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(d) Mohr's salt, (NH,),Fe(SO,).*xH.0, is the hydrated form of ammonium iron(1l) sulfate.
X represents the number of moles of water in 1 mole of the salt.

A student wanted to determine the value of x. 0.784g of the hydrated salt was dissolved in
water and this solution was acidified.

All of the solution was titrated with 0.0200 moldm~® potassium manganate(VII). 20.0 cm?® of this
potassium manganate(V1I) solution was required for complete reaction with the Fe** ions.

(i) Use changes in oxidation numbers to balance the equation for the reaction taking place.
a7 -2 1 a3
MnO,(aq) + .§.Fe2*{aq} + .g..H‘{aq} — . Mn*' (ag) + SF Fe*(aq) + L‘ .H,O(l)

K+ ‘1(:))--' MI\ Joe); ’[‘Yo-('\ 1-7 S0 S e (\gz& S e [1]

(ii) State the role of the Fe* ions in this reaction.

Explain your answer.
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(a) Theequationshownin(a)(i) describes the reactionwhich occurs when aqueous potassium iodide

is added to aqueous copper(ll) sulfate. A white precipitate of copper(l) iodide forms in a brown
solution of iodine and potassium sulfate.

(i) Balance the equation and include state symbols.

.d.cuso,(y.) + __;..mm\.{} 5 Aculs) + Ladya an) + A SO,(2,)

The table gives the oxidation numbers of iodine in the different species in the equation.

iodine-containing species | oxidation number of iodine
KI -1
Cul =1
¥, 0

(ii) Deduce the oxidation number of copper in CuSO, and Cul.
e oxidation number of copper in CuSQ, ’{'l
/

e oxidation number of copperin Cul ... .0 .. ...

[1]

(iii) Describe the type of reaction shown by the equation in (a)(i). Explain your answer in terms
of electron transfer.

ﬂégoﬁ (@c}'\a\l\ CJ 8Mm9 M{d\ chg) Vaw\’ ("%W‘ +2 3@-}—'
o&"& 3 \os\’ A ec}w\ M\& wmg' C( N ~ *oo
2

(c) (i) Inthe boxes, give the oxidation numbers of nitrogen in the nitrogen-containing species for
the reaction in stage 3.

3NO, + H,0 — 2HNO, + NO

‘)\ *S 4’2 w_,),—:a
2D =0 Ao 3@ =0 ne12 2]
we X 1=+

(i) Explain why the reaction in stage 3 is described as a disproportionation reaction.
Include reference to transfer of electrons in your answer.

Brcanse sl bugove (edohion ) oridlen e o@@ N: L%Jel\ )
N NO ) o*\&\&'& C(w(\' 4—11 l’D S ‘,\"\‘\\O \0 US\V‘I‘MOQ J"/Of\ Mg
avow(e&uwg)gww)"v\NOﬂroﬂ'\Nobajﬂwv\J)Jlew 2]
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(b) Cl,(g) dissolves in cold water and reacts with it.

(i)

(ii)

(i)

bleach.

Suggest the equation for the

[} i =il 1\4\/7—
Cl, + H,0 — HCI + HCIO

Identify the oxidation number of chlorine in each of the chlorine-containing species in this
reaction.

chlorine-containing species Ci, HCl HCIO

oxidation number of chlorine o -\ + |

[2]
Name the type of reaction occurring.
Explain why chlorine is used in the purification of water.
LTt Ao g B der oo Wl L)
——— oVaH\\S\"\S —_ l\f I;;(ms (& m&) \’\C&O sl o ]

ixture of HCI and HCI10 is added to cold dilute NaOH. One of the products be

ion occurring.

u'.\\ \QM"\' \"\)—0(

[Total: 13]

When ammonia is converted into nitric acid on a commercial scale, the following reactions can
occur.

In which reaction does the greatest change in oxidation number of the nitrogen occur?

reaction

. -1

y 4NH, + 50, —>4ND+6H ,0 4=9<
A x +1aS 2 &). L

B 3N0 » + Hy,O — 2HNO, + NO 4= 1,2

44 2

c 2NO + 0, — 2NO, =
20\ ,,L/L

D 4NH, +6NO%5N +6H,0 —+— 3 L

2 Granular urea, CONzH4, can be used to remove NO; from the flue gases of power stations,

converting it into harmless nitrogen.
2 y 3.S

2CON>H4 + xNO; — 2C0O5 + szo + zN>

What are the values of x, y and z in a balanced equation?

x y z
A 1% 2 1%
B 2 4 3
©| 3 4 | 3
D 3 4 S
5 The first stage in the manufacture of nitric acid is the oxidation of ammonia by oxygen.

S w

WNH,(g) + XO,(g) —> ¥NO(g) + EH,0(q)

Which values for w, x, y and z are needed to balance the equation?

w X y z 3w = 2
4 5 4 6 - 2
@ 5 =
B 4 6 X 4 5 Juw ok Rer =S W
C 5 6 5 4 P~ = A
D 6 5 6 4 K
10 In aqueous solution, the acid HIO disproportionates according to the following equation where m,
n, p and g are simple whole numbers in their lowest ratios.
NH HA.Sa A -l

mHIO — nlz + pHIO; + qH,0

This equation can be balanced using oxidation numbers.

What are the values f d p? T -

at are the values for n and p HIo + O > VIO, + he

n P 7’<2 HTo + 2 — L %0 %023
A 1 2 ‘/ 4o+ 5/
) 4_21 *zLO L

LI : 170 MMO*?/)*% N .

c 4 1 Shlo — )1, ~ HIO + W, 0

D 4 2
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, ; . y : ! . ; When copper reacts with a 50% solution of nitric acid, nitrogen monoxide is evolved and a blue
23 The following half reactions occur when potassium iodate(V), KIO,, in hydrochloric acid solution 36 solution results.

oxidises iodine to ICI, .
The balanced equation for this reaction is shown. P

o L R i . e P I s
105 + 2CI" + 6H" + 46" — ICI; + 3H,0 pCu + SHNO: - $Cu(NOs)z + SH:O + §NO

(1, + 4CI" > 2ICI, + 267) - ,
What are the values of the integers p, g, r, sand {?

What is the ratio of [O;™ to I; in the balanced chemical equation for the overall reaction? p Wb/ Td s ¢ 09 e
A 1:1 1:2 C 1:4 D 2:1 al v [ a1 ]2 2| et
B 2 6 2 3 2 € % . Gp+ s+t
c 2 8 2 4 4 ot
D 3] 8/ 3] o] 21 )'W:,ssri@?«*
SF*\@F: r >V = T%

37 When K;MnQ; is dissolved in water, the following reaction occurs.
46 L 4l 2 17 -2 oo 2 al

aMnO,*(aq) + bH,0(l) - ¢MnO,(aq) + dMnO(s) + eOH(aq)

What are the values of a and c in the balanced chemical equation?

*C 2- 7 — ~
a [ )Q/\,\ OP\ — M,\ O,,‘ + e/>
A 2 | :
+G _ _ * -
B| 3 2 o e w2lo s Mo 4 HoM
C 4 3 >
D 5 4

31 Arsenic chloride, AsCl3, reacts with sodium borohydride, NaBH,.
e P =P A
pAsCl; + gNaBH, — #AsH; + 8NaCl + éBCI;

What are the numbers p, q, r, s and t when this equation is balanced correctly?

P q r s t L\"Io\; Sef
A 2 3+~ 2 3 1 g
B | 3 34| 3 3 2 5 = -%{) v 8
®©| av| 3| a| 3] 3.7 4o 3p
D 4 4K| 4 4 3 1
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