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Periodic Table of the Elements

Chemistry Department, Faculty of Liberal Arts and Science, Kasetsart University, Kamphaeng Saen Campus

Valence
_Electrons
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11]65 11]688 11]8
Tb | Dy
'-53.9 I‘.é?S 1 ) 167.3 168.9
87 13|98 13 3| 100 101
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http://chem.flas.kps.ku.ac.th facebook: Chem KU-KPS
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Atomic Orbitals (AOs)
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msm%q&ﬁnmau’m MOs
H, molecule He, molecule

“ Antibonding “ Antibonding

+@

Hls

+@® @+

He,;

Hey,

Bonding Bonding

DUAUNUSZ(Bond order)

JudiuiuszABNISIUIEANULTINTIVINUSE LA AU %30
Anuadesvedluanalnegaindiwiudianasouly BMO way
AMO

U

DUAUNUSY = Ya(Bianmnsoulu BMO - Sianasoulu AMO)

luananilduiuiusyaasianuaiosn
PRIAN

AUALINUBY :




MO Diagram of Li, & Be,

Li, (2 x 3 electrons)
Li = 1s% 2s!

Bond order = 1

Be, (2 x 4 electrons)
Be = 15% 252

Bond order = 0 (ho bond)

MO Diagram of N, & O,

N, (2 x 5 valence electrons)
N = 15? 25 2p°
fimsaduivesesidva (o, n)

[ 2 v 4 i i
Wuvesniu A818 B, 4as C,

0O, (2 x 6 valence electrons)
O = 15% 2% 2p*
Ta1aured MO wuUUNR

e 3P

i

__+

25 ==hs
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auUANIimanvasiuana

m'i‘lﬂazl,l,uﬂLuan(Diamagnetic)miﬁ'ﬁﬁmu@Lﬁﬂmauaﬂuﬁmaz
aluasyinuauuwawian ﬁﬂivﬁwiaimaﬂalﬂuﬂué
ﬁ']iWTi']LLaJmuﬂn(Paramagnetlc) asTaBENATeUREY Vil
LIIRIRARUAUINLIANINTE

AANTLAUUNAINIUT N WAN
With 2s-2p mixing Without 25-2p .

x}
5

ke

s

=
REEE:R ERuik

EEEI‘IH—I
E@EEH—I

Bond oider

-

e
-eemf g o-

=
-meef g es

pmperllas

NN RUSZINAUD (VB)

e RUsEINAUY (Valence Bond Theory) 14lun1s
oSuemiieiusslariausdluezsesilasiiarsaniinisdeu
WABNTENING AO maLaﬂmaumwumamamma zANLAN
Wuselariaud wazusnaiinussaiifeusnaiiddnasey

AVRIIRIY]
n13573 AO WWunuuas1eiuse (Bonding)

v
a a

YHUAVDI MO MAnTUAD o, T, &

A v aAaa

THangeastraiiisidnnsowiedlunisadiaiusy




AMSIAANUSSLID9RINBLANATOULAYA

NN TABseBLanasauluazmau

1s 25 2p,2p,2p, .
— ——  {5AnATaUAe) 1 AO AuAn 1 Wuse

19dnmsouRel 1 AO 8An 1 Wusy

H
N =H# # =1 191EnMsoURYT 3 AO ALLAN 3 WuUsY
F

ANSAANUSLIAILAUALAEN1TTDUMABUVDI AO
° N2

NNSKEANDDSUNE LUDEHABY

pyYMBNAITUBUELNTOLNRNUSE AL LWEJ\‘i 2 ‘wua%mmammmaum

mvmusuulﬂm 2p WS AO WamnTy
1s 2s  2p, 2p, 2p,
C = # 4 & ddianmsoudea 2 AO axiin 2 Wilsy

c=44 Jo1an0501587 4 AO A9 4 Wise

1311‘%911@1,62168'14
gas0vaaa (s P, P, P,) 9 suausItAndueesdvaludiigeni

Sp318U3®885UVIa U 4 aaiwamwaqmumwmmﬂﬂiummq

FINar Y
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lauslawdu (Hybridization)

24 -3 CY & a
A52UUN5E5191aUSAR50Na Ao n1swauezmaiin
aaiuwaiua Gﬂ@llL‘WE’Jﬂi’]ﬂ@@iﬂ%ﬁ%ﬂiﬁﬂ%lﬁﬂiﬁLLﬁuiuﬂ‘U‘WﬁNW‘u
L‘V]’mu LW@i‘Viﬂ?iﬁﬁﬂ@ﬁ‘UqﬁJﬂ?iﬁi’NWUﬁuvLﬂﬂ“Uu

g

ppsUvalnd 1Suni lausmaeestnia (Hybrid orbital)
+ fgUsrauazsEaundsnuviniuualiianuanseiy

Puulausneaita= svnaiineastrany

"_ _;)_ i Hybridization o T = S S

3
s Sp

aadlivaraiaznan lausnaasivazataznay

szuﬂsum‘lau‘maaswa

guserealansa
paFINAsANaIn
p 285094

fa o/

1 4 995UNa (Tetrahedral)

fa o

sp3d & 5 aasUva (Trigonal bipyramidal)

sp3d? & 6 aa3Uvia (Octahedral)

aaa

ai’gmuﬁ’uﬁzﬁazmamﬁlﬁl,mﬁ’mi’mu AO VavaaRiiBENATEUREN
(Mepesivauniuasleusneasta)

lausneasivia (sp, sp? .. annsainsiusyAnanwintuluveiees
Uaun® (s,p,d ...) @unsatAnusdnan tw wasn ...
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= fa o
Sp lausasaita
sp-Hybridization Asn1swausznin
s-orbital Wag p-orbital
19 sp-hybrid orbital 2 885074
Jnssesiududunse

p-orbital MdeeNALAANUSY TT

A %
1 %38 2 WusY .
WPINBEANLITRUNTSANE

ﬁil ++ﬁi

sp

Hybridization

1Nm 2 O-bond 1im 2 7--bond

%

Sp? leusneasiiia

sp?-Hybridization fenswas
38MIN s-orbital Wag 2 p-orbitals

19 sp?hybrid orbital 533 3 aas5Uv1a
p--ny .

v (Y] < a

AT TULUUEURAENTE U
p-orbital NtARNALANNUSE TT

F—+

Px Py P,

Hybridization

1
++4

sp

12

]

1Nm 3 O-bond \im 1 7--bond

p-orbital
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Sp? lausnessd

sp>-Hybridization \Ana1n s-
orbital g 3 p-orbitals
19 sp>-hybrid orbital 33 4 995-
Ivadniseaiuduluunsednin
1aidl p orbital widelwas1eiuse T

iiz +4+4

+l_ Hybridization
sp?
S

1fim 4 O-bond (¥5RAINIIUIY
A05UNANNBANATAULALY)

o/

a

sp3d uaz sSp3d?leusneesiia
swilupudl 3 JulU 01ald d eestvalunisleviamee
FTAUNRINUILLANAINAIA p Wniln

sp>d Hybridization
5 sp°d hybrid orbitals

fnssadufiszingguaninaoy
sp>d? Hybridization

6 sp°d® hybrid orbitals
IS sadunsawlantin
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Aag19nN15a519nuselnelausnaasinia

Be (1s22s?)
R Linear

'H' 2p, 2py 2p; Hybridization _T_s+ 2py 2p HOBG@H

P
2s BeH,

C (1s22s22p?) @
Tetrahedral
44— :
%2px2py2pz++++ L/\?}
H

%4

Aag19nN15a519nus el lausnaasinia

N (1s22s22p3)

Q Trigonal
4_ 4- _t- y Pyramidal
.H- 2p, 2p, 2p, Hybridization -ﬂ- + + + Hg S_:

2s e
O (1s%2s22p?)

4+
-1+ sz 2py 2pz Hybridization -1+ % + +
2s *
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WuszA (Double Bond)
WuseR Usenaume
WUsE sigma (G) 270 hybrid orbital
Wusy pi (TT) 911 p-orbital

WuseAly H,C=CH,

Wuszaly H,C=CH, Usznaunie
sigma 1A sp-orbital YBIAITUBUY
pi 917 p-orbital YBIAITUDU

) 0%

The set of orbitals sp= + p
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WuUszay (Triple Bond)

Wuszay Usznouse
Wusy sigma (O) 270 hybrid orbital ¥39 p-orbital
WUsE pi (T0) 2 siuse 370 2 p-orbital
+ N=N (3 Wuszinan p, p, p,)
*HC=CH (3 %usziiin1n sp p, p)

‘ﬁuﬁ“"[a‘lﬂ“LLa"’LLUUﬁ‘]"]a'éJ\WI“’LaaLgﬂﬂ‘iau

laveliganasuivangs dlniuazanuioulas Saladu
wHuunale mmmmmnL@Jasummt,a“a”wawl,mim
AR unaanituselans
LUUTIARINELADIANATOU LAY N WALIUNE Y
WUUINaBINLadanmsau (Electron sea model)
mLﬂaaa%quﬂivamnaammm%m% Nty AU ATEY

7/7L17f7@1¢l17@d’7\7@@§‘0

dnaudsdnasoundouilderng
QOO

o 0006

“IN‘LJﬁuIaViuLﬂﬁ’\]'mLLN@Q@@?JWJN e a e e
E]Lﬁﬂ@lﬁ@uaﬂﬁwLLawﬂiw"ﬂU’JﬂWUQLﬂaﬁlﬂ
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N WOUNA9U (Energy band theory)

N155731 AO 9gla MO wuudwusy (bonding) LazuuuAY
Wuse (anti-bonding)

dleflorneuunniu sysundinuaglnddatuinnaumilewdy

wouseLloausunIuaUNgsau (energy band)

Tanzihlnilgiewindidnaseuausandeudildeg1sdasslu

Tavzilegnnszduludauauthlui(wauaaud)iinaet
aasiiiaiing

wounisun v
(conduction band)

LI.ITLIL’JL?R'L!"H )
(valence band) .

A3 mmu'l WU

Li,

ae o
aasinaussqian

LLsaisz‘[mana (Intermolecular Force)

w395EINelaana Ao LLNE’J@]Lﬁ/iumi”ﬁ’ﬂflhlLaﬂaﬂiaa’ﬁﬂi”ﬂ@‘lﬂu
aansiiiosannusannslagia

Type of Intermolecular Forces
lomicbonds |lons | 1000 |
Hydrogen bonds | Strong dipoles | 100 |

- - Permanent

LSRRI adAsLTIEameIuuUgaY SERindluana

Dipole dipole interaction izw’jNIaJLaﬂaﬁ :‘;‘
TIUUDNT ;,f

A

Dipole-induced dipole interagction FENIN "1\’
T,aJLaﬂawmmLLaﬂmaﬂaauwlmm :

London Force mmwimaqawimm"’a

(%
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wuszlalasiau (Hydrogen bond)

Huussserislnananuuiiindainssvinluanads
Usznoude H uay azmenduiiian EN gann 9 wazdvuinidn
iy F O vide N vhlsluanafianindaganinluanaund
usglelsauiliiinnniusaiiinen dipole-dipole Uni
asitiusylalasiauiiniiteauazganasuivaigsninunfiilesan
wseRsgaserinsluanagadudivy
Boiling Point (°C)
H,O 100.0  eHF 19.5
NH, -333  eHS -60.7
HCL -85.1 o CH,-161.6

= Y]
LUUNNKR

a 1% a Aa 1 L&j
Weulpsasnadidavadlianauaslosausdaluil
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