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The journey from a lower step to a higher step
IS an energy-requiring process.

Whereas movement from a higher step to a
lower step is an energy releasing process.
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* Ifn;>n, > (+ve) > AE (+ve) - Energy is absorbed
* Ifn,>n;—> (-ve) > AE (-ve) &> Energy is emitted
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1INl The Various Series in Atomic Hydrogen Emission Spectrum
Series ng n; Spectrum Region
Lyman 1 2.3 4 .. Ultraviolet

Balmer 2 35455, o Visible and ultraviolet
Paschen 3 455,65 con Infrared

Brackett 4 5,6,7,... Infrared



Example:

What is the wavelength of a photon (in nm) emitted during a transition from
the n, = 5 state to the n; = 2 state in the hydrogen atom?

n=5,n:=2,A\="?
1 1
AE=R,| 5 ——
(” “?J
L S
ﬂ,

olit]

—2.18x1078 J(—z -
5

i

22

J ~4.58x107%%

AE = m =
A
,_he _ 6.63x10~°* x 3.0 x10°
AE 4.58x10"

—4.34x10"" m =434nm



De Broglie suggested that particles such as electron can posses wave
properties.

According to de Borglie, an electron bond to nucleus behave like a
standing wave. i A Lo B,

De Broglie deduced that the particle and wave

prosperities are related by the expression / \

Where A wavelenght of moving particle, m mass (kg),

u velocity of moving particle.



Example

What is the de Broglie wavelength (in nm) associated with a 2.5 g Ping-Pong
ball traveling at 15.6 m/s?

h
==
mu
A =7, m=2.5g = 2.5x103kg, u=15.6m/s
Iy 6.63x10 %
2.5x10° x15.6

A=1.7x103'm = 1.7x10%2nm.



Example :

List the values of n, | and ml for orbitals in 4d subshell? What is the total
number of orbital in 4d?

n=4
ford =2
m,=-2,-1,0,1,2

Number of orbital =5



Example

What is the total number of orbitals associated with the principal quantum
numbern=37

n=3

1=0,1,2

1- m, =0 ======>1 orbital
2-m,=-1,0,1 =====> 3 orbital
2-m=-2,-1,0,1,2 ======> 5 orbital

Total number of orbital 9

Or (2x0 +1) + (2x1 +1) + (2x2+1)=1+3+5=9
OR

Number of orbital =n?=32=9



* The four quantum number for specific electron can written as (n,|,m,m,).

Example :

Write the four qguantum numbers for an electron in a 3p orbital?
n=3,1=1,m=-1,0,1, m=-%or %

(3,1,-1,-1/2)

(3,1,0,-1/2)

(3,1,1,-1/2)

(3,1,-1,1/2)
(3,1,0,1/2)
(3,1,1,1/2)



s sublevel 2 electrons

p sublevel 6 electrons
d sublevel 10 electrons
f sublevel 14 electrons

1s<25s<2p<3s<3p<4s<3d<4p<bs<4d<«bp<bs<4f<bd<bp<«7s<bf<bd<«7p



Electron configuration: is how the electrons are distributed among the
various atomic orbitals in an atom.

number of electrons
/in the orbital or subshell

/15%\

principal quantum angular momentum
number n guantum number |



The electron configuration can also represented by the orbital diagram
In the Orbital Diagram:

 Each box represents one orbital.
* Half-arrows represent the electrons.

 The direction of the arrow represents the spin of the electron.

1s 2s
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Example:

What is the electron configuration of Mg?
Mg atom has 12 electrons

(from Periodic table (atomic number))
The Electron Configuration: 1s%2s%2p®3s?

2+2+6+2=12 electrons
Orbital Diagram:

f i Lt

1s? 252 2p°
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What is the electron configuration of K?
K atom has 19 electrons

(from Periodic table (atomic number))
The Electron Configuration: 1s%2s%2p®3s23p®4s!
2+2+6+2+6+1=19 electrons

Orbital Diagram:

e bl Lty

1s? 252 2p® 3s? 3p°® 4st
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What is the electron configuration of K*1?
Atomic numberl19

Electron 19 -1= 18

K atom has 18 electrons

(from Periodic table (atomic number))

The Electron Configuration: 1s22s%2p®3s2 3p®
2+2+6+2+6=18 electrons

Orbital Diagram:

tf Ll el fery (e Lt

152 252 2p® 3s? 3p°®




Example
For Cl atom answer the following questions:

a) Write the electron configuration?
b) Draw the orbital diagram?
c) Write the electron configuration in short notation?

d) What are the possible quantum numbers for the last (outermost) electron
in CI?

Answer:

a) Cl atom has 17 electrons

(from Periodic table (atomic number))

The Electron Configuration: 1s% 2s? 2p® 3s? 3p°
2+2+6+2 +5=17 electrons



C

b) Draw the orbital diagram?
Orbital Diagram:

Chapter Seven / Quantum Theory and the Electronic Structure of Atoms

el

1s? 252 2p®
c) Short notation: [Ne] 3s? 3p°
d) n=3
=1
m=0




Example

What is The electron configuration of 1'Na ,*?Mg ,16S ?
o 1INa 1s?22s22p®3st  (OR) [Ne]3st

e 12Mg 1s? 252 2p® 3s? (OR) [Ne] 3s?

o 165152252 2p®3s? 3p* (OR) [Ne] 3s? 3p*



* Paramagnetic substance: is the element that contain net unpaired
electrons in the outermost subshell and is attracted by a magnet.

eg. Paramagnetic

unpaired electrons

[ ]

2p
* Diamagnetic substance: is the element that do not contain net unpaired
electrons (all electrons are paired) in the outermost subshell and is

repelled by a magnet. Diamagnetic
e.8. all electrons paired

111

2p




19K

Example
Electronic configuration: 1s? 2s2 2p® 3s? 3p® 4s?

Short notation: [Ar] 4s1

Orbital diagram:

Lty

352 3p® 4s?

Net one unpaired electron - Paramagnetic substance



Example

Electronic configuration: 1s? 2s? 2p®

Orbital diagram:

Loy ety Cebatd il

1s? 252 2p*

All electrons are paired -

Diamagnetic substance
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Example
What are the valence electrons of vanadium (V)?

23\/: [Ar] 452 3d3

Example
What are the valence electrons of Gallium (Ga)?

31Ga: [Ar] 4s? 3d10 4p!

The valence electrons are 4s? 4p'
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Within a Period number of electrons increase
Within a group (n) increase

I
#,

58 59 @ 6l &2 ] 64 n
> Ce Pr Pm Sm Gd 12?
6554054 65741 ’41' 6574f° 6524f° &uf' 6574f75d! (A T 65"4!" 65“4!" W’ 6:"41“
R 90 %2 93 9 9% 7 100
5f > N Pu Cm
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Give a possible set of four quantum numbers {n, /, m,, m_ } for the starred electron in the
following diagram. Select the values of ml by numbering from — 1/ to + / from left to right.

1

a)n=1,=l,m=1,m,="% b) n=2, =2, m;=1,m,=-%

C) n=2, I=1, m;=0, m = -% d)n=2, /=1, m;=2,m,= "




An electron in the hydrogen atom makes a transition from an energy state of principal

quantum numbers n; to the n = 2 state. If the photon emitted has a wavelength of 434 nm,

what is the value of n,?

a)3 b) 4 c)5 d) 6




An electron in a certain atom is in the n = 2 quantum level. List all possible values of I,

and m, that it can have?
a) I=0,m=0;1=1,m=-1,0,1;1=2,m=-2,-1,0,1, 2
b)[=0,m=0;1=1,m=-1,0,1
c)l=0,m=-1,0,1

d)l=1,m=-1,01

The electron configuration of S is :

a) 1s?2s?2p®3s23pb,s23di0 ,p? e
b) 1s22s22p®3s23p* cHY/\]’T
c) b) 1s22s22p®3s23p° 3[/‘\?2/33\74‘,5

d) d) 1s22s22p®3s23d°® ~



Indicate which of the following sets of quantum numbers (n, |, m; my) in an atom are
unacceptable: (A) (1, 0, %2, %2); (B) (3, 0, 0, +¥2); (C) (2, 2, 1, +¥2); (D) (4, 3, -2, +¥2); (E) (3,

2,1, 1)?

a) (A) and (B) b) (B), (C) and (D) ¢) (A), (B), (C)and (E)  d) (A), (C)and (E)

Oxygen is and has __ unpaired electrons?

a) Paramagnetic ,0  b) Paramagnetic .2 ¢) diamagnetic ,1 d) diamagnetic ,0
Electronic configuration: 1s* 2s? 2p* s
Orbital diagram: ” ” ” T T \\\f ‘

152 2s? 2p*



Which of the following elements is a representative element?

a) Li b) Ni c) Ag d) Sc

A police officer is measuring traffic speed with radar operating at a frequency of 1.0 x
10° Hz. What is the wavelength?

a) 3x10¥ m b) 0.30 nm c) 3.30 m d) 0.30 m
C
V=—
A
gl
3\ S\B/?



An alpha particle of mass 6.645x10-%7 kg has a velocity of 10.0% of the speed of light.

What is its de Broglie wavelength (in m)?

a)3.70x 106 m  h)3.32x 105 m ¢) 3.30 x 1018 m

A 8
- C=3X10°x10 :3X107m

100

CPECJRECAE

d) 3.50 x 10%' m




Which of the following electron transitions would absorb the lowest energy by the hydrogen

atom?

a)fromn=1ton=4 b)fromn=1ton=2 c)fromn=1ton=7 c¢c)fromn=1ton=6

ser L1

2 2
n> n

Which of the following electron transitions would absorb the highest energy by the

hydrogen atom?

a)fromn=1ton=2 b)fromn=1ton=5c)fromn=1ton=7 gl \f

c)fromn=1ton=3 R



1- Calculate the wavelength of the line in Lyman series that results from the transation n=4 ton = 1

a) 90.5 nm b) 97.3 nm c) 121.6 nm d) 102.5 nm
A = e
AE
-34 8
_ he _ 6.63x107" x 3.1{] xll{] 97310 m = 97 3mm
g, L_-L] 2179x10™" (—-—]
2 nl 1 16

2- Which of the following electronic transation would emit the highest energy photon?

a) n=1 to n=2 b) n=2 to n=1 c)n=5ton=4 d) n=3 ton=2

D o S 38 sl ) aaien B o ligione o) ally oIe¥] LlaY ! adieus ollil &l ga YLEYI
n= 2 to n=1



Determine the total number of: s electrons in Si (Z = 14)?

a) 3 b) 2 c) 4 d) 6

14.8i 1152 252 2p® 352 3p?

The outermost electron configuration 4s°4p3 can be found in :

a) Se b) Kr c) As d) P

5@@\&;@3)@\0\@3_}\& 5);‘2\&}1.‘&5\&@1;”355&\;&
LK)
As




Give a possible set of four quantum numbers {n, /, m,, m_ } for the starred
electron in the following diagram. Select the values of ml by numbering from —1
to + I from left to right. *

2p 1 l 1 l 1

a) n=2, I=1,m;=-1,m,=-%

b) n=2, =1, m;=-3,m,="%

¢) n=3, I=1, m,=-1, m = -Y

d) n=3, I=0, m,= 0, m_ = -V TR



A photon has a frequency of 6.0 X 10* Hz. Calculate the energy (in joules) of the photon

with this frequency?

C
a)4.0x 1010 V=—
) p

b) 6.6x 10-15 ] IIIII

c) 4.0 x 1029

d)2.4x10°) N . . i
AU A8l & i gi o5 1 5Y) AR (g o sall Jshall a5




What is the maximum number of electrons in an atom that can have the following
quantum numbers: n =2, m = +%?

a)4 b) 2 c)l d)3

n= 2

l=0,1

ml=0, -1,0,+1

S KT R P el




Which of the following have the electron configuration [Ar]3d?

a) Ca b) Zr c) Ti*2 d) Ca*?

If an electron in hydrogen atom drop from n=3 to n=2 the resulted emission spectrum
will be classified as part of :

a) Lyman series

b) Brackett series

c) Paschen series ]/“\‘ ‘
AP
7]

d) Balmer series RO



Indicate which of the following values of m, would make this set of quantum number
unacceptable (nN=2,/=1,m;=___ ,m,="%)

a) m;=?2 b) m,=0 c) m,=-1 d)ym,=1

1. The following electron configuration violate

Loy [l

1s? 252 2p*

a) Bohr's equationc)
b) Aufbau principle P
c) d)Hund's rule. cis] \I’

>l

b) the Pauli exclusion principle |




What process will be observed in a hydrogen atom when its electron drops from
the n = 6 state to the n = 2 state.

a) A photon with energy 4.84x101° J will be
emitted

b) A photon with energy 3.03x10-° J will be
emitted.

c) A photon with energy 4.84x101° J will be
absorbed.

d) A photon with energy 3.03x101° J will be PR 2wl
absorbed. | Sl:\/l



Consider the element with the electron configuration [Kr]5s24d!%5p>. This element is

a) an alkali metal
b) a representative element.

C) transition metal

d) nobel gases




The electron configuration of a neutral atom is [Ne] 3s:3p:. The four quantum
numbers of the last electron are:

a) (2,1, -1, +1/2)
b) (3, 3, -1, +1/2)
c) (3,0, -1, +1/2)
d) (3,1, -1, +1/2)
3s? 3pt
=3 1 U
L=1
ml=-1,0,1
0, 1 +1
ms= +1/2 ml O - ’G‘\\%Hz
o]
3 S\B/z



How many unpaired electrons does chromium (Cr) have?
a)0
b) 2
c) 4
d) 6




What is the maximum number of orbitals described by the quantum numbers: n = 3
"=%2.

a)l
b) 3
€) 5 Zad Jpadl b Lac | 13
d) 9 L >
A8al) a2
21+1




What is the maximum number of orbitals described by the quantum numbers: n = 4.

a)7 Gad J)udl 8 Lidae ) 1)
b) 14 n

c) 16 Jadd

d) 48 "ED P IPREG

Number of orbitals = p?

The maximum number of electrons that can occupy an energy level described by the
principal quantum number, n, is:

an+1
c) 2n. R
d) N: 2/‘\\_"‘“/3%\1115



A possible set of quantum numbers for the last electron added to complete an atom of
sodium Na in its ground state is:

an=3,1=1, m=0,m=%
b)n=3,1=0,m=0, m=%
c)n=2,l=1, m=-1,m=%
dn=2,I=0,m=-1,m=%

e T LT

Is 2s 2p° 3s!

ms=+1/2
| ! 1t i e
TRMEMTMEN A



Which one of the following sets of quantum numbers is not possible?

n
4
3
3
4
2

Row 1
Row 2
Row 3
Row 4
Row 5

a) Row 1
b) Row 2
c) Row 3
d) Row 4

78]

S = O

ny

O = O W N

ms
+1/2
-1/2
+1/2
-1/2
+1/2




The outermost electron configuration 4s24p* can be found in :

a) Se b)Kr c) As d) p

Rank the following five atomic species in order of increasing atomic radius (smallest to

largest): Ge, Sr, Ca, CI, S

a) Ca, Sr,Ge, S,Cl b)Cl, S, Ge, Sr,Ca c¢)Sr,Ca, Ge, S, Cl d)Cl, S, Ge, Ca, Sr

The Ca?* ion is isoelectronic with which neutral atom?

a) Si b)Na c) Ne d) Ar cpe



Which atom of the following has the lowest first ionization energy?

a) N

b) F

Which of these elements has the greatest attraction for electrons in a covalent bond?

a) S

The ion not having Octet configuration in the outermost shell is

a) V3+

b) Cl

b) 0%

c) Ar

c) Sr?*

d) Na*
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Exa‘mples of Lewis structure

Where Cl is the central e
Draw the Lewis structure for C103' atom ? Wl slghall g

2 x_&:h_u.lﬂjl .:J_-,,_i.;.x_-l- 8 X CL‘-"'JJ"'."J' :a|_;,i_;=|f.:.1|_;|.1|." .!.'.I:.=3._|E.|| :J.i_,_,.‘.‘ih’l .!.'I.l:.._u.u:.l -1
=4x 8 = 32
BlsA)l Sl asdl ede daauill daud anda il (g1 OIS 13

LS g U1 (e Waalll s 7 i s g (901 1S 13] Ol Bl £ Gogans gy X s J8 2l e = SIS 2 ;81 e -2

Al Ta Spall Y 1 a3yl
b Gads Jansy Spall Gy r—'.:l =3 6+ 1x7 +1= 26

2 il -1 okl = day I 5 3Ll iy K1 e -3

- - =32-26=6
:l'l_ll_ll: 33l .hulm_“
OG- o
10 3. o -
- - 2

3 skl - 2 5oball = i yuill g XY e -5

= 26- 6= 20
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Draw the Lewis structure for S0, Where S is the central atom Gladl Slghall 3uda
: 2 Yopagudl ol sse + 83l S e oLl sse = G 2l S e ansal -1
-3x8=24
o1 i & Capene X e S 215 s = 301 2L, s 2
=2x6+1x6 =18

2 il -1 sghl = JI o Ll iy 2SI e -3

0e = 24-18=6
L 1] L1
+0—S0 Iashall = Lylyll sse -4
L 1] e 1_
Al o
lone pair 2 bond pairs (4 € -) 3= — =
double bond 2

3 gkl - 2 5ehall = Sl yuill g iKY e -5

= 18- 6= 12

R
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Draw the Lewis structure for N20 Where the order of atoms NNO?

1 IJ:H'JJ-U'EJI ..]IJ.i. sic + W' :Jl_;JJ:t-:.‘IIJJJI NN =;._|E." .:Jh_g_,.'n".{.f'fl AT -...1.A.u.'|.| -1

=3x8 =24
o) Tonh £ Geguma pdy X puie JS 2l e = 35S0 i 250 e -2
=1x6+2x5 =16
© ® n ® .,.0 2 5ol -1 sshall = by J1 0 3, Lall g Y1 e -3
=(0: ¢«—> N=N—0.
H =N g N=N 9 = 24-16=8
Jashadl = Luly )l sse -4
2
8 _
@O @ 4= — ~
‘N—N=0: 2
" \» 3 3ghall - 2 gkall = gLan uill o lig S sae -5
=16-8=8

HC CH
e 180
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Draw the Lewis structure for HNO,  Where N is the central atom and H atom is bonded to on of the O

atom 7
2 MM#|&|J£J£+W|&|JJ#&&L,HI i = LI 2l 2SI dae caal -1
=4x 8+ 1x2=34
ol B  Giegana gy X e JS 2l sse = 34131 2501 e -2
=3xb6+1x5+1x1=24
2 5skaadl -1 Sshadl = Ly Il o 36, Ll 2l I sse -3
_:6—;?— 't = 34-24=10
e ot Iaekadl m Ll -4
2
. 10
'O_H 5: — =
e 2

3 sgkall - 2 5skall = ala il mlig K1 sse -5

=24- 10= 14

R
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Where the N is the central atom ?

Draw the Lewis structure for NF,

2 I&gﬂ_;.lﬂ]l&l_,.i.‘b#-"‘ﬂ X

=4x § = 32
oo Tad # Gogana pdy X puaie J8 oy sse m 3000 5 ig 2S00 e -2
=3x7+1x5 =26

2 gkl -1 gl m 1 0 T Ll iy I e -3

e e e = 32' 26=6
i!:._N_.F.- 3 aakaidl = Lyl sse -4
1 =
. . 6
@ 3= ——— =
2

3 5shadl - 2 5ahadl = ilaa il olis KIY1 sse -5

= 26- 6= 20

4 - L]
S\ H

H,C CH

e 18>
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Examples of Lewis structure

Draw the Lewis structure for C032' ﬁgﬁi Clis the central Q! &lghaall guba

2 x_&ﬁ_‘!.:l-‘-l-&“ -.fal_,.i.'l-x.+ W| :.|_,J'|_,=|E..'.1|_;:|.T| .|.|.|:.=;._|E.|| .:.I&_,_,:'.{.r'fl J.lc.._.a.n.ual -1
=4x 8 = 32
SISl S oo Raadll Radd adi calles 0 5a¥1 LS 131
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Draw the Lewis structure for NOC| Where the central atom is N?
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Draw the Lewis structure for ClO4- Where the central atom is N?
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Sometimes there is more than one acceptable Lewis
structure for a given species. In such cases, we can
often select the most plausible Lewis structure by
using formal charges and the following guidelines:

1. For molecules, a Lewis structure in which there are
no formal charges is preferable to one in which
formal charges are present.

2. Lewis structures with large formal charges (+2, +3,
and/or -2, -3, and so on) are less plausible than
those with small formal charges.

3. Among Lewis structures having similar distributions
of formal charges, the most I:) ausible structure is the
one in which negative formal charges are placed on ’
the more electronegative atoms.



Sk

formal charge is the difference between the
number of valence electrons in an isolated atom
and the number of electrons assigned to that
atom in a Lewis structure.

The sum of the formal charges of the atoms in a molecule or ion must equal
the charge on the molecule or ion.
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Example:

Ozone molecule (03}

L N
Lewis Structure:*® O O O

Formal Char/’ f \

6-6-1=-1 6-2-3=+ 6-4-2=0

-1+1+0=0
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Example 2
Write the formal charges for the carbonate ion

6(GO2%)

:O.—C —Q - 140 -140=-2

/ / N

/
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Example
Draw the most likely Lewis structure for
formalglehyde (CH,0). ;
H-C=0-H M~ -0
[ H / ) \
\ 7
4-2 -3=-1 6-2 - 3=+ 4-0-4=0 6-4-2=0

(b) is the more likely structure
because it carries no formal charges
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A-15 What is the total number of valence electrons in PO:™
a)l12 b) 26 ¢)20 d) I8
r | B | 4 &
A-16 How many resonance structure for POy* '0—P—0°
a)l b)2 ¢) d)3 e .OI. ‘e

A-17 How many lone pair around the phosphorus atom in POy
a)2 b) | ¢)0 d)6

A-18 The formal charge on the phosphorus atom in POy
a)-l b) +1 ¢)0 d) +2

bl (86 Ltn il i XYY s - g gl e - pumiall Gegane oy ¢ 5,0 dpnsad] Tinl

For phosphorus = 5-3-2= 0
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A resonance structure is one of two or more Lewis
structures for a single molecule that cannot be

represented accurately by only one Lewis
structure.

Example

What are the resonance structures of the
carbonate (CO;)2 ion?

e O
'S

*e3°
|r:t
O

° Qe



e

b)

! O—Cl—=0

:!:!.‘

0—Cl—

o »
H.C CH.
s 1a°

+
0:
e




How many lone pair around nitrogen atom in NO,*?

a) 3 b) 0 C)il d) 2




