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Atomic and MNMolecular Structure’ Comp lexation

|:""' Atonuc stmcture: -:I

-Subatonunce Particles: -
Atoms are composed of a central " nucleus" swmrovmnded by "electrrons”

wilnch occupy discrete recions of space.
The nucleus 15 considered to contain 2 types of stable partaicles wlach
compnse most of the mass of the atom. These particles  are held

within the nucleus by vvanous " pnuclear forces”
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* [The atomic nmummber|({Z) = # of p(s) = # of e (5) 4
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* The Atomic Mass|(A) [ Mass number ] = g + 1nog

* im a newtral atomn the I 7= of pe(+) = 7 0F egy(-)

[If not the atomn has an overall charge and is then called an
ioI &.2. Na" (11 p.10 &) or C1 (17 p.18 e)]



Isotopes:- The number of neutrons in an atom can vary within small

limits. For example, there are three kinds of carbon atom 12C, 13C and

14C. They all have the same number of protons, but the number of
neutrons varies. protons

protons  neutrons mass number
carbon-12 9 6 12
carbon-13 6 { 13
carbon-14 9 3 14

These different atoms of carbon are called Isotopes. Isotopes are atoms
which have the same atomic number but different mass numbers. They
have the same number of protons but different numbers of neutrons .




Isotopic forms of a particular element differ in the nmmnb er of neutrons

. A, therefore, in the atomic mass .e.g.

1 y.d 3
H - H 1 H
1 , ] and ! are the three izetopes of hydregen with mass numbers of
1, 2 and 3, with 0, 1 and 2 neutrons respectively, but all have 1 preton. Hydrogen-

—_— -
1 iz the mest common, there iz a trace of hydrogen-2 naturally but hydrogen-3 iz

very unstable and iz uzed in atomic fuszion weapens.

3 41

SHe *‘He | y

= and = are the twe izetopes of helium with mazz numbers of 3 and 4,
with 1 and 2 meutrenz rezpectively but both have 2 protenz. Helium-3 iz fermed in

the sun by the imitial nuclear fusion process. Helium-4 15 also farmed in the
sun and as a product of radioactive alpha decay of an unstable nucleus.

Atomic Orbitals:

The eally quantitative description of electromc stiuctire came from Niels Bohr i 1913
, and mrvolved a planetary picture of the atom Electrons were considered as particles

wluch revolved around the nucleus in the stationary planar orbats and which had

detuut energies. Bohrs model imvolved the use of classical Newtoman mechames,
and smtably predicted the electromc spectmum of hyvdro gen. However ,atoms with more

than electron did not yield satistactory results.

Bohr's theory only works for hydrogen atoms.
COince vou have more than one electron, the calculations for the electron energy and the orbit radi

breakdown.
Therefore, a new theory needed to be developed for multi-electron elements.

Bohr's theory did make two important contributions:

- It suggested reasonable explanation forthe discrete ine spectrum of

the elements.
-t introduced the idea of quantized electron energy levels,orbits,



Quantum Numbers :

The relation of a particular electron to the nucleus can be described
through a series of four numbers, called the Quantum Numbers. The
first three of these numbers describe the energy (Principle quantum
number), shape (Angular momentum quantum number), and orientation
of the orbital (magnetic guantum number). The fourth number
represents the "spin" of the electron (spin quantum number).



Quantum Numbers

* The wave function contains four variables known as the{i Juantum Numbers |

which describe the size. energy. shape and position of the orbitals.

+ These numbers serve as an “address” of the probable location of the electron.

(_The Principle CGuantum Number {n]-:]
== provides info about the distance of the e from the nucleus.

Mucleus
= aAlso called shell.

= As n increases, the orhital becomes larger & the e spenis
more time further from the nucleus and the enerqgy is less
neqgative{increase Enerqgy)

] _ _ n shell
= 11 is related the size and enerqy of the orbital.
1 K
Integral Values: : n =,1, %, :}, ;l never 0 2 L
VAN NN 3| m
K,L.M,N 1 N




Angular-Momentum Quantum Number (/)

- sublevel (])
- The angular momentum quantum no. (l)
defines the 3D shape of the orbitals found within
a particular shell.
!

Integral Values: I =0,1,23........ n-1 1 s 2s2p 3s 3p 3d

Value of |l | Letter used /j
0 s
1 =]
2 d
3 f

The # of sublevels within a shell is equall
to the principal quantum #.



Magnetic Quantum Number (1m;)

« The Magnetic Quantum Number (m;) describes the orientation in 31 space of the
therebyw denoting a specific orbital. or

[The wvalue of (m;) relates to the orientation of the orbital in

space relative to the other orbitals in the atom ]

= The number of omnentations (and therefore orbaitals) per sublevel 1s
determined by the eguatiomn:

|m, =27 + 1]

I Integral Vvalues: m;= - 7, ... . + 1 I
il 0O (s) | 1L (p)d | 2 (cd) 3 (f) x axis
27 = 1
S P dd

O —1 o +1 2 —1 o +1 +2

cuiblewel.



Spin Quantum Number (m,)

* The Pauli Exclusion Principle states that no two electrons can have the N
same four quantum numbers

—only two electron per orbital and they must have opposite spins

ms=+ 1/2

m} =+ -5



l ml orbital | shell
{0 1s
{

1

0

1 +1. 0, -1 3p
2 +2+1.0.-1.-2 3d
0 0 45
1 +1. 0, -1 4p
2 +2+1.0, -1,-2 4d
3 jA2+1.0,-1,-2.-3 4f




shapes of the Orbitals

" Each orbital has a specific shape determined by its angular
momentum # (I)

* As you increase A principle quantum # (n), A orbitals increase
In size but not shape.

[ =0:The s Orbitals

- The s orbitals are spherical, meaning the probability of finding
the e - only on distance from the nucleus, not direction.

( spherical u';ﬂ nucleus atthe centerof 7
/\ sphere) ‘

Y




[ =1:The p Orbitals

= The p orbitals are dumbbell shaped with their electron density concenftrated |n

1identical lobes residing on opposite sides of a nodal plane.
* This shape means that a p electron will never be found near the nucleus.
* The two lobes of a p orbital have different phases (are opposite in sign) which
becomes important in bonding among atoms.
* The three onentations (m, = -1, 0, =1) are 90° differentials alo

the x. v and

* Ihe orbitals are designated p, (along the x axis). p, (along the y axis). and p,
(along the z axis)

z . £
v Y
Y
X —— X C =
P "y
F"E X
s orbital Ip .orbital

no electron density
nucleus —» . at the node

nucleus -‘ l

lower in energy higher in energy




I=2:1The d Orbitals
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Electron Configurations

) [structure of an atom = Electron Eﬂnﬁguratiﬂnn f# of e(s)
] =~y 2
(buildup) — *\
/ energy sublevel

energy level

« Many of an element’s chenmucal properties depend on 1ts electron

configuration
The electron configuration of an atom 1s a method of writing the

location of electrons by sublevel.
* The principal quantum level (n) 1s written first, followed by the

letter designation of the sublevel (/) then a superscript with the

number of electrons 1n the sublevel.
* There are rales for the order and manner that each sublevel 1s

filled called the Aufbau Principle.

Anufbau Principle
[Pﬂllli Exclusion Prim:-iple} No two electrons in an atom can have the

same quantum numbers (n, [ m, m ).
Hund’s Rulé: When filling orbitals in the same sublevel, maximize the

number of parallel spins (so fill then pair!).

|Rule.€ of Aufbau Pl‘in{'iEIe:|

. Lower n orbitals fall first. (lower energy orbital then higher)
2. Each orbital holds two electrons: each with different ms.
3. Half-f1ll degenerate orbitals before pairing electrons. [w orbitals have /4 same energy

Le. 2px.2py.2pz.singly & w parallel spins |




A schematic representation of the order in which orbitals are filled is shown:

:_,l_-" Core

2| e “‘/ﬁ

Ft_;, [Ne] 3P f

= :s-u] A5 Ap Ad 48
= [ ﬁ/ﬁp/ﬁd/ 5

|| [Xe] 65 6p

T Rn] _7s
fj_‘_: 1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, 6p, 7s, 5f, 6d, and 7p

v

Writing Electron Configurations

Li T Be TV T
1s 2s 1s 2s
B NN T _ _ Jle NN T
1s 2s 2p, 2p, 2p, 1s 2s 2p, 2p, 2p,.
N DT T T JloMNM N 7
1s 2s 2p, 2p, 2p, 1s 2s 2p, 2p, 2p,
Ne T4 TV T TV T
1s 2s pr 2;3',_; pr - M gi gix ;pv gpz




Exceptions to the Filling Order

« When filling the d sublewvel. exceptions occur tor the
chromimm (Cr) and copper (Cu) families:

45 3 4p
1 Tl F 8 F F 8 da

Cr 45 34 Ap
T F S F F 5 Y Y
45 34 4
1l TUHTITLHTHT

Cu 45 3 4o
1 TUTLTHTLHT.

Sample Exercise :
+ Why can’t an electron have the tollowing quantum numbe:

(a)n=2.1=2.m;=1 (b)n=3,1=0,m;=3
(cym=5.1=-2,m=1
* (;1ve orbital notations tor electrons with the following

L antum numbers:

(a)yn=2.1=1.m;=1 (b)n=4,1=3, m;=-2

(cym=3.1=2,m=-1

+ Give the electron configurations for sulfur(S){(Z=16), cadmium(Cd)
(Z=48) and radium(Ra}{Z=88)



Periodic table arrengment
d(n-1) P (N)

-
~

NOOAWN -
n

the quantum theory helps to explain the structure of the periodic table.
n - 1 indicates that the d subshell in period 4 actually starts at 3 (4 - 1 = 3).



lonization: process of losing one or more e(s) by chemical or
physical means.
!
Positive 1on (cation)
Als distinctly different from Aufbau in Aat is based In
physical reality.



Periodic Law:

Periodic table was suggested by Russian chemist
Mandeleeff and German chemist Lother Meyer.

Aey recorded data depend on periodic relationship based on
A A.w. of elements.

But today it know Aat properties of elements r based on outer
or valence shell electronic str.

*There are 8 grp. Corresponding to fill s &p orbitals.

having n = # of period



Group

1A

Periodic Table of the Elements

VIIIA

Period 1 =
1 [ Atomic number - Gt
H s 1=
H IHA number of protons | ... 4 Name A IVA VA VIA VIIA ¢
: 2 . Symbol—+—C
3 4 2 Major essential elements - T 5 (5] 7 8 9 10
2 Litrsum | Eendum :J Minor essential emef}ts if L sl i Boron Carhon | Nrogen | Ceygen | Hogine N
L Be I Not believed essential for life i c N o Vo Ne
6.9 9.0 10.8 12.0 14.0 16.0 19.0 202
11 12 Transitional metals 13 14 15 16 17 18
5 | Sodun |Magnesium| ~ o =~ | Alumogm)]  SEoon [‘A;’r(xf_ Suthyr Chiams AO0n
Na Al Si P S Cl Ar
2 | X% B IVB VB VIB VIIB VIIB— IB IIB| 370/ 281 | 310 | 351 | 385 | ag9
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
4 Potesem | Cakium | Scancum | Titarum | varadum |Chroenium [Manganese Iran Cobelt Mk COCoee Zne v Gemanum] Asens PSaerm | Bromine Krgoton
K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.1 40.1 45.0 479 509 52.0 549 55.8 58.9 58.7 63.5 65.4 69.7 72.6 749 79.0 9.9 83.8
37 38 39 40 a1 42 43 44 45 46 47 48 49 50 51 52 53 54
Rubidum | Strantium | Yinam ZTL?TI" Nobum :;'g'ﬁ“ [Fechnatum| Rutheniumy Fhodum | Faasum SINE Cadmium]  ndum Tin Argrmary | Tedurur bons Xenon
S| mb | sr Y zZr Nb | Mo | T¢ | Ru | Rn Pd | Ag | cd n sn Sb | Te ' Xe
85.5 87.6 889 91.2 92.9 959 (98) 1011 | 1029 | 106.4 | 1079 | 1124 | 1148  118.7 | 1218 | 1276 | 1269 131.3
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
CESA T Bsun Lanheromd Hahom | Tantsumn | Tunosten | Bhanom | Cemium Indium Pgirum =dd Neooy | Thalum Lesd Bamuth | Polonium | AsiEine Fadn
6| cs Ba La Hf Ta w Re Os Ir Pt Au Hg T Pb Bi Po At Rn
1329 | 137.3 | 1389 1785 | 1810 | 1839 | 186.2 | 1902 | 1922 | 195.1 197.0| 2006 | 204.4  207.2 | 209.0 | (209) (210) (222)
87 88 89 ¢ 104 105 106 107 108 109 110 111 112 . 114
Francam | Badom | Actiom "":’i"f;_l:" Dubcium Basborgumd  Botriun | Hassum [Memesum|Uneciim | Ununwivm | Linurdiam 3 "’;’:‘;‘;‘
7 Fr Ra Ac Rf Db Sg Bh Hs Mt Uun | Uuu | Uub Uu
{(223) 226.0 (227) (2671) (262) (266) (264) (269) (268) (271) (272) (277) (233)

: 58 ,A.59 60 61 62 63 64 65 66 67 68 69 70 71
™M 2 . Carun ,’,(‘; !‘.'I'.'f';:"‘“ . ';” Samaium | Eucoum Sadainiumy Tebum Psprosiumg Homum | Eiblum Thuum | Yo jLuetum
ouemn: ket Symbo Ce | Pr Nd | Pm | sSm | Bu | Ga | ™ | by | Ho Er | Tm | ¥b Lu
g‘:";‘:er C?J;‘r?um & 140.1 | 1409 | 144.2 | (145) | 150.4 | 152.0 | 157.3| 1589 | 1625 | 1649 | 167.3| 1689 | 173.0 | 175.0
tron Ferum  Fe B 0 O (O O N Y N O O O /00 OS2 20 I Ll e P Il B
Potassium Kalium K Norum '-:i:.flflh LA | RGO 0Oy ArmeEngum SN SrRssuUn a0 lll,}_:‘-.r_f.ltnr FEITTILN SR NoOsEuT Las=rcum
Sodium Natrium  Na Th Pa u Np Pu Am Cm Bk Ct Es Fm Md No Lr
I Ll 2320 | 2310 | 2380 | (237) | (244) | (243) | (247) | (247) | (251) | (252) | (257) | (258) | (259) | (262)




Properties within a group of elements r generally the
same .
* the major differences include in quantitative.

lonization energy. amount of energy to remove e from
gaseous atom .
In period( raw) ------- lonization energy increase wn move
from left to right but it contrast in grp. It decrease with
descending in grp.(w n increase)



*** Atomic radius:

* period-------- decrease Atomic radius wn going from left to
right(increase A.#, n value constant) .b more p in the nucleus -
----- higher electrical force pulls e(s) closer to nucleuse

£ ? -



grp. ----------- Increase Atomic radius down the grp.or by

Increase n value( increase atomic #). b valence e(s) r at
higher E. levels and not bonund as tightly to the nucleus
b they r shield(pushed away) by other e(s) in inner levels.



Electronegativity: the ability of an atom in a molecule to
attract shared e(s) to itself.

**any period ----------- Increase electronegativity from left
to right.
In grp.-------- decrease electronegativity from top to

bottom. Except VIIIA(inert gas).
The most electronegative element is F and the least

electronegative element is Francium (Fr)(lA).



Table : Pauling electronegative scale

Electronegativity

> Tendency of an atom to gain an electron

A
F
s -
Ele ., v
-'2 o < §
& o
. A
E ' g
0 I | L I I 1 | 1
: 1A ZA iB 4B 5B 68 B O
: A0 420 g3l 252 G253 24 2,8 26
i Position in the periodic table
& ¢
: i §
3 =
m l
0 I | L I I 1 | 1
1A ZA iB 4B 5B 68 B O
A0 420 g3l 252 G253 24 2,8 26

Position in the peniodic table



Nuclear charge increases

Shielding increases

Atomic radius increases
Ionic size Increases

Ionization energy decreases
Electronegativity decreases

Shielding is constant

Atomic Radius decreases
Ionization energy Increases
Electronegativity increases
Nuclear charge increases




