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The catanionic (ecationic-anionic) surfzcisat 12 a special kind of surfactant, the
two ions of which are both erzaiic, In the cass of ihat the hydrophobic hydrocarbon
¢hains of the tw. erganic iaas ave of the same length (strictly speaking,the two or-
ganic ions shon'd be of the same surface activity), the catanionic surfactant is said
to he symmetric,

The micellization and surface adsorption pro-

cesses of the catanionic surfactants may be sche-

matically illustrated in Fig. 1. In the aqueous in _}""_ -

solution, the two surface active ions are self-coi- “Hi0— —— ) e
‘led!!, and in the micelle and adsorption layer =R }%{%‘;
they are of nearly equal number, i, e  the mole _:. 9? -..:.: —_h_'_‘ ':Tb_:
fraction of each ion is (.5, (2?31 The surface ten- et M el il 5 el
~sion changes from ¥, to ¥ before and after adsor- Fig.1 Micellizalion(M) and adsorp-
ption, Then, according to the mass action model :_:;TS} aof eakanianie surfac-

or charged pseudo—phase separation model ), the
. standard free energy of micellization for the symmetric catanionic sarfactant may be

written as P
; AGYL =2RT In eme (1)

. where e¢me iz the critical micelle concentration{in terms of mole fraction), In the ad-
sorption process (at ;:]]ll:}, besides the In cme term, the free energy change should
contain the surface free energy change term, (¥,-¥)A,, (A,, average surface mole-
cular area of the oriented hydrophobic chain), due to adsorption Thus

. AGY=2RT In cme - 2xA, N, : ! 2
where w=¥,-%. :

* The hydrophobic free energy of transfer of 1 mole catanionic surfactant from the
. :
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aquéous solution to the micelle phase” would be il
AGL(HC) = El’u.c-uza(—"‘- - ApIN,
=100(An-ANa (3)

- where ?HC-H.;ﬂ is the interfacial tension of hydrocarbon /water interface and which is
assummed to be a value of ~50mN«m™'y A, is the average area occupied by a sur-
factant molecule at the surface of the micelle and Ay is the molecular area of the
surfactant hydrocarbon chain in contact with water in the aqueous solution, and they
may be caleulated by sssumming a liguid like spherical micelle and a self-coiled hy-
drocarbon chain of spherical form in the aqueous phase [1;), is the Avogadro

nomber, _

In the case of adsorption, the molar hydrophobic free energy of transfer at cme
comprises two parts, (1) due to the decrease in area of the hydrocarbon/water inter—
face, (2) due to the vanishing of a water surface and simuliansevs formation of a

hydrocarbon surface, thus

ﬁG.E (Bur= EE;'HL'“&':G(-".'; e -"‘-!-w) = (?I i "L"-s]Nﬂ : { 4)
where 4, is the avevage molecular area of the surface active jon at the surface, which
can be obtained experimentally from the surface tension —log concentration ecurve
by applying the Gibbs adsorption equation, !® The (¥,~¥) value at eme for the com-
mon catanionic surfactant is in effect nearly equal to Yoy, o (~50mMNem™1) [Bd:5)
and then Eqn (4 ) may be simplified, '

AGI(HC) = - 2ue-n0AwNe= = 1004, Ny (5)

AGE may be divided into AGJ(HC) and AGL(W) for hydrocarbon chain and
hydrophilic head respectively, Then, from equation (1)

2RT In cmo= AGL(HC) + AGL(W) ()
combining Eqns, (§) and (3)

AGL(W) =2RT In eme = 100(Ay = Ax)N, - (Ga)
Similarly,
AGY(W)=2[RT In eme—-xA,N,[ - 100A,N, (gby

For the homologous series of cationic and anionic surfactants, there should be

AGS(CHy) = (TAGS T~ [AGL 1)/ (ny = 1)

=E2;’{n, - 11} JRT In(cme, /cme,) (7a)
AGR(CH) = (LAGR(HC) J: - [AGR(HC)Y 1D/ (ny —np)
= lﬂﬂNﬂ[(Anz 'ﬁw:} e {Au; i Aw:J] (Th}

AG(CH,) = ([AG3 1. - [AGS 1) /(ny —~ 1))
=[2/(n;~ n?)]RT ln(cmcl_fr:mcg}

2aR



= 2No(maA, s = mA,)

AG(CHy) = ([AGI(HC) 1 - [AGR(HC) D /(ny—my) (8a)
= (100NLCAss— Aws) = (Ag = A ) D/ (g =1
— (2N g - A )Y/ (ny = 1y) (8b)

where the subceripts | and 2 are for the two surfactants with different n, ( - number
of HC - Chain) Eqn,(8b)would become
AGI(CH) = 100N (Ap; — Aws) (o)

if 7 ==my=50mN+.m~! (for the common catanionics), g

The free energy of transfer in micellization and ‘surface adsorption for the cata-
nionic surfactants are calculated by the above mentioned equations and listed in table
1 and table 2,

The results show that (1) the AGL(CH,) values deduced from the mass setion
(or charged phase—separation) model and the hydrocarhon,/water intcriazial free ene-
rgy mode]l are fairly in accord with each other, beiug in a very rezscnabiz value
~ =3KJemol~1, (71 and this is alse jnal the eo= for AG){LTH,); (2)from AGH(or
AGYY and AGLCHC)Y (or AGICFCY), & we'l coustant value of AGL(W) (or AGY
(W)) for the homologacs catunivnic surfactant is obtained, Therefore,the reasonable-
ness of the jroposed models of micellization and adsorption for the catanionic surfac-

tants and the correciness of the cquations for calculating various standard free energies
are obviouslv demonstrated, and also is the self-coiling of surfactant hydrocarbon
chain in aqueous solution further evidenced If the HC—chain is assumed to be of fully
extended conformation in the agqueous solution, the A, value would be much larger
than that for the self-coiling conformation and the AGL(CH,) or AGI(CH,) value
obtained from Egn, (7b) or Eqn. (8b) is not~ —3kT mol™' but abomt -§.5 kT
mol™! instead, which is obviously unreasonable, showing the improbability of the al-

Istaggered conformation of the HC—chain,

Table 1 Standard free energy values of surfaclants in
micellization (kJ-mol-!, 25°C)

AGH(CH,)

Surfactant AGm  AGWHO AGR (W) Epn.(ra)  Eqn.(Th)
10O NM*-Ca 8" -44.2 -57.3 15.0 —-3.45 -3.25
20 NM-C,B - 5&.0 - 70.7 12.8 -2.89 -3.16
EIHJC”NM"—C"E‘ = 69.4 -33.2 13.8
4110 NE*-C.8" Av. 13.1 —-3.15 -3.26

- 43.7 —-57.2 Av, 14.0 =-3.13 Av., -3.20
§1*1C,NE*-C:.8 —56.2 -70.6

* o= CoHineir NMN{CHi)ss NE'N{C:H:):.5:50, .
eme(mol-kg™"), 1. 7.5%107% 2. 4.5x107% 3. 4.6x10°% 4. B.2x107% 5. G.5x10°4
{divided by 55.5 to give the mole fraclion unit)
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Tt is worth noting that the — AGY(W) value is much larger than-AGZ (W) This
may be due to the very close packing and hence the much more dehydration of the
ionic head at the solution surface during the adsorption, (e. g. for C,NM*-C,3-,A,
is ~20 A? whereas A,, ~690 A .

The aqueous solutions of C,NM*-C_S~ become turbid beyond cme and phase se-
paration occurs [®1 1t is often considered that this is not the rea] eme but the solu-
bility point and/or there is so giant a micelle that it separates as a new concentrated
surfactant Phaae_ However, the above mentioned results interestingly show that the
The faet that

CeNE*Cy5™ can form a clear micellar solution and also have the standard free energy

eme is real and the micelles are of sphericial shape,at least at cme

values similar to C,NM*-C_ S~ may be taken as a collateral evidence,

Table 2, Standard free energy values of surfactants in
adsorption (kJ.mol-!, 25°C)

e AR CH) sl
‘Burfactant AGS AGS CHEY AL (W B, (B8) Eqn. cab)
1. CyNM*-C58 - 33,8 = §3,°7 7.7 =847 -3.18
2, CioNM*™-C,. B =76.5 = 118.0 36.5 -2.83 = %.08
3, Ci:NM*-C::8" - 4.8 -124.2 37.4
Av. 37.2 -3.15 =3.12
4. CNE-C,5 - =528 -497.5 Av. 385.9 -2.80 Av. - 3.42
6. C.aNE-C,:8 -73.8 =-110.8

# % Pou (mNm=1, 1, 2 and 3,~50; 4, 45 B, 47,
AgiA)y, 1,2 and 3,~28; 4, 353 6, 51.
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