MARSHALL: THE PERSULPHATES. 771

oxalate. They did not use a divided cell, the operation being carried
out practically as in the quantitative electrolytic deposition of
cobalt.
Undversity of Edinburgh,
August, 1891,

LXXIV.—CONTRIBUTIONS FROM THE CHEMICAL LABO-
RATORY OF THE UNIVERSITY OF EDINBURGH.

No. V. The Persulphates.
By Huan Marsuacr, D.Se., 1.R.S.E.

Prnsunrmurio anhydride, 8,0, was fivst doscribed by Bertholob in
1878 (Compt. rend., 86, 20, 277). e obtained it by subjecting a
woll-cooled mixture of gulphurous anhydride and oxygen to the
““gilont discharge” in an ozone tube, By treabtivg the anhydride
with wator he obtained a solution which, while contnining chicfly
sulphurie acidl formed by decomposition of the new substance,
possessed oxidising propertics, and might therefore be supposed to
contain persulphuric acid. Subsequently (ibid., 88, 71) he showed
that a similar solution is formed at the anode during the electrolysis
of fuirly concentrated sulphuric acid. The oxidising properties of
such a solution had been previously observed, but attributed to ozone
and peroxide of hydrogen. By cautiously neutralising with barinm
hydiate and filtering, a solution was obtained which, on boiling,
deposited bavium sulphate, while free sulphuric acid, equivalent in
quantity to the barium sulphate, remained dissolved.  This seemed to
provo that the substance was really an acid corresponding to the
anhydride, although it was found impossible to obtain the salts in
tho solid state. Mondeléeft (Bull. Soc. Chim., 38, 168), however,
adopted a difforent view, holding that the new compounds were per-
oxidos corresponding to barium peroxide, hydrogen peroxide, &e., and
would not form salts,

Turther papers on the subject have since been published by Moritz
Traube (Ber., 32, 1518) and also by Richarz, chiefly with reference
to the dircot formation of peroxide of hydrogen. The former en-
deavoured to show that the formula adopted by Berthelot and also
hig view a8 to the nature of the compound were incorrect. He
proposod the formula SO, and the name “sulphur holoxide.” RHarly
{his yoar, howover, I discovered s mothod of preparing solid per-
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sulphates, as mentioned in the preceding paper on cobaltic salts, and
a short preliminary note on the potassium salt was rend before the
Royal Society of Bdinburgh (Proc. Roy. Soc. Bdin., 18, 63). Re-
cently, another paper, *On Sulphur Holoxide,” has been published
by M. Traube (Ber., 24, 1764)* this has been promptly replied to
by Berthelot (Compt. rend., 112, 1481).

In the present paper Iintend to describe, so far as they have been
examined, those persulphates which I have as yot succeeded in pre-
paring, as the completion of the investigation will probably require
some considerable time. The salts desceribed have nob yebt been sub-
jected to proper crystallographic examination, so tho oxact erystalline
forms aro as yet doubtful. These and many othor points must be re-
served for a subsequont papor.

Dotassium Dersulphote.

Tho discovery of this salt, as alvoady statod, was purely accidontal.
A fairly acid solution of cobalt and pobassium sulphntes was being
electrolysed in a “ divided " cell (this vol., p. 761), whon, alter a duy
or two, a quantity of small crystals separated. Lhose, when filtered
from the blue mother liquor, proved to be colourless, and were, thore-
fore, supposed to be simply potagsinm sulphate. Thoey were, however,
washed with cold water, nnd a solution of a small quantiby tested
with barium chloride solution. This gavoe only n faint precipitate,
but, on warming, barium sulphate slowly separated and chlorine was
evolved. The solution also liberated iodine from potassinmn iodidoe
and showed other oxidising actions. Whon heated, acid fumes wore
evolved and pure potassinm sulphato remained.  This seomed all to
point to the salt being a porsulphate, and analysis conlirmod this
view.

The next thing was to prepave, if possible, fnvrther quantities of tho
salt. A saturated solution of potassinmm hydrogon sulphato was
electrolysed in the apparatus described and figurad on p. 765, tho
inner cell being filled with dilate sulphurie acid. - A cnvrent of
3—3% ampédros was employoed, and in the courso of two duys o whito,
crystalline deposit began to form. This proved to bo pobussiion
~ pevsulphate,  Aftor a considerablo quantity had collectod, it was
sepavated from the mothoer liquov by filtration through perfornted
platinum foil and then dried on porous plates. The mother liquor

* Tn an abstrnct of Traube’s papoer whioh appenved in “ Noles” of Nelire,
44, 163, it is stated thut Bertholot obtained erysials of porsulphurie weid on thoe
anodo in tho cleotrolysis of sulphuvie neid. T is hamdly neocssnry Lo sy that this
is erroncous; ho obtnined crystuls of tho andydride by moeans of tho * silont dise
charge.”
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was then put back, the basin filled wp with more of the original
solution, and thoe process continned. A. farther deposit began to form
in an howr or two, and after 24 hours the salt was again removed.
This was veponted sevoral times until a considerable quantity had
been colleeted.  Starting as abovo deseribed, simply from the double
sulphato, the product first obtained is finely granular, and is easily
separated.  As the mother liquor gets more and more acid, however,
the deposit gets much finor and is apt to run through tho perforated
platinunt along with the liquid.

The dry salt obtained in this way is somowhat impure, containing
sulphate and Freo acid, A nearly pure product can be gob with the
carlior erops by washing them with cold water after filtering, but
with the line deposits this is hardly possiblo.  In any case it is mucl
botter to receystalliso tho salt.  Wor this purpose it is treated’ with
hot distillod wider so as to obtsin o nearly satneated solution, and
thiv, aftor filtoring as quickly as possible, is thon rapidly cooled.
PDuring the treatment with hot wator, slight decomposition takes
plaee, but tho amouut is inconsiderable nuless the solution itself he
heated for somo time,  The solution deposits tho salt in the form of
minubo prisms, which avo collectad and driod. By allowing the solu-
tion o cool slowly, largo crystals, gonorally tabular, ave deposited,
though long prisms somotimes grow from tho surfuce of the liguid.
By spontancons evaporation, largo, flat tablos can bo obtained. The
crystals appear to bo asymmetrie, and the minuto prisms show, in
polavised light, numerous examples of twinning., Large twinned
erystals havo also boen observed, the twinning plane being the tabulav
foee. _

Tho composition of tho salt is ropresonted by the formnla KSO,.
As already mentionad, potassinm sulphato is left on ignition, oxygen
and sulphurie anhydeide boing ovolved. Tho percentage of the
formor way detarmined, the oxidising powor estimated by standard
(errons sulphate and permanganate solutions, whilst the amount of
oxygen evolved on henting wag also mensured.  In the latter case the
galt was placed in o tost-tubo provided with a double-bored cork. By
ona tubo, pure enrbonic anhydrido was introduced, whilo by another the
gnsos wero passed dnto a nitrogon moeasuring tubo filled with & strong
salution of enustic alkali.  When all the air was displaced, the salt
wig heated till non-absorbable gas coased to be ovolved. The volume
of oxygen from a givon wolght of salt was shus obtained.

Roesults of analysis :—

Onleulated
Found. for X80,.
.]’cnﬂ()-l"IltllIOIIi..I-IvOtlicnqcnqnoncup 641'2 64'41

S0, (from extra oxygen fonnd by titration), 355 . 356
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1-422 gram gave, at 752 mm. and 15° 63'1 c.c. of oxygen, weighing
0-0848 gram, equal to 596 per cent. Theory, 592 per cent.
As regards the correct molecular formula, it would appear to be

K SO, and not K,8,0s. Dr. James Walker has kindly made a series
of conductivity determinations with dilute solutions and obtained

results as follows :—

v, T
64 1250
128 11300 A
256 1356 (s — tad)
519 139:0 157
1024 1407

In the case of potassium perchlorate, the corresponding value of
A, as given by Ostwald, is 15:0, and in the two casos tho values of
are almost identical for the various concentrations.

Potassium persulphate is sparingly soluble in cold wabor. Throeo
determinations of the solubility at zero were made in the mannor
recommended by Vietor Meyer :— ’

I. 9738 grams of solution gave on evaporation and ignition
01093 gram of potassinm sulphate, equivalent to 0'1695
gram of persulphate.

TI. 14851 grams of solution gave 0'1664 gram of sulphate,
equivalent to 0-2581 of persulphate.

III. 24:219 grams gave 0269 gram of sulphate, or 04172 of por-
sulphate.

Therefore, 100 parts of water ab 0° dissolve (1) 1:77, (2) 177,
(8) 175 parts of potassium persulphate.

In aqueous solution the persulphate gradnally docomposes at the
ordinary temperature, with formation of potassium hydrogoen sulphute
and liberation of oxygen, but the process is a vory slow one.  After
three months, a solution, pure to start with, was found to contain a
congiderable proportion of sulphate. The greator part, however, wus
found to be still undecomposed. The pure solution is neutral Lo best
papers, and the progress of the decomposition can be noticed by
observing the amount of acid liberated, The solntion gave, with
chromic acid and permanganate solutions, no indications of the
presence of hydrogen peroxide. Another saturated solution was loft
for several weoks in contoct with pure metallie zine, and thoro still
vemained & considerable quantity of povsulphato. To tho sumo liguicd
a little copper sulphate solution was added, so as to form u sine-
copper couple.  Threa days.laber, fraces of porswlphube still oxisted
in the solution,
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The solution doos not yicld a precipitate with any reagent such as
would give rise to ordinary double decomposition resulting in the
formation of an insoluble salt. In fact, potassium persulphate, like
the perchlorate, scems to be less soluble than the corresponding
salt of any othor meotal. Any precipitates which are formed are,
therofore, duo to complote decomposition of the persulphate. Thus a
clear golution of porsulphate, when mixed with one of a barium salt,
slowly doposits barium sulphate, often forming a thin layer closely
adhering to the sides of the tube, and very difficult to remove. This
decomposition i very much accolorated by heating the liquid. Even
theu, howover, 1t tukes some time, and a solution which has been
briskly boiled ofton gives, after fltering and again boiling, a con-
siderablo furthor procipitate. :

A solution of a lewd salt also doposits sulphato on warming it with
tho porsulphato. 1T alkali bo added to the mixture (uot previously
hoatod) and then warmed, the hydrato first thrown down is changed
to poroxido. A solution of load hydreate in potassium hydrate also
yiolds v precipitnto of lead peroxide if boiled with the persulphate,

With silvor nitrate, no inmedinte procipituto is obtainoed, but the
liquid gradually acquires an inky appearsuee, and, aftor some time,
a black precipitate of poroxide ol silver scparates.  The ligquid
at tho samo time becomes strougly acid,  This action is apparoutly
due to the fnct that silvor pevsulphate is decomposed by wator like
some othor silver salts of acids of sulphur, sulphuric anhydride being
removed :

AgSO; + 1,0 = AgO + H,SO0.,.

Tho accumulation of acid socms to stop the action, as the cautious
addition of dilute alkali produces a furthor precipitation. This re-
action—noticed bofore thoe nature of the salt was known—was at
fivst supposed to bo a reducing one, with separation of metallic
gilver, aud the behavionr with 1febling's solution was next observed.
Llere, on gently warming, a roddish precipitato sepavatod. This was
assumod to be cuprous oxide, but was in reality peroxide, Both of
thowoe peroxides decomposed with evolntion of oxygen when they were
allowod to sinnd in contact with the liquid. In tho casoe of silvor, the
Lrown basic bydrate (or oxide) procipitated by alkalis is gradually
turned black by solution of persulphate.

With nentral solutious of mangaunous and cobaltous salts, partial
proeipitation of higher oxides takes place on hoating with persulph-
ato. In the cold, the addition of alkali precipitates tho lower oxides ;
but theso immodintely darken, forming munganese peroxide and
cobaltio oxido rospectivoly.

Solutions of nickel salts bohave similavly in prosence of alkali, but
without tho lattor no precipitution tukes place,
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Ferrous sulphate solution is rapidly oxidised to ferric by porsulphate
solution. The green colonr changes to brown, but this becomes mnch
paler if acid be then added. 1t appears agif some basic salt were
formed when the solution is neutral. With strong solutions, a con-
siderable rise of temperature is noticeablo, as is also the caso when
solid persnlphate is added to strong ferrous sulphate solution.

Potassium iodide gives no immediate reaction with persulphate
solution, bub, after some seconds, the liquid boecomes pale yellow,
iodino being liberated. The reaction takes a considerable time beforo
it is complete. It procecds much more quickly, howover, 1if the
tempernture is raised. The addition of dilute sulphuric acid scoms
to have little, if any, effect.

Organic colouring matters—Ilitmug and turmoerie, for axamplo—ave
slowly bleached by a solution of persulphato. This is probubly due
to the action of free persulphuric acid liberatod by partinl decom-
position.

Paper and cloth became quite rotten aftor boing dippod in n solu-
tion of persulphato.

Potassium ferrocyanide becomes readily oxidised to forrisyanide
when warmed with persulphate solution.

Alcohol, in presence of water, is oxidised to aldohyde whon warmod
with persulphate. A dilute solution of the latter is, however, somo-
what slowly reduced by aleohol, oven in prosence of acid, and mny
be boiled with it withont complete decomposition occurring imme-
diately, as shown by itg still liberating iodine from potassinm 10didoe,
Solid persulphate is not decomposed by absoluto aleohol, in which
1t is insoluble, even on boiling. An attempt to convert bonzyl
alcoliol into the aldehyde divectly was also nusuccessful, the erystals
of persulphate being practically unattacked at the boiling point of
the former liguid.

Experimonts performed for the puvpose of determining tho exnct
decomposition temperature gave no satisfactovy vesult, owing to tho
apparent impossibility of getting absolutely pure, dry matovial.  Tho
method tried was as follows :—A fine glass tube, similar to those
used for melting-point determinntions, but much longer, was closed
at ono end. Into the hottown of this some finoly-powderod persulph-
ate was introduced. Tho tube was then exhansted, and mercurvy
allowed to enter. Tho small quantity of air remaining separatod
tho latter from the persulphate. Tho tubo was thon fagtenod to a
thermomstor, and the whole heatod in a hath of sulphuvie woid,
The oceurrenco of decomposition waould bo shown by the rapid vise of
the column of morvenry, tho motion due to the expansion of tho small
quantity of air being slight, and stoady.  The ovolution of gas bogan,
howovor, to Lo quite mavked a little above 100°; bul, ovon after
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heating to fully 250° dome persulphate remained undecomposed, It
is casy to seo that the least trace of moisture, or of acid, present in
tho sult would causo this behaviour, and the presence of these it
seems to be impossible to avoid.

Potassium persulphate has a cooling, salino taste, but leaves a
peculine after-taste, possibly due to pevsulphurie acid. -

Freshly-purified persulphate emits no odour, but, after being kept
for somo time, a peenlinr smell is noticeablo on opening the bottle.
In the case of wnot very pure product ozono is evolved slowly. Other
persulphntes, much more soluble in water, and not so casily freed
from ity ny, for instance, the ammoninm salt, scem to decompose more
readily ;5 and hore, also, somotimes ozone is evolved, whilst, in obher
cases, the wbovesmentionod peculine odonr is strongly marked, It
world acem to ho duo to persulphurie acid or anhydride. On
one oceasion, when somo Tewd persulphato decomposed suddenly, the
vapoirs weroe vory pungent, not resombling ozone in the lenst, and
rapidly browned potassivon jodido papor hold near the salt, With
tho small quantity of substance and the rapid decomposition, it was
impossible, howoever, to prove the presonce or absenco of n sulphur
compond,  Berthelot found that, oven at 07, persulphuric anhydride
possensed considorablo vapour prossure, nnd can bo sublimed without
decomposition,

When a solid persulphato is gently warmed with strong nitrie or
sulphurie weid, the oxygon liborated is evolved lurgely in the form
of ozono. A similar ovolution is also obsorved during tho evapora-
tion of strong solutions on tho wator-bath. With hydroclloric acid,
¢hlorine in obtuined in place of oxygen.,

Ammonium Persulplate.
P

LI

This snlt is formoed in a manner precisely similar to that of the
potassinm sult. Tho solution for eletrolysis was propaved by satur-
abing dilute sulphuvic neid (about 1 to 6 by volume) with ammonium
sulphato.  As in tho case of tho potnssium salt, it may be several
days beforo porsalphate beging to erystallise out, but, after that, the-
soparabion goos on stoadily.  Horo, also, the nature of the deposit
varion with cnclt sneceeding evop, When, ab length, tho separation of
tho solid from tho mothor lignor heeomes diflicult, it is botter, instead
of simply adding more oviginal solution, to use only about half of the
mothor liquor, and, after diluting it with wator, to saturate with solid
ammonium sulphato. The carly deposits aro much more granular
than wilh tho pobassivm salt, and it is oxceodingly ensy to collect
them, | '

Owing to its great solubility, oven at low temperatures, the purifi-
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cation of tho salt is mot so casy as that of the potassium compound.
Tt is, in fact, rather difficult to obtain really puve specimens in guan-
tity, and it does not keep so well as the potassium salt. IE a satur-
ated solution is evaporated in a vacuum at the ordinary temperature,
long, thin prisms generally separato at ficst. These have n rhombie
appearance, and, between crossed Nicols, show extinctions parallel to
the axis. If left undisturbed, they grow more rapidly laterally than
*in the other directions, and assume tho form of lozengo-shuped, np-
parently monosymmotric tables, having the plane of symmotry ab
right angles to the oviginal prism axis. Tho crystals thus formed
from solutions of the crude salt are generally largo, and quite trans-
pavent. When this purer product iy dissolved and recrystallised, tho
orystals obtained are goenerally large and badly formed, having w
lamellar structure, which makos them non-transpuront,  Some of
these have often the appenrance of thick, rhombie prisms.  Owing
to their lnmellar gtructure, thoy rotain mother liquor, wd, therefory,
slowly docompuse throaghout their wholo oxtent.  To ebtain w pure
specimen, it is best to cool with ice a solution saburatod ab the ordine
avy tomperatuve, or slightly highov. Tho grontor purt, howover,
remaing in solution, and tho mother liquor must bo altorwaeds ova-
porated in & vacuuam.

Ior the analysis of tho salt, o woighed quantity was dissolved in
water, evaporated to dryncss, and redissolved. This solubion was
then titrated with standard baryta water to detormine the amount of
free acid, Tho vewaindor of tho sulphate was then precipitated as
Larinm salt, and tho whole colloctud and weighod. Tho total SO, thux
found should be double that found by titration, Tho numonin wus
also determined.

Tound. Culoulntod,
NH . ooiiivneinaneens 130 154
SOy (total).veevuiiees 839 82
SO, (by titration), ... 423 A3l

Ag alveady statod, tho salt is very soluble in cold wator, and n very
considerable fall of tomperature tukos placo on disgolution.  Tho
following determinations of tho solubility at 07 wore mado : -

I. 4880 grams of solution gave, on evaporation, tronting with
ammonia golution, and deying, 2:085 grams of anumoninm
sulphato, corvesponding to 1'799 grams of porsulphato,

II. 2887 gramas gave, on heating as wbove, 1°220 graans of sulphate,
corresponding to 106 of persulphate.

Thovofore, 160 parts of water dissolvoe, ab 0% (1) 68+, (2) K80, purls
of ammonitm persulphato,



