MICROBIOLOGY:  CHEMISTRY PRACTICUM

Today's dangerous chemicals:  None!

Disposal requirements:  None!

Product?  You'll take a quiz on this material next week (check syllabus for date)

PURPOSE:
1. To learn how carbon atoms can be put together with other atoms to make the complex compounds that we call organic.

2. To learn the names of some characteristic groups of atoms.

3. To start feeling comfortable with chemical structures--to be able to look at a chemical structures and feel that it is simple and easy to understand.

RULES: 

l. Work in small groups of 2 or 3 students.

2. Follow the worksheet step by step.

3. After talking with others in the group, fill in your own answers on your own worksheet.

4 . Don't let one person do all the model-building. Everyone deserves to get hands-on experience manipulating atoms and molecules!
EXPLANATIONS:  

1. In standard molecule sets, carbons are black, hydrogen atoms are white, oxygen atoms are red, nitrogen atoms are blue

2. A covalent single bond is indicated by a stick between two atoms.  Remember that one bond represents two electrons.  A double bond is indicated by two springs between two atoms.

3. The number of holes in an atom model tells you the number of bonds it can make.  (Nitrogen is complicated; it has several holes, but usually it makes three bonds.)

4.  The formula for a compound (for instance, C6H6) tells the number of atoms of each kind in the molecule of this compound. If there is no subscript, that means only one atom. Thus, C6H6 means 6 atoms of C  with 6 atoms of H.  CH4 means l atom of C with 4 of H.

5.  Repeated groups within a molecule are indicated by putting parentheses around the atoms in the repeat.   Everything within the parentheses is repeated the number of times indicated by the subscript.  (CH2O)5 means C5H10O5.
CONCEPT 1. Elements

All the atoms of a single element ALWAYS have the same number of positively charged protons in the nucleus, the atomic number for that element.  Unless you are doing nuclear physics, the atomic number never changes.  

The atomic number of carbon is ___.  The atomic number of oxygen is ____.  The atomic number of hydrogen is ___.  The atomic number of sodium is ___.

In addition to the protons, most atoms have neutrons in the nucleus, too.  These add mass to the element, but don't change the charge.  Add the protons and the neutrons together, you'll get the atomic mass for that element.  Subtract the atomic number from the mass, and you'll get the number of neutrons in the nucleus.

Hydrogen has a mass of ___, an atomic number of ___, and so there are ___ neutrons in the nucleus.

Carbon has a mass of ___, an atomic number of ___, and so there are ___ neutrons in the nucleus.

Some atoms of chlorine have 18 neutrons, some have 19.  But all atoms of chlorine have 17 protons -- otherwise they wouldn't be chlorine! 

What is the atomic mass of chlorine?  In the world, there are about as many chlorine atoms with a mass of 36 as there are with a mass of 35 -- so the table gives the overall average, and it's 35.5. No chlorine has just half a neutron! For other elements, the split isn't quite so even that's why magnesium has a mass of 23.3.  It isn't that every magnesium has about a third of a neutron, it's that on average, seven of every ten have _______ neutrons, but 3 out of 10 have _______.

Chlorine 36 and chlorine 35 are still both chlorines, so the both fit on the same square of the periodic table.  We say they are isotopes, which literally means "same place".  Even though their weights are different, both types of chlorine react the same in chemical reactions.

Radioactive isotopes are special, because they have a combination of neutrons and protons in their nuclei that6 is unstable.  The nucleus decays, and energy is released as radiation.  Some elements have isotopes that are perfectly "cold" (non-radioactive, not unstable) while other isotopes of the same element are radioactive.  Go figure.  Carbon usually has a mass of 12, but 13 is fine, 14 is radioactive.

Hydrogen usually has a mass of 1-- just a __________ is in the nucleus.  Add a neutron, and you've got a mass of ____ .  We call it deuterium, and it's "heavy" -- it's used to make "heavy water".  But put in two neutrons, and you have hydrogen with a mass of ____, we call it tritium, and it is radioactive.

· Even radioactive isotopes still have the same set of reactions, and behave the same way chemically as the "cold" atoms of that element.  You can let the radioactive atoms react, then follow the reaction and the molecules produced by looking for the radioactive atoms.

· CONCEPT 2.  Electrons and their "shells"
· Electrons have a negative charge, and they balance the positive charges of the protons, resulting in uncharged atoms.

· Electrons exist outside the nucleus.  You can think of the electrons as zooming around in clouds, like bees buzzing around a point.  That's a little more realistic than thinking that the electrons circle the nucleus in perfect circles like planets orbiting the sun.  But, whatever works for you.

· A "shell" is a concept of a place to put electrons.  It isn't a physical thing like a snail shell.

· Atoms "want" to have their electron shells filled.  

· Shells closest to the nucleus fill first.

· The innermost shell is small -- only two electrons will fit there.

· The second shell is bigger, and eight electrons are needed to fill it.

· The third shell also needs eight electrons to be "full".

· You'll often hear about the second and third shells having an "octet" of electrons.

· The atomic number of an element tells the number of protons in the nucleus.  That number is ALSO the number of electrons in the shells -- however many shells are needed to accommodate all those electrons.

Hydrogen has an atomic number Of _____.  It has ____ proton in its nucleus, and _____ electron in its outer, inner, and only shell.  How many more electrons does it need to fill its shell? _____.  How many holes are in a white hydrogen atom? ____

Carbon has an atomic number of ______.  It has _____ protons in its inner shell, leaving _____ electrons in its outer (second) shell.  How many more does carbon need to fill its shell? ______,  How many holes are in a black carbon in the set? ______

Nitrogen has an atomic number of _____.   It has _____ protons in its inner shell, leaving _____ electrons in its outer (second) shell.  How many more does nitrogen need to fill its shell? ______,  How many holes are in a blue nitrogen in the set? ______

OK, Now you have an idea of what an element is, how to tell one element from another, and how the protons, electrons and neutrons fit into an atom.  So now we'll play around with what the electrons do.

CONCEPT 3.  Chemical bonds

All of the chemical reactions that happen are just rearrangements of electrons.  Electrons that belonged to one atom will later belong to another atom.  There are two main ways that electrons switch around, ionic bonds, and covalent bonds.  We'll talk about ionic bonds first, because they are easier, and also because we'll talk about them less.

Ionic bonds:
Think about a sodium atom.  The atomic number is ___;  There are ___ electrons  in its inner shell;  There are ___ in its second shell; and there is ___ in the third shell.  What a bother!

Now think about chlorine.  The atomic number is ___;  There are ___ electrons  in its inner shell;  There are ___ in its second shell; and there is ___ in the third shell.  It really, really wants ____ more!

So sodium says, "Take the #@%! electron.  Sure I'll have a positive charge on me, but it will be so nice not to have that raggedy electron in the outer shell!"  And chlorine says, "OK, fine!  I will!  Give me that %^$%#*! electron, and you'll never have to deal with this again, and MY shell will be lovely and filled. I rather prefer to have a negative charge.  I like being a negative ion."

You'd think that these two atoms would have nothing going on between them, but they sort of do.  After all, opposites attract, and the positive sodium looks pretty good to the negative chlorine.  So there's an attraction, but it isn't really long-term.  If another, better, positive ion comes along, that chlorine could be gone in a flash. Sure, the sodium and chlorine ions may be side by side in a crystal of salt, but if the crystal dissolves, the ions go their separate ways, diffusing through the water without a backwards glance.  If the water evaporates, and the crystal reforms, our sodium maybe cuddled up next to a completely different chlorine.  Giving and taking, giving and taking, isn't there any stability in the world?  Not in ionic bonds, I'm afraid…

Covalent bonds:

OK, here's the stability.  In a covalent bond, the electrons physically stay between the two atoms involved. Let's start with two atoms of hydrogen.  Each hydrogen has one electron, and it needs one.  So if the atoms pool their electrons, there are two electrons between the two nuclei.  Oddly enough, each atom "thinks" its shell is filled.  It's the old "what's mine is mine, and what's yours is mine" ploy, but it works, as long as those exact two atoms stay together and keep sharing.

Make a molecule of H2.  Remember that the little plastic bar connecting the two nuclei really is two electrons.

Hydrogen only has ____ electron to share. Hydrogen only needs ___. Hydrogen can only make ___ covalent bond.

Now look at oxygen, and think about its electrons.  Oxygen has _____ electrons in its outer shell, so it needs ___.  does it have enough to put up for sharing?  Sure, it does.

Let's make O2.  One oxygen puts up 2 electrons, the other oxygen puts up two electrons, so there are 4 electrons between the nuclei, all getting counted twice.  

Make O2 using the model sets, use slightly longer, flexible "bonds".  You have a double bond between the oxygen atoms.

But oxygen can share one electron with one atom, and another electron with a different atom.  

Make H2O to prove this to yourself.

Carbon and its bonds

Carbon has four electrons in its outer shell.  It must put up all four to share to fill its shells.  It makes four covalent bonds, but any individual carbon can make several combinations of singles, doubles, or even triples, as long as the total number of bonds is always ____.  

A carbon can make four single bonds, as in methane -- a carbon with four hydrogens bonded on.  Make this molecule.

Or carbon can make one double and two singles -- make a carbon with a double bond to oxygen, and two more hydrogens.  That is formaldehyde! Remember -- whenever you make a double or triple bond with the model kits, use the long flexible skinny gray connectors.

Make a carbon with two double bonds, double bonds to oxygen that is.  You've made CO2 also known as ____________________

Carbon can also make triple bonds.  For a lark, try making a molecule with H-CC-H.  Hard, isn't it?
Another nice thing about carbon is that it can make chains.  Link six carbons in a chain.   Fill up all the other "holes" with hydrogens.  You have just make hexane.
Other elements:

Nitrogen has ______ electrons in its outer shell, so it needs _____ .  It will put up _____ to share and so we usually see nitrogen making ____ covalent bonds.  However, nitrogen also has a fourth attachment point, and that's where a proton can me attached, giving the nitrogen (or any functional group containing nitrogen) a _____ charge.

Phosphorus is an element we will only encounter in the arrangement known as a phosphate.  Draw the phosphorus and the 4 oxygens surrounding it here.  Check your text for the right arrangement. 

Sulfur reacts like oxygen most of the time, but it shares electrons more fairly in bonds, so sulfur's bonds are not polar, unlike oxygen's.
CONCEPT 4.  Building up to molecules

Functional groups -- commonly encountered groups of atoms.  Each functional group will confer a particular "flavor" to molecules, and also enable that molecule to undergo a particular set of reactions.  From the list below, make the first four functional groups with the model sets.  Put each one onto a carbon atom, and fill in the rest of the atom with hydrogens as necessary.  Check Table 2.3 in your text.  Make the models, and practice drawing them too. "R" stands for the "rest of the molecule" -- the stuff we aren't going to bother to draw. as you make the models, R is just a carbon atom, with enough H to fill up the holes.

hydroxyl  R-O-H

sulfhydryl  R-S-H

amine  R - N -H



      H

phosphate -- just draw this one! 

carbonyl-- make a chain three carbons long.  Put an oxygen double bonded to the middle carbon. the carbon with an oxygen double bonded on is called a carbonyl.  Fill in any empty holes with hydrogen.  Draw your molecule on the paper.  What is it?  Acetone!  When the carbonyl is in the middle of the carbon chain, we call that molecule a ketone.  Most molecules that are ketones have names that end in "-one"

Now make a chain four carbons long, and put the oxygen double bonded to a carbon on the end of the chain.  This molecule is in a class called aldehydes, and is called butanal.  Most molecules with aldehydes have names that end in "-al"

carboxyl Make a carbon chain just two carbons long. and to one of the carbons add a double bonded oxygen, AND a hydroxyl.  fill in the other carbon with three hydrogens.  This is acetic acid, and the functional group of the carbon, the double bonded oxygen and the -OH is called a carboxyl.  This functional group is often written COOH.  This functional group will readily lose a proton, leaving it as COO-, and that's why it is an acid.  Molecules with carboxyls usually have "-ic acid" at the end of their names, or just "-ate" if the proton has already left, for example, acetic acid, or acetate.
Making some simple molecules
Hydrocarbons are molecules that only have the elements hydrogen and carbon. Now make a molecule of methane, CH4 . Note that there is only one way that a carbon can be put-together with four hydrogens, because the C atom has _____ holes, indicating that it makes ____ bonds, and the H atom has ___ holes.








       H

A simple representation of this molecule on paper is:   H   C   H









      H

Fill in lines to represent chemical bonds.

Write the formula of this compound 

Make a chain of two carbons, and fill in the rest of the holes with hydrogen.  You have make a hydrocarbon called ethane, C2H6.  Draw the structure on paper with lines and letters.
We don't work with hydrocarbons very much in Micro.  Let's put on some functional groups to create the molecules you'll encounter here.

A simple molecule to make is glycerol.  The structure has a chain of three carbons, and there is one hydroxyl on each carbon.  Fill in all the other holes with hydrogen.  Draw the structure here, too.
Glycerol tastes sweet if you eat it, but sugars are sweeter. Typically a simple carbohydrate has a carbon chain of 3 to 7 carbons long, a carbonyl on the first or second carbon (but not both) and hydroxyls on all the other carbons.  Make glucose and fructose.  Both have carbon chains that are six carbons long.  Glucose has the carbonyl on the end carbon, but fructose has the carbonyl on the second carbon. After you make the models, draw the structures on the paper, and give the formula.  Both are C__H__O__.

Fatty acids have a long carbon chain, up to 20 carbons (but just use eight carbons in your model!) and the carboxyl is at the end. All of the other carbons are filled up with hydrogens. Make two fatty acid molecules.  With the second one, remove two hydrogens from adjacent carbons in the "tail" and form a double bond between those carbons.  You have just made an unsaturated fatty acid.  

One fatty acid differs from another in its length, and in the number and locations of the unsaturations -- the double bonds.  Fatty acids are found in triglycerides, fats, oils, and in phospholipids, as we'll see below.

Amino acids are the monomers used to make proteins.  There are twenty amino acids that are used to make proteins.  Part of their structure is common to all.  Make a chain of two carbons, and make the end carbon a carbonyl.  Add an amino group to the other carbon.  You've just made glycine, the simplest amino acid.  check page 46 in your text. 

Take one hydrogen off the carbon that holds the amino group replace that hydrogen with a carbon, and fill that new carbon with three hydrogens.  That a.a. is alanine.  now take one of the hydrogens off the carbon you just added and replace that H with a hydroxyl.  You have serine.  

But wait -- there's more!  take off the hydroxyl, and put in a sulfhydryl -- now you have cysteine.  

We won't make all the amino acids, but I want you to know that they have a common part (the carboxyl and the carbon that holds the amino group) but the parts that are also attached to that carbon determines which of the twenty you have.  In a Biochemistry course you'd memorize all twenty and be able to draw them at the drop of a hat.  
CONCEPT 5. Building macromolecules
Now that you have made sugars, amino acids and fatty acids, let's see how these small molecules can join together to make macromolecules.
Almost always, when two monomers join together, a water molecule is removed from between them. This is called a condensation reaction.

peptide bonds:   Make two amino acids, and line them up with the amino of one next to the carboxy of the other, as shown on page 47 of your text.  remove the "OH" from the carboxyl and one H from the amino.  Make water out of these atoms.  Now take the C of the carboxyl and bond it to the N of the other amino acids' amino.  You have made a peptide bond.  A peptide bond is always between an amino group of one molecule and a carboxyl group of another.  A polypeptide is a long chain of amino acids, as you would find in a protein or an enzyme. 

ester bonds are between hydroxyls (such as glycerol) and a carboxyl (such as that of a fatty acid.  Don't build a model, but see how they are made, and draw them as they are on page 43 of your text.  

glycosidic bonds hold sugars together into starch, glycogen, and other polysaccharides.  We won't ever draw them.

Phosphoester bonds are made when you use a phosphate instead of a carboxyl.  Phosphoesters hold the phosphates to the hydroxyls of riboses in the backbone of RNA, for example. You'll also find phosphoester bonds in phospholipids -- check out their structure on p 44.
phosphoanhydride bonds are made when two phosphates do a condensation reaction.  These bonds are very strained.  That's what gives ATP its kick! look at page 51.

Nucleic acids -- using what we've learned to take a closer look at a complex molecule.
The last major class of biological molecules are the nucleotide derivatives, including polymeric nucleic acids nucleotide has three parts. What are they?

The sugar part of a nucleotide is one seldom found anywhere else. In RNA and metabolic nucleotides (like ATP), the sugar is ribose, which we've talked about before. Look at page 49 of your text.
The sugar in DNA is almost the same, although the seemingly minor difference is big enough that either nucleic acid won't fit the enzymes necessary for operation of the other one. It's kind of like a four-fingered glove trying to fit a five-fingered hand!  DNA has deoxyribose, in which one oxygen atom is absent at carbon #2, leaving only a hydrogen instead of an alcohol group. Write the structure of deoxyribose in the right half at #27 for comparison with ordinary ribose.  Deoxyribose is slightly less chemically reactive than ribose, making it a good choice for an "archival" molecule like DNA.
Next there's a phosphate joined tot he sugar with a phosphoester bond.  You'll never have to draw this, but I thought you'd like to know.
The third part of a nucleotide is called a nucleobase because it has available unshared pairs of electrons, making it chemically basic. However, they are the part of the molecule which participates in hydrogen bonding to produce the specific pairing that makes nucleic acid the cell blueprint. Therefore, since they're chemically "tied up", only the phosphate groups are reactive, so we end up with a nucleic acid.
The pairing of these bases in the double stranded DNA (or sometimes double stranded RNA) is highly specific, depending on maximizing the number of hydrogen bonds. While other combinations are possible, they don't last long. Notice also that a purine base always pairs with a pyrimidine, yielding a constant length for the pair. That produces the constant diameter of the coil of the double helix. Write the name of the base paired with each one below.

adenine - ___________________
thymine-___________________

cytosine- ___________________
uracil- ___________________

guanine- ___________________

From memory or from the text, write the names of the nucleobases found in each nucleic acid. 

We won't worry about the specific chemical structure of any of the nucleobases. However, they come in two "families". Structures for them are shown below



The pyrimidines you find in RNA are _______________, ___________________

In DNA you find these pyrimidines: _____________________ and ______________________

Both RNA and DNA have the purines __________________ and _________________________



These are the molecules we'll refer to as the semester goes along.  Fill in the table for a quick summary.
MACROMOLECULE
MONOMERS
ELEMENTS
FUNCTIONAL GROUPS
BONDS
MOLECULAR WT

proteins






starch, glycogen






triglycerides






phospholipids






nucleic acids
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