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ATOMIC STRUCTURE

EXERCISE - 1

Single Choice

1.
2.

10.

11.

12.

R=R /A”=13x64"=5.2fm

Hydrogen atom contains 1 proton, 1 electron and no
neutrons.

(e/m), e/mg 3672

(e/m), 2e/4x1836m, 1

Volume of nucleus

Volume fraction = Total vol. of atom

_ (4/3)n (107)°

= — —15
(4/3)n (1078)3 10

Ne contains 10 electrons
0% and F~ contain 10 electrons

hC

1.E. of one sodium atom = N

hC
& L.E. of one mole Na atom = ES N,

_ 6.62x10% x3x10% x6.02x10%

YT =494.65 kJ.mol.
X

Violet colour has minimum wavelength so maximum

energy.
¢ 3x108
A===—"—"—2=075m
v 400x10
c 3x108
A=< =" =375x10°m
v 8x10

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.

For photoelectric effect to take place, E W

e he

n g

light =

or A<Ag.

80

= 40x ~~

p _ nhC
ower= ——— 100

Axt

nx6.62x107 x3x10° }
T T 0x10°x20 nT2xlo

HINTS & SOLUTIONS

13.

14.

15.

16.

17.

18.

19.

20.

E, =-78.4kcal/mole=-78.4 x4.2=-329.28 kJ/mole

329.28
965

eV =-34¢V.

(energy of Il orbit of H atom).

2
ro [?J As Z increases, radius of I orbit decreases.

2
Radius = 0.529 “7 A=10x10"m

So, =189 or, n~14 Ans.

12
E,(H)=— 136X 7 =—13.6¢V

22
E, (He) =~ 13.6x 7 =~ 13.6¢V

. 3
E, (Li¥)=-13.6 % 2 13.6eV

42
E,(Be*)=-13.6x yel =-13.6eV

E,(H) =E,(He") = E, (Li**) = E,(B&*")

z
V=2.188x10° — m/s

n
N v E VLi2+ 3 Z4/nq _3/3_1
MY S0 Ny T Zaing T

or, VLi2+ =V,
r,—1,=24X(r,),
2 2
O.529Xn1 _0.529)(”2 :24X0529
1 1
(2 -n3) =24
1 —-n
So, n,=5 andn,=1
72
LP.=340V so, I.E.:340€V:13.6W
so, 7Z*=25 so, Z=5 Therefore, (B)is correct option.
. Z z?
Velocity o N ;  Frequency oc —;
n
Radiusec o F z
adius oc —; orceoc — .
z n*
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CHEMISTRY

21.

22.

23.

24.

26.

27.

28.

29.

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*=-34x2?
—13.6eV.
S, and S, are correct statement.

S1 : Be? ion has 2 electron so Bohr model is not
applicable.

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

(a) Energy of ground =-13.6x22=-544¢V (iv)
state of He"
(b) Potential energy ~ =-27.2x12=-27.2¢V (ii)

of I orbit of H-atom

22
(¢) Kinetic energy =13.6x 3—2 =6.04¢V @)

of II excited state of He™

=13.6x22=544V (iii)

(d) Ionisation

potential of He*

_he el
AE U AE

A

. When electron falls fromn to 1, total possible number of

lines=n—1.

22 1
E =E, Tz E,=-13.6 % (572 =—0.54eV
According to energy, E,  >E,  >E  >E .

According to energy, Violet > Blue > Green > Red.
Red line = 3 — 2 transition.

For 1% line of Balmer series

_ 1 1] (gj_s
V1*RH(3) W_W =9R 36 fZR

For last line of Pachen series

_ 1 1
Vv, =R, (3) [(3)2 _W} =R

R
7

IR}

SO, V1—V2 = R-R=

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

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

So, 3 lines.

210

31.

32.

33. 5

34.

35.

36.

37.

38.

39.

40.

41.

42.

Infrared lines = total lines — visible lines — UV lines

_ 6(6-1)
)
(visible lines=4 6—2,5—-2,4—52,3>2)
(UVlines=5 6—1,5->1,4—>1,3->1,2>1)

-4-5=15-9=6.

r1:0.529A
r,=0.529 x (32 A=9x
2nr  2n(9x)
S0, A=—— =—71— =07nx.
n 3
Mo _ V2 _ 200 _ 2
A YV V50 1
h -34
A=— _ 562510 77 %3600~ 102"m.
mv 0.2x5
h

1
N .

For a charged particle L = W , . A

_ 6.62x107*
 4x3.14x1x107°

h
Ap.Ax= an = Ax

=527x10"m.

) 0.101
For an a particle, L = T A.

ol

2
or o= (n=4 of C>*ion)

L3
2

NS

d’ : 3 unpaired electrons. Total spin=+

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).

Orbital angular momentum= /¢ (¢ +1) o 0.

£ =0 (s orbital).

Cu: 1522s2p®3s23p°3d'4s!.
Cu?": 1s22s2p3s23p®3d° or [Ar]3d°.
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43.

44.

45.

46.

47.

48.

49.

50.

62.

64.

65.

66.

67.

Magnetic moment= /n(n +2) = \/24 BM.

No. of unpaired electron = 4.

X+ 15*28°2p°35°3p®3d°4s’,
To get 4 unpaired electrons, outermost configuration
will be 3d°.

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

n=2.

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
electron in £ =2 i.e. d subshell is 5.

X,, 1 157 25 2p° 35> 3p® 3d’ 4s.

No. of electron with £ =2 are 3 (3d3).

h
5= =0

Orbital angular momentum = o

2(e+1)
(since ¢ =0 for s orbital).

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

Number of radial nodes=n—-¢-1=1,n=3. .. /=1.

. h h
Orbital angular momentum = /¢ (¢ +1) o J2 o

Cl,, : [Ne] 3s* 3p°.
Unpaired electron is in 3p orbital.
n=3/=1,m=1,0,—1.

(A) ,,Cr:[Ar]3d%4s'

(B) m=—/to + / through zero.

(©) ,Ag: 1522s?2p 3s?3p®4s°3d'%4p°5s'dd".
Since only one unpaired electron is present.

11 Mo o
cC——5B+je
n

2

p

n
5 is minimum for this isotope.

It is the order of penetrating power.
. . n . .
Nucleides having E > | undergoes B-emission to

n
decrease E ratio in order to attain belt of stability.

68.

69.

70.

71.

72.

73.

74.

76.

77.

78.

A A— 1

ZX —— Z 1)( + gn

238 214

5 U — 8"Pb +mjHe +n%e
m=6and m=2. Total =8§.

A=V
h h
then A=—— or A*=— So, A=4—.
mV m m
s orbital is spherical so non-directional.

Total number of electrons in an orbital =2 (27 +1).

The value of ¢ varies from0ton— 1. Total

l=n-1
numbers of electrons in any orbit = z 2(20+1),
(=0

/=

Ax=2Ap

R h h
AX'APZE:E = 2Ap.Ap:E

7 h
2(mAV)? = — J(AV)Y= ——
= 2mAv) (AVy=

2

= AVzﬁ.
2m

The lobes of d, orbital are at an angle of 45° with X and
Y axis. So along the lobes, angular probability distribution

1S maximum.
ny+n, =4

son =3andn,= 1.
n1 —n2 :2

1 1
v =R(@3) {———} =8R.
v (12 (3
27r = nA = circumference

Spin quantum number does not comes from Schrodinger
equation.

1 1
s=+ 5 and - 2 have been assigned arbitrarily.

2
}”_Y _ MxVx N 7‘_y _ MyVx _ 16
Ax  Myvy 1 (0.25my )(0.75vy) — 3 -

A= 5.33A.
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CHEMISTRY

79. For an electron accelerated with potential difference V

V2
_h 12-3/;\' Asv T, 1_0_2 J o m?T

Molar mass of e = 9.1 x 10728 x 6.023 x 1023

1 1 =5.48 x 10~ g/mole.
— 21~ —
80. v=RCZ nf nj e 16x1071°
For electron, — = ————& =1.7x10%c/g.
m  9.1x10
1 1
v,=RCZ? (1_2 - ?J =RCZ?2, 7. From o particle scattering experiment, distance of closest
approach of a particle with nucleus came out to be of the
1 1 3 order of 10" m.
v,=RCZ? [1—2—2—2J =2 RCZ% ‘ ) o
8. (A) Since the number of photons is not specified (it may
1 1 or may not be equal to 4 N,). So, this statement is not
v;=RCZ? [2_2_ ?J = %RC 72 5. v -V, =, always true.
(B) No.of photon emitted per day x Energy of one photon
EXERCISE - 2 Energy emitted per day.

T - 12400
Part# I : Multiple Choice ForbulbA, Ng, X 1.6 1071 =40 x 24 x 3600,

1. Ground state binding energy = 13.6 Z>=122.4 V. 2000
Z=3.
1t excitation energy = 10.2 Z2=91.8 € V.
an 80 eV electron cannot excite it to a higher state.

12400 .
Forbulb B, Ne, x —o0= % 1.6 1071°=30 x 24 x 3600,

neA . neB =8:9.
c 3x108 (C) When an electron make transition from lower to
2. v=o = 5002109 5x10"sec higher orbit, a photon is absorbed.
_ 12400 2076V, 9. Transition is taking place from5—>2 = An=3
6000 ' ' Hence maximum number of spectral line observed
h h h _3(3+1) 6
3. A= mv _ J2mKE _ y2mqV - 2 ’
When v, KE and V are same, as m increasing, A decreases. _ 5
A >A >4 (ifv, KE and V . . .
e7hy = ho (i, and V are same) 4 (C) number of lines belonging to
4. Max. number of different photons emitted is4 [(4 >3 — 1 3 ille Balmer series
and4 —>2 > 1)or(4 >3 52— 1and4— 1)]. l 5 =3(6>24-23-2)
Minimum number of different photons emitted is 1(4 — 1 n=1 as shown in figure.
and4 — 1).
Number of lines belonging to
5. n=4,m=2 Paschen series=2 (5 — 3,4 — 3).
Valueof /=0to(n—1)butm=2. .. (=2or3only
Value of s may be +1/2 or —1/2 . h 6.626 x 10734
6. me:9'1 x 10731 kg:9.1 X 10—28g. 10. (A)kcanbe calculated as: A = W = W
m )50
m= —02 (m, : rest mass ; m : dynamic mass). =6.626 x 10 m. (very small).
1- V—Z (B) de-Broglie wavelength associated with macroscopic
C

particles is extremely small and so, difficult to observe.
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ATOMIC STRUCTURE

11.

12.

13.

14.

15.

16.

17.

(C) de-Broglie wavelength associated with electron can

h
be calculated by using A = —.
mv
(D)KE =5+20=25¢V.

150 150
*=AVKg, =

25 ~VB A
Ist excitation potential =10.2 Z?= 24V

72=24/10.2
IE=13 6ZZ*M*32 V.
TNET o oY
Binding energy of 3" excited state = 0.85 Z>
_ 0.85x24 eV
- 102 oV
o . 12.09x24
2" excitation potential of sample = 12.09 72 = 02
~ 32x8 v
-5 4

Jn(n+2) =1.732
Number of unpaired electrons, n=1.
L X [Ar] 4s?3d°
For having one unpaired electron, 6 electrons are to be
removed (2 from 4s & 4 from 3d).
Y=6.

No. of neutrons in 15Ge =A-Z=76-32=44.
No. of neutrons in ggAS =77-33=44.

No. of neutrons in 28Se =78 — 34 =44.

Since most part of atom is empty space, so, when o
particles are sent towards a thin metal foil, most of them
go straight through the foil.

Zn?** : 0 unpaired electron ;
Co?:3 unpaired electron ; Ni*": 2 unpaired electron

Cu": 0 unpaired electron

Mn** : 3 unpaired electron ; Mg*" : 0 unpaired electron
Sc* : 2 unpaired electron.

If photon A has more energy than photon B, then A of
photon A must be less than A of photon B. If Aof photon
B isin IR region, A of photon A can be in Infrared region
or visible region or ultra violet region.

Non integral atomic masses of elements are due to
existence of isotopes of that element which have different

masscs.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29

Bohr model is only valid for single electron species i.e.,
Total no. of electrons in the species should be 1.

In all the given cases, only one quantum of energy is
emitted since only one electronic transition occurs.

Spin angular momentum S = o

s(s+1)

N _Bn
72 2 2n

Change in angular momentum for 3 — 2 transition

L, h_h
—6- )215 S 2n

Change in angular momentum for 4 — 2 transition
b b

—@- )215 on

,,Cr:[Ar] 3d°4s' ;
Pd o [Kr]4d" s ;

,,Cu: [Ar] 3d"4s!
<Pt:[Xe] 5d°6s!

.O : [He] 2s22p* ;¢S :[Ne] 3s?3p*

For 1s, 3s,3d and 2p orbital, /=0, 0, 2, 1 respectively.
Orbital angular momentum= /¢ (¢ +1) 7 .

Magnetic moment=2.83 so, no. of unpaired electrons =2
so, Ni?" is the answer.

2
hA_L_R m_1
nn3 T 4R = np 2
3
LA A
T, " nd 8"

After np orbital, (n+ 1) s orbital is filled.

T g
T. 3”3 " 8
2 ny 2 8
2nr 3
(T:T] so, Toc —5

Cr: 1s22s*2p° 3s? 3p® 4s! 3d°
n+/=3
so the combinations are 2p, 3s. So 8 electrons.
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CHEMISTRY

30. Angular momentum J =mvr

T2 = m2v2r2
J? 1 2 2 J?
or — = (Emv jmr or KE.= 5
2 2mr
21Ke?
ex| =
eVn [ nh ] 4n’mk2e®
3L L= 2nr, 22 ) nhd
2mx
4n’me?K
1
32. Rby, :[Kr] 552 n=5,/=0,m=0,s=+ 5
33. Visible lines = Balmer series
= 3lines. (5 —>2,4—>2,3>2).
34. Shortest wave length of Lyman series of H-atom
1o [t N
Aoox (12 (w) 5 *TR
For Balmes series
1 2 { 1 1 }
—=R(1)* V752 7oz
l 1.5 . 36x
A x 36 5 AT g
35. I :Forn=5,1_, =0. .. Orbital angular momentum

= 0(¢+1) n=0.(False)
II : Outermost electronic possible atomic number
configuration = 3s! or 3s2. =11lor 12 (False).
IIT : Mn,s=[Ar] 3d° 4s2.

5
Total spin=+=+ 2 (False).

.. 5 unpaired electrons.

IV : Inert gases have no unpaired electrons.
spin magnetic moment =0 (True).

hc _
36. = =E,~E,=KE,-KE,
LIPS} 11
=mv @Vr=13 © 2™ T om 2
A 2mad Zmﬁ ’

214

37.

38.

39.

40.

41.

42.

43.

44.

46.

IP=13.67%2=16 (given).

3 3
Ist excitation potential = 13.6 x yike 72=16x 7 =12V

An h

Change is angular momentum = on 5-2) P
o
S 2n

A myKE 4m, x 325

p p
70~ I MoKE, — | mox50 ~ V26 =5

o p=p p
- 13622 _136(2)°
otal energy = = =3.4e¢
¥ (47

NowK.E.=34-14=2¢V
Now, Total energy=2+4=6¢eV

150
For electron A = EVERS A=5A.

Number of lines in Balmer series = 2.
n=4(lineswillbe 4 > 2,3 - 2).

i.e. potential =6 V

13.6
KE ofejected photoelectrons=E_ | —BE =13— 4_2

photon

=13-0.85=12.15¢V.
The lobes of dX27y2 orbital are alligned along X and Y

axis. Therefore the probability of finding the electron is
maximum along x and y-axis.

Number of values of ¢ = total number of subshells = n.
Value of /= 0,1,2........ (n—-1).
{=2=>m=-2,—-1,0,+1,+2 (5 values)

m=— ( to + ¢ through zero.

E o 7? Z doubled = E_becomes four times.
R o« 1/Z Z doubled = R becomes half.
v ocZ Z doubled = v_becomes two times.
Eabsorbcd = emitted
hc 3 hc N h_c
300 496 A
A=759nm.
KE=-TE=3.4¢V. A= 150 = @
CooETeaey “VKE V34
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h h

47. A = =
© J2mKE, [2x1/1837m, x16E

L h __h
P 2mKE, [2m,x4E

h h
}\'a: ’ZmOLKE(X = \/2><4mp ><E }\'C>)\'p:}\'a'
K K(-e)(+4 1 2
48, pE - 192 _ K(ze)(x4e) - 47
r r T€g r
 megr

49. y\n(n+2) =49
No. of unpaired electrons, n =4.
,sMn : [Ar]4s?3d°
For having 4 unpaired electrons, a Mn atom should lose
3 electrons (2 from 4s and 1 from 3d).

a=+3.

50. d,2 orbital has two lobes along Z axis and a ring along
XY plane.

12400
51. Energy of one photon = 3100 4ev =4x96
=384 kJ mol™!
384 — 288
. % of energy converted to K.E. = 382

96
= ﬁ x 100 =25%

52. 1*line from red end in Balmer series.
= Line of minimum energy in Balmer series.

Transition = (3 — 2).

53. Since some visible quanta were observed along with
other quanta, electrons must have made transition from
some higher state to n =2 and then fromn=2ton=1.

Transition from 2 — 1 is compulsory, because
electron from n =2 will finally fall inton=1.
Rn1 n

2
1

54. =7 =
Rn2 n%

1 1
4 7 Ny 27

N
N

59.

60.

h
A= —
p ,/2mpqu

Among the first four orbits n, and n, can be 1 and 2 or 2
and 4.

Energy difference can be :
E,  ,=102eV or E, ,=255¢eV.

2 4

h
= J2m,q,V

h

A =
¢ \/2><4mpx2qpr

ho 1A
IE, >1E,

Z,>7Z,
rocl/Z I, <rg.
uocZ U, >ug.
E oc Z2 (But it is negative). E,<E;.

L does not depends on Z.

Forsamen,L, =L;.

. In H—atom, 4 lines are observed in Balmer series. So,

electronisinn=6(6 - 2,5 > 24 > 23 > 2).
In He* ion, one line is observed in Paschen series. So
electronisinn=4 (4 - 3).

(H)6ﬁ 2= (He+)12 >4

electron in He" will jump fromn=4ton=12.

- (He), = L), n,

Z, n, n

_ N2 2_<
Z, ng, ng% 37 n, "

n4:3 andn3:6.
Transitionin Li** ion=3 — 6

KE,=E
KE,=E

photon

photon n=n
1 1
KE,-KE,=BE _,-BE _, =13.67? 1_2_n_2

=12.75 (given).
n?=16 or n=4.

BE : Binding energy.

Number of lines of Paschen series
=58—->3,7-3,6>3,5>53,4>3).
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61. EA»C = EA~>B+ EB»C
12400 B 12400 N 12400 2= 6000 A
3000  MA) T e000 T M '
50
62. Eemitted - 100 x Eabsorbed

No. of emitted photons x Energy of emitted photon

~100

12400 50 12400
n X _——=7""—Xn X ———
¢ 5000 100 a 4000
Ne 5
n, 8-
(e/m)p ep/mp 2

63- (eim), ~ 2e,/4m, ~ 1

64. Ax=0.1x107m.
AV=527%x102"TmsL.

h
AXXmAV=——
4r

0.1 x10°xmx527x1027=0.527 x 10734,
m=0.1kg. =100 gm.

A S a1
65. 3, =R F~ 7| and 5

1 1
= R(1)? 22 42

A= dr,=
l—R an = 3R
1B _3
7\‘2 :7\’1
_1Kze® 3¢
66. KE= 5 = > =g .

1 1
67. v, =Rc(1)? L_z_?} =Rec.

1 1
v, =Rc(2)? L_Z - ?} =4Rc.

1 1
v;=Rec(2)? [2_2 - ?} =Rec.

2(v;*+vy)=v, andv,=v, and

216

v, =

0
x No. ofabsorbed photon x Energy of absorbed photon.

\2F

1.

2.

Part #11 : Assertion & Reason

q,=2q, and m = 4m

For principle quantum number n
£ =0to(n—1)and m=-/¢ to ¢ including zero.

[150

Statement-1 : Correct statement.

a1
nf n3]

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

1
Statement-2 : 7= R, 7

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.

EXERCISE -3

Part # I : Matrix Match Type

2Ttl'n n3
= T ,c —5.

n_ Vn’

E 13622 E 22 n?
=-13.6 5 ,E o« —&, 1 oc —
n n2 n n2 Z

n

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

_ z'i_L}_ﬁ
=R(1) 2 32| 9 (c).

ii : For Balmer series, v for second line (4 — 2)

_3R
=75 (@.

|1 L}
=R(I) 122 42
iii : In a sample of H-atom for 5 — 2 transition, maximum

number of spectral lines observed
(5-2)(5-2+1)

= =6().
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iv : In a single isolated H-atom for 3— 1 transition,
maximum number of spectral lines observed

=2(3-2,251) (b).

Part # II : Comprehension

Comprehension#1 :

1. Lastline of Bracket series for H-atom

LR I 16
}\‘1 =R (4)2 (00)2 SO, }\.IZE

2" Jine of Lyman series

$0, A, = ony

SR T
e N7 @) &R

128 9

or, 7\4 = 7\‘2

2. 1. Spectral lines of H atom only belonging to Balmer
series are in visible range.
2. In the Balmer series of H-atom, first 4 lines are in visible
region and rest all are in ultra violet region.
3. 2" line of Lyman series of He" ion has energy
=(E,,)x22=12.1 x4=48.4¢V.

1 1 7R
3. v =R@)? GF @Z|= 9

Comprehension #2 :

1. As the frequency of incident radiations increases, the
kinetic energy of emitted photoelectrons increases.
Decreasing order of v => Violet > Blue > Orange > Red
.. Decreasing order of KE of photoelectrons = Violet
> Blue > Orange > Red

2. The interaction between photon and electron is always
one to one for ejection of photoelectrons,
Frequency of incident radiations > threshold frequency
s 5.16x105>6.15x 10"

3. The number of photoelectrons emitted depend on the
intensity or brightness of incident radiation.
Comprehension #3 :

1. Multiply Angular part and Radial part of 1s orbital and
square this.

3/2
5y 1 1 Z—L e1/220
T {32r | ag ag

For radial node atr =r,, ‘Pzzs = 0. This is possible only

when

3. For s-orbital probability of finding an electron is same at
all angles at specific radius.

Comprehension #4 :

1.  Two unpaired electrons present in carbon atom are in
different orbitals. So they have different magnetic

quantum number.

2. Electronic configuration of Zn*" ion is 1s? 2s* 2p® 3s? 3p°
3d'° so no electron in 4s orbital.

3 N lG”JL D 0s66
'S(S+)2n_ 2(2 2n 2 2n U 2nm

Comprehension #5 :

1. Ax= h ! AV—V’w—WO 107 m/
© T 4anMe “av 2V 100 T s
1
_ 5, ————— — -2
Ax=5.8x107x 300 x10-5 1.92x102°m

2. The maximum KE of potoelectron is corresponding to
maximum stopping =22 eV

incidcm: Eth:csold + KEmaxi = 40 eV + ZzeV = 62 eV
12400 A
7\'incidem = 62 = 200 A
3. Circumference =2nr=nA\
. 2nr  3nm
de-broglie —A = —— = —— =1nm=10A
n 3
12.3 A
W

12.3)2

= KE= ELN 1.51eV.

.. KE ofelectron in third orbit=1.51 eV =binding energy of
third orbit in this atom

1240 eV A

151ey ~82lnm

A = of photon required to ionise =
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CHEMISTRY

Comprehension#6 :

1.

Cr = 1s*2s*2p®3s” 3p° 3d° 4s'
Mn' = 1s*2s” 2p°® 35> 3p® 3d° 4s'
Fe™ = 1s” 25> 2p° 3s° 3p® 3d°
Co’ = 15> 2s*2p® 3s” 3p° 3d°

Jn(n+2)=1.73

n(n+2)=3

n+2n=3

n’+2n-3=0
m+3)(n-1)=0

n=1

Number of unpaired electron = 1
V= [Ar] 3s' 45’

Fe'" = [Ar] 3d’

Ti’" =[Ar] 3d'

Co’"=[Ar] 3d°

all are having unpaired electron hence paramagnetic &
coloured.

Fe = [Ar] 3d°4s’

mlrr[r]

Hund's and Pauli's principle is voileted.

1 1
Spin quantum number (m, ) =— 2’ 0,+ 7 that is one orbital

accomodate maximum 3e-
Number of element in any period = 3r

p+2

n= o (for even period no.)
2+2
= = 2
T

number of element = 3 x 4 = 12

for g - sub-shell

n=>5

(=0,1,2,3,4

¢ =4 {g - subshell}

number of electron
=2x9=18

number of orbital =(2/+ 1) = 9

any orbital can have more two electron

=220+1)
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EXERCISE - 4

Subjective Type

1.

Distance to be travelled from mars to earth= 8 x 10" km
"+ Velocity = 3 x 10® m/sec

, 8x10'° R
- Time =D/V =———+5 =2.66 x 10" sec.
3x10

() LP.=AE=E, —E; =0~(-15.6)=156Lv.

() n=00 n=2
AE=[0-(-5.3)]=5.3 1w
E= 1240 k:ﬂ=233.9nm
Anm) 53

(© |AE,,|=|-3.08-(-15.6)|=15.6-3.08=12.52Lv.

A 1240 A
2=1.808x10"m™"
d (@ E=-15.6—(-6)=-15.6+6=-9.6
(I E=-15.6—(-11)=-15.6+11=-4.6

1240 1252 1
= = =—(n.m)

1.6x10"YJ=1eV

1 -17

107 = eV =0.655x 10?

1.6x107%°

:nhc 0625X102:n1240
A : 550
2.77x10=n
330 J=n(hv)
3307=n[6.62 x 10**x 5 x 10"]

330
6.62x10* x5x10"

E

=n 1022:n

g hL ~3.15x10™ x850x10”
) B 6,62 %107 x3x10°
n=134.8x10° n=1.35x10°
A=1093.6nm R, =109x10"m"
=1093.6x10 m.n,=? n, =3

10° 1 1
1093.6x10" x1.09 9 nj
11 1.0
n; 9 n, 0.253
n; =36 n, =6



ATOMIC STRUCTURE

10.

11.

n =2 [firstline]

n =2
1 11
Z—R.| ==
A ”[4 9}

oo (117 .

[second line]

S

A _ 36 _5x16

6565 3 36x3 A =4863 A
16

(I

(A, —A,)=133.7nm ... (IID)
we will solve the three equation and we will get
R=1.096x10"m"

1 1
AE=13.6 [5_2} % 96.3368 kJ/mole

136222
7l 36
=1.827 x 10°J/mole

} x96.368=182.074

IE_2_1240
A 854

:_182544(1) x96.368kJ / mole ~ 139925 kJ/mol

Radius = 16(RH) = 16 x 0.0529

2

16 % 0529 =0.0529 x ”7

n=4

2

T.E.=-13.6 X;—Zl.v. =0.851v.=-1.36x 10™J

12.

b)

13.

14.

-21.7x107"*
En:—j 1 erg=10"Joule
n
e _—21.7x107"
n 4

21.7 x1012}_21.7 x10712

J.E.—O—{ 1 1

=5.425x 10 "* ergs

6.624x107* x10°

5.425x10"=
A

6.624x3x10°x10"
- 5.425x10™

=3.7%x10"x10°ecm=3.7%x 10" cm

AE = I.E.[l —l}
4

21 1

=3.7x 10" (nm)

2.17x 10 " erg/atom 11 = he
4 1] Xm)

1} ~6.626x107 x3x10°

—11 —7 1
2.17x107 x 10 J[Z_T "

7L_6.626><10?’4 x3x10% x4 3 6.626 x4 x108

2.17x107%¥x3 2.17
=1220%x10%m
lm— 10" A
& 12.2x10%
6.10x 10" m —>——5——=1220A
10
Z 2.18x10°
v =218 x 10°x & = 218210
n n
2.18x10° _ 1
n 275
218x10° 1 1
n 3x10% 275
2.18 7# 1 300
n(300) 275 n 5995
599.5 1 1 _ 300
"7 7300 275 n 5995
n=1.99~2
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CHEMISTRY

15. Z=3,n,=1,n,=3 1240 1 45
E=13.6x(Z) 72| =18.6x9|7 7y .
v o 0.0036 nm™' lnm—10°m"’
8
=13.6x9 x 5 =108.8 eV 0.0036 nm ' —>3.6x 10°m"
(n-1)
11 1 17 | 2222y > _p=
16.G) Enﬁnl=13.6xz2{—2——2}—13.6[1]{71} 2 5 m-n=30
Ny Ny n-n-30=0 n==a6
13.1x 1 3 10.22 eV 1 11
= X ] x — = — = _———
' g UoC A Rul1 36
1 1 1 1 1 35 35%x249
i) —=R,. 2| =-— —=—x= =2
@ 3 =R Lf ng} x 912 36 32832
3x10® 109X 107xZ |y
22. V.=V, _x 1Y%
10® , x-3 2 2
7 =7 x X=Vv Xt
3x107 x1.09 4
-8
&:ZZ 22:74 7=2 X:&xlo‘g sec = (MJHI
3x1.09x-3 2 2
17. 1.8 mole =(1.8 Na) atoms 2nr = 1 round
-8 -8
27% = 1llrd energy level = 1.8 x Na x 0.27 Vo x10 _ V, x10 XL
15% = IInd energy level = 1.8 x Na x 0.15 2 2 27w

2
= X =
I'2 I'O n 4r0

V, /2x10° vV x10% x1

11
AE = AE,+AE, —I.SXNAXO.27XIE{———}+1.8X
2nxdr, 2x2mx 4r,

1 2 9 1

so, no. of revolutions =

117 )
NA><0.15 ><IE|:Z—I:| =292.68 x 10”" atom B 2.18x10° x 107
C2x2x3.14%x4%0.529

18. Number of atom in 3™ orbit = 0.5 N,
Number of atom in 2™ orbit = 0.25 N, 2.18x10"2
_=to7iv 9 _
Total energy evolve=0.5 N, (EE, }+0.25N, (E, E ) T oxign 080T

19. Angular momentum = n(ij

2n 23. V=

he z

(7] =-34¢eV 34=-13.6 x (1)2 E of Ist Bohr orbit=-13.6
n
6.626x103* x3x10°

34 _ 1 o 34 ~13.6= .

-13.6 n? 34

gy , 1240
n =n Or713'6:—?x(innm)
o[ 6:626x10% X7} h 662107 x7
= 2% 22 R 2
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ATOMIC STRUCTURE

24.

25.

26.

27.

o 1240 0 _3x10°
136 912x10%
A=91.17 (nm)
3 +R
=912 A = x10
? 912
= 6530x 10" Hz
10.2
i 1425
3 17 ¥ v5.25
2 \ 4 A

1 1
AE, . —(102+17)=13.6 x 2* [——n_z}

4

1
AE,, =425+595=13.6x7’ [5—

Z
E=-2.18x 10’18—2g/atom
n

1 >
AE:(Ez_El):EmV

v=1.89 x 10°m/sec
v =1.89 x 10* cm/sec

7]
I'12

B 1V, _
VZ*VO>< 5—7 rfr0X4
(Vy/2)x1078 0.286 4
- ="
2n x4, vV
101 ¢
=——=A
7‘30 \/V

11,1 11
@ o A Ay =rx4 12 2
1 1
b) AE,,, =27=IE 7 16

16
IE=2.7x% ?eV

max 1 1
(c) AE4,; =IE [E _T}

1 1

ﬁw:ﬂﬁi}

)

29.

B.E.=180.69 kJ/mole = w=hy,
180.69

meV/atom =hv,

180.69 o ™
leleO =6.6x 107" xv,

v,=6.626 x 10

1240

= eV =
30. E 240 E=5.167¢eV
E=497.9 kJ/mol
31. hv,=hv +2E, hv,=hv + E,
hv, —w,+ 2E, hv,—w,+ E,
hv, —
2= "% 2hv,— 2w, = hv, - W,
hv, —w,
h[2v,—v,]=w,

W,=6.62x 107 (2% 10°-3.2x10")
W, =6.62x10>*x0.8 x 10"

w,=5.29x10" w,=318.9 kJ/mol
hc he
32. }\‘_IZW0+E1 Z=W0+E2
hc
—E=w, )
1
he
Z -Eymwe oL an
he E, = he -E,
)\’l )\’2
he _ 1240
_ 1240 B A
20000 62 x 107 nm=0.62
34. (KE) max = stopping potential
.. stopping potential = 3.06 V
8kJ
35. U0 =4—
avg. mm

avg.

3.14x4x1.67x107%
U, =125x10°

_\/ 8x1.38 %107 x 298

h 6.62x107
A= = 27 3
mV 4x1.67x107" x1.25%x10
A=0.79 A
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36.

37.

38.

41.

500—,/@
v

150

L ———=V V= N
250000 V=6x10" volt

1 8
—x3x10%° =AV =3 x 107
0 3% 10

h
AXXAmXAV:4—

T
Ax x 1.672x 107 kg x 3 x 10’ 6.626x10™*
X X X X =
Xk & 4x3.14
6.626x107* x 100

— Ax=
X1 672x107 x3x107 x4x314

[Ax =1.05x10"3m

1x10"=6.6x10"*

=2x1.67x1027 x1.6x10"12 xV

L 1=6.6x107=/5.344x1078 oV

L 1=6.6x10"=/5344xV
o J5.344xV =6.6x107

. Cu=[Ar]. 4s, 3d°

or
NN
+1) 5x4
no. ofexchangepair:n(rl ): “= _10
2 2
4x3:6
2
Total exchanges = 10 + 6 =16
he

E of light absorbed in one photon =

absorbed

Let n, photons are absorbed, therefore,

n,hc
Total energy absorbed = "

absorbed

Now, E of light re-emitted out in one photon =

emitted

222

Let n, photons are re-emitted then

hc

Total energy re-emitted out = n, x %

emitted

. 47
As given E_ X 100 re-emitted out
hc 47 he
Xng; X =n, X
7\‘absorbed 1 OO kemmed
. n_1= 47 % 7\'emit‘led _ 47 X5080
’ nz 100 kabsorbed 100 4530
n,
L =0.527
n,

42. H,+Br, —“— 2HBr

Br, —“— 2Br
BE =192 kJ / mole

192 ) hv 192 1240
93368 ©V/mole= 7" 0r o368 = A(nm)
A=6235A
0.2n 0.2xn

= =0.01
43. Na 0.01mole 11128
0.2xn 1 127
= 2xpn= —
10x127 100 10
127 12.7
n = = —= 6
10x2 2
2
No. of protons = =3x10%

243 _ 1240
96.368  A(nm)

44.

,1240x96.368
243

45. Energy required to break H-H bond

=491.75x10°m~4.9% 10"m

| 430.53%10°

= 05X 10" J/molecule=7.15x10"J

h
Energy of photon used for this purpose = TC
~6.625 x107* x3.0x10°

253.7x10° =783 %1070




ATOMIC STRUCTURE

.. Energy left after dissociation of bond
=(7.83-7.15)x10"

or  Energy converted into K.E. = 0.68 x 10"°J
% of energy used in kinetic energy =
-19
068x10 140 =8.68%
7.83x107"
46. Energy given to I, molecule
he 6.626x1073* x3x10°
=—= =4.417x10"1J
A 4500 x107°
Also energy used for breaking up of I, molecule
240x10°
- _3984x107"]
6.023x10
Energy used in imparting kinetic energy to two I atoms
=[4.417-3.984]x 10"
K_.E./iodine atom = [(4.417 —3.984)/2] x 10"
=0.216x10"7
48. A 10 3.88x10°A=3.88
= | = X =
: 10°x100 ©° P
6.6x107 Ix1 .
49, A=—20 0 X100 2368 x 10 m
6x10*x3x10® 3
50. AV =30 x 10% cm/sec
AL =5000 A m=200g
S 500=
" mV " mxV
P=mV >00 30 x 10° x 200
= = = X X
Y 6,626 %1072
=1.75x10"%°
51. v=40 m/sec Av=0.01
. A — h
T 41x9.1x107%7 x99.99 x 40
_0.53x100x107*
40x99.99x9.1x107%7
-3
h
_053x10°x100 . h
40x9.1x99.99 4n
-34
Ax= 5.27x10 =1.447 x 10° x 100

9.1x107° x40x0.04 x ——
100

52. Giventhat A, =486.1 x 10" m
=486.1 x 10" cm
2,=4102x 10" m=4102x 10" cm

For line I of Balmer series

1 gLt 1 1 1
7~ Rel g7 T oE | = 109678 | 57

11
=109678 92 nf

o 456.1x107
Son =4
For line II of Balmer series ;

1 g1 1 1 1
M H| o2 ng =109678 92 ng

1 1
=109678 | 5z 7 =

2

" 4102x107

Sn,=6
Thus given electronic transition occurs from 6" to 4" shell.
Also by eq. (I)

v=l=1o9678[l2—l2}
A 4 6

S A=2.63%x10"cm

—19 1 23
- B =2.18x10°| 1 =5 x6.023x 10°=116.71 klimol H

D.E.=116.71x2.67=311.62 kJ/mol H,

PV 1

N RT 0.082x300 04

= T.E.=0.04x311.62+0.08 x116.71=21.8KkJ
54. E(ev) = 1240
AMnm)
1240
Energy of 1st photon = ———=11.428 eV

108.5
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n
N

@

(b)
©

56.

57.

E_E_6.626><10’34><3><108

58.

PE

1240
Energy of 2st photon = 304 =40.79 eV

En=52217-54.4=-2.182 eV (E,=-54.4eV)

13.6 x4

2182= -2 h=s
n

Since we obtain 6 emission lines, it means electron comes
from 4th orbit energy emitted is equal to, less than and
more than 2.7 eV. So it can be like this :

E,~E,=27¢V, E,~E,;<2.7eV,
E~E, >27eV
n=2,

(E4 _ Ez)atom = (E4 _ Ez)H x 72
2.7=2.55x7%=1.029

IP=13.62°=13.6 X (1.029)>=14.4 eV

Maximum energy emitted =E,—E, = (E,— E )" x 7?
=12.75 % (1.029)?

=13.5¢V

Minimum energy emitted=E, — E, =(E, — E))! x 72
=.66 % (1.029)2=0.7eV

n— 2AE=27.2eV(17 +10.2)

n—>3AE=10.2eV(4.25+5.95.2) }ES ~Ep =17eV
17¢V=189x72=7=3
E,=-3.4x9=-30.6eV

E -E,=272eV

E ,=272+E,=-3.4¢eV

13.6 x 37
2R W =36=n=6

E =-34=-

L=975A

=2.03x10718J=12.75eV

A 975x10"
So electron will excite to 4th energy level and when
comeback number of emission line will be 6.

minimum energy emitted = E, — E, = 0.66 eV
_he  1.9878x 107%°

E - 66x16x10" 1.882x 10°m=18820 A

(1) KE=qV=2x1.61x 2x 10°=6.4 x 10-13]
(b) Atdistanced=15 x 10* mlet K.E. is x J and

9x10°x2x1.6x107" x47x1.6x107"
d 5x107
PE=4.33x10"13J

_ kq,q, -

224

59.

60.

61.

By energy conservation :
6.4x 103 =x+4.33x10"

x=2.06x10"13], KE=PE
-1
6.4><10713:9X109X2X47dx(1~6X10 ?)?
=d=3.384x10"m
_kez . du kez
pE = 3, since F :_E:_r_‘l
2 k 2 2
For stable atom F = SO i4 v
r r r
ke?
2= 2=
mv 3
1 ke? _ke?
KE= —my? =2 pp-_ke_
2 2r 3r°
ke ke ke
T2 3% erd
Form bohr’ 1 L -
orm bohr's postulate mV1r727c = V= onmr

putting this in equation (2)

ofnh Y ket [ nth® ] ke
2nmr r® = 4t m%* [

B 47* mke®
~ n’h?
putting this in equation (3)
TE - ke _ ke®
4n? m?ke? | 6 {64716 m®k®e® }
6{ n”h? } n°h®
n°h®

E- 384 m®n’k%e*
(a) (E,-E,)=68¢V=(E,—E,)"xZ7?
68 =1.89 x 72
z=6
(b) (kE), =—E, =13.6 x 36 =489.6 eV
(¢) Energy required = -E, = 489.6 eV
~ 1240
4896
E, =IP
= 4R=-4x218x10"1%]
=-8.72x1071%J

=2.53nm

(D)

Q)

Q)
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El _
Ey= 5 = 218X107]

_ _ g e
AE=E,~E, = 6.54x 1078y ===

1.9878x107*°
A= T 5ax10 =0.3039x 107m=303.9 A

E=872x10"18=21.79x 101 x 22 =Z=2

- 0.529x1

Dt = A°=0.2645A°=2.645 x 10-''m

B 1240
62. (a) A=12.4nm, E(ev)fmfIOO eV
W,=25¢eV
kE=E-W;,=75eV =V =75 volt

150
(b) A= ‘/T A° =2 A°=1.414 A°

h h
i = — dp =—-dA

(c) since p 5 = dap 2

3 Aidp _ (1414 10'7)* x6.62x10**

~h 6.626x107*
dr=2x10"m

63. Since electron is in some exited state of He* so it's energy
< 13.6 eV so energy need to exitation is also < 13.6 eV
& only for hydrogen E, - E, <13.6 eV. So Z=1. Now for
He" this energy is equal to the energy gap of 2nd and
6th orbit so initial state is 2 and final state is 6.

di

nh ™ 6.626x10™
64. mvr252>3.1652X10 =n 2%3.14
n=3
gor[1 1] (R
1 3 9

EXERCISE -5

Part#1 : AIEEE/JEE-MAIN

T 1) (1
1. Py n12 ng I =1.097 x 10" m 12 2
A=91x10°m=91 m.
2. For4f orbital electrons,n=4

=3 (because 5P STy m=+3,+2,+1,0,-1,-2,
Bs=+1/2.

,.Cr— 187,28, 2p°%, 382, 3p6, 3d%, 4s'  (=1,0=1,(=2
For /=1, total
number of

(we know forp, /=1 and
ford, (=2).

electrons = 12
For ¢ =2, total number of electron =5.

For hydrogen the energy order of orbital is 1s < 2s =
2p<3s=3p=3d<4s=4p=4d=4f.

The electron having same principle quantum number and
azimuthal quantum number will be the same energy in
absence of magnetic and electric field.
(IV)n=3,1=2,m=1

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

have same n and | value.

According to Heisenberg's uncertainity principle

h
AXXAp:E

h
Ax x (m.Av)= an = Ax= dam Ay

1
here Av = x300=3x10"ms™!

100
A 6.63x107%* 120% 102
= = X -
X 4%3.14x9.1x103 x3x10° m’
nh
Angular momentum of the electron, mvr = P
where n=5 (given)
Angul M _osh
ngular momentum = o S

LNi > [Ar]3d* 452

3d 4s 4p
MR W (11
Number of unpaired electrons (n) =2
u=Jn(n+2) =,2(2+2) =/8 ~2.84

The atoms of the some elements having same atomic
number but different mass numbers are called isotopes.

A-4 A
W) EX—%57,Y (B) 2x—P 574y

y X (D) Ax_B 5y

1
A —ANn A-1
(© 4x—0 5
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10.

11.

12.

13.

14.

L.E.=1.312 x 10°J mol™

The energy required to excite the electron in the atom

fromnlzlton:l
=1.312x106 {11}
: 4

=1.312x106x 3
' 4
=9.84 x 10° J mol™

The electron have n + [ higher value have hegher energy.

n+t1=3+0=3
n+l1=3+1=4
n+1=3+2=5
n+1=4+0=4

Cl-Cl(g) —> 2CI(g) ;

_242x10°
- 6.02x1

(highest energy)

AH =242 KJ mol

0" Jmolecule™

242x10722x10% _ 6.6x10™" x3x10°

6.02

A

~6.6x10™ x3x10°  6.6x3x6.02
C242x10%7 %100 242
=0.494% 106

=494 % 10 m=494 nm

x 107

1.E.ofHe"=19.6 x 10 '¥ J atom!
LE.=—E,
E, forHe"is=—19.6 x 10"* J atom™!

Ethe eV
Ees — (Ze

-19.6x10718 4

Ep 9

~19.6x9x10°18
4

E (Li*)= — 44.1x10

=—441x10"J atom™

E=E,+E,
he _hc , he
o A

226

15.

16.

17.

18.

19.

21.

1 1

1

- = 4 —
355 680 A,

), =742.76 nm.

1 1
hv=AE=13.6 2> [n_z_n_zJ

2

1 2

1 1

Vier =V X Z m2 n722
2 2

1

MO

1

For H-atom

n =1, n,=2
(a)4p (b)4s
(©)3d (d3p

Acc. to (n+ ¢) rule, increasing order of energy
@<®<(@©)<()

L Rb=[Kr] 5s'

1
n=5,/1=0,m=0,s=+ —2

13.67° _13.6
- 2 = for hydrogen ;z=1= n—z

Possibleis—13.6,-3.4,—1.5 etc.

AKE=—q.Av=e.v
In

- = v2.m(AKE)
= +2mev

Radius of n Bohr orbit in H-atom = 0.53 n?A
Radius of Il Bohr orbit=0.53 x (2)>=2.12 A
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Part # 11 : IIT-JEE ADVANCED

n? o
r =0.529 —A
" Z

For hydrogen,n=1andZ=1,
ForBe**,n=2andZ=4;

r,=0.529

_ 0.529x% 2?2

oo " =0.529

Therefore, (D) is correct option.

y?,. = probability of finding electron with in 2s orbital
V2, i = 0 (probability of finding an electron is zero at
node)

Fornodeat r=r,, y*=0

3
So \|/2:O: L i 2—rl x efo/ 24
> 4@ ao ao

I r
2-0 | _ -
= { ao} Oor2 2

= r= 2a0
(b) The wavelength can be calculated with the help of
de-Broglie’s formulai.e.,

L 6.626x107*  6.626x107*
T mv ~10,000x107

100x100x 1073
=6.626x10%m or 6.626x10%A

(¢) (I The atomic mass of an element reduces by 4
and atomic number by 2 on emission of an a-particle.

(I) The atomic mass of an element remains
unchanged and atomic number increses by 1 on emission
of'a B-particle.

Thus change in atomic mass on emission of §o—particles
willbe 8§x4=32

New atomic mass =
—32=238-32=206
Similarly change in atomic number on emission of 8a-

old atomic mass

particlewillbe: 8x2=16
i.e., New atomic number = old atomic number
-16=92-16=176

On emission of 6f3-particles the atomic mass remains
unchanged thus, atomic mass of the new element will be
206.

The atomic number increases by 6 unit thus new atomic
nubmer willbe 76 +6=282

Thus, the equation looks like :

— 8a 82Y206
6

238
92X

3. (a) Forhydrogenatom,Z=1,n=1

4
v=2.18x10°¢x Fms*1 =2.18 x 10°ms™’
i h
de Broglie wavelength, A= —
mv

6.626 x 10734

= — 5 =332x10-10m=33A
9.1x107%1x2.18x10

(b) For2p, /=1

2n

Orbital angular momentum= /(¢ + 1)

h
:\/EE

_ Kze?
"o
2 V 1
4 Vn_—Kze so, == =-2andE o —.
r Kn nor
2
En:_KZe
2r

5. For lower state (S,)
No. ofradialnode=1=n-/¢-1
Putn=2 and ¢ = 0 (as higher state S, has n = 3)
So, it would be 2s (for S, state)

32

6. Energyofstate S, =—13.6 (2_2] eV/atom

9
= 2 (energy of H-atom in ground state)
=2.25 (energy of H-atom in ground state).

7. For state S,
No. ofradialnode=1=n-/-1
Energy of S, state = energy of €~ in lowest state of H-
atom
=—13.6 eV/atom

227



CHEMISTRY

32
=-13.6 n_z eV/atom

n=3.
put in equation (1) /=1
so, orbital = 3p (forS, state).
8. E = 1249 =4.13
° photon 3000 - ev

Photoelectric effect can take place only if E| > )
photon

Thus,

Li, Na, K, Mg can show photoectric effect.

3s

3p 3d
SOV L [T

So, electrons with spin quantum number = f% will be

1+3+5=0.
h
10. mv (4a) = =
h
80 V= 4mna,
1 1 h? h?
so KE= E mv*= E m. l6m2 ag = 30mn’ a(z)

27,, (i)> He' 30 4
13Al ———> /5P +¢n

(y) neutron
(i)~ 2He“l l
0

1
Hsi+ 1P Dsi o+
(x) proton

11.

1€
(z) positron

12. S3Cu+iH—6ln+3 a+2H+X
64=6+4+2+A = A=52
29+1=30=0+2+2+z = z=26
Element X should be iron in group 8.

13. n=4, m, =1,-1
Hence ¢ can be =3,2,1
ie. H ;  2orbitals

H, ; 2 orbitals

d

Hp ;2 orbitals

228

1
Hence total of 6 orbitals, and we want m_= _E , that is

only one kind of spin. So, 6 electrons.

14. For multielectron system (n + 1) rule is valid

energy
3s<3p<3d.
Maximum degenerating in d orbital and hence =5
15. C
16. A
2><13.6><22 LNES =13.6x 11
3 4 36 4 16
27 8 3
_ X — =
32 36 16
17. D

S MOCKTEST ooy

1. Inthe given figure if line ‘E’ is in visible region then line
belongig to ultraviolet region will have moe energy than
‘E’ie.lineA

2. Let n be the number of Photons emitted

12400 6 % 109 xn=60 % 10 % 60 x 60
— X X 17 X = X X X
= 6000 n

= n=6.5x10%

= n=3,n=3,z=2,z=1
putting these values in the equation we get
22 2 3
_—X— =
3127

7\.: h = h

- }\‘ _
4. Pm eV “ am,(2e)Va ~2meV

:2X4><mp><ZeV0c



ATOMIC STRUCTURE

_ 108x

_ 1
V|=RX22(1_2_ZJ_3R_?XX3 5

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

12400

7. Energy of one photon = 4000

=3.1lev

Energy supplied by one mole photon in KJ/mole
=3.1x1.6x10"%x6x10%x1073~297 kJmol!

297-246.5
297

. % of energy converted to K.E. = =17%

8. =T,

32
3
L

_X
= rlf——gcm

21X

De-broglies wavelength = S

9 V“Lz—;z
’ n°~ (n+1)

(n+1)* —n?
(n+1)*n? n

|=
(9%}

cn

h
10. AP . Ax>—
4r

2 Ax= AP (given)

2
AP’ h

2 4

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

— or AVZL\/E

11.

12.

13.

14.

16.

S A T

v=RZ (F—F

1 2
(L_LJ_B
=R 37732736

_ 1 1
A2 =RX22(1—2—ZJ =3R = 3—56XX3= 08x

5

3s orbital has two radial node at the values of radius

47Zr 4 7%
given by solutions of | © _a_o + 9 22

=0

3p, orbital has on radial nodal surface at [4 —£] =0
4,
& one angular node at 6 = /2
for 3p,,atr=0
3s atr=0

v =0 while for
Wy = maximum so, 3s has greater
penetrating power than 3p_ orbital

Since it absorbes ‘n’ photons and it also emits exctly n-
photns therefore transition must have taken place from 1
to 2.

Energy of photon = 10.2 Z?

where Z=1,2,3,4

‘He’ has highest first ionisation energy therefore asser-
tion is wrong and also additio of extra electron to the
outer most shell of fully filed orbitals absorbes energy.
Hence reason is also wrong.

AVA _h
. m X = 47_[
Ao 6.62x107*
= AT X107 x4x3.14x10 1!
:6X106rrl/s

as uncertainty in velocity is very high so we cannot
define the trajectroy of an electron.

2nd excitation energy = 108.9 eV

= 108.9=12.12*=7=3

Sample is Li™*

Series limit of paschen is last lineof paschen series
RZ2 32

:RX—
n? 3?
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17.

18.

19.

20.

21.

22.

Since if is a single isolated atom therefore maximum
number of spectral line observed will be

! ogfi-d)-e
A 3 9

Last line of Brackett series

lzR(Lj 5 16 16 9 119
A )= R ~ R S8R S8R

Let n, and n, are the two states
n +n = 4andn1—n2:2

= n,=3andn =1 = wave number

_1=Rx32(1—i2j=8R
A 3

Givenhv,=13.6eV,hv,=10.2eV
hv,=3.4eV
clearly v, —v,=v,

re—tanse [T TIIA1]
Mn?* — [Ar] 3d° 111111111

Cr’* —[Ar] 3d*

V3 [Ar] 3d'

clearly Mn?* has maximum number of unpaired electrons
therefore it has highest magnetic moment.

Magnetic moment = /n(n+2) =3.873

= number of unpaired electronn=3
,sMn — [Ar] 3d° 4

(ANANAN

therefore Mn should be in + 4

23.

24.

0

There is two unpaired electron in Ti**

M+ —[ar3d¢ |1 |1 [

230

25.

26.

27.

28.

k 2
A) T, = ——= - Toar'
2r "
P T
—_n —+£=1/2
®B) T, 2 = P,
1
(©) = az = fXaz
faz? = x=12
27
D)T xV =—rxv, = t=1
VI1
(A)6—>3 An=3
33+1
.. no. of lines = ( 2 )_ 6
All lines are in infrared region
(B)7—>3 An=4
4(4+1

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

All lines are in visible region

For the positive particle, applying energy conservation

initially and at a point A.
K.E.+PE, =K.E. +PE..

4eV + (+4e) (0V) =0+ (+4e) (x volt) {x =potential

at point A}

x=1volt

Now applying energy conservation for the negative

particle at point ‘A’ and initially

K.E. +(-2€)(4V)=0+(-2¢) (1 volt)

KE.-8eV=-2ev

KE.=6¢V.
nh
From Bohr model mvr= — = —
2n 2mr
. h h
De broglie wavelength A = P = A= _Lh
27r
-~ A= 2mr
n

number of waves made in one revolution

2nr 27r .
= T:Tm =n= Orbit number =3
n



ATOMIC STRUCTURE

29.

(b)

30.

(b)

31.

32.

n
(a) mur= Z_n

~nh 1x6.626x107
C2mmr 2x3.14x9.108x107' x0.529x 107"

u

-=2.19%10°m/s

L 6.626x107 _
Cmu 9.108x107'x2.19x10°

=3.32x10""m=3.32A

Orbital angular momentum for 2p-orbital (/= 1)

h h h
— Ju+1) -Engl(Hl) =ﬁ[2—n}

D _Bh (h=nrom

r

172
1 1 I | —r/2a
= — — 2—— 0
(a) (\V)Zs 2 Izn(aOJ ( aOJe

For radical node atr =, \Vﬁs =0. this is possible only

soor,=2a;
Given: m=100,g=0.1kg;u=100ms"'
h  6.626x107™

wavelength A =—
mu 0.1x100

=6.626x10° m
We have
AE= %x 0.85¢V

as energy = 0.6375 the photon will belong to brackett
series (as for brackett 0.31 <E <0.85)

O.SSX(I —lj = 13.6(%—%)
4 4 n

2
0.8s[1-1|=1360, (4 4_1
4 16 n n 2
= n=8
Hence x=28.
X X* 1
= —1E.
2—) 2 +e > ..()
X X 1
et+——>— —E.A.(—ve X
2 2 2 (ve) a
OH+dan

X—)lx*+%X’

L E-EA) =410k
2 2

LE.—E.A.=8201J

1o 1 -
Now EX ——>EX++26 (I AH=735

Now evaluation (IIT) can be achieved by (I) + reverse (II)
and we will get

lI.E. + lE.A.: 735
2 2

LE.+E.A.=1470 (IV)
2E.A.=650
E.A.=325kJ/mol.
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