
Electronic and magnetic properties 
of transition metal complexes



Overview

1. Introduction

2. Instrumentation

3. How does the instrument work?



Part (1)
Electronic spectra of 

transition metal complexes



Electromagnetic radiation 
• Moving charges/particles through space 
• Oscillating wave like property of electric and magnetic field
• Electric and magnetic field oscillate perpendicular to each other and perpendicular 

to direction of wave propagation.



Electromagnetic spectrum ranges from Radiowaves to Gamma waves.
- Form of energy
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Electronic spectroscopy
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Electronic Spectroscopy

• A phenomenon of interaction of molecules with ultraviolet and
visible lights.

• Absorption of photon results in electronic transition of a molecule,
and electrons are promoted from ground state to higher electronic
states.
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Electromagnetic radiation 

• Travel at speed of light, c = λn  3.0 x 108 m/s

• Light Particle – photon have energy given by -> E = h n

• Energy photon - proportional to frequency

C = n
C = velocity (m/s)
 = wavelength (m)
n = Frequency (Hz)

E = hn
E = Energy (J)
h = blank’s constant = 

6.626 x 10-34 Js
n = Frequency (Hz)



Electrons from ground state

Absorb radiation
to excited state

Electrons in excited state

Radiation absorbed

Range Light/photon
ABSORB by electron

Absorption spectrum is broad/continuous
Ions in solution (Solvent)

2

Absorption spectrum for ions in solution
↓

Surrounded by ligand and solvent
↓

Have electronic excitation transition state +
vibrational/rotational energy level 

↓

Continuous broad spectrum

Electronic ground state

1

Electronic excited state

3

Vibrational energy level

Rotational energy level

Whole range of wavelength/broad spectrum  
can be absorbed to excite electron to 
electronic/vibrational/ rotational level

Electronic Spectroscopy



Beer’s Lambert Law



UV-Visible 
spectrophotometer



• This is also known as UV-vis spectroscopy and covers the region
from 200 to 800 nm of the electromagnetic spectrum.

• The region from 200 to 400 nm is called the ultraviolet (UV)
and that from 400 to 800 nm is known as the visible region.

• A substance appeared colored when the emitted light falls in
this visible region.

• This spectroscopy is used to find out the geometry of
complexes because the number of bands seen in the visible
region due to d-d transitions depends on the geometry of the
complex.

Electronic spectroscopy





Instrumentation

How does the instrument work?

Applications

Part (II)



Single beam spectrophotometers

and 

Double beam spectrophotometer

Types of Instruments



Single beam spectrophotometers

To measure the intensity of the incident light the sample must be

removed so that the reference can be placed each time. This type

of spectrometer is usually less expensive and less complicated.



Single beam spectrophotometers



How does it work?

https://www.youtube.com/watch?v=xHQM4BbR040

https://www.youtube.com/watch?v=xHQM4BbR040


Double beam spectrometer:

• In this type, before it reaches the sample, the light source is split into two

separate beams. From these one passes through the sample and second

one is used for reference. This gives an advantage because the reference

reading and sample reading can take place at the same time



Double beam spectrometer:



How does it work?

https://www.youtube.com/watch?v=s5uIVQGFDE4

https://www.youtube.com/watch?v=TV_T_zEUPe4

https://www.youtube.com/watch?v=s5uIVQGFDE4
https://www.youtube.com/watch?v=TV_T_zEUPe4


Applications

1. Concentration measurement

2. Detection of impurities

3. Chemical kinetics

4. Detection of functional group

5. Molecular weight determination

https://www.youtube.com/watch?v=nVkS8oimyHg

https://www.youtube.com/watch?v=nVkS8oimyHg




Magnetic properties of 
Transition metal complexes



Magnetic studies

• One of the most valuable fields of application of magneto chemistry is

the investigation of transition metal complexes.

• Magnetic measurements indicate the electronic configuration of the d-

shell of the transition metal.

• Magnetic measurements can provide information on the electronic

structure and oxidation state, and in some cases on the symmetry

properties of the transition metal central atom.



Elements that can be magnet







What is Magnetism?

• Magnetism is a phenomenon of attracting magnetic substances like

iron, nickel, cobalt, etc.

• Magnetism is a property of materials that respond to an applied

magnetic field that cause the material to be either attracted or repelled.

• A body possessing the property of magnetism is called a magnet.



Types of Magnetisms

1. Diamagnetism

2. Paramagnetism

3. Ferromagnetism



1. Diamagnetism, which is shown by every molecule. This is due to the 

inductive action of the external magnetic field on the electron cloud.

2. Paramagnetism, which is shown only by molecules containing unpaired

electrons. It arises from the spin and orbital moments of the unpaired

electrons. The external magnetic field tends to align the intrinsic magnetic

moment of the molecule in the direction of the field.





Where does the magnetic moment come from?

Each electron has a magnetic moment

spin angular momentum orbital angular momentum

µtotal = µorbital + µspin



MAGNETIC SUSCEPTIBILITY

• Magnetic susceptibility is the measure of the magnetic properties of
a material in the field of electromagnetism.

• If the magnetic susceptibility is positive in nature, then the material
is paramagnetic, or ferromagnetic, or anti-ferromagnetic in nature.
In this reference, the presence of the material results in the
strengthening of the magnetic field. Magnetic susceptibility is high
in value when it comes to Ferro magnets.

• If the magnetic susceptibility is negative in nature, then the material
is diamagnetic in nature. This results in weakening of the magnetic
field in presence of the material.



Magnetic susceptibility



• Magnetic susceptibility is related to the force experienced by a
substance in a magnetic field.

• Magnetic susceptibility is measured by Gouy’s balance by using

Cobalt mercury tetrathiocyanate as a calibrant (Hg[Co(SCN)4]

(χg = 16.44×10-6 CGS units at 20˚C).

• Diamagnetic correction was made using Pascal's constant.

Determination of Susceptibility
Gouy method



Why are we doing this experiment?

• Magnetic Properties reveal numbers of
unpaired electrons.

• The number of unpaired electrons tell us about
oxidation state, geometry, ligand field
strength, etc…

How are we doing this experiment?

• We are using a Johnson-Matthey MSB-Auto
Magnetic Susceptibility Balance

• It uses the Evan’s detector which is a modified
Gouy Method
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Paramagnetism and diamagnetism

Magnet off
Magnet on
Paramagnetic

Magnet on
diamagnetic



Magnetic Properties: 
An Evans balance, also known as a Johnson-Matthey balance



Johnson-Matthey balance
• The Johnson-Matthey magnetic susceptibility balance is very similar

to the traditional Gouy balance but, instead of measuring the force
that a magnet exerts on a sample, the opposite force that the sample
exerts on a suspended permanent magnet is observed.

• The mass susceptibility, χg , is calculated using

where: 

l = sample length (cm)

m= sample mass (g)

R= reading for tube plus sample

Ro = empty tube reading

Cbal = balance calibration constant



• The molar susceptibility, χm, is then calculated by multiplying χg by

the molecular mass of the substance.

cm= (cg)(Mol. Wt)

cm = + ve value  paramagnetic and,

cm = – ve value  diamagnetic.

• The molar susceptibility measured is a sum of the paramagnetic
contribution from the unpaired electrons in the metal ion and the
diamagnetic contributions from the ligands and the counter ions. This
can be expressed by:



• The diamagnetism factors for common ligands and ions as well as
the Pascal constants used to calculate the diamagnetic corrections
for complex ligands.



• Once the χ corr. Is determined μeff can be calculated using:

𝝁eff= 𝟐.𝟖𝟒 ×     𝛘𝐌.  𝐓 





Use the table in your notebook for diamagnetic corrections

MC13H28N4Cl2PF6

(6)(13)+(28)(2.93)+(4)(4.61)+(2)(23.4) +(26.3)+(6)(9.1) = -319 x 10-6

cm3/mol

Calculate the corrected cM

cM=cg - cdia (diamag. Correc)

cM = (3.11 x 10-3 cm3/mol) – (-319 x 10-6 cm3/mol) = 3.43 x 10-3

cm3/mol

Calculate the magnetic moment = meff

meff = 2.84[(cM)(T)]½

meff = 2.84[(3.43 x 10-3cm3/mol)(298K)]½

meff = 2.86 J/T = 2.86 Bohr Magnetons



How do we interpret the results?
1. We can compare the magnetic moment with literature values for that ion.

2. We can decide if the expected oxidation state of the metal matches.

3. We can decide what the geometry of the complex is

4. We can decide if the complex is high spin or low spin

5. We can decide if the ligand(s) is/are weak or strong field



1. Magnetic moments are used  to determine the spin state (high 

spin or low spin).

2. Octahedral complexes can be either high spin or low spin.

3.Tetrahedral complexes can only be high spin.

4.The magnitude of the orbital contribution differ for tetrahedral and 

octahedral ,it is greater for octahedral than for tetrahedral. 

Therefore ,we can distinguish between tetrahedral and octahedral.

Tetrahedral; 4.30 – 4.72 B.M.

Octahedral; 4.90 – 5.40 B.M.

Summary



https://www.youtube.com/watch?v=SMcJskQ
haW0

https://www.youtube.com/watch?v=SMcJskQhaW0

