Year 3 Chemistry
Student Notes

ATOMIC STRUCTURE

Learning Objectives

o state the relative charges and approximate relative masses of a proton, a neutron and
an electron.

o describe, with aid of diagrams, the structure of an atom as containing protons and
neutrons (nucleons) in the nucleus and electrons arranged in shells (energy levels),
sub-shells and orbitals.

» state the electronic configuration of atoms and ions in terms of s, p, d orbitals for first
23 elements.

1 » define proton (atomic) number and nucleon (mass) number.

* interpret and make use of information presented in nuclides, e.g. ’ﬁC.

¢ define the term isotopes.

* calculate relative atomic mass (Ar) from isotopic mass and relative isotopic
abundances.

» deduce the number of protons, neutrons and electrons in atoms and ions, given the
proton and nucleon numbers.

A. Structure and Particles

? A1.  Sub-Atomic Particles
‘ e An atom is the smallest indivisible particle of an

element that can take part in a chemical :
reaction. Aol ?
‘ e Atoms are made of three sub—atomic particles:
o protons proton  neutron
o neutrons
o electrons

\\) electron

P

Protons and neutrons reside in the nucleus of the
atoms.

Proton p In the nucleus 1+ 1.67 x 10-%7 1
Neutron n In the nucleus 0 1.67 x 1027 1
Electron e Distributed around the nucleus 1- 9.11 x 103! @

Masses, charges and locations of sub-atomic particles
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A2, - | " ‘ l
Behavioyr of particles in an electric field
How do protons, n

eutrons and electrons behave inside an electric fielgo

T T ek,

! e (Deflected towards positive plate)

—_— — n (No deflection)
\ p (Deflected towards negative plate)

@ |
Motion of beams of sub-atomic particles passing between electrically charged plates.

* Protons and electrons are deflected in opposite directions.
© protons are deflected towards the negative plate.
o electrons are deflected towards the positive plate.
® neutrons (uncharged) are not deflected at all.

Why is the extent of deflection different for protons and electrons?
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B. Atomic Number and Mass Number

* A nuclide is used to describe an atomic species of which the atomic number (proton
number) and the mass number (nucleon number) is specified.

mass number
Symbol

atomic number

e Symbol for nuclides:

12
E.g. carbon nuclide is represented as: 6 C
* Atomic number (proton number) is the number of protons present in an atom.

e Mass number (nucleon number) is the tota| number of protons and neutrons in the
atom.

e Inan atom, the number of electrons is equal to the number of protons. Thus, atoms
are said to be electrically neutral.

e The mass of the entire atom js largely attributed to the presence of protons and
neutrons in the nucleus, as electrons have g neqligible mass.
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Example 1:

No. of protons = \\
- - \
No. of neutrons = ”)‘ .
o A
(3

No. of electrons

C. Isotopes
» Isotopes are atoms of the same element with different number of neutrons.

o Isotopes have the same atomic number, but different mass number.

e Isotopes of the same element have the same chemical properties, because they have
the same number of electrons. However, they have slightly different physical
properties (e.g. melting and boiling points, density), due to the different relative
masses of the isotopes.

Example: 'H, 2H and 3H are isotopes of hydrogen.

Isotope
Common name Hydrogen Deuterium
Mass number \ 1 E ‘
Atomic number \ { | J
Number of neutrons Q0 | 2 J

Most of the elements exist as many isotopes. Each of the isotopes exists in different
relative abundance.

Some common examples of isotopes (with their relative abundance):
Carbon — 2C (98.9%), 13C (1.1%), 'C (trace amounts)
Oxygen — 60 (99.76%), 170 (0.04%), 80 (0.2%)

Chlorine — 3CI (75.0%), 3’CI (25.0%)

Silicon — 28Si (92.2%), 2°Si (4.7%), 30Sj (3.1%)

Hydrogen -1H (99.9844%), 2H (0.0156%), *H(trace amounts)

(@)

0O 0 0o o

Chlorine exists naturally as two isotope
mass of chlorine in the Periodic Table 35.57

Relative atomic mass, Ar, takes into consideration the mass of the natural occurring

isotopes and their respective relative abundance.

Relgltive atomic {Qass of chlorine
. 1\'\3‘0* 39) + (W Y 37)

= 3H.9

(Note: Ar has no units and is recorded to 1 decimal place
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——= > 11€CK Exercise (Part A)
1.

Electrons ang protons

field (subatomic particles) were fired with equal velocity jngg -
Which row describe the behaviour of the electrons and protong? el
electrons protons relative amoyp o
deflection
A | deflected towards (-) | deflected towards (+) | electrons deflected mq,
plate plate than protong
B | deflected towards (-) | deflected towards (+) protons deflected more
plate plate than electrong
C deflected towards deflected towards (-) electrons deflected more ~,¥
(+) plate plate than protons “
D deflected towards deflected towards (-) protons deflected more
(+) plate plate than electrons

(C)

2. In the diagram below, draw the possible paths of the following particles if these particles
were to separately move towards the metal plates in the direction as shown below:
(@) a*He atom  (b) a 2Na* ion (b) a 8Br ion

l S'OBr-

+ + + + + +

Direction of «—/ 5 QH 4
particle ey -3
movement \

I gE) NQ+

3. Naturally occurring silver is 51.8% silver-107 and 48.2% silver-
relative atomic mass of silver.

Relative afomic mass ob S1AVRe

(%55 % 0% ) (%5 xwu)

109. Calculate the

= 0% 944
=W , (W)
4. Copper consists of two isotopes, copper-63 and copper-65. Its relative atomic
mass is 63.5. Find the relative abundance of each isotope.
LY e relatin Ohundonu W ipper Ly yey Relasivt Obwad e @ (ayyey - 6321

190~ :
X% 63) ¢ (%XGV)) 635  RUGW Rewndan e WHYA- § b

6‘1 + bEOD. bhy

- - r)
v T - gst) ] 00 -3
? N lv) g
“L(+bHY =41.7
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D. Atomic Orbitals . ertain
e Electrons do not circulate the nucleus in it occupies @ ©

region around the nucleus.

a fixed path. Instead,

« An orbital is a region of space around the nucleus with the highest probability of
locating the electrons.

The position of the electron

- dews | In @ hydrogen atom is

T plotted every ten seconds
isorbital | over a period of time.

. .Ele'::tr_ons'can occupy four types of orbital, which differ from each other in shape and
in their orientation in space. These are called s, p, d and f orbitals.

D1. s orbitals _
e Alls orbitals are ...j.P.V,\.‘.V.‘..(.(’.‘.\... in shape. They only differ in size.

1s 2s - 3s

D2. p orbitals
e There are 3 types of p orbitals (px, py, pz) with different orientations in space

e Each p orbitalhas a ... dumbtil  shape.
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A

Electrons are foy
shells).

o These energy levels are identified by a number, n, where n=q
o The higher the value of n, the higher the energy level of the sh
© The maximum number of electrons that can occupy each shey

rrangement of Electrons in Atoms

=angement of Electrons in Atoms

nd around the nucleus of an atom in definite energy |
GVels

These energy levels can consist of sub-energy levels (subshells), labelled 4

(E\eqrﬁn
’2|3».,
ell,
i 2n2,

AN

_Electron shell, n_| Number of subshells
- 1 1(1s)

2 2 (2s and 2p)

3 3075,3))3d)
- o A (A5 Ay,4d) AT)

Each subshell contains a number of orbitals, in which electrons are placed.

o Each orbital can hold a maximum of two electrons.

Type of subshell | Nu

EX S

SPL=\9

-~ |Q[O |»

~NOa|Ww(—

Ty2zV4

derived.

The table below outlines how the maximum number of electrons in each shell is

DS '
1 1 1s 2 ’1
] 2 2s, 2p 2+6=% 'i
3 3 3s, 3p, 3d 23 6T W03 \§ \
4 4 4s, 4p, 4d, 4f 246t t18="y |

o The maximum number of electrons that can occupy each shell is 2n2.

represented as:

20 [T 1]

Relative energy levels of the subshells and order of filling of subshells

Each orbital can be represented by a square box. Hence the three 2p orbitals are

i " (Not o scale) LTI . W
Dy « 11111
Wi o o
wITy
#0 i F
» QWS Her
S\A .ZsD g ;:; E:
ﬂ\ﬁ/\$ Principat s D -E § § g
T energy level M}
1 2 3
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: - ital).
) Y\'a e ing with the 1s orbita
 The orbitals are filled in the order of . \\((¢AW Q Y%\{ ... (starting Wi .
Electrons always go into an empty orbital with the ... 10wy, energy first.

; s, the
IMPORTANT: 4s has a lower energy level than 3d. Thus, when adding electron
4s orbital is filled up before the 3d orbitals.

F. Electronic Configuration of Atoms

The electronic configuration of a particle provides information about how the electrons
are arranged in their electron shells and subshells.

* Notation for electronic configuration:

Elect hell ( ) : ! I <«—— Number of electrons in ;he subshell
ectron shell (n) —— p

‘Element Atomic |

H 1 1 1 B
He 2 2 2 L Al |
Li 3 3 2 | 1 1 |
Be 4 4 212 e l
B 5 5 2 211 \\ \\ \\ \\‘ 1571 jj
C 6 6 22 |2 5> 157 2

N 7 7 2213 0 G \slls1 R’ i
o 8 8 212 (& | | | 11825 N4 A
F 9 9 BENE R \s’)ls“‘llp%b B
Ne 10 10 2216 | T 1 1%137_‘ B
Na 11 11 21216 feo e /| \stlsum"bssi A
M 12 2 [a]2le (2] | | 1S I9pis =
AS/; 13 13 21206 (21l | | ol 11“'5%33 d

e S N 5 W I Y B B R SR A F g

S A T RS 0383w
] ST T6 (o |41 | | 157102290383

5 10 1 1513530

17 17 21 2le [ >l2 | | LIS sty =

- 18 ST2[ 620 | [ \922%° 3 )
Ar 18 R L B - =16 \ 1 \311 b b3 ’3? L\S»
*Ca 20 __4'29'_——2{———%— (‘j TG \ \ \ ‘)‘L_ \S) 1511‘535‘13 v4'y
Sc 21 ”"2'1”—”6 - e T2 Y st
Ti g ] 2. 1219 T3] = V3 s
Y % |2 [>]>]6

the 3d orbitals.
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The Periodic Table
The elements in the Periodic Table are arranged in order of increasing robon namber
proto

The vertical columns of elements in the Periodic Table are caleq rou
o Numbers from 1 to 18 are to be used as the Group Number, dfoups.

o Elements in the same group (1, 2, 13 to 17) have the $ame number of ,
electrons (valence electrons). Uter she)|

Example:

Group 1 [ Proton number | Electronic configuration | Number of valence electrg
Lithium 3 15225 ! e
Sodium |11 15725%2p* 35! |
Potassium |19 \s? 15"’1?(’351 3\3b As' !

* The horizontal rows of the elements in the Periodic Table are called periods.

* Allelements in the same period have the same number of occupied electron shells.
The period number is given by the number of occupied electron shells.

Example:
Period 2 Li Be |B.. | [N e F
Proton 3 4 5 6 [4 8 9
number

Electronic 18228 [ 152252 [)¢225P )0 () c2 ) p> 1)) 03] 1e2)e2)o4] 1 )2
configuration L P I5°2s P I SzP \s*)s 2[’ I 13 )Pr’

H. Electronic Configuration of the Noble Gases

* The noble gases in Group 18 (Helium, Neon, Argon, Krypton, Xenon and Radon)
tend to be unreactive.

* As the electron arrangements of noble gases are relatively stable, they exist
naturally as monatomic elements.

* Atoms of noble gases (except helium) have eight electrons in their outer shells
(stable octet configuration).

He- 2 ———> duplet configuration

Ne- 2,8
Ar' 21818
Kr- 2,8,18,8 octet configuration

Xe - 2,8,18,18,8
Rn- 2,8,18,32,18,8
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I Formation of lons

e AN iorl is formed when an atom loses or gains electron(s), such that it acquires an
electrical charge (as the number of protons and electrons are no longer equal).

o Atoms lose or gain electrons to obtain the duplet or octet configuration in order to
achieve greater stability.

08990V jons (L Andons

e When atoms gain electrons, 3 are formed.
o Electrons are first added into available orbitals with the ... owest energy.
Electron shells and subshells |
% | Number of | 1 2 3 4 | e 7
b rt Elect ion
| Symbol | Particle | electrons [1s [2s[2p | 3s[3p|3d | 4s chiodic onfighration \
F Atom 9 225 1s? 2¢% 2p° \
F lon 10 2|26 1s? 2% 2p° !
Mg Atom 12 212162 152 2s2 2p® 3s? J .
Mg?* lon 10 2126 152 252 2p° |
e When atoms lose electrons, ...PY VY .. ions (..{Q.‘.‘.‘?ﬂ.’... ......) are formed.

o Electrons are first removed from orbitals with the ..?‘.\j.&.‘f.‘.‘. .....energy.

o IMPORTANT: Once the 4s orbital is filled, the energy level of the 4s orbital will
increase above that of the 3d orbitals. Therefore, during the formation of cations,
the electrons will be removed from the 4s orbital before the 3d orbitals.

ctron on'figuration
5 Atom 16 1 || & 4 15205220 35 aph B
5= lon 18 326 | 2| G \ [15225% 130 Y B
K Atom 19 Al 26| 216 17 |5T2s 2 pb 35> 13°4 58" |
K* lon 18 NI SEIEEL B
Sc Atom 21 2121626 1| 2 |1s?2s22p°3¢? 3p® 3d" 4s? |
ASc* lon 19 226 |2]6][1 [1s?2s72p°3s? 3p°3d" |
ASc3* lon 18 2126|216 ]| | 152 252 2p° 3s? 3p° |

A The electrons will be removed from the 4s orbital before the 3d orbitals.

J. Isoelectronic Species L\PUANNS

e« Any atom or ions with ;\\f.\LS‘.\.‘T".’r.‘.\‘.‘?‘.“.\?.‘Y..ﬁ..A.. ....... are said to be isoelectronic.

Examples:

F-, Ne and Mg**

S2 Ar, K* and Sc®* 18
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