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What is Organic Chemistry?
| __Whatls Yrganic Lhemistrys | ARMS

fhgaall cbouSIl Lo Lo ACADEMY
= Living things are made of organic chemicals

(carbon-based compounds)

= Proteins that make up hair dguac d5lwouS slgo (o &p«Jl"cuLﬁBJl O9S =
(Ve Gle daild WS o)

= DNA, controls genetic make-up i) @5zSall oliggpdl
= Foods, medicines ol sl b ot 531 (ONA) cogoil il |
@9)3‘9 QJ.XS'.;}” "
Qguaall cliausl M

importance dyonl

Origins of Organic clwasSIl Jouol
Chemistry dygraell

Abundance of Organic LS all 8599
Compounds dgucaall
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ACADEMY

e Foundations of organic chemistry from mid-1700's.

e ol 8l Canaiio Ll 3995 dyguasll cluaSIl sLis o
e Compounds obtained from plants, animals hard to isolate, and purify.
llgeadly LU oo dualiiuall Sl Lasis Jie eaall oo olS o |

e Compounds also decomposed more easily. .

ST dggun elSas LSyl 03a il LS @ o
e Torben Bergman (1770) first to make distinction between organic and '
Inorganic chemistry.  &q.call .co dguaall oSl o 30 o ol (1770) Hlaz s (s Ol @

e It was thought that organic compounds must contain some “vital force”
because they were from living sources. ol 23 Qguazll DSl oL slaicl sl @
> )3lan (o 8aaiuo LgisS) Ihlai "dygu> 898" Ll (sgixd
e Because of “vital force”, it was thought that organic compounds could not be ]
synthesized in laboratory like inorganic compounds. Sdygudl Bo8ll" pogde g @
yguaall ué LSall go JBJI oo LS Lyuie dguaall GUSyall 3455 1Sy 3 il sdie) o1 h
e 1816, Chevreul showed that not to be the case, he could prepare soap from
animal fat and an alkali and glycerol is a product Jonad il (1816 ple 5 o
el | Ol HSg «dygld d5log diilguadl Haa Ml (o Hball juasd o (Sed 3] slaicdl 130 dous pac

— e —— ——— — S o m— —
— R ——
— _—— e —

( \
\ _ NaOH i | S
| Animal fat ———— Soap + Glycerin |
| H»,0 | |
[ 1 x
[ |
i H3o+ ' - rr I
i Soap —— Fatty acids | A
\ |
e 1828, Woehler showed that it was possible to convert inorganic salt ammonium c
cyanate into organic substance “urea”. S92 dlSo] b il 1828 ale 6 o
"lygdl" g higuac 83l Ll (posigedl Dliluw) Sguac yué xlo
g f 0 | '
T | |
- | NH s+ “ocN  Heat _C | D
,, HoN NH, | m
< [ | '
b i‘. Ammonium cyanate Urea }




e Organic chemistry is study of carbon compounds.
Sl OlSye dulys o dguaall cleasSll @ ARMS

ACADEMY
. Why is it so special? ] Saylall 8yrao lglamy s3I Lo

e e e . e - —— —— — —— —— — ——— — — —— =

e 90% of more than 30 million chemical compounds contain

carbon. o 1332 3333 LIl dleaS)l lSpall o %90 oo
08Il Gl -8y (gulo 30 "
e Examination of carbon in periodic chart answers some of these
questions. Al 030 a9 e DLl el Joamdl L3 enSll g8gn dulys 005 @ A
e Carbon is group 4A element, it can share 4 valence electrons q
and form 4 covalent bonds. A dcgamall polic (o Luaic (yguyS)l ass
Group .
1A 8A
H | 2a 3A 4A 5A BA 7A | He h
Li | Be B C |/ N|O F | Ne " S
Na | Mg Al [sifP| s |cl|Ar
K | Cal| Sc| Ti V| Cr | Mn|Fe | Co|Ni |Cu|Zn|Ga|Ge| As | Se Kr
Rb | Sr| Y | Zr [ Nb|Mo| Tc |Ru |Rh |Pd |Ag | Cd | In | Sn | Sb | Te | T | Xe S
Cs|Ba|La|Hf [ T2a| W |Re|Os | Ir | Pt |Au|Hg| Tl | Pb | Bi | Po | At | Rn I
Fr | Ra | Ac

b X
Y
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Qguasll DlSyall 6)99

* Why are there so many more organic compounds than
inorganic? SULyoy gl yué Lginekss drguaal] LS yall ¢ (G 15lal o

» Carbon has unique bonding characteristics

— Strong, covalent bonds with C and H
kol Jl (2985 (9 830)8 Ladkazy He)SIl oy ©

| H) ¢ ls (C) HenSIl Olyd 2o ded dranlus baylgy —
* Isomerism (H) Oa29)348)l5 (C) HanSdl )3 go dygd 4y slg)

— Groups of carbon atoms can form more than one unique
compound o (elandl sl gl) Slall ¢
3>lg 20)8 CSho (o ST JSS Ol Hensdl Wl e Wilegazxal (S —

Structural Isomers of C,HgO
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dolasSl dlpll dy)li5 Hglas ACADEMY

Bonding Characteristics bylgyll LaSlas

Development of Chemical Bonding Theory 5 louSIl Joylg I dyylas Hglas M
Non-Bonding Electrons Ayl e ligyisI3l q

Bond Energy

ol )l Bl
» Atoms with one, two, or three valence electrons form one, two, h
or three bonds. Ol ol a5l 53185 99yiS)] e sois LAl WhI K3 |y

(3 ol el gl asly dyly) el Jiloy 3asy Balg) &30 ol

» Atoms with four or more valence electrons form as many bonds
as they need electrons to fill the s and p levels of their valence

shells to reach a stable octet. 915 ligyasl] dayl le (9125 il 3l °9$’ N ,
dojMI g ySIR3l sae Jolay bulgl o I3ac ST ol ”
(Gledl 8c18) Hlyaw3d] Al Ll Jouogll wlldg (581 LBYE 6 (P)g (S) s rall Gginwall £ Jol
» Carbon has four valence electrons ( 2s? 2p? ), forming four
bonds ( CH.). (257 2p?) 591S5 D lig S]] dsy)l e 0908 8)5 (goi e A
(CHa £55> 9 LeS) Ialg) o)l )8S3g

 Nitrogen has five valence electrons ( 2s? 2p? ) but forms only

three bonds ( NHs ). (252 2p°) 5915 DligpisSl] dumned Gle Guzgyindll 6)5 (sgixd »
(NHs 253> 3 LaS) had bulg) o35 0355 Lgis!)

» Oxygen has six valence electrons ( 2s? 2p#) but forms two

55 bonds (H;0) oy 055 i) (257 209 35155 lignsll ks le cpsmmSHI 873 (522

'
>
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Bonding Characteristics of Carbon | L JJ s
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OsSd il yasbas ARM S
Q: If 2s electrons are already paired, with only 2 2p electrons acapemy
unpaired, how does carbon form 4 covalent bonds?
2D )lxall GO Gaz9330 it bnid HligySI] Wlis 1Sy «Joally d2g330 25 Hlaall g sl il 13]
ol bnlg) @l 0ol 5383 CasSs
I 1 2
g5l Valence 2p y
o shell ) T l X
395400 electrons S —
o 11 /
e Lewis structures (electron dot) show valence electrons of an c
atom as dots bl die Gle 63l 531 DUgys] (dgysIl dndill Jsted) puss) a1y oS @
= Hydrogen has one dot, representing its 1s electron imragll 65 s »
= Carbon has four dots (2s? 2p?) s laall 9 Lgigyst] Jiod daslg dass e B
(252 2p?) blai gyl Lle H9)SIl 6,3 (sgim =
e Kekulé structures (line-bond structures) have a line drawn h
between two atoms indicating a 2 electrons covalent bond. < ..5 . e

O89)S)] o digSe duadluidlayl) 39> Gle A3l uiyd Hu s euw) (ddasdl blgyll us1ys) Glosas
e Stable molecule results at completed shell, octet (eight dots) for
main-group atoms (two for hydrogen) o3l cadall Jlass| sic yaiumoll e simdl iy @
(0e29)348Y dnidly aibass o) dpuansdyll Slegazall Ol duwily (blas ila) "dslad] 8ac8" L] Joosll s [

H H
Electron-dot structures R o e e
(Lewis structures) H:C:H H:N:H H:0:H H:C:0:H

DUgpsIdl blas i H H H
(Lwme) B) A
H H

Line-bond structures | e . |

(Kekulé structures) H_?_H H_PI\J_H H—O0—H H_(E_Q_H g
duasll blgyll H H H
(eSS L2)
Methane Ammonia Water Methanol
(CHg) (NH3) (H,0) (CH30H)
' “ | 3 . :!:-_ :-C'I_
= H— —C— —N— —0— .o .. ’
e | | h :Br— :I—
=0 One bond Four bonds Three bonds Two bonds One bond

\A0A | 4=\
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Non-Bonding Electrons | ki e oo
. . . ACADEMY
e Valence electrons not used in bonding are called nonbonding
electrons, or lone-pair electrons O >33 il 59lsall i) ot @
"> 79> OligySI]" ol "dll) jue DUg sl byl dudoc
e Nitrogen atom in ammonia (NHs) (NH3) Lisod scci o5 ipimapicdll 55 @ S
4
e Shares six valence electrons in three covalent bonds and
remaining two valence electrons are nonbonding lone pair ... oL e '
Jly s > o) Oliaiall §31S1 Ugyis)] Jioy Lot «dpanlusd blgy o 6 63185 <olig sl
Nonbonding, -
lone-pair electrons \5‘)) duigyiS] zlosl edlayly jue ligysl|
HIN:H  or  H—N—H [or H—N—H
¥ | |
H H
Ammonia h
_________________________________________________________________________________ =
e Kekulé and Couper independently observed that carbon
always has four bonds 098N Ol -Jiitae JSia- 2959 oSS o JS a4 @
.Jo.glg) &J)i Lol ug&j S
e van't Hoff and Le Bel proposed that the four bonds of carbon '
4

have specific spatial directions bulgy o Ja ol Losm lé (yo JS 78l @

8330w d41y8 Olaladl 355 22y 3l enSl
e Atoms surround carbon as corners of a tetrahedron A
platiall azg¥l el Lugs) JKin gz GensIl Jo> bl o1 @

Bonds in plane

Bond receding of page
into page
pag \ T %
g ‘l H"—-ICHH“‘H
X 2 H\ )
Bond coming m
O A regular out of plane :
» tetrahedron
=) A tetrahedral

carbon atom

\A0A | 4=\
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e Atoms form bonds because the compound that results is

more stable than the separate atoms ARM S

Auasioll OHA o Hhaiwl ST HeSh W cSypall oY bl il o35 o
ACADEMY

e lonic bonds in salts form as a result of electron transfers
g ySIBl sy dovis 233l 8 duigy3l balgll JSuinis @

e Organic compounds have covalent bonds from sharing

electrons (G. N. Lewis, 1916) 420l deaolus blg) Lle dguasll OLSyall (soini @
(1916 gl .0l .2) WligyiSIFl &S)line (e

e Reaction 2 H- - H, releases 436 kJ/mol
JsolJs=5liS 436 Lo )lado d6lb Ml LI H- — Ha 2 Jelazll 535 @
e Product has 436 kJ/mol less energy than two atoms: H-H has
bond strength of 436 kJ/mol. J%’dpﬁ“id& EJE &on CJL;JJI' Ltw .
_ . e P 699 2lus S 150yl sl (e
(1 kJ =0.2390 kcal ; 1 kcal = 4.184 kJ) ool JsmelS 436 ylabe
(Jo=olS 4.184 = 5)9)lSoLuS 1 15,9 lS5luS 0.2390 = Jg=5LiS 1)

2H'_’H2

H

Two hydrogen atoms -~ —— e

Energy

436 I(‘,.IJ'|l I | 'ﬁSE,d when bond forms
no
AbSOFbed wher b{)nd bleaks

H, molecule 1. —_

. . — @
e Distance between nuclei that Hiltoo elose)
+

leads to maximum stability
Oz madl Gl (5385 Gl Gailadl Ga dolunall @
Hydiwdl
= If too close, they repel because |2

both are positively Bluall CSlS 1] =
)Ql.u Aoy o> dyuad

charged .__ ..., . 1S 8 Lagin _

H (too far)

<— Bond length
74 pm

= If too far apart, bonding is weak — _
I EL.la__)l)JI 593 "b? 8yuiS lowall ils l_')! . Internuclear distance —

>

\A0A | 4=\
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| Describing Chemical Bonds: Valence
Bond Theory il i, &k @l bilg)ll ausg |

|

I

- _
e Covalent bond forms when two atoms
approach each other closely so that a singly
occupied orbital on one atom overlaps a
singly occupied orbital on the other atom

vadl leagay (o Ob)d ©)yuss besic dusdlwdl dayll (Hosi5 @

go Ol a2 8 aly exSIb Josine Jlae Jolan Cusy buin

e Two models to describe covalent bonding.

Valence bond theory, Molecular orbital Valence dylaj
theory oo ludl dayll Caogl Hladges s2gy @ Bond Theory ‘U"lijl
5515

.(Valence bond theory) golSl dlasl) duylas

.(Molecular orbital theory) da.oi=Jl olylandl dylas
( y) daiixdl ol slaig Molecular s

Valence Bond Theory: 50101 Ayl &yl SR R
. By : Theory ~ 25
e Electrons are paired in the overlapping
orbitals and are attracted to nuclei of both
atoms dlslazall ©blaell (8 OliguSIBl zglyis @
OIS Slgd 9506 O3xilg
e H—H bond results from the overlap of two
singly occupied hydrogen 1s orbitals U515 dowis (H-H) daly)l s @
(2293480l )N (a=lg 091SIb Gdginall) 1s (5)lae
e H-H bond is cylindrically symmetrical,

sigma (o) bond (0) Loz daly asy ilohal Jilown (H-H) dasly)l ju0i5 @ M
E

m

1s 1s H, molecule

\A0A | 4=\ :
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dyy Ml hlaedl Haxgs ACADEMY
Pure atomic .
‘}.V?'?DC? e orbitals C T ¢ T T = C
395 Wligys 4 ad &3 Ol
. C . \ 2S 2p S

—
il
o

X

Lewis symbol Hybrid orbitals C T T ?

oel o) dizgo W)l ) ‘
25 2p u‘

e The mathematical process of replacing pure atomic orbitals with
reformulated atomic orbitals for bonded atoms is called

hybridization, and the new orbitals are called hybrid orbitals
dagyall il lgicluo sled &5 Whlaa dbill &)1 Olylaell Jlowiwd duslyl ddosll Coye5
Hiogll Olladl Bausadl ol laall Gowsdy ungil” @b

___________________________ o
rHybrldlzaltlon sp® Orbitals and the Structure of {
r Methane s 50" Sl gl |
N e . . T J

e Carbon has 4 valence electrons (2s? 2p?)

(257 27 5915 igyisl] 4 e ool s o |

e In CHy4, all C—H bonds are identical (tetrahedral) "

(42931 el s Wi3) ilaie C—H lylg) graz H9S3 «(CHa) Hlnall £$3= O ‘

e sp3 hybrid orbitals: s orbital and three p orbitals combine to form M

four equivalent, unsymmetrical, tetrahedral orbitals (sppp = sp?),

Pauling (1931) doy)l (oSl p Olylae &g axly S Hlaw A :SP3 diuxgll Olylall @ c

py

- "
' 257N ' | Hybridization v }

% ! abridimtien Sy

_. Four tetrahedral
spd orhitals
&) 1 ' An spd orbital -
—— ——2px —_

» 2pz J »
=0 McMurry Organic Chemistry 6th edition Chapter 1

(c) 2003

\A0A | 4=\



0 rencke e~ 1/ b (a

' Tetrahedral Structure of Methane ]

—— . e —— i — — — — — | o — — s — — o — — T — e, —

Olieal) CS@UJI el dudl ARMS

ACADEMY

e sps orbitals on C overlap with 1s orbitals on 4 H atom to form

four identical C-H bonds &8 1S Dhlae 2o HenSUl 8)3 (8 SP* Whlas Jolas @
Alaie C-H lylg) o)l 298 Huzgyaud 3 )l

e Each C-H bond has a strength of 438 kJ/mol and length of 110 pm S
siogSw 110 Lglgbg «Jool Jo=oluS 438 ,laie C-H dluly JS 655 gl e B
e Bond angle: each H-C—H is 109.5°, the tetrahedral angle.
<1.>92| U.Cl.)) CU9|) k).mg <1.>)_\ 1009. 5)|.\.O.o H-C—-H CU9|) LJSM &Lu CLIO.)‘)J‘ Cl.)gl) ® ‘
| .(tetrahedral angle) i A
Bond o

angle _;*"ﬁ H \
1095/ ‘ ’
VH \"~|| - L ‘ \\

H McMurry Organic Chemistry 6th edition Chapter 1

(c) 2003

r Ethane ol divg sp* whlae (oungdl |

Ve Two C's Dan ol other by o overlap of an sp? orbital from each
Lagio JSI'sp® goill Ho g0 Hlae G O goill Ho Y5135 jue padl laguasy (C) He)SUl 6)5 Jaiys e

e Three sp? orbitals on each C overlap with H 1s orbitals to form six 2 .

C—H bonds 1s wlhlow &0 O99S 8)3 S o (SPB) dixgo wlyloe 53 J5lais @ v

.C—H gl {0 gy s (oS (H) Guzg)augll )2 ‘

e C—H bond strength in ethane 420 kJ/mol M
JsolJs>oluS 420 Bl ¢ 5> 8 C—H daly)l 96 gl o

e C—C bond is 154 pm long and strength is 376 kJ/mol q

JoolJs>9LLS 376 Lgigdy .(PM) yiogSi 154 lxie C-C dalyll Jobo gLy @

e All bond angles of ethane are tetrahedral =~ 022 «si= o Bolo)ll bls) groz @
N Y [(tetrahedral) a>g3! o< LAu_))J A5

o E AN
>




e sp? hybrid orbitals: 2s orbital combines with two L JJ -

2p orbitals, giving 3 orbitals (SpPp = SP?) sp? il lylasll @ ARM
(Spp = sp?) Whlae 3 g 2p godl (o Hu)lae 2o 25 )laell goai S

ACADEMY
e sp? orbitals are in a plane with120°angles
. o - J—
e Remaining p orbital is S m S .
perpendicular to the plane Dolss geSs e T 1\ A
L59J-J-U~»0~J [ 3o L_;l-c ;L‘JQA& (,w l - 1 : o 4 i I
.-.p"""' gt 4

i T N e dal byl
Bonds From sp2 Hybrid Orbitals 1 52 goll o diss

— e —— e —— — e e — e T — e — — T e s — —

e Two sp? -hybridized orbitals overlap to form a o bond
(0) loouuw dlayl) 3983 SP2 ggill (o liixgo HU)lxe J>1ai5 @

e p orbitals overlap side-to-side to formation a pi (11) bond
(1) b dlly 50988 iz ] Lz p Oblas Jolas @
e sp2—sp? o bond and 2p—2p 1 bond result in sharing four electrons B
and formation of C-C double bond gsidl 5o (0) Lazgan danl) (2955 (5350 @
93 Ow WS daly (29S5g WligyiSl] day)l dS)line Ll 2p-2p goill (o (1) Sb dlaylyg SP>-SP?
, . (C-C) vensS
e Electrons in the o bond are centered between nuclei S

Osledl (ay d2dlgll ddhioll (9 (0) Lazrguw dlayly DUigys)] 5Syais @

e Electrons in the 1t bond occupy regions are on either side of a line
between nuclei Juolgll bl il Gle 5 gblio () b dl) DUyis)] Jiuis @ M

OSledl G
' ' N
C‘ -C
° N
H' 1200 H Dt | bit |
o=-grona =-0roia
120° (e =£¢”
H H -bond
% - D
Yy Tf—
: Ta»®
» McMurry Organic Chemistry 6th edition Chapter 1
=) (c) 2003

\A0A | 4=\



e H atoms form o bonds with four sp? orbitals T e
sz &9"‘“ e w L—’I)bvo CUU)T &0 (0) LASLMJJ JO.JIQ) u.;.>9).)u.@,” L_)l).) " ng.,}"x')' )

e H-C—-H and H-C-C bond angles of about 120°
d>)5 120 JJlg> H-C~C g H-C—H dyly)l Llg) g5 @

e C—C double bond in ethylene shorter and stronger than single bond
in ethane o3l 9 C-C Lol3l Al (o (s598lg padl (ubindl 5 C=C &5l dlyll @

e Ethylene C=C bond length 133 pm (C-C 154 pm)
(iegSay C—C 154 dlayl)l Job gl Laiw) yiegSay 133 (aluiydl 8 C=C dlayl)ll Jobo gluy @

e C-C a triple bond sharing six electrons
diw dS)lire (oudis (C-C) 999)S )3 Hw 46 dayl) @

g sl
e Carbon 2s orbital hybridizes with a

single p orbital giving two sp Codon @
hybrids 098l 25 ()Ml laoll o Gazgd
sp goill (po Hlinge Oblae dic it Low wa>lg P )laog

e two p orbitals remain unchanged
223 993 >3 p hlawe Lip @

e sp orbitals are linear, 180°apart on x-
axis Cus> Lda.> Ay sp Wl A5 @ © Thomson - Brooks Cole

(x—axis) L,u.u.x“ )9.>gAJ| LA.C 4.?)) 180 LQ)..\_Q CL_ggl) l.e.u._) J‘a_QJ

e Two p orbitals are perpendicular on the

y-axis and the z-axis O @
sl Gl Ladas] gy s delaio ohs31p |)las
(z-axis) il yo=all Lo )>31g (y-axis) ssball




e Two sp hybrid orbitals from each C form sp—sp ¢ bond ARM S
PSP g9l (50 (0) Ladiaww dasly (9238 )3 JS o Olismall SP L)lao 35 @
e pz orbitals from each C form a pz—pz 1 bond by sideways
overlap and py orbitals overlap similarly — dl; 00,5 5,5 S 00 pz U)las 550 @
Lguuai dapylall py Blae Jolady (o8l dsladl oo e pz—pz g9l (e (1) sb

ACADEMY

- .'- -
e |

[ "

(  Bonding in Acetylene | a3l 9 bulg)l
——————————————————————————— 7 ) L1807, .
e Sharing of six electrons forms C=C ||— (,—( —H
C=C dayl )l 2983 Gl eoligis)] diww dS)Liino (5355
! 20 pn
e Two sp orbitals form o bonds with hydrogens © 2004 ThomsoniBrooks Cole

029> 248l D)3 20 (0) Lesew Lidl) SP blae 350 @

'Hybrldlzatlon of Nitrogen and Oxygen | o=/ o=¢
___________________________ y, S 3lg
e Elements other than C can have | |

hybridized orbitals <3 Ol 0suS)l et poliall Say @ T

dixgo LNE
e H-N—H bond angle in ammonia (NHs) 107.3°
d2)5107.3 (NHs) Lige3l £.53> 9 H-N—H dyl)Jl dyol; glis @ A
e N’s orbitals (sppp) hybridize to form 10‘_3 )

Sp3 &9.;.” o Cb_z.@o LJ)LQI 49.))|

e One sp? orbital is occupied by two dooly)l st SUgySIl o oy Jiiy @

nonbonding electrons, and three sp3 e <o JS (seiz Lot Sp? eilol |

. . . . £ 3 s L€

E orbitals have one electron each, 32l9 ) a8l] Gle 5)>31 Bl sp?

N . (H) Oezarsgll O3 o bulg) JSin Las
= forming bonds to H

\A0A | 4=\



(  Hybridization of Oxygen in Water | L\ " JJ]
‘*““"‘“"—*"*“*‘“‘;@[;.1;@“‘M@J
e The oxygen atom is sp3-hybridized ARMS
Sp? goill (o dixgo OemnS3 8,3 @ ACADEMY
e Oxygen has six valence-shell electrons e
but forms only two covalent bonds, leaving | ﬂ
two lone pairs <o oo syl i Gomnsdl cllioy e T . v“ '
0 04295 k) Lo 1Jad (yyipenlusi Gibaly 0353 Sl (5315l H\y\\ D - o
(8> 51g50) dmlJl jué O Ug S 1045 W

e The H-O-H bond angle is 104.5° —
A>3 104.5 1380 H-O-H dalyll &lj gl o

Comparison of C—C and C—H Bonds in Methane,
Ethane, Ethylene, and Acetylene

Bond strength Bond
length
Molecule Bond (k]/mol) (kcal/mol) (pm)
Methane, CH,4 (sp3) C—H 439 105 109
Ethane, CH;CHj4 (sp®) C—C (sp?) 377 90 154
(sp®) C—H 421 101 109
Ethylene, H,C=CH, (sp?) C=C (sp?) 728 174 134
(sp?) C—H 464 111 109
Acetylene, HC=CH (sp) C=C (sp) 965 231 120
(sp) C—H 558 133 106
[ b e e e e e e -~
. Molecular Orbital Theory |  aolobbaelaks
e Y —— -~

e A molecular orbital (MO): where

electrons are most likely to be found %

(specific energy and general shape) in ' = B M Awibonding
. .. e unfilled)
a moleculeJei= Ll dakiall (MO) L=l el e .

esr2dl Jo1s Lgud DligyisI3l 929 “n Isurhiml-i-.'__-l .. -[-H Is orbital
(ple JSuivg 8335w dllny juoi) -HH “H Bond (filled)
e Additive combination (bonding) MO is | @
¥ lower in energy sl o zlll Cosedl el e
J81 il oS5 1(Jalyl) ezl
b e Subtractive combination (antiboqding) Bl Gojalllaell @
=0 forms MO is higher olel diBlb (5555 (il sbaall) G plall Shall e

>

\A0A | 4=\
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A
2%
"Malarilar Orhitale in Ethulana T @kl bl L JJ -
Molecular Orbitals in Ethylene 7.,
e The 1t bonding MO is from combining p orbital lobes with ARMS
the same algebraic sign .« (sb) 7 gaill (o bl Lol loell L @ reapEn
Ayl )Ll Guis Jexd Gill p bl Gogas mes
e The 1t antibonding MO is from combining lobes with opposite signs
AuSlaie L] Wl Goguad e e T gaill o dalyl) sbaedl Gl Hlaell Ly @ S
e Only bonding MO is occupied
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] Representlng Organic Compounds | ] dguaall OUSyall Jitod h
e Compounds can be represented in many dlfferent ways.
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e Some representations provide information about the structure, while

others do not. Lo «(uSydl) dudl e Ologlen Juiaidll ng)b LA )99 @
5> GHb »)yse5 3 S
e Molecular Formula: Number of atoms of each element in one '
molecule of a compound (no structural information). oyl deuall @
Ex. CeHus (@il e Ologlas (yauais 3) Spall (3o 3519 2532 L e JS Blyd sac |
C6H14 LJLA.D iA

e Empirical Formula: Relative ratio’s of elements present. 4.9 ds.) o
Ex. CH,O could be CH,0O or C,H,40.. Sxrall igSall juoliel) duwuid! Caudl
(C2H40; of CH,0 ddeall dsuall ()9S5 28) CH,0 : Lo

e Line bond (Kekule) Structures: Show all atoms and bonds.
Jolgylls 3l graz yaas (JeSaS guo) duasll bl )l guo @

' X e Condensed Structures: Show all atoms, but only show bonds when >
; necessary. Byopall dic baid balgyll xglad LgiSlg «ol) Al grox yghaS 1daiSall guall @ n

N o Skeletal Structures: Show C-C bonds and all atoms that are not C or H
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Even simpler than condensed structures are skeletal structures such as \L A-” A
those shown in TABLE 1-3. The rules for drawing skeletal structures are straight-
forward. - (3-1) Jgaxdl 9 dousgall WliS - ddSugll guall e
T 909l dbludl lgouw) aclgd euuily «daiSell guall (o > bl ARMS
_______ ACANMEPMY
= A
| RULET |
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Carbon atoms aren’t usually shown. Instead, a carbon atom is assumed
to be at each intersection of two lines (bonds) and at the end of each line.

Occasionally, a carbon atom might be indicated for emphasis or clarity. 1éxclsl [
=== , (Oeilaly) Gabad G @olaS Al JS sic 0925 8)3 3929 Lxidl 3] 183le Ke)SIl W3 @yi 3 |
| RULE2 _J: 2asosil ol 3uSWl Goys) (590ySH1 8)3 LI BlsT HLid 28 vl gog Jas JS Ly aicg ”

Hydrogen atoms bonded to carbon aren’t shown. Because carbon always
has a valence of 4, we mentally supply the correct number of hydrogen 2 s.clall ‘

atoms for each carbon. 0908 39155 O3 hkaig .09nSIb dasipell gyl W13 e 3 iA
R . 0908 83 Sy dlaipell (pazg)ugll oy grusuall a2l Lisd sas ild 14 Lasls (ol
I RULE3 |
- Atoms other than carbon and hydrogen are shown. 3 aclall
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Kekulé and Skeletal Structures for Some Compounds
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Compound Kekulé structure Skeletal structure
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e The 1t bonding MO is from combining p orbital lobes with
the same algebraic sign
Ayl HL Bl Guds Josd LIl P llae ogad ges e T gadl o byl Giaszdl )laell Ly
e The 1t antibonding MO is from combining lobes with opposite signs
AusSlaze hld| Wl pogad zos pe T gsil Go (Al skaall) oyl e Ghadlslaell Livy @

e Only bonding MO is occupied
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Structural Also called Line-bond
Formula or Kekule structures.
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Condensed CH;CH,CH,CH;
Structural
Formula CH;(CH,),CH,

Skeletal Learn this quickly, it
P /\/ will save you much

time.
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e Organic chemistry — chemistry of carbon compounds T T
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e Covalent bonds - electron pair is shared between atoms
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e Valence bond theory - electron sharing occurs by overlap of two
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e Molecular orbital (MO)_theory, - bonds result from combination of
atomic orbitals to give molecular orbitals, which belong to the
entire molecule (MO) Liuisdl)lawedl dyylas @

AaSb e sidl asxd Aoy Dhhlaw (oSl dy) Al Wl)ladl 3351 (o Joslg)ll L

e Sigma (o) _bonds - Circular cross-section almd areL forrrlled(t)) heatdl-
. . Aol (HgS0g (R (D) 2noo DI — (0) loswww Joslgy @
on interaction - gl )
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e Pi (1) bonds — “dumbbell” shape from sideways interaction of p
Orbltals (¢ Jl()b“ &9) L)luﬂ) "Jo " ain JS wold — (1) L_f;l‘ hylg) @
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e Carbon uses hybrid orbitals to form bonds in organic molecules.
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e In single bonds with tetrahedral geometry, carbon has four sp?'
. . (tetrahedral) d>¢31 Lcb) Lwaigll JSidl wld sls3l kol o @
hybrid orbitals |
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e In double bonds with planar geometry, carbon uses three
equivalent sp? hybrid orbitals and one unhybridized p orbital
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e Carbon uses two equivalent sp hybrid orbitals to form a triple
bond with linear geometry, with two unhybridized p orbitals
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e Atoms such as nitrogen and oxygen hybridize to form strong,
Oriented bonds g9 l"”'g) (')\9\111 (){I}(}l” “lllv,(‘\'\)l L‘“'uuﬂjl() O- »())‘u” (Jf/) xﬂ)l).& (\j’.w)t«i [ ]
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e The nitrogen atom in ammonia and the oxygen atom in water
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	Structure and Bonding
	Ch 1
	ﻗﻨﺎة اﻻﻛﺎدﻳﻤﻴﺔ

	What is Organic Chemistry?
	▪ Living things are made of organic chemicals
	(carbon-based compounds)
	▪ Proteins that make up hair
	▪ DNA, controls genetic make-up
	▪ Foods, medicines
	Organic Chemistry
	importance
	Origins of Organic Chemistry
	Abundance of Organic Compounds


	Origins of Organic Chemistry
	●  Foundations of organic chemistry from mid-1700’s.
	●  Compounds obtained from plants, animals hard to isolate, and purify.
	●  Compounds also decomposed more easily.
	●  Torben Bergman (1770) first to make distinction between organic and inorganic chemistry.
	●  It was thought that organic compounds must contain some “vital force” because they were from living sources.
	● Because of “vital force”, it was thought that organic compounds could not be synthesized in laboratory like inorganic compounds.
	● 1816, Chevreul showed that not to be the case, he could prepare soap from animal fat and an alkali and glycerol is a product
	● 1828, Woehler showed that it was possible to convert inorganic salt ammonium cyanate into organic substance “urea”.
	●  Organic chemistry is study of carbon compounds.

	Why is it so special?
	● 90% of more than 30 million chemical compounds contain
	carbon.
	● Examination of carbon in periodic chart answers some of these
	questions.
	● Carbon is group 4A element, it can share 4 valence electrons
	and form 4 covalent bonds.

	Abundance of Organic Compounds
	• Why are there so many more organic compounds than
	inorganic?
	• Carbon has unique bonding characteristics
	– Strong, covalent bonds with C and H
	• Isomerism
	– Groups of carbon atoms can form more than one unique compound
	Structural Isomers of C₂H₆O

	Development of Chemical Bonding Theory
	Chemistry of C, N, O
	Bonding Characteristics
	Development of Chemical Bonding Theory
	Non-Bonding Electrons
	Bond Energy
	• Atoms with one, two, or three valence electrons form one, two, or three bonds.
	• Atoms with four or more valence electrons form as many bonds as they need electrons to fill the s and p levels of their valence shells to reach a stable octet.
	• Carbon has four valence electrons ( 2s² 2p² ), forming four bonds ( CH₄ ).
	• Nitrogen has five valence electrons ( 2s² 2p³ ) but forms only three bonds ( NH₃ ).
	• Oxygen has six valence electrons ( 2s² 2p⁴ ) but forms two
	bonds ( H₂O )


	Bonding Characteristics of Carbon
	Q: If 2s electrons are already paired, with only 2 2p electrons unpaired, how does carbon form 4 covalent bonds?
	Valence
	shell
	electrons
	إلكترونات
	غلاف
	التكافؤ
	●  Lewis structures (electron dot) show valence electrons of an atom as dots
	▪ Hydrogen has one dot, representing its 1s electron
	▪ Carbon has four dots (2s² 2p²)
	●  Kekulé structures (line-bond structures) have a line drawn between two atoms indicating a 2 electrons covalent bond.
	●  Stable molecule results at completed shell, octet (eight dots) for main-group atoms (two for hydrogen)


	Non-Bonding Electrons
	●  Valence electrons not used in bonding are called nonbonding electrons, or lone-pair electrons
	● Nitrogen atom in ammonia (NH₃)
	● Shares six valence electrons in three covalent bonds and remaining two valence electrons are nonbonding lone pair
	●  Kekulé and Couper independently observed that carbon
	always has four bonds
	● van't Hoff and Le Bel proposed that the four bonds of carbon
	have specific spatial directions
	● Atoms surround carbon as corners of a tetrahedron
	●  Atoms form bonds because the compound that results is more stable than the separate atoms
	● Ionic bonds in salts form as a result of electron transfers
	● Organic compounds have covalent bonds from sharing
	electrons (G. N. Lewis, 1916)

	Bond Energy
	● Reaction 2 H· → H₂ releases 436 kJ/mol
	● Product has 436 kJ/mol less energy than two atoms: H–H has        bond strength of 436 kJ/mol.
	(1 kJ = 0.2390 kcal ; 1 kcal = 4.184 kJ)
	● Distance between nuclei that leads to maximum stability
	▪ If too close, they repel because both are positively
	charged
	▪ If too far apart, bonding is weak

	Describing Chemical Bonds: Valence
	Bond Theory
	● Covalent bond forms when two atoms approach each other closely so that a singly occupied orbital on one atom overlaps a singly occupied orbital on the other atom
	● Two models to describe covalent bonding.
	Valence bond theory, Molecular orbital theory
	Valence Bond Theory:
	● Electrons are paired in the overlapping orbitals and are attracted to nuclei of both atoms
	● H–H bond results from the overlap of two singly occupied hydrogen 1s orbitals
	● H-H bond is cylindrically symmetrical, sigma (σ) bond

	Chemical Bond Theory
	Valence Bond Theory
	Molecular Orbital Theory


	Hybridization of Atomic Orbitals
	● The mathematical process of replacing pure atomic orbitals with reformulated atomic orbitals for bonded atoms is called hybridization, and the new orbitals are called hybrid orbitals

	Hybridization: sp³ Orbitals and the Structure of Methane
	● Carbon has 4 valence electrons (2s² 2p²)
	● In CH₄, all C–H bonds are identical (tetrahedral)
	● sp³ hybrid orbitals: s orbital and three p orbitals combine to form four equivalent, unsymmetrical, tetrahedral orbitals (sppp = sp³), Pauling (1931)

	Tetrahedral Structure of Methane
	● sp³ orbitals on C overlap with 1s orbitals on 4 H atom to form
	four identical C-H bonds
	● Each C–H bond has a strength of 438 kJ/mol and length of 110 pm
	● Bond angle: each H–C–H is 109.5°, the tetrahedral angle.

	Hybridization: sp³ Orbitals and the Structure of Ethane
	● Two C’s bond to each other by σ overlap of an sp³ orbital from each
	● Three sp³ orbitals on each C overlap with H 1s orbitals to form six
	C–H bonds
	● C–H bond strength in ethane 420 kJ/mol
	● C–C bond is 154 pm long and strength is 376 kJ/mol
	● All bond angles of ethane are tetrahedral
	● sp² hybrid orbitals: 2s orbital combines with two
	2p orbitals, giving 3 orbitals (spp = sp²)
	● sp² orbitals are in a plane with120°angles
	● Remaining p orbital is
	perpendicular to the plane

	Bonds From sp2 Hybrid Orbitals
	● Two sp² -hybridized orbitals overlap to form a σ  bond
	● p orbitals overlap side-to-side to formation a pi (π) bond
	● sp²–sp² σ  bond and 2p–2p π bond result in sharing four electrons
	and formation of C-C double bond
	● Electrons in the σ bond are centered between nuclei
	● Electrons in the π bond occupy regions are on either side of a line
	between nuclei

	Structure of Ethylene
	● H atoms form σ bonds with four sp² orbitals
	● H–C–H and H–C–C bond angles of about 120°
	● C–C double bond in ethylene shorter and stronger than single bond
	in ethane
	● Ethylene C=C bond length 133 pm (C–C 154 pm)

	Hybridization: sp Orbitals and the Structure of Acetylene
	● C-C a triple bond sharing six electrons
	● Carbon 2s orbital hybridizes with a single p orbital giving two sp
	hybrids
	● two p orbitals remain unchanged
	● sp orbitals are linear, 180°apart on x-axis
	● Two p orbitals are perpendicular on the y-axis and the z-axis

	Orbitals of Acetylene
	● Two sp hybrid orbitals from each C form sp–sp σ bond
	● pz orbitals from each C form a pz–pz π bond by sideways
	overlap and py orbitals overlap similarly

	Bonding in Acetylene
	● Sharing of six electrons forms C≡C
	● Two sp orbitals form σ  bonds with hydrogens

	Hybridization of Nitrogen and Oxygen
	● Elements other than C can have
	hybridized orbitals
	● H–N–H bond angle in ammonia (NH₃) 107.3°
	● N’s orbitals (sppp) hybridize to form
	four sp³ orbitals
	● One sp³ orbital is occupied by two
	nonbonding electrons, and three sp³
	orbitals have one electron each,
	forming bonds to H

	Hybridization of Oxygen in Water
	● The oxygen atom is sp³-hybridized
	● Oxygen has six valence-shell electrons but forms only two covalent bonds, leaving two lone pairs
	● The H–O–H bond angle is 104.5°

	Molecular Orbital Theory
	● A molecular orbital (MO): where electrons are most likely to be found
	(specific energy and general shape) in a molecule
	● Additive combination (bonding) MO is lower in energy
	● Subtractive combination (antibonding) forms MO is higher

	Molecular Orbitals in Ethylene
	● The π bonding MO is from combining p orbital lobes with
	the same algebraic sign
	● The π antibonding MO is from combining lobes with opposite signs
	● Only bonding MO is occupied

	Representing Organic Compounds
	● Compounds can be represented in many different ways.
	● Some representations provide information about the structure, while
	others do not.
	● Molecular Formula: Number of atoms of each element in one
	molecule of a compound (no structural information).
	Ex. C₆H₁₄
	● Empirical Formula: Relative ratio’s of elements present.
	Ex. CH₂O could be CH₂O or C₂H₄O₂.
	● Line bond (Kekule) Structures: Show all atoms and bonds.
	● Condensed Structures: Show all atoms, but only show bonds when
	necessary.
	● Skeletal Structures: Show C-C bonds and all atoms that are not C or H

	Representing Organic Compounds
	● The π bonding MO is from combining p orbital lobes with
	the same algebraic sign
	● The π antibonding MO is from combining lobes with opposite signs
	● Only bonding MO is occupied

	Summary
	● Organic chemistry – chemistry of carbon compounds
	● Covalent bonds - electron pair is shared between atoms
	● Valence bond theory - electron sharing occurs by overlap of two
	atomic orbitals
	● Molecular orbital (MO) theory, - bonds result from combination of
	atomic orbitals to give molecular orbitals, which belong to the
	entire molecule
	● Sigma (σ) bonds - Circular cross-section and are formed by head-
	on interaction
	●  Pi (π) bonds – “dumbbell” shape from sideways interaction of p
	orbitals
	● Carbon uses hybrid orbitals to form bonds in organic molecules.
	● In single bonds with tetrahedral geometry, carbon has four sp³
	hybrid orbitals
	● In double bonds with planar geometry, carbon uses three
	equivalent sp² hybrid orbitals and one unhybridized p orbital
	● Carbon uses two equivalent sp hybrid orbitals to form a triple
	bond  with linear geometry, with two unhybridized p orbitals
	● Atoms such as nitrogen and oxygen hybridize to form strong,
	oriented bonds
	● The nitrogen atom in ammonia and the oxygen atom in water
	are sp³- hybridized
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