Chemical Science Review and Letters ISSN 2278-6783

Research Article

Direct Electrochemical Synthesis of Bismuth (lll) Carboxylates and their
Coordination Complexes.

Baljit Singh*, Shavina and Kanchan Bala

Department of Chemistry, Punjabi University, Patiala-147002, Punjab, India.

Abstract
Bismuth (I11) carboxylates Bi(OOCR); have been prepared by R

the electrochemical oxidation of sacrificial bismuth anode in \ /
acetonitrile containing carboxylic acid RCOOH (R= CHs,

C;Hs, CsH7, C4Hg, CsHyq, CHy3, C7H1s, CsHy7 and CoHyg). On O

refluxing with nitrogen containing ligand p—picoline, these | |
carboxylates do not form coordination compounds. However, Cf“f
the  coordination compounds ~with general formula .~ 0
Bi(OOCR);.L, (L: B-picoline) have been successfully R |
synthesized electrochemically by addition of this ligand to the C
electrolysis phase. All these products have been characterized ||
by elemental analysis, infrared spectral studies and other 9]
physical measurements. The current efficiencies of all these \

systems are quite high. *Correspondence
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Introduction

The electrochemical technique is a simple, rapid, selective and one pot method to achieve the oxidation and reduction
without introducing any foreign oxidizing or reducing agent. It covers a broad spectrum of application in organic [1-
4], inorganic [5-6] and green chemistry [7]. It has a large variety of applications in textile (such as manufacturing
fibres, dyeing processes and decolourizing fabrics) industries [8], pharmaceutical industries [9] and chemical
industries [10]. It is an attractive procedure for the preparation of the metal complexes by electrochemical dissolution
of sacrificial metal anode. So, we have now extended this direct electrochemical synthesis method for the preparation
of bismuth (III) carboxylates and their adducts with the ligand p—picoline.

Experimental
Material and Equipment

Acetonitrile was dried over phosphorous pentoxide for 24 hours and then double distilled. The freshly distilled
acetonitrile was used as a solvent. Tetrabutylammonium chloride was crystallised from conductivity water, dried
under reduced pressure at 100°C and was used as a supporting electrolyte. Carboxylic acids were used as supplied
(Merck). Electrolysis was carried out in an H-type cell made up of pyrex glass in which two compartments anodic and
cathodic were separated from each other by a sintered glass disc of G-4 porosity. Platinum foil (1.0 x 1.0 cm?) was
used as inert cathode and bismuth rod (2.0 x 10 x 0.2 cm?®) as sacrificial anode. Direct current for electrochemical
oxidation was aobtained by using Toshniwal electrophoresis power supply.
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Electrochemical Procedure

To synthesize bismuth(l11) carboxylates, a reaction mixture of 4.0 mL of carboxylic acid (RCOOH) in 250 mL of
acetonitrile using tetrabutylammonium chloride (1.0 g) as supporting electrolyte was prepared and then the whole
reaction mixture was put into the H-type electrolytic cell. The sacrificial bismuth electrode and inert platinum
electrode were introduced in the anodic and cathodic compartments of H-type cell respectively. The electrolytic cell
was closed from both sides with the help of guard tubes (filled with dried calcium chloride and glass wool) so as to
protect the reaction mixture from moisture. Necessary connections were made with the electrophoresis power supply
of Toshniwal make. The potential across the electrodes was so adjusted that a current of 20mA passed through the
solution. The reaction mixture was stirred effectively with the magnetic bead using magnetic stirrer in order to
remove the product adhering on the electrode.

The cell can be represented as:

Bi+) [RCOOH + BusNCl | Pty
+ CHsCN

Where,

Bi., is sacrificial bismuth anode

Pt is inert platinum cathode

Bu,NCl is tetrabutylammonium chloride
RCOOH is carboxylic acid used in the systems.

Electrolysis was conducted for 10 hours at a constant current of 20mA, so that a sufficient amount of product may be
obtained in the anodic compartment. The solid product separated in the anodic compartment was filtered and washed
with warm acetonitrile, dry diethyl ether and then finally dried under vacuum. All efforts were done to protect the
product from air and moisture.

For the synthesis of coordination compounds of these products electrochemically, 1.0 mL of ligand B—picoline
was also added in addition to above substrates before starting the electrolysis and electrolysis have been done under
the similar conditions.

Melting point of all these products was determined using electrical device with a heating rate of 5°C per minute.
Bismuth contents in all these compounds were determined using oxine method [11]. Carbon, hydrogen and nitrogen
(where applicable) contents in the products were determined through ‘Elementor Vario EL’ CHNS elemental
analyser.

Infrared spectra of the products have been recorded on Perkin-Elmer spectrophotometer (FTIR) in the region of
4000-400 cm* using KBr pallets. The current efficiencies [12] (Gram Equivalents of metal dissolved per Faraday of
electricity passed) of all these reactions were determined using Faraday’s first law of electrolysis by electrolyzing the
above systems for exactly two hours at a constant current of 20mA. After the electrolysis of 2.0 hours, the solution in
anode compartment was distilled in rotary film evaporator (Buchi) till 10 mL of content was left in the flask. The
contents were transferred to the beaker and heated to dryness. The bismuth contents were then determined
volumetrically in the dry mass by oxine method. The theoretical value of bismuth was calculated by using Faraday’s
first law of electrolysis. The ratio of experimental and theoretical bismuth contents gives the electrochemical
efficiency or current efficiency of the system.

Results and discussion

(i) Bismuth carboxylates
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Electrochemical reactions of above said carboxylic acids at sacrificial bismuth anode and inert platinum cathode yield
bismuth (I11) carboxylates. The mechanism of the reaction is given below:

Atinert cathode:
3RCOOH+ 3 ——> 3RCOO+3/2 HT

At sacrificial anode:
3RCOO-+ Bixyy ————=Bi(OOCR)3 + 3e”

It has been observed that these products do not melt upto 300°C but decompose at a temperature around 220-250°C.
The decomposition of the products is indicated from the change in colour of these compounds. These products are not
much affected by air or moisture. All these compounds are insoluble in most of commonly used organic solvents like
methanol, ethanol, acetone, benzene, chloroform, carbon tetrachloride, N,N’-dimethyl formamide, pyridine and
carbon disulphide etc. Elemental analysis of bismuth (oxine method), carbon, hydrogen and other analytical data
suggests the 3:1 stoichiometry ratio of carboxylic acid and bismuth which conforms to molecular formula
Bi(OOCR);. All the relevant data is summarized in Table-I.

Infrared spectra of all these products reveals that there is no broad absorption band due to the hydroxyl group of
the carboxylic acid i.e. in the region of 3300-2800 cm* which confirms the deprotonation. However, characteristic
bands of these compounds appeared in the region of 1525-1505 cm*, 1406-1332 cm™ and 695-536 cm™.

It is reported in literature that v(C=0) of carboxylic group appears in the range of 1725-1700 cm? in free
carboxylic acids. In literature [13], in the region of 1650-1300 cm?, the stretching vibrations of carboxylates ion
(Vasym and vgy) are reported. It is also reported in literature [14-15] that in metal carboxylates, v(COO") anti-symmetric
and v(COO") symmetric stretching vibrations appear in the region of 1600-1510 cm? and 1410-1330 cm’t
respectively.

In the present electrochemical products, there is no peak observed in the range of 1725-1700 cm?, which
indicates that there is no free carbonyl group of carboxylic acids. It is reported [16] that in metal complexes, v(C=0)
peak gets lowered substantially. So, in the present electrochemical products, this v(C=0) peak of the carboxylic group
is drastically decreased and gives rise to absorption bands in the region of 1525-1505 cm? and 1406-1332 cm!
showing thereby the carboxylic group is coordinated to bismuth metal and these absorption bands were assigned to
asymmetric and symmetric vibrations of carboxylate v(COO") group.

It has also been reported [17-18] in the literature that v(M-O) stretching vibrations in general appear in the region
of 600-400 cm?® and v(Bi-O) [19] stretching vibrations in the region of 550-540 cmt. Thus, in the present
electrochemical products, the bands appeared in the region of 695-536 cm? are assigned to the v(Bi-O) stretching
vibrations. An interesting feature of these absorption bands is that these bands are comparatively broad showing the
bridging structure and it also confirms that these compounds may be polymeric in nature. The plausible structure of
these unique polymeric bismuth (I111) carboxylates is shown below:

R

e
Mo o]
/C/ (I)\ AN
| R
C

(o]

R

N

ChemSci Rev Lett 2014, 3(11), 367-373 Article CS242044063 369



Chemical Science Review and Letters ISSN 2278-6783

The current efficiencies of these electrochemical reactions have also been determined and are recorded in Table 1. It
has been observed that the current efficiencies of all these systems are quite high except propanoic acid system.

Many organic compounds have been reported [17,20-21] to behave as corrosion inhibitors for metal surfaces.
Comparatively low current efficiency of the reaction of propanoic acid at the bismuth anode may be due to corrosion
inhibiting behaviour of this carboxylic acid or its bismuth compound on the bismuth metal surface. In order to throw
some light on the mechanism of corrosion inhibition of this system, current efficiency of propanoic acid system has
been determined at different intervals of time and is listed in Table 2. Perusal of Table 2 shows that the current
efficiency of this system is high at the initial stage and decreases with the passage of time. The decrease in current
efficiency indicates that this compound forms a protective layer around the sacrificial bismuth metal and hence acts as
corrosion inhibitor.

Table 1 Electrolysis characteristics, analytical and other related data of electrolytic products of carboxylic acids at
sacrificial bismuth anode (Potential: 50V, Current in Coulombs: 720)

Elemental Analysis Current efficiency
System Product Colour found (calculated)% ( gram equivalent/

Bi C H N Faraday)
Ethanoic acid BiCsHsOs White 540 185 2.0

(54.4) (18.7) (2.3) --- 0.65
Propanoic acid BiCgH 1504 White 482 25.0 34

(48.8) (25.2) (3.5) --- 0.46
Butyric acid BiC1,H210¢ White 442 302 43

(44.5) (30.6) (4.5 --- 0.75
Pentanoic acid BiCi5H,706 Light 399 350 5.1

Green  (40.8) (35.2) (5.3) --- 0.90

Hexanoic acid BiC1gH330¢ White 375 388 5.8

(37.7) (39.0) (6.0) --- 0.98
Heptanoic acid BiC,1H3906 Cream 350 420 6.2

(35.1) (42.3) (6.5) --- 0.92
Octanoic acid BiC,4H450¢ Cream 319 448 6.9

(32.8) (45.1) (7.1) --- 0.69
Nonanoic acid BiC,;H5,0¢ White 300 473 73

(30.7) (47.6) (7.5) --- 0.82
Decanoic acid BiC3oH5,0¢ White 285 496 7.6

(28.9) (49.9) (790 --- 0.86
Ethanoic acid BiCsHyOs.CsH-N White 432 299 31 27
+ B-picoline (43.6) (30.1) (3.3) (2.9 0.91
Propanoic acid + BIiCgH;50¢CsH;N White 396 341 40 25
B-picoline (40.1) (34.5) (4.2) (2.7) 0.97
Butyric acid BiC1,H2:06.CsH;N  White 369 382 47 22
+p-picoline (37.1) (38.4) (5.0) (2.5 0.98

Pentanoic acid + BIC;5H,7;05 CsH7N White 343 413 53 20
[3-picoline (34.5) (41.6) (5.6) (2.3 0.95
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Hexanoic acid BiCigH3306.CsH-N  Cream

+ B-picoline

Heptanoic acid BIC,;H390.CsH/N  White
+B-picoline

Octanoic acid BiC,4H4506.CsH;N  Light
+ B-picoline Green
Nonanoic acid BiC,7Hs;06.C¢H/N  Cream
+ B-picoline

Decanoic acid + BiCsHs;06.CsH,N  Light
[3-picoline Brown

320 443 60 19
(32.3) (44.5) (6.2) (2.2)

300 468 64 18
(30.3) (47.0) (6.7) (2.0)
284 490 69 18
(28.6) (49.2) (7.1) (1.9)

26.8 511 7.3 15
(27.0) (51.2) (7.5) (1.8)
254 526 75 15
(25.6) (52.9) (7.9) (L.7)

0.71

0.92

0.80

0.89

0.69

Table 2 Current efficiencies of the electrochemical reaction of propanoic acid at bismuth anode
at different intervals of time

Current efficiency

System Time (in hours) (gram equivalent/ Faraday)
. 1.0
Propanoic acid 15
2.0

(if) Coordination compounds of bismuth (111) carboxylates:

The bismuth (IIT) carboxylates prepared have been refluxed with B—picoline in polar and non-polar solvents like
methanol, ethanol, benzene and acetonitrile for 48 hours in order to prepare coordination compounds of these bismuth
carboxylates. However the analytical and IR data of these compounds showed that the ligand molecule could not be
attached to these bismuth (111) carboxylates. It may be due to the reason that the metal atom in these carboxylates
have already achieved its favourable coordination number through carboxylate bridging, therefore, further expansion
of coordination sphere due to the addition of ligand could not be achieved. It was thus considered worthwhile that the
ligand may be added to these carboxylates before these form carboxylate bridging and get polymerized. So, it was
thought that the ligand molecule can be added electrochemically. So, the coordination compounds of these bismuth
(1) carboxylates have been prepared by adding 1.0 mL of B—picoline in addition of the supporting electrolyte and
reactant before starting the electrolysis process. The other details were essentially the same as discussed earlier for the

synthesis of bismuth (I11) carboxylates.

The cell can be represented as:

CH3CN+ BuwNCl1 +

Bisy | RCOOH+L Pty

Where, L: Ligand B-picoline and the other symbols have the same meanings as discussed earlier.

The elemental analysis of bismuth (oxine method), carbon, hydrogen and nitrogen in these products are in good
agreement with 3:1:1 stoichiometry of carboxylic acid, bismuth and ligand respectively and corresponds to the
general molecular formula Bi(OOCR);.L and the analytical data is listed in Table 1.
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IR spectra of metal complexes with ligand B-picoline shows that there is no v(O-H) peak of carboxylic acids
which indicates deprotonation. However, characteristic bands appeared in the region of 1538-1515 cm?, 1415-1352
cm™. These coordination compounds show the absorption like their parent compounds in the respective regions with
only difference that these bands appear slightly in the higher region (+10 to 20 cm™). Also the v(C=0) stretching
vibration in the coordination compounds of carboxylic acids gets lowered and give rise to absorption bands in the
region of 1538-1515 cm™ and 1415-1352 cm™. These peaks are assigned to v(COO") asymmetric and v(COO")
symmetric stretching vibrations respectively. Moreover, v (C==C)/ v (C==N) bands in the region of 1570-1465 cm*
also appeared in these compounds due to ligand molecule which are present at comparatively lower region than the
pure ligand [22]. This is due to the complexation of the ligand molecule with bismuth metal. These bands were
completely absent in parent bismuth (I11) carboxylates and thereby confirming that the ligand molecule has been
added.

The current efficiencies of these systems (presented in Table-1) are also quite high (in the range of 0.69 to 0.98
gram equivalents per Faraday) showing the reactions leading to the formation of coordination compounds of bismuth
(111 carboxylates are the predominant reactions of these systems.

The reaction scheme may be written as:

At inert cathode:
JRCO0OH + 3¢¢ ——=3RC0D0O-+3/2H:

At sacrificial anode:
JRCOO +L +Biry ———=Bi{OOCR): L + 3¢
Conclusion

The present electrochemical method of the synthesis of bismuth (111) carboxylates and their coordination compounds
is direct, simple and one pot as compared to the classical multistep methods for the synthesis of metal carboxylates.
Current efficiency of all these systems is quite high. So, the technique offers a versatile approach for the commercial
preparation of these compounds.
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