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The Periodic Table of Elements

Group
1] 2 E 14 | 15 | 16 | 17 18
1 2
H o> (_A ]So IN S L]oq_,l(> < He
hydrogen helium
S L\og\( Key 1.0 g — E\oc K 4.0
3 4 atomic number 5 e 7 8 9 10
Li Be atomic symbol B C N O F Ne
lithium beryllium name boron carbon nitrogen oxygen fluorine neon
6.9 9.0 relative atomic mass 10.8 12.0 14.0 16.0 19.0 20.2
1" 12 < A & 13 14 15 16 17 18
] .
Na | Mg Q L o G«Ko; He norbed Plevoss Peiio Al | si P s ct | Ar
sodium magnesium aluminium silicon phosphorus sulfur chlorine argon
23.0 243 3 4 5 6 7 8 9 10 1 12 27.0 28.1 31.0 321 355 39.9
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \Y Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
potassium calcium scandium titanium vanadium chromium manganese iron cobalt nickel copper zinc gallium germanium arsenic selenium bromine krypton
39.1 40.1 45.0 47.9 50.9 52.0 54.9 55.8 58.9 58.7 63.5 65.4 69.7 72.6 74.9 79.0 79.9 83.8
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
rubidium strontium yttrium zirconium niobium molybdenum technetium ruthenium rhodium palladium silver cadmium indium tin antimony tellurium iodine xenon
85.5 87.6 88.9 91.2 92.9 95.9 - 101.1 102.9 106.4 107.9 1124 114.8 118.7 121.8 127.6 126.9 131.3
55 56 57-71 72 73 74 75 76 7 78 79 80 81 82 83 84 85 86
Cs Ba fanganolds Hf Ta w Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
caesium barium hafnium tantalum tungsten rhenium osmium iridium platinum gold mercury thallium lead bismuth polonium astatine radon
1329 137.3 178.5 180.9 183.8 186.2 190.2 192.2 195.1 197.0 200.6 204.4 207.2 209.0 - - -
87 88 89-103 104 105 106 107 108 109 110 1M1 112 113 114 115 116 17 118
Fr Ra actinclds Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
francium radium rutherfordium dubnium seaborgium bohrium hassium meitnerium darmstadtium roentgenium copernicium nihonium flerovium ium li i il
57 58 59 60 61 62 63 64 65 66 67 68 69 70 7
lanthanoids La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
lanthanum cerium praseodymium neodymium promethium samarium europium gadolinium terbium dysprosium holmium erbium thulium ytterbium lutetium
138.9 140.1 140.9 144.4 - 150.4 152.0 157.3 158.9 162.5 164.9 167.3 168.9 173.1 175.0
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
actinoids Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
actinium thorium protactinium uranium neptunium plutonium americium curium berkelium californium einsteinium fermium mendelevium nobelium lawrencium
— 232.0 231.0 238.0 — — — — — — — — — — =

PobeK (o mpothnl
(s He nomben ﬁj 2 period bedore

SIUBWaF JO 3R] JIPOLdd YL 6

UOIIRWIOJUI |RUOINPPY $20Z PUB €202 ‘2202 10} SnqepAs 1026 A3siwayD 1947 V78 SY Jeuoijeulaju| adpliquied



\ Yol e S o "o J’omic_ {\\)m‘oe,l %O.
E]&j’{oﬂi(, Cm\ P\ ao(o\% ca @0 N\e/&' f

Fleent
) H
) e,
IR
») Re.,
s B
o) C,
NN,
5) O,
1) F,
S N,

Fle chonic (m%wjﬁm

(<

2
o

& s

" 2
N lf"
23 0
s 28 2
[ 28 2p
25 2%

’g2 2&‘>L QFC

Actonq eament

B

.

’I

11

2e

10

1]

1

B

10

11

B

11

10

B

11

s

10

2s

10

2s

11

2s

1
2s
1
2s
1
2
10
2s

11

10

10

10

1




B&J’{oﬂic Cmo\ ao{}i@f\ cg OOCN\Q/&:S UV\'O ,,.J’bw\k. V\\Jmkc,( So.

Flemeat
)N,
2 My,
) AL
D S
s) P
/@) Sy
R
5 A,
W K
3 G,

Fle chionic (m%w,&m
25 0p¢ A
o 2" JF‘ 3
& 25 26° 37 3p
2 25 2,0 35 3]
& 28 2pC 336
Pk )fc 3> 3\011
2 0% 2 3¢
& 27 Dpt 3" 3
" 25 2p% 3¢ 3pC h!

lg?- 23)- )Fg SSL 3696’ L‘:_

Avons ement
| (J 2s 20
1) b 1L 110 |1
| 2s 20
1] (AL 1 11L (1
| s 20
1] AL 1L 110 |1
s s 2p
1] L 1L 110 |1y
s 2s 2p
1] (1L 1L 11V [
| 2s 20
1] (1L 1L 110 |
s s 20
1) L 1L 110 |1
| 2s 2(’
1] UL 1L 11V |1
s 2s 20
1] L 10110 |1
s s 20
1] (1L 1L 11v |

1

1

1

11

1

1

1

1




Elecj' YoniC Cbi\ C'\ ao(«%eﬂ % 6/0614\2»/\9:5 u?\’o o&omic, {\om\ae,\/ So.

E’ed\u} E(c chof\k @%u«$m
) Se 12 26" 2% 3 2S¢ 3
) Ti,, I8 20 25 3¢ 3¢ e 30
Q_$> \/2-3 |§L 2; 2_(}6 5; 3f(; L‘sl g‘Qg
2‘1> C = Ig 2; 2‘)6 5; 3f<= Lls‘ 3&5
\_ a w\()o‘/“'wv\}
25> M“lS’ Ig 25 2-‘) 5& 3‘9 L‘S g&
2é> Ezé I;Z; Z‘)C 3; 3fc’ Lls g&
27) CoN & 28 ch 5 3fc’ he (%37
2&) N; Y |6L 2; Z‘)(' 5; 3fé L‘:— 3&8
2«) C"zq o~ &2 Zf"‘ 5 Sfc’ he g&"’
SVerq 4 w’
g o
59 Zf\&, |§L2; 2_‘)6 5 3f L(s g&

Ao
| (] 3s 5€ Hs
11 1|, 11 1\/ "l Ay ALV ] v
s 2s 2(’ 3s 2){3 L’1$
100 1ALl (AL v | ] ALV
< s 2{’ 3s 3¢ Lo
1] 1Ll (AL lavin | v ALV IAE] Ay
s s 2? 3s 3¢ L
1wl vl 1AL iav v | [y ALV L] A
B s 2{’ 3s 3¢ L
1] 1Ll (Al lavin | [y ALV Ay
s 2s 2p 3s 3¢ Le
1] 1Ll (AL lavin | [y ALV (A
B s QF 3s 3¢ L
1] 1Ll 1AL 1av v | [y AL TV AL b
s s 2€ Y SP L‘lg
1] 1Ll (AL avinv | [y ALV ALK AL
| P13 2{3 3 3(3 L1$
1wl v L lavin | [au) AL L]
s s 2"9 3s 3¢ L
1] 1L (AL avin | (u] ALV (Y

1V1

/‘

LT A

1L

1)

11

1

1

1V

(1%




Shthad Calyicn
Teteed o g e e conkioqebion, gou o qobe e W Le
N Mag o [AT he 3
b ey [N 5 3¢°

y t,

[Ny 3¢

O A o [AT 4o

K A{\Om,&oos Ca\&}p( o&"\erf\S % C{ (Ck(owliow) a;@ CJ g:owe,(>/

o> cﬁf‘-& %\L Jcﬁ\e«} wf\g) d’aﬂgf Cw’\ JfLWe,,

\ 3s 3{’ L’ig
2»() C'za = |- 2 ch 3 Sfc’ e g&s 1.1 1L 1L 11v v | (U] 1AL TV L] A
‘ s s Qf LYY _9;(: L‘lg
m) Co ™ 20 200 303 h0 200 [ [ bl ] [ [r[1v[r] [

A Mf SL CDMF\C»C% ﬁ“cg 9 0451""«9 (S Mmete s¥«JOl6_ w/\g So o JJ(@/& S iwf\s&eueg aow\ Lls L, 59

2,

114 11 1 |
2

MWL 11viA v




h-
E\cc’\’(o{\"c Q'\(\au%o&\eﬂ s\. &« a(we
5 N : |‘°) 252 QPC’ 33&\

A\

10

3s
2% 1
2% 1L 1L v
A 11
110 i
% 2()«: 2> ‘Oc )
[ 3 1LV 1y
2p 1
2 4Ly
. AL

N




E[Ccl?or\fc cgf\pi:\wo} o\ 03 oS -

g@«\o\’@ &, o\&& CJC(} (AS an  shaot [ozj c,\'wae.

S N NG 2 %3 > NS 20 0

by OF . O . K2 > 0= 128 )

& (o G R2EUEXHS > G 1628 2% 383

a@ B B 102 2p0 32 3t 3w S > By 1222 2p¢ 3 SR M BYen

S g{ Jaf‘\éﬂ\}g ™ 9 [O‘ocK /—'—(m/\s"\e«/\ N\e}'é\ﬂ)s fensVNe Je_(,g'(o(\,& Qm«\ ‘L\ E«J’ m& Hen EQ

) T gﬂ he 53‘ 5 T [hiaY
O R Feo [AT e 3¢ S AR A3
)FF o Teo [AT AR > B7LOA) AF
)¢ Co- [A) w W ARy

O Co- [A ) > (. ]y




SL"fe 38 S b«\a:X’mQ:_
15 o{\D:)’J =
31 ;
[ .
s 2 sphee
SL\,{P_ eé ID oot )r,,Q _
2(& ML\}rJ\;- PU
57 3

2s

o(\OT

31

b -

3s

o(\Oz

31

X a

L -

.

R/

g%

L..&:Ds here

(IMM\MQ

M
ba‘w/ wn eﬂexaU

o««L\—l‘i .

37

2 .

4& s phete
(lw(Je,/ ’}’l\ovl\. 2 s>




1

Atoms contain the subatomic particles electrons, protons and neutrons. Protons and electrons
were discovered by observations of their behaviours in electric fields.

(a) The diagram shows the behaviour of separate beams of electrons and protons in an electric
field.

R
protons
N
charge on plate | ||&lectrons charge pn plate
peihye (O Il AT TN AN
U
source

(i) Complete the diagram with the relative charge of each of the electrically charged plates.

(1]
(ii) On the diagram, draw a line to show how a separate beam of neutrons from the same
source behaves in the same electric field. [1]

(b) Electrons in atoms up to ,,Kr are distributed in s, p and d orbitals.

L 129 C a2 28 NoLo6
(i) State the number of occupied orbitals in an isolated atom of ,Kr. : IS 23 2( 3 3( )‘5 5& J-[r

type of orbital s p d

number of orbitals L( Cf S

(31

(ii) Complete the diagram to show the number and relative energies of the electrons in an
isolated atom of ,,Si.

dsg
|1 1
3s 'n/
2p [V [V [V
25 |1

15‘",

[2]

(iii}y The diagram shows a type of orbital.

() ),
|&2s 2?
State the total number of electrons that exist in all orbitals of this type in an atom of F.

SJ)C}@\S _____________________________________________________________________________________ [1]

(iv) The first ionisation energies of elements in the first row of the d block (,,Sc to ,,Cu) are
very similar. For all these elements, it is a 4s electron that is lost during the first ionisation.

Suggest why the first ionisation energies of these elements are very similar.

]/t\L m(}ecy( c e inelCaser w«& ')LQ. S&\Zcﬂg\ Js«: INC(Eodes oo

(c) Hydron is a general term used to represent the ions JH*, 2H" and 3H".

State, in terms of subatomic particles in the nucleus, what is the same about each of these ions
and what is different.

[Total: 12]

11 Germanium has the electronic configuration [Ar] 3d'® 4s* 4p®, where [Ar]
represents the configuration of argon.
In which order are the electrons lost in forming the Ge** ion?

1st 2nd 3rd 4th

A apv"1 4p i a5V Z:A’j M 300\0 L‘(’L
B 4p 4p 3d 3d
C 4s 4s 4p 4p
D 3d 4s 4p 3d




3 Which atomic orbitals are occupied in an atom of phosphorus? 1 Which particle has equal numbers of protons and neutrons and an electronic structure of
15225%2p°35%3p57?

A 1p2s2p)~ B 2s2p2dh  (© 2s2p3s D 2p3s3dX A Bar ggEElE_/ c o % D s+

P. )22 260 38 3p

31 The symbol for a phosphorus ion is {:P°". 22-15 -1\
SR 2 8 What is the electronic configuration of an isolated Ni** ion?
P i i ST '5 - =
The symbol for a potassium ion is joK" . 3 1522522p83523p"3d 42
What do these two ions have in common? B 1s?2s*2p"3s?3pfid’4s’
1 the same number of electrons ¥~ C 1s°25°2p®35°3p®3d"4s?
2 the same number of neutrons v~ D 1s*2s’2p°3s®3piad®

3 the same number of protonsX

3 Ao Eem e Sanag : s 2  In which pair of species do both species have only one unpaired p electron?
e electronic configuration of an atom of sulfur is 1s°2s°2p°3s°3p".

A ArandC¥X B BandTi" @ F and Ga D Se andSi
How many valence shell and unpaired electrons are present in one sulfur atom?

valence shell unpaired s R ,@—l’(/\ l/\J A\(-t': 1 /“/f/‘ B 1 \/]‘

electrons electrons 3f

: : . [ h T3 [ |
3)*

A

B 4 2 — -

c 6 v~ 0 - 1 11Vv|A Ser MrlqL |
(D 6 v~ 2" Ga. [1 ST 4
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(iv)] Element A is in the p block.

The graph shows the successive ionisation energies for the removal of the first ten
electrons of A.

ionisation
energy

1 v, 3 4 5 6 T 8 9 10

number of electrons removed

State and explain the group of the Periodic Table that element A belongs to.

group number ,5

explanation ““’(C“S"\[\\’ e iAclEnse N leniZ
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The slements radon (Rn), francium (Fr) and radium (Ra) have consecutive proton numbers in the

Periodic Table.
1t Y]
What is the order of their first ionisation energies? ~ "~
least b most
endothermic endothermic
R
@ Fr Ra En

B Fr Rn Ra

C Ra Fr Rn v >

D Rn Ra Fr Jomie

f\ovA'CJ

Which equation represents the second ionisation energy of an element X?
A X(g) > X*(g) +2e
@) X'(g) > X*(g)+e"
C X(g)+2e - X*(g)
D X(g)+e —X*(g)

From which particle is the removal of an electron the most difficult?

A CI'@@X B F(gXk C KilgX @ Na’(g)

2 Three successive elements in the Periodic Table have first ionisation energies which have the
pattern shown in the diagram.

Netle
1 X
Gaet 'S
first c 1x7 G'(’z
ionisati =
oneiir{;: o;‘g\ﬂ G\l?\z
\ G\‘?\é
oveg ,(

(A{oe()‘

T T T

atomic number

What could be the first element of this sequence;?/

A c X B NXK @ F nNaX

34 The first ionisation energies of successive elements in the Periodic Table are represented in the

graph.

2500

2000

first ionisation
energy/kJ mol™

1000 ‘\‘/

500 &

1500
J

ABCDEFGHI JKLMNOPQRST
element

Which of these statements about this graph are correct?

1 Elements B, Jand R are in Group 0 of the Periodic Tabla.\/

2 Atoms of elements D and L contain 2 electrons in their outer shells. \/

3 Atoms of elements G and O contain half-filled p orbitals. \/

13 Which one of the elements marked on the graph is an alkali metal?

tirst f
ionisation i R
energy | )
| f ]
| |
i /\/ \
Fy Q i
%
- 2 5'/ -
proten number
A Element P
B Element Q
C ElementR
Element S



(b) Fig. 1.2 shows the relative first ionisation energies of six successive elements in the Periodic
Table.

The letters are not the symbols of the elements.

A ndle
nrb
first
ionisation
energy
G«wel

A B C D E F

element

Fig. 1.2

(i) Define first ionisation energy.

The. siniaory wmw\} 0& o Ve V\«C&) o vemove.
lmo\t ..X %CJMM f( ( mg ﬁé jﬁm A?:m
f-o(-l\ _\ mole Ll- JN,J AnsensS  ayOVWS.,

(ii) Suggest why the first ionisation energy of B is much less than that of A in Fig 1.2.

/lfe C)ﬁC)’{zﬂ\ p(w s T ,,@Mcg C(owx on ] ULW edes
\o\!ej /w\o«(\ M A I:low\ & ‘\13 l\ /\ujem/(j
) (I\ov( e _INC(eNes ey  So QOe)_s SL\A \9\

GMC ijz\ oﬂw {' LM@L’”Z ’H{ J’DM\C /o\i«us l’\C(eoJfA "
MQLMCQ‘@SOAQ{JUSf(c)uﬂe&;’o\/mweW\Acd%ef'\ [3]

(e) (i) OnFig. 1.3, sketch a graph to show the trend in the atomic radius of successive elements
in Period 3.

atomic radius
of the element

|

atomic number

Fig. 1.3
[1]

(i) Explain your answer to (c)
/ﬁ-t R ST Cav\/ j’\ofjé—mc(eo%@ v_,\M\ s(fv ‘9'7
U el C/QCLQ'{Q{\& {esmnoa’™s Ccmg\‘om} ACVSE rfvz. (@r 09
eNL s ’H\e, Vdence.. e,be_cjfu\& ex@oleme A 3«&31’4

cﬂ?<cJ~J€ C»L\MJe W\9 ’h{ o, ..ﬁ.g;% Dezieorer. .
[Total: 12]



(a) Define the term first ionization energy.

/‘T*Q, ™ f\'\d\\)ﬂ\ Wmf\}
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(b) Write an equation, with state symbols, to illustrate the process occurring when the
second ionization energy of sodium is measured.

N; (: JS ~, N—\LACDB e

(c) The graph below shows the variation in the first ionization energies of some of the
elements in Period 3.
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(i) On the graph, use crosses to show the approximate values of the first ionization
energies for the elements Na, P and S.

Join the crosses to complete your graph.

*(ii) Explain why the first ionization energies generally increase across the period
sodium to argon (Na to Ar).

N Jeo-/ 36’\“‘6@05\2&’4\* 9\ LUM\@{JQ&(@M
o Neanes Céf\t;'vw} e, ey fm‘a L@(J‘cﬂe, 'm“’\ JMV\(C
/m& j. z&m(fcré@b M¢§ Jonde weam S vaalukeo‘bfmo\/a

*(iii) Explain why the f!rst ionization energy of aluminium is Iesg than that of
magnesium. a 18 )&2e%22 0 AN (2 2r 3,0

”\4— Jﬁc}‘feﬂ\ VN NRNC V‘%NW‘ (S {aw\oxle& Q‘QW\ 0\. 2>§ ov‘a\"m&
l&:&@( J*o AVARS.
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Yo (emae.

(d) Place the follc:-wmg species
w 5 W
in order of increasing first ionization energy, starting with the lowest.
Lowest first Highest first
10nization energy 1o0nization energy
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