This article was downloaded by: [Tomsk State University of Control Systems
and Radio]

On: 23 February 2013, At: 03:29

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

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Viscosity Investigation of DBS
Micelles

Alexander Derzhanski & Antonia Zeeliaskova ?

% Institute of Solid State Physics, Bulgarian Academy
) P e of Sciences, 1184 Sofia, 72, Lenin Blv, Bulgaria
Version of record first published: 20 Apr 2011.

To cite this article: Alexander Derzhanski & Antonia Zeeliaskova (1981): Viscosity
Investigation of DBS Micelles, Molecular Crystals and Liquid Crystals, 64:7-8, 225-232

To link to this article: http://dx.doi.org/10.1080/01406568108080169

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
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.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/01406568108080169
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 03:30 23 February 2013

Mol. Cryst. Lig. Cryst. Vol. 64 (Letters), pp. 225-232
0140-6566/81/6407-0225$06.50/0

©1981, Gordon and Breach, Science Publishers, Inc.
Printed in the United States of America

VISCOSITY INVESTIGATION OF DBS MICELLES

ALEXANDER DERZHANSKI, ANTONIA ZHELIASKOVA

Institute of Solid State Physics, Bulgarian

Academy of Sciences,1184 Sofia,72 Lenin Blv
Bulgaria

(Submitted for publication January 20, 1981)

Abstract: We have investigated the shape of
the DBS micelles with regard to the concentration
We have determinated the shape factor (I and the
effective specific micellar volume Vo as a func-

tion of the surfactant concentration,

The present paper describes our research on the
dodeoylbenzene sulfonate(DBS) micellar phase, The
shape of the micelles which depends on the ooncentra-
tion of the surfactant has been investigated, We used
the viscosity methods.

It is well known from viscosity theory that the
viscosity of a micellar solution is given by:

M-y (l+av) (1]
where ?7 is the intrinsic viscosity related to
micellar properties, 71 is the viscosity of the sol-~
vent (in our case 7, is the viscosity of the solution
at the critical micellar concentration, i.es, 7 = V.. )
d 1is the shape factor, which for spherical miocelles
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has the value 2,5 , while for rodlike micelles (I
increases since its exact value depends on the para-
meters of the micelles, VV is the volume concentration
of the micelles in the sample. This expression is valid
for a sufficiently diluted solution, i.e.,, one with
non-interacting particles. The micelles considered are
electrically charged, and they can be itreated as not
interacting only when the average distance { between
them exceeds the thickness of the surrounded 4ieonic
atmosphere Lég « One estimation of thesg values (1a)
is for concentrations of DBS 1 %74&=h94 (=78 and
3% 1/ Oﬁ l:l.l./i , under the assumption that the
only iona in the medium are dissociated Na-ions. When
we add to the solution 5 % by weight NaCl,k% decreases
by about 3 £, In this case we accept formula [1] »

In our experiment the solutions were characterized
by the weight concentration C of the surfactant. V
is proportional to C with a coefficient bﬁ effective
specific micellar volume

V= l/,C
- 9,(1+al/C) [2]

The eleotric double layer, which is involved in
the movement of the micelle, has been included in the
volume of the micelles and determines their hydrodyna-
mic behaviour,

From a series of studies to the present (1) it is
known that the thickness of the electric double layer
strongly depends on the concentration of the ions in
the solution, It is a decreasing function of +the ion
concentration and tends to zero at high concentrations
From this it follows that the dependence of |/ on the
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concentration will also be a decreasing function. Such
is in reality the curve obtained on the basis of our
experimental data. %I and V@Hare respectively the
values of the specific micellar volume at low and at
high fon concentrations.

It is known also (2) (3) (4) (5) that at a 1low
concentration, under 1 % of the surfactant,the micelles
are spherical while at higher concentrations they be-
come rodlike. The shape factor @ will be an increasing
function of the surfactant concentration. The form of
this function foxr the DBS obtained from ocur experimen=
tal results is shown in tigure 2. After transformation
of [2] we obtain:

aV - -9,
7, (Cror - ch )

C%T is the general concentration of the surfactant in

the sample,C\CM0

micellar formation and it characterizes the molecular

is the eritical concentration of the

solution of the surfactant around the micelles.We used
Coue= 0041%0 ovtained by Iundlum (6) (7) (8) for DBS
in the temperature interval from 25°C to 35°C.
By using the proportionality of the viscosity
from the flow time ! we get:
GV,, - t t- to

o(cror—cc e)
The dependence of Gl{ on (f was erperimentally obtained
by measuring the viscosity of the DBS water solution
at concentrations from CMC to 3 %, (in steps of 0,5 %)
and at a temperature of 30°C + 0,05°C (table 1). The
Eigner viscosimeter we used had a capillary length of
1 m and a caplllary diameter of 1 mm. Such a viscosi-
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meter produces a small speed gradient which does not
permit the deformation of the micelles studied by us.
Fon avery concentration the flow time value was detexr-
mined by more than 20 measurements. The mean square
error in determining the flow mean time for the criti-
cal concentration ia F = 0,04 sec and for all other
concentrations F = 0,08 sec . The graphical foxm of
this dependence is shown in figure 3. Its character
can be explained by taking into account the oconcentra-
tion dependence on the two factors separately |/:|/[C)
figure 1 and d-Q(C) figure 2.

Vigcosity determinationa like these of water
solution, were also performed on th® same surfactant
with the addition of NaCl 5 % by weight (0,13 mol per
liter) (table 1, figure 4). In these solutions the ion
concentration was kept constant independently from the
gurfactant concentration. With all of them the value
of Vo coxxesponds to Von » which can be calculated
from the experimentally obtained value (Ibﬁ for the
smaller concentrations of the surfactant (figure 4),
bearing in mind that a:2,5 in this case, We obtained
1437,6 7 .+ Under these conditions @l (figure 4, table
1) will depend on ( only through Q (figure 2 and 4
have an analogous form), We substitute for Vo here the
obtained numerical value for V," and we obtain the
concentration dependence of the @ (figure 2, table 1)
So by substituting the obtained values for Q[C) in the
function QV, shown in figure 3 , table 1 we get VO(C)
(figure 1).

The density of the waterfree DBS is P=/05 (as-

timated by us). The specific volume of a imaginary
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micelle formed of only DBS molecules was V:=7/P =Q95
The fact that the effective specific volume of the
micelles /' at high concentrations of Nagl also ex-
ceeds Vo* shows the essential role of the hydrate
binding water molescules to the surface of the micelle,
The water molecules increase 1,75 times the effective
volume of the micelles.

In the concentration range where G(C) increases,
the spherical micelles pass into rodlike ones, In ouxr
case this occurs over 2 %.

Simultaneously with the viscosimetric investiga~
tions the NMR spectra at longitudinal relaxation time
T1 were recorded to investigate their dependence on
the temperature at concentrations 1%, 2 % and 3 % .
The results will be published later. These inwvestiga-
tions confirm the conclusions drawn above,
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C%| t, Isecd| @V, |tualC]| Qle
(004 | 4766 4712

05 | 5398 |819 | 5043 | 431
(10 1596 | 742 | 5384 | 419
15 6434 | 682 | 5725 | 415
20 |6959 | 637 | 6081 | 418
(25 17350 1627 |6515 | 439
30 | 7978 |647 | 7059 | 474

35 7689 | 575
40 84,38 | 563

TABLE 1
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