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Qutline of Investigation and Review of Previcus Work

Wohler end Balz ((Zs. El-Chemie, 1921, pg. 4ll4) determined the
equilibrium for the reactions Sn0p + Hp — S0 + Hp0, Sn0 + Hoo—
. Sm + Hp0 ‘and SnO, + 2Hp =—— Sm + M0 aﬁ 700° and 800°. ;Itv was
thought desirable to obtain the equilibrium conditions at some lower
: témgerétm'e and thus avold some of the error in extropolaj:ion to
standard teuperature. TFurthermcre, the heat effect eale_nlat.-ei from
the results of Wohler and Balz aiff:ers by over 9,000 calories from
that calculated from the thermochemical datae of W. G. Mixter ( Am. J.
Sei., 27, 225-34) who determined the heats of formetion of stannous
and of stazmic oxlde. 7

The purpose of the present investigation was to obtain the
equilibrium constants of the above reascti-ns at as low a temperature
as przcticable.

A series of experiments was made to deternine whether or not the
reaction could be carried on at tenperatures as l’qw'as 350° and 450°.
Exgeri:r;ents weee mzde {0 yrove the ddcomposition - .3 of stannie
oxide from 300° to 600° was negligible.

The final equilibrium measurements for the above reactions were
made at L4uO. |

The atomic weights used throughowt 4this work a.fe as follows: Sn,
118.7; H, 1.0; 0, 16.0

Preparation of Materidls

The stannic oxide used was made by treating & good kgrade of im~
rorted tin with C.P. concentrated nitric and then dryilég and heating the

rroduct at a-red heat for eight howrs.



The stannous oxide was rrepared by beiling a good grade of do-
mestic stennous chloride with finely divided metallic tin in aectd
gsolution until the liguid became clear. The flask containing tl;.ze
gtannous chloride was then washed clean of all air by means of hydro-
gen. From this point to the drying of the final product the solutions
 were kert in an atmosphere of hydrogem. Stannous hydroxide was firat
pﬁecipits;ted by means of scodium hydrcxide. The stannous oxide, in
the form of blue black crystals, was chtained by boiling the stannous
hydroxide in a dilute slkaline solution. The oxide thus obtained was
washed by decantation ﬁnt:‘gl the washinge gave no test for chlorides.
After allowing ti drain, the oxide was washed first with alcohol and
then with ether. It was allowed to dry in a vacuum desiceator, over
sulfuric acid for two wesks. The results of later éxperiments sesned
to show that the stannous oxide prepared in this way contained water.
The black crystals of stannous oxide werefthen placed in a hard glass
tube attached to a vacuum pump and heated for several hours in an
electric furnace at 600°. Upon removal from the furnace, the stannous
.oxide apreared as an 0live green powder. |

' The metallic tin was yreciritated from a solution of:‘ stannous
hydroxide, rrepared as sbvove, by boiling the h}"ﬁl‘OXidS in a strongly
alkaline solution. The finely~divided tin, prerared in ﬁhis way, wae
washed until f‘ree from chlorides then melted to a button in an atmos-
vhere of hdrogen, after which it was cut into small pieces.

The hydrogen uvsed was prrenared By the action of hydrochlorie

acid on zine. It was washed by means of con;zentrated sulfuric acid

and alkualine pyrogellol.

i



Apparstus and Method

In the early part of the work a flow method was tried. However,
at the temperature 500° it was found that equilibrium could not be ob-
tained in a reasonable length of time. 'I’he static method was them
tried at 357°. Tﬁe method was as follows. Into a flask o? about
éixty cubic eentimeters capacity was introduced several grams of a mix-
 ture consisting of the initial and final solid substances which took
part in the reaction. In thg caze of the reaction Snl + ‘HZO p——

Sn0, + Hp and Sn + Hp0 —= SnO + Hp, in which water was one of the
initial reacting substances, a small weighed quantity of water was in-
troduced into the flask by means of a sealed bulb. With the btulb was
introduced a small solid glass rod. The neck of the flask was dram
dowm to a small capillary and the whole attached to a vacuum pump,
capablek of evacuating to a pressure of lesa than one éae-hundredth of
a milli-meter. Afker the flask had bsen' evacuated, it was sealed by
fusing the capillary neck. The bulb containing the water was them
fractured by jarring the flask sufficiently to ceuse the impact of the
rod to crack the bulb. The flask was them placed in a vapor bath and
allowed to heat for several days. Vhen it was thought that equilibriwm
was reached, the flask w.éas ramoved from the bath and rapidly ccoled in
a strong blast of air. The coocling usually requirgd from one and one-
half to two minutes. It was then welghed after which the tip was broken
off under water and the watsr allowed to rise in the flask. 'I’here.wao
a sescond w'eighing_ to determine the volume ocoupied by the water vapor
at equilibrium. The épace left above the water was ﬁ,lleid with hydrogem

in the quantity at which it was present at equilibrium. The paftié.lly



filled flask was then filled comrletely with water and weighed again.

: By making the proper corrections for barometrie rressure, heights' of
water, temperature of water and air, vapor tension ete., the qua.ntify
of hydrogen was computed. It was rossible from these results, as whll
be shown later, to calculate the egquilibrium constants. |

| In the case of the reactions Sn0 + Hp —> Sn + Hy0 and Sn0p + Hp
<= 5n0 + Hp0, in which hydrogen was one of the initial reacting sub-
stances, the flask was filled with the substances and the neck was

- dravm down as before. Connection to the flask was mede by means of a
two-way stop cock. Onme positiom would connect the flask to the vacuum
pwnp and the other“pesition' would connect it to a sduree of hydrogen.
The pressure at whiéh the flask was filled was measured by means of a
mergury manometer.

In order to facilitate the reactions in which metallic tin was one
of the reacting substances an gpparatus was devised which would cause
the molten tin to be agitated. It consisted of a flask ’of'va‘aout thirty
gubic een’ciﬁ;aters caracity whose shape was somewhet ;onical.' “’hen the
flask was rapidly rotated the nmolten tin would be thro@ on ﬁhe wall in
& thin layer, thereby increasing the surface of the tin and keeping the
metal separated from its oxide. The detsrmination of the equilibrium
mixture was made in the same manner as the ahove. |

Exrerimental Results

The first part of the work was tried at 357°. At this temrerature

the reactions Sn0 + Hp ===5Sn + Hy0 and Sn0p + Hy == Sn0 + Hy0 seemed

to go rather slow. The reaction SnOp + 2H; —>Sn + 2Hp0 after heating |

for two days was found to have gone so far to the righ’; that an accurate



determination of the constant was not feazsible.

Befere going to a higher tenperature an experiment wae made to
deternine whether or not stannic oxide had an aprreciable dissoclation
pressure. It was Hund by the use of a mercury manorﬁeter that between
300° and 600° the rressure of the oxygen was negligible.
| The temperature was incressed to UUU° and the following resulis

were obtémed. '

Table 1

" Initial sub- [Total mols| Total Vol. Py 5 |Py 3%?_% K| Total |Hours
stances " (ee.) (atm.)| (& m.j Py,  |Pressure heated
Sm0,Sn0p,Hp [0.00256 [64.40  [O.LsL [1.88 [0.242 | 2.34 u
Sn0,Sn0p,Hy [0.00262 61;.'20 0.477 |1.235]0.260 | a3 72
Sn0,Sn0p,Hy [0.00262 | 66.50 0.481 |1.£20(0.270 2.3 86
S105,Sn0,Ha0 [0.00312 6u.uo‘ 1.01 1,.'75 0.576 2.76 41
10, ,5n0,Ep0 [0.00165 | 66.36 0.u25 [1.035/0.%08 | 1.46 66
810, ,500,H0 (0.00106 | 63.79 0.208 [0.638(0.326 | 0.846 86
Sn0,Sn,Hz0  [0.00269  |U47.80 1.775 |1.530 [1.150 3.3 . 86
Sn0,5n,H20  [0.00250 | 66.67 0.7% |1.4000.667 | 220 | a2
Sn0,Sn,H0  [0.00200  |65.69 0.639 {1.790 0.551{ 1.79 41
Sn,Sn0,Hs  [0.00192  |Lg&.34 C.807 [1.533(0.415 2.34 g6
Sn,Sn0,Hs  [0.00272 | 68.40 0.808 [1.512(0.528 | 2.32 40

Although there is a close agreement of the results in several cases,
the variation in the remaining determinations seems to be greater than
that accounted for Ey experimental srror.

An experiment was made to deterisine if the reaction 25n0 —5n + 5n0s
would téke place at Y4U®. After heating a sample of staz’lnouss oxide in

boiling sulfur for tem hours, the following differences wsre noticed.



. Before heating.

| Ths stannous oxide existed as blue black crystals. The cry;talg dissclved
in conqent".rated hydroechloric acid leaving no residuo. No gas was evolved
during the solution of the black erystals.

~ After heating. -

The material existed as an olive green powder. The powder paﬁially dis-
solved laéving ‘a.vwhite residue. Gas seemed to be evolved in small amount
upon the addition of concentrated hydrochloric acid.

| The reaction SnOpy + 2Hy —>Sn + 2H30 was tried at umw and the

follewing results were obtained.

o Table 2
z::;::: sub-| Total mols | Total vol. PH?0 PHa PH 0 = g|Total | Hours
. | (atm.}| (atm.) }?H2 pres. | heated
Sn0p,Sn,Hz | 0.00252 | 6420 1.6 | 1.6 | 1.00 |2.32| 62
Sn0,,Sn,Hz | 0.00148 37.00 1.53 | 0.803 | 1.938 | 2.36 n
Sn0s,Sn,H0 | 0.00266 46.40 3.100 | 0.280 | 10.99 | 3.38 62
ISn05,5n,Hz0 | 0.0030L 66.20 2.63 | 0.0703| k2.40 2.70 62
Calculations

The heat effect for the reaction SnOp; + Zﬁg—-"ZHéO + Sn was calculated
from the results of Wohler and Balz by means of the integrated van't Hoff
equation from the constants 107.0 at 700 and 184.5 at 200° C. The heat
effect is ~-AH = 11,280 vetween 700 and &00°. By using the specific heat
| of stannic oxide as 0.0938 the specific heat of tin as 0.05876 and the heat
of Susion of tin as 1,700 calories for 1 gm. astom, the heat effect was cal-
culated to be = AH = 23,380 = 1.50 T - 0.00287° + 0.000,001,487> avove
233 C. Or = A H = 20,530 calories at 750° C. The heat effect below 233°



is = AH = 22,167 - 2.67 T = 0.00287° + 0.000,00148 T°. By using the

velue 11,28 for -~ A H and calculating the equilidrium coﬁstant' from

800° to lhlio C, the value for( PHaQ) was found to be 13.13. If

~the value for -~ \H is used that was determined from heat data, ‘the
value for< ) is found to be 1.398 when calculated from 200° to
4Ll and 2.&5 when calculated from 700° to Luli°®. The equilibrium con-
-tant@@’__) when calculated from 800° to 25° is 7.95 x 10 -10,
and wheanalculatad from 70C° to 25° is 1U4.4 x 10 10. These values
glve thq free energy of stannic oxide to be -5121,}611»' calories and

-}21,134 calories ,respectively when the free ensrgy of HpO (gas) 1s
taken as ~54,507 calories at 25°. '

An average of the best oxperimental results of the present work

P
was taken and the value for <__1129_._> was foimd to be 0.158 at

4ulie C. when this values is calculated to 233° C (melting—point of tin)

-l PHgO
it was found to be 3.19 x 10 . The value for|—— PH was found to
: 2

: -10
be 1.63 x 10 at 25°. These values give the free energy of stannic
‘oxide to be =126,488 calories at 506° A and -122,364 calories at 298° A.

An average value for P, for the reaction Sn0 + Hy =="Sn + Hp0

P
was found to be O.54l at mﬂPH:. When this is calculated to 233° C it
was found to be 0.0633 and when calculated to 25° C it was 3.96 x 10
This gives the free energy of stamnous oxide to be -62,009 caloﬂ.es
at 233° C and -60,507 calories at 25° C. The heat effect used was
- AH= 7,97 - 1.17 - o0.comur® + 7.% x 10777 velow 233° C, and

- AE = 8495 = 1.47 - 0.00147% + 7.4 x 10" 'T°, above 233° C.



g.

Another calculation was made to determine at what temperature
‘stennic oxide, | stannous oxide, and tin are in equilibrium. Values taken
from the results of Wohler and Balz give 1040° A, experimental data from
the present work give 786° A. The change of the free energy with the
temperature of the reaction 28n0 — Sn0z + Sn 1§ in such a direction
that at tempefatures below those given tin will reduce sﬁamic oxide to
stannous oxido.' :

Discussgion of Results

Although the results of this research are not c:dncl‘usi'_vely quan-
titative, 1t has been shown that the above reactions do take place at
uuu° C at a moderately rapid rate. Application of the phase rule to the
system Sn, SnO, SnOp, HpO and Hy shows that there is but one temperature
. at which the three sclid phases can be in equilibrium, and at this tem-
perature both the total pressure and the ratic of Hy0 tb Hp are fixed.
At temperatures below this point the foregoing calcm.lations show that the
stable phases are Sn and Sn0, above this SnCp and Sn' are fha stable phases.
Thil‘, iwwevsr. does not exclude the possibility of a metastable equilibriuyp
between any two of these three phases at any temperature where the rates
of reaction between the solids (such as Sn + SnOp -AZSnO)‘ are very slow.
But to obtein this metastable equilibrium the ratios of Hp0 to H3 and
the total pressure would have to be such as not %o pfodnce a third phase
or else the rate of attairnment 8f equilidrium with any third phase appear-
ing would have to be slow. This would doubtless be the case when only
small quantities of the third phase appeared. -
It is possihle though improbable that the equilibrium chenged
during the coonng of the tube. It is ukel;} that a continuous flow

method could de used, to hetter advantage.



Thq disagreement of the data in the second table was due, no
doubt, to the reduction of the stannic oxide by the tin; thereby
preventing equilibrium from being reached. The calculationa show
that this is possible at Wul4°e C

It can be seen from the data in the first table that with the
exclusion of one value, the greatest variation is about two fold. In
calculating the free energy of stannic oxide at 25° a two fold veria-
tion in the equilibrium constant would make a difference of about 360
calorizs. The free energy of stannic oxide was found by electromotive-
force measurements tc be -122,37h'cal. at 25° which.is only’ten calor-
les different from the above value. |

Summary

In this article results are given to show that the reactions
S0 + Hp===Sn0 + Hp0, Sn0 + H——>8m+ Hp0 and Sn0p + 2Hp =—>
Sn + ZHa0 take place at a fairly rapid rate at Uil G;’

Results have been obtained which indicate that thé reaction
Sn + Sn0,—>2Sn0 takes place below 5i3° c.

The ddcompositiondt stannic oxide was found to be negligidble
between 300° ahd 40O C.

The equilibrium constant for the raaction Snoa * ZHg-<——~—

Sn + ZHy0 wes found to be 163 x 10720 at 25°. It was calculated
from the results of Wohler and Balz to lie between 7.95 x 10.10 and
1l x 1070 s 25° C.

The equilibrium constant for the reaction Sn0 + Hp —=5n + Hp0

wes found to be 3.96 x 1077 at 25° C.
* Palmer Miller's Thesis, C.I.T., 1923.



The free energy of stannic oxide was found to be ~122,364
éaloriel at 25°. It was calculated from the results of Wohler and
Balz to lie between -121,36U4 calories and -121,134 calories at 25°.

The free energy of stannous oxide was found to be -60,507

‘calories at 25° C.

Note:. From the results presented in an abstract (Chem. Abstr., 17,
3124) of the data obtained by Tsutomh: Masda '(Bull. Inst. Phys. Chem.,
Res., Japen) on the equilibrium SnO, + 2C0 = Sn + 2C0p, the reaction
25n0 = SnOz + Sn was found to take place in the températnre intsrval
from 7000p 950° C. From the calculated pressure of oxygen of R.h‘[ x
10-15 atm. at 927° C, as reported in the abstract, thé free energy of
Sn0, at 25° is calculated by me to be =122,350 cals |

Moreover, from the temperature coefficient of the equilibrium,
Maeda calculates \H for the reaction Sn0z = Sn + 0, to be 130,260
cal., while thermochemical data give 133,570 calswhich is porhaps as
g00d sgreement as could be expected. | N

It seems certain then that the fres energy of SnOp gt‘ 25° 1s
very close to the value -122,360 cal. and also that at temperatures
above about 500° C Sn and SnOp are the sﬁa’ole phases ‘and below this

temperature Sn and Sn0 are the stable phases.

10.



