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Abstract. In recent years, practical, inexpensive, and highly specific electroanalytical 

methods based on modified electrodes have been increasingly developed for forensic 

science. Simple modification of the carbon paste electrode with Schiff base complexes has 

become a promising strategy to detect and quantify narcotics. In this context, we aimed to 

develop voltammetric methods to quantify lysergic acid diethylamide (LSD) by using a carbon 

paste electrode modified with the complex [UO2(Ac-ophen)]·H2O. The use of an aqueous 

solution of KCl as supporting electrolyte makes the methodology less polluting, which 

contrasts with methods that still employ toxic solvents. The developed method for Differential 

Pulse Voltammetry provides a linear response at various concentrations of LSD and affords 

analytical curves with standard deviation, detection, and quantification limits around 2.45, 

0.625, and 2.08 μmol L-1, respectively. The recovery values of 103 and 108% prove that the 

developed method is suitable for application in forensic science.  

Keywords: Forensic electroanalysis; LSD; Schiff bases; Carbon paste; Chemically modified 

electrodes. 

 

1. Introduction 

The lysergic acid diethylamide (LSD) is a semisynthetic drug derived from lysergic 

acid, a natural alkaloid of the fungus Claviceps purpurea.1,2 It is a hallucinogen with 
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high potential for abuse1-4, and is usually administered orally in the form of blotters, 

but it can also be found as microdots, gelatin, in sugar cubes or candy and even in 

liquid form, where each drop represents a dose1,5,6. The blotters are the most 

common, and they attract attention due to their variety of colors and stamps of 

characters, being sold containing an average between 10-100 μg of LSD7,8. 

After consumption, the action of LSD starts within an hour, reaches its peak 

within two to four hours, and lasts six to twelve hours, depending on the 

concentration of your dose2,4,9. Acting on the serotonergic and dopaminergic 

systems, LSD psychoactive effects include repeated psychedelic experience and 

distortion of the senses (colors, sound, touch)1-9. 

Despite the worldwide consumption of hallucinogens in the 60s, today the 

trafficking of such substances are mainly concentrated in the Americas and is 

represented by 88% of global seizures between the years 2015 and 2017, according 

to the World Drug Report of 201910. In Brazil, a significant increase in the number of 

LSD blotters seized between 2008 and 2013 was reported by the federal police, 

reaching 108,856 blotters in 2011. Despite the decline in seizures in the following 

years, until May 2019 the police have seized 57% of total blotters recorded in the 

previous year, indicating a possible increase in its consumption among Brazilians11. 

In addition to LSD, other drugs with halucinogenic effects, such as N-benzyl-

substituted phenethylamines (NBOMes), are also available in blotters and are widely 

consumed in recent years, being commonly confused with LSD10,12. Due to this 

similarity, the correct identification of the seized drug is extremely important. The 

scientific police currently employ instrumental techniques based on the 

recommendations of groups like Scientific Working Group for the Analysis of Seized 

Drugs (SWGDRUG) and United Nations Office on Drug and Crime (UNODC), such 

as High Performance Liquid Chromatography (HPLC), Gas Chromatography (GC), 

and Mass Spectrometry (MS), to identify illicit drugs13-15. 

Although chromatographic methods are the most often applied, they are 

expensive and time consuming, usually due to the sample treatment step that must 

be performed for this equipment7,16-18. As an alternative, voltammetric techniques 

have simpler, easy handling and low cost equipment, and can still be highly specific 

and provides limit of detection (LOD) as low as the LOD obtained in chromatographic 

techniques19,20. 
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Many studies have focused on voltammetric analysis applied in the field of 

forensic science, mainly in the determination of illicit drugs like cocaine21,22, LSD3,23, 

25H-NBOMe24,25, MDMA (3,4-methylenedioxymethamphetamine)26,27, and natural 

cannabis in biological and seized samples28,29. Voltammetric analysis enables the 

development of sensors that provide specific response to low levels of illicit drugs, 

especially when these sensors are obtained by chemical modification of the surface 

of the electrode.  

Couto et al.3 used a molecularly imprinted polymers at the surface of a 

screen-printed carbon electrode and analyzed MDMA in humam blood and urine 

sample using the Square Wave Voltammetry with a LOD 0.79 µmol L-1. For the 

quantification of cocaine in seized samples, Garrido et al.22 used the linear sweep 

voltammetry with a glassy carbon electrode modified by a combination of multi-walled 

carbon nanotubes with β-cyclodextrin, reaching a LOD of 1.02 μmol L-1. 

The development of chemically modified carbon paste electrodes has 

attracted researchers’ interest in recent years30. These sensors are low-priced and 

easy to manufacture, by mixing the conductive material, such as graphite powder or 

carbon nanotube, with an agglutinate, such as mineral oil or paraffin, and various 

types of modifiers such as transition metal complexes containing Schiff bases can be 

used30-33. Salen-type ligands (Salen = N,N-ethylene-bis(salicylideneiminato) have 

been applied in many electrochemical sensors because they display versatile stereo 

and electronic properties30. These modifiers can improve the selectivity/sensitivity of 

the devices, increase the electroanalytical response, or decrease the over-potential 

of the analytes31-33. 

Recent works by our research group have demonstrated that uranyl (UO2) 

complexes with Schiff bases of the Salen type can efficiently detect cocaine and 

have potential application in the forensic context34-36. However, there are no studies 

on the determination of LSD at the surface of electrodes chemically modified with 

such complexes.  

Here, we aimed to develop voltammetric methods to detect and quantify LSD 

in seized samples by using a carbon paste electrode modified with a metal complex 

consisting of Schiff base and [UO2 (Ac-ophen)]·H2O (aquo N,N’-4-carboxyl-1,2-

phenylenebis(salycilideniminato))dioxouranium(VI))37. 
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2. Materials and methods 

A potentiostat/galvanostat Autolab PGSTAT128N with NOVA 1.11 software was 

used for the voltammetric measurements with platinum wire as the counter electrode, 

Ag/AgCl (saturated with KCl (Cinética Reagentes & Soluções)) as the reference 

electrode, and a carbon paste electrode modified with a Schiff base complex as the 

working electrode. For the voltammetric measurements a 5.0 mL electrochemical cell 

was used with aqueous solution of KCl 0.1 mol L-1 as supporting electrolyte. The 

parameters for analysis of LSD by Square Wave Voltammetry, Differential Pulse 

Voltammetry, and Cyclic Voltammetry were optimized. 

The Schiff base, aquo (N,N’-4-carboxyl-1,2-phenylene-

bis(salycilideniminato)) dioxouranium(VI), [UO2(Ac-ophen)]·H2O was prepared 

according to the literature38, and its structure can be seen in Figure  1. 

 

 
Figure 1. Chemical structure of [UO2(Ac-ophen)]·H2O. 

 

To prepare the carbon paste, carbon powder (Fisher Scientific) and the Schiff 

base were mixed in a crucible. Paraffin (Isogama) was chosen as the binder because 

it is more insoluble in organic solvents (such as acetonitrile present in the LSD 

standard) than mineral oil, avoiding the detachment of the carbon paste during 

voltammetric measurement. After adding paraffin to the mixture the crucible was 

heated until all the paraffin had melted. Then, the three elements were mixed until a 

homogenous paste was obtained. A hollow cylindrical glass tube was filled with the 

carbon paste, and a copper electric contact was used to compress the paste. The 

modified electrode was then polished with circular movements on sulfite paper, 
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resulting in a homogeneous surface with area of 0.071 cm2 and an electroactive area 

of 0.044 cm2 (this difference is due to the insulating property of paraffin). 

The standard LSD solution (Cerilliant, 1.0 mg in 1.0 mL of acetonitrile) was 

diluted to 10.0 mL with acetonitrile (Merck), which gave a concentration of            

3.07 10-4 mol L-1
. This solution was stored in a dark flask placed inside the 

refrigerator until use.  For all voltammetric analysis 3.0 mL of solution were used. In 

the optimization of the square wave and differential pulse voltammetry parameters, 

10.0 µL of the standard LSD solution in 3.0 mL KCl 0.1 mol L-1 were used. For the 

analytical curve, five separate solutions were prepared to maintain the constant 

amount of acetonitrile, that is, in 2.95 mL of KCl 0.1 mol L-1 was added 10.0 to 50.0 

µL of the standard LSD solution and the volume was completed to 3.0 mL with 

acetonitrile. 

All the voltammetric measurements were performed in triplicates in a room 

under incandescent light, at a fixed temperature of 24 °C. These conditions were 

adopted because LSD is sensitive to light and degrades above 30 °C 7. 

 

3. Results and discussion 

3.1  Composition of the carbon paste 

We determined the amount of paraffin in the carbon paste on the basis of the stability 

of paraffin in solution, predominantly when an organic solvent was added to the 

electrochemical cell.  For this, the percentage of paraffin in the carbon paste was 

varied between 10 and 35 %. Then, each electrode was evaluated by cyclic 

voltammetry, applying 20 cycles with potential range of -1.5 and 1.5 V in the 

presence of 50 µL of acetonitrile. Thus, it was possible to evaluate the detachment of 

the carbon paste by observing the presence of particles in the electrolyte solution. 

The tests indicated that at least 35% (w/w) paraffin was necessary to prepare a 

stable carbon paste electrode. 

After fixing the quantity of paraffin, we tested the performance of the 

electrode at different proportions of Schiff base complex and graphite powder as well 

as in the presence and absence of about 20% of the modifier because we aimed to 

achieve the best voltammogram. We found that the optimum paste should consist of 

graphite powder, Schiff base complex, and paraffin at 45:20:35 (w/w/w) ratio, 

respectively. The resulting carbon paste electrode was stable even after 100 

successive Cyclic Voltammetry scans without the need to renew the surface of the 
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electrode. The electrode was stable even in the presence of acetonitrile, which was 

the solvent present in the standard solution of LSD. 

 

3.2 Voltammetric profile of the Schiff base 

We evaluated the electrochemical behavior of the Schiff base by Cyclic Voltammetry 

in two steps. First, we only analyzed the structure of Ac-ophen in the composition of 

the carbon paste. Then, we analyzed the complete structure [UO2(Ac-ophen)]•H2O. 

Figure 2 reveals that both the cathodic (Ec1 = 0.36 V; Ec2 = -0.28 V) and the anodic 

(Ea1 = -0. 13 V; Ea2 = 0.62 V) responses originated from the metallic center inside the 

complex. 

 
Figure 2. Cyclic voltammograms recorded for the carbon paste modified with [UO2(Ac-

ophen)]·H2O in KCl 0.1 mol L-1 as supporting electrolyte, at a scan rate of 100 mV s-1. 

 

The uranyl complex is insoluble in aqueous medium, and the supporting 

electrolyte was prepared with water: then, the voltammetric response was due to the 

electrochemical behavior of the ion UO2
2+, as shown in Figure 2. The oxidative 

processes are observed with the uranyl complex, as a free base this behavior does 

not occur. 

The electrochemical behavior of UO2
+ might be described as follows, Figure 

3: firstly, there is a reduction of on electron and the product is unstable in aqueous 

solution39,40.  

Then, this pentavalent uranium results in U(IV) and U(VI) by its 

disproportionation step. It was verified the pH value in solution may influence in the 
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electrochemical reactions of uranium, once at low pH is possible to observe the 

signal corresponded to U(III)41. 

 

 
Figure 3. a) Cyclic voltammograms in different lower potential ranges; b) Cyclic 

voltammograms in different higher potential ranges. 

 

There is no electrochemical data of this uranyl complex in the literature, so 

because we performed all the measurements in aqueous medium, and on the basis 

of the literature for the uranium ion41,42 we assumed that the following redox 

processes were involved in the electrochemical reaction of the UO2
2+ ion: the first 

cathodic peak, c1, was due to reduction of U(VI) to U(V), whereas the second 

cathodic peak, c2, referred to reduction of U(V) to U(IV). As for the oxidation peaks, 

a1 corresponded to oxidation of U(V) to U(VI), and a2 was due to oxidation of U(IV) to 

U(VI). 



Brazilian Journal of Forensic Sciences, Medical Law and Bioethics 9(4):440-458 (2020)     447 
 

M. F. M. Ribeiro et al. 

According to literature42, when an aqueous solution containing uranium was 

electrochemically characterized, it was verified a high disproportionation rate of this 

U(V). In this reaction, U(V) is formed on the electrode surface and as a consequence, 

we observed the peak a2 due to the oxidation reaction from U(IV) to U(VI). 

A broader study about the potential range and the redox processes in 

uranium was performed (Figure 3a and 3b) to a better analysis of the electrochemical 

behavior exposed above: when various potential intervals are analyzed, it is possible 

to conclude that even when the scan is reverted to potentials lower than -0.1 V, the 

peak c3 – from the reaction of U(IV) to U(III)- is still present in  voltammogram. 

Besides, when the potential interval is reverted to values higher than -0.4 V, the peak 

c2 is observed; when potentials higher than -0.4 V are applied, the peak a1 is verified. 

There is a co dependence between the peaks a1 and c2, and this fact indicates the 

oxidation to form U(V). 

When the potential is reverted to higher values, peak a1 disappeared, whilst 

peaks c1 and a2 arise. This behavior may be explained by the reduction reaction from 

U(VI) to U(V) and the oxidation reaction  from U(IV) to U(VI). The disappearance of 

the signal a2 proves the disproportionation process in U(V) stated41,42. 

The scan rate determined the presence of the anodic peak a1. At high scan 

rates, this peak became unstable or even disappeared from the cyclic 

voltammogram. According to the literature41, a third cathodic peak may arise in more 

acidic solution and is related to reduction of U(IV) to U(III). 

  

3.3  Voltammetric profile of LSD 

We conducted three different types of voltammetric measurements to explore the 

interaction between the Schiff base complex and LSD: Cyclic Voltammetry, Square 

Wave Voltammetry, and Differential Pulse Voltammetry. 

 In presence of LSD, the carbon paste electrode without modification (65:35 

(w/w) graphite:paraffin) didn´t show any oxidative process for the drug, as well as the 

carbon paste modified with the Schiff base. Because of this absence, and the 

previous works of the group using the uranyl complexes whit Schiff base for cocaine 

detection34-36, the modification of the electrode with [UO2(Ac-ophen)]•H2O was 

applied. 

Cyclic Voltammetry gives an overview of the behavior of the molecule and 

provides valuable information about the kinetic mechanism. In the presence of LSD, 
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only peaks c1 and a2 arose in the cyclic voltammogram, which indicated interaction 

between the Schiff base complex in the modified electrode and the drug. This could 

be a catalytic response of the LSD to the oxidation of U(V). Similar voltammetric 

response was also observed in the analyses of cocaine using another uranyl Schiff 

base complex as modifier of the working electrode, whereas the presence of the drug 

increases the current signal for the oxidative processes of the uranyl group.35 The 

exact mechanism of the reaction between the complex and the drugs, LSD and 

cocaine, has not been elucidated yet, but both drugs have a tertiary amine in their 

structure, which could explain the similarity in the voltammetric behavior. 

The uranyl ion can be easily coordinated by more than 6 ligands (as in the 

pentagonal bipyramidal geometry)43. Also, Schiff base uranium complexes present 

great variety of oxidation states of the metal center, which are dependent of the 

coordination sphere. When spatial configuration of the molecule is considered, LSD 

can be coordinated to the uranyl on the electrode surface as the eighth donor atom, 

coordinated to the metal center, or either substitute the water ligand in the 

coordination sphere. This observation proves the feasibility of uranium as a chemical 

modifier for other drugs, such as cocaine as it was mentioned before34-36. 

The linear relationship between the square root of the scan rate and the peak 

current for both peaks c1 and a2 pointed to a controlled diffusion system, and an 

irreversible electrochemical behavior was evident. 

 

3.4 Square wave voltammetry 

The two oxidative processes observed in the oxidative direction of Square Wave 

Voltammetry resembled the processes we had verified during Cyclic Voltammetry 

(Figure 4). The instability of U(V),  because of its disproportionation in solution, 

became clear when five consecutives cycles were applied without the renovation of 

the surface of the electrode40,42. 

 We optimized the parameters of Square Wave Voltammetry based on the 

intensity and definition of the two peaks in the presence of LSD. We varied the 

frequency, amplitude, and scan rate (step potential), and the best results were 10 Hz, 

0.8 V, and 0.001 V, respectively. 
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Figure 4. a) Square Wave voltammograms for the carbon paste electrode without 

modification, and modified with [UO2(Ac-ophen)]·H2O (20% of  the composition) and Schiff 

base (20% of the composition) in the presence of 1.0 µmol L-1 of LSD. b) Square Wave 

voltammograms for the carbon paste electrode modified with [UO2(Ac-ophen)]·H2O (20% of  

the composition). Frequency = 10 Hz, Amplitude = 0.8 V, Step potential  = 0.001 V. 

 

3.5 Study about the interference of acetonitrile 

Before studying the response to LSD in more detail, we analyzed how acetonitrile 

interfered in the electrochemical system because this solvent was present in the 

standard solution of the drug. Figure 5 illustrates how presence of acetonitrile affects 

the analysis of LSD. 
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Figure 5. a) Square Wave voltammograms recorded after successive additions of 

acetonitrile. Frequency = 10 Hz, Amplitude = 0.8 V, Step potential = 0.001 V. b) Relation 

between the intensity of the current intensity and the presence of acetonitrile for each anodic 

peak. 

 

Acetonitrile affects both anodic peaks a1 and a2, the first being most affected, 

as shown by the greater slope in graph of Figure 5, indicating a competition between 

the solvent and the LSD. Possibly the acetonitrile hinders these processes. For this 

reason, we kept the percentage of acetonitrile constant in the electrochemical cell 

during the LSD analyses. 

It is important to emphasize the presence of a carboxyl group in the aromatic 

diimine existent in the structure of this Schiff base is responsible for its insolubility in 

acetonitrile, then it is impossible for these oxidative processes to be of the solubilized 

complex. If another organic solvent was present, such as ethanol or methanol, a 
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yellowish color would be observed in the solution of the supporting electrolyte due to 

the solubility of this complex in these solvents. 

Successive additions of LSD increased the amperometric intensity of peak a1 

and slightly decreased peak a2, until the percentage of acetonitrile exceed 2% of the 

total volume, after that the voltammetric response became unstable, losing its 

linearity. A linear relation between the concentration of LSD and the amperometric 

response is described by the equation: i (A) = (0.25 ± 0.02) A L mol-1 [LSD] + (7.93 ± 

0.57) 10-7 A. 

 

3.6 Differential pulse voltammetry 

Square Wave Voltammetry and Differential Pulse Voltammetry provided similar 

responses in the presence of LSD. Two oxidation peaks due to the uranyl group of 

the Schiff base complex emerged in the voltammogram, and no oxidative processes 

were observed using an electrode composed with carbon, and paraffin, and modified 

with the Schiff base. Again, the first peak referred to the oxidation of U(V), whereas 

the second peak corresponded to conversion of U(IV) into U(VI). The first peak was 

unstable. 

To optimize the signal, we varied the values of modulation amplitude, 

modulation time, interval time, and step potential. The best results were obtained with 

0.8 V for modulation amplitude, 0.04 s for modulation time, 1 s for interval time, and 

0.01 V for step potential. At higher step potential rates, peak a1 disappeared. At 0.10 

V, just peak a2 arose. 

As discussed before, acetonitrile continued to interfere in the analyses. The 

presence of acetonitrile affected the oxidation of U(V) to U(VI) to a larger extent as 

compared to the effect of acetonitrile on the oxidation of U(IV) to U(VI), probably as a 

result of instability. Because the acetonitrile present in the standard solution of LSD 

influenced the oxidation process, we obtained the calibration curve by keeping the 

concentration of acetonitrile constant, and under 2% v/v, in the electrochemical cell. 

Addition of the standard LSD solution caused the oxidative peak to increase 

linearly at negative potentials, as it was observed for the Square Wave Voltammetry, 

according to the equation i (A) = (11.80 ±0.98) A L mol-1 [LSD] + (9.02 ± 0.24) 10-5 A. 
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3.7  Validation and comparison of techniques 

After establishing the conditions for the quantification of LSD, we verified whether the 

results were reliable by validating Square Wave Voltammetry and Differential Pulse 

Voltammetry. We fixed the concentration of acetonitrile at the same value, and we 

analyzed the analytical curve by correlating the concentration of LSD to the anodic 

peak a1 for Square Wave Voltammetry and Differential Pulse Voltammetry (Figure 6). 

 

 
Figure 6. a) Square Wave Voltammograms for successive additions of LSD; Frequency 10 = 

Hz, Amplitude = 0.8 V, Step potential = 0.001 V. b) Differential Pulse voltammograms for 

successive addition of LSD; Modulation Amplitude = 0.8 V, Modulation Time = 0.04 s; 

Interval Time = 1s; Step potential = 0.01 V. 

 

Due to the similar behavior of the linear increase in the a1 peak current, the 

limits of detection (LOD) and quantification (LOQ) were also similar for both 

techniques. Table 1 summarizes all the figures of merit calculated for Square Wave 

Voltammetry and Differential Pulse Voltammetry. The LOD and LOQ values were 
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calculated as 3*ơ /m and 10*ơ /m, respectively, where ơ is the standard deviation 

observed for the linear coefficient (r2) in the equation for current vs concentration of 

LSD and m is the voltammetric sensitivity, indicated by the slope in the same 

equation. 

 
Table 1. Comparative results obtained for the quantification of LSD by Square Wave 

Voltammetry and Differential Pulse Voltammetry. 

 Square Wave Differential Pulse 

Equation i (A) = (0.25 ± 0.02) A L 

mol-1 [LSD] + (7.93 ± 0.57) 

10-7 A 

i (A) = (11.80 ±0.98) A L 

mol-1 [LSD] + (9.02 ± 0.24) 

10-5 A 

SD (µmol L-1) 0.057 2.45 

LOD (µmol L-1) 0.687 (±0.10) 0.625 (±0.09) 

LOQ (µmol L-1) 2.28 (±0.32) 2.08 (±0.29) 

r2 0.980 (±0.006) 0.973 (±0.004) 

 

The lowest concentration of LSD found in blotters (containing 10 µg of LSD) 

after extraction of the analyte with an organic solvent3 would correspond to a 

concentration of 5.18 10-6 mol L-1. This value was higher than the LOQ of both 

Square Wave Voltammetry and Differential Pulse Voltammetry, proving that these 

techniques are suitable strategies to determine even low concentrations of LSD 

within the scope of forensic routine. 

Due to the unavailability of real samples of LSD, the recovery assay was 

performed considering two different concentrations of LSD (obtained by adding the 

LSD standard solution in supporting electrolyte) in the middle of the determined linear 

range, one for the square wave voltammetry and other for the differential pulse 

voltammetry. Table 2 lists these results. 

 

Table 2. Results obtained for solutions of LSD by Differential Pulse Voltammetry and Square 

Wave Voltammetry. 

  Differential Pulse 

Voltammety 

Square Wave Voltammetry 

Ip (A) 1.23 10-4 (±0.02) 1.34 10-4 (±0.03) 

Concentration (µmol L-1) 2.78 (±0.22) 3.68 (±0.25) 

Recovery (%) 108.17 (±1.52) 103.08 (±1.44) 

SD (%) 2.62 (±0.36) 6.82 (±0.95) 
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4.  Conclusions 

The present work presents an overview of the electrochemical behavior of the 

hallucinogenic drug LSD by different techniques, namely Square Wave Voltammetry 

and Differential Pulse Voltammetry, on the basis of the interaction of LSD with the 

chemical modifier [UO2(Ac-ophen)]•H2O. Although the mechanism reaction is not 

completely elucidated, an innovative and pioneering way of using the Schiff base 

complex in the forensic context was presented. 

The use of carbon paste as a working electrode also stands out due to its 

ease manufacture and low cost. Besides, the methods developed herein require 

aqueous medium instead of organic medium, like the work of Merli et al.3, which uses 

dimethylformamide/tetrabutylammonium perchlorate as supporting electrolyte, 

making this work more eco-frendely and sustainable. 

These advantages make the tested voltammetric techniques suitable sensors 

for use in the forensic area. The figures of merit of the methodologies developed in 

this study attest that they can be used to detect and quantify even the smallest 

concentration of LSD reported on blotters. 
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