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�OvOQm�t s�UkD �rm xDUO wO x� �yv� x�yD ��vt x� xHwD �� �Q ����t�W C���mQD xDWPo ��yu�tR QO

�vOat C���mQD ��

�r� C���mQD ��

���vt R� xm OvOw� �O�wt �r� C���mQD w OvOW�t G�QNDU� uO�at R� xm OvOw� �O�wt �vOat C���mQD

O�wt R� u�wD�t R�v �Q �r� C���mQD �NQ� xm OW XNWt �yOa� �rw 	OvOW�t x�yD �v�w�L �� �y��o

�OQm x�yD �vOat

�r� C���mQD 
wvD w CU� �vOat C���mQD R� QDW�� �r�N OQ�O OwHw xm �D���mQD O�OaD �r� C���mQD QO

�OQm �Ov�xDUO �Q �yv� O��� �OD�� �r� C���mQD QDCL�Q w QDy� xar��t ��Q� u��Q��v� CU� O�� R

RQ� T�U� Q� w xOvR�U QYva 
wv T�U� Q� OvQ�o�t Q�Qk �UQQ� OQwt ��Dm u�� QO xm �r� C���mQD

OwW�t �Ov�xk�� Q� R CQwYx� �yv� uDiQo Q�Qk
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xDUO wO x� w Ov�xOW p�mWD uSwQO�y w u� Qm QYva wO R� �ki xm OvDUy �r� C���mQD �yu� QmwQO�y

�OvwW�t s�UkD l�D�twQ� w l�D�i�r� �rm

w OvwW�t s�UkD� � � w u�mr�wrm�U 	u�mr� 	umr� 	u�mr� ��yxwQo x� l�D�i�r� ��yu� QmwQO�y

�OW���t u� C�kDWt w uRv� pt�W l�D�twQ� ��yu� QmwQO�y

OwHw �yv� Q�DN�U QO R�v uS�Um � 	uSwQO�y w u� Qm Q� xwqa xm OvDUy �D���mQD 	Q�OuS�Um � C���mQD

�OQ�O

OwHw �yv� Q�DN�U QO R�v uSwQD�v 	uSwQO�y w u� Qm Q� xwqa xm OvDUy �D���mQD 	Q�OuSwQD�v C���mQD

�OQ�O



u�DUQ��O �UQO ��y��Dm QO xv�iU��Dt �rw �CU� �t�W EL��t u� QDxOQDUo R� �m� �r	 �t�W

CU� xOWv KQ�t u	 OQwt QO �O�� R �r��t

�aU ��Dm u�� QO �rw �OUQ�t Q�v x� CNU w Q�Qi �qwtat �r��t �oOQDUo x� xHwD �� �r	 �t�W
w �rm xOa�k �wQ R� u	 xar��t �D OW�� OvtiOy w ��x���Q CQwYx� �r��t u�mt� OL �D xm CU� xOW
��Q�O uwJ �r	 �t�W C�y�t �rw 
OwW �Q�owrH �r��t uOQm �iL R� u�mt� OL �D w OW�� �rwY�
EL��t xm CU� xOW �aU ��Dm u�� QO 
OQ�O uOQm �iL x� R��v OQ�wt �NQ� QO CU� �O�OH �r��t
��yR��v w OQ�o Q�Qk �UQQ� OQwt pt�m Qw�x� swO w pw� xrLQt �t�W O��Btr� OL QO �r	 �t�W �D�tOkt


OOQo hQ�Q� �r	 �t�W xv�tR QO u�Rwt	Vv�O
�Q��U� C�tLR ��Dm u�� QWv ��Q� xm u�wNWwN C�Q�WDv� pw	UtQ�Ot xO�R�H�L ��k	 R� u���B QO


sQ�O �Q QmWD p�tm Ov�xO�Wm
s�vy� RwQy�



� � � � � � � � � � � � � � � � � � u�mr� �

� �Q�Pos�v w �QtwR�� �Q�DN�U

� �rwtat VwQx� �Q�Pos�v

� l �B w�	 VwQx� �Q�Pos�v


 �aQi ��yxN�W ��wv�

�� �yu�mr	 x�yD

�� �yu�mr	 ��yVvm �w

�� uDNwU Vvm �w �

�
 �r�m�O�Q �v�Wv�H Vvm �w �

�� nv�m �Qm �

�� �m� R�i X�wN


� u�mr	 swO xrLQt �L� QWD ��yp��wU


� u�mr	 swO xrLQt �L� QWD Cq��wU MU�B

�� � � � � � � � � � � � � � � � � umr� �

�
 �Q�Pos�v w QtwR�� �Q�DN�U

�� �yumr	 l �B w�	 �Q�Pos�v

�� �UOvy QtwR��

�� �yumr	 x�yD

�� �ypmr� R� ���OR�	 �

�
 �yumr	 ��yVvm �w

�
 uDNwU Vvm �w �

�� �W��Ri� Vvm �w �

��� �m� R�i X�wN

��� umr	 swO xrLQt �L� QWD ��yp��wU



��� umr� swO xrLQt �L� QWD ��yp��wU MU�B

��� � � � � � � � � � � � � � � u�mr� �

��	 �Q�Pos�v w �QtwR�� 
Q�DN�U

��� �yu�mr� l �B w�� �Q�Pos�v

��� �yu�mr� x�yD

�� �yu�mr� ��yVvm �w

�� uDNwU Vvm �w

��� �W��Ri� Vvm �w

��� �v�Wv�H Vvm �w

��� �m� R�i X�wN

��� u�mr� swO xrLQt �L� QWD ��yp��wU

��� u�mr� swO xrLQt �L� QWD ��yp��wU MU�B

��� � � �wkrL ��yu� QmwQO�y �

��� l�D�i�r� �wkrL ��yu� QmwQO�y

��� u�mr� wrm�U

��� �yu�mr� wrm�U x�yD

��	 �m� R�i X�wN

��	 l�D�twQ� ��yu� QmwQO�y

��	 �Q�Pos�v w �QtwR�� 
Q�DN�U

�� l�D�twQ� C���mQD x�yD

�� �yVvm �w

�� �m� R�i X�wN

	 �wkrL swO xrLQt �L� QWD ��yp��wU

� �wkrL swO xrLQt �L� QWD ��yp��wU MU�B



��� � � � � � � � � � � � � QD� w pmr� �

��� �Q�Pos�v w �QtwR�� �Q�DN�U

��� �ypmr� l �B w�� �Q�Pos�v
��	 �rt�a OvJ ��ypmr�

��	 �yQD� w �ypmr� x�yD
��	 �ypmr� x�yD

��
 �yQD� x�yD

��� �ypwvi w �ypmr� �yVvm �w
��� �ypmr� uDNwU Vvm �w

���Na w K Ovv�t p�ai Rri � Vvm �w

���NaOH OwU � Vvm �w
��� O�r�y uSwQO�y � Vvm �w

��� ���OR �� Vvm �w
��� �ypmr� V��Um �

��� �m� R�i X�wN

��� QD� w pmr� swO xrLQt �L� QWD ��yp��wU
��� QD� w pmr� swO xrLQt �L� QWD ��yp��wU MU�B

��� � � � � � � � � uwDm w O�yOr� �

�	� �Q�Pos�v w �QtwR�� �Q�DN�U
�	� �yO�yOr� l �B w�� �Q�Pos�v

�	� �yuwDm l �B w�� �Q�Pos�v

�	� �yuwDm w �yO�yOr� x�yD
�		 �yuwDm w �yO�yOr� ��yVvm �w

�		 V��Um �

�	
 Vy�m
�
� �m� R�i X�wN



��� uwDm w O�yOr� swO xrLQt �L� QWD ��yp��wU
��	 uwDm w O�yOr� swO xrLQt �L� QWD ��yp��wU MU�B

��� � � � � � � � � � � QDU� w O�U� �

�
� �Q�Pos�v w �QtwR�� �Q�DN�U
�
 �yO�U� l �B w�� �Q�Pos�v
��� �yQDU� w �yO�U� x�yD
��� �yQDU� w �yO�U� ��yVvm �w
��� �yO�U� ��yVvm �w
��� �O�U� CQOk
��� �yQDU� ��yVvm �w
��� uw��Y
�� �m� R�i X�wN
��� QDU� w O�U� swO xrLQt �L� QWD ��yp��wU
��� QDU� w O�U� swO xrLQt �L� QWD ��yp��wU MU�B

��� � � � � Q�OuSwQD�v C���mQD �

�� u�t�
�� �Q�Pos�v w �QtwR�� �Q�DN�U
� �yu�t� x�yD
� �yu�t� ��yVvm �w
�� �yO�t�
�� �Q�Pos�v w �QtwR�� �Q�DN�U
�	 �yO�t� x�yD
��� �yO�t� ��yVvm �w
��� �m� R�i X�wN



�

u�mr�

�Q�Pos�v w �QtwR�� �Q�DN�U

�yu�mr�

s�tD �va� OvDUy xOW Q�U u� QmwQO�y �yu�mr� �OvDUy �yu� QmwQO�y R� xwQo u� QDxO�U �yu�mr�

�CU� xO�U CQwYx� �yu� QO �yOvw�B

�CU� u�Dt u�mr� w�a u� QDxO�U

�OQ�O OwHw u� OvwUB �yu� s�v QO w �OvDUy CnH�n�� �twta pwtQi ��Q�O �yu�mr� s�tD

CH� u�Dt C�H�� u�Roy
C�H� u�D� C�H�� u�DBy
C�H� u�B wQB C�H�� u�Dm �
C�H�� u�Dw� C	H�� u�vwv
C
H�� u�DvB C��H�� u�mO

	



�r� �t�W �

�u�DvB� sHvB u�mr� R� �rw �Ovm�tv �wQ�B �Y�N OvwQ R� pw� u�mr� Q�yJ QO u�mr� sU� pw� CtUk

�CU� u�mr� Q�DN�U QO u� Qm O�OaD xOvyO u�Wv pw� CtUk

�CU� u�D� u�mr� w�a u�twO

6

�CU� u�BwQB u�mr� w�a u�twU

�OwW�t xO�iDU� C���mQD u	� xar��t �DL�Q ��Q� �irDNt ��yVwQ R� �r� C���mQD Q�DN�U sUQ QO

�OvyO�t V	�tv Q	 R ��yCQwYx� �Q u�B wQB p�Ft Qw
x�

CH2CH3 CH3I: II: C C C

III:

XNWt u� Qmx� pYDt H ��ysD� O�OaD �ki wCU� xOWv xO�O u�Wv C�H ��yOvw�B I Q�DN�U QO

�Ov	 wo �rwtQi Q�DN�U �Q�DN�U u	� x� �CU� xOW

w �OyO�t p�mWD Ovw�B Q�yJ u� Qm sD� Qy uwJ �CU� xOWv xO�O u�Wv H ��ysD� II Q�DN�U QO

�Ov	 wo �v� Qm Q�DN�U �Q�DN�U u	� x� �CU� H ��ysD� x� �w� Qt CU� xOWv xO�O u�Wv xm �	�yOvw�B

QO �DUmW Qy w �yDv� w �OD�� Q�DN�U u	� QO w CU� xOWv XNWt u� Qm ��ysD� III Q�DN�U QO

�Ov	 wo �DrmU��	 xOW xYqN Q�DN�U �Q�DN�U u	� x� �CU� u� Qm sD� l	 �xOvyO u�Wv �w�N

�OwW�t xO�iDU� OQ� Q�m x� xHwD �� Q�DN�U xU Qy R� �Dm u	� QO

�CU� u�Dw� u�mr� w�a u�tQ�yJ

u�Dw� C�H��

CH� CH� CH� CH�

CH� CH CH�

CH�

�Ov	 wo�t QtwR�� ��mQD wO u	� x� �OQm sUQ u�wD�t CQwY wOx� �Q u�Dw�



� u�mr�

QtwR�� OvQ�O �Dw�iDt xOQDUo Q�DN�U �rw �OvDUy u�Um� xDU� pwtQi ��Q�O xm �D���mQD �� xDmv

�OvDUy �Dw�iDt X�wN ��Q�O ��twta �yQtwR�� �Ov� wo

�Q�Pos�v ��Q� �s�vm �Q�Pos�v �RHt CQwYx� O��� CU� xOW xO�O u�Wv u�Dw� ��Q� xm �Q �Q�DN�U wO
�OwW�t xO�iDU� �rm VwQ wO R� �qwtat �r	 C���mQD

l �B w�	 VwQx� �Q�Pos�v �� �rwtat VwQx� �Q�Pos�v ��

�rwtat VwQx� �Q�Pos�v

Qo � w �Ovvm�t O�H�� �Q �v� Qm xN�W l� OvwW�t pYDt syx� u� Qm R� ��xQ�HvR CQwYx� xm ���yu� Qm
�OwW�t O�H�� �aQi xN�W l� OvwW pYDt �v� Qm xN�W l�x� �Uw R� ���yu� Qm �� u� Qm

p�tQv Cr�L u�� x� OvW�� �v� Qm xN�W l� QO �yu� Qm s�tD Qo � �rwtat �Q�Pos�v QO �� xDmv

�Ov� wo

u�Dw� p�tQv CH� CH� CH� CH�


u�Dw� �n�

CQwYx� u� Qml� �rw OvW�� �v� Qm xN�Wl� QO �yu� Qm s�tD Qo � �rwtat �Q�Pos�v QO �� xDmv

�Ov� wo wR�� Cr�L u�� x� OW�� pYDt swO u� Qm x� �aQi xN�W

CH� CH �CH��n CH� n � ���� � � �

CH�

p�Ft �
CH� CH CH� u�Dw� wR��

CH�

�OvDUy u�Dw� �n w u�Dw� wR�� �rwtat VwQx� u�Dw� QtwR�� wO u��Q��v�

�CU� u�DvB u�mr� w�a u�tHvB

C�H�� u�DvB

CH� CH� CH� CH� CH� u�DvB  n



�r� �t�W �

CH� CH CH� CH� u�DvB wR��

CH�

CH�

CH� C CH�

CH�

QtwR�� �Q�Pos�v ��Q� w CU� XNWt �yu� s�v QtwR�� wO �QtwR�� xU u�� R� �CU� QtwR�� xU ��Q�O u�DvB
�s�vm�t xO�iDU� Q� R xOa�k R� swU

CQwYx� u� Qm wO �rw OvW�� �v� Qm xN�W l� QO �yu� Qm s�tD Qo � �rwtat �Q�Pos�v QO �� xDmv

�Ov� wo w�v Cr�L u�� x� �OvW�� pYDt swO u� Qmx� �aQi xN�W wO

CH�

CH� C �CH��n CH� w�v

CH�

n � 	�
� � � �

p�Ft �

CH�

CH� C CH� u�DvB w�v

CH�

u�DvB w�v w u�DvB wR�� �u�DvB � n �OQ�O QtwR�� xU u�DvB u��Q��v�

�O�vm 	Q�Pos�v �rwtat VwQx� O�v�wD�t xm �Q ���yv
 w O�vm sUQ �Q u�Roy 	�yQtwR�� �

�v� Qm xN�W l� QO �Q �yu� Qm s�tD �OD�� CU� QDy� s�vm sUQ �Q ��mQD l� 	�yQtwR�� xmu�� 	�Q� �pL
�aQi xN�W CQwYx� w s�vm sm u� Qm ��v� Qm xN�W R� Qo�O 	�yQtwR�� uOQw
 CUOx� 	�Q� w s�yO Q�Qk

�s�vm xi���

CH� CH� CH� CH� CH� CH� u�Roy � n



� u�mr�

CH� CH CH� CH� CH� u�RoywR��

CH�

CH� CH� CH CH� CH�

CH�

CH� CH CH CH�

CH� CH�

CH�

CH� C CH� CH� u�Royw�v

CH�

�Q�Pos�v �OQm �Q�Pos�v �rwtat VwQx� u�wD�t �Q u� QtwR�� xU �ki xm CU� QtwR�� GvB ��Q�O u�Roy
�OQmv �O�B xt�O� OQ�O xm ���yC�OwOLt Q��Nx� �rwtat

l�Bw�� VwQx� �Q�Pos�v

R� �yu�mr� l �B w�� �Q�Pos�v ��Q� �Ovm�t u��aD �t�W QO �Q �rm u�v�wk xm CU� ��xUU	wt s�v l �B w��
�s�vm�t xO�iDU� Q� R u�v�wk

�Ov� wo �rY� xN�W �Q OW�� u� Qm O�OaD u� QDV�� ��Q�O xm �v� Qm xN�W 
�rY� xN�W u��aD ��

�aQi ��yxN�Wx� xm OwW�t �Q�PoxQ�tW �DtU R� xQ�wty �rY� xN�W 
�rY� xN�W �Q�PoxQ�tW ��

pYDt u� x� �aQi xN�W xm �rY� xN�W R� �v� Qm 	xQ�tW x� OwW xO�O C�Uv �QDlJwm xQ�tW
�Ov� wo �aQi xN�W xQ�tW CU�

u�mr� s�v TBU w s�vm�t QmP �Q �aQi ��yxN�W sU� w C�akwt �OD�� 
��mQD s�v uDWwv ��DQD ��
�s�U� wv�t �Q �rY� xN�W



�r� �t�W �

�O�vm �Q�Pos�v �Q Q� R ��mQD �

CH� CH CH� CH�

CH�

�pL�

CH�

�

CH

�

CH

�

CH

CH�

u�Dw� p�Dt ��

�QDlJwm OOa �aQi xN�W x� uwJ s�vm�t �Q�PoxQ�tWAJCtU R� wCU� �v� Qm Q�yJ �rY� xN�W
�Ov� wo p�Dt u	 x� xm CU� CH� ��mQD u�� QO �aQi xN�W �OwW�t xO�O C�Uv

�s�yO Q�Qk xQ�D �N O��� hQL w OOa u�� w �t�m O��� OOa wO u�� ��mQD sU� uDWwv QO

�O�vm �Q�Pos�v l �B w�	 VwQx� �Q u�Roy ��yQtwR�� �

�pL

CH� CH� CH� CH� CH� CH� u�Roy � n



CH�

�
CH

�
CH�

�
CH�


CH�

CH�

u�DvB p�Dt � �



CH�

�
CH�

�
CH

�
CH�


CH�

CH�

u�DvB p�Dt � �

�

CH�

�

CH

�

CH

�

CH�

CH� CH�

u�Dw� p�Dt �O � � ��



� u�mr�

CH�

�

CH�

�

C

�

CH�

�

CH�

CH�

u�Dw� p�Dt �O � � ��

w s�vm QmP sy Q�vm �Q �yC�akwt s�tD O��� s�W�� xDW�O �D OvJ �aQi xN�W l� R� Qo � �� xDmv

�QD R� �D xU ��O R� OW�� �D wO Qo � �s�vm QmP OvwW�B CQwYx� �Q u	 O�OaD �aQi xN�W sU� Q�vm

s�vm�t xO�iDU� � � � w �QDD R� �D Q�yJ w

s�v�O� �� wNx� �Q �aQi ��yxN�W sU� O��� s�vm XNWt �Q C���mQD s�v �� wNx� s�v�wD� xmu�� ��Q�

s�vm�t �UQQ� �Q OvQ�O OwHw �r	 C���mQD QO xm �Q �aQi ��yxN�W ��wv� CtUk u�� QO

�aQi ��yxN�W ��wv�

wQD�v �� uSwr�y �� p�mr	 ��

p�mr� �	 �

u�mr	
�H

������ p�mr	


s�� wo p�mr	 xOW O�H�� xwQo x� s�vm hPL uSwQO�y l� u�mr	 R� Qo �


s�vm�t xi��� �Q p� OvwUB w hPL �Q u� OvwUB �yu	 �Q�Pos�v ��Q�

CH�

�H

������ �CH�

u�Dt p�Dt

u�Wv xm s�yO�t Q�Qk �N l� CU� xOW �OH u	 R� uSwQO�y xm �v� Qm Q�vm p�mr	 uO�O u�Wv QO

OwW�t pYDt �rY� xN�Wx� Q�vOQwt u� Qm R� p�mr	 xm CU� u�� xOvyO

C�H�

�H

������ �C�H�

u�D� p�D�
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umttQ�e w umtt ��yQtwR��
O�vm�t Qmi ��C��H��� s�vm Q��Q� wO �Q �yu� Qm O�OaD xJu�vJ �OQ�O OwHw QtwR�� �� �C��H�� u�mr	 
�Q�
wO xQ�� wO �Q u� Qm O�OaD Qo � w �CU� QtwR�� ���� MU�B �OvW�� Q�PBu�mt� 
�yQtwR�� u�OvJ R� QtwR�� OvJ
TmI�y xD�r� ������������� j�kO Qw�x� �Ow� Oy�wN Q�PBu�mt� QtwR�� OvJ OwHw �C��H��� s�vm Q��Q�
O�OaD u��aD �Ovm x�U�Lt �Q Q�PBu�mt� 
�yQtwR�� O�OaD �rwmrwt pOt uDN�U �� Pe�m w srk �� CU�v QO�k
CqO�at ��yQtwR�� O�OaD u��aD 
�Q� �OQ�O 
Qta uOQm 
QBU x� R��v xO�J�B 
�ypwmrwt 
�Q� j� Q� u�O� �yQtwR��
w x�yD �t� �s�vm sUQ �Q �yQtwR�� R� �NQ� pwtQi Pe�m 
wQ Q� s�v�wD�t xJQo �Ov�xDi�� xaUwD ���� Q xO�J�B
xOt	 CUOx� 
�yu�mr	 R� 
QU l� p�Ft u�wva x� �OW�� umttQ�e �DL �� w pmWt CU� umtt �yu	 CN�U
x� xHwD �� �O� Q�o� Q�vQO OwOLt�v Qw�x� �Q Ov�	Qi Q�QmD w p�Dt 
�yxwQo �� �Q u�Dt 
�yuSwQO�y �v� Ro��H R�
�tDHt �yu� Qm RmQt w �Uw QO �t� Ov�xOW xDiQo Q�vQO 
Oa� wO CQwYx� �yu	 xJQo xm O�vm�t x�Lqt pmW

�OvQ�o�t Q�Qk uSwQO�y 
�ysD� K	U QO w xOW

CH� � C�CH��� � C�C�CH����� � CfCfC�CH���g�g�

CH� � C�H�� � C��H�	 � C��H���

w u�Dt� Ov�xOW xDN�vW pw� 
�mQD wO �ki C���mQD u�� R� �OvDUy 
wQm ���� QkD �ypwmrwt �Oa� xU QO
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C�Uv x� xHwD �� �m� Swrw�� ��ypmW Q��U w �yGviU� ��yCNQO OWQ ��yu� QmwQO�y u�� O�H�� C�OwOLt Ovv�t
�Ov����t C�OwOLt sHL x� K�U

Qr�t x� QHD w ��OQt R�o �u�Dt
��yu�WvxD �� �yQ�RuHr ��y��OQt QO �Q �r	 O�wt ��y�QDm �� �O�	�t CUOx� Ca��
 R� pw�ODt Qw
x� u�Dt
�OwW�t xDio R�v ��OQt R�o u�Dt x� wQu�� R� �O�	�t CUOx� u�Dt �xOQm x� RHD uS�Um � ���e QO ��yxJ�� QO �ro
u�vJsy u�Dt �OUQ�t ���vWwQ w �RBl �QwN hQYt x� �xOW �Qw	�tH �ro ��yQ�RuHr xD R� u�Dt u�J QO

�OOQo�t O�H�� w�o Ovv�t ��xOvvm Q�wNWv C�v�w�L VQ�wo sDU�U QO �Pe s�y pw
 QO �y�QDm �� 	UwD
uw�r�t l� QO CtUk l� u�ov��t �w�L u�tR wH �CU� xHwD u���W �y�QDm �� 	UwD u�Dt O�rwD u�R�t
�O� w ON� �wy ��RH� Q��U x� C�Uv u�Dt �xOw� lJwm xU��kt s�kt QO �t xQ��U xmu�� Cra x� �CU� u�Dt
R� �QDsm Q��U� u�R�t x� u�Dt �rO�aD C
re �OOQo GQ�N wH R� u�Dt s
a� CtUk OwQ�t Q�
Dv� CU� QDl�U
uOW GQ�N �� xm CU� u�� u�Dt �q�� ��Uv xOW xOy�Wt C
re Cra �CU� xO�OQo x�U�Lt xOW xOy�Wt Q�Okt

�OOQo�t O�H�� �y��o O�wt x� RHD R� �y�QDm �� 	UwD xQ�� wO �wH R� u	
OwR K�Y QO u�Dt C
re �OUQ�t uw�r�t QO CtUk OvJ x� xOw� QDV�� wH QO u�Dt u�R�t nQR� ��yQyW QO
xOvyO p�mWD xm u�Dt �xv�DN�VwN �CU� QFm �OL ��ywQOwN �m�i�QD s�LOR� u�tR QO �va� Qy�R�Oa� QN�w� w

�OQ�Ov u�Uv� �DtqU Q� �t�kDUt VN�u�� R QF� �CU�wy �v� QmwQO�y ��y�oOwr	 R� � �� OwOL QO
xm �t�ovy �Q� R �OW�� R�UQ�N Ov�wD�t u�Dt uOW �tH u�� �OwW�t �tH nvU p�eR uO�at QO u�Dt �y�o
�oiN Ea�� Ov�wD�t R�o u�R�t u�� �tHD u�vJsy �CU� xOvwW QHivt �OwW �wrNt �wy � �� �D  �� u�Dt
�OOaDt �vt�� ��yx�oDUO 	UwD u�wD�t �Q u�Dt l �vQ�N ��yC
re �OwW u��JuOat �uS�Um � Ow�tm Crax��

�OQm �R�UQ�mW	
QwYD wQ u�� R� ��CU� uSwQO�y O�WQwN sQH � ��� �CU� �UtW xtw
vt QO QYva u� QDpw�ODt uSwQO�y
p�Ft u�wva x� �CU� pwkat �Ov�xOw� �xO�Um � xv� xO�y�m sQi QO QY�va Q��U �C�Q��U p�mWD s�ovy QO xmu��
C�Q��U R� �NQ� �k�w QO �Ov�xOw� �	 CQwYx� uS�Um � w l ��vwt	 CQwYx� uSwQD�v �u�Dt CQwYx� u� Qm

�OvDUy l ��vwt	 w u�Dt R� wrtt �wH ��Q�O Rwvy �QD�B wS w pLR Ovv�t� QDQwO
�Qw� �T �y x�oW��tR	 QO u�tR u	 QO� Qr�t �p ��rv�DU� 	UwD ��� p�U QO hwQat w �r�H V��tR	 l�
xO�y�m wH l� R� C��L xm xO�� u�� w� V��tR	 �CU� xDiQ�PB s�Hv� �Ow� pweWt j�kLD x� ���trm x�oWv�O QO
�m� QDmr� x�rND QF� QO uSwQO�y w �	 �l ��vwt	 �u�Dt R� �
wrNt xm Ci�� QO Qr�t �Ovm�t C�wkD �Q xOW R�e	
�OvQ�O �D��L w �m� Swrw�� C�ty� xm ��yO�U� wv�t	 p�Ft u�wva x�� �Y�N �r	 C���mQD x� �Qwv O�H�� ��Q��
CU� xOt	 CUOx� �m� QDmr� x�rND ��Hx� Viv��Qi Qwv w �tQo �Q�oQ�mx� �� R�v �y��Wt G��Dv �OvwW�t p�O�D
wH x� xm �t�ovy ��CU� xOw� Viv��Qi V��D R� �QDV�� Q�Okt ZQat QO u�tR ���OD�� wH xm OUQ�t Q
vx��
xm CU� Ck�kL u�� ��Q� ��wN Oy�W xH�Dv u�� �O�OQo hkwDt �yO�U� wv�t	 O�rwD �OW xOwRi� uS�Um � �P�m

�CU� xOw� O�R	 uS�Um � Ok�i u�tR ���OD�� wH
xO�iDU� pOt u�wva x� ����t�W pt�mD x� swUwt �sra R� ��xN�W QO �tra ��yVywSB ��Q� Qr�t V��tR	 R�
MQ u�Wmym QO �Qo�O xQ��U Qy �� u�tR �wQ Q� CU� umtt xm CU� �a��kw xar��t �����t�W pt�mD �OwW�t

�OW�� xOW xOvR pwrU u�rw� uOW Qy�� x� QHvt �xO�O
xQ�� QO O��ka �CUO QwO ��y��i w Qo�O C�Qm ��yhWm ��yx� QHD xH�DvQO �Qr�t V��tR	 R� Oa� ��yp�U QO
�rN�O x�q l� R� ��DOta u�tR x�rw� wH xm s�v�O�t uwvm � �CU� xOW QD�t�H w QDj�kO �C��L V��O�B �t�W
wH �v� Qm ��vt xm CU� xOW XNWt p�L �CU� xOW�t p�mWD �R�o s�
a ��yxOwD ��Hx� ��Pt R�o uwO�
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xDW�O OwHw l ��vwt� xv w uSwQD�v �wH QO �CU� xOw� �Qr�t �UwD xOW QwYD u�Dt xv w CO w CO� u�tR x�rw�
�OyO�t CUOx� �Q �D��L ��ypwmrwt R�v xOW ZQi C���mQD u�� �� Qr�t V��tR� Q�QmD p�L Qy x� �CU�

u�Dm� OOa w u� Rv� �Civ

	� ��wy ��Pe R� TB ��DavY xat�H ��k� w �iL ��Q� �CU� �r�Ui CNwU u� QDsyt Civ �Q
�L p�L QO

R� ��xO�J�B �wrNt �Civ �s�vm�t xO�iDU� u� R� xvwoJ w CU�J x��U �q u�� �s�OvtR��v Civ x� umUt w

�u�tR j�ta� QO xOW uiO u�y��o w C�v�w�L �H� QOD O�Ui R� �vqw ��yp�U � QO xm CU� �yu� QmwQO�y

sw�rwQDB Cer� OwW�t �tH �v�tRQ� R ��wUQ ��yxQiU QO xm CU� x��U wQv�Qo ���t l� s�N Civ �OOQo�t O�H��

x� �uOQm AtB w �Q�iL j� Q R� xO�t u�� ��CU� xOW xDiQo �v�vw� nvyQi R� w CU� xQNY uewQ �vat x�

�OwW�t V�q�B �s�N Civ �xv�y� xO�iDU� ��Q� �OwW�t xOQw� u�tR K	U

Civ �rwtat ��RH�

Rangeof

Boiling carbonatoms

range�� C Name permolecule Use

below �� gases C�toC� heating� cooking�

petrochemical raw material

naphtha�straight�run��� ��� C� to C�� fuel� lighter fractions �such as

gasoline bp ���	��C
 also petroleum ether�

used as laboratory solvents

������� kerosene C��toC�� fuel

������� fuel oil C��toC�� heating homes� diesel fuel

more over C�� lubricating oil� greases�

than ��� para�n waxes� asphal

pY�L Q�N� xOW xO�O �tQo ����C OwOL QO s�N Civ �CU� Q��kD �qwtat �Civ V�q�B QO xrLQt u�rw�
QO xO�UQ uwDU �q��x� QD�� QU QDsm VwH x�kv �� ��RH� �OwW�t C��Oy xOvvm 	RH	RH Ovr� uwDU l� x�
QO xOW xO�O u�Wv ��RH� x� �Q s�N Civ u�wD�t hrDNt VwH 
�kv �� ��RH� 	RHx�	RH uOQm OQU QF� QO �Hv�

�OQm �R�U�OH pwOH

CavY x�rw� O�wt ��vt w CNwU u�wva x� 	RH u�� �t� �OyO�t p�mWD �Q s�N Civ � �� ���� QkD �u� Rv�
O�wt R� �Q��U� w �yl�DUqB ��RDvU h��r� ��t�WwQDB CavY �CU� s�N Civ 	RH u� QDVRQ� �� �t�WwQDB
�RH� Q��U p�O�D ��Q� Qo�O ��yOv��Qi R� �Q��U� �p�rO u�� x� �OyO�t Q�Qk Qo�O ���vY Q��DN� QO �Q O�it x�rw�

�Ov�xDi�� xaUwD �u� Rv� x�

��yQ�HvR �� CqwYLt x� ��v�twr� w �m�rU ��DOta QwR�r�D�m w�tQo �UwD u�wD�t �Q QDq�� VwH 
�kv �� ��RH�
�OwW xDUUo �O�� R 
�kv R� Ov�wD�t �v� Qm Q�HvR �OQm p�O�D �QDsm VwH 
�kv �� wQ u�� R� w �v� Qm QDx�Dwm



�r� �t�W ��

C H10 22
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p�O�D umr� l� w u�mr� l� x� uOW xDUUo QF� QO O��� �Y�N u�mr� Qy ��yuSwQO�y O�OaD �xvR�wt ��Q�
p�O�D �QDlJwm ��yumr� w �yu�mr� R� ��wrNt x� �Q QDnQR� ��yu�mr� �QwR�r�D�m nv�m �Qm �wQ u�� R� �OwW

�OQ��t q�� s�N Civ QO �Q u� Rv� u�R�t �xOQm

O�H�� �yu�Dw� w �yuDw� �uB wQB �uD� �R�o ��yu� QmwQO�y R� �yHwD p��k Q�O�kt �nv�m �Qm Ov��Qi �� QO
O�rwD ��Q� �OvQ�o�t Q�Qk xO�iDU� OQwt �t�WwQDB O�wt u�wva x� uD� xS� w x� �O�wt u�� R� �NQ� �OvwW�t
��yu� QmwQO�y x� u���B �rwmrwt uRw �� ��yu� QmwQO�y u�� p�O�D ��Q� �Q ���yVwQ u�OvtWv�O �QDV�� u� Rv�
u�� �CU� uOW Q�Op�mr� �yVwQ u�� R� �m� �Ov�xOQm dq�� �OvWwH�t �u� Rv� VwHx�kv xQDUo QO xm �QDnQR�

�CU� QDq�� VwHx�kv �� u�mr� l� O�H�� ��Q� umr� l� �� u�mr� l� j�irD pt�W Ov��Qi
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QwR�r�D�m
����������� C�H��

p��k C�ty� swO �v�yH nvH QO �t�B�wy CNwU x�yD QO Ov�xDi�� xaUwD 	
�� �xyO QO xm �yOv��Qi u��
�OvQ�o�t Q�Qk xO�iDU� OQwt �q�� u�Dm � OOa �� u� Rv� x�yD ��Q� Rwvy w OvDW�O �yHwD

xS� w x� ��yu� QmwQO�y R� �NQ� OQ�O �D�ty� xJ u�Dm � OOa s�v��� O��� p�L �s�OQm xQ�W� u�Dm � OOa x�
�Q uwDU�B �U�vt �wLv x� w �vwoty �� �xDNwU QwDwt QO ��wN x� �OvQ�OxN�W ��yu�tDN�U ��Q�O xm ���yu�
�xDW�O �Q�Hiv� Cr�L QOvr�U QO xN�W uwO� ��yu� QmwQO�y xS� wx� ��yu� QmwQO�y R� �O�OaD �Ovv�Q�t wrH x�
�OOQo�t QwDwt QO uwRwt�v ��yV�wm O�H�� Ea�� �wr�t�v ��yQ�Hiv� u�� �Ovv�Q�t wrH x� COW �� �Q uwDU�B
l� �u�DvB p�Dt �QD � ������ u�Dm � wR�� �O�OQo ��O�� �u� Rv� V�wm CrYN ���� RQ� ��Q� �Q��at V�B �yp�U
l� u�DBy �CU� xOW xO�O 	�� �Q��DN� OOa u� QmwQO�y u�� x� �CU� Q�OxN�W �v�tDN�U �� �r�a CNwU

�CU� xOW xO�O � �Q��DN� OOa u� QmwQO�y u�� x� �CU� O� Q��U� CNwU

�CU�Q�O �Q u�DBy � �� w u�Dm � wR�� � �� R� ��wrNt ��W�wm C�Y�N� �� u�Dm � OOa �� �rwtat u� Rv�

��yQF� �t� �xO�O V��Ri� �Q u�Dm � xHQO �u� Rv� x� �CH�CH���Pb �QU p�D��QDD R� �tm Q�Okt V��Ri�
l�i�QD �� ��yQyW QO xm CU� CUO QO �Oy�wW �p�Ft u�wva x� �OQ�Po�t �k�� CU� R ��Lt QO �Q ��wr�t�v
��yu� Rv� p�L Qy x� CU�q�� uq�UOQN xS� w x� uwN QO OwHwt �QU Q�Okt �q�� wQOwN OwO u�R�t w sm �QDt
��yVwQ xaUwD wQ u�� R� �OvW�� q�� u�Dm � OOa �� ��yu� QmwQO�y R� xDW��v� O��� �wr�t pta ��Q� �QU��
��Q� �O�� R ��yVywSB u�vJsy w CU� �wr�t Q�OxN�W ��yu� QmwQO�y x� xN�W uwO� ��yu� QmwQO�y p�O�D

�OW���t u�� QH QO �QU p�D��QDD R� QDsm C��tU �� ��y�vOwRi� uDi��

x� Ov��Qi u�� �Ovvm p�O�D Q�OxN�W ��yu�mr� x� �Q xN�W uwO� ��yu�mr� Ovv�wD�t ��xS� w ��yQwR�r�D�m
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QO u�DqB QwR�r�D�m R� �OvDUy ��q�� u�Dm � OOa ��Q�O R�v u�wrwD w uRv� p��k R� l�D�twQ� ��yu� QmwQO�y
���OR uSQwO�y �yu� R� 	xOW �wkrL 	�yu�mr� Ov��Qi u�� QO �OwW�t xO�iDU� nv�tQwiDqB x� swUwt �Ov��Qi
QO R�v uSwQO�y R�o R� �O�� R Q�Okt xD�r� �OvwW p�O�D l�D�twQ� ��yu� QmwQO�y w �yu�mr� wrm�U x� �D OwW�t
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hwQat QY�va u� QDQ�PBVvm �w R� �m� u�wva x� Qw�wri �OvRwt��t �t x� TQO u�OvJ �yCFC u�DU�O
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�CU� xOQm C��F 	�tW xraW uOQm Vwt�N
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�Q�HvR ��yVvm �w Qrm ��ysD� u�� �OvOQo�t O�R� Qrm ��ysD� 	xOW xDUUo C�Cl ��yOvw�B 	Viv��Qi V��D

�OR�Ov��t xQ
�Nt x� �Q uwR� x�q xm Ovvm�t R�e� �Q


