Atomic Structure

Level-l

1. vg=7.0x10"s*
v=10x10"s™

KE = h(v — V) = 6.62 x 10°>* (3.0 x 10"

=1.986x 107°J

2. Energy of the incident photon = E = h—;
6.62 x10™* x 3.0 x 10°
- 30x107
E=6.62x10"J
KE = 1.68 x 10° Jmol ™
1.68x10° "
= W J=279%x10"J
Minimum energy required to remove an electron, W
=E-KE
=6.62x10°-279x107°
W =383x10"°J

h
Maximum wavelength, 4 = WC

_ 6.62x 10* x 3.0x 10°
B 3.83x10°

A=5185%x10"m
=518.5 nm
3. 1=40x%=

1x4.0x107%°
6.62 x10™* x 3.0 x 10°

= 2.01 x 10 photons
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3.2 Physical Chemistry for IIT-JEE

4. Wavelength of the incident photon = 4 x 10" m
Work function = 2.13 eV

. h

(i) Energy of the photon E = 7(:
_ 6.62x 107* x 3.0 x 10°
- 40x107
=4.965x107°)

_ 4.965x107"
© 160x107"
(i) KE=E—Work function
KE=310-213=0.97 eV

eV =3.10eV

=1552x%x 10 J

_mv
(iii) KE= —

2KE [2x1552x10°7%
v= - S IpE = /0.341x10°

v =58x10°ms?
5. 1=242%x10°m
hc  6.62x10* x3.0x10°
i 234x10°°
E=8.207x10"°J
E = 494 x 10° Jmol ™

E=

E = 494 kJ mol ™

n(n-1)

6. Number of lines=

= w =151lines

7. Energy required to remove an electron completely from the n = 2 orbit

-18
- 218x107 ;10 =545x 1070

Longest wavelength A = h—EC

_ 6.62x10°* x3.0x10°

5 45210 ° =3.644x 10" m
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Atomic Structure 3.3

=364 A
A=589nm=5.89x 10" m

Mass equivalence of one photon of this wavelength is equal to h %

_ 6.62x107* x3.0x10° 337x 1019 3
= 5.89x10°° Tl

9. Ax=10"m

10.

11.

12.
13.

14.

m=9.1x103% kg

AX . MA vV 2L

A

6.62 x 107
4%x314x9.1x10% x10%®

AV >

Av > 5.87 x 10 m/s

As Av is greater than the speed of light. Hence, the electron cannot exist within the atomic nucleus.

(1) Theenergy of an electron in a H-atom depends only on the principal of quantum number whilein
case of many electron atoms, the energy depends on principal quantum number and azimuthal
quantum number.

(2) Thesize of an orbital depends on principal quantum number

(3) The shape of an orbital depends on azimuthal quantum number

(4) The orientation of an orbital in space depends

(1) 2s>1s (2)3p>2p (3) 3dxy=3dyz (4)3s=3d
(5) 4f <5s

(1) 1s (2) 3p (3) 4d (4) 4f

(1) 16 electron (2) 2 electrons

1:RZZ{1—1}

A nt oo
1 _R12|:1_1i| 1
o D% " (1)
eror3-d]
1 3] .3
T—R(4) [E}—Rél -(2)

He*

Equating equation (1) and (2) gives
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3.4 Physical Chemistry for IIT-JEE

1 1 3

o4
Solving for n_ and n, gives
n=1landny=2
15. IE, for He=(IE for H) x 4
=218x 108 x 4
=872x10"%J

Level-ll
1. Second spectral line of Paschen Seriesisn, =3tony =5

AE=2179x 107%° [si L }

=2179x 107 [E} =155%x10%°)
225

155% 1072
AE _ =234x 108 s*

V= T 662x10%
¢ 38x10° -
A= Vv 234x107 =128x107°m
2. A=434nm=4.34x 10" m
n=1

1 - 1007 %107 izi mt
A o

% = 1.097 x 10’ iziz
4.34x10° 2° nj
i1 _ 1
4 nft 476
5 1
n%,=0.25- —— =0.25-0.21 = 0.04
1.76
1 1
T T
Ny 0.04

5

Ny
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Atomic Structure

1 1
3. (1) AE=54.38 [—2 —2j|
o

1 1
=54.38 |:l - lil =54.38 x E =11.42¢eV
4 25 100

leV =16x10]
AE=1142%x1.6x10°]
=1827x 1070
=1.83x 1018
(2) AE=hv

AE  183x107%8

vE o= = T =276x 100 s
h  662x10
¢  3.0x108 .
A== = — = =1087x10"m
v 2.76x10"
=108.7 nm

It belongs to ultraviolet region of the spectrum.
4. 1=125cm=125%x10%m

Energy of radiation, E; = h—hc

_ 6.62x10°* x3.0x10°

N - =159x 102 J
125x10
But energy of the radiation converted to heat Q = mdt
=0.250%x4.2x 80
=84kJ=84.0x103)
- Q=NE,
where N = number of photons
Q  840x10°
and N = — = —724
E, 159x10
=5.283 x 10%®

2
5. r;=0.529 (Sljﬁ\: (3)°x 0529 x 10 m
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3.6

Physical Chemistry for IIT-JEE

and V= E(L)
r\2zm
3x(1.158 x107*
v= M (L1sgx 104 = X (E198x107)
[ 0.529x 3" x10

v=0.7296 x 107
=7.296 x 10"*° ms™*

<|<

We know that 2zzr = A =

Number of revolution per second = —
2rr

7.296 x 10° “
= 5 =244x 10
2x3.14%x4.761x 10

For H-atom, line with lowest frequency in Lymne series correspondston, =1 —n, =2
1 1 1 _
= 1.097 x 107 (1)? [IZ —22} m

=1.097x 10" x 3
4

4 7
= —x10 7 = 7 =
| 3%1.097 x 10 1.215x 10" m =122 nm

c_ 30x10° 5 1
V= o= =247x10"s
A 1215x10

Frequency,
AE = hv=6.62 x 10 x 2.47 x 10™°
=1.63x 1078 J
Energy for the corresponding line (n, = 1 — ny = 2) in the spectrum of Li%*is
1 1
E

— —18 2

=2178x 108 x 9x g

=147x10
7. Number of moles of H-atom = 2.0 mol
and number of atoms of hydrogen = 2.0 x 6.023 x 10
= 12.046 x 10% atom
Line of lowest frequency in the visible region of H-spectrum correspondsto thefirst Balmer linei.e. n;

=2tony=3
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Atomic Structure 3.7

AE =2.178 x 1078 x (1)? [2—12 - é} Jatom™

AE = 2178 x 108 x % =3.025x 10%° Jatom™

Therefore, for 12.046 x 10%° atoms of hydrogen, the energy is
12.046 x 107 x 3.025 x 10™9= 3.64 x 10* J
=364 kJ
8. When metal was irradiated by light of frequency 3.2 x 10'° s%, then

E, =hv=6.62x 10> x 3.2 x 10"

E, =212x 108 J=KE, + IE (1)
When metal was irradiated by light of frequency 2.0 x 10'® s™*. Then.

E,=hv=6.62x10*x 2.0 x 10"

E,=132x 108 J=KE, + IE .(2)
But KE, = 2KE,
Therefore E, = 2KE, + IE
or 2KE, + IE = 2.12x 1078 ..(3)
and KE, +IE=132x 1078 ..(4)

Solving equation (3) and (4) gives
KE,=8.0x10"°J

lonization energy of the metal = 1.32 x 1078~ KE?
=132x10®-8.0x 107°
= 5.2x 107 J per atom

|E per mole of metal = 5.2 x 107%° x 6.023 x 10%
=3.13x 10° Jmol™
=313 kJmol™

9. Energy of the incident photon = 3.44 x 107° J
Velocity of the photoelectron = 1.03 x 10° ms™
Kinetic energy of the photo electron

Lv=101x10%x (1.03 x 10%?

2 2

=4.83x107°J
lonization energy of the atom = Energy of the incident photon minus the kinetic energy of the photo-
electron

=344x10%-483x 10"

=2.957x 1078
But IE= he

A
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3.8 Physical Chemistry for IIT-JEE

_ hc_ 662x10* x3.0x10°

A= —
IE 2957 x 10718
A=6.72x10%m
=67.2nm

10. Theionization energy of H-atom = 13.6 eV
The energy of theincident photon = 1.5times IE

=15x13.6eV
KE of the photoelectron = (1.5 x 13.6 13.6) eV
=6.8eV
=6.8x 1.6x107%°J
=1.09x 108

But KE= —

Velocity of the photoelectron = 2KE

m

—18
= [2x109x107 ;11'0(‘3; %21 = 1.55x 10° ms™
A X

As photoel ectron shows wave nature, therefore
1l_yg_m
A h

. 9.1x1073 x1.55x 10°
6.62x10°m™

V =213x10°m™

17, y= M
2zmr
n=1
r = 0.0529 nm = 0.0529 x 10° m
velocity of an electron in the innermost orbit of the H-atom is equal to
_ 1x 606210
T 2x3.14x9.1x10° x0.0529 x10°°
=219%x10°ms™
h
12. AX- MAV = —
4
m=0.5kgand Ax =10°m
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Atomic Structure

AV = h
47rmAX
6.62x10°
v > —
4x%x314x05%x10
Av>1.05x 1028 ms™
13. 1=590nm =590 x 10° m

hc
Energy = —
ay 7
_ 6.62x10** x3.0x10°
- 590 % 10°°
=337x10%°)
But E=eVv
Accelerating potential needed to excite this yellow line
_ 337x10°"
© 160x107%°
=211V
14. P.E =—w
=-F.aq
ey,
- a2
PE = —
Ameya,
. —  1—
Given: KE = 3 KE

Total average energy = KE + PE

1 € - ¢
=+ = A+
2 4neya, Areyay

S
2\ Areqay

TE =+ LPE
2
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3.10 Physical Chemistry for IIT-JEE

15. We know that mvr= ;—h

v/
2zr=n L
mv
h . .
But — = J(de-Broglie equation)
mv
2ar=nA

Number of waves in the 3rd Bohr orbit = 2zr = 34
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