Isolated versus Condensed Anion Structure V:

X-ray Structure Analysis and 3'Br NQR of ¢-butylammonium
tribromocadmate(II)-1/2 water,

i-propylammonium tribromocadmate(II),

and fris-trimethylammonium heptabromodicadmate(II)

Hideta Ishihara, Keizo Horiuchi?, Shi-gi Dou®, Thorsten M. Gesing®, J.-Christian Buhl®
Helmut Paulus®, Ingrid Svoboda®, and Hartmut Fuess®

Faculty of Culture and Education, Saga University, Saga 840-8502, Japan

? Faculty of Science, University of the Ryukyus, Okinawa 903-0213, Japan

" Institut fiir Mineralogie, Universitit Hannover, Welfengarten 1, 30167 Hannover
¢ Materials Science, University of Technology, Petersenstrafe 23, 64287 Darmstadt

Reprint requests to Prof. H. I.; E-mail: isiharah@cc.saga-u.ac.jp
Z. Naturforsch. 54a, 628—-636 (1999); received September 6, 1999

The crystal structures of the condensed bromocadmate anions with chains built of [CdBr3]., were de-
termined by X-ray structure analysis at 300 K. In addition, the temperature dependence of the *'Br NQR
frequencies was observed. [(t-C4;HyNH3)CdBr;3],-H,0 (1) crystallizes with a double Br bridged chain
gmonoclinic, P2/c, Z=4, a=1963.4(8), b=887.7(4), ¢ = 1432.1(6) pm, and = 110.66(2)°). Six

Br NQR lines are observed at temperatures between 77 and 330 K. (i-C3H,NH;)CdBr; (2) crystalliz-
es with a triple Br bridged chain (orthrhombic, Pbca, Z = 8, a = 1975.4(6), b = 1415.8(4), ¢ = 690.1(2)
pm). (2) shows three 8Br NQR lines at temperatures between 77 and 193 K. A phase transition occurs
at 224 K. The structure of [(CH3);NH]3Cd,Br;] (3) was redetermined. (3) consists of a triple Br bridged
chain and a discrete [CdBry] tetrahedron (hexagonal, P6;mc, Z = 8, a = 1483.5(2), ¢ = 685.7(5) pm).
The structure of (3) is identical to the one reported by Daoud, Perret, and Dusausoy, Acta Crystallogr.,

B35, 2718 (1979). Three 8Ipr NQR lines are observed at temperatures between 77 and 243 K.

Introduction

In recent studies of complex salts with bromocadmate
anions by X-ray diffraction and ">®*'Br NQR, a variety of
polymer anionic structures [ 1-6] and anisolated [CdBr4]2‘
tetrahedron [7, 8] were found. Isolated complex anions are
reported to be [CdX,]*", [CdX¢]* [1, 5], or [CdXs]* [9,
10]. On the other hand, complex anions with other com-
positions show a tendency to form condensed structures,
especially [CdX5]™ is found in chain structures [3, 4]. In
addition, the size and shape of the cation affect the shape
of the anions, for example, the layered [CdBr,] unit exists
in [H3N(CH,);NH;]CdBr, and in [n-C3H;NH;3],CdBry
[7], and double chains of octahedra [CdBrg] exist in
[H,NNH;]CdBr; and [NH4]CdBr; complexes [3]. We de-
termined the crystal structures and observed Br NQR of
the compounds with the one-dimensional anion chains.

Experimental

[(+-C4HoNH;)CdBr3],-H,O (1) was prepared by the
following two methods: (a) 0.2 mol of ¢-butylammonium

bromide was added to an H,O solution with 0.1 mol of
CdBr,-4H,0. The water solvent was evaporated by P,O5
in a dessicator at room temperature. Colorless needles
crystallized from the solution. (b) 0.1 mol of z-butylam-
monium bromide was added to an H,O solution with
0.1 mol of CdBr,-4H,0. The water solvent was evaporat-
ed by heating the solution at about 70°C. Colorless nee-
dles crystallized when the hot concentrated solution was
cooled down toroom temperature. (i-C3H;NH;) CdBr; (2)
was prepared by the following method: 0.1 mol of i-prop-
ylammonium bromide was added to an H,O solution with
0.1 mol of CdBr,-4H,0. The water solvent was evaporat-
ed by P,Os in a dessicator or by heating. Colorless nee-
dles were obtained from the solution. [(CH3);NH];Cd,Br,
(3) was prepared by the following method: 0.3 mol of tri-
methylammonium bromide was added to a hydrobromic
acid solution of 0.2 mol of CdBr,. Excess of HBr is nec-
essary to obtain (3). The solvent was removed by P,Os in
a dessicator and colorless prisms were obtained.

The structures were determined using four circle X-
ray diffractometers, Stoe-Stadi-4 for (1) and (2), and En-
raf Nonius CAD4 for (3). From the measured intensities
corrected for Lorentz-polarization and absorption ef-
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Table 1. Experimental conditions for the crystal structure determinations and crystallographic data of z-butylammonium tribro-
mocadmate(II)-1/2 water [(-C4HyNH;3)CdBr;], - H,O (1), i-propylammonium tribromocadmate(II) (-C3H,NH;) CdBr; (2), and
tris-trimethylammonium heptabromodicadmate(II) [(CH3);NH]3Cd,Br; (3). Diffractometer: Stoe-Stadi 4 for (1) and (2), Enraf
Nonius CAD4 for (3). Wavelength: 71.069 pm (MoKa), Monochromator: Graphite(002); scan 2a/6. (1): CgH,¢BrsCd,N,O,
MW = 870.62, (2): C3H,(Br;CdN, MW =412.24 (3): C¢H3,Br,Cd,;N;, MW = 964.59.

Compound 1) 2) 3)

Crystal size/(mm?) 1.0x0.45%0.3 1.5%0.4x0.2 0.55x%0.075%0.062

Temperature/K 300(2) 300(2) 299(2)

Absorption coeff./mm™ 11.756 14.219 12.34

Orange (/°) for data collection 2.22£6<22.46 2.06<6<22.46 1.59£6<29.94

Index ranges -20<h<21, 0£k<9, 0<h<21, - 155k<3, -18<h<20, -20<k<0,
-15<i<1 0<IL7 -9<i<1

Lattice constants

alpm 1963.4(8) 1975.4(6) 1483.5(2)

b/pm 887.7(4) 1415.8(4) 1483.5(2)

c/pm 1432.1(6) 690.1(2) 685.7(2)

al° 90.0 90.0 90.0

Br° 110.66(2) 90.0 90.0

v 90.0 90.0 120.0

Vx10~/pm? 2336(2) 1930.1(10) 1306.9(5)

Space group P2/c Pbca P6;mc

Formular units Z 4 8 2

pea(Mg - m™) 2.476 2.838 2.451

F(000) 1608 1504 892

Reflections collected 3204 1560 4125

Symmetry independent 3047 1252 762

[Rind 0.0230 0.0722 0.0915

Data 3045 1251 762

Restraints 1 0 2

Parameters 178 74 46

Goodness of fit on F? 1.052 1.122 1.070

Final R(I>20(])) R;=0.0387, R,=0.0825, R,=0.0401
wR,=0.0990, wR,=0.2138, wR,=0.0926

R (all data) R;=0.0530, R;=0.0937, R;=0.0707
wR,=0.1113, wR,=0.2435, wR,=0.1134

Large diff (peak, hole) 1.040 and —-0.737 3.008 and -2.965 1.056 and -2.364

x107%/(e - pm“‘)

Max. and Min. Trans. 0.0570 and 0.0174 0.0564 and 0.0055 0.5356 and 0.4524

Extinction Coeff. 0.0038(2) 0.030(3) 0.0029(7)

O(1) in 2e, O(2) in
2f, others in 4g

Point positions

All atoms in 8¢ All atoms in 12d

fects, the structures were solved by direct methods and
Fourier syntheses, and refined by least-squares methods
with the programs given in [11]. The 7*#'Br NQR spec-
tra were recorded by an NQR spectrometer working with
the superregenerative mode. The sample temperature
was measured with a copper-constantan thermocouple
and the frequencies were determined by counting tech-
niques. DTA was measured by a home-made apparatus.

Results and Discussion
Crystal Structures
A) [(t—C4H9NH3)CdBr3]2—H20 (1)

t-Butylammonium tibromocadmate(II)-1/2 water (1)
is monoclinic with C3,-P2/c at 300 K; the lattice con-

stants and the experimental conditions are presented in
Table 1[12]. Table 2 gives the positional coordinates and
equivalent isotropic displacement parameters. Intramo-
lecular bond distances and angles in the anions are giv-
eninTable 3. InFig. 1, aformula unit is drawn with num-
bering of atoms and thermal ellipsoids. Two Cd atoms,
six Br atoms, two z-butylammonium ions, and two wa-
ter molecules with half an occupancy exist as crystallo-
graphically inequivalent units in the unit cell. Figure 2
shows the projection of the unit cell along [010] onto the
ac plane. The crystal structure consists of edge sharing
[CdBrs] trigonal bipyramids which form chains running
parallel to [001]. A similar chain was found in [4-
(CH;3)CsH4NH]CdBr; [4]. Br(2) and Br(5) are terminal
atoms. ¢-Butylammonium cations are located between
[CdBr3].. chains. Two oxygen atoms of water molecules
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Table 2. Atomic coordinates and equivalent isotropic displa-
cement parameters U, for [(+-C4HyNH;)CdBr;], - H,O (1),
(i-C3H;NH3)CdBr; (2), and [(CH3);NH]3Cd,Bry (3). U is
defined as one third of the trace of the orthogonalized tensor
U;;- The hydrogen atoms have been determined in the least-
squares refinements of the structures by fixing the bond
lengths of X-H and bond angles in which atoms are involved.
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Table 3. Bond distances (pm) and angles (°) in anions of
[(+-C4HoNH;)CdBr;], - H,O (1), [i-C3H,NH;] CdBr; (2), and
[(CH3)3;NH]3Cd,Br; (3).

[(+-C4HyNH3)CdBr], - H,0 (1)

Connection d(Cd-Br)/ Connection Z(Br-Cd-Br)/°

The atomic coordinate of hydrogen atoms are given in [12]. pm
Atom x y Z UsgX 107!/ cd(1)-Br(1) 257.7(1)  Br(1)-Cd(1)-Br(2) 130.56(5)
pm? Cd(1)-Br(2) 254.0(2) Br(1)-Cd(1)-Br(3) 114.85(4)
Cd(1)-Br(3) 261.2(2)  Br(2)-Cd(1)-Br(3) 114.58(4)
[(--C4HyNH;)CdBr3], - H,O (1) Cd(2)-Br(4)"! 261.6(2) Br(4):i—Cd(2)—Br(5) 114.73(4)
Cd(2)-Br(5) 253.5(2) Br(4)*'-Cd(2)-Br(6)  114.08(4)
SN GG RO SmEe HO Golae e soccie bing
DD 00650%6) 030a1) 08177a®) oo  Symmety coordinate #1: ~xel. y—celr2
Br(3) -0.09965(5) 0.1065(1) 0.66251(7)  55(0) -
Bri4) 040110(5) 04004(1)  024337(7)  53(0) [FCHaNH,] CdBE; (2)
Br(5) 0.43414(6) 0.1129(1) 0.05314(8) 62(0) : I(Cd-B : Cd-Rr)/©
Br(6) 0.42734(6) 0.6340(1) 002252(7)  56(0) Connection ;(rg r)/ Connection Z(Br-Cd-Br)/
o(1) 0.0000 -0.3054(11)  0.7500 66(3)
0(2) 0.5000 0.8106(12) 0.2500 69(3) Y 281.4(2 ; .
N() 030494  000310) 071N 632 CunmiR w20 BHCHLBIG).  95360)
N(2)  0.1056(4)  0.4988(9)  03971(6)  62(2) Cd(1)-Br(2) 275.5(2)  Br(1)-Cd()-Br(1)  176.79(7)
C(11) 03139(¢5) -0.0334(12) 0.2545(8)  58(3) Cd(1)-Br(2)  281.4(2) Br(1)-Cd(1)-Br2)®  92.93(5)
C(13) 0.3059(8) —-0.1991(14) 0.2703(11) 102(5) Cd(1)-Br(3)"! 2753(2)  Br(2)-Cd(1)-Br(3) 178.42(5)
C(14) 0.2796(6) 0.0603(15) 0.3141(10) 86(4) Br(2)-Cd(1)-Br(1)™ 91:98(5)
C(23) 0.2110(6) 0.4756(16) 0.3479(10) 91(4) Br(3)-Cd(1)-Br(1)* 86.44(5)
C(24) 0.2239(7) 0.5555(17) 0.5189(11) 108(5) Br(3)-Cd(1)-Br(2):? 84.70(5)
) Br(3)-Cd(1)-Br(3) 94.84(6)
[i-C3H;NH;] CdBr3 (2) Cd(D-Br(1)-Cd(1)"  75.51(4)
Cd(1) 0.41856(5) 0.24998(6) 0.4471(2) 38(1) Cd(l)—Br(Z)—Cd(l):; 76.57(6)
Br(1) 0.42254(8) 0.4073(1) 0.6960(2) 44(1) Cd(1)-Br(3)-Cd(1) 78.10(5)
Br(2) 0.51355(8) 0.1710(1)  0.6902(2)  42(1)
Br(3) 0.32477(8) 0.3238(1) 0.2006(2) 40(1) Symmetry code #1: x, —y+1/2, z+1/2; #2: x, -y+1/2, z-1/2.
N(1) 0.5896(6) 0.039(1) 0.312(2) 59(4)
c(l)  0.639(1) 0.115(1)  02922)  73(6) Ik NHLCd5 e, ()
C(2) 0.694(1) 0.097(2) 0.433(3) 92(7) . . N
C3) 0.660(1) 0.123(2) 0.091(3) 102(7) Connection gisd-Br)/ Connection Z(Br-Cd-Br)/
[(CH3);NH];Cd,Br; (3) Cd(1)-Br(1)"'x3  276.7(2)  Br(1)-Cd(1)-Br(1)*! 94.28(3)
Cd(1)  0.0000 0.0000 1.2773(2) 35(1) Cd(1)-Br(1)®x3  277.2(2)  Br(1)-Cd(1)-Br(1)**  179.86(6)
Cd(2) 0.3333 0.6667 0.6125(3)  46(1) Cd(2)-Br(3) x3 257.02) Br(1)-Cd(1)-Br(1)* 94.28(3)
Br(1) -0.0847(1) 0.0847(1) 1.0266(2) 39(1) Cd(1)-Br(2) 264.6(4)  Br(1)-Cd(1)-Br(1)* 85.63(5)
Br(2) 0.3333 0.6667 0.2265(4) 44(1) Br(1)-Cd(1)-Br(1)* 85.63(5)
Br(3) 0.4288(1) 0.5712(1) 0.7245(3) 65(1) Br(2)-Cd(2)-Br(3) x3 107.40(7)
N(l)  0.2080(5) 0.416(1) 1.079(2) 54(3) Br(3)-Cd(2)-Br(3)*x3 111.46(7)
C(1)  0.1748(6) 0.350(1) 0.905(3) 67(5)
C(2) 0.282(1) 0.398(1) 1.198(3) 80(4) Symmetry code #1: y, —x+y, z+1/2; #3: —x, -y, z+1/2; #4: x—y, x, z+1/2;

are located at 2f and 2e positions with half an occupan-
cy, and they are in the hollows of anion chains, which
consist of two [CdBrs] units. Two water molecules form
hydrogen bonds with both anions and cations;
O(1)--Br(1), O(2)--Br(6)*!, N(1)--0(2)**, and
N(2)---O(1)*, as shown in Table 4. All Br atoms are con-
nected to cations or water molecules through hydrogen
bonds as shown in Figure 2.

#5: -y, x=y, z; #6: —x+y, -x, 7; #8: —y+ |, x—y+1, z.

B) (i-C3H,NH;)CdBr; (2)

i-Propylammonium tribromocadmate(II) is ortho-
rhombic DJ}j-Pbca at 300 K the lattice constants etc. are
shown in Table 1 [12]. Table 2 gives the positional coor-
dinates and equivalent isotropic displacement parame-
ters. Intramolecular bond distances and angles in anions
are given in Table 3. In Fig. 3, a formula unit is drawn

Bereitgestellt von | Technische Informationsbibliothek Hannover

Angemeldet
Heruntergeladen am | 06.11.18 12:22



H. Ishihara er al. - Isolated versus Condensed Anion Structure V 631

= cd(1) Br(2)

Fig. 1. The formula unit of z-butylammonium tribromocadmate(II)-1/2 water (1) with the numbering of atoms. Anions are sho-
wn as a part of bridged structures. The thermal ellipsoids (50% electrons as counter) are shown, too.

Fig. 2. The projection of the
unit cell of (1) along [010]
onto the ac plane. Hydrogen
bonds are shown by thin lines.

7
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e Fig. 3. The formula unit of i-propylammo-
nium tribromocadmate(II) (2) with the num-
bering of atoms. The thermal ellipsoids (50%
electrons as counter) are shown, too.

C a

Fig. 4. The projection of the unit cell of (2) along [001] onto the ab plane. Hydrogen bonds are shown by thin lines.

with numbering of atoms and thermal ellipsoids. One Cd
atom, three Br atoms, and one i-propylammonium ion as
crystallographically inequivalent unit are in the unit cell.
Figure 4 shows the projection of the unit cell along [001]
onto the ab plane. The [CdBr;].. chain with triple Br
bridges which consist of face-connected [CdBr¢] octahe-
dra is running along the ¢ axis. The cations are located
between these chains and are connected to anions through

hydrogen bonds as shown in Fig. 4 and Table 4, which
lead to layered packing parallel to the bc plane.

C) [(CH;);NH]:Cd,Br, (3)

The crystal structure of tris-trimethylammonium hep-
tabromodicadmate(II) has been reported by Daoud et al.
[13]. Ourresults are similar to the former ones. (3) is hex-
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Table 4. Bond distances (pm) and bond angles (°) in cations
and hydrogen bonds in [(-C4H¢NH;)CdBrs], - H,O (1),

633

Table 4. (continued)

[i-C3H;NH3] CdBrj3 (2), and [(CH;3);NH];Cd,Br; (3). Hydrogen bond
[(+-C4HyNH3)CdBr3], - H,O (1) Connection d(N---Br) d(H--Br) Z(N-H--Br)/°,
/pm /pm
Connection d/pm Connection Angle/°
N(1)-H(N1)--Br(2)** 338 263 124.6
N(1)-C(11) 152(1)  C(12)-C(11)-C(13)  112(1) N(1)-H(N2)--Br(3) 380 308 122.8
N(2)-C(21) 152(1)  C(12)-C(11)-C(14)  112(1)
C(11)-C(12) 150(2) C(13)-C(11)-C(14)  111(1) Symmetry code #8: —y+1, x—y+1, z+1.
C(11)-C(13)  150(2)  C(12)-C(11)-N(1)  107.7(8)
C(11)-C(14)  151(2)  C(3)-C(11)-N(1)  107.3(9)
C(21)-C(22) 150(2)  C(14)-C(11)-N(1)  105.6(8)
C(21)-C(23)  149(2)  C(23)-C(21)-C(24)  112(1) 2 Br(3)
C(21)-C(24) 150(2)  C(23)-C(21)-C(22)  110(1)
C(24)-C21)-C(22)  112(1)
C(23)-C(21)-N(2)  107.4(8) B ) cd@)
C(24)-C(21)-N(2)  106.7(9) r A
C(22)-C21)-N(2)  107.8(9) (Bt 2
Hydrogen bond éﬁ\“}
Connection d(O-Br, dH-Br, Z(O-H-Br, \N(”
N---Br, H-0)  N-H-Br, ) e
N--0) /pm N-H--0)° e
/pm e 1Y C(2)
cy v
O(1)--Br(1) 341.9(5) ) ©
0(2)-H(021)--Br(6)*'  343.9(5) 246(6)  165(18)
N(1)-H(N11)--Br(5)*® 362.9(9) 274.8(9) 166.7(2) cd(
N(I)-H(N12)--Br(4) ~ 362.1(8) 273.98) 171.0(2) m o
N(1)-H(N13)--0(2)"*  294(1) 210(1)  156.0(2) LB
N(2)-H(N21)--Br(2) = 364.09) 277.7(9) 163.8(2)
N(2)-H(N23)--Br(3)*¥ 359.9(8) 271.3(8) 173.5(1) ;
N(2)-H(N22)--O(1)™  293(1) 207(1) 162.5(3) g/

Symmetry code #1: —x+1, y, —z+1/2; #2: x, y-1, z; #4: —x, -y,
—z+1; #5: —x, —y+1, —z+1, #6: x, -y, z+1/2.

[i-C;H,NH;]CdBr; (2)

Connection d(C-C, Connection Z(C-C-C,
N-C)/pm N-C-C)/°

N(1)-C(1) 146(2) C(3)-C(1)-C(2) 116(2)

C(1)-C(2) 149(3) N(1)-C(1)-C(2) 107(1)

C(1)-C(3) 145(3) N(1)-C(1)-C(3) 110(2)

Hydrogen bond

Connection d(N---Br) d(H---Br) Z(N-H--Br)/°,

/pm /pm

N(1)-H(N1)---Br(2) 354 290 130.5

N(1)-H(N2)--Br(3)*> 349 265 158.3

N(1)-H(N3)--Br(1)*' 348 267 152.2

Symmetry code #1: x, —y+1/2, z—1/2; #2: —x+1, y-1/2, —z+1/2.
[(CH;3)3NH];Cd,Br; (3)

Connection d(C-C, Connection Z(C-C-C,
N-C)/pm N-C-C)/°

N(1)-C(1) 147(2) C(1)-N(1)-C(2) x2 110.709)

N(1)-C(2) x2 149(2) C(2)-N(l)-C(2)”7 111(2)

Symmetry code #7: —x+y, y, z.

Br(1) )

N\

Fig. 5. The formula unit of tris-trimethylammonium hep-
tabromodicadmate(II) (3) with the numbering of atoms. The
thermal ellipsoids (50% electrons as counter) are shown, too.

agonal Cg,-P6;mc at 299 K; the lattice constants etc. are
listed in Table 1. The atomic coordinates and the isotrop-
ic displacement parameters are listed in Table 2. The
intramolecular bond distances and angles of anions are
givenin Table 3. InFig. 5, the formula unit is drawn with
the numbering of atoms and the thermal ellipsoids. The
bond distances of Cd-Br bonds in the tetrahedral ion,
d(Cd(2)-Br(3)) = 257.0 and d(Cd(2)-Br(2)) = 264.6 pm,
disagree with the corresponding distances, 267.1 and
255.6 pm, reported in [13]. Figure 6 shows the projec-
tion of the unit cell along [001] onto the ab plane. The
anions consist of a [Cd(1)Br;3].. chain running along the
caxis,and a [Cd(2)Br,] tetrahedron. The hydrogen bonds
are formed between cations and the [Cd(2)Br,] tetrahe-
dron is shown in Figure 6.
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c a

Fig. 6. The projection of the unit cell of (3) along [0001] onto

Nuclear Quadrupole Resonance (NQR)
and Phase Transitions

The NQR frequencies of the title compounds at
several temperatures are listed in Table 5. The temp-
erature dependence of the ®'Br NQR frequencies of
[(t--C4HoNH;)CdBr3],-H,0 (1) is shown in Figure 7.
Six NQR lines were observed at 77 K. Two high-
frequency NQR lines are assigned to two terminal Br
atoms and the other four lines to the bridged atoms.
Two high-frequency lines disappear at about 286 K
with increasing temperature. The disappearance of
these two lines is probably due to the fluctuation of the
electric field gradient at the Br atoms by cationic
motion. The other four lines disappear with increasing
temperature at about 333 K. There is a large heat anom-
aly at 335K in the DTA curve on heating, which
suggests probable dehydration. The disappearance of
these four lines around 333 K can be ascribed to de-
hydration.

The temperature dependence of *'Br NQR frequen-
cies of (i-C3H;NH;)CdBry (2) is shown in Figure 8.
Three NQR lines are observed at 77 K and disappear at
193 K with increasing temperature. In the DTA curve
there is an anomaly at 224 K on heating. The disappear-
ance of NQR lines far below the transition point is due
to cationic motion. This motion probably affects the

the ab plane. Hydrogen bonds are shown by thin lines.

Table 5. The *'Br NQR frequencies of the title compounds at
several temperatures.

Compound v/MHz (T/K) v/IMHz(T/K)
[(+-C4HyNH;3)CdBr;], - H,O (1) 77.32(77) 74.73(273)
76.16(77) 73.92(273)
58.50(77) 58.73(273)
56.45(77) 57.27(273)
47.41(77) 47.57(273)
45.74(77) 46.25(273)
[i-C3H;NH;] CdBr; (2) 44.60(77) 44.13(192)
40.37(77) 40.55(191)
39.06(77) 39.48(192)
[(CH3)3NH]3Cd,Br; (3) 66.92(77) 65.56(230)
55.48(77) 55.42(231)
45.88(77) 45.28(230)

electric field gradients at Br sites through the hydrogen
bonds.

The temperature dependence of *'Br NQR frequen-
cies of [(CH;);NH];Cd,Br; (3) is shown in Figure 9.
Three NQR lines are observed at 77 K with intensity ra-
tio of 3:1:3 in decreasing frequency order. This inten-
sity ratio is in agreement with the results of our struc-
ture determination. From the relation between the bond
distances and NQR frequencies, the highest-frequency
line can be assigned to three Br atoms with a shorter
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Fig. 7. The temperature dependence of ®'Br NQR frequencies
of t-butylammonium tribromocadmate(II)-1/2 water (1).
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Fig. 8. The temperature dependence of *'Br NQR frequencies
of i-propylammonium tribromocadmate(II) (2).

Cd-Br bond in the tetrahedral [Cd(2)Br4]2‘ ion and the
middle-frequency line is due to one Br atom with a long-
er Cd-Br bond located on the three-fold axis of
[Cd(2)Br,]* ion. The findings of Daoud et al. are dif-
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Fig. 9. The temperature dependence of *'Br NQR frequencies
of tris-trimethylammonium heptabromodicadmate(II) (3).

ferent from our results on these two bond distances, as
mentioned earlier. Three NQR lines disappear at about
243 K, which is probably due to cationic motion, al-
though there is a heat anomaly due to a phase transition
at 436 K in a DTA curve. The middle-frequency line
could not be observed at temperatures between 120 and
200 K.

Conclusion

The bromocadmate(II) complex with the composi-
tion of [CdBr3] has a pronounced tendency to form
chain structures. [(CH;3);NH]CdBr; at room tem-
perature was reported to have triple Br bridged chain
[14]. This tendency is not observed for Zn halide
complexes. The reason of this property shown by ha-
logenocadmate complexes is partly due to the atomic
radius and the possible deformation of outer shell or-
bitals.
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