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Complex Tin(i1) Acetates 

By J. D. Donaldson and J. F. Knifton 

The preparations of alkali-metal, ammonium, and alkaline-earth triacetatostannates(ii) are described and their 
solubilities in various solvents are reported. The crystal data on the complexes have been obtained from X-ray- 
diffraction photographs. Evidence i s  given for the existence of the species Sn(CH3-CO2)+, Sn(CH,.CO,),, 
Sn,(CH,*CO,),-, Sn2(CH,.C0,),-, and Sn(CH,-CO,),- in tin(1i)-acetate solutions. The thermal decomposition 
of the salts has been studied in detail, and their stability to  hydrolysis and oxidation reported. The stability of 
the pyramidal triacetatcstannate ( 1 1 )  ion is discussed in terms of the outer electronic configuration of tin(l1). 

IN most solutions containing tin(11) and a suitable involving the use of d-orbitals on the metal, but species 
ligand, the predominant complex is the pyramidal three- of lower co-ordination are known. We have previously 
co-ordinated species based on sp3 hybridisation of the shown that solutions containing tin(I1) and formate 
tin@) orbitals. There is generally little evidence for are typical in this respect, there being no indication of 
the existence of complexes with higher co-ordination the presence of ions with co-ordination greater than three. 

The species found were, SnHC02+, Sn(HCO,),, 
J. D. Donaldson and J. F. Knifton, J .  C h e m  Soc., 1964, 

J.  D. Donaldson, “ A Review of the Chemistry of Tin(I1) 
Compounds,” International Tin Research Institute Publication 
KO. 348, 1964. 6107. 
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Sn,(HCO,),-, and Sn(HCO,),-. The formation of the 
polynuclear ion Sn,(HCO,),- shows the tendency for 
tin to maintain its stable, pyramidal, three-co-ordination 
even in solutions containing insufficient ligand to com- 
plex all of the tin as the triligand species. Similar 
polynuclear ions have been found in tin(I1)-fluoride 3 9 4  

and tin(I1)-hydroxide 5 9 6  systems. The only solid 
derivatives obtained from tin(I1)-formate solutions were 
derivatives of the triformatostannate(11) species, and 
the infrared spectra of these materials were consistent 
with a pyramidal structure for the Sn(HCO,),- ion. 
We now report similar results for the tin(I1)-acetate 
system. 

The preparation and properties of pure tin(11) acetate 
have been described,s but there are only two 
of the preparation of solid derivatives of complex tin(I1)- 
acetate ions, and there are no reports of detailed studies 
on the ions present in tin(I1)-acetate solutions. During 
a study of the autoxidation rates of tin(11) acetate and 
of tin (11) monochloroacetate in solution, Baker and 
Tompkins investigated the possibility of complex forma- 
tion and isolated the complexes,2NH,Sn(CH,~C02)3,C6H6, 
CaSn,(CH,*CO,),, and NH4Sn (CH,Cl*CO,),. They re- 
ported that all three complexes were hydrolysed by water 
but gave clear solutions in the presence of an excess of 
acetate. There is also a report of the precipitation of 
gelatinous hydrated complex tin(I1) acetates by the 
addition of alkali hydroxide solutions to solutions of 
tin(I1) acetate. The precipitates had the composition 
MSn(CH,*C0,),,2H20 (M = Na, K, NH,), but no further 
work on their nature and properties was carried out. 
We have obtained crystalline unsolvated alkali-metal, 
ammonium, and alkaline-earth triacet atost annat e (11) 
complexes and have studied their properties, and the 
properties of tin (11) -acetate solutions. 

EXPERIMENTAL 

(1) Preparation of the complexes, MSn(CH,*CO,), (31 = 
XH4 or K). Pure tin(I1) acetate,8 (24 g. in 100 ml. of 
60% w/w aqueous acetic acid) was heated under reflux, in 
an atmosphere of oxygen-free nitrogen, with an aqueous 
solution of potassium or ammonium acetate ( 0 . 1 ~  in 50 ml. 
of water). The mixture was concentrated by vacuum 
rotary evaporation until no more solvent could be removed. 
The residue, a viscous yellow liquid, was set aside over 
phosphorus pentoxide in a vacuum desiccator for ca. 
1-10 days. The white crystalline product was filtered off, 
washed with ether and benzene. dried in vacuo over phos- 
phorus pentoxide, washed with acetone and ether, and dried 
in vucuo over potassium hydroxide. This method gave 
pure crystalline materials in good yields (50--S0~0) and was 
used in all subsequent work. The materials obtained by 
precipitation techniques were non-crystalline and less pure. 

(2) Preparation of the complexes M[Sn(CH,*CO,),], 

3 J.  D. Donaldson and J. D. O’Donoghue, J .  Chem. Soc., 1964, 

R. R. McDonald, A. C. Larson, and D. T. Cromar, Acta 

R. S. Tobias, Acta Chem. Scand., 1958, 12, 198. 
J. D. Donaldson and W. Moser, J .  Chem. Soc., 1961, 1996. 
J.  D. Donaldson, J. F. Knifton, and S. D. Ross, Spactro- 

271. 

Cryst., 1964, 17, 1104. 

chim. Acta, 1965, 21, 1043. 

(M = Ca, Sr, or Ba). Pure tin(I1) acetate (24 g. in 100 ml. 
of 60% w/w aqueous acetic acid) was heated under reflux, 
in an atmosphere of oxygen-free nitrogen, with an aqueous 
solution of the alkaline-earth acetate ( 0 . 1 ~  in 50 ml. of 
water). 50-70y0 of the solvent was then distilled off 
under nitrogen, and the mixture filtered. The filtrate 
was allowed to cool slowly and the white crystalline product 
filtered off, washed with acetone and ether, and dried 
in VUGUO over potassium hydroxide. Good yields (40-70~0) 
of pure crystalline material were obtained. This method 
is siniilar to that used by Baker and Tompkins 9 to prepare 
the calcium triacetatostannate(I1) complex, except that in 
the present work equimolar quantities of reagents were 
used : there appeared to be no advantage in adding an excess 
of albaline-earth acetate since this led to contamination of 
the product. 

Analyses.-Stannous and total tin were determined by 
Donaldson and Moser’s method,lo and potassium was deter- 
mined gravimetrically as the tetrapheny1borate.lI The 
ammonium content was estimated by boiling a weighed 
quantity with an excess of sodium hydroxide solution; 
the ammonia evolved was collected in an excess of standard 
acid , and determined by back-titration. Alkaline-earth 
metal was estimated by dissolving a weighed quantity of 
the complex in Z~-hydrochIoric acid (25 ml.), adjusting the 
pH to about 8 with Z~-sodium hydroxide solution, and 
filtering off the precipitated hydrous stannous oxide. 

Sn(rr) (yo) ............ 
Total Sn (%) ......... 

CH3C0, (yo) ......... 
Metal/NH, (yo) ...... 

TABLE 1 
Analytical results 

Found 

Sn(I1) (%) ............ 
Total Sn (yo) ......... 
Metal (yo) ............ 
CH3C0, (0,;) ......... 

Sn(r1) (%) ............ 
Total Sn (yo j ......... 
Metal (yo) ............ 
CH3COz (yo) ......... 

ii) (ii) Calc.’ 
KSn(CH3*C02) 

35.0 34-5 35.4 
34.9 34.5 35.4 
11.5 11.3 11.7 
52-4 51.9 52.9 

Ca[Sn(C%.CO2) 312 

37.5 37.4 37.6 
37.5 37-4 37.6 

55.6 55.3 56-1 

Ba[Sn(CH3’COz) 31 z 
32.6 32.6 32.6 
32.4 32.5 32.6 
1S.8 18.3 18.9 
48.0 48.3 48.6 

6.36 6.30 6.35 

Found 
------”---- 
(i) (ii) Calc. 

NII,Sn(CH3*C0,), 
37-5 37.3 37-8 
37.4 37.3 37.8 

55.8 55.7 56.4 

Sr[Sn(CH3*CO2) 31 z 
35.0 34.9 34.9 
34.8 34.8 34.9 
12.4 12.5 12.9 
51.8 51.7 52.2 

5.68 5.80 5.75 

The alkaline-earth content of the filtrate plus the washings 
was then estimated gravimetrically as the oxalate (Cat) or 
as the sulphate (Sr and Ba). Acetate was determined l2 

by treating a known weight of complex with an excess of 
phosphoric acid, and distilling the liberated acetic acid 
into an excess of standard alkali solution. The analytical 
results (for two samples of each complex) are given in 
Table 1. 

SoZubiZities.-The solubilities (Table 2) of all five complexes 
in 2~-acetic acid and of the alkaline-earth complexes in 
acetone and ethanol, under oxygen-free nitrogen, were 

J. D. Donaldson, W. Moser, and W. B. Simpson, J .  Chem. 
Soc., 1964, 5942. 

E. M. Baker and F. C. Tompkins, J .  Chenz. Soc., 1952, 4518 
lo J. D. Donaldson and W. Moser, Analyst, 1959, 84, 10. 
l1 I<. Sporek and A. F. Williams, Analyst, 1955, 80, 347. 
lZ W. W. Scott, “ Standard Methods of Chemical -4nalysis,” 

D. Van Nostrand Co., New York, 4th edn., 1925, vol. 11, p. 1547. 
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determined by titrating lo the stannous tin in solution. 
Because of the rapid decomposition of the complexes in 
water, their solubility in this solvent could not be estimated. 

TABLE 2 
Solubility (g./l. of solution) of coniplex tin(r1) acetates 

Solvent r--7 7 

Temp. 25" 40" 2%" 40" 50" 
Ca;Sn(CH3C0,)3]z 0.523 0.677 0.746 3.02 4-08 
Sr[Sn(CH,CO,),], 0.795 0.960 1-88 2-57 4.83 
Ba[Sn(CH,.CO,),!, 0.354 0.433 1.39 1.76 2.07 

Acetone Ethanol 
A 

2s-.\cetic acid Solvent h r 
Temp. 25" 40" 50" 7s 

NH,Sn(CH,CO,), 40.1 47.1 60.0 308 
KSn(CH,CO,), 112 128 186 284 
Ca[Sn(CH,-CO,),], 43.8 54.7 71.2 112 
Sr[Sn(CH,CO,),], 69.0 71.4 72.7 118 
Ba[Sn(CH,*CO,),], 95.7 261 378 637 

Stability of the Complexes.--411 five complexes were stable 
for several months when stored igt vacuo over potassium 
hydroxide. On exposure to a moist atmosphere, the 
allrali-metal and ammonium triacetatostannates(I1) were 
found to be hygroscopic, and were sIowly oxidised to yellow 
non-crystalline compounds containing appreciable quantities 
of tin(1v). 

Under similar conditions the metal(I1) triacetatostann- 
ates(I1) were moderately stable. The most stable complex in 
moist air was the calcium derivative, which showed no signs 
of yellowing or of alteration in composition after six months. 
For each complex the time for the appearance of the first 
sign of impurity (tl) and the percentage of stannous tin 
that had been oxidised after a further time, t,, are given in 
Table 3. 

TABLE 3 

Stability of the coniplex tin(I1) acetates in moist air 
Sn(CH,CO,),- derix-. I< NH, Ca Sr Ba 
t ,  (days) ............... 21 I 60 30 
t ,  (days) ............... 30 42 >200 90 120 
Sn(I1) oxidised (;;) ... 15 80 0 7  15 

R 

The thermal stability of the complexes was studied using 
a melting-point and a vacuum-grid apparatus. The 
calcium, strontium, and barium bistriacetatostannates(I1) 
decomposed without melting in the ranges 288-295, 278- 
284, and 262-268", respectively. The potassium and 
ammonium complexes melted at 160-161 and 132-133", 
respectively, and decomposed slowly above 250". In  
each case, the main gaseous products of the decomposition 
were acetone and carbon dioxide (infrared and chemical 
characteristics). Tin(r1) acetate was also obtained as a 
sublimate (X-ray, infrared, and chemical, characteristics) 
and the residue was a mixture of blue-black tin(I1) oxide 
and the metal acetate (X-ray powder data). In  the case 
of ammonium triacetatostannate(II), the decomposition 
products of ammonium acetate were also detected, and the 
residue contained only blue-black tin(I1) oxide. 

Hydrolysis of the ConzpZexes.--All five complexes de- 
composed to blue-black tin(I1) oxide when kept under water. 
The decomposition was rapid in boiling water and in alkaline 
solution. Under certain conditions, however, a white 
hydrolysis product was obtained. When a suspension of 
complex (1 8.) in alkali-free dererated distilled water was 
shaken mechanically for + hr., the product was a white 

powder. This had an X-ray-diffraction powder pattern 
identical with that of hydrous tin(I1) oxide l3 but was not 
as pure as the material obtained by hydrolysis of tin(r1) 
formate under similar conditions. 

Studies of tlae Ions Present in Tin(11)--4 cetate SoZutions.- 
Potentiometric studies. Potentiometric measurements were 
made on the tin-tin(I1) ion couple to determine which ions 
exist in tin(I1)-acetate solutions. The cell used consisted 
of two half-cells Sn I SnSO,, ZM-H,SO,, containing equimolar 
quantities of tin(I1) sulphate, connected by means of an 
agar-agar bride. To prevent oxidation of the bivalent tin 
the half-cells were kept in a non-oxidising atmosphere. 
The changes in voltage of the cell on addition of solutions of 
alkali-metal acetate to one half-cell, and of distilled water 
to the other, were plotted against the ratio of the concen- 
trations of tin(I1) and acetate in the solution. The measure- 
ments were carried out for cells containing ca. O-OlM-tin(Ir) 
sulphate. The graphs showed five significant inflections at 
tin : acetate ratios of 1 : 1, 1 : 2, 3 : 7, 2 : 5, and 1 : 3, corres- 
ponding to the species Sn(CH,*CO,) +, Sn(CH,CO,),, 
Sn,(CH,.CO,),-, Sn,(CH,*CO,),-, and Sn(CH,*CO,),-. 

These were carried out with a 
Tinsley polarograph, a dropping-mercury cathode (drop 
time 2-3 sec.), and a niercury-pool anode. Pure blue- 
black tin(I1) oxide (0.08-0-8 g./l.) was dissolved in a freshly 
prepared standard solution of alkali-metal acetate (0.04- 
0-08%, w/w, in 10% sulphuric acid) and a sample of the 
solution was placed in the cell. Oxygen-free nitrogen was 
then bubbled through the solution for 5 min., to prevent 
oxidation of the tin(I1) present. A varying potential 
(+Ow5 to -1.5 v) was applied across the cell, and the 
corresponding changes in cell current were recorded auto- 
matically. The wave-height of the tin species at about 
- 0 . 5 ~  (against the mercury pool) was plotted against the 
ratio of the concentrations of tin(I1) and acetate in the solu- 
tions. The graphs showed five significant breaks, at tin : 
acetate ratios of 1 : 1, 1 : 2, 3 : 7, 2 :  5 ,  and 1 : 3, corres- 
ponding to the species Sn(CH,*CO,) +, Sn(CH,CO,),, 
Sn, (CH,*CO,) ,-, Sn,(CH,.CO,) 5-,  and Sn(CH,CO,) 3-.  

CrystaZZogra~lzy.-(a) Potassium triacetatostannate(11) 
consists of colourless, elongated rectangular crystals with 
cleavage (100) and extinction a t  40" to the G axis. The 
crystals show low birefringence and positive elongation ; 
n = 1.63. 

Crystal data: KSn(CH,*CO,),, M = 334.9. Monoclinic 
u = 8.55 0.02, b = 17.70 i. 0.04, c = 7.31 0.02 A, 
(3 = 104O, U = 1140 %L3, D, = 1.97 (by displacement of 
organic solvents), 2 = 4, D, = 1.95. Filtered Cu-K, 
radiation, single-crystal rotation and Weissenberg photo- 
graphs about b. 

(b)  Ammonium triacetatostannate(r~) consists of coluur- 
less, elongated rectangular crystals with cleavage ( 100) 
and extinction a t  40" to the c axis. The crystals show 
low birefringence and positive elongation; $2 = 1.60. 

Crystal data : NH,Sn(CH,CO,),, 111 = 313.9. Mono- 
clinic, a = 8.61 i 0.02, b = 17-70 0.04, c = 7-52 0.02 
A, = 104", U = 1181 %L3, D, = 1.76 (by displacement of 
organic solvents), 2 = 4, D, = 1.76. Filtered Cu-117, 
radiation, single-crystal rotation and Weissenberg photo- 
graphs about b. 

(c) Calcium bistriacetatostannate(I1) consists of colour- 
less, hexagonal plates with cleavage (010) , parallel extinc- 
tion, and low birefringence; n = 1.63. 

Crystal data:  Ca[Sn(CH,CO,),],, M = 631.7. Tetra- 
13 J .  D. Lonaldson and W. hloser, J .  Chew.  SOC., 1961, 835. 

Polarographic studies. 
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gonal, a = 8.33 0.03 A,U = 998.5 Hi3, 
D, = 2.07 (by displacement of organic solvents), 2 = 2, 
D, = 2.10. Filtered Cu-K, radiation, single-crystal rota- 
tion and Ilreissenberg photographs about a and c. 

(d)  Strontium bistriacetatostannate(x1) consists of colour- 
less, hexagonal plates with cleavage ( O l O ) ,  parallel extinc- 
tion, and low birefringence; n = 1.65. 

Crystal data: Sr[Sn(CH,*CO,),],, M = 679-3. Tetra- 
gonal, a = 8-44 0.02, c = 14-66 T 0.03A, U = 1044A3, 
D, = 2.14 (by displacement of organic solvents), 
2 = 2, D, = 2-16. Filtered Cu-K,radiation, single-crystal 
rotation and Weissenberg photographs about a and c. 

( e )  Barium bistriacetatostannate(xx) consists of colour- 
less, rhombic plates with cleavage ( O O l ) ,  extinction a t  
6'30' to the a axis and low birefringence; n = 1.66. 

0.02, c = 14.40 

TABLE 4 
S-Ray-diffraction powder data for the metal (I) and metal(I1) 

triacetatostannate(x1) complexes (a, m, w, etc., denote 
relative intensities) 

d ( K )  Index of refl. d (Calc.) d (A) d (4 
8.56s 
7.311,s 
6.88s 
6.28s 
5 . 8 3 ~ ~  
5.45w 
.5-09s 
4-78s 

r 4.21ms i 
3.9OVW 
3.58ms 
3 . 4 8 ~ ~  
3-25m 
3.21m 
3.18m 
2.99m 
2-92m 
2-89m 
2.80m 
2.76m { 
2.72111 i 
2 . 6 2 ~  
2.53m 

8-85nis 
7.53s 
6-85s 
6.2% 
5 . 8 4 ~  
5-54ms 
5.1 l m  
4 . 5 0 ~  
4.31rnw 
3.84m 
3.66s 
3.5 7 ms 
3.32ms 
3.19v.w { 
3- 1 2 ~  
3*01\V 
2 . 9 3 ~ ~  
2 * 8 4 ~ \ ~  
2 . 6 9 ~  

2.59w 

2 . 5 3 ~ ~  
2 . 5 0 ~ ~  

Potassium triacetaloslannate(II) 
100 8.55 2.49m 
00 1 7-3 1 2.44ms 
01 1 6-79 2 . 4 0 ~  
120 6-24 2.34m 
030 5.90 2.28m 
02 1 5.63 2.24m 
101 5-02 2.20m 
111 4.82 2.15ms 

4.18 2 . 1 3 ~  201 
220 3-88 2-08m 
012 3-58 2 . 0 4 ~  
230 3.45 2.01w 
150 3.27 1.964m 
202 3.20 1.931ms 
05 1 3.18 
222 3.00 
231 2.92 
311 2.88 
160 2.80 
32 1 2.77 
132 2.75 

2.73 320 
250 
$31 2.62 
070 2.53 

I10 

A mwzoniunz triacetatostannate(II) 
020 8-85 2.43m 
00 1 7.52 2 . 3 6 ~  
01 1 6.95 2-28mw 
120 6.23 2.20vw 
(130 5-90 2 . 1 7 ~  
02 1 5.75 2.12w 
101 5.11 2 . 0 8 ~ ~  
121 4.44 2 . 0 5 ~  
200 4.3 1 2.00vw 
c4 1 3.84 1 * 8 9 7 v w 
141 3.65 1 . 8 3 3 ~  
050 3.54 1 . 7 8 9 ~  
211 3.33 1 . 7 6 4 ~ ~  

3.19 1 . 6 4 9 ~  w 312 
132 
240 3.11 1*633\7iv 
122 3.01 1 . 5 5 6 ~ ~ ~  
30 1 2-93 1 -52 1 vw 
?lo 2.83 1 . 5 1 0 ~ ~  
161 2.69 1 . 4 9 3 ~ ~  
025 
330 2.59 
I03 
070 2.53 
003 .2*51 

TABLE 4 (Continued) 
d (A) Index of refl. d (Calc.) d (A) d (4 

8 . 5 3 ~ ~ ~  
7.18m 
5 . 5 0 ~ ~  
4.15s 
3.73VVS 
3 . 6 6 1 ~ ~  { 
3.32m 
2.97s 
2 . 7 5 ~  
2 . 7 2 ~  
2.64m 
2.59m { 
2.40m 
2 . 3 0 ~ ~  
2.23m 
2.08111 { 
2.02111 { 

8 . 5 5 ~ ~  
7.34w 
5 . 5 6 ~ ~  
4.22s 
3.79vvs 
3 . 6 9 ~ ~ 7 ~  
3-36m { 
3.00s 
2.77m 
2-65ms { 
2-44s 
2.34s 
2 . 3 2 ~ ~  
2.25s 
2.11s { 
2.05s { 

9.91VS 
7 . 4 8 ~  
7 . l lm  
6 . 7 9 ~  
6.44m 
6.1 l w  
5-80s 
5 . 0 5 ~  
4.24m { 
4.03m { 
3.72s 
3.63s 
3-53m 
3.42m 
3.31m 
3.22m 
3.1 Om 
2 . 8 2 ~  
2 . 6 7 ~  
2 . 5 1 ~  

Calci mn ditriacetatostannate(11) 
1.963s 100 8.33 

002 7.20 1 . 9 4 2 ~  
1 . 8 9 6 ~ ~  102 5.45 

200 4.16 1 . 8 6 2 ~ ~  
210 3-73 1.832m 
004 3.61 1-804m 
202 1 * 7 6 3 v v ~  
212 3.3 1 1 . 7 0 2 ~ ~ ~  
220 9-95 1 . 6 7 5 ~  
300 2.78 1 . 6 5 4 ~  
204 2-72 1 . 6 3 1 ~  
310 2.64 
302 1 . 5 7 1 ~  
214 2*59 1.542m 
006 2.40 1 *5 1 ~ V W  
106 2.30 1 . 4 8 9 ~ ~  
116 2.22 1 . 4 7 6 ~ ~ ~  
206 
400 
410 
216 

1 *622vw 

2.08 

2-02 

Strontiuiit ditriacetatostaiz~zzate(1I) 
100 8-44 1 . 9 8 2 ~ ~  
002 7.33 1-897m 

1.837ms 102 5.5 1 
200 4.22 1 . 7 8 9 ~ ~  

1.686m 210 3-77 
004 3.67 1.659rn 
104 3.36 1.649m 
212 3.35 1.595m 
220 2.98 1.566m 
201 2.77 1 . 5 4 1 ~  
310 2.67 1 . 4 9 6 ~  
2 14 2.63 1.470m 
006 2.44 1.449m 

1 * ~ O ~ V W  320 2.34 
224 2.32 1 . 3 9 7 ~  
116 2.26 1 * 3 8 ~ V X V  
400 2. 1 . 3 6 5 ~  
206 

2.05 410 
216 

B a r i u m  ditriacetatostaniiate(r1) 
002 9.93 2.395 
I00 7.48 2-28m 
l 0 l  7.15 2.21w 
101 6.90 2- 1 5 ~  
003 6.56 2.1 lvw 
102 6.13 2 . 0 5 ~  
102 5.86 1 . 9 7 3 ~  
111 5-04 1 * 93 1 w 
113 4.24 1-891s 
104 1-844s 
113 4.07 1 . 8 1 5 ~ ~  
005 1 a 7  8 3 ~ ~  
200 3.72 1 . 7 3 7 ~ ~  
105 3-60 1 . 6 9 3 ~  
114 3.54 1 . 6 4 1 ~  
105 3.45 1 . 5 8 5 ~ ~ ~  
120 3-31 1 . 5 5 5 ~ ~ ~  
203 3.21 1 . 5 3 0 ~ ~  
122 3.10 1 - 5 0 2 ~ ~ ~  
124 2-82 1 . 4 7 6 ~ ~ ~  
205 2.69 
30 1 2.51 

1.455VW 
1 . 4 4 3 ~ ~  
1 . 4 2 6 ~ ~  
1 . 3 9 2 ~  
1 * 3 6 9~ w 
1 . 3 4 6 ~ 1 ~  
1-31 ~ V V W  

1 . 2 9 8 ~ ~  
1 , 2 7 9 ~ ~ ~  
1 * 2 6 ~ V W  

1 * 2 3 8 ~ v w  
1 . 2 2 8 ~ ~ ~  
1~202VW 
1.187VVW 
1 . 1 7 8 ~ ~ ~  
1 * 1 5 6 ~ ~ ~  
1 . 1 4 3 ~ ~ ~  
1.113VW 

1 a3 1 7 \ ~  
1 . 3 0 1 ~  
1 . 2 6 6 ~  
1 . 2 5 5 ~ 1 ~  
1 . 2 4 5 ~  
1 .207~~-  
1.1 9 4 ~  
1 . 1 7 2 ~ ~  
1.159m 
1 * 12 lm 
1*108v\\- 
1.086V\V 
1 * 0 7 5 v w 
1 - 0 4 7 ~  
1.03 7 V\V 
1 * 02 7 v w 
1*015v\\- 

1 .447VVW 
1 . 4 1 7 ~ ~  
1 - 4 0 5 ~ ~  
1.38 1 vw 
1 * 3 69x7~ 
1 . 3 4 4 ~ ~  
1 . 3 0 3 ~ ~ ~  
1 . 2 8 4 ~ ~ ~  
1 . 2 6 5 ~ ~ ~  
1 . 2 4 2 ~ ~  
1.2 1 9 ~ ~ \ \ .  
1 . 1 9 5 ~ ~  
1 - 19 1 V W  
1 . 1 2 4 ~ ~ ~  

Crystal data: Ba[Sn(CH,*CO,),],, 31 = 729.0. Tri- 
clinic, a = 7-48 'f 0.02, b = 7.48 0.02, c = 19.90 5 0.04 

(by displacement of organic solvents), 2 = 2, D, = 2.18. 
Filtered Cu-K, radiation, single-crystal rotation and 
FI'eissenberg photographs about a and b. 

Table 4 contains the X-ray-diffraction powder data, 

A, a = 88', = 88', y = go", I/' = 1109 A3, D, = 2.21 
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obtained by using an 11.64-cm. camera with Cu-K, radiation : 
The &spacings longer than 2.50 have been indexed for the 
potassium, ammonium, and barium complexes, and the 
spacings longer than 2.00 for the calcium and strontium 
complexes. 

DISCUSSION 
In view of the small energy separation l4 between the 

s- and p-orbitals of tin(II), all the $-orbitals should, if 
possible, act as acceptor orbitals towards a suitable 
ligand. Complexes based on $3 hybrids should thus 
be very stable. The inclusion of appreciable &character 
in the tin@)-ligand bonds depends upon the s-d as well 
as the s+ separation and would appear to be less likely. 
These views are confirmed by this study on the tin(I1)- 
acetate system. There is considerable evidence for the 
stability of ' the triacetatostannate(I1) ion, but no 
evidence for the existence of complexes of higher 
co-ordination. The fact that there is evidence for poly- 
nuclear complexes of the type Sn,(CH,*CO,),,+, (n = 2 

or 3) suggests that the stable three-co-ordination is 
maintained even in the presence of insufficient ligand to 
complex all of the metal as the triacetatostannate(r1) 
ion. Moreover, the only solid derivatives obtained from 
tin (11)-acet at e solutions are derivatives of the triacet at o- 
stannate(I1) species. An infrared study' of the solid 
complex tin(11) acetates showed that the acetate ion is a 
monodentate ligand towards tin(II), and the spectra 
were consistent with the pyramidal structure expected 
for the Sn(CH,*CO,),- ion. 
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