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The micellization process of dodecyltrimethylammonium chloride (DTAC) and bromide 
(DTAB) was studied at 313 K. Nuclear magnetic resonance and calorimetric methods were 
used. The calorimetric titration curves permitted determination of the critical micelle concen­
tration (CMC) and enthalpy of the micellization process (AHm) of the compounds studied. 
The results obtained were compared to those obtained at 298 K. It was found that calori­
metric curves obtained at 313 K for both compounds were similar to each other in contrast 
to 298 K. Especially a great difference in the shape of curves was observed for DTAC.

NMR (]H NMR and 13C NMR) spectra were taken below and above the CMC values and 
chemical shifts (6 ) analysed as a function of concentration of the compounds. Comparison 
of chemical shift-concentration plots with those obtained from measurements performed at 
lower temperature showed that chemical shifts are of very similar character in both cases for 
analyzed groups. However, there are some quantitative differences that indicate at smaller 
difference in hydration of DTAB and DTAC micelles at elevated temperature. This may be 
the reason of decrease of differences between micellization processes of DTAC and DTAB 
compounds. The smaller hydration may be, in turn, the result of diminishing differences in 
physicochemical properties of bromide and chloride ions with temperature.

Introduction
It is common knowledge that bromide and chlo­

ride salts of the same amphiphile differ in their 
physicochemical properties as shown in various 
experiments. Perhaps, the most spectacular exam­
ple is the biological activity of some amphiphilic 
salts tested on biological objects and model mem­
branes. Bromide salts were always found to exert 
stronger influence on those objects than chloride 
ones (Kleszczyriska et al., 1998; Kleszczyriska and 
Sarapuk 1998; Sarapuk et al., 1998; 1999). The in­
fluence of the electrolyte on surfactant activity was 
found to be greater when chloride ions were ex­
changed for bromide ones (Göralczyk 1993; 1994). 
Such substitution also changes parameters describ­
ing the micellization process, i. e., the critical mi­
celle concentration of the compound (CMC), the 
enthalpy change for micellization (AHm), the vol­
ume change for micellization (De Lisi et al., 1988), 
and induces a structural change in the micelle (Mi- 
kulski 1991; 1993). However, the reason for these 
distinct differences in effects caused by both ani­
ons is still open.

We have already presented some data (Ro- 
zycka-Roszak et al., 2000) that confirm different

quantitative and qualitative influence of dode­
cyltrimethylammonium bromide (DTAB) and 
chloride (DTAC) on the micellization process, and 
the present work is the continuation of those 
studies. The reason why we continued hydration 
studies of the micellization was to check whether 
the different influence of the anions studied on 
this process still exists at higher temperature.

Calorimetric measurements enabled us to deter­
mine the values for CMC and AHm parameters for 
DTAB and DTAC in water and to compare them 
with previously obtained while NMR measure­
ments which allowed the estimation of micelle hy­
dration (Rözycka-Roszak et al., 1989; 2000).

Materials and Methods

Calorimetric measurements were done by 
means of the titration method with a home-made 
calorimeter at 313 K (Rözycka-Roszak. 1990). The 
titrant containing an appropriate amount of the 
compounds studied was delivered to 2 0  ml of bidi­
stilled water at a constant speed (0.125 ml min-1). 
The temperature was measured continuously. The 
experimental curves were corrected as described
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earlier and adiabatic curves of the dilution en­
thalpy (AHm) were obtained (Rözycka-Roszak 
et al., 1988).

NMR and 13C NMR spectra were recorded 
by an Avance Bruker DRX 300 Superconducting 
Fourier Spectrophotometer at 300.13 MHz. The 
compounds studied were dissolved in D 2 0. The re­
sidual water signal was used as a chemical shift 
reference for *H NMR. Reference capillaries with 
CDC13  were used in the case of 13C NMR. Experi­
ments were done at 313 K.

Dodecyltrimethylammonium chloride (DTAC) 
and bromide (DTAB) were purchased from Sigma 
Chem. Co., St Louis, USA. They were dried under 
vacuum at least 24 h before use.

The carbon atoms in dodecyl chain were num­
bered as follows:

1 2  3 4 
(CH 3 )3 N+-CH2 -CH2 -(CH2 )9 -CH3)X ,with X = Br" 
or CL

Results and Discussion
Corrected adiabatic curves obtained by calori- 

metric measurements at 313 K are shown in Fig. 1 
(titration to water). Shown are also, for compara­
tive reasons, curves obtained previously at 298 K. 
The shape of titration curves at 313 K for both 
DTAC and DTAB compounds are similar in con­
trast to those obtained at 298 K. The initial slope 
of the dilution curve corresponding to micelle 
dissociation (Kresheck and Hargraves, 1974; Ro- 
zycka-Roszak et al., 1988; Rözycka-Roszak, 1990) 
is negative for both DTAB and DTAC. The nega­
tive slope denotes that micelle dissociation is en- 
dothermic process. This implies that the energy 
breaking the hydrocarbon contact in the micelle 
interior is greater than the hydration heat released 
by the attachment of water molecules to the hy­
drocarbon chain. The enthalpies of micellization 
AHm and the critical micelle concentrations CMC 
calculated as previously from the curves obtained 
are -1.65 kJ/mol and -4.82 kJ/mol for DTAC and 
DTAB, respectively. The value obtained for 
DTAB agrees with that obtained by other authors 
(-4.60 kJ/mol) (Espada et al., 1970) while that for 
DTAC (-3.70 kJ/mol) differ (Rözycka-Roszak 
and Fisicaro, 1992). Obtained values of AHm for 
298 K were about 4 kJ/mol higher than measured 
in this work (Rözycka-Roszak et al., 2000). The
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Fig. 1. Calorimetric titration curves of DTAC (+, +) and 
DTAB (O, O ) to water at 298K and 313 K, respectively. 
CMC, critical micelle concentration;
AHm, enthalpy of micellization;
DTAC, dodecyltrimethylammonium chloride;
DTAB, dodecyltrimethylammonium bromide.

values of CMC obtained in this study were 0.021 
mol/dm3 and 0.016 mol/dm3  for DTAC and DTAB, 
respectively. These values are in good agreement 
with obtained previously; 0.02 mol/dm3  for DTAC 
(Rözycka-Roszak and Fisicaro, 1992) and 0.016 
mol/dm3  for DTAB (Ingram and Jones, 1969).

Chemical shifts (6 ) of !H NMR spectra for 1- 
CH2, 2-CH2  and N(CH 3 ) 3  groups (see Materials 
and Methods) were measured for the same con­
centration range as previously (Rözycka-Roszak et 
al., 2000), i. e., above and below the CMC of 
DTAC and DTAB. Mentioned groups were cho­
sen for analysis because it was shown that DTAC 
micelles are hydrated to the depth of two -CH2- 
groups (Rözycka-Roszak et al., 1989). That is why 
the positions of chemical shifts of the first two 
methylene groups (nos 1  and 2 ) and methyl groups
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*
at the nitrogen atom were analysed for both com- 6 6 . 8  

pounds as a function of concentration. Fig. 3 con­
tains the results of analysis of 13C NMR for the i - c h 2 ^ +  

same functional groups. 6 6 . 6  ■
XH NMR and 13C NMR chemical shifts practi­

cally overlap for concentration of both compounds
lower than their CMC (Figs 2 and 3) and remain 5 3 . 1  ■ ■
constant. They start to change after the concentra- ■
tion of compounds cross CMC. Their changes were ■ + +
more pronounced for DTAB than DTAC micelles. 5 2  9  +

The NMR chemical shift is downfield above n - c h  "  +

CMC and more pronounced for DTAB. The dif­
ferences in (3 below and above CMC for 1-CH2, 2- g- 5 2  7  

CH2  and N(CH 3 ) 3  groups are similar as those e 
found by experiments performed at 298 K. A 
downfield shift (JH NMR) is typical for hydrogen-
bond protons (Slejko and Drago, 1973) and, as it "
was found, indicate the micelle hydration (Ro- 
zycka-Roszak et al., 1989). The greater shift the
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Fig. 2. Comparison of 'H NMR chemical shift d in parts 
per million (ppm) of DTAB (■ ) and DTAC (+) solution 
in D->0 as a function of concentration of DTAB and 
DTAC.
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Fig. 3. Comparison of 13C NMR chemical shift <5 in parts 
per million (ppm) of DTAB (■ ) and DTAC (+) solution 
in D20  as a function of their concentration.

more hydrated the micelles are. In our case it 
means that DTAB micelles are more hydrated 
than DTAC micelles.

13C NMR shifts were also found to be down- 
field-shifted at concentrations above CMC for 2- 
CH2  as well as for carbon atoms at the nitrogen 
atom while signals of the 1-CH2  group are upfield- 
shifted. The upfield shift is assumed to be the re­
sult of hydrogen bonding (Rözycka-Roszak et al., 
2000). Since upfield signals for both DTAC and 
DTAB micelles were almost the same this may in­
dicate no differences in micelle hydration. Any­
way, as mentioned above, 'H  NMR spectra 
showed differences in DTAC and DTAB hydra­
tion. This means that such differences in hydration 
may exist at 313 K but they are too small to be 
detected by 13C NMR.

Summarizing, all performed experiments 
showed that both halides studied influence the mi-
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cellization process to a different degree. Better 
modifying properties were exhibited by the bro­
mide ion. The most important conclusion is that at 
elevated temperature qualitative differences be­
tween micellization processes of DTAB and 
DTAC compounds seem to decrease. This may be 
due to smaller differences in micelle hydration at 
higher temperature. All differences found may be 
due to somewhat variable physicochemical prop­
erties of the counterions studied. For instance, 
both ions have different dimensions of the hy-
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