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IKTRODUCIIQK 



When suitable amounts of two sols 
■MATURE OF THE 

of opposite sign are mixed, com- 
PROBLEM 

plete mutual coagulation takes 
i 

place if they are of at all comparable stability. 

If a suspension of a hydrophylic colloid is added 

to a less stable sol, the less stable dispersion 

suffers no change in appearance but becomes more 

stable toward the usual methods of precipitation. 

However, several authors report that these pro¬ 

tective colloids sometimes do not protect but ex- 
s 

ert a precipitating action. This mutual coagu¬ 

lation is ordinarily attributed to the mutual dis¬ 

charge of the electrically charged particles of 

opposite sign with subsequest agglomeration into 

clumps that settle out. The observations of 

Blits are commonly cited to show that the action 

x 
Graham: J. Ohem. Hoc,, 15. 246 (1862}% Linder and 

Picton: 11j> 586 (1897)5 Henri: Compt. rend.Hoc, biol., 

5£L» 1666 (1903)* Bechold; 2, physlk, Chem,, 385 

(1904) % Reiser and Friedman; Munch. Med. Wochexischr., 

5L 465, 872 (1904) \ Bilts; Ber., 1095 (1904) * 

Blliitsers 2, physlk* Chem., 5sk* 148 (1905) 1 Teague 

and Buxton: 6CL, 489, (1907). 

3 
Brossa and Freundlich: 2, physlk* Ohem., 82., 306 

(1915)} Friedman; Arohlv fur Hygiene, 55^ 361 (1906)1, 

Pauli and Flecker; Biochem. 2*, 41, 46l (1912). 



is determined only by the charges on the particles 
x 

and not at all on their nature* i'hus a comparison 

of the precipitating action of a series of sols 

is said to disclose that while the optimum amount 

of positive sols required to precipitate negative 

sols varies9 the order is always the same, 
a 

Bancroft pointed out that this deduction from 

Biltss data is not justified* Wintgen and Lowenthal 

state the generally accepted view in another ?/ay 

when they say that the mutual precipitation of 

oppositely charged sols is a maximum when the con¬ 

centrations of the sols expressed in equivalent 

aggregates are the same, that is, when equal numbsBS 

of charges of opposite sign are mixed, 1'h.ls rule 

was likewise found not-to hold when a highly dis¬ 

persed sol of one sign is mixed with a coarser sol 

of opposite sign, 

Freundlichi Eapillarehemle} 402 (1909)# fhomast 

Boguas Colloidal Behavior, 1^ 325 (1924), 

vj. Phya, Chem.» 19, 362 (1915) 

Q Z. physlk. Chem,, 10 391 (192#) 



Lottermoser observed that the most 

complete coagulation of positively charged Agl 

containing a slight excess of AgNG3 and negatively 

charged Agl containing a slight excess of XI, 

was obtained when the excess of AgsjQa in one sol 

was just equivalent to the excess of El in the 

other. This suggests that interaction between 

the stabilising ions is the cause of the mutual 

coagulation of oppositely charged sols. In line 
a 

with this Freundllch and Nathansohn found colloidal 

AsgSa sol and Odens sulfur sol to be instable in the 

presence of each other. Since both sols are 

negatively charged, this instability cannot be 

due to mutual electrical neutralisation but was found 

to result from the interaction between the 

stabilizing electrolytes of the two sols, hydrogen 

sulfide and pentatbionic acid, Following up 
a 

the above observations, I’homas and Johnson 

attribute mutual coagulation in other cases 

primarily t-o chemical interaction of the stahil- 

dzing electrolytes in the sols. Ihus, the 

Eolloid-a. 78 (1910) 

\olloid-E; 28, 258, (1920) i 2&> 16 (1921) 

°J. Am. Ghern. Soc.9 45, 2532 (1923) 



precipitation of Graham's colloidal ferric oxide, 

stabilised by hydrogen ion, and colloidal silica, 

stabilized by hydroxyl ion, was attributed to 

chemical neutral!z&tlon. Shis view was supported 

by the observation that mutual precipitation was 

effected over a limited range of purity of sols, 

when the hydrochloric acid and sodium hydroxide 

concentration in the sols were approximately 

equivalent. The variation from equivalence was 

quite marked in case the sole were fairly pure, 

thus a silica sol containing 16 Sios to 1 HaOH 

was precipitated at various dilutions with a sol 

containing 13 fe^Ga to 1 £‘2Cla, At the highest 

dilution possible for obtaining accurate data, 

mutual preoipitation was observed when an amount 

of colloidal silica was added corresponding to 

but 50 percent of the hydrochloric acid* Shis 

variation was attributed to the metastability of 

pure sols, which causes them to precipitate with 

a subnormal disturbance, Shis does not seem 

quite convincing since, in the absence of con¬ 

tamination other than that mentioned, the purity 

of the sols would scarcely be great enough to 

make them abnormally sensitive., Erratic results 

were also obtained when the amount of peptizing 

agent was too large, say three times as much as 



In toe ease raftered to above* thus * to obtain 

data to support a purely chemical mechanism 

Involving neutralisation of the stabilising 

agents, it seems necessary to choose the experi¬ 

mental conditions to fit toe case* While 

everyone will agree that the 'peptizing agents 

of too sols may Interact under certain conditions, 

thus affecting the stability of each, such a 

mechanism of the mutual precipitation process 

would not account for the: repeated observation 

of mutual precipitation of sols where interaction 

between the peptizing agents is impossible or 
x 

Improbable. 

In an attempt to throw some further 
SCOTS OF. IBS 

light on to© several factors which 
IHVESIXGATXQh 

influence the mutual coagulation 

process, the experiments reported In this paper 

were carried out* The sols, though mainly of 

hydrophobic character, were of as varied nature 

as might be obtained of known purity and stable 

enough to survive the duration of a series of 

experiments. Their mutual coagulation was 

effected with the object of investigating toe 

x . 
Thomas questions whether any such cases exist; 

J. Chem. Education, 4l8 (1927) 



following questions: (1) interaction of stabilizing 

ions, (2) mutual electrical neutralization, and 

(3) the effect of electrolytes naturally occur- 

lag in the sol* It will be noted that in the 

discontinuous system iTegOa (+} and PeeOa (-) 

the sols were prepared by methods similar* in 

nature but differing In electrolyte present 

during the formation, precluding the possibility 
x. 

suggested by the work of Boutaric and Perreau. 

The latter prepared a positive ferric oxide sol 

by the usual methods and reversed Its charge in 

a portion through the addition of a polyvalent 

anion. The mutual coagulating effect of the 

two sols was then equal to tnat of a corresponding 

amount of the polyvalent ion on the resulting 

total volume of sol. This special case might 

possibly be explained by dilution of tne reversing 

ion* 

Chern. Pays*, 221, 250 (1930) 



EXSERIMEHfAL 



Most, of the sols used in tills 
PREPARATION 

investigation were prepared by 
QJ? SOLS 

standard methods which in many 

cases have been modifeid by procedures already 

described in detail* To avoid usless repetition, 

the sols employed are listed In fable I together 

with references which give the details of the 

method of preparation used in eaoh case. In 

general it may be said that special precautions 

were taken in the preparation of the sols* Chem¬ 

icals of a high degree of purity were used and 

all operations were carried out in pyrex vessels. 

In every case with the exception of the night blue 

sol, the preparations were subjected to prolonged 

dialysis in iieldle dialyeers using cellophane bags. 

The concentrations of the sols were obtained by 

evaporation of a known volume of the sol to dryness 

in a platinum dish, and weighing the residue after 

suitable ignition. 

The sine and copper ferrocyanlde sols 

used in the first series of experiments were prepared 

J. Am. Chem* Soc., 28, 1270 (1916) 



I'able I 

Sols Used In Mutual Coagulation. Experiments 

Sol Reference to method of preparation 

•4S8SQ Preun&lioh mid Mathansohn; K oil old-, 
23, 258 (1928) 

SnOa lelsers J. Phy* Cheia,, 26J 682 (1922) 

Congo red 
acid 

Weiser and Ea&cliife; J, Phya. Chem., 
3a, 3.878 (1928) 

CuafeiOSOs Weiseri J* Phys. Ohem., 30, 3-530 (1926) 

2SnaSb (GH)B Same procedure as for Cua^e (Cfl}s sol 

Sulfur We leer and Cunningham; Colloid Symposium 
•Monograph, 6 , 326 (1928) 

Molybdenum Silts; fier», 35, 4431 (1902) 
blue 

Might blue Mdition to water 

®Sfl08 (-) Hazel and Soruaas J* Am, Chem. Soc*, 

■■BaeQa ■(+) 

5£» 3,337 (1930) 

Serum; J* him Chem. Soe,, 50 , 1265 (1928) 

■ Meidlej J. Am* Chem#. Soc., 39■> 71 (1917) 

G©0 a Blits; .Ban*, 2&* 4431 (1902) 

BaSD^ .Modification of Eato s method. 

B&GQQ Busagh: Kollold-2., 28, 222 j 2£? 218 (1926) 

■ Sb Blitz; Ber., 2£» 3.097 (1904) 

Cu8(i?’©GBJ3e)3 Bee below 

Agl (~) Lotteraosor; J»• prakt. Chem-, (2) 68, 340 
(1903) 

fll (+) Ostwald; die wissenschaftlichen Orundlagen 
der analytlschen Chemie, 209 (1904) 



by the interaction of hydroferrooyanic acid and 

copper salt while in the later experiments 

potassium ferrooyanlde was employed. ‘The use 

of hydroferrooyanic acid to obtain the salt is 

advantageous since the precipitate is almost pure 

Cua-MaX'Uo. 1 

Copper ferrieyanide sol prepared by 

mixing equivalent amounts of dilute solutions 

of potassium ferrieyanide and copper sulfate* 

followed by washing the precipitated gel in the 

centrifuge until peptization v/as complete and 

dialyzing, 

The colloidal barium sulfate used in 

the first series of experiments was prepared by 
s 

the method of Kato which consists in diluting 

a one molar solution of sulfuric acid witn twice 

its volume of alcohol and adding to it an equi¬ 

valent amount of a molar soltion of barium 

acetate diluted with 5 times its volume of 

alcohol. The resulting gelatinous precipitate 

and milky sol were evaporated to dryness under 

C£, iveiser; J, Phys. Cham,, 34. 345 (1930) 
s 
Mem, Coll. Scl. Kyoto Imp, univ.* 2, Id? (1909-10) 



reduced pressure below 40° and the precipitate 

was dispersed by shaking with water* Due to 

the difficulty of removing the acetic acid by 

this method as well as the complications intro¬ 

duced by low temperature, low pressure distill¬ 

ation of a frothing liquid, the procedure was 

modified to some extent. It was found that if 

a slight excess of barium acetate was employed 

in the mixing of the solutions described that 

the gelatinous precipitate would be peptized 

entirely to a milky sol on stirring vigorously 

about half an hour after the mixing, A large 

excess of barium acetate produced no precipitate 

while an excess of sulfuric acid resulted in 

the complete precipitation of the sol leaving a 

clear supernatant layer* fhe alcosol, either 

from slight or large excess of barium acetate, 

was subjected to dialysis. About a week of 

continuous dialysis served to replace the alcohol 

with water mid to remove the acetic acid giving 

a sol comparable with Kabo's in stability. 

When an alcosol containing the gelatinous pre¬ 

cipitate, either from insufficient barium acetate 

or insufficient stirring, was dialyzed the preeipitfe 



lost, its gelatinous character and was left as a 

slimy deposit on the bottom of the dialyser. Since 

the barium acetate is so susceptible to hydrolysis, 

father than determine the excess necessary it was 

found more convenient to prepare small test samples 

after the solutions were made up. Attempts to 

prepare a negative sol through the use of other 

barium salts were negative. 

In the study of the effect of the con¬ 

centration of stabilizing electrolyte tne sols 

were prepared in the following manner. A large 

volume of the sol (8 or 10 liters) was made up 

and divided into a number of equal portions which 

were dialysed simultaneously and continuously in 

the hot. from - time to time samples were removed 

for analysis until the analysis showed the desired 

ratio of sol to electrolyte, when the sol was 

removed and stored In pyrex ballon flas&s, 'tne 

chloride content of these sols was determined by 

dissolving in nitric add after the addition of 

a suitable amount of silver nitrate♦ 



METHOD OF 

MIXING SOLS 

The procedure employed in the first 

series of experiments was as follows; 

a suitable volume of one sol was taken 

and varying amounts of a second sol of opposite 

sign was added until the approximate range of com¬ 

plete mutual coagulation was located* The aone of 

complete mutual coagulation was then determined 

more sharply by making a series of mixtures In the 

boundary region using a constant volume of one sol 

and slightly varying the amounts of the second. 

The mixtures, after shaking well, were allowed to 

stand 30 minutes, shaken again and centrifuged 

for one minute at 3000 r. 0. an in a Mo. 1 Inter¬ 

national-Equipment-Company centrifuge and examined 

for complete mutual coagulation. When the presence 

of a small amount of colloid was not readily deter¬ 

mined by visual observation as in the case of stanrib 

oxide sol, a portion of the supernatant liquid after 

centrifuging was pipetted off and treated with an 

electrolyte containing a multivalent precipitating 

ion, She absence of a precipitate or a floe on 

standing two hours was taken as an indication 



that no sol was present. The results are given 

in Tables III, IV, V, and VI. 

The method of the first series suffered 

only a little refinement in the later experiments. 

In these the sole were mixed in such amount that 

the total volume of the mixture was always 10 cc. 

and allowed to stand for an hour before centrifuging, 

shaking at fifteen minute intervals. 



INTERACTION OF 
If the stabilising ions of two 

oppositely charged sols are 
STABILIZING IONS 

capable of interaction to form 

an insoluble or a slightly dissociated compound 

it is altogether likely that such interaction will 

influence the mutual coagulation process. Thus 

interaction between the stabilising hydrogen and 

ferric ions in a Graham ferric oxide sol and the 

hydroxyl Ions in a silicon dioxide sol will in¬ 

fluence the mutual coagulation of the two sols as 
a 

emphasised by Thomas and Johnson, But mutual 

coagulation in general is not dependant on the 

removal of the respective stabilising ions by such 

an interaction. This may be shov/n by the fact that 

often the stabilising ion of one sol, for instance 

ferrocyanide, may be found in the supernatant 

liquid after complete mutual coagulation, in this 

case with ferric oxide. If the precipitation 

is due to interaction of the stabilising ions 

they shoud oe removed from ionic solution, 
a 

Weiser has shown the mechanism by which 

x 
Loc. cit, 

B 
J. Pays. Ohern,, 25ul (1931) 
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fable II 

Mutual Coagulation of Oppositely Charged Sols 

Positive Stabilizing negative - Stabilizing 

Sol Ion Sol Ion 

1 iresOa H* 2ins£b(CM)Q Fe(Cl)d““*' 

2 BaCOa Ba Aiane (GM)e Be (OiUs***"" 

3 BaSO^, Ba^and H* GugFe CCM)Q BeiCB)a“' 

4 BaCOa Ba+* SnOa OH*”* 

5 BaCOa. Ba'1 2"*' AS3S3 BO 

6 Ife gO Q H* Ot%{Pe CfliJs )a 4e(on)e-~" 

7 i'O gOa H+ Congo red 
acid 

Congo red 
anion 

8 BaSG<v Ba'^and H* Ctfe(FeCs%)a Fe(CM)6 

9 fll ?1+ Sn02 OH* 

10 BaCOa 
. “t . 
ba Agl 1“ 

Remarks 

(1) H.j.fb (CM) 6 soluble and highly ionized * 

(2) Baaf'e(0N)o quite soluble, (3) BasBe(CM)Q 

and H^Fe(Gii)a soluble, (4) Ba(GB)a soluble. 

(5) BaBS soluble, (6) Hs?o(CIi)Q and Bo(PeCsNa) 

soluble, (7) pa of FogGo sol = 6,8 

(8) BaaFQ(Osw@}8 and H&Fa(Gl!|)Q soluble, 

(9) flOH soluble. CIO) Bals soluble. 



electrolyses are displaced in the coagulation of 

sols by electrolytes# The came condition may 

also obtain in the precipitation of sols by sols. 

Shat chemical interaction of stabilising • 

ions is not In general necessary for trie mutual 

coagulation of sols is illustrated by the results 

of some observations on the mutual coagulation 

of oppositely charged sols where there is no inter¬ 

action between the stabilising ions with the form¬ 

ation of an insoluble or slightly dissociated 

compound. In these experiments a 10 cc portion 

of one sol was taken and the other sol added quite 

slowly until a point of complete mutual coagulation 

was found. A few combinations are recorded in 

fable II. The list may be extended by anyone who 

desires, 

Since coagulation takes place 
MUfUAh ELSCgEICAL , ' 

when the charge on the particles 
MSOfRAhimflOM 

of a sol is reduced to a critical 

value below which the particles-will agglomerate suf¬ 

ficiently large to settle, it would seem to follow 

that, if no other factor comes in, mutual coagulation 



would result when amounts of sols bearing equal 

numbers of opposite charges are mixed* More¬ 

over, if electrostatic neutralisation were the 

only factor, one would expect tne range of 

mutual coagulation to be relatively narrow and 

that a given series of sol of one sign would 

always arrange themselves in the same order 

regardless of what sol of opposite sign is 

precipitated, From the experimental results 

it is obvious that the precipitating power of 

sols of one sign for sols of opposite sign is 

not determined exclusively by the charge on 

the colloidal particles. 

She results recorded in fables III 

to VI are represented in a diagram, Fig, 1, 

ihe right hand side of the diagram corresponds 

to 100 per cent by weight of GrgGs, CeOa, FeaOe, 

and BaSO*, respectively, and 0 percent of 

As8Sa, CusFe(G$i)0, Congo red acid, SnOa, and 

Zn-gife (CM)e % while the left hand side corresponds 

to loo per cent of the latter compounds and rsero 

per cent of the former, She shaded portions 



fable III 

Mutual Coagulation of £’©sOs Sol and negative Sols 

CO Observations ce Range of mutual 

Wo SnOa coagulation 

2*39 2,37 % FegOa by weight 
gm/l 

10 excess Fe803 

gm/1 

1.6 
10 complete mutual 1*3 86.0 to 84*5 
10 coagulation 2,0 
10 excess SnGa 2*2 

10 excess Feg03 

5nsFe (GH) 

2.10 
gm/1 

1*2 

0 

10 complete mutual 1.4 90,0 to 75,3 
10 coagulation 4,0 
10 excess 2aaFe {CIOQ, 4.2 

CusFe(Cj3)a 

3.23 
gm/1 

5 excess Fe©G3 1,0 
5 complete mutual 1.25 76.0 to 66*5 
5 coagulation 2.0 
5 excess GugFe(GH)0 2,25 

Congo red 
acid 

1.95 
gm/1 

5 excess F©e0.a 1.5 
5 complete mutual 1,75 79.0 to 58.0 
5 coagulation 4.75 
5 excess G R A 



Table III 

(continued) 

CO Observations cc Eange of mutual 

SbjjQa AQQSQ coagulation 

2*59 2,22 % Fea00 by weight 
gm/l 

5 excess WQQOQ 

gm/l 

5.0 
5 complete mutual 5.25 57.5 to 49,0 
3 coagulation 6*0 
5 excess AssSs 6^25 

Mutual 

Table l¥ 

Coagulation of CrBua Sol and Negative Sols 

CO Observations CC iiange of mutual 

Grsoa Ihg Fe(CM)0 coagulation 

2,17 2,10 % Cra08 by weight 
S®A 

5 excess OrgOa 

gm/l 

6.0 
2 complete mutual 2# 3 45.5 to 24,0 
2 coagulation 6,5 
2 excess 2hsFe (CM)e 6.75 

2 excess CraOa 

SnQg 

a. 37 
gm/l 

3*75 
2 complete mutual 4,0 51.5 to 23*5 
2 coagulation 6,0 
2 excess Snoa 6,25 
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fable IV 

(continued) 

cc Observations 

GrsOa 

2*17 
gm/l 

excess 0r§oa 
complete mutual 

coagulation 
excess OKA 

excess OTQOQ 
complete mutual 

coagulation 
excess Gustfe(GM)Q 

excess GrsQa 
complete mutual 

coagulation 
excess AssSa 

cc Hange of mutual 

Congo red 
acid 

coagulation 

1.95 
gm/1 

% GraQa by weight 

5 »75 
. 6,0 
6,75 
7,0 

15.5 to 14.0 

GU-0$’© 

5*28 
gm/1 

5*0 
5*25 
7,75 
8,0 

11,0 to 7*5 

AssS© 

2,22 
gm/1 

11*5 
11.75 
15.0 
15.25 

7«5 to 6,0 
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Table V 

ec 

Geo® 

2,50 
wl 

*75 

Observations 

Mutual Coagulation of CeO® Sol and Hegative Sole 

iiange of mutual 

coagulation 

1 CeOa oy weight 

co 

feaJte (Cli)e 

' -2*10 
Sffl/1 

excess GeOa 3*50 
complete mutual 3*75 

coagulation 3*0 
excess 2&8Fe(CtOs 3*23 

61.0 to 54-* 5' 

SnOa 

2.37 
sm/1 

excess CeQs 4*0 
complete mutual 4.85 

coagulation 5*0 
exoess SnOe 5*0 

^s®Sg 

2.22 
ga/1 

excess CeOs 1*5 
complete mutual 1*75 

coagulation 11.0 
excess As®Ss 12.0 

55*0 to 51*3 

66.0 to 23.5 

Congo red 
acid 

1.95 
gm/l 

excess CeOs 5,25 
complete' mutual 5*5 

coagulation 9.0 
excess GBA 9,25 

41.0 to 30.O 



Sable V 

(continued) 

CO Observations cc Bang© of mutual 

CugFe (CM)a coagulation 

2,50 3.28 fa CeOs by weight 
gra/l gm/'l 

3 excess Geos. 4,25 
3 complete utual 4,5 39.0 to 25.0 
3 coagulation 6,75 
3 excess flu a#© (CH)e 7.0 

fable VI 

Mutual Coagulation of BaSO^ Sol and Negative Sols 

ce Observations cc Bange of mutual 

BaSO^ Congo red coagulation 
acid 

14.79 1.95 f, SaS04 by ?*eight 
gffl/l gm/l 

5 excess BaSCLi 1.5 
5 complete mutual 1.75 95,5 to 86.5 
5 coagulation 

excess CBA 
6,0 

5 6,25 

nsgSa 

2.22 
gm/l 

5 excess BaSG* 3.0 
5 complete mutual 3.25 91.0 to 89.0 
5 coagulation 4.25 
5 excess AsaBa 4,5 
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O 0 

BaSO^ 

3.4*79 
gns/1 

Sable VX 

(continued) 

Observations cc Kange of mutual 

CU8FQ (OX'S) 6 coagulation 

3*28 
gm/1 

excess BaSO* 1.25 
complete mutual 1.5 

coagulation 3*75 
excess 0u8^s(0H)Q 4*0 

2na^e 

excess BaSO* 

2,10 
gm/1 

4,0 
complete mutual 4,25 

coagulation 6,0 
excess 2Sngfe (GH)e 6*25 

SnOs 

excess BaBO^ 

24 37 
gm/1 

3*0 
complete mutual 3*25 

coagulation 8,0 
excess SnOa 8*25 

$ BaSQ* by weight 

94*0 to 8640 

(CH)6 
♦ 

89.0 to 85.5 
I 

90*5 ^*0 79*5 





of the diagram thus represents the composition of 

the eoagulum in the range of mutual coagulation 

in weight per cent of the dry constituents. 

The composition of tne precipitates 

using each positive sol with the several negative 

sols is represented in the order of increasing 

amounts of the negatively charged constituent, 

assuming that the mid point of the range of 

complete mutual coagulation is the optimum point. 

It will be noted that the order in which the 

negative sols arrange themselves is not the same 

even for the hydrous oxide sols, which may he 

assumed to have very similar physical character¬ 

istics, and is quite different with a different 

type of sol such as barium sulfate. 

ihe results recorded above were extended 

in & second series of experiments with different 

sols. Ihe method of procedure differed only as 

described previously, the changes being made only 

for convenience in observation and calculation. 

The results are tabulated in Tables VII to A 

Inclusive and are represented similar to the 

first series in the diagram Fig. 2. 



Table VII 

Mutual Coagulation of Sol and Negative Sols 

GO,. Observations cc Range of mutual 

Feaoa Molybdenum coagulation 

1*72 

blue 

0,18 % FeaGa by weight 
gni/i 

4*8 excess MB 

gm/1 

5.2 
4.9 complete mutual 5.1 94.2 to 90.2 
6*3 coagulation 3*7 
6.4 excess FesGa 3*6 

2.8 excess FesOs (-) 

FeaGa (-) 

0.30 
gm/1 

7.2 
2.9 complete mutual 7.1 82.5 to 70.0 
4,5 coagulation 5.5 
4,6 excess FeaOa 5.4 

5.1 excess Asa.Sa 

As & Sa 

1.64 
gm/l 

4.9 
3.2 complete mutual 4,8 59.1 to 53.2 
5*8 coagulation 4*2 
5*9 excess FeaOa 4,1 

2.2 excess Giik 

Congo red 
acid 

0.61 
gm/1 

7.8 
2.3 complete .mutual 7.7 49.8 to 43*8 
2.6 coagulation 7.4 
2.T excess FeaQa 7.3 



fable VII 

(continued) 

oc Observations cc Range of mutual 

i?6 0O3 Gua-Fe (Oi^)a coagulation 

1.72 3.23 % feeOa by weight 
gm/l gm/l 

4.7 excess Cusie(Gh)a5*3 
46.5 to 32.9 4.8 complete mutual 5*2 

6 m 2 coagulation 3*8 
6.3 excess FeeGa 3*7 

Sulfur 

0.30 
gas/l 

0,5 excess Sulfur 9*5 
0.6 complete mutual 9.4 y9.o to 27.0 
1.0 coagulation 9.0 
1.1 excess I'8gOa 8.9 

SnOg 

1.73 
gm/l 

0.5 excess SnOs 9*5 
0.6 complete mutual 9*4 18.0 to 6.0 
1.8 coagulation 8.2 
1.9 excess i?esGa 3.1 



Sable VIII 

Mutual Coagulation of GraOa Sol and negative Sols 

ce Observations cc Range of mutual 

GraOs Molybdenum 
blue 

coagulation 

0.82 0,18 % Cra08 by weight 
gm/i gm/1 

2.4 exoess MB 7.6 
2.5 complete mutual 7.5 73.6 to 60.3 
3*8 coagulation 6,2 
3.9 excess GrgGa 6.1 

1‘egOa (-»} 

0.30 
gm/1 

1.9 excess i?esQa (-} 8.1 
2.0 complete mutual 8,0 61.6 to 4Q»5 
3.7 coagulation ■ 6,3 
3.8 excess CraQ3 6,2 

CugFe (GM)e 

3.23 
gm/1 

4.4 excess (GM)e 5.6 ' 
4.5 complete mutual 5.5 21.6 to 17.2 
5.2 coagulation 4,8 
5.3 excess CraQa 4.7 

Congo red 
acid 

0,61 
gm/1 

0.7 excess CRA 9.3 
0.8 complete mutual 9.2 11,7 to 10,5 
0.9 coagulation 9.1 
1,0 excess GrsOa 9.0 



table VXXI 

{continued) 

oc Observations GO Kange of mutual 

OrsOa As©S3 coagulation 

0*82 
S®/l 

1.64 
gm/l 

% GraQa by weight 

1.5 
1*6 
1*7 
1*8 

excess AssSa 
complete mutual 

coagulation 
excess GrsOa 

8.5 
8.4 
8.5 
8.2 

9.4 to 8.7 

S«Os 

1.73 
gm/l 

1.5 excess SnOa 8,5 
1.6 complete mutual 8,4 9,4 to 8.2 
1.8 coagulation 8.2 
1.9 excess GFSQ& 8.1 

Sulfur 

0,30 
gm/1 

0.1 excess Sulfur 9.9 
0,2 . complete mutual 9*8 7.8 to 5*3 
0,3 coagulation 9.7 
0.35 excess GraQa 9.65 



Table IK 

Mutual Coagulation of Night blue Sol with Negative Sola 

CO Observations cc Bange of mutual 

Night Molybdenum coagulation 
blue 

0.72 

blue 

0.18 % NB by weight 
gffl/1 

2.3 excess MB 

gm/1 

7.2 
2.9 complete mutual 7,1 63.O to 62.0 
3.0 coagulation 7.0 
3»1 excess MB 6.9 

0,6 excess i*b3Qs (-) 

FesOa (-) 

0.30 
gm/1 

9.4 
0.7 complete mutual 9.3 67.2 to 15,3 
4.6 coagulation 5,4 
4.7 excess MB 5*3 

5,3 

Cugiife (ON)a 

3423'; 
gsa/1 

excess Gu2Fe(GN)a 4.7 
5.4 complete mutual 4,6 23,5 to 20.7 
5.8 coagulation 4,2 
5.9 excess MB 4.1 

0.3 exoess Sulfur 

Sulfur 

0.30 
gm/l 

9.7 
0.4 complete mutual 9.6 19.2 to 9.1 
0.9 coagulation 9.1 
1.0 excess NB 9.0 



fable IX. 

(continued) 

cc Observations cc Mange of mutual 

Might blue Congo red 
acid 

coagulation 

0,72 0*61 % MB by weight 
gm/l ' gm/1 

1*0 exceed CRA 9.0 
1.1 complete mutual 8.9 13.8 to 12,7 
1,2 coagulation. 8*8 
1*3 excess MB 8.7 

1.64 
gm/1 

1.4 excess. As ;JS3 8.6 
1.5 complete mutual 8*5 8.8 to 7*2 
1.8 coagulation 8*2 
1,9 excess MB 8*1 

SnO 8 

1*73 
gm/1 

1.2 excess SnOs 8.8 
1*3 complete mutual 8.7 8.4 to 3,9 
1.8 coagulation 8.2 
1*9 excess MB 8.1 



iable & 
\ 

Mutual Coagulation of BaSQ^ Sol and Negative Sols 

cc Observations cc Bangs of mutual 

Ba ■'^'S Molybdenum coagulation 

5.6o 

blue 

0.18 ‘jo BaS04 by v?eight 
grn/1 

6.3 excess MB 

gm/1 

3.7 
6.4 complete mutual 3.6 99.1 to 93.2 
7.8 coagulation 2.2 
7.9 excess BaSG^ 2,1 

4*3 excess CHA 

Congo red 
acid 

0,61 
gm/1 

5.7 
4.4 complete mutual 5.6 94.8 to 87.8 
6.6 coagulation 3.4 
6.7 excess BaSQ^, 3.3 

6.2 excess AsgS© 

As Q 

1,64 
gm/1 

3.8 
6.3 complete mutual 3.7 69.3 to 85.3 
7.1 coagulation 2.9 
7.2 excess BaSO* 2,8 

1.3 excess Sulfur 

Sulfur 

0.30 
gra/l 

8,7 
1.4 complete mutual 8,6 86.7 to 75*3 
2.6 coagulation 7.4 
2.7 excess BaSO* 7.3 



table A 

(continued) 

cc Observations cc Bang© of mutual 

BaSQ.g, Gu@i‘!e {Giij s coagulation 

5.60 3,23 % BaSQ^ by weight 
gra/l 

6*2 excess CugFe(Ca)Q 

gm/1 

3,6 
6.3 complete mutual 3,7 81.7 to 74,8 
7.2 coagulation 2.8 
To excess BaSO^ 2,7 

i*esos (- ) 

0.5 excess #esGa (-) 

0.30 
gm/1 

9.5 
0.6 complete mutual 9.4 99.2 to 54.4 
'8.7 coagulation 1.3 
8.8 excess BaS04 1.2 

2.1 excess SnO0 

SilOs 

1.73 
gm/1 

7.9 
89.6 to 47.6 2.2 complete mutual 7.8 

7,5 ooagulation 2,7 
7*4 excess BaSG* 2,6 



<0 
O 

(4 
V 

LL 

-T5 
2? 

O 4i- 
C 
o 

c* 

O 

(O 
o 
to o 

ir 

I 
IL 

2 

iff 
r4 

O 

-8 
X. 
o 
v 
o 
U 

■0 
</>I 

•4 
«0 <r 

o 
c 

C0 
40 <0 

v0 O 
IE 

* 
s. 

n 
kc 

<0 
u> 
z 

(4 

o 

*\ 
0 

(4 
b 

N 
of 
c 

<A 
■»<o rr> 
♦V **5: 

* 

r4‘ 
GO 
0) 

• i-H 

■0) 

CQ 
o 
CQ 
T3 

<x> bfc 
c3 

o 

o 
0) h/0 
C 
c3 

PH 



37 

table XI 

Mutual Coagulation Data of But a 

Milligrams of constituents Hange of mutual 

in coagulum in the zone 

mutual . coagulation 

Au 1*4 CeOa 4, ,8 to 

Au 1.4 ihO a 3< ,2 to 

Au 1.4 i?esOa 4, ► 0 to 

Au 1.4 2rOa 2, ,2' to 

Au i 1.4 CrgOs 0, ,4 to 

Au 1.4 AlgOa 0, ,2 to 

SbsSa 5.6 Fe g0a 8, ► 0 to 

SbgSa 28. Q £hOe 5. .5 to 

Sbgiia 28.0 CeOs 13< .5 to 

SbsSa 28.0 ^rOa 9< ,1 to 

Sbssa 28.0 9. .0 to 

Sb8S3 28.0 CrgQa 4, >0 to 

ASQ«2Q 12.0 P&3Q3 7. .0 to 

ASgSjj 12,0 ThOB 3< .5 to 

ASgSa 24.0 JkL%Q& 9. ,0 to 

As2Sa 24.0 C©0^> 4, ► 0 to 

ASgSa 24.0 ^ro p 2, .7 to 

2.7 to 

of coagulation 

% by weight 

1.8 CeOs 77.5 to 56.0 

2,3 I’hOg 70,0 to 62.0 

1.8 Bo a0a 74,0 to 56.0 

1,2 ArOg 63.0 to 46.0 

0.55 CrgQs 22,0 to 4.0 

0.15 AlgOjj 12.3 to 9.5 

5.2 FegOa 50.0 to 48.0 

3.0 IhO ft 30.0 to 35*0 

9.6 CeOs 32.5 to 25.5 

4,3 Xr03 24.5 to 14,0 

1,5 nla03 

O
 *
 

C
M

 to 5.0 

2,0 0rs0a 12,5 to 6.5 

4.8 i?e gOa 37.Q to 28.5 

2.5 1’hOg 22.5 to 17.0 

1.5 a\3Ua 27.0 to 6.0 

3.5 OsOg 15*0 to 12.5 

1.3 ZrOg 10.0 to 5.0 

0.4 DraOa 5.5 to 3*0 ASJJSQ 12.0 CrsOa 
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OBSERVATIONS 

OF BILTZ 

From the mutual coagulation 
x 

observations of Blitz , the 2one 

of complete mutual .coagulation 

was estimated. These data are shown in Table XI 

and are plotted in Fig, 3, The hydrous oxides, 

which give positive sols, are arranged in order 

of decreasing amount in mixtures with Au, Bbsos, 

and ASa^a, respectively, assuming that the optimum 

point of mutual coagulation is the midpoint of, the 

range. In this series of experiments,also it will 

be seen that the order of oxides is by no means'the 

same, as is usually assumed* 

Since it is practically im¬ 

possible to prepare a sol, 

without the presence of at 

least a slight amount of electrolyte, it is un¬ 

thinkable to consider the action of such-a 

colloid without taking into consideration the 

effect due to this electrolyte, either free in 

solution or adsorbed as a peptizing agent on the 

surface of the particles. If this electrolyte 

PRECIPITATING IONS 

IN THE SOLS 

Bar., 21, 1104 (1904) 



contains a multivalent Ion taen i&s e fleet can 

certainly not be disregarded for, according to 

the Schulse-Hardy rule , the greater the valence 

of a precipitating ion the lower the con¬ 

centration necessary for the precipitation of 

a sol. The effect of the presence of unadsorbed 

multivalent ions in the sols as a factor to the 

mutual coagulation process has not been taken 

into accout by any one. for example, if the 

excess alkali ferrlcyanide used in the preparation 

of a negatively charged ferrlcyanide sol is not 

removed completely and this sol is employed to 

coagulate polstlve sols, the ierricyanide ion 

in the intermlceilar solution will exert a pre¬ 

cipitating action on the positive sol that is 

iadependant of the mutual coagulation of the 

oppositely charged particles. In such a case 

one would expect the range of coagulation to 

be relatively wide. In the previous experiments 

an attempt was made to avoid tais complication 

by working with well dialysed sols. 

J. prakt. Che®,, (2) 2^ 431 (1882); 2£, 320 (1883) 



Too, If an electrolyte be added stepwise 

to a sol it is found-that a larger■quantity of 

electrolyte is required to obtain complete pre¬ 

cipitation than if the electrolyte be added all 

at one time, 1'his phenomenon, know as acclim¬ 

atisation, ia ascribed in part to adsorption of 

the precipitating iori by the coagulated particles 

of the sol, these particles thus taking up more 

electrolyte than is necessary to effect their 

precipitation if the electrolyte be added all 
a. 

at once. Similarly, it was found that, for 

instance, if just enough congo red acid sol was 

added to coagulate a quantity of barium sulfate 

sol and the complete coagulation of this mixture 

demonstrated, several times this amount of barium 

sulfate sol might then be added before it remained 

suspended in the supernatant. liquid. Likewise 

.if the maximum amount of congo red acia sol was 

added to the barium sulfate sol, after coagulation 

a much greater amount could be added and precip¬ 

itated than had previously oeen used in coagulation, 

Weiser; J. Pays, Chem,, 2^ 404 (1921) 



However* if the coagulura was washed well in the 

centrifuge, a much smaller excess of either sol 

was required in order that it might remain in 

suspension, showing that electrolyte freed from 

the precipitated sol In the coagulation produces 

a very much more marked effect than, tnat of 

adsorption of the excess precipitating sol by 

the coagulum, In all the experiments this 

condition was minimised by complete and immediate 

mixing but the effect of electrolytes present 

in excess cannot be disregarded. 

Accordingly precipitation was carried 

out using sols of ferric oxide and alumina con¬ 

taining varying amounts of electrolyte toward 

negative sols of different character. ihis 

excess quantity of electrolyte was obtained by 

incomplete dialysis, a large quqntity of sol 

being prepared and portions dialysed for different 

periods of time until an analysis showed a suit¬ 

able ratio of Cl ion to reBOa or nlBOa. 2he 

results of these experiments are tabulated in 

i'ables All to AVII inclusive, and are shown 

diagramaticly in figs. 4 and 5* 



fable XII 

Mutual Coagulation of Feg03 Sols and Cugi’e (Ci'i;a Sol 

cc Observations ce Range of mutual 

fe gO g G^aFeCCi^e coagulation 

2*77 
gm/l 

01 
Fe sOs 

0.0615 4.16 
m/1 

3.2 excess 0usF<3(CM)a6.8 
5*3 complete mutual 6*7 
5*0 coagulation 5.0 
5*1 excess FeeQa 4.9 

2,33 
gm/l 

01 
f e QOQ 

0.0402 

3*1 excess OusFevGM)Q6*9 
5*2 complete mutual 6.8 
4.9 coagulation 5•1 
5.0 excess Fea0a 5*0 

3.01 
gm/1 

Cl 
1Q203 

0,0480 

3.2 excess CusFe(GM)a6.8 
3*3 complete mutual 6.7 
5.0 coagulation 5*0 
5.1 excess FeaOa 4,9 

3*04 
gm/1 

3.7 
3.8 
5*3 
5*4 

Cl ^ m " n 
Fes03 O.OI09 

excess CuaFe(OM)&6,3 
complete mutual 6.2 

coagulation 4.7 
excess fes03 4.6 

3*03 
gm/1 

01 
,Fe g0a 

0.0071 

4.3 excess GusFe(GM;S5,7 
4.4 complete mutual 5,6 
6.3 , coagulation 3*7 
6.4 excess Fe20a 3.6 

% FeaOa by weight 

24*6 to 39*9 

24.2 to 39*5 

26,2 to 42.0 

30.8 to 45.2 

36.4 to 55.1 



Table All 

(continued) 

CO Observations cc Range of mutual 

ffeeGa Gusib (CiUe coagulation 

2.94 
mf 1 

_..P3L:  fs ^#18 
0,0027 gm/l 

% FegOa by weight 

5*2 
5*3 
8.1 
8.2 

excess GugFe(GM}s 4*8 
complete mutual 4*7 
coagulation. 1*9 
excess 1.8 

44.3 to 75.0 

Table All! 

Mutual Coagulation of AlsQa Sols and Cuei'’e(GN3ta Sol 

* cc Observations • cc Range of mutual 

Feeoa CusT'e (GM)6 coagulation 

0.391 
sm/i 

01.. o Tiro 4.18 
AleOs 

0aj>2 gm/1 
% AleOa by weight 

3*2 
3.3 
4.5 
4.6 

excess Cuei*'e (GiOob.8 
complete mutual 6,7 

coagulation 5.5 
excess &isGa 5*4 

4*4 to 6^83 
• * ■ , ■ - ■ ; » 4 

0.446 
gsa/1 Alio. 0.0865, 

4.1 
4*2 
5.6 
5.? 

excess CugJMCEDaS*^ 
complete mutual 5*8 

c oagulatLon 4.4 
excess &laOs 4.3 

7.16 to 11,95 

0,4Q8 

&a/l sioT 

5.4 
5.5 . 
7.8 
7.9 

excess GusFe(GN)64.6 
complete mutual 4.5 

coagulation 2.2 
excess AlaOa 2*1 

10.6 to 25*7 



fable XIXI 

(continued) 

ee Observations cc Hangs of mutual 

AleOa CuaFe(Cfl) e coagulation 

0,454 sk0-0740 

4*18 % AlaOQ by weight 
gra/l gai/1 

4,4 excess CusfelGN}Q 5*6 
4*5 complete mutual 5*4 3,15 to 14*5 
6.1 coagulation 3.9 
6, L excess AleOa 3.8 

0,505 
gm/1 

5.3 excess GusFe(Ci?)a 4.7 
5*4 complete mutual 4.6 8,8 to 28,8 
7.7 coagulation 2,3 
7.8 excess AlsOs 2,2 

0,581 
gm/1 

#Tp 0.134 
*ls4 

3*4 excess Custe(CM)a 6.6 
3*5 complete mutual 6.5 4.68 to 7*46 
4,7 coagulation 5*3 
4*8 excess AlEQ3 5.2 

fable XIV 

Mutual . Coagulation of FsEGa Sols and As86a Sol 

cc Observations CO iiange of mutual 

FesOa As coagulation 

2.77 jSfer °-0615 
3,80 % i<as0a by weight 

&m/l gm/l 

5*6 excess Ass6a 4,4 
5*7 complete mutual 4.3 51 .-3 to 58.5 
6,6 coagulation 3.4 
6,7 excess FeaOa 3.3 



fable HIV 

(continued) 

cc Observations 00 Hangs of mutual 

j?*0gQ3 As & £>3 coagulation 

2,83 
m/1 jf^0-0402 

3 • 80 
gm/l 

% Fe.80a by weight 

5.8 
5.9 
6.3 
6.4 

excess 4ss.Sa 
complete mutual 

coagulation 
excess FesOa 

4.2 
4,1 
3.7 
3.6 

51.7 to 56.6 

3.01 
gm/l 

01 
ifeeQs 0.0480 

5.7 
5.8 
6,2 
6.3 

excess aasSa 
complete mutual 

coagulation 
excass fea08 

4.3 
4,2 
3.8 
3.7 

52.3 to 56.I 

3,04 . 
gm/l ieaOs °“01°9 S 

5.5 
5*6 
6.3 
6.4 

excess AssSs 
complete mutual 

coagulation 
excess FesOa 

4.5 
4.4 
3.7 
3.6 

50.5 to 57.4 

3,03 
grfl/1 Shafts" °*0071 

5.6 
5.7 
6,6 
6.7 

excess nss3a 
complete mutual 

coagulation 
excess l'e803 

4.4 
4.3 
3.4 
3.3 

5Q,9 to 61,0 

2.94 
gm/l A" 0.0027 Feaue 

6,p 
6.1 
9.5 
9.6 

excess AsaSa 
complete mutual 

coagulation 
excess Fes0a 

4,0 
3-9 
0.3 
0.4 

54.9 to 93*5 



fable XV 

Mutual Coagulation of Al©Q© Sols and As ©3© Sol 

00 Observations cc Range of mutual 

Al, 0O 0 As©3© coagulation 

0*391 
m/X afer0,152 

3*80 
gm/1 

fo A1»Q© by weight 

2*7 
2*8 
4.0 
4.1 

excess 4s@8© 
complete mutual 

coagulation 
excess A1BQ© 

7*3 
7*2 
i.O 
5*9 

2,9 to 6.43 

0,446 
gm/l ak-°,08§5 

4.1 
4.2 
5.3 
5.4 

excess AsaS©. . 
complete mutual 

coagulation 
excess 41©0© 

5*9 
5*8 
4,7 
4,6 

7.83 to 14.05 

0.408 
am/i -Jrrr-0,Q49Q 

5*3 
5*4 
6*2 
6.3 

excess AssS© 
complete mutual 

coagulation 
excess A1©0© 

4.7 
4.6 
3.8 
3*7 

11.58 to 14.9 

0.454 
gm/l a__ 0,07*0 

4*2 
4.3 
6.4 
6.5 

excess .As ©8© 
complete mutual 

coagulation 
excess A1S03 

5,8 
■5*7 
3*6 
3*5 

8.25 to 17*5 

0.505 
pj/l 

Cl 
A1 a0© 0*0647 

4*4 
4*5 
6*5 
6,6 

excess As©S© 
complete mutual 

coagulation 
excess A180© 

5*6 
5*5 
3*5 
6.4 

9,83 to 19*8 



fable XV 

(continued) 

cc Observations CC Range of mutual 

&LQQQ coagulation 

0.381 
gm/l AI£03’ 

3*80 
gm/l 

fa AleOa by weight 

3.3 excess'AssS» 6,7 4.94 to 6,86 
3*4 complete mutual 6,6 ' 

coagulation 5.9 
4,2 excess A1SQ3 5*8 

fable AVI 

Mutual Coagulation of he sOa Sols and Sn08 Sol 

cc Observations cc Range of mutual 

- ® aC 3 ■SSlQg' coagulation 

2*77 
gm/1 *tbr °*0615 

3.51 
gm/l 

% i-esOa by weight 

1,8 excess 6nOs 8,2 
1*9 complete mutual 8.1 15*6 to 28;2 
2*9 coagulation ' 7*1 • 
3*0 excess h'e®0a 7.0 

2.83 
gm/l ^fer0-0402 

1*9 excess- Sn02 8,1 
2,0 complete mutual 8.0 16.77 to 33*15 
3*8 coagulation 6.2 
3*9 excess Faso0 6*1 

3.01 
8®/l iffer 0,0480 

lo excess SnOE ^ 8,5 
1,6 complete mutual 8.4 14,32 to 29.63 
3.3 coagulation 6.7 
3*4 excess Fes0s 6.6 

V 



Sable XVI 

(continued) 

cc Observations cc Range of mutual 

FegOe SnO r. coagulation 

3.04 
ifer0-0169 

3.51 % .Fe80s by weight 
gm/l gm/1 

2.7 excess SnOa 7.3 
2.S complete mutual 7*2 34.75 to 51*4 
5*5 coaguiation 4*5 
5*6 excess FeeO0 4.4 

3*03 
gm/1 

Q.0071 
FesOs 

v* 

5.8 excess SnOs. 4* 2 
5*9 complete mutual 4.1 55.4 to 62.7 
6.6 coagulation 3*4 
6.7 excess Fea03 3.3 

2*94 
gm/l 0,0027 

J.‘680& i 

7*8 excess SnQs 2.2 
7*9 complete mutual 2.1 76.0 to 7t.O 
8.0 coagulation 2.0 
8.1 excess FecOs ■1.9 ’ 

I'able XVII 

Mutual Coagulation of AlgOa Sols and Sa03 Sol 

cc Observations cc Range of mutual 

XL gOa SnO a - coagulation 

0*391 
gra/1 

01 
xik*"0-152 

3.51 
gm/1 

% XXgOa by weight 

3.6 excess SnQs 6.4 
3.7 complete mutual 6.3 6.3 to 9.65 
4.9 coagulation 5*1 
5*0 excess m s03 5*0 - 



fable xVXI 

(continued.) 

CO Observations 

AlaOa 

0,446 
gm/1 Aitor0-0865 

5.0 

5.1 
■6,1 
6.2 

excess OziOa" 
complete mutual 

coagulation 
excess 4laGa 

Q,4o8 
@a/l sfer0-0490 

6.5 

6.6 

7*5 
7.0 

excess 3nOs 

complete mutual 
coagulation 

excess A18Q8 

0.454 
gm/l 

Cl 0,0740 
4-1 flOg 

5.5 
5.6 
6,4 
6,3 

excess SnOa 

complete mutual 
coagulation 

excess AI8Q8 

0,505 
512/1 afei0-0647 

5*4 

5*5 
6.4 
6.3 

excess OnO 2 
complete mutual 

coagulation 
excess AiaQ3 

O.38I 

gm/l 
--feA....... Q \%hu 
AlgOa 

4.1 
4.2 
5*8 
5*9 

excess SnOs 

complete mutual 
coagulation 

excess Alsos 

CO nange of mutual 

SnOa coagulation 

3*51 AieOa by weight 
gm/l 

3*0 
4,9 
3*9 
3*8 

11.7 to 16.6 

3.5 
3*4 18,42 to 25,87 
2.5 
2,4 

4.5 
4.4 14,6 to 19,45 
3.6 
3.5 

4.6 
4*5 14.9 to 22,4 
3.6 
3.5 • 

5*9 
5*8 6.85 to 18.26 
4.2 
4.1 
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these data demonstrate that aa the 

electrolyte in one sol is diminished, the pre¬ 

cipitating action of the otner becomes more 

predominant*.i.e., a copper ferrocyanide sol 

containing an excess of ferroayanide ion 

with a pure ferric oxide sol produces a wide 

range of complete mutual coagulation walls the 

range of a stannic oxide* sol which requires only 

a slight amount of hydroxyl ion to produce a 

very stable sol is remarkably narrow, in fact, 

if it were not for the fact that the stability 

of the mixed sol decreases visibly as one approaches 

tne region of mutual coagulation it. would be 

excedingly difficult to obtain a value. It is 

noteworthy that at the point at which distortion 

appears in the curves, the ultrafiltrate of the 

ferric oxide sol no longer showed a test for 

eitloridea* She ultrafiltrate of all alumina 

sols gave a positive test, 

these observations are extended in fable 

XVIXi and diagram dig, 6, which represent experi¬ 

ments on mutual coagulation in wnich the period of 

dialysis of both the negative and positive sols 

were varied. 



Table AVI XI 

Mutual Coagulation of Relatively Pure and Impure Sols 

cc Observations cc Range of mutual 

FesOa CusPe(GH)s coagulation 
impure impure 

1.38 2.85 ; % FegOg by weight 
gm/1 grn/1 

4.6 excess Cu8Fe(CH)S 5.4 
4.7 complete mutual 5.3 30.0 to 43.1 
6,1 coagulation 3.9 
6.2 excess iesoa 3.8 

Cu3i'e (CW)6 
pure • 

2.50 
gm/l 

4.1 excess CuaTe(CM)Q 5.9 
4.2 complete mutual 5.8 28,6 to 42,4 
5.6 coagulation 4.4 
5.7 excess PeaQa 4.3 

SnOs 
Impure 

3.23 
gm/l 

2.7 excess SnOe 7.3 
2.8 complete mutual 7.2 14.2 to 30.0 
5.0 coagulation 5.0 
5.1 excess T’es03 4.9 

Sn08 
pure 

2.11 
gm/l 

0.3 excess ^ 9.7 
0.4 complete mutual 9.6 2.62 to 3.12 
4.1 coagulation 5.9 
4.2 excess Pe20a 5.8 ' i 



Table XVIII 

(continued) 

cc Observations cc hange of mutual 

FesOa Cusi?'e(CW)6 coagulation 
pure 

1.52 

impure 

2.85 % FesOa by weight 
gm/i 

5.6 excess CusFe(CM)a 

gm/l 

4.4 
5*7 complete mutual 4.3 30.1 to 66,0 
7*6 coagulation 2.4 
7.7 excess Fes0a 2.3 

5.2 exoe ss CUB Fe(CN)Q 

GusFe (GW) 
pure 

2.50 
gm/l 

4.8 

a 

5.5 complete mutual 4.7 40.6 to 58,7 
7.0 coagulation 

excess Fe 20a 
3.0 

7.1 2.9 

7.9 excess SnOs 

SnOs 
impure 

3.23 
gm/l 

2.1 
8.0 complete mutual 2.0 65.4 

8.1 
coagulation 

excess Fe 203 7.9 

4.0 excess 3nQs 

SnOs 
pure 

2.11 
gm/l 

6.0 
4.1 complete mutual 5.9 33.4 to 55*2 
6.3 coagulation 3*7 
6.4 excess FesOa 3.6 



Table AVIII 

(continued) 

cq Observations cc Range of mutual 

BaSO* 
impure 

Gus5b (Cti) 
impure 

a coagulation 

10,61 
gia/l 

2,85 
gm/1 

% BaSo* by weight 

3*0 
3*1 
6*8 
6.9 

excess Gus^'e (CB)a 
complete mutual 

coagulation 
excess BaBO* 

7.0 
6*9 
3.2 
3*1 

62,5 to 88.8 

Cusi?e(CB) 
pure 

a 

2*50 
gm/1 

2.5 
2.6 
6*4 
6*5 

excess Cua-^CCSOs 
complete mutual 

coagulation 
excess BaSO« 

7*5 
7.4 
3.6 
3.5 

59*8 to 88,4 

SnOa 
impure 

3.23 
gm/1 

1.8 
1.9 
5*9 
6,0 

excess SnOs 
complete mutual 

coagulation 
excess BaBO* 

8,2 
8,1 
4*1 
4.6 ' 

43*5 to 82,4 

$ 

SnOs 
pure 

- 

2.11 
gm/1 

0.1 
0.2 
4.7 
4.8 

excess SnOa 
complete mutual 

coagulation 
excess BaSG4 

9.9 
9.3 
5.3 
5.2 

9*5 to 81,8 



Table Mill 

(continued) 

cc Observations cc Bangs of mutual 

BaSO^. GuaFe(GM)Q coagulation 
pure 

10.4T 

impure 

2.85 % BaSO* by weight 
ewA 
3.1 excess Gusi?*e (GB)# 

gm/l 

6,9 
3.2 complete mutual 6.8 52.2 to 94*4 
8.2 coagulation 1.8 
8.3 excess 1.7 

2.7 excess GugFeCCiJ)© 

CuaIfe (CB)e 
pure ' 

2.50 
gm/l- 

7.3 
62,2 to 92,4 2.8 complete mutual 7.2 

7.4 coagulation 2,6 
7.5 excess BaSQ* 2,5 

SnO s 
Impure 

3.23 

0*1 excess Sn03 

gm/l 

9.9 
0.2 complete mutual 9.8 6.19 to 74.1 
4.7 coagulation 5*3 
4.8 excess BaSO* 5.2 

0,1 excess Sn03 

SnOs 
pure 

2.11 
gm/l 

9.9 
0.2 complete mutual 9.8 9.1 to 92.7 
7.2 coagulation 2.8 
7,3 excess BaS04 2.7 
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One might conclude therefore that in 

two impure and relatively unstable sols of op¬ 

posite charge, the range of coagulation would 

be rather broad, increasing with the precipita¬ 

ting power of the electrolytes present as im¬ 

purity and that In two very stable and pure 

sols it should be comparatively narrow, I'he 

complete mutual precipitation of hydrophylic 

colloids is difficult of attainment, I’hls 

Is no doubt due to the fact that both the 

above conditions obtain, namely, there is little 

excess electrolyte present and second the sols 

are of very stable character. It probably 

means that the range is so narrow as to ex¬ 

scrape observation. !he significance of 

the hydrogen ion concentration (electrolyte) 

in the mutual coagulation of protein has been 
A 

demonstrated by Michaells and bavidsohn . 

A 
Blochem. 2., 39, 496 (1912) 



DISCUSSION OF RESULTS 



From the observations summarised in 

Figs. 1 to 6 of the preceding section, the 

following facts in connection with the mutual 

coagulation process are brought out; First, 

the complete mutual coagulation of two sols of 

opposite charge may take place over a narrow 

range of concentrations or over quite a wide 

range of concentrations. Second, purification 

of one sol may Increase or decrease this range 

depending on the sol of opposite charge, Third, 

when, for ©sample, a given series of positive sols 

is arranged in order of the optimum concentration 

for mutual coagulation on mixing with negative 

sols, the order of the positive sols may vary 

widely with different negative' sols. 

These results indicate that the mutual 

coagulation process may be determined by a number 

of factors that are effective to different degrees 

with different sols. The more important of 

these will be considered in a general way in the 

following paragraphs. 



1* Mutual -Electrical neutralization 

If mutual coagulation is due to mutual 

electrical neutralization the conditions which 

must obtain are very much more definite than 

those observed in actual cases* Hence, while 

such neutralization may be the ultimate deter¬ 

mining factor in gemeral, it is ordinarily oo 

modified by other important considerations that 

its effect is more or less concealed. It is 

evident that if it were the only factor the 

range of mutual coagulation would be narrow 

and a given series of sols of one sign would 

always arrange themselves in the same order 

regardless of what sol of opposite charge 

is precipitated. It may be, however, that this 

is the precominating factor when the range of 

coagulation is quite narrow as in the case 

of pure, stable sols. 

2. Mutual Adsorption of Colloidal Particles 

Since the mutual coagulation process 

is not independent of the nature of the colloidal 

particles, it is altogether probable that a specific 

adsorption occurs between the two Kinds of particles 



that is not determined by their electric charge, 

and will have an Important effect in determining 

the range of mutual coagulation, i‘hus, if the 

mutual attraction is relatively great between 

two electrically neutral particles which yield 

sols of opposite sign, one would expect this 

force of attraction to supplement the electro¬ 

static attraction between the oppositely charged 

colloidal particles and thereby extend the range 

of mutual coagulation. Fifteen years ago 
x 

Bancroft called attention to the importance of 

adsorption of the particles of one colloid by 

those of another in the mutual coagulation 

process, but hie paper has been overlooked or 

has not been taken seriously by most people. 

Unfortunately, the magnitude of the effect on 

the mutual coagulation process of mutual ad¬ 

sorption of particles which Is independent 

of their charge, cannot be evaluated quantita¬ 

tively until' the magnitude of Uie mutual ad¬ 

sorption force is known, 

XJ. Phys. Chem,, 1&, 362 (1915) 



3. -Precipitating ions in Uie Sols 

.Excess precipitating ions in the sols 

certainly exert a precipitating action tnat is 

independent of the mutual coagulation of the 

oppositely charged particles. 1‘his independent 

action depends on the relative concentration 

of the excess electrolytes in tne sols. ihus 

a wide range of precipitation may be caused 

either by Instability of a sol and, in consequence, 

the increased action of the oppositely charged sol 

and electrolyte or by an excess of electrolyte and 

its precipitating power. ouch factors should 

be taken into account in any consideration of 

tne mutual coagulation process since with the 

exception of the aydrophylic cols their influ¬ 

ence never becomes small enough to be negligible. 

4. /Interaction Between Stabilising Ions 

Attention has been called to the obser¬ 

vations of Lottermoser and of inomas and Joi^non, 

which show that interaction between stabilising 

ions with the formation of an insoluble or slightly 



ionized compound may sometimes play an important 

role in the mutual coagulation process. How¬ 

ever, even in cases where such an interaction is 

possible, it is altogether unlikely that the 

effect is independent of the electrostatic 

attraction and the specific adsorption between 

particles. Certainly, one gets mutual coagu¬ 

lation where removal of stabilizing ions by 

neutralization or precipitation is a remote 

possibility (Sable 1.) 



SUMMARY 



The results of this Investigation are 

as follows: 

1. The sane of complete mutual 

coagulation of two sols of opposite sign may 

be very narrow or quite broad. 

2. When a given series of positive 

sols, for example, is arranged in order of the 

optimum concentration for mutual coagulation on 

mixing with negative sols, the order of the 

positive sols may vary widely with different 

negative sols. 

3. The behavior noted in 1 and 2 

is accounted for by the fact that tne precipi¬ 

tating power of positive sols for negative 

sols is not determined exclusively by the 

charge on the colloidal particles. Other factors 

which influence the mutual coagulation process 

are (1) mutual adsorption of colloidal par¬ 

ticles, tnat is Independent of their charge, 

(2) the presence of precipitating ions as im¬ 

purities in the sols, and (3) interaction be¬ 

tween stabilising ions. 



4* Complete mutual coagulation is not 

due in general to interaction and consequent 

removal of the stabilizing electrolytes of op¬ 

positely charged sols, but this factor may be 

important in certain cases* 


