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Abstract

Effective and rapid detection methods in the field of forensic drug analysis are crucial for reducing overall analysis time and 
improving reliability. The purpose of this study is to develop a simple and rapid method for the separation of amphetamine 
from captagon tablets and analysis by means of Fourier transform infrared spectroscopy (FTIR). In this study, the separation 
of amphetamine using a variety of solvents, including chloroform, Acetonitrile, dichloromethane, methanol and water, were 
studied. The results obtained show that the separation using a mix of acetonitrile (ACN) with methanol (MeOH) gives a 
matching percentage close to 97.14% of amphetamine sulfate when compared with the IR spectrum given in the reference 
(SWGDRUG) library. This method can be used as a confirmatory test for positive results within minutes without false positives.
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Introduction 

Nowadays, drug abuse is growing alarmingly in 
many societies. Narcotic drugs are usually prescribed for 
analgesia and euphoria. The most available substances 
for the treatment of mild depression, and malaise are 
amphetamine and methamphetamine [1]. In 2015, about 1.3 
million people used amphetamine and methamphetamine. 
In 2016 the World Drug Report showed that amphetamine 
drug consumption is on the rise, and it is the second 
largest illegal drug [2] Captagon was the brand name of 
a psychoactive medicine produced in the 1960s by the 
German company Degussa Pharma Gruppe. It was sold as 
whitish colored tablets marked with a characteristic logo 
comprising two half-moons (Figure 1) [3]. Captagon tablets 
contained 50 milligrams of fenethylline, a synthetic drug 
of the phenethylamine family to which amphetamine also 
belongs. Captagon is metabolized into amphetamine (24.5% 
of oral dose) and theophylline (13.7% of oral dose) a natural 
alkaloid, bronchodilator and mild stimulant from the same 
family as caffeine, and so it can be difficult to determine by 
forensic investigation if fenethylline, or a combination of 

amphetamine and theophylline, has been consumed [3,4]. 

Figure 1: Captagon Tablets [3].

The common point of all the published research analyses 
of captagon tablets is the absence of fenethylline and the 
presence of amphetamine in combination with caffeine, 
quinine and several other substances [5,6]. Amphetamine 
(Figure 2), is a central nervous system (CNS) stimulator 
that can increase alertness, boost concentration/physical 
performance, and provide a feeling of well-being, confidence, 
and aggression [7]. 
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Figure 2: Chemical Structure of Amphetamine.

The ability of the amphetamine and it’s like compounds 
to promote the release of newly generated dopamine from 
the dopaminergic neurons is the main mechanism by which 
they work. Due to the serious toxic effects that are dose 
dependent, including hallucinations, disorientation, tremors, 
cardiac arrhythmias, and hypertension, extreme depression, 
lethargy, sleep deprivation, heart and blood vessel toxicity, 
and malnutrition; these medications are subject to legal 
restrictions [8-10]. The separation of drugs from biological 
matrices or other types of chemicals are one of the most 
important objects in investigations on the toxicological and 
pharmaceutical properties of drugs. Liquid–liquid or solid-
liquid separation methods are widely used for extracting 
and purifying drugs and medicines from biological materials 
[11]. Different methods for measuring amphetamines have 
been reported separately or simultaneously [12], including 
high performance liquid chromatography (HPLC) and gas 
chromatography (GC) [13-18]. However, these methods 
involve laborious, intensive, and expensive preparatory 
procedures. In addition, the organic solvents used are toxic 
to both the humans and the environment. Therefore, recent 
investigations have focused on methods to reduce the 
sample volume required, the analytical time, and the cost, 
and to eliminate the use of chlorinated solvents. Separation 
and extraction techniques are the basis of many analytical 
procedures for the preparation of samples and they are 
reported in the official methods of analysis [19]. However 
many separation methods are robust and cost effective for 
the separation of amphetamines from biological samples and 

are still widely used in analytical toxicology [20]. A number 
of publications have appeared addressing extracting using 
solvents such as diethyl ether [21,22], ethyl acetate [23,24], 
1-chlorobutan [25,26] and various mixtures of solvents 
[27,28] that were used in the isolation of amphetamines 
from biological samples but not from a tablets. More recently, 
Fourier transform infrared spectroscopy (FTIR) and diffuse 
reflectance near infrared have been used for qualitative 
and quantitative analysis of drugs such as Amphetamine 
[29], Methylamphetamine [30], Diacetylmorphine (heroin) 
[31], and Cocaine [32]. The present study aims to develop a 
method based on separation of amphetamine from captagon 
tablets and analyzed using Fourier transform infrared (FTIR) 
and UV/VIS spectroscopy.

Materials and Methods

Chemicals & Equipment

Acetonitrile ACN, Chloroform, Methanol MeOH, 
Dichloromethane DCM, Formaldehyde, Sodium nitrite, 
Sulfuric acid were purchased from Sigma Aldrich (Germany) 
and Himedia from india. All chemicals were of HPLC grade. 
UV/VIS (D-LAP – SP UV1100) made in CHINA, Centrifuge plc 
series (model : PLC -03 ) made in Taiwan , NABPCO Electrical 
balance (model JA-210) and FTIR (spectrum two FTIR 
spectroscopy, PerkinElmer) made in USA.

Sample Preparation

Briefly, a quarter tablet (50 mg) was crushed into a 
fine powder and dissolved in 3 ml of acetonitrile and 1 ml 
of methanol, mixed properly for at least 5 seconds, then 
centrifuged at 4000 rpm for 5 minutes at room temperature. 
Subsequently, the aqueous phase was discarded and the 
organic solid was filtered through a filter paper of 10–15 
µm, and the solid was washed with 1 ml of the acetonitrile as 
shown in (Figure 3). Finally, the organic solid separated was 
analyzed using FTIR and UV/VIS spectroscopy.

Figure 3: Illustration of the Procedure Applied to Separation of Amphetamine from Captagon Tablets.

https://medwinpublishers.com/IJFSC/
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Result and Discussion

Presumptive Color Tests

One of the simplest analytical procedures used in a 
forensic chemistry laboratory is broadly classified under 
color tests. Color tests or spot tests are chemical tests that 
involve the reaction of a sample with a reagent or a series of 
reagents to produce a color or a change in color. The biggest 
advantages of color tests are their simplicity and ease of use. 
A negative result for a color test is helpful, for example, in 
excluding a drug or a class of drugs, depending on the test 
performed [33]. Color tests remain an important tool for 
the preliminary identification of illicit drugs despite the 
developments in instrumental technology, as no complex 
devices are required and the time needed to perform the test 
is short. There are a large number of color tests that have 
been developed over the years to screen for the presence of 
certain drugs or drug classes [33,34]. The most two common 
color tests used for the identification of amphetamine are the 
Marquis test and the Liebermann test.

Marquis Test

The reagent is composed of 10% of 37% formaldehyde 
in concentrated sulfuric acid [34]. When added one drop 
of Marquis reagent to the separated sample the orange-
brown color gives a positive indication of the presence of 
amphetamine, as shown in Figure 4.

Figure 4: Color Tests of Amphetamine (A) The Sample 
after Separation, (B) Liebermann Test (C) Marquis Test.

Liebermann Test 

The reagent is prepared by adding 5 g of sodium 
nitrite in 50 ml of sulfuric acid [33]. When one drop of 

Liebermann reagent is added to the separated sample, the 
red-orange color gives a positive indication of the presence 
of amphetamine, as shown in Figure 4.

Volume of the Separation Solvent

Various volumes of solvents were used in order to find 
the optimum quantity of the separation solvent volume. 
Specifically 1, 2 and 3 ml of all the solvents were applied 
for the separation of amphetamine from captagon tablets, 
and then a mixture of solvents was used. Four experiments 
were carried out for each volume of the solvents. The best 
result was obtained using acetonitrile. The percentage of 
amphetamine was approximately the same (85.50 and 87.8) 
when 1 and 2 ml of acetonitrile were used as solvent. When 
3 ml of acetonitrile was used, the matching reached 92.2% 
with the SWGDRUG library amphetamine sulfate standard 
using FTIR. Hence, a volume of 3 ml was selected for the rest 
of the study.

Selection of the Separation Solvent

The separation procedures were carried out using 
different solvents. Five solvents (Acetonitrile, Chloroform, 
H2O, Dichloromethane, and Methanol) and a mixture of 
solvents (Chloroform: MeOH, 3:1 v/v), (ACN: MeOH, 3:1 
v/v), (ACN: H2O, 3:1 v/v), and (ACN: MeOH: DCM, 0.5: 0.5: 
0.5 v/v) were used in order to find out the best solvent for 
the separation of amphetamine in the solutions. At least, 
four experiments for each solvent were carried out. Table 1 
shows that the percentage separation of amphetamine was 
achieved by a 3:1 acetonitrile and methanol mixture; this 
result indicates that the addition of methanol to acetonitrile 
increased the efficiency of the separation.

Solvents used Percentage of 
Matching (%)

Dichloromethane 91.12
Chloroform 84
Acetonitrile 92.2

Acetonitrile: Methanol (3:1 v/v) 97.14
Chloroform: Methanol (3:1 v/v) 93.9

Acetonitrile: H2O (3:1 v/v) 83.4
Acetonitrile: Methanol: Dichloromethane 

(0.5: 0.5: 0.5 v/v) 96.21

Dichloromethane: Methanol (3: 1 v/v) 95.1
Dichloromethane: Acetonitrile (3: 1 v/v) 94.61
Dichloromethane: Acetonitrile (1: 1 v/v) 93.22

Table 1: Comparison between the Matching of Amphetamine 
Separated with Amphetamine Sulfate in the FTIR Library by 
SWGDRUG.

https://medwinpublishers.com/IJFSC/
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UV/VIS Analysis of Captagon Tablets 

The captagon tablets before separation contain a 
compound giving UV absorption at 278 nm due to the 
presence of caffeine in the tablets, as shown in (Figure 5). 
Figure 6 represents the UV spectrum of amphetamine 
according to Moffett et al. (2011) [35]. According to Figures 

7 & 8, after separation using ACN and (ACN: MeOH) the 
captagon tablets were found to contain a compound giving UV 
absorption at 262 nm, 256 nm, and 251 nm using deionized 
water as solvent; this solid, when compared with the UV/VIS 
spectrum given in the reference [35], gives an exact match 
with amphetamine. 

Figure 5: UV Spectra of Amphetamine Sulfate by Anthony MC, et al. [35].

Figure 6: UV Spectra of Captagon Tablets without Separation (Caffeine Compound).

Figure 7: Figure 7 : UV Spectra of Captagon Tablets after Separation Using ACN.
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Figure 8: UV Spectra of Captagon Tablets after Separation Using ACN: Methanol (3:1ml).

IR Analysis of Captagon Tablets 

The principal way that FTIR is currently used in the 
analysis of illicit drugs is through the use of spectral libraries 
to match the spectra of known compounds to the unknown 
(often a mixture). This technique is commonly used in 
identifying illicit drugs, precursors, and other chemicals 
related to the process [36].

The characteristics of IR bands and major functional 
groups detected are summarized for captagon tablets after 
separation using ACN (3 ml), ACN: MeOH (3:1 v/v), and ACN: 
MeOH: DCM (0.5: 0.5: 0.5 v/v) in (Figures 9-11), respectively. 
In IR spectra analysis, the bands appear clearly at 1600 
cm-1, 1490 cm-1, 1219 cm-1, 1086 cm-1, 810 cm-1, 745 
cm-1, and 702 cm-1; this result, when compared with the 
amphetamine sulfate FTIR spectrum from the library given 

in the reference of (SWGDRUG) [37], appears to match a 
percentage of DL-amphetamine sulfate (97.14%). This result 
is evidence that the efficiency of the separation method 
was achieved. On the other hand, Figure 12 represents the 
IR spectrum of amphetamine by SWGDRUG, and Figure 13 
refers to captagon tablets without separation. In this figure, 
the functional groups of the major compound, which is 
caffeine, appear. Caffeine is more polar than amphetamine 
[38], so the more polar compounds will be separated from the 
tablets and settle in the liquid phase, while the less polar one 
(amphetamine) is still in the solid phase. The separation of 
amphetamine can be optimized by increasing the volume of 
the solvent to 3 ml of ACN and increasing the solvent polarity 
by adding 1 ml of MeOH. This led to a complete dissolution 
of caffeine and a clear separation of amphetamine from all 
components present in the captagon tablets.

Figure 9: IR Spectra of Captagon Tablets after Separation Using (ACN: Methanol 3:1ml).

https://medwinpublishers.com/IJFSC/
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Figure 10: IR Spectra of Captagon Tablets after Separation Using ACN: MeOH (3:1ml) Compare with (SWGDRUG).

Figure 11: IR Spectra of Captagon Tablets after Separation Using ACN: MeOH: DCM (0.5: 0.5: 0.5 V/V) Compare With 
(SWGDRUG).

Figure 12: IR Spectra of Amphetamine by (SWGDRUG).
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Figure 13: IR Spectra of Captagon Tablets without Separation (Caffeine Compound).

Conclusion

Sample preparation is an important step in the isolation 
of target compounds from complex matrices to perform 
their reliable and accurate analysis. This study examined 
the separation of amphetamine from captagon tablets using 
different solvents. The effects of the type and volume of the 
solvent on the separation were studied. The results showed 
that the separation using a mixture of ACN: MeOH (3: 1 
ml) closely matches 97.1 % of amphetamine sulfate when 
compared with the FTIR spectrum given in (SWGDRUG). 
The UV-Vis spectra of amphetamine separated show three 
absorptions with a maximum at 262 nm, 256 nm and 251 
nm. Finally, this study might be able to address the demand 
for both qualitative forensic investigations and fast reliable 
confirmation for amphetamine detection in captagon tablets, 
and it showed that FTIR is a promising technique for the in-
field detection of illicit drugs.
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