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ปีการศึกษา 2553 
 

บทคัดย่อ 
 

การตรวจพิสจูน์สารฟลไูนตราซีแพม  ที่มีการน ามาใชใ้นการก่อคดีอาชญากรรม 
สามารถวิเคราะห์เบ้ืองตน้ได้ด้วยเทคนิคโฟโตเคมี  ซึ่งเป็นเทคนิคที่มีความสะดวก  รวดเร็วและ
ประหยัดค่าใชจ้่ายในการวิเคราะห ์  โดยการทดสอบคุณสมบัติเชิงแสงที่เปลี่ยนแปลงไปของสาร
มาตรฐานฟลไูนตราซีแพมและสารฟลไูนตราซีแพมในยาเม็ดโรฮิปนอล  ในสารละลายเอทานอล
และเครื่องด่ืมแอลกอฮอล์  สามารถแบ่งการวิเคราะห์ตามประเภทของเครื่องด่ืมแอลกอฮอล์เป็น 
2 ประเภท  คือ  เครื่องด่ืมแอลกอฮอล์ที่มีสีและเครื่องด่ืมแอลกอฮอล์ที่ไม่มีสี  โดยการวิเคราะห์
ฟลูไนตราซีแพมในเครื่องด่ืมแอลกอฮอล์ทีไ่ม่มีสี (วอดก้าและเตกีล่าร)์  วิเคราะห์จากคุณสมบัติ
การดูดกลนืแสงและการเปล่งแสงฟลูออเรสเซนซ์  ที่เกดิจากการเปลี่ยนแปลงโครงสร้างของสาร
ฟลูไนตราซีแพมเป็นอนุพันธส์ารอะครโีดน (acridone)  หลังจากเกิดปฏิกิริยาการเติมโปรตอน 
(protonation)  ด้วยกรดเปอร์คลอริกเข้มข้น 2.0 โมลาร์  ในสารละลายเอทานอล  และสารที่ได้
หลังจากการโปรโตเนต  สามารถเกิดเปล่งแสงข้ึนได้ที่ความยาวคลื่น 477 นาโนเมตร ที่
อุณหภูมิห้อง 

ในการตรวจพิสูจน์สารฟลไูนตราซีแพมในเครื่องด่ืมแอลกอฮอล์ที่มีสี (มาสเตอร-์
เบลนด์ ฮันเดรดไพเพอรส์ และรีเจนซ)ี ทั้งสารมาตรฐานฟลูไนตราซีแพมและฟลูไนตราซีแพม
จากยาเม็ดโรฮิปนอล  ท าการศึกษาโดยการวัดการดูดกลืนแสงในช่วงแสงยูวี  และช่วงแสงที่
มองเห็นได้  หลังจากท าปฏิกิริยาโฟโตคะตะไลซิสโดยมซีิงค์ออกไซด์เป็นตัวเร่งปฏิกิริยา  การมี
อนุภาคของซิงค์ออกไซด์ในสารละลายฟลูไนตราซีแพม  ที่มีแอลกอฮอล์และน้ าเป็นตัวท าละลาย
และฉายแสงยูวีผ่านสาร  พบว่า  สารฟลูไนตราซีแพมจะถูกเปลี่ยนไปเป็น 7-อะมิโนฟลไูนตราซ-ี
แพม  และปรากฏแถบการดูดกลืนแสงข้ึนที่ความยาวคลื่นใหม่  คือ  345 นาโนเมตร  ภายใต้
สภาวะการทดลองที่เหมาะสม  ได้แก่  อุณหภูมิของการเกิดปฏิกิริยาที่ 80.0 องศาเซลเซียส  
ความเข้มข้นของซิงค์ออกไซด์ 0.0080 กรัมต่อมิลลลิิตร  และระยะเวลาการฉายแสง 30 นาท ี 
โดยเทคนิคทางโฟโตเคมีภายใต้สภาวะทีใ่ชใ้นการทดลองนี้  สามารถตรวจวัดฟลูไนตราซีแพม
จากยาเม็ดโรฮิปนอลในเครื่องด่ืมแอลกอฮอล์  ทัง้ประเภทไม่มสีีและประเภทที่มสีีที่ความเข้มข้น



(4) 

ต่ าสุดเท่ากับ 0.30 และ 0.57 มิลลิกรัมต่อลติร ตามล าดับ  ถึงแมว่้าความเข้มข้นต่ าสุดทีต่รวจวัด
ได้ด้วยเทคนิคนี้จะมีค่าสูงกว่าเทคนิคที่มีความละเอียดอ่ืนๆ กต็าม  แต่เคนนีส้ามารถน ามาประ
ยุกใช้ในการทดสอบเชงิคุณภาพวิเคราะหน์ั้น  เทคนิคนีส้ามารถน ามาประยุกต์ใช้ในการทดสอบ  
เพื่อตรวจหาสารฟลไูนตราซีแพมที่มีในเครื่องด่ืมแอลกอฮอล์เบ้ืองต้นได้อย่างชัดเจน 
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Thesis Title Application of Photochemistry on Detection of Flunitrazepam in 
Alcoholic Drinks 

Author Miss. Sirintip  Pongampai 
Major Program Forensic  Science 
Academic Year 2010 
 

ABSTRACT 
 Flunitrazepam, a sleeping pill which is frequently abused in criminal records, can 
be detected by photochemistry; a comfortable, rapid and cheap technique. The analysis 
focused on the changing of the optical properties of standard flunitrazepam and 
flunitrazepam from Rohypnol tablet in ethanol and alcoholic drinks. The analysis was 
separated into 2 types for colored spirits and colorless spirit. In colorless spirits (Vodka 
and Tequila), the detection of flunitrazepam was analyzed from the absorption and 
fluorescent emission of acridone derivative, a protonated product of flunitrazepam. After 
2.0 M HClO4 was added to the flunitrazepam solution, the protonated flunitrazepam 
emitted the fluorescence at 477 nm at room tempertaure.  

The detection of flunitrazepam in colored spirits (Master Blend, 100 Pipers and 
Regency) was carried out via photocatalysis reaction. Zinc oxide was used as the 
photo-catalyst. The UV-Vis absorption spectroscopy was utilized to detect the standard 
flunitrazepam and flunitrazepam in Rohypnol tablet in colored spirits. The presence of 
zinc oxide in flunitrazepam solution was irradiated under UV light. The flunitrazepam 
was changed to the 7-aminoflunitrazepam. A new absorption band at 345 nm was 
observed. The optimal conditions of photocatalysis reaction were 80.0 oC of reaction 
temperature, 0.0080 g.mL-1 of ZnO and 30 minutes of irradiation time. The detection 
limits of detected flunitrazepam concentrations in coleress and colored spirits were 0.30 
and 0.57 mg.L-1, respectively. Although the detection limit is higher than that of other 
effective techniques, photochemistry can be definitely applied to the qualitative 
screening test of the flunitrazepam in alcoholic drinks.  
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1.1  

 

benzodiazepine) 

sedative-hypnotic drugs 2538)

Flunitrazepam

2

2518    

2 2546)

CNS depressants

(Elian, 1999; Malanciuc et al., 2009) 

 (Ohshima, 2006)

(Druid et al., 2001

 

Roche Pharmaceutical) 

Rohypnol®  

1 2 (Schechter, 1998) 



2 

Roofie,  Rophy,  Rufino,  Roopies,  Rope,  Circles,  Mexican,  

valium,  Rib  Roach-2,   R-2  

 

 

 1  Rohypnol®   

 

Dose) 0.50 

 1.00 2.00 (Ohshima, 2006) 

22 

1 Barnett and Broad, 2003)  

(withdrawal) 8 

(Daderman et al., 2003)

(Druid et al., 2001) (special clinical)  

Mintzer and Griffits, 1998; Daderman and Edman, 

2001)  

 (Stark and 

Wells, 1999;  Barnett and Broad, 2003;  Malanciuc et al., 2009)

diazepam) 10 

 (Malanciuc et al., 2009)

 30 2 (Ohshima, 2006)

1  2  (Daderman et al., 2003)  
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anterograde amnesia

black-outs)  (Schechter, 1998; 

Daderman et al., 2003;  Ohshima, 2006)

 20 (Stark 

and Wells 1999,  Barnett and Broad 2003) 

Gas Chromatography; GC) 

Gas Chromatography-Mass Spectroscopy; GC-MS) (Rasanen et al., 
2000; Yegles et al.,1997; Elian, 1999; Hackett and Elian, 2006)

(High Performance Liquid Chromatography; HPLC) (Mahjoub and Staub, 

2001)  

  

HPLC  GC  MS 

   

1986 Procopio 

-
1.0 470 

305 20 

15 
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-

-

 
1986  Givens  

(Photocatalysis Reaction)

300 

7 aminoflunitrazepam  -
N-methyl-p-nitroacetanilide  2007 Yuranova 

semiconductor)

-

-

 

Immunoassay)  250 

TLC/spectrometry/GC/ HPLC  
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400 2544)  

  

Fluorescence Polarization Immunoassay (FPIA)  300 

positive test 

200 

2544)

Test Kit) immunoassay 

 300

http://www.drugtestingworld.com; http://www.amazon.com)

Miller and Gold, 1995)   

Mthai

Absorption Spectroscopy)  

Luminescence Spectroscopy) -

1 

50  
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1.2  

 

1.2.1  

 

Chemical formula C16H12FN3O3  

Molecular mass 313 3 

IUPAC name 5- 2-fluorophenyl -1,3-dihydro-1-methyl-7-
nitro-2H-1,4-benzodiazepine-2-one 

(Trade name)  Rohypnol®,  Nilium®,  Hipnosedon®,  

Hypnodorm®,  Flunipam®,  Vulbegal®,  Silece®,  Darkene®,  Ilman®,  Insom®  

Fluscand®. 

Proprietary names  Roofie,  Rophy,  Rufinol,  

Roopies,  Rope,  Circles,  Mexican valium,  Rib, Roach-2,  R-2,  Absint,  Darkene,  

Flunimerck,  Flunipam,  Flupam,  Fluscand,  Fluserin,  Flutraz,  Hypnodorm, Hypnor,  

Insom,  Narcozep,  Rohipnol,  Rohypnol, Roipnol,  Ronal,  Somnobene  valsera  

N

N
O

O
2
N

F

H
3
C

1 2

3
45

6

7

8

9

 

 2   

 
N)  4  

methyl)  1  

Kp 

1.32 × 10-2  

(pH) 1 3)   

(Malanciuc et al., 2009) 



7 

N

N
O

O
2
N

F

H
3
C

O

N

O
2
N

F

H
3
C

H- H2O

 

 3   
 

8.5 %  

( 4) 

 

N

N
O

O
2
N

F

H
3
C

N

N

O
2
N

F

H
3
C

HO-

COO-

H

 

   

4   

 

dichlorometane

hexane; 1:1 166  167 

acetonitrile methanol

170  172 -
acetone ethanol 1 172  methanol

1:100  chloroform 1 3  

diethyl ether 1 300 m z

285  312  313  286  266  
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238  294  284 7-amino-1-demethyl-flunitrazepam 269  240  241  

268  270  107  121  213  7-amino-flunitrazepam 283  44  255  282  254  

284   264  256 demethyl-flunitrazepam  298  271  299  224  

272  270  252  280 (Malanciuc et.al., 2009) 

 

 

1.2.2  

 

5-aryl-1,4-benzodiazepine 

5)  2527) 

N
R

2

R
7

R
1

R
4R
5

R
3

1 2

3

45
6

7

8

9

 

5  5-aryl-1,4-benzodiazepine nucleus 

 

R7 ( 5)  (electronegativity) 

NO2)  OR)  Halogens) 

 R5  ( 5)  

R7  anticonvulsant) 

oxidation)  conjugation) 

R7 

2527) 
 



9 

1  
(1) absorption 45 

metabolism  10  15

absolute bioavailability 70  90

6  11 0 75 

 2 1 

-
 2 3 - 5 

 3  4

N-desmethyl-flunitrazepam  

(2) distribution

3  5  

78  80  1  20  

3  

(3) metabolism elimination

7-aminoflunitra-

zepam  N-desmethyl-flunitrazepam

2 20 - 30 

7-aminoflunitrazepam N-desmethyl-flunitrazepam 10  16 

23  33 120  140 

2 5  21  
(4) tolerance 2  4 

dependence

cerealization depersonalization
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3
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N

N
O

N
H

F

H
3
C

N

H
N

O

H
2
N

F

OH

Flunitrazepam (B)

Nor-flunitrazepam (B) 7-amino-flunitrazepam 
(B&U)

3-hidroxi-
flunitrazepam (U)

7-acetamine-flunitrazepam (U) 7-amino-nor-flunitrazepam (U)

U = Urine
B = Blood

O

 

6 Malanciuc et al., 2009; Mahjoub 

and Staub, 2001) 
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1.2.3  

 

spectroscopy)

emission)  absorption)  scattering)  

2

absorption spectroscopy)  

(emission spectroscopy)  

raman spectroscopy)  

 

 

1.2.3.1 Ultraviolet and Visible 

Spectroscopy) 

 

200-400 400-700 

2551)  

blank

solution)  

(Beer and 

 

   A  =  bc 

 A  absorbance) 

  molar  absorptivity) 

b   

c     
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(1 monochromatic  radiation   

2)  

3  

 

 

1.2.3.2 luminescence spectroscopy)  

 

(excitation

deexcitation process)  7) 

 

 

7   Jablonski diagram  

 

7   2   

(1) Excitation) 

deexcited state) S0 excited state)

S1  S2  

Fluorescence 

T1

Absorption 

Triplet exited 

VR 

IC 

ISC 

Singlet exited 

S0 

S2 

Phosphorescence 

S1 
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(2) deexcitation)  

vibrational  

Vibrational Relaxation (VR)  

S2  

  vibrational   vibrationnal   S1  

 Internal Conversion (IC)  VR IC  

S1 

S0 fluores-

cence)  10-9  10-7 

 0  0

transition spin 

multiplicity 3  triplet state  

Intersystem Crossing (ISC)  triplet state 

(T1) S0  -
phosphorescence)  10-6  10  

 

1.2.3.3 mass spectrometry)   

 

 

molecular ions; 

M+)  fragment ions) 

m/z) 

mass spectrum)  

 (fragmentation pattern)  
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 m/z   =   B2r2/2V 

  m =  
  z = 1.602 x 10-19  )  

  B = ( ) 

  r =  ( ) 

  V =  

m/z r)

m/z  

B)  V) 

2 m/z 

 

 

 

1.2.4 Photocatalysis Reaction)  

 

semiconductor material)  

photon energy)  

band gap)  

valance band)  conduction 

band)  hole; h+)  

(http://sichon.wu.ac.th)  

Evgenidou et al., 2005)   

-
 (rodox potential) 

Hydroxyl radicals; OH )  

Hydrogen peroxide; H2O2) superoxide anion radical; O2
-) 

8) 
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  zinc oxide; ZnO) titanium 

dioxide; TiO2)  2 3.2 eV  

Rehman et al., 2009)  

 

8   
 

8 

h <380 nm)  electron; 

e-) hole; h+) -
1)  

2)   

TiO2 or ZnO + h (<380 nm) h+ + -e     -(1) 

h+ + -e  heat   -(2) 

reduce) 

superoxide anion; O2
-) ( 3

hydroxide ion; OH-) 

hydroxyl radical; OH  ) ( 4 5)   
-e  + O2 O2

-   -(3) 

h+ + H2O H+ + OH   -(4) 

h+ + OH- OH    -(5) 

6 7)  

OH  +R H2O + R   -(6) 

R  + O2 ROO  Int.  P -(7) 

R =  R  = ROO  = 

Int.= P = 
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1.2.5  

 

  -

 

 

1.2.5.1  

 

18  29 

Stark  Wells (1999)  

 

32 

10.15 

10 

19.32 

  9 

22 



17 

15 

11 

1998  

Barnett and Broad, 2003) 

1

soft drink)

40 

4.5 2.5 

7 

19 

24 

Ohshima, 2006) 

 
1.2.5.2   (The Extraction method) 
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1   

   

 Yegles et al., 
1997) 

5

 acetone 2 1 

3 3.050  

acetate buffer (pH=4) 2 

-glucuronidase/arylsulfatase 0.070 

40 o  2 

supernatant 2  

supernatant 

chromabond C18 Vac-Elut®  methanol 

6 3  

3  0.6 M sodium carbonate 3 

3 acetone/dichlo-

romethane (3:1) 2  

40 o   

Cirimele et al., 
1997) 

 methylene chloride 

10 2 10 methanol 10 

Retsch MM2-type ball mill

50 phosphate buffer (pH 

7.6) 1 diazepam,d5 20 

internal standard diethyl ether/chloroform 

(80:20, v/v)  20 100 

4000  15 

heptafluoro-

butyric anhydride/ethyl acetate (2:1, v/v) 

60 o 30 

ethylacetate 0.025  

 
Elian (1999) 

 

solid phase extraction  

methanol 3 DI water 3   

100 mM acetic acid 1 

 DI water  3  
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1(  

   

 
Elian (1999) (  
 

Acetic acid 1 methanol 3 

5 methylene 

chloride / isopropyl alcohol / ammonium hydroxide 

(78/20/2) 3  

pentafluoropropionic anhydride 0.1 

70 o  20 

70 o

MTBSTFA (with 1% TBDMSCI) 0.05 

 70 o 20  

Kollroser and

Schober (2002) 

1 orthophosphoric acid 0.020 

  flunitrazepam-d7 1 ) 0.040 

internal standard Oasis® MCX 

cartridges 1 

hydrochlo-ric acid 1 methanol 1 

methylene chloride/isopropanol/ammo-

nia (78:20:2) 35. o

 

Rasanen et al., 
(2000) 

1 LLE ethyl acetate 

0.5 pH 7.4 

Isolute Confirm HCX column 

acetonitrile 20 % 

phosphate buffer (pH 6) 2 hexane 2 

5 ethyl 

acetate 3 50 o  

MTBSTFA 1% TBDMSCl 
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1(  

   

 
Hackett  

Elian (2006) 

 

DI water 10 

vortex) 1 

2000 xg 10  supernatant 

Varian Vac Elut SPS 24 

methanol 3  DI water 3 

supernatant  DI water 3 

acetic acid 1 M 3 

5 hexane 3 

ethyl acetate/methanol 80:20) 

3 2 40 o  

 
 Rasanen et al., 

(2000) 

-glucuronidase 0.01 acetate buffer 

(pH 4.8) 0.10 1 

40 o 40 

internal standard 

 
Tejedor et al., 
2007) 

 

10,000 x g 

5 0.5 

ethyl acetate 1 pH = 9 

borate buffer 

methanol 0.5  
 Bishop et al., 

2007) 

1.0 buffered phosphate 

(pH 6.0) 0.1 M 0.1 ethyl acetate 

0.5 2 

MECC buffer 

0.1 2,4-DNT internal standard 
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1.2.5.3 Spectroscopy) 

 

Procopio 1986)  

ANALLES DE QUIMICA

1 

470 

305 20 -
(Detection limit Limit of Detection) 

 15  

Tejedor  (2007)  

oxazepam) Analytica Chimica Acta  

hydrolysis) cyclization)  

diazepam) clorazepam)

(liquid liquid extraction; LLE)  (hydrochloric acid)  

100 3 -
2-amino-5-chlorobenzophenole)

100 3 Cerium, Ce(IV))

phosphoric acid) -
2-chloro-9(10H)-acridinone)  

465 405 -
  4.15   

  

capillary 

electrophoresis; CE  Chip-based microfluidic  Bishop  2007) 

desmethylflunitrazepam)

clonazepam)  nitrazepam) Micralyne Microfluidic 

Tool Kit (µ-TK) T-shaped  8 50 

 

635 45 

sodium dodecyl sulfate (SDS)/boric acid/sodium tetraborate/Cy5 20 % 

2,4-dinitrotoluene  4.0 
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50  80

(percent recovery) 79  88 %  

13 

 

 

1.2.5.4   (Gas Chromatogra-

phy) 

 

1997  Yegles, 

 (GC MS)  

40 37 

nordazepam)

diazepam) oxazepam)  flunitrazepam)

1.8  2.2  3.4 9.5  

Cirimele 1997)  

7 aminoflunitrazepam  GC/MS-NCI  

m/z) 313  

459  diazepam, d5)  289 

40 14 

 12 7-amino-

flunitrazepam  31 129 3  161 

 
1999 Elian A. A.  

SPE  

pentafluoropropionic anhydride; 

PFPA)  N-(tert-butyldimethylsilyl)-N-methyl-trifluoro-

acetamide, MTBSTFA with 1% TBDMSCl) 7-aminoflunitrazepam

desmethylflunitrazepam PFPA 7-aminoflunitrazepam 

MTBSTFA with 1% TBDMSCl    desmethylflunitrazepam 7-amino-
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flunitrazepam Elian GC-MS  

0.1  50  

2006  Hackett 

Elian 7-aminoflunitrazepam

2)  LC PDA  

250 

220 

 derivatization PFPA

GC MS 0  100 

HPLC   7-aminoflunitra-

zepam  34 ± 5 48 ± 5 GC MS 

7-aminoflunitrazepam  37 ± 5  45 ± 5 

   7-aminoflunitrazepam 40 

 7-aminoflunitrazepam 83 ± 4%  87 ± 4%  

 
 

1.2.5.5   (Immunoassay) 

 

Rasanen (2000)  

 pH 4.8  

positive test)  175 

 153

506 

200  185  
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1.2.5.6 
 (Liquid Chromatography; LC and High Performance Liquid Chromato-

graphy; HPLC) 

 

  

2002  Kollroser Schober 

7-aminoflunitrazepam N-desmethylflunitrazepam) 

human plasma) HPLC-APCI-MS-MS 

  7-aminoflunitrazepam  N-desmethylflunitrazepam  -
0.5  2.0 0.25 

 7-aminoflu-

nitrazepam  N-desmethylflunitrazepam  23.1  11.7  

48.3  
Smink 2004

(HPLC MS)

(LLE) Xterra MS 

C-18   6 (pH = 3)  

tanderm mass spectrometer  

0.001  0.0126 

LLE

C18  (80:20)  0.2

tanderm mass spectrometer  positive 

ionization  1 120 

350 500 

3 

0.1  0.2 Kintz et al., 
2005)   
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1.2.5.7  

 

Olsen (2005)  

  (flunitrazepam) 

(oxazepam)  (zopiclone) (carisoprodol)  -
(clonazepam)  (morphine)  (diazepam)  

(alprazolam)   Coca-Cola TM  

(12% Coca-

ColaTM   10 50

Liquid Chromatography-Mass Spectrometry; LC-MS) 

  

Rohypnol® Dolcontin®   Valium® 

Flunipam® Valium® 

Imovane® Somadril®  Rohypnol®  

 

 

1.2.5.8  (Photocatalysis process) 

 

1986  Givens  

300 

1-7 

(nitro; NO2)  7  

(amino; NH2)  

7-
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7

N-methyl-p-nitroacetanilide  

nitroso)  hydroxyl amino)  

amino)   
2007  Yuranova 

2 polyester  wool-polyaminde  

48 

30 22

100 15 

sonicate) 

photochemical 

reactor)

-

  
 

 

1.3  

 

1. 

(Screening Test)   

2. 
-
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1.4  

 

1. 
 (Rohypnol®)  

1  

2. 

 

3. 

 

4. 
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2 
 

 
 

 
2.1  
 

2.1.1   99.8% Ethanol, AR grade, Labscan, Ireland) 

2.1.2   65  68 % (Acetic acid, AR grade, Guangdong Guanghua 

Chemical Factory ,  China) 

2.1.3 37% (Hydrochloric acid, AR grade, Labscan, Ireland) 

2.1.4  96% (Sulfuric acid, AR grade, Labscan, Ireland) 

2.1.5  70% (Perchloric acid, AR grade, Panreac Quimica, 

Spain) 

2.1.6  99%  (Fluitrazepam (pure 99%) 50 

mg  NDC: 0079  1512  02, Lot#151 stock#01512, Alltech)  

4 -
41   

2.1.7  1   (Rohypnol®: flunitrazepam 1 mg per 

coated  tablet (Hoffmann-La Roche, Switzerland) Lot# B1524B01 MFD: 

09 2007,  Exp: 09 2010  

2001/2552 10 2552 

 
2.1.8  Regency brandy  38% alc. (Regency Brandy Thai, Thailand) 

2.1.9  Master blend  35% alc. (Ginebra San Miguel, Philippines) 

2.1.10  100 pipers scotch whisky  40% alc. LW6 1817 202F2901 (Chivas 

Brothers, Scotland) 
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2.1.11  Sierra® tequila silver 38% alc.  L827320108 (Destilerias Sierra Unidas 

S.A. De C.V., Mexico) 

2.1.12  ® vodka  40% alc.  L81868G251 (Authority of W.&A. Gilbey & 

Co., England) 

2.1.13 soda water)  

2.1.14 (Zinc oxide; ZnO) (Titanium dioxid; 

TiO2)  (Fluka, Switzerland) 

 

 

2.2  
 

2.2.1 - SPECORD S100 Analytikjena, 

Germany  

2.2.2 LS 55 (PerkinElmer,  U.S.A.) 

2.2.3 MAT 95 XL (Thermofinnigan, U.S.A.  

2.2.4 THERMOLYNE CIMAREC 2 Hot 

Plate/Stirrer  (Lab Extreme, U.S.A.) 

2.2.5 Hettich®   EBA 20 (Hettich Zentrifugen,  Germany) 

2.2.6 4 Mettler Toledo AB204  S  

(Mettler  Toledo, Switzerland) 

2.2.7 inoLab cond Level 2 (Wissenschaftlich-Technis-

che Werkstätten GmbH, Germany) 

2.2.8 9)   

70.0 40.0 55.0

Sylvania blacklight  blue  

18 2 (Hawell Sylvania, Thailand) 

360   12 
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9   

 

2.2.9  (Magnetic bar)  

0.80    0.30  

2.2.10   

2.2.11 0  100.0  

2.2.12 (Quartz cell) -
 

2.2.13  10) 

 

 

10   
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2.3  
 

2.3.1  
 

0.0010  -
25.00

 30 stock solution

40.0   

 

2.3.2  (Rohypnol®)  
 

-

  
 1 

 1  25.00  

3 3000 

3 

 

40.0  

 

 

2.4   
   

-

(absorption spectrum)

( 2539)  

 

185  375 



32 

 fused silica  5 

D.C.  40 

320 - 2500 

 fused silica 

 

 

 

 

 

 

 

 

 

 

 

11   
 

- SPECORD® S100  Analytik Jena GmbH, 

Germany  

190  1020 

1 270  650 2 

AJ-UVVIS sofeware  

2  
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2  -  

  
Integration 40   ms 

Accumulation 10 

Range 200  650 nm absorbance 

automatic  dark  current 

Scan mode single  scan 

Accessory none 

 

 

 

12  - SPECORD® S100  

Analytik Jena GmbH, Germany 
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2.5  
 

Xenon-arc lamp Mercury-arc lamp  

250  600 

Mercury-arc lamp  

scanning Mercury

360  650  
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

13   

 
-

 LS 55  PerkinElmer, U.S.A.  20 

sample detector)  Gated photomultiplier with modified S5 

 

 

 

 

 

spectal  correaction  
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Red-sensitive R928 photomultiplier  reference detector)  

photodiode  1.0 excitation slits 

emission slits 2.5  15.0  2.5  20.0 

10  1500 FL WinLab sofeware  

3 

 

3   

  

Source luminescence : fluor  

 Ex. Corr : on 

Polarisers Emission Filter : open 

 Excitation polar : clear  (auto  cutoff  on) 

Detector Emission polar : clear 

 Photomultiplier : Type R 928 

Photomultiplier  voltage : auto 

Em. Corr : off 

slit : ex 10   em 10 

scan speed : 500 nm/min 

 

 

14   LS 55  PerkinElmer, U.S.A. 
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2.6  
 

5  70 eV 1 eV = 23.06 Kcal/mole)  

 

 
 

  
 
 
 
 
 
 
 
 
 
 
 

 
 

15   
 

MAT 95 XL Mass Spectrometer, 

Thermofinnigan  Electron ionization mass spectrometry

Magnetic sector mass spectrometry with direct insert probe (DIP) 
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2.7  
 

2.7.1  
 

2.7.1.1 
 

 

 

(1) stock solution 

40.00   250.0  Transferpette)  

10.00  1.000 -

 

(2) 1 1 

Deionized water; DI water) 2:1 v/v)  

25.00 250.0 

10.00  

(3) -

200  500  

 

 
(1) 

stock solution 125.0  250.0  375.0  

500.0  625.0 10.00 

0.500  1.000  1.500  2.000 2.500 

 

(2)  200  500  
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(3) 240  

350   

 

 

2.7.1.2  

 

stock solution  stock solution 

15 - 20 

stock solution 

 

(1) 37.5  stock 

solution 40.00   10.00 

  1.500 

200 - 500  

(2) 
parafilm) 

4  

(3) 5, 10 20 

5 10 20 

(2)  

(4) 253 309 

240  275 275  350    
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2.7.2 
 

 

2.7.2.1 
 

 

 

(1) stock solution 

40.00 750.0 

10.00 3.000    

(2) 0.10 

11.47 87.2  

10.00  

(3) stock solution 

40.00 750.0 

11.47 87.2 10.00 

   

(4) 3  200  500 

  

280 

250  260  270  280  290  300 -
 

(5) 

 

(6) 
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2.7.2.2 
 

 
5 4

Hydrochloric acid) Nitric acid) 

Perchloric acid) Sulfuric acid) 1 

acetic acid)  

4 

 
4  

  (  

 12.08 

 11.47 

 14.44 

 18.00 

 17.45 

 
 

(1) stock 

solution 40.00   0.2500   

10.00   

1.000  

(2)  0.1000 

 10.00  

 

(3) 
[H+] 0.1000 

40.00 250.0 

10.00 
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(4) 1)  (3)  

200  500   blank 

  baseline correction 

baseline correction  

 

(5) 
300  540 280  

420  530 

 

(6) 

 

 

 
(1)  1.000  2.000  

3.000  4.000 5.000 11.47 

0.87  1.74  2.62  3.49  4.36   

10.00  

(2)  1.000  2.000  

3.000  4.000 5.000 1) 

0.25   stock solution  40.00   

10.00 

 

(3) 200  

500 

  300  540 280  

(4) 
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2.7.2.3 
 

 

  

 
(1) -

stock solution  

 0.100  0.500  1.000  2.000  3.000  4.000 5.000 

10.00  

(2) 11.47  1.74 

10.00 

 

(3) 200 500 

300 540 

280   

420  - 530  

 
2.7.2.4 

 
 

 

(1) Vodka Vodka  1.00 

10.00  

(2) Vodka 1.000  

11.47  1.74   10.00 

 

(3) 0.500  1.000  2.000  

3.000  4.000 5.000  stock solution 
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40.00   10.00 Vodka 1.00

  11.47 

1.74   10.00 

 

(4) 
300 - 540   280 

420  530 

 

(5) Vodka 

Tequila   

 

 
2.7.3   

 
 

2.7.3.1  
 

360 

 

(1) stock 

solution 40.00 0.38  

10.00    

(2) 1)  

0.0800   

 

(3) 2

0.0800  

(4) 1  (2) 

(3)
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1.00 

 2 

) 

(5) 
2 

5 

3500 5   

 

(6) 
200  500   blank  

   

 
2.7.3.2 

 
 

 

(1) stock solution  

 40.00 0.38 

10.00 

0.0800     5  

(2) 1 

30 

 

1 35.0  

 2 50.0  

 3 65.0  

 4 80.0  

 5 95.0  
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30 0.38 

10.00  

30 

 

(3) 5 

3500 5 

    200  500 -
blank   

 
2.7.3.3 

   
 

 

(1) stock solution  

 40.00 0.38 

10.00   0.0800  

(2) 1 

80.0  

4  

1 
30  

2 15  

3 30  

4 60  
(3) 3500

5     

  200  500 

blank   
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2.7.3.4   
 

 

   

(1) stock solution  

 40.00 0.380 

10.00   4  

(2) 
1 0.0500 2 0.0800  

 3 0.1000  4 

 

(3) 1 

-
30 80.0  

(4) 5 

 1 3  3500 5   

  200  500 blank   

 

2.7.3.5 
   

 

 

(1) stock solution  

 40.00 0.38 

10.00 

 

(2) stock solution  

 40.00 0.38 
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10.00 1 

0.0800  

(3) 1) (2)  2 

 

30 80.0 

 

  

30 80.0  

(4) 3500

5      

(5)   

200  500 blank   

 

2.7.3.6 
 

 

 

(1) -
0.050  0.100  0.250  0.500  1.000 

1.250 stock solution 40.00 

 10.00  

(2) 0.0800 

1  

(3) 30 

 80.0  

(4) 5 

3500 5    

(5)   200 

 500 blank   
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2.7.3.7  
 

  

 

(1) MASTER BLEND 0.25

10.00  

(2) (1) 

0.0800 1 

 

(3) MASTER BLEND 0.25 

40.00 

62.5 10.00 

0.0800

 

(4) 80.0 

30  

(5) 5 

3500 5   

    200  500 

blank   

(6) 1)  (5)  

 100 PIPERS  REGENCY  

0.25  

 

 

2.7.4  
 

(1) 10.00 

10.00 10.00

200  500   
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(2) 10.00 

10.00 10.00

80.0 0.0800

30 3500   5 

200  500 

 

(3) 10.00 

10.00 11.47 1.744  

10.00  

200  500 

300  540 

280 

 

(4) 
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3 
 

 
 
 

3.1  
 

 flunitrazepam standard)

methanol) ethanol)

(chloroform) pH) 

7.1  1 

4 phenyl)

Malanciuc et al., 2009)

protonation)  

Rohypnol®)   1 

0.1778 

pH) 6.8

1 1 

lactose)  microcrystalline cellulose)  

hydroxypropyl methylcellulose)  polyvidone)  

sodium starch glycolate)  indigotine)  magne-

sium stearate)  ethylcellulose)  talc)  titanium 

dioxide)  yellow iron oxide)  triacetin)  (

 

Liquid  Liquid 

extraction  (deionized water)

2:1
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Absorption)

230  425   

lmax) 

253 309 

 253  304 16)  

 

225 250 275 300 325 350 375 400 425
0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Extracted Rohypnol 

Rohypnol 

Standard flunitrazepam

 wavelength (nm)

 

ab
so

rb
an

ce

 

16  

1.000  

 

253 309 
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65.66% 71.00% 

 

Beer  Lambert )  

2551)

 

253 309 -

 

 

0.5 1.0 1.5 2.0 2.5

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0
 

 rohypnol sol.

y = 0.3678x - 0.0723

R² = 0.9999

y = 0.3607x - 0.0795

R² = 0.999

 Standard Flunitazepam

in
te

gr
at

ed
 a

re
a 

of
 a

bs
or

pt
io

n 
sp

ec
tra

concentration of flunitrazepam (mg L
-1

)
     

17

240  350 
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5  

240  350 

 

  

 

X ±SD)  

240  350 

X ±SD) 253  309  

0.500 

1.000 

1.500 

2.000 

2.500  

0.027 ± 0.001 

0.054 

0.080 

0.111 ± 0.001 

0.136 ± 0.001 

0.017 ± 0.001 

0.036 

0.053 

0.072 ± 0.001 

0.088 ± 0.001 

0.293 ± 0.015 

0.646 ± 0.013 

0.970 ± 0.010 

1.368 ± 0.010 

1.736 ± 0.016 

 y = 0.0547x - 0.0004 0.0356x - 0.0004 0.3607x - 0.0795 

 R² = 0.9993 R² = 0.9992 R 9 

  (M-1 cm-1  17139 11147  

 

6  

240  350 

 

  

 

X ±SD)  

240  350 

X ±SD) 
253  309  

0.500 

1.000 

1.500 

2.000 

2.500 

0.029 

0.058 ± 0.001 

0.088 ± 0.001 

0.117 

0.148 ± 0.001 

0.021 

0.040± 0.001 

0.062 

0.082 

0.104± 0.001 

0.302 ± 0.011 

0.658 ± 0.008 

1.026 ± 0.025 

1.398 ± 0.008 

1.771 ± 0.021 

 y 

= 
0.0594x - 0.001 0.0414x - 0.0003 0.3678x - 0.0723 

 R² = 0.9996 R² = 0.9998 R 99 

  (M-1 cm-1  18605 12969  
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baseline 

17  

5 6

5 

6 253 309 

240 350 

0.05)

-

16  5 6

   
 

7  

 

 lmax,nm ( , M-1 cm-1) 

 253 (17390) 309 (11249) 

 253 (11405) 309 (8021) 

 253 (17879) 304 (12565) 
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7 molar absorptivity, 

) 

detection limit) 

2551)  

-
10,000  M-1 cm-1 200 

16 

 

aromatic 

ring) heterocyclic

10,000 M-1 cm-1 2534) 

 2) 

NO2)  

electron 

transition) *p­n    

10  100 M-1 cm-1  *pp ­
1,000  10,000 M-1 cm-1  2547) 

7  

-

8,000  18,000 M-1 cm-1 
*pp ­  
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3.2  
 

 1.500 

 5  10  20  

4   
 

225 250 275 300 325 350 375 400
0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14
 

ab
so

rb
an

ce

wavelength (nm)

 01/10/09

 06/10/09

 11/10/09

 21/10/09

 

18 

1.500 

0,  5,  10  20   

 

18  

20 

2 

230  425 

253 309 8)  
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240  350 

 2.7%  5.7%)  

 

8  

1.5

 

 

 

 253  309  
1 52 844 ± 0.0002 0.0519 ± 0.0004 0.454 ± 0.030 

6 52 0.0803 ± 0.0019 0.0492 ± 0.0004 0.442 ± 0.055 

11 52 0.0824 ± 0.0023 0.0499 ± 0.00018 0.524 ± 0.048 

21 52 0.0837 ± 0.0058 0.0515 ± 0.0029 0.474 ± 0.028 

 0.0826 ± 0.0017 0.0503 ± 0.0012 0.474 ± 0.036 

 

4 

20 

stock solution
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3.3   
 

 

-
 

(1) 
 

(2)  

(3)  

(4) -
 

(5)  

(6)  

 

 

3.4.1 
 

 
 ( 2) 

lone pair electron)  (nitrogen, N)  fluorine, F)  

Malanciuc et al., 2009) 

19)

 

280 (±2) 

400  530 

477 280 -
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*pp ­ 2544)  
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hydrochloric acid)

280 (±3) 23) 

baseline 
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24

fluorescence intensity)

-
 

11 

-

 420  530 

-

 

pKa 

1.8 (http://www.unitedchem.com/sitefiles/library/llcpaper-10-Flu-

nitrazepam.pdf 25 2554) 

strength of acid) 

Housecroft and Constable, 2006)  pKa 4.76 

http://evans.harvard.edu/pdf/evans_pKa_table.pdf,  25 2554)

[hydrogen ion ; H+] 

 

  -+ +­+ AOHOHHA 32  
BrØnsted acid 
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24)
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(Electrical conductivity)  
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= 0.70 S cm-1) 
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13  250 - 300 

 baseline correction
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 420  530 
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400 

 

1.000 - 5.000 2.000 -

  

 

Bruyne 1984 

(clonazepam) 

(flunitrazepam) (nitrazepam) 

(by product) TLC,  HPLC,  

MS 1H-NMR

10   2 

Benzophenones ( 27a)  9,10-dihydroacridin-9-ones ( 27b) 

 Z 

15  -
(m/z)  8 

(%abundant) m/z 

15)  
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Y
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Z
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45
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9

10

Benzophenones 9,10-Dihydroacridin-9-ones
 

27 

10 Bruyne. et al., 1984) 

 

15 

10 Bruyne. et al., 1984) 

 
 

m/z) 
X Y Z  

Benzophenones NO2 H NHCH3 F 274  211  273  123  257  

95  275  133 

9,10-Dihydroacridin-

9-ones 

NO2 Cl NCH3 H 288  242  290  179  152  

178  151  164 

 

m/z 313.1(29%)  312.1(36%)  294.1(12%)  286.1(36%)  

266.1(23%)  238.1(22%) m/z 

16  313 

Malanciuc 

(a) (b) 
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2009)   m/z 285  312  313  286  266  238  

294  284  m/z 

m/z m/z 253.5 

[M+] (55%)  126.8 [M+-127] (100%)  68.9 [M+-185] (33%) 66.9 [M+-187] (55%)

Bruyne  ( )

m/z 253.5   9,10-

dihydroacridin-9-ones ( 288) Y ( 27b)  

m/z 274 benzophenone 

2-nitro-N-methylacridone benzophenone 

(intermediate) 

2-nitro-N-methylacridone 
 

16  

2.000

 

 m/z) 

 313  312  294  286  266  248  239  238  

237  210  183  178  161  149  133  111  

97  85  83  71 

 

280.7  253.5  218.8  180.8  168.8  130.9 

126.8  118.9  68.9  66.9 
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2.000  

 

2-nitro-N-methylacridone
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-
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H2O / H

m/z = 75 
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m/z 253.5  

acridone  benzophenone m/z 

acridone  

 acridone benzophenone  -
acridone 2002  

Lunardi  10-alkyl-9(10H)-acridone  

410-460 

acridone  

 

Guassian 09 Frisch et.al., 2009)  

optimized  structure)  B3LYP basis set 6-31+G(d,P)  

electronic state  Time Dependent Density Functional Theory 

(TDDFT) CAM-B3LYP basis set 6-311++G (2d,2P) 

Guassum Oboyle et al., 2008)  

benzophenone   9,10-dihydro-

acridin-9-one  Self, Consistent Reaction Field (SCRF)   Polarized Comti-

nuum Model (PCM) (Yunai et al., 2004,  Miertus et al.,1996,  Miertus and Tomasi, 1982 

and Cossi et al., 1996)  

  

benzophenone 9,10-dihydroacridin-9-one (

27a 27b) 

9,10-dihydroacridin-9-one  9,10-dihy-

droacridin-9-one  

 

 

 

 



78 

28  

3 210  245  

315 220 254  309 

29)

 

 

245
210

N

N

H
3
C

O
2
N

F

O

Flunitrazepam

315

0.00

0.05

0.10

0.15

0.20

0.25

200 250 300 350 400 450

220
254

309

wavelength (nm)

ab
so

rb
an

ce (b)

(a)

225

260

240
280

 
29 

a) b)  
 



79 

2-nitro-N-

methylacridone 9,10-dihydro-acridin-9-one -

225  400 

255  270  320  355 ( 30a) 

3 275 

shoulder  315 

360  ( 30b)  

 

220

255

355

320

270

(a)

0.00

0.05

0.10

0.15

0.20

0.25

200 250 300 350 400 450

(b)277

315
360ab

so
r b

an
ce

wavelength (nm)

N

C

O

9,10-dihydroacridin
-9-ones

CH
3

245

NO
2

 

30  9,10-dihydroacridin-9-ones  

a) b)  

 

 

 

 



80 

31a 31b 

benzophenone 

2-nitro-N-methylacridone  

277 

 
 

(a)

0.00

0.05

0.10

0.15

0.20

0.25

200 250 300 350 400 450

(b)277

315

360ab
so

r b
an

ce

wavelength (nm)

C

O

 Benzophenones
NO

2

N F
H

3
C

225

255

330

245

240

 

31 benzophenone  

a) b)  

acridone  



81
 

 

32
  

 



82
 

 
33

  



83 

3.4.4  
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17 280  

 2.000  baseline 

correction 

 

 (mg L-1) 

280  
  

0.100 0.0096 ±0.0017 0.0137 ±0.0019 

0.500 0.0388 ±0.0007 0.0412 ±0.0008 

1.000 0.0963 ±0.0029 0.0851 ±0.0035 

2.000 0.2044 ±0.0019 0.1792 ±0.0104 

3.000 0.2715 ±0.0064 0.2555 ±0.0099 

4.000 0.3681 ±0.0034 0.3234 ±0.0073 

5.000 0.4456 ±0.0110 0.4229 ±0.0101 
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2.000 baseline  correction  

18)  
 

18 250  300 

 

 2.000 

 

 

 (mg L-1) 

 
  

0 0.0852 ± 0.0066 0.0852 ± 0.0066 

0.100 0.1718 ± 0.0315 0.1348 ± 0.0062 

0.500 0.5938 ± 0.0212 0.6228 ± 0.0050 

1.000 1.2454 ± 0.0192 1.0152 ± 0.0752 

2.000 2.49 ± 0.128 2.1315 ± 0.0180 

3.000 3.5437 ± 0.0523 3.0557 ± 0.1557 

4.000 4.7669 ± 0.028 4.1422 ± 0.1749 

5.000 5.843 ± 0.1289 5.3655 ± 0.1531 
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250 -300 

baseline correction  

0.05  

)  

Limit of detection ; LOD)  
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standard deviation) 

Limit of Quantitation ; LOQ)
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19 

477 2.000 

 

 

477 

  

baseline   
 

19 477  

-
 2.000 

280  

 

 (mg L-1) 

 
  

0 4.263 ± 0.132 4.263 ± 0.132 

0.100 16.43 ± 0.58 15.96 ± 0.59 

0.500 54.91 ± 1.60 53.94 ± 1.40 

1.000 92.82 ± 1.01 92.35 ± 1.04 

2.000 125.9 ± 1.3 126.3 ± 1.3 

3.000 159.0 ± 0.8 156.6 ± 4.7 

4.000 195.5 ± 2.6 188.9 ± 8.7 

5.000 232.4 ± 2.0 228.7 ± 2.0 
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20 

420 530  baseline correction  -

 2.000 

280  

 

 (mg L-1) 

 
  

0.100 603.6 ± 33.61 604.7 ± 33 

0.500 2192 ± 67 2143 ± 61 

1.000 3686 ± 31 3687 ± 32 

2.000 5022 ± 45 5011 ± 44 

3.000 6399 ± 12 6282 ± 156 

4.000 7464 ± 83 7596 ± 352 

5.000 9271 ± 80 9130 ± 77 
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21 

 250  300 Vodka 1.00 

 2.000  

 

 (mg L-1) 
 

 
0 0.002 ± 0.010 0.168 ± 0.006 

0.100 0.008 ± 0.002 0.253 ± 0.044 

0.500 0.039 ± 0.001 0.711 ± 0.009 

1.000 0.085 ± 0.005 1.227 ± 0.018 

2.000 0.189 ± 0.002 2.450 ± 0.127 

3.000 0.257 ± 0.026 3.338 ± 0.016 

4.000 0.310 ± 0.043 4.133 ± 0.624 

5.000 0.447 ± 0.015 6.007 ± 0.178 
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42 

 



96 

300 325 350 375 400 425 450 475 500 525
0

25

50

75

100

125

150

175

200

225

 

 

in
te

ns
ity

wavelength (nm)

concentration of flunitrazepam

5.000 mg L
-1

0

 

42 

Vodka 1.00 2.000 
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420  530 Vodka 1.000 

 2.000 

 477 280  

 

 (mg L-1) 
  

0 13.56 ± 0.74 -  

0.100 23.90 ± 2.84 -  

0.500 37.54 ± 1.64 895 ± 41 

1.000 48.27 ± 0.03 940 ± 5 

2.000 69.78 ± 0.73 2032 ± 97 

3.000 92.20 ± 5.61 3069 ± 283 

4.000 107.5 ± 1.59 3632 ± 62 

5.000 120.3 ± 4.79 4223 ± 184 
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Tequila -
2.000 

250-300 

 Tequila  1.000 

23)  

 
23

Tequila 1.000 

 2.000  

 

  

(mg L-1) 
280   

250  300  
0 0.198 ± 0.006 2.983 ± 0.007 

0.100 0.204 ± 0.016 3.119 ± 0.013 

0.500 0.213 ± 0.011 3.263 ± 0.071 

1.000 0.200 ± 0.002 2.882 ± 0.029 

2.000 0.268 ± 0.035 3.479 ± 0.449 

3.000 0.285 ± 0.019 3.544 ± 0.052 

4.000 0.304 ± 0.007 3.936 ± 0.057 

5.000 0.342 ± 0.020 4.295 ± 0.064 
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Tequila 2.000 -
280 
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1.000 

Tequila 0.198 (±0.006)  
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2551)  
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24 -
 Tequila 1.000 

2.000 

280 baseline correction 

 

 

(mg L-1) 
477  

420  530  
0 11.00 ± 0.18 -  

0.100 16.86 ± 2.83 413.0 ± 97.5 

0.500 23.83 ± 1.69 636.4 ± 60.0 

1.000 40.87 ± 0.31 1175 ± 22.0 

2.000 62.70 ± 0.71 2255 ± 107 

3.000 85.15 ± 5.59 3153 ± 278 

4.000 100.4 ± 1.57 3850 ± 60.8 

5.000 113.2 ± 4.79 4440 ± 182 
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(4) -
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