ATOMIC STRUCTURE

HINTS & SOLUTIONS

EXERCISE - 1

—— SR ——

1.

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

(D) Neutrons and protons in the nucleus and electrons
in the extranuclear region.

(A) It consists of proton and neutron and these are
also known as nucleones.

(C) Radius of nucleus =10 "°m.

(C) Positive ions are formed from the neutral atom by
the loss of electrons.

(B) The B-ray particle constitute electrons.

(B) The number of electrons in an atom is equal to its
atomic number i.e. number of protons.

(A) No. of protons = Atomic no. =25 and no. of neutron
=55-25=30.

(B) No. of neutrons = mass number - no. of protons. =
W-N.
(B) ,,Zn™,Zn"* has No. of Neutrons = 70 - 30 = 40.

(A) Na* and Ne are isoelectronic which contain 10
electrons.

(A) One molecule of CO, have 22 electrons.

(C) C1 and CI differs in number of electrons. Cl has 17¢e-
while CI has 18e".

(B) CO and CN™ are isoelectronic.
CO=6+8=14andCN =6+7+1=14.

(C) Mass of an atom is due to nucleus (neutron +
proton).

(B) Atomic number is defined as the number of protons
in the nucleus.

(B) x,X*A=P+N=Z+N=E+N
N=A-E=56-26=30

(C) Most probable radius =a / Z
where a; = 52.9 pm. For heliumion, Z=2.
rL== 26.45 pm.

(B) Four unpaired electron are present in the Fe** ion
Fel; =[Ar]3d°®,4s’

(C) Na'has 10 electron and Li* has 2 electron so these
are different number of electron from each other.

20.
22.

23.

24.

25.

26.
27.

28.

29.

30.

31.
32.
36.
38.

39.

40.

41.

42.

44.

45.

© 21. (O

(A) The central part consisting whole of the positive
charge and most of the mass caused by nucleus, is
extremely small in size compared to the size of the atom.

(B) Electrons in an atom occupy the extra nuclear region.

(B) According to the Bohr model atoms or ions contain
one electron.

(D) The nucleus occupies much smaller volume
compared to the volume of the atom.

®)

(C) a-particles pass through because most part of the
atom is empty.

(B) An electron jumps from L to K shell energy is
released.

(C) Neutron is a chargeless particles, so it does not
deflected by electric or magnetic field.

(A) Energy is always absorbed or emitted in whole
number or multiples of quantum.

(B) Both He and Li* contain 2 electrons each.
(G 33. D)
© 37. (A

(C) During the experimental verification of de-Broglie
equation, Davisson and Germer confirmed wave nature
of electron.

34. B)  35. (B)

(A) Increases due to absorption of energy and it shows
absorption spectra.

(D) Rutherford -Scattering experiment.

h
. _ . . /1 —_ -

(C) According to de-Broglie equation v OF D

h
or —.

mc

A) 43. (A)

A = — Orlorl . .
B) p o mv  me de-Broglie equation.

(C) Emission spectra of different A accounts for
quantisation of energy.

(139)
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46.
48.

49.

51.

52.

53.

©

(B) The shape of an orbital is given by azimuthal

47. (A

quantum number 'l".

D)

. (C) Hund's rule states that pairing of electrons in the

orbitals of a subshell (orbitals of equal energy) starts
when each of them is singly filled.

1s®,2s%,2p° represents a noble gas electronic

©)

configuration.
(C) The electronic configuration of Ag in ground state

is [Kr]4d"5s'.

(A) n,1and m are related to size, shape and orientation
respectively.

. (A) Electronic configuration of Rb,,;) is

1s*2s*2p®3s*3p°3d'* 45 4p° 5s'

So for the valence shell electron (5s')

n=5,1=0,m=0,s=+l
2

N
N

56.

59.

60.

(A) 3dsubshell filled with 5 electrons (half-filled) is more
stable than that filled with 4 electrons. 1, 4s electrons
jumps into 3d subshell for more sability.

(C) In2p - orbital, 2 denotes principal quantum number
(n) and p denotes azimuthal quantum number (1= 1).

. (O) Electronic configuration of H- is 1s It has 2

electrons in extra nuclear space.

. (A) The electronic configuration must be 1s® 2s'. Hence,

the element is lithium (z=3).

(A) Principal quantum no. tells about the size of the
orbital.

(D) An element has the electronic configuration

1s*,2s% 2p°, 3s* 3p*,(Si) . It's valency electrons are four.

®
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EXERCISE -2

O

(D)Photoelectric effect is a random phenomena. So,
electron It may come out with a kinetic energy less than
(hv — w) as some energy is lost while escaping out.

(C)For photoelectric effect to take place, E. > W

hc _ hc
L—=>

n g

light

or A<Ag.

80
40 % ——

nhC
(D)Power=—"7 = 100

Axt

nx6.62x10% x3x10° }
=T 0x10°x20  — ne2xlo

(C)E,=-78.4 kcal/mole=—78.4 x4.2=-329.28 kJ/mole

329.28
96.5

eV =-34¢V.

(energy of II orbit of H atom).

2
n
Aarae [?} As Z increases, radius of I orbit decreases.

2
(B)Radius =0.529 ”? A=10%10"m
So, n2=189 or, n~14 Ans.

12
(B)E, ()=~ 13.6 7 =—13.6eV ;

22
E,(He")=—13.6 % ? =—13.6eV

32
E (L) =—13.6% 7 =—13.6eV

42
E,(Be*)=-13.6x ? =—13.6eV

E,(H)=E,(He") =E, (Li") = E,(Be*)

z
(A)V=2.188x 10° — mls

Now Va2 Vige  Zlm 313
ow, oC n SO, VH *—Zzlnz = 1/1 =
or, Vl_iz+ =V,

10.

11.

12.

13.

14.

15.

16.

17.

18.

(A)r,—1,=24x (rl)H

2 2

0.5251)xn1 _ 0.5251)xn2 —24%0.529
(n12 - n%) =24
So, n,=5 andn,=1
72

(OLP.=340V  so, LE.=340eV=13.6 W
so, Z2=25 so, Z=5 Therefore, (B)is correct option.

. Z z?
(D) Velocity o« Y ;  Frequency o« —;

n
Radiusec o F z
adius oc —; orce oc — .
z n*

(B)S1 : Potential energy of the two opposite charge
system decreases with decrease in distance,

S4 : The energy of I excited state of He" ion
=-347*=-34x22=—13.6¢eV.
S, and S, are correct statement.

(C)S1 : Be?' ion has 2 electron so Bohr model is not
applicable.

S,, S, and S, are correct statement.

(C)(a) Energy of ground ~ =—13.6 x22=-544¢V
(@iv) state of He*
(b) Potential energy  =-27.2x12=-272¢€V (ii)

of I orbit of H-atom

22
(¢) Kinetic energy = 13.6 % 3—2 =6.04eV (i)

of II excited state of He™

=13.6x22=544V (iii)

(d) Ionisation
potential of He*

hc 1
A=—. . Ao—
(DA =3¢ “**3E
(B)When electron falls fromn to 1, total possible number
oflines=n— 1.

2 12

z )
(AE =E, n—2 E52713.6>< (5)2 =—

0.54eV

(D)According to energy, E, >E., >E >E

41 31 2—1 352"
According to energy, Violet > Blue > Green > Red.

Redline = 3 — 2 transition.

137
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19.

20.

21.

22.

23.

24.

26.

27.

28.

29.

(D)For 1% line of Balmer series

V=R, (3) [ L}—9R(EJ—ER
1 (27 3y %6/ 4
For last line of Pachen series

v, =R, (37 [——é} -R

V»]*Vz: R-R=

R
S0, 1

alon

(A)Li**, H and He" are single electron species.

(C)Visible lines = Balmer series (5 > 2,4 — 2,3 — 2).
So, 3 lines.

(C)Infrared lines = total lines — visible lines — UV lines
_ 6(6-1)
2
(visible lines=4 6—2,5—2,4—>2,352)
(UVlines=5 6—1,5-1,4—>1,3—1,2->1)

-4-5=15-9=6.

(B) r,=0.529A
r,=0.529 x(3) A=9x
2nr  2mw(9x)
SO, A=—— =—71""=067x.
n 3

h  6625x10734

— — ~ 1030
. (O = 0.2x5 %3600~ 10 'm
. __h 1
(A)For a charged particle L = m , Aoc N
L ~ 6.62x107
(Op- A= g = A 314 x1x10 5
=527x10"m

) 0.101 A
(C)For an a particle, A = NN

i n2

S22 22 a-sqofce
zy=z, O 3 =5 @=40

(B)A oc %

ion)

30.

31.

32.

33.

34.

36.

37.

38.

39.

40.

41.

n
(D)d’ : 3 unpaired electrons. Total spin=+ Py

L3
R

(B)Zn*" : [Ar] 3d" (0 unpaired electrons).

Fe*:  [Ar]3d®(4 unpaired electrons) maximum.
Ni**: [Ar] 3d’ (3 unpaired electrons).
Cu™:  [Ar] 3d" (0 unpaired electrons).

(A)Orbital angular momentum= ,/¢(¢+1) 5= =0.
£ =0 (s orbital).

(D) Cu: 1s22s2p°3s?3p°3d!%4s!.
Cu?*: 15252p®3s23p°3d° or [Ar]3d.

(A)Magnetic moment = ,/n(n +2) = /24 B.M.

No. of unpaired electron = 4.

X, 187 28?2p°3s?3p3d°4s’.
To get 4 unpaired electrons, outermost configuration
will be 3d°.

No. of electrons lost =2 (from 4s?).

n=2.

. (B)Cr(Zn=24)

electronic configuration is : 1s* 2s? 2p® 3s? 3p® 4s! 3d°
so, no ofelectronin /=1 i.e. p subshell is 12 and no of
electronin £ =2 i.e. d subshell is 5.

(A)X,, : 1s* 287 2p° 3s* 3p® 3d* 4s°.
No. of electron with £ =2 are 3 (3d°).

. h
(B)Orbital angular momentum = ,// (¢ +1) o

(since ¢ =0 for s orbital).

(D)CI1,, : [Ne] 3s* 3p°.
Last electron enters 3p orbital.
f=landm=1,0,-1.

(C)Number of radial nodes=n—/—1=1,n=3.
(=1.

Orbital angular momentum= /¢ (¢ +1) 5-= 2 5= 2n

(O)Cl1, : [Ne] 3s* 3p°.

Unpaired electron is in 3p orbital.
n=3,/=1,m=1,0,-1.

(A) ,,Cr:[Ar]3d*4s!

138
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42.

43.

44.

45.

46.

47.

48.

49.

(B) m=-/to + / through zero.
(©) ,Ag: 1525*2p°3s?3p°4s°3d'*4p®5s'4d".
Since only one unpaired electron is present.

(A) F have the same number of electrons with the neon
atom.

(D) No change by doubling mass of electrons however
by reducing mass of neutron to half total atomic mass
becomes 6+ 3 instead of 6 + 6. Thus reduced by 25%.

© . 0
(D) — for (i) neutron =—=0
m 1
.. . 2
(il) - particle = i 0.5
1
(iii) Proton = I =1

=1837 .

i 1
(iv) electron = /1837

(A) Metal is , M** (2,8,14) than n=A—-Z=56-26=
30

c 1
E=hv=h— ie Eoc—
D) 2 2

E, _ 4, _ 4000
E

= =2.
, A 2000
(C) Rutherford discovered nucleus.
(B) According to Bohr's model AE =E, —E,

_ 217910711 - 2179x107

=§><2.179><10’ll =1.91x10™"" =0.191x10 "erg

Since electron is going fromn = 1to n=3 hence energy
is absorbed.

(D) Radius of nucleus =1.25x107"" xA"? cm
=1.25x10" x64" =5x10™" cm

Radius of atom= 1A =10"cm.

Volume of nucleus _ (4/3)7(5x107")’
4/3)7(10°)

Volume of atom

1.25x 1075

54.

S5S.

56.

13.
. (A) Values of energy in the excited state = ——
n

. (C) E1He+ :ElHXZ

6eV

_ # — 3.4eV inwhichn=2,3, 4etc.

2

~871.6x10" =E,, x4

E,, =-217.9x107J

. (A) 42gof N; ions have 16 N, valence electrons 4.2g

- 16N
of Nj ion have = 642A x42=1.6N,.

. (D) I excited state means n =2

r=1,x2>=0.53x4=2.12A

(D) Frequency ¢ =12x10"s™ and velocity of light

¢=3%x10"cms™ . We know that the wave number

(C) The last line in any series is called series limit. Series
limit for Balmer series is 3646 A.

~13.6 _-13.6

B) E=— =-3.4eV
n

We know that energy required for excitation
AE=E,-E, =-34-(-13.6)=10.2¢eV

Therefore energy required for excitation of electron per
atom

10.2

:m:1.69><10_23.]
. X

®
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EXERCISE -3

EXERCISE -3

A—>),B>(),Co>(p),D>(t),E—>(q,F—>(r)

Vn 72 27ry n3
f= 2nr, ,fnocn—3, T,= Vi ,Tooc =5
z2 z? n2
E =-13.6 n_z,Enoc n_z’ I, o - -

(i) : For Lyman series, v for second line (3 — 1)

_i_i} 8R
2 2|9 ©

=R(1)?
(ii) : For Balmer series, v for second line (4 — 2)

_ Q'L_L}ﬁ
=R 52772 | = 75 @

(iii) : In a sample of H-atom for 5 — 2 transition, maximum
number of spectral lines observed
_(5=-2)5-2+1)
a 2
(iv) : In a single isolated H-atom for 3— 1 transition,
maximum number of spectral lines observed
=2(3-2,2—>1)(b).

=6 (a).

A—>(1),B—>(s),C—>),D—>(q,E—({p),F—()

10.

( —

q,=2q,

and m =4m
o P

For principle quantum number n

¢ =0to(n—1)and m=-/ to ¢ including zero.

/150
A= TA

Assertion : Correct statement.

1 1 1
- = 2 | —=——=
Reason : x RHZ n12 n% .

For Humphry series, (n,=7,8,9....... )andn, =6.

Since interaction between a photon and a molecule is
always one to one, so a photon of energy 12eV can
break only one molecule of A, into atoms and remaining
8eV energy becomes kinetic energy of atoms.

e/m ratio for particles in cathode rays comes out to be
same for all gases.

e/m=1.76 x 10" C/kg.

This led to the conclusion that electrons were
fundamental particles.

e/m ratio for particles in anode rays is different for
different gases as different gases produce different
positively charged particles upon ionisation.

(C) Assertion is true but reason is false. Spin angular

momentum of the electron, a vector quantity, can have

two orientations (represented by + and - sign) relative to

a chosen axis. These two orientation are distinguished
1

1
by the spin quantum number s equals to +5 or —7.

These are called the two spin states of the electron and

are normaly represented by the two arrows 1 (spin up)

and | (spin down) respectively.

(E) Both assertion and reason are false. Total number
of orbitals associated with Principal quantum number n
=31s9. One 3s orbital + three 3p orbital + five 3d orbitals.
Therefore there are a total number of nine orbitals. ..
Number of orbitals in a shell equals to n?.

®
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11.

12.

13.

(C) Assertion is true but reason is false. The order
Is<2s=2p<3s=3p=3d<.... is true for the energy

ofan electron in a hydrogen atom and is solely determined
by Principal quantum number. For multielectron system
energy also depends on azimuthal quantum number. The
stability of an electron in a multi electron atom is the net
result of the attraction between the electron and the
uncleus and the repulsion between the electron and the
rest of the electron present. Energies of different subshell
(azimuthal quantum number) present within the same
principal shell are found to be in order of s <p <d <f.

(D) Assertion is false but reason is true. Splitting of the
spectral lines in the presence of a magnetic field is known
as Zeeman effect or in electric field it is known as stark
effect. The splitting of spectral lines is due to different
orientations which the orbitals can have in the presence
of magnetic field.

(A) Both assertion and reason are true and reason is the
correct explanation of assertion.

14.

15.

16.

17.

(D) Assertion is false but reason is true. Atomic orbital is
designated by n, 1 and m while state of an electron in an

atom is specified by four quantum numbrs n,l,m and s .

(B) Both assertion and reason are true but reason is not
the correct explanation of assertion. The difference
between the energies of adjacent energy levels decreases
as we move away from the nucleus. Thus in H atom

E,-E, >E,-E, >E, —E,.....

(E) Both assertion and reason are false. Cathode rays are
stream of electrons. They are generated through gases
at low pressure and high voltage.

(E) Both assertion and reason are false. In case of
isoelectronic, i.e., ions, having the same number of
electrons and different nuclear charge, the size decreases
with increase in atomic number.

Ion At.No. No. of electrons Tonic radii
Na* 11 10 0.95A
Mg* 12 10 0.65A
A" 13 10 0.50A

®
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EXERCISE - 4

— —

1. (C):Ionisation energy of H=2.18 x 10'® J atom™
. E, (Energy of Ist orbit of H-atom)
=-2.18 x 107" J atom!

—2.18x107"® o
E,=——7——

n

Jatom

Z =1 for H-atom

A.=E,-E,
-2.18x107"®  —2.18x107"®
= 4 - 2
1 1
-18
=—2.18X10 X|:4—2—1—2:|

AE=-2.18%x10"x B
' 16
=+2.0437 x 10"* J atom™
AE
v=—o
h

_2.0437x10™""Jatom™'
6.625x1074 Js
=3.084 x 10 s atom™

2. (D) : The energy of second Bohr orbit of hydrogen atom
(E,)is-328 kJ mol-1
E o—_ 1312

n 2
n

kJ mol™

E, =—13i2kJmol_1
2
Ifn=4

_ 1312

-1
E,= B kJmol

=—82kJ mol!

3. (A): By Heisenberg’s uncertainty principle

h

AXXAp, >—

Px 4n
h

or Axx A(mv,)=—
4n

AXXAv, 2 L
4mm

Ap = uncertainty in momentum
AXx = uncertainty in position
Av = uncertainty in velocity

m =mass of particle

Given that,

Ax=0.1A=0.1x10""m
m=9.11x103kg
h =Planck’s constant = 6.626 x 103 Js

n=3.14
Thus,
Avx0.1x10-10 = 6:626x107"
4x3.14%9.11x107!
6.626x107>* O

V= ms
4x3.14x9.11x107"'x0.1x 107"
=5.785x10°ms'=5.79 x 10°ms™"
4. (C) : The orientation of an atomic orbital governed by
magnetic quantum number.

5. (D) : The value of / varies from 0 to (n - 1) and the value
of m varies from —/ to + / through zero.
1
The value of ‘s’ iE which signifies the spin of electron.

The correct sets of quantum number are following
n I m s

(i1) 2 1 1 5
i 1 0 O L

32 2 +l
) :

6. (A) : According to Heisenberg’s uncertainty principle

h
AX-Ap=—
P 47
Given, Ax = Ap (Ax = uncertainty in position)
(Ap?) h A A
=— =m X
)=, (Ap=m > Av)
h
m’Av? = — m=mass
47
h 1 |h
AV = —— Av=—,|—
m?4n = 2m \ &

(Av = uncertainty in velocity)

7. (A) : Given, Ap =1 x 10" g cm s! (uncertainty in
momentum)
Mass=9 x 108 g
Ap=mAv
1 x 107¥=9 x 102 x Av (uncertainty in velocity)
Av=1x10°cms!

m
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10.

11.
12.

14.

15.

(A) : Total number of subshells = (21 + 1)
.. Maximum number of electrons in the subshell
=221+ 1)=4[+2

(A) : Kinetic energy (KE) of molecule =
energy absorbed by molecule

— bon energy per molecule
=(4.4x10")-(4.0x10")J=04x10"]J

0.4x107"°

KE peratom = J=2.0x107"]

(C):Ifn=3,
1=0to(3-1)=0,1,2
m=—/to+1=-2,-1,0,+1,+2

s==%

N | —

Therefore, option (C) is not a permissible set of quantum
numbers.

(D):6s—>4f—>5d > 6pforn==6
(A):E,=25eV,E,=50eV

h hi
E, == and E, ==
M Ay
E_M 25_M
or E, = 1 or 5o = 7“1 ori, =24,
. (€): ,Rb= [Kr]5s!
Its valence electron is 5s'.
n=>5
1=0 (For s-orbital)
m=0 (Asm=-/to+1))
1
S=+—
2

(A) : nrepresents the main energy level and / represents
the subshell.

Ifn=4 and / = 3, the subshell is 4f.

In f-subshell, there are 7 orbitals and each orbital can
accommodate a maximum number of two electrons, so
maximum number of electrons in 4fsubshell =7 x 2 = 14,

(D) : The orbital of the electron havingn=3,A=1and m
=—1is 3p,(asnl ) and an orbital can have a maximum
number of two electrons with opposite spins.

. 3p, orbital contains only two electrons or only 2
electrons are associated withn=3,/=1,m=-1.

16.

17.

18.

19.

20.

(C) : Given, Planck’s constant,
h=6.63 x10*]Js
Spped of light, c=3 x 10 nm !
Frequency of quantam light
v=6x10"g"
Wavelength, A =?

We know that, v =%

¢ 3x10” 5
=—=—=05X10 nm
or v 6x10"
=50nm

(D) : The wavelength of light is related to its energy by

hc
the equation, E = T(E =hv)
Given,A=45nm=45x 10°m["- 1 nm=10"m]
6.63x107*Jsx3x10° ms™
45%10™ m

=442 %1017
Hence, the energy corresponds to light of wavelength
45nmis4.42 x 107187,

Hence,E =

(A) : The value of n=3 and / = 1 suggestes that itis a 3p-
orbital while the value of m, = 0 [magnetic quantum
number] shows that the given 3 p-orbital is 3p_in nature.

3p +—/=1
/ z4—m, =0
n=3

Hence, the maximum number of orbitals identified by the
given quantum number is only 1, i.e. 3p,.

(A) : Angular momentum of electron in d-orbital is

— JIT+ DX ford- orbital, I =2
2n
h
=202+1 ('h—ﬂj
h=+6nh

(B) : Electronic configuration of Fe?* is [Ar]3d® 4s°.
.. Number of electrons = 6
Mg — 1522s?2p®3s? (6s electrons)
It matches with the 6d electrons of Fe*
Cl - 1s?2s2p®3s23p° (11p electrons)
It does not match with the 6 d electrons of Fe*
Ne — 1s22s?2p® (6 p electrons)
It matches with the 6d electrons of Fe?*

143)
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21.

22.

23.

24.

Hence, Cl has 11p electrons which does not matches in
number with 6 d electrons of Fe*".

(C) : According to Aufbau rule
3s<3p<3d<4s

(A) : According to Hund’s rule of mximum multiplicity,
An orbital can accommodate a maximum number of 2
electrons of exactly opposite spin. Hence option (A) is
correct.

Caution Remember, maximum number of electrons in an
orbital do not depend upon the quantum numbers as
given in the question.

(C) : Two electrons occupying the same orbital has equal
spin but the directions of their spin are opposite. Hence,
spin quantum number, s, (represented + 1/2 and — 1/2)
distinguishes them.

D):
(A) According to de-Broglie equation,

h
Wavelength (1) = e

where, h = Planck’s constant.

Thus, statement (A) is correct.

(B) According to Heisenberg uncertainty principle, the
uncertainties of position (AX) and momentum (p = mAv)
are related as

h
AX.Ap > —
P 4n

or, AXx.mAv2> L
4n

AX.mAa. A‘[Zl
4n

A .
|:—V =Aa,a= acceleratlon:|
At

h
or, Ax-F-Atz_— [ F=m-Aa]

T

or, AE - At > L
4

[- AE=F.Ax, E=energy]
Thus, statement (B) is correct.

26. (C):

(C) The halfand fully filled orbitals have greater stability
due to greater exchange energy, greater symmetry and
more balanced arrangement. Thus statement (C) is
correct.

(D) For a single electronic species like H, energy depends
on value of n and does not depend on 1. Hence energy of
2s-orbital. and 2p-orbital is equal in case of hydrogen
like species Therefore, statement (D) is incorrect.

25. (A) : The correct electronic configurationof N-atom is

1§ 2§ 2p," 2p,' 2p,
7 7 y

All ¢ should be in same spin

Co*  Cr* Fe** Ni?*
3d¢ 3d 3d° 348
unpaired e— 4 3 5 2

n=v24 15 35 B
p=,/n(n+2)BM

(i)
N
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EXERCISE - 4

—

(C) : This quantum number describes the orientation or
distribution of electron colud.

(B):n=4

1s? 252 2p® 3s? sp® 3d'? 45> 4p© 440 414

/=3 only for forbital.

Thus, the total number of orbitals for / = 3 is equal to 7
(because f contains seven orbitals).

(C) : Most probable radius = a /Z
where a;=52.9 pm.For helium ion, Z =2

T :£2'9: 26.45 pm

mp

(D) : Number of electrons in C1O, =17+2x8+1=34

Number of electrons in CIF; =17+2x9-1=34

-8
©O: 92Um ——6;;) a;zXzo6
Number of protons = 82
Number of neutrons = 124

Neutron/prioton ratio in the product nucleus

124 _@
82 41

(C) : Rutherford first of all used zinc sulphide (ZnS) as
phosphor in detection of a-particles.

(A) : Kinetic energy = %mv2

[m = mass, v = velocity]

1
or, 0.5:5><1><V2 or, v=1ms"

h
de Broglie wavelength, A =—
mv

_6.626x10™ Js

1

or, A =6.626x107** m

lkgx 1ms~

(B) : In certain nucleus, the nucleus capture an electron
from the K-shell (being nearest to the nucleus). The
vacancy created is filled up with the electron from the
higher shells thereby emitting X-rays. As a result of K-

10.

11.

12.

13.

14.

15.

electron capture, a proton in the nucleus is converted
into a neutron (P*+ e — n).

(D) : Rediation (y-rays) emitted by the radioactive
substance (,,Co®) destroys the cells. Hence, it is used in
treatment of cancer in which the malignant cell are wiped
out.

A 1 tyo l tin l tio l o L
(A): 2 4 8 16
SO’ tl/16 - 4t1/2
_ 45 %093 _ 4 0693 410 sec
A 69.3

(C) : Cu*= 15?28 2p°3s23p®3d™.
Shells occupied = 3, sub-shells occupied = 6, filled orbitals
=14. Unpaired e =0.

B): Ax > L
(4m)(mAv)
Ax > 6.626x107*
(4%3.14x1050)(0.9) [1] (1000)
3600 1

Dx>xx10%m

The uncertainty in the position of the car is far smaller
than the uncertainty in the position of an electron in a
hydrogen atom (3 x 107! m) and far too small a value to
have any measurable consequences.

(A) : Series — Lyman, Balamer, Paschen, Brackett, Pfund

Increasing wavelength

(D) : (A) it successfully explained the stability of atoms.

(B) Itisnotin agreement with Heisenberg’s uncertainty
principle.

(C) It does not explain the spectra of multi-electron
atoms.

(B) : Following the conservation of energy principle,

1
Kinetic energy (E m, v’ j =h(v-v,)

=(6.626x103*Js) (1 x 10MsT—-5x 10"s™)
=(6.626x 1034Js) (5x 108 s™)
=3313x1027

®
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16. (D) :mvr =ﬂ
2n

A
paride _1.8x107

electron

17. (A):Given:

vV .
particle
and = =3

electron

According to de-Broglie equation.

h
A=—o0
mv
particle — x meleclron X Veleclron
electron mpanicle x Vpanicle h
— melectron x Velectron
mpanicle Vparticle
=31
9.1x107 kg 1
= 18x10% =22 B,
mparticle 3
—31
9.1x10

=——0F—= 27
mpanicle 1.8x10% %3 1.6852 x 10 kg

Actual mass of neutron is 1.67493 x 10" kg.
Hence, the particle is neutron.

18. (A) : Isotones have the same number of neutrons.
As=77-33=44,Se=78-34=44

19. (A): Whenn=>5,then/=0,1,2,3,4.
Againwhen /=2,thenm=-2,-1,0,+1, +2.
the ‘s’ value can be + 1/2
Hence the arrangement,n=5,/=2, m=2,2=+1/2
is possible for an electron.

20. (B): 5X =5 Y+e(or BY)

21. (A): The lines falling in the visible region comprise Balmer

series. Hence the third line would ben=2,n,=5
ie.5—>2.

22.

23.

24.

25.

1 11 R
S
400 _ 400

7 4 =100nm

for A, . =

(D) : llNa22 _>12 Mg22 +—1 BO
It involves B-particle emission.

While positron emission is due to the conversions of
proton into neutron.

1 1 0
poyn+ P

(C):,,Cr—[Ar]3d* 45
Cr — [Ar] 3d° 4s!
Fully-filled s-orbital has greater stability.

(D) : Bindin energy per nucleon of ,Li’ (5.38 MeV) is
leser than He* (7.08 MeV) as helium is found to be more
stable than Li. As the atomic mass number increases, the
binding energy per nucleon decreases. As the atomic
number and the atomic mass number increase, the
repulsive electrostatic forces within the nucleus increase
due to the greater number of protons in the heavy
elements. To overcome this increased repulsion, the
proportion of neutrons in the nucleus must increase to
maintain stability. This increase in the neutron-to-proton
ratio only partially compensates for the growing proton-
proton repulsive force in the heavier, naturally occuring
elements. Because the repulsive force are increasing,
less energy must be suplied, on the average, to remove a
nucleon from the nucleus. The BE/A has decreased. The
BE/A ofanucleus is an indication of its degree of stability.
Generally, the more stable nuclides have higher BE/A
than the less stable ones. The increase in BE/A as the
atomic mass number decreases from 260 to 60 is the
primary reason for the energy liberation in the fission
process. The increase in the BE/A as the atomic mass
number increases from 1 to 60 is the reason for the energy
liberation in the fusion process, which is the opposite
reaction of fission.

®
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26.

27.

28.

29.

30.

(A) : The loss of one a-particle will reduce the mass
number by four and atomic number by two. Subsequent
two -emissions will increase the atomic number by two
without affecting the mass number. Hence, the new
element will be only an isotope of the parent nucleide
and hence its position in the periodic table remains
unchaned.

27°k’m?

n’h’
where n = principal quantum number which has only
integral value, it follows that total energy is quantized.

(A): E=—

(A) : The nuclear isomerism in the nuclei of same mass
number and same atomic number arises due to different
radioactive properties. The reason for nuclear isomerism
is the different energy states of two isomeric nuclei. One
may be in the ground state and other in an excited state.
The nucleus in the excited state will have different half-
life.

(B) : Bohr model does not explain the spectra of multi-
electron atoms.

(A) : All species like He*, Li**, Be** having one electron
are expected to have similar spectrum as that of hydrogen.

31.

32.

33.

(C) : For 3p-orbital, number of radial nodes
=n—-/-1=3-1-1=3-2=1
Numer of angular nodes =/=1

Number of radial and angular nodes depend on both n
and /.

(C) : The wavelength of the line can be calculated by the
Rydberg formula :

1 1 1
% =R n_12 _n_i > R = Rydberg constant
Therefore, wavelength will be highest in Balmer series

(n,=2) whenn, is 3.

(A) : Both assertion and reason are true and reason is
the correct explanation of assertion.

__mh n
CArnkZEé 7

For first orbit of H-atom

Radius, 1, x0.529A.1,

n=1

1 2
r,= % x0.529A=0.529A

®
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1. (D) Inthe given figure if line ‘E’ is in visible region then
line belongig to ultraviolet region will have moe energy
than ‘E’i.e. line A

2.  (A) Let n be the number of Photons emitted
12400

6000
= n=6.5x10%

x1.6 x 10" xn=60x 10 x 60 x 60

oA
’ ()fz nf Zg

= n=3,n=3,z=2,2=1
putting these values in the equation we get

22
31 27
A= ____h
D7 hmev “ " [2m,(2e)Va ~2m,
eV

:2X4><mp><2eV0c

= Vu:§
_ 1 1
V=RZ)| = -—

v [ ]

(L_LJ_B

RT3 )7 36

VIZRXZZ(I—LZ] :3R:£XX3=108X

2 5 5

6. (B)¢=1forpand /=2 ford.
Now ,,Cr hs configuration
182 282 2p° 352 3p° 3d° 4s!
Hence there are 12, p-electrons and 5, d-electrons.

12400

7. (C) Energy of one photon = 2000

=3.1lev
Energy supplied by one mole photon in KJ/mole
=3.1x1.6x10"x6x10%x 107 ~297 kImol

297-246.5

. % ofenergy converted to K.E. = Q%97 017%

9.

10.

11.
12.

13.

14.

15.

(A)r,=r, —

2T X

3

De-broglies wavelength =

1 1
OV Gy

-3

n+1)> —n?
o+l —n” SN IO

n
(n+1)*n? n

h
(D)AP. Ax>—
4n

2 Ax=AP (given)
2

AP > h

2 4n

M AVY 2o {AP =mAV}
T 2n

h

2m’n

1 [h
sz—,/— or szi\/E
m\ 2% m
(D)

(A) The number of nodal plane are present ina p_is
one or no. of nodal place =1
forp orbital 1=1

AV 2

Nodal plane

(B) In Balmer series of hydrogen atomic spectrum
which electronic transition causes third line O — L

n,=5->n=2,

©

1 1 1
=—=Ry, {___} =1, =3 for Paschen series.

2 2
3° n;

(143
@



ATOMIC STRUCTURE

16.

17.

18.

19.
20.

11

A)
¢ 3x10®
A=== =3.75x107®
(D) v 8x10®
=3.75x10%x10°nm =4 x 10'nm.
A)

(D) Total number of electrons in an orbital =2 (2/+1).
The value of ¢ varies from 0 ton— 1.
Total numbers of electrons in any orbit

/=n-1
- 220+ 1),
1=0
21. (C) Ax=2Ap
Ax.Ap= L n 2Ap.Ap= h
XAPT S T ap T SAPAPT S
= 2(mAV) = LA (AV)y= =
2 4m?
Jn
AV=—.
2m
22. (C) The lobes of dXy orbital are at an angle of 45° with X
and Y axis. So along the lobes, angular probability
distribution is maximum.
ny+n, =4
23. (O) son =3 andn,= 1.
n1 - n2 = 2
SRy {L_L} o
Y M @2
24. (D) 2mr=n\ =circumference
25. A»>s,B>p,C>p,D—>q
k 2
A) T, =——= = Tar'
2r "
P T
—-n —+£=1/2
B) T, b = P,
1
(©) 7= oz = fraz

faz? = x=12

26.

27.

28.

29.

30.

2n
(D)T, xV =—rxv, = t=1
v

n

A->rs,B—>ps,C— qr,D - pq

(A)6—>3 An=3

33+1
.. no. of lines = ( > ) 6
All lines are in infrared region
(B)7—>3 An=4

4(4+1
. no. of lines = ( 3 )10
All lines are in infrared region
(©)5>2 An=3
All lines are in visible region
D)6—>2 An=4

All lines are in visible region

(E) The assertion is false but the reason is true exact
position and exact momentum of an electron can never
be determined as according to Hesenberg's uncertainity
principle even with the help of electron microscope
because when e beam of electron microscope strikes
the target e of atom, the impact causes the change in
velocity of e thus attempt to locate the e changes
ultimately, the momentum & position of e.

h
Ax.Ap > — =~ 0.57 ergssec/ gm.
4

(E) Both assertion and reason are false. 2p_ and 2p,

orbitals are degenerate orbitals, i.e., they are of equal
energy and hence no possibility of transition of electron.

(A) We know that principal quantum number represent
the main energy level or energy shell. Since each energy
level is associated with a definite amount of energy, this
quantum number determines to a large extent te energy
of an electron. It also determines the average distance of
an electron around the nucleus. Therefore both Assertion
and Reason are true and the Reason is a correct
explanation of the Assertion.

(A) It is observed that a nucleus which is made up of
even number of nucleons (No. of n & p ) is more stable
than nuclie which consist of odd number of nucleons. If
number of neutron or proton is equal to some numbers
ie.,2,8,20,50, 82 or 126 (which are called magic numbers),
then these passes extra stability.

149)
@)






