Some Solved Problems on Werner's Theory

Example-1. Given the following information, ;
Number of chloride

Compound .
ons precipitated
PCl, - 4NH; 2
PICI, -3NH; ]
PLCl, - 2NH, 0

;\;rllte balanced equations for the reaction of theses compounds with silver nitrate.
n. The compound PtCl,.4NH; has two ionizable chlorines. It may be represented as [Pt(NHf‘MQ

and its reaction with silver nitrate may be written as,
[PUNH3), Cl, + 2AgNO; — [PINH3)4 J(NO3 )2 +2AC]

There ; o o .
B re is only one ionizable chlorine in PtCl, -3NH; compound. Its composition, [PtNH;)sCIJCl indjcy,
€ presence of one chloride ion in the ionization sphere. e‘

[Pt(NH;);CI]C1+ AgNO3 — [Pt(NH;)3ClI(NO3) + AgCl

The § . N
e ?ct that therfa are 1o ionizable chlorines in PtCl, -2NH; implies that there is no primary sphere in ;
complex. Accordingly, its composition is [Pt(NH3),Cl,]. |

Example-2. A [Pt(NH3),Cl,]+ AgNO; — No Reaction
mpie- : 4

ple-2. A solution containing 2.674 g of CoCl;-6NH; was passed through a cation exchanger. Ty

- LI

eluted solution gave 4.305 ipi 1 [

ol ; gram precipitate of silver chloride with sil ‘ ' i
composition of the complex in accordance with Werner theory (Ma]s: ‘;Tumt;ate e ol
Molecular mass of CoCl; -6NH; = 267.4). R b = 0, T =1

Soln. Th '
e passage of the solution of CoCl; - 6NH; through the cation exchanger yields those chloride ions fr
oride ions fre:

v&_f:nch constitute the ionization sphere. These chloride ions react with si
silver chloride. The amount of silver chloride is indicative of the numb "
_thr_ee moles of silver chloride are obtained from one mole of CoCl] oy
In ionization sphere: If two moles of silver chloride are obtained t}i
mole of silver chloride is precipitated there is only one ionizable éh]

Iver n.itrat.e, giving precipitates o
f chloride ions in primary sphere. I
*6NH3, then there are three chloride ions

orine.

%

er i ¥ . .
€ are two 1onizable chlorines and if onc§



\ ok of COMP I EA e

Mass of CoCly - 6NH; =2674 8

o
A
g Molecular mass of CoCly - 6NH; = 3674
| : _ 2674 _
he‘ Number of moles of CoCl;y -6NH;3 a7 0.01
Mass of silver chloride =4305¢g ;
Molecular mass of silver chloride =143.5 i
- - - 4305 _
Number of moles of silver chloride e 0.03 1

Ratio between number of moles of CoCl; -6NH; to silver chloride =1 : 3.
This means that there are three chloride ions in the ionization sphere of CoCl;-6NH;. According to Werner
theory, its composition may be represented as [Co(NH3)e]Cls. Its reaction with silver nitrate may be indicated

as follOWSI
[Co(NH3)6]Cl3+ 3AgNO; —[Co(NH5 )¢ J(NO3 )3+ 3AgCl

1 mole 3 moles

Example-3. Using the following information, establish the correct structure of the complexes.

Compound Molar conductivity Cryoscopic measurements
Co(NO;)3 - KNO, - 2NH; 2 charges 2 particles
’ Co(NO3)3 - 2KNO, - NH; 4 charges 3 particles
Co(NO,); -3KNO, ' 6 charges 4 particles

Soln. On the basis of molar conductivity and cryoscopic measurement data, the structure of—

Co(NO,); - KNO, -2NH; is K[Co(NH3 ), (NO, ), ]

Co(NO,); - 2KNO, - NHj is K,[Co(NH3)(NO, )s]
‘ Co(NO3)3 - 3KNO, is K3[Co(NO; )]
Example-4. One mole of a pink solid (X), having empirical formula, CoCl, 5NH; -H,0O gives three moles
of silver chloride on treatment with excess of silver nitrate solution. On heating, X loses a molecule of
water to give a purple solid (Y) which has the same NH; : Cl: Co ratio. Deduce the structures of X and Y.
Seln. Since t_hre_e moles of silver chloride are obtained from one mole X, it implies that all the three chlorines
are a part of ionization sphere. The structure of X may, therefore, be represented as [Co(NH3)s(H,0)ICl, .

[CO(NH3 )5 (H20)1C13+ 3AgN03 "—)[CO(NH?))S (H?_O)]O\IO3)3 + 3AgCl
B e 1 mole ' 3 moles
n heating, X loses a water molecules from the coordination sphere. In order to retain the coordination

number, one of the chlorines from primary sphere enters the coordination sphere, to give purple colored Y.
[Co(NH;3)5(H,0)]Cl — 5 [Co(NH3)5CIICl, + H,0
X (Pink) Y (Purple)
X and Y have the same NH; : Cl : Co ratio,



