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PART 1.

THE TITANIUM ANALOGUES OF THE TUNGSTO-SILICIC ACIDS AND

THEIR DERIVATIVES.

Introduction.

In the course of work on the analytical separation
of titanium from tungsten it was found that, contrary to
expectation, no complete separation could be effected in acid
solutions. A similar observation has been recorded by
Schoelle;, who found that under certain circumstances a pyro=-
-sulphate fusion of a mixture of titanic oxide and tungstic
oxide gives a melt which is completely soluble in water, there
being no separation of tungstic oxide. This anomalous behav-
-iour of tungsten in presence of titanium suggested that at
some stage of the separation a water-soluble compound contain-
-ing both titanium and tungsten was being formed. Considering
the position of titanium in the Periodic Table, the most
probable compound would be one of heteropoly-tungstate type

analogous to the tungsto-silicates, and the present investigation

records attempts at its isclation and characterisation.

Historical Survey.

Compounds having the formulase T101:12W03.xH19 and
)

Tiox.lowot.xﬁzp were prepared by R.Lecarme according to D.Klein
?

using methods previously employed by C.Marignac for the tungsto-

silicic acids sioz.lzwoa.xnap and Sioa,IOWOa.xHap. The free

acids were igsolated by decomposition of the mercurous salts with

hydrochloric acid, excess mercury precipitated with sulphuretted

hydrogen and the filtrate concentrated in a vacuum desiccator.
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The existence of these compounds could not be con=
=firmcd bva.-A.Hallopea;i
Zxtensive work had already heen corried out on the
tungsto-silicic zcids and their szlts. The methods of per-
paration and analyses used in the following work is naturzlly

basec upon &nd follows closely the methods used in investiga-

-tion of the tungsto-silicic eompoundse
56,7

Co M 8,4 7.

CeMarignaec  1solated the first tungsto-silicate; it
crystallised from the mother liquor of an ammonium tungstate sol-

8
-ution containing silicic acide AeLaurent had probably already
prepared tungsto-silicate compounds and describes them as

polytungstatese

The Nomenclature.

q
The nomen clature is due to A.Rosenheim and J.Jaenicke,

The known tungsto-silicic acids ares~-
lo 4H,0e 5i0, #12WO, 28 or 22H,0 or Hs[_Si(WbO,,) A.ZS or 22H,0.
ie0e 12-tungstosilicic acid,
0
(W,0,)5 |3H,0.
1.0 10~tungstosilicic acids
3¢ 4H,0. 8102.12W03.20H=9 or Hsléi(Wi07);}20Hap,

ie0e iso~12-tungstosilicic acid,

The Constitutione

Owing to the size of molecules of heteropoly compounds,
differences of a fraction of a percent correspond to a considerable
variation in molecular formulae It has been found that the constit=-
“ution can be definitely sbttled only by X-ray analyses of the crystalse
Even then the structures in solution may be different from those found
in the solid State.

0
Miolati's suggested theory (bssed on Werner's Co-ordin~-
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/n

-ation Theory) has been successfully developed by A.Rosenehim
to include most of the heteropoly compounds.

According to Miolatgi the central atom (e.ge P, As, I,
Si, etcs) is hydrated and attached to six oxygen atoms e.g.
HsSiOb, and the oxygen atoms can be wholly or partially substit-
uted by radicles such as W0, , MoO,, W,0-y Mo,0y, etc., to form
such compounds as Hq [S1(¥,0,), | 5 H [s10(0,0.) 6}y sig{st0,(W,0.) W)
When the co-ordination number is six, the series of compounds is
known as the "limiting series" and if the whole of the oxygen is
replaced, as “saturated series"!‘ The existence of double radicles
(W,0, and Mo, 0,) is doubtful, and was postulated to explain the

six co-ordination number,

The separation into isomers was explained by Rosenheim
/¥ '
and Jaenicke, thus;- -

x5 5
wi?# Wi?d
K(W,0q (W, 01K K(\vzo\.‘s}i J¥,0.)K
S
/ . /s ‘5.
K(w, 0, {{wto7)K K(W, 07 |"W,00)K
!
W,0 W,0
< X7
%Q K

An alternstive hypotheses'of constitution assumes silicic
acid formulated as followss-

Si(OHLP.ZHzp or S¥(0H2)2, which can be written Hg 510"
(on ) o'
By addition of 12W03 grougb to0 this acid, there would béF

produced a compound containing bivalent and monovalent oxygen:

"

H 5100

8 or
/

(P.Pfeiffeék).

.1zw03 which admits of a cis- and trans- isomerism
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5

Copaux first proposed the use of two hydrogen atoms as
a nucleus. If a molecule of water is taken as (H,0),, by isomeric
change it can give HID[H,L(O)A » called "aqua acid", Then the
oxygen atoms may be replaced by the radicles Mo, 04 or W,0,as before,
and the outside hydrogen ions by the metals. The conception is
artificial but useful to clarify the structure of, for example, the
metatungstates.

The most usual formulae for acids are those already used
in the nomenclature: Hei§i(wi°#)bl'28 or 22H,0 and H8\§10(W107);\.
3H10 and are due to Rosenheim and Jaenick;1

The true constitution ofthe 12&heteropoly acids and meta-
-tungstates in the solid state has been shown by the X-ray crystal7
analyses carried out by Keggigf and based on the work of L.Puuliné.
In the 12-heteropoly acids and metatungstates the polyacid ions may
be regarded as co-ordination structures, built up of polyhedra of
oxygen ions, Compounds of the first type are reprecented R3H[§i Whp4;aq.,
and of the second: Ra{HaNb/1°+éFq‘

The similarity between the paratungstates and 6-heteropoly

acids led to their fomu/;ation by Rosenhein/iaas RSHS[H:L(WOI*) b],aq.

J.H.Sturtivant has recently shown that ammonium paratungstate

is correctly represented by the older formula 3(NH$)LO.7MOO3.4HQO or

(NH*)G[MQ1O}4].4HQQ; it may be with Mbobas nucleus of the structure

2
(Anderson).

Basicity.

The problem of basicity is much disputed in the literature.
’ &
According to Marignac all these acids are 8-basic. The normal 12-

tungstosilicic acid gives the 4-basic (acid) and 8-basic (neutral)
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salts.  Wyrouboff describes similar types of saltsg, neutral
and basic. The best defined are the so-called 4-basic salts.

Conductivity measurements during neutralisation of
the free acids with alkali points to the existence of 4~basic
salts only; even onductivity measurements of the free acids

PES

correspond to those of 4~basic acids according to Copaux, and the

24
neutralisation curve of Malaprade.

Yot on the ground of the Miolati-Rosenhai:“iheory, the
8=basicity is accepted.

According to Scroggie and Clarkji no normal potassium
tungstate is split off by the addition of 8, 9 or 10 equivalenis
of potassium hydroxide to one molecule of 12-tungstosilicic acid
Hs[si (WzO.,)b]. 1]l equivalents of potassium hydroxide gave some
potassium tungstate K,W0,, as was shown by precipitation of hydrat-
-ed tungstic oxide on addition of acid. 12 equivalents gave un-
-doubted evidence of decompositione From these results it is
apparently possible to prepare 8=basic salts of the acid Hsléi(WEO,)b].

There exists an 8~-basic guanidine salt (CNsHb)g[Si(Wioﬂ)b].

a5

6H,0. (R.Haeborle).
26

The 8-basic salts are not the principal salts (Copaux) but
the double basicity is accepted and the formula is often written
H4‘H4[51(wlo_[)6} +xH, 0,

/
Koggi: has shown from the crystal structure that the

basicity in the solid state is four for 12-tungstoeilicic acid.

Preparation of 12-tungstosilicic acid. H3[31(w501)0]28 or 22Hq0.

The classical method of preparation of the free acid is

through the mercurous salt which is precipated from the solution of
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The sodium or potassium salt. The latter is prepared by boiling
asolution of zodium or potassium pératungstate with gelatinous sil-
-icic acide Last iraces of mercury are removed from the filtrate
by precipitation with sulphuretted hydrogen which does not attack
the complex acid, after the free acid has been obtained by decom-
~posing the mercurous salt with hydrochloric acid. The free acid
crystallises from the sqlution in 1arge'shiéé colourless crystals
(M&rignai). The compound was also prepared by ihe same method by
W&roubofzz the starting material being prepared in the following way:

A hot solution of normal o dium tungstate in three: or
four times its weight of water, was treated with freshly precipit-
~ated gelatinous silicic acid and small quantities of nitric acid.
The filtered solution was trested with mercurous nitrate, when the
mercurous salt of 12-tungstosilicic acid was precipitated.
Subsequent trestment of the mercurous salt following Marignae's
methog was carried out in order to avoid excess of hydrochlorie
acide If, instead of precipitating the complex acid with mercurous
nitrate, the dilute solution of nitrates is shaken with ether and
sulphuric acid, an ether addition compound of theacid falls to the
bottom of the solution as an oily layers On careful evaporation
of the bthersdil, benutiful‘crystals of the acid are obtained

as 29

(EsDrechsel and Copaux),
a0

This method was modified by E.O.North and G.D.Beal who
' ? ag

combined and varied the methods of Marignac and Dreschel in their
method of preparationg
. To a boiling solution of sodium paratungstate, prepared

by the neutralisation of hyérated sodium tungstate (NaiWQ$.2HzO) with
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hydrochloric acid, freshly: precipated silicic acid gel and excess
hydrochloric acid in small quantities were added, until the
solution was faintly acid. As soon as a sample of the boiling
solution ceased to be turbid when treated with concentrated
hydrochloric acid, the exceés silicic acid gel was filtered off,
and the filtrate shaken with ether and hydrochloric acid. According
to Scroggie and CIarii this method gives an impure acide A.Rosenheim
and J.Jaenic;f’produced the compound from normal sodium tungstate
and a slight excess of sodium silicate reacting in acetic acid solu~
~-tion, Here the product was amtaminated with iso-12-tungstosilicic
acid. Purification of the crude product was effected by addition
of the calculated quanity of potassium carbonate, when the potassium
salt of the normal acid was obtained by fractional crystallisation, the
potassium salt of the normal acid being less soluble than that of the
iso-acide The yield was four fifths normal form and one fifth iso-
form. The pure acid was then prepared by shaking with ether and
sulphuric acid (H.Copaéi). According to North and Beaﬁ?there is often
slight reduction of the tungstosilicate in solution by the acetic acid.
Metatungstic acid does not react at &ll with silicic acid gel to give
the complex acids (L.Malapragt).

The 12~tungstosilicic acid crystallises in large colourless
or sometimes light yellow crystals; the cryatalline form being tetragonal,
pseudocubic or octohedrale The 28-hydrate is isomorphous with boro-
and phospho-tungstic acids and silico-and phospho-molybdic acids

35

(A+Rosenheim, J.Jaenicke). The igsomorphismwith borotungstic acid was

36
shown by D.Klein,
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Proparation of 10-tungstosilicic acid Hg{S10(W,0,)s | +3H,0.

This acid is difficult to prepare pure.

It has been prepared from the ammonium salt of the acid.
The ammonium salt is prepared by boiling ammonium paratungstate
with gelatinous silicic acide By addition of mercurous nitrate
or silver nitrate in the cold, an insoluble precipitate is
formed, The precipitate when treated with hydrochloric acid
(care being t-ken to avoid an excess) filtered, anc the filtered
solut ion evaporated in vacuo, gives a final product which is
d ightly contaminatedwith the ammonium sdlt, Better results
are obtained through the silver siit, when it is precipitated
with excess silver nitrate (Marig;SZ). The filtered solution when
concentrated becomes syrupy and then forms a transparent light
vellowish glass. The proportion of water lost at 100° is in
accordance with the formula Ha[Si(()Wzo_’) ;&. 38,00 (G.Marig,f;).
The free acid may also be obtained from the ammonium salt by ex-
-traction by the Drechsé%?umthod. By boiling a solution of 50
grams of ammonium paratungstate in 500 ml water with gelatinous
silicic acid, a compound was produced containing silica and tungstic
oxide in the ratio 5i0,31W0,::1:7. Doubtless this was contaminated
¥ith colloidal silicic acid, according to Rosenheim and Jaenicig.
Experiments of transition of the 12-acid to the 10-acid through the
action of varying strengths of base (sodium bicarbonate, sodium
carbonate, ammonium bicarbonate, potassium bicarbonate, barium
carbonate) in quantitative amounts gave no definite intermediate
products, (Rosenheim and Jaenici:).

3/
According to Scroggie and Clark, however, 14 equivalents
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of alkali (pPotassium hydroxide) gave the 10-acid:2Hg0e 510, 10W0; « SH40
18 equivalents gave the 8-acids 2H9045107+8W0344H,0
20 equivalents gave the T-acid: 2H,04510, « TWO3 4 4H0

Further addition of alkali caused complete decomposition.

Metatungstic Acid Hyo| Hy(W,0.), |+22H,0 - the Paremt Acid.

Metatungstic acid, with the above formula, was prepared
and analysed by A.Rosenheim and J.Jaenic;:i This formula shows
it to be isomorphous with 12-tungstosilicic acid HSISi(wao,)e].
ZZH:O. In physical and chemical properties, metatungstic acid
and its derivatives are so similar to the substituted heteropoly
compounds as to be inseparable from them if mixeds There is
alw~ys a strong possibility, therefore,that the patent acid meta-
-tungstic acid, will be produced during the preparation of the
substituted acids,

Margueritt:!observed that the product of fusion of
tungstic oxide (WO,) with alkali carbonate (neutral tungstate) gave
on treatment with hydrochloric scid, added very gradually, hydrated
tungstic 6xide, which at first redissolved in the undecomposed
tungstates On carrying the addition of hydrochloric acid further,
the hydrated tungstic oxide ceased to redissolve. On filtering the
acid liquid and treating with zinec, tungstic oxide was found to be
present. After concentrating, and removing repeated crops of
alkali chloride, a very small amount of a product, water soluble and
containing alkali and tungstic oxide, was obtaineds This was
undoubtedly sodium metatungstates Ne 0 4WO, exH0e  Farther he
observed that similar tr<atment of neutral tungstate with hydro=-

=chloric acid in the o 1d gave a precipitate of hydrated tungstic
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oxide, redissolving on heating. He then went on to the
usual prodedure of saturating neutral tungstate with hydrated
tungstic oxide and prepared a variety of acid tungstates.
Meanwhile Scheible:;'2 had in an extended research

prepared a great number of metatungstates and had discovered their

outstanding characteristics.

Possible methods of preparation of Metatungstic Acid.
1, When alkali paratungstate solutions are allowed to boil with

excess of pure hydrated yellow tungstic oxide until a filtered
gsample gives no precipitate of tungstic oxide on treatment with
hydrochloric acid (H.Copéﬁi),and the filtered o lution is con-
~centrated to some extent by boiling and finally evaporated over
concentrated sulphuric acid, crystallisation of alkali meta-
~tungstate takes place.

2. When a saturated alkali paratungstate solution is treated with

a large excess of concentrated acetic acid a heavy oily layer

falls to the bottome This is emncentrated metatungstate solution,
(Scheibléﬁ).

3e Margueritgz, by adding dropwise a sirong mineral acid to boiling
paratungstate solution as long as the resulting precipitate was
redissolved, produced metatungstates in sblution. This method has
not been generally used for the preparation of metatungstates owing
to the necessity for removal of the mineral salts formed concurrently.
4, By means of electrolysis of alkali tungstate solution using a
cell with a diaphragm, it is possible to enrich the anodic liquid
in WO, to vhe extent necessary for metatungstabe formation,

44
Se According to V.Knorre heating of sodium paratungstate (3Na20.7WDg)
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solution cauwwes partial decomposition ié?normal sodium
tungstate and sodium metatungstate.
3(3Ng0e TWO, )72 5Na, WO, + 4(Na,0.4W0,).
The reverse action taken place only incompletely on cooling.

The free acid can be prepared from the salts in the
following wayss
(a) By tresting the ammonium salt with chloroplatinic acid

-

(Laurent).
AL

(b) By treating the barium salt with sulphuric acid (Scheibler,
: L, kb w

Pechard, Malaprade).
(c) By tresting the lead salt with sulphuretted hydrogen and

removing excess sulphuretted hydrogen with carbon dioxide

Hg i
(VeForcher)y v .0,
=8

{d) By the Drechsel method.
The filtered solutions must be evaporated in vacuo over concen-
-trated sulphuric acid, in order that crystallisation takes place.

Thus there are various ways of producing metatungstic

acid but as regard the preparation of the substituted heteropoly
#/
acids, the most significant observations are those of Margueritte,
who showed that the addition of mineral acid to less acid tungstates
yn
gives rise to metatungstates; and V.Knorre who showed that simply
by heating paratungstate solution metatungstate is produced.

Since metatungstic acid and the metatungstates are iso-
~morphous with the 12-heteropoly tungstates and their salts, it is
clear that no separation can be obtained by fractional crystallisation,
and that formation of metatungstic acid will give rise to s=rious

difficulties, in purifications The relative stabilities of meta=-

~-tungstic acid and the 12-heteropoly acids ars, howsver, very
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cdifferent, and it is possible that the absence af any
reference to this difficulty in the literamture is due to
decomposition of any metatungstic acid formed in the course

of extraction and purification of the more stable 12-heteropoly

tungstic acids.

Salte of 12-tungstosilicic acid,
Sodium Sa.lt, 41‘&360 Sioz c12W05 o7H200 or Na 8 [Si(w7.07) b Jo 7H20 .

This 8~basic salt of 1l2-tungstosilicic acid is
49 50 '
reported by Wyrouboff., According to Marigmac, it is easily

formed by boiling an aqueous solution of sodium paratungstate
with gelatinous silicic acide Fine needles of the salt come

out of the syrupy solution, but these enclose too much mother

liquor to be analysed accurately.

Potassium Saltge 4K,04510,e12W0;414H,0. or x,Lsi(wzo.,) (}1411,0.

The 8-basic salt of the 12-tungsfosilicic acid was

: 5/
reported by Marignace On the basis of more recent work, this

salt has been shown to be the salt of the 1Q=-acid (Rosenheim
53 22
and Jaenicke, Kehrmann &nd Fllirscheim).

59 )
North and Beal, however, specify an 8-basic salt of

the 12-acide
Two other salts 2K10.8101.12W03.18HL0 or K“,I-I;,_[(s:i.(w,“_o7 )6:]'15}{10’

and 2K,0.510, +12W0; +15H,0 or K H, [sz(wg_m )‘}.13 H,0 have also been

st 0
reported,

Ammonium Salt,
59 :
North and Beal specify an 8-basic salt of the 1l2-acid.
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Guanidine Salts.

25
Two guanidine salts were reported by Haeberle,

which he prepared from the free acid by neutralising with
diffsrent quantities of guanidine carbonate, These are:
4(CN3H6 ).‘L 04510,,612W0;06H,0e or (CN_;H‘ % [Si(W,_O-;)GJ 6H,0e and
2(CN5H‘ )LO.SiOL.J.ZIOB.IZHLO. or (CNa H, w[si(w,_o, )‘:).IOH Oe

2
Salts of 10-tungstosilicic acid,
Sodium Salte There is no sodium salte

Potassium Salts.
The salt of formula 4!(20.8101/.10!705 .1’7H2'0. or

Ks[sm(w,o7 )5’

tungstosilicic acid and potassium carbonate in the proportions

.IVHLO. was prepared from a solution of 10~

of 134; and of formula ZKLO.SiOzIOWOS.].OHlO or 66 53 Sk.

K#H#{Sio(wlo,) )J.enlo when the proportions used were 132.

Ammonium Salts,

4(NH,), 04540, ¢ 10WO0; ¢8H,0 or (m#)8£31(wlo7)5%.enao.
This salt can be prepared by boiling a solution: of armonium
paratungstate with gelatinous silicic acid.' Addition of
ammonia in small quantities causes:it to crystallise in small
striated. prisms. (Marign:g). Copamf:é claims to have prepared
it as a fission product by treating 12-tungstosilicic acid with
excess ammonia,

7(NH,),0. 2(510,410W0;)s25H,0 or (My)./H[S:lO(WlO-) )5},121120,
the salt which M- rignaf:/ described as the 8~basic salt of the )
12-acid, is prepared by treating l2-tungstosilicic acid with a.mmon;;
or by prolonged boiling of the product of addition to the 12-acid
of ammonium carbonate, when silica is shed and the salt of the

57 5]
10-acid results. Marigaac also describes a salt of formula
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3(MH,), 0.510,,.10W0; .10H,0. or (NH,), H,_[sm(wioﬂ,,—],snzo.

According to Kehrmenn and Flurschefgrsalts of the
type 7310.2(5102.1owo3)xH20 are formed by addition of alkali
carbonates to the corresponding 4-basic salts of 12-
tungstosilicic acide The salts of 1Q-tungstosilicic acid
are in every cawe poorly characterised when obtained by
neutrélisation of the free acide The 7~basic potassium
and guanidine salts prepared by the hydrolyses of the 4~basic
salts of 12-tungstosilicic acid with fhe‘corresponding alkali
carbonates are well-defined, however, and gave analyses in
agreement with those of the salts directly prepared from the
free acid, |

Guanidine Salts,

The following salts have been prepared and described
25
by Haeberle.

7(CN;H,,), 062(510,410W0 3)e Hq0s or (CN5H‘)7H[Si(W107)5@. and
3(CN;H, ), 0.2(510, «.10W0;)s 11H,0 or (CNgHé)Bﬂs[SiO(Wz 0, )J.sﬁlo.
Barium Salt. 4Ba0.5i0.10W0,,22H,0 or Ba,[510(W,0,) 22K 0.
This salt crystallisesor B‘@[Si?(Wio7);]22Hzo, of
the free acid is saturated with barium chloride. A viscous
mags, it dries to a glass. (C.HarigAZi).
From the literature there emerge three standard methods for
preparation of alkali tungstosilicicates, these serving as a
source of the free acids, and by double decomposition, as a

source of salts other than those of the aikali metalse

l, Boiling of an alkali paratungstate solution with gelatinous



15,
2
silicic acid, with or without addition of mineral acid.
(The solution becomes alkaline during the resction).
2¢ Acidification of a mixture of alkali tungstate (or
paratungstate) and alkali silicate with mineral adid, at
boiling temperatéi:f;
3. Saturation of alkali tungstate solutions with alkeli
fluosilicates until a filtered sample g'ves no precipitate
of hy#rated tungstic oxide on addition of mineral acid and
boiling‘i,‘Z In this case the hydrated silicic acid is
obviously derived from the alkali fluosilicate by hydrolysis
in the alkali tungstate solution,
R,S1F, + 4H,0 = 2RF + 4HF + 5i(OH) .
Since there are no soluble alkali titanates, the second mefhod
above cannot be used in the case of titanium.

Separation éfthe free acid from solution was accom-
=plished by shaking the sodium salt with ether and strong
sulphuric acid when the mixture separated into three layers
(Drechs::).

l. An ether-water layer (uppermost)

2. An acid-aqueous layer (middle)

3¢ An "oily" layer of ether-addition-compound of the heter-
-opoly acid (bottom),

Further purification of the acid was carried out by dissolving

the "ether-o0il"™ in absolute alcohol and "reprecipitating" from

the alcohol with dry ether.
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Analysess

1. Some 50-60 drops of the "ether-0il" were heated with
caustic soda in aqueous solution ‘n order to precipitate

the titanium as hydrated titanic oxide (Schoelle,r). The
filtered Tioz.xﬂzp was dissolved in dilute hydrochloric acid,
reprecipitated with ammonia and ignited to the oxide Ti0g in

" & platinum crucible. The filtrate containing the tungsten as
alkali tungstate was made up to a known volume (250 ml) with
distilled water and 25 ml portions used to determine the
tungsten s cinchonine tungstate. The cinchonine tungstate
was decomposed by gentle heat to WOz, which was weighed.

This method can be used when other non-volatile
radicles are present e.ge in analysis of sodium and potassium
saltse In the case 6f the free acic, a quicker and equally
accurate method was useds
2. 50=60 drops of the "ether=-oil" are placed in a weighed
platinum crucible and heated slowly to remove ether and then
to a low red heat for twenty minuted, The crucible is cooled
and weigheds This is repeated till the weight is constant
and gives the weight of a mixture of TiOy, and WOz. The mixed
oxides are then fused with sodium carbonate, the melt extract-
~ed with hot water and the precipitated hydrated titanic oxide
filtered, washed, redigsolved in dilute hydrochloric acid,
reprecipitated with ammonia (added till solution is just yellow
to methyl orange) and ignited to TiOpe The weight of tungstic

oxide is got by substractions Thus the ratio Tioz: WOais found.
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PRACTICAL DETAILS of the PREPARATIONS.

On the basis that the product anticipated contains
one molecule titanic oxide to twelve molecules of tungstic
oxidey 25 grams of normal sodium tungstate should react with
1.71 grams of potassium titanium fluoride, if the reaction
is quantitative. Method -3~ on rage 18, was used in an
attempt to prepare alkali tungstotitanates.

l, When 5 grams potassium titanium fluoride dissolved in
boiling water were added to fifty grams of normel sodium
tungstate in boiling aqueous solution, made just acid to
litmus with dilute hydrochloric acid, i.e. paratungstate in
0 lution, and the mixture boiled for some time, after which
a sample was tested with concentrated hydrochloric acid,
précipitation of tungstic acid took places The mixture was
thus not stable, and could not be extracted with ether and
sulphuric acid.
A white precipitate had been thrown down, pre;umably
titanium oxyfluoride, product of hydrolysis of potassium tit-
-anium fluoride, so that sufficient titanium had not been left
in solution to form the complex compounds
2¢ To 25 grams normal sodium tungstate in 100 ml boiling water,
a solution of 5 grams of potassium titanium fluoride in bdiling
water was added in six or seven portions. The mixture was
kept stirred and the additions took place every two or three
minutess The solution was definitely alkaline at first, and as

the solution of potassium titanium fluoride was added became

less alkaline. When all was added, the solution was not yet
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stable to strong acidification, so small quantities of
diluté sulphuric acid were added with constant stirring.
A stage was reached at which the o lourless reaction mixture
changed to clear yellow and no tungstic oxide was precipit-
-ated by addition of concentraied acid. The solution was
cooled to room temperature and about 50 ml ether and one
half of the total wlume of concentrated hydrochloric acid
were addéd, the whole bei ng kept vigourously stirred through-
=out, To finish the acidification small qvantities of sul-
=phuric acid were added, about 10 ml in all, and the mixture
was sallowed to settle., A heavy yvellow 0il fell to the bottom
of the vessel. It was eeparated, and purified and on anal=-

-ysig gave these figuress

Weight of TiO, = 040474 gram
A P = 1,9280 "
Ti0 00474 » 232 1

2

= =
WO 1.,9280 * 80 14,09

3. To 50 grams normal sodium tungstate in 450 ml water, made
Just acid to litmus with dilute hydrochloric acid, 10 grams
protassium titanium fluoride dissolved in boiling water were
gradually added with mechanical stirrings. The mixture was
allowed to stand for hal f an hour on the water bath and was
then stable to concentrated acids Extraction, purification,
and analysis were garried out as usual,

Weight of TiO, + WO, = 042386 grams

" o» Tiog = 0,0045 "
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' Weight of Wo, = 02361 grams, Ti0,;W0,+11:18.00s -

4. 100 ml boiling water with 10 grams normal SodIum
tungstate and 8 ml 6N hydrochloric acid were kept

boiling and mechanically stirred. The solution was a
trifle cloudye 2 grams potassium titanium fluoride in
boiling aqueous saturated solution were added at ten min-
-ute intervalse in 5-10 ml lots. Total volume after all
the additions was about 200ml. After standing on a
waterbath for about two and a hdf hours the solution was
stable. Extracted, purified, and analysed as usual.

Weight of mixed oxides = 1.,0660 grams

LI °1.% — 0,0190 *
" " W03 - 1.0470 "
T40, _ 0,0190 » 232 _ 1 _
Wo, ~ 1.0470 x 80 19,00

These ether addition compounds, which are obviously
not 12-fungstotitanic acid nor 10-tungstotitanic acid, but
apparently contain metatungstic acid as well, have the
following characteristic properties:

4. The yellowish orange solution in ether gradually deposits
tungstic acid and becomes greenisn blue and finally deep blue
on exposure to light.

14, When allowed to evaporate spontf;;;}sly, the ether-oil
becomes & gléss—like solid, soluble in"water, alcohol, and

ether,
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iii, The aqueous solution when tresated
ae with acid and warmed, precipitates a yzllow micro-
crystalline compound which conta?ns titanium and
tungsten,
be with alkall and warmed, decomposes, giving a transient
blue colour, with precipitation oftitanic oxide.
iiii, The solution in alcohol elenges from orange to ceep blue
in sunlight and back to orange in the dark. The alcoholic
solution is otherwise perfectly stable.
iiiii. The aqueous solution is not indefinitely stable but
gradually deposits a pale yellow amorphous substancea

Attempt to Remove Metatungstic Acid,
The ether o0il prepared by methods previoﬁsly des-

-cribed contained on an average, Ti0y and WO in a ratio of
1:20. Presumably, metatungstic acid is present (Marguerit::
and Knorﬁ/g), and since the Drechsjls method of extraction
excludes tungstic zcid in any other form.

During attempts to prepare the ammonium salt of 12~
tungstotitanic acid by saturation of the mqueous solution of
the acid with ammonium chloride, a white crystalline precipitate
was obtained, almost free from titanium. Since ammonium para-
-tungstate is the least soluble of the amvonium tungstates, it
appeared probable thot ammonium paratungstate was being formed
from the metatungstic acid present, or by secondary reaction

from the tungstotitanic acide By analogy with the tungsto-

-silicates, 12~-tungstotitanic acid should give rise to the

amuonium salt of 10-tungstotitanic acid, the surplus tungstic
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oxide forming one or other of the grmonium tungstates.
Thus, emmonium chloride was added to an aqueous solution

of the ether-oil containing Tiozx W0 333 1320 in the

hope that ammonium paratungstatefvould be precipitated,

and that as a result the metatungstic =cid would be removed.
A white amorphous precipitate came cdown, was filtered off,
and the filtrate was extracted with ether and sulphuric
acide A purified specimen of ether-oil gave these figures
on analysiss

1,1171 gram of the mixed oxides gave 00055 gram TiOy which
corresponds to Tioz : W5 3 1368,100

The result of this treatment is to increase, not decrease,
the proportion of tungsten in the ether-oil. If the re=
~action is as followss

3 (W0;) «9HaO + 10NH Cl== 10HC1 + 5(NH,,), ! 0012W03.22H%0.
metatungstic acid ammonium paratungst

" then the hydrogen ion concentration is greatly increased by
addition of ammonium chloridee As a result of the disturbed
balance, added complications may arise, so ammonium acetate
was used in an attempt to precipitate ammonium paratungstate.
Results were very similar in this cases

If when ammonium chloride is added to a metatungstate
solution, there‘is no change in hydrogen ion concentration,
the white precipitate which resulis is ammonium metatungstafe;
if the hydrogen ion concentration increases, then the white

precipitate is ammonium paratungstate.

(a) 3H,0.12W0g0a-qo + 10MH,01 = 3(NH,),0412W0, + 6HCL
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(b) 3H,0e12W05020¢qs + 10NH,C1 Z;ZH;Q = S(NH*)gLO.lzwos-f 1CHC1.,
3 ml metatungstic acid ether-oil were mede up to
50 ml with distilledwater, and 10 ml portions were titrated
with standard baryta solution, using methyl orange as indie-
~ators
10 ml metatungstic acid solution = 9,95 ml baryta,

10 ml saturated armmonium chloride
solution (blank) = 0,00 ml "

10 ml metatungstie acid solution
10 ml ammonium cloride solution
(precipitated filtered off) = 9475 ml "

Thus ammonium metatungstate is precipitated, and it is
more soluble than the ammonium salt of the heteropoly acid.
Thus this method cannot'be used to remove the metatungstic acid,

Although, according to Malapradtf-metatungstic acid
does not react at all with silicic acid to form tungstosilicic
acid, an attempt was made to dissolve freshly precipitated
golatinous titenic acid in metatungstic acide The first attempt
was apparemtly successful, the resulting ether-oil containing
T10,3W0, 311 3 120, The metatungstic acid had been prepared by
slow acidificaiion of sodium paratungstate with dilute mineral
acid and extracted with ether and hydrochloric acide When
extracted with sulphuric acid, the metatungstic acid did not
dissolve any titanic acidj the apparent solubility had been dus
to solution of titanic acid in extracted hydrochloric acid,
which is ether-soluble. It has since been found that sodium

metatungstate slowly dissolves gelatinous titanic acid to form

the heteropoly salt,
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Since it appeared impossible to remove metatungstiec
acid, conditions had to be altered to reduce its formation to a

minimum,

éttempta to Eliminate Metatungstic Acid Formation.

Adcition of mineral acid to alkali paratungstates
produces metetungstates (Margusrit::); therefore, acetic acid
was tried as a stabilizing agent.

The prepatation was carried out exactly as previously,
excopt that 6N acetic acid was used instead of 6N hydrochloric
acid to prepare sodium paratungstate from the normsl sodium
tungstate. Analysis of the extracted ether-oil showss

042643 gram mixed oxides contain 0.0044 gram Tioz

1.6« Ti0Oy s WOz 33 13 2039
Thus the use of an organic acid in place of a mineral acid does
not suppress metatungstate formatione

It was noticed that when the extraction mixture was
left to stand, a yellow microcrystalline material, very similar
in appearance to tungstic oxide, came out of the acid-aqueous
layere This materisl was found to o ntain an appreciable
quantity of titanium. Several specimens were collected from
different extractions, analyses of which will be recorded later.

By heating an aqueous solution of the ether-oil with
a little concentrated hydrochloric acid, a similar, but not
identical,yellow material was producedes In order that a

specimen of this yellow crystalline material might be obtained,

a sample of extracted acid was prepared in the following ways
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100 ml water containing 10 grams normal sodium

| tungstate and 8 ml 6N hydrochloric acid, was kept boiling
ahd stirred mechanically, A saturated solution of 2 grams

potassium titanium fluoride in boiling water was sdded, 5
ml at ten minute intervals to the above solution. The sol~-
-ution was hoated on a water bath for two and a half hours
and then left to stand over-night. When tested it was stable
to concentrated acid, and was extracted with ether and 12
normal sulphuric acid in the usual waye.
After purification a sample was analyseds
1.3024 grams of the mixed omides contain 0.0327 gram Tioz
i.00 Ti0, 3 WO; 3313 13440
After repurification:
049163 grams of the mixed omides contain 0,0247 gram Ti0,
leee Ti0p) 3 WOz 32 13 12450
Thusy an acid had been prepared whose composition was closely
similar to that of 12-tungstosilicic ecide

The above preparation was repeated following as closely
as possible the same enditions,
Anslysis showeds
1.0660 grams mixed oxides contain 0.0190 grams TiO,4
i.ee Ti0; 3WO; 33 1: 18,83

Attempts were therefore m2de to standardise the o nditions
of ﬁ}eparation and extraction.
Preperation.

In order that the titanic oxide, prepared by hydrolysis
of the potassium titanium fluoride, may combine with the alkali

paratungstate to give the heteropoly salt, the potassium titanium
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fluoride must be hydrolysed slowly enough so that the titanium
is not lost from solution as the insoluble oxyfluvoride. So it
was added slowly in dilute solution to a total volume of not
less than 350 ml solution for 25 grams normal sodium tungstates
The stczble mixture was extracted and a sample analyseds:
0.6068 gram mixed omides contain 0,0078 gram Ti0,
le6e Ti0, t WO; 13 1 3 26448,

On addition of the 12-normal sulphuric acid during
extraction, the whole solution was heated d ightly, and decompos-
~ition may have taken place in the s*rongly acid solutions
Extractiong

In order to prevent this, the extraéiion was carried
out as followss

The beeker containing the stable solution was immersed
in a freezing mixture and an equal w lume of dry ether added,
The liquids were stirred with a mechanical stirrer while again
an equal volume of 12N sulphuric acid was added gradually from a
dropping funnele, After extraction the ether-o0il was allowed to
settle and separated off. Purified and analysed, the following
figures were obtained,

1.0354 gram mixed oxides contain 040316 gram TiQ,
leee TiO) 3 WO, 33 13 10696

Ahalyses of specimens, prepared and extracted as des-
~cribed 4 are as followss
(1) 048186 gram mixed oxides comtain 0.0195 gram TiO,

i.00 Tioz s WO, 3: 1 14,10

3
(2) 048798 gram mixed oxides contain 0.0200 gram TiQ,

i.0a T:lOz H WOJ st 1s 14,80
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(3) 049208 gram mixed oxides contain 0.0248 gram Ti0g
ie0e TiOi ] WDJ s 13 12446
(4) 143320 gram mixed oxides contain 0.0375 gram T10,
l.ee Ti0, 3 WO, 23 13 lé.os

Thus, by adjusting conditions of preparation and extractiony
samples of an acid corresponding to 12-tungstotitanic acid can
be obtainede An occasional preparation gives a sample low
in titenic oxides For example, a preparation was carried out
without careful adjustment of the normal sodium tungstate to
sodium paratﬁngstate. The cther-o0il on analyses gave 0.0108
gram Tti from 047934 gram of the mixed oxides, i.e. Ti0, 3WO_3
31325,106

None of the samples of the bther-oil crystallised on
evaporation-but simply dried to a glass, it is not definite
whether this is the 12-tungstotitanic acid or a mixture of
metatungstic acid and 10-tungstotitanic acide Until samples
are prepared containing titanic oxide and tungstic oxide in the
ratio 1:10, this may be writtem as Tiqz.IZﬁUj xH,0 5 analgous
to 12~tungstosilicic acid,
The Yellow Microcrystalline Msterial,
Several samples of the yellow material, referred to earlier,
which is formed in the acid=-aqueous layer in the extractions
were obtained by filtering off, washing till free from acid
and drying in aire These samples were taken from the later
extractions where the extracted ether-oil contained TiOy 3WO;
in the approximate ratio of 13112,
First Sample, pale yellow microcrystalline pdwder

Weight of original material = 1,0134 grams
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Ignition loss (low red heat) 041600 grams

Weight of mixed oxides 048534 grams
Weight of TiO, 040300 grams
Weilht of WO 3 0e8234 grams

Ti0g s WOz 33 1:  9.48
empirical formulas Ti0e9.48 WO;.24H,0. or Hs[Tio(WlO-, )5}.201&0
Second Sample, same appearancee

Weight of original material 049530 grams

Ignition Loss 01816 grams
Mixed Oxides 0e7764 grams
Weight of TiO, 00287 grams
Weight of WO g 007427 grams

Ti0, 3 WO3 33 13 961

empirical formulas Ti0, o 94 61W0; 4 28H,00 or Hsv‘l‘io(wlo',)SX.24H:_0.
Although those two anﬁ}yses would point to this material as being
the 10-acid, the wate;icrystallisation is different and as will

be shown, it is very doubtful if it ise Various other samples

of this yellow material have occurred which contain Ti0, tWO3 3
1364855 13194203 1315,63, It was found that the greater propor-
~tion of titanic oxide in the extracted acid, the greater propor-
=tion of titanic oxide in the yellow materiale Apparently, then,
this material formed in the separating funnel is a mkxture of
decomposition productse Alsoy when a sample of this yellow
material containing Ti0, sWOj3 $31:9,73 is boiled with dilute hydro-

-~chloric acid it loses titanic oxide giving a material having

TiOl zWD3 18 13274206

Yellow Microcrystalline Material prepared by heating the ether=oil

with hydrochloric acid,
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By heating the extracted ether-oil, containing Tiqlzwoaxxlzlz
approximately, with distilled water containing some concen-
~trated hydrochloric acid on the water-bath for from two to
three days, a deep yelloﬁ crystalline material is formed. It
is different in appearance from the above yellow materials.
Unfortunately, a small quantity only can be obtaineds Analyses

of two samples are as followss

(1) weight of att dried material 043097 gram.
Loss on gentle ignition 040289 gram,
Weight of mixed §xidea 042808 gram,
Weight of TiO, 040096 grame
Empirical formula 10.8H19.T10k.9.73!05. or

Hs[TiO(W,L@ ), (H,0) @}

(2) Weight of air dried material 042995 gram,
Loss on gentle ignition 0.0495 gram,
Weight of mixed gxides 0¢2500 gram,
Weight of Ti0, | ©0.0090 gram.

Empirical formulas Ti0,e9.6W0;e24438H0 or
Hy {Tio(wzm )s:‘ ,20H,0%
Since these compounds are more definitely crystalliﬁe and are stable
to heating with hydrochloric acidy it may be that they are two

different hydrates of l0-tungstotitanic acid.

Properties,
The acid is not soluble in water, With dilute acid,

hot or cold, it is unchangede Caustic alkeli decomposes it
immediétely, precipitating hydrated titanic acide It is insoluble

in alcohol and in ether,
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Direct Preparation of“IOetungstotitanic id.
From Margueritte's observations, which have been

repeatedly confirmed in this work, addition of acid to alakli
paratungstate, especially in hot solution, gives rise quantitive-
~ly to alkali metatungstates. ~If the saturating agent is already
acid by hydrolysis, metatungstate formation will inevitably
precede absorption of titanic acid by the paratungstate to give
alkali tungstotitanates

A one per cent solution of potassium titanium fluoride
has, at room tempsrature, a pﬁ of about 345 and is thus dis-
tinctly acide Since it is used simply as a source of titanic
acid, being hydrolysed by the more alkaline paratungstate sol-
=»ution; in order to give quantitative saturation, the titanic
acid must be taken up by the paratungstate at the same rate as
the hydrofluoric acid is set free by the hydrolysis of the pot-
assium titanium fluoride, If this is not the case, without
doubt metatungstate will be formed.

It was discovered that sodium titanium fluordie, when
prepared from titenic oxide and hydrofluoric acidy in equivalent
quantities, and addition of the requisite amount of sodium
£luoride,was a crystalline salt analysing in accordance with the
formula Ne,TiF,e Its:aqueous solution was neutral, so here was
a possible saturating agent which would hot acidify paratungstate
to metatungstates

Method of Preparation,

25 grams of normel sodium tungstate were dissolved in
400 ml water and the PH adjusted to 644 (paratungstated with
nitric acide 3 grams solid titanium fluoride were added to the

boiling mechanically stirred sodium parafungstate solution, where
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it dissolved almost immediately to a e¢lear colourless solution.
This was allowed to boil and kept stirred for two hours, when
it was stable to extraction and the: py had fallen to 5.4e It
was found that if the extraction were postponed till the following
day, the ether-oil separated more quickly and completelys, After
purification, analysés showedf
009588 gram mixed oxides contain 040335 gram Tioi
l.es TiO) ¢ WO3ss3 1:19.55.

Many other preparations were carried out in this way, and
all of them gave an ether-o0il containing Ti0, s W3 in the region
of 1310,

Other analyses figures ares

Ti0, 3 W05::1310.60; TiO, s W03nl:10.50; Ti0,3 WO;3113104453
Tiqz H W05::1:10.60; Tiqzz W05::1310.67.

The séoner the ether-oil is separated the higher is the Ti0, :WUS
ratioe Second and third fractions of ether-oil contain progress-
—ively less titanic oxide, and dbviously in strongly acid solu=~
~tion the balance is disturbed with consequent generation of meta-
tungstic acid,

When in the above preparation the sodium titanium fluoride
is added in solution insted of in the solid state, the Ti0, 3 WO,
ratio 1s lower e.ge 13114603 13 12,50, Here, where the sodium
titanium fluoride is added more slowly there is more time for
transformation ofparatungstate to metatungstate on heating (Knorﬁﬁa.

The ether=-0il from a specimen was dissolved in alcohol
and allowed to crystallise in aire At first a syrupy liquid

appeared which became a clear yellow glasse When ground up in
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a mortar, it closely resembled the yellow crystalline
material prepared by treatment of the ether oil with

hydrochloric acid.

Analysis,

245924 grams were heated at 110° $111 constant
weight.

ILoss at 110° 042328 gram.

Loss at 1250 0.0000 gram.

Loss on gentle ignition

(low red heet) 0.1550 gram.
Weight of Ti0, 0.0688 gram.
Weight of WO 3 241358 gram.

Empirical formula: 10H,0.T10,.10W0;+15H,0. or HS[Tio(wlof;)s.(HAO)J,ISHLO

Properties.

This yellow material is insoluble in water, acids,
ether, and alcohol. It is decomposed by caustic alkali and

ammonia, precipitating titanic acid.

SALTS OF TUNGSTOTITANIC ACID,

Sodium Salt,

A stable solution from a sodium titanium floride
preparation was crystallised, filtered and crystallised again.

Eventually well-formed crystals appeared, which contained sodium,

tungsten and titanium. The ratio TiOy 3 WOz was 1t 8490 and
the substance was probably the sodium salt of the 10-acid, con-
~taminated with a little sodium titanium fluorides The salt is
very soluble and thus extremely difficult to obtédin pure,

Potassium salt.

The potassium salt of the l0-acid probably exists in
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solution vhen potassium titanium fluoride is wsed to s-turate
potassium paratungstate solution, or even when it is used to
saturate sodium paratungstate solution. But again it has not
been found possible to obtain a specimen pure enough for
enalysis. When specimens of the free acid are treated with
alkali carbonate they are decomposed, so it has not been possible
to prepare the alkali salts by direct neutralisation of the 10~
acid.
Ammonium Salt.

When a concentrated solution of dodium tungstotitanate,
as it had been prepared from sodium paratungstate by saturation
with potassium titanium fluoride, was acidified with a little
dilute hydrochloric acid’and treated with a saturated solution
of ammonium chloride, a brownish-white precipitate came down

which was washed and analyseds

l. VWeight of air-dried salt . 045416 gram.
Loss on gentle ignition 0.0724 gram,
Weight of TiO,, 0.0158 grame
Weight of WO 3 0.4534 gram.
Percentage of ammonia 3.66%

Bmpirical formulas 3 (NH,,)zo.Tioz.lowoy{sazo or

(nm,), Hz[TiO(Wi%) 5J.14H&0

2¢ A sectnd specimen was prepared in the same way.

Weight of air dried salt 0+4754 gram.
Loss on gentle ignition 0.0982 gram.
Weight of TiOg 0.0131 gram.
Weight of WO, 043461 gram.

Percentage of ammonia 3.81%



33,
Empirical formulas 3(nm,),
(), H,_[TiO(Wg_O-) )5}42'5}‘20'

These salts were both prepared from solutions from

0eTi0, +10W0; 04345H,0  or

vhich ether-oils were extracted o ntaining Ti0,:WO; in the
ratio of 13112 approximately,which would point to there being
no ammonium salt of the 12-acid, if there is indeed a 12-acid.
Guanidine Salts.

It was found in the earlier preparations of the heter-
opoly acid, that guanidine hydrochloride precipitated heteropoly
and isopoly adids together from the solution, as insoluble
guanidine salts. These salts are amorphous and cannot be separ-
~ated by recrystallisation from water.

Reagents

50 grams guanidine carbonate were neutralised to methyl
orange with hydrochloric acid and made up to 250 ml with distilled
watere This gives an almost saturated solution.

An aqueéous = lution containing an ether oil of compos-
=jition TiOlz“mg:xleS.lo was treated with guanidine hydrochloride
00 lutions The white amorphous peecipitate was washed with dilute
guanidine hydrochloride solution, drained, dried and analysed.
007604 gram of the salts contain0.0088 gram TiOy and 0.6166 gram
woa. i.ee Ti0,3WO0;3213244166

Guanidine salts were prepared from ether oils containing
Ti0;3W0; in the ratio 1312.88 (A) and 1312.00 (B), in the following
ways
About 5 ml of the ether o0il was dssolved in distilled
water and the ether driven off by a current of air. 20-25 ml.

guanidine hydrochloride wolution were added to the squeous ®» lution
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and caused immediate precipitation of white amorphous salts.
These were washed with dilute guanidine hydrochloride solution,
drained, air-dried and analysed.
(a) 045076 gram of the salt contain 0,0110 gram of Ti0, and
0,4188 gram of W03. Guanidine was estimated by means of

the Kjeldahl method.

Loss on ignition 164707
Titanic oxide 2.17%
Tungstic oxide 81,09
Guanidine oxide 12.83%

Water 3.81%

Empirical formula: 3.5(CNgH,),00Ti0,+12.9W0;¢8H,0  or
(cnzﬂ‘)7H[Tio(wao7)5J,7.5H,p.

(b) 042636 gram of salt contain 0,0063 gram TiO, and 0.2174 gram WO -

Loss on ignition 164717
Titanic oxide 2.39%
Tungstic oxide 804342
Guanidine oxide 10,907
Water 5,867
Empirical formula: 3(CN;H,);0.Ti0,412W03412H,0 or

(cns H, )@HL[Tio(W207)5].11H 0o
It is possible, but improbable, that these salts are
derivatives of 12-tungstotitanic acide It is much more probable
that they are mixtures of guanidine metatungstate and guanidine
10-tungstotitanate.
A guanidine salt of the 10-acid has not so far been
prepared, although it could be done directly by precipitation from

an aqueous solution of the ether-oil of 10-tungstotitanic acide
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Barium salt.

It was found that when barium chloride solution
vas added to a balanced mixture from a saturation with pot-
-assium titanium fluoride (extracted ether-oil contained
TiOy t WO3 32 1 3 12 approxe.) a white precipitate containing
a very small percentage of Tioa was obtained, Barium meta~
-tungstate cannot be prepared pure by addition of barium
chloride to alkali metatungstate solution except in hot dilute
solution and in presence of a little mineral acid. In edldd
concentrated solution a large proportion of the tungsten is
precipitated as the very slighﬁly soluble barium tritungstate
Ba0.3W03.6Hap, a hydrolysis product of barium metatungstate.
Precipitation with concentrated barium chloride solution at
roonm temperature thus serves to remove a substantial amount
of unwanted alkali metatungstate.

It was found, however, that the barium tungstotit-

-anate could not be obtained in sufficient quantity by this
method.

When barium chloride solution wns added to a balanced
mixture from a saturation with potassium titanium fluoride,
which had been adjusted to paratungstate with sulphuric acid,

a heavy whit e precipitate of barium sulphate, barium fluoride
and barium tritungstate was formeds This was filtered off and
the filtrate left to crystallise. Since there was a possibil-
=ity that the barium tungstotitanate had been co-precipitated
with the previous precipitate, it was boiled with water and the
filtrate was set aside to crystallises A bemutiful white

crystalline salt came out of this solution, but no crystallis-
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~ation took place from the first filtrate. The sait, which
was very heavy, was filtered off, washsd with a little water,
air-dried and analysed.
Method analysiss

About 1.2 grams of the salt was dried at 110" and
then ignited gentlys The residue was fused with sodium carbon-
-ate, the melt extracted with water, and the residue of barium
carbonate and titanic oxide washed with sodium carbonate solu-
-tion. This residue was then washed with cold dilute hydro-
=-chloric acid, then hot hydrochloric acid giving a solution
containing the barium and most of the titanium as chlorides. The
filter paper retained a little titanic oxide and t:ngstic oxide.
It wos dried and ignited, and the sodium carbonate fusion repeated.
The filtrate was added to the main tungsten extract, and the filter
paper was washed with hot dilute hydrochloric acid and water, the
washings being added to the main barium-titanium extract. The
precipitated titanic oxide was filtered through this paper. The
barium was precipitated in the hydrochloric acid solution with
dilute sulphuric acid and the titanium with ammonia from the fil-
~trates of the barium. The tungsten was precipitated with cin-
-chonine hydrochloride and gently ignited to tungstic oxidee (When
the precipitate of titanic oxide was coloured it was fused again
with sodium carbonate, redissolved and reprecipitated with ammonisa, ) e

Analyses of two samples are as followss

A B
Weight of air-dried salt 1,1044 gr. 1.4087 gre
Loss in weight at 110’ 0.1064 gr. 0.1354 gr,
Loss on gentle ighition 00416 gre 00534 gr.

Weight of BaO 001498 gr. 061927 gre
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Weight of TiOi 0.0268 gre 00334 gr.
Weight of W05 0.7424 gr. 0.9739 gr.
Total weight cscesesssesssse 1,0670 gTe 1,3888 gTe

From these analyses figures (A) has the empirical formulas
209Ba0e6e9H)0eTi0) ¢9454W0,;41746H,0 or BaaHk[TiO(WLO7)6,(H,~0)4.18H
(B) :

3Ba0e7H,04T10, +10W0; 418H,0 or BaBH&[Tio(wlo,,)S.(H,p )J +18H,0,
which shows that the barium sc1t is the 6-basic 24-hydrate.

29.

Calcium Salt,

There is no reference to a calcium satl of 10-tungsto-
silicic acid in the literature.

By nputralising an aqueous solution of the ether-oil of
104£ungstotitanic acid to methyl orange with just enough calcium
carbonate, filtering off any tract of undissolved carbonate, and
heating on a water bath until crystallisation took place the
calcium salt of 10-tungstotitanic acid wes ob&dined. This salt
igs extremely soluble,

Method of analysis:

About tw grams of the salt were ignited gently in
a platinum crucible and then fused with sodium carbonate. The
calcium carbonate and titanic oxide residue was filtered off and
dissolved in dilute hydrochloric acide Titanium was separated
from calcium by adding a fresh solution of ammonium sulphide to
the diluted solution, when titanic acid was precipitateds This
separation was done twice and the calcium was then peecipitated
a8 calcium oxalate and ignited to calcium oxidee The tungsten

was precipitated as cinchonine tungstate anc gently ignited to

WQS'
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Analysis:

Weight of air-dried salt 2.1544 gram
Loss on gentle ignition 043184 gram
Weight of Ca0 041295 gram
Weight of Tio% | 0e0564 gram
Weight of woa 1,6636 gram

Total Weighteese:ecesoescccscece 201649 grams,
(this total weight is 0.0105 gre too high, probably dus to the
calcium which tedds to run high when estimated in this way)e
Empirical formulas 3.280a0.T101’10.02WO3o24.89Hlp or

Ca H, Erio(wao7 )s] *24H,0.
""..Thus barium and calcium give identical salts of 1lO-tungsto-

titanic acide

THE MECHANISM OF FORMATION OF TUNGBTOTITANIC ACIDS.

In order that pure samples of 12-tungstotitanic acid
(if it exists) and 10-tungstotitanic acid may be prepared, and
understanding of the way in which the reaction takes place is
necessarye

The source of tungsten is an alkali paratungstate,
usually sodium patatungstates According to He The St. Britton
and W.L.GermaZ? fairly well-defined "breaks" in the curve drawn
from results of potentiometric titrations of sodium tungstate with
hydrochloric acid, occur between pH values 6.4 and 6.1, corres-
-ponding to the salts 3N’a'30.7W03 and 5Na£0.12WQ3. The literature
is not clear as to which of these represents sodium paratungste.

It has been found that addition of 97.2 ml of normal mineral achd

t0 25 grams normel sodium tungstate in 400 ml water gives a sol-
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-ution with Py of 6e4s The sodium tungstate in this amlution
corresponds closely to 3Nﬁ§p.7wq3. Addition of a small amount
of sirong acid or strong base alters the Py of the solution
appreciably, which points to the neighbourhood of an equivalence
point.

In later preparations of 12-tungstotitanic acid, the
starting solution was prepared as described above, so that the
P, was 6e4 and the salt in solution was 3Nagp.7W03. If the
potassium titanium fluoride were hydrolysed in its entirety to
titanicracid and hydrofluoric acid, then the reaction might be
represented thuss

(1) ;_3_ (3N 00 7WO}+ T40, + 4HF = 3Na,0.T10, +12W0,+ 4NaF+ L e, 0

or
(2) 12 (3NaLO.7W05>+Tioa+ 4HF = 4% 0.T10,412WO0,, + 16NaF +L2HF.

7 7 7
In equation (1) the reaction shows elimination of free alkali, and
as a result the reac¢tion will cease, since presumably the py of
solutions of heteropoly tungstates should be of the same order ag
Py given by equivalent solutions of metatungstates (py of 548==5¢4)¢
In equation (2) free acid is liberated and as a result of its
sotion on sodium paratungstate, metatungstate will be produced in
solution. The solution however would be stabllised and this is
not the casee The reaction presumably follows equation (1),

2 equivalent nitric acid was added to a preparation con-

-taining soZium paratungstate and potassium fluoride in the ratio
1312, This ddd not bring about stabilisations There wes a slight
whige precipitate of titanium oxyfluoride and the Py of the solution

was 6e2e This was repeated on a second preparation and exactly
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the same results were obtaineds Thus the reaction is not
quantitatives The two solutions were mixed and one mole-
-cular proporsion of potassium titanium fluoride added to the
boiling mixture. Then the proportions in solution were
l%(BNaip.7ﬂng)zK2$iFG t3l:1.5.
The solution was stable to acidification and the pH was 5e¢7e
The extracted acid when purified and analysed gave TiQL:WQS::I:IS.S
and 1313¢0e
. This was repeated and the results confirmed.
Thus the substituted metatungstates exist in the same
py as the metatungstates, which is what is to be expected,
Preparation of sodium paratungstate.

12N g0+ 1345 HNO -=__(3Na20.7W0 >+13.5 Na M@,
T
This gives a solution of Py 6ede

Preparation of 12-tungstotitanic_acide

Addition of 3 molecular proportion of potassium titanium fluoride
2
to 12 molecular proportion of sodium paratungstate causes stabilis~
7
-atione This may mean that 12-tungstotitanate is formede

- o =N\ - e e .= an A aee a mea mMAnnmA . M MEATI . @ sar @ Arem . aAarTTT

8_; (3Ma 2o.7wr>3)+3 K, TiFé-t—g H,0 = 4Na ,00T10,412WO, +; T1iOF, +1_Nar+3KF‘+1%HI
N viuvuril "JLUUUUJ--I- u. PWVE AU R O VWi e V“l‘bw\'v\-’d—d—-‘-\'ﬁ-vv -~

the 8=basic salt, the free hydrofluoric acid here would alter the
Py of the solution more than from 6e4 t0 5¢8-=5.4¢
A less basic salt may therefore be formed.

12 (3na 0e7WO +-§K TiF + 5 H = 3Na O.TiO o12W0 +1 TlOF*BKF+30NaE+5HF

There is still reserve of alkali in the l2stungstotitanate, but it

is unlikely that a less basic salt is formed since the reaction tends

to become more acid (pH changes from 6.4 to 5.7)e Addition of a
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further small quantity of potassium titanium fluoride
causes a gradual decrease in pH to 5.2. Thus probably
the salt presemt in the balanced mixture is represented
accurately by the formula 3Na10.T103:12W03, or the 6=basdc
salt.

The ammonium salt isolated from these preparations has
enalyses figures which correspond with the 6-basic salt,

but it is a salt of the 1l0-acid,
Preparation of 10-tungstotitanic acid.

The saturations with sodium titanium fluoride produce
10-tungstotitanate if the saturating agent is added in the solid
states The starting solution is again sodium paratungstate,
3Nazo.7vmg.

The reaction may be:
(1 AN — s
)( lg (BI\aQO.VWO:.D-i-NaQTiFugHaO 3N910.T102’.10W05+§§NaF+1.%HF
1 bond ° .
) lg(BNaQO.VWOQ-}-NaQTiFu;_HiO 3Nalo Tio;z' 1OW05+ 32NaF4+10HF

(0 7 7 7
= - - n +
(2) 10 (30, 0. 70 )+ e T4F, +17H,0 = e, 0.T40, W0, + 25Va P LTHF

(3]

3 0 i ) = .Ti0 o10WO+ 18NaF+24HF
(3) 10 (BNazO.VWOQ-FNa&TlF‘{-Z_L_ZHmO 4N 0.T40, . 10WO.+ 18NaF+24

Again 4, anu \oy mre exceuufhg;y UILLADLY ¢ GUU vuS 19awULUL
in all probability follows most closely equation (1).

On the other hand it may be that salts more acid than the
6=basic are formed, or that the hydrofluoric acid set free during the
reaction combines with alkali paratuhgstate to give metatungstate.

On this basis, and mssuming that the salt formed is 3Naap.TiqleW68:
2(3Na Qo.vwos)*r.xz'rwf- 3Na 0. T10, - 1010t Na 0. 4WO.# 4NaF +2KF-, this gives

& 3 2 3
three molecules sodium 10-tungstotitanate to one moleeule sodium

metatungstate. The acid, if both acids are extracted completely, would have
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Ti0,3W0,3:1:14,  For the quantities actually used, 12 sodium
paratungstate would require Spotdsstubitanium fluoridz assuming
that this hydrolyses completZly to Ti(OHLP s and the latter is
quantitatively absorbed by the alkgli paratungstates Experiment
show s that stability is not reached below 1.5 molecules gpotassium
titanium fluoride. Since saturation of the paratungstate is
complete when there is Tiqtswoastlslo, the excess polussium titsmium
fluoride must, if there is no loss of tungstic oxide from the
solution, give rise to titanic acid or titanium oxyfluoride,
setting free, hydrofluoric acid, the pH of the balanced mixture
being 5¢4=5¢8 and thus above the Py at which hydrolysis of pota'ssium
titanium fluoride begins.

Actually however, there is a substantial amount of
material containing both titanium end tungsten thrown down during
the saturation. Loss of tungsten will raise the proportion of
titanium to tungstem in the reaction mixture and thus tend to
prevent formation of metatungstate by leaving alkali oxide in
solution to take up the hydrofluoric acid set free. 1In additién
the 6-basic sodium s~1t will u ndoubtedly be capable of taking up
a certain amount of hydrofluoric acid to give a more acid salt.

As regards potassium titanium fluoride at least, there
will probably be some metatungstate formation, since this gives
initially a solution‘of Py 345 for a one per cent solution. This
is presumably not the case with sodium titanium fluoride, which
gives a neutral aqueous solution. The emposition of the acid pre-
-pared with potassium titanium fluoride is therefore ambiguous.

It may be either GHS[Ti(wzo7) é] or 6H31|_T10(W,_07 )S]-}- Hlo[ﬁl(w&oﬂ "J .
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The well-defined 6~basic salt, barium l0-tungstotitanate, can
be isolated from mixtures containing Tiols W05 in any ratio
from 1310 to 1320, and over. No barium salt of 12-tungsto-
-titanic acid has been isolated, though this ofcourse does not

prove its non-existence.

SUMMARY OF PESULTS.

Free acid.
From analogy with the tungstosilicic acids, only 10-

tungstotitanic can be considered definite. The method of pre-

-paration shows that the apparaent 12-acid is probably a mixture

of the 10-acid with metatungstic acid, especially as some of
the earlier preparations using potassium titanium fluoride as
saturnting agent give Ti0,s WO higher than 1312. Also, com-
-blexes of 'I’i4 with organic acids are usually of the titanyl
type containing Ti0® .

Salts.

The definite salts are the ammonium , barium and
calcium salts. These are all 6-basic, the best defined being
the barium salte.

Their formulae ares
Ammonium salt.
(Mw,), Hl[ﬁo(wio./) 5}.141{&0.
Calcium salte
Ca H&[Tio(wzo,,)s].z:m Oe

3 L
Barium salt.

BaSHQ[TiO(WQO.I.)s].Z«}HlO or BagHLErio(wno,7 L (50 )b]

.18Hi9

From the analytical point of view, the anomalous behaviour
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of tungsten in pyrosulphate fusion with titanium c=2n be
accounted for by the formation of 1Q-tungstotitanic acid.
Hydrolysis of this in acid solution gives the yellow
solid previously described, closely resembling tungstic
oxide but containing a definite porportion of titanic
Oxides

Use of tannin in place of cinchonine as a precip-
~itant for tungsten, following on a pyrosulphate fusion, gave
according to Schoelle# a precipitate emtaining an appreciable
amount of titanic oxide, which was not removed by repeated
fusion and precipitation with tannin, There is no doubt

that this wes due to tannin 10-tungstotitanate.



PART 2,
HETZROPOLY TUNGSTEN=-IRON COMPLEXES.

Introduction,
Since the work on tungstotitanic acids arose

primarily from an analytical problem, it seemed desirable
to investigete the possibility of complexes of tungsten with
othere metals associated in analysis with titanium. Iron,
since it is closely associated with titanium, and also with
tungsten, in ores and minerals, seemed a suitable choice.

| A titanium-tungsten complex acid analogous to 10-
tungstosilicic acid has been prepared. Derivatives have
nlso been isolated and analyseds These belong to the limit-
~-ing series of heteropoly sompounds, but not to the saturated
series, and are formulated Hs.t.l‘io(wio.?)s’j.xﬂlo, according to
Rosenheim and Jaenicke. o

Attempts were therefore made to prepare iron-

tungsten compounds of the above types H,, [Fe(W,.O,,)b}xH QO and

-

H, [mo(wlo7 )s _).xnio.

Historical survey.

Hitherto work had been done on compounds of iron
and tungsten by A.LaureAii who fused excess wolfram with pot-
-assium nitrate and potassium carbonate, and obtained a res-
-idue partly soluble in boiling water, which deposited on
cooling a brown gummy messe On treatment with hydrochloric
acid and evaporation in hot solution, this gave large six-
sided prisms with regular faces of the type W0, M . In

the cold, the salt was not decomposed by concentrated acids nor

was ferric hydroxide precipitated by alkalise No precipitate
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was produced with potassium ferrocyanide, and more remarkable,
the ferric iron was not reduced by sulphuretted hydpogen nor
ammonium sulphide, On heating with potassium hydroxide or
ammonium hydroxide a "ferric tungstate" was slowly precipitated,
and acid then precipitated hydrate tungstic oxide in quantity.

The "free acid" was obtained from the potassium salt
by decomposition with chloroplatinic acid, the potassium
chloroplatinate filtered off, and the filtrate evaporated to a
syrupy masse The "free acid" was not analysed. On ignition
the salts were dehydrated and remained as insoluble residues.

Treatment of wolfram with squa regia and solution of
the residue in ammonia, gives in addition to ammonium para-
-tungstate, a mother liquor, which on neutralisation with hydro-
-chloric acid forms crystalline needles of a salt containing
ferric iron, manganese, tungstic oxide and waters The salt must
have a complex form, as none of the free ions are detectable in
the undecomposed salt. On boiling with acids or alkalis the
metallic oxides nre depositeds The ammonium salt when treated
with chloroplatinic acid gives the free ferri-mangani-tungstic
acid as a syrup.

The brown gummy mass described above, can be boiled
with sodium carbonate without precipitation of ferric hydroxide,
and mist oo ntain m acid of another type than that given by acid
treatment. The formulad Laure;: attributed to some of his
compounds are as followss

9K29.12H29.2F0103.45W05.54H10.

18K20.3H30.2F0103.45W93.54ﬁz0.

213&0.2F610345W03.27H290
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o4 68
According to H.Schweryand A.Rosenheim and H.Schwer,
these compounds were not analytically nurd, and the pure
compounds could not be formed by the dove methods.
The existance of the iron compound of the type
- M90.xFe03.yW0, was conjectured by C.N.Balke and E.H.Smit;i
ézigzmore recent times, work has been done by Rosenheim
and Schwere By saturation of sodium paratungstate ®lutions
with ferric chloride solution, added in small amounts, until
the first-formed precipitate ce-sed to redissolve, they ob-
-tained an orange-coloured solution, which gave, on treatment
with potassium chloride, ammonium chloride and guanidine hydro-
-chloride, sparingly soluble yellow crystalline precipitates.
These are formulateds
4K 0.Fey0;012W0; 020, or KA‘H&[Fe(WO;,)JGQ-
4(NH,), 0sFo,0;012W0zema or  (NH,),Hg EO(WO/,‘_) 61‘“'
4( CNjH, )90eFe,0; ¢12W0; cage or (CN, HL)A_H‘&‘B(VOA_)JN-

The tungstoferric acid they described as a 9~basic
acid, and giving 4~basic substituted salts, as shown by con-
~ductivity experiments, Because of the instability of the
complex anion, there are no higher basic salﬁiﬁ
Congtitutions

On the basis of conductivity measurements, the
tungstoferrites are regarded as derivatives‘;f the 9-basic
acid Hq[Fo (WOQ é[aq. namely tungstoferric acié;. This acid

may be regarded as a substituted analogue of the hypothetical

"paratungstic acid" Hlo[HﬁjW04)bJaq. According to Rosenheim

U
and Schwer, ferric iron, aluminium and chromium form a number
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of compounds with molybdates and also with tungstates containing
anions of complex nature. They are, accorcing to the Co-ordina-
-tion Theory, heteropoly chromites, aluminates and ferritese
Corresponding to the trivalent central atom are the hypothetical
9-basic salts of the type Hq[ﬁs (xok)b} where M is aluminium,
chromium or ferric iron, and X is tungsten or molybdenum; and
these compounds are directly related to 1l2-tungstoboric acid
Ho [B(W,0.) b]oaq.
Preparation.

6§

Rosenheim gives no information as to the relative
amounts of sodium paratungstate and ferric chloride solution
used in his preparations, but speaks merely of "exact saturation"
of sodium patatungstate with ferric chloride.

H,Struvi?claims to have obtained molybdoferrites by
boiling alkali trimolybtate with ferric hydroxide. J.G.Gentézi
has prepared them from solutions of ferric sulphate and of
ammonium iron alum and ammonium molybdate. E.Stainackzgvalso
prepared the compounds and described them.

F.ParmentiZf obtained molybdoferrite by heating ferric
oxide with potassium molybdate in presence of water in a sealed
tube at 156’degrees. His compound:was crystalline andof the
types

2Ry0+Fey Og ¢ 10M00y o X1, 0e

The potassium and ammonium salts W th formulaes
BKQO.FQQO.,, «12M003. or KH, [Fe(ldooﬁ_) J.'7H%O. and
3(NH,), 0sFe,0; +12M00y , OT (NH*)3H4[F0(M00,*)6J-7H30-
have been prepared from a saturated solution of sodium paramolybdate

and iron alum by treatment with potassium chloride or ammonium
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chloride. The potassium salt comes out as colourless
crystals with 3 molecules of water of cmstitutigi. The
ammonium salt crystalliees in small white prisms and was
prepared by Mhrckwaigi

Further work on these s:lts was carried out by

‘1 75
R.D.Hall and Rosenheim and Schwer.

Isomorphous with these compounds are the corres-
-ponding compounds of aluminium, chromium, tri-valent cobalt
and rhodium described by Zambonini and CagliéZi.

Thus, throughout the literature heteropoly compounds
of trivalent iron with tungsten and molybdenum have been salts
of the paratungstate type. No free acid either of the sub-
-gstituted metatungstate type or of the substituted paratung:;8
~-state type has been described, nor does the Drechsel method
of extraction with ether and concentrated sulphuric acid seem
to have been applisd for their isolation.

As has been discussed in connection with the prepar-
ation of tungstotitanic attd, there is always the strong poss-
-ibility that metatungstic acid will be Efiggred during the
preparation of a substituted heteropoly aé&d. Conditions which
cause the formation of met-tungstates from paratungstates must
be avoided or suppressed as much as possible.

Methods based on those which had been modified in
the preparation of the tungstotitanic compounds, were applied

on an attempt to prepare the iron anologues, namely

Ho[Fe(¥,0,), hxH,0 and Hq{';‘e(WAO-))SOJ.tzO .
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Separation,

Separation of the free acid was attempted by the
Drechsel meth&ﬂi when if a heteropoly acid of the limiting
series is present, the mixture separates into three layerss:
(1) ether-water layer (topmost).
(2) acid-aqueous layer (middle).
(3) heavy eily layer, ether addition compound of the heter=-

-opoly acid (bottommost ).

The separation of the freevacid was also effected

through decomposition of the lead salt with sulphuretted

48
hydrogen in alcoholic solution.

Analysis,

About 50 drops of the ether oil were placed in a
weighed platinum crucible, heated over a very small flame
until quite dry and then ignited to a low red heat for twenty
minutes, cooled and weigheds When constant, this gives the
we 'ght of the mixed oxides Fe,0, and WOz The mixed oxides
are now fused with sodium carbonate, the melt exiracted with
hot water, the ferric oxide filtered off and redissolved in
hydrochloric acide The iron is reprecipitated with ammonia and
ignited to Fe,04 which is weighed. If the tungsten must also
be estimated, it is precipitatec from the filtrate as mercurous

tungstate or cinchonine tungstate and ignited to the oxide WOze

PRACTICAL DETAILS OF THE PREPARATIONS.

It seemed possible that the best source of ferric
iron for the purpose would be a salt containing iron as part

of a negative complex radicle, for example an alkali ferri-
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-fluoride, sinee in the tungsten complexes of the limiting
series the additional constituent atom is undoubtedly neg-
-ative in character. e.ge B, 5i, P etcs.
In order that the anticipated compound contains Fgoaz
WOa in the ratio 1324 (12-tungstoferrite) or 1:20 (10-tungsto-
ferrite) 12 molecule normal o dium tungstate or 12 molecul

7
sodium paratungstete 3Na20.7w0 must react with at least one

3

molecule of potassium ferrifluoride, if the hydrolysis of the
ferrifluoride is quantitative. In the first preparations, twice
the molecular proportion of potassium ferrifluoride was added,
in order that an adequate proportion of ferric iron would be
present,
(1) 25 grams normal sodium tungstate in 400 ml water were acid-
=ified to pH 604 with nitric acide This solution of sodium
paratungstate was treated with 4.325 gram of potassium ferri-
-fluoride in solution, added dropwisees When the solution was
stable to strong acidification, it was treated with ether and
strong sulphuric acid and the ether o0il purified and analysed.
09050 gram of the mixed oxides contain 0.0127 gram of Fe,03
i.ee F9205 :W03:3 1:43.90

| This ferrifluoride saturation was repeated several
times and the ether o0il always contained Fe,0, 3W03 in the
neighbourhood of 1340 A brownish vh ite residue was thrown out
of'solution, which when tested was found to contéin a large
proportion of iron. Hence loss of hydrofluoric acid must have

taken place without ammompanying absorption of iron. This

would necessarily give rise to metatungstate and on extraction,

metatungstic acide On one occasion excess fluoride as sodium
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fluoride was added to the stabilised mixture, in an attempt
to keen the ifon in solution, The ether 0il was found to
contain Fo,0;:W05231241,70,
(2) Because of the slight solubility of potassium ferrifluoride,
ferric fluoride was tried as a saturating agemt. This salt
was prepered as a violet crystlline salt by solution of iron
'wire in hydrofluoric acide It dissolves in water ~ndé hydrolyses
only on long standings The method of preprration, purification
and analysis were carried out as before. The sample of ether
0il gave Fe,0;:1W0;3313160,
(3) Freshly prepared potassium ferrifiuoride was used as 8
saturating agent. This was done by adding 1 ml ferric chloride
solution to 1 ml potassium fluoride solution (the = lutions
antaining FeCl, $KF:31136) tegether to the boiling sodium para=
~tungstate o lutions The extracted ether o0il contained
Fe¢03 xWOa $31:131:9,
(4) Dropwise addition of ferric fluoride solution t sodium
paratungstate solution containing sodium fluoride was carried
oute It was hoped by this method to overcome the disadvantage
due to the small solubility of alkali ferrifluorides, by
"preparing™ the alkali feérifluoride in solution. The propor-
-tions used were Fecl3t%%éNaQO.VW0{>:32.3gr.:25gr. The
solution was stable and was extracted in the usual way. The
ether 0il antained F01033W03331:74;5.
(5) Using ferric alum to saturate the alkali paratungstate. in
the proportions of 6.84 gr. alum to 25 gre. normal sodium

tungstate, and omitting fluoride from the prepsration, samples
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of ether 0il were prepared which on analysis gave
F9193:W05331346.43; 1:92,69; 1:113.0.
(6) Using ferric nitrate as saturating agemt, in the propor=-
-tions 2F0(N03)L .9H2031§6Na10.'7w03>35.73 gre125gr. a
Saturation was carried out as followss

A solution of 25 grams of normal sodium tungstate
in 400 ml water acidified to py 6e4 with nitric acid was
kept boiling and mechanically stirred while 5.8 grams of
ferric nitrate dissolved in 500 ml water, was added to the
boiling solution at the rate of two drops per minute. As
each drop was added a yellowish-white precipitate was formed,
redissolving almost at onces When 211 was added the mixture
was divided into ﬂ; pottions, and to one portion 3 grams
sodium fluoride in aqueous solution was addedse  Then both
portions were concentratedto small bulk, and both were extracted
with ether and sulphuric acid in the Drechsel manner,
Ether oil extracted from the &irst solution (no fl uoride present),
1,2395 grams mixed omides contain 0,0395 gram Fezo3
i.ee Fezcbzwpasslszo.Qs.
Ether o0il extracted from second solution ( fluoride presemt ).
069076 gram mixed oxides contain 0.0332 gram Feeos
i.e. F9203:W03331320.80,

Thus the presence of fluoride is of littze aco unt.
The iron-content of the ether 0il is much higher when ferric
nitrate is used as saturating agent than with any other ferric
compound previously trieds The above figures correspond to
an acid of the type Hq[l?oo(w:o.,)s:}.aq. but when this method of

saturation was repeated ether oils containing sn even higher
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proportion of iron were obtained.
Results of snalyses of samples, prepared by ferric nitrate
saturation as above, are as followss:
Fe:0;=W03 $31:19,505 1:17.565 1:20438; 13174733 1:21.55; 1:20452
and 1319,03.

Ferric nitrate, as shown by test with metatungstic acid,
is not extractable wiiuh ether and sulphuric acide Ferric chloride
might have provided an equally suitable saturating agent, but the
slight risk of extracting ferric chloride in strongly acid solution
would be involvede Therefore the gamples of ether o0il whose
analyses figures are shown above must entain iron in the form of
heteropoly complex, but may contain metatungstic aﬁid as wells
These samples were all deep amber incolour, and were clear on
extraction, showing no tract of emulsifications Yet the figures
vary so widely that there can be no doubt that a single compound
is not being produced.

It had heen fund thzt with some extractions of the
ether 0il, emulsificrtion of the whole took place, with the
result that the ether o0il took longer to separate out, When
this.happened, specimend containing F9203:W03::1:60.6; 1:42;
1:139 were formeds The longer the ether oil took to separate
the less was the proportion of iron in ite An example of this
progressive decomposition is shovm by analysis of three consecutive
sarnples of ether oil from the same preparatione
First Sample, deep amber after purification by reprecipitation with
ether from alcoholic solutions

1,4456 gram mixed oxides o ntain 0.0546 gram F94035F3203:W03::1:17.56
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Second sample, paler amber,as above.

07443 gram mixed oxides contain 0.0186 gram Fe, 0;4Fe, 0,:W0; 231221437,

Third sample, vellow,as above.
1.,1060 gram mixed oxides contain 00235 gram Fezo35Fq1033W03::1:33.23.

Attempts to eliminate conditions which produced ermulsi-
~fication led to no definite conclusionse

Then it was found th-t if more than twice the molecular
proportion of ferric nitrate was used, the prep~ration always
emulsified on extraction, and the ether o0il when it separated
contained less iron than specimens from preparations containing
the twice molecular proportion.

From all of these preparations a small amount of a
brownish sludge comss out towards the completion. Some of it
was filtered off, dried and analysed, and found to contain
Fe,0;3W03 in the following ratio: 1:3+21e This might be a
ferric salt of a tungstoferric acid, so an exact analysis of the
brovn sludge from a ferric nitrate ssturation was made. The

material was dried over calcium chloride.

: (a) (v)
Weight of ferric oxide 15.10% 15.30%
Ignition loss 13.80% 14.00%

Estimation of tungstic oxide shows that only ferric oxide, tungstic
Oxide and water were present in the compound . The compound

3Fe, 0.10W0,425H,0 or 2F02HLF9(IQ4)€L12H29 requires 14.77% ancg
and 13,84% Hj0s  This corresponds to the above analysis, and
points to there being a heteropoly compound of this type in

solutiome Normal ferric tungstate (anhydrous) requires 18,624

Fo; 03, and the above compound contains 17.65% in the anhydrous
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states ‘7gbrmal ferric molybdate was obatined by

Marckwald as Fe,(MoO);.42H,0 by mixédg two molecular
proportions of ferri¢ chloride with three molecular

proportions of sodium molybdate Na,MoO,, as a brownish-
vellow amorphous precipitates When sodium paramolybdate

w-s used in place of the normal molybdate, a yellow

precipitate of F3105.5Mb03.xH29 with varying weter content
was formed, In preparation of the ammonium salt of moly-

-bdoferric acid, 3(NH,),0.Fe,03412M00;420H,0 , the penta-

-molybdate sep-rates first and must be removzg;

The brown residue above is, therefore, probably

a ferric tungstoferrite of the pentamolybdate types It

is insoluble in water and slowly decomposed by mineral acids

with formation of a ferric salt and precipitation of hydrated

tungstic oxide.

There is no reason to suspect from any of the

 isolated rroducts that a tungstoferric acid of the typé

I{qﬁb (W107)6]xH29 or any of its salts are being preduced

in the described methods of preparation, but rother that a
‘mixture of a lower complex heteropoly compound of ferric

iron and tungstem is being formed, along with different

proportions of metatungstic acid. It may be that the

metatungstic acid is being produced exclusively during the
extraction stage, by decomposition of the heteropoly complex
in the strongly acid solution. It has been shown conclusively
above that aXt least a portion of the metatungstste is produced
in this way. The mxtracted acid of composition Feapse WOy 23
1:18 on an average, is surprisingly stable in aqueous solution.

The dilutesolution can be evaporated repeatedly to small bulk
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with only a wery small separation of hydrated tungstic oxide
which.is almost free from iron.

sttempt to eliminate metatunpstic acid.

The proportions used in the attempted preparations
of the heteropoly compound from ferric nitrate and sodium
tungstate were originally 2Fe(NO;);+9H 0 :12Na WO, or 5.73 grams:
25 grams i.e. twice the molecular proportion of ferric nitrate
necessary for the production of 12-tungstoferric acid Hwaﬁe(wlo7)4aq..
Thus just enough ferric nitrate was added for the formation of the
6-tungstoferric acid Hq[?e(wn#)éFaq. When ferric nitrate was
used in this proportion emulsification took place on extraction,
and it was found thdt the least amount of ferric nitrate necessary
for stabilisation, and that gave the cleanest extractions w th ether
and sulphuric acid, was in the proportion-of 4.5 grams : 25 grams
sodium tungstates From these proportions it is not possible that
the extracted ether o0il contains F92033w03 in a higher ratio thah
1:1543s4 Yot the addition of more ferric nitrate causes emulsifi-
-cation, and the resulting ether oil contains even less ferric
oxides Thus metatungstic acid must be being produced in the
preparation as well as in the extraction,. This can bmly be ex=-
-plained by assuming incomplete hydrolysis of the ferric nitrate
with consequent slow acidification of the alkali paratungstate
solutions Thus, even if it were extractable with ether and sul-
-phuric acid, a pure sample of the acid containing F9203:W03=:1:12
i.es the substituted acid of the paratungstate type Hq[fe(W04)6].xH Oy

Fe
could not be produced by any of the methods so far employeds
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Preparation of 6=-tungstoferric acid, Hq[Fe(WOH)b-}xHaO.

An attempt was made to prodﬁce the pure acid by
saturation of the boiling alkali paratungstate solution with
ferric hydroxide and concurrent slow acidification of the
mixture with very dilute mineral ac;zz It was hoped by this
means to overcome the possibility of the presence of free acid
at any time which would attack the & kali paratungstate.

The conditions of the preparation mre as followss
To 25 grams normel s dium tungstate in 400 ml water set to
Py 6e4 by acidification with nitric acidy in the coldy =&
quantity of ferric hydroxide which hed been freshly precipita-
~ted with smmonia from ferric chloride solution, was addeds
Ferric hydroxide from 6 grams anhydrous ferric chloride was
sufficient for the saturations The mixture was heated and
stirred mechanically, while dilute nitric acid (0.02N) was
added drop by drop in amount exactly sufficient to reduce the
NQQO; WDJ ratio from 337, ieee paratungstate,to 3:12, i,e.
metatungstatee At this stage the solution had become stable
to acidification with encentrated acide.

The first preparation which was carried out on these
lines was divided into two portionss
First portion. Extracted with ether and sulphuric acide
The ether oil gave on analysis these figuress:

5

1.,1324 grams mixed oxides contain 0,0361 gram Fe&°55 Feaosswosazlle.e

Second portion. Precipitated from solution with guanidine
hydrochlaric solution, and the yellow weil-defined crystalline

substance analyseds
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1.3787 grams mixed oxides contain 040747 gram F°QQ53 F9203:WUB;;1:12.02

A second guanidine salt prepared in the same way was

analyseds;045281 gram mixed oxides contain 0.0290 gram Fezongezoang«%:

$1:11.87

Thus the complex acid which exists in solution as pre-
pared by this method is the substituted paratungstic acid Hq[?e(wok)é}
agqe and strong acidification during extrection decomposed it with
Production of metatungstic acid, in which apparently it is soluble
to a certain maximum extent, namely 3318,

Lsolation of the scid, Hg[Fe(WO,), J.xH:LO.

The next step was to eliminate the "strong acid" method
of extractions The method that Forch:rg had used to isolate
metatungstic acid was applied,

The balanced mixture from a preparation using twice the
molecular proportion of ferric nitrate, or 5,73 grams to 25 grams
normal sodium tungstate, was concentrated to small bulk (50-80 ml)
and lead nitrate was added to the hot solutiony precipitating a
bright brown crystalline substance. This was filtered off, |
dried in air, suspended in water and sulphuretted hydrogen
passed into the suspension for from two to three hours. The
suspension turned first deep brown and eventually blacke. The
filtrate from the lead sulphide was concentrated in a vacuum des=
-iccator to drymess. The crystalline mass was then treated with
alcohol, in which it partially dissolved to a deep amber solution.
When eth>r was added to a sample of the alcoholic solution a
sticky buff=coloured substance was precipitated, and no sther~oil

was producede Thus the bulk of the compound was not of the
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metatungstate type. The amber alcoholic solution was
evaporated in a vacuum desiccator to a very viscous liquid,
and eventually crystals appeareds They were yellow and
very soluble, and it wes difficult to separate them from the
mother liquor. A sample was obtained, however, and analysed
for iron and fungsten.

042127 fram mixed oxides cgnﬁained 0,0118 gram Fe, 033 Fe,0,3W03::

1:12.16.

This was repeateds

A balénced mixture of sodium salts from 50 grams
normal sodium tungstate saturated with ferric hydroxide (as
described above) was concentrated and treated cold with excess
lead acetate solution. The lead salt, pale brown in colour,
was dried in air, suspended in alcohol and exhaustively treated
with sulphuretted hydrogens The alcoholic extracts were
evaporated almost to dryness, taken up in 15 ml alcohol and
filtered to remove a small amount of brown residuees The dark
red liquid was mixed with a large excess of dry ether, which
precipitated a semi-solid mass of similar colour. Part of this
was placed ina blatinum crucible and analysede.

048454 gram of mixed oxides contain 040448 gram Fe,0,,Fe 033 W0 22

1:12.30.

e c————

Thus the acid prepared through the lead salt contains
iron and tungsten in proportions required by the formula
Hq [1.?‘3(\710,'L ) é]xH100

As has been mentioned the crystalline material produced

by evaporation of the filtrate from the lead sulphide, prepared
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by saturation with sulphuretted hydrogen in agueous
solution, was only partly soluble in alcohole The in-
-soluble residue was colloidal in naturej it was filtered
off and dried to a dark brown "resin-like" matsrial.
Analyéis showed it to contain F92Q§W05=:1:5. It con-
-tained nitrate ion as well as iton and tungsten, and
probably contained basic ferric nitrate. The presence
of ferric nitrate points to hydrolysis, possibly due in
the first instance to the formation of a compound similar
to Pb0.4w03.Pb(N03)2.10H;g. Treatment of this double
salt with sulphuretted hydrogen would liberate nitric
acid as well as the heteropoly acid, so in order to eliminate
hydrolysis, thé treatment of the lead salt suspension with
sulphuretted hydrogen was carried out in alcoholic solution.

Thus treatment of the lead salt of the heteropoly
acid in non-aqueous solution with sulphuretted hydrogen

produces the free acid of formula Hq{%e(WOA)bJ.leP.
Ezdperties.

The free acid is obtained in small yellow crystals,
which fuse to a black mass on gentle heating, give up water
and cool to a dark brown solide

The crystals are very soluble in water, and trestment
with caustic alkali decomposes them with liberation of ferriec

hydroxide, and solution of the tungsten as alkali tungstatie.

SALTS OF TUNGSTOFERRIC ACID,

Ammonium salt,
84,65

Rosenheim and Schwer had described a salt of formula
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(NH#)A‘_HS[FQ(WO,’_)b].aq. as already stated on page 47,

A hot brlanced mixture, prepared by satursting sodium
.pnratungstate solution with ferric nitrate solution, was div=-
~ided into two portions. The first portion wes treatedwith
saturated ammonium ehloride solution and the second with saturated
amrionium nitrate solution.. No precipitate came cown in either
crsey but on cooling the armonium chloride saturation, yellow
cryvstals appeared which were heavily oo ntaninsted with armonium
chloride. These crystals appeared to be dichroic, and on
snalysis gave F9305 ,tmanlt’l.39.

Fromthe filtrate a @eapaw~ orange finely crystelline
substence senarated, in very small quantity. On =nalysis this
substance vas found to contain FeéQ;WDsazlzll.Z.

On codling =nd concentrating the ammonium nitrate
saturation, fine vellow crystals separated, which were soluble

in water to a slightly turbid solutione Ansalysis fave these

figuress

Weight of ignited residue 049432 gram.
" " r‘l 03 0.0446 gm'
" " WOy( separate estimation) 0.8732 gram.

Fe, 031 W03331:13.50.
This salt contained some impurity, nrobably 2 small amount of
socium salte

These salts separated in very small quantities, and in
an impure state, so that oo mplete analysis hzve not yet been
carried oute There can be little doubt, hovever, thet they are

derivatives of the acid Hq[?e(W04)Q].aq.
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Potagsium salt.

The potassium salt was described by the tune
authorgf-who prepared it in the same way zs the aruno nium
salt, and ascribed to it a similar formulas K, Hg Ee(wo#)a}q.

Attempted preparation:of this salt by treatment of
the balanced mixture with potsssium chloride solution, hed
to the separation of a minute amount of a yellow crystalline
solid. On concentration a dark orange red liquid, resulted,
from which potassium nitrate separated and which was stable
to acidification, but no further crystals separateds
Guanidine ts

The guanidine salt (CN3H@l$H5[?a(W04)b].aq. Wwas pre=
~pared by Rosenheim and Schw;:.in a manner similer to the pot-
~assium and ammoniwnsaltse
Reagents 50 grams guanidine carbonate were neutralised with
hydrochloric acid to methyl orange, and made up to 250 ml
solution with distilled watere 20~25 ml of this reagent are
necessary for complete precipitation from a 25 grams normal
sodium tungstate quantity of balapced mixturee

In the earlier preparations of the guanidine salis,

it was found that as soon as the guanidine hydrochloride sol-
~ution was added to the balanced mixture, a plae buff amorphous
compound was precipitated. After fi l1tration, the filtrate
which was still yellow, and saturated with guanidine hydro-
~chloride slowly deposited a definitely crysterlline vellow
material, leaving the solution colourless,
Analyses of the first precipitated compounds Bave results

for FeyO033W0538 of from 1:22 to 1337454 Never did analyses
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nf two of these compounds agree. Guanidine wes estimated
by the Kjelderhl method in compounds who se Fep03:W03 rrtio was
os low as 1:24,
These guanidine salts were insoluble mnd could not be
recrystalliseds A specimen.containing Fezojzwoa::lzzl was

analysed completely,

Percentage of guanidine oxide | 12965
" water (by difference) 3498%
" ferric oxide 2454%
" tungstic oxide - 80e45%

Totelesssessseesccssccscossascesasecs 99937%
Empirical formulas 3(CNJ H,) g0eFe 050 2176, « 24,0 or
(oNyH, )3 [ Fe0(1py) ‘]. 9H 0
Another specimen had an empirical formulas
(01\51{‘,) H [Fe()(\ o.,) j 8Hy0s
It is very probable that these compounds are not simple
saltsy but mixtures of guanidine metatungstate with gu-nidine
6=tungstoferrites
The definitely crystalline second fraction, which
cannot be crystallieed except from the mother liquor was found

to be authentic guanidine 6-tungstoferrites

Analysegg~

(1) Percentage guanidine oxide 11.12%
" water 4,137
" ferric oxide 4,80%
" tungstic oxide 804007

TOt&looo.oooooooooooooocoo--.ooo 100.05%
Empirical formulas (CNalt,)aﬁ(,[Fe(W%) @}'41{@0
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(2) Percentage guanidine oxide 14.76%
" water 3e54%
" ferric oxide 4e22%
" tungstic oxide 77e25%

Total.....-....u........o.----oo 99097%

Empirical formulas (CNaHb)AHﬁ[Fe(WO”_) ,,J.ZH;Oo

(3) Percentage guanidine oxide 13437%
" water  4449%
" ferric oxide 44417
" tunzstic oxide 774265

Total.........o................. 99‘5370

Empirical formulas 345 (CNa HG),LO° Fea_O 3012“’03.10}1&00

(4) Porcentage guanidine oxide S 12.13%
" vater 8473%
" ferric oxide 4435%
" tungstic oxide 744917

Totalnotpooooooooooooo-oo-oo.o. 100.12%

Empirical formulas 3.5(GN3q;lbO.FqQ03.12W03.16.5H20.

Thus the suthentic guanidine salt of the acid HAEB(WDA)E}aq
can be obtained by fractional crystalisation of a mixture of
guanidine saltsy the mixture probably containing guanidine meta-
~tungstate and guanidine 6-tungstoferrite onlye

When a preparation from a ferric hydroxide saturation
was trerted with the requisite amount of guanidine hydrochloride
solution one compound, deep yellow and crystalline, came cown on

standing, There was no second fractions Complete analysis of
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this compound gewvo these resuliss

* Percentage gusnidine oxide 94680
] at 10.38%

; Jater 0 J0/0

" . . 4
ferric oxide 443500

. . Il

" tungstic oxide T6el2s

Totaleesessesessscsescesccces 100.53%
Empirical formulas 2¢5(CN,H, )LO.Fez 03 4127030 22H 06

Thus more thzh one guanidine salt of Hq Fé(WQujlwraq. exlstise

luus wuie vaszn one guarniuirne satLt 01 nquU\wu/‘_/ (_’—raqo CALbLDe

idine gglt
° This o mpound was prepared in a similar tay to the

guanidine saltse

It was found that when pyridine hydrochlorids wes addsd
to the balanced mixture, the whole of the tungstem complex in
solution was precipitatedes  Thus the differenée in solubility
between pyridine metatdngstate and pyridine 6-~tungstofsrrite is
not markede Pyridine s=2lts were thereforeprepared from ferric
nitrate saturation preparations to verify the relative amounts
of Feaoaz and W03 in solutions It was found that the puridine
hydrochloride brings down a compound vh ich contains F91938W03
in the ratio of 1315 approximately, which{i%?the proportions
‘addeds

The pure pyridine salt can be prepared only from
ferric hydroxide saturation preparafions. It comes down as
an o0il and gradually crystallises oute It was filtered, drained,
and dried in aire
Aualvsise

Percentage water 19.57%
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Percent-ge guanidine oxide 18.42%
" ferric oxide 2e99%
" tungstic oxide 584917

Total.u..n.................-...99.89%
Empirical formulas 5.5(05NH6)&0.FQ203.12W03.57H29. or

(CsH,N), Hy LFQ(WO#)G:J..‘Z?.SH&Oo

THE LEGHANISM OF FORMATION OF 6=TUNGSTOFERTEC ACID,

The free heteropoly acid of iron and tungsten which
has been prepared, and its derivatives, are gf the paratunng%Ze
typee The free acid is demoted by the formula Hcﬂ?e(woy)bloaq.,
a derivative of the hypothetical "paratungstic acid" H;oEHa_(WOA.)(,:] e8.Qe
Rosenhei;,gives no inform:tion as to the relative amounts
of 2lkali paratungstate and ferric chloride used in his preparations
of these compounds, nor does he express any opinion as to the nature
of the renction involveds
Since ferric chloride (or ferric nitrate) solutions are
quite acid in reaction and sodium paratungstate is approximmtely
nautral, it seems probable that the main action is the removal
of alkali from the paratungstate by free acid liberated by the
hydrolysis of ferric chloride in hot dilute neutral solution,
with resulting saturation oféthe tungstate anion with ferric hydroxide.
Rosenheim's formulz of the salts: 4K, 0.Fey 03.12W03e2qs and
4(NH#)1Q. F@hcs.lzwoa.aq would require the removal of two equivelents
of alkali per molecules~
5K, 0e12W0; —> 4Kz'0.Fe;,L05.12WOs

This is equivalent to two-thirds molecule of ferric chloride, ~ssuming
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complete hydrolysis of the k tter. The conversion of alkali

tungstate of the type 5K 0.12W0 5 to metatungstate of the type

)
3Kip.12W03 requires the removal of .4« equivalents of alkali.
When fhis is done by the nddition of mineral acid at a rate
sufficiently slow to allow the tungstic oxide set free to be
redissolved in the residual paratungstate, the resulting sol-
-~ution is stable to strong acidificatinn and gives the character=-
-istic ether addition compound of metatungstic acid on addition
of ethers Rosenheim and Schwer did not apply the Drechsel method
to their balanced solutions, possibly assuming that the tungste-
~forric acid and its salts would behave like the paratungsiates
and decompose with precipitation of hydrated tungstic oxidee

As has already been stated, Britton and Germnghave
shown that there are compounds of formulae 3na20.7w03 and
5Na20.12wng s the former oxisting in solution of Py 6e4 the
latter in solution of py 6ele The literature is not clear as
40 which of these is the paratungstate of sodiume

The solutions of sodium paratungstate which have been
used in the ferric nitrate saturation preparations, were ad-
~justed to py 6e4 and thus contained the eompound 3N110.7WQ3.
Since iron is tervalent there is a possibility than an analogue
of 12-tungstoboric acid might exist, This would have the
formula H,[Te(Wp.) (p].aq.‘, and would be of the metatungstate
type, capable of extraction from its salts with ether and
sulphuric aciéf

During the earlier preparations it was repeatedly

observed that the balanced mixture of sodium salts was stable to
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acidification and gave an ether addition 3fmpound o ntaining
iron when extracted by the Drechsel methJZ. The extracted
acid varied widely in iron content, giving values of Fe 0; 3WO;
from 1320 to 13120, In sll cases, 2t least two molecules
of ferric salt were added per molecule of sodium peratungstate,
and in each case a permenent precipitate remained at the end
of the preparation.

Teasts to determine the relationship between the point
at which the precipitation became permanent and the proportion of
ferric sall added, showed that in four cases this occurred when
ferric salt corresponding to 5.25, 4485, 5637, 4490 equivalents
of acid had been addeds The reaction therefore requires for com=
~pletion more than the two equivalents of acid required by
Rosenheim's formulatiom of the potassium and ammonium tungsto-
-ferrites,

The variation in hydrogen ion concentration during
saturation has also been followed, Sodium paratungstate has73
as stated above, & py of about 6.4 in approximately 6% solution.
On o nversion ® sodium metatungstate the py falls to 5.4~5.8, and
it is reasonable to suppose that sodium salts of 12-heteropoly
acids would give values in the same regione For the substituted
paratungstic acids, since these should be stronger than para-
-tungstic acid itself, <the values should be intermediate between
H 6e4 and py Se4e
Saturation of sodium paratungstate with ferric nitrate,

25 grams normal sodium tungstate in 400 ml water set to

Py 6e4 with nitric acide 4.5 grams ferric nitrate (Fe(NO;); +9H,0),

which is equivelent to 4,72 equivalents of acid, were used for
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saturations This quantity of ferric nitrzte was used in
sclution in 550 ml water,
After 400 ml solution ( 3 grams ferric nitrate) added pH ¢ 644.
" 500 ml " (4 » " " ) " pH ¢ 6.0,
" 550 ml " ( 445 " " " ) "  pH ¢ 440
There was a very slight psrmanent precipit=te at the end, and the
solution was stable and extractable by the Drechsel methogi
The ether addition compound gave F0193:W03::1117.5.
After repﬁrification....................... 131845,
Repetition of this gave similar results, the final pH being 4¢2=4.0,
and the extracted acid containing Fe,0333W0;:31:18,0,
f4472 equivalents of acid)

This value,appears to be constant, and is midway between
that required for production of"the substituted paratungstic acid"
Hq[fe(wo*)b].aq. and that required for production of "ihesubstituted
metatungstic acid" Hq[Fo(WAQ7)b].aq.. The extracted acid may thus
be regarded as either an equimolecular mixture of these two acids,
or as a mixture of H‘ﬂ?o(wok);].aq. and metatungstic acid
H‘O[H,L(W,pﬂb].aq. in the ratio of 2il.

Since there is no permanent precipitate at the end
point, it is reasomable to assume that the balanced mixture of
sodium salts, contains all the added iron in complex forme This
is proved by testing the mixture with potassium thiocyanate
glution in absence of mineral acid, when the test is negative.

In this case, Fe,0;3W03 for the balanced mixture should be 1:1l5e3,
since these are the proportions addeds

Since many preparations give values much below this,
it is clear that metatungstic acid must enter into somg,at any rate.

No evidence has been found of the acid Hq[Fe(W107)b} e2Qe
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nor its salts, and it is probable that only Hqi%e(wog)é}oaq and
H{O[H;('WlO—))(}aq are present at any time, It is clear that meta-
tungstic acid is formed both in the preparation and in the extraction,
and that in presence of metatungstic acid tungstoferric acid is
capable of extraction by the Drechsel metho%i
On the basis that sodium paratungstate is formulated

5Na29.12W03, the saturation may be expressed as followss
(1) 5Na 0.12W03+gFe(N05)d-g (31\h,£ Fe oslzwo)u (?,Na&o.lzm)%awoa.
This gives Feioa:wqa in the ratio of 13118, and 4@‘6(1\703 .9H® 3482 grams
Repeated saturations & ow that stability is not reached below 4 grams
ferric nitrates
Alternativelys
(2) _g(aNa 04 7WO, )+1_Fe(No )=5(3Na OsFe,0,412W0, )g(3Na 20012W0y )+3$Nam5.
This givps Fe&/ 33W03 in the ratio of 111648, and L(FO(N05 i «9H (9 4,09 gre
Thls equation is probably the correct one as regards the course of
saturations That the ratio Fe, 0;1W03 is nearer 13118 than 13116,8 is
probably due to the loss of iron in the period before the ether addition
compound layers out completely, a matter of minutes at least.

If saturation were complete, the F02Q3:W03 retio for the

balanced sodium salts would be 1312, Thens

(3) _g_(.3Na 0.7W03)+2F0(N03)+6 H 0=3Na o.Foloa.lzwo3+30NaN03+12}m05

4‘9(1«03)3.93,9% 5473 gramse
In this case, hydrogen ion will be set free, owing to the lack of
balance between the ferric iom and the tungstic oxide, and this may
eithers
(a) form a more acid sodium salt,

(8) 1iverats free tungstoferric acid,
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(¢) decompose the latter with formation of metatungstic acid.
Since the saturation is essentially a hydrolysis process, decom-
-position of ferric nitrate will take place until the py of the
solution has fallen below 3,
Saturation of potassium paratungstate with ferric nitrate,

This was run for purposes of comparisone
3048 grams potassium tungstate (K@WOQ.ZHQQ) on treatment with 99,7
ml normal nitric acid gives a solution of py 6e4 in a volume of
400 ml, The composition of the salt present corresponds closely
to 5KﬁO.12WQ§ or potassium paratungstates Saturation of this sol-
~ution with 440 grams ferric nitrate (Fe(m5)3 »9H,0), which is
equivalent to 4419 equivalents of acid, gave the following py valuéss

After addition of 1 gram ferric nitrate in solution pH ¢ 642

" L} " 2 " ” " ” " pH g 4. 8
L] " ”n 3 " " " " " pH c 4° 8
L] L " 4 " " n " " pH [ 4. 6

The resulting solution was stable to acidification and extractable by
the Drechsel metho%z The drop in pH after addition of the sewmnd
gram of ferric nitrate shows that the buffer action of potassium
paratungstate is much less marked than that of sodium paratungstate,
but here again stability is reached only when the amount of ferric
salt added is equivalent to 4 equivalents of acide ieee¢ the amount
of acid necessary to convert 5K£Q.12W03 to 3K20.F9403.12W03.

This difference in behaviour between potassium and sodium
tungstate is possibly due to the f;ct that theldatter, in solution
at least, is.really 3N§QO.WM%, and is thus the more alkaline salt.
The supplementary Nglo will be set free in the change from 3Na 0.7W03

2
to 3Na,0eFe, 0, 412W0ge
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30 grams normal dium tungstate in 400 ml solution were
sel to pH 644 with nitric acid and saturated with 4493 grems farric
nitrate (9-hydrate) dissolved in 600 ml water. 4.93 grams forric

nitrate is equal to 3_0 equivalents of acide

After addition of 100 ml solution ( 04822 gram ferric nitrate) pH ¢ 6.4

" " " 200m " ( 1.624 " " ) pH ¢ 6.4
" " " 300 m " ( 24466 " " " ) pHe 6ed
" " " 400 ml " ( 34288 " " " ) pH ¢ 644
" " " 500 ml " ( 4,110 " " " ) pH ¢ 6.4
" m w550 ml " ( 44521 " " " ) pH ¢ 6.4
" " " 600 ml " ( 4,932 " " ) pH ¢ 5.8

The solution is stable to strong acid, contains a very slight

precipitate and emulsifies on extractions The final pH in this case

corresponds closely with that found in the ferric hydroxide saturc-
=tionse

As will be seen from the pH values quoted sodium paratung-

-state acts as a buffer of pH 644 up to the addition of 3 grams ferric
nitratey the next grem only lowers the pH’from 64 to 640 and the
final Oe5 gram causes a sharp fall from pH 6,0 to pH 4.0 During
the addition of the final hel f gram, the reaction mixture is evidently
in a state of unstable equilibriume While most preparations run
with a neglegible amount of precipitate formation, in some cases
extonsive precipitation of a materialyrich in iron occurse In such

cases the mother liquors contain less 6~tungstoferrits and a higher

proportion of metatungstic acid and give values for F°2°a‘w°5 much
below the 13118 average,

In the later stages 4f saturation,hydrolysis of the ferrie
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nitrate becones incressingly incompletes Since the precipitate
formed is richer in iron than the 1312 proportion prevailing in
the mother liquor, nitric scid must be set Iree, o2nd it is pro-
~bable that the metetungstic 2¢id arises from the intoraction of
this with the zlready formed 6-tungstoferrites That mineral
acld has this effcct is shown beyond doubt in the decreasing
proportion of iron in successive fractions of the ether addition
compounds separated bybthe Dreschel nwt?mﬁfand also by the fact
that, whereas the balanced mixture containing sodium 6=~tungsto=~
~ferrite gives a negative reaction for the ferric imm with
emmonium thiocyanate, the reaction becomes positive on the addition
of acide
When ferric ammonium alum was used as a saturaling
agenty the extracted acid gave Fe,0;3 WO; 33 1:113e Since the
hydrolysis of ferric sulphate gives rise to sparingly = luble
basic sulphates, with consequent loss of iron from solution and
liberation of sulphuric acidy the low iron content is to be
expecteds
In the cases of ferric nitrate and ferric chloridey the
basic salts formed are more soluble in water, and remain as a
potential source of ferric hydroxidee
A ferric nitrate solution inciuding 14 grams hydrated
ferric nitrate per litre, which is rather more concentr:ted than
the solutions used in the saturétions, has a pH value of about 1.8,
This corresponds to about 10 per cent hydrolysis of the ferric

nitrate, and the ferric nitrate is thus in equilibrium with about

%sonitric acide As the reaction between alkali paratungstate and
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#
free mineral acid to produce metatungstate is quite rapid, it
is probable that part st least of the metatungstic acid formed
during saturation comes from this sourcee

The results obtained from the hydrolytic saturation
showed that this method cannot give a sodium salt of tungstoferric
acid entirely free from sodium metatungstate (see equations (2) and
(3) above)e

The el ternstive method, ssturation with ferrie hydroxide,
which results in the formation of 3Nalp.Fe&03.12W03from 3Na, 04 7WO 5
and thus involves a reduction of the Na203W03 ratio, takes place
with the displacement of caustic soda from the paratungstate, thuss
(4) 5Me io.12w03+2ro(on)3= 3Ne 0o Fe, 05 412W0, + 4NaOH +H,0e
Since the substituted paratungstates exist only in solution of pH
less than 644, the reaction will come to a standstill after liberation
of a small amount of alkali,

Since the complete conversion of lé(SNaz .7W0;>to 3N§19.
FezO?.IZWOa involves the removal of l% Nay0, the amount of acid
Decessery to balance the reaction will be 30 equivalents. The
acid must be added in such a dilution and aZ such a rate that it
reacts only with the alkali set free in the saturation and not w th
the sodium paratungstates Addition of Oe2 normal nitric acid at
a rate of one drop every 40-50 seconds, gives amatisfactory results.
Tk(5) g,s(e,Na,Lo.fmo‘3 " 2Fe(on)5+§g_rm03= 3Na, O Fe, 0, ¢12W0 + §%NaN03+ 3?,-“:9

(5) ;3(31&@0.7%3 ) 2Fe (OH), +§_’g;_xm03= 3Na, OuTe, 0, +12W0 + _3_’(}Na.N03+ ggﬂz/o

In this case there is no free acid to cause decomposition of the

sodium salt formed, the final pH being on an average between 5,8 and

S5e4e
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The guenidine snl* precipitated from the balanced mixture of
sodium salts gives Fey0;:W0; 331312, and feﬁéé,woé}.lgié is thus an opti
guanidine 6-tungstoferrites The balanced mixture of sodium salts
is stable to acid, but on extractiom with ether emulsifies badly.
In some cases the emulsion persisted for several days, but in no
case was there any marked precipitation of tungstic oxidee
This is mest reasonably explained on the assumption that
tungstoferric acidliqﬁbq?g(wﬁ}.aq. does not give an ether addition
compound of the type given byrmetatungstic acid and substituted
metatungstic acidse Instead it may give an addition compound
with ether similar to those formed by inorganic acids of high
molecular weight, for example, H*[F‘O(CN)G] and Ha(‘Co(CN)G].
It is found that cobalticyanic acid H3{?O(CN);] is appreciably
extracted by the Drechsel metho;’in presence ;f metatungstic acid,
which makes it emtirely probable that 6=tungstéferric acid has the
same or even more pronounced propsriye
With cobalticyanic acid and ferrocyanic acid the ether
addition compound, which has a sticky appearance, collects at the
ether ~water interfaces
In the strongly acid solutiony 6-tungstoferric acid
loses iron to give metatungstic acid, and when the molecular pro-
~-portion has reached 2il, thé characteristic oily layer sepzratese
The ratio FeQ033w03=:1:18 is thus an optimum equilibrium value.
The experimental evidence quoted shows that pure 6-tungsto-
ferric acid cannot be prepared from the sodium salt by extraction
with ether and sulphuric acide Treatment of the lead salt in non-

aqueous solution with sulphuretted hydrogen seems to be the only

practicable methode
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SULLARY OF RuSULTS.

Free Acid.

Tungstoferric acid of formula Hq Fe(WO#)é].aq. is the
only iron-tungsten heteropoly 2cid which can be considered
definitee It can be preparedpure only through decomposition of
the lead salt with sulphuretted hydrogens The other standard methods
for the preparation of heteropoly tungstic acids from their sparing=
-ly soluble salts, for example, the action of chloroylatinic acid on
the ammonium salt, the action of hydrochloric acid on the silver or
mercurous salty or of sulphuric acid on the barium salt, all expose
the acid set free to the strong acic used to liberate ite  Since
the réaction between the sparingly soluble complex salt and the
chloroplatinie, hydrochloric or sulphuric acid is necesscrily slow,
thevfree heteropoly acid is exposed momentarily to the added acid,
resulting in positive ionisation of the iron and formation of meta-
~tungstic acidy giving 2 product poorerin iron than the salt used as
starting material,

No analogue: of borotungstic acid exists, which would be formulated
H q[Fe(wlo.,) (,] e.Qe
The salts,

The most definite salts are the guanidine salts of the
above acide There appears to be more than oney 345-basic and
2e5~basic salts of the acid Hq[?o(WQ4)é].aq. have been preparedes
The ammonium and potassium sslts described by Rosehhegzi have
been found to be extremely soluble and have not been obtained pure

or in sufficient quantity for analysise It may be that they form

stable supersaturated solutionse



PART 2a,
HETEROFOLY TUNGSTAN=-ALUMINIUK AND TUNGSTEN-CIROLIUN COMPLEXES.

Historical SuUrveye
i

Rosenheim =nd Schwer described compouncs of the

trpe
Hq(.M(XO#_) (,] in which M=Fe3, Cry Al, and X=W or Mo as has

already been stated on page 484 They stated that the aluminium
nnd chromium compounds hydrolyse on standing and that the ferric
compound hydrolyses immediatelye

Aégompound of formula (NH*le.A1103.9W03 was prepared
by HeDanielse Compounds of this type were prepared by boiling
alkali paratungstate with freshly precipitated aluminium
hydroxide and were obtained by evaporation as vitreous solidse
The method of preparation makes it almost certain that these
products were heavily entaminated with colloidal aluminium
hydroxide and were not individuals,

If the conclusions arrived at in the discussion of
6-tungstoferric acid and its derivatives are validy there is no
reason that the oxides of other tervalent metals should not give
similar compounds, provli ded the tervalent metal has no outstanding
tendency to form complex hydrated ionse This the chromium ion
hasy, and thus difficulties in the preparation of 6~tungstochromite
might be anticipatede Aluminium should behave similarily to
ferric irome
Practical details,

In order to test the properties of aluminium and
chemium in this direction, a quick method was useds Although

it has been shown that a pure specimen of tungstoferric acid can

not be prepared by saturation of alkali paratungstate by a ferric
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salty and that a certrin proportion of mectetungstic zcid

is necessarily concurrently produced, this method, if applied

to aluminium and chromium, will dow whethcr or not a heteropoly
complex of these metallic ions is being produced et alls  The
metatungstate formation can be cut down to a minimum by addition

of small quamtities of the solid salt, which prevents the

addition of a = lution acid by hydrolysis to the alkali pare-
~tungstates This was the rapid method used in attempted prepar=
“ation of 6-tungstoaluminate and 6-tungstochromite.
-=tungstoaluminate,

The quantities of aluminium sulphate =nd normal sodium tungstate
used were as followss 12NaLW04_:A;L(SO*)ﬁ.ISHap
6625 gre 3 06969 gre

in order that the heteropoly compound would contain A;zobzwoazslalzo
6025 grams normal sodium tungstate were dissolved in 100 ml water
and the pH adjusted to 6e¢4 with nitric acide The solution was
kept stirred mechanically, heated, and the solid aluminium sulphate
added in si‘x' portions. Each portion produced a precipitate which
dissolved to a clear solution almost immediately, After the last
addition of s0lid there was a slight white gelatinous precipitates
When cool dhe solution was stable to concentrated hydrochloric acide
Guanddine hydrochloride, which should, by analogy with the iron
conplexes precipitate the whole heteropoly-iso-poly complex im
solution on standing, was added to the stable solutions An
amorphous white precipitate which came down, was washed with dilute
guanidine hydrochloride solution, drained and €@ried in air,

Analysis showeds 040203 gram Alzos and 0,7251 gram wog in the salt.
1090 M{Oa ‘WOH H ‘1:15.84.
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These are the proportions which would he expected if the
aluminjum acts in the seme way as ferric iron, see page 70.
Thus there is a fair chance that 6-tungstoaluminate can be
prepared as follows:

;L_; (3Na,~o.7wog)+2u (on)3+ ;_gfmoa

= 3Na&0.Alg05.12W%+ _3%1\19.1\10a +3%H&O
To 25 grams normel sodium tungstate in 400 ml water with the
PH adjusted to 644 with nitric acid, freshly precipitated aluminium
hydroxide was added in two portions. Aluminium hydroxide precipit-
-ated from at least twicé the molecular proportion of hydrated
aluminium sulphate was added, The mixture was stirred and hzated and
3;77_ equivalents of acid were addeds (10,45 ml 2,907 N nitric acid
diluted to 500 nl and added slowly from a dropping funnel)s When
all the acid h~d been added, i.ecs after seven days, the excess
aluminium hydroxide was filtered off and the filtrate evaporated to
80 ml. The pH was now 440, The solution was stable to strong
acidification and addition of sther to a portion ofit caused
precipitation of a white "emulsion". The stable solution was
divided into portioms, (1) and (2) and one half of it waes treated
with guanidine hydrochloride solutione The microcrystalline white
precipitate was filtered, washed, air-dried and analysed,
(1) Method of amalysis of guanidine salt,

The salt was hecated with concentrated hydrochloric acid
and a little concentrated nitric acid, which was gradually removed
by taking dwn to near-dryness wth added hydrochloric acide The
® lution was evapbrated once or twice to small bulk, then diluted
a little and cinchonine hydrochloride added in small quantities

til1l no further precipitations The cinchonine tungstate and excess
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tungstic acid was f ltered off and washed with cinchonine
wash solution, (3ml cinchonine hydrochloride, 3 ml concentrated
hydrochloric acid, in 100 ml solution).
Procipitates Redissolved as completely as possible in dilute
ammonia (1 vol. concentr-ted ammonia t 4 vols. water), the
residue washed on the filter with wcter and the peper ignited
in a platinum crucible. The tungsten is reprecipitsted with
d lute hydrochloric acidy and a 1little more cinchonine hydro=-
~-chloride, allowed to stand for a few hours, filtered and ignited
to tungstic oxide,
Filtfate; Made just alkaline to methyl red with fresh dilute
ammonia, washed with a little water, dried and ignited in the
platinum crucible with the first precipitates
The precipitate must be pure whitey otherwise it must
be fused with potassium bisulphatee
A check on the total oxides can be got by gentle
ignition of another portion of the salte
nalysis
Salt contains 040585 gram Alloa and le6595 gram WOS;

0, sW0,321812,52
3 3

Salt contains 00305 gram Al,0 ; and 0e8630 gram 1703;

A11033W033:1312.44

Thus the guanidine s21t of 6-tungstoaluminate is formed by
precipitation from the solution, so that the alkali 6-tungsto-
~aluminate exists in solutions The free acid has not yet been

preparede
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(2) To the scamnd vortion of the balanced mixiturey ammonium
chloride was zdced in saturated solutions After heating and
allowing to stand for two weeks there was still no precipitation.
The ammonium salt, analogue» of the Ro=enheim saf: (NH41$H5(?9(WQ4)é].
xH,0 must be extremely soluble, or possibly tends to form stabd
supersaturat=d solutions, The complete absence of precipitate
shows that thers is no metatungstate in solutione
6~tungstochro mite.
The quantities of chromium sulphate and normal sodium tungség'used
were as followss 12 Na,WOy 3Cr, (50,), ¢5H,0

6625 gre ¢ 06935 gre
in order that the heteropoly compound would contain CgiobswoaxxlsIZ.
6025 grams normal sodium tungstate were dissolved in 100 ml water
and the pH adjusted to 6¢4 with nitric atdde The solution was
kept stirred and heated as before, 2nd the solid chromiun sulpkate
added in six portionss When all was added the solution was dark
green and was not stable to concentrated acide A dark green
gelatinous material was present and was filtered off. The
filtrate was treated with guanidine hydrochloride solution vhich
precipitated an olive geeen amorphous ma£eria1. This was filtered,
Washedy dried and analysede

Salt contains 0,0875 gram Cry0jand 148300 grams WO, Cr, O, 3W0,31:13470

This precipitate wes almost surely contaminated with
gelatinous chromic oxide, or al least with the desp green gelatinous
material first filtered offe The solution had not been stable to
concentrated acid, so the existence of the complex was doubtful,

but the method of saturation with chromic hydroxide was tried.
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25 grams normal sodium tungstate was dissolved in 400 ml
water and the pH set to 644 with nitric acide This solution
was treated with chromic hydroxide (precipitated from twice
the molecular quantity of chromium sulphate with ammonia) and
30 equivalents of nitric acid added very slowly as before.
The solution became dark olive green in colour. After all the
acid had been added a heavy blue-green precipitate was fi1ltered
offe This precipitate contained much chromic oxide and some
tungstic oxide, The filtrate was dark bottle green and stable
to acile A small portion of it was treated with ether and sul~
~phuric acidy when the characteristic three layers appeared.
The bottom leyer looked opaque, a pale green emulsion. It
contained 2 small amount of chromium,
The bulk of the stable solution was precipitated with guanidine
hydrochloride sclution, and the pale green amorphous precipitate
was filtered off, dried and analysed,
Method of analysige

The guanidine salt was heated with 25% caustic soda
solutionqtill completely dissolved and then diluted +ill the
strength was 5% and heated until the chromic hydroxide had
floceculated. At this stage sulphur dioxide was possed into
the solution for a short time in order to prevent any oxidation
to chromte, and also Bince the sodium sulphite formed helps the
flocculation of the chromic hydroxides

The chromic hydroxide was filtered through a paper which
had been washed wd thin 5% caustic soda containing a little sodium

sulphate, and the precipitate was washed with the same =0 lution,

The precipitate was dlssolved in dilute hydrochloric aci and
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anG reprecipitated ~ith ammonia using methyl red as indicator.
The precipitnte was ignited to chromic oxide and weighed,

The tungsten was precipitated in the filtrate with
cinchonine hydrochloride and gently ignited to tungsten to
oxidee
Analysise

Salt conteine 00193 gram Cfioa end 1,6824 gram
WOag C€i03:W03:l:57.10. As expected there is much metetungstote
Presents

A second dork brownish green crystzlline precipitate

T2
Y}

anpeared in very small guentity from the filtrates It mmy be
the authentic salt of 6~tungstochromive, but the amount is
negligibles The bulk of the chromiun rust have been precip-
~itatedy from the solutiony it may be as a complex of the type
CrL(OHL)&.(CHacOO);,., with consequent acidification of the
‘paratungstnte to metatungstate, shown by the stability to

28
extraction of the balanced solutione

SUMMARY OF RESULTS.

Aluminium reacts in a manner similar to ferric irom,
frming 6-tungstoaluminates, derivatives of the acid Hq[}l(wqﬁ)a.aq.
Chromic chromium does not give 6-tungstéchromite by

the same method 4 or only to a very slight extent.

T wish to express grateful thanks to Dr.John AJMeir
for his constant adwice mnd help, and to the Department of
Scientific and Industrial Research and the Chemical Society for

the financial asslstance which mede this work possible.
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