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, , 99 

 (

 2552) 
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 (Overdose) 
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 Color 

Immunochrommatographic Assay (CICA Technique) (Coretests 2552), Therapeutic drugs 

mornitoring analysis (TDx) (  2546: 26), Gas chromatography-flame ionization 

detector (GC-FID) (Mitrevski et al. 2005: 11-21, Phonchai et al. 2007: 1-14), High-Performance 

Liquid Chromatography (HPLC) (  2546: 27) 

 Gas chromatography-flame ionization detector (GC-FID) 

 Nuclear Magnetic Resonance Spectroscopy (NMR) 

NMR

 (  2539: 206)

2.

2.1

 Gas Chromatography-flame ionization detector (GC-FID) 

2.2  Nuclear Magnetic Resonance Spectroscopy (NMR) 

2.3

 Gas Chromatography-flame ionization detector (GC-FID)  Nuclear Magnetic 

Resonance Spectroscopy (NMR)

3.

 15 

Gas Chromatography-flame ionization 
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detector (GC-FID) Nuclear Magnetic Resonance Spectroscopy (NMR)

4.

4.1
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5.

/

 Gas Chromatography-flame ionization detector 

(GC-FID)  Nuclear Magnetic Resonance Spectroscopy (NMR) 

6.

6.1  (MA) 

 Gas Chromatography-flame ionization detector (GC-FID) 

6.2  (MA) 

Nuclear Magnetic Resonance Spectroscopy (NMR)

6.3  (MA) 
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1.

. . 2522 

(  2552) 

2.

 1  LSD MDMA 

 2 

 3  2 

 4  acetic anhydride, acetyl chloride 

 5 

( ,  2552)

3.



6

 21  2539 

4.

, M, PG, WY, 

, , 99 

(  2552) 

5.

 4 

5.1

5.2

5.3

5.4

5.4.1

5.4.2  " "

 " "

6.

(amphetamine)

3  (amphetamine sulfate) 

(methamphetamine)  (methamphetamine hydrochloride) 
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 –CH3  –H  –NH2  (methamphetamine) 

 95.5  335  17.2+5.1 

 (caffeine)  91 

 (  67.5)  45-60 

 (ephedrine)  3  386 

 1.1, 1.5,  2.3 (Palanuvej et.al 1997: 73-

80)

7.

 (amphetamine) 

 2 ( . . 2530)  14 

 2530 

. . 2519 

8.

 (

) amphetamine sulphate  racemate form 

( )

. . 1887 . . 1932 

. . 1937 amphetamine sulphate 

 (narcolepsy)  parkinsonism 

 (lethalgy)  1970 

 (attention-deficit/hyperactivity)  (narcolepsy) 

 dexamphetamine, 

methamphetamine,  methylphenidate  ice, crystal, 
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crystal meth,  speed 

sympathomimetic, stimulants ( )  psychostimulants (

)

9.

 Phenyl-isopropylamine  (+)-2-

amino-1-phenylpropane  phenylacetic  acetic acids  1

   C6H5CH2COOH + CH3COOH

                 MnO2 (Vapor phase) 

      C6H5COCH3

       CH3    HCONH2 + HCOOH 

    C6H5CH2-CHNH

        HOH (acid) 

         C6H5CH2-CH-NH2

          ( )

 1 

10.
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 7  0.11  1 

 M/99, M/44, H/* 

 C9H13N  135.20  200-203 C

 (geranium leaves) 

 (amphetamine sulfate)  (C9H13N)2.H2SO4

 368.5  1:9 

 300 C

 (amphetamine phosphate)  (C9H13N)2.H2PO4

 233.2 

 (Central nervous system) 

 (peripheral nervous system) 

 (  2552) 

11.

. . 1888 

 (Methamphetamine) 

12.

 C10H15N  149.23  172-174 C

(Wikipedia 2552)

13.

 –CH3  –H  –NH2  2 
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               Amphetamine                                                                 Methamphetamine 

 2  Amphetamine  Methamphetamine

:  [ ],  8  2552. www.chemtrack.org/

 BoardPicture/DP0-1116-2.jpg.

:  [ ],  8  2552.  www.fda.moph.go.th 

/news/image/meth.jpg.

14.

 (  2552) 

15.

15.1
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15.2

 (Overdose) 

15.3

(  2552) 

15.4  1 

. . 2522  2 

 2  1 

 1 

 - 

-

-  20 

 -  100  5 

 50,000 -500,000 

-  100 

 -  20  1-10 

 10,000-100,000 

-  20 

 -  6  10  5,000–100,000 
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 2 ( )

 1 

  -  2-20  20,000-200,000 

-  2  4-30

 40,000-300,000 

 1-5  10,000–50,000 

: ,  [ ], 

 21  2552.  http://chakkarat.nmpp.go.th/ web/law_detail.php?.

16.

 (  2546: 266-267)

 Color Immunochrommatographic Assay (CICA Technique) (Coretests 2552), 

Therapeutic drugs mornitoring analysis (TDx) (  2546: 26), Gas chromatography-

flame ionization detector (GC-FID) (Mitrevski et.al 2005: 11-21, Phonchai et.al 2007: 1-14), 

High-Performance Liquid Chromatography (HPLC) (  2546: 27) 

 Gas chromatography-flame ionization 

detector (GC-FID) 

 Nuclear Magnetic Resonance Spectroscopy (NMR) 

NMR

 (  2539: 206)
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17.  Gas Chromatography (GC)

 (  450 C)

 (stationary phase)  (mobile phase)  carrier gas 

 (  2552) 

17.1  GC

 GC  3 

 3  GC

: ,

( : , 2539), 812.

 (Carrier gas) 

 (Flow controller) 

 (Injection port) 
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 (Column) 

 (Detector) 

 (Temperature controller) 

Injector

 Data processor 

17.2  GC 

 GC 

 GC  Sample 

injection port  (Carrier gas) 

 (Detector) 

 Recorder 

Printer  Integrator 

(  2539: 812)

18.  Nuclear magnetic resonance (NMR) 

 Nuclear magnetic resonance (NMR) . . 1946  2 

 (  2539: 206) 

 ( ,  2552) 

 1956

18.1  NMR

Nuclei  (spinning)  nuclei 

 (spinning charges) 

 nuclei  1H  13C 

(spin  0)  12C  16O  spectrum 

 spin (spin = 0) 
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 nuclei  nuclei 

 nuclei 

 nuclei 

 (radiofrequency; rf)  nuclei 

 (lower energy state)  (

spin  "flip") 

 (energy gap) 

 1.4  4.0 tesla (T) (

 0.0007 T )

 60 - 600 MHz (megahertz; 1MHz = 106 Hertz 

106 / )  6 - 60 x 106 kcal/mol 

18.2  (chemical shift)  NMR 

 NMR spectrum (Measuring of NMR spectrum)  1H NMR spectrum 

 2 - 3 mg 

 1H  CCl4  hydrogen (H)  deuterium (D) 

 deuterated solvent  CDCl3, CD3OD  (reference) 

 tetramethylsilane (TMS; (CH3)4Si)

 quartz (  2552)  4

) )

 4 )  NMR spectrum )

: ,  NMR spectrum

[ ],  8  2552. http:www.chemistry.sc.chula.ac.th/

course_info/2302265_04_TV/nmr-265.pdf.
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 radiofrequency (rf) coil 

 nuclei 

 nuclei  rf coil 

 nuclei  absorb  nuclei 

 resonance 

 nuclear magnetic resonance  plot  nuclei 

 rf coil  NMR spectrum (  2552)  5

 5  NMR spectrum 

: ,  NMR spectrum

[ ],  8  2552.  http: www.chemistry.sc.chula.ac.th/course_ 

info/2302265_04_TV/nmr-265.pdf.

 (applied magnetic field)  rf 

frequency  rf frequency 

 absorb 

 spectrum 

 (  2552)  6
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 6 1H NMR spectrum 

: , NMR [ ],  17  2552. 

http://www.chemistry.sc.chula.ac.th.

 NMR 

 NMR 

 (internal standard)  (

2552)

18.3  chemical shift  3 
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 3  chemical shift  NMR

 Chemical Shift, ppm 

Cyclopropane C3H6 0.2 

Primary R-CH3 0.9 

Secondary R2-CH2 1.3 

Tertiary R3-C-H 1.5 

Vinylic C=C-H 4.6-5.9 

Acetylenic triple bond,C C-H 2.0-3.0 

Aromatic Ar-H 6-8.5 

Benzylic Ar-C-H 2.2-3 

Allylic C=C-CH3 1.7 

Fluorides H-C-F 4-4.5 

Chlorides H-C-Cl 3.0-4.0 

Bromides H-C-Br 2.5-4 

Iodides H-C-I 2.0-4.0 

Alcohols H-C-OH 3.4-4 

Ethers H-C-OR 3.3-4 

Esters RCOO-C-H 3.7-4.1 

Esters H-C-COOR 2-2.2 

Acids H-C-COOH 2-2.6 

Carbonyl Compounds H-C-C=O 2-2.7 

Aldehydic R-(H-)C=O 9.0-10.0 

: ,  NMR [ ],  5  2552. 

http://www.chemistry.sc.chula.ac.th/course_info/2302265/Specto.pdf.
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 7 

 7  NMR

: ,  NMR [ ],  5  2552. 

http://www.chemistry.sc.chula.ac.th/course_info/2302265/Specto.pdf.

19.  GC  NMR 

Youngchan et al. (1993)  MA  AM  11 

 GC-FID 

 MA 

Furnari et al. (1998)  3,4-methylenedioxyamphetamine 

 UV spectrophotometre, thin-layer chromatography, GC-FID, GC-MS-EI,  GC-

MS-CI  UV,  thin-layer chromatography 

methylenedioxyamphetamine  GC-FID, GC-MS-EI,  GC-MS-CI 

 MDP-2-MB,MBDB, MDP-2-B,  MDP-2-

MMB

Palanuvej et al. (1997)  GC-

FID  335 

 28  (  8.4)  247  (

73.7)  45  (  13.4) 
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 1  14 

 (  4.2)

Katagi et al. (2001)  AP 

 AP 

 mass spectrometry, NMR,  IR  

Puthaviriyakorn et al. (2002) 

 GC  9  1,2-dimethyl-3-

phenylazine, ephedrine, methylephedrine, N-formylmethamphetamine, N-

acetylmethamphetamine, N-for-mylephedrine, N-acetylephedrine, N,O-diacetylephedrie, 

methamphetamine dimer

Ottaviano et al. (2002)  di ( -phenylisopropyl) amine 

 amphetamine 

 1999-2000  ultraviolet  NMR 

 chromatographic, gas chromatographic,  mass 

spectrometric

Dayrit et al. (2004)  methamphetamine 

hydrochloride  GC-FID  GC-MS 

 methamphetamine hydrochloride  p-

bromotoluene, N-benzyl amphetamine, N-ethyl amphetamine, N-ethyl methamphetamine, 

phenyl-2-propanone (P2P), N,N-dimethyl amphetamine, N-formyl amphetamine  internal 

standards 3 

Adam et al. (2005) 

 GC-FID  298 

 2003-  2004  298  wY 

209 , wy 47 , WY 15 , R 13 , Wy 12 , OK 1 , 888 

1  0.0914±0.007 

 6.019±0.004  3.027±0.136 

 MA  caffeine 21.76±6.39 mg%  62.43±9.15 mg% 

 ANOVA 

 (p<0.05)
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Mitrevski et al. (2005)  AM  AM, MA, MDA, 

MDMA, MDEA,  MDBD  GC-FID 

 AM

Phonchai et al. (2007)  MDMA, MDA,  MA 

 GC-FID  10.5 

 3.125-200 /

MDMA 6.25-200 /  MDA,  MA 6.25-200 /
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 3 

1.

 4 

Methanol BDH 

Diphenylamine  fluka 

Methamphetamine  Sigma 

Hydrochloride (MA) 99.9%   

Amphetamine Sigma  

Hydrochloride (AP) 99.9%   

Caffeine fluka 

Tetramethylsilane (TMS)  Alltech 

CDCl3  Alltech 

2.

 5 

Gas Chromatography-flame  Shimadzu (GC-17A) 

ionization detector (GC-FID)   

Column SGE code HP-5 

Syringes SGE, Austrelia ( 10 µL) 
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 5 ( )

Nuclear Magnetic Resonance  Bruker (Avance 300) 

Spectroscopy (NMR)   

centrifuge Hettich, EBA 8 

3.

3.1

3.1.1  15 

3.2  MA 

Gas Chromatography-flame ionization detector (GC-FID) 

3.2.1  DPA  1.00 mg/ml  internal 

standard  DPA 50.00 mg 

 50.00 ml  methanol 

3.2.2  MA  stock solution 

 MA  1.00 mg/ml  MA 25.00 mg 

 25.00 ml  methanol 

stock solution  0.50, 1.00, 2.00, 3.00,  4.00 ml 

5.00 ml  DPA  1.00 ml (  stock solution  3.2.1) 

 5.00 ml  methanol 

 8  6 
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 8  MA  GC-FID 

 MA  

 1 mg/ml 

5 0.50, 1.00, 

2.00, 3.00,  4.00 ml 

 DPA 

 1.00 mg/ml

 5 

 1.00 ml 

 5 

 5.00 ml 

methanol

 GC-FID 

 DPA 

 1.00 mg/ml   DPA 

50.00 mg 

 50.00 ml  methanol

 MA  

 1.00 mg/ml  MA 

25.00 mg 

 25.00 ml  methanol 
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 6  MA  GC-FID 

Std. MA 

 Std. MA  DPA 

(mg/ml)  1 mg/ml  1 mg/ml  methanol 

 (ml)  (ml)  (ml) 

0.10 0.50 1.00 5.00 

0.20 1.00 1.00 5.00 

0.40 2.00 1.00 5.00 

0.60 3.00 1.00 5.00 

0.50 4.00 1.00 5.00 

3.2.3  5.00 mg 

 DPA 1.00 ml (  stock solution  3.2.1) 

 5.00 ml  methanol  sonicate  5 min 

 centrifuge  5 min  GC-FID 

 9

 9 GC-FID 

 5.00 mg 

 5 ml 

 DPA  1.00 mg/ml 1.00 ml 

 5.00 ml  methanol

 sonicate  5 min 

 centrifuge  5 min 

 GC-FID
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3.3  MA, caffeine, 

 Nuclear Magnetic Resonance Spectroscopy (NMR) 

3.3.1  TMS  1.67 mg/ml 

 internal standard  stock solution  TMS  0.12 ml 

 CDCl3  66.67 ml

3.3.2   MA  5 

3.3.2.1  MA  5.00 mg/ml  

 MA 5.00 mg  stock solution  3.3.1  1.00 ml

3.3.2.2  MA  4.00 mg/ml 

 MA  5.00 mg/ml  stock solution  3.3.2.1  0.40 ml

 stock solution  3.3.1  0.10 ml   0.50 

ml

3.3.2.3  MA  3.00 mg/ml 

 MA  5 mg/ml  stock solution  3.3.2.1  0.30 ml  

 stock solution  3.3.1  0.20 ml   0.50 

ml

3.3.2.4  MA  2.00 mg/ml 

 MA 4.00 mg/ml  stock solution  3.3.2.2  0.25 ml  

 stock solution  3.3.1  0.25 ml   0.50 

ml

3.3.2.5   MA  1.00 mg/ml 

 MA 2.00 mg/ml  stock solution  3.3.2.4  0.25 ml  

 stock solution  3.3.1  0.25 ml   0.50 

ml  10  7 
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 10  MA NMR

 TMS  1.67 mg/ml 

 TMS  0.12 ml 

 CDCl3  66.67 ml 

  MA 

 5 

 5.00 mg/ml  MA 

5.00 mg 

 TMS  1.00 ml

 4.00 mg/ml 

 MA  5.00 

mg/ml  0.40 ml

 TMS

 0.10 ml

 0.50 ml 

 3.00 mg/ml 

 MA  5.00 

mg/ml  0.30 ml

 TMS

 0.20 ml

 0.50 ml 

 2.00 mg/ml 

 MA  4.00 

mg/ml  0.25 ml

 TMS

 0.25 ml

 0.50 ml 

 1.00 mg/ml 

 MA  2.00 

mg/ml  0.25 ml

 TMS 

 0.25 ml

 0.50 ml 
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 7  MA  NMR

Std. MA 

 Std. MA  Std. MA  Std. MA  TMS 

(mg/ml) MA 

(mg) 5.00 mg/ml 2.00 mg/ml 1.00 mg/ml 1.67 mg/ml 

(ml)  (ml)  (ml)  (ml) 

1.00 - - - 0.25 0.25 

2.00 - - 0.25 - 0.25 

3.00 - 0.30 - - 0.20 

4.00 - 0.40 - - 0.10 

5.00 5.00 - - - 1.00 

3.3.3   caffeine  5 

3.3.3.1  caffeine  25.00 mg/ml  

 caffeine 25.00 mg  stock solution  3.3.1  1.00 ml

3.3.3.2  caffeine  20.00 mg/ml 

 caffeine  25.00 mg/ml  stock solution  3.3.3.1 

 0.40 ml   stock solution  3.3.1  0.10 ml  

 0.50 ml

3.3.3.3  caffeine  15.00 mg/ml 

 caffeine  25 mg/ml  stock solution  3.3.3.1 

0.30 ml   stock solution  3.3.1  0.20 ml  

 0.50 ml

3.3.3.4  caffeine  10.00 mg/ml 

 caffeine 20.00 mg/ml  stock solution  3.3.3.2  0.25 

ml   stock solution  3.3.1  0.25 ml  

0.50 ml
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3.3.3.5   caffeine  5.00 mg/ml 

 caffeine 10.00 mg/ml  stock solution  3.3.3.4  0.25 ml  

 stock solution  3.3.1  0.25 ml   0.50 

ml  11  8 

 11  caffeine NMR

 25.00 mg/ml

caffeine 25.00 mg 

 TMS 

 1.00 ml

 20.00 mg/ml 

 caffeine 

25.00 mg/ml  0.40 ml

TMS  0.10 ml

 0.50 ml 

 15.00 mg/ml 

 caffeine 

25.00 mg/ml  0.30 ml

TMS  0.20 ml

 0.50 ml 

 10.00 mg/ml 

 caffeine  20.00 

mg/ml  0.25 ml

 TMS

 0.25 ml

 0.50 ml 

 5.00 mg/ml 

 caffeine 

 10.00 mg/ml 

0.25 ml

 TMS 

 0.25 ml

 0.50 ml 

caffeine

5
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 8  caffeine NMR

Std.           

caffeine  Std.  Std.  Std. 

 caffeine  caffeine  caffeine  caffeine TMS 

(mg/ml) (mg) 

    25.00 mg/ml 20 mg/ml 10 mg/ml 1.67 mg/ml 

    

    (ml)  (ml)  (ml)  (ml) 

5.00 - - - 0.25 0.25 

10.00 - - 0.25 - 0.25 

15.00 - 0.30 - - 0.2 

20.00 - 0.40 - - 0.10 

25.00 25.00 - - - 1.00 

3.3.4  12.00 mg 

stock solution  3.3.1  2.00 ml  sonicate  5 min 

 centrifuge  5 min  NMR 

 12

 12 NMR

 12.00 mg

TMS  2.00 ml 

 sonicate 

 5 min  centrifuge 

 5 min 

NMR
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3.4

3.4.1  GC-FID 

Column       : HP5  Temperature program 

 120 °C  4 min 

 20 °C /min

 250 °C  5 min 

Injector temperature  : 200 °C 

Detector  temperature  : 300 °C 

Carrier gas         : He 

Flow rate       : 1.6 ml/min 

Column pressure    : 150 kpa 

Split ratio (1:X)        : 50 

Injection volume      : 1.0  µl 

3.4.2  NMR

Analysis   : 1H 

Frequency   : 300 MHz  

Solvent   : CDCl3

Reference   : TMS (Internal standard) 

Number scan   : 16 
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 4 

1.

wY 7 , WY 5 ,  R, ,  888  1 

, , , , ,  6.00-7.00 

 79.00-118.80 mg/tablet  9  13 

 9  15 

      (mm) (mm) (mg/tablet) 

1 WY  6.00 2.00 93.30 

2 WY  6.00 2.10 87.80 

3 wY  6.10 2.00 86.50 

4 wY  6.00 2.00 99.20 

5 WY  6.20 3.00 118.80 

6 wY  6.00 2.40 86.70 

7 wY  7.00 3.00 94.60 

8  7.00 2.00 98.80 

9 R  6.20 2.20 90.60 

10 wY  6.00 2.00 79.00 

11 888  6.20 2.00 94.70 

12 wY  6.00 2.20 92.40 

13 wY  6.10 2.10 93.40 

14 WY  6.00 2.00 94.10 

15 WY  6.20 2.00 104.50 
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              1                                                    2                                                      3

               4                                                    5                                                    6 

                7                                                    8                                                  9 

                10                                                11                                                 12 

                 13                                              14                                                  15 

 13  15 
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2.  MA  15  GC-FID

2.1  Retention time   AP, MA,  DPA  GC-FID 

 AP, MA,  DPA  0.08, 

0.07,  0.09 mg/ml  GC-FID 

 GC-FID  retention time (tr) 

AP, MA,  DPA  10  14

 10   retention time (tr)  AP, MA,  DPA 

 retention time (tr) 

  (min) 

AP  3.52 

MA 4.43 

DPA 11.15 

 14  AP, MA,  DPA 

3
.5

2 4
.4

3 1
1
.1

5
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2.2  MA  GC-FID 

 calibration curve 

 MA  DPA 

MA  0.10, 0.20, 0.40, 0.60,  0.80 mg/ml  11 

 15 

 11  MA  DPA  (Q 

 MA  DPA) 

             Q      

MA (mg/ml)  1  2  3  SD 

0.10 0.27 0.25 0.24 0.25 0.01 

0.20 0.55 0.55 0.59 0.56 0.02 

0.40 1.27 1.29 1.25 1.27 0.02 

0.60 1.94 2.07 2.00 2.01 0.07 

0.80 2.52 2.56 2.63 2.57 0.05 

 15  MA 

                DPA  MA (mg/ml) 
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 MA  15 

 MA  DPA 

 MA  GC-FID 

6.03-38.31 mg/tablet (6.10-42.28 % by weight)  12

 12  MA  15 

 GC-FID 

 MA  MA 

  (mg/tablet) (mg/tablet) wt.% 

1 93.30 30.34 32.52 

2 87.80 17.46 19.89 

3 86.50 27.74 32.07 

4 99.20 25.77 25.98 

5 118.80 65.97 55.53 

6 86.70 27.65 31.89 

7 94.60 26.88 28.42 

8 98.80 6.03 6.10 

9 90.60 38.31 42.28 

10 79.00 10.20 12.91 

11 94.70 10.48 11.07 

12 92.40 32.16 34.80 

13 93.40 17.44 18.67 

14 94.10 24.66 26.20 

15 104.50 30.20 28.90 
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3.  MA  caffeine  15  NMR 

3.1  chemical shift  MA,  caffeine, 

 300 MHz  NMR 

 GC-FID 

MA  caffeine   NMR 

 chemical shift  MA, caffeine 

 MA  NMR 

 chemical shift  16  13

 16  chemical shift  MA 
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 13  chemical shift  MA 

chemical shift (ppm)

7.1-7.4

3.5-3.7 CH2

3.1-3.3 CH 

1.2-1.4 CH3

2.6-2.8 CH3

9.5-9.7 NH 

 caffeine  NMR 

 chemical shift  17  14

 17  chemical shift  caffeine
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 14  chemical shift  caffeine 

chemical shift (ppm)

7.4-7.5 CH 

3.9-4.0 CH3

3.5-3.6 CH3

3.3-3.4 CH3

 NMR  16 

 NH  chemical shift 

 9.5-9.7 ppm  MA  CH3

 chemical shift  3.9-4.0 ppm  caffeine 

 NH  chemical shift  MA 

 CH3  chemical shift  caffeine  NH 

 CH3  18 

 18  chemical shift 

NH

CH3
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3.2  MA  caffeine  NMR

 MA  caffeine  NMR 

 NMR 

 NMR 

 (internal standard) 

 chemical shift 

 MA  NH 

 caffeine  CH3  NH  CH3

 TMS  internal standard  TMS 

 NMR  reference  TMS  equivalent 

peak  TMS 

 NH  TMS 

 MA  5  1.00, 2.00, 3.00, 

4.00,  5.00 mg/ml  15  19 

 15  NH  TMS 

 MA (S  NH 

 TMS) 

 S 

MA (mg/ml)   

1.00 2.88 

2.00 5.51 

3.00 7.25 

4.00 10.20 

5.00 10.42 
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 19  NH 

 TMS  MA (mg/ml) 

 caffeine 

 CH3  TMS  caffeine 

 5  5.00, 10.00, 15.00, 20.00,  25.00 mg/ml 

 16  20 

 16  CH3  TMS 

 caffeine (S  CH3

 TMS) 

 S 

caffeine (mg/ml)   

5.00 8.48 

10.00 17.50 

15.00 27.19 

20.00 35.13 

25.00 39.16 
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 20  CH3

 TMS  caffeine (mg/ml) 

3.3  MA  caffeine  15 

 NMR

 MA  caffeine  15 

 NH  TMS 

 MA 

 CH3  TMS  caffeine 

 NMR  MA  4.83-37.24 mg/tablet (5.10-

41.11% by weight)  caffeine  19.32-54.07 mg/tablet (16.26-57.10% by 

weight)  17

 17  MA  caffeine  15 

 NMR (*** )

 MA  caffeine  MA  caffeine 

  (mg/tablet) (mg/tablet) (mg/tablet) wt. % wt. % 

1 93.3 30.95 36.15 33.17 38.75 
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 17 ( )

 MA  caffeine  MA  caffeine 

  (mg/tablet) (mg/tablet) (mg/tablet) wt. % wt. % 

2 87.8 11.95 41.36 13.61 47.11 

3 86.5 31.02 30 35.86 34.68 

4 99.2 24.21 39.04 24.41 39.35 

5 118.8 *** 19.32 *** 16.26 

6 86.7 29.63 30.41 34.18 35.07 

7 94.6 20.35 36.88 21.51 38.98 

8 98.8 5.3 53.15 5.36 53.8 

9 90.6 37.24 24.47 41.11 27.01 

10 79 6.18 38.62 7.82 48.89 

11 94.7 4.83 54.07 5.1 57.1 

12 92.4 31.4 31.62 33.98 34.22 

13 93.4 8.54 30.59 9.14 32.75 

14 94.1 29.86 36.58 31.73 38.87 

15 104.5 29.03 37.08 27.78 35.48 

4.  MA  15  GC-FID 

NMR

 MA  GC-FID  NMR 

MA  15  MA  4.83-38.31 mg/tablet 

(5.100-42.283 % by weight)  18 
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 18  MA mg/  15 

 GC-FID  NMR (*** )

 GC-FID NMR 

 MA (mg/tablet)  MA (mg/tablet) 

1 30.34 30.95 

2 17.46 11.95 

3 27.74 31.02 

4 25.77 24.21 

5 65.97 *** 

6 27.65 29.63 

7 26.88 20.35 

8 6.03 5.30 

9 38.31 37.24 

10 10.20 6.18 

11 10.48 4.83 

12 32.16 31.40 

13 17.44 8.54 

14 24.66 29.86 

15 30.20 29.03 

 MA  15 

 GC-FID  NMR  15 

 Y = 1.169X-5.711  R
2
 = 0.902  15 

 MA  GC-FID  NMR 

 0,0  GC-FID 

MA  NMR  21 
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 21  MA (mg/tablet)  15  GC-FID  NMR 

NMR (mg/tablet)

GC-FID

(mg/tablet)

 0

 0 
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 5

1.

 15 

(  9  13)  wY 7 , WY 5 ,

R, ,  888  1 , , , ,

 6.00-7.00 mm  79.00-118.80 

mg/tablet

 2003-  2004 

wY  (Adam et al. 2005: 65) 

 AP, MA,  DPA  GC-

FID  Column HP5 Temperature program  120 °C  4 

min  20 °C /min   250 °C  5 min, Injector 

200 °C, Detector 300 °C  AP, MA,  DPA  retention time (tr)  3.52, 

4.43,  11.15  (  10  14)

 MA  15  GC-FID 

 MA  MA 

 DPA  MA  5  0.10, 0.20, 0.40, 0.60, 

 0.80 mg/ml  Y = 3.377X-

0.086  R
2
 = 0.998 (  11  15)  MA 

 15  (  12)  MA  6.03-

38.31 mg/tablet (6.10-42.28 % by weight)  5  MA  65.97 

mg/tablet (55.53 % by weight) 

 MA  14.6-21.6  % by weight 

(Palanuvej et.al. 1997: 79), 8.9-14 mg/tablet (Kakagi et al. 2002: 16), 1.9-36.9 mg/tablet (

 2548)  21.76±6.39 % by weight (Adam et al. 2005: 68) 

 DPA  retention time (tr)
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11.2 min  5  2700 

DPA  20000   MA, caffeine 

 TMS  internal standard  NMR  300 

MHz  MA,  NH 

 caffeine 

 CH3  NH (  16  13) 

 CH3 (  17  14)   

 MA  15  NMR 

 MA 

NH  TMS  MA 

 5  1.00, 2.00, 3.00, 4.00,  5.00 mg/ml (  15  19) 

 Y = 1.977X+1.321  R
2
 = 0.956 

 caffeine 

 CH3  TMS 

caffeine  5  5.00, 10.00, 15.00, 20.00,  25.00 

mg/ml (  16  20) 

 Y = 1.579X+1.795  R
2
 = 0.981  MA

 GC-FID  NMR  correlation coefficient, R
2

 GC-FID 

 0.998  correlation coefficient, R
2

 NMR  0.956 

 NH 

caffeine  NMR  CH3

 correlation coefficient, R
2
= 0.981 

 MA  caffeine 

15  (  17)  MA  4.83-37.24 mg/tablet (5.10-41.11 

% by weight)  caffeine  19.32-54.07 mg/tablet (16.26-57.10% by weight) 

 5  MA  5 

 NH 2  chemical shift 

 MA  caffeine  NH 
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 5  GC-FID 

 retention time (tr)  12.21 

 GC-FID 

 MA, pseudoephedrine,  ephedrine  retention time (tr)  9.01, 10.64, 

 15.13 min (  2548: 5-7)  pseudoephedrine, 

ephedrine  MA  MA 

 15  GC-FID  NMR (  18)  15 

 MA  5.497-37.242 mg/tablet (5.359-41.106% by weight) 

 MA mg/tablet  15 

GC-FID  NMR (  21)  Y = 

1.169X-5.711  correlation coefficient, R
2
 = 0.902  least-squares fitting 

 NMR  MA 

 caffeine  NMR 

 caffeine  GC-FID 

 caffeine 

 MA  15 

 2  GC-FID  NMR  GC-FID 

 NMR   GC-FID 

 MA  AP  ephedrine 

(Palanuvej et al. 1997: 73-75)  NH 

 NMR 

 MA 

2.

2.1

3.
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3.1

 Gas Chromatography-flame ionization detector (GC-

FID)  Nuclear Magnetic Resonance Spectroscopy (NMR) 

3.2

NMR  MA 
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 MA  GC-FID 

 22  MA  0.10 mg/ml
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 23  MA  0.20 mg/ml 



57

 24  MA  0.40 mg/ml 



58

 25  MA  0.60 mg/ml
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 26  MA  0.80 mg/ml



chemical shift  MA  caffeine

 NMR 
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chemical shift  MA  NMR 

 27  MA  1.00 mg/ml 
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 28  MA  2.00 mg/ml 
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 29  MA  3.00 mg/ml 
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 30  MA  4.00 mg/ml
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 31  MA  5.00 mg/ml 
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chemical shift  caffeine  NMR 

 32  caffeine  5.00 mg/ml 
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 33  caffeine  10.00 mg/ml 



68

 34  caffeine  15.00 mg/ml
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 35  caffeine  20.00 mg/ml 



70

 36  caffeine  25.00 mg/ml 
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