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CHAPTER 1 THE 
ARCHITECTURE OF 
CARBON COMPOUNDS 

�!�)-�+X8X�!�X�+ �!" -� � -.+ �X( �X��+�('
�(&)(.'�, XXbXX:





1.0 The Architecture of 
Carbon Compounds 
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1.1 What is Organic 
Chemistry? 
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General Contrasting 
Properties and Examples of 

Organic and Inorganic 
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1.2 Why Carbon? 
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CHAPTER II 

CHAPTER 2 SORTING, 
CLASSIFYING AND 
NAMING ORGANIC 
COMPOUNDS 
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2.0 Sorting, Classifying and 
Naming Organic Compounds 
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2.1 Drawing and Interpreting 
Organic Formulas 
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Common bonding patterns in organic structures 
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,.++ (.'�"' X" -AX

97XXbXX9A8X�+� 0"' X�'�X	 ' -�+)+ � -"' X�+  �'"�X� (+&.%�,



�!",X ",X �X )� --�+'X -!� -X !(%�,X -!+(. !(.-X &(,-X ( �X -!�X (+ �'"�X

&(%� �.%�,X0 �X0"%%X,��AX

	�X�X��+�('X!�,X(-!�+X�%� � -+('X�++ �' �&�' -,X"'X"-,X/�%�'� �X,!�%%XL"'X

(-!�+X0 (+�,BX"�X"-X�(�,X'(-X�.%4%%X-!�X(�-� -X+.%�MBX"-X0"%%X!�/ �X�X�(+&�%X

�!�+  �X(+X�1",-X�,X�X+��"� �%CX

 

	�X 2(.X �+ �X ��%�X -(X *."�$%2X +� � ( '"3 �X -!�,�X )� --�+',X L�'�X -!�X

)� --�+',X ��,�+" �� �X ��%( 0X �(+X (-!�+X � -(&, MX "-X 0"%%X !�%)X 2(.X

-+�&�'�(.,% 2X�,X2(.X%��+'X&(+ �X��(.-X(+  �'"�X�!�&",-+ 2AX

�!�X)� --�+'X� (+X!2�+ ( �',X",X� �,2CX!2�+ ( �'X� -(&,X!� / �X('%2X('�X

�('�BX�'�X'(X� (+&�%X�!�+  �AX�,X�X+.%�BX�%%X!2�+ ( �'X� -(&,X"'X(+  �'"�X

&(%� �.%�,X!� / �X('�X�('�BX�'�X'(X� (+&�%X�!�+  �AX

� (+X(12 �'BX2(.X0"%%X,��X�'X-!�X� -(&X�('�"' X"'X-!+ � �X0 � 2,BX�%%X(�X

0!"�!X�.%4%%X-!�X(�-� -X+.%�AX

	'X&(,-X� �,�,X�'X( 12 �'X� -(&X!�,X- 0 (X�('�,X�'�X- 0 (X%('�X)�"+,BX

�,X"'X�(�,X"'X0 � -�+ AX	'X-!",X�++�' �&�' -X"-X0"%%X!�/ �X�X�(+&�%X�!�+  �X

( �X3�+ (AX	�X"-X!�,X('�X�('�X�'�X-!+ � �X%('�X)�"+,BX�,X"'X!2�+ ( 1"��X"('BX

9A8X�+� 0"' X�'�X	 ' -�+)+ � -"' X�+  �'"�X� (+&.%�, XXbXX98



"-X0"%%X!�/ �X�X�(+&�%X�!�+  �X( �P8AX	�X"-X!�,X-!+ � �X�('�,X�'�X('�X%('�X

)�"+" -X0"%%X!�/ �X�X�(+&�%X�!�+  �X( �XY8AX

�!�+ �X �+�BX � �"'BX ,(&�X ���" -"('�%X )(,," �"%"-"�,AX � ( 0 � / �+X -!�,�X

-!+ � �X� 1�&)%�,X0"%%X��� (.' -X�(+X/"+-.�%%2X�/ �+ 2-!"' X0 �X,� �AX

�" -+( �'X!�,X- 0 (X&�#(+X�('�"' X)� --�+',BX�(-!X( �X0!"�!X�.%4%%X-!�X

(� -� -X+.%�CX

	�X �X '"-+( �'X !�,X -!+ � �X �('�,X �'�X �X %('�X )�"+ BX "-X !�,X �X �(+&�%X

�!�+  �X( �X3�+ (AX	�X"-X!�,X�(.+X�('�,XL �'�X'(X%('�X)�"+ MBX"-X!�,X�X�(+&�%X

�!�+  �X ( �X Y8AX 	'X �X ��"+%2X .'� (&&('X �('�"' X )� --�+'BX '� � -"/ �%2X

�!�+  � �X'" -+( �'X!�,X- 0 (X�('�,X�'�X- 0 (X%('�X)�"+,AX

�0 (X -!"+�X +( 0X �%�&�' -,X �+�X � (&&('% 2X �(.'�X "'X "&)(+ -�' -X

(+ �'"�X&(%� �.%�,CX,.%�.+X�'�X)!(,)!(+.,AX�%-!(. !X�(-!X( �X-!�,�X

�%�&�' -,X !� / �X (-!�+X �('�"' X )� --�+',X -!� -X �+�X +�%�/ �' -X "'X

%��(+� -(+ 2X �!�&",-+ 2BX "'X �X �"(%( "� �%X �(' -� 1-X ,.%�.+X �%&(,-X �%0 � 2,X

�(%%(0,X-!�X,�&�X�('�"' J� (+&�%X�!�+  �X)� --�+'X�,X( 12 �'BX0!"%�X

)!(,)!(+.,X",X)+ �,�' -X"'X-!�X�(+&X( �X)!(,)!� -�X"('XL�� ;
:PMBX0!�+�X"-X

!�,X4/ �X�('�,XL �%&(,-X�%0 � 2,X-(X(12 �' MBX'(X%('�X)�"+,BX�'�X�X�(+&�%X

�!�+  �X( �X3�+ (AX��&�&��+X-!� -X�-(&,X( �X�%�&�' -,X"'X-!�X-!"+ �X+( 0X

�'�X��%( 0X"'X-!�X)�+"(�"�X-��%�X!� / �XV� 1)�'�� �X/ �%�'� �X,!�%%,WX0"-!X�M

(+�" -�%,X�/ �"%��%�X�(+X�('�"' BX�'�X-!�X-!�X(� -� -X+.%�X�(�,X'(-X�%0 � 2,X

�))% 2AX

99XXbXX9A8X�+� 0"' X�'�X	 ' -�+)+ � -"' X�+  �'"�X� (+&.%�,



� "'�%%2BX-!�X!�%( �',XL 5.(+"'�BX�!%(+"'�BX�+ (&"'�BX�'�X"(�"'� MX�+�X

/ �+ 2X"&)(+-�' -X"'X%��(+� -(+ 2X�'�X&� �"�"'�%X(+  �'"�X�!�&",-+ 2BX�.-X

�+�X%�,,X�(&&('X"'X'� -.+ �%%2X(� �.++"' X(+  �'"�X&(%� �.%�,AX� �%( �',X

"'X(+ �'"�X � (&)(.'�,X.,.�%% 2X�+�X,� �'X0" -!X('�X �('�BX-!+ � �X%('�X

)�"+,BX�'�X�X� (+&�%X�!�+  �X( �X3�+ (AX�(&� -"&�,BX�,)� �"�%%2X"'X-!�X��,�X

( �X�+(&"'�BX0 �X0"%%X�'�(.' -�+X+� �� -"/ �X,)� �"�,X"'X0!"�!X-!�X!�%( �'X

!�,X- 0 (X�('�,XL .,.�%%2X"'X�X-!+� �P&�&��+ � �X+"' MBX-0 (X%('�X)�"+,BX

�'�X�X� (+&�%X�!�+  �X( �XY8AX

�!�,�X +.%�,BX "�X %��+'� �X �'�X "' -�+'�%"3 � �X ,(X -!� -X 2(.X �(' W-X �/ �'X

'� � �X -(X -!"'$X ��(.-X -!�&BX 0"%%X �%%(0X 2(.X -(X �+ � 0X %�+ �X (+ �'"�X

,-+.� -.+ �,BX�(&)%� -�X0" -!X�(+&�%X�!�+  �,BX*." -�X*."�$%2AX

�+  �'"�X,-+.� -.+ �X-2)�,X( � -�'X�(X'(-X"'�%.��X%('�X)�"+,BX,"'� �X2(.X

� �'X�,,.&�X-!� -X-!�X)+()�+X'.&��+X( �X�%�� -+(',X�+ �X)+�,�' -X�+(.'�X

� ��!X � -(&X-(X&� -�!X-!�X"'�"� � -� �X �(+&�%X�!�+  �XL(+X%��$X-!�+� ( � MAX

� � � �,"('�%%2BX-!(. !BX%('�X)�"+,X�+�X�+� 0'X"�X�("' X,(X!�%),X-(X&�$ �X

�'X� 1)%�'� -"('X&(+ �X�%��+AX

9A8X�+� 0"' X�'�X	 ' -�+)+ � -"' X�+  �'"�X� (+&.%�, XXbXX9:



Using the Ôline bond structureÕ convention 

	 �X 2(.X %(($X �!� ��X "'X -!",X �'�X (-!�+X �(($,X � -X -!�X 0 � 2X (+ �'"�X

� (&)(.'�,X�+ �X�+� 0'BX2(.X0"%%X,��X-!� -X-!�X4 .+ �,X�+ �X,(&� 0!� -X

�"� � �+ �' -X�+(&X-!�X�� 0",X,-+.� -.+ �,X2(.X�+ �X.,� �X-(X,� �"' X"'X2 (.+X

 �'�+ �%X�!�&",-+ 2X�(($AX	'X ,(&�X ,(.+ � �,BX2(.X0"%%X,��X�"!��!%��A

%&$'�&'$�%X�(+X,&�%%�+X&(%��.%�,X"',-� ��X( �X�.%%X,-+.�-.+ �%X�(+&.%�,X

-!� -X"'�%.��X� / �+ 2X�('�CX


 (+�X � (&&('% 2BX (+ �'"�X �'�X �"(%( "� �%X �!�&",-,X .,�X �'X

���+ � /"� -� �X �+ � 0"' X � (' / �' -"('X � �%%��X��!�>�"!�A %&$'�&'$ �%9A�%,(X

,(&� -"&�,X � �%%��X ,$�%�-�%X ,-+.�-.+ �,AX �!�X � (' / �' -"('X ",X &�$ �,X "-X

� �,"�+X -(X �+ � 0X &(%��.%�,BX �.-X -!�X � (' / �' -"('X �(�,X '� � �X -(X ��X

%��+'� �AX

� �+ �X ",X ��,"� �%%2X !(0X "-X 0(+$,CX ��+�('X � -(&,X �+ �X '(-X ��)"� -� �X

0" -!X -!�"+X �%�&�' -�%X ,2&�(%BX �.-X +� -!�+X � 2X �X /�+ -� 1X L� (+'�+ MX (+X �X

�+� �X�'�X( �X�X�('�AX�)�'P�!�"'X&(%� �.%�,X�+ �X.,.�%%2X�+� 0'X(.-X"'X

�XV3" P3" WX,!�)�AX�2�+ ( �',X� --��!� �X-(X� �+�(',X�+ �X �'�+ �%%2X'(-X

,!( 0'CX+� -!�+ BX%"$�X%('�X)�"+,BX"-X",X�,,.&� �X-!�X)�+,('X/"� 0"' X-!�X

,-+.� -.+ �X $'( 0,X 0!�+ �X -!� 2X �+�AX �2�+ ( �',X �('�� �X -(X '" -+( �'BX

( 12 �'BX ,.%�.+BX (+X �'2-!"' X (-!�+X -!�'X � �+�('X �- � X,!( 0'BX �.-X �+ �X

.,.�%%2X�+� 0'X0" -!(.-X ,!( 0"' X -!�X �('�AX �!�X � (%%(0"' X � 1�&)%�,X

"%%.,-+� -�X-!�X� (' / �' -"('AX

9; XXbXX9A8X�+� 0"' X�'�X	 ' -�+)+ � -"' X�+  �'"�X� (+&.%�,



�!�X%"'�P�('�X ,-+.� -.+ �,X&�$ �,X"-X&.�!X � �,"�+X-(X,� �X-!�X ��,"�X

,-+.� -.+ �X ( �X -!�X &(%��.%�X �'�X -!�X %(� � -"(',X 0!�+ �X -!�+ �X ",X

,(&� -!"' X (-!�+X -!�'X � P�X �'�X � P�X ,"' %�X �('�,AX 	-X ��'X �%,(X ��X

�+ � 0'X*."�$% 2AX

�(&� -"&�,BX('�X(+X&(+ �X� �+�('X� -(&,X"'X�X%"'�X,-+.� -.+ �X0"%%X��X

��)"� -� �X0" -!X�X� �)" -�%X�BX"�X�("' X,(X&�$�,X�'X � 1)%�'� -"('X � �,"�+X

-(X�(%%(0 AX	 M4)0M&���&M�M��-�)(M2#/"M�M�CM4)0M�&.)M'0./M�-�2M#(M/"�M

"4�- )!�(.M )-M/"�/M��-�)( AX

�* �$ ��%�A08/8/A

�X  ((�X 0 � 2X -(X -�,-X 2(.+X .'��+,-�'�"' X ( �X -!�X %"'�X ,-+.� -.+ �X

� (' / �' -"('X",X-(X,� �X"�X2(.X� �'X�� �.+ � -�%2X�� -�+&"'�X-!�X'.&��+X( �X

! 2�+ ( �'X� -(&,X"'X�X&(%� �.%�X�+(&X"-,X%"'�X,-+.� -.+ �AX�(X-!",X�(+X-!�X

,-+.� -.+ �,X!�+ �AX

� (M#(/�- ��/#1�M�=�M�&�'�(/M"�.M���(M� 3�&0���M - )'M/"#.M

1�- .#)(M) M/"�M/�3/BM�)0M��(M1#�2M#/M)(&#(�M"�-�DM

"//+.DGG)+�()- �!)(B +-�..�))%.B +0� G

#(/- )�0�/)- 4)-!�(#� GE+N>;AF"=+J;=M

�* �$ ��%�A08/80A

9A8X�+� 0"' X�'�X	 ' -�+)+ � -"' X�+  �'"�X� (+&.%�, XXbXX9<

https://openoregon.pressbooks.pub/introductoryorganic/?p=639#h5p-35
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�+ � 0X%"'�X,-+.� -.+ �,X� (+X!",-"�"'�XL �'X�&"'(X��"�MX�'�X) 2+"�( 1"'�X

L� "-�&"'X� =MAX

�* �$ ��%�A08/81A

� (M#(/�- ��/#1�M�=�M�&�'�(/M"�.M���(M� 3�&0���M - )'M/"#.M

1�- .#)(M) M/"�M/�3/BM�)0M��(M1#�2M#/M)(&#(�M"�-�DM

"//+.DGG)+�()- �!)(B +-�..�))%.B +0� G

#(/- )�0�/)- 4)-!�(#� GE+N>;AF"=+J?M

�* �$ ��%�A08/82A

� ( 0X &�' 2X !2�+ ( �',X �+ �X �('�� �X -(X � �+�('X � -X ���!X !(-,)(-X

L"��' -"4� �X0" -!X�X).+)%�X)%.,X," ' MX('X-!�X,-+.� -.+ �X,!( 0'X��%( 0GX

9=XXbXX9A8X�+� 0"' X�'�X	 ' -�+)+ � -"' X�+  �'"�X� (+&.%�,

https://openoregon.pressbooks.pub/introductoryorganic/?p=639#h5p-7
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� (M#(/�- ��/#1�M�=�M�&�'�(/M"�.M���(M� 3�&0���M - )'M/"#.M

1�- .#)(M) M/"�M/�3/BM�)0M��(M1#�2M#/M)(&#(�M"�-�DM

"//+.DGG)+�()- �!)(B +-�..�))%.B +0� G

#(/- )�0�/)- 4)-!�(#� GE+N>;AF"=+J>M

9A8X�+� 0"' X�'�X	 ' -�+)+ � -"' X�+  �'"�X� (+&.%�, XXbXX9>

https://openoregon.pressbooks.pub/introductoryorganic/?p=639#h5p-6
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2.2 Naming Organic 
Compounds 

Systematic Names 

�!�&",-,X � (&&.'"� � -"' X ��(.-X (+  �'"�X �!�&",-+ 2X ��'X .,�X

�+ � 0"' ,X "'X &�' 2X ,"-.� -"(',BX �.-X "'X (-!�+,X -!�X )+ �� �+ �'� �X 0(.%�X

��X-(X��,�+" ��X,.�,-�'� �,X0" -!X'�&�,AX� ( 0 � / �+X-!�+ �X�+�X&"%%"(',X

( �X $'( 0'BX ��,�+" �� �X (+ �'"�X ,.�,-�'� �,AX �(X )+( /"�"' X � ��!X 0" -!X

�'X "'��)�'��' -X '�&�BX �'�X %� �+'"' X �X � (%%�� -"('X ( �X ,.�!X '�&�,BX

0 (.%�X��X"&)(,," �%�AX�X,(%.-"('X-(X-!",X�"�4�.%-2X�1",-,X"'X�X,2,-�&X

�(+X '�&"' BX0!�+ �� 2X �X �!�&"� �%X",X ��,�+"�� �X � 2X �(&)('�' -,X (�X �X

'�&�X"'X,.�!X�X0 � 2X-!� -X-!�X'�&�X� (' -�"',X�'(. !X"'� (+&� -"('X-(X

-+�',%� -�X-!�X0 (+�,X���$X"' -(X�X�(&)%� -�BX.'"*.�X,-+.� -.+ �AX

� .�!X �X ,2,-�&X !�,X �� �'X �� /",� �X � 2X -!�X 	' -�+'� -"('�%X �'"('X ( �X

�.+ �X�'�X �))%"� �X �!�&",-+ 2XL	�� � �BX.,.�%%2X)+('(.'� � �XeyeJ4)0J

+��%MAX�!"%�X -!�X 	�� � �X ,2,-�&X",X .,� �X �+� *.�' -%2X"'X �(' / �+,� -"('X

�(+X ,&�%%�+BX,"&)%�+X&(%��.%�,BX%�+ �X �'�X � (&)%� 1X&(%��.%�,X ,.�!X

�,X &�' 2X &���X � 2X �"(%( "� �%X (+ �'",&,X �'�X .)X 0" -!X %(' X �'�X

� (&)%"� � -� �X '�&�,AX � ( 0 � / �+X �/ �'X -!�,�X '�&�,X �+ �X( �-�'X .,� �X "'X

( �4�"�%X�(&&.'"� � -"('X��(.-X,.�!X&(%� �.%�,AX�!� 2X��'X��X0+" --�'X

"' -(X �(�.&�' -� -"('X �'�X �+ �X ( �-�'X � �,"�+X -(X ,!�+ �X -!�'X �+ � 0"' ,AX

�'� (+-.'� -�%2BX).�%"�X&",.'��+,-�'�"' X( �X!( 0X	�� � �X'�&�,X0 (+$X

!�,X%��X-(X,(&�X�,,(�"� -"('X�� -0 � �'X� (&)%"� � -� �X,-+.� -.+ �X'�&�,X

�'�X -!�X !� �%-!X +",$,X (�X �1)(,.+ �X -(X �X ,.�,-�'� �AX �!",X �,,(�"� -"('X

",X'(-X� -X�%%X+� �%AX
�' 2X'� -.+ �%X,.�,-�'� �,BX�'�X,.�,-�'� �,X-!� -X�+�X

/ �+ 2X !� �%-!2X -(X �(',.&�BX !� / �X %(' X �'�X � (&)%"� � -� �X ,2,-�&� -"�X

'�&�,AX

�!�X,.�,-�'� �XL�MP:P!� 1�' 2%X�-!�'(� -�X,(.'�,X)+ � --2X.'�+"�'�% 2BX

�.-X " -X ",X ��-.�%%2X �X )+"'�")�%X �(&)('�' -X (�X -!�X ,&�%%X (�X �+�,!X �.-X

9?XXbXX9A9X��&"' X�+  �'"�X�(&)(.'�,



 + �,,AX �!�X )+"&�+ 2X (�(+X �!�&"� �%X "'X -!�X �+� + �'� �X ( �X �X +(,�X ",X

L9� MP:B>P�"&� -! 2%P9B=P(� -��"�'P 8P(%AX

�!�,�X '�&�,X (� /"(.,% 2X 0(.%�X '(-X ��X � (&&('% 2X .,� �X � / �'X � 2X

�!�&",-,X �",�.,,"' X -!�&X � -X �X �(�$-�"%X )�+ -2BX �.-X -!� 2X �+�X

"'� (+&� -"('P��',�X �'�X "'X ( �4�"�%X �(&&.'"� � -"('X )+ ( /"��X �'X

.'� *."/ (� �%X%"'$X-(X�X,"' %�X�!�&"� �%X,-+.�-.+ �AX

How to get a systematic name from a structure 

� (X�,," 'X�X'�&�X-(X�X� (&)(.'�BX�� "'X� 2X�� -�+&"'"' X-!�X ?#�$ �! &A

����! ?BX 0!"�!X ",X -!�X %(' �,-X ,-+ �" ! -X �!�"'X ( �X ��+�('X � -(&,AX �'X

)�)�+ BX2(.X,!(.%�X��X��%�X-(X).-X�X4' �+X�( 0'X('X('�X�'�X( �X-!�X

)�+ �' -X�!�"'X�'�X-+ �� �X-!+(. !X�%%X��+�(',X.' -"%X2(.X � -X-(X-!�X�'�BX

0" -!(.-X '� � �"' X -(X %"�-X 2(.+X 4' �+AX �� W%%X ,-�+-X 0"-!X -!�X ,"&)%�,-X

,-+�" ! -X�!�"'X�%$�'�X,-+.� -.+ �,AX

	�X -!�X )�+ �' -X �!�"'X ",X #.,-X ('�X � �+�('X %(' BX -!�X '�&�X ",X ��,� �X

('X �� ; X0!"�!X ",X � �%%��X  �&��!�8A � (+X �X -0 (P� �+�('X )�+ �' -X �!�"'X

-!�X'�&�X0"%%X��X��,� �X('X� 9� =BX0!"�!X",X �&��!� AX�!�X-��%�X��%(0X

� (' -"'.�,X0" -!X -!�X '�&�,X ( �X%(' �+X ,-+�" ! -P�!�"'X �%$�'�,AX � !"%�X

+(-�X &�&(+"3� -"('X ",X  �'�+ �%%2X '(-X -!�X ��,-X 0 � 2X -(X %��+'X (+  �'"�X

�!�&",-+ 2BX"-X&�2X��X0(+-!X� (&&" --"' X-!�,�X-(X&�&(+ 2BX�,X-!�2X�+�X

-!�X��,",X� (+X-!�X+�,-X( �X-!�X	�� � �X'(&�'�%� -.+ �X,2,-�&AX� "-!X,(&�X

)+�� -"� �X-!� 2X0"%%X��� (&�X)�+ -X(�X2(.+X�.'� -"('�%X/(� ��.%�+ 2AX

 


 � �%A� "$A%&$��� � &>����!A��� �!�%:A

8X��+�('CX&� -!�'�X

9X��+�(',CX� -!�'�X

:X� �+�(',CX)+ ()�'�X

;X� �+�(',CX�.-�'�X

<X��+�(',CX)�' -�'�X

=X��+�(',CX!� 1�'�X

>X��+�(',CX!�)-�'�X
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?X��+�(',CX(� -�'�X

@X��+�(',CX'('�'�X

87X��+�(',CX�� � �'�X

� !"%�X&�' 2X(�X-!�,�X'�&�,X,!�+ �X�X�+� �$X+((-X0" -!X&(+ �X��&"%"�+X

 � (&� -+"�X,!�)�X'�&�,BX,(&�X�(X'(-AX� (+X-!�X4+,-X�(.+ BX�!�&",-+ 2X

,-.��' -,X (� -�'X %��+'X -!�"+X (+ ��+X 0" -!X -!�X �"�X ( �X -!�X &'�&('"�X

L&�&(+ 2X�� /"� � MXT
"��X�� -X�� �'.-X� .- -�+ AUX

� '�%&� &'�! &%X�+ �'�!"' X �+ (&X -!�X &�"'X )�+ �' -X �!�"'X �+ �X  "/ �'X �X

%(�� -"('X ," '"4�+ AX �!",X ",X �('�X � 2X )+( /"�"' X -!�X � (.' -� �X � �+�('X

'.&��+X0" -!"'X-!�X)�+ �' -X�!�"'X0!�+ �X-!�X�+ �'�!X� 1",-,BX0"-!X/"�M

&)2�./M+)..#�&�M(0'��- . X��"' X.,� �AX�(+X�1�&)%�BX'(-"� �X��%(0X!( 0X

-!�X � (&)(.'�X ('X -!�X %�� -X ",X '�&� �X 8P�!%(+(�.-�'�BX ()/M

;P�!%(+ (�.-�'�AXT8UX��," '� -�,X-!�X�!%(+"'�X",X� --��!� �X� -X-!�X4+,-X

� �+�('X "'X -!�X )�+ �' -X �!�"'AX � !�'X -!�X ,.�,-" -.�' -,X �+�X ,&�%%X

� �+�('P� (' -�"'"' BX,(P� �%%��X���+ �A�$"'#% BX-!�X-�+&,X �&� +�BX�&� +�BX

�'�X #$"# +�X�+�X.,� �X-(X"��' -"�2X-!�&AX

�-!�+X � (&&('X '�&�,X � (+X &(+�X � (&)%� 1X �%$2%X  +(.),X �+ �X

�%"#$"# +�9X ter t>�' &+�A �'�X #��! +�AX �(.X &� 2X +� � ( '"3 �X !( 0X

� (&)%"� � -� �X-!�X'�&�,X� (.%�X�� � (&�BX0" -!X&.%-")%�X�+�'�!�,X�'�X

'('P� �+�('X,.�,-" -.�' -X +(.),X�%%X)(,,"�%�X('X%�+ �X�!�"',BX� -�AAX	'X

,(&�X," -.� -"(',X-!",X!�,X� � .,� �X�X)+�� �+ �'� �X�(+X�(&&('X'�&�,X-(X

��X.,� �X"'X� �,.�%X-�%$X(+X�/ �'X�&(' X,�"�' -",-,BX,.�!X�,X-!�X'�&�,X

 "/ �'X� (+X-!�X�&"'(X��"�,X,!( 0'X��%( 0 AX�(&�X� (&&('X'�&�,BX,.�!X

�,X)!�' 2%�%�'"'�BX"'�%.��X� (&)('�' -,X(�X,2,-�&� -"�X '�&�,X0" -!"'X

-!�&AX� (X('�X� �'X%��+'X�%%X-!�X�(&&('X'�&�,BX�'�X'(X('�X� �'X%��+'X

�%%X-!�X+.%�,X�(+X,2,-�&� -"�X'�&�,X"'X�X,!(+ -X)�+"(�X( �X-"&�AX�(+X'( 0X

0 �X �+�X %��+'"' X �" -,X �'�X )"� � �,BX �'�X %��+'"' X !( 0X -!�X ,2,-�&X � (+X

'(&�'�%� -.+ �X0(+$,AX
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�!�X ,-+.� -.+ �X ,!( 0'X ��%( 0X ",X %�"�X (.-X ('X -!�X )� �X ,(X -!� -X -!�X

%(' �,-X� (' -"'.�%X� �+�('X�!�"'X",X(+"�' -� �X/ �+ -"� �%%2AX�-+.� -.+ �,X-!� -X

�+�X )+�,�' -� �X -!",X 0 � 2X ��'X ��X � ('�.,"' BX %� ��"' X -(X

&","' -�+)+ � -� -"('AX 	'X -!",X � �,�X -!�X ,-+.� -.+ �X � (.%�X ��X �� �"��' -�%%2X

'�&� �X 9P�-! 2%)+()�'�X L "'� (++� � -MX "',-���X ( �X 9P&� -! 2%�.-�'�X

L� (++� � -MAX

� � �)X "'X &"'�X -!�X 	�� � �X '�&�X � (+X ,-+�" ! -P�!�"'X ! 2�+ (� �+�(',X

",X �%0 � 2,X ��,� �X('X-!�X &)(!�./M+)..#�&�M+�- �(/M�"�#( BX0!"�!X"'X-!",X

� �,�X",X� (.+X� �+�(',BX'(-X-!+ � �AX�,)� �"�%%2X"�X2(.X�+ �X%(($"' X� -X%�+ �X

�'�X� (&)%"� � -� �X,-+.� -.+ �,BX"-X��'X � -X-+"�$2X-(X"��' -"�2X-!�X)�+ �' -X

�!�"'BX�.-X" -X",X-!�X�(.'�� -"('X( �X-!�X'�&�AX
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� !�'X� �+�(',X�('�X-(X� (+&X+"' ,BX-!�X+�,.%-"' X� 2�%"�X�%$�'�,X�+�X

� �%%��X � 2�%()+()�'�BX � 2�%(�.-�'�BX � 2�%()�' -�'�BX � 2�%(!� 1�'�BX �'�X

,(X('CX

	'X� �,�,X0!�+ �X&.%-")%�X�()"�,X( �X-!�X,�&�X,.�,-" -.�' -X�+�X('X�X

,-+.� -.+ �BX-!�X)+�41 �,X�#BX/-#BX�'�X/�/- � X�+�X.,� �AX

� �X 0"%%X %��+'X &(+ �X ��(.-X �.'� -"('�%X  +(.),X ,(('AX � .-X �(+X '( 0 BX

+� � ( '"3 �X -!� -X -!�,�X + � � ( '"3��%�X  + (.),X ( �X �-(&,X ,!( 0X .)X "'X

'�&�,X �,X �!�+ �� -�+",-"�X ,.� 41�,AX �%�(!(%,BX �(+X �1�&)%�BX !� / �X V" �WX

�))�'�� �X -(X -!�X )�+ �' -X �!�"'X '�&�BX �%(' X 0" -!X �X '.&��+X

��," '� -"' X -!�X %(� � -"('X ( �X -!�X �%�(!(%X  +(.)AX � � -('�,X �+ �X �X

�.'� -"('�%X +(.)X0" -!X�X�(.�%�X�('�X-(X( 12 �'BX��," '� -� �X"'X'�&�,X

� 2X-!�X,.� 41XV"!� WAX
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�%%X(�X-!�X� 1�&)%�,X0 �X!� / �X,� �'X,(X��+X!� / �X�� �'X,"&)%�X"'X-!�X

,�',�X-!� -X('%2X('�X�.'� -"('�%X +(.)X0 �,X)+ �,�' -X('X� ��!X&(%� �.%�AX

�!�+ �X �+�X ( �X �(.+,�X &�' 2X &(+�X +.%�,X "'X -!�X 	�� � �X ,2,-�&BX �'�X

�,X 2(.X � �'X "&� "'�BX -!�X 	�� � �X '�&"' X ( �X %�+ �+X &(%��.%�,X 0" -!X

&.%-")%�X �.'� -"('�%X  +(.),BX +"' X ,-+.� -.+ �,BX �'�X ,.�,-" -.�' -,X � �'X
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-!�X 	�� � �X '�&�X V &� -! 2%X

L8� B9� B:� B<� MP:PL��'3 ( 2%(12MP?P&�-! 2%P?P�3��"�2�%(N:A9A8OX

(� -�'�P 9P� �+�( 12%�-�AWX

� (.X � �'X ,� �X 0! 2X -!�X 	�� � �X ,2,-�&X ",X '(-X .,� �X / �+ 2X &.�!X "'X

�"(%( "� �%X (+ �'"�X �!�&",-+ 2X QX -!�X &(%��.%�,X �+ �X #.,-X -((X �" X �'�X

� (&)%� 1AX�X�.+-!�+X� (&)%"� � -"('X",X-!� -BX�/ �'X(.-,"��X( �X�X�"(%( "� �%X

� (' -� 1-BX &�'2X ,"&)%�X (+ �'"�X &(%� �.%�,X �+ �X $'( 0'X �%&(,-X
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.'"/ �+,�%%2X �2X -!�"+X V� (&&(' WBX +� -!�+X -!�'X 	�� � �X '�&�,AX �!�X

� (&)(.'�,X �� � -"�X ��"�BX �!%(+( �(+&BX �'�X �� � -('�X �+ �X ('%2X �X �� 0X

� 1�&)%�,AX

	'X �"(�!�&",-+ 2BX '(',2,-�&� -"�X '�&�,X L%"$�X V� (� �"'� WBX V� �),�"�"' WBX

V) 2+. / � -� WX(+XV�,� (+�"�X��"�WMX�+�X.,.�%%2X.,� �BX�'�X0!�'X,2,-�&� -"�X

'(&�'�%� -.+ �X ",X �&)%(2� �X "-X ",X (�-�'X ,)� �"4�X -(X -!�X �%�,,X ( �X

&(%� �.%�X"'X*.�,-"('CX�"� � �+ �' -X,2,-�&,X!� / �X� / (%/ � �BX�(+X�1�&)%�BX

�(+X ��-,X �'�X � (+X ��+�(! 2�+ � -�,AX � �X 0"%%X '(-X �(�.,X / �+ 2X "'-�',"/ �%2X

"'X -!",X -� 1-X ('X 	�� � �X '(&�'�%� -.+ �X (+X �' 2X (-!�+X '(&�'�%� -.+ �X

,2,-�&BX�.-X"�X2(.X.'��+ -�$ �X�X&(+�X�� / �'� � �X,-.� 2X"'X(+ �'"�X(+X

�"(%( "� �%X �!�&",-+ 2X 2(.X &� 2X ��X �1)� � -� �X -(X %��+'X ('�X (+X &(+ �X

'�&"' X,2,-�&,X"'X,(&�X�� -�"%AX	�X2(.X�+ �X��&"%"�+X0"-!X!( 0X'�&"' X

,2,-�&,X0 (+$BX2(.X0"%%X��X��%�X-(X�))%2X-!� -X �'�+ �%X.'��+,-�'�"' X

-(X�' 2X,)� �"4�X,2,-�&X2 (.X'� � �X-(X%��+'AX

�* �$ ��%�A0808/A

�(($X .)X -!�X 	�� � �X '�&�,X � (+X�� � -"�X ��"� BX�!%(+( �(+& BX �'�X

�� � -('� AX�'�X)%�� �X2(.X� �'X4'�X-!�,�X",X('X � "$")� �"� BX"'X-!�X�(1X(�X

�!�&"� �%X"'�(+&� -"('X-!� -X",X('X-!�X+" ! -X,"��X( �X-!�X)� �AX� "$")� �"�X

",X*." -�X+�%"��%�X�(+X-!",X-2)�X( �X-��!'"� �%X"'�(+&� -"('AX�-!�+X+ �%"��%�X

,(.+ � �,X � (+X -!",X $"'�X ( �X "'� (+&� -"('X "'�%.��X �!�&� )"��+ X�'�X

�.��!�& AX
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� --�&)-X -(X �+ � 0X %"'�P�('�X ,-+.� -.+ �,X ( �X -!�X �(%%(0"' X
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� (&)(.'�,BX ��,� �X ('X 0!� -X 2(.X !� / �X %��+'� �X ��(.-X -!�X 	�� � �X

'(&�'�%� -.+ �X,2,-�&AX	�X2(.X� �' W-X�(X-!�,�X'( 0X2(.X)+ (���% 2X0"%%X��X

��%�X-(X�(X-!�&X"'X�X� � 0X0� �$,AX	�X2(.X�+ �X.'��%�X-(X�+ � 0X-!�X%"'�P

�('�X,-+.� -.+ �BX��,�+" ��X" -X"'X0(+�,AX

� MX&�-! 2%�2�%()�' -�'�X

� MX <P&�-! 2%P8P!� 1�'(%X LTP(%UX "'�"�� -�,X �'X �%� (!(%BX (+X P��X �+(&X

� �+�(' MX

� MX9P&� -! 2%P9P�.-�'�XLTP�'� UX"'�"� � -�,X�X� �+�('X-(X� �+�('X�(.�%�X

�('�MX

�* �$ ��%�A08081A

� (M#(/�- ��/#1�M�=�M�&�'�(/M"�.M���(M� 3�&0���M - )'M/"#.M

1�- .#)(M) M/"�M/�3/BM�)0M��(M1#�2M#/M)(&#(�M"�-�DM

"//+.DGG)+�()- �!)(B +-�..�))%.B +0� G

#(/- )�0�/)- 4)-!�(#� GE+N><9F"=+J;>M
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1�- .#)(M) M/"�M/�3/BM�)0M��(M1#�2M#/M)(&#(�M"�-�DM

"//+.DGG)+�()- �!)(B +-�..�))%.B +0� G

#(/- )�0�/)- 4)-!�(#� GE+N><9F"=+J;?M
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2.3 Isomers 

Constitutional isomers 

	&� "'�X2 (.X0 �+ �X�,$ � �X-(X�+� 0X�X,-+.� -.+ �X�(+X�X�(&)(.'�X0" -!X

-!�X&(%� �.%�+X�(+&.%�X� ; � 87AX�!",X0(.%�X'(-X��X�"� 4�.%-XQX2(.X� (.%�X

,"&)%2X�+� 0CX

� .-X 0!�'X 2 (.X � (&)�+ � �X 2(.+X �',0 �+X 0"-!X -!� -X (�X �X �%�,,&� -�BX

-!� 2X&�2X!� / �X�+� 0'X-!",X,-+.� -.+ �CX

� !(X",X� (++� � -GX�!�X�',0 �+BX(�X�(.+,�BX",X-!� -X�(-!X( �X2(.X�+ �AX�X

&(%� �.%�+X�(+&.%�X('%2X-�%%,X2(.X ")2M'�(4 X� -(&,X( �X���!X�%�&�' -X

�+�X )+�,�' -X "'X -!�X � (&)(.'�BX '(-X 0!� -X -!�X �� -.�%X �-(&P-(P� -(&X

� (''� � -"/" -2X",AX�!�+�X�+�X( �-�'X&�' 2X�"�� �+ �' -X)(,," �%�X,-+.� -.+ �,X

�(+X('�X&(%� �.%�+X�(+&.%�AX

�(&)(.'�,X 0" -!X -!",X +�%�-"(',!")CX -!�X ,�&�X &(%� �.%�+X �(+&.%�X

�.-X �"� � �+ �' -X �(''� � -"/" -2BX �+�X � �%%��X �"!%&� &' &�"!�� X �%" �$ %

L,(&� -"&�,X -!�X -�+&X V%&$'�&'$��A �%" �$ WX ",X �%,(X .,��MAX �!�X �+� �$X

-�+&XV#.)LX&� �',XV,�&�A WX

�!�X 0 (+�X ",(&�+X ",X �X +�%�-"('�%X 0(+�BX -!� -X ��,�+" ��,X -!�X

+�%�-"(',!")X �� -0 � �'X - 0 (X -!"' ,AX 	 -X ",X ,"&"%�+X "'X -!�-X ,�',�X -(X -!�X
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0 (+�XV� (.,"' WX(+XV.'�%�A WX��"' X�X�(.,"'X",X'(-X�'X"��' -"-2X�,,�' -"�%X-(X

2(.BX�.-X��,�+" ��,X2 (.+X+�%�-"(',!")X-(X,(&� ('�X�%,�AX�X,.�,-�'� �X

� �'X ��X �'X",(&�+X /)M.)'�/"#(!M�&.� BX�.-X ��"' X �'X",(&�+X",X '(-X �'X

�,,�' -"�%BX"'-�+'�%X�!�+ �� -�+",-"�AX

� +.� -(,�X �'�X %.�(,�BX-0 (X$"'�,X( �X,. �+X&(%� �.%�,BX�+�X+�%�-� �X
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2.4 Heteroatoms and 
Functional Groups 

Functional groups in organic compounds 
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$� -('�X + (.),BX+�,)� � -"/ �%2BX�'�X�(-!X� (' -�"'X4/ �X�%�(!(%X +(.),AX

�!�X !(+&('�X -�,-(,-�+ ('�BX -!�X �&"'(X ��"�X )!�' 2%�%�'"'�BX �'�X

-!�X  %2� (%2,",X &� -��(%" -�X �"! 2�+ ( 12�� � -('�X )!(,)!� -�X �%%X �(' -�"'X

&.%-")%�X�.'� -"('�%X +(.),BX�,X%���%� �X��%( 0 AX

� !"%�X '(-X "'X �' 2X 0� 2X �X �(&)%� -�X %",-BX -!",X ,�� -"('X !�,X � ( / �+ � �X

&(,-X( �X-!�X"&)(+ -�' -X�.'� -"('�%X +(.),X-!� -X0�X0"%%X�'�(.' -�+X"'X

�"(%( "� �%X(+ �'"�X�!�&",-+ 2AX
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#(/- )�0�/)- 4)-!�(#� GE+N><=F"=+J<<M
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"'X -!�X � (%%(0"' X (+  �'"�X � (&)(.'�,AX 	 �X 2(.X 4'�X �%� (!(%X (+X �&"'�X
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� (M#(/�- ��/#1�M�=�M�&�'�(/M"�.M���(M� 3�&0���M - )'M/"#.M

1�- .#)(M) M/"�M/�3/BM�)0M��(M1#�2M#/M)(&#(�M"�-�DM

"//+.DGG)+�()- �!)(B +-�..�))%.B +0� G

#(/- )�0�/)- 4)-!�(#� GE+N><=F"=+J<;M
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2(.X%(($X�-BX(+X�(.' -BX-(X4 .+�X-!",X(.-GX

�* �$ ��%�A08282A

�+ � 0X ('�X � 1�&)%�X � ��!X ( �X �(&)(.'�,X 4 --"' X -!�X ��,�+")-"(',X

��%( 0 BX.,"' X%"'�X,-+.� -.+ �,AX	�X2(.X� �' W-X�+� 0X-!�&BX��,�+" ��X-!�&X

0" -!X0 (+�,AX��X,.+ �X-(X��," '� -�X-!�X%(� � -"('X( �X�%%X'('P3�+ (X�(+&�%X

�!�+  �,AX �%%X �-(&,X ,!(.%�X !� / �X � (&)%� -�X (� -� -,X L)!(,)!(+.,X &� 2X

� 1� � � �X-!�X(� -� -X+.%�MAX�!�+�X�+�X&�' 2X)(,," �%�X�(++� � -X�',0 �+,X�(+X

-!�,�BX,(X��X,.+ �X-(X�!� �$X2(.+X,-+.� -.+ �,X0" -!X2(.+X"',-+.� -(+AX

� MX �X �(&)(.'�X 0" -!X &(%� �.%�+X �(+&.%�X � =� 88� �X -!� -X "'�%.��,X

�%$�'�BX,� � ('��+ 2X�&"'�BX�'�X)+"&�+ 2X�%�(!(%X�.'� -"('�%X +(.),X

� MX �X &(%��.%�X -!� - "'�%.��,X �%��! 2��BX ,� � ('��+ 2X �%�(!(%BX �'�X

)!(,)!� -�X�.'� -"('�%X +(.),AX

� MX�X�(&)(.'�X0" -!X&(%� �.%�+X�(+&.%�X� =� @� �X-!� -X!�,X�'X�&"��X

�.'� -"('�%X +(.)BX�'�X�(�,X ()/ X!� / �X�'X�%$�'�X + (.)AX

Functional Groups and Organic Nomenclature 

�,X '(-� �X � �+%"�+BX -!�X )+�,�'� �X ( �X �X �.'� -"('�%X  +(.)X �+ � *.�' -%2X

,!( 0,X.)X"'X-!�X	�� � �X'�&�X�,X�X,.� 41AX�(+X�%$�'�,BX-!�X'�&�,X�'�X

"'XV�'�B WX0!"�!X"'�"� � -�,X-!�X��,�'� �X( �X�' 2X�.'� -"('�%X +(.)AX
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�%$�'�,X�+ �X��," '� -� �X0" -!X�'XV�'� WX�'�"' BX�'�X0!�'X'� � �,,�+ 2X

-!�X %(� � -"('X �'�X  � (&� -+2X (�X -!�X �(.�%�X �('�X �+ �X "'�"� � -� �AX
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�-!�+X �.'� -"('�%X  +(.),X !� / �X -!�"+X ,.� 41�,BX �,X 0�%%BX �'�X ,(&�X

�.'� -"('�%X +(.),X�� � � � -X	�� � �X'�&�,X"'X&(+ �X� (&)%� 1X0� 2,AX
�' 2X

&(%� �.%�,X �%,(X !� / �X &.%-")%�X �.'� -"('�%X  +(.),X ('X -!�&BX
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$'( 0X-!� -X-!�X,.� 41X��'X( � -�'X��X.,� �X-(X"��' -"�2X-!�X)+�,�'� �X( �X�X

,)� �"4�X�.'� -"('�%X +(.)X('X�X&(%� �.%�AX
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Drawing abbreviated organic structures 

�� -�'X0!�'X�+ � 0"' X(+  �'"�X,-+.� -.+ �,BX�!�&",-,X4'�X" -X�(' / �'"�' -X
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"&)(+ -�' -X5�/"'X&(%� �.%�BX���+ � /"� -"' X-!�X5� /"'X,-+.� -.+ �X!�%),X�X

+� ���+X� (�.,X('X-!�X&(,-X"&)(+ -�' -X)�+-X(�X-!�X&(%��.%�CX

�,X�'X�%-�+'� -"/ �BX0�X� �'X.,�X�XV�+ � �$WX,2&�(%X-(X"'�"�� -�X-!� -X0�X

�+�X%(($"' X� -X�X,&�%%X)"�� �X(+X,�� -"('X( �X�X%�+ �+X&(%��.%�AX�!",X",X
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,.�!X�,X)+ (-�"',X(+X� ��AX
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� "'�%%2BXV�WX +(.),X � �'X ��X .,� �X -(X � ('�",�% 2X"%%.,-+� -�X �X ,�+"�,X ( �X

+�%�-� �X � (&)(.'�,BX ,.�!X �,X -!�X ��&"% 2X (�X )�'"�"%%"'P��,� �X

�' -"�"(-"�,AX

� ,"' X ���+ � /"� -"(',X �))+ ()+"� -�%2X ",X /�+ 2X !�%)�.%X -(X ,-.��' -,X

"' -�+ �,-� �X"'X�"(%( 2BX��� � .,�X�%-!(. !X&�' 2X�"(&(%� �.%�,X�+ �X/ �+ 2X

%�+ �X �'�X � (&)%� 1X L�'�X -�$ �X �(+� / �+X -(X �+� 0FMBX .,.�%%2X 0�X �+�X

�(�.,"' X('X#.,-X('�X,&�%%X)�+ -X(�X-!�X&(%��.%�X0!�+ �X�X�!�' �X",X
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CHAPTER III 

CHAPTER 3 CONNECTING 
STRUCTURES TO 
PROPERTIES 
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3.0 Connecting Structures to 
Properties 
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	 'X-!",X�!�)-�+X2 (.X0"%%X%��+'X-(X

HX ��,�+" ��X"' -�+&(%� �.%�+X�(+� �,CX�")(%�P�")(%�X

"' -�+ �� -"(',BX� 2�+ ( �'X�('�"' BX�'�X�('�('X� (+� �,X

HX %(($X�-X�X,-+.� -.+ �X�'�X�� -�+&"'�X0!"�!X( �X-!�,�X

�(+� �,X0 (.%�X!� / �X-!�X + � � -�,-X"'5.�'� �X('X-!�X

)+()�+ -"�,X( �X-!� -X,.�,-�'� �X
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3.1 Intermolecular Forces 

�' -"%X '(0X 0�X !� / �X �� �'X � (�.,"' X ('X .'��+,-�'�"' X -!�X � ( / �%�' -X

�('�,X -!� -X !(%�X "'�"/"�.�%X &(%� �.%�,X -( � -!�+ AX ��X -.+'X '� 1-X -(X

� (',"��+X -!�X ,.�#� � -X (�X '('P� ( / �%�' -X "'-�+ �� -"(',X ��/2��(M

&(%� �.%�,BX (+X ��-0 � �'X �"� � �+ �' -X �.'� -"('�%X  +(.),X 0" -!"'X �X ,"' %�X

&(%� �.%�AX �!�X � (+� �,X +�,.%-"' X "'X -!�,�X "' -�+ �� -"(',X �+ �X � �%%��X

�! &�$ " ���'��$A � "$ ��%8 �%(' X 0" -!X "('P"('X �'�X "('P�")(%�X � (+� �,X

-!� 2X&�$�X.)X�X,� -X0�X&" ! -X��%%X'('�( / �%�' -X"'-�+ �� -"(',AX
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&�%-"' X )("' -,BX �'�X ,(%.�"%"-2X QX ��-0 � �'X �"� � �+ �' -X (+ �'"�X

� (&)(.'�,AX
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�� � � � -X -!� -X ",X "&)(+-�' -AX �"&"%�+X -(X !(0X -!�X "'�"/"�.�%X !(($X �'�X
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� #(0.M��0&#(!L.M9A::M
!- ��0�/#)(M+)-/- �#/M -)'M
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! 2�+ ( �'X",X&.�!X%�,,X�%� � -+('� � -"/ �X-!�'X( 12 �'AX

:A8X	' -�+&(%� �.%�+X�(+� �, XXbXX<>
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-!�'X,.%�.+ AX�%.(+"'�BX"'X-!�X-()X+" ! -X�(+'�+X( �X-!�X)�+"(�"�X-��%�BX",X
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Types of intermolecular forces 

Ion-ion, dipole-dipole and ion-dipole forces 

�!�X,-+ (' �,-X- 2)�X( �X'('P� ( / �%�' -X"'-�+ �� -"('X",X�� -0 � �'X- 0 (X"('"�X
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� (%�+X &(%��.%�,X QX -!(,�X 0" -!X �X &(%��.%�+X �")(%�X &(&�' -BX ,.�!X
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London dispersion forces 
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Hydrogen Bonding forces 

� +�$ "� �!A �"!�% X+�,.%-X �+(&X -!�X "' -�+ �� -"('X �� -0 � �'X �X ! 2�+ ( �'X

�('�� �X -(X �X /�+ 2X �%�� -+('� � -"/ �X !� -�+ (� -(&X QX ,)� �"4� �%%2X �X
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Relative Strength of Intermolecular Forces 
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3.2 Solubility 
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solubility 
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3.3 Melting points and Boiling 
Points 

Boiling point and melting point 
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CHAPTER IV 

CHAPTER 4 THE 
HYDROCARBONS 
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4.0 The Hydrocarbons 
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4.1 Alkanes, Alkenes, Alkynes 
and Aromatic Hydrocarbons 
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4.2 Names and Structures for 
Hydrocarbons 
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Geometric Isomers in Alkenes 

�'�X(-!�+X,-+.� -.+ �%X/�+"� -"('X(� �.+,X0" -!X�%$�'�,AX�!�X � (&� -+2X(�X

-!�X� �+�('P� �+�('X�(.�%�X�('�X",X41 � �BX0"-!X'(X+(-� -"('X�%(' X-!�X

�1",X( �X-!�X�(.�%�X�('�AX�!.,BX- 0 (X�"� � �+ �' -X",(&�+,X( �X�X,.�,-�'� �X

�+ �X( �-�'X)(,," �%�AX
.,-X%"$�X-!�X,-+.� -.+ �%X",(&�+,X0�X!� / �X�%+� �� 2X

� (',"��+ � �BX -!�,�X �+ �X +�%�-� �X �.-X �"� � �+ �' -X �(&)(.'�,X -!� -X !� / �X

-!�X ,�&�X&(%� �.%�+X �(+&.%�AX �( 0 � / �+BX-!�X  � (&� -+"�X ",(&�+,X �+ �X

�%,(X -!�X ,�&�X "'X -�+&,X ( �X -!�"+X �-(&X � (''� � -"/" -2CX ���!X � -(&X "'X

??XXbXX;A9X��&�,X�'�X� -+.� -.+ �,X� (+X� 2�+ (� �+�(',



-!�X&(%� �.%�X!�,X-!�X,�&�X- 2)�,X( �X�('�,XL ,�&�X� (''� � -"(', MX-(X"-,X

'�" !�(+,AX �!�X �"� � �+ �'� �X%"�,X ('%2X"'X -!�X :P�"&�',"('�%X%� 2(.-X ( �X

-!�X&(%� �.%�AX

�!�X0 (+�X)+�41 �,XV�",WX�'�XV-+�',WX�+�X� (&&('% 2X.,� �X-(X"'�"� � -�X

0!"�!X( �X-!�X-0 (X � (&� -+"�X",(&�+,X",X��"' X"��' -"4� �AX

;A9X��&�,X�'�X� -+.� -.+ �,X� (+X� 2�+ (� �+�(', XXbXX?@



�!�XV �",WX�'�XV-+�',WX'(&�'�%� -.+ �X",X��,� �X('X-!�X)�+ �' -X�!�"'CX"�X

-!�X�!�"'X� (&�,X"' -(X-!�X�(.�%�X�('�X('X('�X,"��XL%(' X�1", MX(�X-!�X

�(.�%�X�('�X�'�X%� � / �,X('X-!�X,�&�X,"��BX" -X",X�XV�",WX",(&�+AX	�X-!�X

)�+ �' -X�!�"'X%� � / �,X-!�X�(.�%�X�('�X())(," -�X0!�+ �X"-X��&�X"'BX-!�X

",(&�+X",X-�+&� �XV-+�',A WX

	�� � �X !�,X �X ,2,-�&X � (+X !�'�%"' X -!�X �",-"'� -"('X �� -0 � �'X -!�,�X

 � (&� -+"�X",(&�+,X-!� -X.,�,X-!�X%� --�+,X�X�'�X�AX� (+X	�� � �BX�X�'�X

�X'�&�,X�+ �X��+"/ � �X� 2X�))%2"' X�X,� -X(�X+.%�,X-!�-X+�'$X-!�X + (.),X

� (''� � -� �X-(X� ��!X� �+�('X( �X-!�X�(.�%�X�('�BX�'�X�,," 'X('�X0" -!X

�X!" !�+X)+"(+" -2X-!�'X-!�X(-!�+ AX�2X-!�'X� (%%(0"' X-!�X-+ �"%X(�X-!�,�X

 +(.),BX�+ (&X!" !�+X)+"(+" -2X�-(&X-!+ (. !X-!�X- 0 (X� �+�(',X( �X-!�X

�(.�%�X �('�X �'�X (.-X -!�X (-!�+X ,"��BX -!�X �++ �' �&�' -X ��'X ��X

"��' -"4� �X�'�X'�&� �AX	�X-!�,�X!" !�+X)+"(+" -2X +(.),X�' -�+X�'�X� 1"-X

-!�X �%$�'�X ('X -!�X ,�&�X ,"��X L �%(' X -!�X �1",X ( �X -!�X �(.�%�X �('�MX

-!�X&(%� �.%�X ",X ��,�+" �� �X �,XV�BWX,!(+-X �(+X3.,�&&�'BX ��+&�'X � (+X

V-( � -!�+ AWX	�X-!�X +(.),X�' -�+X�'�X� 1"-X-!�X�(.�%�X�('�X('X())(," -�X

,"��,X -!�X ,-+.� -.+ �X ",X "��' -"4� �X �,X V�WX �(+X �' - � �'BX &� �'"' X

V())(," -�AWX

�X�'�X�X",(&�+,X( �-�'X� (++�,)('�X0" -!X�",X�'�X-+ �',X",(&�+,BX�.-X

'(-X�%0 � 2,BX,"'� �X-!�X)+"(+" -2X +(.),X�+ �X.,.�%%2X�.-X'(-X�%0 � 2,X"'X

-!�X)�+ �' -X�!�"'AX

� (-�X-!� -X�%$�'�,X� -X-!�X�'�X( �X�X��+�('X�!�"'X0"%%X'(-X� 1!" �" -X-!",X

$"'�X( �X",(&�+",&BX�� � � .,�X-!�X� �+�('X� -X-!�X�'�X( �X-!�X�!�"'X!�,X

-0 (X! 2�+ ( �',X('X" -CX

@7XXbXX;A9X��&�,X�'�X� -+.� -.+ �,X� (+X� 2�+ (� �+�(',



� /"�(�M�(�M+- )+�(�M�)M()/M"�1�M�#.M�(�M/- �(.M#.)'�- .M����0.�M/"�M��-�)(M
�"�#(.M�)M()/M� 3/�(�M��4)(�M/"�M�)0�&�M�)(�BM� (4M�&%�(�M2#/"M#��(/#��&M
!- )0+.M�//��"��M�/M/"�M�)0�&�M�)(�M.#'#&�- &4M��(M()/M�3#./M#(M�M�#.M)-M/-�(.M
 )-'BM

� ! 2X�(�,X-!",X � (&� -+"�X�",-"'� -"('X&� --�+GX�!�X+� �,('X",X�� � � .,�X

-!�,�X ",(&�+,X �+ �X �"� � �+ �' -X ,.�,-�'� �,BX �'�X 0"%%X !�/ �X �"� � �+ �' -X

�!�+ �� -�+",-"�,AX � )� �"4�X ",(&�+,X &.,-X ��X "'� (+)(+ � -� �X "' -(X

)!�+&�� �.-"� �%,X�(' -�"'"' X�%$ �'�,BX� (+X"',-�'� �BX"�X-!�2X�+�X-(X!� / �X

-!�X��,"+ � �X�!�+ �� -�+",-"�,X�'�X'(-X��%� -�+"(.,X�� � � � -,AX

	�X2(.X+� � (',"��+X-!�X,-+.� -.+ �X��( / �X2(.X,!(.%�X'( 0X+� � ( '"3 �X

-!� -X"-X",X('�X( �X-!�,�X",(&�+,AX� "'� �X-!�X)�+ �' -X �!�"'X � (&�,X"' -(X

� �+�('X9X�+ (&X��%( 0X�'�X� 1"-,X�+(&X� �+�('X-!+ � �X��( / �X-!�X)%�'�X( �X

-!�X�(.�%�X�('�BX-!",X",X�X-+ �',X",(&�+X�'�X� (.%�X��X�� --�+X'�&� �X

�,X� P:P
 � -! 2%!�1P9P�'�AX

� �&�&��+X -!�,�X ,2,-�&� -"�X '�&�,X �+ �X � (�� �X "'� (+&� -"('BX �'�X

%"$�X�' 2X�(��X" -X-�$�,X-"&�X�'�X)+ �� -"� �XL�'�X�+ � *.�' -X�++(+,X�%(' X

-!�X0 � 2MX-(X%��+'AX� "-!X+�)� � -� �X.,�X-!�X� (��X�� � (&�,X��&"%"�+X�'�X

2(.X� �'X�� � (&�X5.�' -X"'X+� ��"' X�'�X.'��+,-�'�"' X-!�X'�&�,X�'�X

,-+.� -.+ �,AX

� (.X � �'X )+ �� -"� �X '�&"' X ,(&�X �%$ �'�,X � 2X �(&)%� -"' X -!�X *."3X

!�+ �AX

�* �$ ��%�A28082>4A

� (M#(/�- ��/#1�M�=�M�&�'�(/M"�.M���(M� 3�&0���M - )'M/"#.M

;A9X��&�,X�'�X� -+.� -.+ �,X� (+X� 2�+ (� �+�(', XXbXX@8



1�- .#)(M) M/"�M/�3/BM�)0M��(M1#�2M#/M)(&#(�M"�-�DM

"//+.DGG)+�()- �!)(B +-�..�))%.B +0� G

#(/- )�0�/)- 4)-!�(#� GE+N>>:F"=+JAM

�%$2'�,X�+ �X'�&� �X,"&"%�+%2X-(X�%$�'�,X�.-X0" -!(.-X-!�X� ('� �+'X� (+X

��," '� -"' X�",X(+X-+�',X",(&�+,AX

�* �$ ��%�A28085>6A

� (M#(/�- ��/#1�M�=�M�&�'�(/M"�.M���(M� 3�&0���M - )'M/"#.M

1�- .#)(M) M/"�M/�3/BM�)0M��(M1#�2M#/M)(&#(�M"�-�DM

"//+.DGG)+�()- �!)(B +-�..�))%.B +0� G

#(/- )�0�/)- 4)-!�(#� GE+N>>:F"=+J98M

�'X�%$�'�X(+X�%$2'�X!� /"' X('�X(+X&(+ �X&.%-")%�XL�(.�%�X(+X-+")%�MX

�('�,X�� -0 � �'X� �+�('X� -(&,X",X� �%%��X.',� -.+ � -� �AX�!",X",X�� � � .,�X

-!� 2X!� / �X�� 0 �+X!2�+ ( �'X� -(&,X-!�'X�(�,X�'X�%$�'�X0" -!X-!�X,�&�X

'.&��+X ( �X ��+�('X � -(&,BX �,X ",X "'�"� � -� �X "'X -!�X � (%%(0"' X  �'�+ �%X

�(+&.%�,CX

@9XXbXX;A9X��&�,X�'�X� -+.� -.+ �,X� (+X� 2�+ (� �+�(',

https://openoregon.pressbooks.pub/introductoryorganic/?p=662#h5p-9
https://openoregon.pressbooks.pub/introductoryorganic/?p=662#h5p-9
https://openoregon.pressbooks.pub/introductoryorganic/?p=662#h5p-10
https://openoregon.pressbooks.pub/introductoryorganic/?p=662#h5p-10


Summary of Naming Rules for Alkenes and 
Alkynes 
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4.3 Properties of the 
Hydrocarbons 
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Physical Properties of Some 
Selected Alkenes. Like alkanes 

they have low melting and 
boiling point temperatures. 
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Synthetic Polymers 
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The Production of 
Polyethylene 
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Some Addition Polymers 
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4.4 Aromatic Hydrocarbons 

Aromatic Compounds 
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To Your Health: 
Polycyclic Aromatic 
Hydrocarbons and 
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Biologically Important 
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�,X�X!� -�+ (� 2�%"�X�+(&� -"�X+"' AX

;A;X�+(&� -"�X� 2�+ (� �+�(', XXbXX898
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CHAPTER V 

CHAPTER 5 ALCOHOLS, 
THIOLS, ETHERS AND 
AMINES 

�!�)-�+X<X�%� (!(%,BX�!"(%,BX�-!�+,
�'�X�&"'�, XXbXX89:





5.0 Alcohols, Thiols, Ethers 
and Amines 

���-(#(!M� �$��/#1�.M

	 'X-!",X�!�)-�+X2 (.X0"%%X%��+'X-(X

HX "��' -"�2X-!�X�.'� -"('�%X +(.),X�%� (!(%BX)!�'(%BX-!"(%BX

� -!�+ BX�'�X�&"'�X('X(+  �'"�X�!�&"� �%X,-+.�-.+ �,X

HX )+( /"��X+ � �,('��% 2X�(++� � -X'�&�,X0!�'X "/ �'X

,-+.� -.+ �,BX�'�X�+ � 0X,-+.� -.+ �,X0!�'X "/ �'X'�&�,BX

�(+X,-+.� -.+ �,X� (' -�"'"' X-!�X�.'� -"('�%X +(.),X��( / �X

HX +� � ( '"3 �X-!�X)(-�' -"�%X�(+X!2�+ ( �'X�('�"' X"'X

�%�(!(%,X�'�X�&"'�,X�'�X+ �%�-�X-!",X-(X-!�"+X)! 2,"� �%X

)+()�+ -"�,XL&�%-"' X�'�X�("%"' X)("' -,BX0� -�+X

,(%.�"%"-2MX

HX � 1)%�"'X-!�X,(%.�"%"-2X�'�X&�%-"' X)("' -X�!�' �,X

-!� -X�� � (&)�' 2X�&"'�X)+ (-('� -"('X
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5.1 Names and Structures for 
Alcohols, Thiols, Ethers, and 
Amines 

� ( 0X-!� -X0�X!� / �X%��+'� �X*." -�X�X%(-X��(.-X-!�X! 2�+ (� �+�(',BX0 �X

�+�X+� �� 2X-(X/�' -.+ �X"' -(X�",�.,,"('X( �X(-!�+X(+  �'"�X��&"%"�,AX�!(,�X

��,�+" �� �X "'X -!",X �!�)-�+X "'�%.��X -!�X �%� (!(%,BX -!"(%,BX �-!�+,X �'�X

�&"'�,AX� "'� �X-!�,�X��&"%"�,X"'�%.��X�.'� -"('�%X +(.),X-!� -X�(' -�"'X

!� -�+ (� -(&,BX -!�+ �X 0"%%X ��X ,(&�X �"�� �+ �'� �,X �� -0 � �'X -!�&X �'�X

-!�X! 2�+ (� �+�(',AX� (+X���!X( �X-!�X�(.+X + (.),X� (',"��+ � �X!�+ �BX�,X

0 �%%X�,X�(+X���" -"('�%X(+ �'"�X��&"%"�,X0 �X0"%%X�",�.,,X%�-�+ BX0�X0"%%X

(+ �'"3 �X(.+X%��+'"' X"' -(X,� / �+ �%X,�� -"(',AX

HX"��' -"�2"' X-!�X�.'� -"('�%X +(.)X('X�X,-+.� -.+ �X

HX�+ � 0"' X�+ (&X'�&�,BX�'�X'�&"' X,-+.� -.+ �,X

HX� 1)%�"'"' X-!�X)! 2,"� �%X)+()�+ -"�,X( �X-!�,�X,.�,-�'� �,BX

"'�%.�"' X�",�.,,"('X( �X&�%-"' X)("' -,BX�("%"' X)("' -,BX�'�X

,(%.�"%"-2X"'X0� -�+X�'�X(-!�+X,(% / �' -,X

	' -�+,)�+,� �X-!+ (. !(.-BX2(.X0"%%X��X"'-+(�.� � �X-(X�X�� 0X'� 0X"�� �,X

-!� -X &�2X !� / �X ,)� �"4�X +�%�/ �'� �X -(X -!�X �.'� -"('�%X  +(.)X .'��+X

� (',"��+ � -"('AX� � �� -"/" -2X",X�%,(X+�%�-� �X-(X(+ �'"�X��&"%"�,BX�.-X0 �X

�+�X)(,-)('"' X-!� -X�(' / �+,� -"('X.' -"%X�X�"-X%�-�+ AX

Alcohols 

�'X �%� (!(%X ��'X ��X + � � ( '"3 � �X � 2X -!�X )+�,�'� �X ( �X -!�X ! 2�+ ( 12X (+X

�%�(!(%X �.'� -"('�%X  +(.)X ('X �'X (+  �'"�X &(%� �.%�AX �(',"��+X -!�X

,-+.� -.+ �X,!( 0'X��%( 0CX
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�!�X( 12 �'X�'�X! 2�+ ( �'X� (''� � -� �X-(X�X��+�('X� (',-" -.-�X-!�X

�%�(!(%X �.'� -"('�%X  +(.)AX � -(&,X -!� -X �+�X '(-X � �+�('X (+X ! 2�+ ( �'X

"'X(+ �'"�X&(%� �.%�,X�+ �X( �-�'X+ �� �++� �X-(X�,X��&�$ "� &" % BX0!�+�X

V!� -�+ ( WX"'�"�� -�,XV(-!�+ BWX&��'"' X�'X� -(&X( �X�'X�%�&�' -X(-!�+X-!�'X

� �+�('X (+X ! 2�+ ( �'AX � !�'X ��� � �X 0" -!X �X %�+ �X &(%��.%�X 2(.X 0",!X

-(X .'��+,-�'�X " -X ",X ,&�+-X -(X 4+,-X 4'�X -!�X !� -�+ (� -(&,AX �!� 2X �+�X

"'�"� � -(+,X( �X�.'� -"('�%X +(.),BX�'�X"'X-!� -X+(%�X��'X!� / �X�X,-+(' X

"'5.�'� �X('X-!�X)+ ()�+ -"�,X( �X-!�,�X,.�,-�'� �,AX

�%�(!(%X '�&�,X �+ �X +�%�-� �X �%(,�%2X -(X -!�X '�&�,X ( �X -!�X

! 2�+ (� �+�(',X-!� 2X+�,�&�%�BX0" -!X$� 2X&(�"4� � -"(',AX� (+X"',-�'� �BX

-!�X &(%� �.%�X ��( / �X 0"-!(.-X -!�X ! 2�+ ( 12X  +(.)X 0 (.%�X ��X '�&� �X

� 2�%()�' -�'�AX�!�X�%� (!(%X",X'�&� �X� 2�%()�' -�'(%AX

�!�XVP(%WX,.�41X&�2X+� *."+ �X�X%(�� -"('X," '"4�+ AX�!�'X-!",X",X-!�X

� �,�BX)+( /"��X�X'.&��+X-!� -X"'�"� � -�,X-!�X'.&��+X( �X-!�X� �+�('X"'X

-!�X)�+ �' -X�!�"'X0!�+ �X-!�X ( 12 �'X",X� --��!� �AX�(+X�2�%()�' -�'(%X

-!",X",X'(-X'� � �,,�+ 2X�� � � .,�X-!�+ �X�+�X'(-X�",-"'� -X��+�(',X-!� -X�+�X

'.&��+ � �AX�.-X"'X-!",X� 1�&)%�X�X'.&��+X",X+ � *."+ � �CX
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�.&��+"' X�+ (&X�" -!�+X�'�X( �X-!�X)�+ �' - �!�"'XL<X� �+�(', MX0(.%�X

"��' -"�2X��+�('X:X�,X-!�X)("' -X0!�+ �X-!�X! 2�+ ( 12XLP��MX +(.)X

� (''� � -,X-(X-!�X�!�"'AX�(X-!�X'�&�X( �X-!",X�%�(!(%X",X:P)�' -�'(%AX

� (.X&� 2X�%,(X,��X-!�X&(+ �X-� �!'"� �%%2X�(++� � -XL�� � (+�"' X-(X	�� � �MX

)�' -�'�P :P(%BX�.-X-!",X�(+&X( �X'(&�'�%� -.+ �X!�,X�� �'X,%(0X-(X

� � -�!X('X"'X)+ �� -"� �AX

�,X 0" -!X �+ �'�!�,X ('X �'X �%$�'�BX -!�X '.&��+X ",X �,," '� �X �+(&X

0!"�!� / �+X �'�X ( �X -!�X )�+ �' -X �!�"'X )+ (�.� �,X -!�X %(0 �,-X )(,," �%�X

'.&��+X� (+X-!�X�%�(!(%AX

�+ (&� -"�X+"' ,X0" -!X�%�(!(%X +(.),X�"+ � � -%2X�--��!� �X-(X-!�&X�+ �X

�"� � �+ �' -X�'(. !X-!�'X'('P�+ (&� -"�XLV�%")!� -"� WMX�%�(!(%,X-(X0 �++�' -X

-!�"+X( 0'X'�&�,AX�(&)(.'�,X� (' -�"'"' X-!",X,-+.� -.+ �X�+�X'�&� �X

)!�'(%,BX �� -�+X -!�X '�&�X ( �X -!�X ,.�,-�'� �X ��%(0 BX 0!"�!X ",X -!�X

,"&)%�,-X( �X-!�,�X�+ (&� -"�X�%�(!(%,BX�'�X",X'�&� �X)!�'(%CX

�!�+ �X �+�X ( �X �(.+,�X / �+"� -"(',X -!� -X &�$ �X �(+X �1-+�X �!�%%�' �CX

�+ �'�!� �X ! 2�+ (� �+�('X ,-+.� -.+ �,X 0" -!X �%�(!(%X  +(.),X �'�X

&(%� �.%�,X0" -!X&(+ �X-!�'X('�X�.'� -"('�%X +(.)BX�(+X"',-�'� �AX�!(,�X

",,.�X� �'X��X�� �%-X0"-!X%�-�+ BX('� �X2(.X!� / �X&(+ �X� 1)�+"�'� �AX
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� (M#(/�- ��/#1�M�=�M�&�'�(/M"�.M���(M� 3�&0���M - )'M/"#.M

1�- .#)(M) M/"�M/�3/BM�)0M��(M1#�2M#/M)(&#(�M"�-�DM

"//+.DGG)+�()- �!)(B +-�..�))%.B +0� G

#(/- )�0�/)- 4)-!�(#� GE+N>?>F"=+J99M

Thiols 

�!"(%,X�+ �X,.�,-�'� �,X-!� -X�+�X,-+.� -.+ �%%2X*."-�X,"&"%�+X-(X�%�(!(%,BX

!( 0 � / �+X-!� 2X"'�%.��X� .%�.+X0!�+ �X� 12 �'X� 1",-,X"'X�'X�%�(!(%AX�!�X

 +(.)X P ��X � �'X ��X + �� �++� �X -(X �,X �X -!"(%X  +(.)AX � � � �,"('�%%2X -!�X

� (&&('X'�&�X&�+ � �)-�'X",X,-"%%X.,��X-(X��,�+" ��X&�&��+,X( �X-!",X

(+ �'"�X��&"% 2AX

� �&"' X -!"(%,X "' / (%/ �,X �X &(�"4� � -"('X ( �X -!�X '�&�X ( �X -!�X

� (++�,)('�"' X! 2�+ (� �+�('AX	 'X-!",X� �,�BX+� -!�+X-!�'X+ �&( /"' X-!�X

VP�'� WX �+(&X �'X �%$�'�X '�&�BX -!�X ,.� 41X �!�' �,X -(X VP�'� -!"(%AWX �(+X

"',-�'� �CX

",X'�&� �X9P)+()�'� -!"(%AX

�!�,�X'�&�,X0"%%X,� �&X(��X�,X2 (.X4+,-X%��+'X-!�&X�'�X2 (.X&" ! -X

4'�X)+ ('.'�"� -"('X.'�%� �+X(+X�"�4�.%-AX�!� -X",X '(+&�%AX�!�X '�&�,X
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�+ �X ��," '� �X -(X 4+,-X �(' / � 2X ,-+.� -.+ �%X "'�(+&� -"('X �'�X ('% 2X

,� � ('��+"% 2X-(X��X��,2X-(X,)� �$AX
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� (M#(/�- ��/#1�M�=�M�&�'�(/M"�.M���(M� 3�&0���M - )'M/"#.M
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"//+.DGG)+�()- �!)(B +-�..�))%.B +0� G
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Ethers 

� -!�+,X�+ �X(+ �'"�X&(%� �.%�,X-!� -X�%,(X�(' -�"'X( 12 �'AX	'X-!",X� �,�BX

-!�X ( 12 �'X ",X "'� (+)(+ � -� �X "' -(X �X �!�"'X ( �X ��+�(',BX ,(X -!� -X "-X !�,X

-0 (X,"' %�P�('�X� (''� � -"(',X-(X- 0 (X,�)�+ � -�X� �+�(',AX	�� � �X+.%�,X

�(+X '�&"' X � -!�+,X "' / (%/ �X '�&"' X ('�X ,"��X ( �X -!�X � -!�+X �,X "�X "-X

0 �+ �X �X,.�,-" -.�' -X  +(.)X('X-!�X(-!�+X� �+�(',AX�!",X",X,(&� 0!� -X

� (&)%"� � -� �AX 
�$"' X &� --�+,X 0 (+,�X � (+X ,-.��' -,BX -!�X ,2,-�&� -"�X

'�&�,X� (+X�-!�+,X�+ �X'(-X.,� �X� (',",-�' -%2X�2X�!�&",-,AX�(X� (&&('X

'�&�,BX0!"�!X.-"%"3 �X-0 (X,�)�+ � -�X0 (+�,X"'�"� � -"' X� ��!X,"��X( �X-!�X

� -!�+ BX)+� �(&"'� -�CX

8:7 XXbXX<A8X��&�,X�'�X� -+.� -.+ �,X� (+X�!�,�X� �&"%"�,
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�!",X ,-+.� -.+ �X ",X '�&� �X � 2X 	�� � �X +.%�,X �,X 
 � -!( 12�.-�'�AX �!�X

V&� -!( 12WX)(+-"('X��,�+" ��,X�X + (.)X-!� -X"'�%.��,X('�X� �+�('XL �'�X

"-,X! 2�+ ( �', MX�'�X-!�X( 12 �'BX�."%-X(' -(X�X�.-�'�X)�+ �' -X�!�"'AX�!�X

� (&&('X'�&�X� (+X-!",X,-+.� -.+ �X",X&�-! 2%X�.-2%X�-!�+ AX

� !� -X�+�X,-.��' -,X-(X�( GX�,$X�(+X�%�+"4�� -"('X('X-!�X� 1)� � -� -"(',X

�(+X '�&"' X �'�X �+ � 0"' X � -!�+X ,-+.� -.+ �,AX �(.X 0"%%X ��X  "/ �'X

 ."��'� �AX

�* �$ ��%�A38/82A

� (M#(/�- ��/#1�M�=�M�&�'�(/M"�.M���(M� 3�&0���M - )'M/"#.M

1�- .#)(M) M/"�M/�3/BM�)0M��(M1#�2M#/M)(&#(�M"�-�DM

"//+.DGG)+�()- �!)(B +-�..�))%.B +0� G

#(/- )�0�/)- 4)-!�(#� GE+N>?>F"=+J9;M

<A8X��&�,X�'�X� -+.� -.+ �,X� (+X�!�,�X� �&"%"�, XXbXX8:8

https://openoregon.pressbooks.pub/introductoryorganic/?p=676#h5p-13
https://openoregon.pressbooks.pub/introductoryorganic/?p=676#h5p-13


Amines 

�!�X�&"'�X�.'� -"('�%X +(.)X",X� (&)(,� �X( �X�X'"-+( �'X� -(&X�('�� �X

-(X � -X %��,-X � �+�('X � 2X �X ,"' %�X �('�AX �"'� �X '" -+( �'X !�,X <X / �%�'� �X

,!�%%X �%�� -+(',X " -X -2)"� �%%2X �(+&,X :X �('�,X -(X (-!�+X � -(&,X �'�X !�,X

('�X%('�X)�"+X( �X�%�� -+(',AX�" -+( �'X� -(&,X0" -!X('�X� (''� � -"('X-(X

� �+�('X �+ �X � �%%��X )+"&�+ 2X �&"'�,BX-!(,�X0" -!X -0 (X � (''� � -"(',X -(X

� �+�(',X ,� � ('��+ 2X �&"'�,BX �'�X -!(,�X 0" -!X -!+ � �X � (''� � -"(',X -(X

� �+�('X�+ �X-�+-"�+2X�&"'�,AX

�!�X '�&�,X ( �X )+"&�+2X �&"'�,X �+ �X �(+&� �X � 2X +�)%��"' X -!�X VP� WX

�'�"' X ('X �'X �%$�'�X '�&�X0" -!XVP�&"'�AWX�,X0"-!X (-!�+X �.'� -"('�%X

 +(.),BX-!�X)%�� �&�' -X('X-!�X)�+ �' -X�!�"'X",X'(-� �X0" -!X�X'.&��+ AX

� (+X"',-�'� �CX

�!",X",X:P&� -! 2%P8P�.-�'�&"'�AX� (-�X-!� -X-!�X'.&��+"' X",X�+"/ �'X

� 2X-!�X%(�� -"('X( �X-!�X �.'� -"('�%X +(.)X+ � -!�+X-!�'X-!�X �+ �'�!X('X

-!�X�%$�'�AX� .'� -"('�%X +(.),X'� �+%2X�%0 � 2,X!� / �X)+"(+"-2X(/ �+X(-!�+X

 +(.),X0!�'X%(� � -"(',X�+ �X�,," '� �X"'X-!",X0 � 2AX

�� � ('��+ 2X �'�X -�+ -"�+2X �&"'�,BX 0!"�!X !� / �X ���" -"('�%X �%$2%X

L� �+�('P��,� �MX  +(.),X � --��!� �X -(X -!�X '" -+( �'BX �+�X !�'�%� �X � 2X

���"' X�X)+ �41X��,�+" �"' X-!�X���" -"('�%X�%$2%X +(.),X�'�X"'�"� � -"' X

-!�X%(� � -"('X� (+X�--��!&�' -X�,XV�AWX�,X��&(',-+ � -� �X!�+ �CX

8:9XXbXX<A8X��&�,X�'�X� -+.� -.+ �,X� (+X�!�,�X� �&"%"�,



� J�/"4&+- )+�(�'#(�M �C� J�#'�/"4&�/"�(�'#(�M
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� (M#(/�- ��/#1�M�=�M�&�'�(/M"�.M���(M� 3�&0���M - )'M/"#.M

1�- .#)(M) M/"�M/�3/BM�)0M��(M1#�2M#/M)(&#(�M"�-�DM
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� � � �%%X-!�-X!2�+ ( �'X� -(&,X�+ �X'(-X,!( 0'X"'X%"'�P�('�X,-+.� -.+ �,X

�(+X !2�+ (� �+�(',AX � !�'X � --��!� �X -(X !� -�+ (� -(&,BX !( 0 � / �+BX
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5.2 How Hydrogen-bonding 
Influences Properties 

�!�X )+ �,�'� �X ( �X ('�X (+X �X  +(.)X ( �X !� -�+ (� -(&,X ('X �X &(%� �.%�X
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�+(&X -!�X .))�+X +" ! -P!�'�X � (+'�+X ( �X -!�X )�+"(�"�X -��%�X "'X -!�&AX
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�!�X P� �X �'�X P ��X  + (.),X ('X &(%� �.%�,X "'X -!�,�X ��&"%"�,X &�$ �X

! 2�+ ( �'X �('�"' X )(,," �%�BX �,X �(-!X !2�+ ( �'P�('�X �('(+X �'�X

! 2�+ ( �'P�('�X�� � �)-(+X� -(&,X�+ �X)+�,�' -X�,X)�+-X(�X-!�X�.'� -"('�%X

 +(.)X" -,�%�AX�2�+ ( �'X�('�X"' -�+ �� -"(',X�+ �X'(-��% 2X,-+(' �+X-!�'X

(-!�+X �")(%�P�")(%�X "' -�+ �� -"(',BX ,(X -!�,�X �.'� -"('�%X  +(.),X !� / �X
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	'X� -!�+,X)(%�+X�('�,X�(X� 1",-BX�'�X�")(%�P�")(%�X"' -�+ �� -"(',X�+ �X
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5.3 Amine Protonation 
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6.0 Chirality and 
Stereoisomers 
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6.1 Identifying Chiral 
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6.2 Stereochemical 
Designations in Names and 
Structures 

Nomenclature for distinguishing chiral isomers 
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A step-wise method for accurately assigning an 
R/S designation to a chiral carbon: 
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6.3 Chirality in Chemical, 
Environmental and Biological 
Systems 
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CHAPTER VII 

CHAPTER 7 CARBONYL 
COMPOUNDS 
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7.0 Carbonyl Compounds 
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7.1 Aldehydes, Ketones, 
Carboxylic acids, Esters, and 
Amides 

The Carbonyl Group 
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7.2 Aldehydes and Ketones 

Aldehydes 
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Ketones 
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7.3 Carboxylic Acids 

Carboxylic Acids 
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7.4 Esters and Amides 

Esters 

�,-�+,X�+ �X('�X- 2)�X( �X��+�(' 2%X�(&)(.'�X��,�+" �� �X�,X� �+�( 12%"�X

��"�X��+"/ � -"/ �,AX	'X-!",X + (.)X-!�XVP� � WX +(.)X( �X�X��+�( 12%"�X��"�X

!�,X�� �'X+ �)%�� � �X� 2X�X +(.)X� (' -�"'"' X�X� �+�('P� (' -�"'"' BXVP� �WX

 +(.)AX�,X�'X� 1�&)%�CX

 

�!",X �,-�+X ",X :P&� -! 2%�.- 2%X �-!�'(� -�AX 	-X ",X �%,(X $'(0'X � 2X "-,X

� (&&('X '�&�BX ",(�& 2%X ��� -� -�AX �!",X ,.�,-�'� �X ",X ('�X ( �X �X �� 0X

�+� + �'� � J5� / (+X�(&)(.'�,X-!� -X�",-"' .",!X-!�X5� / (+X(�X��'�'�BX

-!(. !X"-X",X�%,(X�(.'�X"'X,(&�X(-!�+X�+." -,AX�+-"4�"�%X��'�'�X5� / (+BX

,.�!X�,X-!� -X.,� �X-(X&�$ �X)().%�+X� �'� 2BX",X%�+ �%2X�(&)(,� �X( �X-!",X

,.�,-�'� �AX

� (-�X-!�X� �+�(' 2%X!�+�BX�'�X-!�X,� � ('�X( 12 �'X� -(&X� (''� � -� �X

�"+ � � -%2X-(X-!�X��+�(' 2%X��+�('AX�!�,�X,-+.� -.+ �,X%(($X/�+ 2X,"&"%�+X

-(X -!�X � �+�( 12%"�X ��"�X ,-+.� -.+ �,BX �.-X -!�X )+ ()�+ -"�,X ( �X �,-�+,X �(X

'(-X"'�%.��X��"�" -2AX�,-�+,X�+�X-!.,X.'��%�X-(X"('"3 �BX&�$"' X-!�&X

%�,,X 0� -�+ P,(%.�%�X -!�'X � �+�( 12%"�X ��"�,AX �'�X 0!"%�X .'P"('"3 � �X

� �+�( 12%"�X ��"�,X �+�X ��%�X -(X �' � �X "'X "' -�+&(%� �.%�+X !2�+ ( �'X

8?;XXbXX>A;X�,-�+,X�'�X�&"��,



� �(#&&#(M#.M�(M�-)'�/#�M�./�-M
/"�/M#.M�M�)'#(�(/M - �!- �(�� G
7�1)-M#(M+-)��..��M1�(#&&�M
���(.BM

�('�"' BX�,-�+,X�+ �X'(-AX�(X�,-�+,X�+ �X�%,(X%�,,X)(%�+BX�'�X!� / �X%(0 �+X

&�%-"' X�'�X�("%"' X)("' -,X-!�'X-!�"+X� (.' -�+)�+ -X��+�( 12%"�X��"�,AX


�' 2X 5�/ (+X �'�X �+ � + �'� �X

� (&)(.'�,X �+ (&X 5( 0 �+,X �'�X �+." -,X

�+�X�,-�+,AX� %�'-X&� -�+"�%X",X"&&�',�%2X

� (&)%� 1BX �.-X

"'�"/"�.�%X �,-�+,X

,�)�+ � -� �X (.-X �+(&X

)%�' -X�1-+�� -,X� �'X��X

,(X �!�+ �� -�+",-"�X ( �X

)%�' -X (�(+,X -!� -X

)� ()%�X -(X "��' -"�2X

-!�"+X ,(.+ � �,X

,)� �"4� �%%2AX �%�'-X

�+� + �'� �,X "'X '� -.+ �X

�+�X( �-�'X )+ (�.� � �X �,X �'"&�%X� --+�� -�' -,BX�'�X �,X �'"&�%,X0 �X!� / �X

� / (%/ � �X ,�',(+ 2X (+ �',X -!� -X ��'X "��' -"�2X -!�X )+�,�'� �X ( �X -!�,�X

,.�,-�'� �,X�'�X�' #(2X&�' 2X(�X-!�&AX

�!�X"' -�+&� �"� -�X)(%�+"-2X(�X�,-�+,BX�(.)%� �X0" -!X-!�"+X,(&� 0!� -X

,&�%%X L�(+X �'X (+ �'"�X �!�&"� �%MX ,"3�X &� �',X -!� -X &�' 2X !� / �X %(0X

�'(. !X�("%"' X)("' -,X-(X!� / �X,(&�X( �X-!�,�X&(%� �.%�,X�,� �)�X"' -(X

-!�X �,X)!�,�X'� �+X-!�"+X,(.+ � �AX�+(&X0!�+ �X-!� 2X�+�X�(+&� �Q �+(&X

�X5( 0 �+X(+X�X)"�� �X( �X�+."-Q-!(,�X&(%� �.%�,X� �'X�+"� -X"'-(X(.+X'(,�,AX

�,-�+,X -�'�X -(X ��X ,(&� 0!� -X +� �� -"/ �BX �� � (&)(,"' X "' -(X (-!�+X

,.�,-�'� �,X0!�'X !� � -� �X (+X �1)(,� �X -(X �+�&� -"�X /�+"� -"(',X "'X ) �AX

�(($"' X � �'X �%-�+X -!�X 5� / (+X (�X �((�,X � 2X �(' -+"�.-"' X -(X -!�X

��,-+.� -"('X( �X-!�,�X� (&)(.'�,AX

>A;X�,-�+,X�'�X�&"��, XXbXX8?<



��(54&M�/"�()�/�M#.M�(M�./�-M/"�/M
�)(/-#�0/�.M/)M/"�M - �!- �(��M) M
./- �2��--#�.BM� 4M��- �#��- )2(MKM�2(M
2)- %CM��M�� J� �M<B8CM
"//+.DGG�)'')(.B 2#%#'��#�B )-!G2 G
#(�� 3B+"+ E�0-#�NA:=8=:=9M

�!�X

'�&�,X

( �X

�,-�+,X

�+�X

��,� �X

('X- 0 (X

,�)�+ � -�X ,� � -"(',X ( �X -!�,�X

&(%� �.%�,BX �'�X .'%"$ �X &(,-X

	�� � �X '�&�,X �+ �X  "/ �'X �,X - 0 (X

,�)�+ � -�X0 (+�,AX�!�X4+,-X",X��,� �X('X-!�X(+  �'"�X,-+.� -.+ �X�� 2('�X

-!�X� �+�(' 2%BXVP&�-! 2%WX(+XVP�-! 2%WX�-�AAX	'X-!�X� �,�X( �X(.+X��'�'�X("%X

� (&)(.'�BX -!",X ",X -!�X V:P&� -! 2%�.- 2%WX )(+-"('X ( �X -!�X '�&�AX �!�X

,� � ('�X0 (+�X"'X-!�X '�&�X",X��+"/ � �X �+(&X-!�X � �+�( 12%"�X��"�X-!� -X

0 (.%�X � 1",-X 0�+ �X 0 �X -(X +�&( / �X -!�X � �+�(',X �� 2('�X -!�X � �+�(' 2%X

�'�X+ �)%�� �X-!�&X0" -!X�X! 2�+ ( �'AX	'X-!�X� 1�&)%�X!�+ �X0 �X!� / �XVP

� -!�'(� -�BWX 0!"�!X �(&�,X �+ (&X V� -!�'("�X ��"�B WX -!�X -0 (P� �+�('X

� �+�( 12%"�X��"�AX

�* �$ ��%�A5828/A

� (M#(/�- ��/#1�M�=�M�&�'�(/M"�.M���(M� 3�&0���M - )'M/"#.M

1�- .#)(M) M/"�M/�3/BM�)0M��(M1#�2M#/M)(&#(�M"�-�DM

"//+.DGG)+�()- �!)(B +-�..�))%.B +0� G

#(/- )�0�/)- 4)-!�(#� GE+N99>;F"=+J :8M

Amides 

�&"��,X�+ �X�%,(X��+�( 12%"�X��"�X��+"/ � -"/ �,AX�!�,�X� (&)(.'�,X!� / �X

8?=XXbXX>A;X�,-�+,X�'�X�&"��,

https://openoregon.pressbooks.pub/introductoryorganic/?p=1163#h5p-20
https://openoregon.pressbooks.pub/introductoryorganic/?p=1163#h5p-20


�X � �+�(' 2%X�"+� � -%2X�(''� � -� �X-(X�X '"-+( �'AX�!� -X '"-+( �'X � �'X ��X

�('�� �X -(X ! 2�+ ( �',X (+X -(X ���" -"('�%X � �+�(',AX �!�X + �%�-"(',!")X

�� -0 � �'X -!",X  + (.)X �'�X -!�X �&"'�,X ",X ,.  �,-� �X "'X -!�X '�&�X

T�&"��A UX

� �&"' X � �'X  � -X *."-�X � (&)%"� � -� �X �(+X �&"��,BX �.-X -!�X ,"&)%�,-X

�&"��,X �+ �X '�&� �X ��,� �X('X-!�X � �+�( 12%"�X��"�X-!� 2X&(,-X �%(,�%2X

+�,�&�%�BX0" -!XVP("�X��"�WX"'X-!�X��+�( 12%"�X��"�X'�&�X� (' / �+ -� �X-(X

VP�&"��AWX

� (+X"',-�'� �BX�-!�'�&"��X%(($,X%"$ �X-!",CX

�'� (+-.'� -�%2X�(+X,-.��' -,BX-!�X	�� � �X,2,-�&X",X( �-�'X� �,-X�,"��X

�(+X��&"%"�+X'�&�,X0!�'X�!�&",-,X�",�.,,X�&"��,AX�!",X,.�,-�'� �X",X

� (&&('% 2X��%%��X�� � -�&"��BX�X'('P,2,-�&� -"�BX�(&&('X'�&�AX

�&"��,X!� / �X�%�� -+('� � -"/ �X'" -+( �'X� -(&,BX0"-!X-!�"+X%('�X)�"+X

�%�� -+(',X "'X �X )(," -"('X �%(,�X -(X -!�X � �+�(' 2%X  +(.)AX �!",X

�++�' �&�' -X )+(�.� �,X &(%� �.%�,X 0" -!X ,(&�X )(%�+" -2BX �.-X -!�X

�� + � �X( �X)(%�+"-2X"'X�'X�&"��X",X�%,(X"'5.�'� � �X� 2X0!� -X�(''� � -,X-(X

-!�X'" -+( �'X" -,�%�AX	'X,!(+ -BX)(%�+"-2X��'X/ �+2X�X%(-X0"-!"'X-!",X��&"% 2X

( �X�(&)(.'�,AX� -!�'�&"��BX,!( 0'X��( / �BX��'X�' � �X"'X! 2�+ ( �'P

�('�"' X"' -�+ �� -"(',BX�'�X !�,X)+ ()�+ -"�,X-!� -X+�5� � -X-!� -AX�.-X-!�X

&(+ �X !" !%2X ,.�,-" -.-� �X �&"��,X 0" -!X ���" -"('�%X � �+�(',X � --��!� �X

� -X -!�X '" -+( �'X �+ �X '(-X ��%�X -(X �(X ,(BX �'�X !� / �X )+()�+ -"�,X -!� -X

� (++�,)('�CX

>A;X�,-�+,X�'�X�&"��, XXbXX8?>



� #�)��#(�M#.M�M/)+#��&M�(��./"�/#�BM	/M#.M�(M�-)'�/#�M�)'+)0(�M
/"�/M�)(/�#(.M�(M�'#��M�.M2�&&M�.M�(M�'#(�BM

Resistance to rotation around the amide bond 

�&"��,X-�'�X-(X,!�+ �X,(&�X�%� � -+('X��'," -2X0"-!X-!�X� �+�(' 2%X.'"-X

"-,�%�BX�� .,"' X-!�X� P�X�('�X-(X� 1!" �" -X,(&�X�(.�%�P�('�X�!�+ �� -�+ AX

	'X )�+ -"�.%�+BX �(+X �&"��,X %(� � -� �X "'X -!�X &"��%�X )(+ -"('X ( �X %�+ �+X

&(%� �.%�,BX-!�,�X + (.),X%(�$X"' -(X�X�('� (+&� -"('X"%%.,-+� -� �X��%( 0 BX

+�,",-"' X + (-� -"('X �+ (.'�X -!�X � �+�('X -(X '" -+( �'X �('�AX �!",X ",X

,"&"%�+X -(X -!�X %��$X (�X +(-� -"('X 0 �X %��+'� �X ��(.-X "'X -!�X � �+�('X -(X

� �+�('X�(.�%�X�('�XL ,.�!X�,X"'X�",P-+ �',X � (&� -+"�X",(&�+, MAX

	'X :P�"&�',"('�%X &(%� �.%�,X �'�X &(��%,BX -!�X �&"��X ��()-,X �X

)%�'�+XL5� -MX�('4 .+ � -"('BX�'�X-!�X5� 1"�%"-2X(�X-!�X0!(%�X&(%� �.%�X",X

/ �,-%2X+� �.� � �AX�!",X%(�$� �X,-+.� -.+ �X",X(� �.+,X"'X&.%-")%�X%(�� -"(',X

"'X )+(-�"',BX0!�+ �X �&"'(X ��"�,X0!"�!X �('�X -(X ('�X �'(-!�+X �(X ,(X

8??XXbXX>A;X�,-�+,X�'�X�&"��,



/"�X�&"��X%"'$� �,X�%,(X$'( 0'X�,X)�)-"��X�('�,AX� �+ �+X,-+.� -.+ �%X

�� � -.+ �,X ( �X )+(-�"',BX ,.�!X �,X -!�X ,� � ('��+ 2X ,-+.� -.+ �X .'" -,X V�%)!�X

!�%"1WX�'�XV��-�X,!� � -WX�+� *.�' -%2X�",�.,,� �X"'X�"(�!�&",-+ 2BX�(+&X"'X

)�+ -X �� � � .,�X ( �X -!",X )�+ -"�.%�+X �� � -.+ �X ( �X -!�X �&"��X �('�,X 0" -!"'X

-!(,�X)+ (-�"',AX

�* �$ ��%�A58280A

� (M#(/�- ��/#1�M�=�M�&�'�(/M"�.M���(M� 3�&0���M - )'M/"#.M

1�- .#)(M) M/"�M/�3/BM�)0M��(M1#�2M#/M)(&#(�M"�-�DM

"//+.DGG)+�()- �!)(B +-�..�))%.B +0� G

#(/- )�0�/)- 4)-!�(#� GE+N99>;F"=+J :9M

>A;X�,-�+,X�'�X�&"��, XXbXX8?@

https://openoregon.pressbooks.pub/introductoryorganic/?p=1163#h5p-21
https://openoregon.pressbooks.pub/introductoryorganic/?p=1163#h5p-21




CHAPTER VIII 
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8.0 Functional Groups and 
Reaction Patterns 
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-!� -X �+�X -!� (+� -"� �%BX �A AX ��,��X ('X ,2&�(%"�X + �)+ �,�' -� -"(',X �'�X

,!�+ � �X.'��+,-�'�"' ,X( �X!( 0X�!�&",-+ 2X0(+$,AX�.-X'(X&� �!�'",&X

0"%%X��X��� �)-� �X"'X-!�X��� �X( �X�/"��'� �X-!� -X",X�(' -+�+2X-(X"-AX


�' 2BX &�'2X +� �� -"(',X �+ �X .'��+,-((�X �(-!X �+ (&X )+ �� -"� �%X

� 1)�+"�'� �X�'�X�+ (&X&� �!�'",-"�X� 1)%�'� -"(',AX�,X�'X"' -+(�.� -"('X

-(X (+ �'"�X �!�&",-+ 2BX -!�X �(�.,X "'X -!",X -� 1-X 0"%%X ��X ('X #.,-X �X �� 0X

� 1�&)%�X +� �� -"(',AX � .-X !()��.%% 2X -!�X �1)%�'� -"(',X  "/ �'X !�+ �X 0"%%X

"%%.&"'�-�X -!�X 0 � 2,X -!� -X �!�&"� �%X +� �� -"/" -2X +�%�-�,X -(X �!�&"� �%X

,-+.� -.+ �AX �!� -X ",X -!�X .'��+ %2"' X +� �,('X 0! 2X ��+ -�"'X (+  �'"�X

��&"%"�,Q&(%� �.%�,X 0" -!X ,)� �"4�X �.'� -"('�%X  +(.),Q-�'�X -(X + � �� -X

,"&"%�+%2AX

�!�X '�&�XV�.'� -"('�%X  +(.) WX"'�"�� -�,X -!",BX"'X "-,X&(,-X �,,�' -"�%X

,�',�AX 
 (%��.%�,X 0" -!X �X � �+ -�"'X �.'� -"('�%X  +(.)X 0"%%X �.'�-"('X

L+� �� -MX"'X�X��+ -�"'X0 � 2AX
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�)'�0./#)(M+- )1#��.M"��/CM&#!"/CM�(�M
 )-M'�(4M) M0.M�M.�(.�M) M�)' )-/M�(�M
.��0-#/4 BM

8.2 Combustion 

�.+X,(�"� -2X��)�'�,X('X � (&�.,-"('X+ � �� -"(',X � (+X)+( /"�"' X ,(&�X

( �X(.+X&(,-X��,"�X'� � �,CX!� � -BX%" ! -BX�'�X-+�',)(+ -� -"('AX���" -"('�%%2X

� (&�.,-"('X+ � �� -"(',X!� / �X,-+(' X�.%-.+ �%X)(0 �+X�(+X&�' 2X)� ()%�BX

0!(X!� / �X +( 0'X.)X0" -!X-!�X"�� �X( �X�X�(&� (+-"' X!� �+ -!BX���$2�+ �X

��+�� �.�,BX � �&) 4+�,BX �'�X 0 �+&X &� �%,X �'�X �+"'$,AX �(&�.,-"('X

+� �� -"(',X �+ �X )�+ !�),X �&(' X -!�X &(,-X ��&"%"�+X ( �X �%%X �!�&"��%X

+� �� -"(',BX �'�X 2 � -X 0�X &� 2X  (X -!+(. !X %"��X 0"-!(.-X  "/"' X &.�!X

-!(. ! -X-(X-!�"+X�!�&"� �%X'�-.+ �AX

�!+ (. !X �X �!�&"� �%X %�',BX

� (&�.,-"('X",X-!�X+ � �� -"('X( �X�X

�.�%X 0"-!X ( 12 �'BX -(X )+(�.� �X

!� � -X �'�X %" ! -X �,X 0�%%X �,X

�!�&"� �%X)+(�.� -,AX� !"%�X,(&�X

� (&�.,-"('X + � �� -�' -,X �+�X '(-X

� �+�('P��,� �BX -!�X &(,-X

��&"%"�+X (�X -!�,�X + � �� -"(',X

"' / (%/ �X (+ �'"�X �.�%,X ,.�!X �,X

0 ((�BX� (�%BX �,(%"'�BX�'�X(-!�+X

� �+�('P��,� �X ,.�,-�'� �,AX �!�X

( 12 �'X+ � *."+ � �X�(+X+� �� -"('X",X&(,-X� (&&('% 2X�+� 0'X�+ (&X-!�X�"+ AX

� !�'X� �+�('X� (&)(.'�,X� (&�.,-X"'X-!",X0 � 2X-!�X&�"'X)+ (�.� -,X(�X

-!�X +� �� -"('X �+ �X � �+�('X �"( 1"��X �'�X 0 � -�+ AX �� -.+ �%X &�-�+"�%,X �+�X

� (&)%� 1X&"1-.+�,BX,(X(-!�+X)+ (�.� -,X � �'X �%,(X �(+&BX�'�X � / �'X -!�X

� (&�.,-"('X ( �X -!�X (+ �'"�X �.�%X " -,�%�X ��'X "'�%.��X ,(&�X ,"��X

+� �� -"(',X)+ (�.�"' X(-!�+X)+ (�.� -,AX�!�,�X�")+ (�.� -,X&� 2X'(-X��X

��.'��' -X �.-X � �'X ��X / �+ 2X "&)(+-�' -X "�X -!�2X �+�X +�%��,� �X "' -(X -!�X

�' /"+('&�' -AX�!� 2X��'X!� / �X'� � -"/ �X"&)�� -,X('X!.&�'X!� �%-!X�'�X

-!�X�' /"+('&�' -AX�(X��'X� �+�('X�"( 1"��BX(�X�(.+,�BX�,X"-X",X)�+!�),X

-!�X &(,-X "&)(+ -�' -X (�X -!�X  +� �'!(.,�X  �,�,X -!� -X !.&�'X �� -"/" -2X

���,X-(X-!�X� -&(,)!�+ �AX
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Organic combustion fuels 


.,-X ��(.-X �' 2X &(%��.%�X 0"-!X ,(&�X ! 2�+ (� �+�('X � �'X � (&�.,-AX

�(&�.,-"('X "' / (%/ �,X -!�X ( 1"�� -"('X ( �X -!�X � �+�('X "'X �'X (+  �'"�X

&(%� �.%�AX �!�X �.�%,X -!� -X �+�X �.+'� �X ('X �X %�+ �X ,� �%�X -(X )+( /"��X

�'�+  2X �(+X !� � -X (+X �%�� -+"�"-2X "'�%.��X -!�X � (,,"%X �.�%,CX '�-.+ �%X  �,BX

)� -+(%�.&X)+ (�.� -,BX�'�X� (�%AX�� -.+ �%X �,X",X)+"&�+"%2X&�-!�'�BX�'�X

� (&�.,-,X�� � (+�"' X-(X-!",X+ � �� -"('CX

 


4(/) � )��-/M�BM�)"��
 ���%M��
4(/)CM�0�&#�M�)'�#(CM1#�M
� #%#'��#�M�)'')(.M

�-!�+X �,� (.,X�%$�'�,X� (&&('% 2X.,� �X�(+X�.�%X��'X��X+ �4'� �X(.-X( �X

'� -.+ �%X �,X�%,(BX"'�%.�"' X�-!�'�BX)+ ()�'�BX�'�X�.-�'�AX

� � -+(%�.&BX �%,(X $'(0'X �,X �+.��X ("%BX ",X �X %"*."�X '�-.+ �%X )+(�.� -X

0" -!X�X� (&)(," -"('X-!� -X/�+"�,X��)�'�"' X('X-!�X,(.+ � �AX�� -+(%�.&X

",X -!.,X +�4'� �BX %���"' X -(X -!�X )+ (�.� -"('X ( �X &�' 2X �(&&�+ �"�%X

)+(�.� -,AX 	'�%.�� �X "'X -!�,�X �+ �X  �,(%"'�BX $�+ (,�'�BX �'�X �.�%X ("%AX

� !"%�X -!�X ,)� �"4�X � *.� -"(',X ��,�+" �"' X -!�X � (&�.,-"('X ( �X -!�,�X

,.�,-�'� �,X/ �+"�,X��,� �X('X-!�X&�$ �.)X( �X-!�X+� �� -�' -BX-!�X �'�+ �%X

)� --�+'X +�&�"',CX �.�%X &(%� �.%�,X +� �� -X 0"-!X &(%� �.%�+X (12 �'X -(X

)+(�.� �X� �+�('X�"( 1"��X�'�X0 � -�+ AX

�(�%BX�X,(%"�X�(,,"%X�.�%BX",X�%,(X�X&"1-.+�X �.-X � (&�.,-,X0 �%%X�.�X

-(X -!�X )+ �,�'� �X ( �X !2�+ (� �+�(',X "'X -!�X ,.�,-�'� �AX � �"'BX -!�X

,.�,-�'� �X 0 �X � �%%X �(�%X ",X �X &"1-.+�X -!� -X /�+"�,X ��)�'�"' X ('X " -,X
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,(.+ � �BX �.-X -!�X � (&�.,-"('X  �'�+ �%%2X "'/ (%/ �,X %�+ �X ! 2�+ (� �+�('X

&(%� �.%�,BX �'�X -!�X ( 1"�� -"('X ( �X -!(,�X � �+�(',X -!+ (. !X +� �� -"('X

0" -!X( 12 �'X �,AX

�&(' X'('P! 2�+ (� �+�('X�.�%,BX� -!�'(%X!�,X,� �'X�X%(-X(�X.,�AX�!�X

�� / �%()&�' -X(�X�-!�'(%X�,X�.�%X"'X-!�X�'" -� �X� -� -�,X(� �.++ � �X�,X'� 0X

&�+ $� -,X 0�+ �X ,(. ! -X �(+X �'X ��.'��'� �X ( �X ,-�+�! 2X �+()X )+ (�.� -,BX

,.�!X �,X � (+'BX �.+"' X -!�X )�,-X<7X2 � �+,AX �%�(!(%,X �.+'X ,"&"%�+ %2X-(X

! 2�+ (� �+�(',BX�%-!(. !X-!�X� �+�('X0" -!"'X-!�&X",X,(&� 0!� -X&(+�X

( 1"�"3 � �X -(X �� "'X 0" -!AX �X �(',� *.�'� �X ( �X -!",X ",X -!� -X -!�X �'�+  2X

2"�%�X)�+X +�&X�+(&X� (&�.,-"('X( �X�%�(!(%,X-�'�,X-(X��X,(&� 0!� -X

%(0 �+X-!�'X� (+X!2�+ (� �+�(',CX

� 9� <� �XYX:X�9 X  X9X�� 9 XY X:X� 9�X

� -!�'(%X!�,X�� �'X-(.-� �X�,X�X +� �'�+X�.�%X-!�'X-!�X'('P+ �'� 0 ��%�X

�(,,"%X �.�%,AX �( 0 � / �+X -!�X )+(�.� -"('X ( �X �-!�'(%X �+ (&X � (&&(�" -2X

�+(),X %"$�X � (+'X ",X "-,�%�X �(,,"%X �.�%X ��)�'��' -BX �'�X �'�% 2,�,X !� / �X

,!( 0'X -!� -X -!�X )+(�.� -"('X ( �X �-!�'(%X �(�,X '(-X �� -.�%%2X +� �.� �X

( / �+ �%%X�(,,"%X�.�%X.,�X�,X&.�!X�,X" -X&�2X4+,-X�))� �+AX�-!�+X�"( �.�%,X

,.�!X�,X�"(�"�,�%X!� / �X,-+.  %��X-(X �"'X&�+ $� -X-+�� -"('X� (+X,"&"%�+X

+� �,(',AX �!�X "�� �%X +�'� 0 ��%�X �(,,"%X �.�%X +�)%�� �&�' -X +� *."+ �,X �X

�� � �,-(�$X -!� -X ��'X ��X )+ (�.� � �X �'�X )+ (� �,,� �X 0" -!X �� 0X �'�+  2X

"').-,AX

� (M#(/�- ��/#1�M�=�M�&�'�(/M"�.M���(M� 3�&0���M - )'M/"#.M

1�- .#)(M) M/"�M/�3/BM�)0M��(M1#�2M#/M)(&#(�M"�-�DM

"//+.DGG)+�()- �!)(B +-�..�))%.B +0� G

#(/- )�0�/)- 4)-!�(#� GE+N?:AF"=+J ::M
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8.3 Addition Reactions 
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�%$�'�,X�+ �X/ �%.� �X&�"'% 2X�(+X-!�"+X��"%"-2X-(X)�+-"�")� -�X"'X���" -"('X

+� �� -"(',B "'X0!"�!X,.�,-" -.�' -X +(.),X#("'X-(X! 2�+ (� �+�('X

&(%� �.%�,X� -X)("' -,X(�X.',� -.+ � -"('R �(+X-!",X-2)�X( �X&(%��.%�BX-!�X

�(.�%�X�('�,AX	 'X-!�,�X+ � �� -"(',X('�  ( �X-!�X�('�,X"'X-!�X�(.�%�X

�('�X",X�+ ($ �'AX���!X( �X-!�X� �+�('X� -(&,X"'X-!�X�('�X� �'X-!�'X

� --��!X�'(-!�+X� -(&X(+X +(.)X0!"%�X+�&�"'"' X#("'� �X-(X� ��!X(-!�+X

� 2X�X,"' %�X�('�AX

� �+ !�),X -!�X ,"&)%�,-X ���" -"('X +� �� -"('X ",X ! 2�+ ( �'� -"('AX �!",X ",X

�X +� �� -"('X "'X 0!"�!X ! 2�+ ( �'X  �,X + � �� -,X �-X �X ��+�('P-(P� �+�('X

�(.�%�X (+X -+")%�X �('�X (+X �X � �+�('P-(P( 12 �'X �(.�%�X �('�X -(X ���X

! 2�+ ( �'X� -(&,X-(X� �+�('X� -(&,AX	'X-!�X%��(+ � -(+ 2X-!",X+� �� -"('X� �'X

��X���"%"-� -� �X0" -!X! 2�+ ( �'XL� 9MX"'X-!�X)+�,�'� �X( �X�X�� -�%2,-X,.�!X

�,X'"�$ �%XL�"MX(+X)%�-"'.&XL�- MAX

 

� (-�X-!� -X-!�X'�&�XV ���" -"(' WX",X�)-X!�+�BX,"'� �X0 �X-�$ �X�X+� �� -�' -X

L� -!�'�X "'X -!",X � �,� MX �'�X ���X ! 2�+ ( �'X -(X " -BX )+(�.�"' X �X ,"' %�X

)+(�.� -XL� -!�'� MAX�!�X��+�('X,$ �%�-('X( �X-!�X+� �� -�' -X",X.'�!�' � �AX

	'X ('�X "&)(+ -�' -X �))%"�� -"('X ( �X -!",X �!�&",-+ 2BX !2�+ ( �'� -"('X

",X .,� �X -(X � (' / �+ -X .',� -.+ � -� �X / � � -��%�X ("%,X -(X ,�-.+ � -� �X

�� -,A � 2�+ ( �'� -� �X�� -,BX(+X)�+-"�%%2P!2�+ ( �'� -� �X�� -,X(� -�'X�))� �+X

('X'.-+" -"('X%���%,X�(+X)+(� �,,� �X�((�,X,.�!X�,X�+ ��$ �+,X(+X�!"),AX

� 2�+ ( �'� -"' X� ((�,X"'X-!",X0 � 2X!�,X,� / �+ �%X��'�4 -,CX"-X+�&( / �,X

�X�.'� -"('�%X +(.)X('X-!�X�� -,X-!� -X�(.%�X+� �� -X�2X(1"�� -"('X-(X&�$ �X

)+(�.� -,X0"-!X( � �X5�/ (+,AX	-X�%,(X+�",�,X-!�X&�%-"' X)("' -,X(�X-!�X�� -,BX

�!�' "' X-!�X-� 1-.+ �X"'X0� 2,X-!� -X&" ! -X��X)%��,"' X-(X� (',.&�+,AX

	-X�%%(0,X�(+X!" !�+X-�&)�+ � -.+ �X� (($"' X� (+X��$ � �X)+(�.� -,BX0!"�!X

� �'X"'�+ � �,�X�+ ( 0'"' X�'�X"&)+ ( / �X5� / (+AX

� .-X -!�+ �X �+�X �%,(X �" X �+� 0���$,X -(X �!�&"� �%X !2�+ ( �'� -"('X ( �X
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�� -,X"'X�((�,AX�.+"' X-!�X)+ (� �,,BX�",X�(.�%�X�('�,X� �'X� (' / �+ -X-(X

-!�X -+ �',X � ('4 .+ � -"('X �.+"' X -!�X + � �� -"('AX � +�',X �%$�'�,X "'X �� -X

&(%� �.%�,X �+ �X �,,(�"� -� �X 0" -!X '� � -"/ �X �� � � � -,X ('X � �+ �"��X !� �%-!AX

� "'� �X � (',.&�+,X !� / �X %�+ �%2X +�#� � -� �X -+�',X �� -,X �.�X -(X -!",BX

� (&)�'"�,X !� / �X ,!"� -� �X &(,-X ( �X -!�"+X !2�+ ( �'� -"('X -(X �'32&�P

� � -�%23� �X)+(� �,,�,X0!"�!X2"�%�X('% 2X�",X",(&�+,AX

�%$�'�,X �%,(X + � ��"%2X .'��+  (X !�%( �'� -"('X -!+ (. !X ���" -"('BX �X

+� �� -"('X "'X 0!"�!X �X !�%( �'X + � �� -,X �-X �X ��+�('P-(P� �+�('X �(.�%�X

(+X-+")%�X�('�X-(X���X!�%( �'X� -(&,X-(X� �+�('X� -(&,AX	'�� � �BX-!�X

���" -"('X+� �� -"('X0" -!X�+ (&"'�XL� +9MX��'X��X.,� �X-(X-�,-X� (+X�%$�'�,X

"'X �'X .'�!�+ �� -�+"3� �X ,�&)%�X ( �X &� -�+"�%AX �+(&"'�X ,(%.-"(',X �+ �X

�+ ( 0'",!X+ � �AX� !�'X0 �X���X�X� +9X,(%.-"('X-(X�'X�%$ �'�BX-!�X� (%(+X

( �X -!�X ,(%.-"('X �",�))� �+,X �� � � .,�X -!�X �%$ �'�X + � �� -,X 0"-!X -!�X

&(%� �.%�+X�+(&"'�XL� +9MCX

�'(-!�+X"&)(+ -�' -X���" -"('X+� �� -"('X(� �.+,X�� -0 � �'X�'X�%$ �'�X�'�X

0 � -�+X -(X �(+&X �'X �%� (!(%AX �!",X +� �� -"('X ",X � �%%��X ! 2�+ � -"('BX �'�X

+�)+ �,�' -,X-!�X���" -"('X( �X0� -�+X-(X�X,.�,-�'� �AX

�!�X)+ �� -"� �X( �X(+ �'"�X�!�&",-+ 2X"'�%.��,X.'��+,-�'�"' BX)%�''"' X

�(+X �'�X � �++2"' X (.-X �.'� -"('�%X  +(.)X -+ �',� (+&� -"(',X ( �X -!�,�X

-2)�,AX�X$'( 0%�� � ��%�X(+ �'"�X�!�&",-X� �'X%"'$X-( � -!�+X+� �� -"(',X

"'X (+��+X -(X �."%�X ,)� �"4�X -�+  � -X &(%��.%�,X �� � (+�"' X -(X �X )%�'AX
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�+  �'"�X �!�&"� �%X ,2'-!�,",X !�,X �))%"� � -"(',X "'X &�' 2X "'�.,-+"�,BX

�+(&X� ((�X-(X)!�+&�� �.-"� �%,BX��!�,"/ �,X�'�X� (� -"' ,BX�'�X&(+ �AX
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8.4 Reactions at the Carbonyl 
Carbon 
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CHAPTER IX 

CHAPTER 9 
HALOGENATED 
COMPOUNDS 

�!�)-�+X@X� �%( �'� -� �
�(&)(.'�, XXbXX97@





9.0 Halogenated Compounds 
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9.1 Names and Structures for 
Halogenated Compounds 
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9.2 Properties of Halogenated 
Compounds 

Halogenated Compounds have Varying Polarity 
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1. X10.0 Safety, Hazards, and 
Risk 
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10.1 Risk, Hazard and 
Exposure 

What does it mean to be in a safe workplace? 
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Risk = Hazard x Exposure 
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10.2 Finding and Interpreting 
Information about Hazards 

Hazard Communication 

Remember: hazards are intrinsic, meaning they ar e fundamental 

characteristics of substances or activities. T hey are therefore not 

easy to reduce. Hazard Communication (ÒHaz CommÓ) can reduce 

risk in all situations wher e there is potential e xposure to hazardous 

materials. 
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What is a Safety Data Sheet? 
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�))+ ()+"� -�X+�,)(',�,X-(X�&�+  �'�"�,X"' / (%/"' X-!�X&� -�+"�%X
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� ( 1"� (%( "� �%X)+()�+ -"�,X( �X-!�X&� -�+"�%X

�!",X "'� (+&� -"('X ",X � (',",-�' -%2X �(.'�X ('X ���X �� � � .,�X -!�X

� � �.)� -"('�%X ��� � -2X �'�X � � �%-!X ��&"'",-+ � -"('X L����MX ()�+ � -�,X

��,� �X ('X � � ��+ �%X %�0,X +� *."+"' X -!�,�X �(�.&�' -,BX "'X (+��+X -(X

)+(-� � -X -!�X ).�%"�AX �� ��+ �%X ����X &�"' -�"',X �X ,)� �"4�X %",-X (�X

"'� (+&� -"('X-!� -X&.,-X��X"'�%.�� �X('X���X� -X-!",X%(�� -"('CX

! --),CJJ 0 0 0 A(,!�A ( / J�.�%"� � -"(', J

� �3 �(&&S�."�$ ��+ �S��� � -2� � -�A! -&%X

Pictograms 

�' 2X ���X 2 (.X %(($X �-X )+(���% 2X "'�%.��,X ('�X (+X &(+ �X )"� -( + �&,X

� (&&.'"� � -"' X-!�X- 2)�X( �X!�3�+ �L, MX�,,(�"� -� �X0" -!X-!�X&� -�+"�%AX

�"� -( + �&,X �+ �X ,.))(,� �X -(X ��X "' -." -"/ �%2X .'��+,-�'���%�AX �!�X

)"� -( + �&,X� (' / � 2X-!�X�(%%(0"' X&�,,� �,X��(.-X�X&� -�+"�%CX
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�!�,�X)"� -( + �&,X"'�"� � -�X,.�,-�'� �,X�+ �CX

�(++ (,"/ �X

�+ �,,.+"3 � �X �,X

� �+&�.%X

�1)%(,"/ �X

�%�&&��%�X

� 1"�"3 �+X

� � �%-!X!�3�+ �X

� ( 1"�X

� ( 1"�X-(X�' /"+('&�' -X
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�!�,�X)"� -( + �&,X�+ �X)�+ -X(�X�'X"' -�+'� -"('�%X,2,-�&X� (+X!�3�+ �X

� (&&.'"� � -"('X� �%%��X-!�X � �"���� +A� �$ "!�,��A� +%&� X<��� =8X� (-X

%(' X� (X-!�+ �X0 �,X '(X,.�!X,2,-�&BX�'�X/ �+"(.,X� (.' -+"�,X�+(.'�X

-!�X 0 (+%�X !��X -!�"+X (0'X 0 � 2,X -(X �(&&.'"� � -�X !�3�+ �AX �!�X ���X

!�,X&���X" -X)(,," �%�X�(+X)� ()%�X�+(.'�X-!�X0 (+%�X-(X�(&&.'"� � -�X

!�3�+ �X0" -!X('�X�'(-!�+X+ � �+ �%�,,X( �X-!�X%�' .� �X-!� 2X.,�AX

Hazard Statements 

� �,�$ �A� &�&� �! &%X�+�X,!(+ -X,-� -�&�' -,X-!� -X��,�+" ��X-!�X!�3�+ �,X

( �X�X&�-�+"�%X�X�"-X&(+�X,)� �"4� �%%2X-!�'X-!�X)"� -( + �&,AX�!� 2X,�+/ �X

�,X.,��.%X ."��'� �X�(+X&�$"' X�� �","(',X��(.-X!( 0X-(X0(+$X0"-!X�X

!�3�+ �(.,X,.�,-�'� �AX�"'�X-!�,�X,-� -�&�' -,X('X-!�X���X2 (.X!� / �BX

�'�X.,�X-!�&X-(X�� -�+&"'�X0!"�!X( �X-!�X)+�� -"� �,X��%( 0X0(.%�X��X

)(-�' -"�%%2X)+(�%�&� -"�X�(+X2(.+X�!�&"� �%CX

 

 

�$ ��&���A ��� � ;A�$A#"%%�� �+A
#$"� �� � &��;A

� -(+"' X-!�X&� -�+"�%X"'X�X %�,,X�(- -%�X0"-!X�X,-� �%X
,�+ � 0X� �)X

� +�',� �++"' X-!�X&� -�+"�%X�+(&X('�X� (' -�"'�+X-(X
�'(-!�+X0" -!(.-X� 2�X)+(-� � -"('X

� (+-"('"' X(.-X,&�%%X,�&)%�,X�+ (&X�X%�+ �X,-(�$X"'X
�X,&�%%BX�('4'� �X+((&X

���"' X-!�X,.�,-�'� �X-(X0� -�+X

� � � -"' X�X,�&)%�X( �X-!�X,.�,-�'� �X( / �+X�'X()�'X
5�&�X

 

� �,�$ �A%&�&� �! &%A��!A �'���A%" �"!�A ) �"A �%A)"$ ��!�A )� &�A �A
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%'�%&�!��9A"$A) �"A��%A�!A������! &A)����A) "$ ��!�A)� &�A�A%'�%&�!��8A

	  �� �!�A�" )A&�� +A�"'��A��� #A��:A

E�X ,&�%%X ,�&)%�X (�X -!",X &� -�+"�%X 0�,X ,)"%%��X �'�X �'�� �X .)X

�+ ())"' X�+ (&X-!�X%��X��'�!X(' -(X2(.+X�((-X

E2(.X.,� �X,(&�X( �X-!",X&� -�+"�%X�'�X!��X<7X& � J<7X X(�X�1� �,,X

L0 �,-� MX-(X�",)(,�X( �X�-X-!�X�'�X( �X2(.+X0 (+$X�� 2GX

E2(.X'� � �� �X-(X4'�X,�� �X,-(+ � �X�(+X-!",X&� -�+"�%X�(+X�'X� 1-�'�� �X

)�+"(�X( �X-"&� GX

 

87A9X�"'�"' X�'�X	 ' -�+)+ � -"' X	 '� (+&� -"('X��(.-X� �3�+ �, XXbXX9::



10.3 Hazard Controls 

� �,�$ �A �"! &$" �%X�+�X )+�� -"� �,X (+X ,2,-�&,X .,� �X -(X �!� �,�A $�%�8A

�� � � � -"/ �X � (' -+(%,X &"'"&"3�X -!�X )(-�' -"�%X �(+X )+(�%�&,X +�%�-� �X -(X

� 1)(,"' X "'�"/"�.�%,X (+X -!�X �' /"+('&�' -X -(X �X !�3�+�AX 	'X -!�X

�!�&",-+ 2X%��X0�X-!"'$X( �X&(,-X!�3�+ �,X�,X�!�&"� �%X!�3�+�,BX-!(. !X

"-X ",X �%,(X �(&&('X -(X �'� (.' -�+X �%�� -+"�BX ,%")J-+") J��%%BX �'�X 4+�X

!�3�+ �,X"'X-!",X,� --"' AX

	'X 0 (+$X �' /"+('&�' -,X -!� -X �+�X '(-X )+"&�+"%2X .,� �X �,X �!�&",-+ 2X

%��(+� -(+"�,BX -!�X � ('� �)-X ( �X �(' -+(%,X ",X ,-"%%X .,��.%AX �(+X "',-�'� �BX

"'� � � -"('X � (' -+(%,X �+�X �X ,-�'��+ �X 0 � 2X (�X &�'� "' X -!�X +",$X -(X

0 (+$�+,X"'X!(,)" -�%,BX0!�+�X"'�"/"�.�%,X0!(X� �++2X"'�� � -"(.,X�",� �,�X

(� �.) 2X �X �."%�"' X 0" -!X ('�X �'(-!�+X �'�X �X � ��+ �X ( �X 0(+$�+,X 0!(X

&( / �X-!+(. !X-!�X���"%"-2AX

�!�X '� -"('�%X  ( / �+'&�' -X � �'� 2X
	 ���A <
 � &�"!��A 	 !%&�&' &�A "�A

���'#� &�"!��A��� �&+A�!�A� ��� &�=X�� / �%()� �X�X!"�+ �+ �! 2X(�X�(' -+(%,BX

,.�!X-!� -X-!�X"-�&,X� -X-!�X-()X( �X-!�X!"�+ �+ �! 2X�+�X&(,-X�� � � � -"/ �X� -X

+� �.�"' X+",$AX
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� �$ �X�X&(&�' -X-(X+� � (',"��+X-!�X� �+%"�+X�1�&)%�X( �X+",$X-(X!��%-!X

�'�X �' /"+('&�' -X �+(&X -!�X !�3�+ �(.,X &� -�+"�%BX  �,(%"'�AX ��,(%"'�X

",X !" !%2X 5�&&��%�X �'�X ",X -( 1"�X �2X "'!�%� -"('X L�+ � � -!"' X / �)(+, MX

�'�X-!+ (. !X� (' -�� -XL,$"'X� (' -�� -X(+X-!+(. !X� (' -�� -X0"-!X&.� (.,X

&�&�+ �'�, MAX�( 0X�(X0 �X� (' -+(%X-!�X+",$X-(X!��%-!X�+(&X� 1)(,.+ �X-(X

-!",X,.�,-�'� � GX

�!�X &(,-X �� � � � -"/ �X 0 � 2X -(X +� �.� �X 2(.+X +",$X ",X �2X +�&( /"' X

 �,(%"'�X�+ (&X2(.+X%"��XL��� �!� &�"! MAX�.-X,"'� �X&�' 2X(�X.,X�(',"��+X

"-X�'X"&)(+ -�' -X,.�,-�'� �X-(X.,�BX0�X)+(-� � -X(.+,�%/ �,X� 2X).&)"' X

"-X "'-(X (.+X � �+,X .,"' X ,)� �"�%X ).&),X -!� -X &"'"&"3 �X (.+X � 1)(,.+ �X

-(X "-AX �!�X ).&),X �'�X (.+X � �+,X �+�X �' "'� �+ � �X -(X ",(%�-�X )� ()%�X

�+(&X-!�X!�3�+ �XL�'X � !� �!��$�!�A�"! &$" �MAX�(+X-!(,�X0!(X0 (+$X0"-!X

 �,(%"'�X �%%X ��2BX "',-+.� -"(',X -(X $ � �)X -!�X !(,�X )("' -� �X � 0 � 2X �+(&X

-!�&,�% / �,X�+ �X "/ �'XL�� �!�%&$ � &�( �A�"! &$" �=8A�!�,�X0 (+$�+,X&� 2X

�%,(X 0� �+X  %(/ �,X (+X (-!�+X )+ (-� � -"/ �X �%(-!"' X L � � � MX -(X !�%)X -!�&X

� / ("�X� 1)(,.+ �AX

� (-�X -!� -X "'X -!",X �1�&)%�X "-X ",X )(,," �%�X -(X "��' -"�2X �X ,)� �"4�X

� 1�&)%�X( �X���!X- 2)�X( �X�(' -+(%BX0"-!X-!�X� 1� �)-"('X( �X�.�,-" -.-"('AX

� .�,-" -.-"('X0 (.%�X(� �.+X"�X �,(%"'�X0 �+ �X+�)%�� � �X0" -!X�X�"� � �+ �' -X

�.�%X-!� -X�"�X'(-X!� / �X-!�X)+ (�%�&� -"�X!�3�+ �,AX

	'X -!�X �!�&",-+ 2X %��X ,"&"%�+X -!"'$"' X ",X �&)%(2� �X -(X &"'"&"3 �X

� 1)(,.+ �X -(X !�3�+ �,BX �� �+ � �,"' X -!�X +",$X ( �X !�+&X -(X ,-.��' -,X (+X

0 (+$�+,X0!(X(� �.) 2X�'�X0 (+$X"'X-!�X%��AX

Apply your understanding 

� (+X ���!X � 1�&)%�X ��,�+" �"' X �'X ��#.,-&�' -X -(X �X %��X )+(� � �.+ �BX

"��' -"�2X0!"�!X( �X-!�X-2)�,X( �X�(' -+(%,X��,-X��,�+" ��,X-!�X'� -.+ �X( �X

-!�X+",$X+� �.� -"('CX
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�1�&)%�X �2)�X( �X
� (' -+(%X

� .&�X!((�,X�+ �X.,� �X-(X�("%X�X,.�,-�'� �X-!� -X+�%��,�,X/ �)(+,X
-!� -X�+�X!�3�+ �(.,X� 2X"'!�%� -"('AX

� -.��' -,X�+�X-(%�X-(X-"�X���$X-!�"+X!�"+X0!�'X0 (+$"' X0" -!X�X
� .',�'X�.+'�+ AX

�('� �' -+� -� �X! 2�+ (�!%(+"�X��"�XL89
MX",X+�)%�� � �X0" -!X�X&(+ �X
�"%.-�X,(%.-"('XL:
MX-(X��"�"� 2X�X,�&)%�AX

�'�X)�+ -X(�X�X%��X)+(� � �.+ �X",X+�&( / � �X,"'� �X-!�X%��+'"' X
(�#� � -"/ �,X� (+X-!�X�� 2X��'X��X&� -X0"-!(.-X" -AX

� -.��' -,X�+�X-(%�X-(X0� �+X-!�"+X,�� � -2X %�,,�,AX

 

�!�X� 1�&)%�,X!�+ �X��&(',-+ � -�X-!� -X�(' -+(%,X('X-!�X�(- -(&X�'�X

( �X -!�X !"�+ �+ �! 2X �+�X '(-X .'"&)(+ -�' -AX �( 0 � / �+BX �(+X �' 2X !�3�+ �X "-X

",X )+�� �+ ��%�X -(X 0(+$X �-X -!�X -()X ( �X -!�X !"�+ �+ �! 2X -(X &�'� �X �' 2X

)�+ -"�.%�+X!�3�+ �BX"�X-!�+�X",X�'X()-"('X-(X�(X,(AX	 'X-!�X��,�'� �X( �X

,� -",��� -(+ 2X+",$X+� �.� -"('X�+ (&X� (' -+(%,X�-X-!�X-()X( �X-!�X!"�+ �+ �! 2BX

0 �X�(X( �-�'X+ �,(+ -X-(X-!"' ,X%"$�X� � �AX�,�X( �X)+(-� � -"/ �X� *.")&�' -X

",X�,,�' -"�%X0!�'X-!�X+",$,X�+ �X+� �%X�'�X-!�X)(-�' -"�%X!�+&XL��&� �X

-(X� 2�,X�'�X)(,," �%�X%(,,X(�X/","('X"'X-!�X� �,�X( �X�2�X)+(-� � -"(' MX",X

 + � � -AX

�' "'� �+"' X � (' -+(%,X "'X �X �!�&"� �%X %��(+� -(+ 2X (�-�'X "'�%.��X �"+X

!�'�%"' X ,2,-�&,BX -!�X .,�X ( �X "'�+ -X &� -�+"�%,X �(+X ��'�! -(),X �'�X

5((+,BX )%���&�' -X (�X �",)(,�%X �+ � �,X �'�X ,"'$,X '� �+X 0(+$�+,BX �'�X

&(+ �AX
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P"//+.DGG�- ��/#1��)'')(.B )-!G
&#��(.�. G�4J.�G<B8OCM1#�M�#%#'��#�M
�)'')(.M

��&"'",-+ � -"/ �X� (' -+(%,X"'X-!�X�!�&",-+ 2X%��X

"'�%.��X� 1)� � -� -"(',X� (+X��!� /"(+X-!� -X

)+(!" �" -,X�%"&�"' BX+.''"' BX(+X-!+ ( 0"' X(�#� � -,X"'X-!�X%��AX

� � �X .,� �X "'X -!�X �!�&"� �%X %��(+� -(+ 2X �%0 � 2,X "'�%.��,X � 2�X

)+(-� � -"('AX �%(/ �,BX %��(+� -(+ 2X �(� -,BX ����X ,!"�%�,BX !� �+"' X

)+(-� � -"('X�'�X"',.%� -� �X %(/ �,X�+ �X�%,(X�+� *.�' -%2X.,� �AX

 

87A:X��3�+ �X�(' -+(%,XXbXX9: >



10.4 Environmental Health 

� !�'X0 �X-!"'$X ��(.-X !�3�+ �X �'�X+",$X"-X",X '(+&�%X-(X"&&��"� -�%2X

-!"'$X( �X)�+,('�%X+",$BX�A AX���� -2AX�( 0 � / �+X-!�X�' /"+('&�' -X",X�%,(X

�� � � � -� �X � 2X(.+X �� -"/" -"�,BX �'�X � �'X ��X .''� � �,,�+"%2X).-X �-X+",$X �2X

� �+ �%�,,'�,,AX�,X0 �X� (',"��+X+",$X� (' -+(%,X0�X� �'X�%,(X-!"'$X��(.-X

�' /"+('&�' -�%X+",$AX

�'�X ,)� �"�%X �(',"��+ � -"('X � (+X �' /"+('&�' -�%X +",$X ",X#$"#�$A

��%#"%��A"�A��,�$ �"'%A � &�$���%AX
�$"' X�� �","(',X��(.-X�",)(,�%X",X

'(-X,"&)%�BX�.-X �'�+ �%X ."��%"'�,X� �'X,-"%%X��X.,��.%CX

HX� +� � -X�/ �+ 2-!"' X�,X�X!�3�+ �(.,X&� -�+"�%X.'%�,,X2(.X$'( 0X"-,X

�� � � � -,AX

HX�'( 0X-!�X�� -�X( �X&� -�+"�%,X-!� -X (X"' -(X-!�X,(%"�X0�,-�XLT-+�,! UMBX

-!�X).�%"�X,� 0 �+BX�'�X"' -(X!�3�+ �(.,X0 �,-�X,-(+ � �AX
�' 2X

&� -�+"�%,X).-X"' -(X-!�X).�%"�X,� 0 �+X�+�X+�"' -+(�.� � �X"' -(X-!�X

�' /"+('&�' -AX

HX� / ("�X&"1"' X0 �,-�,X"�X)(,," �%�AX

HX��!�+ �X-(X%(��%X�'�X,-� -�X+� .%� -"(',X�'�X�,$X��� (+�X�",)(,�%X"�X

2(.X�(' W-X$'(0X0!� -X-(X�(AX

�!�X �' /"+('&�' -�%X �+(-� � -"('X � �'� 2X L���MX �'�X ,"&"%�+X ,-�-�X

"',-" -.-"(',X ,.�!X �,X -!�X �+ � ('X ��)�+ -&�' -X (�X �' /"+('&�' -�%X

�.�%" -2X L��� MX  ( / �+'X 0 �,-�X !�'�%"' X �'�X �",)(,�%AX � � 0,X �+ �X

� (&)%� 1X �'�X � / (%/"' BX �.-X "'X  �'�+ �%X !�3�+�(.,X �!�&"� �%X 0�,-�,X

&.,-X ��X ,(+ -� �BX ,-(+� �X ,�� �%2BX �'�X -+�',)(+ -� �X 0" -!X  +� � -X ��+ �X -(X

,." -��%�X�",)(,�%X," -�,AX


�' 2X &�-�+"�%,X -!� -X �+�X 0 �,-�,X "'X �X %��(+ � -(+ 2X ��'X .'��+  (X

()�+ � -"(',X-(X+ � � ( / �+X-!�&X� (+X���" -"('�%X.,�AX�-!�+,X� �'X��X.,� �X

,�� � -2X �,X �.�%,BX )+(�.�"' X !� � -X �'�X �%� � -+"�"-2X �,X -!� 2X �+�X

� (&�.,-� �AX�!(,�X-!� -X ��'X '(-X ��X).-X-!+ (. !X-!�,�X+ � � 2�%"' X(+X

+�).+)(,"' X )+ (� �,,�,X �+ �X .,.�%%2X )%��� �X "'X ,)� �"�%X !�3�+�(.,X

0 �,-�X%�'�4%%,AX

� �,)('," �%�X0�,-�X!�'�%"' X+ �&�"',X-!�X+ �,)('," �"%"-2X(�X�X0�,-�X
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 �'�+ � -(+X "'X )�+)� -." -2AX �!",X %�0X &(-"/ � -�,X 0 �,-�X )+ (�.� �+,X -(X

&"'"&"3 �X -!�X �&(.' -X (�X 0�,-�X -!� 2X )+(�.� �X �'�X -(X � / ("�X

.''� � �,,�+"%2X!�3�+ �(.,X0 �,-�,AX� �,-�X!�'�%"' X�'�X�",)(,�%X",X�%,(X

� (,-%2BX0!"�!X)+( /"��,X�'X���" -"('�%X"'� �' -"/ �X�(+X�.,"'�,,�,X-(X��X

-!(. ! -�.%X��(.-X0!� -BX�'�X!( 0X&.�!X0 �,-�X-!� 2X)+(�.� �AX

	-X ",X ��,2X -(X #.� �X 0 �,-�X )+ (�.� �+,BX �.-X 0�X �%%X �(' -+"�.-�X

"'�"+ � � -%2X -(X -!�X )+(�.� -"('X ( �X !�3�+ �(.,X 0 �,-�,AX �!�X &� -�+"�%,X

0 �X �. 2X �'�X � (',.&�X � (&�X �+ (&X -!�X � �+ -!BX �'�X �+ �X -+�',� (+&� �X

"' -(X .,��.%X ,.�,-�'� �,X -!+ (. !X 0 �,-�P)+ (�.�"' X )+ (� �,,�,AX �(&�X

)+(� �,,�,X �+ �X � �+ -�"'%2X .''� � �,,�+ 2X �'�X !�+&�.%BX �'�X ,!(.%�X ��X

�.+ -�"%��X(+X��''� �AX�.-X(-!�+,X�+ �X'(-X� �,"%2X�/ ("�� �AX

	-X",X"'X(.+X,!�+� �X"' -�+ �,-X-(X��X� 0 �+�X( �X�'�X� --�' -"/ �X-(X&� --�+,X

( �X0�,-�X)+ (�.� -"('X -!+ (. !(.-X-!�X%"� �X � 2�%�X(�X-!�X&� -�+"�%,X0�X

.,�BX�'�X-(X)+ (�.� �X�,X%"--%�X0�,-�X�,X)(,," �%�AX

 

� !�+ �X�(X�!�&"� �%,X�'�X.)X0!�'X

HX �!� 2X�+�X5.,!� �X�( 0'X-!�X�+ �"' GX

HX �!� 2X�+�X).-X"' -(X�X-+�,!X� �' GX

HX �!� 2X�+�X).-X"' -(X�X,)� �"�%X0�,-�X#�+GX

HX �!� 2X�+�X+�%��,� �X-(X� / �)(+ � -�X"'X-!�X!((�GX
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 �1M�/M�(!&#."M� #%#+��#�CM��M�� J� �M;B8MP"//+.DGG�- ��/#1��)'')(.B )-!G
&#��(.�. G�4J.�G;B 8OCM1#�M�#%#'��#�M�)'')(.M

Electronegativities of the Elements, Pauling Scale 

� ��&)�% �-CM��M�� J� �M;B8MP"//+.DGG�- ��/#1��)'')(.B )-!G&#��(.�. G�4J.�G;B 8OCM
1#�M� #%#'��#�M�)'')(.M
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Overview of the IUPAC System for Naming 
Organic Compounds 

�.%�,XL�.++ �' -X�,X(�X�� � �&��+X97 97MX�(+X(+ �'"�X'(&�'�%� -.+ �X�+(&X

-!�X	 ' -�+'� -"('�%X�'"('X( �X�.+ �X�'�X�))%"� �X�!�&",-+ 2XL	�� � �MX��'X

��X� (.'�X� -X

! --),CJJ 0 0 0 A�� �%��,A� (& J".)�� J'(&�'�%� -.+ � JX

Summary Rules for Naming Organic Compounds 

� �%�(M -)'M�"�'� #�- �M���M�"�'M<:8M/� 3/M)(M�-!�(#�M�"�'#./- 4M

�!�X 	 ' -�+'� -"('�%X�'"('X( �X�.+ �X�'�X �))%"� �X�!�&",-+ 2XL	�� � �MX

!�,X �,-��%",!� �X -!�X +.%�,X (�X '(&�'�%� -.+ �X ( �X �%%X �!�&"��%X

� (&)(.'�,AX 	�� � �X '(&�'�%� -.+ �X � �'X �%,(X ��X � �%%��X T,2,-�&� -"� UX

'(&�'�%� -.+ �X�� � � .,�X-!�+ �X",X�'X( / �+ �%%X,2,-�&X�'�X,-+.� -.+ �X-(X

-!�X'�&�,AX�!",X,� � -"('X)+ ( /"��,X�'X( / �+ /"� 0X(�X-!�X �'�+ �%X'�&"' X

,-+� -� 2X�'�X,-+.� -.+ �X�(+X(+ �'"�X� (&)(.'�,AX

Naming organic compounds according to the 
IUPAC system requires up to four pieces of 
information 

8AX+� � ( '"3 �X_X)+"(+"-"3�X-!�X�.'� -"('�%X +(.)L , MX)+�,�' -X

9AX"��' -"�2X_X'.&��+X-!�X%(' �,-X� (' -"'.(.,X� �+�('X�!�"'X-(X "/ �X

-!�X!" !�,-X+ �'$"' X + (.)X-!�X%( 0 �,-X)(,," �%�X'.&��+X

:AX �"-�X -!�X ,.�,-" -.�' -,X L�+�'�!�, MX �%)!��� -"� �%%2X .,"' X -!�X

'.&��+"' X�� -�+&"'� �X��( / �X

;AX+� � ( '"3 �X_X�%�,,"�2X�' 2X,-�+� (�!�&",-+ 2XL�J�BX�J�BX�", J-+�', MX

� "-!X-!�,�X� (.+X)"� � �,X( �X"'� (+&� -"('BX-!�X	�� � �X'�&�X",X0+" --�'X
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.,"' X-!�X� (+&� -X��%(0 AX�!",X,�&�X� (+&� -X�))%"�,X-(X���  -!�X(+  �'"�X

� (&)(.'�,AX

 

Recognize and prioritize the Functional Group(s) 
Present 

 

Identify & Number the Longest Continuous 

�))�'�"1 XXbXX9;:



Carbon Chain with the Highest Priority Group 

�!�X%(' �,-X � (' -"'.(.,X � �+�('X �!�"'XL)�+ �' -MX",X '�&��X .,"' X -!�X

� (&(%( (.,X ��+"�,BX �,X 0 �%%X �,X �'2X ��+�('X �+ �'�!�,AX �!�X ,.� 41�,X

�'�X%(� � -"('X0" -!"'X-!�X '�&�X �",-"' .",!X �� -0 � �'X -!�X)�+ �' -X �'�X

-!�X�+ �'�!�,AX�(&�X( �X-!�X!(&(%( (.,X,�+"�,X'�&�,X� (+X,� -.+ � -� �BX

,-+�" ! -P�!�"'X ! 2�+ (� �+�(',X �+ �X ,!( 0'X !�+ �BX �%(' X 0"-!X -!�X

,.�,-" -.�' -X�(+&,X.,� �X0!�'X'�&"' X�+ �'�!�,AX

� �+ �' -X�!�"'X%�' -!X �%$�'�X��,�X'�&�X � .�,-" -.�' -X�(+&X

8X��+�('X 
 � -!�'�X 
 � -! 2%X

9X��+�(',X � -!�'�X � -! 2%X

:X� �+�(',X �+ ()�'�X �+ () 2%X

;X� �+�(',X � .-�'�X � .- 2%X

<X��+�(',X � �' -�'�X � �' -2%X

=X��+�(',X � � 1�'�X � � 12%X

>X��+�(',X � �)-�'�X � �)- 2%X

?X��+�(',X � � -�'�X � � -2%X

@X��+�(',X � ('�'�X � (' 2%X

87X��+�(',X �� � �'�X �� � 2%X

88X��+�(',X �'�� � �'�X �'�� � 2%X

89X��+�(',X �(�� � �'�X �(�� � 2%X

� !�'X�%$ �'�,X�'�X�%$2'�,X!� / �X�( 0 �+X�+"(+"-2X

�!�X ! 2�+ (� �+�('X ,.� 41�,X �"� � �+X"'X-!�X%�--�+X)+� � � � �"' X-!�XT ' UAX

� !�'X�%$ �'�,X�'�X�%$2'�,X(� �.+X"'X� (&)(.'�,X0" -!X!" !�+X)+"(+" -2X

�.'� -"('�%X  +(.),BX -!�'X -!�X �",-"'� -"('X �� -0 � �'X ! 2�+ (� �+�(',X ",X

� (&&.'"� � -� �X 0" -!X �X ,"' %�X %�--�+CX T� UBX (+X T2UX �(+X �%$�'�,X �'�X

�%$2'�,BX+�,)� � -"/ �%2BX�'X �1�&)%�X",X ,!( 0'X ��%( 0X-(X "%%.,-+� -�X -!�X

�))%"� � -"('X( �X-!",X+.%�AX
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Cite the substituents (branches) alphabetically 
using the numbering determined above 

� .�,-" -.�' -X �(+&,X ��( / �X �+�X .,� �X 0!�'X '�&"' X ,"&)%�X �+ �'�!�,X

( � �X -!�X )�+ �' -X �!�"'AX ���" -"('�%X �+�'�!"' X �(�,X (� �.+ BX '�&"' X

 ."��%"'�,X� (+X-!�,�X," -.� -"(',X�+ �X'(-X"' -+(�.� � �X!�+ �AX

Recognize and Classify Stereochemistry 

�",-"' .",!"' X ,)� -"�%X (+"�'-� -"(',X ( �X �-(&,X L,-�+ � (�!�&",-+ 2MX �+�X

� (&&.'"� � -� �X� -X-!�X�� "''"' X( �X-!�X'�&�X.,"' X-!�X�))+ ()+"� -�X

,2&�(%,BX,.�!X�,X� J�BX�J�BX�", J-+�',BX� -�AAX

� -(&,X(+X + (.),X�+ �X� �%%��  �#.  (+ /- �(.  -(X('�X�'(-!�+X0!�'X-!� 2X

)+(#� � -X+�,)� � -"/ �%2X('X-!�X,�&�X(+X('X())(," -�X,"��,X( �X�X+�� �+ �'� �X

)%�'�X "��' -"4��%�X �,X � (&&('X �&(' X ,-�+ � (",(&�+,AX �!�X

� (&)(.'�,X "'X 0!"�!X ,.�!X + �%�-"(',X (� �.+X �+ �X -�+&� �  �#.G

/- �(. P",(&�+,AX � (+X �(.�% 2X �('�� �X � -(&,BX -!�X +�� �+ �'� �X )%�'�X

� (' -�"',X-!�,�X� -(&,X�'�X",X)�+)�'�"�.%�+X-(X-!�X)%�'�X� (' -�"'"' X

-!�X�(.�% 2X�('�� �X� -(&,X�'�X-!�X� -(&,X�"+ � � -%2X�--��!� �X-(X-!�&AX

	'X'�&�,X( �X�(&)(.'�,BX,-�+"�X+ �%�-"(',!"),X�+ (.'�X('�X(+X&(+ �X

�(.�%�X �('�,X � �'X ��X ��," '� -� �X � 2X -!�X ,-�+ � (��,�+")-(+,  �  �'� J

(+ � XBX �,," '� �X �,X �(%%(0,AX �!�X ,� *.�'� �P+.%�P)+�� �++� �X � -(&X (+X

 +(.)X� --��!� �X-(X('�X( �X�X�(.�% 2X�('�� �X)�"+X(�X�-(&,X",X� (&)�+ � �X

0" -!X -!�X ,� *.�'� �P+.%�P)+�� �++� �X � -(&X (+X  +(.)X � --��!� �X -(X -!�X

(-!�+X( �X-!� -X�(.�% 2X�('�� �X)�"+X(�X�-(&,DX"�X-!�X,�%�� -� �X� -(&,X�+ �X
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('X-!�X,�&�X,"��X( �X-!�X+�� �+ �'� �X)%�'�X-!�X" -�%"�X��)" -�%X%�--�+  �  ",X

.,� �X�,X-!�X,-�+ � (��,�+")-(+DX"�X-!�X,�%� � -� �X� -(&,X�+ �X('X())(," -�X

,"��,BX -!�X " -�%"�X ��)" -�%X %�--�+  �  ",X .,� �X �,X -!�X ,-�+ � (��,�+")-(+ AX

�!�,�X ,-�+ � (��,�+")-(+,BX )%�� � �X "'X )�+ �' -!�,�,X � (%%(0 � �X � 2X �X

! 2)!�'BX'(+&�%% 2X)+� � � ��X-!�X0!(%�X'�&�DX"�X-!�X&(%� �.%�X� (' -�"',X

,� / �+ �%X �(.�%�X �('�,BX -!�'X � ��!X ,-�+ � (��,�+")-(+X ",X "&&� �"� -�%2X

)+� � � �� �X� 2X-!�X%(0 �+X(+X%�,,X)+"&��X%(��' -X(�X-!�X+�%�/ �' -X�(.�%�X

�('�AX

�!"+ �%X��' -�+,X�+�X%���%%��X�,X�X(+X�X)+� � � �� �X0!�'X'� � �,,�+ 2X�2X

�))+ ()+"� -�X%(��' -,AX
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