
~ 
lJtltl 1 

~ ... ....... .... .. . ... .. ' . ' 
~'Ufl11111'Yl1-\!Lfl11a'U'Yl'l'r.J L'l'a-\!Lflll~a-\lfl1'l'1Ja'ULL~:a:fla111n9la'U L-n''U H, 0, N LL~: 

~ . 
LLll 1~L';)'U ~Ln~~U'Utfi'l'th:nau-;i1'U1'U111n111EJ\t1Ji1'U"' -n-it~ ~-\Ia ~Lni~1 LL~:i:ifl1111~1~ru J ~ . ~ 

a~1-\111V\1fl1~ fl1111L 'li1 L';)vf'U~1'U'Yl1-\!LfliiB'U'Yl1u n1'l'~i'1-\I~'Uli:Lflii a afih1~-na-\l a:fl a11 
.u 

LL~: 111L~n~ ~'Uti: t 'ULfliiB'U'Yl1U in1Ym:-na-\IV\1iVl-\lniout 'U~1'l'B'U'Yl1uth:L11'Ylfi1-\l ') n1'l' . ~ . 

L1r.J'U i'L rl EJ1rl1J LfliiB'U n1u~ a -\I i:ifl1111L 'li1 L';)fl1111V\111 u-n a-\lfl1'Yl1-\1~1'U if V\li~-\lniou nTl 
~ 'II 

L1EJn~a L 11'1fLL'U'U'Jf la 1'1fL11afn1-\11fl'l'-\ISTH n1'l'L7EJn~atfi'lB'Ufl1uLL~:-ffari1V\'U~Lfla-\l~'" 

·'WI-- .... ..r ........ L11 a L~fln1Y11J'Yl L 1EJ'U1J'Yl'ULL~1'Unfln1Y1tfi111'ltl 

1. an1J1 EJa afih1~LL~:n11i'~BL~nfl'la'UL'Ua:9'1 a11 S111~L l'J~1~1J 1fl'l-\l ~i'1-\I'LL1J1J~1 a~ 

1h:';)fi111Sfl'l (Formal charge) 
• 'II ! 

2. -;l1LL oun~'Un:LfliiL 'Utfi'lnoun1u aafih1~,-it~fi1-\l 'J n11Ltru'ilfl'lf n11L ""i a·11'1faou-na-\l 

aafih1~-na-\la:fla11 n11Lnfi~'Un: 1flL1L~'"ti u~:an1Ym:'ll.Jfl'l-\1111L~n~ 
'II • 

3. aMJ1EJL'l11JfLL 'U 'U'lf fl1111Lrl EJ1'liEl-\l'l:V\11-\11fl'l-\ln1-\IL 11'lfLL 'U'U'lflL~:Udl EJ'l111~ LiJ1EJ1JL fl EJ1J 

.... 1 ... ""'iJ I I Afll "1 A ...... LStl EJ'l111~-n a -\I fl'l'-\1 ft''l1-\I'Yl L 'Uft'1'U 1111 n11n1:';)1 EJ a L~n fl'l£l'U L 'U 11 L~ n ~ S11£l'U 'Yl'l"EJ 
I • 

LL~:fl1111LLflnfi1-\l'l:V\11-\IL'l1'1fLL'U'UtJJLL~:LDL~£lffltl'U';lLni'U • 
4. uananMtiL:ft'fl'l1fl'l-\ln1-\ILL1J1Jti1-\l ') "1LL'Un-n'itfl-n£l-\lfl1f1J£l'ULL~:lu 1fl'l"L';)'U U'l:L11'YlV\li 

~ 'II 

~-\lniou aiu1EJfl1111V\111EJ11~-\IL£l1'1fL11Bf u~:la 1'1fL11af-n-itfl1fl'l-\18i'1-\!Ltl 

5. -;i1LL'UnU'l:L11'YlU~mEJ1D'U'Yl1u anMm:LL~:B'ULflafiiL~EJfiL'Utl~mEJ1 i1i'';JEJ~LrlEJ1'1ia-\l 
riul.J~ffiEJ1 n1fiLL~:L1Jft'L 'Ul.J~ffiEJ1 a'U n1u 
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0 

tJYI141 

fl1flJDU Lih~R1\Ut1fl1li1JEh1i~£itn1fl'Y1n~itfl Lfl£ie~'Y11ULU~tn1111~1Lfl£ii1flnJ £j ·u ~ w 

Ldewnn11~-n11~ LiJ~l4'~;1'U-n£l~~a1tJLnm1~,~~1nu1fi1Rflfn11LL~nJ,.,~ii~ iff1n1·nJ 
Q I 

Lflii Lfliia~n1JLij~n11flnN1Lnith:nrnJ-nfJ~fl1fu£l~ ft'l1Utl'Y11~Lflii nTnfl1tJll lt~u..f1lt1 

fin1Y1R11111:n£lu~-;i, u ~nfl1ll 1fl'l~Ri'1~ fl1ll~itt~~ah~~ni~4~ LiJ~ct1~ \ ~"91' lfl1~a-i'1~ 
\1 \1 

~~ L iJ~f11n1~~flf111ll LLflnfi1~1J el~ft'l1U~Y11~n1 tJ111'YULft:'Y11~Lfl£i 1~1ifi~-;11nfi1~L ~ 
..1 " .I ..1,.. . 1 
LntJ11Jel~L~Vn:Ln'lu'l:n£11J'Ylll C, H, 0, N LLa::LLtJ ftL';l~ 

f11f1J£l~LU~el:fl Elllli1flilel~L~fl11J~ft'El~ Lft1Jel:flelliLYhnu 6 nTift'i'1~~~1i:1Jel~ 
~ \1 

f11f1JEl~iiin1Ynt::L~vn: dit~ft'11U1:nel1JB14'Y11m~-;11~1~ll~1ff1a ft'liUiLLa:f111li1El~L1 

fiEltJ~n'iu1-nEl~~11B~'Yl1uLiJ~i~~ft':rlEl~~~n11n1:';11tJBLanfi1El~L~El:fiElll ~~li:Lflii~ 
111:nEltJ';l1nfl1fuEl~ R111-wi1-n£l~~~li: fl11liLL;j~LL1~-nEl~~~m: 1tl111~ 1JJLana 

\1 ~ 

, ... ~ . . 
1.1.1 oo,-una (Orb1tal). 

lf1fli1firul~tn1a~'Yl;u fie1 c, H, o LLa: N LiJ~lf1fl~iiaLanfi1El~1~~Elna-~El~l~ 
~ w ' ~ ~ \1 

aEJfih1a s ua: p LLa:Lil~~~~El~L~fl11Jfl 1 LLa: 2 iiaLanfl1£l~El~L~L~a~ (shell) ~· 1 
.... ... .... 

LLa: 2 ~1J';l1n~1LflfttJft' 

f111lJU1';l:LiJ~ l ~n11'WU El~111fl a Lftnfi1El~ EII1J1 tJ.;1 u.W~n-a-~ 'Yl1~fl mflfl1 ft'flf ~7El 
~ . 

&~ .. .... A I 2 A 0 ... • ~ 'I ..1 I 

!.!~.n~.~ft~.~ (wave function) fl1 '¥ ';11nft'3Jin11flft~'Yl1WltJfl11li~~1Elu'lll1fi1L~'Y111~1El1J 

it1Lfl~ tJ ft'LLaj';l:L1i'Yl111Jfi1 LL ~\i~ LL 'li~£1~11 BI~B Lanfi1El~ LLtl1J elnfl11ll\i1';l:LiJ~\ ~n11'W1J 

aLanfi1El~L~ll1n~""~'" lfluori'1ltJL";un '1'
2 

ooi'iina ~1u n11ai1nuu1L1mfl,.,:'Wu 
~ .............. . 

aLanfi1El~l~~1,~ 3 n~ fl1llft'lln11fla~li,a-nf11El~tl'll 3 uuu 

1.1.1.1 ·'-~1lfJ.?.~.Hi~M.iQ. (Principal quantum. number) 

Lft1Jfl1El~tlll~~n lJDn?JU1fJWD,JDDrunR fh n La.iLiJ~ 0 iith~LLtl 1, 2,· 3, 4 ... L-rl~ 
El£lfih1a~ n = 2 ii-n~1t~l~run11 n = 1 n11n7:9l~aLnnfi1El~~1n£l£lfih1ailln~it1Lfl~tJft'. w ' .. ~ . . 

LUElElfih1a~Elrl~1~£l£lnltJ ~El~flttns~-ws-~~,~ La-nfl1£l"'ill~~n~~uEln~~~~1u-na~£1Elf 
\1 .\1 
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1.1.1.2 tfJ_-p_f!']!}_l;'.!i:':l.r~~~N. (Angular' quantum number, f) 

L~~fl1B'"c;l11Li\11111 1JDn1UY11,J!J8<3BBfDns iJthBci1::Vrl1\l 0 n\1 n -1 (LI!Ji'" ti1 n = 
~ v . . v 

3; ti1 I BT;r;J::LiJ'" 0, 1 V\1B 2) 

L~a 1 = o aaffln~iJ.,tJi1\IYl1\ln~11 .. 
I = 1 1Urt\ILLUU.i1JL1Jft .. 
1 = 2 '1U'Yl'1\lfli1vlul~n;u .. 

...... tk...r ..... ~ ,k 
LL~::'l11J'11B'"111n~'"L11 B L~~fl1 El'"flliL "D\11111 ft'\1~'" 

~ .. 

~ I X 
I= 0 I= 1 I= 2' 

1.1.1.3 ·'-~~fl.?.tJ.Hi'I.~~~-'J~P.D. (Magnetic quantum number, m) 

L~~fl1 a'"c;l11LLliL V\anllDnnffn1" lun'11"~ EJ\1 aaffl11~1J1\I~il~ ~ L'1vn magnetic 

quantum number L~11::aaffln~U1\I~U~V\11W~\~9i1\lfl'"L~EJEJcil'""'"111LLliLV\~n 
~ v 

... I I A I ... I fl • 
m 11fl1'l::V\11\I -I t'l\1 + I (L~'" t11 I= 2; fl1 m El1~~::LlJ'" -2, -1, 0, +1 V\'lEl +2) 

~- ... 1.1.2 Shell LL~:: subshell !Jih1001tJYia 

L_s-of17BuflvvtfihllDnz:hflll-uD"'~sl rnvl'"L~~aiJL~saciav (subshell) l-Hi~trn"JYm 
._, ._,... .. 1'1 I • ._, .. 0 ... .. • 

9'11L~~-i'I1Eln"JY'lLL'Yl'"L-n~aLL~::L~S~tJEltJ L~'" 2p V\1El 4f f17LR?JV\111£Jt1\1~1~UL~~~ V\'lElL~~ 

fl1 El'"c;l11V\ in LLS:: fl7 an 2Y1V\111 tJn\IL ~~a ci El tJ~\1 Ln9'1~1n L~~fl1 a'"c;l11 L i\1 1111 l ,Ye)n"JY'lLL 'Yl'" 
~ 

s (I;:: 0) p (I= 1) d (/ = 2) f(l = 3) 

aLan9l'lEJ'"LL9i~::a'"n1fl i1L~~~~fl1EJ'"c;\11 (n, 1 LL~:: m) t11::-;l1c;\1 n11tJ1::naun'" 
~ ~ 

~El\IL~~fl1El'"c;l11L9'1 vllif'hit~n\la1.iurhl V\,.iaaffln~LLU1Jfl1\l ') .i\IL I!Ji'" 
... 

~-~-~.n .. =:=.J. 

flTiiEl\1 I LL~:: m ';l::Li~J'" 0 

LS~fl1a'"c;l11~::tJ1::naun'"l.i'L~tJ" 1 LLuu V\1aiJL~v" 1 aaffln~ fia 1s aafflnfl 
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4 

.. 
~-~~.!L7 .. f 

th-ntl\1 I ";J:LiJ~ 0, 1 LL~: fh~tl\1 m· ";J:LU\4 0, -1, +1 

······Q: ·.·· __ ... -·· 
... ---~······x . . . . . 

Px 

..sl 
~-~~.!L7 .. ~ 

. 
' ,. 

z 

: !' ' ' 

··-.... ~---··· ···-... ·. . ... -·· 
~·' .· ..... ----· .. -·· r;:...... ..----···· . ·········· 

y : . . . . . . 

fh I ";J:iifi1LU\4 0, 1, 2 LL~: m LU\4 ~2, -1, 0, +1 ~;tl +2 

L~-nfl1tl\4~iin.h:ntlun\4Ltl9 LLUlJ ~1£lii 9 tltlfihi'~ LU\4 3s 1 tltlfih1~, 3p ~1\41\4 

La'l.lfl1 aui&~VI in 
(n) 

2 

3 

1s 

2s 

2p 

3s 

3p 

3d 

1 

3 

1 

3 

5 

... 
mant11eua"a~ . .. 

luL1faatiav 

2 

2 

6 

2 

·a 

10 

2, I 

8 

18 

CM225 



eLSnfi1El'\.L 2 eLanfi1El'\.L ~atJ\tlluaafihiaLflEJ1n'\.LflB'Iiln11iJ'U~UJ'\.L (spin) tl1'1rl'\.L v • 

flElfl1liL-iili'U1Wn1LLa:fl1'\.LL;jli'\.L1Wn1 \lffi1li-nfl1El'\.Lflli~L1E.Jn LR!IftU14 (spin quantum 
1 • A fll .l_<l, ., t !If .. I lit ..1 

number, s) 2 fl1 flB +% LLa: -% BLantt1El14fl1J'\.L11\~'\.Lfl1'111111~; ,., L11Lli'\.LfiLLlJL 11\anflfl1~. 

-n'111n-u ~'~~inn-u\l'BE.Ja'lrh1.~B~Ltl~~ '(pair) 1.-uBBfflnaLilEJ'ln-ulti 
I 

~Lanfi1El'\.L~B[j111EJL'\.LL-n"aLfLflE.I1rl'\.L BElfflfia[jeJEJ-.o"\tfl s il~~~~1'\.L~1a'fl ~~~~1W;J: 
~ . 

L~llfl1llfl1La-nfl1El'\.LflliL~~~ll (I) ~~'1~1'\.LRli~.,;~~Lilu s < p < d < f 

... . ~- ~ . 1.1.3 n1'1n'1t\l1!JDLRn91'1014Gl11JDD1tJfiR (Electron Configuration) 

... ttk · A lit ~~ ra ... .. 1 , , ....... ..r 
· 11\an~'U~1'\.L11El~n111J11~Bu~nfi1El'\.LL'\.LElEl11JflaL1EJn Aufbau pnncaple llfi~'\.L ... . 
1. L~lln11lJ11~~Lantt1Bua~1.-ueJBfflna~~~'~'~1'"~1Rfl LLa:un~na: 1 ~Lanfi1El'U • • • 
2. LLfia:eJBfflnaiJeLSnfi1B'Ulill1n~Rfl 2 aLanfl1El'\.L :A~iJRU'\.Lfl1~-n'1llrl'U {Pauli • 

Exclusion Principle
2 

11\'iEl 'fi'tn11v#,f1trrJiD.Jn1J'Wt]~n111111D.JDLRnf11EJU) li' 
iru~tnYmanfl1 t ,.,'iB -1. LLflu~Lanfi1Bu fieLanfi1BouililRil'"",.~-n11Jnu~~LL.,u 

v ~ ~ 

i1EJ t J. 

3. n1mYI~i~'I1'\.LL'Yhnu (degenerate orbital) L~'U BBfuna· Pr ,f~R1~ L~lJ'l'l~Lilu 
e Lanfi1B~L~ E.11L ;.;'fl1UYJn El Bfun aYI il~ ~~'11'\.LL 'Yhn-u (n£111 B'l Hund

3
) ~~lJ11~ 

L -n'1ltfl ~fl11JflL ULLtia:eJElfflna 
~ 

1 ' ... .. ., tl ..1..1' .. ... t - ., ... Wltltl 
Aufbau 1l1~1Lr.JEI'~2JU ?tll1r.J{h1 "011ftTH" LU'Y}U?tll1r.Jn~n11ln'h1tl::"tlll flr.JlJ'1T;JtlLSflfi1ElUL-n1 L LU . . . 

eefflna L~aa'r.iev LLa::L~aath~ 'l 
2 

Wolfgang Ernst Paull (flfl.1900-1958): unnq~~~ifuf~11ElEli'Lfl1r.J~f\vn.J'Yl1l~~'Yl1~nafl1ft9li 
fl1ElUill (Pauli Exclusion Principle) lii'un~1aluLtJSft11i1~inlluiJ flfl.1945 ';11nn11flU~tJnD-nEl~ 

.. ..r. 
1ffU.I~19lUL3JEl flfl. 1925 
3 

Hund's rules ?t1e Hund's eases 111';110 Friedrich· Hund (flfl.1896-1997) unf.!inft11Lr.Jtl13JU 

fh~1u1iv\u.,-:iue:fle3JLLa:l3JLana · .. 
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_L - -·-·2p _Lj_ 
-2p _L ,j_ j_2p --

jl2s .il2s .il2s -
jl1s 

,' 

1L1 .. 1L18' 
Boron Carbon Nitrogen 

Jl j_ .L2p Jl Jl .L2p Jl Jl Jl2p 
jl2s . jl2s jl2s . 
jl1s 1L18 jl1s 

Oxygen Fluorine Neon 

1t1fl1.3 011iflaLR09l10WJJ0-3 B,, C, N, 0, F LL&: Ne f-3oti\Ufl11J~ 2 .. ' .. 
... - • / .. .,. "' "' 2 2. 1 1 .. 2 2 2 

nTl';lfl8Lanfl18'U-n8~ C 81-;lL,tJ'U ~fl~1tJ C) LU'U 1s 2s 2Px 2py 'V\18 1s 2s 2p 

i1La-n~unri1~~';l:tJ8n-;i1u1uaLanfl1~'"~arllu88fufia'lfil~~u'l 
'U . 

6 

1.1.4 i'fd2otfiDII (Atomi~ radius) LLR:11n1wlww1au (Eiectronegativity) 

H 
0.32 

~-jJiff]iji-:i 
K Br 

2.03 1.14 

·1shell 

2shell 

3shell 

4shell 

Sshell 

-isiJ1f'IL1LRU.f Lfiufu 
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1.1.4.2 ~l1J'!.'I.'J.r!:~~U~Y. (Eiectronegativity) LU14fl11liR1ll17fl-nEh1El:lilennn~lun17 
~'11flfl aLanlil'l"el14L i1V\1 tl1 Lel'l1 V\1elfl111Jfti&11'H1-n el'l1 el:lil elll L 14n17~~ aLanfl'l"el141'1114Eln ft'fl • • 

... C"A fit ....~.. 111 I .... 1 .... 1' .. 111 ~ 
'VI'l"elL 1La141JfelLanlil'l"el14 'Yl L-n71lln14L 14?1141f: ~fl\1La14flL -n1V\1el:flelll1414 '] 

fi1ft'11Tr~'t ~~, au;f14nu\11141'-'1thflB14 ~it1Lfl~ t1" LLa:\1114114L -naa'~iia L~n lil'l"B14 

(L '7iuL~ t11ntJ7flii el:fl Elll) ft'111?1L~~1atJ'1Jel'11n1~~El ~L 14fl11JL~ t11Tl14~'11L ~ll;f14';11n~114cU1 t1 

'ttJ-n11-nB'I11il171'11Ii1fl ua:ft'111?JL ~~1au-n El'l1 B:fl Elll~ e1 ~l 14 V\ liLfi tl1n14~'11alila'l1';11n~1141JU • • • 
-neNiil111'11tnlila'l1~1'11 • 

fi1R111~L~~1alJ'1Jel'l1el:lilel3J1f1fliifi1';11n 0 - 4 lil1li7:1JtJ-nel'l1 Linus Pauling
4 1r11il~ -• • 

iiti1ft''l1~1il flEl F (4.0) LLa:~1~flflel Fr (francium) iifi1 0.7 ~14n:~Lnfi';J1nB:<ilelll~iiti1 • • • 
ft'tn~L~rhau~1'11nUll1n (~ 2) LU14~un:LBBBitn ti1iifi1fl1·1liLL<iln~1'11ll'Btlni1 2 LL~ ~ 

!'I .... 1 .. ... ... ~ ., ., I .... !'I .... 
0.4 ';l:Luu~un: flL1La14<il-nUflll-n1 (polar covalent bond) LLa:fi114Eltln11 0.4 ';JfiLuu~un: 

1flL1Lau91-nitlilL1iii.C1 (non-polar covalent bond) 

•m~l~YhtUJ t~u;f\4 
,---

H ... 
2.1 

_Li Be B c N 0 F •m~l~Yhau 
1.0 1.5 . 2.0 2.5 3.0 3.5 4.0 

Na Mg AI Si p s Cl 
0.9 1.2 1.5 1.8 I 2.1 2.5 3.0 

K Br 1 
0.8 2.8 

- r---
I 

2.5 
._____ 

1.2 ft"6tLAii (Chemical bonds) 

""' .. "' ..lA ..1 \1 111111 ""' A 'l ..; A 1 • A "' 
Tnu;::LAIJ LiJULL1'11'YltlfiLV\Uti1El:<ilelll L1fl1tln14L~El LV\Lnfl liLanaV\7B71.J~an LiJULL1'11 

• • • 
~'11flflLL1JlJL~~1~n<il'l:'VIi1'11BL~n<il'l"ElU-nel'l1el:<ilElliV\i1~ ntJit1Lfl~tlmJEl'l1~nel:lilelliV\i1~ LL~ . . 
-ntu:Lflti1TlUL141liLanaiiLL1'11~an~Lnfl'l:V\i1'11flL~nfl'lel'U.~1tlfl14LLa:'l:V\i1'11it1Lfl~tlft'Lel~~1tl • 
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~ulJ:Laaailn Lnfl';l1nn11Ihm 1auatant~1au';l1no:flall'vrd"ltJilna:flall\'\rt" 
ua:'YhL~Lnfllaaau;fu 

~ulJ: lfl L 1 Lauff Lnfl';l1nn11~ a:fl all 2 a:fl all l ifie Lan~1aiL i13.1nu ... 

a:flalJ1J1fl~"iiatanft1aulajfl.,.u~"~u,u1llrhl~iiaLanfl1ai.t.~1""an~"fl'u a :S" 
~ . ' iJ ..I ..I I I 7 - 11 . ..J..J g; L U'Ylll1-na" n!JDDnLCRCft (octet rule) nna:'l111 .1!r!J.!~!1fl.(f:J.! .. !.;.1JJ?Y..!J;!]_{J_;!J1~f!!!.?.11Jl-Y. 

?IEJ.~.fi.n1 nu. J "--".1.{1_ 1 !!.~~ ~ n.!l.i.RH.t~ ~~.n.~ .. fr.t~n!.lmnfl.v.J.!.i.'l~J-~'1 f]J!J.~~H~-~ ~ ~ ~?. rr21ff.1"-~ 
!]J;.Q!j, (Lh\'\i'lJ H, Li LLft: He \1Lau.faLan911ElULUU 2 LL'YlU 8) 

1.2.1 W'l46tloooitn (Ionic Bond) 

W'l46:: lo o oit n L iJuu '"~""" LL1JtJLv4V11tdit~1:\'\11" la a au ~iitJ1:';) "'"nu-li111 ... ~ 

(LLflfl 'la a au ua:LLau la £leu) Lflf1';)1nn11~a:t~Elllfiiiwn1ViL v4V11aufi1"nu1J1n 'J L~\'\1El 
ltl'i'uaLanfl1au 'Yl1L~Lnfla~1l1,fl.~LiJutl1:,;fu L-Du ~u1J:Laa£liln~Lnfl';l1ntJ~ii1u1, 
1:\'\'h" El:fiEllJIIJJEl" Li LLft: F 

·····-·~... .····••·· .. 
.····.. . :' ...... ... 

{ { Li •. ~ + ~ ( F ': : 
~- ..... ~·· .·~·, ' .... ,•' ,' ... -.. .' ·.. .. . ... ,' 

.. 
· .. ___ ... ·· ·· ......... · 

1.2.2 W'l46tTAL'JLa'l4tf (Covalent Bond) 

.. ---~ 
( Li .J 

lilt •• ;,. 

. ............ e 
... ...... . .. 

+ tt { F ·~ • . .. . ,' , 
·... · ..... · ... · 

·· ........ · 

wun-: r fH I u~ul Lflfl';)1nn11~ El:fl Elll RO" El:flelliin11L ifia LBnfi1ElU 1"UEln ~fl . ... ~ . 

i1llrlU rh L~LL9ia:a::fla11iiBLSnfl1£1ULtl~f\11J 1fl1"trrHLL1JlJ';)f11J a"a.1 Bn1tJ L~L ~u,)1u 1U ······················--·-··-······························ . " 
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... fit fit ...... fit .I fit "' ... ... ,¥ 
El Lanc;rnlu 1-\1'\Uln ~~ LLa:L 'V\Un11'9flflLanfi1El'U. 'Yl Lfi3Jfl11J LL1J1Jn1'D'3Jfi1:Qa-n-~-nu (2 

aLan~1ElUth'V\i'u H LLa: a aLanfi1Elutn~i'ua:fla3J~u ')i1 lt.J) 

.... .··••·· , ' , ' 
( H ~ +! Cl I 
' , ' ' ... -., ' ·-· ..... · 

..... ··••·· 
( H ·.- Cl ·~ · .... · ...... ·· 

• .., T .-
1.2.2.1 .'l.?JfJ.H~H-~;-~~H.?.'.~H-~ _ 
... 1 .. ...~. ... ,¥ ..... Aflt .I ~ • 
~Ull': fl L 1 LflUfi'YlLLfla:El:fl El3Jft'11-\l ,UntJ-;J1U 1'U.El Lanfi1El'U. 'Yl El:fl El3J'U. 'U. ')111~'V\1El 

9i'EJ-\In11L ~ElL ,.;'fl11JLL1J1Jn1'D'ijfl1:na L UR11U1:n El1JBU'Yl1U~U1l':fhri1-\lij-;11U1'ULL 't.iUEl'U. 
\1 

fl113Jft11111tl'd'L1tJn L~La"l!f (valence) fl1f1JElU~ih~El:fiEl11~ilfl tetravalent ,t'ufiEJ~un:~ 
flTfuEJutri'1-\lt.Jn9lij 4 ~un:, o Lilue:f1El11~il~ divalent (2 ~un:), H LLa:LLuJaL-;JULiJu 

El:f1El11~il~ monovalent (1 ~un:) 

,• ... · ... 
4 :' H ~ . ' 

', ... _·," 

.··•·· ' . 
• c ·~ . . · ..... · 

,' .... "', 
:' H ! . , . . 

, .. ···., ,: ..... , ,···· ..... 
--•{HJc'jH! 

·· .... · ··.-... -:: · ..... .. 
:' H ! . . 
',_ .... " 

~Ull':L~tJ1 (singl~ bond) ijn11LifiaLanfi1BUi111rlU1:'V\11-\IB:fla3J 2 a:f1El11 1 fi n1 
\1 \1 

ijfifiLanfi1ElUt 2 fi LiJu ~un:fi (double bond) LLa: 3 fi LiJu ~'\.t.ll':tn3J (triple bond) 
\1 \1 • \1 \1 

........ 
( 0 ., 

....... :a:..- .... 
( H.,. C •t H ·:~ 
'· ...... " ', ____ ,.' · ...... ' 

'YlfllY~ i1fl'ty~anu1~n11trl'1-\l~un: t '\.t.111La~ a LiLLri Ylf11!1DWU1i:L 'JLtn4.f (Valence 
.. ti'IA ... T ~ ... 

Bond Theory) LLa:Yif11!1l]DEJ111YifH11LHnft (Molecular Orbital Theory) 'Yl-\IREl-\I'YlfllY£)~tJ1tJ13J ' ' 

aiu1 tJ1U'Yl1-\l 111 Lan a-;J1n1n-n11Lnfl~un: ~"ijn11 t ,m Lanfi1El14 i13JnuL vt at,.; EJ:fl El11ff" a-EJ-\1 
\1 • 

ijaLanfi1El'U.fl11Jfi13J-;11U1U ij1fl1-\lwi'1-\IBLSnfi1ElU~LtffitJ1 a:fiEllliinaElfih1a-;J:ijt.J~i11~Uf 
fi Elnu 1fl vn11L 'V\~ El11'lfElu (overlap) LnfiEl Elfih1a~ijfiLanfl1aufi4" EJ:fl EJ3JJ'-\I a-a-\1 t ii111nu 

• \1 

... .t=l ... ,¥ .. ... .. ... ., 
LLa:LnfiLuU~Ull':-nu 2 LL1J1J flEl ?./.Hlr~"-TJ.;[] LLa:.~~-~;'.H~ 
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. 1.2.2.2 .Ji~.~~.'P.TJ~.! (Sigma bond) 

A .... II I I A ... ~ I ""'ffl ..I ..I 
lJ'lL 'HUL ~~ El11'1f.ElUrUJ1:~11.:JU 1Lfl£1 tJRfi.:J REl.:J fi1111~U1 LL U UtlL~O'il'lElU1110'YlRfl'Yl 

·~ ~ 

mL 1nLLL '"1 LLnu ,-:~11.:JU1 Lfli tJ R'iltl.:J El:fl EllJ~.:JREl.:J DLan'il'ltlU 1 UElElfihi~LnflLL 'l.:J~.:Jflfl~lJ 
~ 

U1Lfl~tJR1fltJ'il'l.:J aafih1~ 111L~n~iiin1YnL:R1111·1'il'lLLlJUfl'l.:Jn'l:UEln (cylindrical symmetry) 
~ 

I A ... ~ ... ... .!') I .,... ... ... ..I ""' .¥ ... ... 
'lEllJLLU1LLOU'l:~11.:JU 1Lfl~ tJRfi.:JREl.:J 'lf.:JL'ltJn 'D nN1 ilil11J'Ylft LL~:~U1i:fl LOfl'iiUL 'ltJn ~~~; 

~n~1 (cr bond) 

... ... ... "' ... 
1.2.2.3 fJ.?.!.'J.~!.?.~.H!;..~-~-~~!.~.~~-~;JHJ~fJ.?.!!I.~~-p_"-~~!.~J!.fl~.~~~; 

(Bond lengths, Bond energy and Bond strength) 

Ill ... .¥ ... ' ... I A ... I 

LL'ii.:JLL'l.:JLu ~1:fl1'i1UnlJ'iiU1fl'il El.:J El:fl El11 fl1111 tJ11~U1i:'l:~11.:J El:'il El11~Ufl~U.:J ') L ~U H 

nua:'ilB11~uLi~Ju~.:Jd . 

nu El:fl El11~ El UL U<i11'l1.:J1i1 <ilfi1U Lil tJ1rlU fl1111 tJ11~U1r:"il:afl ~.:J"il1n'Ji1 tJLU'i111 
~ ~ . . 

I I 
H-C- H-N- H--O- H-F 

1 

1.o9A 1.01 A 0.96 Jl. o.92A 

H-F 0.92 Jl. 
H-CI 1.27 A 
H-Br 1.41 Jl. 
H-1 1.61 Jl. 

... II ... I ... Ill ... ... flit • ._. .¥ ... 
Lflll fl111fl1111nriU1i:"il:LL'ii.:JLL'l.:J ,Y-4~.:J.:J1U~\41J:LL~:fi1111LL'ii.:JLL1.:J'i1El.:JY-4Ulf:'iiUOlJfi1111W'l1111fl 

LUn1'l~.:JDL~nfl1El'Ut 'iiU1flel:<i1El11~ri1.:J~Utr: fi1111LL~nfi1.:J'i1El.:J81l1~L~~h~u LLa:1fl'l.:Jri1.:J_ 

'iiEl.:J l11L~n~ lfl u1111 lflufi'1 ltl~un:Lfu"il:LLi.:JLL1.:J111nn11 . L~ a a:'il El11D if1: 2 a:'il El11 Ri'1.:~ 
~ . 

... "" ... ... .. 
LL ~ :L 11 e 'V-4 '"n: LL 'il n ~ n "il: 11 n1 'lfl <i1 n ~'" 

~ 
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1.3 1U't11'{JT3JLana LLat Valence Shell Electron Pair Repulsion Theory 
u • 

'Yltl~~ VSEPR anU1£11Ufi1·Ui-3LTu1flmflLLa:llli1:~11~EIEifih1a ~7El1Jll1:~11~ 
;,) .. . . 

~un:11£J~ 1fl,~ri,~ 1fi£Jila11L1Lau4eLin",aumafieL~n",au'iim~~un: 'V\1al1i'tti'm1~ 
. .. 

~ulr:nfl1ll -;,:~~nnuLLa:ativh~numnftwtlLYhftLi~lulti ihl~Lnfi1U'Y11~~n~rn:~h~ 'J .. .. .. . 

Gl1Tl"if1.2 LLftfl~~ittl'lJO~~l11~L:a~Lnl1flfilflfl1lll1fl~~ VSEPR
7
' 

Ltnear 

2 
3 

4. 

Titgonal 

Linear 

trigonal plfnar 

tetrahedral 

Tetrah.edrel 

1.4lou~l~Lilfi,.. uatuu4unaNft3J (Hybridization and hybrid orbital) 

~eriJ1~fiL-J!WU flEln11~Rll11li~El~EI:flElliDnaafih1a~J~fi.~i~LLfiREl~-n'Ufl;fultJ LU 
..,. -.. 'I ., r-. -.. 'I •-' :'1 r-. -.. ..l 'I ., ., -.. 1 r El:fl Elll Lfl £J1nU L 'V\ El El'lU 'Y1 a L ~ll 'Y1 Lu UEl El'lU 'Y1 a~ Rll (hybrid orbital) L ~ El L -n'R11~~U1f: fl L 1 L aUf! 

• .. .. 6.- 3 2 3 3cl L-n''U. ElEl'lU'Yla~Rll sp I sp I spl sp d LLft: sp 

lua~1t11:naueun~Ef H l-Eaafih1a 1s m1~~un: ti1u c wr,~~un:nua:flElli~U'J 
'V\ft1£J-n'Ufl Liifl~Uti:'V\ft1[JLLUU LUU~Uti:L~£11 ~Uti:~ lLft:~Uti:rlll eL~nfl1ElU1.~UEln 
Rfi~EI~fl1fuau iJ 4 ,rflfl1EltJLU 2s LUUBL~nfl1ElUfl'41U1U 2 BL~nfl1ElU an 2 eL~nfl'lElU . .. .. 
atilu 2p (LUUBL~nfl'lElUL~£11) (111 1.3) .. . .. 

fl1fuauLiifln11~Rli11~'V\1atJ1ua afih1 a Lih~a afih1 a~Rll l ~iJ'lti'Yl'l~~ L 'V\ll1:nu .. 
., 6.- 'I ., .. .. 6.- . 'I ., 6.- .J 'I ., 6.- ..1~ ., • .... 

n11R11~~Uti: n11.~~!J.FJ.1.1:!Y.I.~~-'-~-!.~~D.1."t(f1J~!!~~;.Il:1.~~~~~;.'YJ.~~-~~~~H~1~ .... ~~-1J.;~.DJ1 
.J. ., ,¥ 'I !1' .., .... ,.f 6.- 1 . 

L 'V\aElll'l1ElU3J1n-nu L 'V\ LliLftnft'YlLRfi£J~U LLft:~a~~1U~El~ liLftnaafta~ ................................................................................................................ 

7 
1ULLa::ialla';l1n http://winter.group.shef.ac.uklvsepr/geometries.html . . . 
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,... ... ... J 
1.4.1 o o-sunaAftJJ!f"" sp 

Lnfi-;J1nn11~LU.J111n1u-no-\I£J:fla1Jiinaafih1a 4 aafih1a fta ~itfl 2s 1 aafihia 

· LLa: 2p 3 aafih1a l~aafih1a~cnJ~itfl sp
3 ~1u1'Ut 4 aafih1a~ih11i1-\IL'V\iia"Utn'Ut 1J1J w • 

... ... 3 ~ ...J ' .... ... .. ' ... ... .... Ill 
ElEl11J'YlaLL1J1J sp 'Yl-\lft'';l:£J~1El1J'Ut1LflaE.JmJEl-\lfl111JEl'Ut LLfla:O'UtlJ 4 ElLanfl'lEl'Ut n11 

~ann"ttt'1JEl-\IBLanft1£J'UtL'Ut sp
3 ufia:el'Ut. rht\fufia:aofihiaarl'Vi1-\l;nnn'UtLLa:ifltl1 L'Ut~11-\l w 

3 iiihiJ'Ut'Yl1-\ILflfl1!'Df11DU (tetrahedron) lfluYI11J1J1:'V\1~Hn14LYhn'Ut Lilu 109.5° fl1fua'Ut • ...J,... ...... ... ,r..,. .. I!': Ill • .. .... 3 
'Yl ~ElEl11J'YlaLL1J1J'UtL 1tlnfl111JD'Ut~.._.fllflfl1:'lff)1DU 'V\1Elfl111JO'Ut~'Utfl sp 

J__L_ 

jl_ 
2p 

+ -.-
2s 2s 

J_J__L 
2p 

a a a a 
j_·j_ _L j_ 

sp' 

!J.rn.'H (methane, CH4) ii~u1r: C-H L 'Vliiaun'Ut 4 ~u1r: LLfia:~ulf:iifl111Jtl11 

1.10 A ~a-\I-\11'UtRa1ti~'Utlf:iiti1104 kcallmol ua:1J1J1:'V\11-\I~'Utlf:ufia:1J1JLU'Ut 109.5° LU'Ut . ' ~ . 
n11L'V\aa1J'lfEl'Ut'l:'V\11-\I·aafuna 18 ;nn H nuaafuna~L'Vliiaunu 4 aafuna'1J£J-\I C . 

a 1s 

a'i'~ 
I 

I 

sp3 Carbon 

'I• .. ...Jt~ ~· ....... 3... ... ... -L'Utf:?H1H (CH3CH3) fl111JEl'Ut'Yl -JlElEl'TU'Yla sp 1J 2 o:flo1J ft'11-\I~'Utlf:'lfn1J1 C-C 
3 3 I ....... ••• ... I I .... Ill~ C' I ... (sp -sp ) 'l':'V\11-\In'Ut U1L 1 nu 'V\a £J1J'lfaua EJ1:'V\11-\I'Ut1LflatJ ft"Yl-\IRD-\1 fl111J El'UtLLfl a:a:ft a111J 

w 

aafih1a sp
3 Ein 3 aafflna LLfia:eJ'Ut1:L'Vli~ll'll'aunuoafihia~itfl 1s -na-\llult~1L';l'U i-\ld 

H H F sp3-s sigma bond 
I If 

H~?(?-H · 
H H . 

si>'~~~ sigma bond 
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1.4.2 sp
2 
Hybridization LLatft"Ma::lw 

aaffln~~tUJLLU1J sp
2 Lnfl';l1nn11~tUJ1111n'U.-nEl~El:flellliinEJaffln~1fitfl 2s 1 ElElf 

fl'Yl~ LL~: 2p 2 EJEJfflnR L~EJEJffln~~R111fitfl sp
2 

-;i1U1'U. 3 EJEJfflnR~1Ui1~L'V\iiEJ'U.rl'U. 1111 
• \1 • 

1:'V\11~ElElffln~L fhn'U. LL~:rnt~~1'U.Lfhnu sp
2 ~~Wl11EJEJfflnaa[jL'U.1:'U.11JLtl£J1nU fl11111 

. \1. • 

1:'V\11~n'" 120° LU'U.1U'Y11~LL1J1J trigonal planar Lh'V\11JEJEJffl'Yla-nitfl 2p an 1 EJElffl'Yl~ ~ 
\1 . . 

LajLi~ti111111i1ll ';l:EJ[jL'U.LLU1i~~1nnu1:'U.11J-na~ sp2 
EJEJffl'Yla -

\1 

. ·""' .120° ( 
s,? hybrid orbital. . . ·.··. . · 

~ Ji•/ ~~ 
sp2-s{il sigma bond 

0 -.; ... -.; ... .,... I -.; I '&I '&I I. 

ti1'V\11J 2p EJ811J'Yl~ 11 2 lobe 'Y111-n'U.1fiL'Y11n'U. Elllfi1'U.1J'U.LLR:fi1'U.~1~1:U11J-nEJ~ 
\1 

2 • ... -.; ... - • .. A ... . ., ... - .. .. 'I I I 

sp LLfi~:EJEJ11J'Yla11 1 EJL~flfi1El'U. '11~';l:UIJREJ11'11EJ'Ur11"f11U?J1" 1J1L1nLL'V\~EJ11'1fEJ'U.UJilll 
' . " 

1:vd1~it1Lfl~llti~~ft'El~ LL~';l:EJ[ji1'U.1J'U.LL~:i1'U.~1~-nEJ~1:'U.11J~-u.n-:tin111 L1un lrtnnf 
\1 

una (pi molecular orbital) 'V\;Elft,..6tlrt (1t bond) ~~LU'U. 1 L'U. 2 ~'U.tr: -na~~un:fi 
\1 

f C-Cxbond 
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... ... , 
il nttm::rnus:: L w 

1. ~.1:t.;!1J.l~n11.~n~.l!nm~1 

~"tr:l~ii~i""1Uft\1n11LLa:ud1v,-1taun11~un:I.Bn111 (sp
2
- sp

2
) Lantl'av u7nm 

~ . 

L"'aa11'lfilUElU~1\f.1JULLa:~1U~1"-nil"1:U11J~Utr:I.Bn111 BLanf11ElULU~Utr:L~~"t1nn7:'Y11J 
. ~ . ~ 

J1uni'ieLanf17ilulu,n11~aafihia Lii.flR111~.ff1J1vni1 Lfl~au~J1vni1 \]nL-H1fi1tJ~ii1v1 
~1uni1 eLanfl7aulu~un:l~~"l1tian11LnfltJ~ffiu1111nni1~un:'n111 

2. n11"'11'"1au~un:nn-;hnt1 ..........•................... ..,. .......... . 

1.4.3 sp Hybridization 

.,_ • tf• .,_ tf• .,_ A. tf• .,_ t(' 

n11~R111111nu-na"a:flil1111na£l71J'Y1fl 2 tltl11J'Y1fl flil 2s 1 tltl11J'Y1a LLa: 2p 1 El£l1· 

ihi'a L~£lafih1R~ft'11-.o"itfl sp '41U1U 2 il£lfih1a~1Ui1"L"'il£lunu. Vii""1U-L l'hnu 1111 
' ~ . 

7:Vd1"£lafflnflL'Yhnu 1f1Ufl111117:"'11"n" 180° LthURUf11" n1m\i£i£laffl~a~itfl 2p 
' . 

A ... ... • ... ... ... - fit '•tt . ~ . A ... ... ~ L"'aa 2 tltl11J'Y1a LLa:LLfla:£l£l11JYla11 1 £lLanf17£lu ~:tlu LULLU1fl"u1n'lf"nuLLa:nu LLa:fl" 

l_j__ 

.tL 
2p 

2s ,2s 

{ sp hybrid o~l 

o.oc4 

~ 

j_j_j_ 
2p 

... ... 
LRQ\4'1tfl1J 

P . . 

sp 
uo.fimn 

Nft&~«ll"n""'u;:: 

·sp 

lu.~;:~~fiH.~ (C2H2, acetylene) fl1fuauorf-3wa"a::fla11Li£lafflna~~11 sp wi'1" 
~un:I.Bn111 sp-sp 1:"'i1"n'" fl1fuauLLtia:a:fla11il: sp aafih1fliin 1 aafflna LLtia:rru~: 

L"'~illl'lfaun1Jil£lfflna 1s -n£l"llf1fl1L~U l\f~utr:'in111 sp-s 
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·H-c::c-H 

~sigma bond . . . 
: 

1
Sr;s sigma bond 

t 

1.4.4 Hybridization LLatA111l ll11ft~6t 

eefih1a 2s ~a~~11-t.~1n11 2p LLa:aL;n911El\t.L'\4 '2s ElULniil1Lfla£.1~3.11nn11 
'\1 

BLan911El\t.-nEl~ 2p eefflna~m.J~ijan~tu...~El~ s a.nn';l:ij~a~~1\t.~1n11 LLa:e£lLniil1Lfla£.1~ 
'\1 

I A ... ... ... fit . ... ... ~ .... ... A ...... 

a.nnn11 '1f~3J~anufl113J£J11~utr:LLa:fl113JLL-n~LL1~-ne~~'"tr: 91~'\41-t.ElEl11J'Yla-nu91 sp ';l: LV\ 
... ~ ~ I fit I ... ... 2 - 3 A - ~ ... ... 
~Utr:'Yl~'\4n11LLa:LL~~LL'l~n11ElEl11J'YlaLL1J1J sp LL,a: sp L3JBLU'ltJ1JL 'Yl£.11Jfl113J£.111~1-t.tr: 

. . ...... ...... ... iJ ... ~ 
'l:'V\11~ El:L'lf'Yla\t., LEl'Yla'\4 LL~:ElL 'Yl'\4 ';l:L '\491~'\4 

(sp-sJ 

8\l.;la" . . 
I 

' 
H1.c:c-H 

Acetylene 

H H 
\ I c=c 
I \ 

H H 
· Ethylene 

<siT-sp~ 
u11;la" 

H:H 
It I 

• 

H-C-C-H 
I I 
H H 
Ethane 

1.4.5 bo.fih1aNi'fll!I0\1 N LLat 0 (Hybrid Orbital of Nitrogen and Oxygen} 

N LLa: 0 ElUL'U.VU.i 5 LLa: 6 -nB~91111~tr191 LLa:ElUfl11JL~£.11tltJfl1f1JEl\t. ~~ijnTl',)fl 
'\1 '\1 ~ 'll 

8Lanfl7euLLa:t1feefuna~a-3Jluan~m:fli1£Jnu 

1 ... 1111 .. .... ... ... 3 .... .... .. .... 
N 1.1El~LLB3J 3JL'U.£.1 {NH3} LLa:D:1JU {amine} L'JfElEl11J'YlaLL1J1J sp '1f~3J 4 ilil11J'Yla 

1tl'Yl1~LL1J1JL91911:nfi1El1-t.Li1-t.n'\4 LLtl N ijL1La1-t..fBLan911El\t. 5 .aLan911il\t. aefflna sp
3 -ne~ 

'\1 

N ~~ij8Lan917eula.iflmfi a eefih1a LLa:ije£1 1 eefuna~ij8Lan911e1-t.Lii3J (fl11Jfi} Ltl1-t.ti 
'\1 'll '\1 '\1 

aLanfi1El'\4~La.ilm1fi13Jtl1JB:f1El3J~'\4 {unshared pair electrons me lone pair electrons} 
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~ ...... 
il il"UJ'n iUUfiJ!I 0\l 0 

aantftr;ruih1L~u'lfaL~n~'ltllt. 6 llaafih1~t-JR3JLLuu sp
3 ,}11-t.11-t. 4 aafih1~L-rlunu 

l u,1U11-t.ii'Li~llt.aafih1~~ilad~n~'ltlUL~3Jfl'l1Jfi 2 aafih1~ tn11h:nau~s:l o· tiaafih1~ 

H''~~ 
ij '. 

sp3-s sigma bond 

, ' 

siqma and pi bond 
I 

\ ~--~· .. c=o I •• 
unshared electron pair 

C1J f" tf, 614. ~ 1 I 4 :: . 

1.5 yn.,litLAL'JLa"flLL1J1J3Jt11LLa:: 3J3Jti'J. (Polar and nonpolar covalent bond) 

... 'f' ' ~ 1 I .. l: A t ~- " I .... 4 
Yf"lit LfU'HiU4tULtJ1J IJIJ!I1 Ln~1:,.,11"£l:~El3Jfi3JR111Vi L ~W1~1JL 'YI1nWV\1El 

lniLflU"rllt. £ln1'll:a~d~n~1tlUi13JnUL'Yh 'J n~ L1iU ~U1J: C;-C, C:..H LL~: C=C 
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~ 
H-F 

a+ a­
H-F 

1. Carbon tetrachloride, CCI4 ; J.l = 0 D 

~~CI 
1.56 Dt I 

1.56 D 
1.56~C~1 

Cl
7 -~ 

1.56 D Cl 

tl T • ... ~ • 'VIL tt ..., • 2. Methyl chloride; CH3CI L '"LlJLana~outUJ111 'Ylfi'Yl1"1111 D"11 Lfl ~a L '\U'fl.~n-:LW'lll 

rr'" fh J.l = 1.ss o 
" 

~~CI 
1.56 Dtl 

~ 0.300 
0.30p~11iH 

0.30 D H 

3. NF3 ua:: NH3 iifi'Y11"111JD"11LfiL~alou~oun: N-H lou NH3 LW111nU1JD"'1~~Li~n'il'lel\4 

1JD"'1 N ~~iilfll~a LliLli"UtlW"'1ni1 NF3 :A"'1iin1'l~na1"11n"UYi1l~iifi11ZDtmi1 
"' 

1.5.2 LL1\1't::'M11\11'aJLana (Intermolecular Forces) 
I • 
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- \5-i- s- \~ 3- \~ s-\~ s­
c=o c=o c=o c=o 

I I I I 
Jt.lfl1.6 LL1~1:~i1-3lfll'Wa 

2. Dipole-induced dipole force 

LiJ'ULL1\J1::'V\i1.:J~1n~iiR1l1~,f18dUa1 nulfl1 ~L'l~tlnL 'V\'dtJi'l'll1\"'Lnfl;f'U,t11JnL:: 
~ ~ 

fl11ll LL;j.:J LL1.:J;f'Unuwrn~,f1,a.:J 1l1Lanau 1n · ua::fl11ll R1ll11n1 un11LnflR1l1~,f1, a.:J 
" 1lJLL'l~L'l~REl\J i1ath.:JLiU 'V\~fl1fuaita (£i,f1) LLL'l::1\JL1J'UIB~ (l1i£i,f1) 

ct:=:> 0 

-10 +0 
t.l .a t ~- ~ ~ ·' t ~ ~ ., ... A ~ I I A I ... 

"f Y1 1.7 lJLIOIYili-JJ1L'V\\UJ"h•1 ~ LliLIOIYUlV OILOftll1'W'!J1EltJ1~ElElU LLI:LnfiLL1~1:~11~0ULL1J1J 
.. .. t¥ " • ' 

dipole-induced dipole -nu 
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. 

OOQq 
0 

111ft 1.8 LL1\I£Hl'U.f!ElU aLaOfl1ElUh~t111LanaiJn11LrltJ\ILUUL~El111LSnaL"JJ1Lnanu LTifl 
.. ~I.:... A .. I ... .¥ .. • 

S1l1'Vi-n1 El El'U. ')'!11-nm: LLa:LnfiLL 1\11:\'\11\lnu-nu 

4. ft1·Uit luTtt,.L'Q" (Hydrogen bonding) 

~'"n:lu1il'l'L"il'" LU'"LL1~1:'V\11~Lil 1 vul~Lfiil;f~nu 111Lana~ii H Ri'1~~'l.41i: 1f1L 1 • 
..... ..1... '1 •• 1.':1 I 0 ,.,... ...~ A ~ .k 

LS'l.4fln1JEJ:f1EJ1J'Yl1Jft1l1~ l.rrn1S1JW~ LI!Jf\4 F, 0 ua: N 'Yl1 'V\~'"1i:1J1.11 Lni!W1l1~-n11J1nil\4 
~ . 

~ EJ:fiEJlJ-n EJ~ lu 1.,,.L ';)'" ~-~R11J11nLiifiLL ,.~~~.,.,nufia L~nfl'l'EJ'"a w1:-n EJ~ EJ:fiEJlJ~ iiwn1~ 
~ ~ 

l~fl1auw~~~EJulna') ~EJU1l1tJL'"11JLanaL~tnn'"""1EJth~11JLanalti ~~LL;j~u,-~n11LL'l~ 
~ ~ ~ . . 

I \'1 1 ~ '1.1 .... ..I - .k ..:. ... " T 
'l':'V\11~ Lil ~a'Yl11.u LL'l'~fl~ilfi'YlLnil-n'l.4'"f1EJ Wt.Uf:' U7 'f)1L iU 

~ 

5-S+ 5-S+ 
:z-t+----:z-H 
I t I 

•• S+ ~ 
:o-t+---~:o-H 

I I 
H H 

CH3· 
•• S+ I :o-H-----:o-H 
I •• 

CH3 5-

11Ift 1.9liun-:lu1fi1L';l'U.: z LU'U.El:fl£l11~iiwn1Vilv.J-rl1auw\l L,ju 01 N oMEl F .. "' 
I 'r. -.. 4 

1.5.3 u,.",.::"-,," LIJLa na nu;,c;uc;nJGl LLatn1,.fttft1 u • • 
'QGlLtliltt LU'"ft1Jml'Yl1~n1tJ1l1~-nEJ~-nEJ~L'V\a1 "ilt1LflEJfl;f'"TtuJ1'V\Un 111Lana -n'l.41il • • • 

111Lana ua:LL'l'~tl~iltl'l':'V\11~ 11JLani1111Lanal~iii1iiL~~1: London force LU'"LL'l'~'l':'V\11.:~ . ~ . . 
1 

A A ..i I 1 A ... ~... I 1 . .I R I ... 

lJLSna "ilt1LtlEJtl"il~YI1 R1'" lJLSnai!Jf'"tllJ-n11J"il:LL1.:11:'V\11.:1 lJLSnS'YlLL11~LL1~ {LI!Jf\4 ~\41i: • • • • • 
lu1t11L"il'") ~~ii"ilfiLflEJflfiEJ'",j',.:~w~ . ~ 

A- 1 ... 0 " I Lll EJLnt1n11a:a1 u 11 La na-n EJ~ fi1'Yl1a:a1 u (solvent) t1 EJ~ LEJ111Jf'":LL 'l~'l':'V\11.:1 • 
111Lana-nEJ~i1a:a1u (solute) L~EJLL'Yl'l'nL,jiluaEJ1J'l'EJ1J l11Lana-nEJ~i1a:a1u -nm:Lilu1n'" . . . 
111Lftna-nEJ~i1rha:a1utiEJ~uunEJEJn"il1nn'"1.,u l11Lana-nEJ~i1a:a1uL,Y'"n'"ti1u i1a:a1u • • • 
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LL~:c;)1ri1R:R1 EJ~Sj LL 1"1:Vrl1" 13JLR~Rfla1 EJrl'U,:R:R1 EJ L i1nu 'ti~L 'Uft'11R: R1 EJ (fike 

dissolves like) n1LL1"fl"tlflLLtlnfh"n'U3J1n 13JLRnR~iiLL'l"fl~tlfl'l:'V\11"rl'ULL~"LL1",:Lfl1: 
~ . ~ 

B~tl1EJrl'U LL~:ntlnU13JLRnR~iiLL'l"fi"fltl~B'UBBn't.J .YhL'V\,a.lLU'UL 'ifaL~EJ1rl'U L,ju ,i'1n1J 
~ . . ~ 

J13JU,liLUULd'aL~EJ1n'UL~11:13JLR~R-nEJ"J1LntlLL1"1:'V\11"nU~LL;j"LL1" (~'Ulf:,tJ1fl1L,'U) 
'1iEJB3JL'V\13JLRnR-na"J13J'Ulj'"£iLL1"1:'V\11"nu~~BUn113J1n (London force) LL'YI'lrlLi13J1 . ~ / ' 

etiiau 13JLRn~-ne"1l1 
~ . 

1.6U1t;ltl13Jfttl1 (Formal Charge) 
• u ' 

t.J1t\lfi11Jftfl1 = (~1'U1'UL1LRU'tfaL~nfl1El'U)- (~1'U1'UaL~ntl1El'U~'aj'c;;'l,Ytrl1~~'Utr:) -• v . . 

(V2 ~1U1UaL~nt~1ElU~Lii13Jnulu~utr:) 

$ $ •• s 
·Q'l' 'o·e ... . ... ... •• s e:b/ ~o· 

• •• •• 

ffl1""n"~"ri-v1"-na" S02 tilufA'1\Jif11a&fis-, LiJu1fl1"tn1"~LiJuRn~R3J-ne" 
. ~ 

1fl1"m1"L11tJJLLuu4'YinLL1JlJ (resonance hybrid structure) jj[,.,,.""n"nn ')LLtJtJ11vEJti7uJu • . • v 

n~11Eln'UU'V\i1"nfie1fl'l"tn1"UfiR:LL1,JlJLtl'U1fl'l"ri1"~LiJ\ut··n~i13J (contributing structure 

V\1a canonical structure) 'lla" lfl'l"m"~U.n';l';" 

.~!.T.!~Y.Hil-Haiu1uLwiiu11l1~'llfNlfl1"tn1"'V\R1EJ~ii.tl Liu R11t.l1:neu~S:h:uu 
fl au, Lnt~ (conjugated compounds) u.a:aULflafiiLil EJfl l ut.J~mti1Lflii 

1 fl1" wi'1"~ LU'Uff1'U i13J LLtlR:UlJ1Jiin11Ln'1:ti onu'lJ a" e:t~ El3J LV\ ii eunu !i?JfJ.~f.U! 
71EJ"EJ:flavati#tfivWulRtJUfi1LLMu" ritrJJe"eefii,;'a~l-Hm"~'"cllinJiuu 1t-nL~nfl1au .................. ..,. .......................... ~·~·-··· 
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LL~:aLanfl'HlU~L1iL.;l-itii'1~~UlJ:L~1'Lf'U.~Lftieu~ ft113JUflnth~~~LUUfl1LLVJU~~Eh7WU»": 
~wua:at8nfi1EJU~~v~f'ILW«1i"wu,-: 

HI~ •. \~p. 
H-y -c,l§) . • 

H :Q: 

Hr.·a··. 
~~e 

H-c-c 
I ~~ "":) 
H • \4-Y 

1ft1~tii'1~~LLn-;J'i~iJudir.J11l1Wft'~n111ft1~m1~~LUUtf1Ui13J'YlnLL1JlJ Lrte~-;J1nVn11 v ~ 

.J .I .. ~ '11 to! ..,. .......... .,. ~ 
Lfl8 EJUrl~EJ"EJL8nfi1EJU L U ft1~811~ W~~~1U-n£l~£l£l11J'Yl ~';J~~fl ~~LL~:LRtl tJ11l1~ti~-nU 

\1 

~i~~1U-ne~ 111L~n~~Un-;J'i~~~~1n11-n£l~ 1ft1~Ri'1~~LiJUtf1Ui13J~iJ~a~~1U~1~ft'fl LL~: 
~ ~ 

LtffltJ11l1~~Ltl3J1LUUViLfi~L1iuii'L1£Jn 'WR""1Ut1T'lfuuu.f (resonance energy) me 'WR""1U 

~Taia ~at'lf-du (delocalization energy) 

CM225 

... f" "..ac:il •• 1. 7.1 LftiUJ1'111M!Iih1lfl1\1ft1'1\1riL ~-1~1'11.1 

1. tl11fl1~n1~L 'V\ifeunu -;J:ih:.;'u~i~~1ULL~:LtitltJ71l'l~L 't'hnu 

2. 1"'~ri1~~aLanfl7eu1~uenftnt'Qne:fle3J R1fl'ty111nni1~1n~aLan911eu'lli"nt 

a.. 
0 

... H · &.··H 
H: ~H· ~H 

CH3 --- CH:3 --- I CH3 
<±> + ~ ~ 

~/ 
-v~H, 

'rltlfl:floJJii'o'tinfl1fl"'fl11J 

LRaU11l1VU,~Rfl . . 
3. 1ft1~ wl1~;\'laJiJth:-;J LLUn R1fltu3J1nni11fl1~ rn~fls:Jth:-;J £l [JL~r.Jnnu 

• ... • \1 

~: 
II .. 

H-c-o--H v· 
lah.iiJ1:1 UUM1~0"' 
Ufl11JJR.;fl CJI2.11nrrl1 

... 
.. e :? : 

H-c=o®H 

4. n11fi1~Ri'1~iJtJ1:-;J 1fl1~ Ri'1~.y{tJ7:-;J ~lJ e u~e:fl £l3J~iJ R1l1~'WY11~1Jti~-;J:i) 
~ ~ \1 "' 

0 .... ' fi113JR1fttu111nn11 ... 
.. 

.. sr 
H c-c-H 2e 

=9=e 
H2c=c-H 

tl1:"'R1J£1U~£l::fi£1JJ~ijR1l1,...lwvhR1JR.,'J011 • • • 
ijfl11JJWlflqJlnnn11 

21 



1.7.2 Hyperconjugatlon ua:a1T'1fLL"'",r 

!l!LtvDfflDUVLn,t'u (hyperconjugation) L11u.JlolJJ.~t1~.FJ.ri~J~"-1.!:~.~~~!JJ!:S:~YJY.!f.~1.;. 
.... . A ... ..A ... I iJ A ..I A • 1 
~l!H.1.9.::!:!.J~!fl .. Y.::Q..!J.l:!JJ!!JY.rJ.~ .. P. ••• H1;.!!.l:I..!I:§Y.~!!!m L unTnfl ~ El\4 n-n El." El L~nfl'lEl\4 u 

~utJ:IBri1.nltJ\ uaElfih1~ p -nEl'l1fl1fUEl~~ElUtlfln-u. n1l~ ElElfihi~L :a" 13JL~n~LL~11t11t1 
\1 'I 

Lvlll;fu L-rlu Lt'JL ViElfflElW;JLniulufl1ilULLflflLElElEl\4 
'I 

~ 
E 

R,, / . , -c 
It~ ~~H 

·1.8 n1~LiiU"\1Gl~LA~"".r1"ft1~o"n~d (Drawing Organic Structural Formula) 

iltt1TA1"il-i'1" (Structural formula) Ltl'U.~fl1't11'11Lflii~LLR91'11n11L ~Ell~ Ln1:1ii ·Eln-u.-n El-3 
~ . \1 

El:'il El3JL \4R11U1:n El1.J L3JLLRfl'I11U'Yl'l'11~'LL n~;"-n El'I113JL~n~ ,;1'U.1U ~'U.tf:~LL'ii~:El:'il El3J si'1'11 
. . \1 'I 

~ ... 0 ... • ~ ..,,..A • 
-nunu~1U1\4ElL~n'ii1El\41'11UEln~fl-nEl'11El:'i1El3J\4U ') El:'i1El3J't13JElL~nfl'lEl\41'11'U.ElJ1~fl 1, 2 LL~: 

a -;,:si'1'11~utJ:fi13J,;,uiuaLanfl'lElu1"uElnsfl~ii . w1uEl:fiEl3J~iiaLanfi1ElU1'11UEln~" 
~ 'I 

~ I .. ... )! A. ..,., A .... 
91'11LL'il 4 t\'11'11Vi\4tf:f113J'U1\41\4ElL~O'il'lElU 'Yl'il El'11n1.1L Vi ElL 'V\fl'lU 8 

. -

1.8.1 TA1"il-i'1"fiLLiltl"W"fitLLtJtJ,tl (E;Iectron dot structure) Lilu1fl1'11Ri'1'11~ 
LLRfl'I1'YlnEl:fi,El3J LU 1fl'l'I1Ri'1'11 LLSfl'l1flBLa~fl'lEl\4 ~lii13JrlU L \4 ~U1r:nn~\4tf: LL~:BLan'il'lEl\4 

'I \1 'I 

'1 ""' .. .... 1 .. .,f .... .I ,.l .. 1 .... .. • .¥ 
~ flflLfl[J1 (tl13J) fl1'11S'l1'11LL1.JUU';): t.~L 'U.El~LL~:L1~1tl1 11L~fl~3J11\41~ L'V\ty-nu, 

H H -.. '•• ..- .. 
H:~:~:2:H 

H H 

1.8.2 TA1"il-i'1"f1Llilfl~W"fit\LUUiifl (Dash structural formula) LLRfl'I1YJn~u1i: 
L-rlunu LL'iiL1fL·~L~El3J1:'V\11'11El:91El3J~ri1'11~Utf: LL't1UflBLaOft1ElU~Lii13JrlU (1 Li'U. LL 'Yl\4 

. \1 

aLan'ii1ElU 1 fi) tn'V\lUBLanfl'lEl'U.fl1tlflL~f.l1Li-;,tlLL'YlULIIJiULtl3J 
\J \J 'I . I 
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H H H H 
I I I I 

H-C-C-C-C-H 
I I I I 
H H :Br: H 

H 
I 

H-C-H 

~ ~ ' ~ ~ H-c~c-c-c-c-H 
I I I I I 
H :QH H H H 

1.8.3 Ttrs"•-i'1"LLUtnio (condensed structural formula) Lilou1fl1"Hi\~~n'l:i'u 
LliLLH.,"~oun-: C-H LLa: C-C LLtiLLWfl"~"1r:Lajfilli1 L;iuufl1fuaouLLtia:a:fiEJliL\4LLUUtiEJ 

91.,11'" lufi111LL ou1ouE1ou EJ1';JLLw.,""ajLL ,u~'V\1EJ~ajvt"ni'ou l1L '","Lau L ,rou 
"' "' 

f" ~ • .. I • .... 

1.8.4 LA1'"",.,"LLUUN•I.I 'V\1EI n"ao (sema-condensed structural formula) L1JU\4 
.. I ~~ I I ·, ... I ... ... 

fl111JEJULLflS:EJ:9lEJliLu\4LL1J1JUEILLflS:;'V\\41U LLW.,"~\41r:1:'V\11" C-C LLS: ·C nua:flEJliEI\4 

lliLLHfl"~un-: e-H ,j'EJ9i1JEJ"wfl,.1fl,."rn"LLuud fie i'flL';J\4LLa:L,j1'l';JJ1u L-rlou 
"' 

; ----H-~ ~H-~ ~ H--. :H--- --, 
I t 1 1 I I 1 I 

I I' t I' I I' 'I I 

: H-cHcHc+-:c-t-C 
I I• I I· -t- I I I 

~----tt! ~l:i1 :~!: lti ____ : 

~ 
Br 

a 
0 •• 

0=~ co 
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1.8.6.1 f.:!'1!t!!IJg.w.f!.r!9.'!..~.(ryg_(q[!!.lin11L;ju,...&rnM-m::~'Utr: 3 LLUU f\a 

~1-4tr:flathJ1-41:1-411J'V\U1n1:fi1MLiLi1-4fl1~ "' ' ' 

&.; ..I I • "' .. ...: .. 

- W'Utr:'Y1ElUL'V\1.4El1:\411J-nEl~'V\1-41n1:fi1ML1fali'Y11J (wedge) 
. . "' . 

-.; ..I •1"' "' 'I"'"' .I • ~ .-
1111111 vnur:na~ L9l1:\411J-neJ~'VI\41n1:tt1ML1fLR'Uu1:'V\1ElalJ-nfl (hashed line) 

CH3 
I 

H'~c, 
HO Br 

1.8.6.2 .$.!!rt.IJ.CJ.~'!.P.IJ'.i!9.t{9.tJ. LiJ'U1fl1~tn1-3LLuu a nti fli1un11l1El·nar.h1L~L~,... 
fl11lllna-lnalti'nneJ:fleJliLLa:nn~1-4n:lu1.,.,"m"rliifiTfueJu 2 eJ:fi'Elllrltitu1u • • 

1.8. 6.3 N.~W.m!!IJ •. .P.'PJ!§.tj.Q.fJ. L iJ U 1 fl1" tn1" flll El" ~1 \UL n U ~ 'U tr: C-C 1 flU ii 
.. .. I"' "' "' ... "' &.; &.; I 

fl1'l'1JElUEl:fiElli'V\\4"ElUfi1U'V\U1 LL'Yl'U.fl1!1~9lna1"1" 2JLR\4W'U.tr:LLUneJElnlJ1 3 W'Utr: LLa: 
, "' . 

.. ..I"' I"' ' &.; ... &.; ' &.; I ... A 
1~nalJLL'Yl\4fl11UEl\4'Yl'Jfel\4El!lfi1\4'V\a" LLa:lJW'"tr:LL!lneJElfill1~1n-nEJ1J1~ 3 W\41r:L1f'U.fi\L LlJEl 

"' 'V\li~LLnu.~\41J: C-C W1ll11nL;1uu.n11LtJ~~uut.Ja~tl1LL'VIl£-3~'U.1r:LLa:'V\liflLn1:lfi . . "' 

HkH 
HAf"H 

CH3 

1.8.6.4 E!~l?!J!!r..P.!Pi~Qfi.9.'l L iJ1.4tn11L ;j U'U.~fl1 1fl1" ri1" LLUU 3 ijt; l u.uuu 2 D ii 
,. ... ,. "' ~ .... ... 1.. "' .. .... ...1.1' • I 
Lfl U L -n U\4 Lfl'l'"J'l'1"9l1ll LL'U. 1LLfi\49l" WUtr:'Yl El !I L \4LR\4LL \41\4El\4'V\2J1 Utl~WUtr:'Yl-n'U.ll1 L 'V\\4El 

' "' 
'l':\41un1:fi1M ua:~'Utr:: L1-4Li1-4LLu.1l"a"cn,".r,,...l.r.,::"1u,8"n,.:tt1M ~flifl~u.n:LiJu. • 
El:flalJ-nEl"fl1fUElU1fitfllliR11ll19l1 (asymmetric carbon atom) L~\4 
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CHO 

9H3 

H:COH 
HO ~ H 

CH3 

1.9 ~&iif"nicw. 1Functional Groups) .. 
'.1!1' 6''tJJ tr: A -1 l A .... .-.J "" ... I ..1 

'MaJn\Jn1f" LihunL1mt.~ 3JL~ntUfl'Hl~fl1tJflth:neJ1Jt11£JEl:fiEl3J'V\'Hln~3JeJ:fle:UJ'Yl .. .. .. 

iitrn~m:LUYf1: LU~ti1~-neJ~ 1fl1~a'i'1~~~nfltJ~n'1tJ1Lflii LLRfl~R3JUliLUYn:~11fltJLUYn: 
._ ... 

a'3J1Jflfl1~Lf13J 

I-~ 6' fJJ .. .. fJJ I 6' fJJ 6' " "" 1 ... 1-t . ... 
1.9.1 'M&In\Jfl1f"f13JTt'MTt"fit1't'M11\JA11'1JO"ft1Jfl111JO" t.fiLLn ~t.Lll":fl t.\.LLLDRf1U .. . ... 
(alkenes) ~un:R13JL~UDA tflu (alkynes) LL~:R11U1:nEllJLLD11LL3J~n (aromatic 

compounds 'V\1eJ arenes) , 

-c=c-

alkene alkyne 

'c-d 
-c' ''c-

'c=c 
I \ 

aromatic ring 

1.9.2 MaJn\Jni"iiLiJ"ott~oa.aftll1Tt lYI\41atJft\Jft-i',"w"fitL~ u1nuA1fuo" L ~'" .. .. 
'V\lh~~n-iuluuaAfiAulf!Afi' uaAnDlTDR 6Lnaf a:iiu tnaaA LL~:'lfR!wl (alkyl ... } 

halides, alcohols, ethers, amines, thiols. LL~: sulfides) 

CM225 

I .. -e-x: I .. 
alkyl halide 

I .. / 
-C-N 

I \ 
amine 

I .. 
-C-OH I .. 
alcohol 

I .. 
-C-SH I .. 

thiol 

I .. I -c-o-c-
1 •• I 

ether 

I .. I -c-s-c-
1 •• I 

sulfide 
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I-~ ~ fiJ ...... fiJ I I ~ fiJ ~ .J . ....'f ..... f. 
1.9.3 'MIJ'ft\1fl!f14f11JYt141i~fl,.~"'l1\1fl1"itJD14fltJDOfl'DL\l14 L-n'U UEJRfl 'tlfl fHfiU 

~ ~ . 

n1f1fl1flJE)n'iin LEJBLfiEJf EJ:t11.f UEJfiflflREJ t1.f LLS::UEJ'if1UEJU tlltf11fl (aldehydes, 

ketones, carboxylic acids~ esters, amides, acid chlorides us:: acid anhydrides) 

I :o: 
II 

-C-C-H 
I:~: I 

-c-c-c- I :o: 
.. II •• 

-C-C-QH 
. I 

·a· I ·~~· .. I 
-C-C-Q-C-

I 
aldehyde 

I ~· .. / 
_._C-C-N 

I ' 
amide 

1 I 1 I 
ketone carboxylic acid ester 

I :o: 
II •• I :o: :o: I 

II •• II 
-c-c-c~ I .. -C-C-Q-C-C-

1 I 
acid chloride acid anhydride 

1.10 loT!fuJoi'UittlTA1"ft-i1" (Constitutional Isomer 'V\~El Structural Isomer) 

tEJ f'11L3JEJf (Isomer) LU'Uft'lnh::nau~il8fl11liLSn SL 'Vlii aunu LLfl fffl11fl1-3m1-3fh"nu ... .. ' ... 
1uu.i1f1uJvtd" LLU-3Ltlu la 1'lfLllaf-.rJitfl1fl1-3m1-3 LLS::8Lfla11ala 1'lfLllaf (stereoisomer) 

lD f'11L11Dnilf1 ffl1""11" Ltlu la 1'11Lllaf~iiwfl11liLsnsL ,.,ijaunu LLfinTnn1:fianu ······························----····· ... .. 
-na-3a::flallfi1-3nu .Yh l~ilwfl11fl1-38Tl-3fl1-3nu LLU-3 a an l.1fl1llfl11liLLflnfi1-3 l.1uri 

26 

... 

1. . fi13./Rnh'm: ffl1" T'Ii (chain isom~rism) fl11liLLflnfi1~ll1';11nn11Ln1::nu-na-31'1i 

fl1flJ£l'ULLs::n11ilLL"lJ'U.-3"lJEl~fl1WEl'U. li1L~Lnfl1fl1-311Jiuuufi1-3 ') L~U C5H12 

CH3 
I 

CH3-C-CH3 
I 
CH3 

2. Tf1ufi1LLVJU" (position isomerism) la 1'1fLilafuuud'illfl1-31'li"lJa-3fl1fuauLL1JlJ 

Lii u1nu a:fl a11'Vl'in'Vl2.1a::fl nlJ~tuityL 'Vliiaunu LLfiaul ut'hLL 'Vl'I-L~fi1-3n'U L ~'" ... ... ' 

C-C-C 

Q 
-CI 

3. fi13./71Uf1vt1iw"rfi'u (functional isomerism) ln l'JfLll af-.rJitfldti1-3nu Y\-.rJ'itfl"ll a-3 
" 

'Vl11?l'-3niu L~u C3HeO ... 
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aldehyde ketone alcohol 

o a.. •r ., r .- iJ ~ l .-..1... :r ... • a.. ... • ... 
· a!'V\'l'UA'LflEJ1'EJ 'EJ ''lfUJEJ1 L \h£) IJSW£l'lYJ11Rfl'lLfl'l-\ltn1-\IL 'V\11B~n~ 11n17Ln1:flBn~ . ~ 

-nB-\IB:flB11LL'U'ULiltnn~ LL9iflfiYJ1-\In1'liftfi1,£l-\l£l:flB11L~~11-\I 3 5jfi 9\1-\ln~ 
A, ~ 'If' . , tl A, 114.~ 

1.11 !S\4tltlil\1~11tJil\4LL"t LIILtl1l\l\4iltflil3J 14t'f11 1tfliltJil\4f11!.1 

0 ... .. a.. a.. ..r 
n17.,1LL ~n~~., a:fl Bll-n B-\lfl1'l'U£l~BBnfl111~n~m:L~ ~1: .,"~ 

1.11.1 A1.fuo'l4t.IJIJt]ij (primary carbon, 1° C) 

!"I .- ..,1.., ~ t a...- 41111 

Lu~B:flB11-nB-\Ifl1'l'UB~Vlft'11-\1~~1r: .,tJfl'l-\ln'Ufl1'l'UB~El~ 1 EJ:fl Elll EJ:flB11-n El-\1 

lu1.,7L.,~~ri1-\l~~n:nufl1fua~~itfld' L;unYilffi1L1Utl.fV{}Si (primary hydrogen, 1° H) 

I /1"carbon 
e-e-

l 

· 1° carbon H H H / 
I I I/ ~ 1° hydrogen 

H-C-C-e-H ·. 
I I I 
H H H 

~ - - 0 1.11.2 A1'ttJD'l4'n91UtliJ (secondary carbon, 2 C) . .. 
LU~B:flBilfl1f'UB~~tn1-\1~~1r:LfiEJfl'l-\ln'Ufl1f'UB~~~ 2 a:fiB11LlJL.,'lL.,~~ri1-\I~U1i: 

nlJfl1f'UB'U~itflii'L'iEJn YIIffl1L1Url~lJnSi (secondary hydrogen, 2° H) 
' " 

I I 2" cartJon 

e-e-e 
I 

~~ 2°carbon 

H3C-e-CH3 
I 
Cl 

2° hydrogen 2° carbon 

H.\H/H 
I I I 

H-C-e-C-H 
. I I I 
H .H H 

..I ... ~ a.. .. ... ..r ... ., r .. .. . o· 
'YILn1"~~n:n'Ufl1'l'UEl~~~.,~ L'lEJn U'Hfl1L'VUflflllnV (tertaary hydrogen, 3 H) 

. " 
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3°carbon 

?/ c-c-c 
I 

~ - . 0 1.11.4 A111JD"\lf1fi011N (quaternary· carbon, 4 C) . . . . 

iJ .. ~ .. ... ... .. .. ... 
L oua:fiEJllfl1'lUEJ'U'ntrrl~rnnr:nufl11UEJ'\Ul'U 4 ¥4\411: 

/

4°carbon 

? / 
c-c-c 

I c 

~ t.l A ~~~ ~ . 
1.1.2 fl1'1'L"f!Jflft1'1' 1tfliltJil,..Y11UL1Jil"Gl" (Introduction to Organic Nomenclature) 

~atn'lth:naua1~,.r~nnLL~~~~Y-4u Ltn1Ym: ~1aflm~llml~Lff1Y ~,,.~~1u-nilfl 
. .. 

ittJl.IL~ElLu'V-41: L1i'U urea,· a~tylene, acetone, formic acid, acetic acid LL~: toluene LL3! . 

l'"i1~~uouriff~liL1untn'lth:naul~3.i 'J U1~1fit.fl ihtn1Ym:~Lff1YL'U~a~~LL~fl~fl11ll~li1£J .. 
-na~~'lL ~~,tf'" Lc;1Lu1.4ar.h-3il fi1ath~L1i'U 

prtsmane rocketene borneol penguinone 

(~1n prism) ('1n rocket) ' ('i1n bomeo) ('1n penguine) 

..r ... ..r ... .. .. 'tJ .. ... .. ... .. 'UEJn';l1n'Uli11El'l:1JlJEl'UY-4\41111Elf11'll 'l:Lil'nW11 LL~:-.15EJWUJ11J Llltln1'l~~Lfl11:~~1 
.. w > 

L ~3-iL ~ll a r.h-311fiL ;, 1in11L ~~1i{fl1EllJfl~l.ILtitJi,.Y1£i-3 ~-3L mi~L1:Ju 1:1JlJLL~:ijnlJ Ln m'J'i 

~'1a1:1iu IUPAC (International Union of Pure and Applied Chemistry) LfltJ~a~anl.l1~1n 

l'Iifl1fua'U~fian'U~tJ11~'ftl ~-3\lnLtJi tJ'Ufl1li~~W-3ri'i'"11itflfi1-3 'J~L i1 LL 'n\4 ,u Lfl'lL ~'" ~1a 
fnfua\4 1 '"Lfl1-3tn1-3~in ii~ ~1u1i~l iurfl-n~a~inL 9JaLLRfl-3i1-3~1iVJ~n-Nu~il 

28 

' . .. ~ 

1.12.1 TA1"if-i'1"Mftn (Parent Structure) . 

Lfl'l-3tn1-31JEJ-3~EJEl1~tJ'l:nauf11ufhufi1~ ') ti-3tl 
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1. i1o111an (parent name) uan,1U'l'UfiTfuBu~tien1ul-ul'li~~n 

2. fi1a\Jn1ll (suffix) LL~th11fitfl-na~~~w~ni\ut1f)t1J~L1"''"1'li~~n 
3. fi,,_.,,.,t, (prefix) unn1fitftt1at.,1LL~\L~~~LLnu~ ~7B~~w~niu~u~il 

4. ti1LL'M"" (locants) i1La~~1ai1eh~,~~u£Jn~1LL~\L~n11LLnu~rn£Jlu12JLana 
" 

~1ou1ufl1fuau ""' .., '!f£J'V\an 

1 meth 

2 eth / 

3 prop 

4 but 

5 pent 

6 hex 

7 hept 

8 oct 

9 nori 

10 dec 

11 undec 

12 dodec 

13 tridec 

14 tetra dec 

15 pentadec 

20 icos 

1.12.2.1 !J.7J.L.fi.~~-~~'!J.f!!~!f~J~ffTIY. (~ft1Lfl1~~i1-3 -----> ~El~1th:nelu) L-.du 

n11L1£JnLLelaLfi'ULLflttf11th:n£llJB'U.fi;V~iJ~,jw~niu 1 ~li Lflllvi''l lth'h '~" £J .. .. 
1. VJ1 ff11"ffTl"VIR'n 

- Lae1n 1'lifl1fuBu~fiBnu£J11~a-" LLa:il~1iW-3niuacifl'1£J " .. .. 
... ... I ' .. ""' ""' ""' - n12J1nnn11 1 LLUU LaBnLLuunn11LLnun2J1nnwfl ................................................ 

2. 7VI1iaf-iVIRn (91111~ 1.8) 
.,._ '1 1 .. A .:. e; A ,t ... .lA e; L1£Jnfi12J Llf f11fi111JEl'U1f'Uflel2Jft1 Lfi2JTI1fl~fi1£J -ane n1fcn'lan 
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30 

I n1li~un:fi'f\1EJ~'Ulr:WUJ LtlitJuf11a-3n1!J -ane Lilutha-3n1tJ 
"' - ... .... 

fl1li,-Ufl~'UCflll 

tfl'f\11J'f\liW-3niu~u \~iflan~1 e n1tJ~EJ LL'YI'Utl·uJfl1a-3n1tJfl1ll 
"' I - ·-~ ..... ~ 

,.'Ufl'f\~n-3n''Jf.'U'U'U'] 

3. ri1VJUfiLR?l,;1UVJU,J 

... I 

fi1Dtl1" 

\lllifl.:nfiu\1\an (suffix) .. . 

'f\liW-3niua ti\ 'Uti1LL 'f\\L-3~£ifl'1 La,'ll'a tJft'fl LL9:01'f\Ufl fi1 LL 'f\\i-3'f\li 
"' "' " "' ... . 

LL flU fl 'f\ 1 £l LL, 'U-3 

L1tJ-3t41tl1J'f\li LL fi'U ~fl1iJ an1Y1 
"' ,.. A 1 .. lol A I .. lol lol 

L,tJ'U,-£1 fltJ L,-Lfl1El-3'f\ll1tJ111flfiEJ\1 (L-nU - LL9: ,) L'f\~nfiEJ" 

L~ali,li~L,iiaunu \-i'fl1\l1'f\'l1'1 (di-, tri-) uan~1u1u~li 
"' 

c-c-c 

H3C-CH2-CH2-0H 
3 2 1 

Prop 

,Propane 

-ol 

Propan-1-ol 
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et1't1"fi 1.9 Lhtl1Jfl11ll Lhfl'ty'!J a-3'V\~Vf.uii14 · 

n;a.~ft11 "~'""ni" A')1aJR1AlJ! 
N 

Carboxy.lic acids -bOOH ll1n 

Sulfonic acids -S03H • 
Anhydride -(CO}-~CO}-

Ester -COOR 

Acid halides -CO-X 

Am ides -CO-NH2 

Nitrites -C::N 

Aldehydes -CHO 

· Ketones C=O 

Alcohols. phenol~ -OH 

Amines 

Alkanes 

Alkynes 

Alkanes 

Ethers 

Halides 

-NH2 

-C=C-

-e=c-

-0- !. 
-X (F. Cl, Br •. l) 

.... 
UEltJ 

c-c-c-c-c-c-c 
0 
II -c-

0 
II c--c--c--c--c--c--c· 

-OH 

Hept 

Heptane 

-one 

Heptanone 

Hydroxy-

7 -Hydroxyheptan-2-one 
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.,_ I 

I 

1.12.2.2 n1.11i!P.~~YJ~l~1.~.rn~~Jn~.~. <~aw,, ----> ~"'1fl'l\1m~> 
lt1 r.Jfi'1lun1 ltitr~d 

'V\1R1U~Ltlu~a'V\an~nn~aft'11 "'::nnu',j1u1ufnfuautul'Ji'V\an 

L ;j uu lt11~ 1'Itl4'u~1\lfi13J',j~u 1\lf1ifu au ~ij .... ,_ ' 

~nn~aft'11 ~1'V\liVf~niu'V\an Yii'aaJt11LL~\W _ -
"' 

A I ..r A o.~ ..... ... ... ,..! I ..r 
";11n'lf£l fti'l 'V\1'V\3JLL'Yl\lYI'V\1£l'V\3Ji'V'4~n'lJ\l£l\l W1£l3J'I11LL 'V\\l~nTnL 'Yl\l 'Y1 

' "' v ' 

L ;j[J'U,Lf11~m~~£l~'V\liLL 'Yl" ~ua::'V\liVf~fiiua~ l uf11LL 'V\\i~~L 'V\3J1::93J~ £)~ L'll'V\ an 
"' "' 1 ... ..r.. .. ... ... • 

LLa::fl11";lfiRf11 fl1~ R11~VlL11 r.J'U L 'V\ tlnfl £l~fi13J'1Jel 
"'"' . ' "' 

fi1DU1" 5-Chloro-6-phenylhexan-3-one 

32 

5-Chloro-6-phenylhexan-3-one 

hex 

5-chloro 

0 
II -c-

-CI 

I, 

6-phenyl -Q 

c-c-c-c-c-c 

0 
II c-c-c-c-c-c 

6 5 4 3 2 1 

0 
II c-c-c-.c-c-c 

I 
Cl ' 

0 

~c-y-c-~-c-c 
Cl 
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"" .I"""""' .-. ... ~ 1.13.1 W'"fi!ID"l.I!Jn1'U10\6fl1'!.1 

1.13.1.1 .1:!D.ffl.~!.rf1;~ti?.:t~!!l11nfi1!!.7!J.!J}.~~. (Addition reaction) 

Lihn.J~ffiu1~iinTl112Jtn1 2 ~\tt1L-N1t1'1unu Lnflnutn1l'l1iu~ii~un:lVi 1 v.~a 
... -1 ... .... ...; ... .., \1 ~. ·- ~ ,f ~ ... - ... ... ... 

2 Viun: L v.~atl~a'Yl2JVi'Utli: L Viaf!a'I1LLa:v.,..1f:'Jfn2J1L Vi2J-nu-;,1ntn1~ 12JfiULfl2J '1f'11 fi1~1112Jnu 

n1111ifl 

A+B .. C 

R R 
'c=c + H-CI 
I \ 

R R 

R R 
I I _ ___,..,~ R-C-C-R 
I I 
H Cl 

1.13.1.2 YnfflY.1!J.!.!!!.f.~ (Elimination reaction) 

Lilutl~ffiu1~iin1111ifltn112JLaflaL~n ') aan-;,1ntn1L~2J~1'u ~~fl~a~ltl'iiwun:~n 
... ... \1 - ,f 

2J1atl.a'l1 LLa:2JVi'Ut1r: LViLnfl-nu 

R R 
I ,I 

R-C-C-R 
I I 
y z 

R R 
---l..,..,.. 'c=c + Y-Z 

I \ 
R R 

1.13.1.3 Ynfi1Y.1!J.!JJJ.tl.~.rf (Substitution reaction) 

LilutJnffitJ1~El:fl eiJv.1av.aj El:f1El2J l 'Ut 1fl1'11Wi'1'11'lJ tl'l1ft11~2Jtl'Ut. nnLL 'Yl'Uttl1 £.1 El:fl El2J 
~ ' ~ ~ 

• I A ... tJ...I I 1 ... \1 ... . ~ t A ,f 
V\1El'V\2Jtl:fi£12Jtl'Ut 2Jn11LLanL atJ'Utft"1'Ut'lJEl'l1 fl1'11W11'11LLS: Lflft11LV\l1Lnfl~~JJ'Ut 

~ 

R R 
I I 

R-C-Y + z R-C-Z + y 
I I 
R R 

H H 
I LL"~ .., I 

H-C-H + CI-CI H-C-CI + H-CI 
I I 
H H 

1.13.1.4 JJ.Dfi.11:1.?.1.~o.f.~~~~;!l!l!J.'P.t~i.~. (Organic redox· reaction) 

LilutJ~ffitJ1~i.in17LtJ~uuLLt1a'11Wn1u:aanliLfliu'lla'11fl1fuau ~fin.i'uLilutJ~ffi£.11 
...I.Jt -1 ... ~ ... ~ . ... - ... iJ tJ - -- ...I.Jt -1 ... ~ ... 'Yl111 LV\fi11UElUllft"t11'Ut:£l£)n•nLfl~'UtaflS'I1 LLS~DDn'lfLfl-zi'UL U LJn1tJ1'YlTI1 LV\fl111JEl'U2J .. 

wn1u:aEJnliLfliuL ~2J4u 1flu~1 ltJtJfiffiu1EJ EJn~Ltl..a'u fl1 \~ tn1DU'Yl1uii a EJn~L';)UL ~2Jifu 
Vt1 ElL tr 1 fl1 L ';)'Uta fl a '11 LL a: L U 'Yl1 '11 n aU n u1i n ..a'u L iJ U tJ ~ n, £.11 ~£in 11 L ~ 2J L tr 1 fl1 L ';) UL -N1 ~ 
12JLsns'll El'l1 tn1iiu 'Yl';Ef v.1EJii EJ:fl EJ2JEJ EJnlftL -;,u\l'a £JS'I1 

1 
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H 
0-JA I 

H-C-H O=C=O + H20 
.. 'I ( oxidatiop) H 

&m114:DDMLfli~ -4 +4, 

CH3CH=CH2 
HiNi .. CH3CH-CH2 

(reduction) I I 
H H' 

&m1~::aoflliLfli~ -2 -3 

1.13.1.5 !/D.ff!YJ!JJJffJ.€..~l~~ (Rearrangement reaction) 

LihL1.JDii;v,~Sjn11ifl1fl1'11tri1'11 LuivuLLU~'I1~'U1r::LLRtt11u Mli'l1 ElttUlll LL~:l9l 
1fl1'11ri1'11LMli~LiJ'UlEl1'lfLllElTnEl'11W11Lilll n'lmif,1'U1'U~'UlrtlliLUitt'ULLUR'I1Li'Un\L 

R H R H 
I I t .. ·I 

R-0-C-X 
I I 

-----.. R-C-C-R 
I I 

R H . x· H 

... t.l....... "" .. ~ 1.13.2 ftnH-m:: !J~1'D1o\n1·n.1 

1.JDffitt1Lfl£jaun1E1~Lntlif'U El1,.,LLti"lf1Liju 

t.1Dml11#uL~lll (concert~d reaction) 5jn11ri1'11~Ulr::LL~tn11a"~1EJ~un:.Ln91;f'-' 
ltJ~i'all 'jrl\L Lnfl.ff\L91El\LLtlt11 W11L,llfl\LLUitJULLU~-4~1~.L~tJ'11 1 a'1l11tU1'71Ui1fu j~-~ 
DULflDfiiL~llfl LL~: l~~~tl~~ 

llDmtnV.~illiu (stepwise reaction) Lilu-.qfiu~mn1'~Ln91 ~1\LDU·, f) Df!iL @lJfl El th'l1 

uEJv 1 -aii.91 ,,nuDffiu1~LnflfiElnuEl~1'11uav 2 uDffiu1 

L~ El W11u1:n ElUfi11.JD~EJ1n'U~L~:Lnf1~~9l~~ ,-,:5jn11RR1 tt~'Utt: l 'Ucn'li'l1fl'u LL~: 
wi'1'11~un:l'U1llL~n~u~:li~~fl~~ ~'11Lritt1nuaLinfi1El'UL'U~'Ulr: 1'11LLti~ltii'11d 

34 

" 

. .., . . . . . . ..1 .., '"' ~ 

(1) n11'ftft1!1Yf"6::LLUtJ\tJJJJ1Cft1' (homolytiC cleavage) LllElVi\LlrtLLflnMn Elt91Elllf1'11 

REl'l1,j1~8'11~\Llrt l9laL;ntl1El'UL~tJ1nft1Jfl'U LfiflB'ULflOfSj.Li\ tltlLU\LEl\Lll ~a R'lt 
' ....... , ......... . 

10. -c---La'r: 
tU·· 

I ---t..,..,. -C•. + 
I , 

.. 
•Br: 

(2) n11'ftft1Dft,..61:LLUtJla.htlJII1fl"l (heterolytic ~) L~8~'UlrtUfln~n EltflElll 

~ 5j Rln~l Wi4J1RUR'11n11i'ufi a L; nfi1El'U~lii11Ul\L l'U ~ \L1Jt lflL ~lL~'U.tltJ Lii 91 
V V· · 
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A I'IIA IIA ..1 IIA tl ..1 IIA \1 aala'tl j o . IIA A fit 'l t1 

ElUL91El'l'11Lfl tJfl'Yl11 7:-;J~tJ LL~t£)t91El1l'Yl11ft'111V. \nn1fttJYJ1n11LRtJElL~nfl'l'ElU LV\ .............. 
!'I ... . .... IIA ..r .. tl 

LlJUElULfl El'l'11 L91 tJ9l'Yl11 'l't~tJ1n ................ . 

,() 
-C-Br: 

I 
I .. e 

----~ .. ~ -. Cf> + : Br: 
I 

... .., ~ ..r tl 

(1) n11ff"'S1"WU1f~LL1111tr11111f11 (homogenic bond-maki~g) Elt91El11'Yl'l1ft'El'I1'Ylft''l1'11 

~U1rtfh'l1ih118Li~nfl'l'ElUL~tJ1111Lii111nU\u~utr: 

10/\ .. 
-C• + •Br: 

I .. 
--·-1 .. .-. -C-Br: 

I I 
(2) n11m"wu1f~LUJ11t3.iffvv1f11 (heterogenic bond-making) ~utr: LflL1L~ufi'Lnfl 

~1nEltflEl11Lf!EltflEl11V\d'l1\l1fiaL~nfl'l'ElU111Lii111ntJEJ:fla11~111fiDL~n9l'l'ElU 
'U 

1~ .. e -c® + :er·: 

I 
I .. 

---11to~ -C-Br: 

I 

1.13.3.1 .. ~J.flY.LJ..ft~l.~P.!1Jl.H (carbocations) 
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' . 

(1) UJflRf11ffuuflfl !a a au (methyl carbocation)~fnfuau~~th::·;nJ1nlliihiur.: C-C • 
· H H 

fft.H . f(f) QCH3 

H H 

· (2) f11ff11Uflf1 !DDDUU.f:li.JV (primary 'Vl1fl 1° carbocation) 

rn~~un::nut11~uau~ihh::~u1n (il~ulr:: e-c 1 wun::) 

... I ff I 11'V\11fl111Jfll4 1 'V\11· v v 

H· H H R 
'Ct-H < 'c!.R < 'c!..R < (,@.R 
I I I I 

H H R R 
methyl carbocation 1° carboc8ti0n ~ carbocatlon . 3° carbocation 

LlilU1mYCUOU"I!fl LlrilU11l1YUI1n"l!fl 

1.13.3.2 .~!.f.'}.V.YJ!.J.Flf1J~. (carbanions) 

.:c. ... .. ,.. · - ... - 11 . ... .. l!lll ., ... ... • ... ... • L ul4D U' fl81V' f) llfl'YIU . 1:'t R1J'Yifl11lJ £l14'D~ ft'Tl~Vf"lJ::n Uflttl EJ 1J £) l4 3 ~ l4 lrt LL~ ::11 fl • . ' . v 
• • •..lll.lll !'I., ., .., A ~~ flit .... 1 .:CI 
eu~nfl1fll4 1 ~n LiJ Lfl L~ft'Tl~r.un:: ~~a..uLROtl1Bl41~l4Qflfl!1J 8 LL~t11u1::~Lul4~lJ 

f11fLL11U !aaaul-leefi)l1~~ntl. sp' .iiJUfl1-3LLlJlJ,flfl1:ifJ1DU. 0Lft~f11EJU~~llll,Y 
., rn~~un::e~lueefihia sp

3 O~'V\d~ S1~ilm1Lt.livunaU,0-n) lfl1~ril~Lntllt1' 
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H-~ 
I 
H 

methyl carbanion 
umtJ11l1YU.nn 

a . ln1181Sion R~···'· ~~ 
R"~rf fit 

> 

1 ° carbanion 

~ R-C• 
I 
H 

2° carbanion 

1.13.3.3 .~.~~.lJ.~ff1;. (free radicals) 

> R-~ 
I 
R~ 

3° cart,anion 
umtJ11l1V'l\l'f)[J 

iJ 
- ...... .... ..1 .,_ • .I. ..1 ·. .. - ~ 

L '1-Hl'ULil El'lll Lfl E.Jfl'Yl1/eHR nf11DU1fi l/7Yifl1'l1J EJ'UEJ:fl EUJ Ln ~l';nnn1'lR~1 E.J'Yft..Lti:LLlJtJ 

~ll1fl'l LiJuEJ:fiEJll~-n1t18Lanfl'lEJu'WihJm u~:ii8Lanfl'lEJU1~1-I.EJnRfl 1 ~~'1~m..J1iffiv1 
" " :.J 

~sp> hybrid otbltal 

planar 

. ct ... : sp
3 

hybrid orbital 

\I/ 
~II 

pyramidal 

L rte)~';l1nfl1fu EJu ~5j8Lanfl'lEJ'I-I.L~ v1 LiJuEJ:9lEJll~-n1fi8Lanfl'lEJ'UL -.rluL~ v1nufl1f 

1uLLflil lEJEJEJu Lmi v,n,~ill~nf~~LiJ.u ltJl '"n1~L~ v1nu 

H 
\. 

C-H 
I 

< 
H 

methyl radical 

.. ., 
1.13.3.4 .~J.!~H (carbenes) 

H 
\• 
C-R < 

I 
H 

1° radical 

H ,. 
C-R < 

I 
R 

2° radical 

R 
\ . 
C-R 

rl 
3°radical 

iJ 
... ..., ., ..1 .. .. 1 ... .... ~ ...... • ..,. 

L 'UDUL f1D11/L flllfiYl EJ:il EJ llfl1'l1J EJ'U L '1-1. fl1~R'l1~ll 2 ~'Ulr: ll.~t~.D!iJJ'JlJ~.~~-FJ.J. . .?. 

~~-~.n!i.lJ.~.~ lliih.h:~ LL~:5j8\anfl'lEJU1~uEJn~fl s. 8Lanf11EJU ~~1EJ~l1~EJtJ~mv1 
'f' ., .. . , .. 
Lfl,."ft11"LLRtLftfiU,.n1Tt!JD"A11JJU 

f11'fiiu5j 2 LUl1'1-1.: flEJ singlet LL~: triplet LfiE.JYi"1lt1fl1fi1u~itfl triplet 5j1:ti'u 
~ ... I .... I A 

'VUh1-\11'U 'Utl £Jn11 LLR:Ui'tH.J11l1'VH~\1n11~'Ufl singlet 
"' 

1. singlet carbene 8Lanfi1EJ'UL~E.J1~~wa~5j·wilufl'l~i1ll Li1flLLR:EJUL'UEJEJfih1R 
"' "' .... ~ .. f'l 2 .... ' I'A ... ..1 I ~ ... ~ I'A ... ..1 

Lflt11nu fl111JEJ\Uu'I-I.LL1J1J sp lJEJEJ11J'Yl~ p 'Yl11~fl~~1nnu1:'U11J 'Yl~EJEJ11J'Yl~'Yl 

• .. .. ~ ..,_ • • .JI 'I ... ...... il ~ ... ... 'I ... lA • 

11~LL~:EJEJ'l1J'Yl~'YlEJL~nfi1EJ'I-I.Lilllfl11JT11L~fl1'l1J'I-I.L 'I-I.'Yl~fi111JLL~:L~flEJL~nil'ltl'U 
. "' 
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singlet 

2. triplet carben~ flLSflfl"f£)'U...f~w£HtiiwiluLL1J1JLtl!.11n\4 LL£Jnnu.e~Li:I1.4~Lan!fl1,£l~ I 

..J .... .., A f'l .. f'l 2 .I · 1 "' A Lfl£J1fl'U.S:£l£l11JYIL'l ~~Lu'U. diradical fl111J£l'U.£l1~Lu'U.LL1J1J sp (1uYI1~ fl~) l'\"f£)· 
"' "' ·sp (LR'U.fl"f~) 

~ sp2 hybl'i\l orbital 
p orbital 

sp hybrid orbital : / J , 

-~ 
" I 

triplet triplet 

-·-~ ... .._ -.. 1.13.4 n1'::1.J~"n11'!1D\1~!)n1'111LAJJDI'fi,.U 

. t1Dii9v1&Aii LiJu.n,,.~tn,.~llttu.LllitJu.l~Wl,.iln~it"l'\it~ . vrfeaJnurnll1nLR1,. 

L~li~'U.t'lflt'l~ L~iJn11~qJLR£Jli1.SWl1 iJn118S1[J~'U.n:LflihtiliLLS:Ri'1-3l~\ur:Ll'\lJ LiJU.tJ~ffi£11 
~ enu. ~ Lii fl1:l'\i1~n~lll'\1J en~ LRnfl"f[)'U.~ ~~£):fl£)3J. Ld eLnfl~~ n1£J1~:ijn11L1.1~ tJ'U.LLlla-3 

'Vi~~~1u 1 fl £J £l1';lfl1 £J'Vi~-3-31U. v\1Elflflniu ?f~-3~1U. 
"' 

1.13.4.1 .~'-~~ll.J.rif!.~~J'H. (energy diagram$) 
' I 

LL~'U.111'Vi'Vi_~-3-31'U.LL8tl~fl11Llli £J\4LLU a.a"f:.iu'Vi~-3-31\411 m:fltJ~ ffitJ1 th Lit 'U. Lll LLn'U. 

'.r~L U'U. ,.:.;1J'Vi~-3-31U1J e,.a 1fl1-3 Ri'1-3~L ~ tJ1i ~.al utl~n1tJ1 LLflUU£l\UiJ'U.fl11lln11l'\ 1I1-n £)~ 
1.1~m£J1';)1nL~llll~~u1~u.1J~ffitnhtt" u.~\4111V.~a"""~u.l'\Kia~"' L1iu. .,.:.lu'Vi~~~,.,uLa: 
LRfltJ1111'Vi1J£l-31fl"f~ri1-3~LrltJ1i£l-3LLa:fl11llft3J~\4n:l'\i1~n'U. 'Vift-3~1\4n"f:fl'U. R/111:. LLfl'l'U. . . . . . 1 

~Bi'" ~1'U.1u..ffu.lull~ffiu1 ~'U.Lflef5lLilu" ua:a",.,~~mu1 

,a\1\11"n,.::(t4 (ActiVation Energy, Ea ~;a AG *> 

1.1~mtJ1LfliJ Lnfl';l1nn1nf~nU1l£l-3tl'!fl1fl~·L~i'rl1tJ8ffitJ1 L 'U. n fiYI1-3~ L l'\3J1:Rll 1fl us:J 

Vi~~-31U.-;'i1U.1'U.LL~u.eu.1.1~ffiuil~Lnfl\trftf""1\ln1'::(,..dju.f!f.~~J.H~i~fl~~fl~QJ!~ri_~1_Jf 
!fnffl.t~J}.Q~;fi~. ~"li~1n'Via"-n'"•h.aCJ t1i'" 'Vii.a-31\L~,nn,-,iu n11Lflae~Yi LLa: n11l'\~'" 
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. .. I ... A ... 'I ....... 'I "" 
'1JEI-3EIU1l1fl l'\'l'El-,1n1l1tJUEln L-u'U fi11111B'U LLatLLR-3 L1JEIEI'U1l1fiL-n1 ~nanUL'U'lttJt'Yl Ll'\1J1tti11 . - . 
',ltLnfln17Luauuutla-3Li1tt Rn11~un-rni-iu (transition state me activated complex) 

~ I . 

wi""1un,-~luL11ufi1111LLflnfi1-3'ltl'\11-3'lttllJ'Vitr-3-31U-nEI-3tn1L~aJ9luLLa:a-n11tLL'Yl'l'U . . 

tai'u n1iifl1111ntl~m·u1Lnfl,Y1 LLatti1jjfi1UBtJtl~mtJ1fiLnflliL;1 

ftll11:LLfl,."ii" (Transition state l'\1El Activated complex,+) 

LiJuan11:i~t~m:L~ EJiin11L ,;,,.111nu-n EJ-31fl'l-3tii'1-3~l'11u~n1u1nu lli Ltiti u-1 EJ ti 
. \1 

~ ~ ""t. • _15 A ... ~ I ~ ., ,.¥ .... .... I 

Lfl L 'U 'lttJtL 1 a1'Y1RU111n ( 10 1'U1'Y1) Lll ti1111'ltl LLEJn Lfl Rn11~U 1~f'llJWR""1UA'" Rf'l A'"n11 ., . ., 

lt.lfl1.1 o LL~Wl1~tJ~ffiu1vur.:~-:~1u 1 .ffu ua-fl.:~~:.rtJ~i-:~.:~1u-n a.:~ft'1~L~lJtJ~ffiu1 wn11:LL 'Yl~u 
~iu ~a-:~.:~1u~1.'!lt un1~L-n'1!R1111:d'f)a~a.:~-:~1un~:~u LLa:~atJ~ffiu1 

wa"","tlih1t.lfims, 
~ft-3_-31U ~ Lua EJ'ULLUa-3-nEJ-3U~n1EJ11fl EJ1111 fl El tlG

0 
1iJUf11111LLf1nfi1"-JJ EJ"1~fllJ 

WtN"1U1:VI11"tn11,3JflULLR~URflUR n11ttl1J~ft-3-31'U'1JEI-3~atJ~ffitJ1~1n11tn1L~119l'U. fl.G0 

iifi1LU'Ua1J ~~LuutJ~ffiEJ1~L,.;fl1111i'EluEIEln111~i-3LL1fltfE111 (exothermic reaction) L~'Y11-3 
fl1-3i111t1'11:iu~~-3-31U,.a-3~atl~ffiu1~-311-nEI-3tn'l'L~aJ9lu ',ltLilutlnn~u,.r\~flnilufl1111 
i'au-,1nR-3LL1flaa11 (endothermic reaction) 
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1.13.4.2 .i'!TIUD.m~tl (Reaction rate) -

ii'rR-s1t10n7v1 Ltht.fl11a.rL11lun11LntltJ~n1£J1 ~1EJfl1111L11lunT'J~Ln,.~aJ9iulu 
tJ~n'i£J1 Lflii LtJ~ £JULLtJ~~ l~ ~it1 ~~ L iJun1,.LtJ~ £JULLtJ~~fl1111 L..U11..Uu-ne~ w1,.L~1J 9lu ~1EJ 
~~91~~fiEJ~\11£Jn~1 lutJ~ffim~~1£J.ffu .ffu~Lnt1-E1n11.ff""n'"'J LiJuf11ri,~utlOflTltJ~n'i£J1 
1t1£J"J111 L1£Jnunn1£J1.ffuil11 .ffu~1~\t.tlelflTlU~n'i£J1 (rate-determin!ng step ~1EJ rate­

limiting step) L -rl'u 
~ .. 

!1"1'1 1 
~ .. 

!1"1'1 2 
~ .. 
!1"1'1 3 

... ....... .... 
EIUL91El13JLtl£J91 1 --~•~ 

... ....... .... El'U.L91El"J11Ltl£J91 2 
... ....... .... ... 
El'U.L9ltl"J11Ltl£J91 2 • ~~fl~~ 

. .ffu~ 1 LiJ1.t..ffurh~utlB9111'lJEJ~tJD-ffi£J11cn£J,.111 
if .... .j., • .... u--

1.13.4.3 .. JH!Y.'J.~!:I.~'!!!lll.!lD ... lJ.Tl!Jtl 

~ 

(!f1) 
f'l {L"J1) 

{L11) 

tJljii'i£J1~Li'V'4~~~,""n,.:~u~~Lntli1ni1tJDn;£J1~1i'V'4~~~1un,-:~u~1 iiiJ';)~£J 
V\ ~1 £JtJ,-:nT'J~ 5j ~ ~ ~ EJtJ Dffi£J1 L~LLri 

1. DtU'J1nii LL~:WA""1U tJnn1£J1~LOflL11il1';lthl~i1~~~1EJV\£JtltJnii'i£J1~1£JnT'J • v ;.,I ~ ;.,I 

~tleHu.~nD lu'Yl1~91,.~..U1aJtJnmu1~Lntl;fu-E1EJ1';)Li~l~L11l~t1£JL~fl111li'EJu 
~ ,. ':1.1 

2. f11rhR~R1l1 n1~1Z1~LiJu~1n~1~liLn1lu!jn'1£J1LiJuLd'EJL~£J1nu 1"''¥'4~~~1u 
-fl11Jfl11EJm~nD-na~tJnffi£J1 LL~:fltlnaufl111li'EJulutJ1iffi£J1-.rJitflfl1£J'V'4~~~,u LLu~L~LiJu 

~~,. ':1.1 'U - ':1.1 

fl1'Yl1~:~1£J T"'1~nii.ff~ (polar protic solvent) LiJui1n1~:~'1£Jii.ff1~ii~~ -0-H 

~1EJ ~-H fhi1 protic ~111£Jii~ H ~Ri'1~~un:nuEJ:91EJ11~«111'¥'4Ll"lw1~1J«~ 
' . ,. 

I !' f" f" AA L-.rfU 'U1 (HOH), LLtl~natrEJ~ (CH3C~OH) LL~:n1flfl111JEln'll~n (RCOOH) 
- \_ t 

fl1'th~:~1£JLD Tw1~nii.ff1 (dipolar aprotic··solvent) LiJuiTrh~:~1£JU.ff1~L3.iii'V\3.i 
. ' ' 'U 

A , ........ ' .. ...~.... ~ I ' • • 

-OH ~,.El -NH LL9111'¥'4Ulf:EIU'Yl1lif111'Vi"ll1 L-.rf'U acetone, DMSO LL~: ac_etomtnle 

i1n1~:~1£J'taJii.ff1 iith!f1au1nfl~nflDu«uflun~, '11iLiJuLifEJL~£J1nuJ, L-rl'u Ltrn 

'L'D'U (hexane), LlJUiiU, CCI4 LL~: CH2CI2 

3. WI L 1" tiD n1l11 LiJ 'UR1i~-rl'1 £J 1 ~ tJ D n1 ~1 L n tlL ;14'" lli ij ~ ~ ~ El n1~L tJ~ £J ULL tJ ~" 
'Vi~~\11u-nEI\Ill~n1£J11fl £J,.111 ~;EI AG

0 LLs::laJii~~nu 1fl,~wi'1-3u~::t.A111m-n EJ\1911 Li" L~ EJ 
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4. Electronic effect: Inductive effect LL&'t: Resonance effect 

nT'Jn,-:-;n tl~ Lan fil,-£l14tliL 1tu~Lflflt.J L]fl;t11iJ f1112Jft1~"lJ ~ £lnTnn ~t.J ~n1t11 
1~ £.1~1 lt.Jn,,.n,.:-;n t~t.J,.:';l 1. u 1fl,.-3rn"Lnfl11n 

" 

Resonance effect Ln~';l1n~1i£l:fil£l2JLU1fl,.-3ri'1-3lMVJ1EJ~.JDLAnf11EJUe.i1uwi~tr: 
~ ................................................ . 

., .:=1 • .I · " • "' I • "' .I 'VI I" "' "' ... " ''Y'I LuUn1,.Lfl &'t £lUflttl £)" ''Y'/£l Lftn fil,.£lULL&'t:fl El Lftn f},-£)14 'Y1 L2J L -n'~,-1-3'ViUD": L \4 ..... ~ 

1fl,--3n1"~ii,.:uufl£lU';lLnfil (conjugate system) 
. " 

5. Steri_c effects LiJu~attt£l"~~unu~~iifi£l1fl,.-3~i'1-3LLa:t.JL]ffit11 L ita-3';11n£l:fil£l2J 
;oil I , ... -.r....~ I 'l .. I ...... ;oil· I "'1. .., ...... 

V\,-El~~ EJ:fil £l2J -n'L U£lfiLL UUEJU L U fi11"R12Jllfl L2J £l £l:fil£l2J~,-£ln~2J £l:fil £l2J L ttl1 n&"tn\4';1:2J LL ,--3 

~:~n';l1nn~2J~2J£ln~Lanfil,-au7:~11-3~l,ja:fl£l2J n1l~ ~n11:LL .,,.u~-iu '13-iiiLRfl ti,.111'Vi " ~ 

1.13.5 n,.CALLiltLtJft (Acids and bases) 

t.JL]n1£J1~&"t1£J-n"it~L~ll1i£l"nuft'1,.aun1£f~ii~2J,jlLiJun,.~ua:LuR L~an~11n-3nl"~ 
~ .1 .. _ ... ... ... , ...l..t "' 

LL&'t:L1JRLUu!jn,-ti1ElUfl,.tl UfiULUUf1112JV\2J1tlfil12J Br0nsted-Lowry LL&'t: Lewis 

1.13.5.1 .TJ.1.~~~~;.~y_~~J~i1~rJ.~1!§~HI.tJ:H!t~~=--~-!.?1 

fil12JUti12JIIJJfl-3L111Uft'Lf1fl-R111 (Br0nsted-Lowry Acids ua: bases) n1fl~EJRi1~1Jf 
TI11f1EJU (H+, proton donor) ua:L1Jft' VJ3J1Un.Jtn~f11Tt.l1f1EJU (proton acceptor) fil12JLL\41fl~ 
d'n,-~L1iLLfilnfl1LU.J'1 LLtiih£J1au1t.J,.9lalltL~.J'1 L~an,-~arl1.u.J'1 J1~-3n1~1l'1~LiJUL1J~ 

H~O:~HLA' 
H 

~ 

+ 

1t'1 01fl ~01f1'11&31t'1 ~L1JR 
(LtJR) (conjugate acid) (conjugate base) 

L~aLuwi'u 1t.J,.fil£lU2J1LLaT;~:na1£JLiJun,.~ L1lln fin1fl (conjugate acid) R1un,-~ , . v 

L~flLV\LU,.9lault.J';l:ii~2J1J1lLi~JuL1J~ ~tin flLllft' (conjugate base) 
"' 

I • ._. .. 

A"l111LL1\l!IO\ln1fl (Acid strength) LLittA1LLflnfl"lA\lfl 

CM225 41 



ft1~aun16ihnJUidjun~tu:ien~ LLflnf11ltibhnJu1nt' wn1..,n. 1fl (acidity) ~~lt1'-;J1n .. 
thLLfln'f11fl-3fl~eh'ln~fl 'Vi1a Ka R1~aun;vct1ul'V\1\i Ka jjthtl'av 1fltJ~1lt1ath::'V\11-3 10-5 n-3 

•10 ~ 1 A ... C' ' A 10 A A ., 1 A ~· ..... A A ·., 1 

10 -JJ-3fl1-3';J1nn~fi£1'U'U'YI~rJ (10 Cl-3 10 ) LLR:L..,£Jlll'V\V-3rJ1nL1£1-3fl1LR~Vnfi1R-3flf'IR1J';J-3\~t11 " ' 

PKa unuth Ka .i-31fun~flflijth PKa tl'atJn11-;J:LiJun~flflunn11 

42 

PKa =-log Ka 

tk ... ... • .. " - ... if ... .. ., ... ..r 
R111..,n~fl~'Un1JLRCirJ~~1..,~£1-3~L1J'fV'~£1LLfl'U L£1flfl'U (A: ) 2J -;J';JtJLnrJ1~fl-\lfl-\I'U 

1. EJ:flEJ111Mfi~Wn.JviU!":n~ll H El:flflll~jjR111..,lV'JVl1R1Jft-3'ti1l~~'Ulr: H-A jj.ff1 ' .. 
~'U1J:-;J:LLfln,.,n~1VLLR: l'V\'1:U~flfl'U l.iL;1 

Pl<a"' 50 Pl<a"' 38 PI<."' 16 pK8 = 3.2 

I 
. F-H -C-H ,-.N-H .-· 0-H 

I I 
n1fl:flflll A flU'V\liLfiv1Ttu ,.'U1fl~fl-3£J:fleli'V\1alaflaui1tin11J1nn11ti1w111.., .. .. ·~ 

lv-Jvhau sn,..,n~fl';J:L-Ali';J1nti1uuult.Ja1-3 (L'1iu ""~ 7). 
1/ • 

pK8 = 3.2 PKa = :7 PI<.= -9 pKa = -10 

H-F H-CI H-Br H-1 , 

2. n11n1:v1tJt.l1:vtt11 n11n1:';J1 va Lanf110\n11l ~ail v~z1,..,~ a-3 LLau la fl fl'ULL ~ ll ' ' ' 

tk A A . · ... , . t 

~" 'lf-3£l1-;JLnfl-;J1n I effect 'V\~El resonance effect L'lf'U 

7 7 ~ ·~ _e 
H-C-C-0-H H-c~c-o: 

I I I I •• 
H H H H 
Pl<a = 16 

n11n~:-;J1VU1:';J 1flv 1 effect .............................................. 

F H 
I I 

F-C-C-0-H 
I I 
F H 

Pl<a = 12.4 

1J1:,R1JDlfL4iWi:fl 0. 

luiJn,n-,:.,utJ1:1 
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nTln'l:';J1tll.h::, lfltJ resonance effect 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••,. r 

pK8 = 4.8 

3. ~l1lJ1~f1,'1f71U-oD.JD~f1D1/~UV1:VSlJ tl1iJan~tu..-neJ~ s EleJfih1~3J1tl fiaL~nt'l'lel'U . . ~ 

';J:eJE.iLniit'lLfl~ti~LL~:fln~~flflll1nn11 rhL~flLU~5:iL~ntl'l111~~~n11 L1f'U 
~ ~ ~ ~ ~ 

H H 
I I 

H-C-C-H 
I I -
H H 
pK8 =50 

H H' 
I I H-C-C-H I .;e 

H t 
sp3 hybridized C 
25% s-character 

ifi11,L1Jft (Basicity) 

pK8 =44 

H H 
'c=c/. / e· 

H t . 
s,l- hybridized C 
33% s-character 

H-c=c-H 

pK8 = 25 

e 
H-c=c: 

t 
sp hybridized C 
50% s-character 

~.,-aun76~ii~3JUllLi~JuLu~ liLLri D~iiu (amines) fl113JLL1~-neJ~Lu~1t'l';J1nfi1 Kb 
.. I I ' t. 

(p~) -neJ~LlJ~ 'V\1elfl1 1<a {PKa) -neJ~~n1fi';J1nLlJ~'U'U ') 

f'l I ""' ... 'I ... 1· I .. 'I - R Kb Lu'Ufl1fl~f1 LLRfl~fl~fl113J~3J11fl L'Un1111J u1flel'U {'V\1el L'V\elL~nt11el'U) -neJ~LlJ~ 

e e .. 
R3N-H + : OH 

•• 
LUft 

flO'tfl .. 
... ... I' I I ""' I ..r. 

fl113JR3J~'U.tn:'V\11~fl1fl~'Yl L 'V\ ~1'Ufl el 

.. 
'V\1el Pl<a + pKb = 14 

CM225 . 43 



1.13.5.2 .TJ.1.~~~~;~y_~~1!1.HYJ;J~IJ~.ift1~lf. (Lewis Acids LLR:: bases) 

R'JDtf an1J1tJfl1111..,3J1tJ,£l~n1flLL~:L1JWn1'1~n11Lll1UtfLflfl-fl171 ltU.ILU'ULll~~ 
\1 

a Lanfl1£l'U c;n 11UtJ111d'n1flR'J 8 &nl\111 un~tn1~ LU'Ui1i'1Jti a"LanCil1£l'U LLR::LlltfR'J D ~111 un~ ' . \1 

R11~L ~~a L~n'il7£l'U n1f>A'J D n~ LU'Ulfl1'11rn~~,1~ a Lanfl1El'ULLa::i'tJfia Lan'il7El'U Ltl L -rlu 
\1 \1 

... ... ... ., 
n7~nn-nu~'il1li'UtJ1111J EJ'Il L111UtfL flfl-R171 ... 
LLflflLEJEJEJ'U L-.ri1-l. u+, Mg

2
+, Br+ LLR::fl1il1JLLfl<ilLEJEJEJ'U 

.I A ., · ..1"""' .-1!": ... , A ... ,.,.. « '1 ., , 
tn1u1::nEJ1J'lf~11£l::fl Elli'Yl11 El_El7u'Ylfl11'11'1f~11J~ ElLan<il7El1-l. L~ L -n~ BF3, 

Fe8r3, TIC14 LLa:: ZnCI2 

LlltfR'J D tf iilfl1" wi'1'11 L.., ~ El'Url1J L 1J ft1J El~ L111UtfL flfl-fl171 L iia~~1 n 'ii1~ n ii ~ 
\1 

a Lan<il7El'UL -.duLii tJ1rl'U LL'ii Cil111UtJ111, El'I1R7Dtf LUWL ~~a L~nCil1£l'ULLrinn 1fl1~Wi'1~~1J1~ . 
\1 " 

aL~n<il7El'U "11i"\t1',)1n~u'iiL~Y41:: 1111<il£l\U -.,ijau itu111LL1J1JL111uw,,fl-R171 L -.d-u lfl1~wi'1~ 

c;i El "ttJd'~~ii WliUi LU\ItL1J W<il111UtJ111, 8'11R7§tf 

•• •• CH3CH2-gH CH3CH2-g-CH2CH3 

alcohol ether 

•• 
H3C-N-CH3 

I 
CH3 

amine sulfide 

tJfimu1n"'fi·L1Ji'fLL1J1Jft'JDif (Lewis acid-base reaction) 

11~ffitJ1a1-1t'Yl'16ff11-ftL-.,qjL~tJ1-lla~n1JLfl~B1-1t~'llel'll~aL~n<il7B1-1t i'~LtJuu~n7u1n7~­
L1Jft<il111LL1J1Ja1a« L-rlU 

44 

II .1"' ... I ._. 0 

1) JJ!)n"'U1n1fi·L1Ji'f "StM11" BF3 nu"1 

~~-F-8/" + . H-t-H 1t 
I , •• 
F 

F 
al •• 

F-B-0-H 
It IE& 
F:H 

2) t.lfimu1n"'tt•L1Ji'f "StMi1" cyclohexene ftU HCI 

(Y~H-CI 
~H _\J 

... ct
. H~ . 

...... + 

. H ",... .. ------. 

cf> 
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1.13.6 "~flil'olwa LLfttoLIIlTtt,-lrla (Nucleophiles and electrophiles) 

C~H I . ..a 
H3C-C + :ar: 

I •• 
.. 

CH3 
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~ .., ..:I 
LL1J1JND~tl1Jflfl 1 

(1) n LL~: I (2) n LL~: m 

(3) n LL~: s (4) I LLS: m (5) m LLS: s 

2. e:9len.nnfl \ Uft111h:neufie Ltlil\ieefflna ~w11~ilfl Lfl 
~ . 

~ 1., 2 I 1., 3 
1) ,.,~A, B, C, 0 L~ sp R1U E L-.tf sp 

. 1., 2 3 2 3 
2) A LLS: 8 L~ sp; C-sp ; o~sp -; E-sp 

3 1., 2 3. 2 
3) A-sp ; B LLS: C L~ sp ; 0- sp ; E- sp 

A B C 0 E 4) A - sp3 
; 8- sp2 

; C- sp 3 
; 0- sp2

; E- s;/ 

3. 1111~un: 1111 1 us: 2 LUULYhLfl , 
~ ~ ' 

2 

1~r1 :o:~ I •• H-NCH2CH2CH2C~QH 
•• 

...... 1 IJIJ 2 .....-- .....--

(1) 109 109 

(2) 180 120 

(3) 9o 90 

(4) 109 120 

1) F LLS: C 2)C ua: I 3) B LLS: Cl 

5. R11tl1:n euti1 Lflfi-e Ltld'a:~1 rnt1ii~wfl 
~ . 

. 0 
II _e (i) 

3) CH3CH2CH2CH2C-q Na 4) CH3CH2CH2CH2CH2CH3 

6. ft11LfltltJLtld~Lnfl~un:LtJ1fl1L;tU1:~11~111Lan~Lti 
. ' ~ 

(1) (CH3CH2)3N (2) CH3CH2CH2CH2CH2CH2NH2 
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7. W11~1n,j fl 6 ti1 Ltl~5j~ftLtlBtllf-4fiRtl .. • .. 
8. L~flLrn£JUL n£Junu A lfl1~rn~LtlfioltJd'~LU'U. 

[Q., 
(1) 1fl1~rn~L11'11LL'U.U.f 

(2) lo t~JJLllaf~\t" tfl,."rn" '., '~ (3) 1J ~fl~ 1 LL~: 2 .. o: o: 

1) 6 2) 6 
:0: 0· 

3) 6 4) 6cH2 

9. t ., t ~,.iJ~t ... t ., ~ • fl1-\lft"l1-\l tlfl 1JL U fl IJJL1JB1-nUtl fl1-\lft"l1'11nULL1J1JflU ') 
0 

~OH ~ <>-OH 

1) 2) 3) 4) 

10. lfl1'11rn'l1fieltJ\iijfl111JR11~utfnuLuLL~Ltl 

()=cHz 0-cH3 

(1 > ~"fhuula t'JlLllaf~'"" tfl1"rn" (2) Luua~1i1Lti£J1n1-i .... 

(3) fi1'11nLtlulfl1-\lrn-\IL11'11LLuu4 (4) LiJuwLtla'1talat'JlL1Jef 
11. tiLtlL1iLiJulfl1'11rn'I1L11'11LLUU.f .... 

H :a. ~· :,OH 
(1) I '' H-C-C H-C-C 

H :QH I '' H :0 

(2) co 0) ..& ..& 

& 0 
I II 

(3) H-C=2-H H-C-0-H 

iJ ~ 
(4) L U'YJ-\1 1, 2 LL~: 3 

12. ""' 111L~n~,fl-\IW11fie ltJd'tie,j a Ltl 

·~ 

CM225 

(1) C9H80 

(3) C9H90 

(2) C1oH100 

(4) C1oH110 
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, , 

~ 

• • • • I I I I 

I ~ : : 

N~Jl . ,,,'. 

COOH'
1 

HO 

El:fiEJlJ 3 EJ:fiEilJ 4 --- -=-----
3) El:fiEilJ 4 ii'lU'Y11~uuu\t'1 ( linear, tetrahedral 'V\;EJ trigonal planar) 

" ' 

4) EJ:fiEJlJ 5 ii~U'Y1'l~uuu\t'1 ( linear, tetrahedral 'V\1EI trigonal planar) 

15. 'A';)1'lm11fl1~rn~11EI~ft'1'ltJ1:nau u~tfiOtJfl1f11JJ9ialtJ'ii 

<v · o ,I 
NH 

H CO .... . 
3 "(2) 

1) WoU1r:'V\lJ1tJU~1J (1 ), Lnfl';l1nft11L'V\iEI11'Ji£l~1::'V\';h~EIEJfih1a,-itfl \t1 
2) L;jv~ityft'n~m a+ ua: a- "";aL1nLflnfLLRfi~R111~,f1\~w~n:t1~n~h1 
3) 'lU'Yl'l~11EI~fl1fuEI~\~""3,jfl1fuEJita (c=o) Lil~uuu\t1 " .. " 
4) w~c'V\JJ1tJLa-n (1) Lnfi'V1nn11L'V\iaJJ'Ji£l~1:'V\11~aafih1a,-itfllfl 
5) ft'fl'llliLftnft1JEI~ft'1.,.\iLfi~Eith~l1 , " .. 
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16. Pravastatin Lihu.nR~flauuntUJ1Elftnall statins ij,.,a.i~-\ln-iu-nit~ l~U1-\I LiitJU1-\I 
" "' a EJlJ1EJULL9ift:'V\a.il)i1 tJ 

"' 

HO 

COOH 
OH 

Pravastatin 
(Pravachol) 

CH3 

. .. ~-~ .. __. ....~... lin ,. ... ... ll --- I ll.l..r 17. UEJn-nU~'V\Un-\ln-nun~n1ElU L1 ULfl1-\IW11-\11JEJ-\Iti1~1UL11ft"fiEJ LuU 
"' (2)f~i J' . 

-------I ~ (3) 
I "0 I I =(II ,- I j----, 

(1) 1 0 :: •. I I 0 : 
I OK---\\ I I· '\ I I 

: HN : 
---- -r----- -· : 0--!-\ 

I -1 -----1 \ 
(4) :_':'~~! 

Oseltamivir 
(antiviral agent) 

(1 ) ........................... •.• ........ ; ......... . 

(2) ............................................... -.. 

(3) ........................ ·~ ..................... . 

(4) ............................................... . 

1s. l uLL9ift:-iEJ9i EJ lud'l"'""n"'"~LiJu LEJ 1'lfLliEJf-nit"l"'"rl1"~"nuLLft:nu 
1) ~ 0 I (CH.hCH 

CH3 
2> H3c-¢-c~3 

CH3 
0 0 

3) Q-cH. Q=cH2 Q Hc=ccH2CH2c=ccH. 

CH3 0 
CH3CHCH2CH2CHCH3 ' ..,....._ Jl 

CH2CH3 1 -.......,- " 
(1) '41U1Ufl1fuaulul'.d'V\anii~EJ:flall 
(2) ii'V\liVJ"n.uu,.,;EJlli 11ilt1l~ LLft:EJuftl" 

"' "' 
(3) iil..ufi"'V\1EJ'V\a.iLLnu~,.,;EJlli 11ilfllt1 LLft:EJu~l" 

"' "' 
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d"b 
c 

22. 111LanaLtlU1~~ijfh ·JJ. =I= o L~L;Jt.t14fifl'Y11~-na~ 111L11'Utflou12JLanat11t.t . . . 
~OH 

v 
~OH 

~OH ¢ 
OH 

~ 
HO~QH 

(1) (2) (3) (4) 

23. L ;Jt.t'Utl1La-nLL«tl~~1tl1Jfl1111LL;j~LL1-3-n El_~LL 1~:~11~ 12JLaflafiEJlt.J{·;nn ~ El'U lt.JLL 1~ (1 
I ..I . ..I 

EJEl'U'Yla'tl ua: 5 LL1~111n'Ylfl'tl) • • 
London force 

Dipole-induced dipole force 

Dipole-dipole force 

Hydrogen bor1d 

lon-ion interaction 

th~1u-Na 24-25 n11Lt.Ji4uouut.Ja~fialt.Jd'djout.Jnmu1LLtJ1JLtl1fluLiant'httaufialt.JU 

24. 

25. 

(1) n11Lii11 (2)·nTrJJitt 

(3) n11LL'Yl'U~ (4) n11it'1i1L~1i 

0+&2 FeBr3 (cat) u& .+ HBr 

Br 
Br2 

~ ,Jy 

( 1) 1 ~ a-bond 1 7 1t-bond 

(3} 12 a-bond I 7 1t-bond 

Br 

(2) 14 a-bond I 5 1t-bond 

(4) 14 a-bond I 3 1t-bond 

-

CJ4225 



M_OH 

E9 
(1) -c-

1 

(1) CHa~CH=CH-OH 

~ 

(3) C~=CH-CH2-0H 

e 
<2> -c- <3> -c-

. I I 

(2) CH3-C=CH-CH2-0H 
I 
CH3 

(4) CH3-CH=CH-CH-OH 
I 
CH3 

(4) -c-

29. tnf'L u LL fil fl La a eru Lfl ii Ltdhrt 111?Uf~ Hfl 
. ~ .. 

® ® 
(1) H3C-c-CH2CH3 {2) H3C-CH-CH2CH3 

I 
CH3 

30. fil1'lLL1J'ULDBD'ULfliiLtdi£J1111?Uf~Rtl 
~ .. 

9 9 9 
<1> 9 ~ CH3 (2) H3C-C-H (3) H3C-C-CH3 <4> H3C-C-CH3 

I I I 
H C~ H 

31. tl1Li1n11.1Dffi[J1~itflaLftn 1fi1'L?h~· (electrophile) "'ltiuriielfl 

(a) Et> Br: . . . 
(1) a, b 

CM225 

(2) b, c. (3) c, d 

(d) N02 
Et> 

(4) d, a 

51 


