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� 2.  �� !" EI�� !"(40-120 amu)

� 3.  �� !"#$%&�� !"#� PCI�� (60-200 amu)

�� !"#$%&'()*&�MS-MS��� ��

�� 50 µg/kg (ppb)�� !� 72 � 55 m/z ��

�� ![5]���� !"#$%&'()*�� !

���� !"�EI���MS�� !"#$%&�

�� !"#$%&'()*�� !"#$%&'

�� /���GC/MS��� �� !"#$%&'

�� !"#$%�� !"#$%&'()�� !

�� !"�� !"#$%&'

� GC/MS-SIM�� !"#�$%&'
��

�� ! EI�� !�� 2��� !"#$%&'

�� !71�55�44 m/z��� !"ng�� !"

�� !�� !"#$%&'(')*+,�� !

�� �PCI��� !"#$%&'(�� !"#

�� �EI�� !"#$%&'()�3��PCI�

�� !"#72 m/z��� !�"[M+H]+��� 

�� 89 m/z�[M+NH4]+�PCI�� !"#$%&'

�� !"#$%&' -�� ! pg�� 
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�4�� !"#$%&'()*+,-.100 pg - 10 ng

�� !"

� 4.  100 pg � 10 ng PCI- � SIM�� !(R2=1.00)

�� !"#$

PCI�� !"#$�� !"#$%&'()*+�

�� !"#$%&'()*+,-./�� �!

���� !�0.4 g�� !"#$%&�� 1 mL

�� ��9:1 v/v��� !"#$%&'(10�� 

�� !�� 1 µg�� 13C3-�� !"# 1 mL �

�� �� !�� 8000 rpm�� 5�� ��

�� �� !"#$%&�� �GC/MS-PCI��

�� !�SIM��� �� !PCI�� !"#$

�� 1�

� 1.  PCI�� !"#$ GC/MS�� !"#

�� !"

�� �� !"# 5062-3587�
�� !

�� !

�� 220�
�� �� !"

�� !" 30.0 psi
�� !" 1.20 ��

�� !" 50.0 mL/min
�� !" 1.20 ��

�� ! 54.7 mL/min
�� !" ��

�� !

�� !"#$ 260�
�� !"#$ 0.20 ��

�� !" 60�
�� !" 1.00 ��

�� ! �� ��

12�/min 230� 10.00 ��

�� ! 25.17 ��

�� 

�� ! �� 19091X-136
HP-INNOWax

�� !" 260�
�� 60.0 m
�� 250.00 m
�� 0.25 m
�� ��

�� ��

2.0 mL/min
�� !"# MSD ��

MSD ��

�� ! 7.00 ��

�� PCI ��
(1.2 mL/min)

EM�� PCI�� ! + 400 V
�� !"# 250�
�� !"# 150�

SIM ��

�� ! �

�� �� !(ms)
72.0 60
75.0 60
89.1 60
92.1 60
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Ion 89

Ion 92

�� !"#$%&

�5�� !"#$%&'()*+,-./��PCI

�� !"�� !"#$%&'()*+,-.��

�� !" 34 ng/mL�� !"# 85 ng��� !

�� !"#$%&'()*+,-�� !"#$

�� !"#��$%&'()*+,-./�� 

�� !"#$�� !"#$%&' 100 ng�� 

���� !"#�� !" 135 ng/mL��� �

�� !"#$%&'()*+,-� ./0 1

�� !"#$%&'()�� !"#$%&'(

�� �� !"#$%&'()*+,�� !"#

�� !"#��$%&'()*+,

� 5.  �� !"#$%&' (84 ng/g) �� !"#$

4



KBr, HBr, Br2 
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2,3-dibromopropionamide
C3H5Br2NO
mol. wt. 230.9 g/mole

2-bromopropenamide
C3H4BrNO
mol. wt. 150.0 g/mole

�� !"#$%&' GC/MS ��

�� !"#$%&'()*+,�� !"��� 

[6,7]��� !"#$��� �� 1 g : 10 mL��

�� !"#$%&'()*+,�� !"#$%

�� !�� !"#$�� !"#$%&'2,3-�

�� !"�� ! "#$%&'()*+,-��

�� !" /�� !2,3-�� !"#$%&'()

�� !�� !"#�$%&'�()*+�� !

�� !"#$ 2-�� !"�� !"#$%&'

1��� !"#$CH2=CH(CH3)CONH2�� !"#

�� !�� !"#$%&�'()

�� 1

��

�� !"#$�� !%& (Sigma-Aldrich��) �

�HPLC�� !1 mg/mL�� !"#$%1,2,3-13C3

�� !"�� !�� !"#$%&'Andover�

MA���� !"#$%[6]��� !KBr�HBr�

���VWR �� !CA��� 1N ��� !�VWR�

�� !CA���� !"#$%&[6]�� �1 mL

�� !"#$%&'()*+,�� !"#�1�

1N��� !"#$�� 1 mL��� �� !"

VWR��� �� !"#$%&'�� !"#$ -

�� !"

�2��3�� !"#$%&'()$*%&'(+

�� !"�� !"# 2 µL�� !"#$

� 2. � EI�� !" PCI�� !"#$%
�� !"#$%&'()*� GC/MS
�� !"#

�� !"

�� �� !"# 5181-315�
�� 

�� 250�
�� �� !"

�� !" 30 psi
�� !" 1.20 ��

�� !" 50.0 mL/min
�� !" 1.20 ��

�� ! 54.7 mL/min
�� !" ��

�� !

�� !"#$ 325�
�� !"#$ 0.50 ��

�� !" 50�
�� !" 1.00 ��

�� ! �� ��

45�/min 300� 2.00 ��

�� ! 8.56 ��

�� 

�� ! �� 122-3832
DB-35 ms

�� !" 340�
�� 30 m
�� 250 m
�� 0.25 m
�� ��

�� ��

1.2 mL/min
�� !"# MSD ��

EI � PCI MSD ��

�� ! 5.00 ��

EI ��

EI �� �� !

EM �� �� ! + 400 V
�� !" 230�
�� !" 150�
EI SIM ��

�� �

�� !
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6

� 2. � EI�� !" PCI�� !"#$%
�� !"#$%&'()*� GC/MS
�� !"#(�)

�� �� ! (ms)
2,3�� !"# �� !"#$

149.9 10 ms
151.9 10 ms
106.0 10 ms
13C3-2,3-�� !"# ��

152.9 10 ms
154.9 10 ms
109.9 10 ms
2,3-�� -2-�� !"# �� !"

120.0 10 ms
122.0 10 ms
164.0 10 ms
166.0 10 ms

PCI ��

PCI�� PCI�� !
EM�� PCI�� ! + 400 V
�� !"# 250�
�� !"# 150�
PCI SIM ��

�� !"�� !"#$ MFC 20%  (1.0 mL/min�
�� ! �

�� �� ! (ms)
2,3�� !"# �� !"#$

231.9 10 ms
233.9 10 ms
149.9 10 ms
151.9 10 ms
13C3-2,3-�� !"# ��

234.9 10 ms
236.9 10 ms
2,3-�� -2-�� !"# �� !"

245.9 10 ms
247.9 10 ms

�� MFC 20% (1.0 mL/min)
�� ! �

�� �� ! (ms)
2,3�� !"# �� !"#$

248.9 10 ms
246.9 10 ms
250.9 10 ms
13C3-2,3-�� !"# ��

251.9 10 ms
249.9 10 ms
253.9 10 ms
2,3-�� -2-�� !"# �� !"

262.9 10 ms
260.9 10 ms
264.9 10 ms

� 3. 2-�� !"�� !"#$%&'()
GC/MS EI�� !"#

�� !"

�� �� !"# 5062-3587�
�� !
�� !

�� 250�
�� �� �� 
�� !" 30.0 psi
�� !" 1.20 ��

�� !" 50.0 mL/min
�� !" 1.20 ��

�� ! 54.7 mL/min
�� !" �

�� !

�� !"#$ 325�
�� !"#$ 0.5 ��

�� !" 50�
�� !" 1.00 ��

�� 

�� ! �� 122-5533
DB3-5MS

�� ! �� ��

25� /min 140� 0.00 ��

45� /min 300� 1.50 ��

�� ! 9.66 ��

�� !" 350�
�� 30.0 m
�� 250 m
�� 1.00 m
�� ��

�� ��

1.2 mL/min
�� !"# MSD ��

EI � PCI � MSD ��

�� ! 5.00 ��

EI ��

EI �� �� !

EM �� �� ! + 400 V
�� !" 230�
�� !" 150�
EI SIM ��

�� �

�� �� ! (ms)
2-�� !" �� !"#$

148.9 20 ms
150.9 20 ms
105.9 20 ms
13C3-2-�� !" ��

151.95 20 ms
153.95 20 ms
2,3- �� -2-�� !"# �� !"

120.0 10 ms
122.0 10 ms
164.0 10 ms
166.0 10 ms



7

� 6.  2, 3-�� !"#$ EI�� !

�� !"

EI�� 

�6��7�� !"2�3-�� !"#$2-�� 

�� EI�� !�� !"#$%&'()*+,

�� !"#$%� EI��2,3-�� !"#$%&

�� !"C3H5ONBr�� �� !"#$%&�'

�� !"#�� !"#$%&�� !�� !

HBr��� !"#C3H4ONBr��� !"#$%&

�� � EI �� !"!#$%&' �� !"

C2H3Br�� �� !"105.9�107.9 m/z��� !

� 13C3-�� !"#$%&�� !"C2H3Br�� 

�� !"107.9�� !"#$%&'(�� !"

�� !"#$%&'()��149�� �� !"

�� !"#$%&'()*+,-./012��

�� !"EI-SIM�10�500 pg/µL�� !"#$

�� !��8��9��� !EI�� !"#$%

�� !"#�� !"#$% !"#&'()*+

�� �� !"#2,3-�� !"#$%&'()*

���� 2-�� !"#�� !"#$%&'()

�� !�� �� !"#$%&'()*+,-.

�� !"#$%&'()*+,-./012345

�� !13C�� !"#$%&'()# *+,�

�� !"#$%&'()*+,-./0% !"

�� !"#�� !"#$%&'()*+,-�10

�� !"#$%&'()*EI�� �� !"#

�� � GC�� 2,3- �� -2-�� !"#$��

�� !"# 2,3-�� !"#$%&'(�� 2-

�� !"#$%
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� 7.  2-�� !"# EI�� !

� 8.  2,3-�� !"#$ 10 � 500 pg/ L�� !" (R2=0.998)

� 9.  2-�� !"# 10 � 500 pg/ L�� !" (R2=0.999)
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PCI

�� !"#$%& 2,3-�� !"# PCI�� �

11��12��� !�� !"#$[M+H]+��� !

�[M+NH4]+��� !"#$�%&'(�� !"

�� !"#$%&'�� !"#$%&'()*

�� �� !"#$10-500 pg/µL�� !"#EI

���R2>0.998���� !"�� !" PCI���

�� !"m/z 72�89��� !SIM�� �� 

�� !"#$%&Br2�� !�� !"#$%&

��

� 10.  �� !"#$%&'2,3- �� -2-�� !"#$ EI�� !
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� 11.  �� !"#$% 2,3-�� !"# PCI�� (60-300 amu)

� 12.  �� !"# 2,3-�� !"# PCI �� (60-300 amu)
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�EI�� !"#�� !"#2,3-�� !"#$

PCI�� !"#2-�� !"#�� !"#$%&

����13��14�2-�� !"#$%&'()�

�� ![M+H]+��� [M+NH4]+��� !"#�

�� !"#$%&'(!)*+,-��15��16�

� 13.  �� !"#$% 2-�� !" PCI�� (50-250 amu)

� 14.  �� !"# 2-�� !" PCI �� (60-200 amu)
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� 15.  �� !"#$% 2,3- �� -2-�� !"# (�� !"#$%&) PCI ��(60-300 amu)

� 16.  �� !"# 2,3- �� -2-�� !"# PCI��
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��

�� !"#$%&'()*+,�� !"#$%

��� PCI�� !"#$%&'()*+,-./

���� !"�� !"#$�� !"#$%&'

�� �� !"#$%&'() 2-�� !"#$

�� !"#$%�� !"#$%&EI�� !"

��PCI�� !"#$%&'(�� !" #$%

��2���� !"#$%&'(�� !"#$%

�� !"#$%&'()�� !"#$%&'(

�� !"#$%�� !"#$%&'()�� !

�� !"�� !"#$%&'(

�� !
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