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Abstract Use of Direct current (DC) arc-discharge in the chemistry reactions is very novel method.

In this technique, the DC arc-discharge as a high-energy source conducts reaction to cleaving of the

C-CN bond in acetonitrile and causes the cyanation of silver nitrate. This process due to non-use of

cyanide ion can be proposed as a green and sustainable method. The obtained Silver cyanide from

this procedure was characterized by its spectroscopic data (FT-IR and XRD).
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1. Introduction

Green chemistry is very important in human health and environmental

protection. Therefore, chemists are always trying to use methods and

materials that reduce environmental pollution. Metal cyanides are of

considerable interest owing to their commercial importance. For exam-

ple, AuCN and AgCN are used in mining, electroplating, and photog-

raphy, dyeing, pharmaceuticals and rubber (Gail et al., 2000). Among

the different types of cyanides, transition metal cyanides have a

remarkable history that spans nearly three centuries, dating back to

1704 when the Berlin artist Diesbach accidentally discovered Prussian

Blue (Dunbar and Heintz, 2007). In the traditional method for the syn-

thesis of silver cyanide are used as cyanating agents to react with silver

salt solution or silver oxide solid (Gail et al., 2000; Dunbar and Heintz,

2007). However, Cyanide ion is known as a very toxic compound. In

addition, the waste from the traditional method is always a threat to

humanity and the environment. Based on this, it is very important to

find a convenient and sustainable method for the synthesis of silver

cyanide. In this regard, Zou et al. have reported (Zou et al., 2013) a

mild photo-assisted route to conduct the cyanation of transition metal

nitrates (Ag+, Zn2+, Yb2+, and Ni2+) using acetonitrile as the cyanat-

ing agent coupled with room-temperature CACN bond cleavage.

Compared with cyanating agents traditional (KCN, NaCN and

HCN) which release free toxic cyanide ions in solution, acetonitrile

is much less toxic due to its stable CACN bond and has been widely

used as a polar aprotic solvent in organic synthesis and purification.

However, it is a challenge to use acetonitrile as a cyanating agent

because of the difficulty in cleaving its CACN bond. In fact, metal-

mediated splitting of the CACN bond of acetonitrile has only been

shown to occur with the aid of complicated and expensive metal com-

plexes such as those containing a Pt (Muetterties et al., 1971), Mo

(Churchill et al., 1999), Rh (Taw et al., 2002, 2003), Ag (Guo et al.,

2009), Cu (Marlin et al., 2001; Lu et al., 2004; Li et al., 2009), Ni

(Garcı́a et al., 2004) metal center. Here, we report a facile and fast cya-

nation of silver nitrate by arc discharge method in presence acetoni-

trile, which is very fast compared to the previous method.

2. Experimental

All substrates were obtained from Merck of the highest quality
and were used without further purification. Graphite
Scheme 1 DC arc-d
electrodes were from Aldrich with a purity of 99.999% having

a diameter of 6 mm and length of 150 mm. The DC power sup-
ply was from STAR model 200D (0–3 V). Ruhmkorff coil was
used for induction coil. The product was characterized by a

comparison with authentic samples XRD and IR spectra.
The X-ray diffractometer (XRD, Siemens D500) and Fourier
transform-infrared spectrometer (FT-IR, Thermonicolet

Nexus 670) was used to ascertain the synthesis of AgCN.
The Ultra violet-visible Spectrophotometer (UV–Vis, HACH
DR/4000 U) and proton nuclear magnetic resonance (1H

NMR, BRUKER DRX300 AVANCE) was used to confirm
the mechanism of reaction.

2.1. General procedure

In a pyrex twonecked round-bottomed flask, AgNO3 (1 mmol)
was dissolved in 8 mL of acetonitrile and 2 mL of water. Two
graphite electrodes were connected at the poles of the induc-

tion coil that was connected to the DC power supply; one of
the electrodes (positive pole) immersed in solution and the
other electrode (negative pole) is placed half a centimeter

above from the solution surface (Scheme 1). The solution
was stirred under arc discharge with output voltage 2.5 for
2 min at room temperature (The carbon arc appears between

the hanging carbon electrode and the solution surface). After
2 min AgCN was collected and washed with water (20 mL)
to give white solid (0.1 g, 74%).

3. Results and discussion

Arc discharge interactions with aqueous solutions have a lot of
value in chemistry. In 1784, Henry Cavendish (Cavendish,

1784) discovered that an electrical arc in atmospheric air
would make a nearby solution of water acidic. In the DC
arc-discharge system, it is generally assumed that the aqueous

environment forms a dielectric barrier that does not allow
charge to be transferred from the arc discharge into the bulk
of the liquid, and electrolytic reactions are typically neglected
ischarge system.
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in these systems as well, because no current is passed through
the solution. In our system, two graphite electrodes were used
as cathode and anode that one of the electrodes (positive pole)

immersed in solution and the other electrode (negative pole) is
placed half a centimeter above from the solution surface then
the electric discharge is applied to the solution (Scheme 1),

We recently reported (Molla Ebrahimlo, 2017) a green oxi-
dation of aromatic aldehydes by arc discharge method in pres-
ence CH3CN-H2O2 with high yields and short reaction times.

Herein, we use DC arc-discharge for cyanation of silver nitrate
at room temperature. For synthesis of AgCN, 1 mmol of
AgNO3 was dissolved in 8 mL acetonitrile, for avoiding igni-
tion of acetonitrile during arc discharge was added 2 mL

water, product as white solid precipitates with applying arc
discharge during 2 min. The white solid product was confirmed
to be AgCN by XRD and IR analysis. By comparing XRD of

the synthetic and commercial AgCN, it is observed that both
are the same at seven picks. Seven XRD peaks at 2h = 24.0,
29.7, 38.4, 49.5, 52.8, 58.6 and 61.8 can be exactly indexed as

the (1 0 1), (1 1 0), (0 1 2), (2 1 1), (3 0 0), (1 2 2) and (2 2 0)
plane reflections of AgCN (Fig. 1).

In Fig. 2 is shown IR spectrum of white solid. The band at

2164 cm�1 corresponds to the stretching vibration of the C„N
Fig. 1 XRD patterns; (A) synthesize

Fig. 2 FT-IR spectrum; (A) synthesiz
bond, and 479 cm�1 is assigned to the stretching vibration of
the AgAC bond.

After applying arc discharge, the reaction solution was also

examined by nuclear magnetic resonance (1H NMR) analysis
and its UV–Vis spectra. In 1H NMR spectrum, the signals
absorbed at about 1.95 ppm, 2.96 ppm and 5.50 ppm respec-

tively correspond to the hydrogens in CH3CN, CH3ONO2

and H2O (Fig. 3).
The Matching our 1H NMR spectrum with the reported1H

NMR spectrum by Zou et al. (2013) indicates that the mecha-
nism of reaction is almost the same in both methods. There-
fore, the performance of the reaction can be described as
follows:

AgNO3 þ CH3CN ���������!Arc discharge
AgCNþ CH3ONO2 ð1Þ

The reaction process was monitored by UV–Vis spec-

troscopy. As shown in Fig. 4, before arc discharge, the absorp-
tion of the 311 nm band, which is assigned to an n ? p*

electronic transition of NO3
� in AgNO3 (Katzin, 1950;

Rotlevi and Treinin, 1965; Maria et al., 1973). Interestingly,
an obvious blue shift from 311 nm to 273 nm is also observed
d AgCN, (B) commercial AgCN.

ed AgCN, (B) commercial AgCN.
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Fig. 3
1H NMR spectrum of reaction solution.

Fig. 4 UV–Vis spectra of reaction solution before and after arc

discharge.

Scheme 2
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after arc discharge. This is due to the formation of CH3ONO2.
The blue shift indicates CH3ONO2 has a higher energy than
NO3

� as reported by Maria et al. (1973).
The proposed mechanism is shown as Scheme 2:
In this mechanism, the reaction between AgNO3 and
CH3CN starts with the homolysis of Ag-O bond in AgNO3

by arc discharge, producing two actives species: an Silver

nanoparticles (Ag-NPs), which its formation by arc discharge
method in liquid reported by Ashkarran (Ashkarran, 2010),
and a NO3

� radical. The Ag-NPs is so active that it can insert

to CACN bond, subsequently, the C-Ag bond is broken by
arc discharge and AgCN is formed. Finally, the combination
of CH3

� and NO3
� to obtain the product CH3ONO2. However,

the role of NO3
� in this reaction is crucial because replacing it

with other anions will not lead to reaction.

4. Conclusion

A fast and ecofriendly method for the synthesis of AgCN without

using Cyanide ions was developed. We also introduced arc discharge

on the solution as energy source for the reaction. Currently, we are

studying the scope and limitations of this new method using other tran-

sition metal nitrates.
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