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Study of Thio Salts. Part m. Thio and Thio-oxy 
Salts of Tin(IV) 

Keshsva Prasad Dubey and Satyesbwar Ghosh 

Stability constant of t.hio-anion, S:n.~3~-. a.nd elucid11.tion af tbl" compnditioa of tbio-oxy-a.nion of Sa(IV) 
have hl."cn made from the •tudy of the d~lutiun of Htrulnic enlphirle in sodium hydroaulphide, NaAS, and 
NaOH by sulubility, conductance, anrl potentiometric meaaurE>ml"nt8. 

Stannic sulphide diMolves in l'aulltic alkalies, alkaline carbonates, ammonia, and 
ammonium ra.rhona.te nnd abm in a.lko.line Hnlphides'. The dissolution of stannic sulphide 
in a.lkalinl'! medium ha.11 heen expla.incrl on the basitl of formation of stanna.tes, tbio-oxy­
stanna.les, and t-hioHtannat.ell, but the composition of these complexes has not been conclu­
siv£>1y pro\"l'rl. Only rrrrntly Bnliko nntl I.iBl'tl!kaya.• have reported the formation of 
SnS.oH-ion by E~tucly of the. Holubility of Htanni(• Hulphide in acetate-ammonia buffer. They 
further rl'portl•d that thl' dissolution of Htannic sulphide in alkaline solution containing 
hydrogl"n sulphiclt' was duo to the formation of a. Lhio sail; of tin and the composition of the 
thio-anion as Snf-:3 "". On the basis of the formation of the thic-a.nion of tin, an analytical 
method for I"Stimating t-in has bern developed by Taimni and Agrawal!. 

The present }l&pl•r deals with the dissolution study of stannic sulphide in sodium 
hydrosulphitle, sodium 11ulphide, and sodium hydroxide to determine the stability constant 
of the thic-a.nion SnS3 •- and to elucidate the composition of the thio-o:xy-anion of Sn(IV). 
The methods employed are based on solubility, conductivity, o.nd potentiometric 
measurements. 

EXI'ERDIENTAL 

A R. grade stannic chloride solution was treatt.>d with an exce3S of sodium sulphide. 
From this solution stannic sulphide was precipitated by adding an ex.cess of acetic acid. 
The precipitate was washed till the wash water was free of soluble. impurities. The preci­
pitate was then suspended in distilled water and kept in a stoppered Jen& bottle. The 
supernatant water was found to be neutral. 

After 11ha.king well, a. measured quantity of the suspension was taken out and filtered 
through a sintered glass crucible, washed twice with absolute ethanol and ether, finally 
suck-dried, and weighed as SnS ... 2H.O. It was found that 10 ml of the sulphide SU!Ipension, 
thus estimated_ gave practically the- same amount of the solid residue. 

For preparing solutions of either sodium sulphide or sodium hydrosulphide, purified 
hydrogen sulphide was passed in a standardised sodium hydroxide solution for about 20 

1. Mellor, "Comprehensive Treat..iae on Inorganic and Theoretical Chemistry'', Vol. 7, p. 472. 
2. Baliko a.nd Liset8kaya, Zhur. Ne4rg. Khim., 1956, 80, 1969. 
3, Ta.imni and Agra.wa.l, .AMI. OMm. AciG, 1953, 205. 
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minutes. The amount of hydrogen sulphide in the solution was e.'ltimated iodometrically. 
TheratioofNatoSw&sadjustedto2:1 in case of sodium sulphide and 1:1 in c·a.se of 
sodium hydrosulphidc by adding requisite amount of alkali to this solution. 

Condu~tometric Scvdy 

Fig. I (curves i-iii) records our results on the measurement of the conductance of 
the solutions of sodium hydrcxid(', scdium sulJlhido, andscdium hydrcsulphide respectively 
containing different amounts of stannic sulJihide a-dded in g. moles. In Fig. 2 are noted 
the variation in condul:tance of a solution of stannil: sulphide in NaOH by adding ditierent 
amounts of HCl . The measur('d 11H valm.'ll of the solutions at the points 'a', 'b', 'c', 
and 'd' in the ('Urvt·s ginn in Figs. 2 ami I arc also noted. 

It will bescC"n from Fig.!, <·urvcs(i) ~tnd (ii)thatwithinueasingamountsoftinsulphide 
added, tht·rc is first a rapid drop in ell•ctrico.l conductance of both NaOH andNaj3 solutioos. 
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It is furthr seen in Fig.l (i) that there is one sharp break at (b), where the stoichiometric 
relation of SnS2 to Na.OH is 1:2, and the other, though less sharp but perceptible, iB at the 
point 'c', where the stoichiometric relation of SnS. to Na.OH is 1:1. Beyond 'c' there is 
a very slight decrease in conductance, but a. yellow colour of the solution appears here, 
which gradually goes on incrcBBing. The yellow solution is found to be sta.nnic sulphide 
in colloidal state as this can be quickly coagulated by neutral electrolytes like KCI. It 
appears therefore that the reaction between stannic sulphide and Na.OH occurs in the 
folic. wing way: 

SnS. + 20H- ~ SnS2o•- + H20 

H.o + Sns. + Sns.o·- ~ 2HSns.o-

The thio·oxy comp?unds yil•ld color If'!!.~ solutionf! before the point ·c•. 
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FIG. 2. :.\Iixture ctmtl~ining O.IH62;;J/.!IIa.OH and O.OIU7l.l/·SAC!2 • 
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(2) 

In Fig. 2 the variation in the l'omluctancc, obtained by addition of different 
amounts ofHCl too. thio-o:x:y stnnuate soluticn in an Pxcess of alkali, has been reproduced. 
It is clear that there is a rapid full in conductance in earlier stages due to neutralisation of 
the excess of alkali prcS<'nt. This proceeds to the point 'b' where the ratio of unused.NaOH 
to SnS. becomPs 2:1. Beyond this tbc anion SnS.02 - reacts with acid as: 

(3) 

The above reaction is completed at the point 'c' where the ratio of unused alkali to 
t!ltannic sulphide approaches 1:1. Further addition of the acid leads to the reaction: 

(4) . 
This continues to the point 'd'. where the amount of acid added is approximately equi-
valent to the total amount of alkali used in the experiment. The 'be' and 'cd' portions of 
tile curve, seva.rat.ed at the point 'c'. are flat, sus~est.in8 the titr•tio.Q of a. weak dibasic ~tCic! 
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in steps. In other words, the;e portions represent the titration of the nits, Na.SnS.O 
and N:aHSns.o, by a stro11g acid resulting in the formation of a weak acid and S.ldium 
rhloride. Ht'nce there is ltardly any \"Bria.tion in conductance in this region. 

Stannic sulphide is obtained from reaction (4) which starts from 'c'. From here 
stannic sulphide appt'&1"8 in colloidal state, a.s is evident from the colour of the solution, 
which changes from colorlt'SS to ycllow, orangP, red-yellow. The coa.gnl.o.tion of the col­
loidal stannic 11ulphidc complrtcH at the point 'd'. Th('lre is a. sharp increase in conductance 
beyond the point 'cl" dot' to appearance of frPP HCl after neutralisation of the alkali 
prest'nt. 

Fig. I (ii), whirlt n·fl·rll to the Aoluticn r: btainrd hy adding fltannic sulphide to a 
scdium sul}1hide solutirn. is Fimilar to Fig. l(i) l'hr.wirg rr.c bnak in the curve a.t the 
point 'b' where the stoidli< rr.1 tri<· ratio of 11tannic' AliiJJhide to scdium sulphide is 1:1. 
ThE' point 'c' in the (·urve with ratio I :0.5 for t hr: two (·C mJIOrtt'nts indicates the appearance 
of 11. yPllow colour. Po!!flihlt• rrac·tionA taking pla<·t' in tho diR-~olution of stannic sulphide 
in Na.S art': 

(5) 

(6) 

Where the ratio of Hnl'. to H•- is I: 1, majority of the thio-anion formed is according 
to equation (5). Furthl'r, it i,; 1!('('11 tlu\t whrn a lo.rgl'r amount of stannic sulphide is 
added, the dissolution of shumh· Flulphidr continues till the ratio of SnS. to sa- is 1 :0.5. 
Hence the second stage of dissolution is ginn by c!quation (6). \Ve conclude this because 
the solution remains colorlf'e.q to the point 'c' where the ratio of SnS. to s..- isl :0.5. BE>yond 
the point 'e', where the ratio of HnS2 to A•- exceeds 1 :0.5, the excess of stannic sulphide 
appears in colloidal stat<', whic·h is virmally observablt'. 

Fig. I (iii) represents the c:onducto.nc·e mf.'asurement by the gradual addition of 
stannic sul].>hide in a solution of XaHS. R<•adings were taken aftfor the solutions were 
kept for 24 hours in stoppered flasks. Hardly a.uy J>erC"E'Jltible change in electrical con­
ductance was found. A yellow-<·oloured solution is immediatE>ly produced by the addition 
of stannic aulphide to a. hydrosuiJJhide solution, suggesting the formation of colloidal 
stannic sulphide and it gradually fades with time. Yery dilute sodium hydrosulphide 
solution appears to react slo"·ly with s~o.nnic snlp,-aide according to the equation: 

(7) 

A study of the pH values noted in the curves shows that the thio-oxy anion, 
SnS.o,.-, is stable above pH 10.7 and thio-anion, SnS3 •-, above pH 10.2, whereasHSnS.o­
is stable in t.he range of pH 10.7-9.8. It is further seen that colloidal SnS2 is stable in the 
range of pH 9.4 to 7.0 as precipitation of tbe sulphide starts from pH 7 .0. 

Dissolution Study of Bta11flic B'll.lpkide 

For the dissolution study, reaction mixtures were prepared in 250 ml bottles by taking 
a constant volume of st&nnic sulphide suspension and mixing it with va.ryillg amounts of 
sodium hydrosulphide. To every reaction mixture a constant volume of KCI sol:ution was 
a.d<led in ord.er to coagulate any colloidal stannic sulphide fopned, Each l;lottle Wfoll well 
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shaken for ;half an hour and kept overnight at a. constant temperature. The ljUpeml!.ta;nt 
solution was then sucked out and Sn (IV) was estimated in it by the thio-!!alt method! The 
results obtained are recorded in Table I. In column 8, the concentration of sulphide­
ions, which are present in the hydrosulphide solution, has been calcuJated using the 
known diBBociation constant value of hydrogen sulphide. Assummg that all tin sulphide 
in the dissolved state is HSnS3-, the concentration ratio [HSnS3 j/[HS""'] iscalcula.ted and 
noted in the last column. The concentration of the electrolytes in the solution is sufficiently 
high and slight variations, which may occur due to changes in ionic strength, ha.ve been 
nPglected for the purpose of calculations mentioned above. 

TABLE I 

NaBS solntion=0.9488.M. SnS. susp.=0.0822M (25 ml taken). KCl solution=O.IOCO.M, 
Tot-al vol.=50.0 ml. Temp.=25°, 

Na.H!I aoln. KCI soln. HS-. SnSa. HS- left after (HSn ~-) 
forma.tiOD. of 81183•-. -{:BS-f-• 

3.0ml 10.0 ml 0.00>68'7.U 0.01133.11 0.04.'Hi3M 2.5x1o-• 

u..o 10.0 0.09461 0.01793 0.0'7668 2.sx1o-• 

7.0 10.0 0.13280 0.02286 0.10990 2.1XlQ-1 

8.0 10.0 0.15180 0.02818 0.12380 2.sxur• 
10.0 10.0 0.18980 0.02956 0.18020 l.BXlD-1 

12.0 10.0 0.22780 0.03139 D.lll640 l.6X 1o-• 

The average value obtained for the concentration ratio [RSnS8""']JIHS-J, i.s., K., 
may be taken as equal to 2.1 X w-•. This is evidently the conventional equilibrium 
const-ant for the reaction: 

SnS~+HS- ~ HSnS3-

The decomposition of thio sa.lt resulting in the precipitation of sta.rmic sulphide may 
be expressed as : 

The value for thiB equilibrium conBtant. i.e., hydrolysis constant of the thioanion, is obtain­
able from the relation Kh(HS-) I Ka(HSn83-), taking the etrective mass of the slightly 
soluble stannic sulphide constant. In the above equation, Kb(HS-) is the hydrolysis 
constant of HS-andK9(HSnS3-) denotes the stability constant of HSns,-. With the 
help of this equation, the stability of varying amounts of tbio-anion at different pH's of 
hydrosulphide solution has been calcuJated and the values are recorded in Table II. 
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This va.lr.le o.f hydrolysis constant ia related to the tnie value for hydrolySis ef the 
thio-amon resulting in the formation of the acid, BaSnB,, by two more equilibria. One 
is the solubility of the sulphide in water and the other, decomposition of the acid resulting 
in the formation of fin sulphide arid hydrogen sulphide. FUrther di_acussion on thes6 
equilibrin will be .communicated later on. 

ClllCIItO.lL L&liOlU.TOBIES, .R'-criwd Attgult 1, 1960. 
Till Ul'I'IVIBSITT, AI.U.IIAII.t. D. 


