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COMPLEXES OF 8-AMINOOUINOLINE.
II'. THE INFRARED SPECTRA OF THE BIS-
AND MONO(AMINOQUINOLINE) COMPLEXES OF
METAL(II) HALIDES

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

 Department of Inorganic Chemistry, University of Cape Town, Rondebosch 7700, South Africa
' ( Received February 22, 1989)

The infrared spectra of the complexes M(aq),(H,0),X, (M = Fe, Co, Ni, Cu; aq = 8-aminoquinoline;
X =Cl, Br) have been determined over the range 4000-50 cm~!. Absence of vM-X bands indicates that
the halide is not coordinated to the metal ion and the complexes are correctly formulated [M(aq),-
(H,0),]X,. 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. '80-Labelling assists in
identifying the vO-H, vO-H----- X and §O-H bands. The spectra are consistent with trans-octahedral
coordination and axial bonding of the water molecules. The far infrared spectra of the mono(aminoquino-
line) complexes [M(agq)X,], (M = Cu, Zn; X = C}, Br) are consistent with the proposed structure of
polymeric octahedral coordination involving both bridging and terminal M-X bonds. The vM-NH,,
vM-N, vM—X(terminal) and vM-X(bridging) bands are assigned by studying the effects 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(IT)
complexes of 8-aminoquinoline (aq).! Apart from the tris(aq) complexes [M(aq),]**
which were discussed in Part 1, bis and mono(aq) complexes of formula M(aq),-
(H,0),X, and [M(aq)X,], (X =Cl, 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,0),]X, were
prepared by previously reported methods.?3 The iron complex was synthesized by
the addition of an aqueous solution of iron(IT) 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,0 were substi-
tuted for ethanol and water. The complex [Ni(aq),(30H,),]Br, was prepared as
described for the unlabelled compound except that H,O was replaced by '*OH,.

The mono(aq) complexes [M(aq)X,], were prepared as previously reported“'5 for
X = Cl; 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-Frosst), D,0 (99.7%, Merck-Frosst)
and '80H, (90.0%, Alfa). Analytical data are shown in Table L.

TABLE 1
Analytical data for metal(II) complexes of 8-aminoquinoline.
Calculated Found
Complex %C %H %N %C %H %N
Fe(aq),(H,0),Cl, 47.92 447 12.42 47.60 4.47 12.30
Co(aq),(H,0),Cl, 47.59 4.43 12.33 47.40 4.25 12.20
Ni(aq),(H,0),Cl, 4762 444 1234 4745 420 1225
Cu(aq),(H,0),Cl, 47.12 4.39 12.21 47.05 4.25 12.15
Cu(aq-d,),(D,0),Cl, 46.31 4.32 12.00 47.00 440 12.15
Co(aq),(H,0),Br, 39.80 3.7 10.31 39.80 3.80 10.30
Ni(aq),(H,0),Br, 39.82 371 10.32 39.80 3.60 10.30
Ni(aq),(*®0H,),Br, 39.46 3.68 10.23 39.50 3.80 10.10
Ni(aq-d,),(D,0},Br, 39.24 3.65 10.17 39.50 3.80 10.10
Cu(aq),(H,0),Br, 3947 368 10.23 39.60  3.65 10.10
Cu(aq-d,),(D,0),Br, 3807  3.55 9.87 3830 340 9.75
Cu(aq)Cl, 38.80 2.89 10.05 38.80 2.85 10.05
Zn(aq)Cl, 38.54 2.88 9.99 38.85 3.00 9.80
Zn(aq-d,)Cl, 38.27 2.85 9.92 37.80 2.95 9.80
Cu(aq)Br, 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 ™) between CsI
plates and as hexachlorobutadiene mulls (3500-2000 and 1500-1300 cm ™ ') between
Csl 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-aminoquinoline)bis(aquo) complexes [M(aq),(H,0),]X, (M = Fe, Co,
Ni, Cu; X = Cl, Br)

The spectra of these complexes are depicted in Figure 1 and the frequencies are
reported in Table II. Actual tracings of the spectra of the complex derived from
NiBr, and its ND,-analogue are shown in Figure 2.
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FIGURE 1 IR spectra of the complexes [M(aq),(H,0),]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 Dahl® suggested that the nickel
complex should be formulated [Ni(aq),(H,0),]X,. The i.r. spectra should reveal the
presence of metal-halide stretching modes if the formulation is [M(aq),X,].2H,0 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,0),]1X,.
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. '80-Labelling of the complex did not assist with the
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assignment of the metal-ligand modes because the band shifts were within the limits
of experimental error in the far-i.r. region. *80-Labelling did, however, assist in
identifying the O-H stretching and bending modes.

YT

50 400 300 20 100 o’

FIGURE 2 IR spectra of [Ni(aq),(H,0),]Br,(——) and [Ni(aq-d,),(D,0),]Br, (----) in the region
500-50cm™t.

The 4000-500 cm~* 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 80-
labelling (Av = 7cm™! 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 12cm ™! on '80-labelling and a shift of 379 cm ™! on D,O deuteration. The
only other band to exhibit a significant shift on '80-labelling of the NiBr, complex
occurs at 3104cm™! (Av = 8cm™!). 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
d-sensitivities approximate the theoretical values calculated for deuteration of a
hypothetical N-H diatomic species.® The NH, scissoring mode is readily dis-
tinguished from the neighbouring ring modes near 1600cm™! 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
1200cm™? are likewise assigned to vC-N. The remaining bands within the range
4000-500 cm ! are assigned to the i.p. and o.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 cm™* region
Figure 1 depicts the spectra in this region together with the spectrum of aq itself. The
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latter is seen to be rich in far-i.r. bands (mainly ¥ 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™1). We therefore assign this band to vM-NH, + 7y 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 370412 cm ™! is assigned to a pure vVM-NH,
mode on the grounds of its low intensity, its d-sensitivity (Av between 2 and 9cm ™ 1)
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 at 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-O band of 8-hydroxyquinoline.”

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(0ox),(H,0),] and [Ni(aq),]-
(Cl0,),,"8 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-[Cu(ox),(H,0),]).® 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),(H,0),] from
both X-ray diffraction and vibrational spectroscopic studies.’

The mono(8-aminoquinoline) complexes of metal(Il}) halides, [M(aq)X,], (M =
Cu, Zn; X = Cl, Br)

Complexes of formula [M(R,-aq)X,] (M = Ni, Cu; X = Cl, Br; R = Cl, Br, I) have
been reported by Izquierdo er al.'°'® 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)Cl,], 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 1, four of these bands (at 277,
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TABLE 111
Frequency data (cm~!) and assignments for the complexes [M(aq)X,], (500-50cm™").
M=Cu M=12Zn
X=dad X =Br X=Cqre X = Br Assignment
493 493 493(+4) 493
vy ring
462 463 463 461
423 421 417011 415
405 400 395(10) 400 { vM-NH,
335 338 321(8) 320
306 275 277(0) 254
{ vM-X,
282 253 241sh
230 174 230(1) 172 vM-X,,
205 209 203(10) 207
{ vM-N
192 192 191(10) 191
162 149 137(0) 86
{ SX-M-X
123 112 121(0) 75
135
{ SL-M-L
99 113
61 78 69(0) 59 lattice

* Values in parentheses are the ND,-induced shifts. Shifts <1cm™! are not reported.

cucl — /\\A
CuBr — A [\/\\r LI
we | L LA na /\,ﬂkﬁﬂ\,\
iy
AN
w | = /\/,\ / [{ \1
500 f 400 Soo f I i 1: 00 cm ™"
|VM-NH2J Fm-xmm vu-N(p)ﬂ

FIGURE 3 Far-IR spectra of the complexes [M(aq)X,] in the region 500-50cm ™!,
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FIGURE 4 IR spectra of the complexes [Cu(aq)Cl,] (—) and [Cu(aq)Br,] (----) in the region 500-
50cm™!.

230, 137 and 121 cm™?) are unaffected by ND,-labelling and are therefore assigned
to Zn—Cl 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-Cl, (terminal)
and vZn-Cl,, (bridging) modes and the last two to Cl~Zn—Cl bending vibrations. Of
the remaining six bands, the group of three at 417, 395 and 321 cm™?, which shift
between 8 and 10cm ™! on ND,-labelling, are firmly assigned to vZn-NH, bands,
and the bands at 203 and 191 em™! to vZn—N modes. These occur within the region
reported for 8-hydroxyquinoline complexes.® Their sensitivity to ND,-labelling 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 3L-M-X and dL-M-L bands is
difficult because these bands are generally much weaker than the $X-M-X bands and
may be masked by the latter. This was indeed substantiated by the substitution of Cl
by Br which causes the 8X-M-X bending modes to shift to lower frequencies
(Av ~ 50 cm™1), exposing the underlying SN-Zn-N and/or 8N-Zn-Br bands at 135
and 113cm™1,

The assxgnments for the [Cu(ag)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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