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Simplified Knowledge Management Classes Bangalore

My name is Subhashish Chattopadhyay. | have been teaching for IIT-JEE, Various International Exams (
such as IMO [ International Mathematics Olympiad ], IPhO [ International Physics Olympiad ], IChO [
International Chemistry Olympiad ] ), IGCSE ( IB ), CBSE, 1.Sc, Indian State Board exams such as WB-
Board, Karnataka PU-II etc since 1989. As | write this book in 2016, it is my 25 th year of teaching. | was
a Visiting Professor to BARC Mankhurd, Chembur, Mumbai, Homi Bhabha Centre for Science Education
( HBCSE ) Physics Olympics camp BARC Campus.
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| am Life Member of ...

- IAPT (Indian Association of Physics Teachers )

- AMTI ( Association of Mathematics Teachers of India )

- National Human Rights Association
- Men’s Rights Movement ( India and International )

- MGTOW Movement ( India and International )

And also of

IACT ( Indian Association of Chemistry Teachers )

The selection for National Camp ( for Official Science Olympiads - Physics, Chemistry, Biology,
Astronomy ) happens in the following steps ....

1) NSEP ( National Standard Exam in Physics ) and NSEC ( National Standard Exam in Chemistry ) held
around 24 rth November. Approx 35,000 students appear for these exams every year. The exam fees is
Rs 100 each. Since 1998 the IIT JEE toppers have been topping these exams and they get to know their
rank / performance ahead of others.

2 ) INPhO ( Indian National Physics Olympiad ) and INChO ( Indian National Chemistry Olympiad ).
Around 300 students in each subject are allowed to take these exams. Students coming from outside
cities are paid fair from the Govt of India.

3 ) The Top 35 students of each subject are invited at HBCSE ( Homi Bhabha Center for Science
Education ) Mankhurd, near Chembur, BARC, Mumbai. After a 2-3 weeks camp the top 5 are selected to
represent India. The flight tickets and many other expenses are taken care by Govt of India.

Since last 50 years there has been no dearth of “Good Books“. Those who are interested in studies have
been always doing well. This e-Book does not intend to replace any standard text book. These topics
are very old and already standardized.
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There are 3 kinds of Text Books

- The thin Books - Good students who want more details are not happy with these. Average students
who need more examples are not happy with these. Most students who want to “Cram” quickly and
pass somehow find the thin books “good” as they have to read less !!

- The Thick Books - Most students do not like these, as they want to read as less as possible.
Average students are “busy” with many other things and have no time to read all these.

- The Average sized Books - Good students do not get all details in any one book. Most bad students do
not want to read books of “this much thickness“ also !!

We know there can be no shoe that’s fits in all.

Printed books are not e-Books! Can’t be downloaded and kept in hard-disc for reading “later”

So if you read this book later, you will get all kinds of examples in a single place. This becomes a very
good “Reference Material”. | sincerely wish that all find this “very useful”.

Students who do not practice lots of problems, do not do well. The rules of “doing well” had never
changed .... Will never change !

In this e-Book | am trying to solve this problem. Those students who practice can learn.

No one can help those who are not studying, or practicing.

Learn more at http://skmclasses.weebly.com/iit-jee-home-tuitions-bangalore.html

Twitter - https://twitter.com/ZookeeperPhy

Facebook - https://www.facebook.com/IIT.JEE.by.Prof.Subhashish/

Blog - http://skmclasses.kinja.com
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Blog - http://skmclasses.blog.com

.wordpress.co

.-"[.J fst i

A very polite request :

| wish these e-Books are read only by Boys and Men. Girls and Women, better read something else;
learn from somewhere else.

CBSE Standard 12 Chemistry Survival Guide - Redox Reactions by Prof. Subhashish Chattopadhyay
SKMClasses Bangalore Useful for IIT-JEE, I.Sc. PU-II, Boards, IGCSE IB AP-Chemistry and other exams



CBSE Standard 12 Chemistry Survival Guide - Redox Reactions by Prof. Subhashish Chattopadhyay
SKMClasses Bangalore Useful for IIT-JEE, I.Sc. PU-II, Boards, IGCSE IB AP-Chemistry and other exams

Preface

[

We all know that in the species “Homo Sapiens “, males are bigger than females. The reasons are
explained in standard 10, or 11 ( high school ) Biology texts. This shapes or size, influences all of our
culture. Before we recall / understand the reasons once again, let us see some random examples of
the influence

Random - 1

If there is a Road rage, then who all fight ? ( generally ? ). Imagine two cars driven by adult drivers.
Each car has a woman of similar age as that of the Man. The cars “ touch “ or “ some issue happens”.
Who all comes out and fights ? Who all are most probable to drive the cars ?

( Men are eager to fight, eager to rule, eager for war. Men want to drive. Men want to win )

Random - 2

Heavy metal music artists are all Men. Metallica, Black Sabbath, Motley Crue, Megadeth, Motorhead,
AC/DC, Deep Purple, Slayer, Guns & Roses, Led Zeppelin, Aerosmith ..... the list can be in thousands.
All these are grown-up Boys, known as Men.

Takaaki Kafita HOL
Prize share: 1/2 Arthur B. McDonald
Prize share: 1/2

Random - 3

Apart from Marie Curie, only one more woman got Nobel Prize in Physics. ( Maria Goeppert Mayer -
1963 ). So, ... almost all are men.
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( Men want to excel. Men strive for perfection. Men want to win. Men work hard. Men do better than
women. )

Random - 4

The best Tabla Players are all Men.
pg;mu

( Men want to excel. Men strive for perfection. Men want to win. Men work hard. Men do better than
women. )

Random - 5

History is all about, which Kings ruled. Kings, their men, and Soldiers went for wars. History is all about
wars, fights, and killings by men.
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Boys start fighting from school days. Girls do not fight like this

( Men are eager to fight, eager to rule, eager for war. Men want to drive. Men want to win. )

Random - 6

The highest award in Mathematics, the “ Fields Medal “ is around since decades. Till date only one
woman could get that. ( Maryam Mirzakhani - 2014 ). So, ... almost all are men.

( Men want to excel. Men strive for perfection. Men want to win. Men work hard. Men do better than
women. )
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Random - 7

Actor is a gender neutral word. Could the movie like “ Top Gun “ be made with Female actors ? The
best pilots, astronauts, Fighters are all Men.

Random - 8

In my childhood had seen a movie named “ The Tower in Inferno “. In the movie when the tall tower is
in fire, women were being saved first, as only one lift was working....
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Many decades later another movie is made. A box office hit. “ The Titanic “. In this also .... As the ship
is sinking women are being saved. Men are disposable. Men may get their turn later...

Movies are not training programs. Movies do not teach people what to do, or not to do. Movies only
reflect the prevalent culture. Men are disposable, is the culture in the society. Knowingly,
unknowingly, the culture is depicted in Movies, Theaters, Stories, Poems, Rituals, etc. | or you can’t
write a story, or make a movie in which after a minor car accident the Male passengers keep seating in
the back seat, while the both the women drivers come out of the car and start fighting very bitterly on
the road. There has been no story in this world, or no movie made, where after an accident or
calamity, Men are being helped for safety first, and women are told to wait.

Random - 9

Artists generally follow the prevalent culture of the Society. In paintings, sculptures, stories, poems,
movies, cartoon, Caricatures, knowingly / unknowingly, “ the prevalent Reality “ is depicted. The
opposite will not go well with people. If deliberately “ the opposite “ is shown then it may only become

a special art, considered as a special mockery.
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Random - 10

Men go to “girl / woman’s house” to marry / win, and bring her to his home. That is a sort of winning
her. When a boy gets a “ Girl-Friend “, generally he and his friends consider that as an achievement.
The boy who “ got / won “ a girl-friend feels proud. His male friends feel, jealous, competitive and
envious. Millions of stories have been written on these themes. Lakhs of movies show this. Boys / Men
go for “ bike race “, or say “ Car Race “, where the winner “ gets “ the most beautiful girl of the
college.

( Men want to excel. Men are eager to fight, eager to rule, eager for war. Men want to drive. Men want
to win. )

Prithviraj Chauhan ‘ went * to “ pickup “ or “ abduct “ or “ win “ or “ bring “ his love. There was a
Hindi movie ( hit ) song ... “ Pasand ho jaye, to ghar se utha laye “. It is not other way round. Girls do
not go to Boy’s house or man’s house to marry. Nor the girls go in a gang to “ pick-up “ the boy / man
and bring him to their home / place / den.

Random - 11

Rich people; often are very hard working. Successful business men, establish their business ( empire ),
amass lot of wealth, with lot of difficulty. Lots of sacrifice, lots of hard work, gets into this. Rich
people’s wives had no contribution in this wealth creation. Women are smart, and successful upto the
extent to choose the right/rich man to marry. So generally what happens in case of Divorces ? Search
the net on “ most costly divorces “ and you will know. The women;( who had no contribution at all, in
setting up the business / empire ), often gets in Billions, or several Millions in divorce settlements.

Ted Danson & Casey Coates --
$30 million

Ted Dansen's claim to fame is undoubtedly his decade-long stint as Sam
Malone on NBC's celebrated sitcom Cheers - While he did other TV shows
and movies, he will always be known as the bartender of that place where
everybody knows your name. He met his future first bride Casey, a
designer, in 1976 while doing Erhard Seminars Tramning

Number 1

Rupert & Anna Murdoch
-- $1.7 billion

One-of the richest men in the world, Rupert
Murdoch developed his worldwide media empire
when he inherited his father's Australian
newspaper in 1952 He'married Anna Murdoch in the '80s and they Ten years his senior, she suffered a paralyzing stroke while giving birth to

b P Cleny ir t hil o e i - L f Tt i
rermiaincd taggther for 32 years; springing off three-children their first child in 1979, In order to nurse her back to heaith, Danson took a
They spiit amicably in 1998 but soon Rupert forced Anna off the board of break from acting for six months. But after two children and 15 years of
Newn Eofanaily ges eateof Thedeewas el intllng marriage, the infatuation fell to pieces. Danson had started seeing Whoopi
1999 when Rupert agreed to let his ex-wife leave with §1.7 billion worth of i LT o i : Sue

Goldberg while filming the comedy, Made in America and this precipitated

his assets, 5110 million of it in cash. Seventeen days later, Rupert married

Wendi Deng, one of his employees the 1992 divorce: Casey got 530 million for her trouble
See https://zookeepersblog.wordpress.com/misandry-and-men-issues-a-short-summary-at-single-
place/

See http://skmclasses.kinja.com/save-the-male-1761788732
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It was Boys and Men, who brought the girls / women home. The Laws are biased, completely favoring
women. The men are paying for their own mistakes.

See https://zookeepersblog.wordpress.com/biased-laws/

( Man brings the Woman home. When she leaves, takes away her share of big fortune! )

Random - 12

A standardized test of Intelligence will never be possible. It never happened before, nor ever will
happen in future; where the IQ test results will be acceptable by all. In the net there are thousands of
charts which show that the intelligence scores of girls / women are lesser. Debates of Trillion words,
does not improve performance of Girls.

i _—
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Adult females \ 4 ™
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3 / N
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/ s \ \\
g : o~ ~
Standard Deviations -4 -3 -2 -1 o] 1 2 3 4 T .y
Wechsler IQ 40 55 70 a5 100 115 130 145 160 — — 7 — 1 : e
Stanford-Binet |12 36 52 B5 84 100 116 132 1458 164 ) 70 20 a0 100 110 120 130 140
Cumulative % 0003 0135 2275 15866 50.000 84.134 97725 93.885 93 937 €5 75 58 a5 105 15 195 135

am not wasting a single second debating or discussing with anyone, on this. | am simply accepting ALL
the results. 1Q is only one of the variables which is required for success in life. Thousands of books have
been written on “ Networking Skills “, EQ ( Emotional Quotient ), Drive, Dedication, Focus, “ Tenacity
towards the end goal “ ... etc. In each criteria, and in all together, women ( in general ) do far worse
than men. Bangalore is known as “ ..... capital of India “. [ Fill in the blanks ]. The blanks are
generally filled as “ Software Capital “, “ IT Capital “, “ Startup Capital “, etc. | am member in
several startup eco-systems / groups. | have attended hundreds of meetings, regarding “ technology
startups “, or “ idea startups “. These meetings have very few women. Starting up new companies are
all “ Men’s Game “ / “ Men’s business “. Only in Divorce settlements women will take their goodies,
due to Biased laws. There is no dedication, towards wealth creation, by women.
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Random - 13

Many men, as fathers, very unfortunately treat their daughters as “ Princess “. Every “ non-performing
“woman / wife was “ princess daughter “ of some loving father. Pampering the girls, in name of “
equal opportunity “, or “ women empowerment “, have led to nothing.

bantling brat whelp
bastard girl child

"Please turn it down - Daddy is trying
to do your homework.”

See http://skmclasses.kinja.com/progressively-daughters-become-monsters-1764484338

See http://skmclasses.kinja.com/vivacious-vixens-1764483974

There can be thousands of more such random examples, where “ Bigger Shape / size “ of males have
influenced our culture, our Society. Let us recall the reasons, that we already learned in standard 10 -
11, Biology text Books. In humans, women have a long gestation period, and also spends many years
( almost a decade ) to grow, nourish, and stabilize the child. ( Million years of habit ) Due to survival
instinct Males want to inseminate. Boys and Men fight for the “ facility ( of womb + care ) “ the girl /
woman may provide. Bigger size for males, has a winning advantage. Whoever wins, gets the “ woman
/ facility “. The male who is of “ Bigger Size “, has an advantage to win.... Leading to Natural selection
over millions of years. In general “ Bigger Males “; the “ fighting instinct “ in men; have led to wars,
and solving tough problems ( Mathematics, Physics, Technology, startups of new businesses, Wealth
creation, Unreasonable attempts to make things [ such as planes ], Hard work .... )

So let us see the IIT-JEE results of girls. Statistics of several years show that there are around 17, ( or
less than 20 ) girls in top 1000 ranks, at all India level. Some people will yet not understand the
performance, till it is said that ... year after year we have around 980 boys in top 1000 ranks. Generally
we see only 4 to 5 girls in top 500. In last 50 years not once any girl topped in IIT-JEE advanced. Forget
about Single digit ranks, double digit ranks by girls have been extremely rare. It is all about “ good
boys “, “ hard working “, “ focused “, “Bel-esprit “ boys.

In 2015, Only 2.6% of total candidates who qualified are girls ( upto around 12,000 rank ). while
20% of the Boys, amongst all candidates qualified. The Total number of students who appeared for
the exam were around 1.4 million for IIT-JEE main. Subsequently 1.2 lakh ( around 120 thousands )
appeared for IIT-JEE advanced.
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IIT-JEE results and analysis, of many years is given at https://zookeepersblog.wordpress.com/iit-jee-
iseet-main-and-advanced-results/

In Bangalore it is rare to see a girl with rank better than 1000 in IIT-JEE advanced. We hardly see 6-7
boys with rank better than 1000. Hardly 2-3 boys get a rank better than 500.

See http://skmclasses.weebly.com/everybody-knows-so-you-should-also-know.html

Thousands of people are exposing the heinous crimes that Motherly Women are doing, or Female
Teachers are committing. See https://www.facebook.com/WomenCriminals/

Some Random Examples must be known by all

Itis extremely unfortunate that the " woman empowerment " has created. This
i5 the kind of society and women we have now. | and many other sensible
Men hate such women. Be away from such wamen, he aware of reality.

a baby'
Son, They Have a Baby Together - Alwayzturntup bl ! - ; ]
r T i Ben Ford, who ditched his wife when he met his mother Kim West after 30 years,

Sometimes it hard to believe w From Alwayzturntup claims what the couple are daing 1sntincest

ALY ZTURNTLIP ME MIRROR SO LUK

Warnan sent to jail for the rest of her life after raping her four
grandchildren is described as the 'most evil person’ the Judge has ever
SEEN

Edwina Louis rape

See More

Former Shelbyville ISD teacher who had sex with Woman sent to jail for raping her four grandchildren
underage s’rudent gets 3 years 11 prison A Ohio grandmother has been sentenced to four consecutive life terms after being
After a two day break over the weekend, A Shelby County junywas back in the found guilty of the rape of her own grandchildren. Edwina Louig, 53, will spend the
courtroom looking to conelude the trial of a former Shelbwville ISD teacher who had. . restaf her life behind hars.

KLTY.COM | BY CALEE BEAMES DALY MAIL SO
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bty /femanes thenativecanadian cormy.. feastern-ontario-teacher- .

Hyd woman kills newborn boy as she
wanted daughter - Times of India

Having failed to hear a daughter for the third time, a

| chopkeeper's wife slitthe throat of her 24day-ald son
with a shaving blade and left him to die in a streeton
Tuesday night.Purnima's first child was a stillbarn boy,
fallowed by another boy barn five years ago.

The N.C. Chronicles.: Eastern Ontario teacher charged
with 36 sexual offences
anti faminism, Child abuse, children's rights, Feminist hypocrisy,

TIMESCIFINDI A D
1 | B BLACH

Montgomery's san, Alan vonn Webb, took the stand and was a key

witness in her conviction

" want to see her placed somewhere she can never do that ta children gentler sex? Yiolence against men.'s photo

See More

Woman sentenced to 40 years in prison for raping her —
children Women, the gentler sex? Violence against men. e Like Page

April 8 at1:38am

A Murfreeshora mother found guilty of raping her own children learned her fate an

Wednesday. Infact the pastdecade has seen a dramatic increase inthe number of incidents of
wiormen raping and sexually assaulting boys and men. On May 2014, Jezebel repo...

L | BY D ER
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End violence against women . .. .

LU ¥ &
North Carolina Grandma Eats Her Daughter's New Born - * A

Baby After Smoking Bath Salts 28-Year-Old Texas Teacher Accused of Sending Nude

Henderson, Marth Caralina— A Marth Carolina grandmother of 4 and recovering drug Picture to 14—Year—Old F01'111e1' Student
addict, is now in custody after she allegedly ate her daughter's newborn baby. .

AR5 TOP BRETBART COM

http.ffatest.com/.. . attractive-gir-gang-lured-men-alleyws.../ http: M wfn) coms. Avoungstown-worman-convicted-of-raping-

RS ‘r 5

Attractive Girl Gang Lured Men Into Alleyways Where Youngstown woman convicted of raping a 1 year old is

Female Body Builder Would Attack Them back in jail

A Mexican street gang made up entirely of women has been accused of using Aoungstown woman whaowentto prisan for raping a 1-year-old boy fiteen years
their feminine wiles to lure men into alleyways and then beating therm up and aga s in trauble with the law again.

LATEST COM R GO

End violence against women . . ..

.

Women are raping boys and young men B;qll:lx Woman Convicted of Poisoning and Drowning Her
Rape advocacy has been maligned and twisted into a political agenda controlled by Children

radicalized activists. Tim Patten takes a razor keen and well supported look into the Lisette Bamenda researched methods on the Internet before she killed her son and
rmanufactured rape culture and. .. daughterin 2012;

AYOICEFORMEN.COM | BIY TIM PATTEN MY TIMES.COM | BY MARC SANTORA
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A Russian-horn newhywed slowly butchered her German hushand —
feeding strips of his flesh to their dog until he took his last breath.

Svetlana Batukova, 46, was. . Daily Mail

Jdanuary 15, 2015 - &

See More Mother charged with rape and sodomy of her son's 12-year-old friend

\]

—_
-
[~
b=

0

She killed her hushand and then fed him to her dog: Mom, 30, raped and had oral sex with her son's

police 12-year-old friend’

A Russian-born newlypwed butchered her German hubhy — and fed strips of his flesh Micole Marie Smith, 30, (pictured) of St Charles County, Missouri, has been jailed
to her pooch, authorities said. Svetlana Batukova offed Horst Hans Henkels attheir. . after she allegedly targeted the 12-year-old boy at her home.

HYPOST COM DAILYM.AL

April 4 at 4:4Bam @

This mather filmed herself raping her own son and then sold it to &
man for $300. The courts just decide her fate. When you see what she
got, you're going to be outraged

Female prison officers commit gope of sex assaults on

male teens in US juvenile detention centres Mother Who Filmed Herself Raping Her 1-Year-Old
Lawsuitin Idaho highlights the prevalence of sexual victimization of juvenile Son Receives Shocking Sentence

offenders "_then used the money to buy herself a laptop.."

BTIMES CC LK | BY NICOLE ROJAS AMERICANEWS COM

In several countries or rather in several regions of the world, family system has collapsed, due to bad
nature and naughty acts of women. Particularly in Britain, and America, almost 50% people are alone,
lonely, separated, divorced or failed marriages. In 2013, 48% children were born out of wedlock. It was
projected that by 2016, more than 51% children will be born, to unmarried mothers. In these developed
countries " paternity fraud " by women, are close to 20%. You can see several articles in the net, and in
wikipedia etc. This means 1 out of 5 children are calling a wrong man as dad. The lonely, alone “
mothers " are frustrated. They see the children as burden. Love in the Society in general is lost, long
time ago. The types of “ Mothers “ and “ Women “ we have now ............
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This is the type of women we have in this world. These kind of women
were also someones daughter

Mother Stabs Her Baby 9o Times With Scissors After He
Bit Her While Breastfeeding Him!

Eight-month-old Xiao Bao was discovered by his uncle in & pool ofblood Meeded
100 stitches after the incident; he is now recovering in hospital Reports say his...
MACIMMABLTTCOM

JORRY. T(

e BOTHER You, sut (R
-’- WE ARE CHANGING
; ke THE WORLD! 8
I N »‘ﬂ‘ > - .
| B ‘ P g Ty ’ :
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HURTFEMINISMBY "~ ™™ " "
DOING NOTHING "%~

X DON'T HELP WOMEN Rich Men M
X DON'T FIX THINGS FOR WOMEN

X DON'T SUPPORT WOMEN'S ISSUES oirs b Lo oo
X DON'T COME TO WOMEN'S DEFENSE' Boys ey havesomesupor o
X DON'T SPEAK FOR WOMEN - et
¥ DON'T VALUE WOMEN'S FEELINGS

X DON'T PORTRAY WOMEN AS VICTIMS prisoners il
X DON'T PROTECT WOMEN? g

WITHOUT WHITE KNIGHTS priorityPoor Men |
FEMINISM WOULD END TODAY <P
Don'teven navelt (‘Not All Women AreLike That?) *forexample fromriicism o insults D B W sl ameTow

Professor Subhashish Chattopadhyay
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Spoon Feeding Series - Redox Reactions

We must first understand the most Important graph or Image of Chemistry
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It is very strange, that so many Chemistry books exists in this world, which do not even have a
single Periodic table in them. Almost all books do not have this graph either. This is the graph of
electrode potential of various elements with respect to ( standard ) Hydrogen electrode.

All chemical reactions happen because of this electrode potential difference. When a Solid is added to
a solution of another compound such as a Gold Spoon in CuSO, Solution, of a Copper container having
AgNO; Solution, then the displacement reaction happens or not is decided by these potential values.
Battery and Electrochemistry chapter uses this knowledge. Oxidation-Reduction reactions, titrations
etc all need this understanding.

ELECTROCHEMICAL CELLS

An electrochemical cell consists of two electrodes (metallic conductors) in contact with an electrolyte
( an ionic conductor ). An electrode and its electrolyte comprise an Electrode Compartment.

Electrochemical Cells can be classified as:
(i) Electrolytic Cells - in which a non-spontaneous reaction is driven by an external source of current.

(i1) Galvanic Cells - which produce electricity as a result of a spontaneous cell reaction a galvanic cell,
cathode is positive with respect to anode.
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In a electrolytic cell, anode is made positive with respect to cathode.

ELECTROCHEMICAL CELLS

glectron flow
-

anode - zalt bridge + cathode

| Galvanic Cell
lect Lt Spontaneous re. draw e into cell
en?c:rnyte =0iHon | —from cathode where reduction
L] e e ] occurs and release them at
U -t - ¥ anode where oxidation occurs
oxidation reduction .
n=7nt+2e Cut+2e =0y Example:
reduction at cathode CuZ+7Fn =0Cu+ 7n?
CR
o ower electron flows Electrolvtic Cell
Supply -.__\?—l- ectrolytic Ce

Current supplied by external

+ - .
anode cathode source drive nonspontaneous
T oxidationfreduction reaction.
Anode + and cathode -, oppaosite
of gakvanic cell
oxidation reduction
W = Cl, + 2e Mg + 2e = My(l)

reduction at cathode Exarmnle:
A CR HIE:

2C1 + Mg = CL o+ Mg(l)
Cations (M*)] move to cathode,
Anion (&) move to anodoe
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ELECTROLYSIS ( Where a Positive current, of holes, is forced into the Anode. So electrons will come out
of the Anode. )

anode — — cathode

positive {megative)
oxidation reduction
electron loss : anions electron gain
= W+ e wnegative) Mtre—m

cations
[ positive)

T
electrolyte

The decomposition of electrolyte solution by passage of electric current, resulting into deposition of
metals or liberation of gases at electrodes is known as electrolysis. Or in another words, Electrolysis is
the chemical deposition of a compound into its constituent elements brought about by a flow of
electric current. In the Electrolyte Cations ( positively charged ) move to Cathode as it is with excess
electrons.

» Direct current is passed through the compound (the compound can be in molten or aqueous
state).

e Electrical energy (From the direct current) is changed into chemical energy (the decomposition
of the compound).

» One common example is the electrolysis of water, where water decomposes to hydrogen and

oxygen.
] f_\-\ ]
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ELECTROLYTIC CELL

This cell converts electrical energy into chemical energy. The entire assembly except that of the
external battery is known as the electrolytic cell. So Main components of an electrolytic cell:
Electrolytes, Electrodes and External Battery ( or Source of DC Voltage ).

ELECTRODES

The metal strip at which positive current enters is called anode; anode is positively charged in
electrolytic cell. On the other hand, the electrode at which current leaves is called cathode. Cathodes
are negatively charged. So The positive terminal of the battery is connected to the positive electrode
(anode) while the negative terminal of the battery is connected to the negative electrode (cathode).

Spoon Feeding
Anode is positive. Here electrons are lost. So it is getting oxidized. Positive current enters.
Cathode is negative. Here electrons are gained. Positive Current leaves the cathode.

Electrolytes are usually made up of an ionic compound in solution or molten state OR aqueous
solutions of acids or alkalis.

e Electrolytes conduct electricity with decomposition at the electrodes as it does so.

» Electrolytes can be classified into three categories: Non-electrolytes, weak electrolytes and
strong electrolytes.

» Strong electrolytes = lots of ions to carry the charges from one electrode to the
other. Examples of strong electrolytes: Strong acids or alkalis (sulphuric acid, aqueous sodium
hydroxide), salt solutions (aqueous sodium chloride)

*  Weak electrolytes = few ions to carry the charges from one electrode to the other. Examples of
weak electrolytes: Weak acids or bases (Ethanoic acid, aqueous ammonia)

» Non-electrolytes = no ions available to carry the charges from one electrode to the
other. Examples of non-electrolytes: Pure water, organic liquids or solvents

Electrodes are conductors through which electrons enter and leave the electrolyte.

* Anode is the POSITIVE (+) electrode from which electrons leave the electrolyte (or the electric
current enters the electrolyte)

» Cathode is the NEGATIVE (-) electrode from which electrons enter the electrolyte (or the
electric current leaves the electrolyte)

» Electrodes are typically made up of inert materials (which do not participate in any redox
reactions), such as carbon, platinum, titanium, or stainless steel. (NOTE: There are some cases
where the electrodes undergoes redox reactions during electrolysis.)

What happens during electrolysis?

» Negative ions (Anions) are attracted to the anode while the positive ions (cations) are attracted
to the cathode.

* When the ions reaches their respective electrodes, they will be discharged. (They lose or gain
electrons and form neutral atoms)

* Hence, at anode, anions are discharged through loss of electrons; while at the cathode, cations
are discharged through gain of electrons.
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ELECTROLYSIS OF MOLTEN SODIUM CHLORIDE

NaCl(molten) < == > Na* + Cl’

Reactions at anode (oxidation) 2 Cl" -> Cl, ( gas ) + 2e” Recall Loosing electron is being oxidized
Reactions at cathode (reduction) Na® + e = Na

There are two types of electrodes used in the electrolytic cell,
namely attackable and non - attackable.

The attackable elecrodes participitate in the electrode reaction. They are made up of reactive metals
like Zn, Cu, Ag etc. In such electrodes, atom of the metal gets oxidised into the corresponding cation,
which is passed into the solution. Thus, such anodes get dissolved and their mass decreases. On the

other hand, non-attackable electrodes do not participate in the electrode reaction as they made up of
unreactive elements like Pt, graphite etc. Such electrodes do not dissolve and their mass remain same.

FARADAY’S LAWS OF ELECTROLYSIS:
(i) First law of electrolysis :

Amount of substance deposited or liberated at an electrode is directly proportional to amount of
charge passed (utilized) through the solution.

WxQ
W = weight liberated, Q = charge in coulomb

w=17Q
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Z = electrochemical equivalent when Q = 1 coulomb, thenw =Z

Thus, weight deposited by 1 coulomb charge is called electrochemical equivalent.
Let 1 ampere current is passed till ‘t’ seconds .

Then, Q=1t

w =Z1lt orZit Some teachers prefer to write current in small case “ i “

1 Faraday = 96500 coulomb = Charge of one mole electrons

One faraday is the charge required to liberate or deposit one gm equivalent of a substance at
corresponding electrode.

Let ‘E’ is equivalent weight then ‘E’ gm will be liberated by 96500 coulomb.
~ 1 Coulomb will liberate E / 96500 gm

So by definition Z = E/96500
W=1tE /96500

When a gas is evolved at an electrode, then above formula changes as

96500
where V = volume of liberated gas, V. = equivalent volume of gas.

Equivalent volume may be defined as: The volume of gas liberated by 96500 coulomb at STP.

(ii) Second law of electrolysis :

When same amount of charge is passed through different electrolyte solutions connected in series then
weight of substances deposited or dissolved at anode or cathode are in ratio of their equivalent
weights. i.e. W; /W, =E; /E

QUALITATIVE ASPECTS OF ELECTROLYSIS

In the electrolysis process we have discussed above, we have taken molten salt as electrolyte, which
contains only one cation and anion. Now, if the electrolyte taken contains more than one cation and
anion ( for example, aqueous solution of the ionic electrolyte ), then the cation and anion that will get
discharged depends on the ability of cation to get reduced and the ability of anion to get oxidised.

The ability of an ion to get oxidised or reduced depends upon the size, mass, positive charge, negative
charge etc. Thus, it is not possible to predict qualitatively that which ion would be discharged first, as
one factor might enhance the ability to discharge while the other factor may hamper it. This can only
be predicted on the basis of quantitative value assigned based on the cumulative effect of all the
factors responsible for an ion's ability to discharge. The value is referred as standard potential, which is
determined by keeping the concentration of ion as 1 M, pressure of gas at 1 atm, and the measurement
done at 25°C. For a cation, the standard reduction potential (SRP) values are compared. The cation
having higher standard reduction potential value is discharged in preference to cation with lower SRP
value provided the ions are at 1 M concentration. For an anion, the standard oxidationpotential ( SOP )
values are compared and anion having higher SOP is preferentially discharged, if the concentration is 1
M for each of the ion. The SRP values at 25°C for some of the reduction half reactions are given in the
tables.
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Electrode Half-Equation E°/V
F-|Fi(g), Pt Fy(g) + 2e” — 2F(aq) +2.87
H*, H,0,|Pt H.0:(aq) * 2H (aq) * 2%~ — 2H,0 +1.77
H*, MnOjz, Mn** |Pt MnOjlag) + 8H'(ag) + 5¢~ — Mn**(ag) + 4H,0 +1.52
Cl~|Cl(g), Pt Cli(g) + 2¢~ — 2Cl (aq) +1.36
Cr:0%-, Cr** | Pt Cr;03-(ag) + 14H"agq) + 6e- — 2Cr**(ag) + TH:0  +1.33
H*, H;0|0:(g), Pt 0O.(g) + 4H*(ag) + 4e~ — 2H,0 +1.19
Br~|Br;(l), Pt Brs(l) + 2¢— — 2Br- +1.07
OCI-, CI-|Pt OCl (ag) + H:0 + 2¢~ — Cl (ag) + 20H (agq) +0.89
Hg**|Hg Hg** + 2¢- — Hg +0.85
AgtlAg Agt + e — Ag +0.80
Fe3+.Fet |Pt Fe** + ¢~ — Fe?* +0.77
17 La(s), Pt L) + 2~ — 21 +0.54
cusHCu Cu®*(aq) + 2¢~ — Culs) +0.34
Cl-|Agcl. Ag AgCl(s) + e~ — Ag(s) + Cl(ag) +0.22
Sn*+. Sp*|Ft Sn**(ag) + 2¢~ — Sn** +0.15
H*|Hi(g), Pt H*(ag) + e~ — iHa(g) 0.00
Ph*+|Pb Pb**(ag) + 2¢~ — Pb(s) ~0.13
Sn**|Sn Sn**(aq) + 2¢~ — Snis) -0.14
Fe**|Fe Fe**lag) + 2~ — Fels) -0.44
Zn**|Zn Zn**(aq) + 2e~ — Zn(s) -0.76
AT+4AL Alt(aq) + 3¢~ — Al(s) ~1.66
Mg** |Mg Mg**(ag) + 2¢~ — Mgls) ~2.36
Na*|Na Na*(ag) + e~ — Naf(s) -2.71
Lit|Li Li*(ag) + e~ — Li(s) —-3.05

When solution of an electrolyte contains more than one type of cations and anions at concentrations
different than 1 M, the discharge of an ion does not depend solely on standard potentials but also
depends on the concentration of ion in the solution. This value is refered as potential, called as
reduction potential for cation and oxidation potential for anion. The relation between reduction
potential and standard reduction potential is given by Nernst equation, as

RT [concentration of product |

E _=E" - n , .
RP R pF  [concentrationof reactant]

Where Egp = Reduction potential of cation
E’ rp = Standard Reduction potential of cation

Thus, it is possible that a cation (A" ) with lower standard reduction potential getting discharged in
preference to cation (B* ) having higher standard reduction potential because their concentration might
be such that the reduction potential of A" is higher than that of B* . When two metal ions in the
solution have identical values of their reduction potentials, the simultaneous deposition of both the
metals will occur in the form of an alloy.
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Note on Nernst Equation also uses Electrode potential

Walther Hermann Nernst ( 1864 - 1941 ) German Physicist & Chemist received the Nobel prize in 1920
Chemistry.

. (L059 M 1 Temperature  External Ton
At B En = EY | — —log mer——0r 7 (in Kelvin)  Concentration
1 M (M Gas,\_\
Constant RT [ion]o
- o (1,059 Products , _
Eon = I‘:}: P B ]i.l;!;[ii e jor(). /Eion_ 2.303 -- log --==---
L LACLANGS Equilibrium F [ion]i
{0.059 el Potential & ¢
Eon=E —EY - log = Ion&” Faraday's Internal Ion
crif frewdr a el o | 1
H R Charge Constant Concentration

GALVANIC CELL

This cell converts chemical energy into electrical energy.

Voltmeter + 110 V

c 0.7e v
opper .
o Zinc
Salt bridge
{cathode) (anode)
Cu?* 4+ 2 g Culs) +0.34 V Zn(s) —= Zn*t +2¢" + 076V

Cu?* + Zn(s) —» Zn2+ + Culs)
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Galvanic cell is made up of two half cells i.e., anodic and cathodic. The cell reaction is of redox kind.
Oxidation takes place at anode and reduction at cathode. It is also known as voltaic cell. It may be
represented as shown in Fig. Zinc rod immersed in ZnSO4 behaves as anode and copper rod immersed in
CuSO4 behaves as cathode.

Remember :

In the electrode potential chart / list the elements higher up will act as Cathode compared to elements
lower in the chart.

Observe that Cu has positive electrode potential, and is higher up compared to Hydrogen. So Cu rod
acts as Cathode.

Zinc has negative electrode potential. Zinc is below SHE ( Standard Hydrogen Electrode ), so below
Hydrogen, in the chart. So Zn rod acts as Anode.

In galvanic cell like Daniell cell; electrons flow from anode (zinc rod) to the cathode (copper rod)
through external circuit; zinc dissolves as Zn?* ; Cu** ion in the cathode cell picks up two electron and
become deposited at cathode.

The e.m.f of the standard cell Zn | Zn* || Ag" | Ag  E° .oy = 1.562 Volt
If the standard electrode potential of Zinc is - 0.762 Volt, then that of Silver is ?

i . FO - — —
Solution : E cell = ERight - ELeft = EAg+ | Ag = EZn2+ | Zn = ( EReduction (Right) ~ EReduction ( Left) )

S0 1.562 = E(Ag’ | Ag ) - (- 0.762) => Epg. | g = 0.8 Volt

What will happen if a solution of copper sulphate put into an iron pot ?
Note : Electrode potential of Cu is more positive ( so higher ) than Fe ( Iron ).

A solution of copper sulphate put into an iron pot will damage. This is because the standard electrode
potential for Fe2+/Fe is more negative than that for Cu2+/Cu. The iron oxidises first, while copper ions
are reduced. Iron will corrode (rust). Or in more simple words it is easier to replace Cu ions by Fe ions
from the pot. Any element lower in the series tends to replace the element which is higher up the
series.

This is called a redox reaction, since the iron is being oxidised, and copper ions reduced.

Note : A solution of Iron Salt in a Copper Vessel would have just done fine. In this case copper is in
solid form, as vessel. So will not replace the Iron ions.
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Half-Reaction E (V)
Falg) +2e”  2F(aq) 1287 [
Cli(g) + 2e~ 2CI(aq) +1.36
MnO.(g) + 4H*(aq) + 2e~ Mn?+(aq) + 2H,O()) +1.23
NO, (aq) + 4H*(aqg) + 3e" NO(g) + 2H.O(/) +0.96 0
& Ag'(ag)+e”  Agl(s) +0.80 %
& Fe¥(g)+e Fe2+(aq) +077 |3
:E 0,(g) + 2H,0() + 4=  40H(aq) +040 |3
g. Cu*{aq) + 2e~ Cu(s) +0.34 g
s 2H*(aq) + 2e~ H.(g) 0.00 3
£ N.(g) + SH*{aq) + 4e” N.H:*(aq) {123 i
@| Fe*(aq)+2e Fe(s) 044 g2,
@ 2H,0()+2e~  H,(g) + 20H(aq) -0.83 /
Na(aq) + e~ Na(s) -2.71
L | Lit(ag)+e” Li(s) -3.05
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A more detailed table

Standard Reduction Potentials at 25°C (298 K) for Many Common Half-Reactions

Half-Reaction W) Half-Reaction W)

F, + 2 —2F 2.87 0, + 2ZH,0 + 4 — 40H" 0.40
Agtt + e = Agt 1.99 Cu®* + 2e = Cu 0.34
Co'™ + e — Co*” 1.82 Hg,Cl, + 2~ — 2Hg + 2C1° 0.27
H,0, + 2H™ + 2e~ — 2H,0 1.78 AgCl +e” — Ag + CI- 0.22
Ce*t + e — Ce™ 1.70 S0,2 + 4H* + 2e” — H,50, + H,0 0.20
PbO, + 4H' + SO,7 + 2e” — PhSO, + ZH,0 1.69 Cu'” +e —Cu’ 0.16
MnO,” + 4H* + 3e- — MnQ, + 2H,0 1.68 2H' + 2 —H, 0.00
2e” + 2HY +10,” = 10,” + H,0 1.60 Fe** + 3e- — Fe —0.036
MnO,” + 8H' + 5e” — Mn** + 4H,0 1.51 Pb** + 22~ —Pb —0.13
Au* + 3e” = Au 1.50 SNt + 2e” — Sn —0.14
PbO, + 4H* + 2e~ — Pb*t + 2ZH,0 146 Ni** + 2e” — Ni —0.23
Cl; + 2e” = 2C1° 1.36 PbSO. + 2 — Pb + SO,° —0.35
Cr,0. + 14H* + 62~ — 207" + TH,0 1.33 Cd> +2e —Cd —-0.40
0, + 4H™ + 4e~ — 2H,0 1.23 Fe’* + 2~ = Fe —0.44
MnO, + 4H™ + 2e” — Mn™" + 2H,0 1.21 ot +e = o —0.50
10, + 6H" + Se~ — 1, + 3H,0 1.20 Ce* +3e —Cr —-0.73
Br, + 2~ — 2Br- 1.09 Zn*t + 2e” —Zn —0.76
VO,” +2H' + e = VO™ + H0 1.00 2HO + 2e” —H; + 20H —0.83
AuCl, + 32 — Au + 4C1° 0.99 Mn*t + 2e” — Mn —1.18
NO, + 4H' + 3¢~ — NO + 2H,0 0.96 AP + 38 — Al —1.66
Cl0; + e = ClO; 0.954 H, + 2 —2H —2.23
2Hg** + 2~ — Hg,» 0.91 Mg*t + 2e” — Mg —2.37
Agt +e — Ag 0.80 La't + 3¢~ —La —2.37
Hg.'" + 2e” — 2Hg 0.80 Na* +e — Na —2.71
Fe'* + e~ — Fe™* 0.77 Ca™ + 2% —Ca -2.76
0, + 2H" + 2~ = H,0, 0.68 Ba’™ + 2e~ —Ba —-2.90
MnO, + e — MnO, 0.56 K'+e =K —292
I, + e~ = 2I° 0.54 Li" +e —Li —3.05
Cu* +e —Cu 0.52

Spoon Feeding
What will happen if a solution of Magnesium sulphate put into an Copper pot ?

Note : Magnesium looses electron very easily, metallic character, or basic character being high.
Electrode potential is - 2.37 While we know Copper has +ve electrode potential. ( This is an
important exception and the data is better remembered as 0.5 )

So Copper is solid in Copper pot ( or even if a copper spoon was inserted, the same logic ). Copper will
not replace Magnesium ions. But if a Magnesium spoon was put into Copper-Sulphate solution then the
Magnesium ions / atoms will start replacing the Cu ions and Copper will start getting precipitated. The
Magnesium spoon, or container will start getting corroded or damaged.
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SALT BRIDGE

Two electrolyte solutions in galvanic cells are separated using salt bridge joining the two sides.
saltbridge is a device to minimize or eliminate the liquid junction potential. Saturated solution of salt
like KCI, KNO3, NH4Cl and NH4NO3 etc. in agar-agar gel is used in salt bridge. Salt bridge contains high
concentration of ions viz. K+ and NO3- at the junction with electrolyte solution. Thus, salt bridge
carries whole of the current across the boundary; more over the K+ and NO3- ions have same speed.
Hence, salt bridge with uniform and same mobility of cations and anions minimize the liquid junction
potential & completes the electrical circuit & permits the ions to migrate.
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Representation of a cell (IUPAC conventions ): Let us illustrate the convention taking the example of

Daniel cell.

(i) Anodic half cellis writtenon left and cathodic halfcell on right hand side.
Zn(s)1 ZnSO, (sol) I CuS O, (sol)| Cu(s)

(ii) Two half cells are separated by double vertical lines: Double vertical lines indicate salt bridgeor any type

of porous partition.
(iii) EMF (electromotive force) may be written on the right hand side of the cell.
(v)  Single vertical lines indicate the phase separation between electrode and electrolyte solution.

Znl Zn?* 1l Cu®* | Cu
(Illustration of Phase boundary)
(V) Inert electrodes are reprsented in the bracket
ZnlZnSO, Il H* I H,. Pt

Atoms wilh
sitna changs
{1 & those with
mong alections

than protons) ane
charnically

excicinad redalive

te Ewair efemandal
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Consider the following set of half-reactions

Reduction Fe?" + 2 ¥ Fe
Oxidation In = 7Zn* + 2¢

A periodic table of redox behavior

(] F. £ Perve #lertriwgsitteity
g Tin 4
B, C, P 5 A1, S0 B Te, I
Po, A, Ru, fh, Pe, Os, ir,
Pt. Au have
electronegativity betwesn I
and 3
Li, Ma, Mg, K, Ca, 3¢, Wy,
S, ¥, Ir, Gy, Ba, La, Mt
had SlactrEmEgEIrAaty
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leién - slectropotittve |
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o elacdons
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Condition

Elements Elements
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natura in In nature
just one inno
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{the noble
gases)

charged
state

For exampla,
Fand CI',

Elements with
no redox
chemistry
in nature

Efrea=-0.44V

E°x=+0.76 V
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Overall In+Fe® = 7Zn" +Fe  E’=0.32V

This is valid only if all species have concentrations of 1 M.

Le Chatelier's principle gives us some ideas. Look at the overall reaction. Consider the reaction to be at
equilibrium (Ecy = 0 V). If we add more Fe?* to the reaction mixture, The equilibrium will shift to the
right to use up the excess Fe?*. This will, of course cause a positive cell potential to be measurable.

Conversely, if we removed Fe?" from the reaction mixture, the equilibrium would shift to the left to try
to replace some of the missing Fe?". This would result in a measurable negative potential (reaction goes
left).

If the reaction were not at equilibrium then these preceding two changes would me additive to the
measured voltage (say standard voltage). So, if we add Fe?* to a mixture at Standard Conditions, then
the voltage would be more positive and if we removed some Fe?" from a mixture at Standard Conditions
the measured voltage would be lower (less positive).

The reverse results would be found for addition or removal of Zn*" (a product). More Zn*" would give a
lower positive potential and vice versa.

Remember the relation: AG = AG* + RT In Q Nernst Equation for non-standard conditions
Substitute the new definition of AG and we get
-nFE =-nFE° + RTIn Q

ET
E=F"-—""1in()
nF ( This is again called the Nernst Equation of another form).

Thus, we can calculate the cell potential of any cell, given only the initial conditions (to calculate Q)
and the reduction potentials (to calculate E°)

We can calculate the voltage for the situation where the concentrations are not standard. For
example, consider [Fe?*] = 0.1 M and [Zn*'] = 1.9 M

For this reaction, we also know that there are two electrons transferred for each equation (n = 2).

RT  [Zn*]
Fope-D yne2 4
nE Fe?
8.3145 4« 298 15/
=032y - mal % In 1.9
2 x06485 5 0.10
=0.28Y

Although the reaction is 90% complete (from Standard Conditions initial) the cell potential has only
dropped by a small amount (0.04 V). This is normal. For example, the batteries in your flashlight will
put out almost full voltage until the last traces of chemical are almost used up at which point the
voltage will drop off rather sharply. This is an especially useful characteristic of cells powering
electronic equipment.
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In general, for a redox cell reaction involving the transference of n electrons
aA + bB — cC + dD, the EMF can be calculated as:

056 D
0.051, [CF[D]

I_: — pe]
n C[AF[BP

“Cell * Cell ™

Prediction and feasibility of spontaniety of a cell reaction.

Work done by the cell = nFE;

It is equivalent to decrease in free energy AG=-nFE
Under standard state A G = nFE° (i)
(i) Fromthermodynamics we know, A G = negative for spontaneous process. Thus fromeq.(i) it is
clear that the EMF should be +ve for a cell process to be feasible or spontaneous.
(i) When AG =positive, E =negative and the cell process will be non spontaneous.
(i) When G=0.E =0 and the cell will attain the equilibrium.
Reactions AG E
Spontanecus (—) (+)
Non- spontaneous (+) —)
Equilibriim 0 0

Standard free energy change of a cell may be calculated by electrode potential data. Substituting the
value of EO (i.e., standard reduction potentialof cathode- standard reduction potential of anode) in eq.
(i) we may get AG .

THERMODYNAMIC TREATMENT OF NERNST EQUATION

Determination of equilibrium constant

03€
0.0 J]lﬂgkeq
n

EY —

: We know, that E = . (1)

At equilibrium, the cell potential is zero because cell reactions are balanced, i.e. E=0
~ From Eq. (i), we have

05€
I_,:l:l - 0.0 J]lngKeq
I
Or
-0
K =antilo -
4 0.0591

Recall antilog is 10 to the power
Heat of Reaction inside the cell:

Let n Faraday charge flows out of a cell of e.m.f. E, then
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-AG = nFE ..... (i)
Gibbs Helmholtz equation (from thermodynamics ) may be given as,
[am i
AG=AH+T (i)
ar |,

From Egs. (i)and (ii), we have

_ oAt CCFEN ] ] 9F
o | oT |,

Thus

dT

Entropy change inside the cell :

AH=— nFE—I—nFT{aIH}
P

We know that G=H - TS or
AG = AH - TAS ... (i)

where

AG = Free energy change ;
AH = Enthalpy change and
AS = entropy change.

According to Gibbs Helmoholtz equation,

AG=AH +1] 228
aT |,

AG=AH=T 0AG
dT .
From Eqgs. (i) and (ii), we have
—TAS=T EL&_G . AS=— EL&_G
ar J, ¢ JaT |,
or AS=nF a—P
dT .

o
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Where P is called temperature coefficient of cell e.m.f.
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Spoon Feeding Rule of Electrochemistry

A—p A2+ e AG =-02kcal . .{i}
B—— B*%+2e AG, =+04 keal . _{il}

According to the rule of spontaneity, reaction (i) is spontaneous but reaction (ii) is non-spontaneous.
To gain full cell reaction, we convert non-spontaneous reaction into spontaneous reaction.

same ! A—— A+ 26 ﬂGf—D.Ekcal
Change . B*+ 28— B, AG,=-04 kecal

At B — A+ B AGHKN
AGrxn = AG1+ AG2 = (-0.2kcal) + (-0.4 kcal) = - 0.6 kcal

Recall AG = -nFE or E=-AG/nF
Spoon feeding Rule of Electrochemistry

If both half cell reactions are non-spontaneous, then we conv ert more non-spontaneous reaction into
spontaneous reaction to gain full cell reaction

A— A2+ Je AG =+02 keal (i)
B—>EB*%+2e AG, =+05keal . (i}

Reaction (i) is less non-spontaneous and reaction (ii) is more non-spontaneous.

Change . B2+ 46— B AG,=-0.5 keal
Same . A——e A2+ 08 AG, =+0.2 kecal
E*¥+A —EB+24% AGrzn

AGPH(N = AG, + AG,_ = (-0.5)+ (0 2) keal =0 3 keal

Recall Spontaneity of AG
More Positive lesser spontaneous

More negative more spontaneous

‘T4

37T Mon-spontaneoity

2 7T increases

1 —

00— 4G =0 (R is at eguilibium)
-1 +

-2 4 Spontaneaity

3 4 increases

4 1 Y

So If both half cell reactions are spontaneous then we convert less spontaneous reaction into non-
spontaneous reaction.
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A—e A2+ 00 AG =-05keal (more spontaneous)
E— B+ 2e AG, =-02kecal (less spontaneous)

Same A— A2+ 36 AG, =-0.5keal
Chanmge: B2+ 6 —»B AG, =+0.2 keal

A+ BE— B+ A% AGrxn
AG rxn=—-05%keal + 0.2 kcal =-0.3 keal
If AG° given in the half cells then spontaneity of the reaction not determined by AG°. We convert AG°
into AG by following equation.
A— Atz + 20 AGP =02 keal (i)
E—=B“+2e AGY =+0.5keal (i)

AG = AGH+ KT In Q2
IfQ =1, then AG = AG®

AG, = AG® +RTIN[A2] (i)
AG_=AG®,+RT In[B2] ... (ii)

If emf of the half cell given in the problem then we predict the spontaneity of reaction by emf.
AG = - nFE

Spontaneity from E

‘T

3T Spontane ity

27T increases

1 ——

0——E =0 (RFxnis at equilibrium)
-1 +

-2 4 Maon - spontaneoity

3 1 increases

4 1Y

Greater the reduction potential greater will be ease of reduction. Greater the oxidation potential
greater will be ease of oxidation.
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If the equations are given as mix of spontaneous voltage and non-spontaneous voltage, then convert
them to same form

A 82+ Do Eop=-02%olt (non-spontaneous)
B =—sEB*“+2e Eop=+05Volt (Spontaneous)

Same: B—» B+ 36 Eor =+0.5 Vol

Change A2+ 8 —w A, Erp.= +0.2 Volt

B +A% —B*+A  Ecal

Ecell =Eop+ERP=05+02 =07 Volt

Spoon Feeding

A A2+ Do Eop=+05V0olt (more spontaneous)
Be——bB*“+Je Eop=+023Volt ({esssponfaneous)

Same . A— A2+ 28 Eor=+0.5%Vol
Change: B2+ 26 — B Erpr=-0.3Volt

A+ BY — B+ A Ecal

Ecel=Eopr +ErRp =+05 -0 3 Volt = +0.2 Volt

Spoon Feeding

A——pe A%+ Do Eop=—05%olt (rmore spontansous)
E—»E%2+2e Eor=-—02Volt {{essspontansouns)

Same. B—w B2+ 26 Eopr=-0.2 Vol
Change: &2+ 28 —p A, Erpr=+0.5Volt

A+ B2 —— B+ A% Eral
Ecel = Eop +ERp =02+ 0.5 Volt = +0.3 Volt
Spoon Feeding

Spontaneity of reaction not determined by standard emf. it is determined by following equation.

E,, =E5, -(00592/n)log[A™]
E,, =ES, -(00592/n)log[B*]
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A— A+ 20 EPoR=+05 VoIl (i)
E—»E*+2e E0pr=-02Volt.. (i)

Greater the O.P. greater will be ease of oxidation.
Rule for converting oxidation half cell into reduction half cell and vice-versa

We determined spontaneity of reaction by E° value, however it is not correct. These are two possible
result one is correct and other is incorrect. If Emf of the cell is +ve then our result is correct, but Emf
of the cell is -ve, then our result is incorrect, to gain correct result we convert oxidation half cell into
reduction half cell and reduction half cell into oxidation half cell.

Ads—w A2+ 26 Eop=-02 Vol
If wou want to gain reduction half cell then
AZ+ e — A ERP=+0.2 Vol

E—»EB*%+2e Eor=+0%5Volt
If vou want to gain reduction half cell then
B*2+ 2e¢ —» B ErRP=-025 Yolt

To calculate Ecell we convert all the half cell reactions are in same type (either oxidation half or
reduction half)

A — 82+ P2 EFop=02%olt
B2+ 2 —» B ErP= 05%olt

Ecell =7

(i) Corvert both reaction into oxidation half
A— A2+ e Eop =02 Vol
E—»EB*%+2c Eor =-05Vol

(i) Corvert both reaction into reduction half cell
A+ e ——e A ERP =02 Volt
E*+ZJe — B ErRP= 05Y0olt

Same E2+2¢ —»E Err=05Vol
Change . A—e A%+ 36 Eor=+0.2Volt

B +A —» A%+ B Eral = 0.7 Volt

For following type half cell reaction hybrid reaction quotients (mixture of Qp and Qc) used in place of

QcorQp
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H,——» 2H*+ 2e (no. of electron used = 2}

_[H'F mol | litre

Qo (P, )atm
1/2H,—» H*+ 1e (no. of electronused=1)

_ [H7]
Qh}ﬁ'fr:f - (PH_: )1,.“2

Cl,+2e —» 2CI (no.ofelectron used =2)

_lar

Cortra = )

Cr—»Cl +1e (no. ofelectronused =1)
_(y)"

G SO

Emf is mass or mole independent property (intensive property), but free energy is mass or mole
dependent property (Extensive property)

Hz_"‘ 2HY + 2e Eor =xvolt, AG =— 2Fx
’HEHZ—I- H*+1e Eorp =xwvolt, AG = —Fx

Emfofthe reaction not depends on stoichiometry coeff.
Exarmple 2R+ 3y —— DA Ecell =xvolt
KA ——p O Ecell =x volt

If reaction is spontaneous in forward direction then non-spontaneous in reverse direction and vice-
versa.

Magnitude of Emf and AG are same but sign is reverse.

A —— A2+ O Eopr =X volt, AG=—2FX
A2+ O g AG =+2F¥, AG =—nFE
AG =—nFERF

ErRr = AGHNF =2FX/-2F ==X volt

If two half cell (no. of electron same or different) produces full cell reaction then for simplicity we add
directly emf of half cell not AG. Addition of AG gives same result but process is lengthy.

CBSE Standard 12 Chemistry Survival Guide - Redox Reactions by Prof. Subhashish Chattopadhyay
SKMClasses Bangalore Useful for IT-JEE, I.Sc. PU-II, Boards, IGCSE IB AP-Chemistry and other exams



CBSE Standard 12 Chemistry Survival Guide - Redox Reactions by Prof. Subhashish Chattopadhyay
SKMClasses Bangalore Useful for IT-JEE, I.Sc. PU-II, Boards, IGCSE IB AP-Chemistry and other exams

A —p B2+ 6 E
B2+ 24 —»EB E
B2+ A—» A2+ BE Ewi=E +E|
If we proceed this problem by AG then.
A AT+ 4 AG, =-2FE,
B+ 8 —» B AG,=-2FE,
B2+ A—» a2+ B AGN= AG, + AG,
—2FEcell = -2FE, - 2FE,

Ecal =E +E,

1
2

If no. of electron involved and apparent in reaction then reaction is half cell. But if no. of electron
involved but not apparent in the reaction then reaction is full cell reaction.

Example:
' Fe — Fe*®+ 3e oxidation half cell, n=3
Fa*t®+ 1l — Fe*Z reduction half cell, n=1
2F e+ 3 ——p ZF e +|~full cell in, n=2
MnO, -+ 4H* +3e — 2H O+MnO,
reduction half cell, n =3
Fe*? —p Fe*® + 1e oxidation half cell, n=1
If tweo half cell reaction having different no. of
electron provide full cell reaction then we also add Emf
for simplicity.
Examnle

2x (A—e AR +3e) B AG, =-6FE,

1

dx(B*2+Ze—wB)E, AG,=-6FE,

L=

24 + 3B*2 — 28% +3B, AGHn = —6FE,
AGRM = AG, + AG, = —6FE — 6FE, = —6FE
E,=E, +E,

If two half cell produces third half cell then we should not added Emf directly. To calculate emf of
third half cell we add AG,

CBSE Standard 12 Chemistry Survival Guide - Redox Reactions by Prof. Subhashish Chattopadhyay
SKMClasses Bangalore Useful for IT-JEE, I.Sc. PU-II, Boards, IGCSE IB AP-Chemistry and other exams



CBSE Standard 12 Chemistry Survival Guide - Redox Reactions by Prof. Subhashish Chattopadhyay
SKMClasses Bangalore Useful for IT-JEE, I.Sc. PU-II, Boards, IGCSE IB AP-Chemistry and other exams

A A+ 30 | E, AG,=—3FE,
B*2+ Je —» B ; E, AG, = —2FE,

A+BZ—ae+B+1e E 'E +E,
AG,= AG + AG, & —1FE =-3FE + (-2FE)
E,=3E, + 2E,

For writing shorthand notation or cell representation of electrochemical cell following conventions are
used.

A — A2+ DA Eop=05vaolt
B2+ 24 —» B Erpr =02volt

A+ BE—B+A%  Eral=0.7volt

DIFFERENT TYPES OF HALF-CELLS AND THEIR REDUCTION POTENTIAL

(1) Gas-lon Half Cell:

In such a half cell, an inert collector of electrons, platinum or graphite is in contact with gas and a

solution containing a specified ion. One of the most important gas-ion half cell is the hydrogen-gas-

hydrogen ion half cell. In this half cell, purified H2 gas at a constant pressure is passed over a platinum

electrode which is in contact with an acid solution.

H' +(aq)+e ->" H,
E =E°

+
2

X 1/2
LI (pH, )
H' /H, H/H, ] [Hﬂ
So

(2) Metal-Metal lon Half Cell:

This type of cell consist of a metal M in contact with a solution containing M™ ions.

M™ (aq) + ne -> M(s)

C
. o 00501
MM oM™ n [an
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(3) Metal-Insoluble Salt - Anion Half Cell:

In this half cell, a metal coated with its insoluble salt is in contact with a solution containing the
anion of the insoluble salt. eg. Silver-Silver Chloride Half Cell:

This half cell is represented as Cl-/AgCl/Ag. The equilibrium reaction that occurs at the electrode is
AgCl(s) + e -> Ag(s) + Cl- (aq)

58 —
E —E" _00 )]lﬂg[f_‘.l }
Cl /AgCl/Ag €l /AgCl/Ag ]

potential of such cells depends upon the concentrate ion of anions. Such cells can be used as Reference
Electrode.

(4) Oxidation-reduction Half Cell:

This type of half cell is made by using an inert metal collector, usually platinum, immersed in a
solution which contains two ions of the same element in different states of oxidation.

eg. Fe2+ -> Fe3+ half cell.

Fe3+ (aq) + e -> Fe2+ (aq)

CONCENTRATION CELL

The cells in which electrical current is produced due to transport of a substance from higher to lower
concentration. Concentration gradient may arise either in electrode material or in electrolyte. Thus
there are two types of concentration cell.

(i) Electrode concentration cell
(ii) Electrolyte concentration cell

Electrode Gas concentration cell :
Pt, H2(P1) | H+(C) | H2(P2), Pt

Here, hydrogen gas is bubbled at two different partial pressures at electrode dipped in the solution of
same electrolyte.

Cell Process: % H, (P1)->H" (c)+e (Anode Process )

+ —
H(c)+e >1/1 HZ(PZ}
1!2H{P1}<-->1!2H2{P2}

2
,
{“‘2{)2_RT}lng{ p_zT
SOE = - F Pi] Recall -Log(a/b)islog(b/a)
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. [2.303RT7 [P o 0059, P
or  B=lm— oy acasec, B = oploy o

For spontaneity of such cell reaction, p1>p2

Or

Electrolyte concentration cells:
Zn(s) 1 ZnSO, (C ) 11ZnSO, (C,) 1 Zn(s)

In such cells, concentration gradient arise in electrolyte solutions. Cell process may be given as,
r i . 2+ ) et e o
In(s)}=7n"(C|)+2e (Anodic process)

Zn** (Cy)+2e— Zn(s)
Zn**(C,)=4Zn**(C))

~ From Nernst equation, we have

2.303 C . 2.303 :
E=0- ﬂlﬂg —+ | o E= ﬂlog ]
2F G, 2F C,

For spontanity of such cell reaction, C2> C;

(Over all process)

Conductance
Introduction:

Both metallic and electrolytic conductors obey Ohm's law i.e.
V=1IR

where V = Potential difference in volt; | = Current in ampere ; R = resistance in Ohm

We know, resistance is directly proportional to length of conductor and inversely proportional to cross
sectional area of the conductor.

{ [ .

RDCA or R=p A ( p=Specificresistance )

Specific resistance is the resistance of a conductor having lengths of 1 cm and corss sectional area of 1
2

cm’ .

Unit of R is ohm and unit of specific resistance is ohm cm Reciprocal of resistance is called as
conductance and reciprocal of specific resistance is called as specific conductance.

| 1A

R pl orc-=kasL

where C = conductance ohm™ ; K = specific conductance ohm™ cm™ .
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Mho and siemens are other units of conductance
So K=LC/A

Specific conductance= Cell constant x Conductance
Specific Conductance is conductance of 1 Cm® of an electrolyte Solution.

In case of electrolytic solution, the specific conductance is defined as the conductance of a solution of
definite concentration enclosed in a cell having two electrodes of unit area separated by 1 cm apart.

1. Equivalent Conductance

Equivalent conductance is the conductance of an electrolyte solution containing 1 gm equivalent of
electrolyte. It is denoted by A.

A=KxV
(A =ohm! enr! x em?® =ohmr! en?)

Usually concen ration of electrolyte solution is expressed as C gm equivalent per litre.
Thus, V =1000/C

Also A=KX1000/C

2. Molar Conductance

Molar conductance may be defined as conductance of an electrolyte solution having 1 gm mole
electrolyte in a litre. It is denoted by A, .

Am =KxV

Usually concentration of electrolyte solution is expressed as ‘M’ gm mole elecrtrolyte per litre.

1000
i Ve
Thus, _—M
1000
Hence, ,«mzl(xv
Relation between ~ and ~  : AL=DX A
0 0
Determination of N m OR A

M '8 V'llE . .
Aplotof "~ M - as found experimentally; is as shown below.
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0
Am |
I * Strong electrolyte
“m
£ —
Ay VS L
The "M "= Y& plot of strong electrolyte being linear it can be extrapolated to zero concentration.

Thus, Am values of the solution of the test electrolyte are determined at various concentrations the
concentrations should be as low as good.

Am values are then plotted against /C when a straight line is obtained. This is the extrapolated to zero
concentration. The point where the straight line intersects Am axis is A m of the strong electrolyte.

However, the plot in the case weak electrolyte being non linear, shooting up suddenly at some low
concentration and assuming the shape of a straight line parallel to Am axis. Hence extrapolation in
this case is not possible. Thus, AQ of a weak electrolyte cannot be determined experimentally. It can,
however, be done with the help of Kohlrausch's law.

Kohlrausch's Law of Independent Migration of lons

Kohlrausch determined AO values of pairs of some strong electrolytes containing same cation say KF
and KCl, NaF and NaCl etc., and found that the difference in AO values in each case remains the same:

A0 (KCI) = A% (KF) = A2 (NaCl) = A2 (NaF)

He also detemined AO values of pairs of strong electrolytes containing same anion say KF and NaF, KCl
and NaCl etc.and found that the difference in AO values in each case remains the same.

A0 (KF) = A% (NaF) = A% (KCI) = A% (NaCl)

This experimental data led him to formulate the following law called Kohlrausch's law of independent
migration of ions.

At infinite dilution when dissociation is complete, every ion makes some definite contribution towards
molar conductance of the electrolyte irrespective of the nature of the other ion which with it is
associated and that the molar conductance at infinite dilution for any electrolyte is given by the sum of
the contribution of the two ions. Thus,

0 _ 20 , 40
A= AL +A
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0
Where }"+ is the contribution of the cation and }‘-CI— s the contribution of the anion towards the molar
conductance at infinite dilution. These contributions are called molar ionic conductances at infinite
. A0 - . 20 . -
dilution. Thus, "+ is the molar ionic conductance of cation and ““- is the molar ionic conductance of
anion, at infinite dilution. The above equation is, however, correct only for binary electrolyte like
NaCl, MgS04 etc.

Application of Kohlrausch's law :

(1) Determination of Af; of a weak electrolyte:

Inorder tocalculate A% of aweak electrolyte say CH, COOH, we determine experimentally Af; values

ofthe following three strong electrolytes:

(a) A strong electrolyte containing same cation as in the test electrolyte, say HCI
(b) A strong electrolyte containing same anionas in the test electrolyte, say CH,COONa
(c) A strong electrolyte containing same anion of (a) and cationof (b) i.e. NaClL

A of CH,COOH is then given as:
AY (CH,COOH) = A" (HCI) + AY (CH,COONa) — A% (NaCl)

Proof:

A2 (HCI) = A}, e (i)
0 .

A2 (CH,COONa) =2 H3CDD-+?L”“+ (i)

A0 (Nach) = 20 +7 (i)

Adding equation (i) and equation (ii) and subtracting (iii) from them:

0 0 0
0 0 A _A A =A
Am (HC) + AcHyc00N ) — (NaCly mh T (CH,cO0" ) 0(CH5COGCH)

( 2 ) Determination of degree of dissociation (a) :

No. of molecules ionised Mg

Total no. of molecules dissolved A%

( 3 ) Determination of solubility of sparingly soluble Salt

The specific conductivity of a saturated solution of the test electrolyte (sparingly soluble) made in

conductivity water is determined by the method as described above. From this the specific

conductivity of conductivity water is deducted. The molar conductance of the saturated solution is
0

taken to be equal to m as the saturated solution of a sparingly soluble salt is extremely dilute.

Hence from equation (4).
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., 1000k

M = C s

where C is the molarity of solution and hence the solubility.

A voltaic cell using inactive electrodes.

Oxidation half-reaction Reduction half-reaction
2 (aq) — l(s) + 2e° MnO,(aqg) + 8H*(aqg) + 5e° — Mn?*(aqg) + 4H,0())

Overall (cell) reaction
2MnO,(aq) + 16H*(aqg) + 10I(ag) — 2Mn?*(aqg) + 51,(s) + 8H,0())

graphite I(aq)| l,(s)||MnO, (aqg), H*(aqg), Mn2+(aq) | graphite

The inert electrode is specified.

A comma is used to show components
that are in the same phase.
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A voltaic cell is made of aqueous Bromine and Zinc. Given -

Bro(aq) + Zn(s) — Zn*(aq) + 2Br(agq) E . =1.83V.

Calculate E e, given that E .. =-0.76 V
Solution :
Bri(aq) + 2e — 2Br{aq) [reduction; cathode]

Zn(s) — Zn?*(aq) + 2e- [oxidation; anode] E°, . =-0.76 V

E cell = E cathode E anode

1.83=E —(-0.76)

bromine

1.83 = 0.76 = E yomine =1.07 Volt

What is the equilibrium constant for the reaction of copper metal with bromine to form copper(ll) ions
and bromide ions in aqueous solution at 25°C?

Cathode Br, + 26" &= 2Br E’req=1.09V
Anode Cu & Cu” +2¢e E°ox = -E’req = -0.34V
Cell Cu+Br, == Cu* +2Br E’cet =0.75

nFE°  2x96458.5x0.75V
RT ~ 8314513 %298 15K

K =g™%1® _ 3 710%

|r|K = = 58.38208

Let us always remember the basics. If something, say M, looses electrons, it is getting oxidized. Metals
are basic. Metals loose electrons and gets oxidized. The metals which loose electron very easily, get
oxidized very easily. So these are better reducing agent.

Adding of Oxygen, or Halogens ( F, Cl, Br, | ) or other p-Block elements which accept electrons, is
oxidation. So if Potassium ( K ) gets Oxygen ( attaches to O ) to form K,0 or KO, ( Superoxide ), K is
getting oxidized. If Cs attaches with F then Cs is getting oxidized, while F is being reduced. Cs is a
reducing agent as it is loosing electrons. F is an oxidizing agent as it is gaining electrons.

Adding of Hydrogen is reduction. So if Ethene receives Hydrogen to become Ethane, then Ethene is
being reduced. Raney Nickel is Nickel with molecular level pores. Raney Ni with HCl gives Hydrogen
atoms, ( some teachers say this as Nascent Hydrogen ) locally, meaning near the molecule where the
reaction is needed. So Raney Ni + HCl is a good reducing agent. Same for Zinc dust + HCl. But then
what is Birch reduction ?
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As my experience of teaching more than 25 years, almost every student understands these.
Knowing this is essential but does not ensure success in chemistry. There are many kinds of details
of oxidizing agent or Reducing agent that vary from reactions / situations.

Using half reactions write the spontaneous Redox reactions

Sn*(aq) + 2e" — Sn(s) E%,=-0.14V
Agf(ag) + e — Ag(s) E°u.. =080V

We have to multiply the Silver reaction with 2 to balance and match electrons

Note : This does not change the voltage obtained
2Ag*(aq) + 2e" — 2Ag(s) EfGiver=0.80 V

Now we need to add the half reactions to eliminate the electrons, but subtract to get the Voltage
COFFECtlY- Recall E° cell = ERight - Eleft = Ecathode = Eanode = ( ERreduction (Right) ~ EReduction (Left) )

Sn(s) — Sn2+(aq) + 2e 5, =-0.14V

tin

2Agt(aq) + 2e- — 2Ag(s) “siver = 0.80 V
Sn(s) + 2Ag*(aq) — 2Ag(s) + Sn*'(aq) Eg =0.94V

E°e1 = E%iver— ESn=0.80 = (-0.14) = 0.94 V

Cathode provides electrons. Ag ions are receiving electrons at Cathode. Anode is positive where
electrons are lost. See Tin is more metallic ( than Silver ) and is looses electrons in Anode.

It is easier to visualize the Voltage as gap in electrode potential. Silver is higher up than Hydrogen
in the series. Thus has positive electrode potential. While Tin is more metallic, below Hydrogen in
the series. The gap is of 0.94 Volts.

The concept of electron transfer can easily explain the redox reaction in case of ionic substances.
However, for covalent compounds oxidation and reduction or redox reactions are explained
using oxidation number.

The term oxidation was first used to mean the addition of oxygen to an element or compound, or the
removal of hydrogen from a compound. Reduction meant the addition of hydrogen to an element or
compound, or the removal of oxygen from a compound. Such definitions have been extended and now
many oxidation-reduction, or redox, reactions are best interpreted in terms of transfer of electrons.

» Oxidation is defined as the loss of electrons by a chemical species (atom, ion or molecule).

¢ Reduction is the gain of electrons by a chemical species (atom, ion or molecule).

* An oxidising agent that chemical species which takes electrons thus it is an electron acceptor.

e Areducing agent is the chemical species that gives electrons and thus acts as an electron
donor.

» Redox reactions are those chemical reactions in which both oxidation as well as reduction
occur simultaneously.

» The substance which undergo reduction is called oxidising agent while the substance which
undergo oxidation is called reducing agent. One can say that the substance that causes the

CBSE Standard 12 Chemistry Survival Guide - Redox Reactions by Prof. Subhashish Chattopadhyay
SKMClasses Bangalore Useful for IT-JEE, I.Sc. PU-II, Boards, IGCSE IB AP-Chemistry and other exams



CBSE Standard 12 Chemistry Survival Guide - Redox Reactions by Prof. Subhashish Chattopadhyay
SKMClasses Bangalore Useful for IT-JEE, I.Sc. PU-II, Boards, IGCSE IB AP-Chemistry and other exams

oxidation of any substance in reaction is called the oxidizing agent while the substance that
causes the reduction is called the reducing agent.

» Neither reduction nor oxidation occurs alone. Both of them occur simultaneously. Since both
these reactions must occur at the same time they are often termed as "redox reactions”. The
oxidation or reduction portion of a redox reaction, including the electrons gained or lost can be
determined by means of a Half-Reaction

Two Types of Redox Reactions
(i) Inter molecular Redox Reactions:

In these kinds of redox reactions, one molecule of reactant is oxidized whereas molecule of other
reactant is reduced.

NO; + H,S+H,0+H" - NH; + HSO,

I

Oxodised Reduced

(ii) Intra molecular Redox Reactions:

One atom of a molecule is oxidized and other atom of same molecule is reduced then it is intra
molecular redox reaction.

+5 - +1 ~ o
2KC103" —2KCl™ +30,
ST T

Reduction

Oxidation
(1) Molecular Equations:

When the reactant and products involved in a chemical change are written in molecular form in a
chemical equation, it is termed as molecular equation.

Example: MnO; + 4HCl — MnCl, + 2H,0 +Cl,

In above example the reactant and products have been written in molecular forms, thus it is a
molecular equation.

(2) lonic Equation:

When the reactant and products involved in a chemical change are ionic compounds, these will be
present in the form of ions in the solution. The chemical change is written in ionic forms in the
chemical equation, it is termed as ionic equation.

Example: MnO, + 4H*+ 4Cl" — Mn*"+ 2CL" + 2H,0 +Cl,
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In the above example, the reactant and products have been written in ionic forms, thus the equation is
termed as ionic equation.

The rules to be followed for writing ionic equations are:

e All soluble ionic compounds involved in a chemical changes are expressed in ionic symbols and
covalent substances are written in molecular form. H,0, NH;, NO,, NO, SO,, CO, CO,, etc., are
expressed in molecular form.

e The ionic compound which is highly insoluble is expressed in molecular form.

» Theions which are common and equal in number on both sides, i.e., spectator ions, are
cancelled.

« Besides the atoms, the ionic charges must also be balanced on both the sides.

(3) Spectator lons:

Species that are present in the solution but not take part in the reaction and are also omitted while
writing the net ionic equation are called spectator ions or bystander ions.

Zn + 2H" + 2CU - Zn*" + 2CU + Hy

In this reaction, ions are omitted and are called as spectator ions and appear on the reactant as well as
product side.

(4) Oxidising agent:

The substance (atom, ions or molecules) that gain electrons and is thereby reduced to a low valency
state is called an oxidising agent.

(5) Reducing agent:

The substance that loses electrons and its valency thereby oxidised to a higher valency state is called a
reducing agent.

It is not always possible to balance redox equations using the simple “inspection” technique. The
following unbalanced net ionic equation provides an example.

Au™(aq) + I'(ag) — Au(s) + Ia(s)
At first glance, it seems that this equation can be balanced by placing a 2 in front of the I".
Au**(aq) + 21°(ag) — Au(s) + ly(s)

Note, however, that although the atoms are now balanced, the charge is not. The sum of the charges
on the left is +1, and the sum of the charges on the right is zero, as if the products could somehow
have one more electron than the reactants. To correctly balance this equation, it helps to look more
closely at the oxidation and reduction that occur in the reaction. The iodine atoms are changing their
oxidation number from -1 to 0, so each iodide ion must be losing one electron. The Au3+ is changing to
Au, so each gold(lll) cation must be gaining three electrons.
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The half-reactions are:

I"(aq) — %la(s) + e
Au¥(aq) + 30 — Au(s)

We know that in redox reactions, the number of electrons lost by the reducing agent must be equal to
the number of electrons gained by the oxidizing agent; thus, for each Au®* that gains three electrons,
there must be three |- ions that each lose one electron. If we place a 3 in front of the I and balance
the iodine atoms with a 3/2 in front of the |,, both the atoms and the charge will be balanced.

Au*(aq) + 3I(agq) — Au(s) + 3/2I5(s)
or 2Au*(aq) + 6l°(aq) — 2Au(s) + 3ly(s)
Balancing Redox Equations Using the Oxidation Number Method

In most situations that call for balancing an equation, you are not told whether the reaction is redox or
not. In these circumstances, you can use a procedure called the oxidation humber method, which is
outlined below. To balance an equation and if you are not told whether the reaction is a redox reaction
or not, you can use the following procedure.

General Steps

Step 1: Try to balance the atoms in the equation by inspection, that is, by the standard technique for
balancing non-redox equations. (Many equations for redox reactions can be easily balanced by
inspection.) If you successfully balance the atoms, go to Step 2. If you are unable to balance the
atoms, go to Step 3.

Step 2: Check to be sure that the net charge is the same on both sides of the equation. If it is, you can
assume that the equation is correctly balanced. If the charge is not balanced, go to Step 3.

Step 3: If you have trouble balancing the atoms and the charge by inspection, determine the oxidation
numbers for the atoms in the formula, and use them to decide whether the reaction is a redox
reaction. If it is not redox, return to Step 1 and try again. If it is redox, go to Step 4.

Step 4: Determine the net increase in oxidation number for the element that is oxidized and the net
decrease in oxidation number for the element that is reduced.

Step 5: Determine a ratio of oxidized to reduced atoms that would yield a net increase in oxidation
number equal to the net decrease in oxidation number (a ratio that makes the number of electrons lost
equal to the number of electrons gained).

Step 6: Add coefficients to the formulas so as to obtain the correct ratio of the atoms whose oxidation
numbers are changing. (These coefficients are usually placed in front of the formulas on the reactant
side of the arrow.)

Step 7: Balance the rest of the equation by inspection.

Balancing Redox Reactions Using the Oxidation Number Method
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Balance the following redox equation using either the “inspection” technique or the “oxidation
number” method. Be sure to check that the atoms and the charge are balanced.

HNO3(aq) + H3AsO3(aq)

— NO(g) + H3;AsO4(aq) + H,0(l)
Solution:
Step 1: Try to balance the atoms by inspection.

Step 2: The H and O atoms are difficult to balance in this equation. You might arrive at the correct
balanced equation using a “trial and error” technique, but if you do not discover the correct
coefficients fairly quickly, proceed to Step 3.

Step 3: Is the reaction redox?

The N atoms change from +5 to +2, so they are reduced. This information is enough to tell us that the
reaction is redox. (The As atoms, which change from +3 to +5, are oxidized.)

Step 4: Determine the net increase in oxidation number for the element that is oxidized and the net
decrease in oxidation number for the element that is reduced.

As +3to+5 Net Change = +2
N +5to +2 Net Change = -3

Step 5: Determine a ratio of oxidized to reduced atoms that would yield a net increase in oxidation
number equal to the net decrease in oxidation number.

As atoms would yield a net increase in oxidation number of +6. (Six electrons would be lost by three
arsenic atoms.) 2 N atoms would yield a net decrease of -6. (Two nitrogen atoms would gain six
electrons.) Thus the ratio of As atoms to N atoms is 3:2.

Step 6: To get the ratio identified in Step 5, add coefficients to the formulas which contain the
elements whose oxidation number is changing.

2HNOs(aq) + 3H;AsO;(aq)
— NO(g) + H3As04(aq) + H,0(l)
Step 7: Balance the rest of the equation by inspection.

2HNOs(aq) + 3H3AsOs(aq)
— 2NO(g) + 3H3As04(aq) + H,O(l)
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Balancing Redox Reactions Using the Oxidation Number Method:

Balance the following redox equation using either the “inspection” technique or the “oxidation
number” method. Be sure to check that the atoms and the charge are balanced.

Cu(s) + HNOs(aq)
— Cu(NO3)(aq) + NO(g) + H0(l)
Solution:

The nitrogen atoms and the oxygen atoms are difficult to balance by inspection, so we will go to Step
3. The copper atoms are changing their oxidation number from 0 to +2, and some of the nitrogen atoms
are changing from +5 to +2. These changes indicate that this reaction is a redox reaction. We next
determine the changes in oxidation number for the atoms oxidized and reduced.
Cu Oto+2 Net Change = +2
Some N +5to+2 Net Change = -3
We need three Cu atoms (net change of +6) for every 2 nitrogen atoms that change (net change of -6).
Although the numbers for the ratio determined in Step 5 are usually put in front of reactant formulas,
this equation is somewhat different. Because some of the nitrogen atoms are changing and some are
not, we need to be careful to put the 2 in front of a formula in which all of the nitrogen atoms are
changing or have changed. We therefore place the 2 in front of the NO(g) on the product side. The 3
for the copper atoms can be placed in front of the Cu(s).
3Cu(s) + HNOs(aq)

— Cu(NO;s),(aq) + 2NO(g) + HO(l)

We balance the rest of the atoms using the technique described in Chapter 4, being careful to keep the
ratio of Cu to NO 3:2.

3Cu(s) + 8HNOs(aq)
— 3Cu(NO3),(aq) + 2NO(g) + 4H,0(l)

Balancing Redox Reactions Using the Oxidation Number Method Balance the following redox equation
using either the “inspection” technique or the “oxidation number” method. Be sure to check that the
atoms and the charge are balanced.

NO,(g) + Hz(g) — NHs(g) + H20(l)
Solution:

The atoms in this equation can be balanced by inspection. (You might first place a 2 in front of the H,0
to balance the O’s, then 7/2 in front of the H, to balance the H’s, and then multiply all the coefficients
by 2 to get rid of the fraction.)

ZNO,(g) + 7Hz(g) — 2NHs(g) + 4H,0(1)
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We therefore proceed to Step 2. For the reaction between NO, and H,, the net charge on both sides of
the equation in Step 1 is zero. Because the charge and the atoms are balanced, the equation is
correctly balanced.

Balancing Redox Equations for Reactions in Acidic Conditions Using the Half-reaction Method

Redox reactions are commonly run in acidic solution, in which case the reaction equations often
include H,0(l) and H'(aq). This page will show you how to write balanced equations for such reactions
even when you do not know whether the H,0(l) and H*(aq) are reactants or products. For example, you
may know that dichromate ions, Cr,0,%", react with nitrous acid molecules, HNO,, in acidic conditions
to form chromium ions, Cr**, and nitrate ions, NO;™. Because the reaction requires acidic conditions,
you assume that H,0(l) and H'(aq) participate in some way, but you do not know whether they are
reactants or products, and you do not know the coefficients for the reactants and products. An
unbalanced equation for this reaction might be written

Cr,077"(aq) + HNO,(aq)
— Cr*(aq) + NO;™(aq) (acidic)

In order to balance equations of this type, we need a special technique called the half-reaction method
or the ion-electron method.

Balancing Redox Equations Run in Acidic Conditions Using the Half-reaction Technique balance a redox
equation and told that it takes place in an acidic solution, you can use the following procedure.

General Steps

Step 1: Write the skeletons of the oxidation and reduction half-reactions. ( The skeleton reactions
contain the formulas of the compounds oxidized and reduced, but the atoms and electrons have not
yet been balanced.) See Examples.

Step 2: Balance all elements other than H and O.

Step 3: Balance the oxygen atoms by adding H,O molecules where needed.
Step 4: Balance the hydrogen atoms by adding H" ions where needed.

Step 5: Balance the charge by adding electrons, e’.

Step 6: If the number of electrons lost in the oxidation half-reaction is not equal to the number of
electrons gained in the reduction half-reaction, multiply one or both of the half- reactions by a humber
that will make the number of electrons gained equal to the number of electrons lost.

Step 7: Add the 2 half-reactions as if they were mathematical equations. The electrons will always
cancel. If the same formulas are found on opposite sides of the half-reactions, you can cancel them. If
the same formulas are found on the same side of both half-reactions, combine them.

Step 8: Check to make sure that the atoms and the charges balance.
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EXAMPLE - Balancing Redox Equations for Reactions Run in Acidic Conditions: Balance the following
redox equation using the “half-reaction” method.

Cr,07"(aq) + HNO.(aq)
— Cr¥*(aq) + NOy(aq) (acidic)
Solution:
Step 1: Write the skeletons of the oxidation and reduction half-reactions.

You will usually be given formulas for two reactants and two products. In such cases, one of the
reactant formulas is used in writing one half-reaction, and the other reactant formula is used in writing
the other half-reaction. (In most cases, you do not need to know which reactant is oxidized and which
is reduced.) The product formula in each half-reaction must include all of the elements in the reactant
formula except hydrogen and oxygen. There are circumstances that make this step more complicated,
but we will stick to simpler examples at this stage.

Cr0,7 — Cr”

HNO, — NO;”

Step 2: Balance all elements other than H and O.

To balance the chromium atoms in our first half-reaction, we need a two in front of Cr**.
Cr,0; — 2Cr

HNO, — NO;y

Step 3: Balance the oxygen atoms by adding H,0 molecules on the side of the arrow where O atoms
are needed.

The first half-reaction needs seven oxygen atoms on the right, so we add seven H,0 molecules.
Cr,0;7 — 2Cr** + 7H,0

The second half-reaction needs one more oxygen atom on the left, so we add one H20 molecule.
HNO, + H,0 — NO;j

Step 4: Balance the hydrogen atoms by adding H+ ions on the side of the arrow where H atoms are
needed.

The first half-reaction needs 14 hydrogen atoms on the left to balance the 14 hydrogen atoms in the 7
H,0 molecules, so we add 14 H" ions to the left.

Cr,0/4 + 14H* — 2Cr** + 7H,0

The second half-reaction needs three hydrogen atoms on the right to balance the three hydrogen atoms
on the left, so we add 3 H" ions to the right.
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HNO, + H,0 — NO; + 3H’
Step 5: Balance the charge by adding electrons, e’.

The electrons go on the side of the equation with the highest charge (most positive or least negative).
We add enough electrons make the charge on that side of the equation equal to the charge on the
other side of the equation.

The sum of the charges on the left side of the chromium half-reaction is +12 (-2 for the Cr,0,%" plus +14
for the 14 H"). The sum of the charges on the right side of the chromium half-reaction is +6 (for the 2
Cr¥). If we add six electrons to the left side, the sum of the charges on each side of the equation
becomes +6.

6e” + Cr,04 + 14H" — 2Cr** + 7H,0
The sum of the charges on the left side of the nitrogen half-reaction is zero. The sum of the charges on

the right side of the nitrogen half-reaction is +2 (-1 for the nitrate plus +3 for the 3 H*). If we add two
electrons to the right side, the sum of the charges on each side of the equation becomes zero.

HNO, + H,0 — NO;3; + 3H" + 2¢°

( Although it is not necessary, you can check that you have added the correct number of electrons by
looking to see whether the net change in oxidation number for each half-reaction is equal to the
number of electrons gained or lost. Because the two Cr atoms in Cr,0/%" are changing from +6 to +3,
the net change in oxidation number is 2(-3) or -6. This would require six electrons, so we have added
the correct number of electrons to the first half-reaction. The N atom in HNO, changes from +3 to +5,
so the net change is +2. Two electrons would be lost in this change, so we have added the correct
number of electrons to the second half-reaction.)

Step 6: If the number of electrons lost in the oxidation half-reaction is not equal to the number of
electrons gained in the reduction half-reaction, multiply one or both of the half- reactions by a number
that will make the number of electrons gained equal to the number lost.

For the chromium half-reaction to gain six electrons, the nitrogen half-reaction must lose six electrons.
Thus we multiply the coefficients in the nitrogen half-reaction by 3.

6e” + Cr,0; + 14H" — 2Cr*" + 7H,0

3(HNO; + H,0 — NO; + 3H' + 2e)

or

6e” + Cr,0;7 + 14H" — 2Cr* + 7H,0

3HNO, + 3H,0 — 3NO;” + 9H" + 6e

Step 7: Add the 2 half-reactions as if they were mathematical equations.

The 3 H,0 in the second half-reaction cancel three of the 7 H,0 in the first half-reaction to yield 4 H,0
on the right of the final equation.
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The 9 H' on the right of the second half-reaction cancel nine of the 14 H" on the left of the first half-
reaction leaving 5 H* on the left of the final equation.

Cr,07% + 3HNO, + 5H"
— 2Cr*" +3NO;™ + 4H,0
Step 8: Check to make sure that the atoms and the charge balance.

The atoms in our example balance and the sum of the charges is +3 on each side, so our equation is
correctly balanced.

Cr,0;°(aq) + 3HNOy(aq) + 5H’(aq)
— 2Cr’*(aq) + 3NO; (aq) + 4H,0(l)

Balancing Redox Equations for Reactions in Basic Conditions Using the Half-reaction Method

Redox reactions are also commonly run in basic solution, in which case, the reaction equations often
include H,0(l) and OH (aq). You may know the formulas for the reactants and products for your
reaction, but you may not know whether the H,0(l) and OH (aq) are reactants or products. For
example, you may know that solid chromium(lll) hydroxide, Cr(OH)s, reacts with aqueous chlorate ions,
ClO57, in basic conditions to form chromate ions, CrO,*, and chloride ions, Cl". Because the reaction
requires basic conditions, you assume that H,0(l) and OH (aq) participate in some way, but you do not
know whether they are reactants or products, and you do not know the coefficients for the reactants
and products. An unbalanced equation for this reaction might be written

Cr(OH)s(s) + ClO3( aq)
— Cr04(aq) + Cl'(aq) (basic)

The process for balancing a redox reaction run in basic solution is very similar to the steps for
balancing redox equations for acidic solutions. We first balance the equation as if it were in acidic
solution, and then we make corrections for the fact that it is really in basic solution.

Balancing Redox Equations Run in Basic Conditions Using the Half-reaction Technique to balance a
redox equation and told that it takes place in a basic solution, you can use the following procedure.

General Steps

Steps 1-7: Begin by balancing the equation as if it were in acid solution. If you have H" ions in your
equation at the end of these steps, proceed to Step 8. Otherwise, skip to Step 11.

Step 8: Add enough OH™ ions to each side to cancel the H" ions. (Be sure to add the OH™ ions to both
sides to keep the charge and atoms balanced.)

Step 9: Combine the H* ions and OH™ ions that are on the same side of the equation to form water.

Step 10: Cancel or combine the H,0 molecules.
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Step 11: Check to make sure that the atoms and the charge balance. If they do balance, you are done.
If they do not balance, re-check your work in Steps 1-10.

EXAMPLE - Balancing Redox Reactions Using the Half-Reaction Method:  Balance the following redox
equation using the “half-reaction” method.

Cr(OH)s(s) + ClO5(aq)
— Cr04(aq) + Cl'(aq) (basic)
Solution:
Step 1:
Cr(OH); — Cro/”
cloy — CU
Step 2: (Not necessary for this example)
Cr(OH); — CrO
cloy — CU
Step 3:
Cr(OH); + H,0 — CrO
Cloy; — ClI + 3H,0
Step 4:
Cr(OH); + H,0 — CrOs + 5H°
Cloy + 6H° — ClI + 3H,0
Step 5:
Cr(OH); + H,0 — CrO4 +5H" + 3e”
Clo; + 6H" + 6 — Cl” + 3H,0
Step 6:
2(Cr(OH); + H,0 — CrO/~ + 5H" + 3e7)
Cloy + 6H" + 6e= — CU + 3H,0

or
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2Cr(OH); + 2H,0 — 2CrO +10H" + 6e”
Clo;” + 6H" + 6e7 — Cl" + 3H,0
Step 7:

2Cr(OH);(s) + ClOs’(aq)
— 2Cr04 (aq) +Cl(ag) + H,0(l) + 4H(aq)

Step 8: Because there are 4 H" on the right side of our equation above, we add 4 OH" to each side of
the equation.

2Cr(OH); + ClOy” + 40H"
— 2CrO/F + CU + H,0 + 4H" + 40H"

Step 9: Combine the 4 H" ions and the 4 OH  ions on the right of the equation to form 4 H,0.

2Cr(OH); + ClOy” + 40H
— 2Cro,5 + C" + H,0 + 4H,0

Step 10: Cancel or combine the H,0 molecules.

2Cr(OH)s3(s) + ClOs(aq) + 40H (aq)
— 2Cr07(aq) + Cl'(aq) + 5H,0(l)

Step 11: The atoms in our equation balance, and the sum of the charges in each side is -5. Our
equation is balanced correctly.

Points to remember:

1) Electrons NEVER appear in a correct, final answer. In order to get the electrons in each half-reaction
equal, one or both of the balanced half-reactions will be multiplied by a factor.

2) Duplicate items are always removed. These items are usually the electrons, water and hydrogen ion.

Example : ClO; + SO, ---> SO,% + CI”
Solution:
1) Split into unbalanced half-reactions:

Clo; ---> CI”
SO, ---> SO,2~

2) Balance the half-reactions:
6e +6H" + ClO; --->Cl™ + 3H,0
2H,0 + SO, ---> SO,% + 4H" + 2¢~
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3) Make the number of electrons equal:

6e +6H" + ClO; --->Cl” + 3H,0
6H,0 + 350, ---> 350, + 12H" + 6e~ <--- multiplied through by a factor of 3

4) Add the two half-reactions for the final answer:

ClO;~ + 3H,0 + 350, ---> 3507 + Cl” + 6H"

Note that items duplicated on each side were cancelled out. The duplicates are 6e, 3H,0, and 6H"
Example : H,S + NO; ---> Sg + NO

Solution:

1) The unbalanced half-reactions:

HyS ---> Sg
N03_ ---> NO

2) balance each half-reaction:

8H,S ---> Sg + 16H" + 16e~
3¢ +4H" + NO; ---> NO + 2H,0

3) Make the number of electrons equal:

24H,S ---> 3Sg + 48H" + 48 <--- multiplied by a factor of 3
48e + 64H" + 16NO; ---> 16NO + 32H,0 <--- multiplied by a factor of 16

Note that 16 and 3 have no common factors except 1, so both 16 and 3 had to be used to obtain the
lowest common multiple of 48 for the number of electrons.

4) Add:
24H,S + 16H" + 16NO;™ ---> 3Sg + 16NO + 32H,0

Comment: removing a factor of 8 does look tempting, doesn't it? However, the three in front of the Sg
(or the five in the next problem) makes it impossible. Also, note that duplicates of 48 electrons and 48
hydrogen ions were removed.

Example : MO, + H,S ---> Mn?* + Sg
Solution:
1) Half-reactions:

HyS ---> Sg
MnO,~ ---> Mn?*
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2) Balance:

8H,S ---> Sg + 16H" + 16e
5¢ + 8H" + MnO, ---> Mn?* + 4H,0

3) Make the number of electrons equal (note that there are no common factors between 5 and 16
except 1):

40H,S ---> 5Sg + 80H" + 80e™ <--- factor of 5
80e™ + 128H* + 16Mn0O4 ---> 16Mn?* + 64H,0 <--- factor of 16

4) The final answer:
40H,S + 48H" + 16Mn0O, ---> 555 + 16Mn?* + 64H,0

Another possibility of removing a factor of 8 destroyed by an odd number, in this case, the 5 in front of
the Ss.

Example : Cu + SO, ---> Cu** + SO,
1) The unbalanced half-reactions:

Cu ---> Cu*
50,2 ---> SO,

2) The balanced half-reactions:

Cu ---> Cu®" + 2e~
2e” +4H" + S0,% ---> SO, + 2H,0

3) The final answer:
Cu + 4H" + SO,* ---> Cu®* + SO, + 2H,0

No need to equalize electrons since it turns out that, in the course of balancing the half-reactions, the
electrons are equal in amount. Note how easy it was to balance the copper half-reaction. All you
needed were the two electrons.

Example : MnO,~ + CH3;0H ---> HCOOH + Mn**
1) The balanced half-reactions:

5¢~ + 8H' + MnO, ---> Mn?* + 4H,0
H,0 + CH30H ---> HCOOH + 4H" + 4e™

2) Equalize electrons:

20e” + 32H' + 4Mn0O, ---> 4Mn%* + 16H,0 <--- factor of 4
5H,0 + 5CH;0H ---> SHCOOH + 20H" + 20e_ <--- factor of 5
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3) The final answer:

12H* + 5CH;0H + 4Mn0O, ---> 5HCOOH + 4Mn** + 11H,0
Example: Cr,0,4 + S0, + H' ---> Cr¥* + HSO,™ + H,0
Solution:

1) Half-reactions:

Cr,0/4 ---> Cr
SOZ --=> HSO4_

2) Balance in acidic solution:

6e” + 14H" + Cr,0,% ---> 2Cr** + 7H,0
2H,0 + SO, ---> HSO, + 3H" + 2e~

3) Equalize electrons:

6e + 14H" + Cr,0,% ---> 2Cr* + 7H,0
6H,0 + 350, ---> 3HSO, + 9H" + 6~

4) Add:
5H" + Cr,0,4 + 350, ---> 2Cr** + 3HSO, + H,0

Sometimes you are given a net-ionic equation and asked to take it back to a full molecular equation.
Sometimes, no context is added, so you have to make some informed predictions. Here's what | mean:

Since the equation is in acidic solution, you can use HCl or HNOs. I'll use HCl. The most common
dichromate that is soluble is potassium dichromate, so we will use that. Using those, we find this:

5HCL + chr207 + 3502 ---> Zchl3 + 3KHSO4 + Hzo

However, there is a problem. One too many K and Cl on the right-hand side. The solution is to add one
KCl to the left-hand side:

KCl + 5HCL + K,Cr,07 + 35S0, ---> 2CrCl; + 3KHSO, + H,0
You can write the equation using HNO; and the nitrate would simply replace the chloride.

Using sulfuric acid can be done but (and this is part of the informed prediction) probably should not.
The chromium(lll) ion is presented as an ion, meaning it's soluble. Chromium(lll) sulfate is not soluble,
which means you would have to write the full formula. Since that was not done, we conclude that the
chromium ion was part of a soluble compound.

If you don't have a net ionic equation to balance, that means you have what is usually called a
molecular equation (or a complete molecular equation). These are harder to balance because the
elements being oxidized and reduced are mixed in with substances that are are not being reduced or
oxidized.
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The solution is to, as much as possible, remove the "extraneous" substances: the ones that are neither
oxidized or reduced. This gives you an unbalanced net ionic equation, which you proceed to balance.
You then add back in the substances you had removed.

The problem? There is no explicit set of steps for how to do this. So, | will just let the technique evolve
through some examples.

Comment: one thing that frustrates students learning the technique discussed in this tutorial is knowing
how to decide what to eliminate and what not to. The easy answer to that is to advise you to eliminate
everything but that which gets oxidized and reduced. For example, this equation:

CuCl, + KI --> Cul + I, + KCl

You must be able to see that the Cu is reduced from +2 to +1 and that the | goes from -1 to zero. That
means that the chloride and the potassium ion are spectator ions and we arrive at this:

Cu¥ +1” -->Cu* + 1,
and eventually this:

2Cu®* + 217 ---> 2Cu* + I,

Example : NaCl + H,SO4 + MnO; ---> Na,S0, + MnCl, + H,0 + Cl,
Solution:
1) What to remove?

NaCl: sodium ion is a classic spectator ion and it will be removed.

H,SO4; notice how only sulfate is present on the right-hand side. It will be removed.
MnO,: this stays since Mn is reduced in the reaction.

Cly: it stays since the chloride from the left-hand side is oxidized.

Here is what remains: Cl” + H" + MnO, ---> Mn** + H,0 + Cl,
That's the net ionic.

Notice | kept the MnO; intact.

2) Now for the half-reactions:

Cl ---> Cl,
MnO, ---> Mn?*

3) Balance them:

2CU ---> Cl, + 2~
2e + 4H" + MnO; ---> Mn** + 2H,0
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4) Since the electrons are already balanced, we add:
2CL" + 4H" + MnO;, ---> Cl, + Mn** + 2H,0

5) We add in two more chloride to make MnCl,:

4Cl" + 4H" + MnO; ---> Cl, + MnCl; + 2H,0

6) We add in 4 sodium ion to make NaCl:

4NaCl + 4H" + MnO; ---> 4Na” + Cl; + MnCl, + 2H,0

7) Add in four sulfate ions:

4NaCl + 2H,S0, + MnO; ---> 2Na,S0,4 + Cl; + MnCl; + 2H,0

Example : SeCl; ---> H,Se0; + Se + HCl
Solution:
1) Here is what can be removed:

a) the SeCl, can be changed to Se**

b) the H,Se0; can be changed to Se0;*~

c) the HCL.

| dropped the chlorine and hydrogen because neither was oxidized or reduced. The prime skill needed
in changing a molecular equation to a net ionic is recognizing which elements have had their oxidation
states changed.

| will discuss the Se0;2™ a bit more below. Also, the HCl tells me that this solution is to be balanced in
acidic solution.

2) We now have this unbalanced net ionic equation:
Se’* ---> Se0;” + Se
3) Here are the two half-reactions:

Se?* ---> Se05”
Se?* ---> Se

4) Balance the two half-reactions (in acidic solution):

3H,0 + Se?* ---> Se0;” + 6H" + 2™
Se?* +2e” --->Se
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5) Add the two half-reactions and eliminate electrons:
3H,0 + 25" ---> Se + Se0y” + 6H"
6) Restore items that were removed (shown in two steps). This gives the final answer:

a) 3H,0 + 2SeCl, ---> Se + Se0;> + 4HCL + 2H"
b) 3H,0 + 2SeCl, ---> Se + H,5e0; + 4HCl

Why not drop the oxygen and get this half-reaction?

Se?* ---> Se™* + 2e”

It does work because you get this balanced net ionic equation as an answer:
2Se” ---> Se** + Se

However, it seems to me to be a bit of a hassle to get back to the final answer. You might wish to try
that on your own. Also, H,Se0O; is a weak acid. You might want to keep the full formula in its half-
reaction and then balance. You can also get to the correct answer that way.

Example : H,S0; + KMnO, ---> MnSQ,4 + H,S0, + K,S0O,4 + H,0

Solution:

You must be able to see that it is the Mn that gets reduced (from +7 to +2) and that the S gets oxidized
(from +4 to +6).

1) Here is what | will remove:

a) the H,0 (it will get back in via both half-reactions)
b) the Hin H2503 and H2504

c) the potassium ion

Here is the unbalanced net-ionic equation that results:
SO;*~ + MnO4 ---> MnSO,

In order to make the half-reactions, | going to allow the MnSO, to ionize. Why?

I know that the sulfate will play no role in balancing the reduction half-reaction, so | don't need it. How
did | know? | know because the sulfur in the sulfate is being oxidized. | can't have an oxidation
occurring in a reduction half-reaction. | will recombine the Mn** and the sulfate when | recover the
balanced, molecular equation.

Also, suppose | keep the MnSO, unionized. That means | would have to include the permanganate in the
equation, to keep Mn present on both sides. That means | have to balance the net-ionic equation.
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2) Here are the half-reactions that result:

S0 ---> 50,2
MnO,~ ---> Mn?'

3) Here are the balanced half-reactions (note that it is acidic solution and that | have equalized the
electrons):

5 [H,0 + 5032_ ---> 5042_ +2H" + 2e ]
2 [5e + 8H" + MnO, ---> Mn2* + 4H,0]

4) The final, balanced net ionic equation (extra water and hydrogen ion have been removed):
5S0;° + 2MnO, + 6H" ---> 550,%~ + 2Mn** + 3H,0

5) Make some MnSQO,:

550;* + 2MnO, + 6H" ---> 350, + 2MnSO, + 3H,0

6) Make some potassium permanganate:

5503 + 2KMnOy + 6H" ---> 2S0,%~ + 2MnSO, + 3H,0 + K,SO4
Notice how | made some potassium sulfate at the same time.
7) Make some H,S0s:

2505"" + 2KMnO, + 3H,S0; ---> 250,”~ + 2MnSO, + 3H,0 + K,SO,
8) Now, | will add 4 hydrogens on each side:

2KMnOy4 + 5H,S0; ---> 2H,S04 + 2MnSO, + 3H,0 + K;S04
Example

HCl + KMnOQy, ---> H,0 + KCl + MnCl; + Cl,

And KMnO, + KCl + H,S04 ---> K;SO4 + MnSO4 + Cl, + H,0

We can eliminate the following:

H* from the HCL

H,0

K

Cl, but only from the right-hand side

Why only from the right-hand side? It is because the Cl™ will be oxidized. | know this because there is
Cl, on the right-hand side as well. This tells me the chlorine is going from a -1 oxidation state to zero.
It is being oxidized. So, | need Cl” on the left-hand side, but not the right-hand side.
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Here is the net-ionic equation:
Cl™ + MnO,~ ---> Mn* + Cl,
From this, we get the half-reactions:

MnO,~ ---> Mn?*
Cl ---> Cl,

The balanced half-reactions:

2 [5e” + 8H' + MnO, ---> Mn*" + 4H,0]
5 [2CU7 ---> Cl, + 2e7]

Note the addition of the factors 2 and 5, which will balance the electrons.

The balanced equation, in net-ionic form:

16H" + 2Mn0O4 + 10CL™ ---> 2Mn?" + 5Cl, + 8H,0

Now, we must re-create the molecular equation, but in balanced form. First, make some HCl:
6H' + 2Mn0O, + 10HCL ---> 2Mn?" + 5Cl, + 8H,0

Next, add potassium ion back in:

6H' + 2KMnO, + 10HCL ---> 2Mn*" + 2K" + 5Cl, + 8H,0

To both sides, add in six chlorine ions:

2KMnOy4 + 16HCL ---> 2MnCl, + 2KCl + 5Cl, + 8H,0

Where did they go? On the left-hand side, they hooked up with the hydrogen ion to make 6 HCl, giving
a total of 16HCL. On the right-hand side, two went with the potassium ion to make KCl and the other 4
made 2MnCl,.

| can add Cl back in since we know, from the starting equation, that it was always present. Some of
the Cl reacted, to form Cl,, and some remained as spectator ions.

For KMnO,4 + KCl + H,SO4 ---> K;S0,4 + MnSO, + Cl, + H,0

I'm going to answer this problem in two different ways. I'll link to the second way at the end of this
file.

1) eliminate all spectator ions (this means anything that isn't reduced or oxidized). The list is:

K* (from the KMnO,4 AND the KCl)
H,S0,4

K,SO,4

S0,% (from the MnSO,)

H,0

CBSE Standard 12 Chemistry Survival Guide - Redox Reactions by Prof. Subhashish Chattopadhyay
SKMClasses Bangalore Useful for IT-JEE, I.Sc. PU-II, Boards, IGCSE IB AP-Chemistry and other exams



CBSE Standard 12 Chemistry Survival Guide - Redox Reactions by Prof. Subhashish Chattopadhyay
SKMClasses Bangalore Useful for IT-JEE, I.Sc. PU-II, Boards, IGCSE IB AP-Chemistry and other exams

That leaves this:

MnO,~ + CL™ ---> Mn** + Cl,

Why did | keep those? It's because they are the exact items oxidized (the Cl) or reduced (the Mn).
2) balance the net ionic reaction (in acidic solution because of the sulfuric acid):

MnO,~ ---> Mn?*
Cl” ---> Cl,

5¢~ + 8H' + MnO, ---> Mn?* + 4H,0
2CU ---> Cl, + 28~

16H" + 2Mn0O4 + 10CL™ ---> 2Mn*" + 5Cl, + 8H,0 (this is the balanced, net ionic equation)
3) add back in the spectator ions (which | will do in a step-wise fashion):

a) add back in 8 sulfates:

8H,S04 + 2MnO, + 10CLl" ---> 2MnSO, + 5Cl, + 8H,0 + 6K,S0,

b) This added 12 potassium ions to the right side, so add 12 K" to the left:

8H,S0,4 + 2KMnO, + 10KCl ---> 2MnSO, + 5Cl, + 8H,0 + 6K,SO,

The last equation is the balanced, molecular equation.

Or KMnO,4 + KCl + H,SO4 ---> K;SO,4 + MnSO, + Cl;, + H,0

1) identify the atoms being oxidized and reduced:

Mn goes from +7 to +2; it is reduced
Cl goes from -1 to zero; it is oxidized

2) write the two half-reactions:

Mn”* + 5¢ ---> Mn**
2CU ---> Cly + 2e~

3) multiply the first reaction by 2 and the second by 5, and add them to get:
2Mn”* + 10CL™ ---> 2Mn?* + 5Cl,

4) since this a complete redox reaction and the number of electrons are equal on both sides, we can
now use these coefficients in the molecular equation to balance it:

ZKMnO4 + 10KCl + H2504 ---> K2504 + ZMnSO4 + 5Cl2 + Hzo

5) balancing the other atoms can be done easily now by 'trial and error’ method
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Example : Fe(s) + NO; (aq) ---> Fe3*(aq) + NO,(g)
Solution:

Notice that that reaction is already in net ionic form. | propose to balance it and then put it into
molecular form.

Balance by half-reactions in acidic solution:

Fe(s) ---> Fe*'(aq) + 3e~
e +2H" + NO; (aq) ---> NO,(g) + H,0

Fe(s) ---> Fe*'(aq) + 3e~
3e” + 6H" + 3NO; (aq) ---> 3NO,(g) + 3H,0

6H" + Fe(s) + 3NO; (aq) ---> Fe**(aq) + 3NO,(g) + 3H,0

| knew to balance in acidic solution because of the nitrate. | needed positive ions coupled with the
nitrate to give me a compound. Hydroxide did not fit my needs. Also, note that the iron(lll) ion is in
solution. In the presence of hydroxide, Fe(OH); would precipitate.

To make a molecular equation, join up some hydrogen ion with some nitrate ion:

3H" + Fe(s) + 3HNO;(aq) ---> Fe*'(aq) + 3NO,(g) + 3H,0

We need more nitrate ion to combine with the rest of the hydrogen ion AND the ferric ion:
Fe(s) + 6HNOs(aq) ---> Fe(NOs)s(aq) + 3NO,(g) + 3H,0

It's now a fully-balanced molecular equation. Note that iron(lll) nitrate is soluble, making the three
nitrate ions added in this last step as the only spectator ions in the reaction.

Example HBr + NaMnO, ---> NaBr + Br; + MnBr; + H,0
1) Half-reactions:

Br --->Br,
MnO,~ ---> Mn?'

2) Balance them:

2Br ---> Bry + 2e
5¢~ + 8H' + MO, ---> Mn?* + 4H,0

3) Equalize electrons, then combine half-reactions:
16H" + 10Br_ + 2MnO, ---> 5Br; + 2Mn** + 8H,0
4) Add two sodium ions and two bromide ions to each side:

16H" + 12Br~ + 2NaMnO, ---> 2NaBr + 5Br, + 2MnZ" + 8H,0
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5) Add four bromide ions to each side:

16HBr + 2NaMnQ, ---> 2NaBr + 5Br, + 2MnBr; + 8H,0

Note that, on the left-hand side, | also combined the 16 hydrogen ions with the 16 bromide ions.
Example HNO; + Kl ---> KNO; + I, + NO + H,0

1) Half-reactions:

NO; ™ ---> NO

[ --->1,
2) Balance them:

3e +4H" + NO; ---> NO + 2H,0
20 > 1, + 2

3) Equalize electrons, then combine half-reactions:

8H" + 2NO3 + 6l ---> 31, + 2NO + 4H,0

4) Add in six potassium ions and 6 nitrate ions:

8HNO; + 6Kl ---> 6KNO5 + 3I; + 2NO + 4H,0

Note that, on the left-hand side, | also combined the 8 hydrogen ions with the 8 nitrate ions.
Example KOH + Zn + H,0 + KNO; ---> K,Zn(OH)4 + NH;

1) Half-reactions:

Zn ---> Zn(OH),*~
NO3_ --=> NH3

2) Balance:

40H +Zn ---> Zn(OH)4&* + 2~
8e™ + 6H,0 + NO; ---> NH; + 90H™

| first balanced the second half-reaction in acidic solution, then changed it over to basic.
3) Equalize electrons, then combine half-reactions:

70H™ + 4Zn + 6H,0 + NO;~ ---> 4Zn(OH)*~ + NH;

4) Add eight potassium ions to each side:

7KOH + 4Zn + 6H,0 + KNO; ---> 4K,Zn(OH)4*~ + NH;
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Example KNO, + KMnO,4 + H,SO4 ---> KNOs + MnSO, + K,SO,4 + H,0
1) Write the net ionic equation:

NO,” +MnO, ---> NO3 + Mn®*

2) Half-reactions and balance:

NOZ_ -==> NO3_
MnO,~ ---> Mn?*

H,0 + NO; ---> NO; +2H" + 2e~
5¢~ + 8H' + MnO, ---> Mn?* + 4H,0

Top half-reaction by 5, bottom by 2; then add and eliminate water and hydrogen ion.
6H" + 5NO;, + 2MnO, ---> 5NO; + 2Mn** + 3H,0

3) Add sulfate to the Mn?*:

2H" + 5NO, + 2MnQO4 + 2H,SO, ---> 5NO;  + 2MnSO, + 3H,0

4) Add seven potassium ions:

2H" + 5KNO, + 2KMnO,4 + 2H,50, ---> 5KNO; + 2MnSO,4 + 3H,0 + 2K*

5) Add one more sulfate:

5KN02 + ZKMnO4 + 3H2$O4 ---> 5KNO3 + ZMnSO4 + 3H20 + K2504

Example chr207 + K2C204 + H2C204 ---> K3CT(C204)3 + COZ + Hzo
1) Write the net ionic equation:
Cr,0,5 + G0  ---> Cr** + CO,

The potassium ion is one of the usual suspects when it comes to spectator ions, so that's easy. Be sure
to notice, however, that the oxalate is both a spectator ion and the species oxidized (the C going from
+3 to +4). That means that only some of the oxalate in the final answer gets oxidized.

2) Half-reactions and balance:

Cr,0,4 ---> Cr**
C,0.4 ---> CO,

6e + 14H" + Cr,0,% ---> 2Cr* + 7H,0
C,0,7 --->2C0, + 2~
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3) Equalize electrons and add:

14H" + Cr,0;° + 3C,04% ---> 2Cr*" + 6CO; + 7H,0

4) Add six oxalate ions to each side:

14H" + Cr,0;% + 9C,044 ---> 2Cr(C,04);> + 6CO, + 7H,0
5) Make seven oxalic acids:

Cry077 +2C047 + 7H,C,04 ---> 2Cr(C;04)5> + 6CO;, + 7H,0
6) Add six potassium ions to recover the final answer:
K,Cr,07 + K,C,04 + 7H,C,0,4 ---> 2K3Cr(C;04); + 6CO; + 7H,0
Example K,MnFg + SbFs ---> KSbF¢ + MnF3 + F;

1) Net ionic, half-reactions and balanced net ionic:

Mn* + F~ --> Mn*" + F,

e +Mn* ---> Mn**
2F ---> F, + 2

2Mn* + 2F ---> 2Mn* + F,

2) Add 12 F~ and one Sb** to each side:

add 12 F to left side: 2MnFs”™ + 2F ---> 2Mn*" + F;

add 12 F and one Sb°* to the right side: 2MnF¢*~ + 2F ---> SbF, + 2MnF; + F,
add one Sb>* to the left: 2MnF¢2™ + Sb>* + 2F ---> SbF, + 2MnF; + F,

3) Add 4 potassium ions to the left:

2K,MnF + Sb>* + 2F ---> SbF¢~ + 2MnF;3 + F,

4) This means we MUST add 4 potassium to the right side:

2K,MnFe + Sb>* + 2F ---> 4KSbF¢ + 2MnF; + F,

5) This means we MUST add 3 Sb and 18 F to the left side. I'll do it as ions first:
2K,MnF + 4Sb>* + 20F ---> 4KSbF + 2MnF; + F;

6) Combine ions for the final answer:

2K,MnF + 4SbFs ---> 4KSbF¢ + 2MnF; + F,
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Example Ca(OH), + NaOH + ClO, + C ---> NaClO, + CaCO; + H,0
1) Half-reactions:

C ---> COs
ClOZ m--> ClOZ_

2) Balance using acid solution & write net-ionic in basic solution:

3H,0 + C ---> CO;Z + 6H" + 4~
e +Clo, ---> Clo,~

3H,0 + C + 4ClO; ---> CO;”™ + 4ClO; + 6H"

60H + C + 4ClO, ---> COs* +4ClO, + 3H,0

3) Add one calcium ion back in:

Ca(OH), + 40H + C + 4ClO, ---> CaCO; + 4ClO; + 3H,0

4) Add 4 sodium ions:

Ca(OH), + 4NaOH + C + 4ClO, ---> CaCO; + 4NaClO, + 3H,0
Example K;S + K,Cr,07 + HSO, ---> Sg + K504 + Crp(SO4)5 + H,0
1) Write the net ionic equation:

S¥ + Cr077 ---> Sg + Cr’*

Note that the only chemical species in the net ionic equation are the ions (which includes polyatomic
ions) which were oxidized or reduced.

Also, the chromium(lll) sulfate is a precipitate, yet | deleted the sulfate ion. Why? Because | know the
sulfates are not involved in the production of elemental sulfur. How do | know that? Below, | already
have a half-reaction producing elemental sulfur. To introduce a third half-reaction of sulfate to
elemental sulfur is unnecessary. At the end, I'll just reform chromium(lll) sulfate when | remake the
balanced molecular equation.

2) Write the half-reactions and balance:

§% ---> Sg
Cr,0/% ---> Cr**

8S% ---> Sg + 16e
6e + 14H" + Cr,0,% ---> 2Cr** + 7H,0

Use a factor of three for the first half-reaction and eight for the second half-reaction.
112H" + 8Cr,0,% + 2457 ---> 355 + 16Cr** + 56H,0
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3) Add this to the left-hand side: 56 sulfate + 16 K + 48 K*
56H,504 + 8K,Cry0; + 24K,S ---> 3Sg + 16Cr*" + 56H,0

4) Add 24 sulfates to the right-hand side:

56H,50, + 8K,Cr 07 + 24K,S ---> 3Sg + 8Cr,(S0O4); + 56H,0

Note how the coefficient went from 16 to 8.

5) Pick up the remaining 32 sulfates and 64 potassium ions:
56H,50, + 8K,Cr 07 + 24K;S ---> 3Sg + 8Cry(S04); + 56H,0 + 32K;S0,4
Example KMnO,4 + FeSO,4 + H,S0, ---> K;SO, + MnSO, + Fe,(S04); + H,0
1) Write the net ionic equation:

MnO, + Fe** ---> Mn*" + Fe**

2) Half-reactions and balance in net ionic form:

MnO,~ ---> Mn?*
Fe?* ---> Fe®*

8H' + MnO, + 5Fe? ---> Mn** + 5Fe®* + 4H,0

However, there will be a major problem, so much so that the balanced net ionic equation will be
insufficient for what lies ahead.

The problem has to do with adding the potassium back in to make the molecular equation. One the
left-hand side we have potassium permanganate (with only one potassium per formula unit) and on the
right-hand side, the only place to add potassium is with potassium sulfate (with two potassium per
formula unit). | can never balance the potassium with the net ionic as written above. (Yes, | could put
a 2 in front of KMnO,. Try it and see what happens. It will probably be much harder to figure out than
what I'm going to do below.)

So, how to solve?
Notice that | said the balanced net ionic is insufficient, not incorrect.

In the net ionic above, | used factors of 1 and 5 to multiply through so that, when | added the two half-
reactions, the electrons cancel out. To solve my potassium problem, | will use factors of 2 and 10 to
get this:

16H" + 2Mn0O, + 10Fe%" ---> 2Mn** + 10Fe** + 8H,0

Notice that | will now use 2ZKMnO,4 (and one K;SO,4) to balance the potassium. So, let's do that:
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3) Balance the potassium:

16H" + 2KMnOy4 + 10Fe** ---> 2Mn*" + 10Fe>* + 8H,0 + K,S04

| balance the sulfate introduced on the right like this:

H,SO4 + 14H" + 2KMnO,4 + 10Fe®* ---> 2Mn** + 10Fe>* + 8H,0 + K,SO4

4) Add sulfates to the iron(ll) and iron(lll) ions (follow this carefully):

H,S0,4 + 14H" + 2KMNnO, + 10FeSO, ---> 2Mn** + 5Fe,(S04); + 8H,0 + K,50,

The problem is that | added 10 sulfates to the left and 15 to the right. So add 5 sulfates to the left:
6H,50, + 4H* + 2KMnO, + 10FeSO, ---> 2Mn** + 5Fe,(S04); + 8H,0 + K;S0,

Notice how the sulfuric acid goes from 1 to 6 and the hydrogen ion goes down by 10.
5) Add two more sulfates to get the final answer:

8H,S0, + 2KMnO, + 10FeSO, ---> 2MnSO, + 5Fe;(S04); + 8H,0 + K;S0O4

Example CH3CH,0H + K,;Cr,0; + H,SO, ---> HC;H30, + Cry(S04); + K;SO4 + H,0

1) Write the net ionic equation:

CH3CH,OH + Cr,0,%~ ---> Cr’* + HC,H;30,

2) Half-reactions and balance:

CH3CH20H ---> HC2H302
Cr,0/4 ---> Cr

H,0 + CH3CH,0H ---> HC,H;0, + 4H" + 4~
6e + 14H" + Cr,0,% ---> 2Cr** + 7H,0

Top half-reaction by 3, bottom by 2; then add and eliminate water and hydrogen ion.
16H" + 3CH;CH,0H + 2Cr,0,% ---> 4Cr** + 3HC,H;0, + 11H,0

3) Add 4 K" to the left, then the right. Add two sulfate to the right (thus making the potassium sulfate),
then to the left:

12H" + 2H2$O4 + 3CH3CH20H + 2K2CF207 ---> 4Cr3+ + 3HC2H302 + 11H20 + 2K2$04
4) Add six sulfates to the Cr(lll) ion, then make the rest of the sulfuric acid. Result:

8H2$04 + 3CH3CH20H + 2K2CF207 ---> 2Cf2($04)3 + 3HC2H302 + 11H20 + 2K2$04
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Example

In the reaction of titanium metal with excess potassium chromate and sulfuric acid, the products are
titanium (V) sulfate, potassium sulfate, chromium (lll) sulfate, and water. Write and balance the
equation and calculate the coefficient for the potassium sulfate in the balanced equation.

Solution:

1) Write the equation (with correct formulas!):

Ti + K,CrO4 + Hy,SO4 ---> Ti(S04), + K;S04 + Crp(S04)5 + H,0
2) Convert it to net ionic:

Ti+ CrO ---> Ti*" + Cr*

3) Write and balance half-reactions:

Ti ---> Ti**
Cro* ---> Cr**

Ti---> Ti*" + 4e”
3e +8H" + CrO,~ ---> Cr’* + 4H,0

4) Balance net ionic equation:

32H" + 3Ti + 4Cr0,* ---> 3Ti*" + 4Cr*" + 16H,0

5) Make chromium(lll) sulfate:

20H" + 6H,50, + 3Ti + 4Cr0 > ---> 3Ti*" + 2Cry(S04); + 16H,0

Note how six sulfuric acid has been added in as well. This balances the six sulfates added.
6) Make titanium(lV) sulfate:

8H" + 12H,50, + 3Ti + 4CrO,” ---> 3Ti(S04); + 2Cry(SO4); + 16H,0

Note how another six sulfuric acid has been added in as well. This balances the six sulfates added.
Also, see the hydrogen ion deceasing by 12 each time, for a total of 24 so far.

7) Make potassium chromate:
8H" + 12H,50, + 3Ti + 4K,CrO, ---> 3Ti(50,); + 2Cry(504); + 16H,0 + 4K,S0,

Notice how 4 potassium sulfate showed up on the right. That's to balance the potassium. Now, I'll fix
the extra 4 sulfates that currently exist on the right-hand side of the equation.

8) Introduce 4 sulfates to the left-hand side of the equation:
16H2504 + 3Ti + 4K2CFO4 ---> 3T'|(SO4)2 + 2CF2(SO4)3 + 16H20 + 4K2$04
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Did you see what | did? | simply introduced 4 more sulfuric acids. | took the 8 hydrogen ion already
there and combined them with 4 sulfate ions | needed to add to the left-hand side. Notice that the
coefficient of the sulfuric acid went from 12 to 16.

It's balanced and the answer the problem wants is 4.

Example

K,Cr,07 + SnCl, + HCL ---> CrCl; + SnCl, + KCl + H,0
Solution:

1) Write the net ionic equation:

Cry07% + Sn* ---> Cr** + Sn*

2) Break into half-reactions and balance:

6e” + 14H" + Cr,0,% ---> 2Cr** + 7H,0
Sn%* ---> Sn* + 2e”

14H" + 35n?* + Cr,0,% ---> 2Cr** + 35n* + 7H,0

3) Add chloride to the Cr(lll) and Sn(lV) ions:

2H" + 12 HCL + 3SnCl, + Cr,0,* ---> 2CrCls + 35nCl, + 7H,0

4) Add potassium ion:

2H" + 12HCL + 3SnCl, + K;Cr,07 ---> 2CrCl; + 3SnCl, + 7H,0 + 2KCl
Notice that there are now two extra chlorides on the right-hand side.
5) Add two chlorides to the left-hand side:

14HCL + 3SnCl; + K;Cr,07 ---> 2CrCl; + 3SnCly + 7H,0 + 2KCl
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Example

KoCr07 + FeSO4 + Hy504 ---> KyS04 + Fe;(S04)3 + Cry(S04)s + H,0
Solution:

1) Write the net ionic equation:

Cr0,2 + Fe? ---> Fe, + Cr,®"

Notice how | preserved the subscripts for the Fe(lll) ion and the Cr(lll) ion on the right-hand side. In the
next example, | do not employ this little trick. In several other problems, | use the above trick. One
way will be effective for some and the other way will be effective for others.

2) Write the half-reactions and balance them:

Cr2072_ ---> Cr26+
Fe’* ---> Fe,*

6e + 14H" + Cr,0,% ---> Cr,*" + 7H,0
2Fe? ---> Fe,* + 2e”

3) The balanced net ionic equation:

6Fe” + 14H" + Cry07* ---> Cr,®" + 7H,0 + 3Fe;*

4) I'm going to add everything to the left-hand side and nothing to the right-hand side:

6FeS04 + 7H,S04 + K;Cry07 ---> Cry® + 7H,0 + 3Fe,*

| added thirteen sulfates and two potassium ions. Now, | have to do the same to the right-hand side.
5) Add sulfate to the chromium(lll) ion:

6FeSO, + 7H,S04 + KyCry07 ---> Cry(SO4); + 7H,0 + 3Fe,™

That's three (of thirteen).

6) Add sulfate to the iron(lll) ion:

6FeSO4 + 7H;S04 + K;Cry07 ---> Cry(S04)3 + 7H,0 + 3Fey(S04);

That's nine more (remember the coefficient of three in front of the iron(lll) on the right-hand side), for
a total of twelve. One more sulfate to go.

7) Pick up the last sulfate with the two potassium ions still unbalanced:

6FeS0O,4 + 7H,S04 + K,Cr,07 ---> Cr2(504)3 +7H,0 + 3F62(SO4)3 + K;S0,4
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Example

Ci2H2,044 + HySO4 + K,Crp 07 ---> CO; + Cry(S04)3 + K;S04
Solution:

1) Write the net ionic equation:

CizH2041 + Cry07% ---> CO, + Cr**

2) Write the half-reactions and balance them:

CizH2,044 ---> CO,
Cry0/% ---> Cr*

13Hzo + C12H22011 ---> 12(:02 + 48H" + 48¢e
6e + 14H" + Cr,0,% ---> 2Cr** + 7H,0

3) The balanced net ionic equation:

64H" + C4,H,04; + 8Cr,0,% ---> 12C0, + 16Cr>* + 43H,0

4) Add sulfates to the Cr(lll) ion:
16H" + 24H2$O4 + C12H22011 + 8Cr2072' ---> 12C02 + 8CF2(SO4)3 + 43H20

Notice how the sulfates are balanced with sulfuric acid. Notice also that this consumes 48 of the 64
hydrogen ions.

5) Add potassium ion to the dichromate:
16H" + 24H2$O4 + C12H22011 + 8K2Cf207 ---> 12C02 + 8CF2(SO4)3 + 43H20 + 8K2504

Notice how the potassium is balanced with potassium sulfate. This introduces eight extra sulfate on the
right-hand side.

6) Balance the extra sulfates by making more eight sulfuric acid on the left-hand side:
32H,S04 + C43,Hy;044 + 8KyCry07 ---> 12C0; + 8Cry(S04); + 43H,0 + 8K,S0,

Notice how the 16 remaining hydrogen ions are included in the sulfuric acid.
Example

Na,HAsO; + KBrO; + HCL ---> NaCl + KBr + H3;AsO,

Solution:

1) Write the net ionic equation:

HAsO3* + BrOy ---> AsO,> + Br~

2) Write the half-reactions and balance:
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HAsO;% ---> AsO>
BrO; --->Br

H,0 + HAsO52 ---> AsO,* + 3H" + 2~
6e +6H" +BrO; --->Br + 3H,0

3HAsOs> + BrO;~ + 6H" ---> 3H;AsO, + Br

3) Add one potassium to each side:

3HAsO;” + KBrO; + 6H" ---> 3H3AsO, + KBr

4) Add six sodium and six chloride to the left-hand side:
3Na;HAsO; + KBrO; + 6HCL ---> 3H3AsO4 + KBr

5) Add six sodum chloride to the right-hand side:

3Na,HAsO; + KBrO; + 6HCL ---> 3H3AsO, + KBr + 6NaCl

Example

K,Cr,07 + H,C;,04 * 2H,0 ---> K[Cr(C;04)2(H,0),] - 2H,0 + CO, + H,0
Solution:

1) Strip out spectator ions:

Cry07% + G047 ---> Cr** + CO,

2) Balance in acidic solution (because of the oxalic acid):

Cr2072' ---> Cr3+
C,0,% ---> CO,

6e + 14H" + Cr,0,% ---> 2Cr** + 7H,0
C,0,% ---> 2C0, + 2¢°

6e + 14H" + Cr,0,% ---> 2Cr** + 7H,0
3C,04% ---> 6CO, + b€’

14H" + Cry0,% + 3C,0,% ---> 2Cr** + 6CO, + 7H,0

3) To restore the molecular equation the trick, to me, is to restore the right-hand side and then deal
with the left:

14H" + Cr0,% + 3C,0,% ---> 2K[Cr(C;04),(H;0),] + 6CO, + 3H,0
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Notice how | also reduced the water on the right-hand side. | will also ignore the water of hydration for
the moment.

4) The net effect is that | have 4 oxalates and two potassium on the right that still need to be
balanced. Le's do both of them:

14H" + chr207 + 7C204Z_ -==> ZK[CF(C204)2(H20)2] + 6C02 + 3H20
5) Reform the oxalic acid:
chr207 + 7H2C204 ---> ZK[CF(C204)2(H20)2] + 6C02 + 3H20

6) When | add in the water of hydration, keep in mind that there is a 7 in front of the oxalic acid. That
means 14 waters will be added to the left-hand side. On the right, the waters of hydration will only
add 4, so | have to add 10 more to the 3H,0:

chr207 + 7H2C204 . 2H20 --=> ZK[CF(C204)2(H20)2] . 2H20 + 6C02 + 13H20
7) Check the balance and find this:

42 hydrogens and 49 oxygens; | won't bother with the others.

Example

NaCl + H;PO4 + MnO, ---> Na3PO, + Mn3(PO,), + H,0 + Cl,
Solution:

1) Write the net ionic equation:

Cl™ + MnO; ---> Cl, + Mn**

The usual practice is keep the formula MnO, untouched. Eventually, those oxygens will combine with
hydrogen ion to make water.

2) Separate into half-reactions and balance:

Cl_ ---> Clz
MnO, ---> Mn?*

2CU ---> Cl, + 2~
2e + 4H" + MnO; ---> Mn** + 2H,0

3) Add:
4H" + 2CI" + MnO, ---> Mn** + Cl, + 2H,0

4) Notice the formula Mn3(PO,),. It requires three manganese and we have only one in the net ionic.
Multiply through by three:
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12H" + 6CL™ + 3MnO, ---> 3Mn?" + 3Cl; + 6H,0

5) I will make the Mn3(PO,4), by adding in two phosphates:

6H" + 2H3PO4 + 6CL~ + 3MnO; ---> Mn3(PO,4), + 3Cl, + 6H,0
Notice how | also made two phosphoric acids.

6) I'm going to make 2 more phosphoric acid as well as six NaCl:
4H;PO,4 + 6NaCl + 3MnO; ---> Mn3(P0Oy); + 2Na3;P0,4 + 3Cl; + 6H,0

Note how two sodium phosphate were added to the right-hand side.

Example

NaCl(aq) + H,S04(aq) + MnO,(s) ---> Na,S04(aq) + MnSO4(aq) + H,0(l) + Cly(g)
Solution:

1) Half-reactions:

MnO, ---> Mn?*
Cl ---> Cl,

2) Balanced:

2e + 4H" + MnO; ---> Mn** + 2H,0
2CU ---> Cl, + 28~

3) Add them:

4H" + MnO, + 2CL™ ---> Mn*" + 2H,0 + Cl,

4) Add in one sulfate:

2H* + H,S0,4 + MnO, + 2Cl™ ---> MnSO, + 2H,0 + Cl,

5) Add in two Na™:

2H" + H,S0,4 + MnO; + 2NaCl ---> MnSO4 + 2H,0 + Cl, + 2Na*
6) Add in one more sulfate:

2H,504 + MnO; + 2NaCl ---> MnSO,4 + 2H,0 + Cl, + Na,;S0,4
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Example

Fe(NO;3)2(aq) + KoCr;0;(aq) + HNOs(aq) ---> Fe(NOs);(aq) + Cr(NOs)s(aq) + KNO; + H,0
Solution:

1) Net ionic:

Fe? + Cr,0;/4 ---> Fe** + Cr

2) Half-reactions and balance:

Fe?" ---> Fe'*
Cr,0/% ---> Cr**

Fe? ---> Fe’* + e~
6e + 14H" + Cr,0,% ---> 2Cr** + 7H,0

3) Equalize electrons and add:

6Fe’ ---> 6Fe®* + 6~
6e” + 14H" + Cr,0,% ---> 2Cr** + 7H,0

14H" + 6Fe’ + Cr,0,% ---> 6Fe®* + 2Cr** + 7H,0

4) Add nitrate (and two potassium ions) to the left-hand side:

14HNO; + 6Fe(NO;); + K,Cr,0; ---> 6Fe®* + 2Cr** + 7H,0

That's 26 nitrates (and two potassium) that have to go on the right-hand side.

5) Eighteen nitrates go with the 6Fe*" and six with the 2Cr’*:

14HNO; + 6Fe(NO;), + K,Cr07 ---> 6Fe(NO3); + 2Cr(NOs); + 7H,0

6) That leaves us with two nitrates to account for as well as the two potassium ions:

14HNO3 + 6Fe(N03)z + chr207 ---> 6Fe(N03)3 + 2CF(N03)3 + 2KNO3 + 7H20

Example

Na,S,0; + KBrO; + H,SO, ---> Na,S404 + K;SO4 + Na,SO4 + Bry, + H,0
Solution:

1) Write balanced net ionic half-reactions:

25,05% ---> 5,06 + 2¢
10e” + 12H" + 2BrO;™ ---> Br; + 6H,0
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2) Equalize electrons and add:

105,057 ---> 55,042 + 10e”
10e” + 12H* + 2BrO; ---> Br, + 6H,0

12H" + 10S,05% + 2Br0O;” ---> 55,0> + Br; + 6H,0
3) Add six sulfates, 20 sodium ions and two potassium ions to the left-hand side only:
6H2504 + 10Na25203 + 2KBT03 --->

4) Only 10 sodium ions can be accounted for by making 5Na,5540¢. Everything else is accounted by in
the spectator ions:

10Na25203 + 2KBTO3 + 6HzSO4 ---> 5NazS406 + KzSO4 + 5NazSO4 + Brz + 6H20

Example

K2Cr,07 + NaCl + H;SO4 ---> Cl; + Hy0 + K;SO4 + NaySO4 + CrSO4
Solution:

1) Write the net ionic:

Cr07 + CL” -=-> Clp + Cr*

2) Write half-reactions and balance:

Cr,0/% ---> Cr*
Cl™ ---> Cl

8¢ + 14H" + Cr,0,% ---> 2Cr* + 7H,0
2CU ---> Cl, + 2™

3) Equalize electrons and write balanced net ionic:

8e™ + 14H" + Cr,0,% ---> 2Cr** + 7H,0
8Cl ---> 4Cl, + 8¢

14H" + Cr,0,% + 8CL™ ---> 4Cl, + 2Cr** + 7H,0
4) Add everything to the left-hand side:
7H2$04 + chr207 + 8NaCl ---> 4Cl2 + 2Cr2+ + 7H20

| added two potassium ions, eight sodium ions and seven sulfate ions.
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5) Add two potassium ions and one sulfate to the RHS:

7H,S0, + KoCr,0; + 8NaCl ---> 4Cl, + 2Cr** + 7H,0 + K,S0,

6) Add eight sodium ions and four sulfate ions to the RHS:

7H,S0, + KoCr,0; + 8NaCl ---> 4Cl, + 2Cr** + 7H,0 + K,S0, + 4Na,S0,
7) Add the last two sulfate ions to create the final answer:

7H,504 + KyCr,07 + 8NaCl ---> 4Cl; + 2CrSO4 + 7H,0 + K;504 + 4Na,S04

Example
H3AsO4 + Zn + HNO;3 ---> AsHs + Zn(N03)2 + H,0
1) Write the net ionic half-reactions:

H3ASO4 ---> ASH3
Zn ---> Zn*'

| could have written AsO,>~ if | had wanted to. | would have just re-formed H;AsO, at the end.
2) Balance in acidic solution:

8¢~ + 8H" + HyAsO, ---> AsH; + 4H,0
In ---> In* + 2e”

3) Equalize electrons:

8¢ + 8H' + H3AsO, ---> AsH; + 4H,0
47n ---> 4In* + 8¢~

4) Add:
8H" + H3AsO, + 4Zn ---> AsH3 + 4Zn** + 4H,0
5) Bring back to molecular:

8HNO3 + H3ASO4 +47n ---> ASH3 + 4Zn(N03)2 + 4H20
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Example

KMnO, + CH;0H ---> MnO, + H,0 + HCHO + KOH
Solution:

1) Half-reactions:

CH;0H ---> HCHO
MnO, ---> MnO,

2) Balance in acidic solution:

CH30H ---> HCHO + 2H" + 2¢~
3e +4H" + MnO4 ---> MnO; + 2H,0

3) Equalize electrons:

3CH;0H ---> 3HCHO + 6H" + 6
6e +8H" + 2Mn0O, ---> 2MnO; + 4H,0

4) Add half reactions and eliminate hydrogen ion and electrons:

2H" + 2Mn0O,  + 3CH;0H ---> 2MnO, + 4H,0 + 3HCHO

5) Change to basic by adding 2 hydroxides and then eliminating water:
2Mn0O,4 + 3CH30H ---> 2Mn0O, + 2H,0 + 3HCHO + 20H™

6) Add in two potassium ions:

2KMnO, + 3CH;0H ---> 2Mn0O; + 2H,0 + 3HCHO + 2KOH

Example

MnSO,4 + (NH4)2S;0s + H,0 ----> MnO; + H,SO4 + (NH,4)2S04
Solution:

1) Half-reactions:

Mn2* ---> MnO,
5,052 ---> S0,

2) Balance:

2H,0 + Mn?* ---> MnO, + 4H" + 2~
2e + 5,05 ---> 250,27
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3) Add:

2H,0 + Mn*" + S;,04"" ---> MnO; + 2507~ + 4H’

4) Add one sulfate:

2H,0 + MnSO, + S;05" ---> MnO, + 350"~ + 4H"

5) Add two ammonium ions:

2H,0 + MnSO,4 + (NH4)25,0g ---> MnO; + (NH,4),S04 + 2H,S04

Note that | made two sulfuric acid with the four hydrogen ions and two sulfate ions. The third sulfate
ion went to make the ammonium sulfate.

Example

U(S0,); + KMnOy4 + H,0 ---> H,S04 + K;S04 + MnSO, + UO,S04
Solution:

1) Half-reactions:

uU* ---> U0, >
MnO,~ ---> Mn?*

2) Balance:

2H,0 + U* ---> UO,>" + 4H" + 2~
5¢~ + 8H' + MnO, ---> Mn?* + 4H,0

3) Make electrons equal:

10H,0 + 5U* ---> 5U0,%" + 20H" + 10e~
10€” + 16H" + 2MnO, ---> 2Mn*" + 8H,0

4) Add and eliminate electrons as well as excess water and hydrogen ion:

2H,0 + 5U* + 2Mn0O, ---> 5U0,%" + 2Mn?* + 4H"

5) Add 10 sulfates and two potassium ions to the left-hand side:

2H,0 + 5U(S04); + 2KMnO, ---> 5U0,% + 2Mn*" + 4H"

6) Add five sulfates to UO,>*, two sulfates to Mn** and two sulfate to the H':

2H,0 + 5U(S0,), + 2KMnO, ---> 5U0,S0,4 + 2MnSO, + 2H,S0,4

7) Add one K;SO, to the right to account for the 10th sulfate and the two potassium ions:

2H,0 + 5U(S04); + 2KMnOy ---> 5U0,504 + 2MnSO,4 + 2H,50,4 + K;S04
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Example

H,C,04(aq) + K,CrO4(aq) + HCl(aq) ---> CrCl3(aq) + KCl(aq) + H,0(€) + CO,(g)
Solution:

1) The half-reactions are these:

CrO2 ---> Cr*
C,0.5 ---> CO,

2) Balance for oxygen (C also gets balanced):

CrOf ---> Cr** + 4H,0
C,0.5 ---> 2C0,

3) Balance for H:

8H" + CrO,2 ---> Cr** + 4H,0
C,0.5 ---> 2C0,

4) Balance for charge:

3" +8H" + CrO,~ ---> Cr’* + 4H,0
C,04% --->2C0; + 2e~

5) Equalize charge:

6e” + 16H" + 2Cr0,2 ---> 2Cr** + 8H,0
3C,0,2 ---> 6CO, + 6~

6) Add:

16H" + 3C,0,° + 2CrO4” ---> 2Cr’* + 6CO;, + 8H,0

7) To recover the molecular, you can add stuff back in to the left-hand side:
10HCL + 3H,C,04 + 2K,CrO, ---> 2Cr** + 6CO, + 8H,0

| added 10 Cl (note six H went to the H,C,0,) and | also added four K"

8) Now, we need to add the same amount to the right-hand side:

10HCL + 3H,C,0,4 + 2K,CrO, ---> 2CrCl; + 4KCl + 6CO, + 8H,0

Six Cl” went to make the 2CrCl; and the other four Cl paired with the four K* to make 4KCl.
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Example
Mn(NO3)2 + Pb02 + HNO3 > HMnO4 + Pb(NO3)2 + Hzo
Solution:

1) Half-reactions:

Mn2* ---> MnO,~
PbO, ---> Pb**
2) Balance:

4H,0 + Mn* ---> MnO, + 8H" + 5¢~
2e + 4H" + PbO, ---> Pb* + 2H,0

3) Equalize electrons:

8H,0 + 2Mn*" ---> 2MnO,~ + 16H" + 10e~
10e” + 20H" + 5PbO; ---> 5Pb*" + 10H,0

4) Add. Eliminate electrons as well as excess hydrogen ions and water:
4H' + 2Mn** + 5PbO, ---> 5Pb*" + 2Mn0O,~ + 2H,0

5) What needs to be added in is mostly nitrate. The only other item would be two hydrogens intended
to make HMnO,. Add them in before adding the nitrates:

6H* + 2Mn** + 5Pb0, ---> 5Pb%*" + 2HMnO, + 2H,0

| made the decision to add hydrogen back in first based mainly on experience. It now makes it possible
to add in the necessary nitrates in one step.

6) Ten nitrates finnish the problem:
6HN03 + 2Mn(N03)2 + 5Pb02 --=> 5Pb(N03)2 + ZHMnO4 + 2H20

You are welcome to add some nitrate in first and then add in two hydrogens. What will happen is that
you'll have two unattached nitrates on the left that will become HNO; when you add in the two
hydrogen.
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Example

Sb,0s5 + Kl + HCL ---> SbCl; + KCl + I, + H,0
Solution:

1) Half-reactions:

Sb,0s ---> Sb*
I~ -5 1,

2) Balance:

4e” + 10H" + Sb,05 ---> 25b* + 5H,0
20 > 1, +2e

3) Equalize electrons:

4e” + 10H" + Sb,05 ---> 25b*" + 5H,0
4 ---> 21, + 46

4) Add:

10H" + Sb,05 + 41 ---> 2Sb** + 21, + 5H,0

5) Add 10 chlorides to each side:

10HCL + Sb,0s5 + 41" ---> 2SbCl; + 4Cl" + 21, + 5H,0
Note that 4 chlorides on the right are left as ions.
6) Add four potassium ions to each side:

10HCL + Sb,05 + 4KI ---> 2SbCl; + 4KCl + 21, + 5H,0

Example

Bi(OH); + K;Sn0O, ---> Bi + K;Sn0O5 + H,0
Solution:

1) Half-reactions:

Bi(OH); ---> Bi
Sn0,% ---> Sn0;*~

CBSE Standard 12 Chemistry Survival Guide - Redox Reactions by Prof. Subhashish Chattopadhyay
SKMClasses Bangalore Useful for IT-JEE, I.Sc. PU-II, Boards, IGCSE IB AP-Chemistry and other exams



CBSE Standard 12 Chemistry Survival Guide - Redox Reactions by Prof. Subhashish Chattopadhyay
SKMClasses Bangalore Useful for IT-JEE, I.Sc. PU-II, Boards, IGCSE IB AP-Chemistry and other exams

2) Balance:

3e” + Bi(OH); ---> Bi + 30H™
H,0 + Sn0,% ---> SN0 + 2H" + 2~

It does not matter that one half-reaction is in basic and the other in acid. That will be fixed.
3) Equalize electrons:

6e” + 2Bi(OH); ---> 2Bi + 60H™
3H,0 + 35n0,% ---> 35n05% + 6H" + 6~

4) Add:

3H,0 + 2Bi(OH); + 35n0,% ---> 2Bi + 35n05> + 6H" + 60H
6H" + 60H = 6H,0 and then cancel three H,0.

2Bi(OH); + 35n0,% ---> 2Bi + 35n0;> + 3H,0

5) Add six potassium ions to each side:

2Bi(OH); + 3K,Sn0, ---> 2Bi + 3K,5n0; + 3H,0

Example

Ci4H1z + NayCry07 + HyS04 ---> C4Hg0; + Cry(S04);
Solution:

1) Half-reactions:

CiaHig ---> C14Hs0,
Cr07" ---> Cr”

2) Balance:

2H20 + C14H1z --=> C14H802 +8H" + 8¢
6e” + 14H" + Cr,0,% ---> 2Cr** + 7H,0

3) Equalize electrons:

6H20 + 3C14H12 ---> 3C14H802 +24H" + 24e”
24~ + 56H" + 4Cr,0,% ---> 8Cr** + 28H,0

4) Add:
32H" + 3Cy4Hq; + 4Cr,0,% ---> 3Cq4Hg0, + 8Cr* + 22H,0
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5) Add 12 sulfates to both sides (to make the Cr,(50,);):

8H" + 12H,50, + 3Cy4H 2 + 4Cr,0,% ---> 3C14Hg0; + 4Cry(S0y4); + 22H,0

6) Add eight sodium ions to each side (to make the Na,Cr,05):

8H" + 12H,S0, + 3Cy4H;; + 4Na,Cr,07 ---> 3C44Hg0;, + 4Cr,(S0,); + 22H,0 + 8Na”
7) Add four more sulfates:

16H,S04 + 3Cq4H1; + 4NayCry07 ---> 3C414H0; + 4Cry(S04)3 + 22H,0 + 4Na, S04

This last step made four more sulfuric acids as well as four sodium sulfates. Note how the sodium
sulfate was not part of the equation that was originally given.

Example

CeHeO; + Na,Cr 07 + HyS0, ---> CgH40; + Cry(SO4);
Solution:

1) Half-reactions:

C6H602 --=> C6H402
Cr207z_ ---> Cr3+

2) Balance:

C6H602 ---> C6H402 +2H" + 2
6e + 14H" + Cr,0,% ---> 2Cr** + 7H,0

3) Equalize electrons:

3CeHgO, ---> 3C4H,40, + 6H" + 6
6e + 14H" + Cr,0,% ---> 2Cr** + 7H,0

4) Add:

8H" + Cry07% + 3C¢Hq0; ---> 3C¢H,0; + 2Cr** + 7H,0

5) Put three sulfates in (to make Cr,(S04)s):

2H" + 3H,504 + Cry0;* + 3C4He0; ---> 3C4H40; + Cry(S04); + 7H,0

6) Add two sodium ions and one sulfate to the left:

4H,S04 + Na;Cr,07 + 3C4Hg0; ---> 3C4H40; + Cry(SO4)3 + 7H,0 + Na, S04

| also added one sodium sulfate to the right-hand side to balance everything.
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Example

CeH100 + HNO;3 ---> C¢H4004 + NO,
Solution:

1) Half-reactions:

CeH100 ---> C¢H1g04
NO3_ -==> NOZ

2) Balance:

3H,0 + C¢H1g0 ---> C¢H(04 + 6H" + 6
e +2H" +NO; ---> NO; + H,0

3) Equalize electrons:

3H,0 + C¢H1g0 ---> C¢H(04 + 6H" + 6
6e + 12H" + 6NO; ---> 6NO; + 6H,0

4) Add:
6H" + 6NO3  + C¢H100 ---> 6NO; + C¢H1004 + 3H,0
5) Nothing needs to be added back in. Only one recombination:

6HNO3 + C6H100 --=> 6N02 + C6H1004 + 3H20

Example

KMnO, + Na,SO; + NaOH ---> K;MnO4 + Na;MnO, + Na,S04 + H,0
Solution:

1) Half-reactions:

MnO, ---> MnO2~
S0;% ---> 50,2~

2) Balance:

€ +MnO, ---> MnO2~
H,0 + SO5% ---> SO,2 + 2H" + 2~

3) Equalize electrons:

2e” +2MnO, ---> 2MnO,2~
H,0 + SOs2 ---> SO,2 + 2H" + 2~
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4) Add and convert to basic:

H,0 + 2MnO,~ + SO5*™ ---> 2MnO,* + SO, + 2H’

20H" + 2MnO4 + SO5*™ ---> 2Mn04* + SO,*~ + H,0

5) Add four sodium ion and two potassium ion to each side:
First, add to the left-hand side:

2NaOH + 2KMnO, + Na;S0; ---> 2Mn04*~ + SO~ + H,0

Now, to the RHS:

2NaOH + 2KMnO,4 + Na,S0; ---> K;MnO4 + Na;MnO,4 + Na,SO4 + H,0

In case you were mildly curious, depending on the compounds selected by the question writer, the
following answers could have been written:

2NaOH + 2KMnO, + Na,S0; ---> 2Na,MnO, + K,S0,4 + H,0
or

2NaOH + ZNaMnO4 + Na2503 --=> ZNazMnO4 + Na2504 + Hzo

Example
KMnO4 + HzCzO4 + HzSO4 ---> KzSO4 + MnSO4 + COZ + Hzo
Solution:

1) Half-reactions:

MnO, ---> Mn?*
C,0,5 ---> CO,
2) Balance:

5¢~ + 8H" + MnO, ---> Mn?* + 4H,0
C,0.% --->2C0, + 2~

3) Equalize electrons:

10e” + 16H" + 2Mn0O, ---> 2Mn?* + 8H,0
5C,0,% ---> 10CO, + 10e"

4) Add:
16H" + 5C,0.% + 2MnO,  ---> 2Mn** + 10CO, + 8H,0
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5) Make five undissociated oxalic acids:

6H" + 5H,C,0,4 + 2MnO, ---> 2Mn*" + 10CO, + 8H,0

6) Add two sulfates to each side:

2H" + 2H,50, + 5H,C,04 + 2MnO, ---> 2MnSO,4 + 10CO, + 8H,0
7) Add two potassium ions and one more sulfate:

3H,S0,4 + 5H,C;,04 + 2KMnOy4 ---> 2MnSO,4 + 10CO; + K;S04 + 8H,0
8) The same problem with nitric acid:

KMnO, + H,C,04 + HNO; ---> CO, + Mn(NOs), + KNO;5 + H,0
balanced:

2KMnO,4 + 5H,C,04 + 6HNO; ---> 10C0O; + 2Mn(NO3); + 2KNO; + 8H,0

Example
KMnO4 + HzSO3 ---> KzSO4 + MnSO4 + HzSO4 + Hzo
Solution:

1) Half-reactions:

MnO, ---> Mn?*
SO,% ---> 50,2~
2) Balance:

5¢~ + 8H" + MnO, ---> Mn?* + 4H,0
H,0 + SO5%™ ---> SO,% + 2H" + 2e”

3) Equalize electrons:

10e” + 16H" + 2MnO4 ---> 2Mn?" + 8H,0
5H,0 + 55052 ---> 550,% + 10H* + 10e~

4) Add:
6H" + 2Mn0O4~ + 5505° ---> 2Mn** + 550,” + 3H,0
5) Add four hydrogen ion to each side:

2MnO,~ + 5H,50; ---> 2MnSO,, + 2H,50, + SO*~ + 3H,0
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Two sulfates went to sulfuric acid, two sulfates went to MnSO,4 and one sulfate is still to be dealt with.
6) Add two potassium ions to finish it:

2KMnO,4 + 5H,50; ---> 2MnSO,4 + 2H,50,4 + K,S04 + 3H,0

Example
KMnO4(aq) + NaHSOs(aq) + H,S04(aq) ---> MnSO4(aq) + K;504(aq) + Na;SO4(aq) + H,0(€)
Solution:

1) Half-reactions:

MnO,~ ---> Mn?'
HSO; ---> SO,2~
2) Balance:

5¢~ + 8H" + MnO, ---> Mn?* + 4H,0
H,0 + HSO; ---> SO,.% + 3H" + 2~

3) Equalize electrons:

10e” + 16H" + 2MnO4 ---> 2Mn?" + 8H,0
5H,0 + 5HSO;  ---> 5502 + 15H* + 10e™

4) Add:
H* + 2MnO, + 5HSO; ---> 2Mn** + 5502 + 3H,0

5) We know that there will be at least one H,SO,4, but we have only one H" on the left-hand side.
Double everything to get two H':

2H" + 4MnO, + 10HSO;™ ---> 4Mn** + 10S0,”~ + 6H,0

6) Add one sulfate, four potassium ions and ten sodium ions to the left-hand side:

H,S0,4 + 4KMnO, + 10NaHSO; ---> 4Mn** + 10S0,*~ + 6H,0

7) I'm going to reunite the 4Mn?* with four sulfates and | will add in one sulfate to the right:

H,S04 + 4KMnO,4 + 10NaHSO; ---> 4MnS0O, + 75045 + 6H,0

8) Add in the 10 sodium ions (using up five sulfates) and the four potassium (using up two sulfates):

H,S04 + 4KMnO4 + 10NaHSO; ---> 4MnSO, + 2K;50,4 + 5Na,S04 + 6H,0
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Example
KMnO4 + Na2503 + H2504 ---> K2504 + MnSO4 + Na2504 + Hzo
Solution:

1) Half-reactions:

MnO,~ ---> Mn?*
S0;% ---> SO,%
2) Balance:

5e~ + 8H" + MnO4 ---> Mn** + 4H,0
H,0 + SO;* ---> SO,% + 2H" + 2~

3) Equalize electrons:

10€” + 16H" + 2MnO, ---> 2Mn*" + 8H,0
5H,0 + 55052 ---> 550,5 + 10H* + 10e~

4) Add:

6H" + 2MnO,~ + 5505% ---> 2Mn** + 5507~ + 3H,0

5) Add all the required spectator ions, but only do it on the left-hand side:

3H,50, + 2KMnO, + 5Na,S0; ---> 2Mn** + 550,°~ + 3H,0

| added 3 sulfate ions, two potassium ions, and 10 sodium ions.

6) Add 10 sodium ions to the right-hand side:

3H,S0, + 2KMnO, + 5Na,S05 ---> 2Mn*" + 5Na,S0, + 3H,0

| did that simply because | had five sulfate ions already present to take up the ten sodium ions.
7) Now, the three sulfate ions:

3H,S04 + 2KMnO,4 + 5Na;S05 ---> K;SO4 + 2MnSO,4 + 5Na,S0,4 + 3H,0

Two of the sulfates went to the potassium sulfate and the other one went to the manganese(ll) sulfate.
Notice | also added in the two potassium ions.

CBSE Standard 12 Chemistry Survival Guide - Redox Reactions by Prof. Subhashish Chattopadhyay
SKMClasses Bangalore Useful for IT-JEE, I.Sc. PU-II, Boards, IGCSE IB AP-Chemistry and other exams



CBSE Standard 12 Chemistry Survival Guide - Redox Reactions by Prof. Subhashish Chattopadhyay
SKMClasses Bangalore Useful for IT-JEE, I.Sc. PU-II, Boards, IGCSE IB AP-Chemistry and other exams

Example

As,0; + Cl; + H,O ---> H3AsO,4 + HCL
Solution:

1) Half-reactions:

As,0; ---> AsO,*~
Cl, ---> CI”

2) Balance:

5H,0 + As,05 ---> 2As0,> + 10H" + 4~
2e” +Cl, ---> 2C7

3) Equalize electrons:

5H,0 + As,05 ---> 2As0,> + 10H" + 4~
4e” +2Cl, ---> 4CU”

4) Add:

5H,0 + As,0; + 2Cl, ---> 2As04*™ + 4CL” + 10H"
5) Reunite ions on the right-hand side:

5H,0 + As;05 + 2Cl; ---> 2H;3AsO, + 4HCL

Note that no spectator ions needed to be added in.

Example

H;0(€) + P4(s) + KOH(aq) ---> KH,PO,(aq) + PHs(g)
Solution:

1) Half-reactions:

P4 -==> HzPOZ_
P4 --=> PH3

2) Balance in acid (change to basic at the end):

8H20 + P4 -==> 4H2P02_ +8H + 4e_
12e” + 12H" + P4 ---> 4PH;
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3) Equalize electrons (still in acid):

24H,0 + 3P, ---> 12H,PO, ™ + 24H" + 12¢~
12e~ + 12H" + P, ---> 4PH,

4) Add (then change to basic):

24H,0 + 4P, ---> 12H,PO, + 4PH; + 12H"

Add 12 hydroxide:

120H™ + 24H,0 + 4P, ---> 12H,PO, + 4PH; + 12H,0
Remove 12 waters:

120H™ + 12H,0 + 4P4 ---> 12H,PO, + 4PH;

5) Remove factor of 4:

30H + 3H,0 + P4 ---> 3H,PO, + PHs

6) Add thee potassium ions:

3KOH + 3H20 + P4 --=> 3KH2P02 + PH3

Example

K,CrO4 + Na;SO; + HCL --> KCL + Na,S04 + CrCl; + H,0
Solution:

1) Half-reactions:

CrO 2 ---> Cr*
S0;% ---> 50,2~

2) Balance:

3" + 8H" + CrO,~ ---> Cr’* + 4H,0
H,0 + SO5% ---> S04 + 2H" + 2

3) Equalize electrons:

6e + 16H" + 2Cr0,2 ---> 2Cr** + 8H,0
3H,0 + 35052 ---> 350, + 6H" + 6~

4) Add:
10H* + 2Cr0,2~ + 35052 ---> 2Cr** + 350,% + 5H,0
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5) Add 10 chlorides, four potassium ions and six sodium ions to the left-hand side:
10HCL + 2K,Cr0O, + 3Na,S0; ---> 2Cr’* + 3507 + 5H,0
6) On the right-hand side:

six chlorides go to the 2Cr**
six sodium go to the 350,%~
The remaining four K" and four Cl for 4KCl

10HCL + 2K,CrO4 + 3Na;SO; ---> 2CrCl; + 3Na,S0,4 + 4KCl + 5H,0

Example

Na,S,0; + KMnOy4 + H,0 ---> Na,S0, + K,;S04 + MnO, + KOH
Solution:

1) Half-reactions:

5,052 ---> S0,
MnO, ---> MnO,

2) Balance (in acid, change to base later):

5H,0 + S,05% ---> 250,2 + 10H" + 8¢~
3e +4H" + MnO4 ---> MnO, + 2H,0

3) Equalize electrons:

15H,0 + 35,057 ---> 650,” + 30H" + 24e”

24e + 32H" + 8Mn0O4 ---> 8Mn0O; + 16H,0

4) Add, then change to basic:

2H" + 35,05"" + 8Mn0O, ---> 8MnO; + 650,°~ + H,0

Add two hydroxide to each side:

H,0 + 35,05 + 8Mn0O4 ---> 8Mn0, + 650,% + 20H"

One excess water was also eliminated.

5) Add six sodium and eight potassium to the left-hand side:

H,0 + 3Na,5,03; + 8KMnO, ---> 8Mn0, + 650,% + 20H"

6) On the right-hand side, the six sodium will be distributed among three sulfates. Six potassium will
take care of the other three sulfates and the last two potassium will form KOH.

Hzo + 3Na25203 + 8KMnO4 ---> 8Mn02 + 3Na2504 + 3K2$O4 + 2KOH
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Example
HzSO4 + KMn04 + HzOz ---> MnSO4 + 02 + Hzo
Solution:

1) Half-reactions:

MnO,~ ---> Mn?*
HzOz -==> Oz
2) Balance:

5e” +8H" + MnO, ---> Mn*" + 4H,0
HzOz ---> Oz +2H" + 2

3) Equalize electrons:

10 + 16H" + 2MnO,~ ---> 2Mn?* + 8H,0
5H202 ---> 502 +10H" + 10e”

4) Add:

6H' + 2Mn0O,  + 5H,0, ---> 2Mn** + 50, + 8H,0

5) Adding in spectator ions:

3H,S0,4 + 2KMnO, + 5H,0; ---> 2MnSO,4 + 50, + 8H,0 + K,SO,

Three sulfates and two potassium ions were added back in.

Example

K;S + KMnOy ---> Sg + MnO, + KOH
Solution:

1) Half-reactions:

§7 ---> Sq
Mn04_ ---> MnO,

2) Balance as if in acidic solution:

85% ---> Sg + 16~
3e” +4H" + MnO, ---> MnO, + 2H,0
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3) Equalize electrons:

2457 ---> 355 + 48e”
48e” + 64H" + 16Mn0O4  ---> 16Mn0O, + 32H,0

4) Add:

64H" + 245 + 16Mn0O, ---> 3Sg + 16MnO; + 32H,0

5) Change to basic by adding 64 hydroxide ions to each side:
64H,0 + 245" + 16Mn0O, ---> 3Sg + 16MnO;, + 32H,0 + 640H"
eliminate the water:

32H,0 +245*" + 16Mn0O, ---> 3Sg + 16MnO; + 640H"

6) The only spectator ion is potassium:

32H,0 + 24K,S + 16KMnO, ---> 355 + 16MnO, + 64KOH

Example

HNOs(aq) + H,S(aq) ---> NO(g) + Ss(s) + H,0(2)
Solution:

1) Half-reactions:

N03_ ---> NO
S7 ---> Sg

2) Balance:

3e” +4H" + NO;~ ---> NO + 2H,0
85% ---> Sy + 16

3) Equalize electrons:

48e” + 64H" + 16NO; ---> 16NO + 32H,0
2457 ---> 355 + 48e~

4) Add:
64H" + 16NO; + 2457 ---> 16NO + 3Sg + 32H,0
5) Distribute the 64 hydrogen ions:

16HNO; + 24H,S ---> 16NO + 3Sg + 32H,0
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Example

Na,S,0; + KMnOy4 + HNO;3 ---> MnSO,4 + Na,SO,4 + NaNO;5 + KNO5 + H,0
Solution:

1) Half-reactions:

5,055 ---> S0,F
MnO,~ ---> Mn?*

2) Balance:

5H,0 + 5,05 ---> 250, + 10H" + 8¢~
5¢~ + 8H' + MnO, ---> Mn?* + 4H,0

3) Equalize electrons:

25H,0 + 55,05 ---> 1050,% + 50H" + 40e™
40e” + 64H' + 8Mn0O,4 ---> 8Mn*" + 32H,0

4) Add:

14H" + 55,05 + 8Mn0O, ---> 8Mn”" + 1050,>~ + 7H,0

5) Add 14 nitrates, 10 sodium and 8 potassium to the left:
14HNO; + 5Na,5,0; + 8KMnO, ---> 8MnS0O, + 250> + 7H,0
| also formed 8 MnSO, on the right side.

6) Four sodium with the two sulfates, the other six sodium with six nitrates and the eight potassium
with the remaining 8 nitrates:

14HNO; + 5Na,5,05 + 8KMnO, ---> 8MnSO, + 2Na,;S0, + 6NaNO; + 8KNO; + 7H,0

Example

FeC04(s) + H,0,(aq) + KoC,04(aq) ---> Ks[Fe(C;04);](aq) + KOH(aq)
Solution:

1) Half-reactions:

Fe?" ---> Fe®*
H202 ---> OH_
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2) Balance:

Fe? ---> Fe’* + e~
2e + H,0, ---> 20H <--- no need to balance in acid, then shift to base

3) Equalize electrons:

2Fe” ---> 2Fe’* + 2e”
2e +H,0;, ---> 20H"

4) Add:

2Fe” + H,0, ---> 2Fe** + 20H"

5) Make molecular formulas on the right:

2Fe” + H,0, ---> 2K3[Fe(C,0,);] + 2KOH

| added eight potassium ions as well as six oxalate ions.

6) Add two oxalates to the two ferrous ions and make four potassium oxalates:

2FeC;04 + H,0, + 4K;,C,04 ---> 2K;5[Fe(C;04);] + 2ZKOH

Example
K|O3 + Kl + HzSO4 -2 K|3 + K2504 + Hzo
Solution:

1) Half-reactions:

|03 --=> |3_
>3
2) Balance:

16 + 18H" + 310, ---> I; + 9H,0
3T --> 13 +2e

3) Equalize electrons:

16e + 18H" + 3105 ---> 13 + 9H,0
241 ---> 815 + 16e

CBSE Standard 12 Chemistry Survival Guide - Redox Reactions by Prof. Subhashish Chattopadhyay
SKMClasses Bangalore Useful for IT-JEE, I.Sc. PU-II, Boards, IGCSE IB AP-Chemistry and other exams



CBSE Standard 12 Chemistry Survival Guide - Redox Reactions by Prof. Subhashish Chattopadhyay
SKMClasses Bangalore Useful for IT-JEE, I.Sc. PU-II, Boards, IGCSE IB AP-Chemistry and other exams

4) Add:

18H" + 310; + 24l ---> 915 + 9H,0 <--- | could take out a factor of three before making everything
molecular. | missed that when | answered this question on Yahoo Answers, but | get rid of the factor of
3 at the end.

5) Make the left-hand side molecular:

9H,S0, + 3KIO;3 + 24KI ---> 913~ + 9H,0

| did that by adding nine sulfates and and 27 potassium ion.
6) Add 9 potassium ion to the right:

9H,504 + 3KIO; + 24Kl ---> 9Kl; + 9H,0

7) | have 18 K* and 9 SO,* still to add:

9H,0S0, + 3KIO;3 + 24Kl ---> 9Kl; + 9K,SO,4 + 9H,0

8) Remove a factor of 3:

3H,504 + KIO; + 8KI ---> 3Kl; + 3K;504 + 3H,0

Example

C,HsOH + H,CrOy4 + H,S04 ---> CH3CHO + Cry(S0,); + H,0
Solution:

1) Write the net-ionic equation:

C;HsOH + CrO,*™ ---> CH3CHO + Cr**

2) Half-reactions:

C2H5OH --=> CH3CHO
Cro 7 ---> Cr**

3) Balance in acidic solution:

C2H5OH ---> CH3CHO +2H" + 2e
3" +8H" + Cr0,~ ---> Cr’* + 4H,0

4) Equalize electrons:
3CHs0H ---> 3CH3;CHO + 6H + 6e
6e + 16H" + 2Cr0,> ---> 2Cr** + 8H,0
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5) Add:
3C,HsOH + 2CrO,2 + 10H* ---> 3CH;CHO + 2Cr** + 8H,0
6) Add in three sulfate ions:

3C2H5OH + 2H2CFO4 + 3H2$O4 ---> 3CH3CHO + Cr2(504)3 + 8H20

Example

K,Cr,07 + HCl ---> CrCl; + KCl + H,0 + Cl,
Solution:

1) Write the net-ionic equation:

Cr07 + CL -=-> Cr* + CL,

2) Half-reactions:

Cr,0/% ---> Cr
Cl™ ---> Cl

3) Balance half-reactions in acidic solution:

6e + 14H" + Cr,0,% ---> 2Cr* + 7H,0
2C1 ---> Cly + 2e”

4) Equalize electrons:

6e + 14H" + Cr,0,% ---> 2Cr** + 7H,0
6CL ---> 3Cl, + 6e~

5) Add:

14H" + Cr,077 + 6CL ---> 2Cr** + 3Cl, + 7H,0

6) Restore molecular equation:

14H" + K,Cr,0;7 + 6CL™ ---> 2Cr** + 3Cl, + 2K* + 7H,0 <--- add two potassium ion

14H" + K,Cr,0; + 14Cl ---> 2CrCl; + 3Cl, + 2KCl + 7H,0 <--- add eight chloride to each side

K,Cr,07 + 14HCL ---> 2CrCl; + 3Cl, + 2KCl + 7H,0 <--- form 14Hcl on the left-hand side
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Example

As;03; + HNO; ---> H3AsO, + NO; + H,0
Solution:

1) Write the net-ionic equation:
As;0; + NO;~ ---> H3As04 + NO,

2) Half-reactions:

A5203 ---> H3ASO4
NO; ---> NO,

3) Balance:

5H,0 + AsyO5 ---> 2H3AsO, + 4H' + 4™
e +2H + N03_ --=> NOZ + Hzo

4) Equalize electrons:

5H,0 + As,0; ---> 2H;AsO, + 4H" + 4e~
4e” +8H' + 4NO;~ ---> 4NO, + 4H,0

5) Add:
Hzo + A5203 + 4HNO3 ---> 2H3ASO4 + 4N02

| put the 4 hydrogen ions and the 4 nitrate ions back together as well.

Example

HNO; + I, ---> HIO; + NO, + H,0
Solution:

1) Write the net-ionic equation:
NO; +1, ---> 105 + NO,

2) Half-reactions:

NO3_ --=> NOZ
|2 ---> |03_
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3) Balance:

e +2H" +NO; ---> NO; + H,0
6H,0 + | ---> 2105 + 12H" + 10e"

4) Equalize electrons:

10e” + 20H" + 10NO5; ---> 10NO, + 10H,0
6H,0 + | ---> 2105 + 12H" + 10e”

5) Add:
8H' + 10N03_ + |2 ---> 2|03_ + 10N02 + 4H20
6) Add two hydrogen ion and make nitric acid as well as iodic acid:

10HNO; + I, ---> 2HIO5 + 10NO, + 4H,0
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Topic wise grouping of information kind of Dictionary of General Chemistry

Graphite and Diamond comparison

With respect to graphite and diamond, which of the following statement(s) given below is(are) correct?
{(a) Graphite is harder than diamond.

{(b) Graphite has higher electrical conductivity than diamond.

{c) Graphite has higher thermal conductivity than diamond.

(d) Graphite has higher C—C bond order than diamond.

Solution :

The given facts about graphite and diamond are as follows.

Giraphite is less hard than diamond. Graphite has higher electrical and thermal conductivities than diamond. This
is due to highly delocalized nature of « electrons. Graphite has higher C—C bond order (due to o and «t bonds)
than that of diamond (which has only @ bonds)

Therefore. the choices (b), (¢) and (d) are correct.

Stability of lyophobic colloidal particles

Choose the correct reason(s) for the stability of lyophobic colloidal particles.

(a) Preferential adsorption of ions on their surface from the solution.

(b) Preferential adsorption of solvent on their surface from the solution,

(c) Attraction between different particles having opposite charges on their surface.

(d) Potential difference between the fixed layer and the diffused layer of opposite charges around the col-
loidal particles.

Solution :

The stability of lyophobic colloidal particles is due to the preferential adsorption of common ion from the solution,

Each colloidal particle has the same charge and are thus kept away from each other due to electronic repulsion

{choice a).
There exists potential difference between the fixed and diffused layer of opposite charge (choice d).

Therefore, the choice (a) and (d) are correct,

Physiorption and Chemisorption comparison

The given graph/data [, I[ II.I ;md I\f'.rc.prcscnt general trends observed for different physisorption and chemisorp-
tion processes under mild conditions of temperature and pressure. Which of the following choice(s) about 1, 11,
Il and IV is{are) correct.

:

ﬁT 3

ﬁ p constant E

(n 3 (11) 3

£ g
T
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200 K
250 K

e

o
Destance of molecule
from the surface
Ay H= 150 kJ mol-

(b) 1 is physisorption and 111 is chemisorption
(d) 1V is chemisorption and [11 is chemisorption

(Iv)

(1)

Amount of gas adsorbed

Potential energy ——

p ——
{a) I is physisorption and Il is chemisorption
() IV is chemisorption and 11 is chemisorption
Solution:

We have the following facts.
» Adsorption decreases with increase in temperature at constant pressure in case of physisorption
» Adsorption increases initially with increase in temperature at constant pressure in case of chemisorption as more

molecules satisfy the energy of activation.
® The enthalpy change during chemisorptions 1s high due to the bond formation between adsorbent and adsor-

bate.
With these guidelines, we will have
Graph | represents physisorption
Graph 111 represents physisorption
Therefore, The choices (a) and (¢) are correct.

Graph II represents chemisorption
Graph IV represents chemisorptions

A compound M_X_ has cubic close packing (CCP) arrangement of X. Its unit cell structure is shown below.

The empirical formula of the compound is

{a) MX (b) MX, (c) MX (d) M:X,,

Solution :
The atom at the corner of the cube is shared amongst 8 unit cells; the atom at the centre of a face is shared
between 2 unit cells, the atom at the centre of edges is shared amongst 4 unit cells and that at the centre of the

cube belongs wholly to the unit cell.
There are eight X atoms at the corners and six X atoms at the centre of faces. Thus, the number of X atoms per
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8[1} +6(lj =1+3=4
8 ?
There are four M atoms at the centre of edges and one M atom at the centre of the cube.

Thus, the number of M atoms per unit cell is

1
4| = | 1) =1+1 =2
(4)+() ’

unit cell 1s

The formula of the compound will be M,X, and the empirical formula will be MX..
Therefore, the choice (b) is correct.

HCl HBr and HI react with AgNO3 to give a precipitate that dissolves in Na25203

Which of the following halides react(s) with AgNO (aq) to give a precipitate that dissolves in Na,5,04(aq) ?
(a) HCI {b) HF {e) HBr (d) HI
Solution :
The precipitates of AgCl, AgBr and Agl are soluble in Na,S,0,(aq) forming the complex Na,[Ag(8,0,),]. For
example,
Na,S,0, + 2AgBr—Ag,58,0, + 2NaBr
Ag,5,0, + 3Na,5,0;—2Na, [Ag(5,0,).]
AgF is soluble in water.
Therefore, the choices (a), (c) and {d) are correct.

Reversible expansion of an ideal gas

The reversible expansion of an ideal gas under adiabatic and 1sothermal conditions 1s shown in the figure.
Which of the following statement(s) is(are) correct?

® T =T (py. Vi, T)

(b) T, =T, isothermal

l:,‘] Wisothermal 2 Wadiabatic T

(d) &Ulmlhrmuf = ﬁLrad:uh.uiu (e, Vs, Ta)
. & | adiabatic

Solution ;

We will have (pg, Vo T3)

Iy = T, as the expansion is isothermal.

T, = T, as the adiabatic expansion involves cooling.
[Wisothermatl = [Wadiasaric! @5 the area under the isothermal curve is greater than that under adiabatic curve.

AU hermat = 0 as lemperature remains constant while AU, ... < 0 as the expansion occurs at the expanse of
internal energy.

Therefore, the choices (a) and (d) are correct,

Note: The choice (¢) is correct if the magnitude of the work is considered. Since expansion carries negative sign
as per IUPAC recommendations, the choice (¢) will not be correct if the negative sign is also considered.

V—
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Acid lonization Constant

Adibiatic change

Base lonization Constant

Bohr Radius

Boiling Point Elevation

Buffer Design Equation

Cell Voltage

Charles' Law

Atomic Structure

DESCRIPTION

Bohr Radius

De Broglie Wavelength

Linear Momentum

Planck’'s Quantized (Quantum)

Energy Equation

Radii of stable orbits in the Bohr

model

Relationship between Energy and
Principal Quantum Number

[HT][A]
| HA|
PV =k
[OH | [HB™|
| B]
h?
meke?
ATy = 1Ky x molality
[14],
A~

K‘ﬂ —

Ky =

an —

pH ~ pK, —log ———

Eﬂﬂu - Eceﬂ - IHQ cci»!

EQUATION

[ %]

h? 5 G0
— 1 —

ek Z e’ VA

1 —2.178 x 10718
F, = Ry (—,) joule
n2

T=n

n2
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1 1
Rydberg Equation AF = Ry — — —5
ﬂ.i ﬂrf

Speed of Light to Wavelength and N\
Frequency Relationship C—= Al

Electrochemistry
I__
0.0592
—— log @
mn

Ece.{.i = F, . 111 Q ceH

Cell Voltage el —
q
t

I =

Electric Current
Q — c1°[p]*
(Al [B]

ad +bB — cC + dD

Reaction Quotient
where
Relationship between o
Equili]briun; Consvtvant and Cell ng K = i
Voltage 0.0592
Equilibrium
~ DESCRPTION  EQUATION
_|_ _—
Acid lonization Constant K, = w
[HA]
— —+
Base lonization Constant K p = [OH ] [HB ]
| B]
HA
Buffer Design Equation pH ~pK, — log ——— [ ]
4~ ],
Gas Pressure and Concentration Relationship K., = K{: ( RT) An
lon Product Constant for Water KW - [OH_] [H+] - Kﬂ- X K'E’
=1.0x10"" at 25°C
pH and pOH Relationship 14 = pH —i— pOH
pH Defined pH = —log [H"]
pK, = —log K,

pK, Definition
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pK, Definition

pOH and Base lonization Equilibrium Constant

Relationship

Gases, Liquids, and Solutions

DESCRIPTION
Adibiatic change

Boiling Point Elevation

Charles' Law

Combined Gas Law

Density of a Material

Freezing Point Depression

Graham's Law of Effusion

Ideal gas equation

Kinetic Energy per Mole

Kinetic Energy per Mole

pKy = —log Ky

, [HBT]
pOH = pKy + log ———
|B]
EQUATION
PV =k
ATy = 1Ky x molality
L.r
— k
t

PVi PV
R]Tl N Rng
m
D=—=
V
ATy = iKy x molality
™ / Jﬂ»’:rg
s \ J‘r‘f]

-

PV =nRT
KE 3
= —RT
mole 2 "
KE 3
= —RTn
mole 2
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Thermochemistry

_|_ _—
Acid lonization Constant K, = w
[H Al
Adibiatic change PV =k
— —+
Base lonization Constant K: = [ ] [HB ]
[B]
RE
Bohr Radius ——J—
0 meke?
Boiling Point Elevation ﬂTb — 1K . m{]ef{lﬁty
Buffer Design Equation pHr ~ pK h}g [HA]
[A-],
0.0592
Cell Voltage Eeenn = E2) — ln Q—=E,,;, ———logQ
T
Charles’ Law E =k
L

Vander waal’s force

For one mole of a van der Waals gas when b =0 and T = 300 K, the plot of pV’ versus 1/V is shown below.
246

pV L atm molr! —
= by
- o

(1) / mol L' ——=

The value of the van der Waals constant a is
(@ 1.0 LPam mol”  (b) 45 L2 am mol®  (¢) 1.5 L2 atm mol”  (d) 3.0 L? atm mol™*
Solurion :

For one mole of a gas, the van der Waals equation is [p + f»i" ] (V—-b)=RT

When b = 0, we have ( ;)V=RT ie. pV=RT-~
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The plot of pV versus 1/} will be a straight line with slope equal to —a. Hence
(20.1-21.6)Latmmol "’
(3.0-2.0)molL""

Equating this to —a, we get a=1.5L*atm mol?
Therefore, the choice (¢) is correct.

Slope of the given straight line is =—_1.5 L? atm mol *

Dilute solution containing 2.5 gm of nonvolatile

For a dilute solution containing 2.5 g of a non-volatile non-electrolyte solute in 100 g of water, the elevation of
boiling point at 1 atm pressure is 2 °C. Assuming concentration of solute is much lower than the concentration
of solvent, the vapour pressure of the solution (take K, = 0.76 K kg mol " is

(a) 724 mmHg (b) 740 mmHg {c) 736 mmHg {d) 718 mmHg
Solution :

From the expression AT, = Kym, we find that the molality of solute (i) in the solution is

an, _ 2K 2 :
i E T 076K kg mol ™' B 0.76 mol kg
Since m = ny/m; (where n, is the amount of solute and m is the mass of solvent expressed in kg). we get
2 I 2
Hy = mm, = (ﬁ mol kg J (0.1 kg) = e mol

From the expression —-Ap = x, p) of the relative lowering of vapour pressure of solvent (whose vapour pressure
1s | atm as the solute is non-volatile), we find that

Hy iy 1y (2/7.6) mol 36

X, = et = =

mtnoom m /M, [lﬂﬂgi 18¢ ]“"J'l_‘) 76

36
Hence -Ap = [—] 760 mmHg) = 36 mmH
N 60 ( g E

p=p)+ Ap =760 mmHg - 36 mmHg = 724 mmHg
Therefore, the choice (a) is correct.

Shape of XeO2F2 molecule is seesaw

The shape of XeO,F, molecule is
(a) trigonal bipyramidal (b) square planar {c) tetrahedral (d) see-saw
Solwtion :

The number of valence electrons in XeO,F, is 8 + 2 x 6 + 2 x 7 = 34, These arc distributed as shown in the fol-
lowing.
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There are five paires of electrons around Xe. To accommodate these, Xe undergoes dsr_ln1 hybridization leading to
the trigonal bipyramidal arrangement of five paires of electrons. The structure of XeO,F, is

The shape of XeO,F, is sea-saw,
Therefore, the choice (d) is correct,

Various increasing and Decreasing properties

Decreasing order of reactivity towards 5,2 displacement:
n-Butyl bromide, isobutyl bromide, sec-butyl bromide, ferr-butyl bromide
Increasing order of reactivity towards Syl displacement:
| -bromopentane, 2-bromopentane, 2-bromo-2-methylbutane
Increasing reactivity sequence of Syl displacement of halogen: CH,X, 1° X,
Inceasing reactivity sequence of 5,2 displacement of halogen: CH,X, 1° X,
Increasing reactivity of alcohols towards gaseous HBr:
2-butanol, 2-methyl-1-propanol. 2-methyl-2-propanol
Increasing order or reactivity towards E2 dehydrohalogenation of the bromides:
ethyl bromide, n-proyl bromide, isobutyl bromide, neopentyl bromide

Increasing stability of alkenes: R,C—CR,, R,C—CHR, R,C—CH,, RCH—CH,, CH,—CH,
Increasing dehydration of alcohol in the presence of H,S80

ethyl alcohol, isopropyl alcohol, tert-butyl alcohol
Decreasing order of reactivity towards E2 dehydrohalogenation:
2-bromo-2-methylbutane, |-bromopentane. 2-bromopentane, 3-bromopentane
Increasing order of dehydrohalogenation
I-bromo-3-methylbutane, 2-bromo-2-methylbutane, 3-bromo-2-methylbutane
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Calculate multiple bond energy of a C triple bond

Using the data provided, calculate the multiple bond energy of a C=C bond in C,H,.

2C(s) + H,(g) — C,Ha(g) AH| =225 k) mol :

2C(s) — 2C(g) AH, = 1410 kJ mol ™’

H.(g) — 2H(g) AH, =330 k) mol
Take the bond energy of C—H bond equal to 350 kJ mol ™
(a) 1165 kJ mol™ (b) 837 kJ mol™’ (c) 865 kJ mol (d) 815 kJ mol™
Solution:

Consider the following transformations.
AH iz
20(s) + Holg) ———= H—C=C—H
ﬂ!f‘: A, —2E& _H— ECar
2C(g) + 2H(g)e——» H---Czz:C---H
According to Hess’s law  AH, = AH, + AH, - 2 3y — €cuc
This gives
Ecwc=AH, + AH, — AH, — 260 ;= (1410 + 330 — 225 - 2 x 350) kJ mol ' = 815 kJ mol
Therefore, the choice (d) is correct,
Some facts student must know
Largest Anion - At~
Metals having highest b.pt and m.pt. = mercury and tungsten
Most reactive solid element - Li

Most reactive liquid element - Cs

total no. of gaseous element in periodic table- 11 (H, He, N, O, F, Ne, Cl, Ar, Kr, Xe, Ra)

TOTAL NO. OF LIQUID elements - 6 (Ga, Br, Cs, Hg, Fr , EKa)
Liquid radioactive element - Francium

N.metal wid highest M.Pt - Carbon

Metal wid highest valency = Plutonium

highest tensile strength - Boron

Most ionic compound = CsF
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Strongest base = Cs (OH)
Strongest basic oxide = Cs,0
Most conducting metal = Ag

Zinc and Magnesium Oxide Battery

Anode (oxidation): Zn(s) + 20H (ag) — ZnO(s) + H,O() + 2e°
Cathode (reduction): MnOy(s) + 2H,0(/) + 2e- — Mn(OH)J(s) + 20H-(aq)
Overall (cell) reaction:

Zn(s) + MnO,(s) + H,0()) — ZnO(s) + Mn(OH),(s) E,,, =15V

al

Zinc and Magnesium Oxide Battery

Anode (oxidation): Zn(s) + 20H (ag) — ZnO(s) + H,O(/) + 2e-

Cathode (reduction): Ag,O(s) + H,O(/) + 2e- — 2Ag(s) + 20H(aq)

Overall (cell) reaction: Zn(s) + Ag,0(s) — ZnO(s) + 2Ag(s)
Een=1.6V

The mercury battery uses HgO as the oxidizing agent instead of
Ag.0 and has cell potential of 1.3 V.

The Lithium Batteries use Silver Vanadium Pentoxide as cathode

Anode (oxidation):
3.5Li(s) — 3.5Li* + 3.5¢
Cathode (reduction):
AgV,05 5 + 3.5Li + 3.5e" — LiygV,05 5
Overall (cell) reaction:
AgV,055 + 3.5Li(s) — Liy 5V,0s 5

The most commonly used Battery is Lead-Acid Battery

Anode (oxidation): Pb(s) + HSO4 (ag) — PbSO,(s) + H*(ag) + 2e-
Cathode (reduction):

PbO,(s) + 3H*(ag) + HSO, (aqg) + 2e- — PbSO,(s) + 2H,O())
Overall (cell) reaction (discharge):

PbO,(s) + Pb(s) + H,80,(ag) — 2PbSO,(s) + 2H,0() E,,=2.1V

Overall (cell) reaction (recharge):
2PbS0O,(s) + 2H,0(/) — PbO,(s) + Pb(s) + H,50,(aq)
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Nickel Metal Hydride Battery

Anode (oxidation): MH(s) + OH (ag) — M(s) + H,O() + e
Cathode (reduction): NiO(OH}(s) + H,O() + e — Ni(OH),(s) + OH(aq)
Overall (cell) reaction:

MH(s) + NiO(OH)(s) — M(s) + Ni(OH).(s) E

ce

=14V

Laptops, Cell-phones most commonly use Lithium ion Batteries

Anode (oxidation):

Li,Cg(s) — xLi* + xe + Cg(s)
Cathode (reduction):

Li;_ ,Mn,Oy4(s) + xLi* + xe@ — LiMn;O,4(s)
Overall (cell) reaction:

Li,Cg(s) + Li; ,Mn,O,(s) — LiMn,O,(s)

Ecen=3.7V
Hydrogen Fuel Cell
Anode (oxidation): 2H,(g) — 4H*(aqg) + 4e
Cathode (reduction): O,(g) + 4H*(aq) + 4e- — 2H,0(g)
Overall (cell) reaction: 2H,(g) + O,(g) — 2H.,0(g) E.. =12V

What is the value of the solubility product constant for AgCl?

We could calculate this by breaking the overall K, reaction into a series of redox reactions as follows:

Anode Ag(s) —+Ag" + e E°x =-0.80V

Cathode AgCl + e —Ag(s) + CU E’eq=0.22V
Overall AgCl == Ag" + Cl E°ceu = -0.58 V (not very

(° K,p reaction) spontaneous)

nFE=  1x96485 = (-0.58V]

nK = 1EE° =225
N TTRT TB3145 3 w2988k 0T

K=6.3x10"
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lon Concentrations can also be calculated...
Consider the Platinum-Hydrogen electrode coupled with a copper/copper(ll) electrode.
The overall reaction is Cu?* + H, —+Cu + 2H".

The Nernst equation is

Eopo 8.31451ﬁx298.15ﬁx [ alH*? J
al

Z2mal = 96485% Cu”) xa(H, )
+. 2
E:E“—'DZSTH =10 alH™) since
2 a(Cu2+)><a(H2]|

8314514 x298 15K
964855

mal

If [Cu**] =1 M and P(H,) = 1 bar (both their activities are 1) then

0.0257 V
F=go -2l e}

2
E =E° -0.0257 V In [H] (Note: InY=2.303 x log Y and .-257x2.303=.05917)

E =E° +0.05917 V (-log [H'])
E =E° +0.05917 V x pH.

We see here that the cell potential is a function of pH. The probes in pH meters are set up this way. A
complete electrochemical cell is contained within the probe casing. All chemicals are at standard
conditions and a porous glass membrane allows only H" ions to pass through.
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Electrochemical Cell

The electrochemical cell shown below is a concentration cell.
M|M**(saturated solution of a sparingly soluble salt, MX,) || M* (0,001 mol dm )M
The emf of the cell depends on the difference in concentration of M®" jons at the two electrodes. The emf of the cell at
298 K is 0.059 V.
0 The solubility product [K‘{.! of MX, at 298 K based on the information available for the given concentration cell
(take 2303 RTVF=0.059V at 298 K) is

(a) 1% 10" mol’ dm™ b) 4% 107" mol” dm™
{c) 1 x 10 2 mol® dm™ (d) 4 x 10 2 mol® dm™
(1 The value of AG for the given cell reaction (take 1F = 96 300 C mol "y is
(a) =5.7 kJ mol™ (b) 5.7 kJ mol fc) 11.4 kJ mol™ (d) -11.4 kI mal”’'
Salutions :
The cell reaction may be obtained as follows.,
LHC: Oxidation Mi(s) = th' Jp +2e
RHC: Reduction (M“")p + 2e — M(s)
Overall reaction (M) = (M™),

The cell potential is
g 3 24 J 3 01.056 g2t f 3
RT . [IM** ) / mol dm } o ™ (:»n JV)EHE{MI i/ mol dm
2F | IM* ]k / moldm ™ | 2 0.001

This gives log ([M*'],/mol dm *)=—-2 + log (0.001)=2-3=-5 ie, [M¥],=10x10°moldm™
From the reaction

E=

MX,(s) == M*(ag) + 2 X (aq); (s is solubility of the salt)

K, =[M*][X*] = (s)(25)" = 45" = 4 (1.0 x 10" mol dm )" =4 x 107"* mol’ dm”

The AG of the cell reaction is
AG = - nFE = - (2) (96500 C mol™') (0.059 V) = - 11 387 J mol™" = - 11.4 kJ mol™

Hence, we have

The choice (b) is correctin first Question

The choice (d) is correctin the second (uestion

Let us always remember the basics. If something, say M, looses electrons, it is getting oxidized. Metals

are basic. Metals loose electrons and gets oxidized. The metals which loose electron very easily, get

oxidized very easily. So these are better reducing agent.

Adding of Oxygen, or Halogens ( F, Cl, Br, | ) or other p-Block elements which accept electrons, is
oxidation. So if Potassium ( K ) gets Oxygen ( attaches to O ) to form K;O or KO, ( Superoxide ), K is
getting oxidized. If Cs attaches with F then Cs is getting oxidized, while F is being reduced. Cs is a
reducing agent as it is loosing electrons. F is an oxidizing agent as it is gaining electrons.

Adding of Hydrogen is reduction. So if Ethene receives Hydrogen to become Ethane, then Ethene is
being reduced. Raney Nickel is Nickel with molecular level pores. Raney Ni with HCl gives Hydrogen
atoms, ( some teachers say this as Nascent Hydrogen ) locally, meaning near the molecule where the
reaction is needed. So Raney Ni + HCl is a good reducing agent. Same for Zinc dust + HCl. But then
what is Birch reduction ?

As my experience of teaching more than 25 years, almost every student understands these.
Knowing this is essential but does not ensure success in chemistry. There are many kinds of details
of oxidizing agent or Reducing agent that vary from reactions / situations.
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A simple binary ionic compounds contains only two elements - a metal and a non-metal. When the ionic
compound is in the molten state, the locked ions within the ionic structure will be free to move about
(conduct electricity).

A typical setup for electrolysis of molten compounds is shown below:

e,
rerl |||| ||
Electrade . ¥ Iner
Bafizry ‘ .
e el | - Electrode
N -
. i;  Molten | NaCl
* I I
i |
;:-:1— (] B A i
] 1;%;9' . Cathode

-, 4

The metallic ions (cations - M"" ) will be discharged at the cathode to form a metal atom. The metallic
ions are REDUCED to metal at the cathode. (because they gain electrons)

Mn++ne-—M

The non-metallic ions (anions - N ) will be discharged at the anode to form a non-metallic atom. The
non-metallic ions are OXIDISED to non-metallic atom at the anode. (because they lose electrons)

N™ — N + ne-
Case Study: Electrolysis of molten sodium chloride, NaCl
Electrodes: Carbon rods (Graphite)
Electrolytes: Molten sodium chloride
lons present in electrolytes: Sodium ions (Na+), Chloride ions (Cl-)

Reaction at the CATHODE:

* Na+ ions are attracted to the cathode.

o Each Na+ ion gains one electron from the cathode to form one sodium atom.
o Molten sodium is formed at the anode.
o equation: Na+(l)+e-—Na(s) (Reduction)

Reaction at the ANODE:

e (Cl-ions are attracted to the anode.
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o Each Cl- ions loses one electrons to the anode to form one chlorine atom.
o Chlorine gas is liberated at anode.
o equation: 2Cl-(l)—Cl2(g)+2e- (Oxidation)

Overall reaction:

» Every 2 moles of sodium chloride produce 2 moles of sodium metal and 1 mole of chlorine gas
e 2NaCl(l)—>2Na(s)+Cl2(g)

Case Study: Electrolysis of molten magnesium oxide, MgO

Electrodes: Carbon rods (Graphite)

Electrolyte: Molten magnesium oxide

lons present in electrolyte: Magnesium ions (Mg2+ ), Oxygen ions (02-)

Reaction at the CATHODE:

* Mg2+ions are attracted to the cathode.
o Each Mg2+ ion gains two electrons from the cathode to form one magnesium atom.
o Mg2+(l)+2e-—Mg(s)

Reaction at the ANODE:

» 02-ions are attracted to the anode.
o Each O2- ion loses two electrons to the anode to form one oxygen atom.
o 202-(l)—02(g)+4e-

Overall reaction:

e Every two moles of magnesium oxide produce two moles of magnesium metal and one mole of
oxygen gas.
s 2MgO(1)—2Mg(s)+02(9)
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Ostwald dilution law - In case of weak electrolytes, the concentration of ions is very small. There-
fore, the inter ionic forces will also be quite small and can be neglected to first approximation. Thus in
case of weak electrolytes, like NHsOH, CH;COOH etc. there exists an equilibrium between the ions and
unionised molecule in solution. The equilibrium can be written as AB &2 A*+ B~

If one gm molecule of a weak binary electrolyte AB is dissolved in V litres of water and a is the
degree of dissociation (i.e., fraction of AB dissociated into A* and B~ ions), then respective quantities
present per litre at equilibrium (ie, active masses) will be

(a) v 8 o 4
(AB]=" (A= i (B =

(A*][B] _[asV]larV]_ &
(AB]  (lma)/V  [l-a] V
This equation represents the variation of degree of dissociation with dilution and is known as
Ostwald dilution law. This is law of mass action applied to weak electrolytes. In case of weak elec-
trolytes, the value of a is very small as compared to unity and hence may be neglected in the denominator.
Thus above equation becomes, K=a’/V  or a=V(KV).

Now applying law of mass action, K=

Gyan Question :

Determine the standard potential of the Cu**/Cu’ cell from two other standard cell potentials.
E°(Cu®*/Cu) = +0.340V and E°(Cu’/Cu) = +0.522 V.

Since Hess’ Law allows us to add Gibbs energies for the reactions to arrive at the Gibbs energy of the
desired reaction, we should go via Gibbs energies. Convert our standard potentials into Gibbs energies,
perform the addition and then convert back to a standard potential.

The two reactions that will occur are:

(@) Culs) =2 Cu?tag +26™ o= _0340F  8G=-2(-0.340 V) F = 65.6 klmol

(b) Cu'fag) + E~ = Cufs) Eo= 405220  NG=—(+0522 V) F = -50.4 klimal
G= (0138VF =152

(£) Cu*'(ag) + &~ F2 Cu'(ag) e i}fmc:'f B

Mow, since B = —v AR = 0188V v = [ in the final equation)

We cannot simply add the electrode potentials in this case because, the final reaction is still a half-
reaction.

If the final reaction is a complete cell reaction, with no electrons remaining, then we can skip to just
adding the cell potentials because the factor v would be the same in all equations and hence, cancel
out.
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(1): Cu' (ag)+e = Cu(s) E°=0.521V
(2): Cu*t(ag)+ e — Cu' (ag) E°=0.153V

(1) is recduction and drives (2) as oxidation
2 Cut (0g) > vt (ag) +Cu (5) Eo, =0.521 —0153=0.368 V (>0)

o

Which means 52 =0 and AG?, <0 spontaneous. Yesit disproportionates.

Cu™(ag) + e = Culs) E?=0521V
Cu*(ag) = Cu’'(aq) + e~ E°==0.153V

2Cu'(aq) = Cu’*(ag) + Cu(s)  E°=0368V
We have value of K

nFE®
RT

InkK =

_ (1)96485)(0.368)
C(8.314)(298.15)

T
K= ‘;“ =1.62 x 10°.

) E‘u :

The large K indicates that the point of equilibrium in the BLEIEMEN] is far
toward products, and disproportionation will occur until a¢,- becomes very

small
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Discuss Disproportion of Iron

Decide whether Fe** (2¢q) in its standard state at 25°C is stable w/t/t
digproportionation.

In Appendix E we find:
(1): Fe** (ag) + e — Fe** (ag) E°=0.771V
2): Fe*" (ag) +2e~— Fe (5) E°=- 0447V

In order for Fe** (aq) to disproportionate reaction (1) would have to be diiven
baclcwards (oxidation): 3Fe’" — Fe (=) + 2Fe™ (ag

And E°=-0.447 — (+0.771) =-1.218 V (= 0) and AG?_ >0 (non-spontaneous) and
therefore stable against disproportionation.

0.01 M Solution of HCN has a specific resistance of x ohm cm Its equivalent conduction would be ?

(a)10x (b)100x (c)10°/x (d)10° x

C

0-01 M = 0-01 N (for HCN)
1 .
001 = 100 litres/eq
100 x 1000 cm?
1
Specific resistance

1 1 a1
~ ohm~'cm
x °oh

Vv
or, Vv
kv

Equivalent conductance
AV = kv X \'J

il
|
2
S
-
g
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Recall again
DIFFERENCE BETWEEN ELECTROLYTIC AND GALVANIC CELLS
Electrolytic Cell Galvanic Cell

i It requires a source of external energy It is a source of energy.

It converts electrical energy into chemical energy Converts chemical energy into electrical energy
|Has cathode as the negative electrode Has cathode as positive electrode

Has anode as the positive electrode Has anode as negative electrode

Involves oxidation at anode and reduction at cathode |It involves oxidation at anode and reduction at

cathode

Faraday's second law of electrolysis-It states that when same quantity of electricity is passed
through different electrolytes, the amount of different substances deposited at the electrodes is directly
proportional to their equivalent weights.

For example, if same quantity of electricity is passed through three voltameters or coulometers
containing a dilute solution of H2S0,, a solution of CuSOy and a solution of AgNO,, it has been found
that one coulomb of electricity liberates 1.036 x 107% g. of hydrogen , 3- 292 x 107* g. of copper and 1.118 x
%]“3 g of silver. The weight of element obtained in each case is proportional to the equivalent weight.

us,

Weightof H, Eq.Wt.ofHy, 1008 ~ Weightof Cu _ Eg. Wt.of Cu _ 31-78
Weightof Cu~ Eq. Wrof Cu 31.78' Weightof Ag Eq. Wi.of Ag 10788
The quantity of electricity required to liberate one gm equivalent of each element is calculated as,
Hydrogen : [1-008/1:036x 10°] = 96515 Coulombs
Copper  : [31-78/3292x 10] = 96567 Coulombs
Silver : [10788/1:118 x 107Y] = 96494 Coulombs

Faraday - We know that an Ag® ion takes up one electron from the cathode and gets converted
into Ag atom.

Ag'+ ¢ o Ag

The equivalent weight of Ag (107.88) is equal to its atomic weight. There are 6.023 x 10** (Avo-
gadro's number) atoms in one atomic weight or one mole. Thus | mole of Ag will be deposited when 1|
mole of Ag* ion takes up one mole of electrons. The charge on each electron is 1.603 x 10°'* Coulombs.
The 1otal charge of | mole of electrons is therefore 1.603 x 107'% x 6.023 x 10 = 96500 Coulombs.
Hence 96,500 Coulombs of electricity is required to deposite one gm equivalent weight of silver. 965000
Coulombs of electricity is called one Faraday. The Faraday (F) is also the quantity of charge carried by
one mole of electrons, because

F=exN=1603x10"x 6023 x 102 = 96500 Coulombs,

This fact can be used in calculating the electrochemical equivalents. For example,

. . . _ Eq. Wiof Ag _ 10788 _ 3
Electrochemical equivalent of silver = 96500 - 96500 - 1-118x 10 g,

. ; Eq. WiofCu 3178 -
Electrochemical equivalent of copper = 26500~ 96500 3292 x 104 g.

Hence Faraday (F) is the quantity of current in Coulombs required to deposit one gm equivalent of
any substance, Passage of one Faraday of electricity means flow of 6:023 x 102 electrons.

If one Faraday of electricity is passed through fused NaCl, 23.0g. or one mole or one gm. equivalent
of sl?dimt;dis deposited al the cathode and 35.5 g. or 0.5 mole or one gm equivalent of chlorine is liberated
al the anode.

Na'+ ¢ = Na (One electron is taken up)
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~_If one Faraday of electricity is passed through CuCl; solution, one gm. equivalent weight of copper
ions is discharged at the cathode. This is only 1/2 mole of copper, since copper is bivalent.

Cu® + 2¢ = Cu (Two electrons are taken up )

I one Fraday of electricity is passed through ALCI; solution, one gm. equivalent of AI* ions is
discharged at the cathode. This is only 1/3 mole of Al™ ions, because Al is trivalent.

A™M 4 367 o Al (Three electrons are taken up)

In other words, for depositing one mole of Na atoms, one mole of copper atoms and one mole of
aluminium atoms, we need one, two and three moles of electrons respectively. In general, 1o deposit one
mole of atoms of any metal of valency Z, we need Z moles of electrons. Thus,

M=eZF (3
where M is the mass of one mole. Now we know W =¢.Q where Q =cxt Thus,
W eQ Q ext . (4)

M eZF ZF ZF
If weight deposited (W), the mass of one mole (M) and Z, the number of electrons in the process
are known, the quantity of electricity Q (=cx t) can be measured by using equation (4) by using a device,
known as coulometer. We have seen that for depositing one gm atomic weight (1 mole) of copper, 2
Faradays of electricity are required. The amount of copper that can be deposited by one faraday 1s
1 gm. Atomic Weight _ 63.5 _ 18
2 o i
Thus the equivalent weight (E) of copper is 31.5 g. In general, equivalent weight (E) of an element
is,

H Gram Atomic Weight of Element
== A
where Z is the number of electrons in the process. For example, Na® and Ag* ions require one
electron for reduction. Hence their equivalent weights are equal to their atomic weights. Similarly, CI
ion loses one electron 1o oxidise into Cl atom. Hence its atomic weight is equal to its equivalent weight,
i.e.. 35.5 e. Hence

| Gm Mole M SR )

When atoms of the element are deposited, M is called gm atomic weight, and when molecules
are evolved or discharged M is called gm molecular weight.

Applications of electrolysis — There are various industrial applications of electrolysis. For example,
(a) Electrometallurgy — The metals like Na, K, Mg, Al etc. are obtained by the electrolysis of fused
electrolytes. (b) Electrorefining of metals — A large number of metals, such as Cu, Ag, Au, Al, Sn elc,
are purified by electrolysis. (¢) Manufacture of compounds — Electrolysis has also been used in the large
scale production of various compounds such as NaOH, KOH, KCI, Na:COs, H20: etc. (d) Manufacture
of non-metals - Electrolysis has been employed also in the manufacture of Ha, Cly, Fz etc. (¢) Elec-
troplating — Deposition of precious metals like Ag, Au, Pt etc. on less expensive metals like Cu is known
as electroplating. This is also carried out by electrolysis. () Preparation of alloys and electrotyping—
Electrolysis is very useful in the preparation of alloys and also in electrotyping.
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Electrical conductivity — Electrical conductivity is the conductivity in mhos of a solution containing
one gm equivalent of solute when placed between two sufficiently large electrodes which are one cm
apart. It is denoted by Av. The equivalent conductivity is related 1o the specific conductivity by the ex-
pression

Aw=KyxV (9)
where V is the volume in c.c. of the solution comaining one gm equivalent of an electrolyte,

Molecular conductivity - It is the conductivity in mhos of a solution containing one gm mole of
the solute when placed between two sufficientaly large electrodes which are exactly one cm apart. It is
denoted by Am and is numerically equivalent to the product of sp. conductivity and the volume V in c.c.
of the solution containing one gm. mole of the electrolyte. Thus

d=KyxV e (10)

Cell constant — The conductivity of a solution is measured by a cell, known as conductivity cell.
The electrodes in this cell may not be exactly one cm apart and may not have an area of one sg. cm.
Thus the value of observed conductivity will not be equal to the specific conductivity, but a value pro-
portional to it. It is therefore essential to calculate a factor for the conductivity cell, called the cell constant,
which when multiplied by the observed conductivity gives the value of specific conductivity. The value
of the conductivity will, therefore, have to be multiplied by a certain factor inorder to get specific con-
ductivity. This factor is known as cell constant. We know

R=pxI/a=pxx, where x = [/a = cell constant

Vobserved conductivity
Vsp. conductivity

So, Specific Conductivity = Cell constant (x) x Obs., Conductivity

Inorder to determine the cell constant, the conductivity cell is filled with exact N/S0 solution of
chemically pure KCI. The specific conductivity of this solution at 25°C has been found to be 0.002765
mhos. The cell is placed in a thermostat at 25°C and the resistance and hence the conductivity of the
solution is determined. Thus

Thus x (uﬂmstaut}-:%:

0-002765
Observed conductivity

Cell Constant =

The cell constant is expressed in em™,

The important conditions for the cell to be reversible are :

(a) If the external e.m.f. or potential is equal to the e.m.f. of the cell, no current flows through
the cell and no chemical reaction occurs at all.

(b) If the external e.m.f. or potential is slightly smaller than the e.m.f. of the cell, a small current
flows out of the cell and a small amount of chemical reaction takes place in the cell.

(c) If the external e.m.f. or potential is slightly more than the e.m.f. of the cell, current flows into
the cell and cell reaction is reversed.

(d) A cell which does not fulfil the above conditions is said to be irreversible.
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Effect of dilution on conductivity - (a) The conductivity of the solution increases with dilution,
because it depends upon the number of ions present in the solution. On dilution, the degree of ionisation
of electrolyte increases and more ions are produced in the solution, The greater the number of ions,
the greater is the conductivity.

(b) The specific conductivity decreases on dilution. This is due to the fact that although the total
number of ions increases with dilution owing to increased dissociation, the number of current carrying
particles or ions per c.c. decreases. This causes a decrease in specific conductivity.

(c) Equivalent and molecular conductivity both increase with dilution as these are the products
of specific conductivity (Kv) and volume V of the solution containing one gm equivalent and one gm
mole of the solute dissolved tively. On dilution, more and more electrolyte ionises (degree of ionisa-
tion increases). When whole of the substance has ionised further dilution nEtdum little or no change in
the equivalent and molecular conductivities. This limiting value of equivalent conductivity (or molecular
conductivity) is called the equivalent conductivity at infinite dilution. The ratio of equivalent conductivity
at any dilution to that at infinite dilution (A.) is called the conductivity ratio (o). Thus @ = Av/ A

It should be noted that increase in equivalent conductivity in the case of strong electrolytes like
KCIl, NaCl, HCI etc is not so large (because these are already highly ionised) as in case of weak electrolytes
such as CHyCOOH, NH4OH eic (becase they &re slightly ionised and their ionisation increases with dilu-
tion).

. Migration of ions — Electricity is carried through the solution of an electrolyte by migration of
tons. The ions are present independently in solution and when a current of clectricity is passed through
the solution, the ions present in it move towards the oppositely charged electrodes. Thus,

{a) The ions move towards the oppositely charged electrodes at different speeds.

(b) During elecirolysis, the ions are discharged or liberated in equivalent amounts at the two elec-
trodes, no matter what their relative speed is.
{c) Concentration of the electrolyte changes around the electrodes as a result of difference in the
speed of the ions.
(d) Loss of concentration around any electrode is proportional to the speed of the ion that moves
away from the electrode. Thus,
Fall Round Anode " Speed of Cation
Fall Round Cathode  Speed of Anion
This relation is valid on the assumption that the discharged ions do not react with the atoms or
material of the electrodes. But in many cases, they do combine with the electrode and in such cases, the
concentration around such an electrode shows an increase, rather than a decrease. Electrolysis of AgNO;
solution using silver electrodes is an example of such a case. On electrolysis, it has been observed that
instead of fall, the concentration of AgNO; around the anode increases, because every NOj ion that reaches
at the anode dissulves from it one Ag* ion to form AgNOs

Transport number or transference number — The fraction of the current carried by an ion
is termed as its transport number or transference number. If n, and n. are the transport numbers of
anion and cation respectively then

- Current Carried by Anion _ Current Carried by Cation
"~ Total Current Carried %= Total Current Carried

and  nmatnc= 1

Concentration has marked effect on the transport number, especially in the case of some partially
dissociated electrolytes such as Znly, Cdl: etc. For example, concentration has a marked effect on the
transpoft number of cadmium ion in Cdlz. The value decreases from 0.49 at low concentration to almost
zero at higher concentrations and the values become negative at still higher concentrations. The transport
numbers of cadmium ions in 0.0IN. 0.05N, 0.02N and 0.50N Cdl: at 25°C are 0.449, 0.402,0.131. and
0.005 respectively. This abnormal behaviour can be explained by assuming:

(a) That in very dilute solution, Cdl; ionises to Cd™ ions and 1" ions and thus Cd** shows the usual
transport number. Cdly z Cd** + 2I". (b) That with increase in concentration, Cdl; takes on I” ions and

forms complex, Cdl; + 2I'g2  [CdLsj*
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Thus the concentrated solution contains both +vely charged Cd* ions and negatively charged
[Cdly)*" ions. Hence some of the cadmium forms a part of the anion and migrates towards the anode.
Therefore, fall of concentration round the anode is not as much as it should be. Since relative amounits
of two ions depend upon the cncentration of electrolyte Cdlz, higher the concentration of Cdlz greater
would be the proportion of the complex [CdL|* ion. Thus, if anion [CdL)= moves faster than the cation
Cd**, there will be an increase in the concentration round the anode, instead of decrease and thus explains
the negative value for the transport number of Cd”* ion at much higher concentration.

There is a slight variation of transport number with temperature. For 1:1 electrolytes, it has
been observed that if transport number is greater than 0.5, it decreases with an increase in temperature,
but if it is less than 0.5, it indicates an increase with an increase in temperature. Thus transport numbers
tend to approach a value of 0.5 as the temperature is increased. This is probably due to the fact that at
higher temperature the ionic conductance as well as the speed tend to approach the same limiting value,
resulting in equal contribution from the two ions.

(A) Consider the reaction, (Hg** + Ag — Ag* + Hg)

Comment on the feasibility of the reaction
under the different concentrations of ions
given below '

(i) Hg*1=10"*M;[Ag']=10"'M
(ii) [Ag*l=10"*M;[Hg*>*]=10"'M
Given : E%v/s = 0.80 V. E% 2., = 0.79 V.

(B) For a process, Water <= ice, the enthalpy
change AH = - 500 J/mol ; T=100K; P =1 atm.

What will be the values of
(i) Entropy change AS
‘ii) Free energy change AG?
Sol. (A) E°; =E%-E% =0.79-0.80=-0.01 V
The net cell reaction is
Hg® + 2Ag— 2Ag" + Hg
Anode is : 2Ag —» 2Ag* + 2¢
Cathode : Hg** + 2¢” — Hg
0059 107"

log —~ ==0.069V

Case-1:E_,;=-0.01
L. "2 1072

So Reaction not feasible as E(cell) is negative
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-2
Case-II : E_ =~ 001+ n.t;sa log :2_‘ =+0.049V

Feasible because Ey is + ve.
(B) The given process is
H,0(l) =5 H,0Ols)
; A - 500
(i) AS = T = Im
(ii) At equilibrium AG = 0.

z—ﬁJmﬂI-IK_I

Kohlrausch law - This law states that the value of equivalent conductivity at infinite dilution
(A=) may be regarded as made up of the sum of two independent factors, one characteristic of cation and

other to anion. Thus,
A= Ay + A «(12)

If we consider a sal* NaCl, its equivalent conductivity at infinite dilution is the sum of two terms,
one due 10 Na* ion (As") and other due to CI™ ion (Aci’). These terms are known as ionic mobilities
of anion and cation. The ratio of ionic mobilities is equal to their transport numbers. Thus,

A, n, n, : .{13)
e A (=00 (Sincen,+ n.=1)

The absolute velocity of an ion may be defined as the velocity of an ion in cm per sec. when it

moves under an electric field due to two electrodes placed one em. apart and having a potential difference

of one volt berween them (i.e.,under unit potential gradient).
Hence unit of absolute velocity is cm.per sec. (volts per.cm), i.e, cm? per. sec. per volt. The
absolute velocity is numerically equal to the ionic mobility divided by one Faraday (96500 Coulombs).
A

Thus, U= V=

96500 96500
From equation(13) We have -;5:-: l:‘m or A= mAa=naAc
L=n+ A)=nx A (since L, + A= A.) (14)

Hence conductance of an ion is obtained by multiplying the equivalent conductivity at infinite

dilution of any strong electrolyte containing that ion by its transport number. Similarly,
Ao=nx A,

Applications of Kohlrausch law — (1) In the determination of ionic mobilities and absolute velocity
of ions, (2) Calculation of equivalent conductivities of weak electrolytes at infinite dilution. (3) Determi-
nation of degree of dissociation, since, o, the degree of dissociation of an electrolyte at the dilution V is
given by a= Av/A. (where ha=ka+ A)
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Gyan Question :
Q : What is carborundum ? Does it conduct electricity ?
Ans :

Silicon carbide, also known as carborundum, is a compound of silicon and carbon with chemical formula
SiC. It occurs in nature as the extremely rare mineral moissanite. Silicon carbide powder has been
mass-produced since 1893 for use as an abrasive.

Grains of silicon carbide can be bonded together by sintering to form very hard ceramics that are
widely used in applications requiring high endurance, such as car brakes, car clutches and ceramic
plates in bulletproof vests. Electronic applications of silicon carbide as light-emitting diodes (LEDs) and
detectors in early radios were first demonstrated around 1907, and today SiC is widely used in high-
temperature/high-voltage semiconductor electronics.
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Relative tendencies of electrodes to liberate electrons — When two electrodes are connected to
from a cell, a competition s»ts in between the two electrodes to liberate electrons. For example, if the
cell consists of zinc and copper electrodes, as in Daniell cell, the electrons flow from negative zinc
electrode to positive copper electrode, because zinc has a greater iendency 1o liberate electrons than copper.
If the cell is constituted with copper and silver electrodes, then copper has a greater tendency to liberate
electrons than silver. This indicates that copper is negative electrode and silver is positive electrode and
electrons flow from copper to silver electrode. If a cell is set up with Zn and Ha (g) electrodes, then zinc
has a greater tendency to liberate electrons than the Hy(g) electrode. This indicates that electrons will flow
from negative zinc electrode to positive Ha(g) electrode. If the cell is constituted with copper and Ha(g)
electrodes, then Ha(g) electrode has a greater tendency to liberate electrons than the electrode.
This indicates that electrons will flow from negative Ha(g) electrode to positive copper electrode. Thus
:i:lcthe.at;:\re cases, the tendency of the electrodes to release electrons decreases in the order Zn > Ha(g)

u>

It should be noted that electrode at which electrons are released is written on the left, while
that at which electrons are taken up is written on the right. for example,

CulCu®™ Il Ag* 1 Ag  Zn | Zn* Il H*, | Hxg)

AgNO; solution turns blue when a piece of copper is dded to it, because copper metal can be

oxidised by Ag* ions. Ag can not be oxidised by Cu®* ions.

Also remember that the metal which goes into the solution in the form of its salt is undergoing
oxidation and thus will act as ve electrode (anode), while the other metal acts as
electrode (cathode). For example, in the reaction Zn+ H2SOs — ZnSO4 + Ha, the Zn is oxidised to
ZnS0y, hence zinc will be negative electrode or anode and the cell will be constructed as:

Zn | ZnSO, Il H;SO4 | Hy, Pt

Role of salt bridge - Most often salt bridges, which are U- shaped tubes are made with agar-agar
gel containing KCl or KNO:. Sometimes NH4sNO; is also vsed. The reason of using these salts is that
the ions of ihese salts, e.g., KCl (K* ion and CI") have almost the same speed as well as almost same
transport numbers. If a salt bridge is not used, say, in the Daniell cell, the electrons released by the zinc
electrode (Zn — Zn** + 2¢~ ) can flow 1o the copper electroue through the external circuit. These electrons
neutralise or reduce some Cu® ions of the CuSOj solution (Cu®* + 2¢~ — Cu). As a result, copper sulphate
solution acquires a negative charge for a short while, due to discharge of positively charged Cu®* ions.
In the mean time zinc sulphate solution becomes positively charged because of the formation of Zn®* ions
from the zinc electrode. Hence there will be accumulation of charges near the two electrodes, which
prevents further flow of current. Hence the electrochemical change stops and current drops to zero.

The salt bridge provides a passage for the flow of charges in the internal circuit and thus prevents
the accumulation of charges. In the presence of salt bridge, the charges present flow towards the oppositely
charged electrodes. The —ve ions move from the copper electrode end through the CuSOy solution, salt
bridge and zinc sulphate solution to the zinc rod. The positive ions move in the reverse direction, i.e.,
zinc rod to copper rod. Hence flow of electricity is maintained when the salt bridge is used in the Galvanic
cell.

To calculate the E¢gyy of Daniell Cell :
Zn1Zn™1 Cu™ICu

We know EZgi = ERue — EDue (Both Reduction potentials)
Reaction at LHE Zng Zn*+2e” (Oxidation)
Reaction at RHE Cu*+2e g2 Cu (Reduction)
Now E‘LHE = E.EI:‘, zn=—0.76V and E*RHE= E.Cliz*. cy=+0.34V ., Thus
E'ceLL =E'RHE - E'LHE=E'cu® cu — E'zn?* 20 =0.34 V - (- 0.76V) = 1.10Volts.
Since E°CELL is positive, the cell reaction, Zn+Cu?* =2 Zn?* + Cu is spontaneous.
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To calculate the E'cgyy of the cell Zn|Zn®* Il Pb** | Pb

Reaction at LHE Zn — Zn* + 2¢” (Oxidation)
Reaction at RHE Pb** +2¢ 5 Pb (Reduction)
Cell Reaction Zn+Pb™ 2 Zn™+ Pb

Efgr = ERue — Efue = Efn®, py) — Efza™ 20y = = 0.130 - (- 0.76) = — 0.130 + 0.76 =+0.640 V.
As the E'CELL is positive, the above reaction is spontaneous and thus cell is a source of electricity.

To calculate E'cgyy of the cell CulCu® 1Za®* |1Zn
E'ceLL = E'rRHE = E'LHE= E'2n?* 20) — E'(Cu?*.Cu) == 0.76 — (+ 0.34) = - 1.10 Volts.
Since the E"cgyy is negative, the reaction, Cu+Zn** @ Cu®* + Zn is non-spontaneous.

Reaction at LHE Cu — Cu™ +2¢” (Oxidation)
Reaction at RHE Zn* +2¢" = Zn (Reduction)

To calculate E°cgrp of the cell CulCu® 1l Ag*lAg
Reaction at RHE- 2Ag" + 2 — 2Ag (Reduction)
Reaction at LHE- Cu — Cu®* +2¢~ (Oxidation)
Cell Reaction- Cu+2Ag*» Cu™+2Ag

E'ceLL = E'RuE — E'LHE= E'(Ag?, Ag) — E"(Cv®*, Cu) = 0.8 — 0.34 = 0.46V
Since the E’CELL is positive, the cell reaction is spontaneous.

To calculate E" cgyy of the cell AglAg* |l Cu?* | Cu
ECHL=FRHE‘E.LHE=(D-34-U-SG}=_W

Reaction at LHE- 2Ag — 2Ag" + 2¢” (Oxidation)
Reaction at RHE- Cu®**+ 2" — Cu (Reduction)
Cell Reaction- 2Ag+ Cu™ @ 2Ag*+ Cu

Since E'CELL is negative, the above reaction is non-spontaneous.

t of metals - The reduction potentials of electrodes given in table | are very useful
in predicting whether a metal can displace another from its salt solution. When a metal M, displaces
another metal M2 from its salt solution, M; gets oxidised as M; = M{+ ¢~ and M{ is reduced as
Mi+ ¢ — Mz If M) has the higher oxidation potential than that of Mz, then M; has a greater tendency
to get oxidised and hence M) can displace M from its salt solution. For example, zinc displaces silver
from AgNO; solution, because standard oxidation potential of zinc (+0.76V) is greater than that of silver
(-0.80 V). Similarly aluminium can displace nickel from nickel salt solunon because oxidation potential
of Al | AP* (+1.66V) is greater than Ni | Ni** (0.25 V). Copper can not displace zinc from copper
sulphate solution when zinc piece is added to copper sulphate solution, because standard oxidation po-
tential of copper (=0.34V) is less than the standard oxidation potential (+0.76V) of zinc. This also indicates
that more electropositive metals displace less electropositive metals from their salt solutions. Copper
is thus less electropositive than zinc.

CBSE Standard 12 Chemistry Survival Guide - Redox Reactions by Prof. Subhashish Chattopadhyay
SKMClasses Bangalore Useful for IIT-JEE, I.Sc. PU-II, Boards, IGCSE IB AP-Chemistry and other exams



CBSE Standard 12 Chemistry Survival Guide - Redox Reactions by Prof. Subhashish Chattopadhyay
SKMClasses Bangalore Useful for IIT-JEE, I.Sc. PU-II, Boards, IGCSE IB AP-Chemistry and other exams

the strongest reducing agent and the one at the bottom is the weakest reducting agent. Hence lower the
reduction potential stronger the reducing agent. The decreasing order of the reducing Inopmy of some of
the metals is Na > Mg > Zn > Fe > Cu > Ag (More the reduction potential lesser is the reducing power).
Note that this is also the arrangement of metals (as given in the electrochemical series) when arranged
in the order of their electrode wmnuals The arrangement of metals in the order of decreasing tendency
of their atoms to give electrons (i.e. undergoing oxidation ) is also known as electrochemical series.

Reaction of metals with acids - By making use of standard potentials it is also possible to predict
whether a metal would react with an acid to liberate hydrogen or not. For example, consider the reaction
between zinc and dilute sulphuric acid. The reaction may be represented as,

Zn + H,S0, - ZnSO, + H, or Zn(s) + 2H" = Zn™ + Ha(g)
This reaction is a combination of two half cells.
Zn(s) = Zn**+ ¢ (Oxidation) or 2"+ 2¢" = Hi(g) (Reduction)

In a Galvanic cell oxidation occurs at the left hand electrode and reduction at the right hand electrode.
Thus the cell can be represented as, Zn, Zn** | H*, Ha(g), Pt
Thus E¢giy = ERue — Elue = Bl ny — Efa™ za)= 0- (- 0.76V)=+0.76 V
Since Etgyy is positive, the reaction of zinc with hydrogen is spontaneous or feasible. Now
consider the reaction of silver with dilute sulphuric acid.
2Ag + H;80, — A2,80,+H; or 2Ag(s)+ 2H" = 2Ag +Hi(p)
The cell may be represented as Ag, Ag* 1 H*, Ha(g), Pt

Egeir = Efy' i, — Efag' ap= 0H0.80)= -0.80 V

Since Eggyy is negative, the reaction of silver with dilute H,S0y is non-spontaneous or not feasible.
In general, any metal lying above hydrogen electrode will reduce H' ions to give H; gas, while any metal
lying below hydrogen electrode will not reduce H' ions to give H, gas. Thus metals like Zn, Cd, Fe elc.,

lying above hydrogen are capable of reacting with dilute acids such as H;S0y, HCI etc, while metals like
Ag, Cu elc., which lie below hydrogen electrode, can not evolve hydrogen with dilute a