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1. (i)  

 

 

 

 

(ii) When oxygen binds to the iron complex of the porphyrin ring, the imidazole side-

chain of the histidine residue interacting at the other pole of the iron is pulled toward 

the porphyrin ring. This interaction forces the plane of the ring sideways toward the 

outside of the tetramer, and also induces a strain in the protein helix containing the 

histidine as it moves nearer to the iron atom. In the tetrameric form of normal adult 

hemoglobin, the binding of oxygen is called cooperative effect. The binding affinity 

of hemoglobin for oxygen is increased by the oxygen saturation of the molecule, with 

the first oxygens bound influencing the shape of the binding sites for the next 

oxygens, in a way favorable for binding. This positive cooperative binding is achieved 

through steric conformational changes of the hemoglobin protein complex as 



discussed above; i.e., when one subunit protein in hemoglobin becomes oxygenated, a 

conformational or structural change in the whole complex is initiated, causing the 

other subunits to gain an increased affinity for oxygen. As a consequence, the oxygen 

binding curve of hemoglobin is sigmoidal, or S-shaped, as opposed to the 

normal hyperbolic curve associated with non- cooperative binding. 

(iii) The semi-bridging carbonyl compounds are those carbonyl compounds in which 

the CO is neither fully terminal nor fully bridging but intermediate between the two. 

            The structure of one semi bridged carbonyl compound is given below. 

 
(iv) The Bohr effect is a physiological phenomenon first described in 1904 by the 

Danish physiologist Christian Bohr, stating that hemoglobin's oxygen binding affinity 

is inversely related both to acidity and to the concentration of carbon dioxide.
 
That is 

to say, a decrease in blood pH or an increase in blood CO2 concentration will result in 

hemoglobin proteins releasing their loads of oxygen and a decrease in carbon dioxide 

or increase in pH will result in hemoglobin picking up more oxygen. Since carbon 

dioxide reacts with water to form carbonic acid, an increase in CO2 results in a 

decrease in blood pH. 

 



 

 

 

 

 

 

 
         (v)  General formula of Zeolites   

Mn+
x/n [AlxSiyO2x+2y]

x-.zH2O 

Any two examples of the followings: 

Faujasite, matrolite, Stilbite, Linde A, ZSM-5, Boggsite, Sodalite, Mordenite etc. 

 

 (vii) Write the evidence for the existence of (Ph3P)2RhCl complex in solution. 

The evidence for dissociation of Ph3P ligand from (Ph3P)3RhCl is indirect but 

persuasive: 

(a) For complexes with less sterically hindered phosphines e.g. (C2H5)3P, the catalytic 

effect disappears-apparently steric repulsion forcing dissociation is necessary; and 

(b) With the corresponding iridium complex in which metal-phosphourous bond is 

stronger, no dissociation takes place and no catalysis is observed. 

 

(viii) pre-catalyst is a compound or complex which during catalytic cycle generates or 

converts into the true catalyst which actually works as catalyst  

For example in Wilkinson’s catalyst (Ph3P)3RhCl is actually pre-catalyst but actual 

catalyst is (Ph3P)2RhCl   

 







 



Ans 



Answer to question No. 2 

 

 



Answer to question No. 3 (i) 

 



 

Answer to Question No. 3 (ii) 

 



 

Answer to Question No. 4(i) 

 

 



 



 

 

 



Answer to question no. 4 (a) 

a) Metal-Organic Frameworks are compounds consisting 

of metal ions or clusters coordinated to often rigid organic molecules to form one-, 

two-, or three-dimensional structures that can be porous. 

b) More formally a metal–organic framework, abbreviated to MOF, is a coordination 

network with organic ligands containing potential voids. A coordination network is a 

coordination compound extending, through repeating coordination entities, in 1 

dimension, but with cross-links between two or more individual chains, loops, or 

spiro-links, or a coordination compound extending through repeating coordination 

entities in 2 or 3 dimensions and finally a coordination polymer is a coordination 

compound with repeating coordination entities extending in 1, 2, or 3 dimensions.  

c) In some cases, the pores are stable during elimination of the guest molecules (often 

solvents) and can be used for the storage of gases such as hydrogen and carbon 

dioxide. Other possible applications of MOFs are in gas purification, in gas 

separation, in catalysis and as sensors.  

 

d) A metal-organic framework (MOF) is composed of two major components: a metal 

ion or cluster of metal ions and an organic molecule called a linker. The organic units 

are typically mono-, di-, tri-, or tetravalent ligands. The choice of metal and linker has 

significant effects on the structure and properties of the MOF. For example, the 

metal's coordination preference influences the size and shape of pores by dictating 

how many ligands can bind to the metal and in which orientation. 

 

MOFs for hydrogen storage 

e) Considerable interest has been shown in the development of non-petroleum energy 

carriers for use in transportation. Hydrogen is an attractive option because it has a 

high energy content (120 MJ/kg compared to 44 MJ/kg for gasoline), produces 

clean exhaust product (water vapor without CO2 or NOx), and can be derived from a 

variety of primary energy sources. However, thespecific energy of uncompressed 

hydrogen gas is very low, and considerable attention must be given to denser storage 

methods if hydrogen is to emerge as a serious option for energy storage. 

f) Proposed forms of reversible hydrogen storage include: compressed gas, cryogenic 

liquid, adsorption to high surface-area materials, chemical storage as metal hydrides, 

and various reactions of liquid fuels high in hydrogen content (whose products must 

be collected and recycled after use). Of these, compressed and liquid hydrogen are the 

most mature technologies and are the most suitable for immediate deployment. The 

United States Department of Energy (USDOE) projects that with further technological 

development, adsorptive or chemical storage may prove most effective for storage. 

g) Metal Organic Frameworks (MOFs) attract attention as materials for adsorptive 

hydrogen storage because of their exceptionally high specific surface areas and 

chemically tunable structures.MOFs can be thought of as a three-dimensional grid in 

which the vertices are metal ions or clusters of metal ions that are connected to each 

other by organic molecules called linkers. Hydrogen molecules are stored in a MOF 



by adsorbing to its surface. Compared to an empty gas cylinder, a MOF-filled gas 

cylinder can store more gas because of adsorption that takes place on the surface of 

MOFs. (Note that molecular hydrogen adsorbs to the surface, not atomic hydrogen.) 

Furthermore, MOFs are free of dead-volume, so there is almost no loss of storage 

capacity as a result of space-blocking by non-accessible volume.
 
 Also, MOFs have a 

fully reversible uptake-and-release behavior: since the storage mechanism is based 

primarily on physisorption, there are no large activation barriers to be overcome when 

liberating the adsorbed hydrogen.
 
The storage capacity of a MOF is limited by the 

liquid-phase density of hydrogen because the benefits provided by MOFs can be 

realized only if the hydrogen is in its gaseous state. 

h) In order to realize the benefits provided, such as adsorption, by MOFs hydrogen 

cannot be stored in them at densities greater than its liquid-phase density. The extent 

to which a gas can adsorb to a MOF's surface depends on the temperature and 

pressure of the gas. In general, adsorption increases with decreasing temperature and 

increasing pressure (until a maximum is reached, typically 20-30 bar, after which the 

adsorption capacity decreases)., However, MOFs to be used for hydrogen storage in 

automotive fuel cells need to operate efficiently at ambient temperature and pressures 

between 1 and 100 bar, as these are the values that are deemed safe for automotive 

applications. 

i) In 2012, the lab led by William A. Goddard III predicted that MOF-210 will have 

Hydrogen storage capacity of 2.90 delivery wt% (1-100 bar) at 298 K and 100 bar. 

Also that MOF-200 will have a Hydrogen storage capacity of 3.24 delivery wt% (1-

100 bar) at 298 K and 100 bar. They also proposed new strategies to obtain higher 

interaction with H2. Such strategy consist on metalating the COF with alkaline metals 

such as Li.
 
These complexes composed of Li, Na and K bound to benzene ligands 

(such as 1,3,5-benzenetribenzoate, the ligand used in MOF-177) have been 

synthesized by Krieck et al. and Goddard showed that the THF is important of their 

stability. If the metalation with alkaline is performed in the COFs, Goddard et al. 

calculated that two MOFs will reach the 2015 DOE target of 5.5 wt % at 298 K: 

MOF200-Li (6.34 delivery wt%) and MOF200-Na (5.94 6.34 delivery wt%) at 100 

bar. Other strategies to increase the interaction of MOFs with molecular hydrogen 

have been reviewed recently. 

 

 



B ) Mesoporous materials: 

 

Brief description of synthesis, characterization and application 

Mesoporous inorganic solids (pore diameters of 20-50 nm) have found great utility as 

catalysts and sorption media because of their large internal surface area. Examples of 

mesoporous solids incude silicas and modified layered materials. The well known members 

of this family of materials are  described as M41S family of mesoporous  silicas, which is 

firstly reported by C T Kresge , Mobil Company, scientist. The M41S slicas consisted of 

three mesophases, namely MCM-41 (Hexagonal, p6mm), MCM-48 (cubic, Ia3d) and MCM-

50 (lamellar). They were synthesized via supramolecular templating mechanism using long 

chain alkyltrimethylammonium surfactants under basic conditions. 

In a typical example the MCM-41 molecular sieve characterized here as follows: 

200g of a solution contaiing 26 wt% hexadecyltrimethylamonium ion, as 

C16H33(CH3)3N
+
OH/Cl (~30% hydroxide) was combined with 2 ga of Catapal alumina, 100g 

of tetramethylammonium silicate solution (10% SiO2, ratio of  tetramethylammonium to 

SiO2 = 1) and 25 g of precipitated silica (HiSil), with stirring (molar ratio of C16H33(CH3)3N
+
 

to Si<1). This mixture  was placed inn static autoclaveat 150
o
C for 4 hours After cooling it to 

room temperature, the solid product was recovered by filtration on Buchner funnel, washed it 

with water and dried it in air at ambient temperature. The as-synthesized prodct was then 

calcined at 540oC for one hour in flowing nitrogen , followed by six hours in flowing air. The 

as-synthesized product contains over 40 wt% of the original surfactant as reflected by its 

composition as molar: 1N, 19.6 C, 4.7 Si, 0.27 Al. 

 

The three step cooperative organization mechanism  proposed by Stucky ad co-

workers has proven to be consistent with the behaviour of mesoporous materials synthesis 

mixtures. In cas of using cationic surfactant in basic condition the first sep is triggered by 

electrostatic interactions. It corresponds to the displacementof the surfactant counterions b 

polydentate and polycharged inorganic anions leading to organic-inorganic ion-pairs, which 

self organize into liquid crytal-like mesophase. This is followed by cross-liking of the 

inorganic species, and formation of a rigid replica of the underlying liquid crystalline phase. 

 

 

 
 

Cooperative templating mechanism 

 



Characterization: 

 

 

Brief description of the characterization through XRD, N2-adsoption and TEM 

Fig. 1       Fig.2 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

Fig.:  
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Applications 

*  Silicate mesoporous material  modified on surface and framework were tested in a wide range of 

catalytic processes. 

* It has also been used as molds or nanoreactors for the synthesis of other advanced materials such as 

metallic or semiconducting nanowires and nanowires and nanoparticles, as well as nanoporous carbons, 

metals and polymers. 

* Many mesotructured non-silica oxides and transion metal cgalcogenides showed promising 

applications based on their unique electronic, magnetic or optical properties. 

 

5  

What is hydroformylation reaction and its main product? Name the catalyst for this reaction and 

discuss its widely accepted mechanism for the catalytic cycle. Is there any difference between 

hydroformylation and oxo process? 

 

Answer:  

 

* The reaction of an alkene with carbon monoxide and hydrogen, catalyzed by cobalt or rhodium 

salts, to form an aldehyde is called hydroformylation.  

* The name hydroformylation arises from the fact that in a formal sense a hydrogen atom and a    

formyl group are added across a double bond.  

*The net result of process is extension of the carbon chain by one and introduction of oxygen 

into the molecule. 

 

* It is also sometimes known as oxo process so there is no difference between hydroformylation 

and oxo process. 

 



 *  The main product of hydroformylation is aldehyde. 

 

 

2 

 

*  It was discovered by Roelen in 1938 and is the oldest and largest volume catalytic reaction of 

alkenes, with the conversion of propylene to butyraldehyde being the most important. 

 

*   About 5 million tons of aldehydes and aldehyde derivatives (mostly alcohols) are produced 

annually making the process the most important industrial synthesis using an metal carobyl 

complexes as a catalyst.1 

 

1. Orchin, M. Acc. Chem. Res. 1981, 14, 259-266.  

 

The most widely accepted mechanism for the catalytic cycle is the following one propsed by 

Heck and Breslow.
2 

 

2. Heck, R. F. ; Breslow, D. S. J. Am. Chem. Soc. 1961, 83, 4023-4027.
 
 

 

Description of the following catalytic loop. 

 

 
 

 



 

 

 

* There are some disadvantages associated with the cobalt carbonyl catalyst when it is used to 

convert propylene to butyraldehyde. (Description of few points). 

 

*  A modified cobalt catalyst, HCo(CO)3PBu3 developed by shell improves the linear  to 

branched ratio but gives the slower reaction and therefore is run at higher temperatures (175oC 

and 50-100 atm). 

* Union carbide has improved the ratio even more with various rhodium catalysts. The HRh(CO) 

(PPh3)3  catalyzes the reaction at 90-110oC and 12 atmospheres. They have also announced a 

new low-pressure hydroformylation rhodium  catalyst modified with phosphites, P(OR)3, which 

works with less active active alkenes such as 2-butene and 2-methylpropene.
3
 the relatively high 

expense of rhodium requires that this catalyst be long lived and lost from the reaction system. 

 

3. Chem. Eng. News 1988, 66(41), 27. 

 

 

 

6. The addition of molecular oxygen to ethylene provides acetaldehyde on an industrial scale and 

this reaction is catalyzed [PdCl4]
2-. Name this process and its catalytic mechanism. 

  

This process is known as Wacker Process and developed in Germany. About 4 million 

pounds of aldehydes are produced yearly by this method. Acetaldehyde is easily 

oxidized to acetic acid and the overall conversion of the ethylene to the acid 

represents a principal route to its synthesis. It has been said that “ the invention of the 

Wacker process was triumph of common sense.1   

1. Parshall, G. W. Homogeneous Catalysis; Wiley: New York 1980; p102. 

 

 



 

 

 [PdCl4]
2-

  + C2H4 + H2O                  CH3CHO + Pd + 2HCl + 2Cl
-
  ……………1 

 2CuCl2+ Pd + 2Cl-     [PdCl4]
2-   +  2CuCl…………………………..       2 

 2CuCl   + ½ O2 + 2HCl                 2CuCl2   +  H2O……………………………  3 

 *  The first reaction is stoichiometric and would be of little value since palladium is 

expensive except that, in the presence of Cu2+, palladium metal is oxidized back to 

Pd2+ before it precipitates (eqn.2).  

The Cu
+
 produced is reoxidized by molecular oxygen. The mechanism for conversion of 

ethylene to acetaldehyde has been extensively studied and the intermediates shown in the 

above cycle are now accepted most chemists and researchers.
2 

2. (a) Backvall J. E. et al. J. Am. Chem. Soc. 1979, 101, 2411-2416; (b)  Akermark, B. 

et al. 1987, 6, 2608-2610. 

 



 



 



 



 



 

  


