COMPLEX ION COMPOSITION BY JOB'S METHOD.... ... ...

1. Introduction
The nickel(II) ion in aqueous solution forms complexes with 1,2-Diaminoethane (ethylenediamine) whose hgand
replaces two water molecules in the hydrated complex, i.e. acts as a chelate.

R
Ni(H,0)>" + en.~-Ni{H,0)en?" - 2H,0

Ni(H,0),en?" - en—~Ni(H,O)en;" + 2H,0

K
: 3 . 2+
Ni(H,0)en? + en.—Nien;  + 2H,0

* The relative values of ki, k> and ks will determine the relative proportions of the complexes.
If ks>>> ko>>> ku, then addition of ligand will resutt in formation of Niens 2+. If ks <<<lo<<<
ki, then all four complexes (or three, depending on the absolute magnitude of the constant) will
co-exist in appreciable quantities at equilibrium. The application of Job's Method is limited
to situations where one stage predominates.

In the method, the total molar concentration of nickel(Il) plus ligand is kept constant and
the ratio varied from zero to infinity. Initially in a solution containing no nickel(Il) ion (ratio
= 0), no complex will be present and the absorbance of the solution is due solely to
diaminoethane. As the concentration of nickel(I) is increased, absorbance will increase (due
to formation of complex) until the molar ratio of nickel(II) to ligand equals the ratio in the
complex. Under the Job conditions, i.¢. total molar concentrations of the two species is
constant, this represents the maximum possible concentration of complex. Further increases
in nickel(IT) concentration (with corresponding decreases in ligand concentration) will cause
a decrease in absorbance until a solution containing no ligand (ratio = 4) has an absorbance
due to nickel(II) ions alone. A plot of absorbance against ratio of molar concentration of
nickel(II) ion to ligand will show a maximum where the ratio represcnts the composition of the
complex.

Reference

The Job Method outlined above can be justified rigorously, see Syntheszs and Technzque in
Inorganic Chemistry by R. J. Angelici.

2. Procedure

Using solutions of NiSQ4 +6H20 (0.4 M) and eﬂlylenedlamme (0 4 M) prepare solutions
having a total volume of 10 ml in which the mole fraction of ethylenediamine, X is 0.0, 0.3, 0.4,
0.5, 0.6, 0.7, 0.8 and 0.9. Determine the absorbance of each solution at the following
wavelengths: 530, 545, 578, 622 and 640 pm. ;

By appropriate graphical methods, obtain a possible formula to represent the predominant
species present in nickel(Il)-1,2-diaminoethane solutions.

Post-Iab Questions

1. Write structural formulas for the three possible products of reactlon of ethylenediamine
with Ni(H20)s

218

2. What does the absorption spectrum of the ligand, ethylenediamine, look like in the visible
region which you used in this experiment. Assign the absorption maxima you used in this
experiment to individual species in the system, where this is possible.

3. What would happen if the values of K2and Kswere larger than Ki ? Could you still use
Job's method?

4. From the observed changes in the spectra and a knowledge of the complexes present in the
solutions, what can be said about the relative ligand field strengths of en and H20?
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Lab 6 Complex lon Composition by Job’s Method

CHEM 481

Introduction

Job’s method has been a useful analytical technique used since the early 1900’s. This
technique is used to determine the extent of comlexation between a metal and a ligand. In this
method the total molar concentration of the metal and the ligand are maintained at a constant
level. What is changed, however, is the molar ratio of metal to ligand. In a series of analyses
with aliquots containing molar ratios from 0.0 (no metal concentration) up to possibly 1.0 (only
metal concentration) the composition of the complex equilibrium may be determined. In the
data from these analyses a plot of absorbance against the molar ratio is constructed. In this
graph the maximum absorbance dictates the position where the ratio is at the composition of
the complex.
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UV-Vis Lab - CHEM 4381

INTRODUCTION
The purpose of this experiment is to learn how to operate a UV-Vis instrument
and interpret the spectra that it produces

THEORY

The Uv-Vis takes advantage of the characteristics of molecules to absorb light at
certain wavelengths to identify them. The peaks in the spectra show up at the wavelength
at which the molecule absorbed. This is because light is absorbed at different '
wavelengths within the spectrum.

W_THQ!E Data for NiSO4 and EDTA Solutions
The table below shows the EDTA (ml) — NiSO4 (mI)

solutions prepared in test tubes. A - o
spectrum was obtained for each one. 4 6

5 5

6 4

7 3

8 2

9 1

10 0
BESULTS

e figure below is composed of the spectrum of the samples ran. As the

concentration of the ENTA is increased in the tect tithe the eolating

LTS ST 8 T viasa

600.0 700.0 800.1
Wavelength [nm.]



(A2 u

.\avo;\i\wi e mﬂ wo L 15 T\CSU

pral % \,a% YDAL rods A fé i

2 P ud)
JS,Q:. 5 =0 YLdE 4 A.-_oa_/_ Y ?S;:Ef ]

;

(Vi) _dEp Q i_, LA 2

(‘wu] yyBusieae m,

rom ,rcﬁx\micaﬂ i

»&%2\,\
S e e

18 W12

0°00S

0S|



