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GC-MS  

2016 3 18 5  

1 

1)  

2)  

3)  

4)  

17



2 

1)  

2)  

3)  

4)  

1-1.  (Azide) ? 

3 

−N3  
 (N3

−)  (−N3) 
 (azide)  

 
 (sodium azide NaN3) 

 (hydrogen azide HN3  
 (lead(II) azide Pb(N3)2) 

 
  (diphenylphosphoryl azide ) 

18



1-2.  (sodium azide NaN3) 

4 

 (N3
−)  

( )  

 (HN3)
 

 

1-3.  (hydrogen azide HN3) 

5 

 ( 37 )
 

 (pKa 4.6–4.7)
 ( )

 

19



-4.  

6 

 
 

 

 (NO)
 (in vitro )  

 

700 mg (13.5 mg/kg) 
150 mg 

1-5.  

7 

1988  
1999  

Kikuchi M et al.: J Chromatogr B 752 (2001) 149-157. 

(ng/ml) 
   
 1  1  2.5  

1           n.q.*          n.q.           107 
2            35          n.q.           206 
3          636          n.q.             52 
4        3734         575           265 
5           n.q.          n.q.             52 
6           n.q.          n.q.           107 
7           n.q.          n.q.             81 
8           n.q.          n.q.  
9          490             4  

10        1133             3  
*Not quantified (LOD whole blood; 10 ng/ml, urine; 1 ng/ml) 

 
7 mg/ml 

20



8 

        

Klug et al.1)  (1987)      58900         85     6.1    

Peclet et al.2) (1991)   8.8 g total         40     N.D.    

    Lambert et al.3) 

(1995)         754       262    1283 14  205   

   Marquet et al.4) (1996)       1036   7.4, 8.3       21.4     N.D.  
(<0.4) 

   N.D.  
(<0.4)      2.7   17.6 

(μg/ml or g) 

1) Klug E et al.: Z Rechtsmed 98 (1987) 129-132.  
2) Peclet C et al.: Int. Assoc.  Forensic Toxicol. 21 (1991) 28-29. 
3) Lambert WE et al. J Anal Toxicol 19 (1995) 261-264.  
4) Marquet et al. J Anal Toxicol 20 (1996) 134-138.  

N.D.: not detected 

9 

1)  

2) 

3) 

4) 

21



10 

2.  

1.  

2. /  
:  23 (2000) 149-158. 

http://www.j-tokkyo.com/2002/G01N/JP2002-055096.shtml 
 2002-55096 

 

: .   
 2001 p 31-32. 

11 

2-1-1.  

 

pH  

22



12 

2-1-2.  

1 ml
2-3  

   

 

 
A (

) 5  

B (
) 1  

 

 
 

(
) 

13 

2-1-3.  
  

0 1 10 20 50 100 1,000 10,000 0 100 μg/ml μg/ml 

 

 

        

23



14 

2-2-1. /  

[Fe(N3)]2+  

10%
 

10%  
 

1 ml  

15 

2-2-2. /  

10%
 

10%
 

 
( )

 

70 15  (
) 
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16 

2-2-3.  

    

 
 

      

17 

2-2-4.  

0 1 10 20 50 100 1,000 10,000 

 

25



18 

2-3.  

/  

 

 

(
) 

19 

1)  

2) 

3) 

4)

26



20 

-1. GC-MS  

Pentafluorobenzyl bromide (PFBBr) 

Azide 

Pentafluorobenzyl azide 

GC-MS 
 

 

21 

-1. GC-MS  

1) -  

2)  

3)  

Miki A et al.: J Health Sci 46 (2000) 81-88. 

Kage S et al.: J Anal Toxicol 24 (2000) 429-432. 

Kikuchi M et al.: J Chromatogr B 752 (2001) 149-157. 

Ohmori T et al. Forensic Toxicol 32 (2014) 251-257.  

: .   2002  p 549-556. 

27



22 

3-1-1. - 1  
1.    0.5 ml 
2.  200 mM PFBBr 0.5ml 

 0.2 g 

1μl 

GC-MS 

4. Vortex mixer 1  

1. 50 20  

3. 0.5M 1 ml  
2.  

5. 50 2  
6.  
7. 3 ml n- 1 ml 50 μg/ml  
   TBB (IS)  0.1 ml  
8. Vortex mixer 5  
9.  

PFBBr  

 (1μg/ml) 

Ohmori T et al.  
Forensic Toxicol 32 (2014) 251-257.  

Kikuchi M et al.: 
 J Chromatogr B 752 (2001) 149-157. 

23 

3-1-2.  

3.  5mM TDMBA  
                             0.8 ml 

1. 20mM PFBBr 0.5 ml 
2. 10μM TBB (IS)  2 ml 

 
( ) 

 0.2 ml 

GC-MS 

1. Vortex mixer 1  

2. 60 30  

3.  

( - ) 

1 μl 

PFBBr  

 
 

 

28



24 

 : Agilent  6890GC-5973MS 

 : Agilent  HP-5MS (30 m  0.25 mm i.d., 0.25 μm) 

 :  60 ˚C (2 min)-20 ˚C/min-300 ˚C (10 min) 

 250 ˚C  280 ˚C 

 :  

 : EI 

 : ,  

(Retention Time Locking IS, RT = 13.2 min) 

GC-MS  

DB-225 

25 

0

2

4

6

8

10

12

14

16

4 5 6 7 8 9

PFBBr 

TIC  

PFBAzide (10μM: 420 μg/ml) 

IS: TBB 

min 

106 

A
bu

nd
an

ce
 

4.73 

4.82 

8.07 

29



26 

PFBBr PFBAzide 

TBB 

PFBAzide  PFBBr  
TBB (IS)  

181 

194 

223 
M+ 

181 

260 
M+ 

314 

235 

316 

M+ 

27 

0

2

4

6

8

10

12

14

16

18

4 5 6

0

2

4

6

8

10

12

14

16

18

4 5 6
0

2

4

6

8

10

12

14

16

18

4 5 6

   

12.800 μg/ml 

36.8μg/ml 
2.8μg/ml 

TIC  

30



28 

3-1-3.  

3. TBMPB 30 mg and tetraline 4μg (IS) 
2. 100mM PFBBr 400 μl 
1. 0.1M  (pH 7.7) 100 μl 

 
 

 

( ) 0.1-1.0 ml 

 

GC-MS 

1. 38 30  

 

2.  

pH 7.5-8  

( - - ) 

 

 
 

29 

-2. LC-MS  

Minakata K et al.: Anal Bioanal Chem 403 (2012) 1793-1799. 

 50 μl 

1. pH 5  

2.  (NaAuCl4)  
  (Au(N3)2

-)  

3.  

 

LC-MS/MS direct injection 

 

Au(N3)2
- 

Au(OCN)2
- 

 

31



30 

1)  

2)

3) 

4) 

31 

4-1.  
(100 mg/kg)  

114 μg/g 

223 μg/g 

4.4-25 μg/g 

Ohmori T et al. Forensic Toxicol (2014) 32: 251-257.  

32



32 

4-1.  
(25 mg/kg)  

86 μg/g 

12 μg/g 
11 μg/g 

 
 

Ohmori T et al. Forensic Toxicol (2014) 32: 251-257.  

33 

4-2.  

 
-30  

4  

4  

4  

Ohmori T et al. Forensic Toxicol (2014) 32: 251-257.  

5 μg/ml  

 

33



 

34 

pH (2 )  

 
 

 

 
GC-MS  

 

 

35 

:
17 (2012) 63-74. 

:
25 (2012) 27-34. 

: .   2002 

 

 

Baselt RC: Disposition of toxic drugs and chemicals in man. Tenth 
Edition. Biomedidcal Publications Seal Beach California, 2014 

 

34



 

←  

  

  

35



36



. 
  

37



38



 
 

39



ppm   
1,000 - 2,000  
(0.1 - 0.2%)  

600 1  

200 - 300 1  

100 - 200  

50 - 100  

10  

0.41  

0.02 - 0.2  

0.00041  

40



 

 

41



42



 
•  
•  
•  
•  
•  

610  

43



  

44



 

 

45



 

46



47



 

 

48



 

• l
 

•
g / ml  

49



GC/MS  

7.4 10.0  

m/z314 M+2 +

m/z 235[(M+2)-
Br]+ H2S m/z 
394[C6F5CH2SCH2C6F5]+ m/z 
181([C6F5CH2]+, )  
 

 

50



 

•
116 179-188 1998  

•
47 406-409 1993  

• 11
227-232 1998  

•
4 −

− 40 308-315 1986  
 

51



 

 

52



  
 

 

53



54



 

55



 
610

0.42 0.56 g/ml
610

0.35 1.05 g/ml  

0.005
2 g/ml

2 g/ml
 

56



 

   
  0.51 g / ml 
  0.58 g / ml 

    0.67 g / ml 
    0.53 g / g  

 +  0.56 g / g 
 

57



(150) 

    
  0.67 g / ml 

    <0.1 g / g  
 +  0.56 g / g 

 

58



 

59



•

 
•

 
•  
•

 
•

 

60








