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Tre stabilization of lyophobic colloids by polyrars
end surfactants with long macronolecular chains has bsen
the subject of intensive invebtigati&na (e;g.[1-7]) for the =
last few years. The theoretical explanation of ths effects
otserv:1 was given mainly by Meier [5) and Hessalink, Vrij
ard Ov-rieek [7]. It can be assumed that the factors stabi-
lizing tre colloid particles should be;fesponsib}e also for
the sta>ility of foam films formed from solutions of simi-
lar surfa;tahta. .

It is :he'purpoae of our report to check this con-
cept through investigating some ther—odyramic properties
of adsorted and foam films of polyoxyethylene surfactants. .
The c2asurexz2nts of the confact angle betwzen foan film and
Sulk liguid combdined with measurements of the bulk liquid
su~"ac2 tension allow the calculation of the filzms® therzo-

2ys.w. * rarsaeters.
EXPURILSNTAL

Tre susfactant us:d was =~nodisgar:2 polyoxyetilylene
la *5 s -e «7en 18 oxyethylens groi~s /C..{E0). 3/ preca-

al



red in ;o0 .uenge s l1a’ o*ﬂto“x. \al uﬂ “ehloride was efara- 2
grade a;;lied after hent"reat:ent et 500' Ce Double ‘e:t;-
lated water was uaed in prepartng .he eoluttons. 7he_ eeh- )
nique of foana. film formation vaa the eeme as deecfibed ﬁ&~-
previously, e.g. [12]. Contact anglea vero measured by tho ;
topographic method [8] through an e:etrnpoletxon to zero
£ilm thickness [101. The surface tenaion ot the solut1one'.1
was determined by the Illhelmy method ue;ng a ecretehed '
~ glas plate [11]. The exper1ments were carried out at

20 20,2%°c. - -

RESULTS AND DISCUSSION

Surfaee tension measurerwents. Fig.l. g1ves the surfa-
ce tension (G ) - surfactant concentration (C,.) results
for 012(20)18 in KC1 solutions (the electrolyte concentra-
tions in mol/lit are denoted on the left hand side of the _
figure). From the slopes and intersections of these curves
the values of the area per moleculs A, and the standard
free energy of adsorbtion A}-l-; can be evaluated (16]. The "
results for A, ‘(open symbols) and - ap; {(closed symbols) as
a function of electrolyte concentratlon c are shown on

fig. 2. o - T ; ’
Gibbs adsorbtion isotherm for the systea under consi-

deration has the form
. db'-—l a{/u. f_d/l,, L)

whare fh is adeorbtion,‘}L - chemical potential and the
subscripts "s” and "e"” denote respectively surfactant and
electrolyte. The estimation shows that the last tern in eg.
(1) is acgligible. Therefore, if 5 is constant for a num-
Yer of .nlutions, then }"‘s is constant also i.e. (‘ij-'-,)sﬂ 0
and we can put dcwn

diny _ _ (dinc, (2
- - (%52)..
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. 'l'ne values or aurfactant‘nnd alect; alxte cot;ce__ntrationg

s ERTY A TR
Mc‘)ruapcnlmg to const.ant aurfaca tension ars taLen froml"?‘

'mthe curves on ng. 1 and tha dependanca orf the surfactam.'
M" t.iwty coefficient on t.l_x_o_ elect.rolyte cnncantmtion ‘Ceo T
' {rig. 3) is deduced. 'l‘hc*'uiopo of this curve givea the égl;_
ta zing but ‘.oerfmzer.t. Fig. 3 inc‘.icatea that t.he salting out
beconea considerable at I Bz‘molflit and does not anre'aae ‘%

: dft(.'l‘ 2,0 mol/lit.. ‘l‘ha inﬂact.ion point is at abour. 1, 6 "’h;;‘;

‘_‘:,.nol/lit.. The same characteriatic pointa can bde seen (aao -T
. £ig. 2) from the dependences of Af-l.a and A, on the elect.;_-c::é--_
 1yte concentration: maxima at 1,6 mol/lit and no alt.erna-“'"‘
tion after 2,0 mol/lit. The fact that ths abaoluta valua ot
the adsorption free energy as well as the area por molecule
T are mcreaamg with elsctrolyta concontration uuggeat.a thnt
the polyoxyeth,ylene chain is gradually emerging onto the .. _
surtace and partially lies flat on it. The following decre-
«age of A, and —Af-l., at highar electrolyte concentrations ia -
prot nbly related to the steric hindrance between the adsor-
bud surfactant moleculea on the surface wich makes tha po~
lyoxyethylene chains plunge back into the solution. A simi-

lar hypothesis was earlier put. forward by Kret.zachmnr [13]

for enothar case, . - ~ooml ool S N T
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Contact angle me'aahremehta. From the contact anglea
measured the film tension A is calculated according to the
' foimula [9,10]: |

h 15'5339 . -

whare 9 is the contact angle. It ia convenient to introdu- -
ce [14] the excess film tension

¢ o
=26" - ) _ (4)

The dependence of A on the electrolyte concentration at
constant surfactant concantration (5.10”% mol/1it). is shown
an fig. 4. For the time Beinz wa are not a position to do
acy intercretation of thy 1 chanzas at electrolyte concen-
“raticas higzh2r than 2,0 aol/lit ainc: ia thias roion thy
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!ul‘f&"lﬁ'f, -.mﬁe*:.ru.lon uaad 1.8 &bO-"" th" CI‘X" 34.7 :-;Ci:%‘&

lles concentration. Up to 1,3 mol/lit salting out is_ ihs ig
nificant (asee hg. 3) and K does not depend on the ele~ ‘4

-xkA.. ~x"

trolyte concentratlon. I@e remaznlng part of the curve on »

LR oF ¥ S e -—...t%n.b....—“.“

flg. 4 can bde explalned on the baala of Hesselink, ‘Vrlg,

)
e kg, e ;-ﬁ‘?p

_Overbeak theory [7].: Thay have shown that the re"uls;on e

iy

caused by the macroqo{g;plea ia malnly due to twd'of*bc.a 4

~i. osmotic effect, vhich ia predomxnant at larger tthb-ﬂz
nesses and {i. volume reatriction effect, wh;ch become; o

LLIRaE g ECLgR ‘utu-
>

important at emaller th1ckneases.r'1‘he increase of 3 bet-2
ween 1,3 and 1,6 mol[;}gmgan be related to the oa:otic f}l?
effect. Since with the iugmggiétzon of the salt EJ;;éafra;:
tion the solvent becomes worse [15], the osmotic offect ,ﬁ?
decreases and the exceea fxlm tension 1ncreaaes. At cancen-
trations higher than 1, 6 mol/lit the filnm beco*es thxnner ?
“and the volume restrlctlon becomes szgniflcant. Thxa leada'
to an increase of the repulalon, shich results in a decrea-
se of the excess film tension. -~ - - ] ~~w~-+~f:§
Gibbs-Duhem equation for the excess film tension at -
constant temperature can be wrztten down [10] in the rorm.

2 B A

dE=(r;- zr)a!/(ﬁ{r .zf“)agu )

where f% and [, are reapectively the surfactant and elec-
trolyte adsorptions in the film as a whole. The small tera '
due to the disjoining pressure is neglected. Let us suppose
that in our case the electrolyte term is small also. Combi-
ning eqs (1) and (5), both ‘without electrolyte terzs, we get X
the equation ' )

N ’ t * . . ’ e
438 _ 2L s (6)
d 6¢ ry
Therefore, the adsorption relative change (.’.f':-f; )/ Ff
in the film with respect to -its value on the dbulk surface
can be calculated from the dependence of the excess Zilx

tension on the bulk surface tension. This decendence is
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jehorn on fxg. 5. It can be ecen thet up ‘Lo 1,5 :olllzr
there is no any edsorptzon-chense (ne eeltxns outl.. Beteeigg

T Ny

en 1,5 end 1,6 mol/lit the edeorptzon in tbe film ie hig-
her than at the bulk eurfece. This 1e due to the increased

SR b P

attraction of polyoxyet!wlene chems of oPPOSltG ROBOI‘Y" 1?
ers, which hinders the chaxne to ecerge onto the tila “sur-

faces. Bstween 1,6 and 2.0 nol/lit the adeorptlon in tpe‘gi
£ilm is less than et ‘the bulk ehrface. Th1e is due Lo thei;
volume restriction effect wlth hinders the polyoxyethylene

chains to plunge back. The relative change of edsorptton i;
is very small in both concentration ranges (about.o 1 %) ;g
-so that it cannot be detected by any dzrect meaeuremente,jﬁ

R P> Sty 1)

e.g. by radiotracer measurements [17]. l-ﬂ R e

e e

Although the above znterpretatlons are only qualita-

BN il T I T ey g,

tive, they seem to be correct since identical coneiderectff
tions apply equally well to d1frerent efrecte, such as the\
adsorption data, the dependence of the excess film tenexon‘f
on the electrolyte concentration and the change of the re-'l
lative adeorpt1on. Th1e conclusion is eupported by ‘the tect
that the characteristzc poxnte for differents propertiee ot
lie always at one and the same electrolyte concentratioq:_;
Experiments with other neu%ral salts (NaCl KBr, K2804) gi-
ve similar reeulte. Some uncertainty in our treatment re- -
mains however about the relative adeorption range 1, 6 - 2 0
mol/1it since there, the neglected electrolyte ‘term in
Gibbs-Duhem equation (5) cen, at least in prznc1p1e, be‘eﬁrw
significant. There exists some possibility that the effecte,
obserted in the above region of electrolyte concentratione‘j
might be due also to attraction between desolveted ‘polyoxy-"
ethylene chainas. The experlmente carried out at preeent f

will check these hypotheses. - ‘ S e



B - -_. = ﬂ‘ ,.-_'- 3 it —-_‘-m.‘g". i

- *1: ﬁr x

e

r} - 7‘

oo’ a\"‘

e SR
.o - Pres
ER R R ¥ S

- Pig. 1 Surface tensmn 6 oi’ C (EO)  on surfac-
B 3 - - A= -.'_-t

tant concentration c curves at KCl concen-

trations denoted on the left har'd side of

~ the figure in mol/l--.w L

..»'._1" s

- 3 _-r,.-(- P . :7 a‘
15 )
o
2 i no r—a —
L ¥]
_’_‘ - 3 “a - .
& =
) .,_‘_‘no = )
< - mi s
no :
- 100
90 .
. - A SR U % n .
Qs 1 15 20 2% _
"C.[mot/htl s L Ty =

Fig. 2. Area per molecule A, (open eyudols) and
standart free energy of adsorption AMs
(closed symbols) of ch(EO)IB as & Zunc-

tion of XCl concentration C..



— . 31
. 3 e~ -‘*-.\
. 3 Pig. 3
19 l S ., sk T N _:-:.1- -
- AT AP Py : e. Ta~w
. < o
! A 3 = o “eaF
as ¢
: T S Lo i
e i VR ’

Fig. 4. Dependence of the ex-
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