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Thermodynamic Studies on the Krafft Point of Surfactants

Kaoru Tsujii

Krafft point is well known as the temperature above which the solubility of a surfactant
increases dramatically in aqueous systems. Two kinds of model have so far been proposed
to explain this anomalous solution behavior of surfactant. Some new experimental evidences
in support of the melting-point model for the Krafft point, one of the above two models,
were given recently by the present author and his collaborators. The Krafft point vs. com-
position curves of the binary surfactant mixtures have been studied and found to be classified
into three groups. In the case of group I, there exists a minimum in the Krafft point at a
certain composition, whereas the Krafft point for the group II varies monotonously with the
composition change. The every diagram of the group III, on the other hand, has a maximum
Krafft point. These three types of phase diagrams correspond to the eutectic, solid-solution
forming, and addition-compound forming systems observed in the melting point vs. com-
position curves of the binary mixtures of ordinary substances. A novel Krafft-point depression
phenomenon of some zwitterionic surfactants caused by inorganic salts is also argued thermo-

dynamically based on the melting-point model for the Krafft point.
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Fig. 1 A schematic phase diagram of a surfactant
close to the Krafft point.
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Fig. 2 The Krafft point vs. composition curves of
the Ry5(OH)S-Na/R;5(C=C)S-Na (D) and
R;s (OH)S-%Ca/R 5 (C=C)S-%Ca (C) sys-
tems. The ® marks indicate the composi-
tion of the R;5(OH)S-Na/R,s(C=C)S-Na
mixtures in the solid phase collected at the
given temperatures
marked with X signs.
R,5(OH)S-M; 3-hydroxy-1-pentadecane

sulfonate
R;5(C=C)S-M; 2-pentadecene-1-sulfonate
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Fig. 3 The Krafft point vs. composition curves of
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meanings as those described in the legend
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Ry5(OH)S-M; 3-hydroxy-1-pentadecane

sulfonate

Ry5(C=C)S-M; 2-pentadecene-1-sulfonate
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Table 1. Transition Enthalpies of Pure Surfactants
at Their Krafft Points.
AH**/kJmol™
eqb DSC
surfactant Na salt Ca salt Na salt Ca salt
Ry 6S 193.1 104
R4S 2533 26.3
R;; (OE)S 353”8289 894
69.0"
R, (OH)S 1679 42 183
R, (C=C)S 3929 3899 314
4779

2 One mole of sodium and calcium salts is based on
the molecular structure of RSO3Na and (RSO3 );-
Ca, respectively. Ry, (OE)}S-(Na-%2Ca) system.
9Ry, (OE)S-%4Ca—Rg#S-%Ca. @ Ryy (OE)S-Na—
Rys (OH)S-¥2Ca. ¥R ys(OH)S-Na—Rys(C=C)S-Na.
D R,s (C=C)S-(Na—¥sCa). ® R;s(OH)S-%Ca—R s-
(C=C)S-%Ca.
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Table 2. Krafft Temperature and the Composition
of the Addition Compound between

Anionic and Zwitterionic Surfactants.

addition compound

o Krafft

composxtilon, temp/°C

anionic/zwitterionic mole ratio soln DSC

R, SO,Na/R,DMSA 1/1 93 8

R,;SO;Na/R,,DMSA 1/1 213 21

R,,SONa/R;sDMSA 1/2 248 24

R,,SO,Na/R,;;DMCA 2/3 376 37

R:SO,Na/R;DMCA 1/9 401 41
R, SO,Na/R;,DMAO 1/3 258

R,,SO,Na/R,,DMAO 1/3 174 17

R,;SO,Na/R,;DMAO 1/9 360 36
Ry, (OE)SO,Na/R,,DMSA 1/1 6.9
R (OE)SO,Na/R,,DMCA 2/3 7.0
R.;SO;Na/R;,DMCA 1/2 36.2
Ry 6 SOsNa/R,,DMCA 1/2 16.8

R;; (OH)SO;Na/R,;,DMCA 1/2 482
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Table 3. Transition Enthalpies of Addition Com-
pounds from Eq 9 and 10 and Direct
Calorimetry (DSC).

AH /(& mol™)
DSC eq9 eql0
Ry;;SO,Na/R,,DMSA 34 24 39
R;;SONa/R,,DMSA 38 12 31
R,;SO,Na/R,,DMSA 24 11 16
R;:SO,Na/R,,DMCA 14 11 14
R,;SONa/R,,DMAO 26 34

anionic/zwitterionic
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Fig. 10 The ATy /Tx vs. C'/? plots for various
surfactants in aqueous NaCl solutions:
10 mM TOAC (@), 10 mM SDS (%), 1%,
octadecyl polyoxyethylene ether (©),
R1sDMSA (3), DAPA (O}, and R s DMSA
(). The data for octadecyl polyoxy-
ethylene ether were taken from ref 13.
TOAC; N,N,N- -trimethyloctadecylammo-

nium chloride
SDS;  sodium dodecylsulfate
R,» DMSA; N,N-dimethyl-N-(3-sulfo-
propyl) alkylammonium inner

salt
DAPA; N-dodecyl-2-aminopropionic acid
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Table 4. Distance between positive and negative
charges in zwitterionic surfactant mole-

cules.

Surfactant Distance/nm Note
R;,DMAO 0.133%, 0.136% | Non-salting-in
R, or RzDMCA 031 type
DAPA 045
RM;DMCPAb> 0.55 Salting-in
Ri¢ or RizDMSA 061 type
R, DM¢SA 077

a) The distance of N-O bond is 0.133 nm for 1-
pyridineoxide42), and 0.136 nm for trimethyl-
amine oxide?®,

®) N, N-dimethyl-N-(3-carboxypropyl) octadecyl-

ammonium inner salt
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