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Summary:Copper{I1) and nickel{II) chelates of two tetradentate Schiff bases
bis(isova]ery]acetone)meso—sti1benediimine(meso—SiA2) and bis{isovateryl-

acetone)d]-sti]lbenedi1'rm‘ne(d]—SiA2) have been prepared and characterized

using IR, NMR and mass spectroscopic techniques. The metal complexes have
been assessed spectrophotometrically and their potentialities as analytical
reagents have been evaluated. TGA, DTA and DSC of these complexes indicate
that the metal complexes are sufficiently volatile and thermally stable at
high temperature. The metal complexes can be gas chromatographed on OV 101,
3% on chromosorb 80-100 mesh size. Detection limit, calibration range and
separation of dl and mesc geometrical isomers are reported. The nickel
chelates show greater sensitivity and low detection limits than the corres-
ponding copper complexes at ng levels,
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Introduction

It is well recognised that
tetradenate P-ketoamines form coloured
metal complexes with favourable
features in terms of thermal stability
and gas chromatographic applications
for the analysis of divalent transition
metal ions [1-8]. Most of the work
has been concentrated towards B ~keto-
amines derived from the condensa-
tion of B-diketones with ethylenedi-
amine and propylenediamine, but rela-
tively less work has been reported
on the corresponding use of stilbenedi-
amine [9-12]. Therefore, two new
schiff bases derived from the conden-
sation of isovalerylacetone and meso-
and dl-stilbenediamine have been
reported to assess them as complexing
and gas chromatographic reagents for
the analysis of metal ions.

Experimental
Preparation of the Reagents

Bis(isovalerylacetone )meso-stilbene-
diimine(meso-SiAZ) 3

Freshly distiilled isovalerylacetone
(2.9 g, 0.02 mole) was heated together
with (2.1 g, 0.01 mole) of meso-stil-
benediamine on a water bath for 30
minutes. The reaction mixture was left
overnight and the precipitate was
washed with ether and recrystallised
from ethanol.
Bis(isovalerylacetone)dl-stilbenedi-
imine (dZ-SiAZ):

Isovalerylacetone (2.9 g 0.02 mole)
and dl-stilbenediimine (2.1 g, 0.01
mol) were mixed together and the
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mixture was shaken for 5 minutes with
occasional  cooling. The reaction
mixture was allowed to stand at room
temperature for a few days and the
reagent slowly precipitated out as a
solid mass. The precipitate was washed
with ether followed by n-hexane and
recrystallized from ethanol.

Metal Chelates

Equimolar solution of copper acetate
and nickel acetate in ethanol was slowly
added to the refluxing solution of the
reagents in ethanol and was refluxed
for 30 minutes. The mixture was
allowed to cool and the precipitate was
recrystallised from ethanol and dried
at 110°C. Meso SiAZNi gave the light

wooly mass and its micro-analysis
corresponds to the molecular formula

C30H38N202N1. HZO‘ However, when

the complex was repeatedly recrystalli-
zed from ethanol, it slowly changed
to dark coloured crystals, the micro
analysis of which agreed to the mole-

cular formula C30H38N202N1. The

results of elemental micro analysis with
melting points and % yield of com-
pounds are summarized in Table 1.

Elemental micro-analysis was carried
out by Elemental Micro-Analysis Ltd.,
U.K. Metal content of the complexes
was determined using Hitachi 180-50
Atomic Absorpition Spectrometer, IR
spectra were recorded on Hitachi
260-50 IR Spectrophotometer in the

range of 4000-250 cmdl. PMR spectra
were recorded at the H.E.J. Research

Institute of Chemistry, Karachi
University.
The TG, and DTA were recorded

with stanton TG-77 Thermal Analyser
from Elemental Micro-Analysis Ltd.,
U.K. at the scan rate of 15-20°C/min
in flowing nitrogen atmosphere at the
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rate of 200m3/min with 5-10 mg of
sample. The Hitachi 163 Gas Chroma-
tograph equipped with flame ionization
detector was used. Stainless steel
column 2mx3mm and 3Imx3mm packed
with OV101, 3% on WHP Chromosorb
80-100 mesh size, OV1, 3% WHP chro-
mosorb 80-100 mesh size, OV1, 3%
Uniport HP 60-80 mesh size, Dexil 400
GC 2%, on Uniport HP 60-80 mesh size
were used throughout the study. All
columns were conditioned at the appro-
priate temperature before analysis.

Results and Discussion

The analysis of dried copper and
nickel chelates indicated that the re-
agent is attached as binegative anion

CH_ C

Fii

6H5

Mzcu(n)& Ni(n)
b

{a) and Ib. structural diagrammes of

Fig.1:
reagents and their metal chelates.
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to metal ion only,

51A2N1.320 which

initially with a water molecule.
However, on repeated recrystallization
it loses the water molecule.

except in meso-
precipitate out

Mass spectra of the ligands indicated
relatively small intensities of the mole-
cular ion peaks at m/e 460 (2.4%).
These are indicative of the ease of
the fragmentation of the compounds,
and this may reflect the number of
heteroatoms present in each molecule.
The major fragmentation reactions are
similar to those observed previously
for the related compounds [13], and
the main fragmentation path way of
the ligands involves the loss of half
of the ligand at m/e 230 (100%) by
the cleavage of bridge ethylene
groups.

Ueno and Martell [14] have suggested .

on the basis of IR studies of bis(ace-
tylacetone)ethylenediimine that the
reagent exists predominantly in keto-
amine form. This has been supported
by Dudeck [15], Pasini [16] and
Lindoy [13] on the basis of IR, NMR
and mass spectral data. The results
of IR agreed with earlier reports with
related compounds. Two absorption
regions have a bearing on structural
problem. First absorption above 3100

shows two

The ligand dl—SiA2
1

peaks one strong band at 3565 cm
and other of medium intensity at 3340

-1
cm

9 shows a band

of weak intensity at 3160 cm'l, which
could be assinged to chelated NH...O
group. However the bands disappear
in copper and nickel chelates due to
complexation. Secondly, the region

from 1690-1490 cm™®, where the re-
agents show three to four bands. The
assignment of these bands should be
considered as important, as C=0, C=C,

-1 .
cm ~, whereas meso-SiA
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C=N and phenyl ring vibrations may

all be expected near 1600 cmvl. In
fact both C-0 and C-N bonding would
be expected to have partial double
bond character assuming pseudos
aromatic ring. The bands at 1610 cm

and 1612 cm ™ in dl-Sia,
SiA2 respectively is assigned to hydro-

and meso-

gen bonded, conjugated C=0 group.
A band of weak to medium intensity

observed i_rl the spectrum of dl-SiA
at 1690 cm ~ could be assigned to C=8
group. However, these bands dis-
appear and the relative ig&ensity of -
the absorption near 1500 cm ~ increase
significantly in copper and nickel
chelates upon complexation. The bands
observed in spectra of copper and
nickel complexes of me*:*.o”SiA2 and

dl—SiA2 at 535, 545, 520 and 525 c:m_1

respectively are assigned due to metal
ligand vibrations.

The IR spectra of meso—SiAzNi. H20
and meso-SiAZNi complexes showed

except the former
1

similar pattern

shows broad band at 3450 cm
to -OH vibrations.

due

The PMR spectra of the ligands
and a diamagnetic nickel chelate indi-
cates the multiplets in the spectrum
of the reagent between §4.7-4.9 ppm
and § 11.75-11.85 ppm for the bridge
-CH proton and NH...O group, res-
pectively. The former changed into
singlet at § 4.15 ppm and the latter
disappeared in dl—SiAzNi due to com-

plexation and supports that the dianion
of the ligand is bonded to the metal
ion. A singlet observed in the spectra
of the ligands and nickel chelate
between § 4.8-4.95 ppm. corresponding
to two protons, is assigned to the
vinylic protons.
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The isomeric ligands dl and meso
differ only in the spatial arrangement
of the protons and the phenyl groups
on the ethylene bridge. The methyl
groups in both of the isomers are near
the m clouds of the adjacent phenyl
groups and cause down field of their
response. However in dl form these
methyl groups are on the average
farther from the phenyl groups and
hence affected to a much lesser extent
by the wcloud than the meso form.
Thus the methyl signal in dl isomer
appears at § 1.84 ppm slightly higher
than meso at § 1.5 ppm.

Similarly NH...O experience deshiel~
ding due to the phenyl rings and
shows the resonance at §11.85 and
11.75 ppm for dl and meso isomers
respectively as compared to bis(iso-
valerylacetone)ethylenediimine at 11.1
ppm [13]. The replacement of proton
from the bridge -C H2 group from eniA2

ligand with phenyl group results the
signal of remaining bridge ~CH protons
at 4.7 andé4.1 ppm in dl and meso-
isomers respectively as compared to
eniA2 at § 3.43 ppm due to the

clouds of phenyl group.
Spectrophotometric Studies

The formation of the coloured com-
plexes of copper(Il) and nickel(II)
with the reagents prompted their
exploration as spectrophotometeric
reagents for the quantitative determi-
nation of copper and nickel. The
results of absorptiometric’ data are
summarized in Table 2. The copper
complexes are bluish to purple in
colour, but the values of molar absor-
ptivity indicate that the copper
complexes are relatively less sensitive
for quantitative purposes and obey
Beer's law at mg/ml levels. The nickel
(II) complexes show two bands in the
visible region and yellow colours show
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higher sensitivity and obey the Beer's
law at their respective wavelengths
of maximum absorbances at pg/ml
levels. '

Thermogravimetric Studies

A prerequisite for the effective
applications of a reagent in GLC is
that it should be sufficiently volatile
and thermally stable at working tempe-
ratures. The volatility of metal com-
plexes was therefore checked by subli-
mating the complexes in sublimating
apparatus immersed in an oil bath.
The sublimates of the copper and
nickel complexes were collected on cold
finger between 190-210°C at 2.5 mm
pressure.

TG of crystalline dl—SiAZCu shows

single loss between 200-300°C with
maximum rate at 270°C and leaves 3-7%
green residue. DSC indicates melting
point at 255°C followed by vaporisation
endotherns at 270°C. TG of crystalline
dl—SiAzNi shows single complete loss

between 216-340°C with maximum rate
at 311°C. DTA indicates melting point
at 226°C followed by the vaporisation
endotherm at 291°C with opaque yellow
sublimate. TG of crystalline meso-
SiA,Cu shows single complete loss
between 192-330°C with maximum rate
at 300°C. DTA indicates melting point
atl63°Cfollowed by vaporisation endo-
therm at 330°C. TG of red brown

crystalline meso—SiAZNi shows loss of

93% between 192-400°C, with a maximum
rate at 280°C and 75% loss by 330°C.
DTA indicates melting endotherm at
170°C followed by vaporisation endo-
therm upto 550°C.

TG,DTA and DSC of the copper
and nickel complexes shows that all

the four samples appear to melt
without decomposition at specified
temperatures and mostly vaporised
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unchanged below 350°C. However

meso-SiAzNi and d1~SiA2Cu leave

certain residue behind. Thus the
results are quite encouraging that
complexes are reasonably volatile and
thermally stable. The reagents could
be used for the quantitative determi-
nations of metal ions with the aid of
GLC effectively.

Gas Chromatography

Because of high temperature required
for volatilisation of copper and nickel
complexes as vreflected from TG
curves, suitable liquid phase OV101,
3% on Chromosorb, 0OV1, 3% on Chro-
mosorb, OV1, on Uniport and Dexil Ni (i)
400GC, 2% on Uniport were selected to
allow high operating temperatures.
Stainless steel column 2mx3mm packed
with OV101, 3% on Chromosorb 80-100
mesh size gave satisfactory results
with symmetrical peaks with good base
line return. The flow of the carrier
gas and column temperature were opti-
mised (Table 3. Fig. 3 and 4).

Cu{ i)

When a mixture of copper and nickel

chelates of dl—SiA2 or meso—SiA2 is

injected on the column at the tempera-
ture optimised for individual reagent,
no separation between copper and
nickel chelate was achieved. The
column length was increased and other U \ L
stationary phases, OV1, 3% on chromo- _~.___"_

sorb, OV1, 3% on Uniport, Dexil 400, T S — a1
GC 2% on Uniport and Apiezon 'L'15% © 5 10 15 20 0 5 10 15 20
on Uniport were tried without much Retention time minutes
success and each time slightly broader
single peak was observed for a mix-
ture of copper and nickel complexes.
However, when a mixture of metal com-
plexes of isomers dl—SiA2 and meso-

SiAz' was injected on OV101, 3% on

chromosorb column at a column temPe_ 0V-101 on chromosorb WHP 80-100 mesh size
rature of 255°C complete separation 3 1
of the isomers was achieved. N,=25Cm™ min ~. Column temp: 260°.

Fig.3: Representative chromatogram of copper
(I1) and nicke(Il) chelates of d1-SiA,, on

2mx3mm stainless steel column packed with 3%
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Culii)
Ni (i1)

do o= e 3=
L i 1 1 3 1 1 3 ) —1l
0 6 12 18 0 6 12 18
Et minutes
Fig.4: Representative chromatograms of

copper{Il) and nickel(1I) chelates of meso-SiA2

on 2mx3mm stainless steel column packed with
3% OV-lgl on chromosorb WHP 80-100 mesh size.
N2=28(Zm /min column temp. 265°C.
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Fig.5: Quantitative response curves for
copper{11} and Ni{II) chelates of meso and
d1-51A2 on 2mx3mm stainless steel column packed

with 3% 0V-101 on chromosrob WHP 80-100 mesh
size.

To check if the amount of the complex
eluted is quantitative with amount
injected the solution of known amounts
of the complex in acetone was injected
and the average of the peak area of
at least two injections were measured
by multiplying the peak height with
the width at half hieght and straight
line calibration curve was obtained for
each of the complex, with average
deviation within * 2.5%. The calibration
ranges with detection limits are summa-
rized in Table 3.

The calibration curves in (fig 5)
indicate that the nickel complexes of
both of the ligands are more sensitive



327

Copper (11} and Nickel (11) Chelates

*43ddod jo bu g/
03 Butpuodsausuod
xa|dwod jo 6 g°p

*19%otu 4o bu g2
03 BuLpuodssauod
xa|dwod 40 Brizeg

*uaddoo jo bugy
03 Huipuodsssaod
x3|dwos 0 BNy

*[9otu 4o bu 11
03 bButpuodssuauod
xa|dwod 4o 6y g

-4addoo

40 660 T-¥2°0
03 bulpuodsauuod
xa|dwoo jo 61 g-2

“payoLu
40 6 g 0-/50"0
03 buipuodss
-34400 x3|dwod
40 610 g-6°0

43ddoa

40 660" 1-12°0
03 BuLpuodsaussod
x39dwod o brg-Z

“18%oLu
40 61/G40-£50°0
03 Bulpuodssausod
xa{dwod- 40 6Mgg-g-g

§9¢ 8¢
59¢ 8¢
09¢ Ge
09¢ S¢

096

046

689

069

(11}

(TI)IN

(11)n3

(TI)N

3U LWL LPUB]| 135-05aW

-(8uoyadriAua|eAOSL)SLY 7

ulliL LpsuaqLls-|p
-(8u03ade|Au4d|RAOSL)SLY "1

Bued

JLUWLY U0L32333(

abueu

uoLIRAqL[ )

Yook :vE\mEu.mz 30

UWN| 0y 83°4 MO| 4

SpU0IaS UL

31} UOLIUIIDY

x8 [ dwo)

[R2X

2usbeay Buixa|dwo)

*S9x3|dwod (1) L1axX2tu pue (]])4addod 4o ejep diydeaSoiewouay) Sen sAijerljuen] -3 |qe)



328

than corresponding copper complexes.
Moreover copper and nickel complexes
of dl—SiA2 ligand show higher sensiti-

vity and lower detection limit than
corresponding metal complexes of
meso-SiA2 isomer. Finally the copper

complex of rneso—SiA2 is least sensitive
among the series.

Conclusion

The ligands and their copper and
nickel complexes are prepared by
simple synthetic routine and character-
ised using spectroscopic technique.
The colour of nickel complexes show
reasonable sensitivity, but copper
complexes lack sufficient sensitivity
spectrophotometrically. The copper and
nickel complexes of both the reagents
show good thermal stability and volati-
lity idealy suited for gas chromato-
graphic applications. The copper and
nickel complexes show excellent sensi-
tivity with detection limits at ng levels
particularly copper and nickel com-
plexes of dl-SiA2 gas chromatographi-

cally, but failed to separate copper
and nickel complexes in a mixture
under present conditions.
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