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CHEMISTRY
Spectrum

Dear Aspirants,

For many of you the month of December is very precious as it is the first month to
gear up your studies. For an aspirant it is very difficult to maintain a proper balance
between emotions, performance, attitude, work pressure and time availability
during this month.This balancing requires cool, calm and focused approach. So, in
my opinion one must follow “no aggression — only devotion” policy during this
month.

Change or Updations are the prime requirements to live in a system with
dynamically changing environment. We as Spectrum family also follow the same
and always try to incorporate something new for you. With this ideology in this first
Mega issue of this season with more pages, more practice and more features we
are introducing two new columns from this issue, i.e.

Rapid Concept Revision and
Test Drive

Both of these columns are targeted to fine tune your preparations in synchrony with
Target 2017. Hope, these columns will prove their worth with a difference and you
will like the change. Remember
“Minds are like parachutes; they only function when open”
Thomas R. Dewar
So, open up yourself, be positive and work hard to succeed. The spectrum team will
be anxiously waiting for your feedbacks and comments.

Good luck
s
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@ CLASS XI SYLLABUS

Rapid

CONCEPT REVISION

Im> SOME BASIC CONCEPTS OF CHEMISTRY
MATTER, ITS PROPERTIES AND MEASUREMENTS

e Matter is anything that has mass and occupies space.

e Matter exist in three different forms such as solid, liquid and gas
according to the competition between intermolecular interactions and
thermal energy.

e The two other states of matter are also known. These are named as
Plasma and Bose-Einstein condensate but exist only in extreme
conditions of temperature and pressure.

e Properties of matter can be classified as physical and chemical
properties which are quantitative in nature.

¢ To measure a quantitative property, various systems of measurement
have been introduced, that vary according to their region.

¢ International system of unit (SI system) was introduced to standardise
measurements which contains 7 basic units and 2 derived units.

e The following prefixes are also useful in representing a measurement.

Multiple Prefix Symbol  Multiple Prefix Symbol
10 deca da 10" deci
10® hecto h 1072 centi c
10° kilo k 1078 milli m
10° mega M 10° micro u
10° giga G 10° nano n
10" tera T 107 pico p
10" peta P 107° femto f
10'® exa E 1078 atto a
10% zetta Z 0% zepto z
10* yotta Y 107 yocto y
02 > DECEMBER 2016 » CHEMISTRY SPECTRUM

Precision and Accuracy

e A measurement is said to be precise when
the values of different measurements are
close to each other.

* A measurement is said to be accurate when
the average values of different
measurements are closed to the true value.

e Uncertainty in measurement is expressed
in terms of significant figures.

e Significant figure is defined as the total
number of digits in a quantity whose
values are uncertain.

Rules in Significant Figures

= During addition or subtraction, the final result
should not contain more significant figures to
the right of decimal point than either of the
original numbers.
eg. 013+15+20911=22541=225
2SF 2SF 5SF 1 SF
= During multiplication or division, the final
result should not contain more significant
figures than the quantity containing least
significant figures.
4.28 x0.146 x 3.00
0.0418

=4484784=448
3 SF
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e Some important unit conversions in chemistry are given
in the following table.
Physical
quantity
1. Mass lu= 1.66x 10" kg= 931.48 MeV
1ton= 10°kg= 10°g= 10°mg
1 metric ton = 10°kg; 1 pound = 0.454 kg
2. Volume 1m® =10°L= 10°mL= 10°cm®
1L=1dm®=10°mL= 10°m?
Temperature K= 273+ °C;°C=5/9 (°F-32)

Units

Pressure 1atm = 1.013x 10°Pa(N / m?)
=~ 1.013 bar =760 torr = 760 mm of Hg
=76 cm Hg
5. Energy 1eV=1.602 x 107°J; MeV= 10°eV

1 cal=418J; 1 J=10"erg

Classification of Matter
At macroscopic level matter can be classified into the
following types :

¢ Mixtures contains two or more substances mixed in any
composition with variable properties. Mixtures are
further classified into two categories, homogeneous and
heterogeneous mixtures.

¢ The homogeneous mixtures have same composition
throughout (e.g. sugar solution) while heterogeneous
mixtures do not have the same composition throughout
(e.g. ores, colloidal solution).

* Pure substances have fixed composition with
non-variable properties. Pure substances are further
classified into elements and compounds.

¢ Elements contains only one type of atom or molecule
(e.g. H,, N,) while compound contains two or more

different atoms but in fixed ratio, (e.g. H,O, CH,).

Best Practice ESHOTS]

1. Which of the following statement is incorrect?

(a) Matter is anything that has mass and occupies space

(b) Weight (w) is the force experienced by an object on earth
and is equal to its mass m multiplied by acceleration due
to gravity (g), i.e. w=mg

(c) Energy and matter is neither created nor destroyed, but
it can change its form and the total quantity of them in
the universe is constant

(d) Matter cannot be converted into energy and vice-versa

2. The solid like conducting state of gases with free
electrons is called
(a) sol state (b) gel state
(c) plasma state (d) All of these

3.

6

7.

8.

%) RAPID CONCEPT REVISION

Match the following quantities (Column I) with their
SI base units (Column II).
Column I Column II
A. Density p. JA's™?
B. Pressure q. As
C. Electric charge r. kgm's?
D. Electric potential s. Candela
E. Amount of substance t. kgm™
F. Luminous intensity u. mole
Codes
A B CD E F
(@t r q p u s
B u s t t r q
¢ p g r s t u
du t s t p q
Select the incorrect relation(s) and choose the correct
option.
I. 2001b=90.7 kg
II. 2 km= 345 miles
III. 0.8 carat=0.1 kg
IV. —-20°C=253.15 K=- 4°F
(a) I and II (b) III and IV
(¢)ITand IV (d) II and III

Match the following numbers (Column I) with the
number of significant figures (Column II).

Column I Column II

A n p- Infinite
B. Sumof 7.65+ 2.72 x 107 q. Five

C. Product of (7.6x107) r. Four

x (3.8x10™)
D. 1.456x10 s. Three
E. 34000 t. Two
Codes
A B C D E

@s q qr t
®p g qgr ¢
e©p s r r t

ds s r q q
Which of the following is not an element?

(a) Graphite (b) Silica

(c) Diamond (d) Plasma sulphur
Which of the following is homogeneous mixture?
(a) Dust (b) Bronze

(c) Pencil led (d) Antena rod

A measured temperature on Fahrenheit scale is
200°F. The reading on celsius scale will be

(a) 40° C (6) 93.3°C

(c)94°C (d) 30° C

CHEMISTRY SPECTRUM DECEMBER 2016 < 03
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LAWS OF CHEMICAL COMBINATIONS, DALTON'S
ATOMIC THEORY AND DIFFERENT MASSES

Laws of Chemical Combinations

Chemical reactions involving matter are governed by the
following laws.
* Law of conservation of mass (Antoine Lavoisier) During

a chemical reaction, total mass of reactants before a reaction
is equal to total mass of products after a reaction.

¢ Law of definite proportions (Joseph Proust) A given
compound always contains exactly the same proportion of
elements by weight.

° Law of multiple proportions (John Dalton) When two
elements combine to form more than one compound, the
masses of one element that combine with a fixed mass of
other elements bear a simple ratio.

¢ Gay-Lussac’s law of gaseous volumes In a chemical
reaction involving gases, the volumes of the reactants and
those of gaseous products bear a simple ratio.

* Law of reciprocal or equivalent proportions (Richter)
When two elements combine with fixed weight of third
element then it is either the same or simple multiple ratio of
weight of two elements which combine directly with each
other.

* Avogadro’s law At constant temperature and pressure,
equal volumes of all gases is proportional to the equal
number of molecules. The volume of one mole of a gas at
STP is 224 L and it contains Avogadro’s number of
molecules (N, =6.023x10%).

Exceptions Related to Laws

= Law of conservation of mass is not applicable to nuclear reactions. In
a nuclear reaction, mass is converted into energy. Thus, the law has
been modified and known as law of conservation of mass and
energy. According to which “the mass and energy are
interconvertible but the total sum of the mass and energy during any
physical or chemical change remains constant.”

= Law of definite proportions is not applicable in case of isotopes as
they form different compounds with different properties but have
same composition.

= |aw of multiple proportions is not applicable to non-stoichiometric
compounds like Fe 0. It also doesn't work well with polymers and
oligomers.

Dalton’s Atomic Theory

In 1803, Dalton proposed the first atomic theory having the
following postulates.

* Matter consists of small indivisible particles called atom,
which take part in chemical reaction. However, it is no more
considered as indivisible after the discovery of proton,
electron and neutron.

¢ Atoms of same elements have similar properties and that of
different elements have different properties.

¢ Compounds are formed when different atoms combine in a
fixed ratio through chemical reaction.

04 > DECEMBER 2016 » CHEMISTRY SPECTRUM

e Chemical reactions involve reorganisation of atoms. These
are neither created nor destroyed during a chemical
reaction.

Atomic Mass and Gram Atomic Mass

¢ The mass of one atom of any element is called atomic mass
and is represented by amu or z (1 amu= 1.66x10% ).

¢ Atomic mass of one mole of an atom is called gram
atomic mass and is represented in gram.
e Many atoms exist as different isotopes in different

percentages. In such case, average atomic mass is
calculated. X XA
. + +...
Average atomic mass = M
X +X,+...

where X, X,, ... are percentage of relative abundance of
atomic masses A ,A, ..., respectively.

Molecular and Molar Mass

e The sum of atomic masses of all elements present in a
molecule is called molecular mass.

¢ The mass of one mole of a molecule is called molar mass.

Equivalent Mass
e It is the number of parts of a substance that combines or
displaces either directly or indirectly, 1.008 parts by
mass of hydrogen or 8 parts by mass of oxygen or 35.5
parts by mass of chlorine.
Mass of metal

X
Mass of X displaced

where, X=H, , O, and Cl, and Y =1.008, 8 and 35.5,
respectively.

¢ Equivalent mass of metal =

FORMULAE RELATED TO EQUIVALENT MASS ()
Atomic mass of element

Valence electrons of element
_ Formula mass of ion

Charge of ion
Formula mass of salt
Total positive or negative charge on cation / anion
_ Molecular mass of acid / base
acid/base Basicity / acidity

element —

ion

salt

oxidising / reducing agent
B Molecular mass of oxidising /reducing agent
Change in oxidation number of oxidising / reducing agent

= During metal displacement reaction,
Mass of metal added £

Mass of metal displaced £,

melaladded
displaced

metal
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Best Practice ES»HOTS]

9. In an experiment, 2.4 g of iron oxide on reduction
with hydrogen gave 1.68 g of iron. In another
experiment, 2.9 g of iron oxide gave 2.09 g of iron on
reduction. Which law is illustrated from the above
data?

(a) Law of constant proportions
(b) Law of multiple proportions
(c) Law of reciprocal proportions
(d) Law of conservation of mass

10. Assuming that the results given below taken together
illustrate the law of reciprocal proportions, calculate
the masses of oxygen and hydrogen in 1.25 g of water.

I. 0.46 g of Mg produces 0.77 g of MgO.

II. 0.82 g of Mg liberates 760 mL of hydrogen at
STP from an acid-(Weight of 1 mL of H, at
STP = 0.00009 g).

(@)0.8g,0.1g

(c)0.674 g,0.083 g

(b)1.11g,0.14 g
(d)0.31g,0.068 g

11.Carbon dioxide contains 27.27% of carbon, carbon
disulphide contains 15.79% of carbon and sulphur
dioxide contains 50% of sulphur. This data is an
agreement with

%) RAPID CONCEPT REVISION

(d) It could explain the nature of binding forces between the
atoms of molecule responsible for the existence of matter

in

solids, liquids and gases

15. Match the following (Column I) which represents
terms to the (Column II) representing their facts.

Column I Column II
A. Average atomic | p. Sum of masses of all atoms in
mass an ionic compound
B. Gram molecular | q. Relative percentage of
mass occurrence of isotopes
C. Formula mass r. One mole of a substance in
grams
D. Molar mass s.  One mole of a gas at STP
E. Molar volume t. Sum of masses of all atomsina
compound expressed in grams
Codes
A B CD E
@r p q s ¢t
b g t pr s
¢c)p q s t r
ds r t q p

16. Carbon has
carbon-13

and

three isotopes which are carbon-12,
carbon-14.

The percentage

(a) law of conservation of mass
(b) law of definite proportions
(c) law of multiple proportions

abundances are 98.92%, 1.108% and 2 x107°% and
atomic masses are 12, 13.00335 and 14.00317 u,
respectively. What is the approximate average atomic

(d) law of reciprocal proportions

12.1f 6.3 g of NaHCO, are added to 15 g of CH,COOH
solution, the residue is found to weigh 18 g. What is
the mass of CO, released in the reaction?
(@)45g (b)33g (c)26¢g (d)28g

13. The law of definite proportions is not applicable to
nitrogen oxide because
(a) atomic weight of nitrogen is not constant
(b) molecular weight of nitrogen is variable
(c) equivalent weight of nitrogen is variable
(d) atomic weight of oxygen is variable

14.Which of the following statements is incorrect

regarding Dalton’s atomic theory?

(a) This theory could explain the law of chemical
combinations except law of gaseous volumes

(b) It explains about the properties of atoms of same or
different elements but does not explain why these
elements combine to form molecules

(c) It does not explain why atoms of different elements have
different masses, sizes, valencies etc.

AMAZING
REALITIES

Table of Elements is J.

mass of carbon?
(a)12.1u (b)12.0u
(c)129u (d)12.5u

17. Match the items of Column I with Column II.

Column I Column II
A. 16ugofCH, p. 3.408 ppm
B. 6.0u moles of Na,SO, |q. 6.022 x 10" molecules
in 250 mL
C. Mass of one atom of |r. Molecular mass
A=39854x10% g = 64 g/mol
D. 16 ggasoccupies 5.6 L |s. 2.5092 x 10* atom/gram
at STP
Codes
A B CD
(@ q p s r
b)) s r q p
©r s pq
dp q r s

CHEMISTRY SPECTRUM

Out of 26 alphabets of English the only alphabet that doesn’t appear on the Periodic
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MOLE CONCEPT, FORMULAE OF
COMPOUNDS AND STOICHIOMETRY

Mole Concept

e One mole is defined as the number of carbon atoms
present in 12 g of pure C isotopes.

o It is nearly equal to 6.023x10* which is called
Avogadro's number and denoted by N ,.

e 1 mole =6.023 x10% atom or molecule or ion.

¢ Number of moles
Mass of atom or molecule or ion

- Molar mass of atom or molecule or ion
_ Volume of gas at STP (in mL)

22400
_ Number of atoms or molecules or ions

6.023x 10* (N ,)

Percentage Composition
e The percentage of different elements present in a
compound is called its percentage composition.
e Mass per cent of an element
_ Mass of the element in the compound x 100

Molar mass of the compound

Emp|r|cal and Molecular Formulae
The simplest whole number ratio of different elements
present in a compound is called empirical formula.

¢ The exact number of different atoms present in a
molecule is called molecular formula.

e Molecular formula = n x (empirical formula)

Molar mass
where, n =

Empirical formula mass

Chemical Stoichiometry

e It deals with the quantitative study of reactants and
products present in a chemical reaction.

* By applying laws of chemical combination, the problems
in stoichiometry can be solved.

* When reaction is balanced.

9NH,(g) + goz<g) —, 2NO(g) + BSHOW
2 molecules g molecules 2 molecules 3 molecules
2 moles 5 moles 2 moles 3 moles
34g 80 g 60 g 54 ¢g
2 vol g vol 2 vol 3 vol
2x224L 5 o041, 2x224L 3x224L
2 (at STP)

e If the reaction is not balanced, apply the concept that
atoms in a chemical reaction are conserved, i.e. POAC.

06 > DECEMBER 2016 > CHEMISTRY SPECTRUM

Principle of Atomic Conservation (POAC)
If reaction is given like,
NH, + O,—— NO + H,0O (unbalanced)
e Moles of N-atom in NH ; =moles of N-atom in NO or,
1 x mole of NH, = 1x mole of NO
e Moles of H-atom in NH; = moles of H-atom in H,O or,
3 xmoles of NH, = 2x moles of H,0
e Similarly,
2 x moles of O, = 1x mole of NO + 1 x mole of H,0
e We can calculate moles and masses of reactants and
products easily by solving the above equation.

Limiting Reagent or Reactant

e During a chemical reaction, the reactant that is
consumed first is called limiting reagent as it limits the
amount of product formed.

¢ The limiting reagent is determined depending upon the
condition given in the question. But in the balanced
chemical reaction, one reagent acts as limiting reagent.
The products formed will in accordance with the limiting
reagent. Volume of 1 mole of gas at STP will be taken as
22.4 L.

Strategies Related to Stoichiometry
Consider the following steps while solving problems related to
stoichiometry.

Step1 Write down the reaction given in the question. If the

reaction is not balanced apply principle of atomic conservation

(POAC).

Step 2 Find out the type of relationship among reactants and

products given, i.e.

(i) mole-mole relationship (i) mass-mass relationship

(iii) mass-volume relationship (iv) volume-volume relationship

Step 3

(i) In mole-mole relationship, the reactants and products are
given in terms of mole. Apply molar interpretation in the
chemical reaction.

(i) In mass-mass relationship, the reactants and products are
given in terms of mass. Apply mass interpretation in the
chemical reaction. These problems can also be solved by
converting them into mole.

(iii) In mass-volume relationship, reactant is given in mass and
asked to calculate product in volume and vice-versa. In this case,

apply ideal gas equation, pV =nRT = %HT to convert mass

into volume.

(iv) In volume-volume relationship, both reactants and products
are given in volume. Such problems can be solved by applying
Avogardro’s law and Gay-Lussac's law.
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Best Practice ESHOTS]

18. The vapour density of a mixture consisting of NO, and

N,0, is 38.3 at 26.7°C. Calculate the number of moles
of NO, in 100 g of the mixture.
(a) 0.437 (b) 0.528 (c) 0.612 (d) 0.324

19.1.0 g of magnesium is burnt with 0.56 g of O, in a
closed vessel. Which reactant is left in excess and how
much? (Atomic weight, Mg =24, O =16)

(a) Mg, 0.16 g (6)0,,0.16 g
(¢c) Mg, 0.44 g (d)0,,028¢

20. In the analysis of 0.5 g sample of feldspar, a mixture of
chloride of sodium and potassium is obtained, which
weighs 0.1180 g, subsequent treatment of the mixed
chlorides with silver nitrate gives 0.2451g of silver
chloride. What is the per cent of sodium oxide and
potassium oxide, respectively in the sample?

(a) 0.36%, 1.06% (b) 3.58%, 10.6%
(c) 10.6%, 3.58% (d) 10.6%, 0.36%

21. A solid mixture (5.0 g) consisting of lead nitrate and
sodium nitrate was heated below 600°C until the
weigh of the residue was constant. If the loss in weigh
is 28.0 per cent, find the amount of lead nitrate and
sodium nitrate, respectively in the mixture.
(a)33g,1.7g (b)1.7g,33g (c)38g,12g(d)1.2¢g,38¢g

%) RAPID CONCEPT REVISION

22. A mixture of CaCl, and NaCl weighing 4.44 g is
treated with sodium carbonate solution to precipitate
all the Ca®* ions as calcium carbonate. The calcium
carbonate, so obtained is heated strongly to get 0.56 g
of CaO. The percentage of NaCl in the mixture
(atomic mass of Ca = 40) is
(a) 75 (b) 30.6 (c) 25 (d) 69.4

23. An organic compound contains 49.30% carbon, 6.84%
hydrogen and its vapour density is 73. Molecular
formula of the compound is
(@C,H0, ®)CHWO, @CHO (@CH,O,

24. A is a binary compound of a univalent metal. 1.422 g
of A reacts completely with 0.321 g of sulphur in an
evacuated and sealed tube to give 1.743 g of a white
crystalline solid B, that forms a hydrated double salt,
C with AL,(SO,),. Identify A
(@)NaO, ®)K,0 (¢)KO, (d)Na,0

25. A solution containing 4.77g of NaCl is added to a
solution of 5.77 g of AgNO,. The weight of AgCl
precipitated will be
(@)36lg ®) 4.87¢g ©532g  (d)2.66g

26. The weight of lime (CaO) that can be prepared by
heating 200 kg limestone (CaCO,) which is 95 per cent
pure is
(@) 201.2 kg

(®)151.7kg  (c)106.4kg (d)110.8 kg

CONCENTRATION TERMS

The concentration and composition of solution can be
expressed by the following terms.

Molarity (M)

e It is the number of moles of solute present in 1 L of a

solution.
° M — nsolut'e — nsolute XIOOO
‘/solution (ln L) ‘/sulution (ln mL)
- Wieue X 1000
Msolute X ‘/solution (ln mL)

where, n,W, M and V are moles, weight, molecular
weight and volume respectively.

Note When molecular mass in equation of molarity are replaced by
formula mass, it is called formality (F).

Normality (N)

e It is the number of gram-equivalents of solute present in
1L of a solution.

«N= Gram equivalents of solute _ W, ute
Vootution (0 L) Eute X Viotution 0 L)
_ Wt X 1000
" E e X Vitugon (in mL)

W.

solute

(M) X Vsolution (ln mL)
n

x 1000 —nx M

¢ Normality = n x molarity where, n is the valency factor.
e Moles of solute = M x V (in L)
Equivalents of solute=N xV (in L)
Note In neutralisation reaction, when acid and base are mixed,
same equivalents of acid and base react with each other to
form salt. Hence, N,V, = NyV;.

Mole Fraction (y)

e It is the ratio of mole of a particular component to the

total number of moles present in a solution.
n n

solvent

+n

solute

+n

’ X/solvent -
solvent n

° Xsolute = n

solute solute solvent

Molality (m)

e It is the number of moles of solute dissolved in 1 kg of
solvent.

° — nsolute — solute
Wfsolvcnt (in kg) Msolutc X Wsolvcnt (ln kg)
W._ e % 1000

solute

Mso]ute X Wsolvent (Hl g)

CHEMISTRY SPECTRUM DECEMBER 2016 < 07
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%) RAPID CONCEPT REVISION

Note Molarity (M) and normality (N) of a solution change with
temperature as they depend on volume. However, molality (m)
is independent of temperature as it depends only on mass of
solvent.

Concentration in Terms of Percentage (%)

W.
= Percentage by weight (W /W) =—=12 % 100

solution

= Percentage by volume (W / V) =M x 100

solution

. W.
= Parts per million (ppm) = —2ue_ x 10°

solution
Experimental yield
Calculated (theoretical) yield

= Percentage yield =

Interconversion of Concentration Terms

= Molarity (M) and mole fraction ( ) are related as :
X e X 1000 xp

(X solute X Mso\me ) + (X solvent x Mso\vem )

= Molality (m)and mole fraction are related as :
Xso\ule X 1000
(1 - X solute ) Msn\vem
= Molarity (M) and molality (m)are related as :
i = B _ Msu\ule
m M 1000
= \Weight percentage and molarity (M) are related as :

W
—sobe 5 1000 X p
M — ___ solution

solution

solute
= Relation between normality (V) and molarity (M).
Normality _Molecular weight _ Acidity
Molarity  Equivalent weight  Basicity

Best Practice CSHOTS]

27. Calculate the molarity of 10 mL sample of human
urine having 5 mg of urea on analysis.
(Molar mass of urea = 60 g/mol)
(a) 0.008 M () 0.006 M
(c) 0.003 M (d) 0.08 M

28. Upon mixing 45.0 mL of 0.25M lead nitrate solution
with 25.0 mL of 0.1 M chromic sulphate solution,
precipitation of lead sulphate takes place. Calculate
the molar concentrations of reactant species left
unreacted in the final solution
(a) 0.054 M (6)0.071 M
(c) 0.075 M (d) 0.0375 M
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29.2.5Lof0.5N HCl and 7.5 L of 0.05 N FeCl, was added
to 25 L of 0.1 N NaOH. Weight of Fe,O, obtained is
xg and normality of NaOH left in resultant solution is
y N. The values of x and y are, respectively
(a) 10,0.025 (6) 20,0.05
(c) 40,0.05 (d) 30,0.15
30. What would be the molality of a solution obtained by
mixing equal volumes of 30% by weight H,SO,
(d =1.218 g/mL) and 70% by weight H,SO,
(d =1.610 g/mL), if the resulting solution has density
1.425 g/mL?
(a) 4.2 m b)1.5m (c) 7.61m (d)11.22 m
31.When ammonia was passed through 30 mL of 1 N
H,SO, solution, acid normality decreased to 0.2 N.
What volume of ammonia gas at STP is used?
(a) 408.2 mL (b) 537.6 mL
(c) 224.7 mL, (d) 167.4 mL

32.1In what ratio should you mix 0.2 M of NaNO, and

0.1M of Ca(NO,), solution so that in resulting

solution, the concentration of negative ions is 50%
greater than the concentration of positive ions?
(a)1:1 b)2:1 (c)1:2 d)3:2

33.100 mL of 0.1 M HCI, 100 mL of 0.2 M H,SO, and

100 mL of 0.1 M H,PO, are mixed together.

I. The final concentration of the solutionis... A...N.

II. If the solution is made of 1 L by adding water,

then the final concentration of the solution is

...B...N.
A and B are, respectively.
(a) 0.23 and 0.06 (b) 0.26 and 0.08
(c) 0.36 and 0.02 (d) 0.26 and 0.03

34. 100 g solution of urea in water contain 40 g of urea
(molar mass = 60 g/mol). What is the molality of urea

solution?
(a) 9.09 m (6) 10.10 m (c)11.11lm (d)12.12m
35. Fill in the blanks.

I. Aqueous urea solution is 20% by mass of solution
and... A...% by mass of solvent.
II. If the mole fraction of solute is 0.167, then the
molality of aqueous solution is... B... m.
III. 18 M H,SO, aqueous solution (density of solution
=18¢gL")is...C... molal.
IV. The molarity of K* in aqueous solution that
contains 17.4 ppm of K,SO, (174 g/mol) is

Choose the correct codes
Codes

A B (o] D
(a) 30 10-10 400 1x10*
) 25 11.11 500 2x10™*
(¢) 20 1.11 300 3x10™*
(d) 15 1.01 200 4x10™



iranchembook.ir/edu

36.

Match the following species undergoing chemical
change in (Column I) with the n-factor in (Column IT).
_ Molecular weight

n-factor, n = - :
Equivalent weight
Column I Column II
A.  As,0, is oxidised in basic p. n=_8
medium
B. Br, undergoes q. n= 3
disproportionation in basic 7
medium
C. H,O, undergoes r. n=1
disproportionation in acidic
medium
D. 1mole ofK,Cr,0, reacts with | s. n= 10
14 moles of HC1 6
E. SaltK,SO,-Al,(SO,),-24H,0 | t. n =28

% RAPID CONCEPT REVISION
Codes
A B C D E

(@p q v s t

®gq t qp T

e)r p q t s

dt s r q p

Answers

1. (d) 2. (0) 3. (a) 4. (d) 5. (c)
6. (b) 7. (b) 8. (b) 9. (a) 10. (b)
11. (d) 12. (b) 13. (¢) 14. (d) 15. (b)
16. (b) 17. (a) 18. (a) 19. (a) 20. (b)
21. (a) 22. (a) 23. (d) 24. (c) 25. (b)
26. (0) 27. (b) 28. (a) 29. (a) 30. (d)
31. (b) 32. () 33. (b) 34. () 35. ()
36. (d)

MASTER STROKES

. The molecular formula of a commercial resin used for

exchanging ions in water softening is C;H,SO,Na
(molecular weight =206). What would be the
maximum up take of Ca®" ions by the resin when
expressed in mole per gram resin?

®) - ©2 @

206 309 412
Aluminium and sulphuric acid react according to the
reaction :

2Al(s) + 3H,S0,(aq) — AL,(SO,).(ag) + 3H,(g)
If 0.5 mole Al are added to H,SO, solution containing
0.2 mole H,SO, how many moles of H, are produced?
(@) 0.2 (b) 0.6 (c) 0.4 (d)0.7

@ L
103

. 1.0 L of mixture of CO and CO,is taken. This mixture

is passed through a tube containing red hot charcoal.
The volume now becomes 1.6 L, the volumes are
measured under the same conditions. Find the
composition of mixture by volume.

(@) 55% CO, 45% CO, (6) 50% CO, 50% CO ,

(c) 60% CO, 40% CO,, (d) 40% CO, 60% CO

. A plant virus is found to consist of uniform cylindrical

particles of 150A in diameter and 50004 long. The
specific volume of the virus is 0.75 cm?®/g. If the virus is
considered to be a single particle, find its molar mass
(@) 70.92 x 10°g (b)1.2 x 10°g

(c) 88 x 10° g (d)7.5 x 10°g

. Which of the following statements illustrate the law

of multiple proportion?

(a) 3.47 g ofBaCl, reacts with 2.36 g of Na,SO , to give 3.88 g
BaSO, and 1.95 g NaCl

(b) Hydrogen sulphide contains 5.89% hydrogen, water
contains 11.1% hydrogen and sulphur dioxide contains
50% oxygen

6.

(¢) An element forms two oxides XO and XO, containing
50% and 60% oxygen, respectively. The ratio of masses of
oxygen which combines with 1g of element is 2 : 3

(d) 20 mL ammonia gives 10 volumes of N, and 30 volumes
of H, at constant temperature and pressure

Match the activity of HNO, in (Column I) with the
equivalent weight of HNO, in (Column II).

Column 1 Column II
A. Asan acid p. 63 g
B. Conc.HNO, as an 21g
oxidising agent (OA)
C. Dil. HNO,(0A) r. 105¢g
D. Cold dil. HNO, S. 7.875¢g
E. Verydil. HNO,(0A)
Codes
A B C D E
(@q r s t p
b)) s r qr p
©p p qr s
dr q r p s

A compound H,X with molar weight of 80 g is
dissolved in a solvent having density of 0.4 g mL™.
Assuming no change in volume upon dissolution, the
molality of 3.2 molar solution is

(a) 6 ®) 2 (c)8 (d) 10

The mole fraction of a solute in a solution is 0.1. At
298 K, molarity of this solution is same as its molality.
Density of this solution at 298 K is 2 g cm™. The ratio
of the molecular weights of the solute and solvent is
(a) 6 ()9

()5 (d)7
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9. Excess of carbon dioxide is passed through 50 mL of 0.5 M
calcium hydroxide solution. After the completion of the reaction,
the solution was evaporated to dryness. The solid calcium
carbonate was completely neutralised with 0.1 N hydrochloric
acid. The volume of hydrochloric acid required is (Atomic mass of
calcium = 40)

(a) 200 cm?® (b) 500 cm? (c) 400 cm?® (d) 300 cm?

10. Match the following properties of one of the components of a
mixture in (Column I) that is used by separation method in

(Column II).
Column I Column IT

A. Insolubility of a solid in solvent p- Magnetic separation
B. Solid component vaporises q. Solvent extraction
C. Liquid component vaporises r. Distillation
D. Magnetic property s.  Sublimation
E. Preferential solubility in a particular t.  Filtration

solvent
Codes

A B CD E
@p q r s ¢t
bt s r p q
)t s q r q
dr p q s t

11.Sodium  bicarbonate on heating
decomposes to form sodium carbonate,
CO, and water. If 0.2 mole of sodium
bicarbonate is completely decomposed,
how many mole of sodium carbonate is

formed?
(@) 0.1 () 0.2
(c) 0.05 (d) 0.025

12.50 mL of 0.2 M HCI, 50 mL of 0.2N H,SO,

and 200 mL of 0.2 M Ba(OH), are mixed
together and the volume is made to 1 L by
adding H,0. What is the final
concentration of the solution and the
nature of the final solution?

(a) 0.06 N basic

(6) 0.02 N, acidic

(c) 0.04 N, neutral

(d) None of the above
Answers
1. (d) 2. (c) 3. (d) 4. (a) 5. (c)
6. (c) 7. (c) 8. (b) 9. (b) 10. (b)
11. (a) 12. (a)

I®> ATOMIC STRUCTURE

SUBATOMIC PARTICLES, ATOMIC MODELS AND
DEVELOPMENT LEADING TO BOHR'S MODEL

Subatomic Particles

e Dalton’s atomic theory was unable to explain various properties of
matter and also does not explain internal structure of an atom.

e This lead to the discovery of subatomic particles. Some of the
important subatomic particles are given in the table below.

Name and Absolute Relative Mass
symbol charge (C) charge (g

Electron (e) -1.602x10™" -1 9.1x10% 0.511  J.J. Thomson

(Ml\gg%s:z) Discoverer

Proton (p) +1.602x 107  +1  1.6726x 10 9385 Rutherford

Neutron (n) 0 0 1.6749x10* 940  Chadwick
Positron +1.602x 107  +1  9.1x107% 0.511 D. Anderson
@ /e

(anti-electron)

Anti-proton  -1.602 x 10 -1  1.6726x 10 938.5 Emilio and
(p) Owen
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Rutherford’s Experiment
Rutherford passed energetic a-particles
through a very thin gold foil and concluded the
following:

e Most of the a-particles passed undeflected,
concluding that most of the spaces in an atom
are empty.

e The rest of the a-particles were deflected by
small angles and only a very few a-particles
retraced the path. This concluded that the
positive charge and whole mass of atom is
concentrated at a small place called nucleus
(radius of atom and nucleus are 10™"° m and
107" m, respectively).

¢ Electrons move in circular path called orbit.
Electrons and nucleus are held together by
electrostatic forces of attraction.
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Subparticles of Electron,
Proton and Neutron

= Although electron, proton and neutron were considered
as fundamental particles of atom but now proton and
neutron are known to be composed even smaller
particles called quarks. The quarks are of six types :
up, down, top, bottom, strange and charm.

= Protons are composed of two up quarks and one down
quark while neutrons consist one up quark and two
down quarks.

= Electrons are truely elementary particles with no
internal structures.

= Flectron is a type of lepton, i.e. an elementary half integer
spin particle that does not undergo strong interaction.

= There are six types of lepton out of which electron has
the least mass.

Charge by Mass Ratio (e/m)

¢ It is the ratio of charge to the mass of charged
particles like electron, proton, etc.

e/m ratio for electron was first measured by
JJ Thomson.

Charge of electron was calculated by

R. A Millikan by considering the downward
movement of a charged oil drop under the
influence of electric field. This process is
known as Millikan’s oil drop method.

1.602 x 107°C
91x10%8g
=176 x 108 Cg™*
9.58 x10* Cg™

For electron (e/m) =

For proton (e/m) =

Drawbacks of Rutherford’s Model

It fails to explain the stability of atom.

It fails to explain how the electrons are
configured around the nucleus and energy of
electron.

It could not explain atomic spectra of H-atom
and discontinuous spectrum.

Terms Related to Atom

Atomic Equal to the number of protons (or
number (Z) | electrons) in a neutral atom.
Mass Number of protons (p) + number of

number (A)

Isotopes

Isobars

Isotones

neutrons (n);(A=p+ N)

Atoms of same element having
different mass number,

e.g. (C'2, ,C".

Atoms of different elements having
same mass number,

e.g. (C1, ,N™

Atoms of different elements having
same number of neutrons, e.g. ;,K 3
20Ca40, 168 36.

%) RAPID CONCEPT REVISION

Isoelectronic | Species having same number of electrons, e.g. K *,Ca®*, Ar,

Cl~

Isodiaphers Different atoms having same neutron to proton difference
(neutron excess)
e.g. oU® o Th?* hoth have (n — Z) equal to 54.

Isosteres Species having same number of atoms and electrons are

isosteres, e.g. N, and CO.

Developments Leading to the Bohr's
Atomic Model

Dual Nature of Electromagnetic Radiation (EMR)

EMR possesses both wave as well as particle nature.

Wave Nature

Electromagnetic radiations are transverse waves propagate in
vacuum with the speed of light (¢ = 3 x 108 ms™).

The different types of EMR differ from each other by
wavelength or frequency (v =c/ A).

When these radiations are arranged in the order of their
wavelength or frequency, they constitute electromagnetic
spectrum.

Characteristics of Various Electromagnetic Radiations

Name Wavelength () Frequency (Hz) Ge;:)e&::}téon

Radiowave |3 x 10" — 8 x 107 |1 x 10° — 1 x 10° Alternating
current of high
frequency.

Microwave 3 x 10" — 6 x10% 1 x 10° - 5 x 10" Klystron tube

Infrared  6x 10°-17600 |5 x 10" — 8.95 x 10 |Incandescent

(IR) waves objects

Visible 7600 — 3800 3.95 x 10" — 7.9 x 10 Electric bulb, Sun
rays

Ultraviolet | 3800 — 150 7.9x 10" - 2x 10  Sun rays,

(UV) wave mercury vapour

X-rays 150 - 01 2% 10 - 3% 10" Cathode rays
striking metal
plate

y-rays 01 - 0.01 3 x 10" - 3 x 10% Radioactive decay

Cosmic 0.01 — zero 3 x 10% — infinity QOuter space

rays

Particle Nature

Wave nature of electromagnetic radiations is unable to explain
properties of electromagnetic radiations like black body
radiation, photoelectric effect, etc.

It can be explained by particle nature of electromagnetic
radiations.

Radiations by a black body which is an ideal body that emits
and absorbs radiations of all frequencies can be explained by
Planck’s quantum theory.

CHEMISTRY SPECTRUM DECEMBER 2016 < 11
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Planck’s Quantum Theory

¢ Atoms emit or absorb energy in discrete quantity called
quanta.

¢ Energy associated with a quanta is given by,

E=hv=" [y =
A

where, h = Planck’s constant
(6.626 x 107** Js)

v =Frequency of emitted radiation.

A
72
> T, > T,
‘B
C
Q
<l
fl N
1000 2000 3000

—> Wavelength A (nm)

e Energy is always emitted in integral multiples of hv

(i.e. hv, 2hv, 3hv, ...) or energy is quantised.

¢ When a black body is heated, the frequency of emitted

radiation increases as temperature increases.

Photoelectric Effect

S

The phenomenon of photoelectric effect was explained
by Albert Einstein using Planck’s quantum theory.
When a beam of light strikes a metal surface, it ejects
electrons and the phenomenon is called photoelectric
effect.

When a light of frequency (v) more than threshold
frequency (v,), strikes a metal surface, hv, (also called
work function, w;) amount of energy is used in
removing the electron from metal surface.

The rest of energy (hv — hv,) is used in moving the
electron with velocity v.

%mev2 =hv —hvy =h(v -v,)

pectrum

The arrangement of radiations in the order of their
wavelength or frequency is called spectrum.

When radiations are emitted due to the supply of
energy, the spectrum is said to be emission
spectrum.

When a continuous spectrum passed through a matter,
it absorbs radiation of a particular wavelength or
frequency and becomes excited. This missing wavelength
leaves a dark space in continuous spectrum. This type
of spectrum is called absorption spectrum.
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A spectrum can be further classified into two categories.

(i) Continuous or Band Spectrum

A spectrum in which there is no sharp boundary between
two different radiations, e.g. the spectrum produced due to
dispersion of white light.

(i) Discontinuous or Line Spectrum

A spectrum in which radiations of particular wavelength
are separated from each other through sharp boundaries.
It produced only radiation of some particular wavelengths.

Applications of Line Spectrum

= Discontinuous or line spectra are produced by gaseous atoms in excited
state, e.g. hydrogen spectra. Each atom has a unique line spectrum.
This concept is used in identifying unknown atoms in chemical
reactions by spectroscopic method.

= Emission spectra revealed that each element produced a unique set
of spectral line. This observation indicates that the energy levels
must be unique for atoms of each element. Therefore, a line
spectrum is sometimes referred to as an “atomic fingerprint.”

Best Practice [SHOTS‘;

1. When alpha particles are sent through a thin metal
foil, most of them go straight through the foil,
because
(a) electrons are much heavier than alpha particles
(b) alpha particles are positively charged
(¢) most part of the atom is empty space
(d) alpha particles move with high velocity

2. The stability of nucleus depends on the ratio n/p
(number of neutrons to number of protons). Which
of the following statements regarding nuclear
stability is incorrect?

(a) If n/p =1, nucleus is found to be very stable

(b) With increase in atomic number, number of neutrons
goes on increasing in comparison to the number of
protons

(¢) Upto atomic number 40, n/p =1

(d) When the ratio of n/p is more than 1.5, nucleus becomes
stable and radioactive (i.e. at. no. > 83)

3. Anelement X has the following isotopic composition,
20X : 90%, ' X : 8%, ** X : 2.0%.

The weighted average atomic mass of the naturally
occurring element X is closest to
(a) 200 u (6) 201 u (c) 199 u (d) 202 u

4. Many elements have non-integral atomic masses,
because
(a) they have isotopes
(b) their isotopes have non-integral masses
(c) their isotopes have same masses
(d) the constituents, neutrons, protons and electrons,
combine to give fractional masses
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The increasing order (lowest first) for the values of
e/ m (charge/mass) for electron (e), proton (p),
neutron (n), and alpha particle (o) is
(@)e, p,n,a (b)n, p, e o
(c)n, p,a,e (d)n,a, p, e

. Which of the following statements are correct

regarding the properties of cathode rays?

I. When cathode rays are focused on a thin metal
foil, it gets heated upto incandescence.

II. These consist of material particles and travels in
straight lines.

III. These do not get deflected in presence of electric
and magnetic field.

IV. Charge to mass ratio (e/m) of the particles in the
cathode is dependent on the nature of the gas
taken in the discharge tube and the nature of
the cathode.

Choose the appropriate option.

(a) T and II (b) III and IV

(c) I and IIT (d) Il and IV

. Match the following items (Column I) with items of

(Column IT) Rutherford’s scattering equation.

Column I Column II
A. Distance of closest p. N =K,/[sin*(8/2)]
approach
B. Kinetic energy of q. N =K, (Ze)*

o-particles

C. Scattering angle ‘¢’ r. N=K,/[1/2mv*)?

D. Nuclear charge s 1 .2Ze2
4me, Eg
Codes
A BCD A BC D
(@ p qr s b)s rp q
¢c) s r q p dpqs r

Particle nature of electromagnetic radiation is not

observed in which of the following phenomenon?

(a) Black body radiation and photoelectric effect

(b) Interference and diffraction

(¢) Variation of heat capacity of solids as a function of
temperature

(d) Line spectra of atoms

Determine the percentage of F in a mixture sample
F and Cl atoms, when removal of an electron from
each atom of the sample absorbs energy equal to
284 kd, while addition of an electron to each atom of
the mixture releases energy of 68.8 k.

(Given, EAp = 5.53x 10 °kJ, EA (=578 x 10 * kJ,

IEp =27.91x107 kJ and IE, = 20.77x107* kJ)

(a) 62.19% (6) 37.81%
(c) 20.77% (d) 27.91%

10.

11.

12.

13.

%) RAPID CONCEPT REVISION

Which of the following statements are incorrect?
I. Canal rays are simply charged gaseous ions.

II. Charge to mass ratio of these particles is found
to depend on the gas from which these originate.

III. Some of the positively charged particles carry a
multiple of fundamental unit of electrical
charge.

IV. Behaviour of canal rays in the electrical or
magnetic field is opposite to that observed for
cathode rays or electron. Choose the correct
option.

() Tand IT

®) 1, 11 and TIT

(c¢) I, I, IIT and IV

(d) None of these

Consider the following facts regarding o, f and

y-rays.

I. a-rays consist of high energy particles carrying
two units of positive charge and four units of
atomic mass.

II. B-rays are negatively charged particles similar to
electrons.

ITII. y-rays are high energy radiation like X-rays,
neutral in nature and do not consist of particles.

IV. Penetrating power : a-rays >p-rays > y-rays.

Choose the correct statements.

(@) Tand IT

®) 1, I and TIT

(¢) I, II, IIT and IV

(d) None of the above

In Millikan’s experiment, static electric charge on
the oil drops has been obtained by shining X-rays.
If the static electric charge on the oil drop is
-1.282x10718C, then the number of electrons
present in it is
(@) 7

(c)8

Which of the following statements would you
consider as the observation made by Rutherford in
o-particle scattering experiment?

(b)6
(d) 10

I. Whenever o-particles struck the fluorescent
screen, a tiny flash of light was produced at that
point.

II. Most of the a-particles (~99%) passed through
the gold foil undeflected.

III. A small fraction of a-particles were deflected by
small angles.

IV. Very few a-particles bounced back, that is they
were deflected by nearly 180°.

Choose the correct option.

(a) ITand IT () IIT and IV

(¢) I, IT and III (d) I, III and IV
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BOHR'S MODEL, DUAL NATURE OF MATTER
AND HEISENBERG'S UNCERTAINTY PRINCIPLE

Bohr's Atomic Model

Bohr proposed the following postulates to remove the
drawbacks in Rutherford’s atomic model.

¢ Electrons move around the nucleus in circular paths
called orbits, each having a particular amount of
energy. The energy of orbit increases as the distance of
orbit from nucleus increases.

¢ An electron does not radiate energy as long as it
revolves in a particular orbit. It makes a transition
from one orbit to another, when it emits or absorbs
energy.
¢ The angular momentum associated with an orbit is
integral multiple of & / 2.
nh
mur = —
2n

¢ During the revolution in an orbit, the necessary
centripetal force is provided by the electrostatic force of
attraction between electron and nucleus.

Bohr’s Formulae

Properties Formulae Numerical value
Radius _ n®h? - 0.529 n? A
Bohr’s orbit(r) 4n’mKZe> S Z
. onmK 2726 2
Enerf-gy O.f orbits KE= 2" m2 : e KE= 136 Z- 4 oV atom"!
(a) Kinetic nh n?
energy (KE) 2
=+21.8x 10*19[ZTJJ atom ™
n
(b) Potential —4n’mK*Z%* z? o
energy (PE) PE = 7n2h2 =-27.2| = |eV atom™
(¢) Total energy —2n°mK *Z%* VAl 1
=————— E,=-136[— |eVatom"~
(E,=KE+PE) —n n2h? 2
[ Z2*
=-21.8x10" ( jJ atom
n?
(d) Velocity of _ 21K Ze* v =2188x10°(Z \ms
electron (v) L no n
(e) Time period of n®h? _ o[ n®
revolution of T, = A imK 27 %t T, =15x10 a s
electron (T) ( onr,,
(f) Orbital 1 _4n’mK?Z%* 1 w(Z%)
frequency T V:F:&GGXIO 5 °
n n n

5
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¢ Energy of different orbits of H-atom (in eV)

1 2 3 4 tad
|—13.6| -3.4 |—1.51|—O.85| el |

—— > Increasing order

Line Spectrum of Hydrogen

e When H, gas is subjected to electric discharge, the H,
molecules dissociate and become excited.

¢ The excited atoms radiate EMR of definite frequency in
UV, visible and IR region of electromagnetic spectrum.

¢ Balmer was the first who observed line spectrum of
hydrogen in visible region.

¢ According to Rydberg,
r

wave number (V) = 1 RyZ* % - Lz , 1y <Ny
A ny nj J
where, Ry; = Rydberg’s constant = 109677 cm ™'
Z = atomic number

n, and n, =lower and higher orbit, respectively.

Line Spectrum of Hydrogen

Series of n n Spectral Wavelength
lines 1 2 region range
Lyman n=1 ny =2 |UVlight 1/Ry—4/3 Ry

series 34,... - 4000A

Balmer no=2 ny =3, Visible 4/Ry -
series 4,5, ... 4000-7000 A 36/5 RH
Paschen |n; =3 ny =4, Nearinfrared 9/Ry —
series 56,... 'S 7000 A 144/7 Ry
Brackett |n; =4 ny =5, | Infrared 16/Ry; —
series 6,7,... 'S 7000 A 400/9 Ry
Pfund n =5 ny, =6, Farinfrared |25/Ry—
series 7,8,...., |5 7000 A 900/11 Ry
Humphrey n, =6 | ny,=7, |Farinfrared 36/Ry-
series 89 ... 'S 7000 A 1764/13 Ry

¢ Maximum number of spectral lines that can be
obtained from n,th orbit to n,th orbit is
(ng —ny + D(ng —ny)
2 .




iranchembook.ir/edu

STRATEGIES RELATED TO RYDBERG'S
EQUATION

The following types of problems are asked related to Rydberg’s
equation.

Type 1 To find wavelength related to different series of hydrogen
spectrum.

Step 1 Find the value of ny and n,.

Step 2 Apply Rydberg’s equation.
Type 2 To find energy emitted/absorbed during a transition from n,
to n,.

Step 1 Apply Rydberg's equation and find A.

Step 2 Find the value of energy (E)=hv =%.

Type 3 To find ionisation energy.
[E=E. —E, 0-(~136eV)=13.6¢eVatom™

ground =

Limitations of Bohr's Model

It is only applicable to atoms or ions having single
electron.

It unable to explain Zeeman and Stark effect.
(Splitting of spectral lines in the presence of static
magnetic field and an external electric field,
respectively).

It unable to explain shape of atom in three dimensional
space.

It unable to explain dual nature of electron.

Dual Nature of Matter

de-Broglie suggested that like electromagnetic
radiation, matter also possesses dual nature.

Therefore, like photon, electron has also both
momentum and wavelength.

The above fact can be explained by Planck’s quantum
theory and Einstein’s equation (E = mc?).

The wavelength and momentum associated with matter

isgivenby A =— = (de-Broglie equation).

h
mc ; ~ J2mE
When a charged particle (q) is accelerated by a potential
V, the kinetic energy and wavelength of charged

particle is KE =%mv2 =qVor p=,2qV,, or :W
qQVim

Heisenberg’s Uncertainty Principle

It stated that the exact position and velocity (momentum)

of  subatomic

particles cannot be determined

simultaneously.

Aprxzi; AvaxZL or AE ><At2i
4n 4mm 41

14.

15.

16.

17.

18.

19.

20.

%) RAPID CONCEPT REVISION

Best Practice [SHOTS]

A stream of electron from a heated filament was
passed between two charged plates kept at a
potential difference of Vesu. If e and m are charge
and mass of an electron, respectively then the value
of h/ A (where, A is wavelength associated with
electron wave) is given by [JEE Main 2016]

(a) 2meV (b) N meV
(c) V2meV (d) meV

A photon of frequency, v causes photoelectric
emission from a surface with threshold frequency v,,.
The de-Broglie wavelength (L) of photoelectron
emitted is given by

@i=—" mr="
2mAn An

@r=| 1l _ 1] @nr=| "
LVO vJ 2mAv

Which of the following is the energy of a possible
excited state of hydrogen? [JEE Main 2015]
(a) + 13.6eV (b) - 6.8eV
(c)— 34eV (d) + 88eV

In Sommerfeld’s modification of Bohr’s theory, the

trajectory of an electron in a hydrogen atom is

(a) a perfect ellipse

(b) a closed ellipse like curve, narrower at the perihelion
position and flatter at the apehelion postion.

(c) a closed loop on spherical surface

(d) arosette

The energy of an electron in the first Bohr orbit of
H-atom is — 13.6 eV. The possible energy value(s) of
the excited state(s) for electrons in Bohr orbits of

hydrogen is
(@) - 34eV (b) - 4.2eV
(c)— 6.8eV (d)+ 6.8eV

In the Balmer series of atomic spectra of hydrogen,
there is a line corresponding to wavelength 4344 A.
Calculate the number of higher orbits from which

the electron drops to generate other line
(R x ¢ =3.289 x 10"),
(@) 3 (b)4 ()5 (d)6

Positronium consists of an electron and a positron
(same mass, opposite charge) orbiting around their
common centre of mass. The spectrum is, therefore
expected to be hydrogen like, the difference arising
from the mass difference. Calculate the wave
number of third line of Balmer series of positronium.
(a) 7620.6 (b) 10288

(c) 11522 (d) 54868

CHEMISTRY SPECTRUM DECEMBER 2016 < 15
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21. Which of the following statements is correct for a

H-like species?
(a) The energy gap between the consecutive energy orbits
decreases as the value of ‘n’ increases

(6) The longest wavelength in any
corresponds to o-line in that series

spectral series

(¢) Each spectral series is bounded by minimum and
maximum wavelength and the range follows a
continuous distribution as given by Bohr’s theory

(d) KE of the electron decreases, whereas the PE increases
as the value of ‘n’ increases

22. The minimum atomic number which results in a

transition from n =2 to n =1 energy level in the
emission of X-rays with wavelength 3 x 1078 m is

(@) 3 ®)2

(c) 4 (d)6

23. The kinetic energy of an electron in the second

Bohr’s orbit of a hydrogen atom is [ is Bohr radius]

h? h?
(@) ——— 2 2
4n°may l6n“mayg

2 2
e @ s
32n°may 6n°ma,

24. A body of mass x kg is moving with a velocity of

100 ms™L. Its de-Broglie wavelength is 6.62 x107%® m.
The value of x is (h = 6.62x1073* Js)

(a) 0.25 kg (6)0.15kg (c)0.2kg (d) 0.1 kg

25. If the uncertainties in the measurement of position

and momentum of an electron are equal calculate the
uncertainty in measuring the velocity.

(@) 7.98 x 102 m/s (6)1.16 x 10 m/s
(c)1.46 x 10732 m/s (d) 6.95 x 107" m/s

QUANTUM MECHANICAL MODEL, QUANTUM
NUMBER AND ELECTRONIC CONFIGURATION

Quantum Mechanical Model of
an Atom

This is the most successful model of atom that describes
the structure and configuration of atom in three
dimensional space.

16 > DECEMBER 2016

It is based on dual nature of matter and Heisenberg’s
uncertainty principle.

Erwin Schrodinger modified Bohr’s theory, who
considered the position and momentum of electron at a
time.

For H-atom, he considered that an electron in ground
state always stays at a distance of 0.529 A from the
nucleus.

ity —>

Electron densi
o
o

005 10 15 20
Distance from nucleus (&) —

(a) Graphical distribution of electron density (Bohr's)
According to Schrodinger, the electron can exist at any
distance from the nucleus, but maximum probability is
when the distance is 0.529 A from the nucleus.

Electron density —»

: 1 1
0 05 10 15 20
Distance from nucleus (A) —>
(b) The graphical representation of probability
distribution of electron cloud (Schrodinger)

CHEMISTRY SPECTRUM

During our approach to wave mechanical model of atom, we will
be coming across three key words about the atom which can be
defined according to the probability concept as :

1. Orbit It is a two dimensional imaginary space around the
nucleus where probability of finding electrons is maximum. It
can contain 2 to 32 electrons of variable energy, but same
family.

2. Subshell Aggregation or group of orbitals of exactly
similar energy which make an orbit. Subshells are named as s,
p,dandf.

3. Orbital A three dimensional real space around nucleus where
probability of finding a particular electron is maximum. An
orbital can accommodate maximum of two electrons with
exactly equal energy.

He achieved this by considering wave motion of
electron in three dimensional space satisfying the
following equation.

2 2 2 2
8\2|1+81;/+8\2|1+8n2m
o0x dy 0z h

where, y = wave function, 2 = Planck’s constant
E =total energy of electron (KE + PE)

V =potential energy of electron

(E-V)y=0

Different wave functions vy, y,, ¥ ;... satisfy the above
equation having either positive or negative probability
of finding electron.

v is used in place of y to represent the probability of
finding electron in a small space as probability can
never be negative.
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Quantum Numbers

There are four quantum numbers, i.e. probability factors which
properly describes the exact position of an electron.

Principal Quantum Number (n)

It describes the principle shell (orbit) in which an electron
revolves around the nucleus.

It represents distance of electron from nucleus and
represented by ‘n’.

The energy of orbit increases as the value of n increases.
K shell < L shell < M shell < N shell

Maximum number of electrons that can be found in an orbit
is 2n2.

Radial and Angular Nodes
for Different Orbitals

For s-orbital, number of nodes =(n — 1), i.e. 1s orbital contain no node, 2s
orbital contains one node, 3s orbital contains 2 nodes and so on. Infact
nodes are of two types,

(i) Radial nodes (i) Angular nodes

Aradial node is the spherical region around nucleus where probability of
finding an electron is zero as shown in the figure of Zs orbital.

Similarly, if such a distribution is seen at an angle from the nucleus, the

node is called angular node.
Node

©

2s orbital
Spherical s-orbitals symmetrically
disposed about the nucleus

For an orbital, number of nodes are calculated as
Number of radial nodes =n—/ -1

Number of angular nodes =/, Total nodes =n—1
For example, in 3p orbitals

Angular node =1, Radial number=3-1-1=1
So, total nodes = 2 (one radial, one angular)

Azimuthal Quantum Number (/)

¢ It describes the name of subshell (s, p, d, f) and their shape.
Its value range from 0 to (n — 1).

1s orbital

n 1 Name of | Shape of | Dependence of probability
orbital orbital of finding electron

1 0 s Spherical Only on distance from nucleus
and uniform in all direction.

2 1 p Dumb-bell | Both distance and any one
direction (x, y or z).

3 2 d Double Both distance and any two

dumb-bell directions (xy, yz, zx, 22, or

x%—y?)

4 3 f Complicated

%) RAPID CONCEPT REVISION

¢ Relation between angular momentum and [ is

given by

muor =2i1/l(l+ 1
T

Magnetic Quantum
Number (m)

¢ It describes the splitting of spectral lines under

the influence of magnetic field (Zeeman effect).

e Forn=1,/=0and m =0, there exist one spherical

s-orbital.

e Forn=2,/=1andm=-1,0,+ 1, there exists 3

degenerate p-orbitals, i.e. (p,, p,, p,)

e Forn=381l=2andm=-2,-1,0,+1, + 2, there
exists five degenerate d-orbitals,
ie. (dxy,dyz,dxz,dxz_yz,dzz)

Plots of Radial Probability Function, R(r) versus

Distance (1) from the Nucleus

¢ Radial probability function (R) is defined as the
probability of finding electron at a distance ‘7’
from the nucleus.

¢ Probability of finding electron at origin (nucleus)
is zero.

¢ The distance for maximum probability of finding
electron increases as ‘n’ increases, e.g. 1s < 2s < 3s.

¢ Total number of peaks appearing in the curves for
s, p and d-orbitals are equal to n, (n — 1) and
(n — 2), respectively, where ‘n’ is principal
quantum number.

e For lselectron, R =0atr=0and < and R =
maximum at r = 0.529 A.

c
.8 8t M(05294)
O S«
52 >
SIS
SEL4
T &
95 | 1s(h=1,1=0)
D:QECO 1
5 10

Distance from the nucleus ()

e For 2s electron, the value of R is zero at r = 0. The

distance (i.e. 1.058 A) at which the probability of
finding electron is zero is called node or nodal
plane or nodal surface.

M

N w

—

A2 dr y?

Radial electron
probability function

2s (1 =2,1=0)
0

052912645 5 10
2845 S| os

Distance from the nucleus (r)

R
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Orbital Wave Function vs r

= The curves between orbital wave function and r are similar as
discussed above with the difference that here negative values of
wave function is also visible because y can be negative or positive
but ? can only be positive.

1s 2s
v e WO
l Node
+ ¥
g - —
(@) (b)

= Whenn=4,/=3andm=-3-2-10,+1+ 2 + 3 there exists
seven degenerate orbitals.

= Total number of m, for a particular n= n?.

= Total number of m, for a particular / = (2/ + 1).

= Each degenerate orbital can hold maximum of two electrons.

Spin Quantum Number(s)

¢ When electrons in a particular orbit rotate around
nucleus, they also rotate (spin) around their own axis,

either in clockwise +% or in anti-clockwise —% .

¢ Spin angular momentum = Zi Js(s+1)
T

¢ In diamagnetic species, the magnetic moment (1) of two
opposite spin electron cancel making net magnetic
moment equal to zero.

¢ In paramagnetic species, all unpaired electrons have
same spin and the net magnetic moment equals to
W =./n(n + 2) BM where, n = number of unpaired
electrons.

Pauli’s Exclusion Principle

¢ No two electrons in an atom can have the same set of
four quantum numbers.

¢ For two electrons in the same orbital, the
n, l and m values are same but the value of s is

different, i.e. + é or —é, respectively.

Rules for Filling up of Electrons in Orbitals

Aufbau Principle

¢ Electrons are placed one by one in orbitals in the
increasing order of energy level which can be calculated
by (n + D) rule.

¢ Lower the value of (n + ]), lower is the energy of the
orbital.

e If (n + ]) value are same for two orbitals then the

orbital with lower ‘n’ value has lower energy and filled
first.

18 > DECEMBER 2016 » CHEMISTRY SPECTRUM

¢ The order in which electrons are filled in the orbital
according to this rule is
1s<2s<2p<3s<3p<4s<3d <4p
<bs<4d <bp <6s<4f <bd <bp<Ts<bf<6d<Tp
Hund’s Rule

While filling up of electrons in orbitals, pairing of electrons
does not take place until each and every degenerate orbital
occupies a single electron.

Extra Stability of Completely
Filled and Half-Filled Orbitals

In Cr and Cu, one electron jumps from lower energetic

4s orbital to higher energetic 3d to obtain half-filled and
fully-filled configuration, respectively.

Electronic configuration of such elements are given below.
e Cr-24 - [Ar] 3d5, 4s' o Cu-29 - [Ar] 3d%, 4t

+ Nb-41 - [Kr] 4d*, 55" » Mo-42 - [Kr] 4d°, 5s'
Ru-44 - [Kr] 4d’, 55' * Rh-45 - [Kr] 4d°, 55"

Pd-46 - [Kr] 4d%°, 5s° o Ag-47 - [Kr] 4d™°, 5s'
La-57 - [Xe] 4f°, 5d*, 6s® Pt-78 - [Xe] 47, 5d°, 6s'
Au-79 - [Xe] 4™, 5d"°, 65"

Best Practice [SoHOTSj

26. Which of the following statements are true about the
wave function?

I. When an electron is present in an energy state,
the wave functions corresponds to that energy
state and contain all information about the
electron.

II. It is a mathematical function whose value
depends upon the coordinates of the electron in
the atom and does not carry any physical
meaning.

III. Wave functions of hydrogen or hydrogen like
species with one electron are called atomic
orbitals.

IV. Wave function pertaining to one-electron
species are called one-electron system.

The correct set of statements are

(a) 1, IT and IIT

() III and IV

(¢c) Tand II

(d) All of the above

27. The total number of orbitals associated with the
principal quantum number 5 is [JEE Main 2016]
(@) 5 (6) 20
(c) 25 @1



iranchembook.ir/edu

28.

29.

30.

Match the following quantum number (Column I) 31.

with the information provided (Column II).

Column II
(Information provided)

Column I
(Quantum number)

Orientation of the
orbital

A. Principal quantum p-
number

B. Azimuthal quantum q. Energy and size of the

number orbital
C. Magnetic quantum r. Spin of electron
number

D. Spin quantum number s. Shape of the orbital

Codes

ABCD ABCD 32.
(@q s pr ®r s qp

©pqr s (ds r qp

Radial probability density in the occupied orbital of a
hydrogen atom in the ground state (1s) is given below

g i 33.
oE
3
iel
& .
Distance from nucleus (r)
Select the correct alternate(s).
(a) Radial probability is minimum when (r = a;)
(b) Radial probability is maximum when (r = L)
Qo
(c) Radial probability almost falls to zero when, r > 1 A
(d) Radial probability is independent of r
Consider the following statements. 34
I. For an atom having a single electron, the
principal quantum number (n) is only a
parameter to determine the energy of the
orbital.

II. In case of multielectron atoms, the energy of an
electron depends not only on its principal
quantum number but also on its azimuthal
quantum numbers, (n + 1) rule is followed.

III. The energies of the orbitals in the same subshell 35.
decrease with an increase in the atomic number,
Le. Eoysm)> Eoswi)> Eosna) > Eosx)-

IV. Z4 experienced by the orbital decreases with an
increase in the azimuthal quantum number and
thus order of energies of various sub-shell 36.

within an energy leveliss<p <d <f....

The correct set of statements is
(a) I, IT and III

(6) IIT and IV

(c) II, IIT and IV

(d) All of the above

%) RAPID CONCEPT REVISION

The quantum numbers of electrons are given below.

Case n l m; m
I 4 2 -2 1
2

II. 4 1 0 L1
2

II1. 3 2 -2 1
2

v. 4 1 +1 L1
2

The correct order of increasing energies are
() IV>TI=1I>1 b)) IMI<IV=II<I
(c) IV<III<II<1I (d)IV<II<IlI<I

Suppose that Pauli exclusion principle states that an
orbital can accommodate three electrons, what are
the respective atomic numbers of the second
members of alkali metal family and the first member
of halogen family?

(a) 16, 14 (b) 11,9

(c) 16,9 (d) 34,17

Which of the following should be correct according to

Hund’s rule?
2p

(@ C=1s22?[1] | |
2p

®) 0=1s>2s2[ L[] |

2p
(¢) ;N = 1s% 25? -
2p

(d) oF =152 25

If the nitrogen atom had electronic configuration 15,
it would have energy lower than that of the normal
ground state configuration 1s22s?>2p3, because the
electrons would be closer to the nucleus yet 1s” is not
observed, because it violates

(a) Heisenberg uncertainty principle

(b) Hund’s rule

(¢) Pauli exclusion principle

(d) Bohr postulate of stationary orbits

For a d-electron, the orbital angular momentum is
(@) Jé(iJ (®) ﬁ(i)
2n 2n
© (i) @2 (i)
2n 2n
The quantum numbers of the last electron of an

element are given below. Predict the atomic number
and name of the element from the following

quantum numbers.n =3,[{=2, m =0, s= _%
(@) V (b) Sc
(c) Cu (d) Ni

CHEMISTRY SPECTRUM DECEMBER 2016 < 19
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37.

38.

20

Which of the following statements is incorrect?

(a) Angular quantum number signifies the shape or the
orbital

(b) Energies of stationary states in hydrogen like atoms is
inversely proportional to the square of the principal
quantum number

(c) Total number of nodes for 3s orbital is three

(d) The radius of the first orbit of He* is half than that of
the first orbit of hydrogen atom.

The set of quantum numbers n =4,/=0, m =0 and
s= +é corresponds to the most loosely bound,

ground state electron of which one of the following
atoms.

MASTER

Which of the following statements is true regarding

absorption and emission spectra?

(a) Emission spectrum is observed, when white light is
passed through the substance and the transmitted
radiation are analysed by the spectroscope

(b) Absorption spectra is always discontinuous whereas
emission spectra may be continuous or may be
discontinuous

(c) Absorption spectrum gives bright line (coloured) on
dark background whereas emission spectrum gives dark
lines on bright background

(d) Radiations from emitting source are analysed by the
spectroscope in absorption spectrum.

Which electronic level would allow the hydrogen
atom to absorb a photon but not to emit a photon?
(a) 3s () 2p

(c) 2s (d)1s

The ratio of de-Broglie wavelength of a deuterium
atom to that of an o-particle, when the velocity of
former is five times greater than that of the later, is
(a)4 (6) 0.4 (c)2 (d)0.2

The wave number of the spectral line in the emission

spectrum of H-atom will be equal to g times the

Rydberg’s constant if the electron jumps from
(@n=3ton=1 b)n=10ton =1
(¢c)n=9ton=1 (dn=2ton=1

In an atom, the total number of electrons having

1.
quantum number n =4, |m;|=1and m, = 5 is

(@) 4 ®)5 (c)6 @@

AMAZING
REALITIES

DECEMBER 2016 > CHEMISTRY SPECTRUM

(a) Na (®)Cl (¢c) Cr (d) Rb
Answers

1. (c) 2. (©) 3. (a) 4. (a) 5. (d)
6. (a) 7. (b) 8. (b) 9. (b) 10. (d)
11. (b) 12. (o) 13. (d) 14. (c) 15. (d)
16. (c) 17. (b) 18. (a) 19. (c) 20. (c)
21. (c) 22. (b) 23. (c) 24. (d) 25. (a)
26. (d) 27. (c) 28. (a) 29. (0) 30. (d)
31. (b) 32. (a) 33. (d) 34. (0) 35. (a)
36. (a) 37. (©) 38. (c)

STROKES

6. A compound of vanadium has a magnetic moment

of 1.73 BM. The electronic configuration of
vanadium is

(a) [Ar] 3d° 4s°

(b) [Ar] 3d" 4s®

(c) [Ar] 3d? 4s"

(d) [Ar] 3d" 4s°

. According to Bohr’s theory, E, =total energy;

K, =kinetic energy V, =potential energy; r, =radius
of nth orbit. Match the following

Column I Column II
AV, /K,=? p. 0

r, <Ei x=7? q. -1

=

C. Angular momentum in r. -2
lowest orbital

D. lxzy,y:? s. +1

r

Codes
A
(@ p
®) r
(c) s
(d) q
The atomic masses of He and Ne are 4 and 20 amu,
respectively. The value of de-Broglie wavelength of
He gas at —73°C is ‘M’ times that of the de-Broglie
wavelength of Ne at 727°C. M is
(@3 ()6
()5 d)7

w =T o W
T e a0
=T wn wn g

If you expose a glass of water to space, it will boil rather than freeze however the
water vapor would almost immediately crystallize into ice.
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9. Variations of radial wave function R against distance

10.

11.

12.

r is given for 2s orbital. Select the incorrect one.

w! gl

R R2
\_/r——> r—

(c) T (d) T

4mrR? R?
r—- r—-

In Heisenberg’s uncertainty experiment, which of
the statements is incorrect?

(a) Use of high intensity light increases accuracy in the
measurement of distance of electron from nucleus

Use of high frequency light increases accuracy in the
measurement of distance of electron from the nucleus
(¢) Use of long wavelength light increases accuracy in the
measurement of speed of electron.

If an experiment is designed to measure the distance of
electron from nucleus, the speed measured in same
experiment would be highly imprecise.

®)

@)

The normalised wave function of 1s-orbital is
v =+/Ne /% and the radial distribution function

3
= 4n?y? where, N = I(Z) .

n\ag

Most probable distance at which the 1s electron of
H-like atom with atomic number Z is to be found, is

(@) a, ®) %’
Z al
Z d) %0

(c) ” @ 7

Match the (Column I) with (Column II) and choose
the correct option from the codes given below.

Column II
(d-orbital)

Column I
(Boundary surface diagram)

Z Nodal planes

p. 4

& RAPID CONC

EPT REVISION

Column I Column II
(Boundary surface diagram) (d-orbital)
B. q. dxz -2
C. r. dy,
D. s. dy
E. t. dy
Codes
A B C D E
(@ s t q p r
b)) t rs p q
¢) r st q p
d t s pq r
Answers
1. (b) 2. (d) 3. (b) 4. (a) 5. (c)
6. (d) 7. (b) 8. (c) 9. (d) 10. (a)
11. (b) 12. (b)

CHEMISTRY SPECTRUM <«
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I REDOX REACTIONS

OXIDATION-REDUCTION, OXIDATION
NUMBER AND TYPES OF REDOX REACTIONS

In a redox reaction, both oxidation and reduction occurs
simultaneously.

Oxidation and reduction can be defined in many ways as:

Oxidation Reduction
I Addition of oxygen or Removal of oxygen or
electronegative element electronegative element

II Removal of hydrogen or  Addition of hydrogen or
electropositive element  electropositive element

III Loss of electron(s) Gain of electron(s)

Oxidising and Reducing Agent

¢ Oxidising agent or oxidant helps in oxidation of other
species by accepting electrons lost during oxidation and
itself gets reduced.

* Reducing agent or reductant helps in reduction by
donating electrons to the species undergoing reduction
and itself gets oxidised.

REMEMBER

= Molecules consisting of highly electronegative element like
oxygen (0), halogen (X) etc., are good oxidising agents.

= The molecules in which atom shows high oxidation state like
KCIO,, FeCl,,KMnO,, HNQ; etc., can get reduced easily.

= Metal oxides, e.g. Ca0, Mg0, SO, etc., are good oxidising agents.

= All the metals are good reducing agents, e.g. Na, Al etc.

= The compounds having elements in their lower oxidation state like
PtCl, can get oxidised easily.

= Elements having intermediate oxidation state act as both oxidising
as well as reducing agents,

e.g. S0,,Fe”*,Mn0,, 10" etc.

Oxidation Number (ON)

e Oxidation number of an element in a particular
compound is equal to the number of electrons lost, gained
or shared by that element.

It is positive when electrons are lost and negative when
electrons are gained.

Rules for Assigning Oxidation Number

¢ Oxidation number of an atom in free state is always 0. e.g.
oxidation number of HinH,, O in O,, ClinCl,, Na, K, Fe,
etc., is zero.

22 > DECEMBER 2016 > CHEMISTRY SPECTRUM

Oxidation number of hydrogen in a compound is always
+1, except in case of metal hydrides (NaH, CaH, etc.),
where it is —1.

Oxidation number of oxygen in a compound is always —2
except in peroxides (H,0,, Na,O,, etc.) where it is -1,

superoxides (KO,, etc.) 5 and OF,, +2.

Oxidation number of fluorine in a compound is
always —1.

Oxidation number of alkali metals and alkaline earth
metals in a compound are always +1 and +2, respectively.
Oxidation number of metals are always positive, except
in some metallic hydrides like CuH (-1) and metal
carbonyls such as [Rh(CO),T".

The algebraic sum of oxidation number of all atoms in a
neutral compound is always zero and in an ion, it is
equal to the total charge on the ion.

Exceptional Cases of Evaluation of
Oxidation Numbers

= InH,SO, (Caro’s acid), one peroxide linkage is present.

thus, the oxidation number of S is

obtained as ﬁ Peroxide linkage
2X(+1)+ x + 3%x(=2)+ 2x(-1) H—0—S—0—0—H

(for H) (for S) (for 0) (for 0—0) |
2+x-6-2=0 x=+6 ©

= Similarly, in H,S,0,, the oxidation number of S is +6 and CrO;

(two peroxide linkages), the oxidation number of Cr is +6.

= |nCaQCl, (bleaching powder) or Ca(OCI)CI, the two Cl atoms are in

different oxidation states. The oxidation state of Cl~ is —1and that
present in OCI™ is +1

= Similarly, inFe,0,, two Fe atoms are in+ 3 oxidation state and one

Fe atom is in + 2 oxidation state.

Types of Redox Reactions

Intermolecular Intramolecular Disproportiona-

redox reaction redox reaction tion reaction
Two different Different elements (Auto-redox) A
molecules/ of same compounds single atom in a
compounds are is oxidised as well ~ molecule/compound
oxidised and as reduced. e.g. is oxidised as well
reduced. e.g. (NH,),Cr,0,— asreduced. e.g.
Fe®" + MnO, N, + Cr,0, + 4H,0

— S Fe®* + Mn2* 3ClI0"— 2Cl” +ClO,
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1. Arrange the following in the increasing oxidation
number of Mn, N and X, respectively.
(a) MnCl,, MnO,, KMnO,
(b) N,0, NH,, N,H, NO, N,O,
(¢) HXO, HXO,, HXO,HXO,
Hint (a) MnCl, < MnO, < KMnO,

(b)NH, <N,H <N,0 <NO <N,O,
(c)HXO <HXO, <HXO0, <HXO,
2. Find out the oxidation number of Cr in CrO.Cl,,
Na,Cr;0,, and Cr,(SO,),, respectively.
Hint + 6,+ 6 and +3.

3. Find out the oxidation number of elements
underlined in each case.

(a) FeSO,(NH,),S0, -6H,0.

(b) Na,S,0,

(¢) Na,[Fe(CN),NO]
Hint(a)x -2+ 0+ 0=0,x = 2

1 2x (1) +4x + 6x(-2 =0,x =

[\ AN

@2+x+5-1)+1=0,x=2

4. Which compound amongst the following has the
highest oxidation number for Mn.
KMnO,, K,MnO,, MnO, and Mn,0,?

Hint KMnO, — Mn = +7.

5. Write down the name of the following redox reactions.
(a) H,0,(aq)— 2H,0() + 0,(g)
(b) Fe+N,H,— NH, +Fe(OH),
(c) 2KClO,— 2KCl + 30,
Hint (a) Disproportionation reaction
(b) Intermolecular redox reaction
(c) Intramolecular redox reaction
6. What is the oxidation number of Br in Br,0,?
Hint

7. Indicate which of the substance/ion in the following
reactions is an oxidising agent and which is a
reducing agent?

%) RAPID CONCEPT REVISION

(i) 2FeCl, + SnCl,— 2FeCl, + SnCl,
(i) 2Mg + SO,— 2MgO + S
(iii) 2I" + H,0,— 20H™ + 1,

Hint

Oxidising agent  Reducing agent

) FeCl, SnCl,
(i) SO, Mg
(iii) H,0, I

8. Find out the oxidation number of sulphur in the
following compounds :

HSO;, S,0%, S,0%, H,Sand H,SO,.
Hint The oxidation number of sulphur in HSO;, S,0%,
S,0%, H,S and H,S0, are +4,+7, +3, -2 and +6,
respectively.

9. Write the following equations in ionic form,
(a) NaHCO, + H,SO,— Na,SO,+ H,0 + CO,
(b) K,Cr,O, + 14HI— 2CrI, + 2KI + 31, + 7TH,0
Hint (a)Na* + HCO; + 2H" + SO —

2Na* + SO2" + H,0 + CO,

or Na* + HCO; + 2H*— 2Na* + H,0 + CO,

0 2K* + Cr,07 + 14H" + 14 —

2Cr®* + 61" + 2K* + 21" + 31, + TH,0

orl4H* + Cr,0% + 6 — 2Cr** + 31, + 7TH,0
10. Why HgCl, and SnCl, cannot exist as such if present

together in an aqueous solution?

Hint When both HgCl, and SnCl, present together,

undergoes redox reaction (double displacement occur) and
a white precipitate will formed.

2HgCl, + SnCl,—> SnCl, +Hg,Cl,{

‘White ppt.

11. Name one compound each in which oxidation number
of

(a) oxygenis+2 (b)nitrogenis+1 (c)chlorineis+4
Hint @)F,0 (BN, (¢ ClO,

12. The process of bleaching is represented as
Cl,(g) + 20H (ag)— ClO (aq) + Cl (aq) + H,0 ()

Identify and name the species that bleaches the
substance due to its oxidising action.

Hint Hypochlorite ion

13. Write the oxidation number of hydrogen when
combined with non-metals and active metals,
respectively.

Hint +1 and -1
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BALANCING OF REDOX REACTIONS

While balancing a redox reaction, both mass and charge
must be balanced on both sides of the chemical reaction.

The following different methods are followed while
balancing a redox reaction.

Half-Cell Reaction Method

This method is usually followed while balancing redox
reaction occurring inside a cell.

Steps Followed while Balancing a Redox
Reaction using Half-Cell Reaction
Method

Step 1 Assign oxidation state to the elements undergoing
oxidation and reduction,
0 +2 -1 +2.5
e.g. I, + S0 —T +S,0
Here, I, is reduced and S,07 is oxidised.

Step 2 Write down the oxidation half-cell and reduction
half-cell separately.

I,— T (Reduction half-cell)
S,0i——S,07 (Oxidation half-cell)
Step 3 Balance charge and mass of each half-cell separately.
I, + 22— 2I
28,0 — 8,07 + 2
Step 4 Equalise the number of electrons on opposite side of
the oxidation and reduction half-cell by multiplying

with suitable coefficient so that they would cancel out
while adding.

Since, there are same number of electrons on both
sides, hence there is no need to multiply by coefficients.

Step 5 Add both the oxidation and reduction half-cell
equations to get the final balanced equation.

I, +2e — 2I
25,0 —— 8,07 + 2
I, + 28,07 — 21" + 8,07
(Final balanced redox reaction)

Oxidation Number Method

This method is based on the change in the oxidation
number of oxidant and reductant.

Steps Followed to Balance Redox
Reactions in Acidic Medium

Step 1 Assign oxidation number of elements undergoing
oxidation and reduction.

0 +5 +5 +4
I, +NO,— 10; +NO,
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Step 2 Balance only those elements that undergoes a change
in oxidation state. Here, I and N-atom undergo a
change, in oxidation state.

I, + NO;— 2I0; + NO,

Step 3 Connect the elements undergoing oxidation and
reduction by a closed bracket. Here, I, undergoes
oxidation and N-atom of NO; undergoes reduction.

0 +5 45 +4
I, + NO— 2I0; + NO,

Reduction

4 Indicate the increase in oxidation number for
oxidation reaction and decrease in oxidation number
for reduction reaction. Multiply them with suitable
coefficients to make the increase in oxidation number
in oxidation process equal to the decrease in oxidation
number in reduction process.

Step

Here, we need to multiply the reduction reaction by 10.
0 5 5 4
I, + NOj— > 910; + NO,
01| 2x6-0=10 4

[R] (5-4)=1x10

Step 5 Write down the new equation after multiplying by
coefficients and balance all elements except H and O.

I, + 10NO, — 2I0; + 10NO,

Step 6 In acidic medium, for each excess O-atom, add one H,O
molecule on opposite side and 2H" on same side. There
are 4 extra O-atom on reactants side. Hence,

I, + 10NO; + 8H" — 2I0; + 10NO, + 4H,0
Now, the reaction is balanced.

Steps Followed to Balance Redox
Reactions in Basic Medium

The first five steps followed while balancing a redox
reaction in acidic medium is also followed here. However,
while balancing H and O, we follow a different method as
described below:

In basic medium, for each excess O-atom, add one H,0 on
same side and 20H" (basic) on opposite side.

If H-atoms are not yet balanced, for one excess H add one
OH" on same side and one H,0 on the opposite side,

€8 2Fe30, + MnO; ——> 3Fey03 + MnO; (basic medium)
[3><(8/3)—3><2=2]><31x

3x2

6Fe,0, + 2MnO, — 9Fe,0O, + 2MnO,
H,0— 20H

(basic medium)

(1 excess O-atom)

6Fe, 0, + 2MnO, + H,0—— 9Fe,O, + 2MnO, + 20H"
(final balanced equation)
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14. Balance the following equation,
(a) BaCrO, + KI + HCl—>
BaCl, + I, + KCI + CrCl, + H,0
(b) Mn,0,— MnO, + O,
(¢) As,S; + HNO,— H,AsO, + H,SO, + NO
Hint (a) 2BaCrO, + 6KI + 16HCl—
2CrCl, + 31, + 6KCl + 2BaCl, + 8H,0
(b) 2Mn,0 ,— 4MnO, + 30,
(c) 3As,S, + 28HNO, +4H,0 —
6H,AsO, + 9H,SO, + 28NO
15. Balance the following equation in acidic medium.
(a) MnO; + Fe** — Mn*" + Fe** + H,0
(b) Cu +NO; + 8H" — Cu(NO,), + NO + H,0
Hint (a) MnO, + 5Fe’* + 8H'——Mn®* + 5Fe®* + 4H,0
(b) 3Cu + 2NO; + 8H"— 3Cu*" + 2NO + 4H,0

16. Balance the following equation in basic medium.
(a) MnO; + Fe** 2%, Mn?>" + Fe™
(b) 8,07 + Ag, 02 Ag + SO>
(¢) H, + ReO; 25 ReO, + H,0
(d) ClO, + SbO; -2, ClO; + Sb(OH);
Hint (a) MnO; + 5Fe®" + 4H,0 — Mn?* + 5Fe®* + 80H
(1)S,0% + Ag,0 + 20H— 2Ag + 2S0% + H,0
(¢) 8H, + 2Re0; — 2Re0, + 2H,0 + 20H
(d) 2C10, +ShO; + 20H + 2H,0 — 2C10; + Sh(OH);
17.Balance the following equation by ion electron
(half-reaction) method for each of the following
equations.
(a) Cr0 + Fe* — Cr® + Fe** + H0
(b) HO, + I + H* — H,0 + I,

%) RAPID CONCEPT REVISION

() Cr,0F +C,H,0+H" — Cr*
+CH,0, + HO
(d) Cu,0 + H" + NO; — Cu* + NO + H,0
Hint (a) Cr,02 + 6Fe’*" + 14H' —
2Cr** + 6Fe®* + TH,0
H,0, + 2H" + 2I" — 2H,0 + I,
(¢)Cr,0% + 8H" + 3C,H,0 —>
2Cr®* + 4H,0 + 3C,H,0,
(d) 8Cu,0 + 14H* + 2NO; — 6Cu** + 7TH,0+ 2NO

1 8. Balance the following equations by oxidation number
method.
(a) KLr0, + FeSO, + H,SO, —>
Cr,(SO,), + Fe,(SO,), + K,SO, + H,0
(b) Al + KMnO, + HSO, —>
Al,(S0,); + K,SO, + MnSO, + H,0
Hint (a)K,Cr,0, + 6FeSO, + 7H,80, —
Cr,(SO,), + 3Fe,S0,), + K,80, + 7TH,0
(b) 10Al + 6KMnO, + 24H,S0, —>
5A1,(SO,), + 6MnSO, + 3K,SO, + 24H,0

19. Use the arbitrary coefficient method to balance the
following equations.
(a) Pb(N,), + CoMnO,), —>
CoO + MnO, + Pb,0, + NO
(b) K,[Fe(CN);]+ KOH + Ce(NO,), —>
Fe(OH), + Ce(OH), + K,CO, + KNO, + H,0
Hint (a) 30Pb(N,), + 44Co(MnO ), —>
44Co0 + 132MnO, + 10Pb,0, + 180NO
(b)K ,[Fe(CN), 1+ 258KOH + 61Ce(NO,), —
Fe(OH), + 61Ce(OH), + 250KNO, + 6K,CO, + 36H,0

20.1dentify whether the following redox reaction is
correctly balanced or not.
Cu + 2HNO, — Cu(NO,), + 2NO + H,0

Hint No, correct balanced reaction is
3Cu + 8HNO, — 3Cu(NO,), + 2NO + 4H,0

MASTER STROKES

1. Why H,0, acts as a reductant as well as an oxidant?
Hint Oxidation number of O in H,0O, is —1. Maximum
oxidation state of O is +2 and minimum is —2.
Explanation Hydrogen peroxide has the ability to gain
or lose electrons, as its oxygen atoms are in the
+1 oxidation state. By gaining electrons they can change
upto —2 oxidation state and by losing electrons they can
change upto zero oxidation state.

2. Which of the following is/are oxidant and which is/are
reductant? Br,, Fe®*, "

HintFe’" + - —— Fe®* [oxidant]
Br, + 2" — 2Br~ [oxidant]
2 — I, + 2¢” [reductant]

3. Find out the oxidation number of CI in Cl,, HOCI,
CL,0, ClO,, KCIO, and CL0,.
Hint The oxidation number of Clin Cl,, HOCI, C1,0, ClO,,
KCIO, and CL,0, are 0, +1, +1, +4, +5 and +7, respectively.
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4.

10.

11.

Find out the oxidation number of underlined atom.
KIO,, [Fe(CN),I**, PH], BaXeO,, NO;
Hint KIO, = +5, [Fe(CN),]* = +2, PH; = -3,
BaXeO, = +8,NO; = +5

. Sulphur dioxide (SO,) under atmospheric condition

changes into SO>". If the oxidation number of S in
SO is + 6. What is the value of x in SO>*?

Hint The value ofx = 4

= +6-2x =-

= +6+2=2x=x=4

. In alkaline medium, CIO, oxidises H,0, to O, and

reduced itself to Cl", then how many moles of H,0,
will oxidise by one mole of ClO,,

Hint 2ClO, + 5H,0, + 20H" — 2Cl" + 50, + 6H,0
Cl0, = 2.5H,0,

. Calculate the number of moles of MnO, required to

oxidise one mole of ferrous oxalate completely in
acidic medium.

Hint 2MnO; + 16H" + 5C,02” — 2Mn** + 10CO,
Number of moles of MnOj, required to oxidise one mole of

oxalate = % =04

. Balance the following chemical equation,

H0, +0,—> H,0 + O,
Indicating the changes in oxidation number of
oxygen, find the equivalent weight of H,0O, for this
reaction.
-1 0 -2 0
Hint H,0, +0s — H,0 + 20

Equivalent mass of H,0, = % =17

. Write one equation each for decomposition reactions

where energy is supplied in the form of heat, light or
electricity.

Hint Heat, CaCO ,(s)—> CaO(s) + CO,(g)

Light, 2AgCl(s) —5 2Ag(s) + Cl,(g)

Electric current

Electricity, 2H,0(l) ——— 2H,(g) + 0,(g)
Acidulated

Consider the following redox reaction and identify
which element is oxidised and reduced both?
4P + 3KOH + 3H,0— 3KH,PO, + PH,

Hint Phosphorus (P)
For the redox reaction,
MnO, +C, 07 +H* — Mn* +CO,+H,0
Determine the correct stoichiometric coefficients of
MnO;,C,0% and H".

Hint 2,5 and 16, respectively.
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12.1dentify whether the following reaction is redox or
not.
2K[Ag(CN),] + Zn— 2Ag + K,[Zn(CN), ]
Hint No

13. What products are expected from the dispropor-
tionation reaction of hypochlorous acid?

Hint HCIO, and CL,0

14. What are the oxidation states of iodine in HIO,, H,IO,
and H,IO,, respectively?
Hint +7,+7,+7
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Mock Questions from Class X1Ith Syllabus with Complete Solutions

INSTRUCTIONS

o This test consists of 30 questions and each question is allotted 4 marks for correct response.

« Candidates will be awarded marks as stated above for correct response of each question. 1/4 marks will be deducted for indicating incorrect
response of each question. No deduction from the total score will be made if no response is indicated for an item in the answer sheet.

© There is only one correct response for each question. Filling up more than one response in any question will be treated as wrong response
and marks for wrong response will be deducted according as per instructions.

1. The compound in which cations occupies all 6. Inafirst order reaction, the concentration of reactant
tetrahedral voids in a cubic closed packing (ccp) is decreases from 400 mol/dm® to 100 mol/dm® in 2.0 s.
(a) CaF, (b)Na,0 The rate constant for the reaction is
(c) ZnS (d) CsCl (a)1.38 s'll () 0.34 s-l1

0.69s” d) 0.50s~

2. Among the following best reducing agent is © s (@ °
(@ HPO, (b)HPO, 7. At same temperature 0.008 M solution of an ionic
(c)H4PO , (dHPLO, electrolyte A,B is isotonic with 0.02 M glucose

3. Which of the following compounds is expected to be f:hétilson' The percentage degree of dissociation of
coloured? 2
(a) Ag 2304 (b) CuF2 (Cl) 25% (b) 50% (C) 75% (d) 95%
(c) MgF, (d) CuCl 8. Abrown gas (A) on cooling changes to a colourless

solid (B), (B) on heating with NO changes to a blue

4. I pr
When 1,1-dichloropropane and 2,2-dichloropropane solid (N,O,). (A) and (B) are respectively

are reacted separately with aqueous potassium

hydroxide solution, compounds ‘A’ and ‘B’ are (@)NO,andN 0, ()N 0, andNO,
formed. Both ‘A’ and ‘B’ gave the same product ‘C’ (©)NO andNO 4 (@) N0 andNO;
on reduction using amalgamated zinc and HCIL. 9. In the reaction,

Identify ‘C’ al

(a) propyl alcohol

(b) isopropyl alc.ohol AIC, (anhy)

(c) propyl chloride + CHs—ﬁ—Cl — @
(d) propane

5. Which of the following combination will increases

(0]

cl Cl Cl ocl
the number of C-atoms with respect to the number CH
of atoms present in aldehyde/ketone? 8

’ (a) ®) (c) (d)

(a¢)H-CHO + RMgX
() CH,CHO + RMgX CH;COC1

[0} O CH; CHj

(c) CHLOCH; + RMgX
(d) All of the above
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10. Identify the incorrect statement.
(a) Interhalogen compounds are more reactive than its
elemental form
(b) WhenNH 4 react with excess of Cl,, a compound explosive
in nature is formed
(c) Bleaching action of chlorine is due to its oxidising property
(d) Chlorine can reduce ferric ions to ferrous ions

1 1 . CZH 5BI‘ KCN (A) Reduction (B)

_ N9, minal product(P)

The final product (P) in the above reaction is
(a) C,H,OH (b)C ;H,Br
(c)CH,NO, (d) CH,0H

12.0.3605 g of a metal is deposited on the electrode by
passing 1.2 A current for 15 minutes through its
salt. The valency of metal if its atomic weight is 96,

will be

(a) 2 ()3

(c)6 (d) 4
13. The reaction,

Cr,03(s) + 2A1(s) — Al,05(s) + 2Cr(s);

(AG° =(-) ve) is thermodynamically feasible as its

free energy value is (-)ve. But the reaction does not

takes place at room temperature because

(a) activation energy is required to raise the temperature

(b) the reaction is highly exothermic, difficult to control at
room temperature

(c) the reaction is highly endothermic, difficult to control at
room temperature

(d) All of the above

14. Which of the following artificial sweetening agent is
unstable at cooking temperature?
(a) Aspartame (b) Sucralose
(c) Alitame (d) All of these

15. Which one of the following is least reactive towards

nucleophilic substitution?
Cl
e

(d) (CH3)3' C—Cl

(a) CHy=CH—CH,CI

(c) CH;—CH(C)—CH,

16. First five members of 3d-transition series can
exhibit maximum oxidation states equal to
(a) half the sum of (n — 1)d and ns-electrons
(b) sum of (n — 1)d and ns-electrons
(c) twice the sum of (n — 1)d and ns-electrons
(d) 2 + half the sum of (n — 1)d and ns-electrons

17. Which of the following does not exist?

(@) XeF (b) XeO F,
(c) XeO ,F, (d) XeO jFy
18. Benzophenone and acetophenone can be
distinguished by using

(a) iodoform test
(c) silver-mirror test

(b) Fehling’s test
(d) Benedict’s test

28 > DECEMBER 2016 » CHEMISTRY SPECTRUM

19. Among the given species,
OH OH OH OH
Cl NO, CHg
@ aIn (I av)
The correct increasing order of acidic strength is
(@II<I<IV<II
bB)IV<II<I<III

CI<II<II<IV
dIV<II<II<I

20. Which of the following statement is incorrect for
lyophobic sol?
(a) They are irreversible under normal conditions
(b) They are mostly prepared by special methods
(c) They are readily coagulated by addition of electrolytes
(d) They are self stabilised

21]. An organic compound (C;H,NO,) on reduction gives
a compound (A) having molecular formula C3HgN.
Another compound (B) on heating with Br, + KOH

form the compound (A). Compound (A) and (B) are
respectively.

(a) CH,NH,, C,H,NO,

(b) C i, —NH,, C J1,CONH,

(c)C 2H5—I\|I—CH3, C4H,CONH,
H

(d) 02H5—1\|1—CH3, C4H,NO,
H

22. For the reaction,

<:>—OCH3 BB, %+ m

(X) and (Y) are

b @X-=

(c) X = @ and (Y) = Hy,O
(d &= © and (Y) = CH,Br

OH
(a) X) = @ and (Y) = CH3Br
Br
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23. A reddish-brown powder (A) on boiling with HCI
gives a yellow solution(B), (B) on treatment with
thiocyanate ions, gives a blood red coloured
compound. (A) and (B) respectively are
(a) FeCl, and FeO (b)Fe O 3 and FeCl,

(c) FeCl, and FeCl,4 (d) FeO and Fe O 4

24. 1dentify the correct statement.

(a) Lanthanoids can show variety of oxidation states. + 6
and + 7 oxidation states are exhibited frequently by
lanthanoids

(b) Among lanthanoid members, except promethium all are
radioactive in nature

(c) Actinoids can exhibit oxidation states upto + 6 and + 7

(d) Actinoids show very strong shielding effect

25. Identify the correct statement.
(a) Methanol is a solid at room temperature
(b) All aldehydes and ketones are fairly soluble in organic
solvents
(¢) Lower members of aldehyde group are insoluble in water
(d) Solubility of aldehydes and ketones increase with the
increase in length of alkyl chain

26. An organic compound C¢H;,0, (A) on hydrolysis
(in presence of dil. H,SO,) gives a carboxylic acid (B)

and alcohol (C), (B) on reduction gives propanol. On
the basis of given information, (A), (B) and (C) are
respectively.
(a) (A) = propyl propanoate, (B) = propanoic acid
(C) = propanol
(b) (A)=Dbutyl butanoate,
(C) = butanol

(B) = propanoic acid

%) TARGET JEE 2017

(¢) (A)=propyl propanoate, (B) = ethanoic acid
(C) = butanol
(d) (A) = ethyl butanoate,

(C) = butanoic acid

27. Which of the following species show highest
conductivity in aqueous solution?
(a)K,[Fe(CN)4] (b) K 3[Fe(CN)4l
(¢)[Co(NH,) ¢]-Cl, (d) [Cr(NH,) ,Cl,]

28. The correct statement about [NiCl, *~and [Ni(CO) ,1is

(a) Both are tetrahedral and paramagnetic in nature

(b) Both are tetrahedral but [NiCl, ]?" is paramagnetic while
Ni(CO), is diamagnetic

(¢) Both are square planar and diamagnetic

(d) Both are square planar and paramagnetic

(B) = ethanoic acid

29. Which of the following molecule is isostructural
with IF,?
(a) XeOF, (b) XeFg

©)XeOy;  (d)XeF,

30. Phenoxide ion show more number of resonating
structures than carboxylate ion, but carboxylic acid
is a stronger acid than phenol, the correct reason is
(a) Phenoxide ion has non-equivalent resonance structures
in which negative charge is present at less
electronegative atom

(b) The negative charge is localised in carboxylate ion while
delocalised in case of phenoxide ion

(¢) Due to presence of O~ atom, phenoxide ion is more stable
than carboxylate ion

(d) Due to presence of benzene ring in phenoxide ion, it form
more stable ion as compared to carboxylate ion
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5.

Answers with Explanation

. (b) /Na+_> Present at every

tetrahedral void
—> Present at ccp
lattice sites

Na,O(A,B) —> ccp-type
e 2:1 N

NayO have antifluorite structure.

. (@) H;PO, is the best reducing agent among the given

options as, it contain two replaceable H-atoms directly
attached with phosphorus atom.
H

P
H”| SoH

. (b) Cu?*(3d?) undergo d-d transition, exhibit colour.

. (d)
1 OH
<~ Aq KOH
CH,—CH,—CH —— CH;—CH,—CH
a “SoH
1,1-dichloropropane Unstable
l—HZO
CH;CH,CHO
Propanal
A)
Zn-Hg
CH;CH,CHO Cone. HCI CH,;CH,CHj;
A) Propane
©
Cl OH
CHy— f —CH, A4KOH oy (|? —CH,
Cl OH
2,2-dichloropropane Unstable
l—HZO
CHs;— ﬁ — CH;
(¢}
Acetone
(B)
CH,— C —CH, Zn-Hg/conc.HC1 CH,—CH,—CH,
” Propane
o ©
(B)
(d)

(a) On using HCHO with RMgX, one C-atom gets
increased and we get a primary alcohol.

(b) On using CH4.CHO with RMgX we get secondary
alcohol with more number of C-atoms (equal to
present in R).

(¢) On using CH4COCH, with RMgX, we get tertiary
alcohol with more number of C-atoms
(equal to numbers present in R) as compared to
ketones.
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i
@) Hf(llfH + RMgX—> H7|07R
O OH
(1° alcohol)
H

(i) CH3—|(|:—H + RMgX—> CH;—C—R

OH
(2° alcohol)
R
RMgX |
(iii) CH;—C—CHgs——> CH;—C—CHj
OH
(3° alcohol)

. (c) Key Concept For a first order reaction,

K = 2.303 1og 10 a
t a—-x
Given, t = 2sec,a = 400and a — x = 100
K = 2.303 log 400
2 100

K =115log,, 4
K =1.15(2logy, 2)
K =1.15(2 x 0.3010)
K =115 x 0.6020

K = 06923 =~ 0.69s7!

. (c) Thinking process First, calculate the value of van't Hoff

factor (i) using formula,
i X Tpp = Tgiucose [.isotonic]
Then, calculate degree of dissociation (o) with the help of
following formula.
i=(1-0) + no
For isotonic solutions,
IX Ty = Ty

ix C,RT = C,RT

Given, C, = 0008 M, C, = 0.02M
~ i x 0.008 = 002
i= 002 o5
0,008

Also, for dissociation
i=1-0o+ no
n = 3for A,B type ionic electrolyte

i=1-o+ 30
25=1+ 20
o o =075
or o =75%

(a) As given gas (A) is of brown colour, it isNO 5. On
cooling it changes to a colourless solid N,O 4(B).
N0, on heating with NO gives blue solid of N,O 5.
()  2NOy(g T N 040

Brown Cooling Colourless

(i) 2NO(g) +N,0,(s) —2— 2N ,0,(s)
Blue solid
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9. (c¢) In the given reaction, acetylation of C H;Cl occur at
p-position as-Cl group is o-, p-directing.

Cl Cl
+ CH,COCl _AlCL; (anhy)
o @ CH;
Major

10. (d)

(a) Interhalogen compounds are more reactive than its
elemental form because of weaker bonds between
XX’ (X and X’ are two different halogens) means
have low bond dissociation enthalpy as compared to

X,
Thus, statement (a) is true.

(b) When NH; react with Cl, (in excess) produces NClg
(nitrogen trichloride), which is explosive in nature

therefore, statement (b) is true.

(c) Bleaching action of chlorine is due to its oxidising

nature, i.e. Cl, + HiO — 2HCI + [O]
Coloured matter + [O] — Colourless matter
Thus, statement (c) is true.

(d) Cl, is oxidising in nature and will oxidise ferrous ions

to ferric ions as follows

2FeSO, + H,80, + Cl, — Fey(SO,) 4+ 2HCI

11. @ C,HBr —XN, ¢ oN —Reduction

(4)
HNO,

02H5—C|H2 —2 ,Cc,H,—CH,—OH
(P)

NH,
(B)

i.e. C;H,OH (Product)

12. (b) Amount of electricity passed,
Q=1t=12x15x60=1080C
Mass of metal deposited by passing 1080 C electricity
= 0.3605

Mass of metal deposited by passing 96500 C electricity

= 03605 96500 = 32.2¢
1080

. Equivalent mass of metal = 32.2 g mol ™!

Atomic mass = 96 g mol !
atomic mass _ 96 _

13. (a) As reactants are solid, so reaction does not occur at
room temperature. They require activation energy, the
required activation energy can be achieved only above the
room temperature.

14. (a) Aspartame is a methyl ester of dipeptide formed from
aspartic acid and phenylalanine. It is unstable at cooking
temperature.

15. (b) Chlorobenzene is least reactive towards nucleophilic
substitution due to presence of double bond character
between Cl-atom and C-atom of benzene ring.

%) TARGET JEE 2017

16. (b) First five members of 3d-transition series can exhibit
maximum oxidation state equal to the sum of electrons
present in (n — 1)d and ns, e.g. Mn can exhibit maximum
oxidation number = + 7 (3d°4s?)

Sc can exhibit maximum oxidation number = + 3(3d"4s?)

17. (e) Option (c), i.e. XeO ,F, does not exist as 4-oxygen

atoms require 8-electrons to make 4-double bonds and two
F-atoms require 2-electrons to make two sigma () bonds.

Thus, total 10 electrons are needed to make the XeO ,F,
molecule which is not possible (as Xe has only 8-electrons
in its outer most shell).

18. (a) Only acetophenone will show (+)ve iodoform test.

COCH; COONa
©/ + 3Nao] NeOH, Iy, ©/ +CHI, + 2NaOH
(Todoform)
(Yellow ppt.)

(Sodium benzoate)

19. (b) Electron withdrawing groups, i.e. groups that show
— I and — M-effect will increases the acidic strength while,
electron releasing groups, i.e. groups that show + I and
+ M-effect will decrease the acidic strength

OH OH
I —(Show -I and +M) II. (Nothing)
NO,
OH OH
II1. — (Show -Iand-M) IV. (Show +I and

hyper conjugation
similer to +M)

NO, CH,

~.Correct order is —» IV < II < I < III.

20. (d) Lyophobic sol(s) are
e Irreversible under normal conditions
e Prepared by special methods
* Readily coagulated by addition of electrolytes

® Require stabilising agents, i.e. they are not self stabilised

21. (b) (i)~ On reduction C H,NO, gives C H,NH, (molecular
formula C ;HoN)

(ii) On Hofmann bromamide degradation using

Br, + KOH, we get primary amine with one C-atom less
than that of parent amide.

Hence, (A) is C ;H,;NH, (Primary amine)

(B) is C 3H,CONH,, (Amide)

Reduction

(I) C H,NO,, —Reduction ¢ 17 N,
(II) C ;H,CONH,, — 22 KOH ¢ 1 NH,
22. (a) OH
@ OCH; 25> @ + CH,Br
(0]
(Phenol)
[0:9]
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23. (b) (i)Fe, O 4(A) is the reddish brown powder react with
HCl to give yellow solution of FeCl;(B).

Fe,O4 + 6HCl — FeCl, + 3HL0
(4) (B)
(Reddish brown (Yellow solution)
powder)

(ii) FeCl; on reaction with CNS™ ions gives blood-red
colour of Fe(CNS) ;.
FeCl; + 3CNS™ —— Fe(CNS)5 + 3Cl™
(Blood-red)
(a) Lanthanoids mainly show + 3 oxidation state
alongwith + 2and + 4in some cases.
Thus (a) is false.
(b) Except promethium all
non-radioactive.
Thus, (b) is false.
(¢) Actinoids can exhibit oxidation state + 6 and + 7.
Thus, (c) is true.
(d) Actinoids show poor shielding effect due to the
presence of d and f-inner electrons.
Thus, (d) is false.

(a) Methanol is a gas at room temperature.

(b) All aldehydes and ketones are fairly soluble in
organic solvents.

(¢) Lower members of aldehyde are miscible with
water.

24. (c)

lanthanoids are

25. (b)

(d) Solubility of aldehydes and ketones decrease with
the increase in length of alkyl chain.

26. (a) (i) Degree of unsaturation =1 the compound (A)
must contain one n-bond or a ring.
(i1)) On hydrolysis,
(A) gives a carboxylic acid (B) and an alcohol (C).
Therefore, (A) is an ester.
(iii) Acid-part on reduction gives propanol, therefore
(B) contain 3 C-atoms.
Hence, (A) = ester
CH3—CH2—ﬁ —OCH,—CH,—CHj,
0
(Propyl propanoate)
(B) = acid = CH3;—CH ,—COOH (propanoic acid)
(C) = alcohol =CH 3-CH, - CH,- OH (Propanol)
(I) CHLCH,—C—0—CH,CH,-CHg4

I (A
0
H,SO, (dil.
250 @il) | o1 CH,COOH + CH,CH,CH,
Hydrolysis (B) |
OH
CH,—CH,—COOH —feduction oy cH,CH,0H
(B) (©)

AMAZING

27. (a) More the ions produced by the species, more is the
conducting nature.
AsK ,[Fe(CN) ] will provide 4K * and one [Fe(CN) 5]*"
ions. (i.e. total 5-ions)
Therefore, is shows maximum conductivity in solution.
For others, Kj[Fe(CN)4] = give 4-ions

[Co(NH 3)4]Cl, = give 3-ions
[Cr(NH) 5Cl;] = remains as such

28. (b) As both are linked with four sigma bonds with
4-ligands and show sp?® -hybridisation thus are
tetrahedral by shape. But due to presence of weak ligand
(CI") in [NiCl, 12", Ni will not undergo pairing and two
unpaired electrons are present in the geometry.

3d 4s 4p
Ni7ion > [--]

sp3-hybridisation

Whereas CO is a strong field ligand and allows Ni in
[Ni(CO) 4] to undergo pairing. It contain completely filled
3d orbitals. Therefore, does not show paramagnetism.
Hence, diamagnetic in nature.

4s 4p

sp?-hybridisation

3d
Niion —>[ 1} [t H]1L]1]
with (CO)

29. (a) IF; is iso-structural with XeOF as central atom of

both contain equal number of sigma (6) bonds and lone
pair of electrons. O
F7|NF

F
F~|| >F
(0]

Both have square pyramidal shape.

30. (a) Phenoxide ion has non-equivalent resonance
structures in which the negative charge is at less
electronegative carbon atoms.

On the other hand, the negative charge is delocalised over
two more electronegative oxygen atom in carboxylate ion.

Thus, carboxylate ion is more stable as compared to
phenoxide ion and therefore, phenol is less acidic than
carboxylic acid.

o

AN
e
\\O_

Carboxylate ion Phenoxide-ion

Every hydrogen atom in your body is likely to be 13.5 billion years old,
since they were created at the birth of the universe

REALITIES
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TEST RIDER

Comprehensive Simulator Test Series for JEE Main 4 Advanced

JEE MAIN

(X1l SYLLABUS)

(PAPER TWO SCALE UP) WITH ANSWER KEY

Mock Questions from Class X1Ith syllabus to enhance Your Problem Solving Skills

INSTRUCTIONS

« This test consists of 30 questions and each question is allotted 4 marks for correct response.

* Candidates will be awarded marks as stated above for correct response of each question. 1/4 marks will be deducted for indicating incorrect
response of each question. No deduction from the total score will be made if no response is indicated for an item in the answer sheet.

* There is only one correct response for each question. Filling up more than one response in any question will be treated as wrong response
and marks for wrong response will be deducted according as per instructions.

1. An element crystallises in two forms (x) and (y); (x) 6. Identify the incorrect statement.
form has fcc structure with a = 380 A and (y) has (a) PCl; exist but NCl; does not
bee structure with a = 3.0 A. (b) Nitrogen form oxidesinall (+ 1to+ 5) oxidation states
The ratio of densities of (x) to that of (y) is (¢) AlIS—O bonds inSO}" are not of equal length
@1:1 ®)1:2 (d) None of the above
(©2:1 d)2:3 7. 100 mL of 1 M solution of CuCl, is electrolysed with

the current of 1.0 A for 1 h. The normality of the
remaining solution will be
(@1N (%) 1.63N
(c) 2.00 N (d)2.20 N

8. An unknown gas (Z) is used to produce Holme’s
signal. The gas when burns in air give a pentoxide
with white smoke (vortex rings). The gas is highly
poisonous and reactive.

2. CN™ and N, are isoelectronic but as compared to
CN™ ion, N, is inert due to
(a) low bond dissociation energy
(b) unsymmetrical electronic distribution of electrons
(c) presence of more electrons in bonding orbitals
(d) absence of polarity

3. Methyl cyanide when treated with methyl
magnesium chloride followed by hydrolysis gives

(a) propanal (b) propanol The gas (Z) is
(c) propanone (d) ethanol (@) PCly (b)NO
(¢ PH; (d)NCl,

4. 100 g of ethylene glycol dissolved in 400 g of water 9
at the temperature of — 9.3°C. The amount of water :
separates out as ice will be (Molar mass of ethylene

The gas evolved on anode during electrolysis of
K,S0,(ag) solution using platinum electrodes

glycol = 62 and K ; for water 1.86 K kg mol ™). will be
(a)3225¢g ®)TT4g (@) H, )80,
() 38.7g (d) 200.0 g 10 (€S0, . @0,

5. Which of the following statement about NO, and ’ Zz,lclllg}}ll e()i;he% following on reaction will give
N304 is correct? (a) Cyclohexene and HBr followed by treatment with KOH
(@) NO, is diamagnetic while N,O 4 is paramagnetic (alcoholic)
(b)NO, is paramagnetic while N O, is diamagnetic (b) Cyclohexanol and Mg followed by treatment with CO,,
(c) Both are diamagnetic (c) Bromocyclohexane and Mg in dry ether followed by H,O
(d) Both are paramagnetic (d) Isopropyl bromide and Na in presence of dry ether
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11.

12.

13.

14.

Which of the following compound can show
tautomerism?

(a) CgHNO, (b) (CH,),C -NO,
(¢)C,H;-NO, (d) (C4H,)4C -NO,

Which of the following statement is correct?

(a) Most common oxidation state for lanthanoids is + 2and
for actinoids is + 2and + 4

(b) The electronic configuration of actinoids cannot be
assigned with accuracy because of small energy
difference in 5f and 6d-energy levels

(c) Basic strength of hydroxides of lanthanoids increases
from La(OH) 3 to Lu(OH) 4

(d) Lu®*, Yb®* and Cu** are paramagnetic in nature

For a reaction,
A + B—— Products.
Initial concentration Initial rate
(molL™ 1) (molL s 1)
S.No. [Al, [B],

1. 0.2 0.2 0.1

2. 0.4 0.2 0.2

3. 0.2 0.4 0.1

The rate equation for the above reaction is
(@r=~k[A][B]
(B)r=k[A]
(c)r=FkI[B]
(d)r=Fk[A][B]?
Consider the following statements.
I. White phosphorus is a translucent, white waxy,
poisonous and insoluble in water.

II. White phosphorus is a translucent, white waxy,
non-poisonous and insoluble in water.
White phosphorus is a translucent, white waxy,
poisonous and soluble in water.
White phosphorus is a non-translucent, white
waxy, poisonous and soluble in water.

IIIL.

Iv.

Choose the incorrect statement(s) given above.
(a) Only II

(6) Both I and II

(c) I1, III and IV

(d) Both III and IV

15. A 6% solution of sucrose (molar mass = 342 g mol ™)

16.

34

is isotonic with 4 per cent solution of an unknown
non-volatile substance. At same temperatures, the
molecular mass of unknown substance will be
(a) 513 () 70 (c) 684 (d) 228

Which of the following solution act as disinfectant?

(a) 2 - 3% solution of iodine in alcohol and water

(b) Mixture of chloroxylenol (also known as parachlorometa
xylenol) and terpineol

(¢) 1% solution of phenol

(d) Both (a) and (b)
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17. A sol of Agl is prepared by mixing AgNO; and KI as

18.

19.

20.

21.

foll :
OlIOWS q AgN 03
AgNO, KI
A) B)

The charge on the colloidal particles of (A) and (B)
are respectively.

(a) positive on both (A) and (B)

(b) negative on both (A) and (B)

(c) positive on (A) and negative on (B)

(d) negative on (A) and positive on (B)

The correct increasing order of basic strength of
C¢Hs;NH,, (CoHy),NH and Co,HNH, is

(@) C,H,NH, < (C,H,),NH < C4,H,NH,

(b) CeH,NH, < (C,H;) ,NH < C,H,NH,

(¢) C H;NH, < C,H,NH, < (C,H,),NH

(d) (CH;),NH < C,H,NH, < C;H;NH,

A compound (A) with molecular formula, C,H,,0 is
soluble in conc. HySO, - (A) on heating with excess
of HI gives a single alkyl halide as product. (4) is

(a)C,HLOH (b)CZH5—C|H—CH3
OH
(c) CH4CH,OCH ,CH, (d) CH;—O0 —C,H,

For a reaction,

X Y
[Reactant] [Product]

If, E, for forward reaction = 20 kJ mol™*
E,, for backward reaction = 10 kJ mol !
and potential energy of (X) =11 kJ mol 1.
The heat of reaction (AH) and value of threshold
energy of the reaction will be, respectively
(@) 9 kJ mol™* and 30 kJ mol ™!
(b) 9 kJ mol~! and 81 kJ mol !
(¢) 10 kJ mol~! and 30 kJ mol~*
(d) 10 kJ mol~* and 31 kJ mol™*
Consider the following observations and identify
the compounds A and B.

(i) Compound A is prepared by oxidation of

compound B using alkaline KMnO,.
(ii) A on reduction with LiAlH, gives B.
(iii) A and B react together in presence of H,SO, to
give a fruity smell.

(a) A= RCH,OH, B = RCHO
(b) A= R-COOH, B = RCH,0H
(¢) A=R-CH,OH, B=R-COOH
(d)A=R-CHO, B =R-COOH
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22.

23.

24.

25.

26.

27.

A complex, [M(H50)]1Cl; (Z of M = 24) show
magnetic moment of 3.83 BM then the correct
distribution of 3d-electrons in the orbitals of M is
(@) 3d,,), 3d(,.), 3d{ .,

®) 3d1("y)’ 3d222)’ 3d2x2 -

() 3d, 2, 3dlyy), 3dl )

(d)3d{ 5 _ 5, 3d(, 3di,,)

Which of the following reaction confirms presence
of five —OH groups in glucose?

() Glucose + Bry(aqueous)

(6) Glucose + HNO 4

(c) Glucose + Acetic anhydride

(d) Glucose + NH,OH

Which of the following statement is incorrect when

a mixture of NaCl and K ,Cr,O; is gently warmed

with conc. H,SO,?

(a) A deep red vapours is formed

(b) Vapours when passed into NaOH solution gives a yellow
solution of Na,CrO 4

(¢) Chlorine gas is evolved

(d) Chromyl chloride is formed

For the reaction,

2A(g) + 3B(g) + C(g) —> Products
100
400

200
200

Time (in min) 0

800

Partial pressure of (A) (mm Hg)

At a given temperature, order and rate constant of
the said reaction are respectively

(a) zero, 6.93 x 10~ 3 min

(b) first, 0.693 min

(c) first, 6.93 x 10~ 2 min

(d) zero, 0.693 min

In the following reaction,

H,0
CH3;CHO + C,H;MgCl — (A)
Conc. HySO,
(443 K)
(B)
The major products (A) and (B) are respectively
(a) CH CH,CH ,CH ,OH and CH CH,OCH ,CH

(b)CH3—(|3H—C2H5 and CH;— CH=CH—CH,

OH
(¢) CH4CH CH ,CH,0H and CH,— OCH,— CH,— CH,
(d) CH CH ,CH ,CH,0H and CH,—CH—CH,—CH,
An organic compound (A) with molecular formula
CeHO, on treatment with NaOH and CO, at 400 K
under pressure gives (B). (A) gives a characteristic
colour with aqueous FeCl;. (A) and (B) are
respectively

AMAZING

REALITIES @ adulthuman body.

28.

29.

30.

11.
16.
21.
26.
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(a) phenol and salicylic acid
(b) hexanol and haxanoic acid
(c) toluene and phenol

(d) phenol and benzyl alcohol

Poling is the process used to remove
(@) Al,O 5 from Al
(6) CuQO from Cu
(c)FeO 5 from Fe
(d) ZnO from Zn
The correct statement for the use of NaCN is
I. as depressant in froth floating process to
separate ZnS and PbS.

II. in leaching of silver and gold during extraction.
II1. to remove Zn in extraction of silver and gold.
(@) Only I
(b) Only III
(¢) I and II
(d) I and III
An aromatic compound (A) on heating with aqueous
ammonia gives (B). (B) on heating with Br, and KOH
form a compound (C) having molecular formula
CgH,N.

(A), (B) and (C) are, respectively

COOH CONH, NH,
(@) A) = 5 (B) = 5(C) = @
COOH CO-CH,—NH, NH,
(b) <A>=@ (B) = ;(0)2@
NO, CONH, NH,
(c) A= @ ;(B) = ;) = @
CN CONH, NH,
d) A = @ 5(B) = 5 (C) = @
Answers
(@) 2. (d 3. (o) 4. (b) 5. (b)
(©) 7. () 8. (0) 9. (d) 10. (c)
(b) 12. (b) 13. (b) 14. (o) 15. (d)
(©) 17. (o) 18. (c) 19. (o) 20. (d)
(b) 22. (a) 23. (c) 24. (c) 25. (c)
(b) 27. (a) 28. (b) 29. (c) 30. (a)

There is about 1/2Ib or 250 g of salt (NaCl) in the average
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¥ GOLDEN OLDIES

p-BLOCK ELEMENTS

1.

A collection of best asked questions from JEE to revise your concepts

The pair in which phosphorus atoms have a formal
oxidation state of + 3is [JEE Main 2016]
(a) pyrophosphorous and hypophosphoric acids
(b) orthophosphorous and hypophosphoric acids
(c) pyrophosphorous and pyrophosphoric acids
(d) orthophosphorous and pyrophosphorous acids
(0}

® (d) Orthophosphorous acid, H,PO ; : HO—P —OH

2,

3.

36

|
H
X
H;PO3=3+x+3(-2)=0
x=+3
0] (0]
I

Pyrophosphorous acid, H,P,0 5 : HO —I|) —0 —1‘) —OH

H H
X
H,P,0, =4+ 2 +5(-2) =0
4+ 2¢-10=0
x=+3
The increasing order of atomic radii of the
following group 13 elements is  [JEE Advanced 2016]

(@) Al<Ga<In<TIl b)Ga<Al<In<Tl]
()Al<In<Ga<Tl (d)Al<Ga<Tl<In

(b) Thinking process The ionic radii of group 13 elements
increases on moving down the group.

Due to poor shielding of d-orbital in Ga, atomic radius of
Ga is smaller than that of Al. Thus, the increasing order
of atomic radii of group 13 elements is Ga < Al < In < T1.

The crystalline form of borax has [JEE Advanced 2016]
(a) tetranuclear [B ,0 5(OH), 1% unit
(b) all boron atoms in the same plane
(¢) equal number of sp? and sp *>-hybridised boron atoms
(d) one terminal hydroxide per boron atom
(a, ¢, d) Key concept Na,B,0; - 10H,0 (borax) is actually
made of two tetrahedral and two triangular units and
written as Na,[B ,05(0H),1- 5H,0.
Borax contains the tetrahedral units, i.e. [B,0 ;(OH),1*
and its structure can be shown as
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4.

5.

®

6.

OH
