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In July 2016 issue, we have read about copper and iron. Now, we are going to read discoveries and properties of lead and tin in this issue. 

Lead and tin are commonly used for protective coating of materials susceptible to weathering. Now-a-days, tin is used in cans for foods and lead is 
used in lead-acid storage batteries.

Tin

� Tin also has been known since, ancient times. It is
believed that it was discovered about 6 to 6.5 thousand 
years ago, i.e. in the same period as that of copper.

� The latin name for tin (stannum), stems from the
Sanskrit stan which means ‘solid’. The chemical symbol 
Sn orginates from latin name.

� In the bronze age period, tin was used in bronze alloy.
Bronze alloy contains roughly 90% of copper and 10% 
of tin. The peoples of Egypt, Mesopotamia and the
Indus Valley started using tin around 3 thousand years
ago.

� Tin was widely known in the countries of the
Mediterranean sea region, Persia and India.

� The Ancient Greeks obtained tin by sea-trade and
referred to the source as “The Cassiterides” meaning
tin islands.

� The oldest known tin articles were found in burial sites
of the 18th dynasty (1580-1350 B.C.) in particular a
ring or a vessel.

� Tin was also found in America when Cortez arrived in
South America in 1519, he found that tin coins were
widely circulating in Mexico. However, the time of
discovery is not known.

� Besides using as a component of bronze, tin was also
used for making crockery and jewellery. Pliny the Elder 
and Dioskorides mention tinning of copper plates to
protect them from corrosion.

� Upto 13th century, England was the only country in
Europe where tin was produced. In mid 16th century
the cost of tin was equal to that of silver and it was
used for manufacturing luxury goods. As its production 
increased it was used in many other things, for
instance, for making tin plate.

� Today, the world’s largest producer of tin is China
followed by Indonesia. At the moment world demand
for tin exceeds its production. Global demand is
presently at about 366000 tons, worth approximately
700 crore, with production about 6000 tons short.

Lead

� Lead has been known since, ancient times. No one is
quite sure how lead got its name. It became known to
Egyptians simultaneously with iron and silver.

� It is rarely occurred in a native state but is smelted fairly
easily from its ores.

� Lead was been mined for more than 6000 yrs and was
produced as early as 2000 B.C. in India and China.
However, in Europe production of lead began in 600 B.C.

� Lead was confused with tin for a long time because of
their names on that time. Tin was named as “plumbum
album” and lead—“plumbum nigrum”. In the middle ages,
they were recognised as different metals.

� Greeks and Phoenicians started many lead mines in Spain 
which later were taken over by Romans.

� Romans widely used the metal lead in ancient times. They
used lead for making crockery, pipes and writing tablets.
Lead was also used for manufacturing white lead. The
Island of Rhodes was the biggest exporter of white lead.

� White lead is prepared by immersing lead pipes into
vinegar, the salt thus obtained is boiled with water for a
long time.

� Red lead was first obtained unexpectedly. When a fire
broke out in the Greek port of Piraeus barrels with lead
were enveloped in flames. After the fire had been
extinguished, red substance was found in the charred
barrels it was red lead.

� Today Scientists believe that many Romans might become 
ill and died because of using lead in daily practice when
food was cooked, in lead utensils, lead was dissolved into
the food. People who ate this food got more and more
lead into their bodies. As lead is toxic, teratogenic and
carcinogenic, it causes serious health problems.

� After the invention of firearms lead, it was used for making
bullets.

� Lead has many peaceful applications also, e.g.
typographical types are made of its alloy with antimony.
Lead was also used for protection against radiation in
experiments.
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• Electrochemistry is a branch of chemistry that deals
with interconversion of chemical energy and electrical
energy.

• It is the study of electron flow within redox reactions,
i.e. the relationship between electricity and chemical
changes.

�  ELECTROLYSIS
(i) It is a process in which electric current is used to

bring a chemical change.
(ii) It is done in an electrolytic cell.

(iii) Infact, electric current is used to bring a
non-spontaneous chemical reaction (the reaction
for which ΔG = + ve and E cell = + ve)

FARADAY’S LAWS OF ELECTROLYSIS
(I) FARADAY’S FIRST LAW
When electric current is passed through an electrolytic
solution, the amount of substance deposited at
electrodes ( )w  is directly proportional to the electric
charge passed

w Q∝  or w Zit= ;   ( )Q it=
Z = electrochemical equivalent, depends on the nature of 
substance deposited.

(II) FARADAY’S SECOND LAW
When same amount of current is passed through
different electrolytic solutions, the mass of substance ( )w
deposited at respective electrodes is directly proportional 
to equivalent weight ( )E .

w E∝  or 
w

w

E

E
1

2

1

2

=

If Q = 96500 C, w E= ,
So, E Z= 96500  (from 1st law)

or w
EQ Eit= =

96500 96500
 (from 2nd law)

PREFERENTIAL DISCHARGE OF IONS
During electrolysis, if more than one type of positive or
negative ions are present, only one ion is discharged in
preference to other. The order of preference is 

Cations   K >Ca >Na >Mg+ 2+ + 2+ > Al >3+

Zn >2+  Fe >Sn2+ 2+ >  Pb >H >Cu >2+ + 2+  

Hg >2+  Ag >+  Au3+

Anions  SO >NO >OH >Cl >Br >I4
2

3
− − − − − −

APPLICATIONS OF ELECTROLYSIS
• Metals like Na, Mg, Al and K are obtained by the

electrolysis of their fused salts. 
• Refining of metals like Ag, Au, Cu etc., by electrolysis. 
• Coating of an inferior metal (cathode) by a superior

metal (anode) called electroplating.

ELECTROLYTIC CELL

• It is used to bring chemical change by passing
electricity through electrolytic solution.

• In this cell ions are discharged at both the electrodes.
• Flow of current (i.e. electrons) occurs through the

wire.

�CONDUCTANCE OF
ELECTROLYTIC SOLUTION

The conductance (G) of an electrolytic solution is measured
by determining the resistance of the solution in a conductivity 
cell between two flat or cylindrical electrodes separated by a
fixed distance.

∴  Conductance = 1

Resistance
i.e. conductance is the ease of flow of electrons.

TYPES OF CONDUCTANCE
(I) SPECIFIC CONDUCTANCE (κ)

It is the reciprocal of specific resistance ( )ρ . κ = ×l

A
C

where,   C
R

= 1
 = conductance;  

l

A
= cell constant.

Unit = −s m 1 or s cm −1

(II) EQUIVALENT CONDUCTANCE (Λ)
The conductance of all ions produced by one gram equivalent
of an electrolyte. If volume of solution containing 1 g-eq is
VmL, then

Λ = ×κ VmL  = ×κ 1000

N
Unit = −s eqcm2 1 or   Ω − −1 2 1cm eq  or Ω − −1 2 1m eq

(III) MOLAR CONDUCTANCE (Λm )
The conductance of all ions produced by one gram mole of an

electrolyte. Λm = × = ×κ κV
M

mL
1000

Unit = −s cm mol2 1 or Ω − −1cm mol2 1 or  Ω − −1m mol2 1

Note Conductance and conductivity are the additive
properties, e.g. if an aqueous solution contains
more than one electrolyte the total conductance is 

given by  G G GT

i

n

i= +
=
∑

1

water

          Conductance of all ions

�TRANSPORT NUMBER 
It is defined as the fraction of current carried by an ion in an
electrolytic solution .

Transport number = Current carried by an ion

Total current carried
Transport number of cation +  Transport number of anion = 1

�KOHLRAUSCH’S LAW
(FOR WEAK ELECTROLYTES)

Whether strong or weak electrolyte, the equivalent
conductance increases with dilution and reaches to
maximum value at infinite dilution. According to
Kohlrausch’s law, at infinite dilution Λ∞ = +λ λa c  where, 
Λ∞ = Equivalent conductance at infinite dilution λa  and λ c
are ionic conductances of anion and cation at infinite dilution
respectively. Degree of dissociation, α λ λ= ∞c / .

EFFECT OF ELECTROLYTE
(i) The plot of Λm  vs C  for weak and strong electrolytes is 

shown in figure given below. It is clear from the plot
that for a strong electrolyte extrapolation of curve to 
C = 0  gives Λm  for strong electrolytes. However, such
an extrapolation cannot be made for weak electrolyte.

(ii) For weak electrolytes, conductivity increases steeply 
but Λm

∞  cannot be obtained at zero concentration

because at such a concentration, the conductivity of
solution is so low that it cannot be measured
accurately. Thus, for weak electrolytes, Λm

∞  is

obtained by Kohlrausch’s law of independent
migration of ions.

(iii) The equivalent and molar conductivities at infinite
dilution are denoted by Λ∞  and Λm

∞  respectively.

The variation of molar conductances for strong
electrolyte with concentration is given by
Debye-Huckel Onsager equation which is 
Λ Λm m= −∞ b C

where,  b = constant, C = concentration,

   Λm
∞ = molar conductance at infinity.

EFFECT OF TEMPERATURE
OVER CONDUCTIVITY
The conductance of an electrolyte increases with increase
in temperature of solution. It is due to the reason that on
increasing the temperature of the solution, the kinetic
energy of ions increases resulting increase in the
movement of ions. Over a small range of temperature, the

+ –

Anode Cathode

Molten or aqueous 

solution of electrolyte

–e–e

Weak electrolyte

(CH COOH)3

Strong electrolyte (KCI)Λm
∞

Λm

C
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temperature dependence of molar conductivity is given
by the equation of the type.

Λ Λm m= + −( )[ ( )]25 1 2β t b
where,   β = constant, Λm = conductivity at t °C.
Molar conductivity in dilute solutions near room
temperature changes by about 2% per degree change in
temperature.

� ELECTROCHEMICAL CELL

• It is also called as galvanic cell or voltaic cell.

• It is used to produce electricity by chemical change.
• In this cell ions are discharged only at cathode.
• Besides salt bridge in this cell, both the electrodes are

connected externally with the help of a wire connected 
through a voltmeter.

TYPES OF VOLTAIC CELL
(i) Primary voltaic cell In this cell, current cannot

be regenerated by reversing current flow by
external circuit chemicals, once consumed, the
further reaction is not possible. e.g. dry cell.

(ii) Secondary voltaic cell In this cell, the original
reactants can be regenerated by passing direct
current from external source. e.g. lead storage
battery.

REPRESENTATION OF VOLTAIC CELL
Anode (oxidation half-cell) | Salt bridge | cathode
(Reduction half-cell)

 Zn|Zn ||Cu |Cu2+ 2+

� ELECTRODE POTENTIAL
It is the quantity which measures the tendency of an
electrode to gain or lose electrons in the half-cell. It
further can be classified into two types

(I) OXIDATION POTENTIAL (Eoxi )
The tendency of an electrode to lose electron or to get
oxidised.

e.g. M s M aq nen( ) ( )�
+ −+

(II) REDUCTION POTENTIAL (Ered)
The tendency of an electrode to gain electrons or to get
reduced.

e.g. M ne M sn + + � ( )

Note  E Eoxi red= − , the half-cell reactions are
always written as reduction half-cell reactions 
and their potentials are represented as
reduction potentials.

� STANDARD ELECTRODE
POTENTIAL ( )E°

(i) It is equal to the electrode potential when
concentration of electrolytic solution is taken 1 M
and temperature is 298 K.

(ii) If the electrode involves in gas phase, the standard
conditions are choosen as : 1 atm pressure and 1 M 
concentration of electrolyte at 298 K.

	 EMF OF A GALVANIC CELL
The difference in electrode potentials of electrodes is
called electromotive force (emf) or cell potential of cell 

emf = E red  (cathode ) − E red  (anode)
or emf = E oxi  (anode) + E red  (cathode)


NERNST EQUATION
It relates the electrode potential of an electrochemical
cell to the concentrations of reactants and products of a
chemical reaction, at any point of time.

E E
n

cell cell= ° − 0 0591.
log

[Products]

[Reactants]
 

APPLICATIONS OF NERNST EQUATION
(i) In the calculation of potential of a concentration

cell. For a concentration cell, 
M M M M/ ( )|| ( )|2 2+ +conc. dil.

E
RT

nF

M

M
cell

LHS

RHS

2.303= −
+

+
log

[ ]

[ ]

2

2

(ii) In the measurement of pH of concentration cell, 

pHunknown
cell= E

0 0592.
; [H ]+

known = 1 M

(iii) In the measurement of equilibrium constant of an

electrochemical reaction, E
RT

nF
KC° =cell

2 303.
log

�GIBBS FREE ENERGY @ ELECTRO
CHEMISTRY

It is infinite amount of energy which release when all
spontaneous processes come from higher energy state to lower
energy state.

GIBBS FREE ENERGY CHANGE FOR
ELECTROCHEMICAL CELLS

Δ = −G nFEcell

where, F = Faraday’s constant
  n = number of moles of electrons transferred

At equilibrium, Δ ° = −G RT K C2.303 log

FEASIBILITY OF A CELL REACTION
Δ ° = − °G nFE

For the reaction to be feasible, Δ ° <G 0
E ° > 0 or Δ <G 0 and E > 0

11 BATTERY OR CELL 
It is basically a galvanic cell used where the chemical energy of
redox reaction is converted into electrical energy.

TYPES OF BATTERIES
(i) Primary batteries These are the batteries in which cell

reaction occurs only once and the battery becomes dead
after use over a period of time and cannot be reused
again, e.g. dry cells like Leclanche cell, mercury cell etc.

(ii) Secondary batteries These are the batteries which can
be recharged by passing current through it in opposite
directions, so that it can be used again, e.g. lead storage
battery and nickel cadmium battery.

 12 FUEL CELLS
 In a fuel cell, continuous energy can be obtained, as long as the
outside supply of fuel is maintained, fuel cells are efficient and
pollution free e.g. hydrogen-oxygen

Anode [H +2OH 2H O +2 ]2 2( ) ( ) ( )g aq l e− −⎯→ × 2

Cathode O +2H O +4 4OH2 2( ) ( )g l e − −⎯→   

Overall  2H +O 2H O +2 2( ) ( ) ( )g g l⎯→ Heat

 13  CORROSION
The gradual destruction of a metal by oxidants present in the
surrounding of metal is called corrosion. It is an
electrochemical process in which the oxidant oxidises the
metal into metal oxide. In corrosion of iron (rusting), iron is
oxidised to iron oxide in the presence of water and oxygen. The 
following reaction occur during rusting of iron.

Fe +3O + H O Fe O H O2 2
From
moisture

2 3
Rust

2( ) ( )s g x x⎯→ ⋅

The half-cell reaction are
Oxidation half-cell    Fe Fe +22+( )s e⎯→ −

Reduction half-cell
O +2H O +4 Fe O +4H2 2 2 3

+( )g e − ⎯→
The formed ferrous ion again reacts with moisture to give
ferric oxide.

2Fe +2H O +
1

2
O Fe O +4H2+

2 2 2 3
+⎯→

Rusting is a wasting process and can be prevented by
galvanisation of iron, by alloying, by electroplating coating of
over iron etc.

Zn

Current

Salt bridge

Anode

Cu

CathodeKNO (aq)3

Flow

Electron

– +

Solution containing

salt of zinc

Solution containing

salt of copper
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Michael Faraday 

(1791-1867)
Michael Faraday who gave two 
important laws for electrolysis, 
was born in South London in 
the year 1791 in a poor family. 
At the age of 13, he left school 
and started traineeship at a 
local book binder to help his 
family’s finances. But he was 
eager to learn more about the world, he did not restrict himself to 
binding the books. After working hard each day,
he spent his free time reading the books he had bound.
In 1812, at the age of 20, he receives some tickets for a series
 of lectures by the famous scientist Humphery Davy. After the lecture
Michael sent Davy a 300 page document offering notes on the lectur

Davy was impressed and he employed Faraday as an chemical 
assistant at the Royal institution of Great Britain. This later 

to a Fullerian professor of chemistry at that institution
He held this position for the rest of his life.

ACROSS
2. A colourless organic crystalline compound, 

made by the reaction of trichloromethanal and 
chlorobenzene.

3. A synthetic rubber made by polymerising the 
compound 2-chlorobuta-1, 2-diene.

4. Material produced during the smelting of metal 
by reaction of the flux with impurities.

7. A range of electromagnetic energies arranged in 
increasing order of wavelength.

8. The heating of a finely ground ore, in air prior to 
smelting.

11. A unit of electric dipole moment.
14. A naturally occurring metal sulphide.
15. A crystalline solid, used extensively as a reagent 

for electrophilic addition of bromine.
17. A natural or synthetic hydrated alumino silicate 

with an open 3-D crystal structure.
19. A class of mixed metal oxides.

Chemistr

Lipbalms
�Except the lips your
protect itself due to l
easy for your lips to 
weather and your lip

�If you looked at the
side of your favourit
find a number of ing
These ingredients ar
of lipbalms. These ar
respect to scent, flav
emollience.
�The companies hav
own combinations o

CROSSWORD 
DOWN

1. The ratio of the total mass of a specified element in the earth crust to the total 
 mass of the earth crust.

5. A dilute solution of ethanoic acid (≈ 6%), used as a flavouring and pickling medium.
6. A substance used to prevent a colloid from coagulating.
9. An important component of RNA.
10. The chief ore of lead.
12. The study of depression in freezing point.
13. A colloidal dispersion of a solid or liquid in a gas.
16. A solution that resists change in pH.
18. It is responsible for coagulation of blood.
20. A sugar that has a six membered ring.

18.

6.
S

8. 1.

15.
B

B
14.

T

9. 4.

I

3.

K

O

12.

5.

2.

A

11. 16.
Y

20.

10.
G
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7.

17.

19.

E

S

L

R
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13.
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choices about which oil and which wax to reasons for this are the excellent added because our tongue and nose are 
ry of use in its custom blend to balm. moisturisation and uncountable certain very sensitive to peroxidation products.

petroleum and animal derived ingredients, 
�If you know the composition of lipbalm, (v)  Preservatives (0-6%) 

the tastelessness of many petroleum you can make your own. We are providing The most commonly utilised preservatives 
derived products and the greater oxidation r skin produces oil to an idea of percentages of components and in lipbalms are parabens which have a 
resistance of the saturated hydrocarbon lack of protective oil, its their uses which are given below numbing effect on the tongue. So, parabens 
products.get dry in hot and cold (I)  Emollient carriers (40-80%) These help reducing the bitterness.

ps become chapped. are solid sunscreen active ingredients that (ii)  Waxes (10-20%) (vi)  Flavour (0-0.5%) 
affect the physical and photochemical A range of waxes is used to maintain stick e ingredients list on the Different flavouring agents are added with 
stability of the product. The most integrity at high, moderate and low te lipbalm tube, you respect to taste and smell.
commonly utilised emollient carriers are: temperatures.gredients written on it. 

(vii)  Photostabilisers (0-6%) Caster seed oil, mineral oil, jojoba seed oil, re not same for all types (iii)  Active ingredients (0-50%) These Photostabiliser protects our lips from the lanolin, shea butter, petrolatum and re different with are used as skin protectants and sun harmful rays of sun.octyldodecanal.vour, creaminess and screens.
Lipbalms are not used as extensively as (iv)  Antioxidants (0-0.1%) 

ve come up with their some of the other personal products. The A very small fraction of antioxidants are 
of ingredients and made 

In an experiment done on cockroaches, it was found that male The Baeyer-Villiger reaction is an organic reaction used to 
cockroaches were made to run at different speeds on a small convert ketones to lactones, as in the following reaction,
scale treadmill, while their oxygen consumption was 
measured. The average cockroach running at 0.08 km/h 
consumed 0.8 mL of O  at 1 atm pressure and 24°C per gram 2
of insect weight. How many moles of O  would be consumed 2
in 1 h by a 5.2 g cockroach moving at this speed?

– 4[Ans.  2 × 10  mol O ]2

Dumas-bulb technique is used to determine the molar mass The reactant 3-chloroperbenzoic acid is somewhat shock 
of an unknown liquid. sensitive and prone to explode. Thus, an alternative process 
In this technique, we vaporise the sample of a liquid that being developed uses hydrogen peroxide and a catalyst 
boils below 100°C in a boiling water bath and determine the consisting of tin deposited within a solid support. What would 
mass of vapour required to fill the bulb. From the following you expect to be the other product of oxidation of the ketone 
data, calculate the molar mass of the unknown liquid to lactone by hydrogen peroxide?
Mass of unknown vapour = 1.012 g; volume of

3bulb = 354 cm , pressure = 742 torr and temperature = 99°C
–1[Ans.  89.4 g mol ] The following figure is a basic design of a nuclear power plant.

Why can reactor core not reach super critical levels and 
explode with the violence of an atomic bomb?

PUZZLES TO PUZZLE YOU

1

2

3

4

Cl OH
O+

Ketone 3-chloroperbenzoic acid

Cl
OH+

O

Lactone

Electric

generator

Steam turbine

Condenser
(steam from
turbine is
condensed
by river
water)

Pump
Water or 

liquid
sodium

Containment

shell

Reactor
core

Heat
exchanger

River 38° C27°C
Pump

Steam

Pump

Boiling water

Vapour of
unknown

liquid
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� Why do the ox ides of met als form ba sic so lu tion and ox ides of
non-met als form acidic so lu tion with water?

In or der to un der stand the ex pla na tion of this ques tion, you must know the

dif fer ence be tween hydration and hy dro ly sis.

Hydration When any sub stance is dissolved in wa ter, the constituent

par ti cles of this sub stance be come sur rounded by wa ter mol e cules. This

pro cess of sur round ing these constituent particles with water is called

hydration and the ions formed are called aquo-ions.

e.g. NaCl( ) + H O( )  Na ( )  Cl ( )2

+s l aq aq⎯→ + −

Hydrolysis In the continuation of hydration process, the constituent

particles may react with water. The reaction of these particle is called

hydrolysis. Hydrolysis always lead to a change in pH of the solution

because the relative number of hydroxonium or hydroxide ions is

changed. e.g.

H CO ( ) + H O( )  H O  + HCO ( )2 3 2 3

+

3aq l aq⎯→ −

Metals on the left of the periodic table typically have basic oxides, e.g. the

reaction between magnesium oxide and water, gives magnesium

hydroxide. Magnesium hydroxide is soluble in water and produces an

alkaline solution of pH about 10.

MgO( ) + H O( )  Mg(OH) ( )2 2s l s→  � Mg ( ) + 2 O H( )2 + aq aq
−

Non-metals on the right of the periodic table typically have acidic oxides.

e.g. SO 3 reacts with water and produces a strongly acidic solution of

sulphuric acid. Sulphuric acid dissociates, producing H+  ions, which

increases the acidity of the solution.

SO ( ) + H O( )  H SO ( )3 2 2 4g l aq⎯→  ⎯→ − H ( )+ HSO ( )+

4aq aq

� Small amounts of chocolate can kill your dog.

Chocolate contains an alkaloid named as

theobromine. Theobromine is a mild stimulant,

has the same effect as caffeine.

Theobromine does not show any harmful effects

to human on consumption because humans

easily metabolise it. But some animals like dogs,

cats and horses, metabolise theobromine slowly,

allowing it to build upto toxic levels in their

systems. 

The ill effects of chocolate to your dog depend on the types of chocolate

and your dog’s size.

Cocoa, cooking chocolate and dark chocolate contain highest level

of theobromine, while milk chocolate and white chocolate have the

lowest.

Thus, small amount of dark chocolates takes less time to poison a

dog. Less than 28 g of a dark chocolate may be enough to poison a

20 kg dog.

The noticable side effects of theobromine in dogs includes, diarrhea,

vomiting, increased urination, tremors, irregular heartbeats etc.

Some of these symptoms, can ultimately kill your dog.

Treatments Induce vomiting immediately to remove excess quantity

of chocolate.

Try to get dog to eat small amount of activated charcoal, which binds

to the theobromine and does not allow it to enter the blood stream.

Try to get the dog to consume more water in order to keep them

hydrated.

� Why do some people feel coriander taste soapy?

In your homes, often you see that coriander leaves are used in order

to enhance the taste of food. But there are some people who found

taste of coriander unpleasent and soapy. The cause of this lies in the

chemical composition of coriander leaves.

The coriander leaves composed of around 40 different organic

compounds. Out of these compounds, 82% of these are aldehydes

and 17% alcohols.

The aldehydes mainly with 9-10 C-atoms, are responsible for the

soapy taste for some people. These aldehydes are also commonly

found in both soaps and lotions.

However, its certainly not just the chemical composition of coriander

leaves that makes some people finds it has soapy taste. It’s been

suggested that there is also a genetic basis to this, which explains

why not everyone has the same taste.

Scientists have highlighted a specific gene that codes for a receptor

that is highly sensitive to the flavour of aldehydes. Several other

genes have also been linked, however, it seems likely that more than

one could be responsible.

As well as it is also possible for people to grow to like the taste of

coriander, with it being suggested that repeated exposure to the taste 

leads to the brain for giving new positive associations.

C + H
O

H H CO  (aq)2 3

Carbonic acid

N

N

HN

N

CH3

CH3

Theobromine

O
Decanal

O
2-decenal

O

2-undecenel
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1. An electron is moving in the Bohr’s first orbit of a
H-atom. What is the ratio of its velocity to the
velocity of light in a vacuum?
(a) 137 (b) 155 (c) 132 (d) 123

2. Consider the following reaction sequence,

What is the structure of N ?

         

3. In a process for water proofing, a fabric is exposed
to (CH ) SiCl3 2 2 vapour. The vapour reacts with
hydroxyl groups on the surface of the fabric or with 
traces of water to form the water proofing film 
[(CH ) SiO]3 2 n , by the reaction,

n n n n(CH ) SiCl + 2 O H Cl + H O3 2 2 2

–
�� 2

+[(CH ) SiO]3 2 n         

where, n stands for a large integer. The water
proofing film is deposited on the fabric layer. Each
layer is 6.0 Å thick (the thickness of the (CH ) SiO3 2

group). 
How much (CH ) SiCl3 2 2  is needed to water proof
one side of a piece of fabric, 1.00 m by 3.00 m, with
a film 300 layers thick?
(The density of the film is 1.00 g/cm3)
(a) 0.94 g (b) 0.84 g

(c) 0.74 g (d) 0.89 g

4. In an autoen gine with no pol lu tion con trols 5% of
the fuel (as sume 100% oc tane, C H8 18 )is un burned.
The rel a tive masses and the relative volumes of CO 
and C H8 18  emitted in the exhaust gas will be
(a) 37 and 1.5  102�
(b) 32 and 2.5  102�
(c) 35 and 1.5  102�
(d) 38 and 1.7  102�

5. In solid ammonia, each NH3 molecule has six other 
NH3 molecules as nearest neighbours. �H  of
sublimation of NH3 at the melting point is 30.8
kJ/mol and the estimated �H  of sublimation in the
absence of hydrogen bonding is 14.4 kJ/mol. The
strength of a hydrogen bond in solid ammonia
would be
(a) 6.5 kJ/mol (b) 5.5 kJ/mol
(c) 7.5 kJ/mol (d) 8.5 kJ/mol

6. A certain liquid has a viscosity of 1.00 � 104 
poise and a density of 3.2 g/mL. How long will it
take for a platinum ball with a 2.5 mm radius to
fall 1.00 cm through the liquid?

(The density of platinum is 21.4 g /cm3).
(a) 30 s (b) 40.5 s
(c) 50.5 s (d) 55.5 s

HO

H

H

HO

H

HOH C2

O

CH OH2

OH
Excess CH COCH3 3

Dry HCl

KMnO /NaOH4

C H O12 20 6

C H O Na12 17 7

K

+Dil. HGives 
effervescence
with NaHCO3

+CH OH/H3
M

(i) NaOH
N

(ii) HCl

J

J

L

HO

H CH OH2 O
C

HO

OH

(a)
HO H

H OH
HO H

CH OH2

C

COOCH3

(b)

HO

H OH O
C

H C3

OH

(c) H OH
H OH

HO H

CH OH2

C

COOCH3
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O
O

O
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7. The thermochemical equation for the combustion
of ethylene gas, C H2 4  is

C H ( )+ 3O ( ) 2CO ( )+ 2H O( )2 4 2 2 2g g g�� l ;

� H� � � 337 kcal/mol        
Assuming 70% efficiency, how many kilogram of
water at 20°C can be converted into steam at 100°C
by burning 1.00 m3 of C H2 4  gas measured at STP?
(a) 20.9 kg (b) 16.9 kg
(c) 15.7 kg (d) 17.9 kg

8. A virus preparation was inactivated in a chemical
bath. The inactivation process was found to be first 
order with respect to virus concentration and at the 
beginning of the experiment 2% of the virus was
found to be inactivated per minute. The value of k
for the inactivation process would be
(a) 3.3   10  s4 1� � �

(b) 2.2  10  s4 1� � �

(c) 2.5  10  s4 1� � �

(d) 5.5  10  s4 1� � �

9. If 50.0 mL of a solution containing
0.0010 mole of silver ion, is mixed with 50.0 mL of
0.100 M HCl solution, how much silver ion remains 
in solution? (Ksp� � �1 10 10)
(a) 2 10 10� �  mol
(b) 2.5 � �10 10 mol
(c) 3.5 � �10 10 mol
(d) 4 10 10� �  mol

10. Assuming a constant concentration of
10.0 M H SO ,2 4  the energy obtainable from a lead
storage battery in which 0.100 mole of lead is
consumed would be 
(a) 42.8 kJ (b) 45.5 kJ
(c) 40.5 kJ (d) 42.2 kJ

11. A Tl /Tl	  couple was prepared by saturating 0.100

M KBr with TlBr and allowing the Tl	  from the
relatively insoluble bromide to equilibrate. This
couple was observed to have a potential of � 0 443. V 
with respect to a Pb /Pb2+  couple in which Pb2+ was
0.100 M. What is the solubility product constant of 
TlBr?
(a) 6 10 6� �

(b) 3 10 6� �

(c) 3.6 � �10 6

(d) 4 10 6� �

12. An organic compound X with molecular formula, 
C H O7 8  is insoluble in aq 
 NaHCO3

but dissolves in NaOH. When treated with bromine 
water, X rapidly gives Y, C H OBr7 5 3. The compound
X and Y, respectively are
(a) benzyl alcohol and 2, 4, 6-tribromo-3-methoxybenzene
(b) benzyl alcohol and 2, 4, 6-tribromo-3-methylphenol
(c) o-cresol and 3, 4, 5-tribromo-2-methylphenol
(d) m-cresol and 2, 4, 6-tribromo-3-methylphenol

13. Which one of the following will most readily be
dehydrated in acidic condition?

                

14. A particular 100 octane aviation gasoline used 1.00
cm3 of tetraethyl lead (C H2 5)4Pb, of density 1.66
g/cm3, per litre of product. This compound is made
as follows:

4 4C H Cl NaPb2 5 	 � �� ( )C H2 5 4Pb 	 	4 3NaCl Pb

How many grams of ethyl chloride, C H Cl2 5 , is
needed to make enough tetraethyl lead for 1.00 L of 
gasoline?
(a) 1.33 g
(b) 2.30 g
(c) 2.50 g
(d) 3.5 g

15. In the reaction,

The product E is

       

16. RNH2 reacts with C H SO Cl6 5 2  in aq 
 KOH to give a

clear solution. On acidification, a precipitate is
obtained which is due to the formation of

                 

(a) (b)

(d)(c)

OHO OH

O

OH

O

OH

NaNO /HCl2

NH2

CH3

0.5°C
D

CuCN/KCN

Δ
E + N2

(a) (b)

(d)(c)

CN CH3

COOH

H C3 CH3

CH3

CH3

— —R N SO C H OH2 6 5

H

H

(a)

C H SO NH6 5 2 2(c) — — —R NH SO C H2 6 5(d)

+—R NSO C H K2 6 5(b)
–+
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17. Which of the following is the strongest base?

                 

18. The reaction of white phosphorus with aq. NaOH
gives phosphine alongwith another phosphorus
containing compound. The reaction type, the
oxidation states of phosphorus in phosphine and
the other product, respectively are 
(a) redox reaction, �3 and �5
(b) redox reaction, 	3 and 	5
(c) disproportion reaction, �3 and 	5
(d) disproportionation reaction, �3 and 	3

19. Between SiCl4 and CCl4, only SiCl4 reacts with
water because
(a) SiCl4 has vacant d-orbitals available with Si
(b) SiCl4 is covalent
(c) SiCl4 is ionic, while CCl4 is covalent
(d) SiCl4 has bigger size than that of CCl4

20. Among P Q R, ,  and S,

the aromatic compounds(s) is/are
(a) P and Q (b) Q and R
(c) R and S (d) P Q R, ,  and S

21. What is the decreasing order of strength of the
following bases?

OH  , NH , H C   C
– – –

2 � ��  and CH  C H3 2

–
�

(a)  CH C  >   NH  > H C   C
–

 > O
–

3 2 2

– –
� � ��H H

(b)  H C  > CH C  > N  > 3 2 2

– –
� �� �C H H OH

– –

(c)  O H C
– –

H > N  > H C  > CH CH
– –

2 3 2� �� �
(d) NH  > H C  > H > CH CH

– –
2 3 2� �� �C

–
O
–

22. A1 and A2 are two ores of metal M. A1 on
calcination gives black precipitate, CO2 and water.

Ores A1 and A2 are
(a) Cu(OH)2 
 CuCO 3 and Cu S2

(b) CuCl  and CuI2

(c) CuCO  and Cu S3 2

(d) Cu S and Cu(OH)2 2

23. Under ambient conditions, the total number of
gases released as products in the final step of the
reaction scheme shown below is

(a) 0 (b) 1 (c) 2 (d) 3

24. Which of the following compounds is not yellow
coloured?
(a) Zn [Fe(CN) ]2 6

(b) K [Co(NO ) ]3 2 6

(c) (NH ) [As(Mo O ) ]4 3 3 10 4

(d) BaCrO4

25. Sulphur melts to a clear mobile liquid at 119°C, but 
on further heating above 160°C, it becomes viscous
due to 
(a) formation of long chain molecules of sulphur gets

entangled into each other
(b) breaking of sulphur ring and formation of linear chain
(c) formation of eight membered puckered ring structure
(d) rhombic structure of sulphur

Calcination

Dil. HCl

KI

Black solid + CO  + H O2 2

I  + ppt.2

A2 Metal + Gas

K Cr O  + H SO2 2 7 2 4

Roasting

Green colour

A1

XeF6 P+ Other product

OH/H O2

Complete hydrolysis

Q

Slow disproportionation
in OH/H O2

Products

–

–

Cl

AlCl3
P

NaH
Q

HCl
S

(NH ) CO4 2 3

100–115°C

R

O

O O

The origin of biogas is traced back to the Persians. They discovered that

organic matter such as rotting vegetables gave of a flammable gas that could

be used for other purposes. Around 2000 to 3000 years ago, Marco Polo wrote

about the use of covered sewage tanks in Ancient China. We Indians built the

first sewage plant in Bombay to make use of this biogas way back in 1859. 

This idea was then adopted in the UK in 1895, where it was used to light up

street lamps.

(a) (b)

(d)(c)

NH2 NHCH3

CH NH2 2NH2

CH3
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1. (a)   KE � �KZe

r

mv2 2

2 2
KZe

r
mv

2
2�

    v
KZ e

m r
� 




 � 
KZ e

m
n h

K Z me

2 2

2 24�

 �

2 2�K Z e

nh

For hydrogen,

v1 �
� � �2(3.14)(9.00  10 Jm/C )(1)(1.60  10 C)

1(6.

9 2 19 2

63  10  Js)34� �
 

    � �2.18 m/s106

        c

v1

137�
�

�
�

3.00  10  m/s

2.18  10 m/s
 

8

6

Light travels 137 times as fast as the electron in this orbit.

2. (a)   

3. (a) Mass of film �  Volume of film � density of film
 � (area of film)×(thickness of film) × (density of film)

� � � (100 cm  300 cm)(300  6.0 Å) 

(10 cm / Å)(1.0 g / cm )8 3�

� 0.54 g
The equation involves n moles each of (CH ) SiCl3 2 2 and 
[(CH ) SiO]3 2 .

Therefore, 1 mole (74 g) of (CH ) SiO3 2  in the film requires
1 mole (129 g) of (CH ) SiCl3 2 2. Then, 0.54 g of (CH ) SiO3 2

requires (0.54 g)(129/74) �  0.94 g (CH ) SiCl3 2 2.

4. (a) 2C H  + 17O 16CO + 18H O8 18 2 2��

Per mole of fuel 0.05 is unreacted and

(0.95 mol) 
16 mol CO

2 mol C H8 18



�
�
�

�

�
�
� � 7.6 moles of CO is produced.

Since, the temperatures and pressures of the two gases are 
the same, the volume ratio equals the mole ratio

7.6 mol CO
0.05 mol C H8 18

 � �1 5 102.

The mass ratio of CO and C H8 18

    
(7.6 mol CO)(28.0 g /mol)

(0.05 mol C H )(114 g /mol)8 18

�  � 37

5. (b) Total strength of all hydrogen bonds 
� �( . . )30 8 14 4  kJ/mol�1

� 16 4.  kJ/mol
There are 6 nearest neighbours, but each hydrogen bond
involves 2 molecules. Thus, the total strength is obtained

by dividing 6
2

3� , i.e. 16 4
3
.  kJ/mol � 5.5 kJ/mol.

6. (b) The mass of the platinum ball and of the liquid it
displaces are determined from the respective densities
and the volume of the ball.
Volume is given by

        V r� 4
3

3�  � 4
3

314( . )(0.25 cm) 3 

� 0 0654. cm3

      m ( ) ( . )( . / )Pt cm g cm3 3� 0 0654 21 4 � 1 40. g

      m0 0 0654 3 2( ) ( . )( . / )liquid cm g cm3 3� � 0 21. g

        v
m m

r
�

�( )0

6

g

� �
 

�
�

�

( . . )( )1 40 0 21 980g g cm/s

6(3.14)(0.25 cm)(1.00  10

2

4  poise)

� � �2.47 10 2 cm/s

  Time (
Displacement

Velocity 
t

d

v
)

( )

( )
�  

�
� �

1.00 cm

2.47  10  cm/s2
 � 40 5.  s

7. (b) n(C H )  (1.00 m )(1000 L / m )
22.4 L / mol

2 4

3 3

�  � 44 6.  mol

 � �H n H( ) ( ) ( )1 13m � �C H mol2 4

 � � (44.6 mol)( 337 kcal /mol)

 � � �1 50 104.  kcal

The useful heat is then (0.700) (1.50  10  kcal)4�

 � � 1.05  10  kcal4

For the overall process, consider two stages

 H O ( , 20 C) H O ( , 100 C)2 2l l� �� �

  �H � (1.00 kcal / kg K)(80 K) � 80 kcal/kg

H O( , 100 C) H O( , 100 C)2 2l � �� �g   �H � 540 kcal/kg 
 �H(total) � 80 kcal/kg

72

OH

H

H

HO

H

HOH C2
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H
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O
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O
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O
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O

(L)

+CH OH/H3
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The mass of water converted is then equal to the amount
of heat available divided by the heat requirement per kg.

     m(H O)  1.05  10  kcal
620 kcal / kg

2

4

� �  

� 16.9 kg

8. (a) From the first order rate law,

      k A

A t
� � �� �

� � �
1

It is seen that only the fractional change in concentration, 
� �[ ] / [ ]A A , is needed; namely, 0.020, when �t � 1 min 
� 60 s.
This form of the equation may be used for the initial rate,
when the value of [ ]A  is not changing appreciably; that
condition is certainly met when only 2% is inactivated in
the first minute.

k � � � � �0 020
60

10 4 1.
s

3.3 s

9. (b) The initial quantity of Cl–  ion is given by
(50.0 mL) (0.100 mmol/L) � 5 00.  mmol � 0 00500.  mol Cl– .
At equilibrium, let x � number of mole of silver ion
remaining in solution.
Therefore, 0 0010 0 0010. .� �x  mole of silver ion and an
equal fraction of a mole of chloride ion have precipitated,
leaving 0.0040 mole of chloride ion remaining in solution.
The total volume of the solution is 100.0 mL.

[Cl ] = 0.0040 mol
0.100 L

–  � 0 040. M

  Ksp
– +  [Ag ][Cl ]  [Ag ][0.040]� �	  

     � � �1 10 10

 [Ag ]  1  10
0.040

  2.5  10  M
10

9	
�

�� � � �

x � � �(2.5  10  mol / L)(0.100 L)9

   � � �2.5 10 10 mol

10. (a) PbO  + 4H  + SO  + 2  2
+

4
2� ��e–  

       PbSO  + 2H O4 2 ; E� � 1 70.  V
Pb SO PbSO 0.314

2–
4	 �� 	 � �2e E– ;  V

PbO  + Pb +4 H + 2 SO2
+

4
2� ��
    2PbSO  + 2H O4 2 ; E� � 2 01.  V

   E E� � � 
��

�
��



�
�

�

�
�	 �

0 0592
2

. log 1

[H ] [SO ]4
4
2 2

� � 
��

�
��

��

�
��

�2.01 2.220 0592
2

1

20 104 2

. log
( ) ( )

V

     q
e

e
�



�
�

�

�
�


�
�

�

�
�( . )0100

2 96500
mol Pb

mol

mol Pb

C

mol

� 19300 C
    Energy � �qE ( )( . )19300 2 22C V  � 42 8.  kJ

11. (c) The reduction potential of lead half-cell is given by

   E E( ) ( ) . log
.

Pb Pb� � � 
��

�
��

��

�
��

0 0592
2

1
0100

� � �0126 0 0296. .  � � 0156. V
The potential of the thallium half-cell is more negative
    E E( ) ( ) .Tl Pb� � 0 443 � � � � �0156 0 443 0 599. . . V

For Tl Tl V	 	 �� � �e E( . )0 336 , the concentration of 
Tl	  is given  by

    E E� � � 
��

�
��	

( . ) log
[ ]

0 0592 1

Tl

     � � � 	 	0 599 0 336 0 0592. . ( . )(log [ ])Tl
      [ ] .Tl	 �� �3 6 10 5

Ksp
+Tl 3.6� � �� �[ ][ ]Br 10 6

12. (d) Compound X (C H O)7 8  is insoluble in aqueous NaHCO 3
but soluble in NaOH, so it is phenol. Since, the number of
C-atoms remains the same after bromination, the
compound must be m-cresol and reactions takes place as
follows

13. (a)

Although both reactions are giving the same product, but
carbocation I is more stable than II, so I is easily dehydrated.

14. (a) The mass of 1.00 cm3 ( )C H Pb2 5 4  is (1.00 cm3) 
( )1.66 g / cm3  � 1 66.  ;
This is the amount needed per litre.
In terms of moles, 

Number of mole of ( )C H Pb2 5 4  needed �
1 66. g

323 g /mol

           � 0 00514. mol
The chemical equation shows that 1 mole ( )C H Pb2 5 4
requires 4 moles of C H Cl2 5 . Hence, 4 0 00514( . ) � 0.0206 mole
C H Cl2 5  is needed.

 m( ) ( . ) ( . )C H Cl mol g /mol2 5 � 0 0206 64 5
      � 1 33.  g C H Cl2 5 .

15. (c)

16. (b) 

OHO

O

OH

O O

+H
–H O2

+

I

+–H

Conjugated

O O

+H
–H O2

+
II

+–H

OH

CH3

OH

Br2

BrBr

CH3

m-cresol (X)
(C H O)7 8 2, 4, 6-tribromo

3-methyl phenol

Br

NH2

CH3

NaNO /HCl2

0-5°C

Diazotisation

N Cl2

CH3

CuCN/KCN

Δ

CN

CH3
[D] [E]

benzocyanide4-methyl 

+

C H SO Cl 6 5 2 + RNH2                 RNHSO C H2 6 5                     
+—R NSO C H K2 6 5

KOH

Benzene
sulphonyl
chloride

N-alkyl benzene
sulphonamide

Soluble in KOH
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17. (d) � CH3 group (an electron releasing (	 I-effect) (group) 

increases electron density at N-atom, hence basic nature
is increased.

      

�C H6 5 decreases electron density on N-atom, thus, basic
nature is decreased. (Lone pair on N in aniline compounds
is delocalised alongwith �-electrons in benzene).

18. (c) The reaction of white phosphorus with aqueous alkali is 
P  + 3NaOH + 3H O PH  + 3NaH PO4 2 3 2 2��

In the above reaction, phosphorus is simultaneously

oxidised (P NaH P O
0

4 2

+1

2�� ) as well as reduced 

(P P H )
0

4
3

3��
�

.

Therefore, this is an example of disproportionation
reaction. Oxidation number of phosphorus in PH3 is �3
and in NaH PO2 2 is +1. However, 	1 oxidation number is
not given in any option, one might think that NaH PO2 2
has gone to further decomposition on heating.

2NaH PO Na H PO + PH2 2 2

+5

4 3���

19. (a) SiCl4 reacts with water due
to vacant d-orbitals available on
Si-atom as shown on right side
No such vacant d-orbitals are
available on C-atom, hence 
CCl4 does not react with water.
Otherwise, both SiCl4 and CCl4 are covalent.

20. (d) A species is said to have aromatic character if (i) ring
is planar (ii) there is complete delocalisation of �-electrons 
(iii) Huckel rule i.e. ( )4 2n 	  �-electrons rule is followed.
where, n is the natural number (0, 1, 2, 3, …).

n      (4 2n 	 ) �-electrons
P 0 2
Q 1 6 (including lone pair)
R 1 6 (including lone pair on N)
S 1 6
In all cases, there is complete delocalisation of �-electrons.

21. (a) CH C
–
H  > N

–
H  > H C C

–
 > HO

–
3 2 2 � �

It is because the order of acid i.e. strength of their
conjugate acid is 
CH CH  < NH  < H C C H < H O3 3 3 2� � �  :

22. (a) A1 �����Calcination
 2CuO  + CO  + H O

Black 2 2

   A1   CuCl  + CO  + H O
Dil. HCl

2 2 2����

  2CuCl  + 4KI 2CuI + I  + 4KCl2 2��
   2Cu S 3O 2Cu O + 2SO2 2 2 2

A2

+ ��

Cu S + 2Cu O 6Cu + SO2 2 2���

23. (c) XeF6 on complete hydrolysis produces XeO 3 
 XeO 3 on
reaction with O

–
H produces HXeO 4

�  which on further
treatment with O

–
H undergo slow disproportionation

reaction and produces XeO6
4 �  alongwith oxidation

half-cell in basic aqueous solution.

HXeO  + 5O H
–

XeO  + 3H O + 24 6
4

2
� ��� e–

Reduction half-cell in basic aqueous solution.

HXeO  + 3H O4 2
� + 6e �� Xe + 7O H

–

Balanced overall disproportionation reaction is 

4HXeO  + 8O
–

H  4
– ��3 XeO  + Xe  6 H O6

4
2

2 products

� 	
1 244 344

Complete sequence of reaction can be shown as
XeF  + 3H O XeO  + 3H F6 2 3 2 2��

��� �
OH

4

–

 HXeO  ��������
disproportionation

OH H O
–

/ 2

XeO ( )  Xe( )  H O( ) + O ( )6
4

2 2
� 	 	s g gl

24. (a) Zn [Fe(CN) ]2 6 , K [Co(NO ) ]3 2 6  and  

(NH ) [As(Mo O ) ]4 3 3 10 4  show colour due to d-d transition
while BaCrO 4 is coloured due to charge transfer
phenomenon.
Further, according to spectrochemical series, the strong
ligand possessing complex has higher energy and hence,
lower wavelength. Therefore, complexes containing NO2 , 
NH4

+, O 2�  etc., ligands show yellow colour, while CN�

forces the complex to impart white colour. 

25. (a) Rhombic sulphur has a eight membered puckered ring
structure. On heating this ring tends to break and linear
chained sulphur is formed. When sulphur melts, the S 8
rings slip and roll over one another very easily. It gives
rise to a clear mobile liquid.
When liquid sulphur is further heated to higher
temperature, rings are broken giving long chain sulphur
molecules. This long chain molecules of sulphur gets
entangled into one another increasing viscosity of molten
sulphur.

74

Cl

AlCl3

NaH

Q

HCl

�

+  AlCl4
–

�

+  H2

Aromatic

Aromatic

O

O (NH ) CO2 34  

Δ, 100-115°C
N

H
Aromatic

ROH

Aromatic
R

�

P

(a) (b)

(d)(c)

NH2 NH       CH3

CH NH2          2NH2

CH3

+ I

+I

– I
– I

– I

H O2 SiCl4
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1. The following two test tubes contains two forms of
Cr(II) ion which are shown below.

      

What are the colours of solutions in test tubes I and II,
respectively?

2. Fill in the blanks.

98
252

5
10

0
13Cf B	 � 	n K

3. Anifreeze consists an aqueous solution of …

4. CO2 bubbles out of solution when a carbonated
beverage is opened, because the partial pressure of 
CO2 above the solution is …

5. Solar panels, made of …, are used both as an energy
source and as arhitectual elements in the buildings.

6. List the substances BaCl , H ,CO, HF2 2  and Ne in the
increasing order of boiling points.

7. A teaspoonful of sugar (C H O )12 22 11  is dissolved in a
glass of water and a teaspoonful of sugar is dissolved
in swimming pool full of water which one has greater
number of moles of sugar?

8. Usually surroundings contain far more matter than the
system and hence have a much greater heat capacity
consequently, the temperature of the surroundings
often does not change significantly, even though
energy transfer has occurred. For evaporation of water
at 25°C, how much temperature of surrounding drop?

9. A glass sphere containing a few iodine crystals rests on 
the ground in desert sunshine. The hotter the flask, the
more iodine sublimies, producing which colour?

10. How much of energy released on explosion of
1000 tons of dynamite?

[(H O) Cr(OH)2 4 2
4+Cr(H O) ]2 4

3+[Cr(H O) ]2 6

I II
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