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HEXAGONAL L Y O U S O P H A S h  ij.F SDS-WATEH SY ST'E;IIII: 
ESH-SPECTROSCOPY F OH STUDY lbT6hAkOLbCULAH 
INTEHACTIOIi OF SPIL ZOBD 

UICOi'iOV A.M., UICOBQVA S . I . ,  POLkULOVA 1.8. 
I n s t i t u t e  of  Physics ,  Leningrad S t a t e  Univers i ty ,  
Leningrad , USSH 

Abst rac t  T r a n s l a t i o n a l  d i f f u s i o n  of n i t r o x y l  rad- 
I c a l - t s n o l  was inves t iga t ed  by s p i n  zond ( s . z . )  
method i n  hexagonal phase and  p r e t r a n s i t i o n a l  r e g i c n  
o f  SDS - &ate r  system. Supposing t h e  homogeneous 
d i s t r i b u t i o n  of s.z. ,  t h e  r e s u l t s  obtained can be 
i n t e r p r e t e d  within t h e  framework or" Brownian model 
of t r a n s l a t i o n a l  d i f f u s i o n .  

IIUTFiODUCT ION 

The i n v e s t i g a t i o n  of  s p i n  zond ( s . z . )  in te rmolecular  i n -  
t e r a c t i o n s  c o n t r o l l e d  by t r a n s l a t i o n a l  diffusion is of 
g r e a t  i n t e r e s t  i n  l y o t r o p i c  liquid c r y s t a l s  which a r e  
t h e  b i o l o s i c a l  membrane models. fhe aim or' the  inves t -  
i g a t i o n  is t h e  s tudy 02 Edh-spectroscogy mani1estat ions 
of s p i n  exchange snd d ipo la r  in te rac t ion"*  and the  di- 
v i s i o n  o f  t h e i r  c o n t r i b u t i o n s  i n t o  phase r e l a x a t i o n  i n  
highviscous systems by means of t h e  inc luding  i n t o  t h e  
a n a l y s i s  of  s p e c i a l  l i n e  dynaniic s h i f t s  2,3 . 

I I i lAlhHIALS AND METHODS 

Sodium Dodecyl Sulphate  - Water system ("Sigma",L-5750) 
was i n v e s t i g a t e d  i n  t h e  range of 3 + 45$ mass. SOS and 
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T = 30 i 6OoC by S . Z .  method ( s . z .  - 2,2 ,6 ,6- te t r s -  
methyl-4-oxypiperidin-1-oxyl). Spin exchange constant  
r a t e s  K , w  Dtr, dipolar  i n t e r a c t i o n  constant  rates 
K ~ -  D;:, r o t a t i o n a l  frequency values  ~ I N D ~ ~ ~ ,  values  o i  
t he  d i s t ance  between s p e c t r a l  l i n e  M = 0 ,  M = -1 (M - 
magnetic quantum number 14N) a 
meter S were measured. K, and Kd were ca l cu la t ed  b y  
formulae 

and S . Z .  order  para- 

f = 6 t 2/3 K,C t CCKd 

(Ke - P K d ) C  = - 0 . 7 5 r t  f ( i ) .75n2 t 2Q5, ( 2 )  

where 
l i n e  dynanic s h i f t  ( M = - i ) ,  Cf, /3 - cons tan ts  dependent 
on t r a n s l a t i o n a l  d i f f u s i o n  model2.  I n  i s o t r o p i c  phase 

r -  w i d t h  s p e c t r a l  line (Ak-l), r -  s p e c t r a l  

3 i s  determined up t o  s tandard 4 . 
EXPEHIWKTAL Ff2 SULT S AlJ I) DISC USSIOLi - 
The hexagonal phase formation under 37fG SDS is f ixed  by 
t h e  sharp increase  of a ( T a b l e  I ) ,  which takes  p lace  
due t o  t h e  o r i g i n  of S . Z .  spectrum inhomogeneous brou- 
dening, Crder parameter S is ~ 8 - 1 0 - *  i n  the  system 

TAELE I. Values a, K, arid K f o r  var ious SDS-system. 
( T  = 9ooc 

3 .O 16.91 102 t  4 --- 
16.40 89t2 --- 
'16 . I 4  61t  2 --- 

17.5 
3C.O 
36 .O 16.17 52t 1 43+4 
37 .O 16.46 
45 .o 15.81 28t1 75+5 

--- --- 
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SDS-WATER SYSTEM [891]/111 

of 45% SDS an6 T = 3OoC. I n  i s o t r o p i c  phase t h e  add i t ion  
o f  SDS leads  t o  t h e  decreasing of' 4 ,  r e f l e c t i n g  the  
weakening of 9.2. - water H-bound w i t h  t he  increas ing  
o f  bound mtcr involved w i t h  concentrat ion SDS r a i s e .  

f ( C )  dependence f o r  systems of 3 i 3670 SDS a t  T=30°C 
has t h e  l i n e a r  cha rac t e r  (Fig.  I). Similar  dependences 
f o r  systems o f  37 and 455 SDS i n  3.2. small concentra- 
t i o n  region a r e  non-linear ( F i g .  1) which r e f l e c t s  t h c  
averaging by s p i n  exchange and dipolar  i n t e r a c t i o n  o f  
t he  con t r ibu t ion  i n  r owing t o  inhomogeneous broaden- 
ing of s p e c t r a l  l i n e .  

The same e f f e c t  is  i l l u s t r a t e d  by t h e  dependence of  
asymmetry parameter A ( C )  (A - r a t i o  t h e  p o s i t i v e  ampli- 
tude t o  f u l l  one o f  t h e  d i f f e r e n t i a l  s p e c t r a l  l i n e )  i n  
F ig .  2 .  

r i b u t i o n s  of s p i n  exchange and d ipolar  i n t e r a c t i o n  i n t o  
phase r e l a x a t i o n  was made, supposing the  homogeneous 
S . Z .  concentrat ion d i s t r i b u t i o n  by formulae (1) and ( 2 ) ,  
(Table I ) .  A sharp increas ing  of  S.Z. d ipo la r  i n t e rac -  
t i o n s  con t r ibu t ion  i s  observed under the  t r a n s i t i o n  
f r o m  36$ SDS system t o  45$ L4S system, w h i l e  K, Kd = 

= (2200 200) G2-M'* remains t h e  same, t h a t  agrees  
with t h e o r e t i c a l  value 
f o r  Brownian diffusion model. 

For systems of  36% and 45% SUS t he  d i v i s i o n  of cont- 

K, Kd = 2fi2r2h2 = 2 S W  G 2 

I'here i s  Ke/$ = (C.32 t 0.03) U-' for 3 i 367; bDS 
a t  T = 50°C t h a t  i s  5 times l a r g e r  than 
glycerin-water system (1:l). The value of K e / 3  in- 
c reases  by 100% f o r  25 - 30% SDS a t  3OoC f o r  example. 
These r e s u l t s  con t r ad ic t  well-known experimental f a c t  
t h a t  Ke/g 
o n l y  OF S.Z. geometry. These experiment91 r e s u l t s  can 
be exClained e i t h e r  bq t he  S . Z .  inhomogencous d i s t r i -  

K e / g  f o r  

i s  constant5.  In  t h a t  case Ke/g depends D
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lo2 ,M 
2 4 6 8 

FLGlJhL 1. S . Z .  c o n e c a t r a t i o n  dependences of dH ( U = u >  
in various SDS systems ( T  2 3 0 ~ ~ 1 .  

E'IGUkh 2 .  S .  z .  concentra  t io t i  dependence3 of' 6 ( k - 1 )  
and A ( M = - i >  i n  45% SDS system (11 = 3 3 ' ~ ) .  
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SDS-WATER SYSTEM 1893111 13 

bution e f f ec t ,  or by the change of the character  of 
bound between translational and rotational  d i f f u s i o n  
of S . Z .  in micellar systems. 
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