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Abstract 

(NH4)2Sn(HPO3) 2 is triclinic, space group P i  with a = 
4.799 (1), b = 10.060 (6), c = 10.338 (6)/~, a = 
107.07 (4), fl = 82.18(4) ,  ~, = 90.32 (4) ° , V = 
472.4 (4)A 3 and Z = 2. The block-diagonal least- 
squares method gave a final R = 0.046 for 2364 unique 

diffractometer reflections. There are three short S n - O  
bonds at distances 2.111(5) ,  2 .115(5)  and 
2.161 (6),/~, one intermediate bond at 2.696 (6),/~ and 
one much longer interaction at 3.258 (6)A. The 
phosphite ion has an approximately trigonal symmetry 
with P - O  distances of 1.506(5),  1.523 (5) and 
1.531 (6) ,/k. 

0567-7408/82/051441-05501.00 © 1982 International Union of Crystallography 
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Introduction Table 1. Exper imenta l  data 

Phosphite complexes of Sn II in aqueous solution have 
been investigated by potentiometric studies, and the 
formation of the species SnHPO 3, Sn(HPO3) ~- and 
Sn(HPO3) 4- has been confirmed (Davies, Donaldson & 
Simpson, 1969). The structure of SnHPO 3 has recently 
been solved from X-ray diffraction data (McDonald & 
Eriks, 1980), while those of the other complexes have 
not been reported. Davies et al. (1969) have claimed 
that only (NH4)4Sn(HPO3) 3 can be obtained in the pH 
range 3 .5-8 .1 .  However, we have succeeded in 
crystallizing the second complex, (NH4)2Sn(HPO3) v by 
careful adjustment of the acidity to pH = 6. 

The crystal structures of many oxygen-coordinated 
Sn n compounds have been determined (Zubieta & 
Zuckermann, 1978). The environment of Sn n may be 
classified into two categories: (1) threefold coordina- 
tion with a trigonal-pyramidal structure and (2) four- 
fold coordination with a square-pyramidal structure. In 
both cases, additional weaker bonds may complete a 
distorted octahedron. The former type of coordination 
has often been found for compounds with unidentate 
ligands, while bidentate ligands favour the latter type of 
coordination. 

The HPO]-  ion may act either as a monodentate or 
as a bidentate ligand. The structural features of 
diammonium tin(II) diphosphite are therefore difficult 
to predict. 

(a) Physical and additional crystallographic data 
Formula: (NH4)2Sn(HPO3) 2 Mr= 314.8 
F(000) = 304 d c = 2.21 gcm -3 

= 30.5 cm -~ (Mo Kn) 
Crystal habit: Colourless rectangular 
Crystal size: 0.07 × 0.11 x 0.15 mm 

(b) Data collection 
Radiation: Mo Ka 
Monochromator: graphite crystal 
Maximum 20 angle: 60 ° 
Scan interval (Aog): 1.0-- 1.5 o (a,'--2 O model) 
Standard reflections: every 50 reflections; their average intensities 

are 220 1 = 56800 (2400); 013 ) = 140300 (2300) 

(c) Conditions for refinement 
Reflections centred for the refinement of cell dimensions: 15 
Recorded reflections: 3075 
Significant reflections: 2364 with Ha(l) > 3.0 
Refined parameters: 100 
Reliability factors: R = )_.[ IF o - IFcl I/YFo = 0.046 (R = 0.065 

when unobserved reflections were included) 

Lorentz and polarization effects. Absorption effects 
were allowed for, using the program TAPER (Syntex, 
1973). This program evaluates the transmission factors 
in an empirical way from ~, scans of the actual crystal. 
The experimental data are summarized in Table 1. 

Structure determination and refinement 

Experimental 

The title compound was prepared in a manner similar 
to that described by Davies et al. (1969), but with 
careful adjustment of pH. Black SnO (Kebo, purum, 3 
g) was added to an aqueous solution of H3PO 3 (Merck, 
pro analysi, 30%, 30 ml) and the solution was then 
heated under nitrogen gas until the reaction was 
completed. Ammonia  gas was bubbled slowly in the hot 
solution until the pH value increased to 6. A small 
fraction of white SnHPO 3 left in the solution was 
filtered off. The clear solution was placed over P205 
in a desiccator. After a few days, colourless, rec- 
tangular crystals of (NH4)2Sn(HPO3) 2 were formed. 
The crystals are unstable, being hygroscopic and 
oxidized in air. 

A rectangular crystal was sealed in a thin-walled 
glass capillary. Diffracted intensities were collected for 
h > 0 on a four-circle computer-controlled Syntex P2~ 
diffractometer with variable scan speed. Two standard 
reflections after every fiftieth reflection showed that the 
crystal was stable during the data collection. The net 
intensities were calculated by the Lehmann & Larsen 
(1974) profile-analysis method (program L E L A ;  Lind- 
qvist & Ljungstr6m, 1979). Reflections having I > 
3a(I)  were regarded as significant and corrected for the 

The Sn atom was located from a three-dimensional 
Patterson synthesis, also indicating the space group to 
be P i .  Successive Fourier calculations revealed all the 
other non-hydrogen atoms. Least-squares refinement, 
using the block-diagonal approximation (program 
B L O C K ;  Lindgren, 1977), of an overall scale factor 
and positional and anisotropic thermal parameters for 
all non-hydrogen atoms gave a final R of 0.046. Since 
no serious extinction effect seemed to be present, no 
such correction was performed. The weighting scheme 

Table 2. Atomic  coordinates with e.s.d.'s inparentheses  
and  equivalent isotropic temperature fac tors  

Beq = ]~i ~jfloat • aj (Hamilton, 1959). 

x y z Beq (A 2) 

Sn 0.35117 (9) 0.36469 (4) 0.33624 (4) 2.163 (6) 
P(1) 0.7805 (3) 0.2004 (2) 0.4672 (1) 2.08 (3) 
O(1)  0.9917 (12) 0.3137 (7) 0.4609 (5) 3.63 (11) 
0(2) 0.5574 (10) 0.1986 (5) 0.3751 (5) 2.46 (9) 
0(3) 0.6621 (12) 0.2154 (6) 0.6135 (5) 3.01 (10) 
P (2 )  0.9944 (3) 0.2221 (2) 0.0928 (1) 1.79 (2) 
0(4) 1.2489 (1 I) 0.2075 (5) 0.1645 (4) 2.59 (9) 
0(5) 1.0780 (11) 0.1886 (5) --0.0603 (4) 2.55 (9) 
0(6) 0.8291 (12) 0.3557 (5) 0.1629 (6) 3.34 (10) 
N(1)  0.8636 (14) 0.6464 (6) 0.2410 (6) 2.65 (11) 
N(2)  0.3942 (13) 0.9271 (6) 0.1929 (6) 2.59 (1(3) 
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w = 1/(50.0 + IFol + 0"051Fo 12) gave an acceptable 
weight analysis. A final difference synthesis showed no 
anomaly, but attempts to locate the H atoms failed. 
Scattering factors for neutral Sn, P, O and N were 
taken from International Tables for X-ray Crystallog- 
raphy (1974). The final atomic parameters are given in 
Table 2.* All calculations were carried out on an Hp 
2100 computer (Sj61in, 1979). 

Structure description and discussion 

The structure may be basically described as ionic, 
containing NH~, Sn 2+ andHPO~- ions. A stereoscopic 
view of the structure is shown in Fig. 1 and significant 
interatomic distances and bond angles are given in 
Table 3. 

The present compound has a large open space in the 
unit cell, being occupied by the stereochemically active 
lone-pair orbitals of the tin(II) ions. The details of the 
structure are described below. 

Tin(II) coordination 

The Sn atom is strongly bonded to three O atoms 
from three different phosphite groups. In addition there 
is a fourth O atom at a longer distance, and the tin 
coordination may be regarded as intermediate between 
three- and fourfold coordination (cf. Fig. 1). The fourth 
interaction, Sn-O(6),  seems to influence the opposite 
bond Sn-O( l i ) ,  which is slightly elongated. 

The oxygen coordination of tin(II) in various 
compounds has been listed in Table 4 in decreasing 
order of the fourth strongest S n - O  interaction. The 
table thus starts with a regular trigonal-pyramidal 
coordination and ends with the regular square- 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 36685 (27 pp.). Copies may 
be obtained through The Executive Secretary, International Union 
of Crystallography, 5 Abbey Square, Chester CH 1 2HU, England. 

Table 3. Interatomic distances (,~) and angles (o) with 
e.s.d.'s in parentheses 

(a) Sn coordination 

Sn-O(1 j) 2.161 (6) 0(1 ~)-Sn-O(2) 84.6 (2) 
Sn-O(2) 2.111 (5) 0(1 ~)-Sn-O(4 j) 89.8 (2) 
Sn-O(4')  2.115 (5) 0 ( 2 ) - S n - 0 ( 4  i) 83.6 (2) 
Sn-O(6) 2.696 (6) 0 ( 2 ) - S n - 0 ( 6 )  82.5 (2) 

[Sn-O(6 i) 3.258 (6)] O(4J)-Sn-O(6) 80.9 (2) 
0(1 ~)-Sn-O(6) 164.9 (4) 

O(1')-O(2) 2.877 (8) 
O(1 ~)-O(4 ~) 3.020 (7) 
O(1')-O(6) 3.420 (8) 
0 (2 ) -0 (4  ~) 2.816 (7) 
0 (2) -0 (6)  3.200 (7) 
O(4~)-O(6) 3.151 (8) 

(b) Phosphite groups 

P(1)-O(1) 1.531 (6) 
P(1)-O(2) 1.523 (5) 
P(1)-O(3) 1.506 (5) 
O(1)-O(2) 2.519 (8) 
O(1)-O(3) 2.487 (8) 
0 (2 ) -0 (3 )  2.537 (7) 
P(2)-O(4) 1.541 (5) 
P(2)-O(5) 1.515 (5) 
P(2)-O(6) 1.498 (6) 
0 (4) -0 (5)  2.523 (6) 
0 (4) -0 (6)  2.517 (8) 
0 (5) -0 (6)  2.564 (7) 

O(1)-P(1)-O(2) 111.2 (3) 
O(1)-P(1)-O(3) 110.0 (3) 
O(2)-P(1)-O(3) 114.0 (3) 

O(4)-P(2)-O(5) 111.3 (3) 
O(4)-P(2)-O(6) l l l .9  (3) 
O(5)-P(2)-O(6) 116.7 (4) 

(e) Possible hydrogen bonds about ammonium groups 

N(1)-O(6) 2.806 (8) O(5H)--N(1)--O(3 ~H) 93.2 (2) 
N(1)-O(5 ~j) 2.828 (8) O(5~)-N(1)-O(3 ~v) 92.6 (2) 
N(1)--O(3 Ht) 2.888 (8) O(5~)-N(1)-O(6) 125.3 (3) 
N(1)--O(3 ~v) 3.007 (8) O(3H~)--N(1)--O(3 ~v) 109.0 (2) 
N(1)--O(1 ~) 3.161 (8) O(3~")-N(1)--O(6) 112.0 (3) 

O(3~)-N(1)-O(6) 120.5 (3) 
N(2)-O(3 ~H) 2.769 (8) O(2~i)-N(2)-O(5 v) 138.9 (3) 
N(2)-O(5 ~) 2.793 (8) O(2~)-N(2)-O(5 ~') 100.8 (2) 
N(2)-O(5 ~) 2.872 (8) O(2V~)-N(2)-O(3 H~) 97.0 (2) 
N(2)-O(2 ~) 2.996 (8) O(5~)-N(2)-O(5 H) 115.8 (3) 
N(2)-O(4 ~H) 3.015 (8) O(5~)-N(2)-O(3 ~H) 96.8 (2) 

O(5~)-N(2)-O(3 H~) 96.6 (3) 

Symmetry code: (i) x - 1, y, z; (ii) 2 - x, 1 - y, - z ;  (iii) 1 - x, 
l - y ,  1-z; ( iv)  2 - x ,  l - y ,  1 - z ; ( v )  l - x ,  1 - y , - z ; ( v i )  x, 
1 +y ,z ;  (v i i )x -  1,y + 1, z. 

/9 

a 

Fig. 1. Stereoscopic plot of (NH4)2Sn(HPO3) 2 (Johnson, 1965). 

pyramidal coordination found in SnO (Moore & 
Pauling, 1941). The table shows many intermediates 
between these two types, but it seems rational also to 
distinguish a third coordination type, a fourfold 
coordination based on the trigonal bipyramid (cf TeXV; 
Lindqvist, 1973). In this case there are two longer axial 
bonds (-,,2.45 ,/k) and two shorter equatorial bonds 
(~2.20,/~) with the third equatorial direction being 
occupied by the Sn n lone pair. Angles characteristic for 
this configuration are ~84 ° O l - S n - O  2 and ~154 ° 
O a - S n - O  4. The angles in Table 3 indicate that the 
S n - O  coordination in (NHa)ESn(HPO3) 2, although 
being mainly trigonal, has elements of the trigonal- 
bipyramidal coordination. 
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Table 4. Sn~I-O coordination 

The interactions below 3.5 A have been listed in increasing order for each compound, while the compounds have been listed in decreasing 
order of Sn-O 4. The notations A, B, C and E are according to Brown (1974). The notation A' corresponds to the regular square-pyramidal 
coordination with the lone pair in its apex. a's are mean e.s.d.'s in Sn-O distances. ~ b.v. is the sum of individual bond valences. The 
numbers in parentheses are the standard errors calculated from the e.s.d.'s in bond lengths. 

Ref- 
C o m p o u n d s  S n - O ,  S n - %  S n - O  3 S n - O  4 S n - O  5 S n - O  6 Addit ional  bonds  103o L b.v. Type  erence 

Sn10Wt6046 Sn(1) 2.16 2.16 2.16 3.02 3.02 3.02 3 x 3.31 31 2.23 (8) C a 
Sn2(OH)PO 4 Sn(l) 2.080 2.155 2.178 3.012 3.037 - - 6 1.96 (2) C b 
SnSO4 2.246 2-273 2.273 2.949 3.079 3.079 2 x 3.109 2 x 3.181 8 2.07 (3) C c 
Sn20(OH)zSO 4 Sn(3) 2.063 2.140 2.179 2.945 2-979 - - 9 2.02 (3) C m 
SrISn(CH2CICOz)jI 2 Sn(1) 2.130 2.133 2.145 2.948 3.110 2.287 - 5 2.03 (2) C d 
CalSn(O2CCH~)312 2.140 2.140 2.140 2.930 2-930 2.930 - 7 2.11 (2) C e 
Snz(OH)PO 4 Sn(2) 2.105 2.133 2.153 2.924 3.068 (3.373)* - 6 1.99 (2) C b 
K[Sn(C,HzC102)31 2.14 2.18 2.18 2.92 2.97 3.05 - 10 1.99 (4) C f 
SrlSn(CHzCICO2)31 ., Sn(2) 2.142 2.145 2.145 2.914 3.026 3.034 - 6 2.06 (2) C d 
SnHPO 3 2.14 2.15 2.20 2.90 3.00 3.11 3.39 10 2.04 (4) C g 
KSn(HCOz) 3 2-14 2.17 2.18 2.89 2.97 3.01 3.09 10 2.13 (4) C h 
/3-SnWO4 2.214 2.214 2.214 2.810 2.810 2.810 - 10 2.02 (121 C r 
Sn~(OH),,(SO4)2 Sn(1) 2.05 2.17 2.28 2.77 3.41 3.45 3.46 70 2.02 (27) B j 

Sn(2) 2.08 2.11 2.26 2.73 3.31 3.35 3.48 3.48 70 2.16 (26) B 
SnjO(OH)PO 4 Sn(3) 2.082 2.168 2.263 2.743 2.950 3.251 - 7 2.02 (3) B k 
(NH4)2Sn(HPOj) 2 2.111 2.115 2.161 2.696 3.258 - - 6 2.03 (2) B l 
SnjO(OH)PO , Sn(1) 2. 110 2.139 2.157 2.673 3-319 - - 8 2.00 (3) B k 
SnHPO4 2.15 2.29 2.36 2.61 2.63 3.22 3.24 3.26 10 2.06 (4) B g 
Sn,(OH)~:(SQ) 2 Sn(3) 2.07 2-23 2.28 2.56 3.38 3.48 3.49 70 2.00 (23) B j 
Sn2OSO ~ Sn(l) 2.150 2.262 2.353 2.562 2.826 3.005 3.286 3.327 7 2.06 (2) B n 

Sn(2) 2.137 2-226 2.340 2.523 2.913 3.213 3.408 8 2.00 (3) B 
SnjO(OH)2SO ~ Sn(1) 2.062 2.161 2.384 2.485 3.225 3.273 3.316 8 2.10(31 B m 

Sn(2) 2.094 2.144 2.394 2-464 3.337 3.426 8 1.97 (3) B 
Sn~O(OH)PO4 Sn(2) 2.065 2.168 2.282 2.470 3.320 - - 8 2-00 (3) B k 
Sn(H2PO4) ~ 2.209 2.209 2.466 2.466 2.913 2.913 3.182 2 2.05 (10) A o 
[SnHSntvO(O2CCFj)4IzC6H6 2.136 2.403 2-446 2.466 2.509 - - 7 1.79 (1) E p 
Sn(C4H204)H20 2.176 2.196 2.312 2.440 2.817 2.904 - 6 2.05 (2) A B  q 
a-SnWO4 2.184 2.184 2.392 2.392 2.825 2.825 - 8 2.04 (3) A i 
Sn~0W~6046 Sn(2) 2.09 2.093 2.39 2.39 3.355 - - 26 2.02 (121 A a 
Sn(CHOz)2 2.13 2.145 2.36 2.36 3.04 3.05 - 10 2.10 (3) A s 

2.20 2.20 2-36 2.37 3.06 3.08 - 10 1.95 (4) A 
NazSn(C204) ., 2.246 2.246 2.357 2.357 2.910 2.910 2 x 3.411 I0 2.06 (4) A t 
SnS204 2.237 2.255 2.264 2.323 - - - 3 1.74 (2) A' u 
Sn(PhCOCHCOMe) z 2.135 2.135 2.290 2.290 - - - 4 1.98 (1) A o 
SnO 2.224 2.224 2.224 2.224 - - - 8 1.90 (3) A'  w 

References: (a) Goreaud, Labb~ & Raveau (1980); (b) Jordan. Schroeder, Dickens & Brown (19761; (c) Donaldson & Puxley (19721; (d) Dewan (1980); (e) Dewan, Silver, 
Donaldson & Thomas (19771; ( f )  Clark. Donaldson. Dewan & Silver (19791; (g) Mc Donald & Eriks (19801; (h) Jelen & Lindqvist (19691: (i)Jeitsehko & Sleight (19721; (j) 
Grimvall (19791; (k) Jordan. Dickens. Schoeder & Brown (19801; (l) present work; (m) Davies, Donaldson. Laul~hlin. Howie & Beddoes (19751; in) Yamaguchi. Wernfors & 
Lundgren (1982); (o)Herak. Prelesnik. Curi6 & Vasic C1978); Lo)Birchall & Johnson (1981); (q) Dewan. Silver. Andrews. Donaldson & Laughlin (19771; (r)Jeitschko & 
Sleight (19741; (s) Harrison & Thornton (19781; it)Donaldson. Donoghue & Smith (19761; (u) Magnusson & Johansson (19811; it') Ewings. Harrison & King (19751; (w) 
Pannetier & Denes ( 19801. 

* The interaction was not included in calculating ~. b.v.. since the Sn-Pdistance is shorter than the Sn-O(PO~-) distance in the same phosphate group. 

The S n - O  bond lengths (< 3.5 A) in 
(NH4)2Sn(HPOj) 2 may be transformed to bond 
valences according to Brown (1974). By using his 
formula s = so(R/Ro) -N with empirical values of  s o = 
0.5,  R 0 = 2.20 (Jordan, Schroeder, Dickens & Brown, 
1976) and N = 4.5, the S n - O  bond valences are 0.602,  
0 .597,  0.541,  0 .200  and 0.085 v.u. for the five shortest 
S n - O  distances. The sum of  these empirical bond 
valences is 2.025 v.u. which is in good agreement 
with the theoretical bond valence of  2 v.u. Corre- 
sponding sums for other S n - O  coordinations are listed 
in Table 4. The bond-valence description also holds 
quite well in the other compounds, except for 
[ S n I I S n I v O ( O 2 C C F a ) 4 ] 2 . C 6 H 6  a n d  S n S 2 0  4. Although 
the empirical bond valences only reflect the experi- 
mentally determined bond lengths, they may be helpful 
to decide whether long distances are regarded as weak 
interatomic interactions or not. 

Phosphite groups 

The two independent phosphite groups have almost 
trigonal symmetry. The average P - - O  distance, 
1.519 (5) A, and the average O - P - O  angle, 
112.5 (3) ° , compare "well with literature data, e.g. 
Sbz(HPO3) 3 (Loub & Paulus, 1981), SnHPO 3 
(McDonald & Eriks, 1980), CuHPOa.2H20  (Hand- 
lovi6, 1969) and MgHPO3.6H20  (Corbridge, 1956). 
Although the H atoms of the HPO 3 groups could not be 
located in the present investigation, they must be 
bonded directly to the P atom, similarly as revealed by 
a neutron diffraction study of  LiH2PO 3 (Johansson & 
Lindqvist, 1976). The atoms 0(3) ,  0 ( 5 )  and 0(6) ,  
having the shortest P - O  bond distances (cf. Table 3), 
are not, or only weakly, coordinated to the Sn H atom. 
Instead, they appear to participate in strong hydrogen 
bonding with the ammonium ions. 
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Hydrogen bonds 

Normally, N - H . . . O  hydrogen-bond lengths have 
been found in the range 2.78-3.13 A (Khan & Baur, 
1972). In (NH4)2Sn(HPO3) 2 each of the two indepen- 
dent ammonium ions is involved in three relatively 
strong hydrogen bonds. A probable hydrogen-bond net 
is indicated in Fig. 1 and in Table 3. The ammonium 
groups are thus firmly connected in the structure, and 
the hydrogen bonding seems to be essential for the 
stability of the stucture. One of the H atoms in the N(2) 
ammonium group may participate in a bifurcated bond. 
To investigate the details of the hydrogen bonding and 
the nature of the P - H  bond in (NH4)2Sn(HPO3)2, a 
neutron diffraction study has been commenced. 

Ion& character 

The formation of a covalent bond between a 
phosphite O and an H atom lengthens the P - O  bond 
by about 0.1 A from the normal P - O  distance 
(1.502A),  as described in LiH2PO 3 (Johansson & 
Lindqvist, 1976). If the Sn atom formed covalent bonds 
with the phosphite O atoms, the P-O(1) ,  P -O(2 )  and 
P -O(4 )  bond distances should have values similar to 
the P - O H  bond length. However, this is not the case 
and the S n - O  bond causes only a minor P - O  
elongation. Furthermore, the P - O . . . S n  angles (mean 
value 132 ° ) differ significantly from that expected 
(~109 °) for covalent P - O - S n  bonds (the H - O - P  
bond angle in LiH2PO 3 is 110°). These indications, as 
well as the successful bond-valence description (cf. 
Table 4), suggest that the nature of the S n - O  bonding 
may be regarded as predominantly ionic. Such a 
conclusion based on structural data alone may be 
disputed and a theoretical calculation involving elec- 
tronic-population analyses may be needed to confirm 
the nature of the oxygen coordination of Sn n. 

The authors thank Professor Georg Lundgren for his 
kind interest in this work and the Swedish Natural 
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