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General Characteristics of Transition Metals :
hd-Block Elements

Introduction

The clements from Sc,yy to Zny (ten elements), Yy9 10 Cdyg (10 elements) 1:357, Hf5; 1o
Hgg, (len elements), Acgg, Kuyoy, Haygs, Unhyg clc. are called transition metals. Since the last
electron in the atoms of these elements enters d-sub-shell belonging to penultimale shell. [ie,

|8

(n — 1)xh shell], these elements are also called d-block elements. Thus in these elements Ux
last electron goes w0 (7 — 1) cub-shell. '

Position of d-bleck elements in the periodic table
The position of d-block elements in the periodic table has been shown in Fig. 6.1. From
+his figure the following points may be noted:
(N d-block elements lie in between s-and p-block elements, 1. e these elements are located
in the middle of the periodic table.

(i) d-block elements are present in 4th (Sc;, to Znyy = 10 elements), Sth (Yo 10 Cdyg
= 10 elements), 6th (Las;, Hf;;,10 Hggy = 10 elements) and 7th (incomplete) period
which contains 8 elements viz. Acgg, Kuyg, to Uunq

(iif) d-block elements are present in 1IB (3), IVB (4), VB (5j, VIB (6), VIIB (7)., VII
(8,9, 10), IB (11) and IIB (12) groups.

Flectronic coafieurations and definition

The elecrome configurations of the atoms of d-block elements are aiven in Table 6.1. In

this table [Ar),g [Krly, [Xe]ss and [Rn)ge indicate the electronic configurations of Ar, Kr, Xe
and Rn respectively, which are given below:

" 2 2 6
(Al = 2, 8, 8 (Three-shells) 1S5 )ﬁPé) 25,59, 0. B
[Kr}s = 2, 8, 18, 8 (Four shells) \Sz'alsla?—? 53 Slu 3P61 ugl,ydljv Lt.{)
[Xel, = 2, 8, 18, 18, 8 (Five shells) '
[Rnlgs = 2. 8, 18. 32 18, 8 (Six shells)
%wlﬁgmmions given in Table 6.1 show that:

: . T
ﬁydﬂf)% ; d-block elements can bemse elements in which the Jast electron (diff A
electron) enters (n — 1)d orbitals (Le., d-orbitals-ef-the-penuliims tilerentiaung

X the"penultimate shell in whi -
orbitals are progressively filled up with electrons. ' ell) oc in which (n - i)d

(b) d-block elements are also defined as those elements w
=y incorhplete (i¢., pariially-hiled).

m/’/(/

hose two OUler-most shells are
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' y
lements in 34, 4d, 5d and 6d Series (f0:r s ~
e Jock elements 25 given in Table 6.1 show thay i Y
S()f:;](;b:; 5d or 64 orbitals, these elements can be BTQ“;;"&;‘

. 2. SCyy 10 2
' . ains ten elements viz. 9Cy Ny
dth pe_r(x)gd)l-nTlhh'cS ;fonni ;?“msc elements the Jast electron gocs
th pen b" a2 P ively filled up with electrons as we
113 h nﬁg DS 0[ C[Z-i and CU29 ([WO t_?lemenLS)
that the configurabo bitals and Cug has 10 electrons

i has § electrons (instead of 4) ix? 3dor . 1 s arc
£/ ?;ﬁmo,°5sri§'&f£ ré:bilals. Thus the corecl clcclgxm')c wnﬁgzr?r:;i‘%(dq C;?l] : éi oy
[Ar)ys 3¢ 45! (instead of [Ar)yy 3d* 4 and [Ar)ys 347 45 [mstea ol elem:specms tivel

i configurat f3d-se
lete and valence-shell electronic coniiguralions of the alorrf‘o .
S:; as follows. Here [Ar);y = 2, 8, 8 (ifree shells). 2>Sc, T, ,f - M, Fe/ Co, NI

Complete configuration = [Ar)j 30 4t G, 2
=28, (8+11010),10r2 (four shells)

=280 1018). 1or?

2, 8, 3.&2;)"(1"'0, 45'2

Valence-shell configuration 3410 4512
1. Ad-ceries (2nd ceriec + Sth perind). | ike 3d-ceries, this series also has ten elements

Classifications of d-block
The electronic configuration
on whether the last electron enters
into the following four senes:
1. 3d-series (Ist series :

in 4

These elements are present 1n
/ 10 3d-orbitals, ie., in this senes 3d or
&?‘move from Sc,, 10 Zny,. It may be noted

namely Ysq 10 Cdyy. These clements are present in Sth period. In this series, the d_lffcrtnfmung
/i clectron occupies 4d orbitals, ie., the elements “{. this series involve the progressive t-'llhng of
1" 4d orbitals as we proceed from Ysg 10 Cd. In this series there are more ekements whach have
7. anomalous configurations. The elements having anomolous configurations are Nb,y, MO, Rugy, =>4
Rhys, Pde and Agy (six elements). These anamolous configurations are explained on the basis

ol muclear-electron and electron-electron force« evisting i these atoms. Complete and valence-shell
clectronic configurations of the atoms of < f-<enies elements can be written as follows. Here

IKIJJG = 2, 8, 18, 8 (fOIU SIIC”S). |
Complete configuration = |Kr]y, 4d" " 55"7 |
oo 5 T 10), 010 2 (five shells)

5.18. 910 18),0 10 2

)
&
"
y 1.2 6 - - -
= 2,8, 18, 45’10, 3502
4

41710 5,02

Valence-skel! corfiguration
3. Sd-series (3rd series: 6th period). Like 3d and 4d series, this series also consists of Y
len clements which are Lag; (one element) and Hlyy 10 Hegg (nine elements). The elements of T
> this senies involve the gradual filling of $4 orbitals. In between Lag; and Hf5, there are 14
clements viz. Cesy to Luyy which are called lanthanides or lanthanones. These 14 elements
involve the progressive filling of 4f orbitzls and hence donot belong 1o 54 series. Thes ai Ly, |
4f orbitals are compkiely-filled. Consequently at Lag,, 4f orbitals are vacam 47 confienration)
while in the remaining nine elements (Hfy; 10 Hegq) 4f orbitals are complerly-filled (47
configuration). The elements namely Pty and Au,g (nwo elements) have anamoioas conﬁgmmxns anay
Complete and valence-shell electronic configurations of the atoms of Sd-smes ekements cn be
[Xelsg = 2. €, 18, 18, 8 (five shells)
[Xel, 4% 54110 642
2,8, 18, a7 4p°d" % 1 S@pta'0 68 (six sheils)
A

h (014 ¢ 2110 ¢ 2

Valence-shell configuration = &f™°" 547 65
4 &d-series (dth series: Tth period-incomplete period). The elements of this eries are
7th period which i3 an incomplete period. AU present this series consists of Acys,
ifour elenents) Theee elements involve the gradual filhing of 64 orbrals.

wtitten as follows. here
Complete configuration

1]

present 10
Ku, ., Hay and Unh, e
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i
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The wrransition elements show

. several properties. Some of these properties and their trends
of vanation are discussed below-

1. Atomic radii

The atomic radii of the atoms of d-block elements are given in Table 6.2. The following
tends may be obsarved -

(1) Yariation of atomic radii in a given serics (pericd). The awmic radii of the elements
of a parocular series decrease eradually upt idwayv element and then these values remain

almost constant upto the elemnent of group IB (Cu, Ag and Au). The lasl element of each series
(Zn, Cd and Hg) shows an increase in its atomic radius.

IS e
ror

example, for the elements of Ist transition series the atomic radii decrease gradua.lly

from Sc to Mn but from Fe to Cu these values remain practically constant. The atomic radius
of Zn is higher than that of Cu. Similar behaviour has been observed for the elements of 2nd “
and 3rd transition senes. i

Table 6.2 Atomic radii (pm) of d block elements st/ 1 ncreed
1B IVB VB VIiB VIB <« 1) > IB 11B 1
|
() M) ® ) wm o ©) a0 ) 12

- Scy, T \ G M R Co Ni Cu  Zny
) 162 47317 0% 160 125 124 128 138 |
2nd series Yy Zt_ _Nb Mo Tc  Ru Rh Pd Ag Cdg ‘1
i} 18) 160 146 139 136 134 134 137 144 154 |

3rd senes La:, Cng‘—‘Luﬂ Hrn Ta W Re Os Ir Pt Au Hggo

187 | 165 156 | 158 146 139 131 135 136 138 |44 |5

T
14 lanthanides

sasc Explanation. For the clcmcnp from Sc to Mn t}?c alom_ic radii decrease. This decrease
f,®is because of the gradual increase in nuclear cha!_gc \:vn.h.lhc Increase in‘alomlc number} The
,incrcascd nuclea charge makes the atom tc shrink in size and hence the size of the atom
decreasss. Howenver, since the electrons added to 3d orbitals screen the 45 electron(s), the attraction
between the nuc.eus and the 4s electron(s) decreases, i.e., due o the screening effect caused
by 3d electrons *he magnitude of m{clear charge decreascs and consequentiy the atomic radit
for the elements ‘rom Fe to Cu remain a_lmosl uncharged. Towards ihe end of each series. there
is an increase in electron-electron repulsion between the electrons being added to 3d orbitals.

This increase in repulsion becomes greater than that of the attraction between the nucleus

= D(V)'l‘”" - ;Me,,/r‘u(/ Lt Lu_(ﬂmq_,(_.ﬂ\z,/& ~> 5/*)-;‘»:\»:!( “wn gr'k‘ .
:,7
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All the Uansilion cleme prop(}l‘hcs S\ < 5

NS show metall:
metallie character, ie, all these elements are metals.

transiyy e .
fon elements have Jow values for their ionisation energies,
St b)- “\Cl b T ————
0 to form M* or M2 cations and thus these elements

Explanation, Since the
> ns clccnon;can casily be ]o
show metallic characyer

As vsmal, the metall:

basic charactes ;kf lllhllalhc ch?raclc: of these elements increases on descending the group, e.g. rt/f”{ e
» increases as \,0, <E\'Fb)€m0mdc.S of the elements of group V B (V,0z. Nb,05 and Ta,09) ¥
Z“ while \b.0, a;}d}Ta AND04 < Ta,04. Thus V,0; is amphoteric (b\':l'l more basic than acidic)

:0s are more basic than acidic.

The mewallic character of the transition elements is evident from the following properties
of these elemenis.

PREEE

‘..-_'v--:_nu:(ntsm
e 4. . oo oaboia

(1) Electrical and thermal conductivity. These elements are 2ood conductors of elecncity
and heat because of the existance of metallic bonding (i.e.. presence of free mobile electrons)
among the atoms of these elements. Cu, Ag and Au show exceptionally high thermal and elecmcal

~ conducivity. R -kl e ,
B (1) Hardness. These elements are hard (i.e., cannot be cut with a knife) and britle. Theur
hardness 18 due 10 the presence of strong metallic bonding ameng the atoms of these elements.
The metallic bonding arises due 10 the overlap between the singly-filled orbitals of different
»> aloms of the elements. Greater is the numher of unpaired eiecrons. erexes s the numoer ef

Lall erefore, greaer is the strength of these b hardoess of the element
metallic bonds and. therefore, greater is the strength of these boods er o

5 . Y
Since Cr. Mo and W have maximum nuinber of unpaired electrons, these are very hard metals. g
5 Zn. Cd and He contain no unpaired electrons. and hence are not very hard As a matter of fact
~He 1s a hiquid and is soft like alkali menlks. (

\.
(iif) Crystal structure. These clements have simple hexagonal close-packed (hcp), cubic

close-packed (ccp) or body-centred cubic {#cc) lattices which are charactenstic of netals. .k, Qlo
- —_—— =_— T voeow )
. .. et U covuNTR
4.  Atomic volumes and densities P21 o =4 il
The atomic volurnes (in ml) and density (in g/cm’) of transition elements are given below
in Table 6.4. The values given against m/ are atomic volumes while those given acainst g/cm?

s “‘\}:\C'\Y'\\b
represent densities. [
Table 6.4. Atomic volumes (mii and densities (2'cm”) of d-block elemenis
1B IV B \' B VIB VIl B — Vil —_— 15 b
Sy Tim V Ctr Mn Fe Co N Cu  Zng
ml 15.02  10.60 RN 13 139 10 6.70 6.60 110 9.9
gem' 301 451 610 719 743 186 5% 8% 8% 144
C Y, Zw N Mo Tc Re Rh P Ar Cdg
ml 19.8 4.1 HEN 9.4 — 83 R 89 102 13.1
olem’ 447 649 80 1031 N30 1220 121 1200 G031 8
Lay, HIf5, Ta W Rz Os iz [ Au Ha.
ml 2050 13.60 1091 95 §.83 £33 85+ 9.10 HIURREE. R RN)
gem' 617 1310 1660 1930 2100 260 2280 2240 1930 1360

- Atomic volumes of d-block elements are much lower than those of the elements of s- and
—
p-blocks.

¥ We know that density and atomic volume are inversely proportional to cach other. All the
y transition metals have low values for their atomic volumes and hence their densities are high.
The atomic volumes are low because the elections are added 10 (n = 1)  orbitals and not-fo
us orbital. The increased nuclear charge 1s panly screened by (n - 1) d electrons and ns electrons
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C he OCIDIUGG wr — ===y
are strongly atiracted by the pucleus. Consequently T -
e i i ion series, the aje: )

Variati { atomic volumes in a given series. In a given 1.ragsmod . ,a nia?““\ A ‘
. 0 | i - — '

=) ~.'olume_asrl;ft }3::: Zlc:mm.s first decrease O proceeding from lc{l to ngw:. a;)r B e :g‘\:‘? : | /{
’ ' i as we proceed furt " _
VT]1. They then starl increasing \ .

vale for the elements of BToUP

elements of group IB and IIB.
' Variation of densities in a given SeTIES- 7 -
19}., = increases on moving from lefi to right and attain 2 maximum Vv
v It then starts decreasing as we MOVE 1o the elements of grov

i iU ) i f the elements ‘
1 ven Lransition SEnes. the density O ;
i alue for the elements of group viL W,
ps IB and 1 B. This vanauon poin,

{ these elements.

7 Y7 due 10 the small radivs and clofe packed SEUE of the 2l ing 10 the same
et D o e : Densities of elernents belonging 1o the >
i -76- Variaton of densities in a gIven sub-group. Densiics ! f 2nd transition eleme: \
sub-group increases on moving dowr the sub-group. The dens_mes of the e!emcnls 0 on srie;ls o
series arc only slightly higher than those of the corresponding elcmsmb of Isl l[ra;d Uansiion
while these values for the transition elements from Hf;, 10 Hggo {elements ol T (lements 6. ]
series) are almost double these values for the elements from Zrm-lo Cdy; rt35P¢C“V‘3’yf be val
of 2nd transition series). Note that the density of Lag (= 6.17) 15 nol double that of the vaie cleme
for Y5 (= 4.47). ) .
The variation of densities of transition series elements in a @ved sub-group, @5 discused Jtho

f above, can be explained as follows:
or sl

gt a) ic wei iti ‘ double th
T ta) Toe atomic weights of the elements of 3rd transition senes are almost double the
This makes the densites

atormmc weights of the corresponding elements of 2nd transition seres.

of the elements of 3rd transition series almost double those of the corresponding elements of charg
2nd transition series. force
=  ib) Because of lanthanide contraction occuring in lanthanides. the atomic sizes of the elect
“elements of 3rd transition series coming after Luy, (i.e., elements from Hf;, to Hggg) become and :
~very small. Consequently the packing of the atoms in their metallic crystals become so OI_Lh

mOch compact that their densities become very high. Thus the densities of the elements of SERIE

3rd wansilion series become almost double the densities of the corresponding zlements of

2nd transition series. :

of S

J

5. Melting and boiling points o=
The melting and boiling points of transition metals are given in Table 6.5. These values Gro

sucoes that these are very high values. The high values are due lo the fact that ransition metals

have suoog metallic bonding between their atorms.

Table 6.5. Melting and boiling points (°C) of d-block elements. (
3d-series ;
elements: Sc T Vv Cr Mn Fe Co Ni Cu Zn (50
M.P (<C) 1539 1668 19500 1875 1245 1536 1495 1453 1083 4195 —
BP (°C) 2730 3260 3450 2665 210 3000 2%00 2730 2595 906.00 3d
4d-series . ﬁc
clemenis: Y o Nb Mo T Ru Rh Pd Ag Cd
MP (°C) 1509 1852 2415 2600 12206 2500 1966 1552 9608 3209 <
pp (<C) 2977 1500 330 560 | — 4900 4500 3980 2210 76 =

o m
5d-series are
¢lernents: La HI Ta W [ Re Os I Pt Au Hg
WP ) 90 722 29% 3410 | 30 2700 2454 1769 063 484
B.P. (°C) 3470 5400 5425 5930 | So00  SS00 5300 4530 2920 357 o
== . R N

As we proceed along 2 particular series, the melting points increase from Sc 1o Cr in Ist gre

almost equal melting points), from Y 1o Mo in 2nd series and from La the

series (V and Cr have -
d then decrease. This varation can be explained as follows: Iy

o W in 3rd series, an
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