
APTEFF, 46, 1-269 (2015)  UDC: 678.7+677.042.2:661.728:532.135 
DOI: 10.2298/APT1546229K BIBLID: 1450-7188 (2015) 46, 229-237 

Original scientific paper 

 229

 
 
 
 
INFLUENCE OF IONIC STRENGTH ON THE RHEOLOGICAL PROPERTIES 

OF HYDROXYPROPYLMETHYL CELLULOSE–SODIUM 
DODECYLSULFATE MIXTURES 

 
Jaroslav M. Katona*, Alena Tomšik, Sandra Dj. Bučko and Lidija B. Petrović  

 
University of Novi Sad, Faculty of Technology, Bulevar cara Lazara 1, 21000 Novi Sad, Serbia 

 
 Mixtures of polymers and surfactants are commonly found in a range of products of 
pharmaceutical, cosmetic, and food industry. Interaction between polymers and surfac-
tants influences different properties of these products, e.g. stability, flow properties, pha-
se behavior, etc. It is known from previous work that an interaction in binary mixtures of 
hydroxypropylmethyl cellulose (HPMC) and sodium dodecylsulfate (SDS) takes place 
when SDS concentration (CSDS.) is higher than the critical association concentration 
(CAC) and lower than the polymer saturation point (PSP). The interaction results in the 
formation of an HPMC–SDS complex. The objective of this work was to study the effect 
of the ionic strength on the HPMC–SDS complex formation by rheological investigation. 
The HPMC/SDS mixtures composed of 0.70 % wt. HPMC, and 0.00 % to 2.50 % wt. SDS 
were prepared in deionized water, 0.01M and 0.05M NaCl solution. It was found that an 
increase in the ionic strength influences the HPMC–SDS complex formation by increa-
sing the zero shear viscosity of the mixtures in the interaction region (CAC<CSDS<PSP), 
while a decrease in the viscosity is observed for CSDS>PSP. The HPMC/SDS mixtures 
showed a shear thinning or a shear thickening flow properties depending on CSDS. The 
flow properties were influenced by the ionic strength of the mixtures. 
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INTRODUCTION 
 
 Polymers and surfactants are commonly found in many food, pharmaceutical and che-
mical industry products. An interaction between а polymer and а surfactant often takes 
place when they are jointly found in a solution. The polymer–surfactant interaction influen-
ces physico–chemical properties of the solutions and is often employed to achieve different 
effects such as emulsification, colloidal stability, viscosity enhancement, gel formation, 
solubilization, phase separation, etc. Details of polymer–surfactant interaction depend on 
molecular characteristics and concentration of both polymer and surfactant (1, 2, 3). 
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 Hydroxypropylmethyl cellulose (HPMC) is a nonionic water–soluble cellulose ether. 
It is obtained by partial substitution of hydroxyl groups of cellulose with hydrophobic 
hydroxypropyl and methyl groups. The substituents make HPMC a typical amphiphilic 
polymer with properties such as ability to adsorb at air–water and oil–water interface, 
emulsification, self–assembly, and association with other amphiphilic molecules (4, 5). In 
this regard, the addition of low molar mass surfactants, especially anionics such as sodi-
um dodecylsulfate (SDS), to HPMC solution may result in a polymer–surfactant interac-
tion. The HPMC–SDS interaction takes place when the SDS concentration (CSDS) exceeds 
the critical association concentration (CAC), which is a minimal surfactant concentration 
required for the onset of association of the surfactant and the polymer (6). The HPMC–
SDS interaction takes place via hydrophobic moieties of the components, where SDS 
binds to HPMC chains and thereby brings about formation of the HPMC–SDS complex. 
The binding and complex formation support physical cross–links between entangled 
HPMC chains, which result in an increase in the viscosity of the HPMC/SDS mixtures. 
At the same time, formation of negatively charged SDS micelles along HPMC chains 
progressively converts the nonionic polymer into a polyanion. As CSDS is further increa-
sed, the electrostatic repulsive forces between the neighboring HPMC chains start to 
dominate, the network structure is gradually lost, and consequently, the viscosity of the 
HPMC/SDS mixture drops. Individual HPMC chains become fully solubilized with SDS 
when CSDS reaches the polymer saturation point (PSP). The increase in CSDS above PSP 
causes only a slight decrease in the viscosity of the HPMC/SDS mixtures as a result of 
formation of free SDS micelles in the solution, which brings about slight conformational 
changes of the SDS–solubilized HPMC chains (7, 8, 9). 
 In this work, the influence of the ionic strength on the formation of the HPMC–SDS 
complex was studied by a rheological investigation of HPMC/SDS mixtures of different 
SDS concentration and different ionic strength. 
 

EXPERIMENTAL 
 

Materials 
 
 Hydroxypropylmethyl cellulose (trade name Methocel K100M CR, methoxyl content 
22.6 %, hydroxypropyl content 10.5 %) was obtained from Colorcon Ltd., England. The 
viscosity average molar mass was Mv=717,490 g/mol, and the overlap concentration was 
c*=0.072 % w/v, as determined by capillary viscometry (10). Sodium dodecylsulfate 
purity >99 %, was obtained from Merck, Germany. The critical micelle concentration 
determined at 20oC by conductometric titration was CMC=0.244 % w/v. All samples 
were used without any further purification. Demineralized water was used as a solvent.  

 
Preparation of solutions 

 
 The HPMC stock solutions of different ionic strength (0.00M, 0.01M and 0.05M 
NaCl) were prepared by dispersing HPMC powder in the corresponding NaCl solutions at 
80–90oC by gentle stirring. The stock solutions were left for 24 h at room temperature 
before further use. Stock solutions of SDS of different ionic strength (0.00M, 0.01M and 



APTEFF, 46, 1-269 (2015)  UDC: 678.7+677.042.2:661.728:532.135 
DOI: 10.2298/APT1546229K BIBLID: 1450-7188 (2015) 46, 229-237 

Original scientific paper 

 231

0.05M NaCl) were prepared by dissolving SDS in the corresponding NaCl solutions at 
20oC.  
 The HPMC/SDS mixtures of desired ionic strength (0.00M, 0.01M and 0.05M NaCl) 
were containing 0.7 % w/w HPMC and 0.00–2.50 % w/w SDS, and were prepared by 
mixing HPMC stock solutions with the SDS stock solutions and appropriate dilution with 
NaCl solutions. The mixtures were vigorously hand–mixed, and were left for 48 h prior 
to further use. 
 

Rheological measurements 
 
 Rheological measurements were performed on a RheoStress 600HP rheometer (Ther-
moHAAKE, Germany), at 20oC. The cone and plate geometry was used (d=60 mm, 
θ=1o), and the steady–state controlled rate method was employed to measure apparent 
viscosity η at different shear rates (11). The apparent viscosity was normalized against 
the zero shear viscosity η0 (i.e. η/η0) when plotting the viscosity curves. The zero shear 
viscosity was determined at sufficiently low shear rates, where the apparent viscosity is 
shear rate independent and a Newtonian plateau is observed.  
 
 

RESULTS AND DISCUSSION 
 

The zero shear viscosity of HPMC/SDS mixtures of different ionic strength 
 
 The influence of CSDS on the zero shear viscosity of HPMC/SDS mixtures of different 
ionic strength is shown in Figure 1.  
 

 
 

Figure 1. Influence of SDS concentration on the zero shear viscosity of the HPMC/SDS 
mixtures of different ionic strength 
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 It can be seen that the increase in CSDS increased the viscosity of the 0.00M NaCl 
HPMC/SDS mixture, to reach a maximum at CSDS=0.35 % wt. The increase in the visco-
sity is due to the formation of the HPMC–SDS complex, which takes place when CSDS is 
higher than the critical association concentration CAC=0.15 % wt. The complex forma-
tion takes place via hydrophobic interactions, where SDS molecules bind to the HPMC 
chains. SDS forms micelles around the hydrophobic moieties of the neighboring HPMC 
chains, which strengthens the network of entangled HPMC chains and results in an incre-
ase in viscosity (12, 13). Further increase in CSDS brings about a decrease in the viscosity 
of the HPMC/SDS mixture. The binding of SDS causes an increase in the negative net 
charge of HPMC chains and thus electrostatic repulsion between neighboring HPMC 
chains takes place, which results in gradual disentanglement of chains, network loose-
ness, and consequently, in a drop in the viscosity of the mixtures (14). The changes in the 
viscosity of the HPMC/SDS mixtures take place no more, and a constant value is reached 
at the CSDS of 1.50 % wt. This indicates that the HPMC–SDS interaction is finished, and 
that CSDS reached the polymer saturation point (PSP). At the PSP, all hydrophobic 
moieties of the HPMC chains are fully solubilized with SDS micelles, the intermolecular 
links between the neighboring HPMC chains are broken, and the 3D network structure is 
completely lost (8, 9). 
 The same trends in the change of the zero shear viscosity as a function of CSDS are ob-
served when the ionic strength of the HPMC/SDS mixtures is increased, indicating the 
same HPMC–SDS interaction mechanism. However, at increased ionic strength, the vis-
cosity in the interaction region is higher when compared to the zero ionic strength mix-
ture, Figure 1. This is especially true for the 0.05 % wt. NaCl mixtures (data not shown), 
where for the CSDS ranging from 0.15 to 0.55 % wt., the viscosity was so high that it was 
not possible to prepare homogeneous samples for rheological measurements. The increa-
sed viscosity comes from the pronounced charge screening effect of Na+ ions, which 
enables formation of SDS micelles with higher aggregation number around the hydropho-
bic moieties of HPMC chains (1, 15). This strengthens the network and results in an in-
crease in the viscosity. At CSDS>PSP, an increase in the ionic strength of the HPMC/SDS 
mixtures leads to a decrease in the viscosity. Namely, the charge screening makes HPMC 
chains solubilized by SDS effectively less charged, which makes them smaller, and this 
consequently brings about a decrease in the viscosity of the mixtures. 
 
 

Influence of shear rate on the viscosity of HPMC/SDS mixtures of different ionic 
strength 

 
 The viscosity curves of the HPMC/SDS mixtures having different concentration of 
SDS and 0.00M NaCl ionic strength are shown in Figure 2. The mixtures with CSDS < 
0.35% wt. and >1.50 % wt. show a typical shear thinning flow behavior, where viscosity 
decreases on the increase in the shear rate. However, when CSDS=0.55–1.00 % wt. shear 
thinning is observed only at lower shear rates. When a critical shear rate is reached, the 
viscosity of the mixtures sharply increases, flow profile changes from shear thinning to 
shear thickening, indicating a shear–induced structure formation (16).  
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Figure 2. Viscosity curves of the HPMC/SDS mixtures containing 0.7 % wt. HPMC,  

0–2.50 % wt. SDS, and 0.00M NaCl 
 

 The shear thickening flow is also observed when ionic strength of HPMC/SDS mixtu-
res is increased, Figure 3 and Figure 4, where the shear thickening region extends to hig-
her SDS concentrations. In the 0.01M NaCl mixtures the shear thickening flow is obser-
ved up to CSDS=1.50 % wt., while in the 0.05% wt. NaCl mixtures the shear thickening 
flow is observed up to CSDS=2.00 % wt., indicating that an increase in ionic strength of 
HPMC/SDS mixtures supports the shear–induced structure formation.  

 

 
 

Figure 3. Viscosity curves of HPMC/SDS mixtures containing 0.7 % wt. HPMC,  
0–2.50 % wt. SDS, and 0.01M NaCl 
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Figure 4. Viscosity curves of HPMC/SDS mixtures containing 0.7 % wt. HPMC, 

0–2.50 % wt. SDS, and 0.05M NaCl. 
 

 The influence of the SDS concentration on the critical shear rate, i.e. the shear rate 
where the onset of shear thickening takes place, for the HPMC/SDS mixtures of different 
ionic strength is shown in Figure 5.  
 

 
Figure 5. Influence of the SDS concentration on the critical shear rate for the 

HPMC/SDS mixtures of different ionic strength 
 

 It can be seen that the critical shear rate increases when the CSDS of the HPMC/SDS 
mixture is increased, regardless of the ionic strength of the mixtures. This indicates that 
for a more solubilized HPMC–SDS complex a larger shear is needed to bring about con-
formational changes of the HPMC chains. The conformational changes make the new 
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hydrophobic moieties available for the establishment of the intermolecular link supported 
by SDS binding, and eventually lead to an increase in viscosity. On increasing the ionic 
strength of the HPMC/SDS mixtures the critical shear rate decreases. This is attributed to 
the charge of the screening effect of Na+ ions, which makes the HPMC–SDS complex 
effectively less charged and thus more flexible and prone to conformational changes 
under the effect of shear, as opposed to highly charged polyanions having a rigid, rod–
like conformation. 

 
 

CONCLUSION 
 

 Interaction in the HPMC/SDS mixtures takes place when CSDS is higher than the critical 
association concentration CAC=0.15 % wt. and ends at the polymer saturation point 
PSP=1.50 % wt. The increase in the ionic strength of the HPMC/SDS mixtures influence 
the interaction, as evidenced by an increase in the viscosity of the mixtures in the interac-
tion region (CAC<CSDS<PSP), and a decrease in viscosity for CSDS>PSP. The HPMC/SDS 
mixtures show a shear thinning or shear thickening flow behavior, depending on CSDS and 
ionic strength of the mixtures, indicating that a product design having desirable rheological 
properties can be achieved by careful tuning of polymer–surfactant interactions. 
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УТИЦАЈ ЈОНСКЕ ЈАЧИНЕ НА РЕОЛОШКЕ ОСОБИНЕ СМЕША 
ХИДРОКСИПРОПИЛМЕТИЛ ЦЕЛУЛОЗЕ  

И НАТРИЈУМ ДОДЕЦИЛСУЛФАТА 
 

Јарослав М. Катона, Алена Томшик, Сандра Ђ. Бучко, Лидија Б. Петровић, 
Јадранка Л. Фрај 

 
Универзитет у Новом Саду, Технолошки факултет, Булевар цара Лазара 1, 21000 Нови Сад, Србија 

 
 Производи фармацеутске, козметичке, прехрамбене и хемијске индустрије врло 
често у свом саставу садрже смеше полимера и сурфактаната. Интеракција између 
полимера и сурфактаната утиче на низ особинa тих производа као што су нпр. ста-
билност, реолошке особине, сепарација фаза и сл. Познато је да до интеракције из-
међу хидроксипропилметил целулозе (ХПМЦ) и натријум додецилсулфата (СДС) 
долази када је концентрација СДС ЦСДС већа од критичне концентрације асоција-
ције (ЦАЦ) а мања од концентрације засићења полимера (ПСП). Као последица 
дате интеракције долази до формирања ХПМЦ–СДС комплекса. Циљ овог рада је 
испитивање утицаја јонске јачине на формирање ХПМЦ–СДС коплекса путем рео-
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лошких мерења. У том циљу, припремљене су ХПМЦ/СДС смеше које су садржале 
0,70 % м/м ХПМЦ, 0,00 % м/м до 2,50 % м/м СДС у дејонизованој води, и 0,01М и 
0,05М растворима NaCl. Добијени резултати указују да вискозитет при нултој бр-
зини смицања смеша ХПМЦ/СДС расте са повећањем јонске јачине у опсегу 
ХПМЦ–СДС интеракције (ЦАЦ<ЦСДС<ПСП), док опада за ЦСДС>ПСП. ХПМЦ/СДС 
смеше показују псеудопластично или дилатантно протицање у зависности од ЦСДС. 
Јонска јачина такође утиче на реолошке особине смеша. 
 
Кључне речи: полимер–сурфактант интеракција, нејонски етри целулозе, хидрок-

сипропилметил целулоза, јонска јачина 
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