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The complex (Br-C.&NH3)3CdC15 was prepared. Single-crystal X-ray analysis revealed a 
novel structure, in which inorganic (CdCIs),, helical anion chains are formed by CdCb octa- 
hedra sharing bridging chlorine atoms, while the organic ammoium cations are bonded along 
the chains through hydrogen bonds. The complex is stable up to 140°C; phase transition char- 
acteristics were investigated by DTA-TGA. 

Keywords: Cadmium; crystal structures; thermal analyses 

Lowdimensional solid-state chain or layer complexes have received much 
attention. For example, perovskite-type layer compounds with general for- 
mula (CnHh+lNH3)2MX4 and (NH3C,H,NH3)MX, (M = Mn, Cd, Cu; 
and X = C1, Br) have been extensively investigated due to their interesting 
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34 D.-G. LI el a[. 

thermal and magnetic proper tie^.'-'^ However, to the best of our knowl- 
edge, no helical chain compounds derived from MXz and ammonium ions 
has been reported. A novel complex salt of 4-bromobenzamine and cad- 
mium chloride, (Br-C6H4NH3)3CdC15, has been prepared. It belongs to a 
new kind of compound formulated as (RNH3)3MX5, and single-crystal 
X-ray studies indicated that its novel structure is quite different from those 
of perovskite-type layer compounds. 

EXPERIMENTAL 

Synthesis of (Br-Cd€,NH3)3CdC15 

The hydrochloride of 4-bromobenzenamine was used after recrystallization 
from I molar hydrochloride acid. The title complex was prepared by reflux- 
ing 4-bromobenzenamine hydrochloride (3 mmol) and CdC12.2.5H20 
(1 mmol) in ethanol (30 cm3) in the presence of glycine for 1 h; excess con- 
centrated hydrochloride was added dropwise during reflux. After being 
cooled to room temperature, the solution was left to evaporate for several 
weeks to give colourless crystals of the title complex. The crystals for 
elemental analyses were dried in vacuo. Yield 68.8%, Anal. Calc. for 
( B T - C ~ H & H ~ ) ~ C ~ C ~ ~  (YO): C, 26.7; H, 2.6; N, 5.2. Found: C, 26.6; H, 2.5; 
N, 5.1. 

Physical Measurements 

Elemental analyses were performed on a Perkin-Elmer 240 instrument; IR 
spectra were recorded in KBr pellets in the 4000-400 cm-' using a Nicolet 
170SXFTIR spectrophotometer. Thermogravimetric and difference thermal 
analyses were performed on a DTA-TGA 2960 instrument under flowing 
Nz with a heating rate of lO"C/min. 

X-ray Crystallography 

A colourless plate of approximate dimensions 0.20 x 0.20 x 0.30 mm was 
used for X-ray analysis. Reflection data were collected at room temperature 
on an Enraf-Nonius CAD4 diffractometer with graphite-monochromated 
MoK, radiation (A = 0.71073 A) using the w-28 scan technique. Crystal 
data collection parameters are listed in Table 1. Unit cell parameters were 
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POLY CHLOROCADMATES 35 

TABLE I Crystal data and data collection parameters for (Br-C~H&lH,)$dCI~ 

Formula 
Formula weight 
Crystal system 
sP?= group 
= (4) 

(4) 
c (A) 
P (") 
v (A,) 
Z 
2- (K) 
Dmic ( g ~ m - ~ )  mw 
/I (MOW (m-9 
Collection range C) 
Index ranges 
No. of observations 
No. of independent reflections 
Data/restraints/parameters 
R ( I>  2a(I)) 
Rw (1 > 244) 
R (all data) 
R, (all data) 

CLSHZI Br3ClsN3Cd 
808.76 
monoclinic 
HllC 
15.6210(10) 
7.7443(7) 
22.2190(10) 
98.666(6) 
2657.2(3) 
4 
293(2) 
2.022 
1552 
58.48 
1.32<e<24.98 
-18 5 h 5 18,O < k 5 9 , 0 <  15 26 
4849 
4666 [R(inr) = 0.0861 
4666/0}274 
0.068 
0.130 
0.130 
0.149 

obtained by a least-squares method based on the setting angles of 25 reflec- 
tions in the range 10 < 6 < 12". A total of 4849 reflections was collected in 
the range 2.64" 5 28 5 49.96", of which 4666 were independent 
(Rht=0.086), and 2491 were observed with I >  241)  and used in the struc- 
ture solution and refinement. Intensity data were corrected for Lorentz- 
polarization effects and absorption (Psi-scan technique). 

Structure Solution and Refinement 

The structure was solved by using the direct methods in the SHELXS86 
pr~gram, '~  and refined by full-matrix least-squares on F:, where 
w = 1/[2(F:) + (0.0684P)2 + O.OOOOP] and P = (F: + 2F,2>/3, converging to 
R=0.068, Rw=0.130 (1>2u(I)  observed data); R=0.130, Rw=0.149 (all 
data). All H atoms were generated geometrically and were allowed to ride 
on their respective parent atoms. One hydrogen atom on each nitrogen 
atom was located from a difference map and was used to generate the other 
two hydrogen atoms of the NH; group. The NH; groups were treated as 
idealised rigid rotating groups to fit the maximum sum of the electron den- 
sity. SHELXL 93'' was used for refinement. H atom coordinates, thermal 
parameters and observed and calculated structure factors are available from 
the authors upon request. 
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36 D.-G. LI el al. 

RESULTS AND DISCUSSION 

Structure of (Br-C&NH&CdCIS 

Figure 1 shows the atom numbering scheme and Figure 2 the packing of the 
ions in the unit cell. Atomic coordinates for non-hydrogen atoms are given 
in Table 11. Selected bond distances and angles are listed in Table 111. The 
anion consists of (CdCIS), helical chains along the b axis, which is unique 
for this kind of Cd derivative. The cadmium atom is coordinated by six 
chlorine atoms to form a slightly distorted octahedron, as previously sug- 
gested in perovskite-type layer  compound^.'^^'^ In the CdCI6 octahedron of 
(Br-C6H4NH3)3CdCI5, there are only two bridging chlorine atoms. In con- 
trast, the mineral layer is quite often made of corner-sharing octahedra 
forming a perovskite-type structure, where CdC16 involves four bridging 
and two non-bridging chlorine atoms. This difference makes the anion in 
(Br-C6H4NH3)3CdClS form (CdCIs),, helical chains rather than the layer 
structure ( C d q ) ,  in perovskite-type compounds. Another complex, 
(HOOC-CH=CH-(C6H4)-NH3)2CdCI4, contains anion chains too," but 

r 

B r 2  

W 
B r 3  

C13 

CI1 

FIGURE 1 The numbering scheme for the atoms of (Br-C6H4NH&ZdCls. 
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POLYCHLOROCADM ATES 37 

FIGURE 2 A view of the unit cell down the a axis. 

these are built up from rows of (CdC14) tetrahedra, and each (CdCL) tetra- 
hedron is on a mirror symmetry plane. 

The distances of the Cd atom to the bridging C1 atoms in (Br- 
C6H4NH3)3CdC15 (average 2.781(3) A) are significantly longer than those of 
the Cd atom to the non-bridging chlorine atoms (average 2.584(3)A); a 
similar trend was observed in perovskite-type layer compounds such as 
(CI~HI,N~O)[C~CL]’~ and (C6Hl0Nd[CdCL&” The Cd-Cl-Cd bond is 
not linear but forms an angle of 164.91(10)”, while the Cl-Cd-Cl bond 
angle formed by Cd and two bridging chloride atoms is 90.20(3)”. 

Crystalline cohesion is achieved by means of two types of hydrogen 
bonds; type A forms the helical chain structure and the type B is for con- 
nects chains, as shown in Figure 2. Type A hydrogen bonds occur between 
the nitrogen atom of 4-bromobenzenammonium (N1 and/or N3) and the 
chlorine atoms of the (CdC1,)~- anion (N-H . . . C1 average 2.512A). 
Hydrogen bonds are formed by all three hydrogen atoms in NH; groups, in 
which two hydrogen atoms involve two non-bridging chlorine atoms but 
the third involves a bridging chlorine atom. This hydrogen bond is quite 
different from those in perovskite-type layer complexes; the latter hydrogen 
bond often involves only one hydrogen atom of ammonium groups. 
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38 D.-G. LI el al. 

TABLE I1 Atomic coordinates (x lo4) and equivalent isotropic displacement parameters 
(A2 x lo3) for (Br-C&&H3)3CdCIs. U(eq) is defined as one third of the trace of the 
orthogonalized U~J' tensor 

4701(1) 
805(1) 
223(1) 

-271(1) 
321 l(2) 
4375(2) 
6343(2) 
4609(2) 
5228(2) 
4009(5) 

-357ry5) 
3514(5) 
1821(7) 
1727(8) 
2447(7) 
3238(7) 

2600(7) 
3337(7) 

-967(7) 
- 1526(7) 
-2397(7) 
-2661(6) 
-2112(7) 
- 1247(8) 

91 l(8) 
1254(8) 
2 109(8) 
2592(7) 
2254(8) 
1389(8) 

32(1) 
626 l(2) 
8994(2) 
8478(2) 
665(4) 

-2502(4) 
-450(4) 
2432(4) 
2587(3) 

4635(11) 
9892(12) 

10290(11) 
5710(14) 
5432( 15) 
5041( 16) 
5008(14) 
529 1( 15) 
5657( 15) 
9258( 15) 
9873(16) 

10113(15) 
9673( 13) 
9009( 15) 
8776(16) 
9052(16) 

1 082 1 ( 1 5)  
9837(13) 
8467( 15) 
8048(15) 

10434(14) 

3327(1) 
4577(1) 
6092(1) 
7900(1) 
2737(1) 
4041(1) 
3600(1) 
4133(1) 
2565(1) 
6395(4) 
5037(4) 
79 1 5(4) 
5138(4) 
5733(5) 
6152(5) 
5946(4) 
5368(5) 
4944(5) 
5769(5) 
6131(5) 
5884(5) 
5292(5) 
4924(5) 
5 17 l(5) 
788615) 
8227(5) 
8234(6) 
7910(4) 
7570(5) 
7575(5) 

TABLE 111 Selected bond distances (A) and angles (") for (Br-C6H4NH3)3CdC15 

Cd-CI(1) 
Cd-Cl(3) 
Cd-Cl(4) 
Cd-Cl(2) 
Br(2)-C(7) 
N( I)-.C(4) 
N(3)-C( 16) 
C1( l)-Cd-C1(3) 
Cl( I)-Cd-C1(4) 
C1(3)-Cd-C1(4) 
CI(I)-cd-C1(2) 
C1(3)-Cd-C1(2) 
C1(4)-Cd-C1(2) 
Cl( I)-Cd-C1(5)#' 
CI(3)-Cd-C1(5)#' 

2.541(3) 
2.573(3) 
2.600(3) 
2.622(3) 

1.900( 1 1) 
1.472( 12) 
1.48 l(12) 
162.36(9) 
94.35(9) 

95.63(10) 
102.13(9) 
91.52(10) 
94.69(9) 
83.94(8) 
85.61(9) 

Cd-C1(5)#' 

Cd#2-CI( 5 )  
Br( I)-C( 1) 
Br(3)-C(13) 

Cd-CI(5) 

N(2)-C(10) 

C1(4)-Cd-C1(5)#' 
C1(2)-cd-C1(5)#' 
Cl( 1)-Cd-C1(5) 
C1(3)-Cd - a (  5 )  
C1(4)-Cd-C1(5) 
c l ( 2 ~ ~ a - c l (  5 )  

Cl(5j -Cd-CI(5) 
Cd 2-C1(5)-Cd 

2.755(3) 
2.807(3) 
2.755(3) 

1.912( 10) 
1.903( 12) 
1.463( 12) 

177.60(9) 
87.32(9) 
8 3.22(8) 
82.65(8) 
87.92(9) 

173.83(9) 
90.20(3) 

164.9 1( 10) 

#'  - x+ 1, Y- 112, - z+ 112; #2- x+ 1, Y +  112, - Z f  112. 
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POLYCHLOROCADMATES 39 

TABLE IV Hydrogen bond distances (A) and angles (“) for (Br-CsI-L,NH3)3CdC15 

NI-Hla.. .CI 1 2.588(153.7) NI-Hlb.. .CI 5 2.53q137.9) 
NI-Hlc*..CI 2 2.428(161.4) N 2 - H h . .  . CI 3 2.300(174.3) 
N2-H2b. . . CI 2 2.514(141.5) N2-H2~ . . .C14  2.331(161.0) 
N3-H3a.. . CI 1 2.51 l(132.8) N3-H3b...Cl5 2.378( 167.8) 
N3-H3c...CI 4 2.63 I( 155.4) 

Type B hydrogen bonds occur among the nitrogen atom of 4-bromo-ben- 
zenammonium (N2) and the chlorine atoms from two adjacent (CdCIS)p- 
anions (N-H . . - C1 average 2.382 A). Like type A, all three hydrogen atoms 
in NHZ groups take part. However, all involving chlorine atoms are not 
bridged (two non-bridging chlorine atoms come from a (CdCl&”- anion, 
the third non-bridging chlorine atom from an adjacent (CdCIS)F- anion). 
These hydrogen bonding distances are shorter than those of type A, sug- 
gesting that they are stronger. 

IR Spectra and Thermal Analysis 

In the IR spectra, there are two broad bands around 3009 and 2948cm-’, 
mainly attributed to classical N-H stretching vibrations of -NHf, shifted 
to lower wavenumber due to the extensive hydrogen bonding. The presence 
of two bands is consistent with the result of the X-ray analysis. Other bands 
occur at 1617(w), 1568(m), 1484(s), 1600(m), 1070(s), 1015(s), 81 l(s1, 483(s) 
and on comparable to those of (Br-C&NH3)Cl in standard spectra.” 

is stable only up to 140°C. TG showed that it 
decomposes losing ammoium chloride in three distinct steps (Figure 3), i.e., 
via two intermediate steps (stable phases) corresponding to the tetrachloride 
(Br-C6H4NH3)2CdCb and trichloride (Br-C61&NH3)CdC13, respectively. 
The latter decomposes at 215°C to CdC12. On the basis of weight changes 
(25.4,25.6 and 26.0% respectively), these processes corresponded to the loss 
of three (Br-C6H4NH3)C1 molecules (theory 25.8%) step by step. Similar 
trends were observed in perovskite-type layer compounds (NH4)2CdX4 
(X=Cl, Br).20 The DTA curve for (Br-C6&NH3)3CdC15 showed three 
endothermic peaks at 142, 203 and 238”C, corresponding to three phase 
transitions. Two (Br-C6H&H3)+ ions connected with the same (CdClS), 
chain probably were lost first, then the (Br-C6H4NH3)+ ammonium con- 
nected with different (CdCl5), chains. This would be in good agreement 
with the structure analysis, which shows that connection by type B hydro- 
gen bonds is slightly stronger than that by Type A hydrogen bonds. 
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FIGURE 3 Thermogravirnetric scan of (BK6H.+NH&CdC15 under flowing N2 with a 
heating rate of 10"C/min. 
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