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.'•• ,The Chairman now gave the floor to Mr. Over-
beek . • - :'• - '--- ' -'' -" : .

Concerning the protective and sensitizing
action of hydrophilic colloids on hydrophobic sols

:-v ;• ' 'v. . by - . = . , . ; : • ; . ' :.-•;• • :-.••
;K J. Th. G, Overbeek (Utrecht)/

1. Protective-action. . -
Hfr'-'It is a well known phenomenon,, that the floccula-
ïj/tion of a hydrophobic sol is .hampered by the addïtion

" 'a hydrophilic colloid, and a lot of expèrïmehtal
has been carried out on the subject, the results

which in 'several cases have been applied tb
JfpVactical purposés. An example may be föund; in.

cal pharinaceutical preparatïons, in which disper^
of a-substance'is maintained by the additipn 6i

protective collóid (e.g. Collargol); whiïst .orgariic
*^Jiëmistry occasionally applies protective'; actïbn,

carrying out réductions by meaiis óf colloidal
where gum arabic effects the. protection of

||jj!;Systematic invéstigatioris in 'this field werè ini-
b y Z s i g m o n d y 1 ) who introduèed the

of "gold~number", which, thoug'h ah
unit, enabled him to study thé'phenomenon

quantitative "way. " ; • : . - ' ''
gold-nnmber reprcsents the nirober of mllligrams of

ubstance, aecessary för thé: protection of a fiked quantïty/
P»|̂ a;certain gold -sol (10 cm3 cohtaining (Xörng of Au) agalnst

^,év:,iEIocculating action' of . a : conslderable excess . of NaGl
"alüUon.^ Gold-numbers.may. vary betweeii 0.01 fpr gelatine
Sa .25 for starch, aÜ hydrophilic -.substaoces exèrting a more

pronounced protective attión. " r , -• .-. ",-/ ;' '•'""/'. ;".

been established, that the béhaviöur of
agents towards various hydrophobic sols'

to that towards: the .gold sol^consëquently
gold-numbèr of a certain hydrophilic collóid
l also implies a sprong protective action with

||suspensQid. : " ,"" -'/ '•• . . . -'• :
."g m on d y 2) assumèd that protective action

due to'a .mütual union of .lyóphilic and
particles. Since lyóphilic particles. 'are

much . smaller " than . lyophobic ones, . this
'resolves itself in most cases, in an

atter by the former; consequently
c ° t t e lyophobic particles is compbsed of

.of less easily fjócculating. material, like
9um arabic, or süchlike.. ; : : : :

assumption is sübstahtially süpported
of experiméntal work .on the electrb"

of protected 'sols. Several invéstiga-
the electrophoretic velocity of sols

on addition of lyóphilic colloid;- by_
concentration of lyóphilic colloid the'
ophoretic velocity approaches avcon-

|yaluéf: the electrophoretic velocity, of. the
pfe sübstance. An example of this effect may
5f fn the work of B e n d i e n 3), who studied

• ence o£- gelatin .on gold sol at various
fcresults are shown^in fig. 1. ' . .

, Z. anal. Chem. 60, 697 (1901); R.
sen' Das koiïoide Gold-

, Vcrh. Ges. Naturf. Arzte (Hamburg)

n, thesis Delft, 1926; W. Reln .ders
, Ree. trav. chim. 47. 977 (192$).

., The. ;same. author. also-iuvestigated',the influence
of other lyophilïc cólloids-(e. g. dextrine,-gum arabic)
and fpund their behaviour.to Èé closely jsimilar to that
o f gelatin4). . , . " _ - . . _

fieetrtfhonHc rttoctty

Attention must be .drawn to the, £act> that' in all
these cases the electrophoretic velocity: o£ thé
lyóphilic colloid is smaller than that o£the suspênsoid
particles, which clearly indicates, that thé^ increase in
stability ;cahnot bé düe tó an incrèase in^potétitial
of ,the-particles, /' ••'.:. '<-.- : '-;••'• ,--.. l ; .: ••;••'••.•

It has; npt,'beën definitely. established, v^liich
pórtion "pf.-thè curve represents' •- thé-;^ range—where
'protective action occursi-Fröm the mvéstigations:,6f
B e,n d.i;en: the-;impressión/prevailsi that'the range
of protection coincides wïfh ;thë^ öat • portioa of ;'thc
^curve;- an -accurate. ;investigation - óf...dié* próblem,
carried/out witïï -a reliablë-tecjinique, hóweVer,---\s
stilt lackirig.:. ;,: -., • - • . . - ' * , . . . ; - . - - • - . , ' ;-":-. :-•'/ _:Vo'.: . -ir-:•.;,,•'.'.":\

.'. ïf öne compares the pËoteciive,action b£ .a-.cettain
quantity of hydrophilic colloid, against the. ïloccu*-
lating power of ÏÖnS' of varibus valency,: then .it is
ioünd» xthat•'• pröt'ectiört is..nighest iri the case o^the
stroiïgly. i.flocculating ións:- o£" high valency; ï.e.
protective action tends to minimize the Schulzë—
H a r d y tule* . ^

: - : - Table t*); ••'-•: ,-"."'^
Flócculation value of C a r e y Lea 's silver sol ;in mixtures

wifli gum arabic.

Gum arabic in
mg/i.-,;--1

0 .
20
40

10Q
200
300
400

1000

Flócculation value in m mols/I. .

NH«NO3

: 21

•'-—

s 21

—37
>99

Sr(N03)2

' 0.52
0.54

. 0.59
0-64
0.86
1.2
1.5
8.6

La(N03)3

0.026
: 0,037

0.047-
; 0.079

0.21
, 0.58

1.16
- —

*) H. F r e u n d l i c h and E. L o e n i n g, Kolloid-Beihef te 16»
l (1922). . - . . . - . .

» . . • -

A maximum value forjhe.thicknessof the protecting
layer may bè computed'on the assutoption of a total
adsorption of the lyóphilic öubstance by the suspen-
soids particles. In the case of .gelatin and gold sol
a value is found of 8 A at the concentration of the
gold number; for albumin and quartz partioles, 4.A at
the beginning of the flat part .in the electrophoresis

4) Also c,fv H. F r e u & d l i c h and .H. A. Abramson,
Z. physik. Chcm. 133, 51 (1928); H. Limburg , Ree. trav,
chim. 45, 875(1926).; . : : - ' ' . • . . '
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curve ( A b r a m s o n and Freund l i ch , l.c. ) . These
numbers may point to the conclusion that proteins
are spread on the solid substratum in a rather flat
position.

We thus come to the conclusion that in protected
sols the original doublé layer has lost most of its
importance. The sol has adopted the peculiarities
of the lyophilic colloid in all respects, while only the
nucleus of the particles happens to consist of
foreign material.

2. Sensitizing action.
It has been found that there is another pheno-

menon, which may occur in systems containing
hydrophilic as 'well as hydrophobic colloids: i.e.
sensitization.

On careful examination of the effect of addition
of small quantities of lyophilic colloid to a suspensoid,
it may be noticed that not only a protective influence
is lacking, but a de-stabilizing action may even be
involved. The flocculation value becomes smaller
than that o£ the original sol and may even decrease
to zero.

This sensitization has been observed in widely
divergent systems and seems to be just as general
a phenomenon as the protective action. Apparently
sensitization often escaped the attention of the in-
vestigators who, being in search of the presence of
a protective action, may have been inclined to be
only' interested in the behaviour of their systems on
addition of an electrolyte concentration exceeding
tjie flocculation value. In that case, sensitization, no
influence and weak protection are liable to be
summarized under the heading: "no protective
action".

In order to obtain a complete picture of the inter-
action of lyophilic and lyophobic sols it is imperative
to determine the flocculation value at all concen-

Flocculathfi value

m.aequ/L

300

200

100 i

2fl 6.W-* . 8.10-4
% Gum arabic

Fig. 2.

trations of lyophilic substance. Fig. 2 shows the
changes of the flocculation value of Agï sol on
addition of gum arabic5}.

Until B sensitization occurs, which is maximum
at A. At concentrations exceeding B protective
action is present. The flocculation value in the
minimum (A) of the curve may vary between the

5) Unpublished results obtained by C. H o r s t i n g.

flocculation value of the original sol (i.e. no sensiti-
zation at all) and O (i.e. spontaneous flocculation).

The concentration of lyophilic colloid at which the
minimum A occurs is usually a very low one. An
Agï sol of ^5 millimols/; is sensitized by 2 mg of gum
arabic per /. The maximum sensitization of a 0.01 %
gold sol is brought about by 0.0005 % of gelatin,
the influence of 0.00005 % of gelatin still being
detectable.

The e.lectrophoretic velocity of sensitized sols
appears to coincide with the downward portion of
the curves of fig. 1. The dotted portion of these
curves indicates the zone of sensitization. It may seem
reasonable to attribute the decline of stability to a
decrease of the t-potential assuming the influence
of the increase in hydrophilic stability at such small
concentrations of lyophilic colloid still to be
negligible. Unfortunately the literature on the subject
provides hardly any evidence for checking this
assumption. Records of measurements of electrophor-
etic velocity and stability in the zone of sensitization
are given bij B e n d i e n and L i m b u r g , From
the work of L i m b u r g (l.c,) the following data
may be collected, concerning sensitization of oil
emulsions by gelatin. In table 2 have been sum-
marized those gelatin concentrations, which produce
the same electrophoretic velocity of 3.5 at various
pH. At pH 5.5 the corresponding gelatin concentration
Hes well within the boundaries of the sensitization
zone. Consequently a disproportionately low stability
is exhibited in that case, while the stabilities observed
at pH 2.8 and 4.7 show that an electrophoretic
velocity of 3.5 by itself does not necessarily involve
low stability.

T a b l e 2. .
Sensitization of oil emulsions by gelatin.

PH

2.8
4.7
5.5

2.8
4.7

% gelatine

0
0
0

0
0,000001

5.5 j 0.00006

electrophoretic
velocity

—3.48
-4.41
-4.67

—3.5
--3.5
—3.5

Stability

0.40
0.71
0.74

0.4
0.5
0.2

This means that no support is gained for the
assumption, that decrease of the stability should be
due entirely to a decrease in t^potential. On the
other hand neither do these numbers provide a
definite disproval of the assumption.

What all this boils down to is an urgent need of
more experimental work with well defined material
(e.g. Agï sol and gum arabic) and a reliable tech- -
nique. At present it seems advisable to consider.
whether another explanation may better fit the facts. ,

In those cases where sensitization is most obvïous,.^
i.e. where the flocculation value drops to zero, the;
charge of the lyophilic and lyophobic particles alwaySj;
appears to be of opposite sign. The negative go
sol is Üocculated by a minute concentration of gelatin|
if the pH is smaller than 4.7. B r o s s a an&f
F r e u n d l i c h 6 ) , made extensive investigations <

6) A. Brossa and H. F r e u n d l i c h , Z. physik. Chéotö
89, 306 (1915).
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mixtures of positive Fe(OH)s sol and negative
serum albumin.
- They observed that a certain quantity of serum-
aïbumin is flocculated by a small quantity of
Fe (OH) 3 but that thé precipitate dissolves in excess
Fe (OH) s. With such a sol-mixture, containing^ an
excess Fe (OH) 3, flocculation experiments were
carried out. - - :

The flocculation value is usually,smaller than.that
of the original Fe(OH)3 sol, which indicates that the
soï has been sensitized but-. on increasing the cón-
centration of electrolyte, a second zone is reached
where stability , prevails; c.f., fig. 3, in. which the
abscissa represents concentrations of electrolyte and
the ordinate the degree of flocculation in arbitrary
units. . -

ConcentratiOn afeteclrotyteintrimbls/l.'

Fig. 3.

||,; The Sequence in which eïectrolytes: óf; varióus
flocculatë and restabilize.the'.FéfOHJè sol

Ishows a striking resemblahce to ,the,way,ih which
Ijèlectrolytes affect ; the stability of complex coacer--
||y&tes. If namely a eoacervate is made contaihing an
JjjExcess of .particles of one charge then the fïrst

Haddition of .eïectrolyte will cause an increase of 'tUr-
;i.J|biclity while a further increase of the amount of
^^electrolyte will bring about the disuniöh of the
pïoacervate due to lack of oppositely qhargecl particles.
^'': Figure 4 represents the influence of a neutral' salt

the degree of turbidity óf mixtures of lëcithin
,w,.ï„ l gelatin at a pH of 2.89. The initial eoacervate
p|(salt concentration .0) is positive, i. e. coritains
]|ëxcess o f gelatin7). - • " " • • " . . ' " -
||;This assumption. brings all the "results of. 5 r o s s a
ï|and F r e u n d l i'ch into agreement. The precipitate
£ontains Fe(OH)3 as well as albumin; pure albumin
(is negatively charged; the mixture with Fe(ÖH)3
|is positive, owing to.the excess of Fe(OH)3; the
|s'table sol at high concentration of electrolyte is
^egative.

It may seem surprising that Fe(OH)s behaves like a
ydrophilic sol but this may be explained by the assumption,
lat in the zone' of stability at high salt-concentratïori thé
e(OH)a particles are protected by albumin.

.WA-. ere are a great number of cases, where sen-
IM^zation can be explained as mutual flocculation.

emulsions are flocculated by smalï quantities of
tine, if the pH is smaller than 4.7 ( L i m b u r g l.c.)

sol is sensitized by amylum, glycogen,
Ü*Ponine. In several of the cases where sensitization

sols (SiO2, mastix, Ag, Au, As2S3, V2O5,
was brought about by proteins, there is con-

probability, that the pH was on the .acid

G. B u n g e n b e r g de J o n g and R.
. Biochem. Z. 234, 386 (1931).

W e s t e r-

side of the isoèlectric point; consequently in .these
cases also mutual flocculation may have been
involved 8).

For the characterization of this phenomenon
Z s.i g m o n d y introduced the principle of:
"Umschlagzahr.») (U-number)%,

The U-nuniber .represents the number\of..milli-
grams of sensitizing substance necessary in order to
effect a change of coïpur from.red to violet.^rith
a certain- ampunt of ah acid gold sol. For proteins
these U-number are about,:0,OÖ2—0,004 (the gold
number of'gelatin is 0,005—0>01). ' ,-

Althou^h mutual flocculation"frequently underlays
the phenomena/described in the literatufé1; this 'me-
chanism cannot be held responsible for all the cases

" % : • • - • • . • -
Light- - - : - ' , .

«tewptón - • . -

60 KO 200
m.aequ.electnfyfa '

Fig. 4.

of sensitïzation which are known at present; because
there are a number of cases, in-, which an un-
suspected/negative suspensoid' is sensitized by a
lyophilic colloid of equally well known negative

t charge. •
In the, reaction of L a n g.e..(1912) between gold

sol and cerebro-spihal liquid the phenomena involved
are dominated mainly by the sensitization of gold
sol by albumin and globulin of the samè sign 1(>).

v In the ,wórk of Be n d i e n and ; L i-m b u r g
examples may be found of sensitization of gold sol
and oü emulsions respectively by gelatin at a p^
higher than 417 in this case by negative gelatin.

Much more convincing, however, than these cases
of sensitization by an amphoteric colloid, in which
one may stül be inclihed to leave open thé possibility
of opposite charges being involved (e.g. locally
sitüated) is the sensitization of negative cplloids by
g u m arabic or amylose. / . . .

A very interesting example of a technical proce*-
dure applying this mechanism may be found in the
process of Henry11) in which the liquid, used for
washïng cbal, which contains a very tenacious coal
suspension is rapidly flocculated on addition of
starch and lime (i.e. Ca" ions). De Smet 1 2 ) made

8) For a summary c.f. S. G h o s h and N. R. D h ar,
Kolloid-Z. 41, 229 (1927).

ö) Z s i g m o n d y and T h ï e s s e n, Das kolloide Gold,
Leipzig, 1925, 191 etc.

10) c.f. Joe l , Das kolloide Gold in Biologie und Medizin,
Leipzig, 1925. p. 32, 59.

«) R. A. H e n r y , Chem. Zentr. 1936, I, 1476, French
patent 787831.

12) M. de Smet , Natuurw Tijdschr. 18, H8 (1936).
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further investigations of this process. He was able
to show that finely ground anthracïte has a negative
charge. In addition hè found that amylum Merck
(free from proteins) was as well suited for sensiti-
zation as potato starch.

Negative AgI sol may also be sensitized by
amylum and gum arabic, as has been shown in fig. 2.

Thus in classifying the interaction between
lyophilic and lyophobic colloicls a distinction must be
made between three cases — which distinction was,-
also maintained by Z s i g m o n d y for gold sol —
namely:

l. above a certain concentration protective action
occurs irrespective of the sign of the charge;

2a, Below that concentration mutual flocculation
occurs with opposite sign of charge; b. if sign o£
charge is similar sensitization frequently occurs at
such small concentrations.

H. F r e u n d l i c h 1 3 ) suggested that sensitization
might be due~ to a reaction between lyophilic colloid
and the peptizing electrolyte of the suspensoid. For
the sensitization o£ Fe(OH)3 sol by proteins this
explanation is consistent with the well known fact,
that proteins are able to bind Fe' * * ions and that
according to Li n da u14) its capacity of binding
iron runs parallel with its capacity of sensitizing
Fe (OH) 3 sols.

It does not follow however that this mechanism
should be accepted in explanation of sensitization
in general. ït does not hold for instance in the cases
AgI-starch, Agl-gum arajb'ic, and coal-starch. where
a reaction with the peptizing electrolyte is not only
rather improbable, but even contradictory to the
experimental facts. In the experiments of D e
S m e t concerning coal and starch the pH is not
altered on addition of the starch. According to elec-
trometric determination neither starch nor gum
arabic affect the concentration of I' ions of dilute KI ,
solution or AgI sol. Thus only the explanation frrst

Protection.
Pig. 5.

Sensitization.

sugges tedbyZs igmondy remains.Thetwocolloids
exhibit an appreciable tendency to unite irrespective
of their charge. This is obvious from the protective
action where envelopment of the lyophobic particles
occurs. Now the same tendency will be in operation
between lyophilic and lyophobic particles at small
concentrations of the former; in this case, however,
the suspensoid particles will tend to envelop the
lyophilic ones, which leads to a decrease of the
stability of the suspensoid particles. A very schematic
picture is shown in fig. 5, where a square represents
a gold partiële and a circle a gelatin partiële.

Even though this explanation seems rather attrac-
tive and generally applicable, and provides us with

13) H. F r e u n d l i c h , Kapillarchemie II, 471, Leipzig, 1932.
14) L i n d a u , Biochem. Z. 219, 385 (1930).

an elegant explanation of the influence of the size
of the particles *5) of lyophobic and lyophilic colloid,
there ar two facts which require a more detailed
explanation.

In the first place under the ultramicroscope no
difference is observed between the original AgI sol
and the same sol after such a quantity of amylum
or gum arabic has been added that maximum
sensitization is brought about. Neither Brownian
movement nor the number of particles have been
affected in any respect. Consequently it is not
allowable to conclude that aggregations have been
formed consisting of more than one AgI partiële.

In the second place it must be born in mind, that
sensitization (as well asprotection) is not independent
o£ the nature of the flocculating ion. Sensitization
and protection occur in smaller concentration of
lyophilic colloid if flocculation is brought about by
ions of high valency; e.g. point B (fig. 2) in the
case of addition of Ce^NOsJs to AgI sol is reached
at a concentration of gum arabic ten times smaller
than if KNO3 is used as a flocculating agent.

In addition, sensitization is far less intensive in
the case of Ba{NO3)2 and Ce(NO3)3 than of
KNO3. (The depth of the minimum A is less in
these cases).

A similar behaviour was observed in the case of
alkali-blue and tannine by F r e u n d l i c h and
M i t s u k u r i * 6 } and in the case of SnO2 and
AsgSg with tannine and gelatin as sensitizers by
G h o s h and D h a r " ) .

We are thus inclined to assume, that until electro-
lyte is added aggregates consisting of one suspensoid
partiële with one or more lyophilic particles are
formed; the doublé layer, however, maintains its
capacity of exerting such repulsive action that these
complexes cannot aggregate further; the image in the
ultramicroscope will therefore remain unchanged.

Flocculation of a sensitized sol.

Fig. 6.

Apparently the formation of these complexes is
promoted by the presence of polyvalent ions; which
is not' too surprising, since by addition of such ions
positive charges may come into operation on the
surface of the partiële which will attract gum arabic;
consequently sensitization may occur at smaller con-
centration of electrolyte.

If the concentration of electrolyte is increased till
flocculation of the sensitized sol occurs, aggregates

15) R. Z s i g m o n d y and E. Joe l , Z. physik. Chem. 113,
299 (1924).

16} F r e u n d l i c h and M i t s u k u r i , Kolloid-Z. 39. 123
(1926).

") S. G h o s h and N. R. D h a r , Kolloid-Z. 41, 229 (1927).
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wiïl be formed in which Agï particles alternate with
qum arabic particles, as is schematicly represented by
fig. 6,

This may serve as an example of a case in which
flocculation is induced not only by a decrease of the
mutual repulsion, but also by an increase of the
attraction (caused by the tendency of the lyophilic
colloid to occupy the interface AgI-water) 18).

No explanation has been given of the fact, that
sensitization is less intense when flocculation is
brought about by polyvalent ions.

Attention must be drawn to the importance of
sensitization in practice. The example of coal-starch
in which sensitization induced a rapid flocculation
of a tenacious lyophobic suspension has been
mentioned before.

The opposite procedure has been applied as wellj
M i c h a e l J s and R o n a 19) developed a method
for freeing solutions from proteins by precipitating
the protein by the addition of a mastix suspension.

In methods for the purification of sewage
sensitization may frequently play a part.

It has frequently been observed, that flocculation
of sensitized sols leads to the formation of flakes,
which settle very quickly, and this property makes
these systems particularly attractive for practical
application,

Until now the systems under consideration always
contained one lyophobic and one lyophilic component.
If both of the sols are of the lyophobic type, real
protection and sensitization are not to be expected,
since the particles exert no particular attraction on
one another.

We may find traces of sensitization in the case o£
sols of opposite charge (Fe(OH}3 and As2S3),
sensitization caused by chemical reacüon {As2Ss and
the S-sol of Oden) or minor protection by chemical
reaction (Ag! sol and gold-sol) 20).

3. Summary. In the preceeding Unes we have
aimed at giving a review of the phenomena involved
in the interaction of lyophilic and lyophobic colloids
and we have tried to give an explanation of these
facts, This is a rather detached domain of the
dynamics of hydrophobic colloids in which the
influence of the doublé layer is considerably reduced.

Substantially the phenomena are dominated by a
strong attraction between lyophilic and lyophobic
particles, irrespective of the sign of their charge.
They combine with each other in all concentrations
while it depends on the proportion of the concen-
trations whether this will result in protection or in
sensitization.

If the two colloids are of opposite charge, or if
they are liable to react with each other, the results
will be superimposed on the phenomena in general,

Discussion.

Dr. P i e t e r s remarks: In He n r y ' s process so
much lime is added that the effect of the addition
of starch becomes practically negligible. Nevertheless

IS) c.f. H. C. H a m a k e r , Ree. trav. chim. 56, 745 (1937).
10) M i c h a e l i s ' a n d R o n a, Biochem. Z. 2, 219 (1907);

3, 109 (1907); 4, 11 (1907); 5, 365 (1907); 7, 329 (1908); 8,
350 (1908); 13, 121 (1908); H, 476 (1908).

20) H. R. K r u y t and C, A. N i e r s t r a s z , Kolloid-Z. 78,
26 (1937).

the effect of very small amounts of starch on the
flocculation of fine suspensions is often very striking.
In this respect I should like to draw the attention of
Mr. O v e r b e e k to the observation we made that
by the addition of starch to the effluent oE a coal
washery, the coarser particles are readily precipitated,
while the finer and colloidally dispersed matter is
apparently unaffected. It would be of great interest
to devise a means of explaining this behaviour of the
starch sol.

Prof. K r u y t says: Ir. de G r o o t of Oranje-
Nassau-mine claims, that not a single component of
the Henry-mixture can be missed to get a satisfactory
clearing of sewage water. De S m e t (Gent) started
his research with a suspension of anthracite to which
hè added starch; then we took gum arabic and later
on sodium arabinate in stead of starch and at last
Agï in stead of coal, thus continuously simplifying
the model. In every case we found the sensibilisation
with very small amounts of the hydrophilic colloid.
H o r s t i n g completed the investigation as mentioned
in O v e r b e e k ' s paper.

Mr. O v e r b e e k means: It might be of interest
to compare the behaviour of fine and coarse coal
particles with that of fine and coarse Au-sols, as
described by Z s i g m o n d y and J oei*}. The
coarser Au-sols appear to be sensitized by smaller
concentrations of gelatin than the finer ones.

Dr. L i m b u r g is of the opinion, that the sen-
sitization of f .i. an oil emulsion when adding increasing
amounts of gelatin can still be explained by the two
factors, which work in opposite directions, viz. the
decreasing charge of the particles and the increasing
stabilisation by the gelatin-film, It is not clear why
the data collected in table 2 of Mr. O v e r b e e k ' s
paper should plead against this theory. They only
show, that with different concentrations of gelatin,
the charge of the particles is not the only factor
which governs the stability. This however is the very
starting point of the above mentioned theory.

Also sensitization of a negatively charged sol by a
negatively charged lyophilic colloid is not in contra-
diction with this theory. In all those cases in which
determinations of the cataphoretic velocity have been
carried out, the lyophilic colloid decreased the charge
of the sol particles (cf. L i m b u r g , Ree. trav. chim.
45, 875 (1926); R e i n d e r s and B e n d i e n, Ree.
trav. chim. 47, 976 (192S)). At small concentrations
of lyophilic colloid the charge decreasing effect is
strenger than the stabilising effect. Hence the stability
is decreased and sensitization results.

Mr. O v e r b e e k answers: In Dr. L i m b u r g ' s
train of thought, two emulsions carrying an equal
charge, at different concentrations of gelatin would
have a different stability, the emulsion containing the
greater amount of gelatin being the more stable.
Table 2 shows the opposite to be the case. At pH 5.5
the stability is low at a relatively high concentration
of gelatin.

This indicates, that there must be another factor,
besides the lowering of £, which diminishes the
stability of sensitized sols.

Mr. S a r l u y asks: In experiments with• electro-
dialysed hydrophobe sols and protein sols P a u l i

*) R. Z s i g m o n d y and E. J o e l , Z. Physik. Chem. 113,
229 (1924).
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found, that in the absence of electrolytes protective
action never occurs. What, according to the speaker,
is the role of minute quantities of electrolytes in the
mechanism proposed by Z s i g m o n d y , and what is
the speaker's opinion about P a ui i ' s experiments?

Mr. O v e r b e e k says: In all probability the
absence of protective action in P a u l i ' s experiments
must be explained by the acid reaction of electro-
dialysed sols. This gives rise to a positive charge of
the protein, so that mutual flocculation may result.

Dr. M u l l e r says:

1. Was calcium hydroxide added in D e 'S m e t ' s
tests, and, if so, was the carbon suspension still
negative after this- addition?

2. You said that in sensitization, aggregates of
one suspensoid partiële with one or more lyophilic
particles are formed, the repulsive force between the
suspensoid particles remaining the same, however.
But does not this repulsive force become smaller
because the lyophilic particles partly shield the charge
of the suspensoid particlesi)

Mr. O v e r b e e k answers:
ad l. D e S m e t investigated the behaviour of

carbon suspensions with Ca{OH)2 and CaCl2. He
did not found any indication that the Ca" ion may
effect a reversa-1 of the charge of the suspension.

ad 2. I only maintained, that before the addition
of electrolyte to a sensitized system, the repulsive
force must be strong enough.to keep the hydrophobic
particles apart. This repulsive force may be smaller
than it was in the original sol.

Dr. d e B o e r remarks: Is the following hypothesis
permissible in explanation of sensitization? If the
hydrophile substance is strongly bound by its hydro-
phile groups (for example the CO—NH-groups in
gelatin) to the surface of the hydrophobe particles,
and thereby pushes aside ions of the doublé layer, a
condition might be reached where, (with very small
amounts of hydrophile substance which may be
entirely bound in the above manner), the hydrophile
character is not yet able to manifest itself, while at
the same points a doublé layer capable of repulsion
is no longer present, and the particles may attach
themselves. Üpon addition of more hydrophile
substance, it will also be added at these points but
now with the hydrophile groups outermost, so that a
shielding action is obtained. The charge of the
hydrophile substance is then indeed of no importance,
but only the hydrophile groups.

Mr. O v e r b e e k answers: ït seems rather im-
probable, that, at the interface water-X (a hydrophobic
substance) a hydrophil particle should turn its
hydrophilic groups to X rather than to the water.

Apart from this, the picture, Dr. de B o e r
suggests of a sensitized flocculation does not differ
very much from the one given by me. In both cases
the hydrophobic particles are held together by
hydrophilic ones.

In my theory this linkage is effected by one hydro-
philic particle, in Dr. de B o e r 's theory by t wo.

It seems to be premature to enter into such details
as long as experimental data in this field are still
scarce (exp. data concerning the amount of hydro'
philic substance carried down by the flocculating sol
are almost completely lacking).

Mr, N a n n i n g a asks: With this explanation of
sensitization can you account for the phenomenon
first observed by R i d e a l in a hydrogenation
process2*) and verified by me in the decomposition of
H2O2, that the catalytic activity of a platinum sol
increases, when very small quantities of gelatin (e. g.
0.00075 % with a 0.02 % sol) are added?

Prof. K r u y t says: As the heterogeneous catalysis
is located at the "Lockerstellen" ( T a y l o r ) ,
R i d e a l ' s results, as mentioned by Mr. N a n n i n g a
would suggest, that the lyophilic colloid is not bound
at those spots but just the contrary at the flat faces.

Dr. B o a s s o n wants to draw attention to a group
of sensitization-phenomena, which are as remarkable
as those discussed here in as far as they occur
between two hydrophilic colloids (especially pro-
teins) with charges of the same sign. ï mean the
sensitization-phenomena well known in serology and
immunology. For this case M a r r a c k 2 2 ) has already
given the picture used by O v e r b e e k for the
flocculation of a sensitized sol (fig. 6). Moreover it
has been found that here, too, the phenomena are
largely governed by the laws of complex coacerva-
tion23).

Disregarding the marked specificity of serological
reactions, an analogy with the system silver iodide-
gum arabic seems to be well established. Would it be
possible to use the latter system as a model for
serological flocculations?

Mr. O v e r b e e k answers: If serological floccula-
tions are hampered by large concentratioiis of elec-
trolyte there seems to be no advantage in using the
sensitization of AgI by gum arabic as a model, as in
this system no stability zone is found at higher
saltconcentrations.

After the conclusion of this paper Dr. v a n d e r
M i n n e was called upon by the chairman to present
two subsequent papers, a more general and a more
specialized one.

General remarks on emulsions *)
by

J. L. van der M i n n e (Amsterdam).

In the last two decades emulsions have been
studied very intensively and a mass of literature
has grown up on the subject. This being so, however
conscientiously I might attempt to summarize it, my
resumé could be no more than an extract of the
findings elaborated by many different authors. I
therefore propose instead to concentrate here on a
few important points relating to the emulsification
and stability of emulsions, with special reference to
the physico-chemical principles.

We give the term "emulsion" to a system of two
21) R i d e a l , J. Am. Chem. Soc. 42, 749 (1920).
22) J. L. Mar r ack , The Chemistry of Antigens and

Antibodies, London, 1934 (page 106).
23) E., H. Boasson, Dissertation, Utrecht, 1937, and J.

Immunology, in press.-
*} For. collective literature on emulsions see:
W. C I a y t o n, The theory of emulsions and their technical

treatment, London, 1935, 3rd ed.; O. L a n g e , Technik der
Emulsionen, Berlin, 1929; Brit. Section Intern. Soc. Leather
Trades' Chem., Technical aspects of emulsions, London, 1935;
in Dutch: Van der M i n n e , „Over emulsies", Thesis, Utrecht,
1928.


