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Molecular formula: a compound depicted by its chemical symbols 
 
Molecular weight (or mass): the sum of all the atomic weights in a molecule. 

The molecular weight of H2 is   2 

Mole: the amount of a substance whose weight, in grams, is equal to its  
molecular weight. 

One mole of H2 weighs   2 g 
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One mole of any given compound contains 
approximately  

6.02 x 1023 molecules of that compound 
(Avogadro's number). 

A 1 molar (1 M) solution is one mole of a 
compound dissolved (normally in water)  
to make up one litre.
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One molar solution of sodium chloride (table salt) is the atomic  
weight of sodium (23.0) plus the atomic mass (weight) of chlorine (35.5), 
dissolved in one litre of water.  

23.0 + 35.5 =  58.5 (in grams).  

When 58.5 grams of sodium chloride are dissolved in some amount of water, 
and then additional water is added to create a final volume of a litre,  

the solution is said to be a 1 molar solution or 1 mole / litre
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If a compound increases the H+ ion concentration when added to water, then 
the compound is acidic. 
If the reaction is complete: 
such as:           HCl             H+  +  Cl–        it is a strong acid. 

Not all acids "dissolve" fully into their ionic forms in water.  

Acetic acid, for instance, does not completely react and is, therefore, called a 
weak acid. 

Acids, Bases, and the pH Scale 

Acids donate H+; bases accept H+. 
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Acids, Bases, and the pH Scale 

Acids donate H+; bases accept H+ 

If a compound increases the OH– ion concentration (which in effect will “mop 
up” available H+  when added to water, then the compound is basic.  

Just as with acids, there are strong and weak bases.  

A strong base completely reacts: NaOH          Na+ + OH–. 
 
A weak base, such as bicarbonate, does not completely react, and accepts H+ 
ions in several ways, one being the formation of weak carbonic acid.

While water is both an acid and a base… it actually is a very "weak acid", and has 
a slight tendancy to ionize (break apart) into H+ and OH–. 

This ionization is very important for living creatures and the chemical reactions 
they must perform.



Reversible chemical reactions -in principle- can proceed in either 
direction, but the extent of reversibility may vary.  

—NH2  +  H+                     —NH3+ 

A carboxyl group (—COOH) is also common in a number of biological 
compounds. 

As we will discuss further, carboxyl groups also function as both an acid 
and a base,  

because  —COOH                     —COO– + H+
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Acids, Bases, and the pH Scale 

Acids donate H+; bases accept H+. 

Amino acids: the very building blocks of proteins, contain both carboxyl 
groups and amino groups, so they are simultaneously acids and 
bases. 



pH is the measure of hydrogen ion concentration in a solution,  

-first introduced in 1909, Soren Sorensen, a Danish biochemist, who 
proposed what is now known as the pH scale.  

Sorensen developed a simple equation to express the hydr(ox)onium  
(hydronium) ion concentrations logarithmically.  
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hydronium ion hydronium ion
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A pH 7 means that the concentration of hydrogen ions (or more specifically 
the concentration of  hydro(xo)nium ions   [1 x 10–7]. 

Even strongly acidic solutions have mostly water molecules and not ions. 

A solution with pH 1 has one H+ for every 556 water molecules 
When water is at pH 6, it is 10   molar for H  and 10   molar for OH . 
When water is at pH 9, it is 10   molar for H  and 10         molar for OH. 

A solution at pH 1 can have  
a powerfully corrosive effect 
on a variety of materials including 
metals, polysaccharides, proteins, 
nucleic acids, and bone. 

-6 -8+ -

-9 -5+ -



Buffers minimize pH change 
 
A Buffer is a mixture of a weak acid and its corresponding weak base. 
 
Because buffers can react with both added bases and acids, they make the 
overall solution more resistant to changes in.

Different buffers transition to and 
from ionic forms at their particular 
characteristic pH ranges. 
 
Buffers are common in biology and 
extremely important in the regulation 
of the internal environments of 
organisms. 

Many important biological buffers 
transition around pH 7, which keeps 
the pH near neutral.



Buffers minimize pH change 
 
A Buffer is a mixture of a weak acid and its corresponding weak base. 
 
Because buffers can react with both added bases and acids, they make the 
overall solution more resistant to changes in.

Buffers illustrate the law of mass 
action:  

The addition of components to one side 
of a reaction drives the reaction in the 
direction that uses that component.  

As an acid or a base is added to a 
solution, the buffer will change form, 
transitioning between ionic and non-
ionic bonds



Weak electrostatic 
interactions



Hydrogen bonds area weak bonds (“dipoles”) between two molecules  
-resulting from electrostatic attractions between a proton in one molecule  
and an electronegative region of a molecule in the other.

https://www.google.com/search?client=safari&sca_esv=574510585&rls=en&q=electrostatic&si=ALGXSlaUkho42PFSQFYO6kO7MTs2IPw9FjBgd9b4emNPbeO_TH14YM6bZ-5f9vNucw2KMiNBw4KVPV5vmzbrHgZ6upy6N9-67ZqbjK1T_DsiXr0NPJULPZ0%3D&expnd=1
https://www.google.com/search?client=safari&sca_esv=574510585&rls=en&q=proton&si=ALGXSlbD4fKmSL7CRU364kGH2u8kBxpPpOF9jBedkNrGKSwF8P9Sv2JyOW5wxHPJ3bBS3GLgZrsJr24jAsaaxFTGLf63nhUTng%3D%3D&expnd=1
https://www.google.com/search?client=safari&sca_esv=574510585&rls=en&q=electronegative&si=ALGXSlbmguQulcNG_yDKi8AKFQVFtMiLbNtvKH2UK9-S43DiZSQzxhy4soJCD-ef6BNesD56abkawJ1ta1yhuYIDruY1HgqpHkap0dtkt9xf1k_s0ovAFgM%3D&expnd=1
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Macromolecules: Giant Polymers 

There are four major types of biological macromolecules:  

Proteins, Carbohydrates, Lipids (?), and Nucleic acids. 

These macromolecules are made the same way in all living things, and they are present in all 
organisms in roughly the same proportions. 

Macromolecules are essentially GIANT polymers, which are formed by covalent linkages of 
smaller units called monomers. 

Molecules with molecular weights greater than 1,000 Daltons (atomic mass units) are usually 
classified as “macromolecules". 

Some of the many roles of macromolecules include: 

Energy source  
Energy storage 
Structural support 
Catalysis 
Transport 
Protection and defense 
Regulation of metabolic activities 
Maintenance of homeostasis 
Means for movement, growth, and development 
Heredity



































-curls in “curly” hair are formed from making more 
permanent covalent bonds between cysteines…  

removing hydrogen



formaldehyde and formaldehyde-
releasing chemicals



Carbohydrates: Sugars and Sugar Polymers

Carbohydrate monomers have molecular weights that approximates 100 Daltons. 
 
Polymers composed of monomers can have molecular weights of up to hundreds of 
thousands of Daltons. 
There are four major categories of carbohydrates:  
 

Monosaccharides,  

Disaccharides, which consist of 2 x monosaccharides and   

Oligosaccharides, which consist of between 3 and 20 monosaccharides. 

Finally there are  

Polysaccharides, which are composed of hundreds to thousands of 
monosaccharides. 

The general formula for a carbohydrate monomer is multiples of CH2O, maintaining a 
ratio of 1 carbon to every 2 hydrogens and 1 oxygen.


