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Introduction

At temperatures above 800? stannoue suliate decomposes,
forming sulfur dioxide and stannic oxide, according to R, G,
Durrant, ‘

(R. G, Durrant, J, Chem, Scc., 107, 632-38 (1915).)
‘Stannous sulfate is unique among the sulfates which have been
‘studied in that it is the only one which does not decompose
give a mixture of sulfur dioxide, sulfur trioxidé and oxygen
and basic sulfates, For this reason the dissociation pres-
sure of stanncus sulfate is of unusual interest, In this re-
search an attempt has been made to determine the equilibrium
pressure of sulfur dioxide from the dissociation of stannous
sulfate,

A search of the litsrature failed to disclose any pre-
Vvious work on this problem,and yielded only a.small amount

of information,of any kind, concerning stannous sulfate,

Preparation and Purification
of Materials

-S8tanncus _Sulfate: W. P, Baxter,who conducted preliminary

experiments on the dissociation pressure of stannous sulfate,
found that pure stannous sulfate could not be made satis-

factorily by dissolving tin in sulfuric acid, or by prscip-



itatmgthe sulfate by @eans of sulfuric acid from a stannous
‘ohloride solution, He found that the most satisfactory meth-
od was to dissolve stam ous hydroxide in dilute sulfufic
a&id and then gryétalize out the stannous sulfate by means
of alcohol, The aﬁthor found that unless very special pre-
cautions were taken to prevent oxidation by the air and
:hydrolysis the material prepared by this method contained
~ from 4% to 5% stannic tin. Consequently, the entire process
was éarried on in an atmosphere of hydrogen in the apparatue
shown in Figure 1,and care was taken never to let the acid
concentration of solutions containing stanncus sulfate fall
below 1,8 N the concentration below which stannous sulfate
solutions precipitate a basic'salt, according to P, Miller,

(P, Miller, Thesis, California Institute of Technology

(1924).) - |
The procedure was as follows: O, P, stahnous chloride

cryetéls were placed in the Flask A, Figure 1, All of the
air was then swept out of the reaction flaakrby a stream of
hydrogen which entered at B and escaped at C, The stannous
chlcride was then dissolved in 6 N suliuric acid; warmed
slightly; and shaken,fdr several hours, with finely-divided
tin, The mixture was then forced over into the filtering
apparatus where the tin was filtered out, The filtering

flask, containing the solution of stannous suliate in



(pag Kanausy
l

43puna
usbouphy
o -

| 24nb1y

«——MSD| 4 43117 9
4

/

TT—
™~ duind uoions o

L

-

A

opunko uoboiphy o

Al




dilute sulfuric acid,was then detached from the filtering
apparatus and quickly connected at C, Hydrogen was run in
' atuE thus forcing the solution back into the reaction flask
through C, The_sténnous gsulfate was then crystalized out

' by.adding éleohol through b, The mixture was filtered,

" and the stannous sulfate was washed,first with alccohol,

and then Wwith ether both of which were forced over onto

the filter from the reaction flask,

An analysis.of the stannous sulfate thus pre?ared show-
ed that it contained .5318 gm, of stannous tin per gram of
gsample, Calculated on the assumption that all of the stan-
nous tin was present as the sulfate, this analysis shows that
the sample contained 96,.5% stannous sulfate, It also con-
tained ecme chloride, so it was dissolved in 6 N sulfuric
acid, shaken with finely-divided tin,and then recrysialized
by meauns of alcqhol. All operations were carfied oan out of
contact with air in the apparatus used during the orig-
inal preparation, Teste showsd that this matérial was en-—
tirely free from chloride and from free acid, 'An:analysis
showed that it contained ,5338 gm, of stannous tin per gram
6f sample and ,0148 gm, of etannic tin per gram of sample,

To free the stannous suliate completsly from all volatike
impurities is an operation of extreme importance for work of

this kind and one which was found rather difficult



to accomplish, Drying for a period of days in a vacuum des-
ficcator over sulfuric acid and then heating for several
_hours at a temperature of 1103 during which time all vol-
étile matter wasvbeing contimiously pumped off by means of
-a'high vacuum pump,failsd tc remove all of the water, It
was found necessary to heat the material at 157? undsr

a vacuum, for a period of from 24 to 38 hours before it

was completely dehydrated, An analysis of the stannous
sulfate alfter it had been subjected to thia'drying process
showed that it contained ,5370 gm, of stannous tin per

gram of eample, showing that no dissociation had occured,
Preliminary Experiments

The apparatus originally used for measuring the dis-
: sociation pressure is sho%ﬂ in Figure 3, Stannous‘sulfate
‘,was placed in the small bulb before it was sealed on to
the apparatus. The apparatus was then evacuated, and the
.~ stannous sulfate was heated by mesans of a vapor bath, The
Amercury in the closed arm of the manometsr was kept at a
constant level throughout an experiment,

The stan-ous sulfate was first heatsd in the vapor of
boiling mercury., At this temperature (357°) a préssure
was Quickly developed which was above 3.5 amﬁ”'the capacity

of the manometer,

Diphenylamine, which boils at 310§ was then employed in
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the vapor bath, At this temperature a pressure of 2650 mm,
was obtained in about 2.5 houre. At this pressure sulfur
dioxide condensed in the cooler vortions of the appératus.
The same trouble was encountered at 3497 the boiling point
of benzaié acid,

| ‘Naphthalene,which beile at 218? was then emploved,
;fter hsating the stannous sulfate constantly for 35 days

at this temperature,a pressure of only 961 mm, was obtained,
At no time did the rate of incrszase of the pressﬁre diminish
in such a way as to indicate that the equilibrium pressure
was being apprcached,

These experiments showed that it would be impracticable
to obtain equilibrium at low temperaturses;and that, con- |
sequently, high pressures would have to be measursd, A
multistage manometer, ha?iﬁg a caﬁacity of about 10 atmos-
phereg, was then constructed, The capillary fube leading
from the bulb inwhich the stannous sulfate was placed to
the maﬁcmeter was wound with reeistanca'wire‘and electric-
ally heated to prevant the condensation of sulfur dioxide,
Attempts tc measure the disscciation pressure both at 357°
and 310° with thie apparatus failed,bscause the capacity
of the manometer was not grest enougha

| An apparatus very similar tc the one finally constructed

to make accurate measursments of the dissociation pressure,
which is described later and is shown in Figure 3,was then



constructed to cbtain definite knowledge as tc the crder
of magnitude of the disscciation pressure, At 2310° the
pressure increased at a constantly diminishing rate un-.
til a pressure of 30 atm, was reached at which point it
remained constant for fcour hours, At the end of this per-
i0d it was found that}the constant readinge were not due
:to equilibrium having been reached but were caused by the
condensaticn of aulfﬁr dioxide, A higher boiling liquid
was then placed in thﬁbjackef around thé oapillafy tube,
The pressure rose immediately to 34.4 atm. whebe it remain-
ed constant for 2 hours., The apparatus wae then shut down
over night, When an attempt was made to start up again
the ﬁext morning, the mercury thread in the capillary tube
broke, making it imvoseible to ceontinue the experiment,
Definite proof that equilibrium had been attained‘was not
derived from this experiment; but the very slow rate of in-
creasé during the latter parf of thse experimeﬁﬁ,ﬁhioh was
evidenced bty the fact that during the four hours that ligq-
cuid suifur dioxide was in the apparatue cnly endugh gas
was given off by the stanncus sulfate to cause a small in-
crease in pressure when all of the sulfur dioxide was again
Vaporized and by the [act that after this increase had
occured nc further increase was observed during,the\next

8 hours, w=s thought to indicate that the pressure obtained



was not far from the equilibrium pressure,

At 357° the pressure went up to 47.6 atm, in 3 hours
and remained constant for 3 hours, It was thought that
‘equilibrium had been reached, It was then decided to bring
the temperature.down to 310° and see if the pressure would .
decrease to the value obtained at 310° when approaching
equilibrium from the other side, While changing the vapor
bath, the apparatus ccoled off allcwingvsulfuf dioxide to con~
dense, When heat waq‘again aprlied, the apparatus exploded,
In this case, as before, definite proof that équilibrium had
been reached was not obtained but it was thought thaf a
fairly good idea of the magnitude of the pressure which
weuld have to be‘measured had been obtained,sc an apparatus
was designed and built which was capable of measuring pres-
‘sares ranging from 30 atm, to'60 atm, accurately and which

was thought to _have a maximum capacity of abcut 300 atm,

The Apparatus
The arparatus used for making the final measurements
is Bhéwn in Figure 3, It consisted essentially of aylong
capillary tube one end of which was sealed off and the
other end of which was sealed to a bulb which contained
stannous sulfate, In the capillary, tube near the end which

was sealed to the bulbywas a short thread cof mercury. When
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the stanncus sylfate was heated, the pressure created forced
this mercury thread against the gas trapped in the upper
part of the tube, The volume and pressure of the gés in

tﬁe upper end qf the capilliary tube was determined at the
start of the experiment,amd the change in volume was noted
as the experiment vroceeded, The pressure was calculated

:by meane of the gas laws,

The preliminary experimentes seemed to indicate that a
enall change in temperature causes a marked change in the
disscciation pressure, They alsc shcwed that it was ex-
tremely-difficult to continue with an experiment after the
apparatus had been alloewed to cocl down dus to complications
caused by the condensation of sulfur dioxide., It was,
therefcre, essential that a means cif maintaining a cconstant
and accurately known tempsrature be devieed which would
rermit going [rom cne temperature to ancther ﬁithcut al-
10wing the apparatus to coecl. The vaper pressure of mer-
cury over a range of temperatures whioh;corréeponds to the
‘range over which it was desired tc measure the disscéiaticn
pressure has been accurately determined,

(Bmith and Menzies, J. Am, Chem, Soc., 33, 1434 (1210).)
Consequently, an apraratus similar to that designed by Dr,
D. F, Smith fer maintaining constantly any desired pressure

less than atmospheric was ccnstruetasd, It is shown in
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Figure 3, The essential feature of this apparatus is a
magnetically-orerated tire valve which serves to shut off
the apparatus inwhich the msrcury is being boiled uﬂderv 
réduced pressure, from an evacuated space. A slow leak is
maintain&d in the beiling apparatue which allows the pres-
gure to slowly increase until it rsaches the pressure which
the operatcr desires to maintain. At this point the mer-
cury in the open arm of the manomster shown in the diagram,
glcees the circuit with the result that the valve opens
momentarily allcwing a little of the air in the apparatus
tc escape into ths evacuated spacé. This external vacuunm
is maintained by a pump which runs ccnstantly,

Turpentine, which boils a little above the critical
temperature of sulfur dioxide,was boiled in the Jacket B
to orevent sulfur dioride from condensing, The héat re-
qQuirsed to¢ boil the turpentine was suprlied ?érily by the
vapcré of beiling mercury and partly by the electric immer~
gsicn heater shown in the diagram,

The errcrs intreoduced intc ths varicus msasurements by
this apparatﬁs are probably smaller than the error caused by
the difficulty of actually cbtaining equilibrium would have
been, At 310°.a change of 6,54 mm, in pressure causes a
change of 1° in the boiling point of ﬁércury and at 3500

a change of 12.5 mm. causeés a change of 1°, WNo difficulty
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" was exverienced in maintaining a pressure which was constant
to within less %han a millimeter with the vpressure-regilat-
ing device, Powdered glass was stﬁck tc the bottom of the
boiling tube by pouring it intc the tube when tae boiiom was
red hot., By this means all trouble from bumping wae elimina~

-'ted. The boiling tube was carefully insulated. by ﬁgans of

magnesia. It was therefors thought that since the mercury

which was boiled in the apparatus had bsen carsfully purified
and since the vapor pressure of mercury.has been accurately
determined that ths temperature at which the stanncus sulfate
was hsated was known to within ,2° or ,3°. Results were not
obtained which would indicate thevmagnitude of the error

in fhe dissociation pressure caused by such a variation

in the temperature, ~

Wher loading the capillarirtuba-aparatus, hydrogen was
firet passed thrcugh it before either end waélaealed up.

The msrcury thread was then slipred into its proper pléce

at the lower end of the capillary tube,and the upper end

of the tube was sealed off, fhe barcmeter was then read?

and the distance from the surfzce of the mercury_thread

to thes top of the tube was measured by means ol a meter stick,

Precauticns were taken to have the capillary tube psrfectly

clsan to avoid sticking of the mercur§ thread or lsaking of

gas past it., Ths distance measured wase about 530 mm., and
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the maximum,variatign in the averagss of the varicua pairs
of readings taken after the mercury thrsad had been displaced
in oprosite directions from its point of rest was never more
tﬁan 2.5 mm, the maximum relative error being .48%. It
was»fcuﬁd'necessary to use hydrogern rather than air above
the mercury tarsad; because when air was used mercyric‘oxide
:formed slowly at the temperature and pressure tc which the
air and mercury Were.subjected,during the course of an ex-
‘periment,

The distance from the surface of the mercury thread
to the top of the capillary tube was measured,at squal in-
tervals of time as the experiment proceeded,by means of
a cathetometer, At 50 atmospheres,which wae the pressure
for which the apparatus was especially designed, the short-
est distance which would have to have been measured by means
of the cathetometsr was 53 mm. Readings could be checked
by méans cf the cathetometsr to within .2 mm‘,so1the relative
~error in this readihg would be ,38%, At IOO'amn” which was
the highest pressure measure&,the relative errcr in fhis
reading was ,76%,

Wher the turpentine in the jacket which surfounded the
capillary tube was boiled vigorously no trouble was encount-
eéred in maintaining a constant temperéture in this part of

the arparatue, 8ince the boiling point of turpentine raises
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- gradually when it is boiled in air, the temperature was ob-
served on a thermometer and recorded when pressure readings
were taken sc that corrections for any variation in'temperar

ture could be made,

‘The Final Experiments

. Tﬁé first experiment performed with the ap?aratus
described above was conducted at 310°, At the snd ef 44
hours of continuous heating the pressure had increased to
26,4 atmospheres, Since the rate of increase of pressure

did not seem to be diminishing at the end of this time, it
was coneidered advisable to raise the temperature to 330°,

AT ter heating for several hours at this temperatur% the
mercury thread brcke,so it was necessary to discontinue

the experiment, | |

| The second experiment was alsc darried-on at 3109 but
with about 5 timeé the quantity of stanncus sulfate, After
running cbﬁtinuouely for 85 heurg?a prsssure of 100 atm, was
reached, The pressure remainsd constant at tbis,pﬁint for

12 hours., With the idea in mind of raising the pressurse
and attempting to approach equilibrium from the other side,
the temperature was raised to 350°, As a result the pressure
immediately increased to 104 atm, This increase correspoﬁded;’
within the limits of experimental error, with the increase

in preesure which would be caused by the expansion of the
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‘gasas in the apparatus, Continued heating for two hours
failed to raise the pressure further, a result for which a
definite explanation was never cbtained, An analysis of
the material taken from the apparatus altsr the ekperiment

had been-ccmpléted showed that only 40% of the stanncus

" sulfate had been decomvosed,

» In the third experiment the stanncus suliate Qas heat—
ed at a temperature of 357°, At the end of 5 hours the
pressure had risen to 76.5 atm, and was etill going up
at a fairly rapi& rate, When it had reached 85 or 90
atm, the bulb containing the stanncus suliate exploded,
breaking the entire apparatus with the exception of the
rressure regulating device, Lack of time prevented the
designing and building of another apparatus,so the reéearch

was discontinued,

The Prcducts Formed when Stanncus Sulfate
is Heated

R, G. Durrant v

(R. G. Durrant, J. Chem. Soc., 107, 633-38 (1915).)
heated .1387 gm, of stannous suliate in an’open test tube
to a dull red heat until a constant weight wae cbtained,
The residue weighed ,086C gm, which weight corresponds with-
ih 1,35% with ,0873 gm. the weight required if the residue

was stannic oxide, This result showe that no basic sulfates
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are formed when stanncus sulfate is hesated but does not show
conclueively that stannous oxide is not formed during the
reaction for if any were formed it ﬁould be oxidized by
atmospheric oxygen to stannic oxide, However, Durrant states
that results cerrespohding to those given above are obtained
when stannous sulfate is heated cut of contact with air,
:During the course of this research,some evidence has been
obtained which tends to confirm Durrant's conclusion that
stannic oxide and sulfur dioxide are the only prbducts form-
ed when stanncus sBuliate is heated, This evidence may be
summarized as follows:

1, Stanncus sulfate and stannic oxide are both white
when pure, and stannous oxide ie black, The stanncus sulfate
used during thie research was originally pure white but dark-
ened slightly when subjected to the drying prbcess des-
cribed under, "Preparation and Purification cf Matérials."
This material darkened a little more after having been heated
to 310° for 77 hours. Since the final CGlcr'was a light
yellow, it can be concluded that a very small amoﬁnt, if
any, stannous oxide was formed,

2, Stannous sulfate, stanncus coxide and the basic
sulfates of tin are scluble in 8 N hydrochloric acid but
stannic oxide is not. The residue left after hsating stan— -

nous sulfate out of contact with air wae found to be



inscluble in this acid, indicating that it was stannic oxide,
3. A sample of stannous sulfate was analyzed and found
to contain ,5338 gm, of stannous tin per.gram of sample and
.6148 gm, of stannic tin per gram of sample, After heating
a_porticn'of this same material under pressure at 3109 for
77 hours, it was found to contain ,00281 moles of stanncus
:tin per gram of sample and ,00384 mcles of 804 per gram of
sample, It is probable that the stannic sulfate originally
present in the gample remained unchanged during the heating,
If the sulfate which was originally vprecent in cembination
with stannic tin is deducted from the sulfate found in the
material after it had been heated the amount remaining
cérrespoﬁds closely with the stannous tin present in the
final material, indicating that stanncus oxide or basic sul-

fates were not present,

Summary
1, A methoﬁ of preparing pure stannous;sulfate has been.
described,
2. An apparatus suitable for measuring, over a range of
temperatuf%s,dissociation pressures of from 10

to 100 atmospheres has been described,

L)

+» FHEvidence has begen adduced which goes to show that the
decomposition of stanncus sulfate produces stannic

oxide and sulfur diecxide without production of
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basic sulfates or of sulfur tricxide,

4, The rate of decomposition ol stauncus sulfate at temp-
e¢ratures under 200O ie very slow, A+ tempsratures
above 300° the first part of the decomposition is

'rapid,but arprcach to equilibrium ie rather slow,

5, The rressure of sulfur diocxide from the dissociaticn of
stannous sulfate has been shown to be above 100 atm,
at 310°. |

6, At highsr temveratures, where the rate wculd be mcre
rapid, and with apparatus capable of measuring highe-
er pressures: it may well be that the equilibrium
pressure of sulfur dioxide from the decomuvostion

of stanncous sulfate could be cbtained,

i

vThe author wishe€ to acknowledge his indebtedness to
Dr, D, F, 8Smith, who directed this reséarch, for his many
suggestions and for hie aid in performing diflficult parts
of the work,
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