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Abstract: In the present work a highly sensitive ion-selective microelectrode for the detection of 
amphetamine is presented. For this purpose, a novel ion-par complex based on the 
metallocarborane, cobalt bis(dicarbollide) anion ([3,3′-Co(1,2-C2B9H11)2]−) coupled to 
amphetamonium cation has been prepared as the active site for amphetamine recognition. The 
prepared ion-par complex was incorporated to a PVC-type sensitive membrane. It was then 
drop-casted on the top of a gold microelectrode previously modified with a solid contact layer of 
polypyrrole. This novel amphetamine microsensor has provided excellent and quick response 
within the range 10−5 M to 10−3 M of amphetamine concentration, a limit of detection of 12 µM and a 
slope of 60.1 mV/decade. It was also found to be highly selective toward some potential 
interference compounds when compared to amphetamine.  
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1. Introduction 

Nowadays, illicit drugs are considered one of the major concerns for developed countries due 
to the potential of bringing about all types of healthy problems. Although cannabis and cocaine are 
by far the most used narcotic, amphetamine and methylenedioxy-methamphetamine (MDMA) are 
becoming more and more popular. The last rapport from the European Monitoring Centre for Drug 
and Drug Consumption (MCDDC) estimated that about 1.3 and 2.1 million of person have 
consumed amphetamine and MDMA respectively in the last year [1]. Nevertheless, not only the 
healthy problems related to drug use are a matter of concern but also the black economy that it 
implies has become alarming. The estimated annual value of the retail market for amphetamine in 
Europe is about EUR 1.8 billion according to the MCDDC what means that 76 tonnes of 
amphetamine were consumed in the last year [2]. Collecting information concerning illicit drug uses 
plays a vital role to help low enforcement agencies in prevention and fight against criminal 
organizations. At present, chemical analysis are widely used to complement the epidemiology 
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studies of population traditionally carried out in surveys. Particularly, the chemical analysis of 
wastewater is a powerful tool to monitor the pattern and trends of illicit drugs consumption in a 
community [3,4]. However, as in the cases of amphetamine and its derivatives most analytical 
techniques used to analyze wastewater samples and detect the illicit compounds are based on 
ex-situ studies like colorimetric measurements, capillary electrophoresis, HPLC or GC-MS  
among others. Recently, researchers from our group have presented an all-solid-state 
amphetamine-selective electrodes based on the crown ether dibenzo-18-crown-6 as amphetamine 
ionophore [5] and K. Graniczkowska et al. presented a capacitive sensor able to detect trace amounts 
of a precursor of the amphetamine synthesis [6]. The aim of this work is to present a highly selective 
microsensor easy to handle for in situ amphetamine detection by fasts potentiometric measurements 
at real time in both soft (street samples) and harsh environment (wastewater). To accomplish this, a 
novel amphetamine ion-par complex has been prepared as the active component of a polymeric 
sensitive membrane for amphetamine recognition. Metallocarboranes sandwich anions of the type 
[3,3′-Co(1,2-C2B9H11)2]− have been reported for analysis applications due to their very good chemical 
properties (stability, hydrophobicity and extreme organophility) when isolated with organic bases of 
the type [cation-NH]n+ n[3,3′-Co(1,2-C2B9H11)2]− [7]. This strategy allows incorporating the target 
molecule to the sensitive membrane enhancing the sensor’s performance and the selectivity.  
The ion-par complex [C9H13NH]+[3,3′-Co(1,2-closo-C2B9H11)2]− has been synthetized and the product 
obtained has been characterized by FTIR.  

2. Materials and Methods 

2.1. Preparation of [C9H13NH]+[3,3′-Co(1,2-closo-C2B9H11)2]− 

The ion-par complex [C9H13NH]+[3,3′-Co(1,2-closo-C2B9H11)2]− has been obtained by 
ion-exchange procedure. An acidic solution of Cs[3,3′-Co(1,2-closo-C2B9H11)2] was extracted with 
diethyl ether to obtain the metallocarborane in the form H[3,3′-Co(1,2-closo-C2B9H11)2]. Then,  
the diethyl ether was evaporated under vacum and the residue was diluted with water to generate  
0.05 M solution of H[3,3′-Co(1,2-closo-C2B9H11)2] (solution 1). Amphetamine was dissolved in water 
and with the minimum quantity of HCl to prepare 0.05 M acidic solution (solution 2). Next, 20 mL of 
solution 1 and 20 mL of solution 2 were mixed and after stirring a yellow precipitate was obtained. 
This was filtered off, washed with HCl 0.1 M and dried in vacuum. 

2.2. Sensitive Membrane 

The polymeric membrane selective to amphetamine was made of 31 wt %. PVC as the 
polymeric matrix, 65 wt %. dibutyl phthalate as plasticizer and 4 wt % of 
[C9H13NH]+[3,3′-Co(1,2-closo-C2B9H11)2]− ion-par complex. All components were dissolved in THF. 
The solution mixture was drop-casted onto the gold microelectrode already modified with the 
polypyrrole conductive layer and let the solvent evaporate overnight. 

3. Results and Discussion 

3.1. The Ion Par Complex [C9H13NH]+[3,3′-Co(1,2-closo-C2B9H11)2]− 

The electroactive ion-par complex obtained was characterized by FT-IR spectroscopy. The IR 
spectrum shows evidence of hydrogen or dihydrogen bonding at the B-H and Cc-H or ArC-H 
stretching regions. The IR spectrum can be presented under request. 

3.2. Sensor’s Respons Characteristic: Potentiometric Measurements 

The performance of the amphetamine-selective microsensor was determined following the 
generalized standard addition method [8] by titration of amphetamine sulfate solutions from 10−7 to 
10−3 M. Potentiometric measurements provided information regarding the Nernstian behavior, the 
limit of detection and the response time. Results are summarized in Table 1. 
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Table 1. Characteristic response of the amphetamine selective microsensor. 

Parameter Amphetamine Selective Microsensor 
Slope (mV/decade) 60.1 

Limit of detection (M) 1.2 × 10−5 
Time of response (s) <10 

As it can be observed in Figure 1, the device developed integrates an array of four gold working 
microelectrodes, two Ag/AgCl pseudo-reference microelectrodes and one gold auxiliary 
microelectrode. So, four sensors can measure at the same time using a single miniaturized device.  
It is very useful not only for multi-detection applications but also to obtain fast statistical values.  
As reported in Table 1 the amphetamine-selective microsensor presents a Nernstian slope of  
60.1 mV/decade of amphetamine concentration. This is near to the theoretical value of 59 mV/decade 
expected for a monovalent cation such as amphetamine in the protonated form. The limit of 
detection was extracted as the crossing point of the two linear segments from the calibration curve 
shown in Figure 1. The microsensor presents a limit of detection of 12 µM. The time needed by the 
sensor to achieve a stable response was found to be less than 10 s.  

 

Figure 1. (a) transducer holding an array of four bare-gold working microelectrodes (WE), one 
bare-gold counter microelectrode (CE) and two Ag/AgCl reference microelectrodes (RE); (b) WEs 
electrochemically modified with polypyrrole solid conductive layer; (c) the polymeric membrane 
including the ion-par complex [C9H13NH]+[3,3′-Co(1,2-closo-C2B9H11)2]− drop casted on the top of the 
WEs; (d) Potentiometric calibration curve of the amphetamine selective microelectrode developed. 

3.3. Selectivity 

Coefficients of selectivity, KIJPot, were obtained following the fixed interference method [9].  
A titration of amphetamine sulfate standard solutions was carried out from 10−7 to 10−3 M in 25 mL of 
1 mM solution of N-formyl amphetamine, methylbenzylamine or phenylalanine respectively. 
Results are summarized in Table 2. 

Table 2. Selectivity coefficient of the amphetamine-selective microsensor. 

Interference KIJPot

N-formyl amphetamine −2.15 
Methylbenzylamine −2.09 

Phenylalanine −2.09 

The results obtained confirm the high selectivity of the amphetamine-selective microsensor. 
The KIJPot values show that the response toward amphetamine in the presence of these amino/amide 
compounds structurally similar is around hundred times more sensitive. It is well known that 
plasticizers play an important role concerning the lifetime, sensitivity and selectivity of ion selective 
electrodes. However, introducing the target molecule into the polymeric membrane through the 
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ion-par complex [C9H13NH]+[3,3′-Co(1,2-closo-C2B9H11)2]− synthetized is crucial to achieve those 
values of selectivity.  

4. Conclusions 

The development of an all-solid-state and highly selective amphetamine micro sensors has been 
reported. The ion par complex [C9H13NH]+[3,3′-Co(1,2-closo-C2B9H11)2]− has been synthetized as the 
active part of a PVC-type polymeric membrane for amphetamine recognition. The microsensor 
showed Nernstian response with a slope of 60.1 mV/decade within the concentration range 10−5 M to 
10−3 M of amphetamine, limit of detection of 12 µM and a time of response less than 10 s. The 
cross-selectivity study in the presence of N-formyl amphetamine, methylbenzylamine and 
phenylalanine shows that the sensor’s response toward amphetamine is highly selective. In addition, 
the miniaturized device developed is able to produce reliable and real-time data using four 
independent amphetamine-selective microsensors at the same time.  
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