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Abstract .  Ag10112. C4H12N2.4CaHTNO, monocl inic ,  
P21/c, a = 1 4 " 5 2  (7), b = 2 5 . 0 6  (9), c = 7 . 8 4  ( 4 ) , ~ ,  
f l =  100.3 (4) °, Z = 2 ,  D e =  3-53, Dm=3"51 g c m  -a. Final  
R = 0 . 0 5 1 .  The iodine a toms  fo rm a three-dimensional  
s t ruc ture  of  face-shar ing t e t r ahedra  with silver a toms  
occupying one qua r t e r  of  the te t rahedra l  holes in the 
uni t  cell. 
Introduction.  The complex was p repared  f rom stoichi- 
ometr ic  quant i t ies  of  AgI  and  piperazine d ihydroiodide  
in d ime thy l fo rmamide  ( D M F ) .  Colourless  needles of  
AgIoIIz. C 4 H I 2 N 2 . 4 D M F  were obta ined  by recrystal-  
l ization f rom D M F  solution.  Oscillation, Weissenberg  
and  precession pho tog raphs  showed the crystals to be 
monocl in ic  with space g roup  P2x/c. 

A crystal  g round  to roughly  spherical shape with 
a d iameter  of  0.03 m m  was used to measure  the cell 
pa rame te r s  and  the intensities of  2609 independent  
reflexions on a Philips P W  1100 four-circle au tomat i c  
di f f ractometer .  The  da ta  were collected to a m a x i m u m  
0 of  20 ° with g r a p h i t e - m o n o c h r o m a t e d  Mo  Ks  rad ia t ion  
(2=0 .7107  A., ey-20 scan, scan width 1.2 °, scan speed 
0"04 ° s - l ) .  O f  the intensities measured ,  2198 were 
considered observed,  with I/a(1)> 1.65, where  a( l )= 

* C S I R -  R. Fis. 720 

[(0"02S) z + S +  B]1/2[, S =  scan count  and B =  total  back-  
g round  count .  The b a c k g r o u n d  was counted  for  one 
ha l f  of  the total  scanning t ime on each side of  the 
reflexion. Correc t ions  were m a d e  for  Lorentz  and  po- 
lar izat ion factors  but  not  for  absorp t ion  ( p = 1 0 0 . 2  
cm-1) .  

The s t ructure  was solved by the symbolic  addi t ion  
procedure  for  cen t rosymmet r ic  crystals  (Kar le  & 
Karle,  1966) with the p r o g r a m  P H A S E  f rom the X- 
R A Y  72 set of  c rys ta l lographic  p r o g r a m s  (Stewart ,  
Kruger ,  A m m o n ,  Dickinson  & Hall ,  1972). These 
p r o g r a m s  were used for  all o ther  computa t ions .  A 
ful l -matr ix  least-squares  ref inement  of  the trial pa-  
rameters ,  with individual  anisot ropic  thermal  fac tors  
and  unit weights assigned to all reflexions, led to an 
R of  0"051 [R=~(lFol--IFcl)/~.lFol]/f The scat ter ing 
factors  were those of  C r o m e r  & M a n n  (1968). Table  1 

t A list of structure factors has been deposited with the 
British Library Lending Division as Supplementary Publica- 
tion No. SUP 30721 (19 pp., 1 microfiche). Copies may be 
obtained through The Executive Secretary, International Union 
of Crystallography, 13 White Friars, Chester CH1 1 NZ, 
England. 

Table  1. Fractional coordinates and anisotropic temperature factors × 10 4 

Thermal parameters are of the form T= exp [ -  2rc2(U~h2a .2 + U22k2b .2 + U3flZc .2 + 2U12hka*b* + 2U13hla*c* + 2U23klb*c*)]. 
Standard deviations 

x y z UI~ 
Ag(l) 1806 (2) 3639 (1) 1472 (3) 895 (19) 
Ag(2) - 7 0  (2) 2835 (1) 871 (3) 940 (20) 
Ag(3) 637 (2) 1621 (1) 1052 (3) 753 (17) 
Ag(4) 2865 (2) 1629 (1) 1907 (3) 751 (17) 
Ag(5) 3640 (2) 2826 (1) 2137 (2) 936 (19) 
I(1) 1793 (1) 2483 (1) 5104 (2) 533 (11) 
I(2) -933 (1) 1990 (I) 2357 (2) 537 (12) 
I(3) 118 (1) 3812 (1) 2666 (2) 748 (14) 
I(4) 1744 (1) 863 (1) 3193 (2) 676 (12) 
I(5) 3476 (1) 3801 (1) 3870 (2) 726 (14) 
I(6) 4501 (1) 1973 (1) 4189 (2) 553 (12) 
O(1) 6639 (40) 4684 (18) 6963 (83) 2003 (536) 
0(2) 6092 (38) 4251 (14) 2510 (65) 1141 (373) 
N(1) 8189 (30) 4671 (11) 6915 (46) 1395 (332) 
N(2) 4157 (21) 4688 (12) 43 (50) 547 (205) 
N(3) 6719 (22) 3382 (15) 2892 (38) 583 (204) 
C(1) 4820 (23) 4588 (! 1) - 1316 (35) 900 (246) 
C(2) 4721 (18) 4896 (11) 1636 (32) 471 (173) 
C(3) 8571 (54) 4575 (22) 8607 (67) 6176 (933) 
C(4) 8865 (40) 4720 (21) 5813 (76) 1706 (492) 
C(5) 7289 (43) 4737 (21) 6267 (111) 1031 (420) 
C(6) 7394 (43) 3511 (21) 1775 (100) 1507 (515) 
C(7) 6137 (27) 3845 (28) 2930 (72) 528 (246) 
C(8) 6745 (40) 3856 (18) 3567 (71) 1862 (521) 

are given in parentheses. 

U22 Us3 U12 Uls U~ 
898 (19) 485 (15) 4 (16) 193 (13) -61  (14) 
723 (17) 570 (16) 12 (15) 275 (14) -41  (13) 
739 (17) 483 (14) 69 (13) 155 (12) 72 (12) 
711 (17) 484 (14) -11  (13) 97 (12) 61 (12) 
684 (17) 460 (14) 4 (14) 59 (13) 26 (12) 
458 (10) 122 (8) - 15 (8) 107 (7) - 10 (7) 
673 (13) 343 (10) - 1  (10) 118 (9) 3 (9) 
557 (12) 317 (10) 125 (I0) 145 (9) 11 (9) 
466 (11) 298 (10) 29 (10) 111 (9) 15 (8) 
560 (13) 289 (10) - 150 (10) 172 (9) - 17 (8) 
598 (12) 300 (9) 62 (9) 76 (9) 20 (9) 

1342 (373) 3350 (748) -278  (357) 2407 (589) -499  (407) 
329 (211) 958 (307) 95 (226) -41  (250) 196 (228) 
442 (180) 1088 (266) 194 (202) 568 (257) - 6 8  (171) 
454 (199) 1314 (324) - 2 4  (167) 457 (219) - 7 6  (206) 

1371 (325) 643 (199) -291 (217) -217  (161) 23 (202) 
466 (186) 432 (183) -135(178) 201 (171) -196(151)  
576 (192) 349 (164) -377  (151) 265 (138) -253  (143) 

1363 (438) 483 (353) 1510 (504) -458  (444) 1 (317) 
1389 (438) 1854 (542) - 9 2  (373) 1206 (454) -375  (394) 
887 (401) 3624 (1063) 9 (348) 136 (541) -800  (520) 

1026 (415) 2968 (849) 46 (371) 600 (564) - 9 7  (475) 
2996 (736) 2010 (567) 399 (430) - 3 3  (293) - 1720 (564) 

840 (327) 1763 (500) -214  (329) -362  (399) 826 (352) 
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Fig. 1. Stereoscopic drawing showing the AgI lattice. 

lists the final atomic parameters. Interatomic distances 
and angles are given in Table 2. 

Table 2. lnteratomic distances (A) and angles (o) 
Standard deviations are in parentheses. Primed atoms are 
related to the unprimed equivalents by the glide plane at 

y=¼. 
Ag-I 

Ag(1)-I(1) 3"00 (2) Ag(3)-I(3) 2"84 (1) 
Ag(1)-I(3) 2"81 (1) Ag(3)-I(4) 2"84 (1) 
Ag(1)-I(4)' 2"84 (1) Ag(4)-I(1) 2"93 (1) 
Ag(1)-I(5) 2"82 (1) Ag(4)-I(4) 2"82 (1) 
Ag(2)-I(1) 2"98 (1) Ag(4)-I(5)" 2"89 (1) 
Ag(2)-I(2) 2"82 (1) Ag(4)-I(6) 2"84 (1) 
Ag(2)-I(2)' 2"85 (1) Ag(5)-I(1) 2"97 (1) 
Ag(2)-I(3) 2"81 (1) Ag(5)-I(5) 2"83 (1) 
Ag(3)-I(1) 2"98 (1) Ag(5)-I(6) 2"83 (1) 
Ag(3)-I(2) 2"82 (1) Ag(5)-I(6)' 2"86 (1) 

Ag-Ag ring I-I  ring 
Ag(1)-Ag(2) 3"35 (2) I(2)-I(3) 4"80 (2) 
Ag(2)-Ag(3) 3-21 (2) I(3)-I(5) 4"80 (2) 
Ag(3)-Ag(4) 3-18 (2) I(4)-I(6) 4.82 (2) 
Ag(4)-Ag(5) 3-20 (2) I(4)-I(2) 4"75 (2) 
Ag(5)-Ag(l) 3"32 (2) I(5)-I(6) 4"81 (2) 

I(1)-I distance in Ag-occupied tetrahedra 
I(1)-I(2)' 4.33 (2) I(1)-I(5)' 4.32 (1) 
I(1)-I(3)' 4.35 (1) I(1)-I(6)" 4-32 (2) 
I(1)-I(4)" 4.32 (2) 

l(1)-I distance in unoccupied tetrahedra 
I(1)-I(2) 4-80 (2) 
I(1)-I(3) 4.71 (1) 
I(1)-I(4) 4.81 (2) 

O(1)-C(5) 1-18 (10) 
O(2)-C(7) 1-07 (8) 
N(I)-C(3) 1"36 (6) 
N(1)-C(4) 1"42 (8) 
N(1)-C(5) 1"32 (7) 
N(2)-C(1) 1"58 (5) 

I(1)-Ag(l)-I(4) 95-2 (3) 
I(1)-Ag(1)-I(5) 108.8 (3) 
I(1)-Ag(1)-I(3) 108.2 (3) 
I(3)-Ag(1)-I(4) 110.2 (3) 
I(3)-Ag(1)-l(5) 116-9 (3) 
I(4)-Ag(1)-I(5) 115.1 (3) 
I(l)-Ag(2)-I(2)'  96.0 (3) 
I(2)-Ag(2)-I(2)" 111-4 (3) 
I(2)-Ag(2)-I(1) 111.6 (3) 
I(3)-Ag(2)-I(2)" 109-7 (3) 
I(3)-Ag(2)-I(1) 108.9 (3) 
I(3)-Ag(2)-I(2) 117.2 (3) 

I(1)-I(5) 4-74 (1) 
I(1)-I(6) 4"81 (2) 

N(2)-C(2) 1.46 (4) 
N(3)-C(6) 1.46 (8) 
N(3)-C(7) 1.44 (7) 
N(3)-C(8) 1.42 (6) 
C(1)-C(2) 1.50 (4) 

I(1)-Ag(3)-I(3) 
I(2)-Ag(3)-I(3) 
I(2)-Ag(3)-I(1) 
I(4)-Ag(3)-I(3) 
I(4)-Ag(3)-I(1) 
I(4)-Ag(3)-I(2) 
I(1)-Ag(4)-I(5) 
I(4)-Ag(4)-I(1) 
I(4)-Ag(4)-I(5) 
I(4)-Ag(4)-1(6) 
I(6)-Ag(4)-I(1) 
I(6)-Ag(4)-I(5) 

97"0 (3) 
111"6 (3) 
111-9 (3) 
109-0 (3) 
111"6 (3) 
114"5 (3) 
95"8 (3) 

113"5 (3) 
108"8 (3) 
116-9 (3) 
112-7 (3) 
106"6 (3) 

Discussion. The geometry of the AgI lattice and the 
atomic numbering is shown in Fig. 1 (ORTEP, John- 
son, 1965). 

Each silver atom is tetrahedrally surrounded by four 
iodine atoms. The iodines form a three-dimensional 
array of face-sharing tetrahedra, showing an average 
I . . . I  distance of 4.44 A. 40 iodine tetrahedra are 
thus formed in the unit cell. Ten of these enclose silver 
atoms with the remainder vacant. The silver atoms 
are stacked as five-membered rings, oriented approxi- 
mately in the ab plane and recurring half a cell trans- 
lation away in the e direction. Consecutive rings are 
staggered in the e direction. The average A g . . . A g  
distance in the ring is 3.25 A. 

I(1) is close to the line joining the centres of neigh- 
bouring five-membered rings of Ag atoms. The other 
five iodines in the asymmetric unit form a regular 
five-membered ring, half-way between two rings of 
silver atoms. The staggering pattern is also found for 
consecutive rings of iodine atoms. 

The average I(1). . .I(ring) distance of 4.26 A in 
empty tetrahedra is slightly shorter than the average 
I(1)-. .I(ring) distance of 4.63 A in Ag-filled tetra- 
hedra. The average Ag. - . I (1)  distance of 2.97 A is 
somewhat longer than the average Ag.- . I ( r ing)  dis- 
tance of 2.83 A. 

The piperazine dihydronium ion is located on the 
(:r,~,0) and only one half of it symmetry centre at 1 1 

contributes to the asymmetric unit. The molecular for- 
mula Ag10Ilz.C4H12N2 thus contains two asymmetric 
units. 

The crystals are stable in air at room temperature 
and include two molecules of D M F  in the asymmetric 
unit. 
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