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è1l1alysis figures (% A and % G) of Table II t I 
notke the courses of the points are se out. n th is connection we should 

I b representing the composition of coacervatc (C) and equi i rium liquid (E). _ 

If these points should move towards each other I ' 
this would only prov> that th t on y along the dotted connecting lil1l2 
the coacervate decrea:es), lik:w:: ~~~~el~~enta~~ .~ th~ coaeervate increases (A + G oi 
increases, without any chang b' 1 e h

CO 
Ol pelcentage of the equilibrium liquid 

coacervate. e emg )roug tabout in the proportion of AlG in thc 

The figure shows th at the course of the 
the connecting line that the f h . coacervate point d.eviates downwards from 
f 'Course 0 t e pomt of the eqld'b . I' . I I 
rom the connecting line Th' I 11 num lqUlC c eviates upwards 

d . IS means t lat AlG increases' th 
ec;eases in the equilibrium liquid. . m . e coacervate but that it 

1 he case discussed of CaCI is hl' . 
tages were made so that we ~ t ted~n y one m wh[ch analysis of the A and G percen-
d ' 0 no ISpose of further mat . 1 t f I 

rawn in the previous section 0 tI ena '0 veri'y t 1e concIllsions 
f . n Ie ground of those I' or salts 1 ~ 1 the '. conc USlons we may expect that 

coacervate and the equilibrium I' . d' 1l 
other, approximateJy alon th '. lqUl pomts wi move towards each 
b . 9 e connect1l1g l111e that for a It 3 1 h d 

e 111 the same direction as for CaCI~ (2 ~ , . sa ~. t e eviations will 
even more for a salt 1 ~ 3 tI d . ~. 1) but greater, that for a salt J --. 2 and 
f - Ie eVlatlon from the j t· J' o those for 2 _ 1 Co I CO.111ec 111g me wiII be the rcverse 

. mpare sc Ieme Fig. 8. ' 
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Fig. 6. Scheme of the effect of neutra! salts on the 
compositio!1 of coacervate 

and equilibrium liquid. 

SllInmal'y. 

L At constant pH alld t.. . 
. cons ant nllx111g proportion of'h 11' 

arabIc) in the total system the add 't' fIt e co olds (gelatine, gum 
1 [on 0 sa ts causes a cha I 

percentage in a complex coa t bI' nge, not on y of the Water 
, . cerva e, ut aso 111 the coIlo'd '. 

2. 1 he continllOtlS valel1ce mIe is applicabl t th ~ proporhon 111 the coacervate. 
namely: .3 ~ 1... 2 ~ 1...1 ~1 1 2 1 : 0 . e c ange of the col1oid proportion, 

'" ~ ... ~ 3, 111 whlch lId 
portion, 2 ~~ 1 and even more 3 l' . h ~ oes not modify the pro~ 

h ~ mcrease t e gum arabic p t f h 
w ereas 1 ~ 2 and even more 1 3' ercen age 0 t e coacervate, 

3 T ~ l11crease the gelatine pe" c f h 
. he proportion of the two II'd' I lCenl<lge 0 t e coacervate. 

co Ol S 111 tIe eqllilib·· I' 'd' 
sense from that in the coacervate. llllm lqUl IS modified in a reversed 

Biochemistry. -- Tiswes 08 prismatie ce!ls containing Biocol1oids. V. Mo,phological 
changes of the co mp/ex coacervate gelatine-gum arabic owing to the addition ot 
sa/ts ,esp. non-electra/ytes to the /iquid [lowing past· the membrane. By H. G. 
BUNGENBERG DE JONG and B. KOK. (Communicated by Prof. J. VAN DER HOEVE.) 

(Communicated at the meeting of November 29, 1941.) 

1 ntmduction and met ho ds. 

In the previous communication we discussed the effect of a pH change 1). In th is 
communication follow our resu'lts as regards the effect of neutral salts and of 'some non
electrolytes. For colloid preparations employed and apparatlls we refer to that 
communication. 

As regards thc method, we first brought abollt coaccrvation in a ncwly prcpared 
mcmbrane by conducting past it 0.01 N acetie acid, th en we changed to a solutîon of a 
:,alt, resp. non~electrolyte in 0.01 N acetic acid, observing the ini/ow ctfects. Finally in 
order to study the out[1ow ef{ects 0.01 N aceUc acid is again conducted past the membrane, 
aftel' whieh the mcmbranc is removed and replaced by a freshly prepared one. 

L I n f I 0 wan d 0' U t f 1 0 w c f fee t s wit h n cut l' als alt s. 

a. Effect ot nelltm/ salts on the complex cO'acervat'c. 

We know that salts have a neutralizing effect on complex coacervation and the more 
strongly (i.e. with smaller concentrations) in proportîon as with unchanging valence 
(e.g. monovalent) of the cation the valence of the anion increases, likewise when with 
unchanging valence of the anion the valencc of the cation increases. We agaln checked 
this rule in our colloid preparations measuring the volume of the co ace rva te, which 
demixes on otherwise equal conditions on vari"atiol1 of the salt concentration. 

In sedimentation tubes whose cylindrical lower ends were l1arrowed and divided into 
0.1 c.c., we placed 1 cc HCl 0.1 N + a cc salt solution + (6.5 + a) dist. water. 

Aftel' placing in thc thermostat at 40° we added to each tube 5 cc sol mixture (6 g. 
gum arabic + 5 g. gelatine + 190 cc H20), the contents of the tube were mixed and 
then left in the thermostat. The next morning thc coacervate volume was read (estimated 
in 0.01 cc). Thc results are given in the following tabIe: 

TABLE L Coacervate volume in 0.1 cc in the presents of salts Blank = 13.1. 
~ _. 

Concentr. 

I K3FeCY6 
I 

Kzso;-I KCI I CaCI2 La (N03h m. aeq. p. L. 

2 
I 

12.0 
1 1 

I 
12.5 

4 10.5 I 13.0 13.1 12.8 9.5 
6 

I 
7.7 I 2.7 

8 5.3 12.2 12.9 

I 
10.4 0 

10 I 3.3 
12 

I 
0 10.8 11.9 4.5 

16 8.1 10.8 0 
20 3.9 7.6 
24 0 1.8 
28 0 

Neutralization conc'l ca 12 ca 22 ca 14 ca 7 
in m. aeq. p. L. 

1) H. G. BUNGENBERG DE JONG and B. KOK, Proc. Ned. Akad. v. Wetenseh., 
Amsterdam, 45, 51 (1942). 
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Graphically the neutralization concentrati'ons mentioned in the lowest horizontal row 
of the table are foU'nd, which proves the validity of the valence ru1e mentioned: 

3-1>2~1>1-1 

1-3> 1-2> 1-1 
"Double valenee ntle" 

This ruk may be foreseen from the screening effect of the cation on the arabinate
colloid anion and of the anion on the gelatine-colloid cation. 

As the screening effect increases with the valence of the ions, and the mutual e1ectrie 
attraction of the two colloidions possesses the character of a product, it follows that for 
neutralization of the complex coacervation the double valenee rule must apply. It is 
further to be expected that the water pèrcentage of the coacerlJate must increase in salts 
concentrations preceding the neutralization. 

This conclusion had formerly been confirmed by analyses in the case of the effect of 
CaCl2 on complex coacervates of gelatine and arabic acid sols, the results of whieh we 
give here (left) for an arbitrary mixing proportion (50 0/0)' From an investigation made 
lately as to the effect of the temperature we can also take material in confirmation of this 
conclusion for KCI. There 'are given the resu.Jts for an arbitrarily selected temperature 
(40°) and cónstant mixÏ11g proportion and pH (right). 

TABLE Ir. 
~~-

I1 

" 

Effect of CaC!2 Effect of KC! 
---- ---------------- --~----" 

Salt conc. i~l I %A G %A+G 11 Salt conc. in I %A+G %A+G 

m. aeq. p L. coacervate equi!. liquid 11 m. aeq. p. L.I coacervate equi!. Iiquid 

0 I 15.24 0.35 ii 0 I 13.20 0.50 !: 

5 
I 13.05 0.65 5 12.02 0.69 

7.5 12.00 0.85 10 10.90 0.96 
20 8.84 1.63 

In the two tabjes we sec th at the dryweight of the coacervate decreases' (water 
percentage increa$es) and the dryweight of the equilibrium liquid increases on increase of 
the salt q:mcentration. Thc mutual mixabi1ity of the two Iiquids (coacervate and 
equilibrium Iiquid) increases therefore as we approach the neutralization concentration. 

b. Expectations as to the nature of inf/ow and outtlow ettects based on a). 

As neutral, salts, illcrease the water percentage of the coacervate, while the coIIoid 
pe~centage of the 'equilibrium Iiquid also increases, we cannot expeet any morphologieal 
changes on in flow. On outflow of the saltthe waterpercentage of the coacervate decreases 
agaih, Ilke the coIIoid percentage of the .equilibrium Iiquid. Here we can indeed expect 
morphOlogieaI changes, namely vacuolization of the parietal coacervate and formation of 
ncw coacervate drop~ in the large centra! vacuole (which contains the equilibrium liquid). 

c. Intlow effectB. Distinction of fOllt' COl1centration sections. 

It is found experimentally that for eachsa!t four concentration sections may be 
distinguished, depending on the nature of the morpho1.ogical processes on inflow. Based as 
these sections are on the appreciation of microscopie pictures, their limits cannot be 
indieated. Of course, they pass into each other without any clear demarcation. We 

distinguish sections: 
a. in which 110 morphological eHects oceur; 
~. in which equally divided vacuolization of the coacervate takes place; 
)'. in which the vacuolization is clearly localized or at least begins to appeal' \11 eertain 

places of thecoaçervate; 
iJ. in which the coacervate entirely dissolves. The following survey gives the salt 
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In- and out flow cyc1e with KsF e (CN) o. 

A: Initia! state. 
Band C: Inflow effect. 
D: Outf!ow effect. 
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, i' concentrations investigated in milli-aeguivalent pL arl'anged in four columns, 
corresponding t~, the concentratlon sections mentioned. 

Salt 

K3 Fe (CN)is 

K2 S04 

KCI 

CélCl2 
Co (NH3)6 Cl3 

La (NO,b 

I

' al 
No .vacuoli- I 

'zation 'I 
0.3 
1.5 
5 

1-- 2 
1 

TABLE lIL 

(J 
Homogelleous 
vacuolization 

0.75--1.5-3 
3-5~ 10---20 

10--15 
5 
3 

2.5-5 

I), "1: 

I 
Localised, 

vacuolization I 

5~1O 

(25) 
20 
10 

o 
Neutra- ' 
lizatioll ' 

15 
25 

25·~30--40 

15 
10 

'I' N~iitraH·, 
zati~~ '~!oln-

I 
celltratión 

12 
22 

Fram the survey it is dear that the neutralization concentrations have the same order 
of magnitude for the complex coacervate enclosed in the celloidin cells asfound in a. 

It is further noticeable that the boundaries between sectións 0.1 (J resp. (Jly lie at higher 
concentrations "Is the salt bas greater difficulty in neutralizing the coacervate •. These 
boundaries ri se in the order KaFe(CN)o--K2SO.[-KCh similarly in th,e oreler La(N03)s 
or Co(NHs)oCI3--CaCI2-KCI. 

This suggests aconnection between the morphological changes ort in flow , and the 
neutralizing effect of neutral saIts (Double valenee ruk). Btit this leads to a contl'adiction, 
as neutral salts at concentrations preceding neutralization increase the water percentage 
of the coacervate, sa that no vacuolization is to be expected. 

Concentration sections a and 0 are not the most interesting to us. With the relatively 
smal! salt concentrations in 0. the attendant internal changes in the composition or the 
coacervate can apparently be suffidently brought ab out by drffusion so that vacuolization 
is not enforced. 

In section 0, morphological processes belonging in )' precede the neutralization in tbe 
cases in which in y the vacuolization processes are very intense and Tapid (e.g. 
K3Fe(CN)o). When the changes in y are slowel' and less intense theyare absent [n 
O. This is the case with KCI at 30' and 40' m. aeg. p. L. with CaC!2 at 15 m. aeg. and 
with Co(NHs )6Cls at 10 m. aeg. p. L. So in these cases there is na vacuolization in the 
parietal coacervate. The central vacuole is generally seen to become rapidly smaller and 
the bounding face: centra! vacuole coacervate, whieh at first was dearly visible i's soon 
abscured. All th is is accou'nted for by the now reversed proportion of the tempo and the 
intensity of the neutralization and vacuolization processes. 

d. Effect ot thenature ot the salt on the eharacter of the in- and outtlow etteets. 

An instanee of marked deviation from the expeetations mentioned in b. is furnished 
by the inflow and outflow eHects with K3Fe(CN)6. (salt type 1-3), which wil! be 
discussed in connection with four microphotographs of Plate 1. 

A. Shows a part of the celloidin membrane aftel' the complex coacervate formed with 
0.01 N aeetie acid has become entirely parietal and free from vacuoles. 

B. Shows that af ter a short period of in flow with 10 m.aeq. KaFe(CN)G containing 
0.01 N aeetie acid, there is vacuolization of the parietal eoaeCt'vate and that this process 
sets in along the bounding face coacervate/central vacuole. This vaeuolization process 
now becomes very intensive, extending over the entire parietal coacervate. The vacuoles 
become largel', flatten each other so that a foam structure is formed. Many foam lamellae 
burst sa that a relatively smal! number of large foam vacuoles are left. 

C. Shows sueh a foam structul'e af ter some time of inflow, aftel' the foam-forining 
pl'ocesses have practically ceased. 
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D. Shows the condition aftel' a short period of outflow with 0.01 N acetic acid. The 
foam lamellae burst and no vacuo/es are [ormed in the pariefal coacervate 1), while a 
great number of new coacervate drops are formed in the central vacuole. These gradually 
coalesce with each othe!' and with the parietal coacervate, so that if one waits long enough 
one sees again the picture of microphotograph A. 

The picture given in D is not different in any other way from the stage also found 
in the original coacervation with acetic acid 0.01 . N and which gradually led to the 
condition in A. So in cyc1e A-B--C-D-A the absence of coacervation in the central 
vacuole during inflow and the process of coacervation in the central vacuole on outflow 
are in conformity with the expectation of b. The vacuolization of the parietal coacervate 
on inflow and practically its absence on outflow, however, are not in accordance with 
what was expected. 

A picture entirely differing in many details is given by the in- and outflow cycles with 
La{NOs)3 or with Co{NHs)6Cl (Salt type 3-1) while the other wits form a gradual 
transition between these two extremes (1-3 and 3-1) arranging themselves in the 
series: 

K3Fe{CN}6 -- K2S04 - KCI - CaCI2 - Co(NH3)6C13 resp. La (NOb 
(1-3) ... (1-2) ... (1--l) ... (2--1) ... (3-1) 

Compare fig. 1, which gives a scheme of -the actual points of difference between 
KaFe(CN)6, KCI and Co{NH3) ()CI3· 

The following changes occur Erom left to right in this salt series: 
1. The velocity and the intensity of the vacllolization on in[low decl'ease considerably. 
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Fig. 1. In- and outflow effects with KsFe{CN)r;, KCl and Co(NI-l:JjnCh 
I. initia!. state. 

I!. inflow effects. 
IlL outflow dfects. 

1) On outflow there are some indications of very weak vacuolization. A great 
number of very smal! points is formed (probably vac'_lOles) which, however, scon 
disappear. 
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With 2-1 and especially with 3-1 for instance, vacuolization is very slight and slow. 
2. The localization of the vacuoles first appearing on inf10w in concentration 

section Î' changes gradually. With K3Fe(CN)() and K2SO" they occur round the central 
vacuole, with CaCl2 and Co(NH3) (lCIg on the other hand, round the wans of the cell. 
In KCI. where this localization process is rather vague, it is pel'haps like K1Fe(CN)!] 
and K2S04. 

3. Secondary changes of the vacuoles fOl'med on inflow soon recede to the background 
[rom left to l'ight. Foam formation is vel'y markeel with K3Fe(CN)ü, with K2S04 it is 
possible at most to speak of a passing tendency to foam fOl'mation, any other indication 
with the other salts being absent. 

4. The velocity and especiaUy the intensity of vacuolization on outtlow incl'ease 
consLdel'ably from left to right in the series. With K3Fe(CN)ü vacuolization is pl'actically 
absent. With K2S04 it is al ready fairly 110ticeable, increasing considerably in the order 
of KCI-CaCI2-Co (NH,,) (lCIs. On outflow vacuolization we have not been able to 
state with any certainty any details concel'ning localization resp. secondary changes of 
lhe vacuoles (analogous to points 2 and 3 above). 

c. Details conceming the formation and disappearance ot vacua les. 

Wh en the vacuolization is rapid, there are generally at first a great many smal! 
vacuoles, whose number usually elecreases fairly rapidly owing to mutual coaleseence or 
to coalescence with the central vacuole (the latter process is much retarted with foam 
formation ). 

When vaeuoles have formed on inflow, and one does not wait till they have all 
disappeared, these which remain of ten undergo changes of diminishing volume anel (or) 
number on outflow. This is most evident in small vacuoles. 

When inflow is begun with a parietaI coacervate which has not yet become entil'ely 
hee from vacuoles, it is seen that with certain salts (KOI, CaCb, Co(NH3)(lC1s) these 
vacuoles become smaller or disappear in concentration section a. 

All this might be taken as an argument in favour of the "neutralizing eHect" of neutra! 
salts, viz. an in ere ase of the water percentage of the coacervate. But sueh an accelerated 
disappearance of vacuoles is also seen on out flow aftel' inflow with certain other salts 
(K3Fe(CN)6, K2S01 , possibly also KCI). In accordance with the expectations in b. 
we may expect vacuolization on outflow, because the eoacervate becomes poorer in water. 
There is no reason therefore for thedisappeal'ance of vacuoles which have formed on 
intilow. 

lt is even the culc, that when eithel' on inflow, or on outtlow there is vacuolization, 
vacuo/es which had focmed owing fhe previous process, neverthelcss disappear, whi/c 
sim!1ltaneo!1s~y Ol' short/y afterwards ncw vacuolization aCCUl's. We will 1110reOVe1' 
mention the fact that a new generation of vacuales arises ever de eper in the membranc, 
i.e. on the siele of the coacervate which is turned towards the medium Iiquid flowing 
past the membrane. 

FinaUy we mention that vacuolization processes, especiaUy whcn they are not intense, 
are much more noticeable in the larger ce Us of the celloidin membrane than in small 
ones. In large ceUs the rate of the exchange of matter between coaeervate and centra! 
vacuoles is retarded by the gl'eatel' thickness of the parietal coacervatè laycl'. A sIight 
change in composition which can be brought about in the smaH celIs with sufficient 
rapidity by diffusion while the coacervate remains homogeneous, wil! be too slow in 
larger cd1s. so that this change is now brought about under the format ion of vacuoles. 

f. Discussion. 

While elescribing the in- and out flow effects we have repeatedly pointed out, that 
the expectatiot1s expressed in b. based on the effect of salts on the water percentage of 
a complex coacervate, are not at aU in accOl'dance with the effects found experimentally. 

There we are rather in the same position as we were in the pl'evious communication 
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in eonneetion witl th ff f h H Th f d " , 1 e e eet 0 t e p, ere too we oun vaeuohzatlOns on 111flow, 
althou~h the Water percentage of the coacervate also increases. A solution of the diffieulty 
was glven by further observation of the simultaneous change of the colloid proportion in 
the coacervate. 

Analogously the question ma,y here be asked if the fact that on inflow with neutral 
salts vacuolizatio t' 11 1 ' . n prac tca y a ways occurs, IS not to be ascl'lbed to a coeffect of the 
saLt causing a ch . th 1'1 'd "h ' ange 111 e co Ol proportIOn 111 t e coacervate. 

Such a coeffe t f C Cl I c 0 a 2 on co mp ex coacervates we had observed in a previous 
investigation of th~ I t' f I' ( .. ) + b 
(negative) 1). 

~ comp ex coacerva IOn 0 ge atmc posltJve ara ie acid 

We did not know h 'f th' ff t' 1 "1 'f 1 'I , ,owever, I IS eoe ec IS a so actlvc m t le case 0 ge atmc ,-
g~m arabic, and if it is also brought about by other neutral salts. As we must know 
thlS, howeverin ol·d . t . t 't . f h' d fl f . , ' el 0 arnve a an m erpretatlOn 0 t e 111- an out ow e feets 
descnbed we lately d '" h' I f h' h ' ma e some mvestJgatlOns, t e re su t 0 w IC was that generally 
neutral salts caUSa h 'tl II 'd 'f h . ~ a c ange 111 le co Ol proportIon 0 ' te' coacervate with constant 
pH and constant " . f h II 'd ' , , mlx111g proportIOn 0 t e co Ol S III the total system (these are the 
conditIons ul1der h' hh' d fl ff w IC t e lll- an out ow ,eects wc re studied) 2). 
~s regards intensity and direction this change depends on the nature of the salts, 

whlch arrange themselves in the order: 

AlG in the Coacer
vale increases 3--1 ... 2-1." 1-1 ... 1--2 ... 1-3 AlG in the coacer-

vate decreases 

in which 1-1 has practieally no effect on AlG proportion of gum arabic and 
gelatine in the coacerva te) 3). 

This is exactly the same order of the salts which we found above in the description 
of the in- and outElow effects (see d). 

This takes aWay I'n .' 'I th t ' , t hl' pllIlClp e e apparen Il1COnSIS 'ency t at vacuo izatlOns occur on 
inflow in s pite f th, f h h ' , o ,e act t at t e coacervate can only become l'lcher in water in 
consequence of add d It F ' h h f I1 ' , , , e sa s. 'or owmg to t e c ange 0' the COl Old proportIon a certam 
quantity of A r~ G I h . sp. . must moreover eave t e coacervate and as the diffusion velocity 
of the colloids is onl j' ht tI' , I" h f f -y s Ig , liS occasions expu sion In t e orm 0' vacuoles (in which 
there separates the n 'I'b' J' 'd 1 l' h II d . , ' ew eqllll nam ,lqlllJe ong111g tot e nl!W'co oi composition). Some 
detatls 111 e. call I b d f 1 d' now a so e accounte or, e.g. t le Isappearance on out flow of some 
vacuoles bel on gin t th ' fl 'd h . , g 0 e 111 ow generatIon allo t e Slll1ultaneous or subsequent formation 
pf a new vactl'oj' t' Th II I f h . , lza Ion. e sma vacuo es 0 t e 111f10W generatlOn embedded in thc 
coacervate disapp th fl bh' " , ", ear en on out ow, ecause t elr locatIon IS very favourable for 
reverslblltty (the c 11 'd t . , 'J'b ' J' 'd .. 1I 

• ,_0 Ol con a1111119 eqlll I num lqlll ongma y expelled is taken up 
agall1 ll1 the coacel'vate, the latter using it to recover its original colloid pl'oportion) i 

The new gener' t' f I h' h f ' . " . a Ion- 0 vacuo es w IC orm 011 outflow IS th en to be ascribed to the 
dlmll1!shmg of th " t' f h e wa erpercentage 0' t e coacervate. 

Although, therefore we understand in principle the formation of vacuoles on inflow with 
salts, there is not yet f '11 d It . th' h' d fl , , uaccol' ance. IS true at 111 t e ll1- an out ow effects we also 
fmd the senes: 

3-1 .. ,2-1 ... 1-1 .. ,1-2 .. ,1-3, 

but we did not find that the inflow vacuolization in this series decf(~ases Erom 3---1 to 
2--1 th t 't . 

, a I IS abse~1t or very weak with 1--1 to increase via 1--2 and 1-3. 

1) H. G. BUNGENBERG DE JONG and W. A. L. DEKKER, Kolloid Beihefte 43, 213 
( 1936). 

2) H. G. BUNGENBERG DE JONG and E. G. HOSKAM, Proc. Ned. Abd. v. Wetensch., 
Amsterdam, 45, 59 (1942). 

:J) Compare' 
In communication IV of this series the very slight effect of KCI on the 

pH with reversal of charge of the complex coacervate. 
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This was to be expected from the result of the investigation cited, in whkh we saw 
that AlG in the coacervate increases with 3--1 and 2---1, is constant with I-I anel 
decreases with 1-2 and 1-3. 

We rather get the impression that for the coacervate in the celloidin membrane it is 
not salt 1-1 which eaus es the least change in the AlG proportion in the coacervate, but 
that it is salts 2-1 and 3-1 which have that effect. 

For the in- and out flow effe cts caused by these salts come nearest the expectations 
given in b (where we did not take the AlG change into account); the lnflow vacuolization 
is very weak here and on outflow there is stro11g vacuolization of the parietal coacervate 
and formation of new coacervate drops in the central vacuole. 

It is not impossible th at for the coacervate in the celloidin membrane the shifting of the 
point of neutralization in the salt series has been moved from 1-1 to 2-1 or to a place 
between 2-1 and 3-1. For this coacervate is not qutte comparable with the one we 
examined in sedimentation tubes ("vitro".J. In the latter we always retain in the total system 
the Ca salt which is formed from the counterions of the two colloids (Ca ions of gum 
arabic and Cl, resp. acetate ions of gelatine) . But in the membràne this is removed by the 
medium liquid which flows continually past it. Since, as regards the main problem: the 
formation of vacuoles on inflow' with salts we have yet found a satisfactory solution, 
there is no point in trying to find an explanation of the many other details observed 
(e.g. the location of the vacuoles). 

We only note that the evident foam formation with KaFe(CN)ü is reminiscent of 
analogous foam formations previously studied, for whieh we found that they depend on 
negativation 1). In this connection we would point out that relative positivation and 
relative negativation is also brought about with salts and that to this the long-known, 
so called "continuous valroce rule" is applicabIe, in which the order of the salts is the 
same as in the series discussed: 

relative relative 
3--1." 2-1 ... 1-1 ... 1-2 ... 1--3 , 

positivation negativatlOn 

With the complex coacervate, gelatine-gum arabic we found in communieation IV (see 
Table on p. 68) of this series that ("in vitro") KCI is again very near the neutralization 
point in this series. KaFe(CN) G (1-.3) inthis 'series'of~,salts is therefore the'fstrongest 
negativing salt and probably connected with this in the fact that here the vacuoles formed 
on inflow undergo the secondary changes mentioned (foam formation) . 

H. I ll- a n d 0 tI' t f I 0 w e f f e cts w r t hso men 0 n ' e I e c t 11' 0 I y t e s. 

a. Effects ot glucose on the complex coacervatc and expectations based on it [ot' the 

nature ot in- and outflow effects. 

With the aid of the coacervate volume method we made ourselves acquainted with the 
effect of glucose (see above Ia). But here we did not work with constant, but with 
varying pH. Three experimental series were set in, in whi'ch we started from a 55 %. 
A containing sol mixture as employed 1n b. The composition of the mixture in these 

3 series was: 

A. 5 cc 55 % stocksol + 5 cc dist. H20 
B. 5 cc 55 % stocksol + 5 cc 25 % glucose 
C. 5 cc 55 % stocksol + 5 cc 50 % glucose 

+ a cc HCI 0.1 N + (2.5-a) cc dist. H20. 
+ a cc HCI 0.1 N + (2.5-a) cc dist. H20. 
+ a cc Hel 0.1 N + (2.5-a) cc dist. H20. 

Wh en the results are set out graphically (TabIe IV), it is se en that 10 % resp. 20 % 
glucose: 

~) H. G. BUNGENBERG DE JONG and O. BANK, Proc. Kon. Ned. Akad. v. Wetenseh" 
Amsterdam, 42, 274 (1939). 

H, G. BUNGENBERCJ DE JONCJ, 0, BANK und E. G. HOSKAM, Protoplasma 34,30 (1940). 
I"~ 
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a. slightly increases the maximum of the coacervate volume curve; 
b. c1early, but not greatly diminishes the seetion of the added quantities of Hel (so the 

pH seetion) in which eoacervation takes plaee. 
" ' 

Irerease of the maximum of the coacervate volu'me curvE; and change of the coaeervation 
section ar'e phenomena known form a previous investigation to be characteristic of thc 
neutralizing effect of an agent 1) . 

Prom these preliminary e~periments we conclude that 10 % and 20 % glucose increasc 
the waterpe:rcentage ot the coacet'vate. 

So the expectations for the nature of the in- and outflow effects wtih glucose are the 
same in principle as we expressed for salts in I b: No morphological effe cts on inflow and 
jf the inerease of the waterpercentage in consequence of the glucose has been suffident, 
vacuolization of the parietal coacervate and formation of coacervate drops in the great 
central vacuole on outflow. 

TABLE IV. 
Effect of glucose on the coacervate volume ,(in 0.1 cc). 

~,--=+ --
ecHel 0.1 N l Blank 10 % glucose 20% glucose 

0.3 0.7 0 0 
0.4 7.3 7.7 6.3 
0.5 11.6 11.9 11.9 
0.6 13.0 13.4 13.6 
0.9 13.2 13.6 13.7 
1.0 12.8 12.9 12.8 
1.2 9.5 7.8 6.1 
1.4 0 0 0 

b. In- and outflow effects w~th glucose. 

Glucose is practically inactive with concentrations which in the case of electrolytes 
cause considerable effects (10 milli mol). We mu'st hère choose the concentrations much 
higher to observe notabIe effects e.g. 10 % glucose (= 519 molary): so there is vacuoiiz
aticm of the parietal. coaeervatein which the vacuoles are preferably formed near the 
bounding face coacerv~te/central vacuole. Outfloweauses vaeuolization which is more 
intensive and in which the many vaeuoles formed rapidly coalesee to a smaller number of 
larger vaeuoles. On outflow there are no changes in the centra 1 vacuole. 

The microphotographs (see plate lI) show a similar eycle: 
A. original eoacervate formed with 0.01 N acetic acid; 
B. in flow effect with 10 % glucose containing 0.01 N acetie acid; 
e and D. successive stages on inflow with 0.01 N acetie acid. In these microphotographs 

there is one eell (light upper corner, with circular vacuole), which c1early demonstrates 
that on inflow the diameter of the central vacuole becomes a little smaller and that on 
out flow it first beeomes smaller again (C) and then largel' (D). 

eertain matters of detail, observed with salts al80 occur with glucose e.g. that on out
flow vacuolization small vaCtlOles belonging to the inflow generation first or simultaneously 
become smaller or disappear. These effects are clear, however, when 'the glucose con een
tration is taken somewhat smaller (5 or 2Yz %). 

c. Irv and outflow etfects with other non-el.ectrolytes. 

We note here that the same in- 3nd olltflow effe ets occur with aequ'Îlnolecular solutiol1s 
(5/9 mol p.L.) of saccharose, glycerine and ethylalcohol. The intensity of the effects 
grcatly decreases in the order glucose -- glycerine - alcohol. 

:1) H. G. BUNGENBEFO DE JONG and W. A. L. DEKKEH, loc. cito compare p. 249, 
Table XI. 

H. G. BUNGENBERG DE JONG and B. KOK: TISSUES OF PRISMATIC 

CELLS CONTAININO BIOCOLLOIDS. V. 
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In- and autflow cycle with glucose. 

A: Initial state. 
B: lnflow effect. 
C and D: Outflow effect. 

Proc. Ned. Akad. v. Wetenseh., Amsterdam, Vol. XLV, 1942. 
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