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LIGHT: FREQUENCY and SPEED
Electromagnetic radiation has electric and magnetic componet 2\ - Wavelength

Electromagnetic radiation travels in waves
[m, nm]

Low frequency

’ :IDng w:welength: | A —am pl Itu d e
A [for light related to

/\ /\ /\ /m intensity]
/ \/ x\/ y:\/ \ v = frequency

[cycles/sec, 1/sec or
sec, Hertz (Hz)]

High frequency

short wavelength

A is related to speed I
of wave (m/s) xv

Speed of light= =3 x108m/s Frequency is defined as the number of
wavelengths passing through a fixed
- k ) ¢ V point per unit time.
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ELECTROMAGNETIC SPECTRUM
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ENERGY OF LIGHT

Anomaly associated with light waves and energy puzzled scientists for centuries

Energy of waves is related to the amplitude

BUT
is related to the
Max Planck: Albert Einstein
* relationship between energy and photoelectric effect (Nobel Prize)

frequency of light

E=hxv h=6.63 x1034Js
Planck constant
e came out with idea that light travels in
packets of energy called PHOTONS

PHOTON - the smallest possible, quantized packets of electromagnetic energy
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PHOTOELECTRIC EFFECT

Experimental evidence for the existence of photons and the dependence of
their energy on frequency

photons of right frequency

/ « photons of right frequency
(é;’ ’ (energy) eject electrons from
% f - the metal surface
€: ’ - light energy (E = h x v) equals
f (e- the binding energy required to
%Z y (& make electron leave the metal

‘e- 7 (e- = (e-/ and its kinetic energy
METAL
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ABSORPTION and EMISSION SPECTRA

low E, high v high E, low v

the prism

passing through the some wavelengths
flask filled with hydrogen missing

ABSORPTION SPECTRUM

passing through only a few bands of
the flask filled with hydrogen light
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ABSORPTION and EMISSION SPECTRA

13 12

13 12 10 4

using fake numbers for simplicity

1. Has to do with hydrogen atom
2. Has to do with hydrogen electrons
3. Limited in energy absorbed
Limited in energy allowed — energy levels

4. Mechanism opposite but otherwise identical for emission
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MORE COMPLEX SPECTRA

Sodium

Hydrogen
Calcium
Mercury

| | I | | 1 ] | I | | | I ] ] 1 | |
4000 A 5000 6000 7000
e More lines mean more transitions
/ Shells split into subshells
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LIGHT-GENERATING COMPOSITIONS

* the of light emitted by pyrotechnic composition is determined by the
temperature of the burning components which, in turn, is dependent on the

composition

— NhV/A N — photon emission rate
A —area hit by photons

are added to increase the flame temperatures to 2500-3000 °C
* light-emitting pyrotechnic composition contain metal compounds that produce spectral

emissions at characteristic frequencies
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LIGHT-GENERATING COMPOSITIONS

pyrotechnic mixture

KClo, = Cl + 20,
KCl > K* + CI

cr + sr+ (el

@ 2180-2250 °C

metal ion colour A emitted, nm
SrCI* red 600 - 690
BaCl* green 505 - 535
CuCl* blue 420 - 460

* pyrotechnic composition burns at high temperatures

~ * lightin a broad range of wavelengths resulting in white light

* intensity depends on the quantity of atoms and molecules that are excited

& Mg, Al, Ti, Zr are added to increase the temperature

Clo,, CI - oxidisers
Shellac, rosin - fuel
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PRACTICE PROBLEM

Question 1

An x-ray has a wavelength of 1.2 A. Calculate the energy, in J, of one photon of this radiation.

Question 2

A certain lamp produces 25 J of energy per second in a certain region of the spectrum. In 1.0 s it emits 5.5 x 10%° photons
of light in that region. What is the energy of one photon? What is the frequency of this photon?
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ENERGY LEVELS - SHELLS

ORBIT MODEL (solar system)

in all atoms electrons have
only certain allowed energies

E=hxv

nucleus

e absorption spectrum — e move up
levels and orbits

e emission spectrum — excited e move
down levels and orbits

Number of shells occupied by
electrons in a given atom corresponds
to the period number in periodic table
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PERIODIC TABLE BLOCKS

1
s-block
z p-block
3 +
a d-block 6
5
6 + + +
7

f-block

The rows correspond to the number of shells or energy levels in the atom
The blocks correspond to the type and number of subshells that electrons can be put on

i = Shell Subshell
= —s ]
n=1
- - +
. n=2
7 Pri IC
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ERE
2s e Be
=
45 wommm
S e
o [
7s

https://www.rsc.org/periodic-table

ELECTRON CONFIGURATION

251 y) B C N O F Ne
P mmmm [ 8 ] o ] 10
- Al Si S Cl Ar
d-block 3P e s e o
3d Ti vV Cr Mn Fe Co Ni Cu Zn 4p Ga Ge As Se Br Kr
ﬂ“ [ 26 ) 27 § 28 | 2 | 30 | E TN AN BTN ETEN T
4d Zr Nb Mo Ru Rh Pd Ag Cd 5p In Sn Sb Te | Xe
mm o5 J a6 | a7 | 48 [ oo | so | 51 | so | 55 J 54|
5d Ta W Re Os Ir Pt Au Hg 6p TI Pb Bi Po At Rn
_m [ s ) s2 | a5 | o4 J 85 | 86 |
6d Ac Sy Bh Hs Mt Ds Rg Cn 7p Nh FL Mc Lv Ts Og
mmm EETEN T I BT T T
4d5 3p3
f-block
4f Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
[ 58 | o § 6o | &1 | 62 | 63 J 64 | 65 | 66 | [ 68 | 60 § 70 J 71
5f Th Pa U Np Pu Am Cm Bk Cf Fm Md No Lr
[ 90 J o1 ] 92 ) o3 § oa J o5 ] 95 J o7 | 98 ) 99 7 100 | 01 § 102 | 103 |

5§10

d-block starts in period 3

f-block starts in period 4
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ELECTRON CONFIGURATION

H 1s?
15 H He He 152
T 2 | i 152251
Li Be B C N (0] F Ne
25 e e Be 1s%2s? 2P res e NS BOW SO EOR
35 Na Mg 3p A Si_ P S Cl Ar
W . d-block 5 Lo s L Lo Lo
4s K Ca 3d Sc Ti \' Cr Mn Fe Co Ni Cu Zn 4p Ga Ge As Se Br Kr
[ 19 § 20 | [ a1 | 22 | 23 | 24 | 25 | 26 f 27 § 28 | 2 | 30 | EN EN EE EE EE
5s Rb  Sr 44 Y Zr Nb Mo Tc Ru Rh Pd Ag Cd 5p In Sn Sb Te | Xe
IEA KN [ 39 | 40 | a1 ] 42 ] a3 | aa § a5 § a6 | a7 | 48 | [ 49 J so | st ] s2 | 53 ] 54 |
6s Cs Ba 5d Lla Hf Ta W Re Os Ir Pt Au Hg 6p _T_ Pb B Po At Rn
(55 | 56 | m (st | s2 | o5 | s | 85 | se |
7s Fr Ra 6d Ac Db Sg Bh Hs Mt Ds Cn 7p Nh FIL Mc Lv Ts Og
mmm-
B 1522522p?
C 1522s22p?
N 1522522p3
f-block P
af 0] 1s22s22p*
Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
(55 | 55 | oo L ot J o2 L o5 | ot | s [ o6 | 7 L os L oo f 0o | 7 F 1522522p"
5f Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr 292916
| 90 § 91 § 92 § 93 § 94 | o5 J 96 J o7 | o8 § 95 § 100 § 101 § 102 | 103 Ne 1s°2s 2p
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ORBITALS

orbital — volume of space in which an electron is probably found

d subshell

f subshell

1 s orbital

3 p orbitals

5 d orbitals

7 f orbitals

xy plane

https://pixels.com/featured/4f-electron-orbitals-general-set-dr-mark-j-winter.html

Pauli’s exclusion principle — no more than two electrons

may occupy any given orbital. If two electrons occupy the

same orbital their spins must be paired.
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ELECTRON CONFIGURATION - ROW 1 and 2

1 .

H 1st |f i 1s22st [1v
H H

15 e He 152 |Iv Be 1s22s2 [1¥][1v
Li Be

25 mmwrm 2p
N M

> i i d-block 3P

4s K Ca 3d Sc Ti v Cr Mn Fe Co Ni Cu Zn 4p
| 15§ 20 | [ 22 | 22 | 23 ]| 4 ] 25 | 26 § o7 § 28 ] 2 | 30 |

5s Rb Sr 4d Y Zr Nb Mo Tc Ru Rh Pd Ag Cd 5p
EA N [ 59 | s0 | a1 | a2 | a3 | oas | o5 § a6 | a7 | 48

6s Cs Ba 5d La  Hf | Ta W Re Os Ir Pt Au Hg 6p
[ 55 J s6 | | 57 | 72 § 73 ) 4§ s ) s | 77§78 | 7o | 80|
Fr Ra Ac Db Sg Bh Hs Mt Ds Cn

7s 6d 7p
mmmmm

f-block

4f Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
[ 58 | 5o § 6o § o1 § 62 § o5 § 64 J 65 | e | 67 | 68 | 6o § 70§ 71

5f Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
| o0 | o1 ] o2 | o5 J o4 | o5 | o6 § o7 | o5 | oo J 100 J so1 J§ 102 | 105

B 1s22s522p? T¢ Tl T O 1s22s22p* T¢ mlT¢ i T

B C N O F Ne
(s 1 s 1 7 ] s ] o J w0

Al Si P S Cl Ar
EEERN BEVEN BECHN BECHN BEVAN BETEN

Ga Ge As Se Br Kr
[ 31 | 32 | 33 f 34 § 35 J 36

In Sn Sb Te | Xe
[ 49 J so | 51 | s> | 53 ) 54

Tl Pb Bi Po At Rn
[ s> | a3 ] 84 ) 85 |} 86

Nh FL. Mc Lv Ts Og
(a3 | ua § a5 ) 16 | a7 J 18

Tv[te]t

: C 1s22522p2 [l et |t Foo1s2s22p5  [1v][1v
N s22s522p3 Tellv](T 1T [t Ne 1s522s22p°® T[Ty

Tv[telt

Hund’s Rule — If more than one orbital in subshell is available, electrons
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THIRD ROW AND SHORTHAND

H He

I

Li  Be B C N O F Ne
HEl s 1 s 1 7 ] s ] o ] w0
Na Mg AL Si P S Cl Ar
T T d-block EEEH 7 G NG T T

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
[ 15 § 20 § 2o | 22 | 23 § 24 | 25 § 26 § 27 ) 28 § 2 | 30 § un § o2 | 33 § 34§ 3 J 36 |

Na 1s% 25°  2p° (357 Al 1s22s22p63s23p!  [Ne] 3s23p!  |H][T
$225%2p°3s%3p e] 3s’3p
1] () (RO
: Si  [Ne]3s?3p? t (Tt 4 valence electrons
Valence electrons - electrons in the s MIFTETE] s val |
outermost shell P [Ne|3s°3p valence electrons
S [Ne]3s?3p* ﬂ TlT T 6 valence electrons
Na [Ne] 3s! il 1 valence electron Cl  [Ne]3s23pS t vty ) 7 valence electrons
Mg [Ne] 3s2 Tv| 2 valence electron Ar [Ne]3s23p¢ |14 VIt s valence electrons
1 ]
={f— |
/a In shorthand method only valence electrons are shown
&
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FOURTH ROW AND SHORTHAND

H He
[ 1 ] 2 |

Li Be B C N (o] E Ne
[ s | 4 | [ s ] s ] 7 ] s | o J 10|

Na Mg Al Si P S Cl Ar
EW N d-block [ 13 | 14 | 15 ] 16§ 7 |} 18 |

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
[ 15 § 20 § 2o | 22 | 23 § 24 | 25 § 26 § 27 ) 28 § 2 | 30 § un § o2 | 33 § 34§ 3 J 36 |

3d
K [Ar]4st|t 1 valence electron Mn  [Ar] 4s?3d>  [§3f f f [f f | 5 unpaired e
Ca [Ar] 4s? N 2 valence electron Fe [Ar]4s23d° \THT 4 & [# | 4 unpaired e
2 = - Co  [A]45°3d" [y (1474 It It |3 unpaired e-
sc [Ar]4s23dt |1 |1 1 unpaired e Ni [Ar] 4s? ;Eds 7 I EAUE T 12 unpaired e-
Ti (A 4s23a2|ty [T [T 2 unpaired e’ R ty ittt | 1 unpaired e
[Ar] 4s13d1° - .
v (aqasae [T 2 et @unﬂﬁtfgmgf 1 unpaired e
cr [Arfaszade [N (21t [t [t ] [4unpairede Zn[Ar] 4s? 3d10 4344444444 O unpaired e
[Ar] 4st 3d° SIEEER 6 unpaired e
= Half filled d subshell
c_—
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FOURTH ROW AND VARIATIONS

H He .

g O . p-block

2 _Li_Be B C N O F Ne -
[ s | 4 | [ 5 ) o § 7 | 8 | o ] 10 P

3Ss Na Mg d-block AL si P s c A 3p
W [ 13 § 14 § 15 | 16 | 17 | 18

4s K Ca Sc Ti V C Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr 4p
EECHN BTN SN TR PN TN R TR BN TR ETEN EECE R TR EEEE BT B T

3d
Ga [Ar] 4s23d10 4pl ‘T”THT”T”N‘ t 3 valence electrons
Ge [Ar] 4s%23d104p? RN ] 4 valence electrons
As [Ar] 4s23d104p3 NN} ] 5 valence electrons
Se [Ar] 4s23d104p* NN [t | 6valence electrons
Br [Ar] 452 3d1°4p> AR [N | 7 valence electrons
Kr [Ar] 4s? 3d104p® N R 8 valence electrons

Valence electrons — only shell 4 (outermost)
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PRACTICE PROBLEMS

Question 1
How many unpaired electrons are present in the ground-state electron configuration of an iron atom?

Question 2
What is the electron configuration of molybdenum, Mo? Use full and shorthand notation.

Question 3
What is the electron configuration of chromium and copper? Use full and shorthand notation. Name the

phenomena observed.

Question 4
An atom has 5 valence electrons — 2 are in an s-subshell and 3 in a p-subshell. Which group is the atom in?

u =
= — 1]
-
g
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ALL OTHER ATOMS

Aufbau Principle — building up

H: le- (n=1)*
2e (n=1)?
3e (n=1)? (n=2)*
de (n=1)? (n=2)?

5e (n=1)% (n=2)3
10e (n=1)%2 (n=2)°®

/. \ 58
__i https://www.rsc.org/periodic-table

H He
| 1 | 2|
Li Be Ne
EN nn-nn-
Na Mg Al Si P S Cl Ar
ﬂ III-IE“-III

Mn Fe Co Ni Cu Ga
---m-mmm-mmmmmm-mm

Rb St Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te |
-mnmnmm--m-mmmn-mm

Ba La Hf Ta W Re  Os Ir Pt Au Hg Tl Pb Bi Po At Rn
-----------mm-mmm

Fr Ra Ac Rf Db Sg Bh Hs Mt Ds Rg C€Cn Nh Fl Mc Lv Ts Og
| 67 | 88 ] 5 | 104 ] 05§ 206 § 107 ) 108§ 109 J w0 foan a2 fous §oae s Joue oy | ous

Ce Pr Nd Pm Sm Eu Gd Tbh Dy Ho Er Tm Yb Lu
| so | o | &1 | 2 J 63 ] 6s § 65 | 6 | 7§ oes ) oo J o] 7

Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
| o0 ) o1 ] o2 | 93 | 94 | 95 | o6 J o7 ] 95 | 99 § 00 J 101 | 102 ] 103 |

Max number e
2
8
18
32
50
2n?

Shell

8U1-I>UUNI—\

‘Shell atom configuration’
Cl 17e (n=1)?(n=2)%(n=3)’
Ge 32e (n=1)%(n=2)%(n=3)8(n=4)*
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PERIODIC TABLE BLOCKS

2n?
2 elements H He
. L2 ]
Li Be B C N (@) E Ne
8 elements Bl | 5 § o § 7 | s ] o J 10 |
Na Mg Al Si P S Cl Ar
L T [ 13| [ 15 [ 18
Ca Sc Ti Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
18 elements -m-m-mmm-mmm-mmmmm
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
B 37 | s | 3o | a0 § a1 | a2 § a3 | as | a5 § as § a7 | a8 § 49 | so | 51 f oso | s3 f 54|

Cs Ba La HFf Ta W Re Os |Ir Pt Au Hg TIL Pb Bi Po At Rn
32 elements mmmmmmmm

Fr Ra Ac Rf Db Sg Bh Hs Mt Ds Rg Ch Nh Fl Mc Lv Ts
-—mmm--m-----

Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
[ 58 | 5o J 6o | 61 § 62 J 63 ) 64 | 65 ) 66 | 67 § 68 J 6o | 70 | 71

Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
[ o0 | o1 ] o2 | o3 J o4 | o5 J o5 | o7 | o8 | 99 § 00 | so1 J 102 J 103

numbers of elements in each row corresponds to the number of

electrons that can be fitted in this row
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