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Summary: The copper, nickel, palladium and vanadivm complexes of tetradentate ligand
bis(salicylaldehyde petramethylethylenediimine(HaSAzTen) are prepared and their DTA and
TGA are recanded. Nickel complex indicates reasonable volatility and thermal stability with lass
in weight upto 98.7%, but copper, palladium and vanadium complexes leave significant residuc
behind with loss in weight in the range from room temperature to S00°C. The metal complexes
elute on GLC column (6° x 0.085} packed with OV101, 3% on Chromosorty WP B0-100 size with
detection limits at sub fi g level of metal complexes and complete separation palladium from cop-
per, nickel and vanadium complexes,

The spectrophotometric stwdies of metal complexes indicate rcasonable sensitivity within UV
region and their adgsorplion HPLC column (250 x 4 mm) packed with Licrosorb 8i100, 5§, con-
nected with UV detector demonstrated complexes, The complexes were eluted isocratically with
binary mixture of chloroform 1,2-di-chlorocthane and detection limits were found at sub ng
levels of metal complexes.

"The reagent has been applied for the determination of nickel in nickel-aluminium alloy using
both GLC and adsorption HPLC. The result agree to each other and the expected value.

Thermal stability and volatility have remained
a limiting factor for the successful pas-liquid
chromatography (GLC) of tetradentate salicylal-
diimineg chelate [1]. However GLC of copper, nick-
el and zinc chelates of bidentate salicylaldiimine
have been reported |2). High Performance Liquid

Chromatography (HPLC) which is not limited by
the thermal stability, has proved promising and
scparation of copper and nickel complexes of
tetradentate ligand bis(salicylaldehyde) ethylene-
diimine (H2S8Azen) on silica 10u and copper, nickel
and palladium complexes of H2SA2 en on bonded
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octadecyl substrate as reverscd phasc HPLC have
been reported {3,4]. Recently copper and nickel
complexes of meso and dl-bis(salicylaldehyde)stil-
benediimine have been reported on adsorption
HPLC [5].

Averill and Broman have prepared the ligand
bis(salicylaldehyde)-tetramethylethylenediimine
(H2SA Ten) and its cobalt complex to study the
polarographic behaviour of its cobalt{Ill) chelate
[6]). In the present work the ligand HaSA; Ten con-
taining maximum number of methyl groups at
bridge position has been examincd for the elution
of its metal complexes on GLC column and for the
separation of copper, nickel, palladium and
vanadium complexes on adsorption HPLC,

Experimental

The reagent H2SAz Ten was prepared as
reported by Averill and Broman [6].

Freparation of Metal Complexes

The copper, nickel oxovanadium complexes
were prepared by refluxing equimolar solution of
the reagent (0.01 M, 0.33 g) in mcthanol with cop-
per (II) acetate (0.001 M, 0.02 g), nickel (II) acetate
(0001 M, 025 g) and vanadium {IV) sulphate
(0.001 M, 0.25 g) in methanol for 30 min, The reac-
tion mixture was quickly filtered, concentrated and
cooled. Precipilale obtained was recrystallized
from ethanol or mcthanol. Palladinm complex was
prepared by refluxing reagent (0.601 M, 0.33 g) in
benzene and palladium - benzonitrile complex in
benzene for 24 hrs. The palladium benzonitrile
complex was prepared by hcating together pal-
ladium(IT) chloride (0.001 M, 0.18 g) and ben-
zonitrile (0.5 cm?’.) for 2 hr. The reaction mixture
was filtered and most of the solvent was distilled
off. The residue was dissolved in n-hexane and
precipitate obtained was recrystallized from n-
hexane,
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Elemental micro analysis (Table-1) was car-
ried out by Elemental Micro-Analysis Ltd., UK.
Diflerential thermal analysis (DTA) and Ther-
mogravimetric analysis (TGA) was recordcd on
Shimatzu TG 30 Thermal Analyser at a heating rate
of 15°C/min and nitrogen flow rate of 50 cm”/min.
Hitachi 163 Gas Chromatograph with FID detector
system and recorded 056 was used. Column (&' x
0.0185") packed with QVi01, and OV17, 3% on
Chromosorb WHP 80-100 mesh size (Altcch
Assoc.) were used during the study.

Hitachi 655A Liquid Chromatograph con-
nected with variable wavelength UV monitor,
Rheodyne 7125 injector and recorder 561 were
used, Column (250 x 4 mm) packed with Licrosorh
$i100, 54 and (200 x 4.6 mm) 8i, 100, Sz (Helwett
and Packard) were used for adsorption HPLC,

Quantitative Determinations
Solutions

The stock solutions of nickel(II), copper(Il)
and oxovanadium{IV)} containing 1 mg/ml were
prepared in water from NiCl 6H;0, CuCh.2H20
and VOS0Q43H20,

Buffer solutions in thc pH range 5-9.5 from
acetic acid-sodium acetate (1M} and sodium bicas-
bonate - sodium carbonate (0.5 M) pairs. The pH
of the solutions was measured with WPA CD-620
Digital pH meter with glass electrode containing in-
ternal reference electrode.

Reagent solution (0.2 - 0.75 % w/i) was
prepared in ethanol.

Analytical Procedure
An aliquot of solution (1-2 cm3) containing

(0-200 ug) copper, nickel or both in a mixture was
transferred to well stoppercd tube (10 cm3), fol-

Table-1: Results of Elemental Micro - Analysis

%% Expecied % Found
Compound Mol Formula MP. C H N C H N
H25A2Ten  CypHzN:02 130°C 7404 740 8864 MO0 744 8853
CuSAiTen CaHpN:02Cuw  300°C 6225 578 726 6209 577 6.08
NiSAzTen CaHznN:0mNi  353°C 6304 577 735 6298 584 711
VOSATen  CaHaN:0:VO M7°C 6169 565 719 6152 524 &78
PASA;Ten  CoHxuN:O2Pd  336°C 5589 589 651 5569 534 655
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lowed by bicarbonate buffer pH 8 {2 cm’), ethanol
(2 cm ), and reagent solution (0.2 - 0.75 % w/v)
(0.5 cm3) in ethanol. The contents were heatcd on
water bath for 30 min. and allowed to ¢ool, Toluene
(1 cm?) was added and contents were mixed on
mechanical shaker for 15 min. The layers were al-
lowed to separate and extract {1-5 x1) was injected
on GLC or HPLC celumn at the optimized condi-
tions.

Analysis of sample for nickel

Nickel-aluminium alloy (0.2 g} (BDH) was
added a mixture of hydro chloric acid - nitric acid
(3:1) (5 cm®) and heated gently on] hot plate to near
dryness Hydrochloric acid (10 cm ) was added and
again heated to near dryness. Watcr was added and
volume was adjusted to 100 cm Solution {10 cm )
was again diluted to 100 em® and solution (01-05
cma) was transferred to well stogpcrcd tube (10
¢m’) and volume adjusted to 2 cm”. The nickel was
extracted in tolucne following analytical precodure.
The amount of nickel in sample was determined on
GLC and HPLC at the optimized conditions. The
amount of nickel in sample was evaluated from
standard calibration curve prepared from known
amounts of nickel.

Results and Discussion

The metal complexes are easily preparcd and
the elemental microanalysis corresponds to metal-
ligand (1:1). TGA of metal complexes indicated
that loss in weight starled in temperature range
230-300°C with rapid loss of 69-98.7% upte 55°C.
The maximum rate of loss occurred with 314- 410°C
(Fig. 1). The vanadium complex indicate rapid loss
ol 69% by 460°C secondary loss upto 75% by 500°C.

Copper complex leaves maximum residue, followed

by vanadium and palladium. Nickel complex leaves
minjmum residue behind and has maximum ther-
matl stability among the series. DTA of metal com-
plexes indicate melting endotherm, followed by
scrics  cxothcrm  corresponding  vaporiza-
tion/decomposition and a fairly large exotherm
within temperature 460-500°C due to the decom-
position of residue at high temperature (Fig. 2).

High temperature required for the volatiliza-
tion of metal complexes led to select stainless steel
column (6’ x 0.0185") packed with OV101, 3% on
Chromosorb 80-100 mesh size to check the possible
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Fig.l: JGA of metal complexes of HzSA Ten at a heat-
ing rate of 15°C/min and nitrogen flow rate of 50 cm”/min.

elution of the complexes. The complexes eluted as
fairly symmetrical peaks at a column temperaturc
290°C mjecnon port 295°C and nitrogen flow rate
45 cm fmm, with retention times of 6-48, 7-12, 8-48
and 12-24 min for copper, nickel vanadium and pal-
ladium complexes respectively. Thus the separation
of palladium from copper, nickel and vanadium
(Fig. 3) could easily be obtained, but without
separation between copper, nickel and vanadium
cotnplexes.

In ordez to check the response of the detector
with the amount of complex injected, different
amounts of complexes were injected and average
peak area of at least two injections were measures
and linear calibration curves were obtained in the
range of 1-6 ug of complexes. The detection limits
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Fig.2: DTA of metal complexes of H:SATen at a heating
~ rate of 15°C/min and nitrogen flow rate of 50 cm™/min,

]

Cu

NN N)VS

% 0 L] B0 8 &
Retention lime min

" L

o 8

Fig3: Gas Chromatographic Separation A) Cu & Pd
(B) Ni & Pd (C) VO & Pd on stainless steel columa (& x0.085")
packed with 3% OV101 on Chromosort WHP 80-100 column
temp. 290°C, injection port 290°C and nilrogen flow rate 45
om’/min,
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measured as thrice the background noice were 0.4
#g of nickel, palladium and vanadium complexes
and 0.6 ug of copper complex.

The preliminary gas chromatographic studies
on slainlcss steel columa (6" x 0.085") packed with
OVID1, 3% on Chromosorb WHP 80- 100 mesh
sive indicated the clution of its nickel complex as a
symmetrical pcak, with some separation from the
reagent peak. It was therefore the reagent bis-
{salicylaldehyde) tctramethylethylenediimine was
investigated for the determination of nickel gas
chromatographically after necesssary complexation
in agucous phase, followed by extraction of nickel
complex in organic phase.

In order to find out optimum pH, solvent and
reagent concentration for the guantitative extrac-
tion of nickel (II), exactly 1 cm® of 100 ppm solution
of nickel was transferred to well stoppered tube (10
em?), followed by particular buffer solution (2 cm®)
in pH range 6-9, ethanol (2 cm®) and reagent solu-
tion (0.75 % w/v) (0.5 - 1.0 cm®) in ethanol. The
mixture warmed on water bath for 5-30 min was al-
lowed to cool. The contents were shaken on
mechanical shaker for 15-30 min. The organic layer
was separatcd and extract (1-5 #) was injected on
column (&' x 0.085") packed with OV101, 3% on
Chromosorb WHFP 80-100 mesh size at column
temperature  270°C, injection port 280°C and
nitrogen flow rate 30 cm”/min. It was obscrved that
the quantitative transler of nickel complex from
aqueous to prganic phase was oot quantitative in
cyclohexane. In case of chloroform reagent was alsa
extracted and interfered to the response of nickel
complex. The toluéne proved a better choice for the
extraction of nickel complex (rom aqueous solution.
The conceatration of reagent solution (0.5, em® of
0.75% wv) proved adequate for complexation. The
complexation and extraction of nickel complex in
toluene was fiarly constant between pH 7-8.5 and
bicarbonatc buffer pH 8 covered pH range satisfac-
tory and restricted the extraction of reagent in
tolucne,

In order to examine the linear calibration
range for the extraction and determination of nickel
GLC, different amounts of nickel were taken and
nickel extracted using extraction procedures. Ex-
tract (2 ul) was injected at the optimized conditions
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Fig4: 1IPLC Separation of Ou, MNi, Pd and VO on
column (250 x 4 mm) packed with Licrosorb Si 104, 5¢¢. Elucnt
1,2- dichlorocthane, flow rate 0.9 cms:‘min. detection UV at 260
.

of GC. Straight line calibration curves was obtained
by plotting average peak height versus amount of
nickel in solution, within 20-200 ug of nickel (Fig.
5). The amount of nickel in nickel - aluminium alloy
determined from the standard calibration curve.
The amount of nickel was found 51.5% (present
50% ap;prox.). The results agree closely to the ex-
pected value.

The complex eluted on GLC column, and in-
dicated a resaonable accuracy for the analysis of
nickel, but lack separation between copper, nickel
and vanadium chelates, led to investigate absorp-
tion HPLC, using column (250 x 4 num} packed with
Licrosorb $i 104, 5u for the possible separation of
copper, aickel, palladium and vanadium complexex,

The spectrophotometric studies of the metal
complexes (Table-2) indicated that complexes have
reasonably high values of molar absorptivity in UV

GLC AND HPLC STUDIES

Table-2: Spectrophotometric Data of Ligand and
its complexes in 1,2-dichloroethane

Compound sy (E.mole” em™)

HiSAzTen 339 (406), 278 (7090), 262 (R1600), 227 (577000).
CuSAzTen 556(565), 367 (16810), 267 (55750}, 239 (76410)
NiSA7Ten  545(165), 418(6570), 349(8014), 329(8319), 250(62820)
VOSA:Ten 598(863), 363(19810), 277(98690), 247(107600),
PdSAzTen 413(26070), 322(26820), 237 (17740).

region and UV detector for the present investiga-
tion was thus selected. The valucs of molar ab-
sorptivities at 260 nm fixed for present investigation
in 1,2- dichloroethane were 50000, 47970, 102820
and 98690 Lmole cm? for copper, nickel palladium
and vanadium complexes respectively. The com-
plexes eluted as symmetrtical peaks with
chloroform, but complete separation between
vanadium, palladium, nickel and copper complexes
was obtained by isocratic elution with 1,2-
dichloroethane. The retention volumes of

vanadium, palladium, nickel and copper complexes

were 3,9, 5.8, 7.7 and 10.6 cm’ using flow rate of 0.9

em/min. (Fig. 4).

The response of the detector at 260 nm was
also checked and linear calibration curve, passing
through the origin were obtained by plotting
average peak of atleast two injections against the

C 1) 1] 110 18D 100 Ay

Fig. 5. Calibration ¢wrve of nickel{1I) on GLC. Column
(& x 0.085%) packed with OV101. 3% on Chromosorh WP 8-
100 mesh size. Temperature cglumn 270°C, injection port 280°C
and nitrogen flow rate 45 - em/min.
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amount of complex injected and were found to be
in the range of 0.8-4ug of copper and nickel com-
plexes, 0.8-4.8ug palladium complex and 1.5-7 ug
vanadiuvm complex. The detection limits measured
as thrice the background noice, as compared to
similar volume of solvent injected, were 10,10, 18,
20 pg of copper, nickel, vanadium and palladium
complexes respectively.

The reagent was also examined for the deter-
mination copper and nickel using the optimized
conditions of the extraction, developed for the gas
chromatographic determination of nickel. Some
analytical procedure was used, but here the con-
centration of reagent was reduced to (0.2 % wiv)
(05 cm3). The clution and separation of copper
and nickel complexes was carried out with 30% 1,2
dichloroethane in chlororform, The wavelength of
the detector was fixed at 300 nm. The copper and
nickel complexes casily separated on these condi-
tions, but when the exiract of copper and nickel in
column was injected on the column and the
response of the UV detection was measured at 260
nm, toluene also gave a response which interferred
the peak of nickel. It was therefore the wavelength
of UV detectar was changed to 300 nm, where the
toluene gave a minimum response and did not in-
terfere the determination of nickel.

In order to examine the linear calibration
range for the extraction and determination of cop-
per and nickel on adsorption HPLC, dilferent
amounts of nickel and copper were taken and ex-
tracted using analytical procedures. Extract (2 ul)
was injected at optimized conditions, straight line
calibrations, were obtained, by plotting the average
peak height versus 2-20 gg of copper or nickel in
the solution, The nickel-aluminium alloy was here
also analysed and amount of nickel in sample was
evaluatcd from standard calibration curve. The
amounts of nickel in sample was found 50.2% (Ac-
tual about 50%). The results agree with the ex-
pected value and obtained on GLC.

The conditions eplimized for the extraction of
copper and nickel were also tried for the exctrac-
tion of oxovanadium, but the oxovanadium com-
plexes failed to extract quantitatively in toluene.
Chloroform was also tried for its extraction, but it
was found that the extraction of oxovanadium was
again not quantitative and the reagent was also ex-
tracted appreciably in chloroform and interferred
the response of oxovanadium complex.
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Conclusion

The metal complexes do not show thermal
stability required for gas chromatographic applica-
lion and leave signifcant amount of residue behind,
except for nickel complex. But it is interesting to
nole that the complexes eluted on GLC column
packed with OV101, 3% on Chromosorb 10-100
mesh size, with detection limits at sub zg of com-
plexes, as compared to bis(salicylaldehyde) ethyl-
enediimine failed to elute on GLC column, This
difference may be due to substitution of tetramethyl
groups at the bridge position in the ligand Ha2SA
Ten, which improves the thermal stability and
volatility of metal complexes and metal complexes
elute on GLC column. However the separation be-
tween copper, nickel and vanadium complexes was
not obtained. Nickel complex has a reasonable peak
shape, was used for the determination of nickel in
nickel aluminium alloy. The case of separation cop-
per, nickel, palladium and vanadium complexes on
adsorption HPLC using isocratic elution with a bi-
nary mixture of chlorcform 1,2-dichloroethane with
detection limits at sub xg levels of metal complexes
using UV detector are highly encouraging for the
simultanecus determination of metal ions at trace
levels, based on the complexation in aqueous phase,
followed by extraction in toluene and subsequent
determination on adsorption HPLC. The analysis
of nickel in nickel aluminium alloy agreed closely to
the expected value and result obtained on GLC.
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