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$PLQHV� DUH� UHJDUGHG� DV� GHULYDWLYHV� RI� DPPRQLD� LQ� ZKLFK� RQH�� WZR� RU� DOO� WKUHH� K\GURJHQ� DWRPV� DUH�
UHSODFHG�E\�DON\O�RU�DU\O�JURXS�

1+�� �51+�� �5�1+� �5�1

$PLQHV� FRQVWLWXWH� DQ� LPSRUWDQW� FODVV� RI� RUJDQLF� FRPSRXQGV�� 7KH\� RFFXU� ZLGHO\� WKURXJKRXW� ERWK� SODQWV� DQG�
DQLPDOV��7KH\�DUH�IRXQG�DPRQJ�SURWHLQV��YLWDPLQV��DONDORLGV��KRUPRQHV�HWF��6\QWKHWLF�H[DPSOHV� LQFOXGH�SRO\PHUV��
GUXJV��G\HVWXIIV�HWF��7KHVH�DPLQHV� ILQG�H[WHQVLYH�XVHV��)RU�H[DPSOH��TXLQLQH� LV�DQ�LPSRUWDQW�DQWL�PDODULDO�GUXJ��
DGUHQDOLQH�DQG�HSKHGULQH�DUH�XVHG�IRU�LQFUHDVLQJ�EORRG�SUHVVXUH��QRYDFDLQ�LV�XVHG�DV�DQDHVWKHWLF�LQ�GHQWLVWU\��
FRGHLQH� LV�XVHG�DV�DQDOJHVLF��SDLQ�NLOOHU���EHQDGU\O� LV�XVHG�DV�DQWLKLVWDPLQLF�GUXJ��4XDWHUQDU\�DPPRQLXP�VDOWV�
DUH�XVHG�DV�VXUIDFWDQWV�

&/$66,),&$7,21�2)�$0,1(6
7KH�DPLQHV�DUH�FODVVLILHG�DV�SULPDU\���°���VHFRQGDU\������RU�WHUWLDU\������DFFRUGLQJ�DV�RQH�� WZR�RU�WKUHH�K\GURJHQ�
DWRPV�RI�DPPRQLD�PROHFXOH�DUH�UHSODFHG�E\�DON\O�RU�DU\O�JURXSV�LQ�DPPRQLD�PROHFXOH��,I�RQH�K\GURJHQ�DWRP�RI�DPPRQLD�
LV�UHSODFHG�E\�DON\O��5��RU�DU\O�JURXS��$U���ZH�JHW�51+��RU�$U1+���D�SULPDU\������DPLQH��,I�WZR�+�DWRPV�RI�DPPRQLD�
RU�RQH�+�DWRP�RI�51+�� LV�UHSODFHG�E\�DQRWKHU�DON\O� �5′��RU�$U�JURXS��ZH�JHW�5z1+z5′��ZKLFK� LV�D����DPLQH��7KH�
VHFRQG�DON\O�RU�DU\O�JURXS�PD\�EH�VDPH�RU�GLIIHUHQW��5HSODFHPHQW�RI�DOO�WKH�WKUHH�+�DWRPV�RI�DPPRQLD�RU�DQRWKHU�+�
DWRP�RI�5z1+z5′�E\�DON\O� �5′′��RU�DU\O�JURXS�JLYHV�5z1�5′�5′′��ZKLFK�LV�D����DPLQH��5′′�PD\�EH�VDPH�RU�GLIIHUHQW�
WKDQ�5�RU�5′����
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FRPSRXQGV��7KHVH�FRPSRXQGV�PD\�EH�UHJDUGHG�DV�GHULYDWLYHV�RI�DPPRQLXP�VDOWV�LQ�ZKLFK�DOO� WKH�IRXU�+�DWRPV�
DUH�UHSODFHG�E\�DON\O�RU�DU\O�JURXSV��)RU�H[DPSOH�
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� DPPRQLXP�LRGLGH� DPPRQLXP�FKORULGH������ �������������� ��������DPPRQLXP�K\GUR[LGH����������DPPRQLXP�EURPLGH
$PLQHV�PD\�IXUWKHU�EH�FODVVLILHG�LQWR�WZR�FDWHJRULHV��
���$OLSKDWLF� DPLQHV��$PLQHV� LQ�ZKLFK� WKH�QLWURJHQ�DWRP� LV� GLUHFWO\� ERQGHG� WR� RQH� RU�PRUH� DON\O� JURXSV� DUH�

FDOOHG�DOLSKDWLF�DPLQHV��)RU�H[DPSOH�
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��E���$U\ODON\O�DPLQHV�RU�VLGH�FKDLQ�VXEVWLWXWHG�DPLQHV��$PLQHV�LQ�ZKLFK�WKH�QLWURJHQ�DWRP�LV�ERQGHG�WR�WKH�
VLGH�FKDLQ�RI�WKH�DURPDWLF�ULQJ�DUH�FDOOHG�DU\ODON\O�DPLQHV��)RU�H[DPSOH�
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DFFRUGLQJ�DV�DOO�WKH�DON\O�RU�DU\O�JURXSV�DWWDFKHG�WR�WKH�QLWURJHQ�DWRP�DUH�VDPH�RU�GLIIHUHQW��)RU�H[DPSOH�
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���$OLSKDWLF�DPLQHV
&RPPRQ�QDPHV��$FFRUGLQJ�WR�FRPPRQ�V\VWHP��DPLQHV�DUH�FDOOHG�DON\ODPLQHV�E\�DGGLQJ�WKH�VXIIL[�DPLQH�

WR� WKH�QDPH�RI�WKH�FRUUHVSRQGLQJ�DON\O�JURXSV�� ,Q�VHFRQGDU\�DQG�WHUWLDU\�DPLQHV��ZKHQ�WZR�RU�PRUH�JURXSV�DUH�
WKH�VDPH��WKH�SUHIL[�GL�RU�WUL�LV�XVHG�EHIRUH�WKH�QDPH�RI�DON\O�JURXS��)RU�H[DPSOH�

� � &+�1+�� &�+�1+�� &�+�1+�
� � 0HWK\ODPLQH� (WK\ODPLQH� 3URS\ODPLQH
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� � 'LPHWK\ODPLQH�� � 'LHWK\ODPLQH� � � 0HWK\OHWK\ODPLQH

� � �&�+���1�� �&�+���1&+�&+�&+�&+�� 1+&�+�

� � � 7ULHWK\ODPLPH� 1��1�'LHWK\OEXW\ODPLQH��� � � 1�(WK\OF\FORKH[\ODPLQH
$FFRUGLQJ�WR�VHFRQG�V\VWHP��SULPDU\�DPLQHV�DUH�QDPHG�DV�WKH�DPLQR��z1+���GHULYDWLYHV�RI�WKH�FRUUHVSRQGLQJ�

K\GURFDUERQV�DQG�DUH�FDOOHG�DPLQRDONDQHV��,Q�WKLV�V\VWHP��WKH�SULPDU\�DPLQHV�DUH�QDPHG�E\�DGGLQJ� WKH�SUHIL[�
DPLQR�WR�WKH�QDPH�RI�WKH�SDUHQW�DONDQH�FRUUHVSRQGLQJ�WR�WKH�ORQJHVW�SRVVLEOH�VWUDLJKW�FKDLQ�

7KH� SRVLWLRQ� RI� WKH� DPLQR� JURXS� DQG� RI� WKH� VXEVWLWXHQWV� �LI� DQ\�� DUH� LQGLFDWHG� E\� $UDELF� QXPHUDOV�� :KLOH�
QXPEHULQJ�WKH�FKDLQ��WKH�FDUERQ�DWRP�FRQWDLQLQJ�WKH�DPLQR�JURXS�VKRXOG�JHW�WKH�ORZHVW�SRVVLEOH�QXPEHU�

7KH�VHFRQGDU\�DQG�WHUWLDU\�DPLQHV�DUH�QDPHG�DV�QLWURJHQ�VXEVWLWXWHG�SULPDU\�DPLQH��L�H���1�DON\ODPLQRDONDQHV��
:KLOH�QDPLQJ�WKHVH��WKH�ZRUG�1�DON\O�RU�1��1�GLDON\O�LV�SUHIL[HG�WR�WKH�ZRUG�DPLQR�DONDQH��7KH�SUHIL[HV�1�DQG�1��
1��PHDQ�WKDW�WKH�DON\O�JURXSV�DUH�DWWDFKHG�WR�WKH�QLWURJHQ�DWRP�UDWKHU�WKDQ�WR�WKH�FDUERQ�DWRP��,W�PD\�EH�QRWHG�
WKDW�LI�WKH�WZR�RU�WKUHH�VXEVWLWXHQWV�DUH�GLIIHUHQW��WKHQ�WKH�ODUJHVW�DON\O�JURXS�IRUPV�WKH�SDUHQW�DONDQH��DPLQR�DONDQH��
DQG�WKH�VPDOOHU�DON\O�JURXSV�DUH�UHJDUGHG�DV�VXEVWLWXHQWV��)RU�H[DPSOH�
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WKLV�V\VWHP�LV�XVHG�RQO\�IRU�QDPLQJ�DPLQHV�ZKLFK�KDYH�D�JURXS�RI�KLJKHU�SULRULW\�WKDQ�z1+��JURXS��)RU�H[DPSOH�

3 2 1

3

2

2
CH CHC

NH

H OH
|

�����$PLQRSURSDQ���RO� ��
4 3 2 1

3 2

2

CH CH

NH

CHCOOH
|

������$PLQREXWDQRLF�DFLG

,83$&�QDPHV��,Q�WKH�ODWHVW�,83$&�V\VWHP��WKH�DOLSKDWLF�DPLQHV�DUH�DOVR�FDOOHG�DONDQDPLQHV��7KHVH�QDPHV�
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,Q� FDVH�PRUH� WKDQ� RQH� DPLQR� JURXS� LV� SUHVHQW� DW� GLIIHUHQW� SRVLWLRQV� LQ� WKH� SDUHQW� FKDLQ�� WKHLU� SRVLWLRQV� DUH�
VSHFLILHG� E\� JLYLQJ� QXPEHUV� WR� WKH� FDUERQ� DWRP� EHDULQJ�z1+�� JURXSV� DQG� VXLWDEOH� SUHIL[� VXFK� DV�GL�� WUL�� HWF� LV�
DWWDFKHG�WR�WKH��DPLQH��7KH�OHWWHU�tHu�RI�WKH�VXIIL[�RI�WKH�K\GURFDUERQ�SDUW�LV�UHWDLQHG��)RU�H[DPSOH�
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� &+�z&+��1+�� β-Phenylethylamine or
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� ���3KHQ\OHWKDQDPLQH

���$URPDWLF�DPLQHV
,Q�FRPPRQ�V\VWHP��DURPDWLF�DPLQHV�DUH�FDOOHG�DU\O�DPLQHV��7KHVH�DUH�ZULWWHQ�E\�DGGLQJ�WKH�VXIIL[�DPLQH�WR�
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QDPH��7KH�RWKHU�VLPSOH�DURPDWLF�DPLQHV�DUH�QDPHG�DV�GHULYDWLYHV�RI�DQLOLQH�

,Q�WKH�,83$&�V\VWHP��WKH�VLPSOHVW�DURPDWLF�DPLQH�&�+�1+��LV�FDOOHG�EHQ]HQDPLQH��2WKHU�DURPDWLF�DPLQHV�
DUH�QDPHG�DV�GHULYDWLYHV�RI�EHQ]HQDPLQH�DQG�WKH�SRVLWLRQV�RI�RWKHU�JURXSV�DUH�LQGLFDWHG�E\�QXPEHUV��)RU�H[DPSOH�
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,83$&�1DPHV�RI�6RPH�&RPSOLFDWHG�$PLQHV
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6758&785(�2)�$0,1(6
$PLQHV�DUH� WKH�GHULYDWLYHV�RI�DPPRQLD� LQ�ZKLFK�RQH�RU�PRUH�K\GURJHQ�DWRPV�KDYH�EHHQ�UHSODFHG�E\�DON\O� �RU�

DU\O��JURXSV��7KHUHIRUH��WKH�VWUXFWXUHV�RI�DPLQHV�DUH�VLPLODU�WR�DPPRQLD��$V�ZH�NQRZ��LQ�DPPRQLD��QLWURJHQ�DWRP�
XQGHUJRHV�VS��K\EULGLVDWLRQ�IRUPLQJ�IRXU�VS��K\EULG�RUELWDOV��7KUHH�RI�WKHVH�VS��K\EULG�RUELWDOV�RYHUODS�ZLWK�V�RUELWDO�
RI�+�IRUPLQJ�WKUHH�1z+�ERQGV��7KH�IRXUWK�VS��K\EULG�RUELWDO�FRQWDLQV�D�ORQH�SDLU�RI�HOHFWURQV�

������ ���������� ����������� ����������� ��1��� ��������������

�� � � � � � � � � � � � � � � � � � � � � � VS��K\EULGLVDWLRQ
7KH�JHRPHWU\�RI�WKH�PROHFXOH�LV�S\UDPLGDO�DQG�WKH�ERQG�DQJOH�LQ�DPPRQLD�PROHFXOH�LV�������6LQFH�DPLQHV�DUH�

GHULYDWLYH�RI�DPPRQLD� LQ�ZKLFK� RQH�RU�PRUH�+�DWRPV�DUH�UHSODFHG�E\�DON\O�RU�DU\O�JURXSV�� WKHUHIRUH��DPLQHV�DUH�
DOVR�H[SHFWHG�WR�KDYH�S\UDPLGDO�VKDSH�DV�VKRZQ�EHORZ��

��� � � � $PPRQLD���������� �� � � � � 0HWK\ODPLQH�������� � � � � 'LPHWK\ODPLQH����� � � � � � 7ULPHWK\ODPLQH
7KH�ERQG�DQJOH�LQ�DPPRQLD�LV�������+RZHYHU��GXH�WR�WKH�SUHVHQFH�RI�PHWK\O�JURXSV�LQ�DPLQHV��WKH�ERQG�DQJOH�

LQFUHDVHV��,Q�FDVH�RI����DPLQH��GXH�WR�VWHULF�KLQGUDQFH�EHWZHHQ�WKUHH�EXON\�DON\O�JURXSV��ERQG�DQJOH�LQFUHDVHV�IURP�
�����LQ�DPPRQLD�WR������WULPHWK\ODPLQH�

237,&$/�$&7,9,7<�2)�$0,1(6
7KH�DOLSKDWLF� DPLQHV�KDYH�S\UDPLGDO�VKDSH�ZLWK�RQH� ORQH�SDLU� RI�HOHFWURQV��6LQFH� LQ�DPLQHV��1�XQGHUJRHV� �

VS�� K\EULGLVDWLRQ�� WKH� VKDSH�PD\�EH� UHJDUGHG� DV� DSSUR[LPDWHO\� WHWUDKHGUDO�ZKHQ�ZH�DVVXPH�HOHFWURQ� SDLU� RQ�
QLWURJHQ�DV�JURXS��7KHUHIRUH��WKH�DPLQHV�FRQWDLQLQJ�GLIIHUHQW�VXEVWLWXHQWV�RQ�QLWURJHQ�DUH�FKLUDO�DQG�ZH�H[SHFW�
VHFRQGDU\� DQG� WHUWLDU\� DPLQHV� WR� H[KLELW� RSWLFDO� DFWLYLW\� RU� HQDQWLRPHULVP�� )RU� H[DPSOH�� PHWK\O� HWK\ODPLQH�
&+�1+&�+���D�VHFRQGDU\�DPLQH��RU�PHWK\O�HWK\O�SURS\ODPLQH��D�WHUWLDU\�DPLQH��DUH�GLVV\PPHWULF�DV�VKRZQ�EHORZ��

+RZHYHU��XQOLNH�FKLUDO�FDUERQ�FRPSRXQGV��PRVW�FKLUDO�DPLQHV�FDQQRW�EH�UHVROYHG��7KLV�LV�EHFDXVH�WKH�WZR�
HQDQWLRPHULF� IRUPV� UDSLGO\� LQWHUFRQYHUW� LQWR� RQH� DQRWKHU�E\� D� SURFHVV� FDOOHG�QLWURJHQ� LQYHUVLRQ� RU�DPLQH�
LQYHUVLRQ��7KLV� LV�NQRZQ�DV� IOLSSLQJ��7KLV� LQYHUVLRQ�ZKLFK�UHVHPEOHV�DQ�XPEUHOOD�WXUQLQJ�LQVLGH�RXW� LV�YHU\�
HDV\�DQG�RFFXUV�YHU\�UDSLGO\��UDWH� �����º������Vy����$V�D�UHVXOW�RI�LQWHUFRQYHUVLRQ��LW�LV�YHU\�GLIILFXOW�WR�LVRODWH�D�
SXUH�VDPSOH�RI�HLWKHU�HQDQWLRPHU��,W�KDV�EHHQ�REVHUYHG�WKDW�GXULQJ�QLWURJHQ�LQYHUVLRQ��WKH�VWDWH�RI�K\EULGLVDWLRQ�
RI�1�FKDQJHV�IURP�VS�� WR�VS��WR�JLYH�D�SODQDU�WUDQVLWLRQ�VWDWH�ZKLFK�FDQ�HLWKHU�UHYHUW�WR� WKH�VWDUWLQJ�DPLQH�RU�
WR�LWV�HQDQWLRPHU��,,��DV�VKRZQ�EHORZ��
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�
$OWKRXJK�PRVW�VLPSOH�DPLQHV�FDQQRW�EH�UHVROYHG�LQWR�HQDQWLRPHUV��WKH�IROORZLQJ�W\SHV�RI�FKLUDO�DPLQHV�FDQ�

EH�UHVROYHG��
���$PLQHV�ZKRVH�FKLUDOLW\�LV�GXH�WR�WKH�SUHVHQFH�RI�DV\PPHWULF�FDUERQ�DWRPV�FDQ�EH�UHVROYHG��)RU�

H[DPSOH��EXWDQ���DPLQH�FDQ�EH�UHVROYHG�LQWR�HQDQWLRPHUV�EHFDXVH�WKH���EXW\O�JURXS�LV�FKLUDO�
0LUURU

� �

1+�

&+�

+

+�&+�&

&


(QDQWLRPHUV�RI�EXWDQ���DPLQH

���4XDWHUQDU\� DPPRQLXP� VDOWV�ZLWK� DV\PPHWULF�QLWURJHQ�DWRPV� FDQ� EH� UHVROYHG�� 7KH� ORQH� SDLU� RI�
HOHFWURQV� RQ� WKH�QLWURJHQ�DWRP�LV� LQYROYHG� LQ�QLWURJHQ� LQYHUVLRQ�DQG� WKHUHIRUH�� LW� LV�QRW�SRVVLEOH� WR�UHVROYH� WKH�
HQDQWLRPHULF�IRUPV��+RZHYHU��LI�WKH�ORQH�SDLU�RI�HOHFWURQV�RQ�QLWURJHQ�LV�ERQGHG�WR�D�IRXUWK�GLIIHUHQW�VXEVWLWXHQW�
LQYHUVLRQ� RI� FRQILJXUDWLRQ� LV� QRW� SRVVLEOH�� 7KHUHIRUH�� TXDWHUQDU\� DPPRQLXP� VDOWV� H[KLELW� RSWLFDO� DFWLYLW\�� )RU�
H[DPSOH��PHWK\O�HWK\O�LVRSURS\O�SKHQ\O�DPPRQLXP�LRQ�VDOWV�FDQ�EH�UHVROYHG�LQWR�HQDQWLRPHUV�DV��
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� �LY�� ���������� � �Y�� ���������
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� ���� :ULWH�,83$&�QDPHV�RI�WKH�IROORZLQJ��
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� � � � � � ����DPLQH�� � � � � � � � � � � � � � � � ����DPLQH�

� �LLL�� CH CH CH

CH

N C H
3 2 2

3

2 5
 
|

� �LY�� CH

H

N CH
2 2
 
|

�

� � � � ������DPLQH�� � � ������������������DPLQH�

� ���� 3UHGLFW�ZKLFK�RI�WKH�IROORZLQJ�QDPHV�DUH�QRW�FRUUHFW�"

� �L�� 1�%XW\OHWKDQDPLQH� �LL�� ��$PLQR���HWKDQRO� �LLL�� � 0HWK\ODQLOLQH�

� �LY�� 3URSDQHGLDPLQH� �Y�� ��3KHQ\OHWKDQDPLQH

� •� $QV���L�� 7KH�ODUJHU�DON\O�JURXS�VKRXOG�EH�FRQVLGHUHG�DV�SDUHQW�FKDLQ��7KXV��FRUUHFW�QDPH�LV�1�HWK\OEXWDQDPLQH�

� � � �LL�� z2+�JURXS�VKRXOG�JHW�SUHIHUHQFH��&RUUHFW�QDPH�LV���DPLQRHWKDQRO�

� � � �LLL�� ,I�PHWK\O�LV�ERQGHG�WR�DPLQR�1��LW�VKRXOG�EH�1�PHWK\ODQLOLQH��,I�LW�LV�ERQGHG�WR�EHQ]HQH�ULQJ��WKH�FRUUHFW�QDPH�
VKRXOG�EH�R���P��RU�S�WROXLGLQH�RU��������RU���PHWK\O�EHQ]HQDPLQH�

� � � �LY�� 7KH�SRVLWLRQ�RI�DPLQR�JURXSV�PXVW�EH�PHQWLRQHG��,W�VKRXOG�EH������SURSDQHGLDPLQH�RU������SURSDQHGLDPLQH�

� � � �Y�� ,W�LV�FRUUHFW�

35(3$5$7,21�2)�$0,1(6

7KH�YDULRXV�PHWKRGV�IRU�WKH�SUHSDUDWLRQ�RI�DPLQHV�DUH�JLYHQ�EHORZ��

���)URP�$ON\O�KDOLGHV

�D���%\�DPPRQRO\VLV�RI�DON\O�KDOLGHV��+RIIPDQQuV�DPPRQRO\VLV�PHWKRG���:KHQ�DQ�DTXHRXV�RU�DOFRKROLF�VROXWLRQ�RI�
DPPRQLD�LV�KHDWHG�ZLWK�DQ�DON\O�KDOLGH�DW�����.�LQ�D�VHDOHG�WXEH��DOO�WKH�WKUHH�W\SHV�RI�DPLQHV�DUH�REWDLQHG��,Q�WKLV�UHDFWLRQ��
WKH�DON\O�KDOLGHV�XQGHUJR�QXFOHRSKLOLF�VXEVWLWXWLRQ�UHDFWLRQ�LQ�ZKLFK�WKH�QXFOHRSKLOH�DPPRQLD��RU�DPLQH��GLVSODFHV�WKH�
KDORJHQ�DWRP��7KH�DPPRQLD�PROHFXOH�ILUVW�DWWDFNV�DQ�DON\O�KDOLGH�PROHFXOH�WR�IRUP�D�SULPDU\�DPLQH�VDOW��7KLV�VDOW� WKHQ�
UHDFWV�ZLWK�DPPRQLD�WR�JLYH�WKH�FRUUHVSRQGLQJ�SULPDU\�DPLQH�DQG�DPPRQLXP�KDOLGH�

� 5;���1+��
373 K → �51+�

��;y�

� � � � � ������DPLQH�VDOW

� 51+�
�;y����1+�

� →�� 51+���� � ��������1+�

�
;
y

� � � ����������������������������������������DPLQH

7KH�IUHH�DPLQH�FDQ�DOVR�EH�REWDLQHG�IURP�WKH�DPPRQLXP�VDOW�E\�WUHDWPHQW�ZLWK�D�VWURQJ�EDVH�

� 51+�
�;y����1D2+� →�� 51+����� ��������+�2� �� 1D�;y�

7KH�SULPDU\�DPLQH�DOVR�DFWV�DV�D�QXFOHRSKLOH�DQG�UHDFWV�IXUWKHU�ZLWK�DON\O�KDOLGH�DQG�WKLV�VHTXHQFH�RI�UHDFWLRQV�
FDQ�OHDG�WR�WKH�IRUPDWLRQ�RI�VHFRQGDU\��WHUWLDU\�DQG�ILQDOO\�TXDWHUQDU\�DPPRQLXP�VDOWV�

� � 51+��
RX, 373 K → � 5�1+���

RX, 373 K → � 5�1
� RX, 373 K → � 5�1

�;
y

� ���DPLQH� ���DPLQH� 4XDWHUQDU\�DPPRQLXP�VDOW��
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7KH�SURFHVV�RI�FOHDYDJH�RI�WKH�&z;�ERQG�E\�DPPRQLD�RU�DPLQHV�LV�FDOOHG�+RIIPDQQuV�DPPRQRO\VLV�

H�J��� &+�,���1+��
373 K → � &+�1+�� ��� +,

� � � 0HWK\ODPLQH
� � � 3ULPDU\�

� &+�z1+����&+�,�
373 K → �&+�z1+z&+������ +,

� � � 'LPHWK\ODPLQH
� � � �6HFRQGDU\�

� &+�z1+z&+����&+�,�
373 K → ��CH3 N

CH

CH
|
3

3 ���� +,

� � � 7ULPHWK\ODPLQH
� � � �7HUWLDU\�

7HUWLDU\�DPLQHV�DOVR�FRPELQH�ZLWK�PHWK\O�LRGLGH�WR�IRUP�TXDWHUQDU\�DPPRQLXP�VDOWV�
� �&+���1���&+�,� →� ���������>�&+����1

�@�,
y

� � � � � �7HWUDPHWK\O�DPPRQLXP�LRGLGH

7KLV�UHDFWLRQ�LV�DQ�H[DPSOH�RI�QXFOHRSKLOLF�VXEVWLWXWLRQ�UHDFWLRQ�LQ�ZKLFK�DPPRQLD�RU�DPLQH�PROHFXOH�DFWV�
DV� D� QXFOHRSKLOH� GXH� WR� WKH� SUHVHQFH� RI� ORQH� SDLU� RQ� WKH� QLWURJHQ� DWRP�� 7KH� IUHH� DPLQHV� DUH� REWDLQHG� IURP� WKH�
VXEVWLWXWHG�DPPRQLXP�VDOWV�E\�WUHDWLQJ�ZLWK�DPPRQLD�

$PPRQLD� �
373 K → � 51+�

�
;
y��

NH3� 
���� ���� � 51+����1+�

�
;
y

������ ������������ ������������ ��1XFOHRSKLOH�� $ON\O�KDOLGH� � 6XEVWLWXWHG� � ��DPLQH
� � � DPPRQLXP�VDOW

���$PLQH� �
373 K → � 5�1+

�

�;
y��

NH3� 
���� ���� � 5�1+�����1+�

�
;
y

� � � � � ���DPLQH

���$PLQH� �
373 K → � 5�1�

��
+;�

y��
NH3� 
���� ���� � 5�1�������1+�

�
;
y

� � � � ���DPLQH

���$PLQH� � 373 K → � 5�1��
�
;�
�y�

� � �4XDWHUQDU\�DPPRQLXP�VDOW

7KH�RUGHU�RI�UHDFWLYLW\�RI�KDOLGHV�LV���5,�!�5%U�!�5&O

%HQ]\O�KDLOGHV�DOVR�UHDFW�ZLWK�DTXHRXV�RU�DOFRKROLF�VROXWLRQ�RI�DPPRQLD�WR�IURP�EHQ]\O�DPLQHV�

/LPLWDWLRQV���D��7KLV�PHWKRG�JLYHV�D�PL[WXUH�RI�DPLQHV�DQG�LW�LV�YHU\�GLIILFXOW�WR�VHSDUDWH�WKH�PL[WXUH�LQ�WKH�
ODERUDWRU\��+RZHYHU��WKH�FRPSRVLWLRQ�RI�WKH�UHDFWLRQ�PL[WXUH�GHSHQGV�XSRQ�WKH�DPRXQWV�RI�DON\O�KDOLGH�DQG�DPPRQLD�
WDNHQ��7KHUH�DUH�WZR�ZD\V�RI�JHWWLQJ�RQO\�RQH�SURGXFW��

� �L��8VLQJ�ODUJH�H[FHVV�RI�DPPRQLD��:KHQ�DPPRQLD�LV�WDNHQ�LQ�D�ODUJH�H[FHVV�LQ�WKH�UHDFWLRQ�PL[WXUH��DQ�
DON\O�KDOLGH�LV�PRUH�OLNHO\�WR�HQFRXQWHU�DQG�UHDFW�ZLWK�D�PROHFXOH�RI�DPPRQLD�UDWKHU�WKDQ�ZLWK�D�PROHFXOH�RI�DPLQH�
ZKLFK�LV�SUHVHQW�LQ�UHODWLYHO\�PXFK�VPDOOHU�DPRXQW��7KHUHIRUH��RQO\�SULPDU\�DPLQH�LV�IRUPHG�DV�WKH�PDLQ�SURGXFW�

� �LL���8VLQJ� D� ODUJH� H[FHVV� RI� DON\O� KDOLGH�� 8QGHU� WKHVH� FRQGLWLRQV� LQ� WKH� SUHVHQFH� RI� D� EDVH� ZKLFK� ZLOO�
FRQVXPH�+;�IRUPHG��TXDWHUQDU\�DPPRQLXP�VDOW�LV�WKH�PDLQ�SURGXFW�

�E�� 7KH�PHWKRG� LV�QRW� VXLWDEOH� IRU� WKH�SUHSDUDWLRQ�RI� DU\ODPLQHV� EHFDXVH�DU\O�KDOLGHV�DUH� UHODWLYHO\� YHU\� OHVV�
UHDFWLYH�WKDQ�DON\O�KDOLGHV�WRZDUGV�QXFOHRSKLOLF�VXEVWLWXWLRQ�UHDFWLRQV�

���5HGXFWLRQ�RI�QLWUR�FRPSRXQGV
$OLSKDWLF�DQG�DURPDWLF�DPLQHV�FDQ�EH�HDVLO\�SUHSDUHG�E\�WKH�UHGXFWLRQ�RI�FRUUHVSRQGLQJ�QLWUR�FRPSRXQGV��7KH�

UHGXFWLRQ�FDQ�EH�FDUULHG�RXW�LQ�D�QXPEHU�RI�ZD\V�DV�GLVFXVVHG�EHORZ���
�D��1LWUR�FRPSRXQGV�FDQ�EH�FDWDO\WLFDOO\�UHGXFHG�E\�SDVVLQJ�K\GURJHQ�JDV�LQ�WKH�SUHVHQFH�RI�5DQH\�1L��ILQHO\�

GLYLGHG�SODWLQXP�RU�SDOODGLXP�DV�FDWDO\VW�DW�URRP�WHPSHUDWXUH�

� 5z12������>+@������
Raney Ni

   or Pd, 
room temp.

Pt
 → � 5z1+�

$OLSKDWLF�DPLQH
��������+�2
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RU� � $Uz12������>+@������
Raney Ni

   or Pd, 
room temp.

Pt
 → � � Ar NH

2
Aromatic amine

����� +�2

H�J��� &+�&+�12������>+@����
Raney Ni
Pt or Pd

 → � &+�&+�1+��� �� �+�2
� � 1LWURHWKDQH� � � � ������ ��� �� ��(WK\ODPLQH�

� ������>+@����� Pt or Pd/C → ���� ����� ����������������� ��� +�2

�E��1LWUR� FRPSRXQGV� FDQ�EH� UHGXFHG�ZLWK�DFWLYH�PHWDOV� VXFK�DV�)H��6Q��=Q� HWF�� DQG� FRQF��K\GURFKORULF� DFLG��
5HGXFWLRQ� ZLWK� LURQ� VFUDS� DQG� K\GURFKORULF� DFLG� LV� SUHIHUUHG� EHFDXVH� )H&O�� IRUPHG� JHWV� K\GURO\VHG� WR� UHOHDVH�
K\GURFKORULF�DFLG�GXULQJ�WKH�UHDFWLRQ��7KXV��RQO\�D�VPDOO�DPRXQW�RI�K\GURFKORULF�DFLG�LV�QHHGHG�WR�LQLWLDWH�WKH�UHDFWLRQ�

� &+�&+�12��� ��� ��>+@�
Sn/HCl

or Fe/HCl
 → � &�+�1+�� ��� �+�2

�������������������������������1LWURHWKDQH� � � (WK\ODPLQH

� �����>+@� Sn/HCl
or Fe/HCl
 → � � � ����+�2

$�PL[WXUH�RI�6Q&O��DQG�FRQF��+&O�KDV�DOVR�EHHQ�XVHG�IRU�WKH�UHGXFWLRQ�RI�DURPDWLF�QLWUR�FRPSRXQGV�

7KLV� LV� D� JRRG� PHWKRG� IRU� WKH� SUHSDUDWLRQ� RI� DURPDWLF� DPLQHV� EHFDXVH� WKHVH� FDQQRW� EH� SUHSDUHG� IURP� WKH�
FRUUHVSRQGLQJ�DU\O�KDOLGHV�RQ�WUHDWPHQW�ZLWK�DPPRQLD��7KH�UHTXLUHG�QLWUR�FRPSRXQGV�FDQ�EH�HDVLO\�SUHSDUHG�E\�
WKH�QLWUDWLRQ�RI�DUHQHV�

�F��1LWUR�FRPSRXQGV�FDQ�DOVR�EH�UHGXFHG�WR�DPLQHV�ZLWK�OLWKLXP�DOXPLQLXP�K\GULGH��/L$O+�

� � &+�&+�12�����
LiAlH , dry ether4 → � &+�&+�1+�

� � 1LWURHWKDQH� � � � ��� � �� (WK\ODPLQH

+RZHYHU��UHGXFWLRQ�RI�DURPDWLF�QLWUR�FRPSRXQGV�ZLWK�/L$O+��JLYHV�D]R�FRPSRXQGV�DQG�QRW�SULPDU\�DPLQHV�

� � �&�+�12�����
LiAlH , dry ether4 → � &�+�z1  1z&�+�

� � 1LWUREHQ]HQH� � � � ��� � �� ������� ]REHQ]HQH

���5HGXFWLRQ�RI�QLWULOHV��F\DQLGHV��DQG�LVRQLWULOHV��LVRF\DQLGHV�
1LWULOHV�FDQ�EH�UHGXFHG�WR�FRUUHVSRQGLQJ�DPLQHV�XVLQJ�+����5DQH\�1L�RU�3W��/L$O+��RU�1D�+J���&�+�2+�

� &+�&1����>+@�
H Ni

Na Hg C H OH
2

2 5

/

( )/

 or LiAlH4 → � &+�&+�1+�
� � � (WK\ODPLQH

� �
LiAlH

or H /Raney Ni
4

2
 → � �

7KH�PHWKRG�RI�UHGXFWLRQ��RI�
F\DQLGH�ZLWK�VRGLXP�DQG�
DOFRKRO�LV�FDOOHG�0HQGLXV�
UHDFWLRQ�

� � �
LiAlH

or H , catalyst
4

2
 → � ���

� � � ��3KHQ\OHWKDQ���DPLQH

*'.2
6\QWKHWLF�,PSRUWDQFH��7KLV�UHDFWLRQ�LV�YHU\�LPSRUWDQW�IRU�DVFHQW�RI�DPLQHV�VHULHV��7KLV�LV�EHFDXVH�DON\O�

QLWULOHV�FDQ�EH�UHDGLO\�SUHSDUHG�E\�WKH�DFWLRQ�RI�DOFRKROLF�1D&1�RU�.&1�RQ�DON\O�KDOLGHV��7KH�PHWKRG�FDQ�EH�XVHG�
WR�SUHSDUH�SULPDU\�DPLQHV�KDYLQJ�RQH�FDUERQ�PRUH�WKDQ�WKH�SDUHQW�DON\O�KDOLGH�

� 5z;� � alc. KCN
KX− → � � 5z&1�

( )
( )

i
ii

 LiAlH , ether
 H O

4

2
 → � 5z&+�z1+���

� � � � $ON\O�QLWULOH� �
�RQH�PRUH�FDUERQ�DWRP�� �
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7KH�UHGXFWLRQ�RI�LVRF\DQLGHV�XQGHU�VLPLODU�FRQGLWLRQV�JLYHV�VHFRQGDU\�DPLQHV�L�H���1�DON\O�DPLQHV��
�

�
7KLV�PHWKRG� FDQ� EH� XVHG� RQO\�
IRU�WKH�SUHSDUDWLRQ�RI����DPLQHV�
LQ�ZKLFK�RQH�RI�WKH�DON\O�JURXSV�
LV�DOZD\V�PHWK\O�

127(
� � � 5z1≡≡&�� �� ���>+@�

LiAlH4 , ether
Raney Ni

 → � 5z1+z&+��

� � � $ON\O�LVRF\DQLGH� � � � 1�0HWK\O�DON\ODPLQH�����

� � � +�1&� � �� �>+@�
LiAIH4 , ether
Raney Ni

 → � &+�z1+z&+�

� � 0HWK\O�LVRF\DQLGH� � � � � 'LPHWK\O�DPLQH

� � � �+�1≡≡&� �� �>+@�
Raney Ni
or LiAlH4

 → � &�+�z1+z&+�

� � 3KHQ\O�LVRF\DQLGH� � � � � 1�0HWK\O�DQLOLQH�����

���5HGXFWLRQ�RI�DPLGHV

$PLGHV�DUH�UHGXFHG�WR�WKH�FRUUHVSRQGLQJ�DPLQHV�E\�/L$O+��RU�1D�&�+�2+��3ULPDU\��VHFRQGDU\�RU�WHUWLDU\�DPLQHV�
FDQ�EH�SUHSDUHG�E\�WKLV�PHWKRG�E\�WKH�UHGXFWLRQ�RI�FRUUHVSRQGLQJ�DPLGHV�

� R

O

C NH 
||

2
Amide

� ( )
( )

i
ii

 LiAlH , ether
 H O

4

2
 → � 5z&+�1+�

� � � $PLQH

,W�PD\�EH�QRWHG�WKDW�WKH�SURGXFW�FRQWDLQV�VDPH�QXPEHU�RI�FDUERQ�DWRPV�DV�WKH�RULJLQDO�DPLGH�

H�J��� CH

O

C NH
3 2
 
||

Acetamide
����>+@�

LiAlH
Ether

4 → � CH
3

Ethylamine

CH NH
2 2 ���+�2

� C H CONH
6 5 2
Benzamide

�
LiAlH
Ether

4 → � C H CH NH
6 5 2 2
Benzylamine

6HFRQGDU\�DQG�WHUWLDU\�DPLQHV�FDQ�EH�SUHSDUHG�E\�WKH�UHGXFWLRQ�RI�VHFRQGDU\�DQG�WHUWLDU\�DPLGHV�UHVSHFWLYHO\�

� CH
3

N-Methylacetamide
(2 )

CONHCH
3

°

�
LiAlH
Ether

4 → � CH
3

Ethylmethyl amine
(2 )

CH NHCH
2 3

°

� �&+�&21 � �
LiAlH
Ether

4 → � &+�&+�z1

� �1��1�'LPHWK\ODFHWDPLGH� � � �(WK\OGLPHWK\ODPLQH

� � ������ � � � � ����

���+RIIPDQQ�EURPDPLGH�GHJUDGDWLRQ�PHWKRG�

3ULPDU\�DPLQHV� FDQ�EH� SUHSDUHG� IURP�DPLGHV� E\� WUHDWPHQW�ZLWK�%U�� DQG�.2+�RU�1D2+��7KH�DPLQH� IRUPHG�
FRQWDLQV�RQH�FDUERQ�DWRP�OHVV�WKDQ�WKH�SDUHQW�DPLGH��7KHUHIRUH��WKLV�PHWKRG�LV�XVHG�IRU�VWHSSLQJ�GRZQ�WKH�VHULHV�LQ�
RUJDQLF�FRQYHUVLRQV�

� 5&21+���� ���%U�� ����.2+�→� 51+��� �� .�&2�� �� �.%U� �� �+�2

� $PLGH� �� � � � � ���$PLQH

H�J��� &+�&21+��� �� %U�� ��� .2+�→�� &+�1+���� �� .%U�� � .�&2��� �� +�2

� � $FHWDPLGH� � � � � � 0HWK\O�DPLQH

� � ���%U��� ����.2+�→�� �� �� �.%U�� � .�&2������ �+�2

7KLV�UHDFWLRQ�LQYROYHV�WKH�PLJUDWLRQ�RI�DON\O�JURXS�IURP�FDUERQ\O�LQ�WKH�SUHFXUVRU�WR�QLWURJHQ�ZLWK�WKH�HOLPLQDWLRQ�
RI�&2���7KHUHIRUH��WKH�UHDFWLRQ�SURYLGHV�WKH�SURGXFW�FRQWDLQLQJ�RQH�FDUERQ�DWRP�OHVV�WKDQ�WKH�VWDUWLQJ�PDWHULDO�
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�7KH�UHDFWLRQ�LV�EHOLHYHG�WR�SURFHHG�E\�WKH�IROORZLQJ�VHTXHQFH�RI�VWHSV���
� 6WHS���� 7KH�DPLGH�XQGHUJRHV�EDVH�SURPRWHG�EURPLQDWLRQ�WR�IRUP�1�EURPRDPLGH�

� � �� 1�%URPRDPLGH

5 51������+����� 1����+�%U& &

2 2

$PLGH

� � 6WHS���� 7KH�1�EURPRDPLGH�UHDFWV�ZLWK�2+y�LRQ�WR�IRUP�DQ�DQLRQ�ZKLFK�UHDUUDQJHV�VSRQWDQHRXVO\�ZLWK�WKH�ORVV�RI�D�%Uy�LRQ��
WR�IRUP�DQ�LVRF\DQDWH�

� � ��

5 5 �2����������������51����� 1�� 1��1��%U %U 5& & &&

2 2 2

+ $F\OQLWUHQH �������$ON\O�LVRF\DQDWH

2+
y

Br−−
→ rearrangement

� 6WHS���� 7KH�DON\O�LVRF\DQDWH�JHWV�K\GURO\VHG�E\�DTXHRXV�EDVH�WR�IRUP�DQ�DPLQH�DQG�FDUERQDWH�LRQ�

� � ��

5 5 .��&2�& 2

$ON\O�LVRF\DQDWH

1�� 1���+� �

+RIIPDQQ�%URPDPLGH�UHDFWLRQ

127(

,W�PD\�EH�QRWHG�WKDW�SULPDU\�DPLQHV�FDQ�EH�REWDLQHG�IURP�DPLGHV�HLWKHU�E\�UHGXFWLRQ�ZLWK�/L$O+��RU�E\�WUHDWLQJ�
ZLWK�%U��DQG�1D2+��7KH�UHGXFWLRQ�ZLWK�/L$O+��JLYHV�DPLQH�KDYLQJ�VDPH�QXPEHU�RI�&�DWRPV�DV�WKH�RULJLQDO�DPLGH�
ZKLOH�UHGXFWLRQ�ZLWK�1D2+�DQG�%U��JLYHV�DPLQH�KDYLQJ�RQH�FDUERQ�DWRP�OHVV�WKDQ�WKH�RULJLQDO�DPLGH�

��� � � � � � ���� �
CH CH CH NH

3 2 2 2
Amine

(3-C atoms)

�
LiAlH4←  � CH3

Amide
(3-C atoms)

CH CONH
2 2 �

NaOH, Br2 → CH
3
Amine

(2-C atoms)

CH NH
2 2

���*DEULHO�SKWKDOLPLGH�V\QWKHVL

7KLV�PHWKRG�LV�XVHG� IRU�SUHSDULQJ�RQO\�SULPDU\�DPLQHV�� ,Q� WKLV�PHWKRG��SKWKDOLPLGH� LV� WUHDWHG�ZLWK�DOFRKROLF�
.2+� WR� JLYH� SRWDVVLXP� SKWKDOLPLGH��ZKLFK� LV� WUHDWHG�ZLWK� DON\O� KDOLGH� RU� EHQ]\O�KDOLGH� WR� IRUP�1�DON\O� RU� DU\O�
SKWKDOLPLGH��7KH�K\GURO\VLV� RI�1�DON\O� SKWKDOLPLGH�ZLWK� ����+&O� XQGHU�SUHVVXUH� RU� UHIOX[LQJ�ZLWK�1D2+� JLYHV�
SULPDU\�DPLQH�

� �� KOH(alc.)
H O2−

 → �� ��
C H Br, 

KBr
2 5 ∆
− →

� 1z&�+���

H /H O or 
OH /H O

Hydrolysis

+
2

2
−

 → �� ����������������� �+�1+�

� 1�(WK\OSKWKDOLPLGH� � �������� 3KWKDOLF�DFLG�
(WK\ODPLQH

3KWKDOLF�DFLG�FDQ�DJDLQ�EH�FRQYHUWHG�LQWR�SKWKDOLPLGH�DQG�LV�XVHG�DJDLQ�DQG�DJDLQ��7KLV�PHWKRG�LV�YHU\�XVHIXO�
EHFDXVH�LW�JLYHV�SXUH�DPLQHV�

,W�PD\�EH�QRWHG�WKDW�WKH�K\GURO\VLV�RI�1yDON\OSKWKDOLPLGH�ZLWK�DTXHRXV�DFLG�RU�EDVH�LV�JHQHUDOO\�VORZ��7KH�PRUH��
FRQYHQLHQW�PHWKRG�LV�E\�WKH�WUHDWPHQW�RI�DON\O�SKWKDOLPLGH�ZLWK�K\GUD]LQH��1+�1+���

� 1z&�+��

H NNH

Ethanol
2 2 → �� &�+�1+������

NH
NH

� � ���
(WK\ODPLQH

�������3KWKDOK\GUD]LGH �
4'/'/$'4

$U\O�KDOLGHV�FDQQRW�EH�FRQYHUWHG�WR�DU\O�DPLQHV�E\�*DEULHO�V\QWKHVLV�EHFDXVH�WKH\�GR�QRW�XQGHUJR�QXFOHRSKLOLF�
VXEVWLWXWLRQ�ZLWK�SRWDVVLXP�SKWKDOLPLGH��7KHUHIRUH��DURPDWLF�SULPDU\�DPLQHV�VXFK�DV�DQLOLQH��WROXLGLQHV�
HWF��FDQQRW�EH�SUHSDUHG�E\�WKLV�PHWKRG�

���5HGXFWLRQ�RI�D]LGHV
�3ULPDU\�DPLQHV� FDQ�EH�SUHSDUHG� IURP�DON\O�KDOLGHV�E\� ILUVW� FRQYHUWLQJ�WKH� DON\O�KDOLGH� WR� DON\O�D]LGH��$ON\O�

D]LGHV�DUH�SUHSDUHG�E\�QXFOHRSKLOLF�VXEVWLWXWLRQ�RI�DON\O�KDOLGHV�E\�VRGLXP�D]LGH��7KHQ�DON\O�D]LGHV�DUH�UHGXFHG�WR�
DON\O�DPLQHV�ZLWK�VRGLXP�DQG�DOFRKRO�RU�OLWKLXP�DOXPLQLXP�K\GULGH�RU�E\�FDWDO\WLF�K\GURJHQDWLRQ�ZLWK�+����3Gz&�
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� 5;��� �� NaN
3

Sodium azide

� →�� RN3

Alkyl azide

�� ���� �1D;

� � � 51���
LiAlH or
Na/C H OH

4

2 5
 → � 51+���� �� �� ��1�

� � � 51���
Pd/C, H2 → �� 51+��� ��� ��1�

7KH�UHDFWLRQ�PD\�DOVR�EH�ZULWWHQ�DV��

H�J���� &�+�&+�&+��;�� ��� N
3
−

Azide ion

�
− − →
X

��� C H CH CH N6 5 2 2 3

2-Phenyl ethyl azide

� LiAlH4 → �� C H CH CH NH
6 5 2 2 2

2-Phenyl ethyl amine

��1�

���%\�UHGXFWLRQ�RI�R[LPHV�
3ULPDU\�DPLQHV�FDQ�EH�SUHSDUHG�E\�WKH�UHGXFWLRQ�RI�R[LPHV�RI�DOGHK\GHV�DQG�NHWRQHV�ZLWK�HLWKHU�1D�&�+�2+�

RU�/L$O+���7KH�R[LPHV�FDQ�EH�REWDLQHG�IURP�DOGHK\GHV�DQG�NHWRQHV�E\�UHDFWLRQ�ZLWK�K\GUR[\ODPLQH�

� RCH NOH==
Aldoxime

�� ��� >+@�
LiAlH or
Na/C H OH

4

2 5
 → � RCH NH2 2 �� ��� +�2

���H�J��� CH
3
Acetaldoxime

CH NOH== � ��� �>+@�
LiAlH or
Na/C H OH

4

2 5
 → � CH CH NH

3 2 2
Ethanamine

� ��� +�2

� &�  �12+�� ��� >+@�
LiAlH or
Na/C H OH

4

2 5
 → � &+1+��� ��� +�2

� ����.HWR[LPH� � � � � ���$PLQH

� &�  �12+�� ���� �>+@� LiAlH or
Na/C H OH

4

2 5
 → � &+1+��� �� +�2

� $FHWR[LPH� � � � � � � �������3URSDQ���DPLQH
� � � � � �,VRSURS\ODPLQH�

���5HGXFWLYH�DPLQDWLRQ�RI�DOGHK\GHV�DQG�NHWRQHV
3ULPDU\�DPLQHV�PD\�EH�SUHSDUHG�E\� UHDFWLQJ�DOGHK\GH� RU�NHWRQH�ZLWK�DPPRQLD� WR� IRUP� LQWHUPHGLDWH� LPLQHV�

ZKLFK�FDQ�EH�UHGXFHG�ZLWK�+���1L�

� � ���1+�� � � ��

H�J��� CH

H

C O3 ==
|

Acetaldehyde
�� ����1+���

Heat
H O2−

 → � CH

H

C NH
3

|
==

Acetaldimine

�
H , Ni2 → �� CH CH NH

3 2 2
Ethylamine

� R
Ketone


′
|
==

R

C O � ���1+��

Heat
H O2−

 → � R

R

C NH

′
|
==

Dialkyl ketimine
�

H , Ni2 → �� R

R

CH NH 

′
|

°
2

1  Amine

� CH

CH

C O
3

3

 ==
|

Acetone
� ���1+��

Heat
H O2−

 → � CH

CH

C NH
3

3


|
==

Dimethyl ketimine

�
H , Ni2 → �� CH

CH

CH NH
3

3

2
 
|

Isopropylamine

7KLV�UHDFWLRQ�OHDGLQJ�WR�WKH�FRQYHUVLRQ�RI�DQ�DOGHK\GH�RU�D�NHWRQH�WR�WKH�FRUUHVSRQGLQJ�DPLQH�RQ�WUHDWPHQW�ZLWK�
DPPRQLD�LQ�WKH�SUHVHQFH�RI�D�UHGXFLQJ�DJHQW��+���1L��LV�FDOOHG�UHGXFWLYH�DPLQDWLRQ�

,W� PD\� EH� QRWHG� WKDW� LI� LQVWHDG� RI� 1+��� D� SULPDU\� DPLQH� LV� XVHG� LQ� WKH� DERYH� UHDFWLRQ�� VHFRQGDU\� DPLQH� LV�
REWDLQHG��)RU�H[DPSOH�

���$PLQH
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� CH

CH

C O
3

3

 ==
|

Acetone

� ���H NC H2 6 5

Aniline
�

Heat
H O2−

 → CH

CH

C NC H
Isopropylidene aniline

3

3

6 5
|
== �

H , Ni2 → � CH

CH

CH NHC H
3

3

6 5
 
|

°
N-isopropyl aniline

(2 Amine)
6LPLODUO\��ZLWK�VHFRQGDU\�DPLQHV��WHUWLDU\�DPLQHV�DUH�IRUPHG��)RU�H[DPSOH��

� 2�����+1 �� H
H O

+

−
 →

2

�� 1
��

�����
H , Ni2 → �� 1

���������������&\FORKH[DQRQH������'LPHWK\ODPLQH� � ��,PLQLXP�VDOW� � 1�1�'LPHWK\OF\FORKH[\ODPLQH
� � � � � � � � ���� DPLQH�
����6FKPLGW�UHDFWLRQ���&DUER[\OLF�DFLGV�UHDFW�ZLWK�K\GUD]RLF�DFLG��1�+��LQ�WKH�SUHVHQFH�RI�FRQF��+�62��WR�IRUP�

SULPDU\�DPLQHV�ZLWK�WKH�HYROXWLRQ�RI�&2��DQG�1��

� � N H
Conc H SO

3

2 4.
 → �5�y�1+����&2����1��

1�+�LV�K\GUD]RLF�DFLG�DQG�1�
y
�LV�

D]LGH� LRQ� H�J��� 1D1�� �� VRGLXP�
D]LGH�

4'/'/$'4
� &DUER[\OLF�DFLG�� � � � � � � � � ��y$PLQH

H�J��� &�+�&22+�
N H

Conc H SO
3

2 4.
 → �&�+�1+����&2����1�

� %HQ]RLF�DFLG�� � � � � � � � � � $QLOLQH

,QVWHDG�RI�FRQF��+�62��DQG�1�+��D�PL[WXUH�RI�1D1��DQG�FRQF��+�62��FDQ�DOVR�EH�XVHG�

,1'8675,$/�35(3$5$7,21�2)�$0,1(6

���)URP�DOFRKROV��2Q�DQ�LQGXVWULDO�VFDOH��DOLSKDWLF�DPLQHV�DUH�SUHSDUHG�E\�SDVVLQJ�YDSRXUV�RI�DQ�DOFRKRO�DQG�
DPPRQLD�RYHU�DOXPLQD�DW�����.��7KLV�UHDFWLRQ�LV�FDOOHG�6DEDWLHU�DQG�0DLOKH�PHWKRG�

� &�+�2+���1+���
723 K
Al O2 3

 → �� C
2
Ethylamine

H NH
5 2

��
C H OH2 5
Al O2 3

 → �� ( )C H NH
2 5 2

Diethylamine

��
C H OH2 5
Al O2 3

 → � ( )C H N
2 5 3

Triethylamine

�7KH�PL[WXUH�RI�WKUHH�DPLQHV�LV�VHSDUDWHG�E\�IUDFWLRQDO�GLVWLOODWLRQ�
���$QLOLQH��2Q�DQ�LQGXVWULDO�VFDOH��DQLOLQH�LV�SUHSDUHG�E\�WKH�UHGXFWLRQ�RI�QLWUREHQ]HQH�E\�FDWDO\WLF�K\GURJHQDWLRQ�

�+��3W�RU�9�RU�&X2��RU�E\�FKHPLFDO�PHDQV�XVLQJ�)H�+&O�RU�6Q�+&O�

� �� ��� +��
V Pt−
680 K

 → � �� ��������+�2

� 1LWUREHQ]HQH

� �� ��� �+��
Fe, HCl

or Sn, HCl → � �� ������� +�2

� 1LWUREHQ]HQH

$QLOLQH�LV�DOVR�SUHSDUHG�RQ�D�ODUJH�VFDOH�E\�WUHDWLQJ�FKORUREHQ]HQH�ZLWK�DPPRQLD�DW�����.�DQG����DWP�SUHVVXUH�
XVLQJ�FRSSHU�R[LGH�DV�FDWDO\VW�

� � �������
NH ,Cu O

473K, 60 atm
3 2 → � �

��([DPSOH����

:ULWH�FKHPLFDO�HTXDWLRQV�IRU�WKH�IROORZLQJ�UHDFWLRQV��
� �D���5HDFWLRQ�RI�HWKDQROLF�1+��ZLWK�&�+�&O�

� �E���$PPRQRO\VLV�RI�EHQ]\O�FKORULGH�DQG�UHDFWLRQ�RI�DPLQH�VR�IRUPHG�ZLWK�WZR�PROHV�RI�&+�&O��



14)#0+%�%1/2170&5�%106#+0+0)�0+641)'0 �����

6ROXWLRQ����

�D��� &�+�&O��
NH3

Ethanolic
 → �� &�+�1+���

C H Cl2 5 → � C H

H

N C H2 5 2 5 
|

�
C H Cl2 5 → �� C H N

C H

C H2 5

2 5

2 5 
|

� � �&KORURHWKDQH� � �(WKDQDPLQH� � 1�(WK\OHWKDQDPLQH� �
1��1�'LHWK\OHWKDQDPLQH

�E���� &�+�&+�&O��
NH3 → ��&�+�&+�1+���

2 3 CH Cl → �� C H CH CH6 5 2 3  N

CH3
|

�

��%HQ]\O�FKORULGH� � %HQ]\ODPLQH

� � 1��1�'LPHWK\OSKHQ\OPHWKDQDPLQH
��([DPSOH����

:ULWH�FKHPLFDO�HTXDWLRQV�IRU�WKH�IROORZLQJ�FRQYHUVLRQV��
� �L���&�+�&+�1+��LQWR�&�+�&+�2+� �LL�� &�+�&O�LQWR��&�+���1

� �LLL�� 3URSHQH�LQWR�EXW\ODPLQH� �LY�� Q SURS\O�EURPLGH�LQWR�HWK\ODPLQH
� �Y�� HQ]HQH�LQWR�EHQ]\ODPLQH
6ROXWLRQ����

� �L�� � &�+�&+�1+��
HONO

 NaNO HCl2,
 → ��>&�+�&+�1+�

�
&O

y
@�� Water → ��&�+�&+�2+

� � �
%HQ]\ODPLQH� � �� � � � �� � � ���%HQ]\O�DOFRKRO

��LL�� � &�+�&O��
NH3 → �&�+�1+���

C H Cl2 5 → ��C H C H
2 5 2 5
Ν

Η
|

�
C H Cl2 5 → ��C H

H

2 5

5

Ν

C

C H

2

2 5

|

|

� � � � � � � �� � � � �� � � � � � � ���1��1�'LHWK\OHWKDQDPLQH

��LLL��� CH CH CH
3 2
==

Propene

HBr
Peroxide

 → ���&+�&+�&+�%U��
KCN → ��&+�&+�&+�&1��

LiAlH4 → � CH CH CH CH NH3 2 2 2 2
Butylamine

��LY�� � CH CH CH Br
3 2 2

n-Propyl bromide

�
aq. KOH

Heat
 → ��&+�&+�&+�2+�

K Cr O

H
2 2 7
+ → �&+�&+�&22+

� � � � � � ���� �� � � � �� � � ����� 62&O�

� � ������������&+�&+�1+��
Br

NaOH
2←  ���&+�&+�&21+�������

NH3←  ��&+�&+�&2&O

� �
���������������(WK\ODPLQH

� �Y�� ������ � CH Cl

AlCl
3

3
 → �� � O → � �

NH3 → ���� �
LiAlH4 → ���

3+<6,&$/�3523(57,(6�2)�$0,1(6

7KH�LPSRUWDQW�SK\VLFDO�SURSHUWLHV�RI�DPLQHV�DUH�JLYHQ�EHORZ��
���3K\VLFDO�VWDWH�DQG�VPHOO��/RZHU�PHPEHUV�RI� WKH�DOLSKDWLF�DPLQHV�IDPLO\�VXFK�DV�PHWK\ODPLQH��GLPHWK\O�

DPLQH�� HWK\ODPLQH�DUH� JDVHV� DW� RUGLQDU\� WHPSHUDWXUHV� DQG� KDYH� VPHOO� OLNH� DPPRQLD�� 7KH�KLJKHU�PHPEHUV�ZLWK�
WKUHH� RU�PRUH�&�DWRPV�DUH�PRVWO\� OLTXLGV�KDYLQJ� ILVK\�VPHOO�DQG�VWLOO� KLJKHU� RQHV� DUH� VROLGV��0RVW�RI� WKH�DPLQHV�
KDYH�XQSOHDVDQW�RGRXU��$URPDWLF�DPLQHV��LQ�JHQHUDO�DUH� WR[LF��0RVW�RI�WKH�DPLQHV� LQ�SXUH�IRUP�DUH�FRORXUOHVV�EXW�
DV�WKH\�DUH�HDVLO\�R[LGLVHG��WKH\�EHFRPH�FRORXUHG�GXH�WR�LPSXULWLHV�DQG�
DWPRVSKHULF�R[LGDWLRQ�

��� %RLOLQJ� SRLQWV�� $PLQHV� KDYH� KLJKHU� ERLOLQJ� SRLQWV� WKDQ�
K\GURFDUERQV�RI�FRPSDUDEOH�PROHFXODU�PDVVHV��7KLV�LV�GXH�WR�WKH�UHDVRQ�
WKDW� DPLQHV� DUH� SRODU� FRPSRXQGV� DQG� ZLWK� WKH� H[FHSWLRQ� RI� WHUWLDU\�
DPLQHV� IRUP� DVVRFLDWHG� PROHFXOHV� GXH� WR� LQWHUPROHFXODU� K\GURJHQ�
ERQGLQJ�EHWZHHQ�QLWURJHQ�RI�RQH�DQG�K\GURJHQ�RI�DQRWKHU�PROHFXOH�DV�
VKRZQ�DORQJVLGH�

+RZHYHU��DPLQHV�KDYH� ORZHU�ERLOLQJ�SRLQWV� WKDQ�WKRVH�RI�DOFRKROV�
RU�FDUER[\OLF�DFLGV��7KLV�LV�GXH�WR�WKH�UHDVRQ�WKDW��HOHFWURQHJDWLYLW\�RI�
QLWURJHQ�������LV�ORZHU�WKDQ�WKDW�RI�R[\JHQ�������DQG�WKHUHIRUH��2z+�ERQGV�SUHVHQW�LQ�DOFRKROV�DQG�FDUER[\OLF�DFLGV�
DUH�PRUH�SRODU�WKDQ�WKH�1z+�ERQG�LQ�DPLQHV��$V�D�UHVXOW��WKH�K\GURJHQ�ERQGV�LQ�DOFRKROV�DQG�FDUER[\OLF�DFLGV�DUH�



����� /1&'40	5�CDE�
�1(�%*'/+564;Ō:++

VWURQJHU�DQG�FRQVHTXHQWO\�WKH\�KDYH�KLJKHU�ERLOLQJ�SRLQWV��7KLV�LV�JLYHQ�EHORZ��

� &RPSRXQG� 0RODU�PDVV� E�S���.��

� &+�&+�&+�� ��� ����

� &+�&+�1+�� ��� ����

� &+�&+2� ��� ����

� &+�&+�2+� ��� �

� +&22+� ��� ���

&RPSRXQG� 0RODU�PDVV� E�S���.�

Q�&�+��� ��� ��

Q�&�+�1+�� ��� �����

Q�&�+�2+� ��� ����

Q�&�+�&22+� ��� �����

$PRQJ�LVRPHULF�DPLQHV��WKH�LQWHUPROHFXODU�DVVRFLDWLRQ�LV�PRUH�LQ�SULPDU\�DPLQHV�WKDQ�LQ�VHFRQGDU\�DPLQHV��7KLV�
LV�EHFDXVH�LQ�SULPDU\�DPLQHV�WKHUH�DUH�WZR�K\GURJHQ�DWRPV�DYDLODEOH�IRU�K\GURJHQ�ERQG�IRUPDWLRQ��ZKLOH�VHFRQGDU\�
DPLQHV� KDYH� RQO\� RQH� K\GURJHQ� DWRP� IRU� K\GURJHQ� ERQG� IRUPDWLRQ�� 7HUWLDU\� DPLQHV� GR� QRW� KDYH� LQWHUPROHFXODU�
DVVRFLDWLRQ�GXH� WR� DEVHQFH� RI� K\GURJHQ� DWRP� DYDLODEOH� IRU� K\GURJHQ� ERQG� IRUPDWLRQ�� 7KHUHIRUH�� WKH� SULPDU\� DQG�
VHFRQGDU\�DPLQHV�KDYH�KLJKHVW�ERLOLQJ�SRLQW�ZKHUHDV�WHUWLDU\�DPLQHV�KDYH�ORZHVW�ERLOLQJ�SRLQWV��7KXV��WKH�RUGHU�RI�
ERLOLQJ�SRLQWV�RI�LVRPHULF�DPLQHV�LV�DV�IROORZV��

3ULPDU\�!�6HFRQGDU\�!�7HUWLDU\

H�J���� &+�&+�&+�1+�� CH CH

CH

NH
3 2

3|
�

CH

CH

N CH
3

3

3
 
|

� 3URS\ODPLQH����� (WK\OPHWK\ODPLQH����� 7ULPHWK\ODPLQH�����
� E�S��������.� E�S��������.� E�S��������.

� Q�&�+�1+�� �&�+���1+� &�+�1�&+���
� %XW\O�DPLQH����� 'LHWK\O�DPLQH����� (WK\OGLPHWK\ODPLQH
� E�S����������.� E�S����������.� E�S�� ��������.

���6ROXELOLW\��7KH�ORZHU� DOLSKDWLF�DPLQHV�DUH� VROXEOH� LQ�ZDWHU�EHFDXVH�WKH\�DUH�FDSDEOH� RI� IRUPLQJ�K\GURJHQ�
ERQGV�ZLWK�ZDWHU��+RZHYHU��VROXELOLW\�GHFUHDVHV�ZLWK� LQFUHDVH� LQ�PRODU�PDVV� RI�DPLQHV�GXH� WR� LQFUHDVH� LQ�VL]H� RI�
WKH�K\GURSKRELF�DON\O�SDUW��7KHUHIRUH��WKH�KLJKHU�DPLQHV�FRQWDLQLQJ�VL[�RU�PRUH�FDUERQ�DWRPV�DUH�LQVROXEOH��%HFDXVH�
RI� WKHLU� ZHDNHU� K\GURJHQ� ERQGV�� WKH� VROXELOLW\� RI� DPLQHV� LQ� ZDWHU� LV� OHVV� WKDQ� WKDW� RI� DOFRKROV�� 7KLV� LV� EHFDXVH�
HOHFWURQHJDWLYLW\�RI� QLWURJHQ� LV� ORZHU������� WKDQ�WKDW� RI�R[\JHQ� ������ DQG� WKHUHIRUH��DPLQHV� IRUP�ZHDNHU�K\GURJHQ�
ERQGV�DV�FRPSDUHG�WR�DOFRKROV�DQG�FDUER[\OLF�DFLGV��)RU�H[DPSOH��EXWDQ���DPLQH�LV�OHVV�VROXEOH�WKDQ�EXWDQ���RO��7KH�
DPLQHV�DUH�DOVR�VROXEOH�LQ�OHVV�SRODU�VROYHQWV�OLNH�HWKHU��DOFRKRO�RU�EHQ]HQH��HWF�

�� ��� ��� ���

R

N H

H

O H

H

R

N H

H

|

| |

|

|
  

��

/RQH�SDLU

)LJ�����3\UDPLGDO�VKDSH�RI�DPLQH
�5�PD\�EH�+��

$URPDWLF� DPLQHV�� RQ� WKH� RWKHU� KDQG�� DUH� LQVROXEOH� LQ�ZDWHU�� 7KLV� LV� GXH�
WR� ODUJHU� K\GURFDUERQ� SDUW�ZKLFK� WHQGV� WR� UHWDUG� WKH� IRUPDWLRQ� RI� K\GURJHQ�
ERQGV��)RU�H[DPSOH��DQLOLQH�LV� LQVROXEOH� LQ�ZDWHU��+RZHYHU��LW�LV�TXLWH�VROXEOH�
LQ�RUJDQLF�VROYHQWV�VXFK�DV�HWKHU��DOFRKROV�RU�EHQ]HQH��

&+(0,&$/�3523(57,(6�2)�$0,1(6
7KH�GLIIHUHQFH� LQ� HOHFWURQHJDWLYLW\� EHWZHHQ�QLWURJHQ�DQG�K\GURJHQ�DWRPV�

DQG�WKH�SUHVHQFH�RI� ORQH�SDLU�RI�HOHFWURQV�RQ�WKH�QLWURJHQ�DWRP�PDNH�DPLQHV�
YHU\�UHDFWLYH�RUJDQLF�FRPSRXQGV��'XH�WR�WKH�SUHVHQFH�RI�ORQH�SDLU�RI�HOHFWURQV�RQ��
1�DWRP��DPLQHV�EHKDYH�DV�QXFOHRSKLOHV��7KH�QXPEHU�RI�K\GURJHQ�DWRPV�DWWDFKHG�
WR�QLWURJHQ�DWRP�DOVR�GHFLGH�WKH�FRXUVH�RI�UHDFWLRQV�RI�DPLQHV��7KHUHIRUH��������
DQG����DPLQHV�GLIIHU�LQ�PDQ\�UHDFWLRQV�DV�GLVFXVVHG�EHORZ��

���5HDFWLRQ�ZLWK�ZDWHUzEDVLF�FKDUDFWHU�RI�DPLQHV
�$PLQHV�KDYH�D�ORQH�SDLU�RI�HOHFWURQV�RQ�QLWURJHQ�DWRP��'XH�WR�WKH�SUHVHQFH�RI�ORQH�SDLU�RQ�1�DWRP�RI�WKH�z1+��

JURXS�� WKH� DPLQHV� DUH�JHQHUDOO\� EDVLF� LQ� QDWXUH��7KHVH� DUH�PRUH�EDVLF� WKDQ�ZDWHU� DQG� WKHUHIRUH�� JHW� SURWRQDWHG�
E\�ZDWHU�WR�IRUP�DON\O�DPPRQLXP�RU�DU\O�DPPRQLXP�K\GUR[LGHV�ZKLFK�LRQL]H�WR�IXUQLVK�z2+�LRQV�LQ�VROXWLRQV�

� 5�1+������+�2�� →� 51+�

�
�2+

y
�� ����51+�

�
������2+

y

� ���$PLQH� � � �������������������������$ON\O�DPPRQLXP
� � � � � �����������������������������K\GUR[LGH
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� � 7KLV�UHDFWLRQ�LV�VLPLODU�WR�WKH�UHDFWLRQ�RI�DPPRQLD�ZLWK�ZDWHU�
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y
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� ��$PLQH�

� 'XH�WR�WKH�SUHVHQFH�RI�K\GUR[LGH�LRQV��WKH�DTXHRXV�VROXWLRQV�RI�DPLQHV�DUH�EDVLF�LQ�QDWXUH�

7KH�EDVLF�VWUHQJWK�RI�DQ�DPLQH�LV�H[SUHVVHG�LQ�WHUPV�RI�GLVVRFLDWLRQ�FRQVWDQW��.E��)RU�WKH�UHDFWLRQ�
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� 7KXV��GLVVRFLDWLRQ�FRQVWDQW��.E� �
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�*UHDWHU�WKH�.E�YDOXH��WKH�VWURQJHU�LV�WKH�EDVH�
�7KH�EDVLF�VWUHQJWK�RI�DPLQHV�FDQ�DOVR�EH�H[SUHVVHG�LQ�WHUPV�RI�S.E�YDOXHV�ZKLFK�LV�GHILQHG�DV

S.E� �y�ORJ�.E

�7KH�VPDOOHU�WKH�YDOXH�RI�S.E��PRUH�LV�WKH�EDVLF�VWUHQJWK�RI�DPLQH�

6WUXWXUH���%DVLFLW\�5HODWLRQVKLS�RI�$PLQHV���&RPSDULVRQ�RI�%DVLF�&KDUDFWHU�RI�$PLQHV

7KH� EDVLFLW\� RI� DQ\� DPLQH� GHSHQGV� XSRQ� WKH� HDVH�ZLWK�ZKLFK� LW� DFFHSWV� D� SURWRQ� IURP� WKH� DFLG� WR� IRUP� WKH�
DPPRQLXP�FDWLRQ��,Q�RWKHU�ZRUGV�� WKH�EDVLF� FKDUDFWHU�RI�DQ�DPLQH�GHSHQGV�XSRQ�WKH�VWDELOLW\� �RI� WKH�DPPRQLXP�
FDWLRQ�LW�IRUPV�DIWHU�DFFHSWLQJ�D�SURWRQ��7KH�PRUH�VWDEOH�WKH�DPPRQLXP�FDWLRQ�LV�UHODWLYH�WR�WKH�DPLQH��PRUH�EDVLF�
LV�WKH�DPLQH�

�D��&RPSDULVRQ�RI�DOLSKDWLF�DPLQHV�DQG�DPPRQLD�

$OLSKDWLF� DPLQHV� DUH� VWURQJHU� EDVHV� WKDQ� DPPRQLD��7KLV� LV� GXH� WR� WKH� UHDVRQ� WKDW� DON\O� JURXSV� DUH� HOHFWURQ�
UHOHDVLQJ����,�LQGXFWLYH�HIIHFW���$V�D�UHVXOW�RI�HOHFWURQ�UHOHDVLQJ�HIIHFW�RI�DON\O�JURXS��LW�LQFUHDVHV�WKH�HOHFWURQ�GHQVLW\�
RQ�WKH�QLWURJHQ�DWRP�DQG�WKHUHIRUH��WKH\�FDQ�GRQDWH�HOHFWURQ�SDLU�RI�HOHFWURQV�PRUH�HDVLO\�WKDQ�DPPRQLD��0RUHRYHU��
WKH�VXEVWLWXWHG�DPPRQLXP�LRQ�IRUPHG� IURP�WKH�DPLQH�JHWV�VWDELOLVHG�GXH�WR�GLVSHUVDO�RI�SRVLWLYH�FKDUJH�E\�WKH��,�
LQGXFWLYH�HIIHFW�RI�WKH�DON\O�JURXS��7KXV��DON\ODPLQHV�DUH�PRUH�EDVLF�WKDQ�DPPRQLD��)RU�H[DPSOH��.E�YDOXH�RI�
1+�������º���

y���DQG�HWK\ODPLQH��.E� �����º���
y���VKRZV�WKDW�HWK\ODPLQH�LV�VWURQJHU�EDVH��7KH�S.E�YDOXH�RI�1+��LV�

�����ZKLOH�S.E�YDOXHV�RI�DPLQHV�OLHV�LQ�WKH�UDQJH�RI���WR������

� � � � � � � R

� � � � � ���$PPRQLD�����������������������$ON\ODPLQH

� +z1� �� +�
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+
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z
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+
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�YH� FKDUJH� RQ� VXEVWLWXWHG�
DPPRQLXP�LRQ�JHWV�GLVSHUVHG�
E\��,�HIIHFW�RI�5�JURXS
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�E��&RPSDULVRQ�RI�EDVLF�VWUHQJWK�RI�SULPDU\��VHFRQGDU\�DQG�WHUWLDU\�DPLQHV��
'XH�WR�WKH�SUHVHQFH�RI�ORQH�SDLU�RI�HOHFWURQV�LQ�DPLQHV��WKH\�DUH�EDVLF�LQ�FKDUDFWHU��7KH�DON\O�JURXS�LV�HOHFWURQ�

UHOHDVLQJ� JURXS� ��� ,� LQGXFWLYH�HIIHFW��DQG� LW�ZLOO� LQFUHDVH� WKH�HOHFWURQ�GHQVLW\�RQ�QLWURJHQ�DQG�WKHUHIRUH�� LWV�EDVLF�
FKDUDFWHU�VKRXOG�LQFUHDVH��0RUHRYHU��WKH�EDVLF�FKDUDFWHU�RI�DOLSKDWLF�DPLQHV�VKRXOG�LQFUHDVH�ZLWK�LQFUHDVH�LQ�QXPEHU�
RI�DON\O�JURXSV��$V�D�UHVXOW��WKH�EDVLF�FKDUDFWHU�VKRXOG�GHFUHDVH�LQ�WKH�RUGHU��

WHUWLDU\�DPLQH�!�VHFRQGDU\�DPLQH�!�SULPDU\�DPLQH�
7KLV�WUHQG�LV�IROORZHG�LQ�WKH�JDVHRXV�SKDVH�

�+RZHYHU� LQ� DTXHRXV� VROXWLRQV�� LW� KDV� EHHQ�REVHUYHG�WKDW�WHUWLDU\�DPLQHV�DUH�XQH[SHFWHGO\�OHVV�EDVLF� WKDQ�
WKH�RWKHUV��)RU�H[DPSOH��WKH�FRUUHFW�RUGHU�RI�PHWK\ODPLQHV�DQG�HWK\ODPLQHV�LV��

� ��&+���1+����!��&+�1+���!���&+���1���DQG�

� ��&�+���1+�!���&�+���1��!��&�+�1+�

�7KH�.E�YDOXHV�RI�VRPH�DPLQHV�DUH�JLYHQ�LQ�7DEOH���

7DEOH�����%DVLFLW\�FRQVWDQWV�RI�VRPH�DPLQHV�

��$PLQH� .E� S.E� $PLQH� .E� ���S.E

$PPRQLD� 1+�� ����º�� y�� ���� QLOLQH� 1+�� ����º���y��� ����

0HWK\ODPLQH� &+�1+�� ����º�� y�� ���

'LPHWK\ODPLQH� � +���1+� ����º���y�� ��� 1�0HWK\ODQLOLQH� 1+&+�� ����º���y��� ����

7ULPHWK\ODPLQH� �&+���1� ����º���y�� ����

(WK\ODPLQH� &+�&+�1+�� ����º���y�� ����� 1��1�'LPHWK\ODQLOLQH� 1�&+���� �����º���y�� ����

'LHWK\ODPLQH� �&+�&+���1+� �����º���
y�� ���

7ULHWK\ODPLQH� �&+�&+���1� ����º���y�� ����� %HQ]\ODPLQH� &+�1+�� ����º���y�� ����

7KLV�PD\�EH�H[SODLQHG�RQ�WKH�EDVLV�RI�IROORZLQJ�IDFWRUV��
���6WHULF�IDFWRU��7KH�VL]H�RI�DON\O�JURXS�LV�PRUH�WKDQ�WKDW�RI�K\GURJHQ�DQG�WKHUHIRUH��LW�KLQGHUV�WKH�DWWDFN�RI�DFLG�RQ�WKH�

DPLQH�DQG�WKHUHIRUH��EDVLF�VWUHQJWK�GHFUHDVHV��1RZ�FURZGLQJ�RI�DON\O�JURXS�LQFUHDVHV�IURP�SULPDU\�WR�WHUWLDU\�DPLQHV��$V�D�UHVXOW��
WKHLU�EDVLF�VWUHQJWK�GHFUHDVHV��7KLV�LV�FDOOHG�VWHULF�KLQGUDQFH��$FFRUGLQJ�WR�WKLV�HIIHFW��WHUWLDU\�DON\O�DPLQHV�VKRXOG�EH�OHDVW�EDVLF�

���6ROYDWLRQ�RI�LRQV��:KHQ�DPLQHV�DUH�GLVVROYHG�LQ�ZDWHU��WKH\�XQGHUJR�K\GUDWLRQ�WKURXJK�K\GURJHQ�ERQGLQJ��7KH�
VXEVWLWXWHG�DPPRQLXP�FDWLRQV�IRUP�K\GURJHQ�ERQGV�ZLWK�ZDWHU�PROHFXOHV�DQG�UHOHDVH�HQHUJ\�FDOOHG�K\GUDWLRQ�HQHUJ\�DQG�
WKHUHIRUH��JHW�VWDELOLVHG���1RZ��JUHDWHU�WKH�H[WHQW�RI�K\GURJHQ�ERQGLQJ�LQ�DPPRQLXP�FDWLRQV��PRUH�ZLOO�EH�LWV�VWDELOL]DWLRQ�
DQG� FRQVHTXHQWO\� JUHDWHU�ZLOO� EH� WKH� WHQGHQF\� RI� DPLQH� WR� FKDQJH� LQWR� FDWLRQ� DQG� JUHDWHU�ZLOO� EH� WKH� VWUHQJWK� RI� WKH�
FRUUHVSRQGLQJ�DPLQH��7KH�VWDELOLW\�RI�DPPRQLXP�FDWLRQ�GXH�WR�K\GURJHQ�ERQGLQJ�GHSHQGV�XSRQ�WKH�QXPEHU�RI�+�DWRPV�
SUHVHQW�RQ�WKH�1�DWRP��$V�FDQ�EH�VHHQ�EHORZ��WKH�K\GUDWLRQ�RI�SURWRQDWHG�DPLQH�GXH�WR�K\GURJHQ�ERQGLQJ�GHFUHDVHV�DV��
� 51+�

��� �!���5�1+�
����!�� �5�1+
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� � � �

� 51+�����+�2��→� 51+�
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7KXV��WHUWLDU\�DPPRQLXP�LRQ�LV�OHVV�K\GUDWHG�WKDQ�VHFRQGDU\�DPPRQLXP�LRQ��ZKLFK�LV�OHVV�K\GUDWHG�WKDQ�SULPDU\�
DPPRQLXP�LRQ��7KXV��WHUWLDU\�DPLQHV�KDYH�OHVV�WHQGHQF\�WR�IRUP�DPPRQLXP�LRQ�DQG�FRQVHTXHQWO\��WKH\�DUH�OHDVW�EDVLF�

7KXV��WKH�RUGHU�RI�EDVLFLW\�RI�DOLSKDWLF�DPLQHV�VKRXOG�EH��
���DPLQH���!������DPLQH���!������DPLQH���

7KLV�RUGHU�LV�RSSRVLWH� WR�WKH�RUGHU�EDVHG�RQ�LQGXFWLYH�HIIHFW�

$V�D�FRQVHTXHQFH�RI� FRPELQHG�HIIHFWV�RI� LQGXFWLYH�HIIHFW�DQG�VROYDWLRQ�� WKH�VHFRQGDU\�DPLQHV�DUH� WKH� VWURQJHVW�
EDVHV�DPRQJ�DPLQHV�DQG�EDVLF�VWUHQJWK�YDULHV�DV� ��

���DPLQH���!������DPLQH�� �!������DPLQH

)XUWKHU��ZKHQ�WKH�DON\O�JURXS�LV�VPDOO�VXFK�DV�z&+��JURXS��WKHUH�LV�QR�VWHULF�KLQGUDQFH�WR�K\GURJHQ�ERQGLQJ��
%XW��LQ�FDVH�WKH�DON\O�JURXS�LV�ELJJHU�WKDQ�z&+��JURXS��WKHUH�ZLOO�EH�VWHULF�KLQGUDQFH�WR�K\GURJHQ�ERQGLQJ��7KXV��
WKH�FKDQJH�RI�QDWXUH�RI�WKH�DON\O�JURXS�H�J���IURP�z&+��WR�z&�+��UHVXOWV�LQ�FKDQJH�RI�WKH�RUGHU�RI�EDVLF�VWUHQJWK�

,W�PD\�EH�QRWHG�WKDW�LQ�WKH�JDV�SKDVH��ZKHUH�WKH�VROYHQW�HIIHFW�LV�PLVVLQJ��WKH�EDVLF�WUHQG�LV�DV�H[SHFWHG�L�H��

���DPLQH���!������DPLQH���!�� ����DPLQH���!���DPPRQLD

�F��&RPSDULVRQ�RI�EDVLF�VWUHQJWK�RI�DURPDWLF�DPLQHV�RU�DU\ODPLQHV�DQG�DOLSKDWLF�DPLQHV��

$URPDWLF�DPLQHV�RU�DU\ODPLQHV�DUH�OHVV�EDVLF�WKDQ�DOLSKDWLF�DPLQHV�DQG�DPPRQLD��)RU�H[DPSOH��HWK\ODPLQH�LV�EDVLF�LQ�QDWXUH�
GXH�WR�WKH�SUHVHQFH�RI�ORQH�SDLU�RQ�1�DWRP��%XW�DQLOLQH�LV�OHVV�EDVLF�WKDQ�DPPRQLD�DV�ZHOO�DV�HWK\ODPLQH�DV�VKRZQ�E\�.E�YDOXHV��

� $QLOLQH���.E�� ������º���
y���� $PPRQLD����.E� �����º���

y���� (WK\ODPLQH���.E� �����º���
y��� �������

� � S.E�� ������ S.E�  ������ S.E�� ������
,Q� DQLOLQH� RU� RWKHU� DU\O� DPLQHV�� WKH� z1+�� JURXS� LV� DWWDFKHG� GLUHFWO\� WR� WKH� EHQ]HQH� ULQJ�� $V� D� UHVXOW�� WKH�

XQVKDUHG�HOHFWURQ�SDLU�RQ�QLWURJHQ�DWRP�LV�SUHVHQW�LQ�FRQMXJDWLRQ�ZLWK�WKH�EHQ]HQH�ULQJ�DQG�EHFRPHV�OHVV�DYDLODEOH�IRU�
SURWRQDWLRQ�EHFDXVH�RI�UHVRQDQFH��$QLOLQH�PD\�EH�UHJDUGHG�DV�UHVRQDQFH�K\EULG�RI�WKH�IROORZLQJ�UHVRQDWLQJ�VWUXFWXUHV�

,W� LV�FOHDU� IURP� WKH�DERYH�UHVRQDWLQJ� VWUXFWXUHV� WKDW�WKUHH� RI�WKHVH� VWUXFWXUHV��,,,�� ,9�DQG�9�� �DFTXLUH�VRPH�
SRVLWLYH�FKDUJH�RQ�QLWURJHQ��$V�D�UHVXOW��WKH�SDLU�RI�HOHFWURQV�EHFRPH�OHVV�DYDLODEOH�IRU�SURWRQDWLRQ��+HQFH��DQLOLQH�
LV�OHVV�EDVLF�WKDQ�HWK\ODPLQH�LQ�ZKLFK�WKHUH�LV�QR�VXFK�UHVRQDQFH�

7KLV�FDQ�DOVR�EH�XQGHUVWRRG�E\�FRPSDULQJ�WKH�UHODWLYH�VWDELOLW\�RI�DQLOLQH�DQG�DQLOLQLXP�LRQ�REWDLQHG�E\�DFFHSWLQJ�
D�SURWRQ��$QLOLQLXP�LRQ�FDQ�KDYH�RQO\�WZR�UHVRQDWLQJ�VWUXFWXUHV��

� ��� � ←→���

:H�NQRZ��JUHDWHU�WKH�QXPEHU�RI�UHVRQDWLQJ�VWUXFWXUHV��JUHDWHU�LV�WKH�VWDELOLW\��1RZ��ZH�REVHUYHG�WKDW�ZKHUHDV�
DQLOLQH�KDV� ILYH� UHVRQDWLQJ� VWUXFWXUHV�� EXW� DQLOLQLXP� LRQ� KDV� RQO\� WZR� UHVRQDQWLQJ� VWUXFWXUHV�� 7KHUHIRUH�� DQLOLQH�
LV�PRUH� VWDEOH� WKDQ� DQLOLQLXP� LRQ�� ,Q� RWKHU�ZRUGV�� DQLOLQH�KDV� OHVVHU� WHQGHQF\� WR� FRPELQH�ZLWK�D�SURWRQ� WR� IRUP�
DQLOLQLXP�LRQ�DQG�WKHUHIRUH��DQLOLQH�LV�OHVV�EDVLF�

7KH� EDVLF� FKDUDFWHU� RI� DQLOLQH� FDQ� DOVR�
EH� XQGHUVWRRG� LQ� WHUPV� RI� RUELWDO� WKHRU\��
$FFRUGLQJ� WR� WKLV� FRQFHSW�� WKH� RUELWDO�
FRQWDLQLQJ�WKH� ORQH�SDLU� RI�HOHFWURQV� RQ� WKH�
QLWURJHQ�DWRP�LQWHUDFWV�ZLWK�π�ERQGLQJ�RI�WKH�
EHQ]HQH�ULQJ�V\VWHP��7KH�GHORFDOLVHG�π�FORXG�
JHWV�H[WHQGHG�DV�VKRZQ�LQ�DGMDFHQW�VWUXFWXUH�

$V�D�UHVXOW��WKH�ORQH�SDLU�RI�HOHFWURQV�LV�QRW�
UHDGLO\�DYDLODEOH�IRU�SURWRQDWLRQ�DQG�WKHUHIRUH��DQLOLQH�LV�OHVV�EDVLF�WKDQ�HWK\ODPLQH��DON\O�DPLQHV��

π�
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(IIHFW�RI�6XEVWLWXHQWV�RQ�WKH�%DVLF�&KDUDFWHU�RI�$URPDWLF�$PLQHV
�L���� (OHFWURQ� GRQDWLQJ� RU� UHOHDVLQJ� JURXSV� OLNH� z2&+��� z&+�� LQFUHDVH� WKH� EDVLF� VWUHQJWK�� ZKLOH� HOHFWURQ�

ZLWKGUDZLQJ�JURXSV�OLNH�z;��KDORJHQ���z12���z&1��z62���z&22+��HWF��GHFUHDVH�WKH�EDVLF�VWUHQJWK�

� ���+��� � 
���� ���� �� �
('*�→�UHOHDVHG�HOHFWURQV��
VWDELOL]HG� WKH� FDWLRQ� DQG�
LQFUHDVHV�EDVLF�VWUHQJWK

(:*�→�ZLWKGUDZV�HOHFWURQV��
GHVWDELOL]HG� WKH� FDWLRQ� DQG�
GHFUHDVHV�EDVLF�VWUHQJWK

�     EDG = CH  OCH , NH     
3 3 2

  ,

� ���� ���+����� 
���� ���� ��

� �  EWG = NO  CN, X (halogen) 
2

  ,

)RU�H[DPSOH��

� � !� � !�

�

K = 1.2 10

= 8.92
b

b
p

×









−9

K
� �

K = 4.2 10
= 9.38

b

b
p

×









−10

K
� �

K = 1.0 10
= 13.0

b

b
p

×









−13

K

7KH�EDVLFLW\�FRQVWDQWV��S.E��RI�VRPH�DURPDWLF�DPLQHV�DUH�JLYHQ�EHORZ��

� ������������������� FWLYDWLQJ�JURXS� �� HDFWLYDWLQJ�JURXS

� � $PLQH� S.E� $PLQH� S.E

Sy&�+���&+��1+�� ����� Sy�&�+��&O��1+�� �����

Sy&�+��2&+��1+�� ����� Sy&�+��%U�1+�� �����

Sy&�+��1+��1+�� ����� Sy&�+��&1�1+�� �����

�$QLOLQH�� � � � � ����� Sy&�+��12��1+�� �����

�LL��7KH�EDVH�ZHDNHQLQJ�HIIHFW�RI�HOHFWURQ�ZLWKGUDZLQJ�JURXS�DQG�EDVH�VWUHQJWKHQLQJ�HIIHFW�RI�HOHFWURQ�
UHOHDVLQJ�JURXS�LV�PRUH�PDUNHG�DW�S�SRVLWLRQ�WKDQ�DW�P�SRVLWLRQ�

� � �!� ����� ��DQG� � �� �

�
K = 1.2 10

= 8.92
b

b
p

×









−9

K
� K = 5 10

= 9.30
b

b
p

×









−10

K
� K = 1 10

= 13
b

b
p

×









−13

K
� K = 2.9 10

= 11.54
b

b
p

×









−12

K

(OHFWURQ�ZLWKGUDZLQJ�JURXS�z12�

PDNHV�S�LVRPHU�PRUH�ZHDNHU�EDVH�WKDQ�P�LVRPHU

(OHFWURQ�UHOHDVLQJ�JURXS�z�&+��PDNHV

S�LVRPHU�PRUH�VWURQJHU�EDVLF�WKDQ�P�LVRPHU
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�LLL���(YHU\�R�VXEVWLWXWHG�DQLOLQH��HOHFWURQ�UHOHDVLQJ�RU�HOHFWURQ�ZLWKGUDZLQJ��LV�OHVV�EDVLF��WKDQ�DQLOLQH��
7KLV�LV�GXH�WR�RUWKR�HIIHFW�ZKLFK�LV�SUREDEO\�GXH�WR�FRPELQDWLRQ�RI�VWHULF�DQG��HOHFWURQLF��IDFWRUV�

� �� � ��� � DQG� ������ � � ��

�
K = 2.6 10

= 9.58
b

b
p

×









−10

K
� �

K = 4.2 10

= 9.38
b

b
p

×









−10

K
� �

K = 6 10

= 14.22
b

bp

×









−15

K
� �

K = 4.2 10
= 9.38

b

b
p

×









−10

K

,W� PD\� EH� QRWHG� WKDW� WKH� EDVH�ZHDNHQLQJ� HIIHFW� RI� HOHFWURQ� ZLWKGUDZLQJ� � JURXS� LV�YHU\� ODUJH� ZKHQ�
SUHVHQW�DW�R�SRVLWLRQ�WKDQ�IURP�WKH�P��RU�S�SRVLWLRQ��QRWH�DQLOLQH�DQG�R�QLWUR�DQLOLQH��

6LPLODUO\�

� �� � �!� ���� �� � !� � !� �� ����

� ����
K = 1.2 10

= 8.92
b

b
p

×









−9

K
� � ����

K = 5 10

= 9.30
b

bp

×









−10

K
� ��������

K = 4.2 10

= 9.38
b

b
p

×









−10

K
� � ��

K = 2.6 10

= 9.59
b

b
p

×









−10

K

(IIHFW�RI�VXEVWLWXHQWV�RQ�WKH�QLWURJHQ�DWRP��1�VXEVWLWXWHG�DQLOLQHV�
:KHQ� K\GURJHQ� DWRPV� RI� WKH� DPLQR� JURXS� RI� DU\ODPLQHV� DUH� UHSODFHG� E\� HOHFWURQ� GRQDWLQJ�DON\O� JURXSV�� WKH�

EDVLF�FKDUDFWHU�RI�WKH�UHVXOWLQJ�DU\ODPLQH�LQFUHDVHV��)RU�H[DPSOH��1�PHWK\ODQLOLQH�LV�D�VWURQJHU�EDVH�WKDQ�DQLOLQH�
DQG�1��1�GLPHWK\ODQLOLQH�LV�HYHQ�VWURQJHU�WKDQ�1�PHWK\ODQLOLQH��7KXV��

� ������ � �� �!��� ����� � !�

� 1��1�'LPHWK\ODQLOLQH� 1�0HWK\ODQLOLQH� $QLOLQH

� �S.E� ������� �S.E� ������� �S.E� ������

2Q�WKH�RWKHU�KDQG��ZKHQ�WKH�K\GURJHQ�DWRPV�RI�DPLQR�JURXS�DUH�UHSODFHG�E\�HOHFWURQ�ZLWKGUDZLQJ�JURXSV��VXFK�
DV�SKHQ\O�JURXS���WKH�EDVLF�FKDUDFWHU�RI�WKH�UHVXOWLQJ�DU\ODPLQH�GHFUHDVHV��)RU�H[DPSOH�

� �� � � �!� ����� � !� �� ����

� � 'LSKHQ\ODPLQH� 7ULSKHQ\ODPLQH

� �S.E� ������� �S.E� ������

�G�� &RPSDULVRQ� RI� EDVLF� FKDUDFWHU� RI� DUDON\ODPLQHV�� $V� DOUHDG\� OHDUQW�� WKH� ORQH� SDLU� RI� HOHFWURQV� RQ��
1�DWRP�RI�DQLOLQH�LV�GHORFDOLVHG�RYHU�WKH�EHQ]HQH�ULQJ��+RZHYHU��LQ�FDVH�RI�DUDON\ODPLQHV��WKH�ORQH�SDLU�RI�HOHFWURQV�
RQ� WKH�1�DWRP�LV�QRW�FRQMXJDWHG�ZLWK�WKH�EHQ]HQH�ULQJ�DQG�WKHUHIRUH�� LW�LV�QRW�GHORFDOL]HG��+HQFH�� WKH�ORQH�SDLU�RI�
HOHFWURQV�RQ�WKH�1�DWRP�LQ�DUDON\ODPLQHV�LV�PRUH�UHDGLO\�DYDLODEOH�IRU�SURWRQDWLRQ�WKDQ�WKDW�RQ�WKH�1�DWRP�RI�DQLOLQH��
7KXV��WKH�DUDON\ODPLQHV�DUH�PRUH�EDVLF�WKDQ�DU\ODPLQHV��)RU�H[DPSOH��EHQ]\ODPLQH�LV�D�VWURQJHU�EDVH�WKDQ�DQLOLQH�

� � ����� � !�

� � %HQ]\ODPLQH�

� � �S.E� ������� �S.E� ������
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)XUWKHU� DUDON\ODPLQHV� DUH� OHVV� EDVLF� WKDQ� DON\ODPLQHV�� 7KLV� LV� EHFDXVH� DU\O� JURXS� KDV� HOHFWURQ�ZLWKGUDZLQJ�
LQGXFWLYH�HIIHFW���,�HIIHFW��ZKLOH�DON\O�JURXS�LQ�DON\ODPLQHV�LV�HOHFWURQ�GRQDWLQJ�JURXS���,�HIIHFW���$V�D�UHVXOW��WKH�ORQH�
SDLU�RI�HOHFWURQV�RQ�WKH�1�DWRP�RI�DUDON\ODPLQHV�LV�OHVV�HDVLO\�DYDLODEOH�IRU�SURWRQDWLRQ�WKDQ�WKDW�RQ�WKH�1�DWRP�RI�
DON\ODPLQHV��+RZHYHU��WKH\�DUH�VWURQJHU�EDVHV�WKDQ�DPPRQLD��)RU�H[DPSOH�

� &+�1+�� !� &�+�&+�1+�� !� 1+��

� 0HWK\ODPLQH� %HQ]\ODPLQH� $PPRQLD

� �S.E� ������� �S.E� ������� �S.E� ������

���5HDFWLRQ�ZLWK�DFLGV��
$PLQHV�EHLQJ�EDVLF�UHDFW�ZLWK�DFLGV�WR�IRUP�VDOWV�

�� 51+���� ���+;�� � →� 5NH��;
-+

�$ON\ODPPRQLXP�KDOLGH

� &+�1+�� ���+&O� � →� &+�1+�+&O�RU�&+�1+�
�&Oy

� 0HWK\O�DPLQH� � � 0HWK\O�DPPRQLXP�FKORULGH

� �����������������������������&+����1+��� ���+�62�� � →� >�&+���1
�
+�@��62�

�y

� � 'LPHWK\ODPLQH� � 'LPHWK\ODPPRQLXP�� � � � � �

� � � VXOSKDWH

� � �&+����1+��� +12�� � →� >�&+����1
�
+�@12�

y
� � � � � � �

�����������������������������'LPHWK\ODPLQH� � � 'LPHWK\ODPPRQLXP� � � � � � �
� � � � � QLWUDWH

� � �&�+���1��� +&O� →� �&�+����1+
�&Oy� � � � � �� � ������

� � 7ULHWK\ODPLQH� � � 7ULHWK\ODPPRQLXP� � � � � � �
� � � � FKORULGH

� 1+������+&O� � →� 1+�
�&Oy

�������������������������������$QLOLQH� � � � $QLOLQH�K\GURFKORULGH
� � � � � QLOLQLXP�FKORULGH�

� 1�&+������&+�&22+� �� 1
�

+�&+���2
y
2&&+�

� 1��1�'LPHWK\ODQLOLQH� � 1��1�'LPHWK\ODQLOLXP�DFHWDWH� � �

�

CH

NH

3|
������� +�62�� →�

CH

NH

3

2

|
++62�

y

� 1�0HWK\O�EHQ]HQDPLQH� � � 1�0HWK\O�DQLOLQLXP�K\GURJHQ�VXOSKDWH

�7KH�VDOWV�RI�DPLQHV�DUH�LRQLF�FRPSRXQGV�DQG�DUH�VROXEOH�LQ�ZDWHU��2Q�WUHDWPHQW�ZLWK�DTXHRXV�K\GUR[LGH��DPLQHV�
DUH�UHJHQHUDWHG�
� � 51+�

�
;
y
�����1D2+� →� 51+������+�2�����1D;�

� 7KHVH�DPLQH�VDOWV�DUH�QRQ�YRODWLOH�VROLGV�DQG�JHQHUDOO\�GHFRPSRVH�EHIRUH�WKHLU�PHOWLQJ�SRLQWV�DUH�UHDFKHG��7KHVH�DUH�VROXEOH�
LQ�ZDWHU�EXW�LQVROXEOH�LQ�QRQ�SRODU�VROYHQWV�VXFK�DV�EHQ]HQH��HWKHU��FKORURIRUP��HWF��7KLV�GLIIHUHQFH�LQ�VROXELOLW\�EHKDYLRXU�RI�
DPLQHV�DQG�WKHLU�VDOWV�LV�RIWHQ�XVHG�WR�GHWHFW�DPLQHV�DQG�VHSHUDWH��RU�SXULI\��WKHP�IURP�RWKHU�QRQ�EDVLF�LPSXULWLHV��

� 7KH�DPLQHV�UHDFW�ZLWK�FKORURSODWLQLF�DFLGV��+�3W&O���WR�IRUP�LQVROXEOH�VDOWV�FDOOHG�FKORURSODWLQDWHV�

� � �51+������+��3W&O��� →�� �51
�

+
�

����3W&O�
�y

� � � � � $PLQH�FKORURSODWLQDWH
� 7KH�VDOWV�FKORURSODWLQDWHV�DUH�XVHG�IRU�WKH�GHWHUPLQDWLRQ�RI�HTXLYDOHQW�DQG�PROHFXODU�PDVVHV�RI�DPLQHV���

���5HDFWLRQ�RI�DPLQHV�ZLWK�WUDQVLWLRQ�PHWDO�LRQV�
/LNH�DPPRQLD��DPLQHV�FRPELQH�ZLWK�PHWDO�LRQV�VXFK�DV�$J��DQG�&X���LRQV�WR�IRUP�FRPSOH[�FRPSRXQGV��7KH�ORQH�

SDLU�RI�HOHFWURQV�LQ�1+��LV�XVHG�WR�IRUP�D�FR�RUGLQDWH�ERQG�RI�DPLQH�ZLWK�PHWDO� LRQV��)RU�H[DPSOH��VLOYHU�FKORULGH�
GLVVROYHV�LQ�PHWK\ODPLQH�WR�IRUP�D�VROXEOH�VLOYHU�DPLQH�FRPSOH[�

� $J&O����&+�1+�� →� >$J�&+�1+���@
�
&O

y

� � � ��6ROXEOH�FRPSOH[
�6LPLODUO\��FRSSHU�VXOSKDWH�UHDFWV�ZLWK�PHWK\ODPLQH�WR�JLYH�GHHS�EOXH�FRORXUHG�FRPSOH[�

� &X62�����&+�1+�� →� >&X�&+�1+���@
��
62�

�y

� � � ��6ROXEOH�FRPSOH[
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�,Q�WKHVH�FRPSOH[HV��WKHUH�LV�D�FR�RUGLQDWH�ERQG�EHWZHHQ�PHWDO�LRQ�DQG�DPLQH�PROHFXOHV�DV�VKRZQ�EHORZ��

� CH H N CH
3 2 3

 Ag NH
2

 → ←












+

� � CH H N

NH CH

Cu

NH CH

NH CH3 2

2 3

2 3

2 3

2









→
↓
←

↑























+

���5HDFWLRQ�ZLWK�DON\O�KDOLGHV��$ON\ODWLRQ�
3ULPDU\�DQG�VHFRQGDU\�DPLQHV�UHDFW�ZLWK�DON\O�KDOLGHV�WR�IRUP�WHUWLDU\�DPLQHV��7KH�SULPDU\�RU�VHFRQGDU\�DPLQH�

DFWV�DV�QXFOHRSKLOH�DQG�SHUIRUP�QXFOHRSKLOLF�VXEVWLWXWLRQ�DW�DQ�DON\O�KDOLGH��2Q�UHPRYDO�RI�+;��VHFRQGDU\�RU�D�WHUWLDU\�
DPLQH�LV�UHJHQHUDWHG�UHVSHFWLYHO\��7KH�VHFRQGDU\�DPLQH�EHLQJ�D�PRUH�SRZHUIXO�QXFOHRSKLOH�DJDLQ�UHDFWV�VLPLODUO\�ZLWK�
DQRWKHU�DON\O�KDOLGH�IRUPLQJ�WHUWLDU\�DPLQH��$W�HDFK�VWDJH�RI�WKH�UHDFWLRQ��DQ�HTXLYDOHQW�DPRXQW�RI�D�VWURQJ�DFLG� LV�
IRUPHG��7KLV�FDQ�SURWRQDWH�WKH�DPLQH�PDNLQJ�ORQH�SDLU�RQ�QLWURJHQ�QRW�DYDLODEOH�IRU�QXFOHRSKLOLF�DWWDFN�DQG�WKHUHIRUH��
VWRS�WKH�UHDFWLRQ�EHIRUH�FRPSOHWLRQ��7KHUHIRUH��IRU�WKH�QHXWUDOLVDWLRQ�RI�WKH�DFLG�DQG�IRU�OLEHUDWLQJ�WKH�QXFOHRSKLOH��D�EDVH�
VXFK�DV�FDUERQDWH�LV�DGGHG��)LQDOO\��WKH�WHUWLDU\�DPLQH�UHDFW�ZLWK�DON\O�KDOLGHV�WR�IRUP�TXDWHUQDU\�DPPRQLXP�VDOWV�

� � →� 5�1+�

�
;
y
�

Base
HX−

 → �� 5�1+

� � →� 5�1+
�
;
y
��

Base
HX−

 → �� 5�1

� � �� 5; � →� 5�1
�
;
y
�

7KH�UHDFWLRQ�PD\�DOVR�EH�ZULWWHQ�DV��

�
RNH2
Primary

��

+RI
HI−

 →
� R NH

2
Secondary

�
+RI
HI−

 →
� R N

3
Tertiary

� �
+RI →

� � R
4

ammonium iodide

NI
Tetraalkyl

)RU�H[DPSOH�

� CH NH3 2
Methylamine

��
CH Cl

HCl
3

−
 → � ( )CH NH3 2

Diethylamine
�
CH Cl3 → � ( )CH N

3 3
Trimethylamine

��
CH Cl3 → ��

( )CH N Cl
3 4

+ −

Tetramethyl
ammonium chloride

�
CH CH NH3 2 2
Ethylamine

��
CH CH Br

HBr
3 2
− →

�( )CH CH NH3 2 2
Diethylamine

�
CH3CH Br

HBr
2

− → �( )CH CH N
3 2 3

Triethylamine
����
CH3CH Br

HBr
2

− → ( )CH CH N Br
3 2 4

+ −

Tetraethyl
ammonium bromide

7KH�SURFHVV�RI�FRQYHUWLQJ�DQ�DPLQH���������RU�����LQWR�LWV�TXDWHUQDU\�DPPRQLXP�VDOW�RQ�WUHDWPHQW�ZLWK�H[FHVV�RI�
DON\O�KDOLGH�LV�FDOOHG�H[KDXVWLF�DON\ODWLRQ�

,I�WKH�DON\O�KDOLGH�XVHG�LV�PHWK\O�LRGLGH��WKH�SURFHVV�LV�FRPPRQO\�FDOOHG�H[KDXVWLF�PHWK\ODWLRQ�
$URPDWLF�DPLQHV�DOVR�XQGHUJR�VLPLODU�UHDFWLRQV��)RU�H[DPSOH��ZKHQ�DQLOLQH�LV�WUHDWHG�ZLWK�PHWK\O�LRGLGH�XQGHU�

SUHVVXUH��TXDWHUQDU\�DPPRQLXP�VDOWV�DUH�IRUPHG�

� 1+��

CH I
HI
3

− → 1+�&+���
CH I
HI
3

− → � 1�&+�����
CH I3 → � 1

�
�&+���,

y

��� �����$QLOLQH� � � � � ����� �1�0HWK\ODQLOLQH�� � � � ���1��1�'LPHWK\O� � � � � ��� �7ULPHWK\O

� DQLOLQH� �DQLOLQLXP�LRGLGH

7KH� WHWUDPHWK\O� DPPRQLXP� VDOW� RU� TXDWHUQDU\� DPPRQLXP� KDOLGH� RQ� UHDFWLRQ� ZLWK�PRLVW� VLOYHU� R[LGH� IRUPV�
WHWUDPHWK\O�DPPRQLXP�K\GUR[LGH�DQG�VLOYHU�KDOLGH�JHWV�SUHFLSLWDWHG��7KLV�RQ�KHDWLQJ� �����.��GHFRPSRVHV�WR�JLYH�
WHUWLDU\�DPLQH�DQG�DOFRKRO�

� �&+���1,� �
Moist Ag O
AgI

2
−

 → � �&+���1
�
2+

y

� �&+���1
�
2+

y
�

Heat → � � �&+���1����&+�2+

� ���������� ����7ULPHWK\ODPLQH

,I�RQH�RI�WKH�DON\O�JURXSV�LV�RWKHU�WKDQ�PHWK\O��WKH�TXDWHUQDU\�DPPRQLXP�K\GUR[LGH��JLYHV�D�WHUWLDU\�DPLQH��DQ�
DONHQH�DQG�ZDWHU�RQ�KHDWLQJ��)RU�H[DPSOH�
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� H
3
C

CH

N

CH

C H OH 

3

3

2 5

|

|



















+

−�
Heat

400 K
 → � H3

-amine

C

CH

N

CH



3

3

|

|

tert

��� H C CH
2 2
==

Ethene

���+�2

7KLV�S\URO\VLV�RI�TXDWHUQDU\�DPPRQLXP�K\GUR[LGH�WR�JLYH�DONHQHV�LV�FDOOHG�+RIIPDQQuV�HOLPLQDWLRQ�UHDFWLRQ��
7KLV�FDQ�EH�XVHG�IRU�WKH�HOXFLGDWLRQ�RI�WKH�VWUXFWXUH�RI�DPLQHV�

���$F\ODWLRQ��UHDFWLRQ�ZLWK�DFLG�FKORULGHV�DQG�DFLG�DQK\GULGHV��

$OLSKDWLF�DQG�DURPDWLF�SULPDU\�DQG�VHFRQGDU\�DPLQHV��ZKLFK�FRQWDLQ�UHSODFHDEOH�K\GURJHQ�DWRPV��UHDFW�ZLWK�DFLG�

FKORULGH��DFLG�DQK\GULGH�DQG�HVWHUV�WR�IRUP�VXEVWLWXWHG�DPLGHV��7KH�SURFHVV�RI�LQWURGXFLQJ�DQ�DF\O�JURXS� �LQWR�
D�PROHFXOH�LV� FDOOHG�DF\ODWLRQ��7KH�UHDFWLRQ�PD\�EH�FRQVLGHUHG�DV�WKH�UHSODFHPHQW�RI�K\GURJHQ�DWRP�RI�z1+��RU��
1z+� JURXS� E\� WKH� DF\O� JURXS�� ,W� LV�QXFOHRSKLOLF� VXEVWLWXWLRQ� UHDFWLRQ�� 7KH� UHDFWLRQ� LV� FDUULHG� RXW� LQ� WKH�

SUHVHQFH�RI� D�EDVH�VWURQJHU� WKDQ�DPLQH� OLNH�S\ULGLQH�ZKLFK�UHPRYHV�+&O�VR� IRUPHG�DQG�VKLIWV�WKH� HTXLOLEULXP�WR�
WKH�ULJKW�KDQG�VLGH��)RU�H[DPSOH�

� �� ��51+���������5&2&O���
Base → � 51+&25��� ���� � � ���� ���+&O�

� ��$FLG�FKORULGH�� � � � ���6XEVWLWXWHG�DPLGH

� 51+���� �
Base → � 51+&25�����5&22+�

7KH�SURFHVV�RI�LQWURGXFLQJ�DQ�
DF\O�JURXS��5z&z��LQWR�D
� ||
� �2
PROHFXOH�LV�FDOOHG�DF\ODWLRQ�� � � � �51+5���5&2&O��

Base → � 5�1&25����+&O

� CH N H Cl

O

C CH3 3 
|

+
||

°
H

Acetyl chloride

Methanamine (1 )

�
Base → � CH N

H

O

C CH
3 3
  
|

||

N-Methyl ethanamide

� �� +&O

� C H N

H

H Cl

O

C CH
2 5 3
   
|

+
||

Ethanamine

�
Base → � C H N

H

C

O

2 5
  
| ||

CH
3

N-Ethylethanamide

� �����+&O

� CH N H Cl

CH

O

C CH
3

3

3
  +
|

||

Acetyl chloride

N-Methyl methanamine  ((2 )°

�
Base → � CH N

CH

O

C CH
3

3

3
  
|

||

N, N-Dimethylethanamide

��+&O

7KH�UHDFWLRQ�RFFXUV�DV��

� �
Base → � �� − →HCl ���C H CH

2 5 3
  N

H

C

O
| ||

� (WKDQDPLQH� (WKDQR\O�� ���������1�(WK\OHWKDQDPLGH
� � FKORULGH� ����������RU�1�(WK\ODFHWDPLGH�

'XULQJ� WKH�UHDFWLRQ�� WKH�DFLG�JHQHUDWHG�FDQ� IRUP�VDOW�RI�WKH�DPLQH�ZKLFK�ZLOO� WKHQ�ORVH�QXFOHRSKLOLF� FKDUDFWHU�
DQG� WKHUHIRUH�� WKH�UHDFWLRQ�ZLOO�QRW� JR� WR� FRPSOHWLRQ��7KHUHIRUH��D�EDVH� LV� DGGHG� WR� IDFLOLWDWH� WKH� UHDFWLRQ��8QOLNH�
DON\ODWLRQ��WKH�DPLGH�IRUPHG�GRHV�QRW�UHDFW� IXUWKHU�ZLWK�RUJDQLF�KDOLGH�EHFDXVH�DPLGH�LV�QRQ�EDVLF��7KH�ORQH�SDLU�
RI�HOHFWURQV�RQ�QLWURJHQ�LV�LQ�FRQMXJDWLRQ�ZLWK�FDUERQ\O�JURXS�DQG�WKHUHIRUH��LW�LV�D�SRRU�QXFOHRSKLOH�

� � � �
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$PRQJVW� WKH�DFLG�GHULYDWLYHV�WKH� DFLG�FKORULGHV�DUH�VWURQJHU� DF\ODWLQJ�DJHQWV� WKDQ�WKH�DQK\GULGHV�DQG�HVWHUV�
ZKLFK�UHDFW�YHU\�VORZO\�

6LQFH�WHUWLDU\�DPLQHV�GR�QRW�FRQWDLQ�UHSODFHDEOH�K\GURJHQ�DWRP��WKH\�GR�QRW�UHDFW�ZLWK�DFHW\O�FKORULGH��7KHUHIRUH��
LQ�DF\ODWLRQ�UHDFWLRQ�RI�DQ�DPLQH��LQ�DGGLWLRQ�WR�LWV�QXFOHRSKLOLF� FKDUDFWHU��WKH�SUHVHQFH�RI�DQ�+�DWRP�RQ�QLWURJHQ�
LV�DOVR�QHFHVVDU\��$F\ODWLRQ�FDQ�DOVR�WDNH�SODFH�ZLWK�DFLG�DQK\GULGH�

� C H NH2 5 2
Ethanamine

��� ( )CH CO O
3 2
Acetic
anhydride

� →� CH C N

H

C H
3 2 5
  

O

N-Ethylethanamide

||

|
���&+�&22+

$QLOLQH�RU�EHQ]HQDPLQH�UHDFWV�LQ�D�VLPLODU�PDQQHU��+RZHYHU��DF\ODWLRQ�RI�DURPDWLF�DPLQHV�LV�XVXDOO\�FDUULHG�RXW�
LQ�WKH�SUHVHQFH�RI�D�EDVH�VWURQJHU�WKDQ�WKH�DPLQH�VXFK�DV�DTXHRXV�1D2+�RU�S\ULGLQH��7KLV�EDVH�UHPRYHV�+&O�IRUPHG�

� N

H

H

O

C CH
|

||
 + Cl

Acetyl chloride


3
�
Pyridine → � N

H

O

C CH
|

||
 

3 ���+&O

����������������������������$QLOLQH� � � 1�3KHQ\OHWKDQDPLGH�
6LPLODUO\�� � ��������$FHWDQLOLGH�

�
i i

��� CH O CH3 3   C

O

C

O
Ethanoic anhydride

|| ||
� →� C H N

H

C

O

CH
6 5 3
  
| ||

N-Phenylethanamide
(or Acetanilide)

i i
���&+�&22+

���%HQ]R\ODWLRQ�

$OLSKDWLF�DQG�DURPDWLF�DPLQHV�UHDFW�ZLWK�EHQ]R\O�FKORULGH�LQ�WKH�SUHVHQFH�RI�D�EDVH�VXFK�DV�S\ULGLQH�RU�DTXHRXV�
1D2+�WR�IRUP�EHQ]R\O�GHULYDWLYHV�LQ�ZKLFK�&�+�&2z�JURXS�LV�LQWURGXFHG��7KLV�UHDFWLRQ�LV�FDOOHG�EHQ]R\ODWLRQ�

������ ���������� C H NH2 5 2
Ethylamine

���� C H

O

C Cl
6 5
 
||

Benzoyl chloride
�

aq. NaOH → � � C H

H

N

O

C C H
2 5 6 5
  
| ||

N-Ethylbenzamide

���+&O

� 1+�������C H

O

C Cl6 5 
||

� �aq. NaOH → � NH 

O

C C H
||

6 5
���+&O

� $QLOLQH� %HQ]R\O�FKORULGH� � � 1�3KHQ\OEHQ]DPLGH
� � � %HQ]DQLOLGH�

%HQ]R\ODWLRQ� RI� FRPSRXQGV� FRQWDLQLQJ� DQ� DFWLYH� K\GURJHQ� VXFK� DV� DOFRKROV�� SKHQROV� RU� DPLQHV� ZLWK� EHQ]R\O�
FKORULGH�LQ�WKH�SUHVHQFH�RI�GLOXWH�DTXHRXV�1D2+�VROXWLRQ�LV�FDOOHG�6FKRWWHQ�%DXPDQQ�UHDFWLRQ�

���6FKLIIuV�EDVH�IRUPDWLRQ��UHDFWLRQ�ZLWK�DOGHK\GHV�DQG�NHWRQHV�
%RWK�DOLSKDWLF�DQG�DURPDWLF�SULPDU\�DPLQHV�UHDFW�ZLWK�DOGHK\GHV�DQG�NHWRQHV�WR�IRUP�LPLQHV�DOVR�FDOOHG�6FKLIIuV�

EDVHV�RU�DQLOV
� R C

H

O NR ==
|

 + H2 � →� R CH NR ==
Schiff’s base or Anil

�����+�2

H�J��� CH CH CH
3 3

 O + H  NCH2 2
Acetaldehyde Ethylamine

�→� CH CH NCH CH
3 2 3

==
Ethylidine ethylamine

(Schiff ’s base)

���+�2

� &+�&+�1+��������2  &
CH

CH

3

3

�
H+ → � &+�&+�1  &

CH

CH

3

3

�����+�2

��������������������������
(WK\O�DPLQH

���������������$FHWRQH� � � ,VRSURS\OLGHQHHWK\ODPLQH

%HQ]DOGHK\GH�UHDFWV�ZLWK�DQLOLQH�WR�JLYH�D�W\SLFDO�6FKLIIuV�EDVH�NQRZQ�DV�EHQ]DO�DQLOLQH�

� —N H + O == C—2

H

� →� —N == CH— + H O2

� $QLOLQH� %HQ]DOGHK\GH� %HQ]DO�DQLOLQH�RU�%HQ]\OLGHQH�DQLOLQH�� � � � �

� � � �6FKLIIuV�EDVH�
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6FKLIIuV�EDVH�RQ�UHGXFWLRQ�JLYHV�VHFRQGDU\�DPLQH�

� &+�&+�1  �&+&+����
H , Raney Ni

or NaBH
2

4
 → �&+�&+�1+&+�&+�

�
�

(WK\OLGHQHHWK\ODPLQH� � � 'LHWK\ODPLQH

� &�+�1  &+z&�+����+��
Raney Ni → � &�+�1+z&+�z&�+�

� � � 1�%HQ]\ODQLOLQH

� � � �6HFRQGDU\�DPLQH�

7KHUHIRUH��WKLV�PHWKRG�FDQ�EH�XVHG�WR�SUHSDUH�VHFRQGDU\�DPLQHV�
$OGHK\GHV� DQG� NHWRQHV� ZKLFK� KDYH� DOSKD� K\GURJHQ� UHDFW� ZLWK� VHFRQGDU\� DPLQHV� ERWK� DF\FOLF� �H�J��� 1���

1�GLPHWK\ODPLQH��DV�ZHOO�DV�F\FOLF��H�J���S\UUROLGHQH��SLSHULGLQH�HWF���WR�IRUP�FDUELQRODPLQHV��7KHVH�FDUELQRODPLQHV�
DUH�XQVWDEOH�DQG�UHDGLO\�ORVH�D�PROHFXOH�RI�ZDWHU�WR�IRUP�VWDEOH�α��β�XQVDWXUDWHG�DPLQHV�FRPPRQO\�FDOOHG�HQDPLQHV�
�HQH�y�H���DPLQH� �HQDPLQH��

� R

O

C R  CH2
(R  = alkyl or H)

||
′

′

����5�1+
C H

PTS
6 6� 
����� ����� �� R CH

OH

C

NR

R  2

2

|

|
′



















Carbinolamine
(Unstable)

�
−H O2� 
����� ����� ��� R CH C ==

Enamine

′R

NR2

H�J����
CH

CH

3

3

&  2������&+���1+��
C H

PTS
6 6� 
����� ����� � CH

OH

C

CH

N3

3

 
|

|










CH

CH

3

3









� − →H O2 �� CH C

CH

2

3

== N
|

CH

CH

3

3

$FHWRQH� � � 1��1�'LPHWK\OSURS���HQ���DPLQH

,W�PD\� EH� QRWHG� WKDW� WKH� HTXLOLEULXP� LV� VKLIWHG� LQ� WKH� IRUZDUG� GLUHFWLRQ� E\� UHPRYLQJ�ZDWHU� DV� DQ� D]HRWURSH�
ZLWK�EHQ]HQH��7KXV��HQDPLQH�IRUPDWLRQ�LV�XVXDOO\�FDUULHG�RXW�E\�UHIOX[LQJ�WKH�EHQ]HQH�VROXWLRQ�RI�DQ�DOGHK\GH�RU�
NHWRQH�ZLWK�D�VHFRQGDU\�DPLQH�LQ�WKH�SUHVHQFH�RI�WUDFH�DPRXQW�RI�DQ�DFLG�VXFK�DV�376��S�WROXHQH�VXOSKRQLF�DFLG��

(QDPLQHV� FDQ� DOVR� EH� UHGXFHG� E\� FDWDO\WLF� K\GURJHQDWLRQ� �1L�+��� RU� VRGLXP� ERURK\GULGH� �1D%+��� WR� IRUP�
FRUUHVSRQGLQJ�DPLQHV�

�
CH

CH

3

3
��� H2, Raney Ni

or NaBH4
 → � �� CH CH

CH

3

3

 N
|

CH

CH

3

3

� 1��1�'LPHWK\OSURS���HQ���DPLQH� � � 1��1�'LPHWK\O���SURSDQDPLQH

���5HDFWLRQ�ZLWK�FKORURIRUP���&DUE\ODPLQH�UHDFWLRQ��RU�LVRF\DQLGH�WHVW��
$OLSKDWLF�DQG�DURPDWLF�SULPDU\�DPLQHV�ZKHQ�ZDUPHG�ZLWK�FKORURIRUP�DQG�DQ�DOFRKROLF�VROXWLRQ�RI�.2+��IRUP�

LVRF\DQLGH�RU�FDUE\ODPLQH�ZKLFK�KDYH�YHU\�XQSOHDVDQW�RU�IRXO�VPHOO�

� 5z1+��� �� &+&O�� ��� �.2+��DOF��� Warm → � � ��5z1&� �� �.&O� �� �+�2� �

&DUE\ODPLQH� WHVW� LV�
DQ� LPSRUWDQW� WHVW� WR�
GLVWLQJXLVK� SULPDU\�
DPLQHV�IURP�VHFRQGDU\�
DQG�WHUWLDU\�DPLQHV�

*'.2
� ���� DPLQH� � � � � � $ON\O�LVRF\DQLGH

� &+�&+�1+����� &+&O�� ��� �.2+��DOF��� Warm → � � &+�&+�1&�� ���.&O� �� �+�2
� (WK\ODPLQH� � &KORURIRUP� � � � (WK\O�LVRF\DQLGH

� &�+�1+��� �� &+&O��� ������.2+��DOF���
Warm → � � �� &�+�1&� � �� .&O� �� �+�2

� $QLOLQH� � � &KORURIRUP� � � � 3KHQ\O�LVRF\DQLGH

6HFRQGDU\� DQG� WHUWLDU\� DPLQHV� GR� QRW� JLYH� WKLV� WHVW�� 7KHUHIRUH�� WKLV� WHVW� FDQ� EH� XVHG� WR� GLVWLQJXLVK� EHWZHHQ�
SULPDU\�DPLQHV�IURP�VHFRQGDU\�DQG�WHUWLDU\�DPLQHV�

���5HDFWLRQ�ZLWK�QLWURXV�DFLG
1LWURXV�DFLG��+12���LV�DQ�XQVWDEOH�DFLG�WKHUHIRUH��LW�PXVW�EH�IUHVKO\�SUHSDUHG��LQ�VLWX��E\�WUHDWPHQW�RI�VRGLXP�

QLWULWH�ZLWK�FROG�GLOXWH�+&O�RU�+�62��
� � � 1D12���� ���� +&O� →� � 1D&O��� ������� +212
� � � 6RGLXP�QLWULWH� � � � � ��� � 1LWURXV�DFLG

1LWURXV�DFLG�LV�D�VRXUFH�RI�HOHFWURSKLOLF�QLWURVRQLXP�LRQ��2�  �1���ZKLFK�UHDFWV�ZLWK�DPLQHV�
'LIIHUHQW�FODVVHV�RI�DPLQHV�UHDFW�GLIIHUHQWO\�ZLWK�QLWURXV�DFLG��7KLV�UHDFWLRQ�VHUYHV�DV�DQ�LPSRUWDQW�UHDFWLRQ�WR�

GLVWLQJXLVK�EHWZHHQ�SULPDU\��VHFRQGDU\�DQG�WHUWLDU\�DPLQHV�
�L��3ULPDU\�DPLQHV��3ULPDU\�DOLSKDWLF�DPLQHV�UHDFW�UDSLGO\�ZLWK�QLWURXV�DFLG�WR�IRUP�DOLSKDWLF�GLD]RQLXP�VDOW��

ZKLFK�LV�XQVWDEOH�DQG�GHFRPSRVHV�WR�JLYH�DOFRKRO�DQG�HYROYH�QLWURJHQ�

� �51+����� �����+12���
NaNO
HCl

2 → ��>5z1�
�&Oy@��

H O2 → �52+�� � �� +&O�����1�

� 3ULPDU\�DPLQH� $OFRKRO
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H�J���
HO

H

N

N

O

HC2 5 2

� →� &�+�2+� ���� 1����+�2

3ULPDU\�DURPDWLF�DPLQHV�UHDFW�ZLWK�QLWURXV�DFLG�LQ�WKH�FROG�����y����.��WR�IRUP�GLD]RQLXP�VDOWV��7KH�SURFHVV�
RI�IRUPDWLRQ�RI�GLD]RQLXP�VDOWV�E\�WKH�UHDFWLRQ�RI�DURPDWLF�DPLQR�FRPSRXQG�DQG�QLWURXV�DFLG�LV�FDOOHG�GLD]RWLVDWLRQ��
)RU�H[DPSOH��

� ����������+&O������1D12����
273 278 K− →� ���� ����1D&O�����+�2

� � � � %HQ]HQH�GLD]RQLXP
� � � � � � ��FKORULGH

+RZHYHU��LI�WKH�WHPSHUDWXUH�LV�PRUH�WKDQ�����.��DURPDWLF�DPLQHV�IRUP�SKHQRO�ZLWK�WKH�HYROXWLRQ�RI�1���JDV�

� ��� � ����+212� � H
+

> 278 K
 → � ���� ���1�������+�2

�LL��6HFRQGDU\�DPLQHV��6HFRQGDU\�DOLSKDWLF�DQG�DURPDWLF�DPLQHV�UHDFW�ZLWK�QLWURXV�DFLG�VORZO\�LQ�WKH�FROG�WR�
IRUP�\HOORZ�RLO\�QLWURVR�DPLQHV�

� � R
2

Secondary
amine

N H �� ���� +2�12�� �
NaNO , HCl2 → �� R2

Nitrosoamine

N N O == ��� +�2

� �&�+���1+�� ��� +212� →� ���� �+���1z1 2�� �� �+�2
� � � � � 1��1�'LHWK\OQLWURVRDPLQH

� � � � �� �� HOORZ�RLO�

� �� ��� +212� →� ��� ���� ���+�2

� � �� ��1�0HWK\ODQLOLQH� � � 1�1LWURVR�1�PHWK\ODQLOLQH

� � � ��������� HOORZ�RLO�

7KH�\HOORZ�RLO\�QLWURVRDPLQH�JLYHV�D�JUHHQ�VROXWLRQ�ZKHQ�ZDUPHG�ZLWK�SKHQRO�DQG�FRQF��VXOSKXULF�DFLG��2Q�
GLOXWLRQ�ZLWK�ZDWHU��WKH�FRORXU�FKDQJHV�WR�UHG��EXW�LW�FKDQJHV�WR�JUHHQLVK�EOXH�WR�YLROHW�RQ�WKH�DGGLWLRQ�RI�VRGLXP�
K\GUR[LGH��7KH�RYHUDOO�UHDFWLRQ�LV�FDOOHG�/LEHUPDQQuV�QLWURVR�UHDFWLRQ��7KLV�WHVW�LV�XVHG�IRU�VHFRQGDU\�DPLQHV�

�LLL��7HUWLDU\�DPLQHV��7HUWLDU\�DPLQHV�GLVVROYH�LQ�FROG�QLWURXV�DFLG�WR�IRUP�VDOWV�ZKLFK�GHFRPSRVH�RQ�ZDUPLQJ�
WR�QLWURVRDPLQH�DQG�DOFRKRO�

� 5�1���+12��→� 5�1+12���
Warm → � 5�1z1�  �2� ��� 52+

� � � 1LWULWH�VDOW� � 1LWURVRDPLQH� � $OFRKRO

� �&+�&+����1����+12�� →� >�&+�&+���1+@
�
�12�

y

� � �7ULHWK\O�DPLQH� � 7ULHWK\ODPPRQLXP�QLWULWH

� � � � � � � �6ROXEOH��

�$URPDWLF�WHUWLDU\�DPLQHV�UHDFW�ZLWK�QLWURXV�DFLG�WR�JLYH�FRORXUHG�VXEVWLWXWHG�
QLWURVR� FRPSRXQG�� 7KHVH� XQGHUJR� HOHFWURSKLOLF� VXEVWLWXWLRQ� RI� QLWURVRQLXP� LRQ��
�1�  �2���DW�WKH�SDUD�SRVLWLRQ�RI�WKH�SKHQ\O�ULQJ�

� ���+212��→�� ���+�2�

� S�1LWURVR�1�1�GLPHWK\ODQLOLQH

� &LJDUHWWH� VPRNLQJ� LV�
LQMXULRXV�WR�KHDOWK��'R�\RX�
NQRZ�ZK\"

�,Q�DGGLWLRQ�WR�QLFRWLQH��
FLJDUHWWH�VPRNH�FRQWDLQV�
1�QLWURVRGLPHWK\ODPLQH�
ZKLFK�LV�D�SRZHUIXO�
FDUFLQRJHQ�DQG�YHU\�KDUPIXO�

5�8�&XULRXV���



����� /1&'40	5�CDE�
�1(�%*'/+564;Ō:++

����� 5HDFWLRQ�ZLWK�DU\O�VXOSKRQ\O�FKORULGH
%HQ]HQH�VXOSKRQ\O�FKORULGH��&�+�62�&O��ZKLFK�LV�DOVR�NQRZQ�DV�+LQVEHUJuV�UHDJHQW�UHDFWV�ZLWK�SULPDU\�DQG�

VHFRQGDU\�DPLQHV�WR�IRUP�VXOSKRQDPLGHV�

�L��3ULPDU\�DPLQHV�UHDFW�ZLWK�EHQ]HQH�VXOSKRQ\O�FKORULGH�WR�JLYH�1�DON\O�EHQ]HQH�VXOSKRQDPLGH�

�

O

S
||

||


O

Cl � ����� H

H

N R 
|

°1  Amine
� � − →HCl �

O

S

O

N

H

R
||

|| |
 

������ ����%HQ]HQHVXOSKRQ\OFKORULGH� � � 1�$ON\OEHQ]HQHVXOSKRQDPLGH

� � � � � ������� �6ROXEOH�LQ�DONDOL�
7KH�K\GURJHQ�DWWDFKHG�WR�QLWURJHQ� LQ�VXOSKRQDPLGH� LV�VWURQJO\�DFLGLF�GXH�WR� WKH�SUHVHQFH�RI�VWURQJO\�HOHFWURQ�

ZLWKGUDZLQJ�VXOSKRQ\O�JURXS��7KHUHIRUH��LW�LV�VROXEOH�LQ�DONDOL��2Q�DFLGLILFDWLRQ��LW�JLYHV�DQ�LQVROXEOH�PDWHULDO�

�

O

S

O

N

H

R
||

|| |
  ��� �

O

S

O

R

NK
||

||

| − + �
+HCl
KCl− → �

O

S

O

R

NH
||

||

|
 �

� � � � � �:DWHU�VROXEOH�VDOW�� � � �,QVROXEOH�

H�J��� ����� H C HΝ

Η


| 2 5

� �→��

O

S

O

N

H

C H
||

|| |
 

2 5

� � � � � �1�(WK\OEHQ]HQHVXOSKRQDPLGH

� � � � � ��� �������6ROXEOH�LQ�DONDOL�

�LL��6HFRQGDU\�DPLQHV�UHDFW�ZLWK�EHQ]HQH�VXOSKRQ\O�FKORULGH�WR�IRUP�1��1�GLDON\O�EHQ]HQH�VXOSKRQDPLGH�

H�J���

O

S

O

Cl
||

||
 � ����HΝ

|
R

R � �� − →HCl ��

O

S

O

N

R

R
||

|| |
 

� � ������ ������������ ������$PLQH� � � 1��1�'LDON\OEHQ]HQHVXOSKRQDPLGH

� � � � � ��� ������,QVROXEOH�LQ�.2+�

6LQFH�WKH�VXOSKRQDPLGH�GRHV�QRW�FRQWDLQ�DQ\�K\GURJHQ�DWRP�DWWDFKHG�WR�QLWURJHQ�DWRP��VR�LW�LV�QRW�DFLGLF��+HQFH�
LW�LV�QRW�VROXEOH�LQ�DONDOL��.2+��

H�J���

O

S

O

Cl
||

||


� ��
�
�
H

H

HΝ
|
C

C

2

2

5

5 ��
− →HCl

��

O

S

O

N

C H

C H
||

|| |
 

2 5

2 5

� � � 1��1�'LHWK\OEHQ]HQHVXOSKRQDPLGH
� � � ������ � �,QVROXEOH�LQ�.2+�

�LLL��7HUWLDU\�DPLQHV�GR�QRW�UHDFW�ZLWK�EHQ]HQH�VXOSKRQ\OFKORULGH�

�

O

S

O

Cl
||

||
 � ���� R

R

N R 
|

°3  Amine
�� � − →HCl � �1R�UHDFWLRQ

6LQFH� GLIIHUHQW� DPLQHV� UHDFW� GLIIHUHQWO\� ZLWK� EHQ]HQH� VXOSKRQ\O� FKORULGH�� WKLV� UHDFWLRQ� FDQ� EH� XVHG� IRU� WKH�
GLVWLQFWLRQ�EHWZHHQ��������DQG����DPLQHV�DQG�DOVR�IRU�WKH�VHSDUDWLRQ�RI�WKHLU�PL[WXUHV�

+RZHYHU��WKHVH�GD\V��EHQ]HQH�VXOSKRQ\O�FKORULGH�KDV�EHHQ�UHSODFHG�E\�S�WROXHQHVXOSKRQ\O�FKORULGH�

����5HDFWLRQ�ZLWK�*ULJQDUG�UHDJHQW�
3ULPDU\�DQG�VHFRQGDU\�DPLQHV�UHDFW�ZLWK�*ULJQDUG�UHDJHQWV�WR�IRUP�DONDQHV�

� R

H

N H R MgX
|

°
   +   

Amine        Grignard reagent
′

1
� →� ′R H

Alkane
 ���0J � �

,W�PD\�EH�QRWHG�WKDW�DONDQH�LV�
REWDLQHG�IURP�WKH�DON\O�SDUW�RI�

*ULJQDUG�UHDJHQW�

127(

������ ���������� ����R N MgX2
2

 H     +     R
 Amine                

�
!

� � →� 5′z+����0J

$ONDQH
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)RU�H[DPSOH�

� CH CH NH MgBr
3 2

H + CH3
Ethyl amine thyl mmagnesium

bromidee
eM

� →� CH
4

Methane

���0J �

� �→� CH CH
3 3

Ethane
����0J ��

7HUWLDU\�DOLSKDWLF�DPLQHV�GR�QRW�UHDFW�ZLWK�*ULJQDUG�UHDJHQW�EHFDXVH�WKH\�GR�QRW�KDYH�K\GURJHQ�DWRP�DWWDFKHG�
WR�WKH�QLWURJHQ�DWRP�

����5HDFWLRQ�ZLWK�FDUERQ�GLVXOSKLGH�
3ULPDU\�DPLQHV�UHDFW�ZLWK� FDUERQ�GLVXOSKLGH�WR� IRUP�GLWKLRDON\O� FDUEDPLF� DFLGV�ZKLFK�GHFRPSRVH�RQ�KHDWLQJ�

ZLWK�PHUFXULF� FKORULGH��+J&O��� WR�JLYH�DON\O� LVRWKLRF\DQDWHV��7KHVH�KDYH�FKDUDFWHULVWLF�VPHOO� OLNH�PXVWDUG�RLO��)RU�
H[DPSOH�

� � Warm → � � HgCl
Heat

2 → �����

H�J��� �&+�&+�1+������6  &  6��
Heat → ���CH

3
Dithioethylcarbamic acid

CH NH

S

C SH
2

 
||

��
HgCl
Heat

2 → �CH
3

Ethyl isothiocyanate

CH N C S
2
 == == ��+J6�����+&O

�7KLV�UHDFWLRQ�LV�FDOOHG�+RIIPDQQ�PXVWDUG�RLO�UHDFWLRQ�DQG�LV�XVHG�DV�D�WHVW�IRU�SULPDU\�DPLQHV�

+RZHYHU��DURPDWLF�DPLQHV�UHDFW�LQ�VOLJKWO\�GLIIHUHQW�PDQQHU��)RU�H[DPSOH��ZKHQ�DQLOLQH�LV�KHDWHG�ZLWK�HWKDQROLF�
&6��DQG�VROLG�.2+��LW�IRUPV�1��1¢�GLSKHQ\O�WKLRXUHD�ZKLFK�RQ�WUHDWPHQW�ZLWK�FRQF��+&O�JLYHV�SKHQ\O�LVRWKLRF\DQDWH�

��������������
C H NH

C H NH
C

6 5

6 5




Aniline

Carbon
disulphide

== ==S
H

S
H
+ ���.2+��

Heat → �C H NH

S

C NH C H
6 5 6 5

  
||

N, N -Diphenylthiourea¢
���.�6�����+�2

���������������������������������������C H NH

S

C NHC H
6 5 6 5

 
||

′N, N -Diphenylthiourea
�

Conc. HCl → �� C ==C==S
6

Phenyl isothiocyanate

H N
5 ����� C H NH Cl6 5 3

+ −

Aniline hydrochloride

1��1′��'LSKHQ\O�WKLRXUHD��RU�WKLRFDUEDQLOLGH��LV�XVHG�DV�DQ�DFFHOHUDWRU�GXULQJ�YXOFDQL]DWLRQ�RI�UXEEHU�
���� 5HDFWLRQ�ZLWK�FDUERQ\O�FKORULGH��SKRVJHQH�
3ULPDU\�DQG�VHFRQGDU\�DOLSKDWLF�DPLQHV�UHDFW�ZLWK�FDUERQ\O�FKORULGH�WR�IRUP�VXEVWLWXWHG�XUHDV�

� �5z1+��� ��� Cl

O

C Cl 
||

� � →� R

O

C NH R   NH
||

�� �� �+&O

� ���$PLQH� ������&DUERQ\O�FKORULGH� � 6\P�'LVXEVWLWXWHG�XUHD

� �5�1+� ��� Cl

O

C Cl 
||

� � →� ��� � R

O

C NR2 2N 
||

�� �� �+&O

� �� PLQH� �����&DUERQ\O�FKORULGH� � 6\P�7HWUDVXEVWLWXWHG�XUHD

7HUWLDU\�DOLSKDWLF�DPLQHV�IRUP�VDOWV�
$URPDWLF����DPLQHV�UHDFW�ZLWK�&2&O��WR�IRUP�DU\O�LVRF\DQDWH��)RU�H[DPSOH�

� � ������������ �����������&2&O���� � − →
HCl �� �

Heat
HCl− →

��

� �
$QLOLQH
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�����2[LGDWLRQ�

2[LGDWLRQ�RI�DPLQHV�JLYH�GLIIHUHQW�SURGXFWV�GHSHQGLQJ�XSRQ�WKH�QDWXUH�RI�DPLQH�DQG�R[LGLVLQJ�DJHQW��$PLQHV�XQGHUJR�
R[LGDWLRQ� E\� SRZHUIXO� R[LGLVLQJ� DJHQWV� VXFK� DV�&DURuV� DFLG� �+�62���� SRWDVVLXP� SHUPDQJDQDWH� �.0Q2���� K\GURJHQ�
SHUR[LGH��+�2���HWF��7KH�SURGXFWV�RI�R[LGDWLRQ�GHSHQG�XSRQ�WKH�QDWXUH�RI�DPLQH�DQG�R[LGLVLQJ�DJHQW��)RU�H[DPSOH�

�D��2[LGDWLRQ�RI�SULPDU\�DPLQHV

�L��3ULPDU\�DOLSKDWLF�DPLQHV�RQ�R[LGDWLRQ�ZLWK�SRWDVVLXP�SHUPDQJDQDWH�JLYH�QLWUR�FRPSRXQGV�WKURXJK�D�VHTXHQFH�
RI�UHDFWLRQV�DV�VKRZQ�EHORZ��

� 51+��
[ ]O → � 51+2+� �

[ ]O
− →
H O2

� �5z1�  �2��
[ ]O → �����5z12�

� ���$PLQH�� � +\GUR[\ODPLQH� � 1LWURVR�FRPSRXQG���������1LWUR�FRPSRXQG

'HSHQGLQJ�XSRQ� WKH�QDWXUH� RI� WKH� R[LGLVLQJ� DJHQW�� YDULRXV�SURGXFWV� VXFK� DV�K\GUR[\ODPLQH��QLWURVR� RU�QLWUR�
FRPSRXQGV�FDQ�EH�LVRODWHG�

3ULPDU\�DPLQHV�LQ�ZKLFK�y1+��JURXS�LV�DWWDFKHG�WR�WKH�WHUWLDU\�FDUERQ�DWRP�FDQ�EH�R[LGLVHG�ZLWK�.0Q2��WR�WKH�
FRUUHVSRQGLQJ�QLWUR�FRPSRXQG�LQ�H[FHOOHQW�\LHOG��DERXW������

� CH

CH

C

CH

NH3

3

3

2 
|

|
�

[ ]O
KMnO4

 → ���CH

CH

C

CH

NO3

3

3

2 
|

|

� ��0HWK\O���SURSDQDPLQH� ���0HWK\O����QLWURSURSDQH

� � �H[FHOOHQW�\LHOG�����

� �LL���3ULPDU\�DPLQHV�UHDFW�ZLWK�&DURuV�DFLG��+�62���RU�+�2��LQ�WKH�IROORZLQJ�ZD\V��

� RCH NH
2 2

1 Amine
with  alkyl group

�
pri-

� [ ]O → � RC NOH

OH

==
|

Hydroxamic
acid

��� RCH NOH==
Aldoxime

��� RCH NHOH
2

N-Alkyl hydroxylamine

� 5��&+�1+���
[ ]O → � 5�&�  �12+

� ���$PLQH� � ���.HWR[LPH

� ZLWK�VHF�DON\O�JURXS

� 5�&z1+��
[ ]O → � � 5�&�  �12

� ���$PLQH� � 1LWURVR�DONDQH

� ZLWK�WHUW�DON\O�JURXS

�E��2[LGDWLRQ�RI�VHFRQGDU\�DPLQHV

� �L���6HFRQGDU\�DOLSKDWLF�DPLQHV�RQ�R[LGDWLRQ�ZLWK�SRWDVVLXP�SHUPDQJDQDWH�JLYH�WHWUD�DON\O�K\GUD]LQHV�

� 2R
2

2 Amine
NH

�
�

[ ]O
− →
H O2

� R N NR
2 2


Tetraalkyl hydrazine

� �LL���6HFRQGDU\�DPLQHV�ZLWK�&DURuV�DFLG�JLYH�FRUUHVSRQGLQJ�1�K\GUR[\�DPLQH�

� R
2

2 -Amine

NH
�

�
H SO

or H O
2 5

2 2
 → � � R N OH

2


N-Hydroxydialkylamine

�F��2[LGDWLRQ�RI�WHUWLDU\�DPLQHV�

7HUWLDU\� DPLQHV� DUH� QRW� R[LGLVHG� E\�.0Q2�� EXW� DUH�R[LGLVHG� E\�&DURuV� DFLG�� R]RQH� RU�+�2�� WR� FRUUHVSRQGLQJ���
1�R[LGHV�

� 5�1������
O or H O

 or H SO
3 2 2

2 5

 
 → � � R O

3
Amine N-oxide

N→

�G��2[LGDWLRQ�RI�DURPDWLF�DPLQHV�

�$URPDWLF�DPLQHV��EHFDXVH�RI�KLJK�HOHFWURQ�GHQVLW\�RQ�WKH�EHQ]HQH�ULQJ��DUH�UHDGLO\�R[LGLVHG�RQ�H[SRVXUH�WR�DLU�
RU�R[LGLVLQJ�DJHQWV�IRUPLQJ�D�FRPSOH[�FRORXUHG�SURGXFW�

� &�+�1+����.�&U�2����+�62��� →��$�EODFN�SURGXFW�FDOOHG�DQLOLQH�EODFN�
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+RZHYHU��FRQWUROOHG�R[LGDWLRQ�RI�DQLOLQH�ZLWK�.�&U�2��DQG�+�62���JLYHV�S�EHQ]RTXLQRQH�

� ��
K Cr O H SO2 2 7 2 4/

 → �

����5LQJ�VXEVWLWXWLRQ�LQ�DURPDWLF�DPLQHV

$URPDWLF� DPLQHV� JLYH� WKH� DURPDWLF� VXEVWLWXWLRQ� UHDFWLRQV� DV� JLYHQ� E\� EHQ]HQH��$QLOLQH� LV�PRUH� UHDFWLYH� WKDQ�
EHQ]HQH��7KH�SUHVHQFH�RI�DPLQR�JURXS�DFWLYDWHV�WKH�DURPDWLF�ULQJ�DQG�GLUHFWV�WKH�LQFRPLQJ�JURXS�SUHIHUDEO\�WR�RUWKR�
DQG�SDUD�SRVLWLRQV��7KLV�LV�FOHDU�IURP�WKH�IROORZLQJ�UHVRQDWLQJ�VWUXFWXUHV�LQ�ZKLFK�HOHFWURQ�GHQVLW\�LV�PRUH�DW�RUWKR�
DQG�SDUD�SRVLWLRQV��VWUXFWXUHV�,,,�WR�,9��

� � �←→��

NH2

� �←→� � ←→�� � �←→��� �

� ,� � ,,� � ,,,� � ,9� � �������9

7KHUHIRUH�� VXEVWLWXWLRQ� PDLQO\� RFFXUV� DW� RUWKR� DQG� SDUD� SRVLWLRQV�� 'XH� WR� VWURQJ� DFWLYDWLQJ� HIIHFW� RI��
z1+��� DURPDWLF� DPLQHV�XQGHUJR� HOHFWURSKLOLF� VXEVWLWXWLRQ� UHDFWLRQV� UHDGLO\��7KHUHIRUH�� � LW� LV� GLIILFXOW� WR� VWRS� WKH�
UHDFWLRQ�WR�PRQRVXEVWLWXWLRQ�VWDJH��+RZHYHU��LQ�RUGHU�WR�VWRS�WKH�UHDFWLRQ�WR�PRQRVXEVWLWXWLRQ�VWDJH��WKH�DFWLYDWLQJ�
HIIHFW�RI�WKH�DPLQR�JURXS�KDV�WR�EH�UHGXFHG��7KLV�FDQ�EH�GRQH�E\�DFHW\ODWLRQ�ZLWK�DFHWLF�DQK\GULGH�LQ�WKH�SUHVHQFH�
RI� S\ULGLQH�� $FHW\O� JURXS� LV� HOHFWURQ�ZLWKGUDZLQJ� JURXS� DQG� WKHUHIRUH�� WKH� HOHFWURQ�SDLU� RI�1�DWRP� LV�ZLWKGUDZQ�
WRZDUGV�WKH�FDUERQ\O�JURXS�DV�VKRZQ�E\�WKH�IROORZLQJ�UHVRQDWLQJ�VWUXFWXUHV��

� � ���������������� �� ��←→�� ���

7KHUHIRUH�� WKH� ORQH�SDLU� RI�HOHFWURQV�RQ�QLWURJHQ� LV� OHVV�DYDLODEOH� DQG� WKH� DFWLYDWLQJ�SRZHU� RI�z1+��JURXS� LV�
GHFUHDVHG��7KLV�PHWKRG�LV�FDOOHG�WKH�SURWHFWLRQ�RI�WKH�DPLQR�JURXS�E\�DFHW\ODWLRQ�DQG�FDQ�EH�XVHG�WR�FRQWURO�WKH�
UDWH�RI�HOHFWURSKLOLF�VXEVWLWXWLRQ�UHDFWLRQ��7KLV�DOVR�SUHYHQWV�WKH�IRUPDWLRQ�RI�GL�DQG� WUL�VXEVWLWXWHG�SURGXFWV�

7KH�DFHW\O�JURXS�LV�WKHQ�UHPRYHG�E\�K\GURO\VLV�WR�JHW�EDFN�WKH�DPLQH�

6RPH�RI�WKHVH�UHDFWLRQV�DUH�JLYHQ�EHORZ��

�L��+DORJHQDWLRQ��$QLOLQH�UHDFWV�ZLWK�EURPLQH�ZDWHU�UHDGLO\�WR�JLYH�D�ZKLWH�SUHFLSLWDWH�RI���������WULEURPRDQLOLQH�

� ����������������������� ����%U��/H2Ο�� �→���������������� ��������+%U� 7KLV�UHDFWLRQ� LV�XVHG�

DV�D�WHVW�IRU�DQLOLQH�

127(

� � � ������������������7ULEURPRDQLOLQH

� � � ������������������������:KLWH�SSW�

+RZHYHU�� LI� PRQRVXEVWLWXWHG� GHULYDWLYH� LV� GHVLUHG�� DQLOLQH� LV� ILUVW� DFHW\ODWHG� ZLWK� DFHW\O� FKORULGH� DQG� WKHQ�
KDORJHQDWLRQ�LV�FDUULHG�RXW��$IWHU�KDORJHQDWLRQ��WKH�DFHW\O�JURXS�LV�UHPRYHG�E\�K\GURO\VLV�DQG�RQO\�PRQRVXEVWLWXWHG�
KDORJHQ�GHULYDWLYH�LV�REWDLQHG�

,W� PD\� EH� QRWHG� WKDW� z1+�� JURXS� GLUHFWV� WKH� DWWDFNLQJ� JURXS� DW� R�� DQG� S�SRVLWLRQV� DQG� WKHUHIRUH�� ERWK��
R��DQG�S�GHULYDWLYHV�DUH�REWDLQHG�
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�� ��� (CH CO) O , py
CH COOH

3 2

3− → �� � � Br2 → ��

2+
y
RU�+

�
�

z&+�&22+

�������������������������������������������������������������������������������������������������

$V�DOUHDG\�H[SODLQHG�DFHW\ODWLRQ�GHDFWLYDWHV�WKH�ULQJ�DQG�FRQWUROV�WKH�UHDFWLRQ�WR�PRQRVXEVWLWXWLRQ�VWDJH�RQO\�
�LL��1LWUDWLRQ��$URPDWLF�DPLQHV�FDQQRW�EH�QLWUDWHG�GLUHFWO\�EHFDXVH�WKH\�DUH�UHDGLO\�R[LGL]HG��7KLV�LV�EHFDXVH��

+12��LV�D�VWURQJ�R[LGLVLQJ�DJHQW�DQG�UHVXOWV�LQ�SDUWLDO�R[LGDWLRQ�RI�WKH�ULQJ�WR�IRUP�D�EODFN�PDVV��+RZHYHU��XQGHU�
FRQWUROOHG�FRQGLWLRQV���QLWUDWLRQ�RI�DQLOLQH�JLYHV�XQH[SHFWHGO\�����P�QLWUR�DQLOLQH�LQ�DGGLWLRQ�WR�R��DQG�S�QLWURDQLOLQH

���������������������������� �
HNO

Conc H SO K
3

2 4. , 288
 → ��������� �������� �������

7KH�UHDVRQ�IRU�WKH�IRUPDWLRQ�RI�ODUJH�DPRXQW�RI�P�QLWURDQLOLQH�LV�WKDW�XQGHU�VWURQJO\�DFLGLF�FRQGLWLRQV�DQLOLQH�
JHWV� SURWRQDWHG� WR� DQLOLQLXP� LRQ� �y�1+�

�� JURXS��� 7KLV� LV� GHDFWLYDWLQJ�JURXS� DQG� LV�PHWD� GLUHFWLQJ�� 7KHUHIRUH�� WR�
VROYH�WKLV�SUREOHP��QLWUDWLRQ�LV�FDUULHG�RXW�E\�SURWHFWLQJ�WKH�z1+��JURXS�E\�DFHW\ODWLRQ��7KH�DFHW\ODWLRQ�GHDFWLYDWHV�
WKH� ULQJ� DQG� WKHUHIRUH�� FRQWUROV� WKH� UHDFWLRQ� �DOUHDG\� H[SODLQHG��� 7KH� K\GURO\VLV� RI� QLWURDFHWDQLOLGHV� UHPRYHV� WKH�
SURWHFWLQJ�DF\O�JURXS�DQG�JLYHV�EDFN�DPLQHV�

������ ��� ��� ������������ ����� � �� � �→�������

������ �� �������� ���
HNO H SO

K
3 2 4,
288

 → ���� ��������

2+y�RU�+
�

������ ���������� ����������� ����������� ����������� ����������� ���������� ����
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�LLL��6XOSKRQDWLRQ��6XOSKRQDWLRQ�RI�DQLOLQH�LV�FDUULHG�RXW�E\�KHDWLQJ�DQLOLQH�ZLWK�VXOSKXULF�DFLG��7KH�SURGXFW�
IRUPHG�LV�DQLOLQLXP�K\GURJHQ�VXOSKDWH�ZKLFK�RQ�KHDWLQJ�JLYHV�VXOSKDQLOLF�DFLG�

� ��������+�62����→�� ���
Heat

453 473 K− → ��� ���� 
���� ���� ��

�7KH�VXOSKDQLOLF�DFLG�H[LVWV�DV�D�GLSRODU�LRQ��VWUXFWXUH�,,��ZKLFK�KDV�DFLGLF�DQG�EDVLF�JURXSV�LQ�WKH�VDPH�PROHFXOH��
6XFK�LRQV�DUH�FDOOHG�=ZLWWHU�LRQV�RU�LQQHU�VDOWV�

127(

$QLOLQH�GRHV�QRW� XQGHUJR� )ULHGHO� &UDIW� UHDFWLRQ� �DON\ODWLRQ� DQG� DFHW\ODWLRQ�� EHFDXVH�RI� WKH� VDOW� IRUPDWLRQ�
ZLWK�DOXPLQLXP�FKORULGH��/HZLV�DFLG�ZKLFK�LV�XVHG�DV�D�FDWDO\VW���

� &�+�1+����$O&O�� � →���� &�+�1
�
+��$O&O�

y

1LWURJHQ� RI� DQLOLQH� DTXLUHV� SRVLWLYH� FKDUJH� DQG� KHQFH� DFWV� DV� D� VWURQJ� HOHFWURQ� ZLWKGUDZLQJ� JURXS�� $V� D�
UHVXOW�� LW�UHGXFHV�WKH�HOHFWURQ�GHQVLW\�LQ� WKH�EHQ]HQH�ULQJ�DQG�WKHUHIRUH��GHDFWLYDWHV�LW��+HQFH��DQLOLQH�GRHV�QRW�
XQGHUJR�)ULHGHO�&UDIWV�DON\ODWLRQ�RU�DF\ODWLRQ�UHDFWLRQ��

����&RXSOLQJ�ZLWK�GLD]RQLXP�VDOWV�
$URPDWLF�DPLQHV�UHDFW�ZLWK�GLD]RQLXP�VDOWV�WR� IRUP�D]R�FRPSRXQGV� LQ�DFLGLF�PHGLXP�FDOOHG�G\HV��7KH�UHDFWLRQ� LV�

NQRZQ�DV�FRXSOLQJ�RU�GLD]R�UHDFWLRQ��)RU�H[DPSOH��DQLOLQH�FRXSOHV�ZLWK�EHQ]HQH�GLD]RQLXP�FKORULGH�WR�IRUP�GLD]R�
DPLQR�EHQ]HQH�ZKLFK�XOWLPDWHO\�FKDQJHV�WR�S�DPLQR�D]R�EHQ]HQH�RQ�ZDUPLQJ�ZLWK�D�VPDOO�TXDQWLW\�RI�K\GURFKORULF�DFLG�

N N≡≡
|

 Cl + H

H

N ��
Acid
ice-cold → � N==N

H

N
|

����� ������������ �����%HQ]HQH�GLD]RQLXP�������������� ��$QLOLQH� � ����� ������������ ������'LD]RDPLQREHQ]HQH

����� ������������ ������������ �

FKORULGH�

� � � � � � ��

|
|
|
↓

Rearrangement

���� ����������� ����������� ����������� ���������� ����������� ����������� ����������� ��������� 1  1 1+�

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��S�$PLQRD]REHQ]HQH
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����<HOORZ�G\H�

7HVWV�IRU�DPLQHV�
���6ROXELOLW\� WHVW�� � $OO� DPLQHV� DUH� EDVLF� LQ� QDWXUH� DQG� KHQFH� DUH� VROXEOH� LQ� GLO� +&O�� 7KHVH� DPLQHV� FDQ� EH�

UHJHQHUDWHG�IURP�DFLGLF�PHGLXP�E\�DGGLQJ�H[FHVV�RI�DONDOL�
���&DUE\ODPLQH�WHVW��3ULPDU\�DPLQHV��DOLSKDWLF�RU�DURPDWLF��FDQ�EH�GHWHFWHG�HDVLO\�E\�KHDWLQJ�WKH�DPLQH�ZLWK�FKORURIRUP�

DQG�DONDOL��ZKHQ�FKDUDFWHULVWLF�IRXO�VPHOO�RI�LVRF\DQLGHV�LV�SURGXFHG��7KLV�WHVW�LV�FDOOHG�FDUE\ODPLQH�WHVW��5HDFWLRQ����
���/LHEHUPDQQuV�QLWURVR� WHVW�� 6HFRQGDU\� DPLQHV� �DOLSKDWLF� RU� DURPDWLF�� FDQ�EH� GHWHFWHG� E\�/LHEHUPDQQuV�

QLWURVR�UHDFWLRQ��UHDFWLRQ����
���'\H�WHVW��$URPDWLF�SULPDU\�DPLQHV�JLYH�D]R�G\H�WHVW��UHDFWLRQ�����
8VHV�RI�DPLQHV
7KH�LPSRUWDQW�XVHV�RI�DOLSKDWLF�DQG�DURPDWLF�DPLQHV�DUH�JLYHQ�EHORZ��
���$OLSKDWLF�DPLQHV�RI�ORZ�PROHFXODU�PDVV�DUH�XVHG�DV�VROYHQWV�
���$PLQHV�DUH�DOVR�XVHG�DV�LQWHUPHGLDWHV�LQ�GUXJ�PDQXIDFWXUH�DQG�DV�UHDJHQWV�LQ�RUJDQLF�V\QWKHVLV�
���$URPDWLF� DPLQHV�DUH�XVHG� IRU� WKH�PDQXIDFWXUH� RI�SRO\PHUV�� G\HV� DQG�DV� LQWHUPHGLDWHV� IRU�DGGLWLYHV� LQ� WKH�

UXEEHU�LQGXVWU\�
���7KH�TXDWHUQDU\�DPPRQLXP�VDOWV�GHULYHG�IURP�ORQJ�FKDLQ�DOLSKDWLF�WHUWLDU\�DPLQHV�DUH�ZLGHO\�XVHG�DV�GHWHUJHQWV�
���$URPDWLF�DPLQHV� DUH�FRQYHUWHG�LQWR�DUHQH�GLD]RQLXP�VDOWV�ZKLFK�DUH�XVHG� IRU� WKH�SUHSDUDWLRQ�RI�YDULHW\�RI�

DURPDWLF�FRPSRXQGV�YLD�VXEVWLWXWLRQ�DQG�FRXSOLQJ�UHDFWLRQV�
',67,1&7,21�%(7:((1�35,0$5<��6(&21'$5<�$1'�7(57,$5<�$0,1(6

7KH�IROORZLQJ�WHVWV�FDQ�EH�XVHG�WR�GLVWLQJXLVK�EHWZHHQ�SULPDU\��VHFRQGDU\�DQG�WHUWLDU\�DPLQHV��
���&DUE\ODPLQH�WHVW��%RWK�DURPDWLF�DQG�DOLSKDWLF�SULPDU\�DPLQHV�RQ�KHDWLQJ�ZLWK�FKORURIRUP�LQ�WKH�SUHVHQFH�RI�

DOFRKROLF�.2+�IRUP�FDUE\ODPLQHV�RU�LVRF\DQLGHV�KDYLQJ�H[WUHPHO\�XQSOHDVDQW�VPHOO��7KLV�WHVW�LV�FDOOHG�FDUE\ODPLQH�
WHVW�DQG�LV�XVHG�WR�GLVWLQJXLVK�SULPDU\�DPLQHV�IURP�VHFRQGDU\�DQG�WHUWLDU\�DPLQHV��VHH�UHDFWLRQ�����SDJH����
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���5HDFWLRQ�ZLWK�QLWURXV�DFLG��7KH�WKUHH�W\SHV�RI�DPLQHV�UHDFW�GLIIHUHQWO\�ZLWK�QLWURXV�DFLG��UHDFWLRQ���SDJH�
����y������

���+LQVEHUJuV� WHVW� IRU� DPLQHV�� 7KLV� WHVW� LV� XVHG� WR� GLVWLQJXLVK� SULPDU\�� VHFRQGDU\� DQG� WHUWLDU\�DPLQHV�� ,Q�
WKLV�WHVW��WKH�DPLQH�LV�KHDWHG�ZLWK�EHQ]HQH�VXOSKRQ\O�FKORULGH�&�+�62�&O��NQRZQ�DV�+LQVEHUJuV�UHDJHQW�� LQ�WKH�
SUHVHQFH�RI�H[FHVV�RI�DONDOL��'LIIHUHQW�DPLQHV�JLYH�GLIIHUHQW�REVHUYDWLRQV��UHDFWLRQ������

� �L���3ULPDU\�DPLQHV�JLYH�FOHDU�VROXWLRQ�ZKLFK�RQ�DFLGLILFDWLRQ�\LHOGV�DQ�LQVROXEOH�PDWHULDO�
� �LL���6HFRQGDU\�DPLQHV�JLYH�DQ�LQVROXEOH�VXEVWDQFH�ZKLFK�UHPDLQV�XQDIIHFWHG�RQ�DGGLWLRQ�RI�DFLG�
� �LLL���7HUWLDU\�DPLQHV�GR�QRW�UHDFW�DQG�UHPDLQ�LQVROXEOH�LQ�DONDOL�DQG�FDQ�EH�GLVVROYHG�LQ�DFLGV�
���$]R�G\H�WHVW��$URPDWLF�SULPDU\�DPLQHV�FDQ�EH�GLVWLQJXLVKHG�IURP�DOLSKDWLF�SULPDU\�DPLQHV�E\�D]R�G\H�WHVW���

7R�SHUIRUP�WKLV�WHVW��GLVVROYH�WKH�SULPDU\�DPLQH�LQ�GLO��+&O�DQG�FRRO�LW�WR����y����.��7UHDW�WKLV�VROXWLRQ�ZLWK�LFH�
FROG� VROXWLRQ� RI�+12�� �1D12�� �� GLO��+&O�� DW� ���y���� .�� $GG� WKH� UHVXOWLQJ� VROXWLRQ� WR� FROG� DONDOLQH� VROXWLRQ� RI�
��QDSKWKRO��β�QDSKWKRO���$SSHDUDQFH�RI�DQ�RUDQJH�RU�UHG�G\H�FRQILUPV�WKH�SUHVHQFH�RI�D�SULPDU\�DURPDWLF�DPLQH�

� � 1+���+212���+&O� �
273 278 K− → ���� 1�� �1&Oy� �� � ��� � �+�2

� � � � ������������������� %HQ]HQH�GLD]RQLXP�FKORULGH

� � 1��≡≡�1&Oy������ �� dil NaOH
pH
.
9 10− → ������ 1�  �1z�

� � � ������������������� 1DSKWKRO� � ��������������3KHQ\OD]R���QDSKWKRO

� � � � ������������������������������������������������������������������RUDQJH�UHG�G\H�

7KH�DERYH�WHVWV�DUH�VXPPDUL]HG�EHORZ��

� &KDUDFWHULVWLF�� 3ULPDU\� ��� �6HFRQGDU\� ��� �� ��7HUWLDU\
� 5HDFWLRQ

��� $FWLRQ� ZLWK� QLWURXV�
DFLG�
�1D12����+&O�

��� &DUE\ODPLQH� UHDFWLRQ�
L�H��� ZLWK� &+&O�� DQG�
DOFRKROLF�.2+

��� F\ODWLRQ�L�H���UHDFWLRQ�
ZLWK�DFHW\O�FKORULGH

��� +LQVEHUJuV�WHVW

1�� LV� JLYHQ� RXW� ZLWK� WKH�
IRUPDWLRQ�RI�DOFRKROV��

51+����+212�→�

�� ������1�↑���DOFRKROV

*LYH�IRXO�VPHOOLQJ�
FDUE\ODPLQH�

51+����&+&O�����.2+→�
51&�������.&O������+�2�

�&DUE\ODPLQH

)RUP�DPLGHV�5&21+�5

*LYH�FOHDU�VROXWLRQ�ZKLFK�RQ�
DFLGLILFDWLRQ� JLYHV� LQVROXEOH�
PDWHULDO�

51+����&�+�62�&O�→

&�+�62�15

+

� 
��� ���
KOH

HCl
�� &�+�62�1

y�.�

5

�

� ������
�VROXEOH�LQ�DONDOL�

�
3ULPDU\�DURPDWLF�DPLQHV�
JLYH�FRORXUHG�G\HV�

1LWURVRDPLQHV� DUH� IRUPHG�
ZKLFK� JLYH� /LEHUPDQQuV�
1LWURVR�WHVW� �

1+�����+212�

1z1  2���+�2�

�1LWURVRDPLQH

1R�UHDFWLRQ

)RUP�DPLGHV�5&21

*LYH� LQVROXEOH� VXEVWDQFH�
ZKLFK�LV�QRW�DIIHFWHG�E\�DFLG�

���5�1+���&�+�62�&O�

� � � �� � �
|
↓

�&�+�62�1 5

5

�,QVROXEOH�LQ�DONDOL�

1R�UHDFWLRQ

.2+

7KH\�UHPDLQ�GLVVROYHG�IRUPLQJ�
DPLQH� QLWULWH� VDOW� ZKLFK�
GHFRPSRVHV� RQ� ZDUPLQJ� WR�
QLWURVRDPLQHV�DQG�DOFRKRO

5�1���+212�→�5�1+12���

� � � �� � �� � � � � � � � �
|
↓� � :DUP

� � � � �5�1�12���52+�

1R�UHDFWLRQ

1R�UHDFWLRQ

'RHV�QRW�UHDFW�

1R�UHDFWLRQ


→

����$]R�G\H�WHVW�
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��([DPSOH����

� � � �*LYH�WKH�VWUXFWXUHV�RI�$��%�DQG�&�LQ�WKH�IROORZLQJ�UHDFWLRQV�

� � � �L��&+�%U�→ → →4 2LiAlH HNOKCN
273 K

A B C

� � � � �LL��&+�&22+�
3NH
∆→$� 2Br KOH+→%�

3CHCl NaOH+→&� �'�6�%�������������

� � � � �LLL��&+�&1�
2H O OH/

−
→ �$� 3NH

∆→ �%� 2Br KOH+→&� �� �$�,�6�%�������

6ROXWLRQ�

� � � � �L��&+�%U�
KCN→ &+�&1�

4LiAlH→&+�&+�1+��
2HNO

273 K
→ �&+�&+�2+

� � � � � �$�� �%�� �&

� � � � �LL��&+�&22+�
3NH
∆→&+�&21+��

2Br KOH+→ �&+�1+��
3CHCl KOH+→ �&+�1&

� � � � � �$�� �%�� �&�

� � � � �LLL��&+�&1�
2H O /OH

−
→ �&+�&22+�

3NH
∆→ �&+�&21+��

2Br KOH+→ �&+�1+�

� � � � � �$�� %�� �&�
��([DPSOH����

:ULWH�VWUXFWXUHV�DQG�,83$&�QDPHV�RI�

� �L���WKH�DPLGH�ZKLFK�JLYHV�SURSDQDPLQH�E\�+RIIPDQQ�EURPDPLGH�UHDFWLRQ� 1�&�(�5�7

� �LL���WKH�DON\O�KDOLGH�XVHG�LQ�*DUEULHO�SKWKDOLPLGH�V\QWKHVLV�WR�JLYH�HWKDQDPLQH
� �LLL���DPLQH�REWDLQHG�E\�UHGXFWLRQ�RI�SURSDQDPLGH

� �LY���WKH�DPLQH�SURGXFHG�E\�WKH�+RIIPDQQ�GHJUDGDWLRQ�RI�EHQ]DPLGH�� 1�&�(�5�7

6ROXWLRQ�����L��6LQFH�SURSDQDPLQH�FRQWDLQV���FDUERQ�DWRPV��WKH�DPLGH�PROHFXOH�PXVW�FRQWDLQ�IRXU�FDUERQ�DWRPV�

� � CH CH CH

O

NH
3 2 2 2
   C

Butanamide

||
�

Hoffmann
bromide
reaction

 → �� CH
3
Propanamine

CH CH NH
2 2 2

� �LL���(WKDQDPLQH�ZLOO�EH�REWDLQHG�E\�WUHDWLQJ�WKH�SRWDVVLXP�SKWKDOLPLGH�VDOW�ZLWK�EURPRHWKDQH��HWK\O�EURPLGH��&+�z&+�%U

� �LLL���� �� Reduction
LiAlH , H O4 2

 → �� CH
3
Propanamine

CH CH NH
2 2 2

� �LY���� ��
Hoffmann
degradation

 → � �

��([DPSOH����

&RPSOHWH�WKH�IROORZLQJ�UHDFWLRQV��

� �D�� ��
( )CH CO O3 2 → �� $�

Br

CH COOH
2

3
 → �� %��

H OHO2 ,  −
 → �� &

� �0HJKDOD\D�6�%�������

� �E���CH CH

O

CCH3 2 3

||
�� NH OH

H
2
+ → �� $� � LiAlH4 → �� %��

� �F��� 2���
NH3 → �� $� �

Ni H, 2 → �� %�

� �G�� � �
KOH Br, 2 → �� $� �

CHCl3 , KOH → �� %�
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6ROXWLRQ����

� �D��� ��
( )CH CO O3 2 → �� �� Br2 → �� �� H H O+

 →, 2 �

� �E��� ��
NH OH

H
2
+ → �� CH CH

CH

C NOH
3 2

3
|
==

(A)

��
LiAlH4 → �� CH CH

CH

CH NH
3

3

2

|


(B)

�

� �F��� 2���
NH3 → �� 1+��

Ni H, 2 → �� �1+�

� � � � �$��� � �%��

��G������ �
KOH Br, 2 → ��

A

��
CHCl3 , KOH

Heat
 → ��

B
��([DPSOH����

�D��+RZ�ZLOO�\RX�FRQYHUW�DQ�DON\O�KDOLGH�LQWR�D�SULPDU\�DPLQH�KDYLQJ�RQH�PRUH�FDUERQ�DWRP�WKDQ�WKH�DON\O�KDOLGH�XVHV�
�E��+RZ�FDQ�D�FDUER[\OLF�DFLG�EH�FRQYHUWHG�LQWR�DQ�DPLQH�KDYLQJ�RQH�PRUH�FDUERQ�DWRP�WKDQ�WKH�FDUER[\OLF�DFLG�XVHG"
�6ROXWLRQ�����D��%\�KHDWLQJ�ZLWK�.&1�IROORZHG�E\�WHDWPHQW�ZLWK�1D��&�+�2+��)RU�H[DPSOH

� � �� &�+�&O�� �
KCN → � � &�+�&1���

Na, C H OH
4H
2 5 → �� &�+�&+�1+�

�E��%\�IRUPLQJ�DPLGH�ZKLFK�RQ�UHDFWLQJ�ZLWK�%U��DQG�.2+�JLYHV�DPLQH�KDYLQJ�RQH�FDUERQ�DWRP�OHVV�

� � � &+�&22+��
NH
Heat

3 → � &+�&21+���
Br , KOH2 → � &+�1+�

��([DPSOH�����

&RPSOHWH�WKH�IROORZLQJ�UHDFWLRQV�

� �L�� � (CH CO) O
Pyridine
3 2 → � �$�,�6��%�������

� �LL�� � (CH ) NH3 2 → � �$�,�6��%�������

��LLL�� &+�&21+������>+@�
LiAlH4 /ether → � �1DJDODQG�6�%�������

��LY�� � HNO ,H SO3 2 4 → � �1DJDODQG�6�%�������

� �Y�� &�+�1+����&+&O����.2+�→�� �+�3�6�%�������

6ROXWLRQ���

� �L�� �
(CH CO) O
Pyridine
3 2 → �

Acetanilide

� �LL��� �62
�
&O�

(CH ) NH3 2 → � �62
�
1�&+

�
�
�

� � � � � ����1�1�y�'LPHWK\OEHQ]HQHVXOSKRQDPLGH
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��LLL�� &+�&21+�����>+@�
LiAlH
Ether

4 → �&+�&+�1+�

� � � � � ���������(WK\ODPLQH

��LY�� � HNO , H SO3 2 4 → � ������ ���

� �Y�� &�+�1+����&+&O�����.2+�→���&�+�1&���������.&O����+�2
� � � � � � ������3KHQ\O�LVRF\DQLGH

��([DPSOH�����

�+RZ�ZLOO�\RX�FRQYHUW�WKH�IROORZLQJ��

� � �L�� 1LWUREHQ]HQH�LQWR�DQLOLQH�� �LL� (WKDQRLF�DFLG�LQWR�PHWKDQDPLQH��� �LLL������$QLOLQH�LQWR��1�SKHQ\OHWKDQDPLGH�

� � � :ULWH�WKH�FKHPLFDO�HTXDWLRQV�LQYROYHG�� � � � �'�6�%�������

6ROXWLRQ���

� � ��L��

1LWUREHQ]HQH $QLOLQH

� � ��LL�� �&+�&22+�
3NH
∆→&+�&21+��

2Br , KOH
∆→ �&+�1+�

� � � � (WKDQRLF�DFLG� � � 0HWKDQDPLQH

� � ��LLL�� �

$QLOLQH 1�3KHQ\OHWKDQDPLGH

1+&z&+�

2

3CH COCl→ � �

',67,1&7,21�%(7:((1�3$,56�2)�&203281'6

���(WK\ODPLQH�DQG�$QLOLQH
$]R�G\H� WHVW��'LVVROYH� WKH� FRPSRXQG� LQ�FRQF��+&O�DQG�DGG� LFH�FROG� VROXWLRQ� RI�+12�� �1D12����GLO��+&O�� DW��

���� .� DQG� WKHQ� WUHDW� LW� ZLWK� DQ� DONDOLQH� FROG� VROXWLRQ� RI� ��QDSKWKRO�� $SSHDUDQFH� RI� EULOOLDQW� RUDQJH� RU� UHG� G\H�
LQGLFDWHV�DURPDWLF�DPLQH�L�H���DQLOLQH�

� � �1+����1D12����+&O��→�� � ��� �1�
�&Oy� �� � ��� � +�2

� � � � ����������������������������%HQ]HQH�GLD]RQLXP�FKORULGH

� � 1��≡≡�1&Oy������ �� dil. NaOH

pH 9 10
 →

−
������ 1�  �1z

� � � ������������������ 1DSKWKRO� � ��������� 3KHQ\O�D]R���QDSKWKRO
� � � � ������������������������������������������������������������������RUDQJH�UHG�G\H�

$OLSKDWLF�DPLQHV�L�H���HWK\ODPLQH�GRHV�QRW� IRUP�G\H��,W�ZLOO�JLYH�EULVN�HIIHUYHVFHQFH�GXH� WR�WKH�HYROXWLRQ�RI�1��
EXW�VROXWLRQ�UHPDLQV�FOHDU�

���(WK\ODPLQH��&+�&+�1+���DQG�'LHWK\ODPLQH

�L�� &DUE\ODPLQH� WHVW�� :KHQ� KHDWHG� ZLWK� DQ� DOFRKROLF� VROXWLRQ� RI� .2+� DQG� &+&O��� HWK\ODPLQH� JLYHV� IRXO�
VPHOOLQJ�HWK\O�LVRF\DQLGH�

�Sy�

�P�� �R��

1LWURDQLOLQH
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� � &+�&+�1+����&+&O�����.2+� →� &+�&+�1&����.&O����+�2
� � �DOF��� � )RXO�VPHOO

'LHWK\ODPLQH�GRHV�QRW�JLYH�WKLV�WHVW�

� � �&+�&+���1+��
CHCl /KOH
Heat
3 → � 1R�UHDFWLRQ�

�LL�� +LQVEHUJuV� WHVW�� :KHQ� WUHDWHG� ZLWK� +LQVEHUJuV� UHDJHQW� >EHQ]HQH� VXOSKRQ\O� FKORULGH� �&�+�62�&O�@��
HWK\ODPLQH�JLYHV�1�HWK\O�EHQ]HQH�VXOSKRQDPLGH�ZKLFK�LV�VROXEOH�LQ�DTXHRXV�.2+�VROXWLRQ�

� &�+�62�&O���&+�&+�1+���
− →HCl �&�+�62�1+&+�&+��� � KOH → ��&�+�62�1.&+�&+����+�2

� � � � � �������� � � � � � � 6ROXEOH�LQ�DT��.2+

'LHWK\ODPLQH�JLYHV�1��1�GLHWK\OEHQ]HQH�VXOSKRQDPLGH�ZKLFK�LV�LQVROXEOH�LQ�DTXHRXV�.2+�

� � � &�+�62�&O����&+�&+���1+�
− →HCl � ��&�+�62�1�&+�&+������ � � ���� � +&O

� � � �� � � � � � � 1��1�'LHWK\O�EHQ]HQH�VXOSKRQDPLGH� �
� � � � � � � � � LQVROXEOH�LQ�DT��.2+

���$QLOLQH�DQG�1�HWK\ODQLOLQH

$QLOLQH�LV�D�SULPDU\�DPLQH��7KHUHIRUH��LW�JLYHV�FDUE\ODPLQH�WHVW��:KHQ�KHDWHG�ZLWK�DQ�DOFRKROLF�VROXWLRQ�RI�.2+�
DQG�&+&O���LW�JLYHV�RIIHQVLYH�VPHOO�RI�SKHQ\OLVRF\DQLGH�

� � &�+�1+�� �� &+&O��� �� �.2+� →� &�+�1&�� �� .&O��� �� �+�2

� � $QLOLQH� � � � DOF�� � 3KHQ\OLVRF\DQLGH

� � � � � � � � �)RXO�VPHOO�

%XW�1�HWK\O�DQLOLQH�LV�D�VHFRQGDU\�DPLQH�DQG�KHQFH�GRHV�QRW�JLYH�FDUE\ODPLQH�WHVW�

���1�0HWK\OSURSDQH���DPLQH�DQG�1�(WK\O�1�PHWK\OHWKDQDPLQH
1�PHWK\OSURSDQH���DPLQH�LV�D�VHFRQGDU\�DPLQH��2Q�DGGLQJ�+LQVEHUJuV�UHDJHQW��FRPSRXQG�IRUPHG� LV� LQVROXEOH�

LQ�DTXHRXV�1D2+��

� � � &+�&+&+����&�+�62�&O��
− →HCl �&�+�62��z�1��z�&+�&+���

� � � � � _� � � �� � �� _

�� ������������������������� � � � � �
1+&+�� � � �� � � �&+�

���������������������������������������
1�0HWK\OSURSDQ���DPLQH� �����������������������LQVROXEOH�LQ�DT��1D2+

%XW�1�HWK\O�1�PHWK\OHWKDQDPLQH�GRHV�QRW�UHDFW�ZLWK�+LQVEHUJuV�UHDJHQW�

���$QLOLQH�DQG�%HQ]\ODPLQH�
$]R�G\H� WHVW��2Q�WUHDWPHQW�ZLWK�QLWURXV� DFLG��1D12����GLO�+&O�� DW����y����.� IROORZHG�E\�UHDFWLRQ�ZLWK�DQ�

DONDOLQH�VROXWLRQ�RI�β�QDSKWKRO��DQLOLQH�JLYHV�RUDQJH�UHG�FRORXUHG�G\H�

� � 1+����1D12����+&O� �
273 − →278 K � 1�≡≡1&Oy� �� � ��� � +�2

� � � �� 1��≡≡�1&Oy������ � dil. NaOH → � 1�  �1y

� � � ������������������β�1DSKWKRO� � ��3KHQ\O�D]R���QDSKWKRO

� � � � ��������������������������������������������������������������RUDQJH�UHG�G\H�

3$57�%

�',$=21,80�6$/76

7KH�GLD]RQLXP�VDOWV�ZHUH�GLVFRYHUHG�E\�-RKQ�3HWHU�*UHLVV�LQ�������7KHVH�KDYH�WKH�JHQHUDO�IRUPXOD�$U1�
�;y��

ZKHUH�;y�PD\�EH�DQ�DQLRQ�OLNH�&Oy��%Uy��+62�
y��%)�

y�HWF��DQG�WKH�JURXS�1�
���z1�≡≡≡�1���LV�FDOOHG�GLD]RQLXP�JURXS�

RU�GLD]R�JURXS��7KHVH�DUH�REWDLQHG�ZKHQ�DURPDWLF�SULPDU\�DPLQHV�UHDFW�ZLWK�QLWURXV�DFLG�
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120(1&/$785(
7KH� � GLD]RQLXP� VDOWV� DUH� QDPHG� E\� VXIIL[LQJ� WKH� ZRUG� GLD]RQLXP� WR� WKH� QDPH� RI� WKH� SDUHQW� DURPDWLF�

FRPSRXQG�WR�ZKLFK�WKH\�DUH�UHODWHG�IROORZHG�E\�WKH�QDPH�RI�WKH�DQLRQ��)RU�H[DPSOH�

1
�
≡≡≡1&O

y
��

�
1
�
≡≡≡1&O

y�
1
�
≡≡≡1%U

y

%HQ]HQHGLD]RQLXP�� � R�&KORUREHQ]HQHGLD]RQLXP�� P�+\GUR[\EHQ]HQHGLD]RQLXP
FKORULGH� � FKORULGH� EURPLGH

7KH�GLD]RQLXP�VDOW�PD\�FRQWDLQ�RWKHU�DQLRQV�DOVR�VXFK�DV�12�
y��+62�

y��%)�
y�HWF�

&+� 1
�
≡≡≡1+62�

y
��������������������������2�1 1�≡≡≡1%)�

y

�� �S�7ROXHQHGLD]RQLXP�K\GURJHQ�VXOSKDWH���������S�1LWUREHQ]HQHGLD]RQLXP�IOXRURERUDWH

35(3$5$7,21�2)�',$=21,80�6$/76
$URPDWLF�GLD]RQLXP�VDOWV�DUH�SUHSDUHG�E\�KHDWLQJ�DQ�LFH�FROG�VROXWLRQ�RI�DURPDWLF�SULPDU\�DPLQH�LQ�H[FHVV�RI�

PLQHUDO�DFLG� OLNH�+&O�RU�+�62��ZLWK�DQ� LFH�FROG�VROXWLRQ�RI�VRGLXP�QLWULWH�GLVVROYHG�LQ�ZDWHU��7KH�WHPSHUDWXUH� LV�
PDLQWDLQHG�EHWZHHQ����y����.�EHFDXVH�PRVW�RI�WKH�GLD]RQLXP�VDOWV�GHFRPSRVH�DW�KLJKHU�WHPSHUDWXUH�

7KH�GLD]RQLXP�VDOW� VR� IRUPHG� UHPDLQV� LQ� WKH� VROXWLRQ�� 6LQFH� WKH� GLD]RQLXP� VDOWV�DUH� XQVWDEOH� DQG� H[SORVLYH�

VXEVWDQFHV��WKH\�DUH�QRW�LVRODWHG�LQ�VROLG�IRUP�EXW�DUH�XVHG�GLUHFWO\�LQ�WKH�VROXWLRQ�
� � 1D12����+&O� →� 1D&O���+212

� � $U1+��
NaNO

HCl, 273 K
2 → � �$U�y�1

�
�≡≡≡�1&O

y
���1D&O���+�2

� � $URPDWLF�DPLQH�

)RU�H[DPSOH��EHQ]HQH�GLD]RQLXP�FKORULGH�LV�SUHSDUHG�E\�WUHDWLQJ�DQ�LFH�FROG�VROXWLRQ�RI�DQLOLQH�LQ�K\GURFKORULF�DFLG�
ZLWK�DQ�LFH�FROG�VROXWLRQ�RI�VRGLXP�QLWULWH�DW�DERXW���&��7KH�UHDFWLRQ�RI�FRQYHUWLQJ�DURPDWLF�SULPDU\�DPLQH�
WR�GLD]RQLXP�VDOW�LV�FDOOHG�GLD]RWLVDWLRQ�

� � 1D12����+&O� →� 1D&O���+212

� � �����1D12�����+&O��
273K → �������� �������� ���������������������1D&O�������������+�2

� � $QLOLQH� � � %HQ]HQH�GLD]RQLXP
� � � � � FKORULGH

7KH� GLD]RWLVDWLRQ� RI� DPLQHV� LV� EHOLHYHG� WR� RFFXU� E\� WKH� IROORZLQJ� PHFKDQLVP�� 1LWURXV� DFLG� IRUPHG� E\� WKH�
UHDFWLRQ� RI� VRGLXP�QLWULWH� DQG�PLQHUDO� DFLG�� WDNHV�XS�D�SURWRQ� IURP� WKH� DFLG�DQG�XQGHUJRHV�KHWHURO\VLV� WR� IRUP�
QLWURVRQLXP�LRQ�

+z2z1  2��������+
�
��→�+�2

�
z1  2����→��������

�
1  2�������������+�2

� 1LWURXV�DFLG� � ����������������������������������1LWURVRQLXP�LRQ
7KH�HOHFWURSKLOLF�QLWURVRQLXP� LRQ�UHDFWV�ZLWK� WKH�QLWURJHQ�RI� WKH�DPLQH�DQG�FRPELQHV�ZLWK�WKH� ORQH�SDLUV� RI�

HOHFWURQV�DW�1�WR�IRUP�1�QLWURVR�GHULYDWLYH��ZKLFK�E\�SURWRQLF�VKLIW�UHDUUDQJHV�WR�GLD]RK\GUR[LGH�

$U 1 �����1  �2� $U 1 1  2�
− +H → $U 1 1  2

H

H

+

+−
� 
���� ��� $U 1 1 �2+�

− +H → $U 1  1 2+

++

+

+

+

+
+++

7KH� GLD]RK\GUR[LGH� LQ� DFLGLF� VROXWLRQ� WDNHV� XS� D� SURWRQ� DQG� E\� WKH� HOLPLQDWLRQ� RI� ZDWHU� PROHFXOH� IRUPV�
GLD]RQLXP�LRQ��ZKLFK�PD\�WDNH�XS�DFLG�DQLRQ�;�WR�IRUP�GLD]RQLXP�VDOW�

�������������������������������������

$U 1 �  �1 �2�+�
− +

 →H $U 1�  �1� �2+��
−Η Ο2 → $U 1�≡≡≡�1

++

'LD]RQLXP�FDWLRQ

���������������������������������������$UzN
+
�≡≡≡�1 �������;

y
���→�����$UzN

+
�≡≡≡�1��;;

y

� � ��������������������������������������������������������'LD]RQLXP�VDOW

'LD]RWLVDWLRQ�RI�DPLQHV



����� /1&'40	5�CDE�
�1(�%*'/+564;Ō:++

6WDELOLW\�RI�'LD]RQLXP�VDOW
$URPDWLF�GLD]RQLXP�VDOWV�DUH�VWDEOH�GXH�WR�WKH�GLVSHUVDO�RI�SRVLWLYH�FKDUJH�RYHU�WKH�EHQ]HQH�ULQJ�DV�VKRZQ�

EHORZ�

��������

←→ ←→ ←→ ←→

5�8�&XULRXV���

� $UH�SULPDU\�DOLSKDWLF�GLD]RQLXP�VDOWV�IRUPHG�"�
ä� 3ULPDU\�DOLSKDWLF�GLD]RQLXP�VDOWV� DUH�KLJKO\�XQVWDEOH� DONDQH�GLD]RQLXP�VDOWV��7KHVH� UHDGLO\�GHFRPSRVH�

HYHQ�DW�ORZ�WHPSHUDWXUH�����y����.��IRUPLQJ�FDUERFDWLRQ�DQG�QLWURJHQ�JDV��

� � 5z1
�
�≡≡≡�1;

y� Decompose → � 5
�
�� ��� 1������;

y

� � � � � � � � � � &DUERFDWLRQ

� :K\�LV�LW�LPSRUWDQW�WR�NHHS�WKH�WHPSHUDWXUH�YHU\�ORZ�����y����.��GXULQJ�WKH�IRUPDWLRQ�RI�GLD]RQLXP�
VDOWV�"

ä� $URPDWLF�GLD]RQLXP�VDOWV�DUH�IRUPHG�RQO\�LQ�LFH�FROG�VROXWLRQ�����y����.���+RZHYHU��LI�WHPSHUDWXUH�LV�PRUH�
WKDQ�����.�DPLQHV�IRUP�SKHQRO�ZLWK�WKH�HYROXWLRQ�RI�1��JDV��

� � � �� +212�
> →278K � �� 1����+�2

� � � � � � � ��3KHQRO

3+<6,&$/�3523(57,(6�2)�',$=21,80�6$/76
�7KH�JHQHUDO�SK\VLFDO�SURSHUWLHV�RI�GLD]RQLXP�VDOWV�DUH��
��� �'LD]RQLXP�VDOWV�DUH�JHQHUDOO\�FRORXUOHVV��FU\VWDOOLQH�VROLGV�
��� �7KHVH�DUH�UHDGLO\�VROXEOH�LQ�ZDWHU�DQG�DUH�VWDEOH�LQ�FROG�EXW�UHDFW�ZLWK�ZDWHU�ZKHQ�ZDUPHG��7KH\�DUH�OHVV�

VROXEOH�LQ�DOFRKRO�
��� �7KH\�DUH�XQVWDEOH�DQG�H[SORGH�LQ�GU\�VWDWH��7KHUHIRUH��WKH\�DUH�JHQHUDOO\�XVHG�LQ�VROXWLRQ�VWDWH�
��� �&HUWDLQ�GLD]RQLXP�VDOWV�VXFK�DV�IOXRURERUDWHV�DUH�ZDWHU�LQVROXEOH�DQG�DUH�VWDEOH�HQRXJK�WR�EH�GULHG�DQG�VWRUHG�
��� �7KHLU�DTXHRXV�VROXWLRQV�DUH�QHXWUDO�WR�OLWPXV�DQG�FRQGXFW�HOHFWULFLW\�GXH�WR�WKH�SUHVHQFH�RI�LRQV�

&+(0,&$/�3523(57,(6�2)�',$=21,80�6$/76
7KH�UHDFWLRQV�RI�EHQ]HQH�GLD]RQLXP�VDOWV�FDQ�EH�EURDGO\�GLYLGHG�LQWR�WZR�W\SHV��
$��5HDFWLRQV�LQYROYLQJ�GLVSODFHPHQW�RI�GLD]R�JURXS
%��5HDFWLRQV�LQYROYLQJ�UHWHQWLRQ�RI�GLD]R�JURXS�
$��5HDFWLRQV�LQYROYLQJ�GLVSODFHPHQW�RI�QLWURJHQ
'LD]R�JURXS�EHLQJ�D�YHU\�JRRG�OHDYLQJ�JURXS��LV�UHDGLO\�VXEVWLWXWHG�RU�UHSODFHG�E\�RWKHU�JURXSV��,Q�WKHVH�UHDFWLRQV��

QLWURJHQ� RI�GLD]RQLXP�VDOWV� LV� ORVW� DV�1�� DQG�GLIIHUHQW�JURXSV� DUH� LQWURGXFHG� LQ� LWV� SODFH��6RPH� RI� WKH� LPSRUWDQW�
UHSODFHPHQW�UHDFWLRQV�DUH��

�L���5HSODFHPHQW�E\�z2+�JURXS��:KHQ�DQ�DTXHRXV�VROXWLRQ�RI�GLD]RQLXP�VDOW�LV�ERLOHG��XSWR�����.��RU�VWHDP�
GLVWLOOHG��LW�JLYHV�SKHQROV��WKHUHIRUH��GLD]RQLXP�JURXS�LV�UHSODFHG�E\�z2+�JURXS�

� � ���� �������+�2������
Warm → ������� ��������1����������+&O

� ������ �������%HQ]HQH�GLD]RQLXP�FKORULGH����� � � �3KHQRO

� �LL���5HSODFHPHQW�E\�K\GURJHQ�RU�GHDPLQDWLRQ��:KHQ�GLD]RQLXP�VDOW�LV�WUHDWHG�ZLWK�PLOG�UHGXFLQJ�DJHQWV�
VXFK�DV�K\SRSKRURXV�DFLG��SKRVSKLQLF�DFLG��L�H���+�32���LQ�WKH�SUHVHQFH�RI�&X�,��VDOW�DV�D�FDWDO\VW�DW�URRP�WHPSHUDWXUH�
EHQ]HQH�LV�REWDLQHG�SUHIHUDEO\��7KH�K\SRSKRVSKRURXV�DFLG�JHWV�R[LGLVHG�WR�SKRVSKRURXV�DFLG�

� ���� � �������+�32���������+�2����
Cu (I) → �� ����� 1��������+�32��������+&O

� %HQ]HQH�GLD]RQLXP�������+\SRSKRVSKRUXV� � %HQ]HQH� � � 3KRVSKRURXV�
� FKORULGH� �������������������DFLG� � � � � ���������������������DFLG
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7KH�GLD]R�JURXS�FDQ�DOVR�EH�UHSODFHG�E\�K\GURJHQ�E\�KHDWLQJ�GLD]RQLXP�VDOW�ZLWK�HWKDQRO�

� ���� � ����� �&+�&+�2+��� �→��� � �����1��������&+�&+2�������+&O

� %HQ]HQH�GLD]RQLXP��� ���
�(WKDQRO� � %HQ]HQH� ��

(WKDQDO
�

� FKORULGH� � � � � � ����

7KLV�FRPSOHWH�SURFHVV�LQYROYLQJ�GLD]RWLVDWLRQ�RI�DQ�DPLQH�IROORZHG�E\�UHGXFWLRQ�RI�GLD]RQLXP�VDOW�RU�UHSODFHPHQW��
RI�WKH�GLD]R�JURXS�E\�K\GURJHQ�LV�FDOOHG�GHDPLQDWLRQ�

�LLL�� �5HSODFHPHQW�E\�&O� DQG�%U�JURXS��:KHQ� D�GLD]RQLXP�VDOW� VROXWLRQ� LV�ZDUPHG�ZLWK� FXSURXV� FKORULGH� LQ�
K\GURFKORULF�DFLG�RU�FXSURXV�EURPLGH�LQ�K\GUREURPLF�DFLG�WKH�FRUUHVSRQGLQJ�KDOLGH�LV�IRUPHG�

� � � ��
Cu Cl
HCI
2 2 → �� � � ���1�

� � � � �&KORUREHQ]HQH

� � � ��
Cu Br
HCI
2 2 → �� �� ���1�

� � � � �%URPREHQ]HQH

7KLV�UHDFWLRQ�LV�FDOOHG�6DQGPH\HU�UHDFWLRQ��

:KHQ�WKH�GLD]RQLXP�VDOW�VROXWLRQ�LV�ZDUPHG�ZLWK�FRSSHU�SRZGHU�DQG�WKH�FRUUHVSRQGLQJ�KDORJHQ�DFLG��WKH�UHVSHFWLYH�
KDORJHQ�LV�LQWURGXFHG��7KH�UHDFWLRQ�LV�D�PRGLILHG�IRUP�RI�6DQGPH\HU�UHDFWLRQ�DQG�LV�NQRZQ�DV�*DWWHUPDQQ�UHDFWLRQ�

� � � ��
 Cu
HCl → �� � ����1��

*DWWHUPDQQ� UHDWLRQ� LV�

PRGLILFDWLRQ�RI�6DQGPH\HU�

UHDFWLRQ�

� � � ��
Cu Br, H → �� �� ����1�

7KH�\LHOG�RI�6DQGPH\HU�UHDFWLRQ�LV�IRXQG�WR�EH�EHWWHU�WKDQ�*DWWHUPDQQ�UHDFWLRQ�
�LY��5HSODFHPHQW�E\� LRGR� �z,�� JURXS��:KHQ� DTXHRXV� VROXWLRQ� RI� EHQ]HQH� GLD]RQLXP�VDOW� LV� ZDUPHG�ZLWK�

H[FHVV�RI�SRWDVVLXP�LRGLGH��DU\O�LRGLGH�LV�IRUPHG�

� � ��� .,�� Heat → �� �� ��� 1�������.&O

� � � � �,RGREHQ]HQH

,RGLQH�LV�QRW�HDVLO\�LQWURGXFHG�LQWR�WKH�EHQ]HQH�ULQJ�GLUHFWO\��WKHUHIRUH��WKLV�UHDFWLRQ�SURYLGHV�DQ�LQGLUHFW�PHWKRG�
IRU�SUHSDULQJ�LRGR�FRPSRXQGV�

�Y���5HSODFHPHQW�E\�IOXRUR��z)��JURXS��:KHQ�GLD]RQLXP�VDOW�LV�WUHDWHG�ZLWK�IOXRURERULF�DFLG��+%)����EHQ]HQH�
GLD]RQLXP�IOXRURERUDWH�LV�SUHFLSLWDWHG��ZKLFK�RQ�KHDWLQJ�GHFRPSRVHV�WR�IOXRUREHQ]HQH��7KLV�UHDFWLRQ�LV�FDOOHG�%DO]�
6FKLHPDQQ�UHDFWLRQ�

� � �� �+%)�� →����� � Heat → ���

� � ���

)OXRURERULF�DFLG

������������������%HQ]HQH�GLD]RQLXP�����������)OXRUREHQ]HQH
� � � ��������������������������IOXRURERUDWH�
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7KH�SUHSDUDWLRQ�RI�DU\O�KDOLGHV�IURP�GLD]RQLXP�VDOWV�LV�D�JRRG�PHWKRG�DQG�KDV�PDQ\�DGYDQWDJHV��$U\O�FKORULGHV�DQG�
EURPLGHV�ZKHQ�REWDLQHG�E\�GLUHFW�KDORJHQDWLRQ�RI�DURPDWLF�FRPSRXQGV�JLYH�PL[WXUHV�RI�SURGXFWV�ZKLFK�DUH�GLIILFXOW�
WR�VHSDUDWH��+RZHYHU��LQ�WKH�GLD]RQLXP�VDOW�UHSODFHPHQW�PHWKRG��D�SXUH�VLQJOH�SURGXFW�LV�IRUPHG��7KLV�DOVR�SURYLGHV�
JRRG�V\QWKHWLF�URXWH�IRU�WKH�SUHSDUDWLRQ�RI�DU\O�LRGLGHV�DQG�IOXRULGHV�ZKLFK�DUH�QRW�REWDLQHG�E\�GLUHFW�KDORJHQDWLRQ�

�YL��5HSODFHPHQW�E\�F\DQR��z&1��JURXS��:KHQ�EHQ]HQH�GLD]RQLXP�VDOW�LV�WUHDWHG�ZLWK�FRSSHU�F\DQLGH�GLVVROYHG�
LQ�DTXHRXV�.&1��F\DQREHQ]HQH�LV�IRUPHG�

� � � �� CuCN KCN/ → ��� � � � ����1�

� � � � �&\DQREHQ]HQH

7KH�QLWULOHV�FDQ�EH�K\GURO\VHG�WR�DFLGV

� ������� ���������� ��������� � ���
Hydrolysis → �� � �� ���1�

� � � � ������%HQ]RLF�DFLG

7KLV�PHWKRG�RI�SUHSDULQJ�FDUER[\OLF�DFLGV�LV�PRUH�XVHIXO�WKDQ�FDUERQDWLRQ�RI�*ULJQDUG�UHDJHQWV�

�YLL��5HSODFHPHQW�E\�QLWUR��z12���JURXS��1LWUREHQ]HQH�LV�SUHSDUHG�E\�KHDWLQJ�GLD]RQLXP�IOXRURERUDWH�ZLWK�
DTXHRXV�1D12��LQ�WKH�SUHVHQFH�RI�FRSSHU�SRZGHU�

� ���� �
HBF4 → �������� �

NaNO

Heat
2  Cu, → ���� � �����1D%)��������1�

� � ��� � ����1LWUREHQ]HQH�

$OWHUQDWLYHO\��QLWUR�FRPSRXQGV�PD\�EH�SUHSDUHG�E\� WUHDWLQJ�GLD]RQLXP�VDOW�ZLWK�QLWURXV�DFLG� LQ� WKH�SUHVHQFH�
RI�FXSURXV�R[LGH�

� ���� � ����� +212�����
Cu O2 → � � � ��� +&O������1�

� � � � �1LWUREHQ]HQH�

�YLLL��5HSODFHPHQW�E\� WKLR� �z6+�� JURXS��:KHQ� GLD]RQLXP�VDOW� LV� WUHDWHG�ZLWK� SRWDVVLXP�K\GURVXOSKLGH��
WKLRSKHQRO�LV�SURGXFHG�

� ���� � ���� .6+����� →� � � ������1�������.&O� �

� � � � ��7KLRSKHQRO

%��5HDFWLRQV�LQYROYLQJ�UHWHQWLRQ�RI�GLD]R�JURXS

�L��&RXSOLQJ�UHDFWLRQV��%HQ]HQH�GLD]RQLXP�VDOWV�UHDFW�ZLWK�KLJKO\�UHDFWLYH��L�H��HOHFWURQ�ULFK��DURPDWLF�FRPSRXQGV�
VXFK�DV�SKHQROV�DQG�DPLQHV�WR�IRUP�D]R�FRPSRXQGV��$Uz1  1z$U��7KH�UHDFWLRQ�LV�NQRZQ�DV�FRXSOLQJ�UHDFWLRQ��
7KHVH�D]R�FRPSRXQGV�DUH�JHQHUDOO\�FRORXUHG�DQG�DUH�XVHG�DV�G\HV��7KH�FRORXU�RI�D]R�FRPSRXQGV�LV�GXH�WR�H[WHQGHG�FRQMXJDWH�
V\VWHP�LQYROYLQJ�WKH�GRXEOH�ERQG�RI�ERWK�WKH�DURPDWLF�ULQJV�WKURXJK�z1  1z�GRXEOH�ERQG�

,W�PD\�EH�QRWHG�WKDW�FRXSOLQJ�ZLWK�SKHQRO�RFFXUV� LQ�EDVLF�PHGLXP��S+�≈��y����ZKLOH�WKDW�RI�DPLQHV�RFFXUV�LQ�
IDLQWO\�DFLGLF�PHGLXP��S+�≈��y���DW����y����.��7KH�FRXSOLQJ�UHDFWLRQ�LV�DQ�H[DPSOH�RI�HOHFWURSKLOLF�VXEVWLWXWLRQ�
UHDFWLRQ� LQ�ZKLFK� WKH�GLD]RQLXP�FDWLRQ�ZLWK� D� SRVLWLYH� FKDUJH� RQ� WKH� WHUPLQDO�QLWURJHQ�DFWV� DV� WKH� HOHFWURSKLOH�
DQG�WKH�HOHFWURQ�ULFK�FRPSRXQGV�VXFK�DV�SKHQROV�DQG�DPLQHV�DFW�DV�QXFOHRSKLOHV�
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��������������������� 1�≡≡1&O
y������ 2+��� (pH 9 10)

273 278 K

Base
≈ −
− → ��� 1  1 2+

� %HQ]HQHGLD]RQLXP����������������������3KHQRO� � � � ���� S�+\GUR[\D]REHQ]HQH

� FKORULGH� � � � � � � �RUDQJH�G\H�

��������������������� 1�≡≡1&Oy������ 1+���
H (pH 4.5)
273 278 K

+ ≈
− → ����� 1  1 1+�

� %HQ]HQHGLD]RQLXP����������������������$QLOLQH�� � � � � ��������S�$PLQRD]REHQ]HQH

� FKORULGH� � � � � � � ��� HOORZ�G\H�

��������������������� 1�≡≡1&Oy������ 1 �� H (pH 4.5)
273 278 K

+ ≈
− → ������ 1  1 1

� %HQ]HQHGLD]RQLXP����������������1��1�'LPHWK\ODQLOLQH�� � � � � ��������S�'LPHWK\ODPLQH�D]REHQ]HQH

� FKORULGH� � � � � � � �����������RUDQJH�

&RXSOLQJ�RFFXUV�SDUD�WR�K\GUR[\�RU�DPLQR�JURXS��+RZHYHU��LI�WKH�SDUD�SRVLWLRQ�LV�EORFNHG�ZLWK�UHVSHFW�WR�K\GUR[\�
RU�DPLQR�JURXS�LW�RFFXUV�DW�RUWKR�SRVLWLRQ��)RU�H[DPSOH�

� � ���&�+�z1�≡≡1&Oy�����&+� 2+���������� OH
pH

−

− →(  9 10) �&+�

� �������������������������������

�S�&UHVRO��

� � � � ����������3KHQ\OD]R���PHWK\OSKHQRO

,Q�FDVH�RI�DURPDWLF�FRPSRXQGV�FRQWDLQLQJ�ERWK�K\GUR[\�RU�DPLQR�JURXSV�WKH�FRXSOLQJ�RFFXUV�LQ�WKH�DONDOLQH�PHGLXP�
DW�S��RU�R�SRVLWLRQ�ZLWK�UHVSHFW�WR�K\GUR[\�JURXS�DQG�LQ�DFLGLF�PHGLXP�DW�S��RU�R�SRVLWLRQ�ZLWK�UHVSHFW�WR�DPLQR�JURXS�

������������������
C H N NCl
OH (pH= 9 10)
6 5 ≡≡

+ −
− −← ��� ����

C H N
+

NCl
H+(pH = 4 5)
6 5 ≡≡ −

−
 → ��

��$PLQR���SKHQ\OD]R�SKHQRO������������ � ���������������S�$PLQR�SKHQRO� ��$PLQR���SKHQ\OD]RSKHQRO
�RUWKR�Z�U�W��y2+�JURXS�� � � � � � �����RUWKR�Z�U�W��z1+��JURXS��

�$OO�D]R�FRPSRXQGV�DUH�VWURQJO\�FRORXUHG�DQG�DUH�XVHG�DV�G\HV��0HWK\O�RUDQJH�LV�DQ�LPSRUWDQW�G\H�REWDLQHG�E\�
FRXSOLQJ�WKH�GLD]RQLXP�VDOW�RI�VXOSKDQLOLF�DFLG�ZLWK�1��1�GLPHWK\ODQLOLQH�

������������������������������������������1D
�
2
y

�6 1+���
NaNO2

273 278 K− → 1D
�
2
y

�6 1
�
≡≡1&O

y

�� � � � � � � � ���������6RGLXP�VDOW�RI�VXOSKDQLOLF�DFLG

�����������������������������������������������1D
�
2
y

�6 1≡≡1� &O���+ � 1��&+����
OH−

− →273 278 K
� � � � � � � � � � � � � � ���������������������������������������������������������������� � �
� � � � � � � � � � �1��1�'LPHWK\ODQLOLQH

� �� ���������� � � � 1D
�
2
y

�6 1  1 1�&+���

� � � � � � � � � � � � � � � � ��� 0HWK\O�RUDQJH

�LL��5HGXFWLRQ�WR�DU\OK\GUD]LQHV��$UHQH�GLD]RQLXP�VDOWV�DUH�UHGXFHG�WR�DU\O�K\GUD]LQHV�XSRQ�WUHDWPHQW�ZLWK�
VWDQQRXV�FKORULGH�DQG�K\GURFKORULF�DFLG�RU�]LQF�GXVW�DQG�DFLG�RU�VRGLXP�VXOSKLGH�RU�HYHQ�E\�HOHFWURO\WLF�PHWKRG�

� $Uy1�≡≡1&Oy
SnCl2 /HCl

Na SO2 3
 → � $Uz1+z1+�����+;

� � � � $U\OK\GUD]LQH� �

3KHQ\OK\GUD]LQH��ZKLFK�LV�DQ�LPSRUWDQW�UHDJHQW�IRU�RUJDQLF�V\QWKHVLV�FDQ�EH�HDVLO\�SUHSDUHG�LQ�JRRG�\LHOG�IURP�
EHQ]HQH�GLD]RQLXP�FKORULGH�DV��

� &�+�1
�≡≡1&Oy�

SnCl HCl2 / → � &�+�1+�y�1+�� �� +&O
� � � 3KHQ\OK\GUD]LQH
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+RZHYHU��LI�YLJRURXV�UHGXFLQJ�DJHQW�VXFK�DV�=Q�+&O�LV�XVHG��WKH�SURGXFW�LV�DURPDWLF�DPLQH�

� &�+�1
�≡≡1&O

y
� Zn HCl/ → �>&�+�1+1+�@�

Zn HCl/ → � &�+�1+����1+�

������ ������� � �%HQ]HQH�GLD]RQLXP�FKORULGH� � 3KHQ\OK\GUD]LQH� �$QLOLQH� �

,03257$1&(�2)�%(1=(1(�',$=21,80�6$/76�,1�6<17+(7,&�25*$1,&�&+(0,675<

'LD]RQLXP� VDOWV� DUH� KLJKO\�XVHIXO� LQWHUPHGLDWHV� LQ� WKH� V\QWKHVLV� RI� ODUJH� YDULHW\� RI� DURPDWLF� FRPSRXQGV��
7KHUHIRUH��WKHVH�DUH�UHJDUGHG�DV�JRRG�V\QWKHWLF�WRROV�LQ�WKH�KDQGV�RI�D�FKHPLVW��7KHVH�FDQ�EH�XVHG�WR�SUHSDUH�PDQ\�
FODVVHV�RI�RUJDQLF�FRPSRXQGV�HVSHFLDOO\�DU\O�KDOLGHV�LQ�SXUH�VWDWH��6RPH�FRPPRQ�H[DPSOHV�DUH���

���6\QWKHVLV�RI���������WULEURPR�EHQ]HQH����������WULEURPR�EHQ]HQH�LV�QRW�IRUPHG�LQ�WKH�SXUH�VWDWH�E\�GLUHFW�
EURPLQDWLRQ�RI�EHQ]HQH��+RZHYHU��LW�FDQ�EH�SUHSDUHG�E\�WKH�IROORZLQJ�VHTXHQFH�RI�UHDFWLRQV�VWDUWLQJ�IURP�S�QLWURDQLOLQH�

WKURXJK�WKH�IRUPDWLRQ�RI�GLD]RQLXP�VDOW�DV��

6Q��+&O

��������7ULEURPRQLWURy�
EHQ]HQH

�� ����
Br

Bromination
2 3H COOH/C → �

Diazotisation
NaNO  273 278 K2+ −

 →
HCl, ��

CuBr/HBr
Sandmeyer 

reaction

 → ��

S�1LWURDQLOLQH�� ����'LEURPR���QLWURDQLOLQH�

� � � C �����

H PO3 2← 
���� ��

Diazotisation
NaNO  273 278 K2+ −
← 

HCl, ���

� ��������7ULEURPRDQLOLQH

���6\QWKHVLV�RI������GLEURPRWROXHQH��'LUHFW�EURPLQDWLRQ�RI�WROXHQH�ZLWK�%U��)H%U��JLYHV�������GLEURPRWROXHQH��
%XW������GLEURPRWROXHQH�PD\�E\�V\QWKHVLVHG�DV��

�� ������
Br

CH COOH
2

3
 → ��

NaOH HCl, , 
273 278 K

Diazotisation
− → ���

H PO3 2 → ���

S�7ROXLGLQH����������������� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ������'LEURPRWROXHQH�

���6\QWKHVLV�RI�R��DQG�S�GLQLWUREHQ]HQHV��7KHVH�FDQQRW�EH�SUHSDUHG�E\�GLUHFW�VXEVWLWXWLRQ��+RZHYHU��GLD]RQLXP�
VDOWV�URXWH�PD\�EH�IROORZHG�DV�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

�� ���
( )CH CO O3 2 → ��� �

HNO SO3 2 4, H
 → ��� ������������������

�

$QLOLQH

� � �

$FHWDQLOLGH� � �����R�1LWURDFHWDQLOLGH

� ���������������S�1LWURDFHWDQLOLGH

��������������������������������������������������������������������������������������������




→
�+\GURO\VLV�� ���������� �




→
+\GURO\VLV

�� � �
( )

( )
i

ii
 NaNO  + HCl

 HBF , NaNO , Cu
2

4 2
← ���� ���������������������� �

( )

( )

,i

ii

NaNO
HCl

2

 HBF ,
NaNO , Cu

4

2

 → �����

�����������������������������������

R�'LQLWUREHQ]HQH

� S�'LQLWUREHQ]HQH



14)#0+%�%1/2170&5�%106#+0+0)�0+641)'0 �����

��� 6\QWKHVLV� RI�P�EURPRWROXHQH�� ,W� FDQQRW�EH� SUHSDUHG�E\�GLUHFW� EURPLQDWLRQ� RI� WROXHQH� RU� )ULHGHO�&UDIWV�
DON\ODWLRQ�RI�EURPREHQ]HQH�EHFDXVH�RI�R��S�GLUHFWLQJ�QDWXUH�RI�PHWK\O�JURXS��,W�FDQ�EH�V\QWKHVLVHG�DV��

���6\QWKHVLV�RI�S�WROXLF�DFLG��7KLV�FDQ�EH�V\QWKHVLVHG�DV��

���6\QWKHVLV�RI�������WULEURPREHQ]HQH��,W�FDQ�EH�V\QWKHVLVHG�DV��

� � � � � ������7ULEURPREHQ]HQH

���6\QWKHVLV�RI�P�QLWURSKHQRO�IURP�P�QLWURDQLOLQH��,W�FDQ�EH�V\QWKHVLVHG�DV���
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��

���6\QWKHVLV�RI�S�LRGRQLWUREHQ]HQH��,W�FDQ�EH�V\QWKHVLVHG�IURP�S�QLWURDQLOLQH�DV��

6RPH�RI�WKH�LPSRUWDQW�FKHPLFDO�UHDFWLRQV�DQG�WKH�LPSRUWDQW�SURGXFWV�IRUPHG�DUH�VXPPDUL]HG�EHORZ�

8VHV�RI�GLD]RQLXP�VDOWV��'LD]RQLXP�VDOWV�DUH�XVHG

���IRU�WKH�PDQXIDFWXUH�RI�D]R�G\HV�

����IRU�WKH�LQGXVWULDO�SUHSDUDWLRQ�RI�LPSRUWDQW�RUJDQLF�FRPSRXQGV�OLNH�P�EURPRWROXHQH��P�EURPRSKHQRO��HWF�

����IRU�WKH�SUHSDUDWLRQ�RI�D�YDULHW\�RI�XVHIXO�KDORJHQ�VXEVWLWXWHG�DUHQHV�

��([DPSOH�����

�$Q�DURPDWLF�FRPSRXQG�
$
�RI�PROHFXODU�IRUPXOD�&�+�21�XQGHUJRHV�D�VHULHV�RI�UHDFWLRQV�DV�VKRZQ�EHORZ��:ULWH�
WKH�VWUXFWXUHV�RI�$��%��&��'�DQG�(�LQ�WKH�IROORZLQJ�UHDFWLRQV��

� �'�6�%�������

Br KOH2+ → NaNO HCl
K
2

273
+ → CH CH OH3 2 →�&�+�21� &�+�1+� �%��$�

�'� �(�

�&�

&+&O��+�1D2+ .,


→






→




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6ROXWLRQ��

� �

Br KOH2, →
NaNO HCl

K
2

273
+ → CH CH OH3 2 →

&21+� 1+� 1�

�
&O
y

1& ,

&�+�21 �%� �&�

�'�

�$�

�(�

&+&O��1D2+ .,


→






→





��([DPSOH�����

:ULWH�WKH�PDLQ�SURGXFWV�ZKHQ�EHQ]HQH�GLD]RQLXP�FKORULGH��&�+�1�

�
&O
B
��UHDFWV�ZLWK�WKH�IROORZLQJ�

�L���&X&1�.&1� �LL�� +�2��������� ����3E�6�%��������� � � � �LLL�� &+�&+�2+� �$�,�6�%�������������

�LY���&RSSHU�SRZGHU�+&O� �3E�6�%�������

6ROXWLRQ��

�L�� �

1�

�
&O
y

&1

&\DQR�EHQ]HQH

��1�

CuCN KCN/ →

�LL�� �

1�

�
&O
y

��+�2

3KHQRO

2+

��1������+&O
Warm →

�LLL�� �

1�

�
&O
y

��&+�&+�2+

%HQ]HQH
(WKDQDO

��1�����&+�&+2���+&O
 →

�LY�� �

1�

�
&O
y

&KORUREHQ]HQH

&O

��1�

Cu HCl/ →

��([DPSOH�����

+RZ�ZLOO�\RX�FRQYHUW

�D��SURSLRQDPLGH�WR�HWK\ODPLQH� �+�3�6�%�������

�E��DQLOLQH�WR�SKHQRO� �7ULSXUD�6�%�������

�F��S�WROXLGLQH�LQWR���EURPR���PHWK\ODQLOLQH� �+�3�6�%�������

�G��DQLOLQH�WR�DFHWDQLOLGH� �3E��6�%�������

�H��DQLOLQH�WR�EHQ]HQH� �+�3�6�%�������

�I��DQLOLQH�WR�EURPREHQ]HQH� �+�3�6�%�������

�J��DQLOLQH�LQWR�EHQ]RQLWULOH�"� �3E�6�%�������

�K��PHWK\ODPLQH�WR�HWK\ODPLQH� �+�3�6�%�������������
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6ROXWLRQ��

�D�� � &+�&+�&21+�

3URSLRQDPLGH

&+�&+�1+�

(WK\ODPLQH

Br KOH
Hoffmann bromamide

reaction

2, →

�E�� � �
NaNO2, HCl
273 278K− → ��

H O2
Warm → � �

�F�� � � �
CH COCl
Base
3 → � �� ���� �

Br2 → ��������� �
OH− → �

� S�WROXLGLQH� ��%URPR���PHWK\ODQLOLQH

�G��

1+� 1+&2&+�

$FHWDQLOLGH$QLOLQH

CH COCl

Pyridine
3 →

�H�� � �
NaNO + HCl
273 K

2
−

 →
278 � �

H PO ,H O3 2 2 → �

� � �$QLOLQH� � � � � %HQ]HQH� � � ��

�I�� �

1+� 1�

�
&Oy %U

$QLOLQH

*DWWHUPDQQ
UHDFWLRQ %URPREHQ]HQH

NaNO HCl

K
2

273 278

, →
Cu, HBr →

�J�� � � � NaNO + HCl
273 K

2
−

 →
278

� � CuCN → ������� �� � ����1�

� � $QLOLQH� � � � � %HQ]RQLWULOH

�K�� &+�1+��

HONO →
� &+�2+�

P, I2 → � &+�,�
KCN → � &+�&1� �

Na, C H OH2 5
Reduction

 → �� &+�&+�1+�

� 0HWK\ODPLQH� (WK\ODPLQH

��([DPSOH�����

&RPSOHWH�WKH�IROORZLQJ�FKHPLFDO�HTXDWLRQV��

� �D�� &+�&+�&O�
NaCN → "

reduction
Ni H/ 2

 → �� �� � �'�6�%�������� �E�� &�+�1�&O���+�32����+�2�→� � �'�6�%�������

� �F��

O

R—C—NH2�
LiAlH
H O

4

2
 → �� �'�6�%�������� �G��&+�&+�1+����&+&O����DOF��.2+�→� �$�,�6�%�������

� �H�� &�+�1�

�
&O

y
�

H O
room temp.

2 → �� �$�,�6�%�������� �I��&�+�1+����+&O�DT��→� �$ ,�6�%�������

� �J�� � NaNO /HCl
273-278K

2 → �"� H O
H PO
2

3 2
 → �"�

KMnO

OH
4
− → �"� �+U�6�%�������
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6ROXWLRQ��� ��D�� �&+�&+�&O�
NaCN → � &+�&+�&1�

reduction
Ni H/ 2

 → � &+�&+�&+�1+�

� � � � � �$�� � �%�

� �E�� &�+�1�&O���+�32����+�2�→�&�+����1����+�32����+&O
� � � � �� ���� ��%HQ]HQH

� �F��

O

R—C—NH2�
LiAlH
H O

4

2
 → �5&+�1+�

� �G�� &+�&+�1+����&+&O�����.2+�
Warm → � �&+�&+�1&����� ��������.&O����+�2

� � � � � (WK\O�LVRF\DQLGH

� �H�� &�+�1�
�
�&O

y
��

H O
Room temp

2
.

 → ��&�+�2+���1����+&O

� � � � 3KHQRO

� �I�� ����+&O��→�

� � ������� �����
�
��DT�

� $QLOLQH�K\GURFKORULGH

� �J�� � NaNO /HCl
273-278K

2 → � � H O
H PO
2

3 2
 → � � KMnO

OH
4
− → �

Benzoic acid

��([DPSOH�����

� � 6WDUWLQJ�IURP�WROXHQH�SUHSDUH

� � �L��R�FKORURWROXHQH� �LL��P�FKORURWROXHQH� �LLL��S�LRGRWROXHQH� �LY��S�F\DQREHQ]RLF�DFLG�

�6ROXWLRQ���

� �L�� � ����
HNO

H SO
3

2 4
 → � �

Cl

Fe
2 → �

( )
( )
i
ii
Sn, HCl
OH−

 → � �
NaNO , H
0 C

2

º → �
H PO3 2 → �

� �
� 7ROXHQH

� � ,Q�WKLV�FDVH��WKH�SDUD�SRVLWLRQ�LV�EORFNHG�E\�12��WR�SUHSDUH�RQO\�RUWKR�SURGXFW�

� �LL�� ���
HNO
H SO

3

2 4
 → ��� ��

( )
( )
i
ii
Sn, HCl
OH−

 → � �
(CH CO) O3 2 → � �

Cl2 → � �

� � � � � � H PO3 2 → �� ��
NaNO , HCl

0 C
2← ° � �
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� � 7KH�y1+&2&+��JURXS�KHOSV�&O�WR�RULHQW�DW�RUWKR�SRVLWLRQ��ZKLFK�LV�PHWD�WR�&+���,W�LV�WKHQ�UHPRYHG�

� �LLL�� �� � � HNO
H SO

3

2 4
 → � � � � Sn, HCl → � � � � NaNO HCl

O C
2,
0 → � � �� KI → � �

� � �
7ROXHQH

� � � � � � � � � � � � � � � S�,RGRWROXHQH

� �LY�� ��
HNO
H SO

3

2 4
 → � �

KMnO

H
4

+ → �� � Zn,HCl → � ��
0 C, NaNO ,HClo

2 → � CuCN → �

� � � � ���������������������������������������������� � � � � � � ��S�&\DQREHQ]RLF�DFLG

��([DPSOH�����

*LYH�WKH�VWUXFWXUHV�RI�$��%�DQG�&�LQ�WKH�IROORZLQJ�UHDFWLRQV��

� �D�� &+��y�&22+
� NH3 Br2/ / ( ) .� →  →  →+A B CKOH aq CHCl alc KOH3 � �$�,�6�%�������

� �E�� &�+�1
�
�%)

y
��

NaNO2 Fe/ / /Cu HCl CH COCl pyridineA B C∆ →  →  →3 � �$�,�6�%�������

� �F���&�+�&21+��
Br aq KOH2 / ⋅ → �$�

NaNO HCl

C
2

0 5

+

−
 →� �%�

KI → �&�� �'�6�%�������

� �G�� &+�y&O�
KCN → �$�

LiAlH4 → �%� CHCl Alc KOH3 / .
∆

 → �&� �'�6�%�������

� �H���&�+�&22
y
1+�

�
� ∆ → �$�

Br KOH2 / → �%�
CH COCl
Pyridine
3 → �&�� �$�,�6�%�������

� �I�� &�+�1�
�
%)�

y
� NaNO Cu2 /

∆
 → �$� Sn HCl/ → �%�

CHCl alc KOH3+ →.
�&�� �$�,�6�%�������

� �J�� $U1+��

NaNO /HCl

0 5 C
2
−

 → �$�

CuCN →
�%� �0L]RUDP�6�%�������

� 6ROXWLRQ���

� �D��&+�&22+�
NH3/� → �&+�&21+��

Br2/KOH(aq) → �&+�1+��
CHCl3
alc.KOH

+ → �&+�1&

� �$�� �%�� �&�

�
�E�� &�+�1

�
�%)

y
��

NaNO2/Cu
∆ →

�

12�

�$�

�

Fe/HCl →
�

1+�

�%�
�

CH3COCl /
pyridine →

�

�&�

+ 1 &

2

&+�

� �F��

&21+�

Br /aq.KOH2 → �

1+�

�$�

�
NaNO + HCl

0 5 C
2
o−

 → �

�%�

�
KI → �

�&�

,

,RGREHQ]HQH
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� �G��&+�&O�
KCN → �&+�&1�

LiAlH4 → �&+�&+�1+��
CHCl /Alc.KOH3

∆
 → �&+�&+�1&

� � � � (WK\O�LVRF\DQLGH�
�

� �$ %��
�&�

� �H�� ��&�+�&22
y
1+�

�
� ∆ → �&�+�&21+��

Br /KOH2 → �&�+�1+��
CH COCl
Pyridine
3 → �&�+�1+&2&+�

� � � �� 1�SKHQ\OHWKDQDPLGH
�

� �$�� �%��
�&�

� �I��&�+�1�
�
%)�

y
� NaNO /Cu2

∆
 → �&�+�12��

Sn/HCl → �&�+�1+��
CHCl +alc.KOH3 → �&�+�1&�

� � � � 3KHQ\O�LVRF\DQLGH�
�

� �$�� %��
�&�

� �J��$U1+��
NaNO /HCl

0 5 C
2
−

 → �$U1
�

�&O
y

�
CuCN → �$U&1

��([DPSOH�����

�D��:ULWH�WKH�SURGXFWV�RI�WKH�IROORZLQJ�UHDFWLRQV��

� �L��� ��� H C HΝ

Η


| 2 5

� �→� �+U��6�%�������

� �LL��
1+�

�
CH COCl
base
3 → � �$�,�6�%��������+�3�6�%�������

� �LLL��
1+&+�

�
dil.HCl

Aqueous NaNO2
 → � �.RONDWD�6�%�������

� �LY��
1+�

���
&+2

�→� �.RONDWD�6�%�������

� �Y��&�+�1�&O���&�+�2+�→� �-KDUNKDQG�6�%�������

�E��+RZ�ZLOO�\RX�FRQYHUW��

� �L��EHQ]HQH�WR�DQLOLQH� �+�3�6�%�������

� �LL��EHQ]RLF�DFLG�WR�DQLOLQH� �+�3�6�%�������

6ROXWLRQ����

����D�� �L�� ��� H C HΝ

Η


| 2 5

� �→��

O

S

O

N

H

C H
||

|| |
 

2 5

� � � �1�(WK\OEHQ]HQHVXOSKRQDPLGH

� �LL��

1+�

�
CH COCl
base
3 → � �

1+&2&+�

� � � �1�3KHQ\OHWKDQDPLGH

� �LLL��

1+&+�

�
dil.HCl

Aqueous NaNO2
 → � �

&+�

1����1�  �2

� � � �1�1LWURVR�1�PHWK\ODQLOLQH

� �LY�� 1�+����2�  �&����

+

�→� 1�  ����&+����

� � � �� � � � %HQ]\OLGHQH�DQLOLQH
� � � ����� � � � �6FKLII�uV�EDVH�
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� �Y��&�+�1�&O���&�+�2+�→�&�+����1����&+�&+2���+&O

� � ������� � � � �%HQ]HQH�� � � �(WKDQDO

����E���L�� Conc HNO Conc H SO
K

. / .3 2 4
333

 →

12� 1+�

Sn HCl
duction
/

Re
 →

%HQ]HQH 1LWUREHQ]HQH $QLOLQH

������� ��LL��
NH
Heat

3 →

&21+�

Br alc KOH2, . →

1+�

$QLOLQH

&22+

� 4���� :K\�GRHV�PHWK\ODPLQH�KDV�ORZHU�ERLOLQJ�SRLQW�WKDQ�PHWKDQRO�"�

CH
3
   

H

N H

CH

N

H

H

H

N

H

CH
| |

|

|

|
��� ���

3

3

�����

� $QV�� 0HWK\ODPLQH�LV�SRODU�DQG�FDQ�IRUP�LQWHUPROHFXODU�K\GURJHQ�ERQGV
� � +RZHYHU��LWV�WHQGHQF\�WR� IRUP�LQWHUPROHFXODU�K\GURJHQ�ERQGV�LV� OHVV�

WKDQ�WKDW�RI�PHWKDQRO��&+�2+���ZKLFK�KDV�KLJKO\�HOHFWURQHJDWLYH�R[\JHQ�
DWRP��$V�D�UHVXOW��&+�1+��KDV�ORZHU�ERLOLQJ�SRLQW�WKDQ�&+�2+�

� 4���� :K\�LV�PHWK\ODPLQH�VWURQJHU�EDVH�WKDQ�DPPRQLD�"

� $QV� %RWK�DPPRQLD�DQG�&+�1+��KDYH�D�ORQH�SDLU�RI�HOHFWURQV�DQG�WKHUHIRUH��EHKDYH�DV�/HZLV�EDVHV��7KH�DON\O�JURXS�
LQ�&+�1+��KDV���,�LQGXFWLYH�HIIHFW�DQG�LV�HOHFWURQ�UHOHDVLQJ�LQ�QDWXUH��$V�D�UHVXOW��LWV�HOHFWURQ�UHOHDVLQJ�WHQGHQF\�
EHFRPHV�PRUH��7KXV��&+�1+��LV�PRUH�EDVLF�WKDQ�DPPRQLD�

� 4���� $QLOLQH�GLVVROYHV�LQ�DTXHRXV�+&O��:K\�"

� $QV� $QLOLQH�GLVVROYHV�LQ�DTXHRXV�+&O�GXH�WR�WKH�IRUPDWLRQ�RI�ZDWHU�VROXEOH�VDOW��

� &�+��1+������+&O��� →�����&�+��1+�
��&O

y

� � � $QLOLQLXP�FKORULGH
� � �� ����ZDWHU�VROXEOH�

� 4���� :K\�LV�LW�GLIILFXOW�WR�SUHSDUH�SXUH�DPLQHV�E\�DPPRQRO\VLV�RI�DON\O�KDOLGHV�"

� $QV� %\�DPPRQRO\VLV�RI�DON\O�KDOLGHV��D�PL[WXUH�RI�SULPDU\��VHFRQGDU\�DQG�WHUWLDU\�DPLQHV�LV�IRUPHG�

� 1+����
RX → ����5z1+��

RX → � 5�1+����
RX → � �5�1��

RX → �� 5�1
�;

y

� � � � � � � � °�$PLQH� � �°�$PLQH� � �°$PLQH� � 4XDWHUQDU\�VDOW

� � 7KH�VHSDUDWLRQ�RI�WKHVH�DPLQHV�LV�YHU\�GLIILFXOW��7KXV��LW�LV�YHU\�GLIILFXOW�WR�SUHSDUH�SXUH�DPLQHV�E\�DPPRQRO\VLV�RI�
DON\O�KDOLGHV�

� 4���� 0HWK\ODPLQH�LQ�ZDWHU�UHDFWV�ZLWK�IHUULF�FKORULGH�WR�SUHFLSLWDWH�IHUULF�K\GUR[LGH��([SODLQ�
� $QV�� 0HWK\ODPLQH�LQ�ZDWHU�JLYHV�2+y�LRQV�ZKLFK�UHDFW�ZLWK�IHUULF�FKORULGH�WR�JLYH�WKH�SUHFLSLWDWH�RI�IHUULF�K\GUR[LGH�DV�

� &+�1+����+�2�� � 
��� ��� �� &+�1+�2+��� 
��� ��� �� &+�1+�
��������2+

y

� )H������2+
y
������ →�� )H��2+���

� � � 3UHFLSLWDWH
� 4���� (OHFWURSKLOLF�VXEVWLWXWLRQ�LQ�FDVH�RI�DURPDWLF�DPLQHV�WDNHV�SODFH�PRUH�UHDGLO\�WKDQ�EHQ]HQH��([SODLQ�
� $QV�� 1+��JURXS�LQ�DURPDWLF�DPLQHV�VWURQJO\�DFWLYDWHV�WKH�DURPDWLF�ULQJ�WKURXJK�GHORFDOLVDWLRQ�RI�WKH�ORQH�SDLU�RI�HOHFWURQV�

RQ�1�DWRP�RYHU�WKH�DURPDWLF�ULQJ��+RZHYHU��QR�VXFK�GHORFDOLVDWLRQ�RFFXUV�LQ�FDVH�RI�EHQ]HQH�

� 4����� $OWKRXJK�ERURQ�WULIOXRULGH�DGGV�RQ�WULPHWK\ODPLQH�EXW�LW�GRHV�QRW�DGG�RQ�WULSKHQ\ODPLQH��([SODLQ�
� $QV��� 7ULPHWK\ODPLQH�KDV�WKUHH�HOHFWURQ�GRQDWLQJ�DON\O�JURXSV�DQG�WKHUHIRUH�DFWV�DV�D�/HZLV�EDVH�DQG�UHDFWV�ZLWK�%)��

��D�/HZLV�DFLG��

�

CH

CH

N

CH

3

3

3


|

|
:

Trimethylamine ��������������������������������

C H

C H

N

C H

6 5

6 5

6 5


|

|
:

Triphenylamine

� � 2Q�WKH�RWKHU�KDQG��LQ�WULSKHQ\ODPLQH��WKH�ORQH�SDLU�RI�1�JHWV�GHORFDOLVHG�RYHU�WKUHH�EHQ]HQH�ULQJV��7KXV��WKH�ORQH�
SDLU�LV�QRW�UHDGLO\�DYDLODEOH�WR�%)��IRU�UHDFWLRQ�
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� 4�����:K\�GRHV�VLOYHU�FKORULGH�GLVVROYH�LQ�PHWK\ODPLQH�VROXWLRQ�"

� $QV��� 6LOYHU�FKORULGH�GLVVROYHV�LQ�PHWK\ODPLQH�VROXWLRQ�EHFDXVH�LW�IRUPV�VROXEOH�FRPSOH[�

� � �� � �&+�1+����$J&O�� �→��>$J��&+�1+���@
�
&O

y

� � �� � � ��6ROXEOH�FRPSOH[��

� 4�����:K\�GRHV�WKH�UHDFWLYLW\�RI�1+��JHW�UHGXFHG�LQ�DFHWDQLOLGH�"�� �3E��6�%�������

� $QV��� ,Q�DFHWDQLOLGH��WKH�DPLGH�JURXS�ZLWKGUDZV�HOHFWURQV�IURP�1+��JURXS�DV�VKRZQ�EHORZ��

� � �� � � � ←→�� ���

� � �$V�D�UHVXOW��WKH�HOHFWURQ�SDLU�RQ�QLWURJHQ�JHWV�GLVSODFHG�WR�WKH�FDUER[\O�JURXS��7KHUHIRUH�� WKH�XQVKDUHG�SDLU�RI�
HOHFWURQV�RQ�QLWURJHQ�LV�OHVV�DYDLODEOH�IRU�GRQDWLRQ�WR�WKH�DURPDWLF�ULQJ��&RQVHTXHQWO\��WKH�HOHFWURQ�GHQVLW\�DW�RUWKR�
DQG�SDUD�SRVLWLRQ�LQ�WKH�EHQ]HQH�ULQJ�JHWV�UHGXFHG�ZKLFK�LQ�WXUQ�UHVXOWV�LQ�UHGXFHG�UHDFWLYLW\�WRZDUGV�HOHFWURSKLOLF�
VXEVWLWXWLRQ�RI�EHQ]HQH�

� 4������ $OWKRXJK�WULPHWK\O�DPLQH�DQG�Q�SURS\ODPLQH�KDYH�WKH�VDPH�PROHFXODU�PDVV��WKH�IRUPHU�ERLOV�DW�D�ORZHU�
WHPSHUDWXUH������.��WKDQ�WKH�ODWWHU������.���:K\�"

� $QV��� Q�3URS\ODPLQH�&+�&+�&+�1+��KDV� WZR�K\GURJHQ�DWRPV� RQ� WKH�QLWURJHQ�DWRP�DQG� WKHUHIRUH�� IRUPV� LQWHUPROHFXODU�
K\GURJHQ�ERQGLQJ��+HQFH��LWV�ERLOLQJ�SRLQW�LV�KLJK��2Q�WKH�RWKHU�KDQG��WULPHWK\ODPLQH���&+���1�GRHV�QRW�KDYH�K\GURJHQ�
DWRP�RQ�WKH�QLWURJHQ�DWRP��$V�D�UHVXOW��LW�GRHV�QRW�XQGHUJR�K\GURJHQ�ERQGLQJ�DQG�KHQFH�LWV�ERLOLQJ�SRLQW�LV�ORZ�

� 4����� 6XOSKDQLOLF�DFLG�LV�VROXEOH�LQ�GLO��1D2+�EXW�QRW�LQ�GLO��+&O��([SODLQ�

� $QV�� 6XOSKDQLOLF�DFLG�H[LVWV�DV�D�]ZLWWHU�LRQ��NH3
+ SO3

−
��,Q�WKH�SUHVHQFH�RI�GLO��1D2+��WKH�ZHDNO\�DFLGLF�NH3

+ �

JURXS�WUDQVIHUV�LWV�+��WR�2+y�WR�IRUP�D�VROXEOH�S�NH C H SO Na2 6 4 3
− + ��2Q�WKH�RWKHU�KDQG��SO3

− �JURXS�LV�YHU\�ZHDN�EDVH�

DQG�WKHUHIRUH��GRHV�QRW�DFFHSW�D�SURWRQ�IURP�GLO��+&O�WR�IRUP�S�NH3
+ &�+�62�+��+HQFH��LW�GRHV�QRW�GLVVROYH�LQ�GLO��+&O�

� 4������ *O\FLQH�H[LVWV�DV�1+�
�&+�&22

y��]ZLWWHU�LRQ�EXW�DQWKUDQLOLF�DFLG��S�DPLQR�EHQ]RLF�DFLG��GRHV�QRW�H[LVW�
DV�]ZLWWHU�LRQ��:K\�"

� $QV��� *O\FLQH�H[LVWV�DV�]ZLWWHU�LRQ�EHFDXVH�WKH�DFLGLF�JURXS�y&22+�GRQDWHV�SURWRQ�WR�EDVLF�y1+��JURXS�DV��

� � �� �

CH COOH
2


|

2NH � �

CH COO2|
−

NH
3
+

(Zwitter ion)

� �����$QWKUDQLOLF�DFLG

� � +RZHYHU�� LQ�DQWKUDQLOLF�DFLG�� WKH�HOHFWURQ�ZLWKGUDZLQJ�EHQ]HQH�ULQJ�VXSSUHVVHV�WKH�WHQGHQF\�RI�D�ZHDN�DFLGLF�
JURXS��y&22+��WR�WUDQVIHU�LWV�SURWRQ�WR�y1+��JURXS�

� 4����� 7HUWLDU\�DPLQHV�GR�QRW�XQGHUJR�DF\ODWLRQ��([SODLQ�� �3E�6�%��������+�3�6�%�������

� $QV��� $PLQHV�FRQWDLQLQJ�UHSODFHDEOH�K\GURJHQ�DWRP��UHDFW�ZLWK�DFLG�FKORULGH�RU�DFLG�DQK\GULGH�WR�IRUP�VXEVWLWXWHG�DPLGHV��
7KLV�UHDFWLRQ�LV�FDOOHG�DF\ODWLRQ�UHDFWLRQ��,Q�FDVH�RI�WHUWLDU\�DPLQHV��WKHUH�LV�QR��UHSODFHDEOH�+�DWRP�DQG�WKHUHIRUH��
WKHVH�GR�QRW�UHDFW�ZLWK�DFHW\O�FKORULGH�RU�DFHWLF�DQK\GULGH�DQG�KHQFH�GR�QRW�XQGHUJR�DF\ODWLRQ�

� 4����� $UUDQJH�WKH�IROORZLQJ�VHWV�LQ�RUGHU�RI�WKHLU��EDVLF�VWUHQJWK�LQ�DTXHRXV�VROXWLRQ���
� � ��L���1+���&�+�1+���&+�1+����&+���1���&+���1+� �.HUDOD�6�%�������

� � �LL��$QLOLQH��S�QLWURDQLOLQH��S�PHWK\ODQLOLQH�� �+U��6�%��������$�,�6�%�������

� $QV��� ��L����&�+�1+����1+�����&+���1���&+�1+������&+����1+

� � �LL����S�QLWURDQLOLQH���DQLOLQH���S�PHWK\ODQLOLQH

� 4����� $FFRXQW�IRU�WKH�IROORZLQJ�RUGHU�RI�LQFUHDVLQJ�EDVLFLW\��
� � � � � 5&≡≡≡≡1� �� 5′&+�  �15�� �� ��51+�

� � � � � ��1LWULOH������������ �����,PLQH� � ���$PLQH

� $QV�� ,Q�5&≡≡1��WKH�1�DWRP�LV�VS�K\EULGLVHG��LQ�5′&+�  �15��WKH�1�DWRP�LV�VS��K\EULGLVHG�ZKLOH�LQ�51+���WKH�1�DWRP�LV��
VS��K\EULGLVHG��7KH�PRUH�V�FKDUDFWHU� LQ� WKH�K\EULG� RUELWDO�RI�1�ZLWK�WKH� ORQH�SDLU� RI�HOHFWURQV�� JUHDWHU�ZLOO�EH�
LWV�WHQGHQF\�WR�EH�VWURQJO\�KHOG�E\�WKH�QXFOHXV��7KHUIRUH��LW�ZLOO�KDYH�OHVVHU�WHQGHQF\�WR�GRQDWH�LWV�HOHFWURQ�SDLU�
DQG�KHQFH�ZLOO�EHKDYH�DV�ZHDN�EDVH��7KXV��DV�V�FKDUDFWHU�GHFUHDVHV�IURP�5&1��WR�5&+�  �15�WR�51+��LWV�EDVLF�
FKDUDFWHU�LQFUHDVHV�
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� 4����� :K\�GR�DPLQHV�UHDFW�DV�QXFOHRSKLOHV�"� �$�,�6�%�������

� $QV� $PLQHV�KDYH�D�ORQH�SDLU�RI�HOHFWURQV�RQ�1�DWRP�DQG�WKHUHIRUH��UHDFW�DV�QXFOHRSKLOHV�

� 4������ $QLOLQH�GRHV�QRW�XQGHUJR�)ULHGHO�&UDIWV�DON\ODWLRQ��([SODLQ�� �3E��6�%��������+U��6�%�������

� $QV��� $QLOLQH�GRHV�QRW�XQGHUJR�)ULHGHO�&UDIW�DON\ODWLRQ�UHDFWLRQ�EHFDXVH�RI�WKH�IRUPDWLRQ�RI�VDOW�ZLWK�DOXPLQLXP�FKORULGH�
�/HZLV�DFLG��ZKLFK�LV�XVHG�DV�D�FDWDO\VW��'XH�WR�WKLV��QLWURJHQ�RI�DQLOLQH�DFTXLUHV�SRVLWLYH�FKDUJH�DQG�KHQFH�DFWV�DV�
D�VWURQJ�GHDFWLYDWLQJ�JURXS�IRU�IXUWKHU�UHDFWLRQ�

� � � ������$O&O�����→���

� 4����� OWKRXJK�z1+���JURXS�LV�DQ�RUWKR�DQG�SDUD�GLUHFWLQJ�JURXS��QLWUDWLRQ�RI�DQLOLQH�JLYHV�DORQJ�ZLWK�RUWKR�
DQG�SDUD�GHULYDWLYHV��PHWD�GHULYDWLYH�DOVR�� �&�%�6�(��6DPSOH�3DSHU������

� $QV��� 8QGHU�VWURQJ�DFLGLF�FRQGLWLRQV�RI�QLWUDWLRQ��PRVW�RI�WKH�DQLOLQH�LV�FRQYHUWHG�LQWR�DQLOLQLXP�LRQ�KDYLQJ�1+�
��JURXS��

7KLV�JURXS�LV�D�P�GLUHFWLQJ�JURXS��WKHUHIRUH��P�QLWUR�DQLOLQH�LV�DOVR�REWDLQHG�DORQJ�ZLWK�R��DQG�S�SURGXFWV�

� 4����� 7KH�SUHVHQFH�RI�D�EDVH�LV�QHHGHG�LQ�WKH�DPPRQRO\VLV�RI�DON\O�KDOLGHV�� �&�%�6�(��6DPSOH�3DSHU������

� $QV�� 7KH�DPPRQRO\VLV�RI�DON\O�KDOLGHV�JLYHV�TXDWHUQDU\�DPPRQLXP�VDOW��7KH�IUHH�DPLQH�FDQ�EH�REWDLQHG�IURP�DPPRQLXP�
VDOW�E\�XVLQJ�D�VWURQJ�EDVH�

� � 51+�
�;y���1D2+�→�51+����+�2���1D

�;y

� 4����� $URPDWLF�SULPDU\�DPLQHV�FDQQRW�EH�SUHSDUHG�E\�*DEULHO�SWKDOLPLGH�V\QWKHVLV��
� �&�%�6�(��6DPSOH�3DSHU������

� $QV��� $URPDWLF�DPLQHV�FDQQRW�EH�SUHSDUHG�E\�*DEULHO�SKWKDOLPLGH�V\QWKHVLV�EHFDXVH�DU\O�KDOLGHV�GRQRW�XQGHUJR�QXFOHR�
SKLOLF�VXEVWLWXWLRQ�ZLWK�WKH�DQLRQ�IRUPHG�E\�SKWKDOLPLGH�

� 4������ 6XJJHVW�D�VWUXFWXUDO�IRUPXOD�RI�D�FRPSRXQG�KDYLQJ�PROHFXODU�IRUPXOD�&�+��1��$��ZKLFK�LV�RSWLFDOO\�
DFWLYH��GLVVROYHV�LQ�GLO��DTXHRXV�+&O�DQG�UHOHDVH�1��ZLWK�QLWURXV�DFLG���

� $QV�� ���C H CHCH

NH

6 5 3

2



� 4������ $UUDQJH�WKH�IROORZLQJ�LQ�WKH�LQFUHDVLQJ�RUGHU�RI�ERLOLQJ�SRLQWV�&�+�1+���&�+�2+���&+���1�

� �'�6�%��������$�,�6�%�������

� $QV��� �&+���1���&�+�1+����&�+�2+

� 4����� ,GHQWLI\�$��%��&�DQG�'�LQ�WKH�IROORZLQJ�FRQYHUVLRQV�� �$VVDP�6�%�������

� � $�
NaNO /HCl

0 5 C
2
o−

 → �&+�2+�
PCl3 → �%� KCN → �&�

LiAlH4 → �'

� $QV��� &+�1+��
NaNO /HCl

0 5 C
2
o−

 → �&+�2+�
PCl3 → �&+�&O�

KCN → �&+�&1�
LiAlH4 → �&+�&+�1+�

� � 0HWKDQDPLQH� � ��������� �������(WKDQDPLQH
� � �$� %�� �&�� �'�

� 4������ $UUDQJH�WKH�IROORZLQJ�FRPSRXQGV�LQ�WKH�GHFUHDVLQJ�RUGHU�RI�EDVLFLW\��

� �

1+�

12�

� � � �

1+�

� � �

� &+�1+�

� � � �

1+�

12�

� � � ,�� � � � � � �,,�� � � � � � �,,,�� � � � � � �,9�� �:�%�6�%�������

� $QV��� ,,,�!�,,�!�,9�!�,

� 4������ 1DPH�WKH�IROORZLQJ�UHDFWLRQV�

� � �L�� &�+�1�
�&Oy� CuCl /HCl → �&�+�&O���1�

� � �LL�� &�+�1�
�&Oy� Cu/HCl → �&�+�&O���1����&X&O� �$VVDP�6�%�������

� $QV��� �L�� 6DQGPH\HU�UHDFWLRQ� � LL�� *DWWHUPDQQ�UHDFWLRQ�

� 4����� UUDQJH�WKH�IROORZLQJ�LQ�WKH�LQFUHDVLQJ�RUGHU�RI�WKHLU�S.E�YDOXHV�

� � ��&�+�1+���&�+�1+���&�+�1+&+��� �$�,�6�%�������

� $QV��� &�+�1+����&�+�1+&+����&�+�1+�
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Key Terms andName Reactions

� �([KDXVWLF�DON\ODWLRQ��7KH�SURFHVV�RI�FRQYHUWLQJ�DQ�DPLQH���°���°�RU��°��LQWR�LWV�TXDWHUQDU\�DPPRQLXP�VDOW�RQ�
WUHDWPHQW�ZLWK�H[FHVV�DON\O�KDOLGH��

� �'HDPLQDWLRQ��7KH�SURFHVV�LQYROYLQJ�GLD]RWLVDWLRQ�RI�DQ�DPLQH�IROORZHG�E\�UHGXFWLRQ�RI�GLD]RQLXP�VDOW�RU�UHSODFHPHQW�
RI�GLD]R�JURXS�E\�K\GURJHQ�

� �0HQGLXV�UHDFWLRQ��7KH�UHGXFWLRQ�RI�F\DQLGH�ZLWK�VRGLXP�DQG�DOFRKRO�

� � �� &+�&1� 2 5

Na(Hg)
C H OH

→ �&+�&+�1+�

� �+RIIPDQQ�EURPDPLGH�GHJUDGDWLRQ��3ULPDU\�DPLQHV�FDQ�EH�SUHSDUHG�IURP�DPLGHV�E\�WUHDWPHQW�ZLWK�%U��DQG�
.2+�VROXWLRQ��7KH�DPLQH�IRUPHG�FRQWDLQV�RQH�FDUERQ�DWRP�OHVV�WKDQ�WKH�SDUHQW�DPLGH�

� � �� 5&21+������%U�������.2+��→��51+������.�&2�������.%U�����+�2

� �*DEULHO�SKWKDOLPLGH�V\QWKHVLV��3KWKDOLPLGH� LV� WUHDWHG�ZLWK�DOFRKROLF�.2+�WR� JLYH�SRWDVVLXP�SKWKDOLPLGH��
ZKLFK�LV�WUHDWHG�ZLWK�DON\O�KDOLGH�RU�EHQ]\O�KDOLGH�WR�IRUP�1�DON\O�RU�DU\O�SKWKDOLPLGH��7KH�K\GURO\VLV�RI�1�DON\O�
SKWKDOLPLGH�ZLWK�����+&O�XQGHU�SUHVVXUH�RU�UHIOX[LQJ�ZLWK�1D2+�JLYHV�SULPDU\�DPLQH�

� �

1+ 1
y
.
�

1z&�+� � &�+�1+�

3KWKDOLF�DFLG3KWKDOLPLGH 1�(WK\OSKWKDOLPLGH (WK\ODPLQH

&2 &2 &2 &22+

&22+&2 &2 &2
2

KOH alc.
H O−→ 2 5C H Br→ 2

2

H / H O or

OH /H O

+

−→

� �6DEDWLHU�DQG�0DLOKH�PHWKRG��

� � �� &�+�2+���1+�� 2 3

723 K
Al O

→ �&�+�1+��
2 5

2 3

C H OH
Al O

→ �&�+����1+�
2 5

2 3

C H OH
Al O

→ ��&�+���1�

� �6FKRWWHQ�%DXPDQQ�UHDFWLRQ��
� � �� � �2
� � �� � ��__
� � �� 1+������&�+�&2&O�

aq. NaOH→ � 1+z&z&�+������+&O

� �&DUE\ODPLQH�UHDFWLRQ��
� � �� 51+������&+&O�������.2+��→��������51&������������������������.&O��� �� +�2
� � �� � � � ����������� $ON\O�LVRF\DQLGH
� �6DQGPH\HUuV�UHDFWLRQ��

� � ��

1�
�&Oy

2 2Cu X
HX

→ ���

;

�����1����;� �&O��%U��

� �*DWWHUPDQQ�UHDFWLRQ��

� � ��

1�
�&Oy

� Cu,HX→ ���

;

����1����&X;� � �;� �&O��%U�

� �%DO]�6FKLHPDQQ�UHDFWLRQ��

� � ��

1�
�&Oy

������+%)��→�

1�
�%)�

y

∆→ �

)

� �&RXSOLQJ�UHDFWLRQ��

� � ��

1�
�&Oy��������

1�
�&Oy��������

1  1

1  1

2+

1+�

S�+\GUR[\D]REHQ]HQH

�D]R�G\H�

S�$PLQRD]REHQ]HQH

2+

1+�

pH 9 10
273 K
= −→

pH 4.5
273 K
=→
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5HDFWLRQV�RI�$PLQHV

51+�
�
�&O

y

5�1+��5�1��5�1
�%Uy

51&��&DUE\ODPLQH�UHDFWLRQ�

52+���1�

5z1� �&� �6���0XVWDUG�RLO�UHDFWLRQ�

51� �&+5
��6FKLII�EDVH�
2� �&+5


&6���DOF��

+J&O�

&+&O�

.2+

5%U

+&O

+12�
51+�
$PLQH

�3URSHUWLHV�RI�DPLQHV�
•� � %HFDXVH� RI� WKH� SUHVHQFH� RI� � D� ORQH� SDLU� RI� HOHFWURQV� RQ� WKH� QLWURJHQ� DWRP� RI� z1+�� JURXS�� DPLQHV� EHKDYH� DV��

/HZLV�EDVHV�
•� � $OO�DOLSKDWLF�DPLQHV�DUH�PRUH�EDVLF�WKDQ�DPPRQLD��,Q�DTXHRXV�VROXWLRQ��WKH�RUGHU�RI�EDVLF�FKDUDFWHU�LV� �

�&+���1+�!�&+�1+��!��&+���1

•� $QLOLQH�LV�OHVV�EDVLF�WKDQ�HWK\ODPLQH�

48,&.��&+$37(5�5281'�83

3UHSDUDWLRQ�RI�DPLQHV
�• %\�DPPRQRO\VLV�RI�DON\O�KDOLGHV

5; 5; 5;

����. ����. ����.51+� 5�1+ 5�1 5�1
�;y

�• 5HGXFWLRQ�RI�QLWUR�FRPSRXQGV
5DQH\�1L

3W�RU�3G512�����>+@ 51+�����+�2

6Q�+&O
RU�)H�+&O

12� 1+�

1LWUREHQ]HQH $QLOLQH

/L$O+�&+�&+�12�
&+�&+�1+�

�• 5HGXFWLRQ�RI�F\DQLGHV

+��1L�/L$O+�

1D��&�+�2+
&+�&1������>+@ &+�&+�1+��

⇒�5HDFWLRQ�RI�F\DQLGHV�ZLWK�1D��&�+�2+�LV�0HQGLXV�UHDFWLRQ�

�• 5HGXFWLRQ�RI�DPLGHV

5y&y1+�

__
2

���
�L��/L$O+� ��HWKHU

�LL��+�2
5&+�1+��

�• +RIIPDQQ�EURPDPLGH�GHJUDGDWLRQ

5&21+����%U�����.2+��→�51+����.�&2�����+�2
� � � �� �RQH�&�OHVV�

�• *DEULHO�3KWKDOLPLGH�6\QWKHVLV

.2+�DOF��

y+�2

&2

&2
1+

3KWKDOLPLGH

&2

&2
1.
y �

3RWDVVLXP�SKWKDOLPLGH

&�+�%U��D

y.%U

2+y�+�2

+��+�2�RU

+\GURO\VLV

&2

&2
1y&�+�

1�(WK\OSKWKDOLPLGH

&22+

���&�+�1+����
&22+

3KWKDOLF�DFLG (WK\ODPLQH

$U\O� KDOLGHV� FDQQRW� EH� FRQYHUWHG� WR� DU\O� DPLQHV� E\�
*DEULHO�V\QWKHVLV�

�• 5HGXFWLYH�DPLQDWLRQ�RI�DOGHK\GHV�DQG�NHWRQHV

5y&==2 5y&==1+ 5y&+�1+��1+�

_ _
+ +

+HDW
y+�2

+��1L

���$PLQH$OGHK\GH ,PLQH

5y&==2 5y&==1+ 5y&+y1+��1+�

_ _ _
5
 5
 5


+HDW

y+�2

+��1L

.HWRQH 'LDON\O�NHWLPLQH ���$PLQH

•� 6FKPLGW�UHDFWLRQ

5y&y2+ 5y1+����&2����1�

2
1�+

&RQF��+�62�&DUER[\OLF�DFLG ��y$PLQH

__
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1�
�&Oy

1+�

1+�

%U

%U

%U

1+�

%U

1+&2&+�

� 3DUD�SURGXFW

6XOSKDQLOLF�DFLG

1+�
�+62�

y

����&

1+�

62�+

1 ==�1 1+� �G\H�
IRUPDWLRQ�

� 3DUD�SURGXFW

$]R�FRPSRXQGV

1+�

12�

1D12���+&O

�y��&

%U�

%U�
�&+�&2��2

&+�&2&O

&�+�1�

�
&O

y

+12���+�62�

&+�&2&O

+�62�

$QLOLQH

5HDFWLRQV�RI�$QLOLQH

',$=21,80�6$/76

$U1�
�
�&O

y�

+�2��ZDUP

+�32���+�2

&X&1

.,��+HDW

.6+

&X�&O�

RU�&X��+&O

&X�%U�

RU�&X��+%U

+%)�

+HDW

+%)�

1D12�

�* 15���2+�

*

$U�z�2+�3KHQRO

$U�z�&O�&KORUREHQ]HQH

$U�z�+�%HQ]HQH

$U�z�%U�%URPREHQ]HQH

$U�z�&1�&\DQREHQ]HQH

$U�z�,��,RGREHQ]HQH

$U�z�)��)OXRUREHQ]HQH

$U�z�12��1LWUREHQ]HQH

$U�z�6+��7KLRSKHQRO

1 1 *

D]R�G\H

$URPDWLF�SULPDU\�DPLQHV�UHDFW�ZLWK�
QLWURXV�DFLG�DW����y����.��LFH�EDWK�
WHPSHUDWXUH���WKH�SURGXFW�REWDLQHG�
LV�FDOOHG�GLD]RQLXP�VDOW�&�+�1�

�;y��
,W�FRQWDLQV�WKH�GLD]RQLXP�LRQ�JURXS�
z1 1

�
��DWWDFKHG�WR�DU\O�JURXS�

�• $U\O�GLD]RQLXP�VDOWV�DUH�PRUH�VWDEOH�
WKDQ�DON\O�GLD]RQLXP�VDOWV�
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,Q�WH[W�4XHVWLRQV1&(57

� 4���� �&ODVVLI\�WKH�IROORZLQJ�DPLQHV�DV�SULPDU\��VHFRQGDU\�DQG�WHUWLDU\��

���� �L��

NH2

� �LL���

N(CH3 2)

� �LLL�� �&�+���&+1+�� �LY�� �&�+���1+

�$QV�� �L��3ULPDU\�������� �LL���7HUWLDU\������� �LLL���3ULPDU\������ �LY���6HFRQGDU\�����

� 4���� ��L�� :ULWH�VWUXFWXUHV�RI�GLIIHUHQW�LVRPHULF�DPLQHV�FRUUHVSRQGLQJ�WR�WKH�PROHFXODU�IRUPXOD��&�+��1�

� � ��LL�� :ULWH�,83$&�QDPHV�RI�DOO�WKH�LVRPHUV�

� � ��LLL�� :KDW�W\SH�RI�LVRPHULVP�LV�H[KLELWHG�E\�GLIIHUHQW�SDLUV�RI�DPLQHV�"

�$QV�� ��L����LL��
� � � �3ULPDU\�DPLQHV

� � �D�� CH CH CH CH NH3 2 2 2 2
Butanamine

����E����CH CH CH CH

NH

3 2 3

2
Butan-2-amine

 
|

�� �F���
3 2 1
CH CH CH NH

CH

3 2 2

3

2-Methylpropanamine

 
|

� �G��� CH

CH

C NH

CH

3 2

3
      2-Methyl 
propan-2-amine

 

3
|

|

� � ��� �6HFRQGDU\�DPLQHV

� � �H��CH CH CH NHCH3 2 2 3

N-methylpropanamine

� �� �I���� CH CH NH CH

CH

3 3

3
N-Methylpropan-2-amine

 
|

�� �J��� CH CH NH CH CH3 2 2

N-Ethylethanamine

  3

� � ��� �7HUWLDU\�DPLQHV

� � �K�����CH NCH CH

CH

3 2 3

3

N, N-Dimethylethanamine


|

���

� �LLL����D��y��E��DQG��H��y��I��DUH�SRVLWLRQ�LVRPHUV�
� � �����D����y��F����E��y��G��DQG��D��y��G��DUH�FKDLQ�LVRPHUV�
� � �����H����y��J��DQG��I��DQG��J��DUH�PHWDPHUV�

� 4���� +RZ�ZLOO�\RX�FRQYHUW
� �L�� %HQ]HQH�LQWR�DQLOLQH�"�

� �LL���%HQ]HQH�LQWR�1��1�GLPHWK\ODQLOLQH�

� �LLL���&O��&+����&O�LQWR�KH[DQ�����GLDPLQH�"

� $QV����L�� ��
Conc. HNO
Conc. H SO

3

2 4
 → � � Fe, HCl

Reduction
 → � �

� � �LL�� ��
Conc. HNO
Conc. H SO

3

2 4
 → � � Fe, HCl

Reduction
 → � �� CH

Heat
3I (2 moles) → �� �

� � �LLL�� Cl (CH Cl  2

1,6-Dichlorohexane

 )6 ���� ���� 4NH (alc.)3
excess

� 373
2

K
NH Cl4−

 → �NH (CH NH2 2 2

Hexane-1,6-diamine

 )6 �
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� 4��� UUDQJH�WKH�IROORZLQJ�LQ�LQFUHDVLQJ�RUGHU�RI�WKHLU�EDVLF�VWUHQJWK��

� �L�� &�+�1+���&�+�1+���1+���&�+�&+�1+��DQG��&�+���1+����LL�� &�+�1+����&�+���1+���&�+���1��&�+�1+��

� �LLL�� &+�1+����&+���1+���&+���1��&�+�1+���&�+�&+�1+��

�$QV�� ���L���� �+���1+�!�&�+�1+��!�&�+�&+�1+��!�&�+�1+��!�1+�

� � � � 'XH�WR��,�HIIHFW�RI�WKH�WZR�&�+��JURXSV�LQ��&�+����1+�DV�FRPSDUHG�WR�RQH�LQ�&�+�1+���WKH�ORQH�SDLU�RQ�1�LV�PRUH�DYDLODEOH��

LQ��&�+����1+�WKDQ�&�+�1+��DQG�WKHUHIRUH���&�+����1+�LV�PRUH�EDVLF�WKDQ�&�+��1+���1RZ�DURPDWLF�DPLQH��&�+��1+��

LV�OHVV�EDVLF�WKDQ�ERWK��&�+����1+�DQG�&�+��1+��GXH�WR�y,�HIIHFW�RI�&�+��JURXS��'XH�WR� WKH�SUHVHQFH�RI�&�+��JURXS��

WKH�HOHFWURQ�GHQVLW\�RQ�WKH�1�DWRP�EHFRPHV�ORZHU�DQG�KHQFH�OHVV�EDVLF��&RPSDULQJ�&�+�1+��DQG�&�+�&+�1+���1�LV�

GLUHFWO\�ERQGHG�WR�WKH�EHQ]HQH�ULQJ�DQG�KHQFH�WKH�ORQH�SDLU�RI�HOHFWURQV�RQ�WKH�1�DWRP�LV�GHORFDOLVHG�RYHU�WKH�EHQ]HQH�

ULQJ��,Q�FRQWUDVW��1�LQ�&�+�&+�1+��LV�QRW�GLUHFWO\�ERQGHG�WR�WKH�EHQ]HQH�ULQJ�DQG�KHQFH�LWV�ORQH�SDLU�LV�QRW�GHORFDO�

LVHG�RYHU�WKH�EHQ]HQH�ULQJ��7KHUHIRUH��WKH� ORQH�SDLU�RI�HOHFWURQV�RQ�1�DWRP�LQ�&�+�&+�1+��LV�PRUH�HDVLO\�DYDLODEOH�

IRU�SURWRQDWLRQ�WKDQ�WKDW�RQ�WKH�1�DWRP�LQ�&�+�1+���+HQFH�&�+�&+�1+�� LV�PRUH�EDVLF�WKDQ�&�+�1+���+HQFH��WKH�

FRUUHFW�RUGHU�RI�EDVLF�FKDUDFWHU�

� � �LL���'XH�WR�LQFUHDVH�LQ��,�LQGXFWLYH�HIIHFW�RI�&�+��JURXS��WKH�HOHFWURQ�GHQVLW\�RQ�1�DWRP�LQFUHDVHV�DQG�WKHUHIRUH��WKH�EDVLF�

FKDUDFWHU� LV� H[SHFWHG� WR� LQFUHDVH�DV�&�+�1+���� �&�+���1+��� �&�+���1��,Q�&�+�1+��� WKH� HOHFWURQ� GHQVLW\�RQ� WKH�1�

DWRP�GHFUHDVHV�GXH�WR�WKH�GHORFDOLVDWLRQ�RI� WKH� ORQH�SDLU�RI�HOHFWURQV�RYHU�WKH�EHQ]HQH�ULQJ��7KHUHIRUH��DOO� WKH�WKUHH�

HWK\O� DPLQHV� DUH�PRUH�EDVLF� WKDQ�&�+�1+���7KRXJK��&�+����1�LV� H[SHFWHG� WR�EH�PRUH�EDVLF� WKDQ� �&�+����1+�� LW� LV�

OHVV�EDVLF�EHFDXVH�RI�VWHULF�KLQGUDQFH�WR�+�ERQGLQJ�IRU�VROYDWLRQ�RI�FRQMXJDWH�DFLG�GHULYHG�IURP��&�+����1��7KHUHIRUH��

�&�+���1�LV�OHVV�EDVLF�WKDQ��&�+���1+�EXW�PRUH�EDVLF�WKDQ�&�+�1+���6R��WKH�FRUUHFW�RUGHU�RI�EDVLF�VWUHQJWK�LV��

� � � �&�+���1+�!��&�+���1�!�&�+�1+��!�&�+�1+��

� � ��LLL��$V�H[SODLQHG�LQ�DQVZHU��L���&�+�1+��LV�OHVV�EDVLF�WKDQ�&�+�&+�1+��DQG�DOO�PHWK\O�DPLQHV�DUH�PRUH�EDVLF�WKDQ�WKHVH�

DPLQHV�GXH�WR��,�HIIHFW�RI�y&+��JURXS�>DQVZHU��LL�@��+RZHYHU���&+����1�LV�OHVV�EDVLF�WKDQ��&+���1+�DQG�&+�1+��GXH�

WR�VWHULF�KLQGUDQFH�DQG�OHVV�VWDELOL]DWLRQ�E\�+�ERQGLQJ��7KHUHIRUH��WKH�FRUUHFW�RUGHU�LV��

� � � �&+���1+�!�&+�1+��!��&+���1�!�&�+�&+�1+��!�&�+�1+�

� 4����� RPSOHWH�WKH�IROORZLQJ�DFLG�EDVH�UHDFWLRQV�DQG�QDPH�WKH�SURGXFWV��

� � �D��&+�&+�&+�1+����+&O�→�� �E����&�+���1���+&O�→� �

�$QV�� ��D��&+�&+�&+�1+�����+&O�→�&+�&+�&+�1+
�
�&O

y

� � � ���Q�SURS\ODPLQH��� ����� ���������� ������ ����� �� � ��Q�SURS\ODPPRQLXP�FKORULGH

� � �E����&�+���1�������+&O� � � � �� �→���&�+���1+
�&Oy�

� � � ��� �� ��� �� �� ��� �� �� ��� �� �� ��� �� ��� ����� ����7ULHWK\ODPPRQLXP�FKORULGH

� 4�����:ULWH� UHDFWLRQV� RI� WKH� ILQDO� DON\ODWLRQ� SURGXFW� RI� DQLOLQH�ZLWK� H[FHVV� RI� PHWK\O� LRGLGH� LQ� WKH� SUHVHQFH� RI�
VRGLXP�FDUERQDWH�VROXWLRQ�

�

�$QV�� �� &�+�1+����&+�,� →����>&�+�1
�
+�&+�@,

y

� � ����� ������ ���� ������ ������ � � � $QLOLQH������������ ����� ������� �� �1�0HWK\ODQLOLQLXP�LRGLGH�

� � � �>&�+�1+�&+�@,
y���1D�&2�� � ��→�� �&�+�1+&+����&2�����1D,

� � � � � 1�0HWK\ODQLOLQH

� � � &�+�1+&+�� � ��
CH
Na CO

3

2 3

I → � �&�+�1�&+��������&2�������1D,
� � � � � 1�1�'LPHWK\O�DQLOLQH

�

� � � &�+�1�&+������&+�,� � ��→�� &�+�1
��
�&+���,

y
�

� � � � � 1�1�1�7ULPHWK\ODQLOLQLXP�LRGLGH

� � � �&�+�1
��

�&+���,
y���1D�&2�� � ��→�� >&�+�1

�
�

�&+���@�&2�
�y��� ����� ���� ���������1D,�

� � � � � 1�1�1�7ULPHWK\ODQLOLQLXP�FDUERQDWH

� 4�����:ULWH�FKHPLFDO�UHDFWLRQ�RI�DQLOLQH�ZLWK�EHQ]R\O�FKORULGH�DQG�ZULWH�QDPH�RI�WKH�SURGXFW�REWDLQHG�

�$QV�� ��
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� 4��� :ULWH�VWUXFWXUHV�RI�GLIIHUHQW�LVRPHUV�FRUUHVSRQGLQJ�WR�WKH�PROHFXODU�IRUPXOD��&�+�1��:ULWH�,83$&�QDPHV�RI�
WKH�LVRPHUV�ZKLFK�ZLOO�OLEHUDWH�QLWURJHQ�JDV�RQ�WUHDWPHQW�ZLWK�QLWURXV�DFLG�

�$QV�� �)RXU�VWUXFWXUDO�LVRPHUV�DUH�SRVVLEOH

� � CH CH CH NH3 2 2 2
Propan-1-amine

(1 )°

�� ��������� CH3

Propan-2-amine

 CH CH

NH

3

2

1

|

°( )

�� ��������� CH NH C H3 2 5

2

 
N-Methylethanamine

( )°

� �� CH3

N,N-Dimethylmethanamine

 N CH

CH

3

3

3

|

°( )

� � 2QO\��°�DPLQHV�UHDFW�ZLWK�+12��WR�OLEHUDWH�1��JDV

� � ������ ������������ ����&+�&+�&+�1+����+12��→�&+�&+�&+�2+���+�2���1�

� � ������ �� ������������� ����� �3URSDQ���DPLQH� �� ���� �� ������������� � ���� � 3URSDQ���RO

� � ������ ������������ ���
CH3

CH3

CH—NH + HNO2 2

CH3

CH3

CHOH + N + H O2 2

Propan-2-amine Propan-2-ol

� 4����� RQYHUW

� � ��L����0HWK\ODQLOLQH�LQWR���QLWURWROXHQH� � �LL��$QLOLQH�LQWR�������WULEURPREHQ]HQH�

�$QV�� �L����� NaNO HCl2, 
273 278K− → ���� HBF4 → �

�PDMRU�SURGXFW�

NaNO Cu2 /
∆ → ��

� � �LL���� � ��������� Br H O2 2,  → ��NaNO HCl2,
273 278K− → � H PO Cu3 2, → ��

1&(57

4����:ULWH�,83$&�QDPHV�RI�WKH�IROORZLQJ�FRPSRXQGV�DQG�FODVVLI\�WKHP�LQWR�SULPDU\��VHFRQGDU\�DQG�WHUWLDU\�DPLQHV�

� �L�� �&+���&+1+�� �LL�� &+��&+���1+�� �LLL�� &+�1+&+�&+���� �LY�� �&+���&1+�

� �Y�� &�+�1+&+�� �YL�� �&+�&+���1&+�� �YLL�� P�%U&�+�1+��

$QV�� � �L���3URSDQ���DPLQH���°�� � �LL�� 3URSDQ���DPLQH���°�
� �LLL�� 1�0HWK\OSURSDQ���DPLQH���°�� �LY�� ��0HWK\OSURSDQ���DPLQH

� �Y�� 1�0HWK\OEHQ]HQDPLQH�RU�1�0HWK\ODQLOLQH� �YL�� 1�(WK\O�1�PHWK\OHWKDQDPLQH���°�
� �YLL�� ��%URPREHQ]DQDPLQH�RU���%URPRDQLOLQH���°�

� 4���� *LYH�RQH�FKHPLFDO�WHVW�WR�GLVWLQJXLVK�EHWZHHQ�WKH�IROORZLQJ�SDLUV�RI�FRPSRXQGV�

� �L���0HWK\ODPLQH�DQG�GLPHWK\ODPLQH� �LL��� 6HFRQGDU\�DQG�WHUWLDU\�DPLQHV

� �LLL�� (WK\ODPLQH�DQG�DQLOLQH� �LY�� $QLOLQH�DQG�EHQ]\ODPLQH

� �Y�� $QLOLQH�DQG�1�PHWK\ODQLOLQH

$QV�� � �L���7KHVH�FDQ�EH�GLVWLQJXLVKHG�E\�FDUE\ODPLQH�WHVW��:KHQ�KHDWHG�ZLWK�DOFRKROLF�VROXWLRQ�RI�.2+�DQG�FKORURIRUP��PHWK\O�
DPLQH�JLYHV�IRXO�VPHOO�RI�PHWK\O�LVRF\DQLGH�

� � &+�1+������ +&O��� ��� .2+� � →�� &+�1&�� �� .&O�� ��� +�2
� � 0HWK\ODPLQH� � � �DOF��� � 0HWK\O�LVRF\DQLGH
� � �� � � � � � �IRXO�VPHOO�
� � 'LPHWK\ODPLQH�GRHV�QRW�JLYH�WKLV�WHVW�

� � ��� � � � +���1+��� �� CHCl3, KOH
∆ → ����1R�UHDFWLRQ

� � �� � �'LPHWK\ODPLQH
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� �LL�� 6HFRQGDU\�DPLQHV�JLYH�/LEHUPDQQ�QLWURVRDPLQH�WHVW�ZKLOH��°�DPLQHV�GR�QRW���°�DPLQH�RQ�WUHDWPHQW�ZLWK�+12���SUHSDUHG�

LQ�VLWX�E\�WKH�DFWLRQ�RI�+&O�RQ�1D12���JLYHV�\HOORZ�FRORXUHG�RLO\�1�QLWURVRDPLQH�

� � ��� ������������ ����&+�&+���1+�����+2z1  �2�� �→���� �� ���&+�&+����1z1  2�� ��� +�2

� � �� ��� ���'LHWK\ODPLQH� � � ��� ���� � 1�1LWURVRGLHWK\ODPLQH

� � �� � � � � ������������� ������������ ��<HOORZ�FRORXU�

� � 1�1LWURVRGLHWK\ODPLQH�RQ�ZDUPLQJ�ZLWK�D�FU\VWDO�RI�SKHQRO�DQG�FRQF��+�62��JLYHV�D�JUHHQ�VROXWLRQ�ZKLFK�ZKHQ�PDGH�

DONDOLQH�ZLWK�DTXHRXV�1D2+�WXUQV�GHHS�EOXH�DQG�WKHQ�UHG�RQ�GLOXWLRQ���7HUWLDU\�DPLQHV�GRQRW�JLYH�WKLV�WHVW�

� �LLL�� 7KHVH�FDQ�EH�GLVWLQJXLVKHG�E\�D]R�G\H�WHVW�

� � 'LVVROYH�WKH�FRPSRXQG�LQ� FRQF��+&O�DQG�DGG� LFH�FROG� VROXWLRQ�RI�+12�� �1D12����GLO�+&O��DQG�WKHQ�WUHDW� LW�ZLWK�DQ�

DONDOLQH�VROXWLRQ�RI���QDSKWKRO��$SSHDUDQFH�RI�EULOOLDQW�RUDQJH�RU�UHG�G\H� LQGLFDWHV�DQLOLQH�

� ����� ���������� �1+����1D12����+&O�
273K → ��� 1�

�&Oy��������+�2

� � ��� ���� ��� ���� �$QLOLQH� �� � � � � � � � � � ��� ���� ��� ���%HQ]HQHGLD]RQLXP�FKORULGH� �

� � ��� ��������� 1�
�&Oy��� ��� � � dil NaOH. → �� 1  �1z

� � �� ��� ����������1DSKWKRO���� ���� ������ � � ��3KHQ\OD]R���QDSKWKRO
� � �� �� � � � � � � � � � � ����������� ��� ���2UDQJH�UHG�G\H��� �

� � (WK\ODPLQH�GRHV�QRW�IRUP�G\H��,W�ZLOO�JLYH�EULVN�HIIHUYHVFHQFH�GXH�WR�WKH�HYROXWLRQ�RI�1��EXW�VROXWLRQ�UHPDLQV�FOHDU�

� �LY�� 7KHVH�FDQ�EH�GLVWLQJXLVKHG�E\�D]R�G\H�WHVW�

� � �$QLOLQH�UHDFWV�ZLWK�+12���1D12����GLO��+&O��DW����y���.�WR�IRUP�VWDEOH�EHQ]HQH�GLD]RQLXP�FKORULGH�ZKLFK�RQ�WUHDW�

PHQW�ZLWK�DQ�DONDOLQH�VROXWLRQ�RI���QDSKWKRO�JLYHV�DQ�RUDQJH�G\H��DV�JLYHQ�LQ�UHDFWLRQ��LLL���

� � %HQ]\ODPLQH�GRHV�QRW�JLYH�D]R�G\H�WHVW�

� �Y�� 7KHVH�FDQ�EH�GLVWLQJXLVKHG�E\�FDUE\ODPLQH�WHVW��$QLOLQH�EHLQJ�SULPDU\�DPLQHV�JLYHV�FDUE\ODPLQH�WHVW�L�H���ZKHQ�KHDWHG�

ZLWK�DQ�DOFRKROLF�VROXWLRQ�RI�.2+�DQG�&+&O���LW�JLYHV�IRXO�VPHOO�RI�SKHQ\O�LVRF\DQLGH�

� ����� &�+�1+������ +&O��� ��� .2+� � ∆ → ����&�+�1&�� ��� �.&O�� ��� +�2

� � ��� $QLOLQH� � � � �DOF��� ���� ���� �3KHQ\OLVRF\DQLGH

� � �� &�+�1+z&+��
CHCl3, KOH

∆ → �1R�UHDFWLRQ

� � �� ��� �����1�0HWK\ODQLOLQH

� 4�����$FFRXQW�IRU�WKH�IROORZLQJ��

� �L�� S.E�RI�DQLOLQH�LV�PRUH�WKDQ�WKDW�RI�PHWK\ODPLQH�� �'�6�%�������
� �LL�� (WK\ODPLQH�LV�VROXEOH�LQ�ZDWHU��ZKHUHDV�DQLOLQH�LV�QRW�
� �LLL�� 0HWK\ODPLQH�LQ�ZDWHU�UHDFWV�ZLWK�IHUULF�FKORULGH�WR�SUHFLSLWDWH�K\GUDWHG�IHUULF�R[LGH�
� �LY�� $OWKRXJK� DPLQR� JURXS� LV� R�DQG� S�GLUHFWLQJ� LQ� DURPDWLF� HOHFWURSKLOLF� VXEVWLWXWLRQ� UHDFWLRQV�� DQLOLQH� RQ�

QLWUDWLRQ�JLYHV�D�VXEVWDQWLDO�DPRXQW�RI�P�QLWURDQLOLQH�
� �Y�� $QLOLQH�GRHV�QRW�XQGHUJR�)ULHGHO�&UDIWV�UHDFWLRQ�� �'�6�%�������
� �YL�� 'LD]RQLXP�VDOWV�RI�DURPDWLF�DPLQHV�DUH�PRUH�VWDEOH�WKDQ�WKRVH�RI�DOLSKDWLF�DPLQHV�

� �YLL�� *DEULHO�SKWKDOLPLGH�V\QWKHVLV�LV�SUHIHUUHG�IRU�V\QWKHVLVLQJ�SULPDU\�DPLQHV�

$QV�� � �L�� ,Q�DQLOLQH��WKH�ORQH�SDLU�RI�HOHFWURQV�RQ�1�DWRP�LV�GHORFDOL]HG�RYHU�WKH�EHQ]HQH�ULQJ��$V�D�UHVXOW��HOHFWURQ�GHQVLW\�RQ�WKH�

QLWURJHQ�GHFUHDVHV��2Q�WKH�RWKHU�KDQG�� LQ�&+�1+����,�HIIHFW�RI�&+��JURXS� LQFUHDVHV� WKH�HOHFWURQ�GHQVLW\�RQ�1�DWRP��

7KHUHIRUH��DQLOLQH�LV�OHVV�EDVLF�WKDQ�PHWK\ODPLQH�DQG�KHQFH�S.E�RI�DQLOLQH�LV�KLJKHU�WKDQ�WKDW�RI�PHWK\ODPLQH�

� �LL�� (WK\ODPLQH�GLVVROYHV�LQ�ZDWHU�GXH�WR�LQWHUPROHFXODU�K\GURJHQ�ERQGLQJ�DV�VKRZQ�EHORZ��

� �
δ δ δ δ δ δ− − + − +|

| |

|

| |

+
H H H H   

H

N

C H

O

H

H

N

C H

O

H

�� �� �� ��

2 5 2 5

� � +RZHYHU��EHFDXVH�RI� ODUJH�K\GURSKRELF�SDUW� �L�H���K\GURFDUERQ�SDUW��RI�DQLOLQH��WKH�H[WHQW�RI�K\GURJHQ�ERQGLQJ� LV� OHVV�
DQG�WKHUHIRUH��DQLOLQH�LV�LQVROXEOH�LQ�ZDWHU�
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� �LLL�� 0HWK\ODPLQH�LV�PRUH�EDVLF�WKDQ�ZDWHU�DQG�WKHUHIRUH��DFFHSWV�D�SURWRQ�IURP�ZDWHU�IRUPLQJ�2+y�LRQV�

� � � &+��1+����+z2+� � �→���&+�z1+
�
����2+

y��

� � 7KHVH�2+y�LRQV�FRPELQH�ZLWK�)H���LRQV�WR�IRUP�EURZQ�SSW��RI�K\GUDWHG�IHUULF�R[LGH�

� � �� )H&O�� � →��)H������&Oy
� � �� �)H������2+y� � →���)H�2+���RU�)H�2����+�2

� � �� � � +\GUDWHG�IHUULF�R[LGH

� � �� � � �%URZQ�SSW��

� �LY�� 8QGHU�VWURQJO\�DFLGLF�FRQGLWLRQV�RI�QLWUDWLRQ��LQ�WKH�SUHVHQFH�RI�D�PL[WXUH�RI�FRQF��+12����+�62����DQLOLQH�JHWV�SURWRQDWHG�

DQG�LV�FRQYHUWHG�LQWR�DQLOLQLXP�LRQ�KDYLQJ�y1+�
��JURXS��7KLV�JURXS�LV�GHDFWLYDWLQJ�JURXS�DQG�LV�P�GLUHFWLQJ��6R��WKH�

QLWUDWLRQ�RI�DQLOLQH�JLYHV�R��S�QLWURDQLOLQH��PDLQO\�S�SURGXFW��ZKLOH�WKH�QLWUDWLRQ�RI�DQLOLQLXP�LRQ�JLYHV�P�QLWURDQLOLQH�

� �

� � 7KXV��QLWUDWLRQ�RI�DQLOLQH�JLYHV�D�VXEVWDQWLDO�DPRXQW�RI�P�QLWURDQLOLQH�GXH�WR�SURWRQDWLRQ�RI�DQLOLQH�

� �Y�� $QLOLQH�EHLQJ�D�/HZLV�EDVH�UHDFWV�ZLWK�/HZLV�DFLG�VXFK�DV�$O&O��WR�IRUP�D�VDOW�
� � �� &�+�1+������������$O&O�� � →�� &�+�1+

�

��$O&O�
y

� � �� /HZLV�EDVH������ � /HZLV�DFLG�� � �� ���� � �6DOW

� � $V�D�UHVXOW��1�RI�DQLOLQH�DFTXLUHV��YH�FKDUJH�DQG�KHQFH�LW�DFWV�DV�D�VWURQJ�GHDFWLYDWLQJ�JURXS�IRU�HOHFWURSKLOLF�VXEVWLWX�
WLRQ�UHDFWLRQ��+HQFH�DQLOLQH�GRHV�QRW�XQGHUJR�)ULHGHO�&UDIWV�UHDFWLRQ�

� �YL�� 7KH�GLD]RQLXP�VDOWV�RI�DURPDWLF�DPLQHV�DUH�PRUH�VWDEOH�WKDQ�WKRVH�RI�DOLSKDWLF�DPLQHV�EHFDXVH�RI�GLVSHUVDO�RI�SRVLWLYH�
FKDUJH�RQ�WKH�EHQ]HQH�ULQJ�GXH�WR�UHVRQDQFH��

� �

N
+
N N

+
N N

+
N
–

+

N
+
N
–

+

N
+
N
–

+

N
+
N
–

+or

� � 7KLV�W\SH�RI�UHVRQDQFH�VWDELOLW\�LV�QRW�SRVVLEOH�LQ�DON\O�GLD]RQLXP�VDOWV�

� �YLL�� *DEULHO�SKWKDOLPLGH�UHDFWLRQ�JLYHV�SXUH��°�DPLQHV�ZLWKRXW�DQ\�LPSXULW\�RI��°�RU��°�DPLQHV��7KHUHIRUH��LW�LV�SUHIHUUHG�
IRU�WKH�V\QWKHVLV�RI��°�DPLQHV��

� 4�����$UUDQJH�WKH�IROORZLQJ��

� �L���,Q�GHFUHDVLQJ�RUGHU�RI�WKH�S.E�YDOXHV�� �&�+�1+���&�+�1+&+����&�+���1+�DQG�&�+�1+��� �'�6�%�������

� �LL�� ,Q�GHFUHDVLQJ�RUGHU�RI�EDVLF�VWUHQJWK����&�+�1+���&�+�1�&+������&�+���1+�DQG�&+�1+��� �'�6�%�������

� �LLL�� ,QFUHDVLQJ�RUGHU�RI�EDVLF�VWUHQJWK��

� ���D��$QLOLQH��S�QLWURDQLOLQH�DQG�S�WROXLGLQH

� � �E��&�+�1+���&�+�1+&+���&�+�&+�1+�� � � �'�6�%�������

� �LY�� 'HFUHDVLQJ�RUGHU�RI�EDVLF�VWUHQJWK�LQ�JDV�SKDVH���&�+�1+����&�+���1+���&�+���1�DQG�1+�� �

� �Y�� ,QFUHDVLQJ�RUGHU�RI�ERLOLQJ�SRLQW�����&�+�2+���&+���1+��&�+�1+�

� �YL�� ,QFUHDVLQJ�RUGHU�RI�VROXELOLW\�LQ�ZDWHU�����&�+�1+����&�+���1+��&�+�1+�� �

�$QV�� ��L�� 6WURQJHU�WKH�EDVH�OHVVHU�WKH�S.E�YDOXH�

� � � &�+�1+��!�&�+�1+&+��!�&�+�1+��!��&�+���1+

� � � 5HIHU�,Q�WH[W�4���
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� � �LL�� �&�+���1+�!��&+�1+��!�&�+�1+&+��!�&�+�1+�

� � � 5HIHU�,QWH[W�4����

� � �LLL���D��S�QLWURDQLOLQH���DQLOLQH���S�WROXLGLQH

� � � �E��&�+�1+�����&�+�1+&+����&�+�&+�1+�

� � LY��� �+���1�!��&�+���1+��!�&�+�1+��!�1+��

� � � ,Q�JDV�SKDVH�UHDFWLRQV��WKH�VWDELOL]DWLRQ�RI�WKH�FRQMXJDWH�DFLGV�GXH�WR�K\GURJHQ�ERQGLQJ�LV�DEVHQW�

� � �Y�� 6LQFH�WKH�HOHFWURQHJDWLYLW\�RI�2�LV�PRUH�WKDQ�WKDW�RI�1��DOFRKROV�IRUP�VWURQJHU�K\GURJHQ�ERQGV�WKDQ�DPLQHV��7KHUHIRUH��WKH�

E�S��RI�&�+�2+��PRO��PDVV� �����LV�KLJKHU�WKDQ�WKRVH�RI��&+���1+�DQG�&�+�1+���HDFK�KDYLQJ�PRO�PDVV� ������)XUWKHU��

VLQFH�WKH�H[WHQW� RI�K\GURJHQ� ERQGLQJ� GHSHQGV�XSRQ�WKH�QXPEHU� RI�+�DWRPV� RQ�1�DWRP�� WKHUHIRUH���°� DPLQHV�ZLWK�WZR�
+�DWRPV�RQ�WKH�1�DWRP�KDYH�KLJKHU�E�S��WKDQ��°�DPLQHV��RI�FRPSDUDEOH�PROHFXODU�PDVV��KDYLQJ�RQO\�RQH�+�DWRP�RQ�1��
7KXV��WKH�ERLOLQJ�SRLQW�RI�&�+�1+��LV�PRUH�WKDQ�WKDW�RI��&+���1+��7KXV��WKH�E�S�V�RI�JLYHQ�FRPSRXQGV�LQFUHDVH�DV�

� � � �&+���1+���&�+�1+����&�+�2+�

� � �YL��6ROXELOLW\�GHFUHDVHV�ZLWK�LQFUHDVH�LQ�PROHFXODU�PDVV�RI�DPLQHV�GXH�WR�LQFUHDVH�LQ�VL]H�RI�WKH�K\GURSKRELF�K\GURFDUERQ�

SDUW�DQG�ZLWK�WKH�GHFUHDVH�LQ�WKH�QXPEHU�RI�+�DWRPV�RQ� WKH�1�DWRP�ZKLFK�IRUP�K\GURJHQ�ERQGV��$PRQJ�WKH�JLYHQ�

FRPSRXQGV��&�+�1+��KDV�KLJKHU�PROHFXODU�PDVV������IROORZHG�E\��&�+���1+������ZKLOH�&�+��1+��KDV�ORZHVW�PROHFXODU�

PDVV�RI�����7KXV��WKH�VROXELOLW\�LQFUHDVHV�LQ�WKH�RUGHU��

� � � &�+�1+�����&�+���1+���&�+�1+��

� 4�����+RZ�ZLOO�\RX�FRQYHUW

� �L�� (WKDQRLF�DFLG�LQWR�PHWKDQDPLQH� �LL�� +H[DQHQLWULOH�LQWR���DPLQRSHQWDQH�

� �LLL�� 0HWKDQRO�WR�HWKDQRLF�DFLG�� �LY�� (WKDQDPLQH�LQWR�PHWKDQDPLQH�

� �Y�� (WKDQRLF�DFLG�LQWR�SURSDQRLF�DFLG�� �YL���0HWKDQDPLQH�LQWR�HWKDQDPLQH�

� �YLL�� 1LWURPHWKDQH�LQWR�GLPHWK\ODPLQH�� �YLLL�� 3URSDQRLF�DFLG�LQWR�HWKDQRLF�DFLG�"�

$QV�� � �L��� CH COOH
Ethanoic acid

3
 

��
SOCl
SO HCl

2

2− − →
, � ��&+�&2&O� �

NH excess3( ) → � ��&+�&21+��
Br KOH
Hoffmann

2,
 

bromamide
reaction

 → �� CH NH3 2
Methanamine

� �LL�� CH CH CN3 2 4( )
Hexanenitrile

�
H O

Hydrolysis
3
+

 → � &+��&+���&22+��
SOCl2 → � &+��&+���&2&O��

NH excess3( ) → ���&+��&+���&21+�

� � �� � � � ����� Br KOH
Hoffmann

2,
 

bromamide
reaction

 → � �CH CH NH3 2 4 2( )
1-Aminopentane

� �LLL�� CH OH
Methanol

3 �
PCl5 → � ��� �&+�&O��

alc. KCN → � ����&+�&1��
H O

Hydrolysis
3
+

 → � �CH COOH
Ethanoic acid

3
 

� �LY�� CH CH NH
Ethana e
3 2 2

min
� HONO → ��&+�&+�2+�

K Cr O
Oxidation
2 2 7,H

+
 → �� ����&+�&+2�

K Cr O
Oxidation
2 2 7,H

+
 → � �&+�&22+

� � &+�&22+�
NH excess3( ) → � � +�&221+���

∆ → ��&+�&21+���
Br KOH
Hoffmann

2,
 

bromamide
reaction

 → � CH NH3 2
Methanamine

� �Y�� CH COOH
Ethanoic acid

3
 

�
LiAlH
duction

4
Re

 → � &+�&+�2+�
P I

or PI
, 2
3

 → � &+�&+�,�
KCN
KI− → � &+�&+�&1

� � �� � � � �
H H O
Hydrolysis

+
 →, 2

� �CH CH COOH
opanoic acid
3 2

Pr  

� �YL�� CH NH3 2
Methanamine

��
HONO → �� ��� +�2+��

P I, 2 → �� �������&+�,��
KCN → � �&+�&1��

� � �� � � � � Na C H OH
duction
,
Re

2 5 → � �CH CH NH3 2 2
Ethanamine

� �YLL�� CH NO
Nitromethane

3 2 ��
Sn HCl
duction
,

Re
 → ��&+�1+����

CHCl KOH3,
∆ → �� ������&+�1&��

Na C H OH
duction
,
Re

2 5 → �� CH NHCH3 3
Dimethylamine

�

� �YLLL�� CH CH COOH
opanoic acid
3 2

Pr  
��

NH3 → ��&+�&+�&221+���
∆ → �� �&+�&+�&21+��

Br KOH
Hoffmann

2,
 

bromamide
reaction

 → �� �&+�&+�1+�

� � ��
HONO → ����&+�&+�2+�����

K Cr O
Oxidation
2 2 7,H

+
 → �� CH CHO

Ethanoic acid
3

 
��
K Cr O
Oxidation
2 2 7,H

+
 → � CH C

Ethanoic acid
3 OOH
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� 4��� HVFULEH� WKH�PHWKRG�IRU� WKH� LGHQWLILFDWLRQ�RI� SULPDU\�� VHFRQGDU\�DQG�WHUWLDU\�DPLQHV�� $OVR�ZULWH�FKHPLFDO�
HTXDWLRQV�RI�WKH�UHDFWLRQV�LQYROYHG�

�$QV�� �5HIHU��3DJH���y����

� 4�����:ULWH�VKRUW�QRWHV�RQ�WKH�IROORZLQJ��

� �L�� &DUE\ODPLQH�UHDFWLRQ� �LL�� 'LD]RWLVDWLRQ

� �LLL�� +RIIPDQQuV�EURPDPLGH�UHDFWLRQ� �LY�� &RXSOLQJ�UHDFWLRQ

� �Y�� $PPRQRO\VLV� � �YL�� $FHW\ODWLRQ

� �YLL�� *DEULHO�SKWKDOLPLGH�V\QWKHVLV�

�$QV�� �5HIHU�7H[W��L��3DJH�����LL��3DJH�����LLL��3DJH�����UHDFWLRQ�����LY��3DJH�����Y��3DJH�����YL��3DJH�����YLL��SDJH����

� 4����� FFRPSOLVK�WKH�IROORZLQJ�FRQYHUVLRQV�

� �L�� 1LWUREHQ]HQH�WR�EHQ]RLF�DFLG� �LL�� %HQ]HQH�WR�P�EURPRSKHQRO

� �LLL�� %HQ]RLF�DFLG�WR�DQLOLQH� �LY�� $QLOLQH�WR�������WULEURPRIOXRUREHQ]HQH

� �Y�� %HQ]\O�FKORULGH�WR���SKHQ\OHWKDQDPLQH� �YL�� &KORUREHQ]HQH�WR�S�FKORURDQLOLQH

� �YLL�� $QLOLQH�WR�S�EURPRDQLOLQH� �YLLL�� %HQ]DPLGH�WR�WROXHQH

� �L[�� $QLOLQH�WR�EHQ]\O�DOFRKRO

$QV�� � �L��� � ( ) Fe, HCl
 NaOH

i
ii( )

 → � �� NaNO HCl
273 278K

2 ,
− → � CuCN, KCN → � �

H O
Hydrolysis

3
+

 → �

� �LL�� �

Conc.HNO
+ H SO

Nitration

3
2 4

 
     → �� � Br , Fe2 → � Sn, HCl

Reduction
 → � NaNO HCl

273-278K
2 , → ��

H O
Warm
2 → �

� �LLL�� ��
SOCl2 → � �

NH3 → �����
Br KOH
Hoffmann

2,
 

bromamide
reaction

 → � �

� �LY�� � Br , H O2 2 → � ����
NaNO HBF2 4

K

/
273 278− → �

∆ → �

� �Y�� � KCN → � ������ �����
LiAlH
Reduction

4 → ���
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� �YL��

Conc.HNO
+    conc.H SO

3

2 4

 

∆ → ������� ������ Sn, HCl
Reduction

 → ���

� �YLL�� ������
(CH CO) O,
CH COOH

3 2

3
 → �������� �Br CH COOH2 3, → �� ��

H O OH2 , −
 → �

� �YLLL�� �
Br KOH
Hoffmann

2, , 
 

bromamide
reaction

∆ → ���� ���� ���� NaNO HCl
273 278K

2 ,
− → � ��

H PO H O
Cu
3 2 2,
,∆ → � �

CH Cl  anhyd. AlCl3 , 3 → �

� �L[�� ������� NaNO HCl2
273--278 K

, → ������ �
H PO H O
Cu

3 2 2,
,∆ → � �

CH Cl  AlCl3 , 3 → � � Cl (1mole)2
hν

 → ��� �

� � �� � � � � ������ ������������
aq. KOH → �

� 4����� LYH�WKH�VWUXFWXUHV�RI�$��%�DQG�&�LQ�WKH�IROORZLQJ�UHDFWLRQV

� �L�� &+�&+�,� �
NaCN → �� $��   OH

     Partial 
hydrolysis

−
 → � %��

NaOH + Br2 → � &

� �LL�� &�+�1�&O� ��
CuCN → �� $� H O/H2

+
 → � %��   NH3

∆ → � &

� �LLL�� &+�&+�%U��
KCN → �� $�� LiAlH4 → � %��   HNO

0 C
2

°
 → � &

� �LY�� &�+�12���
Fe/HCl → �� $��

NaNO +HCl
273 K

2 → � %��   H O/H2
+

∆ → � &

� �Y�� &+�&22+��
NH3
∆ → �� $�� NaOBr → � %�� NaNO /HCl2 → �&

� �YL�� &�+�12���
Fe/HCl → �� $�� HNO

273K
2 → � %� �

C H OH6 5 → �&

$QV�� � �L���&+�&+�,�
NaCN → �� CH CH CN3 2

 Propane nitrile (A)

  OH
     Partial 

hydrolysis

−
 → �� CH CH

O

C NH3 2 2
Propanamide (B)

 
||

���
NaOH Br

Hoffmann
+ →2 

bromamide
reaction

�� CH CH NH3 2 2
Ethanamine

(C)

� �LL�� &�+�1�&O�
CuCN → � C H CN6 5

 Cyano benzene 
           (A)

� H O/H2
+

 → �� C H COOH6 5
Benzoic acid

(B)

��
NH3
∆ → �� C H CONH

Benzamide
C

6 5 2

( )

� �LLL�� &+�&+�%U�
KCN → � CH CH CN

A

3 2
Propane nitrile

( )

� LiAlH
duction

4
Re

 → � CH CH CH NH3 2 2 2
Propanamine

(B)

��HNO C2 0, ° → � &+�&+�&+�1
�

�&O
y

� � �� � � � �

H O2 →
�
CH CH CH OH

opanol
C

3 2 2
Pr
( )
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� �LY�� &�+�12���
Fe HCl
duction
/

Re
 → � C H NH

Aniline
A

6 5 2

( )

�
NaNO HCl

K
2

273
+ →

 
� C H N Cl

B

6 5 2
+ −

Benzene 
diazonium chloride 

( )

H H O+
 →, 2 � C H OH

Phenol
C

6 5

( )

� �Y�� &+�&22+�
NH3
∆ → � CH CONH

Ethanamide
A

3 2

( )

�
NaOBr

Hoffmann 
bromamide

reaction

 → � CH NH

B

3 2
Methanamine

( )

�
NaNO2, HCl → �� CH OH

Methanol
C

3

( )

� �YL�� &�+�12��
Fe HCl/ → � C H NH

Aniline
A

6 5 2

( )

HNO
K
2

273
 → C H N Cl

B

6 5 2
+ −

Benzene 
diazonium chloride 

( )

�
C H OH

Coupling
6 5

 reaction
 → �

�4����� Q�DURPDWLF�FRPSRXQG� t$u�RQ� WUHDWPHQW�ZLWK�DTXHRXV�DPPRQLD�DQG�KHDWLQJ� IRUPV�FRPSRXQG� t%u�ZKLFK�RQ�

KHDWLQJ�ZLWK�%U��DQG�.2+�IRUPV�D�FRPSRXQG�t&u�RI�PROHFXODU�IRUPXOD�&�+�1��:ULWH�WKH�VWUXFWXUHV�DQG�,83$&�

QDPHV�RI�FRPSRXQGV�$��%�DQG�&��

�$QV�� ��L�� 6LQFH�WKH�FRPSRXQG�&�RI�PROHFXODU�IRUPXOD�&�+�1�LV�IRUPHG�IURP�%�RQ�WUHDWPHQW�ZLWK�%U��DQG�.2+��+RIIPDQQ�EUR�

PDPLGH�UHDFWLRQ���WKHUHIRUH��WKH�FRPSRXQG�t%u�PXVW�EH�DQ�DPLGH�DQG�t&u�PXVW�EH�DQ�DPLQH��7KH�RQO\�DURPDWLF�DPLQH�

KDYLQJ�PROHFXODU�IRUPXOD�&�+�1�LV�&�+�1+���DQLOLQH��

� �LL�� 6LQFH�t&u�LV�DQLOLQH��WKH�DPLGH�IURP�ZKLFK�LV�IRUPHG�E\�PXVW�EH�EHQ]DPLGH��&�+�&21+���

� � �� � � C H NH
Aniline C
6 5 2

( )
�

Br2, KOH← � � C H CONH
Benzamide B
6 5 2

( )
� � 7KXV��%�LV�EHQ]DPLGH�

� �LLL�� 6LQFH�%�LV�IRUPHG�IURP�$�ZLWK�DTXHRXV�DPPRQLD�DQG�KHDWLQJ��WKHUHIRUH��FRPSRXQG�t$u�PXVW�EH�EHQ]RLF�DFLG�

� � �� � ������������ �� C H COOH
Benzoic

A

6 5
 acid

( )

�
aq. NH

Heat
3 → �� C H CONH

Benzamide
B

6 5 2

( )
� � � 7KXV��$� �&�+�&22+��%� �&�+�&21+���&� �&�+�1+��

�4������&RPSOHWH�WKH�IROORZLQJ�UHDFWLRQV��

� �L�� &�+�1+����&+&O����DOF��.2+�→� �LL�� &�+�1��&O���+�32����+�2�→
� �LLL�� &�+�1+����+�62��FRQF���→� �LY�� &�+�1��&O���&�+�2+�→
� �Y���&�+�1+����%U��DT���→� �YL�� &�+�1+�����&+�&2��2�→

� �YLL���&�+�1�&O�
( ) HBF

( ) NaNO /Cu,
4

2

i
ii ∆

 →

�$QV�� ��L���&�+�1+������&+&O���� ����.2+� � →�� &�+�1&� �������������.&O�� ������+�2
� � �� ������� ��� ����������� �DOF��� � 3KHQ\O�LVRF\DQLGH

� �LL�� &�+�1�&O� �� +�32�� �� +�2� →�� &�+�� �� 1�� �� +�32������� �+&O

� � �� � � � � � %HQ]HQH

� �LLL�� �&�+�1+�� �� +�62��FRQF���� →�� &�+�1+�
�

�+62�

y

� � �� � � � � � $QLOLQLXP�K\GURJHQVXOSKDWH

� �LY�� �&�+�1�&O� �� &�+�2+� � Reduction → ��&�+�� �� &+�&+2��� 1�� �� +&O

� � �� � � � � %HQ]HQH� � ��(WKDQDO

� �Y�� � � �� � �%U��DT�� →�� ��������+%U� � � � �

� �YL�� �&�+�1+�� �� �&+�&2��2� �
CH COOH3 → ��&�+�&21+&+�� �� &+�&22+

� � �� � � � � ��$FHWDQLOLGH�

� �YLL�� �&�+�1�&O� �����
( )i HBF4 → � &�+�1�

�
%)�

y
� ( ) ,ii NaNO Cu2 →∆

� �&�+�12������%)������1D)

� � �� � � � � � � � � ��������1LWUREHQ]HQH
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�4�����:K\�DURPDWLF�SULPDU\�DPLQHV�FDQQRW�EH�SUHSDUHG�E\�*DEULHO�SKWKDOLPLGH�V\QWKHVLV�"

�$QV�� �5HIHU�7H[W��3DJH�����

�4������+RZ�GR�DURPDWLF�DQG�DOLSKDWLF�SULPDU\�DPLQHV�UHDFW�ZLWK�QLWURXV�DFLG�"

�$QV�� �$URPDWLF�SULPDU\�DPLQHV�UHDFW�ZLWK�+12��DW����y����.�WR�IRUP�DURPDWLF�GLD]RQLXP�VDOWV�

� � � ������ ��+12�����+&O���
273 278K− → ��� � �������+�2�

� � �
$QLOLQH� � � � � %HQ]HQHGLD]RQLXP

� � �� � � � � ������FKORULGH

� � $OLSKDWLF�SULPDU\�DPLQHV�DOVR�UHDFW�ZLWK�+12��DW����y����.�WR�IRUP�DOLSKDWLF�GLD]RQLXP�VDOWV��+RZHYHU��WKHVH�DUH�XQVWDEOH�

HYHQ�DW�ORZ�WHPSHUDWXUH�DQG�WKHUHIRUH��GHFRPSRVH�UHDGLO\�WR�IRUP�DOFRKROV��JHQHUDOO\�SUHGRPLQDWH��DQG�1��LV�HYROYHG�

� � &+�&+�1+����� +12������+&O�
273 278K− → �&+�&+�z1

��
≡≡1&Oy� H O2 → �&+�&+�2+���1����+&O

� � (WK\ODPLQH�� � � � ������ ��� ��� ����8QVWDEOH� � � � � (WKDQRO�

�4������*LYH�SODXVLEOH�H[SODQDWLRQ�IRU�HDFK�RI�WKH�IROORZLQJ� �
� �L�� :K\�DUH�DPLQHV�OHVV�DFLGLF�WKDQ�DOFRKROV�RI�FRPSDUDEOH�PROHFXODU�PDVVHV�"�
� �LL�� :K\�DUH�SULPDU\�DPLQHV�KLJKHU�ERLOLQJ�WKDQ�WHUWLDU\�DPLQHV�"
� �LLL�� :K\�DUH�DOLSKDWLF�DPLQHV�VWURQJHU�EDVHV�WKDQ�DURPDWLF�DPLQHV�"

�$QV�� ��L�� /RVV�RI�SURWRQ�IURP�DPLQHV�JLYH�DPLGH� LRQ�ZKHUHDV�ORVV�RI�D�SURWRQ�IURP�DOFRKRO�JLYHV�DQ�DONR[LGH�LRQ�

� � �� 51+�� →� 51+y� �� +�

� � �� $PLQH� � $PLGH�LRQ�

� � �� 52+� →� 52y� ��� +�

� � �� $OFRKRO�� $ONR[LGH�LRQ

� � 6LQFH� 2� LV� PRUH� HOHFWURQHJDWLYH� WKDQ� 1�� WKHUHIRUH�� 52y� FDQ� DFFRPPRGDWH� WKH� yYH� FKDUJH� PRUH� HDVLO\� WKDQ��
51+y��&RQVHTXHQWO\��52y�LV�PRUH�VWDEOH�WKDQ�51+y��7KXV��DOFRKROV�DUH�PRUH�DFLGLF�WKDQ�DPLQHV�

� �LL�� 3ULPDU\�DPLQHV��51+���KDYH�WZR�K\GURJHQ�DWRPV�RQ�WKH�1�DWRP�DQG�WKHUHIRUH��IRUP�LQWHUPROHFXODU�K\GURJHQ�ERQGLQJ�

� �

� � 7HUWLDU\�DPLQHV��5�1��GRQRW�KDYH�K\GURJHQ�DWRPV�RQ�WKH�1�DWRP�DQG�WKHUHIRUH��WKHVH�GRQRW�IRUP�K\GURJHQ�ERQGV��$V�

D�UHVXOW�RI�K\GURJHQ�ERQGLQJ� LQ�SULPDU\�DPLQHV�� WKH\�KDYH�KLJKHU�ERLOLQJ�SRLQWV�WKDQ�WHUWLDU\�DPLQHV�RI�FRPSDUDEOH�

PROHFXODU�PDVV��)RU�H[DPSOH��E�S��RI�Q�EXW\ODPLQH�LV�����.�ZKLOH�WKDW�RI�WHUW�EXW\ODPLQH�LV�����.��

� �LLL�� %RWK�DU\ODPLQHV�DQG�DON\ODPLQHV�DUH�EDVLF�LQ�QDWXUH�GXH�WR�WKH�SUHVHQFH�RI�ORQH�SDLU�RQ�1�DWRP��%XW�DU\ODPLQHV�DUH�

OHVV�EDVLF�WKDQ�DON\ODPLQHV��)RU�H[DPSOH��DQLOLQH�LV�OHVV�EDVLF�WKDQ�HWK\ODPLQH�DV�VKRZQ�E\�.E�YDOXHV��

� � (WK\ODPLQH� ��� .E�� �����º���
y�

� � $QLOLQH������ �� .E�� �����º���
y��

� � 7KH�OHVV�EDVLF�FKDUDFWHU�RI�DQLOLQH�FDQ�EH�H[SODLQHG�RQ�WKH�EDVLV�RI�DURPDWLF�ULQJ�SUHVHQW�LQ�DQLOLQH��$QLOLQH�FDQ�KDYH�

WKH�IROORZLQJ�UHVRQDWLQJ�VWUXFWXUHV��

� �

NH2

I

NH2

II

NH2

III

+

–

NH2

IV

+

–

NH2

V

+

–

� � ,W� LV�FOHDU� IURP�WKH�DERYH�UHVRQDWLQJ�VWUXFWXUHV�WKDW�WKUHH�RI�WKHVH��,,,�� ,9�DQG�9��DFTXLUH�VRPH�SRVLWLYH�FKDUJH�RQ�1�

DWRP��$V�D� UHVXOW�� WKH�SDLU� RI� HOHFWURQV�EHFRPH� OHVV� DYDLODEOH� IRU� SURWRQDWLRQ��+HQFH�� DQLOLQH� LV� OHVV�EDVLF� WKDQ�HWK\O�

DPLQH�LQ�ZKLFK�WKHUH�LV�QR�VXFK�UHVRQDQFH��
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1&(57 4gT\_[Pa�?a^Q[T\b
BdQYTRcXeT�@dTbcX^]b

�1RWH�
����2EMHFWLYH�4XHVWLRQV�IURP�([HPSODU�3UREOHPV�DUH�JLYHQ�
LQ�&RPSHWLWLRQ�)LOH��SDJH����

� 4���� :KDW�LV�WKH�UROH�RI�+12��LQ�WKH�QLWUDWLQJ�PL[WXUH�XVHG�IRU�QLWUDWLRQ�RI�EHQ]HQH"

� $QV�� �+12��DFWV�DV�D�EDVH�LQ�WKH�QLWUDWLQJ�PL[WXUH��+12����+�62���DQG��SURYLGHV�WKH�HOHFWURSKLOH�

� � �+12����+�62��→��12�
�
�� ����+62�

y
������+�2

������� ���� � � (OHFWURSKLOH�
� 4���� �:K\�LV�1+��JURXS�RI�DQLOLQH�DFHW\ODWHG�EHIRUH�FDUU\LQJ�RXW�QLWUDWLRQ"

� $QV�� $QLOLQH�LV�YHU\�UHDFWLYH��7KH�GLUHFW�QLWUDWLRQ�RI�DQLOLQH�LV�XQVDWLVIDFWRU\�EHFDXVH�RI�WKH�VXVFHSWLELOLW\�RI�WKH�ULQJ�WRZDUGV�
R[LGDWLRQ�ZLWK�QLWULF�DFLG��+RZHYHU��WR�FDUU\�RXW�QLWUDWLRQ��WKH�DFWLYDWLRQ�RI�EHQ]HQH�ULQJ�LV�UHGXFHG�E\�ILUVW�DFHW\ODWLQJ�
DQLOLQH�ZLWK�DFHW\O�FKORULGH�

� � �
� � ([SODQDWLRQ�RI�UHGXFHG�UHDFWLYLW\�RI�1+��JURXS�LQ�DFHWDQLOLGH��,Q�DFHWDQLOLGH�WKH�R[\JHQ�RI�WKH�JURXS�ZLWKGUDZV�

HOHFWURQV�IURP�1+��JURXS�DV�VKRZQ�EHORZ�

� �

� � $V�D�UHVXOW��WKH�HOHFWURQ�SDLU�RQ�QLWURJHQ�JHWV�GLVSODFHG�WR�WKH�FDUER[\O�JURXS��7KHUHIRUH��WKH�XQVKDUHG�SDLU�RI�HOHFWURQV�
RQ� QLWURJHQ� LV� OHVV�DYDLODEOH� IRU� GRQDWLRQ� WR� WKH� DURPDWLF� ULQJ��&RQVHTXHQWO\�� WKH� HOHFWURQ� GHQVLW\�DW� RUWKR� DQG� SDUD�
SRVLWLRQV�LQ�WKH�EHQ]HQH�ULQJ�JHWV�UHGXFHG�ZKLFK�LQ�WXUQ�UHVXOWV�LQ�UHGXFHG�UHDFWLYLW\�WRZDUGV�HOHFWURSKLOLF�VXEVWLWXWLRQ�

RI�EHQ]HQH�

� 4���� :KDW�LV�WKH�SURGXFW�ZKHQ�&�+�&+�1+��UHDFWV�ZLWK�+12�"

� $QV� &�+�&+�1+����+212�→�&�+�&+�2+���1����+�2

� 4���� :KDW�LV�WKH�EHVW�UHDJHQW�WR�FRQYHUW�QLWULOH�WR�SULPDU\�DPLQH"

� $QV� 5HGXFWLRQ�RI�QLWULOHV�ZLWK�1D�DOFRKRO�RU�/L$O+��JLYHV�SULPDU\�DPLQH�

� � 5&1�����>+@�
Na alcohol
LiAlH
/

4
 → �5&+�1+�

� 4���� *LYH�WKH�VWUXFWXUH�RI� t$u�LQ�WKH�IROORZLQJ�UHDFWLRQ�

�
( ) NaNO + HCl, 273 278K

( ) H PO , H O
2

3 2 2

i

ii

− → �$
�

� $QV�� � ( ) ,i NaNO HCl K2 273 278+ − → � ( )ii H PO
H O
3 2

2
 → �
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� 4���� :KDW�LV�+LQVEHUJ�UHDJHQW"

� $QV�� %HQ]HQH�VXOSKRQ\OFKORULGH�&�+�62�&O��

� 4���� :K\�LV�EHQ]HQH�GLD]RQLXP�FKORULGH�QRW�VWRUHG�DQG�LV�XVHG�LPPHGLDWHO\�DIWHU�LWV�SUHSDUDWLRQ"

� $QV�� %HQ]HQH�GLD]RQLXP�FKORULGH�LV�YHU\�XQVWDEOH�DQG�WKHUHIRUH��LW�LV�QRW�VWRUHG�

� 4���� :K\�GRHV�DFHW\ODWLRQ�RI�z1+��JURXS�RI�DQLOLQH�UHGXFH�LWV�DFWLYDWLQJ�HIIHFW"

� $QV�� 5HIHU�4��1R����

� 4���� ([SODLQ�ZK\�0H1+��LV�VWURQJHU�EDVH�WKDQ�0H2+"

� $QV�� 1LWURJHQ�LV�OHVV�HOHFWURQHJDWLYH�WKDQ�R[\JHQ��7KHUHIRUH��ORQH�SDLU�RI�HOHFWURQV�RQ�QLWURJHQ�LV�UHDGLO\�DYDLODEOH�IRU�GRQDWLRQ��
+HQFH��0H1+��LV�PRUH�EDVLF�WKDQ�0H2+�

� 4���� :KDW�LV�WKH�UROH�RI�S\ULGLQH�LQ�WKH�DF\ODWLRQ�UHDFWLRQ�RI�DPLQHV"

� $QV�� 3\ULGLQH�DQG�RWKHU�EDVHV�DUH�XVHG�WR�UHPRYH�WKH�VLGH�SURGXFW�+&O��IURP�WKH�UHDFWLRQ�PL[WXUH�

� 4����� 8QGHU�ZKDW�UHDFWLRQ�FRQGLWLRQV��DFLGLF�EDVLF���WKH�FRXSOLQJ�UHDFWLRQ�RI�DU\OGLD]RQLXP�FKORULGH�ZLWK�DQLOLQH�
LV�FDUULHG�RXW"

� $QV�� &RXSOLQJ�UHDFWLRQ�LV�FDUULHG�RXW�LQ�PLOG�EDVLF�FRQGLWLRQV�

� 4����� 3UHGLFW�WKH�SURGXFW�RI�UHDFWLRQ�RI�DQLOLQH�ZLWK�EURPLQH�LQ�QRQ�SRODU�VROYHQW�VXFK�DV�&6��

� $QV��

� 4����� $UUDQJH�WKH�IROORZLQJ�FRPSRXQGV�LQ�LQFUHDVLQJ�RUGHU�RI�GLSROH�PRPHQW�

� � &+�&+�&+���&+�&+�1+���&+�&+�2+�

� $QV�� &+�&+�&+����&+�&+�1+����&+�&+�2+�

� 4����� :KDW�LV�WKH�VWUXFWXUH�DQG�,83$&�QDPH�RI�WKH�FRPSRXQG��DOO\O�DPLQH"

� $QV�� &+��  �&+y&+�1+����3URS���HQ���DPLQH�

� 4����� :ULWH�GRZQ�WKH�,83$&�QDPH�RI�

� $QV�� 1�1y'LPHWK\OEHQ]HQDPLQH�

� 4����� $� FRPSRXQG�=�ZLWK�PROHFXODU� IRUPXOD� &�+�1� UHDFWV�ZLWK� &�+�62�&O� WR� JLYH� D� VROLG�� LQVROXEOH� LQ�DONDOL��
,GHQWLI\�=�

� $QV�� =� LV� DQ� DOLSKDWLF� DPLQH�ZKLFK�JLYHV� D� VROLG� LQVROXEOH� LQ�EDVH�� 7KLV�PHDQV� WKDW� UHDFWLRQ�ZLWK�&�+�62�&O�PXVW�JLYH�D�
SURGXFW�ZLWKRXW�DQ\�UHSODFHDEOH�K\GURJHQ�DWWDFKHG�WR�QLWURJHQ��7KHUHIRUH��WKH�DPLQH�PXVW�EH�D�VHFRQGDU\�DPLQH��+HQFH��
=�LV�HWK\OPHWK\ODPLQH�

� � +HQFH��

C2H5

CH — NH     +    C H — S — Cl CH N SO C H3 6 5 3 2 6 5—

O

O C2H5
N-Ethyl-N-methyl

benzene sulphonamide

� 4����� $� SULPDU\� DPLQH�� 51+�� FDQ� EH� UHDFWHG� ZLWK� &+�z;� WR� JHW� VHFRQGDU\� DPLQH�� 5z1+&+�� EXW� WKH� RQO\�
GLVDGYDQWDJH�LV�WKDW��°�DPLQH�DQG�TXDWHUQDU\�DPPRQLXP�VDOWV�DUH�DOVR�REWDLQHG�DV�VLGH�SURGXFWV��&DQ�\RX�
VXJJHVW�D�PHWKRG�ZKHUH�51+��IRUPV�RQO\��°�DPLQH"

� $QV�� 51+�

KOH CHCl/ 3 → �51&�
H Pd2 / → �51+&+�

� � ���������� ����� ���������� ����� ����� ������ ���� ������ ����� ����� ����� ����� ����� ������

� � &DUE\ODPLQH�UHDFWLRQ�LV��VKRZQ�E\��°�DPLQHV�RQO\�ZKLFK�UHVXOWV�LQ�WKH�UHSODFHPHQW�RI�WZR�K\GURJHQ�DWRPV�DWWDFKHG�WR�
QLWURJHQ�DWRP�RI�1+��JURXS�E\�RQH�FDUERQ�DWRP��2Q�FDWDO\WLF�UHGXFWLRQ��WKH� LVRF\DQLGH� IRUPV�D�VHFRQGDU\�DPLQH�ZLWK�

RQH�PHWK\O�JURXS�
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� 4����� &RPSOHWH�WKH�IROORZLQJ�UHDFWLRQ�� �

� ������ � � ArN Cl
OH

+

2
−

− →

� $QV�� �
ArN Cl

OH H O
2

2

+ −

− →
/

�

� 4����� :K\�LV�DQLOLQH�VROXEOH�LQ�DTXHRXV�+&O"

� $QV�� $QLOLQH�IRUPV�WKH�VDOW�DQLOLQLXP�FKORULGH�ZLWK�+&O�ZKLFK�LV�ZDWHU�VROXEOH��

� 4����� 6XJJHVW�D�URXWH�E\�ZKLFK�WKH�IROORZLQJ�FRQYHUVLRQ�FDQ�EH�DFFRPSOLVKHG�

� �

� $QV�� � Br KOH2 / → �
CHCl KOH3 / → �

� 4����� ,GHQWLI\�$�DQG�%�LQ�WKH�IROORZLQJ�UHDFWLRQ�

� � � � KCN → �$�
H /Pd
2 → �%��

$QV�� � �
KCN → � �

H Pd2 / → �

� 4������+RZ�ZLOO�\RX�FDUU\�RXW�WKH�IROORZLQJ�FRQYHUVLRQV"
� � �L�� WROXHQH�→�S�WROXLGLQH� �LL�� S�WROXLGLQH�GLD]RQLXP�FKORULGH�→�S�WROXLF�DFLG

� $QV�� ��L��� �
HNO H SO3 2 4/ → �� �� Fe HCl/ → ��

� � � �LL��� �
CuCN KCN/ → �� ��

H O H2 /
+

 → ��
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� 4����� :ULWH�IROORZLQJ�FRQYHUVLRQV�
� � �L�� QLWUREHQ]HQH�→�DFHWDQLOLGH
� � �LL��DFHWDQLOLGH�→�S�QLWURDQLOLQH

� $QV�� � �L�� � Sn HCl/ → � �� ( )CH CO O
Pyridine
3 2 → ��

� � � ��LL���
HNO H SO3 2 4/ → � � H H O+

 →/ 2 � �

� 4����� $�VROXWLRQ�FRQWDLQV���J�PRO��HDFK�RI�S�WROXHQH�GLD]RQLXP�FKORULGH�DQG�S�QLWURSKHQ\O�GLD]RQLXP�FKORULGH��
7R�WKLV���J�PRO��RI�DONDOLQH�VROXWLRQ�RI�SKHQRO�LV�DGGHG��3UHGLFW�WKH�PDMRU�SURGXFW��([SODLQ�\RXU�DQVZHU�

� $QV�� 7KLV�UHDFWLRQ�LV�DQ�H[DPSOH�RI�HOHFWURSKLOLF�DURPDWLF�VXEVWLWXWLRQ��,Q�DONDOLQH�PHGLXP��SKHQRO�IRUPV�SKHQR[LGH�LRQ�ZKLFK�
LV�PRUH�HOHFWURQ� ULFK�WKDQ� SKHQRO�DQG�KHQFH�PRUH�UHDFWLYH� IRU� HOHFWURSKLOLF�DWWDFN��7KH�HOHFWURSKLOH� LQ�WKLV� UHDFWLRQ� LV�

DU\OGLD]RQLXP�FDWLRQ��S�1LWURSKHQ\OGLD]RQLXP�FDWLRQ�LV�D�VWURQJHU�HOHFWURSKLOH�WKDQ�S�WROXHQH�GLD]RQLXP�FDWLRQ��7KHUHIRUH��

LW�FRXSOHV�SUHIHUHQWLDOO\�ZLWK�SKHQRO�

���
� 4����� +RZ�ZLOO�\RX�EULQJ�RXW�WKH�IROORZLQJ�FRQYHUVLRQ"

� �

� � � S�1LWURDQLOLQH� � ��������7ULEURPRQLWUREHQ]HQH

� $QV��

� 4����� +RZ�ZLOO�\RX�FDUU\�RXW�WKH�IROORZLQJ�FRQYHUVLRQ"

� � � �
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� $QV��

� 4����� +RZ�ZLOO�\RX�FDUU\�RXW�WKH�IROORZLQJ�FRQYHUVLRQ"

� � ��� ���

� $QV�� �
HNO

K
2

273 278−
 → � � HBF4 → � � NaNO

Cu
2

,∆
 → �

� 4����� +RZ�ZLOO�\RX�FDUU\�RXW�WKH�IROORZLQJ�FRQYHUVLRQV"

� � �L����� ����→� �� � �LL���

NH2

����→�

� $QV� �L��

� �

��
�LL�

���

+ –
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0(025<�7(67

� $�� 6D\�7UXH�RU�)DOVH

� ��� $PLQHV�DFW�DV�/HZLV�EDVHV�
� ��� ,Q�DTXHRXV�VROXWLRQ��WULPHWK\ODPLQH�LV�PRUH�EDVLF�WKDQ�

PHWK\ODPLQH�
� ��� S�%URPRDQLOLQH�LV�IRUPHG�ZKHQ�DQLOLQH�LV�WUHDWHG�ZLWK�

EURPLQH�ZDWHU�
� ��� $]R�G\H�WHVW�FDQ�EH�XVHG�WR�GLVWLQJXLVK�DURPDWLF�SULPDU\�

DPLQHV�IURP�DOLSKDWLF�SULPDU\�DPLQHV�
� ��� &DWDO\WLF�UHGXFWLRQ�RI�FDUE\ODPLQHV�DOZD\V�JLYHV�SULPDU\�

DPLQHV�
� ��� 1�0HWK\OEHQ]DPLGH�RQ�KHDWLQJ�ZLWK�DTXHRXV�VROXWLRQ�

RI�1D2+�DQG�%U��JLYHV�1�PHWK\ODQLOLQH�
� ��� 6HFRQGDU\�DPLQHV�HYROYH�1��ZLWK�QLWURXV�DFLG�
� �� $FHWDQLOLGH�LV�OHVV�EDVLF�WKDQ�DQLOLQH�
� ��� *DEULHO�SKWKDOLPLGH�V\QWKHVLV�LV�XVHG�IRU�WKH�SUHSDUDWLRQ�

RI�DURPDWLF�SULPDU\�DPLQHV�
� ���� 7HUWLDU\� DPLQHV� GLVVROYH� LQ� QLWURXV� DFLG� WR� IRUP�

FRUUHVSRQGLQJ�VDOWV�

� %�� &RPSOHWH�WKH�PLVVLQJ�OLQNV

� �� $QLOLQH�RQ�KHDWLQJ�ZLWK�IXPLQJ�+�62��JLYHV����������������

� ��� 7KH� ,83$&�QDPH� RI� ORZHVW�PROHFXODU�PDVV� WHUWLDU\�
DPLQH�LV�hh����������

� ��� ,Q�6FKRWWHQ�%DXPDQQ�UHDFWLRQ��DQLOLQH�LV�KHDWHG�ZLWK�
���������������

� ��� &DUE\ODPLQH�WHVW�LV�XVHG�WR�WHVW���������������DPLQHV�
� ��� /LEHUPDQQ�QLWURVR�UHDFWLRQ�LV�XVHG�IRU�WKH�GHWHFWLRQ�RI�

h���������DPLQHV�

� ��� +LQVEHUJ�UHDJHQW�LV����������������

� ��� 3KHQ\O�LVRF\DQLGH�RQ�UHGXFWLRQ�ZLWK�K\GURJHQ�DQG�5DQH\�
QLFNHO�JLYHV����������������

� ��� 6HFRQGDU\�DPLQHV� UHDFW�ZLWK� DOGHK\GHV� DQG�NHWRQHV�
FRQWDLQLQJ�α�K\GURJHQ�WR�IRUP����������������

� ��� 5HDFWLRQ�RI�DFHWDPLGH�ZLWK�1D2+�DQG�%U��JLYHV������������

� ���� ,Q�+RIIPDQQ�EURPDPLGH�UHDFWLRQ��WKH�FDUERQ\O�JURXS�LV�
ORVW�DV�h����������

� ���� &+�&+�&21+�����+�
LiAlH
ether

4 → ��������������������������������

� ���� ���+�62��→����������������

� ���� &�+�1+��������������
aq NaOH. → �C H N—C—C H + HCl2 5 6 5

H O
�

� ���� 5�1+���Cl—C—Cl

O

�→��������������������������������

� ���� ���&+�&+�2+�→������������������������������

�����������������������������������

� &�� &KRRVH�WKH�FRUUHFW�DOWHUQDWLYH

� ��� ,VRF\DQLGH� WHVW� LV�XVHG� IRU� WKH� GHWHFWLRQ� RI�SULPDU\�
VHFRQGDU\�DPLQHV�

� ���$PLQR�JURXS�LV�RUWKR�SDUD�PHWD�GLUHFWRU�

� ���3ULPDU\�WHUWLDU\�DPLQHV�GRQRW� UHDFW�ZLWK�+LQVEHUJ
V�
UHDJHQW�

� ���2XW� RI� DQLOLQH�DQG�EHQ]\ODPLQH��DQLOLQH�EHQ]\ODPLQH�
JLYHV�D]R�G\H�WHVW�

� ���2Q� WUHDWLQJ� EHQ]HQH� GLD]RQ LXP� FKORU LGH� ZLWK�
K\SRSKRVSKRURXV�DFLG��WKH�SURGXFW�LV�SKHQRO�EHQ]HQH�

� ��� S.E�RI�DQLOLQH�LV�OHVV�PRUH�WKDQ�S�&�+��1+��1+��

� �� .E�RI�S�PHWK\ODQLOLQH�LV�PRUH�OHVV�WKDQ�DQLOLQH�

� ���$QLOLQH�LV�OHVV�PRUH�EDVLF�WKDQ�HWK\ODPLQH�

� ��� (OHFWURQ�ZLWKGUDZLQJ�JURXS�RQ�DQLOLQH�PDNHV�LW�OHVV�PRUH�
EDVLF�

� ���� *DEULHO�SKWKDOLPLGH�V\QWKHVLV�LV�XVHG�IRU�WKH�SUHSDUDWLRQ�
RI�SULPDU\�DURPDWLF�SULPDU\�DOLSKDWLF�DPLQHV�

0(025 �7(67

$�� � 6D\�7UXH�RU�)DOVH 6D\�7UXH�RU�)DOVH
� ��� 7UXH� ��� )DOVH

� ��� )DOVH�����������7ULEURPRDQLOLQH�LV�IRUPHG�

� ��� 7UXH

� �� )DOVH���*LYH�VHFRQGDU\�DPLQHV�

� ��� )DOVH� ��6HFRQGDU\� DPLGHV� GRQRW�XQGHUJR�+RIIPDQQ�
EURPDPLGH�UHDFWLRQ�

� ��� )DOVH� ��� 7UXH� �� )DOVH� ���� 7UXH

� %� &RPSOHWH�WKH�PLVVLQJ�OLQNV

� ��� 6XOSKDQLOLF�DFLG� ���1��1�'LPHWK\OPHWKDQDPLQH

� ��� EHQ]R\O�FKORULGH� ��� SULPDU\

� ��� VHFRQGDU\� ��� EHQ]HQH�VXOSKRQ\O�FKORULGH

� ���1�PHWK\ODQLOLQH� ��� HQDPLQHV

� �� PHWK\ODPLQH� ���� FDUERQDWH�LRQ
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�����&+�&+�&+�1+����+�2� ��

������&�+�&2&O� ���� R N—C—NR2 2

O

����+&O

����� ���&+�&+2���1����+&O

� &�� &KRRVH�WKH�FRUUHFW�DOWHUQDWLYH

� ��� SULPDU\� ��� RUWKR�SDUD� ��� WHUWLDU\

� ��� DQLOLQH� ��� EHQ]HQH� ���PRUH

� ���PRUH� ��� OHVV� ��� OHVV

� ���� SULPDU\�DOLSKDWLF

QUESTIONS WITH ANSWERS

+276 Higher Order Thinking Skills
Advanced Level�

4������$VSDUWDPH��DQ�DUWLILFLDO�VZHHWHQHU��LV�D�SHSWLGH�DQG�KDV�WKH�IROORZLQJ�VWUXFWXUH��

+�1&+�z�&21+�z�&+�z�&22&+�

&+��z�&22+

&+��&�+�

—

—

� �L�� ,GHQWLI\�WKH�IRXU�IXQFWLRQDO�JURXSV�
� �LL�� :ULWH�WKH�]ZLWWHU�LRQLF�VWUXFWXUH�
� �LLL�� :ULWH�WKH�VWUXFWXUHV�RI�WKH�DPLQR�DFLGV�REWDLQHG�IURP�WKH�K\GURO\VLV�RI�DVSDUWDPH�
� �LY�� :KLFK�RI�WKH�WZR�DPLQR�DFLGV�LV�PRUH�K\GURSKRELF�"� �,�,�7�������

$QV���L���7KH�IRXU�IXQFWLRQDO�JURXSV�DUH��
� � D��z1+���DPLQR�JURXS�� �E��z&21+��SHSWLGH�RU�DPLGH�JURXS�

� � F��z&22+��FDUER[\OLF�JURXS�� �G��&22&+���HVWHU�JURXS�

� �LL�� �H N

CH COO

CHCONH

CH C H

CHCOOCH
3

2 2 6 5

3
+

−

| |


� �LLL�� H NCHCOOH2

CH COOH
2|

� � � � DQG� H NCHCOOH
2

CH C H
2 6 5|

� �LY�� H N

C H

2

6 5

 

CH

CH COOH
2|

�ZLOO�EH�PRUH�K\GURSKRELF�GXH�WR�EXON\�DON\O�JURXSV�

4�����WHUW�%XW\ODPLQH�FDQQRW�EH�SUHSDUHG�E\�DFWLRQ�RI�DPPRQLD�RQ�WHUW�EXW\O�EURPLGH��:K\�"�([SODLQ�

$QV��WHUW�%XW\ODPLQH�LV�D��°�DON\O�KDOLGH��2Q�WUHDWPHQW�ZLWK�D�EDVH�OLNH�1+���LW�SUHIHUV�WR�XQGHUJR�HOLPLQDWLRQ�UHDFWLRQ�UDWKHU�
WKDQ�VXEVWLWXWLRQ��7KHUHIRUH��WKH�SURGXFW�LV�LVREXW\OHQH�LQVWHDG�RI�WHUW�EXW\ODPLQH�

� � � � ���� �

� � �� �����������������������������������������������������,VREXW\OHQH���������������������WHUW�%XW\OEURPLGH� WHUW�%XW\ODPLQH�

� � �� � ��� � � � � � � � � � � � � � � HOLPLQDWLRQ��

4�����([SODLQ�����DPLQRHWKDQRLF�DFLG�H[LVWV�DV�D�GLSRODU�LRQ�DV�GRHV�S�DPLQR�VXOSKRQLF�DFLG�EXW�S�DPLQR�EHQ]RLF�
DFLG�GRHV�QRW�

$QV���7KH�DOLSKDWLF�z1+��JURXS�LV�VXIILFLHQWO\�EDVLF�WR�DFFHSW�DQ�+
��IURP�&22+�JURXS��7KH�&22+�JURXS�LV�QRW�VWURQJ�HQRXJK�

WR�GRQDWH�+��WR�WKH�ZHDNO\�EDVLF�$U1+��EXW�62�+�JURXS�VXIILFLHQWO\�VWURQJ�HQRXJK�WR�GRQDWH�+
��WR�ZHDNO\�EDVLF�$U1+��

� � 1+� &22+� NH3
+z&+�z&22y�

NH3
+

SO3
−

� � S�DPLQR�EHQ]RLF�DFLG� S�DPLQR�HWKDQRLF�DLFG� S�DPLQR�VXOSKRQLF�DFLG
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4������:K\�DUH�DU\OGLD]RQLXP�LRQ�PRUH�VWDEOH�WKDQ�DON\OGLD]RQLXP�LRQ�"

$QV����7KH�VWDELOLW\�RI�DU\OGLD]RQLXP�LRQ�LV�GXH�WR�UHVRQDQFH�E\�HOHFWURQ�UHOHDVH�IURP�R��DQG�S�SRVLWLRQV�RI�WKH�ULQJ�

� ������������ � ←→���� �����RU�����

�7KLV�W\SH�RI�UHVRQDQFH�VWDELOLW\�LV�QRW�SRVVLEOH�LQ�DON\OGLD]RQLXP�LRQ�

4����� S�PHWKR[\DQLOLQH� LV� D� VWURQJHU�EDVH� WKDQ� DQLOLQH� EXW�S�QLWURDQLOLQH� LV� D�ZHDNHU� EDVH� WKDQ� DQLOLQH��
([SODLQ�

$QV�����0HWKR[\�JURXS��y2&+���LV�HOHFWURQ�UHOHDVLQJ�JURXS�DQG�LQFUHDVHV�WKH�HOHFWURQ�GHQVLW\�RQ�1�DWRP��7KHUHIRUH��LW�KDV�JUHDWHU�

HOHFWURQ�GRQDWLQJ�WHQGHQF\�WKDQ�DQLOLQH�DQG�WKXV�LV�D�VWURQJHU�EDVH�WKDQ�DQLOLQH��2Q�WKH�RWKHU�KDQG��QLWUR�JURXS�LV�HOHFWURQ�ZLWKGUDZ�
LQJ�JURXS�DQG�WKHUHIRUH��GHFUHDVHV�WKH�HOHFWURQ�GHQVLW\�RQ�QLWURJHQ�DWRP��$V�D�UHVXOW��S�QLWURDQLOLQH�LV�D�ZHDNHU�EDVH�WKDQ�DQLOLQH�

4������&DQ�ZH�SUHSDUH�DQLOLQH�E\�*DEULHO�SKWKDOLPLGH�UHDFWLRQ�"

$QV���$QLOLQH�FDQQRW�EH�SUHSDUHG�E\�*DEULHO�SKWKDOLPLGH�UHDFWLRQ�EHFDXVH�LW�UHTXLUHV�WKH�WUHDWPHQW�RI�SRWDVVLXP�SKWKDOLPLGH�
ZLWK�&�+�&O�RU�&�+�%U��6LQFH�DU\O�KDOLGHV�GRQRW�XQGHUJR�QXFOHRSKOLF�VXEVWLWXWLRQ�UHDFWLRQV�XQGHU�RUGLQDU\�FRQGLWLRQV��WKHUHIRUH��
WKH�UHDFWLRQ�GRHV�QRW�RFFXU��+HQFH��DQLOLQH�FDQQRW�EH�SUHSDUHG�E\�WKLV�PHWKRG�

4�������6XOSKDQLOLF�DFLG�LV�LQVROXEOH�LQ�ZDWHU�DQG�RUJDQLF�VROYHQWV��([SODLQ�
$QV������6XOSKDQLOLF�DFLG�LV�LRQLF�LQ�QDWXUH�DQG�WKHUHIRUH��LW�LV�LQVROXEOH�LQ�RUJDQLF�VROYHQWV��,WV�LQVROXELOLW\�LQ�ZDWHU�LV�W\SLFDO�

RI�GLSRODU�VDOWV��1RW�DOO�VXFK�VDOWV�GLVVROYH�LQ�ZDWHU�

� � � 1+��
�

62��
y

4�����:K\�LV�DQ�DPLGH�PRUH�DFLGLF�WKDQ�DPLQH�"
�$QV��7KH�DPLGH�KDV�WKH�IROORZLQJ�UHVRQDWLQJ�VWUXFWXUHV��

'XH�WR�WKH�GHORFDOLVDWLRQ�RI�ORQH�SDLU�RI�HOHFWURQV�RQ�1�RYHU�&  2�JURXS��DPLQR�JURXS�DFTXLUHV�D�SRVLWLYH�FKDUJH�ZKLFK�PDNHV�
1z+�ERQG�ZHDN��0RUHRYHU��WKH�DQLRQ�IRUPHG�DIWHU�UHPRYDO�RI�D�SURWRQ�LV�DOVR�VWDELOL]HG�E\�UHVRQDQFH�DV��

+RZHYHU��QR�VXFK�VWDELOL]DWLRQ�LV�SRVVLEOH�LQ�DPLQHV�

4�����:KLFK�LV�PRUH�EDVLF�3K1+��RU�3K�1+�"

�$QV��$URPDWLF�DPLQHV�DUH�OHVV�EDVLF�WKDQ�DON\ODPLQHV�EHFDXVH�WKH�HOHFWURQ�GHQVLW\�RI�WKH�ORQH�SDLU�RI�HOHFWURQV�LV�GHORFDOL]HG�
LQWR�WKH�ULQJ��PDLQO\�DW�RUWKR�DQG�SDUD�SRVLWLRQV��,QFUHDVH�LQ�QXPEHU�RI�SKHQ\O�JURXSV�ERQGHG�WR�1�LQFUHDVHV�GHORFDOL]DWLRQ�DQG�

KHQFH�GHFUHDVHV�EDVLFLW\��7KHUHIRUH��3K1+��LVRPHU�LV�PRUH�EDVLF�WKDQ�3K�1+�

4������$Q�RSWLFDOO\� LQDFWLYH�FRPSRXQG� �$��KDYLQJ�PROHFXODU� IRUPXOD�&�+��1�RQ� WUHDWPHQW�ZLWK�+12��JDYH�DQ��
DOFRKRO��%����%��RQ�KHDWLQJ�DW�����.�JDYH�DQ�DONHQH��&����&��RQ�WUHDWPHQW�ZLWK�+%U�JDYH�DQ�RSWLFDOO\�DFWLYH�FRPSRXQG�
�'�KDYLQJ�WKH�PROHFXODU�IRUPXOD�&�+�%U��,GHQWLI\�$��%��&�DQG�'�DQG�ZULWH�GRZQ�WKHLU�VWUXFWXUDO�IRUPXODH��$OVR�ZULWH�
HTXDWLRQV�LQYROYHG�� � �� ��

�$QV��6LQFH�FRPSRXQG��$��LV�RSWLFDOO\�LQDFWLYH�DQG�FRQWDLQV�QLWURJHQ�ZKLFK�JLYHV�DOFRKRO�ZLWK�+12���LW�LV�SULPDU\�DPLQH��7KH�
UHDFWLRQV�PD\�EH�JLYHQ�DV��

� &+�&+�&+�&+�1+��
HNO2 → � &+�&+�&+�&+�2+���1����+�2

� �$�� � %�
� ��$PLQREXWDQH� � %XWDQ���RO

� CH CH CH CH OH
3 2 2 2

(B)

�
H SO

H O
2 4

2

, 440 K

−
 → �

� CH CH CH==CH
3 2 2

(C)
�

HBr → � CH3CH CH

Br

CH
2 3


|

� � � �� �'�
� � � ���%URPREXWDQH��RSWLFDOO\�DFWLYH�
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4�����$� FRORXUOHVV� VXEVWDQFH� �$�� LV� VSDULQJO\� VROXEOH� LQ�ZDWHU� DQG� JLYHV� �%�� RQ�KHDWLQJ�ZLWK�PLQHUDO� DFLGV���

&RPSRXQG��%��RQ�UHDFWLRQ�ZLWK�&+&O��DQG�DOFRKROLF�SRWDVK�SURGXFHV�DQ�REQR[LRXV�VPHOO�RI�FDUE\ODPLQH�GXH�WR�WKH�

IRUPDWLRQ�RI��&���&RPSRXQG��$��RQ�UHDFWLRQ�ZLWK�FKORURVXOSKRQLF�DFLG�JLYHV��'��ZKLFK�RQ�WUHDWPHQW�ZLWK�DPPRQLD�

JLYHV��(���&RPSRXQG��(��RQ�K\GURO\VLV�JLYHV�VXOSKDQLODPLGH��D�ZHOO�NQRZQ�GUXJ��*LYH�VWUXFWXUHV�RI��$��WR��(��ZLWK�

SURSHU�UHDVRQLQJ��

$QV����7KH�UHDFWLRQ�RI�%�ZLWK�FKORURIRUP�DQG�DOFRKROLF�.2+�JLYHV�FDUE\ODPLQH��7KLV�LQGLFDWHV�WKDW�%�LV�D�SULPDU\�DURPDWLF�

DPLQH��6LQFH�VXOSKDQLODPLGH�LV�WKH�ILQDO�SURGXFW��LW�PHDQV�WKDW�%�LV�DQLOLQH�

�1RZ��%�LV�IRUPHG�E\�WKH�DFLGLF�K\GURO\VLV�RI�$��ZKLFK�LV�FRORXUOHVV�DQG�VSDULQJO\�VROXEOH�LQ�ZDWHU��WKHUHIRUH��$�LV�DFHWDQLOLGH�

�7KH�UHDFWLRQV�PD\�EH�H[SODLQHG�DV��

� � � � H+ → �� ���
CHCl
KOH

3
(alc.) → �

� � � �$�� � �%�� � &DUE\ODPLQH��&�
� � ���������������������������������$FHWDQLOLGH

� $��
ClSO OH2 → �� �

NH3 → ��� �
Acid → � �

� � � �'�� � �(�� � � � � � � ��� 6XOSKDQLODPLGH

4������$Q�RUJDQLF�FRPSRXQG�$��&�+�1��RQ�ERLOLQJ�ZLWK�DONDOL�JLYHV�DPPRQLD�DQG�VRGLXP�VDOW�RI�DQ�DFLG�%��&�+�2�����
$�RQ�UHGXFWLRQ�JLYHV�&�&�+�1��ZKLFK�ZLWK�QLWURXV�DFLG�JLYHV�'��&�+�2���*LYH�WKH�VWUXFWXUDO�IRUPXODH�RI�$��%��&�DQG�'�

�$QV����7KH�FKHPLFDO�UHDFWLRQV�DUH��
� � &+�&+�&�≡�1� Alkali → �1+�������&+�&+�&22+
� � (WK\O�F\DQLGH��$�� � ����������3URSLRQLF�DFLG

� � � ������� ����%�

� � �����





→�5HGXFWLRQ

� � &+�&+�&+�1+��
HONO → � &+�&+�&+�2+

� � 3URS\ODPLQH��&�� � 3URS\O�DOFRKRO��'�

�4��� �,GHQWLI\��$��WR��*��LQ�WKH�IROORZLQJ�UHDFWLRQ�VFKHPH��

� � &+�&+�1+��
HONO → � �$ PCl5 → ��%�� KCN → ��&�� Na, C2H5OH → ��'�

� � � ������





→�
>2@

� � �

� � � �(��
[O] → ��)��

N H
H SO
3

2 4
 → �*

�$QV��

�����������&+�&+�1+��
HONO → �&+�&+�2+�

PCl5 → �&+�&+�&O�
KCN → �&+�&+�&1�

Na, C H OH2 5 → �&+�&+�&+�1+�
� � � �������������������$����� � ��������������%�� � �&�� � � � � � � '�

� � � ����������������������





→�
>2@

� � � � �

� � � ������������������&+�&+2�������
[O] → ��� +�&22+����

N3H
H2SO4

 → �� � +�1+�

� � � �����������������(�� � � �)�� � ������*�
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�4�����&�+��1��
aq. NaNO2,HCl

N2− → � � �����<� � � ��������� � 6RPH�RWKHU�SURGXFW

� � � ������;�� � � � � � � �� ��������7HUWLDU\�DOFRKRO

� � 2SWLFDOO\�DFWLYH

� �D�� ,GHQWLI\��;��DQG��<�

� �E�� ,V��<��RSWLFDOO\�DFWLYH�"
� �F�� *LYH�VWUXFWXUHV�RI�LQWHUPHGLDWHV��LI�DQ\���LQ�WKH�IRUPDWLRQ�RI��;��WR��<�

$QV����D��6LQFH�FRPSRXQG��;��RQ�WUHDWPHQW�ZLWK�1D12��+&O�HYROYHV�1��JDV��LW�PXVW�EH�D�SULPDU\�DPLQH��)XUWKHU��VLQFH�LW�LV�

RSWLFDOO\�DFWLYH��LW�PXVW�FRQWDLQ�D�FKLUDO�FDUERQ��7KH�y1+��FDQQRW�EH�GLUHFWO\�DWWDFKHG�WR�D�FKLUDO�FDUERQ�EHFDXVH�VXFK�DPLQHV�UHDG�

LO\�XQGHUJR��UDFHPL]DWLRQ�GXH�WR�QLWURJHQ�LQYHUVLRQ��7KHUHIRUH��WKH�VWUXFWXUH�RI��;��LV��

� � CH CH

CH

CH CH NH
3 2

3

2 2

|
* 

� � CH CH

CH

CH CH NH
3 2

3

2 2

|
* 

� �

aq. NaNO ,HCl2 → � ��CH CH

CH

C

OH

CH
3 2

3

3
 
|

| ���1D&O���1����+�2

� �E�� 1R��<�LV�QRW�RSWLFDOO\�DFWLYH�

� �F��

CH

NH

3

2

|
CH CH CH CH

3 2 2
   NaNO ,HCl

N
2
2−( ) →

CH

CH CH

3

2

| +
CH CH

3 2
 1 2, − −H shift� 
������� ������� CH CH CH

3 2 3

CH

C

3

+

|


� � � � � � � ��� � � ,QWHUPHGLDWH� � � � � � 6WDEOH�LQWHUPHGLDWH
� � � � � � � ����� � ���/HVV�VWDEOH��

� � � � � � � � � � � ���������������

y+���+�2





→

� � � � �

CH CH
3 2

CH

C

OH

CH

3

3

2-Methylbutan-2-ol
 (Y)

|

|


4�����6WDUWLQJ�ZLWK�EHQ]HQH�DQG�XVLQJ�VXLWDEOH�UHDJHQWV��RXWOLQH�WKH�V\QWKHVLV�RI

�L��P�EURPRFKORUREHQ]HQH� �LL��S�GLQLWUREHQ]HQH����LLL��P�EURPRLRGREHQ]HQH

�$QV���L�����

Cl

Br
m-Bromochlorobenzene

NaNO ,HCl

0 C

2

Cu  Cl2 2

N Cl
2

+ –

Br
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�LL�������������

�LLL������������� � conc. HNO

conc. H SO
3

2 4
 → � �

Br

Fe
2 → � � Sn, HCl → �

0oC NaNO , HCl2

� � �

� ��������������������������������������������������������������������� ��������� ����
KI←  ������

� � �P�%URPRLRGREHQ]HQH

Very Short Answer Questions carrying 1 mark

� ��� :ULWH�WKH�,83$&�QDPH�RI�WKH�IROORZLQJ��

� �������������H C N

CH

CH

C

C H

CH CH3

3

3

2 5

2 3
  
|

|

|
�

� ��� :ULWH� WKH� VWUXFWXUDO� IRUPXODH� RI� DOO� WKH� DPLQHV�ZLWK�
PROHFXODU�IRUPXOD�&�+�1�

� ��� :KDW�LV�WKH�QDPH�RI�WKH�UHDFWLRQ�ZKHQ�EHQ]HQH�GLD]RQLXP�
FKORULGH�LV�WUHDWHG�ZLWK�FXSURXV�FKORULGH�"

� ���+RZ� LV� LRGREHQ]HQH� REWDLQHG� IURP� EHQ]HQH� GLD]RQLXP�
FKORULGH�"� �0HJKDOD\D�6�%�������

� ���:ULWH� D� FKHPLFDO� UHDFWLRQ� WR� SUHSDUH�DQ� D]R� G\H� IURP�

EHQ]HQH�GLD]RQLXP�FKORULGH�� (Uttarakhand S.B. 2013)
� ��� &RPSOHWH�WKH�UHDFWLRQ��
� � $U1�&O���+�32����+�2��→
� ��� :KDW�KDSSHQV�ZKHQ�DQLOLQH�LV�WUHDWHG�ZLWK�%U��ZDWHU�"

�0HJKDOD\D�6�%�������

� �� :ULWH�WKH�UHDFWLRQ�RI�DQLOLQH�ZLWK�FRQF��+�62��
�-DPPX�6�%�������

� ��� S.E�RI�DQLOLQH�LV�PRUH�WKDQ�WKDW�RI�PHWK\ODPLQH��:K\"

�$VVDP�6�%�������

�����+RZ�ZLOO�\RX�FRQYHUW�DQLOLQH�WR�SKHQ\OLVRF\DQLGH"

�$VVDP�6�%�������

�����$UUDQJH�WKH�IROORZLQJ�LQ�WKH�LQFUHDVLQJ�RUGHU�RI�EDVLFLW\�

� � DQLOLQH��S�QLWURDQLOLQH��S�WROXLGLQH�� �+U��6�%�������

�����:KDW�LV�FDUE\ODPLQH�WHVW�IRU����DPLQHV"� �+U��6�%�������

�����$UUDQJH�WKH�IROORZLQJ�LQ�WKH�LQFUHDVLQJ�RUGHU�RI�WKHLU�EDVLF�
VWUHQJWK�LQ�DTXHRXV�VROXWLRQV��

� � ��������&+�1+����&+���1���&+���1+� �'�6�%�������

����� 7KH�VWURQJHVW�EDVH�DPRQJ�WKH�IROORZLQJ�FRPSRXQGV�LV
� � 1+���+�&1+����+�&���1+��+�&�1+�

� � � �0DQLSXU�6�%������

����� &RPSOHWH�WKH�UHDFWLRQ��

� � &+�-&+�&� �1�
Na Hg C H OH( )/ 2 5 → "����0HJKDOD\D�6�%�������
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����� :KDW�KDSSHQV�ZKHQ�EHQ]HQH�GLD]RQLXP�FKORULGH�VROXWLRQ�
LV�DGGHG�VORZO\�WR�ERLOLQJ�GLO��PLQHUDO�DFLG"�

� �0HJKDOD\D�6�%�������
������ :ULWH�WKH�,83$&�QDPH�RI

� � � � � � � � �

1+�

%U

%U

%U

� �'�6�%�������

����� +RZ�LV�EHQ]DPLGH�FRQYHUWHG�LQWR�EHQ]\ODPLQH"

� �3E��6�%�������

����� :ULWH�GRZQ�GLD]RWLVDWLRQ�UHDFWLRQ�� �3E��6�%�������

����� &RPSOHWH�WKH�IROORZLQJ�UHDFWLRQ�

� � $Uy1+��
NaNO HCl

C
2

0 5

,

− ° → $�
CuCN → %

� �0L]RUDP��6�%�������

����� :ULWH�GRZQ�+LQVEHUJ
V�WHVW�IRU�SULPDU\�DPLQHV�

� �3E��6�%�������

����� :ULWH�,83$&�QDPH�RI�WKH�IROORZLQJ�FRPSRXQG�

� � &+�1+&+�&+���� �'�6�%�������

����� :ULWH�,83$&�QDPH�RI�WKH�IROORZLQJ�FRPSRXQG�

� � �&+�&+���1&+�� �'�6�%��������+U��6�%�������

����� :ULWH�LQ�WKH�LQFUHDVLQJ�RUGHU�RI�EDVLFLW\�RI�WKH�IROORZLQJ�

� � &�+�1+���&�+�1+����&�+���1+�DQG�&�+�&+�1+�

� �+U�6�%�������

CBSE QUESTIONS
������:K\�GR�DPLQHV�UHDFW�DV�QXFOHRSKLOHV"�� ��

� � � �$�,�6�%��������&�%�6�(��6DPSOH�SDSHU������

������$UUDQJH�WKH�IROORZLQJ�FRPSRXQGV�LQ�WKH�LQFUHDVLQJ�RUGHU�
RI�WKHLU�VROXELOLW\�LQ�ZDWHU��

� � &�+�1+����&�+���1+��&�+�1+�

� � � �$�,�6�%��������'�6�%�������

�����*LYH� D� FKHPLFDO� WHVW� WR� GLVWLQJXLVK� EHWZHHQ�HWK\ODPLQH�
DQG�DQLOLQH�� �$�,�6�%�������

�����$UUDQJH�WKH�IROORZLQJ�LQ�DQ�LQFUHDVLQJ�RUGHU�RI�WKHLU�EDVLF�
VWUHQJWK��

� � � &�+�1+���&�+�1�&+������&�+���1+�DQG�&+�1+�

� �$�,�6�%��������+U��6�%�������

�����:ULWH�WKH�VWUXFWXUH�RI�Q�PHWK\OHWKDQDPLQH�
�$�,�6�%�������

����� 7KH�FRQYHUVLRQ�RI�SULPDU\�DURPDWLF�DPLQHV�LQWR�GLD]RQLXP�
VDOWV�LV�NQRZQ�DV����������������� � $�,�6�%�������

�����:ULWH�WKH�,83$&�QDPH�RI�WKH�FRPSRXQG�

� � � � �

&+�z1+z&+�z&+z&+�

&+� � �$�,�6�%�������

0&4V��IURP�6WDWH�%RDUGVu�([DPLQDWLRQV

�����:KHQ�D�SULPDU\�DPLQH�UHDFWV�ZLWK�FKORURIRUP�LQ�HWKDQROLF�
.2+��WKHQ�WKH�SURGXFW�LV

� � �D�� LVRF\DQLGH� �E�� DOGHK\GH

� � �F�� F\DQLGH� �G�� DOFRKRO

�-KDUNKDQG�6�%�������
�����:KLFK� RI� WKH� IROORZLQJ� GRHV� QRW� UHDFW� ZLWK� +LQVEHUJ�

UHDJHQW"

� � �D�� &�+�1+�� �E�� �&�+���1+

� � �F�� �&�+���1� �G�� &+�1+�

�+U��6�%�������

�����&�+�1�&O���&X&1�→�&�+�&1���1����&X&O�LV
� � �D�� %DO]�6FKLHPDQQ� �E�� *DWWHUPDQQ�UHDFWLRQ
� � �F�� 6LPRQLQL�UHDFWLRQ� �G�� 6DQGPH\HU�UHDFWLRQ

�+U��6�%�������
�����:KLFK�RI�WKH�IROORZLQJ�LV�PRVW�EDVLF"
� � �D�� %HQ]\ODPLQH� �E�� $QLOLQH
� � �F�� $FHWDQLOLGH� �G�� S�QLWURDQLOLQH

�+U��6�%�������������
�����$PRQJ�WKH�IROORZLQJ�ZKLFK�RQH�LV�VWURQJHVW�EDVH"
� � �D�� $PPRQLD� �E�� 0HWK\ODPLQH
� � �F�� (WK\ODPLQH� �G�� 1RQH�RI�WKHVH

�8WWDUDNKDQG�6�%�������

�����:KLFK�RI�WKH�IROORZLQJ�FRPSRXQG�LV�WKH�PRVW�EDVLF"

� � �D�� � �E��

� � �F�� � �G��

CH NH22

� �:HVW�%HQJDO�6�%�������

������7KH�,83$&�QDPH�RI�&+�z1z&+�&+��LV

� � � � ������������������������������
� �D�� 1�(WK\O��1�PHWK\OEHQ]HQDPLQH�
� �E�� 1�0HWK\O��1�HWK\OEHQ]HQDPLQH
� �F�� 1��1�(WK\O�PHWK\O�EHQ]HQDPLQH
� �G�� 1��1�0HWK\O�HWK\O�EHQ]HQDPLQH
� �0L]RUDP�6�%�������
������*DEULHO�SKWKDOLPLGH�UHDFWLRQ�LV�XVHG�IRU�WKH�SUHSDUDWLRQ�RI�

� � �D�� �°�DPLQH� �E�� �°�DPLQH
� � �F�� �°�DPLQH� �G�� DOO�RI�WKHVH
� �8WWDUDNKDQG�6�%�������

�����:KLFK�RI�WKH�IROORZLQJ�FRPSRXQG�ZLOO�EH�IRUPHG�ZKHQ�DQLOLQH�

UHDFWV�ZLWK�+�62�"

� �D��

12�

� �E��

1+2+

� �F��

12

� �G��

1+�+62�

� y

�����:KLFK�RQH�RI�WKH�IROORZLQJ� LV�PRVW�EDVLF�"

� � �D�� &�+�1+�� �E�� 1+�

� � �F�� &+�&+�1+�� �G�� &+�1+�

�+�3�6�%�������

�����&�+�1+����+12��→�$��$�LV��

� � �D�� &�+�2+� �E�� &�+�1+2+

� � �F�� &�+�� �G�� &�+�12���+U�6�%�������

�.RONDWD�6�%�������
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&21+�

�
H O3

+

 →∆ �3��3�LV��

� �D�� %HQ]RLF�DFLG� �E�� $QLOLQH
� �F�� %HQ]RQLWULOH� �G�� %HQ]\ODPLQH��+U��6�%�������

�����&+�&�≡�1�
N Ni2 / → 3��3�ZLOO�EH"

� � D�� &+�&+�1&� �E�� &+�&+�1+�
� � �F�� &+�1+&+�� �G�� &+�1+�

�+U�6�%�������
�����:KLFK�RI�WKH�IROORZLQJ�FRPSRXQG�JLYHV�G\H�WHVW"
� � �D�� $QLOLQH� �E�� 0HWK\ODPLQH
� � �F�� 'LSKHQ\ODPLQH� �G�� (WK\ODPLQH

�0HJKDOD\D�6�%�������
�����*DEULHO�SKWKDOLPLGH�UHDFWLRQ�LV�XVHG�IRU�WKH�SUHSDUDWLRQ�

RI
� � D�� SULPDU\�DURPDWLF�DPLQHV
� � E�� VHFRQGDU\�DPLQHV
� � �F�� DOLSKDWLF�SULPDU\�DPLQHV
� � �G�� WHUWLDU\�DPLQHV
� �0HJKDOD\D�6�%�������
��� 7KH�,83$&�QDPH�RI�WKH�FRPSRXQG

� � �D�� �� PLQR�����HWK\O������K\GUR[\SHQW�������HQH
� � E�� ��$PLQR�������HWK\OSHQW�������HQ�������RO
� � �F�� ��(WK\O�������K\GUR[\SHQW������HQ�������DPLQH
� � G�� ��$PLQR�������PHWK\OKH[DQ������RO
� �0L]RUDP�6�%�������

Short Answer Questions carrying 2 or 3 marks

� ��� ([SODLQ�WKH�IROORZLQJ��

� �L�� 7HUWLDU\�DPLQHV�GR�QRW�XQGHUJR�DF\ODWLRQ�

� �LL�� &+�1+��LV�VWURQJHU�EDVH�WKDQ�DPPRQLD�

� �LLL�� ,W�LV�GLIILFXOW�WR�SUHSDUH�SXUH�DPLQHV�E\�DPPRQRO\VLV�

RI�DON\O�KDOLGHV�

� ��� ��$Q�DPLQH��$��&�+��1�UHDFWV�ZLWK�QLWURXV�DFLG�DW���WR��°&�
WR� � JLYH� DQ� RLO\� OD\HU� VHSDUDWHG� � IURP� UHDFWLRQ�PL[WXUH��
:ULWH�WKH�VWUXFWXUH�RI�$�DQG�LWV�UHDFWLRQ�ZLWK

��������������L���DFHW\O�FKORULGH

�������������LL���PHWK\O�PDJQHVLXP�EURPLGH�

� ��� �D��� �:K\�KDYH�SULPDU\�DPLQHV�KLJKHU�ERLOLQJ�SRLQW�WKDQ�
WHUWLDU\�DPLQHV"

� � �E�� �+RZ�FDQ�\RX�ILQG�RXW�ZKHDWKHU�D�JLYHQ�DPLQH�LV�D��
SULPDU\�DPLQH"�:ULWH�WKH�FKHPLFDO�UHDFWLRQ�LQYROYHG�
LQ�WKH�WHVW�\RX�SHUIRUP��
� �+�3�6�%��������0HJKDOD\D�6�%�������

� ��� ,Q�WKH�IROORZLQJ�FDVHV�UHDUUDQJH�WKH�FRPSRXQGV�DV�GLUHFWHG�

� � ���L�� ,Q�DQ�LQFUHDVLQJ�RUGHU�RI�EDVLF�VWUHQJWK��

� � � � �+�1+���&�+��1�&+������&�+���1+�DQG�&+�1+�

� � ��LL�� ,Q�D�GHFUHDVLQJ�RUGHU�RI�EDVLF�VWUHQJWK��

� � � � $QLOLQH��S�QLWURDQLOLQH�DQG�S�WROXLGLQH

� � �LLL�� ,Q�DQ�LQFUHDVLQJ�RUGHU�RI�S.E�YDOXHV��

� � � � &�+�1+���&�+��1+&+����&�+���1+�DQG�&�+�1+�

� � � � '�6�%�������

� ���&RPSOHWH�WKH�IROORZLQJ�FKHPLFDO�HTXDWLRQV��

� � ���L�� &�+�1�&O���&�+�1+���
OH− →

� � ��LL�� &�+�1�&O���&+�&+�2+�→
� � �LLL�� 51+����&+&O����.2+�→�

� �'�6�%�������

� ������D�� ([SODLQ�ZK\�DQ�DON\ODPLQH�LV�PRUH�EDVLF�WKDQ�DPPRQLD�"
� ���E�� +RZ�ZRXOG�\RX�FRQYHUW��

� � � �L�� $QLOLQH�WR�QLWUREHQ]HQH

� � � �LL�� $QLOLQH�WR�LRGREHQ]HQH� �'�6�%�������

� ��� ��D��&RPSOHWH�WKH�IROORZLQJ�UHDFWLRQ�

��+�2�
> →278K "

� � �E�� ([SODLQ�HWK\ODPLQH�LV�PRUH�EDVLF�WKDQ�DPPRQLD�

� � �F�� :KDW�LV�FDUE\ODPLQH�UHDFWLRQ"� �+�3�6�%�������

����� �D�� :ULWH� FKHPLFDO� WHVW� WR� GLVWLQJXLVK� EHWZHHQ� &+�1+��
DQG��&+����1+��

� � �E��)LOO�LQ�WKH�EODQNV��

� � � �L��&+�&+�,�
NaCN → �"� OH partial

hydrolysis

−
 →, �"

� � � �LL��&�+�1�&O�
CuCN → �"�

H O

H
2
+ → "� �+U��6�%�������

�����:ULWH�FKHPLFDO�HTXDWLRQV�IRU�WKH�IROORZLQJ�FRQYHUVLRQV��

� � �L��1LWUREHQ]HQH�WR�EHQ]RLF�DFLG�

� � LL��%HQ]\O�FKORULGH�WR���SKHQ\O�HWKDQDPLQH

� � LLL��$QLOLQH�WR�EHQ]RLF�DFLG�� �'�6�%�������

������:KDW�KDSSHQV�ZKHQ

� � ���L��$QLOLQH�UHDFWV�ZLWK�%U��ZDWHU�

� � ��LL��%HQ]HQH� GLD]RQLXP� FKORULGH� LV� UHDFWHG� ZLWK� +&O� LQ�
WKH�SUHVHQFH�RI�FRSSHU�

� � �LLL���$FHWDPLGH� LV� UHDFWHG�ZLWK�/L$O+�� LQ� WKH�SUHVHQFH� RI�
HWKHU�� �-KDUNKDQG�6�%�������

�������D��&RPSOHWH�WKH�IROORZLQJ�UHDFWLRQV��

� � ���L��&�+�1+����&+&O����.2+��DOF���
Warm →

� � ��LL��&�+�1�
�
&O

y
� Cu Cl HCl2 2, → �

� � �E��:ULWH�FRXSOLQJ�UHDFWLRQ�� �+�3��6�%�������

�������D��&RPSOHWH�WKH�IROORZLQJ�UHDFWLRQ�

Cu Cl
HCl
2 2 → "

� � �E��&RQYHUW�DQLOLQH�LQWR�EHQ]RLF�DFLG�

� � F�� :KDW�LV�%DO]�6FKLHPDQQ�UHDFWLRQ"� �+�3�6�%�������

������+RZ�ZLOO�\RX�DFKLHYH�WKH�V\QWKHVLV�RI�RQO\���EURPRDQLOLQH�
IURP�DQLOLQH�ZLWKRXW� WKH�SURGXFWLRQ� RI� WKH� WULVXEVWLWXWHG�

DQLOLQH�� �0HJKDOD\D�6�%�������

2U

� � D�� :K\�KDYH�SULPDU\�DPLQHV�KLJKHU�ERLOLQJ�SRLQWV�WKDQ�

WHUWLDU\�DPLQHV"

� � �E�� :ULWH�WKH�SURGXFWV�REWDLQHG�LQ�WKH�QLWUDWLRQ�RI�DQLOLQH�

� � F�� :KDW�LV�FDUE\ODPLQH�UHDFWLRQ"� �0HJKDOD\D�6�%�������
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�������D��,GHQWLI\�$��%��&�DQG�'��

� � � �L���&+�&+�%U�
KCN → �$� LiAlH4 → �%

� � � �LL��&�+�12�� Fe HCl+ → �&� NaNO HCl
C
2
0
,
° →

'

� � E��:ULWH�RQH�FKHPLFDO�WHVW�WR�GLVWLQJXLVK�EHWZHHQ�HWK\ODPLQH�
DQG�DQLOLQH�� �$VVDP�6�%�������

������*LYH�WKH�VWUXFWXUHV�RI�$��%�DQG�&�LQ�WKH�IROORZLQJ�UHDFWLRQV�

� � ��L��&�+�1�
�
&O

y
�
CuCN → �$� H O H2 /

+
 → �%�

NH3
∆ → �&

� � �LL��&�+�12��
Sn HCl, → �$� NaNO HCl2, → �%� H OH2 /

+
 →∆ �&

� �'�6�%�������

������:ULWH�+LQVEHUJuV�WHVW�WR�GLVWLQJXLVK�SULPDU\��VHFRQGDU\�DQG�
WHUWLDU\�DPLQHV�� �8WWDUDNKDQG�6�%�������

������'LVFXVV� WKH� HIIHFW� RI� HOHFWURQ� GRQDWLQJ� DQG� HOHFWURQ�
ZLWKGUDZLQJ�JURXS�RQ�EDVLFLW\�RI�DURPDWLF�DPLQHV�

2U

� �:ULWH�VKRUW�QRWHV�RQ�WKH�IROORZLQJ�

� ��L���� &DUE\ODPLQH�UHDFWLRQ�

� ��LL�� *DEULHO�SKWKDOLPLGH�V\QWKHVLV�� �+U��6�%�������

������+RZ�ZLOO�\RX�FRQYHUW�WKH�IROORZLQJ�

� �L�� 1LWUREHQ]HQH�LQWR�DQLOLQH

� �LL�� (WKDQRLF�DFLG�LQWR�PHWKDQDPLQH

� �LLL��$QLOLQH�LQWR�1�SKHQ\OHWKDQDPLGH�

� � �:ULWH�WKH�FKHPLFDO�HTXDWLRQV�LQYROYHG�� ��'�6�%�������

������*LYH�WKH�VWUXFWXUHV�RI�$��%�DQG�&�LQ�WKH�IROORZLQJ�UHDFWLRQV�

� �L�� &+�%U�
KCN→ �$� 4LiAlH→ �%� 2HNO

273 K
→ �&

� �LL�� &+�&22+�
3NH

∆→ �$� 2Br KOH+→ �%� 3CHCl NaOH+→ �&� �
� �� � � � � �'�6�%�������

�����*LYH�FKHPLFDO�HTXDWLRQV�IRU�WKH�IROORZLQJ�UHDFWLRQV�

� �L�� *DWWHUPDQ�5HDFWLRQ

� �LL�� &DUE\ODPLQH�UHDFWLRQ

� �LLL��$PPRQRO\VLV

� �+U��6�%�������
� ���� �D��:KDW� LV� +RIIPDQQuV� EURPDPLGH� UHDFWLRQ"�:ULWH� WKH�

UHDFWLRQ�LQYROYHG�LQ�LW�
� � �E��6HFRQGDU\�DPLQH�LV��VWURQJHU�EDVH�WKDQ�WHUWLDU\�DPLQH��

*LYH�UHDVRQ�
� � �F��&RPSOHWH�WKH�IROORZLQJ�UHDFWLRQV�

� � �L�� 1
�

�1&O
B�

�� 2+
NaOH
< ° →5

� � �LL��&��+��1+����&+��&2&O� → ����1DJDODQG�6%������

� ����:ULWH�WKH�IROORZLQJ��QDPH�UHDFWLRQV�ZLWK�FKHPLFDO��HTXDWLRQV�

���� �L��$PPRQRO\VLV� �LL��+RIIPDQQ�EURPDPLGH�UHDFWLRQ

� �LLL��&RXSOLQJ�UHDFWLRQ� �8WWDUDNKDQG�6�%�������

� ��� &RPSOHWH�WKH�IROORZLQJ�UHDFWLRQV�

� � �L��
CuCN → "

� � �LL��
( )CH CO O
pyridine
3 2 → "

� � �LLL��
OH
_

 → "� �+U��6�%�������

������D���*LYH� FKHPLFDO� WHVWV� WR� GLVWLQJXLVK� EHWZHHQ� SULPDU\��
VHFRQGDU\�DQG�WHUWLDU\�DPLQHV"

��E��*LYH�UHDVRQV�IRU�WKH�IROORZLQJ�

� � �L��&�+�1+��LV�D�VWURQJHU�EDVH��DV�FRPSDUHG�WR�DQLOLQH�

� � �LL��$QLOLQH�GRHV�QRW�VKRZ�)ULHGHO�&UDIWV�UHDFWLRQ�

� �+U��6�%�������

������D��+RZ�ZLOO�\RX�FRQYHUW�DQLOLQH�WR�EHQ]HQH"

� �E��:ULWH�WKH�IROORZLQJ�UHDFWLRQV�

� � �L��%DO]�6FKLHPDQQ�UHDFWLRQ

� � �LL��&DUE\ODPLQH�UHDFWLRQ

� � �LLL��'LD]RWLVDWLRQ� �3E��6�%�������

����� �D��$FFRXQW�IRU�WKH�FRUUHFW�RUGHU�RI�GHFUHDVLQJ�EDVLFLW\�RI�
HWK\ODPLQH����DPLQRHWKDQRO�DQG���DPLQR�SURSDQ���RO

� �E��+RZ�ZLOO�\RX�FRQYHUW�DQLOLQH�LQWR�FKORUREHQ]HQH"

� �F��:ULWH�D�VKRUW�QRWH�RQ�FDUE\ODPLQH�WHVW�

� 2U

� � �D��:ULWH�FRXSOLQJ�UHDFWLRQ�

� � �E���*LYH�D�FKHPLFDO�WHVW�WR�GLVWLQJXLVK�EHWZHHQ�DQLOLQH�DQG�

1�PHWK\ODQLOLQH�

� � �F��+RZ�ZLOO�\RX�FRQYHUW�EHQ]RLF�DFLG�WR�DQLOLQH"�
� �+�3�6�%�������

������D��7HUWLDU\�DPLQHV�GR�QRW�XQGHUJR�DF\ODWLRQ��([SODLQ"

� ��E��:ULWH�D�VKRUW�QRWH�RQ�+RIIPDQQ
V�GHJUDGDWLRQ�UHDFWLRQ�

� ��F���+RZ�ZLOO� \RX� FRQYHUW�DQLOLQH� LQWR�EHQ]HQH�GLD]RQLXP�
FKORULGH"

� 2U

� � �D��:ULWH�GLD]RWLVDWLRQ�UHDFWLRQ�

� � �E���$URPDWLF� DPLQHV� FDQQRW� EH� SUHSDUHG� E\� *DEULHO�

SKWKDOLPLGH�V\QWKHVLV��([SODLQ�

� � �F��+RZ�ZLOO�\RX�FRQYHUW�PHWK\ODPLQH�LQWR�HWK\ODPLQH"

� � �G��&RPSOHWH�WKH�IROORZLQJ�

� � � � &+�2+�

P I, 2 → �"�
KCN → �"�

4H alc
Na
/ . → �"�

� �+�3�6�%�������

������D��*LYH�D�FKHPLFDO�WHVW�WR�GLVWLQJXLVK�EHWZHHQ�WKH�IROORZLQJ�
SDLU�RI�FRPSRXQGV�

� � � 0HWK\ODPLQH�DQG�HWK\ODPLQH

� �E��+RZ�ZLOO�\RX�FRQYHUW�EHQ]HQH�WR�DQLOLQH�"

� �F��:ULWH�D�VKRUW�QRWH�RQ�*DEULHO�SKWKDOLPLGH�V\QWKHVLV�

� 2U

� � �D��:ULWH�D�VKRUW�QRWH�RQ�DPPRQRO\VLV�UHDFWLRQ�
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� � �E��$QLOLQH�GRHV�QRW�XQGHUJR�)ULHGHO�&UDIWV�DON\ODWLRQ��([SODLQ�

� � �F���$UUDQJH�WKH�IROORZLQJ�FRPSRXQGV�LQ�RUGHU�RI�WKHLU�EDVLF�
VWUHQJWK�LQ�DTXHRXV�VROXWLRQ�

� � � 1+��� � &�+�1+��� � &+�1+��� � �&+���1

� � �G��&RPSOHWH�WKH�IROORZLQJ�UHDFWLRQ�

� � � � &+�2+�

PBr3 → �$�
KCN(alc.) → �%�

LiAlH4 → �&�

� �+�3�6�%�������

������D��$FFRXQW�IRU�WKH�IROORZLQJ�REVHUYDWLRQV�

� � �L��$QLOLQH�GRHV�QRW�XQGHUJR�)ULHGHO�&UDIWV�UHDFWLRQV�

� � �LL��S.E� IRU�DQLOLQH�LV�PRUH�WKDQ�WKDW�IRU�PHWK\ODPLQH�

� �E���*LYH�D�FKHPLFDO�WHVW�WR�GLVWLQJXLVK�EHWZHHQ�PHWK\ODPLQH�
DQG�GLPHWK\ODPLQH�� �+U��6�%�������

�����D��:K\�LV�VHFRQGDU\�DPLQH�PRUH�EDVLF�WKDQ�WKH�WHUWLDU\�

DPLQH"

� �E���+RZ�FDQ��������DQG����DPLQH�EH�GLVWLQJXLVKHG�E\�+LQVEHUJ�
WHVW"

� �F���&RPSOHWH�WKH�UHDFWLRQ�

� � �L��&+�&21+�����>+@�
LiAlH ether4 / → "

� � �LL�� � HNO H SO3 2 4+ → �

� �1DJDODQG�6�%�������

�����L��$UUDQJH�WKH�IROORZLQJ�FRPSRXQGV�LQ�DQ�LQFUHDVLQJ�RUGHU�
RI�EDVLF�VWUHQJWK�LQ�WKHLU�DTXHRXV�VROXWLRQV�

� � � 1+��� &+�1+��� �&+���1+�� �&+���1

� �LL��,GHQWLI\�WKH�SURGXFWV�LQ�WKH�IROORZLQJ�UHDFWLRQ�

� � �12�
NaNO HCl

K
2

273 278
/

−
 → $�

CHCl KOH
Heat
3 / → �%�

� �7ULSXUD�6�%�������
����,GHQWLI\�$��%��&�DQG�'�LQ�WKH�IROORZLQJ�FRQYHUVLRQV�

� � $�
NaNO HCl

K
2

273 278
/

−
 →

�&+�2+�
PCl3 → �%� KCN → �&�

LiAlH4 → �'

� �$VVDP�6�%�������

����� �&RPSOHWH�WKH�IROORZLQJ�UHDFWLRQV��

� � �L�� &�+�1+����&+&O����.2+�→

� � �LL��&�+�1�&O���&�+�2+�→

�������LLL��&�+�1+����+12��→ �-KDUNKDQG�6�%�������

����:ULWH�WKH�VWUXFWXUHV�RI�$��%�DQG�&�LQ�WKH�IROORZLQJ��

� � �L�� &�+�&21+��
Br aq KOH2 / . → �$�

NaNO HCl
C
2

0 5
/

−
 →� �%� KI → �&�

� � �LL��&+�&O�
KCN → �$�

LiAlH4 → �%� CHCl alc KOH3 + →
∆

�&�

� �'�6�%�������

����� ��L�� �$UUDQJH�WKH�IROORZLQJ�LQ�GHFUHDVLQJ�RUGHU�RI�WKHLU�EDVLF�
VWUHQJWK�

� � � &��+�1+���&�+�1+����&�+����1+��1+�

� ��LL�� �,GHQWLI\�WKH�RUJDQLF�SURGXFW�LQ�WKH�IROORZLQJ�UHDFWLRQ��
*LYH�LWV�,83$&�QDPH�

� � � &�+�1+��
NaNO HCl2+ → ? �$VVDP�6�%�������

����� ��L�� �$UUDQJH�WKH�IROORZLQJ�DPLQHV�LQ�RUGHU�RI�LQFUHDVLQJ�WKHLU�
EDVLF�VWUHQJWK�

� � � $QLOLQH��S�QLWURDQLOLQH��S�WROXLGLQH

� ��LL�� �+RZ� GR�DOLSKDWLF�SULPDU\� DPLQHV� UHDFW� ZLWK�QLWURXV�
DFLG"�*LYH�HTXDWLRQ�� �0HJKDOD\D�6�%�������

����� �L�� �:ULWH�WKH�PDMRU�SURGXFW�RI�WKH�IROORZLQJ�UHDFWLRQ�

� � � &�+�1�
�
&O

y
���+�32����+�2�→�?

� ��LL�� �:ULWH�WKH�SURGXFWV�IRUPHG�ZKHQ�DQLOLQH�XQGHUJRHV�GLUHFW�
QLWUDWLRQ�� �0HJKDOD\D�6�%�������

����� �*LYH� WKH� FKHPLFDO� HTXDWLRQV� IRU� HDFK� RI� WKH� IROORZLQJ�
UHDFWLRQV�

� � �L�� +RIIPDQQ�EURPDPLGH�UHDFWLRQ�

� ��LL�� �&DUE\ODPLQH�UHDFWLRQ�� �0DQLSXU�6�%�������

����� �:KDW�DUH�GLD]RQLXP�VDOWV"

� � �+RZ� LV� QLWUREHQ]HQH� FRQYHUWHG� WR� EHQ]HQHGLD]RQLXP�
FKORULGH"� �0DQLSXU�6�%�������

������D�� �:ULWH�D�QRWH�RQ�+RIIPDQQ�EURPDPLGH�UHDFWLRQ�JLYLQJ�

VXLWDEOH�FKHPLFDO�UHDFWLRQ�

� ��E�� �7HUWLDU\�DPLQHV�DUH�VWURQJHU�EDVHV�WKDQ�SULPDU\�DPLQHV��

:K\"� �0L]RUDP�6�%�������

����� �D�� �:KDW�KDSSHQV�ZKHQ�DQLOLQH�UHDFWV�ZLWK�EURPLQH�ZDWHU�
DW�URRP�WHPSHUDWXUH"

� � �E�� �*LYH�D�FKHPLFDO�WHVW�IRU�SULPDU\�DPLQHV�

� � �F�� �:ULWH�WKH�GLD]RWLVDWLRQ�UHDFWLRQ�RI�DQLOLQH�

� �$VVDP�6�%�������

������D�� �$OLSKDWLF� DPLQHV� DUH� VWURQJHU� EDVH� WKDQ� DURPDWLF��
DPLQHV��([SODLQ�

� ��E�� �7ROXHQH�LV�PRUH�HDVLO\�QLWUDWHG�WKDQ�EHQ]HQH��([SODLQ
� � �F�� �'LVFXVV� WKH� GHDFWLYDWLQJ�P�GLUHFWLQJ� QDWXUH� RI� QLWUR�

JURXS�� �+U�6�%�������
������D�� �:K\�DUH�DOLSKDWLF�DPLQHV�VWURQJHU�EDVH�WKDQ�WKH�DURPDWLF�

DPLQHV"
� ��E�� :KDW�LV�FDUE\ODPLQH�UHDFWLRQ"�*LYH�WKH�UHDFWLRQ�

� � �F�� �*LYH� RQH� WHVW� WR� GLVWLQJXLVK� SULPDU\�� VHFRQGDU\� DQG�

WHUWLDU\�DPLQHV�IURP�HDFK�RWKHU�
� �1DJDODQG�6�%�������

������D�� �&ODVVLI\�WKH�IROORZLQJ�DPLQHV�DV�SULPDU\��VHFRQGDU\�DQG�
WHUWLDU\�

� � �

1+�

&+�

��

1�&+���

� ��&�+���1+��

1+�

� �E��

12�

� Sn, HCl → �%�
Br H O2 2/ → �&

� � ,GHQWLI\�WKH�SURGXFWV�%�DQG�&�DQG�ZULWH�WKHLU�IRUPXODH�
� �.HUDOD�6�%�������

����� �,GHQWLI\�WKH�FRPSRXQGV�;��<�DQG�=�LQ�WKH�IROORZLQJ�UHDFWLRQV�

� � &�+�1+��

NaNO
K

CuBr/HBr2 X
273 278−

 →  →
�<�

(CH CO) O
anhy.AlCl

3 2

3
 →

�=

� �0DMRU�SURGXFW�

� �0DQLSXU�6�%�������
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��� ��D�� �([SODLQ��ZLWK�WKH�KHOS�RI�FKHPLFDO�HTXDWLRQV��KRZ�WKH�
IROORZLQJ�FRPSRXQGV�ZRXOG�EH�REWDLQHG�IURP�EHQ]HQH�

GLD]RQLXP�FKORULGH�
� � � �L�� ,RGREHQ]HQH

� � � LL�� ��$PLQRD]REHQ]HQH

� �E�� &RPSOHWH�WKH�IROORZLQJ�UHDFWLRQ�

� � � �
( )CH CO O3 2 → �$�

Br
CH COOH

2

3
 → �%

� � � �� � � ������� ��������



→

&�

+�2�2+
y

� �F�� :KDW�ZLOO�KDSSHQ�LI�DQLOLQH�LV�WUHDWHG�ZLWK�DTXHRXV�
EURPLQH"� �0HJKDOD\D�6�%�������

������D�� �([SODLQ�FDUE\ODPLQH�UHDFWLRQ�ZLWK�HTXDWLRQ�
� �E�� +RZ�GRHV�QLWUREHQ]HQH�LV�UHGXFHG�WR�DQLOLQH"�*LYH�

HTXDWLRQ�
� �F�� :ULWH�WKH�,83$&�QDPH�RI�&�+�z1z&+�

z

&+�

� �.DUQDWDND�6�%�������

������D�� �1DPH�WKH�WHVW�XVHG�WR�LGHQWLI\�SULPDU\�DPLQHV�XVLQJ�
&+&O��DQG�HWKDQRLF�.2+�

� �E�� +RZ�FDQ�\RX�FRQYHUW�PHWK\O�LRGLGH�WR�HWKDQDPLQH"
� �.HUDOD�6�%�������

CBSE QUESTIONS

������$FFRXQW�IRU�WKH�IROORZLQJ�REVHUYDWLRQV�

� � �D�� S.E�RI�DQLOLQH�LV�PRUH�WKDQ�WKDW�RI�PHWK\ODPLQH�

� � �E��0HWK\ODPLQH�VROXWLRQ� LQ�ZDWHU�UHDFWV�ZLWK� IHUULF��
FKORULGH�VROXWLRQ�WR�JLYH�D�SUHFLSLWDWH�RI�IHUULF�K\GUR[LGH�

� � �F�� $QLOLQH�GRHV�QRW�XQGHUJR�)ULHGHO�&UDIWV�UHDFWLRQ�

� � � � �$�,�6�%��������'�6�%�������

����� :ULWH�RQH�FKHPLFDO�UHDFWLRQ�HDFK�WR�LOOXVWUDWH�WKH�IROORZLQJ��

� � �L�� +RIIPDQQ
V�EURPDPLGH�UHDFWLRQ

� � �LL��*DEULHO�SKWKDOLPLGH�V\QWKHVLV��
�$�,�6�%�������

�������D�� $UUDQJH�WKH�IROORZLQJ�FRPSRXQGV�LQ�DQ�LQFUHDVLQJ�RUGHU�
RI�EDVLF�VWUHQJWKV�LQ�WKHLU�DTXHRXV�VROXWLRQV��

� � � 1+���&+�1+����&+���1+���&+���1��

� � �E��&RPSOHWH�WKH�IROORZLQJ�UHDFWLRQ�HTXDWLRQV��

� � � � �L���5&21+��
LAH
H O2

 →

� � � ��LL���&�+�1�&O���+�32����+�2�→

� � � ��LLL���&�+�1+���%U���DT��→�

�$�,�6�%�������

����� *LYH�WKH�FKHPLFDO�WHVWV�WR�GLVWLQJXLVK�EHWZHHQ�WKH�IROORZLQJ�
SDLUV�RI�FRPSRXQGV��

� � ��L�� (WK\ODPLQH�DQG�DQLOLQH

� � �LL�� $QLOLQH�DQG�EHQ]\ODPLQH�
� �$�,�6�%�������

����� *LYH�FKHPLFDO�WHVWV�WR�GLVWLQJXLVK�EHWZHHQ�WKH�IROORZLQJ�
SDLUV�RI�FRPSRXQGV��

� � ��L�� 0HWK\ODPLQH�DQG�'LPHWK\ODPLQH

� � �LL�� $QLOLQH�DQG�1�0HWK\ODQLOLQH

� �$�,�6�%�������

�����'HVFULEH�WKH�IROORZLQJ�JLYLQJ�WKH�UHOHYDQW�FKHPLFDO�HTXDWLRQ�
LQ�HDFK�FDVH��

� � ���L��&DUE\ODPLQH�UHDFWLRQ

� � ��LL��+RIIPDQQ�EURPDPLGH�UHDFWLRQ�

� �$�,�6�%��������+U��6�%�������

����� �*LYH� WKH� VWUXFWXUHV� RI� WKH� SURGXFWV� $�� %� DQG� &� LQ� WKH�
IROORZLQJ�UHDFWLRQV�

� � ���L��&+�&+�%U�
KCN → �$�

LiAlH4 → �%�
HNO
C
2

0° → �&

� � ��LL��&+�&22+�
NH3
∆ → $�

NaOH Br+ →2 �%� CHCl alc KOH3 + → �&

� �$�,�6�%�������

�����&RPSOHWH�WKH�IROORZLQJ�UHDFWLRQV��

� � ���L��&+�&+�1+����&+&O����DOF��.2+�→

� � ���LL���&�+�1�
�
&O

y
� H O

Room Temp
2

( .)
 →

� � ��LLL��� �����+&O���DT���→� �$�,�6�%�������

������:ULWH�WKH�PDLQ�SURGXFWV�RI�WKH�IROORZLQJ�UHDFWLRQV��

� � ���L���&�+�1�
�&Oy�

H PO H O3 2 2+ → "

� � ��LL��� �� Br2 ( ) ?aq →

� � �LLL��CH C NH

O

Br NaOH
3 2

2 


+ → ? � �$�,�6�%�������

������:ULWH�WKH�PDLQ�SURGXFWV�RI�WKH�IROORZLQJ�UHDFWLRQV��

� � ���L���&+�&+�1+�
�� HNO

C
2

0° → "

� � ��LL��� S—Cl + H—N—C H ?2 5˜

O

O H

� � �LLL��
N—H CH —C—Cl3

H

O

Base
?

� �$�,�6�%�������

����:ULWH�WKH�VWUXFWXUHV�RI�$��%�DQG�&�LQ�WKH�IROORZLQJ��

� � �L�� &�+�&22
y�
1+��

��
� ∆ → �$�

Br KOH2 / → �%�
CH COCl
pyridine
3 → �&

� � �LL��&�+�1
��
%)��

y�
� Heat

K453 473−
 → �$�

Sn HCl/ → �%�CHCl alc.KOH3+ →
∆

�&

� �$�,�6�%�������
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����*LYH�UHDVRQV�

� � �L�� $FHW\ODWLRQ�RI�DQLOLQH�UHGXFHV�LWV�DFWLYDWLRQ�HIIHFW�

� � �LL�� &+�1+��LV�PRUH�EDVLF�WKDQ�&�+�1+��

� ��LLL�� �$OWKRXJK�y1+��LV�R�S�GLUHFWLQJ�JURXS�� \HW�DQLOLQH�RQ�

QLWUDWLRQ�JLYHV�D�VLJQLILFDQW�DPRXQW�RI�P�QLWURDQLOLQH�

� �'�6�%��������$�,�6�%�������

����:ULWH�WKH�VWUXFWXUHV�RI�FRPSRXQGV�$��%�DQG�&�LQ�WKH�IROORZLQJ�

UHDFWLRQV�

� � �D�� &+��y�&22+�
NH3 /� → �$� Br /KOH(aq)2 → �%

� � � CHCl alc. KOH3 + → �&

� � �E�� &�+�1�
�%)�

y
� NaNO /Cu2

�
 → �$� Fe/HCl → �%

� � � CH COCl/pyridine3 → �&� $�,�6�%�������

Long Answer Questions carrying 5 marks

��������D��([SODLQ�ZK\�DQLOLQH� GRHV�QRW�XQGHUJR�)ULHGHO�&UDIWV�
UHDFWLRQ"

� �E�� ,GHQWLI\� WKH� FRPSRXQGV� �$�� DQG� �%�� LQ� WKH� IROORZLQJ�
VHTXHQFH�RI�UHDFWLRQV�

� � ����

1D12��+&O�����y����.� +�32��+�2

+��+�2

.&1���&X&1

�$�

�%�

�'�

�&�

� �F�� :K\� DUH� DOLSKDWLF� DPLQHV�PRUH� EDVLF� WKDQ� DURPDWLF�
DPLQHV"

� �G��:K\�DURPDWLF�SULPDU\�DPLQHV�FDQQRW�EH�SUHSDUHG�E\�
*DEULHO�SKWKDOLPLGH�V\QWKHVLV"

� �H�� &RPSOHWH�WKH�IROORZLQJ�UHDFWLRQ�

� � � �+�1+����&�+�2+�
2NaNO /HCl (273 278 K)−→

� � �� �0HJKDOD\D�6�%�������

�� �����D���:K\�DUH�DON\ODPLQHV�VWURQJHU�EDVH�WKDQ�DU\ODPLQHV"

� �E�� 5&21+����%U�����.2+�→�"

� �F�� :KDW�LV�GLD]RWLVDWLRQ�UHDFWLRQ"

� �G�� ����&+�&2&O�
Pyridine → "� �+�3�6�%��������

� ����$Q�DURPDWLF�FRPSRXQG�t$u�RI�PROHFXODU�IRUPXOD�&�+�21�
XQGHUJRHV� D� VHULHV� RI� UHDFWLRQV� DV� VKRZQ� EHORZ���
:ULWH�WKH�VWUXFWXUHV�RI�$��%��&��'�DQG�(�LQ�WKH�IROORZLQJ��
UHDFWLRQV�

�

&�+�21 &�+�1+�


→





�%��(�

�'�

�&�

�$�

&+&O��1D2+

&�+�2+

Br KOH2+ → NaNO ,HCl
273K
2 →


→






→





KI← 

� 2U

� �D���:ULWH� WKH� VWUXFWXUHV� RI� PDLQ� SURGXFWV� IRUPHG� ZKHQ�
DQLOLQH�UHDFWV�ZLWK�WKH�IROORZLQJ�UHDJHQWV�

� � �L��� %U��ZDWHU

� � �LL���+&O

� � �LLL���&+��&2����S\ULGLQH�

� �E����$UUDQJH�WKH�IROORZLQJ�LQ�WKH�LQFUHDVLQJ�RUGHU�RI�WKHLU�
ERLOLQJ�SRLQW�

� � �+�1+���&�+�2+���&+���1�

� �F�� �*LYH�D�VLPSOH�FKHPLFDO�WHVW�WR�GLVWLQJXLVK�EHWZHHQ�WKH�
IROORZLQJ��SDLU�RI�FRPSRXQGV�

� � �&+���1+�DQG��&+���1� �'�6�%�������

� ����D���,OOXVWUDWH�WKH�IROORZLQJ�UHDFWLRQV�JLYLQJ�VXLWDEOH�H[DPSOH�
LQ�HDFK�FDVH�

� �L�� +RIIPDQQ�EURPDPLGH�GHJUDGDWLRQ�UHDFWLRQ

� �LL�� 'LD]RWLVDWLRQ

� �LLL��*DEULHO�SKWKDOLPLGH�V\QWKHVLV

� �E��'LVWLQJXLVK�EHWZHHQ�WKH�IROORZLQJ�SDLUV�RI�FRPSRXQGV

� �L�� $QLOLQH�DQG�1�PHWK\ODQLOLQH

� �LL���&+���1+�DQG��&+���1

2U

� �D���:ULWH� WKH� VWUXFWXUHV� RI� PDLQ� SURGXFWV� IRUPHG� ZKHQ��
EHQ]HQH� GLD]RQLXP� FKORULGH� �&�+�1�

�
&O

y
�� UHDFWV� ZLWK��

IROORZLQJ�UHDJHQWV�

� �L�� &X&1�.&1

� �LL��+�2

� �LLL��&+�&+��2+

� �E��$UUDQJH�WKH�IROORZLQJ�

� �L�� �&�+�1+���&�+�2+���&+���1���LQ�LQFUHDVLQJ�RUGHU�RI�

WKHLU�ERLOLQJ�SRLQW�

� �LL�� �$QLOLQH��S�QLWURDQLOLQH��S�PHWK\ODQLOLQH�LQ�WKH�LQFUHDVLQJ�
RUGHU�RI�WKHLU�EDVLF�VWUHQJWK�� �$�,�6�%�������

� ���� :ULWH�WKH�RUJDQLF�SURGXFWV�LQ�WKH�IROORZLQJ�UHDFWLRQV�

� �L��

1+&+�

�
dil.HCl

Aqueous NaNO2
 →

� �LL�� ��� �→

� �LLL�� ���&+&O��
Ethanolic KOH

Heat
 →

� �LY�

12�

� (a) Sn/HCl(conc.)
(b) Aqueous NaOH

 →
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� �Y�

1��

�
%)��

y

�
Aqueous NaNO
Cu powder, Heat

2 →

� �YL��5&1�
LiAlH

Dry ether, Heat
4 → � �.RONDWD�6�%�������

� ����D���:ULWH�WKH�VWUXFWXUHV�RI�WKH�PDLQ�SURGXFWV�RI�WKH�IROORZLQJ�
UHDFWLRQV�

� �L�� �
( )CH CO O
Pyridine
3 2 →

� �LL�� � ( )CH NH3 2 →

� �LLL��
1��

�
&O����
y�

� CH CH OH3 2 →

� �E�� �*LYH�D�VLPSOH�FKHPLFDO�WHVW�WR�GLVWLQJXLVK�EHWZHHQ�DQLOLQH�
DQG�1��1�GLPHWK\ODQLOLQH�

� �F�� �$UUDQJH�WKH� IROORZLQJ� LQ� WKH� LQFUHDVLQJ�RUGHU�RI� WKHLU�
S.E�YDOXHV�

� � &�+�1+���&�+�1+���&�+�1+&+�

� �$�,�6�%�������

2U

� �D�� :ULWH�WKH�UHDFWLRQV�LQYROYHG�LQ�WKH�IROORZLQJ�

� �L��+RIIPDQQ�EURPDPLGH�GHJUDGDWLRQ�UHDFWLRQ

� �LL��'LD]RWLVDWLRQ

� �LLL��*DEULHO�SKWKDOLPLGH�V\QWKHVLV
� �E�� *LYH�UHDVRQV�

� �L�� �&+����1+�LV�PRUH�EDVLF�WKDQ��&+���1�LQ�DQ�
DTXHRXV�VROXWLRQ�

� �LL��$URPDWLF�GLD]RQLXP�VDOWV�DUH�PRUH�VWDEOH�WKDQ�

DOLSKDWLF�GLD]RQLXP�VDOWV�� �$�,�6�%�������

� ��� 1��1�'LPHWK\O���PHWK\O���SHQWDQDPLQH�

� ��� &+�&+�1+��DQG�&+�1+&+�

� � ��� 6DQGPH\HU�UHDFWLRQ�

� ���

1��
��
&O

y

���.,� ∆ → �

,

���1����.&O

� � � ����,RGREHQ]HQH

� ��� $U1�&O���+�32����+�2�→�$U+���+�32����+&O���1�

� ��� �������7ULEURPRDQLOLQH��ZKLWH�SSW��

� ���

1+�

���+�62��→

1+��
��
+62��

��

� Heat
K453 473−

 → �

1+�

62�+
� � � � ��� 6XOSKDQLOLF�DFLG

� ��� $QLOLQH�LV�OHVV�EDVLF�WKDQ�PHWK\ODPLQH�DQG�WKHUHIRUH��LWV�
S.E�LV�PRUH�

� ���� &�+�1+����&+&O�����.2+��DOF���
Warm → �&�+�1&���

�.&O����+�2

� ���� S�QLWURDQLOLQH���DQLOLQH���S�WROXLGLQH�

� ���� �&+���1���&+�1+�����&+����1+

� ���� �+�&��1+

� ���� &+�&+�&� �1�� Na Hg C H OH( )/ 2 5 → �&+�&+�&+�1+�

� ���� 3KHQRO�LV�IRUPHG�

� ���� ������7ULEURPRDQLOLQH�

� ���� &�+�&21+��
LiAlH
Ether

4 → �&�+�&+�1+�

� � �����%HQ]DPLGH� � �����%DQ]\ODPLQH

� ���� $U�1+��
NaNO HCl

C
2

0 5
,

− ° → �$U1
�

�&O
y CuCN → �$Uy&1

� � � � ��������$�� ���%�

� ���� 1�0HWK\OSURSDQ���DPLQH

� ���� 1�(WK\O�1�PHWK\OHWKDQDPLQH

� ���� &�+�1+����&�+�&+�1+����&�+�1+����&�+���1+

� ���� &�+�1+�����&�+����1+���&�+�1+��

� ���� $QLOLQH�JLYHV�D]R�G\H�WHVW�ZKLOH�HWK\ODPLQH�GRHV�QRW�JLYH�

D]R�G\H�WHVW�

� ���� �&�+����1+���&�+�1+����&�+�1��&+������&+�1+�

� ���� &+�&+�1+&+�� � �

� ���� 'LD]RWL]DWLRQ

� ���� 1�0HWK\O���PHWK\O�SURSDQDPLQH�

� ���� �D�� ���� �F�� ���� �G�� ���� �D�

� ���� �F�� ���� �G�� ���� �D�� ���� �D�

� ���� �G�� ���� �F�� ���� �D�� ���� �D�

� ���� �E�� ���� �D�� ���� �F�� ���� �E�
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Additional�Useful�Information�and�Objective�Questions&RPSHWLWLRQ )LOH
ä�1,752�&203281'6�
� � 7KHVH�FRPSRXQGV� FRQWDLQ� WKH� IXQFWLRQDO�JURXS� y�12���7KHVH�PD\�EH�DOLSKDWLF� RU�DURPDWLF�DFFRUGLQJ�DV� WKH�QLWUR�JURXS�LV�

DWWDFKHG�WR�DQ�DON\O�RU�DQ�DU\O�JURXS�
� � 5y12�� � &�+�z12�� RU� $Uz12�

� ����� �$OLSKDWLF� �� �� $URPDWLF�

� QLWUR�FRPSRXQG� QLWUR�FRPSRXQG
� � $FFRUGLQJ�WR�,83$&�V\VWHP��WKHVH�DUH�QDPHG�E\�SUHIL[LQJ�QLWUR� � WR�WKH�QDPH�RI�SDUHQW�DONDQH�RU� DUHQH��7KH�SRVLWLRQV�RI�

WKH�QLWUR�JURXS�DQG�RWKHU�VXEVWLWXHQWV�LI�DQ\�RQ�WKH�SDUHQW�FKDLQ�RU�DUHQH�DUH�LQGLFDWHG��)RU�H[DPSOH��

� � &+�12�� &+�&+z&+�12�

&+�

z

� � �
&+�&+z&+�

12�

z

���
2�1z&+�z&+�z2+

� �

� ����1LWURPHWKDQH� �� ���1LWUR�SURSDQH� ��0HWK\O���QLWURSURSDQH� � 1LWURHWKDQRO

� � �

12�

1LWUREHQ]HQH

&+�

12�
��1LWURWROXHQH

&+�

12�

12�
�����'LQLWURWROXHQH

&+�

12�12�

12�
��������7ULQLWURWROXHQH

� � � ���0HWK\O���QLWUREHQ]HQH�� �����0HWK\O������GLQLWUREHQ]HQH�� �717�

0HWKRGV�RI�3UHSDUDWLRQ�RI�1LWUR�&RPSRXQGV�

� �l�)URP�DON\O�KDOLGHV�E\�UHDFWLQJ�DON\O�KDOLGH�ZLWK�DOFRKROLF�VROXWLRQ�RI�VLOYHU�QLWULWH��

� � &�+�,�� ��$J12��DOF��� ��&�+�12�� ��$J,
� � � � � � � ��1LWURHWKDQH

� �l�)URP�WHUWLDU\�DON\O�DPLQHV�E\�UHDFWLQJ�D�SULPDU\�DPLQH�FRQWDLQLQJ�D�WHUWLDU\�DON\O�JURXS�ZLWK�.0Q2���R[LGDWLRQ��

� � � ���0HWK\OSURSDQ���DPLQH ��0HWK\O���QLWURSURSDQH

KMnO4 →&+�z�& 1+�

&+�

&+�

z�

z
z &+�z�& 12�

&+�

&+�

z�

z
z

� �l��)URP� K\GURFDUERQV�� :LWK� IXPLQJ� +12��� DOLSKDWLF� DONDQHV� JLYH� D� PL[WXUH� RI� QLWURDONDQHV� UHVXOWLQJ� E\� FOHDYDJH� RI�
FDUERQ�FDUERQ�ERQGV��

� � &+�&+��
fuming HNO
673 K

3 → � ��&+�&+�12�����&+�12��

� � &+�&+�&+��
HNO
673 K

3 → �&+�&+�&+�12����&+�&+&+���&+�&+�12�����&+�12�
� � � �_
� � ��1LWURSURSDQH� �12�� �� ���1LWURHWKDQH� 1LWURPHWKDQH

� � ��1LWURSURSDQH

� � $URPDWLF�QLWUR�FRPSRXQGV�DUH�SUHSDUHG�E\�QLWUDWLRQ�RI�EHQ]HQH�

   

12�

��+12�

���1LWUREHQ]HQH

H SO
K

2 4
333 → + +�2

�3URSHUWLHV�RI�1LWUR�&RPSRXQGV

� � 1LWURDONDQHV� DUH� FRORXUOHVV� �ZKHQ� SXUH��� SOHDVDQW� VPHOOLQJ� OLTXLGV�� %RWK� QLWURDONDQHV� DQG� QLWURDUHQHV� DUH� KLJKO\� SRODU�
FRPSRXQGV��GLSROH�PRPHQW����'��DQG�WKHUHIRUH��KDYH�VWURQJ�GLSROH��GLSROH�LQWHUDFWLRQV��$V�D�UHVXOW��QLWURDONDQHV�KDYH�PXFK�
KLJKHU�ERLOLQJ�SRLQWV�WKDQ�K\GURFDUERQV�RI�FRPSDUDEOH�PROHFXODU�PDVVHV�

� ���+\GURO\VLV��3ULPDU\�QLWURDONDQHV�ZKHQ�WUHDWHG�ZLWK�ERLOLQJ�+&O� RU�����+��62��XQGHUJR�K\GURO\VLV�WR� IRUP�D�FDUER[\OLF�
DFLG�DQG�WKH�FRUUHVSRQGLQJ�VDOW�RI��K\GUR[\ODPLQH�



14)#0+%�%1/2170&5�%106#+0+0)�0+641)'0 �����

� � 5&+�12��
HCl H O/ 2
∆ → �5z&z1+2+

2

� HCl H O/ 2 → 5&22+�����1+�2+�+&O

� � ��+\GUR[\ODPLQH
� � �� �K\GURFKORULGH

� � &+�&+�12��

H SO H O2 4 2/
∆ → &+�z&z1+2+

2

H SO H O2 4 2/
∆ → &+�&22+�����1

�
+�2+�+62�

B
�

� � ��+\GUR[\ODPLQH
� � � K\GURJHQ�VXOSKDWH

� � 6HFRQGDU\�QLWUR�FRPSRXQGV�XSRQ�K\GURO\VLV�ZLWK�ERLOLQJ�+&O�JLYH�D�NHWRQH�DQG�QLWURXV�R[LGH��

� �

&+� &+�

&+� &+�

&+z12� & 2� ��� 1�2�� � +�2
Boiling HCl →

� � $FHWRQH� 1LWURXV�R[LGH�

� � 7HUWLDU\�QLWURDONDQHV��KRZHYHU��GR�QRW�XQGHUJR�K\GURO\VLV�ZLWK�K\GURFKORULF�DFLG�

� �� 5HGXFWLRQ��7KH�QLWURDONDQHV�DUH�UHGXFHG�DV��

� � 512��
+
− →2

2

H
H O 5z1 2�

+ →2H �5z1+2+� � +
− →2

2

H
H O � � 51+�

� � 1LWURVR� 1�$ON\O�K\GUR[\ODPLQH� � � $PLQH

� � 7KH�ILQDO�SURGXFW�GHSHQGV�XSRQ�WKH�S+�RI�WKH�UHDFWLRQ�PHGLXP�DQG�QDWXUH�RI�WKH�UHGXFLQJ�DJHQW��6RPH�FRPPRQ�H[DPSOHV�DUH��

� �L��LQ�DFLGLF�PHGLXP��

� � � � &+�&+�12�����+�
Sn HCl
Fe HCl
/
/

 → �&+�&+�1+�����+�2

� � &�+�12��� ���+� Sn HCl
Fe HCl
/
/

 → �&�+�1+�����+�2

� �LL��LQ�QHXWUDO�PHGLXP�

� � � � &+�12�����+�
Zn NH Cl H O/ ,4 2

∆ → �&+�1+2+�� � � ��� =Q2

� � � 1�0HWK\OK\GUR[\ODPLQH
� �LLL��LQ�DONDOLQH�PHGLXP�

� � � � �&�+�12��
Zn CH OH NaOH/ 3 − →∆ �&�+�y1� �1&�+�

� � ���$]REHQ]HQH

� � � � �&�+�12��
Zn NaOH/

∆ → �&�+�1+y1+y&�+�

� � � +\GUD]REHQ]HQH
� �LY��FDWDO\WLF�UHGXFWLRQ

� � � � &+�&+�12�����+�
Raney Ni
Pt or Pd

 → &+�&+�1+�����+�2�

� � � � &�+�12������+��
Pt Pd C, / → �&�+�1+�����+�2�

� �Y�� LWK�/L$O+�

� � � � &+�&+�12���
LiAlH dry ether4 , → ��&+�&+�1+�

� � � 5HGXFWLRQ�RI�QLWURDUHQHV�JLYH�D]R�FRPSRXQGV�

�� �� � � � �&�+�12��
Li AlH
dry ether

4 → &�+�1 1&�+��

� � $]REHQ]HQH

������$FWLRQ�ZLWK�QLWURXV�DFLG��3ULPDU\�QLWURDONDQHV�UHDFW�ZLWK�QLWURXV�DFLG��+212��WR�IRUP�EOXH�FRORXUHG�QLWURVR��QLWURDONDQHV�
ZKLFK�GLVVROYH�LQ�DTXHRXV�1D2+�WR�JLYH�UHG�VROXWLRQV�

� � &+�&+�12����+212�  → &+�& 12+
� � _
�� � 12�

� � �1LWUROLF�DFLG
� � ��'LVVROYHV�LQ�1D2+�WR�JLYH����

� � EORRG�UHG�FRORXUDWLRQ�

&RPSHWLWLRQ�)LOH
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� 6HFRQGDU\�QLWURDONDQHV�JLYH�EOXH�FRORXUHG�QLWURVR�GHULYDWLYH

� �&+���&+12����+212�  → �&+���z&z12�
������ �� _
� � ��12
� � ��1LWURVR�GHULYDWLYH��EOXH�
� 7HUWLDU\�QLWURDONDQHV�GR�QRW�UHDFW�ZWK�QLWURXV�DFLG��EHFDXVH�WKHVH�GR�QRW�KDYH�a�+�DWRPV��
����� $FWLRQ�ZLWK�DOGHK\GHV�DQG�NHWRQHV��'XH�WR�WKH�SUHVHQFH�RI�a�K\GURJHQ�DWRP��SULPDU\�DQG�VHFRQGDU\�QLWURDONDQHV�XQGHUJR�

FRQGHQVDWLRQ�ZLWK�DOGHK\GHV�RU�NHWRQHV�LQ�WKH�SUHVHQFH�RI�DOFRKROLF�.2+��7KLV�UHDFWLRQ�LV�TXLWH�VLPLODU�WR�DOGRO�FRQGHQVDWLRQ�
DQG�SURFHHGV�YLD�IRUPDWLRQ�RI�FDUEDQLRQ�

� &�+��z�&� �2

+

���&+�12��

alc KOH. → &�+��z�&�z�&+��z�12�

+

2+

�

Heat
H O−

 →
2 �

&�+��z�&+� �&+12�

����� (OHFWURSKLOLF�VXEVWLWXWLRQ�UHDFWLRQV��6LQFH�y�12��JURXS�LV�VWURQJO\�GHDFWLYDWLQJ�DQG�P��GLUHFWLQJ��WKHUHIRUH��P�GHULYDWLYHV�
DUH�IRUPHG�

� �

12� 12�

%U

��%U�
Fe →

P�%URPRQLWUREHQ]HQH

� ��

12� 12�

12�

P�'LQLWUREHQ]HQH

��+12�

∆ →

� � � � �

12� 12�

62�+

P�1LWUREHQ]HQHVXOSKRQLF�DFLG

��+�62�

FRQF�

∆ →

�ä�&<$1,'(6�$1'�,62&<$1,'(6
� :KHQ�WKH�DON\O�RU�DU\O�JURXS�LV�DWWDFKHG�WR�WKH�FDUERQ�RI�&1�JURXS��WKH�FRPSRXQGV�DUH�FDOOHG�F\DQLGHV�DQG�ZKHQ�WKH�DON\O�

RU�DU\O�JURXS�LV�DWWDFKHG�WR�WKH�QLWURJHQ�DWRP�RI�&1�JURXS��WKH�FRPSRXQGV�DUH�FDOOHG�LVRF\DQLGHV�

� � � 5z&1� � 5z1&

� � &\DQLGHV� �,VRF\DQLGHV

� $FFRUGLQJ�WR�,83$&�V\VWHP��F\DQLGHV�DUH�FDOOHG�DONDQH�QLWULOHV�DQG�LVRF\DQLGHV�DUH�FDOOHG�DON\O�FDUE\ODPLQHV�

� &+�&1� &+�&+�&1� &�+�&1�
� (WKDQHQLWULOH�� �3URSDQHQLWULOH�� �%HQ]RQLWULOH

� &+�1&� &+�&+�1&�� &�+�1&
� 0HWK\O�FDUE\ODPLQH�� ��(WK\O�FDUE\ODPLQH������3KHQ\O�FDUE\ODPLQH

��3UHSDUDWLRQ

� l� �)URP�DON\O�KDOLGHV�E\�UHDFWLQJ�DON\O�KDOLGH�ZLWK�.&1�RU�$J&1

� &+�&+�%U� �� .&1� →� &+�&+�&1� �� .%U
� � � � � � �� �3URSDQHQLWULOH

� &�+�%U���$J&1�DOF��� →�&+�&+�1&� �� $ %U
� � � � � � �� ��(WK\O�FDUE\ODPLQH
� l�� )URP�DPLGHV

� &+�&21+�� �
P O2 5 → �&+�&1���+�2

� &�+�&21+���
P O2 5 → �&�+�&1���+�2

��3URSHUWLHV
�����+\GURO\VLV��$ON\O�F\DQLGHV�FDQ�EH�K\GURO\VHG�XQGHU�DFLGLF�DQG�EDVLF�FRQGLWLRQV�WR�JLYH�DPLGHV��ZKLFK�IXUWKHU�JHW�K\GURO\VHG�

JLYLQJ�FDUER[\OLF�DFLGV�

� &+�&1 � ��+�2�
H

or OH

+
 →_ �&+�&21+��

H
or OH

+
 →_ �&+�&22+

� � � � � � � �$PLGH� � � &DUER[\OLF�DFLG

� ,VRF\DQLGHV�DUH�K\GURO\VHG�WR�SULPDU\�DPLQHV�

� &+�1&�
H O H2 ,

+

 → � &+�1+����+&22+

%HQ]DOGHK\GH

&RPSHWLWLRQ�)LOH
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�����5HGXFWLRQ��$ON\O�F\DQLGHV�DUH�UHGXFHG�WR�SULPDU\�DPLQHV�HLWKHU�E\�+��LQ�WKH�SUHVHQFH�RI�1L�RU�3W�RU�E\�/L$O+��

� &+�&1����+��
Pt or Ni
or LiAlH4

 → &+�&+�1+�

� � � � � (WK\O�DPLQH���°�
� ,VRF\DQLGHV�DUH�UHGXFHG�WR�VHFRQGDU\�DPLQHV�

� &+�1&����+��
Ni or Pt → &+�1+&+�

� � � � � 'LPHWK\ODPLQH���°�

�� � 7KH� DON\O� QLWULOHV� RU� F\DQLGHV� DUH� XVHIXO� LQWHUPHGLDWHV� LQ� RUJDQLF� V\QWKHVLV� EHFDXVH� WKHVH� FDQ� EH� HDVLO\� FRQYHUWHG� LQWR���
��DPLQHV��DOGHK\GHV��NHWRQHV��HVWHUV��DPLGHV��FDUER[\OLF�DFLGV��HWF��7KH\�SURYLGH�D�V\QWKHWLF�URXWH�IRU�VWHSSLQJ�XS�WKH�VHULHV�
� � 5&25′�
� � .HWRQHV

� � ��������




→5
�0J;

� RCHO
Aldehydes

SnCl , HCl

Boil H O
2

2
←  5&1

H Pt or

LiAlH
2

4

, 
 → RCH

2
1 -Amine

NH
2

°

�
������������




→

Conc. HCl

(Partial hydrolysis)

� RCOOH
Carboxylic acids

H , H O+
2←  � RCONH

2

Amide

�
Br , NaOH

Hoffmann bromamide
reaction

2 → �����RNH2
Amine

�� $FHWRQLWULOH��&+�&1��LV�XVHG�DV�D�VROYHQW�RI�FKRLFH�IRU�PDQ\�RUJDQLF�UHDFWLRQV��,WV�H[WHQVLYH�XVH�DV�VROYHQW�LV�EHFDXVH�
� �L�� ,W� LV�QRW�UHDFWLYH�LQ�PLOG�DFLGLF�DQG�EDVLF�FRQGLWLRQV�
� �LL�� ,W�KDV�KLJK�SRODULW\�DQG�LV�FDSDEOH�RI�GLVVROYLQJ�D�YDULHW\�RI�UHDFWDQWV�
� �LLL�� ,W�KDV�PRGHUDWH�ERLOLQJ�SRLQW�DQG�WKHUHIRUH��FDQ�EH�HDVLO\�UHPRYHG�
� �LY�� ,W� LV�PLVFLEOH�ZLWK�ZDWHU�DQG�D�QXPEHU�RI�RUJDQLF�VROYHQWV�

&RPSHWLWLRQ�)LOH

MULTIPLE CHOICE QUESTIONS
Top
icw
ise

6HOHFW�WKH�&RUUHFW�$QVZHU��

$PLQHV

$��� 2XW�RI�WKH�IROORZLQJ�FRPSRXQGV��ZKLFK�LV�WKH�PRVW�EDVLF�
LQ�DTXHRXV�VROXWLRQ"

� �D�� &+�1+�� �E�� �&+���1+

� �F�� �&+���1� �G�� &�+�1+��
$��� :KLFK�RI�WKH�IROORZLQJ�DPLQHV��JLYHV�FDUE\ODPLQH�UHDF�

WLRQ�"

� �D�� &�+�1+�� �E�� �&�+���1+

� �F�� �&�+���1� �G�� &+�1+&�+��

$��� $QLOLQH�XQGHUJRHV� FRQGHQVDWLRQ�WR� IRUP�6FKLII� EDVH� RQ�
UHDFWLQJ�ZLWK�

� �D�� DFHW\O�FKORULGH� �E�� DPPRQLD
� �F�� DFHWRQH� �G�� EHQ]DOGHK\GH�
$��� $Q�LVRF\DQLGH�RQ�UHGXFWLRQ�ZLWK�K\GURJHQ�LQ�WKH�SUHVHQFH�

RI�3W�JLYHV
� �D�� DPLGH� �E�� SULPDU\�DPLQH
� �F�� VHFRQGDU\�DPLQH� �G�� DOFRKRO�
$��� $QLOLQH�RQ�R[LGDWLRQ�ZLWK�1D�&U�2��DQG�+�62��JLYHV
� �D�� EHQ]RLF�DFLG� �E�� P�DPLQR�EHQ]RLF�DFLG
� �F�� 6FKLIIuV�EDVH� �G�� S�EHQ]RTXLQRQH�

$��� (WK\ODPLQH�UHDFWV�ZLWK�QLWURXV�DFLG�WR�IRUP

� �D�� &�+�2+� �E�� &�+�2+��1���+�2

� �F�� &�+�1�
�&Oy� �G�� &�+�1+2+��1+��

� $��� �E�� $��� �D�� $��� �G�� $��� �F�� $��� �G�� $��� �E�
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$��� +LQVEHUJuV�UHDJHQW�LV

� �D�� EHQ]HQH�VXOSKRQ\O�FKORULGH

� �E�� EHQ]HQH�VXOSKRQLF�DFLG

� �F�� SKHQ\O�LVRF\DQLGH

� �G�� EHQ]HQH�VXOSKRQDPLGH�

$��� :KLFK�RI�WKH�IROORZLQJ�UHDFWLRQV�LV�JLYHQ�E\�RQO\�SULPDU\�
DPLQHV�"

� �D�� 5HDFWLRQ�ZLWK�+212

� �E�� 5HDFWLRQ�ZLWK�FKORURIRUP�DQG�DOFRKROLF�.2+

� �F�� 5HDFWLRQ�ZLWK�DFHW\O�FKORULGH

� �G�� 5HDFWLRQ�ZLWK�*ULJQDUG�UHDJHQW�

$��� $PLQR��z1+���JURXS�LV�VXVFHSWLEOH�WR�R[LGDWLRQ�E\�+12���
WKHUHIRUH��QLWUDWLRQ�LV�GRQH�LQ�WKH�SUHVHQFH�RI��

� �D�� GLO�+�62�� �E�� &6��DW��°&

� �F�� &+�&2&O� �G�� �:DWHU�

$���� $QLOLQH�UHDFWV�ZLWK�1D12��DQG�+&O�DW�URRP�WHPSHUDWXUH�
WR�JLYH

� �D�� QLWURDQLOLQH� �E�� SKHQRO

� �F�� GLD]RQLXP�FKORULGH��G�� FKORURDQLOLQH�

$���� 6LOYHU� FKORULGH� LV� VROXEOH� LQ�PHWK\ODPLQH� GXH� WR� WKH�
IRUPDWLRQ�RI

� �D�� $J� +�1+��&O� �E���$J���&+�&O���1+�&O

� �F�� >$J��&+�1+���@&O� �G���$J2+�

$���� 'LHWK\ODPLQH�UHDFWV�ZLWK�QLWURXV�DFLG�WR�JLYH

� �D�� �&�+���1+
�12�

z� �E�� �&�+���112�

� �F�� &�+�2+� �G�� 1��DQG�DOFRKRO�

$���� 0D[LPXP�S.E�YDOXH�LV�RI�

� �D�� �&+����1+�

� �E����&+�&+����1+

� �F�� z1+z �

� �G��� z1+&+�

$���� *DEULHO�SKWKDOLPLGH�UHDFWLRQ�LV�XVHG�IRU�WKH�SUHSDUDWLRQ�RI
� �D�� SULPDU\�DURPDWLF�DPLQHV

� �E�� VHFRQGDU\�DPLQHV

� �F�� SULPDU\�DOLSKDWLF�DPLQHV

� �G�� WHUWLDU\�DPLQHV�� �

$���� 5HDFWLRQ�RI�HWK\ODPLQH�ZLWK�FKORURIRUP�LQ�DOFRKROLF�.2+�
JLYHV

� �D�� &�+�&1� �E�� &�+�1&

� �F�� &+�&1� �G�� &+�1&�

$���� 5HDFWLRQ�RI�DFHWDPLGH�ZLWK�EURPLQH�ZDWHU�DQG�.2+�JLYHV
� �D�� &+�&22+� �E�� &+�&+�1+�

� �F�� &+�&221+�� �G�� &+�1+��

$���� +RIIPDQQ�GHJUDGDWLRQ�RI�P�EURPREHQ]DPLGH�JLYHV
� �D�� DQLOLQH� �E�� P�EURPRDQLOLQH

� �F�� EURPREHQ]HQH� �G�� P�EURPRHWK\O�EHQ]HQH�

$���� :KLFK�RI�WKH�IROORZLQJ�LV�+RIIPDQQ�PXVWDUG�RLO�UHDFWLRQ�"

� �D�� 5HDFWLRQ�RI�DURPDWLF�DPLQH�ZLWK�LRGRIRUP

� �E�� 5HDFWLRQ�RI�SULPDU\�DPLQH�ZLWK�&+&O�
� �F�� 5HDFWLRQ�RI�SULPDU\�DPLQH�ZLWK�&6��DQG�+J&O��

� �G�� 5HDFWLRQ�RI�VHFRQGDU\�DPLQH�ZLWK�QLWURXV�DFLG�

$���� 2Q�KHDWLQJ�DQLOLQH�ZLWK�&6��LQ�WKH�SUHVHQFH�RI�+J&O��WKH�
SURGXFW�LV��

� �D�� 3KHQ\O�F\DQLGH
� �E�� 3KHQ\O�LVRF\DQLGH
� �F�� 3KHQ\O�LVRWKLRF\DQDWH
� �G�� S�$PLQREHQ]HQH�VXOSKRQLF�DFLG
$���� 7KH�UHDJHQWV�QHHGHG�WR�FRQYHUW�LV�DUH

� �� �� ��

� �D�� .2+��%U���/L$O+��

� �E�� .2+��%U���&+�&2&O

� �F�� +212��&X�&O����&+�&2��2

� �G�� .2+��%U���1L��+���&+�&2&O

$���� $�SRVLWLYH�FDUE\ODPLQH�WHVW�LV�JLYHQ�E\
� �D�� 1��1�GLPHWK\ODQLOLQH�

� �E�� ��� GLPHWK\ODQLOLQH

� �F�� 1�PHWK\O�R�PHWK\ODQLOLQH

� �G�� S�PHWK\O�EHQ]\ODPLQH

$���� ,Q�WKH�UHDFWLRQ

� �� ���� (CH3CO)2O → �� Br2, CH3COOH → �� H+, H2O → �;

� � ;�LV��

� ���D���������� � � �E����������

&RPSHWLWLRQ�)LOH

�$����D�� $��� �E�� $��� �F�� $���� �F�� $���� �F�� $���� �E�� $���� �F�� $� � �F�� $���� �E�� $���� �G�

$�����E�� $���� �F�� $�� �F�� $���� �E�� $���� �G��
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� ���F���������� � �G����������

$����7KH�FRPSRXQG�&�+��1�LV�RSWLFDOO\�DFWLYH�DQG�UHDFWV�ZLWK�
+212�WR�JLYH�&�+��2+��7KH�FRPSRXQG�LV�

� �D���1�PHWK\OEXWDQDPLQH���E�� ��$PLQRSHQWDQH

� �F�����$PLQRSHQWDQH� �G�� 1��1
�'LPHWK\OSURSDQDPLQH

$����,Q�WKH�UHDFWLRQ�RI�S�FKORURWROXHQH�ZLWK�.1+��LQ�OLTXLG�1+���

WKH�PDMRU�SURGXFW�LV

� �D���R�WROXLGLQH�� �E�� �P�WROXLGLQH�
�F���S�WROXLGLQH� �G���S�FKORURDQLOLQH

$����S�FKORURDQLOLQH�DQG� DQLOLQLXP�K\GURFKORULGH� FDQQRW�EH�
GLVWLQJXLVKHG�E\

� �D�� 6DQGPH\HUuV�UHDFWLRQ� �E�� 1D+&2�

� �F�� $J12�� �G�� &DUE\ODPLQH�WHVW��

$���� &+�&+�&O�
NaCN → �;� Ni H/ 2 → �<� Acetic

anhydride
 → =

� =�LQ�WKH�DERYH�VHTXHQFH�LV

� �D�� &+�&+�&+�1+&2&+�

� �E�� &+�&+�&+�1+�

� �F�� &+�&+�&+�&21+&+�

� �G�� &+�&+�&+�&21+&2&+�� � �

$���� 7KH� UHDFWLRQ� RI� FKORURIRUP� ZLWK� DOFRKROLF� .2+� DQG��
S�WROXLGLQH�IRUPV

� �D�� &+� 1&� � �E���&+� &1

� �F�� &+� 1�&O� �G��&+� 1+&O�

$���� ,Q�WKH�IROORZLQJ�UHDFWLRQ��WKH�SURGXFW�$�LV�

� �
( ) ,i Br KOH
heat
2 → �$

� �D�� � �E���

� �F�� � �G��

$����:KLFK� RI� WKH� IROORZLQJ� FRPSRXQG�ZLOO� GLVVROYH� LQ� DQ�
DONDOL�VROXWLRQ�DIWHU�LW�XQGHUJRHV�UHDFWLRQ�ZLWK�+LQVEHUJ
V�

UHDJHQW"

� �D���&+�1+�� �E����&+���1+

� �F���&�+�1+&�+�� �G����&+���1

$���� 6HFRQGDU\�DPLQHV�FDQ�EH�SUHSDUHG�E\

� �D�� UHGXFWLRQ�RI�QLWULOHV��

� �E�� +RIIPDQQ�EURPDPLGH�UHDFWLRQ

� �F�� UHGXFWLRQ�RI�DPLGHV

� �G�� UHGXFWLRQ�RI�LVRQLWULOHV

'LD]RQLXP�6DOWV

$���� :KLFK�RI�WKH�IROORZLQJ�VWDWHPHQW�LV�LQFRUUHFW"

� �D�� 'LD]RQLXP�VDOWV�DUH�FU\VWDOOLQH�VROLGV

� �E�� 7KH\�DUH�XQVWDEOH�DQG�H[SORGH�LQ�GU\�VWDWH

� �F�� �$URPDWLF�GLD]RQLXP�VDOWV�DUH�OHVV�VWDEOH�WKDQ�DOLSKDWLF�
GLD]RQLXP�VDOWV

� �G�� 7KHVH�DUH�UHDGLO\�VROXEOH�LQ�ZDWHU

$����,Q�%DO]y6FKLHPDQQ�UHDFWLRQ��EHQ]HQH�GLD]RQLXP�FKORULGH�
UHDFWV�ZLWK

� �D���.,� �E���&X&1�.&1

� �F���+%)�� �G���+%)��DQG�1D12��&X

$���� 7KH�LQGLFDWRU�PHWK\O�RUDQJH�LV�SUHSDUHG�E\�FRXSOLQJ�GLD�
]RQLXP�VDOW�RI�VXOSKDQLOLF�DFLG�ZLWK

� �D�� DQLOLQH
� �E�� 1��1�GLPHWK\ODQLOLQH
� �F�� S�PHWK\ODQLOLQH
� �G�� QDSKWKRO�

$����%HQ]HQH�GLD]RQLXP� FKORULGH� RQ� UHDFWLRQ� ZLWK� SKHQRO� LQ�
ZHDNO\�EDVLF�PHGLXP�JLYHV

� �D�� GLSKHQ\O�HWKHU� �E�� S�K\GUR[\D]REHQ]HQH

� �F�� FKORUREHQ]HQH� �G�� EHQ]HQH

$����%HQ]HQH�GLD]RQLXP�FKORULGH�UHDFWV�ZLWK�QLWURXV�DFLG�LQ�WKH�
SUHVHQFH�RI�&X�2�WR�JLYH

� �D�� &�+�&1� �E�� &�+�2+

� �F�� &�+�12�� �G�� &�+�

$����:KLFK� RI� WKH� IROORZLQJ� UHDFWLRQ� UHSUHVHQWV�6DQGPH\HU
V�

UHDFWLRQ"

� �D�� &�+�1
�

�&O
y� CuCN KCN/ → �&�+�&1���1�

� �E�� &�+�1
�

�&O
y� Cu HCl, → �&�+�&O���1�

� �F�� &�+�1
�

�&O
y� Cu Cl

HCl
2 2 → �&�+�&O���1�

� �G�� &�+�1
�

�&O
y� HBF4 →

�&�+�)���1�

�$� � �E�� $���� �E�� $���� �E�� $�� � �G�� $��� �D�� $���� �D�� $���� �G�� $���� �D�� $���� �G�� $���� �F�
�$���� �F�� $���� �E�� $�� �E�� $���� �F�� $���� �F�

&RPSHWLWLRQ�)LOH
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$��� $QLOLQH�ZKHQ�GLD]RWL]HG� LQ� FROG� DQG� WKHQ� WUHDWHG�ZLWK�
GLPHWK\O�DQLOLQH�JLYHV�D�FRORXUHG�SURGXFW�� ,WV�VWUXFWXUH�
ZRXOG�EH

� �D�� &+� �1  1 �1+�

� �E�� �&+���1 �1  1

� �F�� �&+���1 1+

� �G�� &+�1+ 1  1 1+&+�

$���� :KLFK�RI�WKH�IROORZLQJ�GLD]RQLXP�VDOW�LV�PRVW�VWDEOH"

� �D�� S�1LWUREHQ]HQHGLD]RQLXP�FKORULGH

� �E�� ��� 'LQWUREHQ]HQHGLD]RQLXP�FKORULGH

� �F�� �������7ULQLWUREHQ]HQHGLD]RQLXP�FKORULGH
� �G�� S�0HWKR[\EHQ]HQHGLD]RQLXP�FKORULGH

$���� 7KH�ILQDO�SURGXFW�LQ�WKH�IROORZLQJ�UHDFWLRQ�LV

� ��
NaNO HCl

K
2

273 278−
 → �"� KCN → �"�

LiAlH4 → �"

� �D�� S�FKORUREHQ]\ODPLQH

� �E�� S�FKORURSKHQRO

� �F�� S�FKORUREHQ]\O�DOFRKRO

� �G�� S�FKORUR�EHQ]DPLGH

$��� 7KH�SURGXFW�5�LQ�WKH�IROORZLQJ�UHDFWLRQ�LV

� �
Br OH2 /

−

 → �3�
NaNO

HCl C
2

0 5, − °
 → �4�

HBF
Heat

4 → �5

� �D�� � � �E���

� �F�� � � �G���

&RPSHWLWLRQ�)LOH

�$�� � �E�� $���� �G�� $���� �D�� $�� � �F�

$,307�	�2WKHU�6WDWH�%RDUGVu�
0HGLFDO�(QWUDQFH

%��� :KLFK� RQH� RI� WKH� IROORZLQJ� RQ� UHGXFWLRQ�ZLWK� OLWKLXP�
DOXPLQLXP�K\GULGH�\LHOGV�D�VHFRQGDU\�DPLQH�"

� �D�� 0HWK\O�LVRF\DQLGH� �E�� $FHWDPLGH

� �F�� 0HWK\O�F\DQLGH� �G�� 1LWURHWKDQH�� �
� � � � �& 6(�0HG�������

%��� ,Q�D�UHDFWLRQ�RI�DQLOLQH�D�FRORXUHG�SURGXFW�&�ZDV�REWDLQHG�

� �
NaNO
HCl

2 → �%� &
&ROG

� 7KH�VWUXFWXUH�RI�&�ZRXOG�EH���

� �D��

&+� &+�

1� �1
�

� �E��

� �F��

� �G��

�&�%�6�(��3�0�7�������

� %��� �D�� %��� �F��
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%�� 3UHGLFW�WKH�SURGXFW

�

NHCH3
���1D12�������+&O�→�3URGXFW�

� �D��
N—NO2

CH3

�

� �E��
NO

NHCH3

NO

NHCH3

+ �

� �F��
N—NOCH3

OH

� �G�� N—NON == O

CH3

�

� � �� �&�%�6�(��307������
%�� 1LWUREHQ]HQH� FDQ�EH� SUHSDUHG� IURP�EHQ]HQH�E\�XVLQJ�D�

PL[WXUH�RI�FRQF��+12��DQG�+�62���,Q�WKH�PL[WXUH��+12��
DFWV�DV�D�DQ�

� �D�� DFLG� �E�� EDVH
� �F�� FDWDO\VW� �G�� UHGXFLQJ�DJHQW

�&�%�6�(��307������
%��� $FHWDPLGH�LV�WUHDWHG�ZLWK�WKH�IROORZLQJ�UHDJHQWV�VHSDUDWHO\��

:KLFK�RQH�RI�WKHVH�ZRXOG�\LHOG�PHWK\O�DPLQH�"
� �D�� +RW�FRQF��+�62�� �E�� 3&O�
� �F�� 1D2+�y�%U�� �G�� 6RGDOLPH�
� � � � � �&�%�6�(��307������
%��� $QLOLQH�LQ�D�VHW�RI�WKH�IROORZLQJ�UHDFWLRQV�\LHOGHG�D�FRORXUHG�

SURGXFW�t<u�

�
NaNO HCl

K
2

273 278
/

( )-   → ;�
N N ethylaniline, dim − → <

� 7KH�VWUXFWXUH�RI�t<u�ZRXOG�EH��

� �D�� H3C NH2N == N

� �E�� �

� �F�� N
CH3

CH3
N == N

� �G�� NHHN

CH3CH3

N == N

� � � � � �&�%�6�(��307������

%��� :KLFK�RI�WKH�IROORZLQJ�VWDWHPHQWV�DERXW�SULPDU\�DPLQHV�
LV�tIDOVHu�"

� �D�� $U\O�DPLQHV�UHDFW�ZLWK�QLWURXV�DFLG�WR�SURGXFH�SKHQROV

� �E�� $ON\O�DPLQHV�DUH�VWURQJHU�EDVHV�WKDQ�DPPRQLD

� �F�� $ON\O�DPLQHV�DUH�VWURQJHU�EDVHV�WKDQ�DU\O�DPLQHV

� �G�� $ON\O�DPLQHV�UHDFW�ZLWK�QLWURXV�DFLG�WR�SUGXFH�DOFRKROV�

� � � � � �&�%�6�(��307������

%��� :KDW�LV�WKH�SURGXFW�REWDLQHG�LQ�WKH�IROORZLQJ�UHDFWLRQ�"

�
Zn

NH Cl4
 → �"

� �D�� � �E��

� �F�� � �G��

� ���$,307������

%���� ,Q�WKH�UHDFWLRQ��

� ��$��LV�

� �D��� +�32��DQG�+�2� �E�� +����+�2

� �F�� +J62����+�62�� �G�� &X�&O�

� �1((7������

%����1LWUREHQ]HQH� RQ� UHDFWLRQ� ZLWK� FRQF�� +12��+�62�� DW�
��y���°&�IRUPV�ZKLFK�RQH�RI�WKH�IROORZLQJ�SURGXFW�"

� �D��� �����'LQLWUREHQ]HQH

� �E��� ��������7ULQLWUREHQ]HQH

� �F��� �����'LQLWUREHQ]HQH

� �G�� ��� 'LQLWUREHQ]HQH

� �1((7������

%����:KLFK�RI�WKH�IROORZLQJ�ZLOO�EH�PRVW�VWDEOH�GLD]RQLXP�VDOW�
51�

��
;
y
"

� �D�� &+�1�
��
;
y� �E�� &�+�1��

��
;
y

� �F�� &+�&+�1�
��
;
y
� �G�� &�+�&+�1�

��
;
y

� � � �$,307�������.DUQDWDND�&(7������

&RPSHWLWLRQ�)LOH

� %��� �G�� %��� �E�� %��� �F�� %��� �F�� %��� �D�� %��� �D�� %��� �D�� %���� �G�� %���� �E��
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%����,Q�WKH�IROORZLQJ�UHDFWLRQ��WKH�SURGXFW��$�

�

1
�
≡≡1&Oy 1+�

� �$������LV
<HOORZ�G\H

+
�

� �D�� 1  1z1+ �

� �E�� 1  1

1+�

� �F�� 1  1

1+�

�

� �G�� 1  1 1+�� � $,307������

%����7KH�QXPEHU�RI�VWUXFWXUDO�LVRPHUV�SRVVLEOH�IURP�WKH�PROHFXODU�
IRUPXOD�&�+�1�LV��

� �D����� �E����

� �F����� �G����� � �$,307������

%����7KH�IROORZLQJ�UHDFWLRQ��

1+�

��&O

+
1

2 2

NaOH →

� LV�NQRZQ�E\�WKH�QDPH�

� �D�� $FHW\ODWLRQ��UHDFWLRQ�

� �E�� 6FKRWWHQ�%DXPDQQ�UHDFWLRQ�

� �F�� )ULHGHO�&UDIWuV�UHDFWLRQ�

� �G�� 3HUNLQuV�UHDFWLRQ�� � ��$,307������

%����0HWKRG�E\�ZKLFK�DQLOLQH�FDQQRW�EH�SUHSDUHG�LV��

� �D��UHGXFWLRQ�RI�QLWUREHQ]HQH�ZLWK�+��3G�LQ�HWKDQRO�

� �E���SRWDVVLXP�VDOW�RI�SKWKDOLPLGH�WUHDWHG�ZLWK�FKORUREHQ]HQH�
IROORZHG�E\�K\GURO\VLV�ZLWK�DTXHRXV�1D2+�VROXWLRQ��

� �F��K\GURO\VLV�RI�SKHQ\OLVRF\DQLGH�ZLWK�DFLGLF�VROXWLRQ�

� �G���GHJUDGDWLRQ� RI� EHQ]DPLGH� ZLWK� EURPLQH� LQ� DONDOLQH�
VROXWLRQ�� �$,307������

%����7KH�HOHFWURO\WLF�UHGXFWLRQ�RI�QLWUREHQ]HQH�LQ�VWURQJO\�DFLGLF�
PHGLXP�SURGXFHV�

����� �D��D]REHQ]HQH�� �E��DQLOLQH�

� �F��S�DPLQRSKHQRO�� �G��D]R[\EHQ]HQH��

� �$,307������

%����7KH�FRUUHFW�VWDWHPHQW�UHJDUGLQJ�WKH�EDVLFLW\�RI�DU\ODPLQHV�
LV��

� �D���DU\ODPLQHV�DUH�JHQHUDOO\�PRUH�EDVLF�WKDQ�DON\ODPLQHV�
EHFDXVH�RI�DU\O�JURXS

� �E���DU\ODPLQHV�DUH�JHQHUDOO\�PRUH�EDVLF�WKDQ�DON\ODPLQHV�
EHFDXVH�WKH�QLWURJHQ�DWRP�LQ�DU\ODPLQHV�LV�VS�K\EULGLVHG

� �F���DU\ODPLQHV�DUH�JHQHUDOO\�OHVV�EDVLF�WKDQ�DON\ODPLQHV�
EHFDXVH�WKH�QLWURJHQ�ORQH�SDLU�HOHFWURQV�DUH�GHORFDOLVHG�
E\�LQWHUDFWLRQ�ZLWK�WKH�DURPDWLF�ULQJ�p�HOHFWURQ�V\VWHP�

� �G���DU\ODPLQHV�DUH�JHQHUDOO\�PRUH�EDVLF�WKDQ�DON\ODPLQHV�
EHFDXVH� WKH� QLWURJHQ� ORQH�SDLU� HOHFWURQV� DUH� QRW�
GHORFDOLVHG� E\� LQWHUDFWLRQ� ZLWK� WKH� DURPDWLF� ULQJ�
p�HOHFWURQ�V\VWHP�

� �1((7������

%����:KLFK�RQH�RI�WKH�IROORZLQJ�QLWUR�FRPSRXQG�GRHV�QRW�UHDFW�
ZLWK�QLWURXV�DFLG"

� �D��

+�

+�
+�&

12�
&

& �� �E��
+�

+�&

+�&
12�&+

&

� �F��
+�&

+�&
12�&+�& �� �G��

&+�

+�&
12�

2
+
&

� �1((7������

%����$� JLYHQ� QLWURJHQyFRQWDLQLQJ� DURPDWLF� FRPSRXQG� 
$
��
UHDFWV�ZLWK�6Q�+&O��IROORZHG�E\�+12��WR�JLYH�DQ�XQVWDEOH��
FRPSRXQG� 
%
�� 
%
�� RQ� WUHDWPHQW� ZLWK� SKHQRO�� IRUPV� D��
EHDXWLIXO�FRORXUHG�FRPSRXQG�
&
�ZLWK�WKH�PROHFXODU�IRUPXOD�
&��+��1�2��7KH�VWUXFWXUH�RI�FRPSRXQG�
$
�LV

� �D��
1+�

�� �E��
12�

� �F��
&1

�� �G��
&21+�

� �1((7������

%����:KLFK�RI�WKH�IROORZLQJ�UHDFWLRQV�LV�DSSURSULDWH�IRU�FRQYHUWLQJ�
DFHWDPLGH�WR�PHWKDQDPLQH"

� �D�� +RIIPDQQ�EURPDPLGH�UHDFWLRQ

� �E�� 6WHSKHQ
V�UHDFWLRQ

� �F�� *DEULHO�SKWKDOLPLGH�V\QWKHVLV

� �G�� &DUE\ODPLQH�UHDFWLRQ� �1((7������

&RPSHWLWLRQ�)LOH

�%�����G�� %���� �F�� %���� �E�� %���� �E�� %���� �F�� %���� �F�� %���� �F�� %���� �E�� %���� �D��
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%����7KH� FRUUHFW� LQFUHDVLQJ� RUGHU� RI� EDVLF� VWUHQJWK� IRU� WKH�
IROORZLQJ�FRPSRXQGV�LV

�

1+�

12�

�,,�

&+�

1+�

�,,,�

1+�

�,�

� �D�� ,,,���,���,,� �E�� ,,,���,,���,

� �F�� ,,���,���,,,� �G�� ,,���,,,���,�

� �1((7������

%����1LWUDWLRQ�RI�DQLOLQH�LQ�VWURQJO\�DFLGLF�PHGLXP�DOVR�JLYHV�
P�QLWURDQLOLQH�EHFDXVH

� �D�� �LQVSLWH�RI�VXEVWLWXHQWV��QLWUR�JURXS�DOZD\V�JRHV�WR�RQO\�
P�SRVLWLRQ

� �E�� �LQ�HOHFWURSKLOLF�VXEVWLWXWLRQ�UHDFWLRQV��DPLQR�JURXS�LV�
PHWD�GLUHFWLYH

� �F�� �LQ�DEVHQFH�RI�VXEVWLWXHQWV��QLWUR�JURXS�DOZD\V�JRHV�WR��
P�SRVLWLRQ

� �G�� �LQ� DFLGLF� �VWURQJ�� PHGLXP�� DQLOLQH� LV� SUHVHQW� DV�

DQLOLQLXP�LRQ�� �1((7������

%��� $QLOLQH�LV�WUHDWHG�ZLWK�1D12��+&O�DW��°&�WR�JLYH�FRPSRXQG�
;�ZKLFK�RQ�WUHDWPHQW�ZLWK�FXSURXV�F\DQLGH�JLYHV�DQRWKHU�
FRPSRXQG� <�� :KHQ� FRPSRXQG� <� LV� WUHDWHG� ZLWK� +��1L�
FRPSRXQG�=�LV�REWDLQHG��7KH�FRPSRXQG�=�LV�

� �D�� %HQ]\O�DOFRKRO� �E�� %HQ]\ODPLQH

� �F�� 1�HWK\ODQLOLQH� �G��3KHQRO

� �H�� 3KHQ\O�K\GUR[\ODPLQH� �.HUDOD�307������

%����7KH�VWURQJHVW�EDVH�LQ�DTXHRXV�VROXWLRQ�DPRQJ�WKH�IROORZLQJ�
DPLQHV�LV

� �D�� 1��1�GLHWK\OHWKDQDPLQH� �E�� 1�HWK\OHWKDQDPLQH

� �F�� 1�PHWK\OPHWKDQDPLQH� �G�� HWKDQDPLQH

� �H�� SKHQ\OPHWKDQDPLQH� �.HUDOD�3�0�7�������

%����$QLOLQH�LV�WUHDWHG�ZLWK�EURPLQH�ZDWHU�WR�JLYH�DQ�RUJDQLF�
FRPSRXQG�t;u�ZKLFK�ZKHQ�WUHDWHG�ZLWK�1D12��DQG�+&O�

DW��°&�JLYHV�D�ZDWHU�VROXEOH�FRPSRXQG�t<u��&RPSRXQG�t<u�
RQ� WUHDWPHQW� ZLWK�&X�&O�� DQG�+&O� JLYHV� FRPSRXQG� t=u��
&RPSRXQG�t=u�LV

� �D�� R�EURPRFKORUREHQ]HQH�

� �E�� S�EURPRFKORUREHQ]HQH

� �F�� ������� WULEURPRSKHQRO�

� �G�� ������� WULEURPRFKORUREHQ]HQH

� �H�� �����GLEURPRSKHQRO� �.HUDOD�3�0�7�������

%����$QLOLQLXP� K\GURJHQVXOSKDWH� RQ� KHDWLQJ� ZLWK� VXOSKXULF�
DFLG�DW���������.�SURGXFHV

� �D�� EHQ]HQH�VXOSKRQLF�DFLG�

� �E�� DQWKUDQLOLF�DFLG

� �F�� DQLOLQH

� �G�� P�DPLQREHQ]HQH�VXOSKRQLF�DFLG

� �H�� VXOSKDQLOLF�DFLG� �.HUDOD�3�0�7�������

%�����6HFRQGDU\�DPLQHV�FRXOG�EH�SUHSDUHG�E\
� �D��� UHGXFWLRQ�RI�QLWULOHV

� �E�� +RIIPDQQ�EURPDPLGH�UHDFWLRQ

� �F��� UHGXFWLRQ�RI�DPLGHV

� �G�� UHGXFWLRQ�RI�LVRQLWULOHV

� �H��� UHGXFWLRQ�RI�QLWUR�FRPSRXQGV

� �.HUDOD�3�0�7������

%����:KLFK�RQH�RI��WKH�IROORZLQJ�DPLQHV�FDQQRW�EH�SUHSDUHG�E\�
*DEULHO�SKWKDOLPLGH�V\QWKHVLV"

� �D��(WK\ODPLQH�� �E��,VRSURS\ODPLQH�

� �F���Qy3URS\ODPLQH�� �G��(WK\OPHWK\ODPLQH�

� �H��$OO\ODPLQH�� �.HUDOD�307�������

%����:KLFK�RQH�RI�WKH�IROORZLQJ�DPLQHV�IRUPV�D�QRQyDFLGLF�DQG�
DONDOL�LQVROXEOH�SURGXFW�ZLWK�SyWROXHQHVXOSKRQ\O�FKORULGH"

� �D��7HUWLDU\�EXW\ODPLQH�� �E��Qy%XW\ODPLQH�

� �F��,VREXW\ODPLQH� � �G��'LHWK\ODPLQH�

� �H��1��1�'LPHWK\OHWK\ODPLQH� �.HUDOD�307�������

%����:KLFK�RI�WKH�IROORZLQJ�FRPSRXQG�LV�PRVW�EDVLF�"��

� �D��$QLOLQH�� �E��&\FORKH[\ODPLQH�

� �F��R�1LWURDQLOLQH� �G��R�7ROXLGLQH��

� �H��S�0HWKR[\DQLOLQH�� �.HUDOD�307�������

-((��0DLQ��	�2WKHU�6WDWH�%RDUGVu�
(QJLQHHULQJ�(QWUDQFH

%����)OXRUREHQ]HQH�FDQ�EH�V\QWKHVLVHG�LQ�WKH�ODERUDWRU\
� �D�� IURP�DQLOLQH�E\�GLD]RWLVDWLRQ�IROORZHG�E\�KHDWLQJ�WKH�

GLD]RQLXP�VDOW�ZLWK�+%)�
� �E�� E\�GLUHFW�IOXRULQDWLRQ�RI�EHQ]HQH�ZLWK�)��JDV

� �F�� E\�UHDFWLQJ�EURPREHQ]HQH�ZLWK�1D)�VROXWLRQ

� �G�� E\�KHDWLQJ�SKHQRO�ZLWK�+)�DQG�.)

� �� ,�(�(�(�������

%���� ,Q�WKH�FKHPLFDO�UHDFWLRQ�
� &+�&+�1+����&+&O�����.2+�→��$�����%�����+�2

� 7KH�FRPSRXQGV��$��DQG��%��DUH�UHVSHFWLYHO\��

� �D�� &+�&+�&21+��DQG��.&O

� �E�� &�+�1&�DQG�.�&2�

� �F�� &�+�1&�DQG��.&O�

� �G�� &�+�&1�DQG��.&O�� � � �$�,�(�(�(�������

&RPSHWLWLRQ�)LOH

�%�����F�� %���� �G�� %���� �E�� %���� �E�� %���� �G�� %���� �H�� %���� �G�� %���� �G�� %���� �G�� %���� �E��
�%���� �D�� %���� �F��
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%����,Q�WKH�FKHPLFDO�UHDFWLRQV

�
NaNO

HCl K
2

278,   → $�
HBF4 → %

� 7KH�FRPSRXQG�t$u�DQG�t%u�UHVSHFWLYHO\�DUH��
� �D�� EHQ]HQH�GLD]RQLXP�FKORULGH�DQG�IOXRUREHQ]HQH
� �E�� QLWUREHQ]HQH�DQG�FKORUREHQ]HQH
� �F�� QLWUREHQ]HQH�DQG�IOXRUREHQ]HQH
� �G�� SKHQRO�DQG�EHQ]HQH� � �$,(((������

%����,Q�WKH�FKHPLFDO�UHDFWLRQV��

� �
NaNO
HCl K

2
278,

 → �$�
CuCN
∆ → �%

� WKH�FRPSRXQGV�$�DQG�%�UHVSHFWLYHO\�DUH��
� �D�� EHQ]HQHGLD]RQLXP�FKORULGH�DQG�EHQ]RQLWULOH

� �E�� 1LWUREHQ]HQH�DQG�FKORUREHQ]HQH

� �F�� 3KHQRO�DQG�EURPREHQ]HQH
� �G�� )OXRUREHQ]HQH�DQG�SKHQRO�� � �$ ,�(�(�(�������

%�����$� FRPSRXQG�ZLWK�PROHFXODU�PDVV� ���� LV� DF\ODWHG�ZLWK�
&+�&2&O� WR� JHW� D� FRPSRXQG�ZLWK�PROHFXODU�PDVV������
7KH�QXPEHU�RI�DPLQR�JURXSV�SUHVHQW�SHU�PROHFXOH�RI�WKH�
IRUPHU�FRPSRXQG�LV

� �D��� �� �E����
� �F��� �� �G�� �� �-((�0DLQ������

%�������&RQVLGHULQJ�WKH�EDVLF�VWUHQJWK�RI�DPLQHV�LQ�DTXHRXV�VROXWLRQ��
ZKLFK�RQH�KDV�WKH�VPDOOHVW�S.E�YDOXH"

� �D�� &�+�1+�� �E�� �&+���1+

� �F�� &+�1+�� �G�� �&+���1�
� �-((�0DLQ������

%����2Q�KHDWLQJ�DQ�DOLSKDWLF�SULPDU\�DPLQH�ZLWK�FKORURIRUP�
DQG�HWKDQROLF�SRWDVVLXP�K\GUR[LGH��WKH�RUJDQLF�FRPSRXQG�
IRUPHG�LV

� �D�� DQ�DON\O�LVRF\DQLGH� � �E�� DQ�DONDQRO

� �F�� DQ�DONDQHGLRO� � �G�� DQ�DON\O�F\DQLGH��
� �-((�0DLQ������

%����,Q� WKH� +RIIPDQQ� EURPDPLGH� GHJUDGDWLRQ� UHDFWLRQ�� WKH�
QXPEHU�RI�PROHV�RI�1D2+�DQG�%U��XVHG�SHU�PROH�RI�DPLQH�
SURGXFHG�DUH

� �D�� RQH�PROH�RI�1D2+�DQG�RQH�PROH�RI�%U�
� �E�� IRXU�PROHV�RI�1D2+�DQG�WZR�PROHV�RI�%U�
� �F�� WZR�PROHV�RI�1D2+�DQG�WZR�PROHV�RI�%U�
� �G�� IRXU�PROHV�RI�1D2+�DQG�RQH�PROH�RI�%U��

� �-((�0DLQ������

%����:KLFK� RI� WKH� IROORZLQJ� FRPSRXQG� ZLOO� JLYH� VLJQLILFDQW�
DPRXQW�RI�PHWD�SURGXFW�GXULQJ�PRQR�QLWUDWLRQ�UHDFWLRQ"

&RPSHWLWLRQ�)LOH

�%�����D�� %�� �D�� %���� �F�� %���� �E�� %���� �D�� %���� �G�� %���� �F�� %���� �F�� %���� �D�� %���� �F�

� �D��

2+

� �E��

2&2&+�

� �F��

1+�

� �G��

1+&2&+�

� �-((�0DLQ������

%���� 7KH�LQFUHDVLQJ�RUGHU�RI�EDVLFLW\�RI�WKH�IROORZLQJ�FRPSRXQGV�
LV�

� �$���
1+�

� �%���
1+

� �&���

1+�

1+ � �'�� 1+&+�

� �D��� �$���� %�����&�����'�� �E����%�����$�����&�����'�

� �F��� �%�����$�����'�����&�� �G�� �'�����%�����$�����&�

� �-((�0DLQ������

%���� 7KH�FRUUHFW�RUGHU�RI�LQFUHDVLQJ�EDVLF�QDWXUH�RI�WKH�IROORZLQJ�
EDVHV�LV��

�

NH2

1 2 3

NH2 NH2

O2N CH3

4

5

NH2 NH2

CH3O
NO2

� �D�� ��������� � �E�� �����������������

� �F�� ������������������ �G�� ������������������

� �H�� ������������������ � � ���.HUDOD�3�(�7�������

%�����7KH�ILQDO�SURGXFW�LQ�WKH�IROORZLQJ�VHTXHQFH�RI�UHDFWLRQ�LV

�

NH2

� Br OH2 /
−

 → ����� NaNO
HCl

2 → ������ HBF4 → �

� �D��

NH—Br

F

NO2

� �E��

NH2

F

Br

� �F��

F
Br

Br

Br

� �G��

NH2
F

Br

F

�2ULVVD�-�(�(�������
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�%���� �E�� %�� �E�� %���� �E�� %���� �D�� %���� �G�� %��� � �G�� %���� �D�� %���� �E�� %���� �D�� %���� �D�
�%���� �E�� %���� �F�� %���� �F�

%�����&KRRVH�WKH�DPLGH�ZKLFK�RQ�UHGXFWLRQ�ZLWK�/L$O+��\LHOGV�
D�VHFRQGDU\�DPLQH

� �D�� (WKDQDPLGH�
� �E�� 1�0HWK\O�HWKDQDPLGH

� �F�� 1��1�GLPHWK\O�HWKDQDPLGH

� �G�� 3KHQ\O�PHWKDQDPLGH

� �H�� %XWDQDPLGH� � � �.HUDOD�&�(�7�������

%����:KLFK�RQH�RI�WKH�IROORZLQJ�LV�WKH�FRUUHFW�RUGHU�RI�LQFUHDVLQJ�
EDVLF�VWUHQJWK�RI�QLWURJHQ�FRPSRXQGV�LQ�DTXHRXV�VRXOWLRQ"

� �D��� 1+����&�+�1+����&�+�1+�����&�+���1+���&�+�&+�1+�

� �E��� &�+�1+��1+����&�+�&+�1+����&�+�1+�����&�+���1+

� �F��� �&�+���1+���&�+�&+�1+�� ��1+�� �� &�+�1+���
��&�+�1+�

� �G��� &�+�&+�1+��&�+�1+��1+���&�+�1+��

� � ���&�+����1+

� �H��� &�+�1+�����&�+�1+�����1+�����&�+���1+�

� � ��&�+�&+�1+�� �.HUDOD�3�(�7�������

%�����%HQ]\ODPLQH�LV�D�VWURQJHU�EDVH�WKDQ�DQLOLQH�EHFDXVH�
� �D��� 7KH� ORQH� SDLU� RI� HOHFWURQV� RQ� WKH� QLWURJHQ� DWRP� LQ�

EHQ]\ODPLQH�LV�GHORFDOLVHG�

� �E��� 7KH� ORQH� SDLU� RI� HOHFWURQV� RQ� WKH� QLWURJHQ� DWRP� LQ�
DQLOLQH�LV�GHORFDOLVHG�

� �F��� 7KH� ORQH� SDLU� RI� HOHFWURQV� RQ� WKH� QLWURJHQ� DWRP� LQ�
DQLOLQH�LV�QRW�LQYROYHG�LQ�UHVRQDQFH�

� �G�� %HQ]\ODPLQH�KDV�D�KLJKHU�PROHFXODU�PDVV�WKDQ�DQLOLQH

�.DUQDWDND�&�(�7������

%�����:KLFK�RQH�RI�WKH�IROORZLQJ�JLYHV�DPLQH�RQ�KHDWLQJ�ZLWK�

DPLGH"

� �D�� %U��LQ�DTXHRXV�.2+��

� �E��� %U��LQ�DOFRKROLF�.2+

� �F��� &O��LQ�VRGLXP�

� �G��� 6RGLXP�LQ�HWKHU�� � � �.DUQDWDND�&(7������

%�����3RVLWLYH�FDUE\ODPLQH�WHVW�LV�VKRZQ�E\

� �D��� 1��1�GLPHWK\ODQLOLQH� �E���WULHWK\ODPLQH

� �F�� 1�PHWK\ODQLOLQH� �G�� S�PHWK\OEHQ]\ODPLQH

� �H�� GLPHWK\ODPLQH� �.HUDOD�3(7������

%�����7KH�EHVW�UHDJHQW�IRU�FRQYHUWLQJ���SKHQ\OSURSDQDPLGH�LQWR�
��SKHQ\OSURSDQDPLQH�LV

� �D��� %U��LQ�DTXHRXV�1D2+

� �E��� H[FHVV�RI�+�
� �F�� LRGLQH�LQ�WKH�SUHVHQFH�RI�UHG�SKRVSKRUXV

� �G�� /L$O+��LQ�HWKHU� �$08�(QJJ�������
%����7KH� UHDJHQW� ZLWK� ZKLFK� WKH� IROORZLQJ� UHDFWLRQ� LV� EHVW�

DFFRPSOLVKHG�LV

0H 0H

1�

�
&O

y
+

� �D�� +�32�� �E��+�32�

� �F�� +�32�� �G��1D+62�����:%�-((������

%����$Q�DPLQH�&�+�1�UHDFWV�ZLWK�EHQ]HQH�VXOSKRQ\O�FKORULGH�
WR�IRUP�D�ZKLWH�SUHFLSLWDWH�ZKLFK�LV�LQVROXEOH�LQ�DT��1D2+��
7KH�DPLQH�LV

� �D��
0H 0H

0H

1 � �E��

0H

0H1

+

� �F�� 0H
1+�

� �G��0H

0H

1+� � � �
� � � � � �:%�-((������

%���� $Q� DURPDWLF� FRPSRXQG� $� �&�+�1�� RQ� UHDFWLQJ� ZLWK��
1D12��+&O�DW��°&�IRUPV�EHQ]\O�DOFRKRO�DQG�QLWURJHQ�JDV��
7KH�QXPEHU�RI�LVRPHUV�SRVVLEOH�IRU�WKH�FRPSRXQG�$�LV�

� �D�� �� �E�� �

� �F�� �� �G�������.DUQDWDND�&(7�������

%����2QH�RI� WKH�IROORZLQJ�DPLGHV�ZLOO�QRW�XQGHUJR�+RIIPDQQ�
EURPDPLGH�UHDFWLRQ�

� �D��&+�&21+&+�� �E��&+�&+�&21+��

� �F��&+��&21+��� �G��&�+�&21+��

� �.DUQDWDND�&(7�������

%����,Q�WKH�JLYHQ�VHULHV�RI�UHDFWLRQV�

� ��%URPRSURSDQH� alc AgCN

heat

. → �;�
LiAlH4 → �<�

� 7KH�,83$&�QDPH�RI�SURGXFW�<�LV�

� �D�� 1�LVRSURS\OPHWKDQDPLQH

� �E�� 1�PHWK\OSURSDQ���DPLQH

� �F�� 1�PHWK\OSURSDQDPLQH�

� �G�� %XWDQ���DPLQH�� � �.DUQDWDND�&(7��������

%����'LHWK\O�DPLQH�ZKHQ�WUHDWHG�ZLWK�QLWURXV�DFLG�\LHOGV��
� �D��'LHWK\O�DPPRQLXP�QLWULWH�

� �E��(WK\O�DOFRKRO�

� �F��1�QLWURVR�GLHWK\O�DPLQH�

� �G��7ULHWK\O�DPPRQLXP�QLWULWH�� � �0+��&(7�������

%����7KH�FRUUHFW�RUGHU�RI�EDVLFLW\�RI�WKH�IROORZLQJ�FRPSRXQGV�LV�

� ���� 1+� � ���� 1+

� ��� 1+

1+�

� ���� 1+

1+�

+�1

� �D������������������ �E����������������

� �F�� �������������� �G����������������
� �:%��-((�������

&RPSHWLWLRQ�)LOH



������ /1&'40	5�CDE�
�1(�%*'/+564;Ō:++

� �D��

1+�

&+2

� �E��

&

1

� �F��

1�

&y

� �G��

1+�

&22+

� �H��

&22+

� �.HUDOD�3�(�7�������

%����7KH�SURGXFW�IRUPHG�LQ�WKH�IROORZLQJ�UHDFWLRQ�LV

� 1+� 3URGXFW
(CH CO) O Cl CH COCl

AlCl
3 2 2

3
 →  →− −

� �D��
1+ &2&+�

&Oy+�&

2

� �E�� 1+ &2&+�

&2&O

+�&

� �F�� 1+�

&Oy+�&

+�&

2

2

� �G�� 1+�

&2&O

&+�

+�&

2

� �H�� 1+�

+�&

&O+�&

2

2

� �.HUDOD�3�(�7�������

%����:KDW�SURGXFW�ZLOO�IRUP�ZKHQ�1��1�GLPHWK\ODQLOLQH�UHDFWV�
ZLWK�1D12��DQG�GLOXWH�+&O�DW�ORZ�WHPSHUDWXUH"

� �D�� S�1LWURVR�1��1�GLPHWK\ODQLOLQH
� �E�� 0HWK\O�Q�KH[\ODPLQH
� �F�� P�%HQ]HQHGLD]RQLXP�FKORULGH
� �G�� 1�1LWURVR�1�PHWK\ODQLOLQH�

� �-�.��&(7������
%����:KLFK� RI� WKH� IROORZLQJ� VKRZV� WKH� FRUUHFW� UHDFWLRQ� IRU�

QLWUREHQ]HQH�UHGXFWLRQ"
� �D�� �1LWUREHQ]HQH�UHDFWV�ZLWK�=Q�GXVW�DQG�1+�&O�WR�SURGXFH�

DQLOLQH�
� �E�� �1LWUREHQ]HQH� UHDFWV� ZLWK� /L$O+�� WR� SURGXFH� SKHQ\O�

K\GUR[\ODPLQH�
� �F�� �1LWUREHQ]HQH� UHDFWV� ZLWK� )H� DQG� +&O� WR� SURGXFH�

QLWURVREHQ]HQH��
� �G�� �1LWUREHQ]HQH�UHDFWV�ZLWK�=Q�GXVW�DQG�1+�&O�WR�SURGXFH�

SKHQ\O�K\GUR[\ODPLQH��
� �-�.��&(7������

%����:KLFK� RQH� RI� WKH� IROORZLQJ� FDQ� EH� SUHSDUHG� E\� *DEULHO�
SKWKDOLPLGH�V\QWKHVLV�"

� �D�� $QLOLQH� �E�� R�7ROXLGLQH

� �F�� %HQ]\ODPLQH� �G��1�0HWK\OHWKDQDPLQH

� �H�� ��%URPRDQLOLQH� �.HUDOD�3(7������

%������1LWURWROXHQH�LV�WUHDWHG�ZLWK�EURPLQH�WR�JHW�FRPSRXQG�
3
��

3
�LV�UHGXFHG�ZLWK�6Q�DQG�+&O�WR�JHW�FRPSRXQG�
4
��
4
�LV�
GLD]RWLVHG�DQG�WKH�SURGXFW�LV�WUHDWHG�ZLWK�SKRVSKLQLF�DFLG�
WR�JHW�FRPSRXQG�
5
��
5
�LV�R[LGL]HG�ZLWK�DONDOLQH�.0Q2��
WR�JHW�FRPSRXQG�
6
��&RPSRXQG�
6
�LV

� �D�� ��EURPR���K\GUR[\EHQ]RLF�DFLG

� �E�� EHQ]RLF�DFLG

� �F�� ��EURPREHQ]RLF�DFLG

� �G�� ��EURPREHQ]RLF�DFLG

� �H�� ��EURPREHQ]RLF�DFLG� �.HUDOD�3(7������

%����,Q�WKH�IROORZLQJ�VHTXHQFH�RI�UHDFWLRQV�

� $� Reduction → �%� HNO2 → �&+�&+�2+

� 7KH�FRPSRXQG�$�LV

� �D�� SURSDQH�QLWULOH� �E�� HWKDQH�QLWULOH

� �F�� QLWURPHWKDQH� �G��PHWK\O�LVRF\DQDWH��
� �.DUQDWDND�&�(�7�������

%����$Q�RUJDQLF�FRPSRXQG�$�RQ�UHGXFWLRQ�JLYHV�FRPSRXQG�%��
ZKLFK�RQ�UHDFWLRQ�ZLWK�WULFKORURPHWKDQH�DQG�FDXVWLF�SRWDVK�
IRUPV�&�� 7KH� FRPSRXQG� 
&
� RQ� FDWDO\WLF� UHGXFWLRQ� JLYHV�
1�PHWK\O�EHQ]HQDPLQH��WKH�FRPSRXQG�
$
�LV

� �D�� QLWUREHQ]HQH� �E�� QLWURPHWKDQH

� �F�� PHWKDQDPLQH� �G��EHQ]HQDPLQH��
� �.DUQDWDND�&�(�7�������

%����7KH�FRPSRXQG�WKDW�ZRXOG�SURGXFH�D�QDXVHDWLQJ�VPHOO�RGRXU�
ZLWK�D�KRW�PL[WXUH�RI�FKORURIRUP�DQG�HWKDQROLF�SRWDVVLXP�
K\GUR[LGH�LV

� �D�� 3K&21+�� �E�� 3K1+&+�

� �F�� 3K1+�� �G��3K2+� �:%�-((������

%����$PRQJ�0H�1��&�+�1�DQG�0H&1��0H� �PHWK\O�JURXS���WKH�
HOHFWURQHJDWLYLW\�RI�1�LV�LQ�WKH�RUGHU

� �D�� 0H&1�!�&�+�1�!�0H�1

� �E�� &�+�1�!�0H�1�!�0H&1

� �F�� 0H�1�!�0H&1�!�&�+�1

� �G�� HOHFWURQHJDWLYLW\�LV�VDPH�LQ�DOO�� �:%�-((������

%����7KH�\LHOG�RI�DFHWDQLOLGH�LQ�WKH�UHDFWLRQ�������FRQYHUVLRQ��
RI���PROHV�RI�DQLOLQH�ZLWK���PROH�RI�DFHWLF�DQK\GULGH�LV

� �D�� ����J� �E�� ����J

� �F�� �����J� G������J� �:%�-((������

%����7KH�SURGXFW�<�IRU�WKH�EHORZ�UHDFWLRQ�LV�

�

1+�

<
CHCl /3KOH3 →

&RPSHWLWLRQ�)LOH

�%�����F�� %���� �H�� %���� �E�� %���� �D�� %���� �F�� %���� �D�� %���� �E�� %���� �F�� %���� �D�� %���� �D�� %���� �G��
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%����,GHQWLI\� WKH� FRUUHFW� EDVLFLW\� RUGHU� LQ� WKH� QLWURDQLOLQHV"�
�6\PEROV�DQG�QRWDWLRQV�FDUU\�WKHLU�XVXDO�PHDQLQJ�

� �D�� R�1LWURDQLOLQHV���S�QLWURDQLOLQHV���P�QLWURDQLOLQHV

� �E�� P�1LWURDQLOLQHV���S�QLWURDQLOLQHV���R�QLWURDQLOLQHV

� �F�� S�1LWURDQLOLQHV���R�QLWURDQLOLQHV���P�QLWURDQLOLQHV

� �G�� R�1LWURDQLOLQHV���P�QLWURDQLOLQHV���S�QLWURDQLOLQHV�

� �-�.��&(7������

%����,GHQWLI\�
0
�LQ�WKH�IROORZLQJ�VHTXHQFH�RI�UHDFWLRQV�

� &�+�&O�2�
NH3 → &�+�&O12�

Br
NaOH
2 → �

&+�

&O

+�1� � ��0�

� �D��

2

&
&O

+�&

&O

� �E��

&+�

2

&
&O

&O

� �F��

&+�&O

&+2

&O
� �G��

&+�2

&O

&O
&

� �:%�-((������

%����,I� DQLOLQH� LV� WUHDWHG� ZLWK� FRQF�� +�62�� DQG� KHDWHG� DW��
�����&��WKH�SURGXFW�LV

� �D�� DQLOLQLXP�VXOSKDWH

� �E�� EHQ]HQHVXOSKRQLF�DFLG

� �F�� P�DPLQREHQ]HQHVXOSKRQLF�DFLG

� �G�� VXOSKDQLOLF�DFLG� �:%�-((������

%����:KLFK�RI�WKH�IROORZLQJ�LV�PRUH�EDVLF�WKDQ�DQLOLQH"

� �D�� 'LSKHQ\ODPLQH� �E�� 7ULSKHQ\ODPLQH

� �F�� S�1LWURDQLOLQH� �G��%HQ]\ODPLQH�

� �.DUQDWDND�&(7������

%����7KH�UHDFWLRQ� RI� EHQ]HQHGLD]RQLXP�FKORULGH�ZLWK�DQLOLQH�
\LHOGV�\HOORZ�G\H��7KH�QDPH�RI�WKH�\HOORZ�G\H�LV�

� �D�� S�K\GUR[\D]REHQ]HQH� �E��S�DPLQRD]REHQ]HQH

� �F�� S�QLWURD]REHQ]HQH� �G��R�QLWURD]REHQ]HQH

� �.DUQDWDND�&(7������

%����7KH�QLWURVDWLRQ�RI�1�1�GLPHWK\ODQLOLQH�WDNHV�SODFH�WKURXJK�
WKH�DWWDFN�RI�HOHFWURSKLOH

� �D�� QLWURQLXP�LRQ� �E�� SURWRQDWHG�QLWURXV�DFLG

� �F�� QLWURXV�DFLG� �G��QLWULWH�LRQ

� �H�� QLWURVRQLXP�LRQ�

� �.HUDOD�3(7������

-((��$GYDQFH��IRU�,,7�(QWUDQFH

%������) �12��
( ) ( )i CH NH

DMF
3 2 →
,∆

�$��
H Pd C2 / − → �%

� �D�� +�1 1�&+���

� �E�� +�1 1+�

� �F�� 2�1 1�&+���

� �G�� �2�1

CH

N

NH

3

2

|

|
����� �,�,�7��6FUHHQLQJ������

%����,Q�WKH�UHDFWLRQ�

� &

2

1+�

+�&
� �7

� WKH�VWUXFWXUH�RI�WKH�SURGXFW�7�LV��

� �D�� H3C

� �E��

2

&
1+

&+�

� �F��

2

&
1++�&

� �G��

2 2

&1+
+�& �

� � � � �

� �,�,�7�������

&RPSHWLWLRQ�)LOH

�%���� �D�� %���� �E�� %���� �G�� %���� �G�� %���� �E��� %�� � �H�� %���� �D�� %���� �F���
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%��� 7KH�PDMRU�SURGXFW�RI�WKH�IROORZLQJ�UHDFWLRQ�LV

�
( ) KOHi

( ) Br —ii —CH Cl2

� �D��

C

C

N—CH —2 —Br

O

O

� �E��

C

C

N— — ClCH2

O

O

� �F��

� �G��

�,�,�7�������

%����$PRQJVW�WKH�FRPSRXQGV�JLYHQ��WKH�RQH�WKDW�ZRXOG�IRUP�D�
EULOOLDQW�FRORXUHG�G\H�RQ�WUHDWPHQW�ZLWK�1D12��LQ�GLO�+&O�
IROORZHG�E\�DGGLWLRQ�WR�DQ�DONDOLQH�VROXWLRQ�RI�β�QDSKWKRO�LV

� �D�� � �E��

� �F�� � �G��

� � �� � � �,�,�7�������

%����,Q�WKH�UHDFWLRQ�VKRZQ�EHORZ��WKH�PDMRU�SURGXFW�V��IRUPHG�
LV�DUH

1+�

3URGXFW�V�

2

1+�

2 2

acetic anhydride
CH Cl

→

� �D��

&+�

2

+
1

��&+�&22+

2

1+�

� �E��
&+�

+
1

��&+�&22+

2 2

1+�

� �F��
&+�

+
1

+
1

��+�2

2

2

2

&+�

�

� �G�� &+�

+
1

2 2

1
�
+�&+�&22

y

� � � � �
� � � � � �-((�$GYDQFH������

%����7KH�PDMRU�SURGXFW�RI�WKH�UHDFWLRQ�LV

� �� &2�++�&

&+� 1+�

NaNO aqueous HCl
C

2

0
,
° →

� �D�� 1+�
+�&

&+� 2+

� �E�� &2�++�&

&+� 2+

� �F�� &2�+
+�&

&+� 2+

� �G�� +�&

&+�

1+�

2+

� �-((�$GYDQFH������

&RPSHWLWLRQ�)LOH

%�����D�� %���� �F�� %�� � �D�� %���� �F�
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%����,Q�WKH�IROORZLQJ�UHDFWLRQV��WKH�PDMRU�SURGXFW�:�LV

1+�

2+

:9

��1D2+

NaNO HCl
C
2

0
,
° →

� �D�� 1 1 2+

� �E�� 1 1

2+

� �F�� 1 1

2+

� �G�� 1 1

+2

� ��-((�$GYDQFH������

%����7KH�SURGXFW�V��RI�WKH�IROORZLQJ�UHDFWLRQ�VHTXHQFH�LV�DUH�

1+�

���L��$FHWLF�DQK\GULGH�S\ULGLQH

��LL��.%U2��+%U

�LLL��+�2
���KHDW

�LY��1D12��+&O�����y����.

�Y��&X�+%U

� �D��

%U

%U
� �E��

%U

%U

� �F��

%U

%U%U

� �G��

%U

%U

%U%U

�
�

�
� �-((�$GYDQFH������

%����7KH�RUGHU�RI�EDVLFLW\�DPRQJ�WKH�IROORZLQJ�FRPSRXQGV�LV
1+

1+�+�&

,

1+1

,,

+1 1

,,,

1+

1+�

+�1

,9

� �D�� ,9�!�,,�!�,,,�!�,� �E�� ,,�!�,�!�,9�!�,,,

� �F�� ,�!�,9�!�,,,�!�,,� �G�� ,9�!�,�!�,,�!�,,,�
� �-((�$GYDQFH������

%����7KH�PDMRU�SURGXFW�RI�WKH�IROORZLQJ�UHDFWLRQ�LV
2+

1+�

�L��1D12��+&O���°&

�LL��DT�1D2+

� �D��

2
y
1D�

1�&O

� �E��

2+

&O

� �F��

2+

1 1

� �G��

2+1 1

�
� �-((�$GYDQFH������

%����$QLOLQH�UHDFWV�ZLWK�PL[HG�DFLG��FRQF��+12��DQG�FRQF��+�62���
DW�����.�WR�JLYH�3��������4�������DQG�5�������7KH�PDMRU�
SURGXFW�V��RI�WKH�IROORZLQJ�UHDFWLRQ�VHTXHQFH�LV��DUH�

5�
����%U���&+�&2�+

����$F�2��3\ULGLQH

����+�2
�

����1D12���+&O���������.

����(W2+��D

�6�
����%U��+�2��H[FHVV�

����6Q�+&O

����1D12���+&O���������.

����+�32�

� 0DMRU�SURGXFW�V�

� �D��

%U

%U

%U

%U

� �E��

%U

%U

%U

%U

� �F��

%U

%U%U

� �G��

%U

%U%U

%U

�
� �-((�$GYDQFH������

&RPSHWLWLRQ�)LOH

%�����D�� %���� �E�� %���� �G�� %���� �F�� %���� �G�
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ZLWK�PRUH�WKDQ�RQH�FRUUHFW�DQVZHUV
&��� ([DPLQH� WKH� IROORZLQJ� VWUXFWXUHV� IRU�DQLOLQLXP� LRQ�DQG�

FKRRVH�WKH�FRUUHFW�VWDWHPHQW�IURP�WKH�IROORZLQJ��

� �

NH3
+

�

NH3
+

� �������,��������������������������������������� � � � ����,,

� �D�� ,,� LV� DQ� DFFHSWDEOH� FDQRQLFDO� VWUXFWXUH� EHFDXVH��
FDUERQLXP�LRQV�DUH�OHVV�VWDEOH�WKDQ�DPPRQLXP�LRQV�

� �E�� ,,�LV�QRW�DQ�DFFHSWDEOH�FDQRQLFDO�VWUXFWXUH�EHFDXVH�LW�
LV�QRW�DURPDWLF�

� �F�� ,,�LV��QRW�DFFHSWDEOH�FRQRQLFDO�VWUXFWXUH�EHFDXVH�WKH�
QLWURJHQ�KDV�WHQ�YDOHQFH�HOHFWURQV��

� �G�� ,,�LV�DQ�DFFHSWDEOH�FRQRQLFDO�VWUXFWXUH��

&��� $�SRVLWLYH�&DUE\ODPLQH�WHVW�LV�JLYHQ�E\
� �D�� 1��1��'LPHWK\O�DQLOLQH

� �E�� �����'LPHWK\O�DQLOLQH

� �F�� 1�0HWK\O�R�PHWK\O�DQLOLQH

� �G�� S�0HWK\O�EHQ]\ODPLQH�

&��� :KLFK�RI�WKH�IROORZLQJ�UHDFWLRQV�IRUP�EHQ]\ODPLQH�"

� �D�� &21+�

LiAlH
Ether

4 →

� �E�� &21+��
NaOBr →

� �F�� &�+�&1
H ,H O+

2 →

� �G�� �
( ) KOH

( ) C H CH Br
( ) aq. OH heat

6 5 2

i
ii
iii −

 →
,

&��� 5HDFWLRQ�RI�5&21+��ZLWK�D�PL[WXUH�RI�%U��DQG�.2+�JLYHV�
51+��DV�WKH�PDLQ�SURGXFW��7KH�LQWHUPHGLDWHV�LQYROYHG�LQ�
WKH�UHDFWLRQ�DUH��

� �D�� 5&21+%U� �E�� 5z1+%U

� �F�� 5z1  &  2� �G�� 5&21%U��

&��� :KLFK� UHDJHQWV� DPRQJ� WKH� IROORZLQJ� FDQ� DIIHFW� WKH�

FRQYHUVLRQ�"

� �&+��&�≡≡�1�→�&+�&+�1+�

� �D�� +���3W� �E�� $PPRQLDFDO�$J12�

� �F�� /L$O+�� �G�� 1D%+�

&��� :KLFK� RI� WKH� IROORZLQJ� DPLQHV� XQGHUJR� DF\ODWLRQ��

UHDFWLRQ�"

� �D�� &+�&+�1+�� �E�� &�+�1+�

� �F�� �&+�&+���1+� �G�� �&+���1

&��� ,Q�ZKLFK�RI�WKH�IROORZLQJ�DPLQHV��WKH�ILUVW�KDV�ORZHU�S.E�
YDOXH�WKDQ�WKH�VHFRQG�"

� �D�� $QLOLQH��P�QLWUR�DQLOLQH

� �E�� P�7ROXLGLQH��S�WROXLGLQH

� �F�� $QLOLQH��S�FKORURDQLOLQH

� �G�� $QLOLQH��S�DPLQRSKHQRO

&��� �;���%�+��→�>%+��;��@
��>%+�@

y

� 7KH�DPLQH�V��;�LV�DUH�

� �D�� 1+�� �E�� &+�1+�

� �F�� �&+���1+� �G�� �&+���1�������������,�,�7�������

&��� 7KH� UHGXFWLRQ� RI� EHQ]HQH� GLD]RQLXP� FKORULGH� WR� SKHQ\O�
K\GUD]LQH�FDQ�EH�DFFRPSOLVKHG�E\

� �D�� 6Q&O���+&O� �E�� 1D�62�

� �F�� &+�&+�2+� �G�� +�32�� �:%�-((������

&����7KH�SRVVLEOH�SURGXFW�V��WR�EH�REWDLQHG�IURP�WKH�UHDFWLRQ�RI�
F\FOREXW\O�DPLQH�ZLWK�+12��LV�DUH

� �D��
2+

� �E��

2

� �F��
&+�2+� �G�� +�& &+�� �:%�-((������

&RPSHWLWLRQ�)LOH

� &��� �D��F�� &��� �E��G�� &�� �D��G�� &��� �D��F�� &��� �D��F�� &��� �D��E��F�� � &�� �D��F�� � &��� �D�E�F�

� &��� �D��E�� � &���� �D��F�

3DVVDJH�,
$PLQHV�DUH�EDVLF�LQ�QDWXUH�GXH�WR�WKH�SUHVHQFH�RI�ORQH�SDLU�RI�

HOHFWURQV�RQ�1�DWRP�RI�y1+��JURXS��7KH�EDVLF�VWUHQJWK�RI�DPLQHV�

FDQ�EH�H[SUHVVHG�E\�WKHLU�GLVVRFLDWLRQ�FRQVWDQW��.E�RU�S.E�

51+����+�2�→�5NH3
+ ���2+y

.E� �
[ ][ ]
[ ]

RNH OH
RNH
3

2

+ −

�DQG�S.E� �y�ORJ�.E�

*UHDWHU�WKH�.E�YDOXH�RU�VPDOOHU�WKH�S.E�YDOXH��PRUH�LV�WKH�
EDVLF�VWUHQJWK�RI�DPLQH��$OLSKDWLF�DPLQHV�DUH�VWURQJHU�EDVHV�
WKDQ�DPPRQLD�GXH� WR� WKH� HOHFWURQ� UHOHDVLQJ� HIIHFW� RI� DON\O�
JURXSV��7KH�EDVLF�VWUHQJWK�DPRQJ�DPLQHV�GHFUHDVHV�DV��

�°�!��°�!��°
$U\O�DPLQHV�VXFK�DV�DQLOLQH�DUH�OHVV�EDVLF�WKDQ�DOLSKDWLF�

DPLQHV�GXH� WR� WKH� LQYROYHPHQW� RI� ORQH�SDLU� RI� HOHFWURQV� RQ��
1�DWRP�ZLWK�WKH�UHVRQDQFH�LQ�EHQ]HQH��,Q�GHULYDWLYHV�RI�DQLOLQH��

WKH�HOHFWURQ�UHOHDVLQJ�JURXSV�LQFUHDVH�WKH�EDVLF�VWUHQJWK�ZKLOH�

HOHFWURQ�ZLWKGUDZLQJ�JURXSV�GHFUHDVH�WKH�EDVLF�VWUHQJWK��7KH�

EDVH�ZHDNHQLQJ�HIIHFW�RI�HOHFWURQ�ZLWKGUDZLQJ�JURXS�DQG�EDVH�

VWUHQJWKHQLQJ�HIIHFW�RI�HOHFWURQ�UHOHDVLQJ�JURXS�LV�PRUH�PDUNHG�

DW�S�SRVLWLRQ�WKDQ�DW�P�SRVLWLRQ��(YHU\�R��VXEVWLWXWHG�DQLOLQH�

LV�OHVV�EDVLF�WKDQ�DQLOLQH�GXH�WR�RUWKR�HIIHFW�
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$QVZHU�WKH�IROORZLQJ�TXHVWLRQV��
'��� :KLFK�RI�WKH�IROORZLQJ�KDV�ORZHVW�S.E�YDOXH�"

� �D�� � �E��

� �F�� � �G��

'��� :KLFK�RI�WKH�IROORZLQJ�VWDWHPHQW�LV�QRW�FRUUHFW�"

� �D�� (WK\ODPLQH�LV�PRUH�EDVLF�WKDQ�DQLOLQH

� �E�� R�PHWK\ODQLOLQH�KDV�ORZHU�S.E�YDOXH�WKDQ�DQLOLQH

� �F�� S�PHWK\ODQLOLQH� LV� OHVV� EDVLF� WKDQ�P�PHWK\ODQLOLQH�
�G�� $QLOLQH�KDV�ORZHU�S.E�YDOXH�WKDQ�R�QLWURDQLOLQH

'��� 0D[LPXP�S.E�YDOXH�LV�RI

� �D�� �&+�&+���1+� �E�� 1+

� �F�� �&+���1+� �G�� 1+&+�

'��� 7KH�VWURQJHVW�EDVH�DPRQJ�WKH�IROORZLQJ�LV

� �D�� &�+�1+�� �E�� S�12�&�+�1+�

� �F�� P�12�z&�+�1+�� �G�� &�+�&+�1+�

'��� :KLFK�RI�WKH�IROORZLQJ�JURXS�GRHV�QRW�GHFUHDVH�WKH�EDVLF�
VWUHQJWK�RI�DQLOLQH�"

� �D�� z2&+�� �E�� z12�

� �F�� z&1� �G�� zKDORJHQ

3DVVDJH�,,

7UHDWPHQW�RI�FRPSRXQG�2�ZLWK�.0Q2��+
��JDYH�3��ZKLFK�

RQ�KHDWLQJ�ZLWK�DPPRQLD�JDYH�4��7KH�FRPSRXQG�4�RQ�WUHDW�

PHQW�ZLWK�%U��1D2+�SURGXFHG�5��2Q�VWURQJ�KHDWLQJ��4�JDYH�

6��ZKLFK� RQ� IXUWKHU�WUHDWPHQW�ZLWK� HWK\O���EURPRSURSDQR�

DWH�LQ�WKH�SUHVHQFH�RI�.2+�IROORZHG�E\�DFLGLILFDWLRQ��JDYH�D�

FRPSRXQG�7�

�2�

$QVZHU�WKH�IROORZLQJ�TXHVWLRQV��

'��� 7KH�FRPSRXQG�5�LV

� �D��

1+�

1+�

� �E��
%U

%U

2

2

� �F��
1+%U

1+%U

2

2

��G�� 1%U

2

2

'��� 7KH�FRPSRXQG�7�LV

� �D�� JO\FLQH� �E�� DODQLQH

� �F�� YDOLQH� �G�� VHULQH� �-((�$GYDQFH������

�7KH�TXHVWLRQV�JLYHQ�EHORZ�FRQVLVW�RI�DQ�$VVHUWLRQ�DQG�D�5HD�

VRQ��8VH�WKH�IROORZLQJ�NH\�WR�FKRRVH�WKH�DSSURSULDWH�DQVZHU�

�D�� ,I�ERWK�DVVHUWLRQ�DQG�UHDVRQ�DUH�&255(&7�DQG�UHDVRQ�

LV�WKH�&255(&7�H[SODQDWLRQ�RI�WKH�DVVHUWLRQ�

�E�� ,I�ERWK�DVVHUWLRQ�DQG�UHDVRQ�DUH�&255(&7��EXW�UHDVRQ�

LV�127�7+(�&255(&7�H[SODQDWLRQ�RI�WKH�DVVHUWLRQ�

�F�� ,I�DVVHUWLRQ�LV�&255(&7�EXW�UHDVRQ�LV�,1&255(&7�

�G�� ,I�DVVHUWLRQ�LV�,1&255(&7�EXW�UHDVRQ�LV�&255(&7�

�H�� ,I�ERWK�DVVHUWLRQ�DQG�UHDVRQ�DUH�,1&255(&7�

��� $VVHUWLRQ��� Q�3URS\ODPLQH�KDV�KLJKHU�ERLOLQJ�SRLQW�WKDQ�

WULPHWK\ODPLQH�

� 5HDVRQ� �� $PRQJ�Q�SURS\ODPLQH�PROHFXOHV�� WKHUH� LV�

K\GURJHQ�ERQGLQJ�EXW� WKHUH� LV� QR�K\GURJHQ�

ERQGLQJ�LQ�WULPHWK\ODPLQH�

��� $VVHUWLRQ��� $QLOLQH�GRHV�QRW�XQGHUJR�)ULHGHO�&UDIWV�UHDFWLRQ�

� 5HDVRQ� �� )ULHGHO� &UDIWV� UHDFWLRQ� LV� DQ� HOHFWURSKLOLF�

VXEVWLWXWLRQ�UHDFWLRQ�

��� $VVHUWLRQ��� $QLOLQH�LV�D�ZHDNHU�EDVH�WKDQ�DPPRQLD�

� 5HDVRQ� �� $QLOLQH�LV�UHVRQDQFH�VWDELOL]HG�

��� $VVHUWLRQ��� &DUE\ODPLQH� UHDFWLRQ� LQYROYHV� WKH� UHDFWLRQ�

EHWZHHQ� �°� DPLQH� DQG� FKORURIRUP� LQ� WKH�

SUHVHQFH�RI�DONDOL�

� 5HDVRQ� �� ,Q�FDUE\ODPLQH�UHDFWLRQ��z1+��JURXS�FKDQJHV�

WR�z1&�JURXS�

&RPSHWLWLRQ�)LOH

� '��� �F�� '��� �F�� '��� �E�� '��� �G�� '��� �D�� '��� �D�� '��� �E�
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� ���� ���$����S����T����V����W��� �����%��� �S����V����W�� ��� � �&�� S�� � � �� � �'����U��

� ���� ���$����S����U��� ���� � �%�������V��� � ��� � �&����S���U�� � � �� '����S����T���U�

��� $VVHUWLRQ��� 7HUWLDU\�DPLQHV�XQGHUJR�DF\ODWLRQ�UHDFWLRQ�

� 5HDVRQ� �� 7HUWLDU\�DPLQHV�KDYH�UHSODFHDEOH�+�DWRP�

��� $VVHUWLRQ��� $QLOLQH�K\GURJHQ�VXOSKDWH��RQ�KHDWLQJ�IRUPV�D�

PL[WXUH�RI�RUWKR�DQG�SDUD�DPLQRVXOSKRQLF�DFLGV�

� 5HDVRQ� �� 7KH� VXOSKRQLF� DFLG� JURXS� LV� HOHFWURQ�

ZLWKGUDZLQJ�JURXS�

��� $VVHUWLRQ��� $PPRQRO\VLV�RI�DON\O�KDOLGHV�LQYROYHV�UHDFWLRQ�

EHWZHHQ�DON\O�KDOLGHV�DQG�DOFRKROLF�DPPRQLD�

� 5HDVRQ� �� $PPRQRO\VLV�RI�DON\O�KDOLGHV�PDLQL\�SURGXFHV�

�°�DPLQHV�

��� $VVHUWLRQ��� 6XOSKRQLOLF�DFLG�KDV�KLJK�PHOWLQJ�SRLQW�DQG�LV�

SUDFWLFDOO\�LQVROXEOH�LQ�ZDWHU�

� 5HDVRQ� �� 6XOSKDQLOLF�DFLG�H[LVWV�DV�]ZLWWHU�LRQ�VDOW�

��� $VVHUWLRQ��� $ON\O� F\DQLGHV� DQG� DON\O� LVRF\DQLGHV� KDYH�

PXFK� KLJKHU� ERLOLQJ� SRLQWV� WKDQ� FRUUHV�

SRQGLQJ�DON\O�KDOLGHV�

� 5HDVRQ� �� &\DQLGHV�DQG�LVRF\DQLGHV�DUH�PXFK�PRUH�SRODU�

WKDQ�DON\O�KDOLGHV�

����$VVHUWLRQ��� S�QLWUR� DQLOLQH� LV� D� VWURQJHU� EDVH� WKDQ��

S�WROXLGLQH�

� 5HDVRQ� �� 7KH� HOHFWURQ�ZLWKGUDZLQJ�z12�� JURXS� LQ�

S�QLWURDQLOLQH�PDNHV�LW�D�VWURQJHU�EDVH�

&RPSHWLWLRQ�)LOH

� ��� �D�� ��� �E�� ��� �E�� ��� �D�� ��� �H�� ��� �E�� ��� �F�� ��� �D�� ��� �D�� ���� �H�

(DFK�TXHVWLRQ�FRQWDLQV�VWDWHPHQWV�JLYHQ�LQ�WZR�FROXPQV��

ZKLFK�KDYH�WR�EH�PDWFKHG��6WDWHPHQWV�LQ�&ROXPQ�,�DUH�ODEHOOHG�

DV�$��%��&�DQG�'�ZKHUHDV�VWDWHPHQWV�LQ�&ROXPQ�,,�DUH�ODEHOOHG�

DV�S��T��U�DQG�V��0DWFK�WKH�HQWULHV�RI�&ROXPQ�,�ZLWK�DSSURSULDWH�

HQWULHV�RI�&ROXPQ�,,��(DFK�HQWU\�LQ�&ROXPQ�,�PD\�KDYH�RQH�RU�

PRUH�WKDQ�RQH�FRUUHFW�RSWLRQ�IURP�&ROXPQ�,,��7KH�DQVZHUV�WR�

WKHVH�TXHVWLRQV�KDYH�WR�EH�DSSURSULDWHO\�EXEEOHG�DV�LOOXVWUDWHG�

LQ�WKH�IROORZLQJ�H[DPSOH��

,I�WKH�FRUUHFW�PDWFKHV�DUH�$�T��$�U��%�S��%�V��&�U��&�V�DQG��

'�T�� WKHQ� WKH� FRUUHFWO\� EXEEOHG�PDWUL[� ZLOO� ORRN� OLNH� WKH�

IROORZLQJ�

A

B

C

D p q r S

p q r S

p q r S

p q r S

p q r S

��� �0DWFK�WKH�FRPSRXQGV�LQ�&ROXPQ�,�ZLWK�WKHLU�SURSHUWLHV�

UHDFWLRQV�LQ�&ROXPQ�,,�

�� � � ��&ROXPQ�,� ���&ROXPQ�,,

� �$�� &+�&+�&+�&1� �����S�� 5HGXFWLRQ�ZLWK�3Gz&�+�

� �%���&+�&+�2&2&+�� �T�� 5HGXFWLRQ�ZLWK�6Q&O��+&O

� �&�� &+�y&+  &+y&+�2+
� �U�� 'HYHORSPHQW� RI� IRXO� VPHOO� RQ�

WUHDWPHQW�ZLWK�.2+�DQG�&+&O�
� �'�� +�&+�&+�&+�1+�� �V�� 5HGXFWLRQ� ZLWK� GLLVREXW\O�

DOXPLQLXP�K\GULGH��',%$/y+�

� � � �W�� $ONDOLQH�K\GURO\VLV

� ��� 0DWFK�WKH�UHDFWLRQ�LQ�FROXPQ�,�ZLWK�SURGXFW�IRUPHG�LQ�

FROXPQ�,,

� � � � &ROXPQ�,� � &ROXPQ�,

� � ��$�� *DEULHO�SKWKDOLPLGH�UHDFWLRQ� �S�� &+�&+�1+�

� � ��%�� 5HDFWLRQ�SURGXFW�RI��°�DPLQH� �T�� &�+�1+�� ��

� � ZLWK�DOFRKROLF�.2+�DQG�&+&O�
� � ��&�� 5HDFWLRQ�SURGXFW�RI�QLWURJHQ� �U�� &�+�&+�1+�� ��

� � FRQWDLQLQJ�FRPSRXQG�ZLWK�� � � ��

� � /L$O+�

� � ��'�� 5HDFWLRQ�SURGXFW�RI��°�DPLGHV�� �V�� &�+�1&� ��

� � ZLWK�%U��DQG�.2+
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Integer Type or Numerical Value Type Questions

,QWHJHU�7\SH��7KH�DQVZHU�WR�HDFK�RI�WKH�IROORZLQJ�
TXHVWLRQ�LV�D�VLQJOH�GLJLW�LQWHJHU�UDQJLQJ�IURP���WR���

� ��� 7KH� QXPEHU� RI� LVRPHULF� DPLQHV� FRUUHVSRQGLQJ� WR��
PROHFXODU� IRUPXOD� &�+�1�� ZKLFK� OLEHUDWH� 1�� JDV� RQ�
WUHDWPHQW�ZLWK�QLWURXV�DFLG�LV�

� ��� 7KH�QXPEHU� RI� DPLQHV� KDYLQJ�S.E� OHVV� WKDQ�&�+�1+��

DPRQJ�WKH�IROORZLQJ�LV

� � S�&+��&�+�1+���R�&+�&�+�1+���P�&+�&�+�1+���&�+�1�

�&+����� &�+�1+&+��� S�12�&�+�1+��� S�&O&�+�1+���

&�+�&+�1+�

� ��� 7KH� QXPEHU� RI� LVRPHULF� DPLQHV� RI� IRUPXOD� &�+�1��
KDYLQJ�D�EHQ]HQH�ULQJ�LV

� ��� 7KH� QXPEHU� RI� LVRPHULF� DPLQHV� RI� PROHFXODU� IRUPXOD�
&�+��1�ZKLFK�JLYH�FDUE\ODPLQH�UHDFWLRQ�LV

� ��� 7RWDO�QXPEHU�RI�QLWURJHQ�DWRPV�SUHVHQW�LQ�UHGXFHG�SURGXFW�
REWDLQHG�E\�UHGXFLQJ�QLWUREHQ]HQH�ZLWK�/L$O+��IROORZHG�
E\�DTXHRXV�ZRUN�XS�LV

�

1XPHULFDO� 9DOXH� 7\SH�� *LYH� WKH� FRUUHFW� QXPHULFDO�
YDOXH� �LQ�GHFLPDO�QRWDWLRQ�WUXQFDWHG�URXQGHG�RII� WR�WKH�

VHFRQG�GHFLPDO�SODFH��

� ��� ,Q� WKH� IROORZLQJ� UHDFWLRQ� VHTXHQFH�� WKH� DPRXQW� RI� '�
�LQ�J��IRUPHG�IURP����PROHV�RI�DFHWRSKHQRQH�LV�BBBBBBBB�
�$WRPLF� ZHLJKWV� LQ� J� PROy�� �� +�  � ��� &�  � ���� 1�  � ����
2�  � ���� %U�  � ���� �7KH� \LHOG� ���� FRUUHVSRQGLQJ� WR� WKH�
SURGXFW�LQ�HDFK�VWHS�LV�JLYHQ�LQ�WKH�SDUHQWKHVLV���

� �

2

�
NaOBr
H O3

+ → �$�
NH3 , ∆ → �%� Br /KOH2 → �&

� � � ������ ������ �����

� � � � ������
Br (3 equiv)
AcOH
2 → ����'���

� ����
�-((�$GYDQFH������

� ��� :KLFK�RI�WKH�IROORZLQJ�LV�D��°�DPLQH"
� � �D�� ��PHWK\OF\FORKH[\ODPLQH

� � �E�� 7ULHWK\ODPLQH

� � �F�� WHUW�EXW\ODPLQH

� � �G�� 1�PHWK\ODQLOLQH

� ��� 7KH�FRUUHFW�,83$&�QDPH�IRU� �
&+� &+&+��1+&+��LV

� � D�� $OO\OPHWK\ODPLQH

� � �E�� ��DPLQR���SHQWHQH

� � �F�� ��DPLQRSHQW���HQH

� � �G�� 1�PHWK\OSURS���HQ���DPLQH

� ��� $PRQJVW� WKH� IROORZLQJ�� WKH� VWURQJHVW� EDVH� LQ� DTXHRXV�
PHGLXP�LV�BBBBBBBBBBBB�

� � �D��&+�1+�� � E��1&&+�1+�

� � F���&+���1+� � �G��&�+�1+&+�

� ��� :KLFK�RI�WKH�IROORZLQJ�LV�WKH�ZHDNHVW�%UÙQVWHG�EDVH"

� � �D��
NH2

� �E�� 1z+

� � F��

NH2

� � �G��&+�1+�

� ��� %HQ]\ODPLQH�PD\�EH�DON\ODWHG�DV�VKRZQ�LQ�WKH�IROORZLQJ�
HTXDWLRQ��

� � &�+�&+�1+����5z;�→�&�+�&+�1+5

� � :KLFK�RI�WKH� IROORZLQJ�DON\O�KDOLGH�LV�EHVW�VXLWHG�IRU�WKLV�
UHDFWLRQ�WKURXJK�61��PHFKDQLVP"

� � �D�� &+�%U� �E�� &�+�%U

� � F�� &�+�&+�%U� �G�� &�+�%U

� ��� :KLFK�RI�WKH�IROORZLQJ�UHDJHQW�ZRXOG�QRW�EH�D�JRRG�FKRLFH�
IRU�UHGXFLQJ�DQ�DU\O�QLWUR�FRPSRXQG�WR�DQ�DPLQH"

� � �D�� +��H[FHVV��3W� �E�� /L$O+��LQ�HWKHU

� � �F�� )H�DQG�+&O� �G�� 6Q�DQG�+&O

� ��� ,Q�RUGHU�WR�SUHSDUH�D��°�DPLQH�IURP�DQ�DON\O�KDOLGH�ZLWK�
VLPXOWDQHRXV�DGGLWLRQ�RI�RQH�&+��JURXS�LQ�WKH�FDUERQ�FKDLQ��
WKH�UHDJHQW�XVHG�DV�VRXUFH�RI�QLWURJHQ�LV�BBBBBBBBBBB�

� � �D�� 6RGLXP�DPLGH��1D1+�

� � E�� 6RGLXP�D]LGH��1D1�

� � �F�� 3RWDVVLXP�F\DQLGH��.&1

� � �G�� 3RWDVVLXP�SKWKDOLPLGH��&�+��&2��1
y.�

&RPSHWLWLRQ�)LOH

� � � �E�� ��� �G�� ��� �F�� ��� �D�� ��� �F�� � � �E�� ��� �F�

 
� ��� ���� ��� ���� ��� ���� ��� ���� ��� ���� ��� ��������
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� ��� 7KH� VRXUFH� RI�QLWURJHQ� LQ�*DEULHO� V\QWKHVLV� RI� DPLQHV� LV�
BBBBBBBBBBBB�

� � �D�� 6RGLXP�D]LGH��1D1�

� � �E�� 6RGLXP�QLWULWH��1D12�

� � �F�� 3RWDVVLXP�F\DQLGH��.&1
� � �G�� 3RWDVVLXP�SKWKDOLPLGH��&�+��&2��1

y.�

� ��� $PRQJVW�WKH�JLYHQ�VHW�RI�UHDFWDQWV��WKH�PRVW�DSSURSULDWH�
IRU�SUHSDULQJ��°�DPLQH�LV�BBBBB�

� � �D�� �°�5z%U���1+�

� � �E�� �°�5z%U���1D&1�IROORZHG�E\�+��3W
� � �F�� �°�5z1+����5&+2�IROORZHG�E\�+��3W
� � �G�� �°�5z%U����PRO����SRWDVVLXP�SKWKDOLPLGH�IROORZHG�E\�

+�2
��KHDW

����� 7KH�EHVW�UHDJHQW�IRU�FRQYHUWLQJ��ySKHQ\OSURSDQDPLGH�LQWR�
��SKHQ\OSURSDQDPLQH�LV�BBBBB�

� � �D�� H[FHVV�+�

� � �E�� %U��LQ�DTXHRXV�1D2+
� � �F�� LRGLQH�LQ�WKH�SUHVHQFH�RI�UHG�SKRVSKRUXV
� � �G�� /L$O+��LQ�HWKHU
����� 7KH� EHVW� UHDJHQW� IRU� FRQYHUWLQJ�� ��SKHQ\O� SURSDQDPLGH�

LQWR����SKHQ\OHWKDQDPLQH�LV�BBBB�
� � �D�� H[FHVV�+��3W� �E��1D2+�%U�
� � F�� 1D%+��PHWKDQRO� �G�� /L$O+��HWKHU
�����+RIIPDQQ� EURPDPLGH� GHJUDGDWLRQ� UHDFWLRQ� LV� VKRZQ� E\�

BBBBBBBBBB�
� � �D��$U1+�� � �E��$U&21+�

� � F��$U12�� � �G��$U&+�1+�

����� � 7KH� FRUUHFW� LQFUHDVLQJ� RUGHU� RI� EDVLF� VWUHQJWK� IRU� WKH�
IROORZLQJ�FRPSRXQGV�LV�BBBBBBBBB�

�

NH2

�

NH2

NO2

�

NH2

� �,�� ,,�� ,,,�

� � �D�� ,,���,,,���,� �E�� ,,,���,���,,
� � F�� ,,,���,,���,� �G�� ,,���,���,,,
�����0HWK\ODPLQH�UHDFWV�ZLWK�+12��WR�IRUP�BBBBBBBBB�

� � �D�� &+�z2z1 2� �E�� &+�z2z&+�

� � �F�� &+�2+� �G�� &+�&+2
����7KH� JDV� HYROYHG� ZKHQ� PHWK\ODPLQH� UHDFWV� ZLWK� QLWURXV�

DFLG�LV�BBBBBBBBBB�

� � �D�� 1+�� �E�� 1�

� � �F�� +�� �G�� &�+�

����,Q�WKH�QLWUDWLRQ�RI�EHQ]HQH�XVLQJ�D�PL[WXUH�RI�FRQF��+�62��
DQG� FRQF��+12���WKH�VSHFLHV�ZKLFK� LQLWLDWHV� WKH�UHDFWLRQ�
LV�BBBBBBBBBB�

� � �D�� 12�� �E�� 12�

� � �F�� NO2
+ � �G�� NO2

−

����5HGXFWLRQ�RI�DURPDWLF�QLWUR�FRPSRXQGV�XVLQJ�)H�DQG�+&O�
JLYHV�BBBBBBBBBB�

� � �D�� DURPDWLF�R[LPH
� � �E�� DURPDWLF�K\GURFDUERQ
� � �F�� DURPDWLF�SULPDU\�DPLQH
� � �G�� DURPDWLF�DPLGH

����� 7KH�PRVW�UHDFWLYH�DPLQH�WRZDUGV�GLOXWH�K\GURFKORULF�DFLG�
LV�BBBBBBBBBBB�

� � D�� &+�z1+�� � E�� H C

H C
3

3

�
1+

� � �F�� H C

H C
3

3

� 1z&+�

� � �G�� �

NH2

�����$FLG� DQK\GULGHV� RQ� UHDFWLRQ� ZLWK� SULPDU\� DPLQHV� JLYH�
BBBBBBBBBBBB�

� � �D�� DPLGH� � �E��LPLGH
� � �F�� VHFRQGDU\�DPLQH� � �G��LPLQH

����� 7KH�UHDFWLRQ�$UN
+

2&Oy�
Cu/HCl → �$U&O���1����&X&O� LV�

QDPHG�DV�BBBBBBBBB�

� � D�� 6DQGPH\HU�UHDFWLRQ
� � E�� *DWWHUPDQQ�UHDFWLRQ
� � �F�� &ODLVHQ�UHDFWLRQ
� � �G�� &DU ODPLQH�UHDFWLRQ

���� %HVW� PHWKRG� IRU� SUHSDULQJ� SULPDU\� DPLQHV� IURP� DON\O�
KDOLGHV�ZLWKRXW�FKDQJLQJ�WKH�QXPEHU�RI�FDUERQ�DWRPV�LQ�
WKH�FKDLQ�LV

� � �D�� +RIIPDQQ�%URPDPLGH�UHDFWLRQ
� � �E�� *DEULHO�SKWKDOLPLGH�V\QWKHVLV
� � �F�� 6DQGPH\HU�UHDFWLRQ
� � �G�� 5HDFWLRQ�ZLWK�1+�

�����:KLFK� RI� WKH� IROORZLQJ� FRPSRXQG� ZLOO� QRW� XQGHUJR� D]R�
FRXSOLQJ�UHDFWLRQ�ZLWK�EHQ]HQH�GLD]RQLXP�FKORULGH�

� � �D�� $QLOLQH� � �E��3KHQRO
� � �F�� $QLVROH� � �G��1LWUREHQ]HQH

�����:KLFK�RI�WKH�IROORZLQJ�FRPSRXQGV�LV�WKH�ZHDNHVW�%URQVWHG�
EDVH"

� ��D��

NH2

� �E��

NH2

� � �F��

OH

� �G��

OH

&RPSHWLWLRQ�)LOH

� ��� �G�� ��� �F�� ���� �G�� ���� �E�� ���� �E�� ���� �G�� ���� �F�� ���� �E�� ���� �F�� ���� �F�� ���� �E��
� ���� �D�� ���� �E�� ���� �E�� ���� �G�� ���� �F�



14)#0+%�%1/2170&5�%106#+0+0)�0+641)'0 ������

��� $PRQJ�WKH�IROORZLQJ�DPLQHV��WKH�VWURQJHVW�%URQVWHG�EDVH�
LV�BBBBBBBBBB�

� � �D��

NH2

� �E�� 1+�

� � �F��

H

N
� �G��

H

N

����� 7KH�FRUUHFW�GHFUHDVLQJ�RUGHU�RI�EDVLF�VWUHQJWK�RI�WKH�IROORZLQJ�
VSHFLHV�LV�BBBBBBB�

� � +�2��1+���2+
y��1+�

y

� � �D��1+�
y�!�2+y�!�1+��!�+�2

� � �E��2+y�!�1+�
y�!�+�2�!�1+�

&RPSHWLWLRQ�)LOH

� ���� �F����G�� ���� �D����E����F�� ���� �D����E�� ���� �E����F�� ���� �D����E�� ���� �D����E����F��

� � F��1+��!�+�2�!�1+�
y�!�2+y

� � G��+�2�!�1+��!�2+
y�!�1+�

y

�����:KLFK�RI�WKH�IROORZLQJ�VKRXOG�EH�PRVW�YRODWLOH"
� � � �,�� &+�&+�&+�1+�� �,,�� �&+���1

� � �,,,�� NH
CH3

CH3CH2
� �,9�� &+�&+�&+�

� � �D�� ,,� �E�� ,9
� � F�� ,� �G�� ,,,
�����:KLFK�RI� WKH� IROORZLQJ�PHWKRGV�RI�SUHSDUDWLRQ�RI�DPLQHV�

ZLOO� JLYH� VDPH� QXPEHU� RI� FDUERQ� DWRPV� LQ� WKH� FKDLQ� RI�
DPLQHV�DV�LQ�WKH�UHDFWDQW"

� � �D�� 5HDFWLRQ�RI�QLWULWH�ZLWK�/L$O+��

� � E�� 5HDFWLRQ�RI�DPLGH�ZLWK�/L$O+��IROORZHG�E\�WUHDWPHQW�
ZLWK�ZDWHU�

� � �F�� +HDWLQJ�DON\OKDOLGH�ZLWK�SRWDVVLXP�VDOW�RI�SKWKDOLPLGH�
IROORZHG�E\�K\GURO\VLV�

� � �G�� 7UHDWPHQW�RI�DPLGH�ZLWK�EURPLQH�LQ�DTXHRXV�VROXWLRQ�
RI�VRGLXP�K\GUR[LGH�

� ���� �G�� ���� �D�� ���� �E�� ���� �F�

1RWH� �� ,Q�WKH�IROORZLQJ�TXHVWLRQV�WZR�RU�PRUH�RSWLRQV�PD\�EH�
FRUUHFW�

�����:KLFK�RI�WKH�IROORZLQJ�FDQQRW�EH�SUHSDUHG�E\�6DQGPH\HUuV�
UHDFWLRQ"

� � D�� &KORUREHQ]HQH� � �E��%URPREHQ]HQH

� � �F�� ,RGREHQ]HQH� � G��)OXRUREHQ]HQH

�����5HGXFWLRQ�RI�QLWUREHQ]HQH�E\�ZKLFK�RI�WKH�IROORZLQJ�UHDJHQW�
JLYHV�DQLOLQH"

� � �D�� 6Q�+&O� �E�� )H�+&O

� � �F�� +��3G� �G�� 6Q�1+�2+

�����:KLFK�RI�WKH�IROORZLQJ�VSHFLHV�DUH�LQYROYHG�LQ�WKH�FDUE\ODPLQH�WHVW"

� � �D�� 5z1&� � �E��&+&O�
� � �F�� &2&O�� � �G��1D12����+&O

���� 7KH�UHDJHQWV�WKDW�FDQ�EH�XVHG�WR�FRQYHUW�EHQ]HQHGLD]RQLXP�
FKORULGH�WR�EHQ]HQH�DUH�BBBBBBBBBB�

� � �D�� 6Q&O��+&O� � E��&+�&+�2+

� � �F�� +�32�� � �G��/L$O+�

����� 7KH�SURGXFW�RI�WKH�IROORZLQJ�UHDFWLRQ�LV�BBBBBBBBBB�

NHCOCH3

���%U��&+�&22+�

� � �D��

NHCOCH3

Br

� � � �E��

NHCOCH3

Br

� � F��

NHCOCH3

Br

� � ��� �� �G�� �

NHCOCH3

Br

Br

Br

�����$UHQLXP� LRQ� LQYROYHG� LQ� WKH� EURPLQDWLRQ� RI� DQLOLQH� LV�
BBBBBBBBBB�

� � �D�� Br

H
NH2
+

� � ��� �� �E�� �
+
Br

H
NH2

� � F��

BrH

NH2
+

� � ��� �� �G��
+

Br

H

NH2
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����:KLFK�RI�WKH�IROORZLQJ�DPLQHV�FDQ�EH�SUHSDUHG�E\�*DEULHO�
V\QWKHVLV�

� � �D�� ,VREXW\O�DPLQH� � �E��� ��3KHQ\OHWK\ODPLQH

� � F�� 1�PHWK\OEHQ]\ODPLQH� � G��� $QLOLQH

����:KLFK�RI�WKH�IROORZLQJ�UHDFWLRQV�DUH�FRUUHFW"

� � �D��

H

H

&O����1+��→�

H

H

1+����1+�&O

� � E�� &O� aq. KOH → �

� � F�� &O alc. KOH →

� � �G�� 1+����+12��
0 C° → 2+

&RPSHWLWLRQ�)LOH
�����8QGHU�ZKLFK�RI� WKH� IROORZLQJ�UHDFWLRQ� FRQGLWLRQV��DQLOLQH�

JLYHV�S�QLWUR�GHULYDWLYH�DV�WKH�PDMRU�SURGXFW"

� � �D�� $FHW\O�FKORULGH�S\ULGLQH�IROORZHG�E\�UHDFWLRQ�ZLWK�FRQF��

+�62����FRQF��+12��

� � �E�� $FHWLF� DQK\GULGH�S\ULGLQH� IROORZHG�E\� FRQF��+�62�� ��

FRQF��+12��

� � �F�� 'LO��+&O�IROORZHG�E\�UHDFWLRQ�ZLWK�FRQF��+�62����FRQF��

+12��

� � �G�� 5HDFWLRQ�ZLWK�FRQF��+12����FRQF�+�62��

�����:KLFK� RI� WKH� IROORZLQJ� UHDFWLRQV� EHORQJ� WR� HOHFWURSKLOLF�

DURPDWLF�VXEVWLWXWLRQ"

� � �D�� %URPLQDWLRQ�RI�DFHWDQLOLGH

� � �E�� &RXSOLQJ�UHDFWLRQ�RI�DU\OGLD]RQLXP�VDOWV

� � F�� 'LD]RWLVDWLRQ�RI�DQLOLQH

� � �G�� $F\ODWLRQ�RI�DQLOLQH�

�� ���� �D����E�� � � ���� �D����F�� � � ���� �D����E�� � �������D����E��

�

1RWH� ���0DWFK�WKH�LWHPV�RI�&ROXPQ�,�DQG�&ROXPQ�,,�LQ�WKH�

IROORZLQJ�TXHVWLRQV�

�����0DWFK�WKH�UHDFWLRQV�JLYHQ�LQ�&ROXPQ�,�ZLWK�WKH�VWDWHPHQWV�
JLYHQ�LQ�&ROXPQ�,,�

� � � &ROXPQ�,�� � � &ROXPQ�,,
� � �D�� $PPRQRO\VLV� �L�� $PLQH�ZLWK�OHVVHU�� �
� � � QXPEHU�RI�FDUERQ�DWRPV�
� � E�� *DEULHO�SKWKDOLPLGH� �LL�� 'HWHFWLRQ�WHVW�IRU�SULPDU\�
� � �� V\QWKHVLV� � DPLQHV�
� � �F�� +RIIPDQQ�%URPDPLGH�� �LLL�� 5HDFWLRQ�RI�SKWKDOLPLGH
� � � UHDFWLRQ�� ��ZLWK�.2+�DQG�5z;�
� � �G�� &DUE\ODPLQH�UHDFWLRQ�� �LY�� 5HDFWLRQ�RI�DON\OKDOLGHV��
� � � ZLWK�1+��

�����0DWFK� WKH� FRPSRXQGV� JLYHQ� LQ�&ROXPQ� ,�ZLWK� WKH� LWHPV�
JLYHQ�LQ�&ROXPQ�,,�

� � � &ROXPQ�,�� � &ROXPQ�,,

� �D�� %HQ]HQH�VXOSKRQ\O� �L�� =ZLWWHU�LRQ

� � �FKORULGH

� �E�� 6XOSKDQLOLF�DFLG� �LL�� +LQVEHUJ�UHDJHQW

� �F�� $ON\O�GLD]RQLXP�VDOWV� �LLL�� '\HV

� �G�� $U\O�GLD]RQLXP�VDOWV� �LY�� &RQYHUVLRQ�WR�

� � � � DOFRKROV

� ���� �D����LY����E����LLL����F����L����G����LL�� � � � � ���� �D����LL����E����L����F����LY����G����LLL��

��1RWH���,Q� WKH� IROORZLQJ� TXHVWLRQV� D� VWDWHPHQW� RI� DVVHUWLRQ�
IROORZHG�E\�D�VWDWHPHQW�RI�UHDVRQ�LV�JLYHQ��&KRRVH�WKH�
FRUUHFW�DQVZHU�RXW�RI�WKH�IROORZLQJ�FKRLFHV�

��D�� %RWK�DVVHUWLRQ�DQG�UHDVRQ�DUH�ZURQJ�

��E�� %RWK�DVVHUWLRQ�DQG�UHDVRQ�DUH�FRUUHFW�VWDWHPHQWV�EXW�UHDVRQ�
LV�QRW�FRUUHFW�H[SODQDWLRQ�RI�DVVHUWLRQ�

� �F�� $VVHUWLRQ�LV�FRUUHFW�VWDWHPHQW�EXW�UHDVRQ�LV�ZURQJ�VWDWHPHQW�
��G�� %RWK�DVVHUWLRQ�DQG�UHDVRQ�DUH�FRUUHFW�VWDWHPHQWV�DQG�UHDVRQ�

LV�FRUUHFW�H[SODQDWLRQ�RI�DVVHUWLRQ�
� �H�� $VVHUWLRQ�LV�ZURQJ�VWDWHPHQW�EXW�UHDVRQ�LV�FRUUHFW�VWDWHPHQW�
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����� VVHUWLRQ���$F\ODWLRQ�RI�DPLQHV�JLYHV�D�PRQRVXEVWLWXWHG�
SURGXFW�ZKHUHDV�DON\ODWLRQ�RI�DPLQHV�JLYHV�SRO\VXEVWLWXWHG�
SURGXFW�

� �5HDVRQ� �� $F\O� JURXS� VWHULFDOO\� KLQGHUV� WKH� DSSURDFK� RI�
IXUWKHU�DF\O�JURXSV�

����� $VVHUWLRQ� �� +RIIPDQQ� EURPDPLGH� UHDFWLRQ� LV� JLYHQ� E\�
SULPDU\�DPLQHV�

� �5HDVRQ���3ULPDU\�DPLQHV�DUH�PRUH�EDVLF�WKDQ�VHFRQGDU\�
DPLQHV�

����� VVHUWLRQ���1�(WK\OEHQ]HQH�VXOSKRQDPLGH�LV�VROXEOH�LQ�DONDOL�
� �5HDVRQ���+\GURJHQ�DWWDFKHG�WR�QLWURJHQ�LQ�VXOSKRQDPLGH�

LV�VWURQJO\�DFLGLF�
����� $VVHUWLRQ���1��1�'LHWK\OEHQ]HQH�VXOSKRQDPLGH�LV�LQVROXEOH�

LQ�DONDOL�

&RPSHWLWLRQ�)LOH
� �5HDVRQ� ��6XOSKRQ\O� JURXS� DWWDFKHG� WR� QLWURJHQ� DWRP� LV�

VWURQJ�HOHFWURQ�ZLWKGUDZLQJ�JURXS�
����� $VVHUWLRQ���2QO\�D�VPDOO�DPRXQW�RI�+&O�LV�UHTXLUHG�LQ�WKH�

UHGXFWLRQ�RI�QLWUR�FRPSRXQGV�ZLWK� LURQ�VFUDS�DQG�+&O�LQ�
WKH�SUHVHQFH�RI�VWHDP�

� �5HDVRQ� �� )H&O�� IRUPHG� JHWV� K\GURO\VHG� WR� UHOHDVH� +&O�
GXULQJ�WKH�UHDFWLRQ�

����� $VVHUWLRQ���$URPDWLF��°�DPLQHV�FDQ�EH�SUHSDUHG�E\�*DEULHO�
SKWKDOLPLGH�V\QWKHVLV�

� �5HDVRQ� ��$U\O� KDOLGHV�XQGHUJR� QXFOHRSKLOLF� VXEVWLWXWLRQ�
ZLWK�DQLRQ�IRUPHG�E\�SKWKDOLPLGH�

����� VVHUWLRQ���$FHWDQLOLGH�LV�OHVV�EDVLF�WKDQ�DQLOLQH�
� �5HDVRQ� �� $FHW\ODWLRQ� RI� DQLOLQH� UHVXOWV� LQ� GHFUHDVH� RI�

HOHFWURQ�GHQVLW\�RQ�QLWURJHQ�

� ���� �F��� ���� �F��� ���� �G��� ���� �E��� ���� �G�� ���� �D�� ���� �G�

� $��� �D�� �� 2QO\�SULPDU\�DPLQHV�JLYH�FDUE\ODPLQH�UHDFWLRQ�

� $��� �G�� �� �&�+�1+����&�+�&+2�→�&�+�1  &+&�+����+�2
� � � � �������������������%HQ]DOGHK\GH� �������������6FKLII�
V�EDVH

� $��� �F�� �� 5y1�≡≡�&� 4[ ]H
reduction

 → ���51+&+�

� � � � �� ����VHF�DPLQH

� $��� �G�� �� �
Na Cr O
H SO
2 2 7

2 4
 → OO

� � � � �� �����%HQ]RTXLQRQH

� $��� �E�� �� &�+�1+�����+212��→��&�+�2+����1�����+��2

� $��� �E�� �� 2QO\�SULPDU\�DPLQHV�JLYH�FDUE\ODPLQH�UHDFWLRQ��

� $��� �F�� �� z1+��JURXS�LV�SURWHFWHG�E\�DFHW\ODWLRQ�E\�UHDFWLQJ�ZLWK�&+�&2&O�

�$���� �F�� �� $J&O������&+�1+���→�>$J��&+�1+���@
��&Oy

� � � � �� ������VROXEOH

�$���� �E�� �� �&�+����1+����+212�
�→��&�+����1y1� �2����+�2

�$��� �F�� �� NH �LV�OHDVW�EDVLF�DQG�WKHUHIRUH�KDV�PD[LPXP�YDOXH�RI�S.E�

�$��� �E�� �� &+�&+�1+����&+&O�����.2+��DOF���→��&+�&+�1&����.&O����+�2

�$��� �G�� �� &+�&21+����%U�������.2+�→�&+�1+�������.%U����.�&2������+�2

� $��� �E�� �� ���%U�����.2+�→� � ����.%U���.��&2������+�2

�$��� �F�� �� ���
HgCl2

Heat
�� 5�z�1�  �&�  �6� ����� +J�6� ��� ��+&O

� � � � �� � � � � ��������� ������
$ON\O�LVRWKLRF\DQDWH

� � � �
7KLV�UHDFWLRQ�LV�FDOOHG�+RIIPDQQ�PXVWDUG�RLO�UHDFWLRQ�
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� $� �F�� �� 5HIHU�$�����3KHQ\O�LVRWKLRF\DQDWH�

� $��� �E�� �� ��
Br , KOH2 ��� ���

CH COCl3 ���

� $��� �G�� �� %HFDXVH�LW�LV�SULPDU\�DPLQH�

�$��� �E�� �� � (CH )3 2CO O → Br2 3CH COOH, → H+
2, H O →

� � � � �� � � � � � � � � � �;�

�$��� �E�� �� &+�

*
CH

NH

CH CH CH Aminopentane)

2

2 2 3


(2 −

�$���� �G�� �� �6DQGPH\HU
V�UHDFWLRQ�ZLWK�FKORURDQLOLQH�JLYHV�S�GLFKORUREHQ]HQH�ZKLFK�LV�VROLG��P�S������.��ZKLOH�WKDW�ZLWK�DQLOLQLXP�

FKORULGH�JLYHV�FKORUREHQ]HQH��ZKLFK�LV�OLTXLG� �P�S������.���$QLOLQLXP�K\GURFKORULGH�LV�DQ�DFLG�VDOW�DQG�WKHUHIRUH��

OLEHUDWHV�&2��ZLWK�1D+&2��DQG�JLYHV�ZKLWH�SSW��RI�$J&O�ZLWK�$J12���+RZHYHU��ERWK�DUH�SULPDU\�DPLQHV�DQG�JLYH�

FDUE\ODPLQH�WHVW�DQG�WKHUHIRUH��FDQQRW�EH�GLVWLQJXLVKHG��

�$���� �D�� �� &+�&+�&O�
NaCN &+�&+�&1�

Ni,H2 �&+�&+�1+��
(CH CO) O3 2 �&+�&+�1+&2&+�

�$���� �D�� �� ���.2+��DOF�����&+&O���+�& 1&����.&O����+�2

�$���� �G�� �� � Br , KOH
Hoffmann
bromamide
reaction

2 → � � Heat
_CH OH3

 → �

�$���� �D�� �� 3ULPDU\�DPLQHV�IRUP�EHQ]HQH�VXOSKRQDPLGHV�ZKLFK�DUH�VROXEOH�LQ�DONDOLHV�

�$���� �G�� �� 6HFRQGDU\�DPLQHV�FDQ�EH�SUHSDUHG�E\�UHGXFWLRQ�RI�LVRQLWULOHV�

� � � � 5y1≡&�
4[H] → �51+&+�

� � � � ,VRQLWULOH���� ��������� ���y$PLQH

�$��� �F�� �� $URPDWLF�GLD]RQLXP�VDOWV�DUH�PRUH�VWDEOH�WKDQ�DOLSKDWLF�GLD]RQLXP�VDOWV�EHFDXVH�RI�UHVRQDQFH�

�$���� �F�� �� ���+%)���→� �
Heat → �

�$��� �E�� �� �1�≡1&Oy��� 2+�
pH 9 _ 10 → � 1 1z 2+

� � � � �� � � S�+\GUR[\D]REHQ]HQH

�$���� �F�� �� ���+212� Cu O2 → � ���+&O���1��

&RPSHWLWLRQ�)LOH
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�$���� �E�� �� �1��≡�1&Oy��� ��

+

273 K–278 K

H (pH — 4.5)
�

� � � � �� � �'LPHWK\ODQLOLQH

�$��� �G�� �� (OHFWURQ� UHOHDVLQJ� JURXSV� LQFUHDVH� � WKH� VWDELOLW\� RI� GLD]RQLXP� FDWLRQV� E\� GLVSHUVLQJ� WKH� SRVLWLYH� FKDUJH� RQ� WKH�
1�DWRP�

�$���� �D�� �� �
NaNO HCl

K
2

273 278
,

− → � �
KCN → � �

LiAlH
duction
4

Re → �

�$���� �F�� �� � Br OH2 /
−

 → � �
NaNO HCl

K
2

273 278
,

− → � �
HBF
Heat
4 → �

%��PFT�IURP�&RPSHWLWLYH�([DPLQDWLRQV

� %��� ��D�� �� 0HWK\OLVRF\DQLGH�RQ�UHGXFWLRQ�ZLWK�/L$O+��JLYHV�GLPHWK\ODPLQH��ZKLFK�LV�D�VHFRQGDU\�DPLQH�

� %��� ��F�� �� 1+�

NaNO
HCl

2
, 0 C°

 → �� 1�
�
&O

y� �
1  1 ���+&O

� %��� ��G�� �� 6HFRQGDU\�DOLSKDWLF�DQG�DURPDWLF�DPLQHV�UHDFW�ZLWK�QLWURXV�DFLG�WR�IRUP�1�QLWURVRDPLQH�

� %���� ��E�� �� +12����+�62��→�12�
����+�2���+62�

y

� � � � +HUH�+12��ORVHV�2+
y�WR�JLYH�12�

���+HQFH�LW�DFWV�DV�D�EDVH�

� %���� ��F�� ��
CH C

O

NH3 2 
|| � NaNO

Br
2

2
 → � &+�1+�

� � � � 7KLV�UHDFWLRQ�LV�+RIIPDQQ�GHJUDGDWLRQ�UHDFWLRQ�

� %��� �F�� ��

1+� &+�

&+�&+�

&+�

N Cl2
+ −

NaNO ,HCl
(273-278K)

2 → N== N

� %��� �D�� �� � Zn NH Cl/ 4 → �

� %� �� ��D�� ��

&RPSHWLWLRQ�)LOH
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�%� �G�����

�%���� �E����� &�+�1�
��;y�LV�PRVW�VWDEOH�GLD]RQLXP�VDOW�EHFDXVH�RI�UHVRQDQFH�VWDELOL]DWLRQ�

�%���� �G����� 1
�≡≡1z&O

y
��� 1+���

H

0 C

+
→� � 1  1z �1+�

�%��� �F����� )RXU�LVRPHUV

� � � � &+�&+�&+�1+��� �� &+�z&+z1+���� �&+�&+�z1+z&+�� &+�z1z&+���
� � _� _
� � ��&+�� &+�� � �� �

� � � � 3URSDQ���DPLQH� � 3URSDQ���DPLQH� 1�0HWK\OHWKDQDPLQH� � 1��1�y'LPHWK\OPHWKDQDPLQH

�%���� �E������ �&KORUREHQ]HQH�GRHV�QRW�UHDFW�ZLWK�SRWDVVLXP�SKWKDOLPLGH�EHFDXVH�DU\O�KDOLGHV�DUH�OHVV�UHDFWLYH�WRZDUGV�QXFOHRSKLOLF�
VXEVWLWXWLRQ�UHDFWLRQ�

�%���� �F����� 8QGHU�VWURQJO\�DFLGLF�PHGLXP��QLWUREHQ]HQH�RQ�HOHFWURO\WLF�UHGXFWLRQ�JLYHV�S�DPLQRSKHQRO�

� � � �

12�

�6WURQJO\�DFLGLF�PHGLXP�

S�$PLQRSKHQRO

1+2+ 1+�

2+

Electrolytic reduction → rearrangement →

��%���� �F����� 7HUWLDU\�QLWUR�FRPSRXQGV�GR�QRW�UHDFW�ZLWK�QLWURXV�DFLG�EHFDXVH�WKH\�GR�QRW�KDYH�a�K\GURJHQ�

�%���� �E�����

1+� 1��
�

1�  �1 2+

12�

Sn HCl/ →
2+

 →
HNO

C
2

0 5− °
 →

$]R�G\H
�&RORXUHG�FRPSRXQG�

�$� �%�

�%���� �D����� &+��&21+����%U������.2+�
Heat → �&+�1+�����.%U���.�&2�����+�2

$FHWDPLGH 0HWKDQDPLQH

� � � � 7KLV�LV�+RIIPDQQ�EURPLGH�UHDFWLRQ�
��%�� � �G����� ,Q�VWURQJO\�DFLGLF�PHGLXP��DQLOLQLXP�LRQ�LV�IRUPHG�ZKLFK�LV�PHWD�GLUHFWLQJ�

� � � � � H+� 
���� ���� � � Nitration → �

�%���� �E�����

�%� �E����� �°�DPLQHV�DUH�VWURQJHVW�EDVHV�WKDQ�RWKHU�DPLQHV��7KHUHIRUH���&�+����1+�L�H���1�HWK\OHWKDQDPLQH�LV�WKH�VWURQJHVW�EDVH�

�%���� �G����� � Br H O2 2/ → � � NaNO HCl
C
2
0
,
°

 → � � Cu Cl
HCl
2 2 → �

� $QLOLQH� � ��������WULEURPR�
� � FKORUREHQ]HQH

&RPSHWLWLRQ�)LOH
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�%�� �H�� �� �
180 200− ° →C � �

Rearrangement� 
����������� ����������� �

� � � � � � � � �
� 6XOSKDQLOLF�DFLG

�%�� �G�� �� 6HFRQGDU\�DPLQHV�FRXOG�EH�SUHSDUHG�E\�UHGXFWLRQ�RI�LVRQLWULOHV��

� � � � 5z1�≡≡�&� 4[ ]H → � 51+�&+�

� � � � �� � VHF�$PLQH

�%��� �G�� �� *DEULHO�SKWKDOLPLGH�V\QWKHVLV�LV�XVHG�IRU�WKH�SUHSDUDWLRQ�RI��°�DOLSKDWLF�DPLQHV��(WK\OPHWK\ODPLQH�LV�D��°�DPLQH�DQG�
KHQFH�FDQQRW�EH�SUHSDUHG�E\�WKLV�PHWKRG�

�%���� �G�� �� 6HFRQGDU\�DPLQHV��GLHWK\ODPLQH��JLYH�DQ�DONDOL�LQVROXEOH�SURGXFW�ZLWK�S�WROXHQHVXOSKRQ\O�FKORULGH�

�%���� �E�� �� &\FORKH[\O�DPLQH�LV�DQ�DOLSKDWLF�DPLQH��$OLSKDWLF�DPLQHV�DUH�PRUH�EDVLF�WKDQ�DURPDWLF�DPLQHV�
�%���� ��F�� �� &+�&+�1+�����&+&O�����.2+→�&+�&+�1&����.&O����+�2
� � � � 7KLV�LV�&DUE\ODPLQH�UHDFWLRQ�

�%����� ��D�� ��

1+� )N Cl2
+ − N BF2

+
4
−

NaNO ,HCl2

278K → HBF
HCl
4

− → ∆
-BF3

 →

�%���� �D�� �� � �
NaNO HCl

K
2

278
, → � � CuCN → �

� � � � �� � � %HQ]HQHGLD]RQLXP�FKORULGH��$�� � �������%HQ]RQLWULOH��%�

�%���� �F�� ��

O O

R NH Cl C CH R NH C CH HCl
 

     2 3 3+  → +

� � � � (DFK�

O

CH C

 3 �JURXS�LQFUHDVHV�WKH�PROHFXODU�PDVV�E\���

� � � � 7RWDO�LQFUHDVH�LQ�PROHFXODU�PDVV� �����y����� ����

� � � � 1XPEHU�RI�1+��JURXSV� �
210
42

5= �

�%���� �E�� �������&+����1+�LV�PRVW�EDVLF�DQG�WKHUHIRUH�KDV�WKH�VPDOOHVW�S.E�YDOXH�

�%���� �G�� ������5&21+�����1D2+���%U��→�51+����1D�&2�����1D%U����+�2�L�H��

� � � � � ��PROH�RI�1D2+�DQG���PROH�RI�%U��

�%���� �F�� �� $QLOLQH�LQ�DFLGLF�PHGLXP�JHWV�SURWRQDWHG�WR�DQLOLQLXP�LRQ��$QLOLQLXP�LRQ�LV�VWURQJO\�GHDFWLYDWLQJ�JURXS�DQG�LV�PHWD�
GLUHFWLQJ��7KHUHIRUH��PHWD�QLWUDWLRQ�SURGXFW�LV�REWDLQHG�LQ�VLJQLILFDQW�DPRXQW�

�%���� �F�� �� 7KH�FRQMXJDWH�DFLG�REWDLQHG�E\�DGGLWLRQ�RI�SURWRQ�WR�DPLQH��&��LV�VWDELOL]HG�E\�UHVRQDQFH�DQG�WKHUHIRUH��LW�LV�PRVW�
EDVLF�

�

1+�

��� +
�

1+

1+���1+�

�

�
1+�

1
1+�

1

� � � � 7KH�DPLQH��'��LV�VHFRQGDU\�DPLQH�DQG�LW�LV�PRUH�EDVLF�WKDQ�SULPDU\�DPLQH��$���7KH�DPLQH��%��LV�OHDVW�EDVLF�EHFDXVH�1�
DWRP�LQ�LW�LV�VS��K\EULGLVHG��6LQFH�D�VS��K\EULGLVHG�1�KDV�PRUH�V�FKDUDFWHU��PRUH�HOHFWURQHJDWLYH��WKDQ�VS��K\EULGLVHG�
1�LQ�DPLQH��$���WKHQ�1�LQ�DPLQH��%��KDV�OHVVHU�WHQGHQF\�WR�GRQDWH�LWV�HOHFWURQ�SDLU�WKDQ�DPLQH��$���,Q�RWKHU�ZRUGV��
LW�LV�OHVV�EDVLF�WKDQ�SULPDU\�DPLQH��$���&RPELQLQJ�WKHVH�WUHQGV��WKH�EDVLFLW\�RI�IRXU�DPLQHV�LQFUHDVHV�DV�

� � � � � � � �%�� �� �$�� �� �'�� �� �&�

&RPSHWLWLRQ�)LOH
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�%� �D�� �� 7KH�SUHVHQFH�RI�HOHFWURQ�ZLWKGUDZLQJ�JURXS�OLNH�y12��DW�S�SRVLWLRQ�ZLOO�GHFUHDVH�WKH�EDVLF�FKDUDFWHU��VR�����ZLOO�EH�OHDVW�

EDVLF��3UHVHQFH�RI�HOHFWURQ�GRQDWLQJ�JURXS�OLNH�y2&+��DW�S�SRVLWLRQ�ZLOO�LQFUHDVH�WKH�EDVLF�FKDUDFWHU�DQG�WKHUHIRUH��

����LV�WKH�PRVW�EDVLF��7KH�RUGHU�LV��

� � � � �� ����������������������������������������������������������

�%���� �F�� �� ���

NH2

Br2/OH
–

Br

BrBr
NH2

NaNO2
HCl

Br

BrBr
N Cl2
+ –

Br

BrBr
HBF4

F

(0–5°C)

��%�����E�� �� CH

O

C NH CH3 3— — —
||

N-Methylethanamide

�
LiAlH4 → � CH CH NHCH3 2 3

N-Methylethanamine
2 -amine°

�%� �D�� �� 2QO\�WUHDWPHQW�RI�DPLGH�ZLWK�%U��LQ�DTXHRXV�1D2+�RU�.2+�ZLOO�JLYH�DPLQH�ZLWK�OHVVHU�QXPEHU�RI�FDUERQ�DWRPV�

� � � � 5&21+���
Br KOH2,
∆ → �51+�

�%� �G�� �� 3ULPDU\�DOLSKDWLF�DQG�DURPDWLF�SULPDU\�DPLQHV�JLYH�SRVLWLYH�FDUE\ODPLQH�WHVW��S�PHWK\OEHQ]\ODPLQH�LV�D�SULPDU\�
DPLQH�DQG�KHQFH�JLYHV�WKLV�WHVW�

� � � �

�%� � �D�� ��

0H

1�
�&Oy

3 2H PO→ ��

0H

+

�%�� � �E�� �� �°�DPLQH�UHDFWV�ZLWK�EHQ]HQH�VXOSKRQ\O�FKORULGH�DQG�WKH�SURGXFW�IRUPHG�LV�LQVROXEOH�LQ�1D2+��7KHUHIRUH��WKH�DPLQH�
VKRXOG�KDYH�RQO\�RQH�+�DWRP�DWWDFKHG�WR�QLWURJHQ�DWRP�

�%���� �D�� ��

&+�1+�

2( ) NaNO , HCl

( ) 0 C
→�

i

ii ��

&+�2+

��1�

� � �� �������%HQ]\O�DPLQH��&�+�1��� � � � � � � � � %HQ]\O�DOFRKRO

� � ������������ � �$�

7KH�SRVVLEOH�LVRPHUV�DUH��

� � � L��

&+�1+�

� �LL��

&+�

1+�

� �LLL��

&+�

1+�

� �LY��

&+�

1+�

� �Y��

1+&+�

������LVRPHUV

�%� �D�� �� 2QO\�SULPDU\�DPLGHV�XQGHUJR�+RIIPDQQ�EURPDPLGH�UHDFWLRQ�

�%��� �E�� �� &+�z&+z�&+� &+�z&+z�&+� &+�z&+z�&+�

z

z

z1&

%U

1+&+�

��%URPRSURSDQH

1�0HWK\O�SURSDQ���DPLQH�;�

alc.AgCN
∆ → LiAlH4 →

�%���� �F�� �� �&�+���1+���+212� ��&�+����1z1� �2� ����+�2

� � � � 1�1LWURVRGLHWK\ODPLQH

&RPSHWLWLRQ�)LOH
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� � � �

1+�

��� +
�

1++�1 +�1 +�1+�1

1+�

1+�

��1+� 1+�

$PLQH���� , ,, ,,,

1+� 1+�

�

� �

1+�

��� +
�

1+

1+�

1+�

��1+�

$PLQH���� ,9 9

1+�

�

�

� � � � 7KHUHIRUH��DPLQH�����LV�PRUH�EDVLF�WKDQ�DPLQH������,Q�DPLQH������ORQH�SDLU�RI�HOHFWURQV�LV�SUHVHQW�RQ�D�VS��K\EULGL]HG�1�ZKLOH�
LQ�DPLQH������LW�LV�SUHVHQW�RQ�D�VS��K\EULGLVHG�1��6LQFH�D�VS��K\EULGLVHG�1�KDV�PRUH�V�FKDUDFWHU��PRUH�HOHFWURQHJDWLYH��
WKDQ�D�VS��K\EULGLVHG�1��WKHUHIRUH��DPLQH�����KDV�OHVVHU�WHQGHQF\�WR�GRQDWH�LWV�HOHFWURQ�SDLU�WKDQ�DPLQH������,Q�RWKHU�
ZRUGV��DPLQH�����LV�OHVV�EDVLF�WKDQ�DPLQH������&RPELQLQJ�WKHVH�WUHQGV��WKH�EDVLFLW\�RI�IRXU�DPLQHV�LQFUHDVHV�DV�

� � � � �� � ���� �� ���� �� ���� �� ���

�%���� �F�� �� 2QO\�SULPDU\�DOLSKDWLF�DPLQHV�FDQ�EH�SUHSDUHG�E\�*DEULHO�SKWKDOLPLGH�V\QWKHVLV��7KHUHIRUH��EHQ]\ODPLQH�LV�SUHSDUHG�
E\�WKLV�PHWKRG�

�%�� �H�� ��

&+�

12�

&+�

%U

12�

&+�

%U

1+�

&+�

%U

&22+

%U
Br2 → Sn HCl/ → ( )

( )

i HNO
C

ii H PO

2

3 2

0 5− °
 → alk KMnO. 4 →

� � � � � � � � � �����%URPREHQ]RLF�DFLG

�%���� �E�� �� &+�&1�
Reduction → &+�&+�1+��

HNO2 → �&+�&+�2+���1�����+�2

� � � ��(WKDQH�QLWULOH

� � � �����������$�� ������%�

�%���� �D�� ��

12�

1LWUREHQ]HQH

�$�

1+�

$QLOLQH

�%�

Reduction → CHCl
KOH

3 →

1&

3KHQ\O�
LVRF\DQLGH

�&�

1+&+�

1�0HWK\O�
EHQ]HQDPLQH

Catalytic
reduction

 →

�%���� �F�� �� 3ULPDU\�DOLSKDWLF�DQG�DURPDWLF�DPLQHV�UHDFW�ZLWK�&+&O��LQ�WKH�SUHVHQFH�RI�DOFROLF�.2+�DQG�JLYH�LVRF\DQLGHV�ZKLFK�
KDYH�QDXVHDWLQJ�VPHOO�RGRXU

� � � � 3K1+��
CHCl
alc.KOH

3 → �3K1&��3KHQ\O�LVRF\DQLGH�

�%���� �D�� �� +\EULGLVDWLRQ�RI�1�LV�WKH�FRPSRXQGV�DUH

� � � � +�&
&+�

&+�
�VS��

�

1

�VS��
1

�VS�

&+��z�& 1

� � � � $V�SHUFHQWDJH�RI�V�FKDUDFWHU�LQFUHDVHV��WKH�HOHFWURQHJDWLYLW\�LQFUHDVHV��7KHUHIRUH��HOHFWURQHJDWLYLW\�RUGHU�LV

� � � � 0H&1�!�&�+�1�!�0H�1

�%��� �E�� �� ��

1+�

����&+�&2��2�
 → �� � �

1+&2&+�

��������������&+�&22+

� � $QLOLQH� $FHWLF�DQK\GQGH� �����������$FHWDQLOLGH

,QLWLDO�PROHV � � � �
$IWHU�UHDFWLRQ � � � �

� � � � ��PROH�RI�DFHWDQLOLGH� �����J

&RPSHWLWLRQ�)LOH
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�%��� �F�� ��

1+�

CHCl /alc.3KOH
Heat
3 →

1 &

3KHQ\O�LVRF\DQLGH

���.&O����+�2

�%���� �D�� ��

1+�

(CHCO) O
CH COOH

2

3−
 → AlCl

ClCH COCl
3

2
 →

1+&2&+� 1+&2&+�

�$FHW\ODWLRQ�
2� & &+�&O

�%���� �D�� �� 1��1�y�'LPHWK\ODPLQH�����DPLQH��IRUPV�S�QLWURVR�GHULYDWLYH�ZLWK�+12�

� � � � �
NaNO HCl
low temp

2 ,
.

 → �

� � � � �� �����S�QLWURVRy1��1yGLPHWK\ODQLOLQH

�%��� �G�� ��

12�

�����>+@� Zn NH Cl
Heat
/ 4 → ��

1+2+

�

� � � � ������������������������������������������3KHQ\OK\GUR[\ODPLQH
� � � � �D����E��DQG��F��DUH�QRW�FRUUHFW�

� � � ���

12�

������>+@� LiAlH
Ether

4 → �� z1 1z

� � � � �� ����������$]REHQ]HQH

� � � � �

12�

������>+@� Fe HCl
Heat
/ → ���

1+�

���������+�2

�� � � � ������������������������������������������������� $QLOLQH

�%��� �D�� ��

1+�

12��� ��� �

1+�

12�

�� ���

1+�

12�
� � � � �����R���

�S��

� �� P��

� � � � 2UWKR�VXEVWLWXWHG�DQLOLQHV�DUH�ZHDNHU�EDVHV�WKDQ�RWKHUV�GXH�WR�RUWKR�HIIHFW��ZKLFK�LV�FRPELQDWLRQ�RI�VWHULF�DQG�
HOHFWURQLF�IDFWRUV�

�%���� �E�� �� 3UREOHP�FDQ�EH�VROYHG�E\�XVLQJ�EDFN�UHDFWLRQ��+RIIPDQQ�GHJUDGDWLRQ�UHDFWLRQ��%U���1D2+��FRQYHUWV�DPLGHV�WR�
DPLQHV��RQH�FDUERQ�DWRP�OHVV��

� � � �

&+�

1+�2&

&O
�� ��

&+�

+�1

&O
BrKOH 2, ←  %U��

1D2+

� � � �

&+�

&Oz&

2

&O

�&�+�&O12�

�&�+�&O�2�

��
H N3 → ��

&+�

1+�2&
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� � � � ���������������0�
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�%��� �G�� ��

1+�

$QLOLQH

� Conc H SO. 2 4� 
�������� �������� �

1+
�
�+62�

y

�� ∆ °
− →( )200

2

C
H O

�

1+�

62�+
6XOSKDQLOLF�DFLG

� 
��� ��� �

62�
y

1+�

=ZLWWHU�LRQ�
VWUXFWXUH

�

�%��� �G�� �� %HQ]\ODPLQH�LV�PRVW�EDVLF�DPRQJ�WKHVH�

�%��� �E�� �� 1
�
�≡�1&Oy��� 1+�� 273 278− →

K �� 1 1z 1+�

� � �%HQ]HQH�GLD]RQLXP�FKORULGH� $QLOLQH� � � � ��������������S�$PLQRD]REHQ]HQH��\HOORZ�G\H�

�%�� �H�� �� � H+ → �

� � � � $URPDWLF� WHUWLDU\� DPLQH� L�H���1��1yGLPHWK\ODQLOLQH� XQGHUJRHV� HOHFWURSKLOLF� VXEVWLWXWLRQ�ZLWK� QLWURVRQLXP� LRQ� DW�
S�SRVWLRQ�RI�WKH�SKHQ\O�ULQJ�

�%��� �D�� �� )� 12���
( ) ( )

,
i CH NH
DMF
3 2
∆

 → �����
CH3

CH3
1 12����

H Pd2, → � �
CH3

CH3
1 1+�

�%���� �F�� ��

� � � � �� � � �� �
+�& 1+

�%��� �D�� �� �
KOH
H O−

 →
2 � � �

� � � � 'XULQJ�WKH�DWWDFN�RI�%Uz �z&+�z&O��&z%U�ERQG�LV�VKRUWHU�GXH�WR�UHVRQDQFH�DQG�KHQFH�LV�VWURQJ��7KHUHIRUH��LW�

FDQQRW�WDNH�SDUW�LQ�WKH�UHDFWLRQ��7KH�&O�WDNHV�SDUW�LQ�WKH�UHDFWLRQ�

�%��� �F�� �� +�&z z1+��
NaNO HCl

C
2
0
,
°

 → �+�&z z1 1z&O�� �→�+�&z z1 

�%���� ��D�� ��

1
��
+�

� �

&+�z&z2z&z&+�

&+�&O�

0DLQ�SURGXFW

1+�

1

+

1+�

��&+�&22+

&+�

& &

2 2

2

2 2

� � $FHW\ODWLRQ�WDNHV�SODFH�ZKHQ�DPLQH��QRW�DPLGH��UHDFWV�ZLWK�DFHW\O�FKORULGH�RU�DFHWLF�DQK\GULGH�

�
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�%�� � ��F�� �� NaNO aq HCl
C

2

0
, .
° →&22++�&

&+� 1+�

&22++�&

&+� 1�

�
&O
B

&22+&+�

2+&+�

H O2 →

�%���� ��D�� ��
1 1 2+1+� 1 1&O

B

�9�

NaNO HCl
C
2

0
,
° →

2+

�%�� � ��E�� ��

1+� 1+&2&+�

%U

1+&2&+�

%U

1+�

%U

%U

%U

1��

�
&O

y

( )i Acetic anhydride
Pyridine

 → ( ) /ii KBrO HBr3 → H O
Heat
3
+

 → NaNO HCl
K

2

273 278
/

−
 → Cu HBr/ →

�%���� ��G�� ��
&

1+�

1+�
�

1+�
�

,9

� 5HVRQDQFH�ZLWK�WZR�1+��JURXSV�LQFUHDVHV�HOHFWURQ�GHQVLW\�RQ�1�RI�  �1+�

� � � �

,

&

1+�

1+�
�

+�&

� 5HVRQDQFH�ZLWK�RQH�1+��JURXS�LQFUHDVHV�HOHFWURQ�GHQVLW\�RQ�1�WR�OHVVHU�H[WHQW��WKDQ�,9��RI�  �1+�

� � � � 1+

,,

1� � (OHFWURQ�GHQVLW\�RQ�1�RI�1+�LQFUHDVHV�GXH�WR�UHVRQDQFH

� � � �

,,,

+
1

�

1

�

� 7KH�ORQH�SDLU�LV�QRW�DYDLODEOH�EHFDXVH�LW�LV�LQYROYHG�LQ�DURPDWLF�VH[WHW�

� � � � +HQFH��FRUUHFW�RUGHU�LV�,9�!�,�!�,,�!�,,,

�%� � ��F�� ��

1 1
�

2
y

 →

1+�

2+

( ) ,i NaNO HCl
C
2

0° →

2+

1
� �

�1&O
B

aq KOH. →

2+2

1  1 +

tautomerism� ���������� ���������

1  1

�%���� ��G�� ��

1+�

� Conc HNO
Conc H SO

.
.

3

2 4
 → �

1+�

12�

���

�3�

�����

1+�

12�

���

�4�

����

1+�

12�

��

�5�
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� � � �

1+�

12�

�5�

� 1 2.Ac O
pyridine

 → �

1+&z&+�

12�

2

� 2 2 3. ,Br CH COOH → �

1+&&+�

12�

%U

2

� 3 3.H O
+

 → �

1+�

12�

%U

�
4
273 278

2. ,NaNO HCl
K− → �

1�
�&O

y

12�

%U

� 5. EtOH
Heat

 → �
12�

%U

�6�

� � � �
12�

%U

� 1. /Sn HCl →
�

1+�

%U

� 2 2

2

.
( )
Br

H O excess
 → �

1+�

%U

%U

%U%U

� 3
273 278

2. ,NaNO HCl
K− →

� 1�
�&O

y

%U

%U

%U%U

� HONO → �

%U

%U

%U%U

�PFT�ZLWK�PRUH�WKDQ�RQH�FRUUHFW�DQVZHU

�&�� �D�E�F��� �1+����%�+��→��
H

H

NH3

NH3

B BH4
–

+

� � � � 6LPLODUO\��LW�IRUPV�LRQLF�FRPSRXQGV��ZLWK��°�DQG��°�DPLQHV��%XW�ZLWK��°�DPLQHV��LW�IRUPV�DGGXFW�

�&�����D�F���
1+�

� HONO → �
1≡1
�

� − →N2 �
�

ring
contraction

 →
�

H O

H
2

− + → &+�2+

H O2 →H− + →

2+
�����������������&\FOREXW\ODPLQH

�PFT�EDVHG�RQ�WKH�JLYHQ�SDVVDJH�FRPSUHKHQVLRQ'�

�'��� �D����

�2� �3�

&22++22&

�4�

&21+�
+�12&

�5�

1+�
+�1

KMnO4 → NH
Heat

3 → Br KOH2 , →

�'��� �E����

$ODQLQH

�

�4�

&21+�

&21+�

&22+

&22+

&2

&2

1+
Heat
H O−

 →
2

&+�z&+�&22+

1+�

%U

( )

( ) .

i CH CHCOOC H
KOH
ii dil H

3 2 5

+

 →

�6�

y
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� �� �$�����S����T����V����W�

������� � � �

CH CH CH CN23 2
Pd—C

H2
CH CH CH N23 2 2 2CH H

SnCl2

HCl
DIBAL-H

OH–/H O2

C N3 7 4H CHO + H Cl

CH CH CH N23 2 2 2CH H

CH CH CH23 2 3COOH + NH

� � �%�����S����V����W��������� � �

� �� � � �

CH CH H33 2OCOC
Pd—C
H2

2C O3 2H CH H

DIBAL-H

OH–/H O2 CH H C H53 2COO + OH

2C O3 2H CH H

� � �&�����S��� �������

� � &+�&+  &+&+�2+�
Pd C
H
—

2
 → �&+�&+�&+�&+�2+

� � �'�����U��� ��������

� � &+�&+�&+�&+�1+��

CHCl
KOH

3 → �&+�&+�&+�&+�1&

� �� � � � � �� IRXO�VPHOO�

� � QWHJHU�7\SH�RU�1XPHULFDO�9DOXH�7\SH�4XHVWLRQV

� ��� ���� ,VRPHULF�DPLQHV�DUH

� � � &+�&+�&+�1+���&+�&+�&+���&+�1+&+�&+��&+�z1z&+�

� � � � � _� � _
� � � � � 1+�� ��°�� &+�

� � � � � ��°�� � ��°�� �
� � � 2QO\�SULPDU\�DPLQH��L�H���°��UHDFW�ZLWK�+12��WR�OLEHUDWH�1��JDV�

� ��� �� 7KH�DPLQHV�S�&+�&�+�1+���P�&+�&�+�1+���&�+�1��&+�����&�+�1+&+���&�+�&+�1+��DUH�PRUH�EDVLF�WKDQ�DQLOLQH�DQG�

KHQFH�KDYH�ORZHU�S.E�YDOXHV�

� ��� �� � �

1+�

&+�

1+�

&+�

1+�

&+�

��

&+�1+� 1+&+�

� �� ���� ��7KHUH�DUH�HLJKW�LVRPHULF�DPLQHV�RI�PROHFXODU�IRUPXOD�&�+��1��2XW�RI�WKHVH�RQO\�WKUHH�DUH�SULPDU\�ZKLFK�JLYH�FDUE\ODPLQH�
UHDFWLRQ�

� ��� �� 12�
� 4

2

( ) LiAlH
( ) H O
i
ii

→ � 1  1

� � � �������$]REHQ]HQH

� ��� ���������

&2&+�

$FHWRSKHQRQH

���PRO

��
NaOBr
H O3

+ → �

$
�����

&22+

�� NH
Heat

3 → �

%
�����

&21+�

�� Br
KOH

2 → �

&
�����

1+�

�
Br
equiv
2

3
 → �

'
������

1+�

%U

%U%U
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� � � �0ROHV�RI�$�IRUPHG�  �
10 60
100
×

�  � ��PRO

� � � �0ROHV�RI�%�IRUPHG�  �
6 50
100
×

�  � ��PRO

� � � �0ROHV�RI�&�IRUPHG�  � 3 50
100
× �  � ����PRO

� � � �0ROHV�RI�'�IRUPHG�  �
1 5 100
100
. ×

�  � ����PRO

� � � 0ROHFXODU�PDVV�RI�'��&�+�%U�1+��� ���º��������º�������º�������������º��� ����

� � � �$PRXQW�RI�'�IRUPHG� �����º����� �������J

1&(57�([HPSODU�3UREOHPV���0&4V�7\SH�,

� ��� �E��

&+� 1+�

�°�DPLQH

�&�+���1

�°DPLQH

�&+���&z1+�

�°DPLQH

��������
&+����������_

&�+�1+

�°DPLQH

� ��� �G�� &
�

+�  &
�

+�&
�

+��1


+����1�PHWK\OSURS���HQ���DPLQH

� � � � � ��������_

� � � � � ��������
&+��

� ��� �D�� 'XH�WR�GHORFDOLVDWLRQ�RI�D�ORQH�SDLU�RI�HOHFWURQV�SUHVHQW�RQ�WKH�1�DWRP�LQWR�WKH�EHQ]HQH�ULQJ��&�+�1+��LV�D�ZHDN�EDVH�

� ��� �F�� EHFDXVH�RI�WKH�VWDELOLW\�RI�&�+�&+�
�
�FDUERFDWLRQ

� ��� �G�� &�+���&2���1
y
.
�

� ��� ��F�� 5z&  2���+�15�
Reductive
amination

 → 5&+  15� 2H , Pt→ 5&+�1+5

� � � � ���� _�6FKLII�EDVH� �°�DPLQH
� � � � ���

+

� ���� �G�� &+�&+�&21+��
4LiAlH

ether
→ � &+�z&+�&+�1+�

� � � � � _� _
� � � � � &�+�� &�+�

� � � � ��3KHQ\O�SURSDQDPLGH� ��3KHQ\O�SURSDQDPLQH

� ���� �E��� &+�&+�&21+�� 2

NaOH
Br

→ �&+�z&+z1+�

� � � � � _� _

� � � � � &�+�� &�+�

� ���� �G�� (OHFWURQ� GRQDWLQJ� JURXS� �z&+��� LQFUHDVHV� WKH� EDVLFLW\� RI� DPLQHV� ZKLOH� HOHFWURQ�ZLWKGUDZLQJ� JURXS��
�z12���GHFUHDVHV�WKH�EDVLFLW\�

� ���� �F��� 12�

�
�LV�DQ�HOHFWURSKLOH�

� � � � +12����+�62��→�12�

�
���+62�

y
���+�2

� ���� �E��� 7KH�DPLQH�ZKLFK�LV�PRVW�EDVLF�LV�PRVW�UHDFWLYH��L�H���&+����1+�
� � � � �

2
� � � � � __
� ���� �D�� 51+�����5&2���2�→�5z&z1z5
� � � � � � � _

� � � � � � � +

� � � � � � �
$PLGHV

� ���� �G�� 1LWUREHQ]HQH�GRHV�QRW�XQGHUJR�D]R�FRXSOLQJ�UHDFWLRQ�

� ���� �E��� �&+���1�L�H��WHUWLDU\�DPLQH�GRHV�QRW�IRUP�DVVRFLDWHG�PROHFXOHV�

1&(57�([HPSODU�3UREOHPV���0&4V�7\SH�,,

� ���� �D����E����F����&�+�12��
4Zn, NH OH→ &�+�1+2+��ZKLOH�DOO�RWKHU�UHDJHQWV�JLYH�DQLOLQH�

� ���� �D����E����2UWKR�DQG�SDUD�SURGXFWV�DUH�IRUPHG�

� ���� �D����E����2QO\�SULPDU\�DOLSKDWLF�DPLQHV�DUH�SUHSDUHG�E\�*DEULHO�V\QWKHVLV�

q�q�q
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� ��� :ULWH�WKH�,83$&�QDPH�RI�� &+�

&+�

1 � �
� ���

� ��� $UUDQJH�WKH�IROORZLQJ�LQ�RUGHU�RI�WKHLU�EDVLF�VWUHQJWK�LQ�DTXHRXV�VROXWLRQ�

� � DQLOLQH��S�QLWURDQLOLQH��S�WROXLGLQH�� ���
� ��� +RZ�ZLOO�\RX�FRQYHUW�DQLOLQH�LQWR�FKORUREHQ]HQH"�*LYH�HTXDWLRQ�� ��
� ��� :K\�GR�DPLQHV�DFW�DV�QXFOHRSKLOHV"� ���

� �� QLOLQH�GLVVROYHV�LQ�DTXHRXV�+&O��:K\"� ��
� �� ([SODLQ�
� � ��L�� :K\�GRHV�WKH�UHDFWLYLW\�RI�z1+��JURXS�JHW�UHGXFHG�LQ�DFHWDQLOLGH"

� � ��LL��:K\�GRHV�PHWK\ODPLQH�KDV�ORZHU�ERLOLQJ�SRLQW�WKDQ�PHWKDQRO"� ���
� ��� &RQYHUW�WKH�IROORZLQJ��
� � � �L�� ��0HWK\ODQLOLQH�WR���QLWURWROXHQH
� � � �LL�� $QLOLQH�LQWR���������WULEURPREHQ]HQH�� ���
� ��� :KDW�LV�*DEULHO�SKWKDOLPLGH�V\QWKHVLV"�:K\�DURPDWLF�SULPDU\�DPLQHV�FDQQRW�EH�SUHSDUHG�E\�WKLV�PHWKRG"� ���
� ��� +RZ�GR�DURPDWLF�DQG�DOLSKDWLF�SULPDU\�DPLQHV�UHDFW�ZLWK�QLWURXV�DFLG"� ���
����� :K\�DUH�DURPDWLF�DPLQHV�ZHDNHU�EDVHV�WKDQ�DOLSKDWLF�DPLQHV"� ���
����� +RZ�ZLOO�\RX�FRQYHUW��
� � � �L�� %HQ]\O�FKORULGH�WR���SKHQ\OHWKDQDPLQH�������������� �LL����$QLOLQH�WR�S�EURPRDQLOLQH�
� � ��LLL�� %HQ]RLF�DFLG�WR�DQLOLQH"� � ���
����� ([SODLQ�WKH�IROORZLQJ�UHDFWLRQV�E\�JLYLQJ�RQH�H[DPSOH���
� � � �L�� &DUE\ODPLQH�UHDFWLRQ���������������������������������������������������� �LL�� 6DQGPH\HU
V�UHDFWLRQ
� � ��LLL�� %DO]�6FKLHPDQQ�UHDFWLRQ� ���
����� ([SODLQ�WKH�IROORZLQJ��
� � �D�� (WK\ODPLQH�LV�VROXEOH�LQ�ZDWHU��ZKHUHDV�DQLOLQH�LV�QRW�
� � �E�� $OWKRXJK�DPLQR�JURXS�LV�R��DQG�S�GLUHFWLQJ�LQ�DURPDWLF�HOHFWURSKLOLF�VXEVWLWXWLRQ�UHDFWLRQV��DQLOLQH�RQ�QLWUDWLRQ�

JLYHV�D�VXEVWDQWLDO�DPRXQW�RI�P�QLWURDQLOLQH�
� � �F�� $QLOLQH�GRHV�QRW�XQGHUJR�)ULHGHO�&UDIWV�UHDFWLRQ�� ���
����� RQYHUW�WKH�IROORZLQJ��
� � � �L�� ��1LWURWROXHQH�WR���EURPREHQ]RLF�DFLG�
� � � �LL�� S�WROXLGLQH�LQWR���EURPR���PHWK\ODQLOLQH
� � ��LLL�� DFHWDOGHK\GH�WR�HWK\ODPLQH�� ��
����� 6WDUWLQJ�ZLWK�DQLOLQH�DQG�XVLQJ�VXLWDEOH�UHDJHQWV��RXWOLQH�WKH�V\QWKHVLV�RI�� ���
� � ��L�� P�EURPRFKORUREHQ]HQH� � LL�� S�QLWUREHQ]HQH

� � ��LLL����������WULEURPREHQ]HQH

� ���� ��D�� +RZ�GRHV�EHQ]HQH�GLD]RQLXP�FKORULGH�UHDFW�ZLWK

� � � � �L��SKHQRO� �LL�� DQLOLQH�

� � �E��� 'HVFULEH�WKH�PHWKRG�IRU�WKH�LGHQWLILFDWLRQ�RI�SULPDU\��VHFRQGDU\�DQG�WHUWLDU\�DPLQHV��$OVR�ZULWH�FKHPLFDO�HTXDWLRQV�IRU�
WKH�UHDFWLRQV�LQYROYHG�� ����������

►� �7R�FKHFN�\RXU�SHUIRUPDQFH��VHH�+,176�$1'�62/87,216�72�620(�48(67,216�DW�WKH�HQG�RI� �
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