CHAPTER

Structure of Atom 2

& NCERT rocus

Topic 1
1. (i) Mass of an electron is 9.109 x 107" kg.
1

——— X 073 electrons
9.109x10

=1.098 x 10?’ electrons
(i) Mass of one electron = 9.109 x 107" kg
Mass of 1 mole of electrons
=9.109 x 10" x 6.022 x 102 = 5.485 x 107 kg
Charge of 1 electron = 1.602 x 107° C
Charge of 1 mole of electrons
=1.602 x 107'% x 6.022 x 1023 C = 9.647 x 10* C

2. (i) Total number of electrons present in one mole of CH,
=6x6.022 x 102 + 4 x 6.022 x 10
=10(6.022 x 10%)

=6.022 x 10%* electrons

(i) (a) We know that,p +n=A
6+n=14

n=14-6=28

Now, 1 mole of *C = 14 g of C

=6.022 x 10% atoms of '4C

=6.022 x 102 x 8 neutrons

=4.8176 x 10%* neutrons

(b) 14 g of '*C contains = 4.8176 x 10%* neutrons
7 mg (7 x 107 g) of "C contains

_ 4.8176x10% x7x10”
N 14

= 2.4088 x 10?" neutrons
Mass of a neutron = 1.675 x 1072/ kg

Mass of 2.4088 x 10%' neutrons

=1.675 x 1077 x 2.4088 x 102" = 4.0347 x 107 kg

(i) (a) 17 g of NHy has 10 x 6.022 x 102 electrons or
protons = 6.022 x 1024

34 mg (34 x 107g) of NH, has protons
_ 6.022x10%

1gor102kg =

[-e=p=7]

neutrons

X34 %107 = 1.2044 x 10%? protons

(b) Mass of a proton = 1.675 x 107" kg
Total mass of protons in 34 x 107 g of NH,
=1.2044 x 1022 x 1.675 x 10727 kg = 2.017 x 107 kg

ANSWERS

The answer will not change if the temperature and pressure
are changed.

3. Charge of one electron = 1.602 x 107° C

25107
Number of electrons present =X—_19 =1.56 x 103
1.602x10
4. Charge of one electron = — 1.602 x 1072 C
18
Number of electrons = % ~8
-1.602x10"
Topic 2

1. BC:Weknowthat,e =p =7

where, & = number of electrons, p = number of protons,
Z = atomic number

Here,/=p=6andA =13 [+ A = Mass number]
n=A-p=13-6=n=7. [-A=p+n]
Number of protons = 6 and number of neutrons = 7.

1860 :Here,p =8,A=16

n=A-p=16-8=38

Number of neutrons = 8 and number of protons = 8.

Mg < Here, A =24,p =12

n=A-p=24-12=12

Number of neutrons = 12 and number of protons = 12.

>%Fe : Here, p = 26,4 = 56

n=A-p=>56-26=30

Number of neutrons = 30 and number of protons = 26.

88Sr : Here, A = 88,p = 38

n=A-p=88-38=n=50

Number of neutrons = 50 and number of protons = 38.

2. () :a (i) 33U (iii) 3Be
3. Wavelength of yellow light = 580 nm
=580 x 10°m [ 1nm=10"m]

Frequency (1))=%
where, ¢ = velocity of light =3.0 x 108 m s,
A = wavelength of sodium lamp

3.0x10°

v=—""—=517x10"s""
580 x 107

B 1

Again, wavenumber (V):l —
A 580x107° m



=1.724x 10°m™
Therefore, frequency = 5.17 x 10' ¢
=1.724%x10°m™.
4. (i) We know that, £ = hv
where, £ = energy of photons, h = Planck’s constant,
v = frequency of light

E=h=6626x103*x3%x10""=1.99x 1078
hc

(i) E =

where, ¢ = velocity of light, h =
A = wavelength
£ _6.626x107* x3x10°

0.50x1071°

and wavenumber

Planck's constant,

=3.98%x107"

5. Frequency of a light wave
1 1

V)= = =5x10%s”"
) Timeperiod  2.0x107"° -
8
Wavelength of light wave == ixlgg =6.0x 102m
vV 5%
Wavenumber of light wave () =%
6.0x1072

Therefore, wavelength, frequency and wave-number of the light
wave are 6.0 x 1072m, 5 x 10°s~" and 16.6 m™" respectively.
6. Wavelength of light (A) = 4000 pm
=4000 x 107?m=4x10"m [ 1pm=10""?m]
-34 8
E—hv=h xiz 6.626x10 >9<3><1O
A 4x10”

=4.97x 107"}
Number of photons providing 1 J of energy
1

T 497x1077
i he
7. (i) Energy of photon (£) = ¥

=2.012 x 10'® photons.

_ 6.626x107* x3x108
4%x107
_ 4.9695x107"°
1.6020%x 107"
(i) Kinetic energy of the emission
= energy of photon — work function
=(3.102=2.13) eV = 0.972 eV
TeV=1602x10"]
0.972 eV =1.602 x 1079x 0.972 ) = 1.557 x 107'? )

i) KE:%m%

=4.9695 x 10717

=3.102eV

Velocity of the photoelectron (v) = %
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2%x1.557x107"° _
V= W25.85X10 ms

8. Here, A=242nm=242x10m

_he_6.626x107 x3x10°
A 242x107

LE.

=8.214 x 107" J/atom
lonisation energy of sodium in kJ mol™’
=8.214x 107" x 107 x 6.022 x 1073
= 494.65 kJ mol™’

9. Power of bulb = 25 watt = 25 J s~

Energy of photon (£) = %

_ 6.626x107* x3x 108
0.57x107°

=34.87x 10720

[+ 1 um =10 m]

Rate of emission of quanta per second

25

= W:o.mwxm”: 7.169 x 10"9 57
. X

10. Threshold frequency

c 3x108 10

A 6800x10 10 [1A=1070m]
=441 x 10"

Work function (W) = hv,

=6.626 x 1034 x 4.41 x 10" =2.92 x 10719

<Uo) =

11. According to Rydberg equation,

1 T 1

LI

A HLﬁ %)

Here,n, = 2,n, =4 and R, = 109677 cm™'
i=1O9677(l—i)=109677(1—i)
A 2 4 4 16

=109677 (ﬂ) =109677 e an”!
16 16

__ 16 _ 16 eex105cm
109677x3 329031
=486 x 1072 m = 486 nm [-1nm=10"2m]
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13.12x10°

12. Ej=————J/mole
n

Energy required to remove the electron completely from

13.12%x10°

n =5 orbital of H-atom is = 5—2 JImole

5.248 x10*
6.022x10%

=8.71 x 10720 J/atom

Energy required to remove the electron completely from n = 1
orbit in a H-atom is

=5.248 x 10% J/mole =

5
= % Jmol = 13.12 x 10% J/mol
5
- %zz.mdo-18 J/atom
. X

.. Energy required to remove the electron from n = 1 orbit is
25 times than that required to remove the electron from n = 5.

13. Maximum number of emission lines
_n (n =1 6(6—1)_@

= =15lines
2 2
14. (i) Energy associated with nt orbit in hydrogen atom is
_ -18
E,= % Jatom™
n
-, Energy associated with 5™ orbit is
-18
Es= % =-8.72x107° Jatom”™

(i) Radius of Bohr's fifth orbit for hydrogen atom,

r,=0.529 n?A

re=0.529 x 52 A

re=13.225A=13.225x 1070 m
=1.3225x 10 m = 1.3225 nm

15. According to Rydberg equation,

T 1T 1
—=v(m ) =Ry| =-—
A H(n% n%]

=1o9677(i_i)=109677(l_l)
2”3 4 9

=109677x%cm‘1 = 15233 x 104 cm™

[+1A=10""0m]
[ 1nm=10"m]

Wavenumber for the longest wavelength of Balmer series
=1523x10°m™"

1 1
16. Energy (F)=2.18 x 1078} (—2——2)

ni ny
where, n; = initial orbit, 1, = final orbit

E=2.18><10—18(1 —l)

P2 g
=2.18><10‘18(l—i)=2.18x10‘18x%
1 25 25
=2.09% 1078 =2.09 x 10" erg [-11=10erq|
=27 10
Wavelength = he _6.626x10 ><3H><1O
E 2.09%10”
951 x 102 m =951 x 108 cm =951 A
~2.18x107"
17. E, =TJ
_—218x107"%  -2.18x107"®
’ (2) 4
=-0.545x 107" =545 x 10717
Wavelength of light (A) =’Z__—C
-34 8
:6.626><10 >i139x10 3647 %107 m
5.45x10
=3647 x 1070 m = 3647 A [-A=10""m]
18. Species Number of electrons
Na* 11-1=10
K* 19-1=18
Mg?* 12-2=10
Ca’* 20-2=18
e 16+2=18
Ar =18

Thus, Na* and Mg?*; K*, Ca?*, S*~ and Ar have the same
number of electrons.

19. Species Number of electrons
H3 1T1+1-1=1)
H, 2(1+1=2)
03 15(8+8-1=15)

20. =7 =1.097x10" 22 iz—iz m™
A noom

where, 11, = number of the lower energy level, 7, = number of
the higher energy level, Z = atomic number, A = wavelength,
v = wavenumber
For Het,

1

1 yUrEvY B B I
x_1.097><10 % (2) [(2>2 (4)2]m

=1.O97><1O7x4(%)=1.097x107x% ()



For H atom, l=1,097><107 ><(1)2 ><i
A 4

=1.o97x107[i2—i2] .. (i)
n

On comparing (i) and (ii)

i—iz% This givesn, =1,n, =2

n’ n}

The transition n, = 1ton, = 2 in H-atom would have the same
wavelength as Balmer transition 1, = 4 to n, = 2 of He™.

21. Energy required =£_ - £,

ZO_(_Z.18><210—18 sz): 2.18><10;18 x 2

n (1)

=8.72x 107"}

22. lesser number of a-particles will be deflected because
nucleus of lighter atoms have smaller positive charge on their
nuclei.
23. Atomic number should be a subscript while mass number
should be a superscript of the symbol of an element. Thus, 33Br
is not acceptable.
The atomic number is fixed, but different isotopes of bromine
atoms may have different mass numbers. Therefore, it is
essential to mention mass number.
24. WeknowthatA=p+n=81=p+n
Let number of protons = x
According to question,

X x31.7

No. of neutrons = x + =1317x

X+1317x=810r2317x =81
X =i:34.96z35
2.317
Thus, symbol = §1Br
25. Let number of electrons = x
According to the question, number of neutrons (n)

+x x11.1_100x +11.1x 1110

=111

100 100 100
We know thatA=p +n
Butp=x-1
37=x-1+1.1xo0r38=211x
X =£=18
2.1

So, number of electrons = 18
Hence, number of protons = 18 — 1 =17
Thus, symbol of ion = f;cr

26. Let the number of protons(p) = x
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.. Number of electrons () = x — 3 (because the ion carries
3 units of positive charge, it will have 3 electrons less than the
number of protons.)
Number of neutrons(n)
(x —3)30.4 100(x —3)+(x —3)30.4
00 100
= 100x —300+30.4x —91.2 _ 130.4x —391.2
100 100

We know thatA=p +n
130.4x —391.2

100
_100x +130.4x —391.2
- 100
5600 = 230.4x —391.2
s X=26
Thus, number of protons (p) = 26, number of electrons
(6)=26-3=23
Therefore, symbol of the ion = 35Fe**

=(x =3)+

56=x +

56

27. The increasing order of frequency is (c) radiation from FM
radio < (a) radiation from microwave oven < (b) amber light
from traffic signal < (e) X-rays < (d) cosmic rays from outer
space.
28. Wavelength of nitrogen = 337.1nm =337.1x 107 m
Number of photons = 5.6 x 10?4
Energy of photons (£) =%
_5.6x10" x6.626x107 x3x10°
- 337.1x10°°
Power of this nitrogen laser is 3.30 x 10° ]
29. Wavelength of light (\) =616 nm

=616x 10°m[. 1nm=10"°m]

=3.30 x10°)

(a) Frequency of emission (v) =%

8
= 33X 4 87%10 sec”!

616%107°
(b) Distance travelled in 30 sec
=30x3x105=9.0x10°m
(c) Energy of quanta (£) = hv
=6.626 x 107% x 4.87 x 10" =3.227 x 10717 ]
(d) Number of quanta in 2 J of energy

2

:W =6.2 % 1018 phOtOﬂS
. X

30. Energy of photon, E =h70
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Here, h = 6.626 x 10734 )s,c =3 x 108 ms™
A=600nm=600x10"m=6x10"m

6626107 x3x10°

o =331x 107"
X

E

Total energy received = 3.15 x 10718 J

3.15%x107'®8
3.31x107"

=0.5x 10% sec”’

Number of photons received = =9.52=10

1

31. Frequency (v) =
quency (v) 2x107°

Energy of the source =1 x frv
=25x%x 10" x6.626 x 1034 x 0.5 % 109=8.28 x 10710

32. Step|:Wavelength (A) = 589 nm = 589 x 107%m
c_ 3x10°

A 589107
=5.093 x 10" cycles per sec
Step Il : Wavelength (A) = 589.6 nm = 589.6 x 10%m
¢ 3x10°
nv=—= —_9
A 589.6x10
Energy difference between two excited states,
AF =6.626 x 104 (5.093 - 5.088)10'*

=6.626x 1024 x5x 1073 x 10" =331 x 10722

33. (a) Work function = hvy = 1.9 eV
=19%1.602x107"9)=3.04x107"9)

Frequency (v) =

=5.088 x 10" cycles per sec

Threshold frequency,
19
vp) = 2o X104 59 x 10" sec”!
6.626 x 10~
(b) Threshold wavelength,
8
=S = 210 _gsaxioTm
vy 4.59%10

or 654 x 10~ m or 654 nm

(c) Energy of light,

_hc 6.626x107* x3x10°
A 500x107
Kinetic energy of ejected electron
=398x107°-3.04x107"°=9.4x 107}

E =3.98x 10719

KE=mv?
2
=20
v = [ARE_2O0 T s 105 m s
m 9.1 10"

5

34. Let the threshold wavelength = A, nm = A, x 107 m

then hc 1 =1mv2
X ) 2

Substituting the given three experiments,

e (L 1)1 255 %0y (i)
10° (500 2, ) 2
e (L _ 1)1 350ty (i)
1021450 A, ) 2
he (1 T 520 %105 (i)
1090400 2,) 2
Dividing equation (ii) by equation (i) we get,
Ao —450 5002, _(4.35)2
450h,  Ap—500 \2.55

Ao —450 450 (4.35)2
or =—X|—

Ay —500 500 \2.55
oy Mo=450_9 1892 A =450 _, oy

Ay —500 10 6.50 Ao — 500

or  Ay—450=2.622,-1310
Ay=530.86 nm = 531 nm

Putting this in equation (iii), we get

8
M_XW(L_L)J@.Mo-“><5.20><105>2
10° 400 531) 2

h x3x10" El =1><27.04><1010><9.1><1o-31
531x400 | 2
h=6.66x10734]s
35. Energy of incident radiation (E) = hTC
-34 8
:6.626><1O ><i><10 0.0774x10°"
256.7 %10
=7.74%x 10719
= 4.83 eV [+1.602x 1079 ) =1eV]

The potential applied gives the kinetic energy to the electron.
Hence, K.E. of electron = 0.35 eV

Work function = (4.83 — 0.35) eV = 4.48 eV
36. Photon of wavelength = 150 pm = 150 x 107 m

Energy of photon (£) = hTC

_ 6.626x107* x3x10°
150% 107"

=0.1325x 107" =13.25% 10710 |




Energy of the ejected electron = %mv2

= %><9.11><10—31><(1.5><1o7)2 =1.025% 1070

Energy with which the electron is bound to the nucleus
=(13.25x 107"~ 1.025x 107'6) } = 12.225x 1071 J

-16
_ %zmaxm%v
ouEx [+1.602% 10719 ) = 1 V]
37. - A=1285nm=1285%10"m [ 1nm=10"m]
8
DzizLOg =2.33x 10" sec”!
A 1285%10°

1 1
According to question, v=3.29x10" (37—?)

233 % 10 = 3.29 x 1015 (1_%)
9 n

233x10™ 1 1

1 1
T —=——— o 00708=———
3.29%x10” 9 n? 9 p?

or %:1—0.0708 or %:1_0'64
n 9 n 9

o 1 _036
n? 9
, 9 900
nN‘=——=—=25 = n=+425=5

036 36 =

A =1.285 x 10® m ie., of order 107 m which lies in the
infrared region.

38. Radius of n™ orbit of H-like particles

_0.529%n* 5 _52.9xn°
7 7
Radius (r,) = 1.3225 nm = 1322.5 pm 52?”1
Radius (r}) = 211.6 pm = 5291
7
h_13225
Lo 2116
(Y
= 6.25:-12:(”1J =6.25= =\/6.25=2.5
nZ 2

n,=2,n, =5 thus, the transition is from 5™ orbit to 2™
orblt It belongs to Balmer series.

_ (1
©=1.097x10 (2—2—5—2

=1.097 x 10’ (l—i)=1.o97x1o7xﬂ
4 25 100
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1 100
A=—=———————m =434x 10" m
U 1.097x21x10

=434 x 107 m = 434 nm
Thus, it lies in the visible region.

Topic 3

mv
where, h = 6.626 x 10734 J s (Planck's constant), m = mass of
electron, v = velocity of electron
_ 6.626x107
9.1x 107" % 2.05x 10’

2. KE:%m%

12
2x3x107%° y
=[—9.1><10_31 ] =812ms

1. Wavelength of electron (A) =

=355x 10" m

-34
Now, 3= N 662610

mv 9.1x1073"x 812
=8.967 x 107" m = 8967 A

3. According to Bohr's theory, the angular momentum of an
electron of mass (m) moving with speed (v) in an orbit of radius

(r) is an integral multiple of i
T

mvr:ni or anzni (1
2n mv
But according to de Broglie equation,
a1 (2)
mv
From equations (1) and (2), we get 2mr = nA, /6., an integral

multiple of the de Broglie wavelength.
h
4. According to de Broglie equation, A = o

where h = Planck’s constant = 6.626 x 10734 J s
m = mass of particles = 9.1 x 107" kg,

v = velocity = 1.6 x 10% m/s

6.626 x 107*

= - = =0455x 10 m
9.1x 107" x1.6x10
=455 x 1072 m = 455 pm [1pm=10"2m]
_ [.,;FL]
m\ mv
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~ 6.626x107*
1.675x107% x800x 1072

- m=massof neutron=1.675x10"%" kg
A =800pm=800x10""2m

=494 x10%ms™

6. We know that, XzL
mv

where, h = 6.626 x 1074 J s,
m = mass of electron = 9.1 x 103" kg
V=219 x 10® m/s

6.626 x 107>
T 9.1% 107 % 2.19 x10°

=332x10"?m=332pm

=0332x107%m

[~ 1pm=10""m]
h

7. Weknow that A=—
mv

where h=6.626 x 1034 J s, m=0.1kg,v=4.37x 10°ms™"

_ 6.626%x107

—m=15.16x10739m
AX4A.5/ X

=1516x 1038 m

. o h
8. According to uncertainty principle, AX X Ap =i

I
where, Ax = + 0.002 nm = + 0.002 x 102 m, Ap = ?
h 6.626 107
Ap = =
AnAx 22

><7><0.002><10—9

=2.63 x 10723 kg m/sec
o
4w, 0.05

-34
= BB26XT0TT 4 05 1072 kg ms
4%3.14x5%x107"

This value cannot be defined as the actual magnitude of the
momentum is smaller than the uncertainty in momentum,
which is impossible.

Actual momentum =

9. (i) The respective electronic configurations are :
@ H —1s? (b) Na*— 1522522p°
© 0% — 15%2522p° d) F — 15%2522p°
(i) (a) 3s" — 15225%2p°3s'

. The atomic number of element = 11
b) 2p° — 15%25%2p3
. The atomic number of element = 7
© 3p>— 15225%2p®3s% 3p°

The atomic number of element = 17

(i) (a) [He] 2" — Lithium, Li
(b) [Ne] 3s%3p> — Phosphorus, P
(c) [Ar] 4s23d" — Scandium, Sc

10. For g-orbital, / = 4. For a /=0 s’ orbital ]
value of 11, possible values of / are [=1 "'p' orbital
Oton—1. [=2 'd" orbital
Thus,/=4=n-1=n=5 /=3 'f' orbital
The lowest value of n that allows |=4 g orbital

g-orbitals to exist is 5.
11. For 3d-orbital

n=3

=2

my=-1It+/
=—2t0+2
=-2,-1,0,+1,+2

12. Number of electrons = 29, number of neutrons = 35
() WeknowthatZ=e=p
. e=2 .p=29
(i) Electronic configuration : 1522522p®35%3p%3¢'%4s'
13. ()Whenn=3,/=0,1,2
When/=0,m,;=0.When/=1,m=~1,0, +1.
When/=2,m;=-2,-1,0,+1, +2.
(i) For 3d-orbital /=2, m;=-2,-1,0, +1,+2
(iii)  For a particular value of 1, the allowed values of / are 0 to
n—1only. Hence, 2s and 2p are the only possible orbitals.
14. (a) 1s (b) 3p (c) 4d (d) 4f
15. (a) Not possible because n # 0
() Not possible because whenn=1,/=0
(e) Not possible because whenn =3,/ =0, 1, 2, and not
equal to 3.
16. (a) Total number of electrons in n = 4 is 2n% = 2(4)2 = 32
But half of these electrons have my=—1/2

Number of electrons = 16

(b) Number of electrons = 2 [ 35 subshell]

17. 1. 4d(n+/=4+2=6)
2. 3d@n+/=3+2=5 3.
4, 3d(n+/=3+2=5) 5.
6. dpn+/=4+1=5)
Greater the value of n +/, higher will be the energy of orbital.
If two orbitals have same n + / value then the orbital having
higher nn value will possess higher energy.

Therefore, the required order is :

5<2=4<6=3<1

dp(n+/=4+1=5)
3p(n+/=3+1=4)



8

18. The electron in 4p orbital experiences lowest effective
nuclear charge because it is farthest from the nucleus.

19. Orbital closer to the nucleus will experience larger
effective nuclear charge.
(i 2s (i) 4d (i) 3p
20. Si has nuclear charge, Z = 14 while Al has Z = 13. Thus,
the electrons of 3p-orbital of Si will experience more effective
nuclear charge from the nucleus.
21. (a) P — 15 25% 2p8 352 3p3
Number of unpaired electrons = 3
(b) 145i — 1s% 252 2p® 352 3p?

Number of unpaired electrons = 2

. (@n=4,1=0,1,273

WEG 100PERCENT Chemistry Class-11

54Cr — 15% 252 2p® 352 3p° 3¢° 4s'

Number of unpaired electrons = 6

sgFe — 15? 25% 2p® 3s% 3p® 3¢ 4s?

Number of unpaired electrons = 4

36Kr — 152 252 2p® 352 3p 30" 42 4p°

Number of unpaired electrons = zero

[-/=0ton-1]
Number of sub-shells = 4

. 2
Number of electrons having mg=-1/2 = 37 =16

[-- Maximum number of electrons = 2n? = 2 x 4% = 32]
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