Name ________________________________________
Block ___________
Date ________________

PACKET #1 

Unit 1:  Chemistry of Life, Part I
Reading:  Chapter 2 in textbook

Objectives: Upon completion of this part of the unit, you should be able to:

Topic 1:  The nature of matter – Chapter 2
1. List the four elements that are most abundant in living organisms (2.1).

2. Describe what is meant by a trace element and give examples (2.2).

3. Explain the relationships among atoms, molecules, elements, and compounds (2.3).

4. Describe and diagram the structure of an atom, including: protons, neutrons, electrons, and their charges (2.4 and prior knowledge).

5. Define and draw an ion, and provide examples.  Define an isotope, and provide examples. (2.4, 2.7)
Topic 2:  Bonding and properties of water – Chapter 2
6. Define a covalent bond, and compare polar covalent bonds vs. nonpolar covalent bonds (2.7, 2.8, 2.9).

7. Explain why the bonds within a water molecule are polar covalent bonds.  Then, explain what a hydrogen bond is, and why hydrogen bonds form between adjacent water molecules. (2.9, 2.10).

8. Explain the following properties of water (including how these are biologically relevant): high surface tension, high specific heat, solid water is less dense than liquid water, water as the “universal solvent,” and capillary action.   Along the way, be sure to address cohesion and adhesion (2.11-2.14).

9. Define and relate the terms solution, solvent, and solute (2.14).
Topic 3:  Basic chemistry – Chapter 2

10. Describe the relationship between acids and bases in terms of pH scale and include how each are formed (2.15).  Construct a line graph to illustrate collected data, in regard to pH.

11. Explain the different parts of a chemical equation – determine which parts of the equation are the reactants and which are the products and explain how chemical reactions affect chemical bonds.  Apply your understanding of both chemical reactions and amino acid structure to dehydration synthesis reactions, and also to degradation hydrolysis reactions. (2.18).
Vocabulary:

	Topic 1:
	Topic 2:
	
	Topic 3:

	Trace element
	Polar covalent bonds
	Specific heat
	pH

	Atoms
	Nonpolar covalent bonds
	Heat of vaporization
	Acid

	Molecules
	Polarity
	Solution
	Base

	Compounds
	Electronegativity
	Solvent
	Reactants

	Protons
	Hydrogen bond
	Solute
	Products

	Neutrons
	Cohesion
	Density
	Dehydration synthesis

	Electrons
	Adhesion
	
	Degradation hydrolysis

	Isotopes
	Capillary action
	
	Homeostasis

	Ions
	Surface tension


Objective 1: List the four elements that are most abundant in living organisms (2.1). ___________________

_______________________________________________________________________________________

Objective 2: Describe what is meant by a trace element and give examples (2.2). ______________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

Objective 3: Explain the relationships among atoms, molecules, elements, and compounds (2.3, 2.4). ______

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________
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Objective 4: Describe and diagram the structure of an oxygen atom, including: protons, neutrons, electrons, and their charges (2.4 and prior knowledge).


Activity A: The Structure of an Atom

To answer the following questions, refer to the periodic table.

1. What is the atomic number of sodium?  __     

2. How many protons does one sodium atom have? ____

3. Assume the atom is neutrally charged overall.  How many electrons does it have?  ____

4. What is the atomic mass of sodium? ____
  

5. How many neutrons does one sodium atom have? ____

6. Below is a model of an oxygen atom.  Draw a similar model for a sodium atom.  Your model should show both the position and the number of electrons, protons, and neutrons.

Oxygen Atom:





Sodium Atom:
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Objective  5: Define and draw an ion, and provide examples. (2.4, 2.7)
7. An ion has a net charge; in other words, its number of total protons does NOT equal its number of total electrons.  Suppose that you instead had a sodium ion.  What charge would you expect this sodium ion to have? *______ (*Be specific; it’s not enough simply to write “+” or “-.” You must also include a #.)

8. Draw a model for this ion.  Your model should show the position and the number of electrons, protons, and neutrons.

9. What charge would you expect for a potassium ion? *_______  For a chloride ion? *__________

	Connection to Biology: In your body, sodium, potassium, and chloride ions play a critical role in terms of your ability to transmit nervous system signals from one place to another.  Just to control the movements of your eye muscles to read this page, countless ions have had to travel across cell membranes.


Activity B: All of Life is Carbon Based

Objective 5, cont: Define an isotope, and provide examples. (2.4, 2.7)
10. Suppose you have two carbon atoms: one with an atomic mass of 12, and another of atomic mass 14. These two atoms are isotopes of one another.  Complete the following table to compare the atoms.

	Atomic mass
	# protons
	# electrons
	# neutrons

	12
	
	
	

	14
	
	
	


	Connection to Biology: Carbon isotopes are often used to help figure out the age of fossils.  Earth is estimated to be about 4.6 billion years old, and the first life on Earth likely existed approximately 4 billion years ago. With the exception of carbon dioxide, any molecule containing carbon is an organic molecule.  In addition to carbon and hydrogen, organic molecules may also contain sulfur, phosphorus, oxygen, or nitrogen. (SPONCH)


11. Photosynthesisis the process used to make glucose, whereas cellular respiration is the process used to break-down glucose.  Glucose has a chemical formula of C6H12O6.  When oxygen molecules are used to help break down glucose, the process is specifically called aerobic cellular respiration.

a.) Balance the following chemical equation for aerobic cellular respiration:
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Although an initial energy investment is necessary to break the bonds of glucose, overall more energy is released (vs. invested) when the new molecules of carbon dioxide and water are formed.  The mitochondria of your cells have done quite a bit of aerobic cellular respiration just over the time it’s taken you to read this paragraph.  


b.) What is/are the reactants in the above equation? ____________________________


c.) How many oxygen molecules are present on the reactant side? _____  Product side?  _______


d.) How many oxygen atoms are present on the reactant side? ______ Product side? _______


e.) As this chemical reaction proceeds, what happens to the number of oxygen molecules on the planet? ______________________  If the number of oxygen molecules changed, explain why: __________
________________________________________________________________________________
________________________________________________________________________________

f.) As this chemical reaction proceeds, what happens to the number of oxygen atoms on the planet? ______________________


g.) Which of the following graphs do you think best represents the energy profile of cellular respiration as a chemical reaction?  Explain.  (This means that you must explain what is accurate about the graph you chose AND what is inaccurate about the other two graphs.)


Graph A:



Graph B:



Graph C:





__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

Objective 6: Define a covalent bond, and compare polar covalent bonds vs. nonpolar covalent bonds (2.7, 2.8, 2.9). ____________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________________

Objective 7: Explain why the bonds within a water molecule are polar covalent bonds.  Then, explain what a hydrogen bond is, and why hydrogen bonds form between adjacent water molecules. (2.9, 2.10). __________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________________
Activity C: Water – The Most Common Molecule in All Organisms!

12. Water, otherwise known as H2O, is the most common molecule in your body.  Because water doesn’t contain carbon, it’s an inorganic molecule. 

Now, draw a model of a single water molecule, to show the bonding in more detail.  As an example, you’ll see a similar model for an H2 molecule.  Notice that the model shows overlapping orbitals to signify the location of a bond, and also shows which electrons are participating in the bond.



H2:
H – H





H2O:

H
 H



13. Within the H2 molecule, what kind of bond (be as specific as possible!) connects the two hydrogen atoms to one another? ________________

14. Within the H2O molecule, what kind of bond connects the atoms? __________________________

15. Does a water molecule have regions of charge?  ______ Explain why or why not. ____________________
______________________________________________________________________________________
______________________________________________________________________________________

16. Is a water molecule an ion?  _____ Explain why or why not.  _____________________________________
______________________________________________________________________________________
______________________________________________________________________________________

17. Now, use the magnetic water kits (and the instructions that came with them) to build an ice (H2O) crystal.  What kind of “bond” connects the water molecules (intermolecular force) to one another? _____________

18. Keep your ice crystal intact.  Now, look at a second magnetic water kit, and look at the water molecules in the plastic cup.  Compare the density of the liquid water molecules (inside the cup) to the density of the ice crystal that you just built (solid water molecules).  Which has the lower density: ice (solid water) or liquid water? _______________________

As temperature goes down and ice forms, kinetic energy (energy of motion) decreases; therefore, the hydrogen bonds between the water molecules become less temporary, and essentially push the water molecules apart from one another.

19. Is there a difference between writing 10H2O and H20O10?  Being as specific as possible, explain why or why not. ___________________________________________________________________________________
_______________________________________________________________________________________
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

20. How many drops of water can you pile on top of a penny before they collapse? _____


21. Use the chart on the next page to take notes (in class) on the properties of water.


22. Referencing the properties of water (notice I didn’t say “referencing a property” – you should reference multiple properties), explain why you were able to pile so many drops of water on top of the penny. 
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Objective 8: Explain the following properties of water (including how these are biologically relevant): high surface tension, high specific heat, solid water is less dense than liquid water, water as the “universal solvent,” and capillary action.   Along the way, be sure to address cohesion and adhesion (2.11-2.14).

Objective 9: Define and relate the terms solution, solvent, and solute (2.14).



Objective 10: Describe the relationship between acids and bases in terms of pH scale and include how each are formed (2.15). _____________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

________________________________________________________________________________

_________________________________________________________________________________________
Objective 11: Explain the different parts of a chemical equation – determine which parts of the equation are the reactants and which are the products and explain how chemical reactions affect chemical bonds.  Apply your understanding of both chemical reactions and amino acid structure to dehydration synthesis reactions, and also to degradation hydrolysis reactions. (2.18). _____________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

________________________________________________________________________________

_________________________________________________________________________________________
Activity D: pH and Homeostasis – Follow Teachers Instructions 


23. What is pH? ________________________________________________________________________
__________________________________________________________________________________


24. What is homeostasis? _________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________


25. As NaOH (base) is added to water:
	Number of total drops added
	pH of water
	pH of buffer solution

	
	Individual data
	Class data
	Individual data
	Class data

	0
	
	
	
	

	5
	
	
	
	

	10
	
	
	
	

	15
	
	
	
	

	20
	
	
	
	


As NaOH (base) is added to milk:
	Number of total drops added
	pH of milk – individual data
	pH of milk – class data

	0
	
	

	5
	
	

	10
	
	

	15
	
	

	20
	
	


Sketch of Graph:

Activity E: Building Molecules (Using Molecular Modeling Kits)

26. Ever been told to make sure that you have enough protein in your diet?  Dairy, meat, and soy (tofu) are all good sources of protein.  Protein molecules are made of building blocks called amino acids.  There are 20 different amino acids, put together in different combinations, to build specific protein molecules.  When you eat protein, your digestive system breaks the protein down into amino acids.  These amino acids are then absorbed into your bloodstream, and eventually into your own cells.  Your own cells then put these amino acids together to build a human protein: an antibody, muscle, hair, or an enzyme, for example.  All of these are protein molecules.  Guess you really are what you eat…

All amino acids have the same basic structure, as shown below to the left.  The “R” group is a variable group, which is different depending on the specific amino acid.  So, since there are 20 amino acids in total, there are 20 different possible variable groups.  In the middle, you see the molecular structure of a specific amino acid called alanine.  On the right, you see the molecular structure (structural formula) of a different amino acid called serine.

Basic amino acid structure:


Alanine:


Serine:


a.) The “R”  (variable) group varies, from one amino acid to another.  The other groups (amino, carboxylic acid group) always remain the same, no matter what amino acid you have.  What is the “R” group of an alanine molecule? ___________  What is the “R” group of a serine molecule? ______________

b.) One pair of students should now build an alanine molecule, and another pair of students should build a serine molecule.  Call your teacher over to check your work and initial the page.

c.) When amino acids bond together to make a depeptide molecule, the amino group of one amino acid joins together with the carboxyl group of the other amino acid.  Now, using the amino acids you have built, perform the chemical reaction necessary to build a dipeptide molecule.  Use the diagram below to help you figure out how to do it before actually manipulating the models. (Note: To make the dipeptide, you need to remove the –OH from the carboxyl group of the first amino acid, and then remove the H from the other amino acid’s amino group.)  Also remember that you are performing a balanced chemical reaction.  You must end with all of the atoms you started with – they may be part of new molecules, but they must all be present!  When you are done, call your teacher to check your work.

d.) In addition to your dipeptide, what other molecule did you end up forming? _______

e.) Using structural formulas, depict the chemical reaction you have just completed.  This means that you must draw pictures of all reactant and product molecules.  You don’t need to use your model for this part…figure out what you did and use the general structural formulas listed on the previous page if you’d prefer.

f.) Now, using words, fill in the blanks below to describe the chemical reaction you just completed (you don’t know the name of the specific dipeptide – just call it “dipeptide”).  

____Serine_____ + __________________ ( _________________ + ________________

g.) Write out a balanced chemical equation that accurately reflects the process of joining two amino acids together (specifically, serine and alanine) to make a dipeptide molecule. Here, you should use chemical formulas instead of structural formulas or words (use the format CwHxOyNz for the amino acids and dipeptide).

______________ + _______________ ( ________________ + _______________

h.) This type of reaction that takes two monomers (smaller organic molecules) and joins them to create a larger organic molecule is called a dehydration synthesis reaction.  Explain why both parts of this name make sense. ____________________________________________________________________
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

i.) When larger organic molecules are broken into smaller organic molecules, the reaction is called a degradation hydrolysis reaction.  This reaction takes place, for example, in your digestive system.  Explain why the name of this reaction makes sense. _________________________________________
______________________________________________________________________________________________________________________________________________________________________

j.) Using words, fill in the blanks below to show the degradation hydrolysis of your dipeptide molecule into 2 separate amino acid molecules. 

______________ + _______________ ( ________________ + _______________

k.) Now, write out the balanced chemical equation that accurately reflects the process of breaking your dipeptide molecule into 2 separate amino acids.  Here, you should use chemical formulas, not structural formulas or words.

______________ + _______________ ( ________________ + ______________

Activity E, cont’d: Taking it a Step Further

27. Suppose that you were to bond 5 alanine and 2 serine amino acids into one polypeptide molecule.  A “polypeptide molecule” is defined as a molecule made from at least three amino acids.  (Once a polypeptide molecule is fully constructed and folded into a certain 3D shape, it is called a protein molecule.)  There is no set formula for a polypeptide molecule; it all depends upon which amino acids are used to build the polypeptide, and how many amino acids are used.


a.) Would this be a dehydration synthesis or degradation hydrolysis reaction?__________________


b.) Would this reaction form water or consume water? ___________
How many molecules? ____


c.) Would water be a reactant molecule or a product molecule? ______________


d.) Using words, describe the chemical reaction:

 
_______________ + _______________ ( _______________ + _______________


e.) Now, write out the balanced chemical equation (using molecular formulas): (Hint – DO NOT draw and add up the number of C, H, O, and N in the polypeptide…use math!)

 
_______________ + _______________ ( _______________ + _______________

28. In your small intestine, you chemically break down (chemically digest) polypeptide molecules.  As a result of this digestion, you transform single polypeptide molecules into multiple amino acid molecules, which are small enough to be absorbed from your intestine into your bloodstream.  Suppose that you digest a particular polypeptide molecule, and form the following amino acids: 2 glycine amino acids, 1 alanine amino acid, and 2 serine amino acids.  (Note: Glycine as a single hydrogen – and no other atoms  in its “R” group.)


a.) Would this be a dehydration synthesis or degradation hydrolysis reaction?__________________


b.) Would this reaction form water or consume water? _________  How many molecules? _______


c.) Would water be a reactant molecule or a product molecule? ______________


d.) Using words, describe the chemical reaction: (cross out any unnecessary blanks)

___________ + ___________ + ___________ ( ___________ + ___________ + ___________


e.) Now, write out the balanced chemical equation (using molecular formulas): (Again – DO NOT draw and add up the number of C, H, O, and N in the polypeptide…use math!)

___________ + ___________ + ___________ ( ___________ + ___________ + ___________
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(Note that this diagram is NOT to scale)
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Notice the bent structure
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Orbitals overlap to show shared electron pair/bonding between the hydrogen atoms (2 e- = 1 e- per H atom)











High Specific Heat; High Heat of Vaporization





What does “high specific heat” mean?





What does “high heat of vaporization” mean?





Why does H-bonding allow these to occur? 








Capillary Action





What does this mean?














Why does H-bonding allow this to occur? 








Surface Tension





What does this mean?














Why does H-bonding allow this to occur? 





Properties of Water





Water as the “Universal Solvent”





Solvent:


Solute:


Solution:








What does “universal solvent” mean?




















Objective 8: Explain the following properties of water (including how these are biologically relevant): high surface tension, high specific heat, solid water is less dense than liquid water, water as the “universal solvent,” and capillary action.   Along the way, be sure to address cohesion and adhesion (2.11-2.14).


Objective 9: Define and relate the terms solution, solvent, and solute (2.14).








Intermolecular Property








Cohesion:





Adhesion:











Intramolecular Property





Atomic Properties (O vs. H)





Density of Solid Water is Less Than Liquid Water





What does this mean?














Why does H-bonding allow this to occur? 








Biological Significance
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Construct a line graph to illustrate collected data, in regard to pH.
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