Quantum Number & Electronic Configuration

/\g

SOLUTION OF QUANTUM NUMBER & ELECTRONIC CONFIGURATION

EXERCISE # 1

PART — | (97T - 1)

2 a= N —133x102A
mv
3. For an o particle (o &9 & foQ), A = 0.101 5
W
4, AX AP = o
4

M(AX .AV) = 41 — m = 0.099 Kg
TT

o

An electron has particle and wave nature both.

TA: TP SolgSid B qAT a=9 Qi IR @ ¢ |

6. AX .AP > n
4
AX—> 0= AP > »
BA: AX.AP> n
4
AX—> 0= AP > »
7 = L = A oC i
mv m
8. Orbital angular momentum = ,M (¢+1) 21 =0. .. £ = 0 (s orbital).
T
B : Eﬁaﬁﬂaﬁvﬁ'&w:.fé(€+l)zlzo. (=0 (s T&P).
I
9. Cu : 1s22522p63s23p63d104s?. Cu?*: 1s22s22p63s23p63d°

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

No. of unpaired electron = 4.
X26 : 15? 2522p63s23p®3do4s2.

To get 4 unpaired electrons, outermost configuration will be 3d8.
No. of electrons lost = 2 (from 4s?). n=2.

& : %mﬂumﬂf = Jn(n+2) = J24B.M.

YA gAde B &A1 = 4.
X26 : 152 2522p63523p63d4s2.
IR YA Felded UTK B B qIgdad Y IR 3d6 R |

AT g e~ B T = 2 (429). n=2.
11. zZn% [Ar] 3d'° (0 unpaired electrons).
Fez+ [Ar] 3d6 (4 unpaired electrons) maximum.
Nis+ : [Ar] 3d” (3 unpaired electrons).
Cut : [Ar] 3d'0 (0 unpaired electrons).

or [Ar]3d°.

AN Resonance”®

Educating for better tomorrow

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029

Road, Kota (Raj.) — 324005 \



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Quantum Number & Electronic Configuration

Sol. zn>* [Ar] 3d2° (0 39T Setagie).

Fe2+ [Ar] 3d® (4 39T Seragie) AfdmaH

NTELS [Ar] 3d7 (3 g9 Seragie).

Cut [Ar] 3d™° (0 AT Seiagi).

. . n 3

12. d” : 3 unpaired electrons. Total spin = tE = 15.
8 :  d7:3gRad soag. Egaa-;m:i% =i§.
13. X23 : 182 252 2pb 3s? 3pb 3d° 4s2.

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

(=2 A1 SAFSA B T 3 (3d3) B
14, Cli7~: [Ne] 3s? 3pé.

Last electron enters 3p orbital.

R ¢f=1landm-=1,0, -1.
B :  Clir: [Ne] 3s? 3pt.

AfsaH geraeid 3p HeTd A YA BT 2 |

: f=1dar m=1,0,-1.
15. Number of radial nodes=n-/¢-1=1,n=3. .. (=1.

Orbital angular momentum = /¢(¢ +1) h = \/5 L

2n 2n

Ta: PBfmAs @l d@ =n-¢-1=1,n=3. (=1

Fef e §aT = ([0 +2) 21 F \/521.

T T

16. Cli7 : [Ne] 3s? 3p°.

Unpaired electron is in 3p orbital. n=3,¢=1,m=1,0,-1.
B :  Cliz: [Ne] 3s? 3p°.

3p HeTdH H AYRAT Selagi 2 | n=3,/¢=1,m=1,0,-1.

17. Only Spin quantum number
Sol.  ®ad IHY FVSH HET (S)

(s) is not derived from Schrodinger wave equation.

B SNSRI TSR §RT ST 21 DI S Fhah 2 |

18. n=4,m=-3 .. onlypossible value of f is 3.
. Orbital angular momentum = \[¢(7+1) 2— = @ = */_h .
T T

Bl Nn=4,m=-3 . (& ddcl T9IId 94 32|

- ey B |9 = \fr(0+ DZ_M_Q'

T

19. Only (A) and (B) arrangements follow Hund's rule.

FA.  Bad (A) AT (B) B gUS FH P ARV A 2|

20. (B) If the electronic configuration of sC is written as 1s8, then Pauli exclusion principle has been

violated.
1

(D) The +E and —% values of spin quantum number denote two quantum mechanical spin states,

which have no classical anal

logue.

Sol. (B) 3f cC 1 Solazifve fa=u 1s6 forar S, @ I8 urshell & uaety fam & fuia grm |

(D) ThUT F@ICH AT B+

ferafa /g%y T8 Bl B |

%HW—%W,@WW ThUT IR Bl

geid €, e 313
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Quantum Number & Electronic Configuration

PART — Il (9T - II)

1. Ni Atomic No : 28
Ni : [Ar] 3d® 4a2 ; Ni2* [Ar] 3d8 4s° 3 |4:|
s

No. of unpairecd electron = 2
Bl : Nidl URAT] §&T1 ;28

Ni : [Ar] 3d® 4a2; Ni2* [Ar] 3d8 4s° 3 |4:|
s

YA gAFSI B F&AT = 2

2. Atomic No. 56

Electronic configuration : 1s2? 2s? 2p® 3s2 3p® 4s2 3d'0 4p® 5s2 4d'0 5pb 6s2.
Bl 1 URATY G 56

gordei-ie fa=ImT ;152 252 2p® 3s2 3p8 452 3d10 4p6 552 4d10 5ps 6s2.

3. @n=3,/=1=3p (b)n=5,¢=2 = 5d (c)n=4,
(dn=2,/=0 = 2s (e)n=4,/=2 = 4d

4, Orbital angular momentum = W(e +1) 21
T

For 4s orbital, ¢ =0 .. Angular momentum = JO (0+1)2L =0.
s

: h
For 3p orbital, # =1 .. Angular momentum = «/1(1+ 1)2L = —.
T

\J2n
For 4% orbit, Angular momentum = m = 4—h = 2—h
i 2n T
Sol. Mg P AT = €(€+1)2L
I

4s &R B oY, £ =0 ... DIVIF FAT = 0(0+1)2L =0.
7T

. h h
3p FF B folg, /=1 . ST Fa1 = J1(1+1) — = :
p a+1 o Jon
4‘hzﬁma%1%1naﬁvﬁu?1ﬁW:ﬂ:4—h:@.
5. ¢=0=>m=0(m=1) (i)n=1=/¢=0(=2) (vi)js=+1/2 or —
6. (i) 26Fe3* : 152252 2p® 352 3p® 3d°
It contains 5 unpaired electrons .. n=5

Total spin = iﬂ = iE
2 2

Magnetic moment = \n(n+2) = \/5(5+2) = /35 BM.
(i) 26Cu* : 182 252 2p® 352 3pb 3d10
It contains O unpaired electron

Total spin = 0.

Spin magnetic Moment = 0.

=1 =4p

1/2 (s # 0)
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Quantum Number & Electronic Configuration

Sol. (i) 26Fe3®* : 1s? 252 2p®3s2 3pé 3d°®
9 5 Igfad golagi § | ~n=5
n 5
G AP = £~ =+
2 2
grarg 3ot = \n(n+2) = 5(5+2) = /35 BM.
(i) 26Cu* : 1s? 2s? 2p® 3s? 3p® 3d1°
S99 T IgRAT gelagia
: H FAHIT = 0. DU DI AT = 0.
EXERCISE # 2
PART — | (HI?T - 1)
-34
1. Ap.Ax = L = S - =5.27 x 100 m.
4r 4x3.14x1x10"
h
2. A= —=0.4x1033cm
mv
3. AX . Ap = 41 = Av = 3.499 x 1024 ms—
T
4, s orbital is spherical so non-directional.
TA: S HAD e © sHCY I8 fQREH © |
5. 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.
A Oy DI TS H X TAT Y IHET B §ra PIOT 45° 8 | (G Urell B Irgfawr divfiy uiliedn faoror st 2 |
6. Total number of electrons in an orbital = 2 (2¢ +1).
The value of ¢ varies from Oton — 1.
f=n-1
Total numbers of electrons in any orbit = Z 2(20+1).
(=0
TA: TP PEID H goldnid D G A& = 2 (20 +1).
¢ BT A9 F ¥ n -1 % gRafid ST g |
{=n-1
- foxf wen ¥ soraR A g W@ = ) 220+1).
(=0
7. Spin quantum number does not comes from Schrodinger equation.
s = +% and —% have been assigned arbitrarily.
Sol.  THY FATUCH WAl AR THIBRUT | U e B B |
s=+% a@n—% NS $U F A A 2 |
8. For 1s, 3s, 3d and 2p orbital, ¢ =0, 0, 2, 1 respectively.
Orbital angular momentum = W (¢+17)h.
Sol. 1s, 3s, 3d TT 2p H&TH & foTg HHA ¢ =0,0, 2,1

afta anfa wm = [T D
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Quantum Number & Electronic Configuration ﬂ—

9.

10.

Sol.

11.

12.

13.

Sol.

14.

15.

16.

17.

Sol.

18.

After np orbital, (n + 1) s orbital is filled.
np H&TH ® 9IS, (N + 1) S HEH 9RT ST 8 |

| :Forn=5,Imn=0. .. Orbital angular momentum = ‘fé(e +1) n =0.(False)

Il : Outermost electronic configuration = 3s! or 3s2. .. possible atomic number = 11or 12 (False).
Il : Mn2s =[Ar] 3d® 4s2. .. 5 unpaired electrons. .. Total spin =+ g (False).

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

| :n=5% fIY, legpmm = 0. . BED BN A= J(((+D)h =0. ()

| : qIgaaH gelagie fa=am = 3st or 3s2. .. T URATY] HHID = 11 AT 12 (3RI).

Il: Mngs =[Ar] 3d5 4s2. .. 5 3gRHA ol B ThUT = + g (3rF).

IV : 3ifsha IRY i YA geldgia 81 Xl 81 . THUI FHEDII ATV = 0 (A).

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.

qreft dxz_yz?ﬁaﬂ?ﬁXHWY\%?E@"%W%Hwmxamya&nﬁa—jﬁmsé—c@ﬁa%mqﬁaﬁaﬁ
P HHTET Bl 2 |

n=4m=2

Valueof /=0to(n—1) butm = 2. £ =2 or3only
Value of s may be +1/2 or — 1/2.

n=4m=2

(B AF =09 (n—1) IRy m = 2. (=273 3%ad

S BT 7 +1/2 AT — 1/2 81 Fhdl B |

(A) 24Cr : [Ar]3d%4s? (B) m = — ¢ to + ¢ through zero.
© 471Ag : 1522522p®3s23p84523d104ps5s14d10.
Since only one unpaired electron is present.
23 electrons have spin of one type and 24 of the opposite type.
(A) 24Cr : [Ar]3d®4st! (B) m=—/¥+ /(I A B

©) a1Ag 1522522p63s23p%4523d104p®5s14d10,
e % o IgfAd gelas ¢ |

23 SIS BT THYT b YBR BT B AT 24 BT AT fAuRId 2 |

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

P URATY] & SA—3IelT Held H Gl JFFAG SURYT © | SHOY I8 =10~ FEHII Fared F&
TG B |

Electronic configuration of Zn?* ion is 1s? 2s2 2p% 3s? 3p% 3d'° so no electron in 4s orbital.

Zn2* M BT SAaeidh A= 1s? 252 2p6 3s2 3p6 3d10 8 | MY 4s ®eTdh H BIg goideid Tl © |

«fs (s+1 = =0. 866L
27t 2 27: 2n

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

(H A 0 (n—1) B FhaTl 7, 3R m &1 79 I & IRd —( F +/ IF &Il g |

Factual ; (I8 TeaTH® )
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Quantum Number & Electronic Configuration ﬂ—

EXERCISE # 3

Sol.

Sol.

PART — | (91T - 1)

Orbital angular momentum = W(Hl) 21 =0 (since ¢ = 0 for s orbital).
T
el BT w9 = \Jr(0+0) 21 =0 (Jfd s p&ad & fog = 0).
I

No of unpaired e~ (3gFAT Selagidl I F&)

\Y, = 3d® 4s? 3
V* = 3d34s? 4
2+ = 3d34s0 3
V/3* = 3d? 4s° 2
4+ = 3d? 4s° 1
For2p, /=1
Orbital angular momentum = «M (r+1) 21 = \/E(zlj .
Y T
2pd fag, r=1
wef i o = [ (0+1) 21 = 2[21]
T I
3s 3p

3d
0 U] (b

. . 1
So, electrons with spin quantum number = =5 willbe1+3+5=09.
3s

3p 3d
AR AL ] T

$9feTT, ThUT FICH AT (ms:—%)«sﬁ qrel SISl &I G 9 Bt |

n =4, m;=1,-1

Hence / canbe =3,2, 1

ie. Hs ; 2 orbitals
Hd : 2 orbitals
Hp ; 2 orbitals

. 1 . . .
Hence total of 6 orbitals, and we want ms= —5 that is only one kind of spin. So, 6 electrons.

n=4, m=1 -1

3 £=3,2, 18 Fdhd B |

i.e. Hs ; 2 h&Dh
Hd ; 2 h&ldh
Hp ; 2 DEh

3T Fel 6 HeTH & 9 8 m;—%éﬁ%‘,ﬁﬁﬁﬁ BIA TP YHR DI YD 2 |

Energy order of orbitals of H is decided by only principle quantum number (n) while energy order of H-
is decided by (n + /) rule :

Electronic configuration of ‘H-" is - 1s? its Energy order is decided by n+/ rule.

H- = 1s22s02p°

Its 2nd excited state is 2p and degenery 2p is ‘3’

/\
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Quantum Number & Electronic Configuration

Sol.

10.

11>

Sol.

/\g

H® $&dhl B SHoll Bl HH b I
¢) form g1 fAeiRa gar @
‘H- &1 saagife faard 1s2 8 s9@

H- = 1522s02p°

qated el (n) gR1 fgiRa grar 8 Sefs H- & fog ot %9 (n +

forg Sott &\ (n + ¢) fFram g1 iR g 8

gadT 2nd IR Jra=RAT 2p § TAT 2p B AAWLET 3’ R |

For 1s electron in H-atom, plot of radial probability function (4nr?R?) V/s r is as shown :

H- =AY # 1s goiag= & foy B

WG Berd (4nr?R2) 9 r & #eg Y@ifos - qifar a2 |

4P R?

L

r

s-orbital is non directional so wave function will be independent of cos 6.

s-%heTdh JIfSIMHD BId &, AT TR Bl cos O F wWdd 8 ¢ |

For 2s orbital no. of radial nodes=n—-/-1=1

2s ®efh B folu g s & I=&=n—/(-1=1

Yhm (1) —>

\_ -

ao

For 1s orbital ¥ should be independent of 0, also it does not contain any radial node.

1s BIH & o0 P, 0 § WdH 21 1Y, H1U & IJg BIs e Ars 781 @dm 2 |

E; _ E; _3E1
E4—E2=E Zz E:3x36=£
Ec-E, E _E 8§ 8x16 32

36 4 36

2
E ., =-13.6 x & _ - 90
He n? 4

n2=16 o) n=4
guantum number are
n=4,/=2,m=0 SO subshellis = d.

angular node =/ =2
Radial node = [n-/-1]=4-2-1=1

2 —
E ., =-13.6x (2) =-34= —136
He n? 4
nZ=16 SO n=4

FITCH AU &

n=4,/=2,m=0 3T ST =d B |

PO A=/ =2
g e =[n-r-1]=4-2-1=1

/\
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Quantum Number & Electronic Configuration

PART — Il (9T - II)

JEE(MAIN) OFFLINE PROBLEMS

1. Mn2* has the maximum number of unpaired electrons (5) andtherefore has maximum moment.
g Mn2 H 99 31fd agfAd soiagi © (5) 3f: I8 STfrdaH MYl & B |
—34
2. AxAv = av= 0610 - Av=21x 108 ms,
4mm 4x3.14x25x10"

3 L= _h _ 6:63x10" x1000
mv 60 x10
4, 26Fe = 1s?, 252, 2pb, 3s?, 3pb, 3d5, 4s?
Fe** = 1s2, 252, 2p5, 3s?, 3pb, 3d°
The number of d -electrons retained in Fe?* = 6.
Therefore, (4) is correct option.
B :  26Fe = 1s?, 2s?, 2pb, 3s?, 3ps, 3d°, 4s?
Fe** = 1s?, 2s?, 2pb, 3s?, 3pb, 3d°
Fe2* # d Soiagiql @ |l = 6.
g9feTy, (4) fadwed T = |

=11.05 x 1073 =1.105 x10-33 metres.

5. The value of ¢ (azimuthal quantum number) for s -electron is equal to zero.

Orbital angular momentum = /¢ (¢ +1) 21
T

Substituting the value of | for s-electron = ,/0 (0+1) 21 =0
T
g ¢ (fgeh FaveH @) &1 99 s -Soiagd @ oy R B 2 |
Fefrg profg FaT = ([0 (0 +1) 21
T

s-3de @ foIY ¢ &1 719 TEH W) = 1/0(0+1).21 =0
I
6. For 4f orbital electrons, n = 4
(=3 (because 5 P 5 7) m=+3+2+1,0, -1,-2,-3s=+1/2.
T Af BeT golagE @ forl, n=4
_ - spdf _ _
f-s(avﬁﬁamzs) m=+3,+2,+1,0 -1, -2, -3s=+1/2.
7. 2aCr — 1s?, 2s?, 2p®, 3s?, 3p6, 3d°, 4s? £=1,/=1,¢0=2
(we know for p, £ = 1 and for d, ¢ = 2). For ¢ =1, total number of electrons = 12
For ¢ = 2, total number of electron =5.
B, 24Cr — 1s?, 252, 2p8, 3s?, 3p", 3d°, 4s? (=1,0=1,¢=2
IR p® feRr=1dad® ford, ¢ = 2). (=1% o) o soiag[ o1 &1 = 12

(=2 o) g golag & G&T1 =5

8. The electron having same principle quantum number and azimuthal quantum number will be the same

energy in absence of magnetic and electric field.
(ivyn=3,1=2,m=1

VMn=3,1=2,m=0

have same n and | value.

Sol. FW@T UG I &F B JJURAMT H FAM I qaicH Td RN A1 ATl gelagidl d1 ol GHAM BRI

=
(ivyn=3,1=2,m=1
Vn=3,1=2,m=0
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Quantum Number & Electronic Configuration

9.
Bal.

10.

11.

12.

Sol.

13.

14.

15.

/\g

For hydrogen the energy order of orbital is 1s<2s=2p<3s=3p=3d<4s=4p=4d =4f.
gTgsIod @ U el Soff &1 %A 1s<2s=2p<3s=3p=3d<4s=4p=4d=4f

According to Heisenberg's uncertainity principle

ggoa @ JAfreRRaar Rigid & rgar

h

AX X Ap = —-

X P 4r
Ax x (M.AV) = L = AX = h &l AV = —0'001 X

4n 4mm.Av 100
—-34
AX = 6.63x10 =1.29 x 10-2m.
4%3.14x9.1x1031x3x1073
3d 4s 4p
2Ni > [Ar]3d8 4s? LILALT [TT1

Number of unpaired electrons (n) =2
p=Jn(n+2) = J2(2+2) = \/8 ~2.84

3d 4s 4p
26Ni —> [Ar]3de 4s2 LR [TT1
YT gelagi=l HI G (n) =2
p=nn+2) = J2(2+2) = 8 ~2.84

The electron have n + | higher value have hegher energy.
n+1=3+0=3

n+1=3+1=4

n+ | =3+ 2 =5 (highest energy)

n+l=4+0=4

59 S| B n + | BT 7 Saq &SB! SHoil AW AfBad Bl
n+1=3+0=3

n+1=3+1=4

n+1=3+2=5(S=dH SHull)

n+l=4+0=4

300 =3 x 103 ms!

-34
As A = h = p-63 2710 3 =3.97x107°M =0.397 x 10 M = ~ 0.40 nm.
mv 1.67x10™" x1x10
AX x AP = L
4
h
AX X [mAV] = —
4n
Av = 600x0.005 _ 003
100
-34
So Ax[9.1 x 1031 x 0.03] = 6.6x107
4x3.14
-34
AX = 6.6 <10 = =1.92 x 103M.
4x3.14x9.1x0.03x10”
(@4p (b)4s (c)3d (d)3p
Acc. to (n + ?) rule, increasing order of energy (d) < (b) < (¢) < (a)
(@4p (b) 4s (c)3d (d)3p

(n+ /) M & AR, ol &1 Fea1 g3 %A (d) < (b) < (c) < (a)

/\
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Quantum Number & Electronic Configuration

16. Z=37.
Rb is in fifth period.
[Kr]5st is its configuration.

Son:5,I:O,m:0,s:+% or—l

Sol. Z=37.
Rb Uf=d 3frad &1 e g |

9P fa=T [Kr]5st ®

3r1?f5l’1:5,|20,m:0,s:+1 q—=

17. KE.=eV = A

2

1
2 2

2meV

n® Fia
18. R =0.529 ?A =0.529 TA =212A

JEE(MAIN) ONLINE PROBLEMS

2. Following Aufbau principle for filling electrons.

Sol. goaed MR B U MBaTS fF98 &7 grel= B 2 |

3. De-broglie wavelength (for particles) =

h
.}Zm KE

1

As temperature is same, KE is same. So, A « ——.

T

Hence Adb (electron) > Adp (Neutron)

Sol. sl TRIGEd (01 & fog) = AL

«/Zm KE

Wﬁsmwﬁ,sﬂmwﬁmmw%m:xm%.

m
SATY hab (SAFEI) > A (IST)

4, n=5

Possible subshell are

= 5s, 5p, 5d, 5f, 5g

Total number of orbital =1 +3+5+7 +9 =25

Sol. h n=>5
FHIG IUBIT &
= 5s, 5p, 5d, 5f, 5g

PED] D A G =1+3+5+7+9=25

5. NaF: Na* = 1322522p6
F- = 1s22s?2p°®
6. 21 = NA A= 2nr _ 2rx0529A
n 1
7. mvr = ﬂ
2n

. . : h
According to wave mechanics, the ground state angular momentum is equal to o

T
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Quantum Number & Electronic Configuration ﬂ—

Sol. mvr = nh
27

Wﬁ%ﬁfﬁiﬁaﬁmﬂﬁﬁlw@ﬂﬂﬁmﬁﬂ;a§wﬁm%\l
T

8. 21r =N\
n2

2nay — =NA
Z

n2
2mag — = nl.5m ay

n_15_3_45
Z 2 4
9. From n + ¢ rule the increasing order of energies of electrons will be IV <1l < Il <
n + ¢ TR\ STl &1 ggadl Holisll B F&l HH s— IV <1<l <|
10. (1) Total energy of electron is minimum in first orbit i.e. at ao distance from nucleus.
2
(2) P.E. = K28
2
KE = -KZe IP.E.| = 2|K.E.|
2
- 1s
3) /l\ y? is maximum at nucleus
—>r
(4) Electron can be found at any distance from nucleus.
= 1s
/]\ P = Probability function.
—>r
11. By the graph since W2 is not zero at r = 0 it must be s orbital
ason-/-1=1
n=2 (- ¢=0)
it is 2s orbital

Y% B FTAR @I r=0WR Y2 &1 A YA 78l 8 | 3 I8 s P&P B a2y
Jrn—¢-1=1

n=2 (- ¢=0)
AT 25 HED ¢ |
12. w2 is probability density of an electron and it is maximum at a & c.
V2 TP SATS ® U O &1 UTfAdhdT ST & e I8 a 997 ¢ IR AfepdHd B |
13. Energies of the orbitals in the same subshell decrease with increase in the atomic number

A YD H BeTh BT ol URAY] HHIG # gfg & A gedl 2|
E2s(H) > E2s(Li) > E2s(Na) > E2s(K)SS
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