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C 1--OI--C5--C6 -171. I (5) -172.8 (2) - 171.5 
C1--O6--C7--C8 131.1 (4) 113.2 (2) 128.7 
CI---O6--C7--C11 - 108.3 (5) - 120.5 (2) - 110.0 
C 1 - - C 2 - - C 3 ~ 4  -46.1 (6) -58.8 (2) -47.5 
C 2 - - C 1 - - O 1 ~ 5  -62.7 (6) -64.9 (2) -55.4 
C2---C 1 --O6---C7 172.2 (4) 155.1 (2) 154.0 
C2--C3--C4--C5 50.8 (6) 57.5 (2) 55.9 
C 3 - - C ~ 5 - - - C 6  - 178.0 (5) - 177.7 (2) 179.2 
C7--C8---C9--C 10 -176,8 (4) 166.8 (2) - 160.4 
C8~7- - -C  I 1--C12 56,6 (6) 67.4 (2) 173.7 
C 9 ~ 8 - - C 7 - - C I  I 52.0 (6) 50.5 (2) 168.0 

(4) 
O11~1---C2--O2 - 155.3 (2) O4---C4--C3--C2 58.8 
OI I---CI--C2--C3 82.9 (3) O4--C4--C5--O5 53.5 
OI 2--C I--C2--O2 24.4 (3) O4---C4--C5--C6 -68.5 
OI 2--C1--C2--C3 -97.5 (3) O5--C5--C4--C3 -67.2 
O2--C2--C3--O3 -68.8 (3) O5---C5--C6--O6 61.8 
O 2 - - C 2 ~ 3 - - C 4  51.6 (3) O 6 - - C 6 - - C 5 ~ 4  - 174.5 
O3--C3--C2--C 1 51.9 (3) C1 --C2--C3---C4 172.2 
O3--C3--C4--O4 179.1 (2) C 2 - - C 3 ~ 5  - 177.1 
O3~3--C4---C5 -56.9 (3) C3--C4~C5--C6 170.8 

Table 5. Asymmetry parameters (Duax & Norton, 1975) 
of six-membered rings in (1)-(3) 

(1) (2) (3) 
ACs(O l ) 6.8 (3) 2.6 (2) 12.7 (2) 
,ACAC 1 ) 15.2 (3) 3. I (2) 12.4 (2) 
,ACs(C2) 8.5 (3) 5.4 (2) 1.7 (2) 
....~C2 (O1--C I ) 15.6 (3) 1.6 (2) 17.8 (2) 
AC2(CI---C2) 16.7 (3) 5.6 (2) 8.5 (2J 
AC2(C2---C3) 1.6 (3) 5.9 (2) 9.4 (2) 

(2) Cambridge Structural Database (1993). Cambridge Crystallographic 
(2) Data Centre, 12 Union Road, Cambridge, England. 
(2) Cook, W. J. & Bugg, C. E. (1973). Acta Crvst. B29, 215-222. 
(2) Duax, W. L. & Norton, D. A. (1975). Atlas of Steroid Structures. New 
I2) 
(2) York: Plenum. 
(2) Flack, H. D. (1983). Acta Cost. A39, 876-881. 
(2) Frenz, B. A. (1986). Enraf-Nonius Structure Determination Package: 
(21 SDP User's Guide. Version of 17 December 1986. Enraf-Nonius. 
(2~ Delft, The Netherlands. 
(2) Frush, H. L. & lsbcll, H. S. (1963). Methods in Carbohydrate 

Chemistry. Vol. 2, edited by R. L. Whistler. pp. 14-15. New York: 
(3) Academic Press. 
(3) Hamilton, W. C. (1965). Acta Crvst. 18. 502-510. 
13) Jeffrey, G. A. & Fasiska, E. J. (1972). Carbohvdr. Res. 21. 187-192. 
(3) Krestinger, R. H. & Nelson, D. J. (1976). Coord. Chem. Rev. 18, 
(3) 

38-41. t2) 
(2) Kr61, B. W. (1986). Przem. Chem. 65, 249-251. 
(2) Lis, T. (1981). Acta Crvst. B37, 1957-1959. 
121 Lis, T. (1984). Acta Crvst. C40, 376-378. 

North, A. C. T., Phillips, D. C. & Mathews, F. S. (1968). Acta Crvst. 
A24, 351-359. 

Panagiotopoulos, N. C., Jeffrey, G. A., La Placa, S. J. & Hamilton, 
W. C. (1974). Acta Crvst. B30, 1421-1430. 

Rogers, D. (1981). Acta Crxst. A37, 734-741. 
Schagen, J. D., Strayer, L., van Meurs, F. & Williams, G. (1989). 

CAD-4 Manual. Version 5.0. Enraf-Nonius, Delft, The Netherlands. 
Sheldrick, G. M. (1991). SHELXTL/PC. Release 4.1. Siemens Analyt- 

ical X-ray Instruments Inc., Madison, Wisconsin. USA. 
Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of 

Crystal Structures. University of G6ttingen, Germany. 
Data collection and cell refinement were performed using 
CAD-4 software (Schagen, Straver, van Meurs & Williams, 
1989; Frenz, 1986). For all compounds, anisotropic displace- 
ment parameters  were  appl ied  for all non-H atoms.  H a toms  
were  found  in a d i f fe rence  Four ie r  map  and ref ined as riding: 
i sot ropical ly  for  (2) and  (4), and wi th  fixed isotropic displace-  
men t  parameters  for  (1) and (3). The  absolute  s tructures o f  
(1) - (4)  were  de te rmined  by three methods :  the Hami l ton  test 
(Hami l ton ,  1965), the Rogers  r/-test (Rogers ,  1981), both us- 
ing SHELXTL/PC (Sheldr ick,  1991), and ca lcula t ion  o f  the 
F lack  paramete r  x (Hack ,  1983) using SHELXL93 (Sheldrick,  
1993). Resul ts  for (1): r/ = 1 .04(4) ,  r/m, = - 1 . 0 3  (4); N = 
1587, Rratio = 1.006, c~ < 10-6;  x = 0.06 (4). For  (2): 77 = 
1.01 (2), r/inv = - -1 .00 (2 ) ;  N =  3035, Rratio = 1.688, a < 10-9;  
x = 0.02 (1). For  (3): r/ = 1 .4(3) ,  r/i,v = 1.4 (3); N = 1581, 
Rratio = 1.0015, a = 2.5 x 10-2;  x = 0.08 (16). For  (4): r/ = 
1.23 (4), r/inv = - 1 . 1 9  (4); N = 976, Rvatio = 1.398, c~ < 10-~;  

x = 0.01 (1). St ructure  solut ion and re f inement  were  pe r fo rmed  
us ing  SHELXTL/PC. 
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Lists of structure factors, anisotropic displacement parameters. H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: ABI260). Copies may be obtained through The 
Managing Editor, International Union of Crystallography. 5 Abbey 
Square, Chester CHi 2HU, England. 
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Abstract 

In the structure of (1,3-CH30-C6H4-NH3)+.H2AsO4 - ,  
the H2AsO4- and (1,3-CH30-C6H4-NH3) + entities alter- 
nate in layers perpendicular to the a axis. These organic 
and inorganic layers are held together in the crystal by 
N - - H . . . O  hydrogen bonds. The H2AsO4- groups are 
connected by hydrogen bonds to form pairs, with inter- 
nal short As- . .As distances of 4.5 A,. 

Comment 
The structure and numbering scheme of the ti- 
tle compound, (I), are shown in Figs. 1 and 
2. The As . . .As  distance of 4 .5A between pairs 
of H2AsO4- tetrahedra is significantly shorter than 
that observed in ethylenediammonium monohydro- 
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gen te t raoxoarsena te (V)  (Ave rbouch-Poucho t  & Durif,  
1987). All  d is tances  and angles  in the te t rahedron are 
genera l ly  as expected .  The  base ring a toms  are coplanar  

~ ~ -  TqH3.H2AsO 4 - 

OCH 3 
(I) 

wi th in  exper imen ta l  error  and the co r re spond ing  plane  
is pe rpendicu la r  to the inorganic  layer. The  structure 
is s tabi l ized by a h y d r o g e n - b o n d i n g  ne twork  which  
engages  all N and O a toms except  0 5  be long ing  to the 

02 ~ 04 

As/(z~"J 

C l /  

: . ' ~ . -  ca ~ \1~-/C6 

05 C4.~/.,~J C5 

. .  

Fig. 1. View of the molecule with 50% probability displacement 
ellipsoids. 

/~__.~,.\\ 

. , 2 > - s  

C 

Fig. 2. Diagram showing the packing in the unit cell. Hydrogen bonds 
are not shown but are reported in Table 3. 

organic  cation. There  is no h y d r o g e n  bond ing  b e t w e e n  
cat ions in the inorganic  layer. Such a p h e n o m e n o n  is not  
u n c o m m o n  in this k ind  o f  structure (Abdel lah i  & Jouini ,  
1995a,b; Averbuch-Poucho t ,  Dur i f  & Guitel ,  1988). 

Experimental 

Colourless plate-shaped crystals were obtained from an aque- 
ous solution of H3AsO4 and m-anisidine in stoichiometric ratio 
by slow evaporation at room temperature. 

Crystal data 

CvH 10NO ÷.H2AsO4- Mo Ko~ radiation 
Mr = 265.10 A = 0.7107 ~, 
Monoclinic Cell parameters from 25 
P21/b reflections 
a = 15.320(3)~, 0 = 12-16 ° 
b = 7.915 (I) A /,t = 3.202 mm -~ 
c = 8.763(1) ~, T = 293 (2) K 
3' = 93.5 ( 1 )° Plate 
V = 1060.6 (3)~3  0.20 x 0.I1 x 0.08 mm 
Z = 4 Colourless 
D, = 1.66 Mg m -3 

Data collection 
CAD-4 diffractometer 
w/20 scans [0-scan width 

( 1.15 + 0.34tan0) ° ] 
Absorption correction: 

none 
1932 measured reflections 
1861 independent reflections 
1454 observed reflections 

[I > 2cr(/)] 

R,nt = 0.0383 
0m,x = 25.02 ° 
h = 0 --~ 18 
k =  - 9 - - ,  9 
/ = 0 ---, 10 
3 standard reflections 

frequency: 60 min 
intensity decay: 2% 

R e f i n e m e n t  

Refinement on F 2 
R[F 2 > 2or(F2)] = 0.0507 
wR(F 2) = 0.1525 
S = 1.304 
1861 reflections 
170 parameters 
All H-atom parameters 

refined except those of 
H IN and HC6 

w =  1/[cr2(FT) + (0.0788P) 2 
+ 0.9240P] 

where P = (F,~ + 2F,2)/3 
(A/a)m.x = 0.059 

Apmax = 0.854 e ,~-3 
Apmin = - -1 .062 e ~ - 3  
Extinction correction: 

SHELXL93 (Sheldrick, 
1993) 

Extinction coefficient: 
0.001 (1) 

Atomic scattering factors 
from International Tables 
for Crystallography ( 1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Table 1. Fractional atomic coordinates and isotropic or 
equivalent isotropic displacement parameters (~2 ) 

Ui,o for H atoms; Ueq = (1 /3)~i~jUua~a*.a , .a  j for all others. J 

X V 7. Ueq]Uiso 
As 0.43245 (4) 0.24242 (7) 0.96687 (8) 0,0292 (3) 
OI 0.3676 (3) 0.3274 (6) 0.8423 (6) 0.044 ( I ) 
02 0.5285 (3) 0.1915 (5) 0.8994 (5) 0.035 (1) 
03 0.3782 (4) 0.0680 (7) 1.0433 (8) 0.055 (2) 
04 0.4466 (4) 0.3851 (7) 1.11 I1 (7) 0.049 (2) 
05 0.1(147 (4) 0.161 I I) 0.1941 (8) 0.094 (3) 



1 2 0 0  C7 H Io N O  + • H2 A s O 4 -  

N 0.3344 (4) 0.1491 (8) 
Cl 0.2440 (4) 0.1641 (9) 
C2 0.2233 (5) 0.157 t l )  
C3 0.1358 (5) 0.166 (1) 
C4 0.0735 (6) 0.185 (2) 
C5 0.0978 (8) 0.196 (3) 
C6 0.1834 (6) 0.183 (2) 
C7 0.165 (1) 0.154 (3) 
HO3 0.398 (6) 0.002 ( I I ) 
HO4 0.458 (4) 0.346 (8) 

Table 2. Selected bond 
A s - - O l  1.647 (5) 
As- -O2 1.658 (4) 
As- -O4 1.700 (5) 
As--O3 1.705 (6) 
O 5 ~ C 3  1.36 (I) 
O5---C7 1.40 (2) 
N--C1 1.463 (9) 

O 1 - - A s - - O 2  115.4 (2) 
O I - - A s - - O 4  106.1 (3) 
O 2 - - A s - - O 4  110.3 (3) 
O 1 - - A s - - O 3  108.4 (3) 
O 2 - - A s - - O 3  109.8 (2) 
O4---As--O3 106.4 (3) 
C3- -O5- -C7  118.7 (9) 
C6---C I - -C2  122.9 (7) 
C6---C I - -N  116.7 (7) 

0.5808 (8) 0.035 ( 1 ) 
0.5308 (9) 0.039 (2) 
0.3794 (9) 0.044 (2) 
0.340 ( I ) 0.065 (3) 
0.448 ( 1 ) 0.100 (5) 
0.597 (2) 0.144 (8) 
0.642 ( 1 ) 0.095 (4) 
0.073 (2) 0.098 (6) 
1.063 (10) 0.04 (3) 
1.175 (7) 0.01 (2) 

lengths (,4) and angles (°) 
C I - - C 6  1.36(1) 
c l - c 2  1.36 (1) 
C2--C3 1.39 { 1 ) 
C3--C4 1.36 (2) 
C4---C5 1.36 (2) 
C5--C6 1.38 { 2) 

C2- -C  1 - - N  120.4 (6) 
C 1--C2---C3 117.5 (71 
C4- -C3- -O5  114.0 (71 
C4---C3--C2 121.4 (8) 
O5- -C3- -C2  124.6 (8) 
C 3 - - C ~ - C 5  I 18.8 tg) 
C4 - -C5- -C6  122.2 (It)) 
C 1---C6---C5 117.2 (91 

Table 3. Hydrogen-bonding geometry (A, °) 
D--H. • .A D- -H H. . .A D. • .A D--H. • .A 

N - - H I N .  • .O1 1.096 (6) 1.696 (5) 2.723 (8) 153.9 (4) 
N--H2N.  • -OI ~ 0.84 (9) 1.88 (9) 2.712 (8) 173 (81 
N--H3N.  • .02" 0.82 (8) 2.08 (8) 2.864 (9) 160 (7) 
O 3 - - H O 3 . . . 0 2 " '  0.64(8) 1.98(8) 2.621 t71 172(10) 
O4--HO4- - -02 t' 0.67 (6) 2.00 (6) 2.632 (7) 157 t7) 

Symmetry codes: ( i ) x , y -  { , ~  - z: (ii) I - x ,  4 - .v,z - 4: 
- - 

(iii) 1 - -x , - -y ,  2-Zz( iV)  1 --x, 4 - - y , ~ + z .  

Data were corrected for Lorentz-polarization effects. The 
structure was solved by direct methods and refined by full- 
matrix least-squares methods. 

Data collection: CAD-4 Software (Enraf-Nonius. 1989). 
Cell refinement: CAD-4 Software. Data reduction: MoIEN 
(Fair, 1990). Program(s) used to solve structure: SHELXS86. 
Program(s) used to refine structure: SHELXL93 (Sheldrick, 
1993). Molecular graphics: ORTEPII (Johnson, 1976). Soft- 
ware used to prepare material for publication: SHELXL93. 

Lists of structure factors, anisotropic displacement parameters, H- 
a tom coordinates and complete geometry have been deposited with 
the IUCr (Reference: DU1130).  Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester C H I  2HU, England. 
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Abstract 

The polymeric coordination compound, poly[trans- 
bis(4-aminopyridine)cadmium(II)-bis [~-dicyanoargent- 
ato ( I ) - N: N' ] ] - catena - poly [ ( 2 - aminoethanol - N,O) - 
(4-aminopyridine)[dicyanoargentato(I)-N]cadmium(II)- 
/l - [dicyanoargentato ( I )- N: N' ] ] ( 1/2), { [Cd(4-ampy)2- 
{ ~ -  Ag(CN)2 } 2 ] .  [ Cd (mea) (4-ampy){Ag (CN)2 } {~-  
Ag(CN)2}]2},, (4-ampy = 4-aminopyridine, C5H6N2; 
mea = 2-aminoethanol, C2HTNO) has a supramolecu- 
lar structure composed of a two-dimensional network 
of Cd-NCAgCN-Cd spans, where each Cd is ligated 
by two 4-ampy ligands in trans positions, embrac- 
ing one-dimensional chains of ( -Cd-NCAgCN-) , , .  In 
these chains each Cd is monodentately ligated by an 
- N C A g C N  'branch' and a 4-ampy ligand, and biden- 
tately chelated by mea. The network is stacked along 
the b axis to give a layered crystal structure, in which 
each monodentate - N C A g C N  branch protruding from 
the chain penetrates through the mesh to form a hydro- 
gen bond with the OH group of the mea ligand in 
the crystallographically equivalent chain in the adjacent 
layer. 

Comment  

Dicyanoargentate(I) linking other coordination cen- 
tres such as Cd u, Cu I and Zn u has provided a va- 
riety of self-assembled multidimensional structures: 
a three-dimensional textile interwoven by the two- 
dimensional networks of trans-[Cd(NH3 )2 { Ag(CN)2 } 2 ],, 
(Soma & Iwamoto, 1995); a two-dimensional layer 
clathrate stacked by the doubly interwoven net- 
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