Atoms, Bonds and Groups
Moles and Equations

108 Marks

(@) A student carries out a titration to find the concentration of some sulfuric acid.

The student finds that 25.00 cm® of 0.0880 mol dm™ aqueous sodium hydroxide,
NaOH, is neutralised by 17.60 cm? of dilute sulfuric acid, H>SO,.

H,S04(aq) + 2NaOH(aq) — Na,;SOy4(aq) + 2H,0(1)

(i) Calculate the amount, in moles, of NaOH used.

JoOH: 2500 an” of 0-0830 mol i >

-2
R(Nqou) = 2500 . 00%%0 = 4.20x10 mol
1000

-3
answer = ....... 220)“0 ......... mol
1]

(i) Determine the amount, in moles, of H,SO4 used.
Feom cﬂmlca\: Hy90, + 2 NaOH — Na, 0. + 2U,0
| 2

“(\\260,3 = 2.20 16> mol .
7 answer=.. LIO.XIQ T

(1]

(iii) Calculate the concentration, in mol dm™2, of the sulfuric acid.

17-600m® o, 3

= -3
[1,90,) = 110 x 167 mol
3
0-0176 dw
(b) After carrying out the titration in (a), the student left the resulting solution to

crystallise. White crystals were formed, with a formula of Na,SO4x H,O and a
molar mass of 322.1 g mol™".

-2
answer = €25 x 10 mol dm™

(1]

(i)  What term is given to the ‘sx H,O’ part of the formula?

(1]



\\} (Nﬂf)oq) = (23%2) + 321+ (16 x4)
= 14| 4 N\OL-'

(i)  Using the molar mass of the crystals, calculate the value of x.

A Mozs of 0,0 = 222.1 — a2l
‘NGQSOQ X “20 = 1909
o “(“203 - "f’% = 10 wol
x = O
answer = lO

(2]
[Total 6 marks]

2. The element strontium forms a nitrate, Sr(NOs3),, which decomposes on heating as
shown below.

- 0% o)
‘Nob 28r(NO3),(s) — 2SrO(s) + 4NOy(g) + Ox(g)
NS‘? ”q»'l’
(i)  Using oxidation numbers, explain why the reaction involves both oxidation and
reduction.
O..00. jeow . “2.0.0 T aoidised

N seduced and 0. s codesd o

3]

(i) A student heats 5.29 g of Sr(NO3), and collects the gas at room temperature and
pressure, RTP.

2Sr(NO3)o(s) — 2SrO(s) + 4NO4(g) + O2(9)
2

Y4 |
Calculate the volume of gas, in dm3, obtained by the student at RTP.

Molar mass of Sr(NO3), = 211.6 g mol -,

Mogs S (NO3), = 5274

0 (& (N0g), ) = 22 - 005w

2w Sc(NOg), —3 & wmod WO
| mad Oa

S mal 483 o
0'015 Mol 5‘ (Noj\a — %x 0-:025 = 0:0625 «\o\ [Total 6 marks]

answer = 1-5 dm?®

| ade g0 = Q4 dm> RTP

Uoome o 408 = :‘u; ‘ 3”-“2625 ;



3. In the sixteenth century, a large deposit of graphite was discovered in the Lake District.
People at the time thought that the graphite was a form of lead.
Nowadays, graphite is used in pencils but it is still referred to as ‘pencil lead’.

A student decided to investigate the number of carbon atoms in a ‘pencil lead’. He
found that the mass of the ‘pencil lead’ was 0.321 g.

(i) Calculate the amount, in mol, of carbon atoms in the student’s pencil lead.

Assume that the ‘pencil lead’ is pure graphite.

W\dﬂa oh C; nCC) = MOsS = 0-321 0-02675 N\O[JLQ
A 13
answer = ........... O 02675 .................. mol

(1]

(i)  Using the Avogadro constant, Na, calculate the number of carbon atoms in the
student’s ‘pencil lead’.

ﬂﬂuﬁaﬂw J o= 602x10° - N o alws o | mde

; C ok = no mdes C x N
N J‘ alm 0-02675 6.02,\0” = |.Gl>c|02

22
number of carbon atoms = .............. lGIﬁlO ..........................

2

i

(1]
[Total 2 marks]

84"
4. The Group 2 element barium, Ba, is silvery white when pure but blackens when
exposed to air.

The blackening is due to the formation of both barium oxide and barium nitride. The
nitride ion is N3~

(a) Predict the formula of:

barium oxide 6‘10 ......... barium nitride 605”3 ...........
Bt 0% Bat N3~ 2]

(b) A 0.11 g sample of pure barium was added to 100 cm® of water.
Ba(s) + 2H,0(l) — Ba(OH)»(aq) + Ha(g)
(i)  Show that 8.0 x 10™* mol of Ba were added to the water.

“(60\) = W% O-1l
Q¢ 137-%

90 = 107 o)

(1]

s



‘ MO\ Bq ﬁ | N\o\ Hq

(i)  Calculate the volume of hydrogen, in cm’, produced at room temperature
and pressure.

-t
a(Hy) = o(Ba) = B0 10
’ y = A X $0x (0t mol = 0-0192 dw’

(dm? = (000 (ll‘\3 volume = ................ 'qzz ........................ cm?®
2
0:0193 dm® = 142 o

(11

(i)  Calculate the concentration, in mol dm3, of the Ba(OH),(aq) solution
formed. 100 3

- . 2,
“C?M(o‘ﬂﬂ ﬂ(&q\ = %‘OX[OQ’ mol o 100 om” T Tooo .
wdes . $0R0" g 0x1073 ol dw® = Ol clm
[?""(Omia = vl o1

n

-2
concentration = ........... %O*lo .............. mol dm™3
(1]
(iv) State the approximate pH of the Ba(OH)»(aq) solution.
eh\....?..z ...... S
(1]
(c) A student repeated the experiment in (b) using a 0.11 g sample of barium that
had blackened following exposure to the air.
Suggest why the volume of hydrogen produced would be slightly less than the
vqume collected using pure barium.
loss vduwe ok Ba. Vocany same Voo ieaelid
........ alicads, hSa«W\/qu e
(1]



(d) Describe and explain the trend, down the group, in the reactivity of the Group 2
elements with water.

..Qm}sisl.i.kg ....... nciea®s  down. e aquo.
Qo toddl_ dnorams udh._ezbio . olobon shlls..
'(\Mbmmunoumds\seﬂdmg .......................................
Oulss dokems, one. Joluoe fom U wuclws .
s anclem . allrackn  decieases

(8]
[Total 12 marks]

5. Calcium carbonate, CaCOg3;, reacts with hydrochloric acid as shown in the equation

below.
elow | .,

CaCOg(s) + 2HC! (aq) — CaCly(aq) + HxO(l) + CO4(g)
7.50 x 1073 mol CaCOj5 reacts with 0.200 mol dm™ HCI.

(i)  Calculate the volume, in cm®, of 0.200 mol dm= HC/ required to react
with 7.50 x 107 mol CaCOs3.

o(H0) = 750%103x 2 = 005 mdl

Yol = 0-015 md

0-200 mo dw"3

0-075 dw’ AW = 1 1Bom?

0-075 dw> x (000
75 o

A

(2]

1

)



(i)  Calculate the volume, in cm3, of CO, formed at room temperature and pressure.

n(€0,) = n(@C05) = 7.50= 1073
Volamg (0, = 7:50= 107> x 34

= 1% d’
|d\\5 |OOOO¢? ANSWET = ..., I%O .............. cm?®
\)D\W = |<6)€ ‘000 [Total3mar|£g
= 190 om’

Calcium and its compounds, have properties typical of Group 2 in the Periodic Table.
Calcium carbonate, CaCOs, reacts with acids such as nitric acid.

A student neutralised 2.68 g of CaCO3 with 2.50 mol dm™ nitric acid, HNOs;.

The equation for this reaction is shown below.

CaCOgs(s) + 2HNOs(aq) — Ca(NOs)2(aq) + CO2(g) + H20())

(i)  Determine the amount, in mol, of CaCO3 reacted.

M ((00,) = 401+ 12t (16x3) = 00| gmol”

2- G%o
(Cac .) [00-] 3"\0\

- OOZGT) mo\

(2]

(i)  Calculate the volume, in cm?, of CO, produced at room temperature and
pressure.

o (C0,) = » (CaCOQ = 0-026% mol
Voluwg = 0-:026% x Y4
= 0-6426 dm’

"

G Ltl G OMS volume = .................. Gq& ................... cms

(1]



(a (0, + 2l
‘ .

(i) Calculate the volume of 2.50 mol dm™ HNO; needed to neutralise 2.68 g of
CaCOs.

a(Ra0y) = 1w ((aC0g) = 0-0268 mo) x 2 = 0-0536 mo!

Vol =

-

WM\0 (19)
concanlsal:on

0-0536 mo)

. 0-0Q1ek dw

T 25 mol dwm2

z AL W\s

(2]
[Total 5 marks]

7.  Rubidium forms an ionic compound with silver and iodine. This compound has a
potential use in miniaturised batteries because of its high electrical conductivity.

The empirical formula of this ionic compound can be calculated from its percentage

composition by mass: Rb, 7.42%; Ag, 37.48%; |, 55.10%.

(i)  Define the term empirical formula.

Omgesh whde cuuos__talio k.. elomand t

>

(i)  Calculate the empirical formula of the compound.

Mess %
May on (00,:
N malis

—':BD smallogh:

G-\Qmml F“Mb‘

"

b
7427
742,
742
$55
= 0-0%73

0-0%673
0-0%673

l

(g
37487
2. ‘t$9

3 Lt$9

(67-9
O 3474

03474
0-0%673

Ll-

Qb ﬂg*%

(1]

1
55|/
55-1,
551,
1269
O- 434

O- 4342
0-0%673

5

[2]
[Total 3 marks]




8.

Chlorine can be prepared by reacting concentrated hydrochloric acid with
manganese(IV) oxide.

4HCl(aq) + MnOy(s) — Cly(g) + MnCly(aq) + 2H,0(/)

(@) A student reacted 50.0 cm? of 12.0 mol dm™ hydrochloric acid with an excess of
manganese(IV) oxide.

(i)  Calculate how many moles of HC/ were reacted.
o (W) = 800 ,12:0 md dui'>
1000
= 06 ml
answer = 06 ............ mol
(1]

(i) Calculate the volume of Ci/5(g) produced, in dm?.
Under the experimental conditions, one mole of Cl,(g) occupies 24.0 dm?®.

Wl — U
“(ul\ = 0-6 = 015
N

answer = ............ 56 ............ dm?®

O'\6 X 2"|’ [2]
2.6 dw’

\lo\um

"

(b) In this reaction, chlorine is oxidised.

Use oxidation numbers to determine what is reduced.

4HCl(aq) + MnO4(s) — Cla(g) + MnClx(aq) + 2H,0(1)

................... : H
Mo

(2]
[Total 5 marks]

This question looks at the reaction of sodium with water and with oxygen.

A chemist reacted 0.0500 mol of sodium with water to form 50.0 cm?® of aqueous
sodium hydroxide.

2Na(s) + 2H,0O(l) — 2NaOH(aq) + Hx(g)



ﬂ( (\’l"\ =23 ) mo[',

(i)  What mass of Na was reacted?
“(‘N“\ =005 ol mass = .......... \‘5 ............. g
Moss

st

0-05 wd * 23 gml” 1]
15 9

(i)  Calculate the volume of Hp, in dm?3, that would be produced at room temperature
and pressure, r.t.p.

1!

1 mol of gas molecules occupies 24.0 dm® at r.t.p.
acﬂo\ — [‘\1 0,6
a(ly) = 0:05 . 0.025 mo 9vqume— .......................... dm
“ Ul = 002522 = O-6dm

(i)  Calculate the concentration, in mol dm‘3, of NaOH that was formed.

n C‘Maom = “(N'b% - 0'05 ;\"L‘P concentration=........... \ 00 mol dm™—

Voka = 50 am® = 00 "
0-05 mol -3 [Total 4 marks]

[NaOH) = 922 ™% | wd dw

005 dm®

(2]

n

"

10. Sodium reacts with excess oxygen to form sodium peroxide, NayO,.

Na,O, is used in laundry bleaches. When added to water a reaction takes place
forming an alkaline solution and hydrogen peroxide, H,O,.

(i)  Construct a balanced equation for the formation of sodium peroxide from sodium.

(1]

(i)  Construct a balanced equation for the reaction of sodium peroxide with water.

__________ 00yt ANO T3 N0, 4 DNeON

(1]

(i) Draw a ‘dot-and-cross’ diagram for a molecule of H,O,. Show outer electrons
only.
(2]
[Total 4 marks]



1273+ (G
1533 4 mol ™’

M, (@a0)

n

11. Barium metal can be extracted from barium oxide, BaO, by reduction with aluminium.

6BaO + 2Al— 3Ba + BazAl,0¢
[ ¢t 3
Calculate the mass of barium metal that could be produced from reduction of 500 g of
barium oxide using this method. 500
9

N Ba0 = 5004 0(8a0)= 1z53- 1533, 9 mol™' answer=... 223:9..... g

52@‘6 mol [Total 4 marks]
32016 mol X =
= 16205 md  Mass = 16308 md X 1373 gmd” = 2239 ,

12. Water, ammonia and sulphur dioxide react together to form a compound A which has

n(ﬁa())
n (Ba)

s\

the following percentage composition by mass: H S o)
N, 24.12%; Mass(5) 247 6% 27 (le l;l\- 233
o 418 6% 27 ;
H, 6.94%: WNdes, == : o 7
S, 27.61%; = 171229 6%  0-3601 2-5%3)
0, 41.33%, “Swallgh : 17229 6%  0-3601 2-583)

0-960] 0-%3601  0-3601 ¢-360|
2 : 3 ) .'[2]3

(i)  Calculate the empirical formula of compound A.

(i) Suggest a balanced equation for the formation of compound A from the reaction
of water, ammonia and sulphur dioxide.

0,0 4+ 2 M, + 50, — (uh,), 30,

(1]
[Total 3 marks]

13. A student carried out two experiments using chlorine gas, Cl/y(g).

(@) Inthe first experiment, the student bubbled chlorine through 120 cm? of an
aqueous solution of 0.275 mol dm™ sodium hydroxide, NaOH(aq).

The equation for this reaction is shown below.

Cly(9) + 2NaOH(aq) — NaCli(aq) + NaC/O(aq) + H,O(I)

Under the reaction conditions, 1 mole of C/5(g) occupies 24.0 dm?.

10



(i)  What is meant by the term the mole?

Oogank b scbsloms Gk hos Qu soue
nomed. ok paicles es Uuve e akews . on..
2y...0%..2C...... 062107 Ouopdos Nomm)....

(1
(i)  How many moles of NaOH were in the 120 cm® volume of NaOH(aq)?
120
n(.ﬂaOH\ = 1000 ¥ 0275 = 0-033 md answer .Q:0%% . mol
(1]

\02 = NaOM (i)  Calculate the volume of Cly(g) that was needed to react with the NaOH(aq)
used.

\(Un) = a(Wa0l) 002 - 6065 wol  ansver.. 2.
Vol = 00IKE =2 = 0-39€ dw’ - 396 o 2

(iv) Whatis a common use for the solution that the student prepared?

Bomoh

(1]
(b) In the second experiment, the student repeated the procedure in (a) but with hot
concentrated sodium hydroxide. A different reaction took place in which sodium
chlorate (V) was formed instead of NaC/O.
Suggest the formula of sodium chlorate (V).
................... MO,
(1]

[Total 6 marks]

14. Antimony is found naturally in a number of minerals including stibnite. Stibnite typically
contains 5% of Sb,S3. Antimony can be obtained by reducing Sb,S3 with scrap iron.

Sb,S; + 3Fe — 2Sb + 3FeS

(i)  How many moles of Sb,S; are in 500 kg of a typical sample of stibnite containing
5% by mass of Sb,S3?

molar mass of Sb,S3; =340 g mol™"; relative atomic mass of Sb = 122

N2 Sbggj : 900 x5 . ‘25‘29 O
100 2]
= 25004
a(SkSy) 25009 9343 »

340 gwa”



(i)  Calculate the mass of antimony that could be obtained by processing 500 kg of

stibnite.
ls\)ag3 — 25 mass = ..... 17'7 ...... kg
a(Sb) = n(S\aﬁ.g) % d 2
- 74{2 - |Ll_7 MO) [Total 4 marks]

N\.sng = 147 x 122
= 17%14 = 179 b

15. Calcium oxide neutralises acids such as nitric acid. A student neutralised 1.50 g of
CaO with 2.50 mol dm™ nitric acid, HNOs. The equation for this reaction is shown
below.

N\‘ ((aO) = 40| + 6 CaO(s) + 2HNO3(aq) — Ca(NO3)o(aq) + HoO(1)

2561 9 mol”

(i)  How many moles of CaO were reacted?

- 1-50
n(@0) = L2 - 0.0267 0:02€7..... mo
561
[2]
(i)  Calculate the volume of 2.50 mol dm~ HNO; needed to exactly neutralise
1.50 g of CaO.
1 GO = 2 HWO; NG
volume =....e L. . cm
a(HN0,) = 2% 00267 = 0-0534% mol o
0-0534d wmo! 3
- = 0-02) < & [Total 4 marks]
Vol 2 Zoo—te = 002130 dw” = Ak om
16. The nitrate ion, NO3~, in Ca(NO3), contains both covalent and dative covalent bonds.
(i)  What is the difference between a covalent bond and a dative covalent bond?
Dakiwe. cololuk. ;. borded. oo comss. Jam . same._alaw ..
Wioeas...a.. cofond bond_is.. Jomadfcom . dhones. chobias
e e P
(1
(i)  Calcium nitrate decomposes on heating to form calcium oxide, oxygen and
nitrogen(IV) oxide, NO,.
Construct a balanced equation for this reaction.
80 N0, 2 a0, 2 M B0,
(1]

[Total 2 marks]

12



17. Aqueous silver nitrate can be used as a test for halide ions. A student decided to carry
out this test on a solution of magnesium chloride. The bottle of magnesium chloride
that the student used showed the formula MgC/,.6H,0.

The student dissolved a small amount of MgC/,.6H,0 in water and added aqueous
silver nitrate to the aqueous solution.

(i)  What is the molar mass of MgCl,.6H,07?

“\( =dh-5¢ (36'5.‘2)' ! [G {((2*1){.(6)] molar mass = 2053 ....... g mol™
= 20323 9 ol [1]

(i)  What would the student see after adding the aqueous silver nitrate, AQNO3(aq)?

(1]

(i) Write an ionic equation for this reaction. Include state symbols.

(2]

(iv) Using aqueous silver nitrate, it is sometimes difficult to distinguish between
chloride, bromide and iodide ions.

How can aqueous ammonia be used to distinguish between these three ions?
‘\OQ&ASSO\W ...... ... cN.“3..caz1) .................................................
(\3%‘ ................ AT 4, | S :N“;cm,\ ...............................
“,31 ............ (mSleHL ....... ... N.\\?,..m?)

(3]
[Total 7 marks]

18. In 2000, the mass of CO, emitted in the UK was equivalent to 1 kg per person in every

hour , (COg) = 12+ (16¢2) = bk

(i)  Calculate the volume of 1 kg of carbon dioxide. Assume that 1 mole of CO,
occupies 24 dm®.

“(coa\ = 10009 volume = ......... 6 Ll'5 ......... dm?
ly
= 32.7% mo * A

- 5455 dw’

(2]

13



(i)  The UK has set a target to cut CO, emissions by 60% of the 2000 value by 2050.
Calculate the reduction needed in the volume of CO, emissions each hour per
person if the target is to be met.

Q(ldll(k}lm = G5 x 60 answer: ... 2] dm?

100
= 327
Ca 20U — G, + Wy
19. To prepare the aqueous calcium chloride, the student added the exact amount of
calcium so that all the hydrochloric acid had reacted. She used 50 cm® of
2.0 mol dm™ HCL.

(1]
[Total 3 marks]

<0 c 0.
()  How many moles of HC/ had she used? n(l\ﬂ) * 1000 20 < O wmd
(1]

(i) Calculate the mass of calcium that she used.

n((n\ 2 “f\'\(n = 01 mo 2]
N\GSS = 0_1\ K L\'O\ - 9'005-9

(iii) The student added some more calcium and she was surprised that a reaction still
took place.

. Explain this observation.
. Write a balanced equation for this reaction.
Lo s rearled o vialoe oo

(3]
[Total 6 marks]

20. A student reacted 1.44 g of titanium with chlorine to form 5.70 g of a chloride X.

T 003 ml
%9

Moss of Cl- £70-\44 = 426
ﬂ(u) .:% H 0"2 “\0\ [2]

(i)  How many moles of Ti atoms were reacted? nCT«] <
(1]

(i)  How many moles of C/ atoms were reacted?

(i)  Determine the empirical formula of X. T U 0-03 012 \lf
003> 012 o003 o003 ''Tm
(iv) Construct a balanced equation for the reaction between titanium and chlorine. A u‘-r
....................... T‘+QQQ'T\QL|.
(1]

[Total 5 marks]

14



21.

22,

A student had a stomach-ache and needed to take something to neutralise excess
stomach acid. He decided to take some Milk of Magnesia, which is an aqueous
suspension of magnesium hydroxide, Mg(OH)s.

(@) The main acid in the stomach is hydrochloric acid, HC/(aq), and the unbalanced
equation for the reaction that takes place with Milk of Magnesia is shown below.

..... Mg(OH)y(s) + .4.HC(aq) — .....MgCly(aq) + .2.H,0(l)

Balance the equation by adding numbers where necessary in the unbalanced
equation above.

(1]

(b) The student’s stomach contained 500 cm? of stomach fluid with an acid

concentration of 0.108 mol dm=. The student swallowed some Milk of Magnesia
containing 2.42 g Mg(OH),. He wondered whether this dose was sufficient to
neutralise the stomach acid.

Assume that all the acid in the stomach fluid was 0.108 mol dm™ hydrochloric
acid.

(i)  How many moles of HC/ were in the 500 cm?® of stomach fluid?

n(\\(ﬂ = 3% < 0109 = 0-05% ol [1]
1000

(i)  Calculate the mass of Mg(OH), necessary to neutralise this stomach fluid.
n (M (o)) = % = 0:02) M = 0027¢x 583 = )-5), 3]

(i) Determine whether the student swallowed too much, too little, or just the
right amount of Milk of Magnesia to neutralise the stomach acid.

(1]
[Total 6 marks]

Bromine forms three compounds with phosphorus. The compounds have the molecular
formulae PBr3, PBrs and P,Bry.

(i)  Explain what is meant by the term molecular formula.

Nowos... ond... keypt..ck...akons... watsisy. 0. 0. nalocalo......

(1]

(i)  PBrz can be prepared by heating bromine with phosphorus, Pg4.
Write a balanced equation for this reaction.

15



(1]
P B
16-3 3-8
(i) Compound A is one of the three bromides of phosphorus above. It has the 2) 799
following percentage composition by mass: P, 16.2%; Br, 83.8%. 052 1-05
Use this percentage composition to calculate the empirical formula and to 052 \:05
determine the identity of compound A. 0-53 0-82

empirical formula ........... P%(Q ................. (2
identity of compound A Pge(,_f .....................
(3]

[Total 5 marks]

23. Nickel makes up 25% of the total mass of a fifty pence coin. A fifty pence coin has
mass of 8.0 g.

(i)  Calculate how many moles of nickel atoms are in a fifty pence coin.

«\(135 Nt = ©0x25 | 2:04 answer ....0:024 . mol
100

- a0
ﬂ(\'vl(‘ -%T = 0-02% MADJ

(2]

(i)  Calculate the number of atoms of nickel in a fifty pence coin.
L =6.02 x 10?2 mol™

N° ks

3 answer .. \"‘O ............ atoms

0-034 % €.02% 10 .
2.05 * (0%* [Total 3 marks]

(1]

16



