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Since the precipitation of a colloidal solution "by the
addition to it of electrolytes is accomplished by the neutral¬
isation of the charges on the colloidal particles

by the

adsorption of ions of ions of opposite charge, it would
seem possible to deduce the order of adsorption of ions from
the critical concentrations of electrolytes necessary to

(1)
cause coagulation.

In a recent communication

on the

adsorption of anions by precipitated barium sulphate it was
shown, however, that the order determined from coagulation
data was not the same as the order determined from direct
analysis of the precipitated salt.

Thus Eato'^' found that

approximately equivalent concentrations of chloride, bromide,
iodide, chlorate and nitrate were necessary“to effect
precipitation of colloidal barium sulphate, which«would indicate
that these ions tend to be adsorbed to the same degree.

By

direct analysis of the precipitate obtained by mixing solutions
of sodium sulphate with a definite excess of the respective
anions, the following order of adsorption was obtained:
nitratej> chlorate^chloride^-bromide^> iodide.
Moreover, there was a wide variation in the amounts of the
different ions carried down.

The results obtained by Eato

are in exact accord with what one would expect if Schulz*s
law held, namely, that the power of an active ion to
precipitate colloidal solutions is a function of its
valence or of the number of electrical charges which it
carries.

The results obtained by direct analysis indicate

that there is a specific factor in addition to the valence
factor which causes barium sulphate to adsorb ions of the
same valence to widely different degrees.

The results

obtained by direct analysis are not strictly comparable
with those deduced from coagulation data since the salt
analyzed was not precipitated from a colloidal solution
as such.

It would seem, however, that the manner of pre¬

cipitation would affect only the absolute amounts adsorbed
and not the order.

Colloidal barium sulphate is positively

charged as a rule.

Precipitation taheo place when an anion

is adsorbed in sufficient amount to neutralize the positive
charge, thereby allowing the finely divided colloidal
particles to agglomerate into masses sufficiently large to
settle.

If the charge on the anion is the only factor that

determines the amo mt adsorbed, coagulation should tahe plac
in the presence of equivalent amounts of the various ions
and equivalent quantities should be carried down in the
precipitate.

On the other hand, if barium sulphate shows

a specific or selective tendency to adsorb certain ions more
than others of the same charge, this tendency must bo
independent of the charge so that ions of the s-me valency
may be carried down in widely varying amounts.

Since this

selective tendency will manifest itself during the process
of agglomeration and precipitation, one would expect to
find the same relative amounts of ions carried down hy
precipitated barium sulphate whether this precipitation
tools place from true or colloidal solution.

This would

seem to be the case particularly with univalent ions which
precipitate only in the presence of a relatively large excess*
In the previous paper it was pointed out that the method of
getting critical coagulation concentrations is open to
certain errors and that these were magnified in the cc.se of
colloidal barium sulphate,

however, this source of error

seems inadequate to account for tho apparent absence of a
specific factor in the above cited data from llato's coagulation
experiments with colloidal barium sclph-te, whereas this
factor is distinctly marked as shown by direct analysis of
the precipitate1 salt.
Some quantitative data obtained by TJhitriey and Obcr

13 )

are frequently referred to^J as proof that equivalent
concentrations of all précipiteting ions are carried down by
a precipitated colloid.

Prom a quantitative determination of

the amounts of cert, in ions carried down by colloidal As^Sg,
these investigators conclude that the amount of an ion
carried down by a precipitated colloid is independent both
of tho concentration of colloid and the electrolyte; and that
equivalent amounts of different ions are carried down by the
same weight of precipitate.

In their experiments 100 cc or

200 cc portions of the colloidal solutions were preci pitated

with solutions of calcium, strontium, "barium and potassium
chlorides.

In' each case, the amount of metal in the solution

"before and after the precipitated was determined gravimetrically, the difference repres :nting the amount adsorbed,
fable I was constructed from their results.
ÏÏAJBLE I.
*

Salt

Colloid Electrolyte Metal
added
cc
' cc
g

Lletal adsorbed by
100 cc colloid
Observed Calculated

CaCl2

100

£5

0.07£4

0*00£0

CaClo

£00

£5

0.07£4

0.0019

ErClB

£00

£5

0.1071

0.0036
0.0041

SrCl2

£00

£5

0.1071

BaClo

£00

30

0.1675

0.0076

0.1675

0.0076

£.00

0.003£

BaClg

£00

ECl

100

CCI

£00

30

—

Error

5.00

0.00££

115*

0.0049

£l?o

0.0076

-

0.0043

21)o

0.0036

V7e should expect to get equivalent amounts adsorbed in'
the presence of an ercess of the precipitant only in case
arsenic trisulp&ide shows no selective tendency to adsorb
one ion more than another.

The results above tabulated do

not show the absence of this factor.

T

»7hitney and Qber

assumed that the determination of b. .rium ion was prob ibly the
most accurate and used the amount of this ion adsorbed as a

"basis of comparison.

In the next to the last column of the

table are given the amounts of the various ion equivalent to
0.0076 grams of barium; and in the last column the percentage
differences between the observed and calculated values.
There is a variation of more than 20 per cent in certain cases,
furthermore the amounts adsorbed are less than they should be
on the assumption that the calculated values are correct.

This

may be explained by assuming th t arsenic trisulphide shows
a stronger tendency to adsorb barium ion than the other ions
and hence carries down relatively more of it.

Because of the

small adsorption it was difficult to determine the amount
adsorbed.

Thus in the case of potassium, only about one six-

hundredth of the amount added was carried down.

However, the

variation from strict equivalence cannot be attributed to
experimental errors since the correction might show greater
rather than smaller variation.

IThitney and Ober did not

carry out the precipitation in equivalent concentrations of
electrolyte because the precipitation value lor the potassium
salt is much greater than that for salts of the divalent metals
and also because thet coneTuded that the concentration
electrolyte had no effect on the amount adsorbed.

of

It may not

be possible to detect the effect of small variations in the
concentration particularly when the concentrations are all
relatively

large to the amount adsorbed; but the concentration

of potassium icm was approximately one hundred times as great
as that of the other ions.

It would be interesting to know

how much "barium ion, say, would be adsorbed from a solution
one hundred times as concentrated as that actually employed.
On the "basis of TJhitney and Ober*s experiments and
similar dataon the adsorption of aniline ion and new magenta
cation, Freundlich

(5) mates the assumption that in the

c agulation of a colloid, equivalent amounts ox precipitating
iôns

are carried down "by the same weight of colloid.

A logical

deduction follows, namely, that the most readily adsorbed ion
precipitates in the lowest concentration and vice versa.

In

order to account for the marked influence of the valence of
inorganic cations, say, on the precipit .tion of a negative
colloid, he further assîmes that cations of different valence
are equally adsorbed from e uimolar solutions which would
explain the well-known fact that the

precipitation values

(which correspond in the first instance to equivalent amounts)
(6)
aro very différant. To test his theory, Freundlich
'
extended the work of 7/hitney and Ober by an investigation of
the relationship between the precipitation values of various
ions for colloidal arsenic trisulphide and the adsorption of
the ions for precipitated arsenic trisulphide.

The critical

coagulation concentrations of a number of salts were first
determined for a colloid containing 1.857 grams per liter.
This was followed by'- direct determination of the amounts of
several iras adsorbed by arsenic trisulphide.

The following

general procedure was used in finding the adsorption values:
A colloidal solution was prepared and precipitated

with

hydrochloric acid.

The precipitate obtains was thoroughly

washed, dried at 50 to 60, and ground in a mortar.

A weighed

amount of this powder was next shaken with a solution contain¬
ing a given cation and the adsorption calculated from the
concentration of the solution before and after shaking.
Although the above-mentioned method of determining ad¬
sorption from solution is quite generally employed, Leighton^)
has shown that the results are correct only in case no liquid
is talion up by the adsorbent,

if the solid adsorbed the solute

and solvent in the same r atio in which they occurred in the
solution there would be no change in concentration and the
apparent adsorption would be zero.
The first point tested by Proundlich was whether organic
cations with the largest precipitation values were adsorbed
the least and vice versa.

The adsorption of the following

salts with organic cations was studied: aniline chloride,
parachlor aniline chloride, morphine chloride, strychnine
nitrate and new magenta.

Since the degree of adsorption v/as

comparatively small and the methods of analysis not all that
could be desired, and since the sulphide \r<~s not obtained
absolutely pure, no high degree of accuracy was claimed for
the results.

J3y comparing the adsorption isotherms for the

different salts with the coagulation data first obtained, con¬
siderable variation Wu.s noted.

Thus, Strychiire nitrate showed

a high precipitation value and a high degree of adsorption.
Also th

Precipitation concentration for aniline chloride

was 2.5 times as great as for p-chloraniline chloride and yet
the adsorption isotherms almost coincided throughout.

A closer

investigation of the coagulation with strychnine nitrate
showed that there v;ers two critical coagulation concentrations:
one low and another relatively high.

"In short, in the case

of strychnine nitrate, one is confronted with a series of
so-called abnormal values such as is recognized
of heavy metals and dyes.

for salts

It results in the case of a negative

colloid, when precipitation is accomplished with a salt
derived from a difficultly soluable base.

This, when added

in excess, can surround the colloidal particles and- produce
a positive colloid which is precipitated againby the anion
only at higher concentration.

The lower precipitation value

corresponds to arsenic trisulphide colloids, and the higher
to a positive colloid of the base concerned."

In view of this

source of error, the precipitation values of all the organic
ions were redetermined.

A comparison of the revised precipitat¬

ion values with the adsorption isotherms shows a closer
aggreement.

However,'aniline chloride again shows a precipitat¬

ion value more that twice that

of p-chlor-.niline chloride

and yet the adsorption isotherms almost coincide at above
mentioned.

On the other hand, strychnine nitrate, morphine

chloride and new magenta precipitate in almost the same
concentrations, 0.39, 0.36 amd 0.30 millmol .per lit:r,
respectively, and yet the isotherms are quite widely separated
compared to those of the aniline chlorides which have marhedlÿ
different precipitation values,

itirthermore, strychnine

nitrate precipitates at a higher concentration than morphine
chloride and is apparently more strongly adsorbed.

However

the isotherm for morphine chloride was drawn from data
calculated from

a different sample of arsenic trisulphide

than that used in the other cases,

m the light of these

variations, it would seem, therefore, that even the revised
data scarcely warrant the conclusion that the "parallelism
is satisfactory throughout?
The second point considered was whether the metal cations
were equally adsorbed from equimolar solutions.

This was tested

by determining the adsorption of ammonium, uranyl, aluminum
and ceric ions.

The determinations were carried cut in the

same manner as above described, but they were rendered particular*
ly difficult on account of the very slight adsorption.
imetric methods were used throughout.

Color¬

The methods f^r cerium

and uranium wore satisfactory, but a "half quantitative method'
was used for aluminum; and the Lessl’er method for ammonia was
inaccurate on acco unt of the reaction between the mercury of
the reagent and the hydrogen sulphide and arsenic trioxide in
the solution.

"The curves for UO^

the limits of experimental error.

and Ce

coincide within '

The curve for ammonium is

distinctly lower, but as above mentioned, such errors are
introduced that the adsorbed amounts are probably too small".
Un the basis of these data, Hreundlich concludes that for the
light metal cations, equimolar amounts are adsorbed from
equimolar solutions,

a matter of fact, the adsorption value

is so small, 0.0001 to 0.0002 mole per gram, that it is

questionable whether the data can ho regarded as sufficiently
accurate to justify the conclusion; particularly, when the
actual values show almost twice as much adsorption from cerium
nitrate solutions as from ammonium chloride solutions of the
sane concentration.
jj’reundlich next precipitated colloidal arsenic trisulphide
with solutions of uranyl nitrate and ceric nitrate of known
concentrations and analysed the supernatant liquid colorimetrical^y
for uranyl and ceric ions, respectively,

jrron these data, he

found that 0.088 milliequivalent of uranyl ion and 0,069
milliequivalent of eerie ion were adsorbed per gran of arsenic
sulphide.

The ijjolar concentration of uranyl nitrate at the

start was nine times that of the ceric nitrate which is the
approximate order of precipitation values.

It will be noted

also that the amount adsorbed in milliequivalents is about
%

thirty per cent more for uranyl than ceric ion.

nevertheless,

ho concludes that equivalent lnot equimolar) amounts of cations
are carried down in the precipitation of colloids.
in order to test this last conclusion more fully,
18 J
I'reundlich and Schucht
determined the precipitation value
for colloidal mercuric sulphide and the amount of adsorption
by the precipitate in the region of the precipitation concentration
The adsorption was determined for the metallic cations MI4 ,
Ag , Ba , Çu , and Ce

and for the dye cations new magenta,!.1 n

brilliant green auramine, and methylene blue.

The method of

determining the adsorption values was as follows: " The experiments
were carried out with a definite volume of the colloid( usually
about 50 cc) to which was added, as a rule, five cubic centimeters
of electrolyte containing the cation whose adsorption it was

desire^- to measure*

The mixture was allowed to stand fifteen

minutes, the particles centrifuged out, and the clear solution
poured off and analyzed.

This gave the equilibrium concentration.

Since the concentration at the outset and the content of the
colloid was known, the amount adsorbed per gram of mercuric
sulphide could be found.

The concentration of the electrolyte

must be in the neighborhood of the precipitation value,

it

could bo somewhat smaller as the flocks will still centrifuge
out well, but not if’the concentrations are very much smaller.
In general, it must not be too large, otherwise with a number
of estions one gjts into a zone of non-precipitation, or if this
is not the case, the change in concentration due to adsorption
may be too slight.
"The analysis of the end concentration offers considerably
difficulty and a number of special methods had to be used since
one is dealing with regions of exceedingly small concentrations,
as shown in Table II.
The above method of procedure is open to the same objection
referred to in the determination of adsorption by arsenic
trisulphide, namely that it assumes that the precipitate adsorbs
none of the solvent.

The results folio?/:

"We first compared the amounts adsorbed in milliequivalents
obtained at the precipitation value.

The majority of these have
t

been found directly.
precipitation

With the dyes the results obtained from the

value since the concentration after adsorption

is practically zero.

It is only necessary to determine how

many milliequivalents there are in 55 cc and how many grams

of mercuric sulphide there are in 60 cc of the colloid; and
divide the one by the other.

In order to facilitate this

calculation the content of the colloid in grams per liter is
given in parenthesis after the precipitation value.

Also with

copper nitrate, the concentration after adsorption nay be
regarded as practically zero when one observes from the
table that with a concentration somewhat larger than the
precipitation value, only a small percentage remains in solution."
The results are reproduced in Table II.
TABLE II.
Cation

Adsorption at
Precipitation
precipitation
value
value.
milliequivalent

Concentration of
colloid,
grams per liter

m

0,050

10.20

13.74

Ag

0.020

0.28

11.74

Hew Magenta

0.008

0.097

Brilliant Greer

0.004

0.048

8.38

Auramine

0.011

0.094

10.05

Methylene Blue

0.007

0.097

4.96

Ba

0.044

0.510

8.26

4

’

13.74

Cu

Cu( ITOgJg

0,050

0.150,

8.26

Cu

CuS04

0.022

0.260

14.43

0.012

0.082

10.45

Ce

Prom the second column of the table it will be noted that
the adsorption as determined varies continuously all the way

. froo 0*004 to 0*050 milliequivalent per gram.

It would seem

that the data disprove rathor than prove the assumption that
equivalent amounts are adsorbed at the precipitation
concentration.

Preundlich recognizes the lack. of unity in the

results, hut attributes the variation to the minute amounts
adsorbed and to the difficulties amd errors incident to the
determinations.

Although there are unfortunate difficulties

in this particular case, one cannot predict with any degree
of certainty whether the same experimental method would show
groater or less variation with greater adsorption and more,
quantitative determinations.

To quote from Frcundlich: "The

differences in the second column of the table appear large
at the first moment.

*

The absolute differences are, however,

not greater than vcith the arsenic trisulphide colloid, only
in the latter case the preci dtation values and the adsorbed
amounts are much greater and the relative differences are
therefore smaller.

Also the values that are the fartherest

off (BH^ and Ba) are not easy to determine and therefore are
not very certain.

Above all, should be considered hovr difficult

are the determinutiv> s and how small the amounts.

With this

un.erstrnding the recults speak rather for than against equivalence
They indicate with assurance that the gr at differences in the
precipitation values are perhaps not due to great differences
in the amounts adsorbed but much more to great differences
in the .-dsorbability.
"The following particular points may be emphasized:
i

new magenta and methylene blue have the same precis it-tion
value and their adsorption isotherms almost coincide.

Prom

Figure 4 nay be seen that barium ion is much less adsorbed
than copper ion, at least in the region of the siaall adsorption
values which are necessary for the precipitation
sulphide colloids.

of mercury

The barium ion curve is much steeper than

the copper ion curve, therefore the preci -it-tion value of the
first is considerably greater than that of the latter.

The

fact that the curves for copper nitrate and copper sulphate
do not coincide

need not be attributed to experimental errors,

the adsorption of the cation is unquestionably influenced by
the nature of the anions au shown by tho investigations of
llichaelis and Lachs(9) and by Freundlich and v. Elissafoff• ^0)
Apparently the salt is first adsorbed

s a whole and then

there is an interchange between the more readily adsorbed ion
already cn the colloid.

At any rate, what we hnow is that sulphates

are less strongly adsorbed than nitrates, chlorides, bromides,
etc.

This accounts for the greater precipitation value of

CUSO4, compared with CufllOgJg.”
As Freundlich points out, the precipitation values of
new magenta and methylene blue are identical and the adsorption
values of the cations are almost the some.

It is interesting to

note, however, that the precipitation value of aursmine is
but three percent lower than that of newnagonta, but the
adsorption is thirty-seven percent higher.

Moreover, the

precipitation value of brilliant green is only one-half that
of new magenta and the adsorption value at this concentration
is in reality but half as much instead of being the seme or

larger in accord with Ereundlich1s conclusions from experiments
on the adsorption of organic cations by arsenic trisu;phide.
There is no doubt that the anion has an effect as above
explained; but it does not seen likely that this effect alone
would account for the precipitation value for CuSO^ being 75
percent higher than that for OuflTOg^î particularly in view of
the fact that Preundlich found that thallium nitrate and
thallium sulphate precipitated colloidal mercuric sulphide
in almost the same concentration.

The conclusion finally

reached shows the need of more quantitative data.

"These

investigations confirm the theory developed concerning the
relation between adsorption -nd coagulation.

Even though

earlier investigations with arsenic trisulphide show more
strikingly the equivalence of the amounts adsorbed and the
relationship between the precipitation value and adsorbability
or valence, because the observed effects were larger and
easier to measure, the results with mercuric sulphide have
the advantage that conclusions from analogy and extrapolation
are unnecess -ry.

The adsorption experiments with arsenic

trisulphide powder were carried out at a concentration quite
different from the critical coagulation concentration of
colloidal arsenic trisulphide while with the mercury sulphide
colloid, the adsorption \'/as measured directly by the particles
of the colloid itself in the region of the precipitation
concentrations an

the eXpècted relationship confirmed.

The necessity of working at very low concentrations and
with a limited amount of adsorbent introduced very appreciable
difficulties in addition to the instability of the colloid
itself which makes it apparent that the numerical relations
are only half quantitative.”
Prom the above survey of the important available data
on the relationship between precipitation of colloids and
adsorption by precipitates, it would seem that an important
point mentioned at the beginning of this paper had not been
taken into account.

Since the first step in the precipitation

of a colloid b;T an electrolyte is the neutralization of the
charge by adsorption of an iOx ôf opposite charge, it follows
that two adsorbing media are concerned in the process: the
electrically charged particles and the electrically neutral
particles.

Accordingly, the total amount of a given ion

carried down by a precipitated colloid is determined by (l)
the adsorption of the charged particles during the process
of neutralization, and (2) the adsopption by the electrically
neutral particles during the process of agglomeration and
settling.

Since neutralisation is accomplished when equivalent

amounts of ions are adsorbed, it might seem to follow that one
would find equivalent amounts of ions in the precipitate after
the neutralisation.

This would be true if the electrostatic

attraction of the charged particles for ions of opposite charge
was the determining factor or if the particles tended to adsorb

all ions of the sane valence to the cane degree.
of fact, such is not the case.

As a natter

There is a tendency to attribute

the differences in the precipitating value of salts with cations
say, of the sane valence to differences in the degree of
ionization,to different stabilizing effects of different
anions, and to errors in determining critical coagulation
concentrations.

’..Tiile all these things must have an effect,

the importance of which will be considered later on, there are
many unmistakable examples of ions of the sane valence having an
abnormally high precipitating power that can be due only to marked
variation in the adsorption tendency.
Since the electrically charged particles show a selective
tendency to adsorb certain ions more than others even of the
same valence, it is evident tin t this tendency is independent
of the charge and one should expect the neutralized particles
to show selective adsorption.

Accordingly, although equivalent

amounts must be adsorbed to effect neutralisation, the amounts
actually carried down in a given case will be the sum of ( 1 ) the
«

amount necessary to neutralize the charge on the colloid and
(2) the amount adsorbed from the solution during the process of
agglomeration and settling.

The first amount is necessarily

constant for ions of the sane valence; the second will vary
with the nature of the adsorbing medium, the nature of the
adsorbed ion and the concentration.

If the amount of adsorption

of a series of ions is determined at the precipitation
concentration as Preundlich did, it is evident that the
agglomeration and

precipitation will take place in varying

concentrations of solution.

7.rith certain electrolytes a

considerable excess is necessary to effect precipitation;
while with others, notable the dyes, the precipitation
concentration may be so low that all the added electrolyte
may be removed from solution.

In the first case the

adsorption may attâin approximately to the saturation value
for the given ion; while in the latter case, this value would
not be reached.

Comparisons of the amounts adsorbed at the

precipitation concentrations must necessarily show some
variation unless the precipitation concentrations are identical.
The variations from equivalence in the adsorption values
determined by Freundlich are probably due quite as' much to
the varying concentration and adsorbability of the ions as to
errors in the analytical procedures.

The adsorption of

equivalent amounts of ions effects neutralization but the
amounts carried down by the precipitate are not equivalent
because of the selective adsorption by the neutralized particles.
As above explained, the adsorption values at the
precipitation concentration are not comparable because of
the variability of the latter and the consequent variability
in the degree of saturation of the adsorbent by the adsorbed
phase.

Accordingly, the adsorption values should be compared

above the precipitation concentration, so that one is working
in a region of the "flat" of the adsorption isotherm, where
the adsorbent is practically saturated.

The adsorption values

of the sulphides are so small and consequently the errors in

analysis so great that our attention was turned to hydrous
ferric oride.

The physical character of the latter is such

that one should expect to get relatively high adsorption
values.
Considerable work has been done on the precipitation of
colloidal ferric oride.

For the ipost part, this lus been
(13)
carried out on the colloid prepared by Grahm's _
method
which consists in dissolving freshly precipitated iron oride
in ferric chloride and dialyzing until the colloid gives no
(14)
test for ferric ion x/ith potassium ferrocyanide.
This
colloid is highly hydrous, is colored deep brown and the
particles are very finely divided.

" This

is because the

more hydrous form changes gradually on standing to the less
hydrous form which latter precipitates first when nitric
(15)
acid is added".
A number of investigators have determined
the critical coagulation concentration of electrolytes for
the Graham colloid.

Prom incomplete data obtained by Hardy,

the order of adsorption of ions appears to be
citrate^ sulphat^oralate-^ nitrate^ chloride
Duclaux^-^) working with

a colloid containing 203 X 10~u

equivalents of iron and 166 X 10**u equivalents of chlorine
per liter, found that the critical coagulation concentrations
of sodium sulphate, citrate, chromate, carbonate, phosphate,
hydroride and ferrocyanide varied from 13 X
ferrocyanide to 19 X 10

10~6

in the case of

equivalents in the case of phosphate.

Prom this, he concluded that equivalent amounts of the various

ions caused tlae sane effect, and, furthermore, that the amount
necessary for precipitation is the same as the chloride content
of the eolloid within the limits of the experimental errors
inherent in the method of determining the coagulation
concentration.

A marked variation was observed with sodium

chloride and sodium nitrate which required 2000 A 10
1880 X 10

—6

-6

and

gran equivalents respectively, to precipitate

the same amount of colloid as the seven s alts above referred
to.

x«'rom huclaux's data, the order of adsorption appears to be
ferrocyanide^> chromate^> hydroxide^ citrat^> sulphate^

carbonate^ phosphate^) nitrate^>chloride.
(17)
Preundlich,
working with a colloid containing sixteen
millimols of iron per liter* found the order of anions to be
dichronate^ sulphate^ hydroxide"^ salicylate^ benzoate^
formate^ chloride^? nitrate^> bronidf^iodide^
Pappada's

experiments on coagulation indicate that the

order is
citrate^» chromate^ sulphate^ hydroxide.
As will be seen, there is apparently a wide variation
in the order of ions as deduced from the coagulation experiments
of different investigators.

This is particularly evident

among the strongly adsorbed ions which precipitate in relatively
low concentration.

The variation in tho results is undoubtedly

due to variations in the method of determining the critical
coagulation concentrations and the errors inherent in the process.
Pean de St. Gilles prepared colloidal iron oxide having

properties somewhat different than the Graham colloid, by
continued boiling of a solution of ferric acetate.

The

Colloid so prepared was turbid in reflected light but clear
in transmitted. • It gave a much more intense light cone than
the Graham colloid and hence contained much larger particles.
(19)
Giolitti
made an extended study of the precipitation of
the Pean de St. Gilles oxide by a number of electrolytes,

he

found that considerable amounts of hydrochloric, hydrobromic,
hydriodic, nitric, perchloric, and bromic acids must be
added to a suspension of the colloid in order to effect
precipitation.

The oxide came down as a brich reu powder

which was peptized by water when the acid \7as washed out.

He

found that traces of sulphurous, selenious, iodic, periodic,
boric

and phosphoric acids and of salts effected precipitation.

Under these conditions he observed that the precipitate was
gelatinous and did not redissolve on washing.

The precipitation

of ferric oxide in two different states by different
electrolytes is an interesting phenomenon.
DEVUrJIIITATiÜlî OP PKECIPlTADIOh VALUES.
Preparation of the Colloid,

^he colloid prepared by the

method of Pean de St. Gilles has been used throughout these
experiments.

This was chosen on account of the relative ease

of preparation and the fact that it is apparently more uniform
and homogeneous than the Graham colloid which becomes less
hydrous with time.

The actual procedure employed in the

preparation was as follows: Twenty-five grams of ferric

chloride were dissolved and precipitated with ^ slight
excess of a solution of sodium carbonate.

The solution

in ’ hich was suspended the gelatinous precipitate was
transferred to £50 cc bottles and centrifuged imtil the
precipitate w^s thrown down,

—fter pouring off the supernatant

liquid, water was added and the netted gel thoroughly stirred
up.

ïhe solution wrs again centrifuged and the washing

process repeated until the w-sh water showed no test for chlorides.
The gel was then suspended in a solution of acetic acid
containing slightly less acid than enough to dissolve the
oxide.

This w...c allowed to stand for several days with

frequent stirring after which the solution was filtered,
highly diluted and boiled vigorously.

The boiling w s

continued for from £4 tp 36 hours, or until there was no
odor of acetic acid in the vapors above the boiling liquid.
tho red color of the ferric acetate became gradually briclired as the boiling continued; and the liquid which was clear
at the outset became turbid in reflected light, owing to
the presence of the suspended particles of ferric oxide.
Since a quantity of the colloid was necessary for the
experiments that wore planned, several portions wore prepared
as nearly as possible in the came way and the sev jral
solutions mixed,

before starting the experiments, approx¬

imately twenty-five liters of the colloid wore prepared
cent lining 1.544 grains of iron oxide per liter.

The same

colloid was used in all the experiments herein described.
The experiments were carried cut with as much dispatch as
possible in order to avoid variations arising from possible

variations in tho colloid.

This precaution was doubtless

unnecessary, since a portion of the colloid has been standing
several months without apparent change,

Uoreover, the

critical concentration for potassium sulphate has remained
constant, indicating that the colloid v/uS very stable in the
absence of electrolytes.
Determination of Precipitation Values.

In order to precipitate

a colloid by a giv:n electrolyte, it is necessary to exceed
a certain definite minimum concentration. As previously
pointed out, it is difficult to determine the critical
concentration since several factors are involved: such as the
(20)
rate of addition of the electrolyte,
method of stirring,
time of standing, etc.

Several methods have been used to
(21)
determine the coagulation concentration. Schulze
allowed
a drop of the colloid to flow into a large volume of the
electrolyte,

in this way a series of determinations w_s made

until that concentration of solution was found that just
(£2)
coagulated the drop, hardy
added the electrolyte from a
burette a drop at a time to a given amount of the colloid
until precipitation just tooh place.

Both of these methods are

objectionable since experience has shown that a quantity of
salt that will not effect precipitation immediately will do so
on standing; qnd that the qu ntity of electrolyte necessary
to effect precipitation is different when the electrolyte is
added all at once than when it is added in several successive
portions»

in order to obtain results as nearly comparable as
(23)
pos sible, Jj’reundlich
used the following procedure:

"A constant volume of salt solntion v:as added with constant
shaking to a constant volume of colloid (usually 2 cc of the
solution to 20 ce of the colloid) in a glass cylinder that
had heen steamed out a few times,

The mixture was set aside

for a definite time (two hours), after which a few cubic
centimeters wore filtered off and analyzed colorimetrically
or chemically to determine whether or not any colloidal
(24)
material remained.” Duclaux
followed a similar procedure
but added sufficient electrolyte to cause immediate coagulation
of the colloid.
The method first used in those experiments consisted in
placing ton cubic centimeters of the electrolyte in a large
test tube and ten cubic centimeters of the colloid in another,
the electrolyte was first poured rapidly into the colloid after
which the solution was transferred rapidly from one test tube
to the other, two or three times,
to get rapid and uniform mixing.

in this way it was hoped
3y making a series of

determinations in the region of the critical coagulation
concentration it was possible to get that concentration which
would just cause coagulation,

^arly in the investigations

it was found, however, that results could not be duplicated
by this method of procedure; particularly with those electrolyte
that precipitate in low concentration.

The method served to

determine the approximate coagulation concentration and
was used throughout for that purpose only,

it was evident

that the method of mixing and shaking was in some way at fault
and the procedure was modified accordingly.

In order to obtain rapid and uniform mixing, an apparatus
was designed and manipulated as follows: ** glass tube 4 cm.
in diameter and 20 cm. long was fitted with rubber stoppers.
A groove was cut around one of these in such a way that a
stopper was made for one end of a smaller tube held it
concentric with the first.
diameter and 7 cm. high

The small tube was 2.5 cm* in

The apparatus was thoroughly cleaned,

rinsed carefully with distilled water and allowed to drain*
Into the smaller tube was measured a definite quantity of an
\

electrolyte of known strength which was subsequently made up
to twenty cubic centimeters.

The stopper was then fitted

securely in the larger tube and twenty cubic centimeters of
the colloid were run into the space between the two tubes.
After stoppering, the tube was inverted with a quick jerk
that rapidly and effectively mixed the two solutions.

The

contents of the tube were then poured into a 50 cc graduate
which was stoppered and allowed to stand for twenty-four hours,
after which the observations were made,

luclaux’s method of

adding sufficient electrolyte to cause immediate precipitation
was unsatisfactory , particularly with electrolytes that
precipitated in high concentration.
In order to determine whether coagulation was complete
in a doubtful case after twenty-four hours, tho supernatant
liquid was pûured from the graduate into a tube and centrifuged
for five minutes.

A portion of the solution was transferred

to a test tube and one cubic centimeter of II/2 potassium
sulphate

s added.

The absence of a precipitate after standing

for an hour indicated that precipitation had been complete.
This method of detecting complete precipitation was highly
satisfactory since even a trace of the gelatinous red precipitate
could be readily detected.

The procedure was sufficiently

accurate that it w s possible to determine the critical
concentration to within 0.05 cc of H/lOO solution in 40 cc,
with those electrolytes that precipitated in low concentration.
Uoreover, no difficulty was experienced in duplicating results
with a given electrolyte.
As the colloid is positively charged, the anions are
chiefly concerned in the precipitation.

In the first series

of experiments, potassium salts were used, thus eliminating
the effects of the cation in so far as possible.

It is

obviously impossible to render the effect of the cation constant
since the côncentration differs in every case.

Half-normal

solutions of salts with univ-lent anions were used in all cases
except with potassium iodate. Hundredth-normal solutions of
all other salts were employed.

A 10 cc calibrated pipette

was used to measure the half-nomal solutions and a 2 cc
Ostwald pipette to measure the hundredth-normal solutions.
As before stated, the quantity of electrolyte talien w*s diluted
to 20 cc before mixing with an equal volume of colloid.

It

was necessary to determine the approximate coagulation
concentration first, after which a series of experiments in
the critical region located the value with considerable accuracy.
The results are recorded in Table III.

In the first column

is tabulated the anions; in the second, the number of cubic

centimeters of solution in 20 cc that just failed to precipitate
completely 20 cc of the colloid; in the third, the number of
■cubic centimeters in 20 cc that just caused complete precipitation
in the fourth, the precipitation concentration in milliequivalents
per liter, calculated from the data in column 3.
TABLE III.

Precipitation Values of Potassium Salts.
Electrolyte
cc

Salt

Electrolyte
cc

Precipitation Value.
Ililliequivalents per
liter
0.275

Perrocyanide

1.05 IT/100

1.10 11/100

Perricyanide

1.10 IT/100

1.15 N/100

0.287

Dichromate

1.45 IT/100

1.50 IT/100

0.375

Tartrate

1.55 IT/100

1.60 IT/100

g.400

Sulphate

1.70 IT/100

1.75 IT/100

0.437

Oxalate

1.85 IT/100

1.90 IT/Ï00

0.475

Chromate

2.55 IT/100

2.60 IT/100

0.650

lodate

3.55 IT/100

3.60 IT/100

0.900

Brornate

2.40 IT

/2

2.50 IT/2

31.3

Thiocyanate

3.65 IT/2

3.75 IT/2

46.9

Chloride

8.00 II/2

8.25 IT/2

103.1

Chlorate

9.00 IT/2

9.25 IT/2

115.6

Nitrate

10.25 IT/2

10.50 II/2

131.2

Bromide

10.75 IT/2

11.00 II/2

137.5

Iodide

12.00 IT/2

12.25 IT/2

153.6

Pormate

13.60 IT/l

13.80 IT/l

172.5

Prom the data tabulated above the order of adsorption
appears to be
f errocyanide^> ferricyanide^dichromate^> tartrate^ sulpl rte^>

oxalate

chromate'}» iodate^ br omatiocyanat è/

chloride^ chlorate / nitrate'/bromide y iodide^ formate.
tfith the exception of formate ion, the order of ions is
(25)
identical with that deduced from Freundlich's
data
for those ions that are common to both series.

This is what

one should expect, since the adsorbing medium is hydrous
ferric oxide in both cases, the only difference being the
degree of hydration and the relative size of the particles
(26)
in the two colloids. It will be noted that univalent
ions, with the exception of iodate ion, precipitate only in
relatively high concentrations,

and that the precipitation

values differ widely, varying from 51 for brom&te ion, to 172
for formate ion.

Ions, other than univalent, precipitate in

exceedingly low concentrations in every case.

The variations

in the precipitation values of different multivalent ions are
somewhat greater than observed by huclaux; but it was found
as previously stated, that huclaux's method of procedure was
less satisfactory than cur own.

huclaux recognized the

difficulties involved, but believed that the variations in
his values were due to experimental error.

It is believed,

however, that a redetermination of precipitation values
on the Graham colloid using the method outlined in this
paper would chow variations as great ac we observed with
the Pean de St. Gilles colloid.

A study of tlx© Graham colloid

using this method wac not made since the order of variation
is relatively unimportant compared with the fact that the
precipitation values are not the same ac huclaux believed.

The Graham colloid is stabilised b:” preferential adsorption
of hydro.ren ion and probably sene ferric ion.

The chloride

ion present in the solution is a measure of the cations
adsorbed.

'Different concentrations of electrolytes are

necessary to neutralise the adsorbed ions and precipitate
the colloid.

The concentration of anion necessary to effect

neutralization will approximate the chloride concentration
only in so far as its adsorption tendency approaches that of .
the adsorbed cations.
A series of precipitation valuès was determined with various
acids in the same manner as described for the potassium salts
of the anions.

The results arn tabulated in Table IV.
TABLE I \T.

Precipitation Values for Acids.

Dichromic

Electrolyte Precipitation Values.
Hilliequivalents per
cc
liter.
0.200
0.75 IT/100 0.80 11/100

Tartaric

1.85 11/100

1.90 11/100

0.475

Sulphuric

1.90 11/100

1.95 IT/100

0.485

Citric

1.90 ii/100

2.00 IT/100

0.500

Oxalic

2.05 D/lOO

2.10 11/100

0.525

Iodic

2.55 11/100

2.40 IT/100

0.600

Phosphoric

3.40 IT/1

3.50 IT/100

0.875

Hydrochloric

—

16.0 IT/2 ?

200.0

Hitric

—

17.0 li/2 ?

212.5 ?

Pormic

5.25 211

5.5 21T

275.0

Boric

G.75 3IT

7.0 3U

525.0

Acid

Electrolyte
cc

?

It will bo noted that, as usual, univalent ions
precipitate only in relatively high concentrations, while
divalent and trivalent ions precipitate in very low
concentrations.

This is in accord vith Giolitti's results

above referred to.

iodic and periodic acids behave like

sulphuric acid, which would indicate that in those cases
\ie are not dealing with the normal acids Hit)

respectively.

and HIO4,

The evidence indicates that concentrated

solutions of iodic acid

re associated to form complex

molecules like (HI0rr)o
and (HIO )_; and the acid behaves
3
* (£7)
3 2
as if it were polybatie.
Above one-eighth normal,
the association of the acid is apparently inappreciable
(20)
and it behaves like a morobasic acid*
Periodic acid,
H„I0c, or IIIOA.SII 0, is ionized chiefly as a binary
ù
5
(29) "
electrolyte
but it gives some divalent ions;30)
which may account in part for the small precipitation
value.

Giolitti has incl. ded boric acid with sulphuric and

phosphoric acids, whereas our observations sho\; that it
precipitates only in very high coacenstation.

As a matter

of fact, one should expect it to behave as a weak monobasic
acil for it ionizes but very slightly, giving only the ions
H

and hg-BOg •
The order of ions would appear to be
dichromatey* tartrate^- sulphate^ citrate^> oxalate^
iodate^ phosphate^ nitr-te^ chloride^ formate^ borate.

Considering the ions common to both series, it will be
noted that the order is the same with the acids as with
the potassium salts.

The precipitation valuer of the former

are somewhat larger since hydrogen ion is more strongly
adsorbed than potassium ion.
Determination of Adsorption.
(30)

Ueiser and Sherrich

determined the amounts of

various ions adsorbed by barium sulphate, by precipitating
the salt under definite conditions; washing the precipitate
and analysing it for the adsorbed anion by a suitable method.
Por two reasons it w_ s decided to adopt a similar process
for determining the ions adsorbed by precipitated ferric
oxide: in the first place, the analysis of the solution
before and after precipitation is not applicable when a high
concentration is necessary to effect coagulation since tha
amount adsorbed is too small compared with the amount added;
in the second place, this method probably does not give
correct results in any case and it certainly would not with a
gelatinous precipitate lihe ferric oxide, which must adsorb
(31)
some of the solvent us well as the solute. Giolitti
pointed out that acids with a hi^h precipitation value lihe
hydrochloric, hydriodic, hydrobromic and nitric, produce
a granular precipitate, which it was thought would not
redissolve on

aching.

Unfortunately such was not the case

with those salts that precipitate in hi--h concentration.
In the procedure that was adopted, the precipitation was first
effected by addition of the electrolyte after which the
precipitate was centrifuged out and the supernatant liquid
poured off.

Distilled water was then added fox' the purpose

of washing; the precipitate stirred up; and again centrifuged.

As a rule, enough, of the precipitating agent v;as washed out
by the first washing so that a part of the colloid was
peptized.

Repeated attempts to modify the procedure to

enable the precipitate to be v shed, failed to give
satisfactory results.

The precipit .te was gelatinous but

the adsorption of univalent ions was so slight that they were
(31)
readily removed.
ïhis difficulty was not encountered with
the precipitate obtained with multivalent ions, for the latter
were not removed by washing, owing to marked adsorption;
and the precipitate did not rediesolve.

Our attention was

accordingly directed to the determination of the adsorption
of multivalent ions by hydrous ferric oxide.
Since the alkali salts of weak acids are hydrolysed to a
greater or lessor estent, it w*s deciied to precipitate the
colloid with the acids rather than their salts.

Erom

experiments with uranyl nitrate and beryllium sulphate, Preundlich
concluded that hydrolysis had no effect on the precipitation
value.

Since these salts at dilution V=1024 liters are
(S3)
hydrolyzed to only approximately five percent,
the effect

v

may not be very marked; but with a salt like the normal
(34)
potassium or sodium phoiphate, vhich is 00 percent hydrolyzed,
the effect must come in.

Moreover it seems altogether

probable

that the high precipitating power of certain alkali salts with
organic anions may be due in part, at least, to the formation
by hydrolysis of the strongly adsorbed hydroxyl ion.
General Uethftd of Procedure.

As before explained, if comparable

results are to be obtained the amount adsorbed must be
determined in the presence of an excess of the precipitating
agent,

accordingly, fiftieth normal solutions of the electrolytes

were made up and the concentration accurately determined
by a suitable method, which was tho same as that used for
determining the concentration after adsorption.

An amount

of the electrolyte equal to 50 cc of 17/50 solution was used
to effect the precipitation.

This was carried out as follows:

An apparatus was employed similar to that used in determining
the critical coagulation concentrations, only that it was
larger?

The outer tube was 5 cm. in diameter and 38 cm. in

length, while the inner tube was 3 cm. in diameter and 18 cm.
*

in length.

The electrolyte was placed in the inner compartment

and £00 cc of colloid in the outer compartment.

By inverting the

apparatus with a Jerk and shaking briskly, rapid and uniform
mixing was obtained.

This solution was immediately transferred

to a 275 cc wide mouth bottle, tailing care to rinse the
•

•

apparatus three or four times with three to five cubic
centimeters of water each time.

After standing for five minutes

the bottle was placed in the centrifuge and centrifuged for
ten minutes at the rate of £000 r. p. m.

By this process,

the precipitate was matted firmly in the bottom of the bottle,
so that the supernatant solution could be poured off into a
glass evaporating dish.

In order to remove the electrolyte

as completely as possible, the bottle was inverted and rinsed
by directing a fine stream of water from a vash bottle against
the sides, using particular care to avoid dislodging any of

t3ie precipit .te.

About 20 cc of water was then added to the

bottle, which was subsequently shaken by a rotary notion until
all the precipitate was broken up; after which it was
transferred quantitatively to a special thick-walled tube of
60 cc capacity.

The total volume of solution vas 50 cc.

This solution was centrifuged for ten minutes at 3000 r. p. m.,
the supernatant liquid added to the glass evaporating dish,
and the sides of the tube carefully rinsed.

Twenty cubic

centimeters of water were then poured over the precipitate
and a stopper was inserted in the contained, which was shaken
briskly for several minutes until the precipitate was
thoroughly broken up.

The stopper was removed and rinsed after

which the solution was centrifuged and the wash water added
to the rest.

The washing was repeated, but it was probably

unnecessary.

This method of washing the precipitate was

more effective and rapid than the usual method of washing
on the filter paper, since a gelatinous precipitate is
difficult to break up simply with a stream from a wash
bottle.

The supernatant liquid and washings were either

evaporated and analyzed directly or diluted to a definite
volume and an aliquot part taken for analysis.

This general

procedure w.is followed in determining the adsorption of
phosphate, citrate, iodate, sulph te, tartrate, oxalate and
dichromate ions.

The ^termination of adsorption of the

specific ions will now be considered in detail.
ADCOaPTIOlT OP I0DATH I01T.

Uethod of Analysis.

An approximately IT/50 solution of iodic

acid was prepared by weighing a calculated amount of pure

iodine pentoxide and dissolving in water.
of this solution were placed in a 350 c

Ten cubic centimeters
Erlenneyer flash,

diluted to 100 ec and the solution rendered alkaline by
the addition of a slight excess of st .ndard potassium hydioxide
solution.

To this solution were then added ten cubic centimeters

of five percent III solution and an excess of acetic acid.
The following reaction takes place:
ElOg .+ 5ILL + 6HAc * 6LAc + 3H20 + 61.
The liberated iodine v;as titrated with standard thiosulphate
solution using starch as indicator.

The thiosulphate solution

was approximately fiftieth normal and just before using
it was standardized against a weighed amount of purified
rosublimed iodine.

That the method gives concord nt results

is shown in Table V.
TABLE V.
Standardization of Iodic Acid.
Iodic Acid taken
cc

Thiosulphate taken
0.02",227 II.
cc

normality of acid
-V

10

53.79

O.OIJ'JO

10

53.88

0.01996 average

10

53.71

0.01990 0.01993

Adsorption of Iodate Ion.
0.3088 gram of ferric o: ide
standard iodic
acid.

L

To 200 cc of colloid containing
ere

dded 50.18 cc of the

cid which is equivalent to 50 cc of ny50

The procedure was c -rried out as previously described

in detail.

The solution containing the unad^orbed i 'die acid

vas silutcd quantitatively to 500 cc and 50 ce vere talien for
analysis.

Pour detcrninations vcrc made and the average vas talien

as the adsor~ tien value.

The details arc given in Table TI.
TA3 LC VI.

Adsorption of Iodate Ion.
Thiosulphate taken
cc
I

II

average taken
20.54

£0.93

20.93

20.52

20.52

20.92

20.96

ad¬
sorbed
11.95

per gr Pe^Og
0.2390

0.7739

O
O
w

20.55

re¬
maining
50.0;
38.05

•

20.53

Adsorption Value.
Ililliequival onts

11/50 Iodic Acid
CO

50.00

38.76

11.24

0,2248

0.7292

20.52

50.OC

38.02

11.99

0.239C

0.7765

20.94

50.00

58.78

11.22

0.221-4

0.7266

ADS03PTI01T OP DICHROIUTE IOIT.
(35)
Ostwald

h^s shown that the solution of chronic

anhydride in water is not chronic acid, H^CrO^, but the
dichromic acid, H.CrrOn.
<5»
*

An approximately b/50 solution

of this acid was prepared and analysed icdonetrically,
tailing advantage of the following reaction:
‘ LCr
+ 6EI( 5)
+ 7Ho24
S04 = 4E2
4 + Cr2(204)„ + 7H20 + 3IC.
n0„
2 2
7
^S04
* * ù
u
2
3
Ceubert and liinlie
have made an extended study of the
rate of progress of the reaction in the presence of
different quantities of the reacting substances. • The
following proportions were found to be particularly
satisfactory for analytic-1 purposes: dichromate, 0.05 g;
potassium iodide, 0.5 g; sulphuric acid, 1.8 g; total
volume, 100 cc.

Under these conditions, the reaction

is complete in about six minutes.

The procedure used in

av¬
erage
0.7512

the standardination was . .s follows: 10 ec of the r.cid
were measured into a 500 cc Zrlcnmeyer flash, neutralised
with potassium hydrozide, and diluted to G5 cc.

To the

dichromato solution were added 10 cc of five percent ZI
solution and £5 cc of eight percent sulphuric <-cid solution;
after which the flash w-s stoppered
ton minutes.

nd allowed to stand

The liberated iodine was titrâtod with

standard thiosulphate solution, usine starch as indicator.
The green color of the chromic salt did not interfere
with the starch-iodide end point and excellent results were
obtained.

TA3L3 VII.
Standardization of Dichromic ^cid.
Acid Tahen
cc
10.00

Thiosulphate t-hen
0.022227 IT.
cc
26.13

Grams acid
per liter

ITormality

0.21102

0.01936

10.00

26.10

0.21081

‘0.01934

10.00

26.13

0.21102

0.01936

average

10.00

26.15

0.21124

0.01938

0 .01936

Determination of Adsorption.

The solution, after the usual

precipitation and washing, was evaporated to about 150 cc
and then transferred quantitatively to a 200 cc vclumatric
flash and diluted to the marh-

Fifty cubic centimeters were

tahen for analysis and the process carried out as above
described.

Chech determinations were made on each sample.

The results are given in Table Till.

I
T TuLC VIII.
Adsorption of Dichromate Ion.
Adsorption Value
milliequrvalents

Thiosulnhate taken
0.0££2£7 11.
CÛ
II
I
average
SÛTW 30.41 50.41

11/50 Dichromic: acid
take i naining
.5.06
50.00

sorbed
4.94

0.0930

30.58

30.58

30.58

50.00

45.31

4.69

0.0938

0.3037

50.49

30.53

30.51

50.00

45.21

4.79

0.0958

0.3132

30.56

30.59

30.57

50.00

45.54

4.66

0.0932

0.3018 0.3119

CC
ro=

per g Pep0?
0.3199

average

In order to determine whether the adsorbent was approximately
saturated v/ith dichromate icn under the con itions above de¬
scribed, the adsorption v..lue w~c redeteimined usine
dilut solution of dichromic acid,

a

more

This was possible because

of the lot; precipitation value of the acid.

The experiments

were carried out as before except that 50 cc of iJ/100 sol¬
ution w>re used to effect precipitation.

The solution aftor

the precipitation war evaporated to £00 cc and diluted
quantitatively to £50 cc, 00 cc being taken for analysis.
The results are ^-iven in Table IX.
TA3IJ IX.
Adsorption of Dichronate ion from 11/500 Solution.
Thiosulphate taken
cc
I

II

H/100 Dichromic acid
CC •

average taken

17.78

17.77

17.78

50.00

17.63

17.74

17.68

50.00

re¬
ad¬
maining sorbed
8.84
41.61
40.93

9.07

. dsorption Value
millie quivalents
per g PegOg
0.0884

0.2863

0.0907

0.2957 0.2904

Since the adsorption value obtained from the more dilute
solution is but slightly less than was found for the more
concentrated col vfcion (0.2904 as compared with 0.3119 milli-

average

equivalent anions per gram of ferric oxide) it is evident
that the adsorbent is approximately saturated under the
conditions chosen; and hence that the adsorption would be

' .

increased but slightly by increasing the concentration of
solution.
ADCOPPTIOIT

Hethod of Analysis.

or

OXALATJ IOIT.

A fiftieth normal solution of oxalic

acid was prepared by direct wéighing of the required amount
of Ilahlbaum's oxalic acid "for analysis".

This solution was

used for the standardization of a permanganate solution that
was used subsequently to analyse the solution after precip¬
itation.

-^n approsimately ïï/50 solution of potassium permanganate

was prepared and allowed to stand several days b ;fore
standardization.
was approximately

Since the volume of solution to be analyzed
350 cc.t the st ndardization of the

permanganate was made in this volume.

Before adding the

permanganate,* a definite excess of sulphuric acid was added
and the solution heated to 60 degrees.

By talcing the

necessary precautions, accurate results wore obtained, as
shown in Table X.
TABlil X.
Standardisation of
ïï/50 Oxalic acid
cc
20.50

Permanganate Solution.

Permanganate
solution
cc
25.20

normality of rermang nate
0.024826

20.03

24.95

0.024912

20.15

25.05

0.024862

20.15

25.06

0.024862

average

20.05

24.95

0.024886

0.02487

Determination of Adsorption»

The precipitation was carried

out in tho usual way and tho entire solution analyzed
directly.

The results a ’c given in Table 21.
T.13LE 21.

Adsorption of Oxalate Ion.
adsorptiion value
Permanganate if/50 Oxalic Acid
millieq
cc
CC
Luivalents
per g JE'epO*
taken re¬
ad¬
sorbed
maining
0.2800
0.9066
14.00
50.0 36.00
28.95
29.00

50.0

36.06

13.94

0.2788

0.9028

28.90

50.0

35.93

14.07

0.2814

0.9112 average

28.65

50.0

35.63

14.37

0.2874

0.0306 0.9128

ADSOBPTIOU 05* JEARTRATJfi IOH.
llethod of Analysis.

Since oxalic, tartaric and citric

acids can he very readily titrated with sodium hydroxide,
using phenolphthalein as indicator, the direct titration
of these acids would seem to he the simplest method of
analysis.

A complication arises from the fact that the

colloidal solution is slightly acid with acetic acid which
was not completely removed in the boiling process, so that
the solution after precipitation can not he analysed direct¬
ly.

It was found, however, that solutions of citric and

tartaric acid, to which has been added a little acetic
acid could he evaporated to dryness and heated in the
drying oven to 70 degrees to remove the acetic acid.
There was no loss of citric or tartaric acid in this way
as the subsequent experiments show.

As is well known, oxalic

acid can not he subjected to such treatment, as solutions

of the acid cannot "be toiled without loss.

^ fiftieth-

normal solution of tartaric acid was prepared by weighing the
calculated amount of Eahl'baun,s reagent "for analysis".
This was titrated with sodium hydroxide solution, compared
with the IT/50 oxalic and found to he IT/50 as is evident
from Table 211.

In order to show that a small amount of

acetic acid may be removed uithout the loss of tartaric
acid, 25 cc of the solution were talien, three drops of
acetic acid added, and the solution taken to drpness on a
hot plate.

It was then placed in the oven at 70 degrees

and heated from one to two hours after all the water had
*

been driven off.

The acid was then redissolved in 50 cc

of water, phenolphthalein .dded and finally titrated with
ITaOH which was 0.019304 normal.

The results of Experiments

7 and 8 as compared with 4, 5 and 6 show that the acetic acid
had been removed without the loss of tartaric acid.
TABLE 21I.
Standardization of Tartaric Acid.
ITo

Acid

Acid
cc

Base
cc

1

oxalic

25

25.90

2

oxalic

25

25.95

3

oxalic

25

25.95

4

tartaric

25

25.95

5

tartaric

25

25.95

6

tartaric

25

2G.00

7

tartaric

25

25.93

8

tartaric

25

25.96

Detemination of Adsorption»

As tlic titration of the acid

proved to be entirely satisfactory, tlio precipitation was
carried out in tlie

usual way.

The solution after the

precipitation was taken almost to dryness on a hot plate
(

and tho drying completed in the oven at 70 degrees as
previously described.

The results are given in Table Hill.
TABLE Hill.

Adsorption of Tartrate Ion.
HaOH taken
0.019304 IT
cc

11/50 tartaric acid
cc
taken remaining adsorbed

Adsorption Value
ni11iequivalents
per g Pe^Og

31.75

50.0

30.65

19.35

0.3870

1.2631

31.95

50.0

30.85

19.16

0.3832

1.2408

31.80

50.0

30.79

19.21

0.3842

1.2440 averag

32.00

50-.0

30.89

19.11

0.3822

1.2376 1.248

ADSOltPTIOlT OP CITBATE. I01T.
He tho d of Analysis.

A fiftieth-normal solution of citric

acid v/as made by direct v/eighing of the required amount of
Hahlbaum’s roagent "for analysis".

The normality v/as tested

by comparison v/ith the 11/50 oralic and found to be correct.
%

(Compare Experiment 1 with 2, 3 aiid 4, Table HIV.)

That tho

solution could be evaporated to dryness to remove acetic acid
v/as shown in tho same manner as above described.
5 and C, Table 217.)
TABLE XIV.
Standardization of Citric Acid.
Ho.

Base
cc

Acid

Acid
cc

1

oralic

25

25.93

o

citric

25

25.90

iJ

(Experiments

5

Citric

25

£5.90

4

Citric

£5

£5.90

5

Citric

25

25.86

6

Citric

25

25.89

Determination of Adsorption.

The precipitation and washing

were carried out in the usual way.

It was found, however,

that in this case the second washing could not he added to
the rest since as appreciable amount of the precipitate went
into colloidal solution.
*

The results are given in Table XV.
TABLE XV.

Adsorption of Citrate Ion.
ITaOH taken
0.019304 IT
cc
27.77

IT/50 Citric Acid
cc
taken re¬
ad¬
maining sorbed
23.20
26.80
50.0

28.00

50.0

27.02

27.45

50.0 -

26^48

Adsorption value,
milliequivalents
per g Pe202
0.4640

1.5024

22.98

0.4596

1.4882

23.52

0.4704

1.5231 1.5046

average

ADCOEPTIOIT OP SULPHATE I0ÎT.
Ilethod of Analysis.

An approximately U/50 solution of

sulphuric acid was prepared and analysed gravimetrically
by the barium sulphate method.

50 cc of the solution were

taken for analysis; diluted to'200 cc, 0.2 cc of hydrochloric
acid added, and heated to boiling.

To the boiling solution was

added from a burette a definite excess of a solution of
barium chloride, the addition being made drop by drop with
constant stirring.

This solution was then digested on the

hot plate for six hours, after which it was filtered through

a Gooch crucible and the precipitate Trashed, dried and ignited
in the usual v;ay.

See Table XVI.
TABLE XVI.

Standardization of Sulphuric Acid.
«1

—
Sulphuric acid taken
cc

—

BaSO, found
grams

normality of Acid

50.00

0.1164

0.019944

50.00

0.1166

0.019979

50.00

0.1162

0.019911

50.00

0.1162

0.019911 0.019936-

Determination of Adsorption.

average

The solution after precipitation

and washing was evaporated to 200 cc and analyzed for sulphatein exactly the same manner as above described.

The results

were entirely satisfactory as shown in Table XVII.
TABLE XVII.
Adsorption of Sulphate Ion.
r
11/50 Sulphuric acid
cc

BaSO found
grams

Adsorption value
milliequivalents
per g tfe£Os

taken remaining adsorbed
0.2384

0.7719

0.2358

0.7635

11.54

0.2308

0*7473

11.75

0.2350

0.7609 0.7609

0.0889

50.0

38.08

11.92

0.0892

50.0

38.21

11.79

0.0898

50.0

38.46

0.0893 ,

50.0

38.25

.

average

ADSQBPTI01T OF PHOSPHATE IOIT.
Ilethod of Analysis.

Analysis of the phosphoric acid solutions

were made by the volumetric method of Pemberton

( 57 )
'

which

consists in precipitating the phosphat ion as phosphomolybdate

dissolving the latter in standard alkali and titrating
back with standard nitric acid.
forty-sin moles of HOH.

One mole of requires

The precipitation was accomplished

by ammonium molybdate solution which was prepared in the
usual way and allowed to stand ten days.

The solution and

back ti.tration were accomplished with tenth normal solutions
of ITaOH and HITO^, respectively.

The procedure in detail was

as follows: 40 cc of an approximately IT/50 phohphoric acid
solution were allowed to run into a 250 cc Erlenneyer flask
supplied with a clean rubber stopper.

This solution was

heated to forty degrees in a water bath and to it were added
15 cc of ammonium nitrate solution containing. 750 grams per
liter, and 50 cc of the molybdate solution.

The flask was

set in the water bath at forty degrees for thirty minutes,
after which it was shaken vigorously for five minutes and
returned to the water b ~th for an additional thirty minutes.
It was then filtered, the precipitate washed first with two
percent nitric acid to free from ammonium molybdate ani finally
with one-tenth percent ammonium nitrate to free from nitric
acid.

Care was taken to use just as little wash water as

possible on account of the slight solubility of the precipitate.
The precipitate with the filter paper was transferred to a
beaker, dissolved in a measured excess of IT/lO ITaOH and after
adding six drops of one percent phonolpl; thaïe in the excess
alkali was titrated back as rapidly as possible with the standard
acid.

The results of the standardisation are given in

Table 271II.

TABLE XVTII
Standardization of Phosphoric Acid*
Base required to dissolve
phos^honolybdate
Difference
Base •Acid
cc
cc
cc

Acid taken
cc

normality of acid
«

40.0

74.18

11.41

62.77

0.02046

40.0

75.25

11.30

63.15

0.02058

40.0

75.25

11.20

63.29

0.02063

40.0

72.33

9.02

63.51

Ô.02060

40.0

72.47

9.44

63.03

0.02054 0.02056

Determination of Adsorption*

average

After carrying out the pre-

• cipitation and washing in the usual way, the solution was
evaporated to 50 cc, transferred to a 150 cc Erlenncyer
flash and analysed as described above*

The résulte are

given in Table 2121.
TABLE 212.
Adsorption of Phosphate Ion.
IT/50 Phosphoric acid
cc

IT/10 Alkali 1;o dissolve
phosphomolybeLate
cc
Acid Difference
Base

Taken

re¬
maining

ad¬
sorbed

Adsorption value
milliequi va 1ents
Per g Pep0r

50.00

23.34

26.66

0.5332

1.7265

51.04

14.84

36.20

50.00

23.56

26.44

0.5288

1.7123

36.19

50.00

23.60

26.40

0.5280

1.7097

37.73

50.00

23.51

26.69

0.5358

1.7284

50.00

23.66

26.34

0.5268

1.7058

50.40
50.41

14.68

50.49 , 14.E1-

36.18

i

H

35.78

•

14.90

H

50.68

Discussion

02

BZCUITS

The results of the above series of experiments are sum¬
marized in Table HZ.

In the last two columns are tabulated

the degrees of ionization and the ionization constants of the
various acids.

Since the adsorption values wore determined

from solutions that were IT/250 at the outset, the degree of
ionisation at this dilution was calculated from conductivity
data.

The numbers (l), (2) and (5) before the ionization

constants indicate that the values are for the first, second
and third steps.
TABID ZZ

milli¬
gram
anions

Ionization Ionization
Precip¬
itation
of 0.004 IT constants
Z Z 1000
solutions
value
perc ent
millinillie equivalent equivalenti
anions
per liter.

Phosphate

0.5721

1.7165

0.875

70

Citrate

0.5018

1.5018

0.500

51

Tartrate

0.6232

1.2464

0.475

53

Oxalate

0.4364

0.9128

0.525

88

Sulphate

0.3804

0.7609

0.485

95

Iodate

0.7512

0.7512

0.600

96

Dichromate

0.1559

0.3119

0.200

98

Anion

Adsorption value
por g 2?eo0,,

(1) 11.0
(2; 0.002
(3) 0.0p4
(1) 0.82
(2) 0.03
(3) 0.0007
(1) 0.97
(2) 0.06
(1)100.0
(2) 0,05
(1) 450.0
(2) 17.0
(1)190.0
(1) large
(2) large

Prom the table it will be seen that all the ions are
strongly adsorbed by hydrous ferric oxide; the amounts
varying in milliequivalents per gram from approximately

0*3 in 'Aie cc.ce of dichromute to 1.7 in tlie cc.cc of phosphate
ion.

file average adsorption value in millequiv ..lents per grsm

of arsenic trisulphide was found, by ïîhitney and Ob or and by
(30)
Freundlich
to be approximately 0.08; and the average value
(39)
per gram. of mercuric sulphide was but 0.08.
The values for
hydrous ferric oxide show clearly that the amounts of ions
carried down by a precipitated colloid are not equivalent.
As a matter of fact, the actual variation in the values is
less than noted by S’rcundlich with mercuric sulphide; but
he attributed the variation from equivalence to the analytical
difficulties connected with the determination of very
small adsorption velues.

The relatively large adsorption

values in the case of hydrous ferric oxide and the accuracy
with which they may be determined indicate conclusively
that the values are not even approximately the same,

As'before

explained, other conditions remaining the same, equivalent
amounts must bo adsorbed to neutralize the charge on the
colloidal particles; but the adsorption does not stop with
neutralisation of the charge and the amounts carried down
by the precipitate will vary with the adsorbability of the
ions.
If the ions are arranged in the order of their adsorption
values expressed in millieqaivaient anions per gram of
adsorbent, the following series is obtained:
phosphate^ citrate^ tartrate"^- oxalate^ sulphate^
iodate^ dichr.omate,
the phosphate being adsorbed the most and the diehromate the

loo-ct*

The precipitation v-lr.es expressed in milliequivnlcnts

per liter would indicate the order of adsorption to he
diehromate^> tartrate^ sulphate/* oxalate^> citrate/*
iodate^ phosphate.
It is evident that there is a tcndenc7 for ions with the
lowest precipitation values to he adsorbed the least and
vice versa, which is diametrically opposed to what one
should expect.

Since the ionisâtio'

const, nt for the

third step in the ionisation of both citric and phosphoric
acids is very small it might seem preferable to consider
then as dib.-sic acids rather than tribasic.

The only

ch «mge that this would malic in the series of ad. orption
values would be to put tartrate ion ahead of citrate and
phosphate ions, the series becoming
tartrate-^ phosphate^ citrate/’■oxalate'^ sulphate'/*
iodatc^dichr ornate.
Under these conditions the precipitation values would
indicate the order to be
dichronate^ citrate^ t .rtrate^ sulphate^ oxalate^
phoephate^iodate •
The narked difference between the order of ions as determined
by direct . nalysis and as deduced from precipitation
values indicates one of two things; either there is sone
experimental error in the procedures or the precipitation
values do not give a true measure of the or’er of adsorption.
On account of the accuracy of the analytical me'hods
employed in the deternin tion of the relatively large

adsorption values and the close aggr >enent among tlie
several deterninations for each ion, it would seen th t
the adsorption v-lues are

uite accurate*

By carrying

out the experiments in the sane way each tine there
was no difficulty in checking the precipitation values.
But as previously pointed cut, there are certain factors
other than the valence of the precipitating ion that can
not he naintained constant with a series of electrolytes
and these nay have a narked influence on the critical
coagulation concentrations.

Among these variable factors

nay he nentioned the degree of ionisation of electrolytes;
hydrolysis of certain salts; the mobility of the ions
which for certain ions decreases with the dilution on
account of increased hydration; the stabilising influence
of the ion having the sane charge as the colloid; and the
rate of coagulation.

Iloreover the method of determining

the critical coagulation concentrations nay influence the
order of precipitation values for a given colloid.

Since

these variable factors have an effect in determining the
precipitation concentration that is more or less independent
of the specific adsorption tendency, it is evident that
precipitation values in themselves nay not give a true
measure of the relative tendency of ions to be adsorbed
by a given disperse phase.

Accordingly it is not surprising

that the order of adsorption determined by direct analysis
is markedly different fron the order deduced from
precipitation data.

Ub should ordinarily expect the de-

duced order of adsorption to "be least accurate in cases
where the precipitation values are close together and
comparitively small.
At first thought it might seen preferable to
determine the adsorption values at the precipitation
concentration.

Sut as previously pointed out, in the

nature of things comparable values could not be obtained
under such conditions.

The colloid is neutralized

when equivalent amounts of various ions are adsorbed
but the particles after neutralization adsorb the
various ions in proportion to their specific adsorbability and their concentration in the solution.

Since

the precipitation concentrations vary widely, the
degree of saturation of the adsorbing medium at the
precipitation concentration will necessarily vary so '
that the results will not be comparable.

Accordingly

the adsorption values were letermined at a constant
concentration considerably above the precipitation con¬
centration.
Since the precipitating power of an electrolyte is
determined by the precipit -ting power of the active ion,
»

one might expect to find the electrolyte with the greatest
ionization constant having the greatest preci itating power.
As a matter of fact, there is app; rcntly no connection
between the two, as may be seen from the table.

The

electrolytes arranged in the order of ionization constants
beginning at the largest are

dich.ronG.te/>’ iodate^> sulphate")» oxalate)» phosphute)>
tartrate"/* citrate;
while the electrolytes in the order of precipitation
values, beginning with the snailest, are
dichronate ^sulphate ^turtrate<!^citrate ^oxalate
<^odatephosphate♦
That there is little connection between the precipitating
oiwer and the ionization constants is readily understood
when we consider that most of the electrolytes are suite
highly ionised in 0.004 normal solutions and are even more
strongly ionised at the precipitation concentrations.
Accordingly, the differences in the degree of ionization
at high, dilution nay he relatively un inport - .nt compered
to the other factors that determine the precipitation
value.

In line with this wo find tlx: t the precipit .tion

values of the relatively highly ionised potassium sALts
of the acids follow the came order .-s the acids themselves.
Cince all the acids are fairly highly ionised at the
dilution used in determining adsorption values it is
questionable whether differences in the ionisation have an
effect comparable with the differences in the specific
adsorhability of the different ions.

Thus dichromic

and sulphuric acids are practically completely ionized
and yet sulphate ion is adrorbed more than twice as strongl
as dichrom-te ion.

Furthermore, citric and tart .ric acids

have approximately the- came ionisation const1'.nts; are
ionised to approximately the sane entent; and have nearly

the sane precipit-tien values; and yet the adeorhtion values
are quite different.

Ac before mentioned, it may he that

citric and phosphoric acids she -Id he considered as
%

dibasic, hut this would not ch'-n'o the order materially.
The series of adsorption values is unfortunately
incomplete since the adsorption of hut one univalent ion
could he determined under the constant experimental con¬
ditions that must he maintained
are to he obtained.

if comparable results

However, it will he noted that the

trivalent ions have the largest adsorption v -lues and with
the exception of dichromate, the univalent iodate ion is
«
least adsorbed. This same tendency for ions of higher valence
to he adsorbed most strongly was noted in the case of pre¬
cipitated barium sulphate.

That there -re exceptions to

til is rule and that ions of the came valence are frequently
adsorbed in widely varying quantities may he expected
since adsorbability is a specific property of ions.
- SIElLIAIiY.
The results of this investig.~tion may he summarized
as follows:
(1) Cince the first step in the precipitation of a
colloid by an electrolyte is the neutralization of the
charge by the adsorption of ai ion of opposite charge, it
follows that two adsorbing media are concerned in the
erocess: thr electrically charged particles and i-.he
electrically neutral particles.

Accordingly the total

amount of a given ion carried down by a precipitated

colloid is determined by fa) the adsorption by the
electrically charged particles during the process of
neutralization and (b) the adsorption of the electrically
neutral particles during the process of agglomeration
and settling.

Failure to tahe fb) into account has led

to the erroneous conclusion that the amounts of all
precipitating ions carried down by a precipitated colloid
are equ ival ont.
(2) The adsorption of equivalent amounts of precipitating
ions will neutralize a given amount of colloid, providing
the stabilizing effect of the ion having the same charge
as the colloid is maintained constants; but the amounts
adsorbed by the neutralized particles will vary with the
nature of the adsorbing medium, the nature of the adsorbed
ion rnd the concentration of the solution.
(3) The de te imination of adsorption values at the
precipitating concentration, as a rule will not give
comparable results because of the variability of the
latter and the consequent variability in the degree of
saturation of the adsorbent by the adsorbed phase.
(4) The variation from equivalence in the adsorption
values determined by Freundlich are probably due quite
as much to the varying concentration and adsorbability
of the ions as to errors in the analytical procedures.
(5) The precipitation concentrations of a number of
acids and salts and the adsorption values of phosphate,
tartrate, iodate, sulphate, citrate, bichromate and ozalate

ions have been determined for colloidal hydrous ferric
oxide prepared by the nethod of Pean de St. Gilles.

The

relatively strong adsorption of the ahovo mentioned ions
by the hydrous oxide made possible the accurate determination
of the adsorption values.
(6) The adsorption of univalent ions by the hydrous
ferric oxide v:as so v;eah relatively that the precipitate
was readily peptized by washing, owing to removal of the
precipitating ions.
(7) The amounts of the ions adsorbed are not even
approximately equivalent.

The order of adsorption is:

phosphate^» eitrate> tartr-te^ oxalate^> sulphate^ iodat^
dichromate, the phosphate ion being . dsorbeû. the most and
dichromate the least.

The order of adsorption determined

by direct analysis is entirely different from the order
►

deduced frôm Precipitation values on the assumption that the
most strongly adsorbed ion precipitates in tho lowest
concentration.

The latter order is: dichrornate^ tartrate^

sulphate/” ci tratep> oxalate^ iodate"^ phosphate.
(8) In addition to the effect of the valence and the
adsorbability of precipitating iens, the precipitation
values -re influenced by differences in tho degree of
ionization of electrolytes; the hydrolysis of certain salts;
the stabilizing effect of the ion having the sane charge
as the cûlloid; the mobility of the ions which in certain
cases decre-ses with dilution owing to incressed hydr-tion;

the rate of coagulation; and the method of procedure in
determining critical concentrations.

Because of these

effects the order of adsorption of ions deduced from
precipitation values arc not trustworthy, particularly
in case the ions compared all precipitate in very lev:
concentrations.
(9) The order of precipitation values is the same
for the acids as for their potassium salts except that
the former precipitate in somewhat higher concentration than
the latter owing to the stabilizing effect of the strongly
adsorbed hydrogen ion.

There is apparently no connection

between the precipitation values and the ionisation constants
of the acids investigated, probably because precipitation
takes place at such high dilution, 0.0002 to 0.0003 normal.
(10) The order of precipitation values of the potassium
salts beginning with the smallest is ferrocyanide
cyanide
iodate
bromide

dichromate
bromate
iodide

tartrate

thiocyanate
formate.

sulphate
chloride

oxalate
chlorate

ferrichro late
nitrate

The order is practically the

same as Freundlich found for the Graham colloid.

This would

follow if the only difference between the two colloids is
in the size and degree of hydration of the particles.
(11) The prreipitation values of salts of polybasic
acids are not so close together as Duclaux found for the
Graham colloid.

This is partly due to differences in the

method in determining the critical concentration.

The

precipitation values are not the same and equivalent to the

chloride content as Duclaux supposed.

The chloride eontont

of the Graham colloid is a measure of the hdcorbed ferric
and hydrogen ions hy which the colloid is stabilized.
conditions being the

Other

same, tho precipitating values of

anions will approach equivalence' to the chloride ion
concentration in so far as their adcorbability approaches
that of the stabilising cations.
(l£)

There is a tendency for ions of the highest

valency to be most strongly * dsorb.--d.

That there exceptions

ê

to this rule and that ions of the same valence are frequent¬
ly adsorbed in widely varying amounts may be expected since
adsorbability is a specific property of the ions.
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