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AS & A Level - Chemistry (2201) - Chapter 1

Q)
XX >

SylLabus Jropic 1: 1.1 Particles in the atom and atomic radius - 1.2 lso1'opes - 1.3 Electrons,

(X

energy levels and atomic orbitals - 1.4 lonisation energy

For the Cambridge International AS & A Level Chemis‘rry 9301 sylLabus, exams in 2025, 2026

and 2027F (AS Level content)

—— Syllabus statements covered in this chapter

— 1 | Syllabus | What you must be able to do
— | ref.

—1 |11 The nuclear atom; relative charges and masses of protons, neutrons and electrons;

Level

—1 | statements pro1'on (atomic) number and nucleon (mass) number; distribution of mass and charge;

17 beams of purﬁcLes in an electric field; numbers of profons, neutrons and electrons in

atoms and ions; trends in atomic and ionic radius across a period and down a group

12 Definition of isotope; the notation zA; why isotopes have the same chemical properties
statements | but different mass and density
14

[ 1.3 Shells, sub-shells, orbitals, principal quantum number, ground state; s, p and d sub-

statements | shells; order of sub-shell energies up to bp; full and shorthand electronic conﬁguraﬁons

— 1 [1-9 of atoms and ions (H to Kr); exquining conﬁgurqﬁons by energy and electron repuLsion;

— electrons-in-boxes; shapes of s and p orbitals; free radicals

— |14 First ionisation enerqy and equa’rions for successive IEs; trends across a period and
| statements | downa group; successive IEs; the factors (nuclear charge, radius, shieLding, spin-pair
1-8 repuLsion); deducing conﬁgurqﬁon and Periodic Table posi’rion from IE data
1 Cancernt natoce R Linvlieod ovarmnleoc
T CUTICU T NIVTLI, U WUIT WU Vl\ulllrJhVJ

2. Practical skills (Paper 3): common mistakes from examiner repor+s

3. 20 MCQs (Paper 1 style), explained
4. 3 structured questions (Paper 2 s+yLe) with full mark schemes

5. Quick-reference sheet, ‘I can” checklist

How to read these notes

= ASlovel cantent (Panore 4 9 and 2)
TTOLOCVYOLLUTITOTTT T UIJDI J I, & UliuJ7/

o = Alevel only (Papers 4and5)

red = key term green = definition

o = one mark in the mark scheme

___| % Exam tip: Only the elements hydrogen to krypton are assessed in 1.3 and 1.4, and every atom or ion is in its

____| ground state.

Indppondpn+ Notes Bazar notes for the rnmhridga International AS & A Level ('hpmich'\’l (9301) c\]l[lnhnc; not endorsed h\’l or affiligted with rnmhridgp llni\mrci‘h’/

Press & Assessment. All questions are original exam-style questions (not past-paper ques‘rions); all figures are drawn by us.
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).l Particles in the atom and atowmic radius

e An atom is mostly empty space. At its centre is a very small, very dense nucleus containing protons and

neutrons (fogether called nucleons). Electrons occupy shells in the space around the nucleus. The

—10

nucleus is about 10~"> m across; the atom is about 10-"° m across, roughLy 100 000 times larger.

Particle | Relative charge | Relative mass | Where it is

____ proton +1 1 nucleus
' neutron |0 1 nucleus
— | electron | -1 ﬁ (about 0.0005) | shells around the nucleus

Dk : : : : TR
o—Protonnumber (GlOIIHC I\WHWMMWMWWWWW g sThe

spread Jrhrough the much larger volume around it. A neutral atom has equal numbers of pro+ons and

electrons.

e |ons: a positive ion has fewer electrons than protons; a neqative ion has more. Number of electrons = Z

- (charge), e.q. for a 2+ ion subtract 2, for a 3- ion add 3.

Beams of particles in an electric field

electrons (not to scale)
-

source ﬁ_/ﬁz ____________ " fufm_"f

same speed

— e —

vvvvvvv

— 1 |

electrons bend towards the + plate; protons bend (much less) towards the — plate

Beams entering at the came velocity: the deflection depends on charge + mass.

o Protons (positive) are deflected towards the negative plate; electrons (negative) towards the positive

plate; neutrons (no charge) pass straight through.

charge

e At the same velocity the angle of deflection is proportional fo . An electron has the same size

ITIaSS

of charge asa pro+on but about e 8135 of its mass. so it is deflected far more. in the opposi’re direction.
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( Worked example I: protons, neutrons and electrons in atoms and ions )
— | Species  Z | A | protons neutrons | electrons
—1  SSFe*T |26 56 26 56-26=3026-3=23
—1 | %8> (% 32 % 16 16+2 =18
—| | BAPT (1321 13 14 10
| The charge changes only the number of electrons; the nucleus (protons and neutrons) is unchanged.
( )

\,

Worked example 2: comparing deflections

Beams of 1H+, 2HJF, 3He™ and *He?™ ions enter the same electric field at the same veLoci’ry. Put

them in order of decreasing deflection.
charge + mass: "H™ 1 = 1, 2H" 1 = 0.50; “He*" 2 = 0.50; *He" § = 0.33.
Order: "H* > *H* = “He** > *He*. All are deflected towards the neqative plate.

Atomic radius and ionic radius

Acrass a period (left fo right) atomic radius decreases: the nuclear charge increases, the auter electronsarein

the same shell and shielding by the inner shells stays about the same, so the outer electrons are pulled closer.

Down a group atomic radius increases: each element has one more shell, so the outer electrons are further from

the nucleus and more shielded; this outweighs the larger nuclear charge.

Positive ions are smaller than their atoms: the outer shell is lost and the remaining electrons are pulled in by the

same nuclear charge. Negaﬂve lons are Larger: extra electrons in The same shell repeL each other.

0251 blue: atom red/purple: ion
—

0-20 - o
E o015
~
5
B 010 Na

24
13 AL -
e Si#
No—Mg—At Si P S et——

Period 3 radii (Data Booklet values).

Across Period 3 fons: Na™ > Mg™ > Al > 5i™" - dll have 10 electrons (2,8) but the nuclear charge rises from 11+ o

3_ 2 —

Down a group ionic radius increases (e.g. Mg** 0.065 nm, Ca** 0.099 nm: CL~ 0.181 nm, Br— 0.195 nm) for the same

reason as atoms: one more shell each time.

74'%’?0‘&0?6. S

Iso‘l’opes are atoms of the same element with the same number of pro’rons but different numbers of

neutrons.
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e Notation  A: 2 = nucleon (mass) number, 4 = proton (atomic) number. E.q. 32C1 (13 p, 18 n) and
37CL (13 p, 20 n).

e Same chemical properties: isotopes have the same number of electrons and the same electronic

configuration; chemical reactions involve the electrons (especially the outer ones), so the isotopes react

in the same way.

o Different physical properties (mass and density): different numbers of neutrons give atoms of different

mass. The atoms are almost the same size, so the substance made from the heavier isofope has a higher

density.

[ Worked example 3: density of heavy water
| Heavy water, D20, contains deuterium, ‘H. Ordinary water has density 1.00 g cm~. Estimate the density
of D20, assuming one mole of each liquid occupies the same volume. (A,: H =1.0,D = 2.0, 0 = 16.0)

_| M,(H20) = 18.0, M,.(D20) = 20.0. Same volume per mole, so density o< mass per mole: 1.00 X
20.0

=1Mgq cm™. The chemis’rry is the same: D20 still reacts with sodium to give hydrogen (as D2).

18.0

)

o Shells (energy levels) are numbered by the principal quantum number, n = 1, 2, 3, 4 ... The larger n, the

higher the energy and the further the electrons are (on averqge) from the nucleus.

e Each shell is divided info sub-shells (s, p. d). Each sub-shell is made of orbitals. An orbital is a region of

space around the nucleus That can hold up to Two electrons, with OPPOSITe Spins.

¢ The ground sfafe is the lowest-energy arrangement of the etectrons (the etectronic configuration you

write thanexam):

| Sub-shell Orbitals Max electrons
s 1 2

B p 3 6

B 5 10

___ Shell Sub-shells Max electrons
__n=1 1s 2

_ n=2 2s,2p 8

' n=3 3s, 3p, 3d 18

—n=4 bs, bp, 4d, 4f 32

Orderof fmcreasing energy:1s< 25< Zp T35< 3p 5T 3% i|p.
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qp
[ 4s is filled

before 3d
| I+
s LIS
2p
ﬁ 2s
| N |
|:] 1s
Sub-chell energies: 4¢ lies just below 3d.
. ; )
o |owestenerqy-first:ele ohs-go-

4s' and [Ar] bs*)
e Singly before pairing: within a sub-shell, electrons occupy orbitals singly with parallel spins before any orbital

takes a second electron, because two electrons in the same orbital repeL each other (inter-electron, spin-pair
repulsion). Nitrogen is 2p: 1 1 1, not 1] 1.
e Two exceptions to learn: chromium is [Ar] 3d° s’ and copper is [Ar] 3d" s’ (a half-filled or full 3d sub-shell with

one s electron has tower energy).

Fe = [Ar] 3d® 4s* Fe** = [Ar] 3d® Fe’* = [Ar] 3d°>

| Two ways fo write a configuration (both accepted): full, e.g. Fe 1s* 2s* 2p® 3s* 3p® 3d® us’; shorthand, using the
— previous noble qas, e.g. Fe [Ar] 3d® 4s”. Write 3d before ts (shell order), even though us fils first.

Electrons-in-boxes notation

Each box is one orbital; arrows show electrons and their spins. Boxes of one sub-shell are drawn joined.

NAs2s2p NENHMMT
015" 25" 2p" F]_F]_N ZF )
— NN
. DR
CulAr] NN FdJ NN LF
e tAv] M 3F N F_?S

N has three unpaired 2p electrons; O has one pair in a 2p orbital. Fe has 4 unpaired electronc, Fe has 5.
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( Worked example 4: configurations of atoms and ions )
— | Species Electrons | Full configuration Shorthand
—1 | V(Z=23) 23 15" 25" 2p°® 3s* 3p® 34" s’ [Ar] 3d" 4s*
| Fet(Z=26) ] 24 15" 25" 2p°® 3s* 3p® 3d° [Ar] 3d°
| |u(Z=29) 29 15" 25" 2p°® 3s* 3p® 3d™ us’ [Ar] 3d 4s'
— | Br(Z=35 36 1s* 25* 2p® 35" 3p® 3d™ Us* tp® | [Ar] 3d" us® up®
| Fe™: remove the two Us electrons, not two 3d electrons. Br- has the same configuration as krypton.

cack—porbitals dimbbell (twe lobes) the three at 90° to caclh A‘i‘l/!:fz_:v
s T

Shapesof s—and p-orbitals
scly

A s \ ()

[ a

)OS —gr -
T N
s orbital: sphere Px 122 b

not radicals: all their electrons are pﬂired

Worked example S: counting unpaired electrons

How many unpaired electrons are in (@)a phosphorus atom, (b) Cr, (c) Cu**? Which are free radicals?
(a) P: [Ne] 3s* 3p’; three 3p electrons qo singly into three orbitals: 3. (b) Cr: [Ar] 3d® us™: 6. (c) Cu™:
[Ar] 3d® (lose Us' then one 3d): four pairs and 1 unpaired. Al three have unpaired electrons, so all fit the

definition of a free radical (in prac’rice the term is used mosﬂy for reactive atoms and molecular

fragments such as Cl- and -CHs).

\, J

1.4 lonisation energy

Definition . The first ionisation energy of an element is the energy needed to remove one electron

from each atom in one mole of gaseous atoms of the element, to form one mole of gaseous 7+ ions.

— 1 1stIE: Na(g) — Na™ (g) + e~ 2ndIE: Na™ (g) — Na?" (g) + e~ 3rdIE:
— 1 Na'f(g) —Na’t (g) +e

— Each successive ionisation energy removes one more electron from the gaseous ion. Aquys one electron per

—! equation, always (9) on every species. IE values are always positive (energy is taken in).
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Four factors that decide the size of an ionisation energy

ed. The attraction is

larger, and the IE higher, when:

1. the nuclear charge (number of protons) is larger;

2. the electron is closer to the nucleus (smaller atomic/ionic radius, lower shell);

3. there is less shielding by electrons in inner shells and inner sub-shells (+hey repel the outer electron):

4. the electron is not in a paired orbital: spin-pair repulsion makes a paired electron easier fo remove.

A
2500 He

h "

2000 /

/

. I &7

1000

first IE |/ kJ mol~

\
1500 \ N
ud \\ A3 \ cl
\ Y \ Ra” \ c

500 ¢ “t/ v 9

6o 1 2 3 4 5 6 ¥ 8 9 10 M 122 1B % 15 16 1% B 19 20 Z’T

atomic humber

First ionisation energies, hydrogen to caleivm: peaks at noble gasec (ved), troughs at Group 1 (blue).

Trend across a period (e.g. Na to Ar)

o General increase: nuclear charge increases; the electron is removed from the same shell; shielding by inner shells

is similar; the atomic radius decreases. So the outer electron is held more s+rongLy.

e Fall from Group 2 to Group 13 (Be — B, Mg — AL): the electron removed from Al is in the 3p sub-shell, which is

higher in energy than 3s, slightly further from the nucleus and partly shielded by the 3s electrons.

* Fall from Group 75 Yo Group 16 (N — O, P — S): sulfur s electron s removed from a 3p orbital that already

e L e e ey e

Trend down a group (e.g. Group I or Group 2)

e Decrease: the outer electron is in a shell further from the nucleus, with more inner shells shieLding it. These

efrects outwelgh the increase in nuclear chqrge.

Worked example 6: a full-mark explanation
Explain why the first ionisation energy of aluminium (518 kJ mol ") is lower than that of magnesium
(¥38 kd mol ™).

Mg: [Ne] 3s%; Al: [Ne] 3s* 3p". The electron removed from Al is in the 3p sub-shell, which is higher in
energy (further from the nucleus) than 3s, and it is shielded by the 3s electrons. This outweighs the

grea’rer nuclear charge of AL, so less energy is needed.

e Successive [Es al.ways increase: each electron is removed Trom an mcreasmgty posmve ion, with less electron-

| 4 | et d 1l WH
CLletiTon IUI.JULDIUII Ui uSliTiauer Tuurus.

ded)

....
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e Count the electrons removed before the first big jump: that is the number of outer electrons, so it gives the group.

The number of jumps fells you how many shells are occupied.

o Smaller jumps inside a shell show sub-shells (e.g. Na th — 10th is n = 2 — n = 4; within n = 2, 2p before 2s).

554

- 15 (n = 1)/.—0

25'2p° (n = 2)

35 /

logio (IE / kj) mol™)

3.0 /
3¢’

20 >
Q 1 2 3 4 5 b 3 b 9 10 1 12

number of electron removed

Sodivm: 1+ & + 2 electrons, co Grovp 1 and three chellc.

[ Worked example 7: group from successive IE data

The first six IEs of element X (in kJ mol™") are 18%, 1511, 3232, 4356, 16 091, 19 805. Deduce the group
of X and its outer configuration, given that X is in Period 3.

Ratios of each IE o the one before: 2.00, 2.05, 1.35, 3.69, 1.23. The big jump is between the 4th and Sth
IE, so X has 4 outer electrons: Group 14. In Period 3 this is silicon, [Ne] 3s* 3p®. (The 1st—2nd and

2nd—3rd rises are Lorger than 3rd—u4th: the first fwo electrons come from 3p. the next two from 3s.)
J

7 N\

Worked example 3: energy to form a 3+ ion
The first three IEs of aluminium are 518, 181% and 2145 kJ mol™". Write the equation for the third IE and
calculate the energy needed for Al(g) — A" (g) + 3e™.

3rd IE: A1 (g) — AI*" (g) + e ™. Total energy = 578 + 181% + 2345 = 5140 kJ mol* (sum of the
first three |Es; the third IE alone is not the energy fo form Al** from AL).

\ S

Practical skills for Paper 3

(Handling and plotting data

e Topic 1has no laboratory experiment of its own, but Paper 3 marks the same data skills you use here: drawing
a results table with each column headed by quantity and unit (e.g. first IE / kJ mol™"), plotting points
accurately, and choosing sensible scales.

e Choose scales that use more than half of the grid in each direction, and avoid awkward scales (e.g. one square
= 0.45 units): the June 2023 examiners noted that awkward scales almost always cause plotting errors.

e When values cover a huge range (successive IEs run from hundreds to hundreds of thousands of kJ mol ™), plot

log1o IE so that every jump can be seen.

—  Give calculated values to the number of significant figures justified by the data (usually 3), and do not round

— early ina muH‘i-shap calculation.
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e Use the Periodic Table and data section prin’red in the paper: +hey give pro*on numbers and relative atomic
| masses. I

Comwmon wmistakes that lose marks

* Nucleon number is not neutron number: the nucleon (mass) number counts protons + neutrons. Examiners also

report confusion of “nucleon” with “nuclear”, and “isotope” with “isomer”.

e Missing state symbols in ionisation energy equations: every species is (g), including the ion, e.q.

Te(g) — Te' (g) +e .

® Wrong orbital labels: write The Tull label (75, not just 5 ), and stay within The elements H To Kr (Hp Is The highesT

[ [ A
SUU=STICW TTetutu/.

works against your own answer; say that the larger distance and extra shielding outweigh the extra nuclear charge.

e Graphs of successive IEs with a dip: successive |Es always increase; a big jump is a steep rise, never a fall.

* Forgetting spin-pair repulsion when explaining the fall from Group 15 fo Group %6.

o Definition of first IE without “gaseous” or “one mole”: both are needed for the mark.

Exam-style multiple-choice guestions (Paper | style)

20 euestions—4-m H 41 follasthe auactione
ZoQUESTHORS T g RATR =D 0 TEHORSTORSW e queSTohS:

2.A species has 16 proTons, 18 neutrons and 18 electrons. What is it¢

- e
A JgAT B 10

34 2 |
C 69 b 17Ul

3. Beams of four ions enter the same electric field at the same velocity. Which ion is deflected least?

A H B “He"

C “H' D “He™"
4. Which list shows the atoms in order of increasing atomic radius?

A Na<Mg<S<Cl B Mg<Na<Cl<S

C S<Cl<Na<Mgqg D Cl<S<Mg<Na
5. Which ion has the largest radius?

A Q- B N-

C F D Hg’+
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6. Which is the same for an atom of >C1 and an atom of 37 C1?

A the number of electrons in the outer shell

B the mass of the atom

C the number of neutrons

D the nucleon number

——'1‘—Whe¢—us-the-el,ec#9n+e-cmﬁgupqhon-of—the Fe’“ion?

A-[Ar]3d Ls* 8 Ar] 3d%4s’
C_[Ar] 344 1<’ D _[Ar] 345
C1Ar{ 3d-4s P1Arl 34

8. How many unpmred electrons are there in a phosphorus arom in its ground state?

A B2

o ~

C3 D5

9. Which sub-shell is filled immediqfety after the 4s sub-shell?

A 3d B Up
C ud D 3p
10. What is the maximum number of electrons that the shell with principal quantum number 7 = 3 can
hold?
A 8 B 18
C 32 D 10

1. Which species is a free radical?

A Cl- B Na*

C NO2 D H20

A (o (o) Cs () 1 9o

[A) Ua\s} A \5} y<“RA ]

B (a () ( ﬁ2+/(‘\ | DA
D—oa (5] \wyo o) 1T ¢€

C_( n)+(¢)n\ N -)2+(-)n\_l_o_
N Cat (o) NI | n2+(n‘\_l_n
P57 A =2t &

13- Which etement has the highest first fonisation energy?

A hetium B neon

C fuorine D hydrogen

14. Why is the first ionisation energy of aluminium lower than that of magnesium?

A Aluminium has a smaller nuclear chqrge.

B The electron removed from aluminium is in a 3p sub-shell, of higher energy than 3s and shielded by

the 3s electrons.

C The electron removed from aluminium is paired.

D Aluminium has more shells of electrons.
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15. Why is the first ionisation energy of oxygen lower than that of nitrogen?

A_Oxygen has a Larger atomic radius.

B Oxygen has more shielding by inner shells.

C The electron removed from oxygen is in a 2s orbital.

D The electron removed from oxygen is in a 2p orbital that contains fwo electrons, which repel each

other.

16. The first five ionisation energies of anelement in kd mol=" _are 3381451, 3333 10543 and 13.630.In

which group of the Periodic Table is the element?

A Group 1 B Group 13
C Group 2 D Group 15

heavier elements.

DT! | l l o . |.||. ” h

18. Which atom has the same number of unpalred etectrons as an Fe "ion?

A Fe BCr

C Cu D—Fn

19. Element Y is in Period 3. Its first six ionisation energies, in kJ mol ™", are 1012, 190%, 2914, 4964, 62F4 and

2126%. What is Y?

A sulfur B phosphorus

C silicon D chlorine

20. Which statement about atomic orbitals is correct?

A An s orbital is dumbbell-shaped.

B Ap sub-shell contains six orbitals.

C Each orbital can hold up to two electrons, with opposi’re spins.

D A2p orbital is sphericaL

Answers and explanations

/IA-2C-3B- 4D -S5B-6A-7D-8C-9A-10B-11C-12D-13A-149B-1SD-16C-174A-

18D -198B-20C

1. A. The nucleus is about 10> of the diameter of the atom; electrons are outside it; it is posi’riveLy chqrged.

2.C.16 pro+ons = sulfur; A =16 + 18 = 34; 18 electrons = 2- charge.

3.B. chqrge = mass: 1, 0.33, 0.50, 0.50; the smallest ratio gives the smallest deflection.

D). Radius decreases across Period 3TNa (0-186) > Hg (0-160) > S(0-10t) > CL{0:094 Am):

6-A-lsotopes have the same electronic configuration; they differ in neutrons, massand nucleonnumber

1. D. Fe is [Ar] 3d® Us®: remove both bs electrons and one 3d electron.

8. C. 3p’: one electron in each of the three 3p orbitals.

1
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9. A. The order is bs < 3d < lp.
10. B. 35 (2) + 3p (6) + 3d (10) = 18, i.e. 2n?.

1. C.NO2 has T + 16 = 23 electrons, an odd number, so one is unpqired.

12. D. One electron removed from each gaseous 7+ ion.

13. A. Helium (2372 kJ mol™"): 1s electrons, very close to the nucleus, no shiel.ding.

TH.B. /'\l.IS nuclear chqrge IS LCIY'gCT ('|5+), SOAIS wrong; ITS 5P electron Is unpalred.

t5-BSpimr=oaiTrepatsion—E-fs-smulter—tham N-and-re-shiekdim is-H '

N S o 4 but dist | hielding ul

18. D. Fe** [Ar] 3d® has 5; Mn [Ar] 3d® ts® has 5; Fe has b, Cr 6, Cu 1.

19. B. The big jump is between the Sth and 6th IE (6214 — 21261): five outer electrons, Group 15.

20. C. s orbitals are spherical and p orbitals dumbbell-shaped; a p sub-shell has three orbitals.

— Exam-style structured guestions (Paper 2 style)

Answer all PQYTS. Show your workmg. Total: 25 marks.

Question T [8 marks]

Magnesium has three naturally occurring isotopes, 24Mg, 25Mg and 261\/Ig.

(a) Define the term isotope. 1]

(b) Complete a table to show the numbers of protons, neutrons and electrons in a 25Mg atomandina

26Mg2+ ion. (2]

(c) Explain why *"Mg and **Mg have the same chemical properfies. [21

(d) A sample of pure Mg metal is prepared. Suggest how its density compares with that of a sample

of pure “*Mg, and explain your answer. ti

(e) Beams of “*Mg*" and “*Mg*" ions travelling at the same velocity pass between two charged

pl.q’res. State which beam is deflected more, and exquin why.

Mark scheme

e (a) atoms of the same element / same number of protons, with different numbers of neutrons

o (b)**Mg:12p,13n,12¢ @ *°Mg*:12p,1in,10e @

e (c) same number of electrons / same electronic conﬁguraﬁon o; chemical reactions depend onh

(outer) electrons 0

o (d) **Mgq denser, because its atoms are heavier (two more neutrons) but about the same size @

o (e) **Mg** deflected more (; same charge but smaller mass, so larger charge/mass ratio (2/24 >

2/26) @

Question 2 [3 marks]

Titanium_Ti_has prn+nn number 22

(b) Draw the electrons-in-boxes diagram for the 3d and s sub-shells of a titanium atom, and state the

number of unpaired electrons. (23

(c) Explain why the two 3d electrons in titanium occupy different orbitals. [

12
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(d) Sketch the shape of a 4s orbital and of one 3p orbital, each centred on the nucleus. (2]

(e) State what is meant by the ground state of an atom. mn

Mark scheme

o (a) Ti1s* 25" 2p°® 35" 3p°® 3d" s’ @; Ti** [Ar] 34" @ it [ M} N

e (b) 3d: fwo single electrons in separate boxes with parallel 3d 4s

spins, bs: one pair (); 2 unpaired electrons @ (b) Tr: 342 4c?

e (c) electrons in the same orbital repel (spin-pair repulsion),

S0 singLy occupied orbitals give Lower energy o

e (d) sphere for 4s (§; dumbbell (fwo lobes either side of the
nucleus) for 3p 0

o (e)the lowest-energy arrangement of the electrons o

Question 35 warks]

This ques’rion is about the ionisation energies of the elements in Period 3.

(a) Define the term first ionisation energy. t21
(b) On a copy of the axes below, skefch the pattern of first ionisation energies for the elements sodium
fo argon. £33
A
w
£

No Mg AL 5 P S (L Ar >

(c) Explain why the first ionisation enerqy of sulfur is lower than that of phosphorus. £
(d) The first eight ionisation energies of element Z, in kJ mol™", are 1000, 2252, 3351, 4556, 1004, 8496,
21 10%, 31 119. Deduce the group of Z and explain your answer. [

Mark scheme

18004

e (a) energy to remove one electron from each atom in one

1500
mole of o; gaseous atoms, forming one mole of gaseous

1200

1+ ions o

900

first IE / kJ mol™*

e (b) general increase from Na to Ar, with Ar highest and 600

Na lowest o; Al lower than Mg o; S lower than P o 300

e (c) inS the electron is removed from a 3p orbital Na Mg AL S P S CL Ar

containing a pair of electrons / P has three unpaired 3p Mark-ccheme skotch (b).

electrons o; spin-pair repulsion makes the electron

easier to remove o

e (d) Group 16 @; big jump between the 6th and Tth IE, so 6

electrons in the outer shell o

13
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Quick-reference sheet

| Item Key facts

[ ] particles p: +1, 1 n: 0, ; e: =1, 1/1836. Neutrons = A — Z; electrons = Z - ion charge

| electricfield | deflection o charge/mass; e~ to + plate (large), p to - plate (small), n undeflected

B radius decreases across a period, increases down a group; cations smaller, anions larger than atoms

e isotopes same protons, different neutrons; same chemistry (same electrons); different mass and density

| orbitals s1(2e),p3(6e), d5(10e); s spherical, p dumbbell; order 1s 2s 2p 3s 3p s 3d tp

| configurations | singly before pairing; Cr [Ar] 3d° s, Cu [Ar] 3d"® 4s’; ions lose s first

| firstIE X (g) — X" (g) + e~ factors: nuclear charge, distance, shielding, spin-pair repulsion

| IEtrends increase across a period (dips at Group 13 and Group 16); decrease down a group; big jump = new
inner shell

n n A
—————can—checklist

[ describe the nuclear atom and the charges, masses and positions of the three parficles

[ predict how beams of protons, neutrons and electrons behave in an electric field

LI work out protons, neutrons and electrons in any atom or ion

Trexptain-trends matomicand fonic Tadius

[T write full _shorthand and electrons-in-boxes mnﬁgumﬁnnq for H to Kr and their ions

[ sketch s and p orbitals and recognise a free radical

[ define first IE, write IE equations and explain the trends and the successive IE pattern

[ deduce conﬁgurqﬁon and group from successive ionisation energies

14



