Ch.2 The Chemistry of Life

2.1- Elements and Atoms

matter


- composed of elements 




- living and non-living




- only 92 naturally occurring elements




- only 6 elements make up 98 % of the body weight of organisms





- C, H, N, O, P, S




- only tiny particles called atoms




- smallest unit of matter to enter into chemical reactions




- contain even smaller subatomic particles





- protons (+)





- electrons (-)





- neutrons (neutral)

nucleus

- contains the protons and neutrons




- electrons are located outside the nucleus in shells

shells outside

- represent energy levels

the nucleus

- inner shell has the lowest energy level and can hold 2 electrons



- the other shell has a higher energy level and can hold 8 electrons


atomic number
- an atom must have an atomic number




- the atomic number is equal to the number of protons

protons

- protons are + charged, electrons are – charged

- when an atom is electrically neutral, the number of protons equals  

   the number of electrons

arrangement

- atoms are horizontally arranged in order of increasing atomic no.

of atoms

- atoms are vertically arranged according to the number of 

   electrons in the outermost shell

- roman numerals at the top of each column indicates how many  

   electrons in the outermost shell of the atoms at the column




- eg. He has only 2 electrons in its outer shell




- number of electrons in the outermost shell determines the 

chemical properties of an atom, including how readily it enters   

into chemical reactions

atomic
mass

- the subatomic particles are so light that their weight is indicated 

units


   by special units called atomic mass units

- atomic weight of each atom is noted in the periodic table beneath   

   its symbol




- atomic weight equals the number of protons plus the number of 

   neutrons

- electrons have almost no weight, protons and neutrons have a  

   weight of 1 atomic mass unit




- eg. atomic weight of carbon is 12 and it has 6 protons, so carbon 




   has 6 neutrons

isotopes

- atomic weights give in the periodic table are the average weight 




   for each kind of atom




- atoms of the same type may differ in the no. of neutrons, 




   therefore the weight varies




- atoms that have the same atomic number and differ only in the 

   number of neutrons are called isotopes





- Carbon-12 has 6 neutrons, Carbon-13 has 7 neutrons, and 





   Carbon-14 has 8 neutrons (radioactive)

uses of isotopes
- proportions of isotopes in various food sources are known, 




   biologists can now determine the proportion of isotopes in




   mummified or fossilized human tissue to know what ancient 




   people ate




- most isotopes are stable, but radioactive isotopes break down and




   emit radiation in the form of radioactive particles or radiant 

   energy




- using radioactive isotopes as tracers in biochemical experiments




- carbon-14 breaks down at a known rate, the amount of this atom 




   remaining if often used to determine the age of fossils

2.2 Molecules and Compounds

molecules

- atoms often bond with each other to form a chemical unit called a 




   molecule




- can contain atoms of the same kind





- eg. O2   to form oxygen gas




- atoms can be different, as when an oxygen atom joins with 2 




   hydrogen atoms to form water

compounds

- different atoms joining 




- 2 types of bonds join atoms:





- ionic bond





- covalent bond

ionic bond

- atoms are most stable when the outermost shell contains 8 




   electrons





- atoms give up or take on electrons in order to achieve a stable 




   outermost shell





- eg. NaCl (table salt)




- ions are particles that carry either a positive (+) or negative 




   charge (-)

- sodium carries a + charge because it has 1 more proton than 

   electron, chloride ion carries a negative charge because it now    

   has 1 less proton than electrons

- attraction between oppositely charged sodium ions and chloride 

   ions form an ionic bond

- ionic bonds are typically found in inorganic compounds

covalent bonds
- atoms share electrons instead of gaining or losing them




- found in organic molecules




- involves overlapping of outer shells




- electrons spends part of their time in the outer shell of each atom,




   so they are accounted as both bonded atoms





- they both have 8 electrons in the outermost shell

electron-dot 

- O::C::O

structures

- the shared electrons are placed between the 2 sharing atoms

formulae

- molecular number and type of atom




- structural: line for shared electrons pairs
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Important Ions (Ion Group) in the Body

	sodium
	Na+
	nerve conduction

	potassium
	K+
	nerve conduction

	calcium
	Ca++
	blood clotting

	phosphate

	PO4-3

	energy storage

	bicarbonate

	HCO3-

	acid-base balance

	hydroxide
	OH-

	acid-base balance

	hydrogen

	H+
	acid-base balance


more than one 

- single bond:  atoms share only a pair of electrons

bonding

- double covalent bonds:  share two pairs

oxidation

- when O combines with a metal such as magnesium or iron, 




   oxygen receives electrons and forms ions are negatively charged;




   the metal loses electrons and forms irons that are positively 




   charged:

- eg. Mg + ½ O2 ( Mg++O- -

(metal has been oxidized, lost electrons, oxygen reduced, oxygen gained electrons or negative charges-called oxygen reduction)

oxidation reduction
- refers to gain of electrons and oxidation refers to loss of electrons

                        - ionic reaction Na+ Cl- ( Na+ Cl- , sodium has been oxidized 

                                       (loss electron) and chlorine has been reduced (gain electron)

                                    - also apply to certain covalent reactions

                                    - oxidation is the loss of hydrogen atoms (H) and reduction is the 

                                       gain of hydrogen atoms


- hydrogen has 1 proton and 1 electron so the difference is 

 
   going to be losing 1 electron or gaining 1

- this form of oxidation reduction is often seen during 

   metabolic reactions within the cells

energy


- moved from one compound to another by the transfer of electrons

- NAD intermediate energy carrier compound of 
   metabolism
chemical bonds
- two kinds in biological molecules

- mostly strong stable covalent bonds

- weak non covalent bonds holding together large organic 

   molecules (proteins, nucleic acids)

- typical number of covalent bonds

- hydrogen (1), carbon (4)
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methane (CH4)

methyl group (-CH3)





- oxygen (2 covalent bonds)
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carbon dioxide (CO2)
       carboxyl group (-COOH)

- nitrogen (3 covalent bonds)
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ammonia (NH3)

amino group (-NH2)

· phosphorus (5 covalent bonds)

       O
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-O – P – O- 
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       O-

phosphoric acid (H3PO4)
phosphate ion (PO4-3)

hydrogen bond
- H atom is bonded with O or N donor atoms (OH and NH) in a   

   polar molecule





Common Hydrogen Bonds





       R – OH……O – R




                   R – OH……N – R




                   R – NH……O – R





       R – NH……N – R




        (R = remainder of the molecules)

2.3 Some Important Inorganic Molecules
inorganic molecules
- small number of atoms
                

- usually ionically bonded together
- generally non-living materials
- usually contain metals and non metals

- always involve a small number of atom
water
- most abundant molecule in living organisms
- make up 60 to 70% of total body weight
- inorganic molecule with covalent bonds
- share electrons (covalent bond) unevenly

- electrons spend more time in oxygen atom and less time 



   in hydrogen atom

- this makes hydrogen atoms partial positive and oxygen 

  
   atoms partial negative charge
polar molecule
- a molecule that has charged atoms due to uneven sharing of

   electrons
hydrogen bond
- when a hydrogen is attracted to a negatively charged atom 


   
    from a distance away


- the bond is a weak bond and can be broken easily
water characteristics 
- cohesive when there is hydrogen bonding between water                               


   
   molecules

· liquid at body temperature


- universal solvent and facilitates chemical reactions


- for example, salt (NaCl) disperse in water because the 


   negative end in water attracts the sodium while the 



   positive end attract the chloride

- clings and fills vessels


- use to transport nutrients and wastes in the human body

- temperature slowly falls and rises


- hydrogen bonds that link water molecules cause water to 

  

   absorb a great deal of heat before it boils
- high heat of vaporization, keeping the body from heating up


- helps moderate the earth’s temperature so that life can 



   continue to exist

- frozen water denser then liquid water so it floats


- when cool, molecules come closer together


- only vibrational movement, and hydrogen bonding more 



   rigid but open


- this makes ice less dense


- always freeze from top to bottom
dissociation
-  polarity causes water to break into hydrogen ion (H+) and 

    hydroxide ion (OH-):


H-O-H (   H+      +    OH- 


- neutral water dissociates equally into H and OH      


- ionization occurred because of hydrogen ion losing a 

   electron and the hydroxide ion gaining one
acids
- molecules that dissolve in water and release hydrogen ions 


(H+)


HCl ( H+      +        Cl-


- example is hydrochloric acid (HCl)



- stronger acids dissociate into more H
 


- it is a strong acid, so if hydrochloric acid is added to a 


   beaker of water, the no. of H ions will increase
bases
- molecules that either take up hydrogen ions or release 


(OH-)


NaOH ( Na+      +        OH-



- stronger bases dissociate into more OH



- if sodium hydroxide is called a strong base, then if it is 


   added to a beaker of water, number of OH ions increases

pH scale
- measure of acidity or basicity (alkalinity) of a solution

- fraction of molecule that dissociate into H+ ions (10-7 in 

   neutral water)


- reported is the exponent – pH7


- each unit below 7 is 10x the acidity


- each unit above 7 is 10x the alkalinity

- pH values range from 0 to 14 


- battery acid, lemon juice pH 1,2


- normal rain fall pH 5.5


- pure water pH 7


- human blood pH 7.4


- baking soda pH 9


- household ammonia pH 11


- sodium hydroxide pH 14
buffers
- help keep pH within normal limits because they are 

   chemicals or a mixture of chemicals that take up excess

   H or OH ions.

 
- chemicals that take up excess H and OH ions to maintain a 


   constant pH

- example, carbonic acid (H2CO3) is a weak acid in blood 




   that dissociates to H+ and bicarbonate ions


H2CO3   (dissociates(    H+   +    HCO3-
                                      carbonic acid  (  reforms  (              bicarbonate ion

- when hydrogen ions (H+) are added to blood, the following

   reaction occurs: 


H+   +   HCO3-    (    H2CO3

- when hydroxide ions (OH-) are added to blood, this reaction 

   occurs:


OH-   +    H2CO3  (  HCO3-    +    H2O

- these reactions prevent any significant change in blood pH.
2.4 Molecules of Life
organic molecules
-generally living materials

- always contain C and H

- always covalent bonding

- can be quite large
carbon
- nonmental (element 6, family 4, period 2)

- four electrons in outermost shell



- shares four electrons of other atoms to complete the outer 

   shell (octet rules)

- for example methane:
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- carbon atom can share with another carbon atom to form a chain:




       H    H    H    H    H





H – C – C – C – C – C - H

       



      H    H    H    H    H


- carbon chain can turn back on itself to form a ring compound:
functional groups
- a particular cluster of atoms that always behaves in a certain way

- give molecules characteristic properties

- also help to classify organic molecules into organic families
	Family
	Functional Group
	In

	hydrocarbon
	none (C & H only)
	fatty acids

	alcohol
	R – OH  hydroxyl group OH
	fats

	aldehydes & ketones
	      O         carbonyl group COH

R – C – H  
	sugars

	carboxylic acids & esters
	      O          carboxyl group COOH

R – C – OH  
	fatty acids

amino acids

fats

	amines
	      H          amino group NH2
R – N – H  
	amino acids

protein


molecules of life
- four classes:

-carbohydrates

-lipids

-proteins

-nucleic acids
macromolecule
- large molecule made when small molecules (monomers) 

   join together to form larger molecules (polymers)

polymers                            monomers


polysaccharide                monosaccharides

lipid                                 glycerol, fatty acids

protein                             amino acids

nucleic acid                     nucleotides

- macromolecules are formed by the removal of water

- dehydration synthesis H of one monomers bonds with 

   OH of the other

- also known as condensation reactions
- macromolecule are broken down by the addiction of water

- hydrolysis one monomer takes on H, the adjacent monomer 


   takes OH to disturb the bond
2.5 Carbohydrates

carbohydrate

- first and foremost function for quick and short-term energy 

   storage in all organisms

- C, H, O in the ratio 1:2:1  (C6H12O6)5

- “carbo” for carbon and “hydrate” meaning combined with water

- aldehyde functional group at C1

monosaccharide
- low carbon atoms in molecule (from 3 to 7)




- designated by the number of carbon atoms they contain





- pentose (5 carbon atoms):  ribose (nucleotides)

- hexose (6 carbon atoms): glucose, fructose (fruit), 

   galactose (milk)

dissacharide

- two monossacharides joined together




- condensation reaction





- during the synthesis of a diasaccharide, water is removed



- hydrolysis reaction

- during degraduation, water is used to split a bond

- maltose:  glucose + glucose

- sucrose:  glucose + fructose

- lactose:  glucose + galactose

glucose bonding
- through oxygen between C1 and C4






glucose               +               glucose







          maltose

complex 
- polyssaccahrides (many sugars) of many monossaccharides    

carbohydrates 

  with thousands or tens of thousands of atoms

- common polymers of glucose

- starch:  easily digested (food energy)

- glycogen:  stored in liver and muscles

- cellulose:  indigestible part of plants

starch


- mixture of 2 polyssacharides





- 20% amylose and 80% amylopectin






amylose (unbranched chain of glucose)






amylopectin (branched chain of glucose)

glycogen

- excess gkycise is converted and stored as glycogen (animal 

  starch) in the liver and muscles

- identical to amylopectin in plant starch but with more branching

glycogen (same as amylopectin but simple shorter branches)

cellulose

- like amylose in starch but longer chains (up to 4,000 glucose)

- non-living cell walls of plants

- no animal has enzymes capable of digesting cellulose

cellulose (like amylose but glucose of thousands units long)

2.6  Lipids

lipids


- classified by 1 physical property





- insoluble in water





- soluble only in fat solvents

· has several functions in the body

- long-term energy storage





- insulate against heat loss





- a protective cushion around major organs




- wide range of different compounds





- simple lipids (fats, oils, waxes)





- compound lipids (pospholipds)





- steroids (cholesterol, sex hormones)

simple lipids

- neutral (nonpolar) fats and oils called triglycerides (3 parts)




- glycerol combined with 3 fatty acids

glycerol

- 3-C alcohol with 3 OH side groups

fatty acids

- long chain of hydrocarbon with a carboxyl group -COOH at C1





steric acid:

saturated fats

- saturated have no double bonds between carbon atoms

- carbon chain is filled with all the hydrogens it can hold


- account for the solid nature at room temperature

- derived from animal sources (butter, lard)

unsaturated fats
- unsaturated have double bonds between carbon atoms wherever 

  the number of hydrogens is less than 2 per carbon atom

- account for the liquid nature of vegetable oils at room 

   temperature

emulsifiers

- soap is a salt formed from a fatty acid and an inorganic base

- has a polar and a nonpolar end

- mixes with water

- when added to oils, the oils, too, mix with water




- emusification occurs when droplets are dispersed in water





- dirty clothes are washed with soaps or detergents





- fats of fatty foods are emulsified by bile prior to digestion

phospholipids

- contain a phosphate group –PO4-3




- constructed like fats, except the third fatty acid is replaced by a 

  phosphate group

- has a polar and a nonpolar end

- also esters of glycerol and fatty acids

- also contain a nitrogen-containing compound

- main component of cell membranes with a dual nature


- water-loving (hydrophilic) polar head


- water-hating (hydrophobic) tails

- most important type is lecithin

- all simple lipids are converted to lecithin for transport in 
   the body

steroids

- are lipids having a structure that differs entirely from fats




- have a backbone of 4 fused carbon rings





- each one differs by the arrangement of the atoms in the 

  rings and the type of functional groups attached




- cholesterol is the ancestor of sex hormones estrogen and 

  testosterone

2.7 Proteins

proteins
- keratin (hair, nails), collagen (connective tissue) lactin and

 
   myosin (muscle)
- some are enzymes

- necessary contributors to the chemical workings of the 

   cell and there fore of the body

- speed chemical reactions

- specific enzymes for each reaction, synthetic or hydrolytic

- polymers (chains) of amino acids

- one or more polypeptides
amino acids

- the monomers in a protein

- has a central carbon atom bonded to a hydrogen atom and three 

   groups




- only 20 different side groups (R)





- make up all amino acids in all proteins in all species 

   (bacteria to humans)

- amino group (-NH2) 

- acidic group (-COOH)

- the other group is called an R group (remainder)

peptide bond

- a bond that joins two amino acids

- the atoms associated with peptide bond : oxygen (O), 

   carbon (C) nitrogen (N), and hydrogen (H)

- acid group (-COOH) of one reacts with the amino group (-NH2) of the other 




- dipeptide: 2 amino acids




- polypeptide: string of 100s or 10000s of amino acids

polypeptide

- a single chain of amino acids

- hydrogen bonding occurs frequently in a polypeptide

levels of

- the structure of a protein has at least 3 levels of organization

organization
- 1st (the primary structure) ~ is the linear sequence of the   

   amino acids joined by peptide bonds

- polypeptides can make use of 20 different possible types 

   of amino acids or “beads”

- each polypeptide differs by the sequence of its R groups 

   and the number of amino acids in the sequence

- 2nd ~ comes about when the polypeptide takes on a    

   particular orientation in space

- 3rd (final three dimensional shape) 

- the helical chains of myosin form a rod shape that ends in 

   globular heads

- the hydrophobic portions are in the inside

- the hydrophilic portions are on the outside where they can 

  contact water


- covalent, ionic, and hydrogen bonding all occur


- the separate polypeptides are arranged to give some proteins a 

   fourth level

- hemoglobin is a complex protein having a quaternary structure




- the final shape is very important to its function

-quaternary structure: arrangement of individual polypeptide chairs, each with its own structure

- important in a protein’s function

- extreme heat and pH base total changes in shape or denaturation


- H- bonds in secondary structure are affected by heat

side group bands in tertiary structure are affected by pH

denaturation
- is when proteins are exposed to extremes in heat and pH, they 

   undergo an irreversible change in shape

- occurs because the normal bonding between the R groups has 

   been disturbed



- once a protein loses its normal shaped, it is no longer able to 

   perform its usual function

2.8 Nucleic Acids

nucleic


- important for the growth and reproduction of cells and organisms 

acids


- DNA

- RNA

- long chain polymers of units molecules (monomers) called 
   nucleotides

nucleotide

- so named as they were first discovered in the nucleus of cells




- functions in living cells





- chemical messengers (cAMP)





- enzyme helpers (coenzymes)





- energy storage (ATP)





- components of the genetic code

- made of 3 parts joined by dehydration synthesis (condensation)

- a pentose ( 5-C) sugar

- a phosphate group

- one of four nitrogen bases




- both DNA and RNA are polymers of nucleotides





nucleotide molecules (( nucleic acid + H2O





       (monomers)

    (polymer)

pentose sugar

- the 5-C sugar occurs in 2 forms

nitrogen bases

- contain C-N in single or double ring and act like a base (take H+)





- pyrimidines (1 ring)






- cytosine (C)






- thymine (T)






- uracil (U)





- purines (2 rings)






- adenine (A)






- guanine (G)

phosphate ion

- negative ion form of phosphoric acid

· the “acid” part of nucleic acids

common nucleotides
- ribose + adenine + 1 phosphate = adenosine monophosphate




- ribose + adenine + 2 phosphate = adenosine diphosphate




- ribose + adenine + 3 phosphate = adenosine triphosphate

nucleic acid strands
- polymer of nucleotide monomers joined by condensation 

               (dehydration synthesis)





- “backbone” is a gland of alternating phosphate and sugar




- RNA is single stranded





- nitrogen bases project to one side




- DNA is double stranded 

- nitrogen bases join down the middle like rungs of a ladder 
   hold by H bonds





- deoxyribose replaces ribose

ATP


- adenosine triphosphate




- a nucleotide that functions as an energy carrier in cells




- the base adenine is joined to the sugar ribose

- there are three phosphate groups instead of one

- when one of the phosphate group is removed, a large 

   



   amount of energy is released

