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Learning Objectives:

O CH12[1.2.1] - Explain why the periodic table is arranged the way it is, with respect to blocks, C i
periods and groups.

O CH12[1.2.2] - Explain what the terms ‘electronegativity, ‘atomic radius’, ‘first ionisation energy’,
‘metallic character’ and 'non-metallic character’ mean, and explain how they vary across a period and
down a group.

O CH12[1.2.3] - Find the effective nuclear/core charge of an element, explain how it varies across a
period and down a group, and apply it to other trends observed in the periodic table.
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(S4ONTOUREDUCATION
Section A: The Periodic Table

Context
Dimitri Mendeleev is known as the founding father of the periodic table, proposing its prototype back

>
in 1869!

» This is what it looks like today!

Peviodic +able of Hhe elements

1 2
10 40
Hydvogea Heliam
3 4 Abomic namber kAl 5 o 7 8 q 10
L Be Aa Symbel of lement & c N 0 F Ne
64 20 Relative atsmic mass | 497.0 08 120 14.0 16.0 1.0 202
Letiiam Burylloam Gold Name of clement Boven Cmrbsn Nitvegen Oxgaen Flaorite Neoa
fl 12 13 1% 15 16 7 18
Na My Al <8 P s U A
230 243 270 281 310 321 355 314
Sediom | Magresion Alamiiam | Shicon | Phosphorns | Selfir Chlorin. Acgon
1 20 2 22 23 24 25 26 27 28 2 30 3t 32 33 34 35 36
3 Cm S T > Fe Ce N & Za Ga Oe As Se Br Ko
34 401 474 504 520 544 558 584 587 635 054 017 720 742 740 744 g38
Caliiam Thaniom | Vanadiom | Cheomiam | Mangarcse Iron Cobalt Nicke! Coppar Zine Oalliam | Ouematiom | Aneic | Scleminm | Browine | Kegphon
38 31 40 “ 42 43 44 45 46 47 48 “ 50 s s2 53 54
Sv 4 Zs Ne M Te Ra Rk PA Ay [ Ia Sa So Te Xe
87.0 884 "2 219 6.0 (%) o114 1024 100.4 1074 24 1148 187 1218 1276 1204 1313
Shrontinm | Gbbvinm | Zicosinm | Niobinm | Molgbdenum | Tochackiom | Reticsion | Rhodiam | Palladiom Sibver Condomiom Indiam T Antimong | Tollaciam lodise Xuasn
S6 72 73 74 75 76 77 78 7 0 8 82 83 24 85 86
A Ba 573-# He Ta W Re 0s Ie P Au Hy n Po 2 Po A Ra
1324 137.3 A 178.3 180.9 1838 180.2 1102 192.2 1454 197.0 200.6 204.4 207.2 2090 (210) (210) (222)
Cmesiom Bariam Hafriom Tantalam Tangshua Rhesiom Osmiam Teidinm Platinam Gald Mavcnry Thalliam Lead Bismath Palodiam Radsa
87 88 104 105 106 107 108 104 10 1 12 13 114 13 ) #? i3
% Ra 89-103 Re Db Sy B He A Do Ry [ N f Me L T 0y
(223) (226) Ackineids (201) (202) (2006) (204) (267) (208) (%) (272) (283) (280) (289) (289) (212) (234) (294)
Francinm Radias dhacfocdion| Dubniam | Suaborginm | Bohrinm | Hassinn Darmstadtion] Rovaby porn Nioninm | Flocoviam | Moscoviam | L | To Oge
57 58 A 00 03 o4 65 66 o7 o8 o1 70 #
La Ca Pr N Ea [ ™ Dy & T % La
1384 140.4 1404 t44.2 152.0 157.3 1584 1625 1649 167.3 1684 1734 175.0
Lanthanam | Cariom  [Prascodgminm| Necdymiam Eacopinm | Oadelivium | Torbiom Holmmm. Ecbiam Thalinw | GHubiom | Laubion
84 0 o 92 93 4 s % 100 fot 102 103
Ae Th Pa v Np Pu Am Cm Fim M No
(22%) 2320 2310 2380 (23%) (244) (243) (247) (25%) (258) (259) (202)
Thovium | Protactisiam | Urasinm | Nephwtiom | Pleboniom | Amecidam | Curiem Foominm | Meadele Nobulinm | L
The value in brackets indicates the mass aumber of the longest-lived isotope
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Sub-Section: Electron Configurations using the Periodic Table

Let’s have a look at why it's arranged the way it is!

The Periodic Table Definition
» Contains all l\% known elements, arranging them in terms of increasing _QSCSSNSL.
Active Recall
» There are 7 horizontal rows in the periodic table called _pggm&
» The period number represents how many __ RORLQESN« QN the element has.
SIRJ_~NSL

Let’s have a look at why it’s arranged the way it is! .

Question 1

What is the shell model electron configuration of each of the following and state which period it appears in in the
periodic table?

a He =3 QL e Mg  \a\
CN LI
b. N = 7 d. Ca
X%,
a0
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Let’s have a look at the blocks in the periodic table!

VCE Chemistry %2

~

Exploration: Separating Periodic Table into Blocks
» The periodic table can be separated into blocks:

» The subshell of the \\\%\‘

o

Peviodic table of Hhe elements
s-block

7
An

Symbol of lement

Name of element

is that of the block the element is in.

p-block

57 58 51 60 ol (23 63 o4 o5 06 o7 (23 o1 70 #H

La o Pr N4 P Sm Bu Gd T Dy Ho 14 T % Lu
1384 140.4 1404 1442 (145) 150.4 1520 157.3 1584 1625 1644 167.3 1684 1734 175.0

Lanthanam | Coxiam dymiom| Neodyminm | Prometh S Eavopium | Oadoliniam | Terbium | Dysprosium |  Holmium Evbium Thaliom | GHerbium | Lakotion

81 0 o 2 3 “ a5 6 7 98 9 100 101 102 103

A Th Pa U Ne Pa Am Cm Bk (<] E 1Y L No Le
(229) 2320 2310 2380 (237 (244) (243) (247) (247) (251) (252) (259 (258) (259 (202)

Actiniom | Thoriam | Protackiniam [ Ovaniam | Nephunium | Plutodiam | Americiam | Cuvium | Berkeliom | Califorinm | Einstoinium | Formium | Mondeloviam | Nobeliam | Lawvencium
]

The value in brackets indicates the mass number of Hhe longest-lived isotope

NOTE: The elements found in the d-block are known as

Space for Personal Notes
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VCE Chemistry %2

Question 2 Walkthrough.

Write Schrodinger’s electronic configuration for each of the following elements, by using the periodic table:

TGS

i. Sulphur (S)

N
s a\g& &Q§ S\ ?:Q\
| y o\

!
a

)

? S

ii. Hence, write the shell model for sulphur from Schrodinger’s electronic configuration.

NN S
b. Iron (Fe) A

& 2 et A S W@ S

TIP: Using the periodic table makes writing Schrodinger’s electronic configuration much easier!

Question 3

Identify the element by looking at the electron configuration.

a. 1s22522p63s23p5 —> \7

Q\

CH12 [1.2] - Trends in the Periodic Table - Workbook
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b

. 1s%2s%2p3

N

Question 4 (5 marks)
Explain why the periodic table includes the following, with reference to shells and subshells:

a.

b

C.

. Eight elements in the second period. (2 marks)

Two elements in the first period. (1 mark)

-M_«;&gﬁﬁ_‘{x\&&%\‘\ L Shen
T\ el SeRON SN SOAN, IR -

. 3 > N\ “ﬂ*‘wa&\

R A T S by ™R
e N eeQeesaass, R ssccashS .

No transition elements in the first three periods. (2 marks)

. AcosSSNuos seRxoasy e O Noacwa, S Mﬁ ;

Ne2:C A0 Glonc@ns, -

-

ON W NSk O Ve SO ORANWSN. O e
\ S N >

NOTE: The d-block orbitals start on the 374 electron shell so their period and the subshells ﬁ/
they fill up are offset by 1 (e.g. the 4™ period elements fill up the 3d orbitals).

Space for Personal Notes
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What happens to transition metals as we go across the .
period on the periodic table?

Active Recall: What does ‘valence electrons’ mean?

es ScRQN -

Space for Personal Notes
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VCE Chemistry %2

v

Sub-Section: Valence Electrons in the Periodic Table

O |
o

Exploration: Transition Metal Electron Configurations

Peviodic +able of Hhe elements

1 2
B He
10 4.0
Hgdrogua Heliam
3 4 Abomic tamber ¥ 5 o 7 8 q 10
L Be Aa Symbal of cdement ® ¢ N 0 F Ne
64 20 Relative atemic mass | 197.0 08 120 14.0 16.0 2.0 202
Litiam Buoyllum Gald Name of clement Boron Cnrbsn Nitvogea Oxyaen Flaorine. Neea
# 12 13 “ 15 16 7 18
Na My Al S P S 7] A
230 24.3 270 284 310 324 355 314
Sediam | Magrosion Alaminiom | Sihicon | Phosphorns | Sulfr Chlorine Avgon
0 20 21 22 23 24 25 20 27 28 24 30 31 32 33 34 35 36
3 Cm S T v (> Ma Fe Co Ni Cu Za Ga O As Se Be [
314 401 450 474 504 520 5449 558 584 587 635 054 017 726 7449 740 744 838
Potassinm | Colciam Scandiom | Taninm | Vanadiow | Chrominm | Manganese Iron Cobalt Nickel Copper Zine Oalliam Gurmariom | Arsesic . Bromine Kegphon
37 38 39 40 “ 42 43 44 45 46 7 48 “ 50 S 52 53 54
Rb Sv ) Z No M Te Ra Rh A Ag [ In Sa Sb Te 1 Xe
855 87.6 884 U2 224 6.0 (48) 1014 1024 106.4 1072 1124 1148 187 1218 1276 1264 131.3
Rubidiam | Shrontinm | GHviem | Ziccorinm | MNobiom | Molgbdeanm | Technokiom | Rbhesiom | Rhodiam Palladiam Siver Condminm Indiam T . Telluiam lodine. Xensn
55 56 72 3 74 75 76 77 78 7 80 8 82 83 84 85 86
I Ba 57-M He Ta Re 0s Ir P Au Hy n Po 2 Po At Ra
1329 1373 Lanthancids 178.5 1802 1838 186.2 1902 1922 1454 197.0 2006 204.4 207.2 209.0 (210) (210) (222)
Camasiam Baciom Hafniom | Tastalm | Tangsha Rheian Osmiam leidiam Plabinam Geld Thallsm Lead Bismath Pelosiam Radon
87 88 104 105 106 107 108 104 10 ] 2 #®3 e 15 e #? 18
F Ra 84-103 »e Db Sq Bh He M D Ry [ Ni f Mo Ly T 0y
(223) (220) Ackinoids (201) (202) (200) (204) (267 (208) (z#) (z272) (289) (280) (289) (28%) (212) (234) (294)
Frascinm | Radom thecfordivm|  Dubriam jnm | Bohrinm assinm | Mait Dacmstadbian| Rocatyeniom | Coperniciam | Nihotinm | Flocoviam | Moscoviam | L iam | Toancasioe | O
57 58 " 60 of 62 63 b4 65 66 67 68 o1 70 H
La Ca N P Su Ea 04 T Dy > Tm % La
1384 140.4 1404 1442 (143) 150.4 152.0 157.3 1584 1625 1644 167.3 1684 1734 175.0
Lanthanam | Coviam  [Prascodgminm| Neodyminm | Promothion | Swmariam | Eacopinm | Oadelinium | Torbiom i Holminm Ecbiam Thakins | Gtrerbiom | Laetion

84 20 o 12 93 4 s L Lol 9 L] 100 1ot 102 103
Ae T Pa ] Ny Pu Am Cm Bk % Ee Fin M Ne
(229 2320 2310 2380 (237) (244) (243) (247 (247) (250 (252) (259 (258) (259 (202)
Ackisiam | Thoviam | Probackidiam | Uramiam | Nephwinm | Plebonium | Amecidum | Curiam | Bukeom | Colforniom | Einshuiniam | Foomiam Nobeliam | Lameeacium

» As we go across the period from elements 21 (Scandium) to 30 (Zinc), what happens
to Schrodinger’s electronic configuration?

Scandium: 1s22s22p%3s23p°3d d
Titanium: 1s22s22p63s23p63d

zZinc: 1s22s22p63s23p63d1

The value in brackets indicates the mass aumber of the longest-lived isotope
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» What happens to the number of valence electrons?

oN

» Are there any exceptions? (Hint: think back to last week!)
¢ Geoasen (&S =)
\ \D
¢ Copoe (& R

What happens to non-metals as we go across the period?

Active Recall: Which block are non-metals found in the periodic table?

P —Slex R

Exploration: Non-Metal Electron Configurations %

» As we go across the period from group 13 to group 18, the p-orbital goes from

» The number of valence electrons will [increase] / [decrease] from

Groups

» Definition:

G The 18 vertical columns of elements are called %g@_
() Group@nell the number of " QRO < ) KSeaSy

Space for Personal Notes
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a

Groups & Valence Electrons

Definition

Peviodic +able of the elements

BN N 34Sh 1¢

1 2 3-12 13 14 15 1o 17

1 2
# He
10 40
Hydrsgen Hedon
3 4 Absuic namber [ 74 5 6 7 8 L] 10
u Be As Symbel of ddemnnt B < N 0 F Ne
64 0 Relafive atomic mass | 47,0 108 120 4.0 160 110 202
Lithiom | Buorglliam Oold | Nawe of cloment Borsn Curboon Nitvogea |  Ocygen Fluoriae Neot
# 2 13 14 15 16 7 18
Na My |+| + I Al S P s a Ac
230 243 T i M 230 284 310 321 355 294
Sodiam | Magacsiom vansition vTals Alswiciam | Silicea | Phosphorws |  Sulfr Chlorien Avgon
1 20 21 22 23 24 25 26 27 28 29 30 3t 32 33 34 35 36
3 [ Se T v [ M Fo Co N Cu Za O O As S B ke
314 404 45.0 479 504 520 544 558 584 587 635 654 647 726 744 4.0 744 838
Potassiom | Coldam Scardiam | Taniam | Vanadiow | Chromiam | Margasese Ieon Cobalt Nickal Copper Zine Gallinm Gormanion | Arsesic | Selesinm Bromine. Keyphon
37 38 K 40 “ 42 43 44 45 46 47 48 “ 50 st s2 53 54
R S 9 Z Ne Mo T Ra R PA Ag [ I Sa Se T | Xo
855 876 884 112 924 .0 (4®) 101.4 1024 106.4 1074 24 143 187 1218 127.6 1264 1313
Robldiam | Sheeatium | Ytbviam | Ziccoswm | Nobium | Molgbderam | Tochaokiam | Ruthenion | Riodinm | Palladom Silver Comdminm Indiam, Tia Antimony | Tellariam ledine. Xuasn
S5 s6 72 73 74 75 76 78 # 20 8 82 83 84 85 86
2% Ba SE-H He Ta W Re [N le P Au Hy n Po Bi P At Ra
1324 137.3 | Lasthaneds | 1785 180.9 1838 1862 110.2 1122 1454 197.0 200.6 204.4 2072 2070 (210) (210) (222)
Cosiom Baciam Hafwiam | Tastalam | Tangebea | Ristiam | Oswiam Vidinm Platinum Geld Meccary | Thallian Lead Bismath | Polosiom | Askabine Radea
87 88 104 105 106 107 108 104 #o #t #2 #3 114 #s e #? #e
3 Ra 89103 Re Db Sy B Hs N s Ry Ca Na A e ™ i 0y
(223) (226) | Ackinsids | (26f) (202) (266) (2604) (26%) (268) (2#) (272) (285) (280) (289) (289) (292) (224) (294)
Franciam Rad therford Db s gam | Bohiam H Meibn Dacmstadtion| Recaty Cop Noboium Foroviam " L T 5 Oga

57 58 Bl 60 o 62 63 o4 65 66 67 68 o 70 H
La Ca Pe NA P Sw Ea G To Dy o E T % La
13849 1404 1404 1442 (145) 150.4 1520 157.3 1584 1625 1644 167.3 1684 1734 750

Canthanom | Cuciam  [Praseodgmiom| Neodumiam | Promethion | Swmaciam | Earspiam | Oadolinium | Terbinm | Dysprosinm |  Holoinm Ecbium Thabam | Ghhucbism | Lecobiom

81 40 Y 2 13 “ 3 % 9 100 1ol 102 103

@

Au Pa Am Cm % % fn N Ne L
(227) 2320 2310 2380 (239 (244) (243) (247) (249 (250) (252) (257) (258) (259 (202)
Adiniom | Thoriam | Protackiniam | Urasinm | Nophwinm | Plotonim | Amsricinn | Coviom | Buckelnm | Colforniam | Einstuinion | Formion | Meadedovinm | Nobulinm | L

The value in brackets indicates the mass number of the longest-lived isotope

» Across any period in the d-block, the number of valence electrons remains the same at two.

—_—— "

» The only exceptions are group 6 and 11 (chromium/copper exceptions).

» In the s and p-blocks, the number of valence electrons corresponds to the %gg,p_ﬁg\_

TIP: With the exception of groups 3-12 (transition metals), the last number represents the number =
of valence electrons (e.g. group 15 has 5 valence electrons).

Space for Personal Notes
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Try some questions/

VCE Chemistry %2

~

Question 5

How many valence electrons do elements in each of the following groups have?

a. Group 1 c. Grou@

7
b. Grou QO
N

Question 6

»  Number of electron shells it has.

»  Number of valence electrons it has.

S\
P4

P Subshell of the highest energy it has.

a. Cobalt

S, a0

By only using the location of the following elements on the periodic table, state the:

b. Chlorine

3)‘1) =

v A )

CH12 [1.2] - Trends in the Periodic Table - Workbook
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Question 7

All members of a group have the same number of valence electrons except for one group. Which group is that and
which element is the exception to the trend?

G«Q:Q K D R oo

V. Oy wos 3T D XN omices.

™ 9‘\
Discussion: Why isn't helium classified in group 2 and the s-block of the periodic table? ﬁ'

* VR_tos, SRR QUOCRUKRS 2 OON\ —rRNO\S

"Nl Cen O KON ok SR\

Active Recall: What does the Octet Rule State? How many electrons do atoms want to have in
the valence shell?

Poscs, e, WT s QG gaes Seads

Space for Personal Notes
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VCE Chemistry %2

Exploration: Octet Rule in Atoms

» Consider the below atoms and their stabilities: (Label Below)

SR
» Consider Helium (He) and Hydrogen (H

KSORNQSS\RO

» Atoms with an already full outer shell are considered as being [unstable] / [stable].

» Which group in the periodic table has a full outer shell?

\'S

» This group is known as the Mand Helium falls within this group.

» The maximum number of electrons that can fit in the valence shell is & \& .

Space for Personal Notes
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a

Noble Gases Definition

» Elements in group 18 are known as the noble gases. They do not participate in any type of
intramolecular bonding, as they have full outer shells.

NOTE: Noble gases are gases. P

Kev Takeaways

M There are 7 horizontal rows in the periodic table called periods.
M The period number represents how many shells the element has.

M The periodic table can be separated into blocks:

< block Peviodic +able of Hhe elements

ot |>-b|ock

7
Au
147.0
Oold

57 58 51 60 of 62 63 b4 65 66 67 ) o1 70 #H
La [ Pe N Sm B [ ™ Dy Ho E T % (™
1384 1404 1404 1442 (145) 150.4 1520 157.3 1584 1625 1644 167.3 1684 1734 175.0
Lanthanam | Coviam g Pr Samariem | Eavopiam | Gadoliniom | Terbinm | Dysprosiam |  Holmiam Evbiam Ythurbiom | Lucketion
8 40 [ 2 43 % s 6 7 % ] 100 101 102 103
Ac Pa v N Pu Am Cm B 123 E B [ No L
(227) 2320 2310 2380 (237) (244) (243) (247) (247) (251) (252) (257) (258) (259 (202)
Ackinium | Thoriam | Protackinium | Ocaniam | Nephunium | Plutosiom | Americiam | Cuvim | Bovkeliom | Californiom | Einstuiniam | Formiom | Mendeloviam | Nobelinm | Lawreaciom

The value in brackets indicates the mass number of the longest-lived isotope

M The 18 vertical columns of elements are called groups
M Only groups 1-2 & 13-18 tell the number of valence electrons.

M Elements in group 18 are known as noble gases and are unreactive due to full outer shells.

CH12 [1.2] - Trends in the Periodic Table - Workbook ‘14
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Section B: lonisation Energy & Effective Nuclear Charge

VCE Chemistry %2

First lonisation Ener

an element in a gaseous state.

» Definition: The first ionisation energy is the energy required to _ TR _%oes=S2_one electron from

Definition

Why is it called the first ionisation energy?

~

Exploration: First lonisation Energy

» Lithium (Li):

Protons

Electrons

Overall Charge

3

+3 D

=0

» After losing an electron:

CH12 [1.2] - Trends in the Periodic Table - Workbook
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Protons Electrons Overall Charge

3 XN A5 -3 = +)

» Asit's charged, we call it an __\O&N , more specifically a _C ea&coeN, .

First lonisation Energy Definition

» The first ionisation energy is the energy required to remove the first electron, or the energy required
to ionise the atom.

NOTE: It is called the first ionisation energy as it is the energy required to remove the first electron.’/

Extension: Second lonisation Energy

» While there is a second ionisation energy, it is not covered in VCE Chemistry!

Space for Personal Notes
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Sub-Section: First lonisation Energy Across a Period

Discussion: Does every element have the same first ionisation energy?

§26 N0

Exploration: Period 2 Element Trends

How does the first ionisation energy change across a period? '

» What are the Shell Model electron configurations for each of the elements? (Label Below)

Grouf 1 2 13 14 15 10 17 18

3 70| 4 1.0 5 1086 1207 14.0|8 16.0]|19 1.0 |10 201

Pwid2 | Li | B | B| | N | O | F | Ne

Lithiam Bug"ium Bovon Cuavbon Ni'l'vogu\ Oxggm Fluovine Neon

Shell Model
Configuration

» According to the Octet rule, the most stable element here is __ .y .
» Assuch,_«ecse~ s the most difficult to remove one electron from.

» Neon (Ne) has the \m first ionisation energy as it already has a full outer shell and
thus will __ €@ S3SSS.  giving up another electron.

CH12 [1.2] - Trends in the Periodic Table - Workbook ‘1 7
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Let’s break this idea down further/

VCE Chemistry %2

~

Exploration: Lithium (Li)

o>

» What are two ways it can achieve a full outer shell?

\CR& (™

%ﬁ L
» Which of these two is the easiest?

\Ose. o

» High or low first ionisation energy?

\Qw>

CH12 [1.2] - Trends in the Periodic Table - Workbook
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VCE Chemistry %2

Exploration: Fluorine (F)

» What are two ways it can achieve a full outer shell?

» Are losing electrons more or less likely?

C\DBQ:“\ L

» High or low first ionisation energy?

\\\%(\

Space for Personal Notes
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~ E‘
Discussion: What happens to the first ionisation energy as we go across the period? &

Gowp 1 2 13 14 15 1o 1? 18

o) 3 7.0] 4 1.0] 5 10.8] & 120|7# 14.0]8 16.0] 1 14.0

Pwiod 2| Li |Be | Bl C| N[ O] F | N

Lithium | Berylliam Bovon Cavbon Nitvogen Oxygen Flaovine Neon

\“Q'mi

/

1

Tvend

First lonisation Energy Across a Period Definition

» The first ionisation energy increases across the period, as it becomes easier to gain electrons instead
of losing them to obtain a full outer shell.

Let’s have a look at a question together! .

Question 8 (2 marks) Walkthrough.

a. hether oxygen or carbon is more likely to have a higher first ionisation energy.
O S

b. hether sodium or aluminium is more likely to have a lower first ionisation energy. (2 marks)

SO

S o L teoseasocsk., QU O LNy

AORR. _SNoos, 2o D O TRSISNOSESCS -

CH12 [1.2] - Trends in the Periodic Table - Workbook ‘20
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Try a question for yourself!

VCE Chemistry %2

~

Question 9

electron from its electron cloud.

Identify which element is inside the sealed vessel.

A sealed vessel contains an element, which is known to be either arsenic (As) or bromine (Br). Using selenium
(Se) for reference, it is found that more energy is required (compared to selenium) to completely remove a single

SOe@ec2. U D Towxwl. SOSRSMNOLESC . AN xRuoe S TJN

Question 10 Additional Question.

Predict whether calcium or titanium would have a lower first ionisation energy.

Space for Personal Notes
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(S0ONTOUREDUCATION

0

Q
Sub-Section: Effective Nuclear Charge or Core Charge @

Exploration: Effective Nuclear Charge/Core Charge

=_-=J

» Lithium atom has ?) & 3 electrons.

» Suppose you are the valence electron: (Label Below)

3

OO

» Considering the atom above:

Attraction/Repulsion | Attraction/Repulsion to ‘Net” Effective Nuclear
to Nucleus Other Electrons Attraction/Repulsion Attraction
+ 3 — A\ S —A <\
NOTE: This ‘effective nuclear attraction’ is named the S or P/

Loe _ceaaO !

Definition

Effective Nuclear Charge/Core Charge

» Definition:
& The effective nuclear charge is the attractive force ‘felt’ by the valence electrons.

& First ionisation energy and other trends can be discussed as effective nuclear charge.
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How do we find effective nuclear charge? .

Exploration: Core Electrons &\V/alence Electrons ‘ %ﬁ :

» Valence electrons: Electrons in the AONQENES2. shell. (Label Below)

» Core electrons: Electrons in M_ shells. (Label Below)

)
2O Electvons S Eldvons
NoNesc Lo
Exploration: Calculating Effective Nuclear Charge %

» Beryllium (Be) has S protons & 4 electrons.
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» Fillin:

Attraction to Nucleus Repulsion to Other Electrons Effective Nuclear Charge
+\ — N < N

» Operations:

+ & — N >

» Formulae:
Effective nuclear charge
= no.of protons — no.of core electrons
NOTE: Core charge is the amount of oM\ rovided to valence electrons from the

nucleus by core electrons. The greater the shielding, the lower the core charge.

P/
Is there a quicker way of finding the core charge? .

Exploration: Finding Effective Nuclear Charge Quickly :?{‘
Gvoup 1 2 13 14 15 16 17 13

3 7.0 1.0] S5 10.8| & 12017 14.0]|8 16.0]11 19.01 20.1

Pwiocd2 | Li |Be | B | C | N| O] F | N

Lithiam Bevylliam Bovon Cavbon NH’vogu\ Oxygen Fluovine Neon

Shell Moded XNV AN A3 A AP A AN AR
Conﬁgwwl-ion
L o S Ol 9
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~ 9‘
Discussion: Is there a quicker way to find the effective nuclear charge? &

O # e <

Core Charge Calculation Definition

» Effective nuclear charge can be found by counting the number of AQOWRENE S, electrons, which

is the%m;@_ number!

Let’s bring this idea back to the trend!/ .
Exploration: How does effective nuclear charge change across the period? %
Gvoup 1 2 13 14 15 1o 17 18

3 7.0 1.0]5 10.8| & 12.01 7 14.0] 8 16.0] 1 14.0|10 201

Pwid2 | i |Be | Bl C | N| O] F | N

Lithiam Bug"ium Bovon Cavbon NH’vogv\ Oxggu\ Fluovine Neon

Effctive T'  ITX Y5

nucleav

chavge

» Across the period, the effective nuclear charge of the atoms [increases] / [decreases].
» As effective nuclear charge increases, electrons are [more] / [less] attracted to the nucleus.
» Hence, it is [easier] / [harder] to remove an electron from the atom.

» First ionisation energy [increases] / [decreases] as effective nuclear charge increases.
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NOTE: Use effective nuclear charge to justify whether the first ionisation energy is high or low! p/

Let’s have a look at a question together!

VCE Chemistry %2

~

Question 11 Walkthrough.

Explain whether sodium (Na) or silicon (Si) would have a greater first ionisation energy.

-

N

Sample Response: First lonisation Energy

» Therefore, electrons are harder to remove from the atom.
» More energy is required to remove them from the atom.

» They have a greater first ionisation energy.

» As the effective nuclear charge of x is higher, it feels a greater attraction to the nucleus.

Space for Personal Notes
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Your turn! .

Question 12

State the effective nuclear charge of each of the following atoms:

a. Rubidium (Rb) c¢. Tin (Sn)

=\

«Q

b. lodine (I) d. Rank these elements in terms of decreasing first
ionisation energy.

1 X ,S&\, SN

Question 13 (3 marks)

By referring to effective nuclear charge, explain whether tin (Sn) or antimony (Sb) has a higher first ionisation
energy

S oS, O oxe wesn. K« eascem a0
M&M I USCRI =TV
m%%
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VCE Chemistry %2

Question 14 (2 marks) Additional Question.

Explain why neon has a higher first ionisation energy than sodium.

TIP: Regardless of what the question says, it's easier to refer to effective nuclear charge to justify =

your answer!

What happens to the trend down a group?

~

Space for Personal Notes
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O |
Sub-Section: First lonisation Energy Along a Group @

» Group 1 elements:

Exploration: First lonisation Energy Along a Group

==

. . Complete Electroni
Alkali Metals Atomic Number 0 . c onic

Configuration

Li 3 2,1

Na 11 2,81

K 19 2; 81 8; 1

Rb 37 2,8,18,8,1

Cs 55 2,8,18,18,8,1

Fr 87 2,8,18,32,18,8,1

» Lithium and sodium:

» The difference between each of the group 1 elements?
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» As the number of electron shells increases (as we go down a group), the distance between the
nucleus and the valence electrons [increases] / [decreases].

» The strength of attraction between the nucleus and valence electrons [strengthens] / [weakens].

» Thus, it would be [easier] / [harder] to remove an electron, and so the first ionisation energy as we
go down the group [increases] / [decreases].

First lonisation Energy Down a Group Definition

» First ionisation energy [increases]/[decreases] down the group as the valence electrons are located
further from the nucleus, and thus feel a weaker pull.

Try some questions! .

Question 15

For each of the following sets, rank them in terms of increasing the first ionisation energy.

a. Al In,B c¢. F,0O,Br

=“Ae 3“'\OFTE

Space for Personal Notes
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Question 16 (3 marks)
Determine whether Calcium (Ca) or Sulphur (S) has a greater first ionisation energy and explain why.

- S N T _ :

ey, e Seen

CAASD SRNGeX TOs o SorRSweaeSe o *S
UL QAN CONCS S <D

T Teon Wgsex wos, N v <.

Space for Personal Notes
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0

Sub-Section: Metallic Character

Q
®
a

Definition

Metallic Character

» The metallic character is the tendency of an element to lose electrons and form CSCINEEN

Active Recall: What concept is linked to losing an electron and becoming an ion?

Qs S S T e

o

&
/

Discussion: Which element has the greatest metallic character?

Tocwasa

NOTE: Metallic character is directly linked to the first ionisation energy! p

Try a question! .

Question 17

Which of the following is correct?

A. Potassium has a higher first ionisation energy than calcium.
B. Sodium has a greater metallic character than caesium.

C. Hydrogen has a greater metallic character than beryllium.

D. Rubidium has a greater metallic character than magnesium.
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NOTE: Metallic character increases as first ionisation energy . p/

\ | /
Kev Takeaways @

M The first ionisation energy is the energy required to remove one electron from an element.

Across the period, the first ionisation energy increases.
The effective nuclear charge is the attractive force ‘felt’ by the valence electrons.

Effective nuclear charge/core charge can be found by counting the number of valence electrons.

R K &K &

First ionisation energy decreases down the group as valence electrons are further from the nucleus
and feel a weaker pull.

Kl

Metallic character increases as the first ionisation energy decreases.

Space for Personal Notes
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Section C: Electronegativity and Atomic Radius

Let’s have a look at some other trends in the periodic table! .

Electronegativity Definition

» Definition:

G Electronegativity is the ability of an atom to attract _VRESSSeN\  toward itself.

Atomic Radius Definition

» Definition:

G The atomic radius is the 3\59. of the atom or the distance between the centre of the
nucleus to valence electrons.

NOTE: Electronegativity and atomic radius are very closely related to each other.

Discussion: What else does atomic radius link to?

= N0 IRV

TSR el

Exploration: Going Across the Period | %

» Across the period, the effective nuclear charge [increases)/ [decreases].
» If effective nuclear charge increases, the nucleus pulls in electrons more [strongly] / [weakly].

» This is the exact definition of electronegativity.
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» As effective nuclear charge increases, electronegativity [increases] / [decreases].
» As electrons are pulled closer in, the atomic radius [increases] / [decreases).

» Lithium (Li), Berylium (Be) and Boron (B) are all in the same period:

Lithium (Li) Berylium (Be) Boron (B)
Effective Nuclear Charge: Effective Nuclear Charge: Effective Nuclear Charge:

+\ + N\ <3

Electronegativity: Electronegativity: Electronegativity:

O\ LSS\ N

Atomic Radius: Atomic Radius: Atomic Radius:

%—MM

Definition

Electronegativity and Atomic Radius Across a Period

» Electronegativity increases across the period as effective nuclear charge increases.

» As electronegativity increases, electrons are pulled closer to the nucleus, decreasing the atomic
radius of the atom.
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Let’s take a look at how these trends vary down a group! .

Exploration: Going Down the Group
» Down the group, the effective nuclear charge [increases] / [stays the same] / [decreases].
» The distance of the valence shell from the nucleus [increases] / [stays the same] / [decreases].

» As such, the atomic radius [increases] / [stays the same] / [decreases] as the valence shell further
increases.

» Consequently, the pull on the valence electrons by the nucleus becomes [stronger] / [weaker].
» As such, electronegativity [increases] / [decreases] down the group.

Elwdvon@gaﬁvi‘l'g inreases awoss a peviod.

Vv

1 2 . 13 14 15 10 17
Li Be B C N 0 F
10 160 20 26 30 34 40
£l | Na Mg Al Si P S a
= S 04 13 1.6 14 22 26 3.2
;E s K Ca Ga Ge As Se By
<
>3 08 1.0 1.8 20 22 2.6 3.0
s; Rb S la Sn Sb Te |
53| | o8 10 18 20 24 214 2%
i § e Ba P B PR A
< 08 04 20 23 20 20 22
v Ra
L] oz o4
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Atomic vadii in nanometves of selected elements

Geneval decrease in atomic vadii across peviod

o4 >
o
H *Radins in nanometves
0.030*
® 06 o 0 @ o o
Li Be B N 0 F
0. 12.3 0.089 0.080 O. 0?7 0.070 0.066 0.004

0. 5? 0136 0125 0117 O‘HO 0104 OO‘H

Ca Ga Ge As S Br
0. 203 0474 0.425 0422 0121 0.41# O0.114

In

\% 0216 01‘?1 0.150 0140 0140 0137 0133

Properties Going Down a Group

Effective Nuclear Charge Atomic Radius Electronegativity

Geneval increase in atomic
vadii down gvoup

Stays the same Increases Decreases

Space for Personal Notes
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Let’s have a look at a guestion together! .

Question 18 (4 marks) Walkthrough.

a. Predict which element is expected to be the most electronegative by looking at the periodic table. (1 mark)

B V. € X~

b. Justify your reasoning, with respect to relevant phenomena. (3 marks)
\ = -

(o X SYR - ~N\N

_ Coesss

e,

—

- Qe

'\’Q‘ngg\sg & o, O &-ﬁg§ < A:Qgss

NS

Sample Response: Electronegativity

» As we go across a period, core charge increases, so electrons have a greater attraction to the
nucleus.

» Furthermore, as we go up a group, the atomic radius decreases as we have fewer shells, so the
attraction between the nucleus and electrons increases.

» Therefore, electronegativity increases.

Space for Personal Notes
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Try some questions! .

Question 19 (4 marks)

a. Going across the periodic table, the numbers of protons and electrons increase. Why then does the size of the
atoms decrease? (2 marks)

b. Explain the trend in atomic radius going down a group. (2 marks)

I o WU S S P~ A Q

Question 20

For each of the following pairs of elements, state which element is more electronegative.

a. K Ca b. Be,Ca

R
o
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¢. Cl,Br

Q\

Question 21 (3 marks) Additional Question.
a. Rank the following three atoms in terms of increasing atomic size: (1 mark)

Pb, Bij, Cs

b. Explain why this is the case. (2 marks)

Space for Personal Notes
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Sub-Section: Non-Metallic Character

Non-Metallic Character Definition

» The non-metallic character is the tendency of an element to gain electrons and form CsONICN

Active Recall: What do we call the tendency of an element to attract/gain electrons?

A&Q&W
-

Discussion: Which element has the greatest non-metallic character?

Q\Oat\(\&

NOTE: Non-metallic character is directly linked to electronegativity! P/

Try a question/! .

Qu%ﬂ

Which of the following is correct?

A. Silicon is more electronegative than chlorine.

B. Helium is the most electronegative element.

C. lodine has a greater non-metallic character than aluminium.

D. Oxygen has a weaker non-metallic character than nitrogen.

NOTE: Non-metallic character increases as electronegativity
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Contour Check C!

Learning Objective: [1.2.1] - Explain Why the Periodic Table is Arranged
the Way it is, With Respect to Blocks, Periods, and Groups

Study Design

The periodic table as an organisational tool to identify patterns and trends in, and relationships
between, the structures (including shell and subshell electronic configurations and atomic radii) and
properties (including electronegativity, first ionisation energy, metallic, and non-metallic character
and reactivity) of elements.

Key Takeaways

O There are 7 horizontal rows in the periodic table called M

O The period number represents how many _SeRX\ the element has.

O The periodic table can be thought of as being separated into the following blocks (label below):

S-block Peviodic table of +he elements

57 58 5 60 ol o2 63 64 5 66 o7 23 61 70 #H
La Pe Na P Sm Eu G4 Te By He Er T 9 Lw
1384 1404 1404 144.2 (148) 150.4 1520 157.3 1589 1625 1649 167.3 1089 1734 1750
Lasthanum | Corinm dyminen| Noodamium | Peomethium | Samarium | Europium | Gadoliium | Terbiam | Dysprosiom |  Holmium Eebium Thuim Yttorbiom | Lutetion
31 0 o 2z a3 94 % e bl 8 “a fo0 ot 102 103
Av Pa v Np Pa Am Cm Bk (2 123 Fn L No Lo
(227) 2320 2310 2380 (23%) (244) (243) (247) (247) (25 (252) (25%) (258) (259 (202)
Actiniam Thorium [ Protactisium | Uraniam | Nephusiom | Plutotinm | Americiun Ciom Beckeliom | Cmliforaiom | Einsteinium | Feeminm | Mendeleviom | Nobelium | Lawvencium

{ The value in brackets indicates the mass aumber of the longest-lived isotope

[0 The 18 vertical columns of elements are called _%(_ms_

O The groups (only for groups 1-2 & 13-18) tell the number of SO eR @~ .

O Elements in group 18 are known as the M_

O They have full_ONes See\ |, and are therefore, MR | WRLN\

CH12 [1.2] - Trends in the Periodic Table - Workbook
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Learning Objective: [1.2.2] - Explain What the Terms 'Electronegativity,
‘Atomic Radius’, ‘First lonisation Energy’, ‘Metallic Character’ and ‘Non-Metallic
Character’ Mean, and Explain How They Vary Across a Period and Down a Group

Study Design

The periodic table as an organisational tool to identify patterns and trends in, and relationships
between, the structures (including shell and subshell electronic configurations and atomic radii) and
properties (including electronegativity, first ionisation energy, metallic and non-metallic character
and reactivity) of elements.

Key Takeaways
M&i is the ability of an atom to attract electrons toward itself.
Electronegativity _ OREeQONSE  as we go down a group.
Electronegativity _\ SR SN, as we go across the period.

The O —SMNK is the tendency of an element to gain electrons and form anions.

Non-metallic character WM\ C£ QSR as electronegativity increases.

O O O O O 0O

As electronegativity increases across a period, electrons are pulled closer to the nucleus,

effectivelyg&gsmg%the atomic radius of the atom.
The Qagai® _ SOOWSSs a measurement of the size of the atom.

Atomic radius A~eaReNKR.  as we go down a group.

The Qsss NN is the energy required to remove one electron from an element.

As we go across the period, the first ionisation energy "a\CeoNR.

O O O O 0O

First ionisation energy _ QO S xREMIR . down the group as the valence electrons are
located further from the nucleus, and thus feel a weaker pull.

The ﬁ%is the tendency of an element to lose electrons and form cations.
(3 N\ PRV
O Metallic character _wesRISR_as first ionisation energy decreases.

O
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The value in brackets indicates the mass aumber of the longest-lived isotope

! 4 \J
: / M
10 4.0
Hydrogen Helium
3 4 Abomic. sumber # [~ 7 ' q 10
Li Be Aa Symbel of vlement B < 0 i3 Ne
64 0 Relative atomic mass | 497.0 /n( 1. 140 16.0 4.0 202
Lithiam | Borglim Gold | Name of Boon L oCacbon Nitvogea | Ocygen | Pluorine Neon
" 12 C) / 14 15 o I ®
N "y Al s 3 s au A
230 243 / 270 284 310 324 355 314
Sodium | Magnesium Alumisium | Silican | Phosphorus | Solfur Chlorine Avgon
f 20 2f 22 23 24 s | A / 2 2 30 st 32 33 34 35 36
I3 o s T v C o o r,., / ' za I 6o A Se B &
2314 404 45.0 474 50.9 520 /}/ 584 587 635 654 17 726 7449 740 74 838
Potassiu | Coleium | Scandivm | Trtmsinm | Vasadisn y Masganees Iroa il Nicke! Coppee Zise Gallisn | Germanianm Ansaic | Soheion | Browies | Keaphon
37 38 34 40 4 “2 A 45 46 47 48 49 50 S5t 52 53 54
R & 9 z /u/ % T Ra Ry ) Ay w In Sn b ™ | Xe
855 8706 884 U2 924 0.0 % o114 1024 106.4 1074 24 4.8 17 1218 127.0 1204 1313
Robidiam | Sheotium | SHviam iam M Molgbdsnnpi“Tocknatian | Ruthonion | Ruokivn | Palladian Sitver [ Indinm Tin Antimony | Tellasium lodine. Xeaon
g5 56 72 = 75 76 77 78 # 80 8 82 83 34 85 s0
Q \% Ba H / W Re o L o An By Rl [ B [y A Ra
X /?( I—A/Hu’( 1785 fg0.4 1833 1862 190.2 922 1454 147.0 2006 204.4 2072 2040 (210) (210) (222)
L, e gyl | Tonbolin | Tngeha | Riosiun | Oceiam Vidinm | Platiaum Cold Morcnry | Toallun Load Biomath | Polotium | Achaise | Rados
§F /v( 104 105 106 107 108 101 to [ tz #3 e 5 1o 17 s
3 Ra o3 ”P b Sy B4 e " e Ry Cn Nk i e L 1 0
¢ /(éa)/ Acknoids | (201) (262) (200) (204) (207) (208) (z#) (272) (285) (280) (28%) (28%) (212) (294) (@14)
Francium am thorfordion| Dabrinn | Scaborgiun | Bobrivm | Hossivn | Meibraciam [Darmsbadtivo| Rocsgesion | Coperticiom | Nikoniam | Floroviom | Moscoviam | Livnemoriam Teansecine | Ogancsson
57 58 54 60 ot 62 o3 o4 o5 66 67 o8 ] 70 #H
La (2% P N P Sw Ea G4 U By Ho E Tw b La
1384 1404 140.9 144.2 (145) 150.4 1520 157.3 1584 1625 1644 167.3 1689 1731 175.0
Lanthanam | Covium [P Noodgmiun | Peomethium | Swmavium | Eavopium | Oadoliniam | Tecbiwn | Dysprosim |  Holuium Evbium Thaliom | BHurbium | Leckobiam
B 0 a 2 a3 4 a5 % e 3 a 100 1ot 102 103
A ™ P v Np P An Cm Bk 123 & B N No [
(227) 2320 2310 2380 (23%) (244) (243 (247) (247 (250 (252) (257) (258) (259 (262)
Ackiniom | Thorum | Protackiaium | Uratiam | Nophwriam | Plabosin | Anoridum | Caviam | Borksliun | Coliforniom | Einshuininn | Foomiom | Mendodurinm | Noboliom | Losreaciam

Peviodic t+able of the elements m Qﬂ

Learning Objective: [1.2.3] Find the Effective Nuclear/Core Charge of an
Element, Explain How It Varies Across a Period and Down a Group, and Apply It
to Other Trends Observed in the Periodic Table

Study Design

The periodic table as an organisational tool to identify patterns and trends in, and relationships
between, the structures (including shell and subshell electronic configurations and atomic radii) and
properties (including electronegativity, first ionisation energy, metallic, and non-metallic character
and reactivity) of elements.

Key Takeaways

O The LEQENL R ©Es@uc is a measure of the attractive force ‘felt’ by the valence
electrons. Coae~

O Effective nuclear charge/core charge can be found by simply counting the number of

OOSREKS electrons.
Effective nuclear charge an down a group.
Effective nuclear charge We£SQANSD _ across a period.

The core charge can be thought of as the amount of W provided to the valence
electrons from the nucleus by the core electrons.

D
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