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I Multiple choice questions — 70 questions

’ Dilute HCI acid is used to detect the ions sveeeveeees
@ Ag+ , Ca?*, CO32" Fe2™ , Pb2t, S2~
(©) Ag*, Hg*, S04 (D) Pb2*, Hg*, S2032

a A mercury(I) nitrate solution can be distinguished from a potassium nitrite solution using

IXEERERERN]

(A) NaCl PbCl, (©) NH4NO3 (D) KNO3

e A clear solution forms when hydrochloric acid is added to the salt «vevaevees

(A) Ag2CO3 Pb(CO3)2 (©) HgzCOs3 (D) CuCOs

0 The ion that can be detected using dilute HCI acid is vevsvssass

(A) S04 Fe2* (©) PO~ (D) Pb2*

° We have a solution containing a mixture of the anions SO42™ , CI”

Which cation, when added to this mixture, precipitates one of these two anions?

(a) Pb2* Ba2* (©) NH,* (D) Mg2*

e HCl(aq) is used to detect the cation of the confirmatory reagent of each of the following

anions, except veeseseses

(A) PO4* SO42 (©) NOs™ Ol

G Which of the following salts are soluble in water?
@ PbCly : insoluble ; Pb(NOg)z : soluble ; PbS : insoluble
PbCl; : insoluble ; Pb(NOg)z : soluble ; PbS : soluble
@ PbCl; : soluble ; Pb(NOg)z : insoluble ; PbS : insoluble
@ PbCl; : soluble ; Pb(NOg)z : insoluble ; PbS : soluble
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° Dilute hydrochloric acid was added to a solid salt and a gas was given off; passing it into
lead(Il) acetate solution forms a black precipitate, and when hydrochloric acid is added to the

black precipitate it turns into a white precipitate.

The chemical formula of the white precipitate formed is vsvsvsvass

(A) CaCly PbCl, (©) HgCl (D) AgCl

° Dilute hydrochloric acid was added to a solution containing the ions Cu?*, Mn2" , Ba2* , Pb?",
and precipitate (X) formed. After separating this precipitate, sulphuric acid was added to the

remaining solution and precipitate (Y) formed.

Which of the following is correct?

@ Precipitate (X) : PbClz , precipitate (Y) : BaSOq4
Precipitate (X) : BaCly , precipitate (Y) : PbSO4
@ Precipitate (X) : PbClz , precipitate (Y) : MnSOg4
@ Precipitate (X) : MnCly , precipitate (Y) : CuSOg4

@ A solution of NaX(aq) reacted with a solution of AgY(aq), forming a solution and a yellow

precipitate.

What are the names of the two groups to which the cation and the anion of the precipitate

formed belong, respectively?

@ Analytical group II, dilute H2SO4 acid group.
Analytical group I, dilute HCI acid group.
@ Analytical group V , BaCly solution group.
@ Analytical group I, conc. H2SO4 acid group.

Q The two ions of the solution of the compound used in purifying drinking water can each be

detected separately using «vseeseess

(A) NH4OH(aq) , HCl(ag) (NHs)2COs(aq) , H2S(g)
(©) CaCly(ag) , H2S(g) (D) (CH3CO0)2Pb(ag) , HCl(aq)

Q All the following salt solutions form a black precipitate when HaS gas is passed into them,

except vreeeeanes

(A) AgNO3 (CH3COO)2Pb  (©) Cu(NOs)2 (D) NaCl
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@ The precipitates formed when H2S gas is passed into a solution containing the ions Cu2*, Pb2*

) K+ ATC vevevenene

(A) PbS, Cus CuS , K28 (©) PbS, K28 (D) CuS, Pb

@ Which of the following pairs of cations can be used to separate the sulphide anion?

(a) Ag*, K* Ag*, Cu* (©) Cu?*, Na* (D) K*, Na*

@ An aqueous solution contains a mixture of the ions Cu?*, Ag*

What must be added to this solution to precipitate one of the two ions but not the other?

(A) H2S(aq) HCl(aq) (©) HNO3(aq) (D) NazCO3(aq)

@ When testing for the cation of a salt solution, it was found that it does not form a precipitate
with the SO42” anion but forms a precipitate with the S2™ anion.

What is the symbol of this cation?

(a) Ba?* NH,* (©) caz* () cu?*

@ A fixed amount of CuSOa(aq) was added separately to three tubes containing equal amounts of
BaCla(aq) , KCl(aq) , NaaS(aq). In which of the following cases does a precipitate form?

@ In the case of NazS only. In the cases of BaClz , NaxS only.
@ In the cases of BaClz , KCI only. @ A precipitate forms in all cases.

@ Which of the following gives the suitable experiments for detecting a copper(ll) sulphate

solution?

@ Adding HCl acid : right ; adding H2S in an acidic medium : right ; adding Ba(NOs)2
solution : wrong

Adding HCl acid : right ; adding H2S in an acidic medium : wrong ; adding Ba(NOs)2
solution : right

@ Adding HCl acid : wrong ; adding H2S in an acidic medium : right ; adding Ba(NOs)2
solution : wrong

@ Adding HCl acid : wrong ; adding H2S in an acidic medium : right ; adding Ba(NOs)2

solution : right
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@ When the following ions are mixed in water:
NOs™, CO3*, CI7, Cu?*, Ba?" , K", Pb2" , Ag", NH4"

the number of compounds that may form as precipitates is «seveesess

OF ® 6 ©7 OK

@ From the following chart:

Which of the following is correct?

Black solid substance| HZS(g) - HC](aq) Solution -+ dilute nitric acid Black solid substance
(2) - () (X)

@ Substance (X) : CuO, solution (Y) : Cu(NOs)z , substance (Z) : CuS

Substance (X) : CuS, solution (Y) : Cu(NOz)z , substance (Z) : CuCl;
@ Substance (X) : FeO , solution (Y) : Fe(NOg)z , substance (Z) : FeCly
@ Substance (X) : Fe3Og4 , solution (Y) : Fe(NOz)z , substance (Z) : FeS

@ The following cations can be separated as precipitates, eXcept vsvsssssss

(a) Ag* Na* (©) Fes* (D) Cu2*

@ When a solution of iron(II) sulphate is exposed to the air for a long enough time, and then

sodium hydroxide solution is added to it, «vseseessess takes place.
@ reduction then precipitation precipitation then oxidation

@ oxidation then precipitation @ precipitation then reduction

@ From the following information:
« Cation (X): precipitates as the compound XCl;
« Cation (Y): precipitates as the compound Y(OH)2
« Cation (Z): precipitates as the compound ZS

These cations are arranged in ascending order of their analytical groups as follows vsvevaass

@ X then Y then Z X then Z then Y @ Z then X then Y @ Y then X then Z
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@ From the opposite chart:
Which of the following represents each of (X), (Y)?

Ammonia solution

Reddish-brown Solution of
precipitate . salt (X)
Hydrochloric Silver nitrate
acid solution

Solution of
salt (Y)

White precipitate

@ (X) : iron(II) chloride , (Y) : iron(II) chloride.
(X) : iron(II) iodide , (Y) : iron(II) chloride.
@ (X) : iron(III) chloride , (Y) : iron(III) chloride.
@ (X) : iron(III) iodide , (Y) : iron(III) chloride.

e Gas (X):

« its aqueous solution reacts with FeCls solution, forming a reddish-brown precipitate that
dissolves in compound (Y).

+ it reacts with gas (Z), forming white clouds.

Which of the following is correct?

@ Gas (X) : NH3z , compound (Y) : nitric acid , gas (Z) : HCI

Gas (X) : NH3z , compound (Y) : sodium hydroxide , gas (Z) : NH4Cl

@ Gas (X) : SOz, compound (Y) : sodium hydroxide , gas (Z) : CO

@ Gas (X) : SOz, compound (Y) : nitric acid , gas (Z) : NHs

@ Two identical samples of an unknown salt: hot conc. sulphuric acid was added to the first
sample and reddish-brown fumes were given off, and ammonium hydroxide solution was
added to the solution of the second sample and a greenish-white precipitate formed.

What is the chemical formula of this salt?

(&) Fe(NOs)2 Fe(NO2)3 (©) Ca(NOs) (D) Ca(NOz)»

6/52



Detection of Cations thanawiya-archive.com

@ Excess sodium hydroxide solution was added slowly to iron(II) sulphate solution. All the

following are correct, eXcept vsevsvsess

@ A greenish-white precipitate forms.

A gas with a pungent smell is given off that turns moist red litmus paper blue.

@ The colour of the precipitate in the container turns reddish-brown after some time.

@ The precipitate formed dissolves in hydrochloric acid.

@ A solid substance (X) is used as a red colour in paints. Which of the following represents the

way to detect the cation of substance (X)?

@ Dissolving substance (X) in water, then adding NH4OH(aq)
Dissolving substance (X) in water, then adding HNO3(aq)

@ Reacting substance (X) with H2SO4(aq), then adding (NH4) 2CO3(aq)
@ Reacting substance (X) with hot H2SO4(l), then adding KOH(aq)

@ The following table shows some properties of the compounds Fe(NOs)2 , AI(NO3)3:
« product of the reaction of Fe(N03)z with sodium hydroxide solution: (X)
» product of the reaction of Al(NO3)s with sodium hydroxide solution: (Y)
Which of the following is correct?
@ (X) : greenish-white precipitate , (Y) : white precipitate that dissolves in NH4OH(aq)
(X) : reddish-brown precipitate , (Y) : black precipitate.
@ (X) : reddish-brown precipitate , (Y) : white precipitate that turns black on heating.

@ (X) : greenish-white precipitate , (Y) : white precipitate that does not dissolve in
NH4OH(aq)
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@ An iron(III) chloride solution was divided into three equal samples, then the following was
added to sample:

+ (1): AgNOg solution
. (2): Ba(NOg)z solution
. (3): excess NaOH solution

Which of the following gives the correct observations for the three samples?

@ (1) : no precipitate forms , (2) : a precipitate forms , (3) : a reddish-brown precipitate

forms.

(1) : no precipitate forms , (2) : no precipitate forms , (3) : a precipitate forms then
disappears.

@ (1) : a white precipitate forms , (2) : no precipitate forms , (3) : a reddish-brown

precipitate forms.

@ (1) : a white precipitate forms , (2) : a precipitate forms , (3) : a precipitate forms then
disappears.

e From the following chart:

The colour of the precipitate formed is vsvevasaes

E J ClZ(g) m HZO( {) m Ammeonia solution -
lement used in electricity pylons ﬁ o —_— =& | Precipitate
@ white. reddish-brown. @ greenish-white. @ black.

@ From the following chart:

The cation of the precipitate formed is veesevaess

H -
NH 20(” _ Salt solution _ Greenish-white
S(g) - precipitate

@ Ca2* A" @ Fe?* @ Fe3*

@ When drops of NaOH solution are added to the products of the reaction of magnetic iron

oxide with hot conc. sulphuric acid, «sevsese forms.

@ a greenish-white precipitate only

two precipitates, one of which dissolves in dilute HCI acid
@ a reddish-brown precipitate only

@ two precipitates, both of which dissolve in dilute HCI acid
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@ When compound (X) is dissolved in distilled water, a solution forms, and when ammonium
hydroxide solution is added to the solution of compound (X), a reddish-brown precipitate
forms.

Compound (X) iS sesevevevaeaes

@ iron(II) chloride. iron(I) sulphate.
@ iron(III) nitrate. @ iron(IlI) hydroxide.

@ When dilute hydrochloric acid is added to salt (X), solution (Y) and gas (Z) form. When gas (Z)
is passed into limewater for a short time a white precipitate forms, and when ammonia
solution is added to solution (Y) a greenish-white precipitate forms when exposed to air.

Salt (X) is 000000000
@ iron(II) chloride. iron(Il) carbonate.
@ calcium carbonate. @ calcium chloride.

@ From the opposite chart:
Which of the following is correct for both compounds (A) , (B)?

350°C

HCI

(conc)

A

(B)

+
HZO
@ Both dissolve in water. Both react with hydrochloric acid.
@ Both react with ammonia solution. @ Both contain Fe3* cations.

@ The anion and the cation of a salt can both decolourise acidified potassium permanganate
solution.

What is the possible chemical formula of this salt?

(&) Fe(NO2)s3 Cu(NOs)2 (©) Fe(NO2)2 (D) Cu(NOz)»
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@ A solid substance (X) does not dissolve in water; a gas is given off from it both on strong

heating and on reacting with sulphuric acid.

Substance (X) iS sevrsevens

@ iron(III) hydroxide. iron(Il) carbonate.
@ aluminium hydroxide. @ sodium carbonate.

e Using the following, where (X, Y, A) are hypothetical symbols for atomic groups or elements:

Which of the following is correct?

- +KMnO, v o Y™ 4+ AT +H,S80, Al
H*‘
D) (Xm7) : sulphite , (A™") : Fe2* (X™7) : nitrite , (A™) : Fe3*
© (Y™) : nitrate , (A@9") : Fes* ® (Y™) : nitrate , (A®*9*) : Fe2*

@ When potassium hydroxide solution is added to solution (X), a precipitate forms that dissolves
in excess KOH(aq), and when barium chloride solution is added to the same solution (X),

precipitate (Y) forms.

What is solution (X), and what is the colour of precipitate (Y)?
(&) (X) : CaCls, (Y) : white. (X) : Al2(SO4)3 , (Y) : white.
@ (X) : FeCla, (Y) : greenish-white. @ X) : Alz(SO4)3 , (Y) : reddish-brown.

@ The mixture of iron(I) hydroxide, aluminium hydroxide and iron(IIl) hydroxide can be turned

into a clear solution by adding excess vsevseeses

(A) NaOH(aq) HCl(aq) (©) NH4OH(aq) (D) H20(1)

@ The following two experiments were carried out on solution (X):

+ sodium hydroxide solution was added to a sample of it, and a white precipitate formed that

dissolves in excess NaOH
« silver nitrate solution was added to another sample of it, and a white precipitate formed.

From the above observations, we conclude that solution (X) contains the 10NS «vvrsevens

A1, AR NOs~, Fe?* (©cr, cu* () cr, AB*

10/52



Detection of Cations thanawiya-archive.com

@ The two salts lead(Il) chloride and aluminium chloride can be distinguished using «veveveese

@ water. nitric acid.

@ ammonium nitrate solution. @ water containing CO»

@ Which of the following happens when excess ammonium hydroxide solution is added to

aluminium chloride solution?

@ A white gelatinous precipitate forms and quickly dissolves.
No reaction is observed.

@ A white gelatinous precipitate forms.

@ A deep blue solution forms.

@ Solid substance (X) dissolves in sulphuric acid, forming a colourless solution (Y) and a gas that
burns with a pop. When NaOH solution is added to solution (Y), a white precipitate forms that

dissolves in excess NaOH(aq), and when barium nitrate solution is added to solution (Y),

substance (Z) forms.

What is the name of substance (X), and what are the colour and formula of substance (Z)?
@ Aluminium , a white precipitate of BaSO4

Calcium , a white precipitate of Ba(NO3)2

@ Aluminium sulphate , an aqueous solution of BaSO4

@ Calcium sulphate , an aqueous solution of BaCly
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@ From the opposite Venn diagram:
Which of the following represents each of the properties (1), (2), (3)?

AI(OH),  Fe(OH),

: dissolves in HCI acid , 2) : dissolves in NaOH , (3 : changes colour in air

: changes colour in air , 2) : dissolves in HCI acid , 3) : dissolves in NaOH

® (1) ( )
(1) : dissolves in HCI acid , (2) : changes colour in air , (3) : dissolves in NaOH
© (1) ( (
@ ( ) . dissolves in NaOH , (2) : dissolves in HCI acid , (3) : changes colour in air

0 From the following two charts:

The number of compounds that do not dissolve in water is seveeseass

AI(NO ] Sodium carbonate . (M) l HCl{aq) 4 W Excess - (0 )
3'3(aq) > -
solution —J — ) NaOH(aq)
[ Fe(NOS)z(a ) Sodium carbonate . (P) | HCl(aq) . (Q) Excess . (R)
E J solution Q —  J NBOH(EQ)

OF ® 3 © 4 Ok

@ From the following chart:
Which of the following is used to distinguish between the two solutions (X) , (Y)?

AgNO?- White
> { Solution (X) 1 - [ predipitata 1
AICl
Excess . ‘ Salt solution of ’ + ‘ Solution (Y) ’ - | H.O |
NaOH two metals 2

(A) H2S03 Pb(NOs)2 (©) CaCl, (D) (NHa)2504
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@ Which of the following substances reacts with both hydrochloric acid and sodium hydroxide

solutions?

(A) NH4OH

@ If:

« the chloride of cation (X) does not dissolve in water, while the acetate of (X) dissolves in

Fe(OH)3 (©) Fe(OH), (D) AI(OH)3

water.

« the chloride of cation (Y) dissolves in water and the hydroxide of (Y) dissolves in NaOH

then all the following are correct, except svssssvses

@ The sulphate of (X) dissolves in water.

The sulphate of (Y) dissolves in water.

@ The charge of cation (X) is less than that of cation (Y).

@ (X), (Y) are not in the same analytical group.

e 7 mol of sodium hydroxide solution were added to 2 mol of aluminium chloride solution.
Which of the following graphs shows the change in the mass of the precipitate formed with

time?

Mass of
precipitate

Mass of
precipitate

Mass of
precipitate

Mass of
precipitate

Time Time Time Time

® ©

Graph (B)

@ Graph (C)

®

@ Graph (A) @ Graph (D)

@ Which graph shows the masses of the precipitates formed when excess NaOH solution is added

to three different solutions of the ions Fe2*(aq) , Fe3*(aq) , Al**(aq), each containing 1 g of its

ions?
k] k] k] k]
3 3 g g
Feh- FeSi- A]3+ FBZ+ Fe}r Al3+ Fez+ Feih- A13+ Fez+ Fe3+ Al3+
© © ®
(%) Graph (&) Graph (B) (©) Graph (©) (®) Graph (D)
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@ Solution (A) contains a mixture of the nitrates of the cations (Fe3* , Ag*, Fe?", A13+); the

experiments shown in the following chart were carried out on it:

Which of the following represents each of the precipitates (B) , (C) and the cations of solution

(D)?
[ l HCI [ ’
Mixture of solutions m (aq] Solution (A)
ﬂltratloﬂ

then filtration | Excess

NaOH )

Csomtion t D] ]

@ Precipitate (B) : FeCly ; precipitates (C) : Fe(OH)s , A(OH)s ; cations of solution (D) : Na*

Precipitate (B) : FeCly ; precipitates (C) : Fe(OH)2 , AI(OH)s ; cations of solution (D) : Na*
, Ag*

@ Precipitate (B) : AgCl ; precipitates (C) : Fe(OH)z , Fe(OH)s ; cations of solution (D) : Na*

@ Precipitate (B) : AgCl ; precipitates (C) : Fe(OH)2 , Fe(OH)s ; cations of solution (D) : Na*,
AT

@ An aluminium chloride solution was divided into three test tubes.

Which of the following shows the three suitable reagents for detecting aluminium chloride

solution?

@ First tube : NaOH solution ; second tube : NH4OH solution ; third tube : dilute HCI acid

First tube : NaOH solution ; second tube : dilute HNO3 acid and AgNO3 solution ; third
tube : dilute HCI acid

@ First tube : NH4OH solution ; second tube : dilute HNO3 acid and AgNO3 solution ;
third tube : Ba(NOg)z solution

@ First tube : NaOH solution ; second tube : NH4OH solution ; third tube : AgNO3s solution
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@ From the following chart:
Salt (X) iS terrrrenne

- ] NaOH(aq) e
Colourless m":i'":t‘;h Colourless | | White crystals
solution NaOH pracip solution of salt (X)
(aq)

Ba(NO3); (o)
White \
precipitate
@ aluminium chloride. sodium sulphate.
@ zinc chloride. @ aluminium sulphate.

@ A series of reactions was carried out on alloy (A), made of two metals, as shown in the

following chart:

The two metals that make up alloy (A) are vivseseaes

H,SO NaOH
e = — { ey
- luti greenish-white ppt. remains

@ copper and aluminium. copper and iron.
@ iron and aluminium. @ zinc and lead.

@ 4 mol of sodium hydroxide solution were added to 1 mol of aluminium sulphate.
Which of the following graphs shows the mass of the precipitate with time?

Mass of

Mass of
preci pitate

Mass of
precipitate

Mass of
precipitate

precipitate

Time

Time Time Time

®© © ®
@ Graph (A) Graph (B) @ Graph (C) @ Graph (D)
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@ 0.3 mol of sodium hydroxide solution was added to 0.1 mol of iron(IIT) hydroxide.
Which of the following represents the mass of iron(IIl) hydroxide?

Mass of ppt. Mass of ppt. Mass of ppt. Mass of ppt.
Fe(OH), Fe(OH), Fe(OH), Fe(OH),
Time Time Time Time
® © ®
@ Graph (A) Graph (B) @ Graph (C) @ Graph (D)

@ The cations that form a white precipitate with the sulphate anion are vsevevsess

(A) Na*, Ba2* Ca?*, NH4* (©) Ca*, Ba?* (D) A*, Fe2*

@ All the following pairs of cations can be separated from each other using sodium carbonate

solution, except vvsessvaes

(A) Hg" , NH4* Mg, K* (©) Na*, Cu?* (D) Ca?*, Pb2*

@ When CaCl; solution is mixed with Alz(SO4)3 SOIULION eevervvnne
@ AlClI3 precipitates
a CaSOg4 solution forms
@ CaSOg4 , AICI3 precipitate
@ an AlCl3 solution forms and CaSO4 precipitates

@ Solution (X) reacts with each of the following two solutions separately, forming a white
precipitate:
« silver nitrate solution.
+ sodium sulphate solution.

What is the possible name of solution (X)?
@ aluminium chloride. sodium chloride.

@ calcium chloride. @ iron(ITI) chloride.
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@ A solution containing Pb2* ions can be distinguished from a solution containing Ca2* ions

USING seeversans
@ dilute nitric acid. potassium chloride solution.
@ sodium sulphate solution. @ dilute sulphuric acid.

@ If hot conc. sulphuric acid is added to salt (X), a white precipitate forms and reddish-brown

fumes are given off.

Salt (X) iS Q000000000
@ calcium carbonate. calcium nitrate.
@ iron(II) carbonate. @ iron(III) nitrate.

@ From the following chart:

Which of the following is correct?

. | 00 [ sy +CO .
e | o [ [

@ Substance (X) : H2SO4 , substance (Y) : Ca(OH)2 , substance (Z) : NaOH
Substance (X) : CaCOgs , substance (Y) : NaOH , substance (Z) : CaSOg4

@ Substance (X) : H2SO4 , substance (Y) : NaOH , substance (Z) : Ca(OH),
@ Substance (X) : CaSOy4 , substance (Y) : Ca(OH)3 , substance (Z) : CaCO3

@ Ammonium carbonate solution was added to a solution of salt (A), and a white precipitate (B)

formed.

What is the effect of adding dilute HCI acid to precipitate (B), and what colour do the cations
of salt (A) give in the dry test?

@ A gas is given off that turns clear limewater milky, and the cation gives a golden yellow

colour.

The precipitate dissolves and the non-luminous zone of the Bunsen flame turns brick red.
@ Carbon dioxide gas is given off and the cation gives a violet colour.

@ The precipitate does not dissolve and the non-luminous zone of the Bunsen flame turns

brick red.
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@ From the following table:

Which pairs of cations in column (A) can be separated from each other in their aqueous

solution using the reagents shown in column (B)?

(B) (A)
Ammonia solution Als“' ‘ Fe3+ (1)
Dilute hydrochloric acid Ag+ 5 Cu2+ (2)
Dilute hydrochloric acid Caz"' - K+ (3)
Dilute hydrochloric acid, then passing H:S gas Cum‘ . Na' (4)

@M, @ ORC) © @, 0) © (), (4

@ From the following chart:
Which of the following is correct?

E tatai(l) in excess (A)

@ Substances (B) , (C) contain trivalent cations.

The cation of substance (D) gives the non-luminous zone of the Bunsen flame a brick red

colour.
@ The solution of substance (B) contains Ag" ions.

@ Solution (A) is used to precipitate the cations of analytical group I.

@ A sample of a calcium salt was tested separately with chloride ions, with sulphate ions and with
the flame test.

Which of the following shows the results obtained under suitable conditions?

@ With chloride ions : a precipitate forms ; with sulphate ions : no precipitate forms ; flame

test : a green colour forms

With chloride ions : no precipitate forms ; with sulphate ions : a precipitate forms ; flame

test : a brick red colour forms

@ With chloride ions : a precipitate forms ; with sulphate ions : no precipitate forms ; flame

test : a brick red colour forms

@ With chloride ions : no precipitate forms ; with sulphate ions : a precipitate forms ; flame

test : a green colour forms
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@ A solution contains the following cations:
Fe2™ , Mn2* , Ag", Hg", Ca2*
It was treated with HCI acid, so the solution now contains the ions vvvsseeess
(a) Ag*, Hg", Ca?* Fe2* | Ag*

@ Hg", Mn2* @ Fe2" , Mn2*, Ca?"
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I Essay questions — 10 questions

’ Lead(Il) nitrate solution reacts with sodium bromide solution, forming precipitate (1):
(1) State the number of the analytical group of the cation of precipitate (1).
(2) What are the colour and formula of precipitate (2) formed by adding the silver cation to

the anion of precipitate (1)?

Q When sodium chloride solution is added to a solution of salt (X), a white precipitate forms, and
when conc. sulphuric acid is added to the same solid salt with heating, reddish-brown fumes
are given off.

Deduce the name of salt (X).

e When dilute hydrochloric acid is added to salt (X), reddish-brown fumes are given off at the
mouth of the tube, and when dilute sulphuric acid is added to a solution of the same salt, a
white precipitate forms of a divalent cation from the cations of analytical group I.

Deduce the name of salt (X).

0 What happens, «without writing reaction equations», when you add:
(1) NaOH solution to iron(II) nitrate solution.

(2) hot conc. H2S04 to potassium iodide salt.

e The following chart shows some chemical reactions:
(1) Deduce:
(a) the symbol of metal (X).
(b) the chemical formula of solution (Y).

(2) Show, with a symbolic equation, the effect of passing gas (Z) over magnetic iron oxide (at
650°C).

H,SO
[ Gas (Z) } -+ [Colourless solution mj <t G, ( Metal (X) ]

NaOH,,

White ppt. that dissolves i
N aOH(nq) (excess)

20/52



Detection of Cations thanawiya-archive.com

6 When dilute hydrochloric acid is added to solid salt (X), a gas is given off that blackens a paper
moistened with lead(I) acetate solution, and when solid salt (X) is put in a Bunsen flame, the
flame turns brick red.

Deduce the name of salt (X).

a + When lead(Il) acetate solution is added to a solution of salt (X), a white precipitate forms.
+ When ammonia solution is added to a solution of salt (X), a white gelatinous precipitate
forms.

Deduce the name of salt (X).

° You have a solution containing the cations Fe2*(aq) , Ca2*(aq) , Pb2*(aq); it was divided into
two parts:
(1) Which of these cations precipitates when dilute HCI acid is added to the first part of the
solution?
(2) Which of the two remaining cations does not precipitate when ammonium hydroxide

solution is added to the other part of the solution?

° Complete the blanks of the following chart with what suits them:
]

The solution produced by filtration HCI

Precipitate: ...... (1) (aq) 59Iution containir_lg a
contains the cations + % mixture of the cations
Its colour: ......[2) then filtration 2+
(3] el ) AP, Ag* . Fe
Adding excess
NaOH The solution produced by filtration
(aq)
T Precipitat (5) + contains the cations

then filtration
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@ From the following chart, deduce the names of each of the substances (1) : (4).

(1)

Dilute

Silvery-white sulphuric acid
solid
Y Y
(:llsfo']':en; . NaOH(aCI) Colourless (2) Gas that
excess NaOH(aq) solution burns with a pop
Ba(NO3)y5q)

(4)

White precipitate
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I Past exam questions — 43 questions

’ From the following chart:
Which of the following represents the cation (X2+)?
(Sample exam 2026)

e Dilute sulphuric Sodium carbonate
precipitate - - -
acid solution

(a) Ca2* Cuz* (© mg>* (D) Fe2*

6 From the experiment shown in the figure:

Which of the following represents some of the contents of test tube (B)?

(Sample exam 2026)

/-——--..\ P'—-—-_-"\
] — ]
A]3+
Excess sodium
Fe>* - | 77
hydroxide

6CI™

L2 G
(A) (B)

(®) CI(ag) , AlO2™(aq) , Na*(aq) , Al*(aq)

Cl™(ag) , AlO2(aq) , Fe**(aq) , AI(OH)s3(s)

(©) AlO2(ag) , AP*(ag) , Fe3*(aq) , Fe(OH)(s)

(D) Cl(aq) , AIO2(aq) , Na*(aq) , Fe(OH)s3(s)

e Both ions of which of the following salts can be detected using the reagent of the confirmatory
test of one of the cations of analytical group V?

(Sample exam 2026)

(&) MgCly Fe2(SO3)3 (©) Pb(NO2)2 (D) Bas(POx4)>
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0 Hydrochloric acid was added to a solid salt and a gas was given off that forms a black
precipitate when passed into acidified copper nitrate solution.
Which of the following represents the solid salt?
(Sample exam 2026)

@ sodium nitrite. potassium sulphide.
@ sodium sulphite. @ sodium bicarbonate.

e Which of the following solutions can be used to separate Fe(OH)2 from a mixture of it with
Al(OH)3?
(Sample exam 2026)

(A) NaOH(aq) NH4OH(aq) (©) NaCl(aq) (D) HCl(ag)

6 A mixture of the nitrates of copper(Il), lead(Il) and calcium.

Which of the following gives the correct order of substances that can be added to this mixture

to separate each cation on its own?

(Sample exam 2026)

@ sodium carbonate solution, then passing hydrogen sulphide gas.
dilute sulphuric acid, then silver nitrate solution.

@ hydrochloric acid, then sulphuric acid.

@ hydrochloric acid, then sodium carbonate solution.

6 From the following chart:
Which of the following represents the substances (X) , (Y), (2)?
(Sample exam 2026)

K,CO

@ Substance (X) : AgNOs(aq) , precipitate (Y) : AgCI(s) , precipitate (Z) : KCI(s)

Substance (X) : HCl(aq) + H2S(g) , precipitate (Y) : CuCla(s) , precipitate (Z) : CuCOs(s)
@ Substance (X) : HCl(aq) + H2S(g) , precipitate (Y) : CuS(s) , precipitate (Z) : CuCOs(s)
@ Substance (X) : Na2S(aq) , precipitate (Y) : NaCl(s) , precipitate (Z) : KCI(s)
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° A solution contains the ions (Cu?*, K*, Ag+)

Which of the following gives the colour of the precipitate likely to form when excess HCI
solution is added, then (H2S) gas is passed through this solution?
(Sample exam 2026)

@ A black precipitate.
A white precipitate.
@ A mixture of a white and a black precipitate.

@ No precipitate forms.

e Two salts (A, B): the acid of salt (A) is used to detect the cation of salt (B), and the acid of salt
(B) is used to detect the anion of salt (A).

Which of the following represents the two salts (A) , (B)?
(Sample exam 2026)

(&) salt (A) : KCI, salt (B) : CuSO4 Salt (A) : Hg2S04 , salt (B) : KCI
(©) salt (A) : KCI, salt (B) : PbSO4 (D) Salt (A) : K2SO4 , salt (B) : NaNO3

@ A solution contains the cations (Cu2*, Pb2* , Ca2+)

Which of the following can be added to the above solution to obtain a solution containing only
the copper cation?

(Sample exam 2026)

@ Dilute sulphuric acid. Sodium carbonate solution.
@ Sodium nitrate solution. @ Dilute hydrochloric acid.

@ Which of the solutions of the following compounds forms a precipitate with Pb(NO3)2(aq) but
does not form a precipitate with Ba(NOs)2(aq)?

(Sample exam 2026)

(A) NazSO4 CH3COONa (©) NaCl (D) NazCO3
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@ A solution contains the cations (Ag", Cu?", Pb2", Ca2+)

Which of the following gives the correct order of the steps needed to obtain a solution

containing only the copper cation?

(Sample exam 2026)

@ Adding hydrochloric acid - filtration — adding hydrogen sulphide gas - filtration.
Adding hydrogen sulphide gas - filtration — adding hydrochloric acid - filtration.
@ Adding sulphuric acid - filtration - adding sodium sulphide solution - filtration.

@ Adding sodium chloride solution - filtration — adding magnesium sulphate solution —

filtration.

@ Which of the following solutions can be added to a solution containing the cations (AI3* , Fe2" ,
Ca2+)

to precipitate only one of these cations?

(Sample exam 2026)

@ Sodium carbonate. Excess sodium hydroxide.
@ Excess ammonium hydroxide. @ Potassium chloride.

@ Which of the following does not distinguish between the main reagent for the cations of
analytical group I and that of analytical group III?
(1st session 2025)
@ Iron(II) chloride solution. Aluminium sulphate solution.

@ Iron(IIl) sulphate solution. @ Sodium chloride solution.

@ When lead(Il) acetate solution is added to a solution of salt (X), a white precipitate forms, and
when ammonia solution is added to a solution of salt (X), a greenish-white precipitate forms.
Which of the following choices represents salt (X)?

(1st session 2025)

(A) FeSO4 Fez(SO4)3 (©) Fe(NOs)2 (D) Fe(HCO3)3
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@ Both ions of salt (X) can be detected using reagent (Y).
Which of the following choices represents salt (X) and reagent (Y)?
(1st session 2025)

@ Salt (X) potassium chloride, reagent (Y) conc. sulphuric acid.
Salt (X) silver nitrate, reagent (Y) dilute hydrochloric acid.
@ Salt (X) aluminium chloride, reagent (Y) sodium hydroxide solution.

@ Salt (X) iron(III) sulphate, reagent (Y) barium hydroxide solution.

@ When conc. sulphuric acid is added to salt (X) with gentle heating, gas (Y) is given off and
precipitate (Z) forms.

X), (Y), (Z) are veevvssens
(Sample exam 2025)

@ Salt (X) : Pb(NOg)z , gas (Y) : NO2 , precipitate (Z) : PbSO4
Salt (X) : NazCOs , gas (Y) : CO , precipitate (Z) : NazSO4
@ Salt (X) : KCI, gas (Y) : Cla, precipitate (Z) : K2SO4

@ Salt (X) : CuBrz, gas (Y) : Bra, precipitate (Z) : CuSOg4

@ When brown iodine solution is added to salt (A), the brown colour of the iodine disappears,
and when dilute sulphuric acid is added to another amount of the same solution of salt (A), a

white precipitate forms. Salt (A) is vvevevenes

(Sample exam 2025)

@ potassium sulphate. lead(IT) thiosulphate.
@ copper(Il) sulphide. @ sodium nitrite.

@ A gas with a foul smell is passed into copper(I) chloride solution acidified with hydrochloric

acid, then silver nitrate solution is added to the products of the reaction.
Which of the following choices is correct?

(2nd session 2024)
@ A mixture of black precipitates forms.

A mixture of a white precipitate and a black precipitate forms.

@ A mixture of white precipitates forms.

@ A mixture of a yellow precipitate and a black precipitate forms.
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@ The following reactions take place under suitable conditions:
The two compounds (A) , (C) are veserevenens
(2nd session 2023)

conc. acid

(@) + (6504

@ Compound (A) : HCl(aq) , compound (C) : Ca(OH)2
Compound (A) : HCI(g) , compound (C) : CaCOs
@ Compound (A) : HCI(g) , compound (C) : Ca(OH)2
@ Compound (A) : HCl(aq) , compound (C) : CaCOs3

® )+ [©)

&
20,

@ The solutions of the two salts (NH4)2504 , MgSO4 can be distinguished by a solution of

XXX RN

(Trial exam / March 2023)

(A) NaNO3 KCI (©) NazCO3 (D) Ca(HCO3)2

Q Which of the following pairs of cations can be separated from their solutions using sodium
chloride solution?

(1st session 2024)
@ Ca?" | Cu2* Hg" / Pb2* @ Mg?" [ Caz* @ Cu2* / Pb2*

e Dilute HCI acid is used to detect both veeesesees
(Trial exam / June 2021)

(A) NO,~, Hg* Br~, Hg* (©) POg~, Pb2* (D) S04, Ag*

@ Which of the following compounds is used to detect both ions of the salt lead nitrate?
(2nd session 2023)

@ Nitric acid. Hydrochloric acid.
@ Sulphuric acid. @ Carbonic acid.
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@ When gas (X) is passed into an acidified solution of salt (Y), a black precipitate forms, and
when silver nitrate solution is added to the solution of salt (Y), a white precipitate forms.
Gas (X) and salt (Y) are cevvseenes
(2nd session 2023)
(A) Gas (X) : H2S , salt (Y) : Nal Gas (X) : COz, salt (Y) : CuCly
@ Gas (X) : NOg2, salt (Y) : MgSOx4 @ Gas (X) : HaS , salt (Y) : CuCly

@ When copper sulphate solution reacts with gas (A) in an acidic medium, a black precipitate
forms, and when silver nitrate solution reacts with solution (B), a black precipitate also forms.
(A), (B) are seerssenes
(1st session 2021)
(A) (A): COz, (B) : NaBr (A) : HaS , (B) : Nal
(©) (A) : HaS , (B) : NazS (D) (A) : SOz, (B) : NaCl

@ When hydrogen sulphide gas is passed over copper(Il) sulphate solution, the precipitate appears

OIN svevererene

(2nd session 202 l)
@ adding NaOH solution increasing the pressure.
@ adding dilute HCI. @ raising the temperature.

@ When hydrogen sulphide gas is passed into an acidic solution of a salt, a black precipitate
forms, and when barium chloride solution is added to a solution of the same salt, a white
precipitate forms. The salt is vsesevaess

(1st session 2022)

(A) NazPO4 CuSO4 (©) (NH4)3POs (D) CuCl,

Q Which of the following: BaCla(aq) , NaOH(aq) , HCl(aq) is used to distinguish between

aluminium sulphate solution and iron(Il) chloride solution?

(2nd session 2023)

@ BaCla(aq) , HCl(aq) NaOH(aq) only.
@ HCl(aq) only. @ NaOH(aq) , BaCla(aq)
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A student added ammonium hydroxide reagent to a solution of an iron(II) salt, and a
precipitate formed whose colour was different from the expected colour.

The likely reason for this is that veesesees

(1st session 2021)

@ the reagent used is wrong. the reagent is a strong base.

@ the reaction needs heating. @ the salt is mixed with other salts.

Potassium hydroxide solution was added to a solution of iron(Il) sulphate prepared a long time
ago in a glass beaker, and a precipitate formed whose colour is «vsvsesess

(2nd session 2022)
@ gelatinous white. greenish-white. @ gelatinous green. @ reddish-brown.

During an experiment to detect the cation of a salt (X), a little NaOH solution was added and a
precipitate formed, then more of the reagent was added and the precipitate disappeared. The
solution of salt (X) iS veverernee

(2nd session 202 l)

(&) Al(NO3)3 FeSO4 (©) FeCls (D) CuSO4

During an experiment to detect the cation of a salt, a little NaOH was added and a precipitate
formed; on adding more NaOH, ....svv0 forms.

(Trial exam / June 2021)
(A) NaAIO3(aq) BaSO4(s) (©) NaNO3(aq) (D) AI(OH)3(s)

Ammonium carbonate solution is used to distinguish between all the following cations, except

Q02000000

(2nd session 202 1)

(A) Na*, Ca?* K*, Mg?* (©) caz*, Mg2* (D) K*, Fe2*
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@ You have the following compounds:
(1): aluminium chloride.
(2): iron(III) chloride.
(3): iron(Il) chloride.
(4): hydrogen chloride.
Which of the above compounds can distinguish between sodium hydroxide and ammonium

hydroxide solutions when the necessary conditions are available?

(Trial exam / May 2021)
(&) Compounds (1), (2), (3) Compounds (1), (2), (4)
@ Compounds (2), (3) @ Compounds (1), (4)

@ From the following reaction chart:
The substances (X), (Y), (Z) are cvveseverses
(1st session 2022)

conc. acid Ammonia solution
o |2 = [y o

(A) (X) : FeSO4, (Y) : FeCly , (Z) : Fe(OH)3
(X) : FeCOs, (Y) : FeCls , (Z) : Fe(OH)»
(©) (X) : FeCO3, (Y) : FeCly , (Z) : Fe(OH),
(D) (X) : FeSO4, (Y) : FeCls , (Z) : Fe(OH)3

e The following table shows some chemical compounds:
Which of the following choices is correct?

(1st session 2023)

| (A) (8) (c) (0) 1
[ AINO,), FeSO, NH,OH HCI J

@ (D) detects the anion of (B) and the anion of (A).
(C) detects the cation of (B) and the cation of (A).
@ (A) detects the anion of (D) and the anion of (C).
@ (B) detects the cation of (C) and the anion of (D).
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@ From the following chart, when the reactions are carried out under suitable conditions:
The compounds (1) , (2) , (3) ATE vereverees
(1st session 2023)

(3)

White
precipitate

Pb(NOg)z , compound 2) NaHCOs3 , compound ( ) : NazSO4

: Na2SO4 , compound ( ) : NH4NO3 , compound (3) : KoSO4
: AgNOs3 , compound (2) : (NH4)2COs3 , compound (3) : Na2SO4
: AgNOs3 , compound (2) : K250O4 , compound (3) : KHCO3

@ Using the following table:
The two salts (A) , (B) are vvaeevenne
(2nd session 2022)

Solution (B) Solution (A) Reagent
Colour disappears Colour disappears Acidified KMnOas
Precipitate forms No precipitate forms NQOH(MU

() Salt (A) : NaNO3 , salt (B) : FeSO4
Salt (A) : NaNOs , salt (B) : FeSO4
@ Salt (A) : NaNOg , salt (B) : Fez(SO4)3
(D) Salt (A) : NaNO3, salt (B) : Fea(SO4)3

@ Which of the following salts forms a precipitate and gives off a gas when hydrochloric acid is
added to it under suitable conditions?

(Trial exam / March 2023)
(A) NaNO; AgNO3 (©) HgNO;3 (D) Pb(NOz)
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° The following chart shows chemical reactions on some salts:
(1) Precipitate (B) is white and turns greenish-white on exposure to air.
Write the chemical formulas of each of:
1- salt (X)
2— salt (Y)
(2) State the chemical name of each of the two precipitates (A) , (B).
(Sample exam 2026)

N

( dil. i

L X J‘*‘[ 2HCl(,q) ] —"“[ Yo I'*'[ Z) J
)

5 Copper
Ammonia 5
solution "'tm.m
solution

[Preclpltate[ﬂ] | [ Black ppt. (A) J
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@ The opposite figure shows an experiment to detect the anion of salt (X) and the cation (Z).
Study the figure well, then answer the following questions:
(1) Write the chemical formula of each of:
1- the salt (ZClz)
2- the black precipitate (W)
(2) Write the chemical formulas of two other salts, instead of the salt (ZClz), that each show
the same observation, given that the anion of each of them is nitrate.

(Sample exam 2026)

HClGg)

T
|

Salt solution

a 1 @ay)

Gas

(Y) \T/ re

Salt Black precipitate

(X) (W)
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@ In front of you are four test tubes containing solutions of different salts:

(1) Write the chemical name of the reagent used to distinguish between the solid salts of the

four solutions in one experiment.

(2) Which of the four solutions gives a precipitate with excess sodium hydroxide?

(3) Which of the above solutions gives a gas and a precipitate when dilute sulphuric acid is
added?

(4) Which of the above salts has a cation that cannot be detected with one of the usual

reagents?

(Sample exam 2026)

(A) (B) (C) (D)
- - - -

- e - o

\_/ \_/ \ \/
Ca(HCO;), AI(NO;); FeSO, KCl
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Answer key and solutions

I Multiple choice questions

1 2 3 4 5 6 7 8 9 10
D A D D B C A B A D
11 12 13 14 15 16 17 18 19 20
(¢ D A B B D B D B A
21 22 23 24 25 26 27 28 29 30
B C B C A A B D D C
31 32 33 34 35 36 37 38 39 40
B C D C B D C B C B
41 42 43 44 45 46 47 48 49 50
B D A C A C B B D A
51 52 53 54 55 56 57 58 59 60

B C D D C D C C D
61 62 63 64 65 66 67 68 69 70
D C B B C B D B D

‘ Answer (D)

Dilute HCI precipitates the group I cations Ag*, Hg" and Pb2" as white chlorides.
It also detects the thiosulphate anion S20327, giving yellow sulphur and SO2 gas.

Q Answer (A)

Mercury(I) nitrate solution gives a white precipitate of mercury(I) chloride with NaCl.

Potassium nitrite solution gives no precipitate with NaCl, so they can be distinguished.

e Answer (D)

Ag2COs3, Hg2COs and Pb(CO3)2 give insoluble white chlorides with HCI.

CuCOg reacts with the acid to give soluble CuCly, so a clear solution forms.

0 Answer (D)

Pb2* is a group I cation; it gives a white precipitate of PbClz with dilute HCI.

° Answer (B)

Ba2" precipitates SO42~ as BaSO4, while BaCly dissolves.
Pb2*, however, precipitates both anions together (PbClz and PbSOs4).
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6 Answer (C)

The confirmatory reagent of PO43~ and I” contains Ag", and that of SO42~ contains Pb2*; both are
detected by HCI.

thanawiya-archive.com

The confirmatory reagent of NO3™ is FeSOg, and its cation Fe2* is not detected by HCI.

0 Answer (A)

PbCly is sparingly soluble and PbS is insoluble, while Pb(NO3)2 dissolves in water.

° Answer (B)

The gas that gives a black precipitate with lead(Il) acetate is H2S, so black PbS forms.
HCI converts PbS into white lead chloride PbCl>.

e Answer (A)

Dilute HCI precipitates Pb2* as PbCly (X).
After separating it, Ba?* remains in the solution and gives a white precipitate of BaSO4 with

@ Answer (D)

The yellow precipitate is Agl, so the cation Ag" is from analytical group I.

The anion I” belongs to the conc. H2SO4 acid group.

Q Answer (C)

The compound used in purifying drinking water is CuSO4.
Cu?" is detected by H3S, forming black CuS, and SO42~ is detected by adding CaClz, which
precipitates white CaSO4.

Q Answer (D)

Ag", Pb2" and Cu?" give black sulphides with H2S.

The sodium cation Na* does not precipitate with HaS.

@ Answer (A)

Cu?* and Pb2?* give black CuS and PbS, while K* does not precipitate.

Q Answer (B)

Sulphide S2” precipitates with cations that give insoluble sulphides, such as Ag™ and Cu2".
The sulphides of K" and Na™ are soluble.
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@ Answer (B)

HCI precipitates only Ag™ as AgCl, while Cu?" stays dissolved (CuCly is soluble).

thanawiya-archive.com

H3S precipitates both, so it does not distinguish them.

@ Answer (D)

The cation that gives no precipitate with SO42™ and a precipitate with S2~ is Cu2" (black CuS).

Ba2" gives BaSO4, and NH4" gives no precipitate with either.

@ Answer (B)

CuSO4 with BaCly gives white BaSO4.
CuSO4 with KCI gives no precipitate.
CuSO4 with NaxS gives black CuS.

So a precipitate forms in the cases of BaClz and NaxS only.

@ Answer (D)

Copper(Il) sulphate gives no precipitate with HCI.
Cu?" gives a black precipitate of CuS with H2S in an acidic medium.

SO4?” gives a white precipitate of BaSO4 with Ba(NOg3)2.

@ Answer (B)

Carbonates: CuCO3, BaCO3, PbCO3 and Ag2CO3 (4 precipitates).
Chlorides: PbClz and AgCl (2 precipitates).

Total = 6 compounds.

@ Answer (A)

(X) is a black substance that dissolves in dilute HNOg; it is CuO, so solution (Y) is Cu(NOg)z.
H2S with a Cu?" solution gives black CuS (Z).

Q Answer (B)

Ag", Cu?" and Fe?" can be precipitated, but the sodium cation Na* is not precipitated.

@ Answer (C)

Fe2* is oxidised by the oxygen of the air to Fe3* (oxidation).

Then NaOH gives a precipitate of Fe(OH)s (precipitation).
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@ Answer (B)

(X) precipitates as the chloride XCly, so it is from group I (HCI).

thanawiya-archive.com

(Z) precipitates as the sulphide ZS, so it is from group II (H2S).
(Y) precipitates as the hydroxide Y(OH)y, so it is from group III (NH4OH).

@ Answer (C)

The reddish-brown precipitate with ammonia shows Fe3* (Fe(OH)g), and the white precipitate
with AgNO3z shows CI™.

So salt (X) is iron(III) chloride.
Fe(OH)s dissolves in HCI, giving iron(III) chloride (Y).

e Answer (A)

Gas (X) is NHs; it dissolves in water forming NH4OH, which gives a reddish-brown precipitate of
Fe(OH)3 with FeCls.

Fe(OH)s dissolves in acids such as HNOs.

NH3 with HCI gives white clouds of NH4Cl.

@ Answer (A)

Reddish-brown fumes of NO3 with hot conc. H2SO4 show the nitrate anion.
The greenish-white precipitate with NH4OH shows Fe2".
So the salt is Fe(NOg)z.

@ Answer (B)

NaOH with FeSO4 gives greenish-white Fe(OH)2, which is oxidised in air to reddish-brown
Fe(OH)s and dissolves in HCI.

Ammonia gas is not given off, because the solution does not contain ammonium ions.

@ Answer (D)

The red oxide used in paints is Fe2Os3, and it does not dissolve in water.
It is heated with conc. H2SO4 to form Fez(SO4) 3, then KOH is added and reddish-brown Fe(OH)3

precipitates.

@ Answer (D)

Fe(OH)3 is greenish-white (X).

Al(OH)3 is a white gelatinous precipitate that does not dissolve in ammonia solution (Y).
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@ Answer (C)

FeCls with AgNOs3 gives a white precipitate of AgCl.
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FeCls with Ba(N03)2 gives no precipitate.

Excess NaOH gives reddish-brown Fe(OH)s, which does not dissolve in the excess.

e Answer (B)

The element in electricity pylons is iron; heating it with Cla forms FeCls.

FeCls with ammonia gives Fe(OH)s, which is reddish-brown.

@ Answer (C)

Ammonia gas with water gives NH4OH.

The greenish-white precipitate with the salt solution is Fe(OH)z, so its cation is Fe2",

@ Answer (D)

Fe3O4 with hot conc. H2504 gives FeSO4 and Fe2(SO4)s3.
NaOH precipitates Fe(OH)2 and Fe(OH)s together, and both dissolve in dilute HCI.

@ Answer (C)

The reddish-brown precipitate with NH4OH shows Fe3*, and the compound dissolves in water.

Iron(III) nitrate dissolves in water, while iron(III) hydroxide does not.

e Answer (B)

Gas (Z) turns limewater milky, so it is CO2 and the salt is a carbonate.
The greenish-white precipitate with ammonia shows Fe2".

So the salt is iron(II) carbonate.

@ Answer (D)

(A) decomposes on heating into Fe2O3 and water, so it is Fe(OH)s.
(B) is the product of the reaction of FeaOs with conc. HC], so it is FeCls.

Both compounds contain the Fe3™ cation.

@ Answer (C)

What decolourises acidified KMnOy is a reducing substance.

The nitrite NO2™~ and the Fe2" cation are both reducing, so the salt is Fe(NOz)z.

@ Answer (B)

The substance does not dissolve in water and gives off a gas on strong heating and with the acid.

Iron(Il) carbonate FeCO3 decomposes by heat and reacts with H2SO4, giving off CO2.
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@ Answer (C)

X" decolourises acidified KMnOg, so it is oxidised; it is nitrite, oxidised to nitrate Y.
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Nitrate with H2SO4 and Fe2" oxidises Fe2" to Fe3* (the brown ring reaction).

So Y~ is nitrate and A@*D* ig Fe3*,

@ Answer (B)

KOH solution gives a precipitate that dissolves in the excess; this is a property of AI(OH)s.
BaCl; gives a white precipitate of BaSO4 with sulphate.
So solution (X) is Alz(SO4)3 and precipitate (Y) is white.

° Answer (B)

Adding excess NaOH dissolves only AI(OH)s, and the two iron hydroxides remain.

Excess HCI dissolves all three hydroxides, so a clear solution forms.

Q Answer (D)

A white precipitate with NaOH that dissolves in the excess shows Al3".
A white precipitate with AgNO3 shows CI.

@ Answer (A)

Aluminium chloride dissolves in water, while lead(II) chloride does not dissolve in cold water.

@ Answer (C)

Aluminium hydroxide does not dissolve in excess ammonia solution.

So a white gelatinous precipitate forms and remains.

@ Answer (A)

Substance (X) is a metal that reacts with H2SO4, giving oftf hydrogen, which burns with a pop.
The white precipitate with NaOH dissolves in the excess, so it is AI(OH)s and the metal is
aluminium.

Ba(NOs)2 with sulphate gives a white precipitate of BaSO4 (Z).

@ Answer (C)

(1) in Fe(OH)2 only: it is oxidised in air and changes colour.
(2) common to both: both dissolve in HCI.
(3) in AI(OH)3 only: it dissolves in NaOH.
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@ Answer (B)

Al(NOg)g with NaaCOgs gives (M) insoluble AI(OH)3, then HCI gives (N) soluble AlCls, then excess
NaOH gives (O) a soluble salt.

Fe(NOg)z with NaaCO3 gives (P) insoluble FeCO3, then HCI gives (Q) soluble FeCly, then NaOH
gives (R) insoluble Fe(OH)2.
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Insoluble compounds: M, P, R

@ Answer (B)

X) is Al(NOg)g and (Y) is NaCl.
Pb(NO3)2 gives a white precipitate of PbClz with NaCl, and gives no precipitate with A(NO3)s.

@ Answer (D)

Al(OH)s is amphoteric, so it reacts with acids and with bases such as NaOH.
The other hydroxides react with the acid only.

@ Answer (A)

The chloride of (X) is insoluble and its acetate is soluble, so it is Pb2*; the hydroxide of (Y)
dissolves in NaOH, so it is AI3",

PbSO4 does not dissolve in water, so statement (A) is wrong.

Alz(SO4)3 dissolves, the charge of Pb2" is less than that of AI3*, and they are in two different

groups.

@ Answer (A)

Every 3 mol of NaOH precipitate 1 mol of AI(OH)s3, so the first 6 mol precipitate 2 mol of
Al(OH)3.

The remaining 1 mol of NaOH dissolves 1 mol of the precipitate, so the mass drops to half and
then stays constant.

Graph (A): rises, then falls, then stays constant.

@ Answer (B)

Mass of precipitate from 1 g of each ion: Fe2™ = Fe(OH)z and Fe3" — Fe(OH)s; the mass of the
Fe3" precipitate is larger.
AI3* with excess NaOH gives no precipitate because it dissolves.

Graph (B)
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@ Answer (C)

HCI precipitates Ag" as AgCl (B).
Excess NaOH gives Fe(OH)2 and Fe(OH)s (the precipitates C), and AI(OH)z dissolves in the excess.
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Solution (D) contains Na* (and aluminate ions).

@ Answer (D)

A" is detected by NaOH or NH4OH (a white gelatinous precipitate that dissolves in excess NaOH
only).

Cl” is detected by dilute HNO3 and AgNO3 (a white precipitate of AgCl).

Dilute HCl and NH4OH together do not detect both aluminium and chloride.

@ Answer (D)

The solution is colourless, and NaOH gives a white precipitate that dissolves in the excess, so the
cation is AI3*,
Ba(NOs)2 gives a white precipitate, so the anion is SO42".

So the salt is aluminium sulphate.

@ Answer (C)

The alloy dissolves in H2SO4, then NaOH gives precipitate (B).

With more NaOH the amount of precipitate decreases because AI(OH)3 dissolves, and greenish-
white Fe(OH)2 remains.

So the two metals are iron and aluminium.

@ Answer (D)

4 mol of NaOH is less than needed to precipitate all the aluminium (6 mol are needed).

So the precipitate increases until the NaOH is used up, then stays constant without dissolving.

Graph (D)

@ Answer (C)

Fe(OH)3 does not react with NaOH and does not dissolve in it.

So its mass stays constant with time.

@ Answer (C)

Ca?" and Ba?" give white precipitates with sulphate (CaSO4 and BaSOa).
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@ Answer (D)

Na2COg precipitates the carbonates of Hg", Mg?" and Cu?*, and does not precipitate the
carbonates of NHs*, K" and Na™.

Ca?" and Pb2* both give a carbonate precipitate, so they cannot be separated.

@ Answer (D)

CaClz + Alz(SO4)3 - CaSO4 + AlCIs

CaSOys is sparingly soluble so it precipitates, and AICl3z dissolves in water.

@ Answer (C)

Solution (X) is a chloride, because it gives white AgCl with AgNOs.
With NazSOy it gives a white sulphate precipitate, which happens with Ca2" in CaCla.

@ Answer (B)

KClI precipitates Pb2* as white PbCla.

No precipitate forms with Ca2*, because CaCly dissolves in water.

@ Answer (B)

Reddish-brown fumes (NO2) given off with hot conc. H2504 show the nitrate anion.

The white precipitate is CaSOg, so the salt is calcium nitrate.

@ Answer (C)

CaCly with H2SO4 (X) gives a white precipitate of CaSOg.
CaClz with NaOH (Y) gives Ca(OH)2 (Z), which is limewater.

Limewater with CO2 gives a white precipitate of CaCOg3.

@ Answer (B)

(NHa)2COg3 precipitates the carbonate of the cation (B), and it dissolves in dilute HCI giving off

COz.

The cation that gives a brick red colour in the Bunsen flame is Ca2*.

@ Answer (D)

(2) Dilute HCI precipitates Ag* as AgCl and does not precipitate Cu?".
(4) Ha2S in an acidic medium precipitates Cu?" as CuS and does not precipitate Na™.

(1) Both cations precipitate with ammonia, and (3) neither precipitates with HCI.
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@ Answer (B)

(C) is a solution containing sulphate, so with Ca(NOg)z a white precipitate of CaSOg4 (D) forms.
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The cation of (D) is Ca2*, and it gives the flame a brick red colour.

@ Answer (B)

CaCly is soluble, so no precipitate forms with chloride ions.
CaSOy4 is sparingly soluble, so a precipitate forms with sulphate ions.

Ca?" gives a brick red colour in the flame test.

@ Answer (D)

HCI precipitates Ag" and Hg* as AgCl and Hg2Cla.

Fe?*, Mn2* and Ca2?* remain in the solution.

I Essay questions

° Model answer

(1) The cation of lead(Il) bromide is in analytical group I.
(2) Precipitate (2): silver bromide.
« Colour: yellowish white.

« Formula: AgBr

a Model answer

Chloride ions form a white precipitate with silver cations.
. The cation of this salt: Ag"
When conc. sulphuric acid is added to this salt with heating, reddish-brown fumes are given off.

.. The anion of this salt: NO3~

So salt (X) is silver nitrate.

e Model answer

When dilute hydrochloric acid is added to this salt, reddish-brown fumes are given off at the
mouth of the tube.

. The anion of this salt: NO2~

When dilute sulphuric acid is added to a solution of this salt, a white precipitate of a divalent
cation forms.

. The cation of this salt: Pb2*

So salt (X) is lead(Il) nitrite.
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0 Model answer

(1) A greenish-white precipitate of iron(Il) hydroxide forms.
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(2) Violet iodine vapour and SOz gas with a pungent smell are given off.

° Model answer

Aluminium (X) reacts with sulphuric acid, forming aluminium sulphate solution (Y) and hydrogen
gas (Z).

(1) (a) Metal (X): Al

(b) Solution (Y): Alz(SO4)3

(2) Fe3Oa(s) + Ha(g) —(650°C) 3FeO(s) + H20(v)

e Model answer

The gas that blackens a paper moistened with lead(Il) acetate solution: H2S
. The anion of the salt: S2~
The cation that colours the Bunsen flame brick red: Ca2*

- Salt (X): calcium sulphide.

0 Model answer

When lead(I]) acetate solution is added to a solution of this salt, a white precipitate forms.

-+ The anion of this salt: SO42~

When ammonia solution is added to a solution of this salt, a white gelatinous precipitate forms.
. The cation of this salt: AI3*

So salt (X) is aluminium sulphate.

° Model answer

(1) Pb2* cations

(2) Ca2"* cations
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@ Model answer

« Substance (1): aluminium.

+ Gas (2): hydrogen.

+ Precipitate (3): aluminium hydroxide.

» Precipitate (4): barium sulphate.

I Past exam questions

1 2 3 4 5 6 7 8 9 10
A D C B A C C C C A
11 12 13 14 15 16 17 18 19 20
C D B D A D A B B B
21 22 23 24 25 26 27 28 29 30
C B A C D C C B D D
31 32 33 34 35 36 37 38 39 40
D A A C D D B C A D
41 42 43

G Answer (A)

The cation X2* gives a white precipitate with sodium carbonate and with dilute H2SO4.
Ca?" gives white CaCO3z and CaSOy4, while Cu2" gives bluish-green CuCOs, Mg?" gives soluble
MgSOy4, and Fe2" gives a greenish-white precipitate.

a Answer (D)

Excess NaOH precipitates Fe3" as Fe(OH)s and dissolves Al(OH)sz, forming aluminate AlO2".
The tube contains CI7, Na*, AlO2~ and the precipitate Fe(OH)s.

e Answer (C)

The confirmatory reagent for Ba2" is dilute H2SO4, which gives a white precipitate of BaSO4.
In Pb(NOz2)2 the acid detects Pb2* by a white precipitate of PbSO4, and NO2™ by reddish-brown
fumes of NOa.

° Answer (B)

The gas that gives a black precipitate (CuS) with acidified copper nitrate is HaS.
The salt that gives H2S with HCI is potassium sulphide.
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° Answer (A)

NaOH dissolves Al(OH)3 because it is amphoteric, and Fe(OH)2 stays undissolved.
HCI dissolves both hydroxides, NH4OH does not dissolve Al(OH)s, and NaCl has no effect.

e Answer (C)

HCI precipitates Pb2" as PbClz, and Cu?* and Ca?" remain in the solution.
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H2SO4 precipitates Ca2* as CaSO4, and Cu?" remains in the solution.

a Answer (C)

CuCly with HCI and H2S gives a black precipitate of CuS (Y).
CuClz with K2COs3 gives a precipitate of CuCO3 (7).

° Answer (C)

Excess HCI precipitates Ag" as white AgCl.
After that, H2S in an acidic medium precipitates Cu?* as black CuS.

K" does not precipitate, so a mixture of a white and a black precipitate forms.

e Answer (C)

Salt (A) is KCI; its acid HCI detects Pb2* in salt (B) (a white precipitate of PbClz) .
The acid of salt (B) PbSO4 is conc. H2SO4, which detects CI™ in salt (A) by giving off HCI gas.

@ Answer (A)

Dilute H2SO4 precipitates Pb2" as PbSO4 and Ca2" as CaSOg, and Cu?* remains in the solution.

HCI precipitates only Pb2*, and Ca2" remains with Cu?".

° Answer (C)

Pb2* gives white PbCly with the chloride ion, while BaCly dissolves.
Na2SO4 and NayCOs3 precipitate both cations, and CH3COONa precipitates neither.

0 Answer (D)

NaCl precipitates Ag” and Pb2" as AgCl and PbCly, so we filter.
Then magnesium sulphate precipitates Ca2" as CaSOg, so we filter and Cu?" remains in the
solution.

Choices (A) and (B) precipitate the copper itself as CuS, so it does not remain in the solution.
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@ Answer (B)

Excess NaOH precipitates only Fe2" as Fe(OH)2, because A(OH)s dissolves in the excess and Ca2*
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stays dissolved.
Excess NH4OH precipitates AI3" and Fe2" together, NazCOgs precipitates all three, and KCI

precipitates nothing.

@ Answer (D)

The main reagent of group I is HCI and that of group III is NH4OH.
Sodium chloride does not react with either, so it does not distinguish between them.

The other salts give a precipitate with NH4OH and none with HCI.

@ Answer (A)

A white precipitate with lead acetate shows sulphate (PbSOs4).
A greenish-white precipitate with ammonia shows Fe2",

So the salt is FeSOg4.

@ Answer (D)

Fez(SO4)3 with Ba(OH)z gives white BaSO4 (for the sulphate) and reddish-brown Fe(OH)s (for the
iron).

So both its ions are detected together with one reagent.

@ Answer (A)

Pb(NOs)2 with conc. H2504 gives off reddish-brown NO2 and forms a white precipitate of
PbSO4.
Na2COs3 gives COg, not CO; KCI gives HCI; and CuBr2 gives no precipitate.

@ Answer (B)

The disappearance of the brown colour of iodine shows it is reduced by thiosulphate S2032",

The white precipitate with dilute H2SO4 is PbSOg, so the salt is lead(II) thiosulphate.

@ Answer (B)

The foul-smelling gas is H2S, and with acidified Cu2* it gives black CuS.
Adding AgNO3 forms white AgCl from the chloride, so a mixture of a white precipitate and a

black precipitate forms.

4952



Detection of Cations

@ Answer (B)

(C) is CaCOgs, because it reacts with acid (B) to give CaCly and an unstable acid (HzCOg) .
CaCly with conc. HaSO4 gives CaSO4 and HCI gas (A).
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HCI gas with water gives HCI solution, which is (B).

@ Answer (C)

NaCOs3 gives a white precipitate of MgCO3z with MgSOg4.
It gives no precipitate with (NH4)2504, so they can be distinguished.

@ Answer (B)

NaCl precipitates Hg" as HgaCla and Pb2" as PbCla.

So these two cations can be separated from their solution with this reagent.

e Answer (A)

Dilute HCI detects nitrite NO2~ by giving off reddish-brown fumes of NO2.
It detects Hg" by forming a white precipitate of HgaCla.

@ Answer (C)

Dilute H2SO4 detects Pb2* by a white precipitate of PbSO4.
Conc. H2SO4 detects the nitrate by giving off reddish-brown fumes, so the acid detects both ions.

e Answer (D)

The black precipitate with H2S in an acidic medium shows the Cu?" cation (CuS).

The white precipitate with AgNO3 shows chloride, so the salt is CuClz and the gas is H2S.

@ Answer (C)

H2S with Cu2?* in an acidic medium gives black CuS.

AgNOs3 with NasS gives black Ag»S.

@ Answer (C)

CuS precipitates from H32S in an acidic medium, so the gas is passed in with dilute HCI.

@ Answer (B)

A black precipitate with H2S in an acidic medium shows Cu2*.
A white precipitate with BaCla shows SO42.
So the salt is CuSOa.

@ Answer (D)
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@ Answer (D)

NH4OH is the right reagent for Fe2" (not wrong), it is a weak base, and it needs no heating.
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The colour of the precipitate differs from the expected one if the salt is mixed with other salts.

° Answer (D)

An old FeSOy4 solution is oxidised in air from Fe2* to Fe3*.

So with KOH it gives a reddish-brown precipitate of Fe(OH)s.

@ Answer (A)

The precipitate that dissolves in excess NaOH is AI(OH)3 (amphoteric).
So the salt solution is Al(NOg)g.

e Answer (A)

Al(OH)3 dissolves in excess NaOH, forming the soluble aluminate salt NaAlOg.

@ Answer (C)

(NHa)2COg3 precipitates both Ca?" and Mg?" as white precipitates, so it does not distinguish

between them.

In the other pairs only one precipitates: Ca2*, Mg2* or Fe2*, while Na* and K* do not.

e Answer (D)

AlCl3 gives a white precipitate that dissolves in excess NaOH and does not dissolve in excess
NH4OH.

HCI gives white clouds of NH4Cl with the ammonia evaporating from NH4OH, and does not give
them with NaOH.

FeCl3z and FeCl, give the same precipitate with both reagents.

@ Answer (D)

X decomposes on heating into the red oxide Fe2O3, and FeSO4 decomposes by heat into Fe203.

The oxide with conc. HCI gives FeCl3 (Y), and on adding ammonia Fe(OH)3 precipitates (Z).

6 Answer (B)

NH4OH (C) detects AI3™ in (A), giving a white gelatinous precipitate.

It detects Fe2" in (B), giving a greenish-white precipitate.

HCI does not detect sulphate, Al(NOg)g does not detect a cation or the chloride anion, and FeSO4
does not detect NH4" or CI™.
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@ Answer (C)

(1) AgNOg gives white AgCl with CaCla.
(2) (NH4)2COs gives white CaCOs.
(3) NazSO4 gives white CaSOa.

@ Answer (A)

NaNO3 reduces acidified KMnOy so its colour disappears, and gives no precipitate with NaOH, so
it is (A).
FeSO4 reduces KMnOs so its colour disappears, and gives Fe(OH)2 with NaOH, so it is (B).

@ Answer (D)

Pb(NO2)2 with HCI gives a white precipitate of PbClz, and reddish-brown NOz is given off from
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the nitrite.

NalNOg gives a gas only, and AgNO3 gives a precipitate only.

@ Model answer

(1) 1- Salt (X): FeS

2— Salt (Y): FeCly

(2) - Precipitate (A): copper(Il) sulphide.
» Precipitate (B): iron(II) hydroxide.

@ Model answer

(1) 1- Salt (ZClz): CuCly
2- Black precipitate (W): CuS
(2) AgNOs , Pb(NO3)2
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