o & 0o @

After studying this chapter, students will be able fo:

Define redox reactions as simultaneous oxidation and reduction in terms of oxygen,
hydrogen, electrons and changes in oxidation state

Use roman numerals to indicate oxidation number of an element in 8 compound
Identify oxidizing and reducing agents in a redox reaction

Recognize that the oxidation number of elements in their free state is zero

Derive the formula of ionic compounds from ionic charges and oxidation numbers
Identify that the oxidation number of a monoatomic ion is the same as the charge on
the ion

Explain that the sum of the oxidation numbers in a neutral compound is zero
Explam that the sum of the oxidation numbers in an ion is equal to the charge on
theion . L T L e e e abiiaart IO SRR

Identify redox reactions by the colour changcs mvo[\rqd hen( u@ﬁng -acidified

aqueous potassium manganate (VII) to (II) or\aq e ‘iodide

Define electrolysis as de ompnjhiﬂnd@'iﬂﬁi@cﬁ;}de in molten or aqueous
solution, by passage of %{ﬁiﬁig@t}n ~

Identify and label | inﬂﬂ le ‘el lytic cells, the anode (+), cathode (-), clectrolyte
and directi pﬂﬁﬁ ectrons in external circuit,

Describe the transfer of charge in external circuit, movement of ions in the
electrolyte and transfer of electrons at electrodes

Identify the products formed at electrodes and describe the observations made
during the electrolysis of molten lead (I1) chloride, concentrated dilute sulfuric acid
using inert electrodes (platinum or carbon/graphite)

State that hydrogen- oxygen fuel cell uses hydrogen and oxygen to produce
electricity with water as the only chemical product

Describe the advantages and disadvantages of using hydrogen-oxygen fuel cells in
comparison with gasoline /petrol engines in vehicles.

Define corrosion and discuss methods to prevent it. (some examples may include
barrier method such as using paint, gnlvanizing, electroplating; sacrificial
protection such as using magnesium blocks in ships)

Identify the products formed at electrodes and describe the obseryvations made
during the electrolysis of dilute copper (II) su lphatc,uﬂng.lmﬁ dectmdc or copper
electrode o afiin iy E-

Predict the identity of products of m&;npiysis qf*& halide compound in dilute or
concentrated solution =\ | -
Construct ionic half—aqua m\:s\ﬂa}- i'cacnnn at either electrode.

Describe elee ting &nd its applications.

Sketch a schbmatic diagram for a voltaic cell e.g., Daniel cell

Use the voltage data given for voltaic cells to determine order of reactivity of any
two metals
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/ Long Questions prepared in Ihr hqh of new Emrnrm’fmn Techniques
{Hnnwledge, Understﬂndmg, ﬁpplicattnn, Analytical & Conceptual)

U}llﬂahﬂﬂ Number of Atoms in Compounds and lons

Writing Chemical Formulae of lonic Compounds by applying
Oxidation Numbers

LN Writing Chemical formulae of lonic compounds using ionic charges

16.4 Oxidation and Reduction

16.5 Oxidation - Reduction Reactions
0.1: How the oxidation number of atoms in compounds and ions can be found out?

Ans. Oxidation Number
The oxidation number is an apparent charge on an atom ma mmgﬁum}! Jor an ion. It

"t |

may have a positive or a negative sign. _ ¢ \ A T VN

Oxidation Number of Atoms.in, Compousic s hnd Ibnk»* i
The oxidation number fﬂ’nl@frm cah\l BE’found out by applying the following rules.

1. Atom prese:n a e ém'ant has an oxidation number zero.

Example: The cbﬂiJa tion numbcr of sodium in sodium metal is zero. Similarly, oxidation

number of oxygen in ozone(O,) is also zero.

2. For monoatomic ions, che oxidation number is equal to the charge present on the
ion.

Example: The oxidation number of Ca?* is +2 while thatof AP" is 43,

3. The elements present in group | (except hydrogen) in the periodic table are
assigned oxidation number +1, those of group 2, +2 and those of group 3. +3,

4. In binary compounds the more electronegative atom is always assigned a negative
oxidation number. For example, fluorine, being the most electronegative atom, will
always be given -1 oxidation number. Similarly, in NH; and H,S, nitrogen and
sulphur are assigned the oxidation number of -3 and -2 respectively.

5. The elements of group 17 are normally given c-xldauon numbc_g {.'-'ﬁhén they are
combined with less electronegative clement,

Example: Chlorine in all such mmpoqnds as HCJ,\ PCI;. CHC] has been assigned an

oxidation number -1.

6. Hydrogen is BSSI%[‘IC‘-CI ah bxldauun numher +I when it is in combination with more
clcctrunegqtlﬂ‘eupmfhs While it is given oxidation number -1 when it is combined
with less eléctmneganve atoms.

Example: In HCI, the oxidation number of hydrogen is +1, while in sodium hydride




(‘;Hr] it bears an oxidation number -1. -~ =6 m
7. The element oxygen is assigned an oxidation nu 8 n st of its compounds.
- s \preseat] in a neutral compound is

8. The sum of oxidation numbers pf &U'lﬁ?
always zero. In a polyﬁ%mﬂ\ he. s oxidation numbers is equal to the
charge present on thaf AR L ;

0.2: Explain : how the formula of ionic compound can be written using
oxidation numbers.

Ans. Writing Chemical Formulas of lonic Compounds by applying Oxidation

We can write the chemical formula of a compound if we know the oxidation
numbers of its constituent elements. The periodic table and the electronic structure of the
atoms can help us in predicting the principal oxidation number of the element. The
formula of the compound may then be written using the oxidation number of the atoms
present in that compound, For example, we shall write the formula of calcium chloride in
the following way. £ s mf?«?,f-'?'_i'f-:\l

The element calcium is present in group h ‘?f ﬂtiﬁﬁﬁwfﬁ}gﬁfvm& its principal
oxidation number is +2. =i ,j “Uf}"ﬁ' () \ 'Q_J B

L . O\ \ﬁ’l‘l it ",

Chlorine is present in € 17\ and ow that when it is ¢ 2+ CI1-

attached with less ﬁ\eqﬁr@@ ive-element in binary compounds its a\_w
. . o 4] | ,l - : . . .

oxidation numb 217 The formula for calcium chloride will, CaCl
therefore, be CaCl, because only with this formula the sum of the -

oxidation numbers of both the elements will add upto zero.
0.3: Discuss with examples how the chemical formulas of lonic compounds can be

written using ionic charges.
Ans. Writing Chemical Formulas of lonic Compounds using lonic Charges:
In order to write the formula of potassium | Cation Anion
permanganate, write first the formulae of 1 -
permanganate ion, MnO) and potassium ion K . \ MHOD
Then combine the two ions together to form an C )
clectrically neutral compound. KMnO,

The formula for potassium permanganate will, therefore; Pﬂ(w@; I
When writing the formulae of 'Tpui'_c‘*g\cnﬂg“ah'n]qsf."f' R
. w N p-.f-ln-lllr.!\llll"l"'ll--"l
containing more than one pelyatomic q\?ns{\whkﬁjhc formula
of the fon in brackets and jndicate the\ pumber of such ions with
a subscript. ’[.hql fﬁ?F T for-ammonium carbonate will be

written as follows.
The formula for ammonium carbonate will, therefore, be (NH4)»CO;.
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0.4: Write a note on oxidation. (G >\ (C O

Ans. Oxidation \r\ﬂﬁ\% \ /
Oxidation is described inth %‘L

1. Oxidation is defined a\.ﬂ { i hich oxygen is cither added or hydrogen is
removed. _ wﬁ\fﬂlj‘lj\d oL

For example; U

(i) Oxygen combines with other clements in the formation of their oxides. Elements in
these processes are said to be oxidized and oxygen is reduced. Rusting of iron or
burning of magnesium in air are oxidation processes.

4Fe., +30, > 2Fe.O

gl 1T

ZMgm 0,,, = 2Mg0

In the above reactions Fe and Mg are being oxidized while oxygen is being
reduced. Oxygen is an oxidising agent while iron and magnesium are reducing agents.
(if) Hydrogen is removed from a compound by oxygen in the following examples:

hydrogen is removed from CH4 and HCI by oxygen or a comp @%ﬁnwmmg

oxygen. :
5' b
4HC1Q) m‘?& .,m, +2H ,0

Lt

- CHg and HWEM are being oxidized while O, and MnO, are being
reduced. CHy a arce called reducing agents while O, and MnQ, are called
oxidising agents. :
2.  Oxidation is a process in which electron or electrons are lost.

For example; Copper may lose one or two electrons to give Cul+ or Cu2+ ions

respectively. In both these processes, we say, copper is being oxidised. Hence, copper is
called an reducing agent.

s

Cu—Cu'" +e

Cu — Cu® +2¢

3.  Oxidation is process in which oxidation number or oxidation state of an element
increases.
In the above two processes, the oxidation number of co h?.{&mqmw from
zero to +1 [Cu (1) ] and +2 [Cu (l])]rcspectway 5\{ \S \.H ru— o~~~

Q.5: Write a note on reduction, . T/ 7
Ans. Reduction \L n\ l\“ a\\
% principal ways.

Reduction is de

1. Reduction rg] ﬁjﬂ
example,

(i) Hydrogen is added in chlorine to give hydrogen chloride gas.

as either addition of hydrogen or removal of oxygen. For




i-l.,‘ +[‘.l., :) HCIIH g JIVM\ f‘?@”mh

(ii) In the following reaction, Jdmgﬂ WE \ I pp:kth: when oxXygen comces
out of the compound andcb,dmﬁnqq “geﬁJm give a molecule of water.

= ,xth’rJT\[qq@H’ "‘H’ ——“—?Cu +H OIII

in the above examples. Cl, and CuQ are being reduced and hydrogen (in both
cases) is being oxidized. Cl, and CuO are called oxidizing agents while hydrogen in both
the reactions will be reducing agent,
3. Reduction is a process in which electron or clectrons are gained. For example,

Fe* +e —Fe
Mn' +5¢ —Mn"

In both the above examples. ions of iron and manganese are being reduced. Hence.
they are called oxidising agents. _

3. Reduction is a process in which oxidation number of an element decreases. In the
above examples oxidation number of iron is reduced from +3 [F ellll}[ to +2|Fe(ll)]
while oxidation number of manganese is reduced t"mrn + @T\ 1Mn11[}1

=

Q.6: Explain Oxidation-Reduction ““%{” r\%tﬁ@

Ans. Oxidation-Reduction
xcu simultancous oxidation

A chemical reactic
w o T Yy
and reduction s{,r |a}1f‘ X1 dllﬂﬂ -reduction or redox reaction.

Principle: The reaction may involve the complete transference of /— KMnO,

electron or ¢lectrons to form ionic bonds or a partial transfer or shift | =
of electron or electrons to form covalent. bonds. :
Explanation: Potassium permanganate acts as a very powerful
oxidising agent in acidic medium. It oxidizes oxalic acid into carbon
dioxide. During the rcaction the dark purple solution of potassium

s

permanganate changes 10 colourless. In the presence of dilute
sulphuric acid the reaction proceeds as follows. Decolourizat

3KMnO, + 3H,80, - K80, +2MnSO, +3H,0+5[0]
[(01+H,C.0, —2CO, +H 015

2KMnO,,,, +3H 80, * +S5H,C.0,,, 2> K 503. +2M ng@mmu 0,
Let us assign oxidation number &s{ edch ’i\ ﬂh Bﬁﬁndr. to find out the
oxidising and reducing agomi o " .
- 7 42} Alih 1!!‘-4171 el 2y A, &
ﬁ\%\l- ‘%é - K S0, -rZMn‘;(} +10CO,+811.0

2KMnO,+ W

ﬁ‘* “ Y Mn'T—2%_sMn"? (Reduction)
‘il S (Oxidation)
Oxldatmn number of manganese has decreased from +7 to +2 and that of carbon




i |

has increased from +3 to +4. ~EN
So, each manganese atom accepts five electrons, to- geh J'réﬂﬂoq:d_aﬁd each carbon
atom loses one electron to get oxidized: Mﬁ{}tiﬂ, ‘lhel‘éfbje;. fan oxidizing agent while
oxalic acid in this reaction act) a:\g red;umrig agen‘f
Aqueous potassium | dttﬁe:‘ is_als0 oxidized to iodine in acidified potassium
permanganate. Ihq:”tigi‘iﬂ i6r of iodine in this reaction results in a colour change.

typically from coleurléss to }’f.':ll{‘lw -brown.
o B & R 2HIY+E o -2) w2 il - 2) 0 X)) 2

2KMnO ~r3!-{zsom_+|ul<|‘_q,-+mczsu +51,,,+8H,0,

dlag) Hag)
Mn'' —2_ 3sMn"™ (Reduction)

21 =1 (Oxidation)

In this reaction, the permanganate ion (MnQ), )is reduced to manganese (I1) ion
(Mn?*) and the iodide ion (I'") is oxidized to iodine (1,). Potassium permanganate,
therefore, acts as an oxidizing agent while potassium iodide accts as a reducing agents.

16.6 Electrolysis

16.7 Electrolysis of a Concentrated Aqueous Solutien of Sodium
Chloride (Brine) using inert elecirodes (Graphite / Pt)

. L T . Y

(LR B Electrolysis of Dilute and Concentrated Aqueous solutions of
Metal Halides

16.9 Elmrmgm of Concentrated Aqueous Solutions of Metal Halides

0.7: Define electrolysis. How does the process of elecirolysis take place?
Ans. Electrolysis:

The process in which an electricity is passed through fused ionic compounds or
their aqueous solution, they are decomposed into their constituents, is called electrolysis.
Electrolytes: The compounds which are decomposed into their constituents during the
clectrolysis are called electrolytes.

Chemical Reaction: During electrolysis, a non-spontaneous chemical reaction takes place
with the help of electrical energy.

Electrolytic Cell: The process of electrolysis can be carried out in an electrolytic bath
called an electrolytic cell with the heip of two eiectrodes through which clssciﬁs. current
enters and leaves the cell, These electrodes may be made of graphite or mb{ﬁcr metal.
Anode: It is a positive electrode through whicb. clﬁch;ons ehtf:r the external circuit.
Cathode: It is a negative clcctrgde thro gh "wh”tdh ‘electrons leave the external circuit.
Explanation: Electrolyte pre nt) m thgceii is in the form of freely moving ions. During
electrolysis, the Ekﬁ(mw di:mmpﬂﬁed into its components by applying an external
voltage. Thus external voltage source (battery) forces the non-spontaneous reaction to
occur by pumping electrons towards one of the electrodes, thercby, giving it a negative




w AR R RpgmRET T ., . e
charge. The positive ions of the electrolyte are attracted to the nege jv€i electrode

and get reduced by accepting electrons from I.I:.J Tl O OL ( Satry

making it the cathude.r-._l’s!‘@[g_,pﬁ_a{{ﬁﬁfh N“tr\—‘“ '_'l
simultaneously withdraws :In‘ctr&m’th{?ﬁﬂlﬁf‘émh ek = ¥ Anade

P = LRy e

other elcctmdc.ﬂg;\ ng iig_;.ﬂj pbﬁ'ftﬁe charge. = S

The negative igns of the electrolyte are -l® O+
attracted towards this and get oxidized by]| |[Electrolyte |~ | - ® o—|*

losing their electrons, making it the anode. -1 .® ol
Electrons flow in the external circuit while E o1 1914

ions move towards their respective electrodes I
inside the cell. If the oxidation and reduction wmlmmﬂ
at the electrodes cease, the flow of clectricity in the external circuit also stops.

Q.8: Explain electrolysis of concentrated aqueous solution of sodium chloride
(Brine) using inert electrodes (Graphite/Pt).
Ans. Electrolysis of a Concentrated Agueous Solution of Sodium Chioride (Brine)

using inert electrodes (Graphite/Pt): -
—E:llﬂaﬁnurn

Th: electrolysis of a concentrated
solution of sodium chloride, also calle €3 h :
produces hydrogen gas ! “ﬁw

wum

The clectrolytic cell used in this
electrolysis. The cathode used in this cell
is made of platinum while the anode musl
be made of graphite to avoid the reaction
with chlorine gas.

The following ions are present in the solution

Na:,q,,{:l{‘m from sodium chloride

HipOHy  from water
Na* and H,O0, both migrate towards the cathode. Since water molecules and
hydrogen ions have a greater tendency to get reduced as compared to sodium jons (Na*).
so they pick up electrons from the cathode to form hydrogen gas:~ - '::'.“.ﬁ"-.'_"-fz
At the Cathode: o Danrh W[ 2 e~
= LA NPRERT|
r:’ "nj"}le:h- j":‘geﬂj AP
rAbiiuey A =
ol aHl0\s e

| N - i
—3 H, + 20H
NI N R == Eios

The ionie equilibrium of water is, thus, disturbed duc to the discharge of H' and
more water molecules are ionized to restore it. The solution around the cathode becomces
alkaline due to the formation of hydroxide ions (OH™).




At the Anode: ' S\ (’YKE"{&
_ 2ree
20 T—»;c;lﬁ, wééw [

The solution gradually rﬁqlk'ﬂ erd\l: to the prcsent:é of OH . The volumes of
hydrogen and chl nrme ined are equal.

The ow:rai‘l r - this electrolysis is:
2 NaClw + 2H,0 ,— H,, + Cl,, + 2NaOH,,,

0.9: Describe electrolysis of dilute aqueous solutions of metal halides.
Ans. Electrolysis of Dilute Aqueous Solutions of Metal Halides:

When the aqueous solutions of metal halides are subjected to electrolysis. the
situation becomes more complicated due to the presence of water. Water is a very weak
electmlyt: and upon ionization it gives very small amount of hydrogen and hydroxide
ions.

HO:D T H' + OH

(sq)

This will mean that the electrolyte will consist of more than one type ( n\l“@?ns which
will approach both cathode and anode. chcc thcre r.an be a\m ions will
get discharged. dg | (2.

For example, if an aqugous solutic Q electrolyzed, both sodium
and hydrogen cations are an:(ptj%& ﬁb cnthodc and both chlorides and hydroxidc
ions are attract s the anode. Which of these ions will preferentially be
discharged dej pon the tendency of the elements to lose or gain electrons. The
elements present at the top of electrochemical series possess more tendency to lose
electrons as compared to the elements present at the bottom.

If a mFtaI is 'betuw hydrogen in th'r. a5 '
electrochemical series, then the metal ion is [W oW - + 3 N O
discharged. Metals like this include copper and '
silver. If dilute copper chloride is electrolyzed, ¥
copper metal is obtained at the cathode. H H L: J C s
If a metal is placed higher in the electrochemical T R (Y
series then hydrogen ion is discharged. Metals like
this include lithium, sodium and magnesium. If Electrolysis of dilute solutions of halides
dilute solution of sodium chloride is electrolyzed, hydrogen gas ls_oigrmncd at the
cathode. A =< 1 1" H t)ﬁ"ﬁ;

Metals like lead and mckel prﬁ;trt mo % ‘plylntﬁi picture. If aqucous
solutions of halides of me@ thcn the products obtained at the
cathode depends m& Lhuns of the hahde solutions. If the solution is
concentrated the I8 &epﬁsned at the cathode. If the solution is very dilute,
hydrogen is evolved. At in-between concentrations both metal and hydrogen arc
obtained.

o'a o

£
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At anode, the electrolysis of dilute solutions of halides “IJ[[I‘dB sL dxyen
hydroxide ions are preferentially dtscharﬁr{d due, m‘;ﬁph hﬁg}!wv' qoncténlratmm
Reaction at the Cathode: VANV

R
] I 1|' czmhhqi + ZE ? ZMIH
o

NNAN ér 2H y+ 28 — Hyy
2H.O, + 2e " — H,, + 20H

becausc

Reaction at the Anode:

—— X, + 28
40H ,, — O, , + 2H,0, + 4e

Lithium : Li"(aq) +e =Llilg -3.04

Potassium K (ag) +re =K(s) B _293* ﬁ“}.
Calcium * (ag) + 2e @Fca,qs; '-f 2 \a
Sodium Na (@) + 8 “alsh f 2
Magnesium ﬂ[qg k%g Mg (s) -237
Aluminum i} (Y (aqy + 3e ==Al(s) -1.66
Wasgi\rjﬁﬁj }\KILH fl} + 2e = H,(g)+ 20H (aqg) -0.82
g *(aq) + 28 = Zn (s) -0.76
Iron (1) Fe *(aq) + 2 =Fe(s) -0.44
Cadmium Cd ™ (aqg) +2e = Cd () -0.40
: Nickel Ni“ (aq) + 2e =Ni (s) -0.25
Lead Pb* (ag) + 2e = Pb(s) -0.12
= Hydrogen 2H (aq) + 2 = H, (g) 0
Sulfur S(aq) + 2H" (aq) + 2e = H, S (aq) 0.14
Tin Sn* (aq) + 2e "= Sn"" (aq) 0.15
Copper Cu™ (aq) + 2e "+ Cii (s) 0.34
lodine l.(g)+ 2e =2l (aq) 0.53
Iron (1) Fe" (ag) + e = Fe" (aq) 0.77
Silver Ag (ag) + e #Ag[s} 09t 8
Bromine Bri(g) +2¢ = 2Br'(aq) _ r.;;g w@m b &
Chlorine - O,(g)+ 2 e =RH {a@p A ![2sor3s :
Gold AU q} F'FNL » 1.69
Hydrogen peroxide H;@Jiﬁ,a % E’EJ ST ZH ofl) 177
Fluunngﬂ_ '.‘i"~ -r'Ci.FI | AL ) {g + 2e "= 2F (aq) 2.87
Weaker u ' AN
reducing N U¥ mrg




Q.10: Discuss the electrolysis of concentrated solutions of metal halules‘

Ans. Electrolysis of Concentrated Aqueous Solutions|af ‘Metal Hahdus
,._F=="_'J_

If the concentrated aqgeous ti)luuqm. o)
metal halides are electrol zt:si thf: h\i;dmg-:n ions

are dt%harged arF e thede if the metal is U E

present higher “Whan ydrogen in electrochemical

series. For example, clectrolysis of concentrated \ J

aqueous solution of sodium chloride will produce oLy AL

hydrogen gas at the cathode. Electrolysis of concentrated solution of
However, for less reactive metals like copper chloride

copper and silver the metal ions are discharged at the cathode.
At the anode. the halide ions are preferentially discharged due to their higher
concentration, '

Reaction at the Cathode:
2M’ . + 2e — 2M _
2H +2¢ > H ) +|”
Reaction at the Anode: EETZAm TN &
of\; 2)< WM ze |

[16.10 :iaﬂtmlysus of Malten Lead (Il) chloride

16.11 Electrolysis of Dilute solution of Sulphuric acid using inert
electrodes (carbon or Pt)

i(RFA Electrolysis of Dilute Aqueous Solution of Copper Sulphate using
inert electrodes or Copper electrodes

16.13

0.11: Explain electrolysis of molten lead (1I) chloride.

Ans. Electrolysis of Molten Lead (Il) Chloride:

Lead (11) chloride is solid at room temperature. To make it an clccirnivu. it must be
heated upto 501°C to get molten lead chloride. Heat will render ions fré:E o move and
conduct electricity. The molten lead is-thef thﬂg m a'hcﬂtcd ‘erucible where its
temperature is maintained ah:.wc SGGDC‘ .f'\ A DL |

Two inert elcctrﬂdu&(gﬁphim m‘ plalmum} are then immersed in it. Upon
electrolysis the lead (K)igns \Willl move towards the cathode where they are discharged
forming lead mlﬂhk: ’llidur{:l state. The chloride ions migrate towards the anode where they
lose electrons to give chlorine gas. The electrolysis must be carried out at the

tlemperature above the melting point of lead chloride.




Reaction at the Cathode: Pty + 2 qu ﬁvf,?‘ e

Reaction at the Anode: s fﬁ!‘“’% \tp‘ﬁ “Ze (Oxidation)
. 1"'1 TERASTS

Overall Reaction: N 1‘1 \ PbClm—a» Pb,, + Cl,,,

Q.12: Describe BHCtrGI'EEIS nl I‘llll.lIB solution of sulphuric acid using inert alar.trndes

(carbon or Pt).

Ans. Electrolysis of Dilute solution of Sulphuric Acid using inert electrodes (Carbon
or Pt):

Electrolysis of dilute aqucous solution of sulphuric acid produces hydrogen and
oxygen gases. In other words this electrolysis involves the decomposition of water. Incrt
electrodes like platinum or graphite are used Fnr this electrolysis because they did not
react with the electrolyte.

In an aqueous solution of dilute sulphuric acid H' and SO," are given by
- sulphuric acid while the ionization of water forms H* and OI1 .

At the cathode, hydrogen ions gain clectrons to g,wr: hvdmgi;n (BAS3) z?tr“l.hc anode
both SO, * and OH- are attracted but OH: lcsq?(, ﬂ f&? y‘gﬁﬁ' gas. Sulphate

—

ions are not discharged at the anode hc iebilt/to be oxidized compared
to hydroxide ions. As the eldg he concentration of sulphuric acid
increases because the water ] mg decomposed.

Reaction at the
Reaction at the Anode:

gt 28— H (Reduction)

4 OH ,, —> Oy, + 2H,0, + 4e" (Oxidation)

Q.13: Discuss electrolysis of dilute aqueous solution of copper sulphate using inert
electrodes or copper electrodes.
Ans. Eleﬁmmls of Dilute Aquews solution nt Copper Sulphate using Inert

The electrolysis of aquecous solution of copper(ll) sulphate with inert electrodes
result in the decomposition of water and the copper(ll) sulphate. Copper metal is
deposited at the cathode (inert) and oxygen gas is produced at the anode (inert}

g Cubw + 26 —>» Cuy 1, |‘.*~ 2 .."‘{W_ ﬁon}
- { 4 Oﬁﬂhﬂwbﬂu"lu é‘m gm + 4E {DXIdatan}

Since the concentration crf Qupwl; jm\}:lﬁcreases slowly so the blue colour of the
solution fades away wuﬁ%ﬁpﬁwgé of time,

If cnpper s are used instead of inert electrodes, the copper metal atoms
from the copper anode start going into the solution in the form of copper ions and the
electrode mass starts decreasing.

Reaction at the Anode:

|
i



Reaction at the Cathode:

Cu®,, + 2e —2 C“,qs; ;-f‘\J Jrk ‘"3

<}

0y —

Reaction at the Anode: EME r@%ﬁv\

Bl

\ ”-F" .E!é (Oxidation)

(ag)

Q.14: Describe the workin qi\a‘tﬁhhheﬁr
Ans. Working q{,ﬁﬂlﬁﬁ

Fuel cells pnmdc a method in which
chemical energy is converted to electrical
energy. These cells use gaseous fuels like
hydrogen and oxygen to produce
electricity. A fuel cell is composed of two
hollow tubes which act as electrodes. They
are made of porous compressed carbon
saturated with platinum which acts as a
catalyst. The electrolyte used in this cell is
aqueous potassium hydroxide. At the
anode, hydrogen is oxidized to water and

Anode Electrale  Cathiode

N N EON

at the cathode oxygen is reduced to hydroxide iof§.+ 1\ \\\‘J | (:‘;«J i

x 3=
At anode: ot h em\yj@gx U5 0 0, + 2¢ ]2
At Cathode: 0 \fﬁﬁh M}# 2H,0, + 46— 40H"
N
Overall Reaction 2H,,, + O,,—2H,0,

The fuel cell produces electricity and water continuously pmvi-::led the reactants are
continuously supplied. They are very efficient because they convert 75% of the bond

energy of fuels to electricity.

0.15: Discuss advantages and disadvantages of fuel cells.

Ans. Advantages of Fuel Cells:

(1)

(ii)

(iii)
(iv)

The hydrogen-oxygen fuel cells have a clear advantage over the traditional fossil
fuels, petrol and diesel, used to drive the vehicles. They produce zero emission of
carbon dioxide because water is the only product. Fossil fuels, on the other hand.
produce carbon dioxide, nitrogen oxides and sulphur nxlde‘; whtch gmr\r{cqy harmful

\ fl’";"
to the environment. A4

Fuel cells can convert a large prqpurqﬂﬂr df\{ci(xi;l‘l\lcal hl‘{ﬂl’g}’ prcﬁ{:nl in fucls into
electrical energy as cnrrgp{ﬁ' tﬁH cri't:rgy cornversion of the fossil fuels. In other
words, they are m{:-{ ﬂfﬁ‘iﬂ“ J

Fuel cells -}B b5 floise pollution,

Hydrogen used in fuel cells can be obtained from renewable sources like solar or
wind power. This fact renders fuel cells more sustainable.
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Disadvantages of Fuel Cells: NN EE

(i) Fuel cells at present, are very expenﬂve—hlﬁcﬁutknmh prodiction of hydrogen by
electrolysis of water incyrs higlroost | |\ 2. et

(i) Hydrogen being highly| inflamhiable requires very special storage and
transportatio {aeilics which further increases the cost of fuel cells,

(iii) Fuel cells shd electric motors are less durable than petrol and diesel engines so they
are not so long lasting.

16.14

16.15 Electroplating
16.16

STREA Order of Reactivity of Metals using Voltage Data

0.16: What ii corrosion? Explain the reactions involved in corrosion of iron.

Ans. Corrosion: i

Corrosion is a natural process due to which a metal___sqf{fg]fsx,gmﬂ'ﬂdﬂﬁa}f when it
interacts chemically with its environment. & LERNILE 474

During this interaction-the surface/ bfl f}::{h];ﬁié"méd&’téd with compounds such as
oxides, sulphides and carborales. (| E‘x,__\ﬂ_;\;-,c-g e
Example: A commg qt,_ﬁaﬁﬂjgldiﬁ rusting of iron, where iron reacts with oxygen and water
present in the Athosphere to form hydrated iron (111) oxide. Once iron begins to rust. the
process will continue as rust is porous and allows both air and moisture to come into
contact with fresh metal underneath. Hence, all the metal will corrode given enough
time.

The process of corrosion of iron appears to require two important chemicals,
oxygen and water, which are involved in the following electrochemical reactions. Iron

loses electrons to form Fe (1) ions.

7 LA
o \g=

2Fe, —— 2Fe”,, + 4e

Oxygen gains these electrons in the presence of water to form hydroxide ions.
Oy + 2H O, +4e — 40H ..,

iron-(11)-ydioRide which is
o 1 _I I| IJ:'_: '|II e ._-.___.-____
et [

0\ Fely HROH NI F(OH),,
AFe(OH). W0, IH,0, —> 4Fe(OH),,
Q.17: How can Cortosion be prevented?

Ans. Prevention of Corrosion:

Coating of the metal surface: Corrosion can be avoided by coating the metal surface with

Fe2* then react with more oxygen and water to form
rust. % TR

H A, ¥
ooy n
o T




some barriers that prevent the contact of metal surface wnh th/cﬁaunra ey For this
purpose, the metal surfaces are protected by f.‘:ltl;lﬁl’ \sjul Lk@ painting. Other
methods of protection are gaivamzmg ial protection.

Galvanization: Galvanization i5| ﬁf pmtecl iron or steel from rusting. It
involves the dipping of al’HfG ’gﬁvnf molten zinc. A layer of zinc metal gets

deposited on lh§ﬁit L.mfl prevcms rusting. Tin cans are actually steel cans which
have been coated with a thin layer of tin.

Sacrificial Protection: In sacrificial protection a more reactive metal like zinc or
magnesium is used which will corrode in place of the less reactive metal like iron.
Magnesium is often employed to protect steel in buried fuel tanks and pipe lines and ship
hulls submerged in sea water.

‘The difference in the activity of the two metals (Mg and Fe) causes a currenl 10
flow between them, producing corrosion on the more active metal protecting the less
active metal iron.

Q.18: Explain electroplating giving examples.
Ans. Electroplating:

It is a process in which a metal is deposited on another mutai.elegm@w.

Objectives of Electroplating: There arc three mai nv?}.I
(i) Decoration: To deposit the nubl Wé@iﬁ s:T/cr on the inexpensive
metals to enhance their beau

(ii) Protection: To prwl% \SE&’:S from rusting as well as from the reaction of
organic acids. R VR

(iii) Repair: To weld the broken parts of the machinery by electrodeposition of metals.
Generally copper, silver, chromium, nickel and gold are electroplated.

Procedure of Electroplating:

The article to be electroplated is first
cleaned with sand and then washed with Batii:!:ry
caustic soda solution and finally with plenty
of water. This article is then, made a cathode,

; el Anode Tank

while the metal to be deposited is made 24
anode. The electrolyte is a salt of the metal j/~——~Cathode
being deposited and the electroplating is Electrolyte WHnsance tp
carried out in a tank made of cement. glass or CEepe

wood. It is called an electrolytic tank.

The electrolyte chosen should ha n@g\}f \i't esT
(i) i J (ll} good ¢onductor

—
(iii) not cas:lyn ich \}'ét}u\: ur hydmlwcd (iv) inexpensive

current is passédf A thin layer of the noble metal is deposited on the article to be
electroplated. The following conditions should be fulfilled to get good deposits.




i. ﬁigh current density ii. Low temperature _ — &5 W{
iii. Higher concentration of the metal m i r:l N [ r:—':; \n&ff" r

0.19: Write a note on the following: () ; 'a\ Wy

(a) Silver Plating nﬁi\*{ Vﬁ}ﬁvﬁhaﬂna
Ans. (a) Silvarﬁ ﬁyu 5

The proceﬁ{h-c or silver plating is the same as in electroplating except that the
electrolyte used is the solution of potassium argento cyanide, k [Ag (CN),], and the

anode is of pure silver.
The following ions are formed in the electrolytic solution.

K[AQ{CN]E]MJ : K‘IMJ'I' [Ag(cNL]-HqJ
[Ag(CN).] ey = AQ o+ 2CN g

When the electric current is passed, Agt ions migrate towards the cathode and
deposit after picking up clectrons. Cyanide ions move towards the anode, where they
react with silver to form AgCN, which combines with KCN to reproduce the clecu'n!)rtc
K[Ag(CN)].

(h} ﬂﬂppﬂr Platlng ﬂ Mu,;g @@%\i i)

In copper plating, the anode as ms-é{ the electrolyte is CuSOy

to which a few drops of sul e:t’ fo prevent its hydrolysis. The article to
be electroplated is mf.ﬁlr:\fﬁn}:a h ; he following electrolytic reactions take place, at
the electrodes. w N

At Anode: Cu, — Cu, +2e

At cathode: Cui;q} +2¢ — Cu i)

0.20: Discuss how Galvanic cell or Daniel cell uses oxidation-reduction reactions to
produce electric current?

Ans. Galvanic Cell or Daniel Cell:

Galvanic cell or Paniel cell uses oxidation reactions to produce electric current.

In galvanic cell. a zinc plate is dipped in zinc sulphate solution while a copper plate
is dipped in copper sulphate solution. The two solutions are kept separale h?/ a porous
partition through which ions can pass but the scilutmns can q:’«-r@\ﬂéetmdcs arc
connected by a wire through a galvano ct %tedtric current.

At the surface of zinc, g}%gode\ E {}scs twu electrons and goes into
the solution as zinc mng s travcl through the external wire to copper
electrode whcm tu discharge copper ions into copper atoms which arc

deposited at tl'usJ elect rmie An oxidation reaction takes place at zinc electrode and it is
called anode while reduction takes place at copper electrode and it is called cathode.




Anode

‘*4 b ﬂ(\“k‘ Copper
rode— electrode
f;?:t?::;phati- Copper sulphate

solution

porous partition

Daniel Cell
The following reactions take place at the two electrodes.
At anode: Zn, an'uﬂ, + 2e (Oxidation) ftgn?c:iard Oxidation Potential
At cathode: Cuhllql + 2" Cu,, (Reduction) ?tgn;ard Reduction Potential =
i
Overall cell Cell yojiage “ﬁ@}lﬂ%lts

reaction: Zng + Cubuqa == Znhraru - CHm ﬁ f
Half Cells: Both parts of the ce are {@i \;‘, on can take place in any
isolated half cell. Both the re ﬁtﬁ\( Pl \s“rvullanec:usl} at both half cells. In this
cell, electrons travel in t ﬂ ircuit while ions travel through the porous partition
in the internal ci &\"l\qml\ﬂ

Production of Daniel Cell: Daniel cell produces a voltage of amund 1.10 volts undcr
standard conditions.

0.21: How the reactivity of metals can be found out by using voltage data obtained
from galvanic cell?
Ans. Order of Reactivity of Metals Using Voltage Data:
The reactivity of metals can be found out by using voltage data obtained from
galvanic cells.
According to the available data the reactivity of metals depends upon how readily it
is oxidized or lose electrons to form positive ions.
Establishment of a Galvanic Cell: If a galvanic cell is established between two metals. the
more reactive metal will lose electrons to form positive ions. .~ =(0) AL
Voitage Generated by a Galvanic cell: The voltage | erated) b}*!i @h?én’ ¢ cell measures
the comparative tendencies of the meta[s"ﬂst Jn;aﬁ'ma((_m }rbhg‘ Y\ H" :
Higher voltage: A higher vo "rﬁiilzgaﬁcj“thét -the dlfference in the tendency of one

metal (more reactive m [? ns is for more than the other.

Magnesium i: m tﬁan Iron: If a cell is established between magnesium and
copper it pmduccs a higher voltage than a cell established between iron and copper. This
will mean that magnesium is more reactive than iron because it has a tendency to losc




electrons more easily. :
Electrochemical Series: By measuring the voltage produced when different metal pairs
are used in a voltaic cell, it is possible to determine the reaclwﬁtjrs\erﬁe{ @)ﬁﬁ’ﬁ&als which

is called electrochemical series. o f«f o=
More Reactive Metals: Metals p[aced H.ik!n;( \Mn& considered more reactive
and easily lose electrons tharf—ﬂlq I8 \plaged tower in the series.

BN N oV
I.  Assign oxidation number to the marked atom of the following compounds:

K,Cr,0,,(NH,),S0,

(i) (NH, ) SO, (Ammonium Sulphate)
Ans. S=x,0=-2

(i) K:_C_EOT (Potassium dichromate)

Ans. K=+1,0=-2, letCr=x g

o 2(+1)+2(x)+ 7(-2) =0 ' : “:F'Z% <

e 242x-14=0 g T

o =12 0

o x=+6 e Oxidation number of S is + 6.
e Oxidation number of Cr is +6

[16.2XQuick (TR L

L Write the formulae of the following ionic compounds with the help of n::dntw\numhers of
their constituent atoms. Aluminum nitride, Sm:llum sulfite and Sodiym lwﬁrq,ﬁbﬁnrhunﬂe

Ans. Aluminum nitride: Al'} and N 7 AIN H\_ J' {(’L; ll:n_:_,;_

o  Sodium Sulfite: @O{‘; .
Sodium Hydrogen c:rhnm‘* Naﬂxﬁgad (ﬂh J-+ NaHCO;

2. Write the formulae of f r_‘:i‘ pnunds with the help of charges present on their
ions. Ammnm um qf-ﬁi’ cium phosphate and Potassium chromate.

Ans, Ammonium s}
NH}+CH,CO0™ —— CH,COONH,
Calcium phosphate:

Cal + PO} — Ca; (POy).
° Potassium chromate:

K!'+ CT: — K2Cr 0y

[16.3YQuick (T8

I.  Identify the oxidising agent and the reducing agent in the following reactions.

(() 2CuSO4+ 4KI— 2Cul + I + 2K,S0, (i) HyS+Cl—> S+ 2HCI

Ans. o Cugoes from + 2 to +1 (Reduced). Ans. e Clgoes from 0 to -1 (Reduced)
Oxidising Agent: CuSO4 Oxidising Agent: Cl,

] | goes from —1 to 0 (Oxidized) ° S gucs from-2to @
Reducing Agent: K| cajilar Red nq?f&é&

I.  Why carbon electrodes Il W’ etro si: of mnuntnm:l solution of NaC|?
Ans. Carbon (graphite) el because they are inert (do not react with the products like
chlorine ga&{m em mndur.:tors of electricity.




1.3 Quick (T 1 O

Which other electrolyte can be used in hyd rqgem\ ﬁg& l‘cfr M
solid polymers (PEM) can be used

Ans. Apart from alkaline sulutlun%wkc K{ tio; 1HEI¢."'
as electrolysis in, h}rdrngan mﬁgh{ fu.él N:a,llg S
WP‘*I\J Mo m
1. What conditions are required for rusting of iron.
Ans. Presence of oxygen (air) and moisture (water) are required for rusting.
2. If a sample of iron and a sample of zinc come into contact, which will corrode? Explain
your answer.
Ans. Iron Vs. Zinc: Zinc will corrode. Zinc is more reactive (more electropositive) than iron. In a

process called "Sacrificial protection”, the more active metal (Zinc) oxidizes first to protect the

less active metal (iron).
[16.7YQuick (TR 1Y

1.

What is the principle behind electroplating?

Ans. Principle: It is based on electrolysis. A metal coating is despnmmd o0 an ?gﬁ@y reducing
metal ions from an electrolyte solution using an elegtric cu ”“\u = \~ \
2.  How electroplating is used to repair wern-¢ ‘1& 7
Ans. Repairing Metal Uhjcﬂs T atayer uf mctal (like chromium or Nickel)
onto. Worn-out areas to \ffs%ﬁ\"’\" :&:rs 1hmlm:ss shape, and provide a protective. shiny
finish. RN NNE :
b L E m
1.  Compare an electrolyfic and a galvanic eell.
Ans.
Electrolytic Cell i Galvanic Cell
Converts electrical energy to chemical energy. |Converts chemical energy to clectrical energy.
It is non-spontameous reaction (requires 2 |1t is spontaneous reaction.
battery)
2.  Write down the reactions which occur in a Zn — Mg galvanic cell.
Ans. Zn-Mg Galvanic cell reactions
E Anode (Oxidation)
Mg, — Mg, + 2¢- (Mg is more reactive) =
° Cathode (Reduction) e Tﬂﬂﬁ"
% ] oy, r[/ I". _\"u..-:\:::-" )
iy +2¢ —> Zng,, o g J,“ .L"."H.:J ] (@0~
. Overall Y __\ \ 'F{ "J ( J\u \J \_ﬁ'u L

Mgm'* ?'nmi —— Mg:m lﬁhfﬂ“ \ Hl"‘n ‘L »\l'

DO YOU KNOW 7 Y \“‘\\\f[] \Jrﬁ BB

Spontaneous r&cﬂuns occur naturally without any energy input, while non-spontaneous reactions
require a continuous input of energy.




INTERESTING INFORMATION
hich oxidation and reduction

e  The terms anode and cathode alwa}rsvml‘;%w;ﬁ‘ bdesial

occur respectively. Howeyey, ;ﬁh&}?%}jd%/ by etéctrodes in a battery and clectrolytic cell
are different. T 'xi_ftfl =

. Oxidation numb@ﬁf _ .ﬁeykééchl the real electrical charges present on atoms except in simple
ions. Hawo&&;,[ ation numbers are useful for keeping track of the redox reactions.

e A group of chemically unreactive and valuable metals are called noble metals. They include gold.
silver and platinum.

° Electrolysis played a crucial role in the discovery and industrial production of clements like
fluorine and aluminum.

° Chromium plating is usually done on iron or on steel. As chromium metal does not directly
adhere to the iron properly, therefore, iron is first copper or nickel plated.

° The term oxidation state is also used interchangeably of oxidation number. In water. hydrogen
has an oxidation number of +1 and it is said to be in the +1 oxidation state.

v/ Exarnples 4

16.1 Assign oxidation number to sulphur in SO

Sol. $+40 =2 N SO
S+4(-2) =2 o ﬁ\@\ﬁ @ou
S—8=-2 MR\{?(&@EJJ L
8/ onndgly %\\\\*\,mﬁ )
S = N Al
The oxidatj 'ﬁhri@e“rjars in SO} is +6. :
16.2 Find out the oxidation number of manganese in KMnO,. '
Sol. K+Mn+40 =0
(+1)+Mn4(-2) =0
Mn-7 =0
Mn =+7

The oxidation number of Mn is KMnO, is +7.
16.3 Find out the oxidation number of Fe in Fe,0;.

Sol. 2Fe+30 =(
. 2Fe+3(2) =0
2Fe—6 =10

2Fe =+6 PR

Fe' 245 a1 @{ﬂﬁﬁb

Oxidation number of one atom of Fe is €3 \Ej i;‘\“rl.t ;
xide wi

16.4 Write the chemical formula of aliumit um the help of oxidation
numbers of the elemelﬁﬁmm\@gkmﬁ“

Sol. Aluminum is pr ﬁmm up 13 so its principal o =
oxidation a‘@{ij‘r@‘sﬁ’a[[ be +3. Oxygen being more Al VAL

electronegative atom normally shows -2 oxidation state
in normal oxides. The formula of aluminum oxide will




e —— S Lot S a3 (T — W — e
then be Al,O3 because the some of Gxidatmn _numbersoff ;ﬂh d!cmcrﬂs will be
equal to zero with this formula. =X '-_' ﬁ "-H ‘“ 1

‘LI .
16.5 Write down the formula f{# ltl s& }1

-,I".t-.
(@O

The formula for aluminum sulphate is Al;(SOy);.

= Objective Type Questions y .-'.."
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Multiple Choice Questions prepared in the light of new Examination Techniques

A+

Sol. Al

{(Knowledge, Understandmg, Applicatinn, Analytlcal & Conceptual)

16.1+16.2 (Oxidation Number of Atoms in Compounds and lons + Writing

+16.3+16.4 Chemical Formulae of lonic Compounds by applying Oxidation
s LE I Numbers + Writing Chemical formulae of Jonic compounds using ionic
charges + Oxidation and Reduction + Oxidation - Reduction Reactions

1. What is the “x'dﬁt'ﬂﬁ ﬁdjﬂur ﬁi” H'}r;t{rngen in a metal hydride like NaH?

(a) +1 (b) -0 (c) -1 (d) +2

1. The chemical process in which an atom or ion gains electrons is called
(a) Oxidation (b) Reduction (c) Electrolysis (d) Corrosion

3. In a neutral compound, the sum of the oxidation numbers of all atoms is,
always:
(a) O (b) +1 (c) -1 (d) +2

4.  Which of the following is the correct formula for aluminum sulphate?
(a) AISOy (b) Al; SO, (c) Al;(S04), (d) Als (SOy)s

5.  What is the oxidation number of sulfur (s) in H, SO,?
(a) +4 (h) +6 (c) -2 (d) =+2:- .

6. The movement of which of the following allows on aqucuu'i sulutmmm hmduct
electricity? ) _' — '- \\ W '-: =
(a) Free electrons (b) Prumns (cil“Mﬁblie ions  (d) Newtrons

7. In the reaction CuO + H uCu + H 0 which substance is being oxidized?
(a) CuO AR |(!;) if (¢) Cu (d) H,0

8. Which of then: |s a common by-product of a hydrogen-oxygen fuel cell?
(a) Carbon dioxide (b) Sulfur dioxide (c) Water (d) Methane




R NA Electrolysis + Electrolysis of a Concentrated Aqueous Solution of
IRTY.PRX'] Sodium Chloride (Brine) using inert electrodes (Graphite / Pt) +

Electrolysis of Dilute and Concentrated Aqueous solutions of Metal
Halides + Electrolysis of Concentrated Aqueous Solutions of
Metal Halides

9. What is the ﬁfm:ess of decomposing a chemical compound into its constituents
by passing an electric current through it?

(a) Neutralization (b) Evaporation (¢) lonization (d) Electrolysis
10. In an electrolytic cell, the electrode connected to the positive terminal of the
battery is the:
(a) Electrolyte (b) Anode . (c) Cathode (d) Anolyte
11. During electrolysis, reduction (gain of electrons) always occurs at the:
(a) Cathode (b) Anode (c) Battery (d) External circuit

12. In the electrolysis of connected sodium chloride (Brine), which gas is released
at the anode?
(a) Nitrogen (N;) (b) Oxygen(O;) (¢) Hydrogen {Hg)_\{d) @Iﬂrm; (Cl5)
13. According to the electrochemical series, ‘v\hmh ﬂﬁeﬂ?@pﬁe{&, he strongest
reducing agent? T\ 8 L )
(a) Gold (Au) (b)¢ L‘lhmm’ 1}f \) ETKJr{ﬂg} (d) Nickel (Ni)
14, When an aqueous saluty nf mpper (IT) sulfate is electrolyzed with inert
electmdestwlqaqis &hpﬂ\‘sted at the cathode?
(a) Sulfur dioxide (b) Copper metal (c) Hydrogen gas (d) Oxygen gas
LLRLUES RN Eiectrolysis of Molten Lead (lf) chloride + Electrolysis of Dilute
2L AYEALAE solution of Sulphuric acid using inert electrodes (carbon or Pt) +

Electrolysis of Dilute Aqueous Solution of Copper Sulphate using

inert electrodes or Copper electrodes + Fuel Cells

15. At what temperature does lead (II) chioride melt to become an electrolyte?

(a) 100°C (b) 501°C (c) 801°C (d) 373°C
16. During the electrolysis of moiten PbCl,, what is formed at the cathode?

(a) Chlorine gas  (b) Oxygen gas (c) Molten lead (d) Hydrogen gas
17. Im the electrolysis of dilute sulphuric acid, which mn u diwhargcd at the

anode? N 1 NN
(a) SOF (b) OH {,_,) LR &l) cl
18. When aqueous CuSOy is electmly:.edimmg nert {carhnn) electrodes, what gas
is produced at the anodq’? WG
(a) Oxygen .{hj H\rdmgen (c) Carbon dioxide (d) Suiphur dioxide
19. A fuel cel[*thhlvérts chemical energy directly into:
(a) Heat energy {(b) Mechanical energy

(¢) Sound energy (d) Electrical energy




e T (T R S R i T i _-=!"“"'" L el rq-’,;"{'i

20.

21.

~
e LR

What is the hy-product of a hydrog:n-—axygcn fuel cell? < {; kJ:.
(a) Carbon dioxide (b) Water - (e M&dﬁ'ﬁf\\ ﬂ‘\ \ idffk'm'hgen oxide

Which catalyst is commeo carbon electrodes of a fuel
W wmw'g\w

(a) Copper

E‘ (c) Platinum + (d) Iron

16.14+16.15
+16.16416.17

Corrosion + Electroplating + Galvanic cells + Order of
Reactivity of Metals using Voltage Data

22

23.

24.

26.

27.

28.

29.

30.

Which two substances are essentially required for the rusting of iron?

(a) Nitrogen and water (b) Oxygen and water

(¢) Carbon dioxide and water (d) Hydrogen and water

Rusting is considered an electrochemical process where iron loses electrons to
form: :

(a) Fe (I11) ions (b) Fe (I1) oxides (c¢) Oxide ions (d) Hydroxide ions
Galvanization involves coating iron with a thin layer of which metal? AR

(a) Copper (b) Zinc (c) Gold &S{l%-p

In sacrificial prntectlnn, whith mgull k\pﬁip\w@@ lﬂh flfg:t buried fuel
tanks? W "ﬂﬁf w AN

(a) Magnesium (b}ﬂ;, '.H WAAY - "(e) Lead (d) Copper
During elmmp}dﬂﬁ‘gﬁ the ¢ object to be plated is always made the:

(a) Cathode (b} Anode (c) Electrolyte (d) Sath bridge
In a Daniel cell, the zinc electrode acts as the:

(a) Electrolyte (b) Porous partition (c) Anode (d) Cathode

In the electroplating of copper, the electrolyte used is:

(a) Copper sulphate (b) Silver nitrate

(c) Sodium chloride {d) Potassium cyanide

Under standard conditions, Daniel cefl produced a voltage of around:

(a) 1.10 volts (b) 1.20 volts (c) 1.30 volts (d) 1.40 volts
A Galvanic cell (like the Daniel cell) converts the chemical energy into:

(a) Sound energy (b) Electrical energy (c) Light energy i’,d} Hca} g{lﬁt’gy

. 7 : = ,-—\ Il Ve
Answers _:Hla'-,'n".l'."-ﬁ' fh-

1.
9.

© 2 & 3 @ & ‘s{d}ll 5. (h;v ) 7. ® & ©
(d) 10. (b) ﬁﬂ*}i-\lpl-'-'- - 13, () 14. (b) 15 (b) 16. (o)

7. & 18. @Y ib @ 20.() 21 (&) 22 (b) 23. (@ 24. (b)

25,

(a) 26. (a) 27. (c) 28.(a) 29. (a) 30. (b)




G S _—,

Short Answer Questions prepared in th Imh* n* new Exummutmn Techniques
{KnOWIedgE, I.lnderstandmg mppucatmn, Analytical & Conceptual)

15 1+ 10%; Oxidation Number of Atoms in Compounds and lons + Writing
R B WY Chemical Formulae of lonic Compounds by applying Oxidation
+ 165 Numbers + Writing Chemical formulae of lonic compounds

using ionic charges + Oxidation and Reduction + Oxidation -
Reduction Reactions

1. Define oxidation number.
Ans. Oxidation number: The oxidation number is an apparent charge on an atom in a-
compound or an ion. [t may have a positive or a negative sign.
2. . How does oxidation number help us?
Ans. Oxidation number helps us:
e To identify whether the reaction involves oxidation and rt.duillfﬂnc Or not.
e To identify oxidizing and rcdumn%\aucnta & gwtm dmdatmn reduction
reaction. ex A = LAV '. x | ,'
To write chemicat, f‘q?:lmlz[s ﬂh{f hhdﬂﬂﬁﬁc chemical compounds,
To keep track nfx},Hq “m."nlrﬁﬁ*!s[nbunun of electrons during an oxidation-
reductj thaﬁlimﬂ el
3. Whatis tﬂEﬂrldahﬂn numbers of any element in its free (uncombined) state?
Ans. The oxidation number of an atom in a free element is always zero (e.g; Na, O, or
Cl; all have an oxidation of O)
4. What is the sum of oxidation numbers in a neutral compound?
Ans. The algebraic sum of oxidation numbers of all atoms in a neutral compound is
always zero
5. How is the oxidation number assigned to a monoatomic ion?
Ans. The oxidation number is equal to the actual charge present on the ion (e.g: Ca?t is +
2 and Cl-is -1)
6. Define oxidation in terms of clectrons.
Ans. Oxidation is a process in which electron or electrons are Inst A

7.  Define reduction in terms of electrons. _ AR EE
Ans, Reduction is a process in which elﬁctrnﬂ p}: dﬁt;lrhﬁsiarc gmngd
8. What is a redox reactmn" ~\\ f_ Sl

Ans. Redox Reaction: A ﬂhl..iﬂlﬁ,ﬁﬂ ﬁcathon which ihvolves simultaneous oxidation and
reduction is aflled dnmrdmmn reduction or redox reaction.
The reaction’ may involve the complete transference of electron or electrons to form
ionic bonds or a partial transfer or shift of electron to form covalent bonds.




9.  What is an oxidizing agent? N Gl ;.r:ﬂ

Ans. An oxidizing agent is a substance that- gams\ tathtrugs and:gé&. Teduced itself. It
causes the oxidation of anq,th{:r s_u,bsthni:l{ '.I 0, g -',_f. ! :

10. What is a reducing agent? \| [\ (| || [0 -

Ans. A reducing agent ﬁ@ﬁﬁhﬁ'ﬁﬂde that loses electrons and gets oxidized le:lI' It
causes the l‘e&&c of another substance.

11. Why does the purple colour of potassium pi:rmagnnate (KMnO,) disappear in
a reaction with oxalic acid?

Ans. The purple colour disappears because the Mn” (permanganate ion) is reduced Lo
Mn*2 (manganese ion), which is colourless in dilute solution.

12. What is a polyatomic ion?

Ans. Polyatomic ion: A group of atoms that are bonded together and carry an overall

not charge (e.g., carbonate CO; or Ammonium NH, ).

LGRS LN Electrolysis + Electrolysis of a Concentrated Aqueous Solution of Sodium
SN B Chloride (Brine) using inert electrodes (Graphite / Pt) + Electrolysis of

+16.9 Dilute and Concentrated Aqueous solutions of Metal Halides +
Electrolysis of Cﬂncenlraled ﬂqupnus Solutions of Metal Halides
13. Define electrolysis. L ALUA s

Ans. Electrolysis: The pmcc&;" \rr’h'»bmh ﬁaig l}ecttlmlty is passed through fused ionic
compounds or their ﬁqﬂc{pﬁ:s sgﬁhﬁ}un they are decomposed into their constituents,
is called ele.q

14. What is an ﬂ:tmh tic cell?

Ans. Electrolytic Cell: An electrolytic cell is an apparatus consisting of a vessel
(electrolytic both), an electrolyte, and two electrodes connected to an external
voltage source (battery) to carry out electrolysis. :

15. In What the process of electrolysis can be carried out?

Ans. The process of electrolysis can be carried out in an electrolytic both called an
electrolytic cell with the help of two electrodes through which electric current
enters and leaves the cell.

16. Define the anode and cathode in an electrolytic cell.

Ans. Anode: [t is a positive electrode through which electrons enter the external circuit.
Cathode: It is a negative electrode through which electrons Icaw: the, e'ﬂcrnal

circuit, (lC 51

17. 'Why must can electrolyte must be in fmeﬂmqﬂ'éfm& !uluhnn form?

Ans. In solid form. ions are hn;td t:ghﬂ}ixmﬁ(ﬁllaﬁi‘ﬁéia}!d caknot move. In a fused or
aqueous state, the ions arf ﬁ'egr m\mm‘é toward the electrodes to conduct electricity.

+ 18.  What is Brine? _ (R ”J| L=

Ans. Brine: Btlnelﬁuﬂzuncentralcd aqueous solution of sodium chloride (NaCl).

19. Which gases are produced during the electrolysis of Brine?

Ans. During the electrolysis of Brine, following gases are produced:




At the cathode: Hydrogen gas (H,) &GN (il P

At the Anode: Chlorine gas Ch)s S\ P'-:‘:':{'x, VIC

20. What determines p;rh;chfion“nwmghedlkh#geﬂ at an electrode when multiple
ions are present? ¢ \ 194 e :

Ans. The dischargéd depends on the electrochemical series. Elements with a higher
lcndeﬁé}‘-.ﬁj:' lose or gain electrons (bared on their position in the series) will be
preferentially discharged.

21. If a metal is below hydrogen in the electrochemical series, what is discharged
at the cathode?

Ans. If a metal is below hydrogen in the electrochemical series, then the metal ion is
discharged.

22. 1If a metal is above hydrogen in the electrochemical series, what is produced at
the cathode? '

Ans, If a metal is above hydrogen in the electrochemical series, then hydrogen ion is

discharged. Sy ﬁiﬁ
23. Why is the solution around the EF"'P‘!WW"{ iﬂ@ e during the
electrolysis of brine? O AN TN N

Ans. The sulutjon amundﬂr@ypaéffﬁ\w[iﬁﬁiine dﬁring the electrolysis of brine
due to the formation 'of hydroxide ions (OH-).

24. Why liPWRﬁﬁ%thhimes used as an electrode?

Anms. Platinuﬁli"is'an inert electrode, meaning it conducts electricity but does not
chemically react with the electrolyte or the products (like chlorine gas) during the
process.

25. Mention two industrial applications of electrolysis.

Anms, (i)  Production of elements like Aluminum, sodium and fluorine.

(ii) Manufacturing of chemicals like sodium hydroxide (NaOH).

16.10+6.11 IO R R I (1) chloride + Electrolysis of Dilute

sl RFERLRK solution of Sulphuric acid using inert electrodes (carbon or Pt) +

Electrolysis of Dilute Aqueous Solution of Copper Sulphate using
inert electrodes or Copper electrodes + Fuel Cells

26. Why must lead (II) chloride be hma}t{;ﬂ l‘f’{."‘ i)tfﬂrE ';:Iectrﬂlysis can ocur?

Ans. Lead chloride (II) is>8\solid-at tdom\temperature. Heating it to 501°C melts it
making it an cle:ctr_?llﬂi‘::'.,ﬁﬁ&ré fotis are free to move and conduct electricity.

27. What hafpeqd [t'thie concentration of sulphuric acid as electrolysis proceeds?

Ams. As the electrolysis proceeds, the concentration of sulphuric acid increases because
the water present is being decomposed.




28. What is deposited at the cathode during the electrnlws Pf{g__iﬂiﬁ-.nqumus
solution of copper sulphate using inert e&tpsq 1 p j A

Ans. Copper metal is deposnted at th;da&ﬁﬂiid ('hErt;} duringthe electrolysis of aqueous
solution of copper sulph uﬁ‘ pgx lﬁ&;\eiéctmdcs

29.. Which gas W diiilmg the electrolysis of dilute aqueous solution of
copper sulblﬁte using inert electrodes?

Ans. Oxygen gas is produced at anode (inert) during the electrolysis of dilute aqucous
solution of copper sulphate using inert electrodes.

30. Why the blue colour of the solution fades away during the electrolysis of dilute
aqueous solution of copper sulphate using inert electrodes?

Ans. During the electrolysis of dilute aqueous solution of copper sulphate using inert
electrodes, since the concentration of copper ions decreases slowly so the blue
colour of the solution fades away with the passage of time.

31. How does the process change when copper electrodes are used instead of inert
electrodes in CuSQ, solution? ;

Ans. If copper electrodes are used instead of inert electrodes, {he co (_pgq%ﬂl;ngul atoms
from the copper anode start moving into Ll'f@ﬂl;.thﬂ@&ﬁ/fﬁ pper ions and
the electrode mass starts d:creasar@. r;rﬂ ) H» . u.

32. Define a fuel cell. (0 () \\j\:&: ) “""

Ans, Fuel Cell: It is ¢ h:,b,t\nhi provides a method in which chemical energy is

: cnnvcned\iq bﬁcﬁfcat energy. It uses gas:nu-: fuels like hydrogen and oxygen to
produce electricity.

33. What are the electrodes in a hydrogen-oxygen fuel cell usuall}' made of?

Ans. The electrodes are made of porous compressed carbon saturated with platinum
which acts as a catalyst.

34. Why is a fuel cell considered highly efficient compared to traditional engines?

Ans. A fuel cell is very efficient because it converts 75% of the bond energy of fucls to
electricity, whereas traditional heat engines lose much more energy as heat.

16.14+16.15
+16.16+16.17

35. Define corrosion and give a common example Bl ';T"\ {'g_-'_’j:'_;:',_?}:'uﬂl !

Ans. Corrosion: Corrosion is a natural pfucpés"‘ ﬁ!l?‘t‘lﬁ ‘G{h,lq‘ Zthetal suffers gradual
decay when it mtcractsfﬁﬁtnucgﬁg" w:m 1'Ls énvmhmem
Example: A commo eﬁﬂllt}pkjim\stmg of iron.

36. Why does imqm&hﬁhﬂﬁe to corrode until it is completely destroyed?

Ans. Once iron bcgma to rust, the process will continue as rust is porous and allows both
air and moisture to come into contact with fresh metal underneath. Hence, all the

Corrosion + Electroplating + Galvanic cells + Order of
Reactivity of Metals using Voltage Data




if 5 (’-:FM\T&

metal will corrode given enough time.

37. What is Galvanization? o \ \‘J AL
Ans, Galvanization: Galvam ion ;a\l Fn mrbd rotect iron or steel from
: rusting. It involves the r? s eet in a bath of molten zinc. A layer of
zinc metal g ¢ iron sheet and prevents rusting.
Example.‘ﬁﬁ%ﬁs are actually steel cans which have been coated with a thin layer
of tin.

38. Define electroplating.
Ans. Electroplating: It is a process in which a metal is deposited on another metal
: electrolytically.
39. What properties should a chosen electrolyte have?
Ans. The electrolyte chosen should have the following properties:
e  Very soluble in water.
e  Good conductor.
e  Not easily oxidized or reduced or hydrolyzed.
e Inexpensive, b mh“ﬂ“

40. What conditions should be fulfilled (tu BW ¢ electroplates
during the eluctruplatm \\ f i
§ :

“Ans. The following cﬂnd:tmr@ fﬁ gct good deposits.
e High current - Low temperature
e High mn nf the metal in its electrolyte.

41. What does Daniel cell use to produce electric current?

Ans. Daniel cell uses oxidation-reduction reactions to produce electric current.

42. In the electroplating process, which electrode is the object to be plated?

Ans. The article or object to be plated is always made the cathode (the negative
electrode), while the metal to be deposit is made the anode.

43. What is a Galvanic (Voltaic) cell?

Ans. Galvanic Cell: A galvanic cell is an electrochemical cell that converts chemical

mergjf into electrical energy through spontaneous oxidation-reduction (redox)

' _reactions.

-H What is the function of the porous partition in a Daniel cell?

Ans. The porous partition in a Daniel cell keeps the t 1)(@&9}‘-&[‘!16[15 (Zinc
Sulphate and Copper Sulphate) se mlﬁ}m ‘é{}-\\‘b ‘55}75 pass through to complete
the electrical circuit. 7\ _~~

45. How can voltage dajﬁr e\ B termme the reactivity of metals?

Ans. A higher vw&hﬁ&hled in a galvanic cell indicates a greater difference in the
reactivity of the two metals used. Metals that lose electrons more easily (more
reactive) produce higher voltages when paired with a standard electrode.

o
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Choose Fl}a‘krthetnrrent answer from the given choices.
The nxi&aflun number of Mn in K;MnOy:
(a) +7 (b) +5 (c) +6 (d) 6
Which element in the following reaction is being reduced?

4HBr ,, + MNO, |, —> MnBr, ,, + Br,, +2H,0,
(a) Br (b) Mn (¢) H (d) Both Mn and i
During electrolysis of dilute solution of H,SOy, using Pt electrodes, which
process takes place at the cathode?
(a) Reduction (b) Neither oxidation nor reduction
(¢) Oxidation (d) First oxidation and then reduction
Which product you will get at the anode when an agtlfzgusg{ltﬂfi;qn}of CuSO;, is
electrolysed using copper electrodes? -\ _ 0 \ N If
(a) Cu (h} 0, ' z 15( r\J\J" ﬁ“j l f
(d) No product, Enstﬁﬁ ’H’n : ‘mﬁtafh :1fgo into the solution as Cu®*.
Which of N;ppﬂﬂi I‘hg statements is NOT correct about Zn-Cu
electrncliﬁll;\icﬁl cell?
(a) Anode is negatively charged (b) Reduction occurs at anode
(c) Cathode is positively charged (d) Reduction occurs at cathode
Which product will be obtained at the anode when a concentrated solution of
NaCl will be electrolysed?
(a) Cl, (b) Os
(c) More O, and less Cl, (d) More Cl; and less O,
When a dilute aqueous solution of ZnCl, is electrolysed which product you
will get at the cathode?

e

(a) H; (b) Zn . (€) O, (d) 7n.;{lnd 0,
What is produced at the eathode in hvdmgen-ux}geqjﬁ 1 qﬁ(j

(a) H* (b) O e MO\ [ = (d) OHF
Which of the fulluwmgﬁmemils\f i ghéwt ﬁr—ﬂm elecimchem:cal series?

(a) Tin o~ Iﬂfj\ I‘ﬂﬁ A (¢c) Magnesium (d) Zinc

Answers FRINANE

1.
8.

(c) r Bt | ) e () 4. . d).. 5. .(b) 6. (a) 7. (a)
(d) 9.  ic)




SERARSass

: = = TR
B. Short Answer Questions 5 \EEO.J\S“

,ﬂ:\ '% W =
- e e b
16.1 What happens when el_g:tric’igj{\fp;.ﬁliﬁg_}_g}&gﬂln aqueous solution of
s MR AR
Ans. When electricity pass %l!rgugh‘ aqueous solution of NaCl (electrolysis), the salt
dismiatﬁﬁﬂg‘ﬂﬂ%‘m I~ ions. '
At the Anode: CI- ions lose electrons to form chlorine gas (Cl,).
At the cathode: H+ions (from water) gain electrons to form hydrogen gas (H,).
In solution: Na* and OH- ions remain, forming sodium hydroxide (NaOH).
16.2 What are the main objectives of electroplating?
Ans. For answer see Q18 (Long Subjective Questions). First part
16.3 Mention one difference between an electrolytic cell and a galvanic cell.
Ans,

Electrolytic Cell Galvanic Cell
Converts electrical energy to chemical|Converts chemical energy to electrical
energy. energy.
It is non-spontameous reaction (requires) It is spontancous WtW%ﬂ”ﬁ‘*:‘
a battery) | AN [ \ g~
16.4 Through which electrode, electrons leave the electrolyfic cell?
Ans. Electrons leave the electro ic, 1 f_lw&ﬁéc <
Reason: Electrons flow ﬂ\@g al power source (battery) into the cathode,
and they exit t through the anode to return to the positive terminal of

2
n Eu *9 et
x_l ot

N\
I

the battery.
16.5 How does an electrolyte conduct electricity?
Ans. An electrolyte conducts electricity through the movements of ions.
® When a salt or acid is dissolved in water or melted. it dissociates into positive
lons (cations) and negative ions (anions).
® When an electric current is applied, the cations move toward the negative
clectrode (cathode) and the anions move toward the positive electrode (anode),
allowing the current to flow through the liquid.
16.6 What will happen if a strip of Cu metal is dipped in FeSOy solution?
Ans. Ifa strip of Cu metal is dipped in FeSO, solution, no reaction will occur.
Reason: In the reactivity series, copper (Cu) is less reactive than iron (Fe). Because
copper is lower in the series, it cannot displace iron from its sulfate solution.
16.7 Why fuel cells are regarded as environment friendly?-~ 12\ (GO
- Ans. Fuel cells are regarded as environmeptal friepdly bed ise of twa main reasons:
e Zero Harmful Emissions: Linli fE\iﬁfqﬁ}ﬁaﬁEﬁﬁrhu’mion éngines. the only
by-product of a hydmﬁéﬁ-‘ﬁﬁ&@gﬁ"{ﬁe}téﬂ‘ is pure water and heat.
® Higher efficie ¢ \M_M\'Whm}:
Fuel ccn;'}q_iﬁfhﬁ‘

ot

t chemical energy directly into electrical energy without
combustion, so they are more efficient than conventional engines. This results
in less fuel consumption and reduced environmental impact,
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[C. Comstructed Response Questions 2\ cOW

16.1 Calculate the uxldanqn 31\1;:15& \m{ﬁn\mﬁ Ca(CIO;}z
Ans. To find the oxidati wu ”1' C\_, irfe we use the knnwn oxidation number for
calcium and q 0?
e Cal l a] +2 (Gmup 2 element) e  Oxygen (0): -2 (usually)
e Chlorine (CI} X
The sum of oxidation numbers in a neutral compound is 0.
1(+2) +2 [x + 3(-2)] = 0 '

. 242[x—-6]=
2+2x-12=0
2x—10=0
2x=+10
XxX=+35

The oxidation number of chlorine in Ca (CI O3); is + 5.
16.2 How can H,0, behave as an oxidizing agent?

Ans. Hydrogen peroxide (H>03) acts as an uxldlzmg agent b Qgcn atom in it
is an intermidiate oxidation statc ia@ ctmns to reach the
more stable -2 state ( fou rﬂ} \ Jl
Example: H, (}2

16.3 Why I:Ilf s are fnrmed at the electrudes when a dilute and
conce aqueuus solutions of NaCl are electrolysed?

Ans. This happens due to the selective discharge of ions, which depends on their
concentration.

In Dilute NaCI: At the anode, OH- ions are in higher concentration and arc
discharged to produce oxygen gas.
In Concentrated NaCI (Brine): At the anode, the high concentration of CI” ions
resulting in the productinn of chlorine gas.

16.4 Why corrosion becomes fast during rainy season?

Ans. Corrosion (rusting) is an electrochemical process that requires water and uxygcn
During the rainy season: ;
e The high moisture/humidity provides the neccssa% qc&mlyw for the

movement of ions. 0 Jﬂ’
e Rainwater ﬂﬂen mntams Wm} ‘.5 Iﬂ&é‘hﬂ)ﬁ'lhm make it slightly acidic.
increasing its c &a ating the redox reaction.
165 If a galvani t]:q” la\ hed between Cu and Ag, what reactions do you

expeémgp Iiib—[c ctrodes?
Ans. In the electrochemical series, copper (Cu) is more reactive than silver (Ag).
Therefore, Cu will be the anode and Ag will be the cathode.




e

® At Anode (Oxidation) 63“\ 'Ci ﬂ A

Cu,, — Cuf) R/—\ ’f’“

'11 At Cathode (Rt:duct_;cm] \! HB
h'-'l v\h‘l\‘ig""} P‘gtl]

16.6 What is thg N& hﬁomus partition in a galvanic cell?
Ans. The porous be[ ition (or salt bridge) serves two main purposes.

® Completes the Circuit: It allows the flow of ions between the two half-cells.
®  Maintains Electrical Neutrality: It prevents the accumulation of charges in
the half-cells by allowing ions to migrate, ensuring the cell continues to function.

16.7 How do fuel cells produce electricity?

Ans. For answer see Q14 (Long Subjective Qeustions)

16.8 How can the chemical reactivity of metals be compared by using
electrochiemical series?

Ans. The electrochemical series ranks metals based on their standard reduction

potentials:
® Higher in the series: Metals have ]owcr r:ducu cqﬁ@qﬂ;}"hlghcr
oxidation potentials). They lose al@ LS\EE% Teactive, and can

displace metals below 4 kﬂusb
e Lower in the senm ghcr reduction potentials. They are less
i 4 :- ﬁ’xld izing agents ' :

Iﬁ.l Explain with examples how the formula of ionic compound can be written
using oxidation numbers.

Ams. For Answer see Q2 (Long Subjective Questions)

16.2 Find the oxidation numbers of the indicated elements in the following
compounds. :

AI (NO3)3, H;5;07, Na; §; 04

Ans. To find these, we use the rule that the sum of oxidation number in a neutral

compound is 0. Common oxidation numbers used here:

H=+1, O=-2, Na=+1,Al=+3 \]
AI (NOj3);: Since the nitrate jon (NO, } has H i;k{céhfch culate N
within that ion: ﬂ rﬁ( :ige“{f Eﬁ
® [etN=x \ \ ‘E‘\ L
o x+3(2)=— W ﬂ“ Tf A
— == \ r'- C "' -
e ) N

Oxidation number of N is +5.




H,$,0-: Nes cOTN

2(H)+2(S)+7(0)=0 c H, s
201)+F2Q)+7 62) = 0\{?"\ \‘"N L

.
@

o 242x—14=0% ﬂ?u
° 2:(—12 \B

™ rﬁ‘EN /

.

Dxldatmn number of S is +6.
Na, _5—1 O;:

e 2(MNa)+2(S)+3(0)=0
o 2(+tDH+2x)+3(-2)=0
o 2+2x-6=0

e 2x-4=0

e 2x=4

* x=+2

16.3 Write down the formulae of the following compounds usu;g Wrgcs
Sodium hypochlorite, calcium unla W\ﬁ pﬁg,siimtfe and calcium

nitrite -
Ans. To write the formulae Of the' é\ﬁ nunds using ionic charges, we balance
the positive and neggtive\charges so the final compound is neutral.
Compounfl Nabde” lons Involved Chemical Formula-
Sodium hypochlnritr: Na® and CIO- Na CIO
Calcium oxalate = Ca?* and C,0; CaC, O,
Ammonium Phosphate NH; and PO} (NHy); POy
Calcium nitrite Ca?* and NO, Ca (NO;);

16.4 Describe the working of a fuel cell.
Ans. For Answer see Q 14
16.5 Discuss the electrolysis of concentrated solutions of metal halides.
Ans. For Answer see-Q 10
16.6 Explain electroplating giving examples 1s ;: 75 TN
Ans. For Answersee Q 18 Cde =
16.7 What is corrosion? Eggllpln tbe Eﬁlup@ i QIMLI m»curroamn of iron.
Ans. For Answer see Q 16 1 \,‘Lu RS
\J\ﬂ\“‘ \“
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