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Chemistry of Life, Section  I Notes

I. Nature of Matter

A. Atoms: Smallest division of matter that retain properties of elements.  Made of 3 subatomic particles:

1.  Electrons: Outside nucleus; negative charge.

2.  Protons: In nucleus; positive charge.

3.  Neutrons: In nucleus; no charge.

B. Elements: Basic building blocks of matter.

          1.   116 or so Named…few important in bio    

           2.  Noted w atomic symbol.

          3.  Atomic Mass: # of protons + neutrons

[image: image1]
C. Bonds: Combine two or more atoms.

1. Covalent Bonds: Sharing of electrons between two nonmetals.

2. Ionic Bonds: Strong bond between a metal and nonmetal. 

3. Chemical bonds result in chemical compound, 2 or more atoms chemically combined.
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Section 1 Questions
1.  Define ‘Element’ (student definition…0 points for copying from text):

2.  How do you determine in an element is a metal or nonmetal?

3.   Name four nonmetals:

4.   List the atomic symbol for four metals:

5.   List the atomic numbers of three nonmetals:

6.  Complete:

	Element
	Atomic Number
	Atomic Symbol
	Metal or Nonmetal
	Number of Protons in Nucleus

	Oxygen
	
	
	
	

	
	
	      Li
	
	

	 
	6
	
	
	

	Sodium
	
	
	
	

	
	
	
	
	16

	
	
	       Cl
	
	

	
	1
	
	
	


7.  Complete:

	Subatomic Particle
	Location
	Charge

	Electron
	
	

	Proton
	
	

	Neutron
	
	


8.  Explain how compounds differ from elements:

9. Give an example of a compound:

10.  When provided with an chemical formula (e.g. H20), how do you determine if the atoms are held together with ionic or covalent bonds?
11. For the following, determine if the compound consists of covalent or ionic bonds:

      a.  CO2    ___________________                          d.  LiCl  _______                                

      b.  SO4    ___________________                          e.   C6H12O6  ____________________

      c.   CH4     ___________________                        f.    H2  __________________________

12.  Complete:

	Compound
	Total Number of Atoms
	Names of all elements contained in the compound

	C6H12O6
	
	

	H2O
	
	

	C12H22O11N2
	
	

	CuSO4
	
	

	H3O
	
	


14.  For the following compounds, list how many atoms are within each compound:  

       SiCl2H2 

       Na2CO3
       H2
15. All elements and compounds are

     (a) metals.    (b) ions.    (c) chemical substances.   (d) all of the above.

16. Which element is a nonmetal?

      (a) iron     (b) gold    (c) copper     (d) hydrogen

17. A chemical compound always has the same

     (a) composition.   (b) volume.   (c) mass.  (d) state.

18. Chemical bonds form when atoms share

     (a) neutrons.   (b) electrons.    (c) protons.   (d) molecules.

19. Types of chemical bonds include ionic bonds and

     (a) organic bonds.    (b) covalent bonds.    (c) atomic bonds.   (d) potential bonds.

20.  For each of the following, name the element, list number of protons and identify it as metal or nonmetal.
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Chemistry of Life, Section II Notes

Chemical Reactions and Energy

A.   Law of Conservation of Energy:  Energy cannot be created or destroyed, only converted into different forms.
                          1. Kinetic Energy:  Energy of Motion

                          2.  Potential Energy:  The ability to do work.
                  B.  Chemical Reactions:  Process in which substances (reactants) combine to form new stance(s) (products).
                          1  Chemical Equations: Representation of a chemical reaction.
                                  a. All uppercase symbols represent elements
                                  b.  When not separated they are a compound/molecule
                                  c.  If followed by subscript, that represents number of atoms in a molecule.
                                  d.  If preceded by number, represents the numer of atoms or molecules.
                                               2   H20        (     2   H2  +   O2
2. Conservation of Matter: In a chemical reaction, matter is never created or destroyed.
                   C. Activation Energy:  Energy required to get a reaction started.

Section 2 Questions
1.  Explain the example used in the flexbook to describe the difference between potential and kinetic   

energy:

2. What is the difference between kinetic and potential energy?

3. In the equation for photosynthesis on page 5…

           what are the reactants ?

           what are  the products?

    4.      What is a calorie?

5. When you eat food, what happens to the energy that was stored in the food?

6.  For the following reactions, underline all reactants and circle all products:

                     a.      H3PO4   +  Ca(OH)2    (  Ca PO4 +   H2O

b.  2 SO2  +  O2  ( 2 SO​​3
c. 3 Br2  +  N2   ( 2 NBr3 
d. H2     +  Cl2    (  HCl

e. Water  ( Hydrogen + Oxygen
7.  Complete

	Reaction
	Total # of Atoms of Reactants

(Find # of atoms in molecule, then multiply by number of molecules)
	Total # of Molecules Produced
	Number of Different Elements Involved w Reaction

	2 Mg  +  O2  (     2 MgO


	
	
	

	2 C + 2 O2 → 2CO2 


	
	
	

	2 H2O → 2 H2 + O2 


	
	
	

	HCl + NaOH → NaCl + H2O


	
	
	


8. Explain why equations need to be balanced.

9. Restate the Law of Conservation of Matter in your own words.
10. What is activation energy?
11. Common forms of energy include

      (a) light energy.      (b) chemical energy.       (c) heat energy.      (d) all of the above.

12. Which object has kinetic energy?

      (a) A tire on a parked car.         (b) A stone at the bottom of a pond.  

      (c) A leaf falling from a tree.     (d) A diver standing on a diving board

13.How many molecules of oxygen are reactants in this chemical reaction?
 CH4 +2O2  (   CO2 + H2O

   (a) zero      (b) one     (c) two   (d) four

Section III Notes:  Water – The solvent of life.  
             Important due to its electronegative properties (micky mouse diagram). The most common compound in   

             living bodies.

                                 


A. Unequal sharing of electrons due to oxygen’s strong pull on negative electrons.  Creates a polar molecule, charged on each end.

B. Water is excellent solvent because of its charged molecules (interact with other charged particles, like little magnets).
C. Water has high specific heat, or ability to store heat energy.
D. Water is cohesive, meaning its molecules stick to one another.  Due to polar bonds. Or hydrogen bonds (form between two water molecules).

E. Aquaous Solutions

Mixture – Two or more substances mixed together but not chemically bonded together.
                                       1. Solvent – the main ‘ingredient,’ often does the dissolving (water is the most universal solvent in the world)

       2. Solute – What is dissolved.

a. Acids – Special solution with hydrogen ions in solution – hydrogen ions are the most reactive ions known.

b. Bases – Solutions with hydroxide ions in solution (OH  ).

c. pH – The scale used to measure acids/bases 0 acid/ 7 neutral / 14 base

Section 3 Questions
1. For a molecule of water (H2O)…
    a .   How many atoms make up the molecule?

b. How many total protons are found in the molecule?

c. How many total electrons are found in the molecule?

2. For the water molecule illustrated below:

a. Label each atom and indicate how many protons are found in   

       each atom:

b. Electrons are pulled towards the positively-charged protons.  On the water molecule illustrated below, indicate which parts of the water molecule will be positively-charged and which part will be negatively-charged:
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3.  In a water molecule, the bond between the oxygen and hydrogen atoms are covalent or ionic?  Explain how you determine the bond type.

4.  Explain why water is a cohesive liquid.

5.  Explain why water is an excellent solvent.

6.  Use the illustration of water molecules below to answer the following questions:

a. In the illustration, the larger spheres represent oxygen. Next to each atom of oxygen and hydrogen, indicate the relative charge (+ or -).

b. What type of bonds do the dotted lines represent?

c. [image: image10.png]


What type of bonds do the solid lines represent (between oxygen and hydrogen atoms)? 

7.  Substance A is dissolved in a liquid and the substance is uniformly distributed in the liquid.

        a.    This mixture is called a ___________________

b. Substance A is called a ____________________

c. The liquid is called _____________________

8.  Substance A has a pH of 11.  Substance A is a ________________.

9.  Substance B releases OH- into solution.  Substance B is a ________________.

10.  Substance C releases H+ ions into solution.  Substance C is a _________________.

11.  Substance D has a pH of 3.  Substance D is a _____________________.

12.  Substance E has a pH of 7.  Substance E could be _________________.

13.  Based on Figure 5 in the Flexbook, determine if the following solutions have an excess of H+ (protons) or OH- (hydroxide ions):

a. ammonia :

b. blood:

c. lemon juice:

d. egg yolks:

e. lye:

7.  The image below comes from (http://homepages.ius.edu/GKIRCHNE/Water.htm).  The water molecules look like Micky Mouse, while the Na (+) and Cl (-) ions are being surrounded by the water molecules.  Explain why the water molecules are attracted to the solute particles:
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Matching
____ 1. acid

____ 2. base

____ 3. ion

____ 4. metabolism

____ 5. neutralization

____ 6. pH

____ 7. polarity

____ 8. solubility

____ 9. solute

____ 10. solvent
a. ability of a solute to dissolve in a particular solvent

b. sum total of all body reactions

c. measure of the acidity of a solution

d. solution with a higher hydronium ion concentration than pure water

e. substance in a solution that dissolves the other substance

f. solution with a pH higher than 7

g. reaction in which an acid and a base react to form a salt and water

h. substance in a solution that is dissolved by the other substance

i. difference in electrical charge between different parts of a molecule

j. electrically charged atom or molecule
____1. The greatest percentage of Earth’s freshwater is in

    (a) the atmosphere.   (b) rivers and lakes.   (c) living organisms.   (d) glaciers and polar ice caps.

____2. The polarity of water molecules causes them to form

     (a) new elements.    (b) hydrogen bonds.    (c) nuclei.   (d) solutes.

____3. In ocean water, water is the

     (a) ion.    (b) base.    (c) solute.     (d) solvent.

____4. Water cannot dissolve substances that are

     (a) very dense.    (b) highly basic.    (c) highly acidic.     (d) strongly nonpolar.

____5. A solution with a low hydronium ion (OH-)  concentration is

    (a) an acid.   (b) a base.   (c) a neutral solution.   (d) pure water.

____6. Compared with the pH of pure water, the pH of a base is

    (a) lower.      (b) higher.   (c) the same.    (d) zero.

Read this passage from the lesson and answer the questions that follow.
Water and Life

Humans are composed of about 70 percent water. This water is crucial for normal functioning

of the body. Water’s ability to dissolve most biologically significant compounds—from

inorganic salts to large organic molecules—makes it a vital solvent inside organisms and

cells. Water is an essential part of most metabolic processes within organisms. Metabolism

is the sum total of all body reactions, including those that build up molecules (anabolic

reactions) and those that break down molecules (catabolic reactions). In anabolic reactions,

water is generally removed from small molecules in order to make larger molecules. In

catabolic reactions, water is used to break bonds in larger molecules in order to make smaller

molecules. Water is central to two related, fundamental metabolic reactions in organisms:

photosynthesis and respiration. All organisms depend directly or indirectly on these two

reactions.

• In photosynthesis, cells use the energy in sunlight to change water and carbon dioxide

into glucose and oxygen. It is represented by the chemical equation:

                        6CO2 + 6H2O + energy --(     C6H12O6 + 6O2
• In cellular respiration, cells break down glucose in the presence of oxygen and release

energy, water, and carbon dioxide. It is represented by the chemical equation:

                         C6H12O6 + 6O2 -(   6CO2 + 6H2O + energy
Two other types of reactions that occur in organisms and involve water are dehydration

and hydration reactions. A dehydration reaction occurs when molecules combine to form a

single, larger molecule and also a molecule of water. It is a type of catabolic reaction. An

example of a dehydration reaction is the formation of peptide bonds between amino acids

in a polypeptide chain. When two amino acid bond together, a molecule of water is lost.

A hydration reaction is the opposite of a dehydration reaction. A hydration reaction adds

water to an organic molecule and breaks the large molecule into smaller molecules. It is a

type of anabolic reaction. An example of a hydration reaction is the breaking of peptide

bonds in polypeptides to form individual amino acids. Water is essential for all of these

important chemical reactions in organisms. As a result, virtually all life processes depend

on water. Clearly, without water, life as we know it could not exist.

Questions

1. Why is water a good solvent for organisms?

2. Define metabolism.

4. How is water involved in photosynthesis?

5. What is water’s role in hydration reactions?

Chemistry of Life, Section IV Notes

I.  Organic Molecules

     A.  Inorganic Compounds – compounds not formed by living things (usually don’t contain carbon – exception is  

                                                 carbon dioxide)

    B  .Organic – Organic means ‘made by living things.’ Most organic compounds contain carbon. Carbon has four 
                          electrons in its valence cloud, wants to form 4 bonds.  It has the ability to form huge molecules and long      

                           chains.

    C.  Polymers – Special type of compounds made of smaller monomers.

II.Compounds of Life – All organic molecules can be broken into a few categories.

A.  Carbohydrates: As the name implies (“carbo” for carbon and “hydrate” for water) these compounds often  

                       have a ratio of 1 carbon per 1 H20 molecule.  

A. Examples: sugars, starch, wood (cellulose)

B. The monomer?  a monosaccharide (like glucose)

C. The polymer? disaccharide up to polysaccharide. 

               B  .Lipids:  Used as energy stores (high energy per gram).  Many carbon-hydrogen bonds (ratio of H:O greater     

                                  than 2:1)

                                     1.  Examples: Fats, waxes, oils

2.  Useful for cell membranes, stored energy, insulation.

                                    3.  Saturated vs Unsaturated

                        a.  Saturated fats contain all single bonds between carbon atoms.  Usually solid at room  

                              temperature and excess saturated fats in diets appear to be linked to heart disease and  

                              some cancers.

b.  Unsaturated fats contain at least one double bonds so they are not straight fatty acid  chains.  Usually liquid at room temperature.

                 C.  Proteins: These contain nitrogen.  Useful as they make enzymes.

1.  : hair, muscle, enzymes

2.  Monomer? Amino acids (we must obtain 8 essential AA in our diet)
                                       3.  Polymer? Polypeptide chain (protein)

Section 4
1.  What is an organic compound?

2.  For the following compounds, label them organic (O) or inorganic (I):

a. H2O         _____

b. C6H12O6  _____

c. CO2             _____

d. C50               _____

e. NaCl        _____

f. OH-         _____

3.  Why don’t lipids mix with water?

4.  What are two common substances that are examples of lipids?

5. The image below illustrates the saturated vs unsaturated fats.  

              (http://www.nature.com/horizon/livingfrontier/background/figs/fat_f2.html)              
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a. Which type of fat has only single bonds between carbon atoms?

b. Which type of fat is usually solid at room temperature?

c. Which type of fat is usually found in plants?

6.  What atom is found in proteins but not commonly found in carbohydrates or lipids?

7.  What are the monomers of proteins?

8.  What are four vital functions of proteins in our bodies?

9. What role do nucleic acids play in the body?

4.  Complete:

      _____  Monomer of Complex Carbohydrates           a. Starch

                                                                                           b. Monosaccharide

      ______  Immediate Energy for Cells                          c.  Polysaccharides

      ______  Also known as complex carbohydrates         d.  Cellulose

      _______ An energy store in plants                              
       _______ Cell Wall in Plants                                       f.  Glucose

5.  What is the ratio of hydrogen to oxygen atoms in all carbohydrates?

6.  Why don’t lipids mix with water?

7.  What are two common substances that are examples of lipids?

8. The image below illustrates the saturated vs unsaturated fats.  

              (http://www.nature.com/horizon/livingfrontier/background/figs/fat_f2.html)              

d. Which type of fat is usually found in plants?
e. What is one use of saturated fats in living organisms?
9.  List three vital functions of lipids:

10.   Lipids are necessary for human health, but excess fats seem to increase the likelihood of certain health conditions.  List three health problems associated with excess fat consumption:

12.  What is an essential fatty acid?

13.  What atom is found in proteins but not commonly found in carbohydrates or lipids?

14.  What are the monomers of proteins?

15.  What are four vital functions of proteins in our bodies?

16. What is meant by the term, essential amino acid?

17.  Complete:

a.  _________   Waxy or oily organic compounds

b. In polymerization, complex molecules are formed by the joining together of      ____________.

c. ___________    A compound that releases hydrogen ions into solution.

d. Proteins, unlike carbohydrates, contain ______________.

e. Most substances in the human body are classified as organic compounds because they contain _______________.

f. _______________    An inorganic compound that is vital for life.

g. The catalysts in the body are known as ______________.

h. Humans must obtain eight essential ______________________ through    

             their diets

18.  Complete:

    _____ Source of Energy for Cells                              a.  Amino Acids

    _____  Make Enzymes                                                b.  Enzymes

    _____  Monomer of Proteins                                      c. Lipids

    _____  Speed up Reactions                                         d. Glucose

    _____   Made of sugars                                                e.  Proteins

    _____   Stored energy for animals                              f.  Starch

    _____  Polar Molecule                                                   g.  Glycogen

    ______ Nonpolar Molecule                                          e.  Water

19. Match each term with its description

	____1. Monomer of complex carbohydrates
	a. Saturated fatty acids

	____2. Monomer of lipids that is solid at room temperature.
	b. Amino acids

	____3. Monomer of nucleic acids
	c. Monosaccharide

	____4. Also known as complex carbs
	d. Unsaturated fatty acid

	____5. Monomer of protein
	e. Nucleotides

	____6. Monomer of lipids that is found in plants and is          beneficial to health.
	f. Polysaccharide


Write true if the statement is true or false if the statement is false.

______ 1. Carbohydrates contain nitrogen, carbon, hydrogen, and oxygen.
______ 2. Table sugar is an example of a lipid.
______ 3. Complex carbohydrates form the external skeleton of some animals.
______ 4. Lipids include substances such as fats and oils.
______ 5. Saturated fatty acids are found mainly in animals.
______ 6. Unsaturated fatty acids form straight chains.
______ 7. Lipids are the only organic molecules used for energy.
______ 8. Hemoglobin is a protein that carries oxygen in the blood..
______ 9. Long chains of amino acids are called polynucleotides.
______ 10. Proteins make up the majority of muscle tissues.

Lipids
Lipids are organic compounds that contain mainly carbon, hydrogen, and oxygen. They include substances such as fats and oils. Lipid molecules consist of fatty acids, with or without additional molecules. Fatty acids are organic compounds that have the general formula CH3(CH2)nCOOH, where n usually ranges from 2 to 28 and is always an even number.

Saturated and Unsaturated Fatty Acids

Fatty acids can be saturated or unsaturated. The term saturated refers to the placement of hydrogen atoms around the carbon atoms. In a saturated fatty acid, all the carbon atoms (other than carbon in the -COOH group) are bonded to as many hydrogen atoms as possible. Saturated fatty acids do not contain any other groups except -COOH. This is why they form straight chains. Because of this structure, saturated fatty acids can be packed together very tightly. This allows organisms to store chemical energy very densely. The fatty tissues of animals contain mainly saturated fatty acids. In an unsaturated fatty acid, some carbon atoms are not bonded to as many hydrogen atoms as possible. This is because they are bonded to one or more additional groups. Wherever these other groups bind with carbon, they cause the chain to bend. This gives unsaturated fatty acids different properties than saturated fatty acids. For example, unsaturated fatty acids are liquids at room temperature whereas saturated fatty acids are solids. Unsaturated fatty acids are found mainly in plants, especially in fatty tissues such as nuts and seeds. Unsaturated fatty acids occur naturally in bent shapes. However, unsaturated fatty acids can be artificially manufactured to have straight chains like saturated fatty acids. Called trans fatty acids, these synthetic lipids were commonly added to foods, until it was found that they increased the risk for certain health problems. Many food manufacturers no longer use trans fatty acids for this reason.

Types of Lipids

Lipids may consist of fatty acids alone or in combination with other compounds. Several types of lipids consist of fatty acids combined with a molecule of alcohol:

• Triglycerides are the main form of stored energy in animals. This type of lipid is commonly called fat.

• Phospholipids are a major component of the membranes surrounding the cells of all organisms.

• Steroids have several functions. The steroid cholesterol is an important part of cell membranes and plays other vital roles in the body. Other steroids are male and female sex hormones.

Questions

1. What are fatty acids?

2. Compare and contrast saturated and unsaturated fatty acids.

3. Why should you avoid eating foods containing trans fatty acids?

4. What are triglycerides?

5. Why do organisms need phospholipids?

Section 5 Questions
1.  If you eat a slice of bread, the enzyme amylase helps digest the starch into sugars.  In this reaction, list the following:

a. Catalyst:

b. Substrate:

c. Product:

2.  What are three things enzymes do that allow a reaction to occur more quickly?

3.  Figure 8 on page 14 in the Flexbook illustrates enzyme activity.  Explain why the shape of an enzyme is so important to its function.

4. Give an example of an enzyme that aids in digestion.

Enzymes and Biochemical Reactions
Most chemical reactions within organisms would be impossible under the conditions in cells. For example, the body temperature of most organisms is too low for reactions to occur quickly enough to carry out life processes. Reactants may also be present in such low concentrations that it is unlikely they will meet and collide. Therefore, the rate of most biochemical reactions must be increased by a catalyst. A catalyst is a chemical that speeds up chemical reactions. In organisms, catalysts are called enzymes. Like other catalysts, enzymes are not reactants in the reactions they control. They help the reactants interact but are not used up in the reactions. Instead, they may be used over and over again. Unlike other catalysts, enzymes are usually highly specific for particular chemical reactions. They generally catalyze only one or a few types of reactions. Enzymes are extremely efficient in speeding up reactions. They can catalyze up to several million reactions per second. As a result, the difference in rates of biochemical reactions with and without enzymes may be enormous. A typical biochemical reaction might take hours or even days to occur under normal cellular conditions without an enzyme but less than a second with the enzyme.

How Enzymes Work

How do enzymes speed up biochemical reactions so dramatically? Like all catalysts, enzymes work by lowering the activation energy of chemical reactions. Enzymes generally lower activation energy by reducing the energy needed for reactants to come together and react.

For example:

• Enzymes bring reactants together so they don’t have to expend energy moving about until they collide at random. Enzymes bind both reactant molecules (called substrate), tightly and specifically, at a site on the enzyme molecule called the active site.

• By binding reactants at the active site, enzymes also position reactants correctly, so they do not have to overcome intermolecular forces that would otherwise push them apart. This allows the molecules to interact with less energy.

• Enzymes may also allow reactions to occur by different pathways that have lower activation energy.
Questions

1. Why are enzymes essential for life processes of organisms?

2. Reactants are used up in chemical reactions but enzymes can be used over and over again.

Why?

3. How efficient are enzymes in speeding up chemical reactions? Give details to support

your answer.

4. How are enzymes like other catalysts? How are they different?

5. Describe one way that enzymes may lower the activation energy of reactions
	Vocabulary Term
	Example or

Student Definition
	Showing Sentence

	Chemical Reaction
	
	

	Chemical Compound
	
	

	Energy
	
	

	Activation Energy
	
	

	Element
	
	

	Polar Molecule
	
	

	Enzyme
	
	

	Inorganic Compound
	
	

	Organic Compound
	
	

















PAGE  
11

