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Complexes of some aldehydes (acetaldehyde, propionaldehyde, butyraldehyde, cinnamaldehyde and benzaldehyde) and ketones (ethyl |
methyl ketone, isobutyl methyl ketone, acetophenone, benzophenone and p-chlorobenzophenone) have been synthesized at sacrificial |
nickel anode and inert platinum cathode using tetrabutylammonium chloride as supporting electrolyte. Characterization of compounds by
vibrational spectroscopy, elemental analysis and physical measurements confirm that these compounds are unique polymeric nickel(II) |
glycolates of general formula {Ni(RR’CO),},. Refluxing of these glycolates with ligand (2,2’-bipyridyl or 1,10-phenanthroline) does not |
synthesize coordination compounds. However, the coordination complexes have been synthesized by electrolyzing the aldehyde/ketone |
in the presence of ligand in acetonitrile at sacrificial nickel anode. Current efficiency of all these systems has been determined in order to |
|
|
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INTRODUCTION

EXPERIMENTAL

Electrochemical technique is a versatile tool for synthesis
in organic [1-3], inorganic [4-7] or organometallic, pharma-
ceutical [8,9] and nano science [10,11]. Electrochemical
synthesis has become an accustomed, convenient and environ-
mentally benign alternative to the classical synthetic methods.
In electrochemical synthesis: electrodes act as source of or
sink for electrons; electrons ‘universal chemical reagent’ are
used for making-breaking of bonds and synthesis takes place
at electrode-electrolyte interface. As electrons are used as
chemical reagent, therefore traditional oxidation-reduction
reactions occur without adding the foreign oxidizing or
reducing agents. From the past three decades, variety of metal
complexes have been synthesized in our laboratory by direct
electrochemical oxidation of various sacrificial anodes [12-19]
such as cadmium, mercury, aluminium, zinc, antimony, bismuth,
copper. In continuation of our interest in this work, we report
the direct electrochemical synthesis and characterization of
unique nickel(II) glycolates in this paper. Metal glycolates have
several uses such as starting material for fabrication of high
dispersion oxide powder [20], microrods [21], microtubes and
thin oxide layer deposition [20].

Tetrabutylammonium chloride was purchased from Sigma
Aldrich and was used as received without any purification.
The solvent acetonitrile was obtained from Merck, dried and
purified using molecular sieves of 4A porosity and phosphorus
pentoxide and then distilled. All aldehydes/ketones used were
commercial products and were used as supplied. Nickel electrode
(Sigma Aldrich) of dimensions 0.635 mm diameter and 5 cm
length was used as sacrificial anode and platinum electrode of
dimensions 1 cm x 1 cm x 0.5 cm was used as inert cathode.
H-type glass pyrex cell having two compartments separated
by sintered glass disc of G-3 porosity was used as electrolysis
vessel. Volume of one compartment is double than the other
compartment and were used as anodic and cathodic compart-
ment respectively. Electrolysis was conducted using the
electrophoresis power supply of ‘Toshniwal’ make indicating
0-100 mA current and 0-300 V potential. Stirring of reaction
mixture was done using magnetic stirrer of ‘Perfit’ make and
a Teflon sealed magnetic bead. Infrared spectral studies were
recorded on ‘Elmer FTIR Spectrochem’ RXI spectrophotomer
using KBr pallets in the region of 4000-450 cm™. Carbon,
hydrogen and nitrogen contents in metal complexes were deter-
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mined using ‘ElementorVario EL” CHNS elemental analyser.
Nickel contents were determined volumetrically using oxine
[22] method. Melting points of metal complexes were ascer-
tained using electrical device of heating rate 5 °C per min.

Synthesis of nickel(II) glycolates: Reaction mixture of
3 mL of aldehyde/ketone and 1.0 g of tetrabutylammonium
chloride in 250 mL of acetonitrile was prepared and was put
into both compartments of H-type cell. Nickel and platinum
electrodes were connected to the positive and negative terminals
of power supply and were made as sacrificial anode and inert
cathode respectively. Electrolytic cell was closed from both
openings using guard tubes filled with CaCl, and glass wool
in order to protect the reaction mixture from moisture. Potential
across the electrodes was so adjusted that current of 20 mA
passed through the solution. In all cases, hydrogen gas was
evolved at cathode.

The electrolytic cell can be summarized as:

RR'CO+ CH;CN

Ni,,| +BuNCI

Pt

where Nig, and Pt are sacrificial nickel anode and inert
platinum cathode respectively. RR’CO is aldehyde/ketone (R’
= hydrogen atom, alkyl group for aldehyde and ketone
respectively) used as reactant. Tetrabutylammonium chloride
(BusNCl) used as supporting electrolyte. Acetonitrile used as
solvent.

Electrolysis was performed for 8 h with constant stirring
of anodic mixture at constant current of 20 mA. After 5 min,
the solution in anodic compartment became sky blue in colour
and after 1.0 h, solid compound started depositing on the nickel
electrode. After 8 h, the solid compound formed in anodic
compartment was filtered, washed with hot acetonitrile and
dried with dry diethyl ether in glass filtration unit of G-4 porosity
under vacuum. All attempts were made in order to protect the
compounds from moisture.

For the synthesis of coordination complexes of nickel(II)
glycolates, 1 g of ligand (2,2’-bipyridyl or 1,10-phenanthro-
line) was added initially to the above reaction mixture before
electrolysis.

The electrolytic cell for the synthesis of coordination
compounds is represented as:

where L: ligand (1,10-phenanthroline or 2,2’-bipyridyl).

RESULTS AND DISCUSSION

All these metal complexes were not affected much by
moisture or air. These compounds were insoluble in mostly
used organic solvents like ethanol, acetone, pyridine, benzene,
DMSO, DMF, CS,, CCl, and CHCl;. All compounds are green
in colour except acetaldehyde and cinnamaldehyde system
which are greenish cream and light brown respectively. Melting
points of all these compounds were determined. The colour
change in between 230-250 °C was seen in all these compounds
but these compounds do not have sharp melting points. Colour
change in these compounds indicates that these compounds
decomposed in this temperature range. These compounds were
analyzed for nickel, carbon, hydrogen and nitrogen contents
and the results showed agreement in accordance with the
expected one. The analytical data showing expected and experi-
mental results is enlisted in Table-1 and conforms to general
formula Ni(RR’CO)s.

It has been reported [23-25] that the absorption peaks
corresponding to free carbonyl group appear in the region of
1750-1650 cm™. But in the present compounds, there is no
absorption peak in this region which indicates that there is no
free carbonyl group present in complexes. However, charac-
teristic absorption bands appeared in the region of 799-459,
1050-942 and 1185-1050 cm™ (Fig. 1).

It has been reported that the absorption bands corres-
ponding to v(M-0O) [26-32] and v(C-O)M [26-35] stretching
vibrations appeared in the region of 800-400 and 1200-950
cm™, respectively. It has also been reported [24-26] that
stretching vibrations due to v(C-O)M further gets divided into
two bands: bands due to bridged alkoxy groups and bands
due to terminal alkoxy group. Generally, the bands due to
bridged alkoxy group appear at lower frequency than the
terminal ones. Respective regions in which absorption bands
due to bridged and terminal groups lies are 1050-950 and 1200-
1050 cm™.

So, in the present compounds, the absorption bands in the
region of 799-459 cm™ may be assigned to v(Ni-O) stretching
vibrations. Moreover, these absorption bands are compara-
tively broad which indicates that these compounds are
polymeric in nature.

RR'CO+ CH;CN ) )
Ni(,) |+ BuyNCI+L Py, ' It 'has been repgrted [26,28] that at inert cat.ho'de, radical
anion is formed which gets dimerized to form dianion. Under
TABLE-1
ELEMENTAL ANALYSIS AND OTHER RELATED DATA OF ELECTROLYSIS OF
ALDEHYDE/KETONE AT SACRIFICIAL NICKEL ANODE
Elemental analysis (%): Found (calcd.) Current efficiency (gram
System m.f. = .
C H Ni equivalent per Faraday)
Acetaldehyde C,H;O,Ni 32.5(32.7) 52 (5.4) 39.7 (39.9) 0.69
Propionaldehyde C¢H,,0,Ni 41.0 (41.2) 6.7 (6.9) 32.1 (33.6) 0.60
Butyraldehyde C,H,0,Ni 47.1 (47.4) 7.5 (7.9) 28.2 (28.9) 0.85
Cinnamaldehyde CsH,cO,Ni 66.7 (66.9) 4.7 (4.9) 17.9 (18.2) 0.90
Benzaldehyde C,,H,,0,Ni 61.7 (62.0) 43 (4.4) 21.2 (21.7) 0.71
Ethyl methyl ketone C:H,,O,Ni 47.1 (47.4) 7.6 (7.9) 28.4 (28.9) 0.86
Isobutyl methyl ketone C,H,,0,Ni 55.5 (55.7) 9.1 (9.3) 22.6 (22.7) 0.60
Benzophenone C,6H,00,Ni 73.5 (73.7) 4.6 (4.7) 13.8 (13.9) 0.60
Acetophenone C,H,,O,Ni 64.0 (64.2) 53054 19.3 (19.6) 0.67
p-Chlorobenzophenone C,H,30,NiCl 63.1 (63.4) 3.5@3.7) 11.8 (11.9) 0.84
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Fig. 1. Infrared spectrum of Ni + p-chlorobenzophenone system

the influence of applied potential, these dianions migrate
towards nickel anode and form nickel complexes. As these
dianions are similar to glycols, so the resultant compounds
formed are known as nickel(II) glycolates. So in these nickel(II)
glycolate complexes, the dianion or glycolate moiety serves
as a bidentate chelate occupying the coordination sphere of
nickel. Therefore, the bands in the region of 1050-942 and
1185-1050 cm™ may be assigned to v(C-O)Ni bridged and
terminal stretching vibrations respectively which corresponds
to glycolate moiety linked to nickel. The insoluble nature, high
melting points and broad IR peaks confirms that these com-
pounds are unique polymeric nickel(Il) glycolates.

The reaction scheme for the synthesis of nickel(I)
glycolate is given below:

At inert cathode:

(0]
I ™~
c + g — /C—O'
R
R/ \R' !
R
~ 7
R C—oO
2 \ _ |
R—C—0 —— o
R/ \R'
At sacrificial anode:
A
I~
"~ "~
| * N —— ] S e
/C<O' /CTO/
R R' R R'

Coordination complexes of nickel(IT) glycolates: An
attempt was made in order to synthesize the coordination
compounds of these nickel(II) glycolates by refluxing. The
parent nickel(Il) glycolates were refluxed with ligand (2,2’-
bipyridyl or 1,10-phenanthroline) in different solvents like
acetonitrile, benzene, methanol and ethanol for 48 h. But the

analytical and infrared data showed that the ligand molecule
could not be attached with the parent nickel(II) glycolates. It
may be due to the reason that the nickel metal has already
attained the favourable coordination number through bridging;
therefore further expansion of coordination sphere by addition
of ligand is not possible. Therefore it was thought that if
the ligand molecule could be attached before bridging and
polymerization, then only the coordination complexes of these
nickel(II) glycolates could be formed. This is feasible only by
electrochemical synthetic technique. So, these coordination
compounds have been synthesized electrochemically by adding
1 g of ligand to the above substrates before electrolysis and
then electrolyzing the reaction mixture for 8 h. After 8 h
electrolysis, the solid product was filtered, washed with hot
acetonitrile and dried with dry diethyl ether under vacuum.
These compounds showed insoluble nature and high melting
points as their parent complexes indicating the polymeric
nature. FTIR data of these coordination complexes have
exhibited the absorption peaks in the region of 770-454, 1059-
953, 1198-1059, 1496-1442 and 1609-1518 cm™ (Fig. 2).
The absorption peaks in the region of 770-454 cm
corresponds to V(Ni-O) stretching vibrations. The absorption
peaks in the region of 1059-953 cm™ and 1198-1059 cm™ may
be assigned to bridged and terminal v(C-O)Ni stretching
vibrations. The fascinating feature of these absorption bands
is that they have appeared in the higher region (+10-20 cm™)
as compared to the parent compounds. This increase in
stretching frequency may be due to the conjugation caused
by the ligand molecule. This has been confirmed by the
absorption peaks present in the region of 1496-1442 and 1609-

[36-38] ring vibrations of ligand moiety. Also, the peaks were
comparatively broad which confirm the polymeric nature of
these compounds.

Colour of all compounds of aldehyde/ketone with ligand
1,10-phenanthroline is brown except butyraldehyde and ben-
zaldehyde system which are light green in colour. With ligand
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Fig. 2. Infrared spectrum of Ni + p-chlorobenzophenone + 2,2’-bipyridyl system

2,2’-bipyridyl compounds obtained are of green colour except
cinnamaldehyde, ethyl methyl ketone, benzophenone systems
which are brown in colour and isobutyl methyl ketone, aceto-
phenone systems which are creamish brown in colour.
Current or electrochemical efficiency: Current efficiency
is defined as the gram equivalent of metal dissolved per Faraday
of electricity passed. Current efficiency is the ratio of experi-
mental and theoretical amount of nickel dissolved by passing
20 mA current for exactly 2 h through the electrolysing solution.
Theoretical value of nickel dissolved has been determined
using Faraday’s first law of electrolysis. The data correspon-
ding to current efficiency values is given in Tables 1 and 2 which
shows that these systems have high value of current efficiencies

1400

1200 1000
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which in turn indicates that the synthesis of nickel(II) glycolates
by this method is highly valuable.

Conclusion

Electrochemical synthesis is highly selective in its ease
of operation and uses very mild conditions. Due to potential
dependence and temperature independence, this method is
highly selective. As the electrons are used as chemical reagents
and electric current is used to drive the reaction, this technique

is eco-friendly in nature.
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TABLE-2
ELEMENTAL ANALYSIS AND OTHER RELATED DATA OF ELECTROLYSIS OF

ALDEHYDE/KETONE + LIGAND SYSTEM AT SACRIFICIAL NICKEL ANODE

Elemental analysis (%): Found (calcd.)

System m.f. - CE.*
C H N Ni

Acetaldehyde + 1,10-phenanthroline C,(H,,N,O,Ni 58.5 (58.7) 4.8 (4.9) 8.4 (8.6) 17.7 (17.9) 0.62
Propionaldehyde + 1,10-phenanthroline C,sH,,N,O,Ni 60.7 (60.9) 5.4 (5.6) 7.8 (7.9) 16.3 (16.5) 0.71
Butyraldehyde + 1,10-phenanthroline C,H,,N,O,Ni 62.5 (62.7) 6.1 (6.3) 7.2 (7.3) 15.2 (15.3) 0.79
Cinnamaldehyde + 1,10-phenanthroline C3H,,N,O,Ni 71.5 (71.6) 4.6 (4.8) 5.5 (5.6) 11.5 (11.6) 0.82
Benzaldehyde + 1,10-phenanthroline C,H,,N,O,Ni 69.0 (69.1) 43 (4.4) 6.0 (6.2) 12.8 (13.0) 0.68
Ethyl methyl ketone + 1,10-phenanthroline CyH,,N,O,Ni 62.5 (62.7) 6.1 (6.3) 7.0 (7.3) 15.3 (15.3) 0.98
Isobutyl methyl ketone + 1,10-phenanthroline  C,,H;,N,O,Ni 65.4 (65.6) 7.1(7.3) 6.2 (6.4) 13.3 (134) 0.70
Benzophenone + 1,10-phenanthroline CysH,sN,O,Ni 4.5 (4.6) 75.4 (75.6) 4.2 (4.6) 9.5(9.7) 0.72
Acetophenone + 1,10-phenanthroline CysH,,N,O,Ni 70.0 (70.1) 4.8 (5.0) 5.6 (5.8) 12.2 (12.2) 0.68
p-Chlorobenzophenone + 1,10-phenanthroline  Cs;H,,N,O,NiCl 67.6 (67.8) 3.8(3.9) 4.0 (4.2) 8.6 (8.7) 0.76
Acetaldehyde + 2,2’-bipyridyl C,H,;(N,O,Ni 55.2(55.4) 5.1(5.3) 9.0 (9.2) 19.3 (19.4) 0.71
Propionaldehyde + 2,2’-bipyridyl C,¢H,,N,O,Ni 57.8 (58.0) 5.8 (6.0) 8.3 (8.5) 17.5 (17.7) 0.75
Butyraldehyde + 2,2’-bipyridyl C,sH,,N,O,Ni 60.0 (60.2) 6.5 (6.7) 7.6 (7.8) 16.3 (16.4) 0.83
Cinnamaldehyde + 2,2’-bipyridyl C,3H,,N,O,Ni 70.0 (70.1) 4.8 (5.0) 5.6 (5.8) 12.1 (12.2) 0.89
Benzaldehyde + 2,2’-bipyridyl C,,H,,N,O,Ni 67.2 (67.4) 4.6 (4.7) 6.5 (6.6) 13.5 (13.7) 0.84
Ethyl methyl ketone + 2,2’-bipyridyl C,sH,,N,O,Ni 60.0 (60.2) 6.6 (6.7) 7.6 (7.8) 16.1 (16.4) 0.87
Isobutyl methyl ketone + 2,2°-bipyridyl C,,H;,N,O,Ni 63.5 (63.6) 7.5 (7.7) 6.5 (6.7) 14.0 (14.1) 0.72
Benzophenone + 2,2’-bipyridyl CyH,sN,O,Ni 74.4 (74.6) 4.7 (4.8) 4.6 (4.8) 9.9 (10.1) 0.69
Acetophenone + 2,2’-bipyridyl CyH,,N,O,Ni 68.3 (68.5) 5.1 (5.3) 6.0 (6.2) 12.4 (12.9) 0.70
p-Chlorobenzophenone + 2,2’-bipyridyl C;H,6N,O,NiCl 66.5 (66.6) 3.8 (4.0) 4.1 (4.3) 9.0 (9.1) 0.80

*C.E. refers to current efficiency (gram equivalent per Faraday)
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