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(Submitted f o r  publ ica t ion  July 17  ,1982) 

Bulgaria 

Abstract:  The present  work represents  research  

i n t o  the  broad l i n e  N M R  spectrum of Arkopal 

dissolved in D20. 

The phase s t ruc tu re  and molecular mobi l i ty  of 

d i f f e r e n t  l i q u i d  crysta.1 phases ( inc luding  lyo t ropic  

systems as w e l l  ) have been the  ob jec t  of  much research 

Espec ia l ly  e f fe t r t ive  has been the use of broad l i n e  
NMR spectroscopy method 111. The l i n e  width and form 

of t he  absorpt ion spectrum give Information about t h e  
mobil i ty  of a mesogenic molecule as a whole, and also 
about the mobi l i ty  of i ts  cons t i t uen t  atomic groups 
121. For example, i n  a series of works 131, I41  t h e  

inf luence  of the  length  of the  a l k y l  chain on the 

microscopic mobi l i ty  and polymorphism of a detergent-  

-water system i s  studied. With most types of sur face  

ao t ive  srtbstancea the hydrophi l ie  heads give fewer 

p o s s i b i l i t i e s  of va r i a t ion .  A n  exception t o  t h i s  a r e  
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256 A. DERZHANSKI and A. ZHELIASKOVA 

some non-ionic de te rgents  f o r  example t h e  p-alkyl phe- 

nolpolyethyleneglycols (Arkopals). For  these  substances 

the aims of both the  hydrophobic a l k y l  cha ins  and the  
hydrophi l ic  p o l a r  heads can be changed i n  wide ranges. 

The p resen t  work represents  research  i n t o  the  

broad l i n e  NMR spectrum of p-nonylphenolpolyethylene- 

g lyco l s  with 9,6 mole ethyleneglycol  (Arkopal 
d i sso lved  i n  D20, with  respec t  t o  d i f f e r e n t  

ooncentrat ions of the  detergent .  

9.6) 
weight 

The proton absorp t ion  s p e c t r a  of (Arkopal 9,6) 
disso lved  i n  D20 i n  weight concent ra t ions  from 10 % t o  

100 % were taken. We used a homemade NMR broad l i n e  

spectrometer t o  record the speotra.  The experiment wae 

oa r r i ed  out a t  a temperature o f  about 25OC. 

According t o  Luzzati, lamellar and hexagonal 
l i q u i d  c r y s t a l i n e  phases IS1 are t o  be expected for 
the  above-mentioned detergent.  

I n  the  lamellar phase, l a t e r a l  molecular d i f f u s i o n  

takes  p l ace  i n  the plane of t he  l aye r ;  because of t h i s  

the molecular a x i s  does not  t u r n  i n  space,  and a 
narrowing of the apectrum caused by the r e o r i e n t a t i o n  

of t he  molecular a x i s  absent.  In t he  hexagonal phaae, 
lateral d i f f u s i o n  has two componentor 

1 )  a long the  generant  of t he  cy l inder ,  a long whioh the 

molecular a x i s  a l s o  does not  r e o r i e n t a t e  and 

2)  revolving around the a x i s  of the cyl inder ,  i n  which 

case the  molecular a x i s  must t u r n  i n  space, due t o  
which the  spectrums narrow. S t i l l  more narrowing occur8 

i n  the  intermediate  o p t i c a l l y  i s o t r o p i c  phase ( it has 
been observed by UB ), i n  which every lateral  s h i f t  o f  

the  molecule ohsnges the  d i r e c t i o n  of i ts  axis. 
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BROAD LINE NMR SPECTROSCOPY OF P-NPPEG 251 

The absorp t ion  NMR speot ra  t h a t  were recorded 

are of a t y p i c a l  "super-Lorentzian" kind. We p resen t  

each of the  spec t r a  as a sum of two Gaussian curves 

(with the help of a proper  computer programme). As a 
r e s u l t  t h e  fol lowing was obtained: 

1 )  One of  the components (we denote it with A )  i s  t h e  
same f o r  a l l  the  spec t ra ;  i t  has a width r e l a t i v e l y  

narrow and is no t  dependent on the  concentrat ion.  This 
i , s  probably due t o  intramolecular  thermal motion. 

2 )  The second component, denoted by us n i t h  B , is  a 
considerably broader absorpt ion curve with a width of 

s eve ra l  gauss and s t rongly  depends on the concentrat ion 

I n  our  opinion i t  is connected with the  mobil i ty  of 
the  molecule as a whole. 

Table 1 presents  the  half  widthe and the 
s t a t i s t i c a l  weights of the  two Gaussian curves as a 
func t ion  of  the concentrat ion of (Arkopal 9 , 6 )  . The 
concentrat ion i n t e r v a l  s tud ied  was divided i n t o  aeve ra l  

subin te rva ls :  1 )  from 0 % t o  C,; 2 )  from C 1  t o  C2 ; 
3 )  around C 2 ;  4 )  from C 2  t o  C 

C, .I 40 %, C 2  is i n  a narrow concentrat ion i n t e r v a l  

around 50 %, C 70 96. The second and the  f o u r t h  sub- 

i n t e r v a l s  correspond t o  the  hexagonal and lamellar 
phases respect ively.  The t h i r d  subin terva l  correspondr 

t o  t he  l i q u i d  c r y s t a l  in te rmedia te  o p t i c a l l y  i ao t rop ic  
phase . The f irst  and f i f t h  a r e  probably i s o t r o p i c  
m i c r l l a r  so lu t ions  with normal and reverse  micelles. 

5) over C3; where 3;  

3 

From Table 1 it can  bo seen t h a t  component B 

i t s  uomparatively wide and has a hi&h s ta t is t ical  weight 
a t  the  hexagonal phase, This  r e f l e c t s  t h e  hindered 

mobil i ty  of the  molcoules and perhaps t h e i r  den8e 
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258 A. DERZHANSKI and A. ZHELIASKOVA 

packing. 

In the  narrow concent ra t ion  i n t e r v a l  around 50 96 
w e  observed an o p t i c a l l y  i s o t r o p i o  phase which we have 

p rov i s iona l ly  c a l l e d  "cubia". This phase has a con- 

s iderably  emallerr u i d t h  of component B than  i n  t h e  

neighbouring phases. I n  t h i s  case we assume t h a t  our  

"cubic" phase i s  no t  pure,  but  conta ins  small doaains 

w i t h  the  c h a r a o t e r i s t i c s  of the  o the r  phase80 

As was expected, component B has a m a x i m u m  
width i n  the l ame l l a r  phase, wider  than a t  the  hexago- 

n a l  phase ( Table 1 ). The s t a t i s t i c a l  weight of 

is highes t  i n  the  lamellar phase as w e l l  - more than 

B 

50 %. 
The f i r s t  and f i f t h  subin terva ls  ( t h e  i s o t r o p i c  

mice l l a r  so lu t ions )  w i l l  be the  ob jec t  of a d d i t i o n a l  

inves t iga t ions .  Here we w i l l  remark only t h a t  the  
ex is tence  of a broad l i n e  i n  these two i n t e r v a l a  tes- 

t i f i e s  t o  hindered molecular motion, which i s  probably 
caused by the  formation of o p t i o a l l y  i s o t r o p i o  super- 

molecular s t ruc tu re8  with low mobili ty.  
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concentration 
of detergent 

10 46 

20 % 

30 % 

35 % 

40 % 

45 % 

50 % 

55 96 
65 96 
70 $ 

80 % 

90 % 
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HB IgaussI stat is t ical  
weight 
Kg 

51 % 

50 % 

53 ?4 

53  % 

64 96 
60 96 

49 % 

5 3  46 
56 96 

50 % 

50 % 

53 % 

TABLE: 1 
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