Chapter 8. Study of Compounds-I: Hydrogen Chloride
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Solution 1:

(i1 Acid present in the stomach of mammals is hydrodhleric acid,
(il Concentrated sulphuric acid is used to drv hydrogen chloride gas.

(iii)  Saltobtained by heating sodium chloride with concentrated sulphuric
acid below 200 degree Celsius is sodium hydrogen sulphate

Mall + Ho50, e s Sy + HCl
Sodium chloride  Sulphuric Sodium hydrogen  Hydrogen
chloride Acid(conc.) sulphate gas

(iv)  When ammoniagas is bubbled through hvdrogen chloride white
precipitate of ammonium chloride is obtained.

HC) + NHz (g) — MH4CI(s)
White precipitate)

(v)  Two sclutions that vields white precipitates, when treated with
hydrogen chloride or hydrochloric acid are-

(a)Silver nitrate
(biLead nitrate

(wi) Gas cbtained by treating metals with hydrochloric acid is hydrogen
qas.

(wii) Gas obtained by treating ferrous sulphide with hydrodhloric acid is
hydrogen sulphide (Hz3S).

(wiil) Fwve oxidizing agents that liberated chlorine from concentrated
hydrochloric acid are-

(aMnOs
(b)PbO:
(CKMnO,
(dIKCra04



(e)Callls
(i) Hydrochloric add is used to extract glue from bones,
(%) Silver chloride is soluble in excess of ammaonium hydroxide,
(%1 Chlorine is a greenish vellow gas.

(%) Gold can be dissolved in agua regia which is mixture of three parts of
concentrated hydrochloric acid and one part of concentrated nitric
acid,

(i) K2Crids reacts with hydrochloric add to give a coloured solution,

(xiv) HCl and NHz are two colourless gases which when mixed produce a
white solid.
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Solution 2:

Calcium oxide and phosphorous pentoxide are very good drving agents but they are
not used to dry HCl gas because they react with hydrogen chloride,

Cal +2 HCl — CaClz +H0

ZP20s +2ZHC —= POz +2HPO;



Solution 3:

(i1 Hydrogen chloride gas is prepared by the reaction of sodium chloride and
sulphuric add at the temperature below 200%C, Sodium chloride is preferred for
laboratory preparation of HCI gas since it is cheapest and most easily available
chloride. Lower temperature is preffered because at higher temperature sodium
sulphate forms a hard crust and sticks to the bottom of the flask and is difficult
remove,

NaCl + H:50s —% 5 NaHSO,  + HCl
Sodium sulphuric Hydrogen chloride
chloride acid {conc. ) gas

Concentrated
sulphuric acid
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(i) A glass rod dipped in ammonia solution is brought near the mouth of the gas
jar.Dense white fumes of ammonium dhlaride will be produced. [t proves the
presence of HZl gas in the gas jar.

(iii) Concentrated Hz504 is used to dry HCl gas.

{iv) The gas is collected by upward displacement of air because-
(i) It is heavier than air.
(il Itis highly soluble in water,

(v Important precautions are-

(i1The lower end of thistle funnel must be dipped below the concentrated HaS50,

(iiTemperature should be maintained nearly 200°C because at highear
temperature —

(aiThe apparatus may break
(bIFuel is wasted.
(¢} Sodium sulphate formed in the reacticn forms a crust on the surface

which is difficult to remove.,



Solution 4:

Hydrochloric acid cannot be prepared by mixing hydrochlaride gas directly in water as it
leads to back suctions.

& complete set up of apparatus for the preparation of hydrochlaric acid in labaratary is
shown in the given figure.

Cone. sulphuric: acid

Imverted funne!

Empty flask

Hydrogen chloride gas prepared by the reaction of sodium chloride and sulphuric
acid, is passed o inverted funnel arrangement through empty flask, An inverted
funnel connected to the HC gas supply is placed in a beaker in such a way that the
rirm of the funnel just touches the surface of water in the beaker. HZl gas coming
through delivery tube fills the mouth of the funnel and then dissclves in water, By
this way we get hydrodhloric acid in the beaker,

OR

Hydrogen chloride gas is dissclved in water by inverted funnel arrangement, HC|
gas cannot be dissolved in water directy as it lead to bads suction,

The purpose of funnel while preparing hydrochloric acid from HCl gasis

1. To prevent back suction of water,
2. It prowvides a larger surface for dissolution of hydrogen chloride gas.



Solution 5:

(1)

(i)

(i

(i)

()

(vi)

(i)

(wiii)

(=)

Lower temperature is preferred because at higher temperature sodium
sulphate forms a hard crust and sticks to the bottom of the flask and is
difficult to remove.,

Hyvdrogen chloride is not collected over water because it is highly scluble
in water

Hydrochloric add cannot be concentrated over 22.2 % by bailing because
this mixture(77.8 % water +22.2 % HCl) boils at a constant temperature
of 110°C without any change in concentration. Sucdh a mixture is called as
azeotrope

HCl gas does not conduct electricity , but hvdrochloric add conducts
electricity because in hydrochloric add({aq), hydrogen ions are present to
facilitate the movement of electrons whereas no such medium is present
ingas

Cilute hydrochloric acid cannot be concentrated bevond 22.2%(by weight)
by distillation. This is due to the fact that this mixture(77.8%

water +22, 2% HCI) boils at & constant temperature of 110°C without any
change in concentraticn. Soif its concentration is high it will fall back at a
lower concentration

When the stopper of a bottle full of HOl gas is opened there are fumes in
the air due to high sclubility of HCl gas in water, It fumes in moist air
forming a cloud of tiny droplets of hydrodhoric acid.

A solution of HC gas in water turns blue litmus red and conducts
electricity, while HCl gas dissolves in toluene and it has no effect because
bydrochloric acid is a polar covalent compound . In polar solvent like water
iticnizes to give hydrogen ions and also facilitates the movement of
electrons to conduct electricity while it does not ionize in organic solvents
like toluene,

Diszoked chlorine reacts slowly with water to give hydrochloric acid and
hypochlorous acid:

Cl+ HyO—= HC + HCI D
Formation of Hydrachloric acid in the reaction is responsible for the acidic nature.

Solution 6:

(i)

(ii}
(i)

If caldum oxide is used to dry HC, then it will react with HZl gas and
result in the formation of calcium dhloride and water,

Call +2 HCl — Callz +H20

When concentrated hydrochloric acid is kept open,it fumes in mecist air
forming a cloud of tiny droplets of hydrodhloric acid.

Hydrochloric add is formed when Hydrogen chloride gas prepared in
laborataory, is passed through water, using a delivery tube.

Solution 7:

In the following reaction, hydrochloric acid acts as an add.

Zn + 2HCI — ZnCly +H»

Cul +2HC — Cull; +H:0

FeS +2HCl — Fell; +H:5



Solution 8:

(i)

(ii)

i)

Two gas jars & and B are taken. & is filled with air and B with dry HC
gas.B is inverted over & kept for few minutes and then jar is removed.
Mow a rod dipped in ammonium hydroxide is introduced into the jar A,
white fumes are seen. This shows that HCl| displaces the air since itis
heavier than air.
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The high sclubility of HZl gas can be demonstrated by “Fountain
experiment”. Init, a well dried round bottom flask is filled with dry HCI
gas and fitted with a two holed rubber stopper. A jet tube is inserted into
the flask through one of the holes, A dropper filled with water is fitted into
the other hole, Closing the outer end of the jet tube, the flask is invertad
and the tube is dipped into a blue litmus solution taken in a beaker, then
dropper is pressed, It is sesn that the blue litmus solution enters the jet

tube with a great force, forming a red fountain.
Red fountain

Flask

4

It happens because water introduced from dropper completely absorbs HC
gas, thereby aeating a very low pressure within the flask. To make up for
this loss in pressure, blue litmus solution rises in the jet tube and colour of
litrmus changes to red.

Wwhen HCl gas is heated above S00°C,it dissociates into hydrogen and
chlorine.

DHCl —=22C s, 4l
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Solution 9:
a)
(i Hydrogen
(i 1Carbon dioxide
(iinsulphur dioxide
(ivIHydrogen sulphide
(w) Carbon dioxide
(wi) sulphur dioxide
(b3
(i1Zn 4+ 2HC — ZnClz +Hz
(iNCaCOs; +2 HCl — CaCls +H,0 +C0,
(il Mazs0; +2HC — 2Nall +30; +H0
(ivIPbS + 2HCl — FbCl; + HZS
(vIMg(HCO:): +2HC — MgClz +2H0 +2C0;

(i) K250z +2HC — 2KCl +80; +H.0

Solution 10:

(i¥gua regiais a mixture is 3 parts of concentrated HCl and 1 part of concentrated
HMO .

(iiltis used to dissclve noble metals like gold and platinum.

(i HCI dissolves noble metals like gold and platinum HCl with HNO; reacts to
produce nascent chlorine whidh reacts with gold, platinum etc, to form their
respective chlorides,

Solution 11:

Two tests for hydrochloric acid are-

(imhen silver nitrate solution is added to hydrodhloric acid,it gives white precipitate
of silver chloride.

(iiWhen lead nitrate sclution is added to it, it gives white precipitate of lead
chloride,
Solution 12:

Uses of hydrochloric acid are-

(iNtis used in the producticn of dves, drugs, paints, photographic chemicals etc

(ii) It is used in the extraction of bone charcoal, by dissolving away calcium
phosphate.

(it is used in the extraction of glue from bones.

(iv) Itis used in the production of glucose from starch.



Solution 13:

(i) 2Hol =220%€ s, 4o,
(i) M™MnO; + 4 HCO - MnCl:(aq) + 250 + Cle T

Manganese Manganse
dioxide chloride
(i) Madl 4 Heg@, — —SEC s naps, HCl
Sodium Sodium
chloride hvdrogen sulphate
Solution 14:
(i) On reaction with metals, hydrochloric acid forms respective chlorides

and liberates hydrogen.
Zn + 2HC — ZnCly +Hz T

(i) On reaction with oxidizing agents, hvdrochloric acid forms respective
salts water and pungent smelling, greenish yellow chlorine gas,

MnOs +  4HCl — MnClz (aq) +2H0 +Cl,T

Manganese Manganese
dioxide chloride
Solution 15:

(i 31 conc, HO and conc, HMNO 4
(i Azeotropes

fiiy Oxidising

fivy  diffused sunlight

vy silver chloride

fwiy  hot water

Solution 1991-1:

Silver nitrate crystals are dissclved in distilled water to prepare its solution and not
in tap water . This is due to the reason that tap water contains dhloride ions which

gives white precipitate with AgMNOs solution.

Cilute hydrochloric acid decomposes metallic carbonates, hydrogen carbonates tc
give the corresponding metal chloride and carbon dioxide, The gas CO: liberated

with brisk effervescence while sulphuric acid does not give CO..



Solution 1992-1:

(a) HCI and MHs combine chemically to form a sclid.
(b} Silver chloride is scluble in excess of NHL.OH.

(c) On reaction with metals, hydrochloric add forms respective chlorides and
liberates hydrogen.

Zn + 2HC — Zndlz +H: T

O reaction with oxidizing agents, hydrochloric acid forms respective salts
water and pungent smelling, greenish vellow chlorine gas.

MnQ; + 4HC — MnClz (aq) +2H0 +CI,T

Manganese Manganese
dioxide chloride

(d) 2KMnOs +16HCI — 2KC| +2MnCle +5C15 +8H:0
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Solution 1992-2:

Aninverted funnel connected to the HC gas supply is placed in a beaker in such a
way that the rim of the funnel just touches the surface of water in the beaker HC
gas coming through the delivery tube fills the mouth of the funnel and then
dissolves in water.Hence,a low pressure is created and badk suction occurs, As a
result of it, water level rises in funnel and level of water in the beaker is

lowered  Thus, the rim of the funnel loses contact with water and the outside air
rushes in through the gap to egualize the pressure on either side of the funnel . The
sclution falls back into the beaker dus to force of gravity. The water level then falls
and the funnel drops badk toits original position.

Solution 1992-3:

Dilute hydrochloric acid cannot be concentrated bevond 22.2%(by weight) by
distillation. This is due o the fact that this mixture(77.8% water+22.2% HCl) is an
azectropic mixture, it boils at a constant temperature of 110°C without any change
in concentration.

Solution 1994-1:

When dilute hydrochloric acid is added to a mixture of iron and sulphur, then
hydrogen gas will evdwve, While, when dilute hydrochloric acid is added in turn to
the compound formed between iron and sulphur the gas formed will be H2S.



Solution 1995-1:

Chlorine gas is evolved when an oxide and concentrated hydrochloric acid are
heated.

Solution 1996-1:

Lead chloride cannot be prepared by adding dilute HCI 1o lead sulphate solution
because lead sulphate is inscluble salt. Infact it can be prepared by adding dilute
HCI to lead nitrate solution since lead nitrate is soluble compound.

Solution 1997-1:
Hydrogen chloride to anhydrous FeCls by adding hydrochloric add to FexOs

Fe Oz +6HC — 2FeCl; +3H.0

Solution 1998-1:

When silver nitrate solution is added to dilute HCl, white predpitate of AgCl is
formed and nitric acid is formed.

AGMDs + HO ———AgCl (5) + HNO,

Solution 2000-1:

(&) Sulphuric acid must be added to sodium chloride to prepare hydrogen chloride,

(b)Y Madl b H.50, —2C 5 NaHSO,  + HCl
Sodium Sulphuric Sodium Hydrogen
chloride acid{ conc. ) hydrogen sulphate  chloride gas

(<) When hydrogen chloride mixes with ammonia white fumes of ammonium
chloride will be observed.

HCI(g) +NHs(g) — NHLCI(S)

Solution 2000-2:

(a). Fountain experiment demonstrates that hydrogen chloride is very soluble in
water,

(b).Tests for hydrogen chloride are-

(i vfhen silver nitrate solution is added to hydrochloric acid, it gives white
precipitate of silver dhloride.

(ii1wWhen lead nitrate solution is added to it, it gives white precipitate of lead
chloride.

(iii )Jooneentrated hydrochloric acid when added to oxidizing agents like manganese
dioxide, lead dioxide etc., it liberates chlorine gas which is a greenish vellow,
pungent smelling gas.



Solution 2000-3:

(a)Ca0Cl; +2HC —s CaCly +HO +Cl;

(BIFb(NO3), +2HC — Pbdlzl +2HMO,
White

(c)MnOz + 4HCl — MnCle(aq) +2H0 +Cl. T

Manganese Manganese
dicxide chloride
(dIFb0. + 4HC — PbCl. (aq) +2H.0 +C1,.T
Lead Lead
dioxide chloride

Solution 2000-4:

When concentrated HCl is added to lead (Iv) oxide and warmed, formation of metal
chloride, water and greenish yellow chlorine gas will occur,
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Solution 2001-1:

Feaction between sodium sulphite and dilute hydrochloric acid is-

Ma;50sz +2HCl — 2ZMacCl +Hz0 +50,T

Solution 2001-2:

(a). Madl + HESETN=——tae RS E + HCl
Sodium Sulphuric Sodium hydrogen  Hydrogen chloride
chloride add (conc.) sulphate gas

Sulphuric add should be concentrated.

(b}, When hydrogen chloride mixes with ammonia white fumes of ammonium
chloride will be cbserved.

HCI(g) +NHs{g) — NH4CI(s)

Solution 2001-3:

Lead dioxide can be used to oxidize hydrogen chloride to chlorine

Solution 2002-1:

When dilute hydrochloric acid is added to lead nitrate solution, white precipitate of
lead chloride forms.

Pb{MNOs)2 + 2HC — PbClal +2HNGS

Wihite



Solution 2002-2:

(a)., All are oxidizing agent whidh is used to convert HCl into chlorine gas.

(b). Pba, + 8HCl — 3PbCl{aq) + 4H.0 +C, T
Trilead tetroxide Lead chloride
(Purple)

Solution 2004-1:

Pbs0y, + SHCl — 3PbCldagq) + 4H.0 +cl, T
Trilead tetroxide Lead dhloride
(Red)

Solution 2004-2:

SN Substance added Gas evaolved Gdour

ik Calcium carbonate COa Odourless

= Magnesium ribbon Hz Cdourless

= Manganese(Wioxide | Clz Fungent
with heating

4, Sodium sulphide Hz5 Rotten egg

Solution 2004-3:

Silver nitrate avstals are dissolved in distilled water to prepare its solution and not
in tap water This is due to the reason that tap water contains chloride ions which
gives white precipitate with AgNOs solution,

Solution 2005-1:
CU0 +2HC — Culls +H:0

MRO. + 4HCl = Mndls (ag) +2H.0 +C,T

Manganese Manganese
dioxide chloride

Solution 2005-2:

{a) Fountain experiment,
(b This experiment demonstrates that hydrogen chloride is very soluble in water,
(cy Red

Solution 2006-1:
{ayZn + 2HZ —= Znll; +H2

by When silver nitrate solution is added to hydrochloric add, it gives white
precipitate of silver chloride

Solution 2007-1:

{a) Hydrogen chloride is more dense.
by The gas is collected by upward displacement of water,



Solution 2008-1:

{a) Sulphuric acid is although weaker then hydrochloric acid hydrochloric acid is more
volatile than sulphuric acid this property makes ituseful in the preparation of
hydrochloric add,

{by It is heavier then air so it is collected by downward delivery.

{c) It is soluble in water so it is not collected over water,

Solution 2009-1:

(a) Pbss 4+ BHCl — 3PbClu(aq) + 4Ha0 +Cl T
Trilead tefroxide Lead chloride
(Red)

by Mg+ 2HCl——=MgCL, +H,
Solution 2009-2:

Hydrochloric acid is not prepared directly dissolving hydrochloride gas in water because it
may lead to back suction When the delivery tube carryin HCl gas is directly immersed in
water, the reverse rise of water in delivery tube is known as badc suction.

To prepare hydrochloric acid from hydrogen gas, it is essential to avoid back suction and it
is dane by using ‘inverted funnel arrangement’,





