ATOMIC STRUCTURE [JEE ADVANCE PREVIOUS YEAR SOLVED PAPER]

JEE Advanced

Single Corre(:t Answer type 3. Any p-orbital can accommodate up to
a. four electrons

1. The number of neutrons in dipositive zinc ion with mass b. six electrons

number 70 is (IIT-JEE 1979) ¢. two electrons with parallel spins

a. 34 b. 36 c. 38 d. 40 d. two electrons with opposite spins  (IIT-JEE 1983)
2. Rutherford’s experiment on the scattering to o-particles 4. The principal quantum number of an atom is related to

showed for the first time that the atom has the

a. electrons b. protons a. Size of the orbital

c. nucleus d. neutrons b. Spin angular momentum

(IIT-JEE 1981) ¢. Orientation of the orbital in space



5. Rutherford's scattering experiment is related to the size
of the

a. nucleus b. atom ¢. electron d. neutron

(IIT-JEE 1983)
6. The increasing order (lowest first) for the values of e/m
(charge/mass) for electron (e), proton (p), neutron (n), and

alpha particle (o) 1s
a. e pn Q b. n,pe
c. n,p Qe d.nope
(ITT-JEE 1984)

7. Correct set of four quantum numbers for the valence
(outermost) electron of rubidium (Z = 37) is:

a. 50,0, +1/2 b. 5,1,0+1/2
c. 5,1,1+1/2 d. 6,0, 0+1/2
(IIT-JEE 1984)

8. Which electronic level would allow the hydrogen atom to
absorb a photon but not to emit a photon?
a. 3s b. 2p C. 25 d. Is
(IIT-JEE 1984)

9. Bohr model can explain
a. the spectrum of hydrogen atom only
b. spectrum of an atom or ion containing one electron
only
c. the spectrum of a hydrogen molecule
d. the solar spectrum (IIT-JEE 1985)
10. The radius of an atomic nucleus is of the order of:
a. 107"%cm b. 10" cm
c. 10 cm d. 10° cm (IIT-JEE 1985)
11. Electromagnetic radiation with the maximum wavelength
is:
a. ultraviolet b. radio wave
c. X-ray d. infrared (IIT-JEE 1985)
12. Rutherford’s alpha particle scattering experiment
eventually led to the conclusion that:
a. mass and energy are related
b. electrons occupy space around the nucleus
c. neutrons are buried deep in the nucleus
d. the point of impact with matter can be precisely
determined (ITT-JEE 1986)
13. Which one of the following sets of quantum number
" represents an impossible arrangement?

n |  m m,
a. 3 2 =2 12
b.4 0 0 1/2
c¢. 3 2 -3 112
d 5 3 0 -12 (IIT-JEE 1986)

14. The ratio of the energy of photon of 2000 A wavelength
radiation to that of 4000 A radiation is:
a. 1/4 b. 4 c. 172 d. 2
(II'T-JEE 1986)

15. The triad of nuclei that are isotonic is
a. .C,PN,F b 2C, O N.UF
c. HC VN, {F d PCYN.F
(IIT-JEE 1988)

16. The wavelength of a spectral line for an electronic
transition is inversely related to:
a. the number of electrons undergoing the transition
b. the nuclear charge of the atom
c. the difference in the energy of the energy levels
involved in the transition
d. the velocity of the electrons undergoing the transition

(ITT-JEE 1988)

-17. The orbital diagram in which the Aufbau principle is

violated 1s:

2s 2p
a. E ™I(T
b. |1 TL(T(T
c. |T TITI(T
d |T! HIT|T (ITT-JEE 1988)

18. The outermost electronic configuration of the most
electronegative element is

a. ns"np’ b ns® np’

c. ns’np’ d. ns npﬁ
(IIT-JEE 1988)
19. The correct ground state electronic configuration of
chromium atom is:
a. [Ar]3d’ 4s'

c. [Ar] 3d®4s°

b. [Ar] 3d* 4s°
d. [Ar] 4d° 4s'
(IIT-JEE 1989)
20. The correct set of quantum numbers for the unpaired
electron of chlorine atom is:
n | m,

a. 2 1 0
b. 2 ] ]
c. 3 1 |
d. 3 0O O (IIT-JEE 1989)

21. Which of the following does not characterise X-rays?
a. The radiations can ionise gases
b. It causes ZnS to fluorescence
c. Deflected by electric and magnetic fields
d. Have wavelengths shorter than ultraviolet rays
(IIT-JEE 1992)
22. Which of the following relates to photons both as wave
motion and as a stream of particles?
a. Interference b. E = mc’
c. Diffraction d. E=hv (IIT-JEE 1992)
23. A 3p orbital has:
two non spherical nodes
two spherical nodes
one spherical and one non-spherical node
one spherical and two non-spherical nodes
(IIT-JEE 1995)
24. The orbital angular momentum of an electron in 2s orbital
is:

1 h h h
a. +5£ b. Zero C. P d. \Eﬂ
(IIT-JEE 1996)

0 Fp



26.

27,

31.

. The first use of quantum theory to explain the structure

of atom was made by
a. Heisenberg b. Bohr

¢. Planck d. Einstein (II'T-JEE 1997)
For a d-electron, the orbital angular momentum is

a. 6(h/2m) b. J2(h/2m)

c. (h/2m) d. 2(h/2n) (IIT-JEE 1997)
The electrons, identified by quantum numbers n and [,
Wn=4,1=1,34)n=4,1=0, (ili)n=3,1/=2, and
(iv) n = 3, [ =1 can be placed in the order of increasing
energy, from the lowest to highest, as

a. (iv)<(ii)<(ii)< (i) b. (ii) < (iv) < (1) < (111)

c. ()<(iil)<(ii)<(v) d. (i) <) <(iv)<(u)

(IIT-JEE 1999)
The number of nodal planes in a p, orbital 1s
a. one b. two c. three d. zero
(IT'T-JEE 2000)

The electronic configuration of an element 1s 15%, 257, 2pﬁ,
3s%, 3d°, 4s'. This represents its
a. excited state b. ground state
c. cationic form d. anionic form
(ITT-JEE 2000)
The wavelength associated with a golf ball weighing
200 g and moving at a speed of 5 m/h s of the order
a. 10%m b 10m ¢ 10°m d. 10¥m
(ITT-JEE 2001)
The quantum numbers +1/2 and —1/2 for the electron spin
represent
a. rotation of the electron in clockwise and anticlockwise
directions respectively
b. rotation of the electron in anticlockwise and clockwise
directions respectively
c. magnetic moment of the electron pointing up and down
respectively
d. two quantum mechanical spin states which have no

classical analogue (IIT-JEE 2001)

32. Rutherford’s experiment, which éstablished the nuclear

model of the atom, used a beam of

a. P-particles, which impinged on a metal foil and got
absorbed |

b. y-rays, which impinged on a metal foil and ejected
electrons

c¢. Helium atoms, which impinged on a metal foil and
got scattered

d. Helium nuclei, which impinged on a metal foil and

got scattered (IIT-JEE 2002)

33. If the nitrogen atom has electronic configuration 1s’, it

would have energy lower than that of the normal ground
state configuration 15%2s° 2p3. because the electrons would
be closer to the nucleus. Yet 1s’ is not observed because
it violates.

a. Heisenberg uncertainty principle

35.

37.

b. Hund’s rule
¢. Pauli exclusion principle
d. Bohr postulate of stationary orbits

(ITT-JEE 2002)
The radius of which of the following orbit is the same as
that of the first Bohr's orbit of hydrogen atom?

a. Het(n=2) b. Li** (n=2)
¢. Li**(n=3) d. Be** (n=2)
(IIT-JEE 2004)

The numbers of radial nodes of 3s and 2p orbitals are
respectively

a. 2,0 b. 0,2 c. 1,2 - d. 2,1

(IIT-JEE 2005)

. Given that the abundances of isotopes >'Fe, **Fe and °'Fe

are 5%, 90%, and 5%, respectively, the atomic mass of Fe is
a. 5585 b. 5595 ¢ 5575 d. 56.05

(ITT-JEE 2009)
The kinetic energy of an electron in the second Bohr orbit
of a hydrogen atom is [a, is Bohr radius]:

% " %
2. 7 2 72
4n”"may 161" may

h? h*
C. — d. 53
32n"ma 641" ma;

(ITT-JEE 2012)

Multiple Correct Answers type

1.

2.

An isotone of 3;Ge is:

77
a. ;,Ge b. 33As d. ]3Se

(IIT-JEE 1984)

Many elements have non-integral atomic masses because:
a. they have 1sotopes

b. their isotopes have non-integral masses

c. their isotopes have different masses

d. the constituents, neutrons, protons and electrons,

combine to given fractional masses (IIT-JEE 1984)
When alpha particles are sent through a thin metal foil,
most of them go straight through the foil because:

a. alpha articles are much heavier than electrons
b. alpha particles are positively charged
c. most part of the atom 1s empty space
d. alpha particles move with high velocity
(IIT-JEE 1984)
The sum of the number of neutrons and proton in the
isotope of hydrogen is:
a. 6 b. 2 c. 4

77
C. 34 Se

d. 3

(ITT-JEE 1986)
The energy of an electron in the first Bohr orbit of H atom
is —13.6 eV. The possible energy value(s) of the excited
state(s) for electrons in Bohr orbits of hydrogen 1s (are)
a. 34eV b. 42eV c. -68eV d. -15eV
(ITT-JEE 1998)



6.

di

Which of the following statement(s) is (are) correct?

a. The electronic configuration of Cr 1s [Ar]3d5 4s’.
(Atomic Number of Cr 1s 24)

b. The magnetic quantum number may have a negative
value.

c. In silver atom, 23 electrons have a spin of one type
and 24 of the opposite type. (Atomic Number of Ag
is 47).

d. The oxidation state of nitrogen in HN; is -3.

(IIT-JEE 1998)
The ground state electronic configuration of nitrogen atom
can be represented by

a. [TL|TL [TTIT] b (1Lid) (T[T

. UMY AEY ¢ MY QEE
(IIT-JEE 1999)

Linked Comprehension Type

Paragraph for Problems 1-3

The hydrogen-like species Li** is in a spherically symmetric
state S, with one radial node. Upon absorbing light the ion un-
dergoes transition to a state §S,. The state S, has one radial node
and its energy is equal to the ground state energy of the hydro-

gen atom. (IIT-JEE 2010)
1. The state S, is
a. lIs b. 2s C. 2p d. 3s
2. Energy of the state S, in units of the hydrogen atom ground

3.

state energy 1s

a. 0.75 b. 1.50 & 225 d. 4.50

The orbital angular momentum quantum number of the
state §, 1

a. 0 b. 1 C. 2 d. 3

Matching Column Type

1.

2,

According to Bohr’s theory
E, = Total energy, K, = Kinetic energy, V, = Potential

energy, r, = Radius of nth orbit (ITI'T-JEE 2006)
Column I Column II
a.VJK =" | p- 0
b. If radius of n™" orbit e< EX, x = ? q. -]
¢. Angular momentum in lowest orbital r. -2
1 , S |
d —«<Z¥ y=?
r

Match the entries in column I with the correctly relatec

quantum number(s) in column IL. (IIT-JEE 2008)
Column I Column I1
a. Orbital angular momentum | p. Principal
of the electron in a hydrogen- quantum number
like atomic orbital

q. Azimuthal
gquantum number

b. A hydrogen-like one electron
wave function obeying
Pauli’s principle

c. Shape. size and orientation
of hydrogen-like atomic
orbitals

d. Probability density of electron
at the nucleus in hydrogen-
like atom

r. Magnetic quantum
number

s. Electron spin
quantum number

Integer Answer Type

l'l

The work function (¢) of some metals is listed below. The
number of metals which will show photoelectric effect
when light of 300 nm wavelength falls on the metal is

Metal | Li |[Na| K |Mg|Cu|Ag|Fe | Pt | W

0(eV) |2423(22(3.7|48(43(4.7]63|4.75

(IIT-JEE 2011)

The maximum number of electrons that can have principal
quantum number n = 3, and spin quantum number

= i (IIT-JEE 2011)

. The atomic masses of ‘He’ and ‘Ne’ are 4 and 20 a.m.u,

respectively. The value of the de Broglie wavelength of
‘He’ gas at —73°C is “M"" times that of the de Broglie
wavelength of ‘Ne' at 727°C. "M’ 18
(JEE Advanced 2013)
[n an atom, the total number of electrons having quantum
|

numbers n =4, Im,/J =1 and mg = =3 IS
(JEE Advanced 2014)
Not considering the electronic spin, the degeneracy of

the second excited state (n = 3) of H atom 1s 9, while the
degeneracy of the second excited state of H ™ i1s

(JEE Advanced 2015)
Fill in the Blanks Type
1. The mass of a hydrogen atom is kg.
(IIT-JEE 1982)
2. Isotopes of an element differ in the number of
in their nuclei. (IIT-JEE 1982)
3. When there are two electrons in the same orbital, they
have Spins. (ITT-JEE 1982)
4. Elements of the same mass number but of different atomic

numbers are known as (ITT-JEE 1983)
The uncertainty principle and the concept of wave nature
of matter were proposed by and
respectively. (Heisenberg, Schrodinger, Maxwell, de
Broglie) (IIT-JEE 1988)
The light radiations with discrete quantities of energy are
called . (ITT-JEE 1993)
Wave functions of electrons in atoms and molecules are
called (IIT-JEE 1993)




8.

The 2p,, 2p,, and 2p_ orbitals of atom have identical shapes
but differ in their ' (IIT-JEE 1993)

9. The outermost electronic configuration of Cr is .

(ITT-JEE 1994)

True / False Type

1.

The outer electronic configuration of the ground state
chromium atom is 3d 45>, (IIT-JEE 1982)

. Gamma rays are electromagnetic radiations of wavelengths

of 10 cmto 107° cm. (IIT-JEE 1983)
The energy of the electron in the 3d-orbital is less than
that in the 4s orbital in the hydrogen atom.

(IIT-JEE 1983)
The electron density in the XY plane in 3d 2 _ 2orbital is
zero. (IIT-JEE 1986)

Subjective Type

1.

tn

Naturally occurring boron consists of two isotopes whose

atomic weights are 10.01 and 11.01. The atomic weight .

of the natural boron is 10.81. Calculate the percentage of
each isotope in natural boron. (IIT-JEE 1978)
Account for the following. Limit your answer to two
sentences:
Atomic weights of most of the elements are fractional.
(IIT-JEE 1979)
The energy of the electron in the second and third Bohr’s
orbits of the hydrogen atom is —5.42 x 10~ *erg and -2.41
x 107'* erg respectively. Calculate the wavelength of the
emitted radiation when the electron drops from the third
to the second orbit. (ITT-JEE 1981)
Calculate the wavelength in Angstroms of the photon that
is emitted when an electron in the Bohr crbit, n = 2, returns
to the orbit, n = 1, in the hydrogen atom. The ionisation
potential of the ground state hydrogen atom is 2.17 x 10™""
erg per atom. (IIT-JEE 1982)

. The electron energy in hydrogen atom is given by

E=(-21.7x10"")/n" erg. Calculate the energy required
to remove an electron completely from the n = 2 orbit.
What is the longest wavelength (in cm) of light that can
be used to cause this transition? (II'T-JEE 1985)
Give reason why the ground state outermost electronic

configuration of silicon is:
3s ip 35 3p

t] FTTT1 andnot W] T[]  (IT-JEE 1985)

What is the maximum number of electrons that may be
present in all the atomic orbitals with principal quantum
number 3 and azimuthal quantum number 27?7

(IIT-JEE 1985)
According to Bohr's theory. the electronic energy of
hydrogen atom in the nth Bohr’s orbit is given by

_-21.76x10" "

L

n

J . Calculate the longest wavelength
n

of light that will be needed to remove an electron from
the third Bohr orbit of the He™ ion. (II'T-JEE 1990)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Estimate the difference in energy between the 1st and

2nd Bohr orbit for a hydrogen atom. At what minimum
atomic number, a transition from n = 2 to n = 1 energy
level would result in the emission of X-rays with
A =3.0 x 10" m? Which hydrogen-like species does this
atomic number correspond to? (IIT-JEE 1993)
What transition in the hydrogen spectrum would have the
same wavelength as the Balmer transition,n =4ton=2
of He'* spectrum? (IIT-JEE 1993)
Find out the number of waves made by a Bohr electron
in one complete revolution in its 3rd orbit.
| - (IIT-JEE 1994)

Iodine molecule dissociates into atoms after absorbing
light of 4500 A. If one quantum of radiation is absorbed
by each molecule, calculate the kinetic energy of the iodine
atoms. (Bond energy of I, = 240 kJ mol ')

(II'T-JEE 1995)
Calculate the wave number for the shortest wavelength
transition in the Balmer series of atomic hydrogen.

(ITT-JEE 1996)
Consider the hydrogen atom to be a proton embedded
in a cavity of radius a, (Bohr radius) whose charge is
neutralised by the addition of an electron to the cavity
in vacuum, infinitely slowly. Estimate the average total
energy of an electron in its ground state in a hydrogen
atom as the work done in the above neutralisation process.
Also, if the magnitude of the average kinetic energy is
half the magnitude of the average potential energy, find
the average potential energy. (IIT-JEE 1996)
With what velocity should an a-particle trave! towards
the nucleus of a copper atom so as to arrive at a distance
10" m from the nucleus of the copper atom?

(IIT-JEE 1997)
An electron beam can undergo diffraction by crystals.
Through what potential should a beam of electrons
be accelerated so that its wavelength becomes equal to
1.54 A? (ITT-JEE 1997)
Calculate the energy required to excite one litre of
hydrogen gas at 1 atm and 298 K to the first excited state
of atomic hydrogen. The energy for the dissociation of
H-H bond is 436 kJ mol ™. (IIT-JEE 2000)
Wavelength of high energy transition of H-atoms 1s 91.2 nm.
Calculate the corresponding wavelength of He™ atoms.

(ITT-JEE 2003)

a. The Schrédinger wave equation for hydrogen atom is

l 1 3/2 7
- 2__U' e~ 040
o) ()

where a, is Bohr's radius. If the radial node in 2s be at
ro- Then, find ry In terms of a,.
b. A ball of mass 100 g is moving with 100 ms™'. Find
its wavelength. (IT'T-JEE 2004)
Find the velocity (ms™') of electron in first Bohr's orbit
of radius a,. Also find the de Broglie's wavelength

(in m). Find the orbital angular momentum of 2p orbital
of hydrogen atom in units of h/2m. (IIT-JEE 2005)




Answer Key

JEE Advanced

Single Correct Answer Type

1. d. Z: €, 3. d 4. a. > a

6. d. 7. & 8. d. 9. b. 10. b.
11. b. 12. b. 13. c. 14. d. 15. a.
16. c. 17. b. 18. c. 19. a. 20. c.
21. c. 22. d. 23. c. 24. b. 25. b.
26. a. 27 &, 28. a. 29. b. 30. a.
31. d. 32. d. 33. ¢ 34. d. 35. a.
36. b. 37. c.

Multiple Correct Answers Type

1. b.,d. 2. a.,c. 3. a.,c. 4. b.,.d. 5. a.d.

6. a..b.,c. 7. a.,d.

Linked Comprehension Type
1. b. 2. c. 3. b.

Matching Column Type
1. (a) = (r); (b) = (q); (c) = (p); (d) = (s)
2. (a) = (q); (b) = (p), (q), (), (s): (¢) = (p), (q), (r);
(d) = (p), (), (r)

Integer Answer Type

1. (4) 2. (9 3. (5) 4. (6) 5. (3)
Fill in the Blanks Type

1. 1.66x10% kg 2. neutrons

3. antiparallel 4. isobars

5. Heisenberg, de-Brogile 6. photons
7. orbitals 8. orientation in space 9. 4s', 3d°

True/False Type
1. False 2. False 3. True 4. False

Subjective Type
1. 80% 3. 6.604A 4. 1220A 5. 3.67x107
8. 2055A 11. 3 12. 2.105x 107%°]

13. 27419.25 cm™ 17. 98.17kJ

18. 22.8 nm



Hints and Solutions

JEE Advanced

Single Correct Answer type

1. d.

Z. ..

3. d.

4. a.

5. a.

6. d.

8. d.

9. b.

10. b.

. Rb has the configuration : 1s° 25°p

No. of neutrons = Mass number — Atomic number (Ion forma-
tion never changes neutrons) = 70 - 30 = 40.

Rutherford’s scattering experiment led to the discovery of
nucleus.

One p-orbital can accommodate up to two electrons with oppo-
site spin while p-subshell can accommodate up to six electrons.
Any one orbital can accommodate maximum of two electrons.
The principal quantum number (n) is related to the size of the
orbital (n=1,2,3..))

According to Rutherford’s experiment. “The central part con-
sisting of whole of the positive charge and most of the mass,
called nucleus, is extremely small in size compared to the size
of the atom.”

e
— — for neutron = —

= (; a-particle = C =0.5;
m 4

proton = L 1; electron = ; = 1837

1 /1837
®35°p°d'? 4s’p° 55';son =5,
[=0,m=0and s =+ % is correct set of quantum numbers for
valence shell electron of Rb.
Energy is emitted when electron falls from higher energy level
to lower energy level and energy is absorbed when electron
moves from lower level to higher level.
Is 1s the lowest energy level of electron in an atom.

An electron in 1s level of hydrogen can absorb energy
but cannot emit energy.
Bohr model can explain spectrum of atoms/ions containing one
electron only.
The radius of nucleus is of the order of 1.5 x 107" to 6.5 x
10" cm or 1.5 10 6.5 Fermi (1 Fermi = 10™"* cm)

11. b. The following is the increasing order of wavelength or decreas-

ing order of energy of electromagnetic radiations:

Cosmic rays

A-rays i | B
X-rays 20| &
UV-rays 5
Visiblz é E
Infrared radiation L E
Microwaves

Radiowaves \

Among given choices radiowaves have maximum wavelength.

12. b.

13. c.

14. d.

15. a.

16. c.

17. b.

18. c.

19. a.

20. c.

21. ¢

22. d.

23. c.

27. a.

. Orbital angular momentum (mvr) =

Electrons in an atom occupy the extra nuclear region.
If I =2, m# -3, mwill vary from -2 to +2, i.e., possible values
of mare-2,-1,0,+ 1 and + 2.

E= "—f A, =2000 A; A, = 4000 A;
E, A, 4000
SO - -= -
E, A, 2000
Isotones have same number of neutrons. All atoms in triad (a)

have same number of neutrons (= A - Z = 8).

Le. 1l4-6=8
1S5-7=8
17-9=8§

Difference in the energy of the energy levels involved in lhE:
transition.

According to Aufbau principle, the orbital of lower energy’
(2s) should be fully filled before the filling of orbital of hlghen
energy starts. :
The element having highest tendency to accept the electruﬁ
will be most :lectruncgatwe element.

Configuration nsz np means it requires only one Eleclron.
to attain nearest noble gas configuration. So, it will be mnsﬂ
electronegative element among given choices. !
Exactly half-filled orbitals are more stable than nearly half-
filled orbitals. Cr (At. no. 24) has configuration [Ar] 34, 4s'.
Electronic configuration of chlorine is [Ne] 3s°, 3p°

Unpaired electron is found in 3p sub-shell.
n=3I=1,m=1
X-rays can ionize gases and cannot get deflected by electriq
and magnetic fields, wavelength of these rays is 150 to 0.1 A}
Thus the wave length of X-rays is shorter than that of UV rays.
As packet of energy equal to hv; as wave having frequency v. !
Total nodes =n - 1
No. of radial nodes =n—-1[-1
No. of angular nodes =/ E
For 3p sub-shell, n=3,/= 1 .
No.of radial nodes=n-I-1=3-1-1=1
No. of angular nodes = [ = |

& W L B e B 8

A [(I +1) it depends

only on /. 2T

For 2s orbital, / (azimuthal quantum number) = 0
Orbital angular momentum = (.

RO Y T W S w

- Bohr's theory was based upon some postulates of classical

physics and some postulates of the newly proposed quantum.

theory of Planck.

. The expression for orbital angular momentum is

- e .

Angular momentum = JI(/ +1) (Zi]

n :
For d orbital, [ = 2. :

Hence, L= /2(2 + l)(-;;) = Jﬁ_[iJ

2T

The two guiding rules to arrange the various orbitals in the
increasing energy are:
i. Energy of an orbital increases with increase in the value of
n+l
ii. Of orbitals having the same value of n + [, the orbital with
lower value of n has lower energy.
Thus for the given orbitals, we have
i n+l=4+1=5 ii. n+[=4+0=4
fii. n+1=3+2=5 iv. n+1/=3+1=4




Hence, the order of increasing energy is
(1v) < (11) < (i11) < (1)

28. a. p, orbital being dumbbell shaped, have number of nodal planes

29. b.

30. a.

= 1, 1n yz plane.

-
.

2p,

3d°4s' system is more stable than 3d*4s%, hence former is the
ground state configuration.
According to de-Broglie's equation

=tk

p mv

Given, h=6.6x10"]Js
m=200x 107 kg

5
"~ 60 % 60
~ 6.6 x 107

200 x 1072 x 5/(60 x 60)

m/s

p‘

A =238x10"""m

31. d. The term spin implies that this magnetic moment is produced

32.d.

33.c

35. a.

36. b.

by the electron charge as the electron rotates about its own axis.
Although this conveys a vivid mental picture of the source of
the magnetism, the electron is not an extended body and its
rotation is meaningless, Electron spin has no classical coun-
terpart; the magnetic moment 1s a consequence of relativistic
shifts in local space and time due to the high effective velocity
of the electron in the atom. -
Rutherford’s experiment was actually o-particle scattering
experiment. o-Particle is doubly positively charged helium ion,
1.e., He-nucleus.
As per Pauli’s exclusion principle “no two electrons in the same
atom can have all the four quantum numbers equal or an orbital
cannot contain more than two electrons and it can accommo-
date two electrons only when their direction of spins are oppo-
site”’.

2

.r,=0529"—A
z

For hydrogen,n=1land Z=1; ... ry; =0.529
ForBe'*, n=2and Z=4

0.529 x 2>
Fagh = =(.529
Number of radial nodes=(n=1-1)
For 3s: n = 3, [ =0 (Number of radial node = 2)
For 2p: n =2, [ = | (Number of radial node = 0)

Average atomic mass of Fe
_ (54 x5)+ (56 x90)+ (57 x5) — 5505
100
. As per Bohr's postulate,
nh
mvr =—
2rn
So, v= ah
2nemr
KE = lmvz

L] aﬂ ci

2
So. KE:lm[ nh ]
2 2mmr
2

; xn
Since, r = u: sk
z

So, for 2nd Bohr orbit

2

Multiple Correct Answers Type
1. b, d.

E As and ;ESE have same number of neutrons

=(A-2Z)as 3,Ge.

- a-, cq-

Because they have isotopes with different masses. The average
atomic mass is the weighed mean of their presence in nature;

'

e.g. CI** and CI*’ are present in ratio 3 : 1 in nature. |

A___35x3+3?x1

So, =35.5

a-particles pass through because most part of the atom is
empty. '

. b.,d. |

In tritium (the isotope of hydrogen) nucleus there is one proton
and 2 neutrons. .. n + p = 3. In deuterium nucleus there is one
proton and one neutron .. n+p = 2. |

& “.-' dq -

The energy of an electron on Bohr orbits of hydrogen atoms ﬁ.‘
given by the expression

_ Constant ;
E =— :
n I

Where n takes only integral values. For the first Bohr orbit, n= l.
and it is given that E, =-13.6 eV i

13.6eV

nI

eV and -1.5 eV can be obtained by substituting n = 2 and 3
respectively in the above expression. |

of the given values of energy, only — 3.4

Hence E, = -

. a,b,c

a. ,,Cr=15% 257, 2p° 35%3p°3d°, 4s' = [Ar] 34, 4s' 5

b. For magnetic quantum number (m), negative values are
possibleasm,;=-1[...0...+/ ;
For s-subshell, [ =0, hence m =0 i
For p-subshell, / = 1, hence m =-1, 0, +1

¢. +Ag=1s% 25% 2p5 35%3p%3d"0, 457 4p® 44", 55
Hence 23 electrons have a spin of one type and 24 of the

opposite type.
d. Oxidation state of N in HN; is -1/3.

. a,d.

According to Hund’s rule pairing of electrons starts only when
each of the orbital in a subshell has one electron each of paral-
lel spin.



. (a) and (d) are correct ground state electronic configurations
of nitrogen atom in the ground state.

Linked Comprehension Type
1. b. For, S, (spherically symmetrical)

node = 1
= n-1=1
n=2
For §,, radial node = 1
_ 2
Es = 13'6:{: = Ey 1n ground state = -13.6
n
E= -l3.t:x9 —
n
So, state §, is 25 and S, is 3p.
E -
2. c. 5, 13.6 X9 =295

Epgomgy 4% (-136)

3.b. Azimuthal quantum number for §, =/ = 1.

Matching Column Type
1. (@) = (n); (b) = (q); () = (p); (d) = (s)

V. —Kzelr i

o = =—2: where K = —
(a) K - Kelr where ae, (a) = (r)
(b) r,e< (E,)-1, (b) = (q)

(c) Angular momentum of electron in lowest (1s) orbital

h
= JE{E’H}E; (c) = (p)

@ L

n
r

(d) = (s)

2. (aA)=(q);®)=(p,q,r,8);()—=>(pqr;(d)—(paqg,r

(a) Orbital angular momentum (L) = !’.’(!E‘+1)2—}:t
1.e. L depends on azimuthal quantum number only.

(b) To describe a one electron wave function, three quantum
number n, [ and m are needed. Further to abide by Pauli
exclusion principle, spin quantum number(s) is also needed.

(c¢) For shape, size and orientation, only n, / and m are needed.

(d) Probability density (y*) can be determined if n, / and m are

known.
Integer Answer Type
1. (4) hv = Energy of incident photon and kv, = Work function cr
threshold energy
Energy associated with incident photon = &
-34 8
E=6.6><10 xixl{) ]
‘ 300x 10
-34 8
o DOKID — WX iGN

T 300x107°x1.6x107"°

If hv 2 hu, or ¢ then it will show photoelectric effect
Li, Na, K, Mg have hv > hv,,.

2. (9) Maximum number of electrons = 2n” in an orbit. out of which

half have +% spin and half have -—% spin.

Maximum number of electrons {nzj whenn=3=3°=9
Number of orbitals = 9
Number of electrons with mg = —:—;- will be 9.

3. (5) Since,

A= LR = g (since K.E.o<T)
mV 2M K E.
= A o< l
JMT
For two gases,
1_H,_JM,.,JH¢ _Jzn 1000 _
Ave VMyTy. V4 200
4.(6) n=4
[=0,1,2,3
1

Iml=1=%1 m,

fori=0,m;=0
=1, m=-1,0, +]
[=2,m=-2,-1,0, +1, +2
[=3,m=-3,-2,-1,0,+1, +2, +3

, 1
50, s1x electrons can have Im,| =1 and m, = ="

5. (3) Ground state configuration

H: 1l
ls 2s 2p

in second excited state, electron will jump from Is to 2p, so
degeneracy of second excited state of H™ is 3.

Fill in the Blanks Type
1. 1.66 x 1077 kg

Mass of Hydrogen atom
_ Atomic mass of hydrogen ~ 1.008
Avogadro number 6.02 x 10*

-0.166 x 107> g = 1.66 x 107" kg
neutrons, for example, |H, {H, JH have 0, 1, 2 neutrons.
antiparallel; or opposite to follow Pauli’s exclusion principle.
isobars, for example, ng, Ch

Heisenberg, de-Broglie
photons
orbitals
orientation in space
4s', 3d°;
The electronic configuration of Cr is: 1s%, 2s% 2p°, 3s%, 3p°,
4s', 34,
Outermost electronic configuration is 34°, 4s'.

FENAN & WP

True / False Type

1. False:
The outer electronic configuration of the ground state chro-
mium atom is 3d° 4s', as half-filled orbitals are more stable
than nearly half-filled orbitals.



2. False:
Gamma rays are electromagnetic radiations of wavelengths
10 cm to 107 cm.

3. True:

Although energies of the s and p orbitals for the same principal

quantum number are very close to each other; the energy of

the corresponding d orbitals is much higher. For example, the

energy of 3d orbitals is much more than

that of 3s and 3p orbitals but less than 4s y

orbitals in case of H atom.
4. False:

The orbital 3d ., lies along X- and Y-

axis where electron density is maximum.

Subjective Type

1. Let the % of isotope with At. wt. 10.01 = x
; % of isotope with At. wt. 11.01 = (100 - x)

xx10.01+(100-x)x11.01

At. wt, of boron =
100
-z 10.81 = xx10.01+(100-2x)x11.01
100
x=20

Hence % of isotope with At. wt. 10.01 = 20%
% of isotope with At. wt. 11.01 =100 - 20 = 80%.
2. Elements usually have one or more isotopes and these isotopes
have different atomic masses. So atomic weights are fractional
number.

l ny=3 Ey=-2.41x 102

n=2 E;=-542x10"12

AE=E,-E,
AE = (-5.42 x 107'%) = (-2.41 x 10'%)
AE =-3.01 x 107"

—  Energy released = 3.01 x 107"

As AE = ne = A= e
A AE
_ 6.626 107" x3x10"
© 3.01x107"
19.878x 107"

3.01 107"
n=2
“
n=I| E
i. Energy of nth orbit E, = — and E, =-LE
n-

=-2.17x10" erg atom™’
aslE=E_-E,andE_=0
he

ii. Difference in energy (AE)=E, -E,=hv= T
.. Energy of second orbit

A

=6.604 x 10 cm = 6.604 A

E,= 1+
h-
-11
=E,= 2'1?; L =-0.5425x 107" erg
&E= E| - Ez

=-217x 107" = (-0.5425 x 107"
=-1.6275x 10" erg

=  Energy released is 1.6275 x 107! erg so wavelength
of emitted radiation.

) = 662X 1027 x 3x 10"

1.6275x 107"
5. To calculate the energy required to remove electron from atom,
means € 1s to be taken to oo,
Energy of an electron in the nth orbit of hydrogen is given by

=1220x 10 cm = 1220 A

E=-21.7%x10"x llergs T T
n
AE=E,_-E, n=2
_=217x107"% -21.7x107"
- ol B >2
=-21.7 xlO'u(il - 1)
w’ 4

=-21.7x 10-”[0 - i] = +5.42 x 10 ergs

=>  Energy required 15 5.42 X 107" ergs.
Now we know that AE = hv

Ag < he ( L.=£)

or A=—
6.627 x 10" % 3x 10"
542 x107"°

=3.67x 10 cm
6. Ground state electronic configuration of Si

Dl_ T |1

3s 3p. 3p, 3p

Substituting the value, A =

is in accordance with Hund's rule which states that electron
pairing in any orbital (s, p, d or f) cannot take place until each
orbital of the same sub-level contains 1 electron each of like
spin. |
7. Forn=3and /=2 (i.e., 3d orbital), the values of m varies from
-2 to +2, i.e. =2, -1, 0, +1, +2 and for each ‘m’ there are 2
values of ‘s’, 1.e., + Y2 and - Y2
Maximum no. of electrons in all the five d-orbitals is 10.
8. Energy needed to remove means to bring electron to infinity.

n = oo
T 3=’Eﬂﬂﬂb'required:.£__53= AR
: n=
=21, ﬂ-l‘}
EﬂﬂfH= 21 ?6:‘] ]
n
i 19
E, of He' = 21'?6?10 < Z2]
n
=3 -19
E;of He' = "]'76);10 ";4]
71 76 % 1019 . 14
MS:( 21.?6::10 J_( 21.76x10 )le
fa_s) 3__ |
-19
AE.—.H'?ﬁ:lO T

Hence energy equivalent to £; must be supplied to remove the
electron from 3rd orbit of He*. Wavelength corresponding to
this energy can be determined by applying the relation.



he he 6.625%x107*x3x10%%9
AE=— 5 A=—= -
A AE 21.76 x107 " x 4
=2055x10""m=2055 A
B -19
9. As E = 21'?6:“0 x Z* J/atom
2

a. To find E; — E, = AE for hydrogen

-21.76x107"°  -21.76x107"°
/5 12
1 1

a&-zm&mo"“[---]
4 1

AE =-21.76 x 107" x -% =16.32 x 107"? J/atom

AE =

n=2
b. lm
n=1

AE=E,- E,=%=16.32x 107" x Z*

7 A=3x10%m
for which element

42_ 663X 107 x3x10°
3% 107 %16.32x107"
Z’=406=4= Z =2 = He"

10. Aim: Hydrogen He*

11.

ny="
;

zI
- _ 1 1
Given: A=A, . =V,=7, .asV =Ry [ — ) Vo

noon
For He"
_ ] I .2 — 1 | I
V,.=Ry=|=5-—= 12" 04y=R =—=11
N ) L )
das UHE.=UHS'H

On comparing
n, = | and n, = 2 in case of hydrogen.

No. of waves in one round = 2:."3
/

as A=—

mv
So, no. of waves in one round in 3rd orbit is = ol Ll

r,for H=r xn"

ry for H=0.529 x 3* x 10 cm

=0.529x9x 10" m (v r;=0.529 A)
Also u, = =
n
2.19x 10" 4 2.19x10° ¥
Uy = : cmsec = 3 m sec

(- uy=2.19 x 10® cm sec™)

12.

13.

14.

Also

No. of waves in one round
2rr,  2mry 2 XusxXm

A hfm:-'; B h
_2x22x0.529x9x107""%2.19x10°x 9.108 x 10~

Tx3x6.62x107*

=3
Bond energy of 1, = 240 kJ mol™' =240 x 10* J mol™

240 % 10°
— = J molecule™

 6.023 x 107
=3.984 x 107" J molecule™

he  6.626x 10 Js x 3% 10*ms™

A 4500 x 10™"m
=4417x107")

Kinetic energy = Absorbed energy — Bond energy

Kinetic energy =4.417 x 107" - 3.984 x 107"
=0.433 x 107" J/molecule
=4.33 x 10 J/molecule

Kinetic energy of each atom of iodine

_433x107%

Energy absorbed =

=2.165x 107" J.

Balmer meansn=2,Z= 1
Shortest wavelength means max. frequency means max. energy
means limiting line means n, = oo,
The shortest wavelength transition in the Balmer serics cor-
responds to the transition
n=2— n=o0 Hence, n =2, n, = Balmer
= 1 I apof 1 l
1J=RH{ = 2J={I0§'(€»‘?‘?‘cm )( ]
|

2" 2
n H: 2 o0

=27419.25cm™

Work done while bringing an electron infinitely slowly from
infinity to proton of radius a, is given as follows

EI

4ne, - ag

W=

This work done is equal to the total energy of an electron in its

ground state in the hydrogen atom. At this statge, the electron

1s not moving and does not possess any KE, so this total energy
is equal to the potential energy.

EE

TE=PE+KE=PE= -

In order for the electron to be captured by proton to form a

EE

ground state hydrogen atom it should also attain KE

(It is given that magnitude of KE is half the magnitude of PE
Note that PE is —ve and KE is +ve)

2 L

TR Pha BB e
|
or TE = g



15.

16.

17.

N I O R O ..
8ne, - a, 4ne, - a,
-Z, xzzez

Potential energy (PE) of a-particle =
gy (PE) p (dmeg)r

r = Distance from nucleus = 107" m
Z, =29 for copperand e = 1.6 x 1077 C
Z, = 4 (Number of orbit) and & = 8.85 x 107"* J'C*m"’

~ 29x 4(1.6 x107"? €)*
4%3.14x885x10°" 1 "'C?m™'x10™" m

=-267x107"]
Velocity of a-particle

So V

(v)= Jﬁ (where m — Mass of o-particle)
m

=R.97 x10%°m sec”’.

~ 2x2.67x107")
4 %107 kg mol/6.023 x 10"
I 5
—mu”-=eV
1

L

where e = 1.6 x 107"°C and V is potential difference

also 1.=inmnr‘b"=i
mu mA

2 2

-l-m }: 1=¢!."i,*’t:1ur‘.’=-l- hz

2 m°A 2 mAe

: 1X(6.62x107*)?
2%9.108 x 107" % (1.54 x107'1.602 x 107"

Step I: Determination of number of moles of hydrogen gas,

= PV 1x1 B
RT 0.082x298
The concerned reaction is H, — 2H; AH = 436 kJ mol™
Energy required to bring 0.0409 moles of hydrogen gas to

atomic state = 436 x 0.0409 = 17.83 kJ
Step II: Calculation of total number of hydrogen atoms in

1% =63.3 volt

0.0409 mole of H, gas
1 mole of H, gas has 6.02 X 10 molecules
23
0.0409 mole of H, gas = Qi x (.0409 molecules

Since 1 molecule of H, gas has 2 hydrogen atoms
6.02 x 10" x 0.409 molecules of H, gas

=2%6.02 x 10% x 0.0409 = 4.92 x 107
atoms of hydrogen T

18.

19.

Since energy required to excite an electron from the ground
state to the next excited state is given by

-21.7x10™""  -21.7x107"
2 1’

AE=¥—21.?><]{}'19(-1—-1]
4 1

=21.7x 10‘*%;4-3-: 16.3x107'°]

=1.63x1072'kJ

Therefore energy required to excite 4.92 x 10* electrons
=1.632x 107" x4.92 x 102 kJ = 8.03 x 10 = 80.3 kJ

Therefore total energy required = 17.83 + 80.3 =98.17 kJ
For maximum energy, n; = | and n, = <o

Hence, lm. = l x91.2=228 nm
4

a. At radial node, y* must vanishes, i.e.

1T I " =k
2 0
== 2 = %o
- [Nzn]( ﬂu]e

= 2-2=0 =r,=2q,
ﬂo
-34
b g h _6627x10
mu 0.1x100

or A=6627x10"m=6.627x10%A
Radius a, means Bohr’s radius, i.e., radius of the first orbit
For hydrogen atom, Z=1,n=1

v=2.18 x 10° x z ms' =2.18 x 10° ms™'
n
de-Broglie wavelength.
L 6.626 x 10~

mv  9.1x107'x2.18 x10°
=334x107""m=33A

For2p,l=1

m+ni=\/§i

Orbital angular momentum =
2n 2r



