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Abstract
New Psychoactive Substances (NPS) are synthet-

ic drugs that create similar effects as various narcotic 
drugs and psychotropic substances. Different NPS 
such as mephedrone, synthacaine, synthetic canna-
binoids, etc. are available today which are sold across 
numerous platforms like drug markets, head shops, 
the dark web, etc. They are emerging rapidly and be-
coming popular in society because of their variable 
nature and ease in avoiding breaking the law. Conse-
quently, their analysis is extremely crucial in the prohi-
bition of drug abuse and the development of laboratory 
methods. This review introduces a broad overview of 
the analysis of various new psychoactive substances 
by voltammetric techniques such as cyclic voltamme-
try, differential pulse voltammetry, square wave vol-
tammetry, stripping voltammetry etc. It also focuses 
on various methodologies that were developed for the 
detection of these NPS which play a leading role in 
forensic investigation by providing a rapid, sensitive, 
and cost-effective platform of analysis. The need for 
the advancement of various detection methods and 
analysis of more drugs is additionally discussed.

المستخلص

إن مواد العلاجات النفسية الجديدة )NPS( هي عقاقير اصطناعية 

العقل.  على  المؤثرة  والمواد  المخدرة  المواد  لمختلف  مماثلة  تأثيرات  ذات 

الجديدة،  النفسية  العلاجات  مواد  من  مختلفة  أنواع  اليوم  وتتوافر 

تباع  والتي  إلخ،  الاصطناعي،  والقنب  والسينثاكين،  الميفيدرون،  مثل 

عبر  أو  الكبيرة،  والمتاجر  المخدرات،  أسواق  مثل  متعددة  منصات  عبر 

المجتمع  في  شعبيتها  وتتسع  بسرعة،  تنتشر  وهي  السوداء.  الشبكة 

بسبب طبيعتها المتغيرة، والسهولة في تفادي انتهاك القانون. وبالتالي، 

و  العقاقير،  استخدام  إساءة  منع  في  الأهمية  بالغ  أمرًا  تحليلها  يعتبر 

شاملة  نظرة  الدراسة  هذه  وتقدم  جديدة.  مختبرية  أساليب  تطوير  في 

عن تحليل مختلف مواد العلاجات النفسية الجديدة بواسطة التقنيات 

وتقنية  الدوري،  الفولتميتري  التحليل  تقنية  أمثال،  من  الفولتميترية 

الفولتيمتري  التحليل  وتقنية  التفاضلي،  النبضي  الفولتميتري  التحليل 

كما  إلخ.  التجريدي،  الفولتيمتري  التحليل  وتقنية  المربعة،  بالموجات 

مواد  لكشف  تطويرها  تم  التي  مختلف المناهج  الدراسة على  هذه  ترُكز 

التحقيقات  في  رائدًا  دورًا  تؤدي  التي  الجديدة  النفسية  العلاجات 

التكلفة  وقليلة  ودقيقة  سريعة،  منصات  تقدم  وذلك لأنها  الجنائية، 

للتحاليل. علاوة على ذلك، ناقشت الدراسة أيضًا مدى الحاجة لتطوير 

مختلف طرق التحليل لمزيد من العقاقير.
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1. Introduction
New Psychoactive Substances (NPS) are syn-

thetic substances that mimic illegal drugs by chang-
es in their chemical structure [1]. These NPS are 
known by different terms such as “bath salts, legal 
and herbal highs, designer drugs, research chem-
icals, etc.” According to the United Nation Office 
on Drugs and Crime (UNODC), NPS are defined 
as “substances of abuse, either in a pure form or 
a preparation, that are not controlled by the 1961 
Single Convention on Narcotic Drugs or the 1971 
Convention on Psychotropic Substances, but which 
may pose a public health threat [1].” The key objec-
tive behind developing such substances is to avoid 
the legislation which is achieved by preparing dif-
ferent combinations of a target illegal drug having 
similar effects thereto [2]. These myriad of combina-

tions make them extremely difficult to regulate [2]. 
The term NPS was standardized by UNODC and 
EMCDDA (European Monitoring Centre for Drugs 
and Drug Addiction) and they classified them in fol-
lowing sub-categories: synthetic cannabinoids, syn-
thetic cathinones, tryptamines, phenethylamines, 
piperazines, plant-based substances, and miscel-
laneous [3]. Table-1 indicates the overview of the 
classification of NPS with different examples.

The word ‘new’ in NPS alludes to newly misused 
substances. Before the terminology NPS was used, 
the term “designer drugs” first entered the market 
in 1934 which were referred as “chemical cousins” 
of controlled substances [6]. These designer drugs 
came into the drug market from the entry of fentan-
yl derivatives within the USA; the evolution contin-
ued from amphetamine to piperazines which were 

Voltammetric Analysis of New Psychoactive Substances

Table 1- Classification of NPS [1-5].

NPS sub-categories Examples
Synthetic cathinones  N-Ethylcathinone, Ethylone,

 3-Fluoromethcathinone,
4-methylmethcathinone, etc.

Synthetic cannabinoids JWH-018, JWH-122, JWH-019, RCS-4, HU-210, etc.
Phenethylamines 2,5-dimethoxy-N-(2-methoxybenzyl) phenethylamines, etc.
Piperazines  Benzylpiperazines,

 meta-Chlorophenylpiperazine,
para-Methoxyphenylpiperazine, Trifluoromethylphenylpip-
erazines, etc.

Plant- based substances Mitragyna Speciosa, Khat, etc.
Aminoindane  2-Aminoindane, 5,6-methylenedioxy-2-aminoindane,

5-iodo-2- aminoindane, etc.
Tryptamines  5-methoxy-N,N-Dipropyltryptamine,

 5-methoxy-N,N-Dimethyltryptamine, ą-Methyltryptamine,
etc.

Phencyclidine-type substances Ketamine, etc.
Other substances/ Miscellaneous Stimulants, opioids, hallucinogens, benzodiazepines, etc.
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tagged as “failed pharmaceuticals”, but later entry 
of its prototype BZP i.e. benzylpiperazine into the 
drug market occupied a transition state within the 
marketing of ‘new psychoactive substances’ [6]. Ini-
tially BZP was legally sold into the drug market  in 
nominal quantities, and in short period of time these 
NPS built market strength globally, in particular in 
Asia, Europe, and North America. [7]. In line with the 
UNODC, “up to December 2019, 950 substances 
were reported to the UNODC Early Warning System 
(EWA) on NPS by governments, laboratories, and 
partner organizations". Figure-1 shows the different 
drugs that occupied the market depending upon 
their popularity. 

These substances are sold in head shops and 
on the internet through dark web channels with 

captivating marketing strategies. Currently, the in-
ternet is becoming the foremost convenient and 
simplest way to sell these NPS. Different websites 
have  daily updates by adding new products and ad-
vertisements and introduce them as legal alterna-
tives. These are advertised by using different brand 
names, for instance, Green Rolex, Green Apple, 
Pink McDonald’s, or Red Mitsubishi which contains 
PMA or MDMA [8]. Also fertilizers, party pills, bath 
salts, black mamba, etc. are other prevalent brand 
names of NPS [8]. As per the UNODC World Drug 
Report (2014), 3.5% to 7.0%  of the world’s popula-
tion aged 15 – 64 had used an illicit drug, including 
amphetamines, cocaine, and marijuana which con-
tains Δ9-tetrahydrocannabinol (Δ9 -THC) as their 
potential psychoactive substance. In 2012, Bruno 

Patil & Pandey

Figure 1- Total percentage (y-axis) of  each category of drugs (x-axis) in illicit drug market (Source: UNODC, Early Warning 
Advisory on NPS, 2019).
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et al., carried out a study on 693 regular ecstasy 
users from Australia to detect the extent of use of 
emerging psychoactive substances from stimulant 
and psychedelic classes which showed that in past 
6 months 28% of users used NPS; stimulants were 
used more than psychedelics  [9]. 

Different studies were conducted to review how 
NPS affects society. Corazza et al., in 2014 studied 
446 participants from the United Kingdom, among 
whom around one-third of participants had used 
new psychoactive substances with a minimum of 
once in their life [10]. Such surprising results were 
found because the popularity of NPS increased day 
by day. This resulted in the prohibition of several of 
the drugs in different countries when noticed. The 
significant problem is expounded in their examina-
tion. When synthetic or narcotic drugs were seized 
by police personnel then their examination is fea-
sible by traditional methods. But in cases of NPS, 
their variable chemical nature makes them difficult 
to spot by such traditional or new methods. Thereby 
challenging standard methods of their examination 
performed in forensic laboratories.

When any drug comes to the laboratory its ex-
amination is performed by preliminary tests followed 
by confirmatory tests [11]. Preliminary tests are eco-
nomical and time-efficient in nature but they can 
produce false positive or false negative results due 
to their low sensitivity [12]. Therefore, implementa-
tion of confirmatory analysis of drugs becomes nec-
essary. There are some guidelines given by Scientif-
ic Working Groups for the Analysis of Seized Drugs 
which categorize the analytical methods into three 
different categories i.e. a: contains highly confirma-
tory techniques such as NMR, MS, etc.; b: contains 
specific tests such as GC, LC, CE, etc. and c: con-
tains less specific techniques such as UV, colour 
tests, etc.[11]. By using these techniques various 
methods were developed for the detection of NPS. 

Although category "a" and "b" techniques are more 
specific but due to some limitations it is not possi-
ble for under-deloped or developing countries to 
establish these techniques [13]. Also, they require 
more space, proper lab settings, skilled manpower, 
more consumption of chemicals, which is not good 
from an environmental point of view, and regular 
maintenance. Comparatively, voltammetry doesn’t 
face such issues which make it one of the emerg-
ing electrochemical techniques which can be used 
for analysis and development of detection methods 
for NPS [5]. It is known that hyphenated techniques 
such as GC-MS, LC-MS/MS are more selective and 
sensitive than other techniques including voltamme-
try but forensic analysis of each sample i.e. NPS is 
not possible by using these hyphenated techniques. 
It increases analysis cost per sample, requirement 
of more chemicals, etc. It is known that voltammetry 
can give better results up to the nanogram quantity 
which will be helpful for analysis of most of the sam-
ples. In case of complex materials where voltam-
metry is unable to detect NPSs, a forensic expert 
can apply GC-MS, LC-MS, or LC-MS/MS like tech-
niques. It is similar concept to DNA analysis in the 
biological examination of body fluids. Though it is a 
very sensitive technique it is not used for the anal-
ysis of each sample. Most of the samples are de-
tected by serological assays and where it fails then 
a forensic biologist applies DNA analysis. Also, vol-
tammetry ranks high amongst all analytical methods 
when it comes to the range and scope of its use [5]. 
that is why it accomplishes the role of a sensitive, 
selective and cost effective technique in the area of 
forensic science.        

Electrochemistry is a branch of science which 
deals with the study of electricity and how it’s relat-
ed to the chemical reaction [14]. “Voltammetry is the 
study of current as a function of applied potential 
and is a category of electroanalytical methods uti-

Voltammetric Analysis of New Psychoactive Substances
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lized in analytical chemistry and various industrial 
processes [15].” The potential is applied on a work-
ing electrode with outcome of change in current 
which is monitored during this technique [16, 17]. 

Voltammetry was developed from the innovation of 
Polarography by the Czech chemist Jaroslav Hey-
rovsky in 1922 [18, 19]. Different types of voltam-
metric methods are used: hydrodynamic or normal 

Patil & Pandey

 Table 2- Different types of Voltammetry [17]
Types Waveform Voltammogram
 Normal pulse
voltammetry

 Differential pulse
voltammetry

Cyclic voltam-
mmetry

 Square wave
voltammetry
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pulse voltammetry (NPV), differential pulse voltam-
metry (DPV), cyclic voltammetry (CV) and square 
wave voltammetry (SWV) [17, 19]. Table-2 shows 
different types of voltammetric techniques with their 
waveform pattern and voltammogram. 

In the area of chemical analysis, diverse methods 
were developed by using voltammetry, especially in 
pharmaceuticals voltammetry where it plays a good 
role for monitoring the electrochemical behaviour of 
the drug and for method development [20-22]. By 
using these voltammetric techniques, a variety of 
methods were developed for the detection of NPS, 
but still further research is required because of vari-
able nature of NPS. Voltammetry can play a prom-
inent role in the detection of NPS. Table-3 discuss 
how the voltammetry is more advantageous when 
compared to category A and B methods given in 
SWGDRUG recommendations.

2. Voltammetric Analysis of NPS
2.1 Synthetic Cathinones

These substances are artificially prepared and 
derived from cathinone which is an active compo-
nent of khat plant (Catha edulis) with a stimulat-
ing effect similar to amphetamines [23]. Among all 

NPS, synthetic cathinones and synthetic cannabi-
noids are preferred within the drug market. Buty-
lone, Ethcathinone, methamfepramone, ehtylone, 
3-fluromethcathinone, 4-fluromethcathinone, me-
phedrone, methcathinone, methedrone, 3,4-methy-
lenedioxypyrovalerone, methylone, naphyrone, py-
rovalerone, pentedrone, etc. are different synthetic 
cathinones available in the drug market [5, 24].

Synthetic cathinones are sold in several forms 
like tablet,  powder or crystalline mixtures with dif-
ferent street names such as sextasy, bath salts, 
rocket fuel [4, 24]. There are different psychologi-
cal and sympathomimetic effects of synthetic cathi-
nones which are due to enhancing the discharge 
of norepinephrine, dopamine, and serotonin or 
by inhibiting the reuptake of them [25]. The mar-
ket for these cathinones is increasing daily, which 
results  in making stricter laws. For example, the 
mephedrone drug family was banned in the United 
Kingdom [26]. Analysis of these drugs is necessary 
to take control of them. From previous literature on 
synthetic cathinone, it became known that different 
types of voltammetry were used for the detection 
of these drugs [28-30, 32, 34, 35]. Among synthetic 
cathinones, mephedrone is the most popular drug. 

Voltammetric Analysis of New Psychoactive Substances

Table 3- Advantages of voltammetry over other techniques.
 Character Voltammetry Category A and B techniques

 Detection limit Generally micro to nanograms Generally nano to femtograms

Samples Organic and inorganic Instrument-specific limited species

Analysis time Seconds to few minutes Minutes to few hours

Expense Cost-effective Costly

Maintenance & porta-
bility

Easily maintained and usually por-
table

Difficult to maintain and usually not por-
table

Temperature range Wide range Limited range

Reagents and energy  Limited energy and more reagents
required

Generally more energy and reagents re-
quired



303

ASFSFM 2021; Volume 3 Issue (2)

Therefore, most of the previous research focused 
on to provide an accurate protocol for onsite exam-
ination of mephedrone by deployment of  a portable 
electrochemical workstation.

Mephedrone was first synthesized by Sanchez 
in 1929 carrying the chemical name of 4-MMC (i.e. 
(±)-4-methyl-N-methcathinone). The first reported 
seizure from 4-MMC abuse was reported in Finland 
in 2007 [27]. In 2013, Smith et al. performed the 
detection of cathinone-derivatives methcathinone, 
4-methyl methcathinone and 4-methyl-N-ethyl-
cathinone by a voltammetric method using differ-
ent electrodes such as a boron-doped diamond 
electrode, glassy carbon electrode and disposable 
screen-printed graphite macro electrode [28]. For 
the primary time, the electroanalytical sensing of 
methcathinone (3a) and 4-methyl methcathinone 
(MMC i.e., Mephedrone) (3b) and 4-methyl-N-eth-
ylcathinone (3c) are possible with linear accessible 
ranges found to correspond to 16-200 µg mL-1 for 
3a (at pH 12) and 16-350 µg mL-1 for 3b and 3c (at 
pH 2), with LOD corresponding to 44.5, 39.8 and 
84.2 µg mL-1, respectively [28]. Successful voltam-
metric sensing of different adulterants is additionally 
performed for similar synthetic cathinone-derivates 
[28]. Later, Smith et al., also reported the voltam-
metric sensing of similar drugs i.e. 4-MMC and 
4-MEC using comparatively more advanced plat-
form i.e. screen-printed electrodes (SPE) modified 
with different metals, among which graphite screen 
printed macroelectrode showed more feasibility for 
detection; electrochemical reduction of both drugs 
was done which further resulted in the development 
and validation of novel voltammetric protocol offer-
ing 11.80 µg mL-1 and 11.60 µg mL-1 LOD for 4-MMC 
and 4-MEC, respectively [29]. The developed pro-
tocol provides a validated laboratory tool for the 
quantification of both drugs. With the progression of 
time, researchers focussed on improving the sensi-

tivity, speed, accuracy, and cost of these methods 
by using different alternatives. One such effort was 
made by Tan et al. in 2015 where they developed 
voltammetric detection protocol for sensing 4-MMC 
and 4-MEC by using one British pence coin as elec-
trochemical sensor and analyzing it by CV in ace-
tate buffer (pH 8.5) with a scan rate of 50 mV s-1 

(vs. SCE) [30]. The coin had different compositions;  
currently it’s composed of steel while copper is used 
for its electroplating [31]. The developed protocol 
was validated by analysis of the street sample for 
both of these synthetic cathinones that indicates a 
good economic approach which was useful as an 
electrochemical detection tool for NPS analysis 
[30]. Elbardisy et al., in 2019, reported sensing of 
nor-mephedrone and dihydromephedrone by a vol-
tammetric method of detection using CV and DPV 
on graphite screen-printed electrode, in several me-
dia i.e. phosphate buffer and spiked diluted human 
urine [32]. The cyclic voltammetry analysis showed 
the identical linearity of 40-300 µg mL-1 for 4-MC in 
phosphate buffer (pH 7.0) and spiked diluted human 
urine,  whereas specifically for  4-MMC-R it abso-
lutely was different in PBS (pH-3.0) which ranges 
from 15-300 µg mL-1 and in spiked diluted human 
urine it ranges from 25-300 µg mL-1; analysis by 
differential pulse voltammetry shows more sensitiv-
ity of dihydromephedrone as compared to nor-me-
phedrone in both media [32]. The analysis shows 
the voltammetric method's ability as a complete-
ly unique laboratory tool for the identification and 
quantification of synthetic cathinone metabolites.

Along with mephedrone, which is a popular SC, 
there are other different emerging drugs like as 
MDPV, ethylone, etc. which belongs to the similar 
groups and are being focused by experts for analysis 
because to their harmful effects on the human body.  
Ethylone, also called 3,4-methylenedioxy-N-ethyl-
cathinone, is a synthetic cathinone class of recent 

Patil & Pandey
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drug with properties similar to MDMA [33]. Scheel et 
al., in 2018 studied the voltammetric behavior of eth-
ylone using CV, DPV and SWV on the boron-doped 
diamond electrode as a working electrode which 
ended up in the successful development of detec-
tion method which was useful for analysis of seized 
drugs [34]. Effect of different factors on voltammet-
ric behavior was also investigated with different val-
idation parameters such as LOD and LOQ, linearity, 
etc. which indicated its applicability in the forensic 
analysis of 3,4-methylenedioxy-N-ethylcathinone 
[34]. Similarly, one such analysis was carried out on 
MDPV (3,4- methylenedioxypyrovalerone) in 2020 
by Lima et al. [35] features a stimulant effect on the 
body which is analogous to the effects of cocaine 
and amphetamine. U.S. Drug Enforcement Admin-
istration first reported the MDPV use as a stimulant 
in 2008 [36]. Lima et al., (2020) analyzed the MDPV 
by CV to investigate its electrochemical behavior on 
glassy carbon electrode and screen printed graph-
ite carbon electrode which results into development 
of a rapid and cost-effective method for detection of 
MDPV using CV and Adsorptive Stripping Differen-
tial Pulse Voltammetry (AdSDPV) with 0.5 µg mL-1 
LOD and good stability [35]. The proposed method 
played a vital role in forensic analysis of MDPV in 
seized samples.

2.2 Phenethylamines

A family of alkaloids containing one amino 
group have similar effects of stimulants such as 
amphetamine, methamphetamine, and methylene-
dioxymethamphetamine [37]. Depending upon the 
substitution in the structure there are different se-
ries of phenethylamine like ‘2C series’ or ‘D series’ 
[1]. NBOMes (2,5-dimethoxy-N-(2-methoxybenzyl) 
phenethylamines) are phenethylamine, like chem-
ical structures belonging to 2C family of hallucino-
gens and are usually sold as lysergic acid diethyl-

amine and can be found in diverse forms such 
as liquid, powder, and blotting paper in which the 
drug is soaked [38]. Routes of administration for 
NBOMes are nasal, sublingual or oral [39]. Gener-
ally adults and teenagers are becoming attracted 
towards NBOMes due to their stimulant and hallu-
cinogenic effects [40]. Therefore, it becomes nec-
essary to prevent the supply of these NPS within 
society which requires more effective technologies 
and methods to spot them. In recent years, differ-
ent studies were conducted on NBOMes detection 
by using voltammetric techniques which resulted in 
the development of some methods for their detec-
tion. Andrade et al. (2016) studied the voltammetric 
behavior of two phenethylamines i.e. 25B-NBOMe 
and 25I-NBOMe on screen printed glassy carbon 
electrodes. The fast and sensitive method for their 
identification was developed with low LOD and 
LOQ which resulted in accurate  screening tool in 
the area of forensic science [41]. In the same year, 
Cumba et al. performed CV and DPV analysis of 
MDMA and PMA using Palmsens3 potentiostat/gal-
vanostat [42]. MDMA (3,4- methylenedioxymetham-
phetamine) was prepared from amphetamine which 
is a stimulant [43] whereas PMA is named para-me-
thoxyamphetamine or 4-methoxyamphetamine, it  
is additionally an artificial drug which boosts mood, 
increases energy and sexual arousal and is also 
called as ‘Dr. Death’ [42- 44]. They developed a 
new electrochemical protocol for the detection of 
both the drugs by using unmodified screen printed 
graphite electrode with a LOD of 0.25 µg mL-1/ 0.14 
µg mL-1 for MDMA/PMA, 0.04 µg mL-1 for MDMA 
and 0.03 µg mL-1 for PMA which shows its viability 
and superiority in comparison with HPLC and Ra-
man spectroscopy in terms of cost and speed [42].

In 2017, work was done on different NBOMes 
and their correlates 2C-X group by Souza et al. 
which included 25C-NBOMe and 2C-B. The use 
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of SWV on boron-doped diamond electrode rather 
than DPV resulted into development of screening 
method by SWV with detection limits of less than 
0.1 µmol L−1 with high precision (RSD < 1.4 %, n = 
10) for all analyte. The developed method will be 
useful for field drug detection with portable poten-
tiostat which provides results in shorter times [45]. 
The  next year, similar work was carried out by 
Soura et al., in different conditions where they got 
linear analytical curves in the range from 1 to 555 
µ mol L-1 for three NBOMes and 2C-B with detec-
tion limit value between 0.1 and 0.3 µmol L-1 and 
repeatability around 1% (n=10) for the detection of 
all analytes [46]. Also, the seized samples which 
were analyzed by LC-MS were analyzed by the 
same developed method which indicated that the 
developed protocol was useful for onsite investiga-
tion of these NBOMes [46]. Oiye et al., developed 
the strategy for the detection and quantification of 
25-H NBOMe by using SWV on glassy carbon disc 
electrode which shows the possibility to differentiate 
LSD and 25H-NBOMe by this method without any 
interference of LSD [47]. The developed method 
showed good LOD and LOQ which was 1.28 × 10-6 
mol L-1 and 4.25 × 10-6 mol L-1, respectively, with a 
linear range from 4.25 × 10-6 mol L-1 to 4.96 × 10-5 
mol L-1 which showed first voltammetric detection 
and quantification of 25H-NBOMe successfully [47]. 
With the progression of time,  research was con-
tinued to find out new approaches. One such effort 
was done by De Andrade and Gonzalez- Rodriguez 
in 2019 by analyzing 25I-NBOH and 2C-I on the 
screen-printed carbon electrode by using DPV [48]. 
Initially, voltammetric behaviour of both NPS was 
investigated by CV and DPV and used for the de-
velopment of rapid and sensitive detection methods 
for 25I-NBOH [48]. It was also able to differentiate 
between 25I-NBOH, 25I-NBOMe and 2C-I.

2.3 Piperazines

As discussed above, piperazines were also 
known as failed pharmaceuticals which were of-
ten sold as MDMA [4, 6]. Benzylpiperazines, me-
ta-Chlorophenylpiperazine, para- Methoxyphen-
ylpiperazine, and 3-Trifluoromethylphenylpiperazine 
belongs to the current category of NPS [5]. Pipera-
zines which are sold as ‘Herbal Highs’ or ‘Party Pills’ 
are classified into two groups i.e. Benzylpiperazines 
and phenylpiperazines [52]. Benzylpiperazine is an 
ecstasy-type drug acting as a stimulant which is 
structurally and functionally similar to amphetamine 
[49]. According to the EMCDDA,  it’s important to 
control BZP due to certain difficulties like stimulant 
nature, unavailability of proper medical treatment, 
health risk, etc. [50]. Therefore, it was necessary 
to develop new technologies to detect these drugs. 
Different work was done on chromatographic and 
spectroscopic methods,  few voltammetric analyses 
were done. In 2017, Waddell et al., studied the vol-
tammetric behavior of benzylpiperazine and devel-
oped the method which was used for their detec-
tion [51]. The cyclic voltammetry of BZP shows an 
oxidation peak by using different electrodes among 
which carbon was comparatively good for electrode 
material. Of the different pastes, a paste of 80% 
carbon and 20% nujol with particle size 2-12 µm 
showed the fastest heterogeneous electron trans-
fer with good sensitivity and reversibility. Analysis 
of BZP by LSV at varying pH shows that peak po-
tential was inversely proportional to pH which indi-
cates an involvement of equal no. of protons and 
electrons in charge transfer mechanism according 
to the Nernst equation. An increase in scan rate 
shows the shifting of peak potential to the upper 
values. The method was developed by anodic strip-
ping square wave voltammetry and it was optimized 
under various conditions. The LOD and LOQ of the 
developed method were 6 µM and 20 µM, respec-
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tively. This shows the successful development of a 
method for BZP detection with good accuracy and 
speed [51]. 1-(3-chlorophenyl)piperazine is pipera-
zine-based which belongs to the phenylpiperazine 
category. The results are same as ecstasy and thus 
experts classify it as “generic” of ecstasy. Rocha et 
al. in 2020 developed first-time the method for de-
tection of mCPP by differential pulse voltammetry 
using cathodically pretreated boron-doped diamond 
electrode and SDS as surfactant [52]. The method 
was selective with low LOD of 1.1 μmol L−1 and had 
wide linearity for mCPP over a concentration range 
of 3.5–400.0 μmol L−1 even in presence of different 
adulterants which results in the provision of alterna-
tive techniques in the forensic analysis compared to 
chromatographic techniques [52].

2.4 Synthetic cannabinoids (SC)

Synthetic cannabinoids are those NPS that 
mimic the effects of cannabis having ∆9 Tetrahydro-
cannabinol as an active component [53]. Different 
drugs of this class that are sold in the drug mar-
ket were chemically categorized into two groups: 
aminoalkylindoles and cyclohexylphenols among 
which aminoalkylindoles were further classified into 
naphthoylindoles (ex. JWH-018, JWH-073, JWH-
122, AM-2201) [53] phenylacetylindoles (JWH-203, 
AM-2233, JWH-250) and benzoylindoles (AM-694, 
RCS-4) [1, 5]. 

SCs were sold by different street names such 
as “Spice, Black Mamba, Wolf Pack, King Kobra, 
Blaze, etc.” with false directions of ‘not for human 
consumption’ [1, 8, 54, 55]. Due to their emergence 
in the drug market it was necessary to detect them 
in different products. Different laboratory techniques 
were developed using various techniques among 
which voltammetry is one. Compared to other tech-
niques, study of NPS using this technique is less 
incredible. Dronova et al. (2016) performed a vol-

tammetric analysis of a large group of SCs i.e. in-
dole and indazole using cyclic and differential pulse 
voltammetry on boron-doped diamond electrode, 
glassy carbon electrode and platinum electrode 
as working electrodes with suitable reference and 
counter electrodes [54]. In the manuscript entitled 
“Electrooxidation of new synthetic cannabinoids: 
voltammetric determination of drugs in seized street 
samples and artificial saliva” it was found that SCs 
exhibit voltammetric responses that can be used for 
their detection in smoking mixtures and artificial sa-
liva with LOD within the nanomolar range [54]. The 
cyclic voltammetric analysis of selected cannabi-
noids on the boron-doped diamond, platinum, and 
glassy carbon electrode shows that the platinum 
electrode is more beneficial for investigation. 

The examination by DPV of indole based SCs 
exhibited an anodic peak at ~1.5 V (vs Ag/AgCl) 
and ~1.2 (vs Ag/AgCl) in acetonitrile and artificial 
saliva, respectively, and indazoles exhibited corre-
sponding peaks at ~1.7V and ~1.5V [54] using the 
similar electrode. Figure-2 shows the results of the 
analysis in an organic medium which is acetonitrile 
in this study. The developed method was applied on 
street seized herbal samples, collected by Israeli po-
lice, for the detection of the above-identified synthet-
ic cannabinoids. All samples were first analyzed by 
GC-MS and LC-MS techniques with different com-
binations proceeded by electrochemical detection 
with the aim of comparison of chromatographic tech-
niques with the developed one. As discussed above 
they come under category A & B type of techniques 
under SWGDRUG recommendations. The average 
relative difference between data obtained by chro-
matographic and electrochemical methods is 12-
18%. Figure-3 shows the DPV curves of the herbal 
mixture. The developed electrochemical protocol 
proves itself helpful and plays the role of a screen-
ing method for examination of these SCs in street 
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samples and artificial saliva samples.
“Reprinted (adapted) with permission from Dron-

ova M, Smolianitski E, Lev O. Electrooxidation of 
New Synthetic Cannabinoids: Voltammetric Deter-
mination of Drugs in Seized Street Samples and Arti-
ficial Saliva. Analytical Chemistry. 2016;88(8):4487-
4494. Copyright 2016 American Chemical Society.”

2.5 Other Substances/ Miscellaneous

New psychoactive substances belonging to the 
current group have different structures and phar-
macological effects on the human body. They are 
unlike any above category of NPS. Synthacaine is 
a new psychoactive drug which is also called as 
‘synthetic cocaine’ having a distinct composition. 

For example, synthacaine sold in the UK is com-
posed of aminoindane and methiopropamine which 
shows a stimulant effect on the human body after 
consumption [56]. Cumba et al. in 2015 developed 
the indirect voltammetric method for the detec-
tion of various components of “Synthacaine.” The 
manuscript entitled “Forensic electrochemistry: in-
direct electrochemical sensing of the components 
of the new psychoactive substance Synthacaine” 
reported the detection of methiopropamine (MPA) 
and 2-Aminoindane (2-AI) which are the compo-
nents of Synthacaine by linear sweep voltamme-
try using screen-printed graphite electrode [56]. 
The developed method shows the involvement of 
a mediator which provides an electrochemical sig-
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Figure 2- Differential Pulse Voltammetric analysis of indole (1. FUB-PB-22, 2. AM-2201) and indazole (5F-AMB, THJ 2201) based 
synthetic cannabinoids for different concentrations (range: 0.5-12 mg/L, blank- dotted line) in 0.01M TBAP/CH3CN solution [54].
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nal when chemically reacted with the target com-
pound [56]. Sensing of both compounds i.e., MPA 
and 2-AI show three reduction peaks (i) reduction 
of mediator at -0.01 V (ii) reduction of 2-AI at -0.16 
V and (iii) reduction of MPA at -0.36 V (vs Ag/AgCl) 
[56]. The developed indirect voltammetric method 
was successfully explored with the street sample 
of synthacaine and validated with HPLC [56]. An-
alogs of fentanyl are newly emerging NPS which 
are difficult to detect in a forensic laboratory due 
to the variation in the core fentanyl structure. Fen-
tanyl is a form of synthetic opium which is more 
powerful than morphine, a primary material ob-
tained from poppy straw [57]. Ott et al., in 2020, 
developed a cost-effective detection method based 
on square wave adsorptive stripping voltammetry 

using screen-printed carbon electrode as a work-
ing electrode [58]. Under optimized conditions, the 
voltammetric measurement of fentanyl standards 
was done which shows 0.037 μg/mL LOD. The 
proposed method was useful for detection, identi-
fication, and semi-quantitation of fentanyl in seized 
drug samples [58].

3. Conclusions and Future Work
This review explained voltammetry as a useful 

instrumental technique for the detection of various 
new psychoactive substances. As discussed above, 
NPS are emerging drugs that are harmful to the body 
and challenging to detect because of their variable 
nature. Various methods have been developed for 
their detection by using voltammetry which plays a 
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role of a sensitive, accurate, and rapid tool in the 
area of forensic science. But due to their increasing 
importance in the drug market and variable nature 
more research should be conducted in the area of 
voltammetry for their accurate detection. The devel-
opment of detection methods for recent NPS which 
has not been currently studied is required. Also, it is 
important to note that voltammetric techniques are 
able to detect unknown substances collected from 
crime scene. Similar to chromatography, a data of 
reference standard material is required in voltam-
metry for comparison with unknown substances. In 
chromatographic techniques, an expert determines 
the retention time of the reference standard by a 
particular developed method followed by analysing 
known substance by similar method. The values of 
reference standard and unknown are compared and 
the identity of the unknown is established. In similar 
manner, voltammetric techniques require data from 
reference standards which includes oxidation and 
reduction potential or any one peak potential in the 
voltammogram that is unique for a particular sub-
stance. Analysing the unknown substance by same 
method, the potentials values are compared and 
identity of the unknown is established. Though most 
countries follow SWGDRUG guidelines and do 
not recommend voltammetry for analysing seized 
drugs, it gives conclusive analysis similar to other 
sensitive techniques. As explained in this review, 
voltammetric techniques proves their sensitivity, 
stability, accuracy, wide range and scope of sample 
analysis, etc. which indicates its ability to give better 
results in forensic examination. By reviewing vari-
ous applications of voltammetry for NPS analysis,  
it is also recommended to include this technique in 
the list of methods recommended by SWGDRUG.

Future research can be done in the area of dif-
ferent NPS by using voltammetric techniques. They 
are: 

(i) In the previous ten years' research on the vol-
tammetric analysis of synthetic cathinone, most of 
the research work was administered on the partic-
ular drugs methcathinone, 4-methylmethcathinone, 
4-methyl-N-ethylcathinone, 3,4- Methylenedioxypy-
rovelrone and Ethylone. Apart from these drugs, it 
is necessary to develop detection methods using 
voltammetric techniques for other synthetic cathi-
nones such as methylone, butylone, N-Ethylcathi-
none, 3-Fluromethcathinone, pyrovalerone, meth-
amfepramone, etc. 

(ii) Similarly, in case of phenethylamines the ma-
jority of the work was focused on NBOMes group 
only. Voltammetry can be carried out of different 
phenethylamine aside from NBOMes which will help 
with the development of rapid and sensitive detec-
tion methods. 

(iii) SCs are one of the most popular NPS in the 
drug market. But the use of voltammetry in analys-
ing SCs is incredibly less. In the past ten years, very 
little research has been  done on limited SCs which 
are FUB-PB-22, FDU-PB-22, 5F-PB-22, XLR-11, 
AM2201, JWH-018, AB-FUBINACA, AB-CHMI-
NACA, ABPINACA, 5F-AMB, THJ-2201. Voltam-
metric studies can be done on different SCs such as 
AB-PINACA, 5F-AMB, AB-FUBINACA, THJ-2201, 
etc. which are also used in different products. 

(iv) Piperazines, also known as failed pharma-
ceuticals, have two types of drugs depending on 
their chemical structures. They’re Benzylpipera-
zines and phenylpiperazines. Research on these 
drugs also lack the utilization of voltammetry for 
their analysis. So, voltammetry can be used for the 
analysis of different piperazines which further help 
for their onsite detection. 

(v) NPS which belong to a miscellaneous class 
are extremely diverse due to their chemical structure 
and nature. Voltammetry based research has been 
done on limited NPS belonging to this category such 
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as synthacaine, etc. It’s necessary to analyze NPS 
belong to the present category and voltammetry can 
be a higher choice to provide a straightforward and 
sensitive technique for their detection. 

Even though most of the work was administered 
by using a macro or micro working electrodes like 
mercury drop electrode, carbon electrode, etc., 
screen-printed electrodes are comparably better 
option for use as a working electrode. They are 
more sensitive and cost effective than mercury 
drop or carbon electrodes. Though different mercu-
ry electrodes such as Dropping Mercury Electrode 
(DME), Hanging Mercury Drop Electrode (HDME), 
Mercury Film Electrode (MFE), etc. have good 
sensitivity for drug detection there are also some 
drawbacks. DME use more amounts of mercury and 
current, whereas HDME is bulky and requires regu-
lar maintenance [59]. MFE overcome limitations of 
DME and HDME but it has limited potential range 
along with lower reproducibility and precision. Sim-
ilar to HDME, it requires regular maintenance [59]. 
Moreover, mercury is highly toxic and some coun-
tries like Columbia completely ban use of mercury. 
Some researchers used screen printed electrodes 
and tried to develop methodologies for detection of 
NPS. Also, a number of new technologies which are 
more advanced than screen printed electrodes are 
available but still needs further research to be used 
in forensic analysis of NPS. 
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