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Abstract Three complementary experimental techniques:

isothermal titration calorimetry, differential scanning

calorimetry and conductometric titration, have successfully

been applied to describe the process of sodium dodecyl

sulphate (SDS) micellization in the presence of pH

buffering substances, namely 2-(N-morpholino)ethanesul-

fonic acid, piperazine-N,N’-bis(2-ethanesulfonic acid),

4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid and

3-(N-morpholino)propanesulfonic acid, commonly used in

biological experiments as well as in calorimetric studies.

The measurements were taken in aqueous solutions

(pH 6.5), at 298.15 K. The influence of the buffer com-

ponents as well as the composition of the system under

study on the critical micelle concentration, the molar

standard enthalpy for micelle formation (DmicH
0) and the

molar heat capacity that corresponds to the thermal mid-

point (Tm) of micelle transition has been discussed. It has

been shown that the dependence of SDS stability on the

kind of buffer may be helpful for the precise interpretation

of the molecular recognition processes.
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Introduction

Surfactants (surface active agents) (Fig. 1) are present in a

large number of commercial products that are widely used

in everyday life, for example, in detergents, cosmetics as

well as in some types of antibiotics and herbicides. Fur-

thermore, it has been well established that the presence of

surfactants in the systems under study changes the physi-

cochemical properties of the compounds with biological

relevance [1–3].

The title surfactant, sodium dodecyl sulphate (SDS), is a

very simple model of a phospholipid membrane with a

negative surface charge. It is widely used to mimic many

aspects of natural interactions on membranes and to study

an initial physicochemical characterization of systems un-

der investigation. It has been found that the backbone

conformations of some peptide hormones are influenced by

the presence of the SDS micelles. For example, bradykinin,

the 9-amino acid peptide (Arg–Pro–Pro–Gly–Phe–Ser–

Pro–Phe–Arg) that takes part in the pathogenesis of many

diseases such as arthritis, pancreatitis or hypertension, is

conformationally flexible in aqueous solutions; however, in

the presence of SDS, it adopts a specific b-turnlike con-

formation [4, 5]. Other biologically relevant molecules

such as substance P (Arg–Pro–Lys–Pro–Gln–Gln–Phe–

Phe–Gly–Leu–Met–NH2), a neuromodulator involved in

the transmission of pain information, can form complexes

with the SDS micelles, thus resulting in the change of the

peptide conformation from a relatively unordered to a very

specific one that enables to penetrate the micelles [6].

Conformational and physicochemical studies of biolo-

gical molecules in SDS environment are usually carried out

in buffer solutions. However, to the best of our knowledge,

there are no reports on stabilities of SDS in biologically

relevant pH buffers. Consequently, it was the reason that
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prompted us to embark on these studies. In this paper, we

report the results of our studies on the thermodynamics of

SDS micellization in the presence of some biologically

relevant pH buffers (Fig. 2): 2-(N-morpholino)ethanesul-

fonic acid (MES), piperazine-N,N’-bis(2-ethanesulfonic

acid) (PIPES), 4-(2-hydroxyethyl)-1-piperazineethanesul-

fonic acid (HEPES) and 3-(N-morpholino)propanesulfonic

acid (MOPS), commonly used in biological experiments as

well as in calorimetric studies [7–11]. The knowledge of

stability of SDS in buffers may be helpful for the in-depth

interpretation of the molecular recognition processes.

Materials and methods

Differential scanning calorimetry (DSC)

Calorimetric measurements were made with the VP-DSC

microcalorimeter (MicroCal) at a scanning rate 90 �C/1 h.

Scans were obtained at 50 mM buffer solutions (MES,

HEPES, MOPS and PIPES) containing 4 mM SDS, at the

pH of 6.5 and in the range of temperature from 25 to 80 �C.

The cell volume was 0.5 mL. The reversibility of the

transition was checked by cooling and reheating the same

sample. These measurements were recorded three times.

Results from DSC measurements were analysed with the

Origin 7.0 software from MicroCal using the routines of

the software provided with the instrument [12].

Isothermal titration calorimetry (ITC)

All ITC experiments were performed at 298.15 K using the

AutoITC isothermal titration calorimeter (MicroCal Inc. GE

Healthcare, Northampton, USA) with a 1.4491-mL sample

and the reference cells. The reference cell contained distilled

water. All details of the measuring devices and the ex-

perimental setup were described previously [13]. SDS was

dissolved directly into 50 mM buffer solution of MES,

HEPES, MOPS and PIPES. The pH of the buffer solution was

adjusted to 6.5 with 0.1 M HClO4. The experiment consisted

of injecting 10.02 lL (29 injections, 2 lL for the first injec-

tion only) of ca. 20 mM buffered solution of SDS into the

reaction cell which contained ca. 1 mM buffered solution of

SDS. The titrant was injected at 4-min intervals to ensure that

the titration peak returned to the baseline before the next in-

jection. Each injection lasted 20 s. For homogeneous mixing

in the cell, the stirrer speed was kept constant at 300 rpm.

Conductometric studies

Conductometric measurements were accomplished on the

Cerko Lab System microtitration unit fitted with a 5-mL

Hamilton’s syringe, a CD-201 conductometric cell with a

constant k = 0.096 cm-1 (HYDROMET). The conducto-

metric electrode was standardized with conductivity standards
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Fig. 1 Schematic diagram of the structure of the micelle (with the

hydrophobic tails and hydrophilic heads) of the sodium dodecyl

sulphate (SDS)
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Fig. 2 Structures of the biologically active buffers: a MES, b PIPES,

c HEPES, d MOPS
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(aqueous KCl solutions) of conductivity 84 and 200 lS/cm,

purchased from Hamilton Company. The measurements were

taken at 298.15 ± 0.10 K controlled by the Lauda E100 cir-

culation thermostat.

Results and discussion

The quantity measured by DSC is the difference between the

heat capacity of buffer solution of SDS and that of the se-

lected buffer. To perform a DSC measurement of SDS mi-

cellization, the reference cell was filled with MES, HEPES,

MOPS and PIPES buffers, respectively, and the sample cell

with the SDS buffered solutions. Then, the samples were

heated at a constant scan rate (90 �C/1 h). When a SDS

demicellization occurs during DSC measurements, the ab-

sorption of heat results in temperature difference (DT) be-

tween the cells. In Fig. 3, the heat capacity curves of SDS in

four different buffers are shown. It should be noted that SDS

micelles behave similar in the HEPES and MOPS solutions.

The transition temperature of SDS for both above-mentioned

buffers is *54 �C (Table 1). In the MES and PIPES buffers,

the transition temperature of SDS increases about 2 �C.

However, the DSC results show that the stabilities of the SDS

micelles in the buffers studied are comparable. The most

significant changes for all buffers under study occur in the

range of the temperature 54–56 �C (Table 1). Thus, above

this range of temperature, the monomeric SDS species

dominate in the solution.

The ITC and the conductometric titration (CT) methods

have been applied to determine critical micelle concen-

trations and enthalpies of micelle formation (DmicH) of

SDS. The representative titration curves for the SDS mi-

cellization in 50 mM PIPES and MOPS buffer (pH 6.5) are

shown in Fig. 4, whereas the CMC and DmicH values of

SDS in the systems under study are collected in Table 2.

The presence of the buffer substances favours micelle

formation. The CMC of SDS is significantly lower in

comparison with that of the water—SDS system (CMC

8 mM) [14]. The lowest CMC value was found for the

PIPES buffer. This finding can be attributed to the ionic

strength that is the highest in this system. The high con-

centration of the sodium ions (the counter-ions) reduces the

electrostatic repulsion between the negative ionic head-

groups (Table 2), leading to the decrease in the CMC

value. In the conditions under study, the stabilization of

micelle effect is not overcompensated by sequestering the

SDS molecules by the buffer’s component that hinders the

formation of the micelles.

In the presence of buffer component, the self-assembly

of SDS becomes less exothermic than in the buffer-free

aqueous solutions (Table 2) [15]. This finding can be at-

tributed to the release of buffer component from the layers

around the hydrophobic parts of the SDS molecule. It is
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Table 1 Transition temperature and the enthalpy of demicellization

of SDS in 50 mM buffer solutions of pH = 6.5, at T = 298.15 K

4 mM SDS

with buffer

Temperature

range/oC

DH/

kcal mol-1
Tm/oC (non-two-

state model)

MES 30.3–68.0 0.982 (0.030) 55.85

HEPES 30.6–67.5 0.794 (0.025) 54.87

MOPS 29.7–68.1 0.810 (0.028) 53.80

PIPES 30.3–68.7 0.895 (0.039) 56.66
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also worth noticing that there is no correlation between the

enthalpy of buffer ionization [16] and the enthalpy of

micellization.

Conclusions

The calorimetric studies (DSC and ITC) supported by

conductometric measurements have successfully been ap-

plied to characterize the stability of the SDS micelles in

the presence of some biologically relevant pH buffers.

DSC measurements revealed that in the system under study

(pH 6.5, 50 mM buffer solution), the SDS micelles are

stable up to ca. 55 �C. The highest thermal stability of the

micelles was found at the PIPES system. Based on ITC as

well as CT data, it has been found that both the CMC value

and the enthalpy of micelle formation (DmicH) are gov-

erned by the presence of the buffer component. The

highest ionic strength of the solution the lowest CMC was

observed. The interaction of buffer component with the

monomeric SDS species results in lowering the exothermic

effect of micellization in comparison with the free salt

system. This phenomenon can be assigned to the en-

dothermic effect connected with the buffer–surfactant

dissociation process.

The study reveals that carrying out the measurements in

the buffer solution that involves the micelle formation, the

experimental conditions such as the range of temperatures

as well as the type of buffer substance must be taken into

consideration during designing the experiments.
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Fig. 4 Formation of SDS micelles in 50 mM PIPES and MOPS of a pH of 6, at 298.15 K

Table 2 Critical micelle concentration (CMC) and the enthalpy of micellization (DmicH) of SDS in 50 mM buffer solutions of a pH of 6.5, at

298.15 K

Buffer pKa Species distribution

of buffer components at pH 6.5

CMC/mM DmicH /kcal

mo-1

ITC CT

PIPES 7.14 HL- = L2- ? H? (81 % HL: 19 % L) 1.42 1.9 -0.473

HEPES 7.56 HL = L- ? H? (92 % HL: 8 % L) 2.41 2.45 -0.368

MOPS 7.18 HL = L- ? H? (83 % HL: 17 % L) 2.43 2.35 -0.464

MES 6.27 HL = L- ? H? (37 % HL: 63 % L) 2.45 2.48 -0.384
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