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1. Hydrogen model by Niel Bohr
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, l s o To explain:
Balmer
owdrogen Hibinm ur - 1. An electron did not radiate energy if it stayed in one orbital, and therefore did
gas s Lymen not slow down.
2% NM series
40 nm
. Lz Ormd 2. When an electron moved from one orbital to another it either radiated or
. absorbed energy.
RN IR = E_=-(13.605 eV) (1/n?) o , , ,
Lymann seAunasumy n = 1 (UVv) n 3. For an electron to remain in its orbital the electrostatic attraction between the
Balmer SERUNSIUSITA N = 2 (Vis) electron and the nucleus which tends to pull the electron towards the nucleus
Y. s 4 11 must be equal to the centrifugal force which tends to throw the electron out of
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2. The dual nature of electron (M3n1AvYBIBIANATOY)
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3. nananuliviuauvadlawwudsn (Heisenberg uncertainty principle):
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Ax = uncertainty of position
Ap = uncertainty of momentum
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5. Quantum number
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1. n (the principle quantum number): LlAYADUANNAN

2. [ (azimuthal quantum number %3© the angular momentum quantum number)
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3. m, (the magnetic quantum number) LAYADURLLILYAN

1. n (the principle quantum number): LlAYAIDUANNAN

wanssziundauluszneudgnindusziundnuions (shel)

n=1 K shell
n=2 L shell
n=3 M shell
n=4 N shell
n=5 O shell etc.

2. [ (azimuthal quantum number %38 the angular momentum quantum number)
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2 =01 L-shell & 2 subshell @® s,p orbital
3 =012 M-shell § 3 subshell A s,p,d orbital

n=4 1=0,1,23 N-shell il 4 subshell A s,p,d,f orbital
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3. m, (the magnetic quantum number) LAYAIDUSULIIVAN
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n=2 Ll=1m=-101 Tu p subshell Usznausie 3 orbitals
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n=4, |=3m=-3-2-10,123 Tu f subshell Usenausie 7 orbitals
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p orbital - J 3 degeneracy
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d orbital
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7 degeneracy
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m, = +1/2 (spin up) m_ = -1/2 (spin down)
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6. Electron configuration
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1. Pauli exclusion principle (M8NN15AANUVDUNIE)
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2. Hund’s rule
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G.L. Miessler, D.A. Tarr, Inorganic Chemistry, 3" edition

Number of
Electrons Arrangement Unpaired ¢
1 1 |
2 T 1 5
3 T T T N
4 ty 1 1 5
5 Py 1y 1 ]
6 td e 1T 0

24




3. Aufbau (Building up principle)

o
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I=0 =1 =2 I=3 hydrogen 1s’

=1 @'J helium 1s8?

~ g s 2 5.1 1
s #X lithium 18" 2s [He] Zs

e 2 beryllium 1s? 287 [He] 2s?
=3 J.ﬁ;’ . boron 1s? 257 2p' [He] 2s? 2p'
it T /./ «i @  carbon 187 287 2p? [He] 257 2p

P

R4 y

e 5 5 /ﬂ' ,.S¢ = [Ad 3d 4s? Sc* = [Ar 3d 4s!
=t B JFe = [Ar] 3d° 4s? Fe?* = [Ar] 3d°
=7 i

/s Cr= (A3 4s"  half filled  Cr** = [Ar] 3d"

=8 ‘/5

,,Cu = [A13d4s' full filled Cu* = [Ar] 3d"

3d e vigAeeNiivegd ds e Ing1y 3d orbtial F81W1ANMIMEANEAN (penetrate) AN 3s
o L4 ¥ Ya ¥ ! _ 25
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7. Shielding
USIHANTEMINBIAARTEUMIBAUIINSASEBUUUNTINaNSOU uRded  Aatuusas

a < a

didAnsauazinfounnelilshsgnvesiamded TUAULSINAN L ABLRA YV
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AusananlnetndeUseulmdu point negative charge luausenaindl Z (nuclear
charge) ¥99A19534
Zyg = £-0 .
Z,, = effective nuclear charge (Us¥ailupfigaiuiasy)

Z = atomic number
O = shielding constant

e, lasuusaiageantaniea <e | “r, >,

e, lifudszaindeaiiuioss = 2 (Wiriu 2)

e, Ifsuuszqiundeadiuriase < 2 gn e, Uatlaussisgaan
v
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Effective nuclear charge (Zeff 38 Z)
a a a 3 1 1 a a ° va < [
dudanseuluddluliunnlduegsenindlundeawayieuen vihlvididanseuluidudesiy
nsfsgauesiaadeaiudidansouluisuen wu
182 Li (157 25") gesdidansoulu 1s orbital agszninduadeaiunil
dudansewlu 2s orbital ¥l e 15? lUuadls (shielding) n3fegn

2s!

sewinlandeanu e 2s! feanUsyyiundedliananie dalu 27
sy 1.00

[ Na (157 257 2p° 35") Bidmnsou 10 Mlurazuadidibansou

P T 3s orbital Feeglursuen delu e 3s' aglasu 7 Yszana 1
i niluaded

Li way Na tasu Z* Uszana 1 wihiu msiinduvesvuinesneuain Li luda Cs 3aiinag

a v i S 2 X aa A a o

11']5\]'”‘@Laﬂmi@u'gﬂuaﬂmq‘lﬂagiu shell 1UAT N LWNYU E]Laﬂﬁ]iauwagiu shell LgINU

LY v v U £ dycl = 4 27
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Slater’s rules nglunismeaasfiveanisuatsvesdidansoulu ns was np

a Y a & o o o & =t
1. Weulassadidanseuvessadudwiuuagdnduny dsil
(1s) (2s, 2p) (3s, 3p) (3d) (4s, 4p) (4d) (4f) (5s, 5p)
2. BidiAnsouiiogn1euved (ns, np) iMasfinnsan lifinaser o
3. Bidansounnsiluny (ns, np) avuadaiudien 0.35 e 1 BldaAnsou
aniiu Bidanseulu 1s orbital uatsdieen 0.30 sie 1 BidAnTou
4. Bdansounndaluag (n - 1) ssuntaiuiiean 0.85 sie 1 BidAnsau
5. Bidansaunniiluag (n - 2) wazsiadldidu n - 3, n - 4, .. szuadaiumean 1.00
fo 1 BiaAnseu

Na & aa I = 1% o 5% vy
nsaldidanseuniarsandu d w3e f electron lngde 1-3 wade 4 uay 5 1970 6 unu
6. Bidansaunnmilegn1sdnevesdidanseu nd, nf azuals d %i3e f electron Mg
1.00 o 1 DidAnsou

28




feeneil 1 Ustellundvadma (%) vesdidnnseulnaiaudustesnon F
wusBianaseudunynungde 116 (159 (2s, 2p)

O = (2x0.85) + (6x0.35) = 3.80

Z* =7-0 =9-3.80 = 5.20

" Usnfhuedeadnavedidnaseulussuaudvesesney F = 5.20

Fpeneit 2 Uszadndvadina (2) vesdianaseulinaiaudvsezaeu Cl
wusBidnaseudunyaungde 1161 (159 (2s, 2p)® (3s, 3p)’

O = (2x1) + (8x0.85) + (6x0.35) = 10.9

Z*=7-0=17-109 = 6.1

. Uszglundeadanavesdidnaseulinsiauduasesnau Cl = 6.1
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faegneil 3 Usvqilndeada (29) vesdidnaseuly 4s easdaves Zn
wusBidnaseudunynungde 116 (159 (2s, 2p)° (3s, 3p)® (3d)'° (4s)?
O = (10x1) + (18x0.85) + (1x0.35) = 25.65

Z* = 7-0O = 30-25.65 = 4.35

" Usrglhundeadenavesdidnaseuly ds eesdviaves Zn = 4.35

Fenait 4 Uszaiindvadina (2*) vesdidnasevlu 3d eeslviaves Zn
wusidnaseudunynungde 116 (159 (2s, 2p)° (3s, 3p)® (3d)° (4s)?
O = (18x1) + (9x0.35) = 21.15

Z* =7-0 =30-21.15=8.85

. Usralledvadanavesdidnasenly 3d eesdviaves Zn = 8.85
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naUszailedeadaavedidnaseuly ds uaz 3d eesiviaves Zn = 4.35 uaz 8.85
muaeu esunglanndidnaseulu 3d aa%ﬁﬁagﬂﬁqi‘ﬂuawamﬁwLmﬁumﬂdﬂL‘wswﬁﬂ'ﬂ
Usziiadeadmainnnd dudidnasevlu ds eesdviagnasliluozmensoussiifosndi
wiszAlszaiueduadinateeni sohudeialovslueduudd 152 252 2p° 3s% 3p°
4s° vive [Ar] 3d"°

didnaseulu  4s  ooslviangasenlushewdinumsiinlessuiiiinimdsnunisia
losauiifeddfudidnmsouly 3d eesdia tude 4s eesdvpindinunisiinlosous
A1 3d oedivia suiudidnnsevly ds sesdvasziaiosdesnindidnasouly 3d sesdia
vlididnasoulu s sosdtangereudiinasewlu 3d sestva dufulovarlangnsnua
Fufinssnsedidnnsousil

Ti = [Ar] 4s? 3d?

Cr = [Ar] 4s' 3d°

Cu = [Ar] 4s' 3d"°

Ti?* = [Ar] 3d?
Cr¥ = [Ar] 3d?

Cu® = [Ar] 3d°
31

syiladeading (2%) vesauddianasou Na uag Mg

alszaiuafuadoua (2 YDINLAUTDLANMTOU O Wag S
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8. Properties of atom in periodic table

vunazns/salieznau Tunyineaniu
wgtﬁmﬁ'u: YUNNDTABUNNINNUY ——— 8N

Tumnyiieai PUINBTADUTRNINUUAIEN  INT1x8nwImdn (n) vesdidnaseu
WisTuannuuatans sSuwmdnifiuiumnedinisiiussesmenniandeadg uieed
mil,ﬁmLLiaﬁqudeﬂszﬁ;mnﬁﬁamﬁaau,ax%Lﬁﬂmauﬁﬁﬁi’wmummﬁuﬁmu UAKATDY
LLsﬁa@mﬁﬁﬁaaﬂdwmslﬂmzazmamﬂﬁaLﬂﬁaa dlofinnsamanisuats  (shielding
effect) wuiwszqiundvadmaazifutuetnedunnidlefinafiusiuommsn wu
Usgallumdeadinaveny IA wavdszalundeadmauazSrillainiaudvemy VIA

Li n=2 Awszyiundeadea = 2.2

a

Nan=3 aszaimduadona = 2.2

a

K n=4 eawszallumdvadowa = 2.2

a

Ron=5 aszaflumdvadona = 2.2

=

Cs n=6 mussyllundeadea = 2.2

Usgailundivadmauayimillanniaudvamy VIA

v VIA  Uszqiluedea Fedllaraud (pm)
q
fana

F 5.20 71
cl 6.10 99
Br 7.60 114
[ 7.60 133
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579 Transition luuaatfegafiu: N1sasuLUaUIneYnaNYesI9iitosINNg18dNT3
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(4s shell) lasusaldsuniasantios vuineynaudulasunlasantioy

lesauuan: flvuadnniezpendiiunawessintu ewintunmsinilulessuuin
v a = ad & a2 o g vl &
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37

lonization energy (IE)
. . a4 L . . <, 1Y = = a
lonization energy %38 ionization potential Wunasnunlelunishdiaanseus
ananezapuvielosouluanusineg Weudedn IE nasnudldlumsilibidnnsousai
1 vaneendnevnexluanuzing Sund1 ndwulesslueduamduiivis (E,) Tuiues
Wentudleddnasewdai 2, 3,4, .,n B8 IE, JE, JE, ... [E, Audau

AMg —— A™Ng) + e ionization energy = AU

dlon=0 (first ionization energy), 1, 2,... (second, third,...)
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Atomic number
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Tumuiieniundanuleesluwduindudie nuclear charge Windu (Hinangrely
1 I3 i o o . a
177) egulsAmunuImasulesslurduanasiluseu (B) wazean@iau (O) wsz
ddnaseudiiiudnunly 2p sesivavessin B fianumnuiudidnaseunilnasniundea
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n wasulesslueduiildndidnnseuly 2s saslvia lnesn B fllassad1didnnsou
fo 152 2% 2p!
| aa v sa o O 9] sa o 1 o
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Electron affinities (EA)
Electron affinities idundssndlilunsifsdidanseudnlulusznondioglu
amuefng uareganmriuiniiulossuauilegluaniusing
AlQ+ e — A (g) + EA
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Tundiendiu  dunssanndidnaseuanasninuuasaiadniios  ws1e  nuclear
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1A 2A 3A 4A 5A 6A TA 8A

H He
=72 +20
Li Be B @ N O F Ne
-60 +240 -23 -123 0 -141 -322 +30
Na Mg Al Si P S cl Ar
-53 +230 -44 -120 -74 -201 -348 +35
K Ca Ga Ge As Se Br Kr
-48 +150 -40 -116 =77 -195  -324 +40
Rb Sr In Sn Sb Te I Xe
-46 +160 -40 -121 -101 -190  -295 +40
Cs Ba TU Pb Bi Po At Rn

-45 +50 -50 -101 -101 -170 -270 +40
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Covalent radii
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nsfindures nuclear charge  uavduvesdiEnasoulivuineraeylugiule
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Sedllanaus (Mae pm) U83519U1STHN TABLE 29
‘ Crystal Radii for Selected lons

1 |2 (3 |a |5 |6 |7 |8 |9 |10 [11 |12 |13 |14 |15 |16 |17 |18 2 Element Radives (prm)
H He . . 4
Alkali metal tons 3 Li 1
32 31 1 Nat 116
Li Be B C N (0] F Ne 19 K 152
- i
123 |89 a2 |17 |75 |73 |71 |69 ‘; ?t’r ";"E
s 5 1
Na |Mg Al |si |P s A
154 | 136 118 [111 |106 [102 |99 |98 Alkating sarth ions 4 Be! 59
12 Mg 86
K Ca |Sc |Ti vV Cr Mn |Fe |Co |Ni Cu |Zn |Ga |[Ge |[As Se Br Kr A0 ol 114
203 [174 | 144 |132 {122 |118 |117 |117 |116 |115 {117 |125 |126 [122 [120 |117 |114 [111 38 (e 132
Ro |sr |Y |zr [Nb [Mo |Tc |Ru |Rh |Pd |Ag [Cd [In [sn |Sb |Te |1 Xe 56 Ba™ 149
216 [ 191 | 162 |145 | 134 |130 [127 125 |125 |128 | 134 |148 |144 | 140 |140 |136 [133 |126 Other cations 13 AT 68
Cs |Ba [La |[Hf |Ta |[w [Re |Os [r [Pt |Aau [Hg |TU [Pb [Bi |[Po [At 30 Zn™ B8
235 (198 | 169 | 144 {134 |130 [128 |126 |127 | 130 | 134 |149 |148 |147 |146 |(146) |(145) Halide ions 9 F 119
i7 Cl 167
35 Br 182
53 I 206
Otfer an'ons B 0 126
16 5 170

MOLURCE! K. Lr. Anannon, Aok {.F'\.'.\n'rrHr.lgE 1wie, Ass, V3 A ![JI'ISE'T list i givenan R]'-PEDI:I[I H-1_All
45 the values are for G-coordinate 1ons. 46
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1. luumag n %38 shell of principal quantum number dfea3tvia undvg1e n = 1, 2,
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2. 231103U (a) the radial wavefunction taz (b) the angular wave function U89 2s
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3. 29@8U ground state electron configurations JaspzneNvselopounolul
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5. s Usyiluadadiung (2 vesddnaseulu 2p o3l sswina N uaz O
Huwnldudenduan Z* vesdianaseulu 2p oes0via sewing C wag N nialyl
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