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‘S ) FROM
<) THE EDITOR'S DESK

The beginning of new session is the most auspicious time
for all of us. It's the time when each one of us enters the
portals of educational institutions with a new dream or
hope. The shaping of dreams requires positive thoughts
and energy for its real appearance. It is well said, ‘if we
sow good thoughts in our mind, we reap good actions
resulting to fulfilling of our dreams’. It is good to have a
dream but always remember!

“The size of your success is determined
by the size of your belief.”

David J Schwantz

PLAN-n-PLAY

YOUR ROAD MAP TO CAPTURE

JEE 2017

As written in quote above “the size of UR success is connected with
the size of self-belief U have”. All of us know that every success has a
concrete plan in its base, so it is essential to develop an action plan,
which have the ability to convert goals into reality. An action plan in
real sense defines the exact pathway of our motion in order to
accomplish our mission. In my opinion true self-belief is one of the
foundation stones of planning.

For a real student of science development of action plan should not be a
tough job. As the circumstances, capacities and needs vary from person
to person hence such an action plan which completely fits into
someone’s need is very difficult to design. However, here we can
discuss the methodologies to develop a generalised plan, which is flexi
enough to be customised according to your needs.

After years of experimentation and thinking I succeeded in developing
a full proof plan which is self-sustaining and works on self-pressure
creation technique. It has some sort of inspiration from professional
studies. The step-wise approach to formulate such a plan is as follows

Step 1 Accumulation of rough work volume and calculation
of tentative time available in a year.

This can be exemplified as—Suppose we are in the first week
of April then we have 11 months till 1st of March as the time
available. It comes of about 330 days in total. Physics,

Chemistry and Mathematics include about 48 chapters in total
(approx. estimated for one class only either 11th or 12th). Thus, we
have roughly 6.8 days available to complete 1 chapter.

Step 2 Target Fixation 1 (Generalised Monthly Target Fixation)

In broad sense it looks very simple as 7 days (approx.) are available for
1 chapter of any of the subjects. But in this step we look for first minor
detail of the work volume. The rough estimates calculated in step 1
were stipulated for one time study of the lesson only. We also know
that one time learning of the chapters is insufficient to give requisite
results. That means we actually require atleast 2 months for revision
and atleast last 15-20 days for rapid revision. Hence, in real sense the
tentative available time can be splitted into

(a) Learning phase

(b) Consolidation phase for (6-8 weeks)

(c) Rapid review or revision phase (last 2-3 weeks)

From this splitting it is very clear that the real learning phase is squeezed to
8 months (i.e. 240 days) from roughly estimated 330 days. This simply
indicates that the rough estimate of 7 days per chapter now becomes 240/48 = 5
days per chapter. Now, for actual calculation we have to remove atleast 30 days
from the scheduled time of learning phase in lieu of festivals or other kind of
holidays during which it is very difficult to study with proper strength. So,
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practically we have approximately 7 months or 210 days in a year to
complete our syllabus atleast once that means we have only about 4 days
(210/48) per chapter to the max. As I told in the beginning it is a
self-pressure creation technique so it is the beginning of pressure
building.

The learning and consolidation phases have specific meanings
related to their names. The learning phase is the basic phase in
which the focus is on learning fundamentals and practice while the
consolidation phase is related to the consolidation of the studies.
The rapid review phase is in fact the part of consolidation
phase, but here we go for rapid revisions for consolidation while a
slow revision features proper consolidation phase.

Step 3 Target Fixation 2 (Specific Monthly Target Fixation)

The generalised time distribution given in Step 2 requires further
attention according to your need. Here adjustments according to
your class and requirements (work volume) are to be made. e.g.
The generalised time distribution may vary for a class 11th student
as compared to a class 12th or 12th pass student as

In Class 12th
Start date Ist week of April

In Class 11th

Start date Either Ist week of
April or Ist week of July (as class
10th results are declared in
June)

Finish date

(i) For learning phase: Either
November end or January
end to the max.

For those who start late the
time availability is reduced by
60 days atleast.

Finish date

(i) Forlearning phase:
By November 15th (max)

(i

For consolidation phase:
December and January for
those having start date in
April.

The consolidation phase may
squeezed to 15 days or so for
those who start late. Here, it is
aavisable to mix it up with
rapid review phase for better
results.

(i) For consolidation phase:
Maximum by December end

(i

Rapid review phase: Month
of February for those who
start early

Practically, it is not available
for those who start late.

(ili) For rapid review of class 11th
syllabus : By 25th of January
(max)

(iv) Rapid review and board
practice: In the last week of
January and complete
February.

For Class 12th students Board Exams
takes place in the Month of March
After the Boards till JEE Mains rapid review is required with
more emphasis on class 11th syllabus as compared to class
12th syllabus.

REMEMBER!

For the preparation of an objective examination last 2 days
must be proper relaxing type with 6-7 hrs of sleep and cool
mind.

From the above work distribution following conclusion can be drawn

1. Class 11th requires much more attention, time and space as after
covering it once properly in Ist year, the requirement of revising the
same before JEE Mains exam already exists. Due to which, minor
adjustment are to be made, in class 12th time distribution. “So never
think class 11th is the rest year”.

2. The time pressure problem is visible for late starters as their
scheduled time of learning is squeezed by atleast 60 days. Thus, they
don’t have time for proper consolidation and the time pressure shift
is visible on class 12th.

3. Suchlate starters usually say “Sir meri Class 11th zara weak hai”. In

reality it is not “zara weak”, rather it is “very weak” and repairing
for such a weakness requires much more strength and determination.
Thus, the situation is very delicate also as this repairing cannot
be done at the cost of class 12th studies.
Mantra For such students it is advisable to use 25 days of January
(as visible in class 12th time distribution above) very effectively with
honesty along with the time available between their last board exam
and JEE mains to remove their this weakness.

4. Those students, who, start early in class 11th are in a better
situation both study wise as well as psychologically as compared to
late starters.

FOR CLASS 12TH PASSED STUDENTS

For a normal class 12th student the schedule remains more or less the
same as written above. However, this time distribution requires major
changes for a class 12th pass student. For them the problem lies in the
fact that they have to cover up almost double the syllabus within the
same stipulated time. The tentative time distribution for a class 12th
pass student is as follows
« Start date Either last week of June or first week of July.
+ Finish date
(i) For learning phase — By the end of January or mid February
(Max).
(ii) For consolidation phase — By the 3rd week of March (Max).
(iii) Period for rapid review — Last week of March + Days of
April till exam.
The conclusions drawn from the above time distribution are
1. The learning phase is jam packed as approx. 96 chapters to be
covered in 210 days, i.e. 2 days approx. for one chapter.
2. A genuine pace is required right from the beginning so work
distribution must be in accordance with the available time span.
3. The consolidation time is also reduced while the work volume is
doubled.
4. The above given charts clearly indicate that the preparation for JEE
is easiest for a student if it begins from class 11th (April) and most
tedious for a 12th pass out student.

Step 4 Matching of Time Availability with Work Volume

After getting almost accurate time availability and as we already
have work volume we can develop a synchronised plan which
fulfills all our demands and suits to all needs.

The procedure requires calenderwise allotment of work and can
be moulded month wise, week wise or day wise. A sample of week
wise such a work distribution is given below. Accordingly, you
can also prepare the same for yourself and it can easily change into
month wise or day wise pattern.
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The week wise study planner for the learning phase targeting towards

JEE 2017 can be
1st week Stoichiometry
2nd week Stoichiometry, Solutions
3rd week Solutions, Solid State
4th week Solid State, Chemical Kinetics
5th week Chemical Kinetics
6th week Chemical Thermodynamics
7th week Chemical Thermodynamics, Electrochemistry
8th week Electrochemistry, Surface Chemistry
9th week Atomic Structure
10th week Nuclear Chemistry, Chemical bonding
11th week Chemical Bonding
12th week Nomenclature of Organic Compounds
13th week Isomerism
14th week General Organic Chemistry
15th week General Organic Chemistry, Hydrocarbons
16th week Hydrocarbons, Alkyl halides
17th week Aryl Halides
18th week Alcohols, Phenols, Ethers
19th week Aldehydes, Ketones
20th week Carboxylic Acids and Its Derivative
21st week Organic Compounds Containing Nitrogen
22nd week Polymers, s-Block Elements
23rd week s-Block Elements, p-Block Elements
24th week p-Block Elements
25th week p-Block Elements, Transition Elements
26th week Transition Elements
27th week Coordination Compounds, Analytical Chemistry
28th week Gaseous State
29th week Chemical Equilibrium
30th week Chemistry : lonic Equilibrium
MENTORS ADVICE

L.

In general chemistry, Stoichiometry, Photoelectric effect, Bohr’s
model, Hydrogen spectrum, quantum numbers, Periodic properties,
Hybridisation, VSEPR theory, Dipole moment, Resonance and MOT
are the concepts of importance as most of the direct questions in JEE are
asked from these concepts frequently. Remember all of these topics
belong to class 11th syllabus and the approximate coverage of this portion
in JEE reaches to approximately 15%.

. For stoichiometric calculations develop your own shot cuts, and it is also

suggestive to use approximation technique in calculations to save time.
Atomic structure has overlapping with the Modern physics portion of
Physics so in depth study of this portion will prove very helpful in
gripping the Modern Physics portion as well.

. Physical chemistry has many similarities with physics in nature, so, take

physics like approach to capture this portion of chemistry.

. The topics of interest are gas laws and gas equation especially van der

Waals’ modification, concept of entropy, Gibbs free energy, various
enthalpy related problems in connection with chemical equations, Le
chatelier principle, solubility product, common ion effect, pH, buffers,
salt hydrolysis and its applications, electrochemical series and its
applications, electrochemical cells, Nernst equation and batteries
(especially corrosion).

. Direct questions can be easily framed on these topics. Some questions of

mixed nature are also seen. For topics mentioned above learning with
direct solved examples will be beneficial.

. It is advisable to take electrochemistry with redox as latter is helpful in

understanding the former. Try to develop direct formulas for solubility
product, pH, and salt hydrolysis to save time.

“I haven’t failed. I've found 10,000 ways that don’t work”

10.

11.

12.

13.
14.

15.

16.

17.

18.

. Inorganic chemistry is very vast and requires picturisation technique to

capture, i.e. repeated readings (without memorisation) are required to
capture the topics.

. The topics of special interest are H,0,, s-block elements (especially Li,

Na, K, Be, Mg and Ca) and their compounds, among p-block B, C,N, O, F,
P, S, Cl and Xe with especial reference to oxy acids of N, P, S, Inter
halogen compounds and compounds of Xe.

. The emphasis must be laid on the structures in case of oxy acids and

compounds of Xe.

The study about compounds like NH,, HNO,, H,SO,, H,PO, from
properties point of view is very important.

In case of HNO, emphasise more on type of nitrogen oxide or related
product formed during the reaction rather than the oxidation product.
Elements of 2nd period are called naughty elements as all of these show
different properties than the fellow members of their group due to their
small size. Most of the questions framed and asked on these elements only.
Questions on Boron are very frequent.

The other topics of special interest in physical and inorganic chemistry
are solid state, colligative properties, chemical kinetics with special
emphasis on order and molecularity of reactions,
pseudounimolecular reactions, radioactivity in relation to chemical
kinetics, catalysis in general, colloidal state, lanthanide contraction,
variable oxidation states in transition elements, nomenclature and
Isomerism in coordination compounds, VBT and CFT in
coordination compounds.

In organic chemistry, initial chapters are the fundamental chapters of this
segment. IUPAC nomenclature and electron displacement in a
molecule gives idea of structures of organic compounds, while
Isomerism indicates the relationship between the structure and the
reactions of organic compounds. The exposure to type of organic
reactions is required then to develop the complete logic.

The chapters of utmost importance are Hydrocarbons and Aldehydes
and Ketones.

The chapters of moderate importance are halogen compounds, Alcohol,
Phenol and Ethers, Carboxylic acids and their derivatives and Nitrogen
compounds. Questions on trends in the acidic and basic strength are
frequently asked.

Chapters like Biomolecules, Polymers and Chemistry in every day life
although look unimportant but every year 1-2 questions each from these
chapters are visible in JEE and other competitions. Hence a proper
capturing of these chapters is also essential.

REMEMBER!

1.

Flexibility is the prime feature of this action plan. If your daily
targets or weekly targets are fixed then the number of hours of
study becomes immaterial.

. Close monitoring along with regular adjustments are required

while executing the action plan.

. Asthe plan is based on self-pressure creation technique so each

time your failing in hitting the target will automatically builts
pressure over you.

. Select one person who is going to stay with you all throughout

your preparation as your mentor. He / She can be your senior,
teacher, parents relative, friends or any other person, who
understand the importance of JEE in your life. Discuss all your
plans, progress and status of study with your mentor regularly
and take advice for improvement from time to time.

. Remove the fear of mistakes from your mind. Remember mistakes

are the best teachers. Mistakes are helpful in eliminating wrong
paths and guide you towards the right path. With fewer mistakes
you also have few chances of finding the right path to new skills
and ideas. For proper making and execution of action plan, it is
very important that you must do mistakes, identify them and then
rectify them with your abilities. Regarding mistakes it is rightly

said by Thomas A. Edison
\pr‘}'"f-"
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Bohr's t|'1eory for the structure of hydrogen atom was high|y successful. This success soon led to extend the same model
to more comp|ex atoms by him and others. However, that line spectra for elements other than hydrogen atom had more
lines that could not be explained by the simple Bohr’s model. Thus, totally different approach was needed to explain
behaviour of electron in atoms or ions with more than one electron.

de-Broglie Concept

e In the direction of finding solution to the problems
related to structure of elements having more than one
electron, Louis de-Broglie posed the revolutionary
question : If light can be viewed in terms of both wave
and particle properties, why can't particles of matter,
such as electron, be treated the same way?

e In few years de-Broglie's postulate was confirmed
experimentally. This led to the development of a whole
new discipline, first called wave mechanics, more
commonly known today as quantum mechanics.

¢ de-Broglie's suggestion can be explained by combining
Planck's quantum theory (E =hv) with Einstein's
mass-energy equation (E = mc?)

E=hv= he ...(>1)
A
E = mc* .. (i)
From Egs. (i) and (ii), we get
he _ e
A
or A= b _h
mc p
h o
=———; (KE =Kinetic energy)
+2m(KE)
p?
where, kinetic energy (KE) = —
2m
= p =+/2m(KE)

CHEMISTRY SPECTRUM « JULY 2016 < 05
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de-Broglie Vs charged particles and
gaseous molecules

* Foragas molecule, A= h = h rvmz ET
my e 3mkT L m J

or kz* |—'.- KE=§kT—|
2miKD) I 2"

where, m=mass of gas molecule,
Vims =00t mean square velocity of gas molecule
k =Boltzmann constant
T =Temperature of gas in kelvin

* For charged particle, KE =%mv2 =qV i)

where, g and V/ are charge and potential of charged particle,

respectively.
2 2
From Eq. (i), imzv = ~p—=qV
2 m m
h h

2
=2mgV or A=
or p mqV or b Jzmav

Note Particles with very small sizes such as electron or photon
have measurable wavelengths while that of large sizes such as
cricket ball have wavelengths too short to be observed.

Example If an electron is moving with a velocity

10" cms™', calculate its corresponding wavelength.
(a)7.27 x 107"%°cm (b)7.27 x 1072 cm
(c)7.27 x 108 cm (d)7.27 x 10 cm

Sol. (a) Velocity of electron=10" cms™~

gV or [ p=mv]

1

Mass of the electron =9.1x107% g
Planck’s constant, h = 6.62 x 1072’ erg-s

Now, according to de-Broglie equation,
_h _ 662x1077

(2]
@ Determine the de-Broglie wavelength (A)

associated with He atom at 500 K.
(a) 0.123 A (b) 0.565 A
(c) 0.456 A (d) 0.759 A

Sol. (b) Foragaseous atom, v, = SAT _ |3x8314x500
M 4x107°

=1766ms ™’
4x1078
6.023 x10%
=6.64 x10" kg

. de-Broglie wavelength (1) = o
mv

Mass of He atom =

6626107
6.64 x107%" x1766
=5.65x10"""m=0565A

06 > JULY 2016 » CHEMISTRY SPECTRUM

©
@ Calculate the wavelength associated with an

electron accelerated from rest by a potential of 10000 volt.
(a) 0.456 A (b) 0.223 A
(c) 0.123 A (d) 0.789 A

Sol. (c)Asp="r=__1"

mv \2m (KE)
or mv =2m(KE) = 2 meV
V2mev =2 x91x103" x1.6 x10™'® x 10000
=5396 %102 kgms™

h  663x10™ Js
T mv 5396 x10 P kgms™
=1.23x 107" m
=0123x107"°m

=0123A

Heisenberg's Uncertainty Principle

e After few years of de-Broglie hypothesis about wave
nature of the electron, Werner Heisenberg proposed the
uncertainty principle.

e Heisenberg uncertainty principle states that, the exact
position and exact velocity (or momentum) of a
subatomic particle can not be measured simultaneously.

e This limitation does not cause any problem for a
macroscopic object because the energy of photons used
to locate such an object, does not cause any measurable
change in the position (momentum) of that object.

e However, the act of measurement would affect the
position and momentum of the electron because
electron has very small size and mass. High energy
photons would be required to locate the small electron;
When such photons collide with the electron, the
momentum of the electron would be changed. If lower
energy photons were used to locate the electron, less
effect is obtained on the momentum of the electron.

¢ Hence, less energised photons are not able to locate the
position of an electron precisely.

The uncertainties of position Ax and momentum

(Ap = mAv) are related as
Ax-Ap 2 e
4n

or Ax-mAv > i
4T
or Ax-m-&ﬂt Zi
At 47
A
or Ax-mAa- At > i (—V =Aq,a= acceleration)
41 \ At

or Ax-F~At2£

(*~ F=m-Aaq)
47
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or AE - At > 4£ (- AE = F-Ax, E = Energy)
m
Hence, energy can be uncertained for a period
given by,
At = h
ATAE

E’I Teacher's NOTE

: ! h .
In simple terms the representation Ax - Ap 24—, signifies that
o
“for smaller entities like electron if we try to judge the position
and momentum simultaneously then there must occur a minimum

. h .
error with the value —.
47

Example If the uncertainties in position and velocity

of a particle are 107" m and 5.27x107% m s
respectively, calculate the mass of the particle.

(@) 99g (b) 60 g
() 50g (@) 409
Sol. (a) According to Heisenberg’s uncertainty principle,
AX-m-Av 2> l
4n
h
or m=s————
AnAX - Av
(neglecting greater than (>) sign)
or B 6.625x 107
4x3143x107"° %5270 x 107
=0.099 kg
or m=99¢g

Tips to differentiate between quantum
and classical mechanical equations of
particles

* Mechanics means study of motion for any species.

* The study of mation for very small species or micro species
(e.g. electron, photon, gaseos atoms or molecules) is done
under the branch, quantum mechanics while the study for
motion of larger species or macro species (e.g., ball, car) is
done under the branch classical mechanics.

In order to explain the mechanics of microspecies in quantum
mechanics Planck’s constant is always introduced to the
corresponding quantity equations such as wavelength,

(X = hj, orbital angular momentum = (%1 I+ 1)), etc.
p b

In order to explain the mechanics of macrospecies in
classical mechanics Planck’s constant is omitted as size of
particle is large and show too short wavelengths to be
observed.

e.g. Orbital angular momentum for a ball = mvr, kinetic
1
energy =§mv2

% CHEMISTRY CONCENTRATE

Schrodinger Wave Equation

e In 1926, Erwin Schrédinger combined de-Broglie
hypothesis with classical equations for wave motion. From
these and other ideas he derived a new equation called the
wave equation.

e The solutions of this wave equation are called wave
functions and are represented by Greek letter, .

e The wave functions predict the allowed energy states of an
electron and probability of finding that electron in a given
region of space.

e The wave function has no direct physical meaning.
However, the square of wave function, \uz, can be
represented in three dimensional region of the atom,
where an electron with a given energy state is most likely
to be found.

o Thus, y? is probability of finding the electron in a given
region of space. This probability is known as probability
density. If volume is in the multiple of y?, such as y? dV,
then y?dV is simply termed as probability of finding an
electron within volume dV.

e Solving the Schrédinger wave equation results in a set of
wave functions called orbitals. Each orbital contains
information about the region of space where an electron of
a given energy is most likely located.

e Another way to represent the probability of finding an
electron, is to draw a surface within which there is 90%
probability that the electron will be found.

e A 100% probability is not choosen because such a surface
would not have definite boundary.

Schrodinger Wave Equation in Cartesian Coordinates

e As in classical mechanics, various quantities (energy,
momentum etc) correspond to observable properties.
Similarly, in quantum mechanics various operators
(energy operator, momentum operator) corresponds to
observable properties of electron.

e Schrédinger gave a generalised wave equation for an
electron using energy operators.

Total energy operator (I:I): Kinetic energy operator

(T) + Potential energy operator (V)
or H=T+V
or  Hy =Ty + Vy

Ey =- K i+i+—w+V(x Z)y
— 8n’m| ox*> dy* 07 \—«VF_JY
T
Py Py Py 8n’m
—t—+—+ E-V)y =0
o Sttt e ETVW

CHEMISTRY SPECTRUM « JULY 2016 < 07
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E’I Teacher's NOTE

Simple interpretation of Schrodinger wave
equation This equation in very simple terms explains
the 3D existence of an atom, i.e. an entity like atom has
its existence along the x, y and z -axis. The x, y and z
terms shown in the equation signify the same while £
and V/ terms signify energy.

Relationship between Cartesian

and Polar Coordinates

e For better results Schrodinger used spherical
polar coordinate system (r, 6, @) rather than
cartesian coordinate system (x, y, z).

e This is because cartesian coordinate system
involves (x,v,2)
spherical polar coordinate system can be

three variables whereas

represented in terms of two functions, R that
depends only on r and a second function Y,
which depends upon two angles 6 and ¢.
Here, X =rsin 0-cos ¢, y =rsin 0-sin ¢,
z=rcos Qandr’ =x* +y* + 7*

Hence, y(r, 6, 9) = R(r)Y (6, 0)

Here, R(r) = Radial wave function

Y (6, ¢) = Angular wave function.

The angular and radial wave function of
different orbitals of a H-like species are given
below.

Orbital |Angular part Y(6, 0)

Radial part R(r)

Radial and angular nodes for different orbitals

For an s-orbital, number of nodes = (n — 1)i.e. 1sorbital do not contain any
node, 2s orbital contains one node, 3s orbital contains 2 nodes and so on. Infact
nodes are of two types, i.€.

(i) Radial nodes

(i) Angular nodes

A radial node is the spherical region around
nucleus where probability of finding an electron
is zero as shown in the figure of 2s orbital.
Similarly, if such a distribution is seen at an
angle from the nucleus, the node is called
angular node. s orbital
For an orbital, number of nodes are calculated  gpnerical s orbitals symmetrically
as disposed about the nucleus
Number of radial nodes=n -/ —1

Number of angular nodes =/, Total nodes =n — 1

For example, in 3p orbitals

Angular node = 1, Radial nodes=3-1-1=1

So, total nodes = 2 (one radial, one angular)

Node

O

1s orbital

Plots of Radial Probability Function, R(r) versus Distance
(r) From the Nucleus
(i) Forls(n=11=0)
Conclusion The value of R(r)
which is equal to 4nr2dnu2, is T
zero atr =0. Then, itincreasesas <,
r increases, passes through a
maximum (peak) at r =0.529 A,

8 M

which is equal to Bohr's first 0" 0529 10
orbit radius. Then, it falls to zero
as r tends to infinity. Thus, forls electron R =0atr =0and Ris

maximum at r =0529 A.

(ii) For2s(n=2,1=0)
Conclusion The value of R(r) is
zero at r =0. The value of R(r)
increases as r increases, passes 2
through a maximum at T
r=0.529 A and falls to zero <= !

5
r (in Ay—>

again atr =1058 A. R(r) reaches = o i 525 }
at second  highest  at 0.529\(1 .0585 10
r =5x0.529 A and then finally r(in A—>

approaches to zero as r tends to

3/2
2[;) eer/ao
ao

1s 1 1/2
(=)

2s [ijz L £]3/2 , _ﬁ e
4 2.2 | a, a,
2 1/2 5/2
P [i] sin6.cos ¢ 1 ﬁ] o~ 2120
4n 2\/5 a,

Here, Z = atomic number of species.

Note Radial wave function depends upon quantum
numbers n and / while angular wave function
depends upon quantum numbers / and m.
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(iii)

infinity. The distance i.e., 1.058 A at which the probability of
finding an electron is zero is called node. Thus, there is a
space around nucleus containing nodes known as nodal
plane where probability of finding electron is zero.

For2p (n=2,1=1)

Conclusion The probability of
finding the electron at the
origin (nucleus) is zero i.e.
electron can never be found at =
the nucleus.

16 5 10
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(iv) For3s(n=3,1=0)
2.0

r(in Ay—> 10

Conclusion The distance for maximum probability in
an orbital increases with the value of n (principal
quantum number). e.g. 1s <2s < 3s.

(v) For3p(n=31=1)
15

1ro

<05

o4

5 rinkh— 10
Conclusion It is similar to the graph in case of
2s-orbitals, but it is more broader than 2s. Hence, as
value of principal quantum number increases,
broadness of graph also increases.

(vi) For3d (n=3,1=2)

15
M
} o :
— 1
§ 05 :
1
o 5 10
r (in Ay—>

Conclusion The total number of peaks for s, p and d
orbitals are n, (n —1) and (n — 2) respectively.

(5]
@ P is the probability of finding the 1s electron of

hydrogen atom in a spherical shell of infinitesimal thickness, dfr,
at a distance r from the nucleus. The volume of this shell is

4mr’dr. The qualitative sketch of the dependence of P on r is
(IIT JEE 2016)

P P, P P
(@) Ik (b)[/_\ () \ / \ (@ i \
0 r 0 r 0 r 0 r

Sol. (d) Youmay go through following steps in order to solve this problem.

Step 1 Write down the formula of probability (P) of finding the 1s electron of
hydrogen atom in volume 4mr?dr P = y2(r)4mr’dr

Step 2 Put the value of y(r)in the above formula
For 1s electron radial part of wave function is,

1 3/2
w(r) :2[—j e
0

a
12 2
P= [—) e~ "% | 4nriar
ag
IV
or P =1@nr2(—] e~ %% gr
ag

% CHEMISTRY CONCENTRATE

Step 3 Put different values of r in the expression of p and check which
is suitable for these values. In order to easy calculation try to
find out the distances where probability becomes zero.

3
Atr=0, P:mn(ofx[lj e%r =0
ag

3
Atr = oo, P =16m(eo)? x[lJ e~dr=0
ag

|:-,~e’°° :i:l:0:|
e” oo

In option (a), Probability is not zero at r = 0. Hence, it is an
incorrect option.

In option (b), Probability is zero at r = 0 and at some finite value
of r. Hence, it is an incorrect option.

In option (c), Probability is not zero at r = 0 and it is zero at
some finite value of r. Hence, it is an incorrect option.

In option (d), Probability is zero at r =0 and r = .. Hence, it is
correct.

(6]
@ The Schrodinger wave equation for 2s orbital

1 (1Y r
P o e—r/2a0
4+/21 (ao) ( aoj

where, a, is Bohr’s radius. Let the radial node in 2s be at r;,.
Find r in terms of a,.

of hydrogen atom is v,

(@r=a, (b)r=2a,
(c) r = 3a, (d)r:%

Sol. (b) The probability of finding electron is zero at radial node.
Hence, w3, must be zero atr =r,.

ENITES L2
2 _ 0 —n/ag _
Yo = —| |2-—"+| e =0
. [‘WQE} (aoJ ( ao]

1 _
As —— ande ~/# can not be zero, hence

42n

r

or 0 _»2
Qo

or fy=2ay

HORIZONS

Chemists have successfully married chemistry and biology
to create reactions never before possible. They did this by
replacing the iron normally found in the muscle protein
myoglobin with iridium, a noble metal not known to be used
by living systems. The iridium-enhanced myoglobin was
then tested and found that it led to a new type of chemical
reaction for this protein, the conversion of a
carbon-hydrogen bond to a carbon-carbon single bond. The
bionic enzyme, an artificial metalloenzyme, was thus
capable of catalyzing a reaction for which there is no known
natural or engineered enzyme.

CHEMISTRY SPECTRUM « JULY 2016 < 09
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5 CHEMISTRY CONCENTRATE

Quantum Numbers

When Schrédinger and others were doing calculations related to quantum mechanics, they found a set of three integers,
called quantum numbers-principal quantum number (n), azimuthal quantum number (/) and magnetic quantum number (m,).
The need for a fourth quantum number, spin quantum number (), was identified in subsequent work by others. Thus, a set of
four quantum numbers, n, I, m; and m,is used to denote the energy and the shape of the electron cloud for each electron.

Principal quantum number (n) Azimuthal quantum number (/)

Magnetic quantum number (m,)

Spin quantum number (m)

First Bohr described the
quantisation of energy of an
electron in an atom in terms of n

First, Sommerfeld described
motion of an electron in an elliptical
path within an atom in terms of / as

asmvr=m mvrzﬂ 1(1+1)
2n 2n
Here,n=12,3...

m;, describes degree of freedom of
electrons i.e orientation of
electrons in three-dimensional
space, particularly under the
influence of applied magnetic field.

In a magnetic field, electron behaves
as if it was spinning rapidly about its
own axis. This conclusion is reached
as a result of the discovery that the
electron itself, is a tiny magnet, the
magnetic field being due to its
apparent spin about its own axis as
shown below. fig.

I

|<—spinning—>|

Electron axis Electron with
with clockwise  anticlockwise
spin spin

7

The values of n for a circular
orbit indicates roughly the
binding force and distance
between electron and nucleus.
Hence, n represents the size of
orbit.

According to this modification, the
electrons in any particular energy

levels could have either a circular

path or a variety of elliptical paths
about the nucleus.

The splitting of spectral lines of a
source in a strong magnetic field
was first studied by Zeeman and
therefore known as Zeeman effect.
This phenomenon indicates that
energy levels get split when the
emitting atoms are placed in a
strong magnetic field.

The spin quantum number m ¢ can

have two values either + % or— %

These values do not denote any
specific direction i.e. +% or —% may

be assigned to either direction of
spin i.e. clockwise or anticlockwise.

Size and energy of orbit increases
as the value of n increases.

For a given value of n the possible
values of the angular or azimuthal
quantum number/are 0, 1, 2, ...
(n-1)foreg.,n=2;1=0,1

Mathematically, mvr = m
2n

Mathematically, m =+/s(s +1) o
2n

n—»1234
Letter designation - KL M N

Maximum no. of
electrons  (2n?)—281832

The value of m, for a given value of
lare—-1,...0,...+/e.q,
I=2;m=-2,-10,1,2

Total possible values of m;=21+1

The value of n predicts the
number of peaks of amplitude in
a standing wave pattern of
electron. The more peaks there
are, the higher are the energies
of that state.

In modern terminology, each value
of / denotes a specific orbital
designation by orbitals s, p,d, f,g
etc.e.g. /=0—s-orbital; / =1—
p-orbital

| =3 —d-orbital; | = 4 — f-orbital

If m, has positive value, means
orbital angular momentum
component is in the direction of
applied magnetic field and
vice-versa.

If we assign + % to clockwise.

Direction —% is automatically

assigned to anticlockwise direction.

(7] (8)
@ Which of the following sets of quantum @ The correct set of four quantum number for the

valence electrons of rubidium atom (Z =37)is [JEE Main 2013]

number is not possible ?
(a)n=4,/=1,m=0,s=+% b)n=41=3m=-3s=-

(c)n=4,/=O,m=0,s=—%(d)n=4,/=1,m=+2,s:—

N = N[

Sol. (d) mhasvalues—/to+/including zero. Thus, if/ =1, the possible
values mare —1,0 and + 1but not +2 as given in set (d).
Thus, set (d) is not possible.

10 > JULY 2016 »CHEMISTRY SPECTRUM

-

(@5,0,0,+

(€ 5,1,1,+

N —= N

Sol. (a)Rb (37)=[Kr] 5s'

(0)5,1,0,+

(d)5,0,1,+

N = N[ —

Since, the last electron or valence electron enters in 5s-subshell
therefore quantum numbers are; n =5/ =0 (for s-orbital) m =0

1

1
(omy==I1to+/), mg :+§or—5
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1.

Smart Practice

A stream of electrons from a heated filament was
passed between two charged plates kept at a
potential difference V esu. If e and mare charge and

mass of an electron, respectively, then the value of%

(where, A is wavelength associated with electron
wave) is given by [JEE Main 2016]
(@) 2meV

(b) VmeV

(c) N2meV

(d) meV
The number of radial nodes in 3s and 2prespectively

are [JEE Main 2005]
(a) 2and 0
(b) 0and 2
(c) 1and 2

(d) 2 and 1

Which of the following particles moving with same
velocity would be associated with smallest
de-Broglie wavelength?

(a) Helium molecule

(b) Oxygen molecule

(c) Hydrogen molecule

(d) Carbon molecule

Which of the following radial distribution graphs
correspond to n=3,1 =2 for an atom?

(R(r) = 4mr?dr 1|12)

A
@ RrRp ®) R
0 0
r— r—
A A
© R @ R@
0 ob———
r— r—

1 1
The quantum numbers + 2 and - 2 for two electron

represent

(a) rotation of electrons in clockwise and anticlockwise
direction respectively

10.

(b) rotation of electrons in anticlockwise and clockwise
direction respectively

(c) Two quantum mechanical spin states which have no
classical analogue

(d) Magnetic moment of electron pointing up and down
respectively

For an electron in hydrogen atom, the wave function
V is proportional to e /%, where a,is the Bohr's
radius. What is the ratio of the probability of finding
the electron at the nucleus to the probability of
finding it at a,?
@e

]
(c) -2

(b)e?
(d) Zero

A particle A moving with a certain velocity has the
de-Broglie wavelength equals to 1A. For particle B
with 25% mass of A and 75% velocity of A, calculate
de-Broglie wavelength.
(a) 3A

(c) 6.88 A

(b) 5.33 A
(d) 0.48 A

The wuncertainty in position of an electron
(m =91 x10"*g) moving with a velocity 3 x 10* cm/s
accurate upto 0.001% will be

(a) 3.84 cm

(b) 1.92 cm

(d) 7.68 cm

(d) 5.76 cm

The radial wave equation for hydrogen atom is

3/2

: 1 1 2 -x/2
iven as : y=——| — [(x—1) (x* -8x+12)]

g ' 16\/1 (00 j e

where, x = 2—r; a, =radius of first Bohr orbit.

The minimum and maximum position of radial
nodes from nucleus are

(a) a, 3a (b) % 3a,

R @2 42,

Calculate the uncertainty in velocity of a cricket ball
of mass 150 g if the uncertainty in its position is of
the order of 1 A (h =66 x107** kg-m’s™")

(@) 3499 x 107** m/s

(b) 5.029 x 1072 m/s

(c) 3.499 x 107 m/s

(d) 5.029 x 107 m/s

CHEMISTRY SPECTRUM « JULY 2016 < 11
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Answers with Explanation

Let velocity and mass of A are 100 units for each thus,

(c) Strategy As you can see in options, kinetic energy (eV) term is

given, and we have to find out relation between 0 and energy. For

this, we shall use de-Broglie wavelength (A)and kinetic energy

termineV.
h h
A=—or p=—
P P=a
p2
Kinetic energy = =
2m
2
= eV=p—
2m

or p=+2meV

From Eq. (i) and (i), we get

% =+2meV

.0

(i

(a) The number of radial nodes is given by expression (n —/ —1)

Where, n = Principal quantum number

= Azimuthal quantum number

For 3s, Number of radial nodes =3-0-1=2
For2 p, Number of radial nodes=2 -1-1=0

(b) According to de-Broglie,

P

mv

or xocl
m

Hence, the larger mass will be associated with smaller

de-Broglie wavelength.

Species Mass
Helium molecule 4 gmol™
Oxygen molecule 32 gmol™
Hydrogen molecule 2gmol™
Carbon molecule 24 g mol™

(If v =constant)

As oxygen molecule has largest mass, hence, will show smallest

de-Broglie wavelength.

(c) Forn=3,/=2; Subshell will be 3d, Hence, correct option will

be (c).

(c) Spins of electron (either+%or+%] produce angular

momentum equal to Z-component of angular momentum which

is givenas my [2£j
T

~t/ag

(d) y <e™/3  or y=Ke

Let probability of finding the electron at a i.e. at Bohr’s radius = x

As we know that probability of finding an electron at nucleus is

always zero.

Hence ratio = 0 =0 (except x =0)
X

(b) Given, A, =14
Mass of B (Mg) =25%of A
Velocity of B (vg) =75% of A

12 > JULY 2016 »CHEMISTRY SPECTRUM

and

8. (b) Uncertainty in velocity

or

Mg = 25units
vg =75units
Ay = h
MyVa
Ag = h
MgV
Ma _MsVs
kg Muv,
1x107° _ my x3v,
Ag my X4 xv, x4
-10
g =010 7 5334
(Av) =3 x10* x@=030m/3
100
-27
avo o 86x10°7
amm  4x314x91x1078
6.6 x107%

=192 cm

T 4%314x91x10® x03

9. (b) Atradial node, y =0

When x-1=

When

or

1 1 3/2 X
— | —| x=1(x*-8x+12)]e 2=0
1644 | a,

] 1 3/2 X
——|—1| e ?2#0
1614 ao)

(x=1)(x* =8x+12)=0
0
x=1
2y %
a, 2

x?-8x+12=0
(x-6)(x-2)=0

x-2=0

2l 5 ier=a, (Middle)

ag

x—-6=0

X=6

2r _g

agp

r=3ag (Maximum)

10. (a) Given,m =150g=0.150kg

Ax=1A=10""m

Ax.m.A\/:i
4n
or AV=L
dm-AX-m
6.6 107

" 4%3143x107° x 0,150
=3.499 x10™%* ms™'

(Minimum)
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JEE Advanced 2016
PAPER | (Online)

FULLY SOLVED

SECTION 1 (MM : 15)

o This section contains FIVE questions.

o Each question has FOUR options (a), (b), (c) and (d). Only one of these four options is correct.
o For each question, darken the bubble corresponding to the correct option in the ORS.

o For each question, marks will be awarded in one of the following categories.

Full Marks
Zero Marks .0, If none of the bubbles is darkened.
Negative Marks : = 1, In all other cases.

EXAM CRUX

= There were total 36 questions asked in JEE Advanced 2016 paper from
paper-1 and paper-2. Qut of 18 questions, 4 questions were numerical
based while 14 questions were theory based. Overall paper was quite
tough and need a good knowledge of subject to solve.

= According to chapterwise distribution, number of questions were
asked as:

From Class XI
= Structure of Atom-2Qs, Periodic Properties-1Q, Chemical Bonding-1Q
The p-block elements 1Q.
= State of Matter-1Q, Thermodynamics-1Q, Redox Reactions-1Q,
Some basic principles and Techniques and Hydrocarbons 2Qs.

From Class XII

= General Principles and Processes of Isolation of Elements-1Q,
Aldehydes, Ketones and Carboxylic Acids-2Q0s. Coordination
Compounds-2Qs, Chemical Kinetics-1Q, Solutions-1Q, Amines-1Q
and Polymers-1Q.

= Thus, approx-44% of paper came from Class Xl and 56% from Class XII.

= Qut of which 18 questions were asked in paper 1.

= Maximum questions were asked from Physical and Inorganic
Chemistry rather than organic Chemistry in this paper.

Difficulty Level

= Around 55% of questions can be considered as tough; 25% were
relatively moderate and 20% are considered easy by the Arihant
team. Overall, this year paper was tough as compare to previous
year paper.

1.

+ 3, If only the bubble corresponding to the correct option is darkened.

P is the probability of finding the 1s electron of
hydrogen atom in a spherical shell of infinitesimal
thickness, dr, at a distance r from the nucleus. The
volume of this shell is 4nr?dr. The qualitative sketch
of the dependence of P on r is

(@) (b)

() (@
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2. One mole of an ideal gas at 300 K in thermal contact 4.
with surroundings expands isothermally from 1.0 L
to 2.0 L against a constant pressure of 3.0 atm. In
this process, the change in entropy of surroundings

The increasing order of atomic radii of the following
group 13 elements is
(@Al<Ga<In<Tl
(c)Al<In<Ga<Tl

(b) Ga<Al<In<TI
(dAl<Ga<Tl<In

(ASgy;) in JK!is (1 L atm = 101.3J) 5. On complete hydrogenation, natural rubber
(a) 5.763 (b) 1.013 (C) -1.013 (d) - 5.763 produces
3. Among [Ni(CO),], [NiCl, 2, [Co(NH,),CL] Cl, (a) ethylene-propylene copolymer

(b) vulcanised rubber

(c) polypropylene
(d) polybutylene

Na, [CoF;], Na,0, and CsO,, the total number of
paramagnetic compounds is
(@2 (b)3 (c) 4

SECTION 2 (MM : 32)

o This section contains EIGHT questions.
o FEach question has FOUR options (a), (b), (c) and (d). ONE OR MORE THAN ONE of these four options is (are) correct.
o For each question, darken the bubble(s) corresponding to all the correct option(s) in the ORS.

()5

o For each question, marks will be awarded in one of the following categories:
Full Marks c 44, If on|y the bubb|e(s) corresponding to all the correct option(s) is (are) darkened.
Partial Marks : + 1, For darkening a bubble corresponding to each correct option provided

NO incorrect option is darkened.
Zero Marks 0, If none of the bubbles is darkened.
Negative Marks  : — 2, In all other cases.
For example, if (a), (c) and (d) are all the correct options for a question, darkening all these three will result in + 4 marks; darkening
on|y (a)-and-(d)-willresult-in+-2-marks;and darl(ening (a)-and-(b)-will result in—2-marks; asa wrong-option-is also-darkened-

6. The product(s) of the following reaction sequence is
(are)

NHz

(i) Acetic anhydride/Pyridine
ii) KBrOs/HBr

(iii) Hy0 ™, Heat
(iv) NaNO,/HCI, 273-278 K
(v) Cu/HBr

Br Br Br Br
@\ Br \@/Bf Br Br
Br
Br Br
(@) (b) () (d)
7. The correct statement(s)
reaction sequence is (are)

Cumene (CqH,,) O
(ii) H;O"

about the following

CHCl, /NaOH

P

NaOH
PhCH, Br

Q(major) + R(minor), Q

(@) Ris steam volatile

(b) Q gives dark violet colouration with 1% aqueous FeCl,
solution

(c) S gives yellow precipitate with 2, 4-dinitrophenylhydrazine

(d) S gives dark violet colouration with 1% aqueous FeClj
solution

8. The crystalline form of borax has

14 > JULY 2016 » CHEMISTRY SPECTRUM

(a) tetranuclear [B ,05(OH), 1~ unit

(b) all boron atoms in the same plane

(c) equal number of sp® and sp® hybridised boron atoms
(d) one terminal hydroxide per boron atom

9. The reagent(s) that can selectively precipitate g-
from a mixture of § ~ and SO%1 ~in aqueous solution

is (are)
(a) CuCl, (b) BaCl,
(c) Po(OOCCHy), (d) Na ,[Fe(CN);NO]

10. A plot of the number of neutrons (n) against the
number of protons (p) of stable nuclei exhibits
upward deviation from linearity for atomic number,
Z >20. For an unstable nucleus having n/p ratio less
than 1, the possible mode(s) of decay is (are)

(a) B~ - decay (B - emission)

(b) orbital or K-electron capture
(c) neutron emission

(d) B*-decay (positron emission)

11. Positive Tollen's test is obserOde for

(@) (®) () ()

12. The compound(s) with two lone pairs of electrons on
the central atom is (are)
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13.

14.

15.

(a) BrFs (b) ClIF, (c) XeF, (d) SF,

According to the Arrhenius equation

(@) ahigh activation energy usually implies a fast reaction

(b) rate constantincreases with increase in temperature. This is
due to a greater number of collisions whose energy
exceeds the activation energy

&) EXAM SPECTRUM

(c) higher the magnitude of activation energy, stronger is the
temperature dependence of the rate constant

(d) the pre-exponential factor is a measure of the rate at which
collisions occur, irrespective of their energy

—SECTION 3 (MM : 15)

o This section contains FIVE questions.

o The answer to each question is a SINGLE DIGIT INTEGER ranging from O to 9, both inclusive.
o For each question, darken the bubble corresponding to the correct integer in the ORS.

o For each question, marks will be awarded in one of the following categories:

Full Marks

Zero marks . 0, In all other cases.

. +3, If only the bubble corresponding to the correct answer is darkened.

In the following monobromination reaction, the
number of possible chiral product(s) is (are)...
CH,CH,CH34
Bro (1.0 mole)
H Br _

300°C

CHj
(1.0 mole) (Enantiomerically pure)

The mole fraction of a solute in a solution is 0.1. At
298 K, molarity of this solution is the same as its
molality. Density of this solution at 298 K is 2.0 g
cm™. The ratio of the molecular weights of the

m .
solute and solvent, (S‘)l“te] is ...
msolvent

16.

17.

18.

The possible number of geometrical isomers for the
complex [CoL,Cl,]” (L= H,NCH,CH,O) is (are) ...

In neutral or faintly alkaline solution, 8 moles of

permanganate anion quantitatively oxidise
thiosulphate anions to produce X moles of a sulphur

containing product. The magnitude of X is ... .

The diffusion coefficient of an ideal gas is
proportional to its mean free path and mean speed.
The absolute temperature of an ideal gas is
increased 4 times and its pressure is increased 2
times. As a result, the diffusion coefficient of this
gas increases x times. The value of x is ...

DETAILED SOLUTIONS

NCERT EXEMPLAR PROBLEMS

FOR CLASS Xlth & Xllth

.\::»ﬁ

F259 3150 F251 3150 F280

rabivaiz

3175 F281

I_'stu:s;

e
Rt L1

Mathlmatms

Chass il

3150 F279 3175 F282

The Most Aspired PROBLEM BOOKS for SCHOOL / BOARD EXAMS and

ENGINEERING ENTRANCES
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Answers with Explanation

1. (c) For 1s electron, radial part of the wave function is given as,

3/2
w(r)=2 (ij g1l

do
s 2 p
. P = (y(r)24nrdr = 16nr2[ij e®ar
do

3
At r=0P=16m(07 x (ij e%r =0
ag

3
At 1= oo P = 16m(c0)® x (i] e™dr=0
Qo

Hence, graph (c) is correct.

This graph shows the probability of finding the electron
within the shell at various distances from the nucleus
(radial probability).

The maximum peak of the curve shows maximum radial
probability of finding an electron for a given distance from the
nucleus. This distance is equal to Bohr’s radius (a).

2. (c) Key Concept For isothermal process, change in internal
energy is zero

ie. AU=nC,AT =0 [as AT=T,-T, =0Q]
By first law of thermodynamics,
AE =g +W
q=-W
= Qiney = Wirey = pPAV = 32 — 1) = 3L atm
Also, AS,,, = Qirev _ (- 3x 101.3)J _ 303.9J
T 300 K 300 K
=-1.013JK™"

3. (b) Key Concept Paramagnetic compounds are those
compounds that contains atleast one unpaired electron.
Superoxide (0;) is also paramagnetic in nature as it
contains one unpaired electron

O, = [O—O]i Unpaired electror
Compound  Hybridisation Unpaired Magnetic character
electron(s)

Ni(CO), sp° — Diamagnetic

[NiCI, 12~ sp® 2 Paramagnetic
[Co(NHZ),Cl,] ClI sp%l? — Diamagnetic

Na 5[CoFg] sp’d? 3 Paramagnetic

Na O, — — Diamagnetic (037)
CsO, — 1 Paramagnetic

O35 (superoxide ion
is paramagnetic)

Thus, only [NiCI, >
in nature.

, Na 3[CoFg] and CsO, are paramagnetic
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4. (b) As we move down the group, atomic radius increases but
due to poor shielding of d-orbital electrons in Ga, atomic
radius of Ga is smaller than that of Al. Thus, the correct
increasing orderis Ga < Al < In < TI.

5. (a) Natural rubber is formed by the polymerisation of isoprene.

/Y ® )
CHQZ?—CH :CH2 — CHQ—C: CH—CH2
&y b
Polymerisation
Ethylene
f —CHQ—CH CHg CHa H/Pt —C=—CH—CH
‘\\ CH3 ,’/ CH3

\\\ . n

Natural rubber

Propylene

Ethylene—propylene copolymer

This co-polymer is formed from propylene and ethylene.
nCH, = C|)H+ nCH, =CH, —

CH,
CH,—CH—CH,—CH,

CHa

n

6. (b) Key Concept Ac is CH;CO (acetyl), it protects —NH,
group from being oxidised.
NH, NHAC

Ac,0O/Pyridine ©

KBrO; + HBr— Br,

NHAc NHAc
+
© _ Browater © _HO" © + CH3COOH

+ -
NCl Br

_ NaNOyHCI CuBr/HBr

273-278 K (Sandmeyer

(Diazotisation) reaction)

Br

Br
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7.

(b,c)  CHa3

|
CH —CHg

: 0y
—_—

Cumene
OH
I
+ CH3—C—CHjs
Acetone

CHCl3/NaOH

A Reimer-Tiemann

reaction

0—H

CHO

+ , NaOH

(Q) Major
CHO
(R) Minor

O—CHoPh

CHO

Williamson's
synthesis
)
(@) R is not steam volatile, but Q is steam volatile thus,
incorrect.

(b) Q has enolic group thus, gives violet colour with 1%
aqueous FeCl, solution thus, correct.

(c) S has carbonyl group hence, gives yellow precipitate
with 2, 4-DNP thus, correct.

(d) S does not give colour with FeCl4 thus, incorrect.
(a, ¢, d) Na,B,0,-10HO (borax) is actually made of two

tetrahedral and two triangular units, and is actually written as
Na ,[B,05(0OH),]- 5HO.

a) Itis atetranuclear unit. Thus, correct.

(@)

(b) Boron atoms are in different planes thus, incorrect.

(c) Two sp? and two sp® hybridised B atoms. Thus, correct.
(

d) Each boron has one —OH group. Thus, correct.
(a)S% + CuCl, —> CuS1 (black ppt.)
S0% + CuCl, —> Soluble

It concludes that
(a) CuCl, selectively precipitates S?".

10.

&) EXAM SPECTRUM

(b) S + BaCl, —» BaS1{ (soluble)
SO?% + BaCl, —> BaS0, | (white ppt.)
Precipitates SO5~ but not $%~.

() S* + Pb% — PbS (black ppt.)
S0%" + Pb?" — PbSO, | (white ppt.)
$2~ and SO%, both are precipitated.

(d) S% 4 Na, [Fe (CN)sINO — Na, [Fe (CN);INOS]
Sodium nitroprusside (Purple colour)

But does not give any colour with SO?{.
(b, d) For the elements with atomic number (Z) larger than 20,
Neutrons (n) > Protons (p)

Thus, n > 1

Thus, there is upward deviation from linearity.
If n<p, Thus <1, then
o}
(a) Byp~ - decay
on — 1p+ Se
neutron changes to proton. Thus, (ﬁj ratio further
decreases below 1.
Thus, this decay is not allowed.

By orbital or K- electron capture
ip+ e —in

G5

n\ . .
proton changes to neutron, hence, (7) ratio increases.
o)

Thus, stability increases. Hence, correct.

(c) Neutron emission further decreases the 1 ratio.

p
(d) Byp*-emission,
1 1 0
1P — 0N+ €
proton changes to neutron.
n_ ..
Thus, — ratio increases. Hecne, correct.
p
120
T Neutron-rich oT
100 | nuclei 15 ool
%) 1 o o
S 80
g 1
c 60T
© 1
g 40l
g 1
Pz 20__
1.1 ratio
ot 1
is Neutron poor nuclei 1

20 40 60 80
Number of protons

Plot of the number of neutrons against the number of
protons in stable nuclei (shown by dots).
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11. (a, b, c) Key Concept Tollen’s test is given by all aldehydes
and all reducing sugars as glucose, fructose and o-hydroxy
ketones.

OH™
—~ 5 RCOOH + 2Ag |
Silver mirror

RCHO +  Ag,0

(Tollen's reagent)

OH O

|
—CH—C—

o

having an aldehyde group givesdllen's test

H )

a

'y

H

Br

(b) CHO

©/ is an aldehyde that gives positiveollen’s test
0O

(@) I

<: :>— (|)H —C —<: :)

O

H

a-hydroxy ketone
gives positive Tollen’s test.

(@) o
X ” is a ketone
Pn Ph
So, does not give Tollen’s test
12. (b,c)
Compound | Hybridisation Structure I;Z:fr;z:oon:
BrF, sp’d? F\@ _F 1
Br
F 1 ™SF
F
CIF, spxd !|: 2
(@GN
Cl—F
J|
F
XeF, sp%? F\@ _F 2
Xe
F 0 F
SF, spd F 1
|_F
&S
[
F

Only ClIF; and XeF, have two lone pairs.

18 > JULY 2016 » CHEMISTRY SPECTRUM

13. (b,c,d) Rate constant, k = Ae 2’7 where, E, = activation
energy and A = pre-exponential factor
(@) If E, is high, it means lower value of k hence, slow
reaction. Thus, incorrect.
(b) On increasing temperature, molecules are raised to
higher energy (greater than E_.), hence number of
collisions increases. Thus, correct.

E
c) logk=Ilog A-=&
(c) log g AT
d(log k) _ E. {M =0logAis constant}
ar RT? ar

Thus, when E, is high, stronger is the temperature
dependence of the rate constant. Thus, correct.

(d) Pre- exponential factor (A) is a measure of rate at which
collisions occur. Thus, correct.

14. (5) Thinking Process Given compound undergoes free-
radical bromination under given conditions,
As there are many replaceable hydrogen atoms are present.
Hence, there are possibility to obtain many products.
Replace all the hydrogen atoms one by one and find out total
number of chiral products.
C’is chiral carbon.

CH2CH2>CHgz CHoCH2>CHz

H | Br H | Br
CHs CH2Br

I. Chiral
CH>CHoCH3g

Br Br

CHs

Il. Achiral
Br

* CH—CH,CHjz

H Sl

CHs
11l. Chiral
Br

CHp— CH—CH;
*

H *Br

CHs
IV. Chiral
CHQ—CHQCHQBI’

H— R

CHs
V. Chiral
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(Il has two chiral centres and can have two structures.

CHQCHs CH2CH3
H Br H Br
H Br Br H
CHs CHs
(I A (s
(IV)  has also two chiral centres and can have two structures.
CHs CHs
H Br H Br
e H-- H H
H Br Br H
CHa CHS
(IV)A (v)B

Compound IVA has plane of symmetry thus, achiral.
Thus, chiral compounds are five.
I, ITA, 1B, IVBand V.

15. (9) Moles of solute, n; = W
m
_ W
Moles of solvent, n, = —2
my
Mole fraction, ¥4 (solute) = 01
Mole fraction, x, (solvent) = 0.9
XMy _wyp o my 1

Solute (moles)
Volume (L)

_ Wy x1000 x 2
my (wy + Ws)

Molarity =

Total mass of solution
Density

— [ Wit Wa L
2

Solute (moles) _
Solvent (kg)

Volume =

w; x 1000
my X Wy

Molality =

Given, molarity = molality
2000w, _ 1000 w;

hence,
my (Wy + W) my Wy
wp 1
Wit w, 2
Thus, Wy =w, =1
Wimy _1
myw, 9
Thus, my(solute) -9

m, (solvent)
16. (5) Ligand is CH,—NH,
|

€]
CH,0
Geometrical isomers are

17.

18.

&) EXAM SPECTRUM

Cl\'\{Hz/w “ Cl\N\HZ/B _‘
Co’+— © Co—0
o i‘@ o (|) Ry
cis cis

NH2 . /O NHZ
co’ ™t Co3*\
o | N al o |

CI cl
trans
EO e
NH2
CI
trans
(6) In neutral or faintly alkaline solution, MnOj, is reduced to
MnO, and S, 0% is oxidised to SO%".
Change in O.N = 4 units
- 1,
MnO, ~ +1/280; —> 805 t MnG,
+7 +2 +6 +4
I )
Change in ON = 3 units
Thus,
4MnO; +§ S,02° — 3502 + 4MnO,
or  8Mn0O; + 35,02 — 6307 + 8MnO,
Thus, moles of SO%™ formed by 8 moles of MnO; = 6
(4) Key Concept Diffusion coefficient (DC) <« A (mean free
path)
DC o< Unean
Thus, (DC) < A Unean
Buit, AT
V2 Nyop
Ao L
p
8RT
and U =
mean TCM
mean o ﬁ
3/2
DG o )
p
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JEE Advanced 2
PAPER I (Online)

FULLY SOLVED

SECTION 1 (MM : 18)

o This section contains SIX questions.

o FEach question has FOUR options (a), (b), (c) and (d). ONLY ONE of these four options is correct.
o For each question, darken the bubble corresponding to the correct option in ORS.

o For each question, marks will be awarded in one of the following categories.

Full Marks : 4 3, If the bubble corresponding to the answer is darkened.
Zero Marks .0, If none of the bubbles is darkened.
Negative Marks =1, [n all other cases.

EXAM CRUX

= There were total 18 questions asked in JEE Advanced 2016 paper . 1. The correct order of acidity for the following
Out of 18 questions, 6 questions were numerical based while 12

questions were theory based. Overall paper was quite tough and
need a good knowledge of subject to solve. COuH COuH

= According to chapterwise distribution, number of questions were
asked as: HO OH OH

compounds is

From Class XI

= Chemical Bonding and Molecular Structure—1Q, Equilibrium—2QS,
The p-block elements—1Q Some Basic Concepts of Chemistry—1Q.

COsH COH
From Class XII z z

= General Principles and Processes of Isolation of Elements—3Qs
Aldehydes, Ketones and Carboxylic Acids—20s. Coordination
Compounds—1Q, Biomolecules—2Qs, The Solid State, Solutions,

Electrochemistry and Haloarenes and Polymers—1Q from each or
chapter. OH
= Thus, approx—30% of paper came from Class Xl and 70% from Class XII. I \Y%
= Maximum questions were asked from Physical and Organic
Chemistry rather than Inorganic Chemistry in this paper. (@l >1>Ill>I
. b) Il >1>1>IV
Difficulty Level . ‘ ;Cj > V>0 > |
= Around 60% of questions can be considered as tough; 20% were @1> >N >l

relatively moderate and 20% are considered easy by the Arihant team.
Overall, this year paper was tough as compare to previous year paper.

CHEMISTRY SPECTRUM « JULY 2016 < 21
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2.

4.

1.

The major product of the following reaction
sequence is

sag

/\

©*K

(i) HCHO (Excess)/NaOH, Heat
ii) HCHO/H ™ (Catalytic amount)
/\

In the following reaction sequence in aqueous
solution, the species X, Y and Z, respectively, are

2 Ag™* Ag* With time
5203 (Clearigl ution) (Whi?gppt.) (Black ppt.)
(@) [Ag(S04),]", AgS 03, AgS
(6) [AG(S03)s]”", A5O3, AgS
(c) [Ag(SOs)Z]S’, AgS 035 Ag
() [Ag(S04)31*", AgSO,, Ag

The qualitative sketches I, II and III given below
show the variation of surface tension with molar
concentration of three different aqueous solutions
of KCl, CH,OH and CH,(CH,);;0SO;Na* at room

temperature.

SECTION 2 (MM : 32)

o This section contains EIGHT questions.

Surface tension

Surface tension
Surface tension

Concentration Concentration Concentration

The correct assignment of the sketches is

@ 1:KCl Il : CH,OH Il : CHy(CH,), 4

0S0; Na*
(b) 1:CH4(CHy),; Il : CHLOH Il KCI

0S0; Na*
() 1:KCl Il:CHy(CH,), Il : CH,OH
0SO3Na*

(d) 1:CH.OH Il: KCI Ill: CH4(CH,), 4

0S0; Na*

The geometries of the ammonia complexes of
Ni?*, Pt2* and Zn%*, respectively, are
(a) octahedral, square planar and tetrahedral
(b) square planar, octahedral and tetrahedral
(c) tetrahedral, square planar and octahedral
(d) octahedral, tetrahedral and square planar

For the following electrochemical cell at 298 K,
s) | Hy(g, 1 bar) | H" (aq, 1 M) || M** (aqg),
M?*(aq) | Pt(s)

[M** (ag)]

E.y =0092 V when =10*
° [M** (aq)]

Given, E’ =0.151V; 2.303 % =0.059 V

M4+ / M2+

The value of x is

(@) -2 (b) -1 (©) 1 (d) 2

o Each question has FOUR options (a), (b), (c) and (d). ONE OR MORE THAN ONE of these four options is (are) correct.
o For each question, darken the bubble(s) corresponding to all the correct option(s) in the ORS.

o For each question, marks will be awarded in one of the following categories:

Full Marks

Partial Marks

darkened.

Zero Marks 0, If none of the bubbles is darkened.
Negative Marks : =9, In all other cases.

According to molecular orbital theory, which of the
following statements is(are) correct?
(a) C2™ is expected to be diamagnetic

22 > JULY 2016 » CHEMISTRY SPECTRUM

: + 4, |fonly the bubble corresponding to all the correct option(s) is (are) darkened.
. + 1, For darkening a bubble corresponding to each correct option, provided no incorrect option is

(b) 05" is expected to have a longer bond length than O,
(c) N3 and N have the same bond order
(d) He} has the same energy as two isolated He atoms
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8

10.

11.

. The correct statement(s) for cubic close packed
(ccp) three dimensional structure is (are)
(@) The number of the nearest neighbours of an atom present in
the topmost layer is 12
The packing efficiency of atom is 74%
The number of octahedral and tetrahedral voids per atom
are 1 and 2, respectively
The unit cell edge length is2+/2 times the radius of the atom

(b)
()

(@)

Reagent(s) which can be used to bring about the
following transformation is (are)

OH

COOH COOH

(a) LiAH, in (C H5),0
(c) NaBH, in C H;OH

Extraction of copper from copper pyrite (CuFeS,)
involves

(@) crushing followed by concentration of the ore by
froth-floatation

removal of iron as slag

self reduction step to produce ‘blister copper’ following
evolution of SO,

refining of ‘blister copper’ by carbon reduction

(b) BHg in THF
(d) Raney Ni/H, in THF

(b)
(c)
(@)

The nitrogen containing compound produced in the
reaction of HNO,; with P,O,,

(a) can also be prepared by reaction of P, and HNO4
(b) is diamagnetic

SECTION 3 (MM : 12)

o This section contains FOUR questions.
o Based on each paragraph, there are TWO questions.

12.

13.

14.

&) EXAM SPECTRUM

(c) contains one N—N bond
(d) reacts with Na metal producing a brown gas

Mixture(s) showing positive deviation from Raoult's
law at 35°C is (are)

(a) carbon tetrachloride + methanol

(b) carbon disulphide + acetone

(c) benzene + toluene

(d) phenol + aniline

For ‘invert sugar', the correct statement(s) is (are)
(Given: specific rotations of (+)-sucrose, (+)-maltose,
L-(-) -glucose and L-(+)-fructose
solution are +66° +140°, -—-52°
respectively)

(@) Invert sugar is prepared by acid catalysed hydrolysis of
maltose

(b) Invert sugar is an equimolar mixture of D-(+) -glucose and
D-(-)- fructose

()

(@)

in aqueous
and 92° ,

Specific rotation of invert sugar is — 20°
On reaction with Br, water, invert sugar forms saccharic acid
as one of the products

Among the following reactions(s), which
gives(give) tert-butyl benzene as the major product?

. © e Y © Y\C\

NaOCZHS A|C|3
j/\ OH
c d,
( ) © H2SO4 ( ) © BF3,0Et2

o FEach question has FOUR options (a), (b), (c) and (d). ONLY ONE of these four options is correct.
o For each question, darken the bubble corresponding to the correct option in the ORS.

o For each question, marks will be awarded in one of the following categories:

Full Marks
Zero Marks

0, In all other cases.

- +3, If only the bubble corresponding to the correct answer is darkened.

Paragraph 1

Directions (Q. Nos. 15-16)Thermal decomposition of gaseous X, to gaseous X at 298 K takes place according to the

following equation:

X, (@) ~—— 2X(@)
The standard reaction Gibbs energy, A,G°, of this reaction is positive. At the start of the reaction, there is one mole of

X, and no X. As the reaction proceeds, the number of moles of X formed is given by . Thus, §

equilibrium 1S the number of

moles of X formed at equilibrium. The reaction is carried out at a constant total pressure of 2 bar. Consider the gases

to behave ideally. (Given,R =0.083 L bar K™ mol™)

CHEMISTRY SPECTRUM « JULY 2016 < 23
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15. The equilibrium constant K, for this reaction at presence of KOH followed by the acidification, gave a

298 K, in terms of Beqjiiprium 1S compound T.
2 2
() 8 Breauiorum (b) 86@;& 17. The compound R is
- Bequmbnum 4 - B equilibrium 0

2 2
(C) 4 B equilibrium (d) Amezqw NH2 5
2= Be uilibrium 4- B equilibrium b r
! @ (b)
Br
1 6- i 1 NH2

The incorrect statement among the following for

this reaction, is 0
(@) Decrease in the total pressure will result in the formation of 0 0
more moles of gaseous X
(b) Atthe start of the reaction, dissociation of gaseous X, takes NHBr
place spontaneously (c) (d) NBr
(c) Bequilibrium =07 NHBr
(d) Ko <1
O O
Paragraph 2
Directions (Q. Nos. 17-18) Treatment of 18. The compound T is
compound O with KMnO, /H* gave P, which on (&) glycine
heating with ammonia gave Q. The compound Q (b) aITn|ne
on treatment with Br, /NaOH produced R. On gj ;Zr'ir;i

strong heating, Q gave S, which on further
treatment with ethyl 2-bromopropanoate in the  (O)

Answers with Explanation

1. (a) Thinking Process —OH group displays both kinds of 0
effect; an electron withdrawing acid-strengthening inductive o]
effect from the meta-position and an electron-releasing acid > Crossed
weakening resonance effect from the para-position (at this CO aﬂgﬁe
position, resonance effect overweighs the inductive effect). H—‘(l,—H\/ > CH0"
Thus, Ill > V.
o-hydroxybenzoic acid (ll) is far stronger than the o]
corresponding meta and para isomers as the carboxylate ion H+
is stabilised by intramolecular H-bonding.
2,6-dihydroxybenzoic acid () forms carboxylate ion which is CH-OH
further stabilised by intramolecular H-bonding, Thus, correct
orderis I > 11> Il > IV a-carbon has no H-atom
5— hence, next reaction with HCHO is
O\ 0., 8+ 8+ %_\/CB)_ ot Crossed Cannizzaro reaciion
l HCHO, OH
@ @ 0
HCHO
Most stable) “hcetal CH,OH + HCOO™
formation
2. (a)KeyConcept Alkaliabstracts proton from a-position of (By reduction) (By oxidation)
carbonyl group and generates carbanion.
This carbanion attacks at _electron deficient carbc_)n of 3. (a) 25,05 + Ag" — [AQ(S,05),]%
carbonyl group and further gives Crossed- aIdoI reaction. (Clear solution)
[AQ(SLQ3)I + 3Ag" — 2AgS 0,
(White ppt.)
(Black ppt.)
H-atom at o carbon Carbanion

24 > JULY 2016 » CHEMISTRY SPECTRUM
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4. (d) | (CH4OH) : Surface tension decreases as concentration 6. (d) Strategy Find out Ege., Ecer = Egn — Eiett
increases.
o . . . o 0059, [MZ*]HTP
Il (KCl) : Surface tension increases with concentration Apply Nernst equation; E o = Egg — |09[ 4+][ ]
for ionic salt. n M™1 Py,
Il [CH4(CH,),0803 Na™] : It is an anionic detergent. 2HH* P
[CH3(CH ) s ] g Putw = K and find the value of x.
There is decrease in surface tension before micelle M PH,
formation, and after CMC (Critical Micelle Concentration) is I
. : o Oxidation at anode
attained, no change in surface tension is observed.
Ho(g) —2H" (ag)+2e™; Edye=0.00V
c KCI (Il) Reduction at cathode
2 M*(aq)+2e”—> M?(aq); E;,4,,, 2= 0151V
5 CH3OH () . . +
o Net: M** (aq)+H,(g)—> M“*(aq)+2H" (aq);
8 CHs(CH2)110S05 Na* (i) (ag)+Hx(g) (aq) (aq)
Z M¥IH' T2, o M)
E K= H(Egy = 0.151V)= 20
—— M™1 o4, L2
Concentration 0,059
5. (a) Ecen = é’eu—'TlogK
Compound Hybridisation Geometr 2
P y y 0002 = 0151-20%0g M "]
[Ni(NH3)s] > sp%d? octahedral 2 M*]
o+ 2 0059 = 9995g101
[Pt(NH3),4] dsp square planar - B 09
[Zn(NHg),]1** sp® tetrahedral log10* =2
x=2
7. (ac)
Species '\;llj::zzrn:f Molecular orbital electronic configuration (MOEC) Ng N, | BO | Magnetic character
ce 14 ols®, 6 1s%, 62s° 6'2s° m2pf = n2p’, 02p7 10 4 3 Diamagnetic
o3 14 ols? o'1s% 62s? 0'2s% n2p? = m2p? 62p,” 10 4 3 Diamagnetic
0, 16 o1s? 6'1s?, 02s% o'2s% 02p, n2p? = n2pf, n'2p} = n'2p, 10 6 2 Paramagnetic
N3 13 o1s? o 1s% 025 o6'2s% n2p? = n2p,’, o2, 9 4 25 Paramagnetic
N 15 o1s? 67152 6252 6'25% o2p,, 7'E2,Oy2 =~m2ps, m2py =m 2P, 10 5 25 Paramagnetic
Hej 3 o1s? o' 1s' 2 1 0.5 Paramagnetic
Thus, (a) is correct.
(b) Bond order of 03" > O, thus, bond length of 03" < O, thus, incorrect.
(c) N3 andNj have same bond order thus, correct.
(d) He} with bond order equal to 0.5 is more stable thus, less energised than isolated He atoms. Thus, (d) is incorrect.
8. (bca)
(a) Nearest neighbour in the topmost layer of ccp structure is 9 thus, incorrect. / \\\
(b) Packing efficiency is 74% thus, correct. ': A T D
(c) Tetrahedral voids = 2. Octahedral voids = 1 per atom thus, correct. \\\ ST
(d) Edge length, a—%r = 2421 thus, correct. a | i !
Explanation Edge length=a; Radius=r, AC?= AB?+ BC? (4r)? =a’® + a® =2a° N
NA a ; c !
dr=\2a =r="a=_2%_ g=227 a /
4 2 B

In ccp structure, number of spheres is 4.
Hence, volume of 4 spheres = 4 (g nrsj. Total volume of unit cell = a° = (2+/2r)° % of packing efficiency

4inr

)
_ Volume of 4 spheres _ (3 %100 = 74.05% =~ 74%
Volume of unit cell 22NP
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9.

10.

(c) Only — CHO group is to be reduced to —CH,OH.
It can be done using NaBH,, in C H;0H.

o%g/ /O

(IZOOH

(a) LiAIH,/(CHs),0 reduces |, Il and Ill into —CH,OH, and
IV into diol.

(b) BH4/THF show same properties as explained in option (a).

(c) NaBH,/CHLOH reduces Il into —CHLOH as it
selectively reduce the carbonyl group.

(d) Raney nickel, same as (a) and (b).

Thus (c) is correct reagent.

(a,b,c) Extraction of copper is done from copper pyrite by
going through following steps:

Step | Crushing (grinding ) followed by concentration of ore by

froth-floatation process.

Step Il Roasting of ore in the presence of SiO, which removes

iron as slag (FeSiOy).
2CuFeS, + O,— Cu,S + 2FeS + SO,
2FeS + 30,—— 2SO0, + 2FeO
FeO + SiO,—— FeSiO4(Slag)

Step Il Self-reduction in Bessemer converter

2Cu,S + 30,—— 2Cu0 + 250,
2Cu0 + Cu,S— 6Cu + SO,
Copper obtained is blister copper (98% pure).

Step IV Refining of blister copper is done by electrolysis

11.

12.

Impure copper—Anode

Pure copper— Cathode

Atanode Cu ——Cu?" + 2e”

At cathode Cu®" +2e~ —— Cu
Carbon-reduction method is not used. Thus,
incorrect.

(b,d) P,O,, is a dehydrating agent and converts HNO; into
NOs

(d) is

2HNO; —— NOg + HLO
P04 + 6H,0 — 4HPO,

(@ P, + 20HNO; — 4HLO, + 20NO, + 4H0

Thus, (a) is incorrect.
(b) NJOg has no unpaired electron and is thus, diamagnetic

thus, (b) is correct.
© O z

N—O—N
o~ o

0]

There is no N—N bond, thus, (c) is incorrect.
(d) NOs + Na——> NaNO4 + NO,

NO, vapours are of brownish colour.

Thus, (d) is correct.
(a,b) Key Concept When intermolecular attraction
between two components A and B in the mixture is same as
between A and A or B and B, then it is a case of ideal
solution and this solution obeys Raoult's law.
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13.

14.

When intermolecular attraction between A and B in a
mixture is smaller than that of between A and A or B and
B, then mixture is more vapourised, boiling point is
lowered. It is a case of positive deviation from Raoult's
law.

When intermolecular attraction between A and B is higher

than that of between A and A or B and B, then mixture is

less vaporised, boiling point is increased. It is a case of
negative deviation from Raoult's law.

(@) Methanol molecules (CH;OH) show hydrogen bonding.
In a mixture of CCl, and CH;0H, extent of H-bonding is
decreased. Mixture is more vapourised thus, positive
deviation from Raoult’s law.

(b) Acetone molecules have higher intermolecular attraction
due to dipole-dipole interaction. With CS,, this
interaction is decreased thus, shows positive deviation.

(c) Mixture of benzene and toluene forms ideal solution.

(d) Phenol and aniline have higher interaction due to inter-
molecular H-bonding. Hence, shows negative deviation.

(b,c) Key Concept If there is specific rotation from(+) to
(-), then inverted sugar is formed.
(@) CioHy044 + HO——Glucose

D(+)
(+)1h£;|tose 500
(b) Cy,H,04; + HO—— Glucose + Fructose
D(+) L(-)
(+l8é1ggose 550 Ry

—40°for 2 moles mixture
—20°for 1 mole mixture

There is formation of inverted sugar. Thus, correct.

(c) Specific rotation of inverted sugar is —20° per mole.
Thus, correct.

(d) Br, water is a weak oxidising agent. It oxidises
specifically —CHO to — COOH, — CH,OH group is not

affected.
COOH CHO COOH

| | |
(C|HOH)4 &(c'HOH)Am (C|HOH)4
COOH CH,OH CHOH

Saccharic acid Gluconic acid

(one of the product)
HNOj (a strong oxidising agent) oxidises inverted sugar to
saccharic acid. Thus, incorrect.

(b,c,d)

(a) . NaOCoHs
<\

C,HO" (a strong nucleophile) shows E1 reaction to
form isobutene as the major product.

ﬁ/\ _ACl3 Y 1, 2hydride
smft 3° carbocanon
1° carbocation (Major)

@

Tertiary butyl benzene (X)
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15.

16.

X

: Tertiary butyl benzene

Y\OH + @ BF3,EtoO @/k

Tertiary butyl benzene

(b) Xo(g) == 2X(@g)
At t=0 1 0
At equilibrium (1 - 25) X (where, x = Bqg)

Total moles at equilibrium
(3
2

Mole fraction, X,(g) =

‘|
|

and p =2 bar

-
+
N | x
S—

=
Partial pressure, (px,) = | 2 lp
l'*2)
2
and Px = px
1+ ij
2
K, = (px)?/ px,
r 2l
1+ 2
=Lm/(+2h:=4m2 8By
pU=X12) a-x) (4- B3,
[+3)
2
(c)
2
(@) K, = (44fo2) = p¢ [4>>>4
1
Xoc |—
o

If pdecreases, xincreases. Equilibrium get shifted in the
forward direction. Thus, statement (a) is correct.

(b) Atthe start of the reaction, Q = Owhere, Q is the reaction
quotient

AG = AG° +2.303 RT log Q
Since, AG° < 0, thus AG is —ve.
Hence, dissociation takes place spontaneously.
Thus, (b) is correct.
(c) lIfweuse x=07 and p =2 bar
_ 4x2(07)
4077

Thus, (c) is incorrect.

then K =111>1

17.

18.

&) EXAM SPECTRUM

(d ) At equilibrium, AG = 0
. AG° = -2.303RT log K,
Since,

AG° = +ve

Hence, K,D <1
Ko = Lp
(RT)

- Kg < 1. Thus, (d) is correct.

(a) Key Concept Any alkyl group with atleast one H at
o-carbon, e.g. — CH,0H, — CH,NH,, — CH,Cl is oxidised
to COOH byMnO,/H".

Thus, (0) is converted to (P).

@(Z e - ©\l)j:
@# __eaneon @i

(a) Key Concept

(i) RCONH, —22/N%%  pnp,

Itis called Hofmann bromamide degradation reaction.
Thus, (Q) changes to (R).

(ii) Conversion of (S) into (T) through S, S, is called
Gabriel phthalimide reaction. P is formed by cleavage
of amide linkage in Gabriel phthalimide reaction.

O
NH,
NH,
Q
0O
~  + Br COOCoHs
N—|
—KBr
COOC2H5
0
S 32
O

HiO* OH )\

OH COOH
(T)
) o Glycine
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% METICULOUS ANALYSIS

REACTION

INTERMEDIATES

\V

Coverage of Special Topics for JEE Advanced

All organic compounds are made up of covalent bonds.
During the course of a chemical reaction, short-lived
reactive intermediates are formed. These intermediates
can be formed either by homolytic and heterolytic bond
fissions or by course of some other reaction conditions.

The main types of reactive intermediates of interest to
organic chemists are carbocations, carbanions, radicals
carbenes, nitrenes, arynes, nitrenium ions and diradicals.
We shall read some important reactive intermediates in
this article.

(A) Carbocation_s

—-— Vacant p-orbital

Ry

e These have atleast one carbon atom with a positive
charge and have 6 electrons in the valence shell.

* These are sp’-hybridised and trigonal planar in shape.

e These are diamagnetic in nature.

e These are intermediates in many kinds of reactions. The
more stable ones have been prepared in solution and in
some cases even as solid salts. In solution, the
carbocations may be free (this is more likely in polar
solvents, in which it is solvated) or it may exist as an ion
pair, which means that it is closely associated with a
negative ion, called a counter ion. Ion pairs exist in
non-polar solvents.

e These are formed by the heterolytic fission or by the
addition of a proton to an unsaturated system

Heterolytic fission
_—

R—X RY+ X~
Alkyl  More ) Carbocation
group  electronegative

atom
i
—CLS}HJI+ —> —C—X—H
RN
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REMEMBER

Whatever the process used, carbocations are most often
short-lived transient species and react further without isolated.
Classification of Carbocations

1| 1
Classical carbocations Non-classical carbocations

i ii jii i ii i
Primary Secondary Tertiary Primary Secondary Tertiary

(I) Classical carbocations In these, the positive charge
is localised on one carbon atom or delocalised by
resonance involving an unshared pair of electrons or
a double or triple bond at the allylic position. These
can be 1°, 2° or 3°.
e.qg.

HiC_ 1/ CHs
CHs, ¢ . [CHy—CH—CHye—sCH, — CH—CH,]
0 10

10
3% CHg Allylic carbocation

@ @
CH, CH, CH, CH, CH,
@ (&)
<~ -~ <~ -~
10 20 20 20

Benzylic carbocation

(I) Non-classical carbocations In these, the positive
charge is delocalised by double or triple bond that is
not at the allylic position or by a single bond.

- A

7-norbornenyl carbocation
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> f— @@H@j

(Cyclopropyl methyl carbocation)
Order of Stability of Carbocations

—CH2
Stability «< Resonance « Hyperconjugation

(2-phenyl ethyl carbocation)

o< + [-effect occ —————
— I -effect

The order of stability for various carbocations is:

@ @ @ @
Ph,C > Ph,CH > PhCH, > (CH,),C

® @ @
>CH,—CH=CH, > R,CH > RCH,

@
@ @
>CH; >CH,=CH>

TYPE 1 Problem Based on Finding Stability of
Carbocations

(1)
@The order of stability of the following

carbocations is [T JEE 2013]
@
CH,
@ ®
I. CH,=CH—CH, Il. CH,—CH,—CH,

@I=>01>1  (BI>Il>l
Sol. (d) The order of stability of carbocations will be

@ > CH,—CH—gH, > CHy—CH,—Chi,

Benzyl Allyl Propyl
(Resonance stabilised (Resonance (Stabilised by + I-effect)
with more canonical forms) stabilised)

)l >1>1l @Il=>1>1I

TYPE 2 Problem Based on Finding Reactive
Intermediate

(2]
@ Name the intermediate (1) species formed in the

following reaction.
CHCH,—N=N— )+ IN=N:

(b) Carbanion
(d) None of these

(a) Carbocation
(c) Radical

® ®
Sol. (a)CHCH,—N=N—> CH,CH, +N,T

(Carbocation)

%) METICULOUS ANALYSIS

Rearrangement in Carbocations

= As carbocations are stabilised by + /-effect, resonance and
hyperconjugation so, carbocations become more stable as you
increase the number of electron donating groups or conjugation
attached to them.

= [f a possibility exists when an unstable carbocation can be
transformed into a more stable carbocation, then rearrangement
occurs. These possibilities are given below:

(i) By hydride transfer One rearrangement pathway where an
unstable carbocation can be transformed into a more stable
carbocation is called a hydride shift.

e.g. Bond breaking Bond forming

H
: \1/
ch: = :H HaCo ¥Y! H HsC3 H
> e i D 2
3 2® 3 2 H

HyCa JCHs | HiCf YCHs| HiCy YCH,

3°-carbocation
(More stable)

2°-carbocation Transition state

(Less stable)

In the above rearrangement,

= The bonding pair of electrons of C—Hbond is transferred to the
empty p-orbital on the carbocation.

= In transition state, both carbons, i.e. C, and C,, contain partial
positive charge.

= The C,—Hbond shortens and the C,—Hbond weakens, we end
up with a carbocation on C, (a 3°-carbocation) in the product
which is more stable.

= |f we do not have hydride ion at the adjacent position to the
carbocation, smaller group among the adjacent groups, will
migrate in order to get more stable carbocation.

e.g.
CHs
CHs H HsCo AN H HsCs H
® S ON ®

> Lo
H,Cs CHz H,Cs CHs H,Cs CHs

2°-carbocation Transition 3°-carbocation

(Less stable) state (More stable)

(i) By resonance |f after hydride shift, resulting carbocation
stabilises by resonance then, carbocation rearrangement occurs.

e.g. H

W \\/@\/
2°-carbocation

(Resonance stabilised)

2°-carbocation

Note Rearrangement always occurs between adjacent carbon
atoms, ie. C;—C, or C,— Cjetc.

TYPE 3 Problem Based on Rearrangement of
Carbocations

©
@ In the following carbocation; H/CH; that is

most likely to migrate to the positively charged carbon is
[IIT JEE 2009]

(@)CHzatC-4 (p)HatC-4 (c)CHzatC-2 (d)HatC-2
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8 METICULOUS ANALYSIS

Sol. (d)H at C-2 will migrate giving resonance stabilised carbocation.
H H

| @ | H- ®
HSC—(‘)—Clj c‘: CHy > H,C— (‘: CHy—CH (CHa),
OHH CHs OH

<«—> HyC—C—CH,—CH (CHy)

(B) Carbanions )

e These have atleast one carbon atom with a negative
charge and have 8 electrons in their valence shells.

o These are sp’-hybridised and trigonal pyramidal in
shape.

e These are diamagnetic in nature.

¢ These combine with the electrophile that can accept a
pair of electrons.

e These are formed by the following methods:
(i) By heterolysis of covalent bond

| lo

e
Alkyl Carbanion

group Less electronegative
atom than carbon

(ii) By the treatment of a-hydrogen containing aldehydes
having o-hydrogen with O H ions
f‘fi 0

| _ S
ﬁac—y OH——> H,0 + CH,CHO
H

* = o-hydrogens (Adjacent to functional group
i.e. carbonyl group)

(iii) By the addition of anions to alkenes and alkynes
Ne LY/ Ne__ &S
Ry —

X
Carbanion
Order of Stability for Carbanions

e Stability «« Resonance o Hyperconjugation

o< — [- effect cc ———
+ [-effect

e The order of stability for various carbanions is
€] © © €]
Ph,; C >Ph,CH >PhCH, >CH,—CH= CH,
Q CH,

ROETEN s

S
> CH,— CH, > (CH,),CH > (CH,), C

30 > JULY 2016 » CHEMISTRY SPECTRUM

e Stability of carbanion o< percentage of s-character

o
=2 > R—CH—CH> R—CH,—CH,
sp sp° sp°

TYPE 4 Problems Based on Finding Stability
of Carbanions

(4]
@ The correct stability order of the following

resonance structures is [IIT JEE 2009]
® ) ] )
. HC=N=N . H,C—N=N

<} @
IV. H,C—N=N
G I>1>1>V
@i=>1>IW=>Il
Sol. (b)!is most stable as it has more covalent bonds and it contains
negative charge on more electronegative atom, i.e. nitrogen.

e |llis more stable than Il and IV due to greater number of covalent
bonds.

e Between Il and IV, Il is more stable since, it has negative
charge on more electronegative atom and positive charge on
more electropositive atom.

Hence, overall stability order is | > Il > Il > IV

° @
. H,C—N =N
@1>1>N>Il
©NI>1>1>N

Stability of Carbanions
in Terms of Acidity

= Carbanion possesses an unshared pair of electrons and is
therefore act as a base or a nucleophile. The stability of the
carbanion is directly related to the strength of the conjugate acid.
The weaker the acid, the greater the basic strength and the lower
the stability of carbanion. ,

Basic strength

= By stability, here we mean stability towards a proton donor
species: the lower the stahility, the more willing the carbanion is
to accept a proton from any available source and hence, to end its
existence as a carbanion.

= Thus, the determination of the order of stability of a series of
carbanions is equivalent to a determination of the order of
strengths of the conjugative acids, and one can obtain
information about relative stability carbanions of from a table of
acidic strength.

(5]
@ Give reason for the followmg

CH, = CH is more basic than HC =C

= Stability of carbanion o< Acidic strength o<

[IIT JEE 2000]

Sol. Stability of carbanion = percentage of s-character

CH, = CH = s-character %:L %100
sp? 1+2

—x100=33.33
3
2 1
HC =C = s-character %=——x100
sp 1+1

=1 %100 =50%
2
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o °
Hence, HC=C is more stable than CH, = CH, which results
availability of non-bonding electrons in CH, =5H is more than

] =] ]
that inHC = C. Hence, CH, = CHis more basic thanHC =C.

(6)
Example The correct order of basicities of the following
compounds is [IIT JEE 2001]

7
. H3C—C\NH2 IIl. CH,— CH, NH,
l11. (CH,),NH, IV. CH,CONH,
@I>1>1l>N (b) 1> Il > 1l >V

@M >1>1>I @1 =11l >V

Sol. (b)!is most basic due to the formation of resonance stabilised
conjugate acid.

. .
NH NH, R,

ch—cf _H ch—c% > HCC{,
NH, NH, NH,

Resonance stabilised
conjugate acid

e |Vis amide, least basic.

0 o
(”(\.. "
OHy—CY-NH, ~— CHy—C—RiH,

lone pair involves in delocalisation.
* Between alkyl amines, 2° is more basic than 1° amine. Hence,
overall order of basic strengthiis | > Il > Il > V.

(C) Free Radicals

{3 p-orbital with
R one unpaired electron
D¢—R
R ’1”\‘

e These are atoms or groups containing a free or an odd
electron.

o These can be sp® or sp>-hybridised and hence, can have
corresponding pyramidal or planar shape.

) () o

()
Planar Pyramidal

e As these have one unpaired electron, these are

paramagnetic in nature.
e These can be prepared by the following methods:

(i) Thermal cleavage When organic molecules are
subjected to high temperature in the gas phase,
result in the formation of free radicals.

e.g. R—C—O%O—C—Fs’ A, spc o

| | |
0 0 0

A
R%N=N%R — 2R+ N,

%) METICULOUS ANALYSIS

(ii) Photochemical cleavage The energy corresponding
to the light of 600 to 300 nm is 48 to 96 kcal mol™
(200 to 400 kJ mol™ '), which is of the order of
magnitude of covalent bond energies.

e.qg. %C‘ v o
R— v, R—C +R
” Vapour
phase

(iii) By other radicals

Ph%C—O' — PH+CO,

Order of Stability of Free Radicals

¢ Stability «< Resonance o Hyperconjugation

o< + [-effect c —————
— I-effect

e The order of stability for various radicals is,
Ph; C >Ph,CH >PhCH, > Allyl >3° >2° >1° > Vinyl
free radical > HC =C.

e Vinyl free radical is least stable as it does not show
resonance or hyperconjugation.

ANALYSIS OF BOND STRENGTH IN TERMS OF

BOND DISSOCIATION ENERGY

= Bond dissociation energy is the energy required for the breaking of a
particular bond in a molecule in its gaseous state or it is the
standard enthalpy change, when a bond is cleaved by homolysis.

A}{B — A"+ B" AH = x kcal mol™'

Here, positive value of AH indicates that energy has to be supplied

in order to break the covalent bond between A and B.

= Therefore, the bond dissociation energy reflects the stability of the
radicals formed, the less is the bond dissociation energy, more will
be the stability of radical.

= Bond dissociation energy provides an accurate assessment of the
energy required to break a particular bond homolytically. Bond
energy (or average bond energy) is used to estimate the change in
energy for transformations from one stable species to another
especially in cases where m-bonds are broken and formed.

= However, in reactions where multiple bonds are broken, the bond
dissociation energy of a particular bond can be changed dramatically
by the cleavage of one of the bonds within the molecule. That is,
once the first bond is broken, the remaining bond dissociation
energies are often altered.

= The bond energy and bond dissociation energy are the same for the
bond in a diatomic molecules but these are different for a bond in a
polyatomic molecules.
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eg.
Species Homolytic fission Bogfeféis(oé’éagon
0 —_ 119.9 kealmol™
H” SH H/O 5 — H/O +
o o . 71
O\H O%H . O +H 101.2 kcalmol

Average BDE = (119.9+ 101.2)/2 kcal mol~" = 110.6 kcal mol™

Here, 110.6 kcal mol ™' is the bond energy.

= The bond dissociation energy is important in terms of finding stability
of substituted radicals. The less is the bond dissociation energy, more
will be the stability of radical.

H H
| |

H—(|3—H—> H—(‘T'+ H*: AH® =105 kcalmol™

H H
H

H
| |

H3(3—(|)—H — HL— ri +H*; AH° =100 kcal mol™'
H H
| |

HL —(|3 —H— HL— C| +H®; AH® = 96 kcal mol ™'
CH, CH,
CH,4 CH,

| |
H3C—(|J—H —— HL— (T"+ H®: AH° =93 kcal mol™!

CH, CH,

Hence, stability of radicals 3° > 2° > 1°.

TYPE 5 Problem Based on Finding Stability of
Free Radicals

@mple}eThe stability of the free radicals, allyl, benzyl,
3°,2°and 1° and (EH3 is in the order

(a) benzyl > allyl > 3° > 2° > 1° > éH3

(b) allyl > 3° > benzyl > 2° > 1° > éH3

()3 >2°>1°> éH3 > allyl > benzyl

(d) 3 > 2° > 1° > CH, >allyl = benzyl

Sol. (a) Stability of free radical « Resonance o Hyperconjugation
Resonance dominates over hyperconjugation. Hence, benzyl and
allyl radicals are more stable than 3°, 2°, 1° and C H, radicals.

.. Order of stability is

Benzyl > Allyl > 3° > 2° > 1° > CHy—» Neither resonance

e e nor hyperconjugation
Resonance
stabilised

Hyperconjugation
stabilised

32 > JULY 2016 » CHEMISTRY SPECTRUM

Intermediate : Neutral Molecules

Carbenes
= The neutral divalent carbon species in which two non-bonding
electrons are present along with two bonding pairs are called
carbenes. These are generally produced either by photolysis.
CH,=C=0—" :CH, + :C=0
orA
= decreasing order of stability of carbenes
-CH; > :CF, > :CCl, > :CBr,
= (Carbenes can be categorised to singlet and triplet carbenes
= Distinguish between singlet and triplet carbenes

Singlet Triplet

Central C-atom is
sp hybridised.

Central C-atom is
sp? hybridised.

Unhybridised orbital contains no  Unhybridised orbitals
electron and a hybridised orbital contain 1 electron each.

contains two electrons @Unhybrid\sed orbital
-,,/ Empty N with 1 electrons

| unhybridised
Y orbital db
D

/ sp? hybride orbital with

“--* 2 unbounded electrons

Bond structure, less stable the
singlet

Has linear structure,
more stable than singlet
carbene.

Nitrenes Neutral monovalent nitrogen species in which nitrogen has
two unshared pair of electrons with a monovalent atom or group
attached is called nitrenes.
= These are produced by thermolysis of azides
= Nitrenes obey Hund's rule

Singlet Triplet

Arynes A formal carbon-carbon triple bond
containing aromatic molecule is called aryne. The
best known example is benzyne.

Nitrenium ions These are nitrogen containing organic compounds in
which the nitrogen atom has an incomplete (sextet) electron shell and a
formal positive charge.

= These ions exist in two electronic states _g‘ —N-@

Singlet Triplet

—The singlet state  — The triplet state

Diradicals The species with a pair of degenerate (equal energy)
molecular orbitals and two electrons

Three possible diradical rearrangements are
= The singlet state
= The triplet state
= The unstable intermediate state
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Smart Practice

Single Option Correct Type Questions
. The correct stability order for the following species is
(I (III (V)

B)1>1>1l>IV
@1>1l>1l>IV

@lIl>l=>I1>1
e l>1>I=>ll

2. The correct stability order for the following

carbanions is
O O

W) (1n (111 (1V)
@I1>1>1>1 ®)1>1>1>1IV
c)V>1I>1>1 @Il >IN=>1>1l

=)

o
CH3CH,

3. Arrange the following in increasing order of stability.

(CH)sC,  (CHa)sCCHp  CHgCHuCHa,  (CHg),CH,
@ (11 (111 (1V)
@ll<ll<IV<I BIl<V<Il <l
) l<N<ll<l @l<ll<N<l

4. The stability of carbonium ion depends upon
(a) the bond angle of the attached group
(b) the substrate with which it reacts
(c) the inductive and hyperconjugation effects with respect to
attached group
(d) None of the above

More than One Correct Type Questions
5. The carbocation CE, —C%is destabilised but

®
carbocation CF;is stabilised with the presence of

three fluorine atoms because

(a) the highly electronegative fluorine atoms withdrawn shared
pair of electrons betwe%n C—F bonds towards itself to a
greater extent in CF;—C and intensifies positive charge on
carbon

+

(b) in CF;, the unshared pair of electron in the p-orbitals of
each of the F-atoms can be shifted to positively charged
carbon through the p-p overlap

(c) the highly electronegative fluorine atoms withdrawn shared
pair of electrons between C—F bonds towards itself to

+

greater extent in CF; and intensifies positive charge on
carbon

(d) All of the above

6. Consider the following decreasing orders of basicity

(¢) H=C—CH,—NH, > H,C=CH—CH,—NH,

NH
- Me/\/ >
() <:>—NH2 > PhNH, > Ph,NH

7. Which of the following statements is/are correct for
stability of carbanion?

(a) The stability of alkyl carbanions decreases as the number of
alkyl groups attached to negatively charged carbon
increases

(b) Greater the amount of s-character at the carbanionic
carbon less will be its stability

(c) The electron withdrawing groups attached to negatively
charged carbon increases its stability

(d) Carbanions are short lived species

Matching Type Question

8. Match the following Column I which represents
species to the Column II representing corresponding
factor on which their stability depends directly.

Column | Column I
A Phsé p. Hyperconjugation
B. HCE(% q. Resonance
C. CH, r.  Percentage of
| s-character
H3C—(|:°
CH,4
Codes
A B C A B C
@ p ar b)) g r p
€ apr @p rq

Passage Type Questions
Consider the following chemical reactions.
I. CH,CH,—C=C—H+ Ie{lsTHz—> A + NH,
Ph
IL. Ph—(I:—CH3+H+ — B+H,0

\
OH

ITI. PhCH,Cl + AICl,—> C + [AIC], |

9. In which reaction(s), carbocations are formed?

and choose the correct options. (a)land i (b) Iland Il

PN () land Ii (d) llland IV
(a) Mé  NH, > HO NH,

NHL = HO/\ NH 10. In which reaction(s), carbanion(s) is/are formed?
- HG 2 2 (a) Only | (b) Only lll
(b) EtNH, > PRCONH, > MeCONH, (¢)land i (@) rand i
Answers
1. (d) 2. (d) 3. (a) 4. () 5.(ab)  6.(abd) 7.(acd 8. (b) 9. (b) 10. (a)
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NEET 2016

(PHASE 1)

PRACTICE PAPER

A COLLECTION OF ASSORTED SOLVED KNOCK OUTS

e This test consists of 45 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 mark 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.

e 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 instruction.

When benzene sulphonic acid and p-nitrophenol
are treated with NaHCO; separately the gases
released in each reaction respectively are

(a) SO, NO, (b)SO, NO (c)SO, CO, (d)CO,,CO,

K
. —2 for the following reaction will be,

C
1
CO, (9 + 2 0,(g—>CO,(9)
1 1 RT
(@) RT (b) AT () T (@) o

How much amount of CuSO, -5H,O0 is required for
the liberation of 2.54 g of I, when titrated with KI?
(@) 2549 (b) 4.99 g (c)2.429g (d)1.26 g

Which of the following has the smallest number of
molecules?

(@) 0.1 mole of CO, gas (b) 11.2 L of CO, gas at STP
(c) 22 g of CO, (d)22.4x 10° mL of CO, gas at STP

For the reversible reaction,
A(s) + B(g)=—=C(g) + D(g); AG°® =-350kJ

Which one of the following statement is true?
(a) The reaction is thermodynamically non-feasible

(b) The entropy change is negative.

(c) Equilibrium constant is greater than one

(d) The reaction should be instantaneous
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6.

10.

11.

If mole fraction of a solute in 1 kg benzene is 0.2,
then molality of solute is
(a) 3.2 (b) 2

(c) 4 ()36

In the first order reaction, 75% of the reaction gets
disappeared in 1.386 h. The rate constant of the
reaction is

(a) 30 x 107%™
() 1.5x107°s™

(b)2.8 x 1074 57!
(@1.8x102s™"

Among the following species, identify the pair
having same bond order CN~, O,, NO*, CN*

(a) CN™ and O (b) O3 and NO*
(c) CN™ and NO* (d) CN™ and CN*

Which of the following will produce only one
product on reduction with LiAlH,?

(a) CHOCOCHCH,4 (b) CH:CH,OCOCH,CH4

(c) CH.CH,OCOCH;, (d) CHLCH,OCOCHCH,CH,4

Which of the following compounds does not give a
precipitate with excess of NaOH?

(a) ZnSO,  (b)FeSO, (c) AGQNO4 (@) HgCl,

Which of the following on thermal decomposition
yields a basic as well as an acidic oxide?

@ KCIO;  (b)NaO; (c)NaNO,  (d)CaCO,
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12.

13.

14.

15.

16.

17.

18.

19.

An excess of AGNO; is added to 100 mL ofa 0.01 M

solution of dichloridotetraaquachromium (III)
chloride.

The number of moles of AgCl precipitated would be
(a) 0.0003 (b) 0.01

(c) 0.001 (d) 0.002

Which of the following statements regarding ozone,
is not correct?

(@) The ozone molecule is angular in shape

(b) The ozone molecule is aresonance hybrid of two structures

(c) The oxygen-oxygen bond length in ozone is identical with
that of molecular oxygen

(d) Ozone is used as germicide and disinfectant for the
purification of air

The major product '‘P' formed in the following

reaction is CH; —CH=CH, A p
peroxide

() CH,CH,CH,| (b) CH3—C|) H—CH,
|
() (|3H2—CH=CH2 (@ C|)H2—C|)H2
| | |
CH,

The compound CH; —C=CH-—CH; on reaction

with NalO, in the presence of KMnO, gives
(a) CHCOCH; + CH,CHO

(b) CHLCHO + CO,

(c) CH4COCH,4

(d) CH{COCH; + CH4COOH

_ C,H,0 Na"
The reaction 2CH; —C—OC,H;

I
0

CH;—C—CH, —C—O0OC,H; + C,H;OH is called
[ l
O O

(a) Etard reaction

(c) Claisen condensation

(b) Perkin's reaction
(d) Claisen-Schmidt reaction

In the electrothermal process, for the production of
phosphorus, the compound displaced by silica from
calcium phosphate is
(a) calcium phosphide

(c) phosphorus

(b) phosphine
(d) phosphorus pentoxide

The mass of one molecule of a compound Cg,H;,, is
(a)1.3x 107% g (b)5.01x 102" g

(c) 3.72x 10%g (@) 1.4x 10%'g

Which of the following statements is true?

(a) In agueous medium, HF is a stronger acid than HCl
(b) HCIO, is a weaker acid than HCIO 4

(c) HNOj is a stronger acid than HNO,

(d) H3PO4 is a stronger acid than H,SO 4

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

&) EXAM SPECTRUM

Which of the following reactions does not yield an
amine?

(@ R—X + NHy —>

() R—CH=NOH + [H] —Na/CHOH |

(c) R—CN+ HOo—H"

(d) R—CONH, —HAMs

According to IUPAC
nitroprusside is named as

nomenclature sodium
(a) sodium pentacyanonitrosylferrate (Il)

(b) sodium pentacyanonitrosylferrate (lll)

(c) sodium nitroferricyanide

(d) sodium nitroferrocyanide

When dil. H,SO, is added to aqueous solution of
potassium chromate, yellow colour of solution turns
to orange colour. It indicates

(a) chromate ions are reduced

(b) chromate ions are oxidised

(c) monocentric complex is converted into dicentric complex
(d) oxygen gets removed from chromate ions

SiCl, on hydrolysis forms X and HCI, compound X
loses water at 1000°C and gives Y. Compounds X and
Y respectively are
(a) H,SiClg, SiO,

(c) SiO,, Si

(b) H,SIO,, Si

(d)H,Si0,, SiO,
Bakelite is a product of the reaction between
(a) formaldehyde and NaOH (b) aniline and urea

(c) phenol and methanal (d) phenol and chloroform
Which complex
hybridisation?

(a) [Fe(NH;)e]**

(c) [Fe(CN)g]°~

compound possesses sp3d2
(b) [Fe(CN)g]*~
(d) [Fe(Chg)*~

The amount of H,S required to precipitate 1.69 g of
BaS from BaCl,solution is

(@) 3449 (b) 0.24 g (c)0.34g (d)0.17 g

The lanthanoid element that has the electronic
configuration, [Xe] 4 5d'6s” is

(a) Lutetium  (b) Terbium (c) Ytterbium  (d) Gadolinium

Select the structural formula of resorcinol

OH OH OH
OH OH OH
@ (b) @ (©) (@)
OH OH OH

For one mole of an ideal gas, increasing the

temperature from 10°C to 20°C results

(a) Increase in the average kinetic energy by two times.

(b) Increase in the rms velocity by +2 times.

(c) Increase in the rms velocity by two times.

(d) Increase in both the average kinetic energy and rms
velocity, but not significantly.
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S,

30.

31.

32.

33.

34.

35.

36.

31.

38.

39.

EXAM SPECTRUM

Which one of the following statements is not
correct?

(@) Al reacts with NaOH and liberates H,

(b) AlCl5is a Lewis acid

(c) Alis used in the manufacture of electrical cables

(d) NaOH is used during Hall's process for the purification of
bauxite

A solution contains 10mL of 0.1N NaOH and

10 mL of 0.056N H,SO,, pH of this solution is

(a) less than 7 (b) 7

(c) zero (d) greater than 7

When nitric acid reacts with nitric oxide, a gas is
released, which converts H,S into

(@S0~ (b)S*" (S (0) SO

The number of metamers of the compound with
molecular formula C;H;,O is
(@)1 (b) 3 (c)8

Which one of the following is least reactive in
nucleophilic substitution reaction?

(a) (CH3);,C—Cl (b) CH,=CHClI

(c) CHLCHLCI (d) CH,=CHCH.CI

(d6

Facial and meridional isomerism will be exhibited by
(@) [Co(NH3);Cls] (b) [Co(NH;),Cl,] Cl
(c) [Co(en);]Cly (@) [Co(NH3)sCl] Cl,

Which one of the elements with the following outer
orbital configurations may exhibit the largest
number of oxidation states?

(a) 3d%4s'  (b)3d%4s®  (c) 3d2%4s? (d) 3d°%4s?

Which one of the following alkyl bromides
undergoes most rapid solvolysis in methanol
solution to give corresponding methyl ether ?

(8) »=CH” Cro~g, (b) >—\/Br

Br
The percentages of free space in cubic closed
packed structure and body centred packed structure
are respectively?

(a) 30% and 26%
(c) 32% and 48%

(b) 26 % and 32 %
(d) 48% and 26%

The heat of combustion of C, S and CS, are
-393.3 kJ mol ™', - 293.7 kJ mol ™"
and -110876 kJ mol ™.

What will be the heat of formation of CS,.
(a) —128.06 kJ mol ™" (b) + 970 kJ mol™
(c) + 11087 kJ mol™ (@) + 12 kd mol™
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40.

41.

42.

43.

44.

45.

Inductive effect of which atom or group taken as
zero to compare inductive effect of other atoms is
(a) Hydrogen (b) Chlorine  (c) Carbon (d) Oxygen

Which of the following reactions is not an example
of electrophilic substitution in benzene ring?

cl
@) @ i o Anh-AICly
COCH,4
(b) @ + oHyc00) A ACK
cl
Sunlicht cl cl
(c) @ + 3Cl, RN
cl cl
Cl
cl
() @ 80, — @

Which of the following compounds will be most
reactive towards nucleophilic addition reaction?

(a) CH;CO CH,CH,CH,CHj4

(b) CHsCH,COCH,CH,CH,4

(c) CH{CH,CH,CH,CH,CHO

(d) CHS—CHZ—CO—C|Z H—CHj,

CHj,
In which of the following reaction aniline does not

liberate major product?

() CgH OH + NH, —2C2
300C
(b) C6H5N02 Zn powder

Alcoholic KOH

200°C high
(c) CHsCl + NH, 1oh pressure
Cu0

Fe + H0

(d) C¢HsNO, + 6[H]
HCI

The reason for the loss of optical activity of lactic
acid when —OH group is changed by H is because

(a) chiral centre of the molecule is destroyed
(b) molecule accquires asymmetry

(c) due to change in configuration

(d) structural changes occur

Schottky defect in crystals is observed when

(@) unequal number of cations and anions are missing from
the lattice sites

(b) equal number of cations and anions are missing from the
lattice sites

(c) anion leaves its normal site and occupies an interstitial site

(d) density of the crystals is increased
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Answers with Explanation

(d) Key Concept Benzene sulphonic acid and p-nitrophenol are
strong acids, so these are capable to evolve CO , gas on reaction
withNaHCO 4

HCO3 + H" —H,0 + CO, T

Salt Acid
Benzene sulphonic acid and p-nitrophenol react with NaHCO 5
and evolve CO, gas

SOzH SOzNa*

+ NaHCO3 —— + H,0+CO,T

Benzene
sulphonic acid
-+

OH ONa

+ NaHCO; — > + H,0+CO,T
NO, NO,

p-nitrophenol

(c) Ang =r7p—r7,q:1—2E !

2
Kp =Ko (RT)™ =Ko (RT)™"/2
Ky 1 1

Ko (RT)"? " JRT

(b) 2CuS0 ;.5H,0 + 4KI— Cu, + 2K,S0, + I, + 10H,0

Molecular mass of 2CuSO ,.5H,0 = [2(63.5 + 32 55%2) +10(18)]
=499¢g

As 254 g ofl, is liberated by 499 g CuSO ,.5H,0

So, 2.54 g of I, will be liberated by x g CuSO, - 5H,0

x:@x2,54 =4.99¢g
254

(a)

(8) 0.1 mole of CO,, 12

(b) —= =0.5mole of CO,
22.4

3
(©) 22 =05mole ofCO, (d) 224> 107
44 22400
Equal number of moles have equal number of molecules

Hence, 0.1 mole of CO, gas has the smallest number of
molecules.

=1mole of CO,

(c) In the given reversible reaction, since the randomness
increases (because solid is changing into gas), entropy will
increase and thus, AS is positive. Reversible reaction never
undergo to completion (i.e. never be instantaneous)
For the given reaction AG° = — 350 kJ
. AG°=-2.303 RTlogy, K

—-350=-2.303 RTlog,o K
If K has value equal to 1, value of log K comes out to be zero and
hence, AG°becomes zero. This is not possible, as the given value
of AG°is —=350 kJ. Thus, the value of K should be greater than zero.
Moreover, the reaction is thermodynamically feasible.

(a) Let number of moles solute in solution = x

Moles of benzene in solution
_1000g

= = =12.82 moles
78gmol~

7.

8.

10.

11.

12.

X

Mole fraction of solute = ———— =3.2
x+12.82
_ X
x+12.82
02(x+12.82)=x
x—-02x=2.564
x=220% _3005-32
0.8
Molality = Number of moles of solute _ 3.2 _ 30
Mass of solvent (in kg) 1
(b) For the first order reaction
. 2.303 Iog@
K [A]
___ 2808 100 [Al=[A] o - x
1.386 x 60 x 60 25 =100-75=25
_ 2.303 x 0.6021 2277 %10~ g1
1.386 x 60 x 60
=2.8x107*s™

(c) Key concept Species with the same number of electrons, will
have same bond order.

Species Number of electrons
CN~ 6+7+1=14
05 8+8+1=17
NO* 7+8-1=14
CN* 6+7-1=12

Since, CN™ andNO™ have same number of electrons, they have
same bond order i.e. 3
CN™ orNO™* =14
=0s?01s?, 0252 6252 022, n2p? =n2p]
Np =Ny _10-4_4
2

(a) Only ethyl acetate undergoes reaction with LiAIH, to give ethyl

alcohol, other esters given in options gives mixture of alcohols on
reduction.

Bond order = a

CH,COOCH,CHg + 2H, —224 5 5CH,CH,OH

(a) On adding sodium hydroxide to the ZnSO , solution, first white

precipitate of zinc hydroxide is obtained, which dissolves in
excess of NaOH due to the formation of sodium zincate.

ZnS0, + 2NaOH — Zn(OH), + Na,SO,
White
(insoluble)

Zn(OH), + 2NaOH ——>Na,Zn0, + 2H,

Sodium zincate
(soluble)

(d) CaCO, —2>Ca0 + CO,
Basic oxide Acidic oxide
CaO is a basic oxide as it is an oxide of alkaline earth metal
(except BeO, all alkaline earth metal oxides are basic in nature).
(c) [Cr(H0),Cl,]Cl == [Cr(H,0),Cl,]" + CI”
AgNO; + CI"—— AgCl + NO3
[Cr(H,0),Cl,]Cl has one ionisable CI™ ion
.. Molarity of AgCl formed = 0.01 M

Moles of AgCl in 100 mL = 0.01 %100 = 0.001 mol
1000
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13. (c) Due to resonance, the bond order in ozone is 1.5. Hence,
O—O0 bondlengthinO 5 is greater thanO —O bond lengthinO ,.
14. (b) The product of given reaction will be according to
Markownikoff's rule. This is because peroxide effect is applicable
only in case of HBr not in case of HI
CHa—CH = CH, —"— CH;—CH—CHj4
peroxide |

15. (d) HsC Nalo
77\ C == CH—CH, + 3[0] ot
HSC/ in the presence
of KMnOy4
H3C\

/C= O + CH3COOH
H;C
16. (c) Two molecules of ester condense to give p-keto ester in the
presence of an alkali. This reaction is called Claisen condensation.
O . O O
[ C.Hs0 Na I I
2CH;—C —0C Hy ———— CH; C—CH,C—0OC H;y
+C,H;0H
17. (d) In electrothermal process, silica is heated with calcium
phosphate, phosphorus pentoxide (P,O;) is obtained. P,O,, is
then reduced by coke in electric furnace to give white phosphorus.
2Ca,4(P0O,), + 6Si0,—~—6CaSiO, + P,0,
P,0, + 10C—2—P, +10CO

Ethyl acetoacetate

18.  (d) The molecular mass of CgyH; s

=(60x 12+ 122)g
=(720 +122)g=842 g
The mass of one molecule of C gy H,,, = molecular mass of
compound/Avogadro number
_ 842¢
6.023x 10%
19. (c) Key Concept HNO, is more acidic than HNO, because
HNO 5 contains more number of electronegative oxygen atoms
which facilitate the easy removal of H* ion.
The order of acidic strength is
HCI > HF
HCIO, > HCIO4
HNO; > HNO,
H,S0 3> H,PO4
20. (c) Cyanides on hydrolysis give acids
RCN + 2H,0 15 RCOOH + NH,
While all other reactions give amines.

21. (b) IUPAC name of sodium nitroprusside Na,[Fe(CN)sNQO] is
sodium pentacyanonitrosylferrate () because in it NO is neutral
ligand and the oxidation number of Fe is +3.

2x0-NofNa+ O-Nof Fe+5x0O-Nof C-N+1x O-Nof NO=0
2x (+1)+O-Nof Fe+5x (- 1)+ 1x0=0
O-NoffFe =5-2=+3
22. (c)2K,CrO, + H,80, — K,Cr0, + K,S0, + H,0

=14x10"%'g

2- 2-
? NN
Cr 0—Cr Cr—0
o~ (|j ~o0 o / \O
Chromate ion Dichromate ion
(Yellow) (Orange)
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23. (d)SiCl, + 4H,0 — H,SiO, + 4HCI
(X)

! A :
H,SiO , e 882 +2H,0

24. (c)
OH
OH OH
, +nHCHO ~ —nH:O CHe CH
Formaldehyde
(Methanal)
Phenol n
CH, CH,

| Bakelite |

25. (d) CI” being a weak field ligand, does not pair up with
d-electrons of the metal atom and thus, forms an outer orbital
complex.

In[Fe(Cl)s]*~, (Fe is present asFe ")

Fe®* = [Ar] 30° 4s%4p°

3d 4s 4p
(] [T T]
Fe3*in[Fe(Clg]*~
3d sp°d” 4d
0 R R S R S S S e
CI Cr Cr CF CI cr
26. (c)BaCl,+ H,S — BaSl +2HCI

e S
-+ 169 g of BaS is obtained by 34g of H,S
) . 34x1.69
.. 1.69 g of BaS will be obtained by H28:W =0.34g

27. (d) The given electronic configuration corresponds to gadolinium
(Z = 64)which belongs of 4f-series.

28. () OH OH
OH
: Catechol : Quinol
OH
OH OH
OH
. Resorcinol . Pyrogallol
OH OH

29. (d) Given, T, =273 +10=283K

T, =273 +20=293K
Average Kinetic energy (KE) :2§ KT

(KE;) _283 _ 96
(KE,) 293

Root mean square (rms) velocity

v = 3RT
rms M
men _ F =23 _o98
Vims)s T, V293
Thus, both average kinetic energy and root mean square velocity

increases but not significantly when temperature is increased
from 10°C to 20°C.
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30.

31.

32.

33.

34.

35.

(d) NaOH is used in Baeyer’s process for purification of bauxite
ore. Hall's process involves extraction of aluminium metal from its
oxide ore (alumina) by passing electric current through a solution
of aluminium oxide in molten cryolite. This oxide ore is obtained
from bauxite through Baeyer’s process.
(d) 10 mL of 0.1M NaOH contains millimole

=10x0.1=1 (0.1 N NaOH =0.1 M NaOH)
10 mL of 0.025 MH,SO 4 contains millimole

=10x0.025=0.25 (- 0.05 NH,SO, =0.025MH,SO,)

H,SO, +2NaOH — Na, SO, + H,0

1 mol 2 mol
0.25 millimole of H,SO , will react with 0.5 millimole of NaOH.
.. NaOH left =1-0.5=0.5millimole
Volume of reaction mixture =20 mL

Molarity of NaOH in mixture solution = % =25x10"2M

pOH=- log [OH ]=-log (2.5% 10™2)=1.60
pH=14-pOH =14 -1.60
pH=12.4
(c) When nitric acid (HNO 3) reacts with nitric oxide (NO),
NO, gas is released which oxidises H,S into sulphur.
2HNO 3 + NO — H, 0+ 3NO,
NO, + H,S— H, 0+ S+ NO

(b) Since the compound has C,H,,0 type general formula, it

must be ketone (or aldehyde). It has the following metamers (the
isomers having same functional group but different alkyl group
attached with the same functional group)

0] O

| |

(i) CH3—C —CH,CH,CH,4 (i) CHLLH,—C —CH,CH,4
2-pentanone 3-pentanone.

0
|

(i) CHQ—C—C‘)H—CHa

CH,4
3-methyl-2-butanone
Hence, it has three metamers.
(b) Chlorine of vinyl chloride (CH,=CHCI) is non-reactive
(less reactive) toward nucleophile in nucleophilic substitution
reaction because it shows the following resonating structures
due to + M effect of — Cl atom.
.. o o+
CH,=CH—Cl «—— CH,—CH==ClI
| I

In structure Il, Cl-atom has positive charge and partial double
bond character with carbon of vinyl group, so it is more tightly
attracted towards the nucleus and it does not get replaced by
nucleophile inS,, reaction.

(a) Facial (fac) and meridional (mer) isomerism is a type of
geometrical isomerism, that is shown by octahedral complexes
having Masb; general formula where, M is a central metal atom a
and b are monodentate ligands. Hence, [Co(NHj;)5Cl 5] exhibits
fac-mer isomerism as

fac-form mer-form

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

&) EXAM SPECTRUM

(b) Number of oxidation state = Number of valence electrons
Since, number of valence electrons is maximum in 3d °4s 2, it shows
maximum number of oxidation state.
(a) 1-bromo-3-methylbut-2-ene reacts most readily by Syt
because the bromine is present on allylic carbon. Since, CH;OH s
a weak nucleophile and a weak nucleophile follows Sy 1
/CH3—Br HsC
>c= CH + CHa0H —» } C>C=CH—CHZOCH3
3

(b) Packing fraction of ccp = M _074=74%
32
% free space in ccp = (100 — 74)% =26%

3

Packing fraction of bcc = 5 =0.68 = 68%

% free space in bcc = (100 — 68)%=32%
(a)C + 25— CS,
AH =2AH,, - XAHp =-1108.76 — (-393.3 +2 x (-2937))
=—-110876 + 393.3 + 587.4 = — 128.06 kJ mol ™’
(a) Hydrogen does not show /-effect. Its inductive effect is taken as
zero. Electron releasing or electron withdrawing capabilities of
other atoms are compared with respect to hydrogen atom.

(c) Cl, is added to benzene ring in the presence of sunlight to give
benzene hexachloride

Cl
Sunlight Cl Cl
@ + a0), g
Cl Cl
Benzene
Cl
CeHsClg

Benzene hexachloride

(c) The case in which a nucleophile attacks on the carbonyl group,
depends upon the electron deficiency, i.e. magnitude of the
positive charge on the carbonyl carbon. Since, an alkyl group has
electron donating inductive effect (/-effect) therefore, greater the
number of alkyl groups attached to the carbonyl group, greater is
the electron density on the carbonyl carbon and hence, lower is its
reactivity towards nucleophilic addition reactions.

R R
H>C=O > R>C=O

(b) Aniline is not obtained as a major product by the following
reaction
CgHsNO, + Zn powder
Nitrobenzene

Alcoholic KOH
[H]

N=—=N
Azobenzene

(a) When —OH group of lactic acid is replaced by H, then chirality

of carbon is lost.
OH H

| |
CHS—? —COOH — CHS—?—COOH
H H

Lactic acid
. Its optical activity is lost.

(b) When equal number of cations and anions are missing from
the lattice sites then Schottky defect is observed in the crystal.
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* A solution is a homogeneous mixture containing
two or more components whose composition can
be varied within certain limits.

* A solvent is the component present in large

amount by mass and the other component(s)

is/are termed as solute(s) that present in less
amount by mass in solution.

Solutions in which water acts as a solvent are

called aqueous solutions, while in which water

does not act as a solvent are called non-aqueous
solutions.

© GENERALISED CONCENTRATION
TERMS

(i) Mass (m) percentage

M solute % 100 or M solute % 100

M solution solution X solution

Here, d = density ; m alongwith subscript
denotes mass of corresponding subscript.
(ii) Volume(V)percentage
V.. (inmL)

solute
Vsolution (ln mL)

X 100

(iii) m /V percentage —solute ;
solution
Here, volume is taken in litre (L).

(iv) Parts per million (ppm)

M solute (in g) X 105

Vsolution (ln L)
n
: — solute .
(v) Mole fraction ( %)% oue = s
Msolute + Molvent
— " solvent .
X solvent = >
+n

Molute solvent

(Xsolute + Asolvent = 1)
Here, n = number of moles
Molute :
Vsolutinn (II] L)

m solute (11’1 g)

Molar mass ( g mol ™)

(vi) Molarity (M)

Msolute =

Number of millimoles of solute
Vsolution (ln mL)
_ Per cent of solute x 10

or M =

Molecular mass of solute
Mass per cent of solute X specific gravity
of the solution x 10

Molecular mass of solute
(vii) Normality(N)
Number of gram - equivalents of solute

Vsolution (ln L)
— M solute
Eso lute X Vsoluuon (lIl L)
or N = —501“‘° g 1000
E e X Viotuton (in ML)

_ Per cent of solute %10

solute
Mass per cent of solute X specific gravity

of the solution X 10

Equivalent mass of the solute

Here, E with subscript represents equivalent
mass of corresponding subscript.

(viii) Molality ()
m= nsolute.z % 1000= msolute(in g) X 1000
m solvem(ln g) Msolure x msolvem(ln g)

Here, M alongwith subscript denotes molecular mass, m
alongwith subscript denotes mass, while single m denotes
molality.

Formality (F) = Moles of substance added to the solution

el

(ix
Volume of solution (in L)
Note Formality describes the solute which is mixed in a liquid
rather than the solute present in the solution after the
dissolution process.

—
sl
=

Demal (D) It is equal to molar concentration at 0°C, i.e. 1 D

represents, one mole of solute present in one litre of the
solution at 0°C.

Remember Normality and molarity, change with temperature
because they involve volumes while molality, mole fraction
and mass fraction do not change with temperature
because they involve mass.

(xi) Strength Strength of solution

= M solute (lIl g)

Vsolution (ln L)

@ SOME SPECIAL FORMULAE

Concentration terms Relation
Molarity (M) and strength M= Strength (in gL™)

Msolute

Molarity (M) and mole Yoot = Msoivent
fraction of solute (Xsolute) solte M(Mso\vem - Mso\ute) +d
Molality (m) and mass me 1000 x x
per cent of solute (X) (100 = %) X Moo
Molality (m) and mole x _ MMoonen
fraction of solute (Yeoue) 0" 1+ MMy e
Normality (N) and strength N= Strength (in gL‘W)

E

solute

Normality (N) and molarity  Normality x equivalent mass
(M) = Molarity x molecular mass

Normality (N) and mass N= xxd x10

percentage of solute (x) E

Molality (m) and molarity ;- mxd

(M) 14+ mMsolute
1000

© CONCENTRATION TERMS WITH MIXING OF
SOLUTIONS

(i) In case of dilution If molarity and volume of solution are
changed from M, V, toM,, V, then M|V, = M,V,
* Volume of water added;

Vz_Vlz(iMl_Mz)Vl

M,
* If n, moles of reactant 1 react with 1, moles of reactant 2
then MiVi _ MV,
n 1,

(ii) In case of mixing Let four samples of solution (with same
solvent and solute) with molarities M, M,, M5, M, and
volumes V,,V,,V;,V, are mixed. The molarity (M) of
resultant solution is given as

MV + MV, + MyVs + MV, =MV, +V, + V3 +V,)

CONCE

COLLIGATIVE

The properties of a dilute solution which depend only on
number of solute particles are called colligative properties

@ Factors affecting colligative properties
* Fraction of solute and solvent particles
* Nature of solvent
* Dissociation and association of solute particles
@ Types of Colligative Properties
() Relative lowering of vapour pressure When a
non-volatile solute is added to a solvent, the vapour
pressure of the solution (p, ) is always less than the
vapour pressure of pure solvent (p°). Relative
lowering of vapour pressure,
p _ps._ ~MoluteXM'

solvent

XM

)
)4 N vvsolvent solute

where, nand N are number of moles of solute and
solvent respectively.

Effect of lowering of vapour pressure on other Two
colligative properties

Elevation in boiling @ Depression in

point (AT,) freezing point (AT;)
The boiling point of the  The freezing point of the
solution increases. solution decreases.
ATy =(T, =T5)=Kpym ATy =(T¢ =T;)=K;m
_ Kp X Wggte X 1000 _ K xWggute X 1000
Mso\ute X Wso\vent Msolute X Wsolvem
Msolvent R(Tbo )2 — Mso\vem R(Tfo )2
vap %1000 AHfusion %1000
_ 0.002 (To )2 _ 0.002 (T° )2
= T 70
where, T, =boiling where, T, =freezing

point of pure solvent  point of pure solvent
Ty = boiling point of T, = freezing point of

solution. solution.

T° =normal boiling T° =normal freezing
point of solvent point of solvent

AH 45 =enthalpy AHjsion =enthalpy
change for vaporisation change for fusion

Iy = latent heat of I; =latent heat of fusion

vaporisation

(D) Osmosis and osmotic pressure Osmosis is the
spontaneous flow of the solvent molecules through
semipermeable membrane from a pure solvent to a
solution or from a dilute to a concentrated solution.
The external pressure which must be applied on the
solution in order to stop the flow of the solvent
molecules into the solution through semipermeable

membrane is termed as osmotic pressure ().

. . n x ST
For a dilute solution, 7t = —sclute =~

Vsolution
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@ SOLUBILITY + Inavoiding anoxia.

- . * Inremoving dissolved gases from boiler feedwater.
Itis defined as the maximum amount of a solute that can
be dissolved in given amount of solvent (usually 100 g)at LIMITATIONS OF HENRY’S LAW
a given temperature. It does not hold good:

(A) SOLUBILITY OF A SOLID IN A LIQUID * atverylow temperature. < atvery high pressure.
« Two substances with intermolecular forces of about the * When gas reacts with solvent.

@ ®
I S I O n I same type and magnitude are likely to be very solublein * When gas associates or dissociates in solvent.
one another (i.e. like dissolves like).
I o]e) R —— ® VAPOUR PRESSURE OF LIQUID

Amount of solute is less than its solubility, then SOLUTIONS

| solution is called unsaturated solution. The pressure exerted by the vapours of a solvent while in
I O N Amount of solute equals to its solubility, then solution equilibrium with pure solant atagiven temperature.
is called saturated solution. | | |
| ) Amount of solute is greater than its solubility, then
. PROPERTIES solution is called super saturated solution. szlci’::ﬂztﬁzz?ée Vapour pressure Vapour pressure
. . . . (B) SOLUBILITY OF GAS IN LIQUID ; of gas in liquid  of solid in liquid
« If two solutions having different osmotic pressures, . . L. solutions Juti Juti
. - . All gases are soluble in water or in other liquids upto a (Raoult's law) solutions solutions
the one having lower pressure is called hypotonic and certain extent
the other with higher pressure is called hypertonic i e Accordingto  ® Forasolution of ® Whena
solution. (C) FACTORS AFFECTING SOLUBILITY Raoult's law, the  agasinaliquid,  non-volatile
(i) Nature of the gas Easily liquefiable gases are ~partial vapour one of the solute is added

ADVANTAGES OF OSMOTIC PRESSURE more soluble in commonysolvent such is water. pressure of any  components is so  to a solvent, the

* The molar masses of non-volatile solutes can be The gases which react with solvent possess high ~ volafile volatile that it can  vapour pressure
measured by using van’t Hoff equation of solution. solubility. COP?”“‘?”Y ofa  existasagas. ?f solvznt gets

* Osmotic pressure of a dilute solution is measured (ii) Nature of the solvent Polar solvents dissolve Z?r:cfyn s ¢ Ithe con;pare - Tor:vere '
more accurately as compared to AT, and AT, which polar gases while non-polar solvents dissolve tional o it & equalions o © VapoLr

b J® non-polar eases proportionalto its - Raoult's law and  pressure of pure
are very small in these conditions. - polar gases. Lubility d i mole fraction in Henry's law, it solvent (p°) is

e It is measured at room temperature, hence, the (iif) h e:nperantlre Solubility decreases with increase  gojution. can be seenthat  always greater
method is particularly useful for biomolecules which . 1;1 empera ulrel;.l. . dd h Py =pix; Here,  the partial than the vapour

v unstable at hieh temperatures (iv) Pressure Solubility increases and decreases witl p, Pl andy, are  pressure ofthe  pressure of
are generally g p C increase and decrease in pressure respectively. partial pressure,  volatile solution (p).

* People taking a lot of salt or salty food experience , vapour pressure  componentor s According to
water osmosis. The resulting puffiness or swelling is © HENRY’S LAW of pureliquid and  gas is directly Raoult’s law, the
called edema. At a definite temperature, the solubility of a gas in the ~ Mole fraction ofa  proportional to its  relative lowering

* The use of salt and sugar as preservatives in pickle liquid is directly propprtional to the partial pressure of zgmt%):em ina . ;_nhole fraction. in vapour f
and jams has its basis in preventing growth of fungi the gas over the solution. respectively - pressure ola

. . wyx = (1K), 1=Kyx proportionality dilute solution is
and bacteria by osmosis. pei= > H * For more than constant Ky, equal to the mole
® Reverse Osmosis Here, 7 =Mole fraction of gas two components  giffers from p?,  fraction of the
. . = i i lution, i

When a pressure more than the osmotic pressure, is Kp _gaila{pf:isuriifiis ;;?‘SZ :lﬁ: of *® Thus, Raoult's tsf:)éugt;ﬁ{;zer;!n

applied to the solution, the solvent may pass from u = Henry's faw consta , partial pressures /W becomes a “p -

solution into the solvent through the semipermeable APP LICATIONS OF HENRY S LAW . of all specra/ case of 0° ~Xs

membrane. This type of osmosis is known as reverse ¢ In avo1d1.ngbi[oxiic ef(fiects of high concentration of  5mponents. Henry’s law. « Here, z; = mole
P o nitrogen in blood under water. " X6 =

osmosis. It is used for 'the (%esahnatlon o‘f sea water. - In packing of soda cans. fraction of solute

@ Abnormal Colligative Properties
(&) van’t Hoff Factor Any change in the number of @ IDEAL AND NON-IDEAL SOLUTIONS

particlgs of solute leads to a change in colligative Non-ideal solution
DIODCHICS Ideal solution iti iati i iati
(i) In case of dissociation If one molecule of Positive deviation Negative deviation from
S, P from Raoult’s law Raoult’s law
solute dissociates into %7’ ions and ‘o is the -
degree of dissociation, then, total number of 1. Raoult's law Obey Do not obey Do not obey
moles of solute (i) in solution after 2. Enthalpy change AH =0 AH >0 AHp <0
dissociation,i =1+ (n—1) oti > 1ifn > 2. after mixing
Here, i = van’t Hoff factor. 3. Total pressure for Pr =Pa + Pg Pr > P4+ Pg Pr <Pa+Pg
(i) In case of association If 7 molecules two components
associate to form one giant molecule. 4. Volume change AV =0 AV >0 AV <0
=14 1 1o after mixing
= —— - - - -
. Intermolecular -A,A-BandB - - Binteractions are - B interactions are
n 5 Int lecul A-A/A-BandB-B A-Bint t A-Bint it
i<lifn<2 force interactions are same. weaker than A— Aand stronger than A — A and
Observed value of colligative property : B-5. - B-8 -
= S . scapin ame before and after ncreases after mixing. ecreases after mixing.
_N |value of coll 6. Escaping S bef d aft | ft g D ft g
ormal value of colligative property tendency mixing.
Molar Mass 7. Examples n-hexane + n-heptane Acetone + ethanol Acetone + aniline
_ Calculated molar mass of solute (M) 8. Graphs
Observed molar mass of solute (M ) T 08 T T
p°-p o ' 3 g
s — 4 —_— o
T_sz, AT, =iKm % P& é 2
o S 5
AT, = iK,m 5 5 <
=} o
n=1 Motyte X ST % %=1l . - ;i% §
Voot > M7 ~Ag=
it XB 0 Mole fraction—> %,=0 0= XA > 1
_ 1<——Xs—>0
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CRYOSCOPY

Temperature is a Measure of Energy involved in Molecular Motions. When solvent molecules are cold enough,

they don't have much Heat Energy so, they do not show much Molecular Motions or their molecular motions are
restricted. Consequently, they can pack in a more organised structure, called solid structure. At high
temperatures, they have so much Heat Energy that they can escape the attraction of their neighbours. In this

article, we shall study how we can speed up Molecular Motions of solvent molecules by adding non-volatile

molecules rather than by increasing temperature.

Depression in Freezing point (Cryoscopy)

The temperature at which the liquid and solid states of a
substance have the same vapour pressure is called
freezing point.

The addition of non-volatile solute to the pure solvent,
results decrease in vapour pressure of solvent. Thus,
there will exist an equilibrium between solvent
molecules and non-volatile solute molecules at a lower
pressure and hence at a lower temperature.

42 > JULY 2016 » CHEMISTRY SPECTRUM

* The freezing point of a pure solvent decreases when a

non-volatile solute is added to it. (The freezing point of
pure solvent is always higher than the solution of pure
solvent and non-volatile solute).

The difference between the freezing points of the pure
solvent and its solution with non-volatile solute is
called depression in freezing point.

It is a colligative property i.e. depends only on the

number of particles of solute in the solution and
independent of composition of solute particles.
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e This can be clarified from vapour pressure versus temperature

graph in case of water, which is shown below.

p versus T graph for

pure solvent (H,O)

p versus T graph for
solution

Water

Ice

Solution

,—E_A[, (Freezing point depression)
]

|
1
Tf Tf’
Temperature (°C)—>

Vapour pressure (p) of H,O
(in mm)

The decrease in the freezing point from T, to T; is called

depression in freezing point (AT;). Hence, AT, =T, —T;.

It has been experimentally found that for a dilute solution, the

depression in freezing point (AT;) is directly proportional to

molality (m) of the solution.

AT; «m or AT;=K;m

where K; is called molal depression constant or freezing point

depression constant or cryoscopic constant.

Unit of K; = K kg mol™" or °C kg mol™".

The value of K; depends only on nature of the solvent like its

molecular mass (Mggyen): freezing point (T;°) and ethalpy of

fusion (AHy,q,,) @nd it is given by

_ MR(TP _RTY
AH;, o X 1000 1000 L;'

Hence,

— AH fusion
M

Kf f 'f

solvent
where, L; = Latent heat of fusion

We can use different formulae for molality to find different terms
related to the solute like its molecular mass (Mg,,,;c) mole fraction,
etc. Hence,

K; X Wygrue X 1000

MSolute X WSolvent

AT[ — Xsolute X 1000

or AT; = K;
M X
Solvent XSolvent

[ nS olute

XSolute =
Tso1ute + N5o1vent
n= Number of moles corresponding

to subscript

Thermometer used in the Measurement of Freezing
Point Depression

Beckmann thermometer was invented by Ernst Beckmann, a German chemist to
measure colligative properties like elevation in boiling point and depression in
freezing point.

= Beckmann thermometer is only able to measure small difference in
temperature but not absolute temperature.

= |t is of around 40-50 cm length covering about 5°C with each degree is
divided into 100 equal parts with each part equals to one-hundredths of a
degree. This thermometer is capable of measuring a small temperature
change of 0.001°C.

= This thermometer was popularly used to measure colligative properties
during 20th century and is now replaced by electronic thermometers.

Derivation for the Expression of K,

Let us consider a very dilute solution. For a very
dilute solution, the mole fraction of solvent varies
with temperature, Tas

A H(1 1 .
In i P N
(X Solvent ) R (T Tmp ] ( )

where, A, Hand T, are enthalpy of fusion and

fus
melting point of solvent respectively or

Besfl1_ 1
wo N

|n(1_X80Iute):_ (i)

Since, we have considered a very dilute solution
therefore

X Solvent = 1
Now, applying Taylor's single-term series
expansion, which give

In (1 - XSolute) = _XSO\ute
Now, the expression in Eq. (i) becomes
. AFusH 1 1
X solute = _T ? _7—7
mp
AFUSH (Tmp _TJ
or X solute = .. (i)
olute R T T

For a very dilute solution, the equilibrium
temperature, T = T,,,,. Thus, we can use either

melting point or freezing point. Hence, the
expression in Eq. (iii) becomes

AFusH Tmp -7
X Solute = H X T 2
mp
ArH AT, :
or = X —— - iv)
XSo\ute R Trgp
Again mole fraction and molality are related as
X Solute X 1000 ] (V)

MSolvent XX Solvent
where, mand M., are molality and molecular
mass of solvent respectively
From Eqgs. (iii) and (v), we get

2
MSoIvent : Hrmp

A f=
1000- A, H

Fus
or AT, =K, -m
where, K; = cryoscopic constant or freezing point
depression constant.
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PROBLEM SOLVING STRATEGY
DEPRESSION IN FREEZING
POINT OF A SOLUTION

Type 1 When freezing point (T;), enthalpy of fusion (AH;,,)
and molecular mass (Mg, ) Of solvent are given and
value of K is asked to find, apply,

02
= Msoven fT;
1000 A H

Type2 When K, and molality (m) are given and depression in

freezing point (AT;) is asked to find, apply
AT =T T, =K;m

Type 3 When K, and molality (m) are given and the

temperature at which solution freezes, is asked, apply
T, =T —Km

Type4 When AT, and K are given and molecular mass of
solute is asked,
First find out the molality as m = Al

f

f
Apply the formulae for molality in terms of molecular
mass of solute as

_LE_ WSolule %1000
Kf MSolute X WSo\vent

Type5 When AT, and K, are given and mole fraction of
X Solute %1000 _LT)‘

solute in asked, apply m=
Solvent X X Solvent Kf

Type 6 If 7, and latent heat of fusion (L) are given and K, is
asked to find, apply,
HTf
1000 % L;

(1)
Example When 0.25g of a non-volatile substance is

dissolved in 30 mL benzene, the freezing point of benzene
decreases by 0.40°C. Calculate the molecular mass of
non-volatile substance (Density of benzene =0.8 g mL™',
K; =512K kg mol™)

(a) 100.12 g mol™

(b) 133.33 g mol™

(c) 120.20 g mol ™

(d) 220.3 g mol™

Sol. () m=294 (m:Aj)
512

=

Wsoie X 1000
MSqute ><WSo\vem

or m=

. Wsonent = Volume x density

=30mLx0.8gmL™"
=249

0.40 _ 0.25x1000
512 Mgyye X24

Msoe =133.33 gmol™
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©
@ The molecular mass of NaCl determined by

studying freezing point depression of its 0.5% aqueous
solution is 30. The apparent degree of dissociation of NaCl is

Example Calculate the molal depression constant

(in K kg mol™) of a solvent which has freezing point 16.6°C
and latent heat of fusion 180.75 Jg’1.

(a) 187 (b) 3.86 (2) 060 (b) 0.50
(c) 1.80 (d) 3.05 (c) 0.30 (d) 0.95
RToz Sol. (d)NaCl — Na* + CI”
Sol. (b, Ki=— L
(b) "= T000 %L, ; __Caloulated molecular mass _ 58.5
: ; Experimental molecular mass 30
Given, R=8.314 JK"'mol™~

T, =16.6°C =273 +16.6 =289.6 K

L, =18075Jg~
_ 8314 x(289.6)°

f

1

=3.86 K kg mol™

1000 x180.75

Abnormal Colligative Properties

Since,

colligative properties depend upon the total

number of solute particles, therefore, any change in the
number of particles of solute, will lead to a change in

colligative properties.

Case |
(When solute molecules
dissociate into nions)

Case ll
(When solute molecules/ions
associate into a big giant molecule)

For strong electrolytes
Strong electrolytes dissociate
completely in the solvent, the
value of van’t Hoff factor (i) is
equal to the sum of different
types of ions produced after
dissociation e.g. For NaCl
solution / =1+ 1=2

Electrolytes like  CH4COOH,
CHLOOH, CH;OH etc, when
dissolved in water, associated to
form a large molecule due to
hydrogen bonding. This results a
decrease in the effective number of
particles present in the solution and
hence, a decrease in the value of
observed colligative property.

For weak electrolytes
AB,(s) == xA""(aq)
+ yB" (aq)
1 0 0
1-o Xxo  yo
Total particles before
dissociation = 1
Total particles after
dissociation
=(1-o+ xo + yo)
van't Hoff factor (/) can be
calculated as,

Total particles after
_dissociation

" Total particles before
dissociation

where, oo = degree of

dissociation

. i—=1

fx+y=no=——
n-1

nAs=—A,
1 0
1-a o/n
Total particles before association
=1
Total particles after association
o

=1-o+ =
n

van't Hoff's factor (/) can be
calculated as
Total particles after
_association
" Total particles before
association

. o (f="Nn
f=1-0o+ =o0oro=-—"—

n (1-n)
where, n = Number of molecules
of solute A present in the
associated structure

e Hence,

=195

o= /;11 {In case of dissociation}
n—

Here, n=2
1.95-1
o=
21
=0.95
Cryotherapy

A new hope for prostate cancer patients

= (Cryotherapy is the controlled freezing of the prostate gland. The
freezing destroys cancer cells.

= Cryotherapy is done under general or spinal anesthesia. The
prostate is imaged and measured. An aiming program projects
images on a screen.

= (Cryoprobes (special needles) are placed in the prostate under the
skin, guided by ultrasound. Argon gas creates an ice balls that
kills cells in that area.

= Monitoring lowers the risk of injury to the nearby normal tissues.
The procedure is usually done in 2 hours.

= (Once, cancer cells are killed by cryotherapy, the immune system
becomes again able to fight cancer cells.

= (Cryotherapy is not cancer specific. The treatment affects all cells
in the targeted area. Freezing can damage molecular, cellular or
whole tissue.

= (ryotherapy can cause immediate cell death, delayed death due
to lack of oxygen, and programmed cell death.

Effect of Abnormal Colligative Property on
Freezing Point Depression
e When a solute is an electrolyte and it is dissolved in the

solvent leading to an increase in the number of solute
particles results, an increase in the magnitude of the
observed colligative property.

* When the solute is capable to associate in the solution

due to intermolecular hydrogen bonding, the number of
solute particles decreases. This leads to a decrease in
the magnitude of the observed colligative property.

in order to account for association or
dissociation of solutes, a new factor called van't Hoff
factor was introduced to the formulae for freezing point
depression. These are given as, AT; = iK;m

where, i= observed colligative property

expected colligative property

CHEMISTRY SPECTRUM « JULY 2016 < 45
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_ measured AT;  normal molar mass
expected AT;  abnormal molar mass
For association, i<1 (solute particles decrease in

solution) For dissociation, i >1 (solute particles increase
in solution)

Practical Applications of Cryoscopy

Cryoscopy (depression in freezing point) has many practical uses

= The radiator fluid (water + ethylene glycol), in an automobile

engine does not freeze in winter (unless it is extremely cold — 30 to

(4]
@ List the following aqueous solutions in the

order of their increasing expected freezing point value.

0.050 m CaCl,
0.15 m NaCl

0.10 m HCI

0.050 m CH,COOH
0.10 mC H,044

m O O o >

@B<C<A<E<D
b)E<D<C<B<A
c)B<A<C<E<D
(dE<C<D<B<A

Sol. (a)Key Concept

e The lowest freezing point will correspond to the
solution with the greatest concentration of solute
particles.

¢ To determine the total concentration of solute particles
in each case, we must determine whether the substance
is a non-electrolyte or an electrolyte and consider the
number of ions formed when an electrolyte ionises.

CaCl,, NaCl and HCl are strong electrolytes, CHLCOOH is a

weak electrolyte and C;,H,,0;, is a non-electrolyte. The

molality of each solution in total particles is as follows

0.050 mCaCl, = 0.050 minCa?* and 0.10 minCI”

= 0.15 m in both particles
0.15mNaCl=0.15mNa* and 0.15m inCl~
= 0.30 m in both particles
010 MHCI =0.10mH* and 0.10 minCI~
=0.20 m in both particles
0.050 m CH; COOH, is a weak electrolyte
Hence, it furnishes very low amount of ions. Therefore, it will
possess lowest value of molality for its constituent ions.
0.10 m C4,H,,04; = Non-electrolyte 0.10 m in particles.
As, freezing point depends on the total molality of solute
particles in the solution. Hence, order for freezing point is
B<C<A<E<D

—40°C), due to freezing point depression.

= The depression in freezing point in road salting allows the street
ice to melt at lower temperature, preventing the accumulation of
dangerous, slippery ice.

= The depression in freezing point is used by some organisms lived
in extreme cold. Such creatures produce high concentration of
various compounds such as sorbital and glycerol. This elevated
concentration of solute decreases the freezing point of the water
inside them, preventing the organisms from freezing solid even as
the water around them freezes.

= The depression in freezing point has an application in the making
of home made ice-cream. The ice-cream is put in the metal
container which is surrounded by crushed ice. Then salt is put on
the ice to lower its melting point. The melting of the solution tends
to lower the equilibrium temperature of the ice/water solution to
the melting point of the solution. This gives a temperature
gradient across the metal container into the salt water ice solution
which is lower than 0°C. This solution allows ice-cream to freeze
by the transfer of heat from ice-cream mixture.

Example An automobile antifreeze consists of ethylene

glycol, CH,(OH)CH,(OH), a non-volatile non-electrolyte.
Calculate the freezing point of 25.0 mass percentage of solution
of ethylene glycol in water (K; =1.86°C molal™)
(a) 10.0°C (b) -10.0°C  (c) 15.5°C (d) - 155°C
Sol. (b) Strategy Let assume for convenience that we have 1 kg i.e.
1000 g of solution. As solution is 25.0 mass % ethylene glycol,
therefore the masses of ethylene glycol and water in the solution
are 250 g and 750 g respectively. Using these quantities we can
calculate molality of the solution.
Molality = Moles of CEH.GO2 : (Mole _ Mass (in g))
Mass of H,O (in kg) Molar mass
_2509/62.1gmol”’
0.75 kg

=537m

Now, as we know, AT, =K,m =(1.85°Cm™")- (537 m)
=10.0°C

Hence, the freezing point of the solution is
=Normal freezing point of solution — AT;

=0.0°C -10.0°C=-10.0°C

Researchers in France have developed two new cobalt-based materials that ma
AMAZING P Y

REALITIES
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be used to replace platinum, a rare and expensive metal, in producing hydrogen
from water (electrolysis).



iranchembook.ir/edu

Smart Practice

A solution contains 1.25 g of a certain non-volatile
substance in 20 g of water, it freezes at 271.94 K.
Calculate the molecular mass of the solute.

(K; =186 K kg mol ™)
(a) 324.00 gmol™

(c) 109.66 gmol™

(b) 40.37 gmol™
(d) 206.34 gmol ™'

In a cold climate, water gets frozen causing damage
to radiator of a car. Ethylene glycol is used as an
antifreezing agent. Calculate the amount of ethylene
glycol to be added to 4 kg of water to prevent it from
freezing at —6°C

(K; for water =1.85 K kg mol™?)

(a) 94423 g (b) 234239 (c)747.78g  (d) 804.32 g

In a 0.2 molal aqueous solution of a weak acid HX
the degree of ionisation is 0.3. Taking K; for water as
1.85, the freezing point of the solution will be
nearest to

(@) - 0.481°C (b) - 0.360°C (c) — 0260°C  (d) + 0.481°C

A certain substance ‘A’ tetramerises in water to the
extent of 80%. A solution of 2.5g of A in 100 g of
water lowers the freezing point by 0.3°C. The molar
mass (ing mol ) of A is
(a) 31 (b) 62

(c) 122 (d)244

What is the freezing point of a solution containing
8.1gHBrin 100g water assuming the acid to be 90%
ionised?

(K; for water =1.86 K kg mol™?)

(@) - 0.350°C (b)-1.35°C  (c)—2.35°C  (d) —3.53°C

The freezing point depression of 0.001m,
K, [Fe(CN)] is 7.10 x10°K. If for water, K; is
1.86 K kg mol’l, value of x will be

(@4 (b) 3 (c)2 (@) 1

If the freezing point of a 0.01 molal aqueous
solution of a cobalt (IIT) chloride-ammonia complex
(which behaves as a strong electrolyte) is
—0.0558°C, the number of chloride(s) in the
coordination sphere of the complex is

[K; of water =1.86 K kg mol '] [T JEE 2015]
(@)1 (b) 2 (c)3 (@) 4

1 kg of 1 molal sucrose solution in water is cooled to
—3.534°C. What mass of ice would be separated out
at this temperature?

[K; of water =1.86 K mol™? kg]

(a) 352.98 g (b) 482.47 g
(c) 407.78 g (d) 957.20 g

9. An aqueous solution contains 5% by mass of urea
and 10% by mass of glucose. What will be its
freezing point? [K; (H,0) =186 K mol™ kg]

(a) -4.78°C (b)-2.78°C  (c)-1.08°C  (d)-3.04°C

10. 1 g of monobasic acid in 100g of water lowers the

freezing point of water by 0168°C. If 0.2 g of same
acid requires 15.1mL of N/10 alkali for complete
neutralisation, calculate degree of dissociation of
acid [K; for H,O is 186K mol 'kg]

@)18.3%  (b) 15.0% (c) 19.6 % (d) 27.7%

CHEMISTRY IN qcﬁc-gn'

2 New Xenon oxides

2 New xenon oxides may helpful in providing clues to the
“missing Xenon paradox”. Compared to its fellow noble gases,
argon and krypton, there is relatively little xenon in the Earth's
atmosphere. This goes against predictions based on the relative
abundance of xenon in carbonaceous chondrites, meteorites
that are thought to be made of the same materials as the early
Earth. This difference between expected and actual abundance
of xenon is known as the "missing xenon paradox.” In an effort to
understand why the Earth's crust and atmosphere lacks the
expected amount of xenon, researchers have made two new
xenon compounds under high pressure conditions.

One theory to account for the missing xenon is that it is located
within the Earth's lower mantle or the core. The Earth's core
would have a very different reaction conditions from the crust.
One difference would be the extremely high pressures. Xenon
chemistry changes at high pressure. At pressures above 80 GPa
xenon takes on a hexagonal close-packed morphology. At
around 135 GPa, xenon has a metallic character. Xenon may be
trapped within the mantle as an inorganic compound. Among the
new oxides one Xe302 was predicted to be stable at pressures
above 75GPa. Xe302 was made with an oxygen concentration of
less than 25mol% and has a three-dimensional morphology that
consists of planar chains of Xe04 squares. Xenon atoms within
the chains likely have a Xe4+ oxidation state while between the
planar chains are unoxidized xenon atoms.

Xe302 was stable to about 38 GPa. Additionally using the same
methods but in a high-02 environment (02 levels above
50mol%), Xe205, a new xenon compound was also isolated. It
was stable at pressures above 77 GPa. Both compounds were
characterized using powder x-ray diffraction, x-ray absorption
spectroscopy, and Raman spectroscopy. The experimental data
on crystal structure of Xe205 were used to constrain theoretical
stretches of a stable xenon oxide. This was how a Xe205 formula
and structure with a minimal enthalpy were identified. In this
structure, each xenon atom is connected to an oxygen atom with
square planar corners, and every other xenon bonds with a fifth
oxygen atom to form a square pyramid. Notably these two xenon
atom types are different oxidation states, Xe4+ and Xe6+, and the
Xe-0 bond remains intact as the pressure is lowered.

Additional studies looking at the highest occupied molecular
orbitals at pressure around 83 GPa showed that Xe205 would
likely be an insulator, while Xe302 has properties indicative of a
small bandgap semiconductor. This research provides
experimental and theoretical justification for two new xenon
oxide compounds whose minimal pressure at which they are
stable is lower than previously thought, indicating that these
xenon oxides are more stable than predicted.

CHEMISTRY SPECTRUM « JULY 2016 < 47
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Answers with Explanation

(c) Given, Freezing point of solution =271.94K

Freezing point of water =273 K
AT, =273 -271.94)K=1.06 K
1000 x K; xWgy e 1000 x1.86 x1.25
AT, xWooperw  1.06x20

=109.66g mol™
(d) Given, AT, =6°C,
WSolvem =4kg=4000g
Msoue =62g mol™, K, =1.85 K kg mol™
ATy _ Waoue 1000
Kf MSo\ute ><WSo\vem

NOWv MSolute -

Wepe = ATy X Msoyie X Weonen _ 6% 62 x 4000 _ 804.32 g
K; x1000 1.85%x1000
(a) HX==—=H" + X~
a=0.3
i=1+a(n-1)
or i=1+03@2 -1 =1+03 (n =2 for HX)
=13

AT, =mK;i =0.2 x1.85x1.3=0.481°C
. Freezing point of solution =freezing point of water — AT;
=(0-0.481YC =-0.481C
(b) 4A— A,, As substance tetramerises, son =4

Degree of association
1—i

or 08=1"" o =04

1-— 1-
n

AT; =iKim
0.3=0.4 %186 x

A=

Wsoiue X 1000

Solute X WSo\vem

2.5x1000
x100

0.3=0.4x1.86 x

Solute

or Msoe =629 mol ™’
(d)HBr =— H' +Br~
T-a o o

i=1+a(n-1)=1+09@2 -1)=1.9

AT, =iK,m =1.9% 1.86x 21 x 1000 _ 3 53¢
81" 100

T,=T, —AT; =0-353°C =-353°C
(b) - AT; = iKim
or 710x107° =i %186 x0.001 or
i—1 3.817 -1
o=—— or 1=—"-— —
n-1 (x+1)-1
(a) Given, T; =—0.0558°C,
AT, =0 —(-0.558°C) = 0.0558°C
m =molality =0.01, AT; =iK;m
AT, _ 0.0558
K;xm 186x0.01
i = 3, indicates there are three ions in the given complex.

Also, given complex behaves as a strong electrolyte, hence,
o =100%

i=3.817

Now, or x=2.817=3

or i=
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10.

Finally, complex is [Co(NH;)5CI]Cl,

Coordination sphere of above complex is [Co(NH,)CIJ?*
Therefore, number of CI™ ions in the coordination sphere of the
complex =1

1000 x K; x Waue

(a) AT; = K; xmolality =
Solute X WSolvent

AT, =K, [ m=1]
1862 1000 x 1.86 X Wgy e
342 x WSo\vem
o Wooe _ 186%342 _ 000 N0
Wegnerr 1000 x1.86

WSquIe + WSo\vem =1000 ¢] - (”I) [Given]

or Waonent (WSO'“‘e +1]=1000g
Solvent

From Eq. (i), Wegpen (0.342 +1)=1000g
or WSoIvem =74516 g
and W, =(1000 —74516)g =254.84 g (from Eq. (iii)

When solution is cooled to —3.534°C, mass of sucrose remains
same. Therefore, from Eq. (i),
3534 = 1.86 x 1000 x254.84

342 x WSo\vem
or Wegent =392.18g (new mass of water)
Thus, ice separated out = (74516 —392.18)g = 352.98¢g

(d) -+ % by mass = 1258 Of solute.
mass of solvent

Let mass solution is 100g
Mass of water = 100 — (mass of urea + mass of glucose)
=100 - (5+10)=85¢g
ATf = ATUrea + ATGlucose
_ (1000 x1.86 x5 1000 x1.86 x 10
= K+ K
60 x 85 180 x 85
=(1.824 +1.216)K =3.04 K=3.04°C
.. Freezing point of aqueous solution = (0 — 3.04)°C = -3.04°C
() AT, = 1000 x K; X Wagiie
WSoIvent X (MSo\ute )exp
Given, AT, =0168°C =0.168 K, Wgye =10,
Wsowens =100g and K, =1.86K mol™" kg
1000 % 1.86 x 1

100 x (MSo\ute )exp

0.168 =

(Msone )exp =11071g mol ™

But, at neutralisation point, milliequivalents of acid =
milliequivalents of alkali

0.2 1

%1000 =151 x5 E pig =132.45g mol™

Acid
and (Msye Joa = (132.45x1)g mol ™ (since acid is monobasic)

HA — H" + A
att =0 1 0 0
after dissociation 1-a o o

-_ observed molecular mass _ 132.45¢g mol ™'

Now, i =1.196
expected molecular mass  110.71gmol™'
vo=""or 0 =M1%=1 0196 or 0 =19.6%
n-1 2 -1
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% IUPAC IDOLISER

NOMENCLATURE OF

ORGANIC “ _
COMPOUNDS & J° ¥

PART 2

\V

This section is targetted to provide an insight of [UPAC nomenclature of organic

and inorganic compounds through questions as every year at least 1-2 questions

are asked on IUPAC nomenclature in all the competitive exams and boards.

Numbering of Longest
Carbon Chain

In the last issue, we studied about the selection of longest
carbon chains of organic molecules. In this issue, we will
study about the numbering of longest carbon chain
through examples. Numbering of carbon chain has a very
important role in IUPAC nomenclature. The IUPAC
names of organic molecules tell us about the position of
various functional groups, substituents, or unsaturation
etc.

Lets start with some examples which are given below.

CH,
(Example’ CH3—CH2—C|—CH2—CH3
CH,
Sol. Rule Numbering can be done from either of the ends for a
symmetrical compound.
CHy
® @ G ® @<«—LUppercase
CHg—CHy—C—CHy—CHg
@ @ ©® @® ©®<«—Lowercase
CHs

e As compound is symmetrical, so numbering can be done by
either of the ends, i.e. either by upper case or lower case.
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C@
Example CH3—(CH2)4—(|2 H—CH.,CH,

CH.CH,

Sol. Rule If a single branch or side chain is present in the
compound then numbering must be done in such a manner so
that the side chain acquires the least possible number.

@ ® 66 ® ©® 0 @
CHa—CHy—CHy—CHy—CHy—CH—CH,—CHs
® 0 0 ® 6 6 o —> Wrong numbering

— Correct numbering

CH,CHjy

( Example@
H3C—(|3H—CH2—C H—CH—CH,

CH, CH, CH,

Sol. Rule Ifall the side chains attached to longest possible carbon
chain, are of same length, then numbering must be done in
accordance with the lowest sum rule i.e. numbering should be
done in such a way that the sum of numbers of side chains will
be the least.

® © @ @ 6 ®
H,C—CH—CH,—CH—CH—CHjq

® 6 ® ¢ @
CHa CHz CH,

For upper case;2 + 4 + 5= 11
For lower case;2 + 3+ 5=10
Hence, lower case numbering is correct.
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(4 74
(E E
xample xample H,C—CH=CH —(|ZH—CH2—CH3

CH;—CH—CH,—CH,—CH—CH—CH,—CH,
| ] CH,
CH; CH, CHs ) . . ) )
| Sol. Rule If multiple bond is present along with the side chain then
CH, numbering must be done in such a manner that multiple bond

Sol. Rule In case of branches of different lengths, the numbering will get the lowest possible number.

must be done in accordance with the lowest set of locant rule. ® @ ® ®
(The word locant is used by IUPAC for those carbon atoms in a H%}—@%H :(%H?@CIH_(%HZ —<%H3

chain, which bears a branch or a multiple bond or a functional CHs

group). According to this rule, “While comparing two or more

different sets of locant containing, the same number of terms, In the above compound, upper case numbering is correct.
the set of locant is lowest, which when compared term by term, CH,

has the lowest term at the first point of difference.” £ | @
@ (2, 5, 6)—set-1 Xxample

® @ 0 @® 6 ®
8 7 ©° 6 a a 6° 0" 647w
CHjz CH, CHs o Sol. Rule If double bond and triple bond are present in the

| compound at the same position, then the double bond must

CH=C—CH,—C H—CH,—CH=CH,

CH
¢ be preferred over the triple bond.
e As in a chain two sets of locants come as (2, 5, 6) and o
(8, 4,7) then the first set will be preferred because the first D 00 @ 6 ©® O
term i.e. 2 in the first set is lower than the first term in the CH=C—CH,—CH—CH,—CH==CH
® 6 @ © © O

second set i.e. 3.
CH, For the above compound, lower case numbering is correct.

|

CH, CH; (Exam le@»
Examplee | | P cH,—CcH=CH—cH,—C=CH
CH,—C H—C H—CH,—CH—CH,

| Sol. Rule If triple bond and double bond, are not present at the

CH, same footing, then the bond with least number is preferred.
Sol. Rule Iffortwo sets of locants, first term is same, then check the @H 7%%' =<ED)H—%H2—%E%>H_» Correct numbering
second term and prefer the set of locants in which second DO @ @ ® ®—>Wrongnumbering
term is lowest.
CHj
CH, CHs ( Example@
@ © 6 @ 6  ® (2, 3, 5)—set-1 CH;—CH=CH—CH,—COOH
CHz—CH—CH—CH,—CH—CH,
® @ ® © o O (2, 4, 5)—set-2 Sol. Rule Ifany other functional group is present in the compound
CH, other than multiple bond, then numbering must be done in
In the above case, set 1 is preferred over set 2. such a manner that the functional group will get the lowest

possible number.

(Exampleg» ® @ ® @ @—> Correct numbering

CHy—CH=—CH—CH,—COOH
CH3—CH2—(|2H—CH2—CH2—CH2—(|ZH—CHZ—CH3 © e 6w

® —> Wrong numbering

CH,4 CH,—CH;
( Example@
) . . CH;—CH—CH,—CH,
Sol. Rule If the side chains of different lengths are present at |

the same distance from both of the ends, then the chain OH
with lesser number of carbon atoms must get the least

possible number. Sol. Rule The functional groups, which do not contain carbon in

them, then the carbon, which is attached to the functional

o @ ©® @ 6 6 @ ©) ; )
CH3—CH,—CH—CH,—CHy—CHy—CH—CH,—CHs group, will get the least possible number.
©) o ® 6 ® 6 ©
CHj CH,CHjz o © ©® (@ —> Correct numbering
o CHs—CH—CH,—CH,
In the above compound, upper case numbering is correct. @ "@® © ° @®—> Wrong numbering
OH
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Practice Problems Practice Problem Answers (June 2016 Issue)

Give the correct numbering to the longest carbon chains
of the following.

CH ()  CHyt-CH—CH}-CH,—CHs
3 CHy—CHy—CHj
(i) H,C=CH—CH,—CH,—CH—C=CH CH,
(|2H2CH3 (i)  CHs+CH—C=CH
(i) CH,CH,—CH—CH,—CH,—CH, CH.CHs
CH;, CHs
| 0
(iti) CH;—CH,—CH, —(|z H—CH, —CH—CH, i
3
CH, (v) [HsC—CH—C—CH=CH,|
[
(ivy CH;—CH = (|:—CH2 —CH,—CH, ChH
CH,
CH=CH, ) [CHg—CH—CH,—CH,—CH—CH,—CH,—GH
(lDH (|3H \ets
(v) CH;—CH,—CH,—CH—CH, s e
| R
CH,OH HsC CHs
(vi) CH;—CH,—CH, —CN CH,

\
(vi) [HC=C—C—CH=CH,|

|
CH,CH,

JEE RS & AR
St

@

B089 3640 B090

T
3690 B093 3690 B094 3690

fR=d) Arem it AT g Al sreaas arft @ weAl &
HISTAT TR FONIRAT Faer qRienaii & w8

3640 B091 3690 B092
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SIRROBERT BOYLE
(THE FATHER OF MODERN CHEMISTRY)
(25/01/1627-31/12/1691)

Robert Boyle was a leading intellectual figure of the
17th century and one of the founders of Modern
Chemistry. He was a natural philosopher, Chemist,
physicist and inventor, born in Lismore, County
Waterford, Ireland. He belonged to the privileged
social class (Anglo-Irish) in Ireland, whose members
were mostly the descendants and successors of the
Protestant Ascendancy. He was one of the pioneers
of modern experimental scientific method. Today, he is best known for
Boyle’s law which states, “in a closed system at constant temperature,
volume and pressure are inversely proportional to each other.

LIFE HISTORY

Robert Boyle was born into an aristocratic family on January 25, 1672 in
Lismore Castle, in the small town of Lismore, Ireland.

He was educated at Eton and then travelled and studied in Europe. He
returned from the continent in 1644 and was extremely interested in science
and settled in Dorset where he built a laboratory. In 1655 or 1666, Boyle
moved to Oxford. It was here that he engaged Robert Hooke as an assistant
and together they devised the most famous piece of experimental
equipment associated with Boyle, the vacuum chamber of air-pump. He
was the first prominent scientist to perform controlled experiments and
publish his work with details concerning procedure, apparatus and
observations. He began to publish in 1659 and continued to do so for the
rest of his life on subjects as diverse as philosophy, medicine and religion.
It is Boyle’s law for which he remains most famous. In 1668, Boyle
moved permanently to London, living with his sister. In 1680 he
refused the presidency of the Royal Society because the oath required to
violate his strongly held religious principles. Boyle died in London on
31 December 1691.

CONTRIBUTION TO CHEMISTRY

Boyle’s chief scientific interest was Chemistry, his first published scientific
work, New Experiments Physico-Mechanical, Touching the spring of the Air
and Its Effects (1660), concerned the physical nature of air, as displayed in a
brilliant series of experiments in which he used an air pump to create
vacuum. The second edition of this work, published in 1662, delineated the
quantitative relationship that Boyle derived from experimental values, later
known as “Boyle’s law”.

In his experiments Boyle made many important observations, including
that of the weight gain by metals when they are heated to become crumbly
residue. He interpreted this phenomenon as caused by fiery particles that
were able to pass through the walls of glass vessels. Robert Boyle put
Chemistry on a firm scientific footing, transforming it from a field bogged
down in alchemy and mysticism into one based on measurement. He
defined elements, compounds and mixtures and he coined the new term
‘chemical analysis’, a field in which he made several powerful
contributions.

PERSONALITIES
SPECTRUM

“THERE IS NO LESS INVENTION IN APTLY
APPLYING A THOUGHT FOUND IN A
BOOK THAN IN BEING THE FIRST
AUOTHER OF THE THOUGHT.”

JOHN DALTON (06/07/1766-27/06/1844)

“If I have succeeded better than many who surround me, it has been chiefly may I
say almost solely from universal assiduity.”
Ever since he was a child, John Dalton wanted to learn as much
as possible, yet he was the son of a poor Quaker weaver. So
from a young age, he had to help his family. But he didn’t let
this stop him from learning; he just found a way to do both. At
the young age of twelve, he taught the local school. His
eagerness to learn and his great understanding of math and
science quickly moved him up in the ranks.

Dalton’s first experiment had to do with meteorology. Throughout his entire life, he
would watch the weather and track what was happening in order to better predict
the weather. Dalton also early on. He also discovered what is known as Dalton’s Law
of partial pressure. This law is simply that the total pressure of a system is going to
be equal to sum of the partial pressures of each individual gas. This discovery led to
one of his greatest discoveries: all matter is made up of individual particles called
atoms. He developed this discovery into his atomic theory.

LIFE HISTORY

John Dalton (1766-1844) was born into a modest Quaker family in Cumberland,
England and earned his living for most of his life as a teacher and public lecturer,
beginning in his village school at the age of 12. After teaching 10 years at a Quaker
boarding school in Kendal, he moved on to a teaching Philosophical Society, which
provided him with a stimulating intellectual environment and laboratory facilities.
The first paper he delivered before the society, was on colour blindness, which
afflicted him and is sometimes still called ‘Daltonism.’

Dalton arrived at his view of atomism by way of meteorology, in which he was
seriously interested for along period : he kept daily weather records from 1787 until
his death, his first book was Meteorological Observations (1793), and he read a series
of papers on meteorological topics before the Literary and Philosophical Society
between 1799 and 1801. John Dalton got a small pension from the government that
helped him live a normal life. He had a minor stroke in 1837 and yet another one in
the next year that affected his speech. In 1844, he had another stroke and died in the
same year.

CONTRIBUTION TO CHEMISTRY

The great interest in meteorology and the atmosphere led him to the study of gases
and forming the atomic theory. He published a paper explaining that when two
different gases were mixed together, they acted independently as if the other one is
not present. Dalton, also postulated the law of thermal expansion.

In the year 1803, Dalton was able to submit another paper, ‘The law of multiple
proportions,” which states that elements always combine in whole number ratios.
He created the first table of atomic weights, hydrogen being the first one having a
mass of 1 amu.

In a way to expand his theory, Dalton published, ‘A new system of chemical
philosophy’ in the year 1808, which states that atoms of different elements can be
distinguished from one another by their varying atomic weights. Thus he became
the first scientist to describe atomic behaviour in terms of the measurement of
weight. He also explained that atoms cannot be created or destroyed. Though
Dalton’s work was welcomed by some people, it received much debate and hype
among scientists. However, people began accepting Dalton’s work, when more
experiments were made on the subject matter in the later years.



CONCEPT
MISCONCEPT

General Perception Atomic Mass and Mass
Number are Same Quantities
Reality These two quantities are totally different.
Explanation Atomic mass is the average relative mass of
atoms as compared to the mass of an atom of C-12 isotope
taken as 12, whereas mass number is the sum of protons and
neutrons.

General Perception Carbon is the Element that
Forms Maximum Number of Compounds
Reality It is hydrogen that forms maximum number of
compounds.
Explanation The compounds formed by carbon are less than
that of hydrogen. Hydrogen forms maximum compounds
because it can share as well as transfer its valence electron.

General Perception Lime Water and Milk of Lime
are Two Difterent Compounds of Calcium
Reality Chemically both of these are calcium hydroxides.

Explanation Lime water is a clear solution of Ca(OH), and
milk of lime is the suspension of Ca(OH), in water.

General Perception Dry Ice is a Variety of Ice

Reality Dry ice is actually solid CO.,.

Explanation The dry ice sublimes if it is kept under 1 atm
pressure. It does not melt and hence, does not wet the surface
on which it is kept. That is why it is termed as dry ice.

General Perception Matter Exists in Three States
Named as Solid, Liquid and Gas
Reality Actually, six states of matter have been reported yet.
Explanation The six states of matter are given as :
(i) Solid (ii) Liquid (iii) Gas
(iv) Plasma (v) Fermionic condensate
(vi) Bose-Einstein Condensate

Among these six states of matter, first three states are
observed in our daily routine and constitute almost whole of
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our earth. Fourth state of matter, plasma, is composed of ionic
matrix, which exists only at very high temperatures (=10” K).

Such a high temperature may be attained during nuclear
fusion reactions or thermonuclear reactions. The source of
energy of stars is supposed to be thermonuclear reaction, so
plasma state is known to exist naturally in the core of stars
(e.g., sun).

On earth, some phenomena, such as thundering of clouds,
explosion of hydrogen bomb etc., are supposed to involve
plasma. Two other states, fermionic condensate and
Bose-Einstein’s condensate have also been observed during
the nuclear fusion reactions.

General Perception Uncertainty Principle Applies
only on Calculation of Position and Momentum of
Very Small or Subatomic Particles

Reality Uncertainty principle applies on all conjugate pairs of
variables whose product has dimensions of action.
Explanation Conjugate pairs of two variables are those pairs,
which include two variables, whose product has dimensions
of action or work, e.g. Ap-Ax (momentum and position),
AE - At (energy and time), Aw-A8 (angular momentum and
angle) are conjugate pairs.

Thus, all of these pairs show uncertainty principle.

General Perception Osmosis and Diffusion are
Same Processes

Reality Osmosis is entirely different process from diffusion
process.

Explanation Diffusion involves the movement of solute
particles, when a solute is dissolved in solvent, solute particles
move from region of high solute concentration to lower
concentration till concentration of solute becomes uniform
throughout the solution. Osmosis involves spontaneous net
flow of solvent molecules from dilute solution to
concentrated solution.

Another difference is that osmosis requires a semi-
permeable membrane while no such membrane is required
in diffusion.
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1.

A solution of polystyrene in benzene contains
10 g/L polystyrene. The equilibrium height of the
column of solution (density = 0.88 g cm™) in the
osmometer corrected for the capillary riseis 11.6 cm
at 25°C. What is the number average molar mass of
the polystyrene? [Assuming the solution is ideal]
(a) 24.8x 10° g mol™
(b) 12.6x 102 g mol™
(c) 6.023x 10° g mol™
(d)21.6x 10> g mol™
The most appropriate reason for larger number of
oxidation states exhibited by the actinoids than the
corresponding lanthanoids is
(a) more energy difference between 5f and 6d-orbitals than

between 4f and 5d-orbitals
(b) lesser energy difference between 5f and 6d-orbitals than

between 4f and 5d -orbitals
(c) larger atomic size of actinoids than the lanthanoids
(d) greater reactive nature of the actinoids than the lanthanoids
Rank the following in the order of increasing value
of the equilibrium constant for hydration.

° i
I:r %o (CH3)3C—C—C(CHj)3

I I III
@l<l<Ill b)Il<1<ll
)<<l @li<l<l

@)
0 B,H¢/THF H,0,/0H
COOH—*=* > A —22 B
H,C lCH3 COOH
C
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Three compounds I, IT and III are given as,
O O
O
CH,OH CH,OH
H,C H H3C OH
I 11

CH,OH

3B
111

The compounds A, B and C respectively, are
@l llandlll  (b) 1 Mlandll ()l lland | ()1l 1and Il

One gas bleaches the coloured matter by reduction
temporary while the other one by oxidation
permanently. The gases respectively are

(a) SO, and Cl, (b) O5 andCl,

(c)H,Sand CO, (d) Cl, and SO,

For a hypothetical H-like atom, the potential energy
of the system is given by U(r) = — ke® /1, where, r is
the distance between the two particles. If Bohr's
model of quantisation of angular momentum is
applicable, then velocity of particle is given by

2,3 3,3
n<h n°h
@v=—5—— b)v=——>
ke?8n® m? 8ke’n’m?
3,3 21,3
n°h n<h
©v=—"71__ @v=_""__
24ke’n’m? 24ke’n’m?

If mono-molecular adsorption takes place, how
much ammonia in mL at STP, would be adsorbed on
the surface of 25 g charcoal?

[Diameter of ammonia molecule is 0.3 nm]

(a) 13148.8 mL (b) 15258.5 mL

(c) 15879.6 mL (d) 15234.6 mL
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8. The solubilities of carbonates decrease downward
in magnesium group due to a decrease in
(a) hydration energies of cations
(b) interionic attraction
(c) entropy of solution formation
(d) lattice energies of the solids

9. The half-cell reactions for rusting of iron are

2H* +%oz +2e” —>H,0; E° =+123V

Fe’t +2e” — > Fe (s); E° =-0.44V
AG° (in kJ) for the reaction is
(a) - 76 (b) - 322 (c) - 176 (d) - 122

i&J BRAIN TEASERS

10. Most appropriate transition state in dehydration of

alcohol is (in acidic medium)

Answers with Explanation

1. (a) We know that,
p=hpg =(0.116 m) (0.88 x10% kgm~
=1000 Pa
mST M= mST
i v
(10 g) . (8.314 JK'mol™") (298 K)
(10® Pa) . (10° m?)
=24.8x10%°g mol™

3).(9.8ms™2)

M =

2. (b)Dueto the energy differences, lanthanoids have lesser energy
difference between 5f and 6d-orbitals than between 4f and
5d-orbitals. The presence of either half-filled or completely filled
or empty 4 f-subshells.

3. (b) Structure Il is highly unstable due to high angular strain.
Hence, it will have highest value of equilibrium constant for
hydration.

Structure lll is unstable due to crowdness.

Structure | is unstable due to angular strain, but this strain is less
than that of strain in structure II.

Hence, increasing value order of the equilibrium constant for
hydrationis Il < I < II.

4. (c)B,He/THF besides reacting at (C=C)also selectively reduces

only (—COOH) group to (—CHOH) group in cyclic ester.
O
O 0 V4
O
CH,OH
coon BoHg/ THF B

— HsC

HsC ¢
A)
CH;COOH

l ,0,/0H
0
0
CH,OH CHZOH

5. (a)SO,+2H,0 — H,S0, + 2[H]
Hence, temporary bleaching is done through reduction and
permanent bleaching is done through oxidation.
Cl, + HLO — 2HCI + [O]

HyC

6.

10.

Low positive High positive
charge densityon R charge density onR
3 8 H - 61 &' H
(@) | Reweeeeeeeeeees o} (b) | R-eemeemeenees o}
# #
H 5" 5"
(©) <n -------------- ol > (@ <e -------------- O—H>
H
(c) Magnitude of the force,
d[U(r)] _ 3ke®
ar rt
3ke? _mv?
rt r
nh
We know that mvr = —
2n
nh
r
2nm-v
3,3,
3ke? x 8nmv mv?
n°h®
n3h®
" 2aken’m?
(a) Total Area, A=25000m? = 25x 10’cm?

r=15x10"cm
Area of one NH, molecule =nr? = 7.068x 107'® cm?
Number of NH; molecules persent on 25 g charcoal

7
:&:3,53 «10%
7.068 107"
23
Moles of NH, = S93X107 | _ o 587
6.023 x10°

= Volume of NH; at STP required
=(22400 x 0.587)mL =13148.8 mL

(a) With increase in size of M?* ions from Mg?* to Ba®", the
hydration energy decreases significantly, while there is only a
small change in lattice energy. This decreases the solubility
significantly.

(b) 2H" +%o2 + 267 — H,0;E° = +1.23V 0

E€2+ ;"287 —)_FG(S);EOZ—O.44V (i)

Fe(s) + 2H" +%o2 — s Fe? + H0ES,, =167V

[substracting Eq. (i) from Eq. (i)]
AG°® =-nFE?Y, =-2x96500 x1.67
=-322310J = -322 kJ

(b) In highly acidic medium, —OH gets protonated and H,O is
good leaving group and majority of bond is broken in the reaction.
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EXEMPLAR

S!MPL'FiED

Only One Correct Option Type Questions

1.

The empirical formula and molecular mass of a
compound are CH,O and 180 g respectively. What
will be the molecular formula of the compound?

(@) CoHigOg (b) CHO

(€) CeHiOs (@) C,H,0,

If the density of a solution is 3.12 g mL~ 1, the mass

of 1.5 mL solution in significant figures is
(a) 479 (b) 4680 x 10°g
(c) 4680 g (d) 46.80 g

If 500 mL of a 5 M solution is diluted to 1500 mL,
what will be the molarity of the solution obtained?
(@15M (b) 1.66 M

(c) 0.017 M (d) 1.59 M

One mole of any substance contains 6.022x 10%
atoms/molecules. Number of molecules of H,SO,
present in 100 mL of 0.02 M H,SO, solution is

(a) 12.044 x 10%° molecules

(b) 6.022x 10° molecules

(c) 1 x 10% molecules

(d) 12.044 x 10%° molecules

Which of the following reactions is not correct
according to the law of conservation of mass?

(@) 2Mg(s) + O,(g) — 2MgO(s)

(b) CgHg(g) + Oy(g) — CO4(g)+ H,0(g)

(€) P4(s)+ 505(9) — P,O40(s)

(@) CH4(g) + 20,(g) — CO,(9) + 2H,0(g)

The number of atoms present in one mole of an
element is equal to Avogadro's number. Which of
the following element contains the greatest number
of atoms?
(@) 4 g He

(b) 46 g Na (c)0.40gCa (d)12gHe
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Short Answer Type Questions

1.

11.

12.

13.

14.

What is the
and molarity?

difference between molality

The reactant which is entirely consumed in reaction
is known as limiting reagent. In the reaction,
2A + 4B —— 3C + 4D, when 5 moles of A react with
6 moles of B, then

(a) which is the limiting reagent?
(b) calculate the amount of C formed.

What will be the mass of one atom of C-12 in grams?

The density of 3 molal solution of NaOH is
1.110 g mL™ . Calculate the molarity of the solution.

Calculate the mass per cent of calcium, phosphorus
and oxygen in calcium phosphate Ca, (PO,),.

A vessel contains 1.6 g of dioxygen at STP
(273.15 K, 1 atm pressure). The gas is now transferred
to another vessel at constant temperature, where
pressure becomes half of the original pressure.
Calculate the volume of the new vessel.

Volume of a solution changes with change in
temperature, then what will be the molality of the
solution be affected by temperature? Give reason for
your answer.

Hydrogen gas is prepared in the laboratory by
reacting dilute HCl with granulated zinc. Following
reaction takes place
Zn + 2HCl — ZnCl, + H,

Calculate the volume of hydrogen gas liberated at
STP when 32.65 g of zinc reacts with HCI. (1 mole of
a gas occupies 22.7 L volume at STP; atomic mass of
Zn=65.3u)
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15.

16.

Calculate the average atomic mass of hydrogen
using the following data

Isotope % natural abundance Molar mass (u)
H 99.985 1
°H 0.015 2

If 4 g of NaOH dissolves in 36 g of H,O, calculate
the mole fraction of each component in the solution.
Also, determine the molarity of solution.

(specific gravity of solution is1g mL~ D]

Matching Type Questions

17.

18.

Match the following physical quantities with units.

Physical quantity Unit
A, Molarity 1. gmLl!
B. Mole fraction 2. mol
C. Mole 3. Pascal
D. Molality 4. Unitless
E.  Pressure 5 moll™
F. Luminous intensity 6. Candela
G.  Density 7. molkg™
H.  Mass 8. Nm™

9. kg
Match the following.
A. 88gofCO, 1. 0.2 mol
B. 6.022 x10® molecules of  |2. 2 mol
H,O

C. 56LofO,atSTP 1 mol
D. 96gof0, 6.022 x10% molecules
E. 1 mole of any gas 3 mol

Assertion and Reason

Directions (Q.Nos. 19-21) In the following questions, a
statement of assertion (A) followed by a statement of

% EXTRA DOSE

reason (R) is given. Choose the correct answer out of the
following choices.

19.

20.

21.

(@) Both Aand R are true and R is the correct explanation of A

(b) Both A and R are true but R is not the correct explanation
of A

(c) Alistrue but R is false

(d) Als false but R is true

Assertion (A) The empirical mass of ethene is half of
its molecular mass.

Reason (R) The empirical formula represents the
simplest whole number ratio of various atoms
present in a compound.

Assertion (A) Combustion of 16 g of methane gives
18 g of water.

Reason (R) In the combustion of methane, water is
one of the products.

Assertion (A) One atomic mass unit is defined as
one twelfth of the mass of one carbon-12 atom.

Reason (R) Carbon-12 isotope is the most abundant
isotope of carbon and has been chosen as standard.

Long Answer Type Questions

22.

23.

Define the law of multiple proportions. Explain it
with two examples. How does this law point to the
existence of atoms?

Calcium carbonate reacts with aqueous HCl to give
CaCl, and CO, according to the reaction given
below:
CaCOs (s) + 2HCl (aq) — CaCl, (aq) +

CO, (g + H,O ()
What mass of CaCl, will be formed when 250 mL of
0.76 M HCl reacts with 1000 g of CaCO4? Name the
limiting reagent. Calculate the number of moles of
CaCl, formed in the reaction.

Answers with Explanation

(c) STRATEGY

(i) Empirical formula shows the simplest whole number
ratio of different elements present in a molecule, so
find the number of moles by dividing molecular mass
with empirical formula mass.

(i) To calculate the molecular formula of the compound,
multiply the number of moles to the subscript of the
elements present in the empirical formula.

Empirical formula mass of CH,O =12 +2 x1+16=30g mol ™’

Molecular mass =180 g mol ™'
_ Molecular mass _180 _ 6
Empirical formula mass 30

.. Molecular formula = (Empirical formula),,

= (CH;0), = CcHi 04
(a) Key Concept When measured quantities are multiplied or
divided, the number of significant figures in the result is
same as that in the quantity having smallest number of
significant figures.
Given that, density of solution= 3.12 g mL™"
Volume of solution = 1.5 mL
For a solution, Mass = volume x density

=15mLx312gmL" =4.68¢
The digit 1.5 has only two significant figures, so the answer must
also be limited to two significant figures. So, it is rounded off to
reduce the number of significant figures.

Hence, the answer is reported as 4.7 g.
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3.

(b) STRATEGY

In case of dilution, molarity is calculated by using dilution
equation for molarity, M,V; = M,V,, we have, V,

(before dilution) and V, (after dilution), so calculate
molarity of the given solution from this equation.

Given that, M, =5M
V, =500 mL
V, =1500mL
M, =7
For dilution, a general formula is
MV, = MY,
(Before dilution)  (After dilution)
5x 500 =M, x1500
or M, =1.66 M
(a) STRATEGY

e To find number of molecules, first find out number of
millimoles of given solution:

Millimoles of H,SO , =Molarity xVolume (in mL)
Convert millimoles to moles.

Finally, find out number of molecules from the given
formula :
Number of molecules =Number of moles x

Avogadro number

One mole of any substance contains 6.022 x 10%° molecules.
Hence, Number of millimoles of H,SO ,
=molarity x volume in mL
=0.02 x100 =2 millimoles
=2x107° mol
Number of molecules = number of moles x N4
=2 x107° x6.022 x10%
=12.044 x 10%° molecules

(b) Key concept Law of conservation of mass states that,
“During a chemical reaction, total mass of reactants equal to
total mass of products or total mass remains constant during a
chemical change".
In the following equation,
CaHs(9)+0,(9) — CO,(9) +HLO(9)
449 329 449 189
44 + 32 # 44 +18
i.e. mass of reactants # mass of products.

Hence, law of conservation of mass is not followed.

(d) STRATEGY

The number of atoms is related to Avogadro’s number
(N4) by

Number of atoms =moles x N4

The number of atoms of elements can be compared
easily on the basis of their moles only because N, is a
constant value. Thus, element with large number of
moles will possess greatest number of atoms.

For comparing number of atoms, first we calculate the moles as
all are monoatomic

Number of moles of atom x N, = Number of atoms.
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10.

49

Number of Moles for 4 g He = =1 mol;
4gmol™
46g Na=_— 209 _5mol
23gmol ™
040 g Ca=—2499 __ 001 mol
40gmol™
129 He:LgW: 3 mol
4gmol™

Hence, 12 g He contains greatest number of atoms as it
possesses maximum number of moles.

Molality Molarity

It is defined as the number of | It is defined as the number of
moles of solute dissolved in | moles of solute dissolved in 1L
1 kg of solvent. of solution.

It is independent of
temperature.

It depends upon temperature
(because, volume of solution o<
temperature).

Key concept Limiting reagent limits the amount of product
formed because it is present in lesser amount and gets
consumed first.
2A+4B — 3C +4D
According to the given reaction, 2 moles of Areact with 4 moles
of B.
Hence, 5 moles of A will react with 10 moles of B
(@) It indicates that reactant B is limiting reagent as it
will consume first in the reaction because we have only
6 moles of B.
(b) Limiting reagent decides the amount of product produced.
According to the reaction,
4 moles of B produces 3 moles of C.

3x6 =4.5moles of C

.6 moles of B will produce

The mass of a carbon-12 atom was determined by a mass
spectrometer and found to be equal to 1.992648x 102%g. It is

known that 1 mole of C-12 atom weighing 12 g and contains N,
number of atoms. Thus,

1 mole of C-12 atoms = 12 g = 6.022 x 10%* atoms
=6.022 x10%° atoms of C-12 have mass equal to 12 g

.. 1 atom of C-12 will have mass
12

=—+d
6.022x 10%°

=1.992648x 10%g

~1.99x 10%g

STRATEGY
¢ Determine the mass of solution from the given molality
and that of volume of solution by relating mass and
density to each other, i.e.
Mass
Density

Volume =

* Then, calculate the molarity of solution as
Number of moles

Molarity = —
Volume (in litre)

3 molal solution of NaOH means 3 moles of NaOH are dissolved
in 1 kg solvent. So, the mass of solution = 1000 g solvent+ 120 g
NaOH = 1120 g solution
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11.

12.

13.

Volume of solution =

(Molar mass of NaOH= 23+ 16+ 1= 40 g and 3 moles of

NaOH= 3% 40= 120 g)

Mass of solution ( o =m)
Density of solution %
yo_ 11209

1.110gmL™"
= 1009 mL

Moles of solute x 1000

Volume of solution (mL)
_3%1000
"~ 1009
=3M

Molarity =

=2.973M

STRATEGY
To calculate the mass per cent of atom, use the following
formula
Mass per cent of an element
_ Atomic mass of the element present in the compound %
Molar mass of the compound

100

Mass per cent of calcium
_ 3x (atomic mass of calcium)

molecular mass of Ca (PO, ),
_3x40u
~ 310U
=38.71%

Mass per cent of phosphorus
_2x (atomic mass of phosphorus)

molecular mass of Ca3(PO,),
_2x31u
"~ 310U
=20%

Mass per cent of oxygen

_ 8x (atomic mass of oxygen)
" molecular mass of Caz(PO,),
_8x16u
~ 310U
=41.29%

py =1atm, p, :% =0.5atm, T, =27315 V, =?,V, =7

x 100

x100

x 100

x100

x100

%100

32 g dioxygen occupies =22.4 L volume at STP

. 1.6 g dioxygen will occupy volume

_224 Lx16g —110L
329
Vi=112L
From Boyle’s law (as temperature is constant),
PV = poVs
V2 - p1V1
P2
_Tlatmx 1'12L:2,24L
0.5 atm

No, molality of the solution does not change with temperature
since, mass remains unaffected with temperature.
Moles of solute

Molality, m =————=——————x 1000
Massof solvent (in g)

14.

15.

16.

% EXTRA DOSE

Given that, mass of Zn=32.65 g
1 mole of gas occupies = 22.7 L volume at STP
Atomic mass of Zn=65.3 u
The given equation is
Zn+ 2HCl— ZnCl, + H,

65.39 1mol=227L at STP
From the above equation,it is clear that 65.3 g Zn when reacts
with HCI, produces = 22.7 L of H, at STP

.. 32.65 g Zn when reacts with HCI, will produce

_22.7%x 32.65

653

=11.35LofH, at STP
Many naturally occurring elements exist as more than one
isotopes. When we take into account the existence of these
isotopes and their relative abundance (per cent occurrence), the
average atomic mass of the element can be calculated as
Average atomic mass

{(Natural abundance of 'H x molar mass) +

_ (Natural abundance of 2H x molar mass of H)}
h 100
~99.985x 1+ 0.016x 2

N 100

99.985+ 0.030 _100.015
h 100 T 100

1.00015 u

STRATEGY

(i) To proceed the calculation, first calculate the number of
moles of NaOH and H,0.

(i) Then, find mole fraction of NaOH and H,O by using the

MNaoH and Kei0 = M0

Mnaor + 4,0

formula, xnaon = ETIN
NaOH * /H ,0

(i) Then, calculate molarity :w, so in order to
mxV
calculate molarity, we require volume of solution which

m

isgivenby,V=————
specific gravity

Number of moles of NaOH,

NNaoH :i:OJ mol '.'n:%
40 Molar mass (g mol™")

Similarly, ) :%: 2 mol

Mole fraction of NaOH,
moles of NaOH

Kna0H :moles of NaOH + moles of H,O
0.1
= =0.0476
XNaOH 0142
n
Similarly, 4,0 =M%~ 2 __ (09504

Naor tNh,o  01+2

Total mass of solution = mass of solute + mass of solvent
=(4+36)g=40g

Volume of solution = Massvc?f SO|U'[IVOH =409 _ 40 mL
specific gravity 1 g mL™
Molarity = Moles of solute x 1000 _ 0.1x1000 —o5M

Volume of solution (mL) 40
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17.

18.

19.

20.

A—(5),B—>(4),C—>(2),D—(7),E—->3),F—>(6),G—>1),H—>(9)
A. Molarity = concentration in mol L™

. Number of moles

Molarity =——————"=

Volume (in litre)

B. Mole fraction = Unitless

C. Mole :%: mol

Molar mass (g mol™)

D. Molality = concentration of solute in mol per kg of solvent
Number of moles

Mass of solvent (in kg)

Molality =

E. The Sl unit of pressure is pascal (Pa), equal to one newton per
metre square (N/m? orkg m™" s72). This special name for the
unit was added in 1971; before that, pressure in Sl was
expressed simply as N/m?.

F. Unit of luminous intensity = Candela
The candela is the luminous intensity, in a given direction, of a
source that emits monochromatic radiation of frequency
540 x10'"® hertz and that has a radiant intensity in that
direction of 1/683 watt per steradian.

as

G. Density _ Mass _ gmL™”

Volume
H. Unit of mass =kilogram
The kilogram is the unit of mass; it is equal to the mass of the
international prototype of the kilogram.
A—(@2),B—>(3),C—>(1),D—(("),E—4
A. Number of moles of CO, molecule
_ Weight in gram of CO,
" Molecular weight of CO,

:%:2 mol
44

B. 1 mole of a substance
=N, molecules = 6.022 x10%* molecules
=Avogadro number
=6.022 x10?* molecules of H,O =1 mol

C.22.4LofO,at STP=1mol
56L0f0,at STP =28 mol = 0.25mol
22.4

D. Number of moles of 96 g of O, =§—g mol =3 mol
E. 1 mole of any gas
= Avogadro number
=6.022 x10%° molecules
(a) Both Assertion and Reason are true and Reason is the correct
explanation of Assertion.
The molecular formula of ethene is C,H, and its empirical formula
isCH,.
Thus, molecular formula = (Empirical formula) ,
(d) Assertion is false but Reason is true.
Combustion of 16 g of methane gives 36 g of water.
CH, +20, — CO, + 2H,0
1 mol 2 mol
=169 =369
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21.

22.

23.

(b) Both Assertion and Reason are true but Reason is not the
correct explanation of Assertion.

Atomic masses of the elements obtained by scientists by
comparing with the mass of carbon comes out to be close to the
whole number value.

‘Law of multiple proportions’ was first studied by Dalton in 1803
which may be defined as follows :
When two elements combine to form two or more chemical
compounds, then the masses of one of the elements which
combine with a fixed mass of the other, bear a simple ratio to
one another.
e.g. Hydrogen combines with oxygen to form two compounds,
namely, water and hydrogen peroxide, respectively.

Hydrogen + Oxygen — Water

29 169 189
Hydrogen + Oxygen — Hydrogen peroxide
29 329 34 g

Here, the masses of oxygen (i.e. 16 g and 32 g) which combine
with a fixed mass of hydrogen (2 g) bear a simple ratio,
ie.16:320r1:2.

As we know that, when compounds mixed in different
proportions. Then they form different compounds. In the above
examples, when hydrogen is mixed with different proportion of
oxygen, then they form water or hydrogen peroxide.

It shows that there are constituents which combine in a definite
proportion. These constituents may be atoms. Thus, the law of
multiple proportions shows the existence of atoms which
combine to form molecules.

Molar mass of CaCO, = 40+ 12+ 3x 16= 100 g mol ™'
Moles of CaCO 4 in 1000 g,

n __ Mess(@
% “\olar mass (gmol )
1000 g
n, =2 —=10mol
% 100 g mol
Molarity = Moles of solute (HC!) x 100
Volume of solution
(It is given that moles of HCI in 250 mL of 0.76 MHCl=n )
0.76 :M
250
Mg = 276X250 _ 4 49 mol
1000
CaCO4(s) + 2HCI (aq) — CaCly(aq) + CO,(g) + HLO(/)
1 mol 2 mol

According to the equation,
1 mole of CaCO 4 reacts with 2 moles of HCI

.10 moles of CaCO 5 will react with (% :ZOJ moles of HCI

But we have only 0.19 moles of HCI, so HCl is limiting reagent
and it limits the yield of CaCl,.
Since, 2 moles of HCI produce 1 mole of CaCls,.

0.19 mole of HCI will produce -1 X;Mg = 0.095 mol CaCl,

Molar mass of CaCl, = 40+ (2x 35.5)= 111 g mol ™"
..0.095 mole of CaCl, = 0.095x 111=10.54 g
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&) EXPLICATION SERIES

[Elements : How They were Discovered‘!]

In the last issue, we have read about sulphur, its discovery, abundance on Earth, recognisation, properties and allotropic
forms etc. In this issue, we will read about gold (Au) and silver (Ag). Often we hear about the varying prices of gold
and silver in newspapers and newschannels etc. But have you ever imagined, when these two elements were recognised

first in the past. We shall discuss about these two elements one by one. Lets start with go|d‘

Gold

Karl Marx wrote, “Gold is infact the first metal that man has discovered”. It
mostly occurs in a native state in nature. The word gold is an Anglo-Saxon
word, similar to the Anglo-Saxon word for yellow, ‘geolo’. It is believed to
come from Sanskrit jval meaning to shine.

Gold articles were found in excavations together with stone tools dating from
the Neolithic Age. But in that time, people found gold by chance. Only after
the emergence of classes in society, first attempt was made to mine gold.
During excavations of pyramids of all dynasties in Egypt, archacologists
found in great numbers not only gold jewellery but also household articles.
Gold was known not only in Egypt, as early as in the 10th century, it was used
in China, India, states of Mesopotamia etc. Thus, gold was known to the
peoples of ancient states in Europe and Asia. The oldest gold mines were
found in India and Nubia (The region along the Nile river located in Northern
Sudan and Southern Egypt).

The processes of gold purification known in antiquity did not yield the pure
metal but usually alloys consisting of gold and silver which were named as
azem. A natural gold-silver alloy, electrum was also known.

Wars were waged, nations and states were innihilated, monstrous crimes
were committed for the sake of gold. But possession of gold did not bring
peace to man. On the contrary, sorrow and fear of loosing treasure filled his
soul.

The alchemic period between 4th and the 16th centuries was a gloomy one in
the history of the search for gold. The efforts of alchemists were directed
towards the search for the philosophers stone, which they held and possessed
the property of transforming base metals into gold.

All the attempts to find the philosophers stone turned out to be unsuccessful,
although many alchemists gave their lives for this idea. All reports about the
discoveries of methods of preparing gold from other metals were pure fake
tricks to get money.

Most gold is ancient or comes from Central American Aztecs and South
American Incas brought to Europe by the Spanish an Portuguese in the 16th
century and which have been recycled over and over again. In 1830, world
output was no more than 12 tonnes per annum. But around that time, new
gold discoveries were being made. Finds were discovered in Siberia,
California, New South Wales and Victoria, Australia, Transvaal, South Africa,
the Klondike and Alaska and they all produced gold rushes. World
production was then around 150 tonnes per year. It is now around
2300 tonnes per annum.

Gold is the most malleable metal among all metals and it is soft enough to be
cut with a knife. Stone age peoples hammered gold into plates for ornamental
purposes. Today 1 g can be beaten into a square metre sheet and just 230
atoms thick one cubic centimeter would make a sheet of 18 m*.

The largest modern stock of gold is the 30,000 tonnes in the US Federal
Reserve Bank in New York, which belongs to 18 different nations. It is
estimated that all the world’s gold gathered together would only make a cube
around 18 metres per side i.e. about 6000 cm . And that’s gold.

Silver

The mining of silver began some 5000 yr ago. The name silver seems to stem
from the Assyrian serpu or Gothic silbur. The latin argentum originates most
likely from the Sanskrit arganta, which means light and white.

Silver is a more active metal than gold but its abundance in Earth’s crust is
about fifteen times higher than gold. It occurs much less frequently in a native
state. It is not surprising that in antiquity silver was valued higher that gold.
In ancient Egypt, for instance, the ratio between the costs of these metals was
2.5: 1. Gold was used mainly for coins and jewellery; silver had other uses:
for example for making water vessels.

In the 4th century, the army of Alexander the Great conquered Persia and
Phoenicia, entered India. Here, the Greek army was struck by an outbreak
of a mysterious gastrointestinal disease and the men demanded to be sent
home.

Interestingly, the Greek military commanders fell victim to the disease far less
frequently than their men. More than two thousand years had passed before
scientists found an explanation of it. The soldiers drank from tin cups and
their superiors from silver ones.

It was proved that silver dissolves in water forming a colloid solution that kills
pathogenic bacteria. Although, the solubility of silver in water is low but that
is quite enough for disinfection.

Silver mines have been known from the ancient times. The largest deposits of
silver were found in Greece, Spain and Germany. After the discovery of
America silver deposits were also found in Peru and Mexico.

Ancient people even figured out how to refine silver. They heated the silver arc
and blew air over it, this process is called cupellation.

Like gold, silver was used in coins but the cost of silver compared to that of
gold was gradually decreases.

Russian word rubl (rouble) and kopeika (kopeck) owe their origin to silver.
Rouble came into being in Kievan Russia in the 13th century a silver bar
weighing about 200 g. The word kopeika appeared later in 1534, when coins
with an image of a horse man holding a speak were first minted.

Silver forms in star explosions called supernovae, as does gold. A study
published in September 2012 in the journal Astronomy and Astrophysics
found that smaller stars that explode, produce silver, while larger stars
produce gold.

Silver played a big role in making early photography possible. Silver nitrate
was used on photographic plates in the first, clunky cameras.

Silver has been used to prevent the infection of injuries for hundreds of years.
Silver does not kill microbes in its metallic form, which is unreactive. The
metal works against bacteria in its ionic form. The metal must lose an electron
to become positively charged. The positively charged silver ion interferes with
bacterial cell walls and disrupts other microbial processes.

Silver is stable in oxygen and water but tarnishes when exposed to sulphur
compounds in air or water to form a black sulphide layer. That is why, silver is
coated with transparent lacquers. Researchers are working to create
nanometer- thick coatings that can replace the current hand-painted lacquers
with something thinner, completely invisible and long lasting.
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30 BEST INTEGER

TYPE PROBLEMS ON SOLUTIONS

N

A collection of chapterwise best problems of their types

If the freezing point of a 0.01 molal aqueous
solution of a cobalt (III) chloride-ammonia complex
(which behaves as a strong electrolyte) is
—-00558°C, the number of chloride(s) in the
coordination sphere of the complex is

[K; of water =1.86 K kg mol™ '] [JEE adv. 2015]

MX, dissociates into M** and X~ ions in an aqueous

solution, with a degree of dissociation (o) of 0.5. The
ratio of the observed depression of freezing point
of the aqueous solution to the value of the
depression of freezing point in the absence of ionic
dissociation is [JEE adv. 2014]

2.5 g of a monobasic acid when dissolved in 100 g of
water, elevates the boiling point of the solution by
0.15°C. If 2.5g of acid requires 20.40 milliequivalents
of NaOH for the complete neutralisation, then the
degree of dissociation of acid is, x —1.564, find the
value of x. [K,, of water =0.512K kg mol ™}

If a substance when dissolved in 100g of water
lowers the freezing point by 1.40°C and if same
solute is dissolved in 100 g of benzene lowers the
freezing point by 1.28°C. If the substance has
normal molecular mass in benzene and is
completely dissociated in water. Calculate into how
many ions do it dissociate in water?

(K; for water and C4Hg are 1.86 and 5.12 K mol™ kg,

respectively)

2.55 g of a non-electrolytic solute with empirical
formula, C,yH;,Fe was added to 112.2 g of benzene
and a homogeneous solution was prepared. The
boiling point of the solution was found to be
80.26°C. Find the ratio of molecular formula mass to
empirical formula mass of non-electrolyte.

(The boiling point and K, values for benzene are
80.10°C and 2.53° K kg mol ™! respectively)
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6.

10.

11.

12.

23% of acetic acid is dissociated when 3.0 x1073 kg
of acetic acid is added to 500 cm’ of water. If
the depression in freezing point is x x10™'°C, find
the value of x. Given, K; and density of water are
1.86 K kg mol™ ' and 0.997 g cm™?, respectively.

An organic compound (C,H,,0,) was burnt with
twice the amount of oxygen needed for complete
combustion to CO, and H,O. The hot gases when
cooled to 0°C and 1 atm pressure, its volume
becomes 2.24 L. The water collected during cooling
weigh 0.9 g. The vapour pressure of pure water at
20°C is 17.5 mm Hg and is lowered by 0.104 mm
when 50g of the organic compound is dissolved in
1000 g of water. Find the value of x.

Find the osmotic pressure (in atm), if 0.85% aqueous
solution of NaNOj is approximately 90% dissociated
at 27°C (Round off to the nearest integer).

The number of moles of benzene which can freeze
out on addition of 7.32 g triphenyl methane to
1000 g of benzene at a temperature of 0.2°C less
than the normal freezing point of benzene.
(K;(C¢Hg) =5.12 Kkg mol ™ 1)

A M /10 solution of potassium ferrocyanide is 46%
dissociated at 18°C. Calculate its osmotic pressure
in atm.

25.6 g of sulphur in 100 g benzene undergoes
depression in freezing point of 5.12°C. If K;
(benzene) is 512°C kg mol~! and molecular formula
of sulphurin benzene is S, then find the value of x.

K, (ionisation constant) for tartaric acid is x %1073,

If a 0.100 molal solution freezes at —0-205°C, find
the value of x. Assume that only the first ionisation
is important and 0.100 molal =0.100 molar,

K; = 1.86 kg mol 'K.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

If the apparent degree of ionisation of KCl
(Mol. mass =74.5g mol_l) in water at 290 Kis 0.86,

calculate the mass of KCl which must be made upto
1dm®(1L) of aqueous solution to have the same
osmotic pressure as the 40% solution of glucose at
that temperature 2

A 0.001 molal solution of [Pt(NH;),Cl,ICl,_, in

water had a freezing point depression of 0.0054°C.
Assuming 100% ionisation of the complex. Find the
value of n. [K;(H,0) =1.86 kg mol 'K].

Air contains N, and O, in the ratio of 4 : 1. Calculate

the ratio of solubilities in terms of mole fraction of
N, and O, dissolved in water at atmospheric
pressure and room temperature at which Henry's
constants for N, and O, are 660x10" and

330 x 107torr, respectively.

Calculate the osmotic pressure (in atm) of solution
obtained by mixing 100 mL of 3.4% solution of urea
(molecular mass =60) and 100 mL of 1.6% solution
of cane sugar (molecular mass = 342) at 20°C (Round
off to the nearest integer).

1.4 g of acetone dissolved in 100 g of benzene gave a
solution which freezes at 277.12 K and pure
benzene freezes at 278.4 K. 2.8 g of solid (A)
dissolved in 100 g of benzene gave a solution which
freezes at 277.76 K. If molecular mass of Aisn x 58,
find the value of n.

29.2% (w/w) HCl stock solution has a density of 1.25
gmL‘1. The molecular weight of HCl is 36.5 gmol_1.

Find the volume (mL) of stock solution required to
prepare a 200 mL solution of 0.4 MHCI.

The vapour pressure of water at 293 K is 2338 Pa
and the vapour pressure of an aqueous solution is
2295.8 Pa. If solution density is 1010 kg m™ at 313 K
and osmotic pressure at 313 K is 253 x10* Pa. Find

the value of x. (Molecular mass of solute =60)

A mixture of two immiscible liquids, nitrobenzene
and water, boils at 99°C. It has a partial vapour
pressure of water 733 mm and that of nitrobenzene
27 mm. Calculate the ratio of the masses of
nitrobenzene to the water in distillate.

The osmotic pressure of an aqueous solution of
sucrose is 2.47 atm at 373 K and the molar volume
of the water present in the solution is 1810 e,
If elevation in boiling point of this solution is
(x x107*) K find the value of x (AH,,, =540 calg™",

assume volume of the solution equal to volume of
solvent).

22.

23.

24.

25.

26.

2]7.

28.

29.

30.

%) JEE ADVANCED DRILL

At 37°C and 0.80 atm partial pressure, the solubility
of N, was found to be 56 x10™*molL™". A deep sea

diver breathes compressed air with the partial
pressure of N, equals to 4.0 atm. The total volume of
blood in his body is 5.0 L. After sometime he comes
back on the water surface where total pressure of N,
is 0.80 atm. If volume of N, escaped during his
return from depth to surface, at 37°C and 1 atm, is
(x —1.715), find the value of x.

At 20°C, the osmotic pressure of a urea solution is
found to be 400 mm. This solution is diluted and
temperature is raised to 35°C, when the osmotic
pressure is found to be 105.3 mm. How many times
is this solution diluted?

An aqueous solution of glucose boils at 100.01°C.
Molal elevation constant of water is 0.5 K
molality’l. If the number of molecules of glucose
present in 100 g water are x x10%!, find the value

of x.

Pure benzene boiled at 80°C. The boiling point of a
solution containing 1g of substance dissolved in

83.4g of benzene is 80.175°C. If latent heat
-1

of vaporisation of benzene is 90 cal g
and molecular mass of solute is 569'16, find the
n

value of n.

If osmotic pressure of the aqueous solution of a
given solute at 27°C is (10.315 + x), find the value
of X. (At 27°C, AT; =0.93°C, K; =1.86 K mol " kg,

Assume molality as molarity).

17.4% (m/V)K,SO, solution at 27°C is isotonic to

5.85% (m/V)NaClsolution at 27°C. If NaCl is 100%
ionised, and % ionisation of K,SO, in aqueous
solution is (10 x x)%, find the value of x.

A decimolar solution of potassium ferrocyanide is
50% dissociated at 300 K. If osmotic pressure of the
solution is 7.483x10%, find the value of x.

(R=8.314 JK 'mol™)

085% aqueous solution of NaNOj; in 0.1 L volume is
apparently 90% dissociated at 27°C. Calculate its
osmotic pressure in atm to the nearest integer value.
75.2g of CgH;OH is dissolved in 1 kg of solvent of
K;=14K molality’l. If depression in freezing point

is 7K and % of phenol that dimerises is (15 X x)%,
find the value of x.
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Answers with Explanation

1. (1) Strategy
e Number of chloride ions can be calculated by van’t Hoff
factor(i).
e As molality (m), molal depression constant (K;) and
depression in freezing point (AT;) are given. van't Hoff factor
(i) can be calculated by the following formula
AT, = iKim
Given, AT; = depression in freezing point = 0 — (-0.0558)
= 0.0558°C
m = molality = 0.01
According to the formula,
AT, = K; xixm
= i = ATy
Ky xm
~0.0558
1.86x0.01'
i = 3, indicates that there are three ions in the given complex.
Also, given complex behaves as a strong electrolyte, hence
o= 100%
Finally, the complex becomes
[Co(NH;)5Cl] Cl,
Coordination sphere  lonisation sphere
Therefore, number of CI™ ions in the coordination sphere of the
complex = 1.
2. (2) Strategy

* Degree of dissociation (o) is given and M’ﬂ/s asked
" (ATf) calculated
to find out.
o B orsened _ (van't Hoff factor)
(ATf) theoretical
e We can calculate i with the following formula
=1+ oa(n-1)
n =number of dissociated ions
MX, — MZ* +2X"
=1+ a(n-1)
=1+ a(3-1) (-n=23)
or, i=1+20=1+ 2(05)=2
(ATf)observed -2
(ATf)ca\culated

3. (2) Strategy This problem can be solved by calculating the
molecular mass of the acid from milliequivalents of NaOH. After
finding molecular mass we can easily find the value of a.

For neutralisation,
Milliequivalents of HA = Milliequivalents of NaOH

2.5

E x 1000 = 20.40 (E = Equivalent mass of HA)

or E:@=122.59mol’1
20.40

Since, HA is a monobasic acid, therefore,
Equivalent mass (E) = Molecular mass (M) = 122.5g mol ™'
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HA=—H" + A~

Before dissociation 1 0 0
After dissociation 1- o o o
i=1+a(n-1)
=1+a2-1)
=1+ a

Now, molality (m)is given as,
m Wegue X 1000 _ 2.5x 1000
x W, 122.5%x 100

Msolule solvent
AT, =i x Ky xm=0.15= (1+ o) x 0.512x 0.204
or 14+ o= 1.4360r o= 0.436
Now, x — 1.564=0.436
o X=2
4. (3) The given problem can be solved by going through the
following steps:

Step 1 Apply the following formula separately for both cases,
i.e. when mass of substance dissolves in C 4Hg and H,0
T = 1000 x K; x W,

solute
f

= 0.204 molal

[Given]

100 x (Msolule )normal
Case | ForC Hj, 1.28= 1000 512> Wegue. 0
100x (Mso\ute )mormal

1000 x 1.86 x Wsojute

Case Il ForH,0,1.40=
100x (M,

...(i)

solute )abnorma\
Dividing Eq. (ii) by (i) we get,

(Mso\ute )norma\ =30

(M,

solute )abnorma\

o Magie) ]

or i=3 solute /normal — /J
(Msolute )abnormal

Let solute be A,B, .
AB, = xA" + yB”

Before dissociation 1 0 0
After dissociation 1-a X0 yo
i=1-0a+ xa+ ya
. i=38anda =1
From =1+ a(n-1)
3=1+1n-1)
3-1=n-1
2=n-1
n=3

5. (2) Given, the elevation in boiling point,
AT, = (80.26- 80.10)= 0.16°C
Weoie =255 9 Wegen = 11229

S

Let the molecular mass of the solute be M,

Now, from AT, =i x K, xm

=/ % Kb X Wsolute
M.

solute *

x 1000
x W,

solute solvent

[For non-electrolytic solute / = 1]
1x 2.53x% 2.55x 1000

Mso\ute x112.2
= 360g mol™'

or 0.16=

= M

solute
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Given, empirical formula of the solute = C,H;,Fe
.. Empirical formula mass =12 x 10 + 10 + 56
=186g mol~ '
Molecular mass ~ 360

=L
Empirical formula mass 186

. (2) Strategy
® The formula for asked quantity is given as
AT, = iKim
* Find out i with the help of o
_ Moles of acetic acid
~ Mass of water

Where, moles of acetic acid
Mass of acetic acid (in g)

* Find out molality (m)y m x 1000

Molecular mass of acetic acid (g mol™)
and Mass of water = Volurmne x Density
e Fut the value of i, K; and m in the formula mentioned in first
step.
Given,
Volume of water = 500cm?®
Density of water = 0.997 g/cm®
.. Mass of water = 500x 0.997 = 498.5g
3x 1073 x 1000 _
60 -

=0.1003

Now, Moles of acetic acid = 0.05

and Molality = 2:09 1000

CH,COOH==— CH,COO™ + H*
Initial moles 1 0 0
After dissociation 1- o o o
.. Total number of moles after dissociation
=1-o+a+oa=1+0
Moles after dissociation _ 1+ o
Initial moles 1
o=23%=0.23
i=1+023=1.23
.. Depression in freezing point (AT;) = iK;m
=1.23x 1.86x 0.1003= 0.229°C
=229% 107'°C =~ 2x 107 '°C
.. The value of x is 2.

. (2) Strategy

e Apply Raoult’s law of lowering in vapour pressure
P = Pota - N
P° n+N

van't Hoff factor, i =

n = Number of moles of solute
N = Number of moles of solvent
p° = Partial pressure of volatile solvent
Piotal = T0tal vapour pressure of solution
® find molecular mass of organic compound.
e With the help of unitary method find out relation between x
andy
e Compare the calculated molecular mass with observed
molecular mass

%) JEE ADVANCED DRILL

e Find the value of x

Given, p° = Py = 0.104mm Hg
p°=17.5mm Hg
. From Raoult’s law,

0104_ n o Ny y_ 6827
175 n+N n
- N_ 16727
n
or N _1000/18 =M =150gmol”~’
n 50/M

(M = Molecular mass of solute)
CXszOy + (2x+y)0, — xCO, + yH,0
-+ 18y g of H,0 produced from 1.0 mole of compound

. 0.9 g of H,O will be produced from 09 _ 1 mol of
18y 20y
compound
At the end, moles of O, left = ex+y
20y

Moles of CO, formed = X
20y

= Total moles of gases at STP = 2X + ¥ X _224

20y 20y 224

or 3x + yzg
20y 224
or y = 3x
Molar mass of organic compound; 150 = 12x + 2y + 16y
or 150 =12x + 2(3x) + 16(3x)
or X=227=2

. (5) Given, o= 90%=0.90

The dissociation of NaNO takes place as,
NaNO, == Na™ + NOj3

Initial moles 1 0 0
Final moles 1-o o o

o l-oat+at+a

= ————— =1+ 0

1

i =1+ 0.90=1.90

Concentration (C) = @x 1000 _ 0.1
85 100

Osmotic pressure, m = iCST
=1.90x 0.1x 0.082x 300
= 4.674 atm=5atm

. (3) Molar mass of triphenylmethane

(CgH5)3CH= 224 gmol ™"

Let the solution contains xg of benzene (solvent)

AT, = iK;m = iK, x —soue <1000
solute % Wsolvent
0.2=512x 32,1000 ; _y,
244 X

x=768¢g
Mass of C gHg that freezed out = 1000 - 768 = 232 g

-~ Mass of 1 mole of C4Hg = 78 g

. Number of moles of C jHg freezed out = 27%2= 297=3.
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10.

11.

12.

13.

(7) Normal osmotic pressure (1)
Wo

x S x T (When no dissociation takes place)
M, x V

W2 _ 04,V =1L35 =0.0821atm Lmol~ 'K~ ",
MZ
T =18+ 273 = 291K

.. Normal osmotic pressure :% x 0.0821x 291 = 2.389 atm

K, [Fe(CN)g]== 4K™ + [Fe(CN)4 14"
Initial moles 1 0 0
Finalmoles 1-a 4o o
Total number of moles=1-a + 4o+ oo =1+ 4a
o= 0.46
= 1+ 4o=1+ 4(0.46)= 2.84
Observed osmotic pressure _ 2.84
Normal osmotic pressure N

Now, (i =2.84)

or, observed osmotic pressure = 2.84 x 2.389= 7 atm

(8) AT, = 1000 x K; x w,
My x w,

M. = 1000x Ky xw; _1000x 5.12x 25.6
! AT, x W, 512x 100

(sulphur in benzene)

=256 g mol ™’

But atomic mass of sulphur = 32 g mol ™
or S, 32x =256
X =8
(1) Strategy

* AT, = IK;m,find the value of o (degree of dissociation)
2
* UseK, = 1C(X , for ionisation constant value calculation.
- o

Assume tartaric acid be a monobasic acid as TH. It ionises as:
TH=T +H"
van't Hoff factor
i=fl+an-N=1+alC-N)]=1+a«
(o0 = degree of dissociation)
Now, AT; = 0—(-0.205°C) = 0.205°C

- AT, = iK;m
or 0.205 = (1+ @) 1.86 x 0.100
or o= 01
2

Now, K, = Co

1-a

2

or K, = Lf ((?11) =111x 102 =1x 107

- The value of x is 1.
(9) Strategy
e Aqueous KCl and glucose solutions are isotonic in nature.

e Osmotic pressures of KCI is calculated using van't Hoff
factor.

e Hence, amount of KCl can be calculated.

KClI — K* + CI
Initial amount 1 0 0
Final amount 1-x X X

i=1-X+ x+ X
1+x=1.86
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14.

15.

16.

12 40 xS xT

.y ‘
i el F= ———— =1
glucose v M1\/ T80 <1 [ ]
Tl _ Mgy = j W gy o Wo XS XT x186
v MoV 745 x 1

Since, these solutions are isotonic
Tyiucose = Tkl
40xST _ w, xST x1.86
180 745
w, =8.9g=9g
(2) Strategy
* Inthe complex there are fourNHg (which are the ligands only)
and four Cl (which can be either ligands or ionisable ions or
both). If there are nCl ligands then ionisable CI ligands will be
(4-n).
® Knowing van't Hoff factor (i) for [Pt(NH;),Cl,1Cl,_,, n can
be calculated.
[Pt(NH;),Cl,1Cl,_, == [Pt(NH;),Cl,1*"™ + (4 - n)CI~
Total number of ions after dissociation,
i=@A4-n+1=5-n
Hence, van't Hoff factor
i=1+ (N -Na=01+B-n-N)=5-n
Where n’= number of ions from one mole complex.
AT, = K;mi
0.0054 = 1.86 x 0.001 (5 -n)
n=2.1=2 (nis whole number)
Hence, complex is [Pt (NH;),Cl, ]Cl,

(2) For a mixture of gases, mole fraction is equal to volume
fraction. So, the partial pressures of O, and N, are as follows:
1
= —— x 750.06 = 150 torr
Po 1+ 4

4
Pn, = i x 750.06 = 600 torr

According to Henry’s law
Po, = KH(Oz) X %o,
= 2 N
Xo, KH(OZ) (i
Similarly, py, =Ky, X Xn,
e ...(i)
Kinz)
Dividing Eg. (i) by Eq. (i), we get
N, _ Py XKiio,) _ 600 torrx 3.30x 10"torr _ 5
Kin,) X Po, 150 torrx 6.60x 107torr
349
60 gmol ™
169
342 gmol™
Total number of moles = (0.0567 + 0.0047)mol = 0.0614 mol
Total volume of solution = (100 + 100) mL = 200 mL
=0.2L[1L=1000 mL]

pV=nST or p= §ST (n = Total number of moles)

S

AN, =

Xo,

(7) Number of moles of urea = = 0.0567 mol

Number of moles of cane sugar = = 0.0047 mol

o= 0-8614 x 0.0821x 293 = 7.385 atm = 7 atm
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17.

18.

19.

20.

21.

Weoue X 1000
solute X Wso\vent

1.4 gx 1000
58 gmol™' x 100 g

(4) We know that, AT, = K; x

Case | (2784 - 27712)K = K; x

128 =K, x 12
58
Case 1 2784 - 27776)K = K, x 22X 1000
m(A) x 100
064 = K, 28
m(A)
Dividing Eq. (ii) by Eq. (i), we get,
M(A)=232 or nx58=232 or n=4

(i)

(8) Molarity (M,) of stock concentrated solution can be

calculated using following relation
M. = xxdx10_29.2x 1.25x 10 _
| = = =

mg 36.5

10

(X =w/w%,d = density, mg = molecular weight of HCI)

Now, from dilution law,
M,V (concentrated) = M, V, (Diluted)
10 x V; = 0.4 x 200

V, =8mL
(6) At293 K, P° = Pr _n _nx18
Pr N w
Using the given data, 233822958 _ n x 18 | 1000
2295.8 w 1000
n 422 1

L= X — = W =97925xn
W 22958 18

.. Mass of solution = 979.25n + Mass of solute
=979.25n + n x 60=1039.25ng

=1.0393n Kg
v _ Mass of solution _ 1.0393nkg
solution — . - 3
density 1010 kgm
Now, pV =nRT
px 103931 _ ) 8314% 313 or p=253x10°Pa

1010
. X=06
(4P =%aPr

p’ = Partial pressure of the component,
x4 = Mole fraction of the component,
pr = Total pressure of solution

Wy
For nitrobenzene, 27 = 760 x 123
14 &
18 128
%
F _ 18
or water, 733 =760 x W W,
14 =
18 123
.. Dividing Eq. (ii) by Eq. (i), we get
Wiy
W,
(5) Osmotic pressure,
n =CST

(i)

22.

23.

%) JEE ADVANCED DRILL

C = Concentration of solution

S = Solution constant

T =Temperature in Kelvin
Given, m =2.47 atm, T = 373K
From Eq. (i),2.47 = C x 0.0821 x 373
o C=993x102M

Thus, 1000 mL solution contains 9.93 x 10 moles
or (9.93 x 107 x 342) g of sucrose.

--Volume of solution = Volume of solvent

.. Volume of solvent = 1000 mL
Moles of water = 1000
1810

1000

or, Mass of water = x 18 = 994.4759
1810

Moles of solute

Therefore, molality of solution = .
Mass of solvent (in kg)

993 x 1072

= P22 -9985x 1072 molKg™
994,475 x 1072

. RT? .
AT, = Ky x molality = ———P— x molality
1000AH
2
or AT, = 2X BT | 9985 x 102 = 5145 x 102K
1000 x 540

(2) According to Henry’s law, x, = K - p

(x = Solubility, p = Total pressure of N,)
or 56x107* = K, x 0.80
Ky =7.0x 107* molL "atm™
Let at 4 atm, solubility of N, in 5 L blood is S, then
S =70x107" x 40 x 5=140.0 x 10™* mol/5L
At surface, when p = 0.80 atm solubility S” is
S'=7.0x10"* x 0.80 x 5=28 x 10~* mol/5L
Moles escaped =S —S’= (140 — 28) x 107*
= 0.0112 mol/5L

Now from, pV = nRT
V= nRT _ 0.0112 x 0.0821 x 310 _

p 1
or X—-1715=0285 or x=2

(4) Given, initially _ 400 atm, T=293K
760

0.285L

Now from, nV =nST
400

——xV;=nxS§ x293
760

After dilution, let volume becomes V, and temperature is

(At 0.80 atm pressure)

raised to 35°C, i.e. 308 K, and osmotic pressure increases to

n = 1053 atm, then
760
105.3
760
Dividing Eg. (i) by Eq. (ii)
V, 293 y 105.3

=20 22 or
Vv, 308 400

Thus, solution is diluted to 4 times.

xV, =nxS§ x 308

v, = 4V,

... (i)
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8 JEE ADVANCED DRILL

1000 K, x w _1000K] xn

24. (1) Since, AT, =

mxW w
(n=Number of moles of solute = w ).
m
Given, AT, =100.01-100 = 0.01,W =100g
K} = 0.5 Kmolality™
001=1000X05X0 5 108 mole
100
. Number of molecules in2 x 1073 mole of glucose.
=2 %107 x 6,023 x 10% = 1.2 x 10?" molecules
=10 x 10%" molecules
. x=1
25. (3) Boiling point of benzene = (80 + 273)K = 353K
Latent heat (/,) = 90 cal g™
AT, = 80175 - 80= 0175K,
w=1g,W = 83.4g.
2 2
= AT ;=225 _ 5769 mol" kg
100 Iv 1000 x 90
AT, = K{ x 1000 x w
mw

Using the given data,
2.769 x 1000 x 1

0175 = = m=18972 gmol™’
m x 83.4
Now, M =18972 or n=3
26. (2) AT, = K;m (i)
and n = Molarityx R x T (D)
On dividing (i) by (ii)
AT, K; . )
or —l=_1 -.- Molarity = Molalit
+ AT ( y y)
093 _ 1.86
b 0.0821 x 300
or n =12.315atm
or 103156+ x =12.315
or X=2

21. (5) For dissociation ofK,SO,,
K,S0, == 2K* + S0%~
Initially 1 0 0

After dissociation 1-o 20, o
Now, 7, = iCST = (1 + 20) - ST
mvV
—(1+20) 17.4x 1000 « ST
174 x 100

Similarly, for dissociation of NaCl,
NaCl==— Na™ + CI”

1 0 0
(1-oy) oy o
r = (14 o) 2851000
2 %) 585 % 100
n, =ST x2 [roy =1]
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28.

29.

30.

Given, m; = 7, (isotonic solution)
5 STx2=STx(1+20) or
or (x x 10)% = 50%

x=5
(5) Using the equation,

o = 0.5 0r 50% ionisation

nxV=nST or n:%ST

Given, molarity = 6 =01molL™
. 0.1 -3 2 -3
or molanty:i3 molm™ = 10 molm
10°

n=(10% x 8314 x 300)Nm™
Now,
K,Fe(CN)g == 4K" + [Fe(CN)g]*~
Before dissociation 1 0 0
After dissociation 1-a 4o
o = degree of dissociation = 0.5
According to van't Hoff equation,
. nexperimemal
)= """
() =

=1+ 4o
calculated

M = Mgy (14 40) = 10% x 8314 x 300 (1 + (4 x 0.5))

=7.483x10°
ie. x=5
W
(5) Using the equation, m = QST = _NaNOs AT
4 Myano 14
3

Given, Wyano, = 0859, Myano, = 85,
S = 00821 LatmK™'
T =27°C = 300K,V = 01L
= 085X 00821x 300 _ 5 443 4
85 x 01

But in solution, NaNO , ionises as
NaNO; — Na* + NOj3

T

Initially 1 0 0
At equilibrium 1-a o o
Thus, totalmoles=1-oa+a+ a=1+ o
or %i =1+ o
Teal
or Moo =2.463 X 1.9 = 4.67 atm (o0 =90%, i.e. 0.9)
=5atm

(5) Phenol dimerises as follow
2C H;OH== (CH;0H),
Initially 1 0

After dissociation 1-a

IR

AT, = i K; x Molality

Given w=752g,W =1Kg, K, = 14K molality ™'
AT, =7K
L7=14%752 [1 - 9) or a=075 ie 75%
94 2
or 15 % x=75%

x=5
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DO YOU
IKNOWY

© Hybrid cars are much more energy efficient, environmental
friendly and gives excellent mileage than non-hybrid cars.

= Avehicle is a hybrid if it utilises more than one form of onboard
energy to achieve propulsion. In practice, a hybrid have a
traditional internal combustion engine and a fuel tank, as well as
one or more electric motors and a battery pack.

= Hybrid cars are sometimes mistakenly confused with
electric vehicles.

= Hybrid cars have two propulsion systems : an electric motor
and a gasoline engine. The energy to power such a car comes
from gasoline. The electricity comes ultimately from its gasoline
engine, which charges the battery that is used to run the electric
motor. However, the gasoline engine in a hybrid car is smaller
than that in a normal car and the gasoline engine switches off
when the hybrid car is stopped at low speed. Therefore, fuel
efficiency is high and hybrid cars get upto 60 mpg in city driving,
twice as much as the gasoline mileage of non-hybrid,
conventional cars overall, the hybrid car is much more energy
efficient than a conventional car.

= A number of hybrid cars, such as Toyota Prius, Honda Insight,
Honda Civic, Ford Escape, etc; are examples of hybrid cars.
When the Toyota Prius starts up, the electric motor is used, but
when the car is accelerating and the demand for power is high,
both the electric motor and the gasoline engine are used. At
speeds of less than about 20 mph, the electric motor alone
provides the propulsion, so hybrid cars get their best gasoline
mileage in city traffic.

= The Prius cruises using both propulsion systems, although
some of the energy from the engine is used to charge the
batteries using the motor generator. When going downhill, the
Prius turns off the gasoline engine. Furthermore, when the
brakes are applied, the motor generator converts some of the
kinetic energy of the car into electricity, charging the batteries,
and saving energy wasted in a conventional car.

= The batteries that power the motor are nickel-metal hydride
(NMH) batteries that are charged by the gasoline engine during
normal driving or as the car goes downhill so the car never need
to be plugged in to be recharged. Eventually, the batteries need
to be replaced.

= Because a hybrid car does not use the gasoline engine all the
time, it produces much less exhaust, containing both polluting
gases and carbon dioxide, than a conventional car. e.g. the
Toyota Prius has such low tailpipe emissions that it qualifies the
California Air Resources Board’s stringent Super-Ultra Low
Emission Vehicle class due to its environmentally friendly
nature.

= |n addition of their excellent gas mileage, demand for hybrid
cars is projected to rise as emission standards grow stricter.

?

|

© Some hydrated metal ions also behave as weak acids.

= Some hydrated metal ions, especially those of the transition metals, are
also weak acids. When a salt containing a metal ion dissolves in water, the
metal ion becomes hydrated, often with six water molecules around it.
[M(H,0)]"", where M represents a metal ion, whose charge is n +. There
are M—O—H bonds in the hydrated ion, as shown by the structure in the
margin. Metal ions other than those in Groups IA and 2A have large
enough charges and small enough sizes to attract the shared electron

pairs in the M— O bond to themselves.

= The weakens the O—H bond, making the hydrogen in a M—O —H
bond more acidic than it would be in the O—H bond of a water molecule
that is not bonded to metal ion. Thus, the [M(H,0),]"* ion can donate H*,
the solution becomes acidic and the positive charge of the remaining

hydrated metal ion has been decreased by one.

= The ionisation reaction and acid ionisation constant expression for a

hydrated metal ion, such as Fe** can be written as
[Fe(H,0)s I (aq) + H,0()) === [Fe (H,0);0H]**(aq) +H,0 * (aq)
[Fe (H,0);OHF** [H,0"]

=6.3x107
[[Fe (H,0) "]

K =

a

= The K, value shows that a solution of FeCl;, will have about the same pH
as a solution of phosphoric acid (K, =7.5x 10™*) of equal concentration.
Many metal ions form weakly acidic aqueous solutions, and this property
is important in the chemistry of such ions in the environment. i.e. AI** ions
in soils react with water to produce an acidic environment that can be

detrimental to tree growth.

© How are stones formed hanging from the ceilings of underground

cave?

= Stalactites are natural stone formations hanging from the ceilings of
underground caves. They are formed by the interaction of water and
limestone (calcite), which is largely CaCO ,. The water is weakly acidic due
to dissolved carbon dioxide and it dissolves CaCO ,. When the solution is
exposed once again to the air, the CO, escapes and the solid calcite
deposited. Over long time period, fantastic shapes of solid stone are

formed.

© When someone dives in water, the temperature of water becomes

slightly higher.

= Potential and kinetic energy are interconverted when someone dives into
water. These interconversions are governed by the law of conservation of
energy. The diver has great gravitational potential energy on the diving
board at the surface of the water, because the platform is higher above the
earth, some of the potential energy has been converted into kinetic energy
on the diver’s altitude above the water, decreases and velocity increases,
maximum kinetic energy occurs just prior to impact with the water. Upon
impact, the diver works on the water, splashing it aside; eventually the
initial potential energy difference is converted into motion on the

nanoscale-the temperature of the water has become slightly higher.
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In this section, we invite our readers to send their problems and we will
try to provide the best possible solutions given by our expert panel.

Dear Sir, I have solved many
numericals related to entropy
change with the help of formula,

but I am really confused about qualitative aspect of
entropy. Please explain.
e Deepak, for simplicity you can understand entropy in terms of

[Deepak Kumar, Nainital]

energy. Entropy is the dispersal of energy in a sample of matter.
Hence, the matter with highly energised species, has more entropy
than the matter with low energised species. You may follow the
guidelines given below for more clarity:
The order of entropy for different states of matter is

Gas > Liquid > Solid
In a solid, the particles can vibrate only around their lattice
positions. When a solid melts, its particles can move around
more freely and molar entropy increases. When a liquid
vaporises, the position of restrictions due to forces between the
particles nearly disappear, and large increase in entropy occurs.
e.g. the entropies (in JK ~'mol™") of the halogens I,(s), Br,(/) and
Cl,(g)are 116.1, 152.2 and 223.1, respectively.
Entropies of more complex molecules are larger than those
of simpler molecules Especially in a series of closely related
compounds. In a more complicated molecule, there are more
ways for the atoms to move in three dimensional space and
hence, there is greater entropy. e.g. the entropies (in JK ' mol™)
of the gases: methane, ethane and propane are 186.26, 229.6
and 269.9 respectively. For atoms or molecules of similar molar
mass, such as: Ar,CO, and CH CH,CH; entropies
(in JK™" mol™")are 154.7, 213.74 and 269.9 respectively.

Entropies of ionic solids that have similar formulae are
larger when the attractions among the ions are weaker The
weaker such forces are, the easier for ions is to vibrate about
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their lattice positions and hence, the greater is the entropy.
e.g. the entropy of NaF(s) is 51.5 JK™" mol™" and that of
MgO(s) is 26.94 JK 'mol~"; Na ™ and F~ with unit positive
and negative charges respectively attract each other less
thanMg?* andO?~, each of which has two units of opposite
charges, therefore, NaF(s) has higher entropy than MgO.
NaF(s) and NaCl(s) have entropies (in JK "mol™") of 51.5
and 72.13. Chloride ions, Cl~, are larger than fluoride ions, F~
and attractions are smaller when the ions are farther apart.
Entropy usually increases when a pure liquid or solid
dissolves in a solvent Energy usually becomes more
dispersed when different kind of molecules mix together
and occupy a larger volume.

An example isNH,NO 5(s)and NH,NO ;(aq) with standard
molar entropies of 151.08 JK 'mol™" and 259.8 JK ~'mol ™',
respectively. Some ionic compounds that dissolve in water,
are exceptions to this generalisation because the ions are
strongly hydrated.

Entropy decreases when a gas dissolves in a liquid
Although gas molecules are dispersed among solvent
molecules in a solution, the very large entropy of the gas
phase is lost when the widely separated gas particles
become crowded together with solvent particles in the
liquid solution.

Dear Sir, how does acidic
strength of oxoacids vary ?
[Archana Gupta, Meerut]
Acids in which the acidic hydrogen is bonded directly to
oxygen (H—O bond) are called oxoacids. Three of the strong
acids: nitric acid (HNOj), perchloric acid (HCIO,) and
sulphuric acid (H,SO , ) are oxoacids.
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o P I

N c=0 S—OH
-/ \ 7\ 7
O/ \o O/ \o / \
Nitric acid Perchloric acid Sulphurlc aC|d

Like other oxoacids, they have at least one hydrogen atom bonded to
an oxygen and have the general formula.
/

H—0—Z—
The nature of Z and other atoms that may be attached to it are
important in determining the strength of the H—O bond and thus, the
strength of an oxoacid. In general, acidic strength decreases with
decreasing electronegativity of Z. This is reflected in the differences
among the K, values of HOCI, HOBr and HOI, as the electronegativity
of the halogen decreases from chlorine (3.0) to bromine (2.8) to iodine
(2.5).

Acid HOCI HOBr HOI

K,value 35x10°® 25x107" 2.3x107"

The number of oxygen atoms attached to Z also significantly affects
the strength of the H—O bond and oxoacid strength.

The acidic strength increases as the number of oxygen atoms
attached to Z increases. The terminal oxygen atoms (those not in an
H—O bond) are sufficiently electronegative , alongwith Z, to withdraw
electron density from the H—O bond. This weakens the bond,
promoting the transfer of an H" ion to water. The more terminal oxygen
atoms present, the greater the electron density shift and the greater the
acidic strength. A particularly striking example of this trend is seen
with the oxoacids of chlorine from the weakest, hypochlorous acid
(HOCI), to the strongest, perchloric acid (HCIO ;).

Acid HOCI HCIO, HCIO, HCIO,
Hypochlorous  Chlorous Chloric acid ~ Perchloric
acid acid acid

K,value 35x107 11%1072 =10° ~108

To be a strong acid, an inorganic oxoacid must have at least two more
oxygen atoms than acidic hydrogen atoms in the molecule. Thus,
sulphuric acid is a strong acid. In contrast the inorganic oxoacid
phosphoric acid (H;PO,) has only four oxygen atoms for three
hydrogen atoms and is a weak acid.

Dear Sir, what is the difference between
equivalent mass and molecular mass
and how can I calculate equivalent mass
for various species? [Neha Singh, Delhi]
® You put avery good question, Neha. many students solve different kind of
problems related to equivalent mass with the help of formulae without
knowing the exact difference between molecular mass and equivalent
mass.
The concept of molecular mass express the amount of matter, i.e. sum
of total masses of atomic entities present in a molecule. On the other
hand, concept of equivalent mass gives the amounts of substances
that react with each other. By definition, equivalent mass of a
substance is the mass of it which reacts with 1.008 g of hydrogen, 8.0 g
of oxygen or 35.5 g of chlorine. Generally, for numericals we use
masses in grams. You can go through the following chart for
calculation of equivalent mass for various species.

E _ Formula mass of oxidant or reductant
oxidant or reductant™ Nymper of electrons lost or gained by
reductant or oxidant

Formuamass| (TR £, _ Alomic mass of element
- Ofbase I ram Equival ent &ement™ Valency of element
acidity Mass (E)

ot Formula mass of salt
Total positive or negative
charge on cationic
or anionic part

Formula mass of acid salt
Replaceable H-atoms in the salt

acld salt=

Formula mass of ion
Charge onion
Macia
Facia= BaS|cny

Note : Basicity is number of replaceable hydrogen atoms present in acid and Acidity
is number of OH furnished by one mole of base.

Dear Sir, as book says, — COOH group
has lower — R-effect than — CHO, how?
[Abhay, Pithoragarh]
— COOH and — CHO groups both show —R-effect when these are
attached to benzene ring. But there are two types of conjugation occured,
in the case of — COOH group :
(i) Within —COOH group.
(i) Within benzene ring due to electron withdrawing nature of
—COOH group
These conjugations in case of — CHO and — COOH groups with
benzene ring are given below:

In case
—CHO <> <>
group

HO\
In case of
—COOH
group

HO~_ /o HO\ 0O HO\ O HO\ /O HO\

H¢H&H¢H&H©

The conjugation within —COOH group decreases the extent
of —R-effect within the aromatic ring. This type of conjugation,
which decreases the extent of other conjugation, is known as
Cross conjugation.

Hence, due to cross conjugation —COOH group shows lower
—R-effect than —CHO group.

Dear Sir, how do medicines control high

blood pressure problems?
[Sura] Kumar, Lucknow]
Suraj, many high blood pressure (hypertension) medications come
under the heading of ACE inhibitors. ACE (Angiotensin converting
enzyme) plays a key role in controlling blood pressure. It catalyses the
activation of Angiotensin, a vasoconstrictive hormone, from its inactive
zymogen, Angiotensinogen.

CE

Angiotensinogen —2%E 5 Angiotensin

This process involves the cleaving of the last two amino acids from the
carboxyl terminal of the decapeptide.

Asp —Arg — Val — Tyr — lle — His — Pro — Phe — His — Leu. The
octapeptide, Angiotensin, is a potent constrictor of the blood vessels
and, therefore, increases blood pressure.When a competitive inhibitor
occupies the active site of ACE, however, the hormone stays in its
inactive zymogen state. As a consequence, blood pressure is lowered.
A large number of ACE inhibitors are currently in the market. Some are
sulphur containing compounds, such as Captopril; others are
non-sulphur containing compounds, such as Accupril and Altace.
The active site of the enzyme, ACE, contains several key chemical
entities: arginyl, aspartyl residues and a Zn?" ion.

Each of these interacts with the group on the inhibitor. The arginyl
residue attracts the —COO~ group; the aspartyl amide attracts the
— C =0 group, and the Zn®*" forms a salt with the negatively
charged sulphide ion or —COQO ™~ group. The key element is the proper
separation of these functional groups on the inhibitor molecule.
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Topicwise Collection of Best Subjective Problems

FOR CLASS XII

Very Short Answer Type [1 Mark]

1.

10.

What happen to the process of osmosis if pressure
more than the osmotic pressure is applied on
solution?

Why the molecular mass of benzoic acid yields
abnormally higher value when determined by
colligative properties?

State the condition for reverse osmosis.

What is the effect on boiling point when acetone is
dissolved in water?

Why ordinary thermometer is not used when
molecular weight of solute is determined by
elevation in boiling point or depression in freezing
point method?

Write the general equation of osmotic pressure for
dilute solutions.

What is the value of van't Hoff factor for sodium
phosphate?

Write any two factors which affect the colligative
properties.

What is the relation between elevation in boiling
point and molality of the solution?

Define van't Hoff factor.

Very Short Answer Type [2 Marks]

11.

12.

What is the advantage of using osmotic pressure
instead of other colligative properties for the
determination of molar masses of solute in
solutions?

Why freezing point depression of 0.1 M sodium

chloride is nearly twice to that of 0.1 M glucose
solution?
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COLLIGATIVE
ROPERTIE

13.

14.

15.

Explain how the molecular mass of solute can be
determined by a method based on measurement of
osmotic pressure?

What do you mean by boiling point elevation
constant for a solvent?

An aqueous solution freezes at — 0.186° C

(K; = 1.86°C kgmol ' and K, =0.512° C kgmol ).
What is the elevation in boiling point?

Short Answer Type [3 Marks]

16.

17.

18.

The vapour pressure of benzene at 30°C is
164.88 mm Hg. In 3 mol of benzene, when 6g of
acetic acid was dissolved, the vapour pressure of the
solution becomes 162.04 mm Hg. Calculate the
degree of association of acetic acid in benzene at
30°C.

A 0.561 m solution of unknown  electrolyte
depresses the freezing point of water by 2.93°C.
What is van't Hoff factor for this electrolyte?

[K, for water =1.86° C kg mol ™" ]

The vapour pressure of a solution containing 2 g of
NaCl in 100 g water, which dissociated in one Na™
and one Cl™ ion in water is 751 mm at 100°C.
Calculate the degree of ionisation of NaCl.

Long Answer Type [5 Marks]

19.

20.

At 300 K, 36 g of glucose present in a litre of its
solution has an osmotic pressure of 4.98 bar. If the
osmotic pressure of the solution is 1.52 bar at the
same temperature, what would be its concentration?
The degree of dissociation of Ca(NOy), in a dilute
aqueous solution containing 7g of the salt per 100 g
of water at 100°C is 70 per cent. If the vapour
pressure of water at 100°C is 760 mm, calculate the
vapour pressure of the solution.
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11.

12.

13.

14.

15.

Solutions

A phenomenon opposite to osmosis, i.e. reverse osmosis takes
place.
Benzoic acid yields abnormally higher value of molecular mass
when determined by colligative properties because it dimerises in
water due to intermolecular hydrogen bonding.
Pressure applied on the solution should be larger than osmotic
pressure for reverse 0smosis.
Acetone is a volatile liquid and form non-ideal solution with water
hence, the boiling point of resulting solution increases.
Since, very small elevation in boiling point and depression in
freezing point occur, hence, a thermometer having a least count
of 0.001°C is required. Therefore, Beckmann thermometer which
can read upto 0.001°C is used.
Osmotic pressure is proportional to the molarity (C) of the
solution at a given temperature (7).
n<C, m=CST or nV¥=nST
van't Hoff factor is the number of ions produced.
Na,PO, —> 3Na* + PO3"
So, van't Hoff factor =3+1=4
Factors affecting colligative properties are
(i) Fraction of solute and solvent particles in solution.
(i) Nature of solvent.
The elevation in boiling point is directly proportional to the molality
of the solution, i.e. ATye<m or AT, =K,m
van't Hoff factor is defined as the ratio of the experimental value of
the colligative property to the calculated value of the colligative
property.
iz Abnormal colligative property
Normal colligative property
_ Normal (calculated) molecular mass
Abnormal (Observed) molecular mass

or

The osmotic pressure method has the advantage over other
methods as
() pressure measurement is done around at the room

temperature and molarity of the solution is used instead of
molality.

(i) Its magnitude is large even for very dilute solutions as
compared to other colligative properties.

Colligative properties are directly proportional to the number of

particles present in the solution.

NaCl being a strong electrolyte, completely dissociates into its

ions. One molecule of NaCl gives two ions on dissociation, but

glucose being a non-electrolyte does not dissociate and hence

present as a single molecule.

It can be determined by the relation between osmotic pressure

and molar mass.

nV=n,SRT or mV/= _WpSRT

W, SRTV M,=
P 1%
where, m =osmotic pressure, M, =molar mass of the solute

Boiling point elevation constant is equal to the elevation in boiling
point when 1 mole of a solute is dissolved in 1kg of solvent. It is
also called as ebullioscopic constant.

We know that, AT, =K,m

When m =1, then AT, =K}, where, K, = ebullioscopic constant
AT; =K; x molality

) 0.186 _1
Molality =——— = 0.1 mol k
Y 1.86 g

From, AT, =K, xm=0.512x0.1=0.0512°C

16.

17.

18.

19.

20.

Using the relation for lowering in vapour
considering the van't Hoff factor (i), we get
AP 164.88—162.04_/[ 01 }
ps P 164.88 01+3]
i=0.533
Hence, acetic acid associates in benzene as
2(CH,COOH) == (CH,COO0H),
1-a /2
= i=1-0/2= o =2(1-0.533)=0.934
Given, m=0.561m, AT, =2.93°C and K, =1.86°C kg mol™
AT, =iK;m
/‘=7AT’ = 2.93°C =2.807
K;m  1.86°C kg mol™" x 0.561 m
According to Raoult’s law,
P°—Ps _ wxM =>7607751 _2x18
Ps mxW 751 mx100

For the dissociation of NaCl,
NaCl = Na*® + CI~

pressure and

= Mg, =30.049g

Initially 1 0 0
Att=0 1-a o o
M gy (i.e. total moles in solution)
mexp
ﬁﬂ +o=0=0.9474 0r 9474 %
30.04
We know that,
7=CST = Wg xS xT
Mg xV

For both solutions, S, T and V are constant.
For first solution.

4.98 bar= (369) xS xT

(180 g mol ™"y xV
For second solution,

1 52 par=Ve XS xT

g xV

(i)

On dividing Eq. (i) by Eq. (i), we get,

1.62 bar _WgxRxT = 180xV

498 bar  MgxV  36xRxT
We _ 152 _ 00610 mol L™
Mg 498x5

Ca(NO,), —> Ca®" +2NO;
1-x

X 2x
T-x+x+2x _1+42x

1
_ Observed lowering of vapour pressure

Now, /= -
Normal lowering of vapour pressure

Observed lowering of vapour pressure
=i x normal lowering of vapour pressure
. n
°— =/x{—p°
p Pops iﬂﬁ—/\/ p }
7
_ 164
7 100
-+
164 18
[Molar mass : Ca(NO,), = 164gmol~', H,O0=18gmol™']
Pops =760-13.90=746.10 mm

van't Hoff factor, i = =1+2x07=2.4

760 - s =2.4% X760 =13.90
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) TOUCH UP

BOHR’S

| MODEL

FOR CLASS Xl

N

Topicwise Collection of best subjective problems

Very Short Answer Type [1 Mark]

1.

Why hydrogen gas kept in a flask at room
temperature does not emit radiations?

What does the negative sign mean for energy of an
electron in hydrogen atom?

Write down the formulae for calculating the
ionisation enthalpy (from n=1to n=<0) of hydrogen
and H-like species.

Which spectral lines are associated with IR region
in H-spectrum?

Write the expression for angular momentum of an
electron in a given stationary state.

Which spectral line of H-atom is sensitive to human
eye?

Which series of line spectrum is obtained when
electrons fall from higher energy level to second
energy level?

Why the atoms show spectra only when they are
heated or given energy in some other form?

Why Bohr's orbit is known as energy level?

Write the equation for the frequency (v) associated
with the absorption or emission of the photon also
write in terms of wave number (V).

Short Answer type (2 Marks)

11.

Write down the expression for the velocity of
electron in the nth orbit for H-like species.

12.

13.
14.

15.

What do you understand by ‘ground state' and
‘excited state'? What is the value of energy of
electron in a hydrogen atom in the ground state?

Write the expression for Bohr's frequency.

Calculate the radius of Bohr's third orbit for
hydrogen atom.

Calculate the energy of a He" ion in its first excited
state.

Short Answer Type (3 Marks)

16.

17.

18.

Calculate the frequency of the spectral line emitted
when the electron in n=3 in H-atom de-excites to
ground state. [Given, Ry =109677cm ]

What is the ratio of differences between 2nd and 3rd
Bohr's orbit energy to that of between 3rd and 4th
orbit energy?

Find the value of n corresponding to the excited
state of He" ion, if on transition to the ground state
the ion emits photons in succession with
wavelength of 108.5 nm and 30.4 nm.

Long Answer Type (5 Marks)

19.

20.

Determine the frequency of revolution of an electron
in the second Bohr's orbit of hydrogen atom.

For H-atom, the Bohr's radius for first orbit is 0.529 A
and the radius of maximum probability according to
wave mechanical model is also 0.529 A. How do the
two approaches differ?
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11.

12.

13.

14.

15.

16.

17.

Solutions

This is because almost all the atoms are in the ground state and
there are no energy levels of lower energy to which an electron can
jump. Hence, the atoms cannot emit any radiations.

The negative sign means that the energy of electron in the atom is
lower than the energy of a free electron at rest.

218x107'® ’
2

For hydrogen, E,=- Jatom”

_218x107%7? 1
2

n

For H-like species, E,, = J atom™

Paschen, Brackett, Pfund and Humphery series are associated
with IR region in H-spectrum.

The angular momentum of an electron in a given stationary state

can be expressed as m,vr :%, wheren=1,2,3, ...

Balmer series is sensitive to human eye.

The series of line spectrum obtained is Balmer series.

When energy is given in the form of heat or by some other means,
some of the electrons jump to the higher energy levels, i.e. n=2,
n=3, etc. These electrons then come back to lower energy levels.
and the atom radiates energy in this process.

The orbits are named according to the energy levels or electrons
present in it. Hence, orbits (shells) are called energy levels.

The frequency (v) associated with the absorption or emission of

the photon is V:A:='%[1—12}:3.29><1015[ 12— ! }

2 2 2
nZ n n? n

In terms of wave number (V)
=Y Pu | 11y age77x107| L= |t
n? n? n? n?

The velocity of electron in nth orbit can be calculated as
2 2
vV, :LEKZe :72e =L Z =22x10° 4 m/s
nh 2eqnh \137 ) n n

where, ¢ (speed of light) = 3x108 m/s
The state of an electron in the atom with the lowest energy is called
its ground state while the states with higher energy than ground

state are called excited states. The energy of a hydrogen atom inthe
ground state is —13.6 eV.

The frequency of radiation absorbed or emitted when transition

occurs between two stationary states that differ in energy by AE is

given by, v:%:% where, £, and E, are the energies of

lower and higher allowed energy states, respectively. This
expression is called Bohr’s frequency.

Since, Bohr radius is given by r, =n?(0.529 R)

. Radius for third orbit (n = 3), r, =(3)? (0.529 A)= 4761A

Ruhc Z® _ (136eV)Z?

n® n®

For aHe "ion, Z=2 and for the first excited state, n=2 so that the
energy of He ™ ion in the first excited state is —13.6 eV.
Using Rydberg'’s equation,

1 1 1 c 1 1
—=R,| —-—| =Z=v=R,-Cc|——-——
7 [ } o [ }

Given, R, =109677cm™",c =3x10"" cm/s, n; =1; n,=3
1

3

The energy is E,=—

v :109677x3x1o‘°[1l2— }:2.92 x10"°s~"

As, E,=-1312 n* kJ/mol

e [ e o) G-
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18.

19.

20.

The electroﬁ

maximum probability (0.529 A)

Similarly, AE4_3:71312(i71):,w
16 9 16x9

AEg,_1312x5 16x9

36 1312x7

Ratio of their difference

4-3
Ay, 20
AE,, 7
Given, &, =30.4x10"cm, A, =108.5x10""cm
Let the excited state of He ™ be n,

For first transition, %:RHZZ [l l)

2 2
1 1 n,

1 _j0977x22 l—l}
30.4x1077 12 n?
ny =2
n=2,n,="
v
108.5x107"

Now, for A,,

—100677x22| L -1
22 n3

o n,=5
Hence, the excited state of He s fifth orbit.

The frequency of revolution of an electron is
1

" Time period (T)
_ Total distance covered in one revolution _ 2nr
Velocity (v) %

Frequency (v)

Time period (T)

~.Frequency (v) =
2nr

2
-+ Radius of the electron, r, :0.529%,&

(Z =1for H-atom)
.. Radius of the electron in the second
Bohr’s orbit of H-atom will be

2
r2=0.529x10*‘°@m =2.116x107"m
Velocity of the electron,

v,=2.18x10° (1) ms™, v,=2.18x10° (%j:1.09><106 ms™'
n

v, _ 109x10°
2nr, 2nx(2116x107'%)
v=820x10"* Hz

Bohr found that the electron will always moving around the
nucleus in a circular path of radius 0.529 A He also suggested
that electron cannot be found at distance less than or more than
0.529 A. However, wave mechanical model suggests that
electron is likely to be found at this distance but there is definite
radius shorter and larger than 0.529 A.

. Frequency (v) =

ud picture of
1s orbital having radius of

The Bohr picture of orbital in which
electron is found only at this
distance. i.e. Bohr radius 0.529 A

In other words, according to wave mechanical model, the
electron keeps moving towards or away from the nucleus and the
maximum probability of locating it is at radius of 0.529 A from the
nucleus.
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When the Baeyer process is used for recovering
aluminium from ores, some aluminium is always
lost because of the formation of an unworkable mud
having the following average formula:
3Na,0-3A1,0,5S8i0, -5H,0. Since, the aluminium
and sodium ions are always in excess in the solution
from which this precipitate if formed, the
precipitation of silicon in the mud is complete. A
certain ore contains 13% (by mass) Kaolin
(Al,0, -2Si0, -2H,0) and 87% Gibbsite
(Al,O4 -3H,0). What per cent of the aluminium in
this ore is recoverable in the Baeyer process?

(@) 10% (b) 90% (c) 15% () 85%

Helium can be excited to higher energy state by
absorption of 58.44 nm wavelength. The lowest
excited singlet state, with the configuration 1s' 2s,
lies below the 1512p1 state with 4875 cm™
wavelength. What would be the average He—H
bond energy have to be in order that HeH, could
form non-endothermically from He and H, ? Assume
that the compound would form the lowest excited
singlet state of helium for any difference between AE
and AH[AH, = 218.0 kJ mol™].

(a) 990 kJmol™ (b) 880 kJmol™
(c) 790 kJmol ™ (d) 1215 kdmol ™

Two students use same stock solution of ZnSO, and
a solution of CuSO,. The emf of one cell is 0.03V

higher than that of other. The concentration of
CuSO, in the cell with higher emf value is 0.5M.

Find out the concentration of CuSO, in the other

cell. (M = 0.06)

@001M  (b)0.03M  (c)0.02M (d) 0.05 M

. At 20°C and total pressure of 760 torr, 1L of water
dissolves 0.043 g pure oxygen or 0.019 g of pure
nitrogen. Assuming that dry air is composed of 20%
oxygen and 80% nitrogen (by volume), determine

the masses of oxygen and nitrogen dissolved by 1L
of water at 20°C exposed to air at a total pressure of
760 torr.

(a) 0.0086 gL ™" and 0.015 gL™'

(b) 0.015gL™" and 0.0086 g L™

(c) 0.0025 gL' and 0.015gL™

(d) 0.0025 gL ™" and 0.008 gL~

. A lead bullet weighing 18.0 g travelling with

500 m/s is embedded in a wooden block weighing
1.00 kg. If both the block and the bullet were
initially at 25.0°C, what is the final temperature of
the block containing the bullet? Assume no heat
loss to the surrounding.
(Heat capacity of wood = 0.500 kcal kg™ 'K,

Heat capacity of lead =0.030 kcal kg_lK_l).

(a) 62.2°C (b) 26.1°C (c) 72.3°C (d) 50.3°C
Consider the following statements,
:NHZ : NH2 : NH2
I. is more basic than
HzN:

1I. I>(I:@<] is more stable than I}C%
CHs A

1
I Ph—?‘{:@lndergoes hydrolysis more

Cl

ITI (CH,)4
easily than Ph—Cll

Cl

Choose the correct option regarding correct
statements.

(@) lland Ill (b) Only |

(c) Only Il (d) land Ill
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& QUIZZER

7. Identify the product D in the following reaction
sequence.

CH,CH,CH=0 NaOH

Hy0"

Se0z/HCOOH | 5
Heat C+D

(a) cis-lactide (b) trans-lactide

(c) Either cis or trans - lactide (d) lactic acid

8. Consider the following reactions and choose the
correct one.

Ph ii’h
HCI
(@) Ph—C—CH=CH,— > Ph—C—CH,—CH,—Cl
Ph Ph
COOH
(b) v205
(c) Conc. HN03
Conc H,SO,
NO,
ONa*

PhN2

CHg
(d) NaOH
N=N—Ph

KNOWLEDGE

Coefficient
Quizzer (No. 20)

(ALL PARTICULARS TO BE FILLED UP IN BLOCK LETTERS)

9. Consider the following reaction sequence,

NaOEt _ , KOH ,p HCN | -
EtOH EtOH H,0

Identify the compound C.
COOH

o)
tﬁl {10,
o)
COOH
0
L, =L
O COOH o

10. 0.5g sample containing MnO, is treated with HCI,

liberates Cl,. The Cl, passed into a solution of KI
and 30.0 cm® of 0.1M Na,S,0, to titrate the

liberated iodine. Calculate the percentage of MnO,
in sample. (Atomic weight of Mn =55 u)

(a) 26.1

(b) 30.9

(c) 20.2

(d) 40.3

........................................................................ Telephone ...
E-mail oo HoODDIes vt

Winner of Knowledge Coefficient
Quizzer (No. 19) (June Issue)
Dinesh Kumar (Meerut)
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