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C9H13N 
 NÅOP�* j�9)* =Mr!U& 

?#,@'A#5* +,A�9~   r,7 Go* "�%G) °�( 
C9H13N. H3PO4    (d) U|| )OWXD@( 

 NÅOP�* j�9)* =MrMUU   (1) ------ 
     (dl) U|| )WXD@O( 

?#,@'A#5* +,@Oz.    r,7 Go* "�%G)°�( 
(C9 H13 N)2. H2SO4   (d) U|| )WXD@O( 

 NÅOP�* j�9)* =&rUn6   (l) ------- 
     (dl) M6|bM6!) WXD@O( 

 

__CH2
__CH__CH3 

NH2 
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   j,^3a)* +,{rV 
+,@OzK)* +,A�9A)* f$;,%)*  

^*3v" "^*3v j,^3a)* "X'Xq t,0* g 
j,^3a)* "X'Xq j,^3a)* "X'Xq "^*3v 49G,@O�* g 

,-O/%m i3am o i3am o "^*3v W'm�* NI,(� =mH g 
i3am o i3am o "^*3v �r9~3r9XK)* g 

 

,B'0*#?#,@'A     j,'Xk)* "�%G) °�( 

M � 9('#_ W'@# � ! �j,^3/^ W'(~    (d) M|6bM!| 
N� α b?#,G,@OH eOÆ^ W'@# NI,(�    (l) M!| 
N �α b?#l'@'(~ W'@# NI,(�     (dl) M|xbM!| 
N �b?#,@'A#_ W'@#  

?#,@'A#_ W'@# 
?#l'B# W'^3/^9EO* W'(~ 

 \C@%Ã 43*$�* g FrV_" �,`) "'X%`)* +*/�±0* "'q,Am*!xu!" 

 ?#,@'A#,B'# =(d -) �(+) /#9EO* �( S ) 
,B'#9A') ?#,@'~ =(l -) �)b( /#9EO* �( R ) 

 
 
 
 
 
 

C10H15N 
 NÅOP�* j�9)* =Mr!hx 

 

__CH 2
__CH __CH 3 

NHCH 3 
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?#,@'A#,B'# $Or9X.3r$'�    r,7 Go* "�%G) °�( 

C10H15N.CHl     (d) !u|b!u& 
 NÅOP�* j�9)*ur!6&    (l) !u|b!u! 

      (dl) !U!b!U& 
 
 

  j,^3a)* +,{rV 
$Or9X.3r$'�* f$;,%)*  

i*3v )* "X'Xqj,^3a t,0* g 
i*3v "^*3v 49G,@O�* g 

i3aO o "^*3v W'm�* NI,(� =mH g 
i*3v "^*3v �r9~3r9XK)* g 
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J+KE% BCDE% 
&LAGM$% NO P4+2.D4+K.$%A P4+2.D45% *%GQ12R4 S+2:T 

&.U+.V.WE% +XI%8YA 

 ,@'A#,B'0*3 ?#,@'A#5* +,s@(# e# f=-. "'J. j_ e# �>/)* \X; F,@G�* e# 49Y ?#
    "O/88� +*z88@� g º@88(m ,7@88'-X>_ j�88~ �+,s@88(0* �a88� S3/88<0* .  ?#,@88'A#R) f/88�* $88;*9%)*3

�*=B. "@^,� �E') WI*9� ?#,@'A#,B'0*3 . WK� g c'd,EJ. z._ "{r$^ jÇ* ${9m N7~ �)a)
          w*3 �?#,@'A#,B'0* $Or9X8.3r$'� 3_ ?#,@8'A#5* +,A8�9~ 3_ +,@Oz8. $Or9X.3r$'� "'I,0* W'),

         ,7@'J8Em ]'8<O [8)* ?#,@8'A#,B'0*"   "'-8�a)* "KJ8E),^ "         �2*/q_ j_ ,J. �j*$X-)* È8`^ g f/~9@8#
      4,J`@�o* f/<@(# ";3/<# => ¥/�^ ";9(8 0* .       ]( )* S3/<0* => ?#,@'A#5* 4*PO o ,J('^3

._ ?#,@'A#,B'0* j�~ �,^3r3_ g ]�*3 ¥,�G \X; �,d,@#j,^,')*3 "'),J<)* ,KO/#_ g �,;9'� /B. 

        "';9(X) "-q*/# Z_ V9{3 �$`^ ";3/<0* => ?#,@8'A#,B'0*3 ?#,@8'A#5* +,(8'; �8E@m3
       "'),`A)* g "O=k@8),^ �8E@m ,8J. .         e# "Å�,G "�'�3 +,s@(#3 "O9G,� ºm*9G \X; Z9@Y ,# �*=B.3

             l;,A@8)* 4,J@8.* �$8;3 �"'I$-8)* V*980* f3,8%G �$8;           "'%(m "O,A. �$8;3 ](8 )* t,(8�_ "'I,'J'8K)* +
NI,7(88)* É'./@88)* º@88(0*3 "�'88�9)* +,-88./0* .  +,-88./0*3 "O9G,B88)* ºm*9(88)* �a88� /88~9m j_ e88K¡3

         ";3/<0* => ]( )* "%O/� e; "J'q +,#9X8`# "�'8�9)* .    "J7# �I*9<)* e; +,#9X`0* j_ ,J.
   i,-8�_ f$8`) .     eK¡ �I*9<X) fr,C)* +*=��@),~       "XJ@w* r,�:5* /<G �'J`m eK¡ ,J. ,�/O$%m

        /8#5* �P8) *vH Fl8`)* ²$8%m3 .            => cO/�)* $O$Y g $'A# ,7('`^ �I*9� V9{3 �$; 3_ V98{33
            3 �,; r$ # e# +t,{ +,('`)* Z_ ?'`m g3 �'./@8X) S3/8<0*/  => 3_ S3/<# F,@GH e# 3_

 S3/8<# . w "-E(),^ "J7# "('`# �I*9� V9{3 "~/`#3 WJ@w* ,7X:*$m �-E^ N;/<)* ��)* WX
?#,@'A#,B'0*3 ?#,@'A#5* +,�9-C# W'XY g "#$y@E0* "'X'XD@)* +,'(%@)* g. 

            r$ #3 �EG \X;3 �]( )* "%O/� \X; fV9{90* �I*9<)* +,8'J.3 S*98G* 1q9@8m3
            "�'�9)* +,-./0* f�JXd ®3/£3 ��mr*/d "{rV3 W;,A@)* �8q33 �"'I$-8)* V*980* "'%(@)* ¥/�3 

  +$8{3 jH .                 �E(^ NI,7()* ºm,()* g fV,; ${9m3 ")V,`@8# 3_ "A'`8} "8O$;,q �I*98<)* �8Q`#3
 e# Wq_MbU٪. 

            ?#,@'A#,B'0*3 ?#,@8'A#R) S3/8<0* =8> c'X8y@X) "d,@8# f=B8. cI*/8� �,(8�3 . /B._3
         W;,8Am 98� �,#*$y@8�* +l;,A@8)*" +r,8.9')"  ]O/�3 ¢'E^ c'X8y@)* j5 �*/8QG � �*V3V/# N�`O3 

             p,: S9(^ /�: t*/{H Z_ \X; Z9�(O o3 ºm,(8)* e8# �*=-8. .   ½l� e# �l;,Am �r,-@;* eK¡3
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                "'%(m ¸ t,80,^ W'X8Y ¸ �"'-8'./m "X8d/# e8# j9K@8O +*98�: .   1�,Km j�~ ?#,@'A#R) "-E(),^3
   W'(8~ �./80*�M�    j,^3/8^ )P�2�P     �j9@'. W'@# WOÆ^ �BMK (  g �$'#,#r9A)* ]#   ÈÊ V9{3 

       "'-G,{ W;,Am ºm*9G e# �*V$; N�`O ��98'G9#5* +,8#r9~ ¹X8# �*$y@8�,^ 3_ ��,8G,'d_ �8'#r9A)* .
        ¢'88�9)* �./880* f�JX88� �'@Oz88K)* È88Ê t,880,^ W'X88D@)* f988�: g �$y@88EO3Nb W88'#r9~

 ?#,@8'A#_ .            'A#5* f$;,q ply@�* 3_ r,y-),^ =�%@)* \X; "'I,7()* "'%(8@)* "X8d/# Z9�(8m3 ?#,@
      +,-88Oa0* e88# /B8._ 3_ $88d*9^ W8E> "'X88J; �-88%`m �+,@Oz8K)* ¹X88# WK8� g �'88�/@)*3 =mo,8^

?#,@'A#5* +,@Oz. /ËX-m fV,;�^ 3_ "O9C`)*. 

      �88'#r9A)* È88Ê3 ?#l'@88# �*$y@88�,^ W�,88Ì i9X88��^ ?#,@88'A#,B'0* =88CY e88K¡3 
3Nb        1�,K@8)* f98�: g $'#,8#r9~ W'@8# .     ,Am "�*rV �8¾ $8q3   z@`m3 "'~*3 "�*rV +r,.9') W;

   +,-8./0*Nb      3_ ?#,@8'A#_ W8'#r9~Nb      3 ?#,@8'A#_,@'# W8'#r9~h �    W'@8# � &   W'(~ �  eO$'¡=^ 
  "%O/88�)* �a88� ,7(88; /A88Em �I*988� �88�_ .   e88# W88q_ �9@88EÃ fV,88; $88{9m �I*988<)* �a88�3!٪ .

�./0* jÍ9Km ¦H *a� ZV±O3 W;,A@)* g �'#r9A)* ÈÊ �$y@�* ��*/:±#3  N �N �(� 8 NI,)β 
b  W'^3/888^ 9888EO_ W'(888~  ( ?888#_(DPIA) �./8880*3 N � W888'#r9~ DPIA  g "'888E'Ir �I*9888<. 

    �./880* jÍ988Km3 �?#,@88'A#5*N �N � NI,(888� )β b   W'^3/88^ 988EO_ W'(88~  ( ?#l'@888#(DPIMA) 
  �./80*3N � W88'#r9~ DPIMA+r,88.9') "%O/88�^ ](88 0* ?#,@88'A#,B'0* g  . �a88� �A88<. $88q3

*9<)* ¦H W m +,O9@EÃ �IU٪ . eO$O=-)* +,-./# ,7'~ ,Ã �f=B. �/:_ �I*9� +${3 $q3
 "'),; j,'X> "8{rV +*v . �./0* j_ e# �>/)* \X;3P � 2 � P ]C© �m*V*$#H j�~ ��,Or,� ¶,@# 

      j*$X8-)* È8`^ g "-8q*/JX) .     $Or$µ_3 �'@�_ W'(~ ÈÊ ,7'~ �$y@EO "O/� c'X© "%O/� �,(8�3
 �'@8�5*              Z9G,8� ºm,(8. j9@8'. W8OÆ^ NI,(8� �./80* N8�`m3  .     WOÆ^ NI,(� WB# �I*9� �-Em3

        NI,7()* ºm,()* g �/:_ �I*9� 498:V j9@8'. .     ,A)_ ?-./0* V9{3 1<Î. �G�~ ��)a)� WOÆ^ 
 ,A)*3 ?#l'@'(~� WOÆ^ � N � �./0* e# ?`( 0* ?#,@'A#,B'0*3 ?#,@'A#5* g ?#l'@'(~ W'@# 

P � 2 � PN%()* =>  .� F �'%^ j,JE@O j,O9G,B)* j,�,()* *a�3&|) 1 (X) "KX7# ";/{ ( e# Wq_
"'%()* => Sr,<)* +*r$� g e#,K)* /��* ¦H =<O ,Ì ?#,@'A#5* ,7'�`O [)* �'%)*. 

       e88# V$88`)* *a88� WB88# ?#,@88'A#,B'0*3 ?#,@88'A#5* c'X88y@) �/88:5* ¥/88�)* N88�`m o3
* �I*9<)*]( )* "%O/� \X; 4$m [). 

             W;,A@O [)* "')*P@:o* "Í(8Í'Ï#5* "%O/8� ?#,@8'A#5* =8CD@) �$y@8Em j*$X8-)* È8`^ g3
  �./880* ,87'~P � 2 � P  L*r W88K'G e88# cX8`#3 Raney Nickel rV,88�9()* �,88> e88# ¯9X88� ]88# 
?{3r$'�*3 .V3 "CAy(# ¯9k} �Y "Ð(Ð'Ï#_ +,'XJ; �9� jÇ* Ñd WsEO �3 fr*/d +,{r
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"88CAy(# .        ?ml-88)* "%O/88�)* �a88� g �$y@88Em ,88µ_ ®3/88`0* �/88:5* ")P@88y0* W88#*9`)* e88#3
 �'%-888IP)* $Or9X888. ]888# �9'(88805* ¥9D888E#3HgCl2WK'(888),^ e�-8880* �GP888)*3  . =888CY e888K¡3

88^ �,88CO_ ?#,@88'A#,B'0*8%O/88�)* �a78?#l'@88# �*$y@88�,^ " .  188� $88;*9q N88� "'88E'I/)* �I*988<)*3
(Schiff)      1�,K@8^ j9K@8m ,7(8# f$8d*3 j_ §/@8AO �P � 2 � P?#,@'A#5*3  . �a� z@`m o *aK�3

 �./0* ,7'~ �$y@EO "'%'X© "%O/� Z_ g fV9{9# j9Km j_ eK¡ ,7(K)3 "';9G ºm*9()*P � 2 � 

P .                 +,#l`. "('`# f�,Ad W#*9; �*$y@�* e; "�,G "O9C; => �I*9� V98{9^ j,`@8EO $8q3
fP'Ì. 

    �'88E.35* "%O/88� ,88¿ j,O/88:_ j,@`I,88� j,@88%O/� �,(88�3�oxime�  ,887'~ W;,A@88O [88)* 
 ]888# ?#l'888E.3r$'�P�2�P    "%O/888�3 ��888)v $888`^ �@888{r$� �@888m Za888)* �'888E.35* N888�`') 

" eO=@8�3/@()* "(nitrostyrene)       �./0* ,7'~ 1�,K@O [8)* P�2�P    eO=@�3/@G N�`') j,@O*3/@G ]# 
 ¢'�3 �./J. . $� ZV±m3 ¦H ¢'�9)* �./0* g 3/@'()* ";9J� 4*P@:*3 "'I,(B)* "X29)* "{r

   ?#,@8'A#5* j98Km .             �'E.9@'. W'@# WOÆ^ N� "'E'Ir "-I,� ,¿,@8X. j,@8%O/�)* j,8m,� N8�`m3 .
   "),d g º@(m ,J('^ W;,A@)* 4,J@.* �$; ¦H �'E.35* "%O/� �*$y@�* "),d g ,�V9{3 ]{/8O3

 e88# eO=@88�3/@()* "%O/88� NIP88�* 4*P@88:o*  .    e88# W88. �*$y@88�,^ 4*P@88:o* +,'X88J; �O/88{_3
   "X8q,()* 18�*9K)*         �9OV98 )*3 �98OV98 )* �ÐkX8Ð# WB8# +,G3/@8K)Ò)/   "Xq,()* 1888�*9K)*3 �49G,@8OH

 WB# $Or$'7X)  4LiAlH 3  CN  3Na BH . ?#,@'A#5* g eO$O/O�5* +,-./# V9{3 e; 1<. $q3
        *9K)* ,87'~ �$y@8Em "%O/8�^ /8Cw*    $Or$'7X8) "X8q,()* 18� .    g f$'A# �I*9<)* �a8� j98Km $8q3

        �/@<# r$ # e# fv9:�# +,(8'; ?8^ ¢^/8)* . Ä/7. 4*P@:* e# ,7`-@O ,#3 �'E.35* "%O/�3
j*$X-)* È`^ g �,'),d "`I,� ";3/<# => =CY "%O/� N� Z3,J'.. 

           X23 e8O9Km i9X8�* �l8;_ fr98.a0* "O/8E)* cI*/8�)* ]8'» g �$y@8EO3 ?{3/@()* "
   j9^/8K)*3C�N                ,8'J'�*r ¯9X� ¢J()* N;9G =8> WK8<^ cI*/8�)* �a8� N8�`m3 �)Ä,�%@�* o (

 e8# dl b     3_ ?#,@8'A#_ dl �  ?#,@8'A#,B'#  .     �./0* "./d ,� ]C© [)* "8^,q/)* +,'X8J`) �*/88QG3
P�2�P     88> c'X88y@X) "`I,88<)* "'I$-88)* V*9880* e88# e88Or$~o* �'-88�3 e88Or$AOo* ¹-882_ � S3/88<0* =

?#,@'A#,B'JX) .3 ?{3r$'�,^ 3_ /Ê5* r9A�9A)*3 ?{3r$'�* $OV9'^ ,J�*P@:* N�`O vHPb/Ba 

SO4           3r9X. 3_ eOr$~Hr9X. ¢'�9)* �./0* 4l: e# 3_ f/�,-# ,8#H �b  j9K@0* eOr$~5* �'-� 
     ?#,@88'A#,B'0* e88# �*$88'{ �*V3V/88# �W'G9'B88)* $Or9X88. ]88# .  88)* �I*988<)* eJ88C@m3 g 188<Km [

       �./80* cI*/8�)* �a8� g �/8� [8)* +l;,A@8)*P � 2 � P   eOr$~5*3 �eOr$~Hr9X8K)*3 �V98')*3 �
 �9OVl-)* WB# "O9C`)* => /2,(`)* È`^3(Pd) �9Or,-)*3 (Ba) . eOr$~H W;,A@)* g �$y@�* *vH3

)2S 3 1R ( �,'I988} ¢88<G)  �88�,^ �,88CO_ ®/88`O1b 3_ )b (e88Or$~H(9788E^ /~9@880* � È88`^ g ")
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     \X8; 498 �* �@8O �j*$X8-)*db ?#,@8'A#,B'#  .    j9^/KX) "'>*/8A)* t,'J'8K)* j5 *a8�3C � 2 WQm 
               *a� $88(; Z/ -)* "'q,-�GH l),^ ÓA@Y3 "(sX�*3 "{r$�* ")*�H W;,Am "'),@@# t,(�_ ='km l^ "@^,�

?#,@88'A#,B'0* g j9^/88K)* . 0* g "'I988C)* "'X88;,A)* $'.�88m z88@`O3  V988{3 �G,88{ ¦H NI,7(88)* º@88(
     �./80*1b =CD@)* g �$y@�* Za)* 9� +*a),^ W;,A@)* *a� j�^ �,O9q �,m,-�H "-I,<. e8Or$~H  .

W�,Ì i9X��^ ?#o9G,^3/^ W'(~ e# ?#,@'A#5* eO9Km eK¡3. 

  ?88^ 188Ay0* =88> r$88y0* f3,88%G ¶3*/@88m j_ e88K¡3x|٪ 3 xx٪. r,88�o* §*/88>53 
   8y0* 18A�    "-8EG ¦H fV,8; r$h|٪  +*r$'�9^/. �*$y@�,^ W8q_ 3_ ) ��9@.l)* ��9.9Xk)* WB#

   49@8'G,0* ��3/K8E)* (      �eOr$~5* 3_ �?'~,K)* 3_ ��9OV9 )* +,#,m9X> 3_ ��9'E(k0* +,@Oz. 3_
 j3�,(888'A)* 3_ �eO$O=-888'@G5* 3_ �?O,.3z888)* 3_ .    e888# "888'I,# W'),888´ j*$X888-)* È888`^ g ¶,@888m3

r9X.3r$'� \JEm ?#,@'A#,B'0* $O""'-�a)* "KJE)*." 
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ZE+KE% BCDE% 
P4+2.D4[E \U+9].DE% GX^$%/_AGM$% NO P4+2.D4+K.$% 

            WK� g r$y0* \X; ";3/<0* ";,(8 )* e8# "Å8�,()* ?#,@8'A#5* +*/8CD@E# Z9@8Y
    +,A�9~ 3_ +,@Oz. ¹X8# .        +o9E-.3 �p*/q* WK� g "AX@� j*$X^ g ¥Í9Em N�3  i*/�3 

 =E.H3)ª9D. ºOP#.( 

     e%DX88) �88%`# 49X8´ 3_ p*/88q�. $Or9X8.3r$'� ¹X88# WK8� g ?#,@88'A#,B'0* ¶,@8O3 .
              +,#9X`#3 +,s@(0* /7Q# 123 "~/`0 "')$' )* ]{*/0* 1X@� ¦H S9{/)* ?X8XDJX) Nk-8(O3

�µ*$X^ g S3/<# i9X��^ "d,@0* +,s@(0* e# �('`^ º@(# Z_ e;. 

    8) 1X8@�3        È'^_ ¥9D8E# WK8� g j98KO vH S3/8<0* =8> ?#,@8'A#5* +,@Oz8. j9
                         V*90*3 �I*9<)* "'J.3 S9(8) �,`-8m �8^ 3_ /A82_ 3_ ZP8#/q 3_ ";3/8<# fr98 ^ º@8(O ,8Ã �'-8�

ÔkX) "XJ`@E0* .+,-Oa0* +,AX� V9{3 �-E^ fP'Ì "-'� => "DI*r �)3 �,-),> �,-�r j9KO3. 

     B'0* $Or9X8.3r$'� j98KO3           3_ �)9%# ¥9DE# WK� g fV,; S3/<0* =8> ?#,@8'A#,
NkJ2 .fV9{90* �I*9<X) �,`-m ��,'sEA(^ 3_ �,'(^ 3_ �,C'^_ �G9) j9KO $q3. 
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`a%GE% BCDE% 
P4+2.D45% bcL d82e fE% g%8$% B.ce/P4+2.D4+K.$% 

 HEh–*+,.(E% iYh  

              '`)* a8:5 +*t*/8{H V98{3 fr3/8C) N8E'I/)* �-8E)* jH     W'XY \X; 49 �* 9� +,(
     �'X8; 498`O3 ¹'D82 NI,'J'8. .    cI*/8�)* �8Q`# j5 �*/8QG3�  "'JK)* 3_ "';9(8)* � g "#$y@E0* 

                 �fV,0* e# �*${ f=k2 +,'J. �9� �X�@m o +*r$y0* ·DA) N;/<)* ��)* �X8; +*z8@�
        X) �,#,¾ "XBÌ f=k )* +,'IP�* �a� j9Km j_ "O9'd fr9 ^ �70* e8# j�8~�(# +a:_ Za)* WK .

         4,B0* W'-� \X; ,7('-m ,J. �"'X'XD@)* t,'J'K)* ÕV,-# ]# cA@O T'¬ +,('`)* a:_ t*/{H �83
eO$J@`0* ?'I,'J'K)* ?XXw* V,Y* WB# +,JQ(# 3_ "'(�9)* "O3V5* =m,�V. 

          5 "OV,`)* $;*9%)* S,-m* �"'G9G,q i,-�5 �,7'~ e8K¡ o +o,8d �,(8� j98Km $8q3 a:
                    NI/# W')$. W'XD@)* ]}9# fV,80* e8# tP8Ö ÓA@8À j_ �lB8# WX8w* V*r_ *vH ,7@8EG,�3 +,(8'`)* .

            j�r +,'X8J; t*/8{H �PX8O $8q �WO$-8.3)   N8J. ?8'`m (        ¢X: e# �o$^ ?q9DE# \X8; "X8 A(#
 W. �$q r$y0* ¢-} Za)* 43±E0* j5 ¯9Xy0* \X; f$d*3 j�r "'XJ; t*/{H W-q ?q9DE0*

 D8E#        WK) "X%@E# ºI,@G NC@%O �r,�H g WXw* WJ`O Za)* L9G,%)* �,Q()* j53 �f$d \X; ¥9
�.,w* \X; §/`m j_ �3 z@yJX) "#$%# fV,#. 

  ¥9E)* e# t*9� +o9E-.3 p*/q_ WK� g ?#,@'A#5* +,�9-C# j9Km j_ eK¡3
       # "�,G 3_ ";3/<0* =8> ¥98E)* ¦H ,7X8O9Y 4l8: e8# ";3/8<0* �)a.3 �S3/<# => ](2 e

 NkJ882 3_ c88'qV ¥9D88E# WK88� g .   fV,88# 3_ ¥9D88E# WK88� g fV,88; ?#,@88'A#,B'0* $88{9O3
      ";3/<# =>3 ";3/<# rV, # e# +o9E-.3 p*/q* j*$X-)* È`^ g ¶,@m �G_ �>r �"'kJ82 .

       %# eK¡3 �"XI,� "),d g ,¿,@X. j*$8{9m3 ?#,@8'A#,B'0* f$;,8q3 ?#,@8'A#5* f$;,8q3 g ,J7@X^,
,J7dl#_ W'),´ �G,{ ¦H S3/<0* => ¥9E)* g j,'d5* e# =B.. 

! b c'd,E0* 

)_( f$d*3 f9-; g 1(2 e# +,('`)* a:_ 

            e# f$d*3 f9-; e# j9K@O 1(2 W'XD@X) �$%O ,#$(; N� +,('`)* a:5 "),d ¢8E^_
  fV,0*�  V,0* j9Km3 �?#,@'A#,B'0* 3_ ?#,@'A#5* "),d g ¥9DE# WK� g +o,�* "'-X>_ g f .
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                        WsEO3 �'@�l-)* e8# 18'QG3 ®,A8� �8'. g ]8}9m3 �,7@8A) 3_ ,87I,;3 e8# fV,80* «/8Am3
g,88 )* j�988)* .  j,88. jH3 �"'I,'J'88K)* +*r,-88@:o* "X88EX� c'-88�m W-88q �,88#,¾ fV,880* "88EG,� �@88m3

      ª3_ r,-@:* t*/{H j,8K#�,^)N}*/@~* (    �^ V,%@;* �,(� j,. *vH   "EG,�* 3_ +,('`)* a:_ "'XJ; j
           fV,0* "'�,# g �<)* È`^ �,(� 4*PO o3 �l8O9� �,@8q3 a:�@8� . ¥9DE# "EG,� "X'�3 ¢E^*3

      fV,0* �')H �X%G Za)* �'@�l-)* ®,A<)* �'K)* g f98%^ �8{r N8� . Z9@À ¥9DE0* j,. *v�~
     e# ";9J� g fV,0* r*/#�^ ,�=EKm eK¡ �8G�~ +l@8Km \X8; g "{r$@0* i9%B)* +*v W'^*/k)* 

                       �'7# Zr,� "Oa>_ ¯l: �*$y@8�,^ 3_ "8q$#3 j3,8� �*$y@8�,^ ,7%D8� cO/8� e8; 3_ �/k8 )*
§/k)* *a� t*V5. 

            ª,@)* 9D()* \X; ]'^/@)*3 PO9K@8)* "'(8Am �*$y@8�* e8K¡ ��8)a) WO$-8.3 : "('`)* ¢X©
    �'X8%@),^ 3_ F/8),^ .        vH f=-8K)* t*P8{5* =8EKm �@8O3      \X; �)v $8`^ fV,80* Í�8 m3 ³/8#5* �P8) *

       ̄ 3/8� W8J`) 9@8E# ¹�8� .   �×98EO3" ̄ 3/8y0* "     eO9K@) �eO$#,`@# ?O9@E# g fV,0* �E%m ¸
S,^r_ "`^r_ .�(# +a:_ Za)* t,;9)* ¦H fV,0* "'%^ V,`m3 ³"('`. j,E.,`@# j,`^r a:±O3 . *vH3

* �sd W'X%@) ]'^/@)*3 PO9K@)* "'XJ; r*/Km $Or_z._ "{r$^ +,J'E�* �sd W'X%m �P) �"('`) .
�/.v c-� ,J. �E%m3 9@E# ¹�� \X; � m3 �,#,¾ fV,0* ¢X© ¸. 

)i( f9-; e# /B._ e# j9K@O 1(2 e# +,('`)* a:_ 

             r,-@:* �*$y@�,^ ,7A( O ,Ãr3 �/Q(),^ +*9-`)* ]'» +,O9@´ WXw* ·DAO j_ Nk-8(O
/>9m,#3/. "'(%@^ 3_ ¢'E^ L9)NXO ,# ?'`@) "%'q/)* "%-�)* ,'~*: 

!b       3_ ?#,@888'A#_ j9888Km j_ �-@888<# fV,888# \X888; Z9@888Y +*9-888`)* ]888'» �G,888. *vH ,888#
3 �?#,@'A#,B'#/3_ 

Mb                   /�±# ¢E^_3 �+*9-`)* "'-X>_ e; "AX8@� fV,8# \X8; Z9@8Y /B8._ 3_ f9-8; �G,8. *vH
       -; ®l@:* "),d g3 �¥9DEJX) NI,OP'A)* /87Q0* 98� �8)v \X8; ¶9}9^ /B._ 3_ f9

f$d \X; ,7X'XY3 ,7X ~ �PXO �,°,O9@´ g. 

ª,@)* 9D()* \X; f9-; e# /B._ g "#$%0* ®,(25* ]'J� �@O3: 

  ) _(  e# Wq* +*9-`)* �G,. *vH!|f9-; W. e# +,('; a:_ �P) . 
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)i(  +*9-88`)* V$88; j,88. *vH!|b!|| r,'@88:* �P88) �f9-88; !| "%O/88�^ +*9-88; 
"'I*9<;. 

)F(        e# /B._ +*9-`)* V$; j,. *vH!|| �  "%O/�^ +*9-`)* e# V$; r,'@:* �P) 
  ¦H �,^/88%# +*9-88`)* V$88; S988J� N`'^/@88)* ra88�* Z3,88EO ,88�V$; �"'I*988<;

\X;_ ¹'D2 �qr i/q_. 

                �+*9-`)* e# V$8; +,O9@8´ �8} e8K#_ �,�/87Q# g f$8d*3 c'd,8E0* j_ $8{3 *vH3
           8: g fV,80* "8EG,� Nk-8(O ¸ e8#3        §/8k)* *a8� �8'7# Zr,8� "8Oa>_ ¯l .  eK¡ ��)a) WO$-8.3

]'^/@)*3 PO9K@)* i9X�_ c'-�m. 

    W88. ]88'J� ?`@88O �"AX88@y0* +*9-88`)* g fV,880* e88# "AX88@� S*988G_ \X88; ®/`@88)* $(88;3
�l;_ r9.a0* 9D()* \X; "';/~ ";9J�. 

     JK)* cI*/88�)* g "#$y@88E0* +,(88'`)* a88:_ g t,88�:5* W'X88%m e88K¡3  �88AA: *vH "88'
              ¹'D )* �Oa0,^ "')*9@# +*/8# f$8; fV,80* e8# f=-8K)* +,'IP8�* .     NXK)* "('`)* �sd j,. *vH3

  i9X88�5* *a8� �*$y@88�* �,88{ ��*=-8. .   "'X88J; g fV,880* e88# f=-8. +,88'J. �$y@88Em ,#$(8; ,88#_
           3 e; ºm,()* ���* �(s@) "2,Ã �Oa0* "~,}H Zr3/C)* e# j9KO $q �¦35* "^*v�* V*9# V9{

   "8^*3v =8> .           +,('; g �*$y@�o* "`I,� "^*3a)* => /8<()* V*98#3"Sr,<)* "    ]'» g ¢-Cm [)*
j*$X-)*. 

)F( f=-. 3_ "'kJ2 +l@Km \X; Z9@Y [)* V*90* e# +,('; a:_ 

             +*9�: S,-8m*3 cD8E)* i9X8�* S,-8m* Nk-8(O �8G�~ �f=-8K)* +,J'8E�* cD8� j,8K#H "8),d g
   98.a0* W8J`)*  �,8AGÁ fr .       "Oa>_ ¯l: 3_ �"q$#3 j3,� �*$y@�,^ ¥9DE# \X8; 498 �* e8K¡3

"';,(2 "(D�# 3_ �Zr,� . �,sd�^ +,J'E{ a:±m ")97E^ fV,0* =EKm j,K#H �$; "),d g3
              1( )* e# W8q5* \X8; "AX8@� t*P8{_ "8�l� e8# "'I*98<; . e; W%O o ,# a:±O3! j�9O3 �*/> 

 W'XD@)* g �$y@EO3 "q$^NJK)*. 
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M �  +o9E-K)*3 p*/q5*�";3/<0* 3_ "Or,s@)* +*/CD@E0*  

              N y<)* /O$%@X) ]C� $O$Y 98� Zr,s@8)* W82R) ª35* $O$D@8)* jH .  "XB#5* e#3
 "O/�,Q)* +,A2*90* ,7'X; c-�(m [)* +,;/�* +*$d3 Zr,s@)* W25* +*v +,s@(JX) "`�,%)*

        8 )* +*/8CD@EJX) "'(8�9)* "8)V5* g"')$' .        "-q*/# "'XJ`) �,JI*V "Or,s@)* +*/8CD@E0* ]8C©3
            e# =-. V$; �/~ e# f$'A# f=B. +,#9X`# \X; 49 �* eK¡ o �)a) ³?s@(0* �$) fV9�*

f9-; W. e# +*$d9)* . ")9E-K)* 3_ $d*9)* p/%)* g r$%m [)* 4,`A)* / (`)* "'J. j9K@�3
"'I, d�* "'d,()* e# "�,2 f$d*9)*,7X. "`~$)* W'BJ@) . 

 ) _( $d*9)* t,;9)* 

!b !b&|";/88{ f$88d3  :  $88¬ +*$d9X88) NX88K)* V$88`)* 188 G �,'I*988<; r,@88�
   \8 q_M|  f$8d3  .   4,^/> g /¾ T'¬ "('`)* cDEm ¸ j�9)* ¢8�9@# ?8`O
 NK-�� M|�,#,m �,�X: ¢X©3 . 

Mb &!b!||";/888{ f$888d3  : �,'I*9888<; r,@888�M|  +*9888��* ]-888@m3 �f$888d3 
*�l;_ fr9.a0. 

Ub !|!b!|||";/88{ f$88d3  : �,'I*988<; r,@88�U| +*988��* ]-88@m3 �f$88d3 
/.a)* "A),E)*. 

hb      e8# /B8._!|||    ";/8{ f$8d3  :         �,O3,E# +*$d9)* e# V$8; �,'I*98<; r,@8�
               ³\X;_ ¹'D2 �qr i/q_ ¦H �,^/%# �V9{90* V$`)* S98J� N`'^/@8)* rasX8)

/.a)* "A),E)* +*9��* ]-@m3. 

)i( fV$`@0* "';35* 

           g �A23 c-� ,J. ";9J� W. W#,`m3 F,@G�* +,`~V �,qr_ �8Ed "8';35* 1(8 m
!b) i (�l;_ .f$d \X; ";9J� W. ºI,@G ÂX-m. 

                ";9J� W8. g +*9-8`)* V$8; S98J� N`'^/@8)* ra8�* ?8`O .  e# V$; �,'I*9<; r,@�3
 i/q_ ¦H �,^/%# N`'^/@)* rasX) �,O3,E# +*9-`)*\X;_ ¹'D2 �qr. 
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               N`'^/@)* rasX) �,O3,E# ";/�* +*$d3 e# V$; fr,@� f9-; W. e8# �,'I*98<; r,@8�3
             �qr i/q* ¦H �,^/%# +*9-`)* V$`) N`'^/@8)* ra8�* \X8; �,#98E%# ";/8�* +*$8d3 V$8; S98J�

\X;_ ¹'D2. 

                  NK-� 4,^/8> g "X8^/k)*3 eD�),8^ "8`J� "(8'; =8CY �@8Ob M|  V,0* ¢X©3  �,#,¾ f .
"`J�* "('`)* \X; W'XD@)* Z/3. 

U �  +o9E-K)*3 p*/q5*�S3/<0* => W25* +*v  

                ";3/<0* => +*/CD@E0* "),d g fV9{9# =8> fV98�* "-8q*/# r,-8@;* e8K¡ . eK¡3
   j9KO +o,�* �Q`# g �G_ e# �>/)* \X; p*/q5* eO9Km g "`�*3 +,(O,-m V9{3 g �,-@�o*

(�p/q W. g 4,`A)* / (`)* e# r$q �, . +*$d9X) �/A)* +,'XJ; È`^ t*/{H �PXO �G�~ �)a)
fV/A0* "';35* 3_. 

 ) _( $d*9)* t,;9)* 

 ";/�* f$d9)* j�3 ¢�9@#3 ";/�* +*$d9) NXK)* V$`)* ?`O. 

 �lBJ~ :   Ñd ";/�* +*$d3 e# V$; e# "G9K# "('`) "-E(),^!|+*$d3  : �/~ Z/
»";/�* +*$d3 ]'. 

          e8# "8G9K# "(8'`) "-8E(),^!!   ¦H Mu  ";/{ f$d3  /     S,^r_ "�l� �/AO3 �,'I*9<; r,@�
         e; W%O o V$; r,@�3 \X;_ ¹'D2 �qr i/q_ ¦H �,^/8%# �";/8�* +*$8d3 S98J�M! o ,#3 

 \X; $OPO&|";/{ f$d3 . 

�/A)* +*r,-@:* ºI,@G Ø,�_ \X; "'),@)* +*9��* ]-@m: 

!b vH ";/�* +*$d3 e# "`'J� j9Km �"%^,�@# ";/�* +*$d3 ]'» j_ /7£ *
W'XD@)* Z/3 ";3/<0* +*/CD@E0* "),d g ]-@0* 9D()* \X; f�3/A0*. 

Mb        ¦H "('`)* �E%m �";/�* +*$d3 e# ?AX@� ?XK� WJ<m "('`)* �G,8. *vH
,88}�* ";/88�* +*$88d3 e88# $OP88# �/88AO /88#5* �P88) *vH3 ?J88Eq ¸ e88#3 �"'~

W'XD@)* ,J7'X; �/3 j,@`'J� j×9Km. 
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Ub                 9� ]-@O Za)* i9X�5* j�8~ �";/8�* +*$8d3 e8# ?XK8� V98{3 "8),d g
         e88# $OP8# �/8AO ¸ �";/88�* +*$8d3 e8# /8~35* WK88<)* e8# "8`'J� =8CY
              \X; oH Z9@Y o Ù3,E# �sd +*v "('; eO9Km eK¡ Ñd ";/�* +*$8d3

     /8�* +*$8d3 4,K8�_   f/~3 W8q5* "; .     eO9Km eK¡ Ñd "'XJ`)* �a� r/Km3
,7X. "('`)* �l7@�* Ñd 3_ +,;/{ WK� W. e# "`'J�. 

            \X; 3_ "-q*/JX) ]C© ,# fV,# Z_ \X; Z9@Y [)* ";/�* +*$d9) "O9Å0* "-8E()* /8O$%m e8K¡3
    \X; Z9@Y ,µ_ ${3 [)* +*$d9X) "O9Å0* "-E()* �*$y@�,^ /:Á 4,8`~ /8 (; "-E(),^ fV,0* �Xm 

,��/~3 �,'I*9<; ,�r,'@:* Ú [)* +*$d9)* V$; S9J�. 

)i( fV$`@0* "';35* 

               \X; ��,'I*9<; �r,'@:* Ú "';3_ V$; W. e# ";/�* +*$d3 e8# V$8; �,'I*98<; r,@8�
�,AGÁ fr9.a0* ";3/<0* +*/CD@EJX) "-E(),^ ]'Js@)* +*t*/{H g V$w* 9D()* ./~ �@O ¸ W. �

f$d3. 

"'),@)* +*9��* �/� ��/A)* r,-@:* ºI,@G Ø,�_ \X;3: 

!b  e# f�3/A0* +*$d9)* ]J� �f$d*3 3$-m f�3/A0* +*$d9)* ]'» �G,. *vH
"`'J� eO9K@) "';35* ]'». 

Mb                 t,;3 W. "X#,`# �P) �,7`'» "X�,J@# 3$-m o f�3/8A0* +*$8d9)* �G,8. *vH
       # fV,8# 3_ "X8 A(# "(8'`.    W'XD@X) "8#$%# "X8 A( .     t,;3 W. ]# ]Í-@m *aK�3

�l;_ $d*9)* t,;9X) "-E(),^ "('-0* +,7'{9@X) �,%~3 +*9��*. 

hb   "'I,0* W'),w*�S3/<0* => W25* +*v  
                ?#,@'A#,B'0* $Or9X.3r$'� "'I,# W'),´ j*$X-)* È8`^ g ";3/8<# =8> "%O/8�^ ¶,@8m .

  G,s@# W'),8w* j5 �*/8QG3      �,'-8EG f=k82 "(88'; j�8~ �,7@8`'-�^ "8E)!| W8#  (   "88'J. WB8¾ j_ e8K¡
,7X. 49Xw*. 
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)_( $d*9)* t,;9)* 

  e; W%m o "'J. a:±m ��)a^ ¹JEO "('`)* �sd j,. *vH!| t*/{� 49Xw* e# W# 
"2,# �*$y@�,^ �)v3 �NJK)* ?'`@)*. 

)i( fV$`@0* "';35* 

 `~$)* �,qr5 �,`-m "';35* 1( m "';3_ ";9J� W. Û,`m ¸ �/:_ ·I, : Z_ 3_ +,
 $(-)* g ?-0* 9D()* \X; "X�,J@#!b) i (�l;_ .f$d \X; ";9J� W. ºI,@G ÂX-m3. 

          ";9J� W. ,7JCm [)* "';3R) NXK)* V$`X) N`'^/@)* ra�* ?`O . V$; �,'I*9<; r,@�
qr i/q_ ¦H �,^/%# N`'^/@)* rasX) Ù3,E# "';35* e#\X;_ ¹'D2 �. 

                  ,87Jsd "(8'; fr,@8y0* "8';35* e8# W8. e8# a8:±m!|     /B._ 3_ W# )   �s�* j,. *vH
¹JEO (+,('`)* e# "`'J� eO9K@). 

            "2,0,^ a:±O ��)a^ ¹J8EO �8s�* j,8. *vH!|    t*/{� "`'Js@)* e# Wq5* \X; W# 
 NJK)* r,-@:o*)j�/)*.( 

& b  V5* 3_ eq,w* g "'%-@0* +,AXy0*"O/E)* +*z@y0* g "'{,{P)* +*3 

               [)* eq,w* \X; ?#,@'A#,B'0* 3_ ?#,@'A#5* e# "X'Å} +,8'J. fV,8; $8{9m �8G5 �*/8QG
  e88# ,88�=>3 "'{,{P88)* +*3V5* \X88; 3_ V*/88~5* ]88# ¢-88Cm [88)*3 $X88�* �88Y e%DX88) �$y@88Em

                o_ WXDJX) Nk-8(O �8G�~ �"O/8E)* +*z8@y0* g ¢-8Cm [8)* +*$8`0*    "')3_ +*r,-@:* t*/{H 43,À 
"Ü,�* "'X'XD@)* +*t*/{�,^ f/�,-# _$-O j_ �'X; eK)3. 

  ®,A�* Ñd "'JK)* P./m3 49G,@'0* e# "'J. Wq�^ "'{,{P)* +*3V5* 3_ eq,w* WEkm
?{3/@()* e# r,'m �Y .+,AXy0* \X; fr,@y0* +*r,-@:o* �/�3. 
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 j+ak &.EA5% *%!+'2Yl%  )%&.m%G2/l( 

!b  "'G9X)* +*r,-@:o* 

              +*/�±# V/� �9� �E') "'G9X)* +*r,-@:l) "'^,�* ºI,@()* j_ \X; $O$<@)* �8
 ?#,@88'A#,B'0* 3_ ?#,@88'A#5* V988{3 4,J@88d* \X88; "'88}*/@~* .  t*988� �f=B88. �/88:_ V*988# �,(88�3

                  : =8>3 fr,8} =8> �/8:_ V*98# �8)a.3 ")$-@8E0* ?#,@8'A#5* +,%@8<#  ]O/<@^ "-q*/JX) "`},
"'G9X)* +*r,-@:o* 1�*9. �*$y@�* $(; "X�,Ì �,G*9)_ N�`m j_ ,7(K¡ "')3V +*$�,`# 3_ ��3 .

                    "'-X� 3_ "'^,H ºI,@G t,�;H ¦H ZV±m $q fV,0* ¦H ®,Cm [)* 1'Ay@)* W8#*9; È8`^ j_ ,8J.
  "(8'`X) "8AI*� .  9J'� 1�,. �*$y@�* "),d g p,: �{9^ �8)v ½$8À3 PG(Simon�s reagent) .

"XO$^ W'XY �'),�_ �*$y@�,^ ºI,@()* �a� WB# j9XXw* $.±O j_ $^ o3. 

)_(  P'./# 1�,.)Marquis reagent( 

  "~,}�^ P'./# 1�,. /CÀ6b!| P'./@^ $'�$),#r9~ 49X´ e# ¢%G h|٪ ¦H !| 
P./# �'@Oz. È#,d e# W# .�,m,-� /B._ $'�$),#r9~*r,^ j5 �*/QG3 eK¡ �G�~ �$'�$),#r9~ e# 

 $'�$),#r9~*r,^3 P./0* �'@OzK)* ÈÊ ¯9X� �*$y@�*)!|:!�s�,^  (WO$-.. 

&?9GnE% 

  "('`)* e# f=k2 "'J. ]}9m)!bM 3_ ¥9DE0* e# �kX# !bMWI,E)* e# "�%G  ( g
                "�%G "�%G 1�,K)* ®,8CO ¸ �W;,8Am ¶98) \X8; r98A´ 18O9�) \ q_ $¬U¢%G  .(N�`O3 

             �-)* j9X)* ¦H =k@O �*r9~ �,'),%m/^ �,G9) ?#,@'A#,B'0*3 ?#,@8'A#5* e8# W8. .   1<KX) ÝV5* $�*3
 9� r,-@:o* *a¨!�,-O/%m �*/>3/K'# . 

)i( )* 1�,.( eOr$'7(')Ninhydrin reagent( 

        ,8�r$q "8'J. i*a8m&r .        g eOr$'7(8'G e8# �*/8>h|     j9@'�5* e8# W8#  .  *a� /CÀ3
49Xw*�,'#9O 43�^ �o3_ . 
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&?9GnE% 

       "('`)* e# f=k2 "'J. i*am)!bM  ¥9DE0* e# �kX#  (49G,@'0* g . e# "�%G ]}9m
                1�,K)* e# f$d*3 "�%G ,7')H ®,8Cm3 ¹'8�/m "8qr3 \X8; 49X8w* *a8� .   ¹'�/@)* "qr3 eyEm

     "{rV $(; ?yEm ¶98) \X8;!!| °Ø . L*9{r_ ¦H j9X)* 49D@O�yE@)* ]# ª,%m/^ ? . o3
"'~,. "{r$^ �,�,Ed r,-@:o* *a� z@`O. 

)F(  PG9J'� 1�,.)s reagent�Simon( 

 49Xw*!:   P'./@^ NI,# 49X´M|٪�9OV9 )* +,G9^/. e#  

 49Xw*M:   P'./@^ ª9G,@OH 49X´&|"٪$'�$),@'�_ e# 

 49Xw*U:   P'./@^ NI,# 49X´!"٪ �9OV9 )* $'�3/^3/@G e# (Sodium nitroprusside). 

&?9GnE% 

                e# "�%G ]# ¢X©3 W;,Am ¶9) \X; r9A´ 1O9� g "('`)* e8# f=k82 "8'J. ]8}9m
   49X8w*! .     49Xw* e# "�%G ®,Cm ¸M . 49Xw* e# ¢%G ]C^ "~,}H ZV±m3U j9) jÍ9Km ¦H 

   �/88:5* "O9G,B88)* +,(88'#5*3 ?#,@88'A#,B'0* "88),d g ¥r�_ .  (88'#5*3 ?#,@88'A#5* ,88#_ "88')35* +,
              �/K)* /Ê_ ¦H �,8'G*9{r_ �,8G9) �t¢-8^ N8�`m ,8µ�~ �/8:5* .   P''J@) r,-@:o* *a� �*$y@�* eK¡3

     ?#,@8'A#5* e8; ?#,@8'A#,B'0* .              ¦H ZV±O $q 1'Ay@)* W#*9; È`^ V9{3 j_ �8)v ]8# Ó8dlO
"AI*� "'-X� ºI,@G. 
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 3.o–&?.pGE% &?'nE% +./%GO8q+4AGF  

=7Q@)* +,-Oa# 

!||  49G,@'#  1)_ �,Q()*: 
&r!  P./# rV,<G 49X´   
     
u& 
!& 
!| 

 N%Xd j,EK� 
eO9)9� 

?#l'm* Z*V 

 t,^ �,Q()*: 

     
!U| 
!x 
! 
U| 

 j9@'. W'm_ W'@# 
$'#,#r9~ W'@# Z*V 
P./# rV,<G 49X´ 

49G,^3/^9EO_ 

 �'{ �,Q()*: 

     
     

)* ¶9X)* \X; ]}9m [)* W'),w* =CYg*/>9m,#3/K 

 P'./@^ 49X´ /CÀ&49G,@'0* e# /@X'X0* g �kX# . ¥9DE0*: 
  

       +o9E-K)* e# "XBÌ "('; +,O9@´ «/Am)  +,('`)* a:_ +*9�: /QG*
 �l8;_ (      988Þ ß~,8KO ,8# \X88; Z9@8À 49X8´ ,7(88# /8CÀ3&  e88# �kX8# 

49G,@'0* e# /@X'X0* g r,%`)*. 

+o9E-K)*: 

  
     WB8Ì V$8; cD8EO         49X´ V*$;� c'qV ¥9DE# =CD@) p*/q5* e8# 

           98Þ ß~,8KO ,8# \X8; Z9@8À&  ?#,@'A#5* e8# �kX8#  / g ?#,@'A#,B'0*
49G,@'0* e# /@X'X0*. 

p*/q5*: 

  
  4V,88`O P'./@88^ 49X88´ e88# "88�%G ]88}9m&�kX88# / P88'./m j,88. *vH W88#

�,~3/`# 49Xw*. 
"'I,0* W'),w*: 

 P'./@^ ,7`'» /CY& 49G,@'0* e# /@X'X0* g �kX#. "Or,'`)* W'),w*: 
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    ¶/@%O �G�~ "O/ -)* +*r,-@:o* 1�*9. �Q`0 "#,`)* ?#,@'A#5* "'�,Ed �$`) �*/QG3
 ]88}3&   �P88'./m 49X88´ e88# /@88)3/K'# &      N88�`O ,88# 988�3 49G,@88'0* g r,88%`)* e88# �kX88# M& 

g*/>9m,#3/K)* ¶9X)* \X; r,%`)* e# �*/>3/K'#. 

   ?#,@88'A#5* P88'./m j_ g �88� ,887'~ $88{9O [88)* +o,88�* g3/ "(88'`)* g ?#,@88'A#,B'0*
        �r$q P'./m Zv 49X´ =CY �PXO $q ��~l: 3_ Ôk)* �-E^ �*$8{ ÈAy(8#!| P'./@)* 4,B#_ 

r,-@:o* g �#*$y@�o r9.a0*. 

          �G,. t*9� W'XD@X) "`},�* V*980*3 "8Or,'`)* W'),8w* WK8� �87O o3f$;,q 3_ �,DX#  .
   §/k)* ZV±O ,J7(# WK8� Z�8~ . W;,A@m +,-./0* j�~ �r,7£�* +,-Oa0 Z$;,%)* ]^,�X) �*/QG3

f/d $;*9q WK� g. 

Z/ -)* ·DA)* 

 �,O/ ^ ,7 D~ W-q r,-@:o* ¶*9)_ 1'A� � . 3_ "~/k)* fr*/d "{rV $(; �)v �@O3
      e:,� t*9� à,A(# �*$y@�,^ S/�_ "%O/8�^ . �* g3       ")97E) �*/QG p/�* N:9m � "'G,B)* "),

?#,@'A#,B'0* 3_ ?#,@'A#R) f/�* $;*9%)* /O,�m . ]# �'X� eO9Xm jÍ9Km \X; 49 DX) �70* e#3
g*/>9m,#3/K)* ¶9X)* \X; e# �/:_ $;*9q Z_ 3_ rV,�9()* r,�Á ]'» ")*�H �)v. 

Z/ -)* ·DA)* cI*/� 

!b  $(; NsEA(-)* ¥9~ t9C)*M&h /@#9G,G. 

Mb eOr$'7@'()* 1�,.. 

Ub ÈJw* �9'�,m9-)* +,('ml^3V9O 1�,.. 

         NsEA(-)* ¥9~ t9C)* �Y �o3_ ¶9X8)* Ó8dlO .     W#,`O3 eOr$'7('()* 1�,K^ á/O ¸
   �mr*/888d "888{rV j/888~ g fr*/888�,^!!| ° f$8880 Ø&cI,888qV  .   "888')35* ?888#_ +,-888./# N888�`m

        8'G*9{r_ 3_ "'s8EA(^ �,8`%^ ?#,@8'A#5,.  +,-./# "),d g 1:_ j9) +*v ]%^ j9K@m3 �j9X)* "
      ?#,@'A#,B'0* WB8# "'I,(8B)* ?8#5* .         49XDÃ �/:_ f/# �)v $`^ g*/>9m,#3/K)* ¶9X)* ár eK¡
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  ÈJw* �9'�,m9-)* +,('ml^3V9O .        j9) +*v �,`%^ ?#,@'A#,B'0*3 ?#,@'A#5* e# W. N�`O aI$(;
 ZV,#r� NsEA(^ �\X; e.*V �^ "'G*9{r_ "'}r_ . 

  /8OaY �                  =y-m g "#$y@E0* fr*/8�*3 ?#,@8'A#R) f/8�* $8;*9%)* /8O,�m ";/8E) �*/8QG 
              g "d,@0* �'./@8)* g "¨,8<@0* +,(8'#,@'A#5* V$8;3 g*/8>9m,#3/K)* ¶9X8)* ¥98~ e8# +,-8Oa0*

          $´ "%'q/)* "%-8�)* ,'~*/8>9m,#3/. "%O/8� W8` *a8� W8. �";3/8<0* =8> ¥98E)* �*$y@�o* fV3
,7sI,@G =EAm $(; ra�* N:9m �PXO3. 

á/)* 1�*9. =CY 

rV>% s8.t+q8'E% *+,.quaAg89 H)+F 

    "'J. i*amM&r|     3 �'('ml-)* $Or9X. e# �*/> & g �9'�,m9-)* $OV9O e# +,#*/> 
 t,80* .     Ñ8d 49X8w* W8JKO3!|| W8#  .  ®,8COM=CD@) P./0* �Or9X.3r$'�* ÈÊ e# W#  

ÈJw* 1�,K)*. 

eOr$'7('G 1�,. 

  P'./@^ 49X´ /CÀ!r|٪49G,^3/^9EO_ �Oa0* g eOr$'7('()* e# . 

vU+2,E% 

 �'q× Rf !||:  

r,7£�* �,QG  Ë./0*� 
�'{ t,^ 1)_   
hx 
!n 
!M 
u& 

Uh 
hM 
bb 
n 

hn 
M6 
U| 
n6 

 ?#,@'A#_ 
?#,@'A#,B'# 

eOr$~H 
?'~,. 
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 @%g–U+RE% +./%GO8q+4AGF w+xE%A B 

! � �-`0* V9J`)* "'(%m 

 ) _(  1)_ �,Q()*�+,%@<# eO9Km j3$^  

 W'k<@)* ®3/£: 
  

FID  ®,<K)*(detector): 
  

 49�^ N{,{�n �*$q_ ) 3_M/@# ( NX:*V /�q �Mbh�#  V9J`)*: 
  
!|٪ 4 j3P88'^_ (Apiezon L) �M٪ �9'88�,m9^ $'88E.3r$'� 

   "K-8� \X8;6|b!|| e# Chromosorb W HP 3_ U٪ SE-

30 3_ OV-1. 

f9-`)*: 

  
 4$`Ã ?{3/@GU|"%'q$)* g W#  W#,�* �,k)*: 

  
 e# º#,G/^!U|° ¦H Mn|°Ø V9J`)* fr*/d "{rV: 

  
nb       3_ j,8KOV */@8m nb        N{3� V$; \X; Z9@À /:Á j,8K)_ 

          3_ ?#,@'A#_ W'^3/^ 3_ ?#l'(~ NI,(� 3_ j9^/K)* +*rv e#
?{3r$'�* $Or9X.. 

"'X:*$)* "Or,'`)* W'),w*: 

&?9GnE% 

        "8Or,'`)* W'),8w* =8CY)!  f$;,q �kX# /W# (      i*a0* ¹X0* e# "q$^ "G3�9# "'J. "^*v�^
  t,80* g .          P'./@^ 49X´ e# ¢8%G ]8C^ ®,8Cm|r!    �9OV9 )* $'E.3r$'� e# Zr,';  . ®,CO

 ply@�o* 49X´ e# Ù3,E# �sd)+,@'�_ W'mH 3_ j,EK�(F/O3 � ¶,JEX) �/@O ¸ ¯9Xy0* 
+,%-�)* 4, AG,^ . 9Þ NI,7()* P'./@)* j9KO j_ �3! g f$;,%)* e# �kX# ! 49Xw* e# W# 
NX:*$)* Zr,'`)*. 
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              \X; 49 DX) "('`)* e# "'~,. "'J. �*$y@�,^ "X�,Ì "%O/�^ ";3/<0* => "('`)* Û,`m
?#,@'A#5* e# P'./m/@),^ Z3,EO ?#,@'A#,B'0*Zr,'`)* 49Xw* P'./m �O/%. 

  "'J. e%À!bMt,C@qo* �Ed "O9C`)* "%-�)* e# /@)3/K'# . 

             NX25* NI,0* 49Xw* g NX:*$)* Zr,'`)* 49Xw* Fr$O �NJ. /O$%m t*/{�)  "),d g
  g Zr,88'`)* 49X88w* Fr$88O 3_ ?88{3r$'�* $Or9X88. ?#,@88'A#_ W'^3/88^ WB88# �88'#_ ¹X88# �*$y@88�*

* �Oa# +,@'�_ W'mH ply@�o) �*$y@�* "),d gnb?#l'(~ NI,(� 3_ j,K)_ .( 

  �9@w* i,Ed eK¡3)٪ ("'),@)* "#,`)* ")V,`0* �*$y@�,^ +,G9K0* e# Z_ e#: 

100
AA

A/A

C

C
  %

x
C

.chrom.stdin.std.intl.st.r

chrom.samin.std.intx

sam.

std.r.
××= 

T'd: 

Cx% =  jÍ9K0* e# �9@w*(x) "('`)* g )"O9Å# "'G�3 "-EG.( 

Cr std. =  fV,0* P'./m(x) Zr,'`)* N`{/0* 49Xw* g )"O9Å# "'G�3 "-EG.( 

Ax =  fV,0* f3rv "%�(#(x)"('`X) g*/>9m,#3/K)* W'XD@)* t,(�_ . 

Aint. std. in sam. chrom. =  W'X8888D@)* t,(8888�_ NX8888:*$)* Zr,8888'`)* 49X8888w* f3rv "%�(8888#
"('`X) g*/>9m,#3/K)*. 

Aint. std. in std. chrom. = 8888w* f3rv "%�(8888# W'X8888D@)* t,(8888�_ NX8888:*$)* Zr,8888'`)* 49X
NX:*$)* Zr,'`)* 49XDJX) g*/>9m,#3/K)*. 

Csam. =  "('`)* P'./m)j�3 "O9Å# "-EG/�sd.( 
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)i(  t,^ �,Q()*�+,%@<# eO9Km ]#  

W'k<@)* ®3/£: 

FID   ®,<K)*(detector): 
 49�^ N{,{�n �$q )M� ( NX:*V /�q �Mbh�# .  V9J`)* 

U٪ e# OV-17 \X;  "K'-�6|b!|| e# Chromosorb 

W HP�)V,`O ,# 3_  
 f9-`)*: 

 4$`Ã ?{3/@GU|"%'q$)* g W#   W#,�* �,k)*: 
!h&° e# "�z# 3_ Ø!U|° ¦H Mu|°Ø.  V9J`)* fr*/d "{rV: 

nb 3_ j,KOV*/@88m nb    e88# N88{3� V$88; �88^ /88:Á j,88K)_ 
j9^/K)* +*rv. 

 NX:*$)* Zr,'`)* 49Xw*: 

N�l� $Or$µ_�'X:3r9X~ .  +,%@<0* eO9Km W#,;: 
   

&?9GnE% 

               "('-0* "%O/�)* g ,J. ,7'X8; 498 �* Ú [8)* f$;,8%)* +,@'8�_ W8'mH e8# 49X8´ /8CÀ
"'I,#l)* �9'E(k0* +,@Oz. ¥9~ 49Xw* e# tP{ 1A3 �l;_ . W%(O!r|b&r| 49X´ e# W# 

      3 +,@'8�_ W8'mH!||       ~ N�l� $Or$µ_ e8# /@8)3/K'#       �,Kd�^ cXk0* W;,A@)* t,;3 ¦H �'X: r9X
       $(8; ?y8E@)* Z/83&&| °    f$80 �M|  "8%'qV  . ÂO/A@)* �Y �Oa0* =y-m �@O . ��*/)* i*aO

 g 1X88y@0*!|| +,@'88�_ W88'mH e88# /@88)3/K'#  . e88%À!  ,'~*/88>9m,#3/K)* V988J; g /@88)3/K'# 
"O�,k)*. 
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0!+2y 0"VLh z HnME% &{.2,E &4+(E% !8CE% 

)*V9J`  
U٪ OV-17 SE-30 !|٪ 4H j3P'^_ Apiezon L 

M٪�9'�,m9^ $'E.3r$'�  
�,Q()* 

 +,%@<#TFA   +,%@<# eO9Km j3$^  
      Compound 
 !&Un  !!Mx  !!Uh)_( ?#,@'A#_ 
 !uMM  !!un  !M|| ?#,@'A#,B'# 
 !hnu  !UnU  !U6n eOr$~H 
 MUun  !6!|  !6nM ?'~,. 
       

)_(     �,s@8do* +*/8�±# ¦H �,8qr5* =8<m .      z88@y0* ®3/8Q) �,`-8m �'8%)* �a8� 1X8@©3
) �D88E)* +,'X88J;3 �"^9�/88)* �fr*/88�* "88{rV WB88# (  "882,�* +*/@88#*r,-)* e88# �88)v =88>3

fP7{5,^. 
 

Mb  Z/`<)* V9J`)* "'(%m 

 W'k<@)* ®3/£: 
FID ®,<K)*: 

W'(~ W'@# 3_ j9K'X� W'@# �f/7 (# ,K'X'� ¢-m/# j9K'X� 
 �,'I,'J'8888. W8888 @#3) WB8888#SE-54 3_ DB-1 3_ DB-5 ,8888# 3_ 

�)V,`O.( 

V9J`)*: 

M&r|/@#3/K'#  "%'q/)* "%-�)* �Ü: 
!|bU| NX:*V /�%^ ��*/@# M&r|�# . 49�)*: 

 ��9'X�*h|�� /"'G,�. W#,�* �,k)*: 
h|:! "IPs@)* "-EG: 

 º#,Gz8)* :M      $(8; "8%'qV u& °     ¦H V*P8m �ØM6| °  4$`Ã Ø
!| °"%'q$)* g . 

V9J`)* fr*/d "{rV: 

nb     3_ j,KOV*/@8m nb          +*rv e# F3VP# V$; �^ /8:Á j,8K)_ 
?{3r$'�* $Or9X. ?#,@'A#_ W'^3/^ 3_ j9^/K)*. 

NX:*$)* Zr,'`)* 49Xw*: 
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&?9GnE% 

                   P'./@^ "~3/`0* => "('`)* e# W'),´3 fr$y0* fV,80* e8# "8Or,'; W'),8´ /8CY �r$q! 
            W8. g f/8�* f$;,8%)* e8# �kX8#!     t,0* e8# W8#  .      49X´ e# ¢%G ]C^ ®,Cm|r!  e# Zr,'; 

           ]# ¯9Xy0* F/O ¸ �,O9Xq 49Xw* ¹-8 ') �9OV98 )* $'8E.3r$'�!+,@'�_ W'mH e# W#  . Z/
           e%À ¸ �9'E(k0* +,@Oz. ¹X8# ¥98~ ¹'8�/@)*! ,'~*/>9m,#3/K)* V9J; g /@)3/K'#  . �$y@EO

 8J;    �)89� V9!!   fV,0* e8# � SE-54 �r$q �,s@d* e#� ?#,@'A#,B'0*3 ?#,@'A#5* N�`O3 �nr! 
 3xr!ª*9@)* \X; "%'qV . 

/QG* "O�,k)* ,'~*/>9m,#3/K)* �*$y@�,^ "XO$^ �QG \X; Sl�l): 

!b . 1107� 1102pp ) 1986  (31Forensic Sciences .  J 

Mb . 33� 19p p) 1974  (90Chromatography .  J 

Ub . 72� 65pp ) 1983  (258Chromatography .  J 
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 j+|– j%g5% &.E+(E% BU+RE% +./%GO8q+4AGF (HPLC) 

!b  �'./@)* �^,� �/D@# r9� �*$y@�* "'(%m 
)Isocratic technique( 

   ) _ (ZV,`)* r9�)* 
   

!M& NX:*V /�q3 �# xrh�#   V9J`)*: 
*/>9m,#3/. "-mr e# ,K'X'�t*V5* "'),`)* WI,E)* ,'~ . /�q

&/@#3/K'# ) .Spherisorb S5W,� ")V,`# fV,# 3_ .( 
 "Å-`@)* fV,#: 

        �/D@0* r9�)* �*$y@�,^ $'{ W8 ~ c8'%Y e8K¡)1)_ (
 3_)t,^ (,Jµ,'^ ª,@)*: 

 �/D@0* r9�)*: 

       \X8; Z9@8À 49X8´!ur!   �*/> )|!r|49#  ( ¥9~ e#
      g �98'G9#5* +*r9X8.!|||  8#     49G,@8'0* e8# W . ¢-Cm

     "8}9J�* "8{rVpH   \X; urn 49X´ "~,}�^ !r| 49# 
 49G,@'0* g �9OV9 )* $'E.3r$'� e#) 9Þ!W# .( 

1)_:  

49G,@88'# �Q(88# 49X88´ : �988'G9#_ +*/@88G)NI,88# 49X88´) (
x|:!| �8sd / �8sd .(    ®,88CO �Q(80* 49X8w* =8CD@)

xh 3 P./# rV,�9G 49X´ e# W# &rM! ÈÊ e# W# 
*  ¦H P8888./0* �O/@8888()66h   Ø5* ¢-8888CO ¸ t,8888# W8888# 

 �'{3r$'�*pH \X; !|rV,�9()* 49X´ �*$y@�,^ . 

t,^:  

|rM"%'q$)* g W# .  c~$@)* 4$`#: 
 "'sEA(-)* ¥9~ "`�5,^M&h/@#9G,G .  1<K)*: 

       P88'./m \X88; 4988 DX) 49G,@88'0* g V*9880* ]88'» i*a88m
 �r$q ÉO/%m!f/�* f$;,%)* e# �kX#  g !W# . 

 "('`)* =CY: 

   ?#,@88'A#_ 3_ ?#,@88'A#,B'# ¹X88# e88# "88'~,. "88'J. i*a88m
       \X8; Z9@8À 49X8´ \X8; 498 DX)!   f$;,%)* e8# �kX8# 

 g f/�*|r!49G,@'0* e# W# . 

 "Or,'`)* W'),w*: 

!b&N�9<G_ e%´ 3_ "q*r� �*$y@�,^ /@)3/K'# .  j9%w* �s�*: 
   ,^ f3ra888)* c�,(888# �*$y@888�,^   r,8888'`0* "%O/888� �*$y@888�

N{r,�*. 
 NJK)* /O$%@)*: 
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  )i  (NEK`)* r9�)*: 
   

M&| NX:*V /�%^ �# h�# .  V9J`)*: 
 W'88EOV,@.3_�,K'X'88�  .�q88888J`)* /8 V9&@88#3/K'# 8 /)

LiChrosorb RP-18,�V,`O ,# 3_ .( 
 "Å-`@)* fV,#: 

WO/@G9@'88�_ :  NI,88# 49X88´!٪ �988'G9#5* +l88: e88#  :
  # 49X8´  NI,&rM٪     ?#l'@# NI,(� e# )!&:h&:h| .(

     $(; �'{3r$'�* Ø5* ¢-CO6bx 3_ rV,�9()* "~,}�^ 
�'X�* ÈÊ. 

�'{: �/D@0* r9�)*: 

&r!"%'q$)* g W# .  c~$@)* 4$`#: 
U& °Ø  fr*/�* "{rV: 

 "'sEA(-)* ¥9~ "`�5*M&h/@#9G,G .  ®,<K)*: 
           e# ¯9X8� g V*980* ]8'» i*a8mM   tP{    3 t,#!  tP{ 

 �O/%m P'./m \X; 49 DX) WO/@G9@'�_ e#Mbn �kX# 
 g!W# . 

 "('`)* =CY: 

      g ?#,@88'A#,B'# 3_ ?#,@88'A#_ e88# "88'~,. "88'J. i*a88m
 e888# ¯9X888�M 3 t,888# tP888{ ! WO/@G9@'888�_ e888# tP888{ 

 �r$q P'./m \X; 49 DX)M g �kX# !W# . 

 "Or,'`)* W'),w*: 

!|bM|´ �*$y@�,^ /@)3/K'# N�9<G_ e%.  j9%w* �s�*: 
     �*$y@888�,^ NX888:*$)* r,888'`0* "%O/888� �f3ra888)* c�,(888#

N{r,�* r,'`0* "%O/� 3_ ?O,.3/^ 3_ ?O,.3$'). 
 NJs�* /O$%@)*: 
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vU+2,E%: 

 "`E)* "-EG NXO ,J'~) �'qK ( �,s@do* "(#�_ 3_)cI,q$),^:( 

NEK`)* r9�)* ZV,`)* r9�)*   
 �'{  t,^  1)_  �,Q()* 
       �./0* 
 |rncI,qV .  x6r|  xr|  ?#,@'A#_ 
 |r!!"%'qV .  |urM  |rM  ?#,@'A#,B'# 
 bbbb  uxr!  |r!  eOr$~H 
 bbbb  Mnr|  Mr|  ?'~,. 

 

?#,@'A#5* W'XD@) t*V5* "'),`)* WI,E)* ,'~*/>9m,#3/. �*$y@�,^ "XO$^ cI*/�/?#,@'A#,B'0*: 

!b . 646� 639pp  )  1981  (218atography  Chrom.  J 

Mb Microgram XVIII  (1985)  pp  134 � 143. 
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 A%Akj%GV}% ~Ag &()5+a N^,2E%  * 

"('`)* =CY 

   "Or,'`0* cI*/�)* 123 \X; Sl�l)) c'q$)* $'),�* p/q "%O/� �$'),�* p/q "%O/�
 "%O/�3�nujol mull" (,E)* ")V5* +,-'@. /QG*"XEXE)* �a� g "%^. 

c'q/)* �X'A)* "%O/� 

           "XI,88E)* f/88�* $88;*9%)* ®,88'�_ \X88; 4988 DX) p,88: �88{9^ f$88'A# "%O/88�)* �a88�
   ?#,@8'A#,B'0*3 ?#,@8'A#R) .      "%'qr eO9K@) Z9Xq $'),� e# ?@%'qr ?^ ?#5* e8# "8�%G ]8}9m3

)�X'~ (WI,E)* e#. 

vU+2,E% 

    0*3 ?#,@'A#5* ¶l#_ ®,'�_ WsEm "%O/�^ /CY +,('; �*$y@�,^ �,#9J; ?#,@'A#,B'
  "%O/� 3_ $'),�* p/8qnujol mullc'qr �X'~ WK� g f/�* $;*9%)* ·DAm3  . +*3ra)* �m/m3

       �?#,@'A#5* +,A�9~3 �?#,@'A#5* +,@OzK) /Ê5* j3V t9C)* ®,'�_ g /87Qm [8)* "'8E'I/)*
B'0* $Or9X.3r$'�3 �?#,@'A#5* f$;,q3 e# WK� W. g ?#,@'A#,B'JX) f/�* f$;,%)*3 ?#,@'A#,

          "'82, @#o* �8Ed �,')�,(8m �,-8'm/m 18'�)* 4,K8�_(absorbance) .  e# 1X@� $q �'m/@)* j_ =8>
�/:_ ¦H "(';. 

 

 

 

888888888888888 
*        =88CY "%O/88�3 �./88# W88K) "88'A'�)* 4,K88�5* "'),@88)* +,DA88 )* \X88; ¹88}9m

3 "#$y@88E0* +,(88'`)* N88{90* V$88`)* +,88'�*$dH \X88; �88)v)N88%~5* ((Wave number) "O9Å880* �88E()*3 
  "8Ov,AGÒ)) N8�_/)* ((% transmittance)       e# +*3ra)* �'~ �-8mr V98J; WK8<)* ¢8�3 g ?-8O3 (a) ¦H 

(f),7@J'q �Ed . 
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N{90* �q/)* 

504 
700 (а) 
742 (c) 
818 
1031 
1090 
1100 
1156 
1297 
1328 
1347 
1371 (f) 
1453 (b) 
1496 (e) 
1581 (d) 

525 
598 
700 (a) 
741 (b) 
790 
1031 
1071 
1085 
1117 
1126 
1156 (d) 
1179 
1341 
1371 (e) 
1446 
1453 (c) 
1477 
1494 
1605 (f) 
 

 "Ov
,AG�

*
)٪(

 
 "O v

,AG�
*

)٪(
 

N{90* �q/)* 

 

 f$;,q e# "%'qV "%-�Db \X; ?#,@'A#_
�9'�,m9-)* $'#3/^ p*/q_ 

 f$;,q e# "%'qV "%-�Db ?#,@'A#_
�9'�,m9-)* $'#3/^ p*/q_ \X; 
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463 
539 (c) 
697 
705 
730 (e) 
852 
866 
957 (d) 
980 
1030 (a) 
1060 
1075 
1091 (b) 
1146 
1158 
1167 
1396 (f) 
1453 
1496 
1559 
1582 
1646 

464 
539(c) 
698 
705 
730 (f) 
853 
868 
957 (e) 
980 
1030 (a) 
1060 
1090 (b) 
1167 
1378 
1396 
1454 (d) 
1496 
1559 
1582 

N{90* �q/)* 

 "Ov
,AG�

*
)٪(

 

N{90* �q/)* 

 "Ov
,AG�

*
)٪(

 

 

+,A�9~ Db ?#,@'A#_Ur|٪ g 
* $'#3/^�9'�,m9-) 

 49{9()* ¥9DE#+,A�9A) Db ?#,@'A#_
�9'�,m9-)* $'#3/^ p*/q_ \X; 
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402 
459 
601 
619 (d) 
697 (c) 
737 (f) 
976 
1032 
1051 (a) 
1082 
1142 (b) 
1229 
1373 
1395 
1456 
1497 
1554 (e) 
1608 
1617 
1635 

402 
602 
619 
698 (d) 
737 (f) 
976 
1032 
1051 (b) 
1082 (c) 
1142 
1229 
1377 (e) 
1395 
1457 (a) 
1553 

N{90* �q/)* 

 "Ov
,AG�

*
) ٪(

 
 "Ov

,AG�
*

) ٪(
 

N{90* �q/)* 

+,@Oz. Db ?#,@'A#_Ur|٪ g 
�9'�,m9-)* $'#3/^ 

 +,@OzK) 49{9()* ¥9DE#Db
�9'�,m9-)* $'#3/^  p*/q_ \X; ?#,@'A#_
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428 
464 
701 (b) 
749 (a) 
1020 
1046 
1061 (e) 
1082 
1102 
1192 
1356 
1387 
1436 
1454 (d) 
1476 
1488 (c) 
1604 (f) 

464 (f) 
700 (c) 
749 (b) 
1020 
1046 
1061 (d) 
1082 
1356 
1377 
1386 
1456 (a) 
1488 
1604 (e) 

N{90* �q/)* 

 "Ov
,AG�

*
)٪(

 

N{90* �q/)* 

 "Ov
,AG�

*
)٪ (

 

 

 ?#,@'A#,B'0* $Or9X.3r$'�Ur|٪g 
�9'�,m9-)* $Or9X. 

 $Or9X.3r$'� 49{9()* ¥9DE#
�9'�,m9-)* $'#3/^ p*/q_ \X; ?#,@'A#,B'0* 
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 d%wk &.U8QE% *%G48R95% B.ce  (optical isomers) 

          ¦H ZV±O ,Ì "X�,J@# => j9^/. frv \X8; ?#,@8'A#,B'0*3 ?#,@8'A#Ç* e8# W8. Z9@8À
       "8),d W8. g "'I98C)* +*/#98EO5* e8# F3� .       => 3_ �,;3/8<# fV,80* r$8 # j,8. *vH ,80 �,`-8m3

/<# �./0* "X^,%# eK¡ �S3� l 3_ � d 3_ � dl ?#,@'A#_ ) Zr,EO 3_ �'¡ 3_ Zr,EO ?#,@'A#_
�'¡ ( 3_� l 3_ � d 3_ � dlW'XD@X) "`},�* +,('`)* g ?#,@'A#,B'# . 

                N�3 NI*3$)* ¯,<()* g ,7('^ ,J'8~ tN8<)* È8`^ "'I98C)* +*/#98EO5* �a8� 1X8@©3
       X8@� "-8q*/# +*t*/8{� ]8C©     j*$X8-)* È8`^ g "A .   �8{9Ã3"  "'X%`)* +*/�±0* "'q,Am* "  g Fr$m

   "'I9C)* +*/#98EO5* 43*$8�*� d 3 � l  NJ'�*/)* ¯9Xy0* �)a.3 (- dl) ?#,@'A#_ r$y0* e# 
 ?#,@8'A#,B'# 3_ .        /#9EO5* 9� 43*$�* g Fr$8O ,8# j�8~ ?#,@8'A#,B'0* "8),d g �8G_ =8>d � (+) 

  /#98EO5*3l � (-)¢%~  . /#9EO5* ?'`m fr3/} "'^,q/)* +,`O/<@)* ,7'~ NC@%m [)* j*$X-)* g3
"'),@)* "'X'XD@)* cI*/�)* �*$y@�* eK¡ �V9{90* V$w* NI9C)*: 

!b   Zr,E')* ?#,@'A#5* P''J@) "%'q$)* fr9X-)* r,-@:*)l( �'J')*3 
 NJ'�*/)* "�9X�3)dl( 

          ,8E')* ?#,@8'A#5* e8# W8. N8�`O  Zr(l)    �'J'8)*3 (d)    "X�,J@# "%'qV +*r9X8^  . "%O/�3
 NJ'�*r ¯9X� eO9Km N� ,J7('^ P''J@)*(dl)"AX@� +*r9X^ N�`O 9�3 �. 

&4"#2R$% H)%8WE% 

!b  49X´ r,-@:o* 1�,.5% e# 4HauCl�Or9A�9A)* ÈÊ g : 

    "888^*v�^ 1888�,K)* /888CÀ!      Zr,s@888)* �888�a)* $Or9X888. T),888� È888Ê e888# �*/888>  
(HauCl4. 3H2O) g M|   P./0* �Or9A�9A)* ÈÊ e# $d*3 �sd \X; Z9@À 49X´ e8# W8# 
t,0* e# ?Jsd3. 

Mb /O,�@)* 1�,.: 

 e# NI,# 49X´ /CÀ& %�9OV9 )* $'E.3r$'� . 



- 39 -  
 
 

 

&?9GnE% 

      "%O/8� �$y@8Em"  "%âX`0* ¢%(8)* "  ?#,@'A#,B'0*33 ?#,@'A#5* 1<K) .  "%O/�)* �X�@m3
� +*v "88'{,{� "À/88� /O,�@88X) 188�,.3 r,-88@:o* 188�,.3 "'�k@88X) "88'{,{� "À/88�3 188O9 .

         3_ "�%G ,7')H ®,Cm3 �"'{,{P)* "À/<)* 18O9� g ¥9D8E0* "(8'; e8# f=k82 "8'J. ]8}9m3
       /O,�@8)* 18�,. e8# j,@8�%G .         $` O f/O,�@# f/d f$;,q WK� g /d ?#_ ¥l�G* �)v ZV±8O
        r,8ã WK8� g 49X8w* e8# .    8# "8�%G �*r98~ W%(8m "'{,{� "À/� ¥9~ ]}9m3 r,-@:o* 1�,. e

         "('`)* �^ Za)* 1O9s@)* ¥9~ ,7`}9) "À/<)* �X%m ¸ �/:_ .     r,ã ]# 1�,K)* W;,A@O aI$(;
      1O9s@8)* g V98{90* ?8#5* .    1�,K)* WJY [)* "À/<)* �Xq V,`O ��,(# �8q3 r3/8# $8`^3

)* "~,d \X; 3_ 1�,K)* "�%G g +*r9X^ V9{3 1<K) ·DAm3"�%(. 

vU+2,E% 

       �'J'8)* ?#,@8'A#5* e8# W8. N8�`O( d )  Zr,8E')*3 ( l )     j,-8Cq WK8� \X8; +*r9X8^ 
 "%'88} "X88O9� 4,88 G_3 /88^H 3_ "X88O9� t*/A882 .  �'J'88)* Zr,88E')* NJ'88�*/)* ¯9X88y0* ,88#_( dl ) 

          �,�%G "O*$-)* g N8�`O �8G�~ ?#,@8'A#R)""'@O� "    "G9X# "'DI,A2 +*r9X^ ¸ e#3 . 9X-)* �a�3 +*r
1O9s@)* N�km [)* "'{,{P)* "À/<)* �Xq fV,;H $`^ f/BK^ j9K@m. 

 �'J')* ?#,@'A#5* ?^ P''J@)*)d (  Zr,E')*3 )l (  

             P''J@)* �P) "(8'`)* g �8'¡ 3_ Zr,8EO ?#,@8'A#_ V98{3 �l8;_ ?-80* r,-8@:o* r,8�_ *vH
 ,J7(8'^ .            ,{� 1O9� ¦H "('`)* ¥9DE# e8# f=k82 "8'J. ®,8Cm     Zr,EO ?#,@'A#_ ¹X# �^ N{

       ®3/`# �'¡ ?#,@'A#_ ¹X# �^ /:Á3 ®3/8`# .   �l;_ r9.a0* r,-@:o* t*/{H V,`O3 . �G,. *v�~
     �8^ �,�9X8� Z9@8Y "(8'`)*( d + d ) 3_ ( l + l )      "X8O9�)* t*/A8 )* j,-8C%)* N8�`m ,8µ�~ ..  ,8#_ äH

   \X; Z9@À Za8)* ¯9X8y0*( d + l )2 +*r9X^ N�`O �G�~  NJ'�*/)* ¯9Xy0* ,7'�`O [)* "'DI,A
�l;_ "('-0*. 
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M b   �'J')* ?#,@'A#,B'0* ?^ P''J@X) "%'q$)* +*r9X-)* r,-@:*)d( 
 NJ'�*/)* ?#,@'A#,B'0*3)dl( 

H)%8WE% 

!b  r,-@:o* 1�,.6Bi I3H�'@OzK)* ÈÊ g �I*a)*  

    "88^*v�^ 188�,K)* /88CÀM&r!  �9'88�,m9-)* $88OV9O e88# �*/88>  g |rM  t,880* e88# W88#  .
 ®,8CO &rM                 "-E(^ t,80,^ 18Ay0* �'@Oz8K)* È8Ê 49X8´ e8# W8# !:u  �&r|  49X´ e# W# 

  e88# P8./#Bi (NO3)33 ! �9OV988 )* �'A88�9~9-'� e8# �*/88>  .  +*/@88G e88# �5* 49X88w* /8CÀ3
   P8./0* +9#P-8)*Bi (NO3)3  "8^*v�^ &|      g +9#P-8)* +*/@8G �8Y e8# �,#*/8> u|  49X´ e# W8# 

 188Ay0* �O/@88()* È88Ê)!:!t,880,^  ( Ñ88d 49X88w* WJK@88EO3!||t,880,^ W88#  . Ó88Ad e88K¡3
r97� f$`) r,-@:o* 1�,.. 

M b  /O,�@)* 1�,.� NI,# 49X´ &"٪�9OV9 )* $'E.3r$'� e# 

&?9GnE% 

                    �*$y@�,^ eK)3 ?#,@'A#5* j�8<^ �l8;_ "(8'-0* "%X8`0* "�%(8)* "%O/8� +*98�: Z/8�
r,-@:o* 1�,. ÈJ�* 9�3 H3Bi I6�'@OzK)* ÈÊ g . 

ºI,@()* 

   �'J'888)* ?#,@888'A#,B'# N888�`O(d)   NJ'888�*/)* ¯9X888y0* ,888#_ "X888O9� "'),%m/888^ �*/888^H (dl) 
"XI,0* ®*/�5* +*v /Ê5* ª,%mz)* j9X)* +*v fP'J0* j,-C%)* N�`O �G�~ ?#,@'A#,B'JX). 

 * +*r,-@:* e; +,#9X`0* e# $OP# \X; Sl�l)/QG* �+*r9X-): 

Fulton, C.C. (1969) Modern Microcrystal Tests for Drugs, Wiley-Interscience, New 
York. !b 

U.S. Dept. of Justice (1986) Basic Training Program for Forensic Drug Chemists. Mb 
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U �?^ P''J@X) t*/J�* j3V "`�5,^ =Q(@)* "%O/�  
9C)* +*/#9EO5*?#,@'A#R) "'I* 

         �88G_ \X88; e88# ?#,@88'A#R) "'I988C)* +*/#988EO5* ?88^ P''J@88X) �/88:_ "%O/88� $J@88`m
e88K¡     �'J'88)* ?#,@88'A#R) t*/88J�* j3V "`88�5,^ "AX88@� ®,88'�_ "88�l� r9887£(d) ?#,@88'A#5*3 

 Zr,E')*(l) NJ'�*/)* ?#,@'A#o*3 (dl)"'('J')* +lO$(0* ¶l#_ fr92 g . 

&?9GnE% 

    ?#,@'A#_ ¹X# Z5 NI,0* 49Xw* e# Z9Xq 49X´ /CÀ)!|b&|�kX#  ( ·Xy@EO ¸
         ?X8'@0* $Or9X8. �8OaÃ /8�* ?#,@8'A#5* .      ¸ "'I,#l)* �9OV9 )* +,@Oz8. ¥98~ �8Oa0* 18A3

  �Jsd ¹- O Ñd 49Xw* P8./OM�,-O/%m W#  . �'¡ �')$(# ÈÊ e# ]-<# 49X´ ®,CO( d ) 
    $Or9X8. g              ?#,@'A#5* ")V,`# �@m Ñd f/# W8. g ¢8%G f$8; e8# ,7(8# W8. +,8`~V g ?X8'@0*

)   4V,`@)* "�%G ?'`@) 1<. "qr3 �$y@Em .( �'J')* +o$(0* ¹X# /ËX-@^ ¹JEm f$0 49Xw* �/@O
( d )     ?X'@0* $Or9X. e# f=k2 "'JK^ +*r9X-)* W8Ekm3 ¢A8<)* "�8�*9^ 49X8w* ¹8�/O ¸  . $`^

 'As@8)*          "`�5* 1'� W'sE@) p/%)* ·DAO ¸ +*r9X-X) �9'�,m9^ $'#3/^ p/q =8CY �@8O 1
 t*/8J�* j3V .   ¸ ?#,@88'A#5* e88# "~3/88`# "8'%G "'I988} +*/#988EO_ �*$y@88�* ]8# +*988��* V,88`m

"'%()* "Or,'`)* V*90* ®,'�_ ]# "�,()* ®,'�5* jr,%m. 

vU+2,E% 

   fP88'Ì "AX88@y0* +*/#988EO5* ®,88'�_ j988Km "88'~,. "88{r$^) "'G,'-88)* 4,K88�5* /88QG*( �
 "%�(880* g "882,:36||bn|| �88� �! �'J'88)* ?#,@88'A#5* e88# W88. P''J@88) (d) Zr,88E')*3 (l) 

 NJ'�*/)*3(dl). 

  ]{/0*b  Analytical Chemistry, 42 (1970)  p 1459. 

 

888888888 
      . $q3 "AX@y0* +,-./0* ®,8'�_ "'),@8)* "'G,'-8)* 4,K8�5* ¹8}9m /#9EO_ W. ��* �@

t*/J�* j3V "`�5* �*$y@�,^ /7QO Za)* NA'�)* WK<)* ¥9~ NI9}. 
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h b  "'I9C)* +*/#9EO5* ?^ P''J@X) "XO$^ cI*/� 
?#,@'A#,B'0*3 ?#,@'A#R) 

 
!b TC - J. Chromatograph 117 (1976) pp 442-444. 

Mb GLC - J. Forensic Sciences 27 (1982) pp 39-48. 

Ub HPLC - Analytical Chemistry 58 (1986) pp 1643-1648. 

hb NMR - Analyst 107 (1982) pp 544-549. 

  - J. Pharm. Belg. 36 (1981) pp. 348-353. 

&b HPLC-MS � Analytical Chemistry 58 (1986) pp 1349-1352. 
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 j+�–P4+2.D4+K.$%A P4+2.D45% �U%8) B.ce  

!b  ply@�o*+,('`)* =CY3 

                      ¹X0 NI,0* 49Xw* e# ,7X ~ j�8~ "A'`8} "O9X8q 3_ ")V,`@8# �I*98<)* �8Q`# j5 �*/8QG
Z9C; �OaÃ ,72ly@�* fV,; eJC@O ?#,@'A#,B'0*3_ ?#,@'A#5* . È`-) NJ. /O$%m t*/{�3

   WB# �I*9<)*DIPA       y@Em r$y0* e# f=-. "'J. eK)3 Z9Xq 49X´ e# ply@�o* �PXO  ·X
�I*9<)* ]# ,CO_. 

                eK¡ "('`)* e# �I*9<)* W ~ W8CAO T8'd ?#,@8'A#,B'# 3_ ?#,@8'A#_ "(8'; W'X8D@)3
Ù§/# WK<^ §/k)* ZV±m [)* "'),@)* +*9��* S,-m*. 

   +,(88'`)* W'),8´� "88'J. e88D�m M|| \X88; 4988 DX) frV,88 0* fV,880* "(88'; e88# �kX88# 
   c8'qV ¥9D8E# .        )* 49X8´ g "8'JK)* �a8� i*a8m �Q(0* +,A�9A) �'{r3$'�* �q/)*u ( eO9K@)
 �P'./m 49X´!||�kX# /W#. 

      WI,� �,Q(^ ply@8�o*�   WI,� �   ·Xy@EO M X´ e# W# 8 �*$y@�,^ "('`)* 49|,M
         3_ j,@8-�* e8# W8# )n �  j,@8.3_  (         f$80 $O$8<)* F/8)* ]8#Mb& cI,qV  .   eOr9�)* 4, AG* $`^3

         * "^9-8G_ ¦H "O98C`)* "%-8�)* W%(8m         t,;9)* g +,O9@w* e# f=k2 "8'J. �/8m ]8# "8'{,{� r,-8@:
NI,880* r988�)* e88# "88'J. Z_ 4,%@88G* �(88s@) NX8825* . NI,(88� "~,88}H e88K¡ N88J. W'X88Y t*/88{�3

 ?#l'(~)"'X:*V "Or,'; fV,# �r,-@;,^ ( P'./@^ �)v3 NX25* j,@-�* 49X´ ¦HU&�kX# //@). 

Mb "%'q/)* "%-�)* ,'~*/>9m,#3/. 

#r,7£�* +,-Oa: 

1)_ �,Q()*: j,EK�   &| 
  =mH   &| 

t,^ �,Q()*: j,EK�9XK'�  u& 
  eO9)9�   !& 
  ?#l'@# NI,(�  !| 
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�'{ �,Q()*: 49G,^3/^9EO_  x& 
  P./# rV,<G 49X´  & 

      ¢'%(8@)* W'),8´�            P'./@^ "Or,'`)* V*980* e8# W'),8´ /8CY M �kX# /  WO/@G9@'�_ e# W# .
 Î¢å%æG ]}9m e#! ¦H & �,Q()* "%O/�^ ·Xy@E0* 49Xw* e#3 "Or,'`)* W'),w* �a� e# /@)3/K'# 

 WI,���l;_ fr9.a0* WI,� . 

dGC'E% �1DE% 

!b  NsEA(-)* ¥9~ t9C)*M&h/@#9G,G . 

Mb ÈJw* �9'�,m9-)* +,('ml^ 3V9O ¹X#. 

]{*/0*: 

Bulletin on Narcotics 39 (1981) pp 37 � 54. 

J. Forensic Sciences 30 (1985) pp 427 � 438 

Eisei Kagaku 29 (1983) pp 400 � 406. 

Ub �,k)*3 WI,E)* ,'~*/>9m,#3/. 

W'k<@)* ®3/£: 

       �-8`0* V98J`)* i9X8�_�     S/A)* g r9.a0* 1)_ �,Q(8)* g ,8J. �,8#,¾ 
 �,`^*r� 4*V � !) �l;_ /QG*( 

1)_ �,Q()*: 

Z/`<)* V9J`)* i9X�_ 
 ,J. ,#,¾ ,`^*r g "('-0* "%O/�)* g� 4*V � M) �l;_ /QG*( 

t,^ �,Q()*: 

 e88%À!b&     "%O/88� �*$y@88�,^ ºm,(88)* "(88'`)* 49X88´ e88# /@88')3/K'# 
 WI,� �,Q(^ ply@�o*��l;_ "('-0* WI,� . 

WJ`)* +*9�:: 
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]{*/0*: 

J. Forensic Sciences 23 (1978) pp 693 � 700. 
Eisei Kagaku 29 (1983) pp 400 � 406. 

!b 
Mb 

1)_ �,Q()*: 

J. Chromatograph 258 (1983) PP 65 � 72. 
J. Chromatograph 234 (1984) PP 499 � 502. 

!b 
Mb 

t,^ �,Q()*: 

hb  t*V5* "'),`)* WI,E)* ,'~*/>9m,#3/.)HPLC( 

?#,@'A#5* �I*9<) NEK`)* r9�)* �,QG: 

     ly@88�o* +,'X88J; "@88¾_ "%O/88�)* �a88� ¹'@88m  aA(88m [88)* W'X88D@)*3 p .  ,887'~ �/883
 WE> �'~ Z/ Za)* �q9)* g �I*9<)* t*/�� /J@E# ply@�* V9J; �*$y@�,^ ply@�o*

    t,0,^ "'-�%)* 1'Ay@)* V*9#3 ?#,@'A#5* .        �I*9<)* 1�<m3 i*9^_ "@� 3v �,J2 ¹@AO ¸ e#3
 ply@�o* V9J; e#�C-8� W'XD@)* V9J; ¥9~ �C-18�~ �@O T'd ,7X . 

  "yC#HPLC)   t*V5* "'),`)* WI,E)* ,'~*/>9m,#3/. ( �'./m +*v
 �^,�(Isocratic) . 3v �,J2ni*9^_ . 

�,7�*  : 

!&  NX88:*V /88�%^ �88# UrM  /88�q jl'88�,@.3_ �88# u /@88#3/K'# 
 "-mr(HPLC). 

ply@�Ç* V9J; : 

!||      NX:*V /�%^ �8# hrn  "-mr jl'� W'�V,@.3_ �# (HPLC) 
 /�%^&3/K'# /@#. 

W'XD@)* V9J; : 

U|        NX8:*V /8�%^ �8# UrM       "-mr jl'� W'�V,@.3_ �8# (HPLC) 
 NX:*V /�%^&/@#3/K'# . 

1'Q(@)* V9J; : 

WEk)* 49X´ 
 "-mr 3v t,#(HPLC)W A)*3 p, @#l)  

�/D@0* r9�)* : 

 ¢AX)* +,-Oa#)desorption(W A)*3  
1)_ �Oa0* 
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  49X8´|rMt,880* g ?88#l'm9^ 4988#  .O3 �88'{3r$'�* Ø5* ¢-88C
(pH) $(; 6r|�Or9A�9~9�r5* ÈÊ �*$y@�,^ . 

t,^ �Oa0* 
 49X´M|٪) �sd/�sd (WO/@G9@'�_ g 1)_ �Oa0* e#. 

 

     Fr$@8)* º#z8O(gradient)    e8# N8�: i9X8��^ U|٪ ¦H !||٪ \X; 1)_ �Oa0* e# 
 �$88#M| �^,B88)* �'./@88)* i9X88��^ ¸ �"88%'qV (isocratic) !||٪ e88#  �88ç f$880 t,88^ �88Oa0*
cI,qV . 49XDÃ �,Q()* WEkO �9')* "O,µ g3u&٪ f$0 t,0* g WO/@G9@'�* e# U|�,-O/%m "%'qV . 

!r|"%'q$)* g W# . c~$@)* 4$`# : 
 NsEA(^ ¥9~ t9} �*$y@�,^M&h/@#9G,G . 1<K)*  : 

!||N�9<G_ e%´ �*$y@�,^ /@)3/K'# . j9%w* �s�* : 
,Amr* Ø,'%^N{r,�* r,'`0* "%O/� �,7@d,E# 3_ +*3ra)* +,;. NJs�* /O$%@)* : 

   �Q(880* g i*a88O3 �,88%'qV �,(88D� frV,88 0* "(88'`)* e88# tP88{ e88D�O
 WO/@G9@'88�_�    �r$88q �88'{3r$'� Ø_ $(88; +*/@88� U) 6:M ( g
   �r$q P'./m&| �kX# /W# .      ¥9~ 49Xw* ]}3 eK¡ fr3/C)* $(;

 f$0 è92 ¥9~ �,Ê!&%'qV ". 

"('`)* =CY : 

&?9GnE% 
 V9J`)* �,J2 W'k<m +*9�:�WK<)* /QG*  

 e88%À!|| ply@88�o* V988J; ¥988~ "(88'`)* e88# /@88)3/K'# (ec) ]88# 
�/D@# r9�. t,0* �*$y@�* 

/A2 �'q9@)*: 

     t,80,^ W8Ek)* N7@8(O .      ]}9)* e# �,J )* 498À!   ]}9)* ¦H M . _$-O
   Fr$@8)* W'k8<m .  "`^,�)* W'k<m _$-O ./     V9J; e# �I*9<)* ÓA) Z

 ply@�o*(ec) W'XD@)* V9J; \X; W A)* _$-O3 (ac). 

 �'q9@)*!r&"%'qV : 

 W'XD@)* V9J; e# W A)*3 1�<)* N7@(O(ac)  �'q9@)*!nr&"%'qV : 
       W'XD@)* V9J; j*Pm* fV,;H �@8m(ac)     �*$`@E# ¹- O3 NX25* Fr$@),^ 

"'),@)* e%�* "'XJ`). 
�'q9@)*U|"%'qV : 
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   ]}9)*    M     ]}9)*! 

 

 

 

 

 

 

 

 

 

,7A'Q(m3 �I*9<X) ¦35* P'./@)* +,'XJ; t*/{� �,J )* W'k<m j,'^. 

(ec)=  ply@�o* V9J; 

(ac)=  W'XD@)* V9J; 

(is)=  e%�* �,QG 

Fr$@)* "yC#

 �,Q()* "yC#IS 
�^,B)* �'./@)* Zv 

Fr$@)* "yC#

 �,Q()* "yC#IS 
B)* �'./@)* Zv�^, 

 

+,O,AG +,O,AG 

ec ec 

ac ac 

®,<K)* 
 

®,<K)* 
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vU+2,E% 

 "`E)* "-EG)�K( Ë./0*� 
ur! ?#,@'A#_ 
Mrh Nb?#,@'A#_ W'#r9~  
Mrn hbW'@#b&beO$'¡=^ W'(~ 
Ur!U N,Nb NI,(�)βW'^3/^9EO_ W'(~   ($'#,#r9~ 
Ur!h N,Nb NI,(�)βW'^3/^9EO_ W'(~   (?#_ 
Ur!x N,Nb NI,(�)βW'^3/^9EO_ W'(~   (?#l'@# 
ur| ?'~,. 
&r! eOr$~H 
6r! j3�,('~ 
6rh ?O,.3/^ 

1<KO � �9.9X> 
O �1<K �3/K� 

]{*/0* 

J. Chromatograph 369 (1986) P 365 

/QG* t*V5* "'),`)* WI,E)* ,'~*/>9m ,#3/K) �/:_ cI*/� \X; Sl�l): 

!b Analytical Chemistry 58 (1986) pp 1643 � 1648. 

Mb J. Chromatography 295 (1984) PP 264 � 268. 

Ub J. Chromatography 331 (1984) PP 339 � 348. 
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