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: PART I.

INTRODUCTION.

i T e o e o o 2 e = ———

This paper is chiefly concerned with the volu-
metric determination of free acid and basic alumina in
aluminium sulphates and I shall first of all give an
account of my experiments and describe the method
arrived at therefrom in connection with aluminium
sulphates.,

The above method, however, is applicable to
other soluble salts of alumina as for example the
chloride and the acetate and I therefore propose to
refer to these other salts in a subsequent part of
this paper.

I propose also to touch upon the question of the
volumetric determination of the "neutralisable" acid
in aluminium sulphates and later of the same determin;
ation in other soluble salts of alumina, as, by a comj
bination of the two analyses viz.- (1) the free acid
or basic alumina .and (2) the total Pneutralisable"
acid" one may arrive at the total amount of alumina
present, due reckoning of course being made of other
bases when such are present.

The method I hereinafter describe for determin-
ation of free acid or basic alumina in aluminium sul-
phates is applicable for dsestermining the free acid or
excess of base in a considerable numbser of salts of
other bases such as ferric or ferrous oxides, chromic
oxide, manganese oxide, zinc oxide etc., and I intend
afterwards to go into the method as applied to other
bases than alumina.




HISTORICAL.

The following methods have been proposed for
the detection and determination of free acid and (in
two cases) of basic AlgOsz in aluminium sulphates.

Erlenmeyer & Levinstein (1), treated with ammon-
ium magnesium phosphate and titrated the free acid
in the filtrate.

W.Stein (2) used ultramarine papers for the de-
tection of free acid in sulphate of alumina.

C.Giseke (3) suggested two methods [1] the free
acid 1s extracted with alcohol and titrated with
normal soda and litmus, [2] is based on the behaviour
of alums and free acid in presence of logwood,neutral
salts give a characteristic deep violst color which
changes to brown when free acid is present. The
free acid is determined by comparison with solutions
containing known amounts of alum and free acid.

G.Merz (4) glso used logwood and very weak soda
to determine free acid in alums.

O.Miller (5) recommended that the alcoholic
extract of aluminium sulphates should be evaporated
before titrating with &lkali and methyl orange.

B.S.Proctor (8) studied the behaviour of free
acid, in presence of various salts, towards methyloran
and stated that after adding alkalli and then acid to
alum solution, the red color produced by the acid
disappears in a short time through a part of the
alumina precipitate dissolving and a permanent color
is only obtained when all the Alz05 is in solution.

H.Hagar(7) detected free acid in aluminium sul-
phates by adding about .25 gram of the finely powdereq
salt to a previously warmed mixture of 2 drops of
gur jun balsalm and 3 cc of acetic acid: on warming,
a bright blue with traces of acid or a dark blue
coloration in case of larger quantities, results.

E.Egger (8) applied Pettenkofer?s reaction for
bile to the detection of free acid in aluminium
sulphate, alum etc,

1) J.B.1860,638. J.f.Prak.Chem.LXXXI,254,DPJ.158,126
2) Zeit.Anal .Chem,1866,V,35

3) Dingl.Poly.Jour.183,43

4) Dingl .Poly.Jour.220,229, J.B.1876,997.

§) Zeit.Anal.Chem (1884) XXIV,258.

8) New Remedies XI,338,Zeit.Anal.Chem(1885)XXIV,237.
7; Pham.C.H.1886 XXViL 440, J.S5.C.1.1886,617.

8) Zeit.Anal.Chem,XXVII,725,J.5.C.1.1889,479.
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R.Williams (1) stated that the substance should
be digested at least 12 hours with alcohol, filtered
and washed with the same agent and titrated at once
with 7o alkali and phenolphthalein, Evaporation of
the alcohol is to be avoided as it causes loss of
HpS04.

In Sutton’s "Volumetric Analysis" 7th Edition
1896,p.50 is given a method for determining free acids
and bases 1in earthy and metallic selutions by means of
normal ammonio=~cupric solution prepared by dissolving
cupric sulphate or nitrate in warm water and adding
ammonia to the clear solution until the bluishegresn
precipitate which first appears is nearly dissolved.
The solution is then filtered and titrated by running
it from a burette into normal acid. When the acid
is in excess the blue~green precipitate which occurs
when the drop falls into the acid solution disappears,

but as soon as the exact pelnt of saturation 1is reached

the previously clear solution becomes turbid. The

process 1is useful for determining free acid in zinc,
copper, and magnesia salts and also in protoxides of
iron, cobalt and nickel.

>

F.Beilstein & T.Grosset (2)gave a review of var-
ious methods of determining free acid in presence af
neutral or acid salts. Erlenmeyer & Levinstein?s msthqg
(see p.2) is only accurate when the double phosphate
is freshly prepared, B & G. consider that the methods
depending on the insolubility of the sulphates in
alcohol, and on the direct titration with alkalil
employing one of the tropeolin colors as indicator
are inaccurate. They give the following as the most
reliabls they know.-

Dissolve 1«28 grams of the substance, according to its
richness in free S0z, in Scc Hg0 and add S5cc of a

cold saturated neutral solution of sulphate of ammonisa,
allow to stand for quarter of an hour with repeated
shaking and precipitate with 50cc of 95% alcohol.
Filter wash with 50cc of 95% alcohol, evaporate

the filtrate on the waterbath,dissolvle the residue

in water and titrate with decinormal KOH using litmus
as indicator. The mean error-of 6 tests was ,15%.

The samples varied in free acid from 1.27 to 5.89%

of S0q. ; 2

H.de Keler & G.Lunge (3) Momit.Scient.1896,40
declare that the method for determination of free acid
in aluminium sulphates consisting in the direct titratd
ion of the substance with tropeolin B.D.methyl orange
&c. 1is 1inaccurate.-

(1) Chem.News, 1889,LVI,194.
(2) Zeit'.Anal,Chem.XXIX,73.J.5.C,1.1890,416.
(3) H.de Keler & G.Lunge Monit.Scient. 1896,40.
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L.Geschwind (1) states that free acid can be
detected in aluminium sulphate by campeachy wood
extract (1 part wood,3 parts water, 1 part alcohol)
the violet tinge of which becomes brown if free acid
is present. :

C.R.Gysander (2) suggested the following method
for the determination of free acid in aluminium sul-
phates. It is based on the behaviour of sulphate of
alumina to ultramarine. & grams of the sulphate in
question are dissolved in 20 cc of distilled water
and ultramarine is added. Then by comparing the time

required for decolourisation after gently warming with

the time required for standard tests, one is able to
arrive at the free acid. To determine basic AlgQg,

.5 gram is taken, methyl orange and phenol phthaline
are added then a measured amount of standard acid is
run in and standard alkali is added until the color

changes from pink to orange (not yellow). The diff-
erence between the acid and alkall used corresponds

to the basic AlgOg4.

S.E.Moody (3) determined the free acid and basic
AlgOz 1n aluminium salts by treating them with KIOg
& KI solution and kXkrmkirg distilling and absorbing f%
liberated iodine in KI solution and titrating it with
thiosulphate. Alg(SO4)s # 5K1 + K10g + -3HgO = 2 Al (OH
+ BKgS04 + 61. The individual bases (if others are
preaent’ are determined separately and the S04 for
each is calculated. The S04 found by the titration
of the liberated Iodine is distributed among the
bases according to their requirements and any left ove
is reckoned as free acid. Any less than that required
to combine with all the bases is calculated to basic -
alumina.

A method which has been in use for some time
among chemists who examine aluminium compounds is to
use congo red as an indicator. It gives a blue color
with acids and a red with bases., With a neutral sul-
phate of alumina it gives an intermediate color which
however, the same person may at one time reckon as one
tint and at another a different degree of color and
for separate individuals to regularly hit off the
exact time of neutrality is practically impossible.
So many circumstancesysuch as the light, the presence
of ferric sulphate, the amount used to spot with, and
the small change of color for a relatively large
addition of standard acid or alkali, interfere with
the test and make it unreliable as an accurate method
It is however decidedly useful for technical

purposes as one can easily distinguish with it between

acid and basic sulphate of alumina and can to a certal

(1)"The Manufacture of Alum" 1901, 367.
(2) Chem.News (1901) LXXXIV, 298.
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(3) Amer.J.Sci. 1906 [4] XXII, 483,



extent ascertain what the degree of acidity or basicif
is.

Up to the present date no really satisfactory
simple and rapid method of determining the free acid
or basic alumina in aluminium sulphates appears to
have been published. Aluminium sulphates of various
kinds are now made and used to a very large extent.
These sulphates are either basic, neutral,or acld,and
vary in quality according to the amounts of AlgOg4,
FegOs or Fe0O, free S0Og &c. which they may contain.
Rapid, accurate and easy methods for determining the
free S04, AlgOa, combined SOz and the basic alumina
'in commercial aluminium sulphates are greatly to be
desired, and would prove decidedly useful both to the

manufacturer and the consumer. Moreover a really good

method for determining the free S0g in aluminium sul-
phates, rapidly and accurately on volumetric lines
could be employed by both seller and buyer as a stand-
ard method and would save disputing and much laborious
gravimetric analysis.

For years 1 have been on the lookout for such a
method and recently it occurred to me that if the
aluminium sulphate could be .pemoved from the sphere
of action or rendered inactive by a neutral reagent.
which would not combine with the free acid, the deter-+
mination of the latter by simple titration with stand+
ard alkali and a suitable indicator might easily be

accomplished. Having commenced investigations on
the lines hereinafter described I meanwhile studied
the already published literature on the subject and
found that BAYD (Ann.Chim.Phya.[8]1,1904,60§ states
that aluminium fluoride (AlFls) in water solution
reacts acid towards litmus and neutral to helianthin
and therefore by means of the latter indicator any
free hydrofluoric acid may be determined in presence
of aluminium fluoride (AlFg).

So far,however, as 1 can ascertain no one appears
to have published the fact that double fluoride of
aluminium and potassium is neutral to phenolphthalein
and no one hitherto appears to have based a veclumetrig
process for determining free acid or basic alumins,as
the case may be,in aluminium sulphates, on this prop-
erty of aluminium potassium fluoride.

The method hereinafter described for the determim-

ation of free acid in sulphates of alumina and also

of basic alumind in the same, is based upon the remark+
able fact that precipitated double fluoride of alumins

ium and potassium in presence of a moderate excess of
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potassium fluoride is not attacked by dilute acid or
dilute caustic alkali(even at the boil). When there-
fore aluminium sulphate (or other soluble salt of
aluminium) is treated with potassium fluoride in
excess (twice the theoretical amount ig ample) all
the alumina is carried out of solution as a double
aluminium potassium fluoride according to the follow-
ing equation.- Alg(SO4)s + 18 KF = B(AlFg 3KF) + 3KgSOa4.
The precipitate of insoluble AlFz3KF is colourless and
transparent and does not interfere with the subsequent
titration. '

- Berzeluis (Lehrbuch 3 Aufl.4,324. Pogg 1.43) in
1882 noted that a solution of alum gives a precipitats
with potassium fluoride only when an excess of the
latter is used. This fact I am able to confirm as if
one takes a solution of alum or sulphate of alumina
and adds to it gradually a solution of potasslum fluorn-
ide, a precipitate is at first locally formed and
dissolves in the solution. Later a slight permanent
precipitate forms and this increases with further
addition of potassium fluoride and finally all the
alumina is precipitated., If a little phenolphthalein
be added to some of the pure precipitated aluminium
potassium fluoride suspended in cold distilled water
and dilute alksli added, I find that one drop of

alkalil instantly produces a strong permanent red
color, thus showing that the above double fluoride 1s
neutral to phenolphthalein. It is of course well
known that aluminium sulphate reacts acid towards
phenolphthalein. This fact has been noted by Thompon
(C.N.XLVII,135) and has been utilized by Bayer (Zeit.
Anal .Chem.XXV,180) E.B.(Zeit.Anal .Chem.XXV,183) Lunge
(Zeit.Angew.Chem 1890 293) and Gysander (CN.LXXXIV 296)
to form the basis of a volumetric method for determin<
ing the total"neutralisable" acid in soluble aluminium
salts by titrating them with standard alkali.

I have also carefully and exhaustively studied
this method and I shall hereinafter describe my
experimental investigations thereupon-and explain in
detail what I find to be the most accurate and reliable
menner of carrying out this volumetric determination
of the "neutralisable" acid. '

By finding the total "neutralisable" acid in a
sulphate of alumina and then the free acid or basic
alumina (according to which is present) one is able
to arrive at the total alumina in the material in
question. It is understood of course that if any
other base is present combined with "neutralisable"
acid it must be separately determined and allowed for
as regards its equivalent of SOg.




Exactly neufral sulphates of alumina are except-
ional. The manufactured articles found in commence
are as a rule either more or less acid or else some-
what basic and therefore the method of determining
the Alz04 in them by titration with standard alkalil
and phenolphthalein is of l1ittle service without a
relisble method of also determining the free acid or
basic alumina as the case may be, and also of proving
that the salt is neutral when it is neither acid nor
basic.

Other bases combined with "neutralisable" acid
which are often present in appreciable amount in the
sulphates of alumina of commerce are FegOs,Fe0,TiOg,
and (in American products) sometimes ZnO through
metallic zinc having been used to reduce the FegOs to
Fe0O in order to improve the colour of the manufactured
article. I therefore deemed it necessary to study
the behaviour of salts of these bases when they are
treated in the same way as aluminium sulphate is treat-
ed for the determination of the neutralisable acid,
and also for the determination of free acid or excess
of base, and I shall deal with these other bases in
due course after I have first described the investigaf-
ions carried out in regard to pure sulphate of aluming.

Experimental investigations on the
determination of free acid and basic
alumina in sulphates of alumina.

On pages 5 and 6 I have already described the

principles on which this new method is based. I may
here however briefly repeat that it depends on the
aluminium sulphate (and other such like salts when
they are present, e.g. sulphates of FegOg,Fe0,Zn0)
being decomposed by the addition of a sufficient excesgs
of pure neutral potassium fluoride, according to this
equation,-
Alo(S04)g + 12 KF = 2(A1Fs 3KF) + BKgSOg4.

In sulphates containing free acid the latter
remains in solution and is determined by means of
standard alkall and phenolphthalein., When a neutral
sulphate of alumina is treated in the same way, a sol-
ution results which is instantly turned a permanent
red by one drop of %galkali. When on the other hand




a soluble basic Sulphate of alumina is treated with
excess of pure neutral potassium fluoride, caustic
alkali is liberated equivalent to the basic AlgO4
which is present sHgO

Alp,0(S04)g + 12 KF = 2{A1F4B3KF) + 2 KgSO4 + 2 KOH.

The caustic alkall thus generated 1s easily
determined by titrating with standard acid and phenol-
phthalein as indicator. The standard acid and
alkali should contain no alumina or other substance
acting similarly towards potassium fluoride. Acid
and alkall which have been standardised using phenol-
phthalein as indicator in the cold can be made to
agree with esach other whether alumina is present or
not, but if the standard acid or alkali contain aluminga
then, when they are tested against one another in
presence of pure neutral KF they will be found to
differ in proportion to the AlgOs present. Thus when
aluminium sulphate is in the acid the KF carries
down the AlgOs and neutralises its equivalent of SOg.
AlgOgs 3 SO + 12 KF = 2(AlFg 3 KF) + 3 KgSOg.

In the second place when the alkali contains
aluminate the potassium fluoride generates caustic
potash equivalent to the alumina.-

Alg0s 3 Kg0 + 12 KF + 6 Hg0 = 8(AlF; 3KF) + 12 KOH.

Potassium Fluoride.

The purest obtalnable salt should be used. The“

potassium fluoride employed in my experiments was a "chem-

ically pure" quality obtained from de Ha8n, Seelze, near
Hanover, at 134 per 1lb. Its solution was prepared
by dissolving 1000 grams in distilled water to form
a solution of 1.450 in the cold, neutralising with a
little pure KOH so that 10 cc. in 50 cc.water showsd
a faint pink with phenolphthalein, filtering and
diluting to 1,350 at 18°C.

The solution is best preserved in a wax-lined
glasd bottle or other vessel which it will not corrods.
Its action on glass is very slow but in time the glass
appears to be slightly dissolved and the solution
becomes alkaline.

De Ha®n also supplies a "pure" quality of KF at
8d, per 1b. which answers quite well.

Standard acid and alkali.

The acid is prepared in the usual way from pure
sulphuric acid and distilled water and standardised
against pure anhydrous sodium carbonate using methyl
orange as indicator.

The alkali is prepared from caustic potash which
has been purified by boliling with slaked lime, settling




and decanting the clear liquor and diluting to
strength required. Or it may be made by dissolving pu
caustic potash in distilled water im the usual way.
The alkall must be standardised against the acid in
presence of pure potassium fluoride since all the
determinations of free acid and basic alumina by the
method herein described are carried out with an ®xcess
of potassium fluoride in the solutions.

The standardisation is carried out as follows, in
a platinum basin or other vessel which will not be
attacked by hydrofluoric acid. A porcelain basin
coated with paraffin or white bees wax answers very
well as all the titrations are performed in the cold.
10 cc of the KF solution (1.350 sp.gr) are taken and
diluted with 60 cc distilled water and .5 cc of the
phenolphthalein solution (.8%) is added and the liquid
brought to a faint pink color,should it not already
be in that condition. A measured quantity of the
standard acid is now run in from the burette and then
the soda solution,until a faint permanent pink color
is obtained. The titre of the alkali is thus ascert=
ained. If desired the alkall may be made equal to thg
acid in the ordinary manner adopted with standard
solutions provided the titrations are carried out as
above described.

Having standardised the acid and alkali.by titraf
ing say 40 cc of acid with the alkali, it is advisablg
to test 1 cc acid against the alkali:if the solutions
are free from objectionable impurity then their relat-
ionship will proportionately correspond to what it was
for the larger amount.

If there is any discrepancy the impurity (pro-
bably alumina) must be identified and fresh solutions
prepared free from it.

As a check on the correctness of the ascertained
strength of the standard alkali the titration may be
carried out in the reverse way by taking 10 cc of the
KF solution in 60 cc distilled water adding .5 cc
phenolphthalein and making pink if necessary. 40 cc
of the alkalﬁﬁre now added and then standard acid is
run in to the neutral point. This titration should
agree with the othepabove mentioned.

In regard to the amount of liquid present during

titration a considerable amount of latitude is allow+

‘able as the following tests show.

Half normal sulphuric acid was used and the
standard potash solution was exactly equal to the
half normal sulphuric acid when using methyl orange

a8 indicator, 20 cc HgS04 = 20 cc KDH. With phenol

phthalein however 20 cc  HgSOq = 20.28 cc of the KOH.

re



10.

A geries of tests were made in each of which 10
cc of the pure neutral potassium fluoride solution
(1.350 sp.gr) were present. The amount of water used
varied from 20 cc up to 120 cc and both porcelain and
platinum vessels were employed.

1.280cc HgS04+20cc Hg0 = 20.15 cc KOH in porcelain &
20,15 cc , in platinum.

2.20cc KOE + 20cc Hg0 = 19,8 ccHgS04in porcelain &
19.8 ¢c ,, in platinum

3.20cc HgS04 + 60cc Hg0=20.15 cc KOH in porcelain &
20.8 o0 , in platinum.

4.20cc KOH + 60cc Hg0 = 19.8 cc Acidin porcelain &
: 19.8 c¢cc¢c ,, in platinum.

5.80 cc HgS04+120ccHg0= 20.2 c¢c KOH in porcelain &
' 80.256 cc , 1in platinum.

6.20cc KOH + 120cc HgO = 19.75 cc HgS04 porcelain &

19.75 in platinum.

Taking 1,3,& § in platinum and comparing them
No.3 is the mean and the total volume isl@0cc s80, in
my titrations I aim to have approximately this volumse
present.

I may here state that I used a set of burettes,
pipettes and flasks graduated and stamped at the
Reichanstalt Charlottenberg and their accuracy con-
firmed by myself.

Phenolphthalein solution.

2 grams are dissolved in 1000 cc of 50% alcohol
and rendered faintly pink with a 1little potash.
.5 cc is used for each titration for free acid or
basic alumina.

Having now described the reagents required for
the free acid determination and the principle on which
it is founded, I shall next proceed to give an account
of the investigations made to ascertain the correct
conditions regarding temperature, dilution, amount of
KF required and quantity of material being tested and
later to ascertain the influence, if any, of other
bases on the test. I may here state that I adopted
for these volumetric determinations the method of
adding the standard solution from the burette in a
rapid succession of drops with constant stirring until
near the end point and then slowly drop by drop to the
finish. First of all I carefully prepared a number
of pure salts containing alumina and SOg,viz.-

1. Pure potash alum by mixing 164.2 grams pure
potassium sulphate with 730 grams of the pure sulphate




2. 2.0 grams ..  ignited on the blowpipe until no

ik

of alumina of commerce (containing 14% AlpOz) in dis-
tilled water, boiling at 1.3 sp.gr. filtering, concen-
trating to 1.36 at the boil and allowing to crystallis
over night. The crystals were drained from the mothen
liquor and well washed with cold distilled water.

They were again dissolved in distilled water to 1.36
at the boil and again the liquor was crystallised.

The crystallising was carried out a third time after
which the well-washed crystals were broken down small
and air dried at a temperature of from 18°-20°C over

night and bottled for use. On determining the alumina

gravi;atrically it was found to be 10.77%. Theory re
10.78 .

2. Crystallised sulphate of alumina.- lade by
dissolving pure sulphate of alumina in distilled waten
bringing to 1.350 sp.gr. at 80°C and cooling with

agitation to ordinary temperature then further cooling

to 0°C when the soft crystals became transformed into
hard crystals of Alg(S04)s27Hg0 (Mettzer Z.ges.Naturw,
7 24,J.B.,1856,876). These crystals were rapidly
filtered on the suction pump, washed with ice cold
water sucked very dry and spread out to air-dry-over
night at 20°C ground fine and bottled.

1. 2.5 grams by gravimetric determination gave
+4024 gram AlgOz.

further loss gave .3225 grams of AlgOg.
3. R.5 grams gave R2.7535 grams BaSOg4.
4, 2.5 grams gave 2.,7530 grams BaSOg.

1. makes the AlgOs; to be 16.098% )
2. 202 2 2 2 18.12% )

3. s 3 s S0g s 37.813% ) mean 37.81.
&% g T 5 37.806% )

mean 16.11

Theoretically 16.11 Aly04 (Al= 27.1) require 37.83 SO4
This product as above prepared approximates to AlgO4
3504 168 HgO. :

Calculated. By analysis.

AlgO0g 102 16.22 16.10 16.12
3804 240. 38.08 - 37 .81 37 .81
16Ha0  288. 45,70 46.09 46.07{by differsnce)
Al,(S04)a16Hg0.630.2 100.00 100.00 100.00.
3. Orystallised basic sulphate of alumina solublsg
in| water. This was prepared by dissolving metallic

aluminium in pureé sulphuric acid keeping the strength
at about 1.3 sp.gr. at 100°C. When 39/33 of the alumin
were basic as Alg0z8S04,the aluminium was removed and
the liquor filtered. The perfectly clear solution

e
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containing basic sulphate of alumina was brought to
1.45 sp.gr. at the boil, cooled to 44°C and agitated
at this temperature for a few hours until a "brei
was obtained containing crystallised soluble basic
sulphate of alumina. The crystals and mother liquor
were separated by the suction pump and after washing
with cold water the crystalline mass was drained dry,
redissolved, crystallised again, filtered, drained
and air dried at 189-20°C for 2 days.

It was analysed and found to contain.=-

(8) 1 gram ignited till no further loss, left a
residue weighing .2285 grams (=Alp05).

(b) 1 gram dissolved in 500cc distilled water pre-
cipitated by NHs, filtered, washed, redissolved in
HCl, reprecipitated by NHy filtered and washed free
from @1 then dried, ignited and weighed gave .Z2888

gram AlgOg.
(¢) 1 gram treated as in (b) gave ,2283 gram Alg0O,.

(d) +6 gram precipitated by BaClg gave .483 gram
BaSO4.

(¢) the concentrated filtrate of (b) precipitated by
BaClp gave ,9668 gram BaSO4.

f#Y R emam mracinitated by BaCla gave ,4828 gram

Addendum to p.l2 to be read after the fourth line
from the bottom. -

These pure salts viz.- potash alum, normal
aluminium sulphate and soluble basic aluminium sul-
phate (A1p,052505) were used as standards and by adding
known amounts of sulphuric acid to weighed quantities
of them, various aluminium sulphates were accurately
prepared of known free acid and basicity and were
employed to test the method herein described for.
determining free acid or basic alumina in aluminium
sulphates.

Experiments to ascertain the amount of KF
required to completely precipitate the AlpOz from
aluminium sulphate solutions. '
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containing basic sulphate of alumina was broughtto
1.45 sp.gr. at the boil, cooled to 44°C and agitated
at this temperature for a few hours until a "brei"
was obtained containing crystallised soluble basic
sulphate of alumina. The crystals and mother liguor
were separated by the suction pump and after washing
with cold water the crystalline rass was dralned dry,
redissolved, crystallised again, filtered, drained
and air dried at 18°-20°C for =2 days.

It was analysed and found to contain.-

(a) 1 gram ignited till no further loss, left a
residue weighing .2285 grams (=A1,05).

(b) 1 gram dissolved in 500cc distilled water pre-
cipitated by NHa, filtered, washed, redlssolved in
HC1, reprecipitated by NHz filtered and washed free
from @1 then dried, ignited and weighed gave .2288
gram AlgOg.

(¢c) 1 gram treated as in (b) gave ,2283 gram Alg0,4.

(d) «5 gram precipitated by BaClg gave .483 gram

(e) the concentrated filtrate of (b) precipitated by
BaClg gave ,9668 gram BaSOg4.

(f) 6 gram precipitated by BaClg gave .4828 gram
BaS04 .

Mean of (a) (b) & (c) = 28.85% Ala0,.
vs 35 (@) (o) & (£) = 33,18% SO0,
By diffsarence we have 43.99% HaO.

This analysis spproximstes to Al,052505 + 11 HgO.
which contains 22.81% Al505, 34.76% SO0sz, 43.03% HgO

Taking the figure found for the sulphuric acid
viz.- 33.16% and calculating its equivalent of
Alyz05 to form Alp0,380g we obtain 14,12 for the
Al,0,%88 equivalent to 3S0, on 33.16%

Now deducting 14.12 from the total of 22.85%
Alp0; we have 8.73% AlgOs; in the basic form i.e.
excess over what is required to form normal aluminium
sulphate. This basic aluminium sulphate preparation
is therefore somewhat more basic than the compound
Al.05880,,

Experiments to ascertain the amount of KF
required to completely precipitate the Alg05; from
aluminium sulphate solutions. :
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According to the equation.-

Algoa 3 SOS + 12 KFF = 2 MFSBKF) + 3K3804
102.2 parts of AlgOg require 697.2 parts KF.

Potash alum contains 10.78% Alg0g, therefore 1 gram
(.1078 Alg04) should require .7354 gram KF.
1 gram of potash alum will neutralise 12.7 cc ¥ KOH
using phenolphthalein as indicator. :

I now tested portions of 1 gram of alum in 80 cc.
Ha0 with varying amounts of neutral KF sol.(1.405 sp.

gr.& containing .5628 gram KF per cc),to arrive at thd

quantity of KF which will exactly make the solution
neutral to phenolphthalein according to the above
equation.

A. 1. with lcc KF sol.(.5628gram KFF)3.5cc RKOH were re
B iy RWCO v (2.326 ,, ,,)1 drop ,, gave a
8. 55 lubBcc ,, (.8442 ,, ,, s 29 33
4. ,5, lisdcc ,, (.788 33 23 ’2 'Y )
5. 22 l.scc » 2 (.73 22 23 22 2 3

In this last test the end point was not so sharp,
6. with 1.2cc KF sol.(.875 gram KF) .lcc % KOH were
In this case also there was an uncertainty and
paleness about the red color. s
Another series of tests with 2 grams alum were as
follows .~ ¥ ‘

B, 1l.with 4cc KF(2.25 grams KF)l drop TKOH gave a red

Be 33 3 2 (i,BBS 22 )1 3 23 L
Bains Beb 55 (1407 55 )1 s s ¥t
4. 29 ,,_(1.126 2 )4.7 CCe X IR
6 s Bolous Fe38R o )1.4 cc. ,, =
“81 3 2.2 3 (1-238 22 ) ¢5 CCa 22 ']
T Bl e L 1aRIE o )1 drop ,, %
0., Again with 3 grams of alum (theoretically requiring
2.2082 KF)
1l.with 4.5cc KF (8.58gramsKkF)l drop® KOH gave a red
2. 32 4.8 22 (2'564 22 )1 ¥ ?9 2
e i Sl 5, &8<808 5, )1 4, ’) 2
¢« 55 9.8 ,, (1.97 -1 as ssJust ,,
ss 3.4 ,, (l.01¢ ,, )1 ,, ,,gawé a,yery

With pure neutral aluminium sulphate containing
16.11% Ala04 portions of 8 grams each were used in
80cc HgO.

quired.
red color.
22

22

22

required.

color.

22
’2
Yy
L
22
2>

color.
2>
F 3

22
uncertain

red.

2.2078 grams KF.

»]

€ grams contain .32228 gram AlgOz requiring

1l.with 4cc KF s801(2.25 gramskKF) 1 dropaEKOH gave a rled color.

s s Bad 55 gy (14407 ", 9ce 5 were required.

- e RSNl i 510 33 | 4c0 55 o

4. ,, 3.3 ,, ,, (1.867 ,, ) 1 droep ,, . gave a red color.
s 55 344 ,, ,, (1.914 541 drop ,, 25 29

No.4 was somewhat uncertain but No.5 was sharp enough.
Nos.2 & 5 were repeated with the addition of pure
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KaS0g (5.492 grams) equivalent to the Alg053S05 to
ascertain if KsS04 has any influence.

In the case of No.2 the result was identical.

In the case of No.b the result was also identical.

Selecting the KF in each of the 3 alum experiments
which became neutral to phenolphthalein viz.- :

In A.No.5 = «73 KF for 1 gram alum
B.No,7 = 1.294¢ ,, 2 )
C.No.4 = 1.97 . 3 7

and taking the average for 1 gram alum (.1078 gram
Alg0g4) 73 + 1.294 + 1.297 = 3.994 grams KF.
3.994 3+ 6 = ,666 = KF for ,1078 Alg04 (1 gram alum)
.666 + 58,1 = ,01146 = 10.9 molecules KF. (KF=581)
1.1078 % 102.28 = ,001065 = 1 molecule AlgOg.(Al,05-1022
Again in the case of the pure aluminium sulphate
No.b = 1.914 gram KF for 2 grams (.3222 gram AlgOg)
1,914 # 68.1 = .033 = 10.5 molecules KF.

3282 ¢+ 102.2 = ,00315 = 1 molecule AlgOg.

s

From these experiments one may conclude that the
compound AlFa2KF is first formed thus:i-

Alp,0s 3504 + 10 KF = 2(AlF42KF) + 3KgS04.
(According to Berzelius AlFz2KF is formed when water
solution of AlFs is precipitated by a limited amount
of KF solution, and the compound AlFg3KF is produced
when solution of AlFg; is added to KF solution, keepnw
ing the latter in excess). Doubtless also the com=
pound AlFgaRKF which is first formed passes into
AlFg3KF in the experiments I carried out where an
excess of KF was present,

At the commencement of my investigations the
standard alkall I used was half normal soda but 1 soon
abandoned it for half normal potash, as under certain
conditions the presence of sulphate of soda leads to
erroneous results., For example 3 portions of 2 grams
of pure neutral sulphate of alumina in 30cc HgO were
taken and to them were added respectively (1) 4.4cc
% NaOH, (2) 6.8cc % NaOH and (3) 9ccZ NaOH. On gently
warming,three solutions were thus obtained of basic
sulphate of alumina with different degrees of basicity
and in each there was NagSO4q equivalent to the % NaOH
taken. After cooling, phenolphthaslein and 10 cc.
neutral KF solution %1.56 8p.gr) were added to each
and they were separately titrated with HgSO0g4.-

(1) required only 4.1 cc ¥ HgSO4 to neutralise it.

(2) LI e : 22 22

(3) 22 6.4 22 22

This result surprised me, as, theoretically the amount
of £ Acid required should have exactly corresponded

to the Soda taken in each case.

A repetition of these experiments under varying
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conditions regarding amount of KF present and dilution
invariably gave misleading results = always low ?n

regard to the amount of acid required to neutralise,
even when carried out in platinum instead of porcelain|

Alkali has evidently disappeared from the solution
and gone into the precipitate to form a basic compound
neutral to phenolphthalein. As it is quite likely that
one might have to test a basic aluminium sulphate which
contained sodium sulphate e.g. & basic solution pre-
pared by adding caustic sode or carbonate of soda to
aluminium sulphate solution, it is therefore important
that means be taken to obviate this discrepancy and I
carried out a series of investigations with this end
in view. A Bolution of pure neutral aluminium
sulphate was prepared by dissolving 60 grams of the
salt in 100 cc hot distilled water and then 1285 cc.
of a nearly 7.Caustic soda solution were added and
the mixture warmed till it cleared. It was then
cooled and made up to 250 cc. Thus, each 10 cc.
contain 2 grams aluminium sulphate with a baaicity
equal to & cc of the nearly ”7z2 NaOH which exactly
neutralised 4.95 cc %% HpSOq. For a time the best
result I could obtain was to take 10 cc KF solution
dilute it with 60 cc HgO in a platinum basin add 10 cg
§ HeSO04 (to have free acid present and prevent tend-
-ency to form basic fluoride) and then run in slowly
10cc of the above basic solution. Phenolphthalein was
now added and standard KOH run in to the neutral point
(until a permanent pink was obtained). 4.9cc standard
KOH were used instead of the theoretically required
amount of S.lcc standard potash -

oo £ HeS04 = 5.05cc of the NaOH solution a.nd)
(500 ZFHpS504 = 5.06cc of the KOH solution.

An error of .2cc on 2 grams aluminium sulphate equal
to .08% in reckoning the basic alumina (lce of the
KOH solution = ,00843 Al1,05).

I next tried 2 grams of pure potash alum made
basic by addition of 5Scc of the same soda solution and
on dealing with this solution in the same way,viz.-
by adding = it to 10 cc.KF solution,80cc He0 and 10cg¢
HpS04, then adding phenolphthalein and standard KOH
till neutral I found that 5.05 cc of the latter were
required. This brings the error down to ,02%.

It struck me that the KgSO4 present in the alum
must have had an influence in preventing the sodium
sulphate from coming into play so I now returned to
the basic aluminium sulphate solution and repeated
the test,first of all adding pure potassium sulphate
(neut. to phenolphthalein) and the result was quite
successful. Regsults of a few tests.-
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1. 10cc of the basic aluminium sulphate solution
with Scc of a saturated solution of pure KgSO4q4 wers
slowly added to 10ccKF solution + 10cc % HegSO4 in

60cc HgO and the whole well stirred. Phenolphthalein

was now added and standard KOH to the neutral point.
5.0R2cc of the latter were used.

2. A similar test with 1lOcc saturated solution of
~ KgS04 required 5,05 standard KOH.

3. Another with 20cc KgS0g solution required 5.05cc.
4, In this test I used only Scc KF solution with 1Occ
¥ HpS04 and 10cc KgS04 solution and the standard

KOH required was H.lcc. Exactly theory.

With basic sulphates of alumina made basic by
caustic potash the same method of adding the basic
sulphate of alumina to the KF acidified with & HgSOs4
and titrating back with standard alkali gives satis-
factory results, e.g.

2 grams neutral aluminium sulphate in 1Occ HgO
were basicised with 4.5 cc nearly % KOH solution and were
then slowly added to 10cc KF (1.5 sp.gr) + l0cc &
HgS04 + 60cc.Hg0 and titrated with standard KOH
(10cc2acid = 10.1 of the KOH). The amount of KOH
required to neutralise was b5.5b6cc. The theoretical
amount is S5.6cc. This error makes the basic AlgOg4
only .08% too high. :

- I £ind also that aluminium sulphate made basic
by KOH can be satisfactorily tested if carried out as
follows.,~- 2 grams pure neutral aluminium sulphate
made basic by the addition of 5 cc of standard KOH
(=4.95ce $HoS04) then after warming till dissolved,
and cooling, lOcc KF Bolution (1.35 sp.gr) were
slowly added drop by drop with continual vigorous
stirring and the mixture titrated with %;H;SO; and
plenolphthalein,required Scc of acid to decolorise.
The reaction was slow and the red color kept vanish-
ing and returning until Sc¢c acid had been run in, at
which point no further change occurred, Returning

to the question of NaOH again for a moment I may here¢:
state that I obtained satisfactory results with it when
determining free acid in aluminium sulphates. For
example 3 portions of pure potash alum of 2 grams
each were taken and each acldified with a known amount
of S0g and then titrated with standard NaOH after
adding 10cc KF solution (1.35 sp.gr). Results,.-

Amount of S04 Amount of free

taken. 504 found.
1. «178 gram. +180 gram
=i .07 s 072 =
3. 288 5, .288 s
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I also found standard NaOH to answer quite well
in determining the excess of acld in the test for a
basic aluminium sulphate made basic by NaOH as des-
cribed on pp.15&16, The basic aluminium sulphete so0l-
ution with KpS04 added is run into the KF acidified
with a known excess of standard acid and titrated
with standard alkali. NaOH answers for this purpose
quite as well as KOH, e.g.~

T 2 grams pure neutral aluminium sulphate in 10Occ
Ha0 made basic by addition of Scc, standard NaOH

(= 4,95¢cc 4 acid) were mixed with 20cc. saturated
solution of KaS0s and added to 10cc KF (1.85 sp.gr)
+ 680cc. HgO + 10cc % HgSO4 and titrated back with
standard NaOH, Becc of the latter were required.
$he theoretical amount is 5.1.

2. A similar test but with 5cec. KF used 5.06cc.
standard NaQH.

It was only when testing aluminium sulphate
which had been made basic with NaOH that I found
the aforementioned disturbing influence, and in order
to avoid the presence of soda and the possible chance
of error caused thereby I employed caustic potash
for the standard alkalil,

I may observe at this point that in testing
basic aluminium sulphates which have been made basic
by alkall or alkalil carbonate or which contain
alkaline salts, it 1s necessary to modify the titratignm.

I shall refer to this again when summing up.

I next proceeded to investigate the bahaviour
of pure basic aluminium sulphates which contain no
alkall salts, e.ge. those which have been made basic
by dissolving alumina in them or by adding lime and
removing the calcium sulphate or by some other
geimilar means,

For this research I used the pure besic aluminiyny
sulphate described on p.ll .
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Experimental investigations regarding the deter-
mination of basic alumina by means of KF in basic
aluminium sulphates.-
~ A15058S05 + 12 KF + Hp0 = 2(A1Fg3KF )+2KoS04+2KOH.

For these experiments the soluble basic alumin-
ium sulphate described on ppil&12was employed. A
golution of it was made up to contain 1 gram in each
Scc.~ the amount of "2 HyS0s required to theoretically
convert 1 gram into normal Alg0z; 350g is 10.85cc.

l. bBecc above solution were added to 10cc.neutral KF
solution (5.3 gram KF)diluted with 680cc Hg0, phenol=~
phthalein was added and the mixture which was strongly
red in color required only 9.5cc of 7 HgSOgq to bring
to the neutral point = an error of .,55% basic alumina
too low.

2. Bcec above solution were added to 10cc KF + 60cc

Hg0, acidified with 12cc % HpS0g and the excess of acid

ascertained by titration with standard KOH and phenol -
phthalein. 2.45cc ¥ KOH were required. 12 -~ 2.45 =

9.55cc & HpB04 neutralised by the 1 gram basic alumin-
ium sulphate. Theory requires 10.25 as stated above,

~ There is here a disappearance of a certain amount

of base = an action resembling that already remarked
upon on p.l3. Even in experiment 2 where excess acid
was added to the KF before running in the basic alumin
ium sulphate solution there is a certain amount of
base carried out of solution by the double fluoride.

; I next tried adding excess of acid to the basic

sulphate before mixing it with the KF solution. The

following 3 trials were made with 1 gram of the basic
- aluminium sulphate in each and without warming after
adding the acid.

of
3. With addition, 18cc 3 HpSO0s4 to the basic aluminium
sulphate and then adding this acid solution to 1lOcc
KF solution + 60cc Hg0. On titrating with % KOH 2.2c¢
were required. 12 = 2.2 = 9.8cc % HpSO04 taken up by

the basic aluminium sulphate. (Theory requires 10.25).

4, A similar experiment to (3) but with 138 cc.%.Hesoﬁ
required 8¢cc%£ KOH, 16 = 6 = 10.0cc ¥HpS04 neutralised.

5. Similar to (3) but with 20cc % HeS0s required
9.95cc % KOH. 20 -~ 9.95 = 10.06cc . HgSO4 neutral -
ised.

These experiments show that even with an excess
of acid in the basic aluminium sulphate solution a cexp
tain amount of base is still carried down.

In the next trials the 1 gram portions of basic
aluminium sulphate were acidified with excess of HpS04

-
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and heated to the boil to ensure combination, then
cooled and added to 1l0cc KF + 60cc Hg0 and titrated
with § KOH to ascertain the excess of HgSO4.

6. 1 gram basic aluminium sulphate in 10cc. HgO +
12cc HgS04 heated and then cooled and added to 1l0cg
KF +B0gc. HgO required 1.9cc £KOH to neutralised the
free acid. Therefore 12 = 1.9 = 10.1 B8c = amount of
acid taken up by the basic aluminium sulphate.

7. A similar experiment to (6) but with 16cc % HpSO4 b
5.75cc % KOH were required to neutralise the free acid,
therefore 16 = 5.756 = 10.25cc = % HaSO04 taken up by
the basic aluminium sulphate. This is the theoretical
amount required.

8. Using R20cc % HgS04 and requiring 9.76cc. ‘;;KOH.
20 = 9.75 = 10.85 ce. HyS0g4.

It is now conclusively proved from these experis
ments and from previous experiments recorded on p. 1%
that in testing basic aluminium sulphates inaccurate
results will be obtained if the sample in question is
simply added to potassium fluoride and the basicity
ascertained by titrating the liberated alkali by
means of standard acid.

A modification has to be adopted on the lines
indicated viz.~ the basic aluminium sulphate solution
must be acidified by a known considerable excess of
standard acid then added to the KF solution and titrat
ed back with standard alkali. I shall return tp this
later and state the method fully when summing up.

Application of the potassium fluoride test to
determine the free acid and basic alumina in a few
samples of aluminium sulphates.-

1.  Pure crystallised aluminium sulphate.

On analysis,2.5 grams gave 2.6657 grams BaSOg4.
Another 2.5 grams gave R2.6654 grams BaSOg.

The mean of these twp = 36.81% S0g = 15,59 Al,04.
Three separate grams gave respectively .1578, .1574 and
«1680 grams AlgOg4. '

The mean of these three = 15.77% Al,05.

15.77 = 15,59 = ,18 = amount of Al1,04% in basic form.

2, grams in 1lOcc of water were acidified with bcec

% HpS04 heated, cooled and then added to 1l0cc KF

solution + 60cc HpO0 and titrated with standard KOH
and phenolphthalein as indicator. 4.65cc % KOH were
required to neutralise the excess of acid, therefore
S5»4.65 = ,35 = cc. representing the basic aluminal.
.36 x ,008517 = ,00298 gram Alg0gz basic = ,15% = an
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error of only .03% too low.

2. ©Soluble basic aluminium sulphate.-

From a solution of soluble basic aluminium sul-
phate which had been standing in a bottle for some
months, a salt crystallised out. This was separated
from the liquif and air dried,then analysed. It
proved to be mainlyhﬁlaoaesosiaﬂgo and was used as a
material upon which to try the determination of basic
alumina by means of potassium fluoride and titration
with standard.acid and alkall.

(1) B gram gave ,1078 gram Alg05 )

(2) 1 » 2 .2145 > Alsoa ) 21.44% Aleoso

H

{3y~ % s cEE L BeS0, 3
> s et .5063 ,, BaSOg 34.79% SOg .
(6) 2 grams titrated with standard alkalil in the
manner hereinafter described in part II required
17.66cec, (tec = ,039617 gram S04 and .0169 gram AlgOg4)
17.55 x ,0396817 = ,6952 grams SO0, = 34,76% SOg.

Also 17.55 cc x ,0169 = .,R966 grams AlgOs combined
a8 neutral Alg0,350, = 14.83%.

The total Alz0yz = 21.44% therefore 21l.44 - 14.83
equals the basic Al,0g,viz,.? 6.61%.

Taking (3) and (43 the 34.79 S0s require 14.8185
Alg0s; to form Al;0535045. Therefore 21,44 - 14,818
= 6,625% basic AlgOg4.

A series of tests were now made to determine the
basic AlgOs by means of potassium fluoride.
(a) 1 gram dissolved in 10cc Hg0 was added to 10cc
neutral KF solution (5.3 grams KF) + 60cc HgO. This
mixture went red on adding phenolphthalein and required
7.86cc HgS0g to neutralise it., 7.56 x 008516 =
0843 gram Al,0; in basic form, = 643 .
(b) 1 gram in 10cc Hg0 + 20cc % acid and the whole
heated to ensure combination between the basic Al,04
and the additional S0;, cooled and added to 1lOcc KF
solution + 40cc Hy0,required 12.3cc ¥ KOH to neutra.lisre.
280 =~ 12,3 = 7,7cc ¥ acid neutralised by the basic
aluminium sulphate, 7.7 x ,0085166 = ,0856 gram basic|
Al 05 = 6-56%. -
(cg.,Another test similar to (b) gave the same figure,
viz.- .0656 gram basic Alz0x; = 6.56%.@ravimetric
analysis made the basic 41,0 6.62% so that in (b)
and (c) the error is only .0?% too low. &

These tests also show the reliability of the
method (hereinafter described) of determining the
neutralisable acid in aluminium sulphate by means of
standard alkeli and phenolphthalein. (P45)

Compare Nos.3,4,& 5 above.
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3. A sample of commercial sewage precipitant (basic)
20 grams were dissolved in water and filtered and

washed into a 200cc flask. The solution was deep red

showing the presence of basic ferric sulphate.

(1) 20cc were acidified with 5ccZ HeSO04 and heated

then cooled and added to 20cc KF solution. Phenol-

phthalein was added and then% KOH to the neutral
point. 3.9cc were required. &6 = 3.9 = l.lcc ¥

HpS04 taken up by the basic compound. l.1 X .0085167

x 50 = ,47% AlgOg basic.

(2) Another similar test showed 1.06 H.SO# utilised
= .45% basic Alg0gs.

(3) 10cc were oxidised with a little HNOs and pre-
cipitated by NHgz. The precipitate washed,dried
and ignited weighed .1795 grams = Alg0, + Feg0,
+ Ti0g. :

(4) 10cc reduced with excess of pure zine in acid
solution required .85cc 5KlnOg to oxidise the TiD4
to Ti0g, spotting with sulphocyanide as indicator.

Then a further 9.5cc¢ were required to oxidise the
Fe0 to .FQQOa .
.65 % ,008 x 100 = .52% Ti0,.
9.5 x .008 x 100 = 7.6% FeglOs {Total)

(56). 10ce. titrated direct with KiMnOg required .75cc.
.75 x .0072 x 100 = ,52% Fe0 (equivalent to .58
Feg0y which must be deducted from the FegOz in (4);

(6). The concentrated filtrate of (3) precipitated
by BaClg gave .999 gram BaSOs = 34.30% SO0g5. .

From (3) & (4) the Al,0; = 17.95 - 8.12 = 9.83%.
The analysis now reads.-

Alg0g4 9,83

= 23.08 S0g.
Feglg 7.08 = 10.83 ,,
Fe0 B2 = B8
Ti0g 828 = 04

)
B5.85 = total S04 if
all the bases were exactly satisfied.

35.88 = 34.3 [the SOz by (6)] = .93 and this con-
verted to Alz0,; amounts to ,39% basic Als05. By the
KF test the basic alumina was ,46%. .46 - ,39 = ,07%
arror too high. -

-

-
>

A
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&. A sample of commercial "high strength" pure
aluminium sulphate (slightly basic).

A solution containing 1 gram per 1lOcc was made
up and filtered.

(1) 20cec were acidified with 5cc % HeSOge heated then
cooled and added to 1lOcc KF solution + 40cc HgO.
Phenolphthalein was added and then % KOH to the
neutral point., 3.7cc were required.

5 =« 3,7 = 1.3 = cc ¥HpS04 taken up by the basic
Al,05. 1.3 x ,0086167 x 50 = .55% basic AlgOgs.

(2). A similar test gave 1.35cc 3 HyS04 taken up.
1.35 x ,0085187 x 50 = ,57% basic AlgOs.

(3). 100cc acidified with HgSO4 and treated with
potassium sulphocyanide developed a color equal tg
standard containing .0008 gram Fegz0s .°. % FegOs
= ,008.

(4). 1Qec. precipitated by ammonia and precipitate
- washed, dried, ignited and weighed = .16880 gram.

16.6 = 008 = 16.59 = % Alg0s.

(56). The filtrate of (4) concentrated and precipi-
tated by BaCls gave 1,0964 gram BaSOg = 37.61%
S0g. Deducting .01 for SO0z equivalent to ,008

- Fegly there remains 37.60 SO0g4.

37.60 SOz are equivalent to 16.01 Alz0g.
Al;04 by (4) = 16.59
Alz04 by (5) = 16.01

.68 = basic Alp0gs.

By KF (1) and (2) the basic Alp0s was .56%
an error of ,02% too low.
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Determination éf free acid and basic alumina
in aluminium chlorides.

For the following experiments I employed two pre-
parations of aluminium chloride (A) dry powder of
A1,01412 Hp0 and (B) solution containing 41.88 gram
AlgCGlg in 100cc.

(Ag was prepared by passing dry HCl gas into a solutign
of aluminium chloride (1.3 sp.gr) whereby AlgCl,1lR Hp0
crystallised out in a very pure form. This was filtern-
ed off and washed with HCl, sucked dry on the pump
and dried in an open porcelain basin at about 110°C
until it became pure white powder. It was then
bottled and analysed. :
(1) 1 gram gave .2178 gram Alz04)
(8) 1 gram ,, .28176 ,, ss ) =32,.54% A1,
(8] 45 0)5 ss 8755 gram AgCl g

(4) .5 Il > -8765 L B ] £ 3 ] = 45.32% cl.

Calgmlated. By analysis
Alg 54,20 T 1l.84 11.64
Clg cle.22 43,99 43,32
12Hg0 216.00 . 44,77 (45.14)
452.42 100.00 100.00

—— e —— ——————— —_————e==

This preparation is slightly baslic due to loss of
HCl in the drying. It was completely soluble in water.

The basicity expressed in terms of Al,0z; is equal
to ,91% AlgOg, since 11,54 Al = 21.77 Al,0; and 43.32
Cl = 20.86 Alg0s. Therefore 21.77 = 20.86 = .91 =
basicity % as Alp04.

Experiments with this aluminium chloride and
peotassium fluoride.

According to the following eguation for a normal
salt, Al1,Cl,+ 12 KF = 2(A1Fs3KF) + 6KCl.

64.2 grams Al are equivalent to 697.8 grams KF.

In each of the following trials I used 1 gram of
aluminium chloride, containing ,1154 gram Al and
theoretically requiring 1.4843 gram KF.

l. 1 gram aluminium chloride in 10cc Hgp0 werfe added
to 1l0cc neutral KF solution (5.3 grams KF) 3+ 60cc
distilled water. .5cc phenolphthalein solution was
added and at once went red, showing that the aluminium
chloride was basic. % HpS04 was now added till the
red color just disappeared, +8cCC ¥gpe’fequired.

8 x ,008617 x 100 = ,88136% Ala0s In the basic form.
This is an error of ,23% too low and points to alkali
or AlgOg having gone down with the fluoride precipitate
as 1t did in the case of basic aluminium sulphate.
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2. 10cc T acid were added to 1 gram aluminium

chloride in 10cc HgO and the mixture warmed then

cooled and added to 1l0cc KF + 60cc HgO and titrated

with standard KOH and phenolphthalein, required 8.8cc
ZKOH to neutraliss,

3. A test similar to (2) but wiithout warming the
aluminium chloride and acid before adding it to the
KF, required 8.8 cc % KOH.

4. A repetition of (2) required 8.85 cc X KOH.
6. A repetition of (3) required also 8.85cc FKOH.

The mean of these 4 tests is 8.825cc ZKOH. 10 =
8.825 = 1.176., 1.175 x ,008517 = 1.00% Al,05 in basig
form. This is an error of only .09% too high on the
gravimetric analysis so that in regard to aluminium
chloride the method gives good results.

For confirmation two additioﬁ}tests were made
with the basicity increased as follows,-

1. 1 gram of the aluminium chloride dissolved in 10¢

Hg0 were taken and made further basic by adding 8.8cc
2KOH and warming till a clear solution was obtained,
The basicity already in the aluminium chloride was
equivalent to 1l,8cc % KOH so that now after adding
the 3.8cc its basicity is equal to Bcc R KOH.
The strongly basic solution was now acidified by add-
- ing 10ce ¥ HyS04 and then added to 1lOcc. KF solutior
and 80cc water and titrated back with % KOH and phenc
phthalein, Exactly Scc Z KOH were required being the
theoretical amount,

(2). A similar experiment to the last was made, eXcept
that after acidifying the basic solution it was warmed
and coocled before adding to the KF solution. The resiy
was the same, viz.~ 5cc %KOH were required to neutral
ise, .

(B). This was a solution of aluminium chloride pre-
pared by digesting hydrate of alumina Alp(OH)¢ in
ordinary pure HCl solution at 100°C until the acid wag
neutralised. The solution was then cooled, filtered
and analysed.

1, 3.33cc gave L5418 gram Al,04

8. 3.3%3cc ,, .5420 ,, £ .2874 gram Al.

)
)"'..:
Bi- 88%d0 89688 ., 801 )
)

4- .66700 2 .8960 I 2 = -2217 gl"&m Cl -

From these figures 100cc of the aluminium chloride
solution contain Al equal to 16.24 grams Alg0z; and

1 —
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33.84 grams of Cl equal to 16.01 grams AlgOg.
Therefore 16.24 = 16.01 = .23 = grams AlpOz in basic
form in each 100cc. '

Experinents with KF.

1. 1.687cc acidified with 5cc %HgSO0s and then added
to 10cc KF solution (5.3 grams KF) + 60cc Hg0 and

titrated with standard KOH and phenolphthalein requir-
ad 4.5cc BKOH to neutralise,

2, A similar test but the mixture of aluminium chlor-
ide and aclid was warmed and cooled before titrat-
ing. This required also 4.5 cc % KOH.

5=4.5 = ,6j;and .5 x ,008517 = ,0048585;& .0042585 x100
1.667

= .25 grams basic alumina per 100cc -~ an error of .02

grams too high per 100cc

Determination of free acid and basic alumina in
aluminium acetate by means of potassium fluoride.-

The same reactiona take place here as in the cas
of aluminium sulphate except that acetic acid replacez
the aulphnric acid.
CHz00g )¢ + 12KF = 2(AlF33KF) + 6 CHzCOgK.
Al,o(an,coas + 12KF + Hp0 = 2(A1F;3KF) Mangco,mez{og.
For these investigations I used aluminium acetat
solution prepared by adding pure barium acetate solut¢
ion to pure aluminium sulphate solution until the
clear liquid when filtered off gave no precipitate
either with barium acetate or aluminium sulphate,
The solution thus prepared was slightly basic
possibly due to loss of acetic acid during the manipu-
lation.
Analysis of the solution.-
(a) 26cc yielded ,724 grams AlgOg
(b) 25 723
(e) 10ce diatilled with HgSO, into 7 alkali,neutral-
ised 16.55cc T NaOH
(d) 1l0cc titrated with ¥ alkali and phenolphthalein
as hereinafter deaeribed in part 1l required 16.54
NeOH to neutralise the acid in them.

The average of (a) and (b) makes the Alg0s .2894
gram in 1lOcc.

The average of (c) and (d) multiplied by .051
(the CgHyCgOy per each cc. ¥ alkali) = .8437 grams
03360503 in each 10Occ.

P —— e
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.8437 grams CgH;Cz05 are equivalent to ,2816 gramAl,O4.
Therefore .2894 - .2816 = ,0078 gram = the amount of
basic Alg0g in each lOcc.

Experiments with addition of potassium fluoride.«+

(1) 10ce of the above basic aluminium acetate solution
were added to 1lOcec KF solution (5.3 gram KF) + 60cc HgO
and on adding phenolphthalein a strong red color was
produced. Half normal HpSO4 was now added to the
neutral point and .8cc were required.

(2) 1l0cc were this time acidified with Scc half
normal HgSO4 and then added to 10Occ KF solution,

+ 60cc Hg0 and titrated as before. 4.05cc ¥ alkall
were required to kmEm neutralise the excess of acid.
Therefore 5 = 4.05 = .95cc = the ¥ acid which has
gone into combination with the basic alumina.

'(3) Another test similar to (2) but the 1lOcc acetate
+ Bec acid were gently warmed and then cooled before
adding to the KF. In this case 4.lcc ¥ KOH were
required to neutralise. ' :

Therefore § = 4.1 = .9cc = the amount of % acid
taken up by the basic alumina.

The average of (8) & (3) = .92b6cc T acid.
.9285 multiplied by .0085167 (AlgO0g equivalent to each
ce % acid) = .0079 gram basic AlgOg.
By the analyses (&),(b),(c) & (d? on p.23 the basic
alumina came to .0078 gram so that satisfactory
results can be arrived at in determining the basic
alumina in aluminium acetate by the help of potassium
fluoride.

It will be observed that (1) gave a somewhat low
figure showing the adbisability of acidifying basic
solutions before adding them to the KF.

Series of experiments with aluminium acetates
containing free acid.

In these bests ,98cc half normal acetic acid was
first added to each of three 1lOcc portions of the
above slightly basic acetate solution and then each
was acidified with a further amount of & acetic acid
and then added to 10cc KF solution + 60cc water and
titrated with half normsl KOH and phenolphthalein.

1. with 1lce? acetic acid required 1cc % KOH
2o 1 5 ’3 23 5 23
3. s W % .8 0 .

Free acetic acid therefore in aluminium acetate may
be accurately determined also by this potassium fluor-
ide method.
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Behaviour of potassium fluoride towards ferric
and ferrous salts. i

Since aluminium sulphates nearly always contain
ferric or ferrous sulphate or both,it is important
that the behaviour of potassium fluoride towards them
and the reaction of the resulting compounds towards
phenolphthalein be studied.

For this purpose I used a pure ferric sulphate
solution prepared by oxidising pure ferrous sulphate
with nitric acid,with addition of a certain amount of
sulphuric acid to leave the resulting ferric sulphate
slightly basic. After heating to expel all nitrous
gases then washing with acetone and ether,the dry
powder was dlssolved in water, the solution carefully
analysed and thanthe required amount of HgSO4 added
in the form of normal. sulphuric acid to form a
"neutral® salt. The solution thus prepared con-
tained.-

6.82 grams Feg0g and 10.283 grams SOg per 100cc.

For ferrous sulphate I employed a freshly crystal
ised preparation of the pure salt, washed, drained, d
between filter paper, ground fine and further dried
between filter paper. It contained 25.92% Feg0g4
(1 gram = 7.28cc % KMnOs) Theory requires £5.90.

1. Experiments with ferric sulphate.

According to the equation.«
Fegly 3 S04 + 1R KF = 2(FeFg3KF) + 3KgS0g 160 grams
of Fegls (as ferric sulphate) require 697.2 grams KF.

A solution was made containing .1 gram FegOg
per 100cc by diluting 73.5cc of the above ferric
sulphate solution up to 800cc with distilled water.
.1 gram FegO, 1is equivalent to .436 KF. I found
that a comparatively large excess of KF must be pre-
sent when titrating ferric sulphate for free acid by
means of standard alkali, If two little KF is used f
alkali attacks the fluoride precipitate and turns it
brownjwhereas with a sufficient excess the precipitat
is quite unattacked and remains unchanged in color,
viz.~ nearly white.

I may here mention by the way that Knobloch
(Pharm.Zeitschrift XXXIX 658) has based a process for
determining fluorine in soluble fluorides én the
fact that when a solution of ferric chloride is mixedq
with its equivalent of KF, the decomposition 1s com-
plete and the resulting ferric fluoride solution 1s
coloriess, In this state the iron is not detectable
by thiocyanate, salicylic acid etc, and does not
liberate iodine from KI. '

BE
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1. 10cc of the dilute ferric sulphate solution (con-
taining .1 gram Fep0s per 10cc) were added to bce KF
solution (2.65 grams KF) + 40cc HgO. A white precip-
itats resulted and the solution was colorless, Upon
adding phenolphthalein and standard KOH a brown color
like that of ferric hydrate was deveoped, showing
decomposition of the fluoride precipitate.

2., A repetition of (1) but using 10cc KF solution. |
In this case one drop of % KOH produced a red colour
while the precipitate remained white.

3. 1l0cc ferric sulphate solution were acidified with
lcc of % HeSO4 and added to 15ce KF solution + 40cc.
HeO and then titrated with standard KOH and phenolph-
thalein, 1lcc of T KOH was required to bring to the
neutral point,

4, The following exXperiments set down 1in tabular
form show that the test works perfectly as regards
free acid in ferric sulphate. 10cc = .1 gram FegOq4
used in each casg.= '

HuS04 Amount HgO KF sol. KOH.
Bce: 40cc 16cc Sce.
10 « 40 » 16 » 10 »
5 il 40 » 20 » 10 »

i 40 » 20 » S
5 - 40 » 80 n o~
'S HG 40 - 30 » En

5 B 40 - 10 » S~

Experiments with soluble basic ferric sulphates
and KF,

1. 10cc of the solution of normal ferric sulphate
containing ,1 gram Fep0, were taken andmade basic by
the addition of 1,5cc ZKOH, On warming a clear, very
red, basic solution was thus obtained of known basicity
(which amounted to 2.31% of the Feg0lj). : i
This basic solution was added to 20cc KF solutign
(10.6 grams KF) + 80cc Hp0 and upon adding phenol-
phthalein it turned strongly red showing the presence
of free alkali - the following reaction having taken
place.~
Fegl 2 S0z + 12 KF = 2(FeFz3KF) + 2KgS04+ 2KOH.
Standard acid was now added until the red color dis-
appeared and only lcc °% HpS04 was required.
Theoretically 1l.5cc should have been required but
here again there is evidently formed a basic fluoride
precipitate carrying down alkali with it or else a
certain amount of Feg0g4. This is confirmed by the
color of the precipitate which is brown instead of

being nearly white.

<
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2. Another similar experiment using lcc % KOH to
basicise required only .6cc RHpS04 instead of lcc.

3. The determination has therefore to be modified as
in the case of basic aluminium sulphate by adding

a known amount of standard acid to the basic sulphate
before the latter is added to the KF.

10cc ferric sulphate solution as formerly were made
basic by the addition of 1.,6cc B KOH and applying
gentle heat till the precipitate redissolved forming
a deep red solution. This was cooled and Gcc ¥
HgS04 were added to it when the color lightened con-
siderably showing that normal sulphate has been reforn
ed and of course an excess of acid was present.

This acidified ferric sulphate solution was now
added to 15cc KF solution (7.95 grams KF) + 60cc HgO.
A whitish precipitate was formed and &n adding phenol-
phthalein and titrating with standard KOH, 3.5cc.RKOH
were required to neutralise, This is the theoretical
amount.

4, A similar experiment to (3) but after adding the

65cc HgS04 to the ferric sulphate heat was applied to
ensure combination and then after cooling and titrat-
ing with % KOH 3.B6cc of the latter were again requirs

5. Another experiment similar to (3) but using NaOH
instead of KOH for basicising gave a similar result

The test is therefore quite satlisfactory when
carried out @8 described in (3),(4) & (5).

Experiments withferrous sulphate and KF.

According to theequabion.-
FSOSDQ'?HQOMKF = FSFQQI{F b 1{9304+7H¢O
728 grame FeO are equivalent to 232.4 grams KF.

For these investigations a solution was made up
containing .1295 gram Fe0 in each 25cc, « 1296Fe0
requires .41086 gram KF.

1. 826cc ferrous sulphate solution were added to 5cc
KF (2.65 grams KF) + 40cc water and phenolphthalein
added and then standard (7 KOH. ,Rcc produced a very
indistinct red color.

2, With lO0cc KF solution ,lcc % KOH produced a red
color also indistinct.

3. With 15cc KF solution one depp ?KOH ﬁroduced a
red color with decided sharpness.

d.
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4, Table showing further results ’2500 ferrous sul-
phate solution used in each case.

Acid, KF sol. Water, : Alkali.
lce 15ce _ 40cc 1ce
Bce 15 v 40 » ) B>

10ce 15 » 40 » ; 10 »

Here also the test answers perfectly provided suffic-
ient excess of KF 1s present. .

Ferrous sulphate does not form a soluble basic
compound, S0 no further experiments were made with it |

Behaviour of potassium fluoride towards titanic
‘sulphate .=
Ti0g8505 + 6KF = TiF42KF + 2KoS04.

The titanic sulphate was prepared by dissolving
pure insoluble basic titanic sulphate (Ti0,),S05 in
sulphuric acld so that the resulting solution was
8till somewhat basic, This solution wad analysed
for Ti0p, and SOz and contained in lcc .1034 gram TiO0,
and ,1864 gram S0g4.

In these experiments I experienced a considersble
amount of trouble in arriving at the correct marmer of
procedure when testing titenic salts, Titanic salts
have a great tendency to decompose and form basic
dalts, and also to precipitate Ti0p and liberate
free acid, The Ti0p in the ortho form also readily
passes into the meta condition, From these three
causes the troubles doubtless arose.

After making many experiments I invariably obtained
results indicating that free acid in greater or smallgr
amount was present, These results of course wers con-
trary to expectation seeing a pure specially prepared
Ti0,858045 was being used, -

The conclusion I came to was that on adding the
titanic sulphate to the KF solution the precipitate
formed is acted on by alkali or else a basic fluoride
is formed carrying down basic Ti0p and conssquently
liberating free acid, and on taking steps to prevent
this happening the test was found to work quite
correctly. The compound KgTiFy is slightly soluble
in water and therefore one must keep the ligquid under
test as strong as conveniently possible. I found alseé
that it 1s necessary to heat the mimture of titanic
sulphate and potassium fluoride to ensure proper com-
bination,and before titration the heated liguid con-
taining the double fluoride must be cooled to ordinary
temperature. Since heeting is here required a platinim
or other non~corrodable wessel which will also stand
heating to 100°C must be used.
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A few of the tests giving discordant results
were as follows,-

1. 3cc titanic sulphate solution (containing .3102
gram TiOp and theoretically requiring 1.36 gram KF)
were treated with 3.2cc ¥ HySO04 to make the somewhat
basic titanium sulphate into Ti0g2804 and added to
30cc KF solution (15.9 grams KF) diluted with 1OOcc.
Hp0 and titrated with KOH required 9.500{‘?.).
Theoretically one drop % KOH should have produced the
red color of the phenolphthalein.

2. A sgimilar trisl with 10cc KF used 5.2 % alkali,

3. Same as (1) but the mixture of Ti02S04 + KF was
heated and cooled before titration., 2.7cc % KOH were
required.

4., Same as (2) but heated and cooled, required
<«bbcc alkali,

The procedure was successfully adopted of adding
a measured amount of standard acid to the titanium
sulphate and then adding it to the KF solution and
warning on the water bath till & clear solution was
produced, cooling to ordinary temperature and titrat-
ing with standard alkali and phenolphthalein.

The basic titanium sulphate solution was diluted
to contain ,1034 grams TiOp in 10cc. The S04 present
was ,1864 grams. .1854 grams SOz require ,0927
grams Ti0g to form Ti0,2505.

.1034 - ,0927 = ,0107 = the amount of TiOg present in
the basic form. ;

Experiments,.-

1. 10cc of the basic titenium sulphate solution
(1034 gram Ti0y) were acidified with l0cc % HpSOg
and added to 1lOcc KF solution (5.3 grame KF) + 50cc
water. The whole was then warmed for a few minutes
on the water bath in & platinum basin until a clear
solution resulted. This was then cooled (quite cold)
and titrated with standard alkell and phenolphthalein
8.9cc.Z KOH were required to produce a red color.

The KgTiF; crystallised out in transparent crystals
rendering the liquid easy to titrate.

2, A similar experiment but with Bcec KF solution
required 8.85cc % KOH.

3. Another triasl with 1l0cc KF and 5cc % HpSOs4 requir
ed 3.9cc % alkali.

4. A fourth experiment using Scc KF and Sec 3 HpSOg
required 3.95cc % alkali,




30

Taking the mean of the acid absorbed in these 4
tests viz,-
141 + 1,15 + 1.1 + 1.056 = 4.4 = l.lcc HzSO04.
% Z

% Alkali corresponds to .0l gram Ti0g per cc.
1,1 x ,01 = ,011 gram TiOg in basic form.
The gravimetric analysis indicated ,0107 gram.

There is thus a difference of ,0003 gram TiOgz
amounting to ,09% on T1052504.

These experimerits with a somewhat basic soluble
titanium sulphate serve the double purpose of demon-
strating the feasability of determining both free acid
and free base. For by the addition of a known amount
of standard acid the salt is converted into an acid
one and by determining the free acid by the help of
KF the amount of acid gone into combination to form
a normal salt is easily found and is a’'measure of the
basicity. These last remarks apply equally well to
the cases of aluminium and ferric salts and the
method is really simplified down to one process, viz.-
the determination of free acid in these salts., It hg
been clearly shown that in order to obtain accurate
results when analysing basic salts kmfsxm they must
first be converted into acid salts before adding to
potassium fluoride. :

'~ For technical work this might be unnecessary
but it is a simple expedient and since it leads to
accurate results I would recommend it to be always
adopted. ; :

Behaviour of potassium fluoride towards zinc
ZnSPs + 4KF =ZnFoR2KF + KegS04.

A solution of pure ZnS047Hg0 was made up to con-
tain 10 grams per 100 cc.

1. 1lOcc of this solution (containing ,2822 gram ZnO
equivalent to .8078 gram KF) added to 1l0cc. Kf solut-
ion (6.3 gram KF) + 60cc water produced a whitish
precipitate: on adding phenolphthalein and then stan- |
dard KOH ,lcc of the latter was required to produce a
pink color which was somewhat indistinct.

2.4 A repetition on similar lines but with 18cc KF
solution required only 1 drop of standard KOH to pro-
duce the pink color.




31

3. 10cc ZnS04 solution + &cc FHS04 were added to 15c¢

KF solution and 60cc water and the titrated with stand-

ard KOH and phenolphthalein as indicator. 5.08¢cc
(the theoretical amount)of standard KOH were required.

4, On attempting to make a basic zinc sulphate by

adding a little potash to the above solution a precipiy

tate was formed which would not redissolve so nothing
further was done as regards a basic solution.

It is evident that neutral zinc sulphate can be
rendered inactive to phenolphthalein by means of KF
and if free aclid is present it may then be determined
by titration with standard alkali.

Having studied the behaviour of potassium fluorid
towards aluminium salts, ferric and ferrous sulphates,
titanic sulphate, zinc sulphate, I next made investi-
gations in regard to the determination of free acid by
means of KF in salts of other bases, e.g., chromium
salts, cupric salts, cobalt, nickel, manganese and
lead salts and the results are hereinafter recorded.

For these latter investigations I used specimens
of the various Balts which happened to be to hand.
There were all "pure" but were not specially prepared
by myself. Further complete and systematic researclh

will have to be made to establish this method in regard

to these other matallic salts and will form the subjec
for other papers.
Meanwhile as interesting and promising results werg
obtained in these preliminary experiments I have
thought it worth while to record them here.,

All these salts react acid to phenolphthalein until

their combined acid has been neutralised,

Behaviour of potassium fluoride towards chromium
salts.-
Crg03350g + 18KF = 2(CrEz3KF) + 3K2S04.
For this investigation I used chrome alum, 10
grams dissolved in water and made up to 100 cc,

1. 10 cc of this solution (containing .1533 gram
Crg0s equivalent to .703 gram KF)were taken,diluted
with 60cc Hp0 and added to 1l0cc KF solution (5.3 gram
KF), No precipitation occurred and on adding stand-
ardeOH 10.6cwe Wwere required to neutralise to phenol-
phthalein.

2+ With 20cc KF solution 8.8cc standard KOH were
required. On adding more alkali, the precipitate
which had formed redissolved. (Here suggests itself
a method of separating chromium from other metals,e.g}

(¥
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from aluminium by adding potassium fluoride to the
solution containing them in the cold. The aluminium
goes down as AlF43KF while the chromium remains in
solution).

3. with 50cc KF solution. 7.85 cc standard KOH("';".)
were required to neutralise.

4, With 10cc KF solution but the mixture was brought
~ to the boil. At 60®C the green color of the liquid

~ began to fade and at 75°C a pale green precipitate
began to form, After bringing to the boiling point
.5cc standard KOH were required to neutralise.

5. Similar to (4) but the 1liquid was cooled before
titration., +55cc standard KOH were required.

Possibly the chrome alum used contained a little
free acid.

Behaviour of potassium fluoride towards copper
sulphate.,
CuS0gq + 3KF = CuFgy KF + KgS04.

10 grams of the pure salt were dissolved in water and

made up to 100cec.

1., 1l0cc of this solution (containing .319 grams Cu0
equivalent to ,7005 grams KF) were added to lOcc. KF
solution (5.3 grams KF) in 60cc Hg0 and titrated with
standard KOH and phenolphthalein,required 10. 6ce 7
alkali.

2. Using 20cc KF solution and 20cc HgO 12.8cc KOH(%)
were required.

3, 10cc.CuS04 solution added to 30cc KF solution
and brought to the boil was blackened on addition of K
to the hot mixture.

4, 10cc of the CuS04 solution were added to 30cc KF
solution (1.35 sp.gr? without the addition of any
water. The mi&xture was brought to the boil, then
cooled, made up to 50cc, and filtered and an alliguot
part titrated. The filtrate was acid to the extent

that 1.7cc standard KOH were required to neutralise if.

The filtrate contained copper, as ammonium sulphide
produced a black precipitate., On washing the precipi-
tate it partially dissolved and went through the
filter paper. The precipitate formed by adding KF

to cupric sulphate is evidently soluble in water to a
considerable extent but less soluble in KF solution.
Posslibly some modification of the method of determin-

ing the free acid by the help of potassium fluoride

[OH
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may be found which will give satisfactory results
with cupric salts,and further experimenting will have
to be carried out to arrive at the required conditionsg.

Behaviour of KF towards Cobalt salts.
CoS04 + 4 KF = COFQEI@ + KpS04.

Cobalt sulphate (CoS047Hp0) was used for this
investigation in the form of a solution containing
10 grams CoS047Hg0 in 100cc.

1. 10cc. of the cobalt sulphate solution (containing
+267 gram CoO equivalent to .828 gram KF) were diluted
with 60cc Hg0 and added to 30cc KF solution (15.9 gran
KF). A beautiful pink precipitate at once formed
which resembled the color of alkaline phenolphthalein,
so the mixture was made up to 100cc and filtered thro-
ugh a dry funnel and paper. 50cc. of the colorless
filtrate titrated with standard KOH required ,056cc
to neutralise.

2. 10cc cobalt sulphate with Scc % HpSO4 and 60cc
Hz0 added to 30cc KF solution made wp to 100cc. and
filtered, 60cc. titrated with standard KOH required
2.5cc 3 KOH = Bcc for the 100cc. Theory = 5.00cc.

Here also there is promise of the free acid
determination in cobalt salts being made to answer
satisfactorily

Behaviour of KF towards nickel salts.
NiSOg + 4 KFF = NiFgaKF + KgS04.

For this test I used pure nickel sulphate (NiS047HZO0)
10 grams dissolved in water and made up to 100cc, ﬂ

1. 10cc (containing ,266 gram NiO equivalent to ,828
gram KF) were diluted with 60cc Hg0 and added to 1Occ
KF solution (5.3 gram KF). No precipitation occurred |.
On heating to the boil a precipitate of pale greenish
white color was produced, On adding standard alkalil
to the hot solution 9.5cc were required to neutralise
it to phenolphthalein.

2. With 20cc KF solution bringing to the boil as
before, then cooling and titrating with standard
KOH, .3cc was required to neutralise,

The method will doubtless apply to nickel salts
also. .
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Here a method is suggested of separating nickel
from other metals, e.g., from cobalt by adding KF
to the solution containing Ni and Co in the cold,
whereby the Ni remains in solution and the Co is
carried down (see p. 33 ).

Behaviour of KF towards lead salts.
Pb(CH4C00 ) g+4KF = PbFgRKF + 2(CHzCOOK).

For this test I employed lead acetate and made up
a solution of 10 grams in 100 cc,.

1. 1lOcc (containing .6855 gram PbO equivalent to
.712 gram KF) were diluted with 60cc Hg0O and added to
10cc KF solution (1.06 gram KF). On adding phenol-
phthalein and titrating with standard KOH ,lcc was
required to produce a pink color.

R. 10cc of the Pb(CH5C00)g solution with 5Scc 3 HaS04
and 60cc Ha0 were added to 1l0cc KF solution and then
the mixture titrated as beforse. 5.25cc standard
alkali were required to neutralise instead of the
theoretical amount of 5.05cc. (Eccfg_acid = 5.06cc
of the standard KOH). .

3. A similar test to (2) but using 2.5 cc F HOL
instead of Scc B HeSO0s, gave the same result viz.-
5.85 cc standard KOH were required.

Further investigation will doubtless aprive at
a satisfactory method in the case of lead salts.

Behaviour of Manganese sulphate (MnS044H0)
towards potassium fluoride.

MnS04+3KF = MnF,. KF + KgSOs.

A solution of' the pure salt 10 grams in 100cc.
was prepared.

1. 1lOcc. of this solution (containing ,8184 gram MnO
equivalent to ,782 gram KF) added to lOcc KF in 60cc
HgO and then titrated with standard alkeli and phenol-
phthalein required only 1 drop of alkali to produce a
pink color.

2. 1lOcc of the solution of linSO4 + Scc ”{HESOQ were
added to 10cc KF in 60cc Hg0 and titrated as before.
5.056 cc standard KOH were required., This is the '
theoretical amount. :
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3. On attempting to make the MnSO4 solution basic
by addition of alkali it precipitated and went Hrown
even with .2cc standard alkali,

Free acid in manganese sulphate can also be
determined by means of KF solution.

Note.~ in regard to determining the excess of
base in insoluble basic salts this might be done
by dissolving the substance in a known amount of
suitable standard aclid and then proceeding as usual
with addition of KPP etc,

Influence of the presence of insoluble matter.-

Insoluble matter must in all cases be filtered off,
as hydrofluoric acid being formed (or else is potent-
ially present) by 2KF+HgS0s = KpSO0g+8HF,it is apt to
attack the insoluble matter and become neutral ised.
Examples.-

A, A sample of commercial precipitant for sewage
(erude ferruginous aluminium sulphate) containing
12.4% insoluble matter was experimented with. 2 grams
dissolved in water and added unfiltered to 1lOcc KF
solution required only .2b6cc % alkall to neutralise,
= .26% Free S0g.

Another 2 grams filtered required 3.55cc % alkali
= 3.56% free S05.

B. A sample of commercial aluminium sulphate used for
purifying water supplies was next tried. It contained
.34% insoluble matter. :

1. 2 gram unfiltered required l.5cc% alk. = 1.5% free
2. 2 ,, filtered o 186 ., = 3.880

- The necessity of filtering is here apparent.
This may be rapidly accomplished by taking a known
weight and dissolving up to a known volume with water|
Then after a thorough mixing, the solution is filtered
through a dry funnel and paper, and an aliquot portion
taken for the test, S

Influence of ammonium salts e.g. when testling an
ammonium alum liguor for free acid.

<y

(1) 2 grams pure recrystallised ammonium alum dissoly
ed in 20cc distilled water were acidified with Scc.%®
HzS504 and added to 1l0cc KF solution + 40cc water. On
adding phenolphthalein and titrating with % KOH a ver;

<

indistinct indication of neutrality was obtained when

5:3cc ¥ KOH had been added.

S04 -

2
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(2) 2 grams ammonium alum in 20cc HgO were acidified
with 2.5cc% HoS04; then 25cc ¥ alkali wers added and
the NHg entirely driven out by heating., 36cc F*
HgS04 were now added and heat applled until a clear
solution was obtained. This was cooled and added to

10cc KF solution and titrated with®* alkali. 18.45cg¢

were required to neutrallse.
Total acid = 37.8cc.

Ammonium salts are well known to affect phenol-
phthalein, therefore NHg, if present, must first be
eliminated by heating with a known excess of standard
alkali.

SUMMARY.

Method for determining the free acid and basic
alumina in aluminium sulphates based upon the
researches described in the preceeding pages.-

The solutions required and the preparation
thereof are fully described on pp. 8,9 & 10.
' A portion of the material to be tested is taken
and dissolved in water so that each 1l0cc or 20cc con-
tains from .1 to about .3 gram AlgOz and the solution
must be filtered if there is any insoluble matter.
This Bhould never be omitted.

A portion of this solution is now taken containin
from about .1 gram to about .3 gram AlgOs and is added
10cc (or more) of the neutral KF solution which has
been diluted with about 60cc of distilled water in a
platinum basin or other vessel not attackable by HF.

Phenolphthalein (about .,5¢c¢) is now added and if
a red color shows up, then the material being tested ig
basic and a fresh portion must be taken in a small
beaker and rendered acld by means of a measured amount
of standard acid and heated (preferably in platinum)
for a few minutes to ensure combination. It is then

cooled and added to the KF as before and after adding
phenolphthalein it is titrated with standard alkalsk.
The cc. acid minus the cc. alkali = the cc., standard
acid gone into combination and represents the basicity
of the material, An lidea of how much standard acid tq
add to make the second portion acid may be arrived at

by ascertaining the cc., standard acid requlred to dis<

charge the red color produced by the first portion.

4
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(An alternative method is to add the basic solution
to the KF solution after the latter has been strongly
acidified with a measured amount of standard acid.)

If on the other hand the first portion of the
material produced no red color then it 1s either neut-
ral or acid and standard KOH 1s now used to determine
the degree of acidity by titrating in the usual way.
Bach cc 3 HgSOs = .02 gram SO and ,0085167 gram AlgO4.

If much iron is present the KF solution must be
increased sufficiently to prevent the alkalil attackin$
the double iron fluoride,which should not become
changed in color during addition of standard alkali.

If any salt of ammonium is present the NHs must
be got rid of by boiling with a measured amount of
standard alkalil in excess and then,when the NHz is all
off, standard HpSO04 is added and heat applied to render
the whole soluble and acid. After thoroughly coolin
the process 1s carried out as already described above%

It is of course well known that ammonia and its
salts render titration in presence of phenolphthalein
useless.

When analysing basic aluminium sulphates which
contain sodium salts, e.g. NagS0g through sodium
carbonate having been used for basicising, it is
necessary to add from 10=R0cc of a saturated solution
of neutral KgSOs to the portion of the basic solution
taken for analysis. The mixture is then slowly added
to the KF solution after the latter has been strongly
acidified with a known amount of standard HgSO4.

This is to prevent the formation of any %aaic
sodium-aluminium double fluoride which appears to be
formed in small yet appreciable amount when NapSOs
is present, this.-
5Ra,$0*+A130(804J,+ 10KF = AlpO0F46NaF + BKgSOg4.

This basic double fluoride appears to be neutral
to phenolphthalein and if any is formed there is of
course an equivalent deficiency in the alkali formed
by the reaction.-

A1,0(S04)e + 12KF= 2(AlFa3KF) + 2KgS04+2KOH
and an appreciable error is introduced.

In the experiments herein described it was
noticeable that whenever incorrect results were
obtained through a basic compound being formed, it
gave a whiter and more opague appearance to the pre-
cipitate. The normal double fluoride precipitate is
of a more or less transparent nature and its appear-
ance is an indication whether thﬁ reaction has taken
place properly or not.
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PART II.
INTRODUGCTTION.

This section refers to the volumetric determine
ation of combined acid along with free acid if it is
present in aluminium sulphates and other aluminium
salts.

Since both free acid and combined acid are
simultaneously determined I shall use the term
"neutralisable" for the acid which is determined by
the method which consists in titrating the substance
with standard alkali using phenolphthalein as indicato

As it might prove useful I have cellected all the
volumetric methods of determining alumina that I could
find. With regard however to the above special method
it has already been studied by several investigators
whose names are given on p. & (part I) and abstracts
of their papers %with reference) will be found in the
historical account following this introduction.

I have also examined the method in regard to
determining the neutralisable acid in ferric, ferrous,
titanium, and zinc s@wlphates since a small percentage
of some or all of these bodies may occur in the:
aluminium sulphates of commerce.

In regard to the determination of neutralisable
acid in aluminium, ferric, ferrous, zinc and titanium
sulphate 1 have already referred to the previous work
done by other investigators in the case of aluminium
and here 1 make further reference to previous work in
regard to other salts in general.-

Langer and Wanikiewiez (Ann.Chem.u.Phar.1861,239)

went very fully into the determination of combined acid

in met&llic salts, The investigatoms I carried out
were done to familiarise myself with the method in
regard to the salte mentioned above as these come under
my daily notice,

The results obtained are herein recorded, as this
test and the determination ef free acid or free base
ara invariably both carried out when aluminium sulphatd
sre being analysed.

8
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HISTORIOAIL
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Erlenmeyer & Levinstein Zeit.Chem.Phar.1860,572
J.pr.bﬁiﬁ“ﬂﬁ%ffjﬁﬁz,n.F.J.ﬁLV{;I,126,Arch.Pharm.[2]
QIV.276,Chem.Centr.1860,948,R6p.Chim.pure I1I1I,231.
Recommended that aluminium sulphates should be con-
verted into chlorides by means of BaClg before titrat-+
ion so that formation of basic salte may be -obviated.
When free aclids are present ammonium magnesium phos-
phate is added and the free acid titrated in the
filtrate.

G.Merz Dingl.Polet.Jour.220 (1876)229,J.B.18786,
997, titrated alums with alkali using corallin as
indicator. In this way_23/24 of the acid are neutral+
ised and a precipitate formed which contains 8 mole-
cules AlgOgz and 1 molecule SOg, Should the salts
contain free acid this is first of all determined by
the application of very weak soda solution with log-
wood solution as indicator.

C.Willgerodt, D.P.J.220,49, J.B.1876,997, has
devised a similar method for the determination of
alumina but makes no mention of free acid.

Reis, Ber.14,1178,J.B.1881,1164, in determining
alumina volumetrically adds to the neutral solution a
little CaQlg then titrates with (NHe)eCs0a until a
permanent precipitate remains, then the alumina is
exactly combined with 3 molecules of oxalic acid.

R.T.Thomson,Chem,News 47,(1883) 135. On the use
of litmus, methyl orange, phenacetin, and phenol-
phthalein as indicators. XII. Effect of alumina in
al¥kaline solutions. On titrating aluminate using
litmus as indicator the results are a little high and
the end point indistinct. With methyl orange the
results give "nearly the whole of the alumina along
with the soda", With phenacetolin and phenolphthalein
the real amount of the soda present is obtained. The
alumina obscures the end reaction slightly.

O.,Miller, Z.Anal.Chem(1884) 24,258, recommends
evaporating the alcoholic extract of sulphate of
alumina to expel the alcohol and then titrating with
alkali and methyl orange.

Dr.K.J.Bayer, Z.Anal Chem,24 (1884) 542 titrates
& 10% solution of the substance in water with % soda
and tropeolin PP or methyl orange.

The acid alumina solution is mixed with sufficient
soda to redissolve the precipitated AlgOz. It is then




divided into equal portions and titrated with HpSOg4
using litmus in one case and tropeolin 00 in the othen.

With litmus the red coloration commences as soon
as the excess soda and that as aluminate are neutral-
ised. With tropeolin an additional quantity of acid
being that required to convert the AlzO0z into Alg(S04)s
is required before the change from yellow to prange
begina. The titration with tropeolin is best performgd
in a porcelain basin using not more than 60cc.liquid
and a comparative color is prepared in a second basin,
Warming should be avoided and the acid should finally
be in excess and titrated back with normal alkali.
Metals whose oxides are soluble in soda must first be
removed. Bases precipitated by soda can be filtered
off before titrating. Alkaline silicates are without
influence.

Dr.K.J.Bayer, Chem.News 52 (1885) 277,%.Anal.
Chem,25,180. On a volumetric method for the determin+

ation of alumina. He determined the AlgOz in alumin-+
ate of soda by means of the two indicators litmus and
tropeoline. .

=

In presence of litmus an aluminate titrated wit}
standard acid to incipient reddening shows that only
the three molecules of Nag0 combined with the AlgOg
and the free Naz0 are neutralised - the precipitated
alumina being inactive.

If tropeoline be employed and the standard acid
be added t1ll the alumina just redissolves (when the
pure lemon yellow of the tropeoline begines to pass
into orange) the amount of acid added is equivalent
to the total neutralisable alkali and the alumina.
From the two determinations the alumina is found.
Bayer recommends titrating with tropeoline in porcel-
ain capsules using 40-50cc of liquid for Fcc of trop-
eoline (1-1000) and for "inexperienced persons" a
"blank may be made for comparison of colour. Excess
of acid must be added and titrated back with soda.
The application of heat must be avoided. Bayer in
his experiments used .9154 gram alum (made alkaline
with a measured amount of soda) in each trial,

E.B. Zeit.Anal.Chem,1885,25,183, The suthor has
used but not published a process, identical with
Bayer’s (Zeit.Anal Chem.24,542) 3 years earlier.
Tropeolin 00 is to be used. The titration of excess
of alkali is so troublesome and uncertain that it is
easlier to determine it by distilling with ammonium
chloride and collecting the ammonia in standard acid
and titrating it with NagCOs and methyl orange.

A little rosolic acid is added to the distillation
flask showing by becoming yellow the moment when all
the NHgy is expelled. : -
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B.S5.Proctor (New Remedies I1I,338) Zeit.Anal.Chem.
(1885)24,237, studied the behaviour of free acid in
presence of various salts, towards methyl orange and
states that after adding alkali to alum solution and
then acid the red color produced by the acid disappean
in a short time through a part of the alumina precipi-
‘tate dissolving and a permanent color is only obtained
when all the AlgOz is in solution.

R.W.Atkinson, Chem.News 52,(1885) 311 "On a
volumetric method for the determination of alumina
states that Bayer?s method (B.N.52,277) was fore-
shadowed by R.T.Thomson (C.N.47,135) so that the
principle of Bayer?s method is not new. _

Atkinson moreover asserts that the end points arg
too ill-defihed to make the process reliable and
suggests the use of phenolphthalein. He gives a com-
parison which shows in the case of ammonia alum that
litmus gives a markedly low result (10.95% Al,0,,
10.78 and 10.79 instead &f 11.2 required by theory)
whereas phenolphthalein gave 11,.28. Quantitative
gravimetric analysis showed 11.24. No account is
given as to how the determination should be carried
out.

Dr.K.J.Bayer, Chem News 53 (1886) 40 having read
Atkinson’s paper (C.N.58.311) points out he was
unacquainted with Thomson?’s paper (C.N.47,135) and
further states that a comparative test is indispensabl

H,Prunier, J,Pharm[5] X97, Volumetric determinat-
ion of alumina in lime and ﬁgment. A known weight of
cement is dissolved in HNOz and neutralised with

ammonia using tropeolin as indicator. A known amount
of % ammonis is added and the whole made up to a give
bulk, filtered and the excess NHs formed by titratio
with 7% HNOg and litmus as indicator. :

R.Gatenby, Chem News 65 (1888) 289 "On a volumet-
ric determination of alumina"., G+ determines first
the total neutralisable alkali by phenolphthalein and
normal HCl. As scon as the red color disappears
methyl orange is added and normal HCl until a pink
color is obtained (in the cold) which does not vanish

in a few seconds. This titration indicates the alumin

and alkaline soda salts (e.g.NagCOgz). Then add litmus
and titrate back with normal alkali till a distinct
blue colour is obtained. The method 1s stated to be
rapid, and accurate enough for technical use.

G.Lunge, Z.Angew.Chem ,1890,293. Monit.Scient.
1891,286,J.5.1890,2831 gives the following method for
analysis of aluminate of soda.- A portion of clear

8
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i solution is treated with phenolphthalein and
21%?;?:361n the warm with normal HCl until decolorisats
ion occurs. This gives the soda combined with AlpOg
and Si0p, and any free soda if present. A drop of A
methyl orange is added and titration continued at 30°-
37°C until the red tinge becomes permanently yellow,
tlLis change marking the end point of the alumina
determination.

K.J.Bayer (Chem,Zeit.1890,736) J.B.1890,1I,2433
refers to Linga’s process (Z.Angew.Chem1890,227) and
states that some years previously he described a
process (J.B.f.1886,1928) which is practically the
same method as Lunge?’s.

H.Heidenham, Chem.Centr,1890b,607,J.B.1890,2434
gives a direct method for the determination of total
acid in aluminium salts. Using phenolphthalein as
indicator he found that alumina in presence of a
little tartrate acts like a weak alkali but in presenc
of a proportionately large amount of acetates it is
indifferent. Also that the alkaline character of
Alp0s is more prevalent in hot than in cold solution.
In water solution he advises 1 part Al,04~per 100 to
200 of neutral potassium acetate, then add standard
alkall until a part of the acid is still uncombined,
now heat to drive out CDg, cool and titrate to the endl.

T EW

Kritzschmar, Chem.Ztg.1890,1223, J.B.1890,2431
determines alumina volumetrically by precipitating it
from acetic acid solution by a measured quantity of
disodium hydrogen phosphate and titrates the HgzPOg
with uranium solution. : '

gross & Bevan, J.S5.C.I. X (1891)202,J.B.1891,2470
describing ghe determination of alumina by titration
with standard alkali and methyl orange as indicator,
assert that the neutral point is reached when the
Al1(OH)g is to the SOg in the molecular ratio of 2:2.5.

- Lunge, J.5.C.I. X (1891) 314,J.B,.1891,2471,
maintains that the neutral end point, in titrating
aluminium sulphate with %* soda using methyl orange
as indicator, is reached when the Al%OHJs is to the
S04 in the molecular ratio of 2:3.

H.,Lescoeur, Bu 1l,S0c¢.Chim,17/18,25-86,119-114
706-7128,J.8,1897,721. On the alkalimetric determinat-
ion of metals. With regard to aluminium he recommendsd
phenolphthalein as being superior to litmus. In weak
solution good results are obtained using alkali or
baryta solution. The latter effects the separation
of other metallic oxides (except Beryllium) which are
insoluble therein.
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C.R.Gysander,Chem.News 84, (1901)298,308. "On
volumetric determination of alumina for technical
purposes”. Gysander claims to easily obtain practic-

ally correct results by a process based on the follow-

ing reactions,.-

Al5(S04)g + 6 NaOH = Alp(O0H)8 + 3 NagSOs

Alg0g + 3H,S04 = Alp(SOgls+ 3 HgO.

The reagents used are.-

Standard caustic soda solution free from aluminate

and carbonate. Standard acid (sulphuric).

Distilled water free from carbon dioxide and ammonia.
Methyl orange solution (1 gram - 1000cc).
Phenolphthalein solution (2 grams - 1000cc).

Pure potash alum was used as the experimental material.
To carry out the process with regard to "pure" sulphate
of alumina, 10 grams of the salt are dissolved in 1000

cc.Hg0 and 80 cc.= .5 gram taken for the test.

2 drops of methyl orange solution and 4 drops of
phenolphthalein are added along with 2cc. standard
acid. Standard soda is now run in drop by drop with
constant stirring until the color changes from pink
to orange (not yellow) and if the material being
tested was normal, exactly 2cc of the standard soda
will be used. If the material was basic then the
excess of alumina will form sulphate with the acid

added and thus lesa than 2cc. of the standard soda will

be required to neutralise the solution. The differ-
ence corresponds to the basic alumina present. The

addition of soda is continued until the phenolphthaleln

shows a distinct pink, and the cc. used between the
orange color of the methyl orange and the pink of the

phenolphthalein indicate the per cent of total alumini.

The standard soda solution contains in 100 cc
soda equivalent to 1.137 grams acid sodium oxalate,

PRECAUTIONS. (1). End point. It is well to
make a soluticn of pure potash alum of a strength

corresponding to that of the material being tested and

add to it B drops methyl orange. This gives a color
for comparison. The phenolphthalein end point is
sharpest at about 30°C, above this temperature the

results are incorrect and in excess of the theoretical

amount "as alumina at high temperatures is acid to
phenolphthalein". Below 20°C the reaction is very
tardy and the end point obscure. At 50°C no pink
color wes obtained when even a slight excess of alkal]
vas added over that equlvalent to the SOg present.

As the solution cooled the pink color began to appear|

and at 36°C the color was intensely red, "which shows
that alumina is acid to phenolphthalein at high temp-
eratures )

If basic sulphates of alumina are being tested t}
must be first neutralised with a measured amount of
standard acid or else a serious error will be caused

ney




by the formation of basic sulphate, in an insoluble
form.

In sulphates of alumina containing small quanti-
ties of free acid the end point is very uncertain and
the free acid must be determined by another method,
(see p.4 ). When applied to commercial sulphates con-
taining ferrous or ferric sulphate or both together
the same procedure is adopted provided the amount of
iron salt or salts present does not obscure the end
" point, The iron present must be determined separate-
ly and a corresponding correction made.

Addendum to be read after line 11 on page 44.-

A.H.White,1902,J.Amer.Chem.Soc. 24[5] 457.
Volumetric determination of aluminium and free and
combined sulphuric acid in alums.

On titrating a solution of alum containing
neutral potassium sodium citrate with barium hydroxide
solutiden only the free sulphuric acid and that combingd
with the aluminium are determined, whilst that in
combination with sodium ér potassium is not shown
(phenolphthalein is the indicator used).

Again by evaporating a duplicate portion of the
alum solution to dryness, dissolving the residue in
neutral sodium citrate solution, and titrating with
barium hydroxide, the difference between the result
and that obtained in the former titration 1is equival-
ent to a third of the aluminium and from theseé resultsg
the amounts of sulphuric acid and aluminium can bs
calcilated, and it can be determined whether the
alum was baslc or acid.

O.Schmatoela Ber.1905,38,985., J.5.0.I.XXIV,
349. The author recommends as the most reliable
method for the determination of acids combined with
aluminium, the titration of the boiling solution of
the aluminium salt with alkali carbonate till phenol-
phthalein turns distinctly red, subsequently titrating
back with acid if necessary. To compensate for the
the incomplete decomposition of aluminium sulphate,
the number of cc. of alkali solution used should be
increased by .75%. For acetates, chlorides and
nitrates the addition of an excess of alkali and back
titration is always advisable on account of the
volatility of the respectivs acids. The author
recommends alkall carbonates for use in the titration
as the amount of aluminium sulphate which they leave

undecomposed is a constant = 1 of the total amount.
140




by the formation of basic sulphate, in an insoluble
form. :

In sulphates of alumina containing small quanti-
ties of free acid the end point is very uncertaln and
the free acid must be determined by another method,
(see p.4 ). When applied to commercial sulphates con-
taining ferrous or ferric sulphate or both together
the same procedure is adopted provided the amount of
iron salt or salts present does not obscure the end
" point. The iron present must be determined separate-
ly and a corresponding correction made.

S.E.Moody, Amer,J.Sci,1905 [4] XX 181 founds a .
volumetrlc method for determingng the alumina in
aluminium chloride and aluminium sulphate on the
following reaction.-
Alg(SOg)s + 5 K1 + KIOg + HgO = 2 AL(OH)z +3KgSO04+61.
A convenient portion of aluminium salt is measursd
into a Woit flask. The KI and KIOg required are
added and the whole distilled in a current of H.for
16-~20 minutes and the I caught in KI seolution and
titrated with sodium thiosulphate.

S.E.Moody,Amer.J,Sci 1906[4] XXII1,483 gives an
extension of his former paper to include cases where
free acid or basic alumina are present.
' The individual bases are determlned separately
and the SOz for each is calculated. The SO0z formed
by the titration of the liberated I 1is distributed
amongst the bases according to their requirements and
any lef't over 1s reckoned as free acid. Any less
than that required to combine with all the bases is
calculated to basic alumina.

Flelischer. Maasanalyse. has given the following
as a volumetric method of determining alumina.-

The aluminic solution is treated with sodium
acetate and poured into a burette - having previously,
if alkaline, been saturated with HCl - and is then run
drop by drop, into a standardised phosphate solution.
To ascertain whether the end point of the reaction
has been attained, it 1s necessary to filter a few
drops of the phosphate liquid at intervals and see
whether it still gives a turbidity with the aluminium
solution. An alcoholic solution of "brasiline",
which gives a violet-blue coloration with a slight
excess of aluminium acetate in the warm may also be
used as indicator.

d




Method for determining the total neutralisable
acid in alums and sulphates of alumina.

The water taken for the test is boiled for a few
minutes in a suitable vessel, A porcelain basin on
a good going burner answers quite well, The amount of
water required varies from about 500cc for .2 gram
Al1,05 in the portion taken for the test,to about 700cg
for .5 gram Alg0s.

After the water has boiled a few minutes 2cc. of
phenolphthalein solution are added and then a little
alkali to produce the pink color fixed for the end
point.

Note.- One must boil the water before making it
pink with alkali as even with distilled water an
appreciably greater amount of alkall is required to
produce the pink color at the beil if the alkall is

added while the water is being heated up. This extra [alk.

would be subsequently active towards the sulphate of
alumina and would introduce an.appreciable error,

Having obtained the desired pink color the portion
of the material being tested is now introduced into
the boiling solution, which is kept briskly boiling

right to the end of the test, Standard alkali is now
added from a burette untill a strong red color is
produced. This excess (about 8-3cc) of alkali is to
break up and neutralise any basic sulphate which may
be formed, A measured amount of standard acld is now
added in quantity just sufficient to discharge the
red color completely and leave about ,5cc in excess,
and then standard alkali is slowly and carefully added
until the agreed upon pink color appears. The total
alkali addedyminus the acid gives the alkali equivalent
to the "'neutralisable’ acid.

When testing basic aluminium sulphate the portion
taken for analysis must first be made acid by adding
a measured quantity of standard acid until a drop
showes & blue color when spotted with congo red and
then heating to ‘the boll to ensure combinapion between
the basic sulphate and the acid. The point is that
basic aluminium sulphates mmst preferably first be
made into sulphates containing a little free acid
before they are analysed otherwise results which are
incorrect are liable to be obtained owing to precipi-
tation of basic salt during the titration. The
standard acid used for this purpose being known,it is
of course reckoned in when calculating out the per-
centage of S0g. :

A familiarity with the end point is easily attain-
ed by making a few tests with pure potash alum. The
end of the nsutralisation is indicated by the first

appearance of & light permanent pink. Daylight
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answers best for the test but equally good results
are also obtainable in a suitable artificial light
(6.g. electric or incandescent gas). The light

pink color obtained in the. bolling liquid becomes
intensified as the latter cools and this may be used
as an indicator that at least sufficient alkall has
been added. An operator might imagine he had reached
the end point when testing a ferruginous sulphate of
alumina as the red color of the ferric hydrate might
deceive,him., If the right amount of alkali has been
added the pink color will gradually. deepen as the
liquid cools, If this deepening does not occur then
the liquid should be reboiled and a little more
alkalil added until the pink appears.

Gysander (Chem.News LXXXIV 296) considers that
Alp05; is acid to phenolphthalein at high temperatures
because when he added to a solution of pure potash
alum a slight excess of alkall over what is required
to neutralise the SO0z no pink color was obtained at
50°C. As the solution cooled the pink color began

to appear and at 35°C it was intensely red.

My experiments do not support this theory that
Alg0g is acid to phenolphthalein at high temperatues
as 1f one takes a known amount of pure potash alum in
boiling seolution and neutralises it with alkali to
produce a pink color to phenolphthalein and at once
filters off the alumina it will be found that the clear
solution containing the phenolphthalein(but no aluming|)
will develop a deeper red color as it cools. This I
take it is a property of the phenolphthalein itself
and is notdue to any action of the alumina.

The tendency of basic aalts to form,when dilute
solutions are heated is well know, and in Gysander’a
case a basic salt of alumina and alkali is probably
formed at 50°C thus liberating a certain amount of
free acid which decolorised the phenolphthalein; on
cooling again the basic salt and the free acid re-
united and the red color reappeared owing to the dis~
appearance of the free acid.,

STANDARD SODA SOLUTION, The soda solution em-
ployed was exactly equal to normal acid when titrated
with methyl orange as indicator. This was standard-
ised against exactly normal sulphuric acid adopting
the same procedure as is observed when determining
the total neutralisable acid.- 800 cc. distilled
water were boiled for a few minutes in a 1000cc Berlin
porcelain basin, 2cc of the phenolphthalein solution were




added and a little plkali to produce the pink color of]
the end point. &89cc normal acid were now added and
then while keeping the solution boiling briskly the
soda was added until a strong red color was produced.
lcc @f aclid was now added to decolorise the red and
then soda was carefully and slowly added until the
permanent pink of the end point was fommed. For the
30cc normal acid I used 30.3cc of-the soda solution.

Another trial with 32cc normal acid required
32.3cc of the soda solution.,

68cc normal acid neutralise exactly 68.6cc of the
soda solutdon.

Therefore each cc, of the soda solution will neut-
ralise ,039617 gram sulphuric acid (S0z) equivalent
to .01687 gram Alg0s; when titrating with phenolphthal-
ein for indicator as above described. Exactly the
same figures were obtained using tap water (Manchesten
supply) and carrying out in the same manner.

Investigations regarding the determination of
total Yneutralisable" acid in aluminium salts by
titration with standard alkali and phenolphthalein as
indicator .- '

For these investigations I used pure recrystallisdd
potash alum (p.10 ).

Regarding the dilution = in each of the following
tests (carried out as described on p. 4, 5 grams of
alum (.539 grams Al;0,) were used and 2c¢c phenolphthall-
ein solution, . 5 grams of alum theoretically should
neutralise 31,98 cc of the standard NaOH solution
each cc of which corresponded to ,01687 gram AlgOg.
In each case also the water taken was first boiled
and then the phenolphthalein made pink by adding a

drop of standard alkali. Porcelain. basins were used
for the tests. 4 ;

1. 600cc distilled HgD required 31.70cc stand.alk.

2. 500 ) ? 2 51.75 22 22
3. H00cec tap HgO 29 31.75 ) 2
4. 500 23 ’ s 2 31.75 2 22

The mean of these 4 tests is 31.74cc standard
alkali 31.74 x ,01687 = ,53545 grams AlgOsz = 10.709%
Al1,0; (Potash alum contains 10.78)
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(56) 760cc distilled Hg0 = required 31l.9cc stand.alkall

(6) 750 et o3 o 31.95 I
(7) 780 tap s S 31.95 b
(8) 750 3 e o 31.95 5

The mean of these 4 trials is 31.91lcc standard
alkali. 31.91 X .01687 = ,538 grams Alg0; = 10.76%.
(Theory = 10.78).

With 750cc water the end point is rather more
difficult to determine probably due to the dilution,
not of the alum, but of the alkall mixing in the
large volume of water.

(9) 8260cc distilled Ha0 required 31.86cc stand.alkall.

(10) 250 s =0 S 31.65 5
(11) 250 tap 59 23 31.55 2
(12) 250 3 5 P 31.60 o

The mean of these 4 trials is 31.6lcc standard
alkali., 31.61 x ,01687 = ,53325 grams AlgO, = 10.66%
Alg05. (Theory = 10.78).

In nos. 9,10,11 & 128 the precipitate was not so
transparent as in the more dilute experiments. 15
was whitish and opaque probably owing to the presence
of some basic sulphate which persisted as such and
caused less alkali to be required te reach the neutral
point, s
Care should also be taken teo avoid usingtoo
much phenolphthalein as it precipitates in the liquid
rendering it opaque and disguising the end point.

Series of similar tests using 2 grams Alum
(2156 gram Alg0g).-
In this series of tests the end point produced by
addition of standard alkali (lcc = 085 gram Al,0g)
was noted then % acid was run in to discharge the
| pink color and then standard alkali added to bring it
back = quite a noticeable difference 1is observed in
the amounts of standard alkall required for the two
end points. For 1lst. For 2nd.
end point. end point.
(1)250cc distilled Hgp0 required 825.4cc. 26.0cc

(2)850 oy =5 oy £5.35 24,95
(3)250 tap P i 85.4 - 24,95
(4)250 3 oy A% 25.45 25.05

The average of the lst set is 265.4cc standard
alkali. ®25.4 x ,085 = ,2159 grams Al,05 = 10.79%.
The average of the 8nd. set is 25.0cc standard alkali
256.0 x ,085 = ,2125 gram Al,0, = 10.62%




500cc. distilled water required

(5) 25,8 25,2
(6) 500 53 L iS5 25.5 265.2
(7; 500 tap P 55 25.6 25.35
(8) 500 el S o5 25.55 25.4
The mean of the 1lst gset is 25.54cc standard
alkali., 26.54¢ x ,085 = ,2171 gram Alz0z = 10.85%.

The mean of the 2nd.

alkali, 25.89 x ,085 = .2155 gram AlgO; = 10.77% AlgOd.
1%e - 27 o
(9) 780cc distilled water required 26.0 25.4
(10)750 e o "y 6.1 28.55
(11)750 $8p P 5% 25,76 25.52
(18)750 5 5% 55 85.80 25.55

for 1st.

end point.end point.

set is 85.29cc. standard

for 2nd.

The mean of the lst.set is 25.91cc standard alkali.
25.91 x ,085 = ,2202 gram Al,0g = 11.01%.

The mean of the 2nd.set is 25.50cc standard alkali
25.5 x ,085 = ,R2187 gram AlgOs = 10.83%.

The best results were ebtained by using 780cc.
water when using a portion containing .539 grams AlzOg
and 500cc HgO when using .2156 gram Al,0z; and I have
indicated this in the description of the method given
on p.45.

Application of the titration by standard alkalil
to ascertain the "neutralisable acid" in aluminium
sulphate. '

- The preparation described on p.ll was used -
(1) 2.5 grams were taken (containing by gravimetric
analysis 37.81 gram S04;) and added to 500cc.tap water
which had been boiled and made pink with 2cc. phenol-
phthalein solution and a drop of standard alkali (lcc.
= ,0199 gram SO0,) was added till a strong red color
was produced R2cc % acid were now added and a pink
color developed by slowing adding standard alkali.
49.4cc in all of alkali had been used and deducting
2cc for the 7 acid, 47.4cc of the alkali were re-
quired to neutralise the 2,5 gram aluminium sulphate
to phenelphthalein.

47.4 x 0199 = ,94326 gram SO0z = 37.73%

an error of ,08% too low.

(2) A repetition of this test using 500cc distilled
water and alkali,lcc of which = .03962 gram SOg required
R3.75cc standard alkali.

23.75 x ,039682 = ,941 gram S0z = 37.64%, an error
of ,15% too low.

Further application of the determination of
neutralisable acid to a few samples of aluminium salts

1. This was a speeimen of aluminium sulphate crystalld+
ised in the usual manner from pure aluminium sulphate
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golution.

It contained by gravimetric analysis 37.02% SO4
(1.25 gram gave 1.348 BaB0e and 1 gram gave 1,0785

2 grams taken and added to 500cc bolled distilled
water and titrated with standard alkali (lcc. = .03983
gram S0gz) a8 described on p.45, required 18.656cc
standard alkali. 18.656 x .,0391R = .,7389 grams S04
= 36.94%. Too low a result by .08%.

A similar test using 750cc boiling distilled
- water required 18.8cc. standard alkali: 18.8 x ,03912
= .7448 gram S0; = 37.84%. Too high a result by .28%.

This confirms previous results - the proportion
of water was too large for the amount of AlpOs present.

2. Basic aluminium sulphate p.1l. This contained
33.18% S0g (.56 gram gave .,483 gram BaSO4).

.1 gram was taken and aclidified with 1000.%?H3804
brought to the bolil to ensure combinatlion, then
added to 500cc boiling distilled water and titrated
with standard alkali (lcc = .03982 grams SOg) and
phenolphthalein as indicator, required 8.35cc.

8.35 x ,03962 = ,3318 grams SO, = 33.18%.
Error of .02% too high.
3. Aluminium chloride.-

The preparation described on page 21 was employed.
It contains by gravimetric analysis 43.32 grams Cl.

1 gram titrated in 600cc boiling distilled
water with standard NaOH (lcc = .0345 gram Cl) and

phenolphthalein,required 12.6cc NaOH to neutralise
it.

Another trial using 1 gram required 12,56cc NaOH|

The mean of these two is 12.575cc.

18.576 x .0345 = ,4338 grams Cl = 43.38% - an error
of ,08% too high.
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4, Aluminium acetate solution.

This solution is described on p. 23 and contains
+844 grams CgH, K Cg0s per 1l0cc, determined by distilling
10cc with HgSOe into normal soda.

(1). 10cc. were taken and added to 700cc boiling
distilled water and .5cc phenolphthalein solution
first made pink by a drop of alkali solution, then
rendered strongly alkaline with SOccﬂf.NaOH to ab+

sorb the acetic acid in the boiling liquid. 4cc

HgS04 were now added and the red color disappear-
ed. An addition of .54ccT NaOH brought it back,
Therefore 20.54 - 4 = 16.6cc =7 alkali required
to neutralise the CgH,Cg0j5. 16,54 multiplied
by .051 = ,8435 gram CgH,Cg0g. |

(2). Another experiment required 16.5 cc 7 NaOH.
1645 x ,051 = .8415 gram CgH,C 04
Average = ,84205 gram CgH,C305 per 1lOcc. _
Found by distillation .844, Error ,0015 gram on
+844 too low = ,18% on the GgH,Cg0gs.
This amounts to ,12% on the aluminium acetate

(anhydrous),A1203(§LH6C105)3-




pulphate.-

Determination: of neutralisable acid in Ferric Bulphatg
Fof this investigation I used the preparation
described on p.R28.
1t contained 1.023 grams S0z per 10cc by gravimetrig
analysis,

1. 1l0cc added to 600cc boiling distilled water and
titrated with standard alkali %100 = .03962 gram S0g)
and phenelphthalein as indicator required 256.95cc al-
kali to neutralise.

26.95cc x ,03962 = 1.027 gram S0z ~ an error of
only + .004.

2. A similar test with tap water gave an identical
result, viz., 26.95cc alkali were required.

3., With 750cc tap water also required 25.95cc of
alkali.,

In carrying out this test a good eXxcess of
standard alkali must be used to ensure decomposition
of the basic sulphate of iron which forms in the
boiling dilute solution. In the above tests bcc
excess of alkali were used after the red colour appear
Then a measured quantity of B acid added to discharge
the red colour, and then stahdard alkali was carefully
added until the red reappeared in the clear 1liquid. .

This is observed after the ferric hydrate is
allowed to settle by removing the flame for a minute
or so. The pink colour is by the practised eye
easily detected round the edge against the white of
the basin. '

In actual practice when testing samples of
aluminium sulphates containing iron the latter is
almost invariably in relstively small proportion
compared to the alumina which, being colourless,
dilutes the red colour of the ferric sulphate and
thus the end point is easily observed.

The highest proportion of iron to alumina
generally found in commercial aluminium sulphates
ranges from 2.5 to 1% Fep0s on 14% AlpOg.

Determination of "neutralisable" acid in ferrous

Pure recrystallised ferrous sulphate containing
28.78. grams 505 was used for this investigation.

A solution was made up containing .5 gram in each 25cd
(1) B50cc (1 gram FeS057H,0) were added to 600cc

boiling distilled water, phenolphthalein was added and

then ¥ NaOH was run in until a red color could be
observed round the edge against the white of the
basin 8.8cc alkall were added before a red color was
apparent, Each cc, ¥ alkali = .04 gram SOz thereforse
8.8 x .04 = .352 graus SO0z = 35.2% SO5. Theory

ed.
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requires 28.78%. This is an unsatisfactory test and
great difficulty is experienced in determining when
sufficient alkali has been added owing to the color
of the precipitate, A modification has therefore

to be adopted in the manner of the next twp tests.-

(2) 85cc ferrous sulphate solution were introduced inf
a 200cc flask and 15cc = % NaOH added, then the
volume made up to the mark and the contents of the
flask well shaken and filtered through a dry paper
and funnel into a dry 100cc measurs. This 100cc

of clear liguid was then titrated with acid and
phenolphthalein to determine the excess alkall present
3.9cc % acid were required for the 100cc. Multiply-
ing this by 2 and subtracting it from 186 we have

16 = 7.8 = 7.2 = cc % NaOH taken up by the ferrous
sulphate. 7.2 x .04 = ,288 grams SOz = 28.8%.
Theory requires 28.78% SOg.

(3) A similar experiment showed 7.1700¢?N&6H neutra-
lised by 1 gram FeSO*?HgO.
7.17 x .04 = »2868 gram S0, = 28.68%.

The mean of these two tests is 28.74% S04 - an
error of ,04% too low,

e S ‘f

Determination &f neutralisable acid in titanium
sulphate.- :

For investigations on this point a solution was
employed of pure titanium sulphate. This was prepared
by dissolving purs basic titanium sulphate in hot
strong sulphuric acid to form an ultimate solution
which proved to be slightly basic as the following
analysis shows,-

(1) 10cc of the titanium sulphate solution precipitatg
by excess of ammonia, redissolved in excess of hydro-
chloric acid and again precipitated by ammonia,filter-
ed, washed, dried, ignited and weighed yielded .1157
an TiOg .
) Another 1l0cc after the same treatment gave .1148
ram TiOg.
%5) The filtrate from (1) concentrated and precipi-
tated by barium chloride gave ,6159 gram BaSOgq.
(4)The mm filtrate from (2) gave .6156 gram BaSOg.

The mean of (1) and (8) = .1158 gram TiOg per 104

The mean of (3) and (4) = .615756 ,, BaSOq =
2114 gram S04 per 1lOcc. -

»1158 Ti0g5 requires ,2304 SO0z to form Ti0g2S04
therefore the S0, is somewhat deficient to the extent
of .019 gram per 10cc.

The following titration tests were made to
volumetrically determine the neutralisable acid.
Since no free acid was present, the neutralisabls
acid represents the combined acid.

(0]

o
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(1) 750cc water were boiled, phenolphthalein was
added and then a drop of %* alkali to make the liquid
pink. 10cc of the titanium sulphate solution were
now added and then standard alkali to produce & strong
red colouy,in all 10cc NaOH (lcc = .04 SOz) were run
in. 6.lcc ¥ HgSOg were now added and the color dis-
appeared. 1l,4cc were required to bring it back.

Total alkali 11.4. Acid=6.1lcc, therefore 11.4 =
6.1 = 6.3cc T NaOH = amount of alkali to neutralise
the total SOg4.

(8) Another similar trial required 5.25cc 5 NaOH.
(3) In this test only 350cc HgO were used and the
alkall required was bS.4cc .

(4) similar to (3) and required 5.5cc 5 alkali.

The mean of (1) & (8) is 5.275cc 5 alkali.
5.28756 x .04 =.211 gram SOg.

By gravimetric analysis the SOz in 10cc = .£114
so that the error is only .0004 on .2114 gram SOg4
= ,19% on the acid or ,18% on the Ti032S05.

The mean of (3) & (4) is 5.45cc which give a
result which is .0066 gram SO, too high = 3.12% on
the SOg.

The neutralisable acid in titanium sulphate can
therefore be accurately determined volumetrically in
the same way as aluminium sulphate considerable dilut-
ion being necessary to obtain accurate results,

Titanium sulphste occurs only in relatively
small quantities in aluminium sulphates so that in
analysing the latter for neutralisable acid, the
dilution required for the aluminium‘sulphate will be
ample for the small amount of titanium sulphate which
may be pressent,

Determination of neutralisable acid in zinc
sulphate,

1. R grams pure ZnS047Hg0 (containing 27.87% SO0g4)
were dissolved in 500cc boiling distilled water,
phenolphthalein added and standard alkali added until
the neutral point was reached. 13.90cc NaOH

(lcc = .04 gram SO, ) were required.

2. Another trial on the same lines required 13.95cc
NaOH.

The mean of these two tests jg 13.925. ;
13.925 x .04 = ,557 gram S0, =:27.85% - an error of
only .08% too low.







