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rdiﬂa“on compounds
o

co (Complexes)

. o called double salts.
re
2 oK+ (ag.) * 2A

S0, . 6H,0],
= e O... (NH4)2 4
g ds which 105 S04
D"ub’:;ose addition jor: T:::o — Kzfﬁgcfz :
Aly(SOs)s fiite (KCI- .
K,50; *A2 re cama etc. o ity) in solution
ome::eaﬁﬂf'm'{j;so‘k'ﬁmoj i doesn't los€ their identity) are ca“&d
Potas - v tity (i.e.
s : den 4-
coordination ComP ;L;g;ds which retain their i .- ——=4K*(aq.)* [Fe(CN)y] (aq)
o ition co Fe(CN)g ; 2-(aq.)
Those addi ds. NorK,l )+ S0,% (aq
coordination cof?LP‘_JL Fe(CN); - 4KC > [Cu( NH,)J?* (ad )
Fe(ON 4K T NH IS0 (80) == (aq.) + [Zn(CN)J%- (2q.)
. les are, R 4 = o
i Otherexamp N I(an e
K,[Zn(C s

ion is attached
in which metal atom orioni to group of
jes In
ned as a spec

fi s.
Coordination compound is de rdinate covalent bond

i 00
neutral molecules / ions byc

2 )
— Sstwed Evamples

i lex.
Ex CN). isacomp . gl .
o) Lt ki S &Fe{‘ es)?ests of Fez*, NH,* and SO K Fe( )a_ 1S not 5
Ex.1 plain that Fe(NH,),(S0,), It because its solution gives i B 4 C)E]N o s
R i doum;!:j because the solution of this comp K CN) 1>
double salt but it is a com,

3+ CN-~.
further [Fe(CN),J*- does not give the tests of Fe** and

—
Werner's Theory : ' dination theory. More important postulateg ofthy
s Werner's coordin .
Wemer in 1983 presented a theory known a
theory are :

. o .
Most element exhibit two types of valencies : (a) Primary valency and (b) Secon dary valency
(a) Primary valency :

This corresponds to oxidation state of the metal io
Itis satisfied by negative ions and its attachmen
(b) Secondary or auxiliary valency :
Itis also termed as coordination number ( usually abbreviated as
or non-ionisable (i.e. coordinate covalent bond type). This is

n. This is also called principal, ionisable

or ionic Valengy,
twith the central metal ion is shown by d

otted lines,

CN) of the central metal ion. Itis non.

. ; ionic
i ‘ satisfied by either negative iong or Neutrg) \
Ir_;o!fecufes having lone pair of electrons (e.g., H,0, NH, efc.) or even Sometimes by some positive groups, |
€ ligands which satisfy the coordination number are direct| v ©
by thick lines. y attached to the metal atom orjon and shown |
Every element tends to satisfy both its prj §
- Primary and s i
Negative ion may often showa dual behg Y &nd secondary va lencies. In

In every case the fulfillm

Bt or : .
Viour, i.e. it may satis derto meet this requir

# both o ementa
ent of Coordination Numbe ek g secondary valencies sine

r .

® [Comorate Office; GG Tomer A48 8 szc:f s Metalion appears €ssential. This qua

: - : + IPIA, Nea
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is represenled as

coordination Compounds ,
behavi i i
“viour is represented by both thick and dotted lines. For example, [CoCI(H;0)sIC
HO Bl
H.,O

Cle Z
H,O

racteristic spatial arrangements corresponding

ch spatial arrangements are called coordination

\

econdary valencies have chal

The ions/groups bound by the s
In the modem terminology, su

to different coordination number.
CN.=3 Triangular

polyhedra and various possibilities are
ghh.: =2 linear
.N.=4 tetrahedral or square
planar C.N.=86 octal
: ) N nhedral.
the two types of valencies, Werner introduced the square prackets | | to enclose
and which are, therefore, not ionized.

jon compounds, CoCl, . BN,

To distinguish between
gmstﬁ atgm? mafki;':g up the coordination complex

n the basis of the above postulates Werner rmulated the coordi
CPQI"" 5NH, and CoCl, . 4NH,as: [CG(NHJ)G]CIJ, [Co(MH,).CIICl, and [(.I.ct;(n\‘j':‘;c; C\_]Clrespectively; i
within the square brackets being the coordination entitles (complexes) and the ion: out-_f(‘iv el
brackets the counter ions. He further postulated that octahedral, square, planar and tetrahec;r; u:; Sq\{‘fra
shapes are more common in coordination compounds of transition metals. Thus, [Co(NH) ™, [Cgci.(rr‘:\i )\33\
tahedral entities, while [Ni(CO),] and [PtCL > are tetrahedral ‘and squata-p'naanar.,

[CoCL(NH,)I" are oc

respectively.
S.No. Werner complex Modern notation fonisation ‘ 556::::3; :a;:ncy
e CoClsSNH, [Co(NH3)sCIICl2 (Co(NH)sCI*+2Cr | five (NHy) and one cn | e "ﬂ’h‘:ﬁ:f‘:\“aﬁuﬁze cn
3 CoCly4NHs [Co(NH3)ClIC! [Co(NHa)Cll™+ I | four (NHa) and two (CN) tw:"ge ‘iﬁ\";ﬁ:ﬁ:ﬁm
4 CoCla3NH3 [Co(NH3)sClal [Co(NHa):Clal three (NH5) and three (CT) three (C) all witn dual nature
Ex.2 Match the pairs of complexes listed in column-| with the method(s) used for their differentiation listed in
column-Il. ; > !
Column =1 Column-ii
(1) [Cr(H,0),ICl, and Cr(H,0),Cl1Cl,H0 (p) Only neutral molecule(s) satisfiy(es) all
secondary valences in both complexes.
(2) [Co( NH,),BrISO, and [Co(NH,);SO JBr ¢ (q) Negative jon(s) satisfiy(es) poth primary as
: well as secondary valences in both complexes.
(3) [Co(NH,):ClICl, and [Co(NH,)ICl; . (r) Both complexes give same number of ions in
' aqueous solution.
give white precipitate with AgNO.,.

(4) [Cu(H,0) JSO‘,.H,_O and [Cu(HZO)a](I\IOa)2 (s) Both complexes
(1)-s; (2)-aT: (3)-s;(4)-P _
[Cr(H,‘,O)HICI3 (aq) = [Cr(H,O)* (aq) +3CF (aq)
[Cr(H,0),Cl1 Cl,H,0 (aq) = [Cr(H,0),CII* (ad) * 2Ct (aq)
Agt+Ch— AgCl ¥ (white) .
2 [Co(NH,);BrISO, (aq) = [Co(N H,),Brl* (@) + SO~ (aq)
s - 1:1 electrolyte
[Co(NH,),SO JBr (aq) = [Co(NH,);SO J @)+ Br(aq)
1 : 1 electrolyte
ry as well as secondary valences.

Ans.
Sol. (1)

Br and SO, satisfy both prima
Kota F;.a )-324005
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i C:ool'dlrm”

-

- (aq)

w1).CT oo @
rely _‘_,..3- GG(N = +3 )
—— ca-"’"ﬂo"’n a) = P ‘r(aﬂ
GMEI‘_JJ ICQfNHJ’GUT:q{f% [GD(NHJ):H OJ‘J:- (EQ) :[zo

), Cly cultz +2 3

feotes o 0D = I(H o @V soltio] 7 () (PICHINHIC!

@ ICU(HJO)"ISO‘-) :3 = Izr coﬂd”cu;;?él (NH:;);
{Cuero)o“ > e pighest M9 & 3) #

which of the followind ha(';;{ptCl(NH:)SIG"

chelats

1
penti

(@)
_sas (PUNHII” @) *+4¢ (

= +360 (aq):
1+ (2q)
s {PtCI(NH;J_J o)+ 26T (aq)-

- umber of ions incre
H,).)" (29 +cr (29 solution and 25 " ases my)
—— Pch(™ J|.r:rm:7er of ions N the *

—e
\

2 i ttached a fi |
—ti here metal, to which are & ixed n
————Fnti 7coord t'”;nsrg comiion, U ally of @ neutral or charged. Examp.,eSE“} -
Goordination Cll niiy constilor which i° 08 g nd. &r). (CN). (H 0) are the ligands. Sing.

Ac«:hordggngs or groups €3h f—f{v,:ncr oH,),]and (NH,), (C1) ( (s :

g 4 - [Fe(CN)]

> ptel ] [F o
{ 13

L) acketand is collecti

Tl [Fels e ands aﬂachezd’ toitare enclosed in square br clively Callg,
i the liga

| atom/ion and

ree mple, i assium (K*) fon is co Untg
5 or jonisable jons. For example, 1N KJFe(CN)B]. the pot (K% s i 3

ions, free 101 :

c;ggrdfnan'an entity {Fe(CN}sj".

of
central Atom/lon :

i i erof ligandsin a definite
In a coordination entity-the atom/ion to which are l:_vound a fixed number g geomet
arrangementaround it, is called the central atomor!

: ; i ination sphere are ca

P ons apart from complex ions I.€: outside the coordina P lled co
ning i

Note : The remain’

on. For example, the central atomn/ion in the coordin,
entities : [NICL(OH )] [CoCI(NHy)s]** and [Fe(CN) [ aré Ni?*,

Co* and Fe™, respectively. These C;Elton .
gl -
atoms/ions are also referred to as LEWIS acids. al

Ligands :
The neutra

| molecules, anions or cations which
coordination entity are called ligands.

These may be simple ions such as Br, small molecules such as H,0 or NH,, larger molecules gy
H,NCH,CH,NH, or N(CH,CH,NH,), or even macromolecules such as proteins. ' chas
When a ligand is attached to @ metal atom ion'through a single donor atom, as with CI-, HO or N
ligand is said tc_: be unidentate. Similarly when a ligand is bound through two donor atoms, asin H2 NCH HS‘ the
(ethane-1, 2-diamine) or C,0,* (oxalate), the ligand is said to be bidentate and when several dén CHNN
presentin a single ligand as in N (CH,CH,NH,) orato
to be polydentate. g

2

or ethylenediaminetetraacetic acid (EDTA), the “gandffl}: are

2 saig
Ambidentate Ligand :

are directly linked with central metal atom or ion i . |
¥ ne

g
s

of such ligands are the CN-, NO - - '
, NO,~and SCN " ions. NO,~ion can coordinate through either the nitro
atom. ibilities give ri . W
Such possibilities give rise to linkage isomerism i inati v
o n coordination compound

/

i s. For example, X
M « O—N=0 tri %1
e m_tnto-O |
i .th:ocyanato or thiocyanato-S I
B Isothiogyanato or thiocyanato-N I
A =ssonance’



https://gradesetter.com/

WWW.GRADESETTER.COM

(&

.
Ceordinalion Compounds -
N

chelate ligand :
Chelate ligand is a di
i or pol
producing a ring. The zons:ﬁi:n;af{:rngand which uses its two or more donor atoms ta bind a single metal lon
formation is called chelation. The med Is referred to as a chelate complex and the process of chelate
i number of such ligating groups is called the denticity of the ligand.

penticity and Chelation :

Table : 1
Common Monodentate Ligands

C:‘o:'rmon Name IUPAC Name \ = I
.' tnp_ u.snyr phosphine triphenyl phosphine/triphenyl phosphane \ F‘C::TU . \\
Z i pyridine pyridine \ c Ha
._a ammonia ammine \ N; o tey) \
aqua or aquo \ Hzé \
carbonyl \ co —\\
nitrosyl | No \
fluoro or fluorido* \ F \
chloro or chlorido* \ Gy \
r bromo bromo or bromido* \ Br- \
iodo iodo or iodido” | \
cyano cyanido or cyanido-C* (C-bonded) ‘ CN™ )
isocyano isocyanido or cyanido-N* (N-bonded) \ NC™ \
Fthiocyano thiocyanato-S(S-bonded) \ ' J
i I isothiocyano thiocyanato-N(N-bonded) \ ; J
f hydroxo * " hydroxo or hydroxido* \ \
F nitro . nitrito—N (N—bonded) j e s
[ nitrito , nitrito-O (O-bonded) &
r nitrate nitrato J
r amido amido
I nitride nitrido
I azido y : azido
[ hydride hydrido
I oxide oxido
r peroxide _ peroxido
r _superoxide superoxido
r sulphate ’ sulphato
r sulphide sulphido or thio
F nitrosylium nitrosylium or nitrosonium
nitronium nitronium

* The 2004 IUPAC draft recom

Corporate Office: CG Tower, A-46 & 52, IPIA, Near City Mall, Jnalawar Road, Kota (Rai.
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o;ddat\on
The
alor
aR
of |
Horno\w
C
pidont®'e 5
dion® p
2;";.;'31'}5333038‘“
M N _‘_...-4-"'
(:) C:) Ex.A
2.2'—DiPY-"5dY|
pidentat® . o sol.
1 .,a,P,,engnmmﬂnef 4,10 _dl'amfngphenaﬂlhfﬂﬂe Ex.5
pigenta!d pr'w,.gnmroﬂns sol.
oxalato oX 07'
oxalaté
dontst
pidentate o
pidentate g-‘ycmsle Q'Yci“am gly NH,—CH:—
(initrio) “00CH.C__ /CH =
i 1,2-ethanediyl initrilo EDTA d =
haxadentaté e:hyfenedrsmmefetraacefafe' e aacetato Jp NCH,C H,N_\
or elhyfenediaminetetraacetato -0OCH;C S0
Coordination Number :
The coordination number of the central atom/ion is determined by the number of sigma pbonds betwe
mfions i.e. the number of ligand donor atoms to which the metal is d?nthe
tral atom/ion areé not considered ;;?i:?
g

e central afo
if any, between the ligati
er. The sigma bon

ng atom and the cen

ding electrons may be indicated by a pair of d
ots

ligands and

attached. pi-bonds,
ination of coordination numb

determination
receding the donor atom in the ligand form ulaasin:
[Co(NHy), I [Fe(CN);J*, [Ni(CO),}: [Co(CI)F*"
Some common co-ordination number of important metals are as given below.
Metal CN. Metal C.N
< 24 N2 4,6
A g* 2 Fe? '
qu 2' 4 Fe&i' 6
CUb 4, 6 Co?* 6
Ag 4 6
piz+ 4 Co™ 6
Pd?* 4 : Pt 6
Pd* 6

Q esona ® [Corporate Office
: CG
[ Educating for better !throe Website : www.re Tower, A46 & 52, IPIA, Near City Mall
W [Toll Free : 1800’2:: nance.ac.in | E-mail : contact@resona , Jhalawar Road, Kota
2244 | 1800 258 5555 | CIN: usnaoznﬁggglco
24029
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poordination Gompounds - ///m—
7
ation number of Central Atom :
he charge it would carry if all the Nigands are removed
ber is represented BY

oxid:
T -
a";i:’:‘i’lﬁl;:n r‘IIImeer of the central atom is defined ast
eel
yeetiations r:ﬁ: 2’;:’;:}5‘;:21 e shared with the central atom. Metal oxidation num
s following the name of the coordination entity. For example oxidation number

of iron i
in [Fe(CN),J> is +3 and Itis written as Fe(lll)

e.q., [Cr(NH )1, are known as

leptic and heteroleptic complexes
e of donor groups,
e.g., [Co(NH) Br.Y,

Homo
complexes in whi m n
o i |Ich a metal is bound to only one typ
homoleptic. Complexes in which a metalis n n
: o : i tal is bou d to more than one type Ofdﬂ or groups.

Solued Exancfzles
coordination compounds -

coordination entities and counter ions in the
= respectiverz‘c{zlfc(l?“t)toh K [PICL] [NI(CO),L: KGINI(CN), L
sol. ; nation entities are ! [Cr(NH) )" : [Fe [o1:0) TN el i L -
are CI™ K*, K*, (no counter jon) and K*, respectiav:élly in e 4 .[Nggﬁz)ﬁhizithe counterions

y [Fe(en),)*" is |ess stable than [Fe(EDTA)™?
has three, five membered rings in the structure. On th
§ n - i
T e gl o4 n the other hand [Fe(EDTA) has five, six
Y o

GH, — CH =T ¢
Ol |

% .
o Wit “‘*oﬁo\\
N l{ ""“-0____- CHN-CH,

e Faa—&" N}‘}' /Fa II
\ \x\\’\'z 4’}7‘; C‘/ 2 Z i /
o ~Cy

_J Il

(en)* i less stable than (FEEDTAYY S o g

of the ligands and

oxidation number of the central metal

Give the

Ex.4
[Cf(NHg)e]Cl; i
the given coordination

Explain wh

lr;:g,-.[ozr'J,'o,}”
member&d

e than six membered rings,; SO [Fe
(27 R i and [Pt(en),J*" Determine the dentisity
ination number and the

mbered rings are [€sS stabl

The five mé
Dréw the structure of the complexes [Fe(C,
identify any chelate rings. \What are the coord

jon?
i
o/c\f?
H, ‘\2"

Ex.6

Sol.

\ ; .
13- [Pt(en)zF*

City Mall, Jnalawar Road, Kota (Raj.

ce: CG Tower, A-46 & 52, IPIA, Near
resonance.ac.n
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atoms

< to doner - Ba

a2 e ST
g

(N

stively and the coordinag,, ?t\,\ —_

Ny
™,
%,

lig
sgch
e B asinZ"

nd +3 resP®

and In the listdoeg not
da

Py

ated ligand, the first |
petical order. Stter
r not, is enclosed i N
theses. Li S :
3

in alp apbbrevi
e petically- 1" e o:he alpha
alphabeioe o ligand 17 ed ©
ositi her chard

ds are @ ;
entate 193N ne the P jn pare
Polyd o to determin® I8 Zion en fy-35 are enclosed in P2

within 2 coordination sphere,
written without that of the counte, ;
i

s an
ript with the number beforg th n, t,
Esiga

iqand
. entity is to be
jon 4 rjght supersc
[Co(H:%/s ) js balanc -
on Compounds :

tively and negatively charged coordinatigy,
[Fe(CN)E].po'tassium hexacyanidoferrae
ame of ligand, not the prefix) b

Writing the ! :are
lowing ruie :
(; heLf;;eos‘;:,gfe salts the cation r_s nsrr_r
Examples : [Ag(NH, ),ICl, diammin
(i) The ligands aré namedin an alphabe
name of the central atom/ion.
Examples : . . ; _
[PI{NHS}BrCI(CHaNszj, ammr'nebromrdoch.'ondomethy!amrneplatmum(||),
[Co(H,0),(0X)]" diaquabis(oxalato)cobaltate(lll).
(iii) Names of the anionic ligands end in —o and those of neutral ligands are the same exceptaqua
: afor

ed firstin both posi
esilver(l)chloride. K,
tical order (according to then

Ntitig,
teqyy
Ef(}re lha

ammine for NH,, carbonyl for QO, _thiocarbony! for CS and nitrosyl for NO. But names of cationia . 2
end in=ium. lThe neutral an cationic are placed within enclosing marks () . | Ve "Qand;
Some more important examples of neutral and cationic ligands are : '
tetraphosphorus — P ;
dioxygen - . = o)
octasulphur — S y
iv) Prefixes mono, di, tri L
( )enmy i, m‘:: :j;;:*é .::fflt :rﬁ;.used tq indicate the number of the one kind of ligands in th
. it i s‘mee :gg:is :.nclu’de.e a numerical prefix are complicated or when e Coordinatiun
sad sion, itis set off in parentheses and the second se?["erthe Use
’ ; (6)
f i tris
5 tetra tetrakis
6 ff::ta pentakis
7 heptz hexakis
heptakis

” Resonanc

for better tomorrow

Ct@resonance.ac.

. i
[ CIN: U80302RJ200? .
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Tel: 0562-3192222, GOB0EED
e-mail: agra@resonance.ac.in
RANCHI

Tel,: 0651-6060660
e-mail: ranchi@resonance.ac.in

INDIRANAGAR
Tel: 41179342/ 25201306

KALYAN NAGAR
Tel : 080-25443368/ 25443364

KORAMANGALA
Tel: 40925512/ 40925534

MALLESHWARAM
Tel: 41400008

MYSURU
Tel : 0821-4242100 /4258100/4243100

RAJAJINAGAR
Tel: 08023327568/41162135

SHIVAMOGGA
Tel: 08182-223980, BAB4BA95S0

TUMAKURU
Tel:0816-2252387

“SretE
e

AL AMARRD.
Tel (15J2-B060EE0
e-mail. uHohobad@'resuaum.ac.!n

ASHIX

::H,' 025‘.1-5090025 B

gl nashik(@TES0NEnce.ac-1n

AMPUR
Tel.: 0771 BOGOEED )
g-mail: ralpw@resnnonca,ac_m

l!.'ll’-lﬂil!ll!

Tel.: UEJUAEOEUEED )
g-mak: aumgahad@resamn:e.nc,m
JABALPUR
Tel,: 0761~ GOEOEED
e-mail: inbalpur@resunanr.em.\n

GWALIOR
Tel.: 0?51-6050550 )
e-mail: gialior@resonance.ac.n

CHANDRAPUR
Tal.: 07172-608068
g-mail: chandrapur@

resonance.ec.in
SURRT

Tel.t 0251-suﬁoaau )
e-mail: sum@resunams,ac.m

RAJKOT i
Tel.: 0281-6002011 )
e-mail: rajkot@resanance.ac.n

Tel.; 0265-6 )
e-mail: vadndara@rasunsn:e.an.m

upurl
Tel: 0820-2522449, 2522994, 9986663074

VIJAYANRGAR
Tel: 23111333/23111334

YELAHANKA
Tel: DB028463922/ 42289643

CHIKKAMAGALURU
Mobile : 74113293683, 9448386850

HASSAN
Mobile: 9481392014, 8972038283

JPNAGAR
Tel: 26595151/ 26595153,

KALABURG!
Tel : 08472-230914

Moile : 9845305200/ 9844510814

Resonance’

\\| Educating for better tomorrow

24005

Corporate Dffice: CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Rajasthan)- 3 ;
el. No.: 0744-3192222, 3012222; 6635555 | CIN: UB0302RJ2007PLC024023

Reg. Office: J-2, Jawahar Nagar Main Road, Kota (Raj.)- 05 | T
To Know more: sms RESO at 56677 | E-mail: contact@resonance.ac.in | Website: WWW.resonance.ac.in
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