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 )y( .?\.0(.±0-�.x03.א/.١٠8א�אA2L. ١٠٠.eA2L.−.P0D�.١٠.0,QאAGL./אA2L.. 
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 ................`B%./0-,b%א.`,BG|.q�2-,v.!#KD�./אA2L.g.NאA5א.h(.!#KD�.FאAE:.NAT^8.?2T|.8א�א
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...,f0Tn(.`BT�....[0T�,\.�)...xA%אA30YT,5א.ÏwYT((..........0(.Ïא=Y3.�%א.!,L0-{79א.qbtA54.א@)�D%א.NאAT(.8:.،
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...........�AKTMא.hT(.e)Tf8א.e4T{O.j0T�|٢...°@rT5א.C4T@8....،pP�kא.xAK%א.q#D�,~.0�)-L8
.........�TQאP.VNP8.�AKT».)�0TG@.x:.q�2T-@8..........e4{O.j0�|.،pP�kא.xAK%6.אDT¯.�.8¼�א
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............�PAv8PAKB%2*!.א�.�¼.SK�DTn@.hT%.pP�kא.xAKT%א.אcT�8.؛VNPAT%א...h(.e)Qא�.!,R3.�()�D~8¼�א.א
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 .@-h(.4Y3:.j0�@.x:.q�2.א%*}4|?
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 .Á.8:.P02Dd9£.א¶,(PAK38P@�.\�,!.א%7AD`.¼�.א%-Q0D°.אJKY5)eN0.א

٢−W&-E%F:-Z!2�T�=Bא!,-(%'(sא,!א$-T/mא! 

)R( 2'(-Z@l:א,!א$-T/mא 

 א:�=&25

١− .....[rT^.yאcT@)Ï02@4*|.)f4א�.8א>.(.Aº.g.eN058.א:.pA"n5א.h(٥.4{*5א05].א.h(./אuK,KK(.
h@�D%א�.אr5%0!.א2�%},0..:8.אf.g8.�)�Dn@.،e=�$%א05]٠,٥.<4א�.)�.٠,١/.א.h(.uK,KK(.. 

٢− .....[rT^.yאcT@)..Ï02@4*|.)f4א�.8א>.(.Aº.g.eN058.א:.pA"n5א.h(٥�AE0Y@9א.h(./אuK,KK(...
h(.uK,KK(....Â�D,~8.א�AE0Y@9...٠,٥.<4א�.)�....T%0f.g8٠,١!.א%�2T},0/.א%$�=q�2-@.،e.א~�D(א�.........

8אA5אN.א%�A\4B(Pא|,!....�AE0Y@9،.)Y`.אA5אN.א%�A\4B(Pא|,!...)AT(.V:.NAT^8.�T%�.hTאg.y8cT|.9.N.א.............
�AE0Y@9א.g.!,E0\8c%א.!�#�-(. 

2.co}3 

 ..........!,R3.א�)�D~א.�~A%0\.xAB@8.Ï23=א.!-,b%א.]Zf.xAB@.0()-L.P02Dd9א.אc�.xAB@.0(.)T,v:
..............JKL.0Wt4L.hBª.�T%א.!T,%0¨�hT(.e=2T3.אg.=T{d.£T,#�.�8)Tf.x8N.pA"Tn5.א%T,RB!.א

.!TRBMא.........!,R38.P02Dd9א.eN0(.!,R3.£,#�D\.e=�$%0/.א-,b%%0!.אf.g.P02Dd9א�.א)�D~א.hBª8
}@c5א. 

)�( K'N{:א,!א$-T/mא 

Uא�%F:א 

.r34().JKL.VAD²٧٠x�8.!Q05א.g./.x�8HNO3( ١− �@u,-%א.£Á: 

.r34().JKL.VAD²٣٨−٣٥x�8.!Q05א.g./.x�8HC1( ٢− �@PAK38P),¶א.£Á: 
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TT²..ATTº.JKTTL.VAD١٠x�8.!TTQ05א.g./.x�8NH3.rTTW´8.،
.........rT3450.אT,EA(kא.�AKT».6,#�DT\)٣٧٥......�AKMא.hT(.ÏאuKT,KK(.

Ïא)f8א.Ïאu%.!,RB%א.ÐK2|.JDf.[050.אW,%¼.j0�@.r345א.( 

 :«�AK.אEA(k,0.א6#�5 −٣

.�AK»٥,٠x�8.!Q05א.g./[05א.g.!�#%א/.אuE.h(.]Zf. א/.א%#�! −٤uE.�AK»: 

.�AK»١٠,٠x�8.!Q05א.g./[05א.g.�A@P02%א.)@PAK3.h(.]Zf. ٥− �A@P02%א.)@PAK3.�AK»: 

�X-/H:א 

 א:$%7F&4א,

 ..............£,\:.Ï4אY�D(.Ï02~אP.،!�#%א/.אuE.�AK"·.0WD�0b(.)-L.،/א)@PAKTB%%0,`.אT».°DT-|
9 ....................AK».g.،Ïא),^.Ïwn>.[05א.g.�KTn>.)Tb\.،y8cT@.hTB%8.�@u,-T%א.£TÁ.g.y8cT@..0,EA(kא.�

�@u,-%א.£Á.!v0tÅ\.�-(.}1~4@8.،6#�5א. 

,-/&�F:א 

 ............y8c@.9.£,\:.Ï02~אP.،�A@P02%א.)@PAK3.�AK"·.0WD�0b(.)-L.،/0D@�B%%0,`.א».°D-|
�@PAK38P),¶א.£Á.g. 

 ...................ÂK5א.`B�.g.Ï0RQאN.)T^A|.[0T5א.g.x0\8cKT%.!KT\0*%א.!L84TG5א.=T>.?@0T3AB%0/.אZDT-(8
.hT(8.א%�E03.x¼8.،4d¹.xA,E:.V:.NA^8.!@0�KT%.PN0-T.א%b\.g./)^8.)O./0D@�B£..................א%V)@PAKTB؛.
./90Tmא...........!b�k0\.q#,{%א.`,K"D%א~}!.אA\.،�%�.hTB(:.x¼.،P02TDd9א.אcT�.hT(.�2TYD%א.q�2T-@8

 .:4�.8אNA,f.�Q.אb�k!.א%�a/!,-,n.א4Rmא].8

 ..g.Ï0TT(0¾.x0\8cKT%.?KTT\0O.eN0TT58.א:.pA"TTn5א.xATTB@.x:.�OADT@8./0-TT,L.]TTXb5.�AE0YTT@9א.
..0W,v.�2DG503@?.אAB%�0..............אRDfא.JKL.�)@.4�i(.A�.x0\8cK%.!K\0O.=>.xAK%א.!ª)L./אPAK\.NA^88

.............�AD3w%א.`Y(.!,|אP)�A\43.eN0T(.!{T~אA\.�TG>.®4T^.)TO.?@0T3AB%א.x:...=>.eN05א.Â,�4|.hBª8
~}!.א%K"D,`.א%},#�a.!b�k0\.q.א%*8.0W#,#§8.x0\8cKT%.!KT\0אh(.)@rRK%.0WL0�d.אA\.،P02Dd9א....

...ÏwYT(.[4אTRmא.....................Æ>.®)(.JKL.!,2T@4*|.!T%9N.x0\8cKT%.!KT\0*%א.=T>.eN0T5א.!T,R3.�)T|.x:.hTBª8
......................�AE0Y@9א.g.x0\8cKT%.!KT\0O.!,|אP)�A\4TB%א.NאAT5א.�T,¨.x:.ÈTfw@.x:.}T´.hTB%8.،?@0T3AB%א

!|80#D(./0^P)\. 
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٣−E%F7:!25'd=:25!אT�:א|'-!א=D%�-3@=E!W&- 

)R( `$-'k:�%7!אNsא 

!h}.�:0.....:!אB,K,Tn%1̀.א T^G.........!v0�(.eN0(.JKL.[w{%א.VAD²8.؛C0^r%0\.!RL)(.אA%:.JKTL.،�TG-(.
.)-L.PAK#D|.ePAK#D(٢٥٤u(AE0E.. 

25T�:٠,٢٥:!��!אuR,KK(.. 

 ..................،6,#§.[0L8.`dאN.،pP�:.0B,K,~.1̀ T^.pATv.،j0T#^.!T%0f.g.אAT%kא.xrTd.q�2T-@
G-|.xATB@.x:.q�2T-@8,�.אA%kא.2O`.א~�D(א)L.0W-(......e4TÑk.א%0WDT@0Á.q�2T-@8...!,Q0,R,TB.)hT.א......

.eP4אf.!^PN١١٠.hL.`*|.9.e)5.!@A�(.٣٠!*,ON.. 

.~[؛.6OAD@8.אP0,Dd9.٥×..~[.١٠.~[؛.:8.١٠×..~[..٢٠.~T[؛.:8.....٢٠×..~T[....٢٠:!i.Go!א:.�%7!!!
h(אrD%0\.0�=WX|.V4Z,~.�%0/.א-,b%א.N)L.JKL. 

!�%A:4א&2!אZ!2�5("!=�mO'5T/:١.":!אAK%א.`#~:.h(.]~.. 

25'd=:25!אT�:א|'-!א=D%�-3@=E!~אYm!p!Cbc/:א!K&l3!�e?:.JKL.)@r@.9.٠,٥.hL.`*@.98.،]~.
٠,٣]~.. 

!!!!,-kz%:א!WZ!2|-vBא")!O'5T/:5-�!א(:("...eN0L.١......hL.`*|.98.،]~.٠,٨...pw�9א.JKL.]~....}´8
.)b\.JKL.�*2%א.�tA|.x:١,٥!v0f.h(.`Okא.JKL.]~..JKL.}K�D%א.!,�\.،AK%א."!v0mא.=H�|." 

!!�%A:א!�%.�:.....A�.`Y(kא.�A{%١٠.א.........],O.y0nÀ.ÂRn@.]O4%א.אc�.xk.،]~.Rf...!%AWn\.)..!*@4{%١א.
.�0TEN:..(.......],O.�E0T3.א�¼.hTB%8Rf............�¼.4WXD@.x�\.}@cRK%.0Rn%א.A�.�,n\.°WE.±0-Wv.!\AK{(.=>.

........!*,O4%2*!.אT{%0.א,v4אT>A|0(843.AT%.!TRO.....�c�.g8.......=WXD%א.)@r@.9.¤,À.אA%kא.}|4|.،j84X%א
.JKL.J$Ok٢�0א%}4@*!.(.~[.١٠אEN:..( 

 ١א:�=&25!

 ......]TZÀ.אAT%kא.!T%0f.g٢٠..]T~..×٢٠......)Tb\.JKTL.�Td.]T~4@.،]T~.١١.h(.]~.".!@0WE
�,*2D%א".!v0n5.א=WX|.q{b@.אc�8.،١٠.)b\.JKL.�tA|.�%2*�.אK%.]~.١F0*%א.h(.]~.. 
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 ٢א:�=&25!

.~[.rd.gאA|0(843.x<4אv,0.א%}2*!.٥×..~[..١٠.~[.8..١٠×..~[...٢٠.AT%:.�TtA|....]TZÀא... 
..........0¶A�.�%א.}EאAא�.xATB|.¤T,À.،!*,O4T%١٠א....!RO.�¼.y0,nE90\.}@cRK%.ÂRn@8.،!@NARL.]~.

.!v0n5.=WX|.�%�.hL.°D-@8.؛AK%٩א]~.. 

 ............N0b\¼.}´8.؛}@c5א.�)*|.`KM74(.א@.x:.0RW,DK3.?D*@4{%א.g.]W5א.hT(8...h(.אA%kא.
.........�¼.}@c5050.@$`.אf.!*,O4%0.א%}2*!.א,v4א>A|0(843.xאrd".=WXD%א.�d."....0,v4א>A|0(843.A%.!RO.8:

er34(.=>.�*\.°D-D~.�%�.=�\8.،!*,O4%א%}2*!.א. 

!O5T:א!iGo:...........h(.CP0Uא.�¼.AK%א.JKL.�tA@.Vc%א.�AKM4.אGD-@.".�,*2D%א.!{*E.."..)mא.q�2-@8
.....`Q0n%א.P0GDEא.hT(............er34(.=>.�*\.=WXD%0].א-H:.°D-D~.�%�.=�\8.،x0B(�..c�.JKLא.א%-"P)*\.A.א

rT@.98...�t8.�rK@.)O.،�%�.�,*"D%8@(.אTZm[.אT%.q%0YT5-*}!.א%JKTL.=WXDT.)g.h@uR,TKK.א%*}4..........
...................�,*2D%�0.אW^.h(.e)f8א.!�P.!{~אA\.0Wbt8.hT(.9)T\.e=�T7.[אrT^:.`BT�.g.`QאATn%א...hBª8

8¼�א.א~�D(�.א¶Aא].....$A\.e=�Tא~T}!.א¶ATא].אP0m.:8.א0R,v.NP02%.\?.א6T,#§.........../0�4%.אrT^kא].א%....
.........�\0H.=>.�$"v.V4´.Vc%א.°@r50/.אEAB(.h(.V:.xAB@.9.x:.h(.)3�D%0\.!@0-b%א.}Z,v.P0Tmא

Ï0@P4אf. 

!!!!��-�D@!25'd=:25!אT�:א|'-!א=D%�-3@=E!~אYm:...x:.q�2-@8.؛q*E.C0^�.h(.0R�w3.xAB@.x:.`�#@.
...xATB@..........�2TGD%א.JKTL.e)L0TnRK%.،�0T(.pPAT\.0-T{2(.xאrTUא...،)n%א.]B».[0{�%א.xAB@.x:.q�2-@8

.........}@c54�2.א|.h(.JTENkא.)Tmא.�¼.`,KT*DK%......8.Ï4#א-n(.C0^r%א.xAB@.x:.hBª8/.!"n(.�tA|.x:.8:
!v0mא.JKL.�8u2%1̀.א ^.h(. 

!!!Cbc/.:א!K.&l3:.........B(��D~0\.�%�8.x0(א�..¼�א.x0T3.אTL¼.q�2T-,v.،0{,KTd.}T@c5(אP)*\.!TO)\.�N.א
.....!@0-Tb\.½0T,*%0/.אEאA{T~א....................]Qw5א.h(.xAB@.)T*v.Ï0T,(A@.�)�DTn|.!T\א��8¼�א.TXE.�T#E.�E0T3[.א

...............q|0T(A|8:.�T@�A|.�0TW^.!{T~אA\.xATB(.`T3.JKTL.�AT$mא...........xאrd.`dאN.CrT5א.]DT@.x:.hTBª8
....!*,O4%2*!.אT{%0.א,v4אT>A|0(843..........Ï0@AD».8:.Ï0{,Kd.x03:.[אA~.،}@c5א.�tA@.x:.q�2-@8...xAB(.JKL.

.............�2GD%א.�,*a.!f0|9.q#B@.�O8.`2O.0,v4אT>A|0(843.xאrTd.`TdאN.،)Tf0/.....8אEאrU%0!.אf.g8
�Q0ON.�©.Aº.�%�.p4�Dn@.x:.q�2-@.،pPA%0\.!-{25א. 

 ..................`3.)b\.}@c5א.)@)§.}´.،!-T,b(.=TWX|.]X-T%.!2Tn-%0\.،�TE:.!TXfw(.]TW5א.hT(8
wH.8:.?�A�.`3.)b\.`Okא.JKL.8:.،=WX|!H. 
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Cbc/:א!,-T&l3 

٢٥]Zm0\.!Q05א.g. �PAv8PAK3 U:R!L-cH:א: 
٦٠]Zm0\.!Q05א.g. x0n3A@N  
١٠]Zm0\.!Q05א.g. .`,Y@�  wd/.א
٥]Zm0\.!Q05א.g. .0,EA(:)٢٩!Q05א.g.(  

١٠٠]Zm0\.[r^. �AE0Y,( h-Z!L-cH:א: 
١,٥]Zm0\.[r^. .0,EA(:)٢٩!Q05א.g.(  

 :א:g.]Zm0\.!Q0 x0nB,�AKB,~ i'j!L-cH.א٧٥5
١٥]Zm0\.!Q05א.g. h@A,%A|  
١٠]Zm0\.!Q05א.g. .`,Y@�  :)?.qQ0-H.א

25'd=:25!אT�:א|'-!א=D%�-3@=E!�%:!g7?!Oz%/N!�:א0-:'9!א!C�I 

]@=ABא!CD!W&-E%F:א!,-H'? 

 .r,3u\١�AE0Y,5א.g.uK,KK(.`B%.4א��,KK(.. 

 *k'-$&2א0-:'9!א:

 .r,3u\.4�a.0Wb,¨١�AE0Y,5א.g.uK,KK(.`B%.4א��,KK(.. 

`=_T:א!fy6:א 

 ......V4$2%א.S"#%2`.אO.אA%k6.א,#§.}T´...8:.!v4�%א.eP4אf.!^PN.g.�%�.`RL.hBª8
.......F4T~:.אcT�8.،hd0T~.[אAT�.א�)�DT~0\.......h(.V:.xAB@.9.x�\.!@0-Tb%א.}T´.،e=Tdkא.!T%0mא.g8

...0H.=>.!(0¶0/.אTEAB5אÏ0@P4אf.�\...P0H¹.�,¨.AK%א.h(.א�r|.x:.xאA%³%.],Kn%א.=WXDK%.]W5א.h(8
®4dkא.!@)L0*%א.NאA50.:8.א,EA(kא. 

                                                           * !2�%y7.3:......03:.[אA~.،!()�Dn5א/.אP0T,b%א.`BT�.]W(.=>.،e)L0O.8:.0"K(.x...q#B@8
................e)L0O.`B�.g.0RQאN./02345±4.א"D|.!*,O4%0.א%}2*!.א,v4א>A|0(843.אA%:.JKbv.؛?KBG%א.h(.V:.א�)�DT~א

e4f. 
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`=_T:א!fy6:א!�Xא=� 

١− .q^A(.�A{\.qZn#-\.pAv.[At٢٥٤u(AE0E.. 

٢− £RMא.�A,~0|A2%0/.א-,|w\8NA@.6�03. 

٣− .jP8)->אPN.6�03)�,,EA(.( 

 E!C�I%א�U!א:=�

�-E�e0א!L%'N-�%T:א!,-H'�}Z@a%&!U 

 ..yאc@٠,٢٥.8.�,-,|w2%א.)@PAKB%א.h(.٥.<4א�.Â2$,%.[05א.g.�A,~0|A2%א.)@NA@.h(./0(4א>.
.]Zm١٠٠א.j0�@8.،uK,KK(.٢r345א.�@PAK38P),¶א.£Á.h(.uK,KK(.. 

r$@a%HDא$a!U�-E 

 ...�KT¯٢...........8.�A(r2T%א/.אuTE.�Ta.hT(.4א�T>.٢٥....,KUא.£Á.h(.אuK,KK(...�)V),Kא�.(
..8.rT345١٠٠א......�AKMא.C0DE9.[05א.h(.uKT,KK(.)١(.yאc@8.٤٠؛.g.�A,~0|A2%א.)@NA@.h(.Ï0(١٠٠.<4א.

.�AKMא.C0DE9.[05א.h(.uK,KK()٢.( 

 ...�KT¯١٠.....�AKMא.h(./אuKT,KK(.)١.(8١٠.�AKMא.h(./אuK,KK(.)٢.(8٢٠.h(.אuK,KK(.
.�,KUא.£Á)V),K8).א�.r345١٠٠אKK(.jP8)->אPN.6�03.C0DE9.[05א.h(.uK,. 
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�X-/H:א 

.],ORf..×١٠٠: 

Cbc/:א!L-c( KE=Bא 
i'j h-Z U:R  
٨١ ٥٩ ٥٦ ?@03AB%א 
4#7 ٨٤ 4#7 ?EA�B@� א
٦١ ٦٥ ٤٤ ?EA�B@¼.`,Y5א 
4#7 ٢٥ 4#7 ?EA�B@¼.`@8r-2%א 
٨٣ ٥٩ ٥١ ?@03A3.`@A(0-,n%א 
    
 א%uDא03@? ٦٣ ٥٦ ٢٥
٧٧ ٨٠ ١١ ?@038r-2%א 
٥٥−٤٠)Ä( ٧٧ ٦٩ ?@038),K%א 
٦١ ٤٩ ٦٩ h@),Y2%א 
٨١ ٧٨ ٣٨ xA%אA30Y,5א 
٤٥−٣١ ٧٤)Ä( ٧٥ x8N0Y,5א 
١٦−٨)Ä( ٦١ ٥٥ ?@038�%א 

 )Ä.=.(0,v4א>A|0(84B%א.A%.JKL.،!b*\.�,%8.،�d.4WX@. 

٤!−W&-E%F7:!9X-v:א|'-!א:<-�!@א=D%�-3@=E! 

)R( !a%ek:�%7!אNR�TkBא 

.....ÒWK%א.h@�DT%6.אT�03(FID))..�v)D\.?^8P),�٣٠.،!*,O)%א.g.אuK,KK(.
.�v)D\.[אA�٤٥٠!*,O)%א.g.אuK,KK(..( 

6GB%�0.אW^ 

 א%uR,KK(.. NARbא/٤−٢،.א%*}4.א%(אqKd.):u(.8אO:.)x(א�.٦
SE-30.؛OV-1.؛OV-17. !�2bD%א 

.�v)D\.?^8u,E٣٠!*,O)%א.g.אuK,KK(.. 0mא�0�%.א`( 
hO0mא.eP4אf.!^PN.:٢٢٠!@A�(.!^PN.. `Rb%א.j84¢ 
x4#%א.eP4אf.!^PN.:٢٢٠!@A�(.!^PN..  

6GB%�0.אW^.eP4אf.!^PN.:٣٠٠!@A�(.!^PN..  
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n-tetracosane.8:.tetraphenylethylene qKdא%(א.P0,b%א 
N,O bis-trimethylsilyacetamide (BSA). 

.8:N-methyl-N-trimethylsilyltrifluoroacetamide (MSTFA). 
p0*D�90)`.אL 

n�TkBא!n4e?s2!א�'b� 

 .............0¶0RbDT~2`.אTO.e�2Tb5א.e)TRLkא.�T,¨.!�T,W|.}T´.......�%א.eP4אmא.!^PN.xAB|.eN0L8
...Pא)*·.JKL:.!�,WD%0.אW,v.®4§٣٠.0W,v.®4Z,~.�%א.eP4אmא.!^PN.h(.`Okא.JKL.!@A�(.!^PN.

..........̂ PN.JKL.)@r,~.�T%�.x0T3.9.¼�א¼.،`,KT"D%א..�E0$%0.א�N)f.�%א.NARbK%.0,Kb%א.`,�GD%א.eP4אf.!..
..............Ïא=Y3.!�,WD%א.e)(.!%0�¼8.`O:.VP4אf.pP0v.א�)�D~א.}T´.!T%0mא.�cT�.g8..ÏwYRv.:..Vc%א.NARbK%

......eP4אTf.!T^PN.)-TL.�)�DTn@.x:.q�2T-@٢٣٥..�%. 0,Kb%א.`,�GD%א.eP4אf.!^PN.Vc%8א.،!@A�(.٣٠٠.
......DK%.!,%0Y5א.eP4אmא.!^PN.xAB|.،!@A�T(..!�,W٢٧٠.!@A�(..........8:.،!K(03.!K,%.q�.eN0Db5א.!�,WD%א.e)(8

١٥...̀ Okא.JKL.!L0~..............A�.�0Y5א.אc�.g.NARbK%.�\.J7A5א.J$Okא.)mא.x03.8٢٨٠¼�א.!@A�(.!^PN.
.)-L.!�,WD%4א].א^¼.q�2-,v٢٦٠.e)58.!@A�(.!^PN.٣٠!L0~.. 

 ..............!bRא�.�A@.[0n(.h(.!�T,WD%א.xATB|.x:.e)TRLkא.£b2T%.�rKT@.)TO?-H9א.�A@.027.�¼...
..............�)b(.�#-\.NARb%א.�L.،!\4ZD%2,`.א~.JKL.�)�Dn,~.Vc%0)`،.אmא�0�%.א.P4ª.،!�,WD%0].א-H:8

....V:.،`,K"D%א.g.�)�Dn@.VcT%א.�v)DT%א.:.�v)D\.?^8u,-%٣٠א.!^PN.g.Ï0~0*(.!*,O)%א.g.ÏאuK,KK(.
...!�T,WD%א.eP4אTf........!�,WD%0].א-H:.VP84�%א.hT(8L4?..@0WE.`,7A|..`d)·.�0�%0.א,v4א>A|0(843.NARL.!

.........�0T�%0.א,v4אT>A|0(84B\.Ê0TU6.אTGB%�0.אTW^...............[0-H:.،jr-T|.0B,K,Tn%א.x:.AT�.�T%�.g.}2Tn%8א
.............6GB%�0.אW^.`dאN.Ï0b@4~.]3אu|8.�\0Y%א.PA{%א.h(.}K$%א.[rא�.hT(.،!�T,WD%א.....�%�.x��.h(8

-%0f.g.،!@0W!.6�03.א%H�T|.4THi@.x:.h@�D=אT�.Ï(@(אg.Ï.א~�0TW^.!\0ZDT.א%g.VNi@.x:8.6TGB.א%..............
................)TOA5א.`Td)(.)Tn\.�T%�8.?T^8P),¶א.pאuTfא.�-T(.�¼.،ÒWKT%א........jr-|.VN0Tb%א.`,�TGD%א.g8

.............y02~:.�,�:.h(.A�.ÒWK%א.h@�D%6�03.א.)OA(.Nא)nE0.א�0�%،.8א,v4א>A|0(843.NATRL.hT(.0B,K,Tn%א
.....6GB%�0.אW^.!\0ZDT~א.PAT�)|......�vP.A�.�,n\.°WE.)^A@.،j84X%א.�c�.g8.`,�G|.eP4אf.!^PN.

...........?\.0(.�¼.`$@.Pא)T*·.6TGB%�0.אTW^٥٠8.١٠٠.!@A�(.!^PN.).�0W^.eP)O.p0{E.g.�%�.x03.א�¼
8¼�א.�.@-ÂZ.�%�......8אA�.�%�.h(.µ4�%.אufאp.א%0B,K,n.א4T>A|0(843..(.......0�4@0{|8.!2~u5אv,0.א�0�%..

..............P.!%8¼�א.ÒWK%א.h@�D%6�03.א.h(.)OA5א%!.א�¼.A�.)T,fA%א.`Tmא.xATB,v..0,B,E0B,(.0B,K,n%8א~{.א..
!@A�L./02@c(.!{~אA\.6,#ZD%א.]H./4#א-n50#/.8אX-5050].8א\.`n�%%0,!.אbv.�D2H.)O8. 

 א:�=&25

.........r,3u\.VP0,b%03@?.אAB%א.)@PAK38P),�.�AKT».4T�²٤٠....`B%.4א��,KK(.١٠٠....�AE0Y@9א.g.uK,KK(.
�AE0Y,58.א:. 
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.)KK,�4א)0..�D~0\.،!*@4٢٠(א�.Ó0Tb@8.........hL.`*|.9.!-,L.א%03AB@?.<=.אF84G5.\-#�.א%}...... 
VP0TT,b%א.�AKTTMא.rTT,34|.Ï02TT@4*|.V80TTn@.?@03ABKTT%.rTT,34|.�¼.`TT7ADK%...!*@4TT�.JKTTL.FwTT�Ô%8

.........V4bTG%א.NATRb%א.yAKT~:.4TXEא.،p0*DT�98........א.h@u%84TB,(.?T\.0T(.hT*²8٥..}nf./אu%84TB,(.
[0�DO9א. 

 .xAB(.V:.h(.®ADMא.y0nf.hBª8)52!.אn-%א!@A�.(!,%0D%א.!(0b%א�.א%$,�!.א)�D~0\: 

 
  ....x      100 

¤,f 

.xAB5א.h(.®ADMא)×.(.!-,b%א.g)x�8/!Q05א.g.x�8.( Cx%=. 

..eN0TT5א.rTT,34|)×.(..qb^4TT5א.VP0TT,b%א.�AKTTMא.g)x�8/.g.x�8
!Q05א.( 

Cr. std.=. 

.eN0RK%.e8Pc%�0.א�)×.(!-,b%0.א,v4א>A|0(843.[0].¼^4א-H:. Ax=. 

��0TT.א%P0,bKTT%.e8PcTT.א%(אqKTTd.א4TT^¼.[0-TTH:.�,KTTL.`TT$Mא].....
!-,b%0.א,v4א>A|0(843. 

Aint.std.in sam. Chrom.=. 

��0T.א%P0,bKT%.e8PcT.א%(אqKTd.א%H:.�,KTL.`T$².VcT-0].¼^4א]................
VP0,b%א.�AKM0.א,v4א>A|0(843. 

Aint.std.in std. Chrom.=. 

.!-,b%א.r,34|)x�8/!Q05א.g.]Zf.( Csam.=. 

)�( `=kA:א!a%ek:�%7!אNR 

OV-1.−0,Q0,R,3.!{2|45א.e4W$-50.אB,K,n%א.h(.V4b�.NARL. NARb%א 
٠,١٥x84B,(. !*,O4%א%}2*!.א.�Ã 
٢٥.qKdאN.4{*\.אu(.א٠,٣٢uR,KK(. �A{%א 

?^8P),� `(0mא�0�%.א 
٢!*,O)%א.g.uK,KK(. �v)D%א.�)b( 

٥٠:١ P0{GE9א.�)b( 

chrom. std. int.std.inr.std.

chrom sam. int.std.inx

sam

stdr.
X /AA

/AX
C
C%C .=
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 ^�0W.א%6�03ÒWK 6GB.א%h@�D.א%
hO0m٢٥٠.............א!@A�(.!^PN.. `,�GD%א.eP4אf./0^PN 

6GB%�0.אW^......٢٨٠!@A�(.!^PN..  
°(0E�%א.............)-L.:)2@١٥٠.�)b·.ÏאPAv.NאNr@8.،!@A�(.!^PN.٩.

.�¼.`$,%.!*,O)%א.g.!@A�(./0^PN٢٨٠!@A�(.!^PN.. 
 

.!-,b%א.=�a..:..�K٤−�٣....8.!-,b%א.h(./0(4א�,KK(.٢−١..h(.4א��,KK(.....qKdא)%א.P0,b%א.(n-C24H50).
8١8.،�PAv8PAK3.uK,KK(.٠,٢8.h@)@=\.uK,KK(.٠,١٥.uK,KK(.MSTFA).p0*D0)`.א�L.(silylating) 

(reagent.eP4אf.!^P)\.h�n|8.،٧٠.e)5.!@A�(.١٠�Q0ON.. 

h*².Vc%א.]Zm١:.אu%84B(.. 
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٥−W&-E%F7:!hאas2!א':-k:9!אXא%v:א|'-!א=D%�-3@=E! 

!�@=�9ek:א 

١٦٠.qKdאN.4{*\.אuR,KK(.א/٥,٠uR,KK(. NARb%א 
...`TT,Tn@N0D38:−........[אNk%0,!.אb%א.`QאAn%0.א,v4א>A|0(843.!TT2|P.h(.0BTT,K,~.

٥x84B,(. 
!�2bD%א.eN0( 

 ±4"D5א.PA{%א 
...�AE0YT,()٣٠٠..uKT,KK(.(...[0(8.،)٧٠٠.uK,KK(.(..،١....!Q05א.g.)]Zf/]Zf.(

...�@PA#n#%א.£Á)١٠٠٠.uK,KK(.(،.8.n−...?(:.`,nB�)4א)0/؛..١٠,٧١>.
 ).٢,٥=אO4%[.א¶,uK,KK(..(. ,^8P)א١٤

U:R!U�-A:א 

..�AE0Y,()١٠٠٠.uK,KK(.(.8.،١....!Q05א.g.)]Zf/]Zf.(...�@PA#n#%א.£Á)
١٠٠٠..uKT,KK(.(.8.،n−...?(:.`,nB�)א.١٤.<4א)0/؛...١٠,٧١uK,KK(..(.]O4%א

. ,^8P),¶٢,٨=.א.( 

h-Z!U�-A:א 

 ..�@PA#n#%א.£Á.4�²).١..!Q05א.g..(....r345א.�@PA#n#%א.£Á.!\א�Å\)١٧Ï0(א05].)..<4א.g
 .)uK,KK).١٠٠٠(א5*}4.

#=y/Bא:2!א:<-�א,!3;!א:�%$!א�� 

 ............±4"D5א.PA{%א.g.}Qאc%א.VAא�.jwT�%�0.אT>.!T%א�¼.`,KT"D%א.[)T\.`2TO.}T´...�.8¼�א
..............g.0(¼.e=�7./0L0*v.`BG@8.�AKMא.h(.C4¯.�0�%א.xÅv.�%�.�)T²....?\.`7A|.�%0\,{.אEkא

........!�T�5א.½:P8.}T@c5א.xאrTd).../0�T�58½.אÕP.8:.(....!EאA{~:.`dאN.8:)/0EאA{~:.(..!��5א.½:P
)../0�T�58½.אÕP..(............µA*D,~8.Ö�%6.אOAD,~.،e=dk%0!.אmא.g.0R,~.98.،?D%0mא.h(.V:.g8

g4א>A|0(84B%א.=WXD%א. 

 ...........@r54.אR>.q�.}Qאc%�0.אT�%א.!T%א��.!*@4T�.�Tn\:8.......eP)*\.q|A7.pAv.�{�(.g.6�0G%א.°
..........hTL.`T*|.9.e)T5.!T,%0L١٠.�Q0TON........[0(.x:.q�8.°W-%א.אc�.א�)�D~א.)-L.�TG-|.)TO.!KBTG(.!TË8

......................x:.hBª8.،�0�%0.¼�א%!.אWO4�Dn|.�%א.!K@A{%א.e)50].א-TH:.Ï0�TvאN.Â2T$@.)TO.q|AT$%א.pATv.�T{�5א
......6�0TG%א.�¼.eP4אTmא.`*DT-|........5א.�¼.°KY%א.!v0t¼.x��.hT(8........�¼.VNi|.x:.q|A$%א.pAv.�{�5א.g.[0

......!{,Mא.eP4אmא.!^PN.g.6�0G%0].אT*\¼...........=\)D\.�OA5א.g.0�ÕאN:.hBª.!*@4{%א.�cW\.�0�%8¼�א%!.א
....................0,v4א>A|0(843.�0XE.`R�.h(.Ïא[rT^.`BTG@.µ4T�%א.אcT¶.½4TB(.q|AT7.pATv.�T{�(.א�)�DT~א

pAv.�{�......N)(.xAB|.x:.q�2-@8.א%$rTd.�TtA@8..q|Aאx.אN.}@c5אd`.א5........א%ATnאQ`.א%T,%0b!.אNkא]....
................4d¹8.g4א>A|0(843.=WX|.`3.?\.N)5א.�c�.xAB|.x:.hBª8.،0,2nE.e=$O8.e4|אAD(.�0T�%א.!T%א�¼..

.............6�0G%34,{.א|.P02DL9א.g.�tA@.x:.�0T�%א.!T%א�¼.)-TL.}T´8......�^A\.4@0{D%א.!b@4n%0/.אEAB50v
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8.Ê0d/�0G%א.h(.!K,KO.!2nE.®A~.`BG|.9.�%א%!.:8.א�¼.!,KRb%./4א(.e)L.0W�@4b|.q�2-@.9.6
.�0T�%א�0�%א/.................א.!KBG(.VN0#|.!,�\.VAא�.jw�%0.:)�0.א*K�(.6�0G%א.xאrd.[0*\¼.VP84T�%א.hT(8
!2Qאc%א. 

O8(.אx:.JLN.אpAv.yAK~k.א%$0¾.Ï90bv.�,%.q|A)x:8.،0.א%}4@*!.א%ei#B.א%e),fA.�9א%!.............. 
........K¶�0.אT>.4T@4¾.qT�.6א�ATG%א.hT(./�0אT�%א�AKMא.�L.[�2\.xA>Pk8.<�0.א:.�A,...!*@4{%א.�c�8

.......�¼.},\0Ek0\.xA>Pk8.א:.�A,K¶�0.א>.h(.!EאA{~7,`.אA|.�@4�.hL.�OA5א.g.0�c,#-T|.hTBª.Ï0T�@:
...}T@c5א.xאrTd.............g4א>A|0(84B%א.=WXD%0/.א,KRL.?\./�0א�K%.eP4BD5א.!T%א��4T^¼.hTBª8...h(8א].א

g.}@c5א.xאrd.[0*\¼.]W5א%!.א�0�%א��.P0D�50)`.אUא�0�%.א.h(.A^.. 

٢,٠?#�0G%א.wB%.!*,O)%א.g.uK,KK(.. �v)D%א.�)b( 

.h(.q^A(.�A{\.qZn#-\.pAv.[At٢٣٠u(AE0E.. 6GB%א 

]Qw56�0.אG%א.g.NאA5א.�,¨.yאc|. !-,b%א.=�a 

...yאcT@١..g.!,%0D%א.NאA5א.h(.V:.h(.Ï02@4*|.4א��,KK(.א/.)١٠uK,KK(..h
6�0G%א: 

!@P0,b%%0,`.אMא 

?@03AB%א  
x84*(−?@03A3.`@A(0-,~  
�E03@?−|4אA3.`@A(0-,~  
?@0384\  
?@03A-�,%  
?@03AK,(:  
?@030|A\  
?@038r-\  

٢٠q*Kf.hO0f.!{~אA\.u%84B(.. h*mא.]Zf 

............!*@4�.8:.qKdא%(א.P0,b%א�.�4@*!.א)�D~0\.،e8PcT%90/.אT�.}Tnf
P0,b%אq^P0Uא.. 

qRB%א.y0nmא 
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�X-/H:א 

 ......!bT~אA59/.א)Tb(8.6{TTG%א.},|4T|.qKT@.0R,Tv(capacitance)..e4¢0-T5א.(K')*.6�0TTGK%
6%:: 

٠,٠ ?@0384\ 
٠,٧٩ ?@03A-�,% 
٢,٦٨ ?@03A3 
٦,٣ x84*(−?@03A3.`@A(0-,~ 
٧,١٩ ?@03AK,(א 
٨,٩٧ ?@030|A\ 
١٠,٦٥ �E03@?−|4אA3.`@A(0-,~ 
٢٠,٠٦ r-\?@038 

 
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 

 * .!b~אA5א.�)b(K'.=. 

¤,f 

tr.=.}3456.א{�.�O8 

to.=..erZDMא.=>.eN056.א{�.�O8)�AE0Y,5א.!-*f( 

 

ot
 totr −
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٦−hא=euא!�I!2k�s-Z!W&-E%F7:!x6'�:7'9!אy/:א! 

2H'k:א!a4א?� 

١− `4':-J25!א:5=�!א&=� 

 .....ATº.�KT¯א....٢.h(.4א��,KTK(......q%אAf.�(.Ï0RL0E.Ï0*"~.!OA"n5א.!v0א�.eN054א�.٢٠٠�,KK(.
..................JDf.���@8.،�,*L.x80�.g.),%0\.8:.�,*L.e43.!-"{(.g.Ï0,B,E0B,(.0(¼.h"{@8.،VAKO.),%0�.h(

Ï0*,OP.Ï074O.Â2$@..x0B(� .8אA�.`Y(k.אP)*\.j0#�.Ê4O.C0DE.א

�Dn@.Vc(�،.c�.�¼.P0G@8א.....g8.א84T\.x0T3.`T7k),(.אAT�.�A,T~0|A2%.א¶%0T,(.א%*VAKT.א%............... 
............eP02Tb\.x0T,fkא.hT(.=YT3.g.yAKT~kא"....�A,~0|A2%א.),(84\.Ê4O.!*@4T�.."...)@PAK3.�)�D~א.�%c3

.........`O:.�Ek.�A,~0|A2%84),(.א\.h(.`�v:.x0,fkא.h(.=Y3.g.�TDb@8.،�T~8א.p0T{E.JKTL.�A,T~0|A2%א
...!\A�4KT%.0T70$D(א..........xAB@.x:.`�vk0v.�)�Dn5א¶%0,(.א.x03.Ï0@:8..h("...[4אRmא.�a.!b�kא.P0,L."
("IR standard")..eP4אf.!^PN.g.6T#´8.١٠٥.pAv.xr¯8.،e)f8א.!L0~.hL.`*|.9.e)5.!@A�(.
......!@AO.!T##�.eN0T()...PA#n#%א.),n3:.�(0d.ÏwY(.(..6,#§.�0W^.g....../א),א�.�%0)�D~א.�A2*5א.h(8

..............eN0(.!^PN.�#-\.Â2T$D%.�"Tn|.،!,KT,K"D%2!.אT|4%א.hT(".b�kא.P0,L..[4אRmא.�a.!"..6#§8.،
!^P)%א.�#-\. 

 .............Ê4אOkא.��t./א)b(.�¼.!^0mא.A�.!*@4{%א.�cT�.g.qTn,Q4%א.}T,b%8א.....)^A@.�E:.=>
.................u(A|A#%א.!#KBD\.!EP0*(.!@0�K%.!#KBD%א.!%A*b(8.Ï0@P0§.e4vאAD(.Ê4אOkא.��t.]XE.hT(.N)TL.Ï0T,%0f

¼�0d.6,�.C0DE×.¼�א.L.!Ë8......`Ka.�)f,{.E0B(¼.A�.4d¹,!........א%},#�Ta.!bT�³%.qT.א4TRmא].......
Ê4*%א.Nא)L¼.[0-H:.C8Nr(: 

Base.HC1     +     KBr                           Base.HBr      +      KC1 

 .....�A,~0|A2%א.)@PAK3.g.0RQאN.!@)@PAK38P),¶א.NאA5א.ST"v.q�2T-@.�T%c%8�,%8.),(84\.g.
�A,~0|A2%א......)�D~0\.xA,Ekא.P02Dd4א].א^¼.q�2-@8.....q#,{%א.`,K"D%2`.¼^4א].אO.},~u%א./wL0#(.א�

 .\�a.!b�k0.א4Rmא]

 ...............JKL.°|0-%6.א,{%א.g.Ïwdא)|.}2n|.9.،0WE:.q�.),%0¶א.Ê4O.!*@4{%.!,n,Q4%א.!@rT58א
x:.q�.®4d:.®4�7.!@r(.!Ë8.א4Okא�DG(.xA3.¥4�............xr�.x:.hBª.Ê.א¶h(.0,%0d.),%0.א05]......

........�T~PA(.א�¼.eN8)T».=T>.e)T5....0TW\.!@0-Tb%א...........!,EAE0O./4א]א^¼.!@:.g.0(0�.�%�.xAB@.x:.hTBª8
.!T*f9.................)@r(.[4אT^�.V),%0¶א.Ê4*%א.h(.0�NאNu~א.hBª.0W$"v.V4´.�%א.eN05א.xÅTv.�T%c3

 .)h.א�P02Ddא/
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 �=&25!א:5=�!אJ-:'4`!א:T-:�!א:_<= −٢

 ..................!@),%0�.Ê4אO:.°DT-|.x:.hTBª.Ï0T@P0§.e4vאADT(.}T7.}T%אAO.)T^A|....JKL.)@r@.9.4{*\
...)Tf8א.uR,TKK(......................wQ0T�.Ï0Tt0#Øא.),%0T¶א.!T,R3.£#�-T|.x:.)T\.9.،!T%0mא.�cT�.g8)...Aº.�¼١.

TXb(8[.א%2T{D,*0/.א%�DTn@.�T(�.cT�.0TW,vא.אg.qT�.yAKT~k.א~�0RbD.א�a.!b�k...........)..)KTK,�4א�.
O....x:.hBª8,*!א4Rmא].%#"S.א0EAB5/.א�AW%!.א%�.�}#�.)A%:.hא.A|0(843<4אv,0.א%}2*!.א4%..........
!-,b%א.h(.)f4א�.8א�,KK(.h(.`O:.`KMא.®)%.x03.א�¼.Ï0�@:.yAK~kא.אc�.�)�Dn@. 

٣− !�%j%H:א!w%yv3!25&=�)9X-v:א!W|25!א:�א&=�( 

.....!-T,b%א.hT"{|)٣−٢../0(4א�,KTK(..(.............?vא%�א.h(.e)f8א.e4{O.�(.�KT�8.،Ï0TRL0E.Ï0OA"Tn(.Â2T$D%
........�T,*L.x80T�.g.hT"{|8.،`Q0Tn%א.....j0T�|.]TH.........�~0¾.Â2$@.¤,À.`Q0n%א.h(.!,v03.!,R3.0W,%¼.

......�,OP.x0�N.�~0RD3.qQ0W-T%א.pA"Tn5א...........h(.eN0L.xAB@.،VAKO.V),%0�.Ê4O.JKL.pA"n54.אG-@8
................pA"n5א.pAv.`H0T¬.Ê4TO.�TtA@8.،�A,T~0|A2%א.),(84T\.8:.�A@NAT$%א.)@PAKT3.....xAB|.x:.q�2-@8

L0*#%א.h(.!,%0d.),%0¶א.q74O.?\.eNA^A5א%}2*!.א!,QאA¶0/.א. 

 .....................6,�.g.`Q0n%א.?vא%�א.�TH)².VcT%א.`dא)DT%א.AT�.!*@4T{%א.�cT�.g.ÂTtאA%א.}T,b%8א
 .x:.q�.0WD@r(8.א��0W.א%fA,(.א%8.x80�.A�.��w)(Ï0@),%0�.074O8.،p..א�a.!b�k.א4Rmא]

�X-/H:א 

 ............!T,^A5�0.אTOPkא.)-TL.!,Tn,QP./8אP�.�)Ta)]~−4|,{.)*(א....).١|.}nÀ.�0EN:.!-,25א.P
Ê0$D(94®...אd:.�¼.!-,L.h(.6KD¯.)O.},|u%א.x:.=>)V),%0¶א.Ê4*%4@*!.א�:( 

?@03AB%א.e)L0O.........١٢٨٠،.١٠٤٠،.٧١٠،.١٧٢٨،.١١٠٦،.١٧٠٠،.١٢٧٥. 
?@03AB%א.)@PAK38P),�..١٢٣٠،..١٢٧٦،..١٧٣٠،..١٧١٢).!@AE0H.e8P�(.،١٠٧٥،.١١٠٦،.٧٣٢.،

١٠٢٥. 

.h\.r,,RD%אx84*(−.?@03AB%א.`@A(0-,~4|8�E03@?−אAB%א.`@A(0-,~: 

١− .......)-TL.=2TB%א.Ê0T$D(9١٣٢٠א..]T~.−١.......6T,�.g.NAT^A5א.�E03@?.9...−|4אAB%א.`@A(0-,~
.6,�.g.)^A@x84*(−03@?؛AB%א.`@A(0-,~ 

٢− ....6T,�.g.�E4אT|−.......)-L.Ê0$D(9א.Pא)*(.xAB@.،?@03AB%א.`@A(0-,~١−.~[.١٦٢٥..Ï0@80n(.
.)-TTL.Ê0TT$D(9א.Pא)TT*5.Ï02TT@4*|١٧٤٥]TT~.−١8.١٦٩٥]TT~.−١.6TT,�.g.0R-TT,\.،x84TT*(−.`@A(0-,TT~
.)-L.Ê0$D(9א.xAB@.،?@03AB%١−.~[١٦٢٥א.)-L.Ê0$D(9א.h(.`O:.١−.~[١٧٤٥8.١−.~[١٧١٥. 
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٧−!W&-E%F7:!2'vE-k/:2!א&=_T:3%=א,!אv&Q7'9!אI!),א¡)-)/'3%=א( 

hTBª....N4v.`B%8.א%hT(.i2T-D.א%$,�!.א%b\P�\.?@03ABK%.!,2,3u!.:�8אh(.C.א�A,DE0E)4א/............ 
.....!,n30b|.=>.!@4(An@א.!OwL./4א(A,DTE0E�.hT(.?Tb(.C8�.hT((diastereoisomeric relationship).א

...®4Tdkא.C8א�kא.�T,¨.N4אTv�\........./N)TTf8.،!,Tn30bD%א.=T>./4א(ATn@9א.�T,¨.},34T|.Ù.)TO8
.0W|w,BG|(configurations).0W|0W\0G|8.(conformations)!#KD�.�Q4א{\.. 

 .DTE0E98א.........A�.?@03ABK%.Ï0,b,2�.)^A@.Vc%א.)T,fA%4.א(A,-1....]30Mא.�RBf.)O8.،?@03A3
........x�T\.xא)KT2%א.£Tb\.g-1................./0b@4GD%א.}T^A·.!L84TG5א.=T>.eP)T�5א.eN0T5א.AT�.�)Tf8.?@0T3A3

)hTTTT.אF0-TTO.אg.ÂTTTÚ.�TTTE�\.!TTRBM.א%hBRDTT@.�.0TTT(8.x:.�¼.`TT7AD.אKTTM`...א%$KTT! �א/
A�.?@03AB%1-.א*v.?@03A3xא)K2%א.�K|.g.!R30Mא.�#�.). 

 .........!,EAE0*%א.!KBG5א.�c�.JKL.}K�DK%.�Q4א�.�bTt8.)TO8.......�0EN:.!-,2(.�Qא%}4א.�K|.®)f8א
Ï0,K,$#|..®4d:.CAWE.�¼./אP0�¼.�(. 

)R( W&-E%F:א)-)/'3%=א,!א!Y''e/:!2&=b¢$%7א,!אT:א!$-T/mא 

U.א�%F:א 

١− .£ÁDi-p-toluoy1-d-tartaric acid (TDTA)h@=n,K>8.6#�.�A"3.g.. 

٢− .£ÁDi-p-toluoy1-1-tartaric acid (TLTA)h@=n,K>8.6#�.�A"3.g.. 

�AKMא.r,34|.:١uK,KK(.`B%.4א��,KK(.. 

 ...�TtA|١٠......hT(./0(4א�,KTK(.TDTA.8.١٠.....hT(./0(4א�,KTK(.TLTA..?,RZf.?TOP8N.g.
......g.x0DT,RB%א.yאcT|8.،?KT$#-(١،qK,Y@�.)uK,KKא/.)h.٨.KK(..0W,%¼.j0�@.]H,�4א�.)h.א%�A"B.א

 ..)h(.uK,KK.א%��A7AK%.h@4n,K.¼�.אZm[.א١yAK{5א05].8

!2�%y7.3:................4W�:.!THwH.ATº.)Tb\.?#T�0B%א.hT@c�.g./אPAKT2%א.`BTGD|......`,%0».Nא)L¼.q�2-@8
`,7k03@?.אAB%א.�(.°Q0DE.!ª)*%%0,`.אMא.�*a.�.א�¼.e)@)^. 

 א:�=&25

 .....?@0T3AB%א.hTB@.�.א...............¼�אc�.�¼.�K@Aa.}Z,Tv.،V)@PAKT38P),�.ÂKT(.`BT�.g.ÏאNAT^A(.
.̀ BTG%א...........�wd.h(.4X-%0\.S"#|.،!@4W�.!²4�.JKL.!@4Wא/.א�PAKT2%א/.אP02TDd4®.אT§8

............?\.0T(.ÐKT2@.=2TBD\.y0{*DT~4.אTW�١٠٠..8.6bt.١٢٥......PA�A5�0.אdN¼.�(.،Ï0#bt.(analyser).
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...�T%0dNא.x8)T\8........e4T�02(./אP02TDd9א.�T,¨.®4T§8C4�Dn503@?.אAB%א.JKL...h(.e4{O.�tA|8
±4a8.!-,b%א.h(.e=�7.!,R3.j0�|.]H.،!²4G%א.JKL.6�0B%א. 

�X-/H:א 

 .......6T�0B%א�.א)�DT~א.)-TLTDTA......)@PAKT38P),�.JT{b@.،-1......e)f8א.!*,ON.)Tb\.،?@0T3A3
.........Ï02T@4*|.!KTH0RD(.!T,RÚ./אPAKT\.،Ï02T@4*|.........%א.g.0WEA%.xAB@.،e4(.�8k./אPAK2%א.`BTG|.)-TL8.[A�

.............0T$%0d.£T,\:.8:.VN0(4T%א.�¼.ÏwQ0T(.£T,\:.}{*DTn5א..........،�Q0ON.e)L.e)5./אPAK2%א.AR-|.x:.)Tb\8
..........!#KD�.0EאA%:.!,RZ-%א/.אPAKT2%א.£Tb\.}TnDB|)...4#7k8.4א�dk8א.pP�k8.4אÁkא.(..،FP�kא.JKL

0WW^A|.JKL.�%�.6OAD@8. 

 .....6T�0B%�0.אRbDT~0\8TLTA.....)@PAK38P),�.`BTG@.،-1...ÏאPAv.?@03A3...!KQ0(.[0�,\./אPAK\
.VN0(4%א.�¼..............!,f84(.�0B�:8.`$d8.eN4#-54.א\�u@8א�c�.`,BG|.8.אPAK2%א/.\?.�h(.!LAR.א
e�8r».Û�Ür¿f8. 

 .)@PAK38P),�.q{b@8-D.)@PAK38P),�./אPAzK2%.0(0¾.Ï0n30b(.Ï0@PAK\.Ïw,BG|.?@03A3
-1.?@0T3A3........KH0RD(.!,RÚ./אPAzK\.q{b@.!T*,ON.qT%אAf.)b2Tv.،.6�0B%א.�(.Ï02@4*|.Ï0(0¾.!TLTA.

.6�0B%א.�(.Û�Ür¿f8.!,f84(.�0B�:8.`$d8.eN4#-(.4\¼.?\.8אu|./אPAK\8TDTA. 

 ....................9.0W-(.Ï0@:.x:.)^88.®4d:.!,2,34|.qbtA(.4@)�.NאA(.JKTL.P02TDd9א.אcT�.�2T�.)TO8
.̀ dא)DT@....................0mא.eN05א.h(.?@0T3AB%א.C4א�DT~א.�cT�.)@)"DT%4@*!.אT�.0Z-T%.]TW5א.hT(8.!-,bK%.!K(

V)@PAK38P),�.ÂK(.�¼.�K@Aa8. 

 א:�=א�X!א:4T&27!אY''e/Z!2V-8!אQ)-)/'3%=א, )�(

 :\Aא~}!.A|0(843<4אv,0.א%AnאQ`.א%%0b,!.אNkא]
 Recueil des travaux chimiques des Pays-Bas, Vol 98, 1979, pp 501-2 

......>A|0(8438.،[אNk%0,!.אb%א.`QאAn%0.א,v4א>A|0(843.!{T~אA\...�0�%0.א,v4א>A|0(8438.،�0�%0.א,v4א/.`,K"D%א
qQ0,R,B%א.h@�D%0\.qKDB%א.q#,{%א: 

 Journal of chromatograph, Vol 193, 1980, pp 371-380 

 ......0,v4אTT>A|0(8438.،�0T�%0.א,v4אT>A|0(8438.،[אNkא.!TT,%0b%א.`QאATn%0.א,v4אT>A|0(843.!{T~אA\
4Rmא]،.8א%K"D,`.א%},#E4%0\.q?.אqn,�0-�5.א%}2T*!.א%O4T,*!،.8א%KT"D,`.א%},#�a.!b�k0\.qT.א........
qE8uB%� :א%-V8A،.8א%K"D,`.א%},#q.א%qKDB.\$%0(�.א

 Journal of Forensic Sciences, Vol 26 (No.1), 1981, pp 12-26 
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