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NaAgS203Hr0 is monoclinic, PC: a = 7.78(I), b = 
9.07(l), c = 7.71(1)it, fi = 96.3”(.2”), Z = 4. The 
crystal structure has been determined at room tempe- 
rature from three-dimensional X-ray photographic data 
and refined by differential methods using anisotropic 
thermal parameters; final R = 10.8%. In the asym- 
metric unit there are two independent silver atoms 
both tetrahedrally surrounded by three sulphur atoms 
from three thiosulphate groups and by one oxygen 
atom from the water molecule. Each thiosulphate 
group behaves as a monodentate ligand through the 
external sulphur which coordinates to three adjacent 
silver atoms (Ag(l)_S = 2.48, 2.54, 2.60 A; Ag(2)- 
S = 2.52, 2.52, 2.65 A) so that the coordination po- 
lyhedra result linked in layers running parallel to 
(010). These layers are joined together by sodium 
atoms which interact, in a distorted octahedral envi- 
ronment, with the oxygen atoms. 

Introduction 

As a part of a study concerning the crystal struc- 
ture of silver thiosulphate complexes, which are im- 
portant in photographic process, the compounds ap- 
pearing in the Ag&Ox-Na&OrH20 system have 
been considered. As found by Bassett and Lemon’ 
the salts formed in that system at 25°C are: Na,Ag- 
(SZO~)Z .2&O, Na~Ag3Whh. 2H20, NaAgS203. H20, 
NaAg,(&O& . HzO. Among these the compound cor- 
responding to the simplest stoichiometric formula 
(NaAgS203H20) was considered for a structural ana- 
lysis being the easiest one to prepare in good crystals 
suitable for an X-ray single crystal work. 

The aim of this research is to define the nature of 
coordination around silver atoms and the role played 
by the thiosulphate groups. 

Experimental Section 

The crystals prepared according to Baines’ were 
obtained as thick colourless triangular plates flattened 
along (010). 

Cell parameters, determined from rotation and Weis- 
senberg photographs (CuKa, X = 1.5418 A) are as 
follows (the e.s.d.‘s given in parentheses are in units 
of the last decimal figure): 

(I) H. Bassett and I. T. Lemon, I. Chem. Sot., 1423 (1933). 
(2) H. Baines, /. Chem. Sot., 2763 (1929). 

NaAgSzO,HzO M = 261.0 

a = 7.78(l): 6 = 9.07(l); c = 7.71(l) A; f3 = 96.3”(.2”) 

v = 541.0 A’; z = 4; D, = 3.20; D, = 3.12 g cm-‘; 

or = 376.3 cm-’ (CuKa); F(000) = 490. 

Space group: PC (from systematic absences and strong 
piezoelectric behaviour). 

No chemical analysis was carried out and the for- 
mula NaAgS20jH20 given by Baines was assumed, 
being the morfological data quoted in his paper in 
agreement with the present X-ray crystal data. 

Two series of equi-inclination integrated Weissen- 
berg photographs (Ni-filtered Cu radiation, multiple 
film technique) were taken at room temperature around 
[loo] with levels h = 0,l . . . 6 and around [OOl] 
with levels 1 = 0,l . . . 6. 1024 independent non zero 
reflexions were observed out of a possible 1254 within 
the CuKa sphere. The shape of the spots of non- 
equatorial layers was taken into account using the 
formula I COTT. = I( 1 + K co&) in which K was an em- 
pirical constant determined by comparison of corre- 
sponding expanded and contracted spots on the same 
photograph. To give an approximate correction for 
the absorption effects the samples were considered 
spheres with mean radii of 0.013 cm and 0.008 cm 
for the photographs taken around [ 1001 and [OOI] 
respectively. 

The structure amplitudes were obtained from the 
photometrically measured intensities after correction 
for Lorentz and polarization factors. All the data 
were put on the same scale by the least-squares cross 
correlation procedure of Rollett and Sparks3 and a 
starting absolute scale was then established by Wil- 
son’s4 method. 

Structure analysis and refinement 

The unit cell contains four formula units NaAg- 
SzOjH20 which must occupy two independent posi- 
tions as required by the symmetry of the space group 
(PC). Bearing this in mind it was possible to deduce 
the coordinates of silver and sulphur atoms from a 
threedimensional Patterson synthesis. These coordi- 
nates were valuable to locate all the other non hydro- 
gen atoms by standard Fourier methods. The refi- 
nement was carried out by means of several cycles 
of Booth’s differential synthesis with anisotropic ther- 

(3) I. S. Rollett and R. A. Sparks. Acta Crysl.. 13, 273 (1960). 
(4) A. J. C. Wilson, Nafure, 150, 152 (1942). 
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Table I. Final atomic fractional coordinates (X lo’), and thermal parameters (x lO*A’)* with e.s.d.‘s. 

x/a(v) y/b(v) z/c(v) B,,(a) b(v) &1(u) &z(v) &(v) B,,(v) 

h(l) 20(5) 455(3) 5(4) 210(14) 123(7) 431(18) -6(21) 
AU) 

51(16) 
5103(5) -607(3) 3082(4) 227( 17) 

-18( 16) 
92(6) 302( 14) 3(15) 54( 18) 18(13) 

S(1) 3202( 12) 774(6) 520(9) 154(4) 13(4) 
S(2) 2978(6) 

163(47) -3(O) 25(22) il(11) 
3283( 10) 1099(7) 48(5) lO(4) 81(35) 3(O) 3(6) 13(8) 

S(3) 8103(12) -790(6) 2144(9) 95(39) 9(14) 27(47) -26(32) 
S(4) 8249( 10) -2962(6) 

223(35) 
1439(S) 38(l) 5(l) 92(35) !$i3’ 16(3) -18(4) 

Ml) 386(21) 4453( 13) 3325(15) 163(81) 76(34) 18(78) 26(9) 2(63) 
Na(2) 5329(19) 

173(56) 
-4891(13) 3423( 14) 122(67) 37(26) 126(43) -10(62) -1 l(69) -48(47) 

O(1) 2889(42) 3250(29) 2893(50) 258(200) 114(64) 296( 137) 33( 176) 64(213) -15(141) 
O(2) 5022(3 1) 3493(20) 897(25) 19(17) 69(74) 114(89) 40(O) 34(19) -5(26) 
O(3) 2029(45) 3708(22) -134(34) 91(5) 28(6) 38(O) -25( 13) 66( 13) 
O(4) 7956(43) -3816(23) 2929(26) 128(22) 2(19) 

263( 154) 
202( 140) 8(O) 23(22) 37(27) 

O(5) 6871(70) -3194(21) -34(32) 113(107) 186(66) 174(81) -65(116) -19(126) -87(92) 
O(6) 15(34) -3229(20) 969(32) 51(115) 152(59) 160(80) -12(115) 58( 129) 131(86) 

:i;; 
-1341(39) 2881(25) 1505(29) 198(139) 65(53) 21 l(99) -19( 129) -25( 149) -14( 104) 

3733(33) -3023( 16) 1679( 19) 107( 122) 130(66) 174(108) -25( 132) 55( 155) 2(115) 

* Anisotropic thermal factors in the form: exp[-blIh’+b2~k*+b131z+bllhk+bllhl+b~,kl)] in which bll = V+I*‘B,,, b,, = %a*b*B,,. 

Table II. Atomic peak heights (e.A-‘), curvatures (e.A-‘) and e.s.d.‘s. 

P -Ah,, --AZ& 

Ml) 

A&3 

S(l) 

S(2) 

S(3) 

S(4) 

Nat11 

NaW 

O(1) 

O(2) 

O(3) 

O(4) 

O(5) 

O(6) 

O(7) 

O(8) 

obs. 121.3 
calcd. 121.5 
obs. 132.4 
calcd. 132.7 
obs. 50.3 
calcd. 49.6 
obs. 54.2 
calcd. 53.2 
obs. 47.1 
calcd. 46.9 
obs. 54.3 
calcd. 53.6 
obs. 27.8 
calcd. 28.2 
obs. 29.7 
calcd. 29.4 
obs. 15.4 
calcd. 15.0 
obs. 19.4 
calcd. 19.2 
obs. 17.0 
calcd. 16.9 
obs. 17.0 
calcd. 16.8 
obs. 14.9 
calcd. 15.2 
obs. 19.6 
calcd. 19.2 
obs. 15.6 
calcd. 15.3 
obs. 17.6 
calcd. 17.5 
e.s.d. 1.3 

1 i46 
1139 
1171 
1170 
447 
451 
545 
541 
444 
440 
550 
546 
252 
253 
269 
269 
126 
127 
180 
173 
138 
138 
127 
125 
96 
96 

175 
165 
136 
137 
168 
168 

17 

1470 
1461 
1600 
1593 
673 
665 
660 
659 
606 
601 
698 
697 
287 
287 
326 
323 
176 
175 
191 
196 
179 
179 
202 
204 
133 
136 
197 
201 
159 
155 
203 
209 192 

18 13 

953 
988 

1250 
1258 
486 
487 
583 
577 
454 
453 
566 
562 
263 
262 
291 
289 

84 
81 

173 
172 
137 
139 
128 
129 
163 
164 
145 
147 
131 
130 
189 

86 
75 
40 
34 
11 
10 

-28 
-28 
-15 
-13 
-25 
-22 
-12 
-12 

-3 
-2 

a 

-1: 
-8 
11 
10 

-19 
-21 
-21 
-18 

: 
-19 
-20 
-30 
-32 

8 

27 
38 

136 
127 
32 
30 
47 
45 
41 
40 

Zf 

:: 
20 
21 

1 

2: 
22 
17 
18 
0 

3: 
37 

22: 
12 
13 
11 
13 
8 

-72 
-67 
-36 
40 
-14 
-14 
46 
49 
-31 
-32 
-11 
-14 
-14 
-16 

4 
6 

13 
13 

2 
-29 
-30 

22 
21 

-29 
-30 
-11 
-13 

66 
-24 
-24 

11 

ma1 parameters. The final residual error indices are 
(R, for observed reflexions only, R’ including F, = 
%Frnin when F,>,F,i, for unobserved reflexions; mul- 
tiplicities not considered): R = 10.8%, R’ = 11.0%. 

In Table I the final positional and thermal para- 
meters with their e.s.d.‘s, are given. The Bij were de- 
termined by the method of Nardelli and Fava’ using 
the second derivatives of the electron density from 
differential synthesis. The comparison between ob- 
served and calculated peak shapes is shown in Ta- 
ble II. Observed and calculated structure factors are 

(5) M. Nardelli and G. Fava, Acta Cryst., 15, 477 (1962). 

Inorganica Chimicu Acta i 4:2 1 June, 1970 

shown in Table III. The atomic scattering factors 
are those of Thomas and Umeda6 for Ag+, of Dawson’ 
for S and of Berghuis et al.* for Na+, 0. 

All the calculations were performed on the Olivetti 
Elea 6001/S computer of the Centro di Calcolo Elet- 
tronico dell’llniversitci di Parma, using the program- 
mes of Nardelli, Musatti, Domiano and Andreetti.9 

(6) L. H. Thomas and K. Umeda, 1. Chem. Phys., 26, 293 (1957). 
(7) B. Dawson, Acfn Cryst., 13. 403 (1960). 
(8) I. Berghuis. 1. I. M. Haanappel. M. Potters, B. 0. Loopstra. 

C. H. MacGillary. and A. L. Veenendaal, Acto Cryst.. 8, 778 (1955). 
(9) M. Nardelli, A. Musatti, P. Domiano, and G. D. Andreetri. Ric. 

Sci., 34, (II-A), 771 (1964); ibid., 35, (II-A), 469, 477, 807 (1965). 
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Table III. Observed and calculated structure factors. A minus sign for F, means a less than D 

2 2 6 
z 2 6 
2 2 7 
2 2 7 
z 2 8 
z * 9 
2 30 

::: 

::: 

3 4 7 

::: 
3 4 9 
3 5 0 
3 5 1 
3 5 1 
3 5 2 
3 5 2 

2 3 3 
z 3 3 
2 3 4 
2 34 
2 3 5 
z 3 5 
2 3 6 
2 3 6 
2 3 7 
z 3 7 

: :: 
2 3 9 
2 4 0 
2 4 1 

288 
235 
162 *to 1 

210 1 
210 2 
210 2 
210 3 
210 3 
210 4 
210 4 
210 I 

1 1 7 
I 1 7 
i 1 b 
I 1 9 
1 * 0 
1 2 1 
I 2 1 
1 2 2 
I 2 2 
1 * 3 
I 2 3 
1 2 4 

346 
142 3 6 1 

3 6 1 
, 6 2 
3 6 * 
3 6 , 
3 6 3 
, 6 4 
3 6 4 
3 6 5 
3 6 5 

211 0 
Zll 1 
211 1 
211 * 
211 2 
3 0 0 
3 0 2 
3 0 2 
3 0 4 
3 0 4 
3 0 6 
3 0 6 
3 0 8 
3 1 0 

110 
lb0 

211 
57 
74 

338 
341 
117 

156 
351 
389 
386 

:: 
154 
373 
148 
213 
570 

323 
711 
608 
330 

9% 
367 
487 
168 
130 
104 

217 
133 
432 

5% 
419 
436 
119 
186 
243 
145 
105 

61- 
170 

252 
330 
471 

911 
528 
248 
259 
628 
267 
446 
965 
820 
110 

%5 

1;; 
2.33 

133 
282 
268 
154 
145 
325 

22 
138 
130 
218 
208 

103 
67 

137 
78 

7 
353 
275 
262 
110 

192 
96 
81 

199 
195 
139 
147 
190 

287 
318 

2:: 
258 

26 
321 
321 
209 

203 

49 

3 6 6 
3 6 6 
3 6 7 
3 6 7 
3 6 8 
3 I 0 
3 I I 
3 7 1 
3 7 * 
3 7 2 
, 7 3 
3 7 3 

21 
15 
22 0 

1 I:: 
2 4 8 
z 4 9 
2 5 0 
2 5 1 
2 5 1 

: : : 

156 
228 3 : : 

3 1 2 
3 1 2 
3 1 , 
3 1 3 
, 1 4 
3 1 4 
, I 5 
3 I 5 

1 

; : : 
1 3 3 
i 3 3 

21 
136 
153 

77 
55 
6, 

132 
31 

26 
284 
208 

97 
81 
7, 

157 
29 

L 

9, 
20, 

809 

910 
813 
hL9 

65 
255 
55, 
78, 
716 
511 
860 

114 
103 
445 
106 
650 
625 

24 
122 
208 
173 
161 
231 
658 
676 
40, 
33, 
210 

5b3 
1190 

955 
3 7 4 
3 7 4 
3 7 5 
3 7 5 
3 7 6 
3 7 6 
3 7 7 
9 8 0 
3 8 1 
3 8 1 
3 8 * 
3 8 2 
3 8 , 
3 8 3 

: : 
1 3 
f 3 

: : 

4 264 
387 
‘29 

834 
12, 
223 
501 

150 

616 
530 
9% 

145 
180 

170 

,% 

315 
795 
758 
493 
365 
291 
15, 
151 
386 
317 
421 
439 
315 
240 
246 
128 
670 

721 

2 5 3 
2 5 3 
2 5 4 
z 5 4 
2 5 5 
2 5 5 
2 5 6 
2 5 b 
2 5 7 
2 5 7 
2 5 8 
2 6 0 
2 6 1 
2 6 1 
2 b 2 
2 6 2 
2 b 3 

416 
179 
280 

134 

3 1 6 
3 I 6 61 

85 
130 

2 

3 1 7 
3 t 7 
3 1 8 
, 1 9 
3 1 9 
3 2 0 
3 * 1 
3 2 1 

165 
372 
334 
650 
688 
221 
135 
20, 

88 
*s* 
238 
224 

95 

610 

284 132 
107 
22, 
135 
115 

22 
21 

8, 
110 

176 
724 
665 
384 
&99 

3 2 2 
3 2 2 
3 2 3 
3 2 , 

3 8 4 
3 8 4 
3 8 5 
3 8 5 
3 8 6 
3 8 6 
, 9 0 

91 
7, 

322 
300 
119 
162 

30 

848 
,077 

178 
11 
11 

2 
2 

3 2 4 
3 2 4 
3 2 5 
3 2 5 
J 2 6 
3 2 6 
, 2 7 

1 4 
7.18 
127 
209 
110 

t.2 
493 
410 

116 
72 

192 
67 
771 
809 
393 
217 
907 

1066 
503 
3b7 
314 
253 
144 
,*7 
199 
468 

66 
143 

2 0 0 1450 321 
330 
235 

86 
5, 

351 
329 
267 
197 
351 

29 
80 

296 
320 

28 
241 

2 6 3 
2 6 4 
2 6 4 
2 6 I 
2 6 5 
2 6 6 
2 6 6 

; .z : 
z 6 8 
2 7 0 

262 
365 
424 
582 
746 
27i 
252 
302 
279 
210 

227 
77 

::: 
2.06 
204 
2 0 6 
z 0 6 
2 0 8 
2 0 8 

1063 
1242 

859 
570 

406 
539 

h7_ 

i91 
3 9 1 
3 9 2 
3 9 * 

56 
177 
192 
42 

3 2 7 
3 2 8 
3 * 9 
3 3 0 

3 9 3 
3 9 3 34 

920 

26, 
195 

6, 
56 

3 9 4 
3 9 4 
3 9 5 
3 9 5 
310 0 
310 1 
310 1 

2 1 0 
2 1 1 
z 1 1 
2 1 2 
2 1 2 

,lZ, 
461 ; : : 

; : : 
3 3 , 
3 3 3 
, , 4 
3 J 4 

317 
666 
482 
248 
395 

2 7 1 

z 7 1 

; : : 

2 7 3 
z 7 3 
2 7 4 
z 7 4 
2 7 5 
2 7 5 

1, 
8 

74 

2: 
35, 

93 
206 
101 

294 
476 
284 
221 

84 
81 

300 

34 
114 
101 

129 
3l.2 

2 1 , 
2 1 3 ::“, : __. 

304 
10% 

635 
442 
38, 

2 1 4 
2 1 4 

‘2 : : 
2 1 6 
2 1 6 

611 
635 
4% 
324 
6‘2 

, , 5 
3 , 5 
, 3 6 
3 3 6 

310 3 

::: 2 
311 0 
311 1 
4 0 0 
4 0 2 
4 0 2 

a:: 

:“,: 
t 0 8 
4 1 0 
4 1 1 
I 1 1 
4 1 2 
z 1 2 
4 1 3 

ia 
96 
82 

156 
81 

484 
85- 

124 
216 
208 

,590 

BW 
70, 
789 
501 

242 
406 
186 
827 

2 7 6 
2 7 6 

507 

475 
3s 

J 3 7 
3 3 7 

; : ; 

3 4 0 
3 4 I 
341 

* 1 7 
2 1 7 
2 1 8 
2 1 9 
2 2 0 

: : : 
2 8 0 
2 8 * 
z b 1 
2 8 2 
z 8 2 
2 8 3 
2 8 3 

6 

)46 
129 

ii 
124 
46 

114 
80 

2&b 
214 

75 
_^ 

159 
4, 

342 
88 

93 
565 
526 
444 
286 
747 
U.0 

* 2 1 

2 2 1 
2 2 2 
2 2 2 
2 2 3 
2 2 3 

; : ; 
34 3 
3 4 3 
3 4 4 
3 4 4 
, 4 5 
3 4 5 

854 
294 
308 

2L 

70 
358 
333 
280 

204 

2 8 4 
2 8 4 
2 b 5 

2 2 4 
2 2 4 hii 

233 
319 
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Table III. (continued) 

Both the independent stoichiometric units are prac- 
tically equivalent from the chemical point of view, 
being Ag(1) and Ag(2) tetrahedrally surrounded by 
three sulphur atoms and one water molecule as shown 
in Figure 1. 

Bond distances and angles in the coordination te- 
trahedra are quoted in Table IV. The Ag-S distances 
are near to the sum of covalent radii (2.57 A) and 
are in the range of the values found in other tetrahe- 
dral Ag’ complexes: e.g. 2.47-2.74 A in NH4Ag- 
(SCN)z lo; 2.48-2.66 A in Ag(CH2S)JJ104 . Hz0 ‘l; 

(10) I. Lindqvist and 6. Strandberg, Acfn Crysr., f0, 173 (1957). 

1norganiw Chimica Acta 1 4:2 1 June, 1970 

Figure 1. Clinographic projection of coordination polyhedra 
around the silver atoms. 
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2.55-2.69 ,h in Ag(CHShNOj . Hz0 ‘r; 2.46-2.60 A 
in AgL(CH2ShlzNOJ ‘2 2.48-2.59 A in Ag[ SC(NH&l- 
Cl ‘3; 2.48-2.49 A in AgzBr2[SC(NH2)NHNHz], “: 
2.43-2.48 A in AgNCS[SC(NH2)NHNHz]z “. 

Table IV. 
polyhedra 

Bond distances and angles in the coordination 

Ag( 1 )-S( 1) = 2.48(l) A 
Ag( l)-S(3”) = 260(l) 
Ag( l)-S(3”‘) = 2.54(l) 
Ag(l)-C(7) = 2.75(2) 

S(l)-Ag(l)-S(3”) = 125.5(.5) 
S(l)-Ag(l)-S(3”‘) = 126.9(.7) 
S(l)-Ag(l)-O(7) = 105.2(.5) 
S(3”)_Ag(l)_O(7) = 78.9(.8) 
S(3”)-Ag(l)-S(3”‘) = 106.2(.5) 
S(3”‘)-Ag(l)-O(7) = 93.0(.8) 

AgM-S(1) 
A&+-S(3) 
AgG+S( 1’) 
AgM-O(8) 

S(1)-&(2)--S(3) 
S( l)-Ag(2)-S(1’) 
S( l)_Ag(2)-O(8) 
S(l’)_Ag(2)-O(8) 
S(3)-Ag(2)-S(1’) 
SW-AgW--o(a) 

= 2.65(l) A 
= 2.52(l) 
= 2.52(l) 
= 2.62(2) 

= 106.0(.4) 
= 105.0(.4) 
= 85.3(.8) 
= 90.6(.8) 
= 122.2(.6) 
= lOO.O( .8) 

x, 7, z+‘h I, x--l, Y, z “’ x-l, F, z-x 

Nevertheless in the present compound one distance 
is significantly longer than the other two in both 
tetrahedra. 

The Ag-0 distances concern the water molecule 
and their values (2.62 and 2.75 A) are consistent with 
the sum of the ionic radii (2.66 A). 

The two coordination polyhedra, even if of the 
same kind, show some relevant differences concerning 

Figure 2. Diagrammatic projection of the structure along 
Cull* 

(11) R. S. Ashworth, A. Domenicano, C. K. Prout, and A. Vaciago, 
1. Chem. Sot., A93 (1968). 

(12) R. S. Ashworth, A. Domenicano, L. Scaramuzza. C. K. Prout. 
and A. Vaciago, /. Chem. Sot., A, 866 (1968). 

(13) E. A. Vizzini and E. L. Amma, J. Amer. Chew. Sot., 88, 
2872 (1966). 

(14) L. Calzolari Capacchi, G. Fava Gasparri, M. Ferrari, and M. 
Nardelli. Ric. Sci., 38, 974 (1968). 

(15) L. Calzolart Capacchi. G. Fava Gasparri, M. Ferrari, and M. 
Nardelli, Chem. Comm., 910 (1968). 

bond lengths and angles, particularly when water 
molecules are implied. It is difficult to give a direct 
explanation of this fact, considering that the environ- 
ments of the two crystallographically independent parts 
of the structure are similar. 

Distances and angles in the thiosulphate groups 
agree fairly well with those generally observed in 
other thiosulphates as shown in Table V. The SZO? 
group coordinates as a monodentate ligand in agree- 
ment with the I.R. spectrum in which no splitting is 
observed for the VA (1123 cm-r) S-O asymmetric stret- . 
thing vibration. 

0-s Ag.S Ag.5 S.0 Na 0,s Ag,S Ag.S 

V WJ HP 

Figure 3. Diagrammatic sketching 
(010). 

of the layers parallel to 

Figure 4. Clinographic projection of cordination polyhedra 
around the Na+ ions. 
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Table V. Bond distances and angles in S,O?- group 

NaAg$O,HtO ZnCSC(NH~M,&O, . Hz0 ” NiEX(NH~)21S,0,. H,O” B.&O,. HzO” N&O,” MI(OHM,O,= 

s-s 2.05(l) A 2.03(l) A 2.01(l) A l.%(l) A 2.01(2) A 2.02(l) A 
2.05( 1) 

s-o 1.46(2) 1.46(l) 1.50(l) 
1.45(3) 1.45(l) 
1.470) 1.45(l) 
1.49(4) 
1.42(21 

o-s-o 

S-S-O 

1.48i3j 
110.4(1.7). 
111.2(1.7) 
109.1(19) 
111.1(2.0) 
llO.l(l.8) 
112x)(1.9) 
107.1(1.0) 
107.8(1.1) 
111.3(1.2) 
106.6(1.2) 

y:.;.;,” 

111:3(:6) 

K&3(.5) 

110.7(.6). 
110.4(.7) 
111.6(.7) 

104.8(.4) 
108.6(.5) 
1 lo.q.5) 

105.3(2.3) o 
K&3(1.9\ 
116.3(1.4) 

109.7(1.5) 
112.q.8) 
108.7(1.3) 

10X4(3.6)* 
107.9(3.6) 
114.4(3.6) 

llo.ql.l)* 
111.0(1.1) 

107.6(.8) 
108.5(.8) 

106.ril.O) 
107.5(1.1) 

The structure is polymeric in nature as each coordi- 
nated sulphur atom belongs to three coordination po- 
lyhedra. This can be seen in Figure 1 and in Figu- 
re 2 which shows a projection along [OOl ] . 

The whole crystal structure is characterized by 
layers running parallel to (010) as diagrammatically 
shown in Figure 3. Every two double layers of coor- 
dination polyhedra there is a layer of Na+ ions which 
join together the double layers by means of Na-0 
interactions. 

The coordination polyhedra around the Na+ ions 
are distorted octahedra as shown in Figure 4. 
The Na-0 distances are ranging around the sum 
of the ionic radii (2.44 A) and agree with the values 
generally found in other structures with similar coor- 
dination [e.g. 2.42 A (mean value) in Na[ C10H6 . NH2 . 
SO,] .4H20 ‘: 2.35 A (mean value) in NaBr .2CHs- 
CONH3 u; 2.41, 2.44, 2.45, 2.46, 2.49, 2.50 A in 
Na20 - SiO;?. 9H20 “1 excepting for the Na( 1)-O(6) = 
2.77 8, distance which is much longer than the others. 
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Figure 5. Clinographic projection of the environment of the 
water molecules. 

The water molecules are both surrounded by a te- 
trahedral environment concerning silver and sodium 
atoms which are in the directions of the lone pairs 
and two oxygen atoms which form hydrogen bonds 
(O-H . . . 0 = 2.87, 2.88, 2.89, 2.90 A). These en- 
vironments are shown in the clinographic projection 
of Figure 5. 

No packing distances less than 3.5 A are observed. 
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