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PERIODIC PROPERTIES Ay 9al) Lal i)

* Atomic Radius : There are two common ways in which we can define
atomic radius.
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*The covalent radius, rey, is defined as the half-distance between the
nuclei of two atoms of the same element joined in a single covalent bond.
The figure below represents the covalent radii (pm) of a typical group and
short period.
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* The van der Waals radius, ry,, is defined as the half-distance
between the nuclei of two-atoms of neighboring molecules.
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The next figure shows comparison of the covalent radius, re,, and the
van der Waals radius, rygy.
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* In a period, left to right; sépadl) A bl Ga Bas) gl 3 gall A
a- n (number of shells) remain constant. (<t &y ot 1 ladll o8 )
b- Z increases (by one unit). (a5 LAty 22 g A 2aall)
C- Z* increases (by 0.65 unit).  ([0.65] Jlie 22353l 5ill 3 )i 5all 43a51)
d- Atomic radius decreases. (S LA kil Caa)

* |n a group, top to bottom: tJAud AoV (e Banl gl B a3l (8

a- nincreases.  (2lay AV ol & jlaall s

b- Z increases. (22 (5LAl) 22all)

c- No dramatic increase in Z*, almost remains constant. 321 1 53 V)
(A5 s Va5 a8 i pal) A A 353

d- -. Atomic radius increases. (3 8 s Al kil Caai ala )

* Lanthanide Contraction: is the gradual-decrease in the atomic and

ionic size of lanthanides with an increase in atomic number. f-orbitals
have poor shielding properties.
e I (8 V) ol (Al anadi b oo i (il ga g 3 SEDU) QiLaSiY*
3) 5all 3 i gall aian Gl Lguas (g 8l CaDRl) 8 i g 5SIVT (o) Eus 6o A 2aal) 304
53 5 pall il g3 5l (18 e e Codn 5 5y e 258000 5 SIY) Jrng Lo (l8
Leana paliy 5 851l oladly casutl agle 5 3l 5l 8
* All anions‘are larger than their parent atoms, while the cations are

smaller.
ATl asa 3l sl LalS) ddalaiall Lgdl )3 (e Lagna 3a) ALl s o) S ddaadlat
LalS) Aalaciall Ledl 53 (o Lada gl () 5S5 A sall i 0¥ Ly (A 313 (50¥) el
(e J8 (V) il A gl Al

* The next two tables represent, respectively, the Atomic and lonic

Radii in (pm) unit, where pm = 10"*m.
e sSl) B 3 Ay 0¥ 5 A )3 LAY Caliai) ¢ ol e g Jias AN Jglagd) *
O) By 50l 4 A gaaldl S8 oS Y (Ipm = 1077 m) dS ol S «(pm)
(e Y1 () 5 3 93355 (el s
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dxa 3 ga sall ()5 S dniag Liag) s 68) il dam sl dinl) i3 e (187 aDlad) U <)
@A anall (e IS J8) A aa) giall 553V dng A Caaall S0y (DR iy

3



Inorganic Chemistry... First Class ... First Semester ... (2019-2020) .. Dr. Basim Hatim

ool sl B AV s YT e QI GUIAIAN ARl YT b saa giall il g SSIY) Auud
i i g 0 0 5y A0 jlaa 3l 5l B saad siall 4z HY U5l U8 (e o) a5
sl g N LA Caal il a sy pll (5,301 Ladl] Ciad IS 5D il

aaat) 5 31335 8 i gal) Adaudll 5 Jiy caaad) Cpnaddl ) jlasll (e 32l 5l1 5y gall L sAdBada
Lyl J&y hadl) ciual g (g ,A)

Slater’s Rules 3 il 3 figall diadd) g caal) el cluad M ) b

Ly o(Z ) Allal) g g0 Adatl) e ppail A 5ail) e gl (e e sama idlus - sl
Y o all BA e
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1.  Write the electron configuration, of the atom in the following

form: YV JSEL e S5 30 g SV i il i ;1 gY) Adadld)
(18) (2s, 2p) (3s. 3p) (3d)(4s. 4p) (4d) (4f) (5s. 5p) (5d) . ..

2. All electrons in‘orbitals of greater principal quantum number

(at n+1 ) contribute zero.
Oy Ao A s EINVIS 5 o(n Gl ania) inall (5,38 saas A0 4dadd)
il g IS ol i 138 iea jlaiey aalasi ((n1) aSH) 20ad it i) ieall () SV

5 sall din il a8 aalod Y g iaall (5 iK1 Cadlad aa) Asle W) Jais 3l
3lll

3- For ns or np valence electrons:
cnp s ons  AleYL o SV il el 1) (AN B gladld)

a- Electrons in the same ns, np group (same principal quantum
number) contributes (0.35).

(0.35) Aty canally aalai (N5, NP) ) ity SN i g S -
b- Electrons in the (n-1) principal group contribute (0.85).

(0.85) 4ty caally sl (N-1) (oo Ol ) oz Al i g 3SIY) o
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c- Electrons in the (n-2) or lower groups contribute (1.00).
(1.00) Aty aaally aals S 4l (0-2) (ot ) ) e Sl g <)
4- For nd and nf valence electrons:
cnf s nd AleYh s IV Gyl gl 130 cdag) ) 3 gladld)
a- Electrons in the same nd and nf group contribute (0.35).
(0.35) 4wy canally aalis (N 5 Nf ) G Guiiy ) g i) ]
b- Electrons in the groups to the left contribute (1.00).
(1.00) Aasis cnally L (1l 5 N ) SN s e A g 5SY) -

sand p
electrons

.35

0.85

; R

n-3 n-2 n-1 n

dandf

electrons

* Example. Calculate the effective nuclear charge (Z*) of the following

a- 2p electron in the 3O atom.
Ans. O : @S (2S*2PY) = (1S)* (2S2P)°
6=(20.85)+(5x0.35)=3.45
Hence, Z =Z-06=8-345=4.55

b- 3d electron in the ,gNi atom.
Ans. »xNi = (1s%) (2s*2p°) (3s* 3p°) (4s)
(1s)* (2s2p)* (3s 3p)° (4s%)
6 =[18 * (1)] +[7 * (0.35)] = 20.45
Z'=Z-6=28-2045="1.55

C- 4s electron in the ,gNi atom.
Ans. »Ni = (1s%) (25°2p°) 3s” 3p°) (4s%) (3d°)
=(1s2s2p)'®  (3s3p3d)'° (4s)
6 =[10 * (1)] +[16 * (0.85)] +[1 *(0.35)] = 23.95

Z'=Z-06=28-23.95=4.05
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d- 4f electron in the ;3 Ta atom.
Ans. Ta= [Xe]ss 4f'"* 6s* 5d°
= [Xelss 4 (6s) (5d)°
6 =[54*(1)]+[13 *(0.35)] = 58.55

Z'=Z_-6=73-58.55=14.45

e- The last electron in ,,Cu atom.

Ans. »Cu = (1s%) (25°2p°) 3s* 3p°) (4s") (3d")

= (1s2s2p)®  (3s3p3d)" (4s)!
6 =[10 * (1)] +[18 * (0.85)] + [0 * (0.35)] = 25.30

Z'=Z-6=29-2530=3.70

g ¢ 3l gill 3 yigall aan ) ala 3 cM\‘_“J\JM\CFSA\)S\BJJJ\&Q\&LMQ*S*
_e_aal\}u._x;aj\

*|onization Energy (1E):- also known as the ionization potential, Is the

energy required to remove an electron from a gaseous atom to form a
gaseous cation. The losing of.anselectron is an Endothermic process

(require energy).
48l a9 «(lonization [ Potential) culidl aeas Loai) Ca a5 1(1E) gl d8Uax
O3S ol ke i ga oS sl Sl 4SS 8,3 e (g ASY AN Y A3

Adlk ~ a3 ) (Endothermic process) 30l sl dale dlee 4

X(g) + energy — X'(g) + ¢

358 ddai jo o HAD Cadladl il g iSI) ) e3) 6l 5 )5 gall Asa B A 3 SR (e W el
L9 3 e Y oda cdallddd e claillale o daa all 3500080 g0 Cligig ol
Al () 5 1Y)

Oe S8 48l o lins (5 58U (5,380 J ) A1 3Y A 53U ddall) (AW il A8 Ladfax
O () 25y ol 5 (138 5 (o 58LSI (5 3D A5 AN Y A 50U ddally Al () ddla
(6 38U (0 s3SI Lgilay AU LS (i o) (Z7) i .58 G ilm (538185 3 sl S
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(Z7) 353l 5 il Ain ) 50l 3 sy (Ol () ol (30) 39400 8 2035 ulil) A8

1 2 13 14 15 16 17 18

H Opaal) (B eaal) Cpa Baa gl 3590l B AN A 9V 5 He
13-59 = | 2438

Z‘:‘h Li Be B C N O F Ne
Cd'-m 539 9.32 8.30 11.26 14.53 13.61 17.42 2158
o Na Mg Al Si P S Cl Ar
a0 sS4 764 598 8.15 10.48 10.36 13.01 1575
g | wm Ca Ga Ge As Se Br Kr
o 4.38 6.11 6.00 7.88 9.81 9.75 11.84 14.00
o

Rb Sr In Sn Sb Te I Xe

G | 4.8 569 s78 7.34 8.64 9.01 10.45 i 1213
Cs Ba m Pb Bi Po At Rn

v 3.89 521 6.10 7-41 7-29 8.43 10.75

aie ol A8la 830l asa s e Cpag il Leie JB1 (aaS gDl A8 a5) At
(2p?) Jliz sl O (A 25 Iy 8 Caadl 5 caadd) () Hleadl) e Baa) 15 ) all 8 JuEy)
O3S e Cauad Jlin ) 9¥1) 2 pde Sl de ) g il giSH S 48 a5l
I Cilzape a1 (s Y S s s L8 (2pF) eSSV s 8 Ll (1) il SiS)

(O S £ 35N A 33U A8 e QI g 51 oY) JIE) Lo 138 5 aasdie Cluad Jlin 5

(Omatd) ) Sl () 5y 5adl 8 30 33(Z7) 3 ill 5 pall diail) g cplil) Qi () Jaadly
) e O Ao ABe llia I 8y dlagin A jla Ale Gllia o)) iay 138
e 3l 5l 3 e 0 (8 il dBla 8 (alial) J sean sy e 138 5 ol A8 g (1) 350
8 sl Laddl g (1.E) olill ABUa ¢y ABMad) (i o) ABMad) g «Jandd eV (e J 5530

() (il oI 23 g1) 8930 o339 (Z7)

- 2
1E <)
2
n
(Z*)?
ILE=13.6 e.v + ——
n2

Z* = Effective nuclear charge.
n = principle quantum number.
13.6 e.v = The ionization energy of the H atom.

B3 (e (g AN AN Y Ade g Cman g gl B (19 Asl) Al JiaT (-13.6 e.v) 4addl) O *
((13.6 €.v) o)8a (48U) 2ga (341 Lgudas 25 (e ¥ (i g o)
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Ex: Calculate the first ionization energy or (potential) of ;L
Ans: First we must calculate Effective nuclear charge ( Z")
sLi: (1S)*  (29)'
6 =[2%(0.85)] + [0*(0.35)] = 1.7

*=7Z-6=3-17=13
So RE=13.6 c.v *[(Z*)* I n’]

=13.6 e.v * [(1.3) (2)7]

=13.6 e.v * [0.4225]

=5.746 e.v

(DEHBS) - “eills i (KI/MOI) () (B11) B 5 (3 A8 g sl
So, L.E of ;Li in KJ/ mol = [5.746] * [06485]
= 554.4 KJ/ mol

(8.V) 83x 52 (59l Jpaal) yalie (e de ganal (il A8 o (any (oLl J gaadi

Atom lonization energy (eV) Electron
f I, I, affinity £ (eV)
1 H 1s’ 13.60 +0.754
2 He 1s® 24.59 54.51 0.5
2 Li [He]lZs’ 5320 75.632 122.4 +0.618
4 Be [He]2s? 9.321 18.21 153.85 =0
5 B [He]lZ2s?2p! B8.297 25.15 3793 +0.2F7
& [ [HelZ2s?2p2 11.257 24.38 47.88 +1.263
i i | [He]l2s?2p* 14.53 29.60 47494 -0.07
a8 O [He]Z2s?2p* 13.62 35.11 54.93 +1.461
9 F [HelZs?2p= 1742 34.97 62.70 +3.399
10 Ne [He]Z2s?2pS 21.56 40.96 63.45 1.2
11 Ma [Ne]3s' 5.138 4728 7163 +0.548
12 Mg [MNe]3s? 7.642 15.03 80.14 =0
13 Al [Me]3s?3p’! 5.984 18.83 28.44 +0.441
14 Si [Me]3s5?3p? 8.151 16.24 33.49 +1.385
15 P [Ne]3s23p* 10.485 19.72 30.18 +0.747F
16 S [Me]3s?3p* 10.360 23.33 34.83 +2 077
17l [Me]3s?3pS 12.966 23.80 39.65 +3.617
18 Ar [Me]3s?3p*® 15.76 2762 40.71 1.0
192 K [Ar]as? 4.340 31.62 45.71 +0.502
20 Ca [Ar]as® &.111 11.87 50.89 +0.02
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*Electron Affinity (EA): is defined as the amount of energy released
when an electron is attached to a neutral atom in the gaseous state to
form a negative ion.. The gaining of an electron is an exothermic
process (releasing energy).

g Adalaia B dy ¢ g sl Bl ) e B patial) 48U A g 1(EA) dpig ST AaNy)*
Liebddee b goN ALzl ) Ao Jpanll o) e () Gl 4 ) Lgillay
AdlLll A% 6l ¢(exothermic process) ) all

X(9) +e — X' (g) + Energy

O SV 13 Lol 5 3 680 (uliga oo cAlalatia 30 ) (0 9 S Adlial dierd jyaiiall 48Ul )%
¢5 S 5 58y Jant ) aliaall (5 3K () Jiag 138 8 5aS 5 ) jadiall 28] IS LalKE 5 0L
)l S CGilaal) o5 ST ol ey 1368 0y 5l & iy oW il Caal o)) Layg

ALY 90355 QU pal) () a5y s 8 L) LS (3 5 i yos 5) 51 523
iU eV a8 e 0 (8 J8 5 Cradl (Al plasl) (0 B 5all 8 4 5 ST

s 15 e 0 8 JE5 5 (Ol (A lsal) () 3Rl By sall ol 3 A g sty Addyi
(Jid eV )

Alle cplalh yual g skl g < jlall A Y AalY) s ddaadla*

i€ 4 gl Lgiae )1 @llh g ecayle, s g yiSH A Led (17 50) i sllgd) :Adaadla
o)) SIS i 5 (i S Ay (Yiey s (gT) (oAl Leddle g LS (5 )l

sa/dsm SLSY s gy Aliaall yealiall A g SSIVI AAN) ad oy ) J gaali

H He
72 — &8
Li Be B C N O F MNe
60 =0 27 122 —3 141 328 —116
—780
Na Mg Al S5i P S ot | Ar
53 =0 43 134 72 200 349 —96
—492
K Ca Ga Ge As S5e Br Kr
48 2 29 116 78 195 325 —946
Rb Sr In Sn Sb Te 1 Xe
47 5 29 116 103 190 295 —7F7
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*Electronegativity;- Pauling defined electronegativity as the power of
an atom in a molecule to attract a shared pair of electrons (or
electron density) to itself.

Qla Ao dgda 853 5 a8 Ll Al el il o ye ol gl Al ) L)
Ll (A g_aSIY) ABU) gl AS jLiial) il g 5S) (pa 7 9
*Qther definition; AL HeSIh Aplladl JAl) oy jas

** Electronegativity is a measure of an atom’s ability to attract
electrons from a neighboring atom to which it is bonded.

Bogkaa B3 (e g S s e b ja (883 B a8 bl (o Lol sl A} %
g Adasi
Al Jall dala ed Apdlull o Lo cl AL Aala a4 ) sall (ailbadll S sABadle®

O ebal Ll 4y 3 (pania 3,00 dlle (Z%) 815300 5 i all Linall) Aa@cnilS LS sABaadla*
5l (A ol 33 Al Sl Al glaagle 5 La gat i s iSIV) Cda 8 e 533 o2
(J8 eV (5a) 5 e 3l 8 Jii g (Gpadd) ) lastl) (pa) Bl Sl

Alied) jealiall (e e ganal Al el Adlid) a8y oia) J ganll

H

21

C N 0 F

25 30 35 40
Si P S Cl
1.8 2.1 2.5 30
Ge As Se Br
1.8 2.0 24 2.8

— _

a3) Al Sl AL Cludia) 8 saaiaall (351 jlall Jaxd 38 WA alana 3 :ddaa ek
slalall slan (pp (£ U3 U Jgand) IESY) jealiall o lae Lo casliiia a (LgdDUA)
Al eI Al Gl W sacie] il (350l

Electronegativity Scales

Principal Authors Method of Calculation or Description

Pauling Bond energies

Mulliken Average of electron affinity and ionization energy

Allred & Rochow Electrostatic attraction proportional to Z"/r?

Sanderson Electron densities of atoms

Pearson Average of electron affinity and ionization energy

Allen Average energy of valence shell electrons, configuration energies
Jafté Orbital electronegativities
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