- thls chapter students will be able to:
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 a 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

the ion :
Identify redox reactions by the colour changes inv .m/@acndlfed

solution, by passage of

[dentify and label in sj ytic cclls the anode (+), cathode (=), electrolytc
and directiwm 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
durmg the electrolysis of molten lead (1) 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, galvanizing, electroplating; sacrificial
protection such as using magnesium blocks in ships)

aqueous potassium manganate (VII) to l) todlde : |
Define electrolysis as decomposti @ d, in molten or aqueous

Identify the products formed at eclectrodes and descrlbe the obs ns made
during the electrolysis of dilute copper (l[) sulpha or copper
electrode @W

alide compound in dilute or

Predict the identity of ucts
concentrated solution @

Construct i lonlc half- eaction at either electrode.
~ Describe ¢ d its applications.
Sketch a sc ic dlagram 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 the light of new Examination Techniques
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_Oxidation Number of Atoms in Compounds and lons

Writing Chemical Formulae of lonic Compounds by applying
Oxidation Numbers

%R Writing Chemical formulae of lonic compounds using ionic charges

16.4 Oxidation and Reduction :

Oxidation - Reduction Reactions |
Q.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 ato -o@@ an ion. It
o\o
may have a positive or a negatwe sign.

Oxidation Number of Atom
The oxidation number ound out by applying the foliowing rules.

1. Atom_pres i ent has an oxidation number zero.

Example: The oxida on number of sodium in sodium metal is zero. Similarly, oxidation

number of oxygen in ozone(O3) is also zero.

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

Example: The oxidation number of Ca?* is +2 while that'of A|3+ is'+3.

3. The eclements present in group I (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 oxidation %mb%,-(—bmn they are‘

combined with less electronegative element: A\
Example: Chlorine in all such compoﬂ\h&s/\ %(\[ ﬁ@ C

has been assigned an

oxidation number -1. <, \ e ,
6. Hydrogen is assi k&lk&; fiumber +1 when it is in combination with more
electronegati lle it is given oxidation number -1 when it is combined

with less e ctronegatlve atoms.

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




(NaH) it bears an oxidation number -1.
w The element oxygen is assigned an oxidatio
8. The sum of oxidation L bers of\a

umb g@@@munds.
\ﬁ na neutral compound is

charge present on \N.
© .2: Explain with'éxamples how the formula of ionic compound can be written using
oxidation numbers. ,

Ans. Writing Chemical Formulas of lonic Compounds by applymg Oxndalion

Numbers: .

We can wnte 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 examplc we shall write the formula of calcium chloride in
the following way. :

" The element calcium is present in gr%pﬁw@b@@m principal

oxidation number is +2.

Chlorine is present in ow that when itis | . 2+ i
; AT e 0 WA Cl
attached with less fement in binary compounds its
oxidation num 217 The formula for calcium chloride will, CaCl

2

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 oompounds can be
written using ionic charges.
“ Ans. Writing Chemical Formulas of lonic Compounds uslng lonic Charges:

In order to write the formula of potassium |Cation Anion
permanganatc write first the formulae of K" . MnO."
permanganate ion, MnO) and potassium ion K+, \ "
Then combine the two ions together to form an C 3

- electrically neutral compound. . KMnO,

The formula for potassium permanganate will, thcref ore;

When writing the formulac ‘ |
containing more than one p ¢¢-the formt NH,"\ [COS |
of the ion in brackets and i q@ cr of such ions with :
a subscript. : ammonium carbonate will be (NH), Co,

written as follo
The fonnula for ammonium carbonate will, therefore, be (NH4),CO;.




T

ich oxygen is cither added or hydrogen is

Q.4: Write a note on oxidation.
Ans. Oxidation
Oxidation is described inthtee prir
1.  Oxidation is defined a ‘1“!! :
removed. =
For example; ; :
(i) Oxygen combines with other elements 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,0

2Mg,, + 0, = 2MgO,,

(s)

j ; 4

3(s)

2(y)

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 compounmnlaining

OkygMh. _ ‘_ - R RS e O@
CHy 20,412 B0z KRHQN |
4HC1(%>Y&\ (3) 2(aq) +2H20“) !
CH,4 and HC j edetions are being oxidized while O, and MnO, are being
reduced. CH, a are called reducing agents while O, and MnO, are called

oxidising agents. 14
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. :

CuoCu" +e

Cu—Cu” +2e

3. Oxidation is process in which oxidation number or oxidation state of an element
increases.

In the above two processes, the oxidation number of coppe h@@@@cd from
~ zero to +1 [Cu (I) ] and +2 [Cu (I]) ] respectively. , Mo
Mg O
'Q.5: Write a note on reduction. %@@
Ans. Reduction C@W ,

Reduction is descri principal ways.

1. Reduction as either addition of hydrogen or removal of oxygen. For

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




bl L L e

Hy * Clyy — 2HC}(L) @ @.m

(ii) In the following reaction, hydroge ide when oxygen comces
oo o of the compound an fi to give a molecule of water.

% \’/\,H-H(b)_&ﬂ‘_)cu +H,0,, -

In the aboWexamples, Cl, and CuO 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.
p Reductlon is a process in which electron or electrons are gamed. For example,

Fer¥e S Fe”
Mn” +5e — Mn”

In both the above examples. ions of iron and manganese arc being reduced. Hence.
they are called oxidising agents. ' '
3.  Reduction is a process in which oxidation number of an clement decreases. In the
above examples oxidation number of iron is reduced from +3 [F e(ﬂl)l to +2|Fe(l)]

while oxidation number of manganese is rcduced from %@@ [Mn(ID].

Q.6: Explain Oxidation-Reduction Re tmns
;@ &

Ans. Oxidation-Reduction (B

A chemical reac ich i ves simultancous oudahon .‘
and reduction i Xidation-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 covaient bonds. !
Explanation: Potassium permanganate acts as a very powerful
oxidising agent in acidic medium. It oxidizes oxalic acid into carbon
dioxide. During the reaction the dark purple solution of potassium
permanganate changes to colourless. In the presence of dnlute B
sulphuric acid the reaction proceeds as follows. T Tkt
2KMnO, +3H,S0, = K, S0, +2MnSO, +3H ,O+5[0]
_ [[O]+HCO —»2C0, +H,0]5
2KMnO,, +3H;80,,) +5H,C;04, 2 K som, +2M @@wu 0,
Let us assign oxidation number Bounds to find out the
‘oxidising and reducing age@*%
L 47 42 216 4 ~no4( 7) +2:6 4 2) w4 2(-2) 2082
; 2KMnO* €,0, - K,S0, +2MnS0,+10CO,+8 1,0

Mn'7 -——--—-)»Mn*’ (Reduction)
o g S g (Oxidation)
Oxidation number of manganese has decreased from +7 to +2 and that ol' carbon




has increased from +3 to +4. : \
So, each manganese atom accepts five elep{rons // each carbon
atom loses one electron to get oxidized & an 0x1d|7mg agent while

oxalic acid in this reaction acts) % :
Aqueous potassium_j &i 0x1d|zed to iodine in acidified potassmm

permanganate. W of iodine in this reaction results in a colour change,
typically from coleurless to yellow-brown.

+1+74(-2) 2(+1)+6 4(-2) & B | £2+64(--2) 0 26+¢1)-2

2KMnO,,, +8H,S0,, +10Kl, —6K,S0,  +51,..+8H,0,

4(aq) (aq) 2 4(aq) 2(aq)
Mn'? —2_5sMn"? (Reduction)

v ——————)l ~ (Oxidation)

4(aq)

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

16.6 - . . FElechrolysis

16_.7 Electrolysis of a Concentrated Aqueous Solution of Sodium
- Chloride (Brine) using inert elecirodes (Graphite./ Pt)

S eaves : o TR R M S A Yo T L S e e ey
(LN  Electrolysis of Dilute and Concentra ied Aqueous selutions of
AN - Metal Halides

{ 16.9 Elewowsns of Concemrated Aqueous Solutions of Metal Halides

Q.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 electrotytes.

- Chemical Reaction: During electrolysis, a non- spont'mf:ous chemical reaction takes p!a(,e !
with the help of electrical energy.

Electrolytic Cell: The process of electrolysis can be carried: out in-an electrolyuc bath
‘called an electrolytic cell with the help of two eiectrodes through which clectric current
~ enters and leaves the cell, These electrodes may be made p er metal.
Anode: It is a positive electrode through Eligg ternai circuit.

Cathode: It is a negative elect ons ieave the external circuit.

Explanation: Electrolyte pre is in the form of freely moving ions. During
electrolysis, the ﬁ’f}@wéﬁo ecomposed 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, thereby, giving it a negative




Lt .

charge. The positive ions of the electrolyte are attr

and get reduced by accepting electrons from i

making it the cathode. he b: X

simultaneously withdraws cle&

other electrode, giwi 3] e charge.

The negative i the electrolyte are

attracted towards this and get oxidized by

losing their electrons, making it the anode.

" Electrons flow in the external circuit while

ions move towards their respective electrodes | |

inside the cell. If the oxidation and reduction Electrolysis in a electrolytic cell

at the electrodes cease, the flow of electricity in the external circuit also stops.

Q.8: Explain electrolysis of a concentrated aqueous solution of sodium chloride
(Brine) using inert electrodes (Graphite/Pt).

Ans. Electrolysis of a Concentrated Aqueous Solution of Sodium Chloride (Brine)
using inert electrodes (Graphite/Pt): ‘ -

!

§ — Q
The electrolysis of a concentrated { y] O
“ s 0\ b
) BR=) e __lP|atinum
ectrode _

solution of sodium chloride, also called'b o (( @
: prOduQes hydrogen. gas \m " 33 ' " Electrode

e e N e e i S e

+ Anode

Electrolyte

\

R LB

S

fr e+ 48+t

l‘ﬁlllllll-l_

Battery -

chlorine gas at thex And sodium Qg b ey
hydroxide solu product. sl /WO~

The electrolytic cell used in this :: —
~ electrolysis. The cathode used in this cell LNy

is made of platinum while the anode must OH _ Cathode

be made of graphite to avoid the reaction ' ;
with chlorine gas. ‘ Electrolysis of brine
The following ions are present in the solution ‘ ‘

Naj,,,Cl,  from sodium chloride

H{p)OHfqy  from water : s
Na* and H,0, both migrate towards the cathode. Since water molecules and
hydrogen ions have a greater tendency to get reduced as compared to sodium ions (Na*).

. sothey pick up electrons from the cathode to form hydrogen gas- m
~ At the Cathode: o r\(“?\\\\ﬁ%\o@@

. : - [ U
0 ﬁﬂ&%@@% g
~ The ioni ilibrium of water is, thus, disturbed due to the discharge of H' and

" more water molecules are ionized to restore it. The solution around the cathode becomes
alkaline due to the formation of hydroxide ions (OH").




At the Anode: il 2 -
_ , - \ o@(@m
2C1 g A0 \ﬂ@ |

The solution gradually ‘ge ine due to the presence of OH-. The volumes of - :

hydrogen and chlorine gas ¢ ined-are equal.
The ovcra@@iﬁé@»r this electrolysis is:
. 2 NaCl,,,, + 2H,0 (, — Hy, + Cly, + 2NaOH,,

0.9: Describe electrolysis of dilute aqueous solutions of metal halides.

" Ans. Electrolysis of Dilute Aqueous Solutions of Metal Halides:

When the aqueous solutlons of metal halides are subjected to electrolysis. thc
situation becomes more comphcated due to the presence of water. Water is a very ‘weak
elcctrolyte and upon ionization it gives very small amount of hydmgen and hydroxldc

ions.

H,O0, = H ot OH—(-q)

This will mean that the clectrolytc will consist of more than one type of-ions which
will approach both cathode and anode. Hence there can be 10ns w1ll
get discharged. W
| For example, if an aqugg M electrolyzed, both sodnum

and hydrogen cations are aﬂ% fow ¢ cathode and both chlorides and hydroxide
ions are attract anode. Which of these ions will preferentially be
discharged dcp 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 metal is below hydrogen in the | P

: : SR GroTsol . g OF
electrochemical series, then the metal ion Is | H* O 2 5 :
discharged. Metals like this include copper and | _
silver. If dilute copper chloride is electrolyzed, | ; IR
~copper metal is obtained at the cathode. H H W] el @9
If a metal is placed higher in the electrochemical ) il L BN
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 l@mned at the
cathode.

Metals like lead and nickel p ssen
solutions of halides of these 'me
cathode depends on sntrations of the halide solutions. If the solution is
concentrated is deposited at the cathode. If the solution is very dilute,
hydrogen is evolved. At in-between concentrations both metal and hydrogen are
obtained.

ated plcture If aqueous
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At anode, the electrolysns of dilute solunons of halid W{@ @@é\éﬁ because

hydroxide ions are preferentially discharged c@e O ntrations.

Reaction at the Cathode: o\ .\ V¢
| \l\g}d‘\gq) x Ze SRR ZM(s)

W 2H g+ 28, > Hyg

2H,0, + 2é " — H,, + 20H

(aq)

Reaction at the Anode:

" I e o T

4 OH R oz o+ 2H o(,,+ 4e

Lithium L Llitfag)+e =Li(s) -3.04

Potassium . K (agq)+e =KI(s) < @@@JSQ
Calcium Ca® (aq) + 2e c 3
Sodium Na’ ( @(@W 271
Magnesium Q B ... ;
Aluminum N}&& Ni(@gqr+ 3e =Als) |
WW O()+2e = H,(g)+20H (aq)
- Zn’ (aq) + 26 =1Zn (s)
Iron (1) Fe ™ (aq) + 2e =Fe (s)
Cadmium Cd* (ag) +2e = Cd (s) .
Nickel ~ Ni” (aq) + 2" =Ni {s)
Lead Pb* (aq) + 2¢ = Pb (s)
£ Hydrogen 2H (aq) + 2e = H, (g)
£ - Sulfur S (aq) + 2H' (aq) + 2e = H, S (aq)
Tin- | Sn* (ag) + 2e = Sn*" (aq)
- Copper . Cu” (aqg) + 2e = Cu(s)
lodine l,(g) + 2e " =2l (aq)
Iron (11 Fe’" (aq) + e = Fe’' (aq)
Silver - Ag'(ag) +e = Ag(s)
Bromine . Br,(g)+2e &= ZBr (aq)
Chlorine ; cl (g)+ 2 eov— W
Gold
Hydrogen peroxide e == 2H o(l)
L Fluorinfnr\ +2e "= 2F (aq) :
Weaker NI o " Stronger
reducing oxidizing

agent : CRERS ' | agent




Q.10: Discuss the electrolysis of concentrated solutrons of (S
Ans. Electrolysis of Concentrated Agq ou@s tro H\dés 6 f

If the concentrated %9 I\J i (o= o : e
metal halides are electrolyz rté\ge‘n jons | | H. OH ‘i : e
are discharged é\‘\& |f the metal is
present higher than ydrogen in electrochemical g Faney
series. For example, electrolysis of concentrated - b 0 =
aqucous solution of sodium chloride will produce oo g &
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 hahde ions are preferentially discharged due to their higher
concentration.

Reaction at the Cathode:

G el T
H 126 o W {2 @@m
Reaction at the Anode: S A W %
| ome@xzw
[16.10 ea oride
16.11 ectrolysis of Dilute solution of Sulphuric acid using

116.12 Electrlysis of Dilute Aqueous Solution of Copper Sulphate using
inert electrodes or Copper electrodes

[16.13 ' '

Q.11: Explain electrolysis of molten lead (l1).chloride.
Ans. Electrolysis of Molten Lead (Il) Chloride:

Lead (II) chloride is solid at room temperature. To make it an electrolyte it must be
heated upto 501°C to get molten lead chloride. Heat will rcn '\j move and
conduct electricity. The molten lead rsOtheﬁ ﬁ d\\a'\u/mblc where its

\\J

temperature is maintained abo e 500 f‘ \\
Two inert electrode num) are then immersed in it. Upon

electrolysis the Iead ove towards the cathode where they are discharged
forming Iead state The chloride ions migrate towards the anode where they
lose electrons to grve chlorme gas. The electrolysis must be carried out at the
temperature above the melting point of lead chloride.




Heaclion at lhe Cathode: sz’(,, + S b pbA M\M@e@@ﬂ“
Reaction at the Anode: mr\ MM?\@M\'\ Ly Srcation

Overall Reaction: C\E\l\)y},@qm Pb, + Cly,, | F
- Q.12: Describe eml%l?rysls of dilute solution of sulphunc acid using inert eleclrndes
(carbon or Pt). |

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

Electrolysis of dilute aqueous solution of sulphuric acid 'produces hydrogen and
oxygen gases. In other words this electrolysis involves the decomposition of water. Inert
electrodes like platinum or graphlte are used for 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 OH . |

At the cathode, hydrogen ions gain eiectrons to give hydreg
both SO, * and OH- are attracted but OH- CBOS electn
ions are not discharged at the anode betaus ‘\

to hydroxide ions. As the el m res ahedd, the concentration of sulphuric acid
~ increases because the w r ing decomposed. -
Reacmn “.‘GWW 2H'w+ 26 — Hay (Reduction |

Reacﬂim‘ at‘ lheAnode" 4 OH-

(aq)

Q.13: Discuss electrolysls of dilute aqueous solution of eepper sulphate using inert
eleelrodes or copper electrodes.

Ans.. Etleelrolvsis of Dilute Aqueous solution ol Copper Sulphate usmg Inert
electrodes or Copper electrodes:

The electrolysis of aqueous solution of copper(Il) sulphate with inert elcctrodce
result in the decomposition of water and the copper(Il) sulphate. Copper metal is
deposited at the cathode (inert) and oxygen gas is produced at the anode (inert).

Reaction at the Cathode: _Cu -2l cU o ﬂg\ @@@@

— Oz(g, ‘2 2H Om - 4e (Oxidation)

Reaction at the Anode: o+ e (Oxidation)

P
Since the concentration mggﬁﬂm%creases slowly so the blue colour of the
of time

solution fades away Wi

- If copper 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 Cathode: Cu, + 26 — Cu (smwﬂe@@w

Reaction at the Anode: ﬂm/\m&@)&w\‘%’? ;},(l, (Oxidation)

Q.14: Describe the worki @é\@\eﬁ&\ﬁ
Ans. Working af/a 53

Fuel cells provide 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

Electron Flow ~ Fd >

Anode ; Electrolyte Cathode

At anode:

RN o
at the cathode oxygen lS reduced to hydroxide 19@\/\ (\(/-\

OWNIO 510, + 26772

_‘ CE 20\ ).*
At Cathode: W 3+2Hgom + 4e—— 4OH.-
Overall Reactio ‘ :

2Hy #0853 2H0 ¢

The fuel cell producés electricity and water continuously provided the reactants are
continuously supplied. They are very efficient because they convert 75% of the bond

energy of fuels to electricity.

Q.15: Discuss advantages and disadvantages of fuel cells.

Ans. Advantages of Fuel Cells:

)

(i)

(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 oxldes which army harmful
to the environment.

Fuel cells can convert a large praportid @i@ ergy present in fuels into
electrical energy as compale '. - ‘&- conversion of the fossil fuels. In other
words, they are mo Nicie
Fuel cells noise pollutlon : 5
Hydrogen used in fuel cells can be obtained from renewable sources like solar or
wind power. This fact renders fuel cells more sustainable.




W DERE S WS TR are s e . R
Disadvantages of Fuel Cells: ’

@O@m
@p ction of hydrogen by

(i) Fuel cells at present, are very expen C

: electrolysis of water in i % S

(i) Hydrogen bein hj%i& in il able requires very special storage and
transpoﬂWM ich further increases the cost of fuel cells. :

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

16.14
16.15 Electroplating
16.16 Galvanic cells

1

'REA Order of Reactivity of Metals using Voltage Data |

0.16: What is corrosion? Explain the reactions involved in corrosion of iron.
Ans. Corrosion:

: Corrosion is a natural process due to which a metal suffel g@@ay when it
interacts chemically with its environment. ¢ @O

During this interaction-the s %&@ ¢d w
oxides, sulphides and carbo%%{ﬁs
;A ‘rusting of iron, where iron reacts with oxygen and water

Example: A COW
present in the ere to form hydrated iron (I11) 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. e

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 (II) ions. ' '

ith compounds such as

2Fe, —> 2Fe’,, + 4e

Oxygen gains these electrons in the presence of water to form hydroxide ions.
Dy - 2HO, Hille = AON,,,

Fe2* then react with more oxygen and water to forlt); de which is
st ~ o fanmNcel

o e
4FR§pﬂ\2}6 0,2+ 2H,0, —> 4Fe(OH),

fu AN
; AN
Q.17: How can\cottosion be prevented?
Ans. Prevention of Corrosion:
Coating of the metal surface: Corrosion can be avoided by coating the metal surface with




purpose, the metal surfaces are protected by eit ing. Other

methods of protection are galvamzmg,
Galvanization: Galvamzatlon rotect iron or steel from rusting. It
at

involves the dlppmg of a h of molten zinc. A layer of zinc metal gets
deposited on th prevents 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 current 10
flow between them, producing corrosion on the more active metal protecting lhc less
active metal iron. '

Q.18: Explain electroplating givmg examples

Ans. Electroplating:
It is a process in which a metal is deposited on another me @se

some barriers that prevent the contact of metal surface w:th th i ror this
protcctlon

Objectives of Electroplating: There are three mai

(i) Decoration: To deposit the nobl I ilver on the inexpensive
metals to enhance their beau

(ii) Protection: To p t ] from rusting as well as from the reaction of
organic acids. o '

(iii) Repair: To weld the broken parts of the machmery by electrodeposition of metals.

Generally copper, silver, chromium, nickel and gold are electroplated.

Procedure of Electroplating:
The article to be electroplated is first a
cleaned with sand and then washed with s Bat':ctlclelry

caustic soda solution and finally with plenty ‘
: [ Tank

of water. THis article is then, made a cathode,

while the metal to be deposited is made e

anode. The electrolyte is a salt of the metal /Z*——CathOde
being deposited and the electroplating is Electrolyte // - (Substance to
carried out in a tank made of cement, glass or s e

" wood. It s called an electrolytic tank. _ @é@@ﬂ\
The electrolyte chose'n should haveg\theA @W
; k‘ (ii) good ¢onductor
or hydrolyzed (iv) mexpenswc

current is passed A thin layer of the noble metal is deposited on the article to be
electroplated. The fol!owmg conditions should be fulfilled to get good deposits.




i. Hi;gh current density ii. Low temperature @ @©

iii. Higher concentration of the metal in

* 0.19: Write a note on the following: m
~ (a) Silver Plating - ﬁ Platmg

Ans. (a) Silver W .
The proce or silver plating is the same as in electroplating except that the

electrolyte used is the solutlon of potassium argento cyamde k [Ag (CN)], and the
anode is of pure silver. ' ;
The following ions are formed in the electrolytlc solution.

KIAG(CN)Juy == K'ug+ [AQ(CN)] g
c b [Ag(Cle]_ ] : Agr+(aq)+ ZCN‘

(aq) (ag)

When the electric current is passed, 'Ag+' ions migrate towards the cathodc and
- deposit after picking up electrons. Cyanide ions move towards the anode, where they
react with silver to form AgCN, which combines with KCN to reproduce the electrolyte,
K[Ag(CN)2].
(b) Copper Plating: ‘ o o

In copper plating, the anode is madg Bf the electrolyte is CuSQy4
to which a few drops of sulpﬁ o to prevent its hydrolysis. The article to
be electroplated is mad he following electrolytic reactions take place, at
the electrodes. ' -

At Anode: ‘ Cu(s) T Cu(aq) +. 28

At cathode: Cui, +2e —> Cu,

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

Ans. Galvanic Cell or Daniel Cell: .
l Ga‘lvanic cell or Daniel 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 separ a porous

partition through which ions can pass but the solutions c trodcs arc
connected by a wire through a galvano ete@w - vactnc current.

At the surface of zinc oses wo electrons and goes into
the solution as zinc ions. %m S travel through the external wire to copper
electrode wher Sed to discharge copper ions into copper atoms which arc

deposited at this'e ectrode 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..




Y@O@@ﬁm

hode

Anode

AN
rode—

Zinc sulphate
solution

Copper
electrode

Copper sulphate
solution

‘porous partition

Daniel Cell
The following reactions take place at the two electrodes.
At anode: Zn, 7n* o + 26", (Oxidation) §t8n7<16ard Oxidation Potential =
At calhode:r Cu2+(aq)- Nl Cin (Reiuction) itgn;iard Reduction Potential =
Overall cell W T T Cell vo age\E7 = mn.s
reaction: Zng + CUu”y —> ZnTy + Yol - o
O/
Half Cells: Both parts of the cell are called il csNs. - No-reaction can take place in any

.% S : aee simultaneously at both half cells. In this

rcuit while ions travel through the porous partition

isolated half cell. Both the re
cell, electrons travel i

in the internal ci

Production of Danlel Cell: Daniel cell produces a voltage of around 1.10 volts under

standard conditions.
Q.21: How the reactivity of metals can be fuund out by using voltage data obtalned

from galvanic cell?
Ans. Order of Reactivity of Metals Using Voltage Data:

The reactivity of metals can be found out by using voltage data obtamed from
galvanic cells.

According to the avallable data the reactivity of metals depends upon how readily it
is oxidized or lose electrons to form positive ions. ;
Establishment of a Galvanic Cell: I a galvanic cell is established between two metals. the
more reactive metal will lose electrons to form positive ions.
Voltage Generated by a Galvanic cell: The voltage ge @%&c cell measures
the comparative tendencies of the metals . x y

e difference in the tendency of onc

Higher voltage: A higher vol@?@ -

metal (more reactive meta E‘ rons is for more than the other.

Magnesium is tive' than Iron: If a cell is established between magnesium and
~ copper it produces 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
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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 reacti ity ser roetals which

is called electrochemical series. O Y O

More Reactive Metals: Metals placed M (th e/ considered more reactive
and easily lose electrons tha -tha rm ' wer in the series.

16.1 . ‘

RIS 6. \Quick (TR 12

I. - Assign oxidafion number to the marked atom of the following compounds:
~ K,Cr,0,,(NH,),80, e

ACEO

(ii) . (NHy); SO, (Ammonium Sulphate)
Ans. S=x,0=-2

(i) K,Cr,0, (Potassium dichromate)

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

) 2(+1)+2(x) + 7(-2) =0 ' : x+;1(:2; e

o 12F2RL =0 Sl

e 2x=12 b5 e

° x=+6 ‘ @ Oxidation number of S is + 6.
]

Oxidation number of Cr is +6 ‘

16.2\Quick (T

1. Write the formulac of the following ionic compounds with the help of oxidation numbers of

- their constituent atoms. Aluminum nitride, Sodium sulfite and Sodium @ arbonate.
Ans. Aluminum nitride: Al and N 3 — AIN O
e  Sodium Sulfite: ~ Na'! @Q@;
. Sodium Hydrogen Carbo ) —» NaHCO, '
2.  Write the formuiae of foll ionic-‘compounds with the help of charges present on their
ions. Ammonj ium phosphate and Potassium chromate.
Ans. Ammeonium e:
NH;+CH,COO0™ —— CH,COONH,
Calcium phosphate: £ :
Ca®' + PO —— Ca; (POy)s.
" Potassium chromate:

KH + Cr: ety K2 CI'O4 _

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

(i) 2CuSO4+ 4Kl —> 2Cul + I, + 2K;S0, (ii) H,S+ChL—>3S+2HCI
Ans. e Cu goes from + 2 to +1 (Reduced). - Ans. e Clgoes from 0 to -1 (Reduced)
Oxidising Agent: CuSO4 : ¥ Oxidising Agent: Cl,

e  Igoes from—1to 0 (Oxidized) - ® - Sgoesfrom-2to0 ﬁmd)
Reducing Agent: Kl . : a ﬂRgﬂm\Q {,ggéﬂ) 3
H1s \Quick (Y TN
s

1. Why carbon electrodes arﬂi\;&@%yﬁs of concentrated solution of NaCl?
Ans. Carbon (graphite) el ! because they are inert (do not react with the products like

chlorine gashand ént conductors of electricity.




Ans,

16.5\Quick (1T m@\ @QK’S@
Which other electrolyte can be used in hydrogen-4

Apart from alkaline solution like K \d polymers (PEM) can be used

as electrolysis in hydrogen- o@(

N\NWM%

Ans.

Ans.

What conditions are required for rusting of iron.

Presence of oxygen (air) and moisture (water) are required for rusting.

If a sample of iron and a sample of zinc come into contact, which will corrode? Explain
your answer.

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). '

5.\ Quick €18

Ans.

Ans,

What is the principle behind electroplating?
Principle: It is based on electrolysis. A metal coating is desposnted on an @ﬁ@ rcduuns

metal ions from an electrolyte solution using an electric curre @
'How electroplating is used to repair wi 'n-% cts?

Repairing Metal Objects a-tayer of metal (like chromium or Nickel)
onto. Worn-out areas to s thickniess, shape, and provide a protective. shiny

finish.

el e \Guich T

Compare an electrolytic and a galvanic cell.

Ans.

Electrolytic Cell _‘ Galvanic Cell

- Converts electrical energy to chemical energy. | Converts chemical energy to electrical encrgy.

It is non-spontameous reaction (requires a |t is spbntaﬁeous reaction.
battery) =

Ans.

Write down the reactions which occur in a Zn Mg galvanic cell.

Zn—Mg Galvanic cell reactions
Anode (Oxidation)

Mg, — Mg, + 2e~ (Mg is more reactive)
Cathode (Reduction)

@
év:::aJlrl ol e Q@@@W@
oo M & 20 —> Mg, %ﬁi\\%

00 Y0U KN0W 7 TN

Spontaneous reactions occur naturally without any energy input, whlle non-spontancous reactions

__require a continuous input of energy.
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INTERESTING INFORMATION ‘3 LAEE 1o\ €O :
The terms anode and cathode always (Fefi %}%@@é@%hich oxidation and reduction
occur respectively. Howey@iﬂ? ctrodes in .a battery and electrolytic cell
T ) ‘

are different.

) Oxidation Wtﬁ%ﬂﬁhe real electrical charges present on atoms except in simple

ions. How Idation numbers are useful for keeping track of the redox reactions.

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

e  Electrolysis played a crucial role in the discovery and industrial production of elements 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.

e  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. :

/ Exarpies 4

16.1 Assign oxidation number to sulphur in SO

Sol. S+40 =-2 . 7 Cﬂﬁ“'
§ e O“mm@@ﬁw@@ |
g & e A i

The oxidatj rof S in SO is +6. way ‘ !
16.2 Find out the oxidation number of manganese in KMnQ,.
Sol. K+Mn+40 =0 |
(+I)+Mn4(=2) =0
Mn-7 =0
Mn =+7

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

Sol. 2Fe+30 =0
- 2Fe+3(2) =0
2Fe—6 =0

ke l=h : '

Fe' =+3 @ O@@W“

Oxidation number of one atom of Fg is & mﬂ
16.4 Write the chemical formula e with the help of oxidation
numbers of the elemen -
Sol. Aluminum is i p 13 so its principal 3 ree—
oxidation hall be +3. Oxygen being more Al O
electronegative atom normally shows -2 oxidation state ALO
2353

in normal oxides. The formula of aluminum oxide will
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then be Al,O3 because the some of ox1dat|on num A will be
equal to zero with this formula @ : '
16.5 erte down the formula f ﬁ;@%&
L y 3+

The formula for aluminum sulphate is Al,(SO4);.

Objective Type Questions " .'-._'-

/ ~ Additional MCQ's | //

A S M7 M [ d— ] A—___] S—_ ] M—_. ] )

Multiple Choice Questions prepured in the light of new Examination Techniques
(Kno

wledge, Understanding, Application, Analytical & Conceptual)

-::—m—:—ma-::—:—::;—m—::—:::—-a—:—z: D A— ) —

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

+16.3+16.4 Chemical Formulae of lonic Compounds by appiying Oxidation
allL S Numbers + Writing Chemical formulae of lonic compounds using ionic

charges + Oxidation e'uf Reductien + Oxidation - Reduction Reactions

1. Whatis the OW hydrogen in-a metal hydride like NaH?
(a) 1 1=l L e (d) +2

2.  The chemical process in which an atom or ion gains electrons is called

(a) - Oxidation (b) Reduction  (c) Electrolysis (d) Corrosion
3. Ina neutral compound, the sum of the omdatlon numbers of all atoms is,
always:
(a) 0 (b) +1. (c) -1 Sy 2
4.  Which of the following is the correct formula for aluminum sulphate?
- (a) AISO,4 (b) ‘Al; SO, (c) Al;(SO04), (d) Al (SOy);
5. What is the oxidation number of sulfur (s) in H, SO,?
: (a) +4 “1(h) Hb (c) 2 ‘ (d) +2
67 The movement of which of the followmg allows on ggug%(?go}o(/ nduct
electricity? \\ Q \

(a) Free electrons (b) Pr (\g/\)\\@&) ions: (d) Newtrons
)

7. In the reaction CuO + 20, which substance is bemg oxidized?
(a) CuO -\ @ o (d) H20

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




16.6 + 16.7 gaMUNINNES Electrolysis of a Concentrated Aqueous Solution of
+16. 8+16.9 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.  Whatis th process of-decomposing a chemical compound into its constituents
: by passing an electric current through it? '
- (a) Neutrallzatlon (b) Evaporation (c) 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) alw ays occurs at the:
~ (a) Cathode (b) Anode (c) Battery (d) External circuit

12. In the electrolysis of connected sodium chlorlde (Brme), which gas is relcased
- at the anode?

(a) Nitrogen (N,) (b) Oxygen (0,)  (c) Hydrogen (H d)@p@mme (Cly)

13. According to the electrochemical eerles, htch e strongest
- reducing agent?
(a) Gold (Au) (b)@ % er (Ag) (d) Nickel (Nl)
14. When an aqueous per (II) sulfate is electrolyzed with inert
| electrodesM sted at the cathode? :

(a) Sulfur dioxide (b) Copper metal (c) Hydrogen gas (d) Oxygen gas

16.10+16.11 EIectrolvs:s of Molten Lead (1) chloride + Electrolysus of Dilute
+16.12+16.13E LR Sulphunc acid using inert electrodes (carbon or Pt) +
Electrolysis of Dilute Aqueous Solution of Capper Sulphate using

inert electrodes or Copper electrodes + Fuel Cells

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

(a) 100°C (b) 501°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. In the electrolysis of dilute sulphurlc acid, which ion is dlschﬁﬁd at the

anode? Q]
(@) SO (b) OH- o m \ 5 “Mdy cr-

18. When aqueous CuSO4 i %@ﬂ i on) electrodes, what gas
is produced at the anoﬁ% \ \\

- (a) Oxygen \(\J ogen (¢) Carbon dioxide (d) Sulphur dioxide
19. A fuel_cele chemical energy d:rectly into:
(a) Heat energy (b) Mechanical energy
(c) Sound energy = : . (d) Electrical energy
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' 20. What s the by-product of a hydrogen-oxygen fuel cell?_ @? ”\\N
i

(a) Carbon dioxide (b) Water (cp trogen oxide -
21. Which catalyst is commo d i h rbon electrodes of a fuel
cell? “ R sl o
(a) Copper (c) Platinum (d) Iron
16.14+16.15 Cormsmn + Electroplatmq + Galvanic cells + Order of
+16 16+16.17 Reacuvny of Metals using Voltage Data
22. Which two substances are essentlally required for the rustmg of iron?
(a) Nltrogen and water : (b) ,Oxyg,en and water
(¢) Carbon dioxide and water (d) Hydrogen and water

23. Rusting is considered an electrochemical process where iron loses clectrons to

form: . ,
(a) Fe (1Il) ions (b) Fe (II) oxidés | (¢) Oxide ions (d) 'Hydroxide ions
24. Galvanization involves coating iron with a thin layer of wlnch metal"

(a) Copper (b) Zinc S (c) Gold
25. In sacrificial protection, which m tect burled fue!

tanks? %m
(a) Magnesn (<) Lead (d) Copper
r@ﬁm@ ﬁe

26. During elect object to be plated is always made the:

(a) Cathode (b) Anode (¢) Electrolyte (d) Sath bridge
27. 1In a Daniel celt, the zinc electrode acts as the: ‘

(a) Electrolyte  (b) Porous partition (c) Anode (d) Cathode
28. In the elect'roplating‘of copper, the electrolyte used is:

(a) Copper sulphate (b) Silver nitrate

(c) Sodium chloride (d) Potassium cyanide
29. Under standard conditions, Daniel cell produced a voltage of around:

(a) 1.10 volts (b) 1.20 volts (¢) 1.30volts  (d) 1.40 volts

30. A Galvanic cell (like the Daniel cell) converts the chemical energy into:
(a) Sound energy (b) Electrical energy {c) Light energy ‘ @\Hm@ '

| | “ Wi

. © 1 ;N (c) 7 iy ey
9. () .10 () 11, 13 (b) 14. (b) 15. (b) 16. (¢)
17. (b) 18. (a) V19." (d) zo. (b) 21. (¢) 22. (b) 23. (a) 24. (b)
25. (a) 26. (@ 27.(c) 28.(a 29. (a 30. (b)
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Short Answer Questians urepareﬂ in the ligh of new Examination Techmques
(Knowledge, Underslanmnq, A&ppucatlon, Analytical & Conceptual)

16.1 + 1 . Oxidation Number of Atoms in Compounds and lons + Writing
+ 15 3+ 16.4 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

Ans.

 Ans.

Ans.

v Ans.

Ans.

Ans.

Ans.

Ans.

Define oxidation number.

Oxidation. number: The oxidation number is an apparent charge on an atom in a-

compound or an ion. It may have a positive or a negative sngn

- How does oxidation number help us?

Oxidation number helps us:

e  To identify whether the reaction mvolveq oxtdanon and red not.

e  To identify oxidizing and reducin agent mredu}:tion
reaction. @%

® To write chemicqb e chemical compounds

keep track o strlbutlon of electrons during an oxidation-

®
What is t xndatlon numbers of any element in its free (uncombined) state?

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) ;

What is the sum of oxidation numbers in a neutral compound?

The algebraic sum of oxidation numbers of all atoms in a neutral compound is
always zero.

-How is the oxidation number assigned to a monoatomic ion?

The oxidation number is equal to the actual charge present on the ion (e.g; Ca?* is +
2 and Cl- is 1)

Define 0x1datlon in terms of electrons.

Oxidation is a process in which electron or electrons are lost 5) S\ﬂ

Define reduction in terms of electrons @

Reduction is a process in which el @ amed.

What is a redox reactio u \,

Redox Reaction: A cheini a r \\Son which involves smultaneous oxidation and

reduction W@&&R atlon 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?

Ans. An oxidizing agent is a substance thatcg ?i R@j@ educed itself. It

causes the oxidation of another subst ﬂ
10. What is a reducing age
Ans. A reducing agent s a//st € that loses electrons and gets oxidized |tscll' It

causes the another substance. :

‘11.  Why does the purple colour of potassium permaganate (KMnO..) disappear in

a reaction with oxalic acid? %

Ans. The purple colour disappears because the Mn*’ (permanganate ion) is reduced to
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 ovcrall
not charge (e.g., carbonate CO; or Ammonlum NH!),

IR LW Electrolysis + Electrolysis of a Concentrated Aqueous Solution of 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
13. Define electrolysis. .
Ans. Electrolysis: The proc

ic1ty'is.passed through fused ionic

compounds or their n they are decomposed into their constitucnts,
: is called elw@ﬁj@ ;
14. What is an electrolytic cell? ‘ . ‘

Ans. Electrolytic Cell: An electrolytic cell is an apparatus conmslmg 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 electrlc current -

- enters and leaves the cell. ‘

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

Ans. Anode: [t is a positive elcctrode through which electrons enter the cxtcmal circuit.
Cathode: It is a negatwe clectrode through whtch elcctrons leave th:.\extcrnal ;

 cireuit: . ‘ SO ' @l? :
17. Why must can electrolyte must be in @se H ﬁ olution form?
: ) ca

Ans. In solid form, ions are held tig ll ane ot move. In a fused or
~aqueous state, the ions ar%i% etoward the electrodes to conduct electricity. .
18. What is Brine? 5

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

19. Which gases are produced during the electrol}ﬂs of Brine?

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




At the cathode: Hydrogen gas (H,) @ \)@ “\

- At the Anode: Chlorine gas (Clz)O S{/
20. What determines w |c @l ed at an electrode when multiple

- ions are present"
- Ans. The dnsc s on the electrochemlcal series. Elements with a higher
i tenden ose or gain electrons (bared on their position in the series) will be

preferentially dlscharged
21. If a metal is below hydrogen in the electrochemlcal series, what is discharged

at the cathode? :

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

2. If a metal is above hydrogen in the electrochemlcal serles, what is produced at
the cathode? ‘

rAllt. If a metal is above hydrogen m the electrochemlcal senes, then hydrogen 1on is
discharged.
23, Why is the solution around the cathode @ @@durmg the

electrolysis of brine?

- Ans. The solutlon aroun alme dunng the electrolysns of brme .
* due to the formati ions (OH
24, Why etimes used as an electrode?

Ans. Platmu is an inert electrode, meaning it conducts electncnty but does not
chemically react with the electrolyte or the products (hke chlorine gas) during the
process.. : '

2S. Mention two industrial applications of electrolysis.

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

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

LLSUESRAM Flectrolysis of Molten Lead (Il) chloride + Electrolysis of Dilute |

INALRYERURE! solution of Sulphuric acid using inert electrodes (carbon or Pt) +

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

26. Why must lead (II) chlorlde - :

Ans. Lead chloride (II) 1@ ?ﬁ Emperature. Heating it to 501°C melts it,
making it an electr s are free to move and conduct electricity.

27. What W@ concentratlon 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 tugelectr % @@maqueous
~ solution of copper sulphate using inext el

“Ans. Copper metal is deposited. at th ‘Aa‘ @ € electrolyms of aqueous
solution of copper sulp % |

29.. Which gas i ring the electrolysns of dllute aqueous solution of :

- copper su using inert electrodes?

Ans. Oxygen gas is produced at anode (inert) duxmg the electrolysls of dllute aqueous

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 CuSOy solution?

Ans. If copper electrodes are used instead of inert electrodes @ tal atoms

from the copper anode start moving mto t opper ions and
the electrode mass starts decreasi @@@
32. Define a fuel cell. @E@ .
Ans. Fuel Ce;%ﬁw provides a method in which chemlcai energy is

converte rical energy. It uses gaseous fuels like hydrogen ‘and’ oxygen to

produce electricity. - :
33. What are the electrodes in a hydrogen-oxygen fuel cell usually 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 Corrosion + Electroplating + Galvanic cells + Order of
+16.16+16.17 Reactivity of Metals using Voltage Data

35. Define corrosion and give a common example lan
. Ans. Corrosion: Corrosion is a natur prc S W netal suffers gradual
decay when it interactsg \(
Example: A common € ‘ & ‘ usting of iron.
36. Why dow(ﬁe to corrode until it is completely destroyed?
Ans. 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

ment




-+ metal will corrode given enough time. e : @ @@@\X
37. What is Galvanization? @ﬂ 4 :
~Ans. Galvanization: Galvanization js & %&&1
: rusting. It involves the | an) ron sheet in a bath of molten zinc. A layer of
zinc metal get o the iron sheet and prevents rusting.
Example: ns are actually steel cans which have been coated with a thin layer
- of'tin. : L
38. Define electroplating.
Ans. Electroplating: It is a process in which a metal is deposrted on another metal
| electrolytically.
39. What properties should a chosen electrolyte have?
Ans. The electrolyte chosen should have the following propertles
e  Very soluble in water.
e Good conductor.
e Not easily oxidized or reduced or hydrolyzed
e  Inexpensive.

40. What conditions should be fulﬁlled CSO ot @W DY e electroplatcs
during the electroplating?

"Ans. The following conditio %@ d to get good deposits. :
e  High currentdg Low temperature

e High ratlon of 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
e ,energy into electrlcal energy through spontaneous oxidation-reduction (redox)
- _reactions, : '
5 What is the functlon of the porous partition in a Daniel cell?
. The porous partition in a Daniel cell keeps the t e@mns (Zinc
‘Sulphate and Copper Sulphate) separat ‘ ﬁ through to complete
the electrical circuit.

- 45. How can voltage da l% termme the reactivity of metals? v
Ans. A higher @@@%@&ed in a galvanic cell indicates a greater difference in the

reactivity of the two metals used. Metals that lose electrons more easily (morc
reactive) produce higher voltages when paired with a standard electrode. -




Chuosw rrct answer from the given choices.
The oxidation number of Mn in K,MnOy: » :
(@) +7 (b) +5 wolehiH, i d) -6
Which element in the following reaction is being reduced?

4HBr ,, + MNO, j=—> MnBr, ., + Brz(g RO,

(a) Br (b) Mn (¢) H (d) Both Mn and H

Durmg electrolysis of dilute solution of H,SO,, usmg 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 US@@ of CuSO4 is
electrolysed using copper electrodes ﬂa

(a) Cu . (b 02

(d) No product inst go mto the solution as Cu?*. .
Whlch of g statements is NOT correct about Zn-Cu
electro al cell" ‘
(a) Anode is negatively charged (b) Reduction occurs at anode

(¢) Cathode is positively charged (d) Reduction occurs at cathode

Which product will be obtained at the anode when a concentrated solutlon of
NaCl will be elcctrolysed"

(@) Cly (b) O

(c) More O, and less Cl, ~ (d) More Cl; and less Oy

When a dilute aqueous solution of ZnCl, is electrolysed which product you

. will get at the cathode?

(a) H2 (b) Zn : (C) 02 (d) and 02
What is produced at the cathode i in hydrogen -0Xyg l
(a) H* : (b) O* (d) OHI"

Which of the followw - | Q e electrochemical series?
(a) Tin (c)- Magnesium (d) Zinc

P ener R
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I B. Short Answer Questions ‘ %@@OC@@\N |
16.1 What happens when electrici%@. n aqueous solution of

- NaCl? S m N ,
- Ans. When electricity p @ queous solution-of NaCl (electrolysis), the salt
, dissociateswm i s
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| |t is spontaneou tios \
a battery) e Ry N’?@O § Om
s | eleat hjw\gb“cén?
AN

16.4 Through which electrode, electro
et
‘ 1al power source (battery) into the cathode,

Ans. Electrons leave the electrojyti
Reason: Electrons flow
~and they exit t rough the anode to return to the positive terminal of
the battery. oo - .
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
~ ions (cations) and negative ions (anions).
® When an electric current is applied, the cations move toward the negative
-electrode (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 FeSO4 solution?
“Ans, If a strip of Cu metal is dipped in FeSOy4 solution, no reaction will occur.
Reason: In the reactivity series, copper (Cu) is less reactive than iron (Fe). Because
copper is lower in the seriesg, it cannot displace iron from its sulfate S(@m :
16.7 Why fuel cells are regarded as environment friend O@
- Ans. Fuel cells are regarded as environme iend ‘; : main reasons:
® Zero Harmful Emissi ‘é‘ combustion éngines, the only
by-product of a hydro ell is pure water and heat.

e Higher efficie aste): . . .
Fuel cel rt 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. :




| ; ﬁ@ o

. Ca(Cl103),. _
Ans. To find the oxidatio : hlorine, we use the known oxidation number for

calcium and oxy ' S o : ;
o (Ca): +2 (Group 2 element) e  Oxygen (0): -2 (usualiy)
e  Chlorine (CI): x : :

The sum of oxidation numberb in a neutral compound is 0.
1#2)+2 [x + 3(—2)]
. 2+2[x—-6]=

PRSP S Vg 0

2x—10=0

2x=+10

X=+5 .

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 (H20;) acts as an oxidizing agent en atom in it

is an intermidiate oxidation state %f ﬁp@ ctrons to reach the

more stable —2 state (as found' @W
Example: H, O, - ﬁ

: 20 : i -
16.3 Why&ﬂw s are formed at the electrodes when a dilute and
conce aqueous solutions of NaCl are electrolysed" -
A_ns.vThls happens due to the selective dlscharge of ions, whlch depends on their
- concentration. , :
In Dilute NaCI: At the anode, OH- ions are in higher concentratlon and arc
discharged to produce oxygen gas. -
In Concentrated NaCI (Brine): At the anode, the high concentration of CI” ions
resulting in the production of chlorine gas. : ’
16.4 Why corrosion becomes fast during rainy season?
- Ans. Corrosion (rusting) is an electrochemlcal process that requires water and oxygen

During the rainy season: \
e The high moisture/humidity prov:des the necessaé@)molyte for the

- movement of ions.
; u “ ) that make it slightly acidic,

; e Rainwater often contains i\g\i@ es
increasing its c erating the redox reaction. ,
16.5 If a galvani %med between Cu and Ag, what reactions do you
! e expe € 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)

‘e At Cathode (Reducti u(s, ‘@@W@

——) Agm

16.6 What is the @ porous partntlon in a galvanic cell?

. Ans. The porous ition (or salt bridge) serves two main purposes.
L 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
electrocliemical series?

Ans. The electrochemical series ranks metals based on thelr standard reductlon

potentials:
e Higher in the series: Metals have lower reductio a higher
' oxidation potentials). ‘They lose ele@r' % reactive, and can
' displace metals below m | .
® Lower in the serlesm& gher reductlon potentlals They are less
rective andgepube ocdzing agents.

D. Descriptwe Questions et

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

Ans. For Answer see Q2 (Long Subjective Questions)

~ 16.2 Find the oxidation numbers of the indicated elements in the following
compounds

Al (N03)3, H2S207, Naz Sz 03
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:
3 B O=-2" Na=+1, Al=

Al (N03)3 Since the nitrate ion (NO, ) has a cha@ﬁ’%@mlatc N -

within th_at ion:

e @@K

0L x =AY :
Oxidation number of N is +5.




H,;S,07: OTN
o 2(H)+2(8)+7(0)=0 @W@ ©.
° 2(+1)+2(X)+7%2) 0 %@@

o 2+2x-14=0

.. :
[ ]
&

X = +6
. Oxidation number of S is +6.
Na28203
# 2(Na)+2(S)+3(O) 0
o 2(*D)+2(x)+3(2)=0
e 2+2x-6=0
e 2x-4=0
® 2x=4
e Xx=+2

16.3 Write down the formulae of the following compounds m rges.
ea

Sodium hypochlorite, calcium oxalat ﬁgﬁ nd calcium
nitrite mm

Ans. To write the formulae pounds using ionic charges, we balance

the positive and iv s'so the final compound is neutral.
CompouM | TIonsInvolved | Chemical Formula-
Sodium hypochlorite Na® and CIO- £ Na CIO |
Calcium oxalate .  [Ca?*and C,0; THE 0,
Ammonium Phosphate ‘ NH; and FO; Seine (NHy); PO,
Calcium nitrite Ca?*and NO, Ca (NOy),

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 @ @@

Ans. For Answersee Q 18 ‘ :
16.7 What is corrosion? E)g% ?i% ‘h d in“corrosion of iron. -

Ans. For Answer see Q 16




