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a��*a� a13� �  11"3(a�7a1%).(7a) )+0%8%*#a 4 0 72$%*#Ĵa� $%( a) )+0%8� 2%+*a)�7a� a* �  11�0 7a�2a2%) 1Ka%2a

%1a�32a�a1)�((a"0�� 2%+*a+"a5$� 2a%1a*  � �a2+a( �0*%*#a+0#�*%�a�$ )%1207Ma2$ a)+0 a%).+02�* 2a"��2+0a%1a7+30a3*� 012�*�%*#Ja

�$ 0  a �0 a )�* 7a 1203�230 1Ka 0 �� 2%+*1a �*�a ) �$�*%1)1a %*4+(4 �a %*a 2$ a �+301 Ka �*�a 130"��  Y( 4 (a ) )+0%8� 2%+*a 5%((a

*+2a ��007a 7+3a �((a 2$ a 5� 7a 2$0+3#$Ja 	+5  4 0Ka %"a 7+3a '*+ 5a 2$ a �+** � 2%+*1a � 25   *a 2$ a 1203�230 1Ka 3*� 012�*�a 2$ a

3*� 0 (7%*#a .0%*�%.( 1a +"a 2$ a 0 �� 2%4%27a +"a � 0 2�%*a �+).+3*�1Ka �*�a � �*a 2 ((a 2$ a 1%)%(�0%2% 1a �*�a �%"" 0  *�  1a � 25   *a

�%"" 0  * 2a) �$�*%1)1Ka7+3a5%((a"%*�a2$�2a%2a� � +) 1a)3�$a �1% 0Ja�a" 5a13## 12%+*1a"+0a( �0*%*#a%*�(3� La

Qa�  50%2 a7+30a+5*a*+2 1a5$ *a123� 7%*#Ja�+0a 6�).( Ka0  12� 2 a2$ a�+*�  .21a%*a7+30a+5*a5 +0�1Ka+0a50%2 a�a)�.a+ "a2$ a

� +*�  .21a2$� 2a�0 a0 (� 2 �Ja

Qa�0 �� 2%� a)�'  1a. 0"  � 2Ja�+a�1a)�* 7a.0�� 2%� a/3 12%+*1a�1a7+3a��*Ka�*�a207a2+a)�'  a7+30a+5*a/3 12%+*1a2+a�+3�( a

�$ �'a7 +30a3*� 012�*�%*#Ja

Qa� 1 a)+( �3( a)+� (a1 21a"+0a� 0 2�%*a2+.%�1Ja

� �)0 /S/"�S�)) %S

?aamaa
* 20+�3� 2%+*



�3 a2+a2$ a$%#$a.0%� a��00% 0Ka��+32a$�("a+"a�0#�*%�a�$ )%120 7a123� * 21a�2a���a�+a*+2a$� 4 a�� �  11a2+a2$ a2 62�++'Ja

�$%1a$�1a� � +) a�a1 0%+31a%113 a2$�2a1%#*%"%��* 2(7a�"" � 21a2$ a( �0*%*#a+32�+) 1a" +0a2$ a�+301 Ja�$ a�0 � 2%+*a+"a2$%1a+. *a

2 62�++'a%1a%*2 *� �a2+a.0+4%� a�a1+(32%+*a2+a2$%1a.0+�( )a�*�a$ (.a123� * 21a# 2a13��  11a%*a2$%1a�+301 Ja

�$ a�++'a� +* 2�%*1a2 *a�$�.2 01Ka5%2$a2$ a�+* 2 * 21a�+4 0a"0+)a2$ a��1%�a� +*�  .21a+*a�$ )%� �(a�+*�%*#Ka"3*� 2%+*�(a

#0+3.Ka2+a12 0 +�$ )%120 7Ka1. � 20+1� +. 7a"+0a1203�230 a� 2 0)%*� 2%+*aU
�a�*�a���Va�*�a+0 #�*%�a0 �� 2%+*1aU*3�( +.$%(%�a

13�12%232%+*Ka (%)%*�2%+*Ka0��%� �(a13�12%232%+*a+"a�('�* 1Ka���% 2%+*a�*�a+6%��2%+*a0 �� 2%+*1a+"a�('  * 1Ka.0  .�0 � 2%+*a�*�a

0 �� 2%+*1a+"a�('7* 1 VJa

�0 #�*%�a�$ )%120 7a%1a�a�$�(( *#%*#a13�& � 2a"+0a(+21a123� *21Ja�+a$ (.a0 �� 01a3*� 012�*�a2$ a� +*�  .21a)+0  a �1%(7Ka

1%).( a �*�a � +*�%1 a (�*#3�#  1a �0 a%*2 * 2%+*�((7a �..(% �a%*a2$ a �++'Ja �$ a " � 230 �a1$�� �a2 62�+6a �0 �1a �0 a%*�(3� �a

"0 /3 * 2(7a%*a2$ a�++'Ka5$ 0 a0 �� 01a� �*a" %*�a31 "3(a( �0*%*#a2%.1Ka0 )%*� 0a+ "a�+))+*a 00 +01Ka�+).�0%1+*a� 25   *a

1%)%(�0a �+*�  .21Ja �+a$ (.a0 �� 01a � 4 (+.a2$ a .0 +�( )Y1+( 4%*#a1'%((1Ka �a1)�((a1 � 2%+*a (�� (( �a �1a ]120� 2 #7^a%1a313�((7a

#%4 *a" +0a2$ a 6�).( 1a%*a2$ a�++'Ja�  �� 01a�0  a *� +30�#  �a2+a207a1+(4%*#a2$ a.0+�( )1a� 7a2$ )1 ( 4 1a5%2$a$ (. "3(a$%*21a

.0 +4%� �a%*a2$ a]120� 2 #7 K̂a�*�a2$ *a� +).�0  a2$ %0a5+0'a5%2$a2$ a� 2�%( �a1+(32%+*1a.0+4%� �a�" 2 05 �0 �1Ja


* 20+�3� 2%+*aamaa@



�-589@6/.1/7/8=<�


2a5�1a) 7a#0 � 2a$+*+30a2+a� a#0�* 2 �a��3� � 2%+*�(a
 � 4 a�*�a�*a� ��a�0  � 2%+*a�0�* 2a�2a��� Ka2$%1a+. *a2 62�++'a.0 +& � 2a

5%((a*+2a� a.+11%�( a5%2$+32a2$ 1 a"3*�%*#a13..+021Ja�. �%�(a2$�*'1a2+a�0Ja��&%4a�$�*#%�*%Ka�0Ja�+��a�3*�( a�*�a�0 Ja� 0#�(a

��((�# $�*a" +0a2$ %0a��4%� a�*�a2$ %0a$ (.a+*a2$ a#0�* 2a�..(%�� 2%+*1Ja
a5+3(�a�(1+a(%' a2+a1$+5a) 7a�..0  �%�2%+*a2+a2$ Ka�0Ja

�(%8�� 2$a� +0+� �a�*�a�0 Ja�+ (a�300 � 7Ka� �*1a+"a���3(2 7a+"a��% *�  a�*�a	 +02%�3(230 Ka"+0a2$ %0a13..+02a+*a2$ a.0+& � 2a

1%*� a2$ a4 0 7a� # %**%*#Ja�302$ 0)+0  Ka
a5%1$a2+a 62 *�a) 7a2$�*'1a2+a)7a�+(( �#3 1Ka�38�** a�  �0 �  Ka"+0a1$�0%*#a$ 0a

 6. 0% *�  a5 +0'%*#a5%2$a+. *a2 62�++'1Ka�1a5 ((a�1a�0Ja�  .�*%a
 *�303#�((�Ka�0 Ja�%�$�0�a� +.+ ""a�*�a�0 Ja�� 4%�a�3�Ka"+0a

2$ %0a"  ����'1Ka�*�a 4 0 7+* a%*a2$ a�$ )%1207a� .�0 2) * 2a"+0a2$ %0a�+)) * 21a�*�a$ (.Ja

�$ a�0 #�*%�a�$ )%120 7a
a+. *a2 62�++'a5 �1a.+11%�( a2$0+3#$a%*a'%*�a13..+02a�*�a.0 +& � 2a"3*�%*#a"0+)a���a�. * 1̀a

�. *a��3� � 2%+*�(a� 1+30�  1 a�0 �* 2a�0+#0�) a�*�a1312�%* �a� 7a���a
% �0 �0 7 1̀a�. *a�3�(%1$%*#a� 3%2 aU� ���V Ja	 (.a"0+)a

�0 ++&a �%8�)%Ka ��0 *a �  %& 0Y�(%* a �*�a ��0 +(%* a ��*% (1a �0 a #0 � 2(7a �..0  �%�2 �Ka %2a 5�1a 5%2$a 2$ %0a .�2% *� a �*�a

.0 +" 11%+*�(%1)a2$�2a2$%1a.0+& � 2a�+3(�a� a� +).( 2 �Ja

Aaamaa��'*+ 5( �#  ) * 21

https://www.kpu.ca/open/grants
https://www.kpu.ca/library/OPUS


���!%�#�	���$���� ���!%$�������������
� ���������� # ������� ���&��$�

� " +0 a� # %**%*#a+30a�0#�*%�a�$ )%120 7a&+30* 7Ka�a0 4% 5a+"a1+) a��1%�a'*+ 5( �#  a"0+)a2$ a� * 0 �(a�$ )%120 7a

� +301 a5%((a� a4 0 7a$ (. "3(a�*�a%).+0 2�* 2Ja� a5%((a12�02a5%2$a�$ )%� �(a�+*�%*#a�*�a0  4% 5a$+5a2+a�0� 5a
 5%1a�203�230 a

2+a1$+5a�*�a.0  �%�2a2$ a�+*�%*#a%*a�a�$ )%��(a1. �% 1Ka"+((+5  �a� 7a��( *�  a�+*�a�$ +07a�*�a	 7�0%�%8�2%+*a2+a 6.(�%*a

$+5a2$ a�+*�1a�0  a"+0) �Ja

�$�.2 0a>a��1%�a�+*�  .21a%*a�$ )%� �(a�+*�%*#a�*�a�0 #�*%�
� +( �3( 1 aamaaB





	�	��2/73- +6��98.381�

� +a13))�0%8  a1%).(7Ka�a�$ )%��(a�+*�a%1a2$ a�220�� 2%4 a"+0�  a$+(�%*#a�2+)1a+0a%+*1a2+# 2$ 0Ja�3�$a� 220�� 2%4 a

%*2 0�� 2%+*a( ��1a2+a�a)+0  a12��( a12� 2 a"+0a2$ a5$+( a1712 )a�+).�0%*#a2+a%*�%4%�3�(a�2+)1Ja

� �&�(��S�&��/- )(. a.(� 7a�a"3*��) * 2�(a0+( a%*a�$ )%��(a�+*�%*#Ja
*a2$ a ( � 20+*a� +*" %#30� 2%+*a+"a�*a� 2+)Ka2$ a

+32 0)+12a1$ ((a%1a��(( �a2$ a4�( *�  a1$ ((Ka�*�a2$ aelectrons in the valence shell (outermost shell) a�0  a'*+ 5*a�1a1�&�(��S

�&��/- )(. Ja��'  a2$ a� �0�+*a� 2+)a"+0a 6�).( La2$ a ( � 20+*a� +*" %#30� 2%+*a+"a��0�+*a%1a>1??1??. ?Ja�$ a+32 0)+12a1$ ((a%1a

2$ a?*� a.0%*�%.�(a1$ ((Ka1+a2$ 0 a�0 aAa4�( *�  a ( � 20+*1a%*a��0�+*Ja� �( *�  a ( � 20+*1a�0 a2$ a ( � 20+*1a2$�2a�0 a2$ a

"302$ 12a�5 � 7a"0+)a2$ a*3�( 31Ka�*�a2$31a 6. 0% *�  a2$ a( �12a�220�� 2%+*a"0+)a2$ a*3�( 31a�*�a2$ 0  " +0 a�0 a)+12a

0 �� 2%4 Ja�$ 7a.(� 7a2$ a)+12a%).+02�* 2a0+( a%*a�$ )%��(a�+*�%*#Ja

a

�1 �+�",�,N6?6N

� 2 0)%* a2$ a*3)� 0a+ "a4�( *�  a ( � 20+*1a"+0a"+((+5%*#a ( ) * 21La�Ka�Ka�Ka�(Ka�#Ja

�*15  01a2+a�0�� 2%� a�3 12%+*1a�$�.2 0a>a

	 )(#�S�)(�S�(�S�) 1�&�( /S�)(�S

�$ 0  a�0 a25 +a)�&+0a27. 1a+ "a�$ )%� �(a�+*�%*#La#)(#�S�)(�.S �*�a �) 1�&�( /S�)(�. Ja�*a%+*%�a�+*�a%1a�a�+*�a2$�2a0 13(21a

"0+)a2$ a ( � 20+12�2%�a�220�� 2%+*aU"+0�  Va� 25   *a%+*1a+"a+..+1%2 a�$�0 # 1Ja
+*%�a�+*�1a�..( 7a2+a%+*%�a�+).+3*�Ka13�$a

�1a1+�%3)a�$(+0%� aU�� �(VJa


*a1%).( a%+*%�a�+).+3*�1Ka2$ a) 2�(a ( ) * 2a(+1 1a4�( *�  a ( � 20+*U1Va2+a"+0)a2$ a� � 2%+*a�*�a2$ a*+*Y) 2�(a

 ( ) * 2a#�%*1a ( � 20+*U1Va2+a"+0)a2$ a�*%+*Ja� %2$a2$ a.0+. 0a*3)� 0a+ "a ( � 20+*U1Va(+12a+0a#�%* �Ka�+2$a2$ a�� 2%+*a�*�a

2$ a�*%+*a��$% 4 a�a"3((a+32 0a1$ ((a2$�2a�+* 2�%*1a %#$2a ( � 20+*1Ka�1a%*a2$ a"+((+5%*#a 6�).( 1a+ "a� � bKa��?Ka�(Z�*�a� ?ZJ

�� � +0�%*#a2+a
 5%11̀a�$ +07Kaan atom is most stable if its outer shell is f illed or contains eight electr onsJa�$%1a%1a�(1+a

� �(( �a2$ a)�/�/S-0&� Ja

a

� �aU� 2+) Va�a� � baba Zaaaaaaaaaaaaaaaaaaaaa��aU� 2+) Va�a�� ?bba? Za

�(aU� 2+) Vaba Z�a�( Zaaaaaaaaaaaaaaaaaaaaaaa�aU� 2+) Vaba? Za�a� ?Y 

a

�a� +4�( * 2a�+*�a%1a�a�+*�a"+0) �a2$0+3#$a2$ a1$�0%*#a+"a ( � 20+*a.�%01a� 25   *a2$ a25 +a�+*�%*#a� 2+)1Ja�$ a1$�0  �a

 ( � 20+*a.�%01a�0 a)323�(( 7a�220�� 2 �a� 7a2$ a*3�( %a+"a�+2$a�2+)1Ja�7a1$�0%*#a2$ a ( � 20+*a.�%01Ka�+2$a�2+)1a�(1+a#�%*a�a

"%(( �a+32 0a1$ ((Ka+0a�*a)�/�/ Ja�()+12a�((a+"a2$ a�+*�1a%*4+(4 �a%*a+0#�*%�a�+).+3*�1a�0  a� +4�( * 2a�+*�1Ja

�+ 4�( * 2a�+*�a� �*a� a*+*Y.+(�0a+0a.+(�0 Ja

� +0a�+4�( * 2a�+*�1a"+0) �a� 25   *a25 +a%� *2%��(a� 2+)1Ka2$ a ( � 20+*a.�%01a�0 a1$�0 �a /3�(( 7a� 25   *a2$ a25 +a

*3�( %Ja�( � 20+*a� *1%27a%1a�%120%�32 �a 4 *( 7a2$0+3#$a2$ a�+*�Ka)�'%*#a2$ a�+*�a�a*+*Y.+(�0a�+*�Ja�6�).( 1a%*�(3� a

�((a$+)+*3�( �0a)+( �3( 1Ka13�$a�1a	Y	Ka�(Y�(Ka�d� Ka�� � Ja

a

a

>J>a�$ )%��(a�+*�%*# aamaaD



� " .+ �N6?6�N
�%��-+('� �-"/"-2N� �%.�,N
"'N� �.%"' N���%�N

� " .+ �N6?6�N'(')(%�+N�(/�%�'-N�('�N�'�N)(%�+N�(/�%�'-N�('�N

� +0a$ 2 0+*3�( �0a�+*�1aU2$ a�+*�a" +0) �a� 25   *a25 +a�%"" 0  * 2a�2+)1 VKa2$ a ( � 20+*a.�%01a�0 a*+2a1$�0 �a 4 *( 7Ka�*�a

2$ a�+*�a%1a.+(�0Ja�$ a ( � 20+*a.�%01a�0 a&(+ � a� 220�� 2 � N2+a2$ a�2+)a2$� 2a$�1a2$ a,-+(' �+N��"%"-2 a2+a.3((a2$ a ( � 20+*a

.�%01a2+5 �0 �1a%21 ("Ja�$%1a��%(%27a%1a) �130 �a5%2$a�&��/- )(�! � /#1#/4Ja�$ a0 (� 2%4 a4�(3 1a+"a ( � 20+* #� 2%4%27aU��Va�0 a

(%12 �a31%*#a2$ a1��( a� 4%1 �a� 7a
%*31a�� 3(%*#Ka�1a13))�0%8 �a%*a2$ a"+((+5%*#a2��( La

� )/�.S��)0 /S�&��/- )(�! � /#1#/4S1�&0�.S )-S�- ! �(#�S�"�'#./- 4S+0-+).�.DS

Qa 
2a%1a)3�$a)+0 a%).+02�* 2a2+a'*+5a2$ a20 *�a+ "a ( � 20+* #� 2%4%27a2$�*a2+a) )+0%8 a2$ a4�(3 1Ja�$ a

20 *�a%1a2$�2a��a4�(3 1a� �0  �1 a�(+*#a2$ a#0+3.a"0+)a2+.a2+a�+22+)a�*�a%*�0  �1 a�(+*#a2$ a. 0%+�a

"0+)a( " 2a2+a0%#$2aU2$ a20 *�a)�%*( 7a5+0'1a"+0a��%*a�0 +3.a ( ) * 21Ka*+2a20�*1%2%+*a) 2�(a ( ) * 21VJa

Qa 
2a%1a4 0 7a31 "3(aU�(2$+3# $a*+2a)�*�� 2+07Va2+a '*+5a2$ a ��a4 �(3 1a+"a �a" 5a1 ( � 2a  ( ) * 21La�aUAJ=Ka

$%#$ 12VKa�aU@JBVKa�aU@J=VKa�aU?JBVa�*�a	aU?J>VJa

Qa �$ a ��a+ "a �aU?JBVa�*�a 	aU?J>Va%1a0� 2$ 0a �(+1 Ka5$%�$a)�'  1a2$ a � Y	a �+*�aU 2$ a �+*�a%*4+(4 �a%*a �((a

+0#�*%�a�+).+3*�1 Va2 �$*%� �(( 7a*+*Y.+(�0 Ja

a

� %2$a2$ a%*20+�3� 2%+*a2+a2$ a�+*�  .2a+"a ( � 20+* #� 2%4%27Ka�+*�a.+(�0%27a��*a� a0  .0  1 * 2 �a5%2$a2$ a

Eaamaa>J>a�$ )%��(a�+*�%*#



 ( � 20+* #� 2%4%27a�%"" 0  *�  a� 25   *a2$ a25 +a�+*�%*#a� 2+)1Ka5$%�$a%1a'*+5*a�1a:�� Ja�+0a*+*Y.+(�0a�+*�1Ka:��a /3�(1a

2+a8 0+Ka�*�a"+0a.+(�0a�+*�1Ka:��a%1a*+2a8 0+Ja�$ a#0 � 2 0a2$ a:�� Ka2$ a)+0 a.+(�0a2$ a�+*�a%1Ja

a

�1 �+�",�,N6?7N

>Ja 
� * 2%"7a2$ a"+((+5%*#a�+*�1a�1a].+(�0^a+0a]*+*Y.+(�0^La� Y�Ka�Y	Ka�Y�Ka�Y� Ka�d�a

?Ja ��*'a2$ a" +((+5%*#a�+*�1a%*a+0� 0a+ "a%*�0 �1%*#a�+*�%*#a.+(�0%27La�[ �Ka�[� Ka�[ � aU0 "  00%*#a2+a2$ a

20 *�a+ "a�� Ka7+3a�+a*+2a*  �a2+a31 a2$ a 6�� 2a��a4�(3 1 VJa

�*15  01a2+a�0�� 2%� a�3 12%+*1a�$�.2 0a>a

� � � 31 a+"a2$ a ( � 20+* #� 2%4%27a�%"" 0  *�  Ka2$ a�2+)a5%2$a2$ a$%#$ 0a��a� 220�� 21a2$ a1$�0 �a ( � 20+*a.�%01a)+0 a

120+*# (7Ka2$ 0 " +0 a� �0%*#a�a1(%#$2(7a* #� 2%4 a�$�0 # aU�YVJa�$ a+2$ 0a�2+)a5%2$a�a(+5  0a��a� �01a�a1(%#$2(7a.+1%2%4 a

�$�0 # aU�bVJa�$ a�%0 � 2%+*a+"a2$ a�+*�a.+(�0%27a��*a� a%*�%� � 2 �a5%2$a�*a�00+5 Ka5%2$a2$ a$ ��a+ "a2$ a�00+5a.+%*2%*#a2+a

2$ a* #� 2%4 a *�a�*�a�a1$+0 2a. 0. *�%�3(�0a(%* a* �0a2$ a2�%(a+"a2$ a�00+5a)�0 '%*#a2$ a.+1%2%4 a *�Ja�$ a" +((+5%*#a

 6�).( a+ "a�*a 	 Y�(a)+( �3( a%*�%�� 2 1a$+5a2+a1$+5a2$ a�+*�a.+(�0% 27a�*�a.�0 2%�(a�$�0# 1a+"a2$ a.+(�0a�+*�Ja

a

>J>a�$ )%��(a�+*�%*# aamaaF



	�
��/@3<�$=;>-=>;/�

�$ a
 5%1a1203�230 a%1a�a1203�230 a2$�2a1$+51a2$ a�+*�%*#a� 25   *a� 2+)1a�1a1$+02a(%* 1aU1+) a�++'1a31 a.�%01a+"a�+21VKa

�*�a*+*Y�+*�%*#a4 �( *�  a ( � 20+*1a�1a�+21Ja

a

9B:B9S��2#.S�/-0�/0- �S)  S� #�/)'#�S
 ) &��0&�.S

� +a( �0*a��+32a
 5%1a1203�230 1Ka5 a5%((a12�02a5%2$a2$ a
 5%1a17)�+(Ja�$ a
 5%1a17)�+(a%1a2$ a�$ )%��(a17)�+(a+ "a�*a

 ( ) * 2a5%2$a4�( *�  a ( � 20+*1a0 .0  1 * 2 �a�1a�+21Ja�$ a
 5%1a17)�+(1a+"a1+) a ( ) * 21a�0 a1$+5*a$ 0  La

a

� " .+ �N6?7�N�!�N��0",N,-+.�-.+ �,N(�N�%.&"'.&@N-"'@N'"-+( �'@N�!%(+"'�N�'�N�+ (&"'�N

� +0a1%).( a�#� /)'#�S ') &��0&�. Ka�+)�%*%*#a2$ a
 5%1a17)�+(1a+"a ��$a ( ) * 2a#%4 1a%21a
 5%1a1203�230 Ja

� : S�3�' +&�LaU	a+*(7a*  �1a25 +a ( � 20+*1Ma313�((7a0 "  00 �a2+a�1a�a�0�/B Va

a

� " .+ �N6?7�N�!�N��0",N,-+.�-.+ �N(�N�2�+ ( �'N

� : S�3�' +&�DS

a

� " .+ �N6?7�N�!�N��0",N,-+.�-.+ �N(�N-!�N
�%(+"'�N&(%��.%�N

�  0)1a31 �a%*a
 5%1a1203�230 1aU1  a 6�).( a+ "a�?VLa

>=aamaa>J?a
 5%1a�203�230 



Qa �)(�#(!S +�#-DS �$ a .�%0a +"a 4�( *�  a  ( � 20+*1a %*4+(4 �a %*a �a �+4�( * 2a �+*�Ja �$ a � +4�( * 2a �+*�1a �0  a

�0 � 5*a�1a1$+02a(%* 1a%*a2$%1a�++'Ka�*�a+* a�+4�( * 2a�+*�a) �*1a+* a.�%0a+"a�+*�%*#a ( � 20+*1Ka2$�2a%1a?a

 ( � 20+*1Ja�%*#( a�+*�1a�*�a)3(2%.( a�+*�1aU �+3�( a+0a20%.( a�+*�1 Va)� 7a� a%*4+(4 �Ja

Qa �)(�S+�#- La�$ a.�%01a+"a4�( *�  a ( � 20+*1a()/ S%*4+(4 �a%*a2$ a�+4�( * 2a�+*�Ja
+* a.�%0a ( � 20+*1a� �*a

�(1+a� a� �(( �a*+*Y�+*�%*#a ( � 20+*a.�%01Ja

� . �%�(a*+2 La�+*Y�+*�%*#a ( � 20+*1a� �*a�(1+a� a3*.�%0  �aU1%*#( Va ( � 20+*1Ja�a1. �% 1a5%2$a+* a+0a)+0 a

3*.�%0 �aU1%*#( Va ( � 20+*1a%1a��(( �a�a0��%� �(aU"0  a0��%� �(VJa�+0 a 6�).( 1a+ "a0��%� �(1a5%2$a1%*#( a ( � 20+*1a

5%((a� a%*a.��/#)(S9B:B=a�*�a �"�+/�-SA Ja

a

� �&S�3�' +&�DS

a

� " .+ �N6?7�N�!�N��0",N,-+.�-.+ �N(�N�(/�%�'-N�('�N
��-0��'N!2�+ ( �'N�'�N�!%(+"'�N

� : S�3�' +&�DS

a

� " .+ �N6?7�N�!�N��0",N,-+.�-.+ �N(�N�N�(/�%�'-N�('�N��-0��'N-0(N
( 12 �'N�-(&,N

�1 �+�",�,N6?8N

�0 � 5a2$ a
 5%1a1203�230 a+"a2$ a�?a)+( �3( Ja

�*15  01a2+a�0�� 2%� a�3 12%+*1a�$�.2 0a>a

9B:B:S��2#.S�/-0�/0- �.S)  S�) &4� /)'#�S
 ) &��0&�.S)-S	)(.S

� +0a)+0 a� +).(%� � 2 �a+) &4� /)'#�S') &��0&�.S�(�S#)(. Ka2$ a
 5%1a1203�230 1a� �**+2a� a+�2�%* �a� 7a1%).(7a�+)�%*#a


 5%1a17)�+(1Ja�a1. �%"%�a.0+�  �30  a5%2$a� 0 2�%*a12 .1a$�4 a2+a� a"+((+5  �Ja
2a%1a4 0 7a%).+02�* 2a2$�2a7+3a"+((+5a2$ a

"+((+5%*#a+- )���0- � a%*a+0� 0a2+a# 2a2$ a�+00 � 2a
 5%1a1203�230 1a"+0a.+(7� 2+)%�a)+( �3( 1a�*�a%+*1Ja

Lewis Str uctur e Drawing Pr ocedureNfor Polyatomic M olecules and Ions 

>J?a
 5%1a�203�230 aamaa>>



>Ja��(�3(� 2 a2$ a2+2�(a*3)� 0a+ "a4�( *�  a ( � 20+*1Ja�+0a%+*1Ka)�' a130 a�$�0 # 1a�0 a.0 +. 0 (7a%*�(3� �a%*a2$ a

� �(�3(� 2%+*Ja� +0a 6�).( a+ "a�	 A
ba� � 2%+*La

2$ a2+2�(a*3)� 0a+ "a ( � 20+*1adaBaU�a�2+) VabaAc>aU"+30a	a�2+)1 VaY>aU)%*31a2$ a�$�0# a"+0a�� 2%+*VadaEa4�( *�  a ( � 20+*1a

?Ja� 0%2 a�a.(� 31%�( a1'  ( 2�(a1203�230 a31%*#a2$ a"+((+5%*#a12 .1La

� Va�0%2 a�2+)%�a17)�+(1a"+0a2$ a� * 20�(a�*�a2 0)%*�(a� 2+)1Ja

Qa	 7�0 +# *a� 2+)1a�0  a�( 5 � 71a2 0)%*�(a

Qa� * 20�(a� 2+)1a�0  a# * 0 �(( 7a2$+1 a5%2$a2$ a(+5  12a ( � 20+* #� 2%4%27a

Qa��0�+*a� 2+)1a�0  a�( 5 � 71a� * 20�(a

� Va�+** � 2a2$ a� * 20�(a� 2+)a5%2$a ��$a+ "a2$ a2 0)%*�(a�2+)a� 7a�0� 5%*#a�a1%*#( a�+*�Ja

@Ja�+0a ��$a1%*#( a�+*�Ka13�20�� 2a25 +a ( � 20+*1a"0+)a2$ a2+2�(a*3)� 0a+ "a4�( *�  a ( � 20+*1Ja

AJa�1%*#a2$ a0 )�%*%*#a4�( *�  a ( � 20+*1Ka�+).( 2 a2$ a+�2 21a+"a2$ a2 0)%*�(a�2+)1a"%012Ka�*�a2$ *a�+).( 2 a�1a)�* 7a

�1a.+11%�( a" +0a2$ a� * 20�(a� 2+)1Ja

BJa
"a7+3a$�4 a31 �a3.a�((a+"a2$ a4�( *�  a ( � 20+*1a2+a�+).( 2 a+�2 21a"+0a�((a+"a2$ a�2+)1Ka7+3a�0 a�+* Ja

CJa
"a*+2Ka2$ *a�+).( 2 a2$ a+�2 21a+"a�((a� * 20�(a� 2+)1a� 7a)+ 4%*#a(+* Y.�%01a"0+)a2 0)%*�(a� 2+)1a2+a"+0)a)3(2%.( a

�+*�1Ja

DJa��(�3(� 2 a2$ a�+0)�(a�$�0 # 1a+*a�((a�2+)1a�*�a(�� (a2$ a*+*Y8  0+a"+0)�(a�$�0 # 1a%*a2$ a1203�230 La

� )-'�&S�"�- ! �S)(S�(S� /)'SUS� +Ja+"a4�( *�  a ( � 20+*1a%*a"0  a� 2+)Z � +Ja+"a(+* a.�%0a ( � 20+*1aZIaU�+Ja+"a�+*�%*#a

 ( � 20+*1Va

a

Formula 1.1 

ExamplesAN��+�N0�N0"%%N-�$�N�� ?N&(%��.%�N�,N�'N� 1�&)%�N-(N�1)%�"'N-!�Npr ocedure ,-�)N�2N,-�)AN

>Ja�+2�(a*3)� 0a+ "a4�( *�  a ( � 20+*1LaAaU�a� 2+) Vaba?cCaU?a�a�2+)1 Vada>Ca

�( 5 � 71a�� �� 
�a�	���La
 *a2$ a�+00 � 2a
 5%1a1203�230 Ka2$ a2+2�(a*3)� 0a+"a ( � 20+*1a%*4+(4 �aU�+*�%*#a.(31a

*+*Y�+*�%*#a ( � 20+*1Va)312a� a�,0�& a2+a2$%1a*3)� 0Ka( 11a+0a)+0 a�0 a�+2$a%*�+00 � 2NNa

?Ja� 0%2 a�a.(� 31%�( a1'  ( 2�(a1203�230 La

��0�+*a� 2+)1a�0  a�( 5 � 71a� * 20�(Ka1+a2$ a1' ( 2�(a1203�230 a%1La�a[a�a[a�a

@Ja�+30a ( � 20+*1a�0 a31 �a1+a"�0Ka�*�a2$ 0 a�0 a>CaZaAada>?a ( � 20+*1a0 )�%* �Ja

AJa�$ a0 )�%*%*#a>?a ( � 20+*1a)312a� a31 �a2+a�+).( 2 a2$ a+�2 2a"+0a�+2$a2 0)%*�(a �a �2+)1a"%012Ka�*�a*+a

 ( � 20+*1a( "2a�"2 0a2$�2Ja


2a%1a4 0 7a%).+02�* 2a2+a'  .a%*a)%*�a2$�2a2$ a0 )�%*%*#a ( � 20+*1a1$+3(�a� a31 �a2+a#%4 a2$ a+�2 2a+"a/�-'#(�&S

� /)'.S #-./ Na

BJa�$ a� * 20�(a�a� 2+)a�+ 1a*+2a# 2a+�2 2a7 2Ka5 a1$+3(�a�+a* 62a12 .Ja

CJa�+4%*#a+* a(+* a.�%0a"0+)a ��$a2 0)%*�(a�a� 2+)Ka2$ a"+((+5%*#a1203�230 a%1a+�2�%* �Ja

>?aamaa>J?a
 5%1a�203�230 



a2$%1a%1a2$ a�+).( 2 a
 5%1a1203�230 a+"a�� ?Ja

� +0a
 5%1a1203�230 a.30.+1 1Ka2$ a(+* Y.�%01a��*a+*( 7a� a)+ 4 �a"- )'S/�-'#(�&S� /)'.S/)S/"�S��( /- �&a� 2+)a2+a

"+0)a)3(2%.( a�+*�1Ka ()/ a2$ a+2$ 0a5� 7a�0+3*�Ja

DJa�+0)�(a�$�0 # 1a�$ �'La�((a� 2+)1a$� 4 a"+0)�(a�$�0 # 1a /3�(1a2+a=a%*a2$%1a1203�230 Ja

� �aU�VadaAaYIcUAc?Vada=a

� �aU� VadaCaYAYIcU?c?Vada=a

� %*� a2$ a25 +a+67# *a� 2+)1a$� 4 a2$ a1�) a�+*�%*#Ka+* a� �(�3(� 2%+*a%1a *+3#$a"+0a�+2$a+67# *a� 2+)1Ja

a

9B:B;S�0#��&#(�.S��)0 /S�)-'�&S�"�- ! �.S#(S��2#.S� /-0�/0- �.S

�$ a.30.+1 a+ "a"+0)�(a�$�0 # 1a%1a2+a�+).�0  a2$ a�"�� �+�'�� N� 25   *a2$ a*3)� 0a+ "a4�( *�  a ( � 20+*1a%*a2$ a"0  a

� 2+)a�*�a2$ a*3)� 0a+ "a ( � 20+*1a2$ a�2+)a] +5*1^a5$ *a%2a%1a�+*� �Ja�$ a1)�(( 0a2$ a�%" " 0  *�  a2$ a]$�..% 0^aU)+0  a

12��( Va2$ a�2+)a%1Ja�$ a�2+)a+5*1a�%%N+"a2$ a(+* a.�%0aU*+*Y�+*�%*#Va ( � 20+*1a�*�a !�%�N+"a2$ a�+*�%*#aU1$�0 �Va

 ( � 20+*1Ka5$%�$a%1a5$7a2$ a"+0)3(�a%1a%*a2$ a5� 7a#%4 *a%*aFormula 1.1. 

� +0)�(a�$�0 # 1a� �*a� a31 �a�1a#3%� (%* 1a2+a� 2 0)%* a2$ a.(� 31%�%(%27a+"a
 5%1a1203�230 1a� 7a�+).�0%*#a2$ a12��%(%27a

+"a*+*Y /3%4�( * 2a0 1+*�*�  a1203�230 1Ka5$%�$a%1a.�02%�3(�0(7a%).+02�* 2a"+0a+0#�*%�a1. �% 1Ja�$ a03( 1a��+32a"+0)�(a

�$�0 # 1a�0 La

Qa�$ a13)a+ "a2$ a"+0)�(a�$�0 # 1a)312a /3�(a2+a2$ a2+2�(a�$�0# a+*a2$ a)+( �3( a+0a%+*Ja

Qa� +0)�(a�$�0 # 1a1$+3(�a� a�1a1)�((a�1a.+11%�( aU� +).�0%*#a2$ a��1+(32 a4 �(3 a+ "a"+0)�(a�$�0 # 1a"+0a13�$a.30.+1 1 VJa

Qa]Y^a��a313�(( 7a�.. �01a+*a2$ a)+12a ( � 20+* #� 2%4 a� 2+)1aU5%2$a2$ a120+*#  0a��%(%27a2+a.3((a2$ a1$�0 �a ( � 20+*1Ma

2$%1a�2+)a%1a]5%**%*#^a ( � 20+*1a%*a2$ a1$�0%*#VJa

Qa]b^a��a313�(( 7a�.. �01a+*a( �12a ( � 20+* #� 2%4 a� 2+)1aU5%2$a2$ a5 �'  0a��%(%27a2+a.3((a2$ a1$�0 �a ( � 20+*1Ma2$%1a

� 2+)a%1a](+1%*#^a ( � 20+*1a%*a2$ a1$�0%*#VJa

Qa� 203�230 1a$� 4%*#a"+0)�(a�$�0 # 1a+"a2$ a1�) a1%#*a+*a��&��  * 2a�2+)1a�0  a3*(%' ( 7Ja

a

�$ 0  a%1a�a��+"/��N0�2 a"+0a��(�3(� 2%*#a"+0)�(a�$�0 # La1%*� a ��$a�+*�a� +* 2�%*1a?a ( � 20+*1Ka$�("a+"a2$ a

�+*�%*#a ( � 20+*1a1%).(7a /3�(1a2+a2$ a*3)� 0a+ "a�+*�1Ja�+Ka2$ a"+0)�(a�$�0 # a� �*a�(1+a� a� �(�3(� 2 �a��1 �a

+*a2$ a� 0%4 �a4 01%+*a+"a2$ a"+0)3(�La

� )-'�&S�"�- ! �S)(S�(S� /)'SUS� +Ja+"a4�( *�  a ( � 20+*1a%*a"0  a� 2+)Z � +Ja+"a(+* a.�%0a ( � 20+*1aZa�+Ja+"a

� +4�( * 2a�+*�1a�0 +3*�a2$ a� 2+) aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaFormula 1.2 

�+3�( a�+*�1a� +3* 2a�1a?a�*�a20%.( a�+*�a�+3* 2a�1a@a%*aFormula 1.2Ja�+2$aFormula 1.1a�*�a 1.2a5 +0'a"+0a

� +3* 2%*#a2$ a"+0)�(a�$�0 # Ma7+3a��*a�$++1 a %2$ 0a+* a"+0a7+30a�+* 4 *% *�  Ja� $%( a�()+12a�((a+"a2$ a+2$ 0a

2 62�++'1a1$+5aFormula 1.1a�1a2$ a+""%�%�(a5� 7KaFormula 1.2a%1a �1% 0a2+a31 a�*�a��*a� a0  #�0 � �a�1a2$ a

.0 �� 2%��(a+* a��1 �a+*a 6. 0% *�  Ja

>J?a
 5%1a�203�230 aamaa>@



�1 �+�",�,N6?9N

� $7a%1a2$ a"+((+5%*#a1203�230 a*+2a2$ a� 12a5� 7a2+a1$+5a2$ a
 5%1a1203�230 a+"a�� ?aOa

�*15  01a2+a�0�� 2%� a�3 12%+*1a�$�.2 0a>a

9B:B<S��%0&�S�/-0�/0- �.SvsS��2#.S� /-0�/0- �.S

�$ a� +).( 2 a
 5%1a1203�230 a�( 5 � 71a$�1a2+a%*�(3� a�((a2$ a�('�"' a ( � 20+*1a�*�a %('�N)�"+ a ( � 20+*1Ja	+5  4 0Ka

+0#�*%�a1. �% 1a�0 a313�((7a1$+5*a�1a�  � 3(!a1203�230 1aU)+0  a�%1�311%+*a5%((a� a%*a�"�+/�-S: Va5%2$a�%%N-!�N%('�N)�"+N

�%��-+(',N�(&)%�-�% 2N(&"--�� NU5%2$a 6�  .2%+*1a2+a2$ a(+* a.�%01a2$�2a�0 a1$+5*a2+a$%#$(%#$2a1. �%�(a.0+. 0 2% 1VJa

�$ 0  " +0 Ka5$ *a4% 5%*#a� '3(!a1203� 230 1Ka%2a%1a4 0 7a$ (. "3(a2+a'  .a%*a)%*�a2$�2a�2+)1a+2$ 0a2$�*a�a�*�a	a1$+3(�a

$� 4 a�a�  0 2�%*a*3)� 0a+ "a(+* a.�%01Ja�6�).( 1a+ "a�  '3(!a1203� 230 1a+"a1+) a� +).+3*�1a�0  a#%4 *a$ 0  La

a

� " .+ �N6?7�N�!�N��$.%�N,-+.�-.+ �,N(�N�-!�'(%@N���-"�N��"�@N�-!2%N�&"'�@N�'�N�-!2%N�+(&"��N

� +a�+3* 2a$+5a)�* 7a(+* a.�%01a1$+3(�a� a%*4+(4 �a+*a�a�  0 2�%*a�2+)Ka�..( 7a2$ a+�2 2a03( Ja�((a+"a2$ a�2+)1a

U 6�  .2a	Va1$+3(�a$� 4 aEa ( � 20+*1a�0+3*�a%2Ka2$ 0 " +0 Ka�a313�((7a$�1a>a(+* a.�%0Ka�a$�1a?a(+* a.�%01a�*�a

$�(+#  *1a$� 4 a@a(+* a.�%01Ja

a

9B:B=S�3 ��+/#)(.S/)S��/�/S� 0&�S#(S��2#.S�/-0�/0- �S

�+a"�0a5 a$� 4 a�( 5 � 71a�  *a�..( 7%*#a2$ a)�/�/ S-0&� a%*a
 5%1a1203�230 1Ka$+5  4 0a2$ 0 a�0 a1+) a� �1 1a%*a5$%�$a2$ a

03( a�+ 1a*+2a�..( 7Ja�+0a 6�).( Ka	a+*( 7a*  �1a?a ( � 20+*1Ja	 0  a5  a5%((a1  a1+) a+2$ 0a� �1 1a5$ 0  a2$ a+�2 2a03( a%1a

� +).0 +)%1 �Ja

Qa���S( 0'��-S)  S�&��/- )(.S

>Aaamaa>J?a
 5%1a�203�230 




"a2$ a2+2�(a*3)� 0a+"a4�( *�  a ( � 20+*a%1a�*a+��a*3)� 0 Ka2$ a+�2 2a03( a��*a*+2a� a�..(% �a2+a�((a�2+)a%*a2$ a1. �% 1Ja

�$ a 6�).( 1a� +3(�a%*�(3� a� �aU*%20+# *a)+*+ 6%� a(+N*%20%�a+6%� VKa�� ?aU*%20+# *a�%+6%� Va�*�a�('7 (a0��%� �(1JOOa

� �S') &��0&� La�(2$+3#$a� �a%1a�a�%�2+)%�a)+( �3( Ka%2a%1a.+11%�( a2+a�0� 5a2$ a
 5%1a1203�230 a� 7a"+((+5%*#a2$ a

procedureJa� . *�%*#a+*a5$%�$a� 2+)a%1a#%4 *a2$ a+� 2 2a"%012a%*a�2 .aAKa7+3a)� 7a# 2a25 +a.+11%�( a1203� 230 1Ja�7a�..( 7%*#a

2$ a"+0)�(a�$�0 # a#3%� (%* Ka5 a� �*a� �%� a2$�2a2$ a"%012a1203�230 a%1a2$ a� 22 0a�$+%� a5%2$a8 0+a"+0)�(a�$�0 # 1Ja

a

� " .+ �N6?7 N��N&(%��.%�N��0",N
,-+.�-.+ �N

� � : S') &��0&� La�$ a
 5%1a1203�230 a+"a� � ?a)+( �3( a%1a1$+5*a� (+ 5 Ja

a

� " .+ �N6?7!N��7N
&(%��.%�N��0",N
,-+.�-.+ �N

� +0a��+ 4 a)+( �3( 1Ka2$ 7a�((a�+* 2�%*a3*.�%0 �aU1%*#( Va ( � 20+*1Ja�$ a* 320 �(a1. �% 1a2$�2a�+* 2�%*a�*a3*.�%0 �a ( � 20+*a

%1a��(( �a- ��#��& aU+0a"0  a0��%� �(VJa�$ *a2$ a� �0�+*a� 2+)a+"a�a�('7 (a#0+3. a$�1a�*a3*.�%0  �a ( � 20+*Ka2$ a1. �% 1a%1a2$ a

�('7 (a0��%� �(Ja

�&%4&S-��#��&.D a�$ a1%).( 12a 6�).( a+ "a�('7 (a0��%� �(a%1aQ�	@Ka5%2$a2$ a2+2�(a*3)� 0a+"a4�( *�  a ( � 20+*a�1aDJa�$ a

1203�230 a%1La

a

� " .+ �N6?7"N��8N
��0",N,-+.�-.+ �N

� +0 a�%1�311%+*1a��+32a2$ a.0+. 0 2% 1a�*�a0 �� 2%+*1a+"a0��%� �(1a5%((a� a%*�(3� �a%*a�$�.2 0aFJa

Qa	 (�)' +&�/�S��/�/S

�*a%*� +).( 2 a+�2 2a) �*1a2$� 2a2$ a�2+)a$�1a( 11a2$�*aEa ( � 20+*1a%*4+(4 �Ja�$%1a�+3(�a� a� � � 31 a2$ a2+2�(a*3)� 0a+ "a

4�( *�  a ( � 20+*1a%1a( 11a2$�*aEKa+0a�3 a2+a"+0)�(a�$�0 # a� +*�  0*1Ja

� � ; S') &��0&� La�$ a2+2�(a*3)� 0a+ "a4�( *�  a ( � 20+*1a%1aCKa1+a2$ a� * 20�(a�+0+*a� 2+)a�+ 1a*+2a# 2a�*a+�2 2Ja

a

>J?a
 5%1a�203�230 aamaa>B



� " .+ �N6?7#N��8N
&(%��.%�N��0",N
,-+.�-.+ �N

� � ;S') &��0&� La�4 *a2$+3#$a�((a+"a2$ a�2+)1a�+a$� 4 a�a�$�*�  a2+a# 2a+�2 21a%*a2$ a1203�230 a+"a�� @Ka2$ a��23�(a1203�230 a

+"a�� @a'   .1a2$ a%*�+).( 2 a+�2 2Ja�..( 7%*#a2$ a��a#3%� (%* a 6.(�%*1a5$7a2$ a"%012a1203�230 a%1a2$ a� 22 0a�$+%� Ja

� %)%(�0a 6�).( 1a%*�(3� a� � ?Ka�(�( @Ja

a

� " .+ �N6?7$N��8N&(%��.%�N��0",N,-+.�-.+ �N

�a%1a2$ a�2+)a5%2$a2$ a$%#$ 12a ( � 20+* #� 2%4%27Ka2$ 0 " +0 a�a(�1 �- a$�1a]b^a"+0)�(a�$�0 # a%*a�*7a.(� 31%�( a


 5%1a1203�230 Na

a

�� ;
TLa�$%1a%1a�*+2$ 0a0 �� 2%4 a%*2 0) �%�2 a%*a+0#�*%�a0 �� 2%+*1aU)+0  a�%1�311%+*1a%*a�$�.2 0aEVJa��a� �(�3(� 2%+*1a

%*�%�� 2 a2$�2a2$ a]b^a�$�0# a(% 1a+*a2$ a�a�2+)Ka1+a13�$a�a1. �% 1a%1a�(1+a��(( �a�acarbocation Ja��0�+*a$�1a�*a%*� +).( 2 a

+� 2 2Ja

a

� " .+ �N6?7%N��8ON
&(%��.%�N��0",N
,-+.�-.+ �N

Qa�3+�(���S� �&�(��S� "�&&S

>Caamaa>J?a
 5%1a�203�230 



� +0a ( ) * 21a%*a� 0%+�a@a+0a$%#$ 0 Ka2$ 7a��*a$� 4 a)+0  a2$�*aEa ( � 20+*1a%"a2$�2a$ (.1a2+a(+5  0a2$ a"+0)�(a�$�0 # 1Ja

�+))+*a 6�).( 1a%* 4+(4 a2$ a1. �% 1a5%2$a�Ka�a+0a�(Ka 2�a�1a� * 20�(a� 2+)1Ja�+) 2%) 1a)3(2%.( a�+3�( a�+*�1a�0  a

* �  11�0 7a2+a)%*%)%8 a2$ a"+0)�(a�$�0 # a+"a2$ a� * 20�(a� 2+)Ja�$ a1203� 230 a+"a2$ a.$+1.$� 2 a�*%+*Ka��A
@YKa%1a#%4 *a

$ 0  a�1a�*a 6�).( Ja

a

� " .+ �N6?7&N)!(,)!�-�N�'"('N
��0",N,-+.�-.+ �N

�( ) * 21a%*a� 0%+�a@aU+0a$%#$ 0 Va$�4 a@aU+0a)+0 a2$�*a@Va.0%*�%.( a1$ ((1Ka1+a2$ adN+0�%2�(a%1a�4�%(��( a%*a2$ a

4�( *�  a1$ ((Ja�$� 2a%1a5$7a2$ 7a��*a�� � +))+�� 2 a)+0  a2$�*aEa ( � 20+*1Ja

� �2N��$ ��0�2,N

� )-S�&�'�( /.S#(S:(� S+�-#)�CS�CS�CS�CS�S�(�S��CS/"�Smaximum  ( 0'��-S)  S�&��/- )(.S#( 1) &1��S#(S��2#.S

./-0�/0- �S#.S�#! " /FFFS

>J?a
 5%1a�203�230 aamaa>D



	���# /<98+8-/�$=;>-=>;/<�


*a2$ a��1 a2$� 2a)+0 a2$�*a+* a0 �1+*��( aU.(� 31%�( Va
 5%1a1203�230 a� �*a� a�0 � 5*a" +0a�a1. �% 1Ka2$ 1 a1203�230 1a�0 a

� �(( �a- �.)(�(��S./-0�/0- �. S+0a- �.)(�(��S�)( /-#�0 /)- . Ja� 1+*�*�  a1203�230 1a� �*a� a % 2$ 0a /3%4�( * 2a+0a*+*Y

 /3%4�( * 2Ja

a

� ,0#1�&�( /S� �.)(�(��S� /-0�/0- �.S


 21̀a�+*1%� 0a2$ a 6�).( a+ "a��0�+*� 2 a�*%+*Ka�� @
?Y

La

a

� " .+ �N6?8�N��+,"(',N(�N-!�N��+�('�-�N�'"('N��0",N,-+.�-.+ �N

� 7a"+((+5%*#a�2 .aCa%*a2$ a��2#.S./-0�/0- �S�- � 2#(!S+- )���0- � Ka2$ a�+3�( a�+*�a� �*a� a�3%(2a� 25   *a2$ a�  * 20�(a�a�*�a

�* 7a+"a2$ a2 0)%*�(a� 1̀a2+a# * 0 � 2 a2$0  a1203�230 1Ka�*�a2$ 7a�((a(++'a]2$ a1�) Ĵa	+5  4 0Ka2$ 7a�0 a*+2a0 �(( 7a%� *2%��(a
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a

� " .+ �N7?8�N�"�-!2%N�-!�+N

C=aamaa?J@a�3*� 2%+*�(a�0+3.1



� 2$ 0a��*a� a%*a�7�(%�a1203�230 a�1a5 ((Ja
2a)� 7a*+2a� a2$�2a%*23%2%4 a2+a0 � +#*%8 a2$ a"+((+5%*#a1203�230 a�1a 2$ 0Ka�*�a

(�� ((%*#a2$ a� �0�+*a� 2+)a5%((a� a$ (. "3(a"+0a%� *2%"%�� 2%+*Ja

a

� " .+ �N7?8 N�2�%"�N�-!�+N�1�&)%�,N

�+2$a(#/-#&�S�*�a (#/- ) a#0+3.1a� +* 2�%*a*%20+# *a� 2+)Ka�*�a%2a)%#$2a� a �17a2+a# 2a2$ )a)%6 �a3.Ja�%20%( a$�1a�a���a20%.( a

�+*�Ka�*�a2$ 0  " +0 a� �*a+*( 7a� a� 2a2$ a *�a+"a�a1203�230 Ka5$%( a*%20+aU�� ?Va��*a� a%*a�* 7a.+1%2%+*a+*a2$ a��0�+*a�$�%*a

+0a0%*#Ja

� '#(� S%1a2$ a+0#�*%�a� 0%4� 2%4 a+"a�))+*%�Ka�	 @Ja� $ *a2$ a$7�0 +# *a� 2+)U1Va%*a�	@a%1a0 .(��  �a5%2$a�a#0+3.1Ka%2a

.0 +�3�  1a�)%* Ja�$ a�)%* a� �*a� a.0%)�0 7aU>lVKa1 � +*��0 7aU?lVa+0a2 02%�07aU@lVa� . *�%*#a+*a$+5a)�* 7a�a#0+3.1a�0 a

� +** � 2 �a5%2$a*%20+# *Ja�$ a�)%* 1a� �*a�(1+a� a*�) �a5%2$a�+))+*a*�) 1Ja

a

� " .+ �N7?8!N�+"&�+2@N,��('��+ 2@NSN-�+-"�+2N�&"'�N

� +0a2$ a"3*�2%+*�(a#0+3.1a+*a2$ a?*� a.�0 2a+"a� �� &�S:B:Ka2$ 7a�((a$�4 a�a� +))+*a1203� 230�(a3*%2a+"a�a��0�+* 7(a#0+3.a�d�Ma

2$ a�%"" 0  * 2a1203�230 a+"a]�^a%*a2$ a# * 0 �(a"+0)3(�a� 2 0)%* 1a2$ a*� 230 a+"a2$ a"3*�2%+*�(a#0+3.Ja
2a%1a313�((7a)+0 a

�$�(( *# %*#a2+a%� *2%"7a�*�a�0 � 5a2$ 1 a"3*� 2%+*�(a#0+3.1a� +00 � 2(7Ka� � � 31 a2$ 7a�0 a'%*�a+"a1%)%(�0Ja�+0 a.0 �� 2%� a%1a

*  � �Ja

a

� " .+ �N7?8"N��'�+ �%N,-+.�-.+�N(�N�.'�-"('�%N
 +(.),N�('-�"'"' N�Q(N�('�N

?J@a�3*� 2%+*�(a�0+3.1 aamaaC>



�&��" 4�� S�*�a %�/)(� S�0  a1%)%(�0a%*a2 0)1a+"a2$ %0a1203�230 1a�*�a.0 +. 0 2% 1Ja�(� $7� a� �*a� a0  #�0 � �a�1a�a1. �%�(a��1 a

+"a' 2+* a1%*� a]	 ^a��*a� a +� �+ ��� a�1a�*a�a5%2$a8 0+a��0�+*Ja� � � 31 a	a$�1a2+a� a� +** � 2 �a+*a+* a1%� a+"a2$ a�d�a

#0+3.a%*a�(� $ 7� Ka�(� $ 7� a� �*a+*( 7a� a� 2a2$ a *�a+"a�a1203�230 Ja�  2+* Ka+*a2$ a+2$ 0a$�*�Ka)312a� a%*a2$ a)%��( a

.+1%2%+*a2+a *130 a�+2$a1%� 1a+"a2$ a�d�a#0+3.1a�0 a� +** � 2 �a5%2$a�a#0+3.1Ja�  2+* a� �*a�(1+a� a%*a�a�7�(%�a1203�230 Ja

a

� " .+ �N7?8#N��-('�N�'�N�2�%"�N$ �-('�N� 1�&)%�,N

�$ a (�12a "+30a "3*� 2%+*�(a #0+3.1a �0 a 0 (� 2 �a %*a 2 0)1a +"a 1203�230 1a �*�a �$ )%� �(a .0+. 0 2% 1Ja �$ *a �*a � 	a #0+3.a

%1a �+** � 2 �a 5%2$a �d� Ka 2$ a 5$+( a ��� 	a %1a ��(( �a �a ��- �) 34&#�S ��#�S"3*� 2%+*�(a #0+3.Ja �$ a +2$ 0a 2$0  Ka

�./�- Ka�(" 4�-#�� S�*�a �'#��C a�0  a�((a��+"/�-"/�, a+"a��0�+ 67(%�a��%�Ka) �*%*#a2$ 7a��*a� a.0  .�0  �a5%2$a��0�+ 67(%�a��%�a

�1a2$ a12�02%*#a)�2 0%�(Ja �+0a2$ 1 a2$0  a "3*� 2%+*�(a#0+3.1Ka%2a%1a%).+02�* 2a2+a0 ) )� 0a2$� 2a2$ a ]�^a .�0 2a$�1a2+a� a

� +*1%� 0 �a2+# 2$ 0a5%2$a2$ a�d� Ka�*�a+4 0 �((a%2a� 2 0)%* 1a2$ a"3*� 2%+*�(a#0+3.a� +00 � 2(7Ja�+0a 6�).( Ka2$ a��� �a%1a

 12 0Ma%2a��(S()/ S� a0  � +#*%8 �a�1a�a]'  2+* ^a.(31a�*a] 2$ 0 Ĵa
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2$ a+2$ 0a#0+3.1a5%((a� a0 #�0 � �a�1a]13�12%23 * 21Ĵa]�3""%6^a%1a31 �a2+a%*�%�� 2 a2$ a*�) a+ "a2$ a.�0 * 2a1203�230 Ka�*�a

] .0  " %6^a%1a"+0a2$ a13�12%23 * 2Ja�$ a+0� 0a+ "a2$ a#0+3.1a(%12 �a%*a� �� &�S:B;S%1a��1 �a+*a2$ a���+ ��,"' a+0� 0a+ "a2$ a.0%+0%27Ka

5$ 0  a� �0�+ 67(%�a��%�a#0+3.a%1a%*a2$ a$%#$ 12a.0%+0%27Ja�$ a#0+3.1a%*a2$ a13�+0�%*� 2 a2��( a$� 4 a*+a�%"" 0  *�  a%*a2 0)1a

+"a.0%+0%27Ka�*�a2$ 7a�0 a313�((7a(%12 �a%*a2$ a�(.$�� 2%�a+0� 0 Ja

a

CAaamaa?JAa
�� � �a� �)%*#a+"a�0#�*%�a�+).+3*�1a5% 2$a�3*� 2%+*�(
�0 +3.1



� ��%�N7?8N��&"' N�+"(+"-"�,N(�N�(&&('N�.'�-"('�%N�+ (.),N

?JAa
�� � �a� �)%*#a+"a�0#�*%�a�+).+3*�1a5% 2$a�3*� 2%+*�(a�0+3.1 aamaaCB



a

� ��%�N7?9N�.�(+ �"'�-�N�+ (.),N

�  a5%((a#+a2$0+3#$a1 4 0 �(a 6�).( 1a" +0a)+0 a� 2�%(1a��+32a2$ a*�)%*#a03( 1Ja

>Ja

�$ a .�0  * 2a 1203�230 a %1a 2$ a CY��0�+*a � �0�+ 67(%�a ��%�a 5%2$a �a �+3�( a �+*�Ka 1+a 2$ a (�12a *�) a � +) 1a "0 +)a ]$ 6 * Ĵa
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