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ART. XXXI.-Contributions to Ohemistry from the Laboratory of 
the Lawrence &£entijic &hool; by WOLCOTT GIBBS, M.D., Rum­
ford Professor in Harvard University.-No. I. 

1. On the relations of hyposulphite of soda to certa£n metallz'c oa:yds. 

THE employment of hyposulphite of soda as an analytical re­
agent was first suggested by Himly,' who in a short paper, in­
tended only as a preliminary notice, pointed out the relations of 
this salt to solutions of arsenic, antimony, copper and platinum, 
and suggested its use as a general reagent in place of sulphydric 
acid. Himly's paper attracted little attention and was soon for­
gotten. The subject was again taken up at about the same time 
by VohI' and Slater S who appear to have been unacquainted 
with Himly's results. Vohl's investigation embraces the action 
of the hyposulpbite upon solutions of arsenic, antimony, tin, 
copper, mercury, silver, gold, platinum, lead, bismuth, and cad­
mium. Slater studied the action of tbe salt upon solutions of 
chromium in the form of chromic acid, arsenic, antimony, cop­
per, bismuth, lead, and mercury, as well as upon ferridcyanid, 
ferrocyanid, and cyanid of potassium, and upon sulphocyanid 
of iron and h;rpermanganate of potash. The results obtained 
by these chemISts differ in some partioulare, especially as regards 
eopper and lead. More recently Chancel 4 has employed the hy­
posulphite for the separation of alumina from iron, and Stro-

I Annalen der Chemie nnd fharmacie, xliii. 150. ' The ~Rme, xcvi, 23'1. 
• Chemical a_te, 1866, 3G9. 4 Comptes Rendus, xlvi, 98'1. 
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meyer· has extended the same process to the separation of iron 
from titanic acid and zirconia. Other analytical applications of 
the hyposulphite have been made in which the sa.lt 1S employed 
either as.a. solvent or in volumetric processes: these do not;re­
quire l'lotice in this place. The following observations on the 
behavior of the hyposulphite toward certain metallic salts .are 
interesting from a purely chemical rather than from an analyti­
cal point of view. 

Nwkel.-When a neutral solution of sulphate, chlorid or ni­
trate of nickel is boiled with a solution of hYp'osulphite of soda, 
a black precipitate of sulphid of nickel is thrown down, and 
after very long boiling the precipitation is complete and the so­
lution is free from nickel. If the solution of nickel be pre­
viously acidulated by the addition of a drop or two of acetic 
acid the precipitation is more rapid. It is very difficult to de­
termine tne exact point at which the solution ceases to contain 
nickel; the boiling must usually be continued for several hours. 
When chlorhydric acid is added to the mixed solutions of nickel 
salts and hyposulphite, no precipitate is produced on boiling: 
in this case nickel behaves like iron and the other metals of the 
same grou~: in the cases first mentioned its analogies are with 
copper. The presence of free ammonia does not prevent the 
precipitation of sulphid of nickel but the action goes on very 
8lowly. RammelsbergG long since observed that a solution of 
hyposulphite of nickel is partially decomposed by evaporation, 
and that the dry mass on heating yields a yellow sulphid of 
niclrel: tile same is true of a mixed solution containing sUlphate 
of nickel and hyposulphite of soda. 

The formation of sulphid of nickel, which takes place slowly 
in solutions evaporating or boiling under ordinary atmos~heric 
pilesBure, is facilitated in an extraordinary degree by hell;tJDg in 
Closed tubes to a temperature of 1200 C. Ordinary combustion 
tubes answer the purpose very well: the tube is first closed .at 
one end &o,d then drawn out near the other end to a narrow neck. 
The solution of nickel is introduced by a long funnel together 
with the solution of hyposulphite which should be in excess 
and concentrated. After sealing the tube before the blast-lamp 
it is to be heated in an air-bath and kept for half an hour at a 
temperature of about 1200 C. Every trace of nickel is thrown 
down in the form of sulphid mixed with free sulphur: the tube 
may then be opened at the point, the liquid allowed to flow into 
a beaker, the tube cu:tacross and the sulphid of nickel washed 
out. It may be thrown on a filter and washed with boiling 
water without oxydizing in the smallest degree. The equation 
representing this reaction appears to be 

Ni01+,2NaO,SaOa=NiS+NaCI+NaO,SS°j;' 
6 AnD. der Chem. und Pharm., cxiii, 12'1. • Pogg. Ann., lvi, 295. 
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This process answers extremely well for the analysis of nickel 
salts and gives more accurate results tban tbe precipitation of 
the nickel as oxyd by caustic :R0tash: it also requires less time 
s-inea the sulphid may be washed with the greatest ease. On the 
other hand, as I shall show, it is of very limited application as 
a means of separating nickel from other metals. ~be 8ulphid 
of nickel precipitated by heating with solution of byposuI:Rhite 
of soda appears black at first, but after ignition bas a (lark 
bronze yellow color. It is unchangeable in the air, and may be 
boiled with strong chlorhydric acid without being sensibly at­
tacked. Strong sulphuric acid exerts no action upon it: nitric 
acid oxydizes it to sulphate cf nickel. It may be heated in a 
covered porcelain crucible without oxydation, but by roasting 
in a current of air is converted into a basic sulphate. For quan­
titative purposes it is best, after washing ana drying the su}.. 
phid, to burn it with the filter in a porcelain crucible so as to 
convert it into basic sulphate, to add to this a few drops of sul­
phuric acid, evaporate to dryness and gently ignite the resulting 
neutral sulphate, from the weight of which the nickel may be 
calculated. The sulphate must be completely soluble in hot 
water. Rose has shown that the sulphate may be completely 
converted into oxyd by strong ignition/ 

Oobalt.-The relations of cobalt to hyposulphite of soda are 
almost identieal with those of nickel j the only marked differ­
ence consists in the much greater difficulty with which cobalt is 
precipitated. In fact a complete precipitation under the ordi­
nary atmospheric pressure is almost impossible. In a sealed 
tube, at a temperature of 1200 C., the precipitation is complete 
in an hour at fartbest. The sulphid is black, and is almost 
if not quite as insoluble in acids as the sulphid of nickel; it 
may be washed upon a filter with boiling water, and does not 
oxydize in the air. When heated to redness in contact with 
air it is readily oxydized to sulphate of cobalt, which is not 
basic unless the temperature is very high. In all cases, how .. 
ever, it is best to treat the roasted sulphid with a few drops of 
sulphuric seid, evaporate and ignite gently. The cobalt may 
then be calculated from tbe weight of the sulphate. Cobalt 
may be easily determined quantitatively in soluole neutl'al salts 
by this process' as in the case of nickel, however, the hypo­
sulphite of s~a Ser'1e8 to separate cobalt from other metals 
only in a very limited Dumber of cases. Nickel and cobalt are 
completely precipitated together as sulphids by hyposulphite of 
soda. at 1206 C.: it is best to weigh them to~ther as sulphates 
and then determine the cobalt by Stromeyer s method as modi­
fied by Dr. Genth' and myself; the nickel is then found hy 
simply subtracting the weight of the sulphate of cobalt froin 
that of the mixed sulphate$. 

, pogg. Ann., ex, 182. 8 This Journal, [2], vot. Di.,. po 88. 
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Iwm.-A solution of peroxyd of iron becomes of a deep vio­
let color upon the addition of hyposulphite of soda; after a 
&hort time the color disappears and the iron is red uced to prot­
oxyd. According to Fordos D and Gelis. the reaction which 
takes place in this ease is represented by the equation 

Fe,Ola + 2N aO. BaOIl = N aOl + 2FeOl + NaO, 84 °&. 
A solution of a protosalt of iron may be boiled or evaporate4 
with hyposulphite of soda without undergoing any perceptible 
chan~ When, however, the two solutions are heated together 
for an hour or more to a. temperature of 1300-140" C., the hy. 
JX>Sulphite of soda being in excess, the whole of the iron is 
thrown down as a. black sulphid, which.is not oxydized by ex· 
pos11Te to the air, and is not sensibly dissolved by strong chlor· 
hydric acid. Nitric acid readily oxydizes it; dilute sulphuric 
aeid bns no sensible action. The complete precipitation of iron 
as sulphid under these circumstances requires a longer time and a. 
higher temperature than that of either cobalt or nickel: the suI· 
phid is the protosulphid, FeS, and is readily oxydized to sesqui. 
oxyd by ignition in a current of air. When sesquioxyd of iron, 
whIch has been strongly ignited so as to be with difficulty soluble 
in acids, is mixed with an ex~ess of dry hyposulphite of soda and 
heated to' redness, a black sulphid is formed which is readily 
sol'Uble in chlorhydric acid with evolution of sulphydric Rcia 
gas. Nickel and cobalt give insoluble sulphids unaer the same 
cireu~8tances, ~ev~rtheless I h~ve not found it possible to sepa .. 
rate Iron quantItatIvely from eIther of the other two metals by 
this process. From what has already been stated it will also De 
evident that heating with solutions of the hyposulphite also fails 
to separate iron from cobalt and nickel. 

Alumina.-A dilute solution of alumina, according to Chan­
cel, is completely precip'ita~d b~ long boiling with hy:pos~Jphite 
af soda, as a hydrate whIch IS easIly washed. The reactIOn 18 here 
expressed by the equation 

Al,Os,3S0s+3NaO,8aOIl+3HO= AlaOa.SHO+SNaO, 80s+ 
. 38°11+38. 

The boiling must be continued until the whole of the sulphurous 
acid is ex~led. Chancel applies this reaction to the quantita· 
tive separation of alumina from iron, but I have always found 
that the complete precipitation of the alumina is, to say the least, 
extremely difficult. This may be due to the formation of a sul­
phite whIch is not decomposed by boiling. When a solution of 
alum is heated to 1200 C. with a strong solution of hyposulphite 
of soda the whole of the alumina is precipitated after a short 
time, as a hydrate mixed with sulphur. The precipitate is white 
and of a peculiar semi-gelatinous character j it is more easily 
washed than the ordinary hydrate thrown down by ammonia. It 

• AmI. de Ohimie et de Physique, viii, 8111. 
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is almost completely insoluble in cold and strong chlorhydric 
acid but is slowly dissolved by boiline" Dilute sulphuric acid 
has no action upon it: strong sulphunc acid and nitro-muriatic 
acid dissolve it with difficulty. 

Zinc.-When solutions of sulphate of zinc and hyposulphite 
of soda are heated together in a closed tube to 1200 0.-1400 0., 
the zinc is partially precipitated as a yellowish white powder, 
which is a mixture of sulphid of zinc and free sulphur. A large 
quantity of zinc remains in solution. 

Manganese.-Sulphate of ll.Janganese and hyposulphite of soda 
may be heated together to 1200 O. without any apparent action. 
When however iron is present, the precipitated sulphid of iron 
always contains manganese which cannot be separated from it 
by acids. 

The insolubility of the sulphids of cobalt and nickel when 
precipitated in the manner above described at high temperatures 
led me to examine the behavior of the sulphids when precipi­
tated under ordinary atmospheric pressure from boiling solutions. 
When a boiling solution of sulphid of sodium is added to a 
boiling solution of sulphate of nickel or cobalt, the sulphids are 
completely precipitated in such a state of aggregation tbat they 
may be thrown upon a filter, washed with boiling water, and 
dried in the air without the least oxydation. It is well before 
filtering to render the liquid slightly acid so as to avoid free suI­
phid of sodium i acetic acid answers best for this purpose. The 
sulphid of nickel or cobalt, or the mixedsulphids, may be con­
verted mto sulphates and weighed as such. 

2. On the determination of nitrogen by weight. 
BunsenlD has given a method of analyzing nitrates and nitrites 

which renders it possible to determine all the constituents of the 
salt in a single analysis. This method consists essentially in 
igniting the salt in an atmosphere of nitrogen gas, absorbing the 
oxygen evolved by metallic copper, and collecting the water in 
a chlorid of calcium tube. The nitrogen in the salt is given by 
the loss of weight in the apparatus. 

In those analyses of nitrates or nitrites in which it is only de­
Bired. to determine the nitrogen, the following process may be 
employed with advantage. .A hard glass tube, about six inches 
in len~b, is sealed at one end, and its volume determined by 
iilling It with mercury and pouring this into a graduated vessel. 
The tube is to be carefully dried and weighed with a good cork: 
it is then to be filled with finely divided metallic copper, pre­
lla:red by reduction of the oxyd, so as to enable the operator to 
Judge of the quantity necessary. The salt to be analyzed is 
tmm weighed and nnxed with the metallic copper, either in a 

lD AnD. der Chemie uud Pharmacie, lxxii, 40. 
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m'CWta.r or with a mixing wire in the tube, and the tnbe with its 
contents a:.;td cork is again we~ghed. The weight of the copper 
employed IS thus known and Its volume may then be found by 
dividing this weight by the density of metallic copper. .A. 
weighed chlorid of calcium tube is then adjusted as in organio 
analysis, and the combustion tube is heated in the usual manner. 
When the combustion is finished, the open end of the chlorid 
of calcium tube is sealed with the blowpIpe flame and the com­
bustion tube allowed to becOlne perfectly cold. The chlorid 
tube is then removed and weighed, and the combustion tube 
also weighed with its cork. The increase in weight of the ohIo­
rid of calcium tube gives the amount of moisture in the copper 
and the water in the salt analyzed. The loss of weight in the 
combustion tube gives the nitrogen in the salt after correction 
for the oxygen in the tube, for the moisture in the copper, and 
for the water in the salt. The correction for the oxygen in the 
combustion tube absorbed by the copper is easily found, with a 
sufficiently close approximation, by subtracting the volume of 
the copper from that of the tube, finding the weight of the re­
sidual air, taking one-fifth of this as oxygen, and considering' 
the whole of this oxygen as absorbed by the copper. A piece 
of asbestos may be placed between the copper and the cork with 
advantage, but this renders an additional correction necessary. 
Two analyses were executed by this method. In the first a 
sample of pure saltpetre gave 13'86 per cent nitrogen; the 
formula KO, NO 6 requires 13'86 per cent. In the second a 
specimen of the commercial salt gave 13'7 per cent nitrogen, 
while the same salt analyzed by Simpson's method, in which the 
volume of the nitrogen is determined, also gave 13'7 per cent. 
The whole analysis, with the weighings, may easily be executed 
in an hour and a half by a single person. It is easy to see that 
this method applies to all inorganic nitrates Bndnitrites, whether 
hydrous or anhydrous, but that it can not be employed in the 
case of organic or ammoniacal salts. In the analysis of inor­
ganic nitrates or nitrites by Simpson's method, it is not necessary 
to use oxyd of mercury to prevent the formation of deutoxya 
of nitrogen. In all such cases it will be found sufficient to mix 
the salt with pure metallic copper. In this manner the dimen. 
sions of the combustion tube may be greatly diminished. I 
have also found it advantageous to :pump out the air from the 
combustion tube by a small hand alr-pump before disengaging 
carbonic acid from the carbonate of manganese. By alternately 
pumping and filling the tube with carbonic acid the air may be 
completely expelled before the combustion commences. It is 
also better to draw the tube out before a Bunsen's gas-blast, as it 
is difficult to make a cork and india-rubber connector perteotly 
tight. With a little practice the drawing out is easUy effected 
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QVoo. with the hardest combustion tubes. Wherem8lny nitrogen 
determinations are made it will be found convenient to employ 
printed forms for logarithmic calculation, the logarithmic con­
stants of reduction being printed upon the form itself in their 
proper places.ll 

8. On the separarum of Oenum from Didymium and Lanthan'Ulln. 
The methods which have been recently proposed for the sep­

aration of cerium from lanthan1lJn and didymium are familiar 
to chemists, and do not require recapitulation in this place. 
They all depend, like the older methods, upon the oxydation of 
cerium to a sesquioxyd or to Oe 30 41 and upon the formation of 
insoluble basic sa.lts of the sesquioxyd. No one of these meth­
ods effects a complete or quantitative separation, though aU 
afford means of obtaining salts of cerium in a. state of chemical 
purity. The following observations upon this subject are be­
lieved to be new. When a salt of cerium, lanthanum, and 
didJ>mium is boiled with dilute nitric acid, and peroxyd of lead. 
added to the solution, the cerium is quickly, and under some 
circumstances completely, oxydized, the solution becoming more 
or less deeply orange·yellow. This process affords an extremely 
simple and delicate test for cerium j it succeeds with all the salts 
which are soluble in nitric acid, though of course when the 
mixed oxalates are tested the oxalic acid is oxydized to carbonio 
acid before the characteristic cerium-yellow appears. For the 
purpose of testing it is sufficient to dissolve the salt to be exam­
Ined in nitric acid diluted with its own volume of water, to add 
a small quantity of pure peroxyd of lead and boil for a few 
minutes, when the smallest trace of cerium can be detected 
by the yellow color of the solution. The reaction is here ex­
actly analogous to that of nitric acid and peroxyd of lead with 
solutions of manganese, which last is oxydized, not as Crum 
supposed, to hypermanganic acid, but, as Rose has shown, to 
sesquioxyd. 

When a solution containi ng a salt of cerium dissolved in strong 
nitric acid is boiled for a short time with a large excess of peroxyd 
of lead, oxygen gas is copiously evolved, and at the same time 
the sesquioxyd of cerium formed at first is completely reduced 
to protoxyd,the solution becoming perfectly colorless. The re­
markable reaction which occurs in this case appears to be con­
nected with the formation of nitrate of lead, since, when the 
solution of protoxyd of cerium contains a large excess of this 
salt the cerIUm is not peroxydized by boiling with nitric acid 
and the peroxyd. Solutions of cerium salts are also oxydized 
by boiling with peroxyd of lead and dilute sulphuric acid, but 

11 Such printed rorma may be bad from the publishers or this Journal at an 
almost nominal price. 
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the protoxyd of cerium in the nearly insoluble double sulphate 
of soda and the cerium metals is only partially oxydized by 
heating with strong sulphuric acid and peroxyd of lead although 
oxygen is freely evolved. 

A solution of hypermanganate of potash has no immediate 
action upon a solution of protoxyd of cerium either in nitric or 
in sulphuric acid, the violet color remaining unchanged even in 
a. hot solution. On boiling for some time, however, the color 
changes slowly, the solution gradually becomes yellow and Ii. 
brown flocky precipitate is thrown down, which consists of hy­
drate of sesquioxyd of manganese. 

According to Stapif, a solution of hypermanganate of potash 
is immediately decolorized by a solution of the sulphate of p0-
tassium and protoxyd of cerium in chlorhydric 'acia, but after 
$Orne time chlorine is evolved and the sesquioxyd of cerillm 
found is reduced to protoxyd. It is clear t,hat in this case the 
oxydizing agent is chlorine. The further investigation of this 
subject was committed to Dr. T. M. Drown, who has obtained 
the following results. 

When a solution of cerium, didymium, and lanthanum, is 
treated with nitric acid and peroxyd of lead in the manner 
pointed out above, the deep orange colored liquid evaporated 
to dryness, and heated for a short time to a temperature suffi­
ciently high to expel al0rtion of the acid, it will be found that 
boiling water acidula~e ,,:ith nitric. acid dissolves only the ~alts 
of lanthanum and dldymlUm, leavmg the whole of the cerllltll 
in the form of basic nitrate, insoluble in water. The insoluble 
matter is to be filtered oft' and thoroughly washed. A current 
of sulphydric acid gas passed into the filtrate removes the lead, 
after which the lanthanum and didymium may be precipita­
ted together as oxalates, which if the process has been care­
fully performed, are perfectly free from cerium. The mass on 
the :lilter is readily dissolved by fuming nitric aoid. Sulphydric 
acid is then to be passed through the solntion sufficiently diluted 
with water until the lead is completely precipitated. The cerium 
may then be thrown down by oxalic acid, ignited and weighed 
as Oes 041 or as sulphate. In this manner Dr. Drown obtained 
in four analyses of the same salt 

DiO and LnO = 24'84, 25'31, 25'54, 24'65 pel' cent. 
Nitrate of protoxyd of cerium obtained by this process gives, 

when tested by the spe~troscope with transDiitted light, even in 
very thick layers, a scarcely perceptible indication of didy:utium. 
I may here mention that Glaastone's lines furnish, with proper 
care, the most delicate test for the presence of didymium which. 
we possess. It is only necessary to transmit the light through 
very thick layers of liquid and to employ a condensing lens so 

AM. JOUR. Scr.-SEOOND SKlm:s, VOL. XXXVII, NO. l11.-MAY, 18M. 
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as to throw the transmitted light directly upon the slit of the 
spectrQscope. 

4. On the aeparation and estimation of cen'um. 
The precipitation of cerium in the form of oxalate from a 

slightly acid solution is unquestionably the most satisfactory 
method of separating the oxyd. The estimation of the oxalate 
upon a weighed filter is accompanied with the usual trouble and 
loss of time in perfectly drying the filter before and after collect­
ing the precipitate upon it. By the following mode of proceed­
ing, these difficulties may be easily and completely avoided. The 
solution of cerium, (I understand here the usual mixture of ce­
rium, lanthanum and didymium,) when neutral, is to be rendered 
slightlv acid by sulphuric or chlorhldric acid and then largel! 
diluted with water. Half a litre 0 water for every estimated 
gramme of oxyd is a good working proportion. The solution is 
then to be boiled and a hot solution of oxalic acid or oxalate of 
ammonia added. On cooling, especially when the solution has 
been well stirred with a glass rod, or sliaken, the oxalate separ­
ates in large. crysWline grains of a pale rose-violet color. The 
~recipitate is to be filtered oft' and well washed with boiling water, 
the washing being extremely easy in consequence of the coarse 
granular character of the precipitate. The filter is then to be 
pierced and the oxalate carefully washed down into a crucible, 
after which the water in the crucible may easily be removed by 
evaporation and the oxalate dried at a temperature of 100° C. 
The equivalents of lanthanum and didymium are so near to that 
of cerium that no very sensible error is committed by consider­
illg the mixed oxalates as consisting simply of Ceo C. 0:1 +8 aqs. 
In mineral analyses in which the relative quantity of oxygen in 
the acids and bases must be determined with accuracy, it may be 
desirable to ascertain the quantity of oxalic acid in a weighed 
portion of the oxalates by combUstion with oxyd of copper. 
From this the acid in the entire precipitate may be found, and 
the oxygen in the three bases will then be one-third of the ox.y­
gen in the acid. 

5. On the 9.uantitaf:lve separation of reMum from yttrium, alumin­
um, gludnum, manganese, iron a.nd uranium. 

The relations of the three metallic oxyds of the cerium group 
to sulphate of potash have long been falOiliar to chemists, and 
have furnished methods of separation from other oxyds which 
are still in use. In examining this subject I have found that sul­
phate of soda possesses great 8.dvantages over sulphate of potash, 
the double sulphates of sodium and the protoxyds of cerium, 
lanthanum and didymium, being absolutely insoluble in a satu­
rated solution of sulphate of Boda. On the other band, the 
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d.ouble suIphates of sodium and glucinum, aluminum, y.ttrium, 
p.rotoxyd of iron, and sesquioxyd of uranium, are readtly solu­
ble in sulphate of soda and may easily be washed out from the 
highly crystalline insoluble double 8ulphates of the cerium group. 
In the analysis of minerals in which cerium occurs with one or 
more of the other oxyds, the following method may be employ­
ed with great advantage. The oxyds are to be brought into the 
form of sulphates, dissolved in the smallest quantitvof water, 
and a saturated solution of sulphate of soda added, together 
with a sufficient quantity of the dry sulphate in powder, to sat­
urate the water of solution. It is most advantageous to use hot 
solutions. The insoluble double sulphates of soda and the ceri­
um metals separate immediately, as a white, highly crystalline 
powder, which is to he brought upon a filter and thoroughly 
washed with a hot saturated solution of sulphate of soda. .After 
washing, the double sulphates upon the filter are to be dissolved 
in hot dilute chlorhydric acid, the solution largely diluted with 
water, and the cerium metals precipitated by oxalate of ammo­
nia, in the manner already pointed out (4). From the filtrate, 
the oxyds of the yttrium group may be precipitated at once by 
oxalate of ammonia, after peroxydizing the iron by means of 
chlorine water, and rendering the solution slightly acid with 
chlorhydric or sulphuric acid. The only precaution to be taken 
in this process is to reduce the iron completely to the form of 
protosulphate before precipitating the cerinm with sulphate of 
soda. This is best accomplished by means of a current of suI­
phydric acid gas passed into the hot solution. The precipitated 
sulphates always contain iron when this precaution has been neg­
lected. This iron is easily detected in the filtrate from the oxa­
lates, and may be precipitated by ammonia and added to that 
obtained from the main solution. 

6. On the empwyment of ftuohyd'l'ate of fluor'id of potassium 'tn 
analysis. 

The facility with which the double Huorid of titanium and po­
tassium, or fluotitanate of potassium, separates in a crystalhne 
state from hot aqueous solutions, on cooling, 8uggestedto Woh­
ler the best method at present known for obtaining pure titanic 
acid. In W<5hler's process, rutile or titaniferous iron is fused 
with an excess of carbonate of potash, the fused mass treated 
with water, which leaves the greater part of the iron undissolved 
and the filtrate saturated with fluohydric acid. By recrystw]i~a­
tion the fluotitanate TiF II KF, or perhaps more correctly, 'PiIlF 4' 

2KF, may be obtained in white, scaly crystals, resembling Doric 
acid; from this salt pure titanic acid is easily obtained oJ pre­
cipitation with ammonia. Marignac modified this process very 
advantageously in the treatment of zircon to obtain pure zirconic 
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acid. The zircon was fused with fluohydrate of fluorid of potas­
sium directly" In ~hi8 m,anner a {lerfect resolution. of the min­
$'al was easlly obtamed j the fiuozIrconate of potassIum was then 
dissolved out,from the insoluble fluosilicate by hot water, acidu­
lated with fluohydric acid. The observations of Wohler and 
Marignac suggested to me a further extension of the same pro­
cess, the general result of the investigation being that fluohy­
drate of fIuorid of potassium or sodium may be employed with 
great advantage in resolving minerals containing metallic oxyds 
of the types ROa and R 2 0 3 • The special results are as follows. 

Glucinum.-Glucina, purified from iron and aluminum by the 
usual methods, is to be fused with twice its weight of fluohy­
dra,te of fluorid of potassium, and the fused mass treated with 
boiling water, to which a small quantity of fluohydric acid has 
been added. On filtering a notable quantity of the insoluble 
anorid of aluminum and potassium almost always remains upon 
the filter, even when the separation from glucinum has been. 
carefully executed, by means of carbonate of ammonia. The 
fill.rate, on cooling, deposits colorless transparent crusts of the 
double fluorid of glucmum and potassium which are easily puri­
fied by recrystallization. This method aflords the simplest-I 
am almost disposed to say the only-method of obtaining a chem­
ically pure salt of glucinum. The double salt is apt to contain. 
an excess offluorid of potassium. To obtain it perfectly pure for 
analysis, Mr. J. C. Newbery fused the fluohydrate of potassium 
with: an ex.cess of glucina. The salt as thus obtained gave him 

Calculated. Found. 

Glueinum, 5'74 5''10 
PotaMium, 4'1-'13 4'1''16 
Fluorine, 46'58 46'50 

100'00 99'96 

which eorresponds precisely with the formula G 2 F 3+8KF, if 
glucinllm be taken as 7, or with GF+KF, if glucinum be taken. 
as 4·fM). In this .analysis the fluorine was estimated by the loss. 
Berzelius gives the formula G sF s +3KF. Glucina may be ob­
tained directly from beryl, as Mr. Newbery l4 has found, by fusing 
the finely pulverized mineral with fluohydrate of potassium, 
dissolving out the soluble double fluo::-id of glucinum and potas­
sium, and purifying by recrystalliz.'l.tion. As, however, beryl 
contains only 18 or 14 per cent of ghlcinum. this process is not 
economica1. It is better to separate the other oxyds as far as 
possible by the ordinary methods and then to puri~y the crude 
glucina by the process above pointed out. It is perhaps worthy 
of notice that while almost all proto· and sesquioxyds give insol-

II Prof. Joy had already remarked that beryl may be completeiy l"E'.solved by 
fuaion with ftuorid of potassium. See this Journal for July. 186S. 
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ubl~ d.ouble salts with flu.orid .of potassium, the fluorid of gluci­
num behaves like a bifluorid, S.o as to suggest that glucina may 
possibly be GO!! instead of GO or Ga 0 3 • Ammonia precipitates 
glucina directly from the solution of the double fIuorid. When 
a solution .of fIuorid of sodium is added to one of aluminum and 
glucinum, the whole of the aluminum is thrown down in the 
form of cryolite, AlaF 3' 3NaF, while the glucinum remains in 
seluti.on. It is probable that this method will give accura.te 
quantitative results. 

lIyponiObic acid.-I am indebted to the kindness of Prof. B. 
Silliman, Jr., fer a liberal supply .of columbite from Middletown, 
Connecticut. Mr. F. W. Tustin has found tha.t the finely pul­
verized mineral treated with a solution of three times its weight 
.of ftuohydrate of potassium is almost completely res.olved during 
the mere precess .of evap.orati.ou to dryness. The dry white 
p.owder thus obtained by fusiou in a platinum crucible gives a 
beautiful r.ose-colored mass which is easily separated from the 
orucible, and which iu a moist atmosphere falls to a crystalline 
p.owder. On boiling with water acidulated with fIuohydric acid 
a clear solution is obtained, from which, .on c.o.oling, h;ypo-fIuoni.o­
bate of pota"';lsium separates in colorless crystals. By repeated 
crystallization, the salt may be obtained free fr.om iron and man­
ganese, but c.ontaining an excess of fIuorid of potassium. It is 
better, h.owever, t.o pass a current.of sulphydric acid gas thr.ough 
the soluti.on to rem.ove traces of tin and tungsten and reduce the 
ir.on to proto-fIuorid and afterward to evap.orate and crystallize. 

When the object in view is simply t.o prepare perfectly pure 
hypo.flu.oniobate .of potassium, it is better to fuse one part by 
weight .of columbite with two .of flu.ohydrate.of potassium. The 
fused mass has then a greenish tint. It must be rubbed t.o very 
fine powder before boiling with water acidulated with fIuohydric 
acid. After passing sulpbydric acid gas through thesoluti.on and 
filtering, the bypo-fluoniobate crystallizes in col.orless acicular 
crystals which must be purified by repeated crystallizati.on. The 
salt is much more soluble in hot than in cold wnter. In this 
pr.ocess a considerable quantity of fluosilicate of p.otassium, fIuo­
rid of calcium, quartz, and .other impurities, usually remain upon 
the filter, with the sulphids .of tin and tungsten. The difficulty 
in this process c.onsists jn separating the iron, when, as in the 
mineral c.olumbite, this is present in comparatively large quan­
tity. In this case very large platinnm or silver vessels and nu­
mer.ous recrystallizations become necessary. It is better, there­
fore, in preparing large quantities .of pure hyp.oni.obic acid to 
fuse with fluobydl'llte of potassium, dissolve tbe fused mass in 
water as before, and filter t.o separate quartz, fluosilicate of po­
tassium and fIuorid of calcium, evaporate the s.olution t.o dryness 
and heat with pure sulphuric acid until the wh.ole.of the fluorine 
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is expelled. By diluting with water and boiling, the whole of 
the hyponiobic acid is precipitated. If aner the precipitation 
rochelle salt is added, and the whole is boiled, the hyponiobio 
acid will be almost completely free from iron, manganese, tungs­
ten and tin. Aner thorough washing, it may be again fused 
with fluohydrate of potassium, and the double fluorid obtained 
perfectly pure by recrystallization. 

Ohrom,'c ,,'ron ore.-Mr. P. C. Dubois has found that the finely 
pulverized ore may be completely resolved by fusing it at a rea 
heat for ten or fifteen minutes over a blast lamp with foul' or five 
times its weight of fluohydrate of potassium. The fused maSs 
has a. clear green color. By treating this with sulphuric acid 
until the whole of the fluorine is expelled, and then adding water, 
the chromium iron and aluminum are completely dissolved as 
~uisalts. Perhaps the easiest method of separation is the fol­
lowlDg. To the solution an excess of caustic soda is added, af\er 
which, without filtering, chlorine gas is to be passed through 
until the sesquioxyd of chromium is converted into chromio 
acid. The solution is then to be heated to expel excess of chlo­
rine, nitric acid added in slight excess, and the sesquioxyd of 
iron and alumina precipitated by ammonia. To the filtrate, 
acetic acid is to be added in small excess, aflier which the chro­
mic and sulphuric acids may be precipitated together by acetate 
of lead. The precipitate after washing is to be boiled with 
chlorhydric acid and alcohol, the lead separated as chlorid and 
the chromium determined in the usual manner as sesquioxyd. 
This" method gives a complete separation, even when magnesia 
and nickel are present in the are. 

2\n8tone.-Mr. J. W. B. Hallett has found that tinstone is very 
easily resolved by fusion with three or four times its weight of 
fiuo1iydrate of potassium. The mineral must be finely pulver­
ized. The fused mass may be treated directly in the crucible 
with sulphuric acid to expel fluorine, after which, by adding 
water, filtering and boiling the filtrate, the whole of the tin may 
be thrown down as stannic acid, which is to be separated from 
traces of iron in the usual manner. This method of resolving 
the ore of tin is verv much more convenient than fusion with 
caustic alkalies, or with sulphur and carbonate of soda. 

From what has been said it will appear that fluohydrate of 
potassium possesses peculiar advantages in resolving those min­
erals which contain metallic acids of the type ROll or hyponio­
bic acid. The salt is easilv prepared in a state of purity and 
may be preserved in vessers of lead or of vulcanized india-rubber 
or gutta.· pereha. 

Cambridge, MaB8., Ja.n. 18th, 1864. 




