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Organic chemistry – sOme Basic 
PrinciPles and techniques

aIWHU VWXG\LQJ WKLV XQLW� \RX ZLOO 
EH DEOH WR 

� XQGH U V W DQG  U HDVRQV  I R U
WHWUDYDOHQFH RI FDUERQ DQG
VKDSHV RI RUJDQLF PROHFXOHV�

� ZULWH VWUXFWXUHV RI RUJDQLF
PROHFXOHV LQ YDULRXV ZD\V�

� FODVVLI\ WKH RUJDQLF FRPSRXQGV�
� QDPH WKH FRPSRXQGV DFFRUGLQJ

WR iupac V\VWHP RI QRPHQFODWXUH 
DQG DOVR GHULYH WKHLU VWUXFWXUHV
IURP WKH JLYHQ QDPHV�

� XQGHUVWDQG WKH FRQFHSW RI
RUJDQLF UHDFWLRQ PHFKDQLVP�

� H[SODLQ WKH LQIOXHQFH RI HOHFWURQLF 
GLVSODFHPHQWV RQ VWUXFWXUH DQG
UHDFWLYLW\ RI RUJDQLF FRPSRXQGV�

� UHFRJQLVH WKH W\SHV RI RUJDQLF
UHDFWLRQV�

� O HD U Q  WKH  W HFKQ LTXHV  R I
S X U L I L F D W L R Q  R I  R U J D Q L F
FRPSRXQGV�

� ZULWH WKH FKHPLFDO UHDFWLRQV
LQYROYHG LQ WKH TXDOLWDWLYH
DQDO\VLV RI RUJDQLF FRPSRXQGV�

� XQGHUVWDQG WKH SULQFLSOHV
LQYROYHG LQ TXDQWLWDWLYH DQDO\VLV
RI RUJDQLF FRPSRXQGV�

IQ WKH SUHYLRXV XQLW \RX KDYH OHDUQW WKDW WKH HOHPHQW 
FDUERQ KDV WKH XQLTXH SURSHUW\ FDOOHG catenation GXH WR 
ZKLFK LW IRUPV FRYDOHQW ERQGV ZLWK RWKHU FDUERQ DWRPV� 
iW DOVR IRUPV FRYDOHQW ERQGV ZLWK DWRPV RI RWKHU HOHPHQWV 
OLNH K\GURJHQ� R[\JHQ� QLWURJHQ� VXOSKXU� SKRVSKRUXV 
DQG KDORJHQV� tKH UHVXOWLQJ FRPSRXQGV DUH VWXGLHG 
XQGHU D VHSDUDWH EUDQFK RI FKHPLVWU\ FDOOHG organic 
chemistry� tKLV XQLW LQFRUSRUDWHV VRPH EDVLF SULQFLSOHV 
DQG WHFKQLTXHV RI DQDO\VLV UHTXLUHG IRU XQGHUVWDQGLQJ WKH 
IRUPDWLRQ DQG SURSHUWLHV RI RUJDQLF FRPSRXQGV�

8.1 general intrOductiOn

oUJDQLF FRPSRXQGV DUH YLWDO IRU VXVWDLQLQJ OLIH RQ HDUWK 
DQG LQFOXGH FRPSOH[ PROHFXOHV OLNH JHQHWLF LQIRUPDWLRQ 
EHDULQJ GHR[\ULERQXFOHLF DFLG �dna� DQG SURWHLQV WKDW 
FRQVWLWXWH HVVHQWLDO FRPSRXQGV RI RXU EORRG� PXVFOHV DQG 
VNLQ� oUJDQLF FRPSRXQGV DSSHDU LQ PDWHULDOV OLNH FORWKLQJ� 
IXHOV� SRO\PHUV� G\HV DQG PHGLFLQHV� tKHVH DUH VRPH RI 
WKH LPSRUWDQW DUHDV RI DSSOLFDWLRQ RI WKHVH FRPSRXQGV�

sFLHQFH RI RUJDQLF FKHPLVWU\ LV DERXW WZR KXQGUHG 
\HDUV ROG� aURXQG WKH \HDU ����� FKHPLVWV EHJDQ WR 
GLVWLQJXLVK EHWZHHQ RUJDQLF FRPSRXQGV REWDLQHG IURP 
SODQWV DQG DQLPDOV DQG LQRUJDQLF FRPSRXQGV SUHSDUHG 
IURP PLQHUDO VRXUFHV� bHU]LOLXV� D sZHGLVK FKHPLVW 
SURSRVHG WKDW D µYLWDO IRUFH¶ ZDV UHVSRQVLEOH IRU WKH 
IRUPDWLRQ RI RUJDQLF FRPSRXQGV� hRZHYHU� WKLV QRWLRQ 
ZDV UHMHFWHG LQ ���� ZKHQ )� :RKOHU V\QWKHVLVHG DQ 
RUJDQLF FRPSRXQG� XUHD IURP DQ LQRUJDQLF FRPSRXQG� 
DPPRQLXP F\DQDWH�

nh�cno    nh�conh�

aPPRQLXP F\DQDWH          uUHD

tKH SLRQHHULQJ V\QWKHVLV RI DFHWLF DFLG E\ .ROEH 
������ DQG WKDW RI PHWKDQH E\ bHUWKHORW ������ VKRZHG 
FRQFOXVLYHO\ WKDW RUJDQLF FRPSRXQGV FRXOG EH V\QWKHVLVHG 
IURP LQRUJDQLF VRXUFHV LQ D ODERUDWRU\�
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���organic chemistry – some basic principles and techniques 

tKH GHYHORSPHQW RI HOHFWURQLF WKHRU\ RI 
FRYDOHQW ERQGLQJ XVKHUHG RUJDQLF FKHPLVWU\ 
LQWR LWV PRGHUQ VKDSH�

8.2 tetraValence OF carBOn: 
shaPes OF Organic cOmPOunds

8.2.1 the shapes of carbon compounds  

tKH NQRZOHGJH RI IXQGDPHQWDO FRQFHSWV RI 
PROHFXODU VWUXFWXUH KHOSV LQ XQGHUVWDQGLQJ 
DQG SUHGLFWLQJ WKH SURSHUWLHV RI RUJDQLF 
FRPSRXQGV� yRX KDYH DOUHDG\ OHDUQW WKHRULHV 
RI YDOHQF\ DQG PROHFXODU VWUXFWXUH LQ uQLW �� 
aOVR� \RX DOUHDG\ NQRZ WKDW WHWUDYDOHQFH RI 
FDUERQ DQG WKH IRUPDWLRQ RI FRYDOHQW ERQGV 
E\ LW DUH H[SODLQHG LQ WHUPV RI LWV HOHFWURQLF 
FRQILJXUDWLRQ DQG WKH K\EULGLVDWLRQ RI s DQG p 
RUELWDOV� iW PD\ EH UHFDOOHG WKDW IRUPDWLRQ DQG 
WKH VKDSHV RI PROHFXOHV OLNH PHWKDQH �ch��� 
HWKHQH �c�h��� HWK\QH �c�h�� DUH H[SODLQHG 
LQ WHUPV RI WKH XVH RI sp�� sp� DQG sp K\EULG 
RUELWDOV E\ FDUERQ DWRPV LQ WKH UHVSHFWLYH 
PROHFXOHV� 

h\EULGLVDWLRQ LQIOXHQFHV WKH ERQG OHQJWK 
DQG ERQG HQWKDOS\ �VWUHQJWK� LQ FRPSRXQGV� 
tKH sp K\EULG RUELWDO FRQWDLQV PRUH s
FKDUDFWHU DQG KHQFH LW LV FORVHU WR LWV QXFOHXV 
DQG IRUPV VKRUWHU DQG VWURQJHU ERQGV WKDQ 
WKH sp� K\EULG RUELWDO� tKH sp� K\EULG RUELWDO 
LV LQWHUPHGLDWH LQ s FKDUDFWHU EHWZHHQ sp
DQG sp� DQG� KHQFH� WKH OHQJWK DQG HQWKDOS\ 
RI WKH ERQGV LW IRUPV� DUH DOVR LQWHUPHGLDWH 
EHWZHHQ WKHP� tKH FKDQJH LQ K\EULGLVDWLRQ 
DIIHFWV WKH HOHFWURQHJDWLYLW\ RI FDUERQ� tKH 
JUHDWHU WKH s FKDUDFWHU RI WKH K\EULG RUELWDOV� 
WKH JUHDWHU LV WKH HOHFWURQHJDWLYLW\� tKXV� D 
FDUERQ DWRP KDYLQJ DQ sp K\EULG RUELWDO ZLWK 
��� s FKDUDFWHU LV PRUH HOHFWURQHJDWLYH WKDQ 
WKDW SRVVHVVLQJ  sp� RU sp� K\EULGLVHG RUELWDOV� 
tKLV UHODWLYH HOHFWURQHJDWLYLW\ LV UHIOHFWHG LQ 
VHYHUDO SK\VLFDO DQG FKHPLFDO SURSHUWLHV RI 
WKH PROHFXOHV FRQFHUQHG� DERXW ZKLFK \RX 
ZLOO OHDUQ LQ ODWHU XQLWV� 

8.2.2  some characteristic Features of S
Bonds

iQ D S �SL� ERQG IRUPDWLRQ� SDUDOOHO RULHQWDWLRQ 
RI WKH WZR p RUELWDOV RQ DGMDFHQW DWRPV LV 
QHFHVVDU\ IRU D SURSHU VLGHZD\V RYHUODS� 

tKXV� LQ h�c ch� PROHFXOH DOO WKH DWRPV 
PXVW EH LQ WKH VDPH SODQH� tKH p RUELWDOV DUH 
PXWXDOO\ SDUDOOHO DQG ERWK WKH p RUELWDOV DUH 
SHUSHQGLFXODU WR WKH SODQH RI WKH PROHFXOH� 
rRWDWLRQ RI RQH ch� IUDJPHQW ZLWK UHVSHFW 
WR RWKHU LQWHUIHUHV ZLWK PD[LPXP RYHUODS 
RI p RUELWDOV DQG� WKHUHIRUH� VXFK URWDWLRQ 
DERXW FDUERQ�FDUERQ GRXEOH ERQG �c c� LV 
UHVWULFWHG� tKH HOHFWURQ FKDUJH FORXG RI WKH S
ERQG LV ORFDWHG DERYH DQG EHORZ WKH SODQH RI 
ERQGLQJ DWRPV� tKLV UHVXOWV LQ WKH HOHFWURQV 
EHLQJ HDVLO\ DYDLODEOH WR WKH DWWDFNLQJ 
UHDJHQWV� iQ JHQHUDO��S ERQGV SURYLGH WKH PRVW 
UHDFWLYH FHQWUHV LQ WKH PROHFXOHV FRQWDLQLQJ
PXOWLSOH ERQGV�

Problem 8.1

hRZ PDQ\ V DQG S ERQGV DUH SUHVHQW LQ 
HDFK RI WKH IROORZLQJ PROHFXOHV"

�D� hc�cch chch� �E� ch� c chch� 

solution

�D� Vc – c� �� Vc–h � �� Sc c ��� S�c�c��

�E� Vc – c� �� Vc–h� �� Sc c� ��

Problem 8.2

:KDW LV WKH W\SH RI K\EULGLVDWLRQ RI HDFK 
FDUERQ LQ WKH IROORZLQJ FRPSRXQGV" 

�D� ch�cO� �E� �ch���co� �F� ch�cn� 

�G� hconh�� �H� ch�ch chcn

solution

�D� sp�� �E� sp�� sp�� �F� sp�� sp� �G� sp�� �H� 
sp�� sp�� sp�� sp

Problem 8.3

:ULWH WKH VWDWH RI  K\EULGLVDWLRQ RI FDUERQ 
LQ WKH IROORZLQJ FRPSRXQGV DQG VKDSHV 
RI HDFK RI WKH PROHFXOHV� 

�D� h�c o� �E� ch�)� �F� hc�n�

solution

�D� sp� K\EULGLVHG FDUERQ� WULJRQDO SODQDU� 
�E� sp� K\EULGLVHG FDUERQ� WHWUDKHGUDO� �F� 
sp K\EULGLVHG FDUERQ� OLQHDU�
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8.3 structural rePresentatiOns
OF Organic cOmPOunds 

8.3.1 complete, condensed and Bond-line 
structural Formulas

sWUXFWXUHV RI RUJDQLF FRPSRXQGV DUH 
UHSUHVHQWHG LQ VHYHUDO ZD\V� tKH /HZLs 
sWUXFWXUH RU GRW VWUXFWXUH� GDVK VWUXFWXUH� 
FRQGHQVHG VWUXFWXUH DQG ERQG OLQH VWUXFWXUDO 
IRUPXODV DUH VRPH RI WKH VSHFLILF W\SHV� tKH 
lHZLV VWUXFWXUHV� KRZHYHU� FDQ EH VLPSOLILHG 
E\ UHSUHVHQWLQJ WKH WZR�HOHFWURQ FRYDOHQW 
ERQG E\ D GDVK �–�� sXFK D VWUXFWXUDO IRUPXOD 
IRFXVHV RQ WKH HOHFWURQV LQYROYHG LQ ERQG 
IRUPDWLRQ�  a VLQJOH GDVK UHSUHVHQWV D VLQJOH 
ERQG� GRXEOH GDVK  LV XVHG IRU GRXEOH ERQG 
DQG D WULSOH GDVK UHSUHVHQWV WULSOH ERQG� lRQH�
SDLUV RI HOHFWURQV RQ KHWHURDWRPV �H�J�� R[\JHQ� 
QLWURJHQ� VXOSKXU� KDORJHQV HWF�� PD\ RU PD\ 
QRW EH VKRZQ� tKXV� HWKDQH �c�h��� HWKHQH 
�c�h��� HWK\QH �c�h�� DQG PHWKDQRO �ch�oh� 
FDQ EH UHSUHVHQWHG E\ WKH IROORZLQJ VWUXFWXUDO 
IRUPXODV� sXFK VWUXFWXUDO UHSUHVHQWDWLRQV DUH 
FDOOHG FRPpOHWH sWUXFWXUDO IRUPXODs�

sLPLODUO\� ch�ch�ch�ch�ch�ch�ch�ch�

FDQ EH IXUWKHU FRQGHQVHG WR ch��ch���ch�� 
)RU IXUWKHU VLPSOLILFDWLRQ� RUJDQLF FKHPLVWV 
XVH DQRWKHU ZD\ RI UHSUHVHQWLQJ WKH 
VWUXFWXUHV� LQ ZKLFK RQO\ OLQHV DUH XVHG� 
iQ WKLV ERQG�OLQH sWUXFWXUDO UHSUHVHQWDWLRQ 
RI  RUJDQLF  FRPSRXQGV�  FDUERQ DQG 
K\GURJHQ DWRPV DUH QRW VKRZQ DQG WKH 
OLQHV UHSUHVHQWLQJ FDUERQ�FDUERQ ERQGV DUH  
GUDZQ LQ D ]LJ�]DJ IDVKLRQ� tKH RQO\ DWRPV 
VSHFLILFDOO\ ZULWWHQ DUH R[\JHQ� FKORULQH� 
QLWURJHQ HWF� tKH WHUPLQDOV GHQRWH PHWK\O 
�–ch�� JURXSV �XQOHVV LQGLFDWHG RWKHUZLVH E\ 
D IXQFWLRQDO JURXS�� ZKLOH WKH OLQH MXQFWLRQV 
GHQRWH FDUERQ DWRPV ERQGHG WR DSSURSULDWH 
QXPEHU RI K\GURJHQV UHTXLUHG WR VDWLVI\ WKH 
YDOHQF\ RI WKH FDUERQ DWRPV� sRPH RI WKH 
H[DPSOHV DUH UHSUHVHQWHG DV IROORZV�

�L� ��mHWK\ORFWDQH FDQ EH UHSUHVHQWHG LQ 
YDULRXV IRUPV DV�

�D�   ch�ch�chch�ch�ch�ch�ch�

                   �_
                   ch�

tKHVH VWUXFWXUDO IRUPXODV FDQ EH IXUWKHU 
DEEUHYLDWHG E\ RPLWWLQJ VRPH RU DOO RI WKH 
GDVKHV UHSUHVHQWLQJ FRYDOHQW ERQGV DQG E\ 
LQGLFDWLQJ WKH QXPEHU RI LGHQWLFDO JURXSV 
DWWDFKHG WR DQ DWRP E\ D VXEVFULSW� tKH 
UHVXOWLQJ H[SUHVVLRQ RI WKH FRPSRXQG LV 
FDOOHG D FRQGHQsHG sWUXFWXUDO IRUPXOD� tKXV� 
HWKDQH� HWKHQH� HWK\QH DQG PHWKDQRO FDQ EH 
ZULWWHQ DV�

ch�ch�        h�c ch�       hc�ch            ch�oh 

(WKDQH       (WKHQH         (WK\QH      0HWKDQRO

     (WKDQH                  (WKHQH               

   (WK\QH              0HWKDQRO

�LL� 9DULRXV ZD\V RI UHSUHVHQWLQJ ��EURPR 
EXWDQH DUH�

�D�  ch�chbUch�ch�  �E�  

�F�  

�E�

�F�
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iQ F\FOLF FRPSRXQGV� WKH ERQG�OLQH IRUPXODV 
PD\ EH JLYHQ DV IROORZV�

c\FORSURSDQH

c\FORSHQWDQH

FKORURF\FORKH[DQH

Problem 8.4

e[SDQG HDFK RI WKH IROORZLQJ FRQGHQVHG 
IRUPXODV LQWR WKHLU FRPSOHWH VWUXFWXUDO 
IRUPXODV�

�D� ch�ch�coch�ch�

�E� ch�ch ch�ch���ch�

solution

�D�

�E�  

�E�

solution

cRQGHQVHG IRUPXOD�

�D� ho�ch���ch�ch��ch�ch���
�E� hoch�cn��
bRQG�OLQH IRUPXOD�

Problem 8.5

)RU HDFK RI WKH IROORZLQJ FRPSRXQGV� 
ZULWH D  FRQGHQVHG IRUPXOD DQG DOVR WKHLU 
ERQG�OLQH IRUPXOD�

�D� hoch�ch�ch�ch�ch��ch�ch��ch�

�E�

�D�

Problem 8.6

e[SDQG HDFK RI WKH IROORZLQJ ERQG�OLQH 
IRUPXODV WR VKRZ DOO WKH DWRPV LQFOXGLQJ 
FDUERQ DQG K\GURJHQ

�D�

�E�

�F�

�G�

solution
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 )UDPHZRUN PRGHO %DOO DQG sWLFN PRGHO

6pDFH ILOOLQJ PRGHO

Fig. 8.2

8.3.2 three-dimensional 
representation of Organic 
molecules

tKH WKUHH�GLPHQVLRQDO ���d� VWUXFWXUH RI 
RUJDQLF PROHFXOHV FDQ EH UHSUHVHQWHG RQ 
SDSHU E\ XVLQJ FHUWDLQ FRQYHQWLRQV� )RU 
H[DPSOH� E\ XVLQJ VROLG � � DQG GDVKHG 
� � ZHGJH IRUPXOD� WKH ��d LPDJH RI D 
PROHFXOH IURP D WZR�GLPHQVLRQDO SLFWXUH
FDQ EH SHUFHLYHG� iQ WKHVH IRUPXODV WKH
VROLG�ZHGJH LV XVHG WR LQGLFDWH D ERQG 
SURMHFWLQJ RXW RI WKH SODQH RI SDSHU� WRZDUGV 
WKH REVHUYHU� tKH GDVKHG�ZHGJH LV XVHG WR 
GHSLFW WKH ERQG SURMHFWLQJ RXW RI WKH SODQH RI 
WKH SDSHU DQG DZD\ IURP WKH REVHUYHU� :HGJHV 
DUH VKRZQ LQ VXFK D ZD\ WKDW WKH EURDG HQG RI 
WKH ZHGJH LV WRZDUGV WKH REVHUYHU� tKH ERQGV 
O\LQJ LQ SODQH RI WKH SDSHU DUH GHSLFWHG E\ 
XVLQJ D QRUPDO OLQH �²�� ��d UHSUHVHQWDWLRQ RI 
PHWKDQH PROHFXOH RQ SDSHU KDV EHHQ VKRZQ 
LQ )LJ� ��� 

Fig. 8.1 :HGJH�DQG�GDsK UHpUHsHQWDWLRQ RI &+
�

molecular models

mROHFXODU PRGHOV DUH SK\VLFDO GHYLFHV 
WKDW DUH XVHG IRU D EHWWHU YLVXDOLVDWLRQ DQG 
SHUFHSWLRQ RI WKUHH�GLPHQVLRQDO VKDSHV 
RI RUJDQLF PROHFXOHV� tKHVH DUH PDGH RI 
ZRRG� SODVWLF RU PHWDO DQG DUH FRPPHUFLDOO\ 
DYDLODEOH� cRPPRQO\ WKUHH W\SHV RI PROHFXODU 
PRGHOV DUH XVHG� ��� )UDPHZRUN PRGHO� ��� 
%DOO�DQG�sWLFN PRGHO� DQG ��� 6pDFH ILOOLQJ 
PRGHO� iQ WKH IUDPHZRUN PRGHO RQO\ WKH 
ERQGV FRQQHFWLQJ WKH DWRPV RI D PROHFXOH 
DQG QRW WKH DWRPV WKHPVHOYHV DUH VKRZQ� 
tKLV PRGHO HPSKDVL]HV WKH SDWWHUQ RI 
ERQGV RI D PROHFXOH ZKLOH LJQRULQJ WKH VL]H 
RI DWRPV� iQ WKH EDOO�DQG�sWLFN PRGHO� ERWK 
WKH DWRPV DQG WKH ERQGV DUH VKRZQ� bDOOV 
UHSUHVHQW DWRPV DQG WKH VWLFN GHQRWHV D 
ERQG� cRPSRXQGV FRQWDLQLQJ c c �H�J�� 
HWKHQH� FDQ EHVW EH UHSUHVHQWHG E\ XVLQJ 
VSULQJV LQ SODFH RI VWLFNV� tKHVH PRGHOV DUH 
UHIHUUHG WR DV EDOO�DQG�spULQJ PRGHO� tKH 
spDFH�ILOOLQJ PRGHO HPSKDVLVHV WKH UHODWLYH 
VL]H RI HDFK DWRP EDVHG RQ LWV YDQ GHU :DDOV 
UDGLXV� bRQGV DUH QRW VKRZQ LQ WKLV PRGHO� 
iW FRQYH\V WKH YROXPH RFFXSLHG E\ HDFK DWRP 
LQ WKH PROHFXOH� iQ DGGLWLRQ WR WKHVH PRGHOV� 
FRPSXWHU JUDSKLFV FDQ DOVR EH XVHG IRU 
PROHFXODU PRGHOOLQJ� 
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8.4 classiFicatiOn OF Organic
cOmPOunds

tKH H[LVWLQJ ODUJH QXPEHU RI RUJDQLF 
FRPSRXQGV DQG WKHLU HYHU �LQFUHDVLQJ 
QXPEHUV KDV PDGH LW QHFHVVDU\ WR FODVVLI\ 
WKHP RQ WKH EDVLV RI WKHLU VWUXFWXUHV� oUJDQLF 
FRPSRXQGV DUH EURDGO\ FODVVLILHG DV IROORZV�

i. Acyclic or open chain compounds

tKHVH FRPSRXQGV DUH DOVR FDOOHG DV aliphatic
FRPSRXQGV DQG FRQVLVW RI VWUDLJKW RU 
EUDQFKHG FKDLQ FRPSRXQGV� IRU H[DPSOH�

�KRPRF\FOLF��

c\FORKH[HQHc\FORKH[DQHc\FORSURSDQH 

sRPHWLPHV DWRPV RWKHU WKDQ FDUERQ DUH 
DOVR SUHVHQW LQ WKH ULQJ �KHWHURF\OLF�� 
tHWUDK\GURIXUDQ JLYHQ EHORZ LV DQ H[DPSOH 
RI WKLV W\SH RI FRPSRXQG�

tHWUDK\GURIXUDQ

tKHVH H[KLELW VRPH RI WKH SURSHUWLHV VLPLODU 
WR WKRVH RI DOLSKDWLF FRPSRXQGV�

(b) aromatic compounds

aURPDWLF FRPSRXQGV DUH VSHFLDO W\SHV RI 
FRPSRXQGV� yRX ZLOO OHDUQ DERXW WKHVH 
FRPSRXQGV LQ GHWDLO LQ uQLW �� tKHVH LQFOXGH 
EHQ]HQH DQG RWKHU UHODWHG ULQJ FRPSRXQGV 
�EHQ]HQRLG�� lLNH DOLF\FOLF FRPSRXQGV� 
DURPDWLF FRPRXQGV PD\ DOVR KDYH KHWHUR 
DWRP LQ WKH ULQJ� sXFK FRPSRXQGV DUH FDOOHG 
KHWURF\FOLF DURPDWLF FRPSRXQGV� sRPH RI 
WKH H[DPSOHV RI YDULRXV W\SHV RI DURPDWLF 
FRPSRXQGV DUH�

Benzenoid aromatic compounds

bHQ]HQH          aQLOLQH            nDSKWKDOHQH

Non-benzenoid compound

tURSRQH

iVREXWDQH

aFHWDOGHK\GH aFHWLF DFLG

ch�ch�

eWKDQH

ii Cyclic or closed chain or ring 
compounds

(a) alicyclic compounds 
aOLF\FOLF �DOLSKDWLF F\FOLF� FRPSRXQGV FRQWDLQ 
FDUERQ DWRPV MRLQHG LQ WKH IRUP RI D ULQJ 
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Heterocyclic aromatic compounds

   )XUDQ             tKLRSKHQH            p\ULGLQH
oUJDQLF FRPSRXQGV FDQ DOVR EH FODVVLILHG 

RQ WKH EDVLV RI IXQFWLRQDO JURXSV� LQWR IDPLOLHs
RU KRPRORJRXs sHULHs�

8.4.1 Functional group
tKH IXQFWLRQDO JURXS LV DQ DWRP  RU D JURXS 
RI DWRPV MRLQHG WR WKH FDUERQ FKDLQ ZKLFK LV 
UHVSRQVLEOH IRU WKH FKDUDFWHULVWLF FKHPLFDO 
SURSHUWLHV RI WKH RUJDQLF FRPSRXQGV� tKH 
H[DPSOHV DUH K\GUR[\O JURXS �–oh�� DOGHK\GH 
JURXS �–cho� DQG FDUER[\OLF DFLG JURXS �–
cooh� HWF�

8.4.2 homologous series
a JURXS RU D VHULHV RI RUJDQLF FRPSRXQGV HDFK 
FRQWDLQLQJ D FKDUDFWHULVWLF IXQFWLRQDO JURXS 
IRUPV D KRPRORJRXV VHULHV DQG WKH PHPEHUV RI 
WKH VHULHV DUH FDOOHG KRPRORJXHs� tKH PHPEHUV 
RI D KRPRORJRXV VHULHV FDQ EH UHSUHVHQWHG E\ 
JHQHUDO PROHFXODU IRUPXOD DQG WKH VXFFHVVLYH 
PHPEHUV GLIIHU IURP HDFK RWKHU LQ PROHFXODU 
IRUPXOD E\ D –ch� XQLW� tKHUH DUH D QXPEHU 
RI KRPRORJRXV VHULHV RI RUJDQLF FRPSRXQGV� 
sRPH RI WKHVH DUH DONDQHV� DONHQHV� DON\QHV� 
KDORDONDQHV� DONDQROV� DONDQDOV� DONDQRQHV� 
DONDQRLF DFLGV� DPLQHV HWF�

iW LV DOVR SRVVLEOH WKDW D FRPSRXQG FRQWDLQV 
WZR RU PRUH LGHQWLFDO RU GLIIHUHQW IXQFWLRQDO 
JURXSV� tKLV JLYHV ULVH WR SRO\IXQFWLRQDO 
FRPSRXQGV�

8.5  nOmenclature OF Organic 
cOmPOunds

oUJDQLF FKHPLVWU\ GHDOV ZLWK PLOOLRQV RI 
FRPSRXQGV� iQ RUGHU WR FOHDUO\ LGHQWLI\
WKHP� D V\VWHPDWLF PHWKRG RI QDPLQJ KDV 
EHHQ GHYHORSHG DQG LV NQRZQ DV WKH iuPac
(international union of Pure and applied 
chemistry) V\VWHP RI QRPHQFODWXUH� iQ WKLV 
V\VWHPDWLF QRPHQFODWXUH� WKH QDPHV DUH 
FRUUHODWHG ZLWK WKH VWUXFWXUH VXFK WKDW WKH 
UHDGHU RU OLVWHQHU FDQ GHGXFH WKH VWUXFWXUH 
IURP WKH QDPH� 

bHIRUH WKH iupac V\VWHP RI QRPHQFODWXUH� 
KRZHYHU� RUJDQLF FRPSRXQGV ZHUH DVVLJQHG 
QDPHV EDVHG RQ WKHLU RULJLQ RU FHUWDLQ 
SURSHUWLHV� )RU LQVWDQFH� FLWULF DFLG LV QDPHG 

VR EHFDXVH LW LV IRXQG LQ FLWUXV IUXLWV DQG WKH 
DFLG IRXQG LQ UHG DQW LV QDPHG IRUPLF DFLG 
VLQFH WKH lDWLQ ZRUG IRU DQW LV IRUPLFD� tKHVH 
QDPHV DUH WUDGLWLRQDO DQG DUH FRQVLGHUHG 
DV WULYLDO RU FRPPRQ QDPHs� sRPH FRPPRQ 
QDPHV DUH IROORZHG HYHQ WRGD\� )RU H[DPSOH�  
bXFNPLQVWHUIXOOHUHQH LV D FRPPRQ QDPH 
JLYHQ WR WKH QHZO\ GLVFRYHUHG c�� FOXVWHU �D 
IRUP RI FDUERQ� QRWLQJ LWV VWUXFWXUDO VLPLODULW\ 
WR WKH JHRGHVLF GRPHV SRSXODULVHG E\ WKH 
IDPRXV DUFKLWHFW r� bXFNPLQVWHU )XOOHU� 
cRPPRQ QDPHV DUH XVHIXO DQG LQ PDQ\ 
FDVHV LQGLVSHQVDEOH� SDUWLFXODUO\ ZKHQ WKH 
DOWHUQDWLYH V\VWHPDWLF QDPHV DUH OHQJWK\ DQG 
FRPSOLFDWHG� cRPPRQ QDPHV RI VRPH RUJDQLF 
FRPSRXQGV DUH JLYHQ LQ tDEOH ���� 

table 8.1 common or trivial names of some
Organic compounds

8.5.1  the iuPac system of nomenclature
a V\VWHPDWLF QDPH RI DQ RUJDQLF FRPSRXQG 
LV JHQHUDOO\ GHULYHG E\ LGHQWLI\LQJ WKH SDUHQW 
K\GURFDUERQ DQG WKH IXQFWLRQDO JURXS�V� 
DWWDFKHG WR LW� sHH WKH H[DPSOH JLYHQ EHORZ� 
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By further using prefixes and suffixes, the 
parent name can be modified to obtain the 
actual name. Compounds containing carbon 
and hydrogen only are called hydrocarbons. 
A hydrocarbon is termed saturated if it 
contains only carbon-carbon single bonds. 
The IUPAC name for a homologous series of 
such compounds is alkane. Paraffin (Latin: 
little affinity) was the earlier name given to 
these compounds. Unsaturated hydrocarbons 
are those, which contain at least one carbon-
carbon double or triple bond. 

8.5.2	 IUPAC Nomenclature of  Alkanes

Straight chain hydrocarbons: The names 
of such compounds are based on their chain 
structure, and end with suffix ‘-ane’ and carry 
a prefix indicating the number of carbon 
atoms present in the chain (except from CH4 
to C4H10, where the prefixes are derived from 
trivial names). The IUPAC names of some 
straight chain saturated hydrocarbons are 
given in Table 8.2. The alkanes in Table 
8.2 differ from each other by merely the 
number of -CH2 groups in the chain. They are 
homologues of alkane series.

In order to name such compounds, the names 
of alkyl groups are prefixed to the name of 
parent alkane. An alkyl group is derived 
from a saturated hydrocarbon by removing 
a hydrogen atom from carbon.  Thus, CH4 
becomes  -CH3 and is called methyl group. An 
alkyl group is named by substituting ‘yl’ for 
‘ane’ in the corresponding alkane. Some alkyl 
groups are listed in Table 8.3.

Table 8.3  Some Alkyl Groups

Table 8.2	 IUPAC Names of Some Unbranched 
Saturated Hydrocarbons

Branched chain hydrocarbons: In a 
branched chain compound small chains of 
carbon atoms are attached at one or more 
carbon atoms of the parent chain. The small 
carbon chains (branches) are called alkyl 
groups. For example:

CH3–CH–CH2–CH3  CH3–CH–CH2–CH–CH3

	 	 		  
CH3		 CH2CH3   CH3

(a) (b)

	 Abbreviations are used for some alkyl 
groups. For example, methyl is abbreviated as 
Me, ethyl as Et, propyl as Pr and butyl as Bu. 
The alkyl groups can be branched also. Thus, 
propyl and butyl groups can have branched 
structures as shown below. 
CH3-CH-	 CH3-CH-CH-	    CH3 

      
CH3

CH3 CH3

Isopropyl- sec-Butyl- Isobutyl-

	 
         CH3    CH3

CH3-C-           CH3-C-CH2-

	 
CH3	           CH3

tert-Butyl- Neopentyl-

CH-CH2-

	 Common branched groups have specific 
trivial names. For example, the propyl groups 
can either be n-propyl group or isopropyl 
group. The branched butyl groups are called 
sec-butyl, isobutyl and tert-butyl group. 
We also encounter the structural unit,  
–CH2C(CH3)3, which is called neopentyl group.

Nomenclature of branched chain alkanes:  
We encounter a number of branched chain 
alkanes. The rules for naming them are given 
below.
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VHSDUDWHG IURP WKH JURXSV E\ K\SKHQV 
DQG WKHUH LV QR EUHDN EHWZHHQ PHWK\O 
DQG QRQDQH�@ 

�� iI WZR RU PRUH LGHQWLFDO VXEVWLWXHQW
JURXSV DUH SUHVHQW WKHQ WKH QXPEHUV 
DUH VHSDUDWHG E\ FRPPDV� tKH QDPHV RI 
LGHQWLFDO VXEVWLWXHQWV DUH QRW UHSHDWHG� 
LQVWHDG SUHIL[HV VXFK DV GL �IRU ��� WUL 
�IRU ��� WHWUD �IRU ��� SHQWD �IRU ��� KH[D �IRU 
�� HWF� DUH XVHG� :KLOH ZULWLQJ WKH QDPH 
RI WKH VXEVWLWXHQWV LQ DOSKDEHWLFDO RUGHU� 
WKHVH SUHIL[HV� KRZHYHU� DUH QRW FRQVLGHUHG� 
tKXV� WKH IROORZLQJ FRPSRXQGV DUH 
QDPHG DV� 

ch� ch� ch� ch�

 �  �  �  
ch��ch�ch��ch�ch� ch�c ch�ch ch�

�� �� �� �� �� �� � � �� �� �
ch�

����'LPHWK\OpHQWDQH ������7ULPHWK\OpHQWDQH

h�c h�c ch�

� � � � �  �  
ch�ch�chcch�ch�ch�

  � � �  � � � �
    ch�

��(WK\O�����GLPHWK\OKHpWDQH 

�� iI WKH WZR VXEVWLWXHQWV DUH IRXQG LQ
HTXLYDOHQW SRVLWLRQV� WKH lower number 
is given to the one coming first in the 
alphabetical listing� tKXV� WKH IROORZLQJ 
FRPSRXQG LV ��HWK\O���PHWK\ORFWDQH DQG 
QRW ��HWK\O���PHWK\ORFWDQH�

� � � � � � � �
ch� ² ch�²ch²ch�²ch�²ch²ch� ²ch�

� �  � � �  �
� � ch�ch�� � ch�

�� tKH EUDQFKHG DON\O JURXSV FDQ EH 
QDPHG E\ IROORZLQJ WKH DERYH PHQWLRQHG 
SURFHGXUHV� hRZHYHU� WKH carbon atom 
of the branch that attaches to the root 
alkane LV QXPEHUHG � DV H[HPSOLILHG 
EHORZ� 

� � � �
ch�–ch–ch�–ch–  

�  � �  
ch� ch�
����'LPHWK\OEXW\O�

�� )LUVW RI DOO� WKH longest carbon chain in 
the molecule is identified� iQ WKH H[DPSOH  
�i� JLYHQ EHORZ� WKH ORQJHVW FKDLQ KDV QLQH 
FDUERQV DQG LW LV FRQVLGHUHG DV WKH pDUHQW
RU URRW FKDLQ� sHOHFWLRQ RI SDUHQW FKDLQ DV 
VKRZQ LQ �ii� LV QRW FRUUHFW EHFDXVH LW KDV 
RQO\ HLJKW FDUERQV�

�� tKH FDUERQ DWRPV RI WKH SDUHQW FKDLQ DUH 
QXPEHUHG WR LGHQWLI\ WKH SDUHQW DONDQH 
DQG WR ORFDWH WKH SRVLWLRQV RI WKH FDUERQ 
DWRPV DW ZKLFK EUDQFKLQJ WDNHV SODFH GXH 
WR WKH VXEVWLWXWLRQ RI DON\O JURXS LQ SODFH 
RI K\GURJHQ DWRPV� the numbering is 
done in such a way that the branched 
carbon atoms get the lowest possible 
numbers. tKXV� WKH QXPEHULQJ LQ WKH 
DERYH H[DPSOH VKRXOG EH IURP OHIW WR ULJKW 
�EUDQFKLQJ DW FDUERQ DWRPV � DQG �� DQG 
QRW IURP ULJKW WR OHIW �JLYLQJ QXPEHUV 
� DQG  � WR WKH FDUERQ DWRPV DW ZKLFK 
EUDQFKHV DUH DWWDFKHG��

� � � � � � � � �
c  c  c  c  c  c  c  c  c

      
c    cc

� � � � � � � � �
c  c  c  c  c  c  c  c  c

      
c    c  c

�� tKH QDPHV RI  DON\O JURXSV DWWDFKHG 
DV D EUDQFK DUH WKHQ SUHIL[HG WR WKH 
QDPH RI WKH SDUHQW DONDQH DQG SRVLWLRQ 
RI WKH VXEVWLWXHQWV LV LQGLFDWHG E\ WKH 
DSSURSULDWH QXPEHUV� iI GLIIHUHQW DON\O 
JURXSV DUH SUHVHQW� WKH\ DUH OLVWHG LQ 
DOSKDEHWLFDO RUGHU� tKXV� QDPH IRU WKH 
FRPSRXQG VKRZQ DERYH LV� ��HWK\O���
PHWK\OQRQDQH� >nRWH� WKH QXPEHUV DUH 
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tKH QDPH RI VXFK EUDQFKHG FKDLQ DON\O JURXS 
LV SODFHG LQ SDUHQWKHVLV ZKLOH QDPLQJ WKH 
FRPSRXQG� :KLOH ZULWLQJ WKH WULYLDO QDPHV 
RI VXEVWLWXHQWV¶ in alphabetical order, the 
prefixes iso- and neo- are considered to be 
the part of the fundamental name of alkyl 
group. the prefixes sec- and tert- are not
FRQVLGHUHG WR EH WKH SDUW RI WKH IXQGDPHQWDO 
QDPH� tKH XVH RI LsR DQG UHODWHG FRPPRQ 
SUHIL[HV IRU QDPLQJ DON\O JURXSV LV DOVR 
DOORZHG E\ WKH iupac QRPHQFODWXUH DV ORQJ 
DV WKHVH DUH QRW IXUWKHU VXEVWLWXWHG� iQ PXOWL�
VXEVWLWXWHG FRPSRXQGV� WKH IROORZLQJ UXOHV 
PD\ DVR EH UHPHPEHUHG�

Ć iI WKHUH KDSSHQV WR EH WZR FKDLQV RI HTXDO
VL]H� WKHQ WKDW FKDLQ LV WR EH VHOHFWHG ZKLFK 
FRQWDLQV PRUH QXPEHU RI VLGH FKDLQV�

Ć aIWHU VHOHFWLRQ RI WKH FKDLQ� QXPEHULQJ
LV WR EH GRQH IURP WKH HQG FORVHU WR WKH 
VXEVWLWXHQW�

�������'LPHWK\OpURp\O�QRQDQH 

   Problem 8.7
sWUXFWXUHV DQG iupac QDPHV RI VRPH 
K\GURFDUERQV DUH JLYHQ EHORZ� e[SODLQ 
ZK\ WKH QDPHV JLYHQ LQ WKH SDUHQWKHVHV 
DUH LQFRUUHFW�

��(WK\O�����GLPHWK\OF\FORKH[DQH                 
�QRW ��HWK\O�����GLPHWK\OF\FORKH[DQH�

Cyclic Compounds: a VDWXUDWHG PRQRF\FOLF 
FRPSRXQG LV QDPHG E\ SUHIL[LQJ µF\FOR¶ WR WKH 
FRUUHVSRQGLQJ VWUDLJKW FKDLQ DONDQH� iI VLGH 
FKDLQV DUH SUHVHQW� WKHQ WKH UXOHV JLYHQ DERYH 
DUH DSSOLHG� nDPHV RI VRPH F\FOLF FRPSRXQGV 
DUH JLYHQ EHORZ� 

��sHF�%XW\O���LsRpURp\OGHFDQH

solution

�D� lRZHVW ORFDQW QXPEHU� ����� LV 
ORZHU WKDQ ������ �E� VXEVWLWXHQWV DUH 
LQ HTXLYDOHQW SRVLWLRQ� ORZHU QXPEHU LV
JLYHQ WR WKH RQH WKDW FRPHV ILUVW LQ WKH 
QDPH DFFRUGLQJ WR DOSKDEHWLFDO RUGHU�

������ 7ULPHWK\ORFWDQH 
>DQG QRW ������7ULPHWK\ORFWDQH@

��(WK\O���PHWK\OKHpWDQH 
>DQG QRW ��(WK\O���PHWK\OKHpWDQH@

8.5.3 nomenc l a tu re  o f  O rgan i c 
compounds having Functional 
group(s)

a IXQFWLRQDO JURXS� DV GHILQHG HDUOLHU� LV DQ 
DWRP RU D JURXS RI DWRPV ERQGHG WRJHWKHU LQ 
D XQLTXH PDQQHU ZKLFK LV XVXDOO\ WKH VLWH RI

�����(WK\OEXW\O������GLPHWK\OGHFDQH 
>DQG QRW �������'LPHWK\OEXW\O����HWK\OGHFDQH@       
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FKHPLFDO UHDFWLYLW\ LQ DQ RUJDQLF PROHFXOH�  
cRPSRXQGV KDYLQJ WKH VDPH IXQFWLRQDO 
JURXS XQGHUJR VLPLODU UHDFWLRQV� )RU H[DPSOH� 
ch�oh� ch�ch�oh� DQG �ch���choh ² 
DOO KDYLQJ �oh IXQFWLRQDO JURXS OLEHUDWH 
K\GURJHQ RQ UHDFWLRQ ZLWK VRGLXP PHWDO� 
tKH SUHVHQFH RI IXQFWLRQDO JURXSV HQDEOHV 
V\VWHPDWLVDWLRQ RI RUJDQLF FRPSRXQGV LQWR 
GLIIHUHQW FODVVHV� e[DPSOHV RI VRPH IXQFWLRQDO 
JURXSV ZLWK WKHLU SUHIL[HV DQG VXIIL[HV DORQJ 
ZLWK VRPH H[DPSOHV RI RUJDQLF FRPSRXQGV 
SRVVHVVLQJ WKHVH DUH JLYHQ LQ tDEOH ����

)LUVW RI DOO� WKH IXQFWLRQDO JURXS SUHVHQW 
LQ WKH PROHFXOH LV LGHQWLILHG ZKLFK GHWHUPLQHV 
WKH FKRLFH RI DSSURSULDWH VXIIL[� the longest 
chain of carbon atoms containing the 
functional group is numbered in such a way 
that the functional group is attached at the 
carbon atom possessing lowest possible 
number in the chain� b\ XVLQJ WKH VXIIL[ DV 
JLYHQ LQ tDEOH ���� WKH QDPH RI WKH FRPSRXQG 
LV DUULYHG DW� 

iQ WKH FDVH RI SRO\IXQFWLRQDO FRPSRXQGV� 
RQH RI WKH IXQFWLRQDO JURXSV LV FKRVHQ DV WKH 
pULQFLpDO IXQFWLRQDO JURXp DQG WKH FRPSRXQG 
LV WKHQ QDPHG RQ WKDW EDVLV� tKH UHPDLQLQJ 
IXQFWLRQDO JURXSV� ZKLFK DUH VXERUGLQDWH 
IXQFWLRQDO JURXSV� DUH QDPHG DV VXEVWLWXHQWV 
XVLQJ WKH DSSURSULDWH SUHIL[HV� tKH FKRLFH RI 
SULQFLSDO IXQFWLRQDO JURXS LV PDGH RQ WKH EDVLV 
RI RUGHU RI SUHIHUHQFH� the order of decreasing 
priority for some functional groups is: 
-cOOh, –sO3h, -cOOr (r=alkyl group), cOcl,  
-cOnh2, -cn,-hc=O,  >c=O, -Oh, -nh2, >
c=c<,  -c�c- . 
tKH –r� c�h��� KDORJHQV �)� cO� bU� i�� –no�� 
DONR[\ �–or� HWF�  DUH DOZD\V SUHI L[ 
VXEVWLWXHQWV� tKXV� D FRPSRXQG FRQWDLQLQJ 
ERWK DQ DOFRKRO DQG D NHWR JURXS LV QDPHG 
DV K\GUR[\DONDQRQH VLQFH WKH NHWR JURXS LV 
SUHIHUUHG WR WKH K\GUR[\O JURXS� 

)RU H[DPSOH� hoch��ch���ch�coch� ZLOO 
EH QDPHG DV ��K\GUR[\KHSWDQ���RQH DQG QRW 
DV ��R[RKHSWDQ ���RO� sLPLODUO\� bUch�ch ch�
LV QDPHG DV ��EURPRSURS���HQH DQG QRW 
��EURPRSURS���HQH� 

iI PRUH WKDQ RQH IXQFWLRQDO JURXS RI WKH
VDPH W\SH DUH SUHVHQW� WKHLU QXPEHU LV 
LQGLFDWHG E\ DGGLQJ GL� WUL� HWF� EHIRUH WKH 

FODVV VXIIL[� iQ VXFK FDVHV WKH IXOO QDPH RI WKH 
SDUHQW DONDQH LV ZULWWHQ EHIRUH WKH FODVV VXIIL[� 
)RU H[DPSOH ch��oh�ch��oh� LV QDPHG DV 
HWKDQH–���–GLRO� hRZHYHU� WKH HQGLQJ – QH RI 
WKH SDUHQW DONDQH LV GURSSHG  LQ WKH FDVH RI 
FRPSRXQGV KDYLQJ PRUH WKDQ  RQH  GRXEOH RU 
WULSOH ERQG� IRU H[DPSOH� ch� ch�ch ch� LV 
QDPHG DV EXWD–���–GLHQH�

Problem 8.8

:ULWH WKH iupac QDPHV RI WKH FRPSRXQGV  
L�LY IURP WKHLU JLYHQ VWUXFWXUHV�

solution 

Ć tKH IXQFWLRQDO JURXS SUHVHQW LV DQ
DOFRKRO �oh�� hHQFH WKH VXIIL[ LV µ�RO¶�

Ć tKH ORQJHVW FKDLQ FRQWDLQLQJ �oh 
KDV HLJKW FDUERQ DWRPV� hHQFH WKH 
FRUUHVSRQGLQJ VDWXUDWHG K\GURFDU�
ERQ LV RFWDQH�

Ć tKH �oh LV RQ FDUERQ DWRP �� iQ 
DGGLWLRQ� D PHWK\O JURXS LV DWWDFKHG 
DW �WK FDUERQ�
hHQFH� WKH V\VWHPDWLF QDPH RI WKLV 
FRPSRXQG LV ��mHWK\ORFWDQ���RO�

solution

tKH IXQFWLRQDO JURXS SUHVHQW LV NHWRQH 
�!c o�� KHQFH VXIIL[ µ�RQH¶� pUHVHQFH 
RI WZR NHWR JURXSV LV LQGLFDWHG E\ µGL¶� 
KHQFH VXIIL[ EHFRPHV µGLRQH¶� tKH WZR 
NHWR JURXSV DUH DW FDUERQV � DQG �� 
tKH ORQJHVW FKDLQ FRQWDLQV � FDUERQ 
DWRPV� KHQFH� SDUHQW K\GURFDUERQ LV 
KH[DQH� tKXV� WKH V\VWHPDWLF QDPH LV 
hH[DQH�����GLRQH�
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table 8.4  some Functional groups and classes of Organic compounds
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solution

hHUH� WZR IXQFWLRQDO JURXSV QDPHO\ 
NHWRQH DQG FDUER[\OLF DFLG DUH SUHVHQW� 
tKH SULQFLSDO IXQFWLRQDO JURXS LV WKH 
FDUER[\OLF DFLG JURXS� KHQFH WKH SDUHQW 
FKDLQ ZLOO EH VXIIL[HG ZLWK µRLF¶ DFLG� 
nXPEHULQJ RI WKH FKDLQ VWDUWV IURP 
FDUERQ RI – cooh IXQFWLRQDO JURXS� 
tKH NHWR JURXS LQ WKH FKDLQ DW FDUERQ 
� LV LQGLFDWHG E\ µR[R¶� tKH ORQJHVW 
FKDLQ LQFOXGLQJ WKH SULQFLSDO IXQFWLRQDO 
JURXS KDV � FDUERQ DWRPV� KHQFH WKH 
SDUHQW K\GURFDUERQ LV KH[DQH� tKH 
FRPSRXQG LV� WKHUHIRUH� QDPHG DV 
��o[RKH[DQRLF DFLG�

solution

tKH WZR c c IXQFWLRQDO JURXSV DUH 
SUHVHQW DW FDUERQ DWRPV � DQG �� ZKLOH 
WKH c�c IXQFWLRQDO JURXS LV SUHVHQW DW 
FDUERQ �� tKHVH JURXSV DUH LQGLFDWHG E\ 
VXIIL[HV µGLHQH¶ DQG µ\QH¶ UHVSHFWLYHO\� tKH 
ORQJHVW FKDLQ FRQWDLQLQJ WKH IXQFWLRQDO 
JURXSV KDV � FDUERQ DWRPV� KHQFH WKH 
SDUHQW K\GURFDUERQ LV KH[DQH� tKH QDPH 
RI FRPSRXQG� WKHUHIRUH� LV hH[D�����
GLHQ���\QH�

Problem 8.9

dHULYH WKH VWUXFWXUH RI �L� ��cKORURKH[DQH� 
�LL� pHQW���HQ���RO� �LLL� �� nLWURF\FORKH[HQH� 
�LY� c\FORKH[���HQ���RO� �Y� ��h\GUR[\�
KHSWDQDO�

solution

(i) µKH[DQH¶ LQGLFDWHV WKH SUHVHQFH RI 
� FDUERQ DWRPV LQ WKH FKDLQ� tKH 
IXQFWLRQDO JURXS FKORUR LV SUHVHQW DW 
FDUERQ �� hHQFH� WKH VWUXFWXUH RI WKH 
FRPSRXQG LV ch�ch�ch�ch�ch�cO�ch��

( i i )  µSHQW ¶  LQGLFDWHV WKDW SDUHQW 
K\GURFDUERQ FRQWDLQV � FDUERQ DWRPV 
LQ WKH FKDLQ� µHQ¶ DQG µRO¶ FRUUHVSRQG WR 
WKH IXQFWLRQDO JURXSV c c DQG �oh DW 
FDUERQ DWRPV � DQG � UHVSHFWLYHO\� tKXV� 
WKH VWUXFWXUH LV 

ch� chch�ch �oh�ch��

(iii) sL[ PHPEHUHG ULQJ FRQWDLQLQJ D 
FDUERQ�FDUERQ GRXEOH ERQG LV LPSOLHG 
E\ F\FORKH[HQH� ZKLFK LV QXPEHUHG DV 
VKRZQ LQ �i�� tKH SUHIL[ ��QLWUR PHDQV 
WKDW D QLWUR JURXS LV SUHVHQW RQ c��� 
tKXV� FRPSOHWH VWUXFWXUDO IRUPXOD RI WKH 
FRPSRXQG LV �ii�� dRXEOH ERQG LV VXIIL[HG 
IXQFWLRQDO JURXS ZKHUHDV no� LV SUHIL[HG 
IXQFWLRQDO JURXS WKHUHIRUH GRXEOH ERQG 
JHWV SUHIHUHQFH RYHU –no� JURXS�

(iv) µ��RO¶ PHDQV WKDW D �oh JURXS LV 
SUHVHQW DW c��� oh LV VXIIL[HG IXQFWLRQDO 
JURXS DQG JHWV SUHIHUHQFH RYHU c c 
ERQG� tKXV WKH VWUXFWXUH LV DV VKRZQ 
LQ �ii��

(v) µKHSWDQDO¶ LQGLFDWHV WKH FRPSRXQG 
WR EH DQ DOGHK\GH FRQWDLQLQJ � FDUERQ 
DWRPV LQ WKH SDUHQW FKDLQ� tKH 
µ��K\GUR[\¶ LQGLFDWHV WKDW �oh JURXS LV 
SUHVHQW DW FDUERQ �� tKXV� WKH VWUXFWXUDO 
IRUPXOD RI WKH FRPSRXQG LV� ch�ch�oh�
ch�ch�ch�ch�cho� cDUERQ DWRP RI –
cho JURXS LV LQFOXGHG ZKLOH QXPEHULQJ 
WKH FDUERQ FKDLQ�

8.5.4 nomenclature of substituted 
Benzene compounds

)RU iupac QRPHQFODWXUH RI VXEVWLWXWHG 
EHQ]HQH FRPSRXQGV� WKH VXEVWLWXHQW LV 
SODFHG DV SUHIL[ WR WKH ZRUG EHQ]HQH DV VKRZQ 
LQ WKH IROORZLQJ H[DPSOHV� hRZHYHU� FRPPRQ 
QDPHV �ZULWWHQ LQ EUDFNHW EHORZ� RI PDQ\ 
VXEVWLWXWHG EHQ]HQH FRPSRXQGV DUH DOVR 
XQLYHUVDOO\ XVHG� 
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i I  EHQ]HQH U LQJ LV  GLVXEVW L WXWHG� 
WKH SRVLWLRQ RI VXEVWLWXHQWV LV GHILQHG 
E\ QXPEHULQJ WKH FDUERQ DWRPV RI WKH 
ULQJ VXFK WKDW WKH VXEVWLWXHQWV DUH 
ORFDWHG DW WKH ORZHVW QXPEHUV SRVVLEOH�
)RU H[DPSOH� WKH FRPSRXQG�E� LV QDPHG 
DV ����GLEURPREHQ]HQH DQG QRW  DV
����GLEURPREHQ]HQH�

sXEVWLWXHQW RI WKH EDVH FRPSRXQG LV
DVVLJQHG QXPEHU� DQG WKHQ WKH GLUHFWLRQ 
RI QXPEHULQJ LV FKRVHQ VXFK WKDW WKH 
QH[W VXEVWLWXHQW JHWV WKH ORZHVW QXPEHU� 
tKH VXEVWLWXHQWV DSSHDU LQ WKH QDPH LQ 
DOSKDEHWLFDO RUGHU� sRPH H[DPSOHV DUH JLYHQ 
EHORZ�

0HWK\OEHQ]HQH      0HWKR[\EHQ]HQH     $PLQREHQ]HQH
    �tROXHQH�              �aQLVROH�               �aQLOLQH�

1LWUREHQ]HQH                  %URPREHQ]HQH

����'LEURPR� 
EHQ]HQH

����'LEURPR� 
EHQ]HQH

����'LEURPR� 
EHQ]HQH

�D� �E� �F�

iQ WKH WULYLDO V\VWHP RI QRPHQFODWXUH 
WKH WHUPV RUWKR �R�� PHWD �P� DQG pDUD �p� 
DUH XVHG DV SUHIL[HV WR LQGLFDWH WKH UHODWLYH 
SRVLWLRQV ������� DQG ��� UHVSHFWLYHO\� tKXV�
����GLEURPREHQ]HQH �E� LV QDPHG DV 
P�GLEURPREHQ]HQH �PHWD LV DEEUHYLDWHG DV
P�� DQG WKH RWKHU LVRPHUV RI GLEURPREHQ]HQH 
�����D� DQG �����F�� DUH QDPHG DV RUWKR �RU 
MXVW R�� DQG pDUD �RU MXVW p���GLEURPREHQ]HQH� 
UHVSHFWLYHO\� 

)RU WUL � RU KLJKHU VXEVWLWXWHG EHQ]HQH
GHULYDWLYHV� WKHVH SUHIL[HV FDQQRW EH XVHG 
DQG WKH FRPSRXQGV DUH QDPHG E\ LGHQWLI\LQJ 
VXEVWLWXHQW SRVLWLRQV RQ WKH ULQJ E\ IROORZLQJ 
WKH ORZHVW ORFDQW UXOH� iQ VRPH FDVHV� FRPPRQ 
QDPH RI EHQ]HQH GHULYDWLYHV LV WDNHQ DV  WKH 
EDVH FRPSRXQG�

��&KORUR�����GLQLWUREHQ]HQH 
�QRW ��FKORUR�����GLQLWUREHQ]HQH�               

��&KORUR���PHWK\O���QLWUREHQ]HQH 
�QRW ��PHWK\O���FKORUR�QLWUREHQ]HQH�    

��&KORUR���PHWK\ODQLsROH ��(WK\O���PHWK\ODQLOLQH 

����'LPHWK\OpKHQRO

:KHQ D EHQ]HQH ULQJ LV DWWDFKHG WR DQ
DONDQH ZLWK D IXQFWLRQDO JURXS� LW LV FRQVLGHUHG 
DV VXEVWLWXHQW� LQVWHDG RI D SDUHQW� tKH QDPH 
IRU EHQ]HQH DV VXEVWLWXHQW LV pKHQ\O �c�h��� 
DOVR DEEUHYLDWHG DV pK��
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GLIIHUHQW FDUERQ VNHOHWRQV� WKHVH DUH UHIHUUHG 
WR DV FKDLQ LVRPHUV DQG WKH SKHQRPHQRQ LV 
WHUPHG DV FKDLQ LVRPHULVP� )RU H[DPSOH� 
c�h�� UHSUHVHQWV WKUHH FRPSRXQGV�

iVRPHULVP

sWUXFWXUDO LVRPHULVP sWHUHRLVRPHULVP

cKDLQ
LVRPHULVP

pRVLWLRQ
LVRPHULVP

)XQFWLRQDO
JURXS

LVRPHULVP

mHWDPHULVP gHRPHWULFDO
LVRPHULVP

oSWLFDO
LVRPHULVP

8.6 isOmerism

tKH SKHQRPHQRQ RI H[LVWHQFH RI WZR RU PRUH 
FRPSRXQGV SRVVHVVLQJ WKH VDPH PROHFXODU 
IRUPXOD EXW GLIIHUHQW SURSHUWLHV LV NQRZQ 
DV LVRPHULVP� sXFK FRPSRXQGV DUH FDOOHG 
DV LVRPHUV� tKH IROORZLQJ IORZ FKDUW VKRZV 
GLIIHUHQW W\SHV RI LVRPHULVP� 

8.6.1 structural isomerism

cRPSRXQGV KDYLQJ WKH VDPH PROHFXODU 
IRUPXOD EXW GLIIHUHQW VWUXFWXUHV �PDQQHUV 
LQ ZKLFK DWRPV DUH OLQNHG� DUH FODVVLILHG DV 
VWUXFWXUDO LVRPHUV� sRPH W\SLFDO H[DPSOHV 
RI GLIIHUHQW W\SHV RI VWUXFWXUDO LVRPHULVP DUH 
JLYHQ EHORZ� 

(i) Chain isomerism: :KHQ WZR RU PRUH 
FRPSRXQGV KDYH VLPLODU PROHFXODU IRUPXOD EXW 

�D� �E�

�F� �G�

Problem 8.10

:ULWH WKH VWUXFWXUDO IRUPXOD RI�
�D�  R�eWK\ODQLVROH� �E� p�nLWURDQLOLQH� 
�F�  ����dLEURPR���SKHQ\OSHQWDQH�
�G�  ��eWK\O���IOXRUR���QLWUREHQ]HQH�

solution

                        ch�

��������������� 
ch� c ch�

��������������������� 
                ch�

nHRSHQWDQH
�����dLPHWK\OSURSDQH�

(ii) Position isomerism: :KHQ WZR RU 
PRUH FRPSRXQGV GLIIHU LQ WKH SRVLWLRQ RI 
VXEVWLWXHQW DWRP RU IXQFWLRQDO JURXS RQ 
WKH FDUERQ VNHOHWRQ� WKH\ DUH FDOOHG SRVLWLRQ 
LVRPHUV DQG WKLV SKHQRPHQRQ LV WHUPHG 
DV SRVLWLRQ LVRPHULVP� )RU H[DPSOH� WKH 
PROHFXODU IRUPXOD c�h�o UHSUHVHQWV WZR 
DOFRKROV�

(iii) Functional group isomerism: tZR RU 
PRUH FRPSRXQGV KDYLQJ WKH VDPH PROHFXODU 
IRUPXOD EXW GLIIHUHQW IXQFWLRQDO JURXSV 
DUH FDOOHG IXQFWLRQDO LVRPHUV DQG WKLV 
SKHQRPHQRQ LV WHUPHG DV IXQFWLRQDO JURXS 
LVRPHULVP� )RU H[DPSOH� WKH PROHFXODU 
IRUPXOD c�h�o UHSUHVHQWV DQ DOGHK\GH DQG 
D NHWRQH�

ch��chch�ch�

� �  
ch�ch�ch�ch�ch� ch�

pHQWDQH iVRSHQWDQH
 ���mHWK\OEXWDQH� 

oh
 

ch�ch�ch�oh ch��ch�ch�

pURSDQ���RO  pURSDQ���RO
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(iv) Metamerism: iW DULVHV GXH WR GLIIHUHQW 
DON\O FKDLQV RQ HLWKHU VLGH RI WKH IXQFWLRQDO 
JURXS LQ WKH PROHFXOH� )RU H[DPSOH� c�h��o 
UHSUHVHQWV PHWKR[\SURSDQH �ch�oc�h�� DQG 
HWKR[\HWKDQH �c�h�oc�h���

8.6.2 stereoisomerism

tKH FRPSRXQGV WKDW KDYH WKH VDPH 
FRQVWLWXWLRQ DQG VHTXHQFH RI FRYDOHQW ERQGV 
EXW GLIIHU LQ UHODWLYH SRVLWLRQV RI WKHLU DWRPV 
RU JURXSV LQ VSDFH DUH FDOOHG VWHUHRLVRPHUV� 
tKLV VSHFLDO W\SH RI LVRPHULVP LV FDOOHG DV 
VWHUHRLVRPHULVP DQG FDQ EH FODVVLILHG DV 
JHRPHWULFDO DQG RSWLFDO LsRPHULsP� 

8.7 Fundamental cOncePts in
Organic reactiOn mechanism

iQ DQ RUJDQLF UHDFWLRQ� WKH RUJDQLF PROHFXOH 
�DOVR UHIHUUHG DV D VXEVWUDWH� UHDFWV ZLWK DQ 
DSSURSULDWH DWWDFNLQJ UHDJHQW DQG OHDGV WR 
WKH IRUPDWLRQ RI RQH RU PRUH LQWHUPHGLDWH�V� 
DQG ILQDOO\ SURGXFW�V�

tKH JHQHUDO UHDFWLRQ LV GHSLFWHG DV IROORZV � 

LQ XQGHUVWDQGLQJ WKH UHDFWLYLW\ RI RUJDQLF 
FRPSRXQGV DQG LQ SODQQLQJ VWUDWHJ\ IRU WKHLU 
V\QWKHVLV� 

iQ WKH IROORZLQJ VHFWLRQV� ZH VKDOO OHDUQ 
VRPH RI WKH SULQFLSOHV WKDW H[SODLQ KRZ WKHVH 
UHDFWLRQV WDNH SODFH� 

8.7.1 Fission of a covalent Bond

a FRYDOHQW ERQG FDQ JHW FOHDYHG HLWKHU E\ � �L� 
heterolytic cleavage, RU E\ �LL� homolytic 
cleavage. 

iQ heterolytic cleavage� WKH ERQG EUHDNV 
LQ VXFK D IDVKLRQ WKDW WKH VKDUHG SDLU RI 
HOHFWURQV UHPDLQV ZLWK  RQH RI WKH IUDJPHQWV� 

aIWHU KHWHURO\VLV� RQH DWRP KDV D VH[WHW 
HOHFWURQLF VWUXFWXUH DQG D SRVLWLYH FKDUJH DQG 
WKH RWKHU� D YDOHQFH RFWHW ZLWK DW OHDVW RQH ORQH 
SDLU DQG D QHJDWLYH FKDUJH� tKXV� KHWHURO\WLF 
FOHDYDJH RI EURPRPHWKDQH ZLOO JLYH c

�
h� DQG 

bU– DV VKRZQ EHORZ�

a VSHFLHV KDYLQJ D FDUERQ DWRP SRVVHVVLQJ 
VH[WH[W RI HOHFWURQV DQG D SRVLWLYH FKDUJH LV 
FDOOHG D FDUERFDWLRQ �HDUOLHU FDOOHG FDUERQLXP 
LRQ�� tKH h� LRQ LV NQRZQ DV D PHWK\O FDWLRQ 
RU PHWK\O FDUERQLXP LRQ� cDUERFDWLRQV DUH 
FODVVLILHG DV SULPDU\� VHFRQGDU\ RU WHUWLDU\
GHSHQGLQJ RQ  ZKHWKHU RQH� WZR RU WKUHH  
FDUERQV DUH GLUHFWO\ DWWDFKHG WR WKH SRVLWLYHO\ 
FKDUJHG FDUERQ� sRPH RWKHU H[DPSOHV RI 
FDUERFDWLRQV DUH� ch�c

�
h� �HWK\O FDWLRQ� D 

SULPDU\ FDUERFDWLRQ�� �ch���c
�
h �LVRSURS\O 

FDWLRQ� D VHFRQGDU\ FDUERFDWLRQ�� DQG �ch���c
�

�WHUW�EXW\O FDWLRQ� D WHUWLDU\ FDUERFDWLRQ�� 
cDUERFDWLRQV DUH KLJKO\ XQVWDEOH DQG 
UHDFWLYH VSHFLHV� aON\O JURXSV GLUHFWO\ 
DWWDFKHG WR WKH SRVLWLYHO\ FKDUJHG FDUERQ 
VWDELOLVH WKH FDUERFDWLRQV GXH WR LQGXFWLYH 
DQG K\SHUFRQMXJDWLRQ HIIHFWV� ZKLFK \RX ZLOO 
EH VWXG\LQJ LQ WKH VHFWLRQV ����� DQG ������ 
tKH REVHUYHG RUGHU RI FDUERFDWLRQ VWDELOLW\ 
LV� c

�
h� � ch�c

�
h� � �ch���c

�
h � �ch���c

�
� tKHVH 

FDUERFDWLRQV KDYH WULJRQDO SODQDU VKDSH 
ZLWK SRVLWLYHO\ FKDUJHG FDUERQ EHLQJ sp�

K\EULGLVHG� tKXV� WKH VKDSH RI c
�
h� PD\ EH 

FRQVLGHUHG DV EHLQJ GHULYHG IURP WKH RYHUODS 
RI WKUHH HTXLYDOHQW c�sp�� K\EULGLVHG RUELWDOV 
ZLWK �s RUELWDO RI HDFK RI WKH WKUHH K\GURJHQ 

oUJDQLF
PROHFXOH
�sXEVWUDWH�

>iQWHUPHGLDWH@ pURGXFW�V�

aWWDFNLQJ 
rHDJHQW

b\SURGXFWV

sXEVWUDWH LV WKDW UHDFWDQW ZKLFK VXSSOLHV 
FDUERQ WR WKH QHZ ERQG DQG WKH RWKHU UHDFWDQW 
LV FDOOHG UHDJHQW� iI ERWK WKH UHDFWDQWV 
VXSSO\ FDUERQ WR WKH QHZ ERQG WKHQ FKRLFH 
LV DUELWUDU\ DQG LQ WKDW FDVH WKH PROHFXOH RQ 
ZKLFK DWWHQWLRQ LV IRFXVHG LV FDOOHG sXEsWUDWH�

iQ VXFK D UHDFWLRQ D FRYDOHQW ERQG 
EHWZHHQ WZR FDUERQ DWRPV RU D FDUERQ DQG 
VRPH RWKHU DWRP LV EURNHQ DQG D QHZ ERQG LV 
IRUPHG� a sequential account of each step, 
describing details of electron movement, 
energetics during bond cleavage and bond 
formation, and the rates of transformation 
of reactants into products (kinetics) is 
referred to as reaction mechanism. tKH 
NQRZOHGJH RI UHDFWLRQ PHFKDQLVP KHOSV 

  o    h
  � � � 

ch��c�ch� ch��ch�²c  o
pURSDQRQH pURSDQDO
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DWRPV� eDFK ERQG PD\ EH UHSUHVHQWHG DV 
c�sp��–h��s� VLJPD ERQG� tKH UHPDLQLQJ 
FDUERQ RUELWDO LV SHUSHQGLFXODU WR WKH 
PROHFXODU SODQH DQG FRQWDLQV QR HOHFWURQV� 
>)LJ� ����D�@� 

Fig. 8.3 (a)  6KDpH RI PHWK\O FDUERFDWLRQ

tKH KHWHURO\WLF FOHDYDJH FDQ DOVR JLYH D 
VSHFLHV LQ ZKLFK FDUERQ JHWV WKH VKDUHG 
SDLU RI HOHFWURQV� )RU H[DPSOH� ZKHQ JURXS 
= DWWDFKHG WR  WKH FDUERQ OHDYHV ZLWKRXW 

HOHFWURQ SDLU� WKH PHWK\O DQLRQ  LV 

IRUPHG� sXFK D FDUERQ VSHFLHV FDUU\LQJ D 
QHJDWLYH FKDUJH RQ FDUERQ DWRP LV FDOOHG 
FDUEDQLRQ�  cDUERQ LQ FDUEDQLRQ LV JHQHUDOO\ 
VS� K\EULGLVHG DQG LWV VWUXFWXUH LV GLVWRUWHG 
WHWUDKHGURQ DV VKRZQ LQ )LJ� ����E�� 

Fig. 8.3 (b)  6KDpH RI PHWK\O FDUEDQLRQ

cDUEDQLRQV DUH DOVR XQVWDEOH DQG UHDFWLYH 
VSHFLHV� tKH RUJDQLF UHDFWLRQV ZKLFK SURFHHG 
WKURXJK KHWHURO\WLF ERQG FOHDYDJH DUH FDOOHG 
ionic RU heteropolar RU MXVW SRODU UHDFWLRQV�

iQ homolytic cleavage� RQH RI WKH HOHFWURQV 
RI WKH VKDUHG SDLU LQ D FRYDOHQW ERQG JRHV 
ZLWK HDFK RI WKH ERQGHG DWRPV� tKXV� LQ 
KRPRO\WLF FOHDYDJH� WKH PRYHPHQW RI D 
VLQJOH HOHFWURQ WDNHV SODFH LQVWHDG RI DQ 
HOHFWURQ SDLU� tKH VLQJOH HOHFWURQ PRYHPHQW 
LV VKRZQ E\ µKDOI�KHDGHG¶ �ILVK KRRN� �

FXUYHG DUURZ� sXFK FOHDYDJH UHVXOWV LQ 
WKH IRUPDWLRQ RI QHXWUDO VSHFLHV �DWRP RU 
JURXS� ZKLFK FRQWDLQV DQ XQSDLUHG HOHFWURQ� 
tKHVH VSHFLHV DUH FDOOHG IUHH UDGLFDOs� lLNH 
FDUERFDWLRQV DQG FDUEDQLRQV� IUHH UDGLFDOV DUH 
DOVR YHU\ UHDFWLYH� a KRPRO\WLF FOHDYDJH FDQ EH 
VKRZQ DV�

       aON\O 
       IUHH UDGLFDO
aON\O UDGLFDOV DUH FODVVLILHG DV pULPDU\� 
sHFRQGDU\� RU WHUWLDU\� aON\O UDGLFDO VWDELOLW\ 
LQFUHDVHV DV ZH SURFHHG IURP SULPDU\ WR 
WHUWLDU\�

  � 
mHWK\O eWK\O iVRSURS\O tHUW�EXW\O

IUHH IUHH IUHH IUHH
UDGLFDO UDGLFDO UDGLFDO UDGLFDO

oUJDQLF UHDFWLRQV� ZKLFK SURFHHG E\ 
KRPRO\WLF ILVVLRQ DUH FDOOHG IUHH UDGLFDO RU 
KRPRpRODU RU QRQpRODU UHDFWLRQV� 

8.7.2 substrate and reagent 

iRQV DUH JHQHUDOO\ QRW IRUPHG LQ WKH UHDFWLRQV 
RI RUJDQLF FRPSRXQGV� mROHFXOHV DV VXFK 
SDUWLFLSDWH LQ WKH UHDFWLRQ� iW LV FRQYHQLHQW WR 
QDPH RQH UHDJHQW DV VXEVWUDWH DQG RWKHU DV 
UHDJHQW� iQ JHQHUDO� D PROHFXOH ZKRVH FDUERQ 
LV LQYROYHG LQ QHZ ERQG IRUPDWLRQ LV FDOOHG 
VXEVWUDWH DQG WKH RWKHU RQH LV FDOOHG UHDJHQW� 
:KHQ FDUERQ�FDUERQ ERQG LV IRUPHG� WKH 
FKRLFH RI QDPLQJ WKH UHDFWDQWV DV VXEVWUDWH 
DQG UHDJHQW LV DUELWUDU\ DQG GHSHQGV RQ 
PROHFXOH XQGHU REVHUYDWLRQ� e[DPSOH�

�L� ch�   ch�  �  bU� → bU ch� – ch�bU
sXEVWUDWH   rHDJHQW pURGXFW

�LL� 

Nucleophiles and Electrophiles

rHDJHQWV DWWDFN WKH UHDFWLYH VLWH RI WKH 
VXEVWUDWH� tKH UHDFWLYH VLWH PD\ EH HOHFWURQ 
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GHILFLHQW SRUWLRQ RI WKH PROHFXOH �D SRVLWLYH 
UHDFWLYH VLWH� H�J�� DQ DWRP ZLWK LQFRPSOHWH 
HOHFWURQ VKHOO RU WKH SRVLWLYH HQG RI WKH GLSROH 
LQ WKH PROHFXOH� iI WKH DWWDFNLQJ VSHFLHV LV 
HOHFWURQ ULFK� LW DWWDFNV WKHVH VLWHV� iI DWWDFNLQJ 
VSHFLHV LV HOHFWURQ GHILFLHQW� WKH UHDFWLYH VLWH 
IRU LW LV WKDW SDUW RI WKH VXEVWUDWH PROHFXOH 
ZKLFK FDQ VXSSO\ HOHFWURQV� H�J�� π HOHFWURQV 
LQ D GRXEOH ERQG�

a UHDJHQW WKDW EULQJV DQ HOHFWURQ SDLU WR 
WKH UHDFWLYH VLWH LV FDOOHG D nucleophile �nX�� 
L�H�� QXFOHXV VHHNLQJ DQG WKH UHDFWLRQ LV WKHQ 
FDOOHG nucleophilic� a UHDJHQW WKDW WDNHV DZD\ 
DQ HOHFWURQ SDLU IURP UHDFWLYH VLWH LV FDOOHG 
electrophile �e�� L�H�� HOHFWURQ VHHNLQJ DQG WKH 
UHDFWLRQ LV FDOOHG electrophilic� 

dXULQJ D SRODU RUJDQLF UHDFWLRQ� D 
QXFOHRSKLOH DWWDFNV DQ HOHFWURSKLOLF FHQWUH 
RI WKH VXEVWUDWH ZKLFK LV WKDW VSHFLILF DWRP 
RU SDUW RI WKH VXEVWUDWH ZKLFK LV HOHFWURQ 
GHILFLHQW� sLPLODUO\� WKH HOHFWURSKLOHV DWWDFN 
DW  QXFOHRSKLOLF FHQWUH� ZKLFK LV WKH HOHFWURQ 
ULFK FHQWUH RI WKH VXEVWUDWH� tKXV� WKH 
HOHFWURSKLOHV UHFHLYH HOHFWURQ SDLU IURP WKH 
VXEVWUDWH ZKHQ WKH WZR XQGHUJR ERQGLQJ 
LQWHUDFWLRQ� a FXUYHG�DUURZ QRWDWLRQ LV XVHG 
WR VKRZ WKH PRYHPHQW RI DQ HOHFWURQ SDLU 
IURP WKH QXFOHRSKLOH WR WKH HOHFWURSKLOH� sRPH 
H[DPSOHV RI QXFOHRSKLOHV DUH WKH QHJDWLYHO\ 
FKDUJHG LRQV ZLWK ORQH SDLU RI HOHFWURQV  VXFK 
DV K\GUR[LGH �ho– �� F\DQLGH �nc–� LRQV DQG 
FDUEDQLRQV �r�c�–�� nHXWUDO PROHFXOHV VXFK 
DV  HWF�� FDQ DOVR DFW DV 
QXFOHRSKLOHV GXH WR WKH SUHVHQFH RI ORQH 
SDLU RI HOHFWURQV� e[DPSOHV RI HOHFWURSKLOHV 
LQFOXGH FDUERFDWLRQV �c

�
h�� DQG QHXWUDO 

PROHFXOHV KDYLQJ IXQFWLRQDO JURXSV OLNH 
FDUERQ\O JURXS �!c o� RU DON\O KDOLGHV 
�r�c�;� ZKHUH ; LV D KDORJHQ DWRP�� tKH 
FDUERQ DWRP LQ FDUERFDWLRQV KDV VH[WHW 
FRQILJXUDWLRQ� KHQFH� LW LV HOHFWURQ GHILFLHQW 
DQG FDQ UHFHLYH D SDLU RI HOHFWURQV IURP WKH 
QXFOHRSKLOHV� iQ QHXWUDO PROHFXOHV VXFK DV 
DON\O KDOLGHV� GXH WR WKH SRODULW\ RI WKH c�; 
ERQG D SDUWLDO SRVLWLYH FKDUJH LV JHQHUDWHG 
RQ WKH FDUERQ DWRP DQG KHQFH WKH FDUERQ 
DWRP EHFRPHV DQ HOHFWURSKLOLF FHQWUH DW ZKLFK 
D QXFOHRSKLOH FDQ DWWDFN�

Problem 8.11
uVLQJ FXUYHG�DUURZ QRWDWLRQ� VKRZ WKH 
IRUPDWLRQ RI UHDFWLYH  LQWHUPHGLDWHV ZKHQ 
WKH IROORZLQJ FRYDOHQW ERQGV XQGHUJR 
KHWHURO\WLF FOHDYDJH� 

�D� ch�–sch�� �E� ch�–cn� �F� ch�–cX

solution 

Problem 8.12

gLYLQJ MXVWLILFDWLRQ� FDWHJRULVH WKH 
IROORZLQJ PROHFXOHV�LRQV DV QXFOHRSKLOH 
RU HOHFWURSKLOH�

Cl,CH C O,H N , NO

solution

1XFOHRpKLOHs� hs–�c�h�o
–��ch���n�h�n�– 

tKHVH VSHFLHV KDYH XQVKDUHG SDLU RI 
HOHFWURQV� ZKLFK FDQ EH GRQDWHG DQG 
VKDUHG ZLWK DQ HOHFWURSKLOH�

(OHFWURpKLOHs� b)��c�
�
h�–c

�
 o�n

� 
o�� 

rHDFWLYH VLWHV KDYH RQO\ VL[ YDOHQFH 
HOHFWURQV� FDQ DFFHSW HOHFWURQ SDLU IURP 
D QXFOHRSKLOH�

Problem 8.13
iGHQWLI\ HOHFWURSKLOLF FHQWUH LQ WKH 
IROORZLQJ� ch�ch o� ch�cn� ch�i�

solution

aPRQJ ch�hc
 o� h�cc
�n� DQG 
h�c


–i� WKH VWDUUHG FDUERQ DWRPV DUH 
HOHFWURSKLOLF FHQWHUV DV WKH\ ZLOO KDYH 
SDUWLDO SRVLWLYH FKDUJH GXH WR SRODULW\ RI 
WKH ERQG� 

8.7.3 electron movement in Organic 
reactions

tKH PRYHPHQW RI HOHFWURQV LQ RUJDQLF 
UHDFWLRQV FDQ EH VKRZQ E\ FXUYHG�DUURZ 
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QRWDWLRQ� iW VKRZV KRZ FKDQJHV LQ ERQGLQJ 
RFFXU GXH WR HOHFWURQLF UHGLVWULEXWLRQ GXULQJ 
WKH UHDFWLRQ� tR VKRZ WKH FKDQJH LQ SRVLWLRQ 
RI D SDLU RI HOHFWURQV� FXUYHG DUURZ VWDUWV 
IURP WKH SRLQW IURP ZKHUH DQ HOHFWURQ SDLU LV 
VKLIWHG DQG LW HQGV DW D ORFDWLRQ WR ZKLFK WKH 
SDLU RI HOHFWURQ PD\ PRYH� 

pUHVHQWDWLRQ RI VKLIWLQJ RI HOHFWURQ SDLU LV 
JLYHQ EHORZ � 

�L� IURP S ERQG WR   
   DGMDFHQW ERQG SRVLWLRQ

�LL� IURP S ERQG WR   
   DGMDFHQW DWRP

�LLL�  IURP DWRP WR DGMDFHQW 
   ERQG SRVLWLRQ

mRYHPHQW RI VLQJOH HOHFWURQ LV LQGLFDWHG E\ 
D VLQJOH EDUEHG µILVK KRRNV¶ �L�H� KDOI KHDGHG 
FXUYHG DUURZ�� )RU H[DPSOH� LQ WUDQVIHU RI 
K\GUR[LGH LRQ JLYLQJ HWKDQRO DQG LQ WKH 
GLVVRFLDWLRQ RI FKORURPHWKDQH� WKH PRYHPHQW 
RI HOHFWURQ XVLQJ FXUYHG DUURZV FDQ EH 
GHSLFWHG DV IROORZV� 

8.7.4 electron displacement effects in 
covalent Bonds 

tKH HOHFWURQ GLVSODFHPHQW LQ DQ RUJDQLF 
PROHFXOH PD\ WDNH SODFH HLWKHU LQ WKH JURXQG 
VWDWH XQGHU WKH LQIOXHQFH RI DQ DWRP RU D 
VXEVWLWXHQW JURXS RU LQ WKH SUHVHQFH RI DQ 
DSSURSULDWH DWWDFNLQJ UHDJHQW� tKH HOHFWURQ 
GLVSODFHPHQWV GXH WR WKH LQIOXHQFH RI 
DQ DWRP RU D VXEVWLWXHQW JURXS SUHVHQW LQ 
WKH PROHFXOH FDXVH SHUPDQHQW SRODUOLVDWLRQ 
RI WKH ERQG� iQGXFWLYH HIIHFW DQG UHVRQDQFH 
HIIHFWV DUH H[DPSOHV RI WKLV W\SH RI HOHFWURQ 
G LVS ODFHPHQWV �  tHPSRUDU\  H OHFWURQ 
GLVSODFHPHQW HIIHFWV DUH VHHQ LQ D PROHFXOH 
ZKHQ D UHDJHQW DSSURDFKHV WR DWWDFN LW� 
tKLV W\SH RI HOHFWURQ GLVSODFHPHQW LV FDOOHG 
HOHFWURPHULF HIIHFW RU SRODULVDELOLW\ HIIHFW� 
iQ WKH IROORZLQJ VHFWLRQV ZH ZLOO OHDUQ DERXW 
WKHVH W\SHV RI HOHFWURQLF GLVSODFHPHQWV�

8.7.5 inductive effect

:KHQ D FRYDOHQW ERQG LV IRUPHG EHWZHHQ 
DWRPV RI GLIIHUHQW HOHFWURQHJDWLYLW\� WKH 
HOHFWURQ GHQVLW\ LV PRUH WRZDUGV WKH PRUH 
HOHFWURQHJDWLYH DWRP RI WKH ERQG� sXFK D VKLIW 
RI HOHFWURQ GHQVLW\ UHVXOWV LQ D SRODU FRYDOHQW 
ERQG� bRQG SRODULW\ OHDGV WR YDULRXV HOHFWURQLF 
HIIHFWV LQ RUJDQLF FRPSRXQGV� 

lHW XV FRQVLGHU FKRORUHWKDQH �ch�ch�cO� 
LQ ZKLFK WKH c–cO ERQG LV D SRODU FRYDOHQW 
ERQG� iW LV SRODULVHG LQ VXFK D ZD\ WKDW WKH 
FDUERQ�� JDLQV VRPH SRVLWLYH FKDUJH �G�� 
DQG WKH FKORULQH VRPH QHJDWLYH FKDUJH �G–�� 
tKH IUDFWLRQDO HOHFWURQLF FKDUJHV RQ WKH WZR 
DWRPV LQ D SRODU FRYDOHQW ERQG DUH GHQRWHG 
E\ V\PERO G �GHOWD� DQG WKH VKLIW RI HOHFWURQ 
GHQVLW\ LV VKRZQ E\ DQ DUURZ WKDW SRLQWV IURP 
G� WR G– HQG RI WKH SRODU ERQG�

GG� G� G�
ch�→ch�→cO
� �

iQ WXUQ FDUERQ��� ZKLFK KDV GHYHORSHG 
SDUWLDO SRVLWLYH FKDUJH �G�� GUDZV VRPH 
HOHFWURQ GHQVLW\ WRZDUGV LW IURP WKH DGMDFHQW 
c�c ERQG� cRQVHTXHQWO\� VRPH SRVLWLYH FKDUJH 
�GG�� GHYHORSV RQ FDUERQ�� DOVR� ZKHUH GG� 

V\PEROLVHV UHODWLYHO\ VPDOOHU SRVLWLYH FKDUJH 
DV FRPSDUHG WR WKDW RQ FDUERQ – �� iQ RWKHU 
ZRUGV� WKH SRODU c – cO ERQG LQGXFHV SRODULW\ 
LQ WKH DGMDFHQW ERQGV� sXFK SRODULVDWLRQ RI  
V�ERQG FDXVHG E\ WKH SRODULVDWLRQ RI DGMDFHQW 
V�ERQG LV UHIHUUHG WR DV WKH inductive effect� 
tKLV HIIHFW LV SDVVHG RQ WR WKH VXEVHTXHQW 
ERQGV DOVR EXW WKH HIIHFW GHFUHDVHV UDSLGO\ 
DV WKH QXPEHU RI LQWHUYHQLQJ ERQGV LQFUHDVHV 
DQG EHFRPHV YDQLVKLQJO\ VPDOO DIWHU WKUHH 
ERQGV� tKH LQGXFWLYH HIIHFW LV UHODWHG WR WKH 
DELOLW\ RI VXEVWLWXHQW�V� WR HLWKHU ZLWKGUDZ RU 
GRQDWH HOHFWURQ GHQVLW\ WR WKH DWWDFKHG FDUERQ 
DWRP� bDVHG RQ WKLV DELOLW\� WKH VXEVWLWXWHQWV 
FDQ EH FODVVLILHG DV HOHFWURQ�ZLWKGUDZLQJ RU 
HOHFWURQ GRQDWLQJ JURXSV UHODWLYH WR K\GURJHQ� 
hDORJHQV DQG PDQ\ RWKHU JURXSV VXFK DV 
QLWUR �� no��� F\DQR  �� cn�� FDUER[\ �� cooh�� 
HVWHU �coor�� DU\OR[\ ��oaU� H�J� – oc�h��� HWF� 
DUH HOHFWURQ�ZLWKGUDZLQJ JURXSV� oQ WKH RWKHU 
KDQG� WKH DON\O JURXSV OLNH PHWK\O �–ch�� DQG 
HWK\O �–ch�–ch�� DUH XVXDOO\ FRQVLGHUHG DV 
HOHFWURQ GRQDWLQJ JURXSV�
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Problem 8.14

:KLFK ERQG LV PRUH SRODU LQ WKH IROORZLQJ 
SDLUV RI PROHFXOHV� �D� h�c�h� h�c�bU 
�E� h�c�nh�� h�c�oh �F� h�c�oh� 
h�c�sh 

solution

�D� c–bU� VLQFH bU LV PRUH HOHFWURQHJDWLYH 
WKDQ h� �E� c–o� �F� c–o 

Problem 8.15

iQ ZKLFK c–c ERQG RI ch�ch�ch�bU� WKH 
LQGXFWLYH HIIHFW LV H[SHFWHG WR EH WKH OHDVW"

solution

mDJQLWXGH RI LQGXFWLYH HIIHFW GLPLQLVKHV 
DV WKH QXPEHU RI LQWHUYHQLQJ ERQGV 
LQFUHDVHV� hHQFH� WKH HIIHFW LV OHDVW LQ WKH 
ERQG EHWZHHQ FDUERQ�� DQG K\GURJHQ�

8.7.6  resonance structure

tKHUH DUH PDQ\ RUJDQLF PROHFXOHV ZKRVH 
EHKDYLRXU FDQQRW EH H[SODLQHG E\ D VLQJOH lHZLV 
VWUXFWXUH� aQ H[DPSOH LV WKDW RI  
EHQ]HQH� iWV F\FOLF VWUXFWXUH 
FRQWDLQLQJ DOWHUQDWLQJ  c–c VLQJOH 
DQG c c  GRXEOH ERQGV VKRZQ 
LV LQDGHTXDWH IRU H[SODLQLQJ LWV 
FKDUDFWHULVWLF SURSHUWLHV� 

aV SHU WKH DERYH UHSUHVHQWDWLRQ� EHQ]HQH 
VKRXOG H[KLELW WZR GLIIHUHQW ERQG OHQJWKV� 
GXH WR c–c VLQJOH DQG c c GRXEOH ERQGV� 
hRZHYHU� DV GHWHUPLQHG H[SHULPHQWDOO\ 
EHQ]HQH KDV D XQLIRUP c–c ERQG GLVWDQFHV 
RI ��� SP� D YDOXH LQWHUPHGLDWH EHWZHHQ WKH 
c–c VLQJOH���� SP� DQG c c GRXEOH ���� 
SP� ERQGV� tKXV� WKH VWUXFWXUH RI EHQ]HQH 
FDQQRW EH UHSUHVHQWHG DGHTXDWHO\ E\ WKH 
DERYH VWUXFWXUH� )XUWKHU� EHQ]HQH FDQ EH 
UHSUHVHQWHG HTXDOO\ ZHOO E\ WKH HQHUJHWLFDOO\ 
LGHQWLFDO VWUXFWXUHV i DQG ii� 

EHQ]HQH FDQQRW EH DGHTXDWHO\ UHSUHVHQWHG 
E\ DQ\ RI WKHVH VWUXFWXUHV� UDWKHU LW LV 
D K\EULG RI WKH WZR VWUXFWXUHV �i DQG ii� 
FDOOHG UHsRQDQFH sWUXFWXUHs� the resonance 
structures (canonical structures or 
contributing structures) are hypothetical 
and individually do not represent any 
real molecule. tKH\ FRQWULEXWH WR WKH DFWXDO 
VWUXFWXUH LQ SURSRUWLRQ WR WKHLU VWDELOLW\�

aQRWKHU H[DPSOH RI UHVRQDQFH LV SURYLGHG 
E\ QLWURPHWKDQH �ch�no�� ZKLFK FDQ EH 
UHSUHVHQWHG E\ WZR lHZLV VWUXFWXUHV� �i DQG 
ii�� tKHUH DUH WZR W\SHV RI n�o ERQGV LQ WKHVH 
VWUXFWXUHV�

however, it is known that the two n–O 
bonds of nitromethane are of the same 
length (intermediate between a n–O single 
bond and a n=O double bond). the actual 
structure of nitromethane is therefore 
a resonance hybrid of the two canonical 
forms i and ii. 

tKH HQHUJ\ RI DFWXDO VWUXFWXUH RI WKH PROHFXOH 
�WKH UHVRQDQFH K\EULG� LV ORZHU WKDQ WKDW RI 
DQ\ RI WKH FDQRQLFDO VWUXFWXUHV� tKH GLIIHUHQFH 
LQ HQHUJ\ EHWZHHQ WKH DFWXDO VWUXFWXUH DQG WKH 
ORZHVW HQHUJ\ UHVRQDQFH VWUXFWXUH LV FDOOHG WKH 
resonance stabilisation energy RU VLPSO\ 
WKH resonance energy� tKH PRUH WKH QXPEHU 
RI LPSRUWDQW FRQWULEXWLQJ VWUXFWXUHV� WKH 
PRUH LV WKH UHVRQDQFH HQHUJ\� rHVRQDQFH LV 
SDUWLFXODUO\ LPSRUWDQW ZKHQ WKH FRQWULEXWLQJ 
VWUXFWXUHV DUH HTXLYDOHQW LQ HQHUJ\�

tKH IROORZLQJ UXOHV DUH DSSOLHG ZKLOH ZULWLQJ 
UHVRQDQFH VWUXFWXUHV� 

tKH UHVRQDQFH VWUXFWXUHV KDYH �L� WKH VDPH 
SRVLWLRQV RI QXFOHL DQG �LL� WKH VDPH QXPEHU RI 
XQSDLUHG HOHFWURQV� aPRQJ WKH UHVRQDQFH 
VWUXFWXUHV� WKH RQH ZKLFK KDV PRUH QXPEHU 
RI FRYDOHQW ERQGV� DOO WKH DWRPV ZLWK RFWHW 
RI HOHFWURQV �H[FHSW K\GURJHQ ZKLFK KDV D 
GXSOHW�� OHVV VHSDUDWLRQ RI RSSRVLWH FKDUJHV� �D 
QHJDWLYH FKDUJH LI DQ\ RQ PRUH HOHFWURQHJDWLYH 
DWRP� D SRVLWLYH FKDUJH LI DQ\ RQ PRUH 
HOHFWURSRVLWLYH DWRP� DQG PRUH GLVSHUVDO RI 
FKDUJH� LV PRUH VWDEOH WKDQ RWKHUV�  

bHQ]HQH

tKHUHIRUH� DFFRUGLQJ WR WKH UHVRQDQFH 
WKHRU\ �uQLW �� WKH DFWXDO VWUXFWXUH RI 
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Problem 8.16

:ULWH UHVRQDQFH VWUXFWXUHV RI ch�coo–

DQG VKRZ WKH PRYHPHQW RI HOHFWURQV E\ 
FXUYHG DUURZV�

solution

)LUVW� ZULWH WKH VWUXFWXUH DQG SXW 
XQVKDUHG SDLUV RI YDOHQFH HOHFWURQV RQ 
DSSURSULDWH DWRPV� tKHQ GUDZ WKH DUURZV 
RQH DW D WLPH PRYLQJ WKH HOHFWURQV WR JHW 
WKH RWKHU VWUXFWXUHV�

Problem 8.17

:UL WH  UHVRQDQFH  V W UXF WXUHV  R I 
ch� ch–cho� iQGLFDWH UHODWLYH VWDELOLW\ 
RI WKH FRQWULEXWLQJ VWUXFWXUHV�

solution

solution

tKH WZR VWUXFWXUHV DUH OHVV LPSRUWDQW 
FRQWULEXWRUV DV WKH\ LQYROYH FKDUJH 
VHSDUDWLRQ� aGGLWLRQDOO\� VWUXFWXUH 
i FRQWDLQV D FDUERQ DWRP ZLWK DQ 
LQFRPSOHWH RFWHW�

8.7.7 resonance effect

tKH UHVRQDQFH HIIHFW LV GHILQHG DV µWKH SRODULW\ 
SURGXFHG LQ WKH PROHFXOH E\ WKH LQWHUDFWLRQ 
RI WZR S�ERQGV RU EHWZHHQ D S�ERQG DQG 
ORQH SDLU RI HOHFWURQV SUHVHQW RQ DQ DGMDFHQW 
DWRP¶� tKH HIIHFW LV WUDQVPLWWHG WKURXJK WKH 
FKDLQ� tKHUH DUH WZR W\SHV RI UHVRQDQFH RU 
PHVRPHULF HIIHFW GHVLJQDWHG DV r RU m HIIHFW�

(i) Positive Resonance Effect (+R effect) 

iQ WKLV HIIHFW� WKH WUDQVIHU RI HOHFWURQV LV DZD\ 
IURP DQ DWRP RU VXEVWLWXHQW JURXS DWWDFKHG 
WR WKH FRQMXJDWHG V\VWHP� tKLV HOHFWURQ 
GLVSODFHPHQW PDNHV FHUWDLQ SRVLWLRQV LQ WKH 
PROHFXOH RI KLJK HOHFWURQ GHQVLWLHV� tKLV HIIHFW 
LQ DQLOLQH LV VKRZQ DV� 

sWDELOLW\� i ! ii ! iii

>i� mRVW VWDEOH�  PRUH QXPEHU RI FRYDOHQW 
ERQGV� HDFK FDUERQ DQG R[\JHQ DWRP KDV 
DQ RFWHW DQG QR VHSDUDWLRQ RI RSSRVLWH 
FKDUJH ii� QHJDWLYH FKDUJH RQ PRUH 
HOHFWURQHJDWLYH DWRP DQG SRVLWLYH FKDUJH 
RQ PRUH HOHFWURSRVLWLYH DWRP� iii� GRHV 
QRW FRQWULEXWH DV R[\JHQ KDV SRVLWLYH 
FKDUJH DQG FDUERQ KDV QHJDWLYH FKDUJH� 
KHQFH OHDVW VWDEOH@�  

Problem 8.18
e[SODLQ ZK\ WKH IROORZLQJ WZR VWUXFWXUHV� 
i DQG ii FDQQRW EH WKH PDMRU FRQWULEXWRUV 
WR WKH UHDO VWUXFWXUH RI ch�cooch��

(ii) Negative Resonance Effect (- R effect)

tKLV HIIHFW LV REVHUYHG ZKHQ WKH WUDQVIHU RI 
HOHFWURQV LV WRZDUGV WKH DWRP RU VXEVWLWXHQW 
JURXS DWWDFKHG WR WKH FRQMXJDWHG V\VWHP� 
)RU H[DPSOH LQ QLWUREHQ]HQH WKLV HOHFWURQ 
GLVSODFHPHQW FDQ EH GHSLFWHG DV� 

tKH DWRPV RU VXEVWLWXHQW JURXSV� ZKLFK 
UHSUHVHQW �r RU –r HOHFWURQ GLVSODFHPHQW 
HIIHFWV DUH DV IROORZV� 

�r HIIHFW� – KDORJHQ� –oh� –or� –ocor� –nh�� 
–nhr� –nr�� –nhcor� 

– r HIIHFW� – cooh� –cho� !c o� – cn� –no�
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tKH SUHVHQFH RI DOWHUQDWH VLQJOH DQG 
GRXEOH ERQGV LQ DQ RSHQ FKDLQ RU F\FOLF V\VWHP 
LV WHUPHG DV D FRQMXJDWHG V\VWHP� tKHVH 
V\VWHPV RIWHQ VKRZ DEQRUPDO EHKDYLRXU� 
tKH H[DPSOHV DUH ���� EXWDGLHQH� DQLOLQH 
DQG QLWUREHQ]HQH HWF� iQ VXFK V\VWHPV� WKH 
S�HOHFWURQV DUH GHORFDOLVHG DQG WKH V\VWHP 
GHYHORSV SRODULW\�

8.7.8 electromeric effect (e effect)

iW LV D WHPSRUDU\ HIIHFW� tKH RUJDQLF FRPSRXQGV 
KDYLQJ D multiple bond �D GRXEOH RU WULSOH 
ERQG� VKRZ WKLV HIIHFW LQ WKH SUHVHQFH RI 
DQ DWWDFNLQJ UHDJHQW RQO\� iW LV GHILQHG DV 
WKH FRPSOHWH WUDQVIHU RI D VKDUHG SDLU RI 
S�HOHFWURQV WR RQH RI WKH DWRPV MRLQHG E\ D 
PXOWLSOH ERQG RQ WKH GHPDQG RI DQ DWWDFNLQJ 
UHDJHQW� tKH HIIHFW LV DQQXOOHG DV VRRQ DV WKH 
DWWDFNLQJ UHDJHQW LV UHPRYHG IURP WKH GRPDLQ 
RI WKH UHDFWLRQ� iW LV UHSUHVHQWHG E\ e DQG WKH 
VKLIWLQJ RI WKH HOHFWURQV LV VKRZQ E\ D FXUYHG 
DUURZ � �� tKHUH DUH WZR GLVWLQFW W\SHV RI 
HOHFWURPHULF HIIHFW� 
�L� pRVLWLYH eHOFWURPHULF eIIHFW ��e HIIHFW� iQ 
WKLV HIIHFW WKH S�HOHFWURQV RI WKH PXOWLSOH 
ERQG DUH WUDQVIHUUHG WR WKDW DWRP WR ZKLFK 
WKH UHDJHQW JHWV DWWDFKHG� )RU H[DPSOH� 

V\VWHP RU WR DQ DWRP ZLWK DQ XQVKDUHG 
p RUELWDO� tKH V�HOHFWURQV RI c²h ERQG RI WKH 
DON\O JURXS HQWHU LQWR SDUWLDO FRQMXJDWLRQ ZLWK 
WKH DWWDFKHG XQVDWXUDWHG V\VWHP RU ZLWK WKH 
XQVKDUHG p RUELWDO� h\SHUFRQMXJDWLRQ LV D 
SHUPDQHQW HIIHFW�

tR XQGHUVWDQG K\SHUFRQMXJDWLRQ HIIHFW� OHW 
XV WDNH DQ H[DPSOH RI ch� c

�
h� �HWK\O FDWLRQ� LQ 

ZKLFK WKH SRVLWLYHO\ FKDUJHG FDUERQ DWRP KDV 
DQ HPSW\ p RUELWDO� oQH RI WKH c�h ERQGV RI 
WKH PHWK\O JURXS FDQ DOLJQ LQ WKH SODQH RI WKLV 
HPSW\ p RUELWDO DQG WKH HOHFWURQV FRQVWLWXWLQJ 
WKH c�h ERQG LQ SODQH ZLWK WKLV p RUELWDO FDQ 
WKHQ EH GHORFDOLVHG LQWR WKH HPSW\ p RUELWDO 
DV GHSLFWHG LQ )LJ� ��� �D��

�LL� nHJDWLYH eOHFWURPHULF eIIHFW �–e HIIHFW� iQ 
WKLV HIIHFW WKH S � HOHFWURQV RI WKH PXOWLSOH 
ERQG DUH WUDQVIHUUHG WR WKDW DWRP WR ZKLFK 
WKH DWWDFNLQJ UHDJHQW GRHV QRW JHW DWWDFKHG� 
)RU H[DPSOH�

:KHQ LQGXFWLYH DQG HOHFWURPHULF HIIHFWV 
RSHUDWH LQ RSSRVLWH GLUHFWLRQV� WKH HOHFWRPHULF 
HIIHFW SUHGRPLQDWHV�

8.7.9 hyperconjugation

h\SHUFRQMXJDWLRQ LV D JHQHUDO VWDELOLVLQJ 
LQWHUDFWLRQ� iW LQYROYHV GHORFDOLVDWLRQ RI 
V�HOHFWURQV RI c²h ERQG RI DQ DON\O JURXS 
GLUHFWO\ DWWDFKHG WR DQ DWRP RI XQVDWXUDWHG 

Fig. 8.4(a) 2UELWDO  GLDJUDP sKRZLQJ
K\pHUFRQMXJDWLRQ LQ HWK\O FDWLRQ

tKLV W\SH RI RYHUODS VWDELOLVHV WKH 
FDUERFDWLRQ EHFDXVH HOHFWURQ GHQVLW\ IURP 
WKH DGMDFHQW V ERQG KHOSV LQ GLVSHUVLQJ WKH 
SRVLWLYH FKDUJH� 

iQ JHQHUDO� JUHDWHU WKH QXPEHU RI DON\O 
JURXSV DWWDFKHG WR D SRVLWLYHO\ FKDUJHG FDUERQ 
DWRP� WKH JUHDWHU LV WKH K\SHUFRQMXJDWLRQ 
LQWHUDFWLRQ DQG VWDELOLVDWLRQ RI WKH FDWLRQ� 
tKXV� ZH KDYH WKH IROORZLQJ UHODWLYH VWDELOLW\ 
RI FDUERFDWLRQV� 
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h\SHUFRQMXJDWLRQ LV DOVR SRVVLEOH LQ 
DONHQHV DQG DON\ODUHQHV� 

d H O R F D O L V D W L R Q  R I  H O H F W U R Q V  E \ 
K\SHUFRQMXJDWLRQ LQ WKH FDVH RI DONHQH FDQ 
EH GHSLFWHG DV LQ )LJ� ����E��

Problem 8.19 
e[SODLQ ZK\ �ch���c

�

LV PRUH VWDEOH 

WKDQ ch�c
�
h� DQG c

�
h� LV WKH OHDVW VWDEOH 

FDWLRQ� 

solution 
h\SHUFRQMXJDWLRQ LQWHUDFWLRQ LQ �ch���c

�

 LV
JUHDWHU WKDQ LQ ch�c

�
h� DV WKH �ch���c

�

  
KDV QLQH c�h ERQGV� iQ c

�
h�� YDFDQW p

RUELWDO LV SHUSHQGLFXODU WR WKH SODQH 
LQ ZKLFK c�h ERQGV OLH� KHQFH FDQQRW 
RYHUODS ZLWK LW� tKXV� c

�
h� ODFNV 

K\SHUFRQMXJDWLYH VWDELOLW\� 

8.7.10 types of Organic reactions and 
mechanisms

oUJDQLF UHDFWLRQV FDQ EH FODVVLILHG LQWR WKH 
IROORZLQJ FDWHJRULHV�
�L� sXEVWLWXWLRQ UHDFWLRQV
�LL� aGGLWLRQ UHDFWLRQV
�LLL� eOLPLQDWLRQ UHDFWLRQV
�LY� rHDUUDQJHPHQW UHDFWLRQV

yRX ZLOO EH VWXG\LQJ WKHVH UHDFWLRQV LQ 
uQLW � DQG ODWHU LQ FODVV ;ii�

8.8 methOds OF PuriFicatiOn OF
Organic cOmPOunds

oQFH DQ RUJDQLF FRPSRXQG LV H[WUDFWHG 
IURP D QDWXUDO VRXUFH RU V\QWKHVLVHG LQ WKH 
ODERUDWRU\� LW LV HVVHQWLDO WR SXULI\ LW� 9DULRXV  
PHWKRGV XVHG IRU WKH SXULILFDWLRQ RI RUJDQLF 
FRPSRXQGV DUH EDVHG RQ WKH QDWXUH RI WKH 
FRPSRXQG DQG WKH LPSXULW\ SUHVHQW LQ LW� 

tKH FRPPRQ WHFKQLTXHV XVHG IRU 
SXULILFDWLRQ DUH DV IROORZV �
�L� sXEOLPDWLRQ
�LL� cU\VWDOOLVDWLRQ
�LLL� dLVWLOODWLRQ
�LY� dLIIHUHQWLDO H[WUDFWLRQ DQG
�Y� cKURPDWRJUDSK\

)LQDOO\� WKH SXULW\ RI D FRPSRXQG LV
DVFHUWDLQHG E\ GHWHUPLQLQJ LWV PHOWLQJ RU 
ERLOLQJ SRLQW� mRVW RI WKH SXUH FRPSRXQGV 
KDYH VKDUS PHOWLQJ SRLQWV DQG ERLOLQJ SRLQWV� 
nHZ PHWKRGV RI FKHFNLQJ WKH SXULW\ RI DQ 
RUJDQLF FRPSRXQG DUH EDVHG RQ GLIIHUHQW 

Fig. 8.4(b) 2UELWDO GLDJUDP sKRZLQJ
K\pHUFRQMXJDWLRQ LQ pURpHQH

tKHUH DUH YDULRXV ZD\V RI ORRNLQJ DW WKH 
K\SHUFRQMXJDWLYH HIIHFW� oQH RI WKH ZD\ LV WR 
UHJDUG c²h ERQG DV SRVVHVVLQJ SDUWLDO LRQLF 
FKDUDFWHU GXH WR UHVRQDQFH�

tKH K\SHUFRQMXJDWLRQ PD\ DOVR EH 
UHJDUGHG DV QR ERQG UHVRQDQFH�
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W\SHV RI FKURPDWRJUDSKLF DQG VSHFWURVFRSLF 
WHFKQLTXHV�

8.8.1 sublimation

yRX KDYH OHDUQW HDUOLHU WKDW RQ KHDWLQJ� VRPH 
VROLG VXEVWDQFHV FKDQJH IURP VROLG WR YDSRXU 
VWDWH ZLWKRXW SDVVLQJ WKURXJK OLTXLG VWDWH� 
tKH SXULILFDWLRQ WHFKQLTXH EDVHG RQ WKH DERYH 
SULQFLSOH LV NQRZQ DV VXEOLPDWLRQ DQG LV XVHG 
WR VHSDUDWH VXEOLPDEOH FRPSRXQGV IURP QRQ�
VXEOLPDEOH LPSXULWLHV�

8.8.2 crystallisation

tKLV LV RQH RI WKH PRVW FRPPRQO\ XVHG 
WHFKQLTXHV IRU WKH SXULILFDWLRQ RI VROLG RUJDQLF 
FRPSRXQGV� iW LV EDVHG RQ WKH GLIIHUHQFH LQ 
WKH VROXELOLWLHV RI WKH FRPSRXQG DQG WKH 
LPSXULWLHV LQ D VXLWDEOH VROYHQW� tKH LPSXUH 
FRPSRXQG LV GLVVROYHG LQ D VROYHQW LQ ZKLFK LW 
LV VSDULQJO\ VROXEOH DW URRP WHPSHUDWXUH EXW 
DSSUHFLDEO\ VROXEOH DW KLJKHU WHPSHUDWXUH� 
tKH VROXWLRQ LV FRQFHQWUDWHG WR JHW D QHDUO\ 
VDWXUDWHG VROXWLRQ� oQ FRROLQJ WKH VROXWLRQ� 
SXUH FRPSRXQG FU\VWDOOLVHV RXW DQG LV 
UHPRYHG E\ ILOWUDWLRQ� tKH ILOWUDWH �PRWKHU 
OLTXRU� FRQWDLQV LPSXULWLHV DQG VPDOO TXDQWLW\ 
RI WKH FRPSRXQG� iI WKH FRPSRXQG LV KLJKO\ 
VROXEOH LQ RQH VROYHQW DQG YHU\ OLWWOH  VROXEOH 
LQ DQRWKHU VROYHQW� FU\VWDOOLVDWLRQ FDQ EH 
VDWLVIDFWRULO\ FDUULHG RXW LQ D PL[WXUH RI WKHVH 
VROYHQWV� iPSXULWLHV� ZKLFK LPSDUW FRORXU WR 
WKH VROXWLRQ DUH UHPRYHG E\ DGVRUELQJ RYHU 
DFWLYDWHG FKDUFRDO� rHSHDWHG FU\VWDOOLVDWLRQ 
EHFRPHV QHFHVVDU\ IRU WKH SXULILFDWLRQ 
RI FRPSRXQGV FRQWDLQLQJ LPSXULWLHV RI 
FRPSDUDEOH VROXELOLWLHV�

8.8.3 distillation

tKLV LPSRUWDQW PHWKRG LV XVHG WR VHSDUDWH 
�L� YRODWLOH OLTXLGV IURP QRQYRODWLOH LPSXULWLHV 
DQG �LL� WKH OLTXLGV KDYLQJ VXIILFLHQW GLIIHUHQFH 
LQ WKHLU ERLOLQJ SRLQWV� lLTXLGV KDYLQJ 
GLIIHUHQW ERLOLQJ SRLQWV YDSRULVH DW GLIIHUHQW 
WHPSHUDWXUHV� tKH YDSRXUV DUH FRROHG DQG 
WKH OLTXLGV VR IRUPHG DUH FROOHFWHG VHSDUDWHO\� 
cKORURIRUP �E�S ��� .� DQG DQLOLQH �E�S� ��� 
.� DUH HDVLO\ VHSDUDWHG E\ WKH WHFKQLTXH RI 
GLVWLOODWLRQ �)LJ ����� tKH OLTXLG PL[WXUH LV 
WDNHQ LQ D URXQG ERWWRP IODVN DQG KHDWHG 

FDUHIXOO\� oQ ERLOLQJ� WKH YDSRXUV RI ORZHU 
ERLOLQJ FRPSRQHQW DUH IRUPHG ILUVW� tKH 
YDSRXUV DUH FRQGHQVHG E\ XVLQJ D FRQGHQVHU 
DQG WKH OLTXLG LV FROOHFWHG LQ D UHFHLYHU�  
tKH YDSRXUV RI KLJKHU ERLOLQJ FRPSRQHQW 
IRUP ODWHU DQG WKH OLTXLG FDQ EH FROOHFWHG 
VHSDUDWHO\�

Fractional Distillation: iI WKH GLIIHUHQFH 
LQ ERLOLQJ SRLQWV RI WZR OLTXLGV LV QRW PXFK� 
VLPSOH GLVWLOODWLRQ FDQQRW EH XVHG WR VHSDUDWH 
WKHP�  tKH YDSRXUV RI VXFK OLTXLGV DUH IRUPHG 
ZLWKLQ WKH VDPH WHPSHUDWXUH UDQJH DQG DUH 
FRQGHQVHG VLPXOWDQHRXVO\�  tKH WHFKQLTXH RI 
IUDFWLRQDO GLVWLOODWLRQ LV XVHG LQ VXFK FDVHV� iQ 
WKLV WHFKQLTXH� YDSRXUV RI D OLTXLG PL[WXUH DUH 
SDVVHG WKURXJK D IUDFWLRQDWLQJ FROXPQ EHIRUH 
FRQGHQVDWLRQ� tKH IUDFWLRQDWLQJ FROXPQ LV 
ILWWHG RYHU WKH PRXWK RI WKH URXQG ERWWRP 
IODVN �)LJ����� SDJH �����

9DSRXUV RI WKH OLTXLG ZLWK KLJKHU ERLOLQJ 
SRLQW FRQGHQVH EHIRUH WKH YDSRXUV RI WKH 
OLTXLG ZLWK ORZHU ERLOLQJ SRLQW� tKH YDSRXUV 
ULVLQJ XS LQ WKH IUDFWLRQDWLQJ FROXPQ EHFRPH 
ULFKHU LQ PRUH YRODWLOH FRPSRQHQW� b\ WKH 

Fig.8.5 6LPpOH GLsWLOODWLRQ� 7KH YDpRXUs RI D
sXEsWDQFH IRUPHG DUH FRQGHQsHG DQG 
WKH OLTXLG Ls FROOHFWHG LQ FRQLFDO IODsN�

adaptor

conical
flask

adaptor
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WLPH WKH YDSRXUV UHDFK WR WKH WRS RI WKH 
IUDFWLRQDWLQJ FROXPQ� WKHVH DUH ULFK LQ WKH 
PRUH YRODWLOH FRPSRQHQW� )UDFWLRQDWLQJ 
FROXPQV DUH DYDLODEOH LQ YDULRXV VL]HV DQG 
GHVLJQV DV VKRZQ LQ )LJ����� a IUDFWLRQDWLQJ 
FROXPQ SURYLGHV PDQ\ VXUIDFHV IRU KHDW 
H[FKDQJH EHWZHHQ WKH DVFHQGLQJ YDSRXUV 
DQG WKH GHVFHQGLQJ FRQGHQVHG OLTXLG�  sRPH 
RI WKH FRQGHQVLQJ OLTXLG LQ WKH IUDFWLRQDWLQJ 
FROXPQ REWDLQV KHDW IURP WKH DVFHQGLQJ 
YDSRXUV DQG UHYDSRULVHV�  tKH YDSRXUV WKXV 
EHFRPH ULFKHU LQ ORZ ERLOLQJ FRPSRQHQW�  tKH 
YDSRXUV RI ORZ ERLOLQJ FRPSRQHQW DVFHQG 
WR WKH WRS RI WKH FROXPQ� oQ UHDFKLQJ WKH 
WRS� WKH YDSRXUV EHFRPH SXUH LQ ORZ ERLOLQJ 
FRPSRQHQW DQG SDVV WKURXJK WKH FRQGHQVHU 
DQG WKH SXUH OLTXLG LV FROOHFWHG LQ D UHFHLYHU�  
aIWHU D VHULHV RI VXFFHVVLYH GLVWLOODWLRQV� WKH 
UHPDLQLQJ OLTXLG LQ WKH GLVWLOODWLRQ IODVN JHWV 
HQULFKHG LQ KLJK ERLOLQJ FRPSRQHQW� eDFK 
VXFFHVVLYH FRQGHQVDWLRQ DQG YDSRULVDWLRQ Fig.8.7 'LIIHUHQW W\pHs RI IUDFWLRQDWLQJ FROXPQs�

XQLW LQ WKH IUDFWLRQDWLQJ FROXPQ LV FDOOHG D 
theoretical plate.  cRPPHUFLDOO\� FROXPQV 
ZLWK KXQGUHGV RI SODWHV DUH DYDLODEOH�

oQH RI WKH WHFKQRORJLFDO DSSOLFDWLRQV RI 
IUDFWLRQDO GLVWLOODWLRQ LV WR VHSDUDWH GLIIHUHQW 
IUDFWLRQV RI crude oil in petroleum industry.

Fig.8.6 )UDFWLRQDO GLsWLOODWLRQ� 7KH YDpRXUs RI ORZHU ERLOLQJ
IUDFWLRQ UHDFK WKH WRp RI WKH FROXPQ ILUsW IROORZHG E\ 
YDpRXUs RI KLJKHU ERLOLQJ IUDFWLRQs�

conical
flask

Distillation under reduced 
pressure: tKLV PHWKRG LV 
XVHG WR SXULI\ OLTXLGV KDYLQJ 
YHU\ KLJK ERLOLQJ SRLQWV DQG 
WKRVH� ZKLFK GHFRPSRVH DW 
RU EHORZ WKHLU ERLOLQJ SRLQWV� 
sXFK OLTXLGV DUH PDGH WR ERLO 
DW D WHPSHUDWXUH ORZHU WKDQ 
WKHLU QRUPDO ERLOLQJ SRLQWV 
E\ UHGXFLQJ WKH SUHVVXUH RQ 
WKHLU VXUIDFH� a OLTXLG ERLOV 
DW D WHPSHUDWXUH DW ZKLFK LWV 
YDSRXU SUHVVXUH LV HTXDO WR 
WKH H[WHUQDO SUHVVXUH� tKH 
SUHVVXUH LV UHGXFHG ZLWK 
WKH KHOS RI D ZDWHU SXPS 
RU YDFXXP SXPS �)LJ������ 
gO\FHURO FDQ EH VHSDUDWHG IURP 
spent-lye in soap industry E\ 
XVLQJ WKLV WHFKQLTXH�  
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Fig.8.8 'LsWLOODWLRQ XQGHU UHGXFHG pUHssXUH� $ OLTXLG ERLOs DW D WHPpHUDWXUH EHORZ LWs 
YDpRXU pUHssXUH E\ UHGXFLQJ WKH pUHssXUH�

Steam Distillation: tKLV WHFKQLTXH LV 
DSSOLHG WR VHSDUDWH VXEVWDQFHV ZKLFK DUH 
VWHDP YRODWLOH DQG DUH LPPLVFLEOH ZLWK ZDWHU� 
iQ VWHDP GLVWLOODWLRQ� VWHDP IURP D VWHDP 
JHQHUDWRU LV SDVVHG WKURXJK D KHDWHG IODVN 
FRQWDLQLQJ WKH OLTXLG WR EH GLVWLOOHG� tKH 
PL[WXUH RI VWHDP DQG WKH YRODWLOH RUJDQLF 
FRPSRXQG LV FRQGHQVHG DQG FROOHFWHG� tKH 
FRPSRXQG LV ODWHU VHSDUDWHG IURP ZDWHU XVLQJ 
D VHSDUDWLQJ IXQQHO� iQ VWHDP GLVWLOODWLRQ� 
WKH OLTXLG ERLOV ZKHQ WKH VXP RI YDSRXU 
SUHVVXUHV GXH WR WKH RUJDQLF OLTXLG �p�� 
DQG WKDW GXH WR ZDWHU �p�� EHFRPHV HTXDO WR 
WKH DWPRVSKHULF SUHVVXUH �p�� L�H� p  p�� p�� 
sLQFH p� LV ORZHU WKDQ p� WKH RUJDQLF OLTXLG 
YDSRULVHV DW ORZHU WHPSHUDWXUH WKDQ LWV 
ERLOLQJ SRLQW�

tKXV� LI RQH RI WKH VXEVWDQFHV LQ WKH 
PL[WXUH LV ZDWHU DQG WKH RWKHU� D ZDWHU 
LQVROXEOH VXEVWDQFH� WKHQ WKH PL[WXUH ZLOO ERLO 
FORVH WR EXW EHORZ� ���.� a PL[WXUH RI ZDWHU 
DQG WKH VXEVWDQFH LV REWDLQHG ZKLFK FDQ 
EH VHSDUDWHG E\ XVLQJ D VHSDUDWLQJ IXQQHO�  
aQLOLQH LV VHSDUDWHG E\ WKLV WHFKQLTXH IURP 
DQLOLQH – ZDWHU PL[WXUH  �)LJ����� pDJH �����

8.8.4 differential extraction
:KHQ DQ RUJDQLF FRPSRXQG LV SUHVHQW LQ DQ 
DTXHRXV PHGLXP� LW LV VHSDUDWHG E\ VKDNLQJ 
LW ZLWK DQ RUJDQLF VROYHQW LQ ZKLFK LW LV PRUH 
VROXEOH WKDQ LQ ZDWHU� tKH RUJDQLF VROYHQW DQG 
WKH DTXHRXV VROXWLRQ VKRXOG EH LPPLVFLEOH 
ZLWK HDFK RWKHU VR WKDW WKH\ IRUP WZR GLVWLQFW 
OD\HUV ZKLFK FDQ EH VHSDUDWHG E\ VHSDUDWRU\ 
IXQQHO� tKH RUJDQLF VROYHQW LV ODWHU UHPRYHG 
E\ GLVWLOODWLRQ RU E\ HYDSRUDWLRQ WR JHW EDFN 
WKH FRPSRXQG� dLIIHUHQWLDO H[WUDFWLRQ LV 
FDUULHG RXW LQ D VHSDUDWRU\ IXQQHO DV VKRZQ LQ 
)LJ� ���� �pDJH ����� iI WKH RUJDQLF FRPSRXQG 
LV OHVV VROXEOH LQ WKH RUJDQLF VROYHQW� D YHU\ 
ODUJH TXDQWLW\ RI VROYHQW ZRXOG EH UHTXLUHG 
WR H[WUDFW HYHQ D YHU\ VPDOO TXDQWLW\ RI WKH 
FRPSRXQG� tKH WHFKQLTXH RI continuous 
extraction LV HPSOR\HG LQ VXFK FDVHV� iQ WKLV 
WHFKQLTXH VDPH VROYHQW LV UHSHDWHGO\ XVHG IRU 
H[WUDFWLRQ RI WKH FRPSRXQG�  
8.8.5  chromatography
cKURPDWRJUDSK\ LV DQ LPSRUWDQW WHFKQLTXH 
H[WHQVLYHO\ XVHG WR VHSDUDWH PL[WXUHV LQWR 
WKHLU FRPSRQHQWV� SXULI\ FRPSRXQGV DQG 
DOVR WR WHVW WKH SXULW\ RI FRPSRXQGV� tKH 

Unit 8.indd   281 10/10/2022   10:37:36 AM

Reprint 2026-27



��� chemistry

QDPH FKURPDWRJUDSK\ LV EDVHG RQ WKH gUHHN 
ZRUG FKURPD� IRU FRORXU VLQFH WKH PHWKRG 
ZDV ILUVW XVHG IRU WKH VHSDUDWLRQ RI FRORXUHG 
VXEVWDQFHV IRXQG LQ SODQWV� iQ WKLV WHFKQLTXH� 
WKH PL[WXUH RI VXEVWDQFHV LV DSSOLHG RQWR D 
VWDWLRQDU\ SKDVH� ZKLFK PD\ EH D VROLG RU D 
OLTXLG� a SXUH VROYHQW� D PL[WXUH RI VROYHQWV� 
RU D JDV LV DOORZHG WR PRYH VORZO\ RYHU WKH 
VWDWLRQDU\ SKDVH� tKH FRPSRQHQWV RI WKH 
PL[WXUH JHW JUDGXDOO\ VHSDUDWHG IURP RQH 
DQRWKHU� tKH PRYLQJ SKDVH LV FDOOHG WKH 
PRELOH SKDVH�

bDVHG RQ WKH SULQFLSOH LQYROYHG� 
FKURPDWRJUDSK\ LV FODVVLILHG LQWR GLIIHUHQW 
FDWHJRULHV� tZR RI WKHVH DUH�
�D� aGVRUSWLRQ FKURPDWRJUDSK\� DQG 
�E� pDUWLWLRQ FKURPDWRJUDSK\�  

a) Adsorption Chromatography: aGVRU�
SWLRQ FKURPDWRJUDSK\ LV EDVHG RQ WKH IDFW 
WKDW GLIIHUHQW FRPSRXQGV DUH DGVRUEHG RQ 
DQ DGVRUEHQW WR GLIIHUHQW GHJUHHV� cRPPRQO\ 
XVHG DGVRUEHQWV DUH VLOLFD JHO DQG DOXPLQD�  
:KHQ D PRELOH SKDVH LV DOORZHG WR PRYH 
RYHU D VWDWLRQDU\ SKDVH �DGVRUEHQW�� WKH 
FRPSRQHQWV RI WKH PL[WXUH PRYH E\ YDU\LQJ 

GLVWDQFHV RYHU WKH VWDWLRQDU\ SKDVH� )ROORZLQJ 
DUH WZR PDLQ W\SHV RI FKURPDWRJUDSKLF 
WHFKQLTXHV EDVHG RQ WKH SULQFLSOH RI GLIIHUHQWLDO 
DGVRUSWLRQ�  

�D� cROXPQ FKURPDWRJUDSK\� DQG 
�E� tKLQ OD\HU FKURPDWRJUDSK\�

Fig.8.10 'LIIHUHQWLDO H[WUDFWLRQ� ([WUDFWLRQ RI FRP�
pRXQG WDNHs pODFH EDsHG RQ GLIIHUHQFH 
LQ sROXELOLW\ 

stopper

Fig.8.9  6WHDP GLsWLOODWLRQ�  6WHDP YRODWLOH FRPpRQHQW YRODWLOL]Hs� WKH YDpRXUs FRQGHQsH 
LQ WKH FRQGHQsHU DQG WKH OLTXLG FROOHFWs LQ FRQLFDO IODsN�
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Column Chromatography:  cROXPQ 
FKURPDWRJUDSK\ LQYROYHV VHSDUDWLRQ RI 
D PL[WXUH RYHU D  FROXPQ RI DGVRUEHQW 
�VWDWLRQDU\ SKDVH� SDFNHG LQ D JODVV WXEH� 
tKH FROXPQ LV ILWWHG ZLWK D VWRSFRFN DW LWV 
ORZHU HQG �)LJ� ������  tKH PL[WXUH DGVRUEHG 
RQ DGVRUEHQW LV SODFHG RQ WKH WRS RI WKH 
DGVRUEHQW FROXPQ SDFNHG LQ D JODVV WXEH�  
aQ DSSURSULDWH HOXDQW ZKLFK LV D OLTXLG RU D 
PL[WXUH RI OLTXLGV LV DOORZHG WR IORZ GRZQ WKH 
FROXPQ VORZO\�  dHSHQGLQJ XSRQ WKH GHJUHH WR 
ZKLFK WKH FRPSRXQGV DUH DGVRUEHG� FRPSOHWH 
VHSDUDWLRQ WDNHV SODFH�  tKH PRVW UHDGLO\ 
DGVRUEHG VXEVWDQFHV DUH UHWDLQHG QHDU WKH WRS 
DQG RWKHUV FRPH GRZQ WR YDULRXV GLVWDQFHV 
LQ WKH FROXPQ �)LJ�������

tKH JODVV SODWH LV WKHQ SODFHG LQ D FORVHG MDU 
FRQWDLQLQJ WKH HOXDQW �)LJ� ����D�� aV WKH 
HOXDQW ULVHV XS WKH SODWH� WKH FRPSRQHQWV RI 
WKH PL[WXUH PRYH XS DORQJ ZLWK WKH HOXDQW WR 
GLIIHUHQW GLVWDQFHV GHSHQGLQJ RQ WKHLU GHJUHH 
RI DGVRUSWLRQ DQG VHSDUDWLRQ WDNHV SODFH� 
tKH UHODWLYH DGVRUSWLRQ RI HDFK FRPSRQHQW 
RI WKH PL[WXUH LV H[SUHVVHG LQ WHUPV RI LWV 
retardation factor L�H� rf value �)LJ����� E��

5
I 
 'LsWDQFH PRYHG E\ WKH sXEsWDQFH IURP EDsH OLQH �[�     

'LsWDQFH PRYHG E\ WKH sROYHQW IURP EDsH OLQH �\�

Fig.8.11  &ROXPQ FKURPDWRJUDpK\� 'LIIHUHQW 
sWDJHs RI sHpDUDWLRQ RI FRPpRQHQWs 
RI D PL[WXUH�

Thin Layer Chromatography: tKLQ OD\HU 
FKURPDWRJUDSK\ �tlc� LV DQRWKHU W\SH RI 
DGVRUSWLRQ FKURPDWRJUDSK\� ZKLFK LQYROYHV 
VHSDUDWLRQ RI VXEVWDQFHV RI D PL[WXUH RYHU 
D WKLQ OD\HU RI DQ DGVRUEHQW FRDWHG RQ JODVV 
SODWH�  a WKLQ OD\HU �DERXW ���PP WKLFN� RI 
DQ DGVRUEHQW �VLOLFD JHO RU DOXPLQD� LV VSUHDG 
RYHU D JODVV SODWH RI VXLWDEOH VL]H� tKH SODWH 
LV NQRZQ DV WKLQ OD\HU FKURPDWRJUDpK\ pODWH 
RU FKURPDpODWH� tKH VROXWLRQ RI WKH PL[WXUH 
WR EH VHSDUDWHG LV DSSOLHG DV D VPDOO VSRW 
DERXW � FP DERYH RQH HQG RI WKH tlc SODWH�  

tKH VSRWV RI FRORXUHG FRPSRXQGV DUH 
YLVLEOH RQ tlc SODWH GXH WR WKHLU RULJLQDO FRORXU�  
tKH VSRWV RI FRORXUOHVV FRPSRXQGV� ZKLFK DUH 
LQYLVLEOH WR WKH H\H EXW IOXRUHVFH LQ XOWUDYLROHW 
OLJKW� FDQ EH GHWHFWHG E\ SXWWLQJ WKH SODWH XQGHU 
XOWUDYLROHW OLJKW� aQRWKHU GHWHFWLRQ WHFKQLTXH 
LV WR SODFH WKH SODWH LQ D FRYHUHG MDU FRQWDLQLQJ 
D IHZ FU\VWDOV RI LRGLQH� sSRWV RI FRPSRXQGV� 
ZKLFK DGVRUE LRGLQH� ZLOO VKRZ XS DV EURZQ 
VSRWV�  sRPHWLPHV DQ DSSURSULDWH UHDJHQW 
PD\ DOVR EH VSUD\HG RQ WKH SODWH� )RU H[DPSOH� 
DPLQR DFLGV PD\ EH GHWHFWHG E\ VSUD\LQJ WKH 
SODWH ZLWK QLQK\GULQ VROXWLRQ �)LJ�����E��

Fig.8.12 (b)    'HYHORpHG FKURPDWRJUDP�

Fig.8.12 (a) 7KLQ OD\HU FKURPDWRJUDpK\�
&KURPDWRJUDP EHLQJ GHYHORpHG� 
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VSRW RQ WKH FKURPDWRJUDP� tKH VSRWV RI WKH 
VHSDUDWHG FRORXUOHVV FRPSRXQGV PD\ EH 
REVHUYHG HLWKHU XQGHU XOWUDYLROHW OLJKW RU E\ 
WKH XVH RI DQ DSSURSULDWH VSUD\ UHDJHQW DV 
GLVFXVVHG XQGHU WKLQ OD\HU FKURPDWRJUDSK\�  

8.9 qualitatiVe analysis OF Organic 
cOmPOunds

tKH HOHPHQWV SUHVHQW LQ RUJDQLF FRPSRXQGV 
DUH FDUERQ DQG K\GURJHQ� iQ DGGLWLRQ WR 
WKHVH� WKH\ PD\ DOVR FRQWDLQ R[\JHQ� QLWURJHQ� 
VXOSKXU� KDORJHQV DQG SKRVSKRUXV�

8.9.1  detection of carbon and hydrogen

cDUERQ DQG K\GURJHQ DUH GHWHFWHG E\ KHDWLQJ 
WKH FRPSRXQG ZLWK FRSSHU�ii� R[LGH� cDUERQ 
SUHVHQW LQ WKH FRPSRXQG LV R[LGLVHG WR 
FDUERQ GLR[LGH �WHVWHG ZLWK OLPH�ZDWHU� ZKLFK 
GHYHORSV WXUELGLW\� DQG K\GURJHQ WR ZDWHU 
�WHVWHG ZLWK DQK\GURXV FRSSHU VXOSKDWH� 
ZKLFK WXUQV EOXH��
c � �cXo  �cX � co�

h� � cXo  cX � h�o
co� � cD�oh��  cDco�� � h�o
�h�o � cXso�  cXso���h�o

:KLWH bOXH

8.9.2  detection of Other elements 

nLWURJHQ� VXOSKXU� KDORJHQV DQG SKRVSKRUXV  
SUHVHQW LQ DQ RUJDQLF FRPSRXQG DUH GHWHFWHG 
E\ “lassaigne’s test”� tKH HOHPHQWV SUHVHQW 
LQ WKH FRPSRXQG DUH FRQYHUWHG IURP FRYDOHQW 
IRUP LQWR WKH LRQLF IRUP E\ IXVLQJ WKH 
FRPSRXQG ZLWK VRGLXP PHWDO� )ROORZLQJ 
UHDFWLRQV WDNH SODFH�

nD � c � n nDcn

�nD � s nD�s

nD � ;  nD ; 
�;   cO� bU RU i� 

c� n� s DQG ; FRPH IURP RUJDQLF FRPSRXQG�

c\DQLGH� VXOSKLGH DQG KDOLGH RI VRGLXP VR 
IRUPHG RQ VRGLXP IXVLRQ DUH H[WUDFWHG IURP 
WKH IXVHG PDVV E\ ERLOLQJ LW ZLWK GLVWLOOHG 
ZDWHU� tKLV H[WUDFW LV NQRZQ DV VRGLXP IXVLRQ 
H[WUDFW�

(A) Test for Nitrogen 

tKH VRGLXP IXVLRQ H[WUDFW LV ERLOHG ZLWK 
LURQ�ii� VXOSKDWH DQG WKHQ DFLGLILHG ZLWK 

Partition Chromatography: pDUWLWLRQ 
FKURPDWRJUDSK\ LV EDVHG RQ FRQWLQXRXV 
GLIIHUHQWLDO SDUWLWLRQLQJ RI FRPSRQHQWV RI 
D PL[WXUH EHWZHHQ VWDWLRQDU\ DQG PRELOH 
SKDVHV� pDSHU FKURPDWRJUDSK\ LV D W\SH 
RI SDUWLWLRQ FKURPDWRJUDSK\� iQ SDSHU 
FKURPDWRJUDSK\� D VSHFLDO TXDOLW\ SDSHU 
NQRZQ DV FKURPDWRJUDSK\ SDSHU LV XVHG� 
cKURPDWRJUDSK\ SDSHU FRQWDLQV ZDWHU WUDSSHG 
LQ LW� ZKLFK DFWV DV WKH VWDWLRQDU\ SKDVH�

a VWULS RI FKURPDWRJUDSK\ SDSHU VSRWWHG 
DW WKH EDVH ZLWK WKH VROXWLRQ RI WKH PL[WXUH LV 
VXVSHQGHG LQ D VXLWDEOH VROYHQW RU D PL[WXUH 
RI VROYHQWV �)LJ� ������ tKLV VROYHQW DFWV DV WKH 
PRELOH SKDVH� tKH VROYHQW ULVHV XS WKH SDSHU 
E\ FDSLOODU\ DFWLRQ DQG IORZV RYHU WKH VSRW� tKH 
SDSHU VHOHFWLYHO\ UHWDLQV GLIIHUHQW FRPSRQHQWV 
DFFRUGLQJ WR WKHLU GLIIHULQJ SDUWLWLRQ LQ WKH 
WZR SKDVHV�   tKH SDSHU VWULS VR GHYHORSHG LV 
NQRZQ DV D FKURPDWRJUDP�  tKH VSRWV RI WKH 
VHSDUDWHG FRORXUHG FRPSRXQGV DUH YLVLEOH DW 
GLIIHUHQW KHLJKWV IURP WKH SRVLWLRQ RI LQLWLDO 

Fig.8.13 3DpHU FKURPDWRJUDpK\�
&KURPDWRJUDpK\ pDpHU LQ WZR GLIIHUHQW 
sKDpHs�
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FRQFHQWUDWHG VXOSKXULF DFLG� tKH IRUPDWLRQ 
RI pUXVVLDQ EOXH FRORXU FRQILUPV WKH SUHVHQFH 
RI QLWURJHQ� sRGLXP F\DQLGH ILUVW UHDFWV 
ZLWK LURQ�ii� VXOSKDWH DQG IRUPV VRGLXP 
KH[DF\DQLGRIHUUDWH�ii�� oQ KHDWLQJ ZLWK 
FRQFHQWUDWHG VXOSKXULF DFLG VRPH LURQ�ii� 
LRQV DUH R[LGLVHG WR LURQ�iii� LRQV ZKLFK 
UHDFW ZLWK VRGLXP KH[DF\DQLGRIHUUDWH�ii� 
WR SURGXFH LURQ�iii� KH[DF\DQLGRIHUUDWH�ii� 
�IHUULIHUURF\DQLGH� ZKLFK LV pUXVVLDQ EOXH LQ 
FRORXU� 

�cn– � )H��  →   >)H�cn��@
�–

�>)H�cn��@
�– � �)H��  )H�>)H�cn��@��[h�o

pUXVVLDQ EOXH
(B) Test for Sulphur 
�D� tKH VRGLXP IXVLRQ H[WUDFW LV DFLGLILHG

ZLWK DFHWLF DFLG DQG OHDG DFHWDWH LV DGGHG 
WR LW� a EODFN SUHFLSLWDWH RI OHDG VXOSKLGH 
LQGLFDWHV WKH SUHVHQFH RI VXOSKXU�

s�– � pE�� → pEs 
    bODFN

�E� oQ WUHDWLQJ VRGLXP IXVLRQ H[WUDFW ZLWK 
VRGLXP QLWURSUXVVLGH� DSSHDUDQFH RI 
D YLROHW FRORXU IXUWKHU LQGLFDWHV WKH 
SUHVHQFH RI VXOSKXU�

s�– � >)H�cn��no@�– → >)H�cn��nos@�–

9LROHW
iQ FDVH� QLWURJHQ DQG VXOSKXU ERWK DUH 

SUHVHQW LQ DQ RUJDQLF FRPSRXQG� VRGLXP 
WKLRF\DQDWH LV IRUPHG� iW JLYHV EORRG UHG FRORXU 
DQG QR pUXVVLDQ EOXH VLQFH WKHUH DUH QR IUHH 
F\DQLGH LRQV�

nD � c � n � s →       nDscn
)H�� �scn–   →      >)H�scn�@��

           bORRG UHG
iI VRGLXP IXVLRQ LV FDUULHG RXW ZLWK H[FHVV 

RI VRGLXP� WKH WKLRF\DQDWH GHFRPSRVHV WR 
\LHOG F\DQLGH DQG VXOSKLGH� tKHVH LRQV JLYH 
WKHLU XVXDO WHVWV�

nDscn � �nD   →  nDcn�nD�s

(C) Test for Halogens 

tKH VRGLXP IXVLRQ H[WUDFW LV DFLGLILHG ZLWK 
QLWULF DFLG DQG WKHQ WUHDWHG ZLWK VLOYHU QLWUDWH� 
a ZKLWH SUHFLSLWDWH� VROXEOH LQ DPPRQLXP 
K\GUR[LGH VKRZV WKH SUHVHQFH RI FKORULQH� 
D \HOORZLVK SUHFLSLWDWH� VSDULQJO\ VROXEOH LQ 
DPPRQLXP K\GUR[LGH VKRZV WKH SUHVHQFH RI 

EURPLQH DQG D \HOORZ SUHFLSLWDWH� LQVROXEOH 
LQ DPPRQLXP K\GUR[LGH VKRZV WKH SUHVHQFH 
RI LRGLQH�

;– � aJ� → aJ;
; UHSUHVHQWV D KDORJHQ – cO� bU RU i�

iI QLWURJHQ RU VXOSKXU LV DOVR SUHVHQW LQ WKH 
FRPSRXQG� WKH VRGLXP IXVLRQ H[WUDFW LV 
ILUVW ERLOHG ZLWK FRQFHQWUDWHG QLWULF DFLG WR 
GHFRPSRVH F\DQLGH RU VXOSKLGH RI VRGLXP 
IRUPHG GXULQJ lDVVDLJQH¶V WHVW� tKHVH LRQV 
ZRXOG RWKHUZLVH LQWHUIHUH ZLWK VLOYHU QLWUDWH 
WHVW IRU KDORJHQV�

(D) Test for Phosphorus 

tKH FRPSRXQG LV KHDWHG ZLWK DQ R[LGLVLQJ 
DJHQW �VRGLXP SHUR[LGH�� tKH SKRVSKRUXV 
SUHVHQW LQ WKH FRPSRXQG LV R[LGLVHG WR 
SKRVSKDWH� tKH VROXWLRQ LV ERLOHG ZLWK QLWULF 
DFLG DQG WKHQ WUHDWHG ZLWK DPPRQLXP 
PRO\EGDWH� a \HOORZ FRORXUDWLRQ RU SUHFLSLWDWH 
LQGLFDWHV WKH SUHVHQFH RI SKRVSKRUXV�     

nD�po� � �hno�  →  h�po���nDno�

h�po�   � ���nh���mRo�   �   ��hno� →
aPPRQLXP

PRO\EGDWH
�nh���po����mRo� � ��nh�no� � ��h�o

aPPRQLXP
SKRVSKRPRO\EGDWH

8.10  quantitatiVe analysis

qXDQWLWDWLYH DQDO\VLV RI FRPSRXQGV LV YHU\ 
LPSRUWDQW LQ RUJDQLF FKHPLVWU\� iW KHOSV 
FKHPLVWV LQ WKH GHWHUPLQDWLRQ RI PDVV SHU 
FHQW RI HOHPHQWV SUHVHQW LQ D FRPSRXQG� yRX 
KDYH OHDUQW LQ uQLW�� WKDW PDVV SHU FHQW RI 
HOHPHQWV LV UHTXLUHG IRU WKH GHWHUPLQDWLRQ RI 
HPSHULFDO DQG PROHFXODU IRUPXOD�

tKH SHUFHQWDJH FRPSRVLWLRQ RI HOHPHQWV 
SUHVHQW LQ DQ RUJDQLF FRPSRXQG LV GHWHUPLQHG 
E\ WKH IROORZLQJ PHWKRGV�

8.10.1  carbon and hydrogen 

bRWK FDUERQ DQG K\GURJHQ DUH HVWLPDWHG LQ 
RQH H[SHULPHQW� a NQRZQ PDVV RI DQ RUJDQLF 
FRPSRXQG LV EXUQW LQ WKH SUHVHQFH RI  H[FHVV 
RI R[\JHQ DQG FRSSHU�ii� R[LGH� cDUERQ DQG 
K\GURJHQ LQ WKH FRPSRXQG DUH R[LGLVHG WR 
FDUERQ GLR[LGH DQG ZDWHU UHVSHFWLYHO\�

c[h\ � �[  �  \��� o� → [ co�  �  �\��� h�o
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tKH PDVV RI ZDWHU SURGXFHG LV GHWHUPLQHG 
E\ SDVVLQJ WKH PL[WXUH WKURXJK D ZHLJKHG 
u�WXEH FRQWDLQLQJ DQK\GURXV FDOFLXP FKORULGH� 
cDUERQ GLR[LGH LV DEVRUEHG LQ DQRWKHU u�WXEH 
FRQWDLQLQJ FRQFHQWUDWHG VROXWLRQ RI SRWDVVLXP 
K\GUR[LGH� tKHVH WXEHV DUH FRQQHFWHG LQ VHULHV 
�)LJ� ������ tKH LQFUHDVH LQ PDVVHV RI FDOFLXP 
FKORULGH DQG SRWDVVLXP K\GUR[LGH JLYHV WKH 
DPRXQWV RI ZDWHU DQG FDUERQ GLR[LGH IURP 
ZKLFK WKH SHUFHQWDJHV RI FDUERQ DQG K\GURJHQ 
DUH FDOFXODWHG�

lHW WKH PDVV RI RUJDQLF FRPSRXQG EH 
P J� PDVV RI ZDWHU DQG FDUERQ GLR[LGH 
SURGXFHG EH P� DQG P� J UHVSHFWLYHO\�

pHUFHQWDJH RI FDUERQ  212 100

44

m

m

× ×
×

pHUFHQWDJH RI K\GURJHQ    12 100

18

m

m

× ×
×

Problem 8.20
oQ FRPSOHWH FRPEXVWLRQ� ����� J RI DQ 
RUJDQLF FRPSRXQG JDYH �����J RI FDUERQ 
GLR[LGH DQG ������J RI ZDWHU�  dHWHUPLQH 
WKH SHUFHQWDJH FRPSRVLWLRQ RI FDUERQ 
DQG K\GURJHQ LQ WKH FRPSRXQG�

solution
12 0.198 100

Percentageof carbon
44 0.246

21.95%

× ×=
×

=

   pHUFHQWDJH RI K\GURJHQ 
2 0.1014 100

18 0.246
4.58%

× ×=
×

=

8.10.2  nitrogen 
tKHUH DUH WZR PHWKRGV IRU HVWLPDWLRQ RI 
QLWURJHQ� �L� dXPDV PHWKRG DQG �LL� .MHOGDKO¶V 
PHWKRG�
(i) Dumas method: tKH QLWURJHQ FRQWDLQLQJ 
RUJDQLF FRPSRXQG� ZKHQ KHDWHG ZLWK FRSSHU 
R[LGH LQ DQ DWPRVSKHUH RI FDUERQ GLR[LGH� 
\LHOGV IUHH QLWURJHQ LQ DGGLWLRQ WR FDUERQ 
GLR[LGH DQG ZDWHU�

c[h\n] � ��[  �  \��� cXo  →  

    [ co� � \�� h�o  �  ]�� n� � ��[ � \��� cX

tUDFHV RI QLWURJHQ R[LGHV IRUPHG� LI 
DQ\� DUH UHGXFHG WR QLWURJHQ E\ SDVVLQJ WKH 
JDVHRXV PL[WXUH RYHU D KHDWHG FRSSHU JDX]H� 
tKH PL[WXUH RI JDVHV VR SURGXFHG LV FROOHFWHG 
RYHU DQ DTXHRXV VROXWLRQ RI SRWDVVLXP 
K\GUR[LGH ZKLFK DEVRUEV FDUERQ GLR[LGH�  
nLWURJHQ LV FROOHFWHG LQ WKH XSSHU SDUW RI WKH 
JUDGXDWHG WXEH �)LJ�������
lHW WKH PDVV RI RUJDQLF FRPSRXQG    P J
9ROXPH RI QLWURJHQ FROOHFWHG   9� Pl

rRRP WHPSHUDWXUH   7�.

1 1

1

273
Volumeof nitrogen atSTP

760

(Let it be mL)

PV

T

V

×=
×

:KHUH p� DQG 9� DUH WKH SUHVVXUH DQG 
YROXPH RI QLWURJHQ� p� LV GLIIHUHQW IURP WKH 
DWPRVSKHULF SUHVVXUH DW ZKLFK QLWURJHQ JDV 
LV FROOHFWHG�  tKH YDOXH RI p� LV REWDLQHG E\ 
WKH UHODWLRQ�

p�  aWPRVSKHULF SUHVVXUH – aTXHRXV WHQVLRQ

����� Pl n� DW stp ZHLJKV �� J�

Fig.8.14 (sWLPDWLRQ RI FDUERQ DQG K\GURJHQ� :DWHU DQG FDUERQ GLR[LGH IRUPHG RQ R[LGDWLRQ RI sXEsWDQFH 
DUH DEsRUEHG LQ DQK\GURXs FDOFLXP FKORULGH DQG pRWDssLXP K\GUR[LGH sROXWLRQs UHspHFWLYHO\ 
FRQWDLQHG LQ 8 WXEHs�
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2

28
mLN atSTPweighs g

22400

V
V

×=

pHUFHQWDJH RI QLWURJHQ   
28 100

22400

V

m

× ×
×

Problem 8.21
iQ dXPDV¶ PHWKRG IRU HVWLPDWLRQ RI 
QLWURJHQ� ���J RI DQ RUJDQLF FRPSRXQG 
JDYH ��Pl RI QLWURJHQ FROOHFWHG DW ���. 
WHPSHUDWXUH DQG ���PP SUHVVXUH� 
cDOFXODWH WKH SHUFHQWDJH FRPSRVLWLRQ 
RI QLWURJHQ LQ WKH FRPSRXQG� �aTXHRXV 
WHQVLRQ DW ���. �� PP�

solution 

9ROXPH RI QLWURJHQ FROOHFWHG DW ���. DQG 
���PP SUHVVXUH LV �� Pl
aFWXDO SUHVVXUH   ������  ��� PP

273 700 50
Volumeof nitrogen atSTP

300 760
41.9mL

× ×
×

������ Pl RI n� DW stp ZHLJKV     �� J

28 41.9
41.9mLof nitrogen weighs

22400
g

×=

28 41.9 100
Percentageof nitrogen

22400 0.3
17.46%

× ×=
×

=

Fig. 8.15 'XPDs PHWKRG�  7KH RUJDQLF FRPpRXQG \LHOGs QLWURJHQ JDs RQ KHDWLQJ LW ZLWK 
FRppHU�,,� R[LGH LQ WKH pUHsHQFH RI &2

�
 JDs� 7KH PL[WXUH RI JDsHs Ls FROOHFWHG RYHU 

pRWDssLXP K\GUR[LGH sROXWLRQ LQ ZKLFK &2
�
 Ls DEsRUEHG DQG YROXPH RI QLWURJHQ 

JDs Ls GHWHUPLQHG�

(ii) Kjeldahl’s method: tKH FRPSRXQG 
FRQWDLQLQJ QLWURJHQ LV KHDWHG ZLWK FRQFHQWUDWHG 
VXOSKXULF DFLG� nLWURJHQ LQ WKH FRPSRXQG 
JHWV FRQYHUWHG WR DPPRQLXP VXOSKDWH 
�)LJ� ������ tKH UHVXOWLQJ DFLG PL[WXUH LV WKHQ 
KHDWHG ZLWK H[FHVV RI VRGLXP K\GUR[LGH� 
tKH OLEHUDWHG DPPRQLD JDV LV DEVRUEHG LQ 
DQ H[FHVV RI VWDQGDUG VROXWLRQ RI VXOSKXULF 
DFLG� tKH DPRXQW RI DPPRQLD SURGXFHG LV 
GHWHUPLQHG E\ HVWLPDWLQJ WKH DPRXQW RI 
VXOSKXULF DFLG FRQVXPHG LQ WKH UHDFWLRQ� iW 
LV GRQH E\ HVWLPDWLQJ XQUHDFWHG VXOSKXULF 
DFLG OHIW DIWHU WKH DEVRUSWLRQ RI DPPRQLD E\ 
WLWUDWLQJ LW ZLWK VWDQGDUG DONDOL VROXWLRQ� tKH 
GLIIHUHQFH EHWZHHQ WKH LQLWLDO DPRXQW RI DFLG 
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WDNHQ DQG WKDW OHIW DIWHU WKH UHDFWLRQ JLYHV WKH 
DPRXQW RI DFLG UHDFWHG ZLWK DPPRQLD� 

oUJDQLF FRPSRXQG � h�so�  →  �nh���so�   

Na2SO4 + 2NH3 + 2H2O
�nh�   � h�so�   →   �nh���so�

lHW WKH PDVV RI RUJDQLF FRPSRXQG WDNHQ   P J
9ROXPH RI h�so� RI PRODULW\� m�  
WDNHQ     9 Pl
9ROXPH RI nDoh RI PRODULW\� m� XVHG IRU 
WLWUDWLRQ RI H[FHVV RI  h�so�   9� Pl
9�Pl RI nDoh RI PRODULW\ m  

  9� �� Pl RI  h�so� RI PRODULW\ m
9ROXPH RI h�so� RI PRODULW\ m XQXVHG 
  �9 � 9���� Pl

�9� 9���� Pl RI  h�so�  RI PRODULW\ m  

   ��9�9���� Pl RI nh� VROXWLRQ RI 
PRODULW\ m�
���� Pl RI � m nh� VROXWLRQ FRQWDLQV 
��J nh� RU �� J RI n
��9�9���� Pl RI  nh� VROXWLRQ RI PRODULW\ m 
FRQWDLQV�

114 M 2(V V / 2)
g N

1000

× × −

114 M 2(V V / 2) 100
Percentageof N

1000
1.4 M 2(V V / 2)

m

m

× × −= ×

× × −=

.MHOGDKO PHWKRG LV QRW DSSOLFDEOH WR 
FRPSRXQGV FRQWDLQLQJ QLWURJHQ LQ QLWUR DQG 
D]R JURXSV DQG QLWURJHQ SUHVHQW LQ WKH ULQJ 
�H�J� S\ULGLQH� DV QLWURJHQ RI WKHVH FRPSRXQGV 
GRHV QRW FKDQJH WR DPPRQLXP VXOSKDWH 
XQGHU WKHVH FRQGLWLRQV�

Problem 8.22

dXULQJ HVWLPDWLRQ RI QLWURJHQ SUHVHQW 
LQ DQ RUJDQLF FRPSRXQG E\ .MHOGDKO¶V 
PHWKRG� WKH DPPRQLD HYROYHG IURP 
��� J RI WKH FRPSRXQG LQ .MHOGDKO¶V 
HVWLPDWLRQ RI QLWURJHQ� QHXWUDOL]HG �� Pl 
RI � m h�so�� )LQG RXW WKH SHUFHQWDJH RI 
QLWURJHQ LQ WKH FRPSRXQG�

solution           

� m RI �� Pl h�so� �m RI  �� Pl nh�

���� Pl RI �m DPPRQLD FRQWDLQV �� J 
QLWURJHQ
�� Pl RI  �m DPPRQLD FRQWDLQV 

Fig.8.16 .MHOGDKO PHWKRG� 1LWURJHQ�FRQWDLQLQJ FRPpRXQG Ls WUHDWHG ZLWK FRQFHQWUDWHG +
�
62

�
 WR JHW 

DPPRQLXP sXOpKDWH ZKLFK OLEHUDWHs DPPRQLD RQ WUHDWLQJ ZLWK 1D2+� DPPRQLD Ls DEsRUEHG 
LQ NQRZQ YROXPH RI sWDQGDUG DFLG�
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14 20

1000

× J  QLWURJHQ

14×20×100
Percentageof nitrogen =56.0%

1000×0.5
=

                  

8.10.3  halogens

Carius method:  a NQRZQ PDVV RI DQ RUJDQLF 
FRPSRXQG LV KHDWHG ZLWK IXPLQJ QLWULF DFLG LQ 
WKH SUHVHQFH RI VLOYHU QLWUDWH FRQWDLQHG LQ D KDUG 
JODVV WXEH NQRZQ DV cDULXV WXEH� �)LJ������

pHUFHQWDJH RI KDORJHQ

1atomicmassof X m g

molecularmassof AgX

×=

Problem 8.23

iQ cDULXV PHWKRG RI HVWLPDWLRQ RI 
KDORJHQ� ���� J RI DQ RUJDQLF FRPSRXQG 
JDYH ���� J RI aJbU� )LQG RXW WKH 
SHUFHQWDJH RI EURPLQH LQ WKH FRPSRXQG�

solution 

mRODU PDVV RI aJbU   ��� � �� 
                                         ��� J PRO��

��� J aJbU FRQWDLQV �� J EURPLQH

���� J aJbU FRQWDLQV 
×80 0.12 g
188

 J EURPLQH

× ×
=

=

80 0.12 100
Percentageof bromine

188×0.15
34.04%

8.10.4  sulphur 

a NQRZQ PDVV RI DQ RUJDQLF FRPSRXQG LV 
KHDWHG LQ D cDULXV WXEH ZLWK VRGLXP SHUR[LGH 
RU IXPLQJ QLWULF DFLG� sXOSKXU SUHVHQW LQ WKH 
FRPSRXQG LV R[LGLVHG WR VXOSKXULF DFLG�  iW 
LV SUHFLSLWDWHG DV EDULXP VXOSKDWH E\ DGGLQJ 
H[FHVV RI EDULXP FKORULGH VROXWLRQ LQ ZDWHU� 
tKH SUHFLSLWDWH LV ILOWHUHG� ZDVKHG� GULHG DQG 
ZHLJKHG� tKH SHUFHQWDJH RI VXOSKXU FDQ EH 
FDOFXODWHG IURP WKH PDVV RI EDULXP VXOSKDWH�

lHW WKH PDVV RI RUJDQLF 

FRPSRXQG WDNHQ    P J
DQG WKH PDVV RI EDULXP 

VXOSKDWH IRUPHG   P�J
� PRO RI bDso�   ��� J bDso�   �� J VXOSKXU

P� J bDso� FRQWDLQV 132 100
233

m
m

× ×
×
 J VXOSKXU

132 100Percentageof sulphur
233

m
m

× ×=
×

Fig. 8.17 &DULXs PHWKRG� +DORJHQ FRQWDLQLQJ
RUJDQLF FRPpRXQG Ls KHDWHG ZLWK IXPLQJ 
QLWULF DFLG LQ WKH pUHsHQFH RI sLOYHU 
QLWUDWH�

 LQ D IXUQDFH� cDUERQ DQG K\GURJHQ SUHVHQW LQ 
WKH FRPSRXQG DUH R[LGLVHG WR FDUERQ GLR[LGH 
DQG ZDWHU� tKH KDORJHQ SUHVHQW IRUPV WKH 
FRUUHVSRQGLQJ VLOYHU KDOLGH �aJ;�� iW LV ILOWHUHG� 
ZDVKHG� GULHG DQG ZHLJKHG�
lHW WKH PDVV RI RUJDQLF 
  FRPSRXQG WDNHQ   P J 
mDVV RI aJ; IRUPHG   P� J 
� PRO RI aJ; FRQWDLQV � PRO RI  ;

mDVV RI KDORJHQ LQ P�J RI aJ;

1atomicmassof X m g

molecularmassof AgX

×=

Problem 8.24

iQ VXOSKXU HVWLPDWLRQ� ����� J RI DQ 
RUJDQLF FRPSRXQG JDYH ������ J RI 
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SHUFHQWDJH FRPSRVLWLRQ ����� DQG WKH VXP RI 
WKH SHUFHQWDJHV RI DOO RWKHU HOHPHQWV� hRZHYHU� 
R[\JHQ FDQ DOVR EH HVWLPDWHG GLUHFWO\ DV IROORZV�

a GHILQLWH PDVV RI DQ RUJDQLF FRPSRXQG LV 
GHFRPSRVHG E\ KHDWLQJ LQ D VWUHDP RI QLWURJHQ 
JDV� tKH PL[WXUH RI JDVHRXV SURGXFWV FRQWDLQLQJ 
R[\JHQ LV SDVVHG RYHU UHG�KRW FRNH ZKHQ DOO 
WKH R[\JHQ LV FRQYHUWHG WR FDUERQ PRQR[LGH� 
tKLV PL[WXUH LV SDVVHG WKURXJK ZDUP LRGLQH 
SHQWR[LGH �i�o�� ZKHQ  FDUERQ PRQR[LGH LV 
R[LGLVHG WR FDUERQ GLR[LGH SURGXFLQJ LRGLQH�

cRPSRXQG heat   o� � RWKHU JDVHRXV   
    SURGXFWV  

�c � o�
1373K   �co@ï × �  �a�

i�o� � �co → i�  �   �co�@ï × � �b�

oQ PDNLQJ WKH DPRXQW RI co SURGXFHG LQ 
HTXDWLRQ �a� HTXDO WR WKH DPRXQW RI co XVHG 
LQ HTXDWLRQ �b� E\ PXOWLSO\LQJ WKH HTXDWLRQV 
�a� DQG �b� E\ � DQG � UHVSHFWLYHO\� ZH ILQG 
WKDW HDFK PROH RI R[\JHQ OLEHUDWHG IURP 
WKH FRPSRXQG ZLOO SURGXFH WZR PROHV RI 
FDUERQGLR[LGH�
tKXV �� J FDUERQ GLR[LGH LV REWDLQHG LI �� J 
R[\JHQ LV OLEHUDWHG�
lHW WKH PDVV RI RUJDQLF FRPSRXQG WDNHQ EH P J 
mDVV RI FDUERQ GLR[LGH SURGXFHG EH P� J
∴ P� J FDUERQ GLR[LGH LV REWDLQHG IURP 

1
2

32 g O
88

m×

∴pHUFHQWDJH RI R[\JHQ   132 100 %
88

m
m

× ×
×

tKH SHUFHQWDJH RI R[\JHQ FDQ EH GHULYHG 
IURP WKH DPRXQW RI LRGLQH SURGXFHG DOVR�

pUHVHQWO\� WKH HVWLPDWLRQ RI HOHPHQWV LQ 
DQ RUJDQLF FRPSRXQG LV FDUULHG RXW E\ XVLQJ 
PLFURTXDQWLWLHV RI VXEVWDQFHV DQG DXWRPDWLF 
H[SHULPHQWDO WHFKQLTXHV� tKH HOHPHQWV� 
FDUERQ� K\GURJHQ DQG QLWURJHQ SUHVHQW LQ D 
FRPSRXQG DUH GHWHUPLQHG E\ DQ DSSDUDWXV 
NQRZQ DV c�h�n HOHPHQWDO DQDO\sHU� tKH 
DQDO\VHU UHTXLUHV RQO\ D YHU\ VPDOO DPRXQW 
RI WKH VXEVWDQFH ���� PJ� DQG GLVSOD\V WKH 
YDOXHV RQ D VFUHHQ ZLWKLQ D VKRUW WLPH� a 
GHWDLOHG GLVFXVVLRQ RI VXFK PHWKRGV LV EH\RQG 
WKH VFRSH RI WKLV ERRN�

EDULXP VXOSKDWH�  :KDW LV WKH SHUFHQWDJH 
RI VXOSKXU LQ WKH FRPSRXQG"

solution  

mROHFXODU PDVV RI bDso�    ���������

   ��� J 

��� J bDso� FRQWDLQV �� J VXOSKXU

������ J bDso� FRQWDLQV 
32 0.4813 g

233
×

J  VXOSKXU

32 0.4813 100Percentageof sulphur
233 0.157

42.10%

× ×
=

×
=

8.10.5  Phosphorus 

a NQRZQ PDVV RI DQ RUJDQLF FRPSRXQG LV 
KHDWHG ZLWK IXPLQJ QLWULF DFLG ZKHUHXSRQ 
SKRVSKRUXV SUHVHQW LQ WKH FRPSRXQG LV 
R[LGLVHG WR SKRVSKRULF DFLG� iW LV SUHFLSLWDWHG 
DV DPPRQLXP SKRVSKRPRO\EGDWH� �nh���

po����mRo�� E\ DGGLQJ DPPRQLD DQG 
DPPRQLXP PRO\EGDWH� aOWHUQDWLYHO\� 
SKRVSKRULF DFLG PD\ EH SUHFLSLWDWHG DV 
mJnh�po� E\ DGGLQJ PDJQHVLD PL[WXUH ZKLFK 
RQ LJQLWLRQ \LHOGV mJ�p�o��

lHW WKH PDVV RI RUJDQLF FRPSRXQG WDNHQ 
  P J DQG PDVV RI DPPRQLXP SKRVSKR 
PRO\GDWH   P�J

mRODU PDVV RI �nh���po����mRo�   ����J

pHUFHQWDJH RI SKRVSKRUXV 131 100 %
1877

m
m

× ×
=

×

iI SKRVSKRUXV LV HVWLPDWHG DV mJ�p�o�� 

pHUFHQWDJH RI SKRVSKRUXV 162 100 %
222
m× ×

= ×

ZKHUH� ��� X LV WKH PRODU PDVV RI mJ�p�o�� 
P� WKH PDVV RI RUJDQLF FRPSRXQG WDNHQ� 
P�� WKH PDVV RI mJ�p�o� IRUPHG DQG ��� WKH 
PDVV RI WZR SKRVSKRUXV DWRPV SUHVHQW LQ WKH 
FRPSRXQG mJ�p�o��

8.10.6  Oxygen 

tKH SHUFHQWDJH RI R[\JHQ LQ DQ RUJDQLF FRPSRXQG 
LV XVXDOO\ IRXQG E\ GLIIHUHQFH EHWZHHQ WKH WRWDO 

Unit 8.indd   290 20-03-2026   11:15:08

Reprint 2026-27



���organic chemistry – some basic principles and techniques 

summary

iQ WKLV XQLW� ZH KDYH OHDUQW VRPH EDVLF FRQFHSWV LQ VWUXFWXUH DQG UHDFWLYLW\ RI RUJDQLF 
FRPSRXQGV� ZKLFK DUH IRUPHG GXH WR FRYDOHQW ERQGLQJ� tKH QDWXUH RI WKH FRYDOHQW ERQGLQJ 
LQ RUJDQLF FRPSRXQGV FDQ EH GHVFULEHG LQ WHUPV RI orbitals hybridisation FRQFHSW� 
DFFRUGLQJ WR ZKLFK FDUERQ FDQ KDYH sp�� sp� DQG sp K\EULGLVHG RUELWDOV� tKH sp�� sp� DQG sp
K\EULGLVHG FDUERQV DUH IRXQG LQ FRPSRXQGV OLNH PHWKDQH� HWKHQH DQG HWK\QH UHVSHFWLYHO\� 
tKH WHWUDKHGUDO VKDSH RI PHWKDQH� SODQDU VKDSH RI HWKHQH DQG OLQHDU VKDSH RI HWK\QH FDQ 
EH XQGHUVWRRG RQ WKH EDVLV RI WKLV FRQFHSW� a sp� K\EULG RUELWDO FDQ RYHUODS ZLWK �s RUELWDO 
RI K\GURJHQ WR JLYH D FDUERQ � K\GURJHQ �c–h� VLQJOH ERQG �VLJPD� V ERQG�� oYHUODS RI D sp�

RUELWDO RI RQH FDUERQ ZLWK sp� RUELWDO RI DQRWKHU UHVXOWV LQ WKH IRUPDWLRQ RI D FDUERQ–FDUERQ 
V ERQG� tKH XQK\EULGLVHG p RUELWDOV RQ WZR DGMDFHQW FDUERQV FDQ XQGHUJR ODWHUDO �VLGH�
E\�VLGH� RYHUODS WR JLYH D SL �S� ERQG� oUJDQLF FRPSRXQGV FDQ EH UHSUHVHQWHG E\ YDULRXV 
VWUXFWXUDO IRUPXODV� tKH WKUHH GLPHQVLRQDO UHSUHVHQWDWLRQ RI RUJDQLF FRPSRXQGV RQ SDSHU 
FDQ EH GUDZQ E\ wedge DQG dash IRUPXOD�

oUJDQLF FRPSRXQGV FDQ EH FODVVLILHG RQ WKH EDVLV RI WKHLU VWUXFWXUH RU WKH IXQFWLRQDO 
JURXSV WKH\ FRQWDLQ� a functional group LV DQ DWRP RU JURXS RI DWRPV ERQGHG WRJHWKHU LQ D 
XQLTXH IDVKLRQ DQG ZKLFK GHWHUPLQHV WKH SK\VLFDO DQG  FKHPLFDO SURSHUWLHV RI WKH FRPSRXQGV� 
tKH QDPLQJ RI WKH RUJDQLF FRPSRXQGV LV FDUULHG RXW E\ IROORZLQJ D VHW RI UXOHV ODLG GRZQ E\ 
WKH iQWHUQDWLRQDO uQLRQ RI pXUH DQG aSSOLHG cKHPLVWU\ �iuPac�� iQ iupac QRPHQFODWXUH� 
WKH QDPHV DUH FRUUHODWHG ZLWK WKH VWUXFWXUH LQ VXFK D ZD\ WKDW WKH UHDGHU FDQ GHGXFH WKH 
VWUXFWXUH IURP WKH QDPH�

oUJDQLF UHDFWLRQ PHFKDQLVP FRQFHSWV DUH EDVHG RQ WKH VWUXFWXUH RI WKH VXEVWUDWH 
PROHFXOH� ILVVLRQ RI D FRYDOHQW ERQG� WKH DWWDFNLQJ UHDJHQWV� WKH HOHFWURQ GLVSODFHPHQW HIIHFWV 
DQG WKH FRQGLWLRQV RI WKH UHDFWLRQ� tKHVH RUJDQLF UHDFWLRQV LQYROYH EUHDNLQJ DQG PDNLQJ 
RI FRYDOHQW ERQGV� a FRYDOHQW ERQG PD\ EH FOHDYHG LQ heterolytic RU homolytic IDVKLRQ� 
a KHWHURO\WLF FOHDYDJH \LHOGV carbocations RU carbanions� ZKLOH D KRPRO\WLF FOHDYDJH JLYHV 
free radicals DV UHDFWLYH LQWHUPHGLDWH� rHDFWLRQV SURFHHGLQJ WKURXJK KHWHURO\WLF FOHDYDJH 
LQYROYH WKH FRPSOLPHQWDU\ SDLUV RI UHDFWLYH VSHFLHV� tKHVH DUH HOHFWURQ SDLU GRQRU NQRZQ DV 
nucleophile DQG DQ HOHFWURQ SDLU DFFHSWRU NQRZQ DV electrophile� tKH inductive� resonance� 
electromeric DQG hyperconjugation effects PD\ KHOS LQ WKH SRODULVDWLRQ RI D ERQG PDNLQJ 
FHUWDLQ FDUERQ DWRP RU RWKHU DWRP SRVLWLRQV DV SODFHV RI ORZ RU KLJK HOHFWURQ GHQVLWLHV�

oUJDQLF UHDFWLRQV FDQ EH EURDGO\ FODVVLILHG LQWR IROORZLQJ W\SHV� substitution, addition, 
elimination DQG rearrangement UHDFWLRQV� 

pXULILFDWLRQ� TXDOLWDWLYH DQG TXDQWLWDWLYH DQDO\VLV RI RUJDQLF FRPSRXQGV DUH FDUULHG RXW 
IRU GHWHUPLQLQJ WKHLU VWUXFWXUHV� tKH PHWKRGV RI SXULILFDWLRQ QDPHO\ � VXEOLPDWLRQ� GLVWLOODWLRQ 
DQG GLIIHUHQWLDO H[WUDFWLRQ DUH EDVHG RQ WKH GLIIHUHQFH LQ RQH RU PRUH SK\VLFDO SURSHUWLHV� 
chromatography LV D XVHIXO WHFKQLTXH RI VHSDUDWLRQ� LGHQWLILFDWLRQ DQG SXULILFDWLRQ RI 
FRPSRXQGV� iW LV FODVVLILHG LQWR WZR FDWHJRULHV � DGVRUSWLRQ DQG SDUWLWLRQ FKURPDWRJUDSK\� 
aGVRUSWLRQ FKURPDWRJUDSK\ LV EDVHG RQ GLIIHUHQWLDO DGVRUSWLRQ RI YDULRXV FRPSRQHQWV RI D 
PL[WXUH RQ DQ DGVRUEHQW� pDUWLWLRQ FKURPDWRJUDSK\ LQYROYHV FRQWLQXRXV SDUWLWLRQLQJ RI WKH 
FRPSRQHQWV RI D PL[WXUH EHWZHHQ VWDWLRQDU\ DQG PRELOH SKDVHV� aIWHU JHWWLQJ WKH FRPSRXQG 
LQ D SXUH IRUP� LWV TXDOLWDWLYH DQDO\VLV LV FDUULHG RXW IRU GHWHFWLRQ RI HOHPHQWV SUHVHQW LQ LW� 
nLWURJHQ� VXOSKXU� KDORJHQV DQG SKRVSKRUXV DUH GHWHFWHG E\ lassaigne’s test� cDUERQ DQG 
K\GURJHQ DUH HVWLPDWHG E\ GHWHUPLQLQJ WKH DPRXQWV RI FDUERQ GLR[LGH DQG ZDWHU SURGXFHG� 
nLWURJHQ LV HVWLPDWHG E\ dumas RU Kjeldahl’s PHWKRG DQG KDORJHQV E\ carius PHWKRG� 
sXOSKXU DQG SKRVSKRUXV DUH HVWLPDWHG E\ R[LGLVLQJ WKHP WR VXOSKXULF DQG SKRVSKRULF DFLGV 
UHVSHFWLYHO\� tKH SHUFHQWDJH RI R[\JHQ LV XVXDOO\ GHWHUPLQHG E\ GLIIHUHQFH EHWZHHQ WKH WRWDO 
SHUFHQWDJH ����� DQG WKH VXP RI SHUFHQWDJHV RI DOO RWKHU HOHPHQWV SUHVHQW�
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��� :KDW DUH K\EULGLVDWLRQ VWDWHV RI HDFK FDUERQ DWRP LQ WKH IROORZLQJ FRPSRXQGV "

ch� c o� ch�ch ch�� �ch���co� ch� chcn� c�h�

��� iQGLFDWH WKH V DQG S ERQGV LQ WKH IROORZLQJ PROHFXOHV �

c�h�� c�h��� ch�cO�� ch� c ch�� ch�no�� hconhch�

��� :ULWH ERQG OLQH IRUPXODV IRU � iVRSURS\O DOFRKRO� ����dLPHWK\OEXWDQDO� hHSWDQ���RQH�

��� gLYH WKH iupac QDPHV RI WKH IROORZLQJ FRPSRXQGV �

�D� �E�  �F� 

�G� �H� �I� cO�chch�oh

��� :KLFK RI WKH IROORZLQJ UHSUHVHQWV WKH FRUUHFW iupac QDPH IRU WKH FRPSRXQGV 
FRQFHU QHG  "  � D �  � �� �d LPHWK\ OSHQWDQH  R U  � �d LPHWK\ OSHQWDQH  �E � 
������tULPHWK\ORFWDQH RU ������tULPHWK\ORFWDQH �F� ��cKORUR���PHWK\OSHQWDQH RU 
��cKORUR���PHWK\OSHQWDQH �G� bXW���\Q���RO RU bXW���RO���\QH�

��� dUDZ IRUPXODV IRU WKH ILUVW ILYH PHPEHUV RI HDFK KRPRORJRXV VHULHV EHJLQQLQJ ZLWK 
WKH IROORZLQJ FRPSRXQGV� �D� h–cooh �E� ch�coch� �F� h–ch ch�

��� gLYH FRQGHQVHG DQG ERQG OLQH VWUXFWXUDO IRUPXODV DQG LGHQWLI\ WKH IXQFWLRQDO JURXS�V� 
SUHVHQW� LI DQ\� IRU � 

�D� ������tULPHWK\OSHQWDQH

�E� ��h\GUR[\�������SURSDQHWULFDUER[\OLF DFLG

�F� hH[DQHGLDO

��� iGHQWLI\ WKH IXQFWLRQDO JURXSV LQ WKH IROORZLQJ FRPSRXQGV

�D�  �E�  �F�   

��� :KLFK RI WKH WZR� o�nch�ch�o
– RU ch�ch�o

– LV H[SHFWHG WR EH PRUH VWDEOH DQG 
ZK\"

���� e[SODLQ ZK\ DON\O JURXSV DFW DV HOHFWURQ GRQRUV ZKHQ DWWDFKHG WR D S V\VWHP�

���� dUDZ WKH UHVRQDQFH VWUXFWXUHV IRU WKH IROORZLQJ FRPSRXQGV� sKRZ WKH HOHFWURQ VKLIW 
XVLQJ FXUYHG�DUURZ QRWDWLRQ�

�D� c�h�oh �E� c�h�no� �F� ch�ch chcho �G� c�h�–cho �H� c�h�–c
�  

h�

�I� ch�ch ch c
� 
h�

���� :KDW DUH HOHFWURSKLOHV DQG QXFOHRSKLOHV " e[SODLQ ZLWK H[DPSOHV�

���� iGHQWLI\ WKH UHDJHQWV VKRZQ LQ EROG LQ WKH IROORZLQJ HTXDWLRQV DV QXFOHRSKLOHV RU 
HOHFWURSKLOHV�

�D� ch�cooh � HO–→ ch�coo–�h�o 
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�E� ch�coch�� C
–
N → �ch���c�cn��oh� 

�F� c�h� ��CH3C
+
O → c�h�coch�

���� cODVVLI\ WKH IROORZLQJ UHDFWLRQV LQ RQH RI WKH UHDFWLRQ W\SH VWXGLHG LQ WKLV XQLW�

�D� ch�ch�bU ��hs–  →  ch�ch�sh ��bU–

�E� �ch���c   ch�  �  hci  →  �ch���cic – ch�

�F� ch�ch�bU  �  ho–  →  ch�   ch� ��h�o � bU–

�G� �ch���c– ch�oh ��hbU  →  �ch���cbUch�ch�ch� ��h�o 

���� :KDW LV WKH UHODWLRQVKLS EHWZHHQ WKH PHPEHUV RI IROORZLQJ SDLUV RI VWUXFWXUHV " 
aUH WKH\ VWUXFWXUDO RU JHRPHWULFDO LVRPHUV RU UHVRQDQFH FRQWULEXWRUV "

�D�   

�E�    

�F�    

���� )RU WKH IROORZLQJ ERQG FOHDYDJHV� XVH FXUYHG�DUURZV WR VKRZ WKH HOHFWURQ IORZ DQG 
FODVVLI\ HDFK DV KRPRO\VLV RU KHWHURO\VLV� iGHQWLI\ UHDFWLYH LQWHUPHGLDWH SURGXFHG 
DV IUHH UDGLFDO� FDUERFDWLRQ DQG FDUEDQLRQ�

�D�  

�E�  

�F�  

�G�  

���� e[SODLQ WKH WHUPV iQGXFWLYH DQG eOHFWURPHULF HIIHFWV� :KLFK HOHFWURQ GLVSODFHPHQW 
HIIHFW H[SODLQV WKH IROORZLQJ FRUUHFW RUGHUV RI DFLGLW\ RI WKH FDUER[\OLF DFLGV"

�D� cO�ccooh ! cO�chcooh ! cOch�cooh

�E� ch�ch�cooh ! �ch���chcooh ! �ch���c�cooh

���� gLYH D EULHI GHVFULSWLRQ RI WKH SULQFLSOHV RI WKH IROORZLQJ WHFKQLTXHV WDNLQJ DQ 
H[DPSOH LQ HDFK FDVH�

�D� cU\VWDOOLVDWLRQ �E� dLVWLOODWLRQ �F� cKURPDWRJUDSK\

���� dHVFULEH WKH PHWKRG� ZKLFK FDQ EH XVHG WR VHSDUDWH WZR FRPSRXQGV ZLWK GLIIHUHQW 
VROXELOLWLHV LQ D VROYHQW s�

���� :KDW LV WKH GLIIHUHQFH EHWZHHQ GLVWLOODWLRQ� GLVWLOODWLRQ XQGHU UHGXFHG SUHVVXUH DQG 
VWHDP GLVWLOODWLRQ "
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���� dLVFXVV WKH FKHPLVWU\ RI lDVVDLJQH¶V WHVW�

���� dLIIHUHQWLDWH EHWZHHQ WKH SULQFLSOH RI HVWLPDWLRQ RI QLWURJHQ LQ DQ RUJDQLF FRPSRXQG 
E\ �L� dXPDV PHWKRG  DQG �LL� .MHOGDKO¶V PHWKRG�

���� dLVFXVV WKH SULQFLSOH RI HVWLPDWLRQ RI KDORJHQV� VXOSKXU DQG SKRVSKRUXV SUHVHQW 
LQ DQ RUJDQLF FRPSRXQG�

���� e[SODLQ WKH SULQFLSOH RI SDSHU FKURPDWRJUDSK\�

���� :K\ LV QLWULF DFLG DGGHG WR VRGLXP H[WUDFW EHIRUH DGGLQJ VLOYHU QLWUDWH IRU WHVWLQJ 
KDORJHQV"

���� e[SODLQ WKH UHDVRQ IRU WKH IXVLRQ RI DQ RUJDQLF FRPSRXQG ZLWK PHWDOOLF VRGLXP IRU 
WHVWLQJ QLWURJHQ� VXOSKXU DQG KDORJHQV�

���� nDPH D VXLWDEOH WHFKQLTXH RI VHSDUDWLRQ RI WKH FRPSRQHQWV IURP D PL[WXUH RI 
FDOFLXP VXOSKDWH DQG FDPSKRU�

���� e[SODLQ� ZK\ DQ RUJDQLF OLTXLG YDSRULVHV DW D WHPSHUDWXUH EHORZ LWV ERLOLQJ SRLQW 
LQ LWV VWHDP GLVWLOODWLRQ "

���� :LOO ccO� JLYH ZKLWH SUHFLSLWDWH RI aJcO RQ KHDWLQJ LW ZLWK VLOYHU QLWUDWH" gLYH UHDVRQ 
IRU \RXU DQVZHU�

���� :K\ LV D VROXWLRQ RI SRWDVVLXP K\GUR[LGH XVHG WR DEVRUE FDUERQ GLR[LGH HYROYHG 
GXULQJ WKH HVWLPDWLRQ RI FDUERQ SUHVHQW LQ DQ RUJDQLF FRPSRXQG"

���� :K\ LV LW QHFHVVDU\ WR XVH DFHWLF DFLG DQG QRW VXOSKXULF DFLG IRU DFLGLILFDWLRQ RI 
VRGLXP H[WUDFW IRU WHVWLQJ VXOSKXU E\ OHDG DFHWDWH WHVW"

���� aQ RUJDQLF FRPSRXQG FRQWDLQV ��� FDUERQ DQG ���� K\GURJHQ� WKH UHPDLQGHU 
EHLQJ R[\JHQ� cDOFXODWH WKH PDVVHV RI FDUERQ GLR[LGH DQG ZDWHU SURGXFHG ZKHQ 
���� J RI WKLV VXEVWDQFH LV VXEMHFWHG WR FRPSOHWH FRPEXVWLRQ�

���� a VDPSOH RI ���� J RI DQ RUJDQLF FRPSRXQG ZDV WUHDWHG DFFRUGLQJ WR .MHOGDKO¶V 
PHWKRG� tKH DPPRQLD HYROYHG ZDV DEVRUEHG LQ �� PO RI ��� m h�so�� tKH UHVLGXDO 
DFLG UHTXLUHG �� Pl RI ��� m VROXWLRQ RI nDoh IRU QHXWUDOLVDWLRQ� )LQG WKH SHUFHQWDJH 
FRPSRVLWLRQ RI QLWURJHQ LQ WKH FRPSRXQG�

���� ������ J RI DQ RUJDQLF FKORUR FRPSRXQG JDYH ������ J RI VLOYHU FKORULGH LQ cDULXV 
HVWLPDWLRQ� cDOFXODWH WKH SHUFHQWDJH RI FKORULQH SUHVHQW LQ WKH FRPSRXQG�

���� iQ WKH HVWLPDWLRQ RI VXOSKXU E\ cDULXV PHWKRG� ����� J RI DQ RUJDQLF VXOSKXU 
FRPSRXQG DIIRUGHG ����� J RI EDULXP VXOSKDWH� )LQG RXW WKH SHUFHQWDJH RI VXOSKXU 
LQ WKH JLYHQ FRPSRXQG� 

���� iQ WKH RUJDQLF FRPSRXQG ch�   ch – ch� – ch� – c � ch� WKH SDLU RI K\GULGLVHG 
RUELWDOV LQYROYHG LQ WKH IRUPDWLRQ RI� c� – c� ERQG LV� 

�D� sp – sp� �E� sp – sp� �F� sp� – sp� �G� sp� – sp�

���� iQ WKH lDVVDLJQH¶V WHVW IRU QLWURJHQ LQ DQ RUJDQLF FRPSRXQG� WKH pUXVVLDQ EOXH 
FRORXU LV REWDLQHG GXH WR WKH IRUPDWLRQ RI�

�D� nD�>)H�cn��@ �E� )H�>)H�cn��@� �F� )H�>)H�cn��@ �G� )H�>)H�cn��@�
���� :KLFK RI WKH IROORZLQJ FDUERFDWLRQ LV PRVW VWDEOH "

�D� �ch���c� c
�
 h� �E� �ch���c

�
�F� ch�ch�c

�
h� �G� ch�c

�
h ch�ch�

���� tKH EHVW DQG ODWHVW WHFKQLTXH IRU LVRODWLRQ� SXULILFDWLRQ DQG VHSDUDWLRQ RI RUJDQLF 
FRPSRXQGV LV�

�D� cU\VWDOOLVDWLRQ �E� dLVWLOODWLRQ �F� sXEOLPDWLRQ �G� cKURPDWRJUDSK\

���� tKH UHDFWLRQ�

ch�ch�i � .oh�DT� → ch�ch�oh � .i

LV FODVVLILHG DV �

�D� HOHFWURSKLOLF VXEVWLWXWLRQ �E� QXFOHRSKLOLF VXEVWLWXWLRQ

�F� HOLPLQDWLRQ �G� DGGLWLRQ
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