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The fluoroamphetamines (FMP) and fluoromethamphetamines (FMA) are alternative psychoactive analogues of
amphetamine-type stimulants. To identify these analogues quickly, examinations using thin layer chromatography (TLC),
Fourier transform infrared spectroscopy (FT-IR) and gas chromatograph-mass spectrometry (GC-MS) were conducted.
When using TLC, six analogues were successfully separated, and especially within the FMP group and FMA groups, a clear
separation of the spots was achieved. When using FT-IR, it was possible to discriminate amphetamine, methamphetamine
and six analogues. Especially, it was possible to discriminate methamphetamine and 2-fluoromethamphetamine (2-FMA) by
comparing their IR spectra, that is, methamphetamine (748 and 700 cm-1) and 2-FMA (761 cm-1). In addition,
2-fluoroamphetamine (2-FMP) and 2-FMA were able to be identified by detecting the absorption peaks of the alkyl amine
and the secondary amine, that is, 2-FMP (2883, 2704 and 2520 cm-1) and 2-FMA (2970, 2736 and 2459 cm-1). When using
GC-MS, it was possible to differentiate methamphetamine from FMA and amphetamine from FMP by comparing the m/z
value of their main ions. The m/z values of methamphetamine are: 58, 65, 91 and 134; those of FMA are: 58, 83, 109 and
152; those of amphetamine are: 44, 65, 91 and 120; and those of FMP are: 44, 83 and 109. However, there is a strong
similarity among substances of the FMA group and FMP group respectively, so it was difficult to discriminate them by mass
spectra alone. However, except for 3-FMP and 4-FMP, by comparing the retention time by using a sample of free base, it

was possible to discriminate between samples.
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Fig. 2 Thin layer chromatogram of methamphetamine and its analogues by two
solvent systems

Solvent system
chloroform : acetone : isopropyl alcohol: ammonia water =30 :20:40 : 1
chloroform : acetone : methanol : ammonia water = 50 : 40 : 10 : 1

A : mixture of methamphetamine and 2-FMA, B : methamphetamine,

C : mixture of methamphetamine and 3-FMA, D : 3-FMA,

E : mixture of methamphetamine and 4-FMA, F : 4-FMA,

G : methamphetamine, H : mixture of methamphetamine, 2-FMA, 3-FMA
and 4-FMA,

I : methamphetamine, J : mixture of methamphetamine and 3-FMA,

K:3-FMA

Detector : UV (254 nm)

Table 1 Rf values of the stimulants and their analogues

Rf value

Sample

Meth 0.38 0.18 0.43 0.65 0.43 0.68 0.69
2-FMA 0.48 0.22 0.54 0.75 0.51 0.76  0.70
3-FMA 0.40  0.19 0.47 0.66 052  0.71 0.69
4-FMA 034 0.14 0.41 0.61 0.51 0.66 0.68
Amph 0.67 052 0.79 0.75 057 0.69 0.25
2-FMP 0.74  0.63 0.84 0.79 056 0.74 0.76
3-FMP 0.69  0.56 0.79 0.74 052 0.69 0.76
4-FMP 0.65 0.49 0.78 0.70 047 0.64 0.64

Meth: methamphetamine, Amph: amphetamine

Solvent system

(1) chloroform : acetone : isopropyl alcohol : ammonia water =30 :20:40 : 1
(2) chloroform : acetone : ethanol : ammonia water =50 :40:10: 1

(3) chloroform : acetone : methanol : ammonia water =50 : 40 : 10 : 1

(4) isopropyl alcohol : ammonia water =95 : 5

(5) chloroform : methanol : ammonia water =95 : 5 : 1

(6) chloroform : 1,4-dioxane : ethyl acetate : ammonia water =25 :60: 10: 5
(7) chloroform : methanol : water = 65 : 35 : 4

Detector: UV (254 nm)

3.2 FT-IR
Fig. 1 Thin layer chromatogram of the stimulants and their analogues by eight 3.2.1
solvent systems
chloroform : acetone : isopropyl alcohol : ammonia water =30 :20:40: 1
chloroform : acetone : ethanol : ammonia water =50 :40: 10 : 1
chloroform : acetone : methanol : ammonia water =50 :40:10: 1
isopropyl alcohol : ammonia water =95 : 5
chloroform : methanol : ammonia water =95 : 5 : 1
chloroform : 1,4-dioxane : ethyl acetate : ammonia water=25:60:10:5
chloroform : methanol : water =65 : 35 : 4
methylethylketone : dimethylformamide : ammonia water = 13:1.9:0.1
A : amphetamine, B : mixture of 2-FMP, 3-FMP and 4-FMP, C : 2-FMP,
D : 3-FMP, E : 4-FMP, F : methamphetamine, G : mixture of 2-FMA, 3-FMA
and 4-FMA, H : 2-FMA, I : 3-FMA, J : 4-FMA
Detector : UV (254 nm) Fig.3 2-FMA
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Fig.3 Calculated spectrograms for methamphetamine (Meth) and 2-FMA

3.22
Table 2
Fig. 4 8
Table 2 The dataset for cluster analysis
Wavenumber (cm™)
Sample 1 2 3 4 5 6 7 8
Meth 2,967 2,731 2460 1,604 1,488 1,060 748 463
2-FMA {2,970 2,736 2459 1,605 1,492 1,236 761 451
3-FMA {2972 2735 2459 1,614 1483 1,253 792 522
4-FMA {2970 2,735 2449 1,602 1,512 1220 817 553
Amph 2,945 2,785 2,557 1,618 1,454 1,055 744 460
2-FMP {2947 2,706 2,499 1,589 1,492 1230 758 438
3-FMP {2904 2,696 2490 1,612 1487 1,140 796 523
4-FMP {2989 2910 2486 1,600 1,504 1,217 804 557
Meth: methamphetamine, Amph: amphetamine
3.23
Fig.5 a)
3,020cm™ vV =cu 2,795
2,500cm™ v y'u 1,612 1,500cm’ V cc
1,463cm’ dcn 750 700cm’ Sci
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Fig. 4 Cluster dendrograms of FT-IR peak wavenumber data from the stimulants
and their analogues
Meth: methamphetamine, Amph: amphetamine
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Fig.5 FT-IR spectra for the stimulants and their analogues
a) methamphetamine, b) 2-FMA, ¢) 3-FMA, d) 4-FMA, e¢) amphetamine, f) 2-FMP, g) 3-FMP, h) 4-FMP
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Fig. 6 Comparison of FT-IR spectra for methamphetamine and 2-FMA
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Fig. 7 Comparison of FT-IR spectra for 2-FMA and 2-FMP
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Fig. 8 Elmass spectra for the stimulants and their analogues
a) methamphetamine, b) 2-FMA, ¢) 3-FMA, d) 4-FMA, e¢) amphetamine, f) 2-FMP, g) 3-FMP, h) 4-FMP
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Fig. 9 Proposed fragmentation pathway for methamphetamine

CH

N\
m/Z =152

+ CH
CHeH=N °

H
m/z = 58

)

m/z = 109
HCECHli

F;‘; miz = 83

Fig. 10 Proposed fragmentation pathway for the fluoromethamphetamines
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Fig. 11 Proposed fragmentation pathway for amphetamine
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Fig. 13 TIC of the stimulants and their analogues under four GC conditions

Meth: methamphetamine, Amph: amphetamine

Fig. 14 TIC of the stimulants and their analogues (base form) under four GC conditions
Meth: methamphetamine, Amph: amphetamine
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Fig. 15 TIC of the mixture sample under four GC conditions
Meth: methamphetamine, Amph: amphetamine
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