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Atomic orbitals 4l &ayy

Electrons (-) 6 > Atomic Number

C

Protons (+) 12.0 > Mass Number
Nutrons (1) '
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Atomic number = Number of protons
Mass number = Numbers of protons
+Numbers of neutrons
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Atomic orbitals 4l &ayy
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Atomic orbitals 4 &>éyy
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Atomic orbitals 4 &May)
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Element | Atomic No. Electronic Configuration
H 1 15l
He 2 152
C 6 1s? 2s? 2pxt 2pyl 2pz
/ 1s? 252 2pxt 2pyt 2pzl
O 8 1s2 252 2px? 2pyl 2pzl
9 1s2 252 2px? 2py? 2pzl
Ne 10 1s? 252 2px?@ 2py? 2pz?




Atomic orbitals 4l &My
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Chemical bonds 4wl Jay 5
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Hybrid orbitals disgall &MaY
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Polarity of Bonds and Molecules
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CON...Acids and Bases o) gall 9 L gandl

Jali Ao 3,0l Balall b paaad) (L ewis sl iy al
Jaay B (electron deficient) <lig i) (e .93
Jia Yalaia 9 B9 RT ¢ HT ¢ "NO2 Jia 4 9o 4dad
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Chemical formulas

CH,0O Empirical formula

H,CO CHsCOOH G99 Ll g Gud g @l Al £ g (pd

Formaldehyde Acetic acid | ¥ 4k o) @il Bdal) sl
C,HgO Molecular formula

CH3OCH3  CH3CH20H | 48k g9 ase g <l il g g G

Dimethyl ether Ethanol el Wpary g Lol )
CgHgO3 Structural formula

O\I—I—/OH A8y kg Wase g &l Al £ o8 (s

o oarl) Ly pa Lghalsi )

2-Hydroxy-3-phenylpropanoic acid
(|3H3 (|3H3 Classification of Carbon

T oy

1° 2 3 4

and Hydrogen

1° Primary, 2° Secondary
3° Tertiary 4° Quaternary




Representation of structural formulas

A) Two dimensional representation

H H A
H.C.C.H H-C-C—H
N i
Lewis formula Dash formula

CH3CH,CHg i

Condensed formula Bond-line formula



B) Three dimensional representation
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N
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Newman projection
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CON...Intermolecular forces <t jall G ¢ sal
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CON...Intermolecular forces <l jall ¢ 58l

| ydrogen bonding 4 guued kil g ) (z
53 o Lilida sstiad Al s pall A Al g ngd) Jayd g ) (oS
A S Al 13 30 pa Apadlud Ayl 5 il Jual (im0
G 9ougd) B0 Gliiud dua cpa g il ) Cpaws ¥l Jia Adle
A Gy L 98 eilad ) a8 dyida dage ddad Jaadl
Al o uk e A cliall b Aesd Adud) Al
AN e S 8 Hed Al g gl dalgully Balall iy
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ety g Olaladl
CHj H— 0 4
H3C—O H. M
A ‘H— O
H—O y; H
H—O

Dimethylether in water Water



Classification of Reagents —idl Sl cayias
P daileanSl) i) oSt Ciiual

il g8l &g Electrophiles daldg s cidi S (1)
Jesy B9 (electron deficient) <y AsBU Al
Yalaia (683 9 R ¢ HT ¢ "NO2 e dia ga ddak
(busl pagea) ZnCl2¢ BF3 ¢ AICI3 Jia

il 81 A gNucleophiles Al sls g il oS ()
Jaad g (electron rich) 4 gall Aaill 4l
Jie daia 5i R7, RO™, HO™, X7 Jie &l A
(o8t 2=158) .NH3, RNH2, H20, ROH



Classification of Organic Reactions

Jisad gl B oyl g (i eSig hard gy S (8 B e (Alal) Jo il
Oty phay uE () Sy ApibiasSl) Adag) ) g s A ) Al dda
53 S JU ésa Homolytic cleavage oailaia s (1)
Free radical 1 1 3 zesat! ddag) )11 F 9 5381 (pa U g i<t
A . .
A B » A + B
; 4
Alud 489 Heterolytic cleavage owilaia & s ()
Ll U gl zesnatd ddagl 11 g isily Ao Ay g dalid) cld 3
case sl A Anses Lula 08 5N Jeali g 4 Anion
Cation

A - +
A:B > A+ B

anion catior




CON...Classification of Organic Reactions
AUl A ) Gilial) ) 4 guand) cdle W) Ciuiaal (S g
Substitution () Jadial cdlelds (1)
CH3 CH3

CH—| + OH —» >CH~OH+ I
CH3 CH3
Addition 48La) cdlelds ()
H
H,c=CH, H=Br _ H c—cH,
Br

Elimination g3 wield (a)

|
H,C— C|3H2 KOH/aIcohoI> H,C=CH, + H—Br

Br




Classification of Organic Compounds

Family name Functional group Example
Alkanes C-C and C-H CH4
Alkenes -C=C- H2C=CH?2
Alkynes -C=C- HC=CH
Organic C-X (X=F, CI, Br, I) CH3Br
halides
Alcohols C-OH CH30H

Ethers C-0O-C CH30CHS3
Aldehydes O
| CH3CHO

—C—H




CON...Classification of Organic Compounds

Family name Functional group| Example
Ketones lcl) CH3COCHS
R—C—R
Carboxylic acids |C|> CH3COOH
R—C—OH
Ester 0O CH3COOCHSs
]
R-C-O0—- R
Amines R—NH, CH3NH2




Hydrocarbons — <l S s ugd

GRS g oais Ao (o giad QS ja 1 Clig S5 )bl
o) Wranaall Sy g 1288 (g gl g
Saturated hydrocarbons Aadall cli g < g el (1)
Laas Jagl g5 e (A &3 b e SH <l 3 ol 5 s
Alkanes <Ulshy) & Jlall ga LaS 4palaY)
Unsaturated hydrocarbons Aasdall p& cilis S 53¢ (1)
533 s A QI pa ) e JB g SN @l 3 b 5 dua
Alkenes <lilshy) A& Jlall ga LaS | ddelias dayl g
aila g N i 8 9 ugdly Alkynes iyl



Alkanes and Cycloalkanes 4lall clilshy g Ul

Alkanes CnH2n+2 Cycloalkanes
CnHz2n

P N\

Unbranched alkanes
CHZ\

/\/:(\ (’:HZ (THZ
CH H
~& CHZ/C :

Branched alkanes



Structural isomers of Akanes wUlshy) 2 AUl Jedal)

[SOMERS
Deferent compounds with the same molecular formula
- N |
Constitutional (Structural) 1somers Stereoisomers
Deferent bond pattern Same bond pattern
| | | | |
Skeletal Positional Functional Conformational Confiigurational
interconverted by rotation  interconverted only by breaking
about a ¢ bond and reforming of bonds
| |
Optical isomers Geometric 1somers
‘ Cis-trans isomers
r | |
Enantiomers Diastereomers

Nonsuperposable mirror image of each others Not mirror image of each others



1) Structural isomers A4stiyl) clCall
bl Y Jaad b Cilidn g 4 Jad) dapal) B

A) Skeletal isomers Al l) edIsial ()
CiHp 7 —<
n-Butane  Isobutane . .
Positional isomers 4pa gall CBISdiall()
Propanol Isopropanol

Funtional group isomers 4 ol eeiali(z)

CoHgO  cH,cH,oH CH40CH,4
Ethanol Dimethyl ether



Structural isomers of Alkanes <Ll Auilil) aCiial)
A8 o 4y giaall clilsy) A Al AU Jedal) el
AL e AdS el CSETAl) 3 a3y e S <l ED ha
GO9St <l e

NO. of C NO. of i1somers | |[NO.of C NO. of iIsomers

4 2 10 75
5 3 15 4374
0 5 20 366319




CON...Structural isomers of Alkanes
Isomers of Butane C4H10

CH3
|
Nn-Butane Isobutane
Isomers of Pentane C5H12
=3
CH3CH,CHCHLCH CHg~ CH- CH,CH,
n-Pentane Isopentane
M3
CH3-C~ CHg
CH3

Neopentane



CON...Structural isomers of Alkanes

Isomers of Hexane C6H14
s
CHSCHZCHZCCHZCHZCHS CH3—CH _C|_|2C|_|2C|_|3
n-Hexane Isohexane

3 CH3
CH3 CH3=C~CH,CH3  CHaCHCHCH,

Hexane isomer Neohexane Hexane isomer



Nomenclature of Alkanes <Y e
Aild plaw) aad S Mlh 4 glaall clSpal) dlas) oS s
Jaill Gaea Jia L jMaa bl 4 LS common names
S (S8 A A formica 4 4l ¢w)Formic acid
T Ay guand) LS jall dlae) W1 55 pag NEO 9 iSO adalBall aladdiuly
s Lalall cé.: Laa 4o guaand) LS sall aand dadilii glaw) glac) jdaial) pa
(88 5 4, puanl) S jal) ApanidlSystematic duagie 4dyjh ek
Ma) JB (e p1802 a ale LgBUELA) 20 g Caag Al gl

(IUPAC) &l sl | juald) iyl g Afpalail) g ddagd) o lassll A gall

International Union of Pure and Applied Chemistry

Prefix | Parent | Suffix




Nomenclature of unbranched alkanes

L Gzl 0B Lf.;-.u —
Structural formula O 5 S TUPAC name
CHy 1 Methane Ol s
CH3CH; 2 Ethane ol
CH3CH,CHj 3 Propane iy
CH;CH,CH,CHj 4  Butane S0 4
CH;CH»CH,CH,»CH3 5 Pentane ez,
CH3CH,CH,CH,CH,CHj 6  Hexane Sl
CH3CH»CHyCH,CH,CH,CHj ¥ Heptane Ol
CH3CH,CH,CH,CH,CH,CH,CHj 8  Octane oS
CH3CHyCH,CHyCHyCH,CH,CH,CH; 9  Nonane 56 5
CH3CH,CH,CH,CH,CH,CH,CH,CH,CHj 10  Decane i



Nomenclature of Alkyl Groups

) AL Ak de jital) LK) diand P Bl S
ALY Ao ganally (£aAl) SN gaalae dpand 43y b
iy Lgtand alyg (md gl 5,3 dually (Sl (e 3L
y| adalally ddladiud g (Glaadl GBI sl (e ane adalall
Sl ple) e oaaly g Ao QWM gsan ey
Jall g2 LS 3aaly dulsl) Ao gaaa  3ULS aly s g g

G ol @3 Bl amd gag Cua B O 8
Jaal gl QS ALY e gana (e AS) gL

Methane Methyl Ethane Ethyl



CON...Nomenclature of Alkyl Groups

vH3
n-Propane n-Propyl Isopropyl
s
n-Butane n-Butyl s-Butyl
¢H3 CH3 CHj
CH3CHCH3 CHBCHCHZ— CH3 -
Isobuane Isobutyl CHj

t-Butyl



CON...Nomenclature of Alkyl Groups

CH3CH,CH,CH,CHS5
CH,CH,CH,CH,CH, n-Pentyl| CHy
n-Pentane CH3CH,CH,CH-
s-Pentyl
W CH3 CH3
CH4aCHCH,CH4 CHaCHCH,CH»— CH3CH2(|3—
Isopentane Isopentyl CHj
t-Pentyl
FHS (|3H3
CH3—(|:—CH3 CH3—(|3—CH2—
CHj CH,

Neopentane Neopentyl



Nomenclature of branched alkanes

Gd g de jital) iU [UPAC agiadl slanll (gids

+AdLEl) Jay) gusall

quha;g\ @MY\MsJM@*JSMJﬁ\ aaa (1
QQ@A@M\ p3g dluatiall aoalaall e g S pall

(X%
CH,CH
CHaCH, alvadie
CH3CHCHCH,CH,q CH3CHyCH,CH)CH3

CH,CH,CH,
Parent name Hept not Hex Parent name Hex not Pent




CON...Nomenclature of branched alkanes

Johl) (udi L (LS ) ctibeda o SN ¢ gia) die (2
£ 98 (e dae ) Jaad Al Abadadl ¢ 93 4y ol YY) (8

CHy CHy CH3 CH,
CH3CHCHCHCHCH,CHg  CH3CHCHCHCHCH,CH,
M3 CH,CH,CH, CH3  CHyCHRCHS

Wrong Correct



CON...Nomenclature of branched alkanes
Cra Aaabi) Adedaad) ad 5 ALl asalaall pudal ga aait (3
Adededd) Bk day (g gl 2ie g £ 8T J oY RN ikl
Soludi dis g, 13S0 g AL £ 8l B JgV) e 8 e

) il (e o Aludad) Bk (e a5l Adlatal
JBY) a8 ) djaa) A ol W) Cld ALl de ganall dan

|CH3 3 CH3 1 2 3 4 5(|:H3
CHLCHCH,CHCHCH,  CH.CH-CHCH-CHCH-CH
3 2 3 3CH, 2 »CHq

6 °5 4 “ .2 1 | 6 <7
CHy CH,CHy



CON...Nomenclature of branched alkanes
dic g Led dlalad) g Sl ey ?dJL) 4Ll aalaall éb—a Al (4
JUSE ask Al Baalg (eaS B3 A8 ALy e gada (e SS) 252
M\ ;\JJA\ 4393 ZJ:M,\M &AL%AJ‘ Sl dae J.ﬁg Qﬁ)ﬁ\ 3)3 e&)
Alis sl ol Y Al ) o uililaia e gaaa Ao Al
AL o Al adliadl aladiuly LS Oy s ganall dlli ad
ST a8 ALl alaal) lli 3 e ANAl 3Sa g, tri(3) di (2)
Al Wy ladlga Jdo Al LGB YL B £ il Lol
4ld neo iso wlialdl e Ladg (Methyl 2 Ethyl )
e A aaliall g (di, tri ) SIS o Al adalial) Jlaa) &
A gl waat sie (1., 5.) AlSIY) Ao ganall g I JSagd)
s Alisl) Ao gana AT andd 32y 3 pdlie SIS o) o) S o
slamly Al Y O (=) bsbdy s8N Om Jualgd gy o)

Al aalaall



CON...Nomenclature of branched alkanes

CH,CHy

CH,CH,CHCCH,CH

{37 23475 2¢" 3
CH,

3-Ethyl-4-methylhexane

6. 9
21

4 3
4-Ethyl-2-methylhexane

4.4-Diethylnonane

6N\ AN3 2
/ 1

2,5,5-Trimethy-4-propylheptane



Nomenclature of Cycloalkanes

Monocyclic alkanes 4lall 4alaf cllKy) o
s J O™ u..ub.a\ﬂ audY) J.8 Cyclo adaiall dalisy
dalall e Ladie g 48Iall A5 gSall (g SN &) e
Ji lelilail 1,085 ABlad) ad i Lela Md Jladuy) dgalal
OIS acl S8 Bl ALad) Ae ganall and A4S A,
Al

- o

Cyclopropane Cyclopentane

O >~

Isopropylcyclobutane Cyclopropylcyclohexane



CON...Nomenclature of Cycloalkanes
ald i J8) ALad) aalaall el Jlagiad) ajae Adlal) a8 3
¢y dlalal) 48tal) e € @l gda) MU Euay diSas
) &J.Hu e.éﬂ\ Mg al dalg aB ) Abad) avalaall
Jga g AL g AlSaa e&j S8 s LAY dbad @A‘A—d\uhu
o ) p)ay a3k Alh o3e S Le (ghay A AU LA (e i)

Agaa) 4ol oW1 i) Ao ganall Alalad) fyga <1 33 e

> (X

1-Ethyl-3-methylcyclobutane  2-Ethyl-1,1-dimethylcyclohexane



CON...Nomenclature of Cycloalkanes

A gSall ¢y ga Sl i3 Agalal) Jagl gl Joa Glogadl dad g
Al A8l cllshy) B S0 80 JSadl) cha g od jegd ) Adla
1A cis-trans isomerism () fb-uw JSEG G g Jladud)
Jediall caw ABlad) (e cuiladl (udi Ao cpibadd) (e ganall culs
Ga Cpilida Gl Jo Cpilad) (e gaaall cllS 13) Ll cis Qun

trans ol 5 Jsdiall (e 43lal)

CH,CH,
CH,
H H
cis-1,3-Dimethylcyclobutane trans-1-Ethyl-2-methyl

cyclohexane



CON...Nomenclature of Cycloalkanes

dalal) ,uied A8IaIL dlatall kwﬂkweu\ Ay Sl e
AL A gana

>

3-Cyclobutyl-5-methylheptane 3-Cyclopropylpentane



Physical properties of Alkanes
oaliy Al ol Baliy Ul GLls daje Ao e
g AL
Cl-c4 Gasses Cb5-C17 Liquids
C18 and higher Solids

0.4-0.8 glml slall (sa 43U J8) LS o
L;é gl Sy elall L;A i Y Ll CUILSIY) dyulad ads Gl

o) Jle Addmaal) Aghadl) @l gl Agldl e cdylal
Cr il g G52 80 &y 6ls



Commercial sources of Alkane «Ulsl) ilaidy) juaall

Joidly ) el

O3 0ae Bwge | B, (e el
SPN (7)ol
C1-C4 20 - J3 |Naturalgas e )
- C5-C6 20-60 Petroleumether Ja
C5-C11 30-200 Straight-rungasoline () o ;Lal!
Cl1-Cl4 175-300 | Kerosene v 9 S
C14-C25 275-400 | puel oil T DIRCEy
>C20 o flaze pé [l s | Lubricating oils  peoeidl < g
>C20 5 plazs pé Ml | Asphalt ol

[




Conformation of Alkanes
(4301 B s dapa die Gl guamy ) J ga)
da e Wy Acyclic molecules Adlal) e clipjall B
S 2 (g8 S03 O (0) Ll st A ) J e ol gl
e JS Lo Galhy LgilBlhg Llld) B Adlidal) glag¥l o
s @k WS (conformer) s'conformational isomer
Ladaw atay) dday) 1) Joa ol sall Gablaal) 4BUall & sl 4 o

conformational analysis s

I HH
::Q;ZH rotate rear C 60’ Q;\
Ill H Skew conformations I_LI \HH
Staggered conformer Eclipsed conformer

Torsional strain = 2,9 Kcal/mol

Conformations of Ethane



CHs H,CH
HQ;Z: rotate rear C 60 @\
Skew conformations
H™ ™ HE—" ¢
H
Staggered conformer Eclipsed conformer

Torsional strain = 3,4 Kcal/mol

Conformations of Propane

(&) Al asl 3l e dealill )Torsional strain sy 48Us e
5 e ‘z( 5 pria dad Y ddavead) by sl < Steric strain
aall, L.;L L_\Luﬂ 4\_13\5 MJ:J\ oJ‘J; ﬁ)d u\ﬁ L;ubj «Kcal/mol

JJ\_\}‘MQJAJ\&LAJY\LAMUM J...J\ d);_d\_\cmu\.q.q\)JY\
&LAJY\ e hangia 8 (3 48 duu\s Ll V) ) YT daus 5 (e
%7OMJPJAL)D).\J\ ;:LSJA u\é.c L_iuj\ﬂ\ JJJ&B‘\.\Q\)&M
u.ua\.u.d\ Gmadll (A %15 Ay dlatall Cilaial) 2] @l auall
Crblll



CONT....

H,CCH,4
H CH, - - HCH,
H H
Eclipsed IV
H,C a8 Y CH,

T Eclipsed IT Eclipsed VI
oo
= .
S 4 5.4 kcal mol-1 T
© # 3.6 kcal mol—1 %
= ——— e e
Q2
o
D- ______________________________________

CH, CH, CH, CH,

H H H, H H CH, H H
H H H H H H H H
CH, H H CH,
Anti I [ Gauche I11 | Gaui’:he Vv l Alnti I
| |
0° 60° 120° 180° 240° 300° 360°

Rotation —p»



CONT....

Cyclic molecules 4dlal) el jal) clils 4y giul (a8l vie
QIS5 O U fdall (rad Baeyerfh ¥l Alasll (i y18) Las
Cra Al Lt gl ) U8l |l clBIad) S A dswladd) Adlal)

(Al JLQAY\UALA}‘AGJLJUJCJM\GGUJeJQJ\MJU

VAR

u&hﬂ@hﬂﬁ\bb&l\”&@hﬁh UAMM\U.A as L

O Gt 131 CalBlal) A g ) 58 LB u\yal\ cuila 431 YY) MM\
JALQM‘UM-\L’.‘;EAYMM‘ uUSJ..d\eha.Auﬂw\ubd
1AL Al Agal) (audal (e Sal dlady) 455 4.19\)5 glag) AU
Agay! ¢ "k‘— Ju Laa ‘J\JM‘ Al J.\S\ Al Al ARIAY) 8
da(}huaﬁﬁw)umﬁgjj\ A Ao ‘JJAAMUAAL’SJL“

Angle strain sl d JLG-%Y\

Eclipsed strain Akl agay)

Steric strain (sl sgay)




Cont.... Conformations of Cyclopropane

eclipsed
H
i |
\C
H/
A
gH
eclipsed

o s Cycolpropane sgis Ob Aaad) 4l i) Gasms
iy LB Ay ol dgaY) o pall as Al algal
iod O ool g SN WS o) o N Aaad) el
EJB‘:}*OﬁJﬁ‘QAJJO*‘E*UMM‘M‘UJQQE\JOJ’US

Agiaiall Jal g U Gijay La UigSa €l ) c dag g (o) Clial



Cont... Conformations of Cyclohexane
N—

Half chair

: Boaﬁ form

fl \

! . 1.8 kcal/meol.
10.8 kcal/meol. v

| /S
E
S kecal/mol

Twist boat form

Chair form

G !l GUEN e A3 4 Cycolhexane sgli el
gla gyl (e dde G o) 35 Adla A Laaa) g5 g ABLal) 4l gia) ade
ABlal) JAX 1Y Lgaliua g Ll A ol ) A5 48 il

Agahal) Gl jal) Cpa ypardl Uy (8 dpaslduad)



Cont... Conformations of Cyclohexane

S8 oo S g g
Lt 1)) gl Y

(Alad) algay)




Less stable than chair
No angle strain

Eclipsed strain (2,3,5
and 6)

Steric strain (1 and 4)

H H"}B
H ’
H Observer

Chair conformer

The most stable
conformer

No angle strain

No eclipsed strain. No
steric strain



Reactions of Alkanes <l el

il g SN e Ll gl et Y dAgdad 8 LS ja LIS
e JSUE Y g L ALald g8 )X AS L) 8
DMJA\J\MJM\J.Q\ﬂ\\Jj&Uﬂ\ YJUAJAL“
e} SOl (ha 3 gaaa dang V) 2 gl Y AUL g
Combustion of Alkanes «ulkhy) 3 ksl (1)
Halogenation of Alkanes <Ulshy) 4iala (2)



CON.. Reactions of Alkanes <l dlelds

Combustion of Alkanes <UL 3l kal (1)
(P8 (Al s Y (ha oaild 43%3‘_;5 GULSIY) 3 el
50 slally 52 8d) das)

nCnH, .-+ (3n+1) O, —~2nCO, + (2n+2) H,0 + Heat

CHy + 20, = CO, + 2H,0 + 213 Kcal / mole

C3H8 + 5 02 - 3C02 + 4 Hzo + 531 Kcal / m0|e



CON.. Reactions of Alkanes <ULl el

Halogenation of Alkanes cllsly) dala (2)
B9 Gl i) aa iKY Jeldi 3 ) jad) gl ¢ puall L,
laa i glalld (F > Cl > Br> 1) all sdad) 4l
Jeidy O (A Wl ciadll Sy Y clS pe g A Ayl
bkl o By guala clSIY) ddada Al Jeldsl) L8 3l
Aa 9l 9

R-H + X, R—X + HX

or hv

Cl CI2 c:|2 CI2

2



CON.. Reactions of Alkanes <l cilelas
(O o) S e £5 (a AS) g gad () lad) ULy

Cl
Cl
2 |
expected: 75% 25%
CH3CH,CHa— found: 53% 57%
Br2 ?r
expected: 75% 25%

found: 2% 98%



CON.. Reactions of Alkanes <l dlelds

cl, CH,Cl CH
v CH3GH 4 CHggl—_lu
3 ted cs;oHé 100/3
expected: 0 0
CH3§HH found: 53% £70
3 Br, GHoBr GH3
hy CH3(|3—-I + CH3|C—Br
CH, CHg
expected: 90% 10%0

found: 1% 0994



CON.. Reactions of Alkanes «ulsly) cilelds
Ol ARl i NSl auady o M) Al Gl g el fas Lag
Aa gidall UL dgalin 48y jlay Je i Aalal) culilstyy

O~ X
hv Br
cl,
2 CICH,CH,CH,CI
FeClg
D H8C CH,CH,CH.Br

.
D . CH,CH,CH,
I




