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TrowriuM phosphate gels were first prepared by Satya Prakash! by directly
mixing solutions of thorium nitrate and potassium phosphate. A precipitate
which is first obtained disappears on shaking and gives rise to a more or less
opaque solution. This when kept for some time becomes clear and sets to
a firm ‘transparent gel. According to him the precipitated thorium phos-
phate is peptised by the hydrogen and thorium ions present in the gel-forming
mixtures and this process is greatly accelerated by shaking. Later on, the
colloidal solution of thorium phosphate coagulates and the particles get
hydrated and in course of time the whole mixture sets to a solid looking
mass imbibing within itself all the liquid present in the mixture, provided
suitable concentrations of solutions of thorium nitrate and potassium
phosphate are employed.

It has been found by the authors that thorium phosphate gels can be
easily prepared if a solution of phosphoric acid instead of that of potassitum
phosphate is used. Only a slight precipitate is obtained when solutions of
thorium nitrate and phosphoric acid are mixed and it quickly disappears on
shaking. The resulting solution is quite transparent and sets to a firm
transparent gel. '

In the following an attempt has been made to investigate systematically
the factors that affect the time of setting of these gels. Consequently the
behaviour of thorium and hydrogen ions and the effect of temperature and
of the addition of extra amounts of electrolytes and non-electrolytes to the
gel-forming mixtures has been investigated. ‘

Experimental

Kahlbaum’s purest thorium nitrate and phosphoric acid whose purity
was tested, were used. A number of trials indicated that 6 per cent. solu-
tion of thorium nitrate and 2N solution of phosphoric acid gave very good
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gels when different volumes of these solutions were mixed. Hence these
solutions were used throughout the investigation.

A known amount of thorium nitrate solution was taken in one test tube
and in another a known amount of the solution of phosphoric acid together
with some distilled water so that when the two solutions were mixed the
total volume of the mixture was 10c.c. The mixture was then slightly
shaken for about 15 seconds and was then poured into a tube which was
gently inverted twice and set aside. This method of mixing was followed
throughout the investigation.

The time required by the gel-forming mixture to reach a state when it
did not flow out of the tube and showed a firm meniscus on inverting it was
taken to be the time of setting of the gel. The accuracy of these measure-
ments was increased by repeating the observations several times and each
time disturbing the mixture as few times as possible during setting. This
enabled the determination of the time of setting fairly accurately. The
results obtained are given in Tables I and II in which

Q = grams of thorium nitrate in 10 c.c. of mixture ;

;g = equivalent of phosphoric acid in the mixture ; and
T = time of setting in minutes.
TaBLE 1.

Q 0-48 0-42 0-36 0-39
X T T T T
0-24 N 8 ppt. settles ppt. ppt.
down ; no gel.
022N 15 7.5 ppt. ppt.
0-20 N 32 20 6 ppt.
0-18N 105 49 23 : 2
0-16 N | 233 162 88 : 18
0-14 N about 24 hrs. | about 12 hrs. 185 42-5
012N does not set : | a clear viscous | about 14 hrs. 91

a clear sol. 2211;_: does not
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TABLE II.

X 0-18 0-16 0-14 0-12

Q T T T T
0-48 105 233 about 24 hrs. | Clear viscous

sol: no gel.

0-42 49 162 about 12 hrs. '
0-36 23 88 185 about 14 hrs.
0-30 2 18 425 91
0-24 no gel: ppt. | no gel: ppt. 6-5 22-5
0-18 ) ” ppt. 2
0-12 2 ‘ LR bR ppt-
0:06 ] 19 7 tE]

All the gels mentioned in the tables were absolutely transparent through-
out the entire process of gelation and the gel-forming mixtures were acidic.

It will be seen that for the same thorium nitrate content of the mixture
the time of setting decreases as the concentration of phosphoric acid in the
mixture is increased while for the same concentrations of phosphoric acid it
increases with an increase in the amount of thorium nitrate in the mixture,

It may be pointed out that gels can be obtained only within the range
of concentrations of thorium nitrate and phosphoric acid given in the above
tables. If the amount of phosphoric acid in the mixture is increased or
decreased beyond these limits a curd (or a gelatinous precipitate) or a per-
fectly transparent solution which never sets to a stiff gel, is obtained. The
reverse happens in the case of thorium nitrate. A more or less viscous and
transparent loose mass is obtained when the amount of thorium nitrate in
the mixture is more and a curd when it is less than the amounts given in the
above tables. :

Effect of Temperature
Prakash? has found that the time of setting of thorium phosphate gels
decreases as the setting takes place at a higher temperature. Table ITT gives

2 J. Indian Chem. Soc., 1932, 9, 192.
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the results obtained with gels prepared in the manner mentioned above.
These results are in agreement with the conclusions of Prakash.

Tasre III
X =016 N

Temp. | Q 0-30 0-36 042 0-48

50°C. | T 6 17 61 170
40°C. T 10 38 130 192
28°C. T 18 88 182 233

It was noticed that gels prepared at higher temperatures were cloudy
and the cloudiness disappeared gradually after some time. They were also
stiffer than those prepared at lower temperatures. ‘These observations
indicate that the gels prepared at higher temperature consist of bigger aggre-
gates which are not highly hydrated.

Effect of Electrolyles

Electrolytes are known to cause the coagulation of a sol. In a gel-
forming mixture this is brought about by the electrolytes formed due to the
metathetical reaction. If extra amounts of electrolytes are added to this
mixture, the coagulation process may be hastened. Thus Prasad and
Hattiangadi® found that the time of setting of the silicic acid gel-forming
mixtures is decreased as a larger quantity of electrolytes is added to them.
In the following the effect of the addition of some salts, acids and sodium
hydroxide on the setting of thorium phosphate gels has been described. For
this purpose different quantities of the solutions of the electrolytes were
added to fixed amounts of phosphoric acid solutions and the requisite
amount of distilled water was added o make up the total volume of the gel-
forming mixture to 10 c.c. In the following tables A represents the nor-
mality of the electrolytes in the gel-forming mixtures.

(a) Effect of salts—The salts used were chlorides of sodium and
barium and sodium sulphate.

8 7. Indian Chem. Soc., 1930, 7, 341.
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TABLE IV,
Na(l
Q = 0-36
X A 0 0-2 N 0-4 N 0-6 N 0-8N 1-0N
0-12N | T (hrs.) 14 10 6-5 5 3-5 1.5
0:14N | T (min.) 200 155 117 84 58 36
0-16 N | T (min.) 88 57 37 32 28 17
TABLE V.
Q=036 X =0-16N
Ba(l, ) Na,S0,
A T Remarks ! A T Remarks
0 88 | transparent gel 0 88 | transparent gel
‘005 N 63 | translucent gel 0-02N 60 ’
010 N 56 . ’ 0-04 N 16 | translucent gel
-015 N 50 vy 0-06 N 4 | opaque
020 N 41 | completely opaque| 0-08 N — | disjointed
gel hydrates

It is clear that the time of set decreases as the amount of salts in the
forming mixtures is increased.

The gels obtained in the presence of sodium chloride were quite trans-
:nt from the beginning of gelation till they set, but slight turbidity de-
ped when the amount of sodium chloride was fairly large. No trans-
:nt gels were obtained in the presence of BaCl, and Na,SO, when con-
rations equivalent to NaCl were used but -only a gelatinous precipitate
wrated out. However, with very small amounts of these electrolytes
slucent and opaque gels were obtained.

(0) Effect of sodium hydroxide.—1 N sodium hydroxide solution was

1.
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TasLe VL
Q =0-36
X 0-16 N 0-18 N 0-20 N
A T Remarks T Remarks T Remarks
0 88 transparent gel 20 transparent gel 6 transparent gel
0-02 N 102 " 26 turbid mixture 7 turbid mixture
0-05 N 108 gel-forming mixture 35 " — —
turbid :
0-10 N 360 105 " 14 translucent gel ;
ppt. separates and
settles down
0:20 N — no gel; ppt. slowly — | no gel; ppt. sepa- — —_
settles down rates and settles
down
TasLE VII.
X =0-18 N
Q 0-30 0-36 0-42
A T Remarks T Remarks T Remarks
0 1 transparent gel 20 transparent gel 72 transparent gel.
0-02 N 3 gel-forming mix- 26 turbid mixture 90
ture turbid
0'05 N 5 " 35 » 120 29
0-10N 7 . 105 ’ - about v
6 hrs.
0-15 N 15 translucent gel 140 ” — —_—
0-20 N — ppt. separates and — No gel; ppt. sepa- —_ transparent viscous

settles down

rates and settles
down

l

mass ; ppt.separat-
es and settles down

While preparing the gels it was noticed that they were turbid and the
turbidity persisted in some gels till the setting point and disappeared in
Also the opacity of these mixtures
increased with an increase in the concentration of NaOH. Thus in the
presence of limited amounts of NaOH both transparent and opaque gels
were obtained. Some of the set opaque gels hecame clear on keeping for
some time while others did not undergo any change in their opacity. The

others just when they were about to set.
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gels obtained by Satya Prakash* by using potassium phosphate were
similar to those obtained by us in the presence of NaOH. These gels, how-
ever, do not look quite homogeneous.

It will be seen that the time of set increases as the amount of NaQH

in the gel is increased. On testing the various gel-forming mixtures by
various indicators it was found that they were fairly acidic. The pH of
the mixture with no amount of NaOH was nearly 1-2 and this increased to
nearly 2-5 as different amounts of NaOH were added to them. If larger
amounts of NaOH were added, no gel but an amorphous precipitate was
formed. ,
(¢) Effect of acids—4 N nitric and hydrochloric acids and 0.5 N
sulphuric acid were used for the purpose. As the hehaviour of nitric
acid was found to be similar to that of hydrochloric acid, only the results
with the latter acids are given.

TaBrLg VIII.
Effect of Hydrochloric Acid
X =0-14 N
Q = 0-30 Q = 0:36
A A
T Remarks T Remarks
0 - 42.5 transparent gel 0 185 transparent gel
0-2 N 29 ” 0-08N 7 "
0-4 N 40 » | 0-20N 30 .
0-6 N about ” 040N 22 . ”
12 hrs.
08N 20 opaque 0:-60 N 50 "
1-0N 17 ” S 0-72N 21 slightly opalescent
1.2N 12 trahsparent 1.0 N 7 opaque gel
1.2 N — hydrated flakes

It is clear that with increasing amounts of hydrochloric acid the time
of setting at first diminishes, reaches a minimum, then suddenly increases
and again diminishes till a second minimum is reached. With the addition
of sulphuric acid, however, the time of setting at first increases and then
begins to decrease and the first minimum found with hydrochloric acid is

4 Ioc. cit.
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Tasre IX.
Effect of Sulphuric Acid.
Q =0-36
X =1014N X =016 N
A
T Remarks T Remarks
0 185 transparent gel 88 transparent gel
0-01 N 255 loose and translucent| 110 | loose and translucent
gel : gel :

0-02 N 310 ’s 90 N '

0-03 N 220 ’ 58 ’s

0:04 N 71 " 18 - "

| 0-05 N 35 3 8 .,

0.06 N 14 v 4 ’

0-07T N 6 . 1-5 ',,

0-08N | 3 y <1 | ’

0:09 N 1 ’e —_ no gel; the ppt. sepa-

: rates and settles
down slowly
0-10 N <i ’s _ _

not observed. It may correspond to some concentmtmn of the acid lower
than 0-01 N which has not been used in the investigation. With further
increase in the amount of the acid, i.e., more than that corresponding te the
minimum, at first hydrated flakes are formed and then a clear solution is
obtamed which shows no turbidity nor any increase in visc 0511:3 on keepmg

Eﬁ‘ect of Non- electrolyteq

The role of non-electrolytes in their action towards.colloidal solutions
HE is not yet clearly understood. Several examples ate known in which they
act either as coagulating or inhibiting agents. Billitzer? found that a

5 Zeit. Phys. Chem., 1903, 45, 312.
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negatively charged platinum scl could be sensitized, discharged or even
changed into a positive sol by the addition of suitable amounts of alcolol.
Prasad and Hattiangadi® found that the addition of alcohols decreases the
time of setting of the alkaline silicic acid gels and increases that of the acidic
ones. In the following the effect of the addition of methyl, ethyl and propyl
alcohols and glycerine on the time of setting of thorium phosphate gels has
been described. The addition of the non-electrolytes was done in the same
manner as that of electrolytes.

TABLE X.
Q=0-36. X =0-16N

Methyl alcohol Ethyl alcohol Propyl alcohol Glycerine
Amountofmon- | | " N
electrolyte. ) R
T T T T

0 88 88 88 88
1:0 c.c. 104 115 97 4+5 hirs.
2.0 e.c. 125 175 178 7 »s
3:0 c.c. 230 213 about 5 hrs. | about 24 hrs.

It will be seen that the setting of gels is retarded by the presence of the
non-electrolytes and this effect is enhanced as the amount of the non-electro-
Iytes is increased.

Gels prepared with larger amounts of alcohols were turbid in the begin-
ning, but after some time the turbidity slowly disappeared and transpaﬁ:nt
gels were obtained. Glycerine seems to have g considerable retarding
influence, All gels obtained in the presence of glycerine were perft:c’r;l3;'r
transparent {rom the beginning to the end of gelation but the structure of
these gels was extremely loose.

Discussion of Results

The observations described above can be used to define the conditions
which govern the formation of thorium phosphate gels. When solutions of
thorium nitrate and phosphoric acid are mixed, they react and thorium
phosphate and nitric acid are formed ; all the gel-forming mixtures, there-
fore, show an acid reaction. A slight precipitate is obtained because thorium
phosphate dissolves only in concentrated solution of acids and is insoluble

87. Indian Chem. Soc., 1929, 6, 991.
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in dilute ones. The insolubility and the appearance of the precipitate are
necessary, for when this precipitate goes over to the colloidal state on shaking,
it supersaturates the solution with the gelling substance and in accordance
with the views of von Weimarn creates circumstances favourable for the
formation of a gel. The gel formation is, of course, determined by the
hydration tendency of thorium phosphate and the agglomeration tendency
of the micelles.

Aq increase in temperature (i) decreases the hydration tendency and
increases the agglomeration tendency of the micelles and (ii) may also decrease
the peptising capacity of the peptising ions. Both these effects cause the
gel to set early with larger aggregates at a higher temperature. If the tem-
perature is, however, further increased, no gel but only a precipitate should
be obtained. This is probable as it was observed that in mixture, contain-
ing 0-30 g. of thorium nitrate and 0-18 N phosphoric acid, the precipitate
obtained remained suspended for a long time before a homogeneous mass
was formed.

The addition of extra amounts of salts also increases the agglomeration
tendency of the gelling substance and decreases the hydration tendency
since such an addition hastens the coagulation of the micelles more so if ions
of higher valency are employed. Thus the gels set early and are turbid.

H--ions seem to be very effective in peptising thorium phosphate. The
first decrease in the time of setting observed in Table VIII is an evidence of
this effect since with an increase in the H--ion concentration in the mixture
the rate of peptisation of the precipitate is also increased. Reverse happens
when the H-ion concentration is decreased by the addition of sodium
hydroxide (cf. Tables VI and VII). 'This effect of the H--ions is supported
by the observation that the precipitate in mixtures containing the amount
of the acid corresponding to the first minimum gets peptised without shaking.

With an increase in the concentration of the acid bevond that corres-
ponding to the first minimum the increased peptising action of the H'-ions
increases the degree of dispersity of the micelles and delays the setting.
After a certain concentration of the acid which imparts the maximum charge
4o the micelles any further addition increases the concentration of the coagu-
lating ion and decreases the time of set; at somec concentration the coagula-
tion becomes very rapid and a precipitate is formed. The gels correspond-
ing to the range between the maximum and the second minimum are opales-
cent and this supports the view that further addition of acids increases the
agglomeration tendency. The coagulating effect of the anions is also appa-
rent from the fact that gels of greater opalescence are ohtained as the con-
centration of sulphuric acid beyond that corresponding to the maximum is
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increased. Further, due to the increased coagulating eflect of the divalent
sulphate ion the concentrations of sulphuric acid employed are ten times
smaller than those of hydrochloric acid.
~ Prasad and Hattiangadi’ have also observed that with concen-
trated acids a second minimum time of set is obtained in the gelation of
silicic acid. Holmes® has also made a similar observation in the gelation
of silicic acid by sulphuric and hydrochloric acids. He has pointed out
that the second minimum is caused by the dehydrating influence of the
concentrated acids, but Prasad and Hattiangadi have shown that it is the
coagulating effect of the anion which comes more into play after the density
of charge on the colloidal particles of the gelling substance has attained its
maximum value. ‘ _
Thorium phosphate is peptised to a fairly large extent by thorium ions
as well. This is seen from the fact that all mixtures in Tables I and IT con-
tain thorium nitrate in excess of that required for the complete precipita-
tion of thorium phosphate. Consequently if the amount of thorium nitrate
in mixtures containing the same concentration of phosphoric acid is increased,
the degree of dispersity of the colloidal particles increases and they take
longer time to form bigger aggregates in order to set to a stiff gel.  If the
amount of thorium nitrate in the mixtures is increased or decreased beyond
the limits indicated in the tables, the amount of the peptising ion in the
mixture is either too great or too small and hence, as ohserved, either a viscous
mass or a curd, respectively, is obtained.

If the concentration of phosphoric acid is increased heyond the limit
given in the tables, the amount of thorium phosphate formed is increased
and the concentration of thorium ions falls. “Thus the gelling substance
does not reach a sufficiently high degree of dispersity and supersaturation
and a curd are obtained. If the concentration of phosphoric acid is lower
than that indicated in the tables no gel but a viscous mass is f ormed for
(i) the dispersity of the precipitate is very high as there are a large number of
thorium ions to peptise a small amount of the precipitate and (ii) the amount
of the precipitate (number of micelles) is insufficient to enmesh the whole
of the liquid.

These observations, therefore, support the suggestion of Tfernau and
Pauli® that for the formation of a gel it is necessary that the concentration
of the micelles must be high. Their second suggestion that the micelles

7 Loc. cit.
8 J. Phys. Chem., 1918, 22, 510.

¥ Biochem. Zeit., 1915, 70, 426 ; Kolloid Zeit.,, 1917, 20, 20,
A3 ‘ :
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should be hydrophillic in nature and should remain so upon coagulation is
satisfied by the chemical nature of thorium phosphate which has a great
tendency for hydration.

The action of alcohols and glycerine is similar to that observed by
Prasad and Hattiangadi'® for the acidic silicic acid gel-forming mixtures
as these gels also take a longer time to set in the presence of alcohols. These
authors concluded from their observation that alcohols exert a protective
influence on the positively charged sols by causing an increase in the density
of charge on the particles. In the present case an increase in the density
of charge and thereby in the degree of dispersity of thorium phosphate is
caused by alcohols probably by effecting an increase in the adsorption of
H--ions by the micelles. The first appearance of the turbidity in the presence
of alcohols caused Ly the insolubility of thorium phosphate in alcohol-water
mixtures and its disappearance after a certain time leads one to believe that
the above assumption is justifiable. In the presence of glycerine thorium
phosphate gets dispersed to such a high degree that aggregates big encugh
to give a rigid structure are not formed.

s

W foc. cit.




