e  complex i ty  of  t h e  e x p r e s s i o n s  t o  be f i t t e d  it h a s  

been n e c e s s a r y  t o  spend a l o n g  c a l c u l a t i o n  t i m e  f o r  e a c h  f i t t i n g , w h a t  h a s  

r e s t r i c t e d  us t o  t h e  s t u d y  o f  a small number of cases. 

T a b l e  I shows t h e  r e s u l t s  o b t a i n e d  for  r o d s  Of f i x e d  e x t e r n a l  

d i m e n s i o n s , e q u a l  t o  t h o s e  of  T W , a t  d i f f e r e n t  s c a t t e r i n g  a n g l e s  t, .Tab le  I1 

shows t h e  r e s u l t s  o b t a i n e d  f o r  a f i x e d  s c a t t e r i n g  a n g l e  and  d i f f e r e n t  r o d  

d i r r e n s i o n s . R e s u l t s  i n  t a b l e  I11 have been o b t a i n e d  f o r  a c o n s t a n t  v a l u e  o f  

KL.The p a r a m t e r  R t h a t  a p p e a r s  i n  t a b l e s  I1 and  I11 i n d i c a t e s  t h e  r e l a t i o n  

L / O  o f  t h e  r o d  d i m n s i o n s . I t  c a n  be seen i n  t a b l e  I t h a t  t h e  v a l u e s  o b t a i -  

ned f o r  < L >  and  <D> a g r e e  s a t i s f a c t o r i l y  w i t h  t h e  e x p e c t e d  v a l u e s , w i t h i n  

t h e  l i m i t  o f  errors.We do n o t  c o n s i d e r  n e c e s s a r y  t o  i n c l u d e  <L> and < D > i n  

t a b l e s  I1 and I11 s i n c e  we have a lways  o b s e r v e d  t h e  same agreemen t  as  i n  

t a b l e  I. 

The s t u d y  o f  t h e  t h r e e  t a b l e s  l e a d s  t o  t h e  f o l l o w i n g  c o n c l u s i o n s :  

It i s  p o s s i b l e  t o  d e t e r m i n e  t h e  l e n g t h  and  d i a m e t e r  o f  a rod - l ike  

m c r o m o l e c u l e , w i t h  errors even  i n f e r i o r  t o  1% from lo6 samples ,when we mea- 

s u r e  a t  t h e  a d e q u a t e  s c a t t e r i n g  a n g l e  (if t h e  approx ima te  d i m e n s i o n s  of t h e  

rod  are unknown w e  can  g e t  t h e  i d e a l  angle by t r i a l  and  e r r o r ) . T h i s  i s  an 

T a b l e  1.Results o b t a i n e d  from t h e  f i t t i n g  of 10 s i m u l a t e d  series 

f o r  a rod-like macromolecule  w i t h  TMV d imens ions .  

L=2980 1 b 1 8 0  tl 

~~ ~ 

170' 7.86 

135' 7.29 

5.04 

65. 4.24 

30' 2.04 

~~ ~ 

2986.1 180.5 0.82 % 0.47 % 
2999.6 180.2 2.04 0.66 % 
2916.4 185.3 13.8 % 10.4 % 
2825.3 211.4 32.9 $ 36.5 YO 
2865.7 223.7 42.3 % 54.4 % 
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ROD-LIKE MACROMOLECULES 685 

L=1490 A 
KL-3. €4 

Table 1I.Results for 8=135'.The aster isk  ( * )  indicates that  these 

data are the same of the preceding tab le and tha t  have been 

reproduced here again i n  order t o  make easier the comparison, 

D= 45 1 0=1m A D= A 

R d 3 . 1 1  e = m 0  R= 8.28 k16.56 

L-3725 1 
843.23 

~ ~- 

L=2980 A D-360 8 D=IE?U 8, o= 90 A 
KL=7.29 

b 2 2 5  A 

Table 1II .Rssul ts for KL4.64.The aster isk  (*) means the same as 

i n  table 11. 

26.3 % 26.9 '$ 19.3 % 
6( O)/<D> 18.5 % 30.D '$ 31.9 % 
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686 REBOLLEM AND ABAD 

i n t e r e s t i n g  c o n c l u s i o n  s i n c e  d i a m e t e r s  as rnall as 180 1 and  43 8 c a n  be 

m a s u r e d  w i t h  a s t a n d a r d  o f  l e n g t h  o f  )=6328 k. 
F o r  a f i x e d  k i n d  of r o d s  t h e  errors d e c r e a s e  when t h e  s c a t t e r i n g  

a n g l e  9 i n c r e a s e s .  

F o r  d i f f e r e n t  k i n d s  o f  r o d s  t h e  errors depend on KL and on t h e  

r e l a t i o n  R=L/D e x c l u s i v e l y , a n d  n o t  on t h e  a b s o l u t e  d imens ions  of t h e  rod .  

F o r  a f i x e d  number of samples t h e r e  e x i s t s  a m i n i m u m  v a l u e  o f  L 

under  which the errors are too b i g . F o r  i n s t a n c e , t h e  error o b t a i n e d  f o r  

KL=3.64, La725 A and  0 2 2 5  k is t h e  same as f o r  KL-3.64, L=1443 and 

D=90 A ( t a b l e  111) , b u t  whereas  t h e  error c a n  be c o n s i d e r a b l y  r educed  by 

i n c r e a s i n g  e i n  t h e  first case,it c a n  h a r d l y  be r educed  i n  t h e  second  case 

s i n c e  f) a l r e a d y  t a k e s  a h i g h  v a l u e  of 135'. 

F i n a l l y , f o r  a c e r t a i n  v a l u e  o f  L , t h e  error i n  D Seems t o  have a 

t e n d e n c y , n o t  c o m p l e t e l y  p r o v e d , t o  i n c r e a s e  when 0 d e c r e a s e s .  
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