
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

Complexes of 8-Aminoouinoline. II. The Infrared Spectra of the Bisand
Mono(Aminoquinoline) Complexes of Metal(II) Halides
Carola Engeltera; Graham E. Jacksona; Cheryl L. Knighta; David A. Thorntona

a Department of Inorganic Chemistry, University of Cape Town, Rondebosch, South Africa

To cite this Article Engelter, Carola , Jackson, Graham E. , Knight, Cheryl L. and Thornton, David A.(1989) 'Complexes of
8-Aminoouinoline. II. The Infrared Spectra of the Bisand Mono(Aminoquinoline) Complexes of Metal(II) Halides',
Journal of Coordination Chemistry, 20: 3, 297 — 306
To link to this Article: DOI: 10.1080/00958978909408171
URL: http://dx.doi.org/10.1080/00958978909408171

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958978909408171
http://www.informaworld.com/terms-and-conditions-of-access.pdf


1. Coonl. Chcm. 1989. Vol. 20. pp. 297-306 
Reprints available directly from the publisher 
Photocopying permitted by limnse only 

0 1989 Gordon and Breach Science Publishers Inc. 
Printed in Great Britain 

COMPLEXES OF 8-AMINOOUINOLINE. 
IT*. THE INFRARED SPECTRA OF THE BIS- 

AND MONO(AMINOQUIN0LINE) COMPLEXES OF 
METAL(I1) HALIDES 

CAROLA ENGELTER, GRAHAM E. JACKSON, CHERYL L. KNIGHT 
and DAVID A. THORNTONt 

Deparrnzenf of Inorganic Cl~eniisrry, Universify of Cape Tonn, Rondebosclz 7700. Soulli Ajrica 

(Received February 22. 1989) 

The infrared spectra of the complexes M(aq),(H,O),X, (M = Fe, Co, Ni, Cu; aq = 8-aminoquinoline; 
X =Cl, Br) have been determined over the range 4000-50 cm-'. Absence of vhl-X bands indicates that 
the halide is not coordinated to the metal ion and the complexes are correctly formulated [M(aq),- 
(H20),]XZ. Deuteration of the amino group and the effects of metal ion substitution enable assignment of 
the vM-NH,, vM-N and vM-OH, modes as well as the amino group vibrations. '*O-Labelling assists in 
identifying the vO-H, v0-H.. . . . X and 60-H bands. The spectra are consistent with trans-octahedral 
coordination and axial bonding of the water molecules. The far infrared spectra of the niono(aminoquino- 
line) complexes [M(aq)X,], (M = Cu, Zn; X = C1, Br) are consistent with the proposed structure of 
polymeric octahedral coordination involving both bridging and terminal M-X bonds. The vM-NH,, 
vhl-N, vM-X(termina1) and vM-)((bridging) bands are assigned by studying the erects of amino group 
deuteration, metal ion substitution and halide substitution. 

Keywords: 8-Aminoquinoline, complexes, first row, zinc, infrared spectra, isotopic labelling 

INTRODUCTION 

There is considerable diversity of composition and structure among the metal(I1) 
complexes of 8-aminoquinoline (aq).' Apart from the rris(aq) complexes [M(aq)J2+ 
which were discussed in Part I, bis and nzono(aq) complexes of formula M(aq),- 
(H20),X2 and [M(aq)X,], (X = C1, Br) have been reported. None of these 
complexes has received crystallographic attention but this study will reveal the extent 
to which infrared spectroscopy may assist in elucidating their probable molecular 
structures. 

EXPERIMENTAL 

The cobalt, nickel and copper complexes of formula [M(aq),(H,O),]X, were 
prepared by previously reported The iron complex was synthesized by 
the addition of an aqueous solution of iron(I1) chloride to an ethanolic solution of aq 
in a 2.5: 1 molar ratio. The red suspension was stirred for 0.5hr and filtered to 
remove the complex which was washed with ethanol and dried over silica gel 
overnight under reduced pressure. The corresponding bromo complex could not be 

*Part I: preceding paper in this issue. t Author for correspondence. 
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prepared by this method. The deuterated nickel and copper complexes were prepared 
as reported for the unlabelled compound except that EtOD and D 2 0  were substi- 
tuted for ethanol and water. The complex ~i(aq)2( '80H2)2]Br2 was prepared as 
described for the unlabelled compound except that H,O was replaced by ''OH2. 

The nroiio(aq) complexes [M(aq)X,], were prepared as previously reported4s5 for 
X = C1; the bromides were prepared as follows. A methanolic solution of aq was 
added to an aqueous solution of the anhydrous metal bromide in a 1 : 1 molar ratio. 
The precipitate which formed after a few minutes was stirred for 0.5 hr and collected 
by filtration. It was washed with methanol and dried over silica gel under reduced 
pressure. The deuterated zinc complex was prepared using the appropriate deuter- 
ated solvents. The purity and sources of the labelled compounds were as follows: 
EtOD (99.8%, Aldrich), MeOD (99.0% Merck-Frost), D 2 0  (99.7%, Merck-Frosst) 
and 180H2 (90.0%, Alfa). Analytical data are shown in Table I. 

' 

TABLE I 
Analytical data for metal(I1) complexes of 8-aminoquinoline. 

Calculated Found 

Complex %C %H %N ?'oC %H %N 

F~(a~,(H,O)zCIz 47.92 4.47 12.42 47.60 4.47 12.30 
Co(aq),(H,O),C1, 47.59 4.43 12.33 47.40 4.25 12.20 
Ni(aq),(H,O),C1, 47.62 4.44 12.34 47.45 4.20 12.25 
Cu(aq),(H,O),C1, 47.12 4.39 12.21 47.05 4.25 12.15 
Cu(aq-dz)z(DzO)zC1, 46.31 4.32 12.00 47.00 4.40 12.15 
Co(aq)z(HzO)zBr, 39.80 3.71 10.31 39.80 3.80 10.30 
Ni(a@z(H,O),Br, 39.82 3.71 10.32 39.80 3.60 10.30 
Ni(aq)z('80H,)zBr, 39.46 3.68 10.23 39.50 3.80 10.10 
Ni(aq-4),(D,0)zBr, 39.24 3.65 10.17 39.50 3.80 10.10 
Cu(aq)z(HzO)zBrz 39.47 3.68 10.23 39.60 3.65 10.10 
Cu(aq-4),(D,O),Br, 38.07 3.55 9.87 38.30 3.40 9.75 
Cu(aq)CI, 38.80 2.89 10.05 38.80 2.85 10.05 
Zn(aq)C1, 38.54 2.88 9.99 38.85 3.00 9.80 
Zn(aq-d,)CI, 38.27 2.85 9.92 37.80 2.95 9.80 
Cu W B r ,  29.41 2.19 7.62 29.25 2.20 7.45 
Zn(aq)Br, 29.27 2.18 7.58 28.90 2.20 7.40 

The mid-IR spectra were determined on Nujol mulls (4000-180 cm-I) between CsI 
plates and as hexachlorobutadiene mulls (3500-2000 and 1500-1300 cm- ') between 
CsI plates on a Perkin-Elmer 983 spectrophotometer. The far-IR spectra (500- 
50 cm-') were determined on Nujol mulls between polyethylene plates on a Digilab 
FTS 16B/D interferometer. 

RESULTS AND DISCUSSION 

The bis(8-ai~iiiioqtririoliiie)bis(aquo) conplexes [M(aq) , (H,O),  J X ,  ( M  = Fe, Co, 
Ni, Cii; X = Cl, Br) 
The spectra of these complexes are depicted in Figure 1 and the frequencies are 
reported in Table 11. Actual tracings of the spectra of the complex derived from 
NiBr, and its ND,-analogue are shown in Figure 2. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
4
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
B

LE
 I

1 
Fr

eq
ue

nc
ie

s(
cm

-')
 a

nd
 b

an
d 

as
si

gn
m

en
ts

of
 th
ec
om
pl
ex
es
[M
(a
q)
,(
H,
O)
,]
X,
 

in
 th

e r
eg

io
ns

 35
00

-3
00

0a
nd

 1
70

0-
50

 cm
-'.

 S
hi

fts
 <

 1 c
m

-' 
ar

c n
ot

 re
po

rte
d.

 

M
 =

 F
e 

M
 =

 C
O

 
M

 =
 N

i 
M

 =
 C

U
 

x 
=

 c1
 

x =
 CI
 

X 
=

 B
r 

x 
=

 C
I 

X
 =

 B
ra

 
x 

=
 C
P 

X
 =

 B
r' 

A
ss

ig
nm

en
t 

n.
o.

b 
32

02
 

30
98

 
30

78
 

I6
46

 
I6

23
 

15
91

 
I5

76
 

15
05

 
14

72
 

14
23

 
13

97
 

13
85

 

I3
76

 
13

16
 

I2
60

 
I2

44
 

12
15

 
I2

03
 

I I
74

 
11

31
 

11
25

 
10

76
 

10
56

 
10

28
 

99
0 

97
5 

32
95

 
31

99
 

31
04

 
30

82
 

16
47

 
16

26
 

15
92

 
I5

79
 

I5
04

 
I4

74
 

14
24

 
14

00
 

13
89

 

13
75

 
13

18
 

12
62

 
12

45
 

12
16

 
12

07
 

I1
75

 
I I

32
 

I1
20

(s
h)

 
I0

70
 

10
59

 
10

29
 

99
 I 

97
9 

32
89

 
31

97
 

31
51

 
31

02
 

30
78

 

16
32

 

15
91

 
I5

73
 

I5
27

 
15

02
 

14
72

 

14
21

 
14

01
 

13
92

 

13
73

 
13

16
 

12
58

 
12

43
 

12
13

 
12

04
 

I1
74

 
11

30
 

11
25

 
10

78
 

10
58

 
10

28
 

99
0 

97
5 

33
05

 
32

08
 

31
00

 
30

80
 

16
51

 
16

27
 

15
93

 
15

80
 

I5
05

 
14

74
 

14
24

 
14

01
 

14
00

(s
h)

 

13
76

 
13

20
 

12
62

 
12

45
 

12
16

(s
h)

 
I2

09
 

I1
77

 
11

41
 

I1
33

 
10

80
 

10
62

 
10

30
 

99
0 

98
0 

33
23

(8
31

,8
64

)' 
3 1

97
(8

02
) 

31
52

(7
87

) 
3 1

04
(7

47
)d

 
30

78
(7

09
) 

16
33

(0
) 

15
92

(0
) 

15
74

(4
20

) 

15
33

(3
79

)c
 

15
04

(0
) 

14
75

(0
) 

14
43

(+
4)

 
14

24
(0

)' 
14

01
(s

h)
 

13
95

(+
5)

 
13

82
(0

) 
13

74
(0

) 
13

18
(0

) 
12

58
(0

) 
12

44
(0

) 
12

15
(s

h)
e(

+ 
10

) 
12

07
(2

) 
1 l

75
(+

2)
 

11
33

(3
) 

10
78

(0
) 

10
61

(0
) 

10
30

(+
4)

 
98

9(
0)

 
97

6(
+2

) 

34
09

(9
0 I

 ) 

3 l
09

(7
68

) 
30

62
(8

03
) 

16
30

( +
 8) 

15
92

(0
) 

15
77

(4
25

) 
15

69
 

15
08

(0
) 

14
75

(0
) 

14
23

(0
) 

I4
05

( +
 2) 

14
00

 
13

82
(0

) 

13
 18

(0
) 

l2
57

( +
2)

 
12

46
(0

) 
12

 16
(6

) 
12

06
 

1 l
74

(+
4)

 
11

45
(8

) 

10
84

(4
) 

10
65

(0
) 

I0
30

( +
 3) 

98
9(

0)
 

97
6(

6)
 

34
14

(8
90

) 

3 1
46

(7
87

) 

30
5 l

(7
87

) 
16

5 I
(2

) 
16

31
 

1 6
2 1

 (5
) 

15
93

(0
) 

I5
8 l

(4
27

) 

l5
03

( +
 6) 

14
76

(0
) 

14
25

(2
) 

14
02

(+
5)

 
13

93
 

13
82

(0
) 

13
19

(0
) 

12
55

(+
4)

 
12

47
(0

) 
12

18
(7

) 
I2

09
 

1 l
76

( +
2)

 
1 l

53
( 1

5)
 

l0
85

(5
) 

10
65

(0
) 

10
30

( +
 I) 

99
2(

0)
 

97
9 

95
8(

 +
5)

 
95

2 

vO
-H

 

{ V
N

-H
 a

sy
m

 
vO

-H
.. 

.X
 

vN
-H

 s
ym

 

v 
rin

g 

{ N
H

z 
sc

iss
or

 
60

-H
 t aC

-H
 

1 rN
H

z 

+
 aC

-H
 

t
4
 

W
 
W
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
4
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



92
 1 

89
4 

82
9 

80
7 

78
9 

77
5 

71
8 

63
3 

58
9 

57
7 

52
8 

49
6 

46
4 

41
9 

37
0 

26
6 

21
6 

(2
 16

) 

I8
0 

16
0 

13
8 

10
3 88
 

55
 

91
5 

89
8 

82
9 

80
8 

78
8 

77
5 

71
8 

64
 1 

59
2 

55
7 

53
7 

50
 1 

47
0 

42
8 

38
 1 

31
4 

27
2 

23
5 

22
0 

18
9 

17
5 

13
5 

11
0 99
 

77
 

55
 

89
7 

82
8 

80
7 

78
7 

77
 1 

71
8 

63
2 

58
9 

58
 I 

55
6 

52
8 

49
4 

46
5 

42
5 

38
1 

32
2 

26
7 

23
 1 

21
3 

19
8 

17
5s

h 
15

7 
13

0 
IO

Os
h 

86
 

62
 

90
0 

82
9 

80
8 

78
8 

77
5 

71
9 

64
7 

59
2 

57
7 

54
2 

50
6 

46
3 

43
3 

39
0 

31
5 

28
5 

25
2 

23
4 

21
9s

h 
19

1 

(1
91

) 
13

9 
I1

5 
I0

4 81
 

89
9(

2)
 

82
7(

4)
 

80
8(
0)
 

78
6(

8)
' 

77
 I(
0) 

7 1
8(

 + 2
,lO

) 
63

6(
12

) 

60
0(

24
) 

59
0(

sh
)(O

) 
56

0(
sh

)(
13

) 
53

 l(
0)

 
49

6(
10

) 

43
 I (

1 5
) 

39
0(

9)
 

32
4(

0)
 

28
4(

1)
 

24
9(

0)
 

22
9(

2)
 

20
6(

2)
 

18
5(

10
) 

13
8(

0)
h 

11
7(

9)
' 

95
m

 
69

(0
) 

5
5

w
 

27
2(

-) 

90
5(

7)
 

82
7(

3)
 

80
9(

0)
 

78
0(

6)
 

76
7(

n.
0.

)~
 

72
3(

9)
 

64
3 

62
8(

9)
 

60
8(

26
) 

57
5 

53
9 

49
4(

3)
 

46
3(

 + 2
) 

42
5(

0)
 

41
2(

2)
 

29
9(

2)
 

27
9(

0)
 

21
6(

0)
 

16
9(

2)
 

18
3(

5)
 

26
4s

h(
-) 

15
4~

h(
-)

 
96

03
) 

(9
6)

(0
) 

77
m

 
55

U
) 

90
6(

7)
 

82
8(

0)
 

8 1
 O

(0
) 

78
2(

7)
 

77
2(

n.
0.

)~
 

72
5(

10
) 

64
7 

63
2(

 12
) 

58
9(

3)
 

54
6 

46
2(

 + 2
) 

42
7(

0)
 

40
8(

4)
 

29
7(

0)
 

27
 l(

0)
 

26
4s

h(
-) 

21
 l(

0)
 

19
3s

h 

15
8(

5)
 

15
5(

7)
 

83
(0

) 
(8

3)
(0

) 
74

(4
) 

69
(0

) 

oN
H

, 
oN

H
, 
+ y

C-
H

 
yC

-H
 

oN
H,
 +

 v r
in

g 

zz + y
 r

in
g 

PN
H

, 

W
 
0
 

0
 

pN
H

, 
+ y

 r
in

g 

PN
H

, 
pN

H
, 
+ y

 r
in

g 
0
 2 

vM
-N

H
, 

+ y
 r

in
g 

!? 5 
yC

-N
 

3 

vM
-N

H
, 

rn
 

P
 

n ?
 

vM
-N

(P
Y

) 

y 
rin

g 

vM
-O

H
, 

GL
-M

-L
 

La
tti

ce
 +

 NH
, 

{t
or

si
on

 

a 
V

al
ue

s 
in

 p
ar

en
th

es
es

 a
re

 th
e 

sh
ift

s 
in

du
ce

d 
by

 N
D

,- 
(a

nd
 D
,O
-)
 lab

el
lin

g 
of

 th
e 

co
m

pl
ex

. 
n.

0.
 =

 n
ot

 o
bs

er
ve

d.
 '
 "0
 

sh
ift

 =
 7

cm
-'.

 
8c

m
-I

. 
"0 

sh
ift

 =
 1

2c
m

-'.
 

"0 
sh

ift
 =

 
sh

ift
 =

 2
cm

-'.
 *

 LB
O s

hi
ft 

=
 3

cm
-I

. 
sh

ift
 =

 2
cm

-I
. 
'"
0 

sh
ift

 =
 5

cm
-'

. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
4
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



8-AMINOQUINOLINE COMPLEXES 

3 
r I  I I 

30 I 

I 
Y rinq+ItM-t{lia 

I I 

Co, Br 

FIGURE 1 IR spectra of the complexes [M(aq),(H,O),]X,. 

There has been no conclusive evidence in the literature as to whether water 
molecules or halide ions complete the octahedral stereochemistry in the complexes of 
this formula. From electronic spectra, Nielsen and Dah15 suggested that the nickel 
complex should be formulated [Ni(aq),(H20),]X2. The i.r. spectra should reveal the 
presence of metal-halide stretching modes if the formulation is [M(aq),X2].2H,O but 
no vibrational study has been reported. It will be seen below that no vM-X modes 
are observed and we conclude that the correct formulation is [M(aq),(H,O),]X,. 
Furthermore, by observing the effects on the spectra of deuteration of the amino 
group and of metal ion substitution and by comparing the spectra of the complexes 
with that of the ligand, firm assignments of the vM-NH,, vM-N and vM-OH, 
bands may be elicited. 180-Labelling of the complex did not assist with the 
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302 C. ENGELTER et al. 

assignment of the metal-ligand modes because the band shifts were within the limits 
of experimental error in the far4.r. region. "0-Labelling did, however, assist in 
identifying the O-H stretching and bending modes. 

FIGURE 2 IR spectra of [Ni(aq)2(HzO),]Br2(-) and [Ni(aq-d2)2(D20),]Br2 (- - - -) in the region 
500-50cm-'. 

The 4000-500 cni- Region 

The vO-H bands are relatively sharp, suggesting the presence of coordinated water 
molecules rather than crystal water. These bands are readily detected by their 
sensitivity towards deuteration (Av between 800 and 900 cm- ') and towards "0- 
labelling (Av = 7 cm-I in the NiBr, complex). The band could not be detected in the 
iron complex. The O-H bending mode was only identified with certainty in the 
CoBr, and NiBr, complexes. In the latter, it was found to undergo a low frequency 
shift of 12 cm-' on '*0-labelling and a shift of 379 cm-' on D,O deuteration. The 
only other band to exhibit a significant shift on 180-labelling of the NiBr, complex 
occurs at  3104 cm-' (Av = 8 cm-I). This observation and its high sensitivity 
towards deuteration suggests that it probably originates in hydrogen bonded 
vO-H - - * - - Br. 

The NH stretches are readily identified within the range 3200-3050 cm-'. Their 
hsensitivities approximate the theoretical values calculated for deuteration of a 
hypothetical N-H diatomic species.6 The NH, scissoring mode is readily dis- 
tinguished from the neighbouring ring modes near 1600 cm-' by its sensitivity 
towards deuteration, while the NH, twisting, wagging and rocking modes are 
similarly identified near 1150, 900-750 and 650-500 cm-', respectively. Bands near 
1200 cm- ' are likewise assigned to vC-N. The remaining bands within the range 
4000-500cm-' are assigned to the i.p. and 0.0.p. ring and C-H modes by their 
absence of sensitivity to deuteration of the amino group and by comparison with the 
spectrum of 8-aminoquinoline.' 

The 500-50 C I I I - '  regioii 

Figure 1 depicts the spectra in this region together with the spectrum of aq itself. The 
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8-AMINOQUINOLINE COMPLEXES 303 

latter is seen to be rich in far4.r. bands (mainly y ring 0.0.p. bends). The y-ring band 
at 400cm-' in the spectrum of aq shifts to higher frequency on coordination and 
becomes metal sensitive in the crystal field stabilization energy (CFSE) sequence: 
Fe < Co < Ni. Deuteration of the NiBr, complex reveals that the band is d-sensitive 
(Av = 15cm-'). We therefore assign this band to VM-NH, + y ring except for the 
copper complexes where it loses its sensitivity to deuteration and becomes a pure y- 
ring band. The band within the range 370-412cm-' is assigned to a pure VM-NH, 
mode on the grounds of its low intensity, its d-sensitivity (Av between 2 and 9 cm-') 
and its occurrence in a region free from ligand bands. 

There is a strong band in each spectrum within the range 260-300 cm- with a low 
or zero d-sensitivity. It corresponds in position with the strong band a t  267 cm-' in 
the spectrum of 8-aminoquinoline.' This is assigned to the 0.0.p. yC-N mode. It is in 
a similar position to the yC-0 band of 8-hydro~yquinoline.~ 

Below the yC-N band there is a band of moderate intensity which is assigned to 
VM-N on the basis of its absence of sensitivity to deuteration of the amino group, its 
position, which is close to that of vM-N in [M(ox)~], [Ni(ox),(H,O),] and [Ni(aq),]- 
(ClO,),,'** its occurrence in a region free from ligand bands and its marked 
sensitivity to the coordinated metal ion in the sequence Fe < Co < Ni < Cu.' The 
next two bands in decreasing frequency order are relatively insensitive towards 
deuteration of the amino group and to substitution of the metal ion. They are 
accordingly assigned to the y-ring bands which occur at  186 and 163 cm-' in the free 
ligand spectrum.' 

The following band in order of decreasing frequency occurs within the range 160- 
190 cm-'. It is sensitive to ND, labelling (Av between 5 and 10 cm-') and is strongly 
metal-sensitive in the sequence Fe < Co < Ni >Cu. This sequence is the antici- 
pated' order for VM-OH, if tetragonal distortion of the copper complex involves 
elongation of the Cu-OH, bonds (as occurs in the corresponding complex of 8- 
hydroxyquinoline, trans-[C~(ox),(H,O),]).~ All of these observations are consistent 
with the assignment of this band to VM-OH,. The five bands within the range 160- 
50cm-' remain for assignment to the metal-ligand bonding modes, the NH, 
torsional modes and the lattice vibrations but there is no ready means of distinguish- 
ing between them. 

In view of the large number of ligand bands within the far-i.r. region of 8- 
aminoquinoline, there is much vibrational coupling but we were able ultimately to 
identify three vibrationally pure metal-ligand stretching bands, viz one each for 
VM-NH,, VM-N and VM-OH,. This finding suggests that these complexes have 
trans-octahedral symmetry as has been found for the complexes [M(ox),(H2O),] from 
both X-ray diffraction and vibrational spectroscopic studies.* 

' 

The mono (8-aniinoqui~ioliiie) complexes of ?netal(II) Italides, [ M ( a q )  X ,  J,, (M = 
Ctr, Zn; X = CI, Br) 
Complexes of formula [M(R,-aq)X,] (M = Ni, Cu; X = CI, Br; R = C1, Br, I) have 
been reported by Izquierdo et a1.'0*'8 On the basis of their electronic spectra, the 
compounds were assigned polymeric octahedral structures with terminal and bridg- 
ing halides. As will be seen, the IR spectra are consistent with this proposal. Table 3 
reports the frequencies and Figure 3 depicts the spectra. Actual tracings of the 
spectra of [Cu(aq)CI,], and [Cu(aq)Br,], are shown in Figure 4. 

ND,-Labelling was applied to the complex [Zn(aq)Cl,],. Eleven bands occur 
below 470 cm-'. Apart from the lattice mode at  69 cm-', four of these bands (at 277, 
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TABLE I11 
Frequency data (cm-') and assignments for the complexes [hl(aq)X,J, (500-50cm-'). 

M = CU M = Zn 

x = c1 X = Br x = CI' X = Br Assignment 

y ring 

Vhl-NH, 

{ 
{ 
{ 
{ 
{ 

493 493 493(+4) 493 

462 463 463 461 
423 42 I 417(11) 415 
405 400 395( 10) 400 
335 338 321(8) 320 
306 275 277(0) 254 

282 253 241sh 

205 209 203(10) 207 

I92 I92 19 I (1 0) 191 
I62 149 I37(0) 86 

vhl-X, 

Vhl-X,, 230 174 230(1) 112 

vhl-N 

SX-hl-X 

SL-hl-L 

123 112 121(0) 75 

lattice 

135 

99 1 I3 
61 78 69(0) 59 

a Values in parentheses are the ND,-induced shifts. Shifts 4 1 cm-' are not reported. 

CU.Cl El Cu.Br D l  
FIGURE 3 Far-1R spectra 

-1 
of the complexes [hl(aq)X,] in the region 50&50cm-'. 
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I-AMINOQUINOLINE COMPLEXES 305 

FIGURE 4 IR spectra of the complexes [Cu(aq)Cl,] (-) and [Cu(aq)Br,] (----) in the region 500- 
50 cm- l .  

230, 137 and 121 cm-') are unaffected by ND,-labelling and are therefore assigned 
to Zn-CI modes. This is confirmed by the substantial shifts which occur on bromide 
substitution. It is proposed that the first two bands are assigned to vZn-C1, (terminal) 
and vZn-CI,, (bridging) modes and the last two to CI-Zn-CI bending vibrations. Of 
the remaining six bands, the group of three at 417, 395 and 321 cm-', which shift 
between 8 and IOcm-' on ND,-labelling, are firmly assigned to vZn-NH, bands, 
and the bands at 203 and 191 cm-' to vZn-N modes. These occur within the region 
reported for 8-hydroxyquinoline complexes.* Their sensitivity to NDJabelling is 
probably a result of vibrational coupling of vZn-N with vZn-NH,, or a ligand mode 
incorporating the NH, group. The assignment of the GL-M-X and GL-M-L bands is 
difficult because these bands are generally much weaker than the GX-M-X bands and 
may be masked by the latter. This was indeed substantiated by the substitution of C1 
by Br which causes the GX-M-X bending modes to shift to lower frequencies 
(Av - 50 cm- l), exposing the underlying GN-Zn-N and/or GN-Zn-Br bands at  I35 
and 113 cm-'. 

The assignments for the [Cu(aq)X,], spectra are readily made by comparison with 
the analogous zinc complexes. The doubling of the VCU-X stretching modes is 
undoubtedly associated with the tetragonal distortion (Jahn-Teller effect) which is 
known to occur in the copper complexes but not in the zinc chelates. The finding of 
three vM-MH, bands and two vM-N bands is not surprising when the low 
symmetry of these polymeric molecules is considered. 
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