
J 
tJflfl 2 

lt tf .: ..-
ll ~1'A11'1Jil"il&JGl~ (Saturated Hydrocarbons) 

0 Q,l 

ft11tft1AIU ., 

tl'l::Lnn-n Eh1Ln 1fl'lfnfuau tn1tl1::nauln 1fl7tnfuau l U1i'l'l11~1~ LL~~ Lf'IULL~::L'lf 
1f'l~LLEJ~Lf'IU monocyclic alkanes LL~:: bicyclic alkanes 1f'l7~Jl.1-na~L'1f1f'l~LLEJ~Lf'IU L~tlr.J'l111~ 

1 tl iJ 
.., ~ ~ ..,. - ..,. .I ..,. !'I -n El~ f'l'l~'l LL~:: '<il';l EJfl.L n EJ1-n El~ ~111Jfi'Y11~n1 EJ111~ n17L 'lEJn~Elfi11J'l::lJ1J LL~:: L 'lEJ n L u'U 

'\1 

, El"t ~uf-n EJ~5h 'YlU n17L1EJn'V\~ LLEJ ~fi~ n17Lfi1EJ 11 LLEJ ~ Lf'l\LLL~::L'lf 1 f'l ~ LLEJ ~ Lf'l\1. LL~::tll)n1EJ1 

-n El~LLEJ~Lf'IULL~::L'lf 1f'l~LLEJ~Lf'IU 

1. aiu1EJ~11tl1::n auln 1fl'lf'ITfuau LU1i'l'l11~1ii -;l1LL untl'l::Lnn-n a~ln 1fl'lf'l1fu au tJ Ein 

-;i1U1U1~LL'V\1ULU~EJaL'lff'l~nLLEl~Lf'IULi 

2. L ;j EJ141f'l'l~7tl-n a~LLEJ~Lf'luu~::L'lf 1f'lauaaLtl~ 7::uiJ'<il-i EJ~Sj9i EJL~fl EJ'l111~-n a~ Lf'l'l~'ltJ LL~:: 
'\1 ~ '\1 

LmEJu L n EJtJ L~ii EJ'l111~-n a~ 1f'l'~'tJu9la:uuu'ti .. . 

3. aitJ1EJR11Ul'Y11~n1EJ111~LL~::LmEJ1JL flEJlJL~ 

4. ehu~EJLLEJ~Lf'IU L'lf Lf'l~LLEJ~ Lf'IU LL~::'V\~LLEJ~fl~ L;j EJU~fl71f'l'l~ ~i'1~'<i11n~a ~11tJ1::n au 
'\1 '\1 

LL~::1JEJnf'l111JLL9ln9i1~-nEJ~ ~11~'11fflRLLEJRLflULi 

s. L ;j EJutl~ffiEJ1n17Lfl1EJ11 LLa~ Lf'lu 't'lf 1f'l~ LLa~ Lf'lu li LLRfl~ ~a f)~~ 1L a L'<ilu~ LL~:: ~n11:: 

-na~tJ~ffiEJ1~Lnfl li 
6. 1.htl~ffiEJ1-na~.ua~Lf'lu'ttllmun17i~Lf'l71::~R17\J7::nau~uSJ'tt1 
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.. 

0 

1Jfl141 

!~Jff11fl1f11DULU'U.r11D'U.'Yl1U~U1::nEllJ.;1tJltJ1fi1L~'U.LLft::fl1f1JaoU !l1ff11fl1f11DU 

LLti-3Ltlu~ilfl~lli1 lli~lltl1 LLa::ua L1Lwfln ltr 1fl1fl1fuBu 

!~Jff11fl1f11DUBvfi7 mauDS,flU (alkanes) Ltlou.lu1fl1tnfuaou.vfufl'U. C ua:: H '"" 

1 t.l • ._,..,-., ~ ... I .... -., """ -., 

, fl1-3R11-3L~EJlJn'U.fl1tJ~'U.1f::LfltJ1L ~ tJ-3EltJ1"LfltJ1 lJL~ ~1::~'U.1f::Lfl tJ1 C-C LLft::~'U.1f:: C-H 
.. I t.l .. -., t.l . -., -., .. • .. -., ~ 1 '1 1 1 

fl11lJEJ\I.LLflft::El::fiEl119Hl-311 4 ~'U.lf:: El1~R11-3~'U.1f::nlJfl11lJEl'U.El'U.'V\1EJnlJ LlJ fi1L~'U. fl1-3 IJJ 

El1~Lii"U.1'1ifl1-3 ii1'1ifl-3 'V\1enilou.1-3 LLa::a,~:nla 11JJL11Elf~ilfl1fl,-3Ri'1-3 !11 r,,.fl,fvauLu\1. 

ft'1 "U.l.J1;:n EllJ w1 t1 ty, a-3 J 1aJ'U.ti u LLft:: LL ti Rtt1111~1 fl ~ u ff-3l '"~111 '1i L tJ fl LLft:: L U'U.1-3 l iL tJ"" 
L'laL~i-3 ,r,~"U.'V\saa'" LLa::LiJ"U.1flniiul"U.n11~afl~a1wfln Li."U.lu u1-3 i1fl1a::a1t1 1fln . - . - .,.·.., ..... 
1:: L lJfl LLft:: L fl111H\L'Y1 EJ'U. L 'U.EJ fl R1'V\ fl11lJ LLft:: L n ~tl1n11lJ • 

2.1 LLilftLL~iin lo{tl1'A1-f'Uil14LLiU~LL£1RLfl14 (Aiiph~tic Hydrocarbons and Alkanes) 

uaiu v.Jin !11 r,,.,.,fvDu a::tlEJ11fl1fua"U.a1~Ln1::fian"U.LL1JlJ 1'1iLtJfl 'Vl7Bfi aLii'U.1-3~ 
lli\ -.d1-3 LLE11 1LL11 f1n 1 fl tJ l i~'U.1f:: L ~ tJ1 ~ \1.1f::fi 'V\1a ~ \1.1f:: R111 Wl 'V\ 'lu U D 6' flU i fl L iJ 'U.U a§ U J'l .. 
• 'f T _. • ...: .., A r 'I T ,..,.... ..I 
f.ln unf11fl111JDU,.'U.fl EJ11tl11JJ-3fl111J aou. 'Yln a::tl a11 L'" LlJ Lana ,-~u1f::Ltl u1 • • 

2.1.11Dftt,.A1-fUD14\11ni51'1'1J!f1tl 

J1~'U.fl1J LLnwn13.1,-1il ua::ti1'"~'" -L~'U.L4aL~a-3~aw~a (fossil fuel) ~-3Lnt1~1nn11 
.., .., !'I ~ . • .., r • .,. r tl .., "' "' iJ • 1..1 

'YllJfllJn'U.LIJ'U.,-'U. '),_,EJ-3'Yl11n~,- Rfi1LLa::,ft'U'Yl1tJ L \U 1ft1'U.1'U.'U.1J'V\ft1tJ1EJ!Jft1'U. fl11LIJa tJ'U. 

R11~tlnuauwa1tJL'V\S1if111tJltifl11lli'EJ'U.8-3LL6::fl11lltl~R-31flttlliiiean~L~'U. l~J1~'U.tilJ .. . .. 
ua:: LLn R1f1111-ri1" ~-3 n n u 1J 0 "' 'V\1 'V\ a N1\\1f'U. ~ 'U.lu w:: Rll1111~-i'U. ~ 'U.n n L n 1J 'V\1 E)~ \I.e 11 .. . 
n1 tl1La u 11 

1uTtt,.A14uo141,..J,.ri.iu 

J,,ju~v Lii"R11~Rll,a-3lD1fl1fl1ftJa"U.~iiJ1'V\Un L11Lftfla-u"U.1flfi1-3 '.l LtltJ,t1ltUj 

fl1fua\l.tY-3ufi 1 lu~"U.n-3 so a::tlalJ 'V\1an11..f'" LiJ"U.LLaaLfluff-31'1ifi1-3';LLa:: l'lifl-3 l~JJ lflaLLpa · 

.. 1 - ll T .. - ·.. ... ~- "' .; .., - I Lfl\1. lJLLEJ 1LLlJflfl LtfLfl1fl111JEJ'U. LLft::ft11EJ"U..'t11UEJ'U.tlll N; -0 Uft:: S fl1tJ :s..111UfllJ~1nLL'V\a-3 
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fl1-3 '] 'V:ifft1'U~ft'11L~rn:tl1LLflnti1-3tl'Ul1J LiJUR-3~1Janft'11lJ'ifl1~mEJ1l1~U1-3flti1-3L,t'U. 5 
ut'l:fl1111~i1., ltr1f1·1fl1fuauluJ,aruib.JSl.t.ad 

1. LLflt'lLfl'U ~1a~111YJ'U 

- LiJullJ 1fl1fl1fuau~11tl1 lJ.JLRnaLiJu1'lifl1-3~1a 1-.dfl-3 
~ 

iJ "'. _, ...... ,r ... 1 ft'tl1'U:L 'ULLn~1fl,fl-3Ll\R1flflnL~1l1J~fl-3 ,'Un1J,'U1fl 2JLRnR 
~ ~ ~ 

- L,ju iiLrru (methane), DLYIU (ethane), fw1LWU (propane), V'JLYIU (butane), 

~Df-IIV'JLYIU (isobutane), UVULYIU (pentane) LLR:U'TnLW (hexane) 

2. l'111flRLLflRLfl'U ~1aLLU'YJnu (naphthenes) 

1fl1-3m-3il1-3 1 1-3 'V\1an+l\fu 

R1'U l 'V\ q)LiJ'U, fl-3 L ~ ft1 

L,ju ~-Iffflt~U1nL-I!U, l-I~fflt~LWULYIU ua: ·1,2-dimethylcyclohexane 

3. ua11LL2Jfin 

ii1-3LLa11LUJfin 11~ 'V\1aa.nnni1 

ft'lu\'V\niLiJ'U,fl-3L ~t'l1 ., 

- · L,j'U uJu'iu, fn~su, ~'!I'RU (xylene), Lantuvu'Bu (ethylbenzene), fw1ws 

Lvulffu .(propylbenzene) 
... 1 .. A ... ... I .. '1 ... ... .. 

4. LlJ fl1fl111Jfl'U.fl'U 'J LflLLn U.flftfl'U. Lflfl'U LLR:L~flft Lfl'U. 

ff'lul~q)Lvuunw 'V\1a-na-3L~R1 ' 

L-du tanSu (ethylene), ii1nu (butene), ~a f'dii'Jnu (isobutene), a:t-J~Yiiu 

(acetylene), V'JY11~f1DU (butadienes) 

il1fl1LaEJ2JLiJuu'V\a-3Ltlfl'ry-na-3J,aruL4aL~a-3lin11nttus1t1uft1uLLEJnaanfl12Ji1-3 
'VfiLfiafl LLa:1Ji'ul~LiJuL4aL~ft-3~ft-3-31'Uft'-3' utit'l:ft'lu1J.,-:nau~1EJllf1fl1fl1fuau1Jitflfi1-3 'J 
~ ' ~ . 

L,j'U. J1aJ'ULUUtiu ~1aunf-I~Su (gasoline) L4aL~ft-3Lflf1fu (kerosene) J,JuiiL'Jft'l 

L-laL~a-3a1n1fiEJ1U J,aruL-IaL~i-3~'"'1 ua:unwtl1cn1LaEJaJL~R1 (LI?G) 

·2.1.1.1 ~DJ~~-~.Y.(1.~ .. 1f.1~~U!J.~~-~ 
LiJu~aflnm'ti'J,aru~l~'V1nn11niuJ,arufiu LU'Uft'11~ft'aJ,a-3ltJ1fl1fl1fuau if 

fl1fuautf-3LLfi 5-12 a:flaaJ -a1-3,f1Ltlafla~1:~11-3 40-205 °C R1ul~qjLU'UL~aRLfl'U. ill'lf 
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ennL'Yl'U 91 u~: eenL'Yl'U 95 

.. ,,.,";i 2.1 a-3fl'th::nm.Jfi'1L~"lJEh'lun l'lfau 

tl1~LnYI tl1ffl1fl1WEJU i'7DthJ tJ1111tufEJllR~ 

LLElRLL ~f\n-l-rlfl1<3 Heptane 

LLElRLL ~9\n-:-l-dn-3 
3~50 

Jsooctane 

LLElRLL~fln-LU\41-3 Cyclopentane. 2~30 

LLEl t 1LL11fln Ethyl benzene 2~0 

L ite~·;nnf1112J~a~nTlL 'Un11l ,YU13J'ULuu;a'" "'1eun L'lfa~ih.R111 nLR~111n U13J"Utiu 
\1 

1 u1fL 'H~2 ,: L~LLnL'lfa~Lflllfl'l~i'ell~: 25-35 ~~,)1LU'U~~~tli'uLtl~li'Ui~n~'UH1'U~'ULU'U 
U13T'ULlJ'U;a'" L:lm. ~a~n'" LL~:R17~ihh: lll~,r ~1lln17LLtl~~ l11L~n~ LtlEJ1n'Yl1~LflijLLuultl . . ~ 

(1) n1'lLLllnR~1ll~1llf1112Ji'el'U (Cracking) 

LiJ"Un1'lLif1112Ji'euR~ LvlnLtlmEJuL2JL~n~-n'U1tlL"'ni~1ni~n&'U'l:iun~1~ i~n&'" 
\1 ~ ., ' 

"'1-tn LL~:n1nn&u t ,.;'ufln,rnL U'Uf11fu EJ'U 1-rliu Ltlllij"'1e 'li Sj i1L i~ '~ R1'l~ijfl mfh 
~ 

hydrocracking 
. ... 

ethylbenzene 3-methylheptane 

1 
LR'll EJ EJ m nu (Octane number):. LiJufh i1 La"lJ~lJ onfi1111&n1111fl"lJ El-3,r 1JuLuutau ~1a LLn t 'lfau fi',l:: L~~-J1 

l~mt"~tJt1"Mfl'~nnn,,-i1an\uLfl;a-3vutf rh~ufl,-ulflvm1L1AvuLilvuanM-m::-no-3unl'lfau riutEJf'lfDEJn 

LflU (2,2,4-trimethylpentane) LLR:LlJVLYI~ lflvfftsf'lfDDnLYIUilfbLUU 100. Lit0-3'1\11n£ilfl1\ln1\ILLtJtJ l'li 
~\I~\ILII-J1L~~Lfl;El\IVUtfl.tl'L1vuua:n1NElnLntlLari\l'av "lJm::~nJJJ&t7U~\ILUUl'lifl1\l £i~1LUU 0 LL&::Lnt'l 

· n1nlan111n L,ju un l'lfau~ni'uuvn<t1n'V\oni'uttlufl1\IUfl1eenLttu1.11:lJ1tll. 10 'V\li1Vfl1111'hun l'lfau 
lfu') £iHll,ji"lJe\ln11i1BnL,jULflFJ1lltJWl1Nft111:'V\11.:~tDf'lfBBn&rJU 70% LLJ:&lJVLflU 30% 
2
. 2nfna (Barrel): 'V\\huiflm111~,£,iruiu'V\1tNI_fl.rl~ttfi1tfl1LitJll; 1 -u,fL1tuvhriu 42 una a au 
~1at11:111n1. 159 itl1 

56 . CM225 



(2) n111111i1. (Combining) ~1a alkytat}on 
··.I 

~ +-< 
-

1-butene 2-methylpropane 
2,2,4-trimethylpentane 

(isooctane) 

(3) n11LU~tJ'l.t1U (Catalytic Reformation) 
"' 

iJ • ,...~ ,. ... 1 1 ... iJ 'UI 1 .. ..1 I • I ... ,¥ 'I ... L Un11LuatJULfl'l~Wl1~ 3JLana L~L U Lll fl'lfl11UElU'Yif\1u'ltL3J\UlEJnL 'YIUa'~'lJU LI!Jf 
1 "' 

i1Li~ L rleuua uui~nttut:f1u~S:h11u1ufl1fua\u YhLLn 1'1f~ULLa: 1'lifl1fuaua'1 uiu LiJuLLn 

1'1f~u~Sjfi1a£JnL'YIUR~ LLa:L~LLnR H2 LiJ~1fln?4aau't~ 
"' 1 

Pt-Si02-AI203 

5000C 
Heptane 20 atm 

(4) n11n1ifli~L~auu (Treating) 

-Toluene 

LiJu1nn1ifi~;ElL.U~ tJUR11L~ EJUUL ut:f1unttu9\1~ ') L -rlu R11~U'YI~rJ~Sjeitu.~ ef 

lu1fl'lL';lU LLa:eEJntiL';l'U. .J11a'V\: LLa:u1aaailu'YI1rf L,ju l-in'lfl-ia9-J17nnu'l.n 1fl'lfl1fu£Ju 

'tli~11i1- a'11~Sj'tu1fl'lL';lU R11~Sj£J£JnlftL-;,~ ~1en1n l-ia-11flflfl11114un1ifl,r, LLa:l-Nin 
' "' 

hydro-treating LuiuuiaL~BfLiJU H2S LLatLU1fl'lL';lULUU NH3 

2.1.1.2 .~~ti~XJJ~lJ'.~~~;J.~~~J. (Liquefied _,Petroleum Gas, ~PG) 

LPG Lilu lu 1fl'lfl1fu eu?4a a u'l.~-;,1nn11niuLLunJ,Jjutiu\ ~1£JLLnR1i1111~1ii 5:j 

iJ \II ..1 -.. - ... iJ ..1 ... ·' Rtl1UtL U LB'YI £J04~1l3JunfiLLatf\113JfiUU'l'ltJ1n1fl LLatL Ut!El~L ~a1'Yifl113Jfi'UR~u1Una1~ 
1 "' "' 

1fl u..t1 'l.u Liluf W1LWU'V\1aii7L nu~ ~R3Jnulue19111R1U9i1~ ') R1~i'u1J'l:L 'YifiL 'YI u'l-le19111 

R1u~a-3J-n£J~ fw" wuLLa:iilt nuu,-:3J1m 70:3o t-iLiJuL :A'EJL V'4a~~~~3J L ~B3J 1a'V\: t,rt'" 
' 1 
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f~1L~uiJ~flttiEltt -42°C ~~LUULElnUnL3iEJEJEJn~1nn~~nuuli'Elti~Eltu.~1lU~13J1n ') 
" \1 " 'II 

R1UVILnu~ttLtiEJfl -0.6°C ttlu'tEJ'ttirnn~EJtu.~nD~1~~5j'J!a~1nfllunTlLi 3Jn~.unJi13Jnu 
" " 'II 

f~1L~U~1nni1liL~V1 ') LiiEI~~1n LPG ~unn11El101ff L~ai'1L~s~::a-::tnJtl1f113J'Vfu~h~ 
LLs-::sntittl~'tfin1iJth::n1u'tvJ · 

" 
~ ... " : ,k -tl ' CA111"?1 2.2 LLI'fh1VU~~~1Ufl11lJ1ElU';l1flL~OLVU~~ 1::LJ1'Yifl1~ r.J 

LIDL'WR.J ~tW.J1UfJ?1uTDU (BTU) fiDL,DUVR.J 11lnul 

t Vf~L WU 21,500 

21,200 

17,500 

10,000 

2.1.1.3 ~~!i~ID".1.;J.7fl~. (Natural Gas) 

LLn Rlf113J-n'1ti~1 n LL ~ a~uri ~L UUft'11~ft1J~ El~UnRLlJ 1tt1fl1flJ EIU ~~ Ltl~1ri~ s 3J uri ti 
" 

1 f1 V f11 ~ El1 ~ ti f13J1 n 1J ,r 1aJ uti 1J11 n~ S 3J,r 13J uti tJ ~1fl~1 O'VU~ 1J f) 8 UL f1 u·L 'lffl (condensate 
3 

"' . " 
wells) LLriR11'113J-n'1fl~3J1~1n~~1J,r127uL;vn11 assOCiated 1gas ~~EJ1-;J£l~LUJtiLLritiaR1::~1e 
StR1tJEIULU,i'13JUti1J R1u~lJ1-;J10~S3JLLfi""''iElVtftlJflOULfiULIJffl L1Vn non~associated gas 

'II " "· ' . . 

LLn a-n113J-n"1il Lu'l.un,-~wll-n ih1 'tt~1fl1fl1ftJfl'I.L~£j1aJLsns~u1tJLsn w1u l ~ ru Luuii' nu-- . ' . " ( _, 

(CH4) UEJn-;J1ni'W.LiJuD'Lnu (C2H6) iJl~1lJ'IU (~fOP.ane, C3H8) VILfiU (butane, C4H1~) 'ta,l'1 

H2S, N2, C02, He £j'tlJlf11fl1f1JEIU~iJ,f1~Un 1&~LftnRR-3L~O'UEltl LLR::tn1nu ') 
\ ' 'II • 

' ' 

LLn Rlf113J-n"1ti~~~·hu·n,-::u1un11~1,-~LLtJnLLriw · L ~ auvn Llf 1tr1tnfuEJu Yi'iJfnfu au 

i~ufi 2 EltflEI3J;fULUElEln L~aEJL~~1tVLf7U (C1) 1::~tlR~L-n'11t~1JriEJLvJaliLi~JuL:fEJL~S~ 
' ~ttnlu.n11~ifl'tvJ~11a~a~111LitulJ~~1UOflft'l'P\n113J us~n1fl~uw~1f1v\t1Lth1fllwn~LiJu . . 

L4EIL~i~v1i4vufi"~iinlu~a NGV (natural gas tor vehides) ~1aLLriRtn'13J-n'1tiatt CNG 
'II 

' ' . . . . -· 
(compressed natural gas; CNG) ~1£lUnmn1111MflL11\R1 (liquefied natural gas; LNG) 

:
3 

flDULfi'UL'lTn (condensate) LiJu lu lfl1fl1ftJElULMR11il~lnLL.,.1'1n~lJ1hi "1e lulfl1fl1fu au ~n iui11il1n 

LLnl'ln1lJ~1fl au\uarnu::'2Jtl~L~R1itaan'l·J15jLLR::fl11lJfl'UtJ11rJ1fl1fl tiu iwuLnU U'lnL'lT'U LliVLrl'U 
..r .f A tl ' •" •,.. . ll T·· 1 _,.,. !"I .., · 

LLa::DDnLrl'U LlJEl'2J'"lJ1tH 1fltltlt.JULL'YIUUR91 1'11111f'ILLtJfltlflfl11fl LIJLfl1fl1'ltiElU'YilJftf11U::LuULLnl'tiU 

LL Yl'"Uafl LLR::a1Lath1'2J'"ft~ lfl tJ'Y11·U1e~1B'YI1~tlEl \h ltlni'"LiJuJ1JUi1L;1rult1fi El ltl ... 

58 CM225 



~Lni'fB1'1'1Jti1th\'la"l (Liquefied natural gas, LNG) 

LLliff1l"l"'l11~1ii~n-3m1l'c;i1-3tl1JLLnltl1.J~lfl''nn,_,~1JLLn~L~tl~'l-3 n'l::1J1Un1'lfi El'Un1'l 
. '1.1 " ' • 'I 

-n 'U H -3 L iJ 'U n1 "l"LL £.1 n tf1 'U th:: n fl1J n 'U ') L ?J ~l~t\'un Rii L nu ,11 n,f 'U~-3'r11L ,X .£i L nuL iJ 'U -n El-3 L ,_, ~ 1 

1~£J~~am,.,n3j~-3LiJuth::111m -160°C tAJml'1~::~~~-3~1nL~11111nL ~ a~::~1n l un1'l-nuH-3 
.. '1.1 

,_,7a Li1ui'n~1 iiL nuL1J1n11£l1fi1fl L~£lf1 l ,_,a~::n1::~1 ufl'1((u,-,-u1n1flfl1UU'ULfl £J'l1fl L 11 
'U . 

lJ.ift'::ft'11~111l{Ufi1Ua1-3L ,_,ij£l'U LPG 

2.2.1 LLDa LA" 

uaiuAu Lilu,tr1fl,-,nfu£lu~3Jfl'1 ~L~'Vi1::~u1J::iftn111 fl1fu£luluLL£l~Lfluli£l£lffln~ 
~a-11~itfl sp

3 ~ulJ::L~£.11 e-c Ln~~1nn11"L,.,ia11-i£lu1"::,.,~h-3a£lfih1a sp
3 ~1nfl1fu£lu~-3~£l-3 

£l::lil£l11 LL~:: C-H Lnlil~1nn1"l"L,_,;£l114£l'U'l::~11-3£l£lfih1~ sp
3 ~1n C LL~:: 1s -n£1-3 H 

Lfl'l-3rl1-3LL£laLfl'U ~ LU'U L'IiLiJiilii ~Cil"l"LlJL~fl ~ CnH2n+2 ~fl1f1J £l'ULLc;i ~::£l::lil £lll~::jj H 

-;11U1'UL'Yh~Lilulfl' LL£l~Lfl'UL'li~'l-3 (straight-ch~in ~lkanes) ,_,7El normal alkane ~::jjfl1{iJau 
c;i El L1 tl-3 L iJ CULL fl1 ti1 ill 'lift -3 L1u n branched-chain alkanes LLa:: Li~J u 1-3 L1 £J n l 'D' 1 fl ~ LL£1 ~ L flu 

( cycloalkanes) 

H H /.sp3-ssigma bond 

I It 
H-~f~-H 

H\H 
sp3-sp3 sigma bond 

LL£lfHfl'U L'lilil1"-3iJi£lL1tJnlil11J';]1U 1'Ufl1f1J £lUEl::Cil £111~ jj\ 'U L'Ji (9111"1-3~ 2.3) B n~'l~-3 
., I 1 ~ !=I .'Yl1£J-ane LLGflil-311 lJL~fl~UU') Lu'ULL£l~Lfl'U 

lo T!fLJJ o.ft~ o" uoa LA" ua::ti~Tfl,." a.r,"ffiJJw"tfn" • 
LLEJ~LflU~jjfl1f1.J£l'U~-3LLc;i 4 £l::Cil£l1JifultJjjn1~Ln1::c;\£lnU-n£l-3 C "'~1liLL1J1J LLc;i~:: 

LLuuc;i1-3Lilu !n f'lfuJtrf?iuf'l T"1"«fl" LLEl~Lflu 1'lilil'l-3~fl1fu£luL ~11ifu ~~::£l::lil£l11 -;J::9i1-3nu ~ 
-;l1u1uVJ1iu.rniu (methylene, -CHr) L1£Jn~~Lfl'l-3rl1-3~ill~ulfnud11 homologous series 

. v 'I 

~fi1Lfl1-3aTl-3~1 ltJLiJu CH3(CH2)nCH~ LLaj~::L1£JnLL£lfUflU L'Iilil'l-3 uc;i n1'l~fl1fu fi'ULU'UL f'lf11~i 
.. .... ,. 1 I ... !=I ., ~ ,¥ 0 . f11DU ~-3L-ntJ'ULfl1-3 'D'fl1'l1J£lULuULGf'U,_,fi1111-n'Ua-3 120 . 

'I 
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·, 

41UIUF11ruEJU ~EJ ffl1 (CnH2n+J 
41UIU~Df'11UiDf 

,u,rfl1"m" 
1 Methane CH4 1 

2 Ethane CH3CH3 1 

3 . Propane CH3CH2CH3 1 

4 Butane C4H1o 2 

5 Pentane CsH12 3 

6 Hexane CsH14 5 

7 Heptane ~H1s 9 

8 Octane ' CaH1a 18 

9 , Nonane CgH20 35 

10 Decane C1oH22 75 

15 Pentadecane C1sH32 41347 

20 Elcosane C20H42 3661319 

40 Tetracontane C40H82· 621491,17818051831 

100 Hectane C1ooH202 

~1U1'V.l£l 1'lfHJ £lf1Jitfl1fl-,~ft"l1'11 L ~2J~'V.L~ £lfl1flJ£l'V.L ~11 L ~ £l L'V\,t)Lfl1'11t\"l1'11LLfl~: 
LLlJtJ~lli-i1nu £l1~L;2J~1n 1fl1'11fti1'11LLUtJla.i£i1'1ifi'l1 tlflfl1ftJ£lU'fi~:a:fl£l11LU;tJULl~Jufi'I1L-n'1 
Ln1::tl1LL 'V\U'I1 fl1'11 ') 1fl uti £l'11fiL ~ £l £ln11LLfi~::LL1JlJLUUft'11Lii tJ1nU 'Vl1ala.i ~1n11.J LL1J1Jn11 . .~ . ~ 

I ... .. ~~~ ,. "' I ... 1 .. ~ · I ll.t.r :=t 
Ln1:fl£ln'V.~£l'l1fl11lJ£l'V.L'V.Lfl1'11to'1'11 L1JU LD IJfL11El1-na~ C5H12 'Y1'11ft'111LL1J1Jflfl LIJ'V.LIJ'V.ft'11 

LiitJ1nU LLfi~::LL1JlJ£ifl~f~aufianu 4 a:flflll LL~::iJ'V\~Lllna -CH3 LU~1'1ifl'l1 

CH3CHCH2CH3 
I 

CH3 

2.2.21ttifARLLDRLfl\6 

t'lflflsuEJALflU LiluLLa~Lflu~iJ9l1fual-Ll"LLti .3 .a::tlall4ull1Ln1::fianuLtJu1" 1" 

LL'V\1U 1 1'11 iilu1tl1L~U~fl~~ 2 a::ttaJJ \\'fl1lliLftn~~1lu-na'11L'lflfl~LLaaLflUfl!i 1 1'11~'11LU'V. . . ~ ~ . . . 

CnH2n untiL-fRfl1lfl1'11rn'I1LL1JlJLWLUn"l1LL«fl'l1 lfl1'11tn1~ L-.dU · 
~ . . 

I 

D 0 '0 ,0 
CsH1o CeH12 .C7H14 
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... ... """ I ' ""'A A 1 1 1 f6' 1 A Alii 
nTH'H.JnLLDRLf1U111:UlJ'YILL\U.UlULLR:n1:~1J 'l:f-\leltilJ1tJ fl1-\l 'lffi111Jel'U ~tJEJ~H1el 

1nn1n:u-;11U1'Ufl1fueJulu11Ji 91111-\lf\~2.3 Lilll~elLLel~LfiU1'lifl1-\liiL7EJ-\191111-;11u1ufl1fueJu 
~ . 

11nfhti1ul~qj~1-;J1n111'!¥1a:iiu'V\1El111ti1i11n :A-\ILLR9l-\I-;11'U1'U~:9lelllfl1fueJulu11Ji LLa:a-\1 
., ., I 

'YI1EJ~1EJ -ane L~'U 

tt~.P.~~-Q.~-~!1~ (C17H36) LiJuf111.J1:ne1u 111-;J1n111'1¥1n1n hepta flel 7 ua:111'!¥1a:iiu 

decem flel 10 H1~i'uLLelaLfi'Uiauiuu1nLiJ'U~el~Lfl'!¥~L~i'un11EJellli'u1unTn7EJnfl111 
... ., ., I ... ""' ~ I .r. ""' ... 'A .......... 

1:1.11.1 'lf-\la-\I'YI1 EJ911 EJ -ane L ~'UL9l EJ1n'U -nelL 'V\a1'ULU'U~ an~Uel-\ln11L'n.Jn~D~11el'U'Yl1EJD'U ') 

H1~i'uLLelRLflu11Jift-\1111LanaL~nu1-\l~\ttl ·Sl~eJR13Jru~!T-\IlinueJu 1~EJ5jf11 L-rlu iso- LLa: 
~ "' 'U 

neo- 1.hl1'i1-\I~U1 

2.3.1 n1,.L~uni1oLLDiUA,_.tl11J,.::1JU IUPAC 

CM225 

1) ~11-rl~an L1un~D1'li~trn ua:Lii11f11a~'Y11EJ 
1-n~anLiJu1-rl~ilfl1fueJuLrn:fieJnuEJ11~"~ u1-\lflf-\leJ1';JL1ifieJLiJu1'li911-\l LLfi 

. ~ 

· eJ1-;J"in1111;f'Ua-\IL~ 
~ 

~1u~E1~an9111!-;11u1'Ufl1fueJulu11Ji Liillf11a-\ln1EJ -ane (L-rl'UL~EJ1nlJ911n\l 
2.3) 

c 
I 

c c 
lc-6-c-c-6-c-c-cl 

I 
c 

t..maniifl1fu~u a a:flall lllillianiifl1fuau 1 a:flmJ 
8 C ---->oct-----> octane 

t1'1iJ11Ji~in~fl1fueJ~Lfhnu111nn11 1 .uuu L~Dnuuu~iln11LL'YI'U~111nn11 
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62 

lc-c-c-c-c-c-cl 
I c-c 
I 

·c 
~ 

t'li'V\aniitl1fua'U 1 a::t~all 
' """ 'V\liunwn 1 u"'~ 
~ . 

2) riTWUflLS1JthLL'V\U"L"11Ji'Vlftn 

c--c c,..c-c-c-c 
I c c 
I 
c 
0 

l'liMiniifnfua1.L 7 a::flall 
' """ ' ' 'V\llUYJ'UYl 2 Ul'l~ ···v·················· 

L~ll-;nnua1uti1"~lnt«'liri"ll1nni1 L ~el ~'V\aju n"~"'ajLL'l"nEl ti1. "fi1LL 'V\\L" 
' "' . "' 'U 

3 4 5 7 
c-c c-c-c-c~c 

I 
2 c c 

I 
1 c 

8 

2,3,3, 7, 7 -Pentamethyloctane 

8 

2,2,6,6,7-Pentamethyloctane 

3) L;un~ElLLS:1:1JthLL'V\iL"1JEl"'V\ajLL'Yl"~LLtlS:'V\a.i4,1ElUL"11Ji'Vln'n· 
.. 'U "' 'U 

fa t'lil'lan: heptane· 

.I ..I ..I 
'M~UYJ'UYJ YJ·C2, -CH3 (2-methyl) 

~ C3, -C~CH3 (3-e~yl) , 

4) L;iu"iaLtlli1JEl"R11U1:noutien"LiJ"fi19ln1 

LO"~LiJ"~El'Vli'n-na"UOSLfl14Drhi1tJto 
' "' 
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3-Ethyl-2-methylheptane 1 3~Ethyl-4,7 -dimethylnonane 

... I ... 

2.3.2 fl1,.L"UJn'MIJLLOittlit 
" 

VJ:iLLEJRf1R ~1avuj R ~li1£Jtl~~1ilu Lfl'lflTfu a"U.-;nnLLBfHfl'U. ~-n1t1 Ln Lfl'lL~'U. Ll.J 1 
'II 'U 'U 

::1 I ..1 ~ ... ... .. • 4 I-~ .. ... • • I A 'VI ... 
B:fl Elll LlJ'U.~1'U. 'Y1 ~11-\I~'U.lr:n1Jfl111JEI\Ul'U. ~1EI~lln-\ln'if1Ul'U. 'ifEI~ll LLEI ~fl ~ Lfl~1 nn11 

'U 'U ' 

LU~tJ"U.en~'l~-\IYl1tJ -ane 1JEI-\ILLB~Lfl'Utl'UU1J1JLiJu -y/ L,ju 

R-H R-

H 
I 

H-C- M;e CH3-
I 

Methyl 

H 

Ethyl 

• I .... 11 • ..~... 'A ... ..1 .. .I 'VI ~ 
'if£)~~ LLEI~fl~ 'lffl'l-\1 EI'U. ') 'Ylll,f'IL 'ifEiliLn1:n1JB:fl Elli'Ylfl111J EI'U.lJ~1 tJ~fl Lf1~1nn11 

.1..1 • ~ T I 

LlJ~ tJ'U.'ifEifl1li1:1J1J1JEI-\I LLEI~Lfl'U.'U. U ') LfltJfl'l-\1 L 'if'U. 

H H H H 
I I I I 

H-C-C-C-C- M;e CH3CH2CH2CH2- butyl 
I I I I 
H H H H 

CH3CH2CH2CH2CH2- pentyl 

CH3CH2CH2CH2CH2CHr hexyl, 

CH3CH2CH2CH2CH2CH2CHr heptyl 

..r.... ... I A ..~... .. ~ '111.1 .. ..1 iJ • ... I 

~ 1~11J~liLLEI~fl~'Ylllfl111JEI'U 3 B:flBli1JU Lu fl111JEI'U.'Y1L 'U~fiL'ifEilJ,Ln1:llll1nn11 
' . 'U • . • 

1 LLvt-\1 L-rlu ~2-i C3H, 
'U· 

.H H H 
I I I 

H-C-C-C-
1 I I 
H H H 

n-propyl 
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H H H 
I I I 

H-C-C'-C-H 
I I I 
H H 

isopropyl 

L~El~·;nn~1iLLElSfla~i:J1'Jift~:a~iJ1fl1~fti1~~1tl ') LLS:?UJUDtl n11L1tJn~Elfl11J'l:1J1J 
.'U 

~~tJEl1Ji'1JL~L,raDlf'1aJru'lJEJ~~1iLLDSflSL~~h;i\t) 
., 'U 

2.3.3 n11'L~Un l!~TfliULOiUfl,.. 

1.
t; .... t; ........ ..r 
-n-~anf'la1unou. fl~'" · 

1) ~1l'li~~'n Liun~el'li~an L~1Jfl1\h~ll'1LLa:a~n1tJ 

~1~J~?.~~Jf~~~1~]~.~rjJff.lJ~!~~JD!I~J1-ft.7TJ~.1~.J~~~Y.'J~~~~1~1~.m.l~~~f). 
D1'U.~El~anfl111~1'U.1'U.f'l1fueou.1.ou.1~ 
L~11t11't11~u1 -cyclo LLa:a~n1tJ -ane ~~a~ an 

2) Ei1ou.~a~liLL'Yl~~ 1:1J~1LL~li~LiJ'U.c;\1LS'lJ~1a-fl LLa:L;jtJou.~eftinh:neu 
'U ~ ~ 

n1iJn11LL'Yl'U.~ 1 ~aj Llitie~lRLa'lJti1LL~\i~ . 'U ................................. . 

o-CH3 

. ¢-cH3 
CH3 

Ethylcyclohexane tert-Butytcyclopentane Butylcyclobutane 

t; .. ..I ~ I I,¥ ,. • •. -:. ..l_,t I .... .. ..I .... ~~ !MI t; 

tl11Jn11LL'Yl\4'Ylfl~LLfl 2 ~1J'lJ'U.LlJ L11J'Yl'lt1LL~\4~'.1f~1Jn11LL'Yl'U.'Yl 'U.lJ1\4L~ Lfl 'U .••••••••••••••.•••••••••••••••••••••••••••••• 

0 I I ..1...1 !'I .... t; ~ .... 

fl1LL~'U.~'lJD~~\fLL'Yl\4'YlD'U.LlJ\49l1Lft'lJ\4Eltl ') L-.u'U.n'U. 
CH3 CH3 

' . :~ ' ;~ 
\, 4 CH3. \, . 4 CH3 

1,3-Dimethylcyclohexane 115-dimethylcyclohexane . · 

0 

ctCH3 
CH3 
CH2CH3 

2-Ethyl-1,1-dimethylcyclohexane ' 

• 

(&I 
(i<CH3 
~CH3 

- · 1 CH2CH3 . 

1-Ethyl-2,2-dimethylcyclohexane 

• 

n1-n'flLmJ~L~iiEl'U.n'U.ilmnn11'1 LLlJlJ fl1LL~U~~ 1 LU\4~1i~~1tllJclnM11J1tlEl'U. 
~ ............................................................ . 
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4A2 ... 
sUJI' 

s C,H2CH3 

1-Ethyl-3-methylcyclohexane 

0 

. 3 
BruCH3 

. CH2CH3 
4-Bromo-1-ethyl-2-methylcyclohexane 

8A2 
sU 

4 CH2CH3 

3-Ethyl-1-methylcyclohexane 

~ 

2 
Br~CH3 

'~CH2CH3 
1-Bromo-4-ethyl-3-methylcyclohexane 

0 ~ 
3) 1-\ILL'V\1U5h11'L41Uf11f1JEJ'UUElE.In"h l'lf,j1-\11-\l 1-\ILL'V\1'U~:LU'U'V\3-iLL 'Yl'U~ (cycloalkyl) . 

'll 

-nEJ-\1 l'li''V\in 

I 

2-Cyclobutyl-5-methylhexane 5-Ethyl-1 I 1 ~3-trimethyl-2-pentylcyclohexane 

2.4 ftoal~AanLLDaLA" (Polycyclic alkanes) 

... ., ... ... \1 t ...;.... .k "~tJ 0 \1 ~ 0 

JVEJfl ''lff'lflnLLEJflLf'I'U 'V\li1EJfl-\l L'lf fl~LLEJ~Lfl'U'Ylll 2.1-\1..,-n'U L ~1'U1U1-\I L~r;nn';I1'\.41'U 

liutr:...tEJEJ~Rfl~LLiln~n Yi1l~tn·ni\uiJul'li'LiJfiLL~:l1iLiJu1-\IElnfialtJ L-rlu adamantane • 

f[J ...... t!J .....• JJ ·····• JJ 
Adamantane C1oH1s 

3 1'11 (tricyclic) 

uEJn~1n~flti"':Lil'Ylfl1ll\11u1u1-\ILL~1 ~~LLU-\Ifl1llin~m:n1"'L ~EJllfi EJ1-\I L -rlu L'lf lfl~ 
.l.... ' I "~tJ ...t 

LLEJ~Lfl'U'Ylll 2 1-\1 (btcycloalkanes) flEJ L 'U 
I 

1. §P.!rQ .. 9.9.W.P.Q.l:'.IJ.9.~ 'V\li1EJn-\IR1"'tJ"':nEJ1J~ih-\ILL'V\1'U 2 1-\1 L~EJllnUlfldL-a'EJ:flEJll 
i111 'V\1EJ spiro atom 1 EJ:flEJll 

... .. .... !=I .... .... I 

n1"'L 1EJn-n"EJ911111:1J1J L 'lEJnLuU spiro{fiiLfl"U. fiiCfl"ll]alkane L -nu 
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Spiro[2.5]octane 

0 ' ... ... ..t .. ~ ..z .. 
fl1&h'I'Yl1V ~~/!~!!~ 'V\lJ1VlH"1'U.1'U.fl11lJEl'U.'Yl"''V\lJfl'Ylll 

.~~~?!. 'V\111 Vn"'~1'U. 1'U.fl1ftJ£l'U. L 'U.LLfia:1"' l3J\l'u~L -a'i11Jfl'U. 

I ..1 
LLa:fl El1£llJ1"''Yl ft£)"' 

... ... ..Itt ... ... . \11.1 ..1 I ..1 I ... 0 I ... ..1 
tl11Jn11LL 'Yl'U. 'Yl L 'V\ 'U.lJ1'U. LlJ'Yl1"'Yl'V\ll LL Yl'U. Yl'V\ll LL 1n11 Latlfi1LL 'V\'U."''U.£1 V'Yla'fl 

"' "' .. 
8 CH3 

;602 
CH3 6. 5 3 

1,6-Dimethylspiro[3.4]octane 

tl1Tl"fi2.4 i1oth~lo l'lfuJof!to~ bicycloatkanes C8H14 

'NLwnnu (Isolated Rings) Spiro Rings 
t.. I ._, 

, ... ""l"'' ... 'I0:9lOll11lJOU' 
lllJO:flOllfl '!f11lJOU 

1 o:floll 

(>---(>' ·oo 
0-<J 0 

Fused Rings 

L'JlW\4m:i1llflU 1 
... 
~um: 

<X> 
C9 

Bridged Rings 

tofo:91olli1llnu 2 -
o:floll 

:'I .t .,1..,. · - 1.,. ..1-. .., 
2. f..~.f?~Q.:-I~IJ.9. .. 9.9.W.P9.~D9.f?. hJ'U.ft11lJ1:nnu'YllJ1"'U'V\1'U. 2 1"' L~£l:fl£lllflflttnou 2 

a:f1Ellli1llnou. 'V\";nil~un-:i1lln'U. ·1 ~'U.lr: 

3. ~r!9.s~9..2QmP.2Hn9.~ LU'U.R11111::nnu~lin:flnllfl1fun'"i1llnou 2 a:flall ~"'l31 
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0 ... .. .I ff ~ ..~ ... 
fl1 ~~'YI1 u ~J~~n~ V\ ll1 r.Jtl~v1\L 1Ufl1'l1J au 'YI~V\lltl'Yill 

.~1H~~. V\ll1r.Ja~~1\L1\Lfl1ftJEl~louLLflft:1~ (llilfu~\ii1llrl'U) 
1 carbon 

Bicyclo(3.2.1]octane 

5 
4('1--,7 
3~e 

2 
Bicyclo[4.2.0]octane 

co 
Bicyclo[4.4.0]decane 

~1o Decalin 

-uan·;nn~Eltl1ll'l:uuua1 wei1!tflinuea,fJUV\~1tJ11ilfl~ih~n~m:vhfl~ ilull'l,Y~a 
ft13Jru:i~~1un11n1'lL1£Jnfl1ll'l:uu L-1-u ., 

Prismane Cubane Housane Basketane 

2.5 fti11Jilt11"fl1 !.I 111ft 

1fl'l~tn1~LL£l~Lfl\4.LU\4.'l:LUtJU iifl11llr.J11~'Ulr: C-C LL~: C-H W~1LWliEl LLEl~Lfl'ULU\4. 
W111.h:n aulliii.ff1 LL'l~UfiL V\itr.J1'l:V\i1~ 1l1Lftn~LU'ULL'l~ El Eh~Ei El\4.. iJ';),)tJ~ii ~~fi El WliUti 

~ 

n1r.J111r.-na~ft1'll.h:nau 1flL1LRou'lf fia· ll1~ l11Lan~ -nou1fl1liL~na 11Ji1~-na~ 1liL~n~ LL~:LL'l~ 
\ ~ ~ 'U ~ 

... ...1 • 1 A I .,..,r 
r.JfiLV\'UtJ1'l:V\11~ liL~n~ 'lf~w~~afi~'U 

~ 

2.5.1 i'I01'-'t 

LL'l~'l:V\11~ 1liLftfJftLU'ULL'l~fiDUflD'U (London force) ii~Lil\4. dispersion force LU'U 

LL1~Elti1~tlEl'U iin'I'U D'riU fw1,J41U LLa:ii'l,fiU (C1 a~ C4) £iWtl1'U:LU\4.LLn~EllU.V\11D 1-\a~ 
~ 'U 

LLElftLfl'U1tJtl'l~';l1n CsH12 a~ c17H36 Lii'U-nEl~LV\91 LLa:i~LLti C1aH38 4-ultJLU\4.1!El~LL;j~ 

2.5.2 ;JflLflilfl • 
';)fiLfiElfi1!El~LLElftLfl'U~1n11ft1'lB'U'YI1U~'U~ll1ft lliLana lnaLfltJ~n\4. L ita~-;nnLLElftLfl'U~ . 
~ ~ ' 

W111r..ff1UElr.Jll1n LL'l~'l:V\11~ 1liLana~~LL;j~LL'l~UElr.Jn11 ';lf1Lfl£lfl~~~1n11 
~ ~ 
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tnnl1~nEJ11 v7afvu~na 
... 

"1"1~M11" fvLana flflLfiEJfl • • • 
CH3CH2CH3 44 -42°C London force 

0 
London force, LL1~,.:~·h~lt11~a II 44 21°C 

CH3CH2C:-H 

CH3CH20H 46 79°C London force, LL 1~1:vd1~ lt1L ~a, 
ti'"-tr.: lu Ltl'lL ';}'"' 

72 

72 

72 

86 

"-':l.~tJJ!P.;.~l!.fM~.'!f.lf! (Molecular symmetry)· LfJui~u nnfl1111tf'laJ11n l un11-i' ~ L1 tJ~ 
la.~Lsns\uwtnu:~n~u;,~ l11Lana~ilwaJaJ1tt1't:it~~tJ~i1,tlLL\Lun1::-i'1J ~1u1ula.~Lsns\u • • • • 
..... · A_, ·•l I. A I 

tJ'UflL'.IfSS (unit cell) R~ n11tlfiL'M\LtJ1~£l~ liLSfl9111nn11·'tfl'Mft£l11L'Mft1't~R~n11 .. .. . . . . . . ' ... 
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i1UIUf'l1flJEJU LLH~1Ur11.J,W.J,1711fUYf1-»EJ.JfV,HnH13JLRns~iifnfuen.uthus,fie)~ •••••••••••••••••••••••••••••• ..,.. ••••••••••••••••••••••••••••••••••••••••••• .,... • 'll 

fl1LL\Lulnin\u.nnn11LLS:';lfiV\S£l3JLVlR1a\1n11Y.nn~fl1flJ£l~LUULR,~ LLS:nTl'U'Yl"'" 111LRnR 
' " 'll ' 'll " 

0 &; &; I I fit 

Ln:n: ';J1141Un11-;J~f11fl£lVl'\41r.J-;J:RflR" LLR:-;J~VlR£l11LVlR1nSflR" 
" 

I . 

:'1 ' WI I .... ~ .. .... .J.' - .... .. - 'VI I .... ~ ... ... ~ .. 

LLelS Lfl'UL u\lR11 ~113.1,1 S:S1r.J ~Ufl1TI1S:S1 r.J £)'" 'Yl"'r.J-.rl'\lfl ~3J3J,1Vl"'el1J,114el r.J LLElft 

LflULLa:iu 1~,-fl1fueu nn-nilfl iahnfl~\~n-:iu 1fl"'L-;Junu.J1 ~" ilia:s1 r.J.J,,.,7eJ 13JeneJu.J1 
' " 

...~ .1... ... ..... r .. ... I ... 

(hydrophobic) LLS:L3J elL u"'r.JlJ L 'Yl r.J1JnlJ~1'1h111fl113JVlU 1 LL U 14 1.0 g/ml LLel S Lfl'\411 fl113J 

VlU1LLUUUElr.Jn11 (0.6-0.8 g/mL) t1"lfu~"El~LVlUEl~h.J1 . 
'll 

2.6 1"fi1\J'1U1Jil\JUilaLA\4, (Alkane conformation) 
" 

'It 1~~~ ..... ..1 'I I A ..1 ..... 
~ U L3JLRnR 'lfLuflViUI:Lfl r.J1 C-c L ULL£lft LflU Vl3JU "'ellJ el r.J1" ela'"':'Yl elnL VlllliVl El" n11 

" " " 'll 

Vl3JU"'ellJ~U1l:Lfi~ L113J1n n1l ~L ~uie 1'1fL3JElflfl"'""'ULLlJlJfl1" 'lr.J1n LLfl eJ1-;Jiii)'-;Jir.J~'t'i1llX 
" 'll J 

n11LflieJu1Vl113JLanastls",'"L~·ufl113JLLflnfi1",eJ"1e L'lfL3JeJftfi"'""'t11~ 
" 'll 

2.6.11oT'.ULIJO.fffl,\1Jt.l (Conformational isomers Vl1El conformers) 

)f f !i ./ :'1 'VI 1 .. ...~.. I e.; A e.; 1 

LEJ L 'lfL1JEJ1 LfJ1.J1lJ Lu'\4 ~£) '1fL3J£l"''Yllln11Ln1:fl Eln'\411 £)" el:fl £) 3J L Vl 3J eJUnU LLflfl113J 
" 

LLt1nfi1" lun11i~ eJ:fl eJ3JVl7eJVl 3J eJ:fl El3J l "'~11" Ln~-;J1nn11Vl3JW7J a"~un-:L~ r.J1 c-c 
'll " 

ieJ L'lfL3JeJnfl1"Jt1ii~1u1uuuilin1u ~tlfl'tyii 2 LLlJU fieJ 'lie:~uL ,.,~ eJ3J (staggered) 
.d .,. .... ~ . ...,. .- • .,. .... .,. 
'1f"3JViS""1Utl1~fl LLS:LRtl r.J11l1Vi ~"~fl LLS:'lfelUfi"'" (eclipsed) 3JViS""1U~" LLS:~Htl r.J11l1~ 

~1 ieJ L'lfL3JeJnfl'l""'tJL;jr.Jul~fliiD911~ L~r.Jn11L;ir.JULLlJlJ'lfa1Daf« (Sawhorse drawing) LLR: 
'll 'll 

1l1VHl1r.JLL1JlJU7LLVU (Newman projection) L,Su 

Staggered conformation 

Eclipsed conformation 
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yXH 
H H 

H 

CH3 
Sawhorse drawing 

H 

Newman projection 
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2.6.1.1 .ff!1~.;J:!~.EJ.~.~~rJ.Jl (Ethane Conformations) i 

B&nu; H3C-CH3, Luou111La~sL~n ') ih~\ur:: C-C 1 ~\nr:: nTntlir.~\uLtiN~ 1fl1~Jtl 
~Elt\l'V\11D~a~LntlL11111n ff1'UL'V\ rutl"t::a.nm 99o/o a til 'l-llfl1~1tl LL1J1J'Ji'El'UL 'V\~ £)1Jfl111111)V 

• ' " ... ' " I " 

- .. ... ... I I ... ~ ~ ... iJ T tl "" 
Q1l/UIJIJU7LUJU'lf~11Vi\Ur:: C-H Elr.J'V\1~\l10n141110'Yift'fl 'YIL 'V\ft ElL 14~fl1~1 LL1J1JEl'ULLft::LL1J1J 

" . " "' .. ... ll ...... 
'lf£11-lfl't~'lf~Vi'"n: c-H ar.~ nsnu 

" 
L~El~L~Ofl1El\lL'U~'l-ln: C-H ~El~fl1f1JEl\ltl11-l'V\1l'1LLft::tl11-l'V\~~ElVL'l-lLL141fl1~n~ LL1~ 

" ~.utn\l::il111n Lnflfi1111Lf11r.Jtl~L1r.Jn eclipsing strain 'V\1a torsional strain 1fi1~JtiLLtJ1J'Jl'a~ 
fl1"~~iJVi~"~114flOrJ111nn11LLR::mr.J1111Vi~1n11 L~El~Un: C-c 'V\1114'tl ~LaOfl1El\lL14~1-l1i:: • 
C-H ati~1~nu Lft'nr.J1111Vi11El~ 1fl1~1tiL ~11;f\l ';l\lLU14LL1J1J'Ji'El14L 'V\~El11~~iJLWnr.J1111Vift'~titl 

" " . "· 
LLS::Vi~~~1\lflOrJ~19'tl fl~1tl 2.1 . " 

* 60 120 180 240 300 360 

Dihedral angle (degree) 

atlil2.1 nTl~ LLRth11:ilJ~ R-3-31'Ufln rr,n-3lfl1-3~ D& nu~ii,'U1tl, £1~~11 dihedral ~,~ ')rl'U 

2.6.1.2 .ff11~J1:/~.EJ.~Y:!J!I.H (Butane Conformations) 

H H' 
I I 

H3C-C-C-CH3 
I I 
H H 

ii~'"n: c-c 2 ~~n: L'l-lla.nana ~~iilfl1~1tbJ1n111u 1fl1~1tli1tiruLntl;,1nn11'V\1114 . ' ". -" ., . 
~1-llr:L~r.J'l ~~ L'V\Lfl1~Jt.JLL1Ju.fow'V\~El11 2 uuu (A ua:: C) ua::'Jl'a1.lfl1~ 2 uuu (B ua:: D) 

1fl1~1ti'ALfiHL'V\R1d'ii~nHm:LLft::toLQ~1::t1111~11111 dihedral L~El'V\11'\.l~'Ulr:: ~-Ca " . . . 
l'l-lfl1L'YI'l-li11fl1~1tluuu'Jl'aouL'V\~a11 2 uuu fia LLuu gauche ..,;a c ~~'V\aiLufla~~a-a~ni1111n'" " . . " . 
60° ua::uuu anti ..,;ll A ~.n11iL11na~~wo~n11111 180° lfl1~1tluuu gauche loufl1L'YI'l-ls:i · " . . " 
LRflr.J1111Vi~1n11LL1J1J anti Lda~;,1n'V\a.iL1Jfia,f~wa~-uo"LL1JtJ gauche n1l~Lnt1 steric strain " . . . 
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Staggered conformation »: 
CH3 

A 

anti conformation 

»:H3 
H . 

c 
gauche conformation 

n11V12JU~lur: C2~3 lV~1fl1"111LLuu..Uaufl1" 2 LLuu f'la LLuu B V~liu.J'rhuL9ia:V13.l 
.. ... 'U 'U 

9i1"n..Uau"""nu H ~£l"fl1fuaueina:f1El11VIrt" {VI~L11tlatY"sa"rh~11nu 120°) · LLa:uuu o 

VI3J Llln~n.Y" sa"..Uaufl,"n'" n11111 oo l""""t.JLLuu o i{ijVI3J a:fl all~'","' VI ni a ti'll'aufl,"n'" 
'U .. 'U 'U .,'U 

Eclipsed conformation 

B D 

5.0 

8 c e 
~ 'Co 
~·~ 
~B 
Q)~ 

1U ., 
c 
~ a.. 

0.0 
A 

60 120 180 240 300 360 
Dihedral angles (degree) 

tJ ... .,1 .... .... I' t tJA ..1 I 
1' r1 2.2 nrlnLLft'fh'I'YH~~~1l4flnv-na~ fl~~~ 1.J1L'YlWYI3Jll dihedral 911~ ') .. ~ ~ 
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1 .1 T • .... • _. ,¥ ,., ., ., c T 
011ft fl1"11J,£h1LL£l~ Lfl\h'lffi1"'.D"11fl11lJ EI'IUJ10,\L 'V\11 £l"'Y11"fi1'Ut,1" ~:L 'V\'Ut ~fl1" 

~ . ~ . . 

.I ..I .;,. A .., .., .., .., .,. • .., . ,iJ. ., ..1 
11J 'Y1 UUU.I'l'lf" LL n 'Ut 'V\ ~ n, £1" ~ 'Ut 'Jl': C-C ~ ft ft1 LL lJ 1J 'lfn LL 'lfn 'Y1 n ~ 'Ut 1r: L \LLL lJ lJ 'l1 £l 'UtL 'V\ ~ £l 11 
~ . 
(staggered) 1'lifl1flJ£l'UtL'Ut1liL~fl~ii1fl1"3ULLlJlJ anti L'UtYJO~\Llr:: L,j'Ut P!3ntane LL~:: hexane 

EJ th" l1nih \ie"~nnn11'V\ 11\L 1£llJ~'Utli::L nft ltiJ1 £J ~" £l1~£i1fl1"1U LLlJlJ~'Utti'1 V Ltl'Vli'lJfl1111 . ~ 

LLflnfi1",£l"~a""1"-'1fl1"1111::'Vli1"LLlJlJ gauche LL~::LLlJlJ anti ,f'"fl~1ttfl1L 'Y1\L 
~ ' 

Pentane . Hexane 

2.6.2 ndl!l1'n1ftLLfttl'A1\11'tl1'Jfl'tnULilftLfl14 .. 
(Stability and Conformations of Cycloalkanes) 

2.6.2.1 .ft:rJ.MJ.~1.~~1/.'J . ..J.?.~#.'!!~'H. (Ring Strain). 

"" A .I .., .., L T .I 
fl.?J!-J.~f!!Y!J. (Strain) 'VllJ1ttn"n11'Y1~li'Vi'Uli:LL~:fl112Jti11Vi\L1l': 'Ut~liL~fl~ LlJV"LlJ\L 

.,. l1 • I .I U o L !IT ~~ ,.. .., .., _. ,¥ ,.. .., ,. 
~ft ~1J~10'Y1fl11L 'Ut 'Y11 'V\ ~liL~fl~'Ut'Ut')lJVi~""1'Utffnttft::R11\Y",'" L1£Jn~~~..J.?.~!?1JN.~fl.'UI.!! 

(strain energy) 1flv'ri'1lt1fl11lJLfl1ttflL'Ut1fl1"rn"1"LL'V\'l\L ii 3 ~ilfl fl£1 
"" - iJ ... ... .. l T A A 1 .. t:J.?.J.'l~fJJY.!!~~~!-/.'1 (Angle strain) L '"~~""1\Lflnva-:.:wlJ \L~liL~fl~'l1"Lnft~1nn11 

~1111~'-"n-:Lrlv"Luou.lt1~1n11ll£lElffln~tJn~ · • • 
L~ eLlAvuL n vunulllJTl1v l'"-n a"'tJ"~1ttL 'Vli uli~'Yina.~ll auu'" 1::\L1uLii v1n'" l'lf 1fl ~ . ~ . . . . ~ 

LLEl~ Lfl\1. ~",'-"1ftLan LL~:l 'Vlqj El1';l~::l1iLRnV1 L iio"~1'niifl112JLfl1£JflL 'a"lJ11 (angle strain) 

~" Lfifl~1fl011~ 2J 2J~\Llr:nnU"fllJ L ~Lrl £1" L lJ\L ltJ~1n~fl11LU\L . ~ 

' ' tetrahedral ,.., -- .. , 
\~,5· 
' ' 
' 600 •---

Cyclopropane 

72 

1go 
\ I 

\I 

10 '\' 
. -- -~,' 

\t 

'{~]-~--· ''0 ,, 

' 108' ' - - - - -

Cyclobutane Cyclopentane 

\ \ 

11° \ ' ____ .,.. \ 

\ \ 
\ 

\ 

Cydohexane 
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... iJ .. ..1 A ..1 .... 
2. !.!?!"§[QQ€!t~~rnln 'V\1£1 .€9JiP.!l!!rL.!tffll!1 L Ufl113JLfl1tJ~nLn~~1nn11'Yl~un-:-ne.:t 

e:91£l3J~Lnanu3J1 £l ~L ULLU1si£lU911.:trlU aLan911£lULl-niutr:~.:t~annu Yh L ~1.:tfl~een~1n 
\I 

1:U1UL~e'tlil~~utr:sieunu L1iu 

• A .... t A. A t 

3. Sterle strain Ln~~1nLL 1~~Rn-na~nR3J'V\3J eneLRn911au-n e~ £1:91 El3J'V\1£l'V\3J £1:91 El3J •••••••••••••••••••• ~ \I 

• • .. .. ...... .. .... .. . 4' 
L3J£lLflR£lUL-n1 LnRn\hU1:tJ:-n£l~1ff3JU'lULf7D'l1RH' 

3 4 5 6 7 8 9 10 12 15 

tf1U1UR1fu Du'hn'll 

at.Jfi 2.4 LLWfl\l~a\l\11~fl11lJLfl'illfl~El\l ~'lffflRU8RLflU1J'U1fltl1\l ') 1\ILL'V\1U~~1flLanLLfl:: 
~~1flnfl1\15jfl11lJLfl1llfl LLtl ~'11fflRLlJ'nL'l1Ul3J5jfl11lJLfl1llfl 

2.s.2.2 Lwilv,-n1wLLR:f,,.",.1l"v"~'lffflR Tw1Lwu . .. ............................. v································ 
'fT T •..t 'I ., ..1 .- ~ \'1• . ,..; ., 
''11£flR ''W'1L 'WUU,.1U1U£l:fl£l3J L U1.:tUEl tJ'Ylft'fl fl111J ElU 'Yl.:t ft'13J L3Jft'13J11tlL 'V\R £l3J'lf£lU 

~ 

1 .1 .I - • .. .. .. .... A \'1 ~ •• ..1 
fltJYI13J3J 109.5 LL1J1JlJnfl n11L'V\R£l3J'lf£lU-n£l.:tfi111J£lULU..,U1f:: C-C Lnfl Lfl L3JLf13J'Yl LLR: . ~ 
LlJU£l£ln~1nLLnUL ~£l3J1:'V\11.:tit 1Lfla vri.:tR£l.:tLfiflfi113JLmtJfiL ~.:tiJll ~Utr:-n£1-:t ~'11 fflR f 'W1L 'WU 

~ 

~.:tLiJu~utr:1ti.:t (bent bond) LLR::LL;i.:tLL1.:t11'evn11~un::tan3J1 C-C vi'1'1u Yi1L'V\.,liud1tJ1L1 

tl£ln11LfiflU~ffi~13J1~n11 ~'lffflRUDRLflU~U ') 
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74 

II H 

a
l \/I 

I ., 
.; ... : ... , \'~ 
H ,.,"' ', H 

2.6.2.3 urnu1n1w us~Tfl1,Jn/?JEJ,J~!!Tflaii7u?u . ·······························v····--························ 

H 

H 
H 

H 

2.6.2.4 Ufnu1n1w '"i~Tfl1,J1V21EJ,J~'JJ'lfla,wu,nu 
·······························v···········•····~··············· 

H~-+--~~./ 
H~H 

H H· 
planar 
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2.6.2.5 urnn1n1w ut~:Tfi1.Jnl'JJD~!,r~t,"In,'llu ································v······························· 
tl11-3LL'V\1'" ~'llfflfiUTnLWLLlJ'"TUJ ~UWUlf::LiJ'" 120° LL~:ih~~'"1i: C-H LLlJlJ'li'El'"fl'l-3 

~ ~1 tJ~'"1i:4-3Yh \ ~L Tlfl torsional strain LLtl~1J111~ t,-f flfl L rrn L 'liU 'J.i ii fl111J L fl1 tJfl L '"1-3 L iJ'" 
L'lf t fl ~ LLEJ ~ L fl '"1-3 L ~ n ~ Rfl~ ii 1111~'"n: 109.5° t'~ L~n ~ '1i LLu '"'l11J LL Rfl-3n-3nTl"fl fl ~ ~ n1-3 

. " " . . 

L~EIL~1J1J~'"1i:'Yln1J1JLni111JLflfl1:ifl1DU LL~:~141f:'Ylfltl'"LU'"LL1J1J'li'El'"L~iEJ1l 
" " " " . 
q: 

planar H 

H H 

H 

TA1~Jt.ILLtJtn1o (Boat conformation) 

H~H 
H~H 

H H 

m''"~\lolf:'Jl'a'U.L'Maa11uuu gauche 1.'U.tfl,-3 
1tiU1J1JLfi1i1Ja-3lttJ!flftLDnLW • 

LiJ'" lfl'l-31tl~ii LR£1 £11111~\\'EJ tJn11 LL1J1J LL 1n 111n LLaJ11111l~'"1i:'Yln 11 1JL niLfi tJ-3 
'\1 ' " " " 0 ll .... ... A I ... ~ ., ~ .... • .... 

109.5 LL~: L1J1Jfl111JLfl1tlfiL'lf-31J1JL'lf\UfltJ1n1JLL1J1JLn1e LLfllJ' torsional strain L'"EJ~-;:nn1J 
" 

4 ---~--..-
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W\UitLLtJtJ axial LLftt equatorial 114l!tfA&Ulln&!IH 

1fl1~1ULL1JULn1if1.1£h1 t'.lffflRtl1nt'11Uii~~n:: C-H 2 LLUU flEl LLUU axial ~~n:; C-H 
~ . 

..t ... ,¥ ,., .. .. • ... ... "'·' . . .... ' ~ ... 
. IIJfW~U-nU-~~ f1fl11UEl~'lf~ElEJClfln~ Lu1fllJ1~ -n~1~nULLnUW1JaJ1fl11.1El~1~ LL~:f1~~1J9l1J 6 

. ~ 
... I ..I ... . . iJ .... ..l.f... ,¥ ... ._, ... 

W'UlJ: W1'ULLUU'YIREI~L1EJn equatorial L ~W~1)':; C-H 'YIIIJ1U)EJ~1JU-LEIEJ~~~ R~Un'Ufl12J 

1:U1UffUVRfl11.1EI~11JL~n~' ii 6 ~UlJ:L-rlunu El::flEI1JlU1fl1L';l~~~ij 2 -nittl~1EJ 
~ ~ ~ . 

hU 
~I 
H : H 

~141: C-H LLtJtJ axial ~141: C-H LL1J1J equatorial 

H 

H 

t.l
.a . ... l n 2.5 LLft'fHJ'WUC C-H L~tJtJ axial u.a:: equatorial 

H 

H 

H 

H 

1fl1~1ULL1J1JLrl1 if-na~ t'.lf fflBtl1nt'lfU£iRa~LLtJU4~wa~~1UL rhn~ LL~:; 1fi1~1U,r~REI'I1 
~ ~ 

A ._, .,.. fill ..I A II A -.~ I ... ..I A .... ,¥ 
LLUUW~nn~u ulJ1L 112J1n'YIEinl.~tllJ~E1'11 ';J-3lJu11JTC\U'YI1n~f1RlJfl~ n11UfiWtJ1~LL~1U1J'U~'I1 

' ~ ~ ~ 

(ring flipping) 'ti1l~fi1LL~\L~ axial LtJav~LiJ~ equatorial LLft:: equatorial Lll~uuLiJu axial 

lu1fi1L-;JU'Yina:tlalJl~t'lffflatl1nt'lfu~~L~ila~nu (50% equatorial & 50% axial) 
~ 

EJH H 
H~~ I runa-nlp 

H H Down · 

2. 7 n11"Lfl1s aJ LLoa Lfl14LLat 1-.u TttaLLDa Ltl14 

2. 7 .1. Lll;liiJ.,1 nUDitAH uoaJFJU ,.;Dft1.,tl1tftDtJU'fJ f1u1Jin 

1fi£JU~ffiEJ1n~1Lfl1JltJ1fl1L';l~ LiJ14n1nft1Wtl1EJltJ1fl1L~'ULL~:i1Li~ tJ~ffiEJ1Lnfl~ 
~un:lw 
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'c/ H 
II + I 

/c, H 

Alkene 

I c 
Ill + 2 H2 c 
I 

Allkyne 

~1.~~J~JJ!i.m~J 
CH3 
I 

H3C-C=CH2 

2-Methylprop-1-ene 

~1Yha::a1u 
fl11llfi\lo 

I 
-C-H 

I 
-C-H 

I 
Alkane 

I 
Pt l'l1a Pd · l'l1a Ni l'I1El Rh 

~1,ha::a1u 

-C-H 
I 

-C-H 
fl1111ti\lo 

Ni 

CH3CH20H 
25°C, 50 atm 

I 
Alkane 

CH3 
I 

H3C-C-CH2 
I I 
H H 

. 2-Methylpropane 

CH3CH2CHCH2C=CH + 2 H2 
I 

Pt .., CH3CH2CHCH2CH2CH3 
I . 

CH3 CH3 

4-Methyl-1-hexyne 3-Methylhexane 

0 Ni + H2 _.:..;:.:,_ ___ 
180°C 

fi111Jti\lo 
Benzene 

0 
Cyclohexane 

... ' .... l .. .. . . 
2.7.2 L<ft'SUIJ;)1fl"DHAH"D Hfl (R-X LliEl X flEl Cl, Br 'WlEl I) 

LLEJRflRLLl1LRf11:iL9l1EJ11LLEJRLflUL11L~n~-n\L1~L'V\ni 'V\~ElLLEJRLflU~5.i1'1ifl~'V\1EJ'V\3.iLLYl'Ut~ 
" ., '\1 

2.1.2.1 .'Jl!gN.f.fJ.~Unfi1YJJf.TJ.i~ l-la~11t11tf UAIH4 ,.,~a1~,.,: L-s'" zn ,.,~a sn 
nun~~ L~LLEl~ Lfl'U. ~ iiLfl1~ L'lifl1fu El'\.\LL1J1J Ltlll 

CM225 

H 
I 

R-C-R1 + Zn + HX 
I 
X 

.H 
I 

R-C-R1 + 
I 
X 

... 

... 

H 
I 

R-C-R1 + ZnX2 
I 
H 

H 
I 

R-C-R1 
I 
H 
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Sn ~ 0 + SnBr2 
HBr 

2. 7 .2.2 .'J!!~Y!1ll}}.IJ.~~ItH.1!.7Jj_~1.fJ.tJJ!D.aim.rrJJ.!i~l~Fl~ (Coupling reaction 
4

) 

(1) tJ~ffiu1 Wurtz
5 .,i~~~1J.~.UfJ.~.~ft~~!\!!~!J.~J,_,.1. ·;nnLLEl~fl~UDi~tf 2 

l2.1L~n~nu 1~,:,: 11JfLtlU2J iin11rn"~\ur: e-c fiBn-u.,:vd1\lfl1fuB-u.';l1n .. 
V\ 1i LLEl~fl~,f-3 LUJ\IIJJ El\1 UEJ tl~ftUll ~ftfl ... 

I 
2 R-C-X Na .. 

I 

1-Bromobutane 

Br~ 
Br 

116-Dibromohexane 

I I 
R-C-<;-R 
. I I 

+ 2Nax 

symmetrical alkane. 

CH3CH2CH2CH2-CH2CH2CH2CH3 

Octane 

0 
(2) 11DffitJ1 Corey..;House 

6 
LU'U._n11Lfl1tJ2JUEJfllflU ';l1nnRlUJU1lEJtiul 

(Gilman reagan{; R2Culi) l'\1El ilntJV~f'IUEJft~ft~7ttl1fl (lithium dialkylcu 

prates) nuusa~aul1~alli~!!l~U~Mo!J.~1ft~l;~~~n~.1!HJ~l!JJY ,.,1Biu-iB-u.itill 

4 • • !'I I -·-- .. - ,I .... •t !"I ~ I ..... Coupling reaction: L1JUO&UJ1Ji)n'TrJ11o'UI1,., organometallic chemistry Lnft,'ULliOll Rl'\::LlJ'Ufi1L1'i "" 
R11D"i\falultt1fl1fuou'1~ft'1nh::nouuDlala.~1tionuLil"Ula.nafla,u1"l"qJ;fu J • 

5 
Wurlz reaction LiJutJamv1;\liii.Jfott1lltl'nLfliip..,uuamv1 (Name reactions) iJtott1ll Charles

Adolphe Wurlz (flfl. 1817-1884) unLfliJ~f'iLfiW -~R~1'UifttitifbJ.w1.uil fl.fl. 1855 
6 ... ~· . . ~- -~ 

011Lfi1VlJLLORLfi'ULL'U'U Corey-House l'\10 Corey-House-Posn&r-Whitesldes reaction LlJ'Ur-ll'i1'UYill1 
inLfliJ';l1nti1'iftTI1uu 4 ,;,u-*'o E.J. Cot&y 11nli"K1il'lv1avrnh1ff1. GaiY H. Posner ';l10lll'l11YJV1av · 
vtnfunEJJ.Inul, G.M. Whitesides ,,n MIT ua:: Helbert o. HOuse ';l10 Georgia Institute of Technology. 
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~..~ ...... "". (1'. --- .• 
~~rJ.J LCil'l£JlJnaLUJU1'D'9Ufl *;11nUDRflflfHr7l/1/ (R-Li) LL~: copper(!) halide 
~ • . . ~z 
L'U diethyl ether 'M'lD tetrahydrofuran (THF) Cil"'" 

R _X . + 2 Li anhydrous ether .. Rli + LiX 

Alkyllithium 

R-X = CH~ , 1°, ~ 3° alkyl halides 

2 Rli + CuX 

Alkyllithlum 

diethyl ether a. R
2
Culi + LiX 

M1ElTHF 

CuX = copper(l) halide; X= Gl, Br, I 

lithium 
dlalkylcuprate 

~ .I A IIIII (I' .J u·- ~ A 'f (I' A ..1 . _.t A 

!J.~r,t .. ?. nauvu1LDnJufl 111 {)n'l~1nuuDRflfHU7 'afl~'U.Cil'YlREl" 'lJ"*;J:Lnlil 

n11rl1"~'"1r: c-c tiBnu ltfuo~Lfl'U 

+ R'-X ---1•~ R-R' + RCu + LiX 

lithium 
dialkylcuprate 

Alkane 

UDafiaua~al~ilfi~RB"fl11~iJ'U CH:J<, benzyl halide, 1° alkyl halide 'V\1El 

2° cycloalkyl halide lfiULQW'l:erh"rl" ~D TD ~,; 

lithium 
dimethylcuprate 

' lithium 
diethylcuprate 

+ 

1-lododecane 

CH3CHCH2-Br 
I 
CH3 

1-Bromo-
2-methylpropane 

diethyl ether .. 

ooc 
Undecane 

diethyl ether .. CH3CHCH2-CH2CH3 
I 
CH3 

2-Methylpentane 

7 
Gilman reagents: LU\4cnnh:nen.JDDfunTuflatluJaft.fl,.n11ri1-3~1.4c C-C lii'uiat~13J Henry 

Gilman (flff.1893-1986) .ii.f!J}JJi~~~i!~P..f.'lni'!'.IIJ}JJJJ~n 
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2. 7 .2.3 y~ff.1!!.1.Q.H?!f.l.'Url!Y:r.;n.1l.YI~?J;~.HrJJY (Organometallic reagent) 

~ !J1.fJ11fi~fJJ.iJ.Jlfl (Grignard reagent) ·LL~:~~fJ~.~~~~fl.~~ (alkyllithium) :A~L~r.J1J'~'nn . 
LLEJRflRLLli~R~ fl1U~mr.J1n\Jn1flfl£l'U L1i'U H20, ROH, RCOO~ LL~: RNH2 '.1LL£l~Lt1'U i~d' 

I Mg . I H20 I 
R--C-X R::-C-Mg-X • R-C-H + Mg(OH)X 

1 anhydrous ether 1 1 

Alkyl halide Grignard reagent 

I Li I H20 
R-C-X ... R-C-Li 

I hexane I 
Alkyl halide Alkyllithium 

Mg 
CH3CH2CH2CH2CH2CH2Br 

1-Bromohexane 
anhydrous ether 

.. ~ ~ ... ~ 
2.7.3 Lfl<~jlJaJ\l1flLLDitfl Lllfl \111ilALfl'" 

2.1 .3.1 .9.!fJ.mmfJ.IJ.~f!.TJ..8.~!!.t!g!!2n 

Alkane 

I ... R-C-H + LiOH 
I 

Alkane 

CH3CH2CH2CH2CH2CH2MgBr 

1-He~lmagnesium bromide 

+~.0 
CH3CH2CH2CH2CH2CH3 

LthLn1n~1RV\~t11fu£lit~-n£l~LL£l~ii,ntf V\1£lfi1 'Yl'ULiJ'UV\~ CH2 ~D.~l~~!.l11;!1J~. 
\,Y zinc amalgam loun1fl HCI L-n'JJ-ffou 

80 

0 
II 

R-C-H 

0 II . 
[>-c-H 

Zn(Hg} 

HCI 

Zn(Hg} 

HCI 

Zn(Hg} 

HCI 

Cyclopropanecarbaldehyde 

.[:>-cH2-H 

Methylcyctopropane 
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0 
II 

CH3-C-CH2CH2CH2CH3 

Hexan-2-one 

2.1 .3.2 .1ti.Q~f!.:IS!~IJTJ.~r:.BfJ.{J.':I.Qtjgn. 

Zn(Hg) 
-,-HCt..--,.......,. ...... _ CH3-CH2-CH2CH2CH2CH3 

Hexane 

LU'Ufl111~11v\~tnfuaita-n£h'ILLa.atilutl' Meill~oul~.'-DJJ;n.!~ LUU'V\~ CH2 l~uJ 
L~fl11~iaunu hydrazine ua: NaOH 'V\1a KOH louti1't11a:a1tJLLaanaua~~~L~£l~R" L-.riu 

'I 'U 

diethylene glycol LLa: triethylene glycol 

0 
II 

R-C-H 

~1.~.~J~.~nm~n 
0 

H2NNH2, KOH . 

triethylene glycol 
175°C 

triethylene .glycoL 
175°C 

II I H2NNH2, KOH 
H-C-CH2CH2CH2CH3 .• diethylene glycol 

Pentanal 

C(=o 
CH3 

2-Methylcyclopentanone 

triethylene glycol 
175°C 

2.7.4 Ltl~Ull';l1nn"S(;lA1-fuonian 

CH3-CH2CH2CH2CH3 

Pentane 

Q 
CH3 

Methylcyclopentane 

LilutJ~ffin1-ni~fiTfu£loulflaanl-n~ (decarboXylation) ~1nn'lflf1Tfuantft~n 'V\ia 
• .. ~- 1 .., T " .. ... !'I I 

Lnaa-na"n'l~fi11Uan·JJan ~tJ'V\aa~nu ''11f11 'tUJ (soda lime) 'lf"LuW'lJtl"~R~'l:'V\11" CaO 

'V\1a Ca(OH)2 nu NaOH 

CM225 

0 
II 

R-C-OH 

R-H + CaC03 

soda lime .. 

~ 
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2.7.5 n1~Lfi,UII7!1fFUtftvl'UYU 

2. 7 .5.-1 JJ~lP.~.~.7!JJ!DfJ1(t).1.;.J:ri1Y.~~~~fl.'Hff.l:IJl!.ff!y_f. (carbenes) 

f11fiiutf LU'l4B'l4LiilBf5hil£Jiil~ttJ11ilDLftnlil1fl" Li1't111.J~ffi£J1~~u1r:l~ttJE1'11UDRflU 
.d iJ 41# 1 .._ fill '1 ., 'J T T. ,..,. .,. • ~ ,. • 
'1f'11L 'l41il1 LVlEJLanlil1EI'l4 Llil1'11 ''lfiflfl,W1LWU fl11U'l4Liil~£Jll~flLLfl9flaLLD L91il ~'lfl diazomethane 
... ,¥ 

lil'l1'l4 

CHCI3 + KOH . -----l~ I CCI2 + KCI + H20 
Dichlorocarbene 

0 + ICCI2 

Cyclohexene 

__......, ()xCI 
Cl 

H3C, /CH3 ,c=c, -+ : CCI2 
H H 
(Z)-But-2-ene 

H>=<CH3 

H3C H 

(E)-But-2-ene 

7,7-Dichlorobicyclo[4.1.0]heptane 

.. 

\ 

, 
H3C, /CH3 

,cxc, 
H H 

Cl Cl 

1,1-Dichloro-2,3-
dirnethylcyclopropane 

:CH~ + N2 
· methylene. 

(fl11llffl") 

. trans-1,2-Dimethyl~yclopropane 

2.7.5.2 Lfl~tJ11i1nUDAflUff1tJJ.IDintn Simmons-smith (Carbenoid reaction) 

UDtiflUfl11.J~ffi£J1lllJft1,.Rfli1Ufl1fVU (carbenoids) ~'11Lfl1tJll~1n CH212 nu laVl: 

~m.J Zn-Cu 'im1LID'I1'1l'eu1a~:mruuavl (iodonlethyt)Zinc iodide 
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CH
2
1
2 

+ Z,..CU · _.....,...,~ ICH2-Znl 

Diiodomethane (lodomethyl) 
zinc(ll) iodide 

tJ~n1tJ1Lnfl~1tJ l~m111tu.~-3 l.nfltn1-H1\!Lfl tJ\1\tDtJ LLa:el'Ufl11tJUDtJni1n11L-i 

diazomethane , 

\ I c=c + CH212 + Zn-Cu 
I \ 

ether..., 

-~1-~-~J~.~nm~J 

0 CH212 + ~n-Cu ether., ():> 
Cyclohexene Bicyclo(4.1.0)heptane 

2.8 ftJJUGlfi1"LAjjtJil"LLilitLfl,..LLa~l'lfL~U~LLiliUA\4. 

LLDaLfl'ULLa:l-n LflaLLDaLfl'U (unr1ul-n1fla 1 ~1L ~'") djuR11th:nnu~lliiD\IL1~ n 

n11LfifltJ~ffitJ1 tJ~ffitJ1~LnflrllJLLDaLfllLij~\l\{ 

2.8.1 n11"Lr.a1l'MJ (Combustion) 

n11L~·nlvu.JLLDaLfl'UL~ C02 ua:J1 LiJiLtJ~n1tJ1DDn~Lfi-Eultlunnn~L-;llL ~un: e-c 
LLa: C-H 'Y1n~un:lutn1L~119l'uLtJ~tJuLiJu C-O lu~~fl~a ua:li~i\I\11'Ufl1111i'Du~1nn11 . . 

L~1L'V\aj ti'1nnn~L~ulli~n n11L~1L'V\aj'LfifiLliR11lJ1nL ihuiw co LU'U~~fl~ai111 

CH3-CH2-CH3 '+ 5 02 

Propane 

'U 

. "' "' 2.8.2 n11"LLEJnftft1EJLLDftLfi\Uil1EJA111J,.il" (Pyrolysis) 

LiJun11LLtJnwa1tJ L11Lana LfltJL-ifl1111i'nuw\ILLa:llil-innn~L~u n11L~fl1111i'nunu 
• 'U 

LLDaLfl'U~Dtu.'V\niia-\1 '1 .Yhl~~un: e-c LLa:~un: C-H LLflnin l~nullaam:~\ID1~1111~1 
• 'U 'U . • ... 

LU'U LV" Lfl1fl1flJD'U ~LliLan a L'V\ruifu 'V\1D d~nni1Li111 'V\1Dil\ID:fl DliLv Lfi1L~W;)1n D'Ull a aw-l-: 
• Ill • 'U 

~ul~LLDafl'U ~~fl~a~L~\ILU'Url'l~Rll-nEI~LLflaLfl'ULLa:LLD~fl'U'V\a1tJ~itfl L"Ji'U n11LLtJnRa1tJ 
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4 3 2 1 
CH3-CH2-CH2-CH2-CH2-CH3 

Hexane 

• • 

---t.,~ CH3-CH2-CH3 

Propane 

CH3-CH2-CH2-CH2-CH2 + CH2-CH2-CH2-CJ-f3 --;.,~ CH3CH2CH2CH2CH2-CH2CH2CH2CH3 
./ 

Pentyl radical' Butyl radical Nonane 

H 
, • I • 

CH3-CH2 + CH3-CH-CH2 

Propyl radical 

H 
I • 
CH2-CH2 

·ethyl radical 

H I. 
--;•~ CH3-CH2 + CH3-CH=CH2 

trt 
I .. CH3-CH2-CH2 + CH2=CH2 

i1L i ~li1l~ a nt.Vlll ih~t1~1a~ LLa:f111JfUJtlnn;u1lVl1.u lfl1t11fu a-u~ ill'liu11 fl111 
.. .. .. ill 

Ti1'V\'Ufl'ti Li'Un11LLtJnfta1tJ doctecane (C121-:t26) 1fluli sodium aluminosilicate Vl7EJ ~TEJ~R~ 

LiJou~1d~ \,.,"'tu1fl1fnfuEJu~i1f1ifuau a ... a a:flaa.Ji1oulVlru 
"' 

Dodecane Zeolite, 
48~C C + C4 + C5 + C6 + ~ittnm'tfa'" 

2 '",;; . 3 
17% 31% . 23% . 18% 11% 

2.8.3 t.lfima1n1,.LLn"~tr~uLLDTann4 (Halogenation) 

LiJ'Un11LL 'YI.'U ~'U 1fi1L';1'U l 'ULLaSLf1Utl1 tJLLtJ 1aL';1'U (X) l iY.Ul~~1'U';11nf111~i'El'U ,_,7a 

LLa'~i1EJl~Lntu.J~ffitJ1 L1EJntl~ffltJ1fl1li..U\tfl,a~LLtJ1aL';1'U (F2, Cl2, Br2 ua: 12) ~\,Y 

fl11mnu. "'a R-X + H-X 
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0 
Chloroethane 

('yBr + v H-Br 

Bromocyclohexane 

i'HUh-il-n'1-i!ti''U.LU'U.n11LL'Y1U~tl'UJLL!JlaL-;J\I. 1 LL~-il (monohalogenation) Ln~~El:~EUJ 
-nEl-iiLD1~1L';l\ltL\ItLLElaLfl1-ltLr4U-i!El:fiElliLtlU1 LLElaLfl\lt~ij'l.u1~1L';l\ltlJ1nn11 1 ~it~ L~~~~~a 
LU\I.ft11~9ll L -rl\1. 

CH3-CH2-CH3 + Cl2 

Propane 1-Chloropropane 

n1,.LLn\lfliiLn\l~1!U~ao~" (Chlorination of methane) 

CH4 + Cl2 + v.~~-31'U ~ CH3CI + HCI 

2-Chloropropane 

11Dffiu1dtiLtntJliLU~flft1l'lnnll Ln~tu1lJ111flLLna- ~~mllliJD~" iin11a-a1u~ou.1i: 
C-H LLa:rn-ii~U1i: C-CI 

r.a.~lnMfi.fl~~-1. 

n11LL n-u. ~~1 uua Ttu iUL 'U.LLElaLfl'U.'Jn-.rfil~ijna 'lntiDn7u1 LLlJlJ L~ u1n1-1t Luou.nTl 

LL'Yl'U.~~1tJEl1-ltllaam: iin11Ra1tJ~1-Ittr:LL1JlJRllll1fl1 LLa:Lu1.1.tl~mu1an 1-rl (chain reaction) 
"\1 \1 ' 

1~uLn~Lu1-lt.ff'""' LLa:L i1Et-ii-;J1nlu 1~1L-;J1-It'Ylne:fleliL 'U.LLElaLflunnLL nu~l~ li1 lifla El11-1tlnn 
J " \1 

LnU~ElUEln-;J1nL~ CH3CI LLi1 U-ilii CH2CI2, CHCI3 LLa: CCI4 antl1tJ 

CH4 + Cl2 + v.i-3-31'U ~ CH3CI + CH2CI2 + CHCI3 + CCI4 + HCI 

-... " ,... .a .a ... ~-- .. .r... .r 
!f\lfl!l 0" UJ ,fl,.L\1\lfiO n LLrl\lfl LLa~O\lLfl 0,.&1 Lfl fJflriLflfl!l\l .. 
LD 1~1L';l1-lt'Jn El:fl ElliL 1-ltLLEla Lfl'U.1 El-iiL 1 t un11Ln~.11Dn1v1LliL Yl1tl\lt ;f-u.n1Jfl11ll 

fit ... • ... "" .... .. ..I "" tk 
LL,-iiLL1-ii,El-ii~Utr: C-H LLa:Lft'fltJ1111~,El-iiEl'U.LflEl1liL~tJfl'Y1Ln~,U 
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nu 2-halopropane fi13Jiflcf1'U-,£h1 H Lil\L 3:1 LL~~~tJ~ffitnltl' 45o/o LL~:: 55o/o fi13J~1itJ 

LL«~h1'h~un:: 2°C-H l1fiatJ~ffitJ1ll1nni1 ~;ElLLflninJ1t1ni1~\Lli::-na~ 1°C-H 

Cl 
IJ. \\;£1 hV I 

CH3-CH2-CH3 + Cl2 . CH3-CH2-CH2-c1 + CH3-CH-CH3 

Propane 1-Chloropropane 

45% 

2-Chloropropane 

55% 

-'~ M .a Ill I I • : lr M 

nTlLL'Yl'U'Ylfi1UflRD1ULnfiL'l1n11 LLfl.~~1:UJ.~;!1J1H~.El.D. (selectivity) fl1n11 lJ1VU 

L1iu n11LL'YlU~tl1UflRa1uluTw1uvulfl'«11~«3J H'1u1u'l~\L~~ii«ll'l'lfi\L::n11L~Elniln11 -;,: 

Propane · 1-Chloropropane 

1% 

2-Chloropropane 

99% 

tJ 
.... .-... .... .., .... ,.. ,.., .. 

2.8.4 !Jn1'H1n11'LLn,.ntt~uAaom,fiH 11 Sulfuryl chloride 

Lilun11LL'Yl'U~tl1Ufl~fl;\L 1fltJii«1'lil\L'Y1;uuvafaan ~'111 L,ju benzoyl peroxide Lilu 

fl1L~3JtJ~ffitJ1 . 
1 

0 
n 

CI-S-CI 
n 
0 

Sulfuryl chloride 

<> 
Benzoyl perox~e 

so2c~ 
benzoyl • 
peroxide 

<)-c1 
tJ .... .-... ... "' • ., r: . 

2.8.5 !Jn1'H1n11'LLfl,.t1fi~H\1" '"'",. (~itration) 

Lii\Ln11LL'Yl\L~t1'1u~li~uTn1lti~uTn1UDRLflU tl1,Ltl;tJ1Jltltflul,Y fuming nitric 
~ ' 

acid ~;al,Y +N02-PF6 (nitronium hexafluorophosphate) 
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t.JnffitJ1,Eh1n1fiL~mnLn9l~am\1\nil«" 250-4oo oc n11ti~1tJL~El'Ull~~ti,.:,1nn1fl 
:.J .. "' "' .. 'IJ 

'tun';nLnfltJ1n n1l~,Y"~'"n: C-H LLaiC>-C ut~n,.rn ,m:LiitJ1rl'UEl'U11~ ~u Tn1LliLaEJnn1 

t.J~ffit11 ~"'titi1,.~a-11 

HN03 .. 
Nitromethane 

2.8.6 tlfin~!J1!1D" 7flfAHUiJ8&AU 

CH3-N02 

Nitrome.thane 

Nitroethane 

Nitrocyclohexane 

.. 'IJ 

2-Nitropropane 

1fl tJ ,t 1 L tJ ii till uil 'YI1" L f) iifl a1 tJ LL El ~ L fl'U 1'1i L tJ fl .~.rui~ 1" LL'V\ 1 'U1) '"1 fl L ~ n~" ii 
fl1111Lfl1tJfiL~"~11 n1L~t.J~n';tJ1~Lnfl;f1.L~1"ElElnLt.J L~'U ~'lfffJsfW1UVU ~'Ulr: C-C 

fit ~ I 01; ""' al A ... 01; 01; -:'1 01; .,¥ 
LL,"LL 1"\4El tJfi11r4\41r:Lfl tJ1IJfi fl 11fi11LLflfi'V\ n~1.Llr:LL~:1" Ll.(fl fi"'U 

CH2-CH2-CH2 
I I 
Br Br 

1 ,3-0ibromopropane 

pt 

+ H-OS03H CH2-CH2-CH2 
I I 

Sulfuric acid H OS03H 

Propyl hydrogen sulfate 

H2C\1CH2 + H-Br ~ 9H2·CH2·yH2 
C H Br 
H2 1-Bromopropane 

Propan-1-ol 
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~'l1fflRV7LYIUiJ,fi112JLfl;tlflL'Ut1"1fEWn11 1"LUflt11n;f'Ut Lt\'Vn:tJ~n1t11rl1J H2 LL~: 
i1Li" ~£JnL'V\11iiR"n11~"n1L~1"LUfl tn'UttJ1iffit11~'Ut,3hiJ'UtLL1J1J~'l1fflRfW1UVU 

" '\1 'U w 

D H2 .., ~ 
Ni 200°C 

Butane 

0 
Bromocyclopentane 
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1 2 3 ( 6 

(1)~ 

CH3(CH2hCHCH3 
CH3 

A 

(1) ALL~: 8 

fl!l ca.; ~ 
· LLJ.IpHn\fltl 1J't1't1 2 

. \ 

~1 
a- l2 

8 

(2) 8 LL~: C 

~ 
(4) .,.h1 1, 2 LL~: 3 

c 

... 
(3) A LL~: C (4) Lth.~Wl'lL~EJ1n\n1'11 A, 8 LL~: C 

5. ~\nr: C-H L~Lfl'l'I1Wi'1'11'1JEI'I1 2-methylbutane ~~1l:L~LL;j'I1LL'l'I1~W~ 
1 

(1) 

! <(H3 
H-CH2-C-CH·CH3 

(2) ............... ~ ~,(3) 
2-Methylbutane 
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A 

0 0 0 ' ~ 
1 H __ , 2 H __ ua: 3 H ___ fl1ll~1fllJ 

(~)9, 6,3 

(3) 6, 6, 3 

(2) 9, 8, 3 

(4) 6, 8, 2 

~ft2 ~ -~ 
C D ,., ·"' , . ., ·"' (1) ~., 1-A; ~., 2-C (2) ~., 1-B; ~., 2-D 

,., ·"' . ·"'- ,., (3) ~., 1-A; ~., 2-D (4) ~., 1-B; ~., 2-C 

9. · Rfl1Lfl1~trn.:~~eh'l C5H1o ~ih.:~LLV\1'\4 11.:1 iJla1'1fLllaf2filflLfl1-:~rn.:~...Y.:~"'llfl~LLuu 
~ ' 

(1) ua£Jn11 2 (2) 2 (3) 3 (4) 111nn11 3 

10. ~El IUPAC ~El.:JR11flelltJiff1a 

(1) 2,2,5,6-tetramethyl-3-propyloctane (2) 3,4, 7, 7 -tetramethyl-6-propyloctane 

(3) 5-tert-butyl-2-ethyl-3-methyl-octane (4) 6-t8rt-butyl-3,4-dimethylnonane 

"'... ~ • "' ..r_ ., fl . "' .. 11. rn-na 2-propylhexane L'llflnflel.:J -nannnfl11Lu'\4,£lLfl 
~ ~ 

(1) ~adnnarlLLa1-lliie.:~LLrfl~ (2) 3-ethylheptane 
~ ~ 

(3) 1-propylnonane (4) 4-methyloctane 

12. -N a Lflnn 
~ 

(1)~. (2)~ 
4-ethyl-6-methylheptane 2-methyl-4-ethylheptane 

(3)~ 
4-ethyl-2-methy~heptane 
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~C~H 
HsC CHs H 

(1) 

or 

(2) 

(1) axial (2) equatorial 

16. ·;nn1n'l\nrf1~LLa:il1LaElnLiltJ1nuiEJ 15n1Vl~LLnu~ C4 EJrl.i'1uLilv1nuV\~uJ'na<;n3J 
~ ~ ~ 

~ ' ..I !'I 'I 
"l':'U.1tJ1~ V.'U.1T:tt~El~V\3JLL'Yl'U.'Y1Lu'U.LL1J1J Lfl 

~ 

17. -;nn 1fl"l'~tn1~LLa:tl1LaElnLiltJ1n1JiEl 15 n1V\~LL'Yl'U.~ C7 ElUfl"l'~i13Jrl1JV\~L3JYla ~un: 
~ ~ ~ 

11 El~V\ ~ LL 'Y1 'U. ~ Li~l'U.LL 1J 1J L fl 
~ 

18. 11~ ffi tl1fl El' 11 ift~ ft111.h: L11 'YlL fl 

o-u + . CH3CH20H ? 

(1) alkane (2) alkene (3) alkyne (4) diene 
., .1 ' 11.1.1' • .1••• ..,1., 1 ,.. ' 19. n1ft1"l'u"l':nEl1JtilEl Lu'U.LnfluLJn"l'tJ1n1"l'LL'Yl'U.'Ylfl1tl 1J"l'1J'U. 1 LLV\~ (monobromination) ';1:: 

'1.,_ ..I . 
Lfl~atil~anuuu 

X . (1) 2 

< 20. 11~ffiv1fiEl'11dl~ft11Lfl 

(1) 2,5-dimethylheptane 

(3) 3,4-dimethylheptane 

CM225 

(2) 3 (3) 4 

(2) 2,6-dimethylheptane 

(4) 3,5-dimethylheptane 

(4) 6 

? 
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21. UDTntJ1-n'el 20 flel 

{ 1) Wurtz reaction {2) Corey-House-Posner-Whiteside reaction 

. (3) Gilman reaction (4) Sandmeyer reaction 
.. .., fS' ... .. ., fS' a. e; -~-- I ..,_,..t fS' 

22. n11eleln-11 L<ilti adamantane 'Yl1"~1111YiL1'\LLel~naua~ 2 ~'""""uLJn1tJ1<ilel uJ'U-fl11UelU 

~rmaan~Lttd'l~~~fi~~'V\anLiiUfl1fuau~\t<ilttt .. -

adamantane 

{1) U!lllJD (2) fliit11Jii {3) 9liit11Jii_ . {4) ';1fl<ii'Cl1Jii 
23. 1:uu1"LL'V\1u-na" adamantane LiJuuuuttt · 

{1) monocyclic {2) bicyclic (3) tricyclic· (4) tetracyclic 

24. an1YnL:n11L~el1Jflel1"tu adamantane \i1';J:Ll~JULLUUttt 
{ 1) fused rings {2) bridged rings 

{3) spiro rings {4) heterocyclic rings 

25. LLel~LflU A ih.n~ 1liL~n~ 70 t~~~91~~';11nn11LL'Yl'U~tl1£Jfl~eli'U 1 LL'V\" L V1£J" 2 ~\ttt ....... 

ti<il11fl1"tii'1"-nel" A '\.L1';J:Ll~Ju-n'at<il {UU.el:<ilelll: C 12; H ·1) .. . 

(1) CH3CH{CH3)CH2CH3 .{2) CH3(CH2hCH3 

(3)0 

· CH3 

(4)0 
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