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Chemistry of ( - Block
Elements

By : Dr. K, D. Pate] & Dr. B, p, Dave l.

The elements lying between s-block and p-block elements

collectively known as transition elements. The elements from S¢
Yo to Cd,q (ten elements); La57, Hf,

3.1 DEFINITION -

of the periodic table are
21 10 Zny (ten elements)

89> Kuygy, Hao, Unh
ir atomic state Or in any of
1) d orbitals of ( — )™ main shell

(n — 1) d orbitals of (n = 1)t main

3.2 POSITION oF d-BLOCK ELEMENTS

The position of 4-
From the figure the £,

IN THE PERIODIC TABLE :

block elements in the periodic table has been shown in figure 3.1.
llowing points may be noted :

(1) d-block elements lie i between s- and p-block elements. i.e. these elements are
located in the middle of the periodic table,

- i nts), Sth (Y39 to
(i) d-block elements are present in 4th (Scyy to Znyy = 10 e)lemz 2 it
Cdg=10 clements), 6th (Lagy, Hf,, to Hggo =10 elemeilJ o
period Wwhich contains 8 elements viz. Acgg, Ku,y, to ]}

4 - v B G VIB (),
(i) d-block élements are present in IIl B (3), IV (B)o lf:z
- VIIB (7), vin (g, 9, 10), I B (11) and I B (12) gr

Scanned with CamScanner



ejqe; ojpuied

73

syuou|y Y2oid-»

aup Ul SjuewWa|d xIolq

-p jo uopisod 1€ ‘Bl

-

mwc—zum

a-

-

I
“°w0€ﬁ
)

e o o o e

I
tyyt LSe
L}

-
>~

lynA !
::D"
]
I
" I
__ o ¥ " Toga bl " i
ST L S B R R e L
H H 1 1 | 1 ] 1
1 i ! § ot p -~ ! :

-] | | H | I
1 1 ! - 1 i - H |
] 1 “ 1 1 wﬂ “ “ 1
_" M - " PO} koo
| syuomary Hooig-d | m et o i m
" i i | " 0Ey | | _
| ] | : i A | !
1 | ! | I I
] ! ! | 1 ! ! .

1 1 ) Fe———- .

1 1 ! ) | 1 1 1 !
31 “ “ i i 1 €1 A - | !
TR S A D B T
i i [ ! - | i 1 |
e U I N o S S
GontogE o I
| 1 1 ! ! H A - H
..... : _ “ h “ _ i | |
oy | | | i | r i i |
AH 1 ! 1 I ! 1 ' "
i i i | m i ! i i
— | i | i i i i i
SBRT T WAL RS e T
013z 1(VIIA) | (VIA) 1 (VA) [ (VAD | (VIID } (€11 | (dD) | « 1}
1 & LI §91 { ST & pLod €1 | zHq 11 .4 Oliad

(11A)

I ——————E R il ot

e e o o

[ ——————— A e St

(d1IA) 1 (AIA)

L

(
9

chemistry of d-Block Elements

r-——’

e B e T

:3:" (814
1

ullllﬁlllln

L

Hoig-s

-

syuauwdy ! |

Scanned with CamScanner



I _

74 General Chemistry-2 (USOZCQH
\ . o N |
Table 3. Complete and valence-shell configurations of thel gtosms Zf d-block elemen“
Here [Ar), <5 g g, [Kr]3s =2, 8, 18, 8; [Xelsy =2, 8, 18, 18,8 and [Rn), <, 8y
32, 18, 8. Valence-shell configurations are given In bracket. )
_ Table 3.1
The elements shown in box have anomalous configurations
Group| st oy 3d serics [ 2M or 44 series 3" or 5d series 4thm |
J (4th period) ' (5th period) (6th period) (7th Period) .
- — iy
B Sy, s Las; Acgg
3) [Arlig 3d! 45 | [Krlyg dd! 552 | [Xelsy 4f° Sd' 652 | [Rn]g, 570 ggi 5
| ©=2,8,9,2 =2,8,18,9,2 =2,8,18,9,2 =2,8,18,32,18,9,)
Gd' 452) (4d! 552) (4f° 54" 6s2) (50 64" 752
1VB Tiy, Zryg - Hfy, ‘{\S( (}29104
4) [Ar],g 3a? 452 [Krly4 4d? 552 [Xels 4714 5q2 652 [Rn]gg 5714 62 74!
=2,8,10,2 =2,8,18,10,2 | =2,8,18,32,10,2 =2,8,18,32,32, 10,
(3d? 4s2) (4d? 552) (4714 542 652) (5714 642 75t
VB Vs Nby, . Ta,; ﬁ\o 05"
3
(5) | [Arlig3d®4s® | [Krys 4af5s8 [Xelsy 471 5a 652 | [Rn]g, 5 68 7
=2, 8,11,2 =2, 8,18, 12,1 =2,8’]8’32’1],2 =2, 8,18,32,32s”'2
- (d® 45%) (4d* 551 (41 5a3 652) (5714 6 7sY)
P
Cr Mo,, |.
VIB 24 42 W, | Unh ¢
1 ] -
©) | WA 3 AsT | el dad 5ol | [y gg1a s [Rn]g, 571 64
=2,8,13, 1 =2,8,18, -
o y 8,13, | 2,8, 18, 32, 12,2 | = 2,8, 18,32,32, 12,2
3d° 4s 44° 55!
( ) ( 5') (4fl4 5q4 6S2) (5f14 6d4 752)
—— s
VIIB Mn,; Tey, R
075
g Ar],g 3P 4s2 Krls. 4d5 5,2
| Lt AP S el 4t 55 g
=2,8,13,2 =2,8,18,13.9 | _
) ) ‘2,8, ]8,32’ 13 2
(3 4s?) (4P 532 y ’
—— df 5d® 632)
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m 15t or 3d series | 2™ or 4d series 3rd or 5d series 4th or 6d series
il @t period) - | (5" period) (6™ period) (7t period)
T ;
VIII Feys Ruga | o1 Osqg
@) | [Arlig3d®as? | [Krlzs 4d" 55% | [Xels, 4714 5d° 657
=2)83 1452 :2: 8; 1871531 =2,8, 18,32, ]4,2
(3d® 4s%) 4d" 5s1) (41 5d5 6s2)
© | [Arlg3d7 4% | [Krlyg 4d® 55! | [Xelsy 47 5d7 657
=2,8,15,2 =2,8,18,16,1 | =2,8,18,32,15,2
(d7 4s?) (4d® 5sh) (474 5d7 6s2)
VIII Niyg Pd, Pt,g |
(10) | [Ar] g 38 4s2 | [Krlss 4d'0 550 | [Xels, 4f' 5d° 65!
=2,8,16,2 =2,8,18,18,0 | =2,8,18,32,17,1
(3d?8 4s2) (4d'0 559) 471" 5d° 6s')
L Cuyg Agar Algg
(1) | [Ar]jg 3d'0 4s' | [Krlyg 44'0 5s' | [Xelsy 47" 5410 65
. =2,8,18,1 =2,8,18,18,1 | =2,8,18,32,18,1
(3d 10 4s1) (4410 552) @471 5d'0 6s)
IIB Zny, Cdyg Hego
(12) | [Ar];q 3d10 452 | [Kr]y 4d10 552 | [Xelsy 471 5d'° 657
=2,8,18,2 =2,8,18,18,2 | =2,8,18,32,18,2
| (3d"4s?) (440 552) @AM 5d'0 652)
3.3
ELECTRONIC CONFIGURATION :
o The electronic configurations of the d-block elements are given in Table 3.1. Iy this
e T : .
%o an[dAr]m, [Kr]y6 [Xels, and [Rn]gq indicate the electronic configurations of Ar, Kr,
respectively, which are given below :
[£]18 =iz, 8, 8 (Three shells)
X lig =2, 8,18, 8 (Four shells)
RE]M =2, 8, 18, 18, 8 (Five shells)
lis =2, 8, 18, 32, 18, 8 (Six shells)
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able 3.1 show that :
as those elements in which the Jag .
]

1)d orbitals (i.e. d-orbitals of the Penlt,
progressively filled up with electmmle

The electronic configutation 11 T
(a) d-block elements can be defined

(differentiating clectron) enters (1 —

shell) or in which (7 — 1)d orbitals are
s those elements whose two outer-mpogt el
= §

(b) d-block elements are also defined a

are incomplete (i.e. pmally — filled).
atoms of d-block elements can b

(c) The valence electronic configurations of the
represented by a general electronic configuration (17 :j_)ffi‘_’f £s°—2
d, 4d, 5d AND 6d SERIE

3.4 CLASSIFICATIONS OF d-BLOCK ELEMENTS IN 3
~ (FOUR SERIES) :
(1) 3d — series (15¢ serics : 4th period) :

This series coniains ten elements viz. Scy; t0 Zny,.

period. In the atoms of these clements the last electron goes to 3
3d orbitals are progressively filled up with electrons as we move from Sc,; to Zng, It may

be noted that the configurations of Cr, and Cu,g (twWo elements) are anomalous, since Cry
has 5 electrons (instead of 4) in 3d orbitals and Cu,g has 10 electrons (instead of 9) in thes
orbitals. Thus the correct electronic configurations of Cry, and Cuyg are [Ar];3 36
[instead of [Ar];g 3d* 4s?] and [Ar] 5 3d'0 4s' [instead of [Ar],q 3d° 4s?] respectivl
Complete and valence-shell electronic configurations of the atoms of 3d-series elemens
can be written as follows. Here [Ar] g = 2, 8, 8 (three shells)

These elements are present in ¢!
d-orbitals, i.e. in this senes

Complete configuration = [Ar]ls 3171074512
=2,8,(8+1to10), 1 or 2 (four shells)

=2,8,(9to18), 1 or 2
=2, 8, 352 pb d1-10 452

Valence-shell conf‘igumtion = 3110 4512
(2) 4d - series (2™ series : 5™ period) :

. Tl.n's series also has ten elements namely Y, to Cd,g. These elements I
5" period. The elements of this series involve in the progressive filling of 4d orbit”
we procee.d from Y3 to Cd,q. In this series there are more elements which have anomglalﬁ
;c;nﬁguranons. The elements having anomalous configurations are Nby;, M0s2: Ruap Rmis;
ofﬁui?:aijﬂ (six elements). These anomalous configurations are ejclplained on the ¢
valence_She“ecllron zu.]d electron-t?lectron forces existing in these atoms. Comp ete'ﬂ

electronic configurations of the atoms of 4d — series elements €&% % "

as follows. Here [Krl;34=2, 8, 18, 8 (four shells). A

preseﬂf y
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onfiguration = [Krls6 44110 550-2
=2,8,18 (8 + 1 to 10), 0 to 2 (five shells)
=2,8,18(01t 18),0102
. 2, 8, 18, 452p6dl-—|0 550_2

- et °
complete ¢

ion = 4d!-10 §50-2
| Valence-Shell configuration = 4d 550-2
series : 6" period) :

' d
y 5 - series @3
| ( This series also contains ten elements which are Lag; and Hi; (o Hego-

.. ceries involve the gradual filling of 5d orbitals. In between Lag, and Hf5,, _lht"t
of % slements viz. Cegg to Lug; which are called Lanthanides or Lanthanoncs. Th
e 1 e;ts inv,olve the progressive filling of 41 orbitals and hence donot belong to Ad
i:ﬁ:l:n'}hus at Lu,,, 4f -orbitals are completely [illed. Consequently al LuS—{. 4f -mbilul‘f, |
figuration) while in the remaining nine elements (Hi5, to Hgggy)

are vacant (4f° con _ ana

4 - orbitals are compeltely filled 4f 14 configuration). The clements namely Pt an

Au., (two elements) have anomalous configurations. Complete and valence-shell electronic
7

configurations of the atoms of 5d-series elements can be written as follows. Here [Xe]sy
-2, 8, 18, 18, 8 (five shells) -2

Complete configuration = [Xelsy 4f 0,14 541-10 6s2 &
= 2.8, 18, 4s2 4pb d!0 £0.14 552p6q!-10 6s2 (six shells)

The element

Valence-shell configuration = 471 5d'-10 65
() 6d-series (4P series : 7t period-incomplete period) :
period which is an incomplete period.

The elements of this series are present in 7t
and Unh,y, (four clements)

At present this series consists of Acyg, Ku, o4 Ha,gs

These elements involve the gradual filling of 6d-orbitals. In bc'lwcén Acgg and kg,
- there are 14 elements. viz. Thgy to Lwg3 which are called Actinides or actinones. 1ise
H elements involve the prograssive filling of 5f-orbitals and donot belong to 6d-sui =,
:hus at Lw103, Sf-orbitals are completely filled. COI‘ISCL]UU]"I[I)’ al Acgo, 5f—0rbita}s wiy
et (570 configuration) while in the remaining elements viz. _"‘”104_’ HA“ 105 and Unhy;
(tree tlements), 5¢ — orbitals are completely-ﬁlled (5 configuration). Complete aud

ce-she]] configurations of the atoms of 6d-series elements can be written as follows
ere
Ralg = 2, 8, 18, 32, 18, 8 (six shells)]

- 2
Complege configuration = [Rn]gg 570,14 6d! 14 75
_ 5 g 18 32, 56t pb 410 O 65701 752 (7 shells)

N
&lence-shell configuration = 57014, 6d1—4 752
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QUESTIONS | :
| ' f «
Q.1 Multiple Choice Questions : |
1. d-block elements are also defined as those elements whose outer Mo | 2
are partially filled. 3
(a) one /(b) two (c) three (d) four 4
2. The electronic configuration of the atoms of d-block elements can be represemedb
a general electronic configuration is (
/(@) (n — 1) d'710 ns®2 (b) (n — 1) d'8 nst I
(c) (n - 1) dl-10 ) (n - 1) d'-? ns0!
3. The outer-shell configuration of Cr is 2
(a) 3d* 4s2 () 3d3 4s! (c) 3d3 4s? (d) 3d6 4s0

(Note : Similar question for other d-block elements can be asked)
4, The number of unpaired electrons in Cr-atom is
(a) 3 (b) 4 (©) 5 V/(d) 6

(Note : Similar question for other d-block elements can be asked)'

5. d-block elements comprise the sub-groups

@312 (b) TMIA to VIIA
(c) between IIA and IIIA ~ (d) IB to VIIIB
6. Fe, Co, Ni belong to sub-group
@ VIl - /() 8,9, 10 © 11, 12, 13 (d) 14, 15, 16

(Ntoe : Similar question for other d-block elements can be asked)
7. The general electronic configuration of Mn (Z = 25) is
V@ 2,8,13,2 (b) 2,8, 12, 3 2,8 14,1 ()28 11,4

(Note : Similar question for other d-block elemeénts can be asked)

] | ANSWERS
| RPN NORRORAC

)
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e
ShO"‘ questmns -

¢ ’ transition elements ?
I.

what arc
) Give the &
, Give the P?S
" Give the gene
(Note : Similar q

eneral electronic configuration of d-block elements.
;tion of d-block elements in periodic table.
ral electronic configuration of Fe-atom.

uestion can be asked for other d-block elements)

03 Long questions :
e the complete and valence-shell electron configurations of the atoms of

|, Giv
_series (iii) 5d — series.

(j) 3d - series; (i) 4d | |
7 Discuss the classification of d-block elements in 3d, 4d, 5d and 6d series.
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