




OXYGEN CARRIERS. 
 
Respected Professors and my friends, Good Morning to all of you. Today I am going to present a 
seminar on ‘Oxygen Carriers’. 
 
In our entire Solar System, Earth is the only planet, which supports life! It has been proved for 
long, that the most essential entities required to sustain ‘LIFE’ are water and O2. There are, of 
course, some life-forms which survive on gases other than O2 , like anaerobic bacteria. But 
majorities of the living beings on Earth need O2 for their survival. 
 
For some animals and for plants, where the surface-to-volume ratio of the body is large, an 
adequate supply of O2 can be obtained from simple diffusion across the cell membrane. O2 may be 
extracted from air or water. For other organisms, particularly those with non-passive-life-styles, 
from scorpions to whales, diffusion doesn’t supply sufficient O2 for respiration.  
 
Therefore, they inhale the O2 from atmosphere, it is given to various organs in their body with 
help of the circulatory system, and the waste gases are brought back to the same organ, through 
which they are then exhaled. The mechanism of this circulation and the organs involved are 
different in different species but, what is common to all of them and is as essential as the O2 itself 
is, an efficient OXYGEN CARRIER. 
 
The solubility of O2 in water is very low and hence, to facilitate the movement of O2 through the 
body, O2 -carriers have evolved. In order for the O2 -transport to be more efficient than simple 
diffusion through cell membranes, it is not sufficient that, the metalloprotein, which is what an O2 

-carrier is, merely binds O2. The carrier should have optimum affinity for O2 and also, should be 
able to bind & release O2  at a rapid rate. There are 2 types of O2  –bindings, 
 
1) Non-cooperative binding – When the O2  -binding sites are independent of each other and are 
non-reacting, the binding is called ‘Non-cooperative’ binding. 
2) Cooperative binding – Many O2  -carriers are not independent monomers, with only one O2  -
binding site but, are oligomeric species, i.e., more then one monomers of same type bound 
together. The subunits may be held together by Van der Waal’s forces, H-bond, salt bridges or 
covalent bonds. Such binding is called ‘cooperative binding’ or ‘Allosteric mechanism.’ 





However, there is no ‘Universal’ O2 -carrier, which functions, in all the living beings. Different 
classes, phylas and species of Animal kingdom have different O2  -carriers in their bodies. The 
schematic representation of the Phylogenetic distribution, of different O2  -carriers across the 
Animal and Plant Kingdom can be seen in this slide [Slide (3)]. The ‘Hb’ is abbreviation for 
Hemoglobin, ‘Mb’ is for Myoglobin ‘Er’ is for Erythrocruorin ‘Ch’ is for Chlorocruorin, ‘Hc’ is 
Hemocyanin & ‘Hr’is Hemerythrin. As can be seen, the lower life-forms, be it from ‘Plant 
Kingdom’ or ‘Animal Kingdom’, use only Mb, which is a monomeric Fe-porphyrin complex 
called ‘Heme’ surrounded by proteins. The ‘Deuterosome’ branch uses Hb&Mb while, 
‘Protosomes’ seem to show more diversity. Sipunculids, Priapulids & Branchiopods use ‘Hr’ 
whereas, the Mollusks use ‘Hc’ & ‘Hb’. The Annelids seem to be the most diverse ones, using 
literally all O2 –carriers available in nature, except for the Insects, which use Hb & Mb. 





Today I am going to discuss only a few prominent O2  -carriers out of these, which appear 
frequently in the living beings. These are, [Slide (4)]. 

1) Hemoglobin in the vertebrates. 
2) Hemocyanin in Mollusks & Arthropods. 
3) Hemerythrin in 4 phyla of marine invertebrates. 
4) Chlorocruorin in 4 families of Annelid worms. 

 
Out of these 4 types oxygen carriers, Hb is a Heme-based carrier, the structure of which we 
would see in details later. The other 3 are non-heme complexes. Also, the very essential metal 
atom, which the heart of O2 –carrier, is ‘Fe’ in Hb, Hr & Ch but, is ‘Cu’ in Hc. The O2 -carriers 
are essentially ‘Metalloproteins’. However, the metal & protein parts of the above 4 types of 
carriers are different from each other. 
 
In many organisms, an additional O2 -binding protein is present, which stores O2. This protein is 
located in tissues, where sudden & high demand of O2 is made, like muscles. All these protein are 
therefore prefixed ‘Myo’, from Gk. Root ‘Mys’, which means ‘muscle’. So, the O2 –storage 
protein corresponding to the O2 -carriers stated above are, Myoglobin for Hb & Myohemerythrin 
for Hr. The organism making use of Hc, however, use Mb as O2 –storage compound as, there is 
nothing existent called ‘Myo Hc’. 





So, now that we have the basic idea about the prominent and not-so-prominent O2 –carriers, we 
will take a brief look at the properties of O2, the molecule that the O2 –carriers are made to bind & 
release as & when required [Slide(5)]. O2  is a powerful oxidant, which oxidizes all but the noble 
metals. It converts low-valent metal atom to a high-valent one, by extracting it’s electrons. The 
nature of M- O2 interaction is determined by, 
i) Metal, ii) it’s oxidation state, iii) ligands that modulate the redox properties of the metal etc. 
 
In co-ordinating with metals, O2 shows great variety of geometry but only 2 formal Oxidation 
States (os). The O2 

2- is called ‘Peroxo’ ion &  O2 
- is called ‘Superoxo’ ion. There are at least 7 

different geometries, which have been observed for co-ordn. of O2, of which, only 3-4 are 
currently known to be biologically relevant. These are as follows, 

i) Superoxo (M-O-O), ii) Peroxo (M-O-O-M) or & iii) Hydroperoxo (M-O-M-OOH). 
 
So, this was an overview of chemical properties of O2. Now we will go into the details of 
structures, co-ordination., bonding etc. of the O2 –carriers & most important of all, the 
mechanism of O2 -binding in each of them. 
 
Hemoglobin & Myoglobin: - 
First of all, we start with the O2 – carrier, which functions in our own body & is also, by far, 
found in majority of the species on Earth. It is evolutionarily most diverse O2 carrier. It is found 
in some plants, many invertebrates, crustaceans, mollusks, all Annelids & all vertebrates. It is of 
course, Hemoglobin. 
 
Hb is present in RBC’s & increases the O2 -carrying capacity of the blood almost 100 times as 
compared to simple water. It also carries out the reverse transport of CO2 to lungs. Mb is present 
in muscles & tissues and acts as storage. 
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Hb & Mb are large M-protein complexes, with molecular weights of 64,500 & 17,000, 
respectively. The active site in both is, however, a non-protein ‘HEME’ [Slide (6)]. The heme is a 
flat organic ring surrounding an ‘Fe’ atom. The ring is called ‘PORPHYRIN’ ring, whose parent 
molecule is ‘PORPHIN’, a tetra-pyrrole ring. The H’s in Porphin are substituted by groups like 
methyl, vinyl, propyl etc. When, this ring binds with ‘Fe’, the ‘Fe’ is surrounded by 4 N’S, 2 of 
which bind covalently & other 2 co-ordinately. The porphyrin ring is also the basic unit of 
cytochrome, chlorophyll etc. differing in substituents & metal atom. 
 
As the ring has many double bonds, it absorbs in visible region. The deoxy Hb is therefore violet 
in colour & oxy- Hb is bright red, indicating the influence of O2 –binding on wavelenght (λ�max.) 
of absorption. The magnetic moment of heme shows the presence of 4 unpaired electrons, 
characteristic of weak field, octahedral complex of d6 ion, i.e., Fe (II). 
 
The ‘Fe’ in free heme is co-ordinated to 4 N’s of the porphyrin ring & 2 H2O molecules. It can be 
easily oxidized to ‘HEMATIN’, which is an Fe (III) complex, & therefore loses it’s affinity for 
O2 & hence, cannot bind or carry it.  Therefore, this conversion could prove fatal in a living 
system. This is avoided by the protein part of Hb, called ‘GLOBIN’. This gives stability to the 
heme by producing hydrophobic environment around it. The effect of Globin is believed to be 
both chemical & steric in nature, for which experimental evidences are available. Recent work 
further indicated that, protein chain also keeps heme groups sufficiently apart so that, formation 
of peroxo bridged dimers is prevented. 





Now that we know the structure of the basic unit of Mb & Hb, we go to the actual O2 -carrier & 
O2 –storage compounds. MYGLOBIN, is an O2 –storage compound present in muscles. Its 
molecular weight is 17,000. In Mb, heme is fit into a ‘crevice’ or space of the protein chain made 
up of 153 aminoacids. This protein is called ‘Globin’, which consists of 7 α- helices connected by 
6 non-helical segments. This heme is connected to one Histidin (His) through its ‘N’ of imidazol 
group, which is called “proximal His” & the 6th co-ordination site is vacant. Another His 
molecule is present nearby but, it is not bonded to the heme however, its presence is very 
important as, it modifies the crevice of Mb molecule so that, only small molecules can reach & 
react with the ‘Fe’. It also makes the absorption of reversible.  This is called  “distal  His” 
 
When Mb binds with O2, it is called METMYOGLOBIN. In this form, ‘Fe’ is co-ordinated to 4 
‘N’ atoms of porphyrin ring, 1 ‘N’ of His & an ‘O’ of the O2. As can be seen from this fig., the 
His & O2  are both perpendicular to the plane of heme, on either side. The other His, which we 
said is present nearby, engages itself in H-bonding with the other ‘O’ of the O2. It forms an H-
bond through the ‘H’ bonded to ‘N’ of the His. Mb has greater affinity for O2  than Hb. This 
results in transfer of O2 from Hb to Mb at the muscles. Therefore Mb is completely oxygenated 
even at lower concentrations of O2, as is present in the tissues. Mb is an O2 –storage compound, 
as we have said before. But it doesn’t move around in the body, searching for O2  to collect. It sits 
in its place in the muscles and the one that brings all the O2 to it and takes the CO2 away from it 
is the Mb. 
 
So, HAEMOGLOBIN is the O2 –carrier. Its molecular weight is 64,500 and it can be imagined as 
being an approximate tetramer of Mb. It contains 4 heme groups, instead of 1 in Mb. However, 
the proteins surrounding the heme are not all identical. There are 4 subunits, 2 of which are 
similar, called α�– units, having 141 a.a.s and the other 2 are α- units, having 146 a.a.s. The 4 are 
arranged in roughly a tetrahedral manner. As we can see here, 2 opposite units are identical. The 
4 disc represents 4 hemes, which being at the surface of Hb, undergo reversible oxygen binding 
with more ease. 





The oxygenated form is called ‘Oxy’ or ‘Met Hb’. When it gives its O2 to Mb, it is called ‘Deoxy 
Hb’ & when it takes up the CO2 from the muscles, it becomes ‘Carboxy Hb’. So now we shall see 
what are the different OXIDATION STATES of ‘Fe’ in these different forms of Hb & also it’s 
GEOMETRY [Slide (9)]. The ‘Fe’ in Deoxy Hb is in +2 o.s. It has SQUARE PYRAMIDAL 
geometry and is joined to 4 ‘N’ atoms of porphyrin and 1 ‘N’ of imidazole group of His. The X-
RAY DATA indicated that, ‘Fe’ is out of the plane of porphyrin ring as, the Fe-N bondlength 
(218 pm) is more than the cavity available (200 pm) in the porphyrin ring. Therefore it is 
displaced towards the His, which is therefore called ‘Proximal His’. In MET Hb it in +3 and has 
OCTAHEDRAL geometry. The 5 ligands mentioned above remain the same and an additional O2 

ligand is attached to it. The Fe2+ of deoxy Hb transfers one of its electrons to O2, forming Fe3+ and 
superoxide (O2

-) ion. This forms a H-bond with the ‘Distal His’, as we have seen before therefore 
O2 –binding is essentially a REDOX PROCESS. 
 
The magnetic coupling between these 2 ion leads to an s=0, i.e., diamagnetic ground state. The 
details of this coupling we would see when we talk about the mechnism of O2-binding. The 
BINDING of O2 in Hb is of ‘cooperative’ type. We have seen earlier, cooperative binding means, 
the subunits are interlinked w.r.t. O2-binding. In Hb, it is seen that, more the no. O2 of molecules 
already present on the carrier, easier is the binding with new O2. Whereas, if there is only one 
oxygen present, it will tend to dissociate from Hb. So this is something like ‘Markonikoff’s rule’, 
which we generally remember as ‘rich becomes richer’. 





The explanation of this cooperativity is given by the ‘PERUTZ MECHANISM’, which was put 
forward by Austrian-born British biochemist, Max Ferdinand Perutz. [Slide (10)]. The basic idea 
of this mechnism is that, the interaction between Fe & O2 changes the conformations of the 
protein chains attached to ‘Fe’. The ‘trigger’ of this mechanism, which was first suggested by 
another scientist HOARD, is the high spin Fe (II) atom in deoxy heme, with radius 78 pm. As can 
be seen, this atom having d6 configuration has 4 unpaired electrons in high spin form of which, 3 
are used up for bonding with 2 ‘N’s of porphyrin and one of His. Therefore, S = ½ in this form. 
We already know, that the ‘Fe’ in deoxy heme is out of porphyrin plane due to lack of space. It’s 
about 80 pm. above the plane. The O2 binds with Fe head on, forming a bent str., having Fe-O-O- 
bond angle 1150. When this happens, Fe (II) gives its 1 electron to O2 and forms Fe (III), which 
doesn’t have any unpaired electron now. The ‘Pz’ electron of other ‘O’ is involved in H-bonding 
with ‘distal’ His & therefore the electrons in O2 are all paired up & Therefore, oxy-Hb is a 
DIAMAGNETIC, molecule, i.e., S = 0. 
 
Another consequence of formation of Fe (III), relevant to this mechanism is that, the size of ‘Fe’ 
decreases by 17 pm and so does the Fe-N bond lenght So now the ‘Fe’ which was above the 
porphyrin plane, comes down by 80 pm, in the porphyrin plane and fits into the space or cavity 
within the porphyrin ring. This fall of ‘Fe’ by 80 pm causes the His attached to it to be dragged 
along with it. This changes the ‘CONFORMATION’ of the His protein chain in such a manner 
that, it makes the other heme more available for O2-binding. �More is the no. of O2’s present on 
Hb, more is the ease of binding of other hemes. A REVERSE of this process occurs at the 
muscles. As one O2 in dissociated, the His chain adjusts itself in the original conformation and 
this promotes other O2’s to dissociate more easily. Hence, the Perutz Mechanism explains the 
cooperative O2–binding of Hb. 
 
Hb also binds reversibly with CO2   & therefore it also acts as transporter of CO2 from tissues to 
lungs. The Hb shows enhanced release of O2 at lower pH, i.e., the effect is known as ‘Bohr 
Effect’. This shows how Hb is capable of keeping the balance of O2– CO2 and acid-base balance 
in the body. Besides O2 and CO2, Hb also binds with small molecules like CO, NO, HCN, etc. 
Unfortunately, these molecules bind more strongly than O2 and therefore if these are present in 
higher concentrations, can prove fatal. The Hb-CO complex, called ‘CARBONMONOXY Hb’, is 
400 times more stable than oxy Hb. This gas is, herefore, causing lot of concern these days as, its 
%age in atmosphere is increasing day-by-day. When 35% Hb forms HbCO, loss of consciousness 
occurs and conversion of 60% Hb to HbCO is fatal. The startling fact, however, is that in a heavy 
smoker, 5-15% of Hb is always in HbCO form. Also the traffic-control personnel are exposed 
heavily to CO and �these people are the worst affected ones. The CO in blood can however be 
displaced by allowing the patient a breath of fresh air and more preferably, of pure O2. NO binds 
heme even more strongly than CO (and hence, O2). Attachment through ‘N’ atom occurs with 
different geometries, ranging from straight to strongly bent. Fe-N=O is Paramagnetic with 
unpaired spin localized on NO. 
 
Isocyanide (-N=C-O) & Nitroso (-N=O-) gp.s possess organic tails attached to them, which vary 
the binding with ‘Fe’. 
 
So, we have seen in quite a depth, what is the str. of Hb, how it binds O2 and also some other 
molecules. So now let us turn our attention to some other O2–carriers, which are present in other 
classes and species of animals.  
 
Hemocyanin: - 
One O2–carrier, which is found in Mollusks & Arthropods, is Hemocyanin. However, the word 
“Hemocyanin” literally means “blue blood”. The word comes from Greek origin. In Gk., ‘hemo’ 



means blood and ‘cyanos’ means blue. Hc contains ‘Cu’ as the metal atom essential for binding 
with O2. However, it is a non-heme protein, i.e. its basic unit is not the Fe-porphyrin complex. 
Therefore Hc can be considered a misnomer as, it neither contains heme nor cyanide ion. 





There are 2 types of Hc’s. The ones found in Arthropods have molecular weight of around 70,000 
and have 6, 12, 24 or 48 subunits. The ones found in Mollusks have molecular weight of 50,000 
and have 10 to 20 subunits. These 2 are, however, erratically distributed over these 2 phyla, not 
all classes containing them. A single sub-unit contains 647-628 a.a.s. The O2–binding center is 
‘binuclear’ Cu, site, embedded in protein matrix. [Slide (11)]. 
 
Each ‘Cu’ is attached to 3 His protein chains. When deoxidized, Hc is colourless and the distance 
between 2 Cu’s is 4.55 A0. When oxidation takes place, the distance decreases by 10A and the 
colour changes to blue. Hence the name, blue blood. Hc’s are the only metalloproteins found in 
terrestrial as well as aquatic animals, which contain ‘Cu’. There is no monomeric Hc known, 
which acts as O2-storage compound and hence, organism that use Hc as O2-carrier use Mb as O2–
storage compound. 





The 2 areas of interest about the Hc are the chemistry of active site and the mechanism of co-
operativity. The CHEMISTRY OF ACTIVE SITE can be studied by oxidizing the 2 Cu+ ’s to 
half-met state, i.e., one Cu+ becomes Cu2+. Spectral changes upon oxidation, O2-affinities, 
kinetics of O2-binding and other chem. reactions show that, the active site in phylum Arthropoda 
& Mollusca are not identical. [Slide (12)]. The o.s. of ‘Cu’ in deoxy Hc is +1 and in oxy Hc, it  is  
+2. Although, there’s uncertainly about the o.s. of ‘Cu’ of ‘Cu’ in oxy Hc. 
 
The CONFIGURATION of Cu+ is 3d9 4S1, which stabilises as 3d10, 4s0 Therefore, as can be seen 
in the figure, all 10 electrons in d-orbitals are paired & therefore both Cu+ ’s are DIAMAGNETIC 
and so is deoxy Hc. However, in +2 o.s., the configuration is 3d9, 450, which leaves each Cu2+ 
with 1 unpaired electron and therefore the molecule of oxy Hc should be PARAMAGNETIC with 
S=1. The mode of O2-binding in Hc was suspected to be CuII-CuII-O-O or CuII-O-O-CuII. But, a 
complex synthesized recently, having 2 CuII linked through    peroxide ligand, i.e., Cu II-O-O-CuII, 
showed Raman spectra very similar to oxy Hc. Therefore, the best possible explanation of mag. 
properties of oxy-Hc can be that, the 2 up.ed electrons of 2 Cu+2 ions pair up 
ANTIFERROMAGNETICALLY and therefore, the oxy Hc is also DIAMAGNETIC. 





Hc also binds with CO & CN-. When ‘CO’ binds with Hc, it binds with only 1 ‘Cu’ out of the 2 
and the binding is only weakly cooperative. 
The study of STRUCTURE & MECHANISM, is based on the Hc of the spiny lobster 
(PANULIRUS INTRRUPTUS), and of the Horse-shoe crab (LIMULUS POLYPHEMUS), both 
of which are Arthropods. [Slide (13)]. As can be seen from the fig., there are 2 states of a Hc, the 
low affinity ‘T’ state & high affinity ‘R’ state. The X-ray studies have show that, though 3 co-
ordn.ed Cu(I) is most stable in trigonal geometry, Cu (I) in Hc is distorted T-shaped. Such 
configuration gives enormous strain at O2-binding site and hence the state is called ‘T’ state, 
where ‘T’ stands for ‘TENSE’. The oxidation, however, provides Cu with normal 4 co-ordinated 
structure and removes strain. � This state is called ‘R’ state or ‘Relaxed’ state. The 2 states also 
differ in one more aspect. As we can see here in ‘T’ state, there is a Cl- ion, present which binds 
the 2 protein domains D1and D2, which are  therefore oplanar. But, in ‘R’ state, this Cl- is missing 
and the 2 domains are rotated through 80, w.r.t. eachother and thus become non-coplanar. This 
rotation causes the distance between the 2 Cu’s to decrease by almost 1A0. 
 
It is observed that, at physiological, pH and conditions, the deoxy Hc is always in ‘T’ state, i.e., 
(A) in figure and oxy Hc is in ‘R’ state, which is denoted by (C) here. As (A) cannot directly 
convert to (C), a 2-STEP ALLOSTERIC MECHANISM was proposed. It says that, the deoxy Hc 
in ‘T’ state first binds with O2, which causes the distance between 2 Cu’s to decrease by 1 A0 
which is shown in (B). As this conformation is unstable, Cl- is lost and the 2 domains rotate by 80 

w.r.t. each other, so as to aquire the ‘Relaxed’ conformation or ‘R’ state. The alternate route 
could be that, (A) first loses Cl- and forms (D) with 2 domains non-coplanar and Cu-Cu distance 
decreased. This then binds with O2 to from (C). We had seen in a previous slide that, the Cu-Cu 
distance in Hc decreases by 1A0 on oxygenation and this mechanism is consistent with that fact. 
So this seems to be the probable mechanism of O2-binding in Hc. 
 
Before going to other O2–carriers, I would like to tell you an interesting fact about the Hc’s. They 
can be used in IMMUNOLOGY for raising ANTIBODIES on them. Especially, the keyhole 
Limpet Hc is used for this purpose. The antibodies can be raised against those proteins and 
peptides, which are conjugated with Hc prior to the injection. The Hc exists as 5 types of 
aggregates, which can be dissociated reversibly at different pH-values. The subunits thus formed 
are more effective in antibody production. 
 
Hemerythrin: - 
Now we would move on to a little rarer O2–carrier, which is Fe-containing, non-heme, O2-binding 
pigment. It is present in cells and tissues of 4 phyla of INVEREBRATES, viz., Sipunculids (non-
segmented worms), Annelids (segmented worms), Branchiopods (shrimps) and a couple of 
Priapulids. This respiratory pigment is colourless when deoxidized and pink violet when 
oxidized. 
 
The O2 binds to a non-coralently co-ordn.ed ‘Fe’, which is not placed in a porphn, like in a heme-
protein. The mass of a submit is 13,000. The protein-chain is folded in similar manner in all 
organism but, the state of aggration can be different-mono, di, tri, or tetrameric. The 
OCTAMERIC form of Hr transports O2 in the blood, which has molecular weight of 1,00,000. On 
the other hand, the low molecular weight MONO, DI, TRI & TETRAMERIC forms are placed in 
muscles and tissues, which act as O2-storage compound. It is proposed �that, different affinities 
of these isomers towards O2, provides an O2  TRANSPORT SYSTEM. In many organisms, Hr is 
found along with other O2–carriers like Hb. 
 



The ACTIVE CENTRE of Hr is ‘binuclear’ Fe, bound to protein-chains via 7.a.a.s, which are 5 
His, 1 Glu & 1 Asp.  The protein is in the form of 4 left-twisted α-helices, which provide 
hydrophobic environment for o2 to react as PEROXO species(o2

2-). 
 

Similar to Hband Mb, Hr contains Fe(II), which binds reversibly with o2.  It is then called 
‘METHr”, which contains Fe(III) and can no more bind with o2 .  The similarity with Hb also 
extends to the fact that, the binding with o2 is a REDOX Process.  There are also structural 
similarities. Hb is tetramer of Mb. Octameric Hr has 8 submits, each similar to MYOHr, or 
monomer of Hr, which we have already said to act as o2 storage compound. 





The X-RAY spectra have shown that, the 2 ‘Fe’ atoms have an approx. OCTAHEDRAL co-
ordination.  The 3 ligands out of the total of 6 are common to both, i.e. they are bridging ligands.  
These three ligands are Aspartic acid, Glutamic acid and an OH group.  The remaining ligands 
are different on 2 Fe’s, i.e. one Fe has 3 His attached to it and the other has only 2.  The 6th co-
ordination site of the other ‘Fe’ remains vacant.  The ‘Fe’ in deoxy Hr is in +2o.s., i.e., d6 
configuration.  Therefore it has unpaired electrons as it forms a high spin complex.  The 2 of the 4 
unpaired electrons are used up in binding with the Asp, Glu ligands. Thus, deoxy Hr is strongly 
PARAMAGNETIC, having S=2. Out of the remaining 2 electrons, 1 is given to o2 by each ‘Fe’ 
when Hr binds with o2  and it forms a peroxide ligand O2 

2-.  Fe(II) is oxidised to Fe(III) in this 
process. 
 
The oxy Hr has all other electrons paired except for the 2 electrons of the 2 Fe’s in the dz2 orbit. 
Thus, oxy Hr should have been a paramagnet with S=1. But, it is observed to be a DIAMAGNET, 
i.e. S=0. This pairing of the 2 dz2 electrons can be explained as an ANTI FERROMAGNETIC 
coupling of electrons, through the bridging ‘O’ of –OH ligand. This is similar to the coupling in 
Hc. So, here in this figure we can see how the 2 dz2 electrons must be getting coupled through 
‘O’ atom. 
 
The MECHANISM of O2–binding in the Hr is a bit different from Hb or Hc. The binding is only 
weakly co-operative and perchlorate (ClO4-) ion is observed to induce co-operativity in binding. 
The MÖSSBAUER spectra have shown that both the Fe (III) atoms are in different environments. 
This could be because of 2 reasons, 
i) The O2 binds with only one ‘Fe’ out of the two. 
ii) The ligands attached to both ‘Fe’ are different. 




