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V I S C O S I T Y  LNVl3STIGATIOTJ OF DBS MICELLES 
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I n s U t u t e  of Sol id  S t a t e  Physics,  Bulgarian 
Academy of Soiences,l l84 Sofia,72 Lenin Blv 

Bulgaria  

(Submitted for pub l i ca t ion  January 20, 1981) 

Abstracts We have inves t iga t ed  the  shape of 
the  DBS miuelles with regard t o  the  oonoentrat ian 
Wa have determinated the  shape f a c t o r  a and t h e  
effeotive spec i f io  mioe l l a r  volume V, 
t i o n  of the su r fac t an t  concentration. 

a8 a func- 

The p resen t  paper desur ibes  our  research  
dodeoylbenoene eulf onate (DBS) micellar phase. The 
ehape of t he  mioe l les  which depends on the  ooncentra- 
t i o n  of the s u r f a c t a n t  has been invest igated.  We used 
the v i s c o s i t y  methada. 

on the  

It is well known from v i s c o s i t y  theoxy that the 

v l s o o s i t y  of a mice l l a r  so lu t ion  is given by: 

7 ro(l+avl PI 
where 7 is t h e  i n t r i n s i a  v i s c o s i t y  r e l a t e d  t o  
m i c e l l a r  p rope r t i e s ,  yo i s  the v i scos i ty  of t he  so l -  
vent  (in oar oase  70 is t h e  v i s c o s i t y  of the so lu t ion  
a t  the  o r f t i a a l  mioellar concentrat ion,  i.e. , yo = ycYc ) 
d is the shape f a s t o r ,  which for sphe r i ca l  miae l les  
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226 A. DERZHANSKI and A. ZHELIASKOVA 

ha8 the value 2,5 while f o r  rod l ike  mice l les  a 
increases  sinae i t 8  eraat value depends on the  para- 
metera of the micelles, V i s  the volume oosoentrat ion 
of t h e  miael les  i n  the sanple. T h i s  expression is v a l i d  
foz  a s u f f i c i e n t l y  d i l u t e d  so lu t ion ,  i.e., one with 

non-interaoting p a r t i c l e s .  The micelles oonsidered are 
e l e c t r i c a l l y  charged, and they oan be t r e a t e d  as not 
h t e r a o t i n g  only when the  average distance  1 between 
then exceeds the  th ickness  of the  surrounded ionio  
atmosphere I/% . One est imat ion of these values ( l a )  
i s  for conaentrationa of DBS 1 % I/,=BA i=7BAo hind 

3 % ?/& the 
only  ion8 i n  t he  medium are dissoc ia ted  Nacions. When 

w e  add t o  the  eo lu t ion  5 96 by weight NaC1,k deareases 
by a b u t  3 8. I n  t h i s  case we accept  formula [ 11 

by $he weight oonosntration c of the  sur fac tan t .  V 
is propor t iona l  t o  c w i t h  a coe f f i c i en t  
specifla mice l la r  volume 

0 

lz44A , under the assumption that 

I n  our experiment t h e t  so lu t ions  were character ized 

[ e f f e c t i v e  

v =  KC 
= ('7,U+a [ C  [21 

The e l e o t r i c  double layer ,  which i s  involved i n  
the movement of the micelle,  has been included in the 

volume of the rnicelles and determines the ir  hydrodym- 
mic behavioim. 

From a series of s tud ie s  t o  the present  ( 1 )  it is 
known tha$ ahe thiokness of t h e  e l e o t r i c  double layer 
s t rongly  depends ofl %he concentrat ion of the  ions in  

the solution. It i a  a decreasiw funation of the ion 
concentratfog and tends t o  aero at high ooncentsatione 
From this it fol lows that the  dependexme of on the 
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VISCOSITY INVESTIGATION OF DBS MICELLES 227 

concentration will also be a decreasing function. Such 
is i n  reality the curve obtained on the basis of OUT 
experimental data. t ' and v,,"are respectively 
values of the specifia micellar volume a t  low and at 
high ion concentrations. 

concentration, under 1 96 of the surfactant,the micelles 
are spherical while at higher concentrations they be- 
come rodlike. The shape factor Q will be an increasing 
function of the suxfactant concentration. The form of 
t h i s  function for the. DBS obtained from OUT experimen- 
tal results is shown i n  figure 2. After transformation 
of [ 2 ]  we obtain: 

the 

It is known a l s o  (2) ( 3 )  (4 )  ( 5 )  that at a low 

CToT ie the general concentration of the surfactant in 
the sample,CeMC is the critical concentration of the 
micellar formation and it characterizes the moleeular 
solution of the surfactant around the micelles.We used 
C,,,=O,OLIO/o obtained by Lundlum ( 6 )  (7) ( 8 )  for 
in the temperature interval from 25OC to 35OC. 

from the flow time t we get: 

DBS 

By using the proportionality of the visaosity 

by measuring the viscosity of the DBS water solution 
at aoncentrations from CMC t o  3 96, (in steps of 0,5 96) 
and at a temperature of 3OoC 2 0,05OC (tabla 1). The 

Eigner viscosimeter we used had a oapillary length of 
1 m and a capillary diameter of 1 mm. S w h  a viscosi- 
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228 A. DERZHANSKI and A. ZHELIASKOVA 

meter produces a s m s l l  speed g rad ien t  whiah does n o t  
germit the  deformation of the miae l les  s tud ied  by US. 

F o ~ e v e r y  ooncentrat ion the flow time value  was deter- 
mined by more than  20 measurements. The mean square 
e r r o r  i n  determining the flow mean time f o r  the c r i t i -  
aal ooncentrat ion ia F - 0,04 seo and f o r  a l l  o the r  
aoncent ra t ions  F - 5,08 sec . The graphica l  form of 
t h i s  dependence is  shown in figure 3. It8 cha rac t e r  
@an be explainad by tak ing  i n t o  aocount the  oomentra-  
t ion  dapendenoe on ~a ~ W Q  f a o t o r s  s epa ra t e ly  l(= [(C) 
f i g u r e  I and a=Q(CI figure 2. 

Visaoeity determinafions like these of water 
so lu t ion ,  were a l s o  performed on th. sane su r fac t an t  
with the  add i t ion  o f  R a C 1  5 96 by weight ( O , l 3  mol p e r  

l i t e r )  ( t a b l e  1 ,  figure 4). I n  these so lu t ions  the ion 
concentrat ion was kep t  conetant  independently from the 
s u r f a c t a n t  oonaentration. With a l l  of them the  value 
of ( oorresponds to v,‘ , which oan b e  ca lcu la ted  
from the  experimental3y obtained value U K  f o r  the 
smaller  concent ra t ions  of the  suzfac tan t  (figure 4) ,  
bearing i n  mind t h a t  a=2,S 
$7,67 Under these  condi t ions  a( (figure 4,  table  

1)  
have an analogous form). We s u b s t i t u t e  for here the  

obtained numerical value f o r  
aoncantxation dependenae of the  (2 ( f igure  2,  table 1) 

So by s u b s t i t u t i n g  the obtained values for Q(C) i n  the  

func t ion  a( shown i n  f i g u r e  3 , table 1 

(figure I ) .  

timated by US). The s p e c i f i c  volume of a i m a g i n a r y  

i n  t h i s  case. We obtained 

w i l l  depend on c only through Q ( f igu re  2 and 4 

K” and w e  ob ta in  t h e  

we g e t  [(c/ 
The dens i ty  of the waterfree DBS i s  P-l,& (ee- 
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VISCOSITY INVESTIGATION OF DBS MICELLES 229 

mloel le  formed of only DBS maleaules was ['=1/,=@5, 
The fact  t h a t  %he: e f f e c t i v e  s p e c i f i c  volume of the 
rnioelles v," a t  high concent ra t ions  o f  Baa1 e1sa ex- 
ceeds ahowe the essential r o l e  0% the hydrate  
binding vat- molecsulee t o  t h e  surface of t he  mfaelle. 

The water molecules increase  l ,75  times the e f f e o t i v e  
volume of the micel les  . 

+ 

In the  concent ra t ion  range where arc) iwreases# 
t h e  sphe r i ca l  mice l l e s  pass i n t o  rod l ike  ones. I n  OUT 
case this occurs ovex 2 %. 

Simultaneously with the  v iscos imet r ia  invastigat- 
tions the  AMR epaxztra a t  Longitudinal r e l a z a t i o n  time 

T1 
the  temperature a t  concent ra t ions  196, 2 96 and 3 96 
The n e s u l t s  w i l l  be publ ished latw. These lnaes t iga -  
t i o n s  oonfirm the- conclusions drawn above. 

vere recorded t o  i A V e E t i & % h !  t h e i r  dependence on 
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t tsecl 
DBS 

4 7,66 
5398 
59,6 
64,3 4 
68,.59 

?3,51 

79,78 

‘4 DDS 

8,19 

7 4 2  

6,82 

6,37 

6,2? 
6,4 7 

av, 
mstw 

4,31 
4J9 

d,15 
4,18 

4,39 

A, 74 
5,15 
S163 

TABLE 1 
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0,s 1 2 3 4 C% 
FIGURE 1 

3 

1 2 3 4 
FIGURE 2 
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7 

i 2 3 4 C% 
/=I GURE 3 

I 2 3 4 C% I 

FIGURE 4 
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