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1[R^W^[b� PaT� cWT� R^\_^d]Sb� cWPc� WPeT� ^]T� ^a�\^aT� WhSa^gh[� �¯>7�� Va^d_b�
Q^]STS�c^�P[X_WPcXR�RPaQ^]�Pc^\b�fWX[T�_WT]^[b�PaT�cWT�R^\_^d]Sb�fWXRW�

WPeT�^]T�^a�\^aT�¯>7�Va^d_b�Q^]STS�c^�cWT�Pah[�RPaQ^]�Pc^\b��Pa^\PcXR�
aX]Vb���CWTbT�PaT�^QcPX]TS�Qh�aT_[PRX]V�^]T�^a�\^aT�WhSa^VT]�Pc^\b�^U�
P[X_WPcXR�^a�Pa^\PcXR�WhSa^RPaQ^]b�Qh�WhSa^gh[��¯>7��Va^d_�

DXU� S_]`_e^Tc� _RdQY^UT� Ri� bU`\QSY^W� _^U� XiTb_WU^� Qd_]� Vb_]�
Q\Y`XQdYS�XiTb_SQbR_^c�Ri�XiTb_hi\�Wb_e`�PaT�Q\S_X_\c�gXUbUQc�dX_cU�
_RdQY^UT�Ri�bU`\QSY^W�XiTb_WU^�Qd_]�_V�Qb_]QdYS�XiTb_SQbR_^c�
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0[R^W^[b� WPeT� \P]h� X\_^acP]c� P__[XRPcX^]b� X]� SPh�c^�SPh� [XUT�� 5^a�
TgP\_[T�� TcWP]^[� �2!7$>7��� bX\_[h� RP[[TS� P[R^W^[� Xb� fXST[h� dbTS�

Pb� P]� X\_^acP]c� R^\_^]T]c� ^U� P[[� P[R^W^[XR� QTeTaPVTb�� Pb� P� b^[eT]c� U^a�
\P]h� \TSXRX]Tb�� [PR`dTab� P]S� ePa]XbWTb�� 8c� Xb� P[b^� dbTS� X]� cWT� U^a\� ^U� aTRcXUXTS� b_XaXc� U^a� _^[XbWX]V� f^^ST]�
Uda]XcdaT� P]S� Pb� P]� P]cXbT_cXR�� ?WT]^[b� PaT� P[b^� dbTS� U^a� cWT� \P]dUPRcdaT� ^U� ShTb�� aTbX]b� �QPZT[XcT��� TcR�� 8]� UPRc��
P[R^W^[b� PaT� eTah� _^_d[Pa[h� dbTS� U^a� cWT� bh]cWTbXb� ^U� ^cWTa� R[PbbTb� ^U� ^aVP]XR� R^\_^d]Sb� bdRW� Pb� P[ZP]Tb�� WP[^P[ZP]Tb�� TcWTab��
P[STWhSTb��ZTc^]Tb��PRXSb��TcR��

CWT�bdQbcXcdcX^]�^U�P�WhSa^VT]�Pc^\�X]�P�WhSa^RPaQ^]�Qh�P]�P[Z^gh��A>��^a�Pah[^gh�Va^d_��0a>��VXeTb�P]^cWTa�R[Pbb�^U�R^\_^d]Sb�
Z]^f]�Pb� UdXUbc�� CWTbT� PaT� P[b^� P]� X\_^acP]c� R[Pbb� ^U� R^\_^d]Sb�� 5^a� TgP\_[T�� SXTcWh[� TcWTa� WPb� QTT]� TgcT]bXeT[h� dbTS� Pb� P]�
X]SdbcaXP[�b^[eT]c�

3+(12/6�



/1&'40	5�CDE�
�1(�%*'/+564;Ō:++����

2#46�#

#.%1*1.5�#0&�2*'01.5
&/$66,),&$7,21�2)�$/&2+2/6�$1'�3+(12/6

$OFRKROV�DUH�WKH�FRPSRXQGV�FRQWDLQLQJ�K\GUR[\O�JURXS��y2+��DWWDFKHG�WR�WKH�DON\O�JURXS��7KHUHIRUH��WKHVH�DUH�
UHJDUGHG�DV�K\GUR[\�GHULYDWLYHV�RI�K\GURFDUERQV�DQG�DUH�DOVR�FDOOHG�DOLSKDWLF�DOFRKROV��)RU�H[DPSOH�

� &+�2+� &+�&+�2+� &+�&+�&+�2+
� 0HWK\O�DOFRKRO�� (WK\O�DOFRKRO� 3URS\O�DOFRKRO

7KH�DOFRKROV�DUH�UHSUHVHQWHG�E\�WKH�JHQHUDO�IRUPXOD�52+�
7KH�DOFRKROV�DUH�IXUWKHU�FODVVLILHG�DV�PRQRK\GULF��GLK\GULF��WULK\GULF�RU�SRO\K\GULF�DOFRKROV�GHSHQGLQJ�XSRQ�RQH��

WZR��WKUHH�RU�PRUH�K\GUR[\O�JURXSV�SUHVHQW�LQ�WKHLU�PROHFXOHV��)RU�H[DPSOH�

� &+�&+�2+�
CH

CH

2

2

OH

OH
| �

CH

CHOH

2OH

CH OH

|

|
2

�

CH

(CHOH)

2

4

OH

CH OH

|

|
2

�
(WK\O�DOFRKRO�0RQRK\GULF�

�
*O\FRO��'LK\GULF�

�

*O\FHURO� �7ULK\GULF�� $OGLWRO��3RO\K\GULF�

,W�PD\�EH�QRWHG�WKDW�PRUH�WKDQ�RQH�2+�JURXSV�FDQQRW�EH�SUHVHQW�RQ�WKH�VDPH�FDUERQ�DWRP��,Q�VXFK�D�FDVH��WKH���
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Carboxylic acid

3KHQROV�DUH�K\GUR[\O�GHULYDWLYHV�RI�DURPDWLF�K\GURFDUERQV�LQ�ZKLFK�WKH�K\GUR[\O�JURXS��y2+��LV�GLUHFWO\�DWWDFKHG�
WR�WKH�FDUERQ�DWRP�RI�WKH�DURPDWLF�ULQJ�
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'LK\GUR[\�GHULYDWLYHV�RI�EHQ]HQH�DUH�NQRZQ�DV������������DQG�����EHQ]HQHGLRO�
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$URPDWLF�DOFRKROV
,W�PD\�EH�QRWHG�WKDW�LI�WKH�K\GUR[\�JURXS��z2+��LV�QRW�GLUHFWO\�OLQNHG�ZLWK�EHQ]HQH�ULQJ�DQG�LV�SUHVHQW�LQ�WKH�

DON\O�VLGH�FKDLQ��WKHQ�WKH�FRPSRXQG� LV�QRW�D�SKHQRO��,W�LV�FDOOHG�DURPDWLF�DOFRKRO�EHFDXVH� LW�UHVHPEOHV�DOLSKDWLF�
DOFRKROV�LQ�LWV�FKDUDFWHULVWLFV��7KXV��WKH�DURPDWLF�DOFRKROV�DUH�WKRVH�LQ�ZKLFK�WKH�K\GUR[\O�JURXS�LV�SUHVHQW�LQ�WKH�
VLGH�FKDLQ�RI�DQ�DURPDWLF�K\GURFDUERQ�

)RU�H[DPSOH�

� � ��� � �� �

&ODVVLILFDWLRQ�RI�DOFRKROV�
0RQRK\GULF�DOFRKROV�PD\�EH� FODVVLILHG�RQ� WKH�EDVLV�RI�K\EULGLVDWLRQ�RI� WKH�FDUERQ�DWRP� WR�ZKLFK�WKH�K\GUR[\O�

JURXS��y2+��LV�DWWDFKHG�

����&RPSRXQGV�FRQWDLQLQJ�Csp3
z2+�ERQG

,Q�WKLV�W\SH�RI�DOFRKROV��WKH�K\GUR[\O�JURXS��y2+��LV�DWWDFKHG�WR�DQ�VS��K\EULGLVHG�FDUERQ�DWRP�RI�DQ�DON\O�JURXS��
7KH\�DUH�IXUWKHU�FODVVLILHG�DV�IROORZV��

�D��3ULPDU\��VHFRQGDU\�DQG�WHUWLDU\�DOFRKROV��7KH�DOFRKROV�DUH�FODVVLILHG�DV�SULPDU\��VHFRQGDU\�DQG�WHUWLDU\�
DOFRKROV�GHSHQGLQJ�XSRQ�WKH�K\GUR[\O�JURXS�DWWDFKHG�WR�D�SULPDU\��VHFRQGDU\�RU�D�WHUWLDU\�FDUERQ�DWRP�

� �L��3ULPDU\�DOFRKROV������ZKLFK�KDYH�RQH�RU�QRQH�DON\O�JURXS�RQ�WKH�FDUERQ�ERQGHG�WR�y2+�JURXS��
� �LL�� 6HFRQGDU\�DOFRKROV������ZKLFK�KDYH�WZR�DON\O�JURXSV�RQ�WKH�FDUERQ�ERQGHG�WR�y2+�JURXS��
��LLL��7HUWLDU\�DOFRKROV������ZKLFK�KDYH�WKUHH�DON\O�JURXSV�RQ�WKH�FDUERQ�ERQGHG�WR�y2+�JURXS��
)RU�H[DPSOH�
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� �(WK\O�DOFRKRO������� �,VR�SURS\O�DOFRKRO������� 7HUW�EXW\O�DOFRKRO�������

7KXV�� LW�LV�FOHDU�IURP�WKH�DERYH�VWUXFWXUHV�WKDW� WKH�FKDUDFWHULVWLF�IXQFWLRQDO�JURXSV�RI�SULPDU\��VHFRQGDU\�DQG�
WHUWLDU\�DOFRKROV�DUH�

� z�&+�2+�� ���&+z2+� � &z2+

� 3ULPDU\��������� ��� 6HFRQGDU\������ ������������� 7HUWLDU\�����

�E��$OO\OLF� DOFRKROV�� ,Q� WKHVH� DOFRKROV�� WKH� K\GUR[\O� JURXS� LV� DWWDFKHG� WR� D� VS�� K\EULGLVHG� FDUERQ� QH[W� WR� D��
FDUERQ�FDUERQ�GRXEOH�ERQG��NQRZQ�DV�DOO\OLF�FDUERQ���7KHVH�DOFRKROV�FDQ�DOVR�EH�FODVVLILHG�DV�SULPDU\��VHFRQGDU\�RU�
WHUWLDU\�DOO\OLF�DOFRKROV��)RU�H[DPSOH�
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� ��� OO\O�DOFRKRO�� ����$OO\O�DOFRKRO�� ��� OO\O�DOFRKRO�

�F��%HQ]\OLF�DOFRKROV��,Q�WKHVH�DOFRKROV��WKH�K\GUR[\O�JURXS��y2+��LV�DWWDFKHG�WR�D�VS��K\EULGLVHG�FDUERQ�DWRP�
QH[W�WR�DQ�DURPDWLF�ULQJ��7KHVH�DOFRKROV�PD\�DOVR�EH�FODVVLILHG�DV��������DQG����EHQ]\OLF�DOFRKROV�

� � � �

� %HQ]\O�DOFRKRO������ ��3KHQ\OHWKDQRO������ ���3KHQ\OSURSDQ���RO�����

7KHVH�DUH�DOVR�FDOOHG�DURPDWLF�DOFRKROV��
���&RPSRXQGV�FRQWDLQLQJ�&VS��z2+�ERQG

,Q�WKLV�W\SH�RI�DOFRKROV��WKH�K\GUR[\O�JURXS��z2+��LV�DWWDFKHG�WR�D�FDUERQ�FDUERQ�GRXEOH�ERQG��
7KHVH�DUH�RI�WZR�W\SHV��
�D��9LQ\OLF�DOFRKROV��7KHVH� FRQWDLQ�z2+�JURXS�DWWDFKHG� WR� D� FDUERQ�DWRP�RI� D� FDUERQ�FDUERQ�GRXEOH� ERQG��

7KHVH�DOFRKROV�DUH�FDOOHG�YLQ\O�DOFRKROV��)RU�H[DPSOH�
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������9LQ\O�DOFRKRO
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LQ�ZKLFK�WKH�DON\O�JURXS�DWWDFKHG�WR�WKH�z2+�JURXS�LV�QDPHG�DQG�WKH�ZRUG�DOFRKRO�LV�DGGHG�WR�LW��)RU�H[DPSOH�
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�� � � � � �LL��&DUELQRO� V\VWHP�� ,Q� WKLV� V\VWHP�� WKH� VLPSOHVW�PRQRK\GULF� DOFRKRO��&+�2+� LV� FDOOHG� FDUELQRO�ZKLOH�
RWKHU�DOFRKROV�DUH�QDPHG�DV�DON\O�GHULYDWLYHV�RI��FDUELQRO��)RU�H[DPSOH�
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������LLL��,83$&�V\VWHP��$FFRUGLQJ�WR�,83$&�QRPHQFODWXUH��DOFRKROV�DUH�QDPHG�E\�UHSODFLQJ�tHu�LQ�WKH�QDPH�
RI�SDUHQW�DONDQH�E\� tROu�

�� � � � �� ����$ONDQH�y�H���RO� �$ONDQRO
�,Q�WKLV�V\VWHP��WKH�IROORZLQJ�UXOHV�DUH�IROORZHG��
� �L��7KH�ORQJHVW�FRQWLQXRXV�FKDLQ�FRQWDLQLQJ�WKH�FDUERQ�ERQGHG�WR�2+�JURXS�LV�VHOHFWHG�DV�WKH�SDUHQW�FKDLQ��
� �LL��7KH�FDUERQ�DWRPV�LQ�WKH�FKDLQ�DUH�QXPEHUHG� LQ�VXFK�D�ZD\�WKDW� WKH�FDUERQ�DWRP�FDUU\LQJ� WKH�K\GUR[\O�

JURXS��z2+��JHWV�WKH�ORZHVW�QXPEHU��
� �LLL�� �7KH�SRVLWLRQ�RI�WKH�VXEVWLWXHQWV�LV�LQGLFDWHG�E\�VXLWDEOH�QXPEHUV�
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7KH�FRPPRQ�DQG�,83$&�QDPHV�RI�D�IHZ�PRQRK\GULF�DOFRKROV�DUH�JLYHQ�EHORZ��

)RUPXOD PPRQ�QDPH� ,83$&�Q PH

&+�2+� 0HWK\O�DOFRKRO� 0HWKDQRO
&+�&+�2+� (WK\O�DOFRKRO� (WKDQRO
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� 7KH�,83$&�QDPHV�RI�D�IHZ�RWKHU�VXEVWLWXWHG�DOFRKROV�DUH�JLYHQ�EHORZ��
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-Trimethylpentan-1, , --ol
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&\FOLF�DOFRKROV�DUH�QDPHG�E\�XVLQJ�WKH�SUHIL[�F\FOR�DQG�FRQVLGHULQJ�WKHz2+�JURXS�DWWDFKHG�WR�&z���)RU�H[DPSOH�

� �

OH

Cyclohexanol� �
trans-3-(2-hydroxyethyl)

Cyclopentanol
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�E�� 3RO\K\GULF� DOFRKROV�� 7KHVH� FRQWDLQ� WZR� RU� PRUH� z2+� JURXSV� LQ� WKHLU� PROHFXOHV�� 7KH� GLK\GULF� DOFRKROV�
�FRQWDLQLQJ� WZR�z2+�JURXSV�� DUH� FDOOHG�JO\FROV��7KHVH� DUH�GHILQHG�DV��α��β,� γ� �� �� ��ω� JO\FROV�GHSHQGLQJ�XSRQ�WKH�
UHODWLYH�SRVLWLRQV�RI� WKH�WZR�K\GUR[\O�JURXSV��)RU�H[DPSOH��α�JO\FRO� LV������JO\FRO��β�JO\FRO� LV������DQG�ω�JO\FRO�KDV�
WZR�2+�JURXSV�DWWDFKHG�WR�WKH�WHUPLQDO�FDUERQ�DWRPV��,Q�FRPPRQ�V\VWHP��α�JO\FROV�DUH�QDPHG�E\�DGGLQJ�WKH�ZRUG�
JO\FRO�WR�WKH�QDPH�RI�WKH�DONHQH�IURP�ZKLFK�WKH\�FDQ�EH�REWDLQHG�E\�GLUHFW�K\GUR[\ODWLRQ��)RU�H[DPSOH�

� �

2Q�WKH�RWKHU�KDQG��β��γ��������ω�DOFRKROV�DUH�QDPHG�DV�WKH�FRUUHVSRQGLQJ�SRO\PHWK\OHQH�JO\FROV��)RU�H[DPSOH�
� +2z&+�&+�&+�z2+� +2�z�&+�&+�&+�&+�&+�z2+

��� �7ULPHWK\OHQH�JO\FRO� � ��3HQWDPHWK\OHQH�JO\FRO
������ ���� � β�JO\FRO�� �ω�JO\FRO�
7KH�WULK\GULF�DOFRKROV�GR�QRW�KDYH�DQ\�JHQHUDO�UXOHV�IRU�QDPLQJ��7KH�FRPPRQ�H[DPSOH�LV

������ �������� � � � � � � � � � � � � �� � � � O\FHURO�RU�JO\FHULQH

�,Q�,83$&�V\VWHP��SRO\K\GULF�DOFRKROV�DUH�HDVLO\�QDPHG�DV�GLROV��WULROV�������HWF��LQGLFDWLQJ�WKH�SRVLWLRQ�RI�K\GUR[\O�
JURXSV��)RU�H[DPSOH�

� ��� � ����

1RPHQFODWXUH�RI�3KHQROV

$FFRUGLQJ�WR�FRPPRQ�V\VWHP�RI�QRPHQFODWXUH��WKH�SDUHQW�PHPEHU�RI�WKH�IDPLO\�LV�SKHQRO��7KH�RWKHU�PHPEHUV�
DUH�QDPHG� DV�GHULYDWLYHV� RI� SKHQRO��7KH�SRVLWLRQ� RI� WKH� VXEVWLWXHQWV� LV� LQGLFDWHG� E\� WKH�SUHIL[HV� RUWKR� �R��� IRU� ���
���PHWD��P��� IRU� �����DQG�SDUD� �S��� IRU�������+RZHYHU��VRPH�VXEVWLWXWHG�SKHQROV�DUH�VWLOO�SRSXODUO\�NQRZQ�E\�WKHLU�
WULYLDO�QDPHV��)RU�H[DPSOH�

� � � � � �

$FFRUGLQJ�WR�,83$&�V\VWHP�DOVR��DOO�WKH�VXEVWLWXWHG�SKHQROV�DUH�QDPHG�DV�GHULYDWLYHV�RI�SKHQROV��7KH�SRVLWLRQ�
RI�WKH�VXEVWLWXHQWV�Z�U�W��z2+�JURXS�LV�LQGLFDWHG�E\�$UDELF�QXPHUDOV��ZLWK�WKH�FDUERQ�FDUU\LQJ�z2+�JURXS�EHLQJ�
QXPEHUHG�����)RU�H[DPSOH�

� � � � �

� ��� ����������� ���� � ���

� �

�

�

��

�
� �

�

�

��

�

�

�

�

��

�

�
�

�

�

�

������ ��7ULQLWURSKHQRO� LV�
SRSXODUO\�NQRZQ�DV�SLFULF�
DFLG�

�4'/'/$'4
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,Q�,83$&�V\VWHP��GL��WUL� RU� SRO\K\GULF�SKHQROV�DUH�QDPHG�DV�K\GUR[\�GHULYDWLYHV�RI�EHQ]HQH��+RZHYHU��WKH\�
DUH�SRSXODUO\�NQRZQ�E\�WKHLU�FRPPRQ�QDPHV��)RU�H[DPSOH�

� � �

� � �

� �

�

� �

�

�

�

,W�PD\�EH�QRWHG�WKDW�FHUWDLQ�JURXSV�VXFK�DV�FDUERQ\O��DOGHK\GLF��NHWRQLF�RU�DFLGLF��RU�DF\O�JURXS��HVWHUV��WDNH�
SUHIHUHQFH�RYHU� WKH�SKHQROLF�z2+�JURXS�LQ�GHWHUPLQLQJ�WKH�SDUHQW�QDPH��,Q�WKHVH�FDVHV��WKH�SKHQROLF�JURXS� LV�
QDPHG�DV�K\GUR[\�DQG�LV�WUHDWHG�DV�D�VXEVWLWXHQW�

� � � � �

� ��+\GUR[\EHQ]DOGHK\GH� �����'LK\GUR[\EHQ]RLF�DFLG� ��+\GUR[\DFHWRSKHQRQH� 0HWK\O���FKORUR�
� �R�+\GUR[\�EHQ]DOGHK\GH�� � �S�+\GUR[\DFHWRSKHQRQH�� ��K\GUR[\EHQ]RDWH
� RU�VDOLF\ODOGHK\GH�

�

,620(5,60�,1�$/&2+2/6

$OFRKROV�H[KLELW�IRXU�W\SHV�RI�VWUXFWXUDO�LVRPHUV��

� �L���&KDLQ�LVRPHUV��$OFRKROV�FRQWDLQLQJ�IRXU�RU�PRUH�FDUERQ�DWRPV�H[KLELW�FKDLQ�LVRPHULVP�LQ�ZKLFK�WKH�LVRPHUV�
GLIIHU�LQ�WKH�FKDLQ�RI�FDUERQ�DWRPV�DWWDFKHG�WR�WKH�K\GUR[\O�JURXS��)RU�H[DPSOH�

�

CH CH CH CH OH3 2 2 2

Butan-1-ol �

CH

CH

OH3

3

'
�
CHCH2

2-Methylpropan-1-ol �
� �LL���3RVLWLRQ�LVRPHULVP��7KH�DOFRKROV�FRQWDLQLQJ�WKUHH�RU�PRUH�FDUERQ�DWRPV�H[KLELW�SRVLWLRQ�LVRPHULVP�LQ�

ZKLFK�WKH�LVRPHUV�GLIIHU�LQ�WKH�SRVLWLRQ�RI�K\GUR[\O�JURXS��)RU�H[DPSOH�

�
CH CH CH OH3 2 2

Propan-1-ol �

CH CHCH3 3
|
OH

Propan-2-ol
� �LLL���)XQFWLRQDO� LVRPHULVP��0RQRK\GULF� DOFRKROV� FRQWDLQLQJ� WZR� RU� PRUH� FDUERQ� DWRPV� H[KLELW� IXQFWLRQDO�

LVRPHULVP�LQ�ZKLFK�WKH�LVRPHUV�GLIIHU�LQ�WKH�IXQFWLRQDO�JURXS��)RU�H[DPSOH�

� &+�&+�2+� &+�2&+�
� (WKDQRO� 0HWKR[\�PHWKDQH

� �LY���2SWLFDO� LVRPHULVP��0RQRK\GULF� DOFRKROV� FRQWDLQLQJ� FKLUDO� FDUERQ�DWRPV�
H[KLELW�RSWLFDO�LVRPHULVP�

)RU�H[DPSOH�

� � �������� ��� �

$OFRKROV� DQG� HWKHUV� DUH�
IXQFWLRQDO�LVRPHUV�

4'/'/$'4
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2WKHU�PRQRK\GULF�DOFRKROV�VKRZLQJ�RSWLFDO�LVRPHULVP�DUH��

�

*CH CH CH CH CH

OH

3 2 2 3' '
�

Pentan-2-ol
�

*CH CH

OH

CH CH3 3' ' '
� �

CH3
3-Methylbutan-2-ol

q���([DPSOH���

'UDZ�WKH�VWUXFWXUHV�RI�DOO�LVRPHULF�DOFRKROV�RI�PROHFXODU�IRUPXOD�&�+��2�DQG�JLYH�WKHLU�,83$&�QDPHV��&ODVVLI\�

WKHP�DV�SULPDU\��VHFRQGDU\�DQG�WHUWLDU\�DOFRKROV��

6ROXWLRQ��7KH�LVRPHULF�DOFRKROV�RI�PROHFXODU�IRUPXOD�&�+��2�DUH��

� �L�� &+�&+�&+�&+�&+�2+� ��� 3HQWDQ���RO� 3ULPDU\

� �LL�� CH CH CHCH OH3 2 2
|
CH3

� ��� ��0HWK\OEXWDQ�O�RO� 3ULPDU\

� �LLL�� CH CHCH CH OH3 2 2
|
CH3

� �� ��0HWK\OEXWDQ�O�RO� 3ULPDU\

� �LY�� CH

CH

C CH OH

CH

3

3

2

3

' '
�

�
� �� �����'LPHWK\OSURSDQ���RO� 3ULPDU\

� �Y�� CH CH CH CHCH3 2 2 3
|
OH

� �� 3HQWDQ���RO� 6HFRQGDU\

� �YL�� CH CH CHCH CH3 2 2 3
|
OH

� �� 3HQWDQ���RO� 6HFRQGDU\

� �YLL�� CH CH CHCH3 3
� �
CH OH3

' � �� ��0HWK\OEXWDQ���RO� 6HFRQGDU\

� �YLLL�� CH

CH

C OH

CH

3

3

3

CH2' '
�

�
� �� ��0HWK\OEXWDQ���RO� 7HUWLDU\

q���([DPSOH���

1DPH�WKH�IROORZLQJ�FRPSRXQGV�DFFRUGLQJ�WR�,83$&�V\VWHP��

� �D�� CH CH

Cl

CH

CH

CH

CH

3

3 3

' ' ' '
� � �

CH OH2
� �E��

� �F�� CH CH CH

CH

CH OH

CH3 2

2

2

' ' ' ' '
�

�

�
Cl

CH

CH

CH

3

3
� �G�� CH CH

CH OH

CH CH3 2

2

3' ' ' ' 'CH

CH

CH

OH3

�

�

�

�0L]RUDP�6�%�������

&KHFN�LI�WKH�FRPSRXQG�KDV�
FKLUDO�FDUERQ�DWRP�

*'.2



#.%1*1.5��2*'01.5�#0&�'6*'45 ����

� �H�� � �I�� H C CH CH CH CH2 2 2 3


�

' ' ' 'CH

OH

�

� �J�� CH C

Br

CH OH3 2' 

 'C

CH3

� �
� � �$�,�6�%�������� �K�� &+ &+y&+�y2+� �$�,�6�%�������

� �L�� � � � � �$�,�6�%�������

6ROXWLRQ��

� �D��
5 4 3 2 1
CH CH

Cl

CH

CH

CH

CH

3

3 3

' ' ' '
� �

CH OH2
� �� ��&KORUR������GLPHWK\OSHQWDQ���RO

� �E�� � �� ��� 'LPHWK\OSKHQRO

� �F��
5 4 3 2

1

CH CH CH

CH

CH OH

CH3 2

2

2

' ' ' ' '
�

�

�
Cl

CH

CH

CH

3

3
� �� ��&KORURPHWK\O���LVRSURS\OSHQWDQ���RO

� �G�� � �� ��� 'LPHWK\OKH[DQ������GLRO

� �H�� � �� ��%URPRF\FORKH[DQRO

� �I��
1 2 3 4 5 6

2 2 2 3
H C CH CH CH CH



�
' ' ' 'CH

OH

� �� +H[���HQ���RO

� �J��
4 3 2 1

3 2CH C

Br

CH OH' 

 'C

CH3

� �
� �� ��%URPR���PHWK\OEXW���HQ���RO

� �K��
&+ &+y&+�y2+
� � �

� �� ��3KHQ\OSURS���HQ���RO

� �L�� � �� �����'LPHWK\OSHQWDQ���RO

���:ULWH�WKH�,83$&�QDPH�RI�WKH�IROORZLQJ�FRPSRXQGV��

� �L��

12�

12� 2+ � �LL����+2 2+&+�

&+�

&+�&+ �� �$�,�6�%�������

�'�6�%������

7KH�IXQFWLRQDO�JURXS�z2+�
JHWV�ORZHVW�QXPEHU�

+(/3
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� �LLL�� �+U��6�%��������

�LY�

�

����•�Ans.��L�������'LQLWURSKHQRO� �� � �LL�����0HWK\OSURSDQ������GLRO
� �LLL�� ��3KHQ\OSURSDQ���RO� �LY�� ��&KORUREXW���HQ���RO

���*LYH�,83$&�QDPHV�RI�WKH�IROORZLQJ�FRPSRXQGV��

� �D���CH CH CH

OH

CH

OH

CH CH CH

C H

3 2 2 3

2 5

' ' ' ' '
� � �

� �E�� CH CH

OH

CH CH

OH

3 3' ' '
� �

� �F�� CH CHCH

OH

CHCH CH CH CH

CH

3 2 2 2 2 3

3

| |

��G��� CH CH

CH

CH

OH

CH

C CH

CH

3

3

3

3

3

' ' ' '
� �

�

�
� �H�� CH CH

OH

CHCH OH

OH

3 2| |
� �I��&�+�&+�2+� �J�� CH CH

CH Cl

CHCH OH3 2

2

2

|
�

� �K�� CH CH CH

OH

CCH CH

C H

3 2 2 2 3

6 5

|

|
� �L�� CH

OH

CHCH

OH

CHCH CH

CH

3 2 3

3

� �

�
' � �M���

� •�Ans.��D���� (WK\OKHSWDQH������GLRO� �E�� %XWDQ�������GLRO� �F�� ��0HWK\ORFWDQ���RO
� ��G�� ������� 7ULPHWK\OSHQWDQ���RO� �H�� �%XWDQ���������WULRO� �I����3KHQ\OPHWKDQRO
� ��J�� �� &KORURPHWK\O��EXWDQ���RO� �K�����3KHQ\OKH[DQ���RO� �L���� 0HWK\OKH[DQH������GLRO
� � �M�� ��&KORUR������GLK\GUR[\EHQ]DOGHK\GH�
� ���� �:ULWH�WKH�IRUPXOD�RI�WKH�IROORZLQJ�DOFRKROV�DQG�FODVVLI\�WKHP�DV��������RU�����
� ��D����QHR�SHQW\O�DOFRKRO� �E���VHF�EXW\O�DOFRKRO�� �F����EHQ]\O�DOFRKRO�
� ��G��� �LVREXW\O�DOFRKRO� � �H�� �WHUW�EXW\O�DOFRKRO� �I��� �LVRDP\O�DOFRKRO�

� •�Ans.

� ��D�� CH C CH OH3 2

1( )

CH3

CH3

� �E�� CH CH CH CH

OH

3 2 3

2

' '
�

!( )

� �F�� C H CH OH6 5 2
1( )°

� ��G�� CH CHCH OH

CH

3 2

3
1

�

!( )

� �H�� CH

CH

C CH

OH

3

3

3

3

' '
�

�

!( )

� �I�� CH CHCH CH OH

CH

3 2 2

3
1

|

°( )

� ��� ���:ULWH�DOO�WKH�LVRPHULF�DOFRKROV�ZLWK�PROHFXODU�IRUPXOD�&�+��2�DQG�JLYH�WKHLU�,83$&�QDPHV�

� ��•�Ans.� �L�� CH CH CH CH OH
B l

3 2 2 2
utan-1-o

� �LL�� CH CH CHCH

OH

3 2 3
|

Butan-2-ol

� �LLL�� CH CHCH OH

CH

3 2

3
2

|

-Methylpropan-1-ol

�����LY��� CH

OH

C CH

CH
Methyl

3 3

3
2

' '
�

�

- propan-2-ol

� ������:ULWH�VWUXFWXUHV�RI�WKH�FRPSRXQGV�ZKRVH�,83$&�QDPHV�DUH�JLYHQ�EHORZ���

� � D�� ��0HWK\OEXWDQ���RO� �E�����3KHQ\OSURSDQ���RO

� � �F�� ����'LPHWK\OKH[DQH�O�����WULRO� �G���&\FORKH[\O�PHWKDQRO

� •�Ans.��D��� CH

CH

C CH CH

OH

3

3

2 3' '
�

�
� �E�� CH CH CH2 3' '

�
�


� � �F�� HOCH CH

OH

C CH

CH

OH

C CH

CH

2 2 2

3

3

3

 ' ' ' '
�

�

�

�
� �G�� &+�2+�

� ���� ��*LYH�VWUXFWXUHV�RI�DOO�WKH�F\FOLF�LVRPHUV��DOFRKROV��ZLWK�PROHFXODU�IRUPXOD�&�+�2+��:ULWH�WKHLU�,83$&�QDPHV��� �
� •�Ans.���)LYH�LVRPHUV�DUH�SRVVLEOH�

� � ��� ��� ���Cis-2-Methylcyclopropanol
H

OH

H

CH3

����Trans-2-Methylcyclopropanol

H

CH3

OH

H

&+ &+�&

2+&O

&+�
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� ���� ��:ULWH�WKH�,83$&�QDPHV�DQG�GUDZ�VWUXFWXUHV�RI�WKH�IROORZLQJ�FRPSRXQGV�ZKRVH�FRPPRQ�QDPHV�DUH�JLYHQ�

� ���L�� 3\URJDOORO� ����LL��*O\FHURO� � �LLL���5HVRUFLQRO�

� •�Ans.����L�� 2+
2+

2+

%HQ]HQH���������WULRO

�� �LL�� &+�2+

&+2+

&+�2+

3URSDQH���������WULRO

� � � �LLL�� 2+

2+

%HQ]HQH������GLRO

6758&785(�2)�&203281'6�&217$,1,1*�z2+�*5283
,Q�DOFRKROV��WKH�R[\JHQ�RI�y2+�JURXS�LV�ERQGHG�WR�WKH�VS��K\EULGLVHG�FDUERQ�E\�D�VLJPD�ERQG��7KLV�ERQG�LV�IRUPHG�E\�

WKH�RYHUODS�RI�VS��K\EULG�RUELWDO�RI�FDUERQ�ZLWK�RQH�VS��K\EULG�RUELWDO�RI�R[\JHQ��7KH�UHPDLQLQJ�WKUHH�VS��K\EULG�RUELWDOV�
RI�FDUERQ�RYHUODS�ZLWK��V� RUELWDOV�RI�K\GURJHQ�� ,Q�WKH�FDVH�RI�R[\JHQ��RQH�VS��K\EULG�RUELWDO�RYHUODSV�ZLWK��V� RUELWDO�
RI�K\GURJHQ�DQG�WKH�UHPDLQLQJ�WZR�VS��K\EULG�RUELWDOV�FRQWDLQ�ORQH�SDLUV�RI�HOHFWURQV�DV�VKRZQ�EHORZ�IRU�PHWKDQRO�

+ ��SP��
�S
P

������
+

+

+

&

2

)LJ�����6WUXFWXUH�RI�PHWKDQRO�

+�ERQG�DQJOH� ��������

7KH�ERQG�DQJOH�&z2z+� LQ�PHWKDQRO� LV�VOLJKWO\� OHVV� WKDQ� WKH� WHWUDKHGUDO� DQJOH� ��������
���7KLV� LV�GXH� WR� ODUJHU�
UHSXOVLRQV�EHWZHHQ�WKH�ORQH�SDLUV�RI�R[\JHQ�

,Q�FRQWUDVW�WR�PHWKDQRO��WKH�z2+�JURXS�LQ�SKHQROV�LV�DWWDFKHG�WR�VS��K\EULGLVHG�FDUERQ�RI�DQ�DURPDWLF�ULQJ�
7KH�ERQG�DQJOH�&z2z+�LQ�SKHQRO�LV�������7KH�&z2�ERQG�OHQJWK������SP��LQ�SKHQRO�LV�VOLJKWO\�OHVV�WKDQ�WKDW�

LQ�PHWKDQRO��7KLV� LV�GXH�WR�SDUWLDO�GRXEOH�ERQG�FKDUDFWHU�RI�&z2�ERQG�EHFDXVH�RI�WKH�FRQMXJDWLRQ�RI� ORQH�SDLU�RI�
HOHFWURQV�RI�R[\JHQ�ZLWK�WKH�DURPDWLF�ULQJ�

%RQG�DQJOH�&z2z+� ������
%RQG�OHQJWK�&z2� �����SP

)LJ�����6WUXFWXUH�RI�SKHQRO�

,W�PD\�EH�QRWHG�WKDW�VLQFH�WKH�R[\JHQ�DWRP�LV�PRUH�HOHFWURQHJDWLYH�WKDQ�ERWK�FDUERQ�DQG�K\GURJHQ��WKH�HOHFWURQV�RI�
&z2�DQG�2z+�ERQGV�DUH�PRUH�GLVSODFHG�WRZDUGV�WKH�2�DWRP��$V�D�UHVXOW��WKH�HOHFWURQ�GHQVLW\�QHDU�WKH�2�DWRP�LV�VOLJKWO\�
PRUH�WKDQ�WKDW�QHDU�FDUERQ�DQG�K\GURJHQ�DWRPV��&RQVHTXHQWO\��DQ�DOFRKRO�PROHFXOH� LV�GLSRODU� LQ�QDWXUH�ZLWK�R[\JHQ�
FDUU\LQJ� D� SDUWLDO�QHJDWLYH� FKDUJH� �δy�� DQG� FDUERQ�DQG�K\GURJHQ� HDFK� FDUU\LQJ�D�SDUWLDO� SRVLWLYH� FKDUJH��δ����7KLV� LV�
VXSSRUWHG�E\�WKH�IDFW�WKDW�DOFRKROV�KDYH�KLJK�GLSROH�PRPHQWV��)RU�H[DPSOH��PHWKDQRO�KDV�D�GLSROH�PRPHQW�RI������'�

� �
           + +

O H
� � ��

H C3 ' ' � µ� ������'

3KHQRO�RQ� WKH�RWKHU�KDQG��KDV� VPDOOHU�GLSROH�PRPHQW� ������'��WKDQ�PHWKDQRO��7KLV� LV�GXH�WR� WKH�UHDVRQ� WKDW��
&z2�ERQG�LQ�SKHQRO�LV�OHVV�SRODU�GXH�WR�HOHFWURQ�ZLWKGUDZLQJ�HIIHFW�RI�WKH�EHQ]HQH�ULQJ��2Q�WKH�RWKHU�KDQG��&z2�
ERQG�LQ�PHWKDQRO�LV�PRUH�SRODU�GXH�WR�HOHFWURQ�GRQDWLQJ�HIIHFW�RI�WKH�&+��JURXS��

'XH�WR�GLSRODU�QDWXUH��DOFRKROV�DQG�SKHQROV�IRUP�LQWHUPROHFXODU�K\GURJHQ�ERQGV�

0(7+2'6�2)�35(3$5$7,21�2)�$/&2+2/6

7KH�LPSRUWDQW�PHWKRGV�RI�SUHSDUDWLRQ�RI�DOFRKROV�DUH���
���3UHSDUDWLRQ�IURP�KDORDONDQHV�
+DORDONDQHV��ZKHQ�ERLOHG�ZLWK�DTXHRXV�1D2+�RU�.2+�RU�PRLVW�VLOYHU�R[LGH��$J2+���JLYH�DOFRKROV�
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� 5;� �� .2+��DT�������� �' �' � �52+� ��� .;
� +DORDONDQH� � � � $OFRKRO

H�J��� &�+�%U� �� .2+��DT������� �' �' � &�+�2+�� ��� .%U
� %URPRHWKDQH� � � � �(WKDQRO

� CH

CH

CHBr3

3

'
�

� �� .2+��DT��
�' �' � CH

CH

CHOH3

3

'
�

� �� .%U
� ��%URPRSURSDQH� � � � �����3URSDQ���RO

� &�+�%U� �� $J2+� →� &�+�2+� �� $J%U
� %URPRHWKDQH�� � 0RLVW�VLOYHU�R[LGH� � (WKDQRO�

� &+�,� �� $J2+� →� &+�2+� �� $J,
� ,RGRPHWKDQH�� � 0RLVW�VLOYHU�R[LGH� � 0HWKDQRO�

3ULPDU\�KDORDONDQHV�JLYH�JRRG�\LHOG�RI�DOFRKROV��+RZHYHU��WHUWLDU\�KDORDONDQHV�LQ�WKLV�UHDFWLRQ�JLYH�PDLQO\�DONHQHV�
GXH�WR�GHK\GURKDORJHQDWLRQ��6HFRQGDU\�KDORDONDQHV�JLYH�D�PL[WXUH�RI�DOFRKRO�DQG�DONHQH�

� CH3' '

CH

C CH

Br

3

3

�

�
� �� .2+��DT��� →� CH

CH

C CH3

3

2
2
'
�




-Methylpropene
(Major product)

� �� .%U� ���� +�2

���%\�UHGXFWLRQ�RI�DOGHK\GHV�DQG�NHWRQHV�
$OFRKROV�DUH�HDVLO\�SUHSDUHG�E\�WKH�UHGXFWLRQ�RI�DOGHK\GHV�DQG�NHWRQHV�

7KH� UHGXFWLRQ� LV� FDUULHG� RXW� E\� FRPPRQ� UHGXFLQJ� DJHQWV� VXFK� DV� �L�� K\GURJHQ� LQ� WKH� SUHVHQFH� RI� D� FDWDO\VW�
�FDWDO\WLF�K\GURJHQDWLRQ��VXFK�DV�ILQHO\�GLYLGHG�SODWLQXP��SDOODGLXP��QLFNHO�DQG�UXWKHQLXP��LL��VRGLXP�LQ�WKH�SUHVHQFH�
RI�HWK\O�DOFRKRO��LLL��OLWKLXP�DOXPLQLXP�K\GULGH��OLWKLXP�WHWUDK\GULGRDOXPLQDWH��,,,���/L$O+���RU�VRGLXP�ERURK\GULGH�
�VRGLXP�WHWUDK\GULGRERUDWH��,,,���1D%+���

'XULQJ�UHGXFWLRQ��DOGHK\GHV�JLYHV�SULPDU\�DOFRKROV�ZKLOH�NHWRQHV�JLYH�VHFRQGDU\�DOFRKROV��)RU�H[DPSOH�

� RCHO
Aldehyde

� H Ni
H OH

LiAlH

2

4
5

(
,

 or Pt or Pd)
       Na/C  

or NaBH
2

4 

' �''''''''' � RCH OH2
Primary alcohol

H�J��� &+�&+2�����+��
      or Pt     

  
Ni

or LiAlH4
' �'''''' � &+�&+�2+

������ �������� � (WKDQDO� � ����(WKDQRO

� RCOR
Ketone

�� ����+��
      or Pt or 
        Na/C

LiAlH  or NaBH
2

4 4

H Ni
H OH

2
5

/

' �'''''''' � R CH

Secondary

' '
�

�

�


R

 alcohol

H�J��� CH

CH

opanone
Acetone

3

3

'
�

C == O

 
Pr
( )

����+��
     or Pt    

 NaBH4

Ni
or

' �''''' �

7HUWLDU\�DOFRKROV�FDQQRW�EH�REWDLQHG�E\�UHGXFWLRQ�RI�FDUERQ\O�FRPSRXQGV�

5HGXFWLRQ�RI� FDUERQ\O�FRPSRXQG�LQYROYHV�WKH�DGGLWLRQ�RI�K\GULGH�LRQ��+�y��UHGXFLQJ�WKH�FDUERQ\O�JURXS�
WR�DONR[LGH�LRQ�ZKLFK�RQ�SURWRQDWLRQ�JLYHV�WKH�DOFRKRO�

� ����������� � � ����� +y� �������� R' '

R

C O

H

�

�
�
��

H O3
�

' �''' ��� R' '

R

C OH

H

�

�

������� ������&DUERQ\O�FRPSRXQG���+\GULGH�LRQ������� �� $ONR[LGH�LRQ� ����� ����$OFRKRO

7KH� FRPSOH[� K\GULGHV� ��/L$O+�� DQG�1D%+�� DOVR� UHGXFH� FDUERQ\O� FRPSRXQGV� LQ� H[FHOOHQW� \LHOGV�� 7KH\�
DOVR�UHGXFH�WKH�FDUERQ\O�FRPSRXQGV�LQ�D�VWHSZLVH�PDQQHU��HDFK�VWHS�LQYROYLQJ�D�K\GULGH�LRQ�WUDQVIHU�DV��

����� R

R

C O'
�


 ���>+

y
$O+�@/L

�� � R' '

R

C OAlH

H

�

�

,

.

-
-
-
-

2

4

3
3
3
3

�
3

Li R CHO AlH Li
R CO R CO� � �' �'' ' �''2 2

2 2 2   [( ) ]

� .HWRQH
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� �>�5�&+2��
y
$O+@�/L

���� R CO2' �''' � ��>�5�&+2����
y
$O@�/L

�
��

H H O�
' �'''', 2 ���5�&+2+�������$O�2+��

� � � � � � � � ������ �����yDOFRKRO�

6RGLXP�ERURK\GULGH��1D��%+
y
���DOVR�UHDFWV�LQ�D�VLPLODU�PDQQHU�

,W�PD\�EH�QRWHG�WKDW�/L$O+��UHDFWV�YLROHQWO\�ZLWK�ZDWHU�DQG�WKHUHIRUH��WKH�UHDFWLRQ�ZLWK�/L$O+��PXVW�
EH�FDUULHG�RXW�LQ�DQK\GURXV�FRQGLWLRQV�JHQHUDOO\�LQ�DQK\GURXV�HWKHU��8VXDOO\�HWK\O�DFHWDWH�LV�DGGHG�FDXWLRXVO\�
DIWHU�WKH�UHDFWLRQ�LV�RYHU�WR�GHFRPSRVH�H[FHVV�/L$O+��DQG�WKHQ�ZDWHU�LV�DGGHG�WR�GHFRPSRVH�DOXPLQLXP�FRPSOH[�

���%\�UHGXFWLRQ�RI�FDUER[\OLF�DFLGV�DQG�HVWHUV
&DUER[\OLF�DFLGV�DUH�UHGXFHG�WR�SULPDU\�DOFRKROV� LQ� WKH�SUHVHQFH�RI�VWURQJ�UHGXFLQJ�DJHQW�� OLWKLXP�DOXPLQLXP�

K\GULGH�

�
R COOH

Carboxylic acid �

( )
( )
i
ii
 LiAlH4

2 H O
 →

�

RCH OH
imary alcohol

2
Pr  

H�J��� CH COOH
Ethanoic acid

3
 

�
( )

( )
i
ii
 LiAlH4

2 H O
 → � CH CH OH

Ethanol
3 2 �

(VWHUV�DUH�DOVR�UHGXFHG�WR�DOFRKROV�DQG�JLYH�D�PL[WXUH�RI�WZR�DOFRKROV��RQH�IURP�WKH�DF\O�JURXS��5&2z��DQG�WKH�
RWKHU�IURP�WKH�DONR[\��z25′��JURXS�

� R

O

' '
��
C OR� �

LiAlH H O
H OH

4 2
5

,
 or Na/C2

' �'''''' � 5z&+�2+���5′2+
� � � 0L[WXUH�RI�DOFRKROV

H�J��� CH C OCH3 3' '

O

H
��

� 4[ ] � � � Na C H OH/ 2 5' �''''' � &+�&+�2+�����&+�2+
� ������ � 0HWK\O�DFHWDWH� � ���(WKDQRO� ��0HWKDQRO
� ���������(VWHU�� �

� CH C OCH CH3 2 3' '

O

H
��

� 4[ ] � ��� �� ���
LiAlH4' �'''' � �&+�&+�2+

� (WK\O�DFHWDWH� � ����(WKDQRO
5HGXFWLRQ�RI�DOGHK\GHV��NHWRQHV�DQG�HVWHUV�ZLWK�VRGLXP�DQG�DOFRKRO�LV�FRPPRQO\�NQRZQ�DV�%RXYHDXOW�%ODQF�

UHGXFWLRQ��

1RWH��,W�PD\�EH�QRWHG�WKDW�UHGXFWLRQ�RI�FDUER[\OLF�DFLGV�E\�/L$O+��JLYHV�H[FHOOHQW�\LHOG�RI�DOFRKROV��+RZHYHU��
/L$O+�� EHLQJ�DQ� H[SHQVLYH� UHDJHQW�� LV� XVHG� RQO\� IRU� SUHSDULQJ� VSHFLDO� FKHPLFDOV�� 7KHUHIRUH�� FRPPHUFLDOO\�DFLGV�
DUH�UHGXFHG�WR�DOFRKROV�E\�ILUVW�FRQYHUWLQJ�WKHP�WR�WKH�HVWHUV�IROORZHG�E\�WKHLU�UHGXFWLRQ�XVLQJ��L��K\GURJHQ�LQ�WKH�
SUHVHQFH�RI�D�FDWDO\VW��FDWDO\WLF�K\GURJHQDWLRQ�FDOOHG�K\GURJHQRO\VLV��DQG��LL��VRGLXP�DQG�DOFRKRO�

� 5&22+� R OH H
H O
� , �

�' �''''
2

� 5&225′� H
or

copper chromite2 /
 Na/alcohol' �''''''' � 5&+�2+

���5′2+

�
&DUER[\OLF�DFLG� � �(VWHU

���)URP�*ULJQDUGuV�UHDJHQW

�D��%\�UHDFWLRQ�ZLWK�DOGHK\GHV��NHWRQHV�DQG�HVWHUV

*ULJQDUGuV�UHDJHQW��50J;��DUH�DON\O�RU�DU\O�PDJQHVLXP�KDOLGHV��7KH�&z0J�ERQG�LQ�*ULJQDUGuV�UHDJHQW�
� �� �    
R Mg X' ' �

LV� KLJKO\� SRODU� EHFDXVH� FDUERQ� LV� HOHFWURQHJDWLYH� �HOHFWURQHJDWLYLW\�  � ����� UHODWLYH� WR� HOHFWURSRVLWLYH� PDJQHVLXP�
�HOHFWURQHJDWLYLW\� �������'XH�WR�WKH�SRODU�QDWXUH�RI�&z0J�ERQG��*ULJQDUGuV�UHDJHQWV�DUH�YHU\�YHUVDWLOH�UHDJHQWV�LQ�
RUJDQLF�V\QWKHVLV��*ULJQDUGuV�UHDJHQW� �50J;��UHDFWV�ZLWK�DOGHK\GHV��NHWRQHV�DQG�HVWHUV�WR�IRUP�DGGLWLRQ�SURGXFWV�
ZKLFK�GHFRPSRVH�ZLWK�GLO��+&O�RU�GLO��+�62��WR�JLYH�DOFRKROV�

7KH�UHDFWLRQ�PHFKDQLVP�LQYROYHV�WKH�VLPXOWDQHRXV�DWWDFN�RI�WKH�QXFOHRSKLOH�DON\O�FDUEDQLRQ��5y��RI�WKH�*ULJQDUG�
UHDJHQW�RQ�WKH�FDUER[\O�FDUERQ�DWRP�DQG�WKH�UHPDLQLQJ�SRUWLRQ�JHWV�DWWDFKHG�WR�WKH�R[\JHQ�DWRP�RI�FDUERQ\O�JURXS�
IRUPLQJ�DGGLWLRQ�SURGXFW��7KLV�LV�WKHQ�GHFRPSRVHG�E\�ZDWHU�WR�JLYH�DOFRKRO�

)RU�H[DPSOH�

������ ���������
Dry
ether' �''' �' '

�

�
C OMgX

R
Addition
compound

�
H H O
Hydrolysis

�
' �'''', 2

�

$OFRKRO

Mg(OH) X
Hydroxy
magnesium
halide

�
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'LIIHUHQW�W\SHV�RI�DOFRKROV�DUH�REWDLQHG�E\�WKLV�UHDFWLRQ��
�L��)RUPDOGHK\GH�JLYHV�SULPDU\�DOFRKRO

� �� H

H

C O
Methanal
'
�




      
(Formaldehyde)

�����&+�0J%U�
Dry
ether' �''' �H

H

C OMgBr'
�
'
�
CH3

�
H H O�

' �'''', 2 �H

H

C OH

    
(1 Alcohol)

'
�
'
�

!

CH
Ethanol

3

����� 0J�2+�%U

�LL��$OO�DOGHK\GHV��RWKHU�WKDQ�IRUPDOGHK\GH��JLYH�VHFRQGDU\�DOFRKROV

� �� CH

H

C O
Ethanal

Acetaldehyde

3'
�




     
      
( )

���� �&+�0J%U� Dry
ether' �'' �CH

H

C OMgBr3'
�
'
�
CH3

� H H O�
' �'''', 2 �CH

H

C OH3

   -2-ol 
      (2 Alcohol)

'
�
'
�

!

CH
opan

3
Pr

��

�LLL��.HWRQHV�JLYH�WHUWLDU\�DOFRKROV

��� CH

CH

C O3

3

'
�




Propanone 
(Acetone)

�����&+�0J%U�� Dry
ether' �''' �CH

CH

C OMgBr3

3

'
�
'
�
CH3

� H H O�
' �'''', 2 � CH

CH

C OH3

3

   - -2-ol 
             (3  Al

'
�
'
�

!

CH
Methylpropan

3
2

ccohol)

��

�LY��(VWHUV�JLYH�VHFRQGDU\�DQG�WHUWLDU\�DOFRKROV
(VWHUV�FDQ�DOVR�EH�FRQYHUWHG� LQWR�DOFRKROV�E\� WUHDWLQJ�ZLWK�VXLWDEOH�*ULJQDUG�UHDJHQW��6HFRQGDU\�DOFRKROV�FDQ�

EH�SUHSDUHG�E\�WKH� DGGLWLRQ� RI�VXLWDEOH�*ULJQDUG� UHDJHQW� WR�HVWHUV�RI� IRUPLF�DFLG� IROORZHG�E\�DFLG�K\GURO\VLV��)RU�
H[DPSOH�

��� �

    

 

� �� �

' �''''CH
Dry ether

MgBr3

�
H

OMg

C H

CH

' '

Br

OC2
�

�

,

.

-
-
-
-

2

4

3
3
3
3
5

3

�' �''''''Mg OC H Br( )2 5 H

O

C CH
Acetaldehyde
' '
��

3

CH
Dry ether

MgBr3
 ' �'''' ��

� � �
H

OMg

C H

CH

' '

Br

C
�

�
3

3

�

H
Mg OH Br

H O�

�
' �'''''/

( )
2

�
H

OH

C H

CH

' '
�

�
C

     Propan-2-ol 
(Isopropyl alcohol)

3

3

7HUWLDU\�DOFRKROV�FRQWDLQLQJ�DW� OHDVW�WZR�LGHQWLFDO�JURXSV�FDQ�EH�HDVLO\�SUHSDUHG�E\�WKH�DGGLWLRQ�RI�*ULJQDUG�
UHDJHQW�WR�DQ�HVWHU�RWKHU�WKDQ�IRUPLF�HVWHU�IROORZHG�E\�DFLG�K\GURO\VLV��)RU�H[DPSOH�

��� �

    

 

� �� �

' �''''CH
Dry ether

MgBr3

�
CH

OMg

C H

CH

3 5

3

 

Br

OC2
|

|



















�' �''''''C H BrOMg2 5 CH

O

C CH
opanone

3 3' '
��

Pr
CH MgBr3' �'''' �

CH

OMg

C H

CH

3 3

3

' '

Br

C
�

� �

H
Mg OH Br

H O�

�
' �'''''/

( )
2 CH

OH

C H

CH

3 3

3

' '
�

�
C

2-Methylpropan-2-ol

�E��%\�UHDFWLRQ�ZLWK��HWK\OHQH�R[LGH�RU�R[LUDQH
(SR[\DONDQHV�VXFK�DV�R[LUDQHV�RU�HWK\OHQH�R[LGH�UHDFW�ZLWK�*ULJQDUG�UHDJHQW�LQ�WKH�SUHVHQFH�RI�DQK\GURXV�HWKHU�

WR�IRUP�DGGLWLRQ�SURGXFWV�ZKLFK�DUH�K\GURO\VHG�E\�ZDWHU�LQ�WKH�SUHVHQFH�RI�DFLG�WR�IRUP�DOFRKROV��)RU�H[DPSOH�
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���&+�0J%U�� →� &+��&+�&+�20J%U�
H H O�

' �'''', 2
� &+��&+�&+�2+

(WK\OHQH�R[LGH� � � � � � � 3URSDQ���RO

��RU�R[LUDQH

7KH�UHDFWLRQ�RFFXUV�DV��

� � →�� 5z&+�z&+�20J;�
H
Mg OH X

H O�

�
' �'''',

( )
2

� 5z&+�z&+�2+

� � � � � � � � (WK\OHQH�R[LGH� � �$GGLWLRQ�SURGXFW� $OFRKRO

7KLV� LV�DQ� H[FHOOHQW�PHWKRG� IRU� FRQYHUWLQJ�DQ�DON\O�KDOLGH� LQWR�D�SULPDU\�DOFRKRO�FRQWDLQLQJ� WZR�FDUERQ�
DWRPV�PRUH�WKDQ�WKH�DON\O�KDOLGH��7KH�DON\O�KDOLGH� LV� ILUVW�FRQYHUWHG� LQWR�WKH�FRUUHVSRQGLQJ�*ULJQDUG�UHDJHQW�
E\�UHDFWLQJ�ZLWK�0J�LQ�GU\�HWKHU�IROORZHG�E\�UHDFWLRQ�ZLWK�HWK\OHQH�R[LGH�DQG�VXEVHTXHQW�K\GURO\VLV�

CH I3
Methyl iodide

(1C atom)

� Mg
Dry ether

' �'''' �&+�0J,� �� CH3 CH CH OMgI
Addition product

2 2 � H H O
Mg OH I

�

�' �'''',
( )
2 � CH CH CH OH3 2 2

Propan-1-ol
(3C atoms)

C H Br6 5
Bromobenzene

Mg
Dry ether

' �'''' �&�+�0J%U� C H CH CH OMgBr6 5 2 2
Addition product

�
H H O
Mg OH Br

�

�' �''''',
( )
2 C H CH CH OH6 5 2 2

2-Phenyl ethanol
�

5 �&RPHV�IURP�*ULJQDUG�UHDJHQW�

4'/'/$'4

6XPPDU\���*ULJQDUG�5HDJHQW�IRU�3UHSDULQJ�$OFRKROV

� �L�� � �LL��

��LLL�� � �LY��

� �Y��

���%\�K\GURO\VLV�RI�HVWHUV��$OFRKROV�DUH�JHQHUDOO\�SUHSDUHG�E\�K\GURO\VLV�RI�HVWHUV�ZLWK�DTXHRXV�DONDOLHV�

������ ��������� R

O

C O' '
��

5
���+2 1D��DT��� � →� R

O

C ONa
Sodiumsalt of acid
' '
��

� ��� R OH
Alcohol
′

H�J�� ������ CH3' '

O

C O
��

&�+���+2 1D��DT��� →� &+�&221D����� ��� &�+�2+
������ �������(WK\O�HWKDQRDWH� � � 6RGLXP�DFHWDWH� � (WK\O�DOFRKRO
������ ���������(WK\O�DFHWDWH�
���)URP�DONHQHV�
$ONHQHV�FDQ�EH�FRQYHUWHG�LQWR�DOFRKROV�E\�WKH�IROORZLQJ�PHWKRGV��
�D��%\�DFLG�FDWDO\VHG�K\GUDWLRQ�RI�DONHQHV
7KH�K\GUDWLRQ�RI�DONHQHV�FDQ�EH�FDUULHG�RXW�GLUHFWO\�RU�LQGLUHFWO\�
�L�� ,Q�WKH��LQGLUHFW�SURFHVV��DONHQHV�DUH�SDVVHG�WKURXJK�FRQF��+�62��WR�IRUP�DON\O�K\GURJHQ�VXOSKDWHV��ZKLFK�

XSRQ�K\GURO\VLV�ZLWK�ERLOLQJ�ZDWHU�JLYH�DOFRKROV�
&+�  &+��� �� +262�2+� � ��&+�&+�262�2+�

H O
Boil
2' �'' � &+�&+�2+���+�62�

�����(WKHQH� � 6XOSKXULF�DFLG� � (WK\O�K\GURJHQ�VXOSKDWH� � (WKDQRO
� � ������&RQF���
,Q�FDVH�RI�XQV\PPHWULFDO�DONHQHV��WKH�DGGLWLRQ�RI�+��62��WDNHV�SODFH�LQ�DFFRUGDQFH�ZLWK�0DUNRYQLNRY
V�UXOH�

L�H���K\GURJHQ�JRHV�WR�WKDW�FDUERQ�DWRP�ZKLFK�FRQWDLQV�ODUJH�QXPEHU�RI�K\GURJHQ�DWRPV�
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&+�&+  �&+��� �� +262�2+�
Markovnikov s'  rule' �'''''''' � CH CH CH

OSO OH

3 3

2

' '
�

H O
Boil
2' �'' � CH CH CH

OH

3 3' '
�

� � �

3URSHQH

�
��

�3URS\OHQH�

� � � � � � � � � � �
3URSDQ���RO

� � � � � ,VRSURS\O�DOFRKRO�

�LL��5HDFWLYH�DONHQHV�GLUHFWO\�DGG�D�PROHFXOH�RI�ZDWHU�LQ�WKH�SUHVHQFH�RI�PLQHUDO�DFLGV�DV�FDWDO\VW�WR�IRUP�DOFRKRO�

� � ������ ��� &����& ���+�2
H�' �'''''''''

Markovnikov addition
' ' '
�

�

�

�
C

OH

C

H
Alcohol

H�J��
�

CH CH CH H O3 2 2

 �
Propene ��

H�' �''
���
CH CH CH

OH

3 3' '
�

Propan-2-ol

������ ���������� �����

CH

CH

C CH H O
Methyl
3

3

2 2
2
'
�


 �

   - propene
      (Isobutylene)

H
Markovnikov s

�
' �''''''''

'  rule
CH

CH

C H

OH
Methylpropan ol

3

3

3

2 2

' '
�

�

� � �

C

      
         ( -Butert ttyl alcohol)

+\GUDWLRQ�RI�DONHQHV

,W�PD\�EH�QRWHG�WKDW�GXULQJ�
VWHS����DGGLWLRQ�RI�D�SURWRQ�
RFFXUV� RQ� WKDW� FDUERQ�
DWRP� � RI� WKH� GRXEOH� ERQG�
ZKLFK� JLYHV� D� PRUH� VWDEOH�
FDUERFDWLRQ�

127(

7KH�PHFKDQLVP�RI�WKH�UHDFWLRQ�LQYROYHV�WKH�IROORZLQJ�VWHSV�
6WHS����$ONHQH�JHWV�SURWRQDWHG�WR�IRUP�D�FDUERFDWLRQ�E\�WKH�HOHFWURSKLOLF�DWWDFN�RI�+�2

���
� +�2���+

�� →� +�2
�

� ��������� ������+\GURQLXP�LRQ

� � �� ' ' '

H

C C

Carbocation

�

� �

+
� �� �+�2

6WHS����1XFOHRSKLOH��+�2��DWWDFNV�WKH�FDUERFDWLRQ�IRUPLQJ�SURWRQDWHG�DOFRKRO�

� � ��

: +

Protonated alcohol

' '

'

'

H

C

H

O H

C
�

�

�

�

�

6WHS����/RVV�RI�+��IURP�R[\JHQ��GHSURWRQDWLRQ��WR�IRUP�DOFRKRO

� � �� ' '

�


'

H

C C
�

�

�

�
Alcohol

�� �� +�2
�

�E�+\GURERUDWLRQ�R[LGDWLRQ� UHGXFWLRQ��$ONHQHV� UHDFW�ZLWK�GLERUDQH� �%�+��� WR� IRUP� WULDON\OERUDQHV�ZKLFK�
XSRQ�VXEVHTXHQW�WUHDWPHQW�ZLWK�DONDOLQH�+�2��JLYH�DOFRKROV��7KLV�UHDFWLRQ�LQYROYHV�WKH�DGGLWLRQ�RI�ZDWHU�WR�D�GRXEOH�
ERQG�RSSRVLWH�WR�WKDW�RI�0DUNRYQLNRY
V�UXOH� � L�H���DQWL�0DUNRYQLNRY
V�UXOH��7KLV� LQYROYHV�WZR�UHDFWLRQV��DGGLWLRQ�
RI�ERUDQH��%+���WR�GRXEOH�ERQG�FDOOHG�K\GURERUDWLRQ�R[LGDWLRQ�DQG�K\GURO\VLV�WR�JLYH�DQ�DOFRKRO�

& &� ���� +z% ���→��� ' ' '
�

�

�

�
C

H

C

B

������� H O2 2, OH�' �''''' �' ' '
�

�

�

�
C

H

C

OH
'LERUDQH� LV� DQ� HOHFWURQ� GHILFLHQW�PROHFXOH�� 7KHUHIRUH�� LW� DFWV� DV� DQ� HOHFWURSKLOH� UHDFWLQJ�ZLWK� DONHQH� WR� IRUP�

DON\O�ERUDQHV�5�%�DV

7+)
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5z&+  &+����+�z%+��−−→� R CH

H

CH

BH

' '
� �

2

2

� R CH CH� 
' �'''''2 ��5&+�&+���%+� ��5&+�&+���%

� � � � � � � � �

%RUDQH

�� � $ON\O�ERUDQH� �

���'LDON\O�ERUDQH

� �

��7ULDON\O�ERUDQH

,Q�HDFK�DGGLWLRQ� VWHS�� WKH�ERURQ�DWRP� LV�DWWDFKHG� WR�FDUERQ�DWRP�RI� WKH�GRXEOH�ERQG�WKDW� LV�ERQGHG�WR� ODUJHU�
QXPEHU� RI� K\GURJHQ� DWRPV�� 7KH� K\GURJHQ�DWRP� LV� WUDQVIHUUHG� IURP� ERURQ� DWRP� WR� WKH� RWKHU� FDUERQ� DWRP� RI� WKH�
GRXEOH�ERQG��7KXV��WKH�DGGLWLRQ�RFFXUV�DFFRUGLQJ�WR�DQWL�0DUNRYQLNRY
V�UXOH��'XULQJ�R[LGDWLRQ�RI�WULDON\O�ERUDQH��
ERURQ�LV�UHSODFHG�E\�z2+�JURXS��7KH�\LHOG�RI�DOFRKRO�LV�H[FHOOHQW�DQG�WKH�SURGXFW�FDQ�EH�HDVLO\�LVRODWHG�

� �5&+�&+���%����+�2��
OH H O�

' �'''', 2 � �5&+�&+�2+����%��2+��
� � � ����� $OFRKRO� � � � %RULF�DFLG

H�J��

� &+�z&+�  �&+��
BH3, THF

Hydroboration
' �'''''' � �&+�&+�&+���%�

H O2 2
OH�

' �''' �&+�&+�&+�2+
� 3URSHQH� � 7ULSURS\O�ERUDQH� � ���3URSDQ���RO

RU��WKH�UHDFWLRQ�PD\�EH�ZULWWHQ�DV��

� &+�z&+  �&+��
( ) ,

( ) ,
i

ii
 BH
 H  

3

2

THF
O OH2

�' �'''''' � &+�z&+�z&+�2+
� � � ������ ���3URSDQ���RO

� &+��&+���&+  �&+��
( ) ,

( ) ,
i

ii
 BH
 H  

3

2

THF
O OH2

�' �'''''' � &+��&+���z&+�z&+�2+
� 3HQW���HQH� � ������ ���3HQWDQ���RO

� CH

CH

C CH3

3

2'
�


 �

( ) ,
( ) ,

i
ii

 BH
 H  

3

2

THF
O OH2

�' �'''''' � CH

CH

CH CH OH3

3

2' '
�

� ��0HWK\OSURSHQH� � � ��0HWK\OSURSDQ���RO

�

CH

CH

C CH3

3

3
2

' 'CH==
-Methylbut-2-ene

�

�

( ) ,
( ) ,

i
ii

 BH
 H  

3

2

THF
O OH2

�' �''''''

�
� � � � ��0HWK\OEXWDQ���RO

�F��2[\PHUFXUDWLRQ�GHPHUFXUDWLRQ�UHDFWLRQ
$ONHQHV�UHDFW�ZLWK�PHUFXULF�DFHWDWH��&+�&22��+J�RU�+J��2$F���LQ�WKH�SUHVHQFH�RI�ZDWHU�WR�IRUP�R[\PHUFXUDWLRQ�

DGGXFWV�ZKLFK�XSRQ�UHGXFWLRQ�ZLWK�1D%+��LQ�DONDOLQH�PHGLXP�JLYH�DOFRKROV�
$ONHQHV� UHDFW�ZLWK�PHUFXULF� DFHWDWH� LQ� D�PL[WXUH� RI� WHWUDK\GURIXUDQ� �7+)��DQG�ZDWHU� WR�JLYH� �K\GUR[\DON\O��

PHUFXU\�FRPSRXQG��LQYROYLQJ�DGGLWLRQ�RI�z2+�DQG�z+J2$F�WR�WKH�GRXEOH�ERQG��7KLV�LV�FDOOHG�R[\PHUFXUDWLRQ���,Q�
WKH�VHFRQG�VWHS��VRGLXP�ERURK\GULGH�UHGXFHV�z+J2$F�DQG�UHSODFHV�LW�ZLWK�K\GURJHQ��7KLV�LV�FDOOHG��GHPHUFXUDWLRQ�

�� &����& ����+�2���+J�2$F����
THF

Oxymercuration
' �''''' � � �

NaBH

Demercuration

4,OH
�

' �''''' � ' ' 'C

OH

C

H
� �

� ������������ �����

0HUFXULF�DFHWDWH

� � 2[\PHUFXUDWLRQ�SURGXFW� � � � $OFRKRO

7KH�QHW�UHDFWLRQ�LQYROYHV�DGGLWLRQ�RI�z+�DQG�z2+�LQ�DFFRUGDQFH�ZLWK�0DUNRYQLNRY
V�UXOH�

7KLV� UHDFWLRQ� LV� YHU\� IDVW� DQG�SURGXFHV� WKH� DOFRKRO� LQ�KLJK� \LHOG��7KH� DOFRKRO� REWDLQHG� FRUUHVSRQGV� WR�
0DUNRYQLNRY
V�DGGLWLRQ�RI�ZDWHU�WR�DONHQH�

� CH (CH ) CH= CH3 2 2 2
t-1-Pen ene

= � Hg OAc
THF H O
( )2

2�
' �'''' � &+��&+���� CH CH

HgOAc

'
� �
�


2 � NaBH4' �''' � &+��&+���CH CH

OH

 3
|

Pentan-2-ol

�
CH

CH

C CH3

3

2' 'CH2
�




�

Hg OAc
THF H O
( )2

2�
' �''''

��
CH

CH

C

OH

CH

HgOAc

3

3

2CH2' '
�

� � �

NaBH4' �'''
�
CH

CH

C

OH
Methyl

3

3

2

' ' 'CH CH2 3

- butan-2-ol

�

� �

� �

Hg OAc
THF H O
( )2

2�
' �''''

� �

NaBH4' �'''
�

7+)
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$ONHQHV�FDQ�EH�FRQYHUWHG�WR�DOFRKROV��

�� $FLG�FDWDO\VHG�K\GUDWLRQ�SURFHHGV�DFFRUGLQJ�WR�0DUNRYQLNRY�UXOH�

� � � 5&+� �&+����+�2�
H�' �'' �R CH CH

OH H

' '
& &

2

�� +\GURERUDWLRQ�R[LGDWLRQ�UHGXFWLRQ�SURFHHGV�DFFRUGLQJ�WR�DQWL�0DUNRYQLNRY�UXOH�

� � � 5&+� �&+��
( )
( )
i

ii
BH ,THF
H O ,OH
3

2 2
�' �''''' R CH CH

H OH

' '
& &

2

�� 2[\PHUFXUDWLRQ�GHPHUFXUDWLRQ�SURFHHGV�DFFRUGLQJ�WR�0DUNRYQLNRY�UXOH�

� � � 5&+� �&+��
Hg(OAc)
THF,H O

2
2

' �'''' RCH CH

OH H

'
& &

2

�� +\GUDWLRQ�RI�DONHQH�RFFXUV�WKURXJK�FDUERFDWLRQ�LQWHUPHGLDWHV��6LQFH�FDUERFDWLRQV�KDYH�D�WHQGHQF\�WR�XQGHUJR�
UHDUUDQJHPHQW�WR�IRUP�VWDEOH�FDUERFDWLRQV��E\������K\GULGH�VKLIW�RU������PHWK\O�VKLIW���WKH�SURGXFWV�DUH�UHDUUDQJHG�
DOFRKROV�

� � � � ����&+�
� � � � � _
� � �&+�z&z&+  &+��

+H→
� � � � �����_

� � � � ����&+�

� � � � ������'LPHWK\OEXW���HQH

� � � � � �����������&+�� � � � � � _
� � � � � &+�z&z&+

��
z&+��

1,2-methyl
shift

→
� � � � ���� �_��

� � � � � &+�

� � � � � � ����

� � � � � �����������&+�� � � � � �����������_
� � � � � &+�z&

��
z&+z&+��

2
+

H O

H−
→

� � � � � � ������_

� � � � � � ������&+�

� � � � � � � ����

� � � � � �����������&+�� � � � � �����������_
� � � � � &+�z&z�&+z&+�
� � � � � �����������_� �_

� � � � � � 2+�&+�

� � � � � ����'LPHWK\OEXWDQ���RO

��PRUH�VWDEOH�

�� +\GURERUDWLRQ�R[LGDWLRQ�RU�R[\PHUFXUDWLRQ�UHGXFWLRQ�GRQRW�LQYROYH�FDUERFDWLRQ�LQWHUPHGLDWHV�DQG�KHQFH�DOZD\V�
IRUP�H[SHFWHG��XQUHDUUDQJHG��DORKROV�

� � � � � � �
� � ��������������&+�

� � � � � � _
� � � � � &+�z&z &+z&+���

2

2

Hg(OAc)
THF, H O

←
� � � � � � _� _

� � � � � � &+��2+

� � � � �������'LPHWK\OEXWDQ���RO

� � � � � � &+�
� � � � � � _
� � � � � &+�z&z&+  &+���

3

2 2

( ) BH , THF

( ) H O , OH

i

ii −→
� � � � � � _

� � � � � � &+�

� � � � �������'LPHWK\OEXW���HQH

� � � � � �����������&+�
� � � � � � _

� � � � � &+�z&z&+��&+�2+
� � � � � �����������_

� � � � � �����������&+�

� � � � �����'LPHWK\OEXWDQ���RO

���)URP�DOLSKDWLF�SULPDU\�DPLQHV
3ULPDU\�DPLQHV�UHDFW�ZLWK�QLWURXV�DFLG��1D12����+&O��WR�IRUP�DOFRKROV�DORQJ�ZLWK�WKH�HYROXWLRQ�RI�QLWURJHQ�JDV�

� +2�� � �1� � 2
� 5&+��� �� �1�� +����+212� →� 5&+�2+�� �� 1�� ��+�2
� � � � � ��1LWURXV�DFLG� � ��$OFRKRO

� &+�&+�1+����+212�
NaNO HCl2 /' �''''' � &+�&+�2+� �� 1�� ���+�2

�����$PLQRHWKDQH� � � ��(WKDQRO

� CH CHCH

NH

3 3

2

|

2-Aminopropane

���+212� NaNO HCl2 /' �''''' � CH CHCH

OH
opan ol

3 3

2

�

� �Pr

��� 1�� ���+�2

0(7+2'6�2)�35(3$5$7,21�2)�3+(12/6

3KHQRO�LV�DOVR�FDOOHG�FDUEROLF�DFLG��,W�ZDV�ILUVW�LVRODWHG�LQ�WKH�HDUO\���WK�FHQWXU\�IURP�FRDO�WDU��1RZDGD\V��SKHQRO�
LV�PDQXIDFWXUHG� V\QWKHWLFDOO\�� ,Q� WKH� ODERUDWRU\�� SKHQROV� DUH�SUHSDUHG� IURP�EHQ]HQH�GHULYDWLYHV�E\�WKH� IROORZLQJ��
PHWKRGV�

���)URP�EHQ]HQH�VXOSKRQLF�DFLG��%HQ]HQH�LV�VXOSKRQDWHG�ZLWK�ROHXP��PL[WXUH�RI�+�62��DQG�62��L�H���+�6�2���
DQG�EHQ]HQH�VXOSKRQLF�DFLG�VR�IRUPHG�LV�FRQYHUWHG�WR�VRGLXP�SKHQR[LGH�E\�KHDWLQJ�ZLWK�PROWHQ�VRGLXP�K\GUR[LGH��
7KLV�RQ�DFLGLILFDWLRQ�JLYHV�SKHQRO�



#.%1*1.5��2*'01.5�#0&�'6*'45 �����

�� ��� ��� ���

NaOH
�' �'''
H O2 ���� ��

Fused K
Na SO H O

,
,

 573
NaOH

�
� �' �'''''''623

2 3 2 �
HCl
NaCl�' �'''

��
�%HQ]HQH�������� ������������ ������������%HQ]HQH������ ���������6RGLXP�EHQ]HQH� ������� ���6RGLXP�SKHQR[LGH����������3KHQRO
������� ������������ ������������ ���������VXOSKRQLF�DFLG�� �����������VXOSKRQDWH

����)URP�GLD]RQLXP�VDOWV��$Q�DTXHRXV�VROXWLRQ�RI�EHQ]HQH�GLD]RQLXP�VDOW�RQ�ZDUPLQJ�JLYHV�SKHQRO�

������� ���������� ����������� �������� � ����������+�2��������� Warm' �''' �� � � ��������1��� �����+&O

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

%HQ]HQH�GLD]RQLXP�FKORULGH�UHTXLUHG�IRU�WKH�UHDFWLRQ�LV�REWDLQHG�E\�WUHDWLQJ�DQLOLQH�ZLWK�QLWURXV�DFLG��1D12��
��+&O��DW�ORZ�WHPSHUDWXUH����y����.���y��&���7KLV�UHDFWLRQ�LV�FDOOHG�GLD]RWLVDWLRQ�UHDFWLRQ��

� ������ �
NaNO

C
2

0 5
, HCl

� !' �'''''
� �������� � � RU�

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

����%\�GHFDUER[\ODWLRQ�RI�VRGLXP�VDOW�RI�VDOLF\OLF�DFLG��3KHQRO�FDQ�EH�SUHSDUHG�E\�IXVLQJ�VRGLXP�VDOLF\ODWH�
ZLWK�VRGD�OLPH��1D2+�DQG�&D2�PL[WXUH��IROORZHG�E\�DFLGLILFDWLRQ�ZLWK�GLO��+&O�

������� ��1D2+� CaO, Heat
Na CO2 3�' �'''' � � HCl

NaCl�' �''' �

��6RGLXP�VDOLF\ODWH� � � 6RGLXP�SKHQR[LGH� � 3KHQRO

���)URP�*ULJQDUG�UHDJHQW��:KHQ�R[\JHQ�JDV� LV�EXEEOHG� WKURXJK�DQ�HWKHUHDO�VROXWLRQ�RI�SKHQ\O�PDJQHVLXP�
EURPLGH��*ULJQDUG�UHDJHQW���LW�IRUPV�DQ�R[\�FRPSRXQG�ZKLFK�XSRQ�K\GURO\VLV�ZLWK�GLOXWH�PLQHUDO�DFLG�JLYHV�SKHQRO�

������� �������� � �
�
2��

Dry ether' �'''' � ������ �
H�' �'''', H O2

� � � � �� 0J�2+�%U

� 3KHQ\O�PDJQHVLXP� � 3KHQ\O�R[\PDJQHVLXP� � 3KHQRO
������ �EURPLGH� � ����������� ��������� � � � EURPLGH

&RPPHUFLDO�3UHSDUDWLRQ�RI�3KHQROV

2Q�D�ODUJH�VFDOH��SKHQRO�LV�REWDLQHG�E\�WKH�IROORZLQJ�PHWKRGV��

���)URP�FKORUREHQ]HQH��'RZuV�SURFHVV���3KHQRO�LV�PDQXIDFWXUHG�E\�KHDWLQJ�FKORUREHQ]HQH�ZLWK�����DTXHRXV�
VRGLXP� K\GUR[LGH� VROXWLRQ� DW� DERXW� ���� .� XQGHU� ���� DWPRVSKHUHV� DQG� LQ� WKH� SUHVHQFH� RI� FRSSHU� VDOW� DFWLQJ� DV�
FDWDO\VW� WR� IRUP� VRGLXP�SKHQR[LGH��7KH� VRGLXP� VDOW�ZKHQ� WUHDWHG�ZLWK�GLOXWH�+&O�� JLYHV� SKHQRO��7KLV�PHWKRG� LV�
FDOOHG�'RZuV�SURFHVV�

������� ���������1D2+�
623 300

2

K atm
Copper salt
NaCl H O

, .

,� �
' �'''''' � � HCl

NaCl�' �''' �

����&KORUREHQ]HQH� � � 6RGLXP�SKHQR[LGH� � 3KHQRO

���)URP�FXPHQH��3KHQRO� LV�SUHSDUHG�FRPPHUFLDOO\�IURP�FXPHQH��LVRSURS\O�EHQ]HQH���&XPHQH� LV�SUHSDUHG�E\�
)ULHGHO�&UDIW�DON\ODWLRQ�RI�EHQ]HQH�ZLWK�SURSHQH�LQ�WKH�SUHVHQFH�RI�SKRVSKRULF�DFLG�DW�����.�
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������ ��������� �� ����&+�&+�  �&+��
H PO3 4
523 K' �''' ���

������ ������������� ������������ ������
3URSHQH

� � � �������&XPHQH

&XPHQH�LV�R[LGLVHG�LQ�WKH�SUHVHQFH�RI�DLU�WR�FXPHQH�K\GURSHUR[LGH�ZKLFK�XSRQ�VXEVHTXHQW�K\GURO\VLV�ZLWK�GLO��
+�62��JLYHV�SKHQRO�DQG�SURSDQRQH��DFHWRQH��

����������� ���������� ���
O2' �''''

��� ��
H�' �'''', H O2

� � �
� � ���� CH

O

C CH3 3' '
��

������ ������������ ����������&XPHQH� � &XPHQH����� ������������ ������������ ����3KHQRO�� � 3URSDQRQH
� � � K\GURSHUR[LGH� � � � �$FHWRQH�

���)URP�EHQ]HQH��5DVFKLJuV�PHWKRG���9DSRXUV�RI�K\GURFKORULF�DFLG�DUH�SDVVHG�RYHU�EHQ]HQH�DW�����.�LQ�WKH�
SUHVHQFH�RI�FRSSHU��,,��FKORULGH�FDWDO\VW�DQG�IHUULF�FKORULGH�FDWDO\VW�DQG�H[FHVV�RI�DLU�WR�IRUP�FKORUREHQ]HQH��6WHDP�
LV�WKHQ�SDVVHG�WKURXJK�FKORUREHQ]HQH�DW�����.�LQ� WKH�SUHVHQFH�RI�VLOLFD�DV�FDWDO\VW�WR�JLYH�SKHQRO��7KLV�PHWKRG�LV�
NQRZQ�DV�5DVFKLJuV�SURFHVV�

������� ������+&O���2���DLU���
CuCl FeCl2 3

500
/
 K' �''''' � �� � �� �+�2

������ �%HQ]HQH� � � �� &KORUREHQ]HQH

������� ������������ �+�2�
SiO2

800 K' �''' � �� ��� +&O

���&KORUREHQ]HQH�������� �6WHDP� � ����� ������������3KHQRO

q� ([DPSOH���
���*LYH�WKH�VWUXFWXUHV�DQG�,83$&�QDPHV�RI�SURGXFWV�H[SHFWHG�IURP�WKH�IROORZLQJ�UHDFWLRQV��

�� ��D��&DWDO\WLF�UHGXFWLRQ�RI�EXWDQDO

� �E��+\GUDWLRQ�RI�SURSHQH�LQ�WKH�SUHVHQFH�RI�GLOXWH�VXOSKXULF�DFLG�

� �F�� 5HDFWLRQ�RI�SURSDQRQH�ZLWK�PHWK\O�PDJQHVLXP�EURPLGH�IROORZHG�E\�K\GURO\VLV�
6ROXWLRQ��

� �D�� � &+�&+�&+�&+2��
    H Ni2,' �'''' �� &+�&+�&+�&+�2+

� � � %XWDQDO� � %XWDQ���RO�

� �E�� � &+�&+�  �&+����
H2O H, �' �''' ��� CH CH CH

OH
Propan-2-ol

3 3' '
�

� ������ �������

3URSDQ

� �F�� � CH C

O

3 CH3

Propanone

||
�

CH MgBr
Dry ether

3' �'''' � CH

CH

C CH

OMgBr

3

3

3' '
�

�
� H�

�' �''''', H O
Mg(OH)Br

2 ���

q���([DPSOH���
8VH�D�*ULJQDUGuV�UHDJHQW�WR�SUHSDUH�WKH�IROORZLQJ�DOFRKROV��

� �D�� ��3KHQ\OEXWDQ���RO� � E�� ��0HWK\OSHQWDQ���RO�

� �F�����0HWK\OSHQWDQ���RO� �G�� ��3KHQ\OSURSDQ���RO

7KLV� UHDFWLRQ� LV� )ULHGHO�
&UDIWV�DON\ODWLRQ�UHDFWLRQ�
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�� �H�����0HWK\O���SKHQ\OEXWDQ���RO��

6ROXWLRQ��

� �D�� CH CH

O

C CH3 2 3

��
'

%XWDQ���RQH

�� �&�+��0J%U����→�� � CH CH

OMgBr

C CH

C H

3 3

6 5

2

�

�
' � H�' �'''', H O2 �CH CH

OH

C CH

C H
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2

2
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�

�

�

'

� �E�� CH CH

O

C CH3 2 3
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'

Butan-2-one
��� �&+�&+�0J%U   ' �' �� CH CH

OMgBr

C CH CH

CH

3 2

3

2 3

�

�
' � H�' �'''', H O2 �

CH CH

OH

C CH CH

CH

3 2

3
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3-Methylpentan-3-ol

�

�
'

� �F�� CH CH CH

O

C CH3 2 2 3
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'

Pentan-3-one
� � ( ) CH  MgBr

 H , H O
3
+

2

i

ii( )
' �''''' � CH CH CH

OH

C CH

CH

3

3

2 2 3

2-Methylpentan-2-ol

�

�
'

� �G�� CH

O

C CH3 3

||
 
Propanone

�
( ) C H  MgBr

 H , H O
6 5

2
+

i

ii( )
' �'''''' � CH

OH

C C H

CH
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3

|

|
  5

2-Phenylpropan-2-ol

� �H�� � CH CHCH CHO

CH
Methyl

3 2

3
3

|

- butanal

�
( ) C H  MgBr

 H , H O
6 5

2
+

i

ii( )
' �'''''' � CH CHCH

CH
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3 2

3

6 5

3

� �
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- -1-phenylbutan-1-ol

3+<6,&$/�3523(57,(6�2)�$/&2+2/6

7KH�LPSRUWDQW�SK\VLFDO�SURSHUWLHV�RI�DOFRKROV�DUH��

�L��3K\VLFDO�VWDWH��$W�RUGLQDU\�WHPSHUDWXUH��WKH�ORZHU�PHPEHUV�DUH�FRORXUOHVV�OLTXLGV�KDYLQJ�D�FKDUDFWHULVWLF�VPHOO�
DQG�EXUQLQJ�WDVWH��7KH�KLJKHU�PHPEHUV��KDYLQJ�PRUH�WKDQ����FDUERQ�DWRPV��DUH�FRORXUOHVV��RGRXUOHVV��ZD[�OLNH�VROLGV�

�LL��%RLOLQJ�SRLQWV��7KH�ERLOLQJ�SRLQWV�RI�DOFRKROV�DUH�PXFK�KLJKHU�WKDQ�WKH�FRUUHVSRQGLQJ�DOLSKDWLF�K\GURFDUERQV�
DQG�KDORDONDQHV��)RU�H[DPSOH�

�

&RPSRXQG� &+�� &+�&O� &+�%U� &+�2+

%RLOLQJ�SRLQW� ���.� ����.� ����.� ����� .

7KLV� LV� EHFDXVH� WKHUH� LV� ODUJH� GLIIHUHQFH� LQ� HOHFWURQHJDWLYLWLHV� RI� R[\JHQ� DQG� K\GURJHQ� DWRPV�� $V� D� UHVXOW��
WKH�2z+�ERQG�LV�VWURQJO\�SRODU�DQG�IRUPV�K\GURJHQ�ERQGV�LQ�DOFRKROV��%HFDXVH�RI�K\GURJHQ�ERQGV�LQ�DOFRKROV��WKHVH�
H[LVW�DV�DVVRFLDWHG�PROHFXOHV�UDWKHU�WKDQ�GLVFUHWH�PROHFXOHV�DV�VKRZQ�EHORZ��

7KHUHIRUH��D�ODUJH�DPRXQW�RI�HQHUJ\�LV�QHHGHG�WR�EUHDN�WKHVH�H[WHQVLYH�K\GURJHQ�ERQGV�DQG�KHQFH�WKHLU�ERLOLQJ�
SRLQWV�DUH�KLJK�

,W�PD\�EH�QRWHG�WKDW�DOFRKROV�KDYH�JHQHUDOO\�KLJKHU�ERLOLQJ�SRLQWV�DV�FRPSDUHG�WR�WKHLU�LVRPHULF�HWKHUV�RI�VDPH�
PROHFXODU�PDVVHV��)RU�H[DPSOH��WKH�ERLOLQJ�SRLQW�RI�HWK\O�DOFRKRO��PRO��PDVV� ������GLPHWK\O�HWKHU��PRO��PDVV� �����
DQG�SURSDQH��PRO��PDVV� �����DUH��

� (WK\O�DOFRKRO� 'LPHWK\O�HWKHU� 3URSDQH

� ����.� ����.� �� .

7KLV� LV� GXH� WR� WKH� SUHVHQFH� RI� LQWHUPROHFXODU� K\GURJHQ� ERQGV� LQ� DOFRKROV� DQG� WKHLU� DEVHQFH� LQ� HWKHUV� DQG��
K\GURFDUERQV�
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7KH�ORZHU�PHPEHUV�KDYH�ORZ�ERLOLQJ�SRLQWV�EXW�ZLWK�WKH�LQFUHDVH�LQ�QXPEHU�RI�FDUERQ�DWRPV��PROHFXODU�PDVV���
WKH�ERLOLQJ�SRLQWV�NHHS�RQ� LQFUHDVLQJ�JUDGXDOO\��7KLV� LV�EHFDXVH�RI� LQFUHDVH� LQ�YDQ�GHU�:DDOV� IRUFHV��)RU� LVRPHULF�
DOFRKROV�KDYLQJ�WKH�VDPH�QXPEHU�RI�FDUERQ�DWRPV��WKH�ERLOLQJ�SRLQWV�DUH�LQ�WKH�RUGHU��

SULPDU\�!�VHFRQGDU\�!�WHUWLDU\�

&RPSRXQG� &+�&+�&+�&+�2+� �&+���&+&+�2+� &+�&+�&+�2+�&+�� �&+���&2+

� %XWDQ���RO������ � 0HWK\OSURSDQ���RO������ %XWDQ���RO������ ��0HWK\OSURSDQ���RO�����

%RLOLQJ�SRLQW� ����.�� � .� ��� .� ����.

7KLV�LV�GXH�WR�WKH�IDFW�WKDW�ZLWK�EUDQFKLQJ��WKH�VXUIDFH�DUHD�GHFUHDVHV�DQG�WKHUHIRUH��YDQ�GHU�:DDOV�IRUFHV�GHFUHDVH��
&RQVHTXHQWO\��ERLOLQJ�SRLQW�DOVR�GHFUHDVHV�

�LLL��6ROXELOLW\��7KH�ORZHU�PHPEHUV�RI�DOFRKROV�DUH�KLJKO\�VROXEOH�LQ�
ZDWHU�EXW�WKH�VROXELOLW\�GHFUHDVHV�ZLWK�LQFUHDVH�LQ�PROHFXODU�ZHLJKW��7KH�
VROXELOLW\�RI�ORZHU�DOFRKROV�LQ�ZDWHU�LV�GXH�WR�WKH�IRUPDWLRQ�RI�K\GURJHQ�
ERQGV�EHWZHHQ�DOFRKROV�DQG�ZDWHU�PROHFXOHV�

+RZHYHU��DV�WKH�VL]H�RI�DOFRKRO�PROHFXOH�LQFUHDVHV��WKH�DON\O�JURXS�
EHFRPHV�ODUJHU�DQG�SUHYHQWV�WKH�IRUPDWLRQ�RI�K\GURJHQ�ERQGV�ZLWK�ZDWHU�
PROHFXOHV�DQG�KHQFH�WKH�VROXELOLW\�JRHV�RQ�GHFUHDVLQJ�ZLWK�LQFUHDVH�LQ�
OHQJWK�RI�FDUERQ�FKDLQ��RU�PROHFXODU�PDVV�RI�DOFRKRO��

)RU�H[DPSOH�

��

���$OFRKRO� Q�%XW\O�DOFRKRO� Q�3HQW\O�DOFRKRO� Q�+H[\O�DOFRKRO� Q�+HSW\O�DOFRKRO
���6ROXELOLW\
�LQ�J����J�+�2�� ���� ���� �����

+RZHYHU��DPRQJVW�LVRPHULF�DOFRKROV��WKH�VROXELOLW\�LQFUHDVHV�ZLWK�EUDQFKLQJ��7KLV� LV�GXH� WR�WKH�UHDVRQ�WKDW�
DV�WKH�EUDQFKLQJ�LQFUHDVHV��WKH�VXUIDFH�DUHD�RI�QRQ�SRODU�K\GURFDUERQ�SDUW�GHFUHDVHV�DQG�WKH�VROXELOLW\�LQFUHDVHV�

�$OFRKRO� Q�%XW\O�DOFRKRO� ,VREXW\O�DOFRKRO� 6HF�EXW\O�DOFRKRO� WHUW�%XW\O�DOFRKRO
6ROXELOLW\
�LQ�J����J�+�2�� ���� ����� ���� YHU\�ODUJH

�

�LY��'HQVLW\��*HQHUDOO\��DOFRKROV�DUH�OLJKWHU�WKDQ�ZDWHU�DOWKRXJK�WKH�GHQVLW\�LQFUHDVHV�ZLWK�LQFUHDVH�LQ�PROHFXODU�
PDVV�

�Y��,QWR[LFDWLQJ�HIIHFWV��$OFRKROV�KDYH�LQWR[LFDWLQJ�HIIHFWV��0HWKDQRO�LV�SRLVRQRXV�DQG�LV�QRW�JRRG�IRU�GULQNLQJ�
SXUSRVHV��,W�PD\�FDXVH�EOLQGQHVV�DQG�HYHQ�GHDWK��(WKDQRO�LV�XVHG�IRU�GULQNLQJ�SXUSRVHV�

3+<6,&$/�3523(57,(6�2)�3+(12/6�

7KH�LPSRUWDQW�SK\VLFDO�SURSHUWLHV�RI�SKHQRO�DUH���

����6WDWH�DQG�VPHOO��3KHQROV�DUH�FRORXUOHVV�FU\VWDOOLQH�VROLGV�RU�OLTXLGV��7KH\�KDYH�FKDUDFWHULVWLF�SKHQROLF�RGRXUV�

����6ROXELOLW\��8QOLNH�DOFRKROV��SKHQROV�DUH�VSDULQJO\�VROXEOH�LQ�ZDWHU��7KH�QRQ�SRODU�DU\O�JURXS�LV�YHU\�ODUJH�LQ�
VL]H�DQG� LW�DOPRVW�FRPSOHWHO\�PDVNV�WKH�SRODU�FKDUDFWHU�RI�WKH�z2+�
JURXS�� +RZHYHU�� SKHQROV� DUH� VROXEOH� LQ� DOFRKROV�� HWKHUV� DQG� DOVR� LQ�
1D2+�

����%RLOLQJ�SRLQWV��7KH�ERLOLQJ�SRLQWV�RI�SKHQROV�DUH�KLJKHU�WKDQ�
WKH� ERLOLQJ� SRLQWV� RI� WKH� DURPDWLF� K\GURFDUERQV� DQG� KDORDUHQHV� RI�
FRPSDUDEOH� PROHFXODU� PDVVHV�� )RU� H[DPSOH�� ERLOLQJ� SRLQW� RI� SKHQRO�
�PROHFXODU�PDVV� �����LV������.�ZKLOH�WKDW�RI�WROXHQH��PROHFXODU�PDVV�
 �����LV�����.��

&RPSRXQG� &�+�2+� &�+�&+�� &�+�&O�
� 3KHQRO� 7ROXHQH� &KORUREHQ]HQH�

%RLOLQJ�SRLQW� ����.� ����.� ����

7KH�KLJKHU�ERLOLQJ�SRLQW�LV�GXH�WR�WKH�SUHVHQFH�RI�LQWHUPROHFXODU�K\GURJHQ�ERQGLQJ�LQ�SKHQROV��7KHUHIRUH��WKH\�
H[LVW�DV�DVVRFLDWHG�PROHFXOHV�
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$OFRKROV�DUH�YHUVDWLOH�FRPSRXQGV��7KH\�EHKDYH�ERWK�DV�QXFOHRSKLOHV�DV�ZHOO�DV�HOHFWURSKLOHV�
�D��7KH\�EHKDYH�DV�QXFOHRSKLOHV�LQ�WKH�UHDFWLRQV�LQ�ZKLFK�WKH�ERQG�EHWZHHQ�2z+�LV�EURNHQ�DV�VKRZQ�EHORZ��

�E��7KH\�EHKDYH�DV�HOHFWURSKLOHV�LQ�ZKLFK�WKH�ERQG�EHWZHHQ�&z2�LV�EURNHQ��7KHVH�UHDFWLRQV�DUH�FDUULHG�RXW�
LQ�WKH�SUHVHQFH�RI�DFLGV�WR�IRUP�SURWRQDWHG�DOFRKROV��3URWRQDWHG�DOFRKROV�UHDFW�DV�HOHFWURSKLOHV�

5z&+�z2+��� H�' �'' �

+

Protonated alcohol
R CH OH 2 2

2Q�WKH�EDVLV�RI�FOHDYDJH�RI�GLIIHUHQW�ERQGV��WKH�UHDFWLRQV�RI�DOFRKROV�PD\�EH�GLYLGHG�LQWR�WKH�IROORZLQJ�W\SHV��
$���5HDFWLRQV�LQYROYLQJ�FOHDYDJH�RI�R[\JHQ�K\GURJHQ�ERQG�
%���5HDFWLRQV�LQYROYLQJ�FOHDYDJH�RI�FDUERQ�R[\JHQ�ERQG�
&���5HDFWLRQV�LQYROYLQJ�ERWK�WKH�DON\O�DQG�K\GUR[\O�JURXSV�
$��5HDFWLRQV�,QYROYLQJ�WKH�&OHDYDJH�RI�2[\JHQ�+\GURJHQ�%RQG�

���5HDFWLRQ�ZLWK�DFWLYH�PHWDOVzDFLGLF�FKDUDFWHU��$OFRKROV�DUH�ZHDNO\�DFLGLF�LQ�QDWXUH�DQG�UHDFW�ZLWK�DFWLYH�
PHWDOV�VXFK�DV�VRGLXP��SRWDVVLXP��PDJQHVLXP��DOXPLQLXP��HWF��WR�OLEHUDWH�K\GURJHQ�JDV�DQG�IRUP�PHWDO�DONR[LGH��
)RU�H[DPSOH��

� ��52+����0� �→���� 520���+���0� �1D��.��0J��$O��HWF��
H�J��� �&+�&+�2+����1D� →� �&+�&+�21D����+�

������ ������������ ������������ �������(WKDQRO� � � 6RGLXP�HWKR[LGH�
� �&+�&+�2+���0J� →� �&+�&+�2��0J���+�

� � 0DJQHVLXP�HWKR[LGH

� 6 3

3

3

CH

CH

C

CH

' '�

�

�
�����$O� →� 2 3

3

3 3

 CH

CH

C

CH

' '�
�

�

,

.

-
-
-
-

2

4

3
3
3
3

$O����+�

� WHUW�%XW\O�DOFRKRO� � $OXPLQLXP�WHUW�EXWR[LGH

7KH�DERYH�UHDFWLRQ�VKRZV�WKDW�DOFRKROV�DUH�DFLGLF� LQ�QDWXUH��7KH�DOFRKROV�DFW�DV�%URQVWHG�DFLGV�EHFDXVH�WKH\�
GRQDWH�D�SURWRQ�WR�D�VWURQJ�EDVH����%y���)RU�H[DPSOH�

������ ���������� ����������� ��� ��
2Q�UHDFWLQJ�DQ�DONR[LGH�ZLWK�ZDWHU��WKH�VWDUWLQJ�DOFRKRO�LV�REWDLQHG�

������ ���������� ����������� ������
7KLV�UHDFWLRQ�VKRZV�WKDW�ZDWHU�LV�D�EHWWHU�SURWRQ�GRQRU�WKDQ�DOFRKRO��,Q�RWKHU�ZRUGV��ZDWHU�LV�VWURQJHU�

DFLG�WKDQ�DOFRKROV��:H� FDQ�DOVR�QRWH� WKDW�DONR[LGH� LV�D�EHWWHU�SURWRQ�DFFHSWRU� WKDQ�K\GUR[LGH� LRQ��7KLV�PHDQV�
DONR[LGHV�DUH�VWURQJHU�EDVHV�WKDQ�K\GUR[LGH�LRQ��)RU�H[DPSOH��VRGLXP�HWKR[LGH�LV�D�VWURQJHU�EDVH�WKDQ�VRGLXP�
K\GUR[LGH�

7KH�DFLGLF�QDWXUH�RI�DOFRKROV� LV�GXH� WR�WKH�SUHVHQFH� RI�SRODU�2z+�ERQG��2[\JHQ� LV�PRUH�HOHFWURQHJDWLYH�WKDQ�
K\GURJHQ�DQG�WKHUHIRUH��LW�ZLWKGUDZV�WKH�VKDUHG�HOHFWURQ�SDLU�EHWZHHQ�2�DQG�+�DWRPV�WRZDUGV�LWVHOI��$V�D�UHVXOW��

�(OHFWURSKLOH�
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2z+�ERQG�EHFRPHV�ZHDN�DQG�ORVHV�D�SURWRQ��+����7KHUHIRUH��DOFRKROV�EHKDYH�DV�DFLGV��+RZHYHU��DOFRKROV�DUH�ZHDN�
DFLGV� �.α� ���

y���WR���y����HYHQ�ZHDNHU�WKDQ�ZDWHU� �.D� ���º���
y�����7KLV� LV�TXLWH�H[SHFWHG�EHFDXVH�RI�WKH�HOHFWURQ�

UHOHDVLQJ�LQGXFWLYH�HIIHFW���,�HIIHFW��RI�WKH�DON\O�JURXS��&+����7KH�DON\O�JURXS�UHOHDVHV�HOHFWURQV�WRZDUGV�R[\JHQ�DWRP�
DQG�LQFUHDVHV�HOHFWURQ�GHQVLW\�RYHU�WKH�R[\JHQ�DWRP�WHQGLQJ�WR�GHFUHDVH�WKH�SRODULW\�RI�2z+�ERQG��$V�D�UHVXOW��WKH�
WHQGHQF\�RI�R[\JHQ�WR�ZLWKGUDZ�HOHFWURQV�LQ�2z+�ERQG�WRZDUGV�LWVHOI�GHFUHDVHV�DQG�WKHUHIRUH��WKH�UHOHDVH�RI�SURWRQ�
�+���EHFRPHV�GLIILFXOW��2Q�WKH�RWKHU�KDQG��WKHUH�LV�QR�HOHFWURQ�UHOHDVLQJ�DON\O�JURXS�LQ�ZDWHU�DQG�WKH�HOHFWURQ�SDLU�
RI�2z+�ERQG�JHWV�PRUH�DWWUDFWHG�WRZDUGV�R[\JHQ�DWRP�WKDQ�LQ�DOFRKRO��7KXV��WKH�UHOHDVH�RI�+��IURP�ZDWHU�LV�HDVLHU�
EXW�LW�LV�VOLJKWO\�OHVV�LQ�DOFRKRO��7KXV��DOFRKROV�DUH�ZHDNHU�DFLGV�WKDQ�ZDWHU�

� +z2 ' �� +� � � � 5�' 2 �' +
� � :DWHU� �� � � ��� � OFRKRO�

&RPSDULVRQ�RI�DFLGLF�VWUHQJWK�RI�GLIIHUHQW�W\SHV�RI�DOFRKROV
7KH�RUGHU�RI�DFLGLF�VWUHQJWK�DPRQJ�YDULRXV�W\SHV�RI�DOFRKROV�LV��

SULPDU\�!�VHFRQGDU\�!�WHUWLDU\
7KLV�RUGHU�FDQ�EH�HDVLO\�H[SODLQHG�LQ�WHUPV�RI�HOHFWURQ�UHOHDVLQJ�LQGXFWLYH�HIIHFW�RI�DON\O�JURXSV��7KH�DFLGLF�FKDUDFWHU�

RI�DOFRKROV�LV�GXH�WR�WKH�FOHDYDJH�RI�2z+�ERQG�JLYLQJ�+��
7KH�DON\O�JURXSV�DUH�HOHFWURQ�UHOHDVLQJ�JURXSV���,�HIIHFW��DQG�WKH\�LQFUHDVH�WKH�HOHFWURQ�GHQVLW\�DURXQG�WKH�R[\JHQ��

$V�D�UHVXOW��WKH�HOHFWURQV�RI�2z+�ERQG�FDQQRW�EH�ZLWKGUDZQ�VWURQJO\� WRZDUGV�R[\JHQ�DQG�2z+�UHPDLQV�VWURQJ��
7KHUHIRUH�� JUHDWHU� LV� WKH�QXPEHU� RI� DON\O� JURXSV�SUHVHQW�� VPDOOHU�ZLOO� EH� LWV� WHQGHQF\� WR� UHOHDVH�SURWRQ� �+��� DQG�
FRQVHTXHQWO\�ZHDNHU�ZLOO�EH�LWV�DFLGLF�VWUHQJWK��1RZ��HOHFWURQ�UHOHDVLQJ�HIIHFW�ZRXOG�EH�PD[LPXP�LQ�WHUWLDU\�DOFRKROV�
DQG�OHDVW�LQ�SULPDU\�DOFRKROV��7KXV��WKH�DFLGLF�FKDUDFWHU�GHFUHDVHV�DV��

$FLGLF�FKDUDFWHU�GHFUHDVHV

2EYLRXVO\��WKH�EDVLF�VWUHQJWK�RI�WKHLU�DONR[LGHV�IROORZV�WKH�UHYHUVH�RUGHU��

R

R

C O

R

' '
� �
� ..

..
:   !� � !!�

,W�PD\�EH�QRWHG�WKDW�DOFRKROV�DFW�DV�/HZLV�EDVHV�DOVR��7KLV�LV�GXH�WR�WKH�SUHVHQFH�RI�ORQH�SDLUV�RQ�R[\JHQ�
ZKLFK�PDNHV�DOFRKROV�SURWRQ�DFFHSWRUV��

� � R O H SOH2 4..
..

� ������ � R O H'




'
��
.. � ��� HSO4

−

� � � 3URWRQDWHG�DOFRKRO

����5HDFWLRQ�ZLWK�PHWDO�K\GULGHV��$OFRKROV�UHDFW�ZLWK�PHWDO�K\GULGHV�WR�IRUP�DONR[LGHV�ZLWK�WKH�HYROXWLRQ�RI�
K\GURJHQ�JDV�

� &+�2+� � �� � 1D+���� � � &+�2
y1D�� � � � �� � � � +�

� �6RGLXP�K\GULGH� � 6RGLXP�PHWKR[LGH

� &+�&+�2+� � �� � 1D+���� � � &+�&+�2
y1D�� � � �� � � � +�

� 6RGLXP�K\GULGH� � 6RGLXP�HWKR[LGH

����5HDFWLRQ�ZLWK�FDUER[\OLF�DFLGV��HVWHULILFDWLRQ���$OFRKROV�UHDFW�ZLWK�PRQRFDUER[\OLF�DFLGV��LQ�WKH�SUHVHQFH�
RI�FRQF��+�62��RU�GU\�+&O�JDV�DV�FDWDO\VW��WR�IRUP�HVWHUV��7KH�UHDFWLRQ�LV�NQRZQ�DV�HVWHULILFDWLRQ��7KH�IXQFWLRQ�RI�
FRQF��+�62��LV�WR�DFW�DV�SURWRQDWLQJ�DJHQW�DV�ZHOO�DV�D�GHK\GUDWLQJ�DJHQW�

� 5&2� 2+���+ ��25
�
Conc. H SO2 4 �5&225′���+�2

������ ������������ ���$FLG������� ���������$OFRKRO� � ���(VWHU

H�J��� ��&+�&2� 2+���+ ��2&�+��
Conc. H SO2 4 �&+�&22&�+��������+�2

������ ���(WKDQRLF�DFLG� (WKDQRO� � (WK\O�HWKDQRDWH
������ �����$FHWLF�DFLG���� � (WK\O�DOFRKRO�� � �(WK\O�DFHWDWH�
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7KH�UHDFWLRQ�LV�UHYHUVLEOH�LQ�QDWXUH�DQG�WKH�HTXLOLEULXP�FDQ�EH�VKLIWHG�WRZDUGV�WKH�IRUZDUG�GLUHFWLRQ�E\�UHPRYLQJ�
ZDWHU�DV�VRRQ�DV�LW�LV�IRUPHG��:KHQ�+&O�JDV�LV�XVHG�DV�D�FDWDO\VW��WKH�UHDFWLRQ�LV�FDOOHG�)LVFKHU�6SHLHU�HVWHULILFDWLRQ�

,W�PD\�EH�QRWHG�WKDW�WKH�SUHVHQFH�RI�EXON\�JURXSV�LQ�WKH�DOFRKRO�RU�LQ�WKH�DFLG�GHFUHDVHV�WKH�UDWH�RI�HVWHULILFDWLRQ��
7KLV�LV�GXH�WR�VWHULF�KLQGUDQFH�RI�EXON\�JURXSV��$V�D�UHVXOW��LW�LV�GLIILFXOW�WR�SUHSDUH�HVWHUV�RI�WHUWLDU\�DOFRKRO��7KXV��
WKH�RUGHU�RI�UHDFWLYLW\�RI�DOFRKROV�LQ�HVWHULILFDWLRQ�UHDFWLRQ�IROORZV�WKH�RUGHU��

&+�2+�!�&+�&+�2+�!��&+���&+2+�!��&+���&2+

7KH�RUGHU�RI�FDUER[\OLF�DFLGV�IROORZV�WKH�VHTXHQFH��

+&22+�!�&+�&22+�!��&+���&+&22+�!��&+���&&22+

1RWH� �� ,W� LV� LPSRUWDQW� WR�QRWH�WKDW�HVWHULILFDWLRQ�LQYROYHV�WKH�FOHDYDJH�RI� WKH�2z+�ERQG�RI�DOFRKRO��7KLV�KDV�
EHHQ�HVWDEOLVKHG�E\�LVRWRSLF�WUDFHU�WHFKQLTXHV��,I�WKH�UHDFWLRQ�LV�FDUULHG�RXW�ZLWK�DOFRKRO�KDYLQJ�LVRWRSLF�R[\JHQ�2���

�ZKLFK�FDQ�EH�HDVLO\�WUDFHG�EHFDXVH�RI�LWV�UDGLRDFWLYH�SURSHUWLHV���WKH�UHVXOWLQJ�HVWHU�FRQWDLQV�WKLV�LVRWRSH�RI�R[\JHQ��

�
R

O

C OH H O R' ' ' '
��

� �
18

�
H�' �'' �

R

O

C O R H O' ' '
��

��  2

18

,I�WKH�&z2�ERQG�RI�DOFRKRO�ZRXOG�KDYH�FOHDYHG�GXULQJ�HVWHULILFDWLRQ��2���ZRXOG�KDYH�JRQH�WR�UHVXOWLQJ�ZDWHU��

� R

O

C O H H O R' ' ' '
��

�  �
18

�
H�' �'' � R

O

C O R H O' '
��

��  2
18

���� 5HDFWLRQ�ZLWK�*ULJQDUG� UHDJHQWV�� $OFRKROV� UHDFW�ZLWK�*ULJQDUG� UHDJHQWV� �ZKLFK� DUH� DON\O�PDJQHVLXP�
KDOLGHV��50J;��WR�IRUP�K\GURFDUERQV�

� 52z��+���5
 �0J;� →� 5′z+� �� 520J;
� $OFRKRO�� ULJQDUG�UHDJHQW� � $ONDQH�

H�J��� � � � &+�2� +���&�+�
�0J%U� →� &�+�� �� &+�20J%U

� 0HWK\O��� (WK\O�PDJQHVLXP�� (WKDQH
� DOFRKRO�������EURPLGH� �

127(
,W�PD\�EH�QRWHG�WKDW�DONDQH�IRUPHG�FRUUHVSRQGV�WR�WKH�DON\O�JURXS�RI�WKH�*ULJQDUG�UHDJHQW�

�����5HDFWLRQ�ZLWK�DF\O�FKORULGH�RU�DFLG�DQK\GULGH��DF\ODWLRQ���:KHQ�DOFRKROV�DUH�WUHDWHG�ZLWK�DFLG�FKORULGH�
RU�DFLG�DQK\GULGH�LQ�WKH�SUHVHQFH�RI�EDVHV�OLNH�S\ULGLQH�RU�GLPHWK\O�DQLOLQH��DV�FDWDO\VW���WKH�K\GURJHQ�DWRP�RIz2+�
JURXS�LV�UHSODFHG�E\�DF\O��5&2z��JURXS�IRUPLQJ�HVWHUV�

� CH CH3 2' ' ' '

O

C Cl H O CH
��

� 3 �
Pyridine' �'''' � CH CH3 2' '

O

C O CH
��

3 � � � � � ��� +&O
������ �������(WKDQR\O�FKORULGH� �(WKDQRO� � (WK\O�HWKDQRDWH��(WK\O�DFHWDWH������

� CH   OCH3 2' ' ' '

O

C O

O

C CH H CH
�� ��

�3 3 �
Pyridine' �'''' � CH CH3 2' '

O

C O CH
��

3 � � � � � �� &+�&22+
������ ���������$FHWLF�DQK\GULGH� � (WK\O�HWKDQRDWH��(WK\O�DFHWDWH��

7KLV�UHDFWLRQ�LV�FDOOHG�DF\ODWLRQ�UHDFWLRQ��,I�WKH�DFLG�KDOLGH�RU�DQK\GULGH�XVHG�DUH�DFHW\O�FKORULGH�DQG�DFHWLF�
DQK\GULGH�� WKH� UHDFWLRQ� LV� XVXDOO\� FDOOHG�DFHW\ODWLRQ�ZKLFK�PHDQV� WKH� LQWURGXFWLRQ� RI� DFHW\O� �&+�&2�� JURXS� LQ�
DOFRKROV��,W�PD\�EH�QRWHG�WKDW�WKH�UHDFWLRQ�ZLWK�DFHW\O�FKORULGH�LV�FDUULHG�RXW�LQ�WKH�SUHVHQFH�RI�D�EDVH��S\ULGLQH��WR�
QHXWUDOLVH�+&O�ZKLFK�LV�IRUPHG�GXULQJ�WKH�UHDFWLRQ��,W�VKLIWV�WKH�HTXLOLEULXP�WR�WKH�IRUZDUG�GLUHFWLRQ�

%��5HDFWLRQV�,QYROYLQJ�&OHDYDJH�RI�&DUERQ�2[\JHQ�%RQG���� 2+

$OFRKROV�XQGHUJR�D�QXPEHU�RI�UHDFWLRQV�LQYROYLQJ�WKH�FOHDYDJH�RI�FDUERQ�R[\JHQ��&z2+��ERQG��,Q�WKHVH�UHDFWLRQV��
WKH�RUGHU�RI�UHDFWLYLW\�RI�DOFRKROV�LV��

� � � WHUWLDU\�!�VHFRQGDU\�!�SULPDU\
7KLV� FDQ�EH� H[SODLQHG� LQ� WHUPV� RI� HOHFWURQ� UHOHDVLQJ� LQGXFWLYH� HIIHFW� RI� DON\O� JURXSV��7KH�DON\O� JURXSV� UHOHDVH�

HOHFWURQV�DQG��WKHUHIRUH�� WKH\�LQFUHDVH�WKH�HOHFWURQ�GHQVLW\�WRZDUGV�R[\JHQ��$V�D�UHVXOW��WKH�SRODULW\�RI�&z2�ERQG�
LQFUHDVHV� DQG� WKLV�PDNHV� WKH� FOHDYDJH� RI� WKH� ERQG� EHWZHHQ� FDUERQ�DQG� R[\JHQ� HDVLHU�� 7KHUHIRUH�� WKH� JUHDWHU� WKH�
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QXPEHU�RI�DON\O�JURXSV�DWWDFKHG�WR�WKH�FDUERQ��WKH�PRUH�HDV\�ZRXOG�EH�WKH�FOHDYDJH�RI�&z2�ERQG�DQG�FRQVHTXHQWO\��
WKH�JUHDWHU�ZRXOG�EH�WKH�UHDFWLYLW\�RI�DOFRKRO�

7KXV��WKH�UHDFWLYLW\�IROORZV�WKH�VHTXHQFH���

� �

5HDFWLYLW\�GHFUHDVHV

���5HDFWLRQ�ZLWK�K\GURJHQ�KDOLGHV��$OFRKROV�UHDFW�ZLWK�K\GURJHQ�KDOLGHV�WR�IRUP�KDORDONDQHV��DON\O�KDOLGHV���
7KH�RUGHU�RI�UHDFWLYLW\�RI�K\GURJHQ�KDOLGHV�LV��

+,�!�+%U�!�+&O
7KLV�LV�EHFDXVH�,

B�
LRQ�LV�D�EHWWHU�QXFOHRSKLOH�WKDQ�%U

B�
LRQ��ZKLFK�LQ�WXUQ��LV�EHWWHU�WKDQ�&O

B
�LRQ�

7KH�RUGHU�RI�UHDFWLYLW\�RI�DOFRKROV� LV��
7HUWLDU\�!�6HFRQGDU\�!�3ULPDU\

7KHVH� WUHQGV�KDYH� DOUHDG\�EHHQ� H[SODLQHG��'XH� WR� WKH� ORZ�UHDFWLYLW\� RI� SULPDU\� DQG� VHFRQGDU\� DOFRKROV�ZLWK�
+&O��WKH\�UHTXLUH�VRPH�/HZLV�DFLG�FDWDO\VW�IRU�WKH�UHDFWLRQ��,Q�WKHVH�UHDFWLRQV��DQK\GURXV�=Q&O��LV�XVHG�DV�D�/HZLV�
DFLG�FDWDO\VW��+RZHYHU��QR�VXFK�FDWDO\VW�LV�QHHGHG�IRU�WKH�UHDFWLRQ�RI�WHUWLDU\�DOFRKROV�ZLWK�+&O�

� 5� 2+���+ �;� � 5;���+�2

H�J��� &+�&+�� 2+���+ ���&O��J�� Anhyd. ZnCl
Heat

2' �'''''' � &+�&+�&O� �� +�2
������ ���������� � (WKDQRO������ � � &KORURHWKDQH

�

&+�

&+�

&+� 2+���+ � &O��J�� Anhyd. ZnCl  2' �'''''' �

&+�

&+�

&+&O� �� +�2

������ ������������ ���������3URSDQ���RO������ � � ��&KORURSURSDQH

� CH

CH

C

CH

3

3

3

' '�

�

�
��+��&O� Room temp.' �''''' � CH

CH

C

CH

3

3

3

' '
�

�
Cl � �� +�2

������ ��������������0HWK\OSURSDQ���RO������ � � ��&KORUR���PHWK\OSURSDQH

7KH� UHDFWLRQ�RI� SULPDU\� DQG� VHFRQGDU\� DOFRKROV� ZLWK�+&O� JDV� LQ� WKH� SUHVHQFH� RI�DQK\GURXV� =Q&O�� LV� FDOOHG�
*URRYHuV�PHWKRG�

,Q� WKH� FDVH� RI�+%U�� D� VPDOO� DPRXQW� RI� FRQF��+�62�� LV� DOVR� DGGHG�DV� D� FDWDO\VW� IRU� WKH� UHDFWLRQ�ZLWK�SULPDU\�
DOFRKROV��%XW�QR�FDWDO\VW�LV�DGGHG�IRU�WKH�UHDFWLRQ�ZLWK�VHFRQGDU\�DQG�WHUWLDU\�DOFRKROV�ZKLFK�JHW�GHK\GUDWHG�LQ�WKH�
SUHVHQFH�RI�FRQF��+�62��

� �CH CH OH
Ethanol
3 2 ���+%U�

Conc H SO few drops. ( )2 4
Reflux

' �'''''''' CH CH Br H O
Bromoethane

3 2 2+

,Q�WKH�FDVH�RI�+,��DON\O�LRGLGHV�DUH�IRUPHG�E\�KHDWLQJ�WKH�DOFRKRO�ZLWK�+,�
+RZHYHU�� LI� UHDFWLRQ� EHWZHHQ� K\GURJHQ� LRGLGH� DQG� DOFRKRO� LV� FDUULHG� RXW� LQ� WKH� SUHVHQFH� RI� UHG� SKRVSKRUXV��

DOFRKRO�JHWV�UHGXFHG�WR�K\GURFDUERQ�UDWKHU�WKDQ�WR�IRUP�DON\O�KDOLGH��)RU�H[DPSOH�

� &+�&+�2+����+,�
Red P

 K423' �''' � &�+����,����+�2

5HDFWLRQ�RI�DOFRKROV�ZLWK�K\GURJHQ�KDOLGHV�

7KH�UHDFWLYLW\�RI� WKH� DERYH� UHDFWLRQ� FDQ�EH� HDVLO\�XQGHUVWRRG� LQ� WHUPV� RI� LWV�PHFKDQLVP��3ULPDU\�DOFRKROV�
UHDFW�E\�61��PHFKDQLVP�ZKHUHDV�VHFRQGDU\�DQG�WHUWLDU\�DOFRKROV�UHDFW�E\�61��PHFKDQLVP�DV��

+z;�→�+����;y
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61��PHFKDQLVP�

�L���� ����������� ���������� ������� R CH OH + H

1  Alcohol
2

+
..
..

— —

°

�→� R CH OH2
+

2..
Protonated alcohol

— —

�LL������� ���������� ������ � →� � →� ;z&+�5� � �� +�2

� � � � � � � � � � +DOLGH�LRQ� � � 7UDQVLWLRQ�VWDWH�� � � � � � � ���$ON\O�KDOLGH
61��PHFKDQLVP

�L���� ���������� ����� R

R

C

R

OH  +  H

3  Alcohol

..

..
+—

�

�

!

— →� R

R

C

R

OH..
+

Protonated alcohol

2—
|

|
— ����

�LL������� ���������� R

R

C

R

OH..
+

2—
|

|
— �

Slow' �'' � R

R

C

R

H O

Carbocation

—
�

�
�+ 2

�LLL��������� ���� R

R

C

R
Carbocation

—
|

|
+ ��� Fast' �'' R

R

C X

R
3 -Alkyl halide

—
�

�

!

—

7KH�UHDFWLRQ�RI����RU����DOFRKROV�E\�61��PHFKDQLVP��TXLWH�RIWHQ�JLYHV�UHDUUDQJHG�SURGXFWV�ZKLFK�DUH�GLIIHUHQW�
IURP�WKH�H[SHFWHG�SURGXFWV��$V�DOUHDG\�OHDUQW�LQ�8QLW������61��UHDFWLRQV�RI�DON\O�KDOLGHV���WKLV�LV�GXH�WR�����K\GULGH�
RU� ����PHWK\O�VKLIW��)RU� H[DPSOH��ZKHQ���PHWK\OEXWDQ���RO� LV�WUHDWHG�ZLWK� FRQFHQWUDWHG�+%U�WKH�PDMRU�SURGXFW� LV�
��EURPR���PHWK\OEXWDQH�LQVWHDG�RI�WKH�H[SHFWHG���EURPR���PHWK\OEXWDQH�DV��

+%U

CH

Br

C

CH

CH CH3

3

2 3

2-Bromo-2-methylbutane

— — —
|

|

(Major product)

CH

H

C

CH

Br

CH CH3

3

3

2-Bromo-3-methylbutane

— — —
|

|

|

(Expected producct)

CH

H

C

CH

OH

CH CH3

3

3

3-Methylbutan-2-ol

— — —
|

|

|

7KLV�LV�EHFDXVH�RI�UHDUUDQJHPHQW�RI�WKH�FDUERFDWLRQ�DV�VKRZQ�EHORZ��

������ ����� CH

H

C

CH

OH

CH CH3

3

3

:
..

— — —
|

|

|
�

H+

� CH

H

C

CH

OH

CH CH3

2

3

Protonated alcohol

— — —
�

�

�
�

3

Slow
H O2�

' �'''
� CH

H

C

CH

CH CH3

3

+
3

2 -Carbocation

— — —
�

�

!
$�K\GULGH�VKLIW�WUDQVIRUPV�WKH����FDUERFDWLRQ�LQWR�D�PRUH�VWDEOH����FDUERFDWLRQ�DQG�DWWDFN�E\�EURPLGH�LRQ�JLYHV�

WKH�REVHUYHG�PDMRU�SURGXFW�

CH

H

C

CH

CH CH3

3

3

+

2 -Carbocatio
(Less stable)

n

— — —
�

�

!

�

1,2-hydride
shift

' �'''''

�

CH C

CH

CH3

+

3

3

3 -Carbocation
(more stable)

— —

H

CH —
�

�

!

�

Br�' �''
�
CH

Br

C

CH

CH CH3 3

2-Bromo-2-methylbutane

— — —
|

|
3

2

(Major product)
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6LPLODUO\��QHRSHQW\O�DOFRKRO���&+���&&+�2+�UHDFWV�ZLWK�+%U�WR�JLYH���EURPR���PHWK\OEXWDQH�DV�UHDUUDQJHG�SURGXFW��
7KLV�LV�GXH�WR������PHWK\O�VKLIW�DV�VKRZQ�EHORZ��

������ ������� CH

CH

C

CH

CH OH3

3

Neopentyl alcohol

— — —
|

|
3

2
H+

CH

CH

C

CH

CH OH3

3
+

2— —
|

|
3

2 �
Slow
H O2�

' �''' � CH

CH

C

CH

CH3

3
+

1 -Carbocation
(less stable)

— —
�

�

!
3

2

������� ��� ���� ���� �� �������������� ��� ���� ���� �� �������������� ��� ���� ���� �� �������������� ��� ���� ���� �� �������������� ��� ���� ���� �� �������
� ������PHWK\O�VKLIW

������ ���������� ����������� ����������� ����������� ����� CH

CH

C

Br

CH CH3

3

3

-Bromo-2-methylbutane

— — —
|

|
2

2
(Major product)

�
Br�� ''' �CH

CH

C CH CH3

3

2 3

3°-Carbocation
(more stable)

— — —
|

+

����5HDFWLRQ�ZLWK�SKRVSKRUXV�KDOLGHV��3KRVSKRUXV�KDOLGHV�VXFK�DV�3&O���3&O���3%U���3���%U���RU�3,���3���,���
UHDFW�ZLWK�DOFRKROV�WR�IRUP�FRUUHVSRQGLQJ�KDORDONDQHV�

� 5z2+� ��� 3;�� →� 5z;� �� 32;�� � � � � �� � +;
� $OFRKRO� � � � $ON\O�KDOLGH� � 3KRVSKRUXV�R[\KDOLGH
� �5z2+� �� 3;��� →� �5z;� ���+�32�� �;� �&O��%U�RU�,�
� $OFRKRO� � � � $ON\O�KDOLGH����� 3KRVSKRURXV�DFLG
H�J��� &+�&+�2+�� ��� 3&O�� →� &+�&+�&O��� �� ��� ��������32&O�� � � � � +&O
� � � � � &KORURHWKDQH� � 3KRVSKRUXV�R[\FKORULGH
� �&+�&+�2+�� ������3&O�����→� �&+�&+�&O� �� +�32�
� � � � � &KORURHWKDQH� � 3KRVSKRURXV�DFLG

� �&+�&+�2+� ��� 3%U���
P Br  �' �''''2 � �&+�&+�%U� ���+�32�

� � � � � %URPRHWKDQH� ���3KRVSKRURXV�DFLG

� �&+�&+�2+�� ��� 3,���
P  I�' �'''2 � �&+�&+�,�� �� +�32�

� � � � � ,RGRHWKDQH�� 3KRVSKRURXV�DFLG
3%U��DQG�3,��DUH�JHQHUDOO\�SUHSDUHG�LQ�VLWX�E\�WKH�UHDFWLRQ�EHWZHHQ�SKRVSKRUXV�DQG�EURPLQH�RU�LRGLQH�
����5HDFWLRQ�ZLWK�WKLRQ\O�FKORULGH��2Q�WUHDWPHQW�ZLWK�WKLRQ\O�FKORULGH� LQ�WKH�SUHVHQFH�RI�S\ULGLQH��DOFRKROV�

IRUP�FKORURDONDQHV��)RU�H[DPSOH�

� 5z2+�� ��� 62&O���
Pyridine' �'''' �5z&O�� ���62�↑� �� +&O↑�

� � � 7KLRQ\O� � $ON\O
� � � FKORULGH� � FKORULGH

� &�+�2+� �� 62&O��
Pyridine' �'''' � &�+�&O� �� +&O↑� ��� 62�↑�

� (WK\O�DOFRKRO� � � � (WK\O�FKORULGH

7KH�UHDFWLRQ�ZLWK� WKLRQ\O� FKORULGH� LV�SUHIHUUHG�EHFDXVH� WKH�E\�SURGXFWV� �62��DQG�&O��� IRUPHG�DUH� JDVHV�DQG�
FDQ�EH�HDVLO\�UHPRYHG�IURP�WKH�UHDFWLRQ�PL[WXUH�

����5HDFWLRQ�ZLWK�DPPRQLD��:KHQ�YDSRXUV�RI�DQ�DOFRKRO�DQG�DPPRQLD�DUH�SDVVHG�RYHU�KHDWHG�DOXPLQD��$O�2���
DW����.��D�PL[WXUH�RI�SULPDU\��VHFRQGDU\�DQG�WHUWLDU\�DPLQHV�LV�SURGXFHG��)RU�H[DPSOH�

� &+�&+�2+� �� 1+��
Al O
K
2 3
633

' �''' � &+�&+�1+�� �� +�2
� (WKDQRO� � � (WK\ODPLQH

� &+�&+�1+�� �� &+�&+�2+�
Al O
K
2 3
633' �'''

� �&+�&+���1+� �� +�2
� � � � � 'LHWK\ODPLQH

� �&+�&+���1+� �� &+�&+�2+�

Al O
K
2 3
633

' �'''
� �&+�&+���1� �� +�2

� � � � � 7ULHWK\ODPLQH

&��5HDFWLRQV�LQYROYLQJ�ERWK�WKH�&OHDYDJH�RI�$ON\O�DQG�+\GUR[\O�*URXSV�

����$FLGLF�GHK\GUDWLRQ��:KHQ�DOFRKROV�DUH�KHDWHG�ZLWK�D�SURWRQLF��DFLG�VXFK�DV�FRQF��+�62��RU�+�32��DW�����
.��WKH\�JHW�GHK\GUDWHG�WR�IRUP�DONHQHV�

� ' ' '
�

�

�

�
C C

H OH
Alcohol

� H
Heat
�

' �''' � & & ��������+�2
� � � ���$ONHQH
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H�J���
H

H

C

H

OH

C

H
Ethanol

' ' '
�

�

�

�
H H�' �'''',  K443

H C

H

C H

H
Ethene

' '


� �

���
����+�2

� CH

H

C

H

OH

C

H

3' ' '
�

�

�

�

!

H

        Propan-1-ol (2 )

�
H�' �'''',  K443 CH C

H

C H

H

3' '


� �

Propene

� �� �+�2

6HFRQGDU\�DQG�WHUWLDU\�DOFRKROV�DUH�GHK\GUDWHG�XQGHU�PLOG�FRQGLWLRQV��)RU�H[DPSOH��

� CH CHCH

OH

3 3
�

!Propan-2-ol (2 )

� 85% H SO
440 K

2 4' �''''' CH CH3
Propene

  &+���� ���� +�2

� CH

CH

C

CH
Methylpropan ol

3

3

3
2 2 3

' '
�

�

!

OH

- - - ( )

�
20% H SO

358 K
2 4' �''''' CH C CH

CH
Methylpropene

3 3

2
2

' '
��

-

� �� �+�2

7KXV��WKH�UHODWLYH�HDVH�RI�GHK\GUDWLRQ�RI�DOFRKROV�IROORZV�WKH�IROORZLQJ�RUGHU��
7HUWLDU\�DOFRKRO�!�6HFRQGDU\�DOFRKRO�!�3ULPDU\�DOFRKRO

$FLGLF�GHK\GUDWLRQ�RI�DOFRKROV

7KH�UHDFWLRQ�LV�EHOLHYHG�WR�RFFXU�DV�IROORZV��
� �L���)RUPDWLRQ�RI�SURWRQDWHG�DOFRKRO��$OFRKRO�FRPELQHV�ZLWK�D�SURWRQ�WR�IRUP�D�SURWRQDWHG�DOFRKRO�

�
H

H

C

H

H

C

H

' ' '
�

�

�

� �

Fast

�
..

Pr

+

H

alcohol
(Ethyl oxonium io

H

H

C

H

H

C

H

O H

otonated

|

|

|

|

|

nn)

| | | |

� �LL���)RUPDWLRQ�RI�FDUERFDWLRQ��7KH�SURWRQDWHG�DOFRKRO�ORVHV�D�ZDWHU�PROHFXOH�WR�IRUP�D�FDUERFDWLRQ�

� H

H

C

H

H

C

H

' ' '
�

�

�

�
� Slow � H

H

C

H

H

C

H
Ethyl

' '
�

�

�

�
�

 carbocation

���+�2

��LLL���(OLPLQDWLRQ�RI� D�SURWRQ� WR� IRUP�DONHQH�� � 7KH� FDUERFDWLRQ� WKHQ� HOLPLQDWHV� D� SURWRQ� DQG� XQGHUJRHV�
UHDUUDQJHPHQW�RI�HOHFWURQV�WR�IRUP�WKH�DONHQH�

� � � z+���+�

7KH� DFLG� XVHG� LQ� VWHS� �L�� LV� UHOHDVHG� LQ� VWHS� �LLL��� 7R� GULYH� WKH� HTXLOLEULXP� UHDFWLRQ� LQ� WKH� IRUZDUG� GLUHFWLRQ��
HWKHQH�LV�UHPRYHG�DV�VRRQ�DV�LW�LV�IRUPHG�

6RPH�,PSRUWDQW�)DFWV�DERXW�'HK\GUDWLRQ�RI�$OFRKROV�5HDFWLRQ
�7KH�DFLGLF�GHK\GUDWLRQ�RI�DOFRKROV�WR�DONHQHV�RFFXUV�WKURXJK�WKH�IRUPDWLRQ�RI�LQWHUPHGLDWH�FDUERFDWLRQV�DQG�

WKH�VWDELOLW\�RI�FDUERFDWLRQ� IROORZV� WKH�RUGHU� �����!���� !� ����7KHUHIRUH��WKH�UHODWLYH�HDVH� RI�GHK\GUDWLRQ�RI�DOFRKROV�
IROORZV�WKH�VDPH�RUGHU��

������ ���������� ����7HUWLDU\�DOFRKRO�!�6HFRQGDU\�DOFRKRO�!�3ULPDU\�DOFRKRO
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� 7KH�GHK\GUDWLRQ� RI� ���DQG����DOFRKROV� DOZD\V� RFFXUV� LQ� DFFRUGDQFH�ZLWK�6D\W]HII
V� UXOH��$FFRUGLQJ� WR�WKLV�
UXOH��WKH�PRUH�KLJKO\�VXEVWLWXWHG�DONHQH�LV�DOZD\V�WKH�PDMRU�SURGXFW��)RU�H[DPSOH�

������ ����� CH CH3 3

Butan-2-ol

— CH—CH —

OH

2
| �

Conc. H SO
K
2 4

443
' �''''' � CH CH==CHCH3 3

(Major product)
But-2-ene(80%)

����� CH ==CHCH CH2 2 3
But-1-ene(20%)
(Minor product)

�6LQFH��WKH�GHK\GUDWLRQ�RI�DOFRKROV�LQYROYHV�WKH�IRUPDWLRQ�RI�LQWHUPHGLDWH�FDUERFDWLRQV�ZKLFK�DUH�DOZD\V�SURQH�
WR�UHDUUDQJHPHQWV��WKHUHIRUH�� WKH�DONHQHV�IRUPHG�DUH�DOZD\V� WKRVH� REWDLQHG� IURP�UHDUUDQJHG�FDUERFDWLRQV�� ,Q� WKH�
GHK\GUDWLRQ� RI� ��PHWK\OEXWDQ���RO�� WKH�PDMRU� SURGXFW� LV� ��PHWK\OEXW���HQH� LQVWHDG� RI� H[SHFWHG���PHWK\OEXW���HQH�
EHFDXVH�RI�����K\GULGH�VKLIW�DV��

������ �
CH CH CH OH3 2 2

2-Methylbut-1-ol

— —CH—

CH3
| �

H
H O

+

2�
' �'''

�
CH CH

H

C

CH

CH3 2

3

+
2

              1 -Carbocation
(Less stab

— — —
�

�

!
lle)

1,2-hydride
shift

' �''''

������� ��� ���� ���� �� �������������� ��� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �y+�

�

�

CH CH==C

CH

CH3

3

3

2-Methylbut-2-ene

—
|

,W� PD\� EH� QRWHG� WKDW� IURP� ���FDUERFDWLRQ�� WKH� +�� FDQ� EH� DEVWUDFWHG� HLWKHU� IURP� &y�� RU� IURP� &y��� %XW� LW� LV�
SUHIHUDEO\�DEVWUDFWHG�IURP�&y��WR�IRUP�PRUH�VXEVWLWXWHG�DONHQH�LQ�DFFRUGDQFH�ZLWK�6D\W]HIIuV�UXOH�

6LPLODUO\�� ����GLPHWK\OEXWDQ���RO� JLYHV� ����GLPHWK\OEXW���HQH� DV� WKH� PDMRU� SURGXFW� LQVWHDG� RI� H[SHFWHG�
����GLPHWK\O�EXW���HQH�EHFDXVH�RI������PHWK\O�VKLIW�DV��

CH

CH

C

CH

CH

OH

CH3

3

3

3

3,3-Dimethylbutan-2-ol

— — —
|

| |
H
H O

+

2�
' �''

� �

1,2-Methyl
shift

' �'''''
�
CH

CH

C CH

CH

CH3

3

3

3— — —
&

� �

!3 -carbocation
(More stable)

� � � � � � � � ������ � ��� �� � �y+�

� � � � � � �

CH3

2,3-Dimethylbut-2-ene

— == —

CH

C C

CH

CH

3

3

3

,W�PD\�EH�QRWHG�WKDW�WKH�UHDFWLRQ�EHWZHHQ�DOFRKRO�DQG�FRQF��+�62��GHSHQGV�XSRQ�WKH�FRQGLWLRQV��)RU�H[DPSOH�
� �L���$W�����.�LW�JLYHV�HWKHQH�DV�WKH�SURGXFW��
� �LL���:KHQ�KHDWHG�ZLWK�H[FHVV�RI�DOFRKRO�DW�����.��LW�IRUPV�DQ�HWKHU�

� �&+�&+�2+�
H�' �'''413 K � &+�&+�2&+�&+�

� � � (WKR[\�HWKDQH
� � � �'LHWK\O�HWKHU�

�LLL��$W�����.��HWK\O�DOFRKRO�DQG�VXOSKXULF�DFLG�UHDFW�WR�JLYH�HWK\O�K\GURJHQ�VXOSKDWH�

� &+�&+�2+���+�62��
383 K' �''' � &+�&+�262�+��� ������� � � � � ��� ����+�2

� � � (WK\O�K\GURJHQ�VXOSKDWH

:KHQ�HWK\O�K\GURJHQ�VXOSKDWH�LV�KHDWHG�WR�����.�LQ�WKH�SUHVHQFH�RI�H[FHVV�RI�DOFRKRO��GLHWK\O�HWKHU�LV�IRUPHG�

� &+��&+�� 262�+���+ �2&+�&+��
413 K' �''' � &+�&+�2&+�&+�� �� +�62�

� � � (WKR[\�HWKDQH�
� � � �'LHWK\O�HWKHU��
:KHQ�HWK\O�K\GURJHQ�VXOSKDWH�LV�KHDWHG�WR�����.�LQ�WKH�SUHVHQFH�RI�H[FHVV�RI�FRQF��+�62���HWKHQH�LV�IRUPHG�

� &+�&+�262�+�
Conc. H SO

443 K
2 4' �''''' � &+��  �&+����+�62�

� � � ��� ��(WKHQH
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'HK\GUDWLRQ�RI�DOFRKROV�WR�HWKHUV�RU�DONHQHV�FDQ�DOVR�EH�EURXJKW�DERXW�E\�SDVVLQJ�WKH�YDSRXU�RI�WKH�DOFRKROV�
RYHU�KHDWHG�DOXPLQD�FDWDO\VW�XQGHU�GLIIHUHQW�FRQGLWLRQV���

� �D���$W����y����.��HWKHUV�DUH�REWDLQHG�

� �&+�&+�2+�
Al O

K
2 3

513 523�' �'''' � &+�&+�2&+�&+�� �� +�2
� � � (WKR[\�HWKDQH�
� � � �'LHWK\O�HWKHU�

� �E���$W�����.��DONHQHV�DUH�REWDLQHG�

� &+�&+�2+�
Al O
K
2 3
633

' �''' � &+��  �&+�����+�2
� � � �����(WKHQH

���2[LGDWLRQ��7KH�R[LGDWLRQ�RI�DOFRKROV� LQYROYHV�WKH� IRUPDWLRQ�RI� D�FDUERQ�R[\JHQ�GRXEOH�ERQG�ZLWK�FOHDYDJH�
RI�DQ�2z+�DQG�&z+�ERQGV�

� �
       ' �'' � �  �2�

7KLV� W\SH� RI� FOHDYDJH� DQG� IRUPDWLRQ� RI� ERQGV� RFFXU� LQ� R[LGDWLRQ� UHDFWLRQV�� 7KHVH� UHDFWLRQV� DUH� DOVR� FDOOHG�
GHK\GURJHQDWLRQ�UHDFWLRQV�EHFDXVH�WKHVH�LQYROYH�ORVV�RI�K\GURJHQ�IURP�DQ�DOFRKRO��7KH�SURGXFW�RI�R[LGDWLRQ�UHDFWLRQ�
GHSHQGV�XSRQ�WKH�W\SH�RI�DOFRKRO��SULPDU\��VHFRQGDU\�RU�WHUWLDU\�DOFRKRO��DQG�DOVR�RQ�WKH�QDWXUH�RI�R[LGLVLQJ�DJHQW�

7KH� R[LGDWLRQ� RI� DOFRKROV� FDQ� EH� FDUULHG� RXW� E\� D� QXPEHU� RI� UHDJHQWV� VXFK� DV� DTXHRXV�� DONDOLQH� RU� DFLGLILHG�
.0Q2���DFLGLILHG�1D�&U�2��RU�.�&U�2���QLWULF�DFLG��FKURPLF�DFLG��HWF��+RZHYHU��GLIIHUHQW� FODVVHV�RI� DOFRKROV�GLIIHU�
IURP�HDFK�RWKHU�QRW�RQO\�LQ�WKHLU�HDVH�RI�R[LGDWLRQ�EXW�DOVR�RQ�WKH�QDWXUH�RI�SURGXFWV�IRUPHG�

�L��3ULPDU\� DOFRKROV�� $� SULPDU\� DOFRKRO� LV� HDVLO\� R[LGLVHG� WR� IRUP� ILUVW� DQ� DOGHK\GH� DQG� WKHQ� D� FDUER[\OLF�
DFLG��%RWK�WKH�DOGHK\GH�DQG�WKH�DFLG�IRUPHG�FRQWDLQ�WKH�VDPH�QXPEHU�RI�FDUERQ�DWRPV�DV�WKH�VWDUWLQJ�DOFRKRO�

)RU�H[DPSOH�
� 5&+�2+�

[ ]O
Oxidation

' �'''' �R C O

H
Aldehyde

' 


�

� [ ]O
Oxidation' �'''' � R C O

OH
Carboxylic

' 


�

 acid

H�J��� CH

H

C

H
Ethyl

3' '
�

�
OH

 alcohol
( )Primary

�
K Cr O dil H SO2 2 7 2 4�' �''''''' CH

H

C O
Acetaldehyde
Same number

of carbon atoms

3'
�




(
)

 

�
[ ]

(Re )
O
adily

' �'''' CH

OH

C O
Acetic
Same number of
carbon atoms

3'
�




 acid
  (

)

���RU���&+�&22+

6WURQJ�R[LGLVLQJ�DJHQWV�VXFK�DV�DFLGLILHG�SRWDVVLXP�GLFKURPDWH�FRQYHUW�DOFRKROV�GLUHFWO\�WR�FDUER[\OLF�DFLGV�
+RZHYHU��R[LGDWLRQ�FDQ�EH�VWRSSHG�DW� DOGHK\GH�VWDJH�E\�XVLQJ�&U�9,��UHDJHQWV� LQ�DQK\GURXV�PHGLXP� �VXFK�DV�
&+�&O���DV�WKH�R[LGLVLQJ�DJHQW�

� �5&+�2+�
CrO3' �''' ��5&+2�

������ ������������ ������������ � � $OGHK\GH

� �7KH�FRPPRQ�UHDJHQWV�XVHG�WR�VWRS�R[LGDWLRQ�RI����DOFRKROV�WR�DOGHK\GH�VWDJH�DUH��

� •� &ROOLQV�UHDJHQW���&U2���&�+�1��FKURPLXP�WULR[LGH�S\ULGLQH�FRPSOH[

� •� 3&&���&U2��&�+�1�+&O�RU��&�+�1+�
��&U2�&O

y
��S\ULGLQLXP�FKORURFKURPDWH�

� •� 3'&����&�+�1+��
��
�&U�2�

�y��S\ULGLQLXP�GLFKURPDWH

� � ,W�PD\�EH�QRWHG� WKDW� WKHVH� UHDJHQWV�DUH�YHU\� VHOHFWLYH� EHFDXVH� WKHVH�DUH�XVHIXO� IRU� R[LGDWLRQ� RI� DOFRKROV�ZKLFK� FRQWDLQ��
&z&�GRXEOH�RU�WULSOH�ERQGV��DOO\OLF�RU�EHQ]\OLF�&z+�ERQGV�

&+�z&+  &+z&+�2+�
PCC' �'' �&+�z&+  &+z&+2

�LL��6HFRQGDU\�DOFRKROV��$�VHFRQGDU\�DOFRKRO�LV�HDVLO\�R[LGLVHG�WR�IRUP�D�NHWRQH�ZLWK�FKURPLF�DQK\GULGH��&U2����
7KH�NHWRQH�PD\�EH�IXUWKHU�R[LGLVHG�XQGHU�VWURQJ�FRQGLWLRQV�WR�IRUP�D�PL[WXUH�RI�DFLGV��:KLOH� WKH�NHWRQH�FRQWDLQV�
WKH�VDPH�QXPEHU�RI�FDUERQ�DWRPV�DV�WKH�VWDUWLQJ�DOFRKRO��WKH�DFLGV�IRUPHG�FRQWDLQ�OHVVHU�QXPEHU�RI�FDUERQ�DWRPV�

� CH

CH

C

H
Isopropyl

3

3

' '
�

�
OH

 alcohol

�     [ ]O' �''' � CH

CH

C O
Acetone

Same number
of carbon atoms

3

3

'
�




       
 (

)

�         
   

4[ ]O
Drastic

conditions

' �'''' � CH COOH
Acetic

3  
         acid
  (Lesser number of
   carbon atooms)

���&2����+�2
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� �
O' �' � �

O' �' � &+�&22+� �� +22&&+�&+�
� 3HQWDQ���RO� � 3HQWDQ���RQH� � $FHWLF�DFLG� 3URSLRQLF�DFLG

7KH�R[LGDWLRQ�FDQ�EH�VWRSSHG�DW�WKH�NHWRQH�VWDJH�E\�XVLQJ�FKURPLF�DQK\GULGH��&U2���

�
R'

�

CrO
C H N

3
5 5

' �'''
�

R'
�

�LLL��7HUWLDU\�DOFRKROV��7HUWLDU\�DOFRKROV�DUH�YHU\�GLIILFXOW�WR�EH�R[LGLVHG�LQ�QHXWUDO�RU�DONDOLQH�.0Q2���VROXWLRQ�
EHFDXVH� WKH\�GR�QRW� KDYH�K\GURJHQ� RQ� FDUERQ� EHDULQJ�z2+�JURXS��+RZHYHU��ZKHQ� WUHDWHG�ZLWK�DFLGLF� R[LGLVLQJ�
DJHQWV��.�&U�2��+�62��RU�.0Q2��+�62���XQGHU�YHU\�VWURQJ�FRQGLWLRQV�DW�HOHYDWHG�WHPSHUDWXUHV��FOHDYDJH�RI�YDULRXV�
&z&� ERQGV� WDNHV�SODFH�� $V� D� UHVXOW��PL[WXUHV� RI� NHWRQHV� DQG� FDUER[\OLF� DFLGV� DUH� IRUPHG��%RWK� WKH�NHWRQHV� DQG�
DFLGV�FRQWDLQ�OHVVHU�QXPEHU�RI�FDUERQ�DWRPV�WKDQ�WKH�VWDUWLQJ�DOFRKROV��7KH�R[LGDWLRQ�SUHVXPDEO\�RFFXUV�YLD�DONHQH�
IRUPDWLRQ�WKURXJK�GHK\GUDWLRQ�RI�DOFRKROV�XQGHU�DFLGLF�FRQGLWLRQV��)RU�H[DPSOH�

� � � � &+�
� � � � _

� � &+�z&z2+�
+

2

H ,
H O

∆
−

→ �&+�z&  &+�����
O→

� � � � _� � ���_

� � � � &+�� � �� &+�

� � �WHUW�%XW\O�DOFRKRO� ��0HWK\OSURS���HQH

&+�z&  2���>+&22+@�→�&2����+�2
�����������_
� � &+�

������$FHWRQH

2

$FHWRQH�FDQ�IXUWKHU�EH�R[LGLVHG�WR�DFHWLF�DFLG�DQG�IRUPLF�DFLG�

������������ ������������ �� O
Heat

' �''
&+� & 2
&+�

��&+�&22+�� ������+&22+

����������� ������������ �$FHWRQH������������ �
�������$FHWLF�DFLG� ������ )RUPLF�DFLG

RU� � �         
   (  strong
      

4[ ]

)

O
Under
conditions

 → � CH

CH

C O
Acetone

Lesser number
of carbon atoms

3

3

'
�




       
 (

)

4[ ]

)

O

Under
conditions

' �'''''
 (  strong
      

CH COOH
Acetic

3  
         acid
  (Lesser number of
   carbon atooms)

���&2����+�2

� CH3' '

CH

C

OH

CH CH

3

2 3

2-Methylbutan-2-ol

�

�
�

         
   (  strong
      

[ ]

)

O
Under
conditions

 → �
CH

CH

3

3

�&  2�� CH COOH
Acetic

3  
         acid

5�8�&XULRXV����

�� (WKDQRO� LV� JHQHUDOO\� XVHG� IRU� GULQNLQJ� SXUSRVHV�� ,I� D� SHUVRQ� FRQVXPHV�PHWKDQRO� E\�PLVWDNH�� WKHQ�KRZ� WKH�
SHUVRQ�LV�WUHDWHG�IRU�PHWKDQRO�SRLVRQLQJ�

� � %LRORJLFDO�R[LGDWLRQ�RI�PHWKDQRO�DQG�HWKDQRO�RFFXUV� LQ� WKH�ERG\�DQG�SURGXFHV� WKH�FRUUHVSRQGLQJ�DOGHK\GH�DQG�
WKHQ� WKH� FDUER[\OLF� DFLG��0HWKDQRO� LV� R[LGLVHG� ILUVW� WR�PHWKDQDO� DQG� WKHQ� WR�PHWKDQRLF� DFLG�ZKLOH� HWKDQRO� LV�
R[LGLVHG�ILUVW�WR�HWKDQDO�DQG�WKHQ�WR�HWKDQRLF�DFLG��,I�DQ�DOFRKROLF�SHUVRQ��E\�PLVWDNH��GULQNV�GHQDWXUDWHG�DOFRKRO�
�L�H���HWKDQRO�PL[HG�ZLWK�PHWKDQRO���WKH�PHWKDQRO�LV�R[LGLVHG�WR�PHWKDQRLF�DFLG��ZKLFK�PD\�FDXVH�EOLQGQHVV�DQG�
HYHQ�GHDWK��$�PHWKDQRO�SRLVRQHG�SDWLHQW�LV�WUHDWHG�E\�JLYLQJ�LQWUDYHQRXV�LQIXVLRQV�RI�GLOXWHG�HWKDQRO��DERXW�����
VROXWLRQ���(WKDQRO� JHWV� SUHIHUHQWLDOO\�R[LGLVHG�DQG� VORZV�GRZQ� WKH�R[LGDWLRQ� RI�PHWKDQRO��7KH�HQ]\PH�FDXVLQJ�
WKH�R[LGDWLRQ�RI�PHWKDQDO��+&+2��WR�PHWKDQRLF�DFLG�LV�VZDPSHG�DOORZLQJ�WLPH�IRU�NLGQH\V�WR�H[FUHWH�PHWKDQRO�

���'HK\GURJHQDWLRQ��7KH�GHK\GURJHQDWLRQ��UHPRYDO�RI�K\GURJHQ��RI�DOFRKROV�LV�DFKLHYHG�ZKHQ�WKH�YDSRXUV�RI�
DOFRKRO�DUH�SDVVHG�RYHU�FRSSHU�KHDWHG�DW�����.��:KHUHDV�WKH�SULPDU\�DQG�VHFRQGDU\�DOFRKROV�JHW�HDVLO\�GHK\GURJHQDWHG�
WR�IRUP�DOGHK\GHV�DQG�NHWRQHV�UHVSHFWLYHO\��WHUWLDU\�DOFRKROV�JHW�GHK\GUDWHG��ORVHV�ZDWHU�PROHFXOH��XQGHU�WKH�UHDFWLRQ�
FRQGLWLRQV�WR�DONHQHV�

�L��3ULPDU\�DOFRKROV�JHW�GHK\GURJHQDWHG�WR�IRUP�DOGHK\GHV�

� �
Cu, 573 K' �'''' � CH
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C O3'
�
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(Acetaldehyde)

� �� +�

$FHWRQH
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7KH�SKHQROV�DUH�UHDFWLYH�FRPSRXQGV��7KH�FKHPLFDO�SURSHUWLHV�RI�SKHQROV�DUH�RI�WKUHH�W\SHV��
$���5HDFWLRQV�RI�SKHQROLF�JURXS��z2+�JURXS�
%���5HDFWLRQV�RI�EHQ]HQH�ULQJ
&���6SHFLDO�UHDFWLRQV�
$��5HDFWLRQV�RI�3KHQROLF��z2+��*URXS
���$FLGLF�FKDUDFWHU��3KHQROV�DUH�ZHDNO\�DFLGLF� LQ�QDWXUH��.D� ���

y��WR���y�����7KH\�WXUQ�EOXH� OLWPXV�UHG�DQG�
UHDFW�ZLWK�DONDOL�PHWDOV�DQG�DONDOLHV�WR�IRUP�WKHLU�VDOWV��)RU�H[DPSOH�

��� �� ��� ��1D� � ��� � �� +�

� � � � 6RGLXP�SKHQR[LGH

� �� ��� 1D2+� �� ���� � �� +�2

� � � � 6RGLXP�SKHQR[LGH

+RZHYHU��SKHQRO�LV�ZHDNHU�DFLG�WKDQ�FDUER[\OLF�DFLG��7KHUHIRUH��OLNH�FDUER[\OLF�DFLGV��SKHQRO�GRHV�QRW�UHDFW�ZLWK�
VRGLXP�FDUERQDWH��1D�&2���DQG�VRGLXP�ELFDUERQDWH��1D+&2���HYROYLQJ�&2��

7KH�DFLGLF�FKDUDFWHU�RI�SKHQRO�LV�EHFDXVH�RI�WKH�SUHVHQFH�RI�SRODU�2z+�JURXS��7KH�K\GUR[\O�JURXS�LQ�SKHQRO�LV�
GLUHFWO\� DWWDFKHG�WR� WKH�VS�� K\EULGLVHG� FDUERQ�RI� EHQ]HQH� ULQJ�ZKLFK�DFWV� DV� DQ� HOHFWURQ�ZLWKGUDZLQJ� JURXS��'XH�
WR� WKH�KLJKHU�HOHFWURQHJDWLYLW\� RI� VS�� K\EULGLVHG� FDUERQ� RI�SKHQRO� WR�ZKLFK�z2+� LV� DWWDFKHG�� HOHFWURQ�GHQVLW\� RQ�
R[\JHQ�GHFUHDVHV��7KLV�LQFUHDVHV�WKH�SRODULW\�RI�2z+�ERQG�DQG�UHVXOWV�LQ�DQ�LQFUHDVH� LQ�LRQLVDWLRQ�RI�SKHQROV��$V�
D�UHVXOW�+��LRQ�FDQ�EH�HDVLO\�UHOHDVHG�IURP�DTXHRXV�VROXWLRQ�DV��

� �� � �� +�

3KHQRO� � 3KHQR[LGH�LRQ�
3KHQROV�DUH�PRUH�DFLGLF�WKDQ�DOFRKROV��7KH�JUHDWHU�DFLGLF�FKDUDFWHU�RI�SKHQROV�DV�FRPSDUHG�WR�DOFRKROV�FDQ�

EH�H[SODLQHG�RQ�WKH�EDVLV�RI�UHVRQDQFH��3KHQRO�LV�D�UHVRQDQFH�K\EULG�RI�WKH�IROORZLQJ�VWUXFWXUHV��

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

�2+

9

,W�LV�FOHDU�WKDW�WKUHH�VWUXFWXUHV�RI�SKHQRO��,,,��,9�DQG�9��KDYH��YH�FKDUJH�RQ�R[\JHQ�RI�z2+�JURXS��7KLV�R[\JHQ�
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DWWUDFWV�WKH�HOHFWURQ�SDLU�RI�2z+�ERQG�VWURQJO\�WRZDUGV� LWVHOI��ZHDNHQV�WKH�2z+�ERQG�DQG��WKHUHIRUH�� IDFLOLWDWHV�
WKH�UHOHDVH�RI�+���6LPLODUO\��WKH�SKHQR[LGH�LRQ�LV�UHVRQDQFH�VWDELOL]HG�DV�IROORZV��

������ ���������
7KXV��ZH�REVHUYH�WKDW�ERWK�SKHQRO�DQG�SKHQR[LGH�LRQ�DUH�VWDELOL]HG�E\�UHVRQDQFH��1RZ� LI�ZH�FDUHIXOO\�REVHUYH�

WKH�UHVRQDQFH�VWUXFWXUHV��ZH�REVHUYH� WKDW�SKHQR[LGH� LRQ�LV�PRUH�UHVRQDQFH�VWDELOLVHG�WKDQ�SKHQRO��,Q�SKHQRO�WKUHH�
FRQWULEXWLQJ�VWUXFWXUHV��,,,��,9�DQG�9��KDYH�ERWK�SRVLWLYH�DQG�QHJDWLYH�FKDUJHV�DQG�WKHUHIRUH��WKHVH�ZLOO�EH�XQVWDEOH��
7KHVH� VWUXFWXUHV�ZLOO� UHTXLUH� HQHUJ\� WR� VHSDUDWH� WKH� FKDUJH� DQG� WKHUHIRUH��ZLOO� EH� XQVWDEOH�� 2Q� WKH� RWKHU� KDQG��
WKHUH� LV� QR�VWUXFWXUH� LQ�SKHQR[LGH� LRQ�ZKLFK�UHTXLUHV� FKDUJH� VHSDUDWLRQ��7KXV��WKH� UHVRQDQFH�K\EULG�RI�SKHQRO� LV�
OHVV�VWDEOH�WKDQ�SKHQR[LGH�LRQ�DQG�WKH�UHDFWLRQ�LV�YHU\�PXFK�LQ�IDYRXU�RI�WKH�SKHQR[LGH�LRQ��7KHUHIRUH��WKH�SKHQRO�
LV�PRUH�DFLGLF�

*'.2

7KH� DFLGLF� FKDUDFWHU� RI� DQ� DFLG�
LV� H[SUHVVHG� LQ� WHUPV� RI� .D�
�GLVVRFLDWLRQ�FRQVWDQW��
7KH�VWURQJHU�WKH�DFLG��WKH�ODUJHU�
ZLOO�EH�LWV�.D�YDOXH�
$OWHUQDWHO\�� .D� PD\� DOVR� EH�
H[SUHVVHG�DV�S.D��ZKLFK�LV�GHILQHG�
DV���S.D� �y�ORJ�.D�
6PDOOHU�WKH�S.D�YDOXH��VWURQJHU�
LV�WKH�DFLG�

2Q�WKH�RWKHU�KDQG��LQ�FDVH�RI�DOFRKROV��QHLWKHU�WKH�DOFRKRO�QRU�WKH�DONR[LGH�
LRQ�LV�VWDELOL]HG�E\�UHVRQDQFH�

� ��� δy

δ�

�����

δy

δy ����+�� 3KHQR[LGH�LRQ�LV�PRUH�UHVRQDQFH�VWDELOL]HG�

3KHQRO���� ������������3KHQR[LGH��

5z2z+����5z2y���+��� 1R�UHVRQDQFH�VWDELOL]DWLRQ�IRU�DOFRKRO�RU

1R�UHVRQDQFH� ��� ���� DONR[LGH�LRQ�

7KXV��SKHQROV�DUH�PRUH�DFLGLF�WKDQ�DOFRKROV��+RZHYHU��SKHQROV�DUH�OHVV�DFLGLF�
WKDQ�FDUER[\OLF�DFLGV�ZKLFK�LV�VXSSRUWHG�E\�WKHLU�GLVVRFLDWLRQ�FRQVWDQW��.D��YDOXHV�

&RPSRXQG���������� �(WKDQRO��� ����������� ��3KHQRO�������(WKDQRLF�DFLG
������.D���������� ��������������� �������

y������������� ����������������y������������������ ����y�

(IIHFW�RI�6XEVWLWXHQWV�RQ�WKH�$FLGLF�&KDUDFWHU�RI�3KHQROV
7KH�HIIHFW�RI�VXEVWLWXHQWV�RQ�WKH�DFLGLF�FKDUDFWHU�RI�SKHQROV�FDQ�EH�HDVLO\�XQGHUVWRRG�LQ�WHUPV�RI�VWDELOLW\�RI�

SKHQR[LGH�LRQ�UHODWLYH�WR�SKHQRO��$Q\�JURXS�WKDW�VWDELOL]HV�WKH�SKHQR[LGH�LRQ�PRUH�WKDQ�WKH�DFLG�ZRXOG�PDNH�WKH�
UHDFWLRQ�PRUH�WRZDUGV�IRUZDUG�GLUHFWLRQ�DQG�ZRXOG�LQFUHDVH�WKH�DFLGLW\��2Q�WKH�RWKHU�KDQG��D�JURXS�WKDW�PDNHV�
WKH�SKHQR[LGH�LRQ�OHVV�VWDEOH�ZRXOG�GHFUHDVH�WKH�DFLGLW\�

�D��(OHFWURQ�ZLWKGUDZLQJ�VXEVWLWXHQWV��(:*��OLNH�z12���z&1��z;��KDORJHQ���HWF��ZLWKGUDZ�HOHFWURQV�
DQG� GLVSHUVH� WKH� QHJDWLYH� FKDUJH� RQ� SKHQR[LGH� LRQ�� 7KHUHIRUH�� WKHVH� VXEVWLWXHQWV� VWDELOL]H� WKH� SKHQR[LGH� LRQ�
UHODWLYH�WR�SKHQROV��7KXV��WKHVH�JURXSV�ZLOO� LQFUHDVH�WKH�DFLGLF�VWUHQJWK�

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

(OHFWURQ� ZLWKGUDZLQJ� JURXS� ZLWKGUDZV� HOHFWURQV��
GLVSHUVHV�WKH�QHJDWLYH�FKDUJH�DQG�WKHUHIRUH�VWDELOL]HV�
WKH�SKHQR[LGH�LRQ�Z�U�W��SKHQRO�

$FLGLF�VWUHQJWK�LQFUHDVHV�

(OHFWURQ�GRQDWLQJ�JURXS�GRQDWHV�HOHFWURQV��LQWHQVLILHV�
WKH� yYH� FKDUJH� DQG� WKHUHIRUH� GHVWDELOL]HV� WKH�
SKHQR[LGH�LRQ�Z�U�W��SKHQRO�

$FLGLF�VWUHQJWK�GHFUHDVHV

�E��(OHFWURQ�GRQDWLQJ�JURXSV��('*��OLNH�z5��DON\O���z1+���z25��DONR[\���HWF��JLYH�HOHFWURQV�DQG�LQWHQVLI\��
WKH�QHJDWLYH�FKDUJH�RQ�SKHQR[LGH�LRQ��7KHUHIRUH��WKHVH�VXEVWLWXHQWV�GHVWDELOL]H�WKH�SKHQR[LGH�LRQ�UHODWLYH�WR�SKHQRO��
7KXV��WKHVH�JURXSV�ZLOO�GHFUHDVH�WKH�DFLGLF�FKDUDFWHU�



#.%1*1.5��2*'01.5�#0&�'6*'45 �����

7KH�DFLGLW\�FRQVWDQW��S.D��RI�VRPH�SKHQROV�DUH�JLYHQ�EHORZ��

(OHFWURQ�ZLWKGUDZLQJ�JURXSV� (OHFWURQ�UHOHDVLQJ�JURXSV

3KHQRO� S.D� 3KHQRO� S.D

S�&KORURSKHQRO� ���� S�$PLQRSKHQRO� �����
S�%URPRSKHQRO� ��� S�0HWKR[\SKHQRO� ��
S�1LWURSKHQRO� ����� S�0HWK\O�SKHQRO� ���
��������7ULQLWURSKHQRO�� ���

� 3KHQRO� ����

�F�� 7KH� SDUWLFXODU� HIIHFW� LV�PRUH� VLJQLILFDQW�ZKHQ� WKH� VXEVWLWXHQW� LV� SUHVHQW� LQ� R�� RU�S�SRVLWLRQ� WKDQ�P�SRVLWLRQ�
WR� WKH�z2+�JURXS��7KLV�PHDQV� WKDW�R�DQG�S�QLWURSKHQROV��ZLOO�EH�PRUH�DFLGLF� WKDQ�P�QLWURSKHQRO�ZKLOH�R�� DQG�
S�PHWK\OSKHQROV��FUHVROV��ZLOO�EH�OHVV�DFLGLF�WKDQ�P�FUHVRO�

7KXV��DFLGLF�VWUHQJWK�GHFUHDVHV�DV

S�1LWURSKHQRO�!�R�1LWURSKHQRO�!�P�1LWURSKHQRO�!�3KHQRO�
6LPLODUO\�

3KHQRO�!�P�&UHVRO�!�S�&UHVRO�!�R�&UHVRO

$OFRKRO� S.D� $OFRKRO� S.D

R�1LWURSKHQRO� ����� R�&UHVRO� �����

P�1LWURSKHQRO� ����� P�&UHVRO� �����
S�1LWURSKHQRO� ���� S�&UHVRO� �����
3UHVHQFH�RI�PRUH�WKDQ�RQH�VXEVWLWXHQWV�DOVR�LQFUHDVHV�RU�GHFUHDVHV�WKH�DFLGLF�VWUHQJWK�
)RU�H[DPSOH�

��������7ULQLWURSKHQRO�!������'LQLWURSKHQRO�!�S�1LWURSKHQRO�!�3KHQRO�

S.D� ����� ���� ����� ����

&203$5,621�2)�$&,',&�675(1*7+�2)�3+(12/6

�D���&RPSDULVRQ�RI�DFLGLF�VWUHQJWK�RI�QLWURSKHQROV�
7KH� QLWUR� JURXS� �y12��� KDV� ERWK�y5� HIIHFW�DQG�y,� HIIHFW��%XW� WKH� y5� HIIHFW� SUHGRPLQDWHV� RYHU� WKH�y,� HIIHFW��

'XH�WR�VWURQJ�HOHFWURQ�ZLWKGUDZLQJ�QDWXUH�RI�y12��JURXS��DOO� WKH�QLWURSKHQROV�DUH�PRUH�DFLGLF�WKDQ�SKHQRO��
:KHQ�y12��JURXS�LV�SUHVHQW�DW�R��DQG�S�SRVLWLRQV��LW�ZLWKGUDZV�HOHFWURQV�RI�WKH�2z+�ERQG�WRZDUGV�LW�E\�VWURQJHU�
y5�HIIHFW�ZKHUHDV�ZKHQ�y12��JURXS�LV�SUHVHQW�DW�P�SRVLWLRQ��LW�ZLWKGUDZV�HOHFWURQV�RI�2z+�ERQG�RQO\�E\�ZHDNHU�
y,�HIIHFW�

�

:KHQ�z12��LV�DW�R�DQG�S�SRVLWLRQ�
WKH�FRQMXJDWLRQ� LV�H[WHQGHG�XS�WR�
R[\JHQ� DWRP� RI� WKH� QLWUR� JURXS�
DQG�WKH�DQLRQ�LV�PRUH�VWDEOH�WKDQ�
P�QLWURSKHQR[LGH� ZKHUH� QR� VXFK�
FRQMXJDWLRQ�LV�SRVVLEOH�
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,W� LV� FOHDU� IURP� WKH� DERYH� VWUXFWXUHV� WKDW�ZKHQ�z12�� JURXS� LV� DW�R�DQG�S�SRVLWLRQV��
QLWURSKHQR[LGH�LRQ�LV�PRUH�UHVRQDQFH��VWDEOH�EHFDXVH�WKH�FRQMXJDWLRQ�LV�H[WHQGHG�XSWR�R[\JHQ�
DWRP�RI�WKH�QLWUR�JURXS��%XW�WKH�P�QLWURSKHQR[LGH�LRQ�LV�OHVV�VWDEOH�EHFDXVH�QR�VXFK�FRQMXJDWLRQ�
LV�SRVVLEOH�LQ�LWV�VWUXFWXUHV��7KXV��R��DQG�S�QLWURSKHQROV�DUH�PRUH�DFLGLF�WKDQ�P�QLWURSKHQRO��7KH�
ODUJHU�DFLGLF�FKDUDFWHU�RI�P�QLWURSKHQRO�LV�RQO\�EHFDXVH�RI�y,�HIIHFW�DV�VKRZQ�

+RZHYHU��R�QLWURSKHQRO�LV�VOLJKWO\�ZHDNHU�DFLG�WKDQ�S�QLWURSKHQRO�EHFDXVH�RI�LQWUDPROHFXODU�
K\GURJHQ�ERQGLQJ�ZKLFK�PDNHV�ORVV�RI�D�SURWRQ�OLWWOH�GLIILFXOW�

�E��&RPSDULVRQ�RI�DFLGLF�VWUHQJWK�RI�FUHVROV��PHWK\OSKHQROV�
0HWK\O�JURXS��z&+���KDV��,�HIIHFW�DQG�K\SHUFRQMXJDWLRQ�HIIHFW��%XW�WKH�K\SHUFRQMXJDWLRQ�

HIIHFW�SUHGRPLQDWHV�RYHU��,�HIIHFW��%RWK�WKHVH�HIIHFWV��LQFUHDVH�WKH�HOHFWURQ�GHQVLW\�LQ�WKH�2z+�
ERQG�VR� WKDW� WKH� ORVV� RI� SURWRQ�EHFRPHV� OLWWOH�GLIILFXOW��+HQFH��DOO� WKH�FUHVROV� DUH�ZHDNHU�
DFLGV�WKDQ�SKHQRO��6LQFH�K\SHUFRQMXJDWLRQ�HIIHFW� FDQ�RSHUDWH�RQO\�DW�R�DQG�S�SRVLWLRQV�DQG�
QRW�WKURXJK�P�SRVLWLRQ��WKHUHIRUH��R�DQG�S�FUHVROV�DUH�OHVV�DFLGLF�WKDQ�P�FUHVRO��+RZHYHU��DV�ZH�NQRZ��WKDW��,�HIIHFW�
RI�D�VXEVWLWXHQW�GHFUHDVHV�ZLWK�WKH�LQFUHDVH�LQ�GLVWDQFH�IURP�WKH�UHDFWLRQ�FHQWUH��WKHUHIRUH���,�HIIHFW�ZLOO�EH�PRUH�DW�
R�SRVLWLRQ�WKDQ�DW�S�SRVLWLRQ��'XH�WR�VWURQJHU��,�HIIHFW�DW�R�SRVLWLRQ�WKDQ�DW�S�SRVLWLRQ��R�FUHVRO�LV�D�ZHDNHU�DFLG�WKDQ�
S�FUHVRO��7KXV��DFLGLF�VWUHQJWK�GHFUHDVHV�DV��

� �3KHQRO�� !������� P�&UHVRO� !� �������S�&UHVRO� !���� R�&UHVRO

����������������������������������������������S.D� �������������������S.D �������� �S.D� ������������S.D� �������

�F��$FLGLF�VWUHQJWK�RI�DPLQRSKHQROV�DQG�PHWKR[\SKHQROV

$Q�DPLQR�JURXS��z1+���DQG�D�PHWKR[\�JURXS��z2&+���ZKHQ�DWWDFKHG�WR�WKH�EHQ]HQH�ULQJ�KDYH��5�HIIHFW�GXH�WR�
WKH�SUHVHQFH�RI�ORQH�SDLU�RI�HOHFWURQV�RQ�1�RU�2�DWRP�DV�ZHOO�DV�y,�HIIHFW�GXH�WR�HOHFWURQ�ZLWKGUDZLQJ�QDWXUH�RI�WKHVH�
JURXSV��1�DQG�2�DUH�PRUH�HOHFWURQHJDWLYH�WKDQ�&���:KHQ�z1+��JURXS��RU�z2&+���JURXS�LV�SUHVHQW�DW�R�RU�S�SRVLWLRQ�
Z�U�W��2+�JURXS��LW�LQFUHDVHV�HOHFWURQ�GHQVLW\�LQ�WKH�2z+�ERQG�E\��5�HIIHFW�RI�z1+��JURXS��RU�z2&+���JURXS�

+RZHYHU��ZKHQ�z1+��JURXS��RU�z2&+���JURXS�LV�SUHVHQW�DW�P�SRVLWLRQ��LW�FDQQRW�SXVK�HOHFWURQV�LQWR�WKH�2z+�
ERQG�EHFDXVH�QHJDWLYH�FKDUJH�FDQQRW�PRYH�WR�WKH�FDUERQ�DWRP�WR�ZKLFK�2+�ERQG�LV�DWWDFKHG�

6LQFH�1+��JURXS�FDQQRW�H[HUW��5�HIIHFW�DW�P�SRVLWLRQ��WKHUHIRUH�LW�H[HUWV�RQO\�y�,�HIIHFW��7KHUHIRUH��
LW�ZLWKGUDZV�HOHFWURQV�IURP�DOO�WKH�QXFOHDU�SRVLWLRQV�RI�WKH�EHQ]HQH�ULQJ�DQG�KHQFH�ZLWKGUDZV�HOHFWURQV�
RI�2z+�ERQG��$V�D�UHVXOW��WKH�HOHFWURQ�GHQVLW\�LQ�2z+�ERQG�GHFUHDVHV�DQG�KHQFH�P�DPLQRSKHQRO�LV�
PRUH�DFLGLF�WKDQ�R��DQG�S�DPLQRSKHQROV�

6LPLODUO\��P�PHWKR[\SKHQRO�LV�PRUH�DFLGLF�WKDQ�R�DQG�S�PHWKR[\SKHQROV�GXH�WR�y,�HIIHFW�RI�y2&+��JURXS�
1RZ�y,�HIIHFW�RI�PHWKR[\�JURXS��z2&+���LV�PRUH�WKDQ�WKDW�RI�z1+��JURXS��WKHUHIRUH��P�PHWKR[\SKHQRO�LV�PRUH�
DFLGLF�WKDQ�P�DPLQR�SKHQRO��7KXV��DFLGLF�VWUHQJWK�LV��

P�0HWKR[\SKHQRO� !� P�$PLQRSKHQRO� !� 3KHQRO
� �S.D� ������� �S.D� ������� S.D� ������
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2Q�FRPSDULQJ�R��DQG�S�PHWKR[\SKHQROV���5�HIIHFW�RQ�R�SRVLWLRQ�LV�OHVV�WKDQ�DW�S�SRVLWLRQ�EHFDXVH�RI�VWHULF�KLQGUDQFH��
$V�D�UHVXOW��WKH�LQFUHDVH�LQ�HOHFWURQ�GHQVLW\�LQ�2z+�ERQG�LV�OHVV�LQ�FDVH�RI�R�PHWKR[\SKHQRO�WKDQ�S�PHWKR[\SKHQRO��
&RQVHTXHQWO\��R�PHWKR[\SKHQRO�LV�VOLJKWO\�PRUH�DFLGLF�WKDQ�FRUUHVSRQGLQJ�S�LVRPHU�

7KXV��WKH�DFLGLF�VWUHQJWK�LV
P�0HWKR[\SKHQRO� !� R�0HWKR[\SKHQRO� !� S�0HWKR[\SKHQRO

� �S.D� ������� �S.D� ����� �S.D� �������

�G��&RPSDULVRQ�RI�DFLGLF�VWUHQJWK�RI�KDORSKHQROV�
+DORJHQV�KDYH�ERWK��5�HIIHFW�DQG�y,�HIIHFW�EXW�y,�HIIHFW�SUHGRPLQDWHV�RYHU�WKH��5�HIIHFW��7KHUHIRUH��DOO�

KDORSKHQROV��H[FHSW�S�IOXRURSKHQRO��DUH�PRUH�DFLGLF�WKDQ�SKHQRO��$V�ZH�NQRZ��y,�HIIHFW�GHFUHDVHV�
ZLWK�GLVWDQFH��WKHUHIRUH��DFLGLF�VWUHQJWK�RI�KDORSKHQROV�LV

R�+DORSKHQRO� !� P�+DORSKHQRO� !� � S�+DORSKHQRO
$PRQJVW�R�KDORSKHQROV��WKH�DFLGLF�VWUHQJWK�RI�KDORSKHQROV�GHFUHDVHV�DV�y,�HIIHFW�RI�WKH�KDORJHQ�GHFUHDVHV�H[FHSW�

IRU�R�IOXRURSKHQRO��R�)OXRURSKHQRO�LV�WKH�ZHDNHVW�DFLG�GXH�WR�WKH�SUHVHQFH�RI�VWURQJ�LQWUDPROHFXODU�K\GURJHQ�ERQGLQJ�
R�&KORURIOXRUR�SKHQRO� !� R�%URPRSKHQRO� !� R�,RGRSKHQRO� !� R�)OXRURSKHQRO

����������������������������������S.D� ��������������������������������S.D� ���������������������S.D� ��������������S.D� ������

�����$FWLRQ�ZLWK�]LQF�GXVW��:KHQ�KHDWHG�ZLWK�]LQF�GXVW��SKHQRO�LV�UHGXFHG�WR�EHQ]HQH�

� �� ���� =Q� Heat' �''' � ��� �� � =Q2

���$FWLRQ�ZLWK�DPPRQLD��3KHQRO�UHDFWV�ZLWK�DPPRQLD�LQ�WKH�SUHVHQFH�RI�DQK\GURXV�]LQF�FKORULGH�WR�JLYH�DQLOLQH�

� �� ���� 1+
�
� �

Anhyd. ZnCl
675 K

2' �'''''' � ���� �� � +
�
2

���$FWLRQ�ZLWK�DFLG�FKORULGHV�DQG�DFLG�DQK\GULGHV��DF\ODWLRQ���:KHQ�WUHDWHG�ZLWK�DFHW\O�FKORULGH��LQ�WKH�
SUHVHQFH�RI�S\ULGLQH��RU�DFHWLF�DQK\GULGH��LQ�WKH�SUHVHQFH�RI�VPDOO�DPRXQW�RI�FRQF��+�62���HVWHUV�DUH�IRUPHG��7KLV�
UHDFWLRQ�LV�UHYHUVLEOH�LQ�QDWXUH��7KH�S\ULGLQH��EDVH��UHPRYHV�+&O�IRUPHG��,W�DOVR�VKLIWV�WKH�HTXLOLEULXP�WR�WKH�ULJKW�
KDQG�VLGH��7KH�LQWURGXFWLRQ�RI�DFHW\O�JURXS��&+�&2z��LQ�SKHQROV�LV�NQRZQ�DV�DFHW\ODWLRQ�UHDFWLRQ��

� �� �� �&+
�
&2&O�

Pyridine' �'''' � ���� � �� � +&O

� 3KHQRO� �$FHW\O�FKORULGH� � 3KHQ\O�HWKDQRDWH
� � � � � �3KHQ\O�DFHWDWH�

� � ��
CH

CH

3

3

CO

CO

2� H�' �'' ��� ����� � �� &+
�
&22+

� 3KHQRO� � $FHWLF�DQK\GULGH� � 3KHQ\O�HWKDQRDWH
� � � � � 3KHQ\O�DFHWDWH�

$FHW\ODWLRQ� RI� VDOLF\OLF� DFLG�SURGXFHV�DVSLULQ� �DFHW\O� VDOLF\OLF� DFLG���ZKLFK�KDV�DQDOJHVLF�� DQWL�LQIODPPDWRU\�
DQG�DQWL�S\UHWLF�SURSHUWLHV�

� ���������� ��� �� ���� ���� ( )CH CO O3 2
Acetic anhydride

� �� �→�����������

� 6DOLF\OLF�DFLG� � � ������������� FHW\O�VDOLF\OLF�DFLG�� �
� � � ������������� ������������ ������������$VSLULQ�

:KHQ�SKHQ\O�DFHWDWH�LV�KHDWHG�ZLWK�DQK\GURXV�$O&O���LW�XQGHUJRHV�UHDUUDQJHPHQW�LQ�ZKLFK�DF\O�JURXS�PLJUDWHV�
IURP� WKH�SKHQROLF�R[\JHQ�WR�DQ�RUWKR�DQG�SDUD�SRVLWLRQV� IRUPLQJ�RUWKR�DQG�SDUD�K\GUR[\�NHWRQHV��7KLV�UHDFWLRQ� LV�
FDOOHG�)ULHV�UHDUUDQJHPHQW�
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� ������ �
AlCl3
Heat' �''' � ����� � � � � � �

�

� 3KHQ\O�DFHWDWH� � � � � � �R�+\GUR[\DFHWRSKHQRQH� ��� �S�+\GUR[\DFHWRSKHQRQH

����� $FWLRQ�ZLWK� EHQ]R\O� FKORULGH� �EHQ]R\ODWLRQ��� 3KHQROV� UHDFW� ZLWK� EHQ]R\O� FKORULGH� LQ� WKH� SUHVHQFH� RI�
DTXHRXV�1D2+�WR�IRUP�SKHQ\O�EHQ]RDWH��

� � � �� &�+�&2&O� �
NaOH' �'' ������� � � ��� +&O

� 3KHQRO� � ��

%HQ]R\O�FKORULGH

� � 3KHQ\O�EHQ]RDWH�
7KLV�UHDFWLRQ�LV�FDOOHG�6FKRWWHQ�%DXPDQQ�UHDFWLRQ�

���5HDFWLRQ�ZLWK�*ULJQDUG�UHDJHQW��/LNH�DOFRKROV��SKHQROV�DOVR�UHDFW�ZLWK�
*ULJQDUG�UHDJHQW�WR�IRUP�DONDQHV�

� &�+�2+� �� &+�0J,� � →� ���&+�� � �� 0J�2&�+��,
� 3KHQRO� ���0HWK\O�PDJQHVLXP� � 0HWKDQH� � 3KHQR[\

� � � LRGLGH� � � � 0DJQHVLXP�LRGLGH

%���5HDFWLRQV�RI�%HQ]HQH�5LQJ���(OHFWURSKLOLF�6XEVWLWXWLRQ�5HDFWLRQV
$SDUW� IURP� UHDFWLRQV� WKDW� GLUHFWO\� DIIHFW� WKH� z2+� JURXS�� SKHQROV� XQGHUJR� HOHFWURSKLOLF� DURPDWLF� VXEVWLWXWLRQ�

UHDFWLRQV��$V�WKH�z2+�JURXS�LV�DQ�DFWLYDWLQJ�JURXS��WKHVH�UHDFWLRQV�RFFXU�DW�D�IDVWHU�UDWH�WKDQ�UHDFWLRQV�RI�
EHQ]HQH� LWVHOI��7KH�z2+�JURXS�LV�RUWKR�SDUD�GLUHFWLQJ�DQG�WKHUHIRUH�� LQFRPLQJ�JURXS�FRPHV�DW�RUWKR�RU�SDUD�
SRVLWLRQ�� � 7KLV� LV� GXH� WR� WKH� UHDVRQ� WKDW� EHFDXVH� RI� HOHFWURQLF� HIIHFWV� FDXVHG� E\�z2+� JURXS�� WKH� RUWKR�DQG� SDUD�
SRVLWLRQV�EHFRPH�HOHFWURQ�ULFK�DV�VKRZQ�EHORZ��

� �

O—H

� ←→� ��

O—H

�����←→��� � � ←→������ ��←→����

� ,� � ����,,� ,,,� � ������,9� ���� � 9

� � � � � � � � � � � � � � � � � � � � � � � � � � � � R��DQG�S�SRVLWLRQV�DUH�HOHFWURQ�ULFK�VLWHV

6RPH�FRPPRQ�H[DPSOHV�DUH��
�����%URPLQDWLRQ��3KHQRO�UHDFWV�ZLWK�EURPLQH�ZDWHU��DTXHRXV�VROXWLRQ��WR�JLYH�D�SUHFLSLWDWH�RI����������WULEURPRSKHQRO�

� ��� ����%U���DT�� �� �
H O2' �'' � ���������� ��� � � +%U

� � � � � ��������7ULEURPRSKHQRO�

� � � � � �:KLWH�SSW��

+RZHYHU�� LI� WKH� UHDFWLRQ� LV� FDUULHG� RXW� LQ� &6�� RU� &&O��� DW� D� ORZ� WHPSHUDWXUH�� D� PL[WXUH� RI� RUWKR� DQG� SDUD�
EURPRSKHQRO�LV�REWDLQHG�

� � �� � � Br CS2 2 in 

293 K
' �'''' �������� ��� ��� ���������� �����

� ��%URPRSKHQRO� ��%URPRSKHQRO
� ��RUWKR�� �PDMRU�SURGXFW�

$V� LQ� FDVH� RI� DOFRKROV�� WKH�
DONDQH� IRUPHG� FRUUHVSRQGV�
WR� WKH� DON\O� JURXS� RI� WKH�
*ULJQDUG�UHDJHQW�

127(
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,W�PD\�EH�QRWHG�WKDW�WKH�XVXDO�KDORJHQDWLRQ�LV�FDUULHG�RXW�LQ�WKH�SUHVHQFH�RI�/HZLV�DFLG��)H%U��ZKLFK�SRODULVHV�
WKH�KDORJHQ�PROHFXOH��,Q�FDVH�RI�SKHQRO��WKH�SRODULVDWLRQ�RI�EURPLQH�RFFXUV�HYHQ�LQ�WKH�DEVHQFH�RI�/HZLV�DFLG��7KLV�
LV�EHFDXVH�RI�KLJKO\�DFWLYDWLQJ�HIIHFW�RI�y2+�JURXS�RQ�WKH�EHQ]HQH�ULQJ��7KH�UHDFWLRQ�LV�EHOLHYHG�WR�RFFXU�DV��

� � �� %U�z�%U� � →�������� ���%Uy�→� � ����+

([SODQDWLRQ�� ,Q� DTXHRXV� VROXWLRQ�� SKHQRO� LRQL]HV� WR� JLYH� SKHQR[LGH� LRQ��'XH� WR� WKH� SUHVHQFH� RI� WKH� QHJDWLYH�
FKDUJH��WKH�R[\JHQ�DWRP�RI�WKH�SKHQR[LGH�LRQ�GRQDWHV�HOHFWURQV�WR�WKH�EHQ]HQH�ULQJ�WR�D�ODUJH�H[WHQW��$V�D�UHVXOW��
WKH�ULQJ�JHWV�KLJKO\�DFWLYDWHG�OHDGLQJ�WR�WKH�IRUPDWLRQ�RI�WULVXEVWLWXWHG�SURGXFW��2Q�WKH�RWKHU�KDQG��LQ�WKH�QRQ�
SRODU� VROYHQWV�� WKH� LRQL]DWLRQ� RI� SKHQRO� GRHV�QRW� RFFXU� WR� D� ODUJH� H[WHQW��$V�D� UHVXOW�� WKH�z2+�JURXS�GRQDWHV�
HOHFWURQV�WR�WKH�EHQ]HQH�ULQJ�RQO\�WR�D�VPDOO�H[WHQW��&RQVHTXHQWO\��WKH�ULQJ�LV�DFWLYDWHG�VOLJKWO\�DQG��WKHUHIRUH��
RQO\�PRQRVXEVWLWXWLRQ�RFFXUV�

�����1LWUDWLRQ��3KHQRO�UHDFWV�ZLWK�GLOXWH�QLWULF�DFLG�DW�ORZ�WHPSHUDWXUH������.��WR�JLYH�D�PL[WXUH�RI�RUWKR�DQG��
SDUD�QLWURSKHQRO�

� � �� �� HNO
3

dil.
� �' �'''H O2 � ������� � ����������������� ������

�

3KHQRO� � � ���1LWURSKHQRO��RUWKR��������

�����������1LWURSKHQRO��SDUD�����y����

7KH� RUWKR� DQG� SDUD� LVRPHUV� FDQ� EH� VHSDUDWHG� E\� VWHDP� GLVWLOODWLRQ�� R�1LWURSKHQRO� LV� VWHDP� YRODWLOH� GXH� WR�
LQWUDPROHFXODU�K\GURJHQ�ERQGLQJ�ZKLOH�S�QLWURSKHQRO� LV� OHVV� YRODWLOH� EHFDXVH� RI� LQWHUPROHFXODU�K\GURJHQ�ERQGLQJ�
ZKLFK�FDXVHV�WKH�DVVRFLDWLRQ�RI�PROHFXOHV�

� � �� ��� ��� ��� ��������������������+2 1
O

O ���������+2 1
O

O ���������

� y
y

�

� ,QWUDPROHFXODU�K\GURJHQ�� � �����������,QWHUPROHFXODU�K\GURJHQ�ERQGLQJ�LQ� �
� ERQGLQJ�LQ�R�1LWURSKHQRO� � ������������� ������������ �S�1LWURSKHQRO�

:LWK� FRQF��QLWULF� DFLG�� LQ� WKH�SUHVHQFH� RI� VXOSKXULF� DFLG�� SKHQRO� JLYHV� ��� ��� ��WULQLWURSKHQRO� �SLFULF� DFLG��� 7KH�
\LHOG�RI�QLWUR�SURGXFW�LV�ORZ�EHFDXVH�RI�WKH�R[LGDWLRQ�RI�ULQJ�E\�FRQF��+12��

� � �� �� �+12��
H SO2 4 → � � � ����������� ��� ���+�2

� 3KHQRO� �

�FRQF��

� ���������7ULQLWURSKHQRO��3LFULF�DFLG�

1RZ�D�GD\V�SLFULF�DFLG�LV�SUHSDUHG�E\�WUHDWLQJ�SKHQROV�ILUVW�ZLWK�FRQF��+�62��DW�����.�ZKHQ�D�PL[WXUH�RI���SKHQRO�
VXOSKRQLF� DFLG� DQG� ��SKHQROVXOSKRQLF� DFLG� LV� IRUPHG�� 7KLV�PL[WXUH� LV� WKHQ� KHDWHG�ZLWK� FRQF��+12�� WR� IRUP� �����
��WULQLWURSKHQRO� �SLFULF�DFLG�� LQ�DERXW�����\LHOG��'XULQJ�WKLV�UHDFWLRQ��QLWUDWLRQ�ZLWK�VLPXOWDQHRXV�UHSODFHPHQW�RI�
WKH�VXOSKRQLF�DFLG�JURXS��GHVXOSKRQDWLRQ��E\�QLWUR�JURXS�RFFXUV�

� � ��� Conc. H SO
373 K

2 4' �''''' � � ���� �
Conc.HNO

Nitration and desulphonation
3,�' �'''''''''' �

� � � 3KHQRO
� ���

� � � ��3KHQROVXOSKRQLF�� � � ��3KHQROVXOSKRQLF� � � � � � � � � � � � �����y7ULQLWURSKHQRO
� � �� � � � � � DFLG��� ����������� �� � � � � � DFLG� � �� � � � � � � � � � �3LFULF�DFLG�
������ ������������ ������������ ������������ ���
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����1LWURVDWLRQ��3KHQRO�UHDFWV�ZLWK�QLWURXV�DFLG��1D12����+&O��DW�ORZ�WHPSHUDWXUH������.��WR�IRUP�S�QLWURVRSKHQRO��
7KH�UHDFWLRQ�ZKLFK�LQYROYHV�WKH�VXEVWLWXWLRQ�E\�QLWURVR�JURXS��z12��LV�FDOOHG�QLWURVDWLRQ��7KH�S�QLWURVRSKHQRO�FDQ�
EH�IXUWKHU�R[LGLVHG�ZLWK�GLO��+12��WR�JLYH�S�QLWURSKHQRO�

� ������� �����
HNO2

(NaNO  + HCl)2
' �'''''' �� ���� ����������

dil. HNO
Oxidation

3' �''''
��

�
3KHQRO� � ���� ��������

S�1LWURVRSKHQRO� �� ��������S�1LWURSKHQRO
7KHUHIRUH��WKH�DERYH�PHWKRG�LV�XVHG�WR�JHW�EHWWHU�\LHOG�RI�QLWURSKHQROV�
�����6XOSKRQDWLRQ��3KHQRO�UHDFWV�ZLWK�FRQF��VXOSKXULF�DFLG�WR�IRUP�D�PL[WXUH�RI�R��DQG�S�SKHQRO�VXOSKRQLF�DFLG��

$W�ORZ�WHPSHUDWXUH������.���RUWKR�LVRPHU�LV�WKH�PDLQ�SURGXFW�ZKLOH�DW�KLJKHU�WHPSHUDWXUH������.���WKH�SDUD�LVRPHU�
SUHGRPLQDWHV�

��������

H SO

H SO
373K

2 4

2 4

288 293�' �''''

' �''''

K

�

:KHQ���K\GUR[\�EHQ]HQH�VXOSKRQLF�DFLG�LV�KHDWHG�WR�����.��LW�JLYHV�WKHUPRG\QDPLFDOO\�FRQWUROOHG���K\GUR[\EHQ]HQH�
VXOSKRQLF�DFLG�

����)ULHGHO�&UDIWV�$ON\ODWLRQ��:KHQ�SKHQRO�LV�KHDWHG�ZLWK�DON\O�KDOLGHV�LQ�WKH�SUHVHQFH�RI�DQK\GURXV�DOXPLQLXP�
FKORULGH��LW�IRUPV�FUHVROV��7KH�UHDFWLRQ�LV�FDOOHG�)ULHGHO�&UDIWV�DON\ODWLRQ�UHDFWLRQ�

�������������� ��������������&+�&O����������������
Anhy. AlCl

HCl
3' �''''' ���������� ���������������� �

�

���������������3KHQRO�� ������
0HWK\O�FKORULGH

�����������������������������������0HWK\OSKHQRO�

� �����������0HWK\OSKHQRO

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

�R�&UHVRO�

����������������������������S�&UHVRO�

7KH�\LHOG�RI�DON\O�SKHQROV�LV�JHQHUDOO\�ORZ�EHFDXVH�$O&O��FRRUGLQDWHV�ZLWK�WKH�R[\JHQ�DWRP�

&��6SHFLDO�5HDFWLRQV�RI�3KHQRO
����� .ROEHuV� UHDFWLRQ�� :KHQ� VRGLXP� SKHQR[LGH� LV� KHDWHG� ZLWK� FDUERQ� GLR[LGH� DW� DERXW� ���� .� DQG� XQGHU��

��WR���DWPRVSKHULF�SUHVVXUH��VRGLXP�VDOLF\ODWH�LV�IRUPHG�DV�PDMRU�SURGXFW��7KLV�RQ�DFLGLILFDWLRQ�JLYHV�VDOLF\OLF�DFLG�

������� ���&2���
400 K

4 7 atm 
pressure
�' �'''' ��� �� Rearrangement ����� ����� dilHCl

NaCl�' �''' ��

���6RGLXP�SKHQR[LGH�� ������������ �����3KHQ\O�VRGLXP� � � � �����������6RGLXP�VDOLF\ODWH� ������� �������� +\GUR[\�EHQ]RLF�DFLG�

� � � ��������FDUERQDWH� � � � �� �� � � � ������ ����6DOLF\OLF�DFLG�

$� VPDOO� DPRXQW� RI�SDUD� LVRPHU� LV� DOVR� REWDLQHG� DQG� LI� WKH� WHPSHUDWXUH� EH� DOORZHG� WR� ULVH� DERYH� ����.�� WKH�
SDUD�LVRPHU�GRPLQDWHV��7KH�UHDFWLRQ�LV�FDOOHG�.ROEHuV�UHDFWLRQ��,Q�WKH�.ROEH
V�UHDFWLRQ��FDUERQ�GLR[LGH�DFWV�DV�WKH�
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HOHFWURSKLOH��7KH�PHFKDQLVP�LQYROYHV�WKH�DWWDFN�RI�&2��RQ�KLJKO\�DFWLYDWHG�SKHQR[LGH�LRQ�

� NaOH' �''' � →� �
-H , +H

tautomerization

+ +
' �'''''' H+' �'' �� �

2+

&22+

6DOLF\OLF�DFLG

7KH� UHDFWLRQ� LV�XVXDOO\� FDUULHG� RXW�E\� DOORZLQJ� VRGLXP� SKHQR[LGH� WR� DEVRUE� FDUERQ� GLR[LGH� DQG� WKHQ�KHDWLQJ�
WKH�SURGXFW�WR�����.�DQG��y��DWP�SUHVVXUH��)LUVW�XQVWDEOH� LQWHUPHGLDWH�LV� IRUPHG�ZKLFK�XQGHUJRHV�D�SURWRQ�VKLIW�
WR�IRUP�VRGLXP�VDOLF\ODWH��7KH�VXEVHTXHQW�DFLGLILFDWLRQ�RI�VRGLXP�VDOLF\ODWH�JLYHV�VDOLF\OLF�DFLG�

6DOLF\OLF�DFLG�LV�WKH�VWDUWLQJ�PDWHULDO�IRU�WKH�PDQXIDFWXUH�RI�D�QXPEHU�RI� LPSRUWDQW�FRPSRXQGV�
)RU�H[DPSOH��

�L����$VSLULQ����DFHWR[\�EHQ]RLF�DFLG�z,W�LV�REWDLQHG�E\�DFHW\ODWLQJ�VDOLF\OLF�DFLG�ZLWK�DFHWLF�DQK\GULGH�DQG�FRQF��+�62���
$VSLULQ�LV�XVHG�DV�DQWLS\UHWLF��WR�ORZHU�ERG\�WHPSHUDWXUH��DQG�DQDOJHVLF��WR�UHOLHYH�SDLQ��

� �� �� �&+�&2��2�
conc. H SO2 4' �''''' � � �� &+�&22+

� � � $FHWLF�DQK\GULGH� � � � � � � ��$FHWR[\EHQ]RLF
� � � � � � � � � � �� �� �DFLG��DVSLULQ�
�LL����6DORO� �SKHQ\O�VDOLF\ODWH��� ,W�PD\�EH�SUHSDUHG�E\�KHDWLQJ� VDOLF\OLF�DFLG�ZLWK�SKHQRO� LQ� WKH�SUHVHQFH� RI�SKRVSKRU\O�

FKORULGH��6DORO�LV�XVHG�DV�DQ�LQWHVWLQDO�DQWLVHSWLF�

� ����&�+�2+�� � � POCl
H O

3

2�
' �''' � ��� ����� �

� � � ������������ ������������ ��������� 3KHQ\O�VDOLF\ODWH
� � � ������������� ������������ ������������ ��������6DORO�

�LLL����0HWK\O� VDOLF\ODWH� �FRQVWLWXHQW� RI� RLO� RI�ZLQWHU� JUHHQ��� ,W� LV� SUHSDUHG� E\� UHIOX[LQJ� VDOLF\OLF� DFLG�ZLWK�PHWK\O�
DOFRKRO��,W�LV�XVHG�LQ�SHUIXPHU\�DV�D�IODYRXULQJ�DJHQW�

� ���&+�2+� �� Reflux
HCl' �''' ����������� ������

� � � � � 0HWK\O�VDOLF\ODWH

�����5HLPHU�7LHPDQQ�UHDFWLRQ��:KHQ�SKHQRO�LV�UHIOX[HG�ZLWK�FKORURIRUP�LQ�WKH�SUHVHQFH�RI�DTXHRXV�VRGLXP�
K\GUR[LGH�DW�����.� IROORZHG�E\�K\GURO\VLV��DQ�DOGHK\GLF�JURXS��z&+2��JHWV�LQWURGXFHG�LQ� WKH�ULQJ�DW�D�SRVLWLRQ�
RUWKR�WR�WKH�SKHQROLF�JURXS��2UWKR�K\GUR[\�EHQ]DOGHK\GH�RU�VDOLF\ODOGHK\GH�LV�IRUPHG�DV�WKH�SURGXFW�RI�WKH�UHDFWLRQ�

� �� �� � CHCl3
Chloroform

� NaOH, 340 K
NaCl, H O2� �

' �''' ���

�� �� ���

dil. HCl
NaCl�

� ''''
� �� ����� �� ��

�� ''''H O2

���� �

�� +\GUR[\�EHQ]DOGHK\GH� � � ��� ������������ �������8QVWDEOH�
������6DOLF\ODOGHK\GH�

7KLV�UHDFWLRQ�LV�FDOOHG�5HLPHU�7LHPDQQ�UHDFWLRQ��,Q�DGGLWLRQ�WR�R�VDOLF\ODOGHK\GH��VPDOO�DPRXQW�RI�S�VDOLF\ODOGHK\GH�
LV�DOVR�IRUPHG�EXW�WKH�PDMRU�SURGXFW�LV�RUWKR�
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7KH� 5HLPHU�7LHPDQQ� UHDFWLRQ� LQYROYHV� HOHFWURSKLOLF� VXEVWLWXWLRQ� UHDFWLRQ�� ,Q� WKLV� FDVH�� WKH� HOHFWURSKLOH� LV��
GLFKORURFDUEHQH���&&O���7KLV�LV�JHQHUDWHG�E\�WKH�UHDFWLRQ�RI�FKORURIRUP��&+&O���DQG�1D2+�DV��

&+&O����2+
y�→�+�2���&&O�

y�→��&Oy����� � �&&O�
� � � � � � � � � �� �'LFKORURFDUEHQH
'LFKORURFDUEHQH�FRQWDLQV�FDUERQ�DWRP�ZLWK�VH[WHW�RI�HOHFWURQV�DQG�KHQFH�LV�D�VWURQJ�HOHFWURSKLOH��7KH�HOHFWURSKLOLF�

VXEVWLWXWLRQ�UHDFWLRQ�RFFXUV�DV��

−→ −→�� 2
2
NaOH
NaCl�' �'''' 

�' �'''H O2 � H
+

' �''

���� ����(OHFWURSKLOH� � � � � � � ���8QVWDEOH� � � ���� ��������6DOLF\ODOGHK\GH

,Q�5HLPHU�7LHPDQQ� UHDFWLRQ�� FDUERQ� WHWUDFKORULGH� PD\� DOVR� EH� XVHG� LQ� SODFH� RI� FKORURIRUP�� ,Q� WKLV� FDVH�
R�VDOLF\OLF�DFLG�LV�IRUPHG�DV�WKH�PDMRU�SURGXFW�

� �� ��� &&O���
2

2 2

NaOH
NaCl H O� �' �''''''

, 
�� ���

� 3KHQRO� �����������

&DUERQ

� � R�+\GUR[\EHQ]R

� � �

������ ������WHWUDFKORULGH

� � ���WULFKORULGH

� � � � � y�1D&O� �� �1D2+

� �� ��������� �����
dil. HCl
�
� ''''

NaCl ������� ��� ���
�� ''''H O2

��� ���

� ��+\GUR[\EHQ]RLF�DFLG� � � � � � �� 8QVWDEOH�

� �6DOLF\OLF�DFLG�

�����&RXSOLQJ�UHDFWLRQ��,Q�WKH�DONDOLQH�PHGLXP��DQ�LFH�FROG�VROXWLRQ�RI�SKHQRO�FRPELQHV�ZLWK�DQ�LFH�FROG�VROXWLRQ�
RI�EHQ]HQH�GLD]RQLXP�FKORULGH�WR�IRUP�FRORXUHG�VXEVWDQFHV�FDOOHG�D]R�G\HV��7KLV�UHDFWLRQ�LV�FDOOHG�FRXSOLQJ�UHDFWLRQ�

�������� �� 1� �1� &O���+ � 2+���
Weakly alkaline

medium
(pH 9 10)�

' �'''''' �� 1  1 2+���+&O

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

� FKORULGH� � � � � � � � � 2UDQJH�G\H�

�����5HDFWLRQ�ZLWK�SKWKDOLF�DQK\GULGH��3KHQRO�UHDFWV�ZLWK�SKWKDOLF�DQK\GULGH�LQ�WKH�SUHVHQFH�RI�FRQF��+�62��
WR�JLYH�SKHQROSKWKDOHLQ�

��������� ���������� ���������� �
Conc. H SO

Heat
2 4' �'''''

������

���������� ����������� ���3KHQRO��WZR�PROHFXOHV�
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�����&RQGHQVDWLRQ�ZLWK�IRUPDOGHK\GH��3KHQRO�FRQGHQVHV�ZLWK�IRUPDOGHK\GH�LQ�WKH�SUHVHQFH�RI�GLO��DFLG�RU�DONDOL�
�DV�FDWDO\VW��WR�JLYH�D�FURVV�OLQNHG�SRO\PHU�FDOOHG�EDNHOLWH��7KLV�UHDFWLRQ�KDV�EHHQ�GLVFXVVHG�LQ�GHWDLO�LQ�8QLW����

�����+\GURJHQDWLRQ�RU�UHGXFWLRQ��3KHQRO�FDQ�EH�K\GURJHQDWHG�LQ�WKH�SUHVHQFH�RI�ILQHO\�GLYLGHG�QLFNHO�FDWDO\VW�
DW�����.�WR�JLYH�F\FORKH[DQRO�

�������������������������������� �������+
��
�� Ni
533 K' �''' ��

�������������������������������� 3KHQRO� � &\FORKH[DQRO

�����2[LGDWLRQ�� 3KHQRO�XQGHUJRHV� R[LGDWLRQ� ZLWK� FKURPLF� DFLG� DQG� SURGXFHV� D� FRQMXJDWHG� GLNHWRQH� NQRZQ� DV�
S�EHQ]RTXLQRQH�

� � ��� � � � �� +�2

� 3KHQRO� � S�%HQ]RTXLQRQH

:KHQ�H[SRVHG�WR�DLU��SKHQROV�DUH�VORZO\�R[LGLVHG�WR�GDUN�FRORXUHG�PL[WXUHV�FRQWDLQLQJ�TXLQRQHV�

3KHQRO� FDQ� DOVR� EH� R[LGLVHG� E\� SRWDVVLXP� SHU� VXOSKDWH� �.�6�2��� LQ� DONDOLQH� VROXWLRQ� DQG� JLYHV� D� PL[WXUH� RI�
FDWHFKRO�DQG�TXLQRO�

� ��� K S O
Alkaline
solution

2 2 8' �'''' �� ����� �� � � ���

� 3KHQRO� � ��� 'LK\GUR[\EHQ]HQH� ������'LK\GUR[\EHQ]HQH

� � � �&DWHFKRO�� � �4XLQRO�

7KLV�UHDFWLRQ�LV�FDOOHG�(OEV�SHUVXOSKDWH�R[LGDWLRQ�
����5HDFWLRQ�ZLWK�IHUULF�FKORULGH��3KHQROV�UHDFW�ZLWK�QHXWUDO� IHUULF� FKORULGH� WR� IRUP�FRORXUHG�ZDWHU�VROXEOH�

FRPSOH[�FRPSRXQGV��'LIIHUHQW�SKHQROV�JLYH�GLIIHUHQW�FRORXUV��YLROHW��UHG��JUHHQ��EOXH��HWF���DQG�WKHUHIRUH��WKLV�UHDFWLRQ�
VHUYHV�DV�D�WHVW�IRU�SKHQROV�

� �&�+�2+� �� )H&O�� →�� ���)H�2&�+����� ���� ���� +&O
� � � � � )HUULF�SKHQR[LGH
� 3KHQRO� ������������� ������������ �������� � ���������9LROHW�FRPSOH[

,Q�IDFW��DOO�FRPSRXQGV�FRQWDLQLQJ�HQROLF�JURXS��  &z2+��JLYH�WKLV�WHVW�

�����/LEHUPDQQuV� WHVW��0RVW� RI� WKH�SKHQROV�JLYH� WKLV� WHVW��2Q�ZDUPLQJ�ZLWK� FRQF��+�62��DQG� VRGLXP�QLWULWH��
SKHQROV�JLYH�UHG�RU�EURZQ�FRORXUDWLRQ��7KH�FRORXU�FKDQJHV�WR�EOXH�RU�JUHHQ�E\�WKH�DGGLWLRQ�RI�DTXHRXV�1D2+�

3KHQROV�UHDFW�ZLWK�QLWURXV�DFLG� WR� JLYH�S�QLWURVRSKHQRO�ZKLFK� UHDUUDQJHV� WR�TXLQRQH��,Q� WKH�SUHVHQFH�RI� FRQF��
+�62��� TXLQRQH� FRQGHQVHV� ZLWK� SKHQRO� WR� JLYH� LQGRSKHQRO� ZKLFK� LV� UHG�� :LWK� H[FHVV� RI� 1D2+�� VRGLXP� VDOW� RI�
LQGRSKHQRO�LV�REWDLQHG�ZKLFK�LV�EOXH�

�� � � � � � � � � ����� 2+�� HONO' �''' �12 2+������2 12+

������� ������������ ������������ ������������ ������������ ������������ �����S�1LWURVRSKHQRO� ������ �����������4XLQRQH

������� ���������� ����������2 1 2+���+ � 2+�����
H SO
H O
2 4

2
' �''' �� ��2 1 2+

� � � � � � � � � � � � � � � � ����,QGRSKHQRO��UHG�

� z+�2� �1D2+

������ ���������� ����������� ����������� ����������� ����������� ���������� ����������� ����������� ����2 1 21D�

� � � � � � ������ ������������ ������������ 6RGLXP�VDOW�RI�LQGRSKHQRO��%OXH�

7KLV�WHVW�FDQ�EH�XVHG�WR�GLVWLQJXLVK�SKHQROV�IURP�DOFRKROV�
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',67,1&7,21�%(7:((1�35,0$5<��6(&21'$5<�$1'�7(57,$5<�$/&2+2/6�

3ULPDU\��VHFRQGDU\�DQG�WHUWLDU\�DOFRKROV�FDQ�EH�GLVWLQJXLVKHG�E\�WKH�IROORZLQJ�WHVWV�UHDFWLRQV��

���/XFDV�WHVW��,Q� WKLV�WHVW��DQ�DOFRKRO� LV� WUHDWHG�ZLWK�DQ�HTXLPRODU�PL[WXUH�RI�FRQFHQWUDWHG�K\GURFKORULF�DFLG�
DQG�DQK\GURXV�=Q&O���FDOOHG�/XFDV�UHDJHQW���7KH�DOFRKROV�JHW�FRQYHUWHG�LQWR�DON\O�KDOLGHV��6LQFH�WKH�DON\O�KDOLGHV�DUH�
LQVROXEOH�LQ�ZDWHU��WKHLU�IRUPDWLRQ�LV�LQGLFDWHG�E\�WKH�DSSHDUDQFH�RI�WXUELGLW\�LQ�WKH�UHDFWLRQ�PL[WXUH��6LQFH�WKH�RUGHU�
RI�UHDFWLYLW\�RI�DOFRKROV�ZLWK�KDORJHQ�DFLGV�LV�WHUWLDU\�!�VHFRQGDU\�!�SULPDU\��WKH�WLPH�UHTXLUHG�IRU�WKH�DSSHDUDQFH�
RI�FORXGLQHVV�ZLOO�EH�GLIIHUHQW�LQ�GLIIHUHQW�DOFRKROV�DQG�WKLV�WHVW�KHOSV�WR�GLVWLQJXLVK�WKHP�IURP�RQH�DQRWKHU�

� C—OH + H  Cl�
Anhyd ZnCl. 2' �'''''' � C— Cl� ���� +�2

� � � $ON\O�FKORULGH

� �L���,I�WXUELGLW\�DSSHDUV�LPPHGLDWHO\��WKH�DOFRKRO� LV�WHUWLDU\�
� �LL�� ,I�WXUELGLW\�DSSHDUV�ZLWKLQ�ILYH�PLQXWHV��WKH�DOFRKRO� LV�VHFRQGDU\�
� �LLL���,I�WXUELGLW\�DSSHDUV�RQO\�XSRQ�KHDWLQJ��WKH�DOFRKRO�PD\�EH�SULPDU\�

���9LFWRU�0H\HUuV�WHVW��7KLV�WHVW�LQYROYHV�WKH�IROORZLQJ�VWHSV��
� �L�� 7KH�JLYHQ�DOFRKRO� LV�WUHDWHG�ZLWK�UHG�SKRVSKRUXV�DQG� LRGLQH�UHVXOWLQJ� LQ�WKH�IRUPDWLRQ�RI�FRUUHVSRQGLQJ�

DON\O�LRGLGH�

� �LL���7KH�DON\O�LRGLGH�LV�WUHDWHG�ZLWK�VLOYHU�QLWULWH�WR�IRUP�FRUUHVSRQGLQJ�QLWURDONDQH�

� �LLL���7KH�QLWURDONDQH�LV� ILQDOO\�UHDFWHG�ZLWK�QLWURXV�DFLG��L�H���1D12����GLO��+�62���DQG�WKH�UHVXOWLQJ�VROXWLRQ�
LV�PDGH�DONDOLQH�

� � )RUPDWLRQ�RI�D�EORRG�UHG�FRORXU�LQGLFDWHV�WKH�SULPDU\�DOFRKRO�
� � )RUPDWLRQ�RI�D�EOXH�FRORXU�VKRZV�WKH�RULJLQDO�DOFRKRO�WR�EH�VHFRQGDU\�ZKLOH�
� � $�FRORXUOHVV�VROXWLRQ�PHDQV�WKDW�WKH�DOFRKRO�LV�D�WHUWLDU\�DOFRKRO�

7KH�GLIIHUHQW�UHDFWLRQV�WDNLQJ�SODFH�DUH�VKRZQ�EHORZ��

3ULPDU\�DOFRKRO� 6HFRQGDU\�DOFRKRO� 7HUWLDU\�DOFRKRO

5&+�2+� 5�&+2+� 5�&z�2+

�� �3���,�� ��� �3���,�� ��� �3���,�

5&+�,� 5�&+,� 5�&,�

�� �$J12�� ��� �$J12�� ��� �$J12�

5&+�12�� 5�&+12�� 5�&12��

�� +12�� ��� �+12�� �� �+12��

R C NO' '
��
��


2
�

R C NO2 2'
�
��

� 1R�DFWLRQ�

�1LWUROLF�DFLG��� 3VHXGR�QLWURO� � &RORXUOHVV�VROXWLRQ
EORRG�UHG�FRORXU� EOXH�FRORXU�
ZKHQ�PDGH�DONDOLQH� ZLWK�DONDOL

�
�

7KH�SULPDU\��VHFRQGDU\�DQG�WHUWLDU\�DOFRKROV�FDQ�DOVR�EH�GLVWLQJXLVKHG�E\�WKH�IROORZLQJ�WHVWV��ZKLFK�KDYH�DOUHDG\�
EHHQ�GLVFXVVHG��

���2[LGDWLRQ�UHDFWLRQ��3URSHUW\�&����

���5HGXFWLRQ�ZLWK�FRSSHU�PHWDO�DW�����.��3URSHUW\�&�����

���,RGRIRUP�7HVW

$OO� DOFRKROV� FRQWDLQLQJ� z� JURXS� OLQNHG� WR� FDUERQ� RU� K\GURJHQ� DWRP� �L�H��� PHWK\O� FDUELQROV�� FDQ� EH�
GLVWLQJXLVKHG�IURP�RWKHU�DOFRKROV�E\�LRGRIRUP�WHVW��7KLV�WHVW�LV�SHUIRUPHG�E\�KHDWLQJ�WKH�DOFRKRO�ZLWK�DTXHRXV�1D2+�
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RU�1D�&2��DQG� LRGLQH�VROXWLRQ��2Q�ZDUPLQJ�WKH�UHDFWLRQ�PL[WXUH��\HOORZ�SUHFLSLWDWH�RI�LRGRIRUP�LQGLFDWHV�SRVLWLYH�
LRGRIRUP�WHVW��)RU�H[DPSOH��HWKDQRO�JLYHV�LRGRIRUP�WHVW�DV��

� &+�&+�2+����,�����1D2+�
�' �' �&+,����+&221D����1D,����+�2

� � � (WKDQRO� � � ,RGRIRUP

� � � �<HOORZ�SSW��

RU�&+�&+�2+����,�����1D�&2��
�' �' � � &+,���� +&221D� �� �1D,� �� �+�2� �� �&2�

� � (WKDQRO� � � �<HOORZ�SSW�

+RZHYHU��PHWKDQRO�GRHV�QRW�KDYH� z�JURXS�DQG�WKHUHIRUH��GRHV�QRW�JLYH�LRGRIRUP�WHVW�

� &+�2+���,����1D2+�
�' �' �1R�UHDFWLRQ

� � � � � � � 0HWKDQRO

,

2

'

2

)

2

5

0

7

(

6

7

7KXV��WKH�DOFRKROV�FRQWDLQLQJ� z�JURXS�JLYH�SRVLWLYH�LRGRIRUP�WHVW��7KHUHIRUH��LRGRIRUP�
WHVW�FDQ�EH�XVHG�WR�GLVWLQJXLVK�EHWZHHQ��

� �L�� (WKDQRO��&+�&+�2+��DQG�PHWKDQRO��&+�2+�
� � (WKDQRO�JLYHV�WKLV�WHVW�
� �LL�� (WKDQRO��&+�&+�2+��DQG�SURSDQRO��&+�&+�&+�2+�
� � (WKDQRO�JLYHV�WKLV�WHVW�
� �LLL�� 3URSDQ���RO �DQG�SURSDQ���RO��&+�&+�&+�2+�

� � 3URSDQ���RO�JLYHV�WKLV�WHVW�

� � � ����,�����1D2+�
�' �' � &+,����������&+�&221D����1D,����+�2

� � � 3URSDQ���RO� � �
� � <HOORZ�SSW�

� � &+�&+�&+�2+���,����1D2+�
�' �' � 1R�UHDFWLRQ�

� � � 3URSDQ���RO

� �LY�� %XWDQ���RO �DQG�EXWDQ���RO�&+�&+�&+�&+�2+�

� � %XWDQ���RO�JLYHV�WKLV�WHVW�

� � ����,�����1D2+�
�' �' ��&+,����������&+�&+�&221D����1D,����+�2

������� ���������� �������%XWDQ���RO� � �
� � <HOORZ�SSW

� � &+�&+�&+�&+�2+���,����1D2+�→�1R�UHDFWLRQ
� � � ������%XWDQ���RO

,17(5&219(56,216�2)�$/&2+2/6

�D��3ULPDU\�DOFRKRO�LQWR�VHFRQGDU\�DOFRKRO��)RU�H[DPSOH�

CH CH CH OH3 2 2
Propan-1-ol
(1 alcohol)°

SOCl2' �''' &+�&+�&+�&O
alc. KOH' �'''' CH CH CH

opene
3 2==
Pr

HBr' �'' CH CHCH

Br

3 3
|

aq. KOH' �'''' CH CHCH

OH

3 3
�

Propan-2-ol
(2  alcohol)!

�E��6HFRQGDU\�DOFRKRO�LQWR�WHUWLDU\�DOFRKRO�

CH

OH

CH CH
opan ol

propyl

3 3
2

' '

!

�

� �    
Iso  alcohol)

Pr
(
     (2  alccohol)

[ ]
/

O
K Cr O H2 2 7

�' �''''' CH

O

C CH3 3' '
�� CH MgBr3' �'''' CH

OMgBr

C

CH

3

3

' '
�

�
CH3

H H O�
' �'''', 2 CH

OH

C

CH
ol

3

3

' '
�

�
CH3

2-Methylpropan-2-
     butyl alcoho( .tert ll)

(3 alcohol)!
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�F����3ULPDU\�DOFRKRO�LQWR�WHUWLDU\�DOFRKRO�

CH

CH

CHCH OH3

3

2
1

�

!2-Methylpropan-1-ol 
Isobutyl alcohol

( )
( )

H SO Heat
Dehydration

2 4, ' �''''' CH

CH

C CH3

3

2'
�



HBr
Markovnikov s

rule
'

          

' �'''''' CH

CH

C

Br

3

3

' '
�

�
CH3

aq. KOH' �'''' CH

CH

C

OH
ol

3

3

3

' '
�

�

!

CH3

2-Methylpropan-2-  
     butyl a

( )
( .tert llcohol)

�G�� ��/RZHU�DOFRKRO�LQWR�KLJKHU�DOFRKRO��DVFHQW�RI�VHULHV��

&+�2+
HI' �'' &+�,

KCN' �'' &+�&1
4( )

Re
H
duction

' �'''' &+�&+�1+�

HONO' �''' &+�&+�2+

0HWKDQRO�� � � (WKDQRO�
����FDUERQ�DWRP�� � � � ����FDUERQ�DWRPV�

�H��+LJKHU�DOFRKRO�LQWR�ORZHU�DOFRKRO��GHVFHQW�RI�VHULHV��

CH CH OH3 2
        Ethanol
(2 carbon atoms)

K Cr O H2 2 7, �
' �''''' &+�&+2

[ ]O' �'' &+�&22+
NaOH' �'''

������ ���������� ����������� ����������� ����&+�2+���
aq. KOH� ''''' �&+�&O��

Cl2� ''' �&+�

� �����0HWKDQRO�
� �RQH�FDUERQ�DWRP�

',67,1&7,21�%(7:((1�$/&2+2/6�$1'�3+(12/6

$OFRKROV�DQG�SKHQROV�FDQ�EH�GLVWLQJXLVKHG�E\�WKH�IROORZLQJ�WHVWV��

� � 7HV 3KHQRO� $OFRKRO

� �� LWPXV�WHVW� 3KHQROV�WXUQ�EOXH�OLWPXV�UHG�� $OFRKROV�GR�QRW�KDYH�DQ\
� � � HIIHFW�RQ�OLWPXV�VROXWLRQ�

� ��� :LWK�IHUULF�FKORULGH� 3KHQROV�UHDFW�ZLWK�QHXWUDO�)H&O�� $OFRKROV�GR�QRW�JLYH
� � VROXWLRQ� VROXWLRQ�WR�JLYH�FKDUDFWHULVWLF�FRORXUV�� DQ\�FRORXU�ZLWK�QHXWUDO
� � � �EOXH��JUHHQ��YLROHW��� )H&O��VROXWLRQ�

� �� URPLQH�ZDWHU�WHVW� 3KHQROV�JLYH�ZKLWH�SSW��ZLWK�EURPLQH� $OFRKROV�GR�QRW�JLYH�ZKLWH
� � � ZDWHU�GXH�WR�WKH�IRUPDWLRQ�RI� SSW��ZLWK�%U��ZDWHU��
� � � ��������WULEURPRSKHQRO�

� � � ���
Br2( )aq' �''' �� �

� � � � � :KLWH�SSW�

� ��� &RXSOLQJ�UHDFWLRQ� 3KHQROV�JLYH�FRORXUHG�G\H��\HOORZ�� $OFRKROV�GR�QRW�IRUP
� � � RUDQJH�RU�UHG��ZLWK�LFH�FROG�VROXWLRQ� DQ\�G\H�ZLWK�EHQ]HQH
� � � RI�EHQ]HQH�GLD]RQLXP�FKORULGH� GLD]RQLXP�FKORULGH�

� � � 1
���
&O���+ � 2+�

� � � ������������→�� 1�  �1 2+

� � � ������������$]R�G\H

� �� 6RGLXP�K\GUR[LGH� 3KHQROV�UHDFW�ZLWK�VRGLXP�K\GUR[LGH� $OFRKROV�GR�QRW�UHDFW�ZLWK
� � VROXWLRQ� VROXWLRQ�DQG�IRUP�VRGLXP�VDOW�� V GLXP�K\GUR[LGH�VROXWLRQ�

� ��� /LEHUPDQQ·V�WHVW� 3KHQROV�JLYH�UHG�FRORXUDWLRQ�RQ�ZDUP�� 1R�FRORXU�LV�SURGXFHG�
� � � LQJ�ZLWK�VRGLXP�QLWULWH�GLVVROYHG�LQ
� � � FRQF��+

�
62

�
��7KH�FRORXU�FKDQJHV�WR�EOXH

� � � RQ�WKH�DGGLWLRQ�RI�1D2+�
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q��� �([DPSOH���

$UUDQJH�WKH�IROORZLQJ�VHWV�RI�FRPSRXQGV�LQ�RUGHU�RI�WKHLU�LQFUHDVLQJ�ERLOLQJ�SRLQWV��

�D���3HQWDQ���RO��EXWDQ���RO��EXWDQ���RO��HWKDQRO��SURSDQ���RO��PHWKDQRO��

�E���3HQWDQ���RO��Q�EXWDQH��SHQWDQDO��HWKR[\�HWKDQH���

6ROXWLRQ���,QFUHDVLQJ�RUGHU�RI�ERLOLQJ�SRLQWV��

�D���0HWKDQRO���HWKDQRO���SURSDQ���RO���EXWDQ���RO���EXWDQ���RO���SHQWDQ���RO

�E���Q�%XWDQH���HWKR[\�HWKDQH���SHQWDQDO���SHQWDQ���RO

�� ([DPSOH����
1DPH�WKH�UHDJHQWV�XVHG�LQ�WKH�IROORZLQJ�UHDFWLRQV��

� �D�� GHK\GUDWLRQ�RI�SURSDQ���RO�WR�SURSHQH� �E���R[LGDWLRQ�RI�SULPDU\�DOFRKRO�WR�FDUER[\OLF�DFLG�

� �F���R[LGDWLRQ�RI�SULPDU\�DOFRKRO�WR�DQ�DOGHK\GH� �G���EXWDQ���RQH�WR�EXWDQ���RO

� �H���F\FORKH[DQRQH�WR���HWK\OF\FORKH[DQRO

6ROXWLRQ�����D������+�62�������.�� ��E����DONDOLQH�.0Q2�� �F��3&&�����G��1D%+���+������ �H����&+�&+�0J%U��HWKHU���+�2
�

� ([DPSOH���� �

� &RQYHUW�SKHQRO�LQWR

� �L�� 6DOLF\ODOGHK\GH� �+U��6�%�������� �LL�� %HQ]HQH� �+U��6�%�������

� �LLL�� 3LFULF�DFLG� �+U��6�%�������� LY�� %HQ]RLF�DFLG� �+U��6�%�������

� �Y�� $VSLULQ� �+�3��6�%������6�� �YL�� 6DOLF\OLF�DFLG� �+U��6�%��������0HJKDOD\D�6�%�������

� 6ROXWLRQ�����

� ��L�� ����
CHCl NaOH

K
3

343

,' �'''''
(Reimer Tiemann

reaction)

� ��
H H O�

' �''', 2

� �LL�� � Zndust' �''' � �� � �LLL�� � � � ' �'''3 3
2 4HNO
H SO
Conc( .) � �

� ��LY�� �� Zn' �'' ���� ���� CH Cl
AlCl
3

3
' �''' ��� ���������� O' �' �����������

� � 3KHQRO�� � � � � � %HQ]HQH��������������������������7ROXHQH� ��������������������� %HQ]RLF�DFLG

� �Y�� � NaOH' �''' � � �
CO , 400 K

4 7 atm
2
�' �'''' � �

(CH CO) O
Conc. H SO

3 2

2 4
' �''''' �

�� � � � �3KHQRO� � .ROEH
V�UHDFWLRQ�� � � 6DOLF\OLF�DFLG� � � $VSLULQ
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� �YL�� � �� ��� � � &&O���
2

2 2

NaOH
NaCl H O� �' �''''''

, 
�� ���� � �

� � � 3KHQRO� &DUERQ� � R�+\GUR[\EHQ]R
� � � � WHWUDFKORULGH� � �WULFKORULGH

� � � �

� � ���������� ����� dil. HCl
�
� ''''

NaCl
������� �� ����

�� ''''H O2 �� ���

� ��+\GUR[\EHQ]RLF�DFLG

� �6DOLF\OLF�DFLG�� � � � � � ���8QVWDEOH�

� ([DPSOH��� �
� :ULWH�WKH�VWUXFWXUHV�RI�WKH�PDMRU�SURGXFWV�H[SHFWHG�IURP�WKH�IROORZLQJ�UHDFWLRQV��

� �L�� 0RQRQLWUDWLRQ�RI���PHWK\O�SKHQRO� �LL�� 'LQLWUDWLRQ�RI���PHWK\O�SKHQRO

� �LLL�� 0RQRQLWUDWLRQ�RI�SKHQ\OHWKDQRDWH�

� 6ROXWLRQ����%RWK�2+�DQG�&+��JURXSV�DUH�R��DQG�S��GLUHFWLQJ��7KHUHIRUH��SRVLWLRQ�����DQG���DUH�DFWLYDWHG��%XW�GXH�WR�VWHULF�
KLQGUDQFH��VXEVWLWXWLRQ�GRHV�QRW�RFFXU�DW�SRVLWLRQ����L�H���LQ�EHWZHHQ�WZR�JURXSV�

� �L�� � ����
HNO + 

Nitration
3 H SO2 4' �'''''' � ���� �������

� � � � � ��1LWUR���PHWK\OSKHQRO�� � ��1LWUR���PHWK\OSKHQRO

� �LL�� �

�
�

� ��
HNO + 

Dinitration
3 H SO2 4' �'''''' ��

� � � � � ����'LQLWUR���PHWK\OSKHQRO

� �LLL�� 2&2&+�z�LV�R��S�GLUHFWLQJ�EXW�GXH�WR�VWHULF�KLQGUDQFH��S�SURGXFW�SUHGRPLQDWHV�

� � � ��� Conc. HNO

+  H SO
3

2 4
' �''''' �

�

�

�

�

�� �� ���������
12�

�
�

� � � � � 1LWURSKHQ\O� �� ��1LWURSKHQ\O
� � � � � HWKDQRDWH��PDMRU�� � �HWKDQRDWH

� ([DPSOH��� �

� &RPSOHWH�WKH�IROORZLQJ�UHDFWLRQV��

�D�� &+2�
( ) NaBH
( ) H O

4

3
+

i
ii

' �'''' � �E�� CH CHC

CH

H CHO3

3

2|
��� �

0J%U
� ( ) Etheri

ii( ) ,H H O�' �'''''
2
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�F����"������ [ ]O' �'' ����� � �G����� �
( ) Hg(OAc) , H O
( ) NaBH , NaOH

2 2

4

i
ii' �''''''' ��

�H���&+�&+�&+�&≡≡&+�
H O, H

Hg
2

+

2+' �''' �

�6ROXWLRQ����

�D��� CHO�
( ) NaBH
( ) H O

4

3
+

i
ii

' �'''' � &+�2+�

�E����CH CHC

CH

H CHO
3

3

2|
� �� � ( ) Etheri

ii( ) ,H H O�' �'''''
2

� CH
3
CHC

CH

H

OH

CH
|

|

3

2

�F������ ����������� � [ ]O' �'''' ���� �

2

�G��� � �� ( ) Hg(OAc) , H O
( ) NaBH , NaOH

2 2

4

i
ii' �''''''' �

�H��� &+�&+�&+�&≡≡&+��
H O, H

Hg
2

+

2+' �''''' � CH CH CH

O

CCH
3 2 2 3

||

� ([DPSOH���� �
�D��$UUDQJH�WKH�IROORZLQJ�FRPSRXQGV�LQ�WKH�LQFUHDVLQJ�RUGHU�RI�WKHLU�DFLG�VWUHQJWK�

S�FUHVRO��S�QLWURSKHQRO��SKHQRO
�E��:ULWH�WKH�PHFKDQLVP��XVLQJ�FXUYHG�DUURZ�QRWDWLRQ��RI�WKH�IROORZLQJ�UHDFWLRQ�

�L���&+�� �&+��
H O3

+

 → �� &+��
�z&+�

�������+�2

2U

:ULWH�WKH�VWUXFWXUHV�RI�WKH�SURGXFWV�ZKHQ�EXWDQ���RO�UHDFWV�ZLWK�IROORZLQJ�
�D��&U2�� �E��62&O�� �$�,�6�%�������
6ROXWLRQ��
�D���S�FUHVRO���SKHQRO���S�QLWURSKHQRO

�E���

2U

�D��CH CH C
|
OH

HCH

Butan-2-o

3 2 3

l

�
3CrO

O
→

� CH CH C

O

CH3 2 3−
||

Butan-2-one

�E��CH CH C
|
OH

HCH

Butan-2-o

3 2 3

l

�
2SOCl→

�
CH CH C

Cl

HCH

Chlorobu e

3 2 3

2

|

− tan

�

2[\PHUFXUDWLRQ� UHGXFWLRQ�
SURFHHGV� DFFRUGLQJ� WR� 0DUNRY�
QLNRY�UXOH�

127(
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� ([DPSOH���� �

+RZ�DUH�WKH�IROORZLQJ�FRQYHUVLRQV�FDUULHG�RXW�"

�L��%HQ]\O�FKORULGH�WR�EHQ]\O�DOFRKRO�� � �+U�6�%�������

�LL��0HWK\OPDJQHVLXP�EURPLGH�WR���PHWK\OSURSDQ���RO�� �

�LLL��3URSHQH�WR�SURSDQ���RO

�LY��(WK\OPDJQHVLXP�FKORULGH�WR�SURSDQ���RO�� � � '�6�%��������������+U�6�%�������

6ROXWLRQ�����L������� �� NaOH
Hydrolysis

' �'''' ��������

���� ����� ���������� ������ ����%HQ]\O�FKORULGH��������� ����� ������� � ���%HQ]\O�DOFRKRO

�LL�������&+�0J%U��
CH –C–CH

3 3

O

��������CH —C—OMgBr
3

CH
3

CH
3

�
+

2H , H O→ �CH —C—OH
3

CH
3

CH
3

� � �0HWK\OPDJQHVLXP�� �

� � � � � ��0HWK\OSURSDQ���RO
�� � � � EURPLGH

�LLL�������&+�&+� �&+���
Conc. H SO2 4' �''''' ��������CH —CH—CH

3 3

OSO H
3

� 2H O
Boil

→ �CH —CH—CH
3 3

OH
� �

3URSHQH
� � � � � � �������� �� 3URSDQ���RO

�LY�� � � C = O + CH CH MgCl3 2

H

H

���→�� C
H OMgCl

H CH CH2 3

���
H , H O+

2' �''' ��&+�&+�&+�2+

� ����������������� � � ��������� (WK\O�PDJQHVLXP
�� � � � ��������

� � � ��3URSDQ���RO
� �������������� ��� � ������ � ���

���FKORULGH

� ([DPSOH���� �
+RZ�ZRXOG�\RX�REWDLQ�WKH�IROORZLQJ��
�L��%HQ]RTXLQRQH�IURP�SKHQRO� �LL����0HWK\OSURSDQ���RO�IURP�PHWK\O�PDJQHVLXP�EURPLGH
�LLL��3URSDQ���RO�IURP�SURSHQH� �$�,�6�%�������

6ROXWLRQ�����L�� �

2 2 7

2 4

Na Cr O
H SO

→
�

O

O
� � 3KHQRO� � � %HQ]RTXLQRQH

� �LL�� &+�0J%U�
3 3CH COCH→ �CH —C—CH3 3

OMgBr

CH
3

�
H O2' �'' CH —C—CH

3 3

OH

CH
3

� � 0HWK\OPDJQHVLXP�� � � � ��0HWK\OSURSDQ���RO

� � EURPLGH

� �LLL�� &+��z�&+� �&+��
+

2H O, H→ �CH —CH—CH3 3

OH
� � � 3URSHQH� � � 3URSDQ���RO

� ([DPSOH���� �
+RZ�ZLOO�\RX�FRQYHUW��

� �L�� 3URSHQH�WR�SURSDQ���RO� � � �LL�� 3KHQRO�WR���������WULQLWURSKHQRO
� �LLL�� 3URSDQ���RO�WR�SURSDQRQH� �LY�� 3KHQRO�WR���������WULEURPRSKHQRO
� �Y�� 3URSHQH�WR�SURSDQ���RO� � � �YL�� (WKDQDO�WR�SURSDQ���RO� �'�6�%�������

6ROXWLRQ�����L���
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� � �LL���

� � LLL���&+�&+&+��
Cu, 573 K→ �&+�z&z&+�� � � �|� � � ���||

� � � 2+� � � ���2
� � � 3URSDQ���RO� ����3URSDQRQH

� � �LY��� ���+%U

� � �Y���&+�z&+� �&+��
3BH , THF

Hydroboration
→ ��&+�&+�&+���%�

2 2H O

OH−→ ��&+�&+�&+�2+�

� � � �����3URSHQH� � � 3URSDQ���RO

� � �YL���&+�&+2
&+�0J%U

GU\�HWKHU
(WKDQDO

&+�z&z2+

&+�

+��+�2

+

3URSDQ���RO

&+�z&z20J%U

&+�

+

� ([DPSOH���� �
+RZ�ZLOO�\RX�FRQYHUW�

� �L�� 3URSDQ���RO�WR���PHWK\OSURSDQ���RO� � �'�6�%�������

� �LL�� $QLOLQH�WR�SKHQRO� � � � �'�6�%�������

� �LLL�� (WKDQRO�WR�SURSDQHQLWULOH� � �$�,�6�%�������
� �LY�� 3KHQRO�WR�WROXHQH� �$�,�6�%�������
� �Y�� )RUPDOGHK\GH�WR�HWKDQRO�� �$�,�6�%�������

6ROXWLRQ�����L��&+��z�&+�z�&+�

2+

z

� K Cr O
H
2 2 7
�' �''' �&+��z��&�z�&+�

2

� (i)
(ii)
CH MgBr
H H O
3

2
�' �'''''
,

� &+��z�&�z�&+��

&+��

2+

z
�

z
�

� � 3URSDQ���RO� ��0HWK\OSURSDQ���RO

� � �LL���

1+� 2+1
�

�&O
B

$QLOLQH 3KHQRO

NaNO HCl
C
2

0 5
,

� !' �''''' H O2 , �' �''

� � LLL���&+�&+�2+�
SOCl2' �''' � &+�&+�&O�

KCN alc( .)' �'''' � &+�&+�&1
� � (WKDQRO� � 3URSDQHQLWULOH

� � �LY��

2+ &+�

3KHQRO %HQ]HQH 7ROXHQH

Zn dust' �'' CH Cl
anhyd AlCl

3

3.
' �'''''

� � �Y���+&+2� CH MgBr
dry other
3 → � &+�&+�20J%U�

H O H2 ,
�

' �''' �&+�&+�2+
� � )RUPDOGHK\GH� �� � � � � (WKDQRO
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�
� ��� *LYH�WKH�VWUXFWXUDO�IRUPXODH�DQG�,83$&�QDPHV�RI�WKH�LVRPHUV�ZLWK�WKH�PROHFXODU�IRUPXOD�&�+�2��$UUDQJH�WKHP�LQ�LQ�

FUHDVLQJ�RUGHU�RI�WKHLU�ERLOLQJ�SRLQW�

•$QV���L�� 3 2 2

Propan-1-ol
CH CH CH OH �����LL�� 3 3

Propan-2-ol

CH CHCH

OH
|

������������LLL��� 3 2 5
Methoxyethane

CH OC H

� � 7KH�LQFUHDVLQJ�RUGHU�RI�ERLOLQJ�SRLQW���LLL�����LL�����L��
� ��� :KLFK�VWUXFWXUDO�LVRPHU�RI�&�+��2�FDQQRW�EH�GHK\GURJHQDWHG�E\�FRSSHU�DW����.�"
� � �•�Ans.��&+���&2+
� ��� $UUDQJH�WKH�IROORZLQJ�LQ�RUGHU�RI�LQFUHDVLQJ�UHDFWLYLW\�WRZDUGV�/XFDV�UHDJHQW�
� � ��EXWDQ���RO����PHWK\OSURSDQ���RO��EXWDQ���RO��
� � �•�Ans.�EXWDQ���RO��EXWDQ���RO����PHWK\OSURSDQ���RO
� ���� :KDW�LV�WKH�PDMRU�SURGXFW�ZKHQ�EXWDQ���RO�LV�KHDWHG�ZLWK�+�62��DW�����.�"
� � �•�Ans.�&+�&+� �&+&+���%XW���HQH������
� ���� :KDW���SURGXFWV���DUH���REWDLQHG���ZKHQ���HWK\O���DOFRKRO���LV���WUHDWHG���ZLWK���+�62����DW����L��������.����LL��������.���DW��LLL������."
� � �•�Ans.��L��HWKHQH����LL��HWKR[\�HWKDQH����LLL��HWK\O�K\GURJHQ�VXOSKDWH�
� ��� :KDW�KDSSHQV�ZKHQ�WHUW��EXW\O�DOFRKRO�LV�WUHDWHG�ZLWK�UHGXFHG�FRSSHU�DW����.�"

� � �•�Ans.���0HWK\OSURSHQH�LV�REWDLQHG��

� ���� &RPSOHWH�WKH�IROORZLQJ�UHDFWLRQV���

� � �D�� &+�&2&O���&�+�2+
Pyridine→ � � �E�� �&+���&2�

3CH MgBr→ "
H+

→
� � �F�� �&+���&2�

4LiAlH→ � � �G��&+�&+�2+���62&O�
� � � •��$QV��

� � �D�� &+�&2&O���&�+�2+�
Pyridine→

           


 

O

CH C OC H3 2 5 � �E�� �
3CH MgBr→� � 2

H
H O

+
→

�

� � �F��
4LiAlH→ CH CH OH

           
CH3

 


� �G��&+�&+�2+���62&O� �&+�&+�&O���62����+&O

� ���� $UUDQJH�WKH�IROORZLQJ�LQ�WKH�GHFUHDVLQJ�RUGHU�RI�DFLGLF�VWUHQJWK���+�2��&+�2+���&+���&+2+�
� � �� •��$QV��+�2�!�&+�2+�!��&+���&+2+�

� ���� :KDW�LV�WKH�PDLQ�SURGXFW�IRUPHG�ZKHQ�SKHQRO�LV�VXEMHFWHG�WR�.ROEHuV�UHDFWLRQ�"

� � �� •��$QV��6DOLF\OLF�DFLG�
� ���� $UUDQJH�WKH�IROORZLQJ�LQ�WKH�LQFUHDVLQJ�RUGHU�RI�DFLGLF�VWUHQJWK���SKHQRO��HWKDQRO��R�QLWURSKHQRO

� � �� •��$QV��(WKDQRO��SKHQRO��R�QLWURSKHQRO�
� ���� :KDW�KDSSHQV�ZKHQ�SKHQRO�LV�K\GURJHQDWHG�"

� � �� •��$QV��&\FORKH[DQRO�LV�IRUPHG�
� ���� 7ZR�LVRPHULF�DURPDWLF�FRPSRXQGV�$�DQG�%�KDYH�WKH�PROHFXODU�IRUPXOD�&�+�2+��$�JLYHV�SXUSOH�FRORXU�ZLWK�)H&O��VROXWLRQ�

ZKLOH�%�GRHV�QRW��:KDW�DUH�$�DQG�%�"

� � �� •��$QV��$�LV�FUHVRO��%�LV�EHQ]\O�DOFRKRO�
� ���� ,GHQWLI\�;��<�DQG�=�LQ�WKH�IROORZLQJ�UHDFWLRQV��

� � D�� &�+��
2

3

Cl
AlCl

→ � ;�
aq. NaOH

575 K, 300 atm
→ � <� 2H , H O+

→ � =

� � �E��&�+�1+��
2NaNO , HCl

273 K
→ � ;� 2H , H O

Warm

+

→ � <�
Zn

Heat
→ � =

� � �� •��$QV����D��;� �&�+�&O�� <� �&�+�21D�� � =� �&�+�2+

� � �� � ��������E��;� �&�+�1�
�&Oy�� <� �&�+�2+�� � =� �&�+�

� ���� *LYH�D�PHWKRG�RI�FRQYHUWLQJ�EHQ]HQH�WR�SKHQRO�YLD�QLWUREHQ]HQH�

� � �� •��$QV�� &�+���
3 2 4HNO , H SO

→ �&�+�12��
Sn, HCl
NaOH

→ �&�+�1+��
2NaNO , HCl

Warm
→ �&�+�2+�

→

→
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� �� 3UHGLFW�ZKLFK�LV�VWURQJHU�DFLG�LQ�HDFK�RI�WKH�IROORZLQJ�SDLUV��

� �D�� 3KHQRO�RU�F\FORKH[DQRO� �E�� 3KHQRO�RU�S�QLWURSKHQRO

� �F�� S�1LWURSKHQRO�RU�S�FKORURSKHQRO� �G�� ��������7ULQLWURSKHQRO�RU������GLQLWURSKHQRO�

� �H�� S�&\DQRSKHQRO�RU�SKHQRO� �I�� �&+����&+2+�RU��&)����&+2+�

� �J�� 3KHQRO�RU�EHQ]\O�DOFRKRO

� � � � � •��$QV���D��3KHQRO����E��S�1LWURSKHQRO����F��S�1LWURSKHQRO����G����������7ULQLWURSKHQRO����H��S�&\DQRSKHQRO�� �
� � � � �� �����I���&)����&+2+�����J��3KHQRO�

� ���� 3UHGLFW�WKH�SURGXFW�RI�WKH�IROORZLQJ�UHDFWLRQ��

� �

3

2 2 2

CH

CH CH C==CH
|

( BH
( NaOH,H O2

i) 
ii)

3

2
 → �"

� � •��$QV�� ���0HWK\O���SKHQ\OEXWDQ���RO��

� � ����
�+\GURERUDWLRQ�UHDFWLRQ�SURFHHGV�DFFRUGLQJ�WR�DQWL�0DUNRYQLNRY�UXOH��

620(�&200(5&,$//<�,03257$17�$/&2+2/6

� ���0HWKDQRO

0HWKDQRO�RU�PHWK\O�DOFRKRO�LV�DOVR�NQRZQ�DV�ZRRG�VSLULW�RU�ZRRG�DOFRKRO�EHFDXVH�LW�ZDV�RULJLQDOO\�SUHSDUHG�E\�
GHVWUXFWLYH� GLVWLOODWLRQ� RI� ZRRG��1RZDGD\V�� LW� LV�PDQXIDFWXUHG� E\� FDWDO\WLF� K\GURJHQDWLRQ� RI� FDUERQ�PRQR[LGH� RU�
ZDWHU�JDV��$�PL[WXUH�RI�FDUERQ�PRQR[LGH�DQG�K\GURJHQ�LV�SDVVHG�RYHU�D�FDWDO\VW��FRQVLVWLQJ�RI�R[LGHV�RI�FRSSHU��]LQF�
DQG�FKURPLXP��DW����y����.�DQG�XQGHU����y����DWP�SUHVVXUH��ZKHQ�PHWKDQRO�LV�IRUPHG�

&2����+��
2 3CuO ZnO Cr O

573 673 K 
200 300 atm

 
−
−

→ � CH OH
Methanol

3

0HWKDQRO�LV�DOVR�SUHSDUHG�DV�D�E\�SURGXFW�GXULQJ�GHVWUXFWLYH�GLVWLOODWLRQ�RI�ZRRG�

3URSHUWLHV��0HWKDQRO� LV�D�FRORXUOHVV� OLTXLG�ZLWK� E�S�� ����.�� ,W� LV�PLVFLEOH�ZLWK�ZDWHU� LQ�DOO�SURSRUWLRQV�� ,W� LV�
KLJKO\�SRLVRQRXV�LQ�QDWXUH�DQG�ZKHQ�WDNHQ�LQWHUQDOO\�LW�FDXVHV�EOLQGQHVV�RU�HYHQ�GHDWK��,W�JLYHV�PRVW�RI�WKH�JHQHUDO�
UHDFWLRQV�RI�DOFRKROV�

8VHV�RI�0HWKDQRO��0HWKDQRO�LV�XVHG

� �L�� DV�D�VROYHQW�IRU�SDLQWV�DQG�YDUQLVKHV�

� �LL�� DV�DQ�DQWLIUHH]H�IRU�DXWRPRELOH�UDGLDWRUV�

� �LLL�� LQ�WKH�PDQXIDFWXUH�RI�IRUPDOGHK\GH�ZKLFK�LV�YHU\�ZLGHO\�XVHG�LQ�WKH�PDQXIDFWXUH�RI�SODVWLFV�

� �LY�� IRU�GHQDWXULQJ�HWK\O� DOFRKRO� L�H��� WR�PDNH� LW�XQILW� IRU� GULQNLQJ�SXUSRVHV��'HQDWXUHG�DOFRKRO� LV� FRPPRQO\�
NQRZQ�DV�PHWK\ODWHG�VSLULW�

� �Y�� DV�D�PRWRU�IXHO�

� �YL�� LQ�WKH�PDQXIDFWXUH�RI�SHUIXPHV��GUXJV�DQG�YDUQLVKHV�

� ��� (WKDQRO

,W�LV�WKH�PRVW�LPSRUWDQW�PHPEHU�RI�WKH�DOFRKRO�VHULHV�DQG�LV�VLPSO\�NQRZQ�DV�DOFRKRO��,W�LV�DOVR�NQRZQ�DV�JUDLQ�
DOFRKRO�EHFDXVH�LW�FDQ�EH�SUHSDUHG�IURP�VWDUFK\�JUDLQV�

,W�FDQ�EH�PDQXIDFWXUHG�E\�WKH�IROORZLQJ�SURFHVVHV�

� �L��+\GUDWLRQ�RI�HWKHQH���(WKDQRO�LV�SUHSDUHG�E\�WKH�K\GUDWLRQ�RI�HWKHQH�DW�����.�XQGHU�����DWP�SUHVVXUH�
DQG�LQ�WKH�SUHVHQFH�RI�D�FDWDO\VW�

� �

CH  = CH  + H O2 2 2

Ethene ��

573 200K atm
Catalyst
,' �'''''

�

CH CH OH
Ethanol

23
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�LL���2[R�SURFHVV��(WKHQH�UHDFWV�ZLWK�FDUERQ�PRQR[LGH�DQG�K\GURJHQ�LQ�WKH�SUHVHQFH�RI�FREDOW�FDUERQ\O�>&R�&2��@��
DV�FDWDO\VW�DW�KLJK�WHPSHUDWXUH�DQG�SUHVVXUH�WR�JLYH�DOGHK\GHV��7KH�FDWDO\WLF�K\GURJHQDWLRQ�RI�DOGHK\GHV�JLYHV�SULPDU\�
DOFRKROV�

+�&�  �&+����&2���+����

[ ( ) ]Co CO
high

4 2
 temp. and 

   pressure

' �'''''' � &+�&+�&+2�
H Ni2 /' �''' � &+�&+�&+�2+

�����(WKHQH
� � � � ������ �������

3URSDQDO
� ����� ������������ ����

3URSDQ���RO

�LLL��)HUPHQWDWLRQ�RI�FDUERK\GUDWHV��(WKDQRO�LV�PDQXIDFWXUHG�E\�IHUPHQWDWLRQ�RI�VWDUFK�RU�VXJDU��)HUPHQWDWLRQ�
LV�D�SURFHVV�LQ�ZKLFK�FRPSOH[�RUJDQLF�FRPSRXQGV�DUH�EURNHQ�GRZQ�LQWR�VLPSOHU�PROHFXOHV�E\�WKH�DFWLRQ�RI�ELRORJLFDO�
FDWDO\VWV�NQRZQ�DV�HQ]\PHV��(Q]\PHV�DUH�FRPSOH[�RUJDQLF�FRPSRXQGV�ZKLFK�DFW�DV�FDWDO\VWV�LQ�UHDFWLRQ�WDNLQJ�SODFH�
LQ�OLYLQJ�RUJDQLVPV��7KHVH�DUH�DOVR�FDOOHG�ELR�FDWDO\VWV�

�D��(WKDQRO�IURP�VXJDU�VROXWLRQ��PRODVVHV���0RODVVHV�LV�D�QRQ�FU\VWDOOLQH�IRUP�RI�VXJDU�REWDLQHG�DV�WKH�PRWKHU�
OLTXRU�DIWHU�FU\VWDOOLVDWLRQ�RI�VXJDU�IURP�VXJDU�VROXWLRQ��7KLV�FRQWDLQV�DERXW�����VXJDU��,W�LV�GLOXWHG�WR�DERXW�����VROXWLRQ�
DQG�\HDVW�LV�DGGHG�DQG�NHSW�IRU�DERXW��y��GD\V��<HDVW�VXSSOLHV�WKH�HQ]\PHV�LQYHUWDVH�DQG�]\PDVH��7KH�HQ]\PH�LQYHUWDVH�
K\GURO\VHV�VXFURVH�WR�JOXFRVH�DQG�IUXFWRVH��7KH�HQ]\PH�]\PDVH��IRXQG�LQ�\HDVW��FRQYHUWV�JOXFRVH�DQG�IUXFWRVH�WR�HWKDQRO�

� &��+��2������+�2�
Invertase' �'''' � &�+��2�� �� &�+��2�

������ ������������ ����������6XFURVH� � � *OXFRVH� � )UXFWRVH

� &�+��2�� �� Zymase' �''' �� �&�+�2+� ����� �&2��
� *OXFRVH�RU�IUXFWRVH� � (WKDQRO

7KH�IHUPHQWHG�OLTXLG�ZKLFK�FRQWDLQV�DERXW��y����HWKDQRO�LV�FDOOHG�ZDVK��,W�LV�IUDFWLRQDOO\�GLVWLOOHG�WR�UHFWLILHG�VSLULW�
FRQWDLQLQJ�������DOFRKRO��)XUWKHU�GHK\GUDWLRQ�ZLWK�TXLFN�OLPH�DQG�GLVWLOOLQJ�ZLWK�VRGLXP�RU�FDOFLXP�JLYHV�������HWKDQRO��

�E��(WKDQRO� IURP�VWDUFK��(WKDQRO� LV� DOVR�SUHSDUHG� LQGXVWULDOO\� IURP� VWDUFK\� VXEVWDQFHV� OLNH� SRWDWR�� EDUOH\��
\DP��HWF��6WDUFK\�VXEVWDQFHV�DUH�PDGH�LQWR�D�SDVWH�E\�KHDWLQJ�ZLWK�VXSHU�KHDWHG�VWHDP�DW�DERXW�����.�DQG�PDOW�
LV�DGGHG��7KH�PDOW�FRQWDLQV�WKH�HQ]\PH�GLDVWDVH�ZKLFK�FRQYHUWV�VWDUFK�LQWR�PDOWRVH�

� ��&�+��2��Q���Q+�2���� �
Diastase' �'''' � Q&��+��2��

� 6WDUFK� � ��0DOWRVH

7KH�SURGXFW�LV�FRROHG�WR�DERXW����.�DQG�\HDVW�LV�DGGHG��,W�JLYHV�HQ]\PH�PDOWDVH�ZKLFK�FRQYHUWV�PDOWRVH�WR�JOXFRVH

� &��+��2������+�2�
Maltase' �'''' � �&�+��2�

� 0DOWRVH� � *OXFRVH

7KH�HQ]\PH�]\PDVH�DOVR�SURYLGHG�E\�\HDVW�FRQYHUWV�JOXFRVH�LQWR�HWKDQRO�

� &�+��2�� �� Zymase' �''' �� �&�+�2+���������&2�

� �*OXFRVH� � (WKDQRO

,Q�ZLQH�PDNLQJ�� JUDSHV� DUH� WKH� VRXUFH�RI� VXJDUV� DQG�\HDVW�� $V� JUDSHV� ULSHQ�� WKH� TXDQWLW\� RI� VXJDU� LQFUHDVHV�
DQG� WKH� \HDVW�JURZV� RQ� WKH�VNLQ�RI� WKH�JUDSHV��:KHQ� WKH� JUDSHV� DUH� FUXVKHG�� VXJDU� DQG� HQ]\PH� FRPH� LQ�FRQWDFW�
DQG�IHUPHQWDWLRQ�VWDUWV��)HUPHQWDWLRQ�WDNHV�SODFH�XQGHU�DQDHURELF�FRQGLWLRQV��L�H���LQ�WKH�DEVHQFH�RI�DLU���'XULQJ�
IHUPHQWDWLRQ�&2��LV�UHOHDVHG�

7KH�DFWLRQ�RI�HQ]\PH�LV�LQKLELWHG�ZKHQ�WKH�FRQFHQWUDWLRQ�RI�DOFRKRO�H[FHHGV������,I�DLU�HQWHUV�WKH�IHUPHQWDWLRQ�
PL[WXUH��WKH�2��RI�WKH�DLU�R[LGLVHV�HWKDQRO�WR�HWKDQRLF�DFLG�ZKLFK�VSRLOV�WKH�WDVWH�RI�DOFRKROLF�GULQNV�DQG�PDNHV�LW�VRXU�

3URSHUWLHV��,W�LV�D�FRORXUOHVV��YRODWLOH�OLTXLG�ZLWK�FKDUDFWHULVWLF�SOHDVDQW�RGRXU��,W�KDV�ERLOLQJ�SRLQW�RI����.��,W�
JLYHV�DOO�JHQHUDO�UHDFWLRQV�RI�DOFRKROV�

8VHV�RI�(WKDQRO��(WK\O�DOFRKRO�LV�XVHG

� �L�� DV�DQ�LQGXVWULDO�VROYHQW�IRU�SDLQWV��ODFTXHUV��G\HV��YDUQLVKHV��FRVPHWLFV��SHUIXPHV��HWF�

� �LL�� LQ�WKH�PDQXIDFWXUH�RI�DOFRKROLF�EHYHUDJHV�

� �LLL�� LQ�WKH�SUHSDUDWLRQ�RI�HWKHU��FKORURIRUP��LRGRIRUP��DFHWDOGHK\GH��DFHWLF�DFLG��HWF�

� �LY�� LQ�VFLHQWLILF�LQVWUXPHQWV�VXFK�DV�WKHUPRPHWHUV�DQG�VSLULW�OHYHOV�

� �Y�� DV�DQ�DQWLIUHH]H�LQ�DXWRPRELOH�UDGLDWRUV�

� �YL�� DV�D�SUHVHUYDWLYH�IRU�ELRORJLFDO�VSHFLPHQV�



#.%1*1.5��2*'01.5�#0&�'6*'45 �����

� �YLL�� DV�D�IXHO�LQ�VSLULW�ODPSV�DQG�VWRYHV�

��YLLL�� LQ�KRVSLWDOV�DV�DQ�DQWLVHSWLF�

� �L[�� LQ�WKH�PDQXIDFWXUH�RI�GUXJV��IODYRXULQJ�H[WUDFWV��SHUIXPHV��HWF�

���,QGXVWULDO�$OFRKROV

(WK\O�DOFRKRO� LV�RQH�RI� WKH�PRVW�LPSRUWDQW�UDZ�PDWHULDOV�ZKLFK� LV�TXLWH� IUHTXHQWO\�XVHG��,W� LV�VROG�LQ�GLIIHUHQW�
JUDGHV�RI�SXULW\�IRU�GLIIHUHQW�SXUSRVHV��7KHVH�DUH�GHVFULEHG�EHORZ��

� �L��$EVROXWH�DOFRKRO�� ,W� LV������SXUH�HWKDQRO��7KH�IHUPHQWDWLRQ�RI�FDUERK\GUDWHV�JLYHV�HWKDQRO�FRQWDLQLQJ�
ZDWHU��7KH�IUDFWLRQDO�GLVWLOODWLRQ�RI�DTXHRXV�VROXWLRQ�RI�HWKDQRO�JLYHV�D�FRQVWDQW�ERLOLQJ� D]HRWURSLF�PL[WXUH�ZKLFK�
FRQWDLQV�����HWKDQRO��7R�JHW������HWKDQRO��D�VPDOO�DPRXQW�RI�EHQ]HQH�LV�DGGHG�ZLWK�D]HRWURSLF�PL[WXUH�DQG�WKHQ�
GLVWLOOHG��7KH�ILUVW�IUDFWLRQ��DW�������.��FRQVLVWV�RI�ZDWHU��HWKDQRO�DQG�EHQ]HQH��$IWHU�DOO�ZDWHU�LV�UHPRYHG��WKH�VHFRQG�
IUDFWLRQ��DW�������.��FRQVLVWV�RI�EHQ]HQH�DQG�HWKDQRO��)LQDOO\��SXUH�HWKDQRO�LV�GLVWLOOHG�DV�WKH�ODVW�IUDFWLRQ��������.��

� �LL��0HWK\ODWHG�VSLULW�RU�GHQDWXUHG�DOFRKRO��,W�LV�����HWK\O�DOFRKRO��7R�DYRLG�WKH�PLVXVH�RI�DOFRKRO�PHDQW�
IRU� LQGXVWULHV� IRU�GULQNLQJ�SXUSRVHV�� LW� LV�PDGH�XQILW�E\�PL[LQJ�LQ� LW�PHWKDQRO��VRPH�FRSSHU�VXOSKDWH��WR�JLYH� LW�D�
FRORXU��DQG�S\ULGLQH��D�IRXO�VPHOOLQJ�OLTXLG���HWF��7KH�SURFHVV�LV�FDOOHG�GHQDWXUDWLRQ�RI�DOFRKRO�DQG�WKH�DOFRKRO��WKXV�
REWDLQHG��LV� FDOOHG�PHWK\ODWHG�VSLULW�RU�GHQDWXUHG�DOFRKRO�� ,W� LV�TXLWH�FKHDS�DQG�FDQ�EH�XVHG�IRU�QRQ�GULQNLQJ�SXU�
SRVHV�DQG�SDUWLFXODUO\�LQ�LQGXVWULHV�

� �LLL�� 3RZHU�DOFRKRO��,W�LV�D�PL[WXUH�RI�����HWKDQRO�DQG�����JDVROLQH��6LQFH�DOFRKRO�GRHV�QRW�PL[�ZLWK�SHWURO��
WKHUHIRUH��D� WKLUG�VROYHQW�VXFK�DV�EHQ]HQH��HWKHU�RU��WHWUDK\GURQDSKWKDOHQH�� LV�DGGHG��'XH�WR� WKH� LQFUHDVHG�ZRUOG�
FRQVXPSWLRQ�RI�SHWURO�DQG�LWV�OLPLWHG�QDWXUDO�VRXUFHV��SHWURO�JHQHUDOO\�UHPDLQV�LQ�D�VKRUW�VXSSO\��7KH�XVH�RI�SRZHU�
DOFRKRO�DV�D�VXEVWLWXWH�IRU�JDVROLQH�KDV�SURPLVHG�EULJKW�IXWXUH� LQ�,QGLD�EHFDXVH�ZH�FDQ�PDQXIDFWXUH�ODUJH�TXDQWL�
WLHV�RI�DOFRKRO�IURP�PRODVVHV�

�LY���� $OFRKROLF� EHYHUDJHV�� /LTXRUV� XVHG� IRU� GULQNLQJ� SXUSRVHV� FRQWDLQ� DOFRKRO� DV� WKH� SULQFLSDO� LQWR[LFDWLQJ�
DJHQW��7KHVH�DUH�DOVR�FDOOHG�DOFRKROLF�EHYHUDJHV��7KH\�DUH�SUHSDUHG�IURP�GLIIHUHQW�VXEVWDQFHV�DQG�FRQWDLQ�GLIIHUHQW�
SHUFHQWDJHV�RI�DOFRKRO��7KHUH�DUH�PDLQO\�WZR�W\SHV�RI�EHYHUDJHV���GLVWLOOHG�DQG�XQGLVWLOOHG��8QGLVWLOOHG�EHYHUDJHV�DUH�
SUHSDUHG�IURP�JUDSHV�DQG�RWKHU�IUXLW�MXLFHV�DQG�DUH�FDOOHG�ZLQHV��7KH�OLTXRUV�REWDLQHG�E\�GLVWLOODWLRQ�KDYH�KLJKHU�
DOFRKROLF�FRQWHQWV�DQG�KDYH�GLIIHUHQW�WUDGH�QDPHV�VXFK�DV�ZKLVN\��UXP��EUDQG\��JLQ��HWF�

�7R[LFLW\�RI�$OFRKROV
7KH�WR[LFLW\�RI�DOFRKROV�LV�PDLQO\�GXH�WR�WKHLU�ELRORJLFDO�R[LGDWLRQ�WDNLQJ�SODFH�LQ�OLYLQJ�RUJDQLVPV��0HWK\O�DOFRKRO�

LV�KLJKO\�WR[LF�DQG�LWV�FRQVXPSWLRQ�FDXVHV�EOLQGQHVV�DQG�GHDWK��(WK\O�DOFRKRO�LV�QRQ�WR[LF�EXW�SURGXFHV�SK\VLRORJLFDO�
HIIHFWV�GLVWXUELQJ�EUDLQ�DFWLYLW\�RQ�GULQNLQJ��7KH�FRPPHUFLDO�DOFRKRO�LV�PDGH�XQILW�IRU�GULQNLQJ�E\�PL[LQJ�LQ�LW�FRSSHU�
VXOSKDWH��ZKLFK�JLYHV�LW�FRORXU��DQG�S\ULGLQH�ZKLFK�PDNHV�LW�IRXO�VPHOOLQJ�OLTXLG��,W�LV�NQRZQ�DV�GHQDWXUDWLRQ�RI�DOFRKRO�

���3KHQRO�RU�&DUEROLF�DFLG
3KHQRO�ZDV�ILUVW�LVRODWHG�IURP�FRDO�WDU��1RZDGD\V��LW�LV�PDQXIDFWXUHG�E\�'RZuV�SURFHVV��IURP�FKORUREHQ]HQH��RU�

E\�FXPHQH�SURFHVV�

,W�LV�FRORXUOHVV��K\JURVFRSLF�FU\VWDOOLQH�VROLG��,WV�PHOWLQJ�SRLQW�LV����.�DQG�ERLOLQJ�SRLQW�LV����.��7KH�OLTXLG�IRUP�
RI�SKHQRO�FRQWDLQLQJ�DERXW����ZDWHU�LV�NQRZQ�DV�FDUEROLF�DFLG��,W�WXUQV�SLQN�RQ�H[SRVXUH�WR�DLU�DQG�OLJKW�

8VHV�RI�3KHQRO��3KHQRO�LV�XVHG

� �L�� IRU�WKH�PDQXIDFWXUH�RI�EDNHOLWH�E\�SRO\PHULVLQJ�ZLWK�IRUPDOGHK\GH�

� �LL�� LQ�WKH�PDQXIDFWXUH�RI�GUXJV�OLNH�DVSLULQ��VDORO��SKHQDFHWLQ��HWF�

� �LLL�� DV�DQ�DQWLVHSWLF�LQ�VRDSV��ORWLRQV��HWF�

� �LY�� IRU�SUHSDULQJ�SKHQROSKWKDOHLQ�XVHG�DV�DQ�LQGLFDWRU�LQ�DFLG�EDVH�WLWUDWLRQV�

� �Y�� DV�D�SUHVHUYDWLYH�IRU�LQN�

� �YL�� IRU�WKH�PDQXIDFWXUH�RI�F\FORKH[DQRO�XVHG�DV�D�VROYHQW�IRU�UXEEHU�DQG�ODFTXHUV�

� �YLL�� LQ�WKH�PDQXIDFWXUH�RI�D]R�G\HV�

��YLLL�� LQ�WKH�PDQXIDFWXUH�RI�SLFULF�DFLG�XVHG�LQ�PDNLQJ�H[SORVLYHV�
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32/<+<'5,&�$/&2+2/6
,Q�DGGLWLRQ�WR�PRQRK\GUDWH�DOFRKROV��WZR�SRO\K\GULF�DOFRKROV�DUH�DOVR�FRPPHUFLDOO\�LPSRUWDQW��7KHVH�DUH�WKH�

FRPSRXQGV� ZKLFK� FRQWDLQ� WZR� RU� PRUH� K\GUR[\O� JURXSV� �y2+�� LQ� WKH�PROHFXOH�� 7KH� FRPSRXQGV� ZKLFK� FRQWDLQ�
WZR�y2+�JURXSV�DUH�FDOOHG�GLROV��7KHLU�,83$&�QDPHV�DUH�REWDLQHG�E\�DGGLQJ�WKH�VXIIL[�GLRO�WR�WKH�QDPH�RI�WKH�
SDUHQW�DONDQH��7KH�FRPSRXQGV�FRQWDLQLQJ�WKUHH�y2+�JURXSV�DUH�FDOOHG�WULROV��7KHLU� ,83$&�QDPHV�DUH�REWDLQHG�
E\�DGGLQJ�WKH�VXIIL[�WULRO�WR�WKH�QDPH�RI�WKH�SDUHQW�DONDQH��7KH�WZR�FRPPRQ�H[DPSOHV�DUH��
� &+

�
2+� &+

�
2+

� � 
� &+

�
2+� &+2+

� (WKDQH������GLRO� 
� �(WK\OHQH�JO\FRO�� &+

�
2+

� � 3URSDQH���������WULRO
� � �*O\FHURO�

� 4����� $UUDQJH�WKH�IROORZLQJ�FRPSRXQGV�LQ�LQFUHDVLQJ�RUGHU�RI�WKHLU�DFLG�VWUHQJWK��

� � 3URSDQ���RO����������WULQLWURSKHQRO��QLWURSKHQRO�������GLQLWURSKHQRO��SKHQRO����PHWK\O�SKHQRO��
� $QV�� �,QFUHDVLQJ�RUGHU� RI�DFLG� VWUHQJWK� LV� �
� � 3URSDQ���RO�� ��PHWK\OSKHQRO�� SKHQRO�� ��QLWUR� SKHQRO�� ��� ��GLQLWURSKHQRO�� ��� ��� ��WULQLWURSKHQRO�

� 4����� ,Q�WKH�SURFHVV�RI�ZLQH�PDNLQJ��ULSHQHG�JUDSHV�DUH�FUXVKHG�VR�WKDW�VXJDU�DQG�HQ]\PH�VKRXOG�FRPH�LQ�
FRQWDFW�ZLWK�HDFK�RWKHU�DQG�IHUPHQWDWLRQ�VKRXOG�VWDUW��:KDW�ZLOO�KDSSHQ�LI�DQDHURELF�FRQGLWLRQV�DUH�
QRW�PDLQWDLQHG�GXULQJ�WKLV�SURFHVV"� �&%6(�6DPSOH�3DSHU���������

� $QV�� (WKDQRO�ZLOO�EH�FRQYHUWHG�LQWR�HWKDQRLF�DFLG�

� 4����� RZ�ZLOO�\RX�GLVWLQJXLVK�EHWZHHQ���SKHQ\OHWKDQRO�DQG���SKHQ\OHWKDQRO�"

� $QV�� ��3KHQ\OHWKDQRO�� �FRQWDLQV�WKH�JURXSLQJ� �DQG�WKHUHIRUH��ZLOO�JLYH�LRGRIRUP�WHVW�

� � � �

2I , NaOH→

�
3

Yellow ppt.
CHI

� � 2Q�WKH�RWKHU�KDQG����3KHQ\OHWKDQRO��&�+�&+�&+�2+�GRHV�QRW�FRQWDLQ� �JURXS�DQG�WKHUHIRUH��LW�ZLOO�QRW�
JLYH�LRGRIRUP�WHVW�

� 4���� 6RGLXP�PHWDO�FDQ�EH�XVHG�IRU�GU\LQJ�GLHWK\O�HWKHU�DQG�EHQ]HQH�DQG�QRW�HWKDQRO�
� $QV�� (WKDQRO�KDV�D�UHSODFHDEOH�K\GURJHQ�DWRP�DQG�WKHUHIRUH��UHDFWV�ZLWK�VRGLXP��

� � � &�+�2+���1D�� � &�+�21D�
1
2
+�

� � :KLOH�EHQ]HQH�DQG�GLHWK\O�HWKHU�GR�QRW�KDYH�UHSODFHDEOH�K\GURJHQ�DWRP�DQG�KHQFH�GR�QRW�UHDFW�ZLWK�VRGLXP��
7KHUHIRUH��WKHVH�FDQ�EH�GULHG�E\�VRGLXP�PHWDO�

� 4���� $UUDQJH�WKH�IROORZLQJ�FRPSRXQGV�LQ�WKH�RUGHU�RI�LQFUHDVLQJ�ERLOLQJ�SRLQWV���

� � (WKDQRO��3URSDQ���RO��%XWDQ���RO��%XWDQ���RO� �.HUDOD�6�%�������

� $QV���(WKDQRO���3URSDQ���RO���%XWDQ���RO���%XWDQ���RO

� 4���� ([SODLQ���ZK\���DOFRKROV���DUH���FRPSDUDWLYHO\���PRUH���VROXEOH���LQ���ZDWHU���WKDQ���WKH���FRUUHVSRQGLQJ�K\GURFDUERQ�
� $QV�� 7KH�FRPSDUDWLYHO\�KLJKHU�VROXELOLW\�RI�DOFRKROV�LQ�ZDWHU�LQ�FRPSDULVRQ�WR�K\GURFDUERQV�LV�GXH�WR�WKH�IRUPDWLRQ�RI�

K\GURJHQ�ERQGV�EHWZHHQ�DOFRKRO�DQG�ZDWHU�PROHFXOHV�

� �

O------- O------- O--------------H H H

R H R

δ − δ − δ −δ + δ +
  

| | |

�

→
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� 4���� �$UUDQJH�WKH�IROORZLQJ�FRPSRXQGV�LQ�WKH�GHFUHDVLQJ�RUGHU�RI�WKHLU�ERLOLQJ�SRLQWV��
� � �L��3HQWDQ���RO� ��LL����0HWK\OEXWDQ���RO� � � �LLL����0HWK\OEXWDQ���RO
� $QV�������L��!��LLL��!��LL���7KLV�LV�EHFDXVH�ZLWK�EUDQFKLQJ�WKH�VKDSH�EHFRPHV�VSKHULFDO�DQG�WKHUHIRUH��YDQ�GHU�:DDOV�IRUFHV�

GHFUHDVH��$V�D�UHVXOW��ERLOLQJ�SRLQW�GHFUHDVHV�

� 4���� :KDW�LV�-RQHV�UHDJHQW�"�*LYH�WKH�SURGXFW�RI�R[LGDWLRQ�RI

� � �L��

H

CH OH2

� � �LL���&+�&+  �&+&+�2+�&+��E\�-RQHV�UHDJHQW�

� $QV�� -RQHV� UHDJHQW� LV�&U2�� LQ�DTXHRXV� DFHWRQH�VROXWLRQ��7KLV� LV�D�PLOG�UHDJHQW�VR�WKDW� LW�R[LGLVHV�DOFRKROV�ZLWKRXW�
R[LGLVLQJ�RU�UHDUUDQJLQJ�GRXEOH�ERQGV�

� �� �L���������������

H

CH OH2

�
3CrO  in

acetone→ �

H

CHO

� � �LL���������&+�&+  �&+&+�2+�&+�

3CrO  in
acetone→&+�&+  ��&+&2&+�

� 4���� :K\�KDV�SKHQRO�KLJKHU�ERLOLQJ�SRLQW� WKDQ� WROXHQH� "� �3E�6�%�� �����

� $QV�� 3KHQRO� �PROHFXODU�PDVV�����KDV�KLJKHU�ERLOLQJ�SRLQW�WKDQ� WROXHQH� �PROHFXODU�PDVV������7KLV� LV�GXH�WR�WKH� IDFW�
WKDW�SKHQRO� IRUPV� LQWHUPROHFXODU� K\GURJHQ� ERQGLQJ� OHDGLQJ� WR�DVVRFLDWLRQ� RI� LWV�PROHFXOHV�� &RQVHTXHQWO\�� DG�
GLWLRQDO� HQHUJ\� LV�QHHGHG� WR�EUHDN�K\GURJHQ� ERQGV�ZKLFK� UDLVHV� LWV� ERLOLQJ�SRLQW�

� � �� � � � � � � �
� � 2Q� WKH� RWKHU�KDQG�� WROXHQH� GRHV�QRW� IRUP�K\GURJHQ�ERQGV� DQG� WKHUHIRUH�� LWV� ERLOLQJ�SRLQW� LV� OHVV�

� 4����� 2XW� RI�SKHQRO� DQG�EHQ]HQH��ZKLFK� LV�PRUH� HDVLO\� QLWUDWHG�DQG�ZK\� "

� $QV�� 3KHQRO�FDQ�EH�PRUH�HDVLO\�QLWUDWHG�WKDQ�EHQ]HQH��7KLV�LV�EHFDXVH��y2+�JURXS�LV�HOHFWURQ�UHOHDVLQJ�JURXS�DQG�LW�LQFUHDVHV�
HOHFWURQ� GHQVLW\� RQ� WKH� EHQ]HQH� ULQJ�� SDUWLFXODUO\� DW� WKH� RUWKR� DQG� SDUD� SRVLWLRQV�� 6LQFH� QLWUDWLRQ� LQYROYHV� DWWDFN� RI�
QLWURQLXP��12�

���LRQ��LWV�DWWDFN�RQ�SKHQRO�ZLOO�EH�HDVLHU�WKDQ�RQ�EHQ]HQH�ZKHUH�QR�HOHFWURQ�UHOHDVLQJ�JURXS�LV�SUHVHQW�

� 4����� :K\�KDV�SKHQRO�VPDOOHU�GLSROH�PRPHQW� WKDQ�PHWKDQRO� "

� $QV�� &+�� JURXS� LV� HOHFWURQ� UHOHDVLQJ� JURXS� DQG� WKHUHIRUH�� LW� LQFUHDVHV� WKH� QHJDWLYH� FKDUJH� RQ� WKH� R[\JHQ� DWRP� LQ�
&+�2+��7KHUHIRUH��&y2�ERQG� LQ� LW� LV�PRUH�SRODU� DQG� KHQFH�PHWKDQRO� KDV� KLJK� GLSROH�PRPHQW��3KHQ\O� JURXS�
LV� HOHFWURQ�DWWUDFWLQJ� JURXS�DQG� LW� UHGXFHV�QHJDWLYH� FKDUJH� RQ� WKH� R[\JHQ� LQ�&�+�2+��$V�D� UHVXOW�� &y2�ERQG�
LV� OHVV�SRODU� LQ�SKHQRO� DQG� WKHUHIRUH�� SKHQRO�KDV� VPDOO� GLSROH�PRPHQW�

� � � �� � �� � � �� � �� � �� � �� � � �� � ������������� ����������� ����� � ���� ����������
3CH O H

δ −
→ 

� � � � � � � � � � � � � � � � ������ ���� ��/HVV�SRODU������ � ���� ��� ���� � �������
��0RUH�SRODU

�

� 4����� $OFRKROV�DUH�HDVLO\�SURWRQDWHG� LQ� FRPSDULVRQ� WR�SKHQROV��([SODLQ�� �$�,�6�%�� �����
� $QV�� ,Q�DOFRKROV�� WKH�HOHFWURQ�UHOHDVLQJ� LQGXFWLYH�HIIHFW� ��� ,�HIIHFW�� RI� WKH�DON\O�JURXS�DWWDFKHG� WR�WKH�FDUERQ�KDYLQJ�

WKH� y2+�JURXS� LQFUHDVHV� WKH� HOHFWURQ�GHQVLW\� RQ� WKH� R[\JHQ� DWRP��7KHUHIRUH��DOFRKROV� DUH� HDVLO\� SURWRQDWHG�

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � R O H
..
..  � ��+�� � � � � � �  � � � � � � R O H

H

..+
 

|

� � �� � � � � � � � � � � � � � � � � � � � �3URWRQDWHG� DOFRKRO

� � 2Q�WKH�RWKHU�KDQG��LQ�WKH�FDVH�RI�SKHQRO��WKH�R[\JHQ�DWRP�DFTXLUHV�D�SDUWLDO�SRVLWLYH�FKDUJH�GXH�WR�UHVRQDQFH��
7KXV�� LW� LV�QRW�SURWRQDWHG�
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� 4����� RZ�GR�\RX�DFFRXQW�IRU�WKH�IDFW�WKDW�XQOLNH�SKHQRO������GLQLWURSKHQRO�DQG���������WULQLWURSKHQRO�DUH�
VROXEOH� LQ�DTXHRXV�VRGLXP�FDUERQDWH� VROXWLRQ� "

� $QV�� �1LWUR�JURXS�LV�HOHFWURQ�ZLWKGUDZLQJ�JURXS�DQG�LW�VWDELOL]HV�WKH�SKHQR[LGH�LRQ�E\�GLVSHUVLQJ�WKH�QHJDWLYH�FKDUJH�
RQ�WKH�R[\JHQ��$V�D�UHVXOW��WKH�DFLGLF�VWUHQJWK�RI�QLWUR�SKHQROV�LV�PRUH�WKDQ�WKDW�RI�SKHQRO��7KLV�HIIHFW�LV�PRUH�
SURQRXQFHG�DW�R��DQG�S�SRVLWLRQV��7KHUHIRUH�������GLQLWURSKHQRO�DQG���������WULQLWURSKHQROV�DUH�PRUH�DFLGLF�WKDQ�
SKHQRO��$V�D�UHVXOW��WKH\�DUH�VWURQJHU�DFLGV�WKDQ�FDUERQLF�DFLG��+�&2����+HQFH��WKH\�UHDFW�ZLWK�1D�&2��WR�IRUP�
WKHLU� FRUUHVSRQGLQJ� VDOWV� DQG�GLVVROYH� LQ�DTXHRXV� VRGLXP� FDUERQDWH� VROXWLRQ�ZLWK� WKH� HYROXWLRQ� RI�&2��

� 4����� :K\� GR�DOFRKROV�KDYH�KLJKHU�ERLOLQJ�SRLQWV� WKDQ�KDORDONDQHV�RI� WKH� VDPH�PROHFXODU�PDVV�"
� $QV�� 7KH�ERLOLQJ�SRLQWV�RI�DOFRKROV�DUH�KLJKHU�WKDQ�WKH�FRUUHVSRQGLQJ�KDORDONDQHV�RI�WKH�VDPH�PROHFXODU�PDVV��7KLV�LV�

PDLQO\�GXH�WR�VWURQJ�LQWHUPROHFXODU�K\GURJHQ�ERQGLQJ�EHWZHHQ�DOFRKRO�PROHFXOHV��%HFDXVH�RI�K\GURJHQ�ERQGLQJ��
LQ�DOFRKROV��HQHUJ\�KDV�WR�EH�VXSSOLHG�WR�RYHUFRPH�WKH�IRUFH�RI�DWWUDFWLRQ�DQG�FRQVHTXHQWO\�ERLOLQJ�SRLQWV�DUH�KLJK��
1R�VXFK�K\GURJHQ�ERQGLQJ�H[LVWV�LQ�KDORDONDQHV��)RU�H[DPSOH��E�SW��RI�&+�2+�LV�������.�ZKLOH�WKDW�RI�&+�&O�LV�
RQO\�����.�

� 4����� :KLOH� VHSDUDWLQJ�D�PL[WXUH�RI�RUWKR�DQG�SDUD�QLWURSKHQROV�E\�VWHDP�GLVWLOODWLRQ��QDPH�WKH� LVRPHU�
ZKLFK� LV�PRUH�YRODWLOH��*LYH� UHDVRQ�

� $QV�� �2UWKR� QLWURSKHQRO� LV� PRUH� YRODWLOH�� 7KLV� LV� EHFDXVH� LW� KDV� ZHDN� LQWUDPROHFXODU� K\GURJHQ� ERQGLQJ� ZKLOH��
S�QLWURSKHQRO� LV� DVVRFLDWHG�ZLWK� VWURQJ� LQWHUPROHFXODU�K\GURJHQ�ERQGLQJ�

� 4����� �([SODLQ�ZK\�RUWKR�QLWURSKHQRO�LV�PRUH�DFLGLF�WKDQ�RUWKR�PHWKR[\�SKHQRO�����+�3�6�%��������$�,�6�%�������
� $QV�� �7KLV� LV� EHFDXVH� y12�� �QLWUR�JURXS�� LV� HOHFWURQ�ZLWKGUDZLQJ� JURXS�DQG�ZLOO� LQFUHDVH�WKH��YH� FKDUJH� RQ� R[\JHQ�

WR�PDNH� LW� PRUH� DFLGLF��2Q� WKH� RWKHU� KDQG��z2&+�� JURXS� LV� HOHFWURQ� UHOHDVLQJ� JURXS� DQG� ZLOO� GHFUHDVH� �YH�
FKDUJH� RQ� R[\JHQ�PDNLQJ� LW� OHVV� DFLGLF� DV�2z+�ERQG�ZLOO� QRW�EUHDN� HDVLO\�

� 4����� �:ULWH�UHDFWLRQ� IRU� WKH�SUHSDUDWLRQ�RI�SKHQRO� IURP�FXPHQH�� � � � �8WWDUDNKDQG�6�%�������
� � $QV�

� � � � �

�2�� � � �→

� � �
+

2H , H O
→

� � �
� �
�
� �

� � � � � � � � &XPHQH� � � � � � � � � � 3KHQRO� � � � � � � � � � � � � � � �$FHWRQH�

� 4����� ��&RPSOHWH� WKH� IROORZLQJ� UHDFWLRQV�� � � � � � U�� 6�%�������

� � �� � � � � �
3 2 2
Propan-1-ol

CH CH CH OH � � � 2SOCl
→ � "� alc. KOH→ � "� +%U ↓ "� KOHaq.←→ �� "

� $QV�� ��� � � � � �
3 2 2
Propan-1-ol

CH CH CH OH � � 2SOCl
→ � &+�&+�&+�&O� �

alc. KOH→ � &+�&+  &+�

� � �� � ������ ������������ ���
3 3

Propan-2-ol

CH CH CH

OH


|

� KOHaq.← �
3 3

CH CH CH

Br


|

+%U

↓

� ��4����� $�FRPSRXQG��$��ZLWK�PROHFXODU�IRUPXOD�&�+��2�RQ�R[LGDWLRQ�IRUPV�FRPSRXQG��%���7KH�FRPSRXQG��%��
JLYHV�SRVLWLYH�LRGRIRUP�WHVW�DQG�RQ�UHDFWLRQ�ZLWK�&+�0J%U�IROORZHG�E\�K\GURO\VLV�JLYHV��&���,GHQWLI\�
$��%�DQG�&�DQG�JLYH�WKH�VHTXHQFH�RI�UHDFWLRQV�

� $QV�� 6LQFH�%�JLYHV�SRVLWLYH�LRGRIRUP�WHVW��LW�PXVW�EH�PHWK\O�NHWRQH��&+�&2&+�&+���%���,W�ZLOO�EH�REWDLQHG�E\�WKH�R[LGDWLRQ�
RI���EXWDQRO��$���7KH�UHDFWLRQV�DUH��

� 3 2 3CH CHCH CH

OH
| �

O→ � 3 2 3CH CCH CH

O
|| ��

3

2

CH MgBr

H , H O+→ �

3

3 2 3

CH

CH CH CHC

OH

|
 

|

%XWDQ���RO� %XWDQ���RQH� � � ��0HWK\OEXWDQ���RO

�$�� � �%�

� ��4����� $�FRPSRXQG��$��UHDFWV�ZLWK�WKLRQ\O�FKORULGH�WR�JLYH�FRPSRXQG��%����%��UHDFWV�ZLWK�PDJQHVLXP�WR�IRUP�
D�*ULJQDUG�UHDJHQW�ZKLFK�LV�WUHDWHG�ZLWK�DFHWRQH�DQG�WKH�SURGXFW�LV�K\GURO\VHG�WR�JLYH���PHWK\O����
EXWDQRO��:KDW�DUH��$��DQG��%��FRPSRXQGV�"
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� $QV�� $�LV�HWK\O�DOFRKRO��%�LV�HWK\O�FKORULGH

� � � � � � � � &+�&+�2+�
2SOCl

→ �&+�&+�&O�
Mg→ � &+�&+�0J&O� 3 2

2

(CH ) C==O

H /H O+→ 3 2 3

3

CCH CH CH

CH

ΟΗ
|

|

�

� � � � � � �$�� �� � � � ����%�

� � �� � � � � � � � � ��0HWK\OEXWDQ���RO

� 4����� $Q�DONR[LGH�LV�D�VWURQJHU�EDVH�WKDQ�K\GUR[LGH�LRQ��-XVWLI\�� �&%6(�6DPSOH�3DSHU������

� $QV��'XH�WR�WKH�SUHVHQFH�RI�HOHFWURQ�GRQDWLQJ�DON\O�JURXS��WKHUH�LV�KLJK�HOHFWURQ�GHQVLW\�LQ�DONR[LGH�LRQ�DV�FRPSDUHG�WR�
K\GUR[LGH�LRQ��7KHUHIRUH��DONR[LGH�LRQ�LV�PRUH�EDVLF�WKDQ�K\GUR[LGH�LRQ�

� 4���� :K\�LV�����EXWDQ���RO�RSWLFDOO\�LQDFWLYH"� �'�6�%��������$�,�6�%�������

� $QV����� %XWDQ���RO�UHSUHVHQWV�UDFHPLF�PL[WXUH�RI�����EXWDQ���RO�DQG��y����EXWDQRO�ZKLFK�URWDWH�WKH�SODQH�SRODULVHG�
OLJKW�LQ�GLIIHUHQW�GLUHFWLRQV�EXW�WR�HTXDO�H[WHQW��7KHUHIRUH������FRPSRXQG�LV�RSWLFDOO\�LQDFWLYH�

� 4����� :ULWH�WKH�,83$&�QDPH�RI�WKH�JLYHQ�FRPSRXQG�

� �
+2z&+�z&+z&+�z2+
� _
� &+�

� �$�,�6�%�������

� $QV��� 0HWK\OSURSDQH������GLRO�

� 4���� :ULWH�DQ�LVRPHU�RI�&�+�2+�� �3E��6�%�������

� $QV��&+�2&+���0HWKR[\PHWKDQH�

� 4����� 3UHGLFW�WKH�SURGXFW�LQ�WKH�IROORZLQJ�UHDFWLRQ�

� �

OH

OC CO
O

+

� � �
2 4Conc H SO⋅

∆→
� �3E��6�%�������

� $QV��3KHQROSKWKDOHLQ

� �

C
O

C

O

O

�
2 4Conc H SO⋅

∆→
�

C
O

C

O

� � +�2

� � 3KHQRO��WZR�PROHFXOHV�� � � ����3KHQROSKWKDOHLQ

� 4����� &RQYHUW�SKHQRO�WR�VDOLF\OLF�DFLG�� � �+��3��6��%��������0HJKDOD\D�6�%�������

� $QV�� � � �� &&O�� 2

2NaOH
–NaCl, 2H O−→ � �

3NaOH
–3NaCl→ � � 2H O−→

� 3KHQRO�

�

ONa
COOH

�
dil HCl
–NaCl→ �

OH
COOH

� � 6DOLF\OLF�DFLG

�
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(WKHUV�DUH�WKH�FRPSRXQGV�KDYLQJ�z2zDV�WKH�IXQFWLRQDO�JURXS��7KH�JHQHUDO�IRUPXOD�RI�HWKHUV�LV�5z2z5�ZKHUH�

5�PD\�EH�DON\O�RU�DU\O�JURXS��(WKHUV�PD\�EH�FODVVLILHG�DV��
$OLSKDWLF�HWKHUV�LQ�ZKLFK�5�DQG�5
�DUH�ERWK�DON\O�JURXSV��)RU�H[DPSOH�
� &+�z2z&+�� &+�z2z&+�&+�

� 'LPHWK\O�HWKHU� (WK\O�PHWK\O�HWKHU

$URPDWLF�HWKHUV� LQ�ZKLFK�HLWKHU�RQH�RU�ERWK�5�DQG�5
�JURXSV�DUH�DU\O�JURXSV��)RU�H[DPSOH�
� &�+�z2z&+�� &�+�z2z&�+�

� 0HWK\O�SKHQ\O�HWKHU� 'LSKHQ\O�HWKHU

$URPDWLF�HWKHUV�PD\�EH�IXUWKHU�VXE�GLYLGHG�DV��
�L�� (WKHUV�LQ�ZKLFK�RQH�RI�WKH�JURXSV�LV�DU\O�ZKLOH�WKH�RWKHU�LV�DON\O�DUH�FDOOHG�DON\O�DU\O�HWKHUV�RU�SKHQROLF�

HWKHUV�
�LL��(WKHUV�LQ�ZKLFK�ERWK�WKH�JURXSV�DUH�DU\O�DUH�FDOOHG�GLDU\O�HWKHUV��)RU�H[DPSOH�
� &+�z2z&+�� &�+�z2z&+�� &�+�z2z&�+�

� 'LPHWK\O�HWKHU� 0HWK\O�SKHQ\O�HWKHU� 'LSKHQ\O�HWKHU
� �$OLSKDWLF�HWKHU�� �DON\O�DU\O�HWKHU�� �GLDU\O�HWKHU�

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

� � ��� �� ��� �� �� ��� �� �� ��� �� �� �� � �� � � �$URPDWLF�HWKHUV
6\PPHWULFDO�DQG�XQV\PPHWULFDO�HWKHUV��:KHQ�WKH�WZR�DON\O�JURXSV�LQ�DQ�HWKHU�DUH�VDPH��WKH�HWKHU�LV�VDLG�

WR�EH�V\PPHWULFDO�RU�VLPSOH�HWKHU��)RU�H[DPSOH�
� &+�2&+�� &+�&+�z2z&+�&+�� &�+�z2z&�+�

� 'LPHWK\O�HWKHU� 'LHWK\O�HWKHU� 'LSKHQ\O�HWKHU�

:KHQ�WKH�WZR�DON\O�JURXSV�LQ�DQ�HWKHU�DUH�GLIIHUHQW��WKH�HWKHU� LV�VDLG�WR�EH�XQV\PPHWULFDO�RU�PL[HG�HWKHU��
)RU�H[DPSOH��

� &+�z2z&+�&+�� &+�z2 � �

� (WK\O�PHWK\O�HWKHU� 0HWK\O�SKHQ\O�HWKHU

120(1&/$785(�2)�(7+(56
$FFRUGLQJ� WR� FRPPRQ� V\VWHP�� HWKHUV� DUH� QDPHG� DFFRUGLQJ� WR� DON\O� JURXS� DWWDFKG� WR� WKH� R[\JHQ� DWRP�� 7KH�

QDPHV�RI�WKH�WZR�DON\O�RU�DU\O�JURXSV�OLQNHG�WR�R[\JHQ�DUH�ZULWWHQ�DV�VHSDUDWH�ZRUGV�DOSKDEHWLFDOO\�IROORZHG�E\�WKH�
ZRUG�
HWKHU
��)RU�H[DPSOH�

� &+�2&+�� &+�2&+�&+��

CH OCHC

CH

H3

3

3| �
CH O

CH

C

CH

CH3

3

3

3' ' '
�

�
�'LPHWK\O�HWKHU� (WK\O�PHWK\O�HWKHU

� 0HWK\O�LVRSURS\O�HWKHU��� �WHUW�%XW\O�PHWK\O�HWKHU

� � &�+�2&�+�� &+�2&�+�� &�+�2&+�&+�

� � 'LSKHQ\O�HWKHU�� 0HWK\O�SKHQ\O�HWKHU� (WK\O�SKHQ\O�HWKHU

6RPH�DURPDWLF�HWKHUV�KDYH�VSHFLDO�FRPPRQ�QDPHV��)RU�H[DPSOH�

� � 2&+�� 2&+�&+�

� � $QLVROH� 3KHQHWROH

� � �0HWK\O�SKHQ\O�HWKHU�� �(WK\O�SKHQ\O�HWKHU�

$FFRUGLQJ� WR�,83$&� V\VWHP�� HWKHUV� DUH�QDPHG�DV�DONR[\DONDQHV�� 7KH� ODUJHU�DON\O� JURXS� IRUPV� WKH�SDUHQW�
FKDLQ�ZKLOH�ORZHU�DON\O�JURXS�LV�WDNHQ�ZLWK�WKH�HWKHUHDO�R[\JHQ�DQG�IRUPV�D�SDUW�RI�DONR[\�JURXS��)RU�H[DPSOH�

&+�z2z&+���� �����������&+�2&+�&+��������� 2&+���������� � � � �&+�&+�2 �������� ��� 2

0HWKR[\PHWKDQH��� �����������0HWKR[\HWKDQH������ ��0HWKR[\EHQ]HQH����������(WKR[\EHQ]HQH������������ ���������3KHQR[\EHQ]HQH
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� ������������ ����� CH CH O

CH

C

CH

CH3 2

3

3

3

1

2

3
' ' '

�

�
� &+�2z&

�
+�z&

�
+�z2&+�

� ������(WKR[\EXWDQH� ��(WKR[\���PHWK\OSURSDQH� ���� 'LPHWKR[\HWKDQH

�

1 2 3

3

3

2 3CH O

OCH

CH CH CH' '
�

����������������� ���

5 4 3 2 1

3 2 2

3

3CH CH CH CHC

OCH

H
|

��������� ���������������

CH

CH

CH

CH

CH CH3

3 3

3

� �
' ' ' 'O

� �����'LPHWKR[\SURSDQH� ��0HWKR[\SHQWDQH� ���� SURSR[\�SURSDQH

CH CH

CH

CH3

3

3|
  O CH2

�

C H O CH CH CH6 5 2 2 3' ' ' ' 'CH

CH3
�

����� ��

+�& &+�

2&�+�

�

�

� ��(WKR[\SURSDQH� ���� ������ 0HWK\OEXWR[\EHQ]HQH� ��(WKR[\������GLPHWK\OF\FORKH[DQH

,I�DQ\�RWKHU� IXQFWLRQDO� JURXS� LV� DOVR� SUHVHQW�� WKHQ� WKDW� JURXS�JHWV� SULRULW\� DQG�EHFRPHV� WKH�SULQFLSDO� JURXS��
)RU�H[DPSOH�

1 2 3 4

3

3

3CH

OH

CH

OCH

CH CH
� �
' ' � +2&

�
+�&

�
+�2&�+�� &+�z2z&+  &+�� 2&+�&+�

��0HWKR[\EXWDQ���RO� ��(WKR[\HWKDQRO� 0HWKR[\HWKHQH� � (WKR[\F\FORKH[HQH

7KH�FRPPRQ�DQG�,83$&�QDPHV�RI�VRPH�HWKHUV�DUH�JLYHQ�EHORZ���

7DEOH���&RPPRQ�DQG�,83$&�QDPHV�RI�VRPH�HWKHUV�

&RPSRXQG� &RPPRQ�QDPH� ,83$&�QDPH

&+�2&+�� 'LPHWK\O�HWKHU� 0HWKR[\PHWKDQH

&�+�2&�+�� 'LHWK\O�HWKHU� (WKR[\HWKDQH

&+�2&�+�� (WK\O�PHWK\O�HWKHU� 0HWKR[\HWKDQH

&+�2&�+�� 0HWK\O�Q�SURS\O�HWKHU� ��0HWKR[\SURSDQH

&�+�2&+�� 0HWK\O�SKHQ\O�HWKHU��DQLVROH�� 0HWKR[\�EHQ]HQH

&�+�2&�+�� (WK\O�SKHQ\O�HWKHU��SKHQHWROH�� (WKR[\EHQ]HQH

&�+�2�&+���&+�� +HSW\O�SKHQ\O�HWKHU� � 3KHQR[\KHSWDQH

CH OCH

CH

CH3
3

2 1

3

3�
� 0HWK\O�LVRSURS\O�HWKHU� ��0HWKR[\SURSDQH

&+�z2
�

&+�&
�

+�2&+�� � �����'LPHWKR[\HWKDQH�

C H O CH CH

CH

6 5 2 2

3

4321
' ' ' 'CH CH3� � ,VRSHQW\O�SKHQ\O�HWKHU� ��0HWK\OEXWR[\EHQ]HQH

&O &+
�

� &+
�

&+
�

�

2

� (SLFKORURK\GULQ� ��&KORUR������HSR[\SURSDQH

� �

� ���

�

� �

�
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� ([DPSOH����� �

*LYH�,83$&�QDPHV�RI�WKH�IROORZLQJ��

�D�� CH3OCH CH

CH

CH2

3

3'
�

� �E�� &+�2&+�&+�&O� �F��

�G�� &+�&+�&+�2&+�� �H�� CH CH

CH

3

3

' ' '
�

O CH CH2 3 � �I�� �

6ROXWLRQ��,83$&�QDPHV

�D��
1 2 3

3 2

3

3CH OCH CH

CH

CH'
�

� �E�� ������ �&+�2&
�

+�&
�

+�&O� �F��

�
��0HWKR[\���PHWK\OSURSDQH� � ��&KORUR���PHWKR[\HWKDQH� � ��1LWUR�DQLVROH

�

�G�� &
�

+�&
�

+�&
�

+�2&+�� �H�� � �I��

�

��0HWKR[\SURSDQH
� � ��(WKR[\SURSDQH� � ��(WKR[\���QLWURF\FORKH[DQH

����:ULWH�WKH�,83$&�QDPHV�RI�WKH�IROORZLQJ�HWKHUV�ZKRVH�FRPPRQ�QDPHV�DUH�JLYHQ��
� �L��,VRSURS\O�PHWK\O�HWKHU��� ���LL��3KHQHWROH��� ���� ��� ���LLL��β�FKORUR�HWK\O�PHWK\O�HWKHU����� ��LY��&\FORKH[\O�Q�SURS\O�HWKHU
$QV�� �L����0HWKR[\SURSDQH��� ���������LL��(WKR[\�EHQ]HQH�����LLL����FKORUR���PHWKR[\HWKDQH������� ��LY��Q�SURSR[\F\FOR�KH[DQH
����:ULWH�WKH�,83$&�QDPHV�RI�WKH�IROORZLQJ��

� �L�� CH CHC

OC H

H CH3

2 5

2 3|
� �LL�� &+�z2z&�&+���� �LLL�� &�+�2&+�&+��

� �LY�� �&+���&+2&+�� �Y�� &+�2&+�&+�2&�+�� �YL�� 2&+�%U

$QV�� �L�� ��(WKR[\EXWDQH� �LL�� ��0HWKR[\���PHWK\OSURSDQH� �LLL�� (WKR[\�EHQ]HQH
� �LY�� ��0HWKR[\SURSDQH� �Y�� ��(WKR[\���PHWKR[\HWKDQH� �YL�� �%URPRPHWKR[\��EHQ]HQH
����� ���:ULWH�WKH�VWUXFWXUDO�IRUPXOD�RI�WKH�IROORZLQJ��
� �L�� 'L�LVRSURS\O�HWKHU� �LL�� 'LYLQ\O�HWKHU� �LLL�� %LV����PHWKR[\HWK\O��HWKHU
� �LY�� 3KHQHWROH� �Y�� S�1LWURSKHQHWROH� �YL�� WHUW�%XW\O�PHWK\O�HWKHU

$QV�� ��L��� CH CH O

CH

CH

CH

CH3

3 3

3' ' '
� �

� �LL�� &+�  &+z2z&+  &+�� �LLL�� �&+�2&+�&+���2

� �LY�� � �Y�� � �YL�� CH O

CH

C

CH

3

3

3

' ' '
�

�
CH3
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,620(5,60�,1�(7+(56

(WKHUV�VKRZ�WKH�IROORZLQJ�W\SHV�RI�LVRPHULVP��

���&KDLQ�LVRPHULVP��7KHVH�KDYH�WKH�VDPH�DON\O�JURXSV�RQ�HLWKHU�VLGH�RI�WKH�R[\JHQ�DWRP�EXW�GLIIHUHQW�
DUUDQJHPHQW�RI�WKH�FDUERQ�FKDLQ�ZLWKLQ�WKH�DON\O�JURXS�RU�JURXSV��)RU�H[DPSOH�

� &+�z2z&+�&+�&+�&+�� CH O CH

CH

CH CH3 2

3

3' ' ' '
�

� CH O

CH

CH CH CH3

3

2 3' ' ' '
�

� ��0HWKR[\EXWDQH� ��0HWKR[\���PHWK\OSURSDQH� ��0HWKR[\EXWDQH

���)XQFWLRQDO�LVRPHULVP��(WKHUV�FRQWDLQLQJ�WZR�RU�PRUH�FDUERQ�DWRPV�DUH�IXQFWLRQDO�LVRPHU�RI�DOFRKROV��
)RU�H[DPSOH�

��� � � &+�z2z&+�� DQG� &+�&+�2+� &+�z2z&+�&+�� DQG� &+�&+�&+�2+
� � � 0HWKR[\PHWKDQH� � (WKDQRO� � 0HWKR[\HWKDQH� � 3URSDQRO

� ��� �� ��� �� �� ��� �� �� � �� � ��� �� ��
� � ����� ���$QLVROH� %HQ]\O�DOFRKRO

�����0HWDPHULVP��7KHVH�HWKHUV�KDYH�WKH�VDPH�PROHFXODU�IRUPXOD�EXW�GLIIHUHQW�DON\O�JURXSV�RQ�HLWKHU�VLGH�RI�
WKH�R[\JHQ�DWRPV��)RU�H[DPSOH�

� � &+�&+�z2z&+�&+�� &+�z2z&+�&+�&+�

� � (WKR[\HWKDQH� 0HWKR[\SURSDQH

� ���� �� ��� �� �� ��� �� �� ���

2z&+�&+�

��� �� ��� ��

&+�z2z&+�

��� �� ��� �� �� ��� �� �� ��� �� �� ��� �� �� ��� �� �� ���3KHQHWROH� %HQ]\O�PHWK\O�HWKHU

6758&785(�2)�(7+(56
(WKHUV�KDYH�VWUXFWXUH�VLPLODU�WR�WKDW�RI�ZDWHU��+�2���,Q�WKLV�FDVH��R[\JHQ�XQGHUJRHV�VS

��K\EULGLVDWLRQ�IRUPLQJ�IRXU�
VS��K\EULG�RUELWDOV��7ZR�RI�WKH�IRXU�VS��K\EULG�RUELWDOV�RI�WKH�R[\JHQ�DWRP�RYHUODS�ZLWK�VS��K\EULG�RUELWDOV�RI�WZR�DON\O�
JURXSV�IRUPLQJ�VLJPD��σ��ERQGV��7KH�UHPDLQLQJ�VS��K\EULG�RUELWDOV�RI�R[\JHQ��FRQWDLQ�D�ORQH�SDLU�RI�HOHFWURQV�HDFK�
DV� VKRZQ� LQ� )LJ�� ��� 7KH�&z2z&�ERQG� DQJOH� LQ�HWKHUV� LV� WHWUDKHGUDO�DQJOH��)RU� H[DPSOH�� LQ� GLPHWK\O� HWKHU�� WKH�
&z2z&�ERQG�DQJOH�LV��������DQG�&z2�ERQG�LV�����SP��ZKLFK�LV�DOPRVW�VDPH�DV�LQ�DOFRKROV��7KH�ODUJHU�ERQG�DQJOH�
LQ� HWKHUV�PD\�EH�EHFDXVH�RI�JUHDWHU�UHSXOVLYH�LQWHUDFWLRQV�EHWZHHQ�EXONLHU�DON\O�JURXSV�DV�FRPSDUHG�WR� WKH�VPDOOHU�
+�DWRPV�LQ�ZDWHU��7KXV��HWKHUV�KDYH�EHQW�RU�DQJXODU�VWUXFWXUH�

)LJ�����6WUXFWXUH�RI�GLPHWK\O�HWKHU

0(7+2'6�2)�35(3$5$7,21�2)�(7+(56

(WKHUV�FDQ�EH�SUHSDUHG�E\�WKH�IROORZLQJ�JHQHUDO�PHWKRGV��

���'HK\GUDWLRQ�RI�DOFRKROV�

CH CH OH3 2
Ethanol

$OFRKROV� XQGHUJR� GHK\GUDWLRQ� LQ� WKH� SUHVHQFH� RI� SURWRQLF�
DFLGV�VXFK�DV�+�62���+�32���HWF��WR�JLYH�HLWKHU�DONHQHV�RU�HWKHUV��
7KH� IRUPDWLRQ� RI� SURGXFW�� DONHQH� RU� HWKHU� GHSHQGV� XSRQ� WKH�
UHDFWLRQ�FRQGLWLRQV��)RU�H[DPSOH��ZKHQ�HWKDQRO�LV�KHDWHG�ZLWK�
FRQF��+�62��DW�����.��HWKHQH�LV� IRUPHG�DV� WKH�PDMRU� SURGXFW��
+RZHYHU�� DW� ���� .�� HWKR[\HWKDQH� LV� REWDLQHG� DV� WKH� PDMRU�
SURGXFW�

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

�

������������� �������� ������� ��
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7KXV��V\PPHWULFDO�HWKHUV�FDQ�EH�SUHSDUHG�E\�WKH�GHK\GUDWLRQ�RI�DOFRKROV�ZLWK�FRQF��+�62��DW�����.��
7KH�IRUPDWLRQ�RI�HWKHU�LV�D�QXFOHRSKLOLF�ELPROHFXODU�VXEVWLWXWLRQ�UHDFWLRQ��61���LQYROYLQJ�WKH�DWWDFN�RI�WKH�DOFRKRO�

PROHFXOH�RQ�D�SURWRQDWHG�DOFRKRO�DV�JLYHQ�EHORZ��

)RUPDWLRQ�RI�GLHWK\O�HWKHU�IURP�HWKDQRO

7KH�PHFKDQLVP�IRU�WKH�IRUPDWLRQ�RI�GLHWK\O�HWKHU�IURP�HWKDQRO�DW�����.�LV�JLYHQ�EHORZ���
� �L�� (WK\O�DOFRKRO�JHWV�SURWRQDWHG�LQ�WKH�SUHVHQFH�RI�+�

� &+�z&+�z�

Ethanol

� � CH CH O

H
otonated

3 2' ' '�
�

H

 alcohol
(Ethyl oxonium ion)
Pr

� �LL�� 'XH�WR�WKH�SUHVHQFH�RI�D��YH�FKDUJH�RQ�WKH�R[\JHQ�DWRP��WKH�FDUERQ�RI�&+��SDUW�RI�&+�&+��EHFRPHV�HOHF�
WURQ�GHILFLHQW��$V�D�UHVXOW�� QXFOHRSKLOLF�DWWDFN�E\�DQRWKHU�DOFRKRO�PROHFXOH��XQSURWRQDWHG��RFFXUV�RQ� WKH�
SURWRQDWHG�DOFRKRO�ZLWK�WKH�HOLPLQDWLRQ�RI�D�PROHFXOH�RI�ZDWHU�

� �
CH3CH —O2

H

:

:

+ CH CH3 2— —O

Ethyl alcohol
(second molecule)

H

H

+

�� �

S

slow
N2,' �''

� �

CH CH —O3 2 :

+ CH CH2 3

H
+    H O2

Protonated ethoxyethane
(oxonium ion)

� �LLL���2[RQLXP�LRQ�ORVHV�D�SURWRQ�WR�IRUP�DQ�HWKHU�

� CH —CH
3 2

—O

CH —CH
2 3

H

+
� Fast' �'' � &+�z&+�z2z&+�z&+����+

�

� � � � � � � � � �
'LHWK\O�HWKHU

7KLV�VWHS�LV�IDVW�DQG�KHQFH�GRHV�QRW�DIIHFW�WKH�UDWH�RI�UHDFWLRQ��

7KLV�PHWKRG�LV�VXLWDEOH�IRU�WKH�SUHSDUDWLRQ�RI�HWKHUV�KDYLQJ�SULPDU\�DON\O�JURXSV�RQO\��

7KH�IROORZLQJ�DUH�VRPH�IDFWV�DERXW�WKH�UHDFWLRQ���
�L��7KH� IRUPDWLRQ�RI� HWKHUV�PD\�EH�DFFRPSDQLHG�E\� WKH� IRUPDWLRQ�RI� VRPH�DPRXQWV� RI� DONHQHV�� ,Q�

RUGHU�WR�DYRLG�WKLV�� WHPSHUDWXUH�RI� WKH�UHDFWLRQ�PXVW�EH�SURSHUO\�FRQWUROOHG�EHFDXVH�DW�KLJKHU� WHPSHUDWXUH������.���
WKH�DOFRKROV�JHW�GHK\GUDWHG�WR�DONHQHV�

� &+�&+�2+�� �
H SO
443 K

2 4' �''' �� &+�  &+�������+�2

� � � �����(WKHQH

�LL���$�ODUJH�H[FHVV�RI�DOFRKROV�VKRXOG�EH�XVHG�
�LLL�����7KH�DON\O�JURXS�VKRXOG�EH�XQKLQGHUHG�
7KH�DERYH�PHWKRG�LV�PDLQO\�XVHG�IRU�WKH�GHK\GUDWLRQ�RI�SULPDU\�DOFRKROV�EHFDXVH�VHFRQGDU\�DQG�WHUWLDU\�DOFR�

KROV�JLYH�DONHQHV�DV�PDMRU�SURGXFWV�XQGHU�WKH�UHDFWLRQ�FRQGLWLRQV��7KH�UHDFWLRQ�ZLWK�VHFRQGDU\�DQG�WHUWLDU\�DOFRKROV�
IROORZV�61��SDWKZD\��)RU�H[DPSOH�

� CH OH3
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CH

CH
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� ,VRSURS\O�DOFRKRO� � ����3URS\OHQH� � ��'LLVRSURS\O�HWKHU

� ����$OFRKRO�� � �����0DMRU�SURGXFW�� � � �0LQRU�SURGXFW�
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3

3

�

�
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H SO
413 K

2 4' �''' � CH

CH

C CH3

2

3' '
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���+�2

� WHUW�%XW\O�DOFRKRO� �� ��0HWK\OSURSHQH

� � � � � � � � � � � � ����$OFRKRO�� � � � � � �,VREXW\OHQH�
� �

���0DMRU�SURGXFW�

� �
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7KXV��WKH�RUGHU�RI�GHK\GUDWLRQ�RI�DOFRKROV�WR�IRUP�HWKHUV�IROORZV�WKH�RUGHU���
� SULPDU\�!�VHFRQGDU\�!�WHUWLDU\�
7KH�GHK\GUDWLRQ�RI�DOFRKROV�PD\�DOVR�EH�FDUULHG�RXW�E\�SDVVLQJ�WKH�YDSRXUV�RI�DOFRKROV�RYHU�D�KHDWHG�FDWDO\VW�

OLNH�DOXPLQD��$O�2���DW�DERXW�����.��

� &�+�� OH  +  H 2&�+��
Al O
525 K

2 3' �''' � &�+�z2z&�+�����+�2�

� � � �� �(WKR[\HWKDQH
7KXV�� IRU� WKH� IRUPDWLRQ� RI� HWKHUV�� WKH� DON\O� JURXS� VKRXOG� EH� XQKLQGHUHG� DQG� WKH� WHPSHUDWXUH� EH� NHSW� ORZ��

RWKHUZLVH��WKH�UHDFWLRQ�IDYRXUV�WKH�IRUPDWLRQ�RI�DONHQH�
/LPLWDWLRQ��7KLV�PHWKRG� LV�JHQHUDOO\�QRW�XVHG�IRU�WKH�SUHSDUDWLRQ�RI�XQV\PPHWULFDO�HWKHUV�EHFDXVH�PL[WXUHV�

PD\�EH�REWDLQHG��)RU�H[DPSOH�

������ ���������� ����������� ��52+���5′2+�
Conc.H SO2 4' �''''' �525���5′25′���525′

)RU�H[DPSOH��HWK\OPHWK\O�HWKHU�FDQQRW�EH�REWDLQHG�E\�WKLV�PHWKRG�IURP�PHWK\O�DOFRKRO�DQG�HWK\O�DOFRKRO�

������ ���������� ����������&+�2+���&�+�2+�→�&+�2&+����&�+�2&�+����&+�2&�+��
���)URP�DON\O�KDOLGHV�E\�:LOOLDPVRQ
V�V\QWKHVLV
7KLV�LV�RQH�RI�WKH�EHVW�PHWKRGV�IRU�SUHSDULQJ�V\PPHWULFDO�DQG�XQV\PPHWULFDO�HWKHUV�LQ�ODERUDWRU\��,Q�WKLV�PHWKRG�

DQ�DON\O�KDOLGH� LV�WUHDWHG�ZLWK�D�VXLWDEOH�VRGLXP�DONR[LGH�SUHSDUHG�E\�WKH�DFWLRQ�RI�VRGLXP�RQ�D�VXLWDEOH�DOFRKRO��
7KH�UHDFWLRQ�LQYROYHV�QXFOHRSKLOLF�VXEVWLWXWLRQ��61���DWWDFN�RI�DQ�DONR[LGH�LRQ�RQ�SULPDU\�DON\O�KDOLGH�

� �5′2+����1D� →� �5′2y1D����+�

� 6RGLXP�DONR[LGH

�

δ� δy

$ON\O�KDOLGH (WKHU

SN2' �'' 5′z2z5���;y

RU� 5′z2y� 1D�������; z5�� � �' �' ��� 5′z2z5���1D;
� � � �� (WKHU�
7KLV�UHDFWLRQ�FDQ�EH�XVHG�WR�SUHSDUH�V\PPHWULFDO�DQG�XQV\PPHWULFDO�HWKHUV��)RU�H[DPSOH�
� &+�&+�21D��������%U&+�&+��

330K' �''' ��� &+�&+�2&+�&+������1D%U

������ ������������ ���6RGLXP�HWKR[LGH���� �(WK\O�EURPLGH� � �����'LHWK\O�HWKHU
� � � �6\PPHWULFDO�HWKHU�

� &+�21D���������� ����%U&�+��
�' �' �� &+�z2z&�+����� �����1D%U

������ ������������ ���6RGLXP�PHWKR[LGH��������(WK\O�EURPLGH� � (WK\O�PHWK\O�HWKHU�
� � � �8QV\PPHWULFDO�HWKHU�

6LPLODUO\��DON\O�DU\O�HWKHUV��SKHQROLF�HWKHUV��FDQ�EH�HDVLO\�SUHSDUHG�E\�WUHDWLQJ�SKHQR[LGH�ZLWK�D�VXLWDEOH�DON\O�KDOLGH�

(WK\O
LRGLGH

0HWK\O
EURPLGH
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,W� PD\� EH� QRWHG� WKDW� SKHQROV� DUH� PRUH� DFLGLF� WKDQ� DOFRKROV� DQG� WKHUHIRUH�� WKHVH� FDQ� EH� FRQYHUWHG� WR� VRGLXP�
SKHQR[LGHV�E\�WUHDWLQJ�ZLWK�1D2+��,Q�DOFRKROV��PHWDOOLF�VRGLXP�LV�XVHG�WR�FRQYHUW�DOFRKROV�WR�DONR[LGH�LRQV�

/LPLWDWLRQ�� ,W�PD\� EH� QRWHG� WKDW� IRU� SUHSDULQJ� XQV\PPHWULFDO� HWKHUV�� WKH� KDOLGH� XVHG� VKRXOG�SUHIHUDEO\� EH�
SULPDU\�EHFDXVH�:LOOLDPVRQ�V\QWKHVLV�RFFXUV�E\�61��PHFKDQLVP�DQG�SULPDU\�DON\O�KDOLGHV�DUH�PRVW�UHDFWLYH�LQ�61��
UHDFWLRQV��7KHUHIRUH�EHVW�\LHOGV�RI�XQV\PPHWULFDO�HWKHUV�FDQ�EH�REWDLQHG�ZKHQ�DON\O�KDOLGHV�DUH�SULPDU\��
+RZHYHU�� WKH� DONR[LGHV�PD\� EH� SULPDU\�� VHFRQGDU\� RU� WHUWLDU\�� 7KH� VHFRQGDU\� DQG� WHUWLDU\� DON\O� KDOLGHV� LI� XVHG�
PD\�IRUP�DONHQHV�DV�PDMRU�SURGXFW�GXH�WR�HOLPLQDWLRQ�SURFHVV��)RU����DQG����DON\O�KDOLGH��HOLPLQDWLRQ�FRPSHWHV�RYHU�
VXEVWLWXWLRQ�� ,I� D� ��� DON\O�KDOLGH� LV�XVHG��DQ�DONHQH�LV� WKH�RQO\� SURGXFW�DQG�QR� HWKHU� LV� IRUPHG��)RU�H[DPSOH�� LI�ZH�
ZDQW�WR�SUHSDUH�WHUW�EXW\O�HWK\O�HWKHU��WKHQ�ZH�VKRXOG�WDNH�HWK\O�EURPLGH�DQG�VRGLXP�WHUW�EXWR[LGH�
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� � �������

         +     � � �
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CH

C

CH
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�
�����1D%U�

������� ��� ���

6RGLXP�WHUW�EXWR[LGH

����� �������3ULPDU\�� � � � �

WHUW�%XW\OHWK\O�HWKHU

� ����
+RZHYHU�� LI� ZH� XVH� WHUW�EXW\O� EURPLGH� DQG� VRGLXP� HWKR[LGH� DV� UHDFWDQWV�� WKHQ� WKH�PDMRU� SURGXFWV�ZRXOG� EH�

��PHWK\OSURSHQH��LVREXW\OHQH��DQG�HWKDQRO�

� CH

H
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'

'
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C
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3
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�
��� ����������1D

�y
2&�+�� →� CH

CH

C CH3

3
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 ���&�+�2+������1D%U� �

��

������ �������WHUW�%XW\O�EURPLGH�

� � � �
6RGLXP�HWKR[LGH

� �
��0HWK\OSURSHQH��������(WKDQRO

� � � � � � ��7HUWLDU\�

�

� � ���

�,VREXW\OHQH�

7KLV� LV� EHFDXVH� DONR[LGHV� DUH� QRW� RQO\� QXFOHRSKLOHV� EXW� VWURQJ� EDVHV� DV� ZHOO�� 7KH\� UHDFW� ZLWK� DON\O� KDOLGHV�
OHDGLQJ�WR�HOLPLQDWLRQ�UHDFWLRQ�

,W�PD\�EH�QRWHG�WKDW�GXH�WR�VWHULF�KLQGUDQFH��VHFRQGDU\�DON\O�KDOLGHV�DOVR�SUHIHU�WR�XQGHUJR�HOLPLQDWLRQ�UDWKHU�
WKDQ�VXEVWLWXWLRQ�JLYLQJ�D�PL[WXUH�RI�ERWK�HOLPLQDWLRQ��DONHQHV��DQG�VXEVWLWXWLRQ��HWKHU��SURGXFWV��)RU�H[DPSOH�

&+�

&+� &+ %U�����&+�&+�2
y1D��

330K' �'' �&+�z&+�   �&+������

&+�

&+� &+ 2&+�&+�

� ��%URPRSURSDQH� 3URSHQH� ��(WKR[\SURSDQH
� �� y$ON\O�KDOLGH�� ������ ���� �

6LQFH� VHFRQGDU\� DQG� WHUWLDU\� DON\O� KDOLGHV� SUHIHU� WR� XQGHUJR� HOLPLQDWLRQ� UDWKHU� WKDQ� VXEVWLWXWLRQ�� WKHUHIRUH��
HYHQ� V\PPHWULFDO� HWKHUV� FRQWDLQLQJ� VHFRQGDU\� DQG� WHUWLDU\� DON\O� JURXSV� FDQQRW� EH� SUHSDUHG� LQ� JRRG� \LHOGV� E\��
:LOOLDPVRQuV� V\QWKHVLV��)RU� H[DPSOH�� GL�LVRSURS\OHWKHU� � RU�GL�WHUW�EXW\OHWKHU� FDQQRW�EH�SUHSDUHG� LQ� �JRRG�\LHOGV�
E\�:LOOLDPVRQuV��V\QWKHVLV�

&+�&+z%U� �� �&+�z&+z2
B
1D� &+�&+ &+�� ���&+�z&+z2+� �� &+�&+z2z&+z&+�

Heat' �''

&+�

&+� &+� &+� &+�

,VRSURS\O�EURPLGH
����

6RGLXP�LVRSURSR[LGH ,VRSURS\O�DOFRKRO 'L�LVRSURS\O�HWKHU
�PLQRU�SURGXFW�

3URSHQH

)XUWKHU��DON\O�DU\O�HWKHUV��SKHQROLF�HWKHUV��FDQ�EH�HDVLO\�SUHSDUHG�E\�XVLQJ�VRGLXP�SKHQR[LGH�DQG�DON\O�KDOLGHV��
)RU�H[DPSOH�

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

� ������ ������������ ���6RGLXP�����������0HWK\O� � 0HWKR[\�EHQ]HQH
� ������ ������������ �SKHQR[LGH��� � �����EURPLGH� � ��� �� �$QLVROH�

y
�
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+RZHYHU�� DU\O�KDOLGH�DQG� VRGLXP�DONR[LGH� FDQQRW� EH�XVHG� IRU� SUHSDULQJ�SKHQROLF� HWKHUV� EHFDXVH�DU\O�
KDOLGHV�DUH�OHVV�UHDFWLYH�WRZDUGV�QXFOHRSKLOLF�VXEVWLWXWLRQ�UHDFWLRQV�WKDQ�DON\O�KDOLGHV�

�

%U

� � �� &+�2
y
1D

�
� � 1R�UHDFWLRQ

� %URPREHQ]HQH�
� 6RGLXP�PHWKR[LGH

6LPLODUO\��WKLV�PHWKRG�FDQQRW�EH�XVHG�IRU�SUHSDULQJ�GLDU\OHWKHUV�EHFDXVH�DU\O�KDOLGHV�GRQRW�XQGHUJR�QXFOHRSKLOLF�
VXEVWLWXWLRQ�UHDFWLRQV�HDVLO\�

� 2
y
1D

�
������� %U� � 2 �������������1D%U

� � � � � 6RGLXP�SKHQR[LGH���� ��������� ��� � ���'LSKHQ\O�HWKHU

���)URP�DON\O�KDOLGHV�E\�WUHDWLQJ�ZLWK�GU\�VLOYHU�R[LGH
(WKHUV�FDQ�DOVR�EH�SUHSDUHG�E\�KHDWLQJ�DQ�DON\O�KDOLGH�ZLWK�GU\�VLOYHU�R[LGH�

� � � ���
Heat' �''' � &+�&+�2&+�&+���������$J%U

������ ���������(WK\O�EURPLGH� � � ��������� �������
'LHWK\O�HWKHU

������ �������������PROHFXOHV�� �
����%\�WKH�DFWLRQ�RI�GLD]RPHWKDQH�RQ�DOFRKROV
0HWK\O� HWKHUV� FDQ� DOVR� EH� SUHSDUHG� E\� WKH� DFWLRQ� RI� GLD]RPHWKDQH� �&+�1��� RQ� DOFRKROV� LQ� WKH� SUHVHQFH� RI��

IOXRURERULF�DFLG��+%)���DV�D�FDWDO\VW�

� �� +�&+�2+�������� ��&+�1����
HBF4' �''' � &+�&+�z2z&+�������1�

������� ������������ ��� � � (WK\O�DOFRKRO�������'LD]RPHWKDQH������ ������������ ��(WK\O�PHWK\O�HWKHU

� ([DPSOH����� �
� �L��:ULWH��RQH�FKDLQ�LVRPHU�RI���PHWKR[\���PHWK\O�SURSDQH�
� �LL��:ULWH�RQH�IXQFWLRQDO�LVRPHU�RI�PHWKR[\PHWKDQH
� �LLL��:ULWH�RQH�PHWDPHU�RI�HWKR[\HWKDQH� �3E�6�%�������

6ROXWLRQ�
� �L��� CH —O— CH—3 CH — CH2 3

CH3

� �� &+�z2z&+�z&+�z&+�z&+�

� � ��0HWKR[\���PHWK\OSURSDQH� � ��0HWKR[\EXWDQH

��LL���� &+�2&+�� � &+�&+�2+

� � 0HWKR[\PHWKDQH� � (WKDQRO

��LLL��� &+�&+�2&+�&+����� �� &+�&+�&+�2&+�

� � (WKR[\HWKDQH� � 0HWKR[\SURSDQH

� ([DPSOH����� �
� :ULWH�HTXDWLRQV�IRU�WKH�SUHSDUDWLRQ�RI�WKH�IROORZLQJ�HWKHUV�E\�:LOOLDPVRQ
V�V\QWKHVLV�
� ��D���(WKR[\�EHQ]HQH� �E�� ��0HWKR[\HWKDQH� �F�����0HWK\O���PHWKR[\SURSDQH� �

�G�����3URSR[\SURSDQH� �H�� ��(WKR[\������GLPHWK\OSURSDQH�
6ROXWLRQ�

�D��� �� ��� �+�%U� � →�� �� ��� 1D%U

� 6RGLXP�SKHQR[LGH� � � � (WKR[\�EHQ]HQH�

�E���� &+�&+�21D�� ��� +�%U� � →�� &+�2&+�&+��� ��� 1D%U

� 6RGLXP�HWKR[LGH� � %URPRPHWKDQH� � ��0HWKR[\HWKDQH
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�G��� +�&+�&+�21D�� � +�&+�&+�%U� →�����&+�&+�&+�2&+�&+�&+��� �� 1D%U

� 6RGLXP�SURSR[LGH� � ��%URPRSURSDQH� � ���������3URSR[\SURSDQH
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CH
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3
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�

� 6RGLXP������GLPHWK\O� � %URPRHWKDQH� ���(WKR[\������GLPHWK\OSURSDQH�
� �SURSR[LGH

� ���� 6XJJHVW�WKUHH�PHWKRGV�IRU�SUHSDULQJ�GL�Q�SURS\O�HWKHU�
� ���� 6XJJHVW�D�PHWKRGV�WR�SUHSDUH�HWK\O�Q�SURS\O�HWKHU�VWDUWLQJ�IURP�DOFRKRO�RI�WKUHH�&�DWRPV�RU�OHVV�
� ���� 1DPH�WKH�PDMRU�SURGXFW�LQ�WKH�IROORZLQJ�UHDFWLRQV�

� � �D�� � &�+�21D
����&�+�&O� →� �E�� � &�+�2+���&+�1��

HBF4' �''' �

� � �F�� � �&+����&%U���&�+�21D� →� �G�� � &�+�%U����&+����&2
y�1D�� �→

� � �$QV����D����(WKR[\�EHQ]HQH��&�+�2&�+��� �E�� (WK\O�PHWK\O�HWKHU��&�+�2&+��

� � � F�� ,VREXW\OHQH� (CH C

CH

CH3

3
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� 2) � �G�� 7HUW�EXW\O�HWK\O�HWKHU

3+<6,&$/�3523(57,(6�2)�(7+(56
7KH�LPSRUWDQW�SK\VLFDO�SURSHUWLHV�RI�HWKHUV�DUH��

����3K\VLFDO�VWDWH��/RZHU�PHPEHUV��GLPHWK\O�HWKHU��PHWK\O�HWK\O�HWKHU��DUH�JDVHV�DQG�KLJKHU�PHPEHUV�DUH�ORZ�
ERLOLQJ�OLTXLGV�ZLWK�D�SOHDVDQW�VPHOO��

��� ��'LSROH�PRPHQWV��(WKHUV� KDYH� EHQW� RU� DQJXODU� VWUXFWXUH� OLNH�ZDWHU��'XH� WR�
JUHDWHU� HOHFWURQHJDWLYLW\� RI� R[\JHQ� WKDQ� FDUERQ�� WKH� &z2� ERQGV� DUH� VOLJKWO\� SRODU�
DQG� WKHUHIRUH�� WKH� HWKHUV� KDYH� UHVXOWDQW� GLSROH�PRPHQW�� 6LQFH� WKH� WZR�&z2� ERQGV�
DUH� LQFOLQHG� WR� HDFK� RWKHU� DW� DQ�DQJOH� RI� DERXW� ������ WZR�GLSROHV� GR�QRW� FDQFHO� HDFK�
RWKHU��$V�D�UHVXOW��HWKHUV�KDYH�UHVXOWDQW�GLSROH�PRPHQW��)RU�H[DPSOH��GLSROH�PRPHQW�
RI�GLPHWK\OHWKHU�LV����'�DQG�WKDW�RI�GLHWK\OHWKHU�LV�����'�

��� %RLOLQJ� SRLQWV�� (WKHUV� KDYH� ORZ� SRODULW\� DQG� DV� D� UHVXOW� GR� QRW� VKRZ� DQ\�
DVVRFLDWLRQ� E\� LQWHUPROHFXODU� K\GURJHQ� ERQGLQJ�� 7KHUHIRUH�� HWKHUV� KDYH� ORZ� ERLOLQJ�
SRLQWV�DQG�ORZHU� WKDQ�WKDW�RI� LVRPHULF� DOFRKROV�DQG�DOPRVW�VDPH�DV�WKRVH� RI� DONDQHV�
RI�FRPSDUDEOH�PROHFXODU�PDVVHV�

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

� 'LHWK\O�HWKHU� Q�%XW\O�DOFRKRO� Q�3HQWDQH
� ������.� ����.� ������.

7KH�ODUJH�GLIIHUHQFH�LQ�ERLOLQJ�SRLQWV�RI�DOFRKROV�DQG�HWKHUV�LV�GXH�WR�WKH�SUHVHQFH�RI�K\GURJHQ�ERQGLQJ�LQ�DOFRKROV�

7KH�ERLOLQJ�SRLQWV�RI�HWKHUV� LQFUHDVH�ZLWK� LQFUHDVH� LQ� �QXPEHU� RI� FDUERQ�DWRPV��'XH� WR�ZHDN�GLSROH�GLSROH� IRUFHV��
WKH�ERLOLQJ�SRLQWV�RI��ORZHU�PHPEHUV�VXFK�DV�GLPHWK\O�HWKHU�DQG�HWK\O�PHWK\O�HWKHU�DUH��RQO\�VOLJKWO\�KLJKHU�WKDQ�WKRVH�
RI�WKH�FRUUHVSRQGLQJ�Q�DONDQHV�RI�FRPSDUDEOH�PROHFXODU�PDVVHV��7KH�ERLOLQJ�SRLQW�RI�GLHWK\O�HWKHU� LV�DOPRVW� WKH�VDPH��
�������.��DV�WKDW�RI�Q�SHQWDQH��������.��KDYLQJ��FRPSDUDEOH�PROHFXODU�PDVVHV��+RZHYHU��DV�WKH�K\GURFDUERQ�SDUW�LQFUHDVHV�
EH\RQG��IRXU�FDUERQ�DWRPV��WKH�ERLOLQJ�SRLQWV�RI�HWKHUV�DUH�HYHQ�VOLJKWO\�ORZHU�WKDQ�FRUUHVSRQGLQJ��Q�DONDQHV�RI�FRPSDUDEOH�
PROHFXODU�PDVVHV��7KLV�LV�EHFDXVH�RI�WKH�SUHVHQFH�RI�R[\JHQ�DWRP��HWKHU�PROHFXOHV�DUH�OHVV�V\PPHWULFDO�WKDQ�Q�DONDQHV�
RI�FRPSDUDEOH�PROHFXODU�PDVVHV��7KHUHIRUH��WKH�YDQ�GHU�:DDOV
�IRUFHV�RI�DWWUDFWLRQ�EHWZHHQ�HWKHU�PROHFXOHV�DUH�VOLJKWO\�
OHVV�WKDQ�WKRVH�LQ�OLWWOH�PRUH�V\PPHWULFDO�Q�DONDQHV�RI�FRPSDUDEOH�PROHFXODU�PDVVHV��)RU�H[DPSOH�

(WKHU� &+�2&+�� &+�2&�+�� &�+�2&�+�� &�+�2&�+�� &�+�2&�+�

0ROHFXODU�PDVV� � ��� � ��� � ��� � ��� � ���

%RLOLQJ�SRLQW��.�� � ���� � ���� � ������ � ������ � ���
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Q�$ONDQH� 3URSDQH� Q�%XWDQH� Q�3HQWDQH� Q�+H[DQH� Q�+HSWDQH

0ROHFXODU�PDVV� � ��� � ��� � ��� � ��� � ���

%RLOLQJ�SRLQW��.�� � ���� � ���� � ������ � ���� � ���

���6ROXELOLW\��7KH�VROXELOLW\�RI�HWKHUV� LV� FRPSDUDEOH�WR� WKRVH�RI� FRUUHVSRQGLQJ�DOFRKROV�RI�WKH�VDPH�PROHFXODU�
PDVV��)RU�H[DPSOH��OLNH�HWKDQRO��GLPHWK\O�HWKHU�LV�FRPSOHWHO\�PLVFLEOH�ZLWK�ZDWHU�

6LPLODUO\��ERWK�HWKR[\HWKDQH�DQG�EXWDQ���RO�DUH�VROXEOH�LQ�ZDWHU�WR�DOPRVW�WKH�VDPH�H[WHQW�
L�H�������DQG�����J��SHU�����P/�ZDWHU�UHVSHFWLYHO\��2Q�WKH�RWKHU�KDQG��SHQWDQH�LV�DOPRVW�
LPPLVFLEOH�ZLWK�ZDWHU��6ROXELOLW\�RI�HWKHUV�LQ�ZDWHU�LV�GXH�WR�WKH�IDFW�WKDW�OLNH�DOFRKROV��
WKH�R[\JHQ�RI�HWKHU�FDQ�DOVR�IRUP�K\GURJHQ�ERQGV�ZLWK�ZDWHU�PROHFXOHV�DV�VKRZQ�EHORZ�

+RZHYHU��WKH�VROXELOLW\�RI�HWKHUV�LQ�ZDWHU�GHFUHDVHV�IURP�ORZHU�PHPEHUV�WR�KLJKHU�
PHPEHUV��7KLV�PD\� EH� GXH� WR� LQFUHDVH� LQ� VL]H� RI� WKH� DON\O� JURXS�ZKLFK� GHFUHDVHV� WKH�
WHQGHQF\�WR�IRUP�K\GURJHQ�ERQGLQJ��(WKHUV�DUH�KRZHYHU��IDLUO\�VROXEOH�LQ�FRPPRQ�RUJDQLF�VROYHQWV�VXFK�DV�DOFRKROV��
FKORURIRUP��DFHWRQH��EHQ]HQH��HWF�

���'HQVLW\��$OO�HWKHUV�DUH�OLJKWHU�WKDQ�ZDWHU�

&+(0,&$/�3523(57,(6�2)�(7+(56
(WKHUV� DUH� TXLWH� LQHUW� DQG� VWDEOH� FRPSRXQGV�� 7KH\� DUH� WKH� OHDVW� UHDFWLYH� RI� WKH� IXQFWLRQDO� JURXSV�� 7KHVH�

DUH�QRW�HDVLO\�DWWDFNHG�E\�DONDOLHV��GLOXWH�PLQHUDO�DFLGV��DFWLYH�PHWDOV�� UHGXFLQJ�DJHQWV�RU�R[LGLVLQJ�DJHQWV�XQGHU�
RUGLQDU\�FRQGLWLRQV��7KLV�LV�EHFDXVH�WKH�IXQFWLRQDO�JURXS�RI�HWKHUV��z2z��GRHV�QRW�FRQWDLQ�DQ\�DFWLYH�VLWH�LQ�WKHLU�
PROHFXOHV�DV�FRPSDUHG�WR�K\GUR[\O��z2+��JURXS�RI�DOFRKROV�RU�SKHQROV�HYHQ�WKRXJK�WKH�R[\JHQ�DWRP�LQ�ERWK�WKHVH�
IXQFWLRQDO� JURXSV� FRQWDLQV� WZR� ORQH� SDLUV� RI� HOHFWURQV�� +RZHYHU�� XQGHU� VSHFLILF� FRQGLWLRQV�� HWKHUV� XQGHUJR� VRPH�
FKHPLFDO�UHDFWLRQV��7KH�LPSRUWDQW�FKHPLFDO�SURSHUWLHV�RI�HWKHUV�DUH��

$���5HDFWLRQV�RI�(WKHUHDO�2[\JHQ
���$FWLRQ�RI�DLU� �IRUPDWLRQ�RI�SHUR[LGHV��� �2Q� H[SRVXUH� WR�VXQOLJKW��HWKHUV�VORZO\� UHDFW�ZLWK�R[\JHQ� IURP�

DLU�WR�IRUP�K\GURSHUR[LGHV�RU�SHUR[LGHV�ZKLFK�DUH�H[SORVLYH�

� &+�&+�z2z&+�&+����2���
Light' �''' � CH CH O3 ' '

'
�
O OH

CH CH2 3

� � � ��(WKR[\�HWK\O�K\GURSHUR[LGH

,Q�WKLV�FDVH��WKH�R[LGDWLRQ�RFFXUV�DW�WKH�FDUERQ�DWRP�QH[W�WR�WKH�HWKHUHDO�R[\JHQ�WR�IRUP�K\GURSHUR[LGH��

7KHVH�SHUR[LGHV�DUH�XQVWDEOH�FRPSRXQGV�DQG�KD]DUGRXV�EHFDXVH�WKH\�GHFRPSRVH�YLROHQWO\�RQ�KHDWLQJ��7KHUHIRUH��
SURSHU� FDUH�VKRXOG� EH� WDNHQ�ZKLOH� GLVWLOOLQJ� WKH�ROG� VDPSOHV� RI� HWKHU��6HULRXV�DFFLGHQWV�PD\� RFFXU�GXULQJ� WKH�
GLVWLOODWLRQ�LI�WKH�ROG�VDPSOHV�FRQWDLQ�VRPH�SHUR[LGHV�
7KH� SUHVHQFH� RI� SHUR[LGHV� LQ� HWKHUV� FDQ� EH� GHWHFWHG� E\� VKDNLQJ� WKHP� ZLWK� IUHVKO\� SUHSDUHG� )H62�� VROXWLRQ�
IROORZHG�E\�WKH�DGGLWLRQ�RI�.&16��7KH�DSSHDUDQFH�RI�EORRG�UHG�FRORXU�LQGLFDWHV�WKH�SUHVHQFH�RI�SHUR[LGHV�

�

Fe Fe Fe CNSeroxide CNS

Bloodredcolouration

2 3
3

� �' �'''' '''
�P ( )

7KH�SHUR[LGHV�FDQ�EH�UHPRYHG�IURP�HWKHUV�E\�VKDNLQJ�ZLWK�HLWKHU�DQ�DTXHRXV�VROXWLRQ�RI�.,�RU�IHUURXV�VXOSKDWH��
7KH�HWKHU�SHUR[LGHV�DUH�UHGXFHG�WR�HWKHU�DQG�,y�LRQ�LV�R[LGLVHG�WR�,��RU�)H

���VDOWV�DUH�R[LGLVHG�WR�)H���VDOWV��7KH�
)H��� VDOWV� WKXV� IRUPHG�DUH� UHPRYHG� IURP� WKH� UHDFWLRQ�PL[WXUH� E\�ZDVKLQJ�ZLWK�ZDWHU�� ,�� LV� UHPRYHG� E\� ILUVW�
VKDNLQJ�ZLWK� VRGLXP� WKLRVXOSKDWH� �1D�6�2��� DQG� WKHQ�ZDVKLQJ�ZLWK�ZDWHU�� 7KH� UHVXOWLQJ� HWKHU� LV� GULHG� RYHU�
DQK\GURXV�&D&O��DQG�WKHQ�GLVWLOOHG�WR�JHW�SHUR[LGH�IUHH�SXUH�HWKHU�

���$FWLRQ�ZLWK�FRQFHQWUDWHG�DFLGV��IRUPDWLRQ�RI�R[RQLXP�VDOWV���7KH�R[\JHQ�DWRP�LQ�HWKHU�PROHFXOH�KDV�
WZR�ORQH�SDLUV�RI�HOHFWURQV��7KHUHIRUH��HWKHUV�DFW�DV�/HZLV�EDVHV�DQG�GLVVROYH� LQ�FROG�FRQFHQWUDWHG�PLQHUDO�DFLGV�
�+�62���+&O��WR�IRUP�VDOWV�FDOOHG�R[RQLXP�VDOWV�

� ������ �������5z2z5����+�62���FRQF��� � →� R R' '
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� � � 'LHWK\OR[RQLXP�FKORULGH

7KLV�UHDFWLRQ�FDQ�EH�XVHG�WR�GLVWLQJXLVK�EHWZHHQ�HWKHUV�DQG�DONDQHV�EHFDXVH�DONDQHV�GR�QRW�UHDFW�ZLWK�GLOXWH�DFLGV�

��� 5HDFWLRQ�ZLWK�/HZLV�DFLGV� �IRUPDWLRQ�RI�FRRUGLQDWLRQ�FRPSOH[HV���%HLQJ�/HZLV�EDVHV��HWKHUV� IRUP��
FRRUGLQDWLRQ�FRPSOH[HV�ZLWK�/HZLV�DFLGV�VXFK�DV�%)���$O&O���)H&O���HWF��7KHVH�FRPSOH[HV�DUH�FDOOHG�HWKHUDWHV�

�

CH CH

CH CH

3 2

3 2

O
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: ���%)�� →�

CH CH

CH CH
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�→�%)�

� ������������ ��������� %RURQ�WULIOXRULGH�HWKHUDWH��FRPSOH[�

6LPLODUO\��GLHWK\O�HWKHU�UHDFWV�ZLWK�*ULJQDUG�UHDJHQW�IRUPLQJ�*ULJQDUG�UHDJHQW�HWKHUDWH�

� ��&+�&+���2���50J;�� →�
R

CH CH O( )3 2 2

0J
O CH CH

X

( )2 3 2

� � � ������ ��*ULJQDUG�UHDJHQW�HWKHUDWH

'XH�WR�WKH� IRUPDWLRQ�RI�WKH�HWKHUDWH��*ULJQDUG�UHDJHQWV�GLVVROYH� LQ�HWKHU��7KDW� LV�ZK\�*ULJQDUG�UHDJHQWV�DUH�
XVXDOO\� SUHSDUHG� LQ� HWKHUV�� +RZHYHU�� WKH\� FDQQRW� EH� SUHSDUHG� LQ� EHQ]HQH�� EHFDXVH� EHQ]HQH� KDV� QR� ORQH� SDLU� RI�
HOHFWURQV�DQG�WKHUHIRUH��FDQQRW�IRUP�FRPSOH[HV�ZLWK�WKHP�

%�� 5HDFWLRQV�,QYROYLQJ�&OHDYDJH�RI�&z2�%RQG�
(WKHUV�DUH�WKH�OHDVW�UHDFWLYH�RI�WKH�IXQFWLRQDO�JURXSV��&DUERQ�R[\JHQ�ERQG�LQ�HWKHUV�FDQ�EH�FOHDYHG�XQGHU�GUDVWLF�

FRQGLWLRQV�DV�JLYHQ�EHORZ���
���&OHDYDJH�E\�KDORJHQ�DFLGV��7KH�FDUERQ�R[\JHQ�ERQG� LQ�HWKHUV�FDQ�EH�FOHDYHG�E\�KHDWLQJ�ZLWK�K\GURLRGLF�

DFLG��+,��DQG�K\GUREURPLF�DFLG��+%U��DW�����.�WR�IRUP�DQ�DOFRKRO�DQG�DQ�DON\O�KDOLGH�

� 5z2z5���+;�
373K' �''' � 52+� �� 5;� �+;� �+,��+%U�

� � � $OFRKRO� � $ON\O�KDOLGH

H�J��� +�&+�2�&+�&+����+,�
373K' �''' � &+�&+�2+� �� � &+�&+�,

� 'LHWK\O�HWKHU� � (WK\O�DOFRKRO� � (WK\O�LRGLGH
+RZHYHU�� LI� H[FHVV� DFLG� LV� XVHG�� WKH� DOFRKRO� ILUVW� IRUPHG� UHDFWV� IXUWKHU� ZLWK� WKH� KDORJHQ� DFLG� WR� IRUP� DON\O�

KDOLGH�

� 5z2+���+;� 373K' �''' � 5;���+�2
7KH�RYHUDOO�UHDFWLRQ�PD\�EH�ZULWWHQ�DV��

� 5z2z5����+;� 373K' �''' � �5;���+�2� �+;� �+,��+%U�
� � � � � � � � �H[FHVV��

H�J������ ��������&+�&+�z2z&+�&+���������+,�
373 K' �''' ���&+�&+�,��� ����+�2

� ������ �����������'LHWK\O�HWKHU� � � � � �H[FHVV�� ������ ������(WK\O�LRGLGH

� 6LPLODUO\��F\FOLF�HWKHUV�DUH�HDVLO\�FOHDYHG�E\�+%U�RU�+,�WR�IRUP�GLKDORDONDQHV�

� ������ ��� ���������� �������+,��� ������ 373 K' �''' � ,&+�z&+�z&+�z&+�,��������+�2
� ������ �

7HWUDK\GURIXUDQ�������� ��H[FHVV�� � ��� ������������ ������������ ������'LLRGREXWDQH�
� ������ ������7+)�

&OHDYDJH�RI�&z2�ERQG�LQ�HWKHUV�E\�KDORJHQ�DFLGV�

7KH�FOHDYDJH�UHDFWLRQ�IROORZV�WKH�IROORZLQJ�PHFKDQLVP�
���7KH�HWKHU�PROHFXOH�EHLQJ�/HZLV� EDVH� JHWV�SURWRQDWHG�E\�WKH�K\GURJHQ�RI� WKH�DFLG�WR� IRUP�SURWRQDWHG� HWKHU�

RU�R[RQLXP�VDOW�

���
�L�
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CH3—O—CH —CH + H—I2 3

:
: CH3—O—CH —CH + I2 3:

H
+ –

Ethyl methyl ether Protonated ether

(oxonium ion)
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7KH�UHDFWLRQ�WDNHV�SODFH�ZLWK�+%U�DQG�+,�EHFDXVH�WKHVH�UHDJHQWV�DUH�VXIILFLHQWO\�DFLGLF�
���,RGLGH�LRQ��,y�LV�D�JRRG�QXFOHRSKLOH��7KH�SURWRQDWHG�HWKHU�XQGHUJRHV�QXFOHRSKLOLF�DWWDFN�E\�LRGLGH�LRQ��,y��DQG�

GLVSODFHV�DQ�DOFRKRO�PROHFXOH�E\�61��PHFKDQLVP�DQG�WKHUHIRUH��IRUPV�DON\O�DOFRKRO�DQG�DON\O�KDOLGH�

��� ���LL��������

���:KHQ�+,�LV�LQ�H[FHVV�DQG�WKH�UHDFWLRQ�LV�FDUULHG�RXW�DW�KLJK�WHPSHUDWXUH��HWKDQRO�IRUPHG�UHDFWV�ZLWK�DQRWKHU�
PROHFXOH�RI�+,�DQG�LV�FRQYHUWHG�LQWR�HWK\O�LRGLGH��

��� ��

�LLL�

�������

7KH�RUGHU�RI�UHDFWLYLW\�RI�KDORJHQ�DFLGV�LV��
+,�!�+%U�!�+&O

$V�GLVFXVVHG�DERYH��WKH�FOHDYDJH�RI�HWKHUV�E\�KDORJHQ�DFLGV�LQYROYHV�QXFOHRSKLOLF�DWWDFN�E\�KDOLGH�LRQ��;y��RQ�
WKH�SURWRQDWHG�HWKHU��7KHUHIRUH��JUHDWHU�WKH�QXFOHRSKLOLFLW\�RI�WKH�KDOLGH�LRQ��PRUH�UHDFWLYH�LV�WKH�KDORJHQ�DFLG��
$V�ZH�NQRZ��QXFOHRSKLOLFLW\�RI�WKH�KDOLGH�LRQV�IROORZV�WKH�RUGHU��

,y�!�%Uy�!�&Oy

7KHUHIRUH��WKH�UHDFWLYLW\�RI�WKH�KDORJHQ�DFLGV�IROORZV�WKH�VDPH�VHTXHQFH�L�H���+,�!�+%U�!�+&O

l��&OHDYDJH�RI�XQV\PPHWULFDO�DON\O�HWKHUV��VLWH�RI�FOHDYDJH���,Q�FDVH�RI�XQV\PPHWULFDO�HWKHUV�KDYLQJ�WZR�
GLIIHUHQW�DON\O�JURXSV��WKH�DOFRKRO�DQG�WKH�DON\O�KDOLGH�IRUPHG��GHSHQG�XSRQ�WKH�QDWXUH�RI�WKH�DON\O�JURXSV��,I�SULPDU\�
DQG�VHFRQGDU\�DON\O�JURXSV�DUH�SUHVHQW�WKHQ�WKH�UHDFWLRQ�RFFXUV�E\�61��PHFKDQLVP��7KH�KDOLGH�LRQ�DWWDFNV�WKH�VPDOOHU�
DON\O�JURXS�EHFDXVH�RI�OHVV�VWHULF�KLQGUDQFH��7KXV��LQ�FDVH�RI�XQV\PPHWULFDO�HWKHUV�ZLWK�WZR�GLIIHUHQW�DON\O�JURXSV��WKH�
VLWH�RI�FOHDYDJH�LV�VXFK�WKDW�WKH�KDOLGH�LV�IRUPHG�IURP�WKH�DON\O�JURXS�ZKLFK�LV�VPDOOHU�LQ�VL]H��)RU�H[DPSOH�

� &+�z2z&+�&+�����+,�
373 K' �''' � �����&+�,������� �� +�&+�2+

� � (WK\O�PHWK\O�HWKHU� � 0HWK\O�LRGLGH��������(WK\O�DOFRKRO�

� &+�z2z&+
CH

CH

3

3

���+,�
373 K' �''' � ���� +�,�����������

CH

CH

3

3

&+z2+

� � � � ,VRSURS\OPHWK\O�HWKHU� � �

,RGRPHWKDQH�

������ ������3URSDQ���RO
7KH�UHDFWLRQ�PD\�EH�ZULWWHQ�DV��

,I��KRZHYHU��RQH�RI�WKH�DON\O�JURXSV�LV�WHUWLDU\�JURXS��WKH�DON\O�KDOLGH�LV�IRUPHG�IURP�WKH�WHUWLDU\�DON\O�JURXS�

�
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373K' �'' � CH
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C
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3
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I + CH 3

� � � � � � WHUW�%XW\O�PHWK\O�HWKHU� � � ��,RGR���PHWK\OSURSDQH� � � � 0HWKDQRO

7KLV�LV�EHFDXVH�WKH�UHDFWLRQ�QRZ�RFFXUV�E\�61��PHFKDQLVP��7KH�IRUPDWLRQ�RI�SURGXFWV�LV�JRYHUQHG�E\�WKH�VWDELOLW\�
RI� WKH� FDUERFDWLRQ�IRUPHG� IURP� WKH�FOHDYDJH�RI�&z2�ERQG� LQ� WKH�SURWRQDWHG�HWKHU� �R[RQLXP�LRQ��� 6LQFH� WHUW�EXW\O�
FDUERFDWLRQ�>�&+����&

�@� LV�PRUH�VWDEOH� WKDQ�WKH�PHWK\O�FDUERFDWLRQ� �&+�
���� WKHUHIRUH��FOHDYDJH�RI�&z2�ERQG�JLYHV�

D�PRUH�VWDEOH�FDUERFDWLRQ�>�&+���&
�@�DQG�PHWKDQRO��7KHQ�� LRGLGH� LRQ��,y�DWWDFNV� WKLV� WHUW�EXW\O� FDUERFDWLRQ� WR� IRUP�

WHUW�EXW\O�LRGLGH�

�
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Nucleophilic attack
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l�&OHDYDJH�RI�DON\O�DU\O��SKHQROLF��HWKHU��:LWK�DON\O�DU\O�HWKHUV��SKHQROLF�HWKHUV��WKH�FOHDYDJH�ZLWK�K\GURJHQ�
KDOLGH�DOZD\V�JLYHV�SKHQRO�DQG�D�PROHFXOH�RI�DON\O�KDOLGH�DQG�QRW�DU\O�KDOLGH�DQG�DOFRKRO�

� ����+,�� →�� ������&+�,

� � � � � � � � $QLVROH� � � 3KHQRO

,Q�FDVH�RI�DQLVROH��PHWK\OSKHQ\O�R[RQLXP�LRQ��C H O CH

H

6 5 3' '
�

�
�LV�IRUPHG�E\�WKH�SURWRQDWLRQ�RI�HWKHU���7KH�ERQG�

�
�
EHWZHHQ�2z&+��LV�ZHDNHU�WKDQ�WKH�ERQG�EHWZHHQ�2z&�+��EHFDXVH�WKH�FDUERQ�RI�SKHQ\O�JURXS�LV�VS

��K\EULGLVHG�DQG�WKHUH�
LV�SDUWLDO�GRXEOH�ERQG�FKDUDFWHU��7KHUHIRUH��WKH�DWWDFN�RI�KDOLGH�LRQ�EUHDNV�2z&+��ERQG�WR�IRUP�&+�,��,W�PD\�EH�QRWHG�WKDW�
SKHQROV�GR�QRW�UHDFW�IXUWKHU�WR�JLYH�KDOLGHV�EHFDXVH�WKH�VS��K\EULGLVHG�FDUERQ�RI�SKHQRO�GRHV�QRW�XQGHUJR�QXFOHRSKLOLF�VXE�
VWLWXWLRQ�UHDFWLRQ��7KLV�FDQ�DOVR�EH�H[SODLQHG�RQ�WKH�EDVLV�RI�VWHULF�KLQGUDQFH��7KH�DON\O�KDOLGH�LV�IRUPHG�E\�WKH�DWWDFN�RI�
KDOLGH�LRQ�RQ�WKH�SURWRQDWHG�HWKHU��7KHUHIRUH��WKH�DWWDFN�RI�KDOLGH�LRQ�RFFXUV�DW�VPDOOHU�DON\O�JURXS�ZKLFK�RIIHUV�OHVV�KLQGUDQFH�

7KHUHIRUH��DON\O�KDOLGH�LV�IRUPHG�IURP�VPDOOHU�DON\O�JURXS��7KXV�

���&+�,���������� � HI

373 K
� ''' � � HI

373 K' �''' � ��� �� ��� ������ &+�2+

0HWK\O�LRGLGH
�

����3KHQRO��� ������������ ������������$QLVROH� � � � ,RGREHQ]HQH� �
0HWK\O�DOFRKRO

� � � � ������� ��
� � � � ������� ������������ ����� 127�)250('

l�&OHDYDJH�RI�EHQ]\O�DON\O�HWKHUV��,Q�FDVH�RI�EHQ]\O�DON\O�HWKHUV�FRQWDLQLQJ�D�SULPDU\�DON\O�JURXS�VXFK�DV�
EHQ]\O�PHWK\O�HWKHU��WKH�UHDFWLRQ�SURFHHGV�E\�61��PHFKDQLVP��6LQFH�WKH�EHQ]\O�FDUERFDWLRQ�LV�PRUH�VWDEOH�WKDQ�WKH�
PHWK\O� FDUERFDWLRQ�� WKH� FOHDYDJH� RI�&z2�ERQG�JLYHV� EHQ]\O� FDUERFDWLRQ�DQG�PHWK\O� DOFRKRO��7KH�KDOLGH� LRQ� WKHQ�
DWWDFNV�FDUERFDWLRQ�WR�IRUP�EHQ]\O�LRGLGH�

�

� �

� �
I

I � �

C O cleavage�' �'''''
Slow �

l�&OHDYDJH�RI�GLDU\O�HWKHUV�� ,W�PD\�EH�QRWHG� WKDW� GLDU\O�HWKHUV� VXFK�DV� GLSKHQ\O� HWKHU� DUH�QRW� FOHDYHG�E\�
+,��7KLV� LV�EHFDXVH�WKH�&z2�ERQGV�KDYH�VRPH�GRXEOH�ERQG�FKDUDFWHU�GXH� WR�UHVRQDQFH�EHWZHHQ�WKH� ORQH�SDLUV�RI�
HOHFWURQV�RQ�WKH�2�DWRP�DQG�WKH�&�DWRPV�RI�DU\O�JURXSV��EHQ]HQH�ULQJ��GLUHFWO\�ERQGHG�WR�WKH�2�DWRP�

8QOLNH� DON\O� DOFRKROV�� SKHQRO�
GRHV�QRW�UHDFW�IXUWKHU�ZLWK�+,�WR�
JLYH�DU\O�KDOLGH�EHFDXVH�RI�VWURQJ�
FDUERQ�R[\JHQ�ERQG�LQ�SKHQRO�

016'
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�����&OHDYDJH�E\�VXOSKXULF�DFLG��2Q�KHDWLQJ�ZLWK�GLO�+�62��XQGHU�SUHVVXUH��HWKHUV�DUH�K\GURO\VHG�WR�JLYH�DOFRKROV�

� 5z2z5�������+�2����
dil. H SO

Heat
2 4' �''''' ��52+

������ ������������ ������������ �(WKHU

� &+�&+�z2z&+�&+����+�2���
dil. H SO

Heat
2 4' �''''' ��&+�&+�2+

������ ������������ ����'LHWK\O�HWKHU����������� ������������ ������������ ���(WKDQRO
,I�FRQF��+�62��LV�XVHG��HWKHUV�IRUP�DOFRKROV�DQG�HWK\O�K\GURJHQ�VXOSKDWHV�

� &+�&+�z2z&+�&+����+�62���
Heat' �''' � &+�&+�2+���&+�&+�262�+

������ ���'LHWK\O�HWKHU������������ ������FRQF������������ ������������ ���(WKDQRO� (WK\O�K\GURJHQ� � �
� � � � � ����� VXOSKDWH

6HFRQGDU\�DQG�WHUWLDU\�HWKHUV��KRZHYHU��IRUP�DONHQHV�ZLWK�FRQF��+�62�

� CH OCH3' '

CH

C

CH

3

3

3

�

�
���

Conc. H SO
Heat

2 4' �''''' � CH

CH

C CH3

3

2'
�




Isobutylene

� ����&+�2+

�� � � � � � � � � � WHUW�%XW\O�PHWK\O�HWKHU� � � � �

0HWKDQRO

�
����&OHDYDJH�ZLWK�SKRVSKRUXV�SHQWDFKORULGH��(WKHUV�UHDFW�ZLWK�3&O��RQ�KHDWLQJ�WR�IRUP�DON\O�FKORULGH�DV�D�

UHVXOW�RI�FOHDYDJH�RI�&z2�ERQG�

� &+�&+�z2z&+�&+����3&O��
Heat' �''' �� ���&+�&+�&O� ������� �� 32&O�

� � � � � � � 'LHWK\O�HWKHU� ��� ������������ ��������(WK\O�FKORULGH����� �������3KRVSKRU\O�FKORULGH

���&OHDYDJH�E\�DFLG�FKORULGHV��(WKHUV�UHDFW�ZLWK�DFHW\O�FKORULGH� LQ�WKH�SUHVHQFH�RI�DQK\GURXV�=Q&O�� WR�JLYH�
DON\O��KDOLGH�DQG�HVWHU�

� &+�&+�z2z&+�&+����&+�&2&O��
Anhyd.
ZnCl2

' �''' � &+�&+�&O� �� &+�&22&�+�

� 'LHWK\O�HWKHU� $FHW\O� (WK\O�FKORULGH� (WK\O�DFHWDWH
� � FKORULGH� � �HVWHU�

+RZHYHU��ZLWK�DQK\GULGHV�RQO\�HVWHUV�DUH�IRUPHG�

������� ����������

( ) ( ) .C H O CH CO O
Diethyl ether Acetic anhydride

Anhyd ZnCl
He2 5 2 3 2

2�
aat

CH COOC H
Ethyl acetate

' �''''' 2 3 2 5
 

&��5HDFWLRQV�RI�$ON\O�*URXS

���+DORJHQDWLRQ��(WKHUV�UHDFW�ZLWK�FKORULQH�RU� EURPLQH� LQ�WKH�GDUN� WR�JLYH�VXEVWLWXWHG�SURGXFWV��7KH�H[WHQW�
RI�VXEVWLWXWLRQ�GHSHQGV�XSRQ�WKH�UHDFWLRQ�FRQGLWLRQV��)RU�H[DPSOH��GLHWK\O�HWKHU�UHDFWV�ZLWK�FKORULQH�LQ�WKH�GDUN�WR�
JLYH������GLFKORURGLHWK\O�HWKHU�LQ�ZKLFK�WKH�KDORJHQDWLRQ�SUHIHUHQWLDOO\�RFFXUV�DW�α�FDUERQ�DWRPV�

� &+�&+�2&+�&+���
Cl in dark2
�' �'''''

HCl � CH

Cl

CHOCH CH3 2 3

|
�� ���

Cl
HCl

2 in dark
�' �''''' � � CH

Cl

CH O

Cl

CHCH3 3

� �
' '

������ ������������ ������������ ������������ �����������&KORURGLHWK\O�HWKHU� � � � � � ����′�'LFKORURGLHWK\O�HWKHU�
+RZHYHU��LQ�WKH�SUHVHQFH�RI�OLJKW�DQG�H[FHVV�RI�FKORULQH��DOO�WKH�K\GURJHQ�DWRPV�DUH�VXEVWLWXWHG�E\�FKORULQH�DWRPV�

� � &+�&+�z2z&+�&+������&O����� ��
h�' �'' ��� �� ��&O�&z&&O�z2&&O�z&&O����������+&O

� � �H[FHVV�� � ������ ���3HUFKORURGLHWK\O�HWKHU

'��5LQJ�6XEVWLWXWLRQ�LQ�$URPDWLF�(WKHUV
$ONR[\�JURXS�LV�RUWKR�DQG�SDUD�GLUHFWLQJ�DQG�LW�GLUHFWV�WKH�LQFRPLQJ�JURXSV�WR�RUWKR�DQG�SDUD�SRVLWLRQV��
,W�DFWLYDWHV�WKH�DURPDWLF�ULQJ�WRZDUGV�HOHFWURSKLOLF�VXEVWLWXWLRQ�UHDFWLRQ�LQ�WKH�VDPH�ZD\�DV�LQ�DOFRKROV�DV�JLYHQ�EHORZ��

� ,� ,,� ,,,� ,9� 9

$V�LV�FOHDU�WKDW�VWUXFWXUHV�,,,��,9�DQG�9�VKRZ�KLJK�HOHFWURQ�GHQVLW\�DW�RUWKR�DQG�SDUD�SRVLWLRQV�DV�FRPSDUHG�WR�
PHWD�SRVLWLRQ��7KHUHIRUH��HOHFWURSKLOLF�VXEVWLWXWLRQ�UHDFWLRQV�RFFXU�PDLQO\�DW�R��DQG�S��SRVLWLRQV�

���+DORJHQDWLRQ��3KHQ\O�DON\O�HWKHUV�XQGHUJR�XVXDO�KRORJHQDWLRQ�LQ�WKH�EHQ]HQH�ULQJ��)RU�H[DPSOH��EURPLQD�
WLRQ�RI�DQLVROH�JLYHV�RUWKR�DQG�SDUD�EURPR�GHULYDWLYHV�HYHQ� LQ� WKH�DEVHQFH�RI� LURQ� �,,,��EURPLGH�FDWDO\VW�� ,W� LV�GXH�
WR�WKH�DFWLYDWLRQ�RI�EHQ]HQH�ULQJ�E\�PHWKR[\�JURXS�
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� � �
Br in 

CH COOH
2

3

 ' �'''' �� � ���� ��� ���� �

�

$QLVROH� � � R�%URPRDQLVROH

� � S�%URPRDQLVROH
�

� � ��������� ������������ ��PLQRU������

� � � ��PDMRU������

3DUD�LVRPHU�LV�REWDLQHG�LQ�����\LHOG�
���)ULHGHO�&UDIWV�UHDFWLRQ��$QLVROH�XQGHUJRHV�)ULHGHO�&UDIW�DON\ODWLRQ�DQG�DF\ODWLRQ�UHDFWLRQ�LQ�WKH�SUHVHQFH�

RI��DQK\GURXV�DOXPLQLXP�KDOLGH��D�/HZLV�DFLG��DV�FDWDO\VW�LQ�ZKLFK�DON\O�DQG�DF\O�JURXSV�DUH�LQWURGXFHG�DW�RUWKR�DQG�
SDUD�SRVLWLRQV�

� � �� &+�&O��
anhyd AlCl

CS
. in 3

2
' �'''''' � � �� � �

� $QLVROH� �������0HWK\O�FKORULGH� �� ��0HWKR[\�WROXHQH

� ��0HWKR[\�WROXHQH�
� � � � �

�PLQRU�

� � �PDMRU�

� �� �� &+�&2&O��
anhyd AlCl

CS
. in 3

2
' �'''''' � ���� ����� ����

� $QLVROH� ��������(WKDQR\O�FKORULGH� ���� ���0HWKR[\�DFHWRSKHQRQH

�����������0HWKR[\�DFHWRSKHQRQH� �
� �

� �$FHW\O�FKORULGH�

� �

�PLQRU�

� � ��������PDMRU�
����1LWUDWLRQ��:KHQ�WUHDWHG�ZLWK�D�PL[WXUH�RI�FRQFHQWUDWHG�+12��DQG�+�62���DQLVROH�JLYHV�D�PL[WXUH�RI�R�DQG�S�

QLWUR�FRPSRXQGV�

� �� �
HNO  + H SO3 2 4' �'''''' � �� � ������������������� �

� 0HWK\O�SKHQ\O� � � �� 0HWK\O��

� � ������0HWK\O��
� HVWHU� � � � QLWURSKHQ\O�HWKHU

� � QLWURSKHQ\O�HWKHU
� �$QLVROH�� � � ����������R�1LWURDQLVROH�

� � �S�1LWURDQLVROH�
� � � � � �PLQRU�

� � �PDMRU�
,W�PD\��KRZHYHU��EH�QRWHG�WKDW�HWKHUV�DUH�UHODWLYHO\�OHVV�UHDFWLYH�WKDQ�SKHQROV�WRZDUGV�HOHFWURSKLOLF�VXEVWLWXWLRQ�

UHDFWLRQV�

� ([DPSOH����� �

� *LYH�WKH�PDMRU�SURGXFWV�WKDW�DUH�IRUPHG�E\�KHDWLQJ�HDFK�RI�WKH�IROORZLQJ�HWKHUV�ZLWK�+,�

�D�� &+�z2 2+� �E�� CH CH CH

CH

CH O CH CH3 2

3

2 2 3' '
�

�F�� CH CH CH O

CH

C C

CH

H CH3 2 2

3

3

2 3' '
�

�
� �G�� CH

CH

CHCOOH

OCH

3

2 3|
�

6ROXWLRQ��� �

�D�� � &+�z2 2+��� HI' �''' �� &+�,���+2 2+

)ULHGHO�
&UDIWV�

DON\ODWLRQ

)ULHGHO�
&UDIWV�

DF\ODWLRQ
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�E��� CH CH CH

CH

CH OCH CH3 2

3

2 2 3|
�� HI' �''' �� CH

3
CH CHC

CH

H OH
2

3

2|
���&+�&+�,

�F��� CH CH CH O

CH

C C

CH

H CH
3 2 2

3

3

2 3
' '
�

� ��
HI' �''' ��&+�&+�&+�2+��� CH CH

CH

C I

CH

3 2

3

3

' '
�

�

�G���

CH CHCOOH

CHOCH

3

2 3

|
�� HI' �''' ���&+�&+�,��� CH CHCOOH

OH

3 |

� ([DPSOH����� �
7KH�IROORZLQJ�LQ�QRW�DQ�DSSURSULDWH�UHDFWLRQ�IRU�WKH�SUHSDUDWLRQ�RI�W�EXW\O�HWKHU��

������ �&�+�21D���������

&+�z
z

z z

&+�

&+� &O& � � �→��� � z z

z
z

&

&+�

&+�

&+�

2&�+�

�L���:KDW�ZRXOG�EH�WKH�PDMRU�SURGXFW�RI�WKH�UHDFWLRQ�"

�LL��:ULWH�D�VXLWDEOH�UHDFWLRQ�IRU�WKH�SUHSDUDWLRQ�RI�WHUW�EXW\O�HWK\O�HWKHU��

������6ROXWLRQ�����L��7KH�PDMRU�SURGXFW�RI�WKH�JLYHQ�UHDFWLRQ�LV���PHWK\OSURS���HQH��7KLV�LV�EHFDXVH�VRGLXP�HWKR[LGH�LV�D�VWURQJ�
QXFOHRSKLOH�DV�ZHOO�DV�D�VWURQJ�EDVH��7KHUHIRUH��HOLPLQDWLRQ�UHDFWLRQ�SUHGRPLQDWHV�RYHU�VXEVWLWXWLRQ�

CH H

CH C Cl

CH

2

3

3

'
&

' '
&

�
�
� Na OC H� � ' �''''2 5

Elimination
�

CH

CH C

CH

2

3

3

&&
'
&

�� �� &+�&+�2+� �� 1D&O

� � � � � � W�%XW\O�FKORULGH� ��

6RGLXP�HWKR[LGH

� � � ��0HWK\OSURS���HQH

� � � � � � �LL�� 7R� SUHSDUH� WHUW�EXW\O� HWK\O� HWKHU�� WKH�DON\O� KDOLGH� VKRXOG�EH� ��� �FKORURHWKDQH�� DQG� WKH�QXFOHRSKLOH� VKRXOG�EH� VRGLXP�
WHUW�EXWR[LGH�

� � ���&+�&+�&O��� �
' �'''
NaCl

���

tert

86(6�2)�(7+(56
(WKHUV�DUH�ZLGHO\�XVHG�DV�D�VROYHQWV�ERWK�LQ�ODERUDWRU\�DV�ZHOO�DV�LQ�LQGXVWU\�EHFDXVH�RI�WKHLU�DOPRVW�LQHUW�QDWXUH�

DQG�JRRG�GLVVROYLQJ�SRZHU��$PRQJ�WKHVH�GLHWK\O�HWKHU�LV�YHU\�FRPPRQ��7KH�LPSRUWDQW�XVHV�RI�GLHWK\O�HWKHU�DUH��
� ��� 'LHWK\O�HWKHU�LV�DQ�LQGXVWULDO�VROYHQW�IRU�RLOV��IDWV��JXPV��UHVLQV��HWF�
� ��� ,W�LV�XVHG�LQ�VXUJHU\�DV�DQ�DQDHVWKHWLF�

(WKR[\�HWKDQH�KDV�ZLGHO\�EHHQ�XVHG�DV�DQ�LQKDODWLRQ�DQDHVWKHWLF��+RZHYHU��EHFDXVH�RI�LWV�VORZ�HIIHFW�DQG�XQSOHDVDQW�
UHFRYHU\�SHULRG��HWKR[\�HWKDQH�KDV�EHHQ�UHSODFHG�E\�RWKHU�FRPSRXQGV�VXFK�DV�HWKUDQH�DQG�LVRIOXUDQH�DV�DQDHVWKHWLFV�

� � � � � ����������������

� � � � � ������(WKUDQH� �������������������������������� ,VRIOXUDQH

� ��� ,W�LV�DOVR�XVHG�DV�D�UHIULJHUDQW�
� ��� ,W�LV�DOVR�XVHG�DV�D�UHDFWLRQ�PHGLXP�LQ�/L$O+��UHGXFWLRQV�DQG�*ULJQDUG�V\QWKHVLV�
� ��� ,W�LV�XVHG�DV�DQ�H[WUDFWLQJ�VROYHQW�LQ�ODERUDWRU\�DQG�LQGXVWU\�

� ��� :KHQ�PL[HG�ZLWK�DOFRKRO� LW� DFWV� DV� D� GHQDWXUDQW�DQG� WKH�PL[WXUH� LV� XVHG� DV�SHWURO� VXEVWLWXWH� XQGHU� WKH�
WUDGH�QDPH�1DWDOLWH�

� ��� ,W�LV�XVHG�LQ�SHUIXPHU\�DQG�LQ�WKH�PDQXIDFWXUH�RI�VPRNHOHVV�SRZGHU�

'LPHWK\O�HWKHU� LV�XVHG� LQ� WKH� IRUP�RI� FRPSUHVVHG� OLTXLG�DV�D� UHIULJHUDQW�� ORZ�WHPSHUDWXUH� VROYHQW� DQG�SUR�
SHOODQW�IRU�VSUD\V��,W�LV�DOVR�XVHG�IRU�VWRULQJ�IRRG�VWXIIV�E\�IUHH]LQJ�RQ�GLUHFW�FRQWDFW�EHFDXVH�LW�GRHV�QRW�OHDYH�DQ\�
XQGHVLUDEOH�WDVWH�RU�VPHOO�
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'L�LVRSURS\O�HWKHU�LV�XVHG�DV�DQ�LQGXVWULDO�VROYHQW�DQG�IRU�UHGXFLQJ�NQRFNLQJ�RI�SHWURO�
'LYLQ\O�HWKHU�LV�XVHG�DV�DQ�DQDHVWKHWLF�DQG�LV�FRQVLGHUHG�EHWWHU�WKDQ�GLHWK\O�HWKHU�EHFDXVH�RI�LWV�UDSLG�DFWLRQ�

DQG�UDSLG�UHFRYHU\�IURP�DQDHVWKHVLD�
3KHQ\O�HWKHU�KDV�EHHQ�XVHG�DV�KHDW�WUDQVIHU�PHGLXP�EHFDXVH�RI�LWV�KLJK�ERLOLQJ�SRLQW������.���
$�QXPEHU�RI�QDWXUDOO\�RFFXUULQJ�SKHQROV�DQG�HWKHUV��SDUWLFXODUO\�ULQJ�VXEVWLWXWHG�DQLVROHV�DUH�XVHG�DV�IODYRXULQJ�

DQG� LQ�SHUIXPHV�EHFDXVH�RI�WKHLU�SOHDVDQW� � RGRXU��)RU�H[DPSOH��DQHWKROHy�D�FRQVWLWXHQW� RI�DQLVH�VHHG��HXJHQRO�
SUHVHQW�LQ�RLO�RI�FORYHV��YDQLOOLQ�SUHVHQW�LQ�RLO�RI�YDQLOOD�EHDQ�DQG�WK\PRO�SUHVHQW�LQ�WK\PLQH�DQG�PLQW�DUH�VRPH�
FRPPRQ�H[DPSOHV�RI�SKHQROV�DQG�HWKHUV�XVHG�LQ�SHUIXPHV�DQG�IODYRXULQJV�

������� �

CH2CH==CH2

OH

Eugenol

OCH3

��� �������
CHO

OH

Vanillin

OCH3

�� ������

OH

CH(CH3)2

CH3 Thymol

�

�4����� :ULWH�WKH�VWUXFWXUH�RI�SKHQ\O�LVRSHQW\OHWKHU��� � �&%6(�6DPSOH�3DSHU������

�$QV�� C H —O— CH —CH—56 2 2 3CH — CH

CH3
�4����� $QLVROH� RQ� UHDFWLRQ� ZLWK� +,� JLYHV� SKHQRO� DQG� &+�,� DV� PDLQ� SURGXFWV� DQG� QRW� LRGREHQ]HQH� DQG�

&+�2+�� �$�,�6�%�������
�$QV� ,W�WKLV�UHDFWLRQ�SURWRQDWHG�DQLVROH�L�H��PHWK\OSKHQ\O�R[RQLXP�LRQ�LV�ILUVW�IRUPHG�DQG�WKHQ�WKH�KDOLGH�LRQ�DWWDFNV�

WKLV�SURWRQDWHG�DQLVROH��'XH�WR�VWHULF�KLQGUDQFH�RI�EXON\�SKHQ\O�JURXS��WKH�DWWDFN�SUHIHUDEO\�RFFXUV�WR�WKH�DON\O�
JURXS�IRUPLQJ�PHWK\O�LRGLGH�DQG�SKHQRO�

� � ��� � � � � � � � � � � � ��� � +,� →�� �� �+,

� � �� � � � � � � � � � � � $QLVROH

� � � � � � � � � � � � � � �� ,y�� →�� � �� &+�,

� � �� 3KHQRO
�4����� :K\�DUH�HWKHUV�UHODWLYHO\�LQHUW�FRPSRXQGV�"
�$QV�� (WKHUV�DUH� LQHUW� FRPSRXQGV�EHFDXVH� WKH� IXQFWLRQDO�JURXS�RI� HWKHUV� �z2z�� GRHV�QRW� FRQWDLQ�DQ\� DFWLYH� VLWH���

7KHUHIRUH��XQGHU�RUGLQDU\�FRQGLWLRQV��WKH\�DUH�VWDEOH�WR�EDVHV��GLOXWH�DFLGV�DQG�RWKHU�R[LGLVLQJ�DQG�UHGXFLQJ�DJHQWV�
�4����� :K\�GL�WHUW�EXW\O�HWKHU�FDQQRW�EH�SUHSDUHG�E\�:LOOLDPVRQ�V\QWKHVLV�"
�$QV�� 7R�SUHSDUH�GL�WHUW�EXW\O�HWKHU�E\�:LOOLDPVRQ
V�V\QWKHVLV��ZH�UHTXLUH�WHUW�EXW\O�EURPLGH�DQG�VRGLXP�WHUW�EXWR[LGH��

6LQFH�WHUW�EXW\O�EURPLGH�LV�D����DON\O�KDOLGH��LW�SUHIHUV�WR�XQGHUJR�HOLPLQDWLRQ�UDWKHU�WKDQ�VXEVWLWXWLRQ��7KHUHIRUH��
LVREXW\OHQH�LV�REWDLQHG�DV�WKH�SURGXFW�UDWKHU�WKDQ�GL�WHUW�EXW\O�HWKHU�

������� ���� CH

CH

C Br

CH

3

3

3

' '
�

�

tert-butyl bromide

�������� Na O C CH�
�

�
–' '

CH

CH

3

3
Sod. butoxide

3

tert-

� �→�CH

CH

C CH
3

3

2
' 


� ��� CH C

CH

3

3

' '

CH

OH
3�

�
���

� 4���� 1DPH�WKH�SDLU�RI�DON\O�KDOLGH�DQG�DONR[LGH�IRU�WKH�SUHSDUDWLRQ�RI�HWK\O�WHUW��EXW\O�HWKHU�
�$QV�� (WK\O�LRGLGH�DQG�VRGLXP�WHUW�EXWR[LGH�
�4������ :KDW�SURGXFWV�DUH�REWDLQHG�ZKHQ

� � 2z&+� �LV�WUHDWHG�ZLWK�+,�"�

�$QV� 2z&+� ���+,�→� 2+����,&+�
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�4����� ,�LV�D�EHWWHU�UHDJHQW�WKDQ�+%U�IRU�FOHDYDJH�RI�HWKHU��([SODLQ�
�$QV� +,�LV�D�VWURQJHU�DFLG�WKDQ�+%U�DQG�WKHUHIRUH��R[RQLXP�LRQ�LV�UHDGLO\�IRUPHG��,y�LV�DOVR�D�EHWWHU�QXFOHRSKLOH�WKDQ�

%Uy�IRU�QXFOHRSKLOLF�VXEVWLWXWLRQ�UHDFWLRQ�

�
..
..R O R  �����+,�→�

          +

R O
..

' '
�

H

R ���,y��� � �

          
+

R O
..

' '
�

H

R �����,y�
Alcohol' �'''' ��5z,���5z2z+

� ��(WKHU� 2[RQLXP�LRQ

�4�����7KH�ERLOLQJ�SRLQWV�RI�HWKHUV�DUH�ORZHU�WKDQ�WKHLU�FRUUHVSRQGLQJ�LVRPHULF�DOFRKROV��([SODLQ�� �
� � �$�,�6�%��������0HJKDOD\D�6�%��������3E�6�%�������

�$QV��(WKHUV�KDYH�ORZ�SRODULW\�DQG�WKHUHIRUH��GR�QRW�VKRZ�DQ\�DVVRFLDWLRQ�E\�LQWHUPROHFXODU�K\GURJHQ�ERQGLQJ��2Q�
WKH�RWKHU�KDQG��WKHLU�LVRPHULF�DOFRKROV�KDYH�VWURQJ�LQWHUPROHFXODU�K\GURJHQ�ERQGLQJ�DQG�WKHUHIRUH��WKHLU�ERLOLQJ�
SRLQWV�DUH�KLJK�

�4��� ([SODLQ�ZK\�FOHDYDJH�RI�SKHQ\O�DON\O�HWKHUV�ZLWK�+%U�DOZD\V�SURGXFHV�SKHQRO�DQG�DON\O�EURPLGH�
DQG�QRW�EURPREHQ]HQH�DQG�DONDQROV�� �$�,�6�%�������

�$QV��7KLV�LV�EHFDXVH�GXULQJ�WKH�UHDFWLRQ��WKH�DWWDFN�RI�KDOLGH�LRQ�RFFXUV�WR�WKH�SURWRQDWHG�HWKHU��'XH�WR�VWHULF�KLQGUDQFH�
RI�EXON\�SKHQ\O�JURXS��WKH�DWWDFN�RFFXUV�SUHIHUDEO\�WR�WKH�DON\O�JURXS�IRUPLQJ�DON\O�EURPLGH�

�� ��������������������
z2z&+�� �� +%U� →� �

�� �������������������� � �� %U
y
� →������

z2+
�����&+�%U

�4������(WKHUV�SRVVHVV�D�GLSROH�PRPHQW�HYHQ�LI�WKH�DON\O�UDGLFDOV�LQ�WKH�PROHFXOH�DUH�LGHQWLFDO��([SODLQ�� �
� � �3E�6�%�������

�$QV�� (WKHUV�KDYH�DQJXODU�VWUXFWXUH�VLPLODU�WR�ZDWHU��LQ�ZKLFK�R[\JHQ�LQYROYHV�VS��K\EULGLVDWLRQ��2[\JHQ�LV�VXUURXQGHG�
E\�WZR�2z5�ERQGV�DQG�WZR�ORQH�SDLUV��'XH�WR�DQJXODU�VWUXFWXUH��HWKHUV�KDYH�GLSROH�PRPHQW�HYHQ�LI�WKH�WZR�DON\O�
JURXSV�DUH�LGHQWLFDO�EHFDXVH�WZR�&z2�PRPHQWV�GR�QRW�FDQFHO�HDFK�RWKHU��)RU�H[DPSOH��GLPHWK\O�HWKHU�KDV�GLSROH�
PRPHQW�RI�����'�

�4�����:K\�D�QRQ�V\PPHWULFDO�HWKHU�LV�QRW�SUHSDUHG�E\�KHDWLQJ�D�PL[WXUH�RI�52+�DQG�5
2+�LQ�DFLG�"
�$QV��'XULQJ�WKLV�UHDFWLRQ��D�PL[WXUH�RI�WKUHH�HWKHUV��5z2z5��5
z2z5
�DQG�5z2z5
�LV�REWDLQHG�

�4��� ��+RZ�GR�\RX�DFFRXQW�IRU�WKH�PLVFLELOLW\�RI�HWKR[\HWKDQH�ZLWK�ZDWHU�"��&�%�6�(��6DPSOH�3DSHU������
�$QV�� �(WKR[\� HWKDQH� LV�PLVFLEOH� LQ�ZDWHU�EHFDXVH� RI�K\GURJHQ�ERQGLQJ��2[\JHQ�RI� HWKHU�FDQ� IRUP�K\GURJHQ�ERQGV�

ZLWK�ZDWHU�PROHFXOHV�DV� �

� �
4������%XWDQ���RO�KDV�D�KLJKHU�ERLOLQJ�SRLQW�WKDQ�GLHWK\O�HWKHU��� �$�,�6�%������
$QV���%XWDQ���RO� KDV� LQWHUPROHFXODU� K\GURJHQ� ERQGLQJ� EHWZHHQ� WKHLU�PROHFXOHV�� 7KHUHIRUH�� LW� H[LVWV� DV� DVVRFLDWHG�

PROHFXOHV�DQG�ODUJH�DPRXQW�RI�HQHUJ\�LV�UHTXLUHG�WR�EUHDN�WKHVH�ERQGV�DQG�KHQFH�LWV�ERLOLQJ�SRLQW�LV�KLJK��%XW�
GLHWK\O�HWKHU�GRHV�QRW�VKRZ�DQ\�DVVRFLDWLRQ�E\�LQWHUPROHFXODU�K\GURJHQ�ERQGLQJ��+HQFH��LWV�ERLOLQJ�SRLQW�LV�ORZ��

4������� �&
�
�
�
&z2z&+

�
�RQ�UHDFWLRQ�ZLWK�+,�JLYHV��&+

�
�
�
&z,�DQG�&+

�
z2+�DV�WKH�PDLQ�SURGXFWV�DQG�QRW�

�

�&+
�
�
�
&z2+�DQG�&+

�
z,�� �$�,�6�%������

$QV����7KH�UHDFWLRQ�

�

&+��z�& z�2&+����+,

z
z

&+��

&+��

&+��z�& z�,���&+�2+

z
z

&+��

&+��

573 K' �''

� � JLYHV��&+
�
�
�
�&z,�DQG�&+

�
2+�DV�WKH�PDLQ��SURGXFWV�DQG�QRW��&+

�
�
�
�&2+�DQG�&+

�
,��7KLV�LV�EHFDXVH�WKH�UHDFWLRQ��

�
RFFXUV�E\�6

1
��PHFKDQLVP�DQG�WKH�IRUPDWLRQ�RI�SURGXFWV�LV�JRYHUQHG�E\��WKH�VWDELOLW\�RI�FDUERFDWLRQ�IRUPHG��IURP��

�
WKH�FOHDYDJH�RI�&z2�ERQG�LQ�WKH�SURWRQDWHG�HWKHU��6LQFH�WHUW��EXW\O�FDUERFDWLRQ���&+

�
�
�
�&��LV�PRUH�VWDEOH�WKDQ�

PHWK\O�FDUERFDWLRQ��&+
�

�

�
WKHUHIRUH��WKH�FOHDYDJH�RI��&z2�JLYHV�D�PRUH�VWDEOH�FDUERFDWLRQ��>�&+

�
�
�
&@��DQG�PHWKDQRO��

7KHQ�LRGLGH�LRQ��,²�DWWDFNV�WKLV�WHUW��EXW\O�FDUERFDWLRQ�WR�IRUP�WHUW��EXW\O�LRGLGH�
4���� � &R OHWH�WKH�UHDFWLRQ�

� � 2&+�

Br in
ethanoic acid

2 → � �$VVDP�6�%��������

$QV���� Br in
ethanoic acid

2 → � � � �� �

� � R�%URPRDQLVROH��

S�%URPRDQLVROH
� � �PLQRU��

�PDMRU�
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� �(VWHULILFDWLRQ��7KH�UHDFWLRQ�RI�DOFRKROV�DQG�FDUER[\OLF�DFLGV�LQ�WKH�SUHVHQFH�RI�FRQF��+�62��WR�IRUP�HVWHUV�
� �+\GURJHQRO\VLV��&DWDO\WLF�K\GURJHQDWLRQ�LV�FDOOHG�K\GURJHQRO\VLV�
� �+\GURERUDWLRQ�R[LGDWLRQ�UHGXFWLRQ�

� � ��

&  &������������+z%�� →����z&z&z� 2 2H O , OH−→z&z&z

+ +% 2+

� ��H�J����&+��&+  &+��
3

2 2

( ) BH , THF

( ) H O , OH

i
ii −→ �&+�z&+��&+�2+��DFFRUGLQJ�WR�$QWL�0DUNRYQLNRYuV�UXOH�

� �2[\PHUFXUDWLRQ�GHPHUFXUDWLRQ�UHDFWLRQ

� � �

&  &������������+�2���+J��2$F����
Oxymercuration→ ��z&z&z� 4NaBH

Demercuration→z&z&z

2+ ++J2$F 2+

� � �� � � � � 2+
� ��� � �� _

� ��H�J�������&+�z&+�z&  &+��
2

4

( ) Hg (OAc) , THF
( )NaBH

i
ii→ �&+�&+�z&z&+���DFFRUGLQJ�WR�0DUNRYQLNRYuV�UXOH�

� � �� _� � � � _
� � �� &+�� � � � &+�

� �'RZ
V�UHDFWLRQ

� �

&O 21D 2+

���1D2+�
− −

→
2

623 K, 300 atm
Copper salt
NaCl, H O

HCl
NaCl−→

� �5DVFKLJuV�SURFHVV

� �

�� �)ULHGHO�&UDIWV�DON\ODWLRQ

� �

2+

&+�&O

���0HWK\OSKHQRO
�R��&UHVRO�

2+

&+�

���0HWK\OSKHQRO
�S��&UHVRO�

2+

&+�

�� ��
anhyd. AlCl3

� �(OEV�SHUVXOSKDWH�R[LGDWLRQ

� �

2+

�����'LK\GUR[\�EHQ]HQH
�&DWHFKRO�

2+

2+

�����'LK\GUR[\�EHQ]HQH
�4XLQRO�

2+

2+

��
K2S2O8

alkaline

� �)ULHV�UHDUUDQJHPHQW

� �

2&2&+�

R�+\GUR[\DFHWRSKHQRQH

2+

&2&+�

S�+\GUR[\DFHWRSKHQRQH

2+

&2&+�

��
AlCl3

Heat

�
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������.ROEHuV�UHDFWLRQ

� �

�5HLPHU�7LHPDQQ�UHDFWLRQ

� �

� �&DUERQ�WHWUDFKORULGH�PD\�DOVR�EH�XVHG�LQ�SODFH�RI�FKORURIRUP�

� �

2+

��+\GUR[\�EHQ]RLF�DFLG�
�6DOLF\OLF�DFLG�

2+

&22+

��&&O�
�L��DT��1D2+

�LL��GLO��+&O

�&RXSOLQJ�UHDFWLRQV

� S

� �:LOOLDPVRQuV�V\QWKHVLV�
� � �� �
� � �� 5
z2z�1D���������;��z�5�→�5
z2z5

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

� � �� &+�21D���%U&+�&+��→�&+�2&+�&+�

48,&.�&+$37(5�5281'�83

3UHSDUDWLRQ�RI�$OFRKROV

• Hydrolysis of alkanes

� � � � � � � 5;���DT�.2+�→�52+���.;

� WHUW��DOFRKROV�JLYH�DONHQHV

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

• Reduction of aldehydes/ketones

� � � � 5&+2�→
+��1L�RU�3W�

/L$O+���1D��&�+�2+
�5&+�2+

� � � � � � � 5&25′�→
UHGXFWLRQ

�

2+

5z&+z5′

• Reduction of carboxylic acids/esters

� � � � � � � � &+�&22+�→
/L$O+�

+�2
�&+�&+�2+

� � � � � � &+�&22&+��→
1D��&�+�2+ �&+�&+�2+

• From Grignard reagent

5��0�J; &z20J; &z2+� &  2�→
�y

→
+�2

+�

55

• From alkenes hydrolysis
� � � � �&+���&  &+����+�2�→��&+���&z2+

• Hydroboration-oxidation

� � 5&+  &+��→
%+���7+) ��5&+�&+����%�→

+�2�

2+y

�5&+�&+�2+
� �DQWL�0DUNRYQLNRY�UXOH�

• Oxymercuration-demercuration

�� � � �&+���&  &+��
→

�L��+J�2$F��/H�2

�LL��1D%+�

��&+���&2+

� � � 0DUNRYQLNRYuV�DGGLWLRQ�UHDFWLRQ�
• Oxo process
� &+� &+����&2���+��→

KLJK�7�3

&R�&2��
�&+�&+2�→

+���1L

&+�&+�2+
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• From Grignard reagent

0J%U 20J%U 2+

→ →
'U\ +���+�2

HWKHU
�� 2�

�

�

• Dow‘s process (Commercial)
&O 21D 2+

→&X�VDOW
→

+&O

����.������DWP
���1D2+

• From Cumene

→
2�3K&+�&+��� 3K2+���&+�&2&+�+���+�2

• Raschig‘s method

→ →
&X&O�/FeCl� 6WHDP

����. 6L2�

�� 2�

�

�
&�+����+&O &�+�&O 3K2+

$OFRKROV�DUH�ZHDNHU�DFLGV�WKDQ�ZDWHU
3KHQRO�LV�PRUH�DFLGLF�WKDQ�HWK\O�DOFRKRO
• Electron withdrawing groups (–NO���y&1��;�� LQFUHDVH�DFLGLF�VWUHQJWK�
• Electron donating groups (–R, –NH���y25��GHFUHDVH�DFLGLF�VWUHQJWK�

5HDFWLRQV�
RI�$OFRKROV

1D��1D+

50J;

&+�&+�21D
6RGLXP�HWKR[LGH&+�&22+��+

�

&+�&22&�+�

(WK\O�HWKDQRDWH
&+�&2&O &+�&22&�+�

(WK\O�HWKDQRDWH

&+�&+�20J;���5+
$ONDQH

HCl/ZnCl� &+�&+�&O
&KORURHWKDQH

3&O�
&+�&+�&O
&KORURHWKDQH

.%U��+�32� &+�&+�%U
%URPRHWKDQH

&+�&+�,
,RGRHWKDQH

.,��+�62�

&+�&+�;��;� �%U��,�
+DORDONDQH

3;��RU��3���;��

&+�&+�&O
&KORURHWKDQH

3\ULGLQH

62&O�

&+�&22+
(WKDQRLF�DFLG

2

&+�&+2
(WKDQDO

&X�����.

&+�  &+�

&�+�2&�+�

+�62�

����.
&�+�+62�

(WK\O�K\GURJHQ�
VXOSKDWH

'LHWK\O�HWKHU

(WKHQH

����.

����.�

&+�&+�2+
(WKDQRO

3UHSDUDWLRQ�RI�3KHQROV
•From Benzene sulphonic acid

� �

62�+ 62�1D 2+

→�L��1D2+�IXVHG
→
1D2+

�LL��+&O

• From diazonium salt

� � � � �

1�
�&Oy

�� +�2

2+

→

• By decarboxylation

2+

&221D

21D 2+

→ →
&D2 +&O

�� 1D2+

5HDFWLRQV�RI�
3KHQROV

1D�1D2+
&�+�21D
6RGLXP�SKHQR[LGH

%HQ]HQH
&�+�

=Q

3KHQ\O�DFHWDWH
&�+�2&2&+�

&+�&2&O

RU��&+�&2��2

$QLOLQH
&�+�1+�

1+�

=Q&O�/Distil

3KHQ\O�EHQ]RDWH

&�+�2&2&�+�

&�+�&2&O
2+

3KHQRO

R��DQG�S�%URPRSKHQRO

%U��&6�

����.

2+

%U

2+

%U

��

��������7ULEURPRSKHQRO��ZKLWH�SSW��

%U���DT�

%U

2+

%U%U
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2+

3KHQRO

GLO��+12�

����.

R��DQG�S�QLWURSKHQRO

2+

12�

2+

12�

��

3LFULF�DFLG

+12�

+�62�

2+

12� 12�

12�

+�62�

2+

62�+

��+\GUR[\EHQ]HQHVXOSKRQLF�DFLG

2+

62�+
��+\GUR[\EHQ]HQHVXOSKRQLF�DFLG�

����.

����y�����.

(WKHUV�DUH�FDOOHG�DONR[\�DONDQHV�

• &+�&+�2+ &+�&+�2&+�&+�
→
&RQF��+�62�

����.
(WKR[\HWKDQH�

�

&+�&+�21D���%U&+�&+� &+�&+�2&+�&+�
→

����.

V\QWKHVLV
:LOOLDPVRQuV

�

5HDFWLRQV� � 525����+; �5;��+�2→
����.

�� � � � � � �

2&+� 2+

��+,�→ ��&+�,

• In alkyl aryl ethers, the products are always phenol and
DON\O�KDOLGH��DQG�QHYHU�DQ�DU\O�KDOLGH�DQG�DOFRKRO�

• Diaryl ethers such as diphenyl ethers are not cleaved by HI.

�� � &+�&+�2&+�&+� �&+�&+�2+→
GLO��+�62�

�� � &+�&+�2&+�&+� �&+�&+�&O��32&O��→
3&O��D

$ONR[\� JURXS� LV� R�� DQG� S�GLUHFWLQJ� JURXS� LQ� HOHFWURSKLOLF�
VXEVWLWXWLRQ�UHDFWLRQV�

1&(57 8]�cTgc�@dTbcX^]b

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

� �L���CH

CH

C CH OH

CH

3

3

2

3

'
�
'
�

� �LL���+�&  &+z&+�2+� �LLL�� &+�z&+�z&+�z2+

��� �� ��� �� �� ���
OH

CH CH
�
' 3

� �LY�� � �Y��

CH CH CH

OH

2 3' '
�

� �YL��

CH CH

CH

C OH

CH

== '
�
'
�

3

3 � �

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

� 4�����,GHQWLI\�DOO\OLF�DOFRKROV�LQ�WKH�DERYH�H[DPSOHV��
�$QV�� ��LL��DQG��YL��DUH�DOO\OLF�DOFRKROV�
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� 3�����0COG�VJG�HQNNQYKPI�EQORQWPFU�CEEQTFKPI�VQ�+72#%�U[UVGO��

� 
K�� �CH CH CH

CH Cl

CH OH

CH CH CH

CH

3

2

2

3

3

' ' '�
�

�
' '
�

2 � 
KK�� CH CH CH

CH

CH

OH

CH OH

CH CH3 2

3

2

3' ' '
�

'
�

�
'

� 
KKK�� � 
KX���H C CH CH CH CH CH

OH

2 2 2 3== ' ' ' '
�

� 
X���CH C

CH

C CH OH

Br

3

3

2'
�

'
�

==

�#PU���4GHGT�5QNXGF�'ZCORNG����RCIG���

� 3��� 5JQY�JQY�CTG�VJG�HQNNQYKPI�CNEQJQNU�RTGRCTGF�D[�VJG�TGCEVKQP�QH�C�UWKVCDNG�)TKIPCTF�TGCIGPV�QP�OGVJCPCN�!

� 
K���CH CH CH OH

CH

3 2

3

' '
�

� � � KK���

CH OH2

#PU����K��CH CH CH OH

CH

3 2

3

|

| | ��7KH�HQFORVHG�SDUW�FRPHV�IURP�PHWKDQDO�DQG�WKH�UHPDLQLQJ�SDUW�FRPHV�IURP�WKH�*ULJQDUG�UHDJHQW�

� � � ��� CH CH MgBr

CH

3

3

Dry ether' '
�

' �''' � H H O
Mg(OH)Br

+
2, 

�
' �''''' �� CH CH CH OH

CH

3 2

3

' '
�

��

�

�������� �KK���

&+�2+

��7KH�HQFORVHG�SDUW�FRPHV�IURP�PHWKDQDO�DQG�WKH�UHPDLQLQJ�SDUW�IURP�WKH�*ULJQDUG�UHDJHQW�

,VRSURS\O�PDJQHVLXP
�EURPLGH

δ� δy δ�δy

0HWKDQDO

� � � � ��������

0J%U�

→�� �� ��
H H O
Mg(OH)Br

+
2, 

�
' �''''' � ��

&+�2+

� 3�����9TKVG�UVTWEVWTGU�QH�VJG�RTQFWEVU�QH�VJG�HQNNQYKPI�TGCEVKQPU�

� 
K���%*�ō%*��%*��
H O H2 / �' �''' � 
KK���

CH C OCH

O

2 3' '
�� �

NaBH4' �'''

� 
KKK�� CH CH CH CHO

CH

3 2

3

' ' '
�

NaBH4' �'''

�#PU�� ���K����� &+�z&+  &+������

H H O
Markovnikov
        rule

+
2, ' �''''''

��� �� CH CH CH

OH

3 3

Propan-2-

' '
�

ol

0HWKDQDO &\FORKH[\O�PDJQHVLXP�
EURPLGH
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� � �KK��� �
CH C CH

O

2 3' '�
�� ��� �� �

NaBH4' �''' ��� �� �

CH C CH

O

2 3' '�
��

� � � �� � � 0HWK\O����K\GUR[\F\FORKH[\O��HWKDQRDWH

*'.2

�1D%+��LV�D�ZHDN�UHGXFLQJ�DJHQW�DQG�UHGXFHV�WKH�DOGHK\GHV�DQG�NHWRQHV�DQG�QRW�WKH�HVWHUV�

� � �KKK�� CH CH CH CHO

CH

CH CH CH CH OH

CH

3 2

3

4
3 2 2

3

NaBH

2-Methylb

' ' ' ' ' '
�

' �''''
�

uutan-1-ol

�

� 3�����)KXG� UVTWEVWTGU� QH� VJG� RTQFWEVU� [QW� YQWNF� GZRGEV� YJGP� GCEJ� QH� VJG� HQNNQYKPI� CNEQJQN� TGCEVU� YKVJ��

C��*%Nō<P%N���
D��*$T�CPF�
E��51%N��

� � 
K��$WVCP���QN� � � � � � � � � 
KK����/GVJ[NDWVCP���QN

�#PU�����C��*%Nō<P%N���,W�LV�/XFDV�UHDJHQW��%XWDQ���QN�GRHV�QRW�UHDFW�ZLWK�+&O�z=Q&O��DW�URRP�WHPSHUDWXUH��+RZHYHU��WXUELGLW\�
DSSHDUV�RQO\�XSRQ�KHDWLQJ�

� � � �CH CH CH CH OH3 2 2 2
Butan-1-ol

��
HCl

ZnCl , Heat2
' �'''''' ����&+�&+�&+�&+�&O

� � � %XW���PHWK\OEXWDQ���QN������UHDFWV�DW�URRP�WHPSHUDWXUH�JLYLQJ�WXUELGLW\�LPPHGLDWHO\�

� � � �
CH

CH

C CH CH

OH

3

3

2 3

  2-Methylbutan-2-ol

' '
�

� ��

HCl
ZnCl , 2

' �''''
��

CH

CH

C CH CH

Cl

3

3

2 3

2-Chloro-2-methylbutane
(White turbidity

' '
�

�

))

� � �D��*$T��%RWK�DOFRKROV�UHDFW�ZLWK�+%U�WR�JLYH�FRUUHVSRQGLQJ�DON\O�EURPLGHV�

� � � �&+�&+�&+�&+�2+��������+%U��
�' �' �����&+�&+�&+�&+�%U

� � � �������� ������������ ������������ ������������ ����� � � ����%URPREXWDQH

� � � �CH

CH

C CH CH

OH

3

3

2 3' '
�

�
������� �+%U�� �' �' ���� CH

CH

C CH CH

Br

3

3

2 3

2-Bromo-2-methylbutane

' ' '
�

�

� � �E��51%N���%RWK�DOFRKROV�UHDFW�WR�JLYH�FRUUHVSRQGLQJ�DON\O�FKORULGHV�

� � � �&+�&+�&+�&+�2+�������62&O���
�' �' ��&+�&+�&+�&+�&O������� �62��↑������+&O�↑

� � � �������� ������������ ������������ ������������ ����� ���� ����&KORUREXWDQH

� � CH

CH

C CH CH

OH

3

3

2 3' '
�

�
��62&O���

�' �' ��� CH

CH

C CH CH

Cl

3

3

2 3

2-Chloro-2-methylbutane

' '
�

�
���62��↑����+&O�↑
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� 3�����2TGFKEV� VJG� OCLQT� RTQFWEV� QH� CEKF� ECVCN[UGF� FGJ[FTCVKQP� QH� 
K�� ��OGVJ[N� E[ENQJGZCPQN� CPF��

KK��DWVCP���QN

�#PU�� �K�� $FLG� FDWDO\VHG�GHK\GUDWLRQ�RI���PHWK\OF\FORKH[DQRO�JLYHV�WZR�SURGXFWV�,�DQG�,,��%XW�SURGXFW�,� LV�KLJKO\�VXEVWLWXWHG�
DQG�KHQFH��DFFRUGLQJ�WR�6D\W]HII�UXOH��LV�PDMRU�SURGXFW�

� � �

CH3

OH

1-Methyl cyclohexanol

CH3

1-Methylcyclohexene
(Major product)

+

CH2

1-Methylenecyclohexane

H+

H O2

(I) (II)

� � �KK�� 7KH� DFLG�FDWDO\VHG� GHK\GUDWLRQ� RI� EXWDQ���QN� SURGXFHV� EXW���HQH� DV� WKH� PDMRU� SURGXFW� DQG� EXW���HQH� DV�
WKH� PLQRU� SURGXFW�� 7KLV� LV� EHFDXVH� GHK\GUDWLRQ� RI� DOFRKROV� RFFXUV� WKURXJK� WKH� IRUPDWLRQ� RI� FDUERFDWLRQ��
LQWHUPHGLDWHV�� 'XULQJ� WKH� UHDFWLRQ�� LW� ILUVW� IRUPV� ���FDUERFDWLRQ� �,�� ZKLFK� XQGHUJRHV� ��� ��K\GULGH� VKLIW� WR� IRUP��
���FDUERFDWLRQ� �,,��� 7KLV� WKHQ� ORVHV� D� SURWRQ� WR� IRUP� PRUH� VWDEOH� EXW���HQH� LQVWHDG� RI� EXW���HQH�� 7KLV� LV� EHFDXVH����������
EXW���HQH�LV�PRUH�VWDEOH�DQG��DFFRUGLQJ�WR�6D\W]HII�UXOH��LV�SUHIHUDEO\�IRUPHG��

� � �

�
�CH CH CH CH  OH  3 2 2 2

Butan-1-


ol

H+' �'' �
+

Protonated alcohol
CH CH CH CH OH3 2 2 2 2' ' ' ' � �' �'''H O2 ��

+

Carbocation

CH CH CH CH

H

I
less stable

3 2 2

1

' ' '
�

!
( )

( )

� � �
1,2-hydride
shift

' �''''' �
+

2 -Carbocation
II

CH CH CH CH3 2 3

(more stable)

' ' ' 
!

( )

� � �
' �''H � CH CH CHCH3

But-2-ene
(Major)

== 3
�� CH CH CH== CH3 2 2

But-1-ene
(Minor)



� 3�����1TVJQ�CPF�RCTC�PKVTQRJGPQNU�CTG�OQTG�CEKFKE�VJCP�RJGPQN��&TCY�VJG�TGUQPCPEG�UVTWEVWTGU�QH�VJG�EQTTGURQPFKPI�
RJGPQZKFG�KQPU�

�#PU�� 7KH�UHVRQDWLQJ�VWUXFWXUHV�RI�SKHQR[LGH�LRQ�DQG�QTVJQ�DQG�RCTC�QLWURSKHQR[LGH�LRQV�DUH��

� � � �

5HVRQDQFH�VWUXFWXUHV�RI�Q�QLWUR�SKHQR[LGH�LRQ
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�� � � � ��

5HVRQDQFH�VWUXFWXUHV�RI�R�QLWURSKHQR[LGH�LRQ

� � ,W� LV� FOHDU� IURP� WKH�DERYH� VWUXFWXUHV� WKDW� GXH� WR�y,� HIIHFW� RI� y12��JURXS�� Q�� DQG�R�QLWURSKHQR[LGH� LRQV�DUH�PRUH� VWDEOH�
EHFDXVH� WKH\�KDYH� DGGLWLRQDO� UHVRQDQFH� VWUXFWXUHV� �,9′�� DQG� �9′′�� WKDQ�SKHQR[LGH� LRQ��+HQFH��Q�� DQG�R�QLWURSKHQROV� DUH�
PRUH�DFLGLF�WKDQ�SKHQRO�

� 3�����9TKVG�VJG�GSWCVKQPU�KPXQNXGF�KP�VJG�HQNNQYKPI�TGCEVKQPU��
� � �
K��4GKOGT�6KGOCPP�TGCEVKQP
� � 
KK��-QNDGŏU�TGCEVKQP
�#PU�� �4GHGT�URGEKCN�TGCEVKQPU�QH�RJGPQNU�
K����CPF�
KK����
6GZV�$QQM�RCIG���Ō����
�3������9TKVG� VJG� TGCEVKQPU� QH� 9KNNKCOUQP� U[PVJGUKU� QH� ��GVJQZ[���OGVJ[NRGPVCPG� UVCTVKPI� HTQO� GVJCPQN� CPF��

��OGVJ[NRGPVCP���QN�
�#PU�� ������� ������������ ������������ ��������� CH CH OH3 2

Ethanol
��

HBr
�' �'' �&+�&+�%U

� �������� ������������ � CH CH CH

CH

CH

CH

3 2

3 3
3-Methylpentan-2-

' ' '�

� �

ol

��
Na' �'' � CH CH CH

CH

CH Na

CH

H3 2

3

+

3
Sodium 3-methylpentan-2-oxide

' ' '��
� �

� 1
2 22

� � CH CH CH

CH

CH Na

CH

3 2

3

+

3

' ' '��
� �

���&+�&+�%U��
S 2N' �''

5 4 3 2

2-Ethoxy-3-methylpen

CH CH CH

CH

CH CH CH NaBr

CH

3 2

3

2 3

3
1

' ' '�
�

�
�

ttane

�3������9JKEJ� QH� VJG� HQNNQYKPI� KU� CP� CRRTQRTKCVG� UGV� QH� TGCEVCPVU� HQT� VJG� RTGRCTCVKQP�QH� ��OGVJQZ[���PKVTQDGP\GPG�
CPF�YJ[�!

� 
#��� ��� ��
�%*�10C� 
$�� ��� ��
� ��%*�$T�

�#PU�� �&KHPLFDOO\�ERWK�VHWV�DUH�HTXDOO\�SUREDEOH��,Q�VHW��$��WKH�%U�JURXS�LV�DFWLYDWHG�E\�WKH�HOHFWURQ�ZLWKGUDZLQJ�HIIHFW�RI�y12��
JURXS��7KHUHIRUH��QXFOHRSKLOLF�DWWDFN�RI�&+�21D�IROORZHG�E\�HOLPLQDWLRQ�RI�1D%U�JLYHV�WKH�GHVLUHG�HWKHU�

� 5VGR����

6WDELOL]HG�E\�UHVRQDQFH
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�����5VGR����� ������������ ������������ ��������

NO
2

OCH
3

Br

..–
��

–Br
Fast

�
' �'''

����

NO2

OCH3

� � � � � � � �����0HWKR[\���QLWUREHQ]HQH

� � ,Q�VHW��%���QXFOHRSKLOLF�DWWDFN�RI���QLWURSKHQR[LGH�LRQ�RQ�PHWK\O�EURPLGH�JLYHV�WKH�GHVLUHG�SURGXFW�

� � ��� �� ��� �� �
3������2TGFKEV�VJG�RTQFWEVU�QH�VJG�HQNNQYKPI�TGCEVKQPU� �

� 
K�� %*�ō%*�ō%*�ō1ō%*��
�*$T�→� 
KK��

OC H2 5

���� �
�*$T� � �→

� 
KKK�� � �
Conc H SO
Conc HNO

2 4

3

.

.
 → � 
KX�� 
 ���%ō1%�*��� HI →

�#PU�� ��K�� &+�z&+�z&+�z2z&+����+%U�
373K' �''' � CH CH CH OH3 2 2

Propan-1-

ol

����� CH Br3
Bromomethane

� � � %RWK�WKH�DON\O�JURXSV�DWWDFKHG�WR�2�DWRP�DUH�SULPDU\�DQG�WKHUHIRUH��DWWDFN�RI�%Uy�LRQ�RFFXUV�RQ�WKH�VPDOOHU�PHWK\O�
JURXS�

� � �KK��

OC H2 5

�����+%U�� �→�����

OH

Phenol

�����&�+�%U

� ��KKK��

OC H2 5

����
Conc.H SO
Conc.HNO

2 4

3
' �'''''' � � �

OC H2 5

NO2

� � �� � � �+� � � � � � ����
OC H2 5

NO2
� � � � � � � ��(WKR[\QLWUREHQ]HQH� � � � � � � � ��(WKR[\QLWUREHQ]HQH
� � � � � � � � �0LQRU�� � � � � � � � � � �0DMRU�

� ��KX�� CH

CH

C O CH CH

CH

3

3

2

3

' ' '
�

�
3 �

HI' �'' � CH

CH

C I

CH
Butyl iodide

3

3

3

' '
�

�

�tert

���� �� CH CH OH3 2
Ethanol

� �:KHQ�RQH�RI�WKH�JURXSV�LQ�XQV\PPHWULFDO�HWKHU�LV�WHUWLDU\��WKHQ�WKH�KDOLGH�IRUPHG�LV�WHUWLDU\�KDOLGH�

0%'46

� 3�����9TKVG�+72#%�PCOGU�QH�VJG�HQNNQYKPI�EQORQWPFU��

� 
K�� � � � � � � � 
KK��

� 
KKK��
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� 
KX�� HO CH CH

OH

CH OH2 2' ' '
�

' � 
X�� � 
XK�� �

� 
XKK�� � 
XKKK�� � 
KZ�� %*�ō1ō%*�ōCH

CH

CH

3

3'
�

� 
Z��%�*�ō1ō%�*�� 
ZK�� %�*�ō1ō%�*��
PŌ�� 
ZKK�� %*�ō%*�ō1ōCH

CH

CH CH

3

2 3'
�

'

#PU�� � �K���������7ULPHWK\OSHQWDQ���RO� �KK�� ��(WK\OKHSWDQH�����GLRO� �KKK�� %XWDQH�����GLRO�
� �KX�� 3URSDQH�������WULRO� �X�� ��0HWK\OSKHQRO� �XK�� ��0HWK\OSKHQRO
� �XKK�� ����'LPHWK\OSKHQRO� �XKKK�� ����'LPHWK\OSKHQRO� �KZ�� ��0HWKR[\���PHWK\OSURSDQH
� �Z�� (WKR[\EHQ]HQH� �ZK�� ��3KHQR[\KHSWDQH� �ZKK�� ��(WKR[\EXWDQH� �

3���� ���9TKVG�UVTWEVWTGU�QH�VJG�EQORQWPFU�YJQUG�+72#%�PCOGU�CTG�CU�HQNNQYU��
� 
K�����/GVJ[NDWVCP���QN� 
KK�����2JGP[NRTQRCP���QN� 
KKK�� �����&KOGVJ[NJGZCPG���������VTKQN
� 
KX�� �����&KGVJ[NRJGPQN� 
X�� ��' QZ[RTQRCPG� 
XK�� ��' QZ[���OGVJ[NRGPVCPG
� 
XKK�� %[ENQJGZ[NOGVJCPQN� 
XKKK�� ��%[ENQJGZ[NRGPVCP���QN� 
KZ�� %[ENQRGPV���GP���QN� �
� 
Z�� ��%JNQTQOGVJ[NRGPVCP���QN

#PU�� � �K���CH

CH

C CH CH

OH

3

3

2 3' '
�

�
� �KK�� CH CH CH

OH

2 3' '
�

� �KKK�� HOCH CH

OH

C CH

CH

OH

C CH

CH

2 2 2

3

3

3

' ' ' ' '
�

�

�

�

� �KX�� � �X�� &�+�z2z&+�z&+�z&+�� �XK�� CH CH

OC H

CH CH CH

CH

3

2 5

2 3

3

' '� '
� �

� �XKK�� &+�2+� �XKKK�� � �KZ��

� �Z�� HO CH CH CH CH CH

CH Cl

2 2 2 3

2

' ' ' '� '
�

� 3�����
C��&TCY�VJG�UVTWEVWTGU�QH�CNN�KUQOGTKE�CNEQJQNU�QH�OQNGEWNCT�HQTOWNC�%�*��1�CPF�IKXG�VJGKT�+72#%�PCOGU�
� � 
D��%NCUUKH[�VJG�KUQOGTU�QH�CNEQJQNU�KP�SWGUVKQP��
C��CU�RTKOCT[��UGEQPFCT[�CPF�VGTVKCT[�CNEQJQNU�� �
�#PU�� �4GHGT�5QNXGF�'ZCORNG����
2CIG���
� 3�����'ZRNCKP�YJ[�RTQRCPQN�JCU�JKIJGT�DQKNKPI�RQKPV�VJCP�VJCV�QH�VJG�J[FTQECTDQP��DWVCPG�!
�#PU�� �7KH�PROHFXOHV�RI�SURSDQRO�DUH�KHOG�WRJHWKHU�E\�LQWHUPROHFXODU�K\GURJHQ�ERQGLQJ�ZKLOH�EXWDQH�PROHFXOHV�KDYH�RQO\�ZHDN�

YDQ�GHU�:DDOV�IRUFHV�RI�DWWUDFWLRQ��6LQFH�K\GURJHQ�ERQGV�DUH�VWURQJHU�WKDQ�YDQ�GHU�:DDOV�IRUFHV��WKHUHIRUH��SURSDQRO�KDV�
KLJKHU�ERLOLQJ�SRLQW�WKDQ�EXWDQH�

� �

� � � � � �� � � � � �

� � �
H O H

CH CH CH

O H

CH CH CH

O

C2 2 3 2 2 3

' ' '  

HH CH CH2 2 3
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� 3����� NEQJQNU�CTG�EQORCTCVKXGN[�OQTG�UQNWDNG�KP�YCVGT�VJCP�J[FTQECTDQPU�QH�EQORCTCDNG�OQNGEWNCT�OCUUGU��'ZRNCKP�
VJKU�HCEV�

�#PU�� $OFRKROV�FDQ� IRUP�K\GURJHQ�ERQGV�ZLWK�ZDWHU�DQG�EUHDN� WKH�K\GURJHQ�ERQGV�H[LVWLQJ�EHWZHHQ�ZDWHU�PROHFXOHV��+HQFH��
WKH\�DUH�VROXEOH�LQ�ZDWHU�

� �

� � 2Q�WKH�RWKHU�KDQG��K\GURFDUERQV�FDQQRW�IRUP�K\GURJHQ�ERQGV�ZLWK�ZDWHU�PROHFXOHV�DQG�KHQFH�DUH�LQVROXEOH�LQ�ZDWHU�

� 3�����9JCV�KU�OGCPV�D[�J[FTQDQTCVKQP�QZKFCVKQP�TGCEVKQP�!�+NNWUVTCVG�KV�YKVJ�CP�GZCORNG�
�#PU�� �7KH�DGGLWLRQ�RI�GLERUDQH� WR�DONHQHV� WR� IRUP�WULDON\OERUDQHV� IROORZHG�E\�WKHLU� R[LGDWLRQ�ZLWK�DONDOLQH�K\GURJHQ�SHUR[LGH�

WR�IRUP�DOFRKROV�LV�FDOOHG�K\GURERUDWLRQ�R[LGDWLRQ�UHDFWLRQ�

� �

� � )RU�H[DPSOH�

� � 3CH CH==CH3 2
Propene

� BH
THF

3' �''' � ( )CH CH CH B3 2 2 3
Tri- -propylboranen

� OH H O2 2
�

' �''''', 3CH CH CH OH3 2 2
Propan-1-ol

��� B OH
Boric acid
( )3

� 3�����)KXG�VJG�UVTWEVWTGU�CPF�+72#%�PCOGU�QH�OQPQJ[FTKE�RJGPQNU�QH�OQNGEWNCT�HQTOWNC��%�*�1�
�#PU�� �7KUHH�LVRPHUV�DUH�SRVVLEOH

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

� 3�����9JKNG�UGRCTCVKPI�C�OKZVWTG�QH�QTVJQ�CPF�RCTC�PKVTQRJGPQNU�D[�UVGCO�FKUVKNNCVKQP��PCOG�VJG�KUQOGT�YJKEJ�YKNN�
DG�UVGCO�XQNCVKNG��)KXG�TGCUQP�

�#PU�� Q�1LWURSKHQRO� LV� VWHDP� YRODWLOH� GXH� WR� FKHODWLRQ� EHFDXVH� RI� LQWUDPROHFXODU� K\GURJHQ� ERQGLQJ�� 2Q� WKH� RWKHU� KDQG���
R�QLWURSKHQRO� LV� QRW� VWHDP� YRODWLOH� EHFDXVH� RI� LQWHUPROHFXODU� K\GURJHQ� ERQGLQJ��+HQFH��Q�QLWURSKHQRO� FDQ� EH� VHSDUDWHG�
IURP�R�QLWURSKHQRO�E\�VWHDP�GLVWLOODWLRQ�

� �
�

� ����������+z2
+
N O H O

O

�

��
' '

+
N O

O

�

��
' 

�

� � � � � � � � � � �

,QWHUPROHFXODU�+�ERQGLQJ

� 3�����)KXG�VJG�GSWCVKQPU�QH�TGCEVKQPU�HQT�VJG�RTGRCTCVKQP�QH�RJGPQN�HTQO�EWOGPG�

�#PU�� ������� ������������ ��� ��������� O  368 408 K
Aerial oxidation

2, �' �'''''''' ��� � dil. H SO
323 363K

2 4
�' �''''' �� ��� CH

O

C CH3 3
Propanone
' '
��

�3������9TKVG�EJGOKECN�TGCEVKQP�HQT�VJG�RTGRCTCVKQP�QH�RJGPQN�HTQO�EJNQTQDGP\GPG�

�#PU�� ������� ������������ � ����1D2+�� 625 K,320 atm
NaCl, H O2� �

' �''''''' ��� � ��������� HCl
NaCl�

' �'''' �� ��
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�3��� 9TKVG�VJG�OGEJCPKUO�QH�J[FTCVKQP�QH�GVJGPG�VQ�[KGNF�GVJCPQN�
�#PU�� �,W� LV�DQ�H[DPSOH�RI�HOHFWURSKLOLF�DGGLWLRQ��7KH�ZDWHU�PROHFXOH�ZLWK�D� OLWWOH�SRODULW\�LV�QRW� LQ�D�SRVLWLRQ�WR�JLYH�+��IRU�WKH�

LQLWLDO�DWWDFN��7KHUHIRUH�� LW� LV�DQ�DFLG�FDWDO\VHG�UHDFWLRQ��7KH�+��RI� WKH�DFLG� LQLWLDOO\�DWWDFNV�WKH�DONHQH�WR�IRUP�FDUERFD�
WLRQ��ZKLFK�WKHQ�WDNHV�XS�DQ�HOHFWURQ�SDLU�IURP�+�2�PROHFXOH�

������ ������������ ������������ �&+�  &+���

H�' �'' ��&+�z&+�
�

� � �
&DUERFDWLRQ

� � ����� ������ ���� ��� H

H

C

H

C H

H

    O H

H

+
' ' ' '
�

� �
�
�

�� � � H

H

C

H

H

O

C H

H  

+

Protonated alcohol

' '

'


'
�

�

�

�

� �

� � ��� ����� ���������� ���� H

H

C

H

H

O

C H  +  H O

H  

+

2' '

'


'
�

�

�

�

�
� H

H

C

H

OH

C

H

H    +  H O

Ethanol

3' ' '
�

�

�

�
�

�3������;QW�CTG�IKXGP�DGP\GPG��EQPE��*�51��CPF�0C1*��9TKVG�VJG�GSWCVKQPU�HQT�VJG�RTGRCTCVKQP�QH�RJGPQN�WUKPI�VJGUG�
TGCIGPVU�

�#PU�� � C H6
Benzene

6 �Conc. H SO
Sulphonation

2 4 ,�' �''''' � C H SO H6 5 3
Benzenesulphonic acid

� NaOH
Fuse, 573 K

Na SO2 3�

' �'''''' � C H ONa6 5
Sodium phenoxide

� dil. HCl
NaCl�' �'''' � C H OH6 5

Phenol

�3������5JQY�JQY�YKNN�[QW�U[PVJGUK\G
� 
K�� ��RJGP[NGVJCPQN�HTQO�C�UWKVCDNG�CNMGPG�
� 
KK�� E[ENQJGZ[NOGVJCPQN�WUKPI�CP�CNM[N�JCNKFG�D[�CP�50��TGCEVKQP�
� 
KKK�� RGPVCP���QN�WUKPI�C�UWKVCDNG�CNM[N�JCNKFG�!�

#PU�� � �K�� ��� ���+2+���� dil. H SO
Markovnikov

rule

2 4' �'''''' �����

&+

2+

&+�

��3KHQ\OHWKDQRO

� �KK�� ���1D2+���
�

 SN2 hydrolysis
' �''''''' �����

&\FORKH[\OPHWKDQRO

�����1D%U

� �KKK�� &+�&+�&+�&+�&+�%U������� �1D2+���
�

 SN2 hydrolysis
' �''''''' � � &+�&+�&+�&+�&+�2+���1D%U

� � ��%URPRSHQWDQH� � � 3HQWDQ���RO

�3������)KXG�VYQ�TGCEVKQPU�VJCV�UJQY�VJG�CEKFKE�PCVWTG�QH�RJGPQN��%QORCTG�CEKFKV[�QH�RJGPQN�YKVJ�VJCV�QH�GVJCPQN�
�#PU�� �7KH�UHDFWLRQV�VKRZLQJ�DFLGLF�FKDUDFWHU�RI�SKHQRO�DUH��
� �K��4GCEVKQP�YKVJ�UQFKWO��3KHQRO�UHDFWV�ZLWK�VRGLXP�WR�JLYH�+��JDV

� � ������ �������������� ������1D�� � � ��→��� ���� �������+�

� �KK��4GCEVKQP�YKVJ�0C1*��3KHQRO�GLVVROYHV�LQ�1D2+�WR�JLYH�VRGLXP�SKHQR[LGH�DQG�ZDWHU

������� ������������ � ������������� �����1D2+�� � � �→���� ��� ����+�2

� � 3KHQRO� LV� PRUH� DFLGLF� WKDQ� HWKDQRO� EHFDXVH� RI� PRUH� UHVRQDQFH� VWDELOL]HG� VWUXFWXUHV� RI� SKHQR[LGH�� 4GHGT� 6GZV� $QQM��
RCIG���Ō����
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�3������'ZRNCKP�YJ[�KU�QTVJQ�PKVTQRJGPQN�OQTG�CEKFKE�VJCP�QTVJQ�OGVJQZ[RJGPQN�!
�#PU�� �'XH�WR�VWURQJ�z5�DQG�z,�HIIHFW�RI�z12��JURXS��HOHFWURQ�GHQVLW\�LQ�2z+�ERQG�GHFUHDVHV�DQG�KHQFH�WKH�ORVV�RI�D�SURWRQ�

EHFRPHV�HDV\�

� � � � � � � � �����

� � � �

y,�HIIHFW�GHFUHDVHV�HOHFWURQ� �
GHQVLW\�LQ�WKH�2z+�ERQG�DQG�

PDNHV�WKH�UHOHDVH�RI�SURWRQ�HDV\

y5�HIIHFW�UHVXOWV�LQ��YH�FKDUJH�RQ�
2�DWRP�DQG�KHQFH�IDFLOLWDWHV�WKH�

UHOHDVH�RI�D�SURWRQ

� � 0RUHRYHU��WKH�Q�QLWURSKHQR[LGH�IRUPHG�DIWHU�WKH�ORVV�RI�D�SURWRQ�LV�VWDELOL]HG�E\�UHVRQDQFH�

� � ������ ������������ �������

� � � � � � � � � � � � � � � � 5HVRQDQFH�VWDELOL]HG
� � Q�QLWURSKHQR[LGH�LRQ�LV�VWDELOL]HG�E\�UHVRQDQFH�DQG�KHQFH�Q�QLWURSKHQRO�LV�D�VWURQJHU�DFLG��2Q�WKH�RWKHU�KDQG��GXH� WR��5�

HIIHFW�RI�WKH�z2&+��JURXS��WKH�HOHFWURQ�GHQVLW\�LQ�WKH�2z+�ERQG�LQFUHDVHV�DQG�WKLV�PDNHV�WKH�ORVV�RI�SURWRQ�GLIILFXOW�

� � ������ ������������ �������

� � )XUWKHUPRUH��DIWHU�WKH�ORVV�RI�SURWRQ�Q�PHWKR[\SKHQR[LGH�LRQ�OHIW�LV�GHVWDELOL]HG�E\�UHVRQDQFH�

����� ������������ ������������ ���

OCH3

O
OCH3

–
+

Other structures

–
O–

� � 7KH� WZR� QHJDWLYH� FKDUJHV� UHSHO� HDFK� RWKHU� DQG� WKHUHIRUH�� GHVWDELOL]H� WKH� Q�PHWKR[\SKHQR[LGH� LRQ�� 7KXV���
Q�QLWURSKHQRO�LV�PRUH�DFLGLF�WKDQ�Q�PHWKR[\SKHQRO�

�3������'ZRNCKP� JQY� FQGU� VJG� ō1*� ITQWR� CVVCEJGF� VQ� C� ECTDQP� QH� DGP\GPG� TKPI� CEVKXCVG� KV� VQYCTFU� GNGEVTQRJKNKE�
UWDUVKVWVKQP�!

�#PU�� �3KHQRO�LV�D�UHVRQDQFH�K\EULG�RI�WKH�IROORZLQJ�VWUXFWXUHV��

� � �

� � $V�D� UHVXOW�RI��5�HIIHFW�RI� WKH�2+�JURXS��WKH�HOHFWURQ�GHQVLW\� LQ�WKH�EHQ]HQH�ULQJ�LQFUHDVHV�DQG�WKHUHE\�IDFLOLWDWLQJ� WKH�
DWWDFN�RI�WKH�HOHFWURSKLOH��+HQFH��SUHVHQFH�RI�2+�JURXS�DFWLYDWHV�WKH�EHQ]HQH�ULQJ�WRZDUGV�HOHFWURSKLOLF�VXEVWLWXWLRQ�UHDFWLRQ��
7KXV�� EHFDXVH� WKH�z2+�JURXS� LV� DQ�DFWLYDWLQJ�JURXS�� WKHVH� UHDFWLRQV� RFFXU� DW� D� IDVWHU� UDWH� WKDQ� UHDFWLRQV� RI� EHQ]HQH�
LWVHOI�� )XUWKHU�� LW� LV� FOHDU� IURP� WKH� UHVRQDWLQJ� VWUXFWXUHV�� WKH� HOHFWURQ� GHQVLW\� LV� UHODWLYHO\� KLJKHU� DW� Q�DQG�R�SRVLWLRQV�
DQG� WKHUHIRUH��HOHFWURSKLOLF� VXEVWLWXWLRQ�RFFXUV�SUHIHUHQWLDOO\� DW�Q�DQG�R�SRVLWLRQV�� 7KXV�� WKH�z2+�JURXS� LV�QTVJQ�RCTC�
FKTGEVKPI�DQG�WKHUHIRUH��LQFRPLQJ�JURXS�FRPHV�DW�QTVJQ�RU�RCTC�SRVLWLRQ��

y
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�3�����)KXG�GSWCVKQPU�QH�VJG�HQNNQYKPI�TGCEVKQPU��
� 
K�� 1ZKFCVKQP�QH�RTQRCP���QN�YKVJ�CNMCNKPG�-/P1��UQNWVKQP�
� 
KK�� $TQOKPG�KP�%5��YKVJ�RJGPQN�
� 
KKK�� &KNWVG�*01��YKVJ�RJGPQN�
� 
KX�� 6TGCVKPI�RJGPQN�YKVJ�EJNQTQHQTO�KP�RTGUGPEG�QH�CSWGQWU�0C1*��

�#PU�� ��K���&+�&+�&+�2+�� �
alk KMnO

Oxidation
4' �''''' �� &+�&+�&22+� �

3URSDQ���RO
� �

3URSDQRLF�DFLG�

� �KK�� ��� Br2
CS2

' �'''' �� � ����

� �KKK�� ��� dil. HNO3
Nitration

' �''''' �� ��� ����� �

� �KX�� ����
CHCl NaOH

       343 K
3,

(Reimer Tiemann
     reaction)

' �'''''''' �� ���� �������
H H O+

2, ' �'''' ��

�3���� ZRNCKP�VJG�HQNNQYKPI�YKVJ�CP�GZCORNG� �
� 
K�� -QNDGŏU�TGCEVKQP� � 
KK�� 4GKOGT�6KGOCPP�TGCEVKQP
� 
KKK�� 9KNNKCOUQP�GVJGT�U[PVJGUKU� 
KX�� 7PU[OOGVTKECN�GVJGT
�#PU�� ��K����4GHGT�URGEKCN�TGCEVKQPU�QH�RJGPQN��TGCEVKQP���
6GZV�$QQM�2CIG����
� �KK�� 4GHGT�URGEKCN�TGCEVKQPU�QH�RJGPQNU��TGCEVKQP���
6GZV�$QQM�2CIG����
� �KKK�� 4GHGT�IGPGTCN�OGVJQFU�QH�RTGRCTCVKQP�QH�GVJGT��TGCEVKQP���
6GZV�$QQM�2CIG����
� �KX�� ,I�WKH�DON\O�RU�DU\O�JURXSV�DWWDFKHG�WR�WKH�2�DWRP�RI�WKH�HWKHUV�DUH�GLIIHUHQW��HWKHUV�DUH�FDOOHG�XQV\PPHWULFDO�HWKHUV��

)RU�H[DPSOH�
� � �� &+�2&�+�� � ����&+�2&�+�
� � ������� � � � � � � � ��(WK\OPHWK\O�HWKHU� ������� ��� ���� ���� �� �������������� ��0HWK\OSKHQ\O�HWKHU��

�3������9TKVG�OGEJCPKUO�QH�CEKF�FGJ[FTCVKQP�QH�GVJCPQN�VQ�[KGNF�GVJGPG�
�#PU�� �4GHGT�6GZV�$QQM�2CIG����
�3����� QY�CTG�VJG�HQNNQYKPI�EQPXGTUKQPU�ECTTKGF�QWV�!
� 
K�� 2TQRGPG�→�2TQRCP���QN
� 
KK�� � GP\[N�EJNQTKFG�→�$GP\[N�CNEQJQN�
� 
KKK�� ' N�OCIPGUKWO�EJNQTKFG�→�2TQRCP���QN
� 
KX�� /GVJ[N�OCIPGUKWO�DTQOKFG�→���/GVJ[NRTQRCP���QN

�#PU�� �K���CH CH==CH3 2
Propene


Conc. H SO2 4' �'''''' � CH CH CH

OSO H

3 3

3

' '
�

H O
Boil
2' �'' CH CH CH

OH

3 3

Propan-2-

' '
�

ol

� �KK�� ��1D2+��CS�� Hydrolysis' �''''' � ����1D&O
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� �KKK��
δ� δy δy δ�

��&+�&+�0J&O�→�� �

H , H O
Mg(OH) Cl

+
2

�
' �''''''

��

CH CH CH OH
Propan-1-
3 2 2

ol

� �KX�� ���&+�0J%U�� � �→��� �
H , H O

Mg(OH) Br

+
2

�' �''''''

�3�����0COG�VJG�TGCIGPVU�WUGF�KP�VJG�HQNNQYKPI�TGCEVKQPU��
� 
K�� 1ZKFCVKQP�QH�C�RTKOCT[�CNEQJQN�VQ�ECTDQZ[NKE�CEKF�
� 
KK�� 1ZKFCVKQP�QH�C�RTKOCT[�CNEQJQN�VQ�CNFGJ[FG
� 
KKK�� $TQOKPCVKQP�QH�RJGPQN�VQ�������VTKDTQOQRJGPQN
� 
KX�� $GP\[N�CNEQJQN�VQ�DGP\QKE�CEKF
� 
X�� &GJ[FTCVKQP�QH�RTQRCP���QN�VQ�RTQRGPG
� 
XK�� $WVCP���QPG�VQ�DWVCP���QN
#PU�� �K���$FLGLILHG�.�&U�2��RU�.0Q2�
� �KK�� 3\ULGLQLXP�FKORURFKURPDWH��3&&��LQ�&+�&O��RU�3\ULGLQLXP�GLFKURPDWH��3'&��LQ�&+�&O��
� �KKK�� $TXHRXV�%U��K�G���%U��+�2
� �KX�� $FLGLIHG�RU�DONDOLQH�.0Q2��IROORZHG�E\�K\GURO\VLV�ZLWK�GLO��+�62��
� �X�� &RQF��+�62��DW�����.
� �XK�� 1D%+��RU�1L�+�

�3������)KXG�TGCUQP�HQT�VJG�JKIJGT�DQKNKPI�RQKPV�QH�GVJCPQN�KP�EQORCTKUQP�VQ�OGVJQZ[OGVJCPG�
�#PU�� �7KH�ERLOLQJ�SRLQW� RI� HWKDQRO� LV�KLJKHU� WKDQ�PHWKR[\PHWKDQH�EHFDXVH� RI� WKH�SUHVHQFH� RI�VWURQJ� LQWHUPROHFXODU�K\GURJHQ�

ERQGLQJ� EHWZHHQ� HWKDQRO�PROHFXOHV��%HFDXVH� RI� K\GURJHQ� ERQGLQJ�� HQHUJ\�KDV� WR� EH� VXSSOLHG� WR� RYHUFRPH� WKH� IRUFHV� RI�
DWWUDFWLRQ�EHWZHHQ�PROHFXOHV�DQG�WKHUHIRUH��ERLOLQJ�SRLQW�LV�KLJK�

� � � � �� � � � �
H O H

C H

O H

C H

O

C H2 5 2 5 2 5

' ' '  

� � +RZHYHU��QR�VXFK�K\GURJHQ�ERQGLQJ�H[LVWV�LQ�PHWKR[\PHWKDQH�
�3������)KXG�+72#%�PCOGU�QH�VJG�HQNNQYKPI�GVJGTU��
� 
K�� %�*�1%*�ōCH

CH

CH

3

3'
�

� 
KK�� %*�1%*�%*�%N� 
KKK�� 1�0ō%�*�ō1%*�
R�

� 
KX�� %*�%*�%*�1%*�� � 
X�� � 
XK��

�#PU�� ���K����0HWKR[\���PHWK\OSURSDQH� ���� KK�����&KORUR���PHWKR[\HWKDQH� �KKK�����1LWURDQLVROH�
� �KX�� ��0HWKR[\SURSDQH� � �X�� ��(WKR[\������GLPHWK\OF\FORKH[DQH� �XK���(WKR[\EHQ]HQH
�3�����9TKVG�VJG�PCOGU�QH�TGCIGPVU�CPF�GSWCVKQPU�HQT�VJG�RTGRCTCVKQP�QH�VJG�HQNNQYKPI�GVJGTU�D[�9KNNKCOUQPŏU�U[PVJGUKU�
� 
K�� ��2TQRQZ[RTQRCPG�� 
KK�� 'VJQZ[DGP\GPG
� 
KKK�� ��/GVJQZ[���OGVJ[NRTQRCPG� 
KX�� ��OGVJQZ[GVJCPG
�#PU�� �4GHGT�5QNXGF�'ZCORNG������2CIG����
�3������+NNWUVTCVG�YKVJ�GZCORNGU�VJG�NKOKVCVKQPU�QH�9KNNKCOUQP�U[PVJGUKU�HQT�VJG�RTGRCTCVKQP�QH�EGTVCKP�V[RGU�QH�GVJGTU�
�#PU�� �4GHGT�6GZV�$QQM�2CIG����
�3������*QY�KU���RTQRQZ[RTQRCPG�U[PVJGUK\GF�HTQO�RTQRCP���QN�!�9TKVG�OGEJCPKUO�QH�VJKU�TGCEVKQP�

�#PU�� �:LOOLDPVRQ�V\QWKHVLV�� CH CH CH OH CH CH CH Br H PO

CH CH

P, Br

1-Bromopropane

2
3 33 2 2 3 2 2

3

' �''' �

22 2
1
2

CH OH CH CH CH ONa HNa

Sodium perpoxide
3 2 2 2' �''' �

� �

� � ,W�FDQ�DOVR�EH�SUHSDUHG�E\�GHK\GUDWLRQ�RI�SURSDQ���QN�ZLWK�FRQF��+�62��DW�����.�

� � � � � � �&+�&+�&+�2+�
H
13 K

+

4
' �''' � CH CH CH OCH CH CH3 2 2 2 2

1-Propoxy propane
3
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�3������2TGRCTCVKQP�QH�GVJGTU� D[�CEKF�FGJ[FTCVKQP�QH�UGEQPFCT[�QT� VGTVKCT[�CNEQJQNU� KU�PQV�C�UWKVCDNG�OGVJQF��)KXG�
TGCUQP�

�#PU�� �$FLG��FDWDO\VHG�GHK\GUDWLRQ�RI����DOFRKROV�WR�HWKHUV�WDNHV�SODFH�E\�61��UHDFWLRQ�LQYROYLQJ�QXFOHRSKLOLF�DWWDFN�E\�WKH�DOFRKRO�
PROHFXOH�RQ�WKH�SURWRQDWHG�DOFRKRO�PROHFXOH�DV��

� �
�

�
�

&+�&+�&+�2+���&+�&+�&+�z2+�
��

SN2

H H O2− −+
 →

,
� ��&+�&+�&+�z2z&+�&+�&+�

� � � � �
3URWRQDWHG�DOFRKRO

�
� �+RZHYHU��XQGHU�WKHVH�FRQGLWLRQV�����DQG����DOFRKROV�JLYH�DONHQHV�UDWKHU�WKDQ�HWKHUV��7KLV�LV�EHFDXVH�RI�WKH�VWHULF�KLQGUDQFH��

QXFOHRSKLOLF�DWWDFN�E\�WKH�DOFRKRO�RQ�WKH�SURWRQDWHG�DOFRKRO�PROHFXOH�GRHV�QRW�WDNH�SODFH��,QVWHDG�RI�WKLV��WKH�SURWRQDWHG�
���DQG����DOFRKROV�ORVH�D�PROHFXOH�RI�ZDWHU�WR�IRUP�VWDEOH����DQG����FDUERFDWLRQV��7KHVH�FDUERFDWLRQV�WKHQ�SUHIHU�WR�ORVH�D�
SURWRQ�WR�IRUP�DONHQHV�UDWKHU�WKDQ�XQGHUJRLQJ�QXFOHRSKLOLF�DWWDFN�E\�DOFRKRO�PROHFXOH�WR�IRUP�HWKHUV�

� � CH CH OH

CH

3

3
Propan-2-

 alcohol)

 
|

°
ol

(2

�
H
13 K

+

4
 → �

+
CH CH OH

CH

3 2

3
Protonated

 
|

� �→��
+

(2 Carbocation)

CH CH

CH

3

3

          

Isopropyl carbocation


|

�

� CH

CH

CH O

CH

CH CH
2-Propoxy-2-propane
3

3 3

3   
| |

�

y+�

CH

CH

CHOH3

3


|

← 
�

+
CH CH

CH

3

3
Isopropyl 

carbocation


|

� − →H
+

� CH CH==CH3 2
Propene


� � 6LPLODUO\�����DOFRKROV�JLYH�DONHQHV�

� �

CH

CH

C OH

CH

  CH

CH

C OH

CH

3

3

3

3

3

2

3

2

+

H
   
|

|

|

|
 →

+

− + −
H

OH
� 
���� ���� 

|

|
 →

|
==− +

CH CH

CH

C CHH
3 3

3

2 

CH

C

CH

3

3

+

2-Methylprop-1-ene

terrt-Butyl
   Carbocation

�

�3������9TKVG�VJG�GSWCVKQP�QH�VJG�TGCEVKQP�QH�J[FTQIGP�KQFKFG�YKVJ�
� 
K�� ��R QRQZ[RTQRCPG��
KK��OGVJQZ[DGP\GPG�CPF� �
KKK��DGP\[N�GVJ[N�GVJGT�

�#PU�� ��K�� CH CH CH O CH CH CH CH CH CH OH CH CH CH IHI
K3 2 2 2 2 3 373 3 2 2 3 2 2

1

   → +
− Proppoxypropane Propanol 1 − Iodopropane

� � KK�� � � HI
373K

 → � � �� &+�,

� � � 0HWKR[\�EHQ]HQH� � 3KHQRO� � ,RGRPHWKDQH

� � KKK��

�3������'ZRNC P�VJG�HCEV�VJCV�KP�CT[N�CNM[N�GVJGTU�
K��VJG�CNMQZ[�ITQWR�CEVKXCVGU�VJG�DGP\GPG�TKPI�VQYCTFU�GNGEVTQRJKNKE�
UWDUVKVWVKQP�CPF�
KK��KV�FKTGEVU�VJG�KPEQOKPI�UWDUVKVWGPVU�VQ�QTVJQ�CPF�RCTC�RQUKVKQP�KP�DGP\GPG�TKPI�

�#PU�� �7KH�DONR[\�JURXS� LQFUHDVHV� WKH�HOHFWURQ�GHQVLW\�RQ�WKH� EHQ]HQH�ULQJ�DQG�WKHUHIRUH��DFWLYDWHV�WKH� DURPDWLF�ULQJ�WRZDUGV�
HOHFWURSKLOLF�VXEVWLWXWLRQ�UHDFWLRQ�DV�JLYHQ�EHORZ��

� �

� � $V� LV� FOHDU�� VWUXFWXUHV� ,,,�� ,9� DQG� 9� VKRZ� KLJK� HOHFWURQ� GHQVLW\� DW� QTVJQ� DQG� RCTC� SRVLWLRQV� DQG� WKHUHIRUH�� GLUHFW� WKH�
LQFRPLQJ�VXEVWLWXHQWV�WR�Q��DQG�R�SRVLWLRQ�LQ�WKH�EHQ]HQH�ULQJ�
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�3�����9TKVG�OGEJCPKUO�QH�VJG�TGCEVKQP�QH�*+�YKVJ�OGVJQZ[OGVJCPG��
�#PU�� ��5VGR����(WKHU�PROHFXOH�JHWV�SURWRQDWHG

� � �����&+�z2z&+������+z,��
fast

' �'' � CH O CH
Dimethyl oxonium ion

3 3'




'
�+

  
����,y

�
�

������5VGR����7KH�SURWRQDWHG�HWKHU�XQGHUJRHV�61��DWWDFN�E\�,
y�LRQ

� � ,
y
���������� CH O H3'




'
�+

&+���
SN
Slow
2' �'' � CH I

Methyl
3
 iodide

������� CH OH
Methanol

3�

� � ,I�+,�LV�LQ�H[FHVV��WKH�PHWKDQRO�IRUPHG�LQ�VWHS���LV�DOVR�FRQYHUWHG�LQWR�PHWK\O�LRGLGH�DV��

� � &+�z2z+�������+z,��
Protonation' �''''' �� CH O H I3'




'
�

�
+

      +  
Protonated methyl

       alcohol

� � ,
y
��� ��� � CH O H3'




'
�+

� �
S
Slow
N2' �''' � � &+�,������ � �� � +�2

� � �� � � � � � � � 0HWK\O�LRGLGH� � � :DWHU�

�3������9TKVG�GSWCVKQPU�QH�VJG�HQNNQYKPI�TGCEVKQPU�
� 
K�� (TKGFGN�%TCHVU�TGCEVKQP�Ō�CNM[NCVKQP�QH�CPKUQNG
� 
KK�� 0KVTCVKQP�QH�CPKUQNG
� 
KKK�� $TQOKPCVKQP�QH�CPKUQNG�KP�GVJCPQKE�CEKF�OGFKWO
� 
KX���(TKGFGN�%TCHVŏU�CEGV[NCVKQP�QH�CPKUQNG�
�#PU�� �4GHGT�TKPI�UWDUVKVWVKQP�TGCEVKQPU�QH�CTQOCVKE�GVJGTU�
6GZV�$QQM�2CIG���Ō����

�3������5JQY�JQY�YQWNF�[QW�U[PVJGUK\G�VJG�HQNNQYKPI�CNEQJQNU�HTQO�CRRTQRTKCVG�CNMGPGU�!

� 
K�� �� 
KK��� � ��� 
KKK�� � ��� 
KX�� �

�#PU�� �7KH� DONHQHV� IRU� V\QWKHVLVLQJ� WKH� DOFRKROV� FDQ� EH� SUHGLFWHG� E\� ILUVW� GHK\GUDWLQJ� WKH� DOFRKRO� WR� JLYH� VLQJOH� DONHQH� RU� D�
PL[WXUH�RI� DONHQHV�� ,I�D�PL[WXUH� RI�DONHQHV� LV�SRVVLEOH�� WKHQ� ILQG� RXW�ZKLFK� DONHQH�JLYHV� WKH�GHVLUHG�DOFRKRO�� ,W�PXVW�EH�

UHPHPEHUHG�WKDW�DFLG�FDWDO\VHG�DGGLWLRQ�RI�+�2�WR�DONHQHV�RFFXUV�LQ�DFFRUGDQFH�ZLWK�0DUNRYQLNRYuV�UXOH�

� �K��

ol

� �' �''''''H
Dehydration

O2 � � � �

CH3

�� � �� � � � �

CH2

� � �� � � � � � � � � � �
��0HWK\OF\FORKH[HQH� � � � � 0HWK\OHQH�F\FORKH[DQH

� � 7KH�GHVLUHG�DOFRKRO�FDQ�EH�REWDLQHG�E\�DGGLWLRQ�RI�+�2�WR�HLWKHU�RI�WKHVH�

� �

� �KK��

OH

4-Methylheptan-4-ol

���
�' �'''H O2

���

��0HWK\O�KHSW���HQH
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� � $GGLWLRQ�RI�ZDWHU�LQ�WKH�SUHVHQFH�RI�DQ�DFLG�JLYHV�WKH�GHVLUHG�DOFRKRO�

� �
H H O�

' �'''', 2
�

� � �������0HWK\OKHSW���HQH� �������������� ��� ���� ��� ����0HWK\OKHSWDQ���RO

� �KKK��

OH

Pentan-2-ol

����������� �' �'''H O2 ���
Pent-1-ene

������� Pent-2-ene

� � $GGLWLRQ�RI�+�2�WR�SHQW���HQH�JLYHV�WKH�GHVLUHG�DOFRKRO�

� �
Pent-1-ene

�����������
H H O�

' �'''', 2
��

2+

3HQWDQ���RO

� � +RZHYHU��SHQW���HQH�ZLOO�JLYH�WZR�SURGXFWV�

� �
3HQW���HQH

����� �����
H H O�

' �'''', 2 ���

2+

3HQWDQ���RO

�����

2+
3HQWDQ���RO

� � 7KXV��WKH�GHVLUHG�DONHQH�LV�SHQW���HQH�DQG�QRW�SHQW���HQH�

� �KX��

��&\FORKH[\O�
EXWDQ���RO

� � $GGLWLRQ�RI�+�2�WR�HLWKHU�RI�WKHVH�DONHQHV�JLYHV�WKH�GHVLUHG�DOFRKRO�

� �

��&\FORKH[\OLGHQH�
EXWDQH

��&\FORKH[\OEXWDQ���RO

H+ H+

–H+ H O2

OH

+

��&\FORKH[\O�
EXW���HQH

�

RU

�

�3�����9JGP���OGVJ[NDWVCP���QN�KU�VTGCVGF�YKVJ�*$T�HQNNQYKPI�TGCEVKQP�VCMGU�RNCEG��

� � CH CH

CH

CH CH

OH

3

3

3' '
�

'
�

� HBr → � CH

Br

C CH CH

CH

3 2 3

3

'
�
' '
�

� � )KXG�C�OGEJCPKUO�HQT�VJKU�TGCEVKQP�
�#PU�� ���K��$OFRKRO�JHWV�SURWRQDWHG�

� � ����

CH CH

CH

CH

OH

CH CH

CH

CH

OH

H
3

3

3

3 2

' ' ' ' ' '
� �

' �''
� �

�

�

CH CH3 3

� �KK�� 3URWRQDWHG�DOFRKRO�ORVHV�+�2�PROHFXOH�WR�IRUP����FDUERFDWLRQ�

� �

�

� �
' �'''

��

�

!

CH CH

CH

CH

OH

CH CH CH CH

CH

H O
3

3 2

2
3 3

3

' ' ' ' 'CH3

2 -Carbocaation

�
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� �KKK�� ��� K\GULGH�VKLIW�RI���FDUERFDWLRQ�JLYHV�PRUH�VWDEOH����FDUERFDWLRQ�

� � CH

H

C CH CH

CH
Carbocation

3 3

3
2

' ' '
�

�

+

-

��→� �
�

�

!

CH C CH CH

CH

3 2 3

3
3

' ' '

- Carbocation

� �KX�� 1XFOHRSKLOLF�DWWDFN�E\�%Uy�LRQ�JLYHV�DON\O�KDOLGH�

� �
�

�
CH C CH CH

CH

3 2 3

3

' ' ' �� Br�' �'' CH

Br

C CH CH

CH
e

3 2 3

3
2

' ' '
�

�

-Bromo-2-methylbutan

� 3����9JCV�KU�VJG�UVTWEVWTG�CPF�+72#%�PCOG�QH�IN[EGTQN!

�#PU��
CH

OH

CH

OH

CH

OH

2 2'
�

'
� � � 3URSDQH���������WULRO�

� 3����9TKVG� VJG� +72#%� PCOG� QH� VJG� EQORQWPF� IKXGP�
DGNQY�

� � �
�#PU�� ��0HWK\OSHQW���HQH������GLRO�

� 3���� 0COG�VJG�HCEVQTU�TGURQPUKDNG�HQT�VJG�UQNWDKNKV[�QH�
CNEQJQNU�KP�YCVGT�

�#PU�� 7KH� IDFWRUV� UHVSRQVLEOH� IRU� WKH� VROXELOLW\� RI� DOFRKROV� LQ�
ZDWHU�DUH�

� � �K�� +\GURJHQ�ERQGLQJ�

� � �KK�� 6L]H�RI�DON\O�RU�DU\O�JURXS�

� 3���� 9JCV�KU�FGPCVWTGF�CNEQJQN�!

�#PU�� ,W� LV� ���� HWK\O� DOFRKRO�� 7R� DYRLG�PLVXVH� RI� DOFRKRO� IRU�
GULQNLQJ�LW�LV�PDGH�XQILW�E\�PL[LQJ�VRPH�FRSSHU�VXOSKDWH�
DQG�S\ULGLQH�LQ�LW��7KLV�LV�FDOOHG�GHQDWXUHG�DOFRKRO�

� 3���� 5WIIGUV�C�TGCIGPV�HQT�VJG�HQNNQYKPI�EQPXGTUKQP�

� � �

�#PU�� 3\ULGLQLXP�FKORURFKURPDWH��&U2��&�+�1�+&O�

� 3���� 1WV�QH���EJNQTQGVJCPQN�CPF�GVJCPQN�YJKEJ�KU�OQTG�
CEKFKE�CPF�YJ[�!

�#PU�� ��&KORURHWKDQRO� LV� PRUH� DFLGLF� EHFDXVH� RI� y,� HIIHFW� RI�
FKORULQH�DWRP�

� 3���� 5WIIGUV� C� TGCIGPV� HQT� EQPXGTUKQP� QH� GVJCPQN� VQ�
GVJCPCN�

�#PU�� 3\ULGLQLXP�FKORURFKURPDWH��&U2��&�+�1�+&O�

� 3���� 5WIIGUV� � C� TGCIGPV� HQT� EQPXGTUKQP� QH� GVJCPQN� VQ�
GVJCPQKE�CEKF�

�#PU��$Q\� R[LGLVLQJ� DJHQW� G�I��� DFLGLILHG� .0Q2��� DFLGLILHG�
.�&U�2��

� 3����1WV�QH�Q�PKVTQRJGPQN�CPF�R�PKVTQRJGPQN��YJKEJ� KU�
OQTG�XQNCVKNG�!�'ZRNCKP�

�#PU��2UWKRQLWURSKHQRO� LV� PRUH� YRODWLOH� EHFDXVH� WKHUH� LV�
LQWUDPROHFXODU� K\GURJHQ� ERQGLQJ� LQ� Q�QLWURSKHQRO��
R�1LWURSKHQRO�KDV�LQWHUPROHFXODU�K\GURJHQ�ERQGLQJ�

�3����� 1WV� QH�Q�PKVTQRJGPQN�CPF�Q�ETGUQN��YJKEJ� KU�OQTG�
CEKFKE�!

�#PU�� Q�1LWURSKHQRO�EHFDXVH�QLWUR�JURXS�LV�HOHFWURQ�ZLWKGUDZLQJ�
JURXS�DQG�LW�LQFUHDVHV�DFLGLF�VWUHQJWK�

�3�����9JGP�RJGPQN�KU�VTGCVGF�YKVJ�DTQOKPG�YCVGT��YJKVG�
RTGEKRKVCVG�KU�QDVCKPGF��)KXG�VJG�UVTWEVWTG�CPF�VJG�
PCOG�QH�VJG�EQORQWPF�HQTOGF�

�#PU�� ���%U���CS��→�

2+

%U

%U

%U

� � � � � ��������7ULEURPRSKHQRO
� � � � � �:KLWH�SSW��

�3����� #TTCPIG� VJG� HQNNQYKPI� EQORQWPFU� KP� KPETGCUKPI�
QTFGT�QH�CEKFKV[�CPF�IKXG�C�UWKVCDNG�GZRNCPCVKQP��
2JGPQN��Q�PKVTQRJGPQN��Q�ETGUQN�

�#PU�� ,QFUHDVLQJ�RUGHU�RI�DFLGLW\�
� � Q�&UHVRO���3KHQRO���Q�1LWURSKHQRO

0%'46 4gT\_[Pa�?a^Q[T\b
BdQYTRcXeT�@dTbcX^]b

�0QVG�
��� �1DLGEVKXG�3WGUVKQPU�HTQO�'ZGORNCT�2TQDNGOU�CTG�IKXGP�
KP�%QORGVKVKQP�(KNG��RCIG�����
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� � ,Q� FUHVRO�� �� WKH� HOHFWURQ� GRQDWLQJ� JURXS�
�
�
�y&+��� JLYHV� HOHFWURQV� DQG� LQWHQVLI\� WKH� FKDUJH� RQ�
SKHQR[LGH�LRQ�DQG�WKHUHIRUH�PDNHV�LW�XQVWDEOH��7KHUHIRUH��
Q�FUHVRO�LV�OHVV�DFLGLF�WKDQ�SKHQRO��,Q�Q�QLWURSKHQRO��WKH�
HOHFWURQ�ZLWKGUDZLQJ��y12���JURXS�ZLWKGUDZV�HOHFWURQV�
DQG�GLVSHUVHV�WKH�yYH�FKDUJH�DQG�VWDELOL]HV�WKH�SKHQR[LGH�
LRQ��7KHUHIRUH��Q�QLWURSKHQRO�LV�PRUH�DFLGLF�WKDQ�SKHQRO�

�3����� NEQJQNU� TGCEV�YKVJ� CEVKXG�OGVCNU� G�I�� 0C�� -� GVE��
VQ�IKXG� EQTTGURQPFKPI�CNMQZKFGU��9TKVG�FQYP� VJG�
FGETGCUKPI� QTFGT� QH� TGCEVKXKV[� QH� UQFKWO� OGVCN�
VQYCTFU�RTKOCT[��UGEQPFCT[�CPF�VGTVKCT[�CNEQJQNU�

�#PU��'HFUHDVLQJ�RUGHU�RI�UHDFWLYLW\�RI�VRGLXP�PHWDO�LV
� � ���!����!���

� � $OFRKROV�UHDFW�ZLWK�VRGLXP�PHWDO�WR�IRUP�DONR[LGHV�DQG�
K\GURJHQ�LV�OLEHUDWHG��

5z2z+���1D�→�52y1D����
1
2 2H

� � 7KH�RUGHU�RI�UHDFWLYLW\�RI�DOFRKROV�LV�SULPDU\�!�VHFRQGDU\�
!�WHUWLDU\��7KLV�FDQ�EH�H[SODLQHG�RQ�WKH�EDVLV�RI�FOHDYDJH�
RI� 2z+�ERQG�� 7KH�DON\O� JURXSV�DUH� HOHFWURQ� UHOHDVLQJ�
JURXSV���,�HIIHFW��DQG�WKH\�LQFUHDVH�WKH�HOHFWURQ�GHQVLW\�
DURXQG� WKH� R[\JHQ��$V� D� UHVXOW�� WKH� HOHFWURQV� RI�2z+�
ERQG�FDQQRW�EH�ZLWKGUDZQ�VWURQJO\�WRZDUGV�R[\JHQ�DQG�
2z+�UHPDLQV�VWURQJ��7KHUHIRUH��JUHDWHU�LV�WKH�QXPEHU�RI�
DON\O�JURXSV�SUHVHQW��VPDOOHU�ZLOO�EH�UHDFWLYLW\�RI�DOFRKRO�

� � R��

H

C

H

OH

alcohol

�

�
'

pri-

�!� R

R

C

H

OH

alcohol

��
 �

�
'

sec-

�!� R

R

C

R

OH

alcohol

��

 

�

�

�
'

tert-

�3�����9JCV�JCRRGPU�YJGP�DGP\GPG�FKC\QPKWO�EJNQTKFG�
KU�JGCVGF�YKVJ�YCVGT�!

�#PU�� ���+�2�
Warm' �''' �

�3�����#TTCPIG� VJG� HQNNQYKPI� EQORQWPFU� KP� FGETGCUKPI�
QTFGT�QH�CEKFKV[�

� � � *�1��41*��*%�≡≡�%*
�#PU�� +�2�!�52+�!�+&�≡�&+

�3�����0COG�VJG�GP\[OGU�CPF�YTKVG�VJG�TGCEVKQPU�KPXQNXGF�
KP� VJG� RTGRCTCVKQP� QH� GVJCPQN� HTQO� UWETQUG� D[�
HGTOGPVCVKQP�

�#PU�� ,QYHUWDVH�DQG�]\PDVH

� � � � &��+��2���
Invertase' �'''' �&�+��2�� �� &�+��2�

� � � � � *OXFRVH� )UXFWRVH

� � � � &�+��2��
Invertase' �'''' ��&�+�2+� �� �&2�

� � � � *OXFRVH� (WKDQRO

� � � � RU�)UXFWRVH

�3�����*QY�ECP�RTQRCP���QPG�DG�EQPXGTVGF�KPVQ�VGTV��DWV[N�
CNEQJQN�!

�#PU�� CH C

O

CH3 3 


Propan-2-one

���&+�0J%U�
Dry
ether

' �'' ��� �
�
�

�

H H O�
' �''', 2

�

�3�����9TKVG�VJG�UVTWEVWTGU�QH�VJG�KUQOGTU�QH�CNEQJQNU�YKVJ�
OQNGEWNCT�HQTOWNC�%�*��1��9JKEJ�QH�VJGUG�GZJKDKVU�
QRVKECN�CEVKXKV[�!

�#PU�� CH CH CH CH OH3 2 2 2

( )i

�� �CH CH CH

OH

CH3 2 3|

( )ii

�� �

�

CH CHCH OH

CH

3 2

3

'
�

( )iii

�� �� CH

CH

C OH

CH

3

3

3

'
�
'
�

( )iv
� � �KK��LV�RSWLFDOO\�DFWLYH�
�3�����'ZRNCKP�YJ[�KU�1*�ITQWR�KP�RJGPQNU�OQTG�UVTQPIN[�

JGNF�CU�EQORCTGF�VQ�1*�ITQWR�KP�CNEQJQNU�
�#PU�� 7KH�2+�JURXS�LQ�SKHQRO�LV�PRUH�VWURQJO\�KHOG�EHFDXVH�RI�

GRXEOH�ERQG�FKDUDFWHU�EHWZHHQ�&�DQG�2�GXH�WR�UHVRQDQFH�

�3�����'ZRNCKP�YJ[�PWENGQRJKNKE�UWDUVKVWVKQP�TGCEVKQPU�CTG�
PQV�XGT[�EQOOQP�KP�RJGPQNU�

�#PU�� ,Q� SKHQROV�� WKH� y2+� JURXS� LV� DFWLYDWLQJ� JURXS� DQG�
LQFUHDVHV�WKH�HOHFWURQ�GHQVLW\�DW�RUWKR�DQG�SDUD�SRVLWLRQV��

7KHUHIRUH�� SKHQROV� XQGHUJR� HOHFWURSKLOLF� VXEVWLWXWLRQ�

UHDFWLRQV�DQG�QRW�QXFOHRSKLOLF�VXEVWLWXWLRQ�

�3�����2TGRCTCVKQP�QH�CNEQJQNU�HTQO�CNMGPGU�KPXQNXGU�VJG�
GNGEVTQRJKNKE�CVVCEM�QP�CNMGPG�ECTDQP�CVQO��'ZRNCKP�
KVU�OGEJCPKUO�

�#PU�� �C��$ONHQHV�JHW�SURWRQDWHG�E\�WKH�HOHFWURSKLOLF�DWWDFN�RI�
+�2

��

� � �D��1XFOHRSKLOH� �+�2�� DWWDFNV� WKH� FDUERFDWLRQ� IRUPLQJ�
SURWRQDWHG�DOFRKRO�

� �E�� /RVV�RI�+��IURP�R[\JHQ��GHSURWRQDWLRQ��WR�IRUP�DOFRKRO�
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�3�����'ZRNCKP�YJ[�KU�1�%�1�PQP�RQNCT�YJKNG�4ō1ō4�
KU�RQNCT�

�#PU��2 & 2�PROHFXOH�LV�OLQHDU�VR�WKDW�WKH�SRODULWLHV�RI�WZR�

&z2�ERQGV�JHW�FDQFHOOHG�DQG�WKH�PROHFXOH�LV�OLQHDU�

�
� (WKHUV�KDYH�VWUXFWXUHV�VLPLODU�WR�ZDWHU�DQG�KDYH�DQJXODU�

RU� EHQW� VWUXFWXUH�� 7KHUHIRUH�� WKH� SRODULW\� RI� WZR� 5y2�

JURXSV�GRHV�QRW�JHW�FDQFHOOHG�DQG�WKHVH�KDYH�QHW�GLSROH�

PRPHQW��7KXV��5y2y5�LV�SRODU�

�����O== C == O� � � � � � ��

�� � � � � � � � µ� �� � µ�!��
�3��� 9J[� KU� VJG� TGCEVKXKV[� QH� CNN� VJG� VJTGG� ENCUUGU� QH�

CNEQJQNU�YKVJ�EQPE��*%N�CPF�<P%N��
.WECU�TGCIGPV��
FKHHGTGPV!

�#PU��7KH�DOFRKROV�FRPELQH�ZLWK�+&O�WR�IRUP�SURWRQDWHG�DOFRKRO��
7KH� SRVLWLYH� FKDUJH� RQ� R[\JHQ� ZHDNHQV� WKH� &y2� ERQG�
OHDGLQJ�WR�LWV�FOHDYDJH�

� � � �K�� R—O—H���+&O�
fast

�

H

O
+

R— —H���&O
y

� � ��KK��

H

O
+

R— —H�
slow �

� � ��KKK��5����&Oy�
fast' �'' �5&O

� � 7KH�UDWH�GHWHUPLQLQJ�VWHS�LQ�WKH�DERYH�PHFKDQLVP�LV��LL���
ZKLFK�LV�D�VORZ�VWHS�UHDFWLRQ��7KH�VWDELOLW\�RI�FDUERFDWLRQ�
ZLOO� GHWHUPLQH� WKH� UHDFWLYLW\� RI� WKH� UHDFWLRQ�� 6LQFH� WKH�
RUGHU�RI�VWDELOLW\�RI�FDUERFDWLRQ�LV��

� � RTK�� �� UGE�� �� VGTV��+HQFH� WKH� RUGHU� RI� IRUPDWLRQ� RI� DON\O�
KDOLGH�LQ�WKH�DERYH�UHDFWLRQ�LV�RTK����UGE����VGTV�

�3�����9TKVG�UVGRU�VQ�ECTT[�QWV�VJG�EQPXGTUKQP�QH�RJGPQN�VQ�
CURKTKP�

�#PU�� � � NaOH' �''' � � ( )

( )

i

ii

CO

H+
2' �'''

� �

�� H
CH CO O

�
' �'''''
( )3 2

�� �
��&+�&22+�

�3�����0KVTCVKQP� KU�CP� GZCORNG� QH�CTQOCVKE� GNGEVTQRJKNKE�
UWDUVKVWVKQP�CPF�KVU�TCVG�FGRGPFU�WRQP�VJG�ITQWR�CNTGCF[�
RTGUGPV�KP�VJG�DGP\GPG�TKPI��1WV�QH�DGP\GPG�CPF�RJGPQN��
YJKEJ�QPG�KU�OQTG�GCUKN[�PKVTCVGF�CPF�YJ[�!

�#PU�� 3KHQRO�LV�PRUH�HDVLO\�QLWUDWHG�WKDQ�EHQ]HQH��7KH�SUHVHQFH�
RI�z2+�JURXS�LQ�SKHQRO�LQFUHDVHV�WKH�HOHFWURQ�GHQVLW\�DW�
RUWKR�DQG�SDUD�SRVLWLRQV�LQ�EHQ]HQH�ULQJ�E\��5�HIIHFW��6LQFH�
QLWUDWLRQ�LV�DQ�HOHFWURSKLOLF�VXEVWLWXWLRQ�UHDFWLRQ��LW�ZLOO�EH�
PRUH�UHDFWLYH�DW�SRVLWLRQ�ZKHUH�WKH�HOHFWURQ�GHQVLW\�LV�PRUH�

�3�����+P�-QNDGŏU�TGCEVKQP�� KPUVGCF�QH� RJGPQN��RJGPQZKFG�
KQP�KU�VTGCVGF�YKVJ�ECTDQP�FKQZKFG��9J[�!

�#PU�� 3KHQR[LGH� LRQ� LV� PRUH� UHDFWLYH� WKDQ� SKHQRO� WRZDUGV�
HOHFWURSKLOLF� DURPDWLF� VXEVWLWXWLRQ�� 7KHUH� LW� XQGHUJRHV�
HOHFWURSKLOLF�VXEVWLWXWLRQ�ZLWK�FDUERQ�GLR[LGH�ZKLFK�LV�D�
ZHDN�HOHFWURSKLOH�

�3���� KRQNG�OQOGPV�QH�RJGPQN� KU� UOCNNGT� VJCP� VJCV�QH�
OGVJCPQN��9J[�!

�#PU�� ,Q� SKHQRO�� &z2� ERQG� LV� OHVV� SRODU� GXH� WR� HOHFWURQ�
ZLWKGUDZLQJ� HIIHFW� RI� EHQ]HQH� ULQJ�� ,Q�PHWKDQRO��&z2�
ERQG� LV� PRUH� SRODU� GXH� WR� HOHFWURQ�UHOHDVLQJ� HIIHFW� RI��
z&+��JURXS��7KHUHIRUH��SKHQRO�LV�OHVV�SRODU�WKDQ�PHWKDQRO�

�3�����'VJGTU� ECP�DG�RTGRCTGF�D[�9KNNKCOUQP� U[PVJGUKU�
KP�YJKEJ�CP�CNM[N�JCNKFG� KU� TGCEVGF�YKVJ� UQFKWO�
CNMQZKFG��&K�VGTV�DWV[N�GVJGT�ECPŏV�DG�RTGRCTGF�D[�
VJKU�OGVJQF��'ZRNCKP�

�#PU�� ,Q� WHUW�EXW\O� KDOLGHV�� HOLPLQDWLRQ� LV� IDYRXUHG� RYHU�

VXEVWLWXWLRQ�� DQG� WKHUHIRUH�� DONHQH� LV� WKH� RQO\� UHDFWLRQ�

SURGXFW�DQG�HWKHU�LV�QRW�IRUPHG�

�3�����9J[� KU� VJG� %ō1ō*� DQPF� CPING� KP� CNEQJQNU�
UNKIJVN[�NGUU�VJCP�VJG�VGVTCJGFTCN�CPING�YJGTGCU�VJG��
%ō1ō%�DQPF�CPING�KP�GVJGT�KU�UNKIJVN[�ITGCVGT!

�#PU�� 7KH�&z2z+�ERQG�DQJOH�LQ�DOFRKROV�LV�VOLJKWO\�OHVV�WKDQ�

WKH�WHWUDKHGUDO�DQJOH����������EHFDXVH�RI�ODUJHU�UHSXOVLRQV�

EHWZHHQ� WKH� ORQH� SDLUV� RI� HOHFWURQV�� )RU� H[DPSOH� LQ�

PHWKDQRO��&z2z+�ERQG�DQJOH�LV��������

� � ,Q� HWKHUV�� WKH� &z2z&� ERQG� DQJOH� LV� VOLJKWO\� JUHDWHU�

WKDQ�WHWUDKHGUDO�DQJOH�� )RU�H[DPSOH� LQ�GLPHWK\O�HWKHU��

&z2z&� ERQG� DQJOH� LV� �������� 7KH� ODUJHU� ERQG� DQJOH�

LQ�HWKHUV�PD\�EH�EHFDXVH�RI�JUHDWHU�UHSXOVLRQV�EHWZHHQ�

EXONLHU�DON\O�JURXSV�DV�FRPSDUHG�WR�RQH�+�LQ�DOFRKROV�

�3�����'ZRNCKP�YJ[�NQY�OQNGEWNCT�OCUU�CNEQJQNU�CTG�UQNWDNG�
KP�YCVGT�

�#PU�� 7KH�ORZHU�PHPEHUV�RI�DOFRKROV�DUH�KLJKO\�VROXEOH�LQ�ZDWHU�
EXW� WKH� VROXELOLW\�GHFUHDVHV�ZLWK� LQFUHDVH� LQ�PROHFXODU�

ZHLJKW��7KH�VROXELOLW\�RI� ORZHU�DOFRKROV� LQ�ZDWHU� LV�GXH�

WR�WKH�IRUPDWLRQ�RI�K\GURJHQ�ERQGV�EHWZHHQ�DOFRKROV�DQG�

ZDWHU�PROHFXOHV�

� �
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� � +RZHYHU�� DV� WKH� VL]H� RI� DOFRKRO�PROHFXOH� LQFUHDVHV�� WKH�

DON\O�JURXS� EHFRPHV� ODUJHU�DQG�SUHYHQWV� WKH� IRUPDWLRQ�

RI�K\GURJHQ�ERQGV�ZLWK�ZDWHU�PROHFXOHV�DQG�KHQFH�WKH�

VROXELOLW\�JRHV� RQ�GHFUHDVLQJ�ZLWK� LQFUHDVH� LQ� OHQJWK� RI�

FDUERQ�FKDLQ��RU�PROHFXODU�PDVV�RI�DOFRKRO��

�3�����'ZRNCKP�YJ[� R�PKVTQRJGPQN� KU�OQTG�CEKFKE� VJCP�
RJGPQN�

�#PU�� 7KH� HOHFWURQ� ZLWKGUDZLQJ� JURXS� y12��� ZLWKGUDZV�

HOHFWURQV�DQG�GLVSHUVHV� WKH�QHJDWLYH�FKDUJH��7KHUHIRUH��

y12�� JURXS� VWDELOL]HV� WKH� SKHQR[LGH� LRQ�� +HQFH�

R�QLWURSKHQRO�LV�PRUH�DFLGLF�WKDQ�SKHQRO�
�3�����'ZRNCKP�YJ[�CNEQJQNU� CPF�GVJGTU� QH� EQORCTCDNG�

OQNGEWNCT�OCUU�JCXG�FKHHGTGPV�DQKNKPI�RQKPVU!
�#PU�� (WKHUV� KDYH� ORZ� SRODULW\� DQG� DV� D� UHVXOW� GR� QRW� VKRZ�

DQ\� DVVRFLDWLRQ� E\� LQWHUPROHFXODU� K\GURJHQ� ERQGLQJ��

7KHUHIRUH��HWKHUV�KDYH�ORZ�ERLOLQJ�SRLQWV�DQG�ORZHU�WKDQ�

WKDW� RI� LVRPHULF� DOFRKROV� DQG� DOPRVW� VDPH� DV� WKRVH� RI�

DONDQHV�RI�FRPSDUDEOH�PROHFXODU�PDVVHV�

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

� 'LHWK\O�HWKHU� P�%XW\O�DOFRKRO� �����P�3HQWDQH
� ������.� ����.� �����������.

� � 7KH�ODUJH�GLIIHUHQFH�LQ�ERLOLQJ�SRLQWV�RI�DOFRKROV�DQG�HWKHUV�

LV�GXH�WR�WKH�SUHVHQFH�RI�K\GURJHQ�ERQGLQJ�LQ�DOFRKROV�

�3�����6JG� ECTDQP�QZ[IGP� DQPF� KP� RJGPQN� KU� UNKIJVN[�
UVTQPIGT�VJCP�VJCV�KP�OGVJCPQN��9J[!

�#PU��&z2�ERQG� LQ�SKHQRO� LV� VWURQJHU� WKDQ� WKDW� LQ�PHWKDQRO�

GXH�WR�WKH�IDFW�WKDW

� � � �K�� ,Q� SKHQRO�� FRQMXJDWLRQ� RI� ORQH� SDLU� RI� HOHFWURQV� RQ�
R[\JHQ�ZLWK�DURPDWLF�ULQJ�UHVXOWV�LQ�SDUWLDO�GRXEOH�ERQG�

FKDUDFWHU�LQ�FDUERQ�R[\JHQ�ERQG�

� � ��KK�� ,Q�SKHQRO��R[\JHQ�LV�ERQGHG�WR�D�UR��K\EULGLVHG�FDUERQ�
DWRP�ZKLOH�LQ�PHWKDQRO��LW�LV�ERQGHG�WR�D�UR��K\EULGLVHG�
FDUERQ� DWRP�� 7KH� ERQG� IRUPHG� EHWZHHQ� R[\JHQ�DQG� UR��
K\EULGLVHG�FDUERQ�LV�PRUH�VWDEOH�WKDQ�WKDW�IRUPHG�EHWZHHQ�

R[\JHQ�DQG�UR��K\EULGLVHG�FDUERQ�
�3�����#TTCPIG�YCVGT�� GVJCPQN� CPF�RJGPQN� KP� KPETGCUKPI�

QTFGT�QH�CEKFKV[�CPF�IKXG�TGCUQP�HQT�[QWT�CPUYGT�
�#PU�� ,QFUHDVLQJ� RUGHU� RI� DFLGLW\� LV�� HWKDQRO� �� ZDWHU� �� SKHQRO��

7KH�SKHQR[LGH�LRQ�REWDLQHG�DIWHU�WKH�UHPRYDO�RI�D�SURWRQ�LV�

VWDELOLVHG�E\�UHVRQDQFH�ZKHUHDV� WKH� HWKR[LGH� LRQ� REWDLQHG�

DIWHU�WKH�UHPRYDO�RI�D�SURWRQ�LV�GHVWDELOLVHG�E\�t�,u�HIIHFW�RI�

y&�+��JURXS��7KHUHIRUH�SKHQRO�LV�VWURQJHU�DFLG�WKDQ�HWKDQRO�

� �

� � 2Q� WKH� RWKHU� KDQG� HWKDQRO� LV� ZHDNHU� DFLG� WKDQ� ZDWHU�

EHFDXVH� HOHFWURQ� UHOHDVLQJ� z&�+�� JURXS� LQ� HWKDQRO�

LQFUHDVHV� WKH� HOHFWURQ� GHQVLW\� RQ� R[\JHQ� DQG� KHQFH� WKH�

SRODULW\�RI�2z+�ERQG� LQ�HWKDQRO�GHFUHDVHV��7KLV� UHVXOWV�

LQ� WKH�GHFUHDVLQJ�DFLGLF� VWUHQJWK��+HQFH�DFLGLF� VWUHQJWK�

LQFUHDVHV�LQ�WKH�RUGHU�JLYHQ�DERYH�

/'/14;�6'56

� #�� 5C[�6TWG�QT�(CNUG

� ���(WKHUV�DUH�PRUH�SRODU�WKDQ�LVRPHULF�DOFRKROV�
� ��� 7KH�ERLOLQJ�SRLQWV�RI�HWKHUV�DUH�ORZHU�WKDQ�WKRVH�RI�LVRPHULF�

DOFRKROV�

� ��� %RQG�DQJOH�LQ�GLPHWK\O�HWKHU�LV�PRUH�WKDQ�LQ�ZDWHU�
� ��� 6RGLXP�HWKR[LGH�FDQ�EH�SUHSDUHG�E\�WKH�UHDFWLRQ�RI�HWKDQRO�

ZLWK�DTXHRXV�VRGLXP�K\GUR[LGH�

� ��� VGTV�EXW\O�DOFRKRO�LV�PRUH�VROXEOH�LQ�ZDWHU�WKDQ�P�EXW\O�DOFRKRO�
� ���O�PHWKR[\SKHQRO�LV�D�ZHDNHU�DFLG�WKDQ�SKHQRO�
� ��� �����GLQLWURSKHQRO�LV�OHVV�DFLGLF�WKDQ�SKHQRO�
� �� 5HDFWLYLW\�RI�HWKDQRO�LV�OHVV�ZLWK�VRGLXP�WKDQ�WKDW�RI�KUQ�

SURS\O�DOFRKRO�

� ��� $OFRKROV�DUH�VWURQJHU�DFLGV�WKDQ�ZDWHU�
����� 3ULPDU\�DOFRKROV� XQGHUJR�GHK\GUDWLRQ�PRUH� HDVLO\� WKDQ�

VHFRQGDU\�DQG�WHUWLDU\�DOFRKROV�

����� 3KHQROV�WXUQ�EOXH�OLWPXV�UHG�
����� 3ULPDU\�DOFRKROV�RQ�GHK\GURJHQDWLRQ�JLYH�DOGHK\GHV�
����� 3KHQHWROH� UHDFWV�ZLWK�+,�DW� ����.� WR� JLYH� HWKDQRO� DQG�

LRGREHQ]HQH�

�����$FHWRQH�UHDFWV�ZLWK�PHWK\O�PDJQHVLXP�EURPLGH�IROORZHG�
E\�K\GURO\VLV�WR�JLYH�VHFRQGDU\�DOFRKROV�

�����5HDFWLYLW\� RI� KDORJHQ� DFLGV� WRZDUGV� HWKHUV� IROORZV� WKH�
VHTXHQFH��

� � � +,�!�+%U�!�+&O�

� $�� %QORNGVG�VJG�OKUUKPI�NKPMU

� ���'HK\GUDWLRQ�RI�HWK\O�DOFRKRO�ZLWK�FRQF��+�62��DW�����.�JLYHV�
���������������

� �� /RZHU�DOFRKROV�DUH�KLJKO\�VROXEOH�LQ�ZDWHU�GXH�WR�����������
� ��� �����SXUH�HWKDQRO�LV�FDOOHG����������������
� ��� 7HUWLDU\�DOFRKRO�ZKHQ�SDVVHG�RYHU�KHDWHG�FRSSHU�DW�����.�

JLYHV����������������

� ���$PRQJVW�WKH�WKUHH�LVRPHUV�RI�QLWURSKHQRO��WKH�RQH�WKDW�LV�
OHDVW�VROXEOH�LQ�ZDWHU�LV����������������

� ��� ,Q� WKH� IRUPDWLRQ� RI� VDOLF\OLF� DFLG� E\� 5HLPHU� 7LHPDQQ�
UHDFWLRQ��SKHQRO�LV�KHDWHG�ZLWK���������������LQ�WKH�SUHVHQFH�RI�
1D2+�

� �� $Q�HQ]\PH�ZKLFK�FDQ�FRQYHUW�JOXFRVH�LQWR�HWKDQRO�LV���������������
� ���5HDFWLRQ�RI�SKHQRO�ZLWK���������������LQ�WKH�SUHVHQFH�RI�DTXHRXV�

1D2+�LV�FDOOHG�6FKRWWHQ�%DXPDQQ�UHDFWLRQ�

� ���1TVJQ�DQG�RCTC�QLWURSKHQROV�FDQ�EH�VHSDUDWHG�E\���������������
GLVWLOODWLRQ�

����� 3KHQRO�IRUPV�FRORXUHG�FRPSOH[HV�ZLWK�QHXWUDO����������������
�����$EVROXWH�DOFRKRO� FDQ� EH�SUHSDUHG� IURP�UHFWLILHG� VSLULW� E\�

��������������GLVWLOODWLRQ�

����� 7KH�ORZHVW�PROHFXODU�PDVV�DOFRKRO�ZKLFK�LV�RSWLFDOO\�DFWLYH�
LV����������������
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����� 7KH�PDLQ� SURGXFW� REWDLQHG�ZKHQ� VRGLXP� SKHQR[LGH� LV�
WUHDWHG�ZLWK� &2�� DW� ����.�XQGHU��y�� DWP�� SUHVVXUH� LV�
���������������

����� ���+,� 373K' �''' ��������������������������������

����� �&+���&2&+��
Conc. H SO2 4

�' �''''' ��������������������������������

����� �&+�&+�%U���$J�2�→������������������$J%U�

�����&�+�2+���&+&O��
( ) NaOH, 340K;
( ) dil HCl

i
ii

�' �'''''' ����������������

����� ���%U���CS��→����������������

����� �&+���&+2+�
Cu, 573K' �'''' ��������������������������������

����� ����������������� �' �' � ������������������

� % � %JQQUG�VJG�EQTTGEV�CNVGTPCVKXG

� ��� Q�1LWURSKHQRO� KDV� NQYGT�JKIJGT� R.C� YDOXH� WKDQ��
O�QLWURSKHQRO�

� ��� &�+�2+�LV�YGCMGT�UVTQPIGT�DFLG�WKDQ�&�+��2+�

� �� :DWHU�LV�YGCMGT�UVTQPIGT�DFLG�WKDQ�HWKDQRO�

� ��� .HWRQHV�DUH�UHGXFHG�WR�������DOFRKROV�

� ��� 3KHQRO�KDV�UOCNNGT�NCTIGT�GLSROH�PRPHQW�WKDQ�PHWKDQRO�

� ��� %HQ]HQH���������WULRO�LV�FDOOHG�J[FTQSWKPQN�R[TQICNNQN�

� ��� 2[LUDQH�UHDFWV�ZLWK�*ULJQDUG�UHDJHQW�WR�IRUP�RTKOCT[�
UGEQPFCT[�DOFRKRO�

� ��� &XPHQH�RQ�DHULDO�R[LGDWLRQ�DQG�RQ�VXEVHTXHQW�K\GURO\VLV�
JLYHV�RJGPQN�RJGPGVQNG�

� ��� %XWDQ���RO�KDV�JKIJGT�NQYGT�ERLOLQJ�SRLQW�WKDQ�EXWDQ�
��RO�

� ���� (WKDQRO�RQ�WUHDWPHQW�ZLWK�FRQF��+�62��DW�����.�JLYHV�

GVJGPG�GVJQZ[GVJCPG�

� ���� 3LFULF�DFLG�LV�REWDLQHG�E\�KHDWLQJ�SKHQRO�LQ�WKH�SUHVHQFH�
RI�FRQF��+�62��ZLWK�EQPE��*01��EQPE��*01��

� ���� 7UHDWPHQW�RI�VRGLXP�SKHQR[LGH�ZLWK�&2��DW�����.�XQGHU�

D�SUHVVXUH� RI����� DWP� IROORZHG�E\�DFLGLILFDWLRQ� JLYHV�

UCNKE[NKE�CEKF�UCNKE[CNFGJ[FG�

/'/14;�6'56

� #�� 5C[�6TWG�QT�(CNUG

� ��� )DOVH� ��� 7UXH� ��� 7UXH
� ��� (CNUG��(WKDQRO�LV�ZHDNHU�DFLG�WKDQ�ZDWHU�DQG�WKHUHIRUH��

LW�GRHV�QRW� UHDFW�ZLWK�DTXHRXV�1D2+� WR� IRUP�VRGLXP�
HWKR[LGH�

� ��� 6TWG��6ROXELOLW\�LQFUHDVHV�ZLWK�EUDQFKLQJ�
� ��� (CNUG��'XH�WR�y,�HIIHFW�RI�PHWKR[\�JURXS�DW�O�SRVLWLRQ��

O�PHWKR[\�SKHQRO�LV�D�VWURQJHU�DFLG�WKDQ�SKHQRO�
� ��� )DOVH� ��� )DOVH� �� )DOVH� ���� )DOVH
� ���� 7UXH� ���� 7UXH
� ���� (CNUG��,W�JLYHV�SKHQRO�DQG�HWK\O�LRGLGH�

� ���� (CNUG�� CH —C
3

—O

CH
3

�
CH MgBr3' �'''' � CH —C—OMgBr3

CH
3

CH
3

��
� � � � �� � ��

� � �
�

H , H O+
2' �''' CH —C—OH

3

CH
3

CH
3

� � WHUW�%XW\O�DOFRKRO

� ���� 7UXH�

� $�� %QORNGVG�VJG�OKUUKPI�NKPMU �

� ��� GLHWK\O�HWKHU� �� K\GURJHQ�ERQGLQJ

� ��� DEVROXWH�DOFRKRO� ��� DONHQHV� ��� Q�QLWURSKHQRO
� �� &&O�� ��� ]\PDVH� ��� EHQ]R\O�FKORULGH
� ��� VWHDP� ���� IHUULF�FKORULGH� ���� D]HRWURSLF

� ���� %XWDQ���RO� �����VDOLF\OLF�DFLG� ���� ��&+�,

� ����
CH C

3
—CH + CH OH

2 3

CH
3

� ���� �&+�&+���2

� ���� � ����

� ���� �&+���&2���+�� ���� =Q��=Q2�

� %�� %JQQUG�VJG�EQTTGEV�CNVGTPCVKXG

� ��� ORZHU� ��� VWURQJHU� ��� VWURQJHU�
� ��� ��� ��� VPDOOHU� ��� K\GUR[\�TXLQRO
� ��� SULPDU\� ��� SKHQRO� ��� ORZHU
� ���� HWKHQH� ���� FRQF��+12�� ���� VDOLF\OLF�DFLG
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QUESTIONS WITH ANSWERS

+276 Higher Order Thinking Skills
Advanced Level�

���#EKF�ECVCN[UGF�FGJ[FTCVKQP�QH� VGTV�DWVCPQN� KU� HCUVGT� VJCP� VJCV� QH�P�D�WVCPQN��'ZRNCKP�
#PU��$FLG�FDWDO\VHG�GHK\GUDWLRQ� RI� DOFRKROV� RFFXUV� WKURXJK� WKH� IRUPDWLRQ� RI� FDUERFDWLRQ� LQWHUPHGLDWH� DV�

� � � � � � � � � � � � � � � � � � � � � � � � � � CH

CH

C

CH

OH3

3

3

— —
|

|

tert-Butanol

� � �
H
H O

�

�' �'''
2 � CH

CH

C

CH

3

3

3

—
�

�
�

tert-Butyl carbocation
(more stable)

� � � &+�&+�&+�&+�2+�
H
H O

�

�' �'''
2

�&+�&+�&+�&+�

�

� � � � � � � � � � � P�%XWDQRO� � � � � � � � � � P�%XW\O� FDUERFDWLRQ
� � � � � � � � �OHVV� VWDEOH�

6LQFH�V�EXW\O�FDUERFDWLRQ������LV�PRUH�VWDEOH�WKDQ�P�EXW\O�FDUERFDWLRQ�������WKHUHIRUH��DFLG�FDWDO\VHG�GHK\GUDWLRQ�RI�V�EXWDQRO�
WDNHV� SODFH� IDVWHU� WKDQ� WKDW� RI�P�EXWDQRO�

�����*[FTCVKQP�QH���RJGP[N���DWVGPG�YKVJ�FKN��*�51��KU�PQV�C�UCVKUHCEVQT[�OGVJQF�HQT�RTGRCTKPI���RJGP[N���DWVCPQN�
DGECWUG���RJGP[N���DWVCPQN�KU�QDVCKPGF�KPUVGCF��'ZRNCKP�

#PU��+\GUDWLRQ�IRUP����FDUERFDWLRQ�ZKLFK�XQGHUJRHV�D�K\GULGH�VKLIW�WR�VWDEOH�EHQ]\OLF�FDUERFDWLRQ�

H C CH CH2 3

3

== CH

Ph
-Phenylbut-1-ene

' '
� �

H�' �'' �H C CH CH3 3' ' '�

�
CH

Ph

�
Hydride
Shift' �'''

�

�
H C CH

Ph

CH3 2 3' ' 'C

� � � � � � � ������������FDUERFDWLRQ�� � � �������FDUERFDWLRQ�

� � � � � � ����
+�2��+

�

� � � �� � � � � � ��

H C CH

OH

C

Ph

CH3 2 3' ' '
�

�

���)KXG�VJG�RTQFWEV�CPF�UJQY�VJG�UVGRU�KP�
K��VJG�J[FTCVKQP�QH�E[ENQDWV[NGVJGPG�KP�FKN��*�51���
KK��FGJ[FTCVKQP�QH�
E[ENQDWV[NECTDKPQN�

#PU�����K��,Q�WKLV�UHDFWLRQ��WKH�DGGLWLRQ�RI�+��WR�&��JLYHV�D����FDUERFDWLRQ��ZKLFK�UHDUUDQJHV�E\�ULQJ�H[SDQVLRQ��)LQDOO\��LW�JLYHV��

��PHWK\OF\FORSHQWDQRO�

� &+�  �&+��
H�' �'' � &+�z&+��

Rearrangement' �'''''' � &+z&+��
H O2 , H+�' �'''''

&+�

+

2++

� ��&\FOREXW\O�HWKHQH� ���&DUERFDWLRQ� ���&DUERFDWLRQ�� �����0HWK\OF\FORSHQWDQRO
� �� �� � � � � %KU�DQG�VTCPU
� �KK��7KLV�UHDFWLRQ�UHVXOWV�LQ�WKH�H[SDQVLRQ�RI�IRXU�PHPEHUHG�WR�D�ILYH�PHPEHUHG�ULQJ�

� � &+�2+�
H�' �'' �

&+�2+�

�

+
�

H O2' �'' ������
+

� ��
�' �''H
+

�

� �������&\FOREXW\OFDUELQRO� ����������������������������������������������� FORSHQWHQH

�����#TTCPIG�VJG�HQNNQYKPI�CNEQJQNU�KP�VJG�KPETGCUKPI�QTFGT�QH�TGCEVKXKV[�YKVJ�*$T�
� %�*�%*�1*��
%�*���%*1*��
%�*���%1*��R�%N�%�*�%*�1*��R�01�%�*�%*�1*
#PU�����R�12�&�+�&+�2+���R�&O�&�+�&+�2+���&�+�&+�2+����&�+���&+2+����&�+���&2+
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����5JQY�UVGRU�HQT�VJG�EQPXGTUKQP�QH�GVJGPG�VQ�FKXKP[N�GVJGT�
#PU�
� �&+�  &+���

HOCl' �'' �CH

Cl

CH

OH

2 2� �
' � H SO

140 C

2 4' �'''
!

�CH

Cl

2
|

z&+�z2z&+�zCH

Cl

2|
� 2KOH

(alc)
 → �&+��  �&+z2z&+�  �&+�

� � ������������

(WKHQH

� � � � � � �� � � � � � �������������'LFKORURGLHWK\O�HWKHU� � � � ���

'LYLQ\O�HWKHU�

�

����%[ENQDWV[N�DTQOKFG�QP�VTGCVOGPV�YKVJ�OCIPGUKWO�KP�FT[�GVJGT�HQTOU�CP�QTICPQOGVCNNKE�#��6JG�QTICPQ�OGVCNNKE�TGCEVU�
with�ethanal�to�give�an�alcohol�B�after�mild�acidi�cation.�Prolonged�treatment�of�alcohol�B�with�an�equivalent�amount�
QH�*$T�IKXGU���DTQOQ���OGVJ[N�E[ENQRGPVCPG
%���9KVJ�VJG�UVTWEVWTGU�QH�#��$�CPF�GZRNCKP�JQY�%�KU�QDVCKPGF�HTQO�$�

#PU��

��������������������

%U

����������
Mg

 (dry ether)
' �''''

�

0J%U

�
CH CHO3' �'''' ����

&+&+�

2+

�
����

HBr' �'' ��

%U &+�

� � ����������������������������$�� �������������������������������������� %��� � � � ���������������������������������&�
&RQYHUVLRQ�RI�%�WR�&�RFFXUV�DV��

��������������������

OH

C

H

CH
�

�
' 3 HBr

' �'' �

+
2OH

C

H

CH
�

�
'

3 �
�

' �'''
H
2
O

� +

&+�

�

�
' �'''
H
2
O

�
&+�

� �' �''H
+ %U

&+�

�&�
� �%�

���'ZRNCKP�YJ[�FGJ[FTCVKQP�QH�CNEQJQNU�VQ�HQTO�CNMGPGU�KU�CNYC[U�ECTTKGF�QWV�YKVJ�EQPE��*�51��CPF�PQV�YKVJ�EQPE��
*%N�QT�*01��!

#PU����'HK\GUDWLRQ�RI�DOFRKROV�WR�DONHQHV�RFFXUV�WKURXJK�WKH�IRUPDWLRQ�RI�FDUERFDWLRQ�LQWHUPHGLDWH��,I�+&O�LV�XVHG�WKHQ�FKORULGH�
�&Oy��LRQ�EHLQJ�D�JRRG�QXFOHRSKLOH�ZLOO�UHVXOW�LQWR�VXEVWLWXWLRQ�UHDFWLRQ�IRUPLQJ�DON\O�FKORULGH�

���������������������������5z&+� �&+��

HSO
H SO

4
2 4

�

�� ''''' � 5z&+�z&+�
�� Cl�' �'' � 5z&+�z&+�&O�

� � �������������� ONHQH�� � �����&DUERFDWLRQ� � ��������$ON\O�KDOLGH�

� � �� (OLPLQDWLRQ�SURGXFW�� � � � 6XEVWLWXWLRQ�SURGXFW�

�+RZHYHU��LI�+�62��LV�XVHG��WKHQ�WKH�ELVXOSKDWH��+62�
y��LRQ�EHLQJ�YHU\�ZHDN�QXFOHRSKLOH�FRQQRW�UHVXOW�LQWR�VXEVWLWXWLRQ�UHDFWLRQ��

5DWKHU�WKH�FDUERFDWLRQ�ORVHV�D�SURWRQ�WR�IRUP�HOLPLQDWLRQ�SURGXFW�DONHQH��2Q�WKH�RWKHU�KDQG��FRQF��+12��DOVR�FDQQRW�EH�XVHG�EHFDXVH�

LW�LV�D�VWURQJ�R[LGLVLQJ�DJHQW�DQG�ZLOO�SUHIHUHQWLDOO\�UHVXOW�LQWR�WKH�R[LGDWLRQ�RI�DOFRKROV�WR�DOGHK\GHV��NHWRQHV�RU�FDUER[\OLF�DFLGV��

7KXV��WKH�GHK\GUDWLRQ�RI�DOFRKROV�WR�IRUP�DONHQHV�LV�DOZD\V�FDUULHG�RXW�ZLWK�VXFK�VWURQJ�DFLGV��+�62���+�32���HWF���ZKLFK�KDYH�

QRQ�QXFOHRSKLOLF�DQLRQV�

���#NEQJQNU� FQPQV�TGCEV�YKVJ�0C$T�DWV�YJGP�*�51�� KU� CFFGF�VJG[� HQTO�CNM[N� DTQOKFGU��'ZRNCKP�

#PU�� �52+���%Uy�→�5%U���2+y

$OWKRXJK� %Uy� LV� D� VWURQJ� QXFOHRSKLOH�� \HW� 2+y� EHLQJ� D� VWURQJ� EDVH� LV� D� YHU\� SRRU� OHDYLQJ� JURXS�� 7KHUHIRUH�� %Uy� FDQQRW�
GLVSODFH�2+y� IURP�52+� WR� IRUP�5%U��+HQFH�� DOFRKROV�GRQRW� UHDFW�ZLWK�1D%U�

+RZHYHU��ZKHQ�+�62��LV�DGGHG��SURWRQDWLRQ�RI�DOFRKROV�WDNHV�SODFH�DQG�z2+�JURXS�JHWV�FRQYHUWHG�WR�z2+
�

���6LQFH�ZDWHU�
LV� D�ZHDN�EDVH�� WKHUHIRUH�� LW� LV� D�JRRG� OHDYLQJ�JURXS��+HQFH��%Uy� FDQ�GLVSODFH�+�2� IURP� SURWRQDWHG� DOFRKRO� WR� IRUP�5%U�

5z2+� ��+�� � �52+�
�

� � � � � � � � � � � � � � � � � � � � � � � � � � 3URWRQDWHG�DOFRKRO�

� � � � � →� 5%U� �� +�2

� � � � � � � � � � � � 6WURQJ� QXFOHRSKLOH� � � � � *RRG� OHDYLQJ� JURXS

���%[ENKE�%�*�OH�has��ve� isomers.�Write� their� structure� and�names.

#PU����K�� �KK�� ���KKK�� ��KX��� ��X��

����0GQRGPV[N� CNEQJQN� TGCEVU� YKVJ� EQPEGPVTCVGF� *$T� VQ� IKXG� ��DTQOQ���OGVJ[NDWVCPG�� 9TKVG� VJG�OGEJCPKUO�
HQT� VJG� HQTOCVKQP�QH� VJKU�RTQFWEV�
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#PU�� � CH

CH

C

CH

CH OH3

3

3

2— —
|

|

Neopentyl alcohol

� � H+
� CH

CH

C

CH

CH OH3

3

3

2 2— —
�

�

� � � CH

CH

C

CH

CH3

3

3

2

1

— —
�

�
�

!-Carbocation
$�PHWK\O� VKLIW� FKDQJHV��°� FDUERFDWLRQ� WR�D� VWDEOH���� FDUERFDWLRQ��

� � � � � � � � �

���� 9TKVG�VJTGG�ECTDQP[N�EQORQWPFU�YJKEJ�OC[�DG�WUGF�VQ�RTGRCTG��

������ � &+�2+

#PU���,W�FDQ�EH�SUHSDUHG�IURP�DQ�DOGHK\GH��FDUER[\OLF�DFLG�DQG�HVWHU�E\�UHGXFWLRQ�ZLWK�/L$O+���+�2�

�K�������� ������ &+2���
LiAlH

H O
4

2

 or NaBH4' �''''''' � ��� &+�2+

����� � �� ��� ������0HWK\OSHQW���HQDO

�KK�� &22&+��
LiAlH

H O
4

2

 ' �'''' � &+�2+

�����0HWK\O���PHWK\OSHQW���HQRDWH

�KKK�� &22+�
LiAlH

H O
4

2

 ' �'''' � &+�2+
� � � � � ��0HWK\OSHQW���HQRLF� DFLG� � � � � � � � �

���� #P�GVJGT�
#��%�*��1�YJGP�JGCVGF�YKVJ�GZEGUU�QH�JQV�EQPE��*+�RTQFWEGF�VYQ�CNM[N�JCNKFGU�YJKEJ�QP�J[FTQN[UKU�
HQTO�EQORQWPFU�
$��CPF�
%���1ZKFCVKQP�QH�
$��ICXG�CP�CEKF�
&��YJGTGCU�QZKFCVKQP�QH�
%��ICXG�C�MGVQPG�
'���&GFWEG�VJG�
UVTWEVWTCN�HQTOWNCG�QH�
#���
$���
%���
&��CPF�
'��

� #PU�� &+�&+�z2z&+&+�&+��
HI' �' �&+�&+�,� �� &+�z&+&+�&+�

� � � � � � � � �� �
� � � &+�� � � � � �� ���,� �
� � ��(WKR[\�EXWDQH� � �+���+�2� � �+���+�2

� � � � � � �$�� � � ↓� � � �↓� �
� � � � � +�&+�2+� � &+�&+&+�&+�
� � � � � %��� � � ��|
� � � � � � � � �2+

� � � � � � � � � �&�

� � � � �� � � 
� � � � � ���� >2@� � � �>2@
� � � � � ↓�� � � ↓
� � � � � &+�&22+� � &+�z&z&+�
� � � � � �'��� � � ��||
� � � � � � � � � ��2
� � � � � � � � �� (�

� $� �CH CH O

CH

CHCH CH3 2

3

2 3

|
� %� �&+�&+�2+� C CH CH

OH

CH CH

�3 2 3 � '� �&+�&22+� (� �CH C

O

CH3 3— —


� ��(WKR[\EXWDQH� ���(WK\O�DOFRKRO��� ��%XWDQRO� $FHWLF�DFLG� ���$FHWRQH

���� #P�QTICPKE�EQORQWPF�#�
%�*�1��TGCEVU�YKVJ�UQFKWO�VQ�HQTO�C�EQORQWPF�$�YKVJ�VJG�GXQNWVKQP�QH�*��CPF�IKXGU�C�
[GNNQY�EQORQWPF�%�YJGP�VTGCVGF�YKVJ�KQFKPG�CPF�0C1*��9JGP�JGCVGF�YKVJ�EQPE��*�51��CV�����-��KV�IKXGU�C�EQORQWPF�
&�
%�*��1��YJKEJ�QP�VTGCVOGPV�YKVJ�EQPE��*+�CV�����-�IKXGU�'��&�KU�CNUQ�QDVCKPGF�YJGP�$�KU�JGCVGF�YKVJ�'��+FGPVKH[�#��
$��%��&�CPF�'�CPF�YTKVG�GSWCVKQPU�HQT�VJG�TGCEVKQPU�KPXQNXGF�
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��������#PU�� &+,��
I ,NaOH2� '''' �&+�&+�2+�

Na' �'' � &+�&+�21D���+�
� � ���&�� � �$�� � � �%�

� � � � �+�62�������.
� � � � ↓�� � �

� � � �&+�&+��2�&+�&+��
Heat� ''' &+�&+�21D���&+�&+�,

� � � � �'��� � � �%�� � �(�

� � � � �+,������.
� � � � ↓
� � � � &+�&+�,
� � � � �(�

� ���� �9TKVG� VJG� KPVGTOGFKCVG� UVGRU� HQT�GCEJ�QH� VJG� HQNNQYKPI�TGCEVKQPU� �

� �
K��%�*�%*
1*�%�≡�%*�
H O3

+
' �''' �%�*�%*���%*ō%*1� � 
KK�� �

2+
� � H+' �'' �

2 &+�

�
#PU�

� �K��C H CHC

OH

6 5 �
$$ CH � H+' �'' � C H CHC

OH

CH6 5

2

�
$$

�

�
– H O2' �'' � &�+�

�
&+z&� ≡≡� &+� ←→� � &�+�&+  &  &+

� +H O2' �'' ����
�
�

C H CH6 5 ==C==CH

OH2
��

�
–H+' �'' �&�+�&+�  �&�  �&+2+���

   Tautomerisation  
�&�+�&+�  �&+�z�&+2�

�KK��� 7KH� DGGLWLRQ� RI� +�� WR� WKH� GRXEOH� ERQG� WDNHV� SODFH� LQ� DFFRUGDQFH� ZLWK� 0DUNRYQLNRYuV� UXOH� WR� IRUP� PRUH� VWDEOH�
FDUERFDWLRQ��,���1XFOHRSKLOLF� DWWDFN� E\�2+� JURXS� RQ� ,� JLYHV� WKH� F\FOL]HG� SURGXFW� �,,�� ZKLFK� UHDGLO\� ORVHV� D� SURWRQ� WR� IRUP� WKH�
ILQDO� SURGXFW� �,,,��� � �

� � �

2+

+
�

y+
�

+ +
_ _

���
��� 2 2

��� ���

���
� �

2&+�&+�

1XFOHRSKLOLF
DWWDFN

&+�

� �� � � � � � � � � � � � � � � � �,�� �,,�� �,,,�
����� �%QORNGVG�VJG�HQNNQYKPI�TGCEVKQPU��


C�� � 
� � CH

CH

CH CH OH3

3

2'
�
' � H SO2 4' �''' � !� 
D�� � 1� 
� 
%*���%*/I$T� ' �' � !� H , H O+

2 4' �'''' � !


E�� �

%*� �%*�

1* � � �
H (Cat)+

' �'''' � !� 
F�� 1� �
LiAlH4' �'''' � !


G��

* 1*

�� MnO2' �'''
� 
E�� 2J%*����%*%*
1*�%*��

PBr3' �''

#PU�

�C�� � � � � �� � CH

CH

CH CH OH3

3

2

�
' � � �

H+' �'' � �

&+�

&+�&+�&

� � � VGTV�%XW\O� EHQ]HQH

�D�� � 2� � ��� � � � �&+���&+0J%U� � � � �→�
&+�&+���

20J%U
�
H , H O2
�

' �'''' �
&+�&+���

2+

�E�� CH

OH

CH'
� 3

� �
H (Cat.)�

' �'''' � � &+  &+��
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�F�� 2� � � � � �
LiAlH4' �''' � � �

+

2+

�G��� �

2++

��
MnO
O
2' �''' ��

2

�H�� 3K&+�  �&+&+�2+�&+����3%U�� � →� PhCH CH==CHCH

Br
| 3

����� �#�EQORQWPF�&
%�*��O)�upon�treatment�with�alkaline�solution�of�iodine�gives�a�yellow�precipitate.�The��ltrate�
on�acidi�cation�gives�a�white�solid�E(C�*�1����9TKVG�VJG�UVTWEVWTGU�QH�&�CPF�'�CPF�GZRNCKP�VJG�HQTOCVKQP�QH�'�
#PU��6LQFH�FRPSRXQG�'��&�+��2��XSRQ�WUHDWPHQW�ZLWK�DONDOLQH�VROXWLRQ�RI�,��JLYHV�\HOORZ�SSW��WKHUHIRUH��'�PD\�EH�HLWKHU��

�
PHWK\O�NHWRQH� ( )' 'C

O
��
CH3 RU�PHWK\O�FDUELQRO� ( )' 'CH

OH
�

CH3

7KH�PROHFXODU�IRUPXOD�RI�'�VXJJHVWV�LW�WR�EH���SKHQ\O�HWKDQRO���C H CH

OH

CH6 5 3|

7KH�UHDFWLRQ�PD\�EH�H[SODLQHG�DV��

� CH

OH

CH
| 3 ����,�����1D2+�

Iodoform
test' �'''' � &221D���&+,�����1D,����+�2

� �

������������������3KHQ\O�HWKDQRO��'�� ��
+���+�2

�
&�+��2� &22+� � � � � � � � � �

� � � � � � %HQ]RLF�DFLG��(�

Very Short Answer Questions carrying 1 mark

� ��� :KDW� LV� WKH� PDMRU� SURGXFW� IRUPHG� ZKHQ� ��EXWDQRO� LV�

WUHDWHG�ZLWK�FRQF��+�62��DW�����.�"

� ��� :KDW�LV�WKH�RUGHU�RI�UHDFWLYLW\�RI��������DQG����DOFRKROV�

ZLWK�VRGLXP�PHWDO�"

� ��� 1DPH� WKH� PDLQ� SURGXFW� REWDLQHG� ZKHQ� YDSRXU� RI��

WHUW�EXW\O�DOFRKRO�DUH�SDVVHG�RYHU�KHDWHG�FRSSHU�DW�����.�

� ��� 3KHQRO�LV�KHDWHG�ZLWK�&+&O��DQG�1D2+�DW�����.��:KDW�

LV�WKH�SURGXFW�IRUPHG�"�*LYH�WKH�QDPH�RI�WKH�UHDFWLRQ�

� ��� :KDW�KDSSHQV�ZKHQ�SKHQRO�LV�ZDUPHG�ZLWK�&2��LQ�WKH�

SUHVHQFH�RI�DTXHRXV�1D2+"� �0HJKDOD\D�6�%������
� ��� :KDW�KDSSHQV�ZKHQ�SKHQRO�LV�R[LGLVHG"

� �8WWDUDNKDQG�6�%������
�� ��� :ULWH�WKH�VWUXFWXUDO�IRUPXOD�RI�SURSDQH�y�������y�WULRO�

�$VVDP�6�%�������
� ����1DPH�WKH�SURGXFWV�REWDLQHG�ZKHQ�DQLVROH�LV�WUHDWHG�ZLWK�+,�
� ���:K\�LV�VSHFLDO�FDUH�WDNHQ�WR�GLVWLO�ROG�VDPSOHV�RI�HWKHU�"

�����1DPH�WKH�SURGXFWV�REWDLQHG�ZKHQ�DQLVROH�LV�WUHDWHG�ZLWK�
D�PL[WXUH�RI�FRQF��+12��DQG�FRQF��+�62��

�����&RPSOHWH�WKH�UHDFWLRQ��
2&+�

� Br /CS2 2' �''''

����� *LYH�WKH�,83$&�QDPH�RI�WKH�IROORZLQJ�FRPSRXQG��
� � CH CH OH3 2—C ==

CH

C—

Br3

| | � �'�6�%�������

�����'UDZ� WKH� VWUXFWXUDO� IRUPXOD� RI� ��PHWK\OSURSDQ���RO�
PROHFXOH�� �&�5�$�������

�����'UDZ�WKH�VWUXFWXUH�RI�KH[���HQ���RO�FRPSRXQG�
� �&�5�$��������6TKRWTC�5�$�������

�����1DPH�WKH�FRPSRXQG�DFFRUGLQJ�WR�,83$&�UXOH��

� ��� ������������� ���������������
#UUCO�5�$�������

����� :KLFK�RI�WKH�IROORZLQJ�LVRPHUV�LV�PRUH�YRODWLOH��

� � Q�QLWURSKHQRO�RU�R�QLWURSKHQRO�"������������������&�5�$�������

����� �:ULWH�WKH�,83$&�QDPH�RI��

� � �

2�1 2+

12�
� �&�5�$��������

�����&RPSOHWH�WKH�UHDFWLRQ�

� � &�+�2&�+�����+,�
373 K' �''' "

� �*T�5�$�������
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�����*LYH�WKH�,83$&�QDPH�RI�

� � �&�+����&+2&�+��� �,COOW�5�$�������

�����*LYH�WKH�,83$&�QDPH�RI�

� � &+�z2z&z&+�

2&+�z

� �,COOW�5�$�������

CBSE QUESTIONS
�����:ULWH�WKH�VWUXFWXUH�RI�WKH�PROHFXOH�RI�D�FRPSRXQG�ZKRVH�

,83$&�QDPH�LV���3KHQ\OSURSDQ���RO��
� �#�+�5�$�������

�����+RZ�ZRXOG�\RX�FRQYHUW�HWKDQRO�WR�HWKHQH�"�
� � � � �#�+�5�$��������*T�5�$�������
���� :K\�LV������EXWDQ���RO�RSWLFDOO\�LQDFWLYH�"�
� � � � �&�5�$��������#�+�5�$�������
����� :ULWH�WKH�,83$&�QDPH�RI�WKH�JLYHQ�FRPSRXQG�

� �

+2z&+�z&+z&+�2+

&+�

z

� �#�+�5�$�������
����� :ULWH�WKH�,83$&�QDPH�RI�WKH�IROORZLQJ�FRPSRXQG�

� �

+�&z&�  �&z&+�z2+

%U&+�

zz

� �#�+�5�$�������
����� :ULWH�WKH�,83$&�QDPH�RI�WKH�IROORZLQJ�FRPSRXQG�

� �

&+�z2z&z&+�

&+�

&+�

z
z

� �#�+�5�$�������
����� :ULWH�WKH�,83$&�QDPH�RI�WKH�IROORZLQJ�FRPSRXQG�

� �

&+�  �&+�z&+�z2+

� �#�+�5�$�������

�����:ULWH�WKH�,83$&�QDPH�RI�WKH�IROORZLQJ�

� �

&+�z�&�z�&+�z�&+�

&�+�2+

&+�

z z

z

� �#��+��5��$�������

�/%3U�HTQO�5VCVG�$QCTFUŏ�'ZCOKPCVKQPU

�����'HK\GUDWLRQ�RI�WHUWLDU\�DOFRKROV�ZLWK�&X�DW�����JLYHV
� � �C�� $OGHK\GHV� �D�� .HWRQHV
� � �E�� $ONHQHV� �F�� 1RQH�RI�WKHVH� 
*T��5�$�������
�����0ROHFXODU�IRUPXOD�RI�HWKHUV�LV�

� � C�� &P+�P��2+� �D�� &P+�P2

� � E�� &P+�P��2� �F�� 1RQH�RI�WKHVH�
� �*T��5�$�������������

�����:LOOLDPVRQuV�V\QWKHVLV�LV�DQ�H[DPSOH�RI�

� � �C�� 1XFOHRSKLOLF�VXEVWLWXWLRQ�UHDFWLRQ
� � D�� 1XFOHRSKLOLF�DGGLWLRQ
� � �E�� (OHFWURSKLOLF�VXEVWLWXWLRQ
� � �F�� 1RQH�RI�WKH�DERYH� � � �*T��5�$�������
����� 5HDFWLRQ�XVHG�IRU�WKH�SUHSDUDWLRQ�RI�HWKHUV�LV
� � �C���5HLPHU�7LHPDQQ�UHDFWLRQ
� � �D�� :LOOLDPVRQuV�V\QWKHVLV

� � �E�� :XUW]�UHDFWLRQ

� � �F�� �&DQQL]]DUR�UHDFWLRQ��� � *�2�5�$�������

����� 7KH�WHVW�XVHG�WR�GLVWLQJXLVK�DOFRKROV�IURP�RQH�DQRWKHU�LV�
NQRZQ�DV

� � � �C�� +LQVEHUJuV�WHVW� �D�������'13�WHVW
� � � �E�� ,RGRIRUP�WHVW� �F��/XFDV�/HVW
� �*�2�5�$�������
����� 7KH�,83$&�QDPH�RI�&+�2+�LV
� � � _
� � � &+2+

� � �
_

� � �
&+�2+

� � 
C��3URSDQH�������GLRO�� 
D��3URSDQH�������GLRO
� � 
E��3URSDQH����������WULRO� 
F��*O\FHURO
� 
/K\QTCO�5�$�������
����� (WKHUV��RQ�K\GURO\VLV�JLYH
� � 
C��FDUER[\OLF�DFLG� � 
D��DOFRKRO
� � 
E��HVWHU� � � 
F��NHWRQH�
� 
0CICNCPF�5�$�������
�����:KLFK�RI�WKH�IROORZLQJ�KDV�KLJKHVW�ERLOLQJ�SRLQW"
� � 
C��0HWKDQRO� � 
D��(WKDQRO
� � 
E��3URSDQ���RO� � 
F��%XWDQ���RO�
� 
*T��5�$�������
�����:KLFK�KDV�KLJKHVW�YDOXH�RI�R.C"
� � 
C��3KHQRO� � � 
D��(WKDQRO
� � 
E��Q�1LWURSKHQRO� � 
F��Q�&UHVRO����
*T�5��$�������
�����:KLFK�RI�WKH�IROORZLQJ�LV�PRVW�DFLGLF�"
� � 
C��%HQ]\O�DOFRKRO� � 
D��&\FORKH[DQRO
� � 
E��3KHQRO� � � 
F��O�&KORURSKHQRO�
� 
 T�5��$�������
����� 3KHQROV�RQ� UHDFWLRQ�ZLWK� FRQF��+12�� LQ� WKH� SUHVHQFH� RI�

FRQF��+�62��JLYHV
� � 
C��Q�QLWURSKHQRO� � 
D��O�QLWURSKHQRO
� � 
E��R�QLWURSKHQRO� � 
F��������WULQLWURSKHQRO�
� 
0CICNCPF�5�$�������
�����0HWKDQRO�DQG�HWKDQRO�FDQ�EH�GLVWLQJXLVKHG�E\�XVLQJ
� � 
C��)HKOLQJ
V�WHVW� � 
D��,RGRIRUP�WHVW
� � 
E��7ROOHQ
V�WHVW� � 
F��&DUE\ODPLQH�WHVW�
� 
/K\QTCO�5�$�������
����� 7KH�,83$&�QDPH�RI�WKH�FRPSRXQG

�

&+�z&+z&+z&+z&+�z2+�LV

&O

z

&+�

z

&+�

z

� � 
C����&KORUR�����GLPHWK\O�P�SHQW\O�DOFRKRO
� � 
D����&KORUR�����GLPHWK\OSHQWDQ���RO
� � 
E����&KORUR�����GLPHWK\OSHQWDQ���RO
� � 
F������'LPHWK\O���FKORURSHQWDQ���RO������
/K\QTCO�5�$�������

����� &+�&+�2+�
conc. H SO2 4

413 K
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� � 
C��&+� &+�� � 
D��&�+�2&+�

� � 
E��
&�+���2�� � 
F��&+�&+�&+�&+�

� � 
*T�5�$�������
�����:KLFK�LV�ZHDNHVW�DFLG�LQ�WKH�IROORZLQJ"
� � 
C��&+�2+� � � 
D��
&+���&+2+

� � 
E��&+�&+�2+� � 
F��
&+���&2+
� � 
*T�5�$�������
�����:LOOLDPVRQ�V\QWKHVLV�LV�XVHG�WR�SUHSDUH�
� � 
C��$OFRKRO� � � 
D��$PLQH
� � 
E��.HWRQH� � � 
F��(WKHU
� � 
*T�5�$�������
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����� ,Q�WKH�UHDFWLRQ� � ��+,�
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� � $�DQG�%�DUH�

� � 
C��&�+�,��&+�2+� � 
D��&�+�2+��&+�,

� � 
E��&�+�&+�2+��&+�,� 
F��&+�&+�,��&�+�2+

� 
*T�5�$�������
����� 7KH�,83$&�QDPH�RI� z2z&+�&+�&+�

&+�

z �LVy

� � 
C����&\FORSURSR[\EXWDQH

� � 
D����3URSR[\EXWDQH
� � 
E����3URSR[\SURSDQH

� � 
F����0HWK\O���SURSR[\SURSDQH� 
/K\QTCO�5�$�������
�����1HXWUDO� IHUULF� FKORULGH� WHVW� FDQ� EH� XVHG� WR� GLVWLQJXLVK��

EHWZHHQ
� � 
C��$OFRKROV�DQG�HWKHUV� 
D��$OGHK\GHV�DQG�NHWRQHV
� � 
E��$PLQHV�DQG�DOGHK\GH� 
F��3KHQROV�DQG�DOFRKROV
� 
/K\QTCO�5�$�������
�����2Q�UHDFWLRQ�ZLWK�DTXHRXV�EURPLQH�DW� URRP�WHPSHUDWXUH�

SKHQRO�IRUPV�ZKLFK�RI�WKH�IROORZLQJ"
� � 
C��OGVC�%URPRSKHQRO� 
D�������'LEURPRSKHQRO
� � 
E����������7ULEURPRSKHQRO� 
F�������'LEURPRSKHQRO


9�$��5�$�������

Short Answer Questions carrying 2 or 3 marks

� � �:ULWH�WKH�VWUXFWXUDO�IRUPXODH�RI�DOO�WKH�LVRPHULF�FRPSRXQGV�
WKDW�FDQ�EH�UHSUHVHQWHG�E\�WKH�PROHFXODU�IRUPXOD�&�+��2��
:ULWH�WKHLU�,83$&�QDPHV�

� ���+RZ�LV�DQLVROH�SUHSDUHG�"�+RZ�GRHV�LW�UHDFW�ZLWK
� � �C�� %U��LQ�&6�
� � �D�� +12��LQ�WKH�SUHVHQFH�RI�+�62�

� � E�� +,�DW����y����.�"

� ���([SODLQ�WKH�IROORZLQJ��
� � �C�� 3KHQ\O�PHWK\O�HWKHU�UHDFWV�ZLWK�+,�WR�JLYH�SKHQ\O�DQG�

PHWK\O�LRGLGH�DQG�QRW�LRGREHQ]HQH�DQG�PHWK\O�DOFRKRO�

� � �D�� 'LPHWK\O� HWKHU� LV� FRPSOHWHO\� VROXEOH� LQ� ZDWHU� EXW�
GLHWK\O�HWKHU�LV�VROXEOH�LQ�ZDWHU�WR�VPDOO�H[WHQW�

� � �E�� &z2z&�ERQG�DQJOH�LQ�HWKHU�LV�KLJKHU�WKDQ�WKH�+z2z+�
ERQG�DQJOH�LQ�ZDWHU�WKRXJK�R[\JHQ�LV�UR��K\EULGL]HG�LQ�
ERWK�WKHVH�FDVHV�� �2D�5�$�������

� ��� +RZ�ZRXOG�\RX�DFFRXQW�IRU�WKH�IROORZLQJ��

� �K�� 3KHQRO�LV�PRUH�DFLGLF�WKDQ�HWKDQRO�
� � � �2D��5�$��������*T��5�$�������
� �KK�� 7KH� ERLOLQJ� SRLQWV� RI� HWKHUV� DUH�PXFK� ORZHU� WKDQ�

WKRVH� RI� WKH� DOFRKROV� RI� FRPSDUDEOH�PRODU�PDVVHV�
� 
&�5�$��������2D�5�$��������/GIJCNC[C�5�$�������

� �KKK�� :K\�GR�HWKHUV�SRVVHVV�GLSROH�PRPHQW"����
2D��5�$�������
� �������:ULWH�WKH�HTXDWLRQV�IRU�WKH�UHDFWLRQ�RI�SKHQRO�ZLWK�WKH�

IROORZLQJ�
� � �K���%U��ZDWHU
� � �KK���&+&O����1D2+
� ��KKK�� 1D�&U�2����&RQF�+�62��� 
*T��5�$�������
� ��� ([SODLQ�WKH�PHFKDQLVP�RI�WKH�IROORZLQJ�UHDFWLRQV��
� � �K���$FLG�FDWDO\VHG�GHK\GUDWLRQ�RI�DQ�DOFRKRO�IRUPLQJ�DQ�

DONHQH�� 
&�5�$��������/K\QTCO�5�$�������������

� � �KK���$FLG�FDWDO\VHG�K\GUDWLRQ�RI�DQ�DONHQH�IRUPLQJ�DOFRKRO�
� 
&�5�$�������

� ��� ,OOXVWUDWH�WKH�IROORZLQJ�UHDFWLRQV�JLYLQJ�D�FKHPLFDO�HTXDWLRQ�
IRU�HDFK��

� � K�� .ROEH
V�UHDFWLRQ� �&�5�$�������
� � �KK�� :LOOLDPVRQ
V� V\QWKHVLV�� � � � � �&�5�$�� ������ 2D�� 5�$��

�����
� � KKK�� )ULHGHO�&UDIWV�DON\ODWLRQ�� �2D��5�$�������
� �� +RZ�FDQ�\RX�GLVWLQJXLVK�SULPDU\��VHFRQGDU\�DQG�WHUWLDU\�

DOFRKROV�E\�/XFDV�WHVW�"� �*�2�5�$�������������
� �� �C��� &RQYHUW�SKHQRO�LQWR�VDOLF\OLF�DFLG�� �*�2�5�$�������
� � ��D�� +RZ� FDQ� \RX� GLVWLQJXLVK� SULPDU\�� VHFRQGDU\� DQG�

WHUWLDU\�DOFRKROV�E\�/XFDV�WHVW"
� � �*�2�5�$��������,COOW�5�$�������
� � � �E�� ([SODLQ�:LOOLDPVRQ�V\QWKHVLV�� �*�2�5�$�������
� � ��F�� 'LPHWK\O� HWKHU� KDV� OHVV� ERLOLQJ� SRLQW� WKDQ� HWK\O�

DOFRKRO��([SODLQ�� �*�2�5�$�������
� ����+RZ�ZLOO�\RX�REWDLQ��
� � � �K�� 3LFULF�DFLG����������WULQLWUR�SKHQRO��IURP�SKHQRO�
� � ��KK�� ��0HWK\O�SURSHQH�IURP���PHWK\O�SURSDQRO��

� �&�5�$�������
� ���� ��C�� &RPSOHWH�WKH�IROORZLQJ�UHDFWLRQ��

� � ��D�� $OFRKROV� DUH� FRPSDUDWLYHO\� PRUH� VROXEOH� LQ� ZDWHU�
WKDQ�K\GURFDUERQV�RI�FRPSDUDEOH�PROHFXODU�PDVV�

�*�2�5�$��������������/GIJCNC[C�5�$�������
������ �C�� 1DPH�WKH�UHDJHQWV�DQG�JLYH�WKH�HTXDWLRQ�IRU�WKH�

SUHSDUDWLRQ�RI���PHWK\O���PHWKR[\SURSDQH�
>&+�y&�2&+����&+���&+�@�E\�:LOOLDPVRQuV�PHWKRG�

� � �D�� ([SODLQ� ZK\� ��QLWURSKHQRO� LV� PRUH� DFLGLF� WKDQ�
��PHWKR[\SKHQRO�� � � 
/GIJCNC[C�5�$�������

������&RPSOHWH�WKH�IROORZLQJ�UHDFWLRQV�

� � �C�� ���=Q��GXVW��→�����������������������"

� � �D�� ���&2�� �����������������������"

� � � � � � 
*�2��5�$�������
������*LYH�DQ�H[DPSOH�IRU�HDFK�RI�WKH�IROORZLQJ��
� � �K�� .ROEH�UHDFWLRQ
� � �KK�� 5HLPHU�7LHPDQQ�UHDFWLRQ�� � 
,JCTMJCPF�5�$�������
������+RZ�ZLOO�\RX�FRQYHUW
� � K�� 3URSHQH�WR�SURSDQ���RO
� � KK�� 3KHQRO�WR���������WULQLWURSKHQRO�"� 
&�5�$�������
������+RZ�ZLOO�\RX�FRQYHUW�WKH�IROORZLQJ��
� � �K�� 3URSDQ���RO�WR�SURSDQRQH
� � �KK�� 3KHQRO�WR���������WULEURPRSKHQRO� 
&�5�$�������
������� � � �C�� � � �+RZ�ZLOO�\RX�GLVWLQJXLVK�EHWZHHQ�SURSDQ���RO�DQG�

��PHWK\OSURSDQ���RO�"
� � D���&RPSOHWH�WKH�IROORZLQJ�UHDFWLRQV�

� � � � ��������&+�
� � � � ��������_

� � ��K��&+�z&z21D���&�+�&O�→�"
� � � � ��������_

� � � � ������� &+�
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� � ����������2+

� � �KK��� ��→2 2 7 2 4Na Cr O /H SO �"

� � �KKK��&�+�2&+��
HI→�"� �/GIJCNC[C�5�$�������

����� �C�� :ULWH�D� FKHPLFDO�WHVW�WR�GLVWLQJXLVK�EHWZHHQ�SKHQRO�
DQG�EHQ]RLF�DFLG�

� � �D�� +RZ�ZLOO�\RX�FRQYHUW�SKHQRO�WR�EHQ]RLF�DFLG�"
� � �E�� +RZ� ZLOO� \RX� FRQYHUW� VRGLXP� SKHQR[LGH� WR� VDOLF\OLF�

DFLG�"� � � �2D��5�$�������
������ �K�� *LYH�D�PHWKRG�RI�SUHSDUDWLRQ�RI����DOFRKRO�

� � �KK�� 6WDWH�WKH�PHFKDQLVP�RI�WKH�UHDFWLRQ�

� � � &+�&+  &+����+�2�
+H �&+�z&+z&+�

� � � � � _

� � � � � 2+

� � �KKK��&RPSOHWH�WKH�IROORZLQJ�UHDFWLRQ�

� � � 2z&+���
2Br  in

ethanoic acid
→ �"

� � �KX�� ([SODLQ� ZK\� DONR[\� JURXS� �y25�� LV� RUWKR�� SDUD��
GLUHFWLQJ� DQG� DFWLYDWHV� WKH� DURPDWLF� ULQJ� WRZDUGV�

HOHFWURSKLOLF�VXEVWLWXWLRQ��� � 
#UUCO�5�$�������
�����
C�����$UUDQJH�WKH�IROORZLQJ�FRPSRXQGV�LQ�LQFUHDVLQJ�RUGHU�

RI�DFLGLW\�
� � +�2��&�+�2+�DQG�SKHQRO
��� ��� 
D���� +RZ�FDQ�WKH�IROORZLQJ�SDLU�EH�FKHPLFDOO\�GLVWLQJXLVKHG"
� � � 3KHQRO�DQG�HWK\O�DOFRKRO

1T
� � 
C�� :ULWH�WKH�VWUXFWXUDO�IRUPXODH�RI�DOO�WKH�SRVVLEOH�HWKHUV�

KDYLQJ�WKH�PROHFXODU�IRUPXOD�&�+��2�DQG�JLYH�WKHLU�
,83$&�QDPHV�

� � 
D�� :K\�DUH�ERLOLQJ�SRLQWV�RI�HWKHUV�ORZHU�WKDQ�WKRVH�RI�
DOFRKROV"� � 
/GIJCNC[C�5�$�������

����� :KDW�DUH�SULPDU\��VHFRQGDU\�DQG�WHUWLDU\�DOFRKROV"�:KDW�
KDSSHQV�ZKHQ� �SULPDU\��VHFRQGDU\�DQG�WHUWLDU\�DOFRKROV�
DUH�R[LGL]HG�XVLQJ�DFLGLILHG�.0Q2�"

� 
7VVCTCMJCPF�5�$�������
�������
C���:K\�DUH�SKHQROV�DFLGLF�LQ�QDWXUH"
��� � ���
D���([SODLQ�WKH�PHFKDQLVP�RI�WKH�IROORZLQJ�UHDFWLRQ�

� � � &�+�2+�
2 4Conc. H SO

443 K
→ �&+�  &+����+�2

� 
2D�5�$�������
��� � ���
E��3UHGLFW�WKH�SURGXFWV�LQ�WKH�IROORZLQJ�UHDFWLRQ�

� � �

OH

�
2D�5�$�������
������
C�� +RZ� ZLOO� \RX� SUHSDUH� SKHQRO� IURP� FKORUREHQ]HQH� "�

:ULWH�HTXDWLRQ�
� 
D�� ([SODLQ��ZK\� WKH� ERLOLQJ� SRLQWV� RI� HWKHUV� DUH�PXFK�

ORZHU�WKDQ�WKRVH�RI�DOFRKROV�RI�FRPSDUDEOH�PROHFXODU�
PDVVHV��

� � 
E�� +RZ�LV�SLFULF�DFLG�SUHSDUHG�"�� 
*�2�5�$��������
������
C�� :K\� DUH� SKHQROV� PRUH� DFLGLF� WKDQ� DOFRKROV"� :KDW��

KDSSHQV�ZKHQ�SKHQRO�LV�WUHDWHG�ZLWK�H[FHVV�RI�DTXHRXV�
EURPLQH�VROXWLRQ"� � � 
0CICNCPF�5�$�������

� � 
D�� :ULWH� WKH�PHFKDQLVP� RI� DFLG� FDWDO\]HG� GHK\GUDWLRQ�
RI�HWKDQRO�WR�HWKDQH�

� � 
E�� %HWZHHQ� SKHQRO� DQG� DOFRKRO� ZKLFK� LV� PRUH� DFLGLF"�
:K\"� �
-CTPCVCMC�5�$�������

������
C���'LVFXVV� GHK\GURJHQDWLRQ� RI� SULPDU\� DQG� VHFRQGDU\�
DOFRKRO��

� � 
D�� :KDW�KDSSHQV�ZKHQ�YDSRXUV�RI��SULPDU\��VHFRQGDU\�
DQG� WHUWLDU\�DOFRKROV� DUH�SDVVHG� RYHU�KHDWHG� FRSSHU�
DW�����.��"� 
*T�5�$�������

�����([SODLQ�WKH�IROORZLQJ�EHKDYLRXUV�
� 
K�� $OFRKROV�DUH�PRUH�VROXEOH�LQ�ZDWHU�WKDQ�WKH�K\GURFDUERQV�

RI�FRPSDUDEOH�PROHFXODU�PDVVHV�
� 
KK�� 2UWKR�QLWURSKHQRO� LV� PRUH� DFLGLF� WKDQ� RUWKR�

PHWKR[\SKHQRO�
� � 
KKK��&XPHQH� LV� D� EHWWHU� VWDUWLQJ� PDWHULDO� IRU� WKH�

SUHSDUDWLRQ�RI�SKHQRO���
%$5'�5CORNG�2CRGT���������
������+RZ�GR�\RX�FRQYHUW�WKH�IROORZLQJ��
� 
K�� 3KHQRO�WR�DQLVROH�
� 
KK�� 3URSDQ���RO�WR���PHWK\OSURSDQ���RO�
� 
KKK�� $QLOLQH�WR�SKHQRO

1T
� 
C�� :ULWH�WKH�PHFKDQLVP�RI�WKH�IROORZLQJ�UHDFWLRQ

� ���&+�&+�2+��
H�' �' �&+��&+�z2z&+��&+��

� 
D�� ��:ULWH� WKH� HTXDWLRQ� LQYROYHG� LQ� WKH� DFHW\ODWLRQ� RI�
VDOLF\OLF�DFLG���� 
&�5�$�������

�������
C���*LYH� D� VLPSOH� FKHPLFDO� WHVW� WR� GLVWLQJXLVK� EHWZHHQ�
SULPDU\��VHFRQGDU\�DQG�WHUWLDU\�DOFRKROV�

� � � 
*�2�5�$��������

��� � ���
D����&+�2&�+�� �� +,�
excess' �'' � $� �� %�

� � � *LYH�VWUXFWXUHV�RI�$�DQG�%�SURGXFWV�� � 
*T�5�$��������
� � 
E�� &RPSDUH� WKH� DFLGLF� VWUHQJWK� RI� SULPDU\�� VHFRQGDU\�

DQG�WHUWLDU\�DOFRKROV�� 
0CICNCPF�5�$��������
������
C�� +RZ�ZRXOG�\RX�FRQYHUW�WKH�IROORZLQJ�
� � � � �K�� 3KHQRO�WR�EHQ]HQH
� � � � �KK�� 3KHQRO�WR�EHQ]RTXLQRQH
� � � ��KKK�� 3URSHQH�WR�SURSDQ�y�yRO
�� �� 
D�� +RZ�ZLOO�\RX�GLVWLQJXLVK�EHWZHHQ�EHQ]\O�DOFRKRO�DQG�

SKHQRO"
QT

� �� 
C�� &RPSOHWH�WKH�IROORZLQJ�UHDFWLRQ�

� � � &+�2+�
HI KCN Reduction

[H]A B' �' ' �'' ' �''' &

� �� 
D�� +RZ� GR�\RX�DFFRXQW� WKH�PLVFLELOLW\� RI� HWKR[\HWKDQH�
LQ�ZDWHU"

� �� 
E�� $PRQJ� +,� DQG� +%U�� ZKLFK� LV� D� EHWWHU� UHDJHQW� IRU�
FOHDYDJH�RI�HWKHU"� 
*T�5�$�������

������ �C�� *LYH�WKH�FKHPLFDO�HTXDWLRQ�IRU�WKH�UHDFWLRQ�RI�HWKDQRO�
ZLWK�FRQF��+�62��DW�����.�

� � �D�� &RQYHUW� SKHQRO� WR� VDOLF\OLF� DFLG� ���K\GUR[\EHQ]RLF�
DFLG��

� � � 
/GIJCNC[C�5�$�������
��������
K�� :K\�KDYH�HWKHUV�ORZ�ERLOLQJ�SRLQWV�WKDQ�LVRPHULF�DOFRKROV"

� � 
KK�� *LYH� WKH� SRVLWLRQ� LVRPHU� RI� &+�&+�&+�&+�2+�
�%XWDQy�yRO��� 
2D�5�$�������

������ 
C�� 'LIIHUHQWLDWH�EHWZHHQ�SULPDU\��VHFRQGDU\�DQG�WHUWLDU\�
DOFRKROV�E\�FKHPLFDO�WHVW��� 
2D�5�$�������

� � 
D�� :K\�DUH�SULPDU\�DOFRKROV�PRUH�DFLGLF�WKDQ�VHFRQGDU\�
DOFRKROV"�

� � 
E�� 'LVFXVV� WKH� GHK\GURJHQDWLRQ� RI� SULPDU\�� VHFRQGDU\�
DQG�WHUWLDU\�DOFRKROV�� 
2D�5�$�������

��������
K�� (WKHUV� SRVVHVV� D� GLSROH� PRPHQW� HYHQ� LI� WKH� DON\O�
UDGLFDOV�LQ�WKH�PROHFXOH�DUH�LGHQWLFDO��([SODLQ�

� � 
KK�� *LYH�WKH�SRVLWLRQ�LVRPHU�RI�&+�&+�&+�2+��
�3URSDQy�yRO��� 
2D�5�$�������

+12�

'
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������ 
C�� :ULWH�WKH�,83$&�QDPHV�RI�WKH�IROORZLQJ�FRPSRXQGV�

� � � � K�� &+�z&+z&�  �&+�

� � �

� � � �KK��
z

z
&+�

&+�

&+z&≡≡��&z&+�2+

� �� 
D�� 6WDUWLQJ�IURP�SKHQRO�KRZ�SKHQROSKWKDOHLQ�LV�REWDLQHG"
� 
,�-��5�$�������
������ 
C�� *LYH�RQH�H[DPSOH�RI�HDFK�RI�WKH�IROORZLQJ�UHDFWLRQV�
� � � K�� 5HLPHU�7LHPDQQ�UHDFWLRQ
� � � � �KK��:LOOLDPVRQ
V�V\QWKHVLV
� � �D�� &RQYHUW��3URSDQRQH�WR���PHWK\OSURSDQRO�
� 
6TKRWTC�5�$�������
������ $Q�RUJDQLF�FRPSRXQG�$�&�+�2��UHDFWV�ZLWK�VRGLXP�WR�IRUP�

FRPSRXQG�%�DQG�K\GURJHQ�JDV��:KHQ�KHDWHG�ZLWK�FRQF�
+�62�� DW� ���.��$�SURGXFHV� &�&�+��2���&� RQ� WUHDWPHQW�
ZLWK�FRQF�+,�DW����.�IRUPV�'��&�LV�DOVR�REWDLQHG�ZKHQ�%�
LV�KHDWHG�ZLWK�'��,GHQWLI\�$�%�&�DQG�'�DQG�ZULWH�FKHPLFDO�
HTXDWLRQV�IRU�WKH�IRUPDWLRQ�RI�%�IURP�$�DQG�IRUPDWLRQ�RI�
&�IURP�%�DQG�'�� 
-QNMCVC�5�$�������

������ 
C�� ([SODLQ� ZK\� DOFRKROV� DUH� PRUH� VROXEOH� LQ� ZDWHU�
FRPSDUHG�WR�HWKHU"

� � �D�� :KDW�KDSSHQV�ZKHQ�SKHQRO� LV�KHDWHG�ZLWK�=Q�GXVW"�
*LYH�HTXDWLRQ�

� � �E�� 1DPH�WKH�IROORZLQJ�UHDFWLRQ�

� � � �

( ) CHCl ; NaOH/H O
( )H O
3 2

3
+

i
ii

' �''''''

� 
#UUCO�5�$�������
������ &RPSOHWH�WKH�IROORZLQJ�UHDFWLRQV�
� � �C�� &�+�z2z&+����+,�'�' �"

� � �D�� &+�z&z2+�

Cu
573K' �'' "

� � �E�� +�&z&z&+��� � � � � � � � � � � � "� �

� 
0CICNCPF�5�$�������
����� 
C�� &RPSOHWH�WKH�IROORZLQJ�UHDFWLRQV�

� � � � �K�� �
dil. HNO3' �'''

� � � � �KK�� �
conc.HNO3' �'''

� � �D�� ([SODLQ�:LOOLDPVRQ�V\QWKHVLV�� 
-GTCNC�5�$�������
�������
C�� :ULWH�WKH�PHFKDQLVP�RI�WKH�IROORZLQJ�UHDFWLRQ�

� � � �&+�&+�2+�
Conc.H SO
413K

2 4' �'''' &+�&+�z2z&+�&+�

� � 
D�� :ULWH� WKH� PDLQ� SURGXFW�V�� LQ� HDFK� RI� WKH� IROORZLQJ�
UHDFWLRQV�

� � � �K��&+�z&z2z&+����+,�→

z z

&O 2+

&+�

&+�

+

1)O
2) dil.H SO

2

2 4
' �''''

&+�

&+�

� � � �KK��&+�z&+�  �&+��

( ) B H
( ) 3H O /OH

2 6

2 2

i
ii − →

� � � �KKK��&�+�z2+�
( ) .NaOH
( )CO ,H2

+
i
ii
aq → � 
&�5�$�������

������ �K�� 3KHQRO�KDV�KLJKHU�ERLOLQJ�SRLQW�WKDQ�WROXHQH��:K\�"
� � �KK�� :K\� DUH� DOFRKROV� HDVLO\� SURWRQDWHG�EXW� SKHQROV�DUH�

QRW�SURWRQDWHG"� 
2D�5�$�������
������ �C�� 'LVFXVV�WKH�DFLGLF�QDWXUH�RI�SKHQROV�� 
*T�5�$�������
� � �D�� 1DPH�DQ\�VYQ�WHVWV�WR�GLVWLQJXLVK�DOFRKRO�IURP�SKHQRO�
� � �E�� R�1LWURSKHQRO�LV�PRUH�DFLGLF�WKDQ�SKHQRO��([SODLQ�ZK\"

� 
*T�5�$�������
������+RZ� GR� SULPDU\�� VHFRQGDU\� DQG� WHUWLDU\� DOFRKROV� GLIIHU�

WRZDUGV�R[LGDWLRQ�UHDFWLRQ"� 
0CICNCPF�5�$�������
����� �C�� *LYH�UHDVRQ�ZK\�SKHQROV�DUH�DFLGLF�LQ�QDWXUH�
� � �D�� *LYH�QPG�JHQHUDO�PHWKRG�RI�SUHSDUDWLRQ�RI����DOFRKRO��

*LYH�HTXDWLRQ�
� � �E�� &RPSOHWH�WKH�IROORZLQJ�UHDFWLRQ�DQG�QDPH�WKH�SURGXFW�

� �&+�z&+�  ��&+����+�2��
H�' �' � 
#UUCO�5�$�������

����� 
C�� &RPSOHWH�WKH�IROORZLQJ�UHDFWLRQV��

� � � 
K�� &+�z&+z&+�

2+z

� 85%H PO
440 K

3 4 → ?

� � � 
KK�� � +  →Zn ∆ "

� � 
D�� 7KH� IROORZLQJ� LV�QRW� DQ�DSSURSULDWH� UHDFWLRQ� IRU� WKH�
SUHSDUDWLRQ�RI�VGTV�EXW\O�HWK\O�HWKHU�

&�+�21D���&+�z&z&O�'�' &+�z&z2&�+�

&+�z &+�z
z

&+�

z

&+�

� � � :ULWH�D�VXLWDEOH�UHDFWLRQ� IRU� WKH�SUHSDUDWLRQ�RI� VGTV�
EXW\O�HWK\O�HWKHU�� 
/GIJCNC[C�5�$�������

����� 
C�� $UUDQJH� WKH� IROORZLQJ� FRPSRXQGV� LQ� WKH� RUGHU� RI�
LQFUHDVLQJ�ERLOLQJ�SRLQWV��

� � � (WKDQRO��3URSDQ���RO��%XWDQ���RO��%XWDQ���RO�
� � 
D�� ,Q�WKH�ODE��VWXGHQWV�ZHUH�DVNHG�WR�FDUU\�RXW�WKH�UHDFWLRQ�

EHWZHHQ�SKHQRO� DQG�FRQF�+12���%XW�RQH� VWXGHQW�� 
$
�
FDUULHG�RXW�WKH�UHDFWLRQ�EHWZHHQ�SKHQRO�DQG�GLO�+12���
'R�\RX�WKLQN�WKDW�WKH�VWXGHQW�
$
�JRW�WKH�VDPH�UHVXOW�
DV�RWKHUV��6XEVWDQWLYH�ZLWK�VXLWDEOH�H[SODQDWLRQV�

� � � >$OVR� ZULWH� WKH� FKHPLFDO� HTXDWLRQV� ZKHUHYHU�
QHFHVVDU\�@� 
-GTCNC�5�$�������

������/XFDV� WHVW� LV� XVHG� WR� LGHQWLI\� SULPDU\�� VHFRQGDU\� DQG�
WHUWLDU\�DOFRKROV�

� � �C�� �([SODLQ�WKH�SURFHVV�
� � �D�� �1DPH�WKH�UHDJHQWV�XVHG�LQ�WKH�WHVW��

� 
-GTCNC�5�$�������

CBSE QUESTIONS
� ���� ([SODLQ
� �K�� 2UWKR� QLWURSKHQRO� LV� PRUH� DFLGLF� WKDQ� RUWKR�

PHWKR[\SKHQRO�
� �KK�� y2+�JURXS�DWWDFKHG�WR�WKH�FDUERQ�RI�EHQ]HQH�ULQJ�

DFWLYDWHV�LW�WRZDUGV�HOHFWURSKLOLF�VXEVWLWXWLRQ�
�#�+�5�$�������

� ����+RZ�ZRXOG�\RX�FRQYHUW�WKH�IROORZLQJ��
� � �K�� 3KHQRO�WR�EHQ]RTXLQRQH
� � �KK�� 3URSDQRQH�WR���PHWK\O�SURSDQ���RO
� ��KKK�� 3URSHQH�WR�SURSDQ���RO� �#�+�5�$�������



/1&'40	5�CDE�
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� ����+RZ�ZRXOG�\RX�REWDLQ�WKH�IROORZLQJ��
� � � �K�� %HQ]RTXLQRQH�IURP�SKHQRO
� � ��KK�� ��0HWK\OSURSDQ���RO�IURP�PHWK\O�PDJQHVLXP�EURPLGH
� � ��KKK��3URSDQ���RO�IURP�SURSHQH�� �#�+�5�$�������
� �� ([SODLQ�WKH�PHFKDQLVP�RI�DFLG�FDWDO\VHG�K\GUDWLRQ�RI�DQ�

DONHQH�WR�IRUP�FRUUHVSRQGLQJ�DOFRKRO�� �#�+�5�$�������
� ���� �([SODLQ�WKH�IROORZLQJ��
� � � �K�� $OFRKROV�DUH�PRUH�VROXEOH�LQ�ZDWHU�WKDQ�K\GURFDUERQV�

RI�FRPSDUDEOH�PROHFXODU�PDVVHV�
� � ��KK�� 2UWKR� QLWURSKHQRO� LV� PRUH� DFLGLF� WKDQ� RUWKR�

PHWKR[\SKHQRO�� �#�+�5�$�������
������([SODLQ�WKH�PHFKDQLVP�RI�WKH�IROORZLQJ�UHDFWLRQ��

� � &+�&+�2+�
H
K

�
' �'''
443 &+�� �&+����+�2�

� � � � � � 
#�+�5�$������
������ :ULWH�WKH�PHFKDQLVP�RI�WKH�IROORZLQJ�UHDFWLRQ��

� � &+�&+�2+�→
HBr &+�&+�%U���+�2� �#�+�5�$�������

������*LYH�UHDVRQV�IRU�WKH�IROORZLQJ�
� � 
K��� R�QLWURSKHQRO�LV�PRUH�DFLGLF�WKDQ�Q�PHWKR[\SKHQRO�
� � 
KK�� %XWDQ���RO� KDV� D� KLJKHU� ERLOLQJ� SRLQW� WKDQ� GLHWK\O�

HWKHU��
� � 
KKK���&+���&z2z&+�� RQ� UHDFWLRQ� ZLWK� +,� JLYHV�

�&+���&z,�DQG��&+�z2+�DV�WKH�PDLQ�SURGXFWV�DQG�
QRW��&+���&z2+�DQG�&+�z,�� 
#�+�5�$�������

������:ULWH� WKH� FKHPLFDO� HTXDWLRQV� LQYROYHG� LQ� WKH� IROORZLQJ�
UHDFWLRQV�

� � 
K��� .ROEH
V�UHDFWLRQ
� � 
KK���)ULHGHO�&UDIWV�DFHW\ODWLRQ�RI�DQLVROH

1T
� � +RZ�GR�\RX�FRQYHUW�

� � 
K��� 3KHQRO�WR�WROXHQH
� � 
KK���)RUPDOGHK\GH�WR�HWKDQRO� � 
#�+�5�$�������
������*LYH�UHDVRQV�IRU�WKH�IROORZLQJ�
� � 
C���3URWRQDWLRQ� RI� SKHQROV� LV� GLIILFXOW� ZKHUHDV� HWKDQRO�

HDVLO\�XQGHUJRHV�SURWRQDWLRQ�
� � 
D��� %RLOLQJ�SRLQW�RI�HWKDQRO�LV�KLJKHU�WKDQ�WKDW�RI�GLPHWK\O�

HWKHU�
� � 
E��� $ LVROH�RQ� UHDFWLRQ�ZLWK�+,�JLYHV�SKHQRO� DQG�&+��,�

DV�PDLQ�SURGXFWV�DQG�QRW�LRGREHQH]H�DQG�&+�2+�
�#�+�5�$�������

������
C��� �$UUDQJH� WKH� IROORZLQJ� FRPSRXQGV� LQ� WKH� LQFUHDVLQJ�
RUGHU�RI�WKHLU�DFLG�VWUHQJWK�

� � �� R�FUHVRO��R�QLWURSKHQRO��SKHQRO
� � 
D���:ULWH� WKH�PHFKDQLVP� �XVLQJ� FXUYHG�DUURZ�QRWDWLRQ��

RI�WKH�IROORZLQJ�UHDFWLRQ��

&+��  �&+�
H3O

�

' �'' &+�z�&+��
��
� �� +�2

1T
� � � :ULWH�WKH�VWUXFWXUHV�RI�WKH�SURGXFWV�ZKHQ�%XWDQ���RO�

UHDFWV�ZLWK�WKH�IROORZLQJ��

� � � 
C��&U2�

� � � 
C��62&O�� �#�+�5�$�������

Long Answer Questions carrying 5 marks

� ��� �C�� 'LVFXVV�WKH�DFLGLF�GHK\GUDWLRQ�RI�SULPDU\�DOFRKROV�DW�
����.�

� � �D�� :ULWH�.ROEH�UHDFWLRQ�RI�SKHQRO�

� � �E�� :ULWH�WZR�XVHV�RI�PHWKDQRO�

1T
� � �C�� 'LVFXVV�WKH�GHK\GURJHQDWLRQ�RI�SULPDU\�DOFRKROV�
� � D�� :ULWH�WKH�IROORZLQJ�UHDFWLRQV��

� � �K�� 'LHWK\O�HWKHU�ZLWK�+,
� � �KK�� 3KHQRO�ZLWK�EHQ]HQH�GLD]RQLXP�FKORULGH
� � �KKK�� $OFRKRO�ZLWK�62&O�� �2D��5�$�������
� ��� �C�� 'LVFXVV�WKH�DFLGLF�GHK\GUDWLRQ�RI�SULPDU\�DOFRKROV�DW�

����.�
� � �D�� :ULWH�5HLPHU�7LHPDQQ�UHDFWLRQ�
� � E�� :ULWH�WZR�XVHV�RI�HWKDQRO�

1T
� � �C�� :K\�DUH�HWKHUV�UHODWLYHO\�LQHUW�FRPSRXQGV�"
� � �D�� :ULWH�WKH�IROORZLQJ�UHDFWLRQV��
� � K�� 'LHWK\O�HWKHU�ZLWK�&O�
� � �KK�� 3KHQRO�ZLWK�]LQF�GXVW
� � �KKK�� $OFRKRO�ZLWK�3&O�� �2D��5�$�������
� ��� $FFRXQW�IRU�WKH�IROORZLQJ��
� �K�� 2XW� RI� SKHQRO� DQG� EHQ]HQH� ZKLFK� LV� PRUH� HDVLO\��

QLWUDWHG�DQG�ZK\�"
� �KK�� +RZ�ZLOO�\RX�FRQYHUW�EHQ]HQH�GLD]RQLXP�FKORULGH�WR�

SKHQRO�"
� �KKK�� )ULHGHO�&UDIWV�DON\ODWLRQ�UHDFWLRQ�
� � &RPSOHWH�WKH�IROORZLQJ�UHDFWLRQ��

� �
CH CH OH O

K Cr O
H SO3 2
2 2 7

2 4
� � �' �'''' �? ?

� �*�2��5�$�������
� ��� �C�� :ULWH�VKRUW�QRWHV�RQ��
� � �K�� :XUW]�UHDFWLRQ
� � �KK�� )LQNHOVWHLQ�UHDFWLRQ
� � �KKK�� 6D\W]HII uV�UXOH
� � D�� &RPSOHWH�WKH�IROORZLQJ�UHDFWLRQV��

� � �
CH CH O

H O Zn
H O2 2 3
2

2

 � ' �' ' �''''

�
? ?

,

�*�2��5�$��������
� ��� �C�� :ULWH�,83$&�QDPHV�RI�DOO�WKH�SRVVLEOH�LVRPHUV�ZLWK�

WKH�PROHFXODU�IRUPXOD�&�+�2�
� � �D�� 3KHQRO�LV�XVXDOO\�PDQXIDFWXUHG�IURP�FXPHQH��:ULWH�

WKH�VWUXFWXUH�RI�FXPHQH�
� � �E�� 3ULPDU\�� VHFRQGDU\� DQG� WHUWLDU\� DOFRKROV� FDQ� EH�

GLVWLQJXLVKHG�E\�/XFDV�WHVW�
� � � �K���:KDW�LV�/XFDV�UHDJHQW�"
� � � �KK��:ULWH�WKH�REVHUYDWLRQ�IRU�SULPDU\��VHFRQGDU\�DQG�

WHUWLDU\�DOFRKROV�LQ�/XFDV�WHVW��
-GTCNC�5�$�������
� �� �C�� :KDW�KDSSHQV�ZKHQ�SKHQRO�LV�WUHDWHG�ZLWK
� � � �K���&2��DW��y��DWP�SUHVVXUH
� � � �KK��%U��&6�
� � � �KKK��&+&O���1D2+�DW�����.
� � � *LYH�UHDFWLRQV�DOVR��
� � �D�� +RZ� ZLOO� \RX� GLVWLQJXLVK� EHWZHHQ� LVRSURS\O� DOFRKRO�

DQG�HWK\O�DOFRKRO�� 
*T��5�$�������
� ��� �C�� ([SODLQ�WKH�PHFKDQLVP�RI�GHK\GUDWLRQ�RI�DOFRKROV�WR�

JLYH�DONHQHV�
� � D�� :KDW�KDSSHQV�ZKHQ�SKHQRO�LV�WUHDWHG�ZLWK
� � � �K���GLO�+12�� �KK�� &RQF��+12�
� � E�� +RZ�ZLOO�\RX�SUHSDUH�SKHQRO�IURP
� � � �K��+DORDUHQHV� �KK�� 'LD]RQLXP�VDOWV
�����������KKK��&XPHQH� � � 
*T��5�$�������
� ��� �C�� +RZ�ZLOO�\RX�SUHSDUH�WKH�IROORZLQJ�FRPSRXQGV�XVLQJ�

*ULJQDUG�UHDJHQW
� � � �K��3ULPDU\�DOFRKRO
� � � �KK��6HFRQGDU\�DOFRKRO�"
� � �D�� +RZ�ZLOO�\RX�GLVWLQJXLVK�SULPDU\�DQG�VHFRQGDU\�DOFRKROV�

XVLQJ�/XFDV�WHVW�"
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� � �E�� :ULWH�WKH�FRUUHFW�SDLU�RI�UHDFWDQWV�IRU�WKH�SUHSDUDWLRQ�
RI�V�EXW\O�HWK\O�HWKHU�E\�:LOOLDPVRQ�V\QWKHVLV�

� � � �-GTCNC�5�$�������

� ���*LYH�FKHPLFDO�UHDFWLRQV�ZKHQ�

2+

�LV�UHDFWHG�ZLWK�

� � �K��� =Q�� �KK���&RQF��+12��
� � �KKK��%URPLQH�ZDWHU� �KX�� &+&O����DT��1D2+�
� � 
X &KURPLF�DFLG

1T
� � � ([SODLQ� ZLWK� H[DPSOHV� WKH� SUHSDUDWLRQ� RI� DOFRKROV� E\�

XVLQJ�K\GURERUDWLRQ�R[LGDWLRQ�RI�DOGHK\GHV�DQG�NHWRQHV��
$OVR�JLYH�FKHPLFDO�UHDFWLRQV�LQYROYHG����� 
*T��5�$�������

����� �C�� :ULWH�WKH�SURGXFW�V��LQ�WKH�IROORZLQJ�UHDFWLRQV�

� � � �K��

2+

&22+ ( ) ?CH CO O
H
3 2
+ →

� � � �KK��&+�z&+z2z&+�z&+�
HI → +? ?

&+�z

� � � �KKK��&+�z&+  �&+z&+�z2+
PCC → ?

� � D�� *LYH�VLPSOH�FKHPLFDO�WHVWV�WR�GLVWLQJXLVK�EHWZHHQ�WKH�
IROORZLQJ�SDLUV�RI�FRPSRXQGV��

� � � �K���(WKDQRO�DQG�3KHQRO
� � � �KK��3URSDQRO�DQG���PHWK\OSURSDQ���RO

1T
� � �C�� :ULWH� WKH� IRUPXOD� RI�UHDJHQWV�XVHG� LQ� WKH� IROORZLQJ�

UHDFWLRQV��
� � � �K���%URPLQDWLRQ�RI�SKHQRO�WR�������WULEURPRSKHQRO
� � � �KK���+\GURERUDWLRQ� RI� SURSHQH� DQG� WKHQ� R[LGDWLRQ� WR�

SURSDQRO�
� � �D�� $UUDQJH� WKH� IROORZLQJ� FRPSRXQG� JURXSV� LQ� WKH�

LQFUHDVLQJ�RUGHU�RI�WKHLU�SURSHUW\�LQGLFDWHG��
� � � �K���R�QLWURSKHQRO��HWKDQRO��SKHQRO��DFLGLF�FKDUDFWHU�
� � � �KK���3URSDQRO��3URSDQH��3URSDQDO��ERLOLQJ�SRLQW�
� � �E�� :ULWH�WKH�PHFKDQLVP��XVLQJ�FXUYHG�DUURZ�QRWDWLRQ��RI�

WKH�IROORZLQJ�UHDFWLRQ��

&+�z&+�z2�
����
+��

CH CH OH3 2 → &+�z&+�z2z&+�z&+��+�2

+

�

z

� � � �&�5�$�������

� ��� %XW���HQH��&+�&+� �&+&+�� ��� ���!����!���
� ��� ��0HWK\OSURSHQH

� ��� 6DOLF\ODOGHK\GH��5HLPHU�7LHPDQQ�UHDFWLRQ�

� ���

2+ 2+

&22+

�6DOLF\OLF�DFLG�

&2�
�

NaOH K
atm pressure
, 400

4 7�' �''''''

� ��� &+�z&+z&+�

� ������3KHQRO�DQG�LRGRPHWKDQH�
����������7KH�ROG�VDPSOHV�RI�HWKHUV�PD\�FRQWDLQ�VRPH�SHUR[LGHV�

EHFDXVH�RI�WKHLU�R[LGDWLRQ�LQ�WKH�SUHVHQFH�RI�OLJKW��7KH�
SHUR[LGHV�RI�HWKHUV�PD\�GHFRPSRVH�YLROHQWO\�RQ�KHDWLQJ�
UHVXOWLQJ�VHULRXV�DFFLGHQWV�

� ������ Q�QLWURDQLVROH��PLQRU���R�QLWURDQLVROH��PDMRU��

��������� �

�������� ��%URPR���PHWK\OEXW���HQ���RO�

� ����

z

2+

z

2+

z

2+

� ����

� ���� ��%URPRF\FORKH[DQRO
� ���� R�1LWURSKHQRO
� ���� �����'LQLWURSKHQRO

� ���� &�+�2&�+�����+,�
373 K' �''' ��&�+�,���+�2

� ���� ��(WKR[\SHQWDQH
� ���� �����'LPHWKR[\HWKDQH

� ���� &�+�&+�yy�&+�yy�&+�

� ����
2+
�

�

�

�

�

�&+� &+�

� ���� ����%XWDQ���RO� UHSUHVHQWV� UDFHPLF� PL[WXUH� RI�
����EXWDQ���RO�DQG��y��EXWDQ���RO�ZKLFK�URWDWHV�WKH�
SODQH�SRODULVHG�OLJKW�LQ�GLIIHUHQW�GLUHFWLRQV�EXW�WR�
HTXDO�H[WHQW��7KHUHIRUH�������EXWDQ���RO�LV�RSWLFDOO\�
LQDFWLYH�

� ���� ��0HWK\O�SURSDQ�����GLRO�

� ���� ��%URPR���PHWK\OEXW���HQ���RO�

� ���� ��0HWKR[\���PHWK\OSURSDQH�

� ���� ��3KHQ\OSURS���HQ���RO�

� ���� ���� 'LPHWK\OSHQWDQ���RO

� ���� �E�� ���� �D�� ���� �C�� ���� �D�� ���� �F�
� ���� �E�� ���� �D�� ���� �F�� ���� �D�� ���� �F�
� ���� �F�� ���� �D�� ���� �E�� ���� �E�� ���� �C�
� ���� �F�� ���� �D�� ���� �C�� ���� �F�� ���� �E�
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$GGLWLRQDO�8VHIXO�,QIRUPDWLRQ�DQG�2EMHFWLYH�4XHVWLRQV
&RPSHWLWLRQ)LOH

��51/'�/14'�0#/'�4'#%6+105
%NCKUGP�TGCTTCPIGOGPV��:KHQ�DOO\O�SKHQ\O�HWKHUV�DUH�KHDWHG�WR�����.��WKH\�XQGHUJR�LQWUDPROHFXODU�UHDUUDQJPHQW�LQ�ZKLFK�

WKH�DOO\O�JURXS�PLJUDWHV�IURP�WKH�SKHQROLF�R[\JHQ�DWRP�WR�RUWKR�SRVLWLRQ�RI�WKH�EHQ]HQH�ULQJ�IRUPLQJ�R�DOO\O�SKHQRO��7KLV�UHDFWLRQ�

LV�FDOOHG�%NCKUGP�TGCTTCPIGOGPV�

��������������� ��������
573 K' �''' ���������

� ������$OO\O�SKHQ\O�HWKHU� � ����������������Q�$OO\OSKHQRO

,Q�WKLV�UHDFWLRQ��WKH�ERQG�EHWZHHQ�&z��RI�WKH�DOO\O�JURXS�DQG�WKH�QTVJQ�SRVLWLRQ�RI�WKH�EHQ]HQH�ULQJ�IRUPV�DW�WKH�VDPH�WLPH�VR�
WKDW�WKH�FDUERQzR[\JHQ�ERQG�RI�WKH�DOO\O�SKHQ\O�HWKHU�EUHDNV�

�����������������

O CH

CH2

CH2
���������������→���������� ��� tautomerization

, +H+� �' �''''''
H

�

� � $OO\OSKHQ\O�HWKHU� � ������Q�$OO\O�SKHQRO
,I�ERWK�WKH�QTVJQ�SRVLWLRQV�DUH�RFFXSLHG��WKHQ�WKH�DOO\O�JURXS�PLJUDWHV�WR�WKH�RCTC�SRVLWLRQ�

������������������� ���

Heat
573 K

' �'''
��

'NDU�RGTUWNRJCVG�QZKFCVKQP��0RQRK\GULF�SKHQROV�RQ�R[LGDWLRQ�ZLWK�DONDOLQH�SRWDVVLXP�SHUVXOSKDWH�JLYH�GLK\GULF�SKHQROV�

������������������������������ ������ �
K
KOH
2S O2 8' �'''' ������� ��������������

� �����������������������������

3KHQRO� � � � � � ����&DWHFKRO

� � � �4XLQRO�

�%;%.+%�'6*'45
,Q�DGGLWLRQ�WR�QRUPDO�HWKHUV��VRPH�F\FOLF�HWKHUV�DUH�DOVR�LPSRUWDQW��&\FOLF�HWKHUV�DUH�QDPHG�DV�R[LGHV�RU�HSR[\�FRPSRXQGV��7KH�

WKUHH�DQG�IRXU�PHPEHUHG�F\FOLF�HWKHUV�DUH�QDPHG�DV�QZKTCPGU�DQG�QZKVCPGU�UHVSHFWLYHO\��,Q�F\FOLF�HWKHUV��QXPEHULQJ�LV�GRQH�LQ�
VXFK�D�ZD\�WKDW�R[\JHQ�LV�DVVLJQHG�QXPEHU����6RPH�FRPPRQ�H[DPSOHV�DUH��

� �

CH2 CH2

O � � �

C CH2

O

CH3

CH3 2 3

� (WK\OHQH�R[LGH� 3URS\OHQH�R[LGH
� RU�R[LUDQH� ������HSR[\�SURSDQH�� �����y'LPHWK\O�R[LUDQH

���

CH

CH

O

CH

2

2 2

'

'
� � ���������RU����������� � �

O
� �

O

O

�����2[LWDQH� ������������������������������ 7HWUD�K\GURIXUDQ� �����y'LR[DQH

� � �7+)�� �'LHWK\OHQHGLR[LGH
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(SR[LGHV�DUH�SUHSDUHG�E\�KHDWLQJ�HWK\OHQH�JO\FRO�DW�����&�

�
CH OH

CH OH

2

2

| ������ Heat
C500° → � �

CH

CH

2

2

| 2����������� +�2

,W�LV�PDQXIDFWXUHG�E\�KHDWLQJ�HWK\OHQH�DQG�R[\JHQ�XQGHU�SUHVVXUH�LQ�WKH�SUHVHQFH�RI�VLOYHU�FDWDO\VW�DW����y����&

� &+��  �&+������
1
2
�2��

Ag
C200–400° → �

CH

CH

2

2

| 2�

,W�PD\�DOVR�EH�SUHSDUHG�E\�GLVWLOOLQJ�HWK\OHQH�FKORURK\GULQ�ZLWK�FRQFHQWUDWHG�DTXHRXV�VROXWLRQ�RI�1D2+�

�
CH OH

CH Cl

2

2

| � �� 1D2+� →�
CH

CH

2

2

| 2�������� 1D&O�������+&O

(WK\OHQH�R[LGH�XQGHUJRHV�PROHFXODU�UHDUUDQJHPHQW�RQ�KHDWLQJ�WR�IRUP�DFHWDOGHK\GH

�

CH

O

H

CH2
�

H shift

Heat

−
 →

�����������

CH CHO
3

Acetaldehyde

7KH�VXEVWLWXWHG�HSR[LGHV�DUH�UHGXFHG�WR�DOFRKROV�ZLWK�/L$O+��

� ������������

RCH CH2

O
�������������� LiAlH4 → �5&+2+&+�� �� 5&+�&+�2+

� � � ���0DLQ�SURGXFW�� �

&KQZCPG�LV�PDQXIDFWXUHG�E\�GLVWLOOLQJ�HWK\OHQH�JO\FRO�ZLWK�IXPLQJ�+�62��

� ��������������������������+2&+�&+�2+�� →������2

CH CH

CH CH

2 2

2 2




2� ���� +�2

,W�LV�D�YHU\�XVHIXO�VROYHQW�

MULTIPLE CHOICE QUESTIONS
Top
icw
ise

&RPSHWLWLRQ�)LOH

#NEQJQNU

�#���:KHQ�NHWRQHV�DUH�WUHDWHG�ZLWK�*ULJQDUG�UHDJHQW�IROORZHG�
E\�K\GURO\VLV�ZLWK�GLOXWH�DFLG��WKH�SURGXFW�LV�

� �C�� 3ULPDU\�DOFRKRO� �D�� 6HFRQGDU\�DOFRKRO

� �E�� 7HUWLDU\�DOFRKRO� �F�� $ONHQH

�#���3URSHQH�RQ�K\GURERUDWLRQ�R[LGDWLRQ�SURGXFHV
� �C�� 3URSDQ���RO� �D�� 3URSDQ���RO

� �E�� 3URSDQH������GLRO� �F�� 3URSDQH������GLRO

�#���7KH�SURGXFW�RI�DFLG�FDWDO\VHG�K\GUDWLRQ�RI���SKHQ\OSURSHQH�
JLYHV

� �C�� ��SKHQ\OSURSDQ���RO� �D�� ��SKHQ\OSURSDQ���RO

� �E�� ��SKHQ\OSURSDQ���RO� �F�� ��SKHQ\OSURSDQ���RO

#���:KLFK�RQH�RI�WKH�IROORZLQJ�FRPSRXQGV�ZRXOG�QRW�EH�HDVLO\�
R[LGLVHG�E\�.�&U�2��DQG�VXOSKXULF�DFLG�"

� �C�� &+�&+�2+� �D�� �&+���&+2+

� �E�� �&+���&2+� �F�� &+�&+2�

�#���:KLFK�RI�WKH�IROORZLQJ�DOFRKROV�LV�PRVW�UHDFWLYH�ZLWK�+&O�LQ�
WKH�SUHVHQFH�RI�=Q&O��"

� � �C�� CH

CH

C OH

CH

3

3

3

 
|

|
� �D�� CH CH OH3 2 CH

CH3

|
�

�� #��� �E�� #��� �C�� #��� �C�� #��� �E��� #��� �C�
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#�����D�� #��� �E�� #��� �D�� #��� �C�� #���� �D�� #���� �E�� #���� �D�� #���� �D�� #���� �C�� #���� �D�
#�����C�� #���� �D�� #���� �C�� #���� �F�

� � �E�� CH OH3' 'CH

CH3

�
� �F�� &+�2+�

�#��� ,VRSURS\O�DOFRKRO�LV�R[LGLVHG�ZLWK�.�&U�2��DQG�+�62��WR��

JLYH��

� � �C�� &+�&+2� �D�� &+�&2&+�

� � �E�� &+�&+�&+�&22+� �F�� &+�&+� �&+��

�#� $Q�DOFRKRO�RI�PROHFXODU�IRUPXOD�&�+��2+�RQ�GHK\GUDWLRQ�
JLYHV�DQ�DONHQH��ZKLFK�RQ�R[LGDWLRQ�\LHOGV�D�PL[WXUH�RI�
NHWRQH�DQG�DQ�DFLG��7KH�DOFRKRO�LV

� � �C�� &+�&+�&+�2+�&+�&+�

� � �D�� CH CHCH CH CH3 2 2 3|
OH

� � �E�� � +���&+&+�2+�&+�

� � �F�� � +���&&+�2+

#��� (WKDQRO�RQ�ZDUPLQJ�ZLWK�FRQF��+�62��DW�����.�JLYHV

� �C�� HWKHQH
� �D�� GLHWK\O�HWKHU
� �E�� GLPHWK\O�HWKHU
� �F�� HWK\O�K\GURJHQ�VXOSKDWH�

�#��� :KLFK� RQH�RQHV� RI� WKH� IROORZLQJ� UHDFWLRQV� ZLOO� JLYH��
SURSDQ���RO� "�&KRRVH� WKH� ULJKW�DQVZHU� IURP� �C��� �D��� �E���
DQG��F��

� � ,�� &+�  �&+z&+����+�2�
H�' �''

� � ,,�� &+�&+2�
( ) CH MgI

( ) H O
3
2

i
ii' �''''

� � ,,,�� &+�2�
( ) C H MgI

( ) H O
2 5

2

i
ii' �'''''

� � ,9�� &+�  &+z&+��
Neutral KMnO4' �''''''

� � C�� ,�DQG�,,� �D�� ,,�DQG�,,,
� � �E�� ,,,�DQG�,� �F�� ,,�DQG�,9

�#���� +RZ�PDQ\�RSWLFDOO\�DFWLYH�VWHUHRLVRPHUV�DUH�SRVVLEOH�IRU�
EXWDQH������GLRO�"

� � �C�� �� �D�� �
� � �E�� �� �F�� �

�#���� � SURSDQRO�DQG���SURSDQRO�FDQ�EH�EHVW�GLVWLQJXLVKHG�E\
� � C�� R[LGDWLRQ�ZLWK�DONDOLQH�.0Q2��IROORZHG�E\�UHDFWLRQ�

ZLWK�)HKOLQJ�VROXWLRQ�

� � D�� R[LGDWLRQ�ZLWK�DFLGLF�GLFKURPDWH�IROORZHG�E\�UHDFWLRQ�
ZLWK�)HKOLQJ�VROXWLRQ

� � E�� R[LGDWLRQ�E\�KHDWLQJ�ZLWK�FRSSHU�IROORZHG�E\�
UHDFWLRQ�ZLWK�)HKOLQJ�VROXWLRQ

� � �F�� R[LGDWLRQ�ZLWK�FRQF��+�62��IROORZHG�E\�UHDFWLRQ�ZLWK�
)HKOLQJ�VROXWLRQ� � �

�#���� 'XULQJ�GHK\GUDWLRQ�RI�DOFRKROV�WR�DONHQHV�E\�KHDWLQJ�ZLWK�
FRQF��+�62���WKH�LQLWLDO�VWHS�LV�

� � �C�� IRUPDWLRQ�RI�DQ�HVWHU
� � �D�� SURWRQDWLRQ�RI�DOFRKRO�PROHFXOH
� � �E�� IRUPDWLRQ�RI�FDUERFDWLRQ
� � �F�� HOLPLQDWLRQ�RI�ZDWHU
#���� :KLFK�RI�WKH�IROORZLQJ�ZLOO�QRW�IRUP�D�\HOORZ�SUHFLSLWDWH�

RQ�KHDWLQJ�ZLWK�DQ�DONDOLQH�VROXWLRQ�RI�LRGLQH�"

� �C�� &+�&+�&+�2+�&+�� �D���&+�2+

� �E�� &+�&+�2+� �F�� &+�&+�2+�&+�

#���� $PRQJ�WKH�IROORZLQJ�FRPSRXQGV�ZKLFK�FDQ�EH�GHK\GUDWHG�
YHU\�HDVLO\�LV

� �C�� CH CH CC

OH

H CH3 2 2 3

CH3|

|

� �D�� CH CH CH CH

OH

CH3 2 2 3|

� �E�� &+�&+�&+�&+�2+

� �F�� CH CH CHC

CH

H CH OH3 2

3

2 2|

�#���� 7KH�SURGXFW�3�LQ�WKH�IROORZLQJ�UHDFWLRQ�LV

� � 2+

3
&RQF��+�62�3K

� �C�� 3K

+
+

� �C�� 3K

+

+

� �E�� 3K � �F�� 3K

2JGPQNU
#����3KHQRO�LV�PRUH�DFLGLF�WKDQ�HWK\O�DOFRKRO�EHFDXVH
� �C�� SKHQR[LGH�LRQ�LV�PRUH�UHVRQDQFH�VWDELOLVHG�WKDQ�SKHQRO
� �D�� WKHUH�LV�PRUH�K\GURJHQ�ERQGLQJ�LQ�SKHQRO�WKDQ�HWK\O�

DOFRKRO
� �E�� HWKR[LGH� LRQ� LV� OHVV� UHVRQDQFH� VWDELOLVHG� WKDQ� HWK\O�

DOFRKRO
� �F�� SKHQRO�KDV�KLJKHU�ERLOLQJ�SRLQW�WKDQ�HWK\O�DOFRKRO�
�#���� 5HLPHU�7LHPDQQ�UHDFWLRQ�LV�XVHIXO�IRU�WKH�SUHSDUDWLRQ�RI��
� � �C�� EHQ]DOGHK\GH� �D�� VDOLF\ODOGHK\GH

� � �E�� WROXHQH� �F�� DFHWRSKHQRQH�

�#���� 3KHQRO�RQ�GLVWLOODWLRQ�ZLWK�]LQF�GXVW�JLYHV��
� � �C�� EHQ]HQH� �D�� EHQ]DOGHK\GH

� � �E�� EHQ]RLF�DFLG� �F�� EHQ]RSKHQRQH�

�#���� 7KH�HQG�SURGXFW�LQ�WKH�IROORZLQJ�VHTXHQFH�LV��

� � 3KHQRO�
NaOH' �''' �$

CO
C
2

140!
' �''' %

H O�
' �'''', H2 &

� � � �������������������������������������������'�
(CH3CO O)2� '''''' � � � �

&RPSHWLWLRQ�)LOH
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� � �C�� 6DOLF\OLF�DFLG� �D�� 6DOLF\ODOGHK\GH

� � �E�� 3KHQ\O�DFHWDWH� �F�� $VSLULQ�
�#����:KLFK�RI�WKH�IROORZLQJ�UHDJHQW�FDQQRW�EH�XVHG�WR�

GLVWLQJXLV�K�EHWZHHQ�SKHQRO�DQG�EHQ]\O�DOFRKRO�"
� � �C�� 1D2+� �D�� 1D+&2�

� � E�� %U��&&O�� �F�� )H&O�
#���� 3KHQRO�UHDFWV�ZLWK�EURPLQH�ZDWHU�LQ�&6��DW�ORZ�WHPSHUDWXUH�

WR�JLYH

� �C�� Q�%URPRSKHQRO� �D�� Q��DQG�R�%URPRSKHQRO
� �E�� R�%URPRSKHQRO� �F�� �������7ULEURPRSKHQRO
�#���� ,Q�WKH�IROORZLQJ�FRPSRXQGV��

� � ������� ���������� ����

� ���� K�� ���������������� KK���� ������������ KKK�����������������������KX�
� � 7KH�RUGHU�RI�DFLGLW\�LV

� � C�� �KKK���!� KX���!� K��� !� KK�
� � �D�� �K��� !�� �KX���!��� �KKK���!��KK�
� � �E�� �KK��� !�� �K��� !� �KKK���!��KX�
� � �F�� �KX��� !� KKK��!�� �K��� !� KK�
�#���� 7KH�RUGHU�RI�UHDFWLYLW\�RI�WKH�IROORZLQJ�DOFRKROV

� ��� F

CH3

OH �
F

CH3

OH
� � ,� � � ,,

� ��

CH3

OH

CH3

�����������������������������
OHPh

� ����� � � ,,,� � ����������������� � � � � ��,9

� WRZDUGV�FRQF��+&O�LV

� �C�� ,�!�,,�!�,,,�!�,9� �D�� ,�!�,,,�!�,,�!�,9
� �E�� ,9�!�,,,�!�,,�!�,� �F�� ,9�!�,,,�!�,�!�,,

#���� 7KH� UHDFWLRQ� RI� &+�&+�  &+ 2+�ZLWK�+%U�

JLYHV

� � �C�� &+�&+%U&+� 2+

� � �D�� &+�&+�&+%U 2+

� � �E�� &+�&+%U&+� %U

� � �F�� &+�&+�&+%U %U

�#�����D�� #���� �D�� #���� �F�� #���� �E�� #���� �D�� #���� �C�� #���� �E�� #���� �D�� #���� �D�
�#�����C�� #���� �E�� #���� �E�

�#���� :KLFK� WKH� IROORZLQJ�ZLOO� JLYH� SKHQRO� ZLWK� &D2� DQG��

1D2+�"

� � C�� 6DOLF\OLF�DFLG
� � �D�� 3LFULF�DFLG
� � E�� %HQ]RLF�DFLG
� � F�� $PLQR�DFLG

�#���� 7KH�PRVW�XQOLNHO\�UHSUHVHQWDWLRQ�RI�UHVRQDQFH�VWUXFWXUHV�
RI�R�QLWURSKHQR[LGH�LRQ�LV��

� � C�� � �D��

� � �E�� � �F��

O O
N
+

O

–

�#���� ���&�+�,�

�
' �'''''''

OC2H5

Anhydrous C2H5OH
���

� � C�� &�+�2&�+�� �D�� &�+�2&�+�

� � E�� &�+�2&�+�� �F�� &�+�,�

�#���� :KHQ�SKHQRO�LV�WUHDWHG�ZLWK�&+&O��DQG�1D2+��WKH�SURGXFW�
IRUPHG�LV�

� � �C�� %HQ]DOGHK\GH� �D�� 6DOLF\ODOGHK\GH
� � �E�� 6DOLF\OLF�DFLG� �F�� %HQ]RLF�DFLG
�#���� :KHQ�SKHQRO�LV�WUHDWHG�ZLWK�FRQF�+12��LQ�WKH�SUHVHQFH�

RI�FRQF�+�62���WKH�SURGXFW�LV�

� � �C�� 3LFULF�DFLG� �D�� R�QLWURSKHQRO

� � �E�� Q�QLWURSKHQRO� �F�� O�QLWURSKHQRO

#���� :KLFK�RI�WKH�IROORZLQJ�LV�WKH�VWURQJHVW�DFLG"

� � �C�� Q�PHWKR[\SKHQRO� �D�� R�PHWKR[\SKHQRO

� � �E�� O�PHWKR[\SKHQRO� �F�� SKHQRO

'VJGTU

#���� (WKHUV�DUH�LVRPHULF�ZLWK
� � �C�� DOGHK\GHV
� � D�� YLQ\O�DOFRKROV
� � �E�� DOFRKROV
� � F�� NHWRQHV�

&RPSHWLWLRQ�)LOH
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� $��� �E�� $��� �D�� $��� �F��

#���� 'LHWK\O�HWKHU�RQ�WUHDWPHQW�ZLWK�H[FHVV�&O��JLYHV
� �C�� SHUFKORURGLHWK\O�HWKHU

� �D�� HWK\O�FKORULGH

� �E�� HWKDQR\O�FKORULGH

� �F�� GLHWK\O�HWKHU�SHUR[LGH�

#���� $QLVROH�UHDFWV�ZLWK�+,�DW�����.�WR�JLYH

� �C�� &�+�,���&+�2+

� �D�� &+�,���&�+�2+

� �E�� &�+�&+�2+���&+�,

� �F�� &+�&+�,���&�+�2+�

#���� (WKHUV�FDQ�EH�GLVWLQJXLVKHG�IURP�DOFRKROV�E\�WKH�IROORZLQJ�
UHDFWLRQ���

� �C�� UHDFWLRQ�ZLWK�1D

� �D�� UHDFWLRQ�ZLWK�3&O�
� �E�� UHDFWLRQ�ZLWK������GLQLWURSKHQ\O�K\GUD]LQH

� �F�� QRQH�RI�WKHVH�

#���� ,Q�WKH�UHDFWLRQ��

� &+�&+&+��

alc
KOH
' �'' ���$��� HBr

Peroxide' �'' ���%��� CH ONa3' �'''' ��&�

� �
�

� � �%U

� &�LV

� �C�� 'LHWK\O�HWKHU� � D�� ��0HWKR[\SURSDQH

� �E�� ,VRSURS\O�DOFRKRO� �F�� 3URS\OHQH�JO\FRO�

#���� 7KH�FRPSRXQG�ZKLFK�LV�QRW�LVRPHULF�ZLWK�GLHWK\O�HWKHU�LV

� �C�� P�SURS\O�PHWK\O�HWKHU� �D�� ��PHWK\O�SURSDQ���RO

� �E�� %XWDQRQH� �F�� %XWDQ���RO

#���� +RZ�PDQ\�LVRPHULF�DF\FOLF�DOFRKROV�DQG�HWKHUV�DUH�SRVVLEOH�
IRU�&�+�2�"

� �C�� �� �D�� �

� �E�� �� �F�� �

#���� 'LHWK\O�HWKHU�RQ�KHDWLQJ�ZLWK�FRQF��+,�JLYHV�WZR�PROHV�RI�

� �C�� HWKDQRO�� �D�� LRGRIRUP

� �E�� HWK\O�LRGLGH� �F�� PHWK\O�LRGLGH

�#���� $Q�HWKHU� LV�PRUH�YRODWLOH�WKDQ�DOFRKRO�KDYLQJ�WKH�VDPH��
PROHFXODU�IRUPXOD��7KLV�LV�GXH�WR

� � �C�� LQWHUPROHFXODU�K\GURJHQ�ERQGLQJ�LQ�DOFRKROV
� � D�� GLSRODU�FKDUDFWHU�RI�HWKHUV
� � �E�� DOFRKROV�KDYLQJ�UHVRQDQFH�VWUXFWXUHV
� � F�� LQWHUPROHFXODU�K\GURJHQ�ERQGLQJ�LQ�HWKHUV�

�#���� 7KH�PDMRU�RUJDQLF�SURGXFW�LQ�WKH�UHDFWLRQ

� � &+�z2z&+�&+��������+,�→�3URGXFW�LV

� � �C�� ,&+�2&+�&+���

� � �D�� CH OC

I

CH3 3 2|
( )

� � �E�� &+�,����&+���&+2+�

� � �F�� &+�2+����&+����&+,

&RPSHWLWLRQ�)LOH

�#�����C�� #���� �D�� #���� �C�� #���� �D�� #���� �D�� #���� �F�� #���� �E�� #���� �C�� #���� �E�

#+2/6���1VJGT�5VCVG�$QCTFUŏ�
/GFKECN�'PVTCPEG

$��� &RQVLGHU�WKH�IROORZLQJ�UHDFWLRQ��

(WKDQRO� PBr3' �'' �;�
alc KOH.' �''' �<�

(i)
(ii)
H SO
H O
2

2 ,�
' �''' �=

� � 7KH�SURGXFW�=�LV�

� � �C�� &+�&+�2&+�&+�� �D�� &+�&+�2z62�+

� � �E�� &+�&+�2+� �F�� &+�  &+�

� � �� � � 
%�$�5�'��2/6������

$��� 3KHQRO� Zn dust,' �''' ;�
CH Cl

Anhyd AlCl
3

3.' �'''' <�
Alkaline
KMnO4

' �'''' =

� � 7KH�SURGXFW�=�LV�
� � C�� %HQ]DOGHK\GH� �D�� %HQ]RLF�DFLG
� � �E�� %HQ]HQH�� �F�� 7ROXHQH� �

� � � ��
%�$�5�'��2/6������
��$��� :KLFK�RQH�RI�WKH�IROORZLQJ�FRPSRXQGV�KDV�WKH�PRVW�DFLGLF�

QDWXUH�"

� � �C�� � �D��

� � �E�� � �F�� � �
� � �

� �%�$�5�'��2�/�6�������
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��$�� *LYHQ� DUH� F\FORKH[DQRO� �,��� DFHWLF� DFLG� �,,��� ��� ���
��WULQLWURSKHQRO��,,,��DQG�SKHQRO��,9���,Q�WKHVH�WKH�RUGHU�
RI�GHFUHDVLQJ�DFLGLF�FKDUDFWHU�ZLOO�EH��

� � �C�� ,,�!�,,,�!�,9�!�,� �D�� ,,,�!�,9�!�,,�!�,
� � �E�� ,,,�!�,,�!�,9�!�,� �F�� ,,,�!�,,�!�,�!�,9� �

� � � �%�$�5�'��2�/�6�������
�$��� ,Q�WKH�IROORZLQJ�UHDFWLRQV�

� � �K���CH —CH—CH—3 CH3

OH

CH3

�
H /heat+

' �''' � $� ��� %
Major
product
,
.-

2
43
Major
product
,
.-

2
43

� � �� �

� � �KK�� $� HBr, dark
in absence of peroxide

' �'''''''' � ���&� ��� '

� � �� � �
Major
product
,
.-

2
43
Major
product
,
.-

2
43

� � WKH�PDMRU�SURGXFWV��$��DQG��&��DUH�UHVSHFWLYHO\

� � �C���� �DQG�CH —CH—CH —2 2 3CH

Br

CH3

� � D�� �DQG�CH —C—CH —3 2 3CH

Br

CH3

� � �E�� �DQG�CH —CH—CH—3 CH3

Br

CH3

� � �F�� �DQG�CH —C—CH —3 2 3CH

Br

CH3

� �
� � � �

� �#�+�2�/�6�������
�$��� :KLFK� RQH� RI� WKH� IROORZLQJ� LV� PRVW� UHDFWLYH� WRZDUGV�

HOHFWURSKLOLF�UHDJHQW�"

� � �C�� � �D��

� � E�� � �F�� � �
� � � �

� �#�+�2�/�6�������

$��� $PRQJ�WKH�IROORZLQJ�HWKHUV��ZKLFK�RQH�ZLOO�SURGXFH�PHWK\O�
DOFRKRO�RQ�WUHDWPHQW�ZLWK�KRW�FRQFHQWUDWHG�+,�"

� � � � &+�� � � � |
� � �C�� &+�z&z2z&+�� � � � |
� � � � &+�

�� $��� �E�� $��� �D�� $��� �D�� $��� �C�� $��� �D�� $��� �C�� $���� �E�� $���� �D�� $���� �F�

� � �D�� &+�z&+z&+�z2z&+�� � � � |
� � � � �&+�

� � �E��� &+�z&+�z&+�z&+�z2z&+�

� � F�� &+�z&+�z&+z2z&+�� � � � |
� � � � &+�� � � �0''6������

$��� � $PRQJ�WKH�IROORZLQJ�VHWV�RI�UHDFWDQWV�ZKLFK�RQH�SURGXFHV�
DQLVROH�"

� � C�� &+�&+2���50J;

� � �D�� &�+�2+���1D2+���&+�,

� � �E�� &�+�2+���QHXWUDO�)H&O�
� � �F�� &�+�&+����&+�&2&O���$O&O�� �#�+�2�/�6�������

$��� � ,GHQWLI\�=�LQ�WKH�VHTXHQFH�RI�UHDFWLRQV�

� � &+�&+�&+  &+��
HB H Or, 2 2' �'''' �<� C H ONa2 5' �'''' �=

� � �C�� &+�z�&+���z2z&+�&+�

� � �D�� �&+���&+z2z&+�&+�

� � �E�� &+��&+���z2z&+�

� � �F�� &+�&+�z&+�&+��z2z&+�&+�� �#�+�2�/�6�������
$���� 7KH�UHDFWLRQ�

�

� � � &+�� � � � |
� � � &+�z&z21D���&+��&+�&O� � � � |� � ���y1D&O
� � � � &+�� �� � � &+�

� � � � |
� � � &+�z&z2z&+��&+�� � �

� � |� � �
� � � � �&+�� �

� � LV�FDOOHG�
� � 
C�� (WDUG�UHDFWLRQ�
� � 
D�� *DWWHUPDQQy�.RFK�UHDFWLRQ�
� � 
E�� :LOOLDPVRQ�V\QWKHVLV
� � 
F�� :LOOLDPVRQ�FRQWLQXRXV�HWKHULILFDWLRQ�SURFHVV��

� 
#�+�2�/�6�������
$�����5HDFWLRQ� RI� SKHQRO�ZLWK� FKORURIRUP� LQ� WKH� SUHVHQFH� RI�

GLOXWH�VRGLXP�K\GUR[LGH� ILQDOO\� LQWURGXFHV�ZKLFK� RQH�RI�
WKH�IROORZLQJ�IXQFWLRQDO�JURXS�"

� � 
C�� y&+&O���� � 
D��y&+2�
� � 
E�� y&+��&O�� � 
F��y&22+���
#�+�2�/�6�������
$�����:KLFK�RI�WKH�IROORZLQJ�LV�QRW�WKH�SURGXFW�RI�GHK\GUDWLRQ�RI

� � OH �"�

� � 
C�� � � 
D�� �

� � 
E�� � � 
F��
� 
#� 2�/�6�������

&RPSHWLWLRQ�)LOH
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�$���� �E�� $���� �E�� $���� �E�� $���� �D��� $���� �F�� $���� �F�� $���� �F�� $���� �C�� $���� �G�� $���� �E�� $���� �G�

$����:KLFK� RI� WKH� IROORZLQJ� UHDJHQW� ZRXOG� GLVWLQJXLVK��
EKU�F\FORSHQWD������GLRO�IURP�VTCPU�LVRPHU"

� � �C�� 0Q2�� �E�� OXPLQLXP�LVRSURSR[LGH
� � �F�� $FHWRQH� �G�� 2]RQH�� 
0''6������
$����7KH�UHDFWLRQ�

� �

OH O Na
– +NaH Me–I

O

Me

� � FDQ�EH�FODVVLILHG�DV
� � �C�� GHK\GUDWLRQ�UHDFWLRQ
� � �D�� :LOOLDPVRQ�DOFRKRO�V\QWKHVLV�UHDFWLRQ
� � �E�� :LOOLDPVRQ�HWKHU�V\QWKHVLV�UHDFWLRQ
� � �F�� DOFRKRO�IRUPDWLRQ�UHDFWLRQ� �0''6������
$����:KLFK�RQH�LV�WKH�PRVW�DFLGLF�FRPSRXQG"

� � �C��

2+

� �D��

2+

12�

� � �E��

2+

2�1 12�

12�

� �F��

2+

&+�
� �0''6������

$����7KH�KHDWLQJ�RI�SKHQ\O�PHWK\O�HWKHU�ZLWK�+,�SURGXFHV
� � C�� LRGREHQ]HQH� �D�� SKHQRO
� � �E�� EHQ]HQH� �F�� HWK\O�FKORULGH�

� �0''6������
$��� ,Q�WKH�UHDFWLRQ�

� � ���&+&O����1D2+� �

� � WKH�HOHFWURSKLOH�LQYROYHG�LV
� � �C�� GLFKORURPHWK\O�FDWLRQ��&+&O��
� � �D�� IRUP\O�FDWLRQ��&+2�
� � �E�� GLFKORURPHWK\O�DQLRQ��&+&O��
� � �F�� GLFKORURFDUEHQH���&&O��� � �0''6������
$���� 7KH�FRPSRXQG�$�RQ�WUHDWPHQW�ZLWK�1D�JLYHV�%��DQG�ZLWK�

3&O��JLYHV�&��%�DQG�&�UHDFW�WRJHWKHU�WR�JLYH�GLHWK\O�HWKHU��
$��%�DQG�&�DUH�LQ�WKH�RUGHU

� � C�� &�+�2+��&�+���&�+�&O

� � �D�� &�+�2+��&�+�&O��&�+�21D

� � E�� &�+�&O��&�+���&�+�2+

� � �F�� &�+�2+��&�+�21D��&�+�&O� �0''6������

�

�

y

$���� ,GHQWLI\�WKH�PDMRU�SURGXFWV�3��4�DQG�5�LQ�WKH�IROORZLQJ�
VHTXHQFH�RI�UHDFWLRQV�

� � ���&+�&+�&+�&O�
DQK\G��$O&O�

�3�
�K��2�

�KK��+�2
��D

�4���5

� � �C�� 3� � ��4� � ��5� �&+�&+�z2+

� � �D�� 3� � ��4� � ��5� �

� � �E�� 3� � ��4� � �

� � � 5� �&+�&+�2+�&+�

� � �F�� 3� � ��4� � �

� � � 5� �&+�z&2z&+�� � �0''6������

$����7KH�PDMRU�SURGXFW�IRUPHG�ZKHQ�����GLPHWK\OEXWDQ���RO�LV�
KHDWHG�ZLWK�FRQFHQWUDWHG�VXOSKXULF�DFLG�LV

� � �C�� ������GLPHWK\O���EXWHQH
� � �D�� ����GLPHWK\O���EXWHQH
� � �E�� ��� GLPHWK\O���EXWHQH
� � �F�� EKU��DQG�VTCPU�LVRPHUV�RI�����GLPHWK\O���EXWHQH

� � �G�� EKU��DQG�VTCPU�LVRPHUV�RI�����GLPHWK\O���EXWHQH

� � � � � � �-GTCNC�2�/�6�������
$��� :KLFK�RI�WKH�IROORZLQJ�DOFRKROV�JLYHV�WKH�EHVW�\LHOG�RI�GLDON\O�

HWKHU�RQ�EHLQJ�KHDWHG�ZLWK�D�WUDFH�RI�VXOSKXULF�DFLG�"

� � C�� 3HQWDQ���RO� �D�� &\FORSHQWDQRO
� � E�� ��0HWK\O�EXWDQ���RO� �F�� 3URSDQ���RO
� � �G�� 3HQWDQ���RO� �-GTCNC�2�/�6�������
$����:KLFK�RI� WKH� IROORZLQJ�ZLOO� EH�PRVW� UHDGLO\�GHK\GUDWHG�

LQ�DFLGLF�FRQGLWLRQV�"

� � �C��
O

OH

� �D��
O

OH

� � E��� O OH � �F�� OH �
�#�/�7�/GF�������

$�����:KLFK�RQH�RI�WKH�IROORZLQJ�SKHQROV�KDV�WKH�KLJKHVW�R.C�YDOXH"

� � �C�� Q�1LWURSKHQRO� � �D��3KHQRO
� � E�� O�1LWURSKHQRO� � �F��3LFULF�DFLG
� � �G�� R�&UHVRO� � � �-GTCNC�2/6������

&RPSHWLWLRQ�)LOH
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,''�
/CKP����1VJGT�5VCVG�$QCTFU	�
'PIKPGGTKPI�'PVTCPEG

$�� 7KH�PDMRU�SURGXFW�REWDLQHG�RQ�LQWHUDFWLRQ�RI�SKHQRO�ZLWK�
1D2+�DQG�&2��LV

� � �C�� %HQ]RLF�DFLG� �D�� 6DOLF\ODOGHK\GH
� � �E�� 6DOLF\OLF�DFLG� �F�� 3KWKDOLF�DFLG
� � �� � � � 
#�+�'�'�'�������
�$����7KH�PDLQ�SURGXFW�RI�WKH�IROORZLQJ�UHDFWLRQ

� � �+�&+�&+�2+�&+�&+����
Conc. H SO2 4' �''''' �LV

� � �C�� C C
C H6 5 CH(CH )3 2

H H

——

� � �D�� C CH2

H CH5 2C CH6 2

H C3

——

� � E��
H

CH(CH )3 2

C C
H5C6

H

——

� � F��
CH3

CH3
C C

C H6 5CH2

H

—— � �#�+�'�'�'�������

�$����7KH� FRUUHFW� RUGHU� RI� DFLGLF� VWUHQJWK� RI� WKH� IROORZLQJ�
FRPSRXQGV��

� �,�� � 3KHQRO� ,,�� R�&UHVRO
� �,,,��O�1LWURSKHQRO� ,9�� R�1LWURSKHQRO
� LV
� � �C�� ,9�!�,,,�!�,�!�,,� �D�� ,,�!�,9�!�,�!�,,,
� � �E�� ,�!�,,�!�,9�!�,,,� �F�� ,,,�!�,,�!�,�!�,9� �

� � � � �#�+�'�'�'�������
�$����:KLFK�RI�WKH�IROORZLQJ�UHDJHQWV�PD\�EH�XVHG�WR�GLVWLQJXLVK�

EHWZHHQ�SKHQRO�DQG�EHQ]RLF�DFLG�"

� � C�� 0ROLVFK�UHDJHQW� �D�� 1HXWUDO�)H&O�
� � �E�� $TXHRXV�1D2+� �F�� 7ROOHQ
V�UHDJHQW� �

� � � � #�+�'�'�'�������
�$����1TVJQ�QLWURSKHQRO� LV� OHVV� VROXEOH� LQ� ZDWHU� WKDQ� R�DQG�

O�QLWURSKHQROV�EHFDXVH
� � C�� Q�QLWURSKHQRO�VKRZV�LQWUDPROHFXODU�+�ERQGLQJ
� � �D�� Q�QLWURSKHQRO�VKRZV�LQWHUPROHFXODU�+�ERQGLQJ
� � E�� PHOWLQJ�SRLQW�RI�Q�QLWURSKHQRO�LV�ORZHU�WKDQ�WKRVH�RI�

O��DQG�R�LVRPHUV

� � �F�� Q�QLWURSKHQRO�LV�PRUH�YRODWLOH�LQ�VWHDP�WKDQ�WKRVH�RI�
O��DQG�R�LVRPHUV� � � �#�+�'�'�'��������

$����$UUDQJH�WKH� IROORZLQJ�FRPSRXQGV� LQ�RUGHU�RI�GHFUHDVLQJ�
DFLGLW\�

2+

&O

�,�

2+

&+�

�,,�

2+

12�

�,,,�

2+

2&+�

�,9�

� � �C�� ,9�!�,,,�!�,�!�,,� �D�� ,,�!�,9�!�,�!�,,,

� � �E��� ,�!�,,�!�,,,�!�,9� �F�� ,,,�!�,�!�,,�!�,9

� � � � � � �,''�/CKP������
$����7KH�PRVW�VXLWDEOH�UHDJHQW�IRU�WKH�FRQYHUVLRQ�RI
� � 5z&+�z2+�→�5z&+2�LV

� � �C�� 3&&��3\ULGLQLXP�FKORURFKURPDWH�

� � �D�� .0Q2�

� � �E�� .�&U�2�

� � �F�� &U2�� � � �,''�/CKP������

$�����6RGLXP�SKHQR[LGH�ZKHQ�KHDWHG�ZLWK�&2��XQGHU�SUHVVXUH�
DW�����&�\LHOGV�D�SURGXFW�ZKLFK�RQ�DFHW\ODWLRQ�SURGXFHV�&�

� �
21D

��&2��

+

2

125 C H
5 atm Ac O

B C→ →


� �

� � 7KH�PDMRU�SURGXFW�&�ZRXOG�EH

� �C��

2&2&+�

&22+
� �D��

2&2&+�

&22+

� �E��

2+

&2&+�

&2&+�

� �F��

2+

&22&+�

�,''�/CKP������
$���� 7KH�SURGXFW�RI�WKH�UHDFWLRQ�JLYHQ�EHORZ�LV�

� � ��

1. NBS/h
2.H O/K CO2 2 3

�' �'''' X

� � �C�� � �D��

� � �E�� � �F��

�,''�/CKP������

��$���� �E�� $���� �E�� $���� �C�� $���� �D�� $���� �C�� $���� �F�� $���� �C�� $���� �D�� $���� �D��

&RPSHWLWLRQ�)LOH
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�$����3KHQRO�RQ�WUHDWPHQW�ZLWK�&2��LQ�WKH�SUHVHQFH�RI�1D2+�
IROORZHG�E\�DFLGLILFDWLRQ�SURGXFHV�FRPSRXQG�;�DV�WKH�PDMRU�
SURGXFW��;�RQ�WUHDWPHQW�ZLWK��&+�&2��2�LQ�WKH�SUHVHQFH�
RI�FDWDO\WLF�DPRXQW�RI�+�62��SURGXFHV�

� �C�� � �D��

� �E�� � �F��

CO H2

O

O

CO H2

�,''�/CKP������
�$����3KHQRO�UHDFWV�ZLWK�PHWK\O�FKORURIRUPDWH�LQ�WKH�SUHVHQFH�RI�

1D2+�WR�IRUP�SURGXFW�$��$�UHDFWV�ZLWK�%U��WR�IRUP�SURGXFW�
%��$�DQG�%�DUH�UHVSHFWLYHO\�

� � �C�� �� DQG� �

� �D�� � � DQG� �

� �E�� � � DQG� �

� �F�� � � DQG� �

�,''�/CKP������
�$����7KH�PDMRU�SURGXFW�IRUPHG�LQ�WKH�IROORZLQJ�UHDFWLRQ�LV�

� �
O

O

�
+,
+HDW

� � �C��
OH

OH
� �D��

I

I

�$���� �C�� $���� �E�� $���� �F�� $���� �C�� $���� �F��� $���� �F��� $���� �E�� $���� �E�� $���� �E�

&RPSHWLWLRQ�)LOH

� � �E��

I

OH
� �F��

OH

I

� � �,''�/CKP������
$���� ,GHQWLI\�WKH�SURGXFW�V�LQ�WKH�IROORZLQJ�UHDFWLRQ��

� � �&+�&+  &+��

BH3' �'' �;�
H O2 2, OH�' �''''' �SURGXFW�V���+�%2�

� � C�� &+�&+�&+�2+� �D�� &+�&+2+&+�

� � �E�� &+�&+�&+2� �F�� &+�&+�2+���&+�2+

� � �G�� &+�&+2���&+�2+� � � �-GTCNC�%�'�6�������
$����7KH�K\GUR[\O�FRPSRXQG�WKDW�JLYHV�D�SUHFLSLWDWH�LPPHGLDWHO\�

ZKHQ� WUHDWHG� ZLWK� FRQFHQWUDWHG� K\GURFKORULF� DFLG� DQG�
DQK\GURXV�]LQF�FKORULGH�LV�

� � �C�� ��PHWK\O���EXWDQRO� � �D�� ��PHWK\O���EXWDQRO
� � �E�� ��EXWDQRO� � �F����PHWK\O���EXWDQRO
� � G�� �����GLPHWK\O���EXWDQRO� �-GTCNC�2�'�6�������
$����)LQG�WKH�SURGXFW�RI�WKH�JLYHQ�UHDFWLRQ

CH3
CH3

OH
�

H+

�' �''

� � �C��

CH3
CH3� �D��

CH3 CH3

� � �E��

CH3

CH3

� �F��

CH3

CH3
�

� �1TKUUC�,�'�'�������
�$��� $Q� R[\JHQ� FRQWDLQLQJ� RUJDQLF� FRPSRXQG� ZDV� IRXQG� WR�

FRQWDLQ�����FDUERQ�DQG�����RI�K\GURJHQ��,WV�YDSRXU�GHQVLW\�
LV�����7KH�FRPSRXQG�UHDFWV�ZLWK�VRGLXP�PHWDO�WR�OLEHUDWH�
K\GURJHQ��$�IXQFWLRQDO�LVRPHU�RI�WKLV�FRPSRXQG�LV�

� � �C�� (WKDQRO� �D�� (WKDQDO
� � �E�� 0HWKR[\�PHWKDQH� �F�� 0HWKR[\�HWKDQH

�-GTPCVCMC�%�'�6�������
�$����,GHQWLI\�
&
�LQ�WKH�IROORZLQJ

� �
A B C

� � �C�� :DWHU� �D�� (WKDQRO
� � �E�� 3URSDQRQH� �F�� &XPHQH�K\GURSHUR[LGH
� �-CTPCVCMC�%�'�6�������������
�$����6DOLF\ODOGHK\GH�FDQ�EH�SUHSDUHG�IURP�SKHQRO�E\
� � �C�� 6FKRWWHQ�%DXPDQQ�UHDFWLRQ
� � �D�� .ROEHuV�UHDFWLRQ
� � �E��� 5HLPHU�7LHPDQQ�UHDFWLRQ
� � �F���3HUNLQ�UHDFWLRQ
� � G�� &DQQL]]DUR�UHDFWLRQ� �-GTCNC�2�'�6�������
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�$���� �D�� $���� �C�� $�� � �F�� $���� �F�� $���� ��C�� $���� �D�� $���� �F�� $���� �E�� $���� �D�� $���� �D�

� � �E�� 2�1z z&22z

� � F�� 2�1z z&22z z12�

� �-CTPCVCMC�%'6������

�$���� ����� J� RI� D� PRQRK\GULF� DOFRKRO� ZKHQ� DGGHG� WR�
PHWK\OPDJQHVLXP� LRGLGH� LQ� HWKHU� OLEHUDWHV� DW� 6�7�3���
����FP��RI�PHWKDQH��:LWK�3&&�WKH�VDPH�DOFRKRO�IRUPV�D�
FDUERQ\O�FRPSRXQG�WKDW�DQVZHUV�VLOYHU�PLUURU�WHVW��7KH�
PRQRK\GULF�DOFRKRO�LV�

� � �C�� &+�z�&+z&+�z&+�
� � �� � � � _

� � �� � � � 2+

� � D�� �&+���&�&+�2+

� � �E�� &+�z�&+z�&+��&+�z�&+�
� � � � � _

� � � � � 2+

� � �F�� �&+����&+�z�&+�2+� � � �-CTPCVCMC�%'6������

�$���� $UUDQJH�WKH�IROORZLQJ�FRPSRXQGV�LQ�WKH�LQFUHDVLQJ�RUGHU�
RI�WKHLU�DFLGLF�VWUHQJWK����

� � ��
K��O�1LWURSKHQRO�� � �KK��O�&UHVRO
� � 
KKK��3KHQRO�� � 
KX��O�&KORURSKHQRO�
� � �
C�� KK���KX����KKK���K��� � 
D��KK���KKK���K���KX�
� � �
E�� KKK���KK���K���KX�� � 
F��KK���KKK���KX���K��
� � 
-CTPCVCMC�%'6������
$����:KLFK� RI� WKH� IROORZLQJ� FRPSRXQG� ZRXOG� QRW� UHDFW� ZLWK�

/XFDV�UHDJHQW�DW�URRP�WHPSHUDWXUH"

� � �
C��+�& &+&+�2+� � 
D��&�+�&+�2+

� � �
E��&+�&+�&+�2+� � 
F���&+���&2+

��� 
9�$�,''������

$����:KLFK�RI�WKH�IROORZLQJ�ZLOO�EH�GHK\GUDWHG�PRVW�UHDGLO\�LQ�
DONDOLQH�PHGLXP"

� � 
C���

O

OH

� � 
D��

O OH

� � 
E��

OH

� � �
F��

O
OH

�� 
9�$�,''������
$����,VRSURS\O�PHWK\O�HWKHU�ZKHQ�WUHDWHG�ZLWK�FROG�K\GURJHQ�

LRGLGH�JLYHV�

� �� 
C�� ,VRSURS\O�LRGLGH�DQG�PHWK\O�LRGLGH
� � 
D�� ,VRSURS\O�DOFRKRO�DQG�PHWK\O�LRGLGH
� � 
E�� LVRSURS\O�DOFRKRO�DQG�PHWK\O�DOFRKRO
� � 
F�� LVRSURS\O�LRGLGH�DQG�PHWK\O�DOFRKRO
��� 
/�*��%'6������

&RPSHWLWLRQ�)LOH
�$����7KH� WRWDO� QXPEHU� RI� DF\FOLF� VWUXFWXUDO� LVRPHUV� SRVVLEOH�

IRU�FRPSRXQG�ZLWK�PROHFXODU�IRUPXOD�&�+��2�LV

� � �C�� �� �D�� �
� � �E��� �� �F�� �
� � �G�� �� � �-GTCNC�2�'�6�������������

$���� &RPSRXQG�t$u�RI�PROHFXODU�IRUPXOD�&�+��2�RQ�WUHDWPHQW�
ZLWK�/XFDV�UHDJHQW�DW�URRP�WHPSHUDWXUH�JLYHV�FRPSRXQG�
t%u��:KHQ�FRPSRXQG�t%u�LV�KHDWHG�ZLWK�DOFRKROLF�.2+��LW�
JLYHV�LVREXWHQH��&RPSRXQG�t$u�DQG�t%u�DUH�UHVSHFWLYHO\

� � �C�� ��PHWK\O���SURSDQRO�DQG���PHWK\O���FKORURSURSDQH

� � �D�� ��PHWK\O���SURSDQRO�DQG���FKORUR���PHWK\OSURSDQH

� � �E��� ��PHWK\O���SURSDQRO�DQG���PHWK\O���FKORURSURSDQH�
�F�� EXWDQ���RO�DQG���FKORUREXWDQH

� � �G�� EXWDQ���RO�DQG���FKORUREXWDQH� �-GTCNC�2�'�6�������

�$���� 7KH�FRUUHFW�VWDWHPHQW�UHJDUGLQJ�WKH�IROORZLQJ�FRPSRXQGV�
LV

� � � � � 2+� 2+� 2+

� � � � � � � � � �

� � � � �� � �

� � � � � � � �

� � � � �
2+� 2+� 2+

� � � � � ,� ,,� ,,,

� � �C�� DOO�WKUHH�FRPSRXQGV�DUH�FKLUDO

� � �D�� RQO\�,�DQG�,,�DUH�FKLUDO

� � �E�� ,�DQG�,,,�DUH�GLDVWHUHRPHUV

� � �F�� RQO\�,�DQG�,,,�DUH�FKLUDO�� �9$�,''������

�$�� � :LOOLDPVRQ
V� V\QWKHVLV� RI� SUHSDULQJ� GLPHWK\O� HWKHU� LV��
D�DQ

� � �C�� HOHFWURSKLOLF�VXEVWLWXWLRQ

� � D�� 61��UHDFWLRQ

� � �E�� HOHFWURSKLOLF�DGGLWLRQ

� � �F�� 61��UHDFWLRQ

� � �G�� IUHH�UDGLFDO�VXEVWLWXWLRQ�� � �-GTCNC�2/6������

�$����

2+

6 5C H COCl Nitration
base

X→ → �<��PDMRU�SURGXFW�

� � �<�LV

� � �C�� z&22z z12�

� � �D�� +2z z&22z z12�
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$�����F�� $���� �E�� $���� �C�� $���� �E�� $���� �C�� $��� �E�� $���� �D�� $���� �D�� $���� �F�� $��� �D��
$�����D�� $���� �C��

�$��� ,Q�WKH�UHDFWLRQ��

� � (WKDQRO� PCl alc.KOH5 X Y →  →

� �
H SO Room temp.

H O,
2 4

2

,
Z,

�
' �''''''' �WKH�SURGXFW�=�LV

� � ��
C���&�+��� � 
D��&+�&+�2&+�&+��

� � ��
E��&+�&+�262�+�� � 
F�� 2+
� 
-CTPCVCMC�%'6������
�$���� 7KH� UHDFWLRQ� ZKLFK� LQYROYHV� GLFKORURFDUEHQH� DV� DQ�

HOHFWURSKLOH�LV

� � ��
C���5HLPHUy7LHPDQQ�UHDFWLRQ��
D��.ROEH
V�UHDFWLRQ
� � ��
E��)ULHGHOy&UDIWV
�DF\ODWLRQ� � 
F��)LWWLQJ
V�UHDFWLRQ
� 
-CTPCVCMC�%'6������
�$��� (WKDQRO�LV�FRQYHUWHG�LQWR�HWKR[\HWKDQH
� � ��
C���E\�KHDWLQJ�H[FHVV�RI�HWKDQRO�ZLWK�FRQF��+�62��DW�����&

� � ��
D��E\�KHDWLQJ�HWKDQRO�ZLWK�H[FHVV�RI�FRQF��+�62��DW�����.

� � ��
E��E\�WUHDWLQJ�ZLWK�FRQF��+�62��DW�URRP�WHPSHUDWXUH� �
��
F��E\�WUHDWLQJ�ZLWK�FRQF��+�62��DW�����.�

�� 
-CTPCVCMC�%'6������
�$���� 7KH�VWUXFWXUH�RI�WKH�SURGXFW�3�RI�WKH�IROORZLQJ�UHDFWLRQ�LV

�� �

2+

20H

��1D2+

(i) CO high temperature
    and high pressure)

(ii) H O

2

3

, (

+ → P

� � �
C��

2+

&2�+

&2�+

20H

� 
D��

2+

&2�+

+2�&

20H

� � �
E��

2+
&2�+

20H

� 
F��

&2�+

2+

20H

� 
9�$��,''������
��$���7KH�SURGXFWV�IRUPHG�GXULQJ�WKH�IROORZLQJ�UHDFWLRQ�DUH

&+�z&z2z&+����+,'�' "

&+�z
z

&+�

� � ��
C��&+�2+���&+�z&z,

&+�z
z

&+�

� � 
D�� &+����+�&z&z2,

&+�z
z

&+�

� � ��
E��&+�,���&+�z&z2+

&+�z
z

&+�

� � 
F�� &+�2,���+�&z&z+

&+�z
z

&+�

�� 
-CTPCVCMC�%'6������
�$����:KLFK�RI�WKH�IROORZLQJ�FDQQRW�EH�XVHG�WR�R[LGLVH�SULPDU\�

DOFRKROV�WR�DOGHK\GHV"

� �� 
C�� &U2��LQ�DQK\GURXV�PHGLXP

� � 
D�� 3\ULGLQLXP�FKORURFKURPDWH
� � 
E�� .0Q2��LQ�DFLGLF�PHGLXP

� � 
F�� +HDWLQJ�LQ�SUHVHQFH�RI�&X�DW�����.
�� 
-CTPCVCMC�%'6������
�$����:KLFK�RI�WKH�IROORZLQJ�RUGHUV�LV�WUXH�UHJDUGLQJ�WKH�DFLGLF�

QDWXUH�RI�SKHQROV"

� �� 
C�� 3KHQRO�!�Q�FUHVRO�!�Q�QLWURSKHQRO
� � 
D�� Q�FUHVRO���SKHQRO���Q�QLWURSKHQRO
� � 
E�� 3KHQRO���Q�FUHVRO�!�Q�QLWURSKHQRO
� � 
F�� 3KHQRO���Q�FUHVRO���Q�QLWURSKHQRO
��� 
-CTPCVCMC�%'6������

�$����1DPH�RI�WKH�IROORZLQJ�UHDFWLRQ�LV

� �

2+ 2+

&2�+(i) CO NaOH
(ii) H SO

2
2 4

, →

� � ��
C���5HLPHU�7LHPDQQ�� � 
D �.ROEH�6FKPLWW
� � ��
E��&DQQL]]DUR�� � 
F��*DWWHUPDQQ
� � ��
G��*DWWHUPDQQ�.RFK�� 
-GTCNC�2'6������

�$����:KDW�SURGXFW�LV�IRUPHG�ZKHQ�SKHQRO�LV�WUHDWHG�ZLWK�&+&O��
DQG�1D2+"

� �� 
C�� ��+\GUR[\EHQ]DOGHK\GH

� � 
D�� ��+\GUR[\EHQ]RLF�DFLG

� � 
E�� ��+\GUR[\EHQ]RLF�DFLG

� � 
F�� ��+\GUR[\EHQ]DOGHK\GH
�� 
,�-��%'6������
�$����0HWKR[\EHQ]HQH�RQ�WUHDWPHQW�ZLWK�+,�SURGXFHV
� �� 
C�� LRGREHQ]HQH�DQG�PHWKDQRO
� � 
D�� SKHQRO�DQG�PHWK\O�LRGLGH
� � 
E�� LRGREHQ]HQH�DQG�PHWK\O�LRGLGH
� � 
F�� SKHQRO�DQG�PHWKDQRO�
��� 
9$�,''������
�$����7KH�LQWUDPROHFXODU�K\GURJHQ�ERQG�LV�SUHVHQW�LQ
� �� 
C�� SKHQRO� 
D�� Q�QLWURSKHQRO
� � 
E�� R�QLWURSKHQRO� 
F�� R�FUHVRO
��� 
-CTPCVCMC�%'6������
$�����3KHQRO�FDQ�EH�GLVWLQJXLVKHG�IURP�HWKDQRO�E\�WKH�UHDJHQW
� �� 
C�� EURPLQH�ZDWHU� 
D�� VRGLXP�PHWDO
� � 
E�� LURQ�PHWDO� 
F�� FKORULQH�ZDWHU
��� 
-CTPCVCMC�%'6������

&RPSHWLWLRQ�)LOH
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$�����E�� $��� �E�� $���� �G�� $���� �F�� $���� �C�� $���� �F�� $���� �C�� $���� �E�� $���� �F�

�$����:KHQ� WKH� YDSRXUV� RI� WHUWLDU\� EXW\O� DOFRKRO� DUH� SDVVHG�
WKURXJK�KHDWHG�FRSSHU�DW�����.��WKH�SURGXFW�IRUPHG�LV

� �� 
C�� EXW���HQH� 
D�� EXWDQ���RQH
� � 
E�� ��PHWK\OSURSHQH� 
F�� EXWDQDO
��� 
-CTPCVCMC�%'6������

�$����:KDW�LV�WKH�LQFUHDVLQJ�RUGHU�RI�DFLGLF�VWUHQJWK�DPRQJ�WKH�
IROORZLQJ"

� �� 
K��S�PHWKR[\�SKHQRO��
KK��S�PHWK\O�SKHQRO��
KKK��S�QLWURSKHQRO
� � 
C�� KK���KKK���K� 
D�� KKK���KK���K
� � 
E�� K���KK���KKK� 
F�� K���KKK���KK
��� 
-CTPCVCMC�%'6������

�$����2[LGDWLRQ�RI����DOFRKROV�WR�DOGHK\GHV�LV�YHU\�VXFFHVVIXO�IRU�
WKH�DOFRKROV�OLNH

� � 
C�� SHQW���\Q���RO�� 
D�� KH[DQ���RO
� � 
E�� Q�SURS\ODOFRKRO� 
F�� SHQWDQ���RO
� � 
G�� RFWDQ���RO
��� 
-GTCNC�2'6������

�$����7KH�KDORJHQ�FRPSRXQG�ZKLFK�ZLOO�QRW�UHDFW�ZLWK�SKHQRO�WR�
JLYH�HWKHUV�LV

� �� 
C�� HWK\O�FKORULGH�� 
D�� PHWK\O�FKORULGH
� � 
E�� EHQ]\O�FKORULGH� 
F�� YLQ\O�FKORULGH
� � 
G�� DOO\O�FKORULGH��� 
-GTCNC�2'6������

,''�
#FXCPEG��HQT�++6�'PVTCPEG

$���� (WK\O�HVWHU�
CH3MgBr

excess
' �'''' 3��7KH�SURGXFW�3�LV

� �C��
H C

H C

3

3

CH

OH

3
�����D��

H C

H C

3

5 2

C H

OH

2 5
�

� �E��
H C

H C

5 2

5 2

C H

OH

2 5
��F����

H C

H C

5 2

5 2

C H

OH

2 5

� � � � � 
+�+�6�������

$����
CH3

OHH3C

�
H+

H2O�' �''' �>)@��
Br ,CCl2 4' �'''' �

�� � � ��������
C H Br4 8 2

��VXFK�SURGXFWV
DUH�SRVVLEOH

� +RZ�PDQ\�VWUXFWXUHV�RI�)�DUH�SRVVLEOH�"
� �C�� �� �D�� �
� �D�� �� �F�� ��� 
+�+�6�������

$���� $UUDQJH�WKH�IROORZLQJ�FRPSRXQGV�DFFRUGLQJ�WR�GHFUHDVLQJ�
ERLOLQJ�SRLQWV��

�������� ��������� �������� �������
� � �����,�������������������,,��������������������������,,,������������������������,9�

� � �C�� �,9��!��,,,��!��,,��!���,�� �D�� �,,,��!��,9��!��,,��!��,�

� � �E�� �,��!��,,��!��,,,��!��,9�� �F�� �,,,��!��,,��!��,��!��,9�
� � � � � +�+�6�������
�$���� ,GHQWLI\�WKH�PDMRU�SURGXFWV��3��DQG��4��LQ�WKH�IROORZLQJ�

UHDFWLRQ��

� � ���&+�&+�&+�&O��
Anhyd. AlCl3' �'''''' ��3��

( ) O
( ) H O , 

2

3
+

i
ii �' �''''' �4�����3K2+

� � �C�� �DQG�&+�&2&+��

� � �D�� �DQG�&+�&+�&+2

� � �E�� ���� ���DQG�&+�&2&+�

� � �F�� �� ��DQG�&+�&+�&+2�� �+�+�6�������

�$����,Q�WKH�UHDFWLRQ��

� � z2&+��
HBr' �'' �WKH�SURGXFWV�DUH��

� � �C�� %Uz z2&+��DQG�+�

� � �D�� z%U�DQG�&+�%U

� � �E�� z%U�DQG�&+�2+

� � �F�� z2+�DQG�&+�%U� �+�+�6�������

&RPSHWLWLRQ�)LOH
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�$����7KH�PDMRU�SURGXFW�V��RI�WKH�IROORZLQJ�UHDFWLRQ�LV��DUH�

� �

OH

SO3H

aqueous Br (3.0 equivalents)2

OH OH

Br BrBr Br

P Q

?

Br

SO3H Br

OH OH

Br Br

Br

R S

Br Br

SO H3Br

� � ��C��3�� �D�� 4

� � ��E���5�� �F�� 64� �,''�#FXCPEG������

$������ 7KH�DFLGLF�K\GURO\VLV�RI�HWKHU��;��VKRZQ�EHORZ�LV�IDVWHVW�
ZKHQ

25
DFLG

2+���52+

� � ��������� >;@�

� $���� �D�� $���� �E�� $��� �D�� $���� �D�

&RPSHWLWLRQ�)LOH
� � ��C��RQH�SKHQ\O�JURXS�LV�UHSODFHG�E\�D�PHWK\O�JURXS
� � ��D��RQH�SKHQ\O�JURXS�LV�UHSODFHG�E\�D�SDUD�PHWKR[\SKHQ\O�

JURXS

� � ��F�� WZR� SKHQ\O� JURXSV� DUH� UHSODFHG� E\� WZR� SDUD�
PHWKR[\SKHQ\O�JURXS

� � ��F��QR�VWUXFWXUDO�FKDQJH�LV�PDGH�WR�;�

� � � �,''�#FXCPEG������

�$������ 7KH�PDMRU�SURGXFW�8�LQ�WKH�IROORZLQJ�UHDFWLRQ�LV

� � �

CH CH CH H

high pressure heat

Radical initiator O
T2 3 2


 � �

' �'''''',
,

,'' �'''''' U

� � �C��

2
2

+

&+�

z

� �D��

&+�+�&
2

+2

� � �E��

2
2

+

&+�

z

� �F��

&+�
2 +

2

� � � �,''�#FXCPEG������
�$������ ,Q�WKH�IROORZLQJ�UHDFWLRQ�VHTXHQFH��WKH�FRUUHFW�VWUXFWXUH�V��

RI�;�LV��DUH�

� � � ;�
( ) ,

( ) ,

( ) ,

1

2

3

3 2

2

3 2

PBr Et O

Nal Me CO

NaN HCONMe

' �'''''' �

� � �C�� � �D��

� � �C�� � �D��

� � � �,''�#FXCPEG������

� %��� �D��F������%����E��F���%��� ��C��E��

ZLWK�PRUH�WKDQ�RQH�FRUUHFW�DQVZHU
�%� � :KLFK�RI�WKH�IROORZLQJ�DOFRKROV�RQ�GHK\GUDWLRQ�ZLWK�FRQF��

+�62��JLYH�EXW���HQH�"

� � �C�� ��0HWK\O�SURSDQ���RO

� � �D�� %XWDQ���RO
� � �E�� ��0HWK\O�SURSDQ���RO

� � �F�� %XWDQ���RO

�%��� :KLFK�RI�WKH�IROORZLQJ�DOFRKROV�JLYH�LRGRIRUP�WHVW�"

� � �C�� %XWDQ���RO� �D�� 3URSDQ���RO

� � �E�� 3URSDQ���RO� �F�� (WKDQRO

�%��� :KLFK�RI�WKH�IROORZLQJ�DUH�ZHDNHU�DFLGV�WKDQ�SKHQRO�"

� � �C�� ��0HWKR[\�SKHQRO� �D�� ����GLQLWURSKHQRO

� � �E�� ��0HWK\O�SKHQRO� �F�� ��1LWUR�SKHQRO
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�%�����D��E�� � �%�����D��E�� � %�����C��F�� � %��� �C��E�� � %�����D��E�� � %�����D��F�� � %������C��E��F�

� �C�� � �D��

� �E�� � � F��

� �+�+�6�������

��%��� &RUUHFW�VWDWHPHQW�V��LQ�FDVHV�RI�P�EXWDQRO�DQG�V��EXWDQRO�
LV��DUH�

� � �C���ERWK�DUH�KDYLQJ�HTXDO�VROXELOLW\�LQ�ZDWHU

� � D���V�EXWDQRO�LV�PRUH�VROXEOH�LQ�ZDWHU�WKDQ�P�EXWDQRO

� � �F���ERLOLQJ�SRLQW�RI�V�EXWDQRO�LV�ORZHU�WKDQ�P�EXWDQRO

� � �F���ERLOLQJ�SRLQW�RI�P�EXWDQRO�LV�ORZHU�WKDQ�V�EXWDQRO�
� 
9�$��,''�'PII�������

��%��� ,Q�WKH�IROORZLQJ�UHDFWLRQ��WKH�SURGXFWV�V��IRUPHG�LV��DUH�

� ������������

� � �C���3��PDMRU�� �D�� 4��PLQRU�

� � �E���5��PLQRU�� �F�� 6��PDMRU��
� � �,''�#FXCPEG������

%����� 7KH�FRUUHFW�FRPELQDWLRQ�RI�QDPHV�IRU�LVRPHULF�DOFRKROV�
ZLWK�PROHFXODU�IRUPXOD�&�+��2�LV�DUH

� � �C��VGTV�EXWDQRO�DQG���PHWK\OSURSDQ���RO

� � �D��VGTV�EXWDQRO�DQG������GLPHWK\OHWKDQ�O�RO

� � E��P�EXWDQRO�DQG�EXWDQ���RO

� � �F��KUQ�EXW\O�DOFRKRO�DQG���PHWK\OSURSDQ���RO�

� � � �,''�#FXCPEG������

&RPSHWLWLRQ�)LOH
�%��� :KHQ�SKHQRO�LV�WUHDWHG�ZLWK�&+&O��DQG�1D2+�IROORZHG�

E\�DFLGLILFDWLRQ��VDOLF\ODOGHK\GH�LV�IRUPHG��:KLFK�RI�WKH�
IROORZLQJ� VSHFLHV� DUH� LQYROYHG� LQ� WKH� DERYH�PHQWLRQHG�
UHDFWLRQ�DV�LQWHUPHGLDWH�"

� � �C��

OH
CHCl2

� �D��

O
CCl2CCl

OH

� � �E��

O
CHCl2

� �F��

O
H

CH—Cl

OH

�%��� :KLFK�RI�WKH�IROORZLQJ�DUH�OHVV�DFLGLF�WKDQ�&�+�2+��"

� � �C��

� � �D�� &�+�2+

� � E��

� � �F��

�%� � 7KH�HWKHU�� z2z&+�z ��ZKHQ�WUHDWHG

� � ZLWK�+,�SURGXFHV�

� � �C�� z&+�,

� � �D�� z&+�2+

� � �E�� z,

� � �F�� z2+� �-GTCNC�2/6������

��%��� ,Q�WKH�UHDFWLRQ

� �
NaOH( ), Br2aq' �''''' �WKH�LQWHUPHGLDWH�V��LV��DUH�
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�%������C��D��E�� � %������D��E�

%����� 7KH�UHDFWLYLW\�RI�FRPSRXQG�=�ZLWK�GLIIHUHQW�KDORJHQV�
XQGHU�DSSURSULDWH�FRQGLWLRQV�LV�JLYHQ�EHORZ��

PRQR�KDOR�VXEVWLWXWHG

GHULYDWLYH�ZKHQ�;�� �,�

GL�KDOR�VXEVWLWXWHG

GHULYDWLYH�ZKHQ�;�� �%U�

WUL�KDOR�VXEVWLWXWHG

GHULYDWLYH�ZKHQ�;�� �&O�

&�&+���

;�

=

2+

� � 7KH�REVHUYHG�SDWWHUQ�RI�HOHFWURSKLOLF�VXEVWLWXWLRQ�FDQ�

EH�H[SODLQHG�E\

� � �C��WKH�VWHULF�HIIHFW�RI�WKH�KDORJHQ

� � �D��WKH�VWHULF�HIIHFW�RI�WKH�VGTV�EXW\O�JURXS

� � �E��WKH�HOHFWURQLF�HIIHFW�RI�WKH�SKHQROLF�JURXS

� � �F��WKH�HOHFWURQLF�HIIHFW�RI�WKH�VGTV�EXW\O�JURXS

� � � ,''�#FXCPEG������

%����� 7KH�FRUUHFW�VWDWHPHQW�V��DERXW�WKH�IROORZLQJ�UHDFWLRQ�
VHTXHQFH�LV�DUH�

� � &XPHQH��&�+���� �
4

�0DMRU�
���

5

�0LQRU�
�

� � � 4�
NaOH
PhCH Br2
' �''' �6

� � �C��5�LV�VWHDP�YRODWLOH

� � �D���4�JLYHV�GDUN�YLROHW� FRORXUDWLRQ�ZLWK�����DTXHRXV�
)H&O��VROXWLRQ

� � �E���6� JLYHV� \HOORZ� SUHFLSLWDWH� ZLWK� ��� �yGLQLWURy
SKHQ\OK\GUD]LQH

� � �F��6� JLYHV� GDUN� YLROHW� FRORXUDWLRQ� ZLWK� ��� DTXHRXV�
)H&O��VROXWLRQ�

� � � �,''�#FXCPEG������

&RPSHWLWLRQ�)LOH

2CUUCIG�+
� � � 3KHQROV� UHDFW�ZLWK� FKORURIRUP� LQ� WKH� SUHVHQFH� RI�

DTXHRXV�.2+�DW�����.�IROORZHG�E\�K\GURO\VLV�RI�WKH�
UHVXOWLQJ�SURGXFW�JLYH�VDOLF\ODOGHK\GH�DV��

� � ���&+&O���
NaOH, 340 K
NaCl, 2H O2� �

' �''''''' �

� � �

2NaOH
NaCl�

' �''''
2 ��

��������������������������� �
dil. HCl� ''''' �

#PUYGT�VJG�HQNNQYKPI�SWGUVKQPU��
�&��� 7KH�DERYH�UHDFWLRQ�LV�
� � �C�� 5HLPHU�7LHPDQQ�UHDFWLRQ
� � �D�� .ROEH
V�UHDFWLRQ
� � �E�� &DQQL]]DUR
V�UHDFWLRQ
� � �F�� )ULHV�UHDUUDQJHPHQW�
�&��� 7KH�HOHFWURSKLOH�LQ�WKLV�HOHFWURSKLOLF�VXEVWLWXWLRQ�UHDFWLRQ�

LV�

� � �C�� y�&&O�� �D�� �&&O�
� � �E�� &+&O�

�� �F�� &Oy

�&��� :KHQ�&&O��LV�XVHG�LQ�SODFH�RI�&+&O��LQ�WKH�DERYH�UHDFWLRQ��
WKH�SURGXFW�IRUPHG�LV

� � �C�� ��$FHWR[\EHQ]RLF�DFLG
� � �D�� ��+\GUR[\EHQ]RLF�DFLG
� � �E�� ��&DUER[\SKHQRO
� � �F�� QRQH�RI�WKHVH�
�&��� :KHQ�WKH�SURGXFW�LQ�'��LV�KHDWHG�ZLWK�DFHWLF�DQK\GULGH�

DQG�FRQF��+�62���WKH�ILQDO�SURGXFW�IRUPHG�LV�XVHG�DV���

� � C�� DQWLVHSWLF� �D�� WUDQTXLOL]HU

� � �E�� DQDOJHVLF� �F�� DQWLELRWLF�

�&��� :KHQ�SURGXFW�LQ�'��LV�KHDWHG�ZLWK�SKHQRO��WKH�QHZ�SURGXFW�
IRUPHG�LQ�FDOOHG

� � �C�� RLO�RI�ZLQWHU�JUHHQ�� �D�� VDORO

� � �E�� FDUEROLF�DFLG� �F�� DVSLULQ

���2CUUCIG�+�����&�����C�� &�� �D�� &��� �D�� &��� �E�� &��� �D��
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2CUUCIG�++�����&��� ��D�� &��� �E�� &��� �D�� &��� �C�� &���� �C�� 2CUUCIG�+++ &������E�� � &�����E�

&RPSHWLWLRQ�)LOH
2CUUCIG�++
� � 3ULPDU\�DQG�VHFRQGDU\�DOFRKROV�DUH�GHK\GURJHQDWHG�E\�

FRSSHU�DW�����.�WR�DOGHK\GHV�DQG�NHWRQHV�UHVSHFWLYHO\��
,Q�FRQWUDVW�WHUWLDU\�DOFRKROV�DUH�GHK\GUDWHG�WR�DONHQHV�E\�
KHDWLQJ�ZLWK�FRSSHU�DW�����.��6LPLODUO\��SULPDU\�DOFRKROV

� � DUH�HDVLO\�R[LGLVHG�WR�IRUP�ILUVW�DQ�DOGHK\GH�DQG�WKHQ�D�
FDUER[\OLF�DFLG�ZKLOH�VHFRQGDU\�DOFRKROV�DUH�R[LGLVHG�WR�
NHWRQHV�ZKLFK�DUH�IXUWKHU�R[LGLVHG�WR�IRUP�D�PL[WXUH�RI�
DFLGV��7HUWLDU\�DOFRKROV�DUH�R[LGLVHG�ZLWK�GLIILFXOW\�DQG�ZLWK�
VWURQJ�R[LGLVLQJ�DJHQWV�LQ�DFLGLF�PHGLXP��7KH\�IRUP�ILUVW�
NHWRQHV�DQG�WKHQ�DFLGV��,Q�WKH�FDVH�RI�DOFRKROV�FRQWDLQLQJ�
FDUERQ�FDUERQ�GRXEOH�ERQG��VRPH�R[LGLVLQJ�DJHQWV�R[LGLVH�
ERWK�GRXEOH�ERQG�DQG�z2+�JURXS�ZKLOH�RWKHU�UHDJHQWV�
GRQRW�DIIHFW�&  &�ERQG�

#PUYGT�VJG�HQNNQYKPI�SWGUVKQPU��
&���� ,Q�WKH�UHDFWLRQ��

� �

OH

���
CrO3

H SO , acetone2 4

' �''''''' ��;���
CH MgBr3

H O3
+

' �''''' �<

� � WKH�SURGXFW�<�LV�

� � �C��

OH
CH3

� �D��

OHCH3

� � �E��

CH3

� �F��

O
CH3

�&��� ,Q�WKH�UHDFWLRQ

� � ������

OHH

���
KMnO
OH

4
�' �'''' �2

� � 7KH�SURGXFW�3�LV

� � �C�� � �D��

� � �E�� � �F��

�&��� %XWDQ���RO�RQ�KHDWLQJ�ZLWK�&X�DW�����.�JLYHV�

� � �C�� EXWDQDO� �D�� ��EXWDQRQH

� � �E�� SURSDQRQH� �F�� EXW���HQH

�&��� 7KH�UHDJHQW�ZKLFK�R[LGLVHV����DOFRKRO�WR�DOGHK\GH�ZLWKRXW�
DIIHFWLQJ�&  &�GRXEOH�ERQG�LV�

� � C�� &U2��LQ�DTXHRXV�DFHWRQH�VROXWLRQ

� � D�� DTXHRXV�.�&U�2�

� � �E�� DONDOLQH�.0Q2��

� � �F�� QRQH�RI�WKHVH�

�&���� 7KH�SURGXFW�RI�WKH�UHDFWLRQ���

� � CH

CH

CH OH3

3

2' 'CH
�

� PCC
Oxidation

' �''''' �LV

� � �C�� ��0HWK\OSURSDQDO

� � �D�� ��0HWK\OSURSDQRLF�DFLG

� � �E�� %XWDQRLF�DFLG�
� � �F�� %XWDQ���RQH

2CUUCIG�+++
� � 5LHPHU�7LHPDQQ�UHDFWLRQ�LQWURGXFHV�DQ�DOGHK\GH�JURXS��RQ�

WR�WKH�DURPDWLF�ULQJ�RI�SKHQRO��RUWKR�WR�WKH�K\GUR[\O�JURXS��
7KLV�UHDFWLRQ�LQYROYHV�HOHFWURSKLOLF�DURPDWLF�VXEVWLWXWLRQ��
7KLV�LV�D�JHQHUDO�PHWKRG�RI�WKH�V\QWKHVLV�RI�VXEVWLWXWHG�
VDOLF\ODOGHK\GHV�DV�GHSLFWHG�EHORZ��
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#PUYGT�VJG�HQNNQYKPI�SWGUVKQPU��

�&���� :KLFK�RQH�RI�WKH�IROORZLQJ�UHDJHQWV�LV�XVHG�LQ�WKH�DERYH�
UHDFWLRQ�"

� � �C�� CS��1D2+���&+�&O

� � D�� CS��1D2+���&+�&O�
� � E�� CS��1D2+���&+&O�
� � �F�� CS��1D2+���&&O�
�&���� 7KH�HOHFWURSKLOH�LQ�WKLV�UHDFWLRQ�LV�

� � �C�� �&+&O� �D�� �&+&O�

� � E�� �&&O�� �F�� �&&O�
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�&���� 7KH�VWUXFWXUH�RI�WKH�LQWHUPHGLDWH�,�LV�

� � �C�� � �D��

� � �E�� � �F��

2CUUCIG�+8

� � $� WHUWLDU\� DOFRKRO�*� XSRQ� DFLG� FDWDO\VHG� GHK\GUDWLRQ�
JLYHV�D�SURGXFW�+��2]RQRO\VLV�RI�+�OHDGV�WR�FRPSRXQGV�,�
DQG�-��&RPSRXQG�,�XSRQ�UHDFWLRQ�ZLWK�.2+�JLYHV�EHQ]\O�
DOFRKRO�DQG�D�FRPSRXQG�.��ZKHUHDV�-�RQ�UHDFWLRQ�ZLWK�
.2+�JLYHV�RQO\�/�

#PUYGT�VJG�HQNNQYKPI�SWGUVKQPU��
&���� &RPSRXQG�+�LV�IRUPHG�E\�WKH�UHDFWLRQ�RI

� � �C��

� � �D��

� � �E��

� � �F��

&���� 7KH�VWUXFWXUH�RI�FRPSRXQG�,�LV

� � �C�� � �D��

� � �E�� � �F��

&���� 7KH�VWUXFWXUHV�RI�FRPSRXQGV�,��-�DQG�.�UHVSHFWLYHO\��DUH
� � �C�� 3K&2&+���3K&+�&2&+��DQG�3K&+�&22

y.��

� � �D�� 3K&+2��3K&+�&+2�DQG�3K&22
y.�

� � �E�� 3K&2&+���3K&+�&+2�DQG�&+�&22
y.�

� � �F�� 3K&+2��3K&2&+��DQG�3K&22
y.��� �+�+�6�������

&RPSHWLWLRQ�)LOH

�2CUUCIG�+++�� � &�����D�� � 2CUUCIG�+8�� ��&�����D�� ��&�����C������&���� �F�

7KH�TXHVWLRQ�JLYHQ�EHORZ�FRQVLVW�RI�DQ�$VVHUWLRQ�DQG�WKH�

5HDVRQ��8VH�WKH�IROORZLQJ�NH\�WR�FKRRVH�WKH�DSSURSULDWH�DQVZHU�

�C�� ,I� ERWK� DVVHUWLRQ� DQG� UHDVRQ� DUH� &255(&7� DQG�

UHDVRQ�LV�WKH�&255(&7�H[SODQDWLRQ�RI�WKH�DVVHUWLRQ�

�D�� ,I��ERWK�DVVHUWLRQ�DQG�UHDVRQ�DUH�&255(&7��EXW�UHDVRQ�

LV�127�7+(�&255(&7�H[SODQDWLRQ�RI�WKH�DVVHUWLRQ�

�E�� ,I�DVVHUWLRQ�LV�&255(&7�EXW�UHDVRQ�LV�,1&255(&7�

�F�� ,I�DVVHUWLRQ�LV�,1&255(&7�EXW�UHDVRQ�LV�&255(&7�

�G�� ,I�ERWK�DVVHUWLRQ�DQG�UHDVRQ�DUH�,1&255(&7�

��� #UUGTVKQP��� 7KH�ERLOLQJ�SRLQWV�RI�DOFRKROV�DUH�KLJKHU�WKDQ�
WKRVH�RI�K\GURFDUERQV�RI�FRPSDUDEOH�PROHFXODU�
PDVV�

� 4GCUQP� �� $OFRKROV� VKRZ� LQWUDPROHFXODU� K\GURJHQ�
ERQGLQJ��

��� #U TVKQP��� 3KHQRO�XQGHUJRHV�.ROEH
V�UHDFWLRQ�EXW�HWKDQRO�
GRHV�QRW�

� 4GCUQP� �� 3KHQRO�LV�PRUH�DFLGLF�WKDQ�HWKDQRO�
��� #U TVKQP��� 7KH�&z2z&�ERQG�DQJOH� LQ�HWKHUV�LV�KLJKHU�

WKDQ�+z2z+�ERQG�DQJOH�LQ�ZDWHU�
� 4GCUQP� �� 2[\JHQ� LQ� ERWK� HWKHUV� DQG� ZDWHU� LV� UR��

K\EULGL]HG��
��� #UUGTVKQP�� 7KH�ERLOLQJ�SRLQW�RI�GLHWK\O�HWKHU�LV�PXFK�OHVV�

WKDQ�WKDW�RI�HWKDQRO�
� 4GCUQP� �� ,Q�HWKDQRO��WKH�PROHFXOHV�DUH�DVVRFLDWHG�E\�WKH�

IRUPDWLRQ�RI�LQWHUPROHFXODU�K\GURJHQ�ERQGLQJ�
ZKHUHDV�LQ�GLHWK\O�HWKHU��LW�LV�QRW�SRVVLEOH��

� � � �E�� ��� �D�� ��� �D�� ��� �C�
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(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�R��S��T�DQG�U��0DWFK�WKH�HQWULHV�RI��

A

B

C

D p q r S

p q r S

p q r S

p q r S

p q r S �

&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� TXHVW LRQV� KDYH� WR� EH�

DSSURSULDWHO\�EXEEOHG� DV� LOOXVWUDWHG�

LQ�WKH�IROORZLQJ�H[DPSOH�

,I�WKH�FRUUHFW�PDWFKHV�DUH�$�S��$�T��%�R��%�U��&�T��&�U�DQG�'�S��

WKHQ�WKH�FRUUHFWO\�EXEEOHG�PDWUL[�ZLOO�ORRN�OLNH�WKH�IROORZLQJ�

� ��� 0DWFK�WKH�FRPSRXQGV�LQ�&ROXPQ�,�ZLWK�WKH�SURSHUWLHV�LQ�

&ROXPQ�,,�

� ��� �� �%QNWOP�+� ��� �� ��� �� �� ��%QNWOP�++

� �$�� EXWDQ���RO� �R�� OHVV�DFLGLF�WKDQ�SKHQRO

� �%�����QLWURSKHQRO� �S�� JLYHV�DONHQH�ZLWK�&X�DW����.

� �&�� R�FUHVRO� �T�� PRUH�DFLGLF�WKDQ�HWKDQRO

� �'�� ��PHWK\OSURSDQ���RO� �U�� JLYHV� WROXHQH� RQ� UHGXFWLRQ� �

� � ZLWK�]LQF�GXVW�

&RPSHWLWLRQ�)LOH

� 
��� ���$��y��R���� �%���y��T���� �&�� y���R����U�� �'�� y��R����S�

� ��� �D�� ��� �C��

��� #UUGTVKQP��� $OFRKROV�KDYH�KLJKHU�ERLOLQJ�SRLQWV�WKDQ�HWKHUV�
RI�FRPSDUDEOH�PROHFXODU�PDVVHV�

� 4GCUQP� �� $OFRKROV�DQG�HWKHUV�DUH�LVRPHULF�FRPSRXQGV�

��� #U TVKQP��� Q��DQG�R�QLWURSKHQROV�FDQ�EH�VHSDUDWHG�E\�VWHDP�
GLVWLOODWLRQ�

� 4GCUQP� �� Q�� LVRPHU� LV� VWHDP� YRODWLOH� GXH� WR� FKHODWLRQ�
ZKLOH� R�LVRPHU� LV� QRW� VWHDP� YRODWLOH� GXH� WR�
DVVRFLDWLRQ� RI� PROHFXOHV� E\� LQWHUPROHFXODU��
+�ERQGLQJ�

� ��� 0DWFK�WKH�FKHPLFDO�FRQYHUVLRQV�LQ�/LVW�,�ZLWK�WKH�DSSURSULDWH�UHDJHQWV�LQ�/LVW�,,�DQG�VHOHFW�WKH�FRUUHFW�DQVZHU�XVLQJ�WKH�
FRGH�JLYHQ�EHORZ�WKH�OLVWV�

� � � .KUV�+� � � .KUV�++

� � 3��� � � ��� �K�� +J�2$F���

� � � � � �KK�� 1D%+�

� � 4��� � ��� 1D2(W

� � 5��� � ��� (W%U

� � 6��� � ��� �K���%+�

� � � � � �KK���+�2��1D2+

� � � � 2� 3� 4� 5
� � � �C�� �� �� �� �

� � � �D�� �� �� �� �

� � � �E�� �� �� �� �

� � � �F�� �� �� �� �
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� ��� /LVW�,�FRQWDLQV�UHDFWLRQV�DQG�/LVW�,,�FRQWDLQV�PDMRU�SURGXFWV�

� � � .KUV�+� � � .KUV�++

� � 3��� � � ����� �

� � �

� � 4��� ���+%U� � ���

� � 5��� ���1D20H� � ���

� � 6��� ���0H%U� � ���

� � � � ���

0DWFK�HDFK�UHDFWLRQ�LQ�/LVW�,�ZLWK�RQH�RU�PRUH�SURGXFWV�LQ�/LVW�,,�DQG�FKRRVH�WKH�FRUUHFW�RSWLRQ��7KH�FRUUHFW�RSWLRQ�LV

��C�� 3�→�1,�5;�4�→�2;�5�→�3;�6�→�4

��D�� 3�→�1,�4;�4�→�2;�5�→�4;�6�→�3

� �E�� 3�→�1,�4;�4�→�1,�2;�5�→�3,�4;�6�→�4

��F�� 3�→�4,�5;�4�→�4;�5�→�4;�6�→�3,�4� � �,''�#FXCPEGF������

� 
��� ���C�� 
��� ���D�

&RPSHWLWLRQ�)LOH

� ��� �� ��� �� ��� �� ��� �

+PVGIGT�6[RG�QT�0WOGTKECN�8CNWG�6[RG�3WGUVKQPU

+PVGIGT�6[RG��7KH�DQVZHU�WR�HDFK�RI�WKH�IROORZLQJ�TXHVWLRQ�LV�
D�UKPING�FKIKV�LQWHJHU�UDQJLQJ�IURP���WR���

� ��� 7KH�QXPEHU�RI�DOFRKROV�JLYLQJ�LRGRIRUP�WHVW�DPRQJ�WKH�
IROORZLQJ�LV

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

&+�&+�&+�&+�2+��&+�&+�&+�2+�&+���

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

� � � +RZ�PDQ\�RI�WKH�IROORZLQJ�FRPSRXQGV�KDYH�ORZHU�R.C�
YDOXH�WKDQ�SKHQRO�"

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

� � ������ ������ �

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

� ��� +RZ�PDQ\�RI�WKH�VWUXFWXUDOO\�LVRPHULF�SHQW\O�DOFRKROV�
ZLOO�JLYH�LPPHGLDWH�WXUELGLW\�LQ�/XFDV�WHVW�"

� ��� 7KH� WRWDO� QXPEHU� RI� VWUXFWXUDO� LVRPHUV� KDYLQJ� WKH�
PROHFXODU�IRUPXOD�&�+��2�LV
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� ��� +RZ�PDQ\� RI� WKH� IROORZLQJ� FRPSRXQGV�JLYH����DOFRKRO�
ZLWK�*ULJQDUG�UHDJHQW��&+�0J%U��LV��

� � $FHWDOGHK\GH��)RUPDOGHK\GH��(WK\OHWKDQRDWH��$FHWRQH��
2[LUDQH�� $FHW\O� FKORULGH�� $FHWDPLGH�� &DUERQ� GLR[LGH��
0HWK\O�PHWKDQRDWH�

� ��� +RZ�PDQ\�RI�WKH�IROORZLQJ�RI�HWKHUV�FDQQRW�EH�SUHSDUHG�
E\�:LOOLDPVRQuV�V\QWKHVLV�

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

� ����7KH�QXPEHU�RI�UHVRQDQFH�VWUXFWXUHV�RI�1�LV���

� �

NaOH' �'' N

OH

� 
,''�#FXCPEG������
�
� ��� �7KH�QXPEHU�RI�K\GUR[\O�JURXS�V��LQ�4�LV�

� �

H
heat

aqueous dilute KMnO excess
C

�
' �'' ' �''''''''''!P 4

0
( ) QH

HO
H3C CH3
� 
,''�#FXCPEG������

0WOGTKECN�8CNWG�6[RG��*LYH� WKH� FRUUHFW�QXPHULFDO� YDOXH�
�LQ� GHFLPDO� QRWDWLRQ� WUXQFDWHG�URXQGHG� RII� WR� WKH� VHFRQG�

GHFLPDO�SODFH��

� ��� )RU�WKH�JLYHQ�FRPSRXQG�;��WKH�WRWDO�QXPEHU�RI�RSWLFDOO\�
DFWLYH�VWHUHRLVRPHUV�LV�BBBBBBBBBBBBBBB�

� � HO

HO

OH

HO

� �
7KLV�W\SH�RI�ERQG�LQGLFDWHV�WKDW�WKH�FRQILJXUDWLRQ�DW�
WKH�VSHFLILF�FDUERQ�DQG�WKH�JHRPHWU\�RI�WKH�GRXEOH�
ERQG�LV�IL[HG�

7KLV�W\SH�RI�ERQG�LQGLFDWHV�WKDW�WKH�FRQILJXUDWLRQ�DW�
WKH�VSHFLILF�FDUERQ�DQG�WKH�JHRPHWU\�RI�WKH�GRXEOH�
ERQG�LV�127�IL[HG�

� 
,''�#FXCPEG������

;

&RPSHWLWLRQ�)LOH

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

0%'46 4gT\_[Pa�?a^Q[T\b
>QYTRcXeT�@dTbcX^]b

� ��� &+�&+�2+� FDQ� EH� FRQYHUWHG� LQWR� &+�&+2� E\�
BBBBBBBBBBBBBB�

� �C�� FDWDO\WLF�K\GURJHQDWLRQ

� �D�� WUHDWPHQW�ZLWK�/L$O+�

� �E�� WUHDWPHQW�ZLWK�S\ULGLQLXP�FKORURFKURPDWH

� �F�� WUHDWPHQW�ZLWK�.0Q2�

� ��� 7KH� SURFHVV� RI� FRQYHUWLQJ� DON\O� KDOLGHV� LQWR� DOFRKROV�
LQYROYHVBBBBBBBBBBBBB�

� �C�� DGGLWLRQ�UHDFWLRQ

� �D�� VXEVWLWXWLRQ�UHDFWLRQ

� �E�� GHK\GURKDORJHQDWLRQ�UHDFWLRQ

� �F�� UHDUUDQJHPHQW�UHDFWLRQ

� ���0RQRFKORULQDWLRQ� RI� WROXHQH� LQ� VXQOLJKW� IROORZHG� E\�
K\GURO\VLV�ZLWK�DT��1D2+�\LHOGV

� �C�� Q�&UHVRO� �D�� P�&UHVRO�
� �F�� �����'LK\GUR[\WROXHQH� �F�� %HQ]\O�DOFRKRO
� ��� +RZ�PDQ\�DOFRKROV�ZLWK�PROHFXODU�IRUPXOD�&�+��2�DUH�

FKLUDO�LQ�QDWXUH"

� �C�� �� �D�� �
� �E�� �� �F�� �
� ��� :KDW� LV�WKH�FRUUHFW�RUGHU�RI�UHDFWLYLW\�RI�DOFRKROV�LQ� WKH�

IROORZLQJ�UHDFWLRQ"

� � 5y2+���+&O�
ZnCl2 → �5y&O���+�2

� �C�� ���!����!���� D�� ��������!���
� �E�� ���!����!���� �F�� ���!����!���

��� �F�� ��� �C�� ��� �E�� ��� �E�� ��� �D�
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� � � :KLFK�RI�WKH�IROORZLQJ�FRPSRXQGV�LV�DURPDWLF�DOFRKRO"

� � � �

� �$�� � %�

� � � � � � � �
� �&�� '�

� �C�� $��%��&��'� �D�� $��'

� �E�� %��&� �F�� $

� ��� *LYH�,83$&�QDPH�RI�WKH�FRPSRXQG�JLYHQ�EHORZ�

� � �

� �C�� ��&KORUR���K\GUR[\KH[DQH

� �D�� ��+\GUR[\���FKORURKH[DQH

� �E�� ��&KORURKH[DQ���RO

� �F�� ��&KORURKH[DQ���RO

� ��� ,83$&�QDPH�RI�O�FUHVRO�LV�BBBBBBBBBBB�

� �C�� ��PHWK\OSKHQRO� �D�� ��FKORURSKHQRO

� �E�� ��PHWKR[\SKHQRO� �F�� EHQ]HQH�����GLRO

� �� ,83$&�QDPH�RI�WKH�FRPSRXQG� �LV�

� �C�� ��PHWKR[\���PHWK\OHWKDQH
� �D�� ��PHWKR[\���PHWK\OHWKDQH
� �E�� ��PHWKR[\SURSDQH
� �F�� LVRSURS\OPHWK\O�HWKHU

� ���� :KLFK� RI� WKH� IROORZLQJ� VSHFLHV� FDQ� DFW� DV� WKH� VWURQJHVW�
EDVH�"

� �C�� 2+� �D�� 25

� �E�� 2&�+�� �F��

� ���� :KLFK�RI�WKH�IROORZLQJ�FRPSRXQGV�ZLOO�UHDFW�ZLWK�VRGLXP�

K\GUR[LGH�VROXWLRQ�LQ�ZDWHU"

&RPSHWLWLRQ�)LOH

��� �E�� ��� �E�� ��� �C�� ��� �E�� ���� �D�� � ���� �C�� ���� ��D�� ���� �F�� ���� �D�� ���� �F�� ���� �C�

� �C�� &�+�2+� �D�� &�+�&+�2+

� �E�� �&+���&2+� �F�� &�+�2+

� ���� 3KHQRO�LV�OHVV�DFLGLF�WKDQ�BBBBBBBBBBBBBB�

� �C�� HWKDQRO� �D�� Q�QLWURSKHQRO

� �E�� Q�PHWK\OSKHQRO� �F�� Q�PHWKR[\SKHQRO

� ���� :KLFK�RI�WKH�IROORZLQJ�LV�PRVW�DFLGLF"

� �C�� %HQ]\O�DOFRKRO� �D�� &\FORKH[DQRO

� �E�� 3KHQRO� �F��O�&KORURSKHQRO

� ���� 0DUN�WKH�FRUUHFW�RUGHU�RI�GHFUHDVLQJ�DFLG�VWUHQJWK�RI�WKH�
IROORZLQJ�FRPSRXQGV�

� � �

� �$�� �%�� ����&�

� � ���
� ����� ���'�� ��������(�

� �C�� (�!�'�!�%�!�$�!�&� �D��%�!�'�!�$�!�&�!�(
� �E�� '�!�:�!�&�!�%�!�$� �F��(�!�'�!�&�!�%�!�$

� ���� 0DUN� WKH� FRUUHFW� LQFUHDVLQJ� RUGHU� RI� UHDFWLYLW\� RI� WKH�

IROORZLQJ�FRPSRXQGV�ZLWK�+%U�+&O�

� �� � �
� �K�� �KK�� �KKK�
� �C�� �K�����KK�����KKK�� �D���KK�����K�����KKK�
� �E�� �KK�����KKK�����K�� �F���KKK�����KK�����K�
� ���� $UUDQJH�WKH� IROORZLQJ�FRPSRXQGV� LQ� LQFUHDVLQJ�RUGHU� RI�

ERLOLQJ�SRLQW�

� 3URSDQ���RO��EXWDQ���RO��EXWDQ���RO��SHQWDQ���RO

� �C�� 3URSDQ���RO��EXWDQ���RO��EXWDQ���RO��SHQWDQ���RO
� �D�� 3URSDQ���RO��EXWDQ���RO��EXWDQ���RO��SHQWDQ���RO
� �E�� 3HQWDQ���RO��EXWDQ���RO��EXWDQ���RO��SURSDQ���RO
� �F�� 3HQWDQ���RO��EXWDQ���RO��EXWDQ���RO��SURSDQ���RO
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����� �C���KX����D���KKK����E���XK����F���K����G���XKK����H���KK�

�

0QVG� �� +P� VJG� HQNNQYKPI� SWGUVKQPU� VYQ� QT� OQTG� QRVKQPU�
OC[�DG�EQTTGEV�

� ���� :KLFK� RI� WKH� IROORZLQJ� DUH� XVHG� WR� FRQYHUW� 5&+2� LQWR�
5&+�2+�"

� �C�� +��3G

� �D�� /L$O+�

� �E�� 1D%+�

� �F�� 5HDFWLRQ�ZLWK�50J;�IROORZHG�E\�K\GURO\VLV

� ���� :KLFK�RI�WKH�IROORZLQJ�UHDFWLRQV�ZLOO�\LHOG�SKHQRO�"

� �C�� � ( )
( ) /

i fusionwithNaOHat atm
ii H O H

300

2
�' �'''''''''''

� �D�� � � ( ) /
( ) ( min )
i

ii
NaNO HCl
H war g

2

2

' �''''''

� �E�� � ( )
( ) ,( )
( )

i
ii
iii

Oleum
NaOH Heating
H�

' �'''''''

&RPSHWLWLRQ�)LOH

� ���� �C����D����E�� ���� �C����D����E�� ���� �C����E����F�� � �������C����E�� �����D����E�

� �F�� �
( ) ( ( .), /
( )
i
ii
NaOH aq K atm
HCl

298 1' �''''''''''

� ���� :KLFK� RI� WKH� IROORZLQJ� UHDJHQWV� FDQ� EH� XVHG� WR� R[LGLVH�
SULPDU\�DOFRKROV�WR�DOGHK\GHV�"

� �C�� &U2��LQ�DQK\GURXV�PHGLXP�

� �D�� .0Q2��LQ�DFLGLF�PHGLXP�

� �E�� 3\ULGLQLXP�FKORURFKURPDWH�

� �F�� +HDW�LQ�WKH�SUHVHQFH�RI�&X�DW����.�

� ���� 3KHQRO�FDQ�EH�GLVWLQJXLVKHG�IURP�HWKDQRO�E\�WKH�UHDFWLRQV�
ZLWK�BBBBBBBBB�

� �C�� %U��ZDWHU� �D��1D

� �E�� 1HXWUDO�)H&O�� �F��$OO�WKH�DERYH

� ���� :KLFK�RI�WKH�IROORZLQJ�DUH�EHQ]\OLF�DOFRKROV"

� �C�� &�+�z&+�z&+�2+

� �D�� &�+�z&+�2+

� �E�� C H CH OH

CH

6 5

3

' '
&

� �F�� C H CH CH OH

CH

6 5 2

3

' '
&

'4

� ����0DWFK�WKH�LWHPV�RI�&ROXPQ�,�DQG�&ROXPQ�,,�LQ�WKH�IROORZLQJ�
TXHVWLRQV�

� � %QNWOP�+�� QNWOP�++

� �C��� � �K�� +\GURTXLQRQH

� �D��� � �KK�� 3KHQHWROH

� �E�� � �KKK�� &DWHFKRO

� �F��� � �KX�� Q�&UHVRO

� �G�� � �X�� 4XLQRQH

� �H�� � �XK�� 5HVRUFLQRO

� � � �XKK�� $QLVROH
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� ����0DWFK� WKH� VWDUWLQJ� PDWHULDOV� JLYHQ� LQ� &ROXPQ� ,� ZLWK�
WKH�SURGXFWV�IRUPHG�E\�WKHVH��&ROXPQ�,,��LQ�WKH�UHDFWLRQ�
ZLWK�+,�

� �%QNWOP�+�� � %QNWOP�++

��C�� &+�z2z&+�� �K��

��D��
CH

CH O CH
CH

3
3

3

' '
 

� �KK��

CH

CH C I CH OH

CH

3

3 3

3

&
' '
&

�

� �E��

CH

H C C O CH

CH

3

3 3

3

&

&
' ' ' � �KKK��

,

����&+�2+

��F�� � �� �KX�� &+�z2+���&+��z,

� � � � �X��
CH3

CH3

CH — OH + ICH3

� � � � �XK��
CH3

CH3

CH – I + OHCH3

� � � � �XKK��

CH

C OH CH I

CH

CH

3

3 3

3

&
' '
&

�

&RPSHWLWLRQ�)LOH
� ����0DWFK�WKH�LWHPV�RI�FROXPQ�,�ZLWK�LWHPV�RI�FROXPQ�,,�

�

� �K�� 1HXWUDO�IHUULF
� � FKORULGH

��KK�� *O\FHURO

�KKK��0HWKDQRO

�KX�� 3KHQRO

��X�� (WK\OHQH�JO\FRO�

�XK�� (WKDQRO�

� � � %QNWOP�+�� � %QNWOP�++
� �C�� $QWLIUHH]H�XVHG�LQ�FDU�HQJLQH�

� �D�� 6ROYHQW�XVHG�LQ�SHUIXPHV�

� �E�� 6WDUWLQJ�PDWHULDO�IRU�SLFULF�DFLG�

� �F�� :RRG�VSLULW�

� �G�� 5HDJHQW� XVHG� IRU� GHWHFWLRQ� RI� �
SKHQROLF�JURXS

� �H�� %\�SURGXFW�RI�VRDS�LQGXVWU\�XVHG�
LQ�FRVPHWLFV

��
� ����0DWFK�WKH�LWHPV�RI�FROXPQ�,�ZLWK�LWHPV�RI�FROXPQ�,,�

�

� �K�� &RQYHUVLRQ�RI�SKHQRO�WR�
� � Q�K\GUR[\VDOLF\OLF�DFLG

��KK�� (WK\O�DOFRKRO

��KKK��&RQYHUVLRQ�RI�SKHQRO�WR
� � VDOLF\ODOGHK\GH

��KX�� :RRG�VSLULW

��X�� +HDWHG�FRSSHU�DW����.

��XK�� 5HDFWLRQ�RI�DON\O�KDOLGH
� � ZLWK�VRGLXP�DONR[LGH

� � � %QNWOP�+�� %QNWOP�++

��C�� 0HWKDQRO��

��D�� .ROEHuV�UHDFWLRQ�

� �E�� :LOOLDPVRQuV�V\QWKHVLV

��F�� &RQYHUVLRQ� RI� ��� DOFRKRO�
WR�NHWRQH�

� �G�� 5HLPHU�7LHPDQQ�UHDFWLRQ�

� �H�� )HUPHQWDWLRQ

�����C���KX����D���X����E���KK����F���K�� ���� ��C���X����D���XK����E���KX����F���KKK����G���K����H���KK�� �����C���KX����D���K����E���XK����F���X����G���KKK����H���KK�

0QVG� �� +P� VJG� HQNNQYKPI� SWGUVKQPU� C� UVCVGOGPV� QH� CUUGTVKQP�
HQNNQYGF�D[�C�UVCVGOGPV�QH�TGCUQP�KU�IKXGP��%JQQUG� VJG�
EQTTGEV�CPUYGT�QWV�QH�VJG�HQNNQYKPI�EJQKEGU�

� �C�� $VVHUWLRQ�DQG�UHDVRQ�ERWK�DUH�FRUUHFW�DQG�UHDVRQ�LV�
FRUUHFW�H[SODQDWLRQ�RI�DVVHUWLRQ�

� �D�� $VVHUWLRQ�DQG�UHDVRQ�ERWK�DUH�ZURQJ�VWDWHPHQWV�
� �E�� $VVHUWLRQ� LV� FRUUHFW� VWDWHPHQW�EXW� UHDVRQ� LV�ZURQJ�

VWDWHPHQW�
� �F�� $VVHUWLRQ� LV�ZURQJ� VWDWHPHQW� EXW� UHDVRQ� LV� FRUUHFW�

VWDWHPHQW�
� �G�� %RWK�DVVHUWLRQ�DQG�UHDVRQ�DUH�FRUUHFW�VWDWHPHQWV�EXW�

UHDVRQ�LV�QRW�FRUUHFW�H[SODQDWLRQ�RI�DVVHUWLRQ�
� ���� #UUGTVKQP� �� $GGLWLRQ� UHDFWLRQ� RI� ZDWHU� WR� EXW���HQH� LQ�

DFLGLF�PHGLXP�\LHOGV�EXWDQ���RO
� � �4GCUQP� �� $GGLWLRQ� RI�ZDWHU� LQ� DFLGLF�PHGLXP� SURFHHGV�

WKURXJK�WKH�IRUPDWLRQ�RI�SULPDU\�FDUERFDWLRQ�

� ���� �D�� ���� �C��� ���� �F��� ���� �F��� ���� �D��

� ���� #UUGTVKQP���R�QLWURSKHQRO�LV�PRUH�DFLGLF�WKDQ�SKHQRO�
� � �4GCUQP� �� 1LWUR� JURXS� KHOSV� LQ� WKH� VWDELOLVDWLRQ� RI� WKH�

SKHQR[LGH� LRQ� E\� GLVSHUVDO� RI� QHJDWLYH� FKDUJH� GXH� WR�

UHVRQDQFH�

� ���� #UUGTVKQP���,83$&�QDPH�RI�WKH�FRPSRXQG�

� � � ��

LV���(WKR[\���PHWK\OHWKDQH�

� � 4GCUQP� �� ,Q� ,83$&� QRPHQFODWXUH�� HWKHU� LV� UHJDUGHG�
DV�K\GURFDUERQ�GHULYDWLYH� LQ�ZKLFK� D� K\GURJHQ�DWRP� LV�
UHSODFHG�E\�z25�RU�z2$U�JURXS�>ZKHUH�5� �DON\O�JURXS�
DQG�$U� �DU\O�JURXS@

� ���� #UUGTVKQP���%RQG�DQJOH�LQ�HWKHUV�LV�VOLJKWO\�OHVV�WKDQ�WKH�
WHWUDKHGUDO�DQJOH�

� � �4GCUQP� �� 7KHUH� LV� D� UHSXOVLRQ� EHWZHHQ� WKH� WZR� EXON\��
�z5��JURXSV�

� ���� #UUGTVKQP���%RLOLQJ�SRLQWV�RI�DOFRKROV�DQG�HWKHUV�DUH�KLJK�
� � �4GCUQP���7KH\�FDQ�IRUP�LQWHUPROHFXODU�K\GURJHQ�ERQGLQJ�
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&RPSHWLWLRQ�)LOH

� ���� �F�� ���� �G�� ���� �E�� ���� �D�� ���� �F��

�#����E��� R C R′

O

+ R′′MgX R C R′

R′′

OMgX

H O3
+

R C R′

R′′

OH

� *ULJQDUG�UHDJHQW� ���DOFRKRO

#��� �C��� �&+�&+  &+��
%+�

��&+�&+�&+����%�
+�2���2+

y

��&+�&+�&+�2+���+�%2�

� 3URSHQH� 3URSDQ���RO

� 7KH�UHDFWLRQ�K\GURERUDWLRQ�R[LGDWLRQ�LQYROYHV�DGGLWLRQ�RI�ZDWHU�PROHFXOH�LQ�DFFRUGDQFH�ZLWK�0DUNRUQLNRYuV�UXOH��

#��� �C��� C H56 C CH2 C H56 C

OH

CH3

CH3

H
+
,H O2

CH3

� ��3KHQ\OSURSHQH�

0DUNRYQLNRY�UXOH

� ��3KHQ\OSURSDQ���RO

#��� �E���� �$�WHUWLDU\�DOFRKRO�LV�YHU\�GLIILFXOW�WR�EH�R[LGLVHG�EHFDXVH�LW�GRHV�QRW�KDYH�K\GURJHQ�RQ�WKH�FDUERQ�EHDULQJ�z2+�JURXS�

#��� �C��� ��7HUWLDU\�DOFRKROV�KDYH�JUHDWHU�UHDFWLYLW\�����>����!����

#��� �D��� �CH CHOH3 |
CH3

�
O' �' �&+�&2&+��

� � ,VRSURS\O�DOFRKRO

�#����E���� CH

CH

CH CHC

OH

H3

3

3' '
�

� � �

H+

H2O�
' �''' � CH

CH

C CHCH
Alkene

3

3

3'
�




O

Zn,H2O
3' �''' �CH

CH

C O3

3

'
�


 ����&+�&22+

� � � � �&�+��2+�� � � �

$FHWRQH

���

$FHWLF�DFLG

�#����D��� &+�&+�2+�
conc H SO

K
. 2 4
413

' �''''' &+�&+�2&+�&+�

� � � � � � � � � � � � � � � � � 'LHWK\O�HWKHU

�#����C���� �,��&+�  &+z&+��
H O

H
2
�' �'' CH CH3 3' 'CH

OH
2-Propanol

�

� ���� #UUGTVKQP���/LNH�EURPLQDWLRQ�RI�EHQ]HQH��EURPLQDWLRQ�RI�
SKHQRO�LV�DOVR�FDUULHG�RXW�LQ�WKH�SUHVHQFH�RI�/HZLV�DFLG�

� � �4GCUQP���/HZLV�DFLG�SRODULVHV�WKH�EURPLQH�PROHFXOH�
� ���� #UUGTVKQP� ��Q�1LWURSKHQRO� LV� OHVV� VROXEOH� LQ�ZDWHU� WKDQ�

WKH�O�DQG�R�LVRPHUV�
� � �4GCUQP� �� O�DQG� R�1LWURSKHQROV� H[LVW� DV� DVVRFLDWHG�

PROHFXOHV�

� ���� #UUGTVKQP���(WKDQRO�LV�D�ZHDNHU�DFLG�WKDQ�SKHQRO�
� � �4GCUQP���6RGLXP�HWKR[LGH�PD\�EH�SUHSDUHG�E\�WKH�UHDFWLRQ�

RI�HWKDQRO�ZLWK�DTXHRXV�1D2+�
� ���� #UUGTVKQP� �� 3KHQRO� IRUPV� ��� ��� �� y� WULEURPRSKHQRO� RQ�

WUHDWPHQW�ZLWK�%U��LQ�FDUERQ�GLVXOSKLGH�DW����.�
� � �4GCUQP���%URPLQH�SRODULVHV�LQ�FDUERQ�GLVXOSKLGH�
� ���� #UUGTVKQP���3KHQROV�JLYH�Q��DQG�R�QLWURSKHQRO�RQ�QLWUDWLRQ�

ZLWK�FRQF��+12��DQG�+�62��PL[WXUH�

� � �4GCUQP���z2+�JURXS�LQ�SKHQRO�LV�Qy��RyGLUHFWLQJ�
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� � �,,��&+�&+2�
( )i  CH MgI3' �'''' �&+�&+

OMgBr

CH3

H O2' �'' CH CHC

OH

H3 3|

2-Propanol

�#�����E�����3URSDQRO�DQG� ��3URSDQRO� LQ� WKH� SUHVHQFH� RI� FRSSHU� �KHDW��XQGHUJR� GHK\GUDWLRQ� WR� JLYH�&+�&+2� DQG�&+�&2&+��

UHVSHFWLYHO\��7KHVH�FDQ�EH�HDVLO\�GLVWLQJXLVKHG�E\�)HKOLQJ�VROXWLRQ�

�#�����D��� )LUVW�VWHS�LV�SURWRQDWLRQ�RI�DOFRKRO��5&+�2+����+
�� →� 5&+�2+�

3URWRQDWHG�DOFRKRO

�

�#�����D��� 7KH�FRPSRXQG�ZKLFK�GRHV�QRW�FRQWDLQ�CH CH

OH

3' '
&

JURXS�ZLOO�QRW�JLYH�LRGRIRUP�WHVW�

�#�����C��� 7KH�FRPSRXQG�CH3CH C C

OH

H CH CH2 3 2 3( )
|

�SURGXFHV�PRVW�VWDEOH����FDUERFDWLRQ�DQG��WKHUHIRUH��WKH�FRPSRXQG�ZLOO�XQGHUJR

� � GHK\GUDWLRQ�PRVW�HDVLO\��

�#������D��� ���

WUDQV��PRUH� VWDEOH�
EHFDXVH�RI�OHVV�VWHULF�
KLQGUDQFH�

FLV��OHVV�VWDEOH�EHFDXVH�
RI�VWHULF�KLQGUDQFH�

�#����C��� �7KH�JUHDWHU�DFLGLF�FKDUDFWHU�RI�SKHQRO�LV�GXH�WR�PRUH�UHVRQDQFH�VWDELOLW\�RI�SKHQR[LGH�LRQ�WKDQ�SKHQRO�

�#�����C�����

2+

������� � =Q�→�

� � � � �%HQ]HQH�

�#�����F����

�#���� �D��

�#�����F���3KHQRO�LV�PRUH�DFLGLF�WKDQ�FUHVRO�EXW�OHVV�DFLGLF�WKDQ�QLWURSKHQRO��R�QLWURSKHQRO�LV�PRUH�DFLGLF�WKDQ�O�QLWURSKHQRO��7KXV��
WKH�FRUUHFW�RUGHU�LV�R�QLWURSKHQRO�!�O�QLWURSKHQRO�!�SKHQRO�!�FUHVRO�

�#�����E����7KH�RUGHU�RI�UHDFWLYLW\�GHSHQGV�XSRQ�WKH�VWDELOLW\�RI�FDUERFDWLRQV�IRUPHG��7KH�UHODWLYH�VWDELOLW\�RI�WKH�FDUERFDWLRQV�IROORZV�
WKH�RUGHU��

� � 3K&
�
+��!�&+��&

�
+�&+��!��)�&+�&+��&

�
+��&+��!�)�&+��&

�
+�&+���7KHUHIRUH��WKH�RUGHU�RI�UHDFWLYLW\�RI�FRUUHVSRQGLQJ�DOFRKROV�

IROORZV�WKH�RUGHU����,9�!�,,,�!�,,�!�,�

�#�����D���7KH�DGGLWLRQ�RI�D�SURWRQ�DW�β�FDUERQ�JLYHV�D�FDUERFDWLRQ��,��ZKLFK�LV�UHVRQDQFH�VWDELOL]HG�EHFDXVH�RI�HOHFWURQ�GRQDWLQJ�HIIHFW�
RI�z2+�JURXS��7KH�DGGLWLRQ�RI�%Uy�LRQ�WR�WKH�FDUERFDWLRQ�JLYHV�WKH�PDLQ�SURGXFW�

&RPSHWLWLRQ�)LOH
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� � ������%*�ō%
β
*��%

α
*�� 1*�

H
13 K

+

4
 → ��� CH —CH —CH3 2 CH —CH —CH3 2

� � �� � � � � � � � � ��������
+������������ $TŌ

� � �� � � � � � � � ����

CH —CH —CH3 2

β α

Br
Product

OH

�$����
D��� �
NaOH
CaO

 →
�

� � 5CNKE[NKE�CEKF� � � 2JGPQN
�$����
F���0KVTQIGP�ECPPQV�JCXG����GNGEVTQPU�
OQTG�VJCP�QEVGV��KP�KVU�XCNGPEG�UJGNN�

�$����
E��� %�*�1
Ō�KU�DGVVGT�PWENGQRJKNG�VQ�CVVCEM�%�*�+�VJCP�%�*�1

Ō��+P�%�*�1
Ō��VJG�PGICVKXG�EJCTIG�KU�FGNQECNKUGF�QXGT�VJG�DGP\GPG�

TKPI��

�$����
E��� �
�%*%N��
NaOH

Reimer Tiemann reaction
 → �

� � � � � � �5CNKE[NCNFGJ[FG

$����
D�� + HNO3
H SO42

NO2

NO2O N2

Phenol

Picric acid

$����
F��� �#V�P�RQUKVKQP��Ō1%*��ITQWR�FQGU�PQV�GZGTV�KVU�
4�GHHGEV��+PUVGCF��KV�GZGTVU�KVU��+�GHHGEV�CPF�VJGTGHQTG��P��OGVJQZ[RJGPQN�KU�
VJG�UVTQPIGUV�CEKF�COQPI�RJGPQNU��R���P��QT�S�OGVJQZ[RJGPQN�

�$����
F����'VJGTU�CPF�CNEQJQNU�CTG�HWPEVKQPCN�KUQOGTU����%*�%*�1*�QT�%*�1%*�

�$����
E��� � HI

373K
 → � �����
��%*��+�

� � #PKUQNG

�$����
D���#NEQJQNU�TGCEV�YKVJ�UQFKWO�YJKNG�GVJGTU�FQPQV�TGCEV�

�$����
E���CH CH CH
3 3|
Br

 alc. KOH → %*�%*����%*��
HBr

Peroxide
 → �%*��%*�Ō%*�$T�

CH ONa3 → %*�%*�%*�1%*��

� � � � � � � � � � � � � � � � ����� �������
��/GVJQZ[RTQRCPG

�$����
G���%*�%*�%*�%*�1*�� � �� ��%*�%*�1%*�%*���%*�%*�%*�1%*���

� �

�$����
F����%�*�1%�*��
��*+� Heat → �%�*�+�� 
� *�1
� � � � �� � � � � � � � � 'VJ[N�KQFKFG

�$����
F��� CH O CH CH HI CH I CH CHOH3 3 2 3 3 2
  ( ) ( )+  → +

&RPSHWLWLRQ�)LOH
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OES�HTQO�%QORGVKVKXG�'ZCOKPCVKQP

�$� ���E����&+�&+�2+�
PBr3' �'' �&+�&+�%U�

alc KOH
KBr H O
.
,� �

' �'''''
2

&+�  &+��
H SO
H O
2 4

2
' �''' &+�&+�2+

� � �� � � �(WKDQRO

�$�����D�������
Zn
dust

' �'' �
CH Cl

anhyd AlCl
3

3.
' �''''' �

Alkaline
KMnO4

' �''''

� � � � �� � � � � � ����������� � %HQ]RLF�DFLG

�$����F���� �3KHQRO�LV�WKH�PRVW�DFLGLF�DPRQJ�WKHVH�
�$�����E���� �3KHQROV�DQG�FDUER[\OLF�DFLGV�DUH�PRUH�DFLGLF�WKDQ�DOLSKDWLF�DOFRKROV��WKHUHIRUH��F\FORKH[DQRO��,��LV�OHDVW�DFLGLF�
� � � �2XW�RI�WZR�SKHQROV��,,,�LV�PRUH�DFLGLF�WKDQ�,9�EHFDXVH�RI�WKH�SUHVHQFH�RI�WKUHH�HOHFWURQ�ZLWKGUDZLQJ�z12��JURXSV�RQ�WKH�

EHQ]HQH�ULQJ�ZKLFK�PDNH�2z+�ERQG�DV�KLJKO\�SRODUL]HG��$FHWLF�DFLG��,,��LV�PRUH�DFLGLF�WKDQ�SKHQROV�DQG�F\FORKH[DQRO�
EXW�OHVV�DFLGLF�WKDQ�WULQLWURSKHQRO�

� � � �7KHUHIRUH��FRUUHFW�RUGHU�LV��

� � � � �,,,�!�,,�!�,9�!�,�

�$�� �D�� �� CH CH—CH—CH3 3

CH3

OH

�
H ,�' �''� �CH C—CH—CH3 3

CH3

+

H

1, 2 hydride
Shift

' �'''' CH C CH CH3 2 3

CH3

� �
' �''H CH C—CHCH3 3

CH3

��CH —C—CH CH3 — 2

CH3

—

Minor product (B)

�

� � � � ��
������������������������������FDUERFDWLRQ�

� � � ��������

��yFDUERFDWLRQ

�����������

0DMRU�SURGXFW��$�

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

�PRUH�VWDEOH�

� ��� ������CH C—CH—CH3— 3

CH3

� HBr, dark' �'''' �CH C—CH —CH3 2 3

CH3

Br

���CH CH—CH—CH3— 3

CH3

Br
� � ������������

�$�

� �� � � � � � � ��� ��������0DMRU�SURGXFW��&�� � ��������������0LQRU�SURGXFW��'�

�$�����D��� �(OHFWURQ�GRQDWLQJ�HIIHFW�GHFUHDVHV�LQ�WKH�RUGHU���y�2+�!�y�2&+��!�y�1+&2&+��!�y�&+��!�y�&+�2+��7KHUHIRUH��y2+��
JURXS�LV�PRVW�VWURQJO\�HOHFWURQ�GRQDWLQJ�JURXS�DQG�KHQFH��D��K�G���Q�FUHVRO�LV�PRVW�UHDFWLYH�WRZDUGV�HOHFWURSKLOLF�UHDJHQW�

� � � � �� &+�� � � �����&+�� � � � �� |� � � ����� �� |
�$����C��� � &+�z&z2&+����+,�→�&+�2+���&+�z&z,
� � � � �� |� � ����� ���� ���� ��� |
� � � � �� &+�� � � ����� &+�

�$����D��� &�+�2+�
NaOH→ �&�+�21D�

3CH I→ �&�+�2&+�

� � � � � � � $QLVROH�

�$����C��� �&+��&+��&+  &+��
2 2HBr, H O→ �&+�&+�&+�&+�%U

C H ONa2 5' �'''' &+��&+���z2z&�+�

� � � � � �=�

�$�����D��� 7KH�UHDFWLRQ�RI�SKHQRO�ZLWK�FKORURIRUP�LQ�WKH�SUHVHQFH�RI�GLO��1D2+�LV�FDOOHG�5LHPHU�7LHPDQQ�UHDFWLRQ�

� � � �

CHCl
aq NaOH

3

.' �'''

2+ 2+

&+2

�$�����F��� � 2+ � �H
K

�

' �''443

� � � � �7KH�SURGXFW� �LV�QRW�SRVVLEOH�

&RPSHWLWLRQ�)LOH
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�$����
E��� �$FHWRQH�FDQ�EH�XVHG�WR�GLVWLQJXLVK�EHWZHHQ�EKU��DQG�VTCPU��GLROV��%KU��F\FORSHQWD�������GLRO�IRUPV�F\FOLF�NHWDO�ZLWK�DFHWRQH��
ZKHUHDV�VTCPU�LVRPHU�FDQQRW�IRUP�F\FOLF�NHWDO�

� �

� � %KU�F\FORSHQWD������GLRO� &\FOLF�NHWDO

�$������E��� �(OHFWURQ�ZLWKGUDZLQJ�JURXS�y12��LQFUHDVHV�WKH�DFLGLW\�RI�SKHQRO�

�$��� D��

2&+�
2+

HI → ��&+�,

3KHQ\O�PHWK\O�
HWKHU

3KHQRO

�$�����F��� ,W�LV�D�5HLPHU�7LHPDQQ�UHDFWLRQ�DQG�WKH�HOHFWURSKLOH�LV�GLFKORURFDUEHQH���&&O��

� � �

&+&O����1D2+� ��&&O�
y���+�2

y&Oy

�&&O���GLFKORURFDUEHQH�
�(OHFWURSKLOH�

$���� �F��� &+�&+�2+�
1D

�&+�&+�21D

� � �$� %�

� � � &+�&+�2+�
3&O�

�&+�&+�&O

� � �$�� �&�

� � � &+�&+�21D���&O&+�&+�� �&+�&+�2&+�&+�

� � �%�� �&�� 'LHWK\OHWKHU

�$�����F�� CH CH CH Cl3 2 2

Anhyd AlCl3

–AlCl
–

4

CH CH CH3 2 2

+ H
+

Shift
CH CH CH3 3

+

(1°) 2° (stable)

� �

+

+

�$����
C��� CH

CH

C

CH

CH

OH

CH3

3

3

3' ' '
�

� �
�

H�' �'' �CH

CH

C

CH

CH CH3

3

3

3' ' '
�

� � �
CH  shift3' �''''' �CH3 +

' ' '

CH

C CH

CH

CH

3

3

3

�

� �
� �

' �''H �CH3

2,3-Dimethylbut-2-ene

' 

 '

CH

C C

CH

CH

3

3

3

�

�

�$������G��� �3ULPDU\�DOFRKRO��SHQWDQ���RO��UHDGLO\�IRUPV�HWKHUV�ZKHQ�KHDWHG�ZLWK�FRQF��+�62��DQG�JLYHV�EHVW�\LHOG�

�$�����G��� &+�z z2+��R�FUHVRO�FRQWDLQV�HOHFWURQ�GRQDWLQJ�JURXS��z&+���ZKLFK�GHFUHDVHV�DFLGLW\��+HQFH��R.C�YDOXH�LV�KLJKHVW�

IRU�R�FUHVRO�

&RPSHWLWLRQ�)LOH
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�$���� �E�������

�$��� �E��� � C H —CH—CH—CH56 2 3CH

OH CH3

� H+ → � �
− →H O2 �C H —CH—CH—CH56 3CH

H CH3

+
�

1, 2-hydride
Shift

 → ��
�

� � � �
C H —CH —CH—CH56 2 3—CH

CH3

+

�
− +

 →H
�
C H —CH—CH—CH56 3CH

CH3

—
� RU� �

CH(CH )3 2

H

C C
C H6 5

H

——

trans
127(
'HK\GUDWLRQ�RFFXUV�LQ�VXFK�D�ZD\�WKDW�WKH�GRXEOH�ERQG�FRPHV�LQ�FRQMXJDWLRQ�ZLWK�WKH�&�+��JURXS�

�$��� �C����R�QLWURSKHQRO�!�O�QLWURSKHQRO�!�SKHQRO�!�FUHVRO
�$������D��� 3KHQRO�JLYHV�YLROHW�FRORXU�ZLWK�QHXWUDO�)H&O��DQG�EHQ]RLF�DFLG�JLYHV�EXII�FRORXUHG�SSW�

�$������C��� %HFDXVH�Q�QLWURSKHQRO�VKRZV�LQWUD�PROHFXODU�K\GURJHQ�ERQGLQJ�DV�

��$�����F��� �&RUUHFW�RUGHU�RI�DFLGLF�VWUHQJWK�LV�

�$������C��� 3&&�LV�KLJKO\�HIIHFWLYH�IRU�R[LGLVLQJ����DOFRKROV�WR�DOGHK\GHV��

�$�������D���

21D

��&2�

2&221D

5HDUUDQJHPHQW�

125°C

5atm
→

2&2&+�

&22+

2+

&221D
+

2

H
Ac O→

�$������D���

� � 1%6�DFWV�DV�DOO\OLF�EURPLQDWLQJ�DJHQW�

�$������C���

&RPSHWLWLRQ�)LOH
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�$������E���

$����� �F���

$���� �C��� �&+�&+  &+��
BH3' �'' ��&+�&+�&+����%�

H O2 2, OH�
' �''''' �+�%2�����&+�&+�&+�2+

$���� �F��� 7HUWLDU\�DOFRKRO��CH C—CH3—CH —2 3

CH3

OH
2-Methyl-2-butanol

$�������F���

CH3

OH

CH3�
H ,+ �' �''' �

CH3

OH2
+

CH3 �
�' �'''H O2

�

CH
3

+

CH
3�

Methyl shift' �'''''

CH3

CH3

+
�

�' �''H
+

�

CH3

CH3

$���� �E��� � 0ROHFXODU�IRUPXOD�FDQ�EH�FDOFXODWHG�DV�

� � � � 'NGOGPV� �2GTEGPVCIG��#VQOKE�OCUU�����/QNGU�QH�CVQOU� � � �/QNG�TCVKQ

� &� ��� ��� ��� 52
12

� ������ 4.33
2.19

� ��

� +� ��� � 13
1
� ����

13
2.19

� ��

�

2� ��� ��� ���
35
16

� ������ 2.19
2.19

� ��

� � � �(PSLULFDO�IRUPXOD� �&�+�2

� � � �0ROHFXODU�PDVV� ���º���� ���

� � � �(PSLULFDO�IRUPXOD�PDVV� ���º��������º�������º���� ���

� � � � � � P� �
46
46

� ��

� � � ∴� � �0ROHFXODU�IRUPXOD� �&�+�2

� � � �6LQFH�LW�OLEHUDWHV�K\GURJHQ�E\�UHDFWLQJ�ZLWK�VRGLXP��LW�LV�DQ�DOFRKRO�K�G���&+�&+�2+��,WV�IXQFWLRQDO�LVRPHU�LV�&+�2&+���
� �K�G���PHWKR[\�PHWKDQH�

�$���� �E�� � �
Anhyd. AlCl3' �''''' � �

O
130 C
2
!

' �''' � �
dil. H SO

100°C
2 4' �'''' � �

��

O

CH —C—CH3 3

� � � � �� � � � � � � � � � � 3URSDQRQH

&RPSHWLWLRQ�)LOH
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�$���� �E�� � 6DOLF\ODOGHK\GH�FDQ�EH�SUHSDUHG�IURP�SKHQRO�E\�5LHPHU�7LHPDQQ�UHDFWLRQ

�$���� �D�� � $F\FOLF�VWUXFWXUDO�LVRPHUV�DUH��

� � � � K��&+�&+�&+�&+�2+� � �KK��&+�z&+z&+�&+�� � �����KKK��&+�&+&+�2+� ��KX���&+���&2+
� � _� _
� 2+� &+

�

� � � � �X��&+�&+�2&+�&+�� � �XK��&+�2&+�&+�&+�� � �����XKK��&+�z2z&+z&+�
� � _

� �
&+�

�$�����C�� � CH —C3 —OH CH —C3 —Cl

CH
| 3 CH

| 3

|
CH3

|
CH3

ZnCl2

HCl

alc KOH
CH —C3

CH
| 3

CH2

2-Methyl-2-chloropropane2-Methylpropan-2-ol

(A) (B)
�$���� �F��� ������:LOOLDPVRQuV�V\QWKHVLV�LV�D�QXFOHRSKLOLF�VXEVWLWXWLRQ�UHDFWLRQ�DQG�SURFHHGV�YLD�61��PHFKDQLVP�

��$�����C��

2+ 2&2&�+� 2&2&�+�

��1LWURSKHQ\O�

EHQ]RDWH

12�

C H COCl, base6 5
Benzoylation

' �'''''' 3Conc.HNO
+HCl

→

�$�����D��� 52+���&+�0J,�� →� ������&+�������������������0J��25��,

� � � � ��PRO��"�� � �������FP��DW�673

� � � ������J� � ����FP�

� � � � ����FP��RI�&+��LV�REWDLQHG�IURP�DOFRKRO� ������J�

� � � � �������FP��RI�&+��ZLOO�EH�REWDLQHG�IURP�DOFRKRO��� � �
0.44 22400

112
×

�  ����J

� � � �$OFRKRO�PXVW�EH�D�SULPDU\�DOFRKRO�EHFDXVH�LW�UHDFWV�ZLWK�3&&�WR�JLYH�FDUERQ\O�FRPSRXQG�ZKLFK�DQVZHUV�VLOYHU�PLUURU�
WHVW��7KHUHIRUH���D��RU��F��LV�FRUUHFW��%XW��D��LV�FRUUHFW�EHFDXVH�LW�KDV�PRODU�PDVV����J��

��$���� 
E��� �7KH�RUGHU�RI�UHDFWLYLW\�RI�DOFRKROV� WRZDUGV�/XFDV�UHDJHQW�LV����!���!����7KHUHIRUH�����DOFRKROV�GRQRW�UHDFW�ZLWK�/XFDV�
UHDJHQW�DW�URRP�WHPSHUDWXUH��7KH�EHQ]\O�DQG�DOO\O�DOFRKROV�UHDFW�DV�UDSLGO\�DV����DOFRKROV�ZLWK�/XFDV�UHDJHQW�EHFDXVH�
WKHLU�FDUERFDWLRQV�DUH�UHVRQDQFH�VWDELOLVHG�DQG�DUH�VWDEOH��7KXV��&+�&+�&+�2+�����DOFRKRO��LV�OHDVW�UHDFWLYH�

��$���� 
D���

� � � � 2+y�LV�QRW�D�JRRG�OHDYLQJ�JURXS�EXW�LWV�H[SXOVLRQ�EHFRPHV�HDV\�GXH�WR�FRQMXJDWHG�VWUXFWXUH�

��$���� 
D��� &+�z&+z2z&+��
HI

cold
' �' &+�&+z2+� � � �� � � &+��,

� � � � ,VRSURS\O�PHWK\O�HWKHU� � � � ,VRSURS\O�DOFRKRO� �� � 0HWK\O�LRGLGH

��$���� 
F���&+��&+�2+�
PCl5' �'' &+�&+�&O�

alc.KOH' �''' &+��  �&+��
H SO , room temp.

H O,
2 4

2 �' �''''' &�+�2+
� � � � (WKDQRO�� � � � � � �;�� ��<�

z

&+�

z

&+�

&RPSHWLWLRQ�)LOH
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��$���� 
C�� �&+�&+�2+�
Conc.H SO
140ºC

2 4' �'''' &+�&+�z2z&+�&+�� �� +�2
� � � � (WKDQRO��H[FHVV�� � � � � � � (WKR[\HWKDQH

�$����
E���

2+

20H

2+

&22+

20H

��1D2+
(i) CO high pressure

high temp, (ii) H O
2

3

,
+ →

��$�� 
C���&+�z&z2&+��� +,'�' &+�2+���&+��z&z,

&+�z &+�z
z

&+�

z

&+�

����.

�$�����E��� $FLGLILHG�.0Q2��R[LGLVHV�DOFRKROV�WR�FDUER[\OLF�DFLGV�GLUHFWO\��$TXHRXV�RU�DONDOLQH�.0Q2��FDQ�EH�XVHG�WR�R[LGLVH�DOFRKROV�
WR�DOGHK\GHV�

�$��� �D��� (OHFWURQ�UHOHDVLQJ�JURXS��y&+���GHFUHDVHV�DFLGLW\�RI�SKHQRO�DQG�HOHFWURQ�ZLWKGUDZLQJ�JURXS��y12���LQFUHDVHV�DFLGLW\�RI�
SKHQRO��7KXV��Q�FUHVRO���SKHQRO���Q�QLWURSKHQRO�

�$�� �F���

�$�����D���

�$�����D���

�$�����C��� 3KHQRO�JLYHV�ZKLWH�SUHFLSLWDWH�ZLWK�H[FHVV�RI�EURPLQH�ZDWHU�GXH�WR�WKH�IRUPDWLRQ�RI���������WULEURPRSKHQRO�

� �

� � $OFRKRO�GRHV�QRW�UHDFW�ZLWK�EURPLQH�ZDWHU�

�$�����E���

&RPSHWLWLRQ�)LOH
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�$�����E��� (OHFWURQ�ZLWKGUDZLQJ�JURXS�LQFUHDVHV�DFLGLF�VWUHQJWK�ZKLOH�HOHFWURQ�GRQDWLQJ�JURXS�GHFUHDVHV�WKH�DFLGLF� VWUHQJWK�RI�
SKHQRO�

� �

OH

p

i

-methoxyphenol

(+ R-effect)

( )

<

OCH3

OH

CH3

<

OH

NO2
p

ii

-methylphenol

(+ I-effect)

( )

p

iii

-nitrophenol

(– R, –I effect)

( )

�$�����G��� /RQJ�FKDLQ�DOFRKROV�DUH�VXFFHVVIXOO\�R[LGLVHG�WR�DOGHK\GHV�

�$�����F��� &+� &+�

y �
&+ &+&O &O    

� � 6LQFH�&y&O�ERQG�DFTXLUHV�SDUWLDO�GRXEOH�ERQG�FKDUDFWHU��LW�ZLOO�QRW�XQGHUJR�VXEVWLWXWLRQ�

�$�����C��� (VWHUV�DGG�WZR�PROHV�RI�*ULJQDUG�UHDJHQW�WR�IRUP����DOFRKROV��6LQFH�WKH�*ULJQDUG�UHDJHQW�LV�&+�0J%U��WKH�SURGXFW�PXVW�
FRQWDLQ�DW�OHDVW�WZR�PHWK\O�JURXSV��7KHUHIRUH��WKH�RQO\�FKRLFH�KDYLQJ�WZR�&+��JURXS�LV��C��

� � CH

O

C H3 5' '
��

OC2
Ethyl acetate

CH3 Mg Br' �'''' �

CH

CH

3

3

,

.

-
-
-

&

OMgBr

C H2 5

2

4

3
3
3

�
' �''''''

Mg (OC H Br)2 5
CH

CH

3

3

'C==O
�

CH MgBr3' �''''

� � � ��

CH

CH

3

3

&

OMgBr

CH3

H+, H O

Mg OH Br
2

�' �'''''
( )

CH

CH

3

3

&

OH

CH3

�$�����F���
CH3

OH

H3C
�

+H+

H O2�' �''' �
CH3H3C

HH

����
CH3

H3C H

H

� ������

CH3

CH2

� � � � � � ���������EKU�%XW���HQH� � VTCPU�%XW���HQH���������������� ��������%XW���HQH

�$�����C���,QFUHDVH� LQ�QXPEHU� RI�K\GUR[\O� JURXSV� LQFUHDVHV� WKH� ERLOLQJ� SRLQWV�� $PRQJ� LVRPHULF� GLK\GUR[\�EHQ]HQHV��DV� WKH�
GLVWDQFH�EHWZHHQ�WKH�z2+�JURXS�LQFUHDVHV��WKH�UHSXOVLRQ�EHWZHHQ�WKHP�GHFUHDVHV�DQG�KHQFH�ERLOLQJ�SRLQW�LQFUHDVHV���
�,��3KHQRO� �������&���,,��FDWHFKRO� �������&���,,,��UHVRUFLQRO� �����&�DQG��,9��TXLQRO� �����&�

�$�����E��� ���&+�&+�&+�&O��
Anhyd. AlCl3' �'''''' � ��RU� � �

( ) O
( ) H O , 

2

3
+

i
ii �' �''''' �������&+�&2&+��

� ��������� &XPHQH�������������������� � � � � �$FHWRQH

������� ��� � 3�� � � � � � � � �����4�

�$���� �F����

�$���� �D����

&RPSHWLWLRQ�)LOH
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�$���� �E��� 5DWH� RI� 61�� UHDFWLRQ� LV� SURSRUWLRQDO� WR� WKH� VWDELOLW\� RI� FDUERFDWLRQ�� :KHQ� WZR� SKHQ\O� JURXSV� DUH� UHSODFHG� E\� WZR�

0H2�z z�JURXSV��WKH�FDUERFDWLRQ�IRUPHG�ZLOO�EH�PRUH�VWDEOH��7KHUHIRUH��WKH�UHDFWLRQ�LV�WKH�IDVWHVW�

�$� 
D��
CH CH CH H
high press heat
2 3
 �

' �'''''''— ,
,

radical initiator
O2

' �''''''

&+�z&+z&+� +�&z&z&+�

2z2z+

,VRSURS\O�EHQ]HQH
�&XPHQH�

�8�

—
�$��� 
D��

E

OES�YKVJ�OQTG�VJCP�QPG�EQTTGEV�CPUYGT

��%����D�F��� �C��

CH

CH CCH

OH

3

3 3




� H�' �'', �

CH

CH C CH

3

3 3

&
' '
�

�→�

CH

CH C CH
Methylpropene

3

3 2
2

&
' 



�

� �D�� CH CH CH CH OH CH CH CH CH CH CH CHCHH H shift
3 2 2 2 3 2 2 3 2 32

� �
' �'' ' �''' '�

�
��' 


! !
CH CH CHCH
But ene
3 3

1 2 2( ) ( ) - -

� �E�� CH CH CH OH

CH

3 2

3

'
&

�
H�' �'' �CH CH CH

CH

3 2

3
1

'
&

�

!( )

�
H shift�

' �''' �
�

CH C CH

CH

3 3

3

' '
&

�→�CH C CH

CH

3 2

3

' 


&

2-Methylpropene

� �F�� CH CH CHCH

OH

3 2 3


�
H�' �'' �CH CH CH CH3 2 3+

�→�&+�&+�   �&+&+�

�%���
E�F���� $OFRKROV�FRQWDLQLQJ� �JURXS��K�G���&+�&+�2+�� �JLYH�LRGRIRUP�WHVW��%XWDQ���RO��
�
�
�&+�&+�&+�&+�2+��DQG�SURSDQ���RO��&+�&+�&+�2+��GRQRW�JLYH�WKLV�WHVW�
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