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Abstract 

An adult at rest consumes the equivalent of 250 ml of pure 
oxygen per minute. This oxygen is used to provide energy for 
all the tissues and organs of the body, even when the body is at 
rest. The body's oxygen needs increase dramatically during 
exercise or other strenuous activities. The oxygen is carried in 
the blood from the lungs to the tissues where it is consumed. 
However, only about 1.5% of the oxygen transported in the 
blood is dissolved directly in the blood plasma. Transporting 
the large amount of oxygen required by the body, and allowing 
it to leave the blood when it reaches the tissues that demand 
the most oxygen, require a more sophisticated mechanism than 
simply dissolving the gas in the blood. To meet this challenge, 
the body is equipped with a finely-tuned transport system that 
centers on the metal complex heme. 

Metal Complexes in the Body 

The ability of metal ions to coordinate with (bind) and then 
release ligands in some processes, and to oxidize and reduce in 
other processes makes them ideal for use in biological systems. 
The most common metal used in the body is iron, and it plays a 
central role in almost all living cells. For example, iron 
complexes are used in the transport of oxygen in the blood and 
tissues. 

Metal-ion complexes consist of a metal ion that is bonded via 
"coordinate-covalent bonds" (Figure 1) to a small number of 
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anions or neutral molecules called ligands. For example the 
ammonia (NH3) ligand used in this experiment is a 
monodentate ligand; i.e., each monodentate ligand in a metal-
ion complex possesses a single electron-pair-donor atom and 
occupies only one site in the coordination sphere of a metal 
ion. Some ligands have two or more electron-pair-donor atoms 
that can simultaneously coordinate to a metal ion and occupy 
two or more coordination sites; these ligands are called 
polydentate ligands. They are also known as chelating agents 
(from the Greek word meaning "claw"), because they appear to 
grasp the metal ion between two or more electron-pair-donor 
atoms. The coordination number for a metal refers to the total 
number of occupied coordination sites around the central 
metal ion (i.e., the total number of metal-ligand bonds in the 
complex). 

Oxygen-Carrying Protein in the Blood: Hemoglobin 

Hemoglobin is the protein that transports oxygen (O2) in 
human blood from the lungs to the tissues of the body. 
Proteins are formed by the linking of amino acids into 
polypeptide chains. An individual amino acid in a protein is 
known as a "residue." The arrangement and interactions of the 
amino-acid residues within the protein determine the protein's 
shape and contribute substantially to its function. Hemoglobin 
is a globular protein (i.e., folded into a compact, nearly 
spherical shape) and consists of four subunits, as shown in 
Figure 2. Each protein subunit is an individual molecule that 
joins to its neighboring subunits through intermolecular 
interactions. (These subunits are also known as peptide chains. 
You will learn more about the nature of amino acids and 
peptide subunits in the tutorial entitle 
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Spectroscopy and the Color of Blood 

The changes that occur in blood upon oxygenation and 
deoxygenation are visible not only at the microscopic level, as 
detailed above, but also at the macroscopic level. Clinicians 
have long noted that blood in the systemic arteries (traveling 
from the heart to the oxygen-using cells of the body) is red-
colored, while blood in the systemic veins (traveling from the 
oxygen-using cells back to the heart) is blue-colored (see 
Figure 7). The blood in the systemic arteries is oxygen-rich; 
this blood has just traveled from the lungs (where it picked up 
oxygen inhaled from the air) to the heart, and then is pumped 
throughout the body to deliver its oxygen to the body's cells. 
The blood in the systemic veins, on the other hand, is oxygen-
poor; it has unloaded its oxygen to the body's cells (exchanging 
the O2 for CO2, as described below), and must now return to the 
lungs to replenish the supply of oxygen. Hence, a simple 
macroscopic observation, i.e., noting the color of the blood, 
can tell us whether the blood is oxygenated or deoxygenated. 

What causes this color change in the blood? We know that the 
shape of the heme group and the hemoglobin protein change, 
depending on whether hemoglobin is oxygenated or 
deoxygenated. The two conformations must have different 
light-absorbing properties. The oxygenated conformation of 
hemoglobin must absorb light in the blue-green range, and 
reflect red light, to account for the red appearance of 
oxygenated blood. The deoxygenated conformation of 
hemoglobin must absorb light in the orange range, and reflect 
blue light, to account for the bluish appearance of 
deoxygenated blood. We could use a spectrophotometer to 
examine a dilute solution of blood and determine the 
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wavelength of light absorbed by each conformation. For an 
approximate prediction of the wavelength of light absorbed 
and for the colors of light absorbed for a given complementary 
color, a table such as Table 1 in the introduction to the 
Experiment ("Relations Between Electronic Transition Energy 
and Color") could be used. 
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