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요 약. 다양한 농도의 N-methyl acetamide 수용액에서 계면 활성제의 농도에 따른 계면활성제들 (sodium caprylate, sodium

laurate, sodium palmitate, sodium stearate, sodium oleate, sodium dodecyl sulphate, lithium dodecyl sulphate)의 몰 전도도

변화를 30±0.2 oC의 일정온도에서 연구하였다. 각각의 계면활성제에 대한 임계 미셀 농도 (CMC)를 측정하였다. 수용액에

N-methyl acetamide이 공존할 때에는 여러 계면 활성제의 CMC 값이 수용액에서의 CMC 값보다 더 낮고, 미셀 형성에 대

한 추진력은 소용매성과 관련되었다. N-methyl acetamide 수용액에서 양쪽성 자기-조직화를 추진하는 계면활성제-용매의 상

호작용에 대해 논의하였다. 이 결과들을 설명하기 위하여 미셀 시스템에 대한 열역학적 매개변수들을 추정하였다.

주제어:  N-methyl acetamide, 전도도, 임계 미셀 농도, 소수성 상호작용, 미셀

ABSTRACT. The variations of molar conductivity of various surfactants such as sodium caprylate, sodium laurate, sodium

palmitate, sodium stearate, sodium oleate, sodium dodecyl sulphate, and lithium dodecyl sulphate with concentrations of the

surfactants for each of the solutions consisting of mixtures of varying concentrations of N-methyl acetamide in water at con-

stant temperature of 30±0.2 oC were studied. The critical micelle concentration (CMC) for each surfactant is measured. It is

found that the CMC values in mixtures of N-methyl acetamide and water solutions of various surfactants are lower than the

CMC values in water, and the driving force for micelle formation correlates with solvophobicity. The surfactant-solvent inter-

actions that drive amphiphilic self-organization in N-methyl acetamide in water are discussed. Thermodynamic parameters

were evaluated for micellar system to explain the results.
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INTRODUCTION

Recently, micelle formation in non-aqueous solvents

has attracted little attention as compared to the vast num-

ber of extensive studies that have been reported in the lit-

erature dealing with the formation of micelles in aqueous

surfactants solutions. To differentiate them from “inverted”

micelles which are formed in non-polar organic solvents,

the term “solvophobic” has been applied by various resea-

rchers1-3 to organic solvents, analogous to the “hydropho-

bic interactions” causing micellization in aqueous media.

Hydrophobic interactions are important in maintaining

conformation of proteins and various macromolecules.

The free energies of the enthalpy changes are actually

unfavorable at low temperature, DH>0. It is generally

believed that around the non-polar parts of the surfactants

in contact with water there is an increased ordering of

water molecules as the result of hydrogen bonding and

that on the formation of the hydrophobic bond this order is

diminished, so there is a positive entropy change.4-6 The

micelles formed due to “solvophobic interaction” in polar

non-aqueous solvents are similar in many respects to the

micelles that are formed in aqueous media, although, in

general, micelle formation is not as favored in non-aque-

ous solvents (of low dielectric constants) as in water for a

given surfactant.1,2,7 In spite of the recognition of the

importance of water structure in micelle formation in

aqueous surfactant solutions, no significant attempt seems

to have been made to investigate the role of the structure

which may exist in many polar organic solvents due to the

presence of one or more potential hydrogen bonding cen-

ters in their molecules.1,2,7-11
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The critical micelle concentration (CMC) of several

salts of fatty acids and other long hydrocarbon chains ter-

minating in a group capable of ionization in water has

been studied by several researchers, with hundreds of ref-

erences in the literature, which cannot all be cited. How-

ever, important work on colloidal electrolytes is relevant

to the present work.12-15 Relatively fewer papers on solu-

tions of surfactants in non-polar solvents have been pub-

lished.16 Almost no work has been done on the properties

of sodium salts of fatty acids in polar solvents other than

water. Recently some work has been done in this labo-

ratory on micelle formation in molten acetamide which

acts as a good solvent for both ionic inorganic and cova-

lent organic compounds.17-23

In continuation of our work on micelle formation in

non-aqueous solvents, an effort has been made to study

the effects of N-methyl acetamide on the CMC of aqueous

solutions of sodium salts of saturated fatty acids which fall

into the soaps are investigated.24-28 In this work it has also

been investigated to find out how the CMC values com-

pare with those of saturated fatty acid soaps, especially

with respect to unsaturated fatty acid soaps and other type

of surfactants like sodium dodecyl sulphate and lithium

dodecyl sulphate. Some of the physical properties which

determine the CMC are comparable for N-methyl aceta-

mide and water. The dielectric constant of water is lower

than that of N-methyl acetamide whereas the dipole

moment of N-methyl acetamide is more than double that

of water. In this laboratory the CMC of several surfactants

in N-methyl acetamide has been determined by the con-

ductivity method. Some of the physical properties of N-

methyl acetamide and water are given in Table 1.

EXPERIMENTAL

N-methyl acetamide (NMA), after drying for 72 hours

on freshly ignited quick lime, was repeatedly vacuum dis-

tilled and the middle fraction of NMA having a specific

conductivity (k) in the range of 2×10-6 S cm-1 was col-

lected.24,25 All the surfactants used in the present work

were obtained from Fluka (purity > 99%), and were used

without further purification. Specific conductivities of the

solutions were measured at a constant temperature at 30.0

±0.2 oC using a Crison model 255 Conductivity meter and

a dipping cell with platinum electrodes (cell constant,

0.12 cm-1). The reproducibility of the instrument was bet-

ter than 0.2%. Doubly distilled deionized water of con-

ductivity 1×10-6 S cm-1 was used throughout the work.

RESULTS AND DISCUSSION

Molar conductivities of surfactants have been plotted

against the concentrations of the surfactants. For each of

the surfactants a drop in the molar conductivity is observed at

a certain concentration. In order to find the CMC, tan-

Table 1. A comparison of some of the physical properties of N-
methyl acetamide and water

Properties N-methyl acetamide Water

Dipole moment 4.39 D 1.87 D

Dielectric constant 191.3 (32 oC) 78.45 (25 oC)

Surface tension 33.67 dyn cm-1 (30 oC)62.60 dyn cm-1 (80 oC)

Viscosity 3.23 cp (35 oC) 0.3547 cp (80 oC)

Specific Conductance 2×10 -7 S cm-1 (40 oC) 10-6 S cm-1 (25 oC)

Table 2. The CMC values of NaDS, LiDS, NaO, NaS, NaPalm, NaL, NaCap, for various concentrations of N-methyl acetamide in water
at 30±0.2 oC

Conc. Of acetamide in 

water (M)

CMC ( 10-3 M) 

NaDS (12)b LiDS (12) NaO (17)c NaS (17) Na Palm (15) NaL (11) Na Cap (7)

0.00a 7.0 7.8 1.8 1.0 1.7 2.4 3.2

0.25 6.8 7.6 1.6 0.7 1.5 2.0 2.7

0.50 6.6 7.3 1.4 0.6 1.2 1.6 2.2

0.75 6.4 7.0 1.3 0.7 1.1 1.3 1.9

1.00 6.1 6.8 1.1 0.8 0.9 1.0 1.4

1.25 5.9 6.3 0.7 0.6 0.6 0.7 1.2

1.50 5.6 5.8 0.5 0.4 0.4 0.4 0.9

1.75 5.2 5.3 0.3 0.2 0.2 0.3 0.5

2.00 4.9 5.0 0.2 0.1 0.1 0.3 0.4
aNaDS, sodium dodecyl sulphate; LiDS, lithium dodecyl sulphate; NaO, sodium oleate; NaS, sodium stearate; Na Palm, sodium palmitate;

NaL, sodium laurate; NaCaP, sodium caprylate. 
bNumber of Carbons in alkyl chain. 
cWith a double bond.
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gents are drawn on the portions of the plots as described

elsewhere.17,18 The point of intersection of these gives the

CMC31-35 which are reported in Table 2.

It is observed that the CMC of surfactants in N-methyl

acetamide-water mixture is lower than the CMC of sur-

factants in water.12-14 Fig. 1 shows the plot of log cmc of

Sodium Caprylate, Sodium Laurate, Sodium Palmitate

and Sodium Stearate against the number of carbon atoms

in the alkyl chain in the surfactants. A straight line is

obtained showing that as the number of carbon atoms in

the alkyl chain increases the CMC decreases. Similar

behavior has been observed by some researchers for aque-

ous solutions of some surfactants.36-39 It is also evident

from Fig. 1 that the CMC of the surfactant decreases as the

concentration of N-methyl acetamide in water increases,

suggesting that such a mixture will have higher a dielec-

tric constant than water because of the presence of N-

methyl acetamide. It can be concluded that the CMC val-

ues of sodium salts of saturated fatty acids, sodium salts of

unsaturated fatty acids, lithium dodecyl sulphate and

sodium dodecyl sulphate in N-methyl acetamide-water

mixtures are lower than the CMC values of these surfac-

tants in pure N-methyl acetamide. In this respect, N-

methyl acetamide behaves like normal alcohols.16 Similar

effects have been observed by the addition of a hydro-

carbon, which lowers the CMC. This is opposite to the

behavior of dioxane and urea, which have small and com-

plex effects. At higher concentration they markedly increase

CMC or even inhibit micelle formation.16,20

It may be pointed out that there is a general trend that the

CMC of surfactants decreases constantly with increase in

the concentration of N-methyl acetamide as shown in

Figs. 2-4. It could be suggested that the addition of N-

methyl acetamide to aqueous solutions of various surfac-

tants perturbs the interface of surfactant micellar solu-

tions by intercalation of the N-methyl acetamide into the

head group region and opening up the head group region

to stronger water interaction. The intensity of this effect

Fig. 1. Plot of log cmc of surfactants against the number of car-
bon atoms in the alkyl chain of the surfactants at various con-
centration of N-methyl acetamide in the mixtures at 30±0.2

o
C.

Fig. 2. Plot of cmc of sodium oleate and sodium stearate in N-
methyl acetamide-water mixtures against the concentration of N-
methyl acetamide in aqueous solutions at 30±0.2

o
C.

Fig. 3. Plot of cmc of sodium dodecyl sulphate and lithium
dodecyl sulphate in N-methyl acetamide-water mixtures against
the concentration of N-methyl acetamide in aqueous solutions at
30±0.2

o
C.
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depends on the concentration of N-methyl acetamide in

the acetamide-water mixture.

It is observed from Table 2 that the CMC of sodium ole-

ate, which has a doubled bond, is higher than that for

sodium stearate in N-methyl acetamide-water mixtures.

Both surfactants have eighteen carbon atoms. A similar

behavior has been observed for these two surfactants in

aqueous solutions by other workers.35 The introduction of

a double bond in a surfactant leads to increased CMC in

comparison with the corresponding surfactants without

double bonds as shown in Fig. 2.

LiDS have a higher CMC than NaDS in acetamide-

water mixtures as shown in Fig. 3. It appears that the

CMC of alkali dodecyl sulphates increases with decreas-

ing counter ion atomic number. Various researchers have

reported that the increasing ionic radius of the alkali metal

ions causes a decrease in the CMC. The smaller the hydrated

radii, the greater will be the action on charged groups of

the micelle and the greater the lowering of the CMC.36-38

Although the dielectric constant of water and N-methyl

acetamide mixtures have not been determined, one can

say that such mixtures will have lower dielectric con-

stants than water because of the presence of N-methyl ace-

tamide, since the dielectric constant partly governs the

ionization of surfactants and thus helps in the formation of

micelles.

To elucidate more clearly the effect of N-methyl ace-

tamide on the CMC of aqueous solution of surfactants

(NaDS, LiDS, NaO, NaS, NaPalm, NaL and NaCap), the

ratio (β) of the number of counterion to that of the sur-

factant ion in micelles in varying concentrations of N-

methyl acetamide-water mixtures is determined.

The ratio (β) is calculated from the slopes of pre-micel-

lar region to post-micellar region. The values are used for

the free energy change for the micellization (∆Go
m) and

for the enthalpy of micellization (∆Ho
m).

The result shown in Fig. 1 permits the calculation of

standard free energies of micellization, ∆Go
m, for various

surfactants in N-methyl acetamide-water mixtures. The

∆Go
m values are calculated using the relationship.

∆Go
m = (1+β) RT In CMC

even though the size of the micelle is not known at present.

Also, the low CMC values in N-methyl acetamide may

invalidate the use of the above mentioned equation because

the monomer activity would be quite different from the

monomer concentration. Such DG values should, there-

fore, be taken only as an approximation.39 The results for

various surfactants in NMA are mentioned in Table 3.

Table 3 shows a decrease in Gibbs energy as the number

of carbon atoms in alkyl chain of various surfactant

increases. It suggests that a strong solvophobic interac-

tion takes place for longer alkyl chains of Sodium sur-

factants in N-methylacetamide-water mixtures.

The decrease in the effect of ∆Go
m may be explained by

saying that N-methyl acetamide behaves as a co-solvent

with water. N-methyl acetamide may reduce the hydra-

tion of micelle surface through hydrogen bonding with

water hydrated to micelle surface, and increase the repul-

sive force between ionic head groups because of the

increase of the charge density of micelle surfaces. There-

fore, the ratio of counter ion binding to micelles in N-

methyl acetamide-water mixtures is important in the cal-

culation of thermodynamic parameters.

The CMC values of NaDS, LiDS, NaO, NaS, NaPalm,

NaL and NaCap, in N-methyl acetamide-water mixture at

different temperatures were determined. The plot of ln

CMC of four surfactants against 1/T gives a good straight

line with a negative slope. This shows that the micelle size

does not change within the temperature range studied. In

the present work the modified form of van’s Hoff equa-

tion, is applicable. The value of ∆Ho
m, enthalpy of micel-

lization, has been calculated from the slope of the line and

is included in Table 3.

These values are in the range of the hydrogen bond

energy. N-methyl acetamide has a strong tendency to form

hydrogen bonding. Negative values of ∆Ho
m were obtained

Fig. 4. Plot of cmc of sodium caprylate, sodium laureate and
sodium palmitate in N-methyl acetamide-water mixtures against
the concentration of N-methyl acetamide in aqueous solutions at
30±0.2

o
C.
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from the micelle formation of the surfactant tetradecyl-tri-

methyl-ammonium bromide (C14 TAB) in water and hydra-

zine.40 The standard entropies of micellization were

calculated from the values of ∆Ho

m and ∆G
o
m using ∆G

o

m=

∆Ho

m-T∆S
o

m and are also included in Table 3.
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