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Fundamental particles of atom
(1) Atom consists of two parts
(a) Nucleus: Contains neutrons and protons.
(b) Extra nuclear part: Contains electrons.
(2) The characteristics of fundamental particles are
given below :

Mass
in amu

Charge in

Particle Symbol coulomb

Mass in kg Charge in esu

Electron  _¢°  0.000548 9.1091x 107" —4.803 x107'* -1602x 107

Proton  ,p'  1.00757 16725x107% +4.803x 107" +1.602x 107"

Neutron  on' 1.00893 16748 x 1077 0 0

Note : 1. The radius of electron is 4.28x 10~ cm
2. The radius of proton is 1.53x 10™%cm
Atomic number (2):
Z = No. of protons in the nucleus of an atom
= No. of electrons in the extra nuclear part of
neutral atom.

Mass number (4): It is equal to sum of numbers of
protons and no. of neutrons in an atom or the number of
nucleons.

A=p+n (1)

Size of the nucleus: (1) The size of the various nuclei
(r) can be calculated from

radius () = (1.3 x107%)4" (2)
where 4 is the mass no. and r is the radius of nucleus in
cm.

(2) If nucleus is assumed to be spherical, the density
of nucleus (d) may be expressed as

Massof nucleus _  Mass no. » 1 0

= Volume of nucleus  Avogadro’s no. ~ 43xr>’

i

(3) The dimensions of nucleus are of the order of 10~ nm.
(4) The dimensions of atom are of the order of10™! nm.
(5) The density of nucleus =1.68 X 10Mg cm &

Theory of relativity and velocity of particle: According
to the theory of relativity, the mass (m; ) of a particle (electron) at
high speed is given by
T (4

2
-]
c

where m is the mass in the rest; u is velocity and c is velocity
of light

If u=c¢, then m =eo

Planck’s quantum theory: Radiant energy is emitted or
absorbed only in discrete units or packets of energy called photon
(quantum). The energy ‘E” associated with a quantum is given by

E =hv where h is Planck’s constant and v is frequency of
radiations.

m =

E=hv=%=hca (%=V) 5

h=6.625%10* J-sec = 6.625 x 107" erg - sec
c is velocity of light =3.0 x10® m sec ™
=3.0x10" cm sec”
vis frequency of light insec ™', ¥ is wave no. inm ™' orem ™.
il It is thus clear that energy of photon decreases with increase
inA.
Note: Energy ‘E’ associated with a photon can also be written as

_ 12375
E= = eV

where E is energy in eV and A is wavelength of light in A.
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Bohr's model for H or H like atoms, lLe.,
Oone electron systems

() ~Thc electrons are in continuous motions round the
nucleus in closed orbits of definite energy level known as
shells. Shells are named as &, L, M. N... or numbered as 1, 2, 3,
4 ... from the nucleus. As the distance of shell increases from
the nucleus, energy level of shell increases.
‘ ) As lot_tg as an electron occupy a definite energy level,
it does not radiate out energy. The emission or absorption of
energy occurs only when electron jumps from one level to
other

AE =E,, -E, =hv (6)

If n; > m emission spectra

If ny <m absorption spectra

(3) The angular momentum of electron in closed shell is
always quantized, i.e., integer multiple of A/ (m).

Angular momentum= n - % or mur=n- A (7

2n
Some important results of Bohr's model
For H atom or H like atoms, i.e., He*, Li**...

Radius: 7, =n*xn and r,=—0H"_ (8)
4n"me-Z
where Z is at. no., e is charge on electron, m is mass of
electron and # is no. of shell.
and for H atom n=0529A ..(9)
Energy: Ey =PE+KE
where E7 is total energy of an electron in a shell.

PE is potential energy =

T

KE is kinetic energy:-,l;z;e-
2 12z (10
Er=- W2 Tn 2r, {0
L (1D
==PE (
Ey 3
K£=-%E- (12)
Also, by Egs. (8) and (10). \\;e get
24
Ey=-28meZ (13)
n~h”
1.72x107"
for H atom, E7 =—2———z—erg

n
-19
__2m )ﬁlO joule = --13—;6eV
n° n°

These equations also reveal that .
and E,=—7
n

o ~(14)
Ey< -

Numerical Chemistry

where E, and E, are energy levels in nth shell and st

shell.
Tfor H

Also TH like atom =T (15)
2
and E, Hlike atom = Entorn XZ ..(16)
Velocity of electron in an orbit :
_2nZé’ an
For Hlike atom: 4, = o
2ne?
For Hatom: un == ..(18)
Uy =+ ..(19)
n

where 1, is velocity of electron in Ist orbit.
Time required (7) to complete one revolution by an
electron round the nucleus in an orbit :
_2nr,
.
Number of revolution per sec. made by an electron
round the nucleus in an orbit :

...(20)

Ha ..
B 1)

Note: (1) The use of above formulae from Egs. (8) to '(21) is
permitted only in CGS units. If MKS units are

number of revolution =

used: the factor 4“:8 should be used accordingly.
0
1n CGS =l ooy
4ne,
In MKS 1

—— =9x10° Nm?’C?
4ney

(2) If+13.6eVenergy is given to H atom, the electron in H
atom will be knocked out giving rise to the formation of
H". That is why ionisation potential of H = 136V, i.e.,
the energy level of Ist shell with a negative sign.
Frequency (v), wavelength (1) and wave number V)
during electronic transition :

AE=E,, -E, =%=hv=hcv

2452
or hv=le_2n"me’Z% . 2711 _ 1
A h= ny  n3y
or l___;=2nzm22e‘ 1 _ 1
A

«(22)

where A is the wavelength of radiations during electronic
transition from n; to . Ry, is Rydberg constant and is equal to
109678 cm ™'

(1) When n, =1 n, =234 . Lyman series in UV
region
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(2) Whennm =2 ny=3,4,5 ..Balmerseries in visible
region
_ (3) When n =3 n;=4,5,6 ..Paschen series in IR
region
(4) When m =4 n, =5,6,7
region
(5) When m =5 n,=6,7,8
region
To derive no. of subshell in a shell
A result of Sommerfeld model suggests that
n_ length of major axis
k  length of minor axis
e.g., if principal quantum no. n =4
The values of kcanbe 1,2, 3,4 only, since kis an integer
4th shell have 4 subshells.

Total spin and magnetic moment: The total spin (s) of
an atom is given by s =% X n, where n is number of unpaired

...Brackett series in IR

..Pfund series in IR

(23)

electrons.

The spin magnetic moment (i) of electron (excluding
orbital magnetic moment) in Bohr Magneton (B.M.) is given

by:
Keffective =y 45(s +1) ..(24)
If s= % Xn
Heffective =y7(n+2) B.M. ..(25)

To derive the possible no. of A in line spectrum when
an electron de-excites from one level to other.

If an electron jumps from n, into n orbit then
An = (n, —n, ) and possible number of A given out during the
jump =XAn ...(26)

Say an electron is in 4th shell in H atom. It is to be
de-excited to ground state level, i.e., 1st shell.

The possible no. of A given out = ZAn=X(4-1)

=X3=1+2+3=6

Particle and wave nature of electron, /.e., dual nature.

de Broglie proposed a relationship in between A of a
moving particle with its velocity on the basis of quantum
theory.

_h_h___h__ ke=lm?) @7
l_mu—P— 2m(KE) (<KE zmu) =

where m is mass of moving particle
u is its velocity
P is momentum of particle equal to mu or

JZm(KE)
h is Planck’s constant.

The circumference of the nth orbit (if closed) is equal to
integer multiple of wavelength.

Thus, 2nr, =nk

Also, Frequency (v) of matter wave
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2
u u mu” _2KE
=r=——=——=== ..(28
A himai h K 28
Heisenberg's uncertainty principle:
According to this principle, it is impossible to determine
momentum and position of a subatomic particle precisely and
simultaneously.

Ap-Ax z‘—:’; .(29)

m~Aqu2L
4n

Au-Ax 2 B ..(30)
4nm
where Ap is uncertainty in momentum, Ax is uncertainty
in position and Au is uncertainty in velocity.
The four quantum numbers: The four quantum
numbers are results of Schrodinger wave equation.

(1) Principal quantum no.
(a) Denoted by ‘n’
(b) The values of ‘n’ are from 1 to n

n=1 K shell
n=2 L shell
n=3 M shell
n=4 N shell

(c) ‘n’ signify for the size and energy level of major
energy shell.
(2) Azimuthal or angular quantum no.

(a) Denoted by ‘/’

(b) The values of ‘/’ are from 0 to (n — 1)

=0 s subshell
=1 p subshell
I=2 d subshell
=3 S subshell

(c) ‘I’ signify for shape and energy level of subshells.
(3) Magnetic quantum no.

(a) Denoted by ‘m’

(b) The values of ‘m’ are from + {to F /

Let I=1 m=-1 0 +1
psorp, p; Py OF py

Let =2 m=-2 -1 0 +1 +2
d,, or dy or d;d, or da_»
da_2 dy, de ordy

(c) ‘m’ signify for the possible no. of orientations of
subshells.

(4) Spin quantum no.
(a) Denoted by ‘s’
1

(b) The values of ‘s’ are +% and -3
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(c) *s’ signify for the direction of spin of electron in a
sub-subshell or orbital.

Angular momentum

Anguiar momentum of an electron in an orbit = nzi
T

(31
Angular momentum of an electron in an orbital
= % xJ[a+nn -(32)

Pauli exclusion principle

(1) Itis impossible for two electrons of an atem to have
all their four quantum no. same.

) eg, is correct for 1s?

is wrong for 1s*

(3) Following results have been obtained by Pauli
exclusion principle.
(a) Maximum no. of electrons in a shell can be 2n?.
(b) Maximum no. of electrons in a subshell can be 2,
6, 10, 14, in s, p, d, frespectively.
(c) Maximum no. of electrons in a sub-subshell is 2
only.
Note: Electronic transition between subshells is possible only
when Al = £1.
Aufbau principles
The electronic configuration is written on the basis of
following rules.
(1) The electrons in a poly electronic atom are filled one
by one in order of increasing energy level.

1s? is correct

2s? is wrong
because energy level of Is <2s.

(2) Hund’s rules:

(a) In filling a group of orbitals of equal-energy (or
subshells) it is preferred to assign electrons to empty
orbitals rather than pair them in a particular
subshell, because the former arrangement leads to
lower energy level.

(b) Same spin of unpaired electrons in sub-subshell also
gives rise to lower energy level.
eg., 7H: 152, 2.s22p3

e.g., H:

For2p® 1 1 1 is correct

11

1 L 1 is wrong (statement b)

is wrong (statement a)

Numerical Chemistry

(3) (n+1)rule:

(a) The subshell with lower values of (n+ /) possesses
lower energy level and should be filled first.
eg, 10K: 152, 2522 p%, 35?3 p®3d" is wrong

152, 25%2p8, 3523p6, 4s" is correct

n+lofds=4+0=4
n+lof3d=3+2=5
Thus, 4s should be filled first.

() If (n+1) is same for two subshells, the one with
lower values of n possess lower energy and should
be filled first.
eg., 25¢c: lsz,2.s22p6,3s23p6, 4s24p" is wrong

1s?, ?_vZZp(’, 3523p63d' , 4s? is correct
n+lofdp=4+1=5
n+lof3d=3+2=5

Thus, 3d should be filled first. - n of3d <nof4s

(4) A subshell having nearly completely filled or nearly

half filled configuration tends to acquire exactly
completely filled or exactly half filled nature in

order to attain stability, i.e., lower energy level.
eg., 2Cr:1s%,25%2p°, 3523 p%3d*, 4s? is wrong
15,2522 p%, 3523 p®3d°>, 4s" is correct
29Cu: 152, 2322;76, 3s23p63d9, 4s? is wrong
1s?, 2522 pS, 3323p63d'°, 4s' is correct
4Pd: 12,2572 p%, 3523 p%34"°, 4524 544",
557 is wrong
Is?,2572p%, 35?3 p%34", 4524 p%4d"*
is correct
Photo Electric Effect
When a photon strikes the metallic surface, it gives up its
energy to the electron. Part of this energy (say /) is used by the
electrons to escape from the metal, the remaining imparts the

g Ao 1
kinetic energy (E mu? ) to the photoelectrons. If the incident

radiation has frequency v, then its photons have energy Av, it
follows from the conservation of energy principle that

=W+ (-:l_;)mu2 .(33)

or (l)mu2 =hv-W ..(34)

2

The equation shows that if KE is plotted against
frequency of incident radiations, a straight line is obtained with
a slope equal to Planck’s constant. The equation expresses the
fact that if a photon strikes a metal then it can release an
electron from the metal provided the photon energy (i.e., hv) is
greater than the binding energy or work function (W) of the



Atomic Structure

electron in the metal. Further the released
out with kinetic energy equal to (hv - W)

Instead of irmdiating n metal, one cun irradiate atoms with
photons of known frequency, the above oquation may be
written as: hv =1E + KE,

electron will esoapo

This suggests that tho photon energy i partly used to
knock out an electron from the atom (i.e., IE) and the remainder
shows up as the kinetic eneryy of the released photoelectron,

The potential applied on the surface to reduce the volocity
of photo-electron to zero is known as stopping potential ¥,
thus, kinetic energy = eV,

Thus, Av=W + (Stopping potential % charge)

1)
«(35)

(36)

hv=W+el 0
where ¢ I electronic charge and ¥, Is stopping potential,
Number of Nodes ’
Total number of nodos In a shell = (1 = 1)
Angularnodon= /

Spherloal noden=n -/~ 1
Wave function of H ltom' In ground state:

I !
Wave function, y, = 16 rlmy
J Ray

W(37)
(38)

+(39)
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© NUMERICALPROBLEMS ®

10.

11.

12.

13.

14.

15.

- The mass-charge ratio for A* ion is 1.97 x 10~ kgC™'.

Calculate the mass of A atom.

Calculate the force of attraction between an electron and
a body having two proton charge when they are
0.529 10" cm apart. Charge on one electron and one
proton is 1.6 X107 Cand +1.6x10™'° C.

Two carbon discs of 1.0 g each are 1.0 cm apart have
equal and opposite charges. If forces of attraction
between them is 1.00x10~° N, calculate the ratio of
excess electrons to total atoms on the negatively
charged disc. (Permitivity constant is
9.0x10° N m?>C)

. o-particles of 6 MeV energy is scattered back from a

silver foil. Calculate the maximum volume in which the

entire positive charge of the atom is supposed to be

concentrated. (Z for silver = 47)

K =9.0x10° Nm*C™,

What is the relationship between eV and the wavelength

in metre of the energetically equivalent photon?

What is the mass of one photon?

Write down the numerical value of 4 and its unit.

Calculate the energy per quantum associated with light

of wavelengths,

(a) 5890 A ®) 250x10~° m

(c) 40x10™ cm (d) 600 nm

Also calculate the energy per mol of photon in case (d).

AIR service on Vividh Bharati is transmitted on 219 m

band. What is its transmission frequency in Hertz?

A certain laser transition emits 6.37x10'* quanta per

second per square metre. Calculate the power out put in

joule per square metre per second. Given A =632.§lnm.

The dissociation energy of H, is 430.53k Jmol™". If
i iation energy of wavelength 253.7

:{én,liwehxgo‘;f%?xﬁ?mt energyrg\)\,rill be convegrtthed into

kinetic energy? .

Jodine 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 iodine

atoms. (Bond energy of /; =240k J mol™') (IIT 1995)

A bulb emits light of A 4500 A. The bulb is rated as 150
watt and 8% of the energy is emitted as light. How many
photons are emitted by the bulb per second? (IIT 1995)
Calculate the number of photons emitted in 10 hour by a
60W sodium 1amp. (A phioa =5893 A)

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—Hbondis436 k J mol™". (TIT 2000)

16.

17.

18.

19.

20.

21.

22.

25.

Also calculate the minimum frequency of photon to
break this bond.

Suppose 10”7 J of light energy is needed by the interior
of the human eye to see an object. How many photons of
green light (A =550 nm) are needed to generate this
minimum amount of energy? .

0, undergoes photochemical dissociation into one
normal oxygen atom and one oxygen atom, 1.967 ev
more energetic than normal. The dissociation of O, into
two normal atoms of oxygen requires 498 k J mol™'.
What is the maximum wavelength effective for
photochemical dissociation of O,?

A certain dye absorbs light of A =4530 A and then
fluorescence light of 5080 A. Assuming that under
given conditions 47% of the absorbed energy is
re-emitted out as fluorescence, calculate the ratio of
quanta emitted out to the no. of quanta absorbed.

A photon of 300 nm is absorbed by a gas and then
re-emits two photons. One re-emitted photon has
wavelength 496 nm. Calculate energy of other photon
re-emitted out.

Certain sun glasses having small crystals of AgCl
incorporated in the lenses, on exposure to light of

appropriate wavelength turns to gray colour to reduce
the glare following the reaction:

AgCl-25 Ag +Cl
(Gray)

If the heat of reaction for the decomposition of AgCl is
248k J mol™!, what maximum wavelength is needed to
induce the desired process?

Atomic radius is of the order of 10~® ¢m and nuclear
radius is of the order of 107" cm. Calculate what
fraction of atom is occupied by nucleus?

2
Prove that u, = (Ze
mr,

) where u is velocity of electron

in a one electron atom of at. no. Z at a distance r, from
the nucleus, m and e are mass and charge of electron.

- Calculate the velocity of an electron placed in III orbit

of H atom. Also calculate the no. of revolution/sec
round the nucleus.

. Find out the energy of H atom in first excitation state.

The value of permitivity factor

4meg =1.11264x107'° C2 N~';p 2.

Consider the hydrogen atom to be a proton embedded in
a cavity of radius a, (Bohr’s radius), whose charge is
neutralized by the addition of an electron to the cavity in
vacuum, infinitely slowly.
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26.

27.

28.

29.

30.

31

32.

33.

34.

35.

37.

38.

39.

(a) Estimate the average of total energy of an electron
in its ground state in a hydrogen atom as the work
done in the above neutralization process. Also, if
the magnitude of the average kinetic energy is half
the magnitude of the average potential energy, find
the average potential energy. (1IT 1996)
Also derive the wavelength of the electron when it
is ag from the proton. How does this compare with
the wavelength of an electron in the ground state

Bohr’s orbit?

What is the principal quantum no. of H atom orbital if

the electron energy is —3.4eV ? Also report the angular

momentum of electron.

The velocity of electron in a certain Bohr’s orbit of H

atom bears the ratio 1:275 to the velocity of light :

(a) What is the quantum number (n) of orbit?

(b) Calculate the wave number of radiations emitted
when electron jumps from (n +1) state to ground
state.

The ionisation energy of H atom is 13.6 eV. What will

be ionisation energy of He* and Li** ions?

The ionisation energy of He* is 196 x107'® J atom ™.

Calculate the energy of first stationary state of Li**.
Electromagnetic radiations of wavelength 242 nm is
just sufficient to ionise sodium atom. Calculate the

ionisation energy of sodium in kJ mol ™.

(Roorkee 1992)
Calculate the shortest and longest wavelength in H
spectrum of Lyman series. Ry =109678 em™.
Convert the value of Rydberg constant
(Ry =109678cm™) into Rydberg an unit of energy
(ie., 1 Rydberg (1 Rh) =2.18x107'* J).
How many spectral lines are emitted by atomic
hydrogen excited to the nth energy level?
Calculate the Rydberg constant R if He™ ions are known
to have the wavelength difference between the first (of
the longest wavelength) lines of Balmer and Lyman
series equal to 133.7 nm.
The A of H,, line of Balmer series is 6500 A. What is the
A of H line of Balmer series?
Calculate the longest wavelength which can remove the
electron from I Bohr’s orbit. Given E; =136eV.
Calculate the frequency of the spectral line emitted
when the electron in n=3 in H atom de-excites to
ground state. Ry =109737cm ™.
Calculate the wavelength of radiations emitted
producing a line in Lyman series, when an electron falls
from fourth stationary state in hydrogen atom.
(Ry =1.1x10"m™") (Roorkee 1995)
The ionisation energy of a H like Bohr’s atom in 4
Rydberg.

®)

40.

41.

42.

43.

44.

45.

46.

47.

48.
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(a) Calculate the wavelength radiated when electron
jumps from the first excited state to ground state,
(b) What is the radius of [ orbit of this atom?
Given IR, =2.18x107" J,
ThelP, of His 13.6 eV. It is exposed to electromagnetic
waves of 1028 A and gives out induced radiations. Find
the wavelength of these induced radiations.
Calculate A of the radiations when the electron jumps
from 111 to I1 orbit for H atom. The electronic energy in
11 and 111 Bohr’s orbit of H 1tom are ~5.42 x 10’ "2 and
~2.41x107'% erg respectively.
The energy E for an clectron in H atom is

—zu%q—zerg. Calculate the energy required to
n

remove electron completely from n=2 orbit. Also

calculate the longest wavelength of light that can be

used to cause this transition.

Calculate the energy emitted when electrons of 1.0 g

atom of hydrogen undergo transition giving the spectral

lines of lowest energy in the visible region of its atomic

spectra.

Ry =1.1x10"m™", c=3x10% msec” and

h=6.62x107* J sec. (Roorkee 1993)

Energy required for excitation of electron in 1 mole H

atom from ground state to 2nd excited state is 2.67 times

lesser than dissociation energy per mole of H;(g).

Calculate the amount of energy needed to excite each H

atom of H,(g) confined in 1.0 litre at 27°C and 1 bar

pressure. R =0083 bar litre K™ mol™";

Ry =1.1x10" m™".

1.8 g hydrogen atoms are excited to radiations. The

study of spectra indicates that 27% of the atoms are in

ITIrd energy level and 15% of atoms in IInd energy level

and the rest in ground state. IP of His 13.6 eV. Calculate

(a) no. of atoms present in III and II energy levels.

(b) total energy evolved when all the atoms return to

ground state.

For He* and Li%*, the energies are related to the

228
le ’

1

quantum no. n, through an expression: E, =—

where Z is the atomic no.
B=2.179x107"% J,

(a) What is the energy of lowest level of a He* ion?
(b) What is the energy of I1I level of Li** ion?

What hydrogen like ion has the wavelength difference
between the first lines of Balmer and Lyman series
equal t0 593 nm? Ry, =109678cm ™.

Wavelength of high energy transition of H atom is
91.2 nm. Calculate the corresponding wavelength of
He" ion. (IiT 2003)

of species and
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49,

50.

51.

52.

53.

55.

56.

57.

Calculate the ratio of wavelengths of m" line of Lyman
series and Balmer series of H-atorn.

To what series does the spectral lines of atomic
hydrogen belong if its wave number is equal to the
difference between the wave numbers of the following
two lines of the Balmer series: 486.1 and 410.2 nm?
What is the wavelength of that line?

A series of lines in the spectrum of atomic H lies at
wavelengihs 656.46, 486.27, 434.17, 410.29 nm. What
is the wavelength of next line in this series?

A hydrogen-like atom (atomic number Z) is in a higher
excited state of quantum number n. This excited atom
can make a transition to the first excited state by
successively emitting two photons of energies 10.20 eV
and 17.00 eV respectively. Alternatively, the atom from
the same excited state can make a transition to the
second excited state by successively emitting two
photons of energy 4.25 eV and 5.95 eV respectively.
Determine the values of n and Z.

Estimate the difference in energy between st and 2nd
Bohr’s orbit for a H atom. At what minimum at. no., a
transition from n =2 to n =1energy level would result in
the emission of X-rays with A =30x10"® m? Which
hydrogen atom like species does this atomic no.
corresponds to? (11T 1993)

. What transition in the hydrogen spectrum would have

the same wavelength as the Balmer transition n=4 to

n=20ofHe" spectrum? (IXT 1993)

Calculate the wavelength emitted during the transition

of electron in between two levels of Li>* ion whose sum

is 4 and difference is 2.

Consider the following two electronic transition

possibilities in a hydrogen atom as pictured given:

(1) The electron drops from third Bohr’s orbit to
second Bohr’s orbit followed with the next

transition from second to first Bohr’s orbit.
n=3

n=2

n=1

(2) The electron drops from third Bohr’s orbit to first
Bohr’s orbit directly.

Show that :

(a) The sum of the energies for the transitions n =3 to

n=2and n=2to n=1is equal to the energy of

transition forn=3ton=1

Are wavelengths and frequencies of the emitted

spectrum are also additive in the same way as their

energies are?

The angular momentum of an electron in a Bohr’s orbit

of H atom is 4.2178 X 107 kg - m? / sec. Calculate the

spectral line emitted when electron falls from this level

to next lower level.

(b)

58.

59.

60.

61.

62.

63.

65.

66

67.

68

69.

70.
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Find the quantum no. ‘n’ corresponding to the excited
state of He* ion if on transition to the ground state that
ion emits two photons in succession with wavelengths

108.5 and 30.4 nm.
A single electron atom has nuclear charge +Ze where Z

i ic number and e is electronic charge. It requires
?2?}/(:3n\lll(t:onexcite the electron from the second Bohr’s
orbit to third Bohr’s orbit. Find :
(a) the atomic number of elemen.t.‘
(b) the energy required for transition of electron from
third to fourth orbit.
(c) the wavelength required'to remove electron from
first Bohr’s orbit to infinity. .
(d) the kinetic energy of electron in first Bohr’s orbit.
Calculate the angular frequency of an electron
occupying the second Bohr’s orbit of He" ion. .
Two hydrogen atoms collide head on and end up with
zero kinetic energy. Each atom then emits a photon of
wavelength 121.6 nm. Which transition leads to this
wavelength? How fast were the hydrogen atoms
travelling before collision?
(Ry =1.097x10"m ™" and my =1.67x107" kg)
Calculate the wavelength of a 100 g rubber ball moving
with a velocity 100m sec™'. Is the wavelength of ball
short enough to be observed? (IIT 2004)

Calculate momentum of radiations of wavelength
0.33 nm.

. How much will the kinetic energy and total energy of an

electron in H atoms change if the atom emiits a photon of

wavelength 4860 A?

Find out the number of waves made by a Bohr’s electron

inone complete revolution inits 3rd orbit.  (IIT 1994)

Find out the following :

(@) The velocity of electron in first Bohr’s orbit of
H-atom (r=a,).

(b) de Broglie wave length of the electron in first
Bohr’s orbit of H-atom.

(c) The orbital angular momentum of 2p-orbitals in
terms of" 5y units, (IIT 2005)

Calculate the wavelength of moving electron having
455x107 joule of kinetic energy.

Calcu.late the momentum of electron moving with 1/3rd
velocity of light.

With what velocity must an electron travel so that its
T:n;;m ?is equal to that of a photon of wavelength of
Calculate uy, for an electron at 27°C. Given
me =9108x107%% g

Calculate the wavelength of helium at speed
is equal to its rms speed at 27°C. wom whose
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72.

73.

74.

75.

76.

71.

78.

79.

81.

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? (IIT May 1997)
The vapours of Hg absorb some electrons accelerated
b‘y a p_otcnt:gl difference of 4.5 volt as a result of which
light is emitted. If the full energy of single incident
clec!ron is supposed to be converted into light emitted
:;;:mgle Hg atom, find the wave number (1/ A) of the
ight.

F:alculatc the accelerating potential that must be
imparted to a proton beam to give it an effective
wavelength of 0.005 nm.

An electron moves in an electric field with a kinetic
energy of 2.5 eV. What is the associated de Broglie
wavelength?

Show that de Broglie wavelength of electron
accelerated through ¥ volt is nearly given by:

150 1/2
W
(in A) [V]

A dust particle having mass equal to10™"" g, diameter of
10~ cm and velocity 10~ cmsec™. The error in
measurement of velocity is 0.1%. Calculate uncertainty
in its position. Comment on the result.

Calculate the uncertainty in velocity of an electron if the
uncertainty in its position is of the order of 1 A.
Calculate the uncertainty in velocity of a cricket ball
(mass =015 kg) if its uncertainty in position is of the
order of 1 A.

What is the maximum precision with which the
momentum of an electron can be known if the
uncertainty in the position of electron is +0001 A? Will
there be any problem in describing the momentum if it

has a value of , where a, is Bohr’s radius of first

2na,
orbit, i.e., 0.529 A?
Theposiﬁonofaprotnnismmsmedwithanaccuracyof
+10x%10~"! m. Find the uncertainty in the position of
proton 1 second later. ASSUME ¥ proton =velocity of light.
An electron has a total energy of 2 MeV. Calculate the
effective mass of the electron in kg and its speed.
Assume rest mass of electron 0.511 MeV.
On the basis of Heisenberg’s uncertainty principle,
show that the electron cannot exist within the nucleus.
Energy required to stop the ejection of electrons from
Cu plate is 0.24 eV. Calculate the work function when
radiations of A =253.7 nm strike the plate.
A stationary He * ion emitted a photon corresponding to
the first line (H, ) of the Lyman series. That photon
liberated a photo electron from a stationary H atom in
ground state. What is the velocity of photo electron?
Ry =109678cm ™.
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Thephotoeleclricemissionrequiruadneshold
frequency v,. For a certain metal A, =2200 A and
A, =1900 A produce electrons with a maximum kinetic
energy KE, and KE,. If KE, =2KE;, calculate v, and
corresponding A ¢.

The minimum energy required to overcome the
attractive forces between electron and the surface of Ag
metal is 7.52x107"? J. What will be the maximum
kineticencrgyofelecn'onejectedomﬁunAgwhichis
being exposed to U.V. light of A =360 A?

88.'1'bcbindingenergyofelecu'onsinametzlis

250 kJ mol ™. What is the threshold frequency of metal?

89. Wavelength of the K, characteristic X-ray of iron and

91.

92.

93.

9s.

97.

potassium are 1.931x10~° and 3737x10™ cm
respectively. What is the atomic number and name of
the element for which characteristic K, wavelength is
2.289x107% cm?

What is the significance of W4 » o?

Suggest the angular and spherical nodss in

(a) 4p ®) 3p (c) 3s.

The wave function () of 2s-orbital is given by:

372
1 1 r 1
w = ol 2___ e '1_~
5 oJaan [ao] [ ao]

At r = ry, radial node is formed. Calculate ry in terms of

ap.

. (IIT 2004)
Nitrogen atom has at. no. 7 and oxygen has at. no. 8.
Calculate total no. of electrons in nitrate ion.

. A neutral atom of an element has 2K 8L, 9 and 2N

electrons. Find out the following :

(a) Atomic no.

(b) Total no. of s electrons

(c) Total no. of p electrons

(d) Total ne. of d electrons

(e) Valency of element

(f) No. of unpaired electrons.

Oxygen consists of isotopes of 0'¢, 0'” and O'® and
carbon consists of isotopes of C'* and C"*. How many
types of CO, molecules can be formed? Also lvpon
their molar masses.

The atomic masses of two isotopes of O are 15.9936 and
17.0036. Calculate in each atom :

(a) No. of neutrons (b) No. of protons

(c) No. of electrons (d) Mass no.

Write down electronic configuration of the following
and report no. of unpaired electron in each.

(a) Mn:* ®) Cr? (c) Fe™ (d) Ni'? (o) QI°
(D Zn"™ (@ Fe” MNa (HMg (Hao
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98.

99,

100.

101.

102.

103.

Predict total spin for cach configuration,

(a) 18 ©) 18.28%2p% (o) 18?2672

() 157.28%2p" (¢) 152, 2572 p%,38%3p%3d%, 452,

A compound of vanadium has a magnetic moment of

1.73 BM. Work out the electronic configuration of the

vanadium ion in the compound. (IIT July 1997)

Point out the angular momentum of an electron in

(a) 4s orbital (b) 3p orbital (c) 4th orbit

Given below are the sets of quantum numbers for given

orbitals. Name these orbitals.

@ n=2 (b) n=4 (c) n=3 (d) n=4 (e) n=3
=1 1=2 =1 =0 =2
m=-1 m=0 m=xl m=0 m=%2

What values are assigned to quantum number n, 7, m for

(a) 2s (b) 2p. (c) 4d_ . (d) 4d ,?

Arrange the electrons represented by the following sets

of quantum number in decreasing order of energy.

(1) n=4 1=0 m, =0 m,=+%

(1) n=3 =1 m, =1 m,=—§

104,

105.

106.

107.

108.

Numerical Chemistry

(1) n=3 =2 m, =0 m, =+

N = N |—

(1 n=3 =0 m, =0 m, =—

Write down the quantum numbers of all the electrons
present in outermost orbit of Argon. '

An oxide of nitrogen has vapour density 46. Find the
total number of electrons in its 92 g.

Calculate the total number of electrons in

(a) 1.6g CH,

(b) one molecule of CO,

(c) N, molecule.

4Be” captures a K electron into its nucleus. What is the
mass number and at. no. of the nucleide formed?

Write electronic configuration of ;, Mg, ;;CL ,3V and
find out their period and groups in periodic table.
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. E=

Atomic Structure

-u_un

=1.97x1077 (sincee=1.602x107"* C)

=1.97x107 x1.602x10™" kg
m=3.16x107% kg

2. Force of attraction, F =K x%
d

where K =9.0x10° Nm2C2;
d=0.529x10"® cm=0.529%10""" m
£ o 0% 10° x (-1.6x107'% )x 2x 1.6x 10~
(0.529%107'% )2

=1.65x10"7 Newton

F=k 2192
)

Also, Nn=92=4q
K =9.0x10° Nm?C™?
9.0x10° x¢*
(1x1072)?
¢=3.3%107"" C on each disc
Charge on one electron = 1.602x107™"° C
.. Number of electrons on disc
__33x107"
" 1.602x107"
.. Number of atoms in 1 g carbon

600107
12

2.08x10°
5.0x10%
=4.17x107" electron /atom
1 (Ze)@2e) _ . (Z2)(2e)
4ne, r r
_9x10° x47x2x (1.6x107"7 )?
T 6x10°x1.6x107°
Maximum volume = %nr3 =48x1

and r=1x102m

1.0x107° =

=2.08x10°

5.0x10%

.. Ratio of electrons to atoms =

=225%10" m

0—41 ml

_ 6.625x107 x3.0x10°
l(ln m)
Let E phonon =16V=1.602x107""

_ 6.625x10 x3.0x10° _15 40 %10~ m
1.602x107"°

. Photons are supposed to be massless bundles of energy.

However, mass can be calculated by A =h/ mu

. h=6.625x107"" erg sec=6.625x 10" joule sec

Epm

The unit of & = joule sec or erg sec. [

10.

11

12.

E-——-

where E is energy associated per photon of wavelength A.
@) - E=8625X107x3.0x10°0 _3 39, 49-12

erg

5890107
-27 10

(b) E=6.625X|0 X3-;0X10 '7.95)(10_'1 erg
250x 10~

© E= 6.625x10°7 x3.0x10° _ 4 97107 erg
4x1078

@ E= 6.625x10°7 x3.0x10° _3 3, 1912 ¢rg
600x1077

E/mol photon = NE = 6.023x10% x3.3x107? erg
=19.88 x 10" erg

. Given, A=219m
_c 230x10° _ . 20 108 Hz
Thus, v= X or Vv 219
Energy falling per square metre per second

=No. of quanta falling per square metre per second

x Energy of one quantum

6.625%10 x3.0x10°
632.8x107°

=637x10" x% = 637x10 x

=2x107 Jm™? sec™!
Energy required to break H—H bond

=H3053x10° 1) ecle = 71510710 J
6.023%x10%

Energy of photon used for this purpose = I;'c

_6.625x107 x3.0x10®
253.7x107°
- Energy left after dissociation of bond
=(7.83-7.15)x10™"
or Energy converted into KE = 0.68x10™" J
% of energy used in kinetic energy
= 068x 107 00— 5.68%
7.83x107"
Energy given to I, molecule
= he _ 6.626x107 x3.0x10°

=7.83x107" J

=4417x107° J
A 4500x 1071
Also, energy used for breaking up of I, molecule
3
= _280X10°_ _ 3984510 )
6.023x10%

Energy used in imparting kinetic energy to two I atoms
=[4.417-3.984]x107" )

KE/iodine atom = [(4.417—-3.984)/2]x 107"
=0216x10"" J
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13. Energy of one photon = %

-34 8
= 6.625x107* x 30x10" 44210 5
450010

Energy emitted by bulb = 150x% J/sec (watt=1J/s)
nx4.42x10™ = 150x -8
100

(where n is no. of photons)
- n=272x10"
14. The energy of the photon
= hec _ 6.625%10** x3.0x10°
A 5893x 10710
=337x107"J
Now, total energy emitted by Na lamp
=watt X time = 60 x 1= 60 joule per second
3.37%107" Jenergy =1photon
3.37::(10"9 D
ie., no. of photons emitted out in one second.
No. of photons emitted out in 10 hour

=10x3600—9%0 __ =6.40 x 10%
3.37x107"°

Mole of H, present in one litre

joule

60 J energy =

15

RT 0.0821x298
Thus, energy needed to break H—H bonds in 0.0409 mole
OfH2
=0.0409x436=17.83kJ
Also energy needed to excite one H atom from 1st to 2nd
energy level
=13.6 (l——;—) =10.2eV=10.2x1.6x107" J

. Energy needed to excite 0.0409 2x 6.02x 10 atoms of H
=10.2x1.6x107"° x0.0409% 2x 6.02x 103 J

=80.36kJ
Thus, total energy needed = 17.83+ 80.36=98.19 kJ
436x10° .
Energy required to break (H—H) bond = ————=— joule
( ) 6.023x10%
E=hv
_436x10°__ 6 625x107 v
6.023x102

v=10.93x10" sec”! or Hz
16. The energy required to see object=10""" joule
Energy of photon of A(550x 10~ m)= %

-34 8
_ 6.625x10 x_:i.OxlO =3.61x10™"2 joule
550x10
3.61x107"° J = 1 photon

107 27.7photon
361x100 P

1007 J=

Numerical Chemistry

.. No. of photons for generating minimum amount of

energy =28 (an integer value) .

Note: The integer value should be reported in all such cases
where minimum no. of photon is asked because
fraction of a photon is never absorbed. Further more the
number reported shonld be higher one am"l never lower
one because lower integer will not provide minimum

value.
17. 0; 5 Onormat + Okxcited
0; — Onormat *+ ONorma! _
Energy required for simple dissociation of O, into two
normal atoms

z 498x10° -
- 10° Jmol™' = =222 Jmolecule
98 6.023x10%

If one atom in excited state has more energy, i.e., 1.967 eV
=1.967x1.602x107"? J
The energy required for photochemical dissocaition of O,
3
= A%xI0_ 1 967x1.602x 107"
6.023x10%
=82.68x107° +31.51x107%°
=114.19x107% joule
he
E E e—
A

114.19x 1020 = 6:625x107* x3.0x10°
’ x

A =1740.52x 107" m=1740.52 A

18. E of light absorbed in one photon = he
A sbsorbed

Let n, photons are absorbed, therefore,
Total energy absorbed = - .
A sbeorbed
Now, E of light re-emitted out in one photon = =
A emited

Let n, photons are re-emitted then,

Total energy re-emitted out = , x — 1€
A cmited

47
E ssorbed X100 = E ro-cmited oue

he 47 he

Xy X—=
Mavworoed ! 100 nle,ﬁm
By 47 Memia _ 47 | 5080
M 100 A pened 1007 4530

12 _0827
n

As given

19. E o _6.625x107 x3.0x10°
e 300x10~°

6.625x 107> x 3.0x 10 19
=4 J
496x10° sl
oo EW = E| photon *E"
photon re-emitted
* Bl photon =6.625%10™° ~4,0x 10~ n

=2.625x10™" joule

=6.625%x107"°J

EMMMM



Atomic Structure

20. Energy needed to change = 248%10° J/ mol
If photon is used for this purpose, then according to Einstein
law one molecule absorbs one photon. Therefore,

N, % =248x10°

A = 6:625x107 % 3.0x10° x 6.023x10%
248x10°
=4.83x10" m

21. Volume of nucleus = %m’ = % n(10%)? cm?

Volume of atom = %n(lo“ ) cm®

Vleau = 10_39 10_1 5

Vaom 1072
Piiuclews =107 x Vatom

22. Kinetic energy of electron = %muz

. _1z
Also, from Bohr’s concept KE = —

Mllz

N=— N

(S

n

2
23. For CGS system u,, = (Ze ]

mr,

e=4.803x10"" esu
m=9.108x102% g
Radius of III orbit =7 xn> =0.529 X107 x 9 cm

1x (4.803x107'%)?
“n =11 9.108x 1072 x 0.529x 10 x9

u, =7.29x107 cmsec™

Now, circumference of III orbit
— 2% 1% 0.529%1078 x9=29.93x107 cm

For electron

-, No. of revolutions/sec

._-_“_"_=_7-_29_>ﬂ_-2,44xm“
2nr 29.93x10°
m2Z%me* o n=2
24. InMKS sys E,=—"——— s on=
ey (4neo )’ n’h?

_2x(3.14)% x(1)* X9.108x 107! x (1.602x107"%)*
ST (111264x 1070 ) x (2)% X (6.625x 107 )?
=5443x107" joule
25. (a) Work obtained inthe neutralization process is given by
a 1 (-)e

a0
W=-| F-da=- ———-—T'dd
I" - 4ngy g
2
s [
= 4ne, - ag

107

This work is to be called as powmul energy. ﬂogvcver
in doing so, one should note that dug energy is simply
lost during the process of attraction in between proton
and electron. As reported in the problem at d?u
condition, the electron simply possesses potential
energy. Thus, )
= =PE=-—£ A1
TE=PE+ KE=PE 7 A1)

Now in order, the electron to be capmredpy the proton
toformagroundmhyd;ogenamnshwldaho

€ (as it is half of the
moﬂo
potential energy given in question). Thus, the total
energy of the electron if it attains the ground state in H
atom,

- L e? + e? __ P

SEERE R 41(£oao moao moao

(b) The wavelength of electron when it is simply at 2
distance a, from the proton can be given as:

attain kinetic energy

At el
mu p
1 2
Also, lm:.z.muz =% (- p=mu)
Thus, A:#
2m(KE)

Since, KE =0 at this situation, thus A = oo
Also when electron is at a distance a, in Bohr’s orbit of

H atom
A=—h __ h
oy [t
2a, -4ne,
A=—R
ezm
4megag
26. E, for H=-13.6eV
Now, il
n2
34= -13.6 & w=
n2
Angular -34
NOW, momen! = .L= 2% 6.626x 10
- 2x 2x3.14

=21%x10"* J-sec!

27. Velocity of electron = 2—,1’3 x velocity of light

= -2—},—5x 3%10'° =1.09x10® cmsec™
2
Since, uy = 2:;
1.09x 108 < 2% 314X (4.803x107%)?

6.625%107 xn
n=20.06x10"' =2 (aninteger value)
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29.

30.

31

32.

33.

Also when electron jumps from (n+1),i.e.,3 to ground state
velan, [1_1]_ 1_1
V=g RH[ 3]-109678[—-3]

=9.75x10* cm™
E, forHe" =E, for Hx 22 = 13.6x4 =54.4 eV
E\ for Li** =E, for Hx 22 = 13.6x9=122.4 eV
E, for Li** = E, forHx 9
E, forHe* =E, forHx 4

E, for Li%* = E, for He* x%: 19.6x 1078 x%

=44.1x107"® J atom™!
Energy associated with a photon of 242 nm
_ 6.625x107 x_39.0x10‘ =821x10™ joule
242x10
1 atom of Na for ionisation requires = 8.21x10™"° J
6.023x10% atoms of Na for ionisation requires
=821x107" x6.023x 102 =49.45x10* J
=494.5 kJ mol ™'
For Lyman series n, =1
For shortest A of Lyman series; energy difference in two
levels showing transition should be maximum, i.e., n; = oo

A=911.7x10"% cm=911.7 A

For longest A of Lyman series; energy difference in two
levels showing transition should be minimum, i.e., n, =2

1 1

—==Ry |=—-=|= lO9678x—

A 1% 22 ]

A =1215.67x1078 cm=1215.67 A

Rydberg constant =109678cm™

=he_pey
E=hv= l. '

= -1

Vincm v =109678cm™

E = 6.626x107>* x3.0x10'° x 109678 J/ atom
E=2.18x10""® J/atom=1Rh
Also, E =N x Rh J/ mole

Spectral lines emitted when electron jumps from n to 1 is

—1)or ZAn
Ela-Dor (n+1)

2
If n=n-1

Then E(n-1)=(n-1)

In=n

(n- l+l) 1”( 1)

Numerical Chemistry

1 _» _l___l_; A= 38
M ﬂ'”“[zz 32] 'SRy Z?
1 _z2p (1_ gt
x;—ZRH[lz 22]’ T

A -A, =1337x107° and Z=2
. u =1.095x10° cm™
35. For H, line of Balmer seriesn; =2,n; =3
For Hp line of Balmer series n; = =2,n, =4
L 3 (1)

R N @)
By Eqgs. (1) and (2)

108
36. The photon capable of removing electron from I Bohr’s
orbit must possess energy
=13.6eV=13.6x1.602x107"° J=21.787x107" J
=he
A
21787101 = 6:625x 10‘;: x3.0x10°
A=91224x10""" m=912.24 A

This is longest A because a photon having A higher than this

will possess energy lesser then required, as E o Tl

hy=ha x[ 8"] 6500x 20 = 48148 &

1 1 1

37. —_—=Ry | ===
2 [ ]
C vy 1 1
==V=Ry-c|—-—
4 [".2 "22]

=109737x3.0x10"°| L __1L
12 32
=2.92x10" gec™

38, - Lo | Lo L
A [ n2

Given Ry =1.1x10; for Lyman series n, =1and n, =4

(given)
Loraxio7| 1oL
12 42

>

; A =0.9696 x 10~7 metre
39. Energy of I orbit of H like atom
=4R) =4x2.18x10™'® joule
E forH=-2.18x107'% J
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Ey e wom = Ey g X2°
—4x218x107" =—2.18x107 x 2*
Z2=2
Le., Atomic no. of H like atom is 2 or it is He*.
(a) For de-excitation of ‘¢’ in He* from n, =2ton, =1

Now E, =—4R,

=3R, =3x2I8x107'¥)
_he
-E =
LY
A= 6.625x10‘“ x3.0x10*
3%2.18x107®
=303.89 A
-3
(®) Radius (5 )of H like mm="*7=w_2&°_
=2.645%10" cm
40. E, of H atom = —13.6eV

: 6.625%x107 x3.0x10%
Energy given to H atom =
# 1028x107'°

=1.933x107'® J=12.07eV
-. Energy of H atom after excitation
=-13.6+12.07=-1.53eV

I=_—L.6~9 o n=3

=303.89%x10"" m

E,
E,=— =~ n
= 2153

Thus, electron in H atom is excited to 3rd shell

i ___he
lmdueedl.—————( )

E, =-13.6eV; E;=-1.53¢V
6.625x10™ x3.0x10°
(~1.53+13.6)x1.602x 10" 19

A=1028A
S | | Mx: =

1 =

__he
(E.—-E)

E, =-136eV; E;=-138ev

6.625x107 x3.0x10*
lz =

(—Li‘§+l3.6)xl.602x10“’
=1216x10"° m=1216 A
: _ hc
Il induced A 3 ————-(E )
136 .y
E =-136eV; E; —-Q‘?ev Ey=-Bfev
6.625%107>* x 3.0x 108
(_1_3_-§+1_3—'§)x1.602x 107"
9 4

=6568x107'° m=6568 A

A-;=

=1028x10"" m

41

42.

109

E, for H=-2.41x10""? erg
E, forH=-5.42x10"7 erg
For a jump from I11 to 11 shell

AE‘E)'E;‘L‘:

A

___he
"’5,-5,

__6.625x107 x3.0x10"
—2.41x107? +542x107"
=6602.9% 107 cm=6603 A
-12
E. = 21710

=g
Il

E, =___21 IX10°° - _5.425%10™2 erg

. Forremoval of electron E; = %- . E, should be given to

remove electron, i.e., +ve.
A = 6:625% 10?7 x3.0x10'"°
5.425%x107"2
=13663.6x107 cm=3663.6 A
So, the longest wavelength is 3663.6 A.

. For visible line spectrum, i.e., Balmer series n, = 2 Also for

minimum energy transition n, = 3

A =6.55x10" metre
E=he _ 6.62x107 x3.0x10°
A 6.55x1077
=3.03x107" joule

if N elections show this transition in 1 g-atom of H then

Energy released = ExN =3.03x107"° x 6.023x 102
=18.25x10* J
=182.5kJ

1x1
Total mole of H; = ————— = 0.
onlmole of Ha = S os - o0
*. Total mole of H atoms = 0.040x 2= 0.08
Energy needed to excite 1 mole H atom fromn = 1to n = 3is:

=R e g 1_1
E-T—hc RH[l_z -3—{ XN‘

Now

E=6.625%x10" x3.0x10® x1.1x 10’ x‘-;xe.ozsxlo”

=11.71x10° J/ mol

Energy required for dissociation of 1 mole H, molecules to
H atoms

=11.71x10° x2.67= 31.25% 10° J/ mol
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45.

46.

47.

Total energy needed
= Excitation energy + Dissociation energy
for 0.08 mole Hatom ~ for 0.04 mole H,

=11.71x10° x 0.08+31.25x 10° x 0.04
=9.37x10* +12.5x 10*
=21.87x10* J

1 g H contains = N atoms

. 1.8 g contains = N x 1.8atoms
=6.023x10% x1.8=10.84 x10? atoms

23
(@ - No. of atoms in III shell = m«s_ﬁgx_n

=292.68 x10*' atoms
2
No. of atoms in II shell = 1084+0(())x15

=162.6 x10*' atoms

2
and No. of atoms in I shell = W

=628.72 x10*' atoms
(b) When all the atoms return to I shell, then
E’ = (E; —E, )x292.68x10*

- (—%-6+13.6)x 1.602x 107! x 292.68x 10!

=5.668x10° joule
E” = (E, - E, )x162.6x10%

= (_%ﬁ l3.6)x 1.602x 107" x162.6x10%

=2.657x10° joule
- E=E’+E”=5.668x10° +2.657x10° joule
=832.50 kJ
22x2.179x1077 2.179x 1077 _g716x10 J
1
32 X2.l729>( 10—lB =-2.179 x lo-l. J
3

.
1
Wehave =Ry Z’ [—L,——ZJ

(a) E, forHe=-

(b) E, for Li** =-

n o m
For 1 line of Balmer series:

o Ry 22
_36 (1)

For 1 line of Lyman series:

1 2[ 1 1]_3 2
=Ry -Z°|=-—-——|==XRy X2
Ay, O [12 2? o

4 , (2)
3Ry -Z

Given, Ap-—Ap=59.3x107 cm

or AL=

48.

49.

Numerical Chemistry
36_____4 ___s93x107
o SRy -Z* 3Ry -Z°
1__[7.2-1.333]=59.3x1077
Ry -Z?
72 = 5.867 _ 5.867
o Ry x59.3x107  109678%19.3x107
z=3
-, H like atom is Li%*.
For Hatom : —1=RH —12———12- (1)
H Ill nz
ForHe'ion: 1 _Ry-22 —’2-—'2J @
He* nom
By Egs. (1) and (2) At L
y Egs. ) e 2
I = _]_. =
or Ayt =Au x-z—z—91 2x22 22.8 nm

m™ line of Lyman series n, = 1,n, = (m+1)

1 _ 11
T [1_2 (m+l)2] )
Similarly m® line of Balmer series, n, = 2,n, = m+2
1 _ 1_ 1
As |27 (me2y
Ap _[(m+1)> ~1)[4x (m+2)?]
Ar o (m+1)? [(m+2) -4)

-(2)

. Given, A, =486.1x10", m=486.1x10"" cm

A;=4102x10", m=4102x10" cm

1 1 1
of ————— =109678| — - —
486.1x1077 [22 n2]
o n= 4
For II case of Balmer series:

1 1 1 1
= =109678| L - L
A2 4102x107 [z’ n;]
o ny =6
Thus, given transition occurs from 6th level to 4th level.

v=l= o [
Also by Eq. (1) v=q 109678[41 62]

A=263%x10" cm
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51

52.

The given series lies in the visible region and thus appears to
be Balmer series.

Therefore, m=2 and n,=? for next line
Furthermore if A =410.29% 10~ cm and n, =2 then n,
may be calculated by

1 1 1

]
2

& nom

—L 100678 1L
41029x1077 2 Al
ny =6

Thus,ncxthnemllbcoaneddtmngd:e]mnpofclecu'on

from 7th to 2nd shell, i.e.,
1 1
—=Ry | — 1 Dot
A “[22 7] 09678[4 49]
A=3972%x10"7 cm
A =3972nm

Total energy liberated during transition of electron from nth
shell to first excited state (i.e., 2nd shell)

=1020+17.0=27.20eV=27.20x1.602x10™2 erg

he 2 1 1
—=Ry XZ hc|——-——
A > [22 nz]

27.20x1.602x1072 = Ry x 22 xhxe| -+ --L | (1)

LZZ n?
Similarly, total enmergy liberated during transition of
electron from nth shell to second excited i.e., 3rd shell)

=425+5.95=1020eV=10.20x1602x10™'? erg

:
10.20%1.602x 1072 = Ry x 2% xhxc lz--lz- 2
[3° n”]

Dividing Eq. (1) by Eq. 2), n=6
On substituting the value of n in Eqs. (1) or(2),
Z=3

E, forH=-13.6eV
Ezforﬂ-—l36——!—i——-—34ev
& E,—E, =-34- (-13.6)=+10.2eV
. Difference in two levels =10.2 eV
Also for transition of H like atom

A=30x10"m
2| 1_ 1
i [1—2-22

[+ Ry =109677cm™ =109677x10* m™)

—109677x10% X Z* [%]

3x1078
Zz=4 - 2‘2

54. For He',

m

For H,

z=2

0 W W N 1 T

P 2l |4 af
—l and ny =2

ss. Let the transmon occurs in between the levels n, and n;.
Thus, if n, > n, , then given
n+ny; =4
ny-m =2
m=1 and n,=3

1_ 2|1 _ 1
I—RH xXZ [F 32]
=109678x 3 x[g] (- Z=3for Li)

A=114x10"° cm

56. (a) AE =Ry lz'l’]
L"l o
For3to2 AEs,, =Ry l-l] (1)
12* 3
_ 1 1
For2to1l AEZ_,] = RH Ll_Z_Z—Z] ...(2)
- 1_1
For3tol AE;_,] _RH ‘_1_2-3_2] (3)
It is evident from Eqs. (1), (2) and (3), that
AE,, =AE;,,+A E,,

(b) Also E = hv; thus, frequencies are also additive.
but E= !'f and thus, wavelengths are not additive.

57. Gi =nh
ven, mur n

"" =4.2178x107
_42178x107 x2x3.14 -4

or
6.625%107
1_ 11
G

The transition spectral line for 4th to 3rd shell is
1. K -
X 109678[32 e

A=18x10" cm
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58. Given, A2 =304x10"7 cm

A, =108.5%1077 cm

Let excited state of He* be n,. It comes from n; to n; and
then n, to 1 to emit two successive photon

L=pyz2| 1l L

A 1? n?
1
1 1 1
————=109678% 4| — - —
30.4x1077 [1’ ]
o n =2
Now forA, :n; =2andn, :?

1

108.5% 10”7 22 p2

=109678x 4| L - L
n,

o np; = 5
Thus, excited state for He is 5th orbit.
59. (@) v 1eV=1.602x10"" erg

Also, AE:%E:;;3 -E; =Ry '”""22[2—11'"3_11]

42.7%1.602x10™'2 = 1096782* [-‘7--'7]
2?2 3
x3x10'° x 6.626x 1072’

o Z:=226 L Z=5
11
®) AE=E4—E3=RH-c-h-Zz[3—2-4—z]
_ 10 =27 ., g2 7
=109678x 3x10'° x 6.626x 10 x 5% x 7=
=26.5x107"? erg
1 2( 1 1
(© X=RH'Z [l—z_j]
1
= =109678x 25
A
A=3.65x10"7 cm
2
_1_2_1 (2nze?) _ 2?2 'm
(d) KE—:—Zmu —zm( - ) 3.3

_ 2x(3.14)* x 57 x (4.803x107'%)* x9.108x 10"
N 12 x (6.625% 10777 )?
=545x107" erg

2nZe*

60. Velocity of electron in He* ion in an orbit (u) =

2,2
Radius of He" ion in an orbit (r, )= —-2—
4nme’Z

Angular frequency or angular velocity @
u _2mZe* xan’me’Z  gnz%met
e R

n nhx n*h?

61.

62.

63

65.

Numerical Chemistry

© n=2, m=9108x102g, Z=2h=6625x10"7
o Bx(@2/ 7)° x(2)? x9.108x 1072 x (4.803x107')*
(2)° x(6.625x107%y?
=2.067 x 10" sec™
Wavelength emitted in U.V. region and thus n, =1; For H
atom

1 7| 1 1
— L _=1.097x10 [—-—]
121.6x107° 1> n?

n=2

Also the energy released is due to collision and all the
kinetic energy is released in form of photon. Thus,

3
1 _ 6.626x107* x3x 10

or  =x1.67x107% xu? =
2 121.6x107°

u=4.43x10* msec™!
According to de Broglie equation A = ﬁ
“ m=100g =100x10"* kg,u =100 msec™'
A= _6625XI07" __ ¢ 65510

100x100x 103
We have A =h
mu
=k
mu= K

6.625x 1073

ey =2.01x 10" kg m sec ™'

i.e.,, Momentum =

. Energy emitted out in form of photon

= he _ 6.625%x107% x3x10"
A 4860x 10~

=4,089%10"'? erg =4.089x 107" J =2.553¢V
The total energy loss of electron for atom = 2.583 eV
Also we have total energy = - Kinetic energy (from Bohr's
equation).

: Kinetic energy of electron in atom changes by

(increases)

=2.583 eV

r, forH=n x n?

B forH=0.529%x 9% 10 cm ("+n =0.529A)

Also, u, =4

n
L]
’_2.19;10 -

u sec

¢ uy =2.19%10" cmsec™')
~ No. of waves in one round
_2_1:1_ 2nn - 2/ X uy Xm
A hlmuy h
= 2X22X0.529% 9% 10" x2.19x 10" x9.108x 10" _ 4
7x3%6.62x 1072
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66. (a) =nh
(a) mur="52
_nh
u_21tmr

= 1% 6.626x10°
2x3.14%9.108x 1072 x 0,529% 10~%
=2.19%10% cm/sec

® A=l
mu
_ 6.626x10"% - -8
9.108x 1078 x 2 19108~ ~-2x 107 em
=3324
(c) Orbital angular momentum of 2p-orbital
=k e

=%J1(l+l) Col=1)

wl X 2=J§x7|(ﬂ=_h_)

2n
67. Kinetic energy = -; mu® =4.55x10°%
ll2 = QLZSXZ
9.108x 10~
u= 103 msec”!
—-34
Now, A=_h __ 6.625x10

mu  9108x107*" x10°

=7.27x10"7 metre
68. Momentum of electron = m’-u

where m’ is mass of electron in motion =

u=c/3
9.108x10% _ 3x10"

3
(4
Jl (3xc)
_9.108x107% x3x10'"°
B 0.94x3

=9.69x107'® g cm sec™

Also,

Momentum =

69. - gt
mu

-34
. Momentum, mu = b MO_T kg msec™' ..(1)
A 5200x10
Also momentum of electron = mu = 9.108x 107! x u ...(2)
Since, both are same, therefore, by Eqgs. (1) and (2)
9.108x 107 xy = $625X10°2
5200x107'°
u=1400 m sec”!
RT _ [ 3x8.314x300
70. um = | |—= 1 E)
M Y9.108x 107" x6.023x10

=11.68 x 10* m/ sec

7.

72.

73.

74.

75.
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Uy Of He = ‘fﬂ = fw =1367.7 ms™'
m ax10”

~34
Now, A=t =_6625X107" _q39,1p-""
mu 4x107 x1367.7
6.023%10%
For an electron, —;mu2=e.V
ﬂnd =L
mu
1
Thus, zmmzk2 =eV
1 h?
orV=-=
2t

_ 1% (6.62x 107 )2
2x9.108x 107! x (1.54x107'°)? x1.602x 107"

=63.3 volt
Energy of an accelerated electron
=0V =1.602x10""° x4.5=7.209x10"'° J

This energy is completely converted into light.

ie., % =7.209x10™"
6.625x 10'3; x3.0x10° _ 550010719
xl = wave no.=3.63 x 10° metre™
For proton,
u= H; mass of proton = 1.67x 1072’ kg
u=—6625x10™ =7.94x10* metre sec™!

1.67x10727 x 0.005% 10~°

Now accelerating potential is ¥, then velocity (u) acquired by
the charge particle having charge Q and mass m.

QV = —;muz
ue J(ﬁ% J(w
" 1.67x107%7

or 7.94x%10% = J(w
1.67x107%

V =32.85 volt

. B | a7
KE== =iml 8
g ZM[MX]
1
KE==
2

6.626x 1072

V2x9.108x 10°2® x 2.5% 1.602x 102
=7.7%x10"% ¢m
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76. y W I |
mu ,l2eVm
= 6.626x 107
V2x1.6x107° x¥ x9.1x 10~
- _ 6.626x107* _1227x10”°
5.396x107% [p]"/2 172
-10
=1227x1070 1227 4
[v]llz

(reV=1/2mu®)

metre

0.1x107* 1
71. Au=01x107
100

=1x107" cmsec™
Au-Ax=-H_
4mm

6.625x10°%
4%3.14x107" x1x1077
The uncertainty in position as compared to particle size
-10
=_Ax _527x100 459,10 cm
diameter 107
The factor being small and almost being negligible for
microscopic particles.
78. According to Heisenberg's uncertainty principle
Au-Ax=-t
4nm

-k
4ntm- Ax
= 6.625%x107*
4x2_72x9.108x10"‘ x1071?
=5.8x10° msec”
h
79. Au-Ax v
A __ 6.625x107

47""'Ax_4x2—72x0.]5x10"°

Ax= =5.27x10"" cm

Au

Au=

=3.51x10"* msec™

=
80. Ax-dp=-~
Ax=0001A=10"m
-34
_6.625x10"_ _527x10"2 Ns

P 3.14x10D
Now if the given momentum = _i;
__ 6625x107*
2x3.14x0.529x107'°
=2x10"% Ns

The uncertainty in momentum seems to be about

-22

_5_2_7"_'Q_] or 263.5 times as large as the momentum
2x107%

itself is. Because of this reason, the concept of Bohr’s orbit

81.

82.

83.

Numerical Chemistry

has been replaced by probabilities of locating electron
cloud. _ A
Axo -84 = Zm
— -
4nm- Axg

or Au= % i.e., the distance travelled by proton in time 1.
t-h
41t)n‘AIo
_ 6.626x107* x1
4x3.14x1.672x107% x1.0x107"

Au

Ax=

=3.15x10° m
Mass of electron in motion = -9—§—1 amu
2 ~27
=—<_x1.66x10
931! ke
(~ 1lamu =931 MeV)
=35.6x107" kg
0
Also, m, = e

2
-4
[4
0511, 1 66x10°7
or 356x1021 =281

2
l_l __u l
3x 10‘0

u=2.9x10" cm sec™
Radius of the nucleus is of the order of 10™"> cm and thus
uncertainty in position of electron, i.e., (Ax), if it is within
the nucleus will be 107> cm.

Ax-Auz P
4tm

1

Now,

6.626x107%
4%3.14x9.108x10728 x 10713
=5.79x10"? cm/ sec
i.e., order of velocity of electron will be 100 times greater

than the velocity of light which is impossible. Thus,
possibility of electron to exist within the nucleus is zero.

Au=

. Energy of photon = work function +1/ 2mu?

Energy of photon = work function + eV, (1)
where e is electronic charge and ¥, is stopping potential and
eV, is equal to energy required to stop the ejection of
electron.

E _he _ 6.625x107* x3.0x10°
photon = 5= =

A 253.7x10~°
=17.834x107"J
-19
=1.834x10"" v _489ev
1.602x 107"
By Eq. (1) 4.89 = work function + 0.24
Work function =4.65 V
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85. Energy of photon liberated from He* during_emission of
H, line of Lyman series = hc- Ry, Z? [l.._‘]

2 2
= 6.625x10"7 x 3% 10'° x 109678 22 [-43]

=6.54x107" erg

This energy is used in liberating electron from H atom from
ground state, therefore,

6.54x107" = E, ofH+-%mu2

=13.6x1.602x 10"12 +—;muz

%muz =6.54x10™" =2.179x 107"

=4361x10™" erg
u? = 4361107 x2
9.108x 107
& u=3.09x10® cm sec™!
86. Energy of photon
= Kinetic energy of photo electron + Threshold frequency

hvl =KE, +hV0 (1)
and hv, = KEz +hV0 w(2)
Multiplying Eq. (1) by 2 and subtracting Eq. (2) from it
Zhv, —hVZ =hv, (" 2KE, =KE,)
or (2v) —vy)=Vvy
V_E_L=3x10“[2 _ 1]
°T\X,  A2) 1071 L2200 1900
(1A=10""m)
Vo =1.1483 x 10" sec™
e o 3x10° _ _56126x10”" m
Also, Ao = = agax 108
=2612.6 A

87. Energy absorbed = %

_ 6.625x10°7 x3.0x10" _ 55510711 erg
360x10™
=5.52x107"% joule
i i i i f attraction
Now this energy is used in overcoming forces o
between surface of metal and imparting velocity to electron,

therefore,

wsorbed = £ used in attractive forces +
8 Kinetic energy of electron

Kinetic energy = 5.52x 107" —7.52x 107" joule
=47.68x107" joule
88. Binding energy of electron =250kJ mol ™!
250x10°
6.023x 103
=4.15x107")

Binding energy of one electron =

Also, Binding energy = hvo
Where v, is threshold frequency.

118

4.15x 107" = 6.625%10™ x v,
Vo =6x10" sec

89. The frequency of emitted X-rays ix given by

90.

9

92.

93.

J; =a(Z-b)
(according to Mosley's law, whore @ and b are characteristic
constants)

or sta(z—h)

iy (where ¢ {8 veloeity of light)

Thus, for 3o Fe(v Z = 26) . K‘— = a(26~b) ()
|
For oK (' Z=19) "X(“ =a(19-b) w(2)

By Eqs. (1) and (2)

Ay _26-b
A 19-b

AL =1931x 10" em, Ay =3.737x 107 em

[3231x 10 _26-5
1931x10™  19-b

26-b
|.39=m
or 2641-139h=26-b or b=105 ..(3)
By Eqgs. (1) and (3)
30x10°__ 561 05
1.931x 107"
a=5x10"

Now, if A = 2.289x 107" ¢, then

10
"“”‘*‘0 =5%107 (Z-1.08)
2.289%x107%

Z=24 (' Z is integer)

Therefore, atomic no. of element is 24 and so it is

chromium.,

V value represents an orbital. The given value is for
4d » (n=4,1=2,m=0).

Angular nodes = /, spherical node = n- /-1

(@ 1,2 (b) 1,1 (¢) 0,2

a2
=1 1 rl -2

Yo = [—] '[2——]~e <do
232 Lao ag

Forradial node atr=p, y 55 = QL This is possible only when
[2-—"’—] =0 or 2=00
ap ay

Formula of nitrate jon = NOj
No. of electron in NO, = Electrons in N + 3 x
Electrons in O + |

(due to negative charge)
=T7+3x8+1=32

n =2ay

. Electronic configuration of neutral atom:

152 272p% 3?3p3al 442
K' L M "N
(8) At no. = Total no. of electron in neutral atom = 21
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97.
(a)
(®)
()
)
()
®
®
(b)
@
0]

98.

(®)
(c)
@)
(e)

Total no. of s electrons =8
Total no. of p electrons =12
Total no. of d electrons =1

Valency of element +2 and +3 (due to no. of electrons
in outer shell and penultimate d sub-shell)

() No. of unpaired ‘e’ =1(of 3d)
Total no. of molecules of CO, =12
(1) C20'0'¢
() C20"Q"
(3) C20'0'
(4) C20'Q"
(5) C20'0™
(6) C'*0"70" Molar mass =47 g mol ™
Similarly six molecules with C'* isotope.
pe
I isotope of O II isotope of O
15.9936 17.0036
.. Mass no. are 16 17 (Integer values)
.~ No.of neutrons =16-8=8 =17-8=9
and No. of electrons =8 =8
Mass No. — At. No. = No. of neutrons
Electronic configuration No. of unpaired (e)
sMn™ i1s?,2572p% 3s23p5 343
2 Cr? 5% 2522p% 3s23p534°
sFe™  :1s?,2522p% 3s23p53d°
zaNi‘z :lsz,?.s‘22p6,3523p63ds
nC™ :1s%,25%2p%, 3s73p°
0Zn"? :]sz,ZszZp6,3sz3p63dl°
wFe?  :15%,2522p°,3s73p%3d°
1 Na 1152, 2522p8, 3¢
pMg  :15%,2572p% 36
2#Cr? :1%,25%2p%, 3573p%3d? %
Note : In case of writing electronic configuration of cation,
first write configuration of neutral atom and then take
out desired electrons from outermost shell, e.g.,
2sMn :u’.2s22p°.3s’3p:34:.4s2
2, 6
Mt 15, 25%2p5,35°3p%3d°, 4¢'
Count unpaired electrons in each. ;

Total spin = No. of unpaired electron x (1 5)

Molar mass =44 g mol !
Molar mass =46 g mol ™!
Molar mass =48 g mol !
Molar mass =45 g mol !
Molar mass =46 g mol !

Atomic masses are

© = H O O N WV A W

(a) Total spin in Is? =0x(:t%)=o

(b) Total spin in 1s?, 257 2p° =0x(t%)=o
(c) Total spin in Is?, 257 2p° =lx(t%)=1%
(d) Total spin in Is?,2522p> =3 x(t%)-i%
(¢) Total spin in Is*, 25 2p®, 3s?3p 3d°, 452

Numerical Chemistry

l = é

99. No. of unpaired electrons are given by

100.

101.

102.

103.

104.

Magnetic moment = ,/[n(n +2)]
where # is no. of unpaired electrons
or 1.73=[n(n+2)]or1.73x1.73=n? +2n

Now vanadium atom must have one unpaired electron and
thus its configuration is l
2V 15?257 2p8, 352 3p%3d
Angular momentum in an orbital = %,/[(H 1)x1]
(a) = 0for 4s orbital
Angular momentum = 0
(b) /= 1for3p orbital \
. Angular momentum = ——
e Ta
Angular momentum in an orbit = -;—1’%
n = 4 for 4th orbit
*.  Angular momentum = %

sn=1

©

(@ v n=2andl/=1 S 2p
Alsom=-1 <. 2p or2p,

() 4d,

() 3pyor3p,

d) 4s

(e) 3dx3_y; or 34,‘,

(a) 2s i n=2 =0 m=0

(b) 2p, P n=2 =1 m=0

(c) 4dx,_,; : n=4 1=2 =-2or+2

(d) 4d, : n=4 =2 m=0

Find (n+1) for each set

(1) Lower is the value of (n+1), lower is energy level.

(2) If (n+1)are same then orbital with lower values of n
possess lower energy.

Decreasing order of energy 3 >1>2 >4,
18Ar: 157, 222p8 35236
Quantum numbers for 3p° electrons

1=1 1 1

n=3

m=-lor+1 s=+5m—E
n=3 I=1 m=0 s=+%or-%
n=3 I=1 m=+lor-1 s=+—;or——;
n=3 I=1  m=-lor+l s=—-;or+—;
n=3 I=1 m=0 s=——;or+—;
n=3 I=1  m=+lor-1| x=-%or+—;
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108.

106.

107.

108.

Let oxide of nitrogen be N,0,
Molar mass of N0, = 46x2=92g mol~
2x14+16(a)=92
a=4
Oxide is N, O,
92 g N,04 = Imole of N,O, = N molecules of N,04

1 molecule of N, O, has 46 electrons
' N'molecules of N,O,4 have 46x N electrons
where N is Avogadro’s number.
(a) 16 g CH,4 has N molecules

1.6 g CH,4 has i]% molecules

Now 1 molecule of CH, has (6+4)e=10e
N /10molecules of CH4 have =N electrons

(b) No. of electrons in 1 molecule of CO, = 6+ 16=22
(c) No. of electrons in 1 molecule of N, = 7+7=14
4Be7 +. 80 b 4 3Li7
At. No.=3; Mass No. =7
Mg @ 1s?,25%2p8, 357

17Cl e 1s2,2522p5, 35%3p°

2V 1s2,25%2p% 3523p%3d°  45?
To locate periods: The no. of outermost shell suggest the
period of element. Therefore, Mg in III period, Cl in III
period, V in IV period.
To locate groups: First locate block and then group as
given below:
(a) s-Block: (1) The configuration ns' or ns® followed
with (n— l)s'2 p‘5 represents s-block.
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(2) Ins-block ns' represents for I gp.
ns? represents for II gp.
Therefore, Mg is s-block element of II group. ]
(b) p-Block: (1) The configuration ns?np' ©°6 represent

p-block.
(2) In p-block no. of (ns+ np)electrons represent group.
ns*np' =1llgp. ns? np4 = Vigp.
ns*np? =1Vgp. ns’ np® =Vllgp.
ns’np® =Vgp. ns® np® = zero gp.
Therefore, Cl is p-block element of VII group.
(c) d-Block: (1) The configuration ns' or ns? followed
with (n—1)s> p® d'~' represents d-block.
(2) In d-block = [No. of ‘e’ in outer shell penultimate
+ No. of ‘e’ in penultimate shell]
—8 = A = group number

A=3 III group
A=4 IV group
A=5 V group
A=6 VI group
A=17 VII group
A=8

A=9 VIII group
A=10

A=11 I group
A=12 IT group

~ 13V is d-block element of V group.
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10.
11.
12.
13.

14.

15.

16.

17.
18.
19.
20.

21.

22.

23.

The ratio of speeds of electron in I orbit of H-atom to IV
orbit of He*-ion is.....

The transition of electron occurs in H-atom from 6th to
3rd orbit. The no. of spectral lines given are .....

. The no. of waves made by an electron during its

revolution in 5th orbit is.....
Energy of an electron in an orbit of H-atom is — RTH .The

no. of degenerate orbitals in this orbit are .....

The number of revolutions/sec made by an electron in II
orbit is 8 times of the number of revolution/sec made by
electron in nth orbit. The value of n is .....

. A transition of electron from an higher orbit to 2nd orbit

produces 10 spectral lines. The higher orbit no. is .....

. A transition for H atom from II to I orbit has same

wavelength as from nth orbit to 2nd orbit for He* ion.
The value of ‘n’ is .....

. Suppose 31 x10™'® Jenergy is needed by the interior of

the human eye to see an object. How many photon of
light of A =400 nm will be needed to see the object?
(h=6.6x107* Js)

. Humphry series is obtained when electron in H-atom

jumps from a higher orbit to  orbit. The value of nis .....
The total values of m for each orbital in M shell are .....
No. of elliptical orbitals in 5th shell are .....

No. of nodal planes in 3d orbitals are .....

The magnetic moment of 4 Nb is found to be 5.916.
Total no. of unpaired electron are .....

An absorption of 12.088 eV energy by an electron in
ground state of H-atom brings in the excitation of
electron to which orbit?

Total no. of degenerate orbital in Yy, o orbital of
H-atom.

The ratio of the time required for an electron taking one
round of 2nd orbit of H-atom and He * ion respectively.
Total number of nodes in 3rd shell is ......

Number of unpaired electrons in 3 jonis ......

Total spin of electrons in Cr atom is ......

Number of lobes in d_, orbital 1 -

Possible number of molecules of H,0 using | H and all
isotopes of oxygen.

If radius of I orbit of H-atom is 0.5x10™ c¢m, the de
Broglie wavelength of electron in I orbit is a 7t A. The
closest value of ¢ is.....

The energy required to stop the ejection of electrons
from a metal plate in photoelectric effect is 0.89 eV.
The radiations of 253.7 nm strike the metal plate to

24,

25.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

The wavelength ratio of two radiations is 1 : 5, The ratio
of their energy is.....

The ratio of velocity of electrons in 1st orbit and 3rd
orbit is.....

The wavelength of certain line in Balmer series is observed to
be 4341A. To what value of n, does this comresponds ?
Number of unpaired electrons in 2Ni*” ion is.....

An ol drop has 1.1214x10™'"* coulomb charge. Number
of electrons associated with this oil drop is .....
Number of orbitals not having spherical shape in 3rd
shell is .....

n, values for II line of Humphry series corresponds

The lowest value of n which allows g-orbitals to exist
180

Values of magnetic quantum numbers in an outer shell
of an element are nine. What is the outermost shell of
element ?

Which energy level in He" has same energy level as the
4th energy level of H ?

N and Ne both have same number of electrons having
their spin in one direction. The maximum number of
electrons having same spin orientation is.....

How many elements possess same number of
s-electrons as p-electrons?

1078 J of energy is needed to carry out the reaction.
How many photons of light of 450 nm are needed to
generate this energy.

Cr™ has magnetic moment equal to 5.916 BM. The
value of nis ......

z’B .
E, = —n—2 where Z is the atomic number of species

and B =2.179x107'%J. If energy level of Li>" ion in a
particular shell is -2.179x107'*J, the principal
quantum number of shell is ......

The value of angular quantum number from which
electron drops to emit I line of Lyman series.

The velocity of electron in a certain Bohr's orbit of H
atom bears the ratio 1 : 275 to the velocity of light. The

number of waves made by electron during one complete
revolution round this orbit is
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43.

44.

45.

46.
47.

48.

49.
50.

51.

The binding energy of electrons in a metal is 2.5 x10°
kJ mol™ and threshold frequency of metal is
6x10"sec™!. The value of a i ......

Total number of molecules of CO, formed by using C-12
isotope and O-16, O-17 and O-18 isotopes are ......
Angular momentum in an orbit is 37. The value of nis

The quantum number 6 corresponding to the excited
state of He™ ion if on deexcitation to the ground state
that ion emits photons in succession with two
wavelengths only. The quantum number of the shell in
which the electron comes first before occupying ground
state is ......

How many orbitals of He*
level in2™ shell?

The ratio of e/m for H* and He* is ......

H atom is in an excited state. It is subjected to radiation
to excite further in next excited state. If photon of

energy 1.89eV is required to do show, the finally
excited state of H atom isin ...... orbit.

The total values of magnetic quantum number of an
electron when the value of n=2is

ion possess same energy

52.

53.

54.

55.

57.
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How many sets of four quantum numbers are possible
for electrons present in He*”
Number of electrons in the nucleus of an element of
atomic number 14 is ......

If two electrons in an atom round the nucleus one each
in circular orbit of R and 4R. The time taken for one
complete revolution in 4R shellis ...... times of R shell.
The maximum number of electrons that can have
principal quantum no., n = 3 and spin quantum no.

(IIT 2011)

. 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 : (IIT 2011)
Metal Li Na K Mg Cu Ag Fe Pt W

o(ev) 2423 22 3.7 48 43 4.7 63 475

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 is :

[JEE (Advanced) 12013]

I v S

L. Two 2. Six 3. Five . Four 5. Four 6. Six

13. Five 14. Three 15. Five 16 Four 17. Two 18. Two
25, Three 26. Five 27. Two 28. Seven 29. Eight 30. Eight
37. Two  38. Three 39. One 40. Threc 41. One  42. Two
49. Two 50, Three 51. Four 52. Four 53. Zero 54. Eight

7. Four
19. Three
31. Two
43. Two
§5. Nine

8. Seven 9. Six . Nine 11. Four 12. Two
20. Two 21. Three 22. One  23. Four 24. Five
32. Five 33, Three 34. Eight 35. Five  36. Three
44. Six 45, Three 46. Two 47. Two  48. Four
56. Four 57. Five



- A Bohr orbit of H-atom having energy =—%h has

degenerate levels :
@ 2 ®) 4
© s )9

!fspeed of an electron of mass ‘m’ in an orbit represents
its wavelength, then its wavelength is given by :

(@ % (®) ‘E
h _h_
© \/; (@ \[2:

Out of which A values are definitely observed during
emission or absorption spectrum of H-atom?

(a) Lyman (b) Balmer
(c) Paschen (d) All of these

. The wavelength of m™ line Balmer series for an orbital

is 4103 A. The value of m represents:
@) 2 (b) 4
(c) 6 (d) R

. Spin angular momentum of electron is given by :

V3 h JE h
@ Tz ®Viw
3h 4h
(c) E (d) 3

Which of the following does not contain same number
of electrons in its outer shell as Pd has in its outer shell?
@ Ag* (b) Cd*

(c) Cu® (d) Cu*

Which of the following transitions are allowed in the
normal electronic spectrum of H-atom?

(a) 4pto3p (b) 4dto 3s

(c) 4pto3d (d) 3sto2s

The wavelength of an electron accelerated by a potential
difference of 500 V is:

(@) 55%x10"" ' m (b) 3.89x107""' m

(c) 55%x10™" m (d) 3.89x10" m
Completely filled or half filled set of d-orbitals is
assumed to be spherically symmetrical. Which of the
following has spherical symmetry?

(a) Pd™ (b) 0*

(c) Cr (d) Ni

In absence of Pauli principle, the configuration of ;Li
would have been:

18 2s 2p 18 2s 2p
@®O® eo®O [T1]
1s 2s 2p

© @ ©®O® T[]

: OBJECTIVE PROBLEMS (One Answer Correct) :

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Numerical Chemistry

1k
ik

A 3p-orbital has:

(a) two spherical nodes

(b) two non-spherical nodes

(c) one spherical and one non-spherical node
(d) one spherical and two non-spherical node

Which has maximum number of unpaired electron?
(a) Mg* ®) Ti**

(c) V¥ (d) Fe?*

For a d-electron, the orbital angular momentum is:
@ V6 n ®) V21

() h d) 2h

The first use of quantum theory to explain the structure

of atom was by:

(a) Heisenberg' (b) Bohr

(c) Planck (d) Einstein

The energy of an electron in the first orbit of H-atom is

13.6eV. The possible value of excited state for electron

in Bohr orbit of H-atom is :

(a) -34eV (b) 4.2eV

(c) —6.8eV (d) +6.8 eV

The electrons, identified by quantum number n and /,

() n=4,1=1; (ii) n=4,1=0; (i) n=3,1=2;

(iv) n=3,1=1 can be placed into order of increasing

energy, from the lowest to highest, as:

(@) (iv)<(i)<(ii) <) (b) (ii) < (iv)< (i) < (iii)

(©) ()<(i<(i)<(v) (d) ()< ()< (iv) < (ii)

Select the correct statement:

(@) The electron density in the XY plane of 3d 2
orbital is zero. \

(b) The energy of 3d-orbitals is less than 4s-orbital.

(c) The 3d-orbitals are far away from nucleus than
4s-orbital.

(d) Wave function of atomic orbital represents an
orbital,

Select the correct statement:

(a) Electromagnetic waves with minimum wavelength
is radiowave

(b) X-rays are deflected in electric and magnetic field

(¢) E =hv represents dual nature of electron

(d) No. of nodal planes in 3p sub-shell is one

The radius of first Bohr's orbit in H-atoms is n. The

corresponding wavelength of an electron in 2nd orbit is:
(a) 6mr (b) 4nn
(c) 2mn (d) 3nn
The ratio of angular momentum of electron in two

successive orbit is a (a >1) and their difference is b.
Then a / bis equal to :

(@ (b) "'—’;'
© 2 b (d) 2+l 2n

n 2n n h
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21.

22,

23.

24.

25.

26.

27.

28.

29,

The de Broglie wavelength of a particle of mass m and

temperature T K is given by :

@) h h
N2mkT 3mkT

(©) =2 @
JamkT mkT

A proton (p) a deutron (D) and an oi-particle (o) possess
same kinetic energy. The order of de Broglie
wavelengths is :

@ A, > Ay > 1) ®) Ap> A >4,

© Ap>Ap>Aq D Ae>Ap> A,
Number of waves in a Bohr orbit of H-atom is 3. Its
potential energy would be
(a) -34eV (b) -3.02 ev

(c) -1.51 eV (d) —13.6 eV

If a, be the radius of first Bohr orbit of H-atom, the de

Broglie wavelength of an electron moving in the III
Bohr orbit is :

(a) 6ma, (b) 2ma,

(c) 4na, (d) maq

An electron during its transition shows a decrease in its
kinetic energy by 1/4 value. The potential energy
change during this transition will be :

1 3
(B)EKE (b)ZKE
@ SKE

The momentum of a photon is p, the energy associated
with photon is given by :

@ £

©) SKE

E

(b) =
E
: d) [=
() p-E @ J:
The ratio of momentum of a proton and an a-particle

which are accelerated from rest by a potential difference
of 200 V. m, and mg are masses of proton and

o-particles :
2m, mp
(a) e (b) \,_—2%
2m
mp d) o
© 2my ¢ mp

A source of light having wavelength A ejects photo
electron with maximum kinetic energy | eY. On
irradiating same metal with wavlength A /3, the ejected
photoelectron possess kinetic energy of 4eV. The work
function of metal is :

(a) 2eV (b) 1eV

(c) 3eV (d) 0.5eV '
Nodal plane of 3 p, orbital lies along the plane :
(a) xy (b) yz

(c) zx (d) either of these

30.

31

32.

33.

34,

35.

36.

37.

38.
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The frequency of revolution of electron II excited state
He* and I excited state of H-atom :

27 32

(a) ) ®) 55
4

© 3 @3
When photon of energy 4.25 eV strikes the surface, the
ejected electron has maximum kinetic energy T,
expressed in eV and de Broglie wavelength A ,. The
maximum kinetic energy of photoelectrons lilberated by
another metal B by photons of 4.70 eV is Ty
(Ts =T, —1.5eV). If de Broglie wavelength of the

electron is A g (A3 =2A 4 ), then which is not correct?
(a) work function of 4 is 2.25 eV

(b) Tz =05 eV
(c) work function of B is 1.20 eV
d) T, =20 eV

The photoelectric work function for a metal surface is
4.125 eV. The cut of wavelength for this surface is :
(a) 3011 A (b) 2062.5 A

(c) 4125A (d) 6000 A

A black body has maximum wavelength A ,, at 2000 K.
Its corresponding wavelength at 3000 K will be :

3\ 22
@ 3 OF:
16A 81A
@) Sk @ &1

If particles are moving with same velocity, then which
has maximum de-Broglie wavelength?

(a) Proton (b) o-particle

(c) Neutron (d) B-particle

A metal surface on capable of showing photoelectric
effect does not show this phenomenon on exposure to
U.V. rays. The effect can be observed in exposure of
surface to :

(a) IR rays (b) X-rays

(c) Radio wave (d) Micro wave

An electron is moving round the nucleus of a hydrogen
atom in a circular orbit of radius #. The coulombic force

F between the two is : | K = 1

4@0
2 2
(@) % (b) -ﬁ
=
ez - ez
(© 3 O

In which of the following systems will the radius of the
first orbit is minimum?

(a) Doubly ionised lithium

(b) Singly ionised helium

(c) Deuterum atom

(d) Hydrogen atom

The mass number of nucleus is :

(a) always less than its atomic no.
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39.

40.

41.

42.

43.

45.

(b) always greater than its atomic no.

(c) some time equal to its atomic no.

(d) some times less than its atomic no.

According to Einstein photoelectric effect equation, the
graph between the kinetic energy of photoelectron

gjected and the frequency (v) of incidented radiations
is:

@ Ke ‘: () xs/
\
(c) KE i (d KE i

In India electricity is supplied for domestic use at 220V.
Itis supplied in USA at 110V. If the resistance of a 60W
bulb for use in India is R, , the resistance of 60W bulb in
USA will be :

() 2R

(@ R
R R
() '3 (d) 2

Ionisation potential of hydrogen atom is 13.6 eV. If
ground state of H-atom is excited by monochromatic
radiations of 12.1 eV, then number of spectral lines
emitted by H-atom on deexcitation will be :

(@ 1 (b) 2

(c) 3 @) 4

The momentum of a photon of energy 1MeV in kg-m/s
will be :

(a) 5x1072 (b) 0.33x10°

(c) 7x107% (d) 1072

When photons of energy v fall on an aluminium plate
(of work function W), photoelectrons of maximum
kinetic energy ‘K’ are ejected. If the frequency of
radiation is doubled, the maximum kinetic energy of the
ejected photoelectrons will be :

(a) K+hv (b) K +Wy

(c) 2K d) K

The angular momentum of an electron in a H-atom is
proportional to (if 7 is radius of orbit) :

L b) 1
(a) T (b) s
© Jr @ r*

The work function of a photosensitive surface of a metal
is 6.2 eV. The wavelength of incident radiation for
which stopping potential is 5eV lies in the :

(a) IR region (b) X-ray region

(c) U.V.region (d) visible region

46.

47.

48.

49.

50.

51.

52.

53.

54.

55

56
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Monochromatic light of wavelength 667 mm is
produced by helium-neon laser. The power emitted is
9mW. The average number of photons/sec. hitting the
target exposed to this beam is :

(a) 9x10" (b) 3x10'

(c) 9x10" (@) 3x10”

The potential difference that must be applied to stop the
fastest photoelectrons emitted by a mck;l surface,
having work function 5.01 eV, when U.V. light of 200
nm falls in it, must be :

(a) 24¢eV (b) -12V

(c) —24V d) 1.2V

The work functions for metals 4, B and C respectively
are 1.92 eV, 2.00 eV and 5.0 eV. Which of them will
emit photo electrons if exposed to radiations of
wavelength 4100 A.

(a) A4only (b) A and B only

(c) All of these (d) None of these

An electron in the ground state of hydrogen has an
angular momentum L, and electron in the first orbit of
Li%** has angular momentum L,, then

(a) Ll =L2 (b) L| =3L2

(c) 3L, =L, (d) L, =6L,

If magnetic quantum number of a given electron in an
atom is -3, then what will be its minimum principal
quantum no.?

(a) 2 (b) 3

(c) 4 @) 5

Out of a photon and electron, the equation E=p-c
(where pis momentum and cis velocity of light) is valid
for: :

(a) photon only (b) electron only

(c) both (a) and (b) (d) none of these

The total number of electrons in one molecule of! CO, is

(a) 22 (b) 44

(c) 66 (d) 88

The number of neutrons in dipositive zinc ion, with
mass number 70 is :

(a) 34 (b) 36

(c) 38 (d) 40

Rutherford's experiment on scattering of a-particles
showed for the first time that the atom has ;

(a) electrons (b) protons

(c) nucleus (d) neutrons

The number of unpaired electrons in Ni* are :

(a) 0 (b) 2

(c) 4 (d) 8

Any p-orbital can accommodate upto :

(a) four clectrons

(b) six electrons

(¢) two clectrons with parallel spins

(d) two electrons with opposite spins
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57.

58.

59.

60.

61.

62.

63.

65.

67.

The principal quantum number of an atom is related to
the :

(a) size of the orbital

(b) spin angular momentum

(c) orientation of the orbital in space
(d) orbital angular momentum

Rutherford’s scattering experiment is related to the size
of the:

(a) nucleus (b) atom

(c) electron (d) neutron

The increasing order (lowest first) for the values of e/m
(charge/mass) for electron (e), proton (p), neutron (n)
and alpha particle (0t) is :

(@) ¢ pno (®) n, pea
() n, po,e @) n,0, pe
Correct set of four quantum numbers for the valence

(outermost) electron of rubidium (Z=37)is :

(a) 5,0,0,+1/2 (b) 5,1,0,+1/2

() 5,1,1,+1/2 (d) 6,0,0,+1/2

Which electronic level would allow the hydrogen atom

to absorb a photon but not to emit a photon?

(a) 3s () 2p

(c) 2s @) 1s

Bohr’s 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 hydrogen molecule

(d) the solar spectrum

The radius of an atomic nucleus is of the order of :
@) 10%m (b) 10™%cm
(c) 107%cm (d) 107%cm

Electromagnetic radiation with maximum wavelength
is :
(a) ultra violet (b) radio wave
(c) X-ray (d) infra-red )
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
Which one of the following sets of quantum numbers
represents an impossible arrangement?

n | m s n | m s

@3 2 =2 12 (b4 0 0 12
©3 2 -3 12 @5 3 0 -2
The ratio of the energy of a photon of 2000 A
wavelength radiation to that of 4000A radiation is :
(a) 1/4 (b) 4
(c) 112 d) 2

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.
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The sum of the numbers of neutron and proton in the

isotope of hydrogeniis :
(@) 6 OE
(c) 4 @3

The triad of nuclei that are isotones is :

(® '$C N, GF ®) 3¢, N, BF

© '$G 1N, GF @ '4G N, 5F

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 electron undergoing the
transition o
The orbital diagram in which the aufbau principle is

violated :

2s 2p 2s 2p
@@MOIO] o

2s 2p 2s 2p
© )

The correct ground state electronic configuration of
chromium atom is :

(a) [Ar]3d°4s° (b) [Ar]3d*4s?
(c) [Ar]3d®4s° (d) [Ar]4d>4s'

The correct set of quantum numbers for the unpaired
electron of chlorine atom is :

n I m n | m
(a) 2 1 0 ®) 2 1 -lor+l
(c) 3 1 -lor+l (d) 3 0 0

If the speed of electron in the Bohr’s first orbit of
H-atom is X, the speed of the electron in the third orbit
is:

(a) X9 (b) X3

(c) 3X (d) 9x

Which of the following does not characterise X-rays?
(a) The radiation can ionise gases

(b) It causes ZnS to fluorescence

(c) Deflected by electric and magnetic fields

(d) Have wavelengths shorter than ultraviolet rays
Which of the following relates to photons both as wave
motion and as a stream of particles?

(a) Interference () E =mc?

(c) Diffraction (d) E=hv

The orbital angular momentum of an electron in 2s
orbital is :

(a) +%% (b) zero
h h
(6} 5= (d) Ji-ﬁ
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85.

The wave no. ford:cshormwavelmgthtnnsitionin
tthahnerserisofalomichydmgenis:

(a) 27420cm™! (b) 28420cm ™!

(c) 29420cm™ (d) 12186cm™

The electron in He* ion is excited to next higher state.
jl'hemﬁoofarenofshellofcxcitedsmelogmmdm
is:

@@ 9

() 4
(c) 16 d 12
Fmanelecuun,a—panicleandpmwntohavesamedc

Broglie wavelength, their kinetic energy should be in
the order :

(a) E, >E, >E, (b) E,>E,>E,

(©) E, >E, >E, d) E, =E, =E,
Dmingd:euansitionofelectmninﬂ-mﬁomany
lower to higher orbit, the angular momentum cannot be

changed by :

@ # ® 2

(c) 2a d) 3%
The electronic configuration of an element is
1s?,2572p%, 35?3 p®3d°, 4s'. This represents its:

(IIT 2000)
(b) ground state
(d) anionic form

(a) excited state
(c) cationic form

Number of nodal plane in p, -orbital is: (IIT 2000)
@1 ®) 2
(c) 3 (d) 0

The wavelength of a golf ball weighing 200 g and
moving with a speed of 5m / h is of the order:

(IIT 2001)
() 10"°m (b) mj:m
() 107*m (@ 10¥m _
If I is the intensity of absorbed light and C is the
concentration of AB for the photochemical process
AB +hv —> AB" . The rate of formation of AB" is

directly proportional to: (IIT 2001)
@ C 0¥

© I? @ c1

Rutherford’s experiment, which established the nuclear
model of the atom, used a beam of : (IIT 2002)

(a) P-particles, which impinged on a metal foil and got
absorbed

(b) 7y-rays, which impinged on a metal foil and ejected
electrons

(c) helium atoms, which impinged on a metal foil and
got scattered

91.

92,

Numerical Chemistry
(d) helium nuclei, which impinged on 2 metal foil ang
got scattered
If the nitrogen atom and electronic configuration 157
would have energy lower than that of the normal growund
state configuration 1s°25”2p’, because the electrons
would be closer 1o the nucleus. Yet Is” is not observed
because it violates: (IIT 2002)
(a) Heisenberg’s uncertainty principle
(b) Hund’s rule
(c) Pauli exclusion principle
(d) Bohr postulate of stationary orbits
The quantum numbers +1/2 and —1/ 2 for the electron
spin represent: (IIT 2001)
(a) rotation of the electron i clockwise and
anticlockwise direction respectively
(b) rotation of the electron in anticlockwise and
clockwise direction respectively
(c) magnetic moment of the electron pointing up and
down respectively
(d) two quantum mechanical states which have no
classical analogue
The radius of which of the following orbit is same as
that of the first Bohr’s orbit of hydrogen atom?

(TIT 2004)
(a) He*(n=2) ®) Li* (n=2)
(©) Li*(n=3) (d) Be* (n=2)
Thenmnbefofmdialnodesof}sande-m'bimlsm
respectively: (IIT 2005)
(@ 2,0 () 0.2
(c) 1,2 @ 2.1

The kinetic energy of an electron in the second Bohr
orbit of a hydrogen atom is : (@, is Bohr radius)

) (IIT 2012)
h* A
@) —— b)) ————
4R "mag 16% “mag
© =2 @t
327 "mag 64% “mag;
Energy of an electron is given by

£=-2.17sx10“81(z—:]. Wavelength  of  light
3

required to excite an electron in an hydrogen atom from
level n=1to n=2 will be :

(h=6.62x10"Jsand c=3.0x10%ms ')

[JEE (Main) 2013]
(®) 850010 m
(d) 2.816x10 ' m

(a) 6.500x10 " m
(©) 1.214x10 " m
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s

1

v

10.

11.

12

13.

14,

15.

16.

@ E

©)
@
®)

(@

(c)
©

(@)

- (c)

©
(©
d F

(®)

()
(a)

=-R_ n_3'l'hus.degenuateotbm]sof3“’
n?
energy level are 3s, 3p‘,3p, 3p., 32 2.3y,
.;,34 and3d
A=u then A= or A= (
mu

Electrons in atom lie in ground state.

l-‘orBalmcrsen'ml=RH l,—l, .
A n} nl
— 1 ___109678| L1 __
4103x10°* 2 (m+2)
m=4
line represents 4™ line of Balmer series.
Spin angular momentum =

Tlms,m"h
-—2"; mg(mg +1)
_h 11 ) _3h
“x (“ ® V4 ax
Pd has 18 electrons in 4® shenwnemsc.r*mn
electrons.
Spectrum is observed only when A/=%1 and
Am=0,+1

h

2 2eV

12
o =eV,
and —mu” =¢

A= h

___h
x 2eV ,/2meV
m

= 6.626x10°>
J2x9.108x107" x1.602x10™*° x 500
=55x10" m
Cr has 3d° configuration. ) .
In absence of Pauli principle configuration of Li would
have been Is°.
Spherical node =n—1- 1=3-1-1=1
Non-spherical node =/=1
Fe?* has four unpaired electron (Is*, 2s*2p° .3%3p¢

34")
Angularmomcnnunm3d—orbml
L Ji(+ )-—— 2(2+D)
=‘/;"£=J&("=E)

Bohr made use of Planck’s quantum of theory to
propose his model for atom.
E, =.€j‘__:.|lé=-14ev

n° 2?
Higher is the value of (n+ 1), more is the energy level
of orbital. If (n+/) is same, lower value of n decides

lower energy level.

17. (@
18. (0

19. (®

20. (@

21. (b)

22, (¢
23, (b)

24, (@

25. (@

26. (b)

27. (b

Wave function  represents an orbital.
E = hv represents dual nature,
A=, xxnixa >,
n n
For H-atom if n = 2; A = 2% X 2=4xn
Angular momentum in two successive orbilnlsue-"f-

2x
and (n+ 1)L
2x
A+l g =t
e and o
a_ntl2x
b n k |
h h A 3o 2
AsS—=————= > kT =—mu
ma T JamiT 2 2
m
h 1
l: le:_—
3mkT m
PE=-2xEna =—al = - 2X136_ _302¢v
n- 3*
A=_h __h
muy M‘u—l
3
k3 ik
mu;  h/2Raq (Also mur )
=6xa¢,
K.E:-E.‘—

Let kinetic energy be initially £, then P.E. = -2E
New kinetic:c:netgnvillbel:‘—%:g

Changﬂnpotennalenagy: —%
(change is always + ve)
_E
T2
E=mc?
E=mc-c
C=£:£
mc p
QV:%,,.,I
(Qis charge, Fis accelerating potential)
e Y
m
For proton
0V
uy = m—: my, u, = ,,@l .m,
»
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For o-particle
' 2x20V
Ug = m_?Q; Y Mg U =A40.V.mg
(]

momentum of proton _ | m,

momentumof ot | 2mg
Now momentum ratio = 22 = 72 %p
Pa Mg Uq

28. (d) %=1+w
3he
A
3(J+w)=4+w
2w=1

=4+w

Progability of finding the electron along xz-plane is
zero.
30. (b) Frequency (F)of revolution = No. of revolution/sec
_u-Z 2
= e
(4, & rj are velocity of H-atom and radius of I orbit)
ForH-atom: Z=1 n=2

u,xlz u;
Fi= =L
% r|><23 8
ForHe'-atom: Z=2 n=3
_uIXZZ_ﬁ
He* _’]x33 27
e _ 32
Fu 27

31. (c) Let work function of 4 and B be W, and Wj
respectively, then

425=W, +T,
T, =425-W, (i)
TB =4.70— WB (li)
TB _TA =Q45+WA _WB
Ty -Ty =-1.5
Wy —W, =195eV ..(iii)
h h L.
=—= KE=-=
Now, A i e ( 2mu )
1 —
A oc—— (X is kinetic energy)
JK -
h: K_A =2
Ao VKp
Kaca=lu (KE=T)

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

(@

®)

@

(L)

@

(@)

©
@

©

(©)

(a)

Numerical Chemistry

Ty
T,-15
TA =2eV
Tg =05eV
W, =225eV
Wy =42eV
Work ﬁmction:%and
w=4.125eV=4.125x1.6x10""]

—34 8
) = 6:625x10 x3><190 A=3011A
4.125x1.6x107"

=4

or

By Wien’s displacement law : A ., - T = constant
MT =2,
A x2000= A , X 3000
A, =2
2™
A=t K (uis same & h is a constant)
mu m
Lower is m, more will be A .
The light used should be of higher energy then UV
region.
F=K O X0,
72
L Tw X7’ 0529xn?
! z z
1
1527
H
hv=W+KE=hvy+KE
~KE=hv-hy,
v=m:+C (slope = — hand intercept = hv,)
vV
P =2
ower =~
2 2
JELh @00 aiep
Ry R, Ry R,
R
Rz =—4—
E, =—1'-:'—56 Ao E=E,-E,
121=-138 3¢
n
n=3
Thus, deexcitation will lead spectral lines = ZAn
=I(3-1=3
E =mc?

E = momentum x ¢
5. ottty = 5w 10° 14651071
¢ 3x108
=522x107 kg-ms ™!
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43.

45.

47.

48.

49.

51.
52.
53.

S5.

56.

57.

@

. (¢)

©

- (b)

(C)

(®)

(@

©
(a)
(@
(d

(©)
(b)

(d)

(a)

hv=wy+K
2hv=w, +K,
K, =hv+k
mu2 _ 282
A

U o< —

Jr

Also angular momentumn = mur o< mTl xroemr
r
WN=W+K o =W +eV,

or hU=hV0 +€V0
%=6.2+5=11.2ev

3 = 6:625x107 x3x 10
11.2x1.6x107"
=1.1x10"mi.e., U.V. region
No. of photons emitted/sec = Eh_l.
C
(v E=nhv)and E = W x t (persec.)= W
-3 -7
_9x10 -)<M6.67x108 =3x10'6
66x10™" x3x10
E=hvy+eV,

-34 8
K= 6626x107" x3x10 eV
200%107° x16x107"°
=62eV
eVy =hv—hvy =hv-W
eVy =6.2-501=12 eV
or V,=12V :
-34
E=hyv= he _ _6.6X 10_10 x3.0x 10—19 eV
A 4100x107% x1.6x10
=3eV
Work function should be lower than 3eV to eject
electron.
nh

Angular momentum in the orbit is =

minimum value of n =4

Form=-3,1=3
For photon E = mc?
6 of C and 16 of O; Total 22 electrons.

;an; . no. of neutrons in Zn or Zn 2~ 40

All the positive charge concentrated in nucleus and
thus scattering occurs. il ik
s Ni Sassssssssmmgueind 3523p%3d®,4s

Pauli’s exclusion principle. A p orbital contains
maximum two electrons and that too with opposite
spin.
nxnt=r,
where, r,, =radius of n b ghell and

n = principal quantum number.

58.

59.

61.
62.
63.

- (b)

65.
66.

67.

69.

70.

71.

72.

73.

74.
75.

76.

(€)]
@

. (@)

@
(®)
(®)

()
©

d

d
(a)

©
(®)
(d

©

(b)
(c)

@
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Rutherford o-scattering experiment led to discovery of
nucleus.

0
(e/myy=—-9——;
" 1.675x107 kg
~19
(e/ m)y = 2><1.602xlo27 C :
4x1.675x10 kg
~19
(e/ m), = L602x10° C.
1.675%10 kg
~19
(e m), = 1:602x10°°C

9.108x10' kg

wRb=2,(2,6)(2,6,10)(2,6) (1)
=1s%,2572p%, 357 3p%3d'0, 457 4%, 55'

Valence electron is 5s'.

5s!

n=5,1=0,m=0,s=+%(or ——;)

Ground state of hydrogen atom, i.e., Is.
Bohr’s model is based on one electron system

Tistons =wevssican X107 e 70 = oo X 10 8cm
Radiation Wavelength (incm)

uv 107 01078

Radio Wave 1t010?

X-ray 107 and above
Infra-red 102 w010~
Rutherford thus proposed his model.

Foragivenn,/=0ton—1land m=—1to +1

All contain 8 neutrons. (Species containing same
number of neutrons are called isotones).

= he 1
AE__M or AE o< —

Accorfling to aufbau’s principle, electrons cannot be
filled in 2p orbital till 2s orbital is incomplete.
Half-filled sub-shells are more stable than incomplete
sub-shell. Hence, Cryy =[Ar]) 3d 5 4s'
17Cl=1s%,2s22p% 35235

3s 3p
For unpaired electron : n=3,/=1,m=—lor +1.

uy =Y
n

X-rays are not deflected by electric and magnetic
fields.

For photon, E = hv (in form of particle and wave)
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71.

78.

79.

81.

82.

83.

(b) Orbital angular momentum (m vr)= 21 ,/1(1+ 1)
7
For 2s orbital, / (azimuthal quantum number) =0
.. orbital angular momentum = zi JO(0+1)
h4

=h G-
_ZR‘/E-O

(a) For shortest wavelength AE = %‘ ,AE should be
maximum. Thus n; = 2and n, = co

-=_l _I_L - 1
3 Ru [22 “2]—109677)(4—2
=27419.5cm™
x 22
() n He* =’|TH;I§ He* ='1"T=2,1H

., Area of shell of nHe* _ mx (2 )? _

o 16
Area of shell of nHe* (,, )2
X

2
h
®) A=
V2Exm
To have same wavelength E x m must be same
WM, <mpy <mg
Eelectmn > Epro«on > Ea
(b) Change in angular momentum during transition
=y i )
=(np-nm) e
=(ng—-m)h

Also n;and n, are integers

(b, c) The given electronic configuration is for ground state
of ,4Cr and of Mn*. This question was asked in
single answer choice.

(a) Nodal plane in p-orbital = /=1

84.
85.

86.

87.

89.

91.

92.
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_ h _6.626x1077 _ -30
(c) l-;;——————zooxs 6.626x10™" m/h
(d) The rate of formation of excited molecule as a result of
absorption of light is directly proportional to the
intensity of radiations.
ie., rate = KI (Lamberts law)
but if solution is used then
rate = K.I.C. (Beer’s law)
(d) Because Rutherford used a-particles and one
o-particle is represented as nucleus of helium with

2 protons and 2 electrons.

(c) Pauli proposed that s-orbitals cannot have more than
two electrons.
(d) Spin quantum number was derived in quantum
mechanics.
» _nH_nHx2? _nHx4 _
@ nBe =221 <27
(a) Number of radial nodes=n-1/-1
For  3s itis 2
For 2p itis 0
(c) As per Bohr’s postulate, kinetic energy in II orbit
2 2
O R R NI
2y 2ayx2% 2= )
-t
8ag
Since h?
3 ap =
¢ 4n?me?
S 5 s . hz 1 hZ
Kinetic energy in Il orbit= —2—_ x =

2

= e gl e

h =
(© E=3€=2178x107" xzz[l—l’_z_lz] (z=1)
- %= 662x107¢ x3x 108

4 -7
x—=1.214
2178x 108 <3 214x107m
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, : OBJECTIVE PROBLEMS (More Than One Answer Correct) :

1.

If T is the time required by electron in taking one round
in an orbit, n represents the number of waves in an orbit,
r represents the radius of orbit, then which are correct?
R 1 T

@ ——=3 (b) TZ(H) =%

4(He") 4(He")

mw 1 Exwy 1
© e =2 @ 7

E 4(He") 2

. Select the correct sentences:

(a) An electron in an orbit can absorb only one photon
and that too equivalent in energy to the energy
difference between two orbits

(b) 3d sub-shell penetrates more towards nucleus than
4s

(c) Green light is never emitted in black body
radiations

(d) The energy change between two successive orbits
increases with increasing value of n

. A metal surface having v, as threshold frequency is

incidented by light of frequency v, then which are

correct?
(@ a= ’2h (v Vo)
! 2 (hv w)

2h-c(ho -0
 meAkG xo

’2h(lo

. Select the correct statements if i == and h -1

2 2n
(a) ap-Ax=5- (b) Ap-Ax=1

h o
(©) Buy-Bx=gpy B

h

. Which of the following are correct?

(a) Each atom has at least one orbital symmetrical
about the nucleus .

(b) Each orbit has at least one orbital symmetrical
about the nucleus

(c) Number of electrons in Ne having their angular
momentum equal to zero is four

(d) Number of waves made by an electron in an orbit is
equal to number of orbit

Which of the following are correct? N

(a) Only Lyman series is observed in emission and
absorption spectrum both

(b) The continuum in line spectrum is noticed after a
certain value of n

(c) The wavelength of m" line of Balmer series is:

10.

11.

12.

13.

14.

129

(d) The number of spectral lines given when electron
drops from 5% t02™ shell is six

Select the correct statements:

(a) The concept of shell was given by Bohr

(b) The concept of sub-shells within a shell was given
by Pauli

(c) The degeneracy of orbitals exists in presence of
magnetic field

(d) The splitting of a line in fine lines under the
influence of magnetic field was proposed by

Zeeman
Anisotone of 13Geis:
(a) 11Ge ®) HAs
(c) %iSe (d) %se

Many elements have non-integral atomic masses

because :

(a) they have isotopes

(b) their isotopes have non-integral masses

(c) their isotopes have different masses

(d) the constituents, neutrons, protons and electrons.

combine to give fractional masses

When alpha particles are sent through a thin metal foil.

most of them go straight through the foil becanse :

(a) alpha particles are much heavier than electrons

(b) alpha particles are positively charged

(c) most part of the atom is empty space

(d) alpha particles move with high velocity

The atomic nucleus contains :

(a) protons (b) neutrons

(c) electrons (d) photons

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

() the electronic configuration of Cr is [Ar] 3d°4s.
(Atomic number of Cr = 24)

(b) The magnetic quantum number may have a
negative value

(¢) Insilver atom, 23 electrons have a spin of one type
and 24 of the opposite type. (Atomic number of Ag
=47)

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

Decrease in atomic number is observed during :

(a) alpha emission (b) beta emission

(¢) positron emission (d) electron caprure

Ground state electronic configuration of nitrogen atom

can be represented by :

@ MR A © BEDER
© @ ) [
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. | PSS SLUTIONS (More Than one Answer Correct) BRI || I

1. (B,C) ’]Xn
’2(H)"1(H)X2 =4ngy
’ _ Mgy X475 x42
+ =—
4He Z 2
LN |
Tanet 2
No. of waves in an orbit = No. of orbit
’.m:.z:l
ngg 4 2
15',.=E—;>(Z2
n
E
Ep =21 %12
M= x1
E ‘=E,x22
4 He 42
. Em _,
Eu{e*
Now Ty = 2nn _ 2nny xn®xn _ 2mny xn’
Uy U 2ne?
_nun’h_nu2’h
R
2nr, 2
S 4Het _ 2mny Xn
Similaly Tigs = Uy et T ZXuy XZ
_ 2mny x4% _ 2mny x4° _gq3 ik
- 2y e e?
Zz)(u_”i. 2 NH
4 4xh
T _arh . Tw 2 _1
aHet T 2.2 T 4 8
2. (a,b,c) EZ_EI >E; -E; >E, -E;...
3. (abd) hv:hv0+%mu2
2h(v— Vo) ZhC[AO—X]A
m m(Ag XA)
) -
=w+=
hv=w 2mu
_ ’Z(hv—w)
B m
h h _h

4. (ab,d) Heisenberg principle is Ap- Ax = =

Xh

10.

11.
12.

13.

14.

. (abd) m" line, 1]7=RH " [-—

m:Au- Ax-—
4n

Note that the principle loses its significance if Au and
Ax are not considered along same axis.

. (ab,c,d) For emission of A; An=any value, Al=1%],

Am=0,%1
Ne has 4 electrons in s-orbitals:

Foragivenn,/=0to (n-1)

152, 26%2p*

L) _lAg of
22 (m+2)} ]
two successive orbits becomes almost constant after a
certain value of 7.
Number of lines=ZAn=X5-2=L3=6
(ad) In presence of magnetic field orbitals are
non-degenerate, i.e., possess different energy levels.
(b,d) ;5 77 As and ; e 4 Se have same number of neutrons (A-Z)

72
as ;. Ge.

. (d) Mass of an atom is due to masses of p, n and ‘¢’ which

are not integers. (a), (b), (c) choices are for
non-integral at. wt.

(c,d) o-particles pass through because most part of the atom
is empty.

(a,b) Nucleus contains protons and neutrons.

(a,b,c)

(a) 24Cr=152,2522p%,35?3p%34° 45!

=[Ar]3d° 4s'

(b) For magnetic quantum number (m)negative values are
possible.
For s-sub-shell : /= 0,hence m= 0
For p-sub-shell : /=1, hence m=-1,0,+1

(©) sAg=15",25"2p%, 35 3p%34"° 4574 p® 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 -%.

(ac, d)
7 sC— ”B+ ?e (Positron emission)

'351Cs+ X-rays

(K-electron capture)
% Th+3He (a-emission)

'33Ba+ Se—s

235
92 U )

(a,b) By Hund’s rule



Atomic Structure

131

COMPREHENSION BASED PROBLEMS

Comprehension 1: A gas of identical H-like atom has
some atoms in the lowest (ground) energy level A and some
atoms in a particular upper (excited) energy level B and there
are no atoms in any other energy level. The atoms of the gas
make transition to a higher energy level by absorbing
monochromatic light of photon energy 2.7 eV. Subsequently,
the atoms emit radiation of only six different photons energies.
Some of the emitted photons have energy 2.7 eV. Some have
more and some have less than 2.7 eV.

(1] Th'e principal quantum number of initially excited level

Bis:
(a) 2 (b) 3
() 4 @5
[2] The ionisation energy for the gas atoms.
(a) 14.0eV (b) 144 eV
(c) 13.6eV (d) 20.2eV
[3] Find the maximum and the minimum energies of the
emitted photons.

(a) 144,13.6eV
(c) 13.5,0.7eV (d) 0.7,13.5eV
Comprehension 2 : Whenever an electron falls from a
higher level of energy to lower level of energy, equivalent
amount of energy is given out. The jump of electron not only
depends on major energy shell but also on the nature of orbital.
The emission of energy is derived from Bohr’s model and the
possibility of jump is decided by the selection rule. According
to Bohr’s theory E; for H-atom is 2.17 x10™"® J/atom.
[1] In which of the following jump of electron is possible?
(a) 3dtols (b) 4dto 3s
(c) 4fto2s (d) 3pto2s
[2] The shortest frequency which can remove 2 ™ electron
of He atom with a velocity of 10° m / sec:
(a) 3.28x10" Hz (b) 13.45x10" Hz
(c) 23.21x10" Hz (d) 4.5%10" Hz
[3] The angular frequency of an electron occupying the
second Bohr’s orbit of He " is:
(a) 2.07x10% sec™  (b) 2.07x10" sec”
(©) 2.07x10% sec™  (d) 2.07x10" sec
[4] The wavelength of Hjp-line of Balmer series of H-atom
is:
(a) 386 nm (b) 486 nm
(c) 586 nm (d) 686 nm
[5] The corresponding Hp-line of He* ion has frequency:
(a) 18.64x10™ (b) 9.12x10::
(c) 4.56x10" sec™  (d) 246x10" Hz
[6] The longest wavelength of light which can remove

electron completely from 2™ orbit of H-atom.
(a) 4000 A (b) 3000 A

(b) 13.4,14.6eV

(c) 5060 A (d) 3663.6 A "
Comprehension 3 :  The hydrogen like species Li*" is
in a spherically symmetric state S| with one radial node. Upfm
absorbing light the ion undergoes to transition to a state ;.
The state S, has one radial node and its energy is equal to the

ground state of the H-atom. (11T 2010
[1] The state S, is:
(a) Is (b) 2s
(c) 2p (d) 3s
[2] Energy of the state S, in units of H-atom ground state
energy is:
(a) 0.75 (b) 1.50
(c) 2.25 (d) 4.50
[3] The orbital angular momentum quantam number of the
state S, is:
(@ 0 () 1
(©) 2 @ 3

Comprehension 4 : The letters n, /, m proposed by
Bohr, Sommerfeld and Zeeman respectively for quantisation of
angular momentum in classical physics were later on obtained
as the results of solution of Schrodinger wave equation based
on quantum mechanics. The term n, /, m were named as
principal quantum number, azimuthal quantum number and
magnetic quantum number respectively. The fourth quantum
number s was given the name spin quantum number on the
basis of two spins of electrons. The first two quantum numbers
also decides the nodes, of an orbital.

[1] The numerical value y, 3 o denotes :
(a) 3d-orbitals (b) 41 -orbitals

(c) 2s-orbitals (d) 4d-orbitals
[2] The angular momentum of 3 p-orbitals in terms of

bl
Adf=-10
{h 21:} is:

(@) V2 h

(®) 2h
h h
(c) = d) —
2 @ 2r
[3]1 Which statement about energy level in H-atom is
correct?

(a) Only nand /decides energy level
(b) Only *I" decides energy level
(¢) Only ndecides energy level
(d) n, land m decides energy level
14] Au is uncertainty in velocity of electron and Av, is
uncertainty in position, then :

h h
a A j S e Av, = ——
(@) Auy Ax, e (b) Aug Ax, 3

h S
() Au,- Ax, > —"— . A
ey (d) none of these
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Comprehension 1

[1] (a) The electrons being present in I shell and another shell
n. These are excited to higher level n, by absorbing
2.7 eV and on de-excitation emits six A and thus
excited  state  n, comes to be 4,
[6=2 An= Z(nz - l) Soonp =4]

Ry-c-h Ry-c'h

2
1 n}

3 Egy ==

Since, de-excitation leads to different A having photon
energy S 2.7eVand thus absorption of 2.7 eV energy
causing excitation to IV shell and then re-emitting
photons of S 2.7eVare possible only when n, = 2 (the
de-excitation from IV shell occurs in I, I and IIT shell).

E4 _EZ =2.7eV
E4 —Ej <2.7eV
Ey—E, >27eV
_ _ R’, -c-h _ E|
BT
since n; =2 (as obtained by discussion)
[2] (b) Also, Es—E, =27eV
—ﬂ+£2'—=2.7cv
E] =-144¢eV
5 IP=144¢eV
E\ L E__144 =
3] (¢) Emmx =Es—E, =—;2-+I—2— 16 +144=13.5eV
E, E _
Ewin =E4—E;3 ——4—;+-2l—07 \%

Note : Itis , H? atom.

Comprehension 2 .
[1] (d) ForajumpAl/== 1according to selection rule
[2] (@) TotalE peeged = E needed tor€move 2nd electron from

1.2
+ =
He 2mu

=E, +—;x9.108x10‘3' x(10°)? Joule
He*
= Egy xZ* +4.554x107

=L 72 4 455ax10?
”2

=2.17x107'% +4.554x107%! (n=2;Z=2)
E=2.1746%10""% = hv
—-18
v=21746X10 — _ 32810 Hz
6.626x10
2nZe?

[3] (a) Velocity ofelectron in He* ion in an orbit (1) = -

Atomic Structure

Comprehansion 4
[1] (b)  represents an orbital and 4 39, hasn=4,1=3,i.e.,
4f-orbital.
(2] (2) Angular momentum in an orbital = 71+ 1)-2L1t

= JI0+ D) L = V2xh

T

Radius of He* on in an orbit (7, ) = ;‘%
. Angular frequency or angular velocity
u _2mze* xan*me’Z _ gnd 73 me
m=-":= nhx n*h* n’h?
n=2 m=9.108x10""* g,
Z=2h=6625x10""
8x%(22/7)* x(2)* x9.108x 107" x (4.803% 107" )*
. (2)° x(6.625x107%7 )}

=2.067 x 10" sec™

1 2| 1 1
2= 22l
4 ® =Ry [2, 42]
o 2[3
=109678 1 [16]
A=4.86x10"° cm=4.86x10"" m
=486x10"° m=486nm
A
151 (© Ay =1216x107° cm (x;ﬁz_g)
10
ve£=3X10 __j467x10" B2
A 1216x107°
~12
6 @ E=-ZIXI0 oy
n
~12
E, =——2]'7):‘10 =-5425x10712 erg

For removal of electron E, =%‘ E, should be

given to remove electron, i.e., +ve.
2 = 6.625x107 x3.0x10'°
5.425x10712
=3663.6x107% cm=3663.6 A
So, the longest wavelength is 3663.6 A.

Comprehension 3

Energy in state S, of Li** =E, of Li** =E, of
H=-13.6eV

Also,  Eg, of Li** =

Ew xz® __136x3?
2

n n?

i n=3

The state S, represents 3rd orbital with one radial
node, i.e., 3p radial node = n— /- 1= 1

The state S, represents 2s (as n—1-/=1). Also
transition is gossible from 25 to 3p Al=z%1 and
Eg, =~E'"2:3 =2.25%Ey ; For state S, (i.e, 3p)
I=1

L. (b) 2. (¢) 3. (b)
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[3] (c) Subshells of a shell in H-atom possess same energy
level, i.e., I does not specify for the energy level of an
orbital in H-atom. )

[4] (d) Heisenberg principle has no signit.'lcancc of Au is along
X-axis and AX along Y-axis are given.



134

(2)
(©)
@

8.

In each sub question given below a statement (S) and
explanation (E) is given. Choose the correct answers
from .thc codes (a), (b), (¢) and (d) given for each
question:

S is correct but E is wrong

S is wrong but E is correct

lsaoth S and E are correct and E is correct explanation of
Bt?éh S and E are correct but E is not correct explanation
o

. S: Transition of electron between p, and p, would

not lead to an spectral line.
E : p-orbitals are degenerate orbitals.
S : Number of sub-shells in a shell is equal to the
number of shell.
E: According to Sommerfeld :
n _ Length of major axis
k  Length of minor axis
S: Electronic configuration of 5, V¥ jonis [Ar]'a 3d?
and not [Ar]ls 3d° 4s%.
E: V* ion is diamagnetic in nature.
S: Bohr proposed that angular momentum of electron
in an orbit is quantised.

E: deBroglie derived that: mur = nih;.

: Number of waves in an orbit of atom is equal to
number of that orbit.
2nr,

E : Number of waves in an orbit is derived by %

: Matter waves and electromagnetic waves differ
from each other in many respect.

E: The matter waves possess lesser wave number than
electromagnetic waves as well as cannot radiate in
empty space.

S: Atriplyionised Be-atdm has the same radius of 2nd
orbit as that of'ground state of H-atom.

! .. nxn
E : The radius of a# orbit is 7, = Z
S : Wavelength of I line of Humphrey series is more

than I line of Lyman series in H-atom.
he

S : The energy radiated per unit volume, i.e., energy
density in black body radiation depends upon the

temperature.
E : Green light is never emitted in black body

radiations.

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Numerical Chemistry

: The magnetic moment of Mg-atom is more than

K-atom as the former has two electrons in
outermost shell.

: The magnetic moment of N-atom is more than

magnetic moment of O-atom and former has more

number of unpaired electrons.
An electron in an s-orbital has a non-zero proba-

bility of being found right at the nucleus.

. /=0 for s-orbitals and thus there is no orbital

angular momentum to fling the electron away from
the nucleus.

: An electron in s-orbital is not circulating around

the nucleus but simply as distributed around it
whereas an electron in p-orbital can be thought of
as circulating around the nucleus.

: For s-orbital angular momentum is zero for a

p-orbital angular momentum is non-zero.

: All s-orbital in H-atom corresponds to a non-zero

probability density at nucleus.

: The probability density is given by : y? and

Ye<e

: The location and momentum of an electron in an

orbital are complementry to each other.

: The statement is against Heisenberg uncertainty

principle.
Studies on black body radiations led to Planck’s
hypothesis of quantisation of electromagnetic
radiations.

: Photoelectric effect provides evidence of the

particle nature of electromagnetic radiation
whereas diffraction provides evidence of its wave
nature.

The mix?imum frequency of radiations to show pho-
toelectric effect depends upon the work function.

: The concept is used to determine identity of the

metals.

: The 3 p-orbital has higher energy level than 3s in

He" ion.
The energy of an orbital depends upon n and /.

: Specific charge of a-particles is twice to that of

proton.

: Specific charge is given by e/ m.

: d-orbitals are five fold non-degenerate in presence

of magnetic field.

: In presence of magnetic field the energy of orbitals

becomes altogether different.

¢ Electromagnetic radiations will be emitted for the

transition of 2 p to 2s-orbital in H-atom.
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21.

22.

23.

24,

25.

26.

27.

E: Both have same energy level and thus, no
transition.

S : The gy represents an orbital.

E : The orbital may be 6 g.

S: Monochromatic X-rays fall on lighter elements

such as carbon and show scattering under the name
of Compton effect.

N scatered light is always lower than A jcigen: light.
24Cr has more paramagnetic nature than ,5Mn.

¢ Crhas more number of unpaired electrons than Mn.

: The possible number of orientations of a sub-shell
is 21 +1).

: The possible number of electrons in a sub-shell is
(41+2).

S: Aufbau rule is violated in writing electronic
configuration of Pd.

: Pd shows diamagnetic nature.

: Humphrey series discovered in H atomic spectra
has lowest energy radiations.

E : The series belongs to n; =6.
S: Cujy) has less stable nature than Cu ;) but Fe{y; )
is more stable than Fe %;,).

<] e w e

@« =

E : Half filled and completely filled, subshells are
more stable.

28.

29.

30.

31

32.

33.

34.

35,

= ®»

H®E®
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: 2p-orbitals do not have any spherical node.

The number of spherical and angular node is equal
to (n — I —1) and / respectively.

: Dipositive zinc jon exhibits paramagnetism due to

the loss of two electrons from 3d-orbitals of neutral
atom.

: Paramagnetism is due to the presence of unpaired

electron.

. As the distance of shell increases from the nucleus,

its energy level increases.

: The energy of a shell is E,, < —1/ n.

: Zn? is diamagnetic

: The electrons are lost from 4s orbital from Zn2*

: Aspectral line is seen when electron jumps from 44

to3s

: Aspectral line is seen when electron jumps from 4d

to3p

: H-atom has only one electron in its orbit, but

several spectral lines are noticed

: The H-spectra is observed in H, gas

All the d-orbitals are identical in shape.

¢ All the p-orbitals are identical in shape.

Band gap in germanium is small.

(2007)

: The energy spread of each germanium atomic

energy level is infinitesimally small.



136

(©

. (c).
. (a)

@

5. (c)

6.
7.

11.
12.

13.
14.

15.
16.
17.

18.

(©
(©)

- (d)

(®)

(©)
©
(a)
(d)

(d)
(b)

(b)

Degenerate orbitals possess same energy and thus,
transition between p, and p y will not radiate energy.
k =1to n and cannot be zero
- For fourth shell k = 1,2, 3, 4, i.e., four sub-shells.
23 V:i[Ar]3d?, 457 V** ([Ar]3d2.  Also it s
paramagnetic due to the presence of two unpaired
electrons.
Both are facts.
On substituting #, (mw;, = "—h) and A (k =L) in
2n mu

2—1;'1'-, number of waves comes equal to n.
Explanation is correct reason for statement.

2 2 2
n =%forr)m3* =1 >;2 and for rjyy =1 =l
AE, = E¢ — E5 in Humphrey series and AE = E, — E|
for Lyman series
] AE > AE,
o A Lyman < A Humphrey
Both are facts.
Magnetic moment depends upon number of unpaired
electrons and given by = /n (n+2), where n is no. of

unpaired electrons.

Valence electron Unpaired electron
K ' 1 1
Mg 2 0
N 3 3
(o) 4 2

Explanation is correct reason for statement.

Explanation is correct reason for statement.
Zr

yece 240 gt p=0; \yz <e”
The statement belongs to Heisenberg uncertainty
principle.

Both are facts.

Both are facts.

Higher is the value of (n+ /) more is the energy level of
orbital for one electron systems energy of 3s = 3p.

oxl

Specific charge for proton = i and

i =2 _c
specific charge of 0. = o

19

20.

21,

22.

23.

24.

25.

26.
27.

28.
29,

30.

31.

32,
33.

34,
3s5.

e ANSWERS (Statement Explanation Problems) p== J

(©)

@

(©
(b)

(d)

(b)

(b)
()

Numerical Chemistry

Presence of magnetic field shows different repulsions
for micromagnetic character developed in d-orbitals
due to different orientations.

In H like atom energy, of an orbital is decided by ‘n’
only and not by ‘/.

y represents an orbital Y means 7= 6, /=4,
m=0,i.e, 6 g orbital.

In Compton effect A geanered > M incident -

24 Cr has all six unpaired electrons whereas s Mn has
five unpaired out of seven electrons. Both have 5

d-electrons.
The values of m are —/to+/ through zero, i.e., total

(21+ 1) orbitals and each orbital has two electrons.

Pd being diamagnetic and thus, has 4d'® configuration
rather than 44 % 55,

For Humphrey series A E = E,, — E, .i.e., very small.
In Cu*, no doubt outer shell has 34'° or completely
filled configuration but hydration energy of Cu *(aq.)
is more.

Explanation is correct answer for statement.

Zn** shows paramagnetism due to the presence of
unpaired electrons but electrons are lost from Zn fromn
4s subshell.

E, <— Lz; thus if n increase; £ » Increases.
n

Zn:...35%3p®3d"0 452
Zn?t . 3523563410 (4; :

¢ w3s"3p73d™"  (diamagnetic due to no
unpaired electron)
For spectral line to be given Al =+ 1
H, gas has so many molecules which are dissouated to

from a large no. of H-atoms having different energy
levels.

One of the d-orbital has baby soother shape.

Gerrpanium, semi-conductor substance, has small band
£ap In comparison to insulator (non-metal).
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] [ o]
sessmms MATCHING TYPE PROBLEMS s
Typel: Only One Match Possible Typell: More than one match are Possible
1. List-A List-B 6. List-A List-B
Ar 1. n? A. Orbital angular 1. Principal quantum
B.E, 2. n? momentum of the number
U . electron in a H-like
S 3.n atom
D. Aﬂg‘-“? momentum 4. n B. Wave functionofa 2. Azimuthal quantum
- Ol:blt H-like atom obeying number
2. According to Bohr’s concept, E, is total energy, K, is Pauli principle
kinetic energy, V, is potential energy, , is radius of n™ C. Shape, size and 3. Magnetic quantum
orbit. orientation of H-like number
List-A List-B orbitals
V, D. Probability density of 4. Electron spin quantum
A. X 1.0 electron at the nucleus  number
n . .
. in H-like atom
B.r, <E,, thenx = 2. -1 7. List-A List-B
C. éngular momentum 3. =2 A.1BM 1. Spin magnetic moment
in lowest orbit B. INM 2. Nuclear magnetic
D. (r, )_l oc u: ,thenY = 4.1 moment
3. List-1 List-2 C. Doughnut structure 3. 9.27 X107 J/T
-27
A. Number of electrons in a a. 4l+2 D. w0 4. 5.051x107J/T
p-orbital E. Two nodal planes 5.3d
B. Number of orbitals in a shell b.2I+1 i List-1
C. Number of orbital in a c.n ) st List-2
sub-shell ) A 3d, a. Two angular mode
D. Number of electrons in a d2
sub-shell 2 35j’xz-y2 b. Doughnut shape
i List-1 List-2 D' h ¢. Zero node
A. Orbital angular momentumof a. zero ' d. Four total nodes
4f-sub-shell 9. Column-I Column-I1
B. Total spin of 6 electrons in 3h A. Diffraction i.  Wave motion
p-sub shell T B. Interference ii. Mass decay
C. Angular momentum  of &, Bh C. Photoelectric effect  iii. Particle nature
electron in 6th shell 4 D. E \
« L=mc wv.  Planck’
D. Spin angular momentumof 4 34 B mok's teory
3d® sub-shell n - E=hv v.  Threshold frequency

5. List-1 List-2
A. Mass spectrum a. Wave function
B. X-ray spectrum b. Unpaired electrons

. Atomic number

o

C. Paramagnetism

D. Orbital d. Isotopes



b.

C.

List-C

. Independent

of mass
number

Dependent of
mass number
Electron

4. 9.58x10" Ckg™ d. Proton

138
Typelll: Only one Match from each list
10. List-A List-B
(A) Density of 1.107% m?
nucleus
(B) Nuclearradius 2. 10!7 kg /m?
(C) Higher e/m 3. -1.76 x10"
Ckg™!
(D) Lowere/m
(E) A =91.7s[ 2"2
e
(F) A= 3647[ 2
n° -4

1] 5. Balmerseries e AinA

2
] 6. Lyman series  f. Ainnm

I s S 1

-

COPIAANE BN M

. A-2;B-1;C-
A-3;B-2; C-
A-d; B—; C

A—d; B—; C-b;
A-2; B-1;C-1,2, 3. D-none
A-1, 3; B2, 4; C-5; D-5; E-5.
A-b; B-a, b; C—d; D—<

U
m

A-i; B—i; C—iii, v; D-i, 11 E-i, iii, iv
A-2-a; B-1-b; C-4-4d; D-3—c; E-6-f; F-5-¢
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