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The structure of the condensed bromocadmate anions in [C(NH2)3]Cd2Br5 (1) and 
[H2NNH3]3CdBr5 (2) were studied at room temperature by X-ray diffraction. (1) crystallizes 
with double-chains bridged by Br atoms (orthorhombic, Pmmn, Z = 2, a = 1394.0(5), b = 394.5(1), 
c = 1086.9(5) pm). This chain structure was not described previously. (1) shows three 8 'Br NQR 
lines at temperatures between 77 and 323 K. Structural phase transitions take place at 283 K and 
at 535 K. (2) crystallizes with Br bridged zigzag-chains (monoclinic, P2[, Z=2,a = 943.1(1), b = 
778.8(2), c = 942.0(2) pm, ß = 102.10(2)°) and shows a first-order phase transition around 304 K 
with a large thermal hysteresis. Below the transition point five 81 Br NQR lines are observed at 
temperatures between 122 and 304 K, and above the transition point four 81 Br NQR lines at tem-
peratures between 288 and 353 K. Two 81 Br NQR lines are observed in [H2NNH3]2CdBr4-4H20 
(3) at temperatures between 77 and around 320 K with positive temperature coefficients. 
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Introduction 

In recent studies of complex salts with bromocad-
mate(II) anions by X-ray diffraction and79 81 Br NQR, 
we found a variety of polymer anionic structure types 
[1 -7 ] and an isolated [CdBr4]2~ tetrahedron [7 - 9]. 
In the previous papers of these series we showed 
that the [CdBr3]_ anion may easily adopt a chain 
structure [4, 6], The chemical formula of the isolated 
complex anion is reported to be [CdX4]2 - , [CdX6]4-

[1, 5], or [CdX5]3" [10, 11]. In order to investi-
gate whether Cd may form additional structure types 
we determined the structures of [C(NH2)3]Cd2Br5 

(1) and [H2NNH3]3CdBr5 (2), and observed NQR 
of these two compounds and [H2NNH3]2CdBr4-
4H 2 0 (3). 

Experimental 

[C(NH2)3]Cd2Br5 (1) was prepared as follows: 
0.05 mol of [C(NH2)3]Br was added to a water solu-
tion with 0.1 mol of CdBr2-4H20. The addition of a 
small excess hydrobromic acid was necessary to crys-
tallize (1). The solvent was evaporated by keeping at 
about 70 °C. Colorless wool-like crystals appeared 
when the hot concentrated solution was cooled down 
to room temperature. Chemical analysis (observed / 
calculated weight %): Cd(32.95/32.85), N(5.72/6.14), 
H(0.80/0.88). [H2NNH3]3CdBr5 (2) was prepared as 
follows: 0.4 mol of (N2H5)Br was added to a water so-
lution with 0.1 mol of CdBr2-4H20. A small amount 
of hydrobromic acid had to be added. The solvent was 
evaporated by heating at about 70 °C. Colorless nee-
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T a b l e 1. E x p e r i m e n t a l c o n d i t i o n s f o r the c rys t a l s t r u c t u r e d e t e r m i n a t i o n s a n d c r y s t a l l o g r a p h i c d a t a of g u a n i d i n i u m 
p e n t a b r o m o d i c a d m a t e ( I I ) , [ C ( N H 2 ) 3 ] C d 2 B r 5 (1) , a n d r m - h y d r a z i n i u m p e n t a b r o m o c a d m a t e ( I I ) , [ H 2 N N H 3 ] 3 C d B r 5 (2 ) . 
D i f f r a c t o m e t e r : E n r a f N o n i u s C A D 4 , W a v e l e n g t h : 7 1 . 0 9 3 p m ( M o K a ) , M o n o c h r o m a t o r : g r a p h i t e ( 0 0 2 ) ; S c a n : u/26. (1): 
C H 6 B r 5 C d 2 N 3 M = 6 8 4 . 4 5 , (2) : B r 5 C d H 1 5 N 6 M = 6 1 1 . 0 9 . 

Crystal S ize / (mm 3 ) 
Temperature/K 
Absorption Coeff . / ( m m - 1 ) 
0-range for data collected 
Index Ranges 
Space Group 
Lattice Constants al pm 

b/pm 
c /pm 
a/° ß/° 

7/° 
Vx 1 0 _ 6 / ( p m 3 ) 
Formula Units Z 
P /(Mg-m"3) 
F(000) 
Reflection Collected 
Independent Reflections 
Data ( / 0 > 2a(I0)) 
Restraints/Parameters 
Goodness of Fit S on F 2(obs. /a l l ) 
Final R ( / 0>4cr( / 0)) 
R (all data) 
Largest Diff . (peak, hole) x 1 0 _ 6 / ( e p m 3 ) 
Max. and Min. Trans. 
Absolute Structure Flack Parameter 
Point Posit ions 

1 
1 .25x0 .05x0 .025 
301(2) 
20.26 
1 .87<0/° < 2 9 . 9 7 
- 1 9 < h< 19, - 5 <k < 3 , - 1 5 < I < 0 
Pmmn 
1394.0(5) 
394.5(1) 
1086.9(5) 
90.00 
90.00 
90.00 
597.7(4) 
2 
3.803 
608 
2945 
1030 [Ä(int) = 0.0761] 
1030 
0/37 
1.088/1.074 
R. =0 .0439 , wR2 = 0.1178 
R =0 .0622 , w/?; = 0.1322 
1.835 a n d - 1 . 7 1 0 
0.5605 and 0.1422 

Cd, Br(2), Br(3), N ( l ) in 4f, B r ( l ) in 2a, 
N(2), C in 2b 

2 

1 . 0 x 0 . 1 5 x 0 . 1 
301(2) 
16.35 
2.21 < 0 / ° < 3 0 . 0 3 
- 1 3 < / z < 1 3 , - 1 0 < Ä: < 0 , - 1 3 < / < 11 

94 .̂ 1(1) 
778.8(2) 
942.0(2) 
90.00 
102.10(2) 
90.00 
676.5(2) 
2 
3.000 
530 
4139 
2109 [Ä(int) = 0.0605] 
2109 
1/109 
1.097/1.070 
R. = 0 . 0 5 1 6 , wR = 0 .1376 
R. = 0 . 0 9 3 9 , wR2 = 0 .1661 
1.515 a n d - 2 . 0 1 5 
0.2205 and 0.0732 
-0 .07 (4 ) 
All atoms in 2a 

dies crystallized when the hot saturated solution was 
cooled down to room temperature. Chemical analy-
sis: Cd(l8.33/18.39), N(12.60/13.72), H(2.16/2.47), 
Br(66.60/65.38). [H2NNH3]2CdBr4-4H20 (3) was 
prepared as follows: a water solution of (N2H5)Br was 
added to a solution of CdBr2, which was prepared by 
adding CdC0 3 to hydrobromic acid, in a molar ratio 
of (N2H5)Br:CdBr2 with 4:1, 3:1, or 2:1. When water 
was evaporated by P 2 0 5 in a dessicator below 10 °C, 
colorless, big, and square crystals appeared from each 
solution. The colorless square crystals of (3) also 
appeared from the rest of the solution for prepar-
ing (2) when the solution was kept around 20 °C, 
or the needle crystals of (N2H5)3CdBr5 in this solu-
tion turned to (3) in a few hours. The composition of 
these crystals was the same as (N2H5)2CdBr4-4H20. 
Chemical analysis: Cd( 19.57/19.71), N(9.74/9.82), 
H(2.53/3.18), Br(56.23/56.05), H20(12.66/12.63). 

The crystal structure was determined using a four 
circle X-ray diffractometer, Enraf Nonius CAD4. 
From the measured intensities, corrected for Lorentz-
polarization and absorption effects, the structures 
were solved by direct methods and Fourier synthe-

ses, and refined by least-squares analysis with the 
programs given in [12]. The 79 ,8 'Br NQR spectra 
were recorded by an NQR spectrometer working with 
the superregenerative mode. The sample temperature 
was measured with a copper-constantan thermocou-
ple, and the frequencies were determined by count-
ing techniques. DSC measurements were carried out 
above 130 K with a differential scanning calorime-
ter DSC220 from Seiko Instruments Inc. under the 
following conditions: sample weight ca. 10 mg, heat-
ing rate 2 - 10 K min - 1 with flowing dry N2 gas at 
40 ml min - 1 . 

Result and Discussion 

Crystal Structure 

[C(NH 2 ) 3 ]Cd 2 Br 5(l) 

Guanidinium pentabromodicadmate(II) (1) is or-
thorhombic with space group D^-Pmmn at 301 K; 
the lattice constants etc. are listed in Table 1. Ta-
ble 2 lists the positional coordinates and equivalent 
isotropic thermal parameters Ue [13]. Intramolecu-
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Table 2. A t o m i c coord ina tes ( x l O 4 ) and equivalent 
isotropic d i sp lacement pa ramete rs Ueq ( 1 0 - 1 pm ) for (1) 
and (2). U^ is def ined as one third of the trace of the 
Ui\ tensor. The t empera tu re factor T has the f r o m T = 
exp{ - 2 7 r 2 ( t / i , h2a*2 + U11k2b'2 + U^l2c2 + 2Unhka'b* + 
2U\shla*c* + 2U2iklb*c*)}. Aniso t ropic d i sp lacement pa-
rameters (/j, and a tomic coordina tes fo r hydrogen a toms are 
given in [13]. 

Atom x y z UeqX 10 ' /pm 2 

[C(NH2)3]Cd2Br5 (1) 

Cd 4244(1) 2500 1418(1) 31(1) 
Br(l) 2500 2500 2533(1) 32(1) 
Br(2) 3851(1) -2500 -269(1) 27(1) 
Br(3) 4945(1) -2500 2943(1) 30(1) 
C 2500 -2500 5847(14) 86(10) 
N(l) 3297(7) -2500 5309(10) 85(5) 
N(2) 2500 -2500 7040(13) 273(33) 

[H2NNH3]3CdBr<i (2) 

Cd 1406(1) 9(4) 8594(1) 32(1) 
Br(l) 1(7) 2527(6) 10005(7) 72(1) 
Br(2) -1081(2) 116(8) 6468(2) 82(1) 
Br(3) 2655(4) -2477(2) 7344(4) 63(1) 
Br(4) 3532(2) 85(8) 11082(2) 83(1) 
Br(5) 2634(5) 2584(2) 7368(4) 67(1) 
N( l ) -1470(19) 5765(33) 5994(20) 82(6) 
N(2) -458(19) 5351(45) 6827(21) 98(11) 
N(3) 3177(23) 5369(28) 10452(17) 85(8) 
N(4) 4055(24) 5688(31) 11472(18) 87(7) 
N(5) 4666(16) 5629(22) 5334(16) 52(3) 
N(6) 5350(19) 5558(23) 4663(19) 64(4) 

lar bond distances and angles are given in Table 3. In 
Fig. 1, the formula unit is drawn with the numbering 
of atoms and the thermal ellipsoids. Figure 2 shows 
the projection of the unit cell along [100] onto the 
be plane. The anion consists of a complex double-
chain structure which was determined for the first 
time as far as we know; Two chains, each built of 
Cd atoms with bridging Br(2) and Br(3) atoms, are 
connected by Cd-Br(l)-Cd bridges with the same Cd-
Br(l) distances of 271.6 pm. Therefore, the Cd atom 
has five coordinated Br atoms with a square pyra-
midal configuration: 2xBr(2), 2xBr(3), and Br(l). 
A guanidinium ion has a planar molecular structure 
parallel to the ac plane; cations are connected to an-
ions by hydrogen bonds, as shown in Fig. 2 and Ta-
ble 3. The thermal displacement parameters of nitro-
gen atoms in the cations are fairly large, especially 
that of N(2). The averaged value of C-N bond dis-
tances in (1) is 126.7 pm and is somewhat short in 
comparison with those observed in [C(NH2)3]CdBr3 

(130.2 pm) and [C(NH2)3]4CdBr6 (131.0 pm) [3, 5]. 

Table 3. Bond distances (in p m ) and bond angles ( ° ) with 
hydrogen bond scheme. The hydrogen a toms have been 
de termined in the least-squares ref inements of the s t ruc-
tures by fixing the bond lengths of N-H and bond ang les in 
C - N - H . 

[C(NH2)3]Cd2Br5 (1) 

Connection dlpm Connection Angle/0 

Cd-Br(l) 271.6(1) Br(l)-Cd-Br(2) 96.8(0) 
Cd-Br(2) 274.8(1) Br(l)-Cd-Br(3) 92.8(0) 
Cd-Br(3) 275.6(1) Br(2)-Cd-Br(3) 87.6(0) 
C-N(l) 126(1) Br(2)-Cd-Br(2)#l 91.7(0) 
C-N(2) 130(2) Br(2)-Cd-Br(3)#1 170.3(0) 

Br(3)-Cd-Br(3)#1 91.4(0) 
Cd-Br(l)-Cd# 2 127.0(1) 
Cd-Br(2)-Cd#3 91.7(0) 
Cd-Br(3)-Cd#3 91.4(0) 
N(l)-C-N(l)# 2 125(2) 
N(2)-C-N(l)#2 117.7(8) 

Hydrogen bond scheme 

N-H X d(H ••• X)/pm <i(N-X)/pm Z ( N - H - X ) / 0 

N(l)-H(l A)- Br(l) 314.0 377.2 132.3 
N(l)-H(l A)- •Br(3) 283.9 344.8 129.3 
N(1)-H(1B)- •Br(3)#4 298.9 367.5 138.1 
N(2)-H(2B)-- •Br(2)#5 274.2 347.9 144.6 

Symmetry code: #1 x, y + 1, z ; # 2 -x + 1/2, y, z; # 3 x, y - 1, z; 
#4 -x + 1, -y, - z + 1; # 5 x,y,z+ 1. 

[H2NNH3]3CdBr5 (2) 

Connection dl pm Connection Angle/0 

Cd-Br(l) 284.7(4) Br(l)-Cd-Br(2) 84.8(2) 
Cd-Br(2) 274.8(2) Br(l)-Cd-Br(3) 176.9(1) 
Cd-Br(3) 266.6(4) Br(l)-Cd-Br(4) 85.1(2) 
Cd-Br(4) 274.7(2) Br( 1)-Cd-Br(5) 88.4(1) 
Cd-Br(5) 269.4(3) Br(l)-Cd-Br(l)# 1 86.7(0) 
Cd-Br(l)#1 282.4(5) Br(2)-Cd-Br(3) 95.1(1) 
N(l)-N(2) 115(2) Br(2)-Cd-Br(4) 168.6(1) 
N(3)-N(4) 116(2) Br(2)-Cd-Br(5) 92.5(1) 
N(5)-N(6) 99(2) Br(2)-Cd-Br(l)#1 87.0(2) 

Br(3)-Cd-Br(4) 94.7(1) 
Br(3)-Cd-Br(5) 94.7(1) 
Br(3)-Cd-Br(l)#1 90.2(1) 
Br(4)-Cd-Br(5) 92.7(1) 
Br(4)-Cd-Br(l)#1 86.9(2) 
Br(5)-Cd-Br(l)#1 175.1(1) 
Cd-Br(l)-Cd# 2 179.6(2) 

Symmetry code: #1 y - 1/2, - z + 2; # 2 -x, y + 1/2, - z + 2. 

The shortening of the C-N distances is due to large 
thermal displacement parameters in C and N atoms. 
The planar [C(NH2)3]+ ion often undergoes C3 reori-
entation about the pseudo C3-axis perpendicular to a 
molecular plane [14]. The large displacement param-
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Fig. 1. The formula unit of guanidinium pentabromodicad-
mate(II) (I) with the numbering of atoms. Anions are shown 
as a part of bridged structures. The thermal ellipsoids (50% 
electrons as contour) are shown, too. 

Fig. 2. The projection of the unit cell of (1) along [100] onto 
the be plane. Hydrogen bonds are shown with thin lines. 

eters U22, which represent a motion perpendicular to 
the cationic plane, cannot, however, be explained by 

Br(3) 

Fig. 3. The formula unit of rm-hydrazinium pentabromo-
cadmate(II) (2) with the numbering of atoms. The thermal 
ellipsoids (50% electrons as counter) are shown, too. 

a C3 reorientation. In fact, such a reorientation should 
enlarge the component parallel to that plane. 

[H 2 NNH 3 ] 3 CdBr 5 (2) 

/m-Hydrazinium pentabromocadmate(II), (2) is 
monoclinic with space group C2-P2! at 301 K; the lat-
tice constants etc. are listed in Table 1. Table 2 lists the 
positional coordinates and equivalent isotropic ther-
mal parameters t/eq [13]. Intramolecular bond dis-
tances and angles are given in Table 3. In Fig. 3, the 
formula unit is drawn with the numbering of atoms 
and the thermal ellipsoids. Figure 4 shows the projec-
tion of the unit cell onto the ab plane. The position 
of hydrogen atoms could not be determined. The an-
ion has a zigzag chain structure of the Cd-Br(l)-Cd# 

bridges with different Cd-Br(l) distances of 284.7 
and 282.4 pm. In other words, the anion consists 
of [CdBr6] octahedra connected at the apices. The 
cations are located near to the ac plane. The struc-
ture of [H2NNH3]3CdCl5 is monoclinic with space 
group C2j/d not isomorphous with (2), while the an-
ionic structure in the compound is similar to that 
in (2), i.e. [CdCl6] octahedra are connected at the 
apices [15]. The averaged N-N bond distance in (2) 
is 110 pm, which is considerably shorter than that 
reported for [N2HNH3]3CdCl5 (147.7 pm) [15] and 
[H2NNH3]CdBr3 (143.4 pm) [3]. The temperature of 
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a 
Fig. 4. The projection of the unit cell of (2) onto the ab plane. 

301 ± 2 K, where the X-ray measurement was car-
ried out, is just below the transition point of 304 K. 
Hence the considerably short distances observed in 
N-N bonds may be influenced by the phase transition. 

[ H 2 N N H 3 ] 2 C d B r 4 - 4 H 2 0 ( 3 ) 

Since (3) is air-sensitive and X-ray-sensitive, it was 
difficult to determine the structure. However, we can 
refer to the molecular and crystal structures of (3), 
based on the knowledge of Cd compounds accumu-
lated in the previous works [1 -9 ] and NQR results. 
First of all, the anion is considered to be an isolated 
tetrahedron. Secondly, the fact that two 81 Br NQR 
lines were observed suggests that the anion is located 
at a site with a symmetry of mm. Hence, the crystal 
seems to have two mirror planes. 

Nuclear Quadrupole Resonance and Phase Transi-
tion 

DSC measurements showed that [C(NH2)3]Cd2Br5 

(1) undergoes a phase transition at 283 K. This phase 
transition seems to be nearly first-order based on the 

73.0 

72.5 

72.0 

71.5 

£ 71.0 

* 26.0 

25.5 

25.0 

24.5 

- o o o o 0 o 283 K -
o 

-
0 

-

3BDOO 

o ° 0 O o o o o a ^ 
BDOO 

o o o o o o D 

I I I 

48.5 

48.0 

47.5 

50 100 150 200 250 300 350 
77 K 

Fig. 5. The temperature dependence o f 8 1 Br NQR frequen-
cies in guanidinium pentabromodicadmate(II) (1). 

shape of a heat anomaly in the DSC measurement, al-
though a thermal hysteresis was not observed. More-
over, it appears to be of a displacive type, because 
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T a b l e 4 . 8 1 B r N Q R f r e q u e n c i e s at s e v e r a l t e m p e r a t u r e s . 

Compound i / /MHz (77K) i / /MHz (77K) 

[ C ( N H 2 ) 3 ] C d 2 B r 5 (1 ) 25.38(77) 25.20(292) [ C ( N H 2 ) 3 ] C d 2 B r 5 (1 ) 
48.08(77) 48.13(292) 
72.52(77) 71.40(292) 

[ H 2 N N H 3 ] 3 C d B r , (2) 30.10(122) 36.97(343) [ H 2 N N H 3 ] 3 C d B r , (2) 
30.28(122) 42.38(343) 
38.37(122) 43.18(343) 
41.21(122) 53.21(343) 
50.61(122) 

[ H 2 N N H 3 ] 2 C d B r 4 - 4 H 2 0 (3 ) 46.45(77) 46.96(300) [ H 2 N N H 3 ] 2 C d B r 4 - 4 H 2 0 (3 ) 
48.16(77) 49.04(300) 

the observed transition entropy AStr is very small 
(AStr = 0.7 J K - 1 mol - 1 and transition enthalpy AHtT = 
0.2 kJ mol - 1 ) . Another first-order phase transition 
occurs at 535 K (AStr = 0.8 J K - 1 mol - 1 , AHlr = 
0.4 kJ mol - 1 ) and (1) decomposes around 580 K. 
The solid phases are named as I, II, III with decreasing 
temperature. Figure 5 shows the temperature depen-
dence o f 8 1 Br NQR frequencies in (1). The NQR fre-
quencies at several temperatures are listed in Table 4. 
Three NQR lines were observed in both phases II 
and III, and the NQR frequencies-temperature curves 
changed almost continuously at 283 K. These NQR 
results suggest a transition at 283 K of second-order, 
which agrees with the absence of a hysteresis in the 
DSC measurements. 

The temperature dependence of 81 Br NQR fre-
quencies in [H2NNH3]3CdBr5 (2) is shown in Fig-
ure 6. NQR lines were not observed at 77 K, and 
on heating five NQR lines gradually appeared around 
122 K, which can be followed up to 304 K. Four 
NQR lines appeared above this temperature and could 
be followed up to 353 K. On cooling the four lines 
were present down to 288 K. Therefore, a first-order 
phase transition with a large thermal hysteresis oc-
curs around 304 K. On the other hand, DSC mea-
surements showed that (2) undergoes a first-order and 
order-disorder type phase transition at 293 K (A5tr = 
6.8 J K - 1 mol - 1 , AHtr = 2.0 kJ mol - 1 , and tem-
perature hysteresis AT = 3 K). The result is not in 
agreement with the result of NQR (Ttr = 304 K and 
AT= 16 K). This disagreement may be due to the dif-
ference of the rate of heating or cooling of the sample 
in NQR and DSC measurements. Another first-order 
phase transition was observed at 445 K (AT = 35 K) 
from DSC measurement. The peak of this phase tran-
sition overlapped with the peak of the melting (Ym = 
452 K, ATm = 40 K) and a fusion was followed by 

56.0 

52.0 

48.0 
N 

44.0 

^ 40.0 

36.0 

32.0 

28.0 

1 

ooooooooooo OOOQSD^ 
288 K 

OOOOOOOOOOOOOOCOO®} 

^ « ^ » C O O C ^ 

ooooo«®? 
QOOO t 

304 K 
00 150 200 250 300 350 400 

77 K 
Fig . 6. T h e t e m p e r a t u r e d e p e n d e n c e o f 8 1 B r N Q R f r e q u e n -
c i e s in r r ä - h y d r a z i n i u m p e n t a b r o m o c a d m a t e ( I I ) (2 ) . 

i 1 r 51 Op 

50.0-

N 
X 49.0-

- - - 48.0-

47.0-

46.0-

45 0 -

o CO 
o o o o o o o o o 

oo° OO 
o o o c * P ° 

o c o o o o o o o o o o o o o o o 
OOO occpo -

50 100 150 200 
7 7 K 
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Fig . 7 . T h e t e m p e r a t u r e d e p e n d e n c e of 8 ' B r N Q R f r e -
q u e n c i e s in fci's-hydrazinium t e t r a b r o m o c a d m a t e ( I I ) - t e t r a 
h y d r a t e (3) . 

decomposition. The sum of the transition enthalpies 
for the phase transition and the melting is AHtr = 
49.4 kJ mol - 1 and the sum of the transition entropies 
AStr ~ 110 J K - 1 mol - 1 , respectively. The peak of 
the phase transition is larger than that of the melt-
ing, and the transition enthalpy of the phase transition 
seems to be larger than that of the melting. The phase 
transition therefore must be of order-disorder type. 

Based on the NQR results and the structure of the 
room-temperature phase, the structure of the high-
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temperature phase may be assumed. In the room-
temperature phase, hydrazinium ions, Br(2), Br(4), 
and Cd atoms are located nearly on the same plane 
parallel to the ac plane, as seen from Figure 4. Hence, 
in the high-temperature phase, this plane may become 
a mirror plane, leading to space group of P2j/m. In 
this case, Br(3) and Br(5) in the room-temperature 
phase will be equivalent, resulting in four 81 Br NQR 
lines. 

The temperature dependence of 8 'Br NQR frequen-
cies in [H2NNH3]2CdBr4-4H20 (3) is shown in Fig-
ure 7. Two NQR lines were observed at temperatures 
between 77 and around 320 K. TGA measurement 
shows that a dehydration starts around 320 K on heat-
ing. Hence, the disappearance of NQR lines around 

320 K can be ascribed to a dehydration. As already 
pointed out above, the anion is considered to form 
an isolated tetrahedron. The 81 Br NQR frequencies 
observed are considerably lower than those in CdBr4 

complexes. This may be ascribed to hydrogen bonds 
between Br atoms and hydrazinium ions and/or water 
molecules [16]. Accordingly the positive temperature 
coefficients of NQR lines are probably due to a de-
struction of NH -Br and/or OH-- Br hydrogen bonds. 
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