INORGANTC gy,

: Al® =090 and [CpP = g7, by .

: , ' [
Y= Cuyy + Cp¥p & such that | : 5
' Ca- = + 095 and

Since [CAJ? = 0.90,
[CoF = ¢ | + .88

Since [CB]2 = 0.10; (-JB ’hase overlap so that '
For the bonding orbital we take the inP B V=095, 4,

: . 39 |
 Note: The squares of the o€ ficients determine the probab1l1§1es, , V.,
. B AND MO THEORIES

~ 2.18 COMPARISON OF . ,

' Both the VB and MO theories have been used. for the purpose of deg -
the covalent bond, both employ quantum mechanics. The overlap criter;,, =
predomiziant in both cdnce pts. The VB theory do?s not provide the‘clear-picture;
the energy changes involved during bond formation. Molecular. orbital approach
able to indicate even the minor energy changes during the formation of a mgje,
from which a lot of information may be collected, the contribution of covalent an:l

ce bond theory is useful in prediciting the symmetry of the

ionic character etc. Valen ) g
molecules using the idea of hybridizatlon- The most common features between th,

two theoriés are: -~ . - S ‘
1. The electron distributions for a given mqlepule are similar.
2 In both the theories, a normal 'cQValént bond invplves the sharing of electrop

charge density between the nuclei. o .
3. In both the theories, ¢ and 7 bonds can be recognized.
4, In both the approaches, AOs of the atoms must overlap significantly and

should have appropriate symmetry about the molecular axis to form a bond.

‘Variation method is 1sed in both the treatments. -
The variation method is a systematic effort to determine the electron

distribution in a particular atom or molecule.

THE ESSENTIAL POINTS OF DIFFERENCE BETWEEN THE TWO THEORIES
VB theory

5.
6.

i B The basic assumptions of the two theories are quite different.
_considers that atoms exist within molecules, and that the structure of 2
molecule can bz interpreted in terms of its constituent atoms and the bonds

between ther:1. Whereas, the MO theory, assumes that the atomic orbitals ¢

the original unbounded atoms become replaced by a new set of molectl®
energy levels, called molecular orbitals and these MOs dstermine &

' I\)/_I]‘;J Izirtles OfFll,l e resulting molecule. ‘ '

2 e 6?:?; 321] t:::lsi::;:s_ncept of resonance, whereas the MO theory
. whereaﬁf

'3, The MO theory give, L
~ the VB theory Zhgxesshequal weight to the-ionic and covaleat, terms
b _ undred-Percent covalent character. ;
MO - innic : + \Ilc : ,

ll"(:OV

gives a8

oV

n
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"{ |Chemistry of d-Block Elements

" 7.1 Introduction

The transition elements are those which as elements or as cations have partially
filled (n-1) d- or (n-2) f-orbitals. All of them are metals and are characterized by
electrons being added to.-(n-1) d- or (n-2) f-orbitals, where n stands for principal
energy levels. In simple words, those elements which as atoms Or cations have
partially filled d or f orbitals in the penultimate shells are called transition
elements. The elements in which atoms or cations have partially filled d orbitals
are called main transition (also called “d block”) elements or d-transition
elements. d transition elements are located between Groups I1A (2) and IIIA (13) in

- the periodic table. Partially filled f orbitals are characteristic of atoms and cations of
- the inner transition (“/ block”) elements. The inner transition elements are
sometimes known as ftransition elements. The inner transition elements are
located between Groups IIIB (3) and IVB (4) in the periodic table, and are usually
shown in separate rows below the main part of the periodic table. .
1st Inner Transition Series (lanthanides) : seCe through 7;Lu

2nd Inner Transition Series (actinides) .goTh through jp3Lr. |
The d-transition elements are building an inner (next to outermost occupied)
energy level from eight to 18 electrons. Filling up of 3d, 4d, 5d, and 6d orbitals give '
rise to four different transition series. They are referred to as :

1st Transition Series: 4;Sc through Cu

2nd Transition Series: 39Y through wAg

3rd Transition Series:  syLaand 7Hf through 79Au

4th Transition Series: _(not completed). ggAc and;elements 104 through 111

Strictly speaking, 7Zn, Cd and Hg (the Group IIB. i.e. group 12) elements are not
Itransition elements since their “last” electrons go into s orbitals (i.e: their atoms
nd their cations have completely filled sets of d orbitals). However, they are often
iscussed with them because of the similarities of their propertiés to those of the
-ansition metals. All of the other elements in this region have partially filled sets of
orbitals, except Cu, Ag and Au (the IB elements i.e. group 11lelements) and Pd, all
"which have completely filled d orbitals. However, some of the cations of these
tter elements have only partially filled sets of d orbitals. We commonly use the
'm “transition metals” to refer to only the more frequently encountered d-
insition metals. More than half the elements belong either to a transition or inner
nsition series. The presence of incomplete d orbitals in transition elements
ributes certain characteristic properties to them. One important characteristic of
asition elements is the ability to form complex ion. | '
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émi stry of d-Block Elements

j/lﬂ;;;;;lic Configuration of Transition Eleménts
T specific way in Which .the orbitals of an atom
o the electroric qonﬁggr:atwn of that atom. R are occupied by
: Jssion of the transition . el}ements. In order t
rations We follov&.r f;he building-up principle. For t;’l determine ground-state
rations of .trz.ans1t10n e'len.1ents are predicted - by -:hm0st:pa.rt, the electronic
g the building-up prineip le, the 3d subshell begizsbmldmg'up principle.
_90) bas an [Ar]4s.2 configuration. Thus, scan diﬁm 2T t(;hﬁll after calc'itijm
T s2, )

across the period, additional el 1
48 go. A 242" Fav - bitani ectrons go into 3d subshells. We get the
ration (Ar]3d%4s? for titanium, and [Ar]3d34s? . g
confi8Y ' 13d34s? for vanadium. Then in

A1

n—

7

et S

ectronic electrons is
structure ig central to any

STV

e

e

s 1iu
ChrOﬂ
al €O

act!
gre

xactly h
to produce

Table 7.1 Electronic Configuration

an ©
stability

m

those PT
predicted confi
rl3d’ %48 .

two irregularitic
0} c 3d5451 conﬁgumiion of
™

Ist series or 3d series

of d-Block E'Ie‘ménts

e con'figyl.r'atlon -pl;:d'l::ted by building-up principle is [Ar]3d44s2, but the
nfiguration 12 |Ar]3d°ds’. The configurations for the rest of th elemenfs
edicted by the btlildipg-up Prificiple, until we reach to coppere S
guration of copper is [Ar]3d%s2? but the actual configuration is
1 This trzmsiti011 from an empty 3d subshell to a filled one occurs witﬁ
s. one at chromium (Z = 24), and the other at copper (Z = 29)
chromium and the 3d1%4s' configuration of copper reflect
the 3d and 4s energies are very close together :

alf-filled (for Cr) or fil
these configurations.

across the series and that
led (for Cu) d - subshell provides enough extra

,m’/ Sc Th V Cr Mn Fe Co Ni Cu T__'Z;M‘
( 21 22 23 24 25 26 27 28 29 30
suration | [Ar] | [AT] Ar] [ [Ar] | [Ad] | (AT (Ar] | [Ar] | [Ar] | [Ar]
/_’J _’Sdi’/ls'“’ | 3d-4s” aadger | ndias! | 3das? | 3d%4s’ 3d74s? | 3d%4s? 3d104s) | 3d1'4s*
2nd Series or 4d series '
;;{"Tﬁy Zr Nb Mo Te Ru Rh Pd Ag Cd
I 39 40 11 42 43 44 45 46 47 48
quration | [KT] (Kr] | K] [ [Kr] (Kr] | [Kr] | [Kr] [Kr] Kr] | [Kr]
4dl5s2 | 4d25s? | 4di5s! 4do5s! | 4d%s? | 4d75s! 4d85s! | 4d105s0 | 4dW05s! | 4d'%55°
3rd Series or 5d series
ent La Hf Ta W Re Os Ir % Au Hg
) 57 72 73 74 75 76 ¥ 78 79 80
aration | [Xe] | [Xel | [Xe] | [Xe] Xe] | iXel | [Xe] [Xel [Xe] | [Xel
sdles? | 5azes2 | sades? | pates? | 5d°6s* 5d66s2 | 5d76s% | 5d%6s? 5d106s! | 5d106
| | |
le second, third and fourth zz';az..‘a::<_>u-metld series correspond to the filling of
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Mh main ) ganic Chg,, .
418 ) abshells of (n avin'the shell, respectively. With emlst’y
the 4d, 5d, and 6d S Pt and atomsg of thGSe elements t ¢ §x°eDti0
I.atiorl) and the.differentiating he ng ;

of Nb, Mo, Ru, Rb, electrg

. tely filled . the elementg Clron eptq
is comp e be noted tha? - rbital get ° Nb, Mo, Ry, Rh, Pq, o p
subshell. It may ns 0 get shifted to (n-1)q orbital o % t ang
nd hep

ns 1ro ; : ;
one or both the electro n in 1S orbital (instead of two electrong :
In ng

electro

clements have one or no ” o5 the (n-1)d subshe]] half-filled o complet,
ore stable than other (n-1)q subshellg eTh & apg

. . e

This type of shifting ma
he atoms of d-block elements may he 8enery)

such (n-1)d subshells ?res it
tion
alence shell configurd 4 oTock eler —
- :n'—l) 4110 s0.1,2, Note that the thll‘oftznd fourth series mdude the. la’lthano-t;r.l o B
actinoids, respectively- Which are 07en counted with group 1B (g, 0% |

: Ist, 2nd and 3 : NToup 3)
electronic configurations of the | N rd ‘Serles elementg are giyer - Th
table 7.1.

, = 2l - . -
The existence of these d electrons 1s partially responsiple for ¢ |
. SeVerg] -4

cteristi iti tals. .
characteristics of transition me o

A P e e N S e

(ns? confl
rs (n.~1) q
Ay
= Such

Orbit
ly ﬁll 5 al)_\

AL e i

e
0 in .

7.3 Magnetism
‘Transition metals and their compounds exhibit interesting ma

Measurements of magnetic properties provide Information about,
In addition, many important uses are made of magnetic pro

BRELLC propertip, |
chemica] bonding:'
perties in Modery
technology.

An electron revolves round the nucleus and it‘allso spins around its gwy axis t
produce malgnetic'ﬁeld likeﬂ the magnetic field produced by electric current ﬂowin0 |
through a loop of wire. Each electron behaves like a tiny magnet having a deﬁm'ti
value of magnetic moment. Diamagnetic substances have no unpaired electrons, 5
they have zero magnetic moment. The external magnetic field however, induces in |
them a small magnetic moment which is opposed to the external magnetic field
Thus, diamagnetic substances repel lines of force and show a slight decrease in

weight.

When an atom or ion possesses one or more unpaired electrons, the substance s
paramagnetic. In a paramagnetic solid the unpaired electrons on the atoms or ons
of the solid are not influenced by the electrons on adjacent atoms or ions. The
magnetic moments on the individual atoms or ions are randomly oriented. Whe:ti‘:
paramagnetic substance is placed in a magnetic field, however, the T;ircltive
moments become aligned roughly parallel te one another, producing a; eat\jn into 2
nteraction” with the magnet. Thus a paramagnetic substance 15 % :
cagnetic field. : ises wher

A much stronger form of magnetism called ferromagnetls;n,tﬁe ;rie ntati"n"t'
- unpaired electrons of the atoms or jons in a solid are influenced by angem®” |

+.energy
the electrons of their neighbours. The most stable (lowes®-en

Ve
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: L]

rcsults when the spins Ofm;\
2Ctrong o

" 419

be as much as 1 million b C 80liq ia Loced i 8 0rions are aligne 1" 9
ime placed In a magnetic fig]g th;‘i n the game
AL resulty

. When . st
(ubstanc the externg) m Yonger than that for 4 4

agr 1
ctrons cause the . ghe I .
E the solid mple paramagnes,

e Cl " tlc fi ]
th as a Wholg tle]d 18 removed, the intercy;
b 1 "1 " G ") ¥
o maintain a4 magnetic mome n;“ &;.twe:;n
A1)
- We then

refer to it as a pérmanent, Magnet

s he elements F L. Th e

Jlids are b s Fe, Co. . e most comm Sl

5 » 0, and Nj. on examples of ferromag
netic

gnetic substances

piama are {h
; , 08 . :

field and this property is aSSOCiatSe which are slightly repelled by the m;

compound- | ed with the paired electrons ii ae tmagnetic

' atom or y

Paramagnetic Substances are |
field and this property is aSSocie, FhOSe which are weakly attracted by th ,
4 ated with the unpaired electrons i e magnetic

compound. p electrons in an atom or
a

Ferromagnetic Substance | . |
magnetic field and this prope:, ?re tho.se which are strongly attracted in t
Tty is associated with the substances which retain th e

Lneir

qopetism even after N '
mag the removal of magnetic fields. (Due to this property -
b’

‘ferromagnetic substances differ .
f g iffer .from paramagnetic substances which-lose the
> "l‘

paramagnetism after removing the magnetic field). -
7.4 Colour . '
Most of the transition-me
colour of a complex depends.on t
ligands bound to the metal.

ta] salts and their solutions are coloured In general, the
he particular metal, its oxidation state and the

filled (n-1)d subshell on the metal is usually necessary

The presence of a partially
t is a property of unpaired d-electrons. Most

for a complex to exhibit colour, i.e. 1
transition-metal ions have a partially filled d-subshell.

In order for a compound to have colo
consists of electromagnetic rediation with wavelengths T
400nm to 700nm. White light contains all wavelengths in t
dispersed into a spectrum of colours, each of which has a characte

wavelengths. .

A compound will absorb visible ra
" peeded to move an electron from its lowe
state. Thus, the particular energies of ra
colour that it exhibit,

When sample absorbs visible lights the colour weé perceive is the
y an ()bject and St

ggmmmng colours that are reflected or transmitted b :
. If an obJeCt abSO

anging from approximately
his visible region. It can be
ristic range of

the energy

at radiation possesses
me excited

und state to 50
ance absorbs dicta

diation when th
r energy state or gr0

diation that a subst

sum of the

1 our eyes-
rbs all

Fypaos™ ect reflecis I :
\ ?’ g r ?ﬂec;.g light, whereas a clea .
g}Visible lignt, none reaches our €xes from that obee®
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420 _/’.:;‘ g . Inorganic Cheming,
jight, it is white or colourless. If it aba ;....l
B8O L1

appears black. If it absorbs no vigible nge
~ excepl orangt, the material appears ord “-"*' We also perceive an orange eq
however, when visible light of all colour® OX}:.CpL blue strikes our eyes. ()runxe’ mfrimn'",
are complementary colours. Thus e : ject has a particular colour for 550“ o
ts light of that colour. (2) It absorbs light fotwr’

‘ Ch the

reasons. (1) It reflects or transml

lour. For examples
visible region its colour Will be complementary to red and th;
' IS 13

the complex ion trans- | A
rans [CO(NHg)L;Cl?,V absorty

complementary €0

red light from the
portant Terms in Coordination
Chem;
emlstry

green.
7.5 The Structure of Complexes—-lm

< such as [Ag (NH3)2]+ that are assemblies of a central metal ion hondeq
0

unding molecules 0T jons are called metal complexes or si
e complex carries 2 07 t electric charge, it is generally cal;np1y
complex ton. A complex jon is @ metal ton with Lewis bases attached to it th .
coordinate covalent ponds. A complex (or coordination compound) rough
compound consisting eitheir of complex ions and other ions of opposite charge O:sofa

: e

neutral complex species. :
Ligands are the Lewis bases attached to the metal atom in a complex. “An |
molecule that coordinatee to a ‘metal atom or to a metal ion to form a com lo n O.r
» Iigands are normally either anions or ol moli ex is
, ' t one unshared pair of valence electronsculg:.

- For

called o ligand-
Furthermore, they
] and [A (NH - B
Ag (N 3?2]01, CN and NHy are the

example, in the comp
anionic and neutral liga

" A metal or lon (usua
metal a

Specie
a group of surro
complexes. If th

lexes, K4
nds respectively. | .
etal)-surrounded by a number of ligands is

lly a _tr'ansition mé
tom or ion, eg in K4[Fe(CN)el and [Ag(NHg)j (|

the central metal ions. ,
ands are said to coordinate to the metal. The centrl

titute the coordination sphere of the
for a coordination compound, we use
the coordination sphere from other parts
SO, represents a compound
The' four NH; ligands in
e in the coordination

called a ceqtral

and Ag are
lex, the lig

S bound to it cons
he chemical formula

ff the groups within
ula Cu(NH3)4

complexes, Fe
In forming a comp
metal and the. ligand

complex. In writing t

square brackets to set o
of the compound. For example, the form

containing the [Cu(NHg); ]2t cation and the S04 anion.

the complex cation are bound directly to the Cu (II) 1on and ar

-sphere of the copper.
The coordination n

bonds the metal atom. forms with ligands.
each oxygen atom in the six water molecules. Th

amber of a metal atom in complex is the fotal number of
In Fe (H,0)%", the iron ator bonds
: erefore, the coordination quber

iron in this ion is 6. . . R |
A metal complex is a distinct chemical species with its‘own Chal’acteﬁ?tw
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hhemistry of &-Block Elements
Phy; ; -operties. Th A
foi 'fal ang ehemical pxo'])’tl‘! it is & us, jt has diffemnt 421
°T the ligands from which i OrMeq Proport; -
h 3 - Complex formgt; €8 than the meta]

& .
ang ! :as of metal iong Sug 1t
- 1L ¥ 14 pl
1e pr Opcf'tle : h ag thell‘ eas ) on Can a]SO d 2
7.6 & € of Oxida: famatica]ly
helates Hation op reduct; on
in The ligands which have a sing]q 0 :
ona (;Oordinati on sphere are calleq 0t atom and are , c
1€-t0otheg” ligands ar ° iy @ oce
hed”). Such lig € Coorg; dentate ligangg (from 1. PY only gne site

one : .
Inetal—hgand bond only. Some i ateq to the central gy :i‘itohe Latin, Meaning

- sltm ults'ineously coQI',c}inate to a Metq) andg have twq or mor " 2t one site or b
'S1 163 They are calied polydelltat lon, 'thereby OCcupyin © donor atoms that can
polydentate ligands, those that bong 4. 18ands (“many.¢ & tWo or mop, coordinat
are called bidentate—, tridentate Tough two thr yf: 00thed” 'ligands) of the

g -~ ’ ee Qur, ﬁVe o . : e

uinquedentate—) » te .
(glydgntate Il'gands‘a;i1 ¢ hEmdentate ;aqentate_, (quadl'identate
p' } te 1j i ppea-r to_ 8rag te}ﬂdentate) ligahds res
polydentate ligands are-also he Metal between ty, .
chele, “claw”). | IV ag Ohelating agen:"o(; ¥ more donor atoms

When all the donoy atomg S {rom the Gpeek word

ms ord

metal ion, we get a complex go dentate Jigang 8et coordinateq it
structure and hence ig called 4 ch 0d which contains one oy More lri the same
process of the formatjon of a chelat Clated (o cyclic) complex. op cherllgiem Tl}tl;s
| ) . The

word chelating ligand does not ap

; Strain- ot . ’
Chelates are the' special types of 2(2)1(1)1; df‘r?et?mgs at the metg] 1on.. .
re rings in their strrichuee The ooy of 1nation compounds containing one o
mo o o g Th 1' € ring _St;‘uctures are formed linking meta} ion with
polyd?n ate lgal? S. 1he po ydentatevhgands are called chelating agents and the
process of formation of a chelated complex or chelate is called chelation.

Ethylenediamine molecule, which i abbreviated en, e :
. L CH, CH, ~\
has two nitrogen atom each carrying a lone pair of / LN N
electrons and is capable of donation to the transition HoN NH,
| , . o  Ethylenediamine (en)
metals, is an example of bidentate (two teeth) ligand. B
In forming a complex, the eth‘ylenedia‘mine molecule Ig | I(ijI b
wnds around so that both nitrogen atoms coordinate to 3 H= T Ilj H ~
. at NN 1 sents (N,
he metal atoms, M. Notev Athat‘ ‘N N represents | H/ \M\[ -

thylenediamine.

~mnntinds with large o B :
Ethylenediamine forms stable compounds With Jatg two ethylenediamine ligands

tion, For example,

imber of metal ‘ons "rough cheI?% ion. The [Co(en)g]** ion, which contains He

mbine with Cu2* to form [Cu(en);
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Oxale ion Glveinate i OTtho-nhonanst. .
Bipyridine . te ion ¢ 1:3" ni;m!:\mlmn
e
‘ Many tridentate, tetradentate and hexadentate are known. e
CHy,  CHy HyC — CH, I}C“Cng CH,
CH, NH, CH, , )
H,N: :NH,, .
Diethylenetriamine Triethylenetetramine ‘NH,
Tridentate Tetradentate )
.0: ) HON '
e ” ll
:0 — CCH, CH,—C—-0OF "0 "
AN S0 _ ) ~
:0: /NCH,CHoN = N N
S N el 0 — B Ny ey
:(‘). - CCH2 ‘ 2 " ” -0‘ o
0

Ethylenediaminetetraacetate ion abbreviated [EDTAJ* Hexadentate
The cthylenediaminetetraacetate ion, has six donor atoms. It can wrap around a

etal ion using all six of these six donor atoms as shown in Fig. Hewever, it often
ts as a pentadentate ligand, that is, occupying five coordination positions, with one

"the acetate groups dangling free.

/CH2 | | - /OQ -~ -

N = |/
‘0{52 B /ié\w/)
i -

0 =

0 Fig. 7.1 Structure of Co (EDTA)”
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