
33 
 

SEMESTER  VIII 

 

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE 

Coursetitle & 
Code 

Credits Credit distribution of the course Eligibility 
criteria 

Pre-requisite 
of the course 
(if any) 

Lecture Tutorial Practical/ 
Practice 

Transition Metal 
Clusters-
Introduction and 
Applications 

(DSE-20)  

4 2 -- 2 -- -- 

 

Learning Objectives:   

To introduce the basic concepts of transition metal clusters. To gather a good understanding of the 
chemistry and various aspects of metal-carbonyl clusters, carboranes, metalloboranes and 
heteroboranes, metallocarboranes with respect to synthesis, structure and properties.  

Learning Outcomes:  

On completion of the course, the students will be able to: 

 Ensures the students understand the concepts and the properties of transition metal clusters.  

 Acquire knowledge of transition metal clusters cluster compounds and explain structure-
property, electron counts, and surface analogies of cluster compounds. 

 Identify the structure and bonding aspects of transition metal clusters. 

 Identify the different types of transition metal clusters reactions and apply the above 
concepts to explain reactivity of the clusters. 

 To study the application of molecular clusters in catalysis. 

 

SYLLABUS OF DSE 20 

Unit 1:                (Hours: 12) 
Transition-metal clusters: Low nuclearity metal-carbonyl clusters and 14n+2 rule, high nuclearity 
metal-carbonyl clusters with internal atoms, polyhedral skeletal electron pair theory (PSEPT), 
metalloboranes, metallocarboranes.      

Unit 2:                  (Hours:5) 
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Structure, synthesis, bonding aspects and reactivity. Capping rules, metal-ligand complexes vs 
heteronuclear cluster.        

Unit 3:                 (Hours: 5) 

 Main-group-Transition-metal clusters: Isolobalanalogs of p-block and d-block clusters, 
limitations,and exceptions.         

Unit 4:           (Hours: 8) 

Clusters having interstitial main group elements, cubane clusters and naked or Zintl clusters. 
Chevrel compounds, infinite metal chains, multidecker molecules-cluster surface analogy. 
Molecular clusters in catalysis, clusters to materials. Illustrative examples from recent literature.  
          

Practical Component 

1. Synthesis of ferrocene and its characterisation using IR, 1H NMR and UV-Visible 
spectroscopy 

2. Synthesis of acetylferrocene and its characterisation using IR, 1H NMR and UV-Visible 
spectroscopy 

3. -C5H5 -C6H6)]PF6 using ligand exchange reaction. Characterisation 
of the product using IR, 1H NMR and UV-Visible spectrum 

4. Estimation of metal ions in the mixture solution- Mg2+- Zn2+, Ca2+- Mg2+, Cu2+ - 
Zn2+titrimetrically. 

5. Analysis of given transition metal cluster(metal carbonyls) using various spectroscopic 
techniques - IR, UV-Visible and mass spectrometry.  
 

 

Keywords: Transition Metal Clusters, metal-carbonyl clusters, carboranes, metalloboranes, 
heteroboranes, metallocarboranes, Capping rules, Isolobal relationship, interstitial main group 
elements, cubane clusters and naked or Zintl clusters, Chevrel compounds, catalysis, clusters to 
materials, boron-carbides, metal-borides, Synthesis, Reactivity.  
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