
Chemical and Physical 
Properties of Organic Molecules



I.Elements
A.  Chemical symbols:  C H O P S N

C=carbon, H=hydrogen, O=oxygen, P=phosphorus, 
S=sulfur, N=nitrogen

B. Top 3
Earth’s surface = O, Si, Al
Living things: C, H, O

C. Atoms: smallest particle of element
D. Parts of Atoms

1) protons (p+) = in nucleus; Atomic number; ID element
2) neutrons (no) = in nucleus
3) electrons (e-) = orbit nucleus

*Neutral atoms : #p+ = #e-



E. Electrons
1) Travel in energy shell or levels
2) Valence e-: outer level; affects reactivity

3) Maximum/level:   2 = 1st        8 = 2nd    18 = 3rd

4) Ions: atom lost or gained an e-

H atom (1p,0n,1e): loses 1e H+ ion
Cl atom gains 1e Cl- ion





F. Isotopes: atoms of same element that 
differ by # of neutrons

ex:  C-14   or    14C;               mass # = #p+ +  #no

12C 14C
p+= 6 p+ = 6
e- = 6 e- = 6
no = 6 no = 8



II. Chemical Bond: 2 or more atoms 
joined together

A. Covalent: sharing e- between 
elements
1) most common type
2) distribution

a) nonpolar: equal sharing of 
charge

b) polar: unequal sharing;                            
ex: H2O

B. Hydrogen: occurs between H in one 
atom and (O or N) in another
* More easily broken than covalent
1) between 2 water molecules
2) between N-bases in DNA



II. C. Ionic: transfer of electrons
1) Table salt: NaCl
2) Occurs between ions
3) Usually dissolve in water



III. Water
A.  Properties

1)   Capillary action: transport process drawing water up into 
plants

2)   H-bonds in water makes ice float
3)   Our bodies 60% water
4)   Dissolves things

a) solvent: dissolves other molecules
b) solutes: substance being dissolved; lesser amount
*salt water: water is solvent, salt solute

5) Hydrophilic: water loving; sugar & salt
6) Hydrophobic: water-fearing; does not dissolve in water



III. B. Acids-Bases
1)  pH scale:  0 – 14

a) Acid = below 7 (more H+);  
vinegar, lemon juice, 
stomach acid (HCl)
b) Neutral = 7
c) Base (alkaline) = above 7 
(more OH-); ammonia, soap

2) H2O H+   +   OH-

(hydroxide ion)
3) Blood: pH = 7.4
4) Buffer: chemicals that control 

pH, keep it close to 7



Proteins are amino acid 
polymers

• 20 different amino acids: many combinations

• Proteins are made in the RIBOSOME



Amino Acid Chemistry
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Water, pH and pKa’s

The following sections are taken from a 
website created by Dr. Michael W. King 
at Indiana University School of Medicine

http://www.indstate.edu/thcme/mwking/ho
me.html



Keq, Kw and pH
As H2O is the medium of biological systems one must consider the role 
of this molecule in the dissociation of ions from biological molecules. 
Water is essentially a neutral molecule but will ionize to a small degree. 
This can be described by a simple equilibrium equation: 

H2O <-------> H+ + OH- Eqn. 1

The equilibrium constant  can be calculated as for any reaction:
Keq = [H+][OH-]/[H2O] Eqn. 2

Since the concentration of H2O is very high (55.5M) relative to that of the 
[H+] and [OH-], consideration of it is generally removed from the equation 

by multiplying both sides by 55.5 yielding a new term, Kw: 
Kw = [H+][OH-] Eqn. 3



Keq, Kw and pH (cont.)
This term is referred to as the ion product. In pure water, to which no 
acids or bases have been added:

Kw = 1 x 10-14 M2 Eqn. 4

As Kw is constant, if one considers the case of pure water to which no 
acids or bases have been added: 

[H+] = [OH-] = 1 x 10-7 M Eqn. 5

This term can be reduced to reflect the hydrogen ion concentration of 
any solution. This is termed the pH, where: 

pH = -log[H+] Eqn. 6



pKa
Acids and bases can be classified as proton donors (A-H →A- + H+) 
and proton acceptors (B + H+ → BH+).  In biology, various weak acids 
and bases are encountered, e.g. the acidic and basic amino acids, 
nucleotides, phospholipids etc. 

Weak acids and bases in solution do not fully dissociate and, therefore, 
there is an equilibrium between the acid (HA) and its conjugate base 
(A-).

HA <-----> A- + H+ Eqn. 7

This equilibrium can be calculated and is expressed in terms of the 
association constant Ka.

Ka = [H+][A-]/[HA] Eqn. 8

The equilibrium is also sometimes expressed as the dissociation 
constant Kd = 1/Ka.



pKa

As in the case of the equilibrium of H+ and OH- in water, the equilibrium 
constant Ka can be expressed as a pKa:

pKa = -logKa Eqn. 9

Therefore, in obtaining the -log of both sides of the equation describing 
the association of a weak acid, we arrive at the following equation:

-logKa = -log[H+][A-]/[HA] Eqn. 10

Since as indicated above -logKa = pKa and taking into account the laws of 
logarithms: 

pKa = -log[H+] -log[A-]/[HA] Eqn. 11

pKa = pH -log[A-]/[HA] Eqn. 12



By rearranging the above equation we arrive at the Henderson-Hasselbach 
equation: 

pH = pKa + log[A-]/[HA] Eqn. 13

The pH of a solution of any acid can be calculated knowing the 
concentration of the acid, [HA], and its conjugate base [A-].   At the 
point of the dissociation where the concentration of the conjugate base 
[A-] = to that of the acid [HA]: 

pH = pKa + log[1] Eqn. 14

The log of 1 = 0. Thus, at the mid-point of a titration of a weak acid: 
pKa = pH Eqn. 15

The term pKa is that pH at which an equivalent distribution of acid 
and conjugate base (or base and conjugate acid) exists in solution.

The Henderson-Hasselbalch Equation



Buffering
It should be noted that around the pKa the pH of a solution does not change 
appreciably even when large amounts of acid or base are added. This 
phenomenon is known as buffering.  In most biochemical studies it is 
important to perform experiments, that will consume H+ or OH- equivalents, 
in a solution of a buffering agent that has a pKa near the pH optimum for the 
experiment. 
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Clinical significance of blood buffering
Role of kidneys in acid-base balance

See Dr. King’s website:

http://www.indstate.edu/thcme/mwking/ionic-
equilibrium.html

Thinking beyond the lecture



Amino Acid Chemistry
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Amino Acid Chemistry
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