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Chapter Description

 Expected Outcome:

At the end of the lecture, the students should be able to
understand and solve the problems regarding on the periodic table,
representative and transition elements.

 Reference:

— Chemistry for matriculation semester 1, Tan Yin Toon, Sheila
Shamuganathan. Companion website.
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Content

* Representative elements (Group IA-VIIA)
* Transition elements (IB-VIIB)
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Periodic table

Picture source: http://s3-ap-southeast-

1.amazonaws.com/subscriber.images/chemistry/2016/04/12130832/Periodic-Tablel.png
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Periodic table

e Consist of 4 main block, s,p,d,f
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*  Picture source: http://study.com/cimages/multimages/16/800px-periodic table structure.svg.png
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Periodic table number

 The groups are numbered from 1 to 18

1 18
2
1 Periodic Table Coordinates 13 14 15 16 17 |He
5 (Columny , Row —») 5|6 |7 |8 ]|9]10
B|C|N|O|F |Ne
13 |14 |15 |16 |17 |18
3 5 6 7 8 9 10 11 12]|AlI|Si|P|S |Cl|Ar
. 23 (24|25 |26 (27 |28 |29 (30 (31 |32 |33 |34 (35 |36
V |Cr|Mn Fe|Co|Ni |[Cu|Zn |Ga|Ge|As |Se |Br| Kr
. 41|42 |43 (44 (45|46 (47 |48 | 49|50 |51 |52 |53 |54
Nb({Mo| Tc | Ru|Rh|Pd|Ag|Cd| In (Sn|(Sb|(Te| | |Xe
= 73 |74 |75 |76 |77 |78 |79 |80 |81 (82|83 |84 |85 (86
Ta| W |Re|Os| Ir | Pt|Au|Hg| Tl |Pb|Bi |Po| At [Rn
105[106 B —
4 Db|Sg ™ Uuo
]

. Picture source: http://scienceprojectideasforkids.com/wp-content/uploads/2011/11/Periodic-Table-
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* Elements in the same group have the same
number of valence electrons.

Elements Li (Lithium) Al (Aluminium) V (Vanadium)
Electronic 1s? 2s? 152252 2p® 3s? 3pt | 1s?2s22p® 352 3p°® 3d° 457
configuration

Valence electron 1 3 5

Group Group 1 Group 13 Group 5
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Group 1 : Alkali metals

Group 2 : Alkaline earth metals

Group 18 : Inert/noble gases

| Group 17 : Halogens |

1 v v 13
JfH] 2 Group 3-12 : Transition metals | 13 | 14 | 15 [ 16 | 17 [ He
i 2
5| Li |Be| < *»* I B|C|N|O|F |Ne
1 4 I L 7 L | |10
zlNa|Mg| 3 | 4 | 5 | &6 |7 8|9 |10 |11 12]|AI|SIi|P|S|ClI|Ar
11 2 13 114 il & L 114
al K |Ca|Sc|Ti [V |Cr|Mn|Fe|Co|Ni|Cu|Zn|Ga|Ge|As |Se| Br | Kr
il o | | P | ] e 5 F I 2B e | 0 bl X | EE] L | EL =
5| RB|Sr | Y | Zr |Nb|Mo|Tc |Ru|Rh|Pd|Ag|Cd|In |Sn|Sb)|Te| | | Xe
it EL I EL s |41 4 44 4 45 b 47 4 e LI | I | EX | EEN
g|Cs|Ball ||Hf|Ta| W |Re|Os| Ir | Pt |Au|Hg | Tl | Pb | Bi | Po| At | Rn
55 2] T T3 T ril- TE T TE 78 0 a | B2 1 E] | jas o]
+ Fr | Ra |[# Rf | Db | Sg | Bh | Hs | Mt JUun|Uuu|{Uub Uuqg Uuh Uuo
a7 dE a4 105 106 107 1DE 184 110 111 113 114 11& 11E

La |[Ce | Pr |Nd |[Pm|Sm|Eu|Gd| Th|Dy |Ho | Er |Tm | ¥Yb | Lu
5T 5E 153 &L B B |6 G &5 5 5T |68 163 L 11
Ac|Th|Pa| U [Np|Pu|Am|Cm|Bk | Cf | Es |Fm |Md | No | Lr
ag [ I L au # 94 |as L 7 a 28 |90 J191  j19z  |1ed |




Period number

 The period are numbered from 1to 7

n=1 |H

IIT IV V VIVII
=2 1

e S e = = S
Il
0

Horizontal rows of elements = period = no. of occupied
e- shells (n)

. Picture source: https://mypchem.wikispaces.com/file/view/PT5.png/241757599/PT5.png
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Period number

Elements Li (Lithium) Al (Aluminium) V (Vanadium)

Electronic 1s? 2st 1s22s22p®3s23pt | 1s?22s22p®3s?23p® 3d34s?
configuration

Higher Principal 2 3 4
Quantum Number

Period Period 2 Period 3 Period 4
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Period number

Elements Li (Lithium) Al (Aluminium) V (Vanadium)
Electronic_ 152 25T 152252 2p° 352 3p' 159 25° 2p° 357 3p® 3d° 4s°
configuration

Higher Principal 2 3 4

Quantum Number

Period Period 2 Period 3 Period 4
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d block- transition element

e Also called transition elements
e Metals
* No extreme variability

Flements of d-block Co (Cobalt) Tc (Technetium) Au (Gold)
Electronic configuration E Jg? Epﬁ g2 3FIE 37 szgz 2pf 352 3pf 3d1° 452 4pf 4P lﬁ@ﬁg?ﬁ%ﬁﬁg%& Ap°

Quiermost electrons 2 electrons 1 electron 1 electron
‘alence electrons

9 electrons f electrons 11 electrons
I{m%ﬂgﬁ?ﬁnershell} 25 electrons 42 electrons 78 electrons
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s block

e metals
e Valence electron is maximum of 2 electron

s

MNumber of 1-2 electron
valence
electrons
Orhitals of s-orbitals
valence
electrons
E?nf uration ns! to ns?

valénce
electrons
Group Group 1 &2
Example 11 Ma: 152252 2p5 35"

Ca: 15 25° 2p° 357 3
33 " 3s* 3p
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p block

e Maximum of 6 electron in the orbital

p

3-8 electrons
Number of
valence
electrons
Orpitals of %%}Faﬁ_
valence
electrons

v

Seofiguraion  notiye
electrons

Group 13 -18
Group

fpﬂgz 152 25 2ph 3t
Example ﬁ,? 152 252 Jphk 358
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f block

e Maximum of 6 electron in the orbital

f
Number of 3-17 electrons
valence
electrons
f-orbitals
Orpitals of
valence
electrons
(n-1 d ns®
Configuration V4 or
olova nce (n-2)f H}zﬂm :
electrons
Lanthanides &
inides
Group
The filli f
‘-'._rla?anmlen _?ectron
Example glflgghglf -:I:-rl‘| Jl?’%nl:l
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Metal, non metal, metalloid

Metal - Nonmetal

H He
Li | Be Ne
Na | Mg Ar
K|Ca|Sc| Ti|V |Cr|Mn|Fe|Co| Ni Kr
Rb| Sr| Y | Zr [Nb|Mo| Tc | Ru | Rh | Pd Xe
Cs|Ba|ww|Hf| Ta| W |Re|Os| Ir | Pt Rn
Fr | Ra | Aclr

La|Ce| Pr|Nd|Pm|Sm| Eu|Gd|Tb |Dy|Ho| Er [Tm| Yb | Lu

Ac|Th|Pa| U |[Np|Pu|[Am|Cm|Bk| Cf| Es |Fm|Md| No| Lr

. Picture source: http://www.nemoquiz.com/wp-content/uploads/2014/07/Periodic-Table-

MetalNonmetalSmall.png @@@@ Periodic Table
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Position of an element

- The position of an element in the periodic table can be deduced

from its outermost electronic configuration.
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Atomic radius

* Determined by

* 1- effective nuclear charge- Zeff- positive
charge felt by an electron

7 —7_5 Z =no. of proton
eff = <7 S = no. of electrons filled at the inner orbital/
number of inner or core electrons

e 2-screening effect- aka shielding effect-
caused by mutual repulsion between inner
and outer shell electron
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Across a period

—

- number of protons increase
(more protons are added to the nucleus, hence nuclear charge also increase)

- Zeffincreases

- outer electrons are pulled closer to nucleus.
- nucleus-electron attraction increases.

- atomic radius becomes smaller.

- atomic radius generally decrease across a

period from left to right. ‘ @@@@\ e Nonpidayah
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Crossing down group

- proton number increase and nuclear charge also increase.
- outer electrons enter new energy levels.
- principal quantum number, n of the valence electrons increase.

- more inner electrons.

- inner electrons shield the outer electrons effectively.
Screening effect increase.

- Zeff is not significant.

- atomic radius generally increase in a group from top to bottom.
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Atomic and 1onic radius

Positive ions (cations)

- smaller than their neutral atoms.

- when electrons are removed from an atom,
repulsion between electrons decrease.

- number of proton remain, nuclear charge
remain the same.

- remaining electrons are pulled closer towards
the nucleus.

- electron cloud shrink.

) ) ) Periodic Table
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Neqgative ions (anions)

- always larger than their neutral atoms.
- has more electrons as it gains electron during formation.

- when electrons are added to an atom, repulsion between electrons
Increase.

- outer orbital expands, nuclear charge remain the same.
- electrons cloud enlarge.

- anions is larger than its atom.
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|soelectronic

Group of atoms or ions with same electronic configuration.

- Across the period, sizes of cations and anions decrease due to
the increase of Zeff.

- lonic radii of Na* > Mg?* > AI3* > Sj#*

They are isoelectronic (10 e) because their electronic
configurations are the same : 1s22s22p®
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lons Electron Configuration lonic Radii
Na* 1s2 2s? 2p® or Ne 95
3rd
Mg?* 1s2 2s? 2p® or Ne 65 :
period
Al3* 1s2 252 2p® or Ne 50
3- 2 2 6 -
N 1s< 2s-< 2p° or Ne 171
2nd
0% 1s2 2s2 2p% or Ne 140 :
period
F 1s2 2s? 2p® or Ne 136

J
Na*, Mg+ AR+, F-, 02, and N g;tjjg@rgim;h Ne

http://ocw.ump.edu.my/course/view.php?id=479
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lonic radii, period 2

Across the period 2,

. 4

- lonic radii of cations decrease from Li*to B3*
- lonic radii of anions decrease from N3 to F

- But the ionic radii increase from B3*to N

- The ionic radius decreases for metals forming cations, as the metals
lose their outer electron orbitals. Thus the Zeff increases resulting the
lonic radius to decrease.

- The ionic radius increases for nonmetals forming anions, as the
effective nuclear charge decreases due to the number of electrons
exceeding the number of protons.
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lonic radii, period 3

Across the period 3, >
- lonic radii of cations decrease from Na*to Si4*
- lonic radii of anions decrease from P3 to ClI-

- But the ionic radii increase from Si** to P*

The ionic radius decreases for metals forming cations, as the metals
lose their outer electron orbitals. Thus the Zeff increases and causes
the ionic radius to decrease.

- The ionic radius increases for nonmetals forming anions, as the
effective nuclear charge decreases due to the number of electrons

exceeding the number of protons.
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- The increase in ionic size from Si** (1s22s2 2p8) to P3- (1s2 2s2 2p6 352 3p")

Is due to the presence of an additional electron shell.
-This causes an increase in screening effect.

- As a result, the ionic radius increases.
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Cations

e The ionic radius decrease as follows:
Nat>Mg2+>Al3+>Si4

lons con gc&Fg ion él%%’tgn Lot lo ﬁnﬁ dil
Na* 152 25? 2p° 10 11-2=+9 95

Mg2* 152252 2p° 10 12-2=+10 65
AlF* 152282 2p® 10 13-2=+11 80
Si4* 152282 2p® 10 14-2=+12 41
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Anions

 The ionic radius decrease as follows: P3-> SZ2>
Cl-

onS | configurallon | efsctron Zeft oSy
P> | 1s22522p63s2 3p8 18 15-10=+5 212
S> | 1s22522p63s? 3pf 18 16-10=+6 184
CI | 1s22522p63s2 3pf 18 17-10=+7 181
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