CHAPTER 4: Quantum Theory & Electron configuration

Part 1: Quantum Theory
In the early 1900s, scientists observed certain elements emitted visible light when heated in a flame.
* Analysis of the emitted light revealed that an element’s chemical behavior is related to the arrangement of the electrons in its
atoms. |
The Wave Nature of Light '
* Visible light is a type of electromagnetic radiation, a form of energy that :
exhibits wave-like behavior as it travels through space. : Origin

* All waves can be described by several characteristics.
e The wavelength (1) is the shortest distance between equivalent
points on a continuous wave.

* The frequency (v) is the number of waves that pass a given point |<— Wavelength () —». Trough
per second.
* The amplitude is the wave’s height from the origin to a crest. Longer

« The speed of light ¢ (3.00 X 10° m/s) is the product of it’s Fawr A 2 &
wavelength and frequency \/ \/ \/ \/
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Amplltude
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e Sunlight contains a continuous range of wavelengths and frequencies. gravelenas,

* A prism separates sunlight into a continuous spectrum of colors. 7\ /\ f\ X N N N

* The electromagnetic spectrum includes all forms of electromagnetic \ YR TARAY ALY AT AW Y.
radiation . Higher frequency

» The wave model of light cannot explain all of light’s
Characteristics.
¢ In 1900, German physicist Max Planck (1858-1947) o ey — B B - -

began searching for an explanation of this phenomenon = 7 e e
as he studied the light emitted by heated objects. SR e
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* Planck’s study led him to a startling conclusion: ElacerSmushatic SEactm
—Matter can gain or lose energy only in small, specific amounts called quanta. Energy of a Quantum
—A quantum is the minimum amount of energy that can be gained or lost by

Equantum TEpresents energy.

Equanlum =hv h is Planck’s constant.
an atom . v represents frequency.
—Planck’s constant has a value of 6.626 x 10'34 J.s The energy of a quantum is given by the product of Planck’s constant and the frequency.
* Albert Einstein proposed in 1905 that light has a dual Energy of a Photon

nature. Eyhoron TEPTesents energy.
— A beam of light has wavelike and particle-like properties. Ephoton = hv s Planck's constant.

— A photon is a particle of electromagnetic radiation with no mass that e e
carries a quantum of energy.
 The atomic emission spectrum of an element is the set of frequencies e = e
of the electromagnetic waves emitted by the atoms of the element.
Each element’s atomic emission spectrum is unique.

The energy of a photon is given by the product of Planck’s constant and the frequency.
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Q1 What is the smallest amount of energy that Q4 The energy of a wave increases as
can be gained or lost by an atom? CH A Frequency decreases B Wavelength decreases
CH A Electromagnetic photon B Beta particle 4 C Wavelength increases D Distance increases
4 C Quanta D Wave-particle The energy of a wave increase when wavelength (X) is
A quantum is the minimum amount of energy that decreased. >B
can be gained or lost by an atom. ->C
Q5 Theenergy of a wave increasesas
Q2 What is a particle of electromagnetic CH A Frequency decreases B Frequency increases
radiation with no mass called? 4 C Wavelength increases D Distance increases
CH A Beta particle B Alpha particle The energy of a wave increases as frequency of a wave
4 C Quanta D Photon increases. ->B
A photon is a particle of electromagnetic radiation
with no mass that carries a quantum of energy. ->D Q6 Albert Einstein proposed in 1905 that ||ght haS a ...
CH A Dual nature. B  Frequency only
Q3 The shortest distance from equivalent 4 C Wavelength only D Proton
points on a continuous wave is the: Albert Einstein proposed in 1905 that light has a dual
CH A Frequency B Wavelength nature. 2A
4 QAmplitude . D . Crest Q7  Which of the following spectrum has shortest
The wavelength (1) is the shortest distance between wavelength
equivalent points on a continuous wave. ->B CH
A 100Hz B 200Hz C 300Hz D 400 Hz
Highest frequency has shortest wavelength ->D
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Part 2: Electron Configuration —
The arrangement of electrons in the atom is called the electron configuration. "ENEEN ¢ gummmE
* The aufbau principle states that each electron occupies the lowest - 54
energy orbital available. = » )

o
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* The Pauli exclusion principle states that a maximum of two g ®
electrons can occupy a single orbital, but only if the electrons have § g & 3
opposite spins. 5 ; £
* Hund’s rule states that single electrons with the same spin must % o 3
occupy each equal-energy orbital before additional electrons with EEE »
opposite spins can occupy the same energy level orbitals. R
Electron Configurations and Orbital Diagrams for Elements 1-10 s
1s
| s |, 2,
. Y s
Hydrogen 1 (7] 15!
Helium 2 [ 15?
Lithium 3 [ [0 15 25!
Beryllium 4 i 153 267
: 2p;
Boron 5 [ 0 [0 152262 2p'
Neon atom
Carbon 6 [ [ mm 152257 297
s s P
Nitrogen 7 [ [ mmm 15? 252 2p°
Oxygen 8 | o YT Electron Configurations for Elements 11-18
Fluorine 9 [ [ I 157 267 2p%
— - Atomlc Complete Electron
Neon 10 ([ [ 6 151257 2p¢ Nacabie Electron Configuration
. . Configuration | Using Noble Ga
* Noble gas notation uses noble gas symbols in brackets to ° m n S00 S8 S
o . . H 1
shorten inner electron configurations of other elements. Sodm Y o [Nef3s
- Valence electrons are defined as electrons in the atom’s Magnesium 12 152572p%3¢? [Nel3s?
outermost orbitals—those associated with the atom’s highest Aluminum 13 1522522p53623p’ [Ne]3s3p!
principal energy level. ) Silicon 14 1522522p35%3p? [NeJ3s?3p?
. EIeCtro_n-dot structure consists of the element’s syn_lbol Phciihris ™ 16262p83613p? INel3s13p?
representing the nucleus, surrounded by dots representing the
s Sulfur 16 1522522p83573p* [Ne3s23p*
element’s valence electrons.
. - Chlorine 17 15225%2p%3573p° [NeJ3s23p’
. Argon 18 1522522p%3s23p%  [Ne|3s%3p® or [Ar]
L H- 2 13 14 15 16 17 | Hes
2 | Li-| Be Bl cMEN-F O E RN -Ne: = 1 [ - EII
3 | Na“| Mg~ A ST D MRS B Gl = A i kinck |
/\/ - =
4 K Ca -Ga' |-Ge"| -As: |-Se: Br: Kr
s | Rb"| sr In* |[.Sn-|.sb:|.Te I3 |:Xe
6| cs:| Ba 1 | .o | -Bi: |.Po: :Rn: N :
/\/ \\
8 Inthe ground state, which orbital does an 10  The electron configuration of fluorine F (atomic
atom’s electrons occupy? number = 9) is
CH A The highest available CH A 1s%2¢
4 B The lowest available 4 B 1s?22s%2p°
C The n =0 orbital C 1s%2s22p®
D The d suborhbital D 1s?2s?2p®
Ground state is the lowest orbital available 1s22s%2p° >C
that’s an atom’s electrons occupy ->B
11 The right electron configuration is
9  The electron configuration of an atom is 1s22s22p°. CH A 1522s3
The number of electrons in the atom is 4 B 1522s22p®
CH A1 B 2 C 1s%2s2pt
4 C6 _ D 10 D 1s22522p%3st
The sum of electron in the electron 1s225%2p%3s, s orbital can be filled with 2 e , p
configuration = 10 2D orbital can be filled with 6 e >D
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12 The electronic configuration of an atom an element 20  The right electronic configuration according to hunds
with atomic number 8 is... role is...
CH A 1s22s22p® CH
4 B 1522522p* Aon ] [ae]er T ] B MEE
C 1s%2s?2p° 2= 2p P 7
D 1s%2s%2p%3st
1s225?2p*, because the sum of electrons = 8 >B C |H| | 4 | u | + | D
2s 2p 25 2p
13 The electronic configuration of Calcium Ca (atomic Hund’s rule states that single electrons with the same spin
number = 20) is... must occupy each equal-energy orbital before additional
CH A 1s22s22p3s! electrons with opposite spins can occupy the same energy
4 B 1522522p°3s® level orbitals. ->C
29c29n62c22n64 <2
g 122322526322226321 21 The right electron dot of Florine F (atomic number is
15225?2p®3s23p%4s? >C 9)
CH . e us .
14 Which one of the following is the electronic 4 A F. B *F- C .F. D - F.
configuration of atom of a noble gas? Fluorine has 7 valence electrons in the outer most shell
CH A 1s22s?2pf3s! in according to it electron configuration >B
4 B 1s%2s?2p°3s®
C 1s°2s?2p°3s°3p° 22 Which of the following is NOT one of the
D 1s22s22p%3s23p%4s2 elemental blocks of the periodic table?
29c29n62c22n6 T
15%25%2p°3s%3p°, because its include 18 e ->C C4H A sblock B d-block C g-block D f-block
15 Whiph one of the following is the electronic There are 4 Blocks s, p, d, f NG
configuration of sulfur S.
CH A(atomlc rllumber of $=16) 1  The electron configuration for a carbon atom in
[Ne]3s _ ‘ °
4 B [Ads ground state is (Atomic number =6)
Do A 1s22s?2p3
C [Ne]3s%4p* ;
it? B 1s%2s%2p*
D [He]2s*2p* C 1522522p8
[Ne]3s°3p*, Ne have 10 e, and the sum ->C D 15225%2p?
16 Which one of the following is the electronic
configuration of Iron Fe (atomic number of Fe = 26) 2 The right electron configuration is
CH A [Ar]4s'3d’ Do A 1s22s22p’
4 B [Ar]4s23d’ it? B 1s'2s%2p®
C [Ar]4s?3dS C 1s?2s'2p®
D [Ar]2s®3d® D 1s?2s?2p53st
[Ne]3s23p*, Ne have 10 e, and the sum >C
3 Which one of the following is the electronic
17 Which one of the following is the electronic configuration of Nickel Ni
configuration of Chromium Cr (Atomic number of Ni = 28)
(Atomic number of Cr = 24) Do A [Ar]4s23d*
CH A [Ar]4s’3d" it? B [Ar]4s®3d®
4 B [Ar]4s33d® C [Ar]4s23d®
C [Ar]4s'3d® D [Ar]2s!3d°
D [Ar]2s'3d®
[Ar]2s’3d" because is more stable 2D 4 The right electron dot of Carbon
18  Which one of the following is the electronic (Atomic number is 6)
configuration of Copper Cu Do . s s '
(Atomic number of Cu = 29) itv A C B + (- c «(C+« D -* C .
CH A [Ar]4s23d° B [Ar]4s!3d®? - .
4 C [Ar]4s33d® D [Ar]2s!3d® - - -
[Ar]2s'3d™° because is more stable >B 5  Theelectron conflgurqtlon of an element is .
[Ne]3s23ps. The atomic number of an element is
19  The electron configuration of an element is Do A5 B 15
[Ar]4s23d’. The atomic number of an element is it? C 10 D 8
CH A9 B 18
4 C29 D 27

The sum of electron in the electron

configuration = 27 ->D
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