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Br2-ZnBr2-H20 system at 298 K (Duhlev & Balarew, 
1986), the corresponding chloride, CaZnC14.5H20 , is 
the only double salt reported in the CaC1E-ZnC12-H20 
system at 298 K (Hudgins, 1964). We expect the 
chloride compound to be built of the same structural 
motifs, packed in a similar if not the same way. Another 
compound with the same formula type, MgZn- 
C14.5H20, has been reported (Balarew & Spassov, 
1980) but because of the large difference in size between 
Mg 2+ and Ca 2+, the environment around Mg z+ is 
expected to be different from that of Ca 2+ in the present 
structure. 

We wish to thank the Natural Science and Engineer- 
ing Research Council of Canada for an operating grant 
to one of us (IDB). 
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Abstract. (I) Rubidium aquapentachloroindate, R b :  
[InC15(H20)], Mr=481 .04 ,  orthorhombic, Pnma, a 
- 14.050 (3), b = 10.087 (2), c =  7.215 (2)/~, Dx= 
3 .124gem -3, Z = 4 ,  V =  1022.5 (7)/~3, F(000)= 
872, 2(Mo Ka) = 0- 71069/~, /t(Mo Ka) = 
135.01 cm -l, T =  288 K. Final R =0.021 for 764 
reflections. (II) Caesium aquapentachloroindate, C s :  
[InC15(H20)], Mr=575 .91 ,  orthorhombic, Pnma, a 
= 14.410 (3), b = 10.382 (2), c =  7.416 (1),/~, Dx=  
3.447 gcm -3, Z = 4, V = 1109.5 (3)/~-3, F(000) = 
1016, 2(Mo Ket) -- 0.71069 ,/k, /t(Mo K~t) = 
98.06cm -I, T =  288 K. Final R =0 .020  for 765 
reflections. In both compounds the anions are distorted 
octahedra, with In, O and three CI atoms on the mirror 
plane. C1...O ( -x ,  - y ,  2-z)  distances of 3.148 (9) (I) 
and 3.09 tit (II) indicate hydrogen bonding between O 
and CI atoms of neighbouring octahedra. All other 
bond lengths are normal. Comparison of both struc- 
tures with related A2[MXs(H20 )] structures is also 
made. 

Introduction. The series of compounds A2[InCI 5- 
(H20)], where A = NH 4, K, Rb, Cs, are of interest 

because they are the diamagnetic analogues of the 
intensively studied series of antiferromagnets A2[FeCI 5- 
(H20)] (Carlin & Palacio, 1985). In fact, all the 
compounds in both series whose structures are known 
are orthorhombic, although they are not all iso- 
morphic. The Cs/Fe compound belongs to the space 
group Cmcm (O'Connor, Deaver & Sinn, 1979; 
Greedan, Hewitt, Faggiani & Brown, 1980) and is 
isomorphic to the analogous ruthenium(III) material 
(Hopkins, Zalkin, Templeton & Adamson, 1966). The 
remaining compounds belong to space group Pnma 
(Carlin, Bhatia & O'Connor, 1977) and therefore the K 
and NH 4 derivatives of the Fe and In compounds are 
isomorphic (Lindqvist, 1947; Bellanca, 1948; Klug, 
Kummer & Alexander, 1948; Wignacourt, Mairesse & 
Barbier, 1976; Figgis, Raston, Sharma & White, 1978). 

We report here on the crystal structures of both the 
Cs and Rb derivatives of the In series. Our aim was to 
elucidate whether Cs2[InC15(H20 )] would follow the 
tendency of its Fe and Ru analogues or would belong to 
the much wider family of isomorphic compounds with 
space group Pnma. In addition, since Rb2[FeCIs(H20 )] 
is very interesting from a magnetic point of view 
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Table 1. Final atomic coordinates (x 105 ) of 
A2[InCIs (H20) ] ,  A = R b  and Cs 

Beq = 8Z~/3 YiYjUija*a*araj. 

x y z Beq(/~, 2) 
In 11455 (2) 25000 80901 (4) 0.64 (2) 
Rb 35547 (3) -10  (3) 84459 (4) 1.96 (2) 
CI(1) 22249 (9) 25000 107884 (15) 1.97 (5) 
C1(2) 25254 (7) 25000 59682 (14) 1.40 (4) 
C1(3) 322 (8) 25000 54228 (17) 1.76 (5) 
C1(4) 10431 (7) 470 (7) 81926 (13) 1.84 (4) 
O -1102 (22) 25000 100574 (47) 2.11 (15) 

In 11560 (2) 25000 69073 (4) 1.27 (2) 
Cs 35727 (2) -183 (2) 83830 (3) 2.00 (2) 
CI(1) 2242 (1) 2500 10673 (2) 2.32 (5) 
C1(2) 2485 (1) 2500 5963 (2) 1.87 (5) 
Cl(3) 53 (I) 2500 5517 (2) 2.12 (4) 
C1(4) 1023 (1) -95 (1) 8289 (1) 2.02 (4) 
O --68 (2) 2500 10091 (4) 2.91 (17) 

Rb2[InC15(H20)] 
Cl(1)-In 2.468 (1) 
Cl(2)-In 2.470 (1) 
Cl(3)-In 2-480 (1) 
Cl(4)-In 2.480 (1) 
O-In  2.264 (3) 
Rb..-In 4.2291 (5) 
Rbl...In 4.2142 (5) 
Cl(1)...Rb 3.565 (1) 
Cl(2)...Rb 3.413 (1) 
CI(4)...Rb 3.534 (1) 
Cl(l%..Rb 3.351 (1) 
Cl(2m)...Rb 3.460 (1) 
Cl(31")...Rb 3.512 (I) 
Cl(3~*)...Rb 3.367 (1) 
Cl(lV)...Rb 3.565 (1) 
Cl(2v)..-Rb 3.413 (1) 
Cl(3~)...Rb 3.367 (1) 
Cl(4vi)...Rb 3.691 (I) 
Cl(1~.. .Rb 3.351 (1) 
Cl(2~l~ ---Rb 3.460 (1) 
Cl(3Vm)...Rb 3.511 (1) 
Cl(4vJ~...Rb 3.471 (1) 
O...Cl(4) 3-249 (9) 
O(~X) . . .  Cl(4)  3 -148  (9) 

Table 2. Selected bond lengths (A) and angles (o)for 
A2[InC15(H20)], A -- Rb and Cs 

Cs2[InC15(H20)] 
Cl(1)--In 
Cl(2)--In 
Cl(3)-In 
Cl(4)-In 
O-In  
Cs...In 
Cs l...In 
CIII). . .Cs 
Cl(2)...Cs 
CI(4)...Cs 
CI( I%..Cs 
Clq 2ui)...Cs 
Clq 3111)... Cs 
Clq 3iv) ..-Cs 
Cll IV) ...Cs 
Clq 2v) ...Cs 
Clq3V~..,Cs 
Cl(4vl) . ..Cs 
Cl( 1 vii). • .Cs 
C142vug...Cs 
CIt3V%..Cs 
CII 4v% ..Cs 
O...C1(4) 
O('x) ...C1(4) 

Cl(2)-In-Cl(l) 90.4 (1) Cl(2)--In-Cl(1) 
Cl(3)-In-Cl(1) 178.8 (1) Cl(3)-In-Cl(1) 
Cl(3)-In-Cl(2) 90.8 (1) Cl(3)-In-Cl(2) 
Cl(4)-In-C(1) 90.7 (1) Cl(4)-In-Cl(1) 
Cl(4)-In-Cl(2) 93.7 (1) Cl(4)-In-Cl(2) 
Cl(4)-In-Cl(3) 89.2 (1) CI(4)-In-CI(3) 
O-In-Cl(1) 89.1 (1) O-In-Cl(1) 
O-In-Cl(2) 179.5 (i) O-In-Cl(2) 
O-In-Cl(3) 89.7 (1) O-In-Cl(3) 
O-In-Cl(4) 86.3 (1) O-In-Cl(4) 

2.472 (1) 
2.483 (1) 
2.484 (1) 
2.508 (1) 
2.304 (4) 
4.358 (1) 
4.360 (1) 
4.279 (1) 
3.128 (1) 
3.815 (1) 
2.976 (1) 
4.244 (1) 
4.210 (1) 
3.877 (1) 
4.279 (1) 
3.128 (1) 
3.877 (1) 
3.535 (I) 
2.976 (1) 
4.244 (I) 
4.210 (1) 
2.748 (1) 
3.39 (1) 
3.09 (1) 

90.2 (1) 
179.5 (1) 
90.2(1) 
90.2 (1) 
95.5 (1) 
89.8 (1) 
89.2 (2) 

179.5 (2) 
90.3 (2) 
84.5 (2) 

Symmetry code: (i) S-x,  y-½, z+½; (ii) S-x,  ½+y, z+½; (iii) ½-x, 
½+y, z - S ;  (iv) x -S ,  ½-y, {---z; (v) x, {---y, z; (vi) x-½, y, ~-z ;  (vii) 

z 1. (ix)--x, 2--z. ½---x, --y, z+½; (viii) ½--x, --y, --3, -Y, 

i 

(Purrtolas, Navarro, Palacio, Bartolomr, Gonzhlez & 
Carlin, 1985), it is relevant to characterize crys- 
tallographically a diamagnetic isomorph. 

Experimental. Prismatic crystals (0.1 x 0.1 x 0.2 mm) 
(I)  and (0.1 x 0.1 x 0.15 mm) (II) were selected and 

Table 3. Unit-cell parameters of isomorphic compounds 
of the series A 2 [ M X s ( H 2 0 ) ]  , with spac e group Pnma 

Refer- 
A M X a(A) b(A) c(A) Z ence 

NH 4 In C1 14.10 10.17 7.16 4 (a) 
K In CI 13.905 9.952 7.185 4 (b) 
Rb In C1 14.050 10.087 7.215 4 This 

work 
Cs In CI 14.410 10.382 7.416 4 This 

work 
H30 Fe C1 13-720 9-926 7.038 4 (c) 
NH 4 Fe CI 13.706 9.924 7.024 4 (d) 
K Fe CI 13.75 9.92 6.93 4 (e) 
Rb Fe C1 13.825 9.918 7.100 4 (f) 
Rb Fe Br 14.2 10.4 7.4 4 (g) 
Cs Fe Br 14.7 10.7 7-6 4 (g) 
NH 4 Mo CI 13.860 9.944 7,133 4 (h) 
NH 4 Mo Br 14.423 10.373 7.516 4 (h) 
K Ru CI 13.53 9.55 6-96 4 (/) 

References: (a) Klug, Kummer  & Alexander (1948); (b) Wig- 
nacourt, Mairesse & Barbier (1976); (c) Sotofte & Nielsen (I 98 I); 
(d) Figgis, Raston, Sharma & White (1978); (e) BeUanca (1948); (tO 
O'Connor,  Deaver & Sinn (1979); (g) Carlin, Bhatia & O'Connor  
(1977); (h) Cavell & Quail (1983); (/) Khodashova (1960). 

Fig. 1. Unit cell of Rb2[InC15(H20)]. 

mounted on a Philips PW 1100 four-circle diffrac- 
tometer. Unit-cell parameters were determined from 25 
reflections (4 ° < 0 < 12 °) and refined by least squares. 
Intensities were collected with graphite-monochro- 
matized Mo Ka radiation, using the og-scan technique, 
with scan width 0.8 ° and scan speed 0.03 ° s -1. 1032 
reflections for (I) and 1034 for (II) were measured in 
the range 2 ° < O < 25 °, of which 764 and 765, respec- 
tively, were taken as observed with I > 2.50(/). Three 
reflections were measured every 21i as orientation and 
intensity controls, no significant intensity decay was 
observed. Lorentz-polarization and absorption correc- 
tions were made [transmission factors 0 .84-0.73(1)  
and 0.93-0.86 (II)]. Both structures were solved by 
direct methods, using the MULTAN84 system of 
computer programs (Main, Fiske, Hull, Lessinger, 
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Germain, Declercq & Woolfson, 1984) and refined by 
full-matrix least squares, using the SHELX76 program 
(Sheldrick, 1976). The function minimized was 
~w[tFol - IFcl[ 2, where w =  {cr2(Fo) + K(Fo)2} - l ,  K 
= 0-045 for (I) and 0.0 for ( I I ) . f f '  a n d f "  were taken 
from International Tables for X-ray Crystallography 
(1974). H atoms were not located. 

The final R values were 0.021 (wR = 0.020) in (I) 
and 0.020 (wR =0.020)  in (II) for all observed 
reflections. Max. and min. peaks in final difference 
maps were +0.3 e ]k -3 at 1.81 A from Rb for (I) and 
+0.3, - 0 . 4  e,/k -3 at 1.69 A from Cs for (II). Max. 
shift/e.s.d. = -0 .07 ,  U22 of O in (I), and -0 .08 ,  U33 of 
O in (II). 

Discussion. The crystals are isomorphous and contain 
discrete [InCls(H20)] 2- distorted octahedra, the In, O 
and three Cl atoms being positioned on the mirror plane 
(Fig. 1). Final positional coordinates for AE[InC1: 
(H20)]  , A = Cs and Rb, are given in Table 1.* Table 2 
contains a selection of bond lengths and angles. From 
the magnitude of the O. . .Cl  distance, it can be stated 
that in each octahedral unit the O atom is within 
hydrogen-bonding distance of Cl atoms of neigh- 
bouring [InCls(H20)] 2- octahedra, a fact which is 
common to the rest of the members in the isomorphic 
series. Available crystallographic results of isomorphic 
related compounds are summarized in Table 3. 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Document Supply 
Centre as Supplementary Publication No. SUP 44741 (9 pp.). 
Copies may be obtained through The Executive Secretary, 
International Union of Crystallography, 5 Abbey Square, Chester 
CH 1 2HU, England. 

We thank the American-Spain Joint Committee for 
Grant No. CCB-8504/001. 
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trans-Hexakis(pyrazole)manganese(II) Bisperchlorate (1) and 
trans-Dichlorotetrakis(pyrazole)manganese(II) (2) 

BY PAAVO O. LUMME,* EVA LINDELL AND ILPO MUTIKAINEN 

Department of Inorganic Chemistry, University of Helsinki, Vuorik. 20, SF-00100 Helsinki, Finland 

.(Received 6 July 1987; accepted 25 January 1988) 

Abstract. (1): [Mn(C3H4N2)6](CIO4)2, Mr=662 .31  , 
trigonal, P3, a = 1 0 . 1 2 9 ( 4 ) ,  c = 8 . 0 3 9 ( 5 )  A, V =  
714.3 (6) A 3, Z =  1, O,,, = 1.55 (2), Dx= 
1.54 Mg m -3, 2(Mo Ks) = 0.71069 A, ~t = 0.73 mm -1, 
F(000) = 339, T = 295 (1) K, R = 0.050 for 577 uni- 

* To whom all correspondence should be addressed. 
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que reflections with I > 3o(I). (2): [MnCI2(C3H4N2)4] , 
M , = 3 9 8 . 1 6 ,  monoclinic, C2/c, a= 13.695 (3), b =  
9.426 (2), c =  15.239 (2)A, f l=  118.03 (1) °, V =  
1736.4(5)A 3, Z = 4 ,  D , n = l . 5 7 ( 1 ) ,  Dx= 
1.52 Mg m -3, 2(Mo Ks) = 0.71069 A, p = 1.11 mm -1, 
F(000)= 812, T =  295 (1) K, R =0 .032  for 1633 
unique reflections with I > 3or(/). The coordination 
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