	Mapping Chemistry Overview


	Introduction
How are biological molecules manufactured?  What is it about these biological molecules that allow them to do their work inside the cell? 

These are big questions that can be answered at different levels, but in order to understand the answers, we need to understand how molecules themselves behave.  Here, you will explore the range of molecular interactions in order to understand how molecular structures encode their biological functions and what special properties different types of molecules have that make them suitable for different types of cellular tasks.  You will also acquire the tools of chemical knowledge that you will need in order to understand how biological molecules are assembled in cells.



	Objectives:
· Evaluate the components of atomic structure that determine how they form molecules

· Describe how atoms combine into molecular structures and some simple rules for predicting these molecular structures

· Describe some molecular behaviors necessary to understand the chemical reactions used in the manufacture and operation of biological molecules inside cells.



	Key Terms:
Acid – a molecule that releases a hydrogen ion when placed in water

Acidic pH – a pH value less than 7.0

Alkali – a substance that is a base, that absorbs a hydrogen ion when placed in water

Alkaline pH – a pH value more than 8.0

Anion – an ion that has a net negative charge

Atom -- the fundamental building block of matter;  consists of varying numbers of electrons, protons, and neutrons

Base – a substance that absorbs a hydrogen ion as it dissolves in water

Catalyst – a substance that speeds the rate of a chemical reaction.  They are often metals, acids, or bases.

Cation – an ion that has a net positive charge

Covalent bond – a chemical bond in which two atoms share a pair of electrons

Dehydrations synthesis – a chemical reaction in which a macromolecule (polymer) is formed by linking together its monomers, or building blocks.  This reaction releases a water molecule with each new building block that is added to the macromolecule.

Electron –  a negatively charged subatomic particle that occupies orbitals around the atomic nucleus

Electrostatic attraction/repulsion – opposite charges attract/negative charges repel

Element – a substance that consists only of atoms with the same number of protons.

Hydrogen bond – an electrostatic attraction between a hydrogen atom and a nitrogen, oxygen, or fluorine atom, when the hydrogen is bound to a nitrogen or oxygen;  the hydrogen bond can be between different molecules and the formation of the hydrogen bond does not change the molecules involved in the hydrogen bond;  hydrogen bonds are weaker than bonds, so are easily interchanged between different molecules;  hydrogen bonds can be made within a very large molecule and assists in self-assembly of complex biological molecules

Hydrogen ion – a cation formed when a hydrogen atom lacks its electron

Hydrolysis – a chemical reaction that breaks down a macromolecule (polymer) into its constituent building blocks (monomers).  This chemical reaction requires a water molecule (“hydro”) in order to break apart (“lysis”) a macromolecule.

Hydronium ion – a cation fromed when a hydrogen ion reacts with a water molecule

Hydrophilic – “water-loving” – dissolves easily in water, a polar or ionic compound

Hydrophobic – “water-fearing” – resists dissolving in water, a nonpolar compound

Hydrophobic effect – the self-assembly of molecules in water caused by a burying of hydrophobic molecular regions by hydrophilic regions of molecules

Hydroxide ion – OH-, an anion formed when water releases a hydrogen ion:  H2O -> H+ + OH-

Ionic bond – a chemical bond that holds a cation together with an anion by electrostatic attraction

Metal – an element or combination of elements that has a low electron affinity and has the properties of being shiny, is malleable, and conducts electricity

Monomer – a building block from which a polymer is built

Neutral pH – 7.0

Neutron – a subatomic particle found in an atomic nucleus that has a similar mass to a proton, but carries no charge

Nonmetal – an element that forms covalent bonds with other nonmetals, all poor conductors of electricity

Nonpolar – a type of molecule or covalent bond that has no net displacement of electrons, so is electrically balanced and has low water solubility

Nucleus – the center of atoms, where the protons, neutrons, and most of the mass of the atom

are found 

Orbitals – the region of space in an atom around its nucleus where electrons reside

Oxidation – a chemical reaction in which an electron is lost, creating a cation

Periodic table – an organization of the elements in order of increasing size and grouped according to similar chemical properties and electron orbital arrangements

Polar – a compound or covalent bond that has a displacement of electrons, causing a partial ionic character, is hydrophilic and dissolves in water

Polymer – a large molecule built from linking together large numbers of monomer subunits

Polymerization – the chemical reaction that links large numbers of monomer subunits together to form a polymer, used in the synthesis of plastics

Proton – a subatomic particle found in atomic nuclei that carries a net positive charge

Redox reaction – a reduction reaction and oxidation reaction that transfers an electron from one atom to another, forming a cation from the substance that is oxidized and an anion from the substance that is reduced

Reduction – a chemical reaction in which a substance gains an electron, forming an anion

Salt – a compound that is formed by ionic bonding of a cation to an anion




	Concepts / Principles / Facts
ATOMS

What are they?  

All matter, everything that you can touch and feel and the air that you breathe, is made up of tiny subunit particles called atoms.  There are over 100 different kinds of atoms that chemists have been able to find, which they classify as different “elements”, and each kind of element has properties that make them behave differently from each other.  Chemists have studied the behaviors of all elements, and have found that some fundamental ways that they differ from each other have to do with their size and how many subatomic particles they are made up of.  Chemists have named the different elements and have given each name a shorthand symbol made of one or two letters.  They have organized the elements in a “periodic table” that arranges the elements according to their size.  The elements that are placed in the same column of a periodic table have similar behaviors, or chemical properties.
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Found at:  http://www.chemtutor.com/struct.htm
other sites with periodic tables that are more informative include:

http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/reaction/bonding1.swf
an interactive periodic chart that shows the bonding of salts (Iowa State U)

http://www.saburchill.com/chemistry/visual/PT/001.html
an interactive periodic chart that shows detailed info on each element

http://chemicool.com
an interactive periodic chart that shows detailed info on each element and outside internet links

http://acswebcontent.acs.org/games/pt.html
American Chemical Society interactive periodic chart]

Atomic Structures

The structure of atoms can be compared to the solar system:  the atomic nucleus (Sun) has electrons (planets) traveling around it in orbitals (orbits).  In what ways are they similar to each other and in what ways do they differ?

The Solar System)

[image: image2.png]=%

\

(f@

.




From:  http://www.rfcafe.com/references/general/solar_system.htm
A typical Atom 
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A silicon atom from: http://www1.eere.energy.gov/solar/atomic_description.html
Similarities between the Solar System and an Atom

But they differ because:  

Sun as nucleus:  the sun (nucleus) is at the center, with planets (electrons) spinning around it in specific orbits (orbitals) 

a)  Nucleus has positively-charged particles (protons) and uncharged particles (neutrons).

b)  Electrons have a negative charge.

c)  Gravity holds the planets in orbits, while electrostatic charges hold electrons in orbitals. (Positively-charged nucleus attracting negatively-charged electrons, not allowing them to “escape”.)  For every proton in the nucleus, there must be an electron traveling around it to keep the atom with a neutral charge.

d)  Electrons are so small and are moving so amazingly fast that they cannot be seen at any given instant.  While chemists cannot tell where electrons are at any point in time, they can tell where they are NOT.  So,  an electron orbital is actually referred to as an “electron cloud”, the space occupied by rapidly moving, very small electrons.  Unlike planetary orbits, these electron clouds do not necessarily have a circular or elliptical shape.

d)  Electrons prefer to share their orbital with another electron, making an electron pair.  If there is an even number of electrons in an atom, all the electrons are paired.  If there is an uneven number of electrons in an atom, there is an electron in the outermost orbital that lacks a “partner” and would readily accept a free electron to make a pair.  This is the basis of chemical reactions (more about this later!)

Electrons spin on an axis, just as the planets spin in order to give night and day during their annual orbits around the sun.

Electron pairs have opposite spins:  if one travels in the orbital with it’s “north pole” pointing up, the other electron in that orbital has its “north pole” pointing down and is spinning in the opposite direction.  An atom with an unpaired electron doesn’t have its “north pole” balanced, which means that the atom itself is magnetic;  it has an overall net magnetic field.  

Atomic Sizes

Atoms are so small that chemists who work with them cannot actually see them.  For a chemist to see an atom they would need a microscope that has high powers of magnification.  It would be like trying to see individual people from a satellite photo.  If you were to count the number of atoms in a drop of water, you would need to take a long time, and you wouldn’t be finished until you had counted more atoms than there are stars in the universe!   

“A Matter of Scale”, an interactive animation from NSF, found at:  www.nsf.gov/news/overviews/physics/interactive/interactive.jsp
“The Scale of Aluminum”, and interactive animation funded by NSF, found at:  

http://www.strangematterexhibit.com/structure.html 
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Taken from http://micro.magnet.fsu.edu/cells/images/cellsfigure1.jpg
So, atoms are very small particles, the smallest particle of an element.  Subatomic particles are divided between the nucleus (protons and neutrons) and the electron cloud orbitals, held together by electrostatic interactions.  In order to understand what holds these subatomic particles together in an atom, you need to know this fundamental rule about charged particles:  “Opposite charges attract”.  The positively charge protons in the nucleus hold the negatively charged electrons in their orbitals.

The atoms found in the different elements of the periodic table bind together in specific ways in order to form molecules.  These molecules have a specific size, shape, and electrical properties, all depending on the atom combinations that link up in the molecule.  

MOLECULAR STRUCTURE 

If atoms were all there were, it would be a pretty simple universe, but atoms link up with each other to form new substances called molecules.  Two very different ways that they hook up are by covalent chemical bonds, and by ionic chemical bonds.  

Covalent bonds are when electrons in outer orbitals pair up together between the nuclei of two atoms, forming a tight and stable chemical bond between the two atoms.  Chemists use a line between atomic symbols to indicate a covalent bond between two atoms in a molecule.  A double line indicates two covalent bonds, or two pairs of bonding electrons, and a triple line indicates three covalent bonds, or three pairs of bonding electrons between two atoms:

H—O   

        \

         H

Water, or H2O has two covalent bonds, one between each hydrogen atom and the central oxygen atom.

O=C=O

Carbon dioxide, or CO2, has two double bonds, a double bond between each oxygen atom and the central carbon atom.

NΞN   

Nitrogen gas is a diatomic molecule, with a triple bond connecting the two atoms.

Is it possible to predict how many bonds a particular atom will form?  The periodic table provides the best clues.  Starting from the right-hand side, elements in the 2nd column, such as fluorine (F), will generally form only one covalent bond;  elements in the 3rd column, such as oxygen (O), will generally form 2 covalent bonds;  elements in the 4th column, such as nitrogen (N),  will generally form 3 covalent bonds;  and elements in the 5th column, such as carbon (C), will generally form 4 covalent bonds.  The elements in these columns that form covalent bonds are called “nonmetals”. 

Rather than sharing bonding electrons, atoms in an ionic bonds have lost and gained electrons so that they have a negative or positive charge.  If an atom has lost an electron, it has an excess of positive charge and becomes a positively charged ion called a cation.  When an atom gains an electron, it has a net negative charge and becomes a negatively charged ion called an anion.  Remember, opposite charges attract, and that is the basis of the ionic bond.  The molecules formed by ionic bonding are often referred to as “salts”
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Sodium chloride (NaCl) is table salt.

The blue sodium cation has lost an electron from its outer orbital, leaving a net positive charge.

The chlorine anion (called “chloride”) has gained an extra electron in its outer orbital, leaving a net negative charge.

Since opposite charges attract, the two ions are held together in an ionic bond to form a salt.

This give and take of electrons when atoms of widely different electron affinity are paired gives rise to chemical reactions called reduction/oxidation or “redox” reactions.  The element that gives up electrons undergoes an “oxidation”, while the element that takes away an electron undergoes a “reduction” reaction.  If you have ever seen a metal corrode, like iron turning to rust, you have witness the oxidation of the metal and the reduction of the oxygen to make a metal oxide.

How can you tell whether atoms will make ionic instead of covalent bonds to form a molecule?  The periodic table provides the clues:  elements on the top right hand corner of the periodic table are referred to as “nonmetals” and will bond with each other with covalent bonds, sharing the bonding electrons.  You can recognize some of the elements on the bottom and left side of the periodic table:  Ti (titanium), V (vanadium), Cr (chromium), Fe (iron), Co (cobalt), Ni (nickel), Cu (copper), Zn (zinc).  These are all metals which we know are able to conduct electrons and carry electrical currents well.  They have a much lower affinity for electrons than do the nonmetals, so they are able to easily pass their electrons off from one atom to another and back again.  When in combination with a nonmetal, however, the nonmetals have a much higher affinity for electrons and will actually take the electrons away for keeps, make ions.

Is it possible to predict how many positive charges a particular atom will form?  The periodic table provides the best clues for this, as well.  Starting from the left-hand side, elements in the 1st column will generally give only one electron, forming an ion with only one positive charge, while elements in the 2nd column will generally give up two electrons to form an ion with two positive charges.  

POLAR/NONPOLAR MOLECULES
Some important types of molecules fall in the intermediate zone between covalently and ionically bonded molecules, and these molecules are called polar molecules.  When atoms that bond together have big differences in electron affinity but not as great as the differences found in metals and nonmetals, the electron pair in covalent bond are polarized towards the atom with the greater electron affinity.  While the electrons remains in the covalent bond between the two atoms, they spend more time whizzing around the atom with the higher electron affinity so that the molecule has a slightly negative charge towards that end.  These molecules are referred to as polar molecules, while covalently-bonded molecules with atoms of similar electron affinity are referred to as nonpolar molecules.

MOLECULAR BEHAVIOR

Now that we know something about the structures that matter is made from, we can go on to find out about how these structures behave in different situations.  Chemists have learned about molecular behaviors to apply If you can learn about how different molecules have different properties.  

Motion/physical properties.  In order to understand how molecules interact with each other, it is important to know that they are in constant motion, unless, that is, they are chilled to the lowest possible temperature called “Absolute Zero”.  This is a temperature even lower that what you can find in outer space:  about 273 degrees Celsius below zero.  As the temperature goes up, the rate that molecules move goes up and matter undergoes phase transitions from solids to liquids to gases.  We don’t have a microscope so powerful that we can actually see molecules move, but if we could zoom in and magnify molecules a billion-fold, the movement of molecules would look a little like looking at people across a football field in a stadium, where the people would appears as atoms.  

a)  In the “solid phase”: people in the stadium are seated in their assigned seats, but may bump into each other and move within their seating space.  They don’t change location, but they are definitely moving within their space.  The same goes with molecules in solids.  They are not changing their position relative to each other, but are rapidly vibrating and bouncing off of each other.

b)  In the “liquid phase”:  people in the stadium start to get up from their seats and start to move around past each, maybe even flowing in groups and moving elsewhere in a crowd.  The same goes for molecules heated past their melting points, when the heat energy gives them enough momentum to allow them to move around and slide past each other as they change their position.  The kinetic energy overcomes the intermolecular attractions that hold molecules together, but they are still densely packed.

c)  In the gas phase:  people disperse from the crowded stadium and separate from each other as they leave go elsewhere.  Once separated from the crowd, they can move much more quickly.  So, too, with molecules:  as they become heated past their boiling point, the high energy of their movement gives them an “escape velocity” where they can detach from each other and speed along in the less condensed, less congested gas phase.

http://content.clearchannel.com/Photos/sports_photos/College/Football/football_stadium_DougPensin.jpg
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Go to:

http://mutuslab.cs.uwindsor.ca/schurko/animations/waterphases/status_water.htm
for an animation showing a thermometer measuring heat changes corresponding with changes in molecular motion.
Unlike people in a football stadium, atoms have no choice about whether they are stuck in space or can move around.  The amount of movement that they can do is a function of two things:  their size and their temperature.  The larger-sized atoms are less likely to move at any given temperature, so are more likely to be solids.  If their assigned position in the solid is in a very orderly array, the solid is referred to as a crystal.   As the temperature increases, all atoms will move around more and more, and are more likely to move from their assigned position in a crystal and turn into a fluid where they slide past each other.  With enough heat, they will escape from the fluid and hurtle off into the air in the form of a gas.  

Solutions.  

Molecule polarity becomes important in understanding how molecules dissolve in water.  In order to understand how this works, we need to know the fundamental rule of solubility:  “Like dissolves like”.  This means that polar molecules dissolve well in polar solvents, and nonpolar molecules dissolve in nonpolar solvents.  Some examples of nonpolar solvents is gasoline and oils.  A very important example of a polar solvent is water,  the solvent makes up most of the mass found in living cells.  The oxygen atom in a water molecule has a much stronger affinity for covalent bonding electrons than do the hydrogen atoms, so the bonding electrons are highly skewed to the oxygen side of the molecule:

[insert picture of a water molecules, showing the polarity of the bonding electrons. Such as:
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taken from:  http://www.aquadyntech.com/watermolecule.html
also found at:

]http://www.lsbu.ac.uk/water/molecule.html
The oxygen atom is covalently bound to two hydrogen atoms, but the bonding electrons are shifted more towards the oxygen atom due to its greater electron affinity.  The asymmetry of electrons in the water molecule make its charge polar:  there is a partial negative charge towards the oxygen side and a partial positive charge towards the hydrogen end of the molecule.  The polarity of charges in water molecules give them stronger associations with each other, as well as other charged (salt) or polar molecules.  “Like dissolves like.”  Water dissolves salts and polar (hydrophilic)  molecules.  Like vinegar and oil, water does not dissolve nonpolar (hydrophobic) molecules.

Water molecules are so polar that they form very strong intermolecular interactions with many of the components of biological molecules.  This interaction is so strong that chemists actually call the attractions between water and these molecules a “hydrogen bond”.   The strength of hydrogen bonding between water  molecules and polar biomolecules is so strong that nonpolar molecules are strongly excluded from interacting with them.  Polar molecules that can interact strongly with and dissolve in water are called “hydrophilic”, which literally translates as “water-loving”.  Nonpolar molecules that cannot dissolve in water are called “hydrophobic”, which literally translates as “water-fearing” because they avoid having to interact with water molecules.  Many biomolecules such as proteins, the molecular workhorses of the cell, and phospholipids, the molecules that make membranes to separate cells, have both hydrophobic and hydrophilic subunits.  In water solutions, the nonpolar regions of these molecules will associate with each other in order to avoid having to interact with water, while the hydrophilic regions of these molecules will strongly associate with water molecules.  This is a major driving force in the ability of biomolecules to self-assemble, an effect referred to by biologists as the “hydrophobic effect”.  

A hydrogen bond between two water molecules.  The polarity of the H—O bond makes a partial negative charge on the oxygen and a partial positive charge on the hydrogen.  The electrostatic attraction between these partial charges aligns the hydrogen from one water molecule with the oxygen of a second water molecule.

[ taken from http://www.lbl.gov/MicroWorlds/Kevlar/KevlarClue4.html]
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Chemical reactions

In redox chemical reactions, discussed above, elements undergo changes by the give/take of electrons between them.  Molecules can also undergo changes by the give/take of some of their atoms with each other.  For example, natural gas is a molecule that contains only carbon and hydrogen atoms, a type of compound classified as a “hydrocarbon”.  Chemists call this hydrocarbon “methane”.  As we know, methane combined with air and given a spark will explode into flame, into a combustion reaction.  As methane burns, it reacts with oxygen in the air to form water molecules and carbon dioxide.  This chemical reaction is described in chemical shorthand by these two types of chemical equations:  

        H

         |

  H—C—H
+
2  O=O
      (
   O=C=O
         +
             2  H—O

         |







                          \

        H







        
            H

Or

       CH4               +             2 O2             (            CO2                       +                   2 H2O

[a methane molecule combines with 2 oxygen molecules to form a carbon dioxide molecule & 2 water molecules]

Notice that the first equation shows the covalent bonds, while the second equation indicates the number of each type of atom in the molecule with the subscript number.

In this example, you can see how the atoms of the different molecules reacted together to rearrange themselves to form new product molecules.  Depending on what reactants are brought together, any number of chemical reactions can happen.  Sometimes the reaction will involve a swapping of atoms between the reactants to make new product molecules, such as in the combustion example given above.  In another type of reaction, reactant molecules will simply combine to form one larger molecules.  Macromolecules are very large carbon-based molecules synthesized in the cell by combining many small reactant building block “monomers” molecules into one large “polymer” molecule.  This type of reaction releases a water molecule for each new building block added to the growing macromolecule, a reaction type called “dehydration synthesis”.  In the opposite type of reaction, one large macromolecule can be broken down into many small subunit molecules, a type of reaction that is called “hydrolysis”.  Both these processes continuously occur inside all cells as old defunct macromolecules are degraded to release building blocks to be recycled for forming the replacement macromolecules.  Hydrolysis reactions are also the key to digestion of foods in our digestive systems.  The proteins and complex sugars in our diet cannot be absorbed because they are too large.  Digestive enzymes break these macromolecules down through hydrolysis reactions into amino acid and simple sugar building blocks that can then be absorbed and used by our bodies.

For animations showing the chemical reactions for making PVC, nylon polymers from monomers:

Go to:

http://www.tvo.org/iqm/plastic/animations.html
polymerization animations

“coming together” animation  (addition polymerization(PVC)

“castaway” animation (condensation polymerization( nylon)

[picture to right:  a drawing of the monomer (vinyl chloride in red) and the polyvinyl chloride polymer.  Taken from http://www.3dchem.com/moremolecules.asp?ID=327&othername=Polychloroethene

[image: image9.png]



For animations showing the dehydration synthesis reactions for making proteins from amino acids and complex sugars from simple sugars, as well as the hydrolysis reactions that break down proteins into amino acids or complex carbohydrates (polysaccharides) into simple sugar building blocks (monosaccharides), go to:

http://science.nhmccd.edu/biol/dehydrat/dehydrat.html
For an animation showing the hydrolysis of sucrose into fructose and glucose in our digestive tract, go to:

http://highered.mcgraw-hill.com/classware/ala.do?isbn=0072965819&alaid=ala_984553&showSelfStudyTree=true
How can you tell whether two molecules put together will undergo a chemical reaction?  This question is very difficult to answer because there are no easy rules to explain whether different compounds will react.  Chemists have worked for centuries to answer just such questions for many different substances in order to synthesize specific products.  A driving force for all chemical reactions can be simply described, though:  compounds will react with each other if the products of the reaction have less energy content than the reacting compounds have.  For example, in the combustion of methane, described above, we know that there is a tremendous amount of energy given off in the form of heat.  In fact, this is the primary use that we make of methane, as fuel for heating our homes.  The heat energy is released from methane as it burns because the energy content of carbon dioxide and water molecules formed by its combustion is less than that of the methane and oxygen molecules.  The difference in energy is transformed into heat energy.

The combustion of methane is very fast, once a spark of heat initiates the reaction.  Not all chemical reactions happen so quickly, however.  For example, a similar reaction such as the corrosion of iron to rust (the oxidation of iron to form iron oxides) takes place much more slowly.  The rates that chemical reactions take place can be controlled by several factors.  Heat speeds up reactions while chilling slows them down.  You can see when you light a fire:  you need to heat it up before it starts to burn.  Chilling a fire with water slows the combustion down.  The concentration of reacting molecules also has an effect on the rates that they react.  The higher the concentration, the faster the molecules react.  Another way to speed up a chemical reaction is to use a “catalyst”.  An example a catalyst is the catalytic converter on an automobile, used to prevent air pollution from incomplete combustion of gasoline in exhaust fumes.  Different types of catalysts are used to speed up different types of chemical reactions, but they are often made up of a metal.

Water, acids, bases, and pH

The biomolecules used in bioMEMS devices, such as carbohydrates, proteins, nucleic acids, and lipids, are naturally found in water solutions in the cells and organisms that they come from.   They are synthesized in the cell by enzyme, or protein, catalysts specifically designed through evolutionary time to do that particular job.  Many can and are synthesized in the laboratory by scientists using man-made catalysts to direct the chemical synthesis of specific reaction products from reactants dissolved in water solutions.  The presence of these catalysts must be carefully controlled so that the chemical reactions are stopped once the appropriate products are made.  The catalysts used in these chemical reactions are frequently acids and bases, so it is important that we understands what these substances are,  

The simplest explanation of an acid is this:  an acid is a molecule that releases a hydrogen ion (H+) when placed in water.  A base (also known as an alkali) is the opposite:  a base is a molecule that accepts a hydrogen ion when placed in water.  The hydrogen ion is often referred to as a proton, because a neutral hydrogen atom has one proton and one electron.  A hydrogen ion is positively charged, so that means that a hydrogen ion has lost its electron, leaving behind only a proton.  In actuality, this proton will immediately react with the nearest water molecule to form a hydronium ion.

An acid:

Hydrochloric acid releases a hydrogen ion to water, creating a hydronium ion and a chloride anion.
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A base:

Sodium hydroxide accepts a proton from water, creating a sodium cation.
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We all have experience with acids in our homes.   Basic substances are not often found in our foods, because they have an unpleasant astringic taste, but they are often used as household cleaners.  For example, ammonia is a weak base, and NaOH is the ingredient found in strong cleaners like Drano.  Weakly acidic substances found in our foods such as lemon juice, vinegar, and tomatoes, have a sour taste.  Strongly acidic substances such as battery acid, are dangerous because they catalyze reactions that can sear and destroy human flesh.  These acid-catalyzed reactions destroy the proteins and other biomolecules of our cells.  Stomach acid is hydrochloric acid, released in our stomachs when we eat foods in order to digest the biomolecules in foods to smaller-sized product that can be absorbed in our intestinal tract.  So while weak acids and bases are safe, and do not harm us, strong acids and bases are dangerous because they act as catalysts to change the biomolecules that we are made up of.  

To measure the strength or weakness of acids and bases, a “pH” scale is used.  The “H” of this scale stands for hydrogen, and the “p” can be understood as standing for power.  The scale is a measure of the hydrogen ion concentration in water.  If you add an acid such as hydrochloric acid to water, the hydrogen ion concentration increases as the solution becomes more acidic.  As you add a base such as sodium hydroxide to water, the water becomes less acidic and more alkaline as the base removes hydrogen ions from solution.  When the acidity and alkalinity of water is in balance, such as in the case of distilled water, the pH scale is set at 7.0.  As acidity increases, and the hydrogen ion concentration increases, the pH of the solution decreases.  Every unit of that the pH decreases corresponds to a 10-fold increase of hydrogen ion concentration.  
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Soapy water
141,000,000

Bleaches
Oven cleaner

1/10,000,000] Liquid drain cleaner





http://www.edu.pe.ca/gulfshore/acidsbas/scipage.htm
A neutral pH is 7.0, where to hydrogen ion concentration is balanced between acids and bases.

Strong acid solutions have a very low pH, while weak acid solutions have a more neutral pH.

Strong alkaline (base) solutions have a high pH while weak base solutions have a more neutral pH.

Strong acids and bases act as powerful catalysts, and can be damaging to biomolecules.  They can also be used under the right conditions in the laboratory to make compounds in water solutions.




	Coaching Questions

1.    What kinds of elements undergo redox reactions in order to make salts?   
a. What gets transferred in a redox reaction? 

b. What kind of ion does a metal make when it undergoes oxidation? 

c. What kind of ion does a nonmetal make when it undergoes reduction?  

d. What kind of bond holds a cation and an anion together in a molecule?  

2.    What is the difference between a polar and a nonpolar molecule? 

3.    What makes a hydrogen bond different from a covalent and an ionic bond?  
4.    What can be done to speed up a chemical reaction?  
5.    What is the difference between an acid and a base?  
6.    What effect does adding an acid or a base have on the pH of water?  


	Summary
Concept

Matter is made of just over 100 different types of elements, whose smallest structures are atoms.  Atoms are made of smaller subatomic particles called protons, neutrons, and electrons.  Molecules are unique combinations of atoms held together by chemical bonds, which involve the electrons of the elements.  Covalent bonds are made from shared electrons, while ionic bonds are electrostatic interactions between oppositely-charged ions.  When the atoms that are in a covalent bond have different levels of electron affinity, the bonding electrons are skewed to one side, and this polarizing of the bonding electrons gives the covalent bond some ionic character.  The polarity of water explains many of the properties of water, important in the manufacture and use of biomolecules in bioMEMS devices.

Chemical reactions are transformations of matter that are a result of exchange of electrons or atoms between different reactants.  Catalysts help to speed chemical reactions up and can be used to control the reactions in the synthesis of new compounds in bioMEMS manufacture.

Principles

The electrostatic interactions that hold electrons in atomic orbitals and holds ions together in salts follow this rule:  opposite charges attract and the same charges repel.

The basic rule of solubility is “like dissolves like”, meaning that polar solvents dissolve polar and charged (hydrophilic) molecules and nonpolar solvents dissolve nonpolar (hydrophobic) molecules.  This simple rule explains much of the process of self assembly of complex biological molecules.

Facts

Molecules come in specific sizes, shapes, and chemical contours that create specific interactions that can be put to good use in a bioMEMS design.  Knowledge of the chemical properties of specific molecules allows scientists and engineers to design and create components that serve specific functions in a microdevice.

OUTLINE:

Topics

Concepts

Rules

ATOMIC STRUCTURE

Elements

Subatomic particles

1.  Like charges attract/opposite charges repel

MOLECULAR STRUCTURE

Covalent bonds

Ionic bonds

Polar/nonpolar molecules

Hydrogen bonding

2.  Periodic table:  metals have low electron affinity;  nonmetals have high electron affinity

3.  Atoms/molecules can gain/lose electrons

MOLECULAR BEHAVIOR

Motion/physical properties

Solutions

Chemical reactions

Catalysts

Acids, bases, and pH

4.  Molecules move!

5.  Like dissolves like.

6.  Molecules can “swap out” atoms when energetically favorable.

7.  Rates of chemical reactions can be controlled.

8.  Acids and bases act a catalysts for chemical reactions in water.



	Activities
1.  Go to http://www.saburchill.com/chemistry/visual/PT/001.html and answer the following questions:

What do the following chemical symbols stand for, which column of the periodic table are they found in, and which are metals?

Symbol

Stands for

Is in the column

Is a metal or a nonmetal?

Na

K

Ca

C

Si

N

O

Cl

2.  Go to http://mutuslab.cs.uwindsor.ca/schurko/animations/waterphases/status_water.htm and after watching this animation, answer the following questions:

a. Why do the molecules in solids not change their positions?  
b. What needs to happen before the liquid molecules can escape into the air?  
3.   Go to http://programs.northlandcollege.edu/biology/Biology1111/animations/hydrogenbonds.html and answer the following questions:

A.  What is the relationship between polar covalent bonds and hydrogen bonds?

a. There is no relationship between these two types of bonds.

b. The formation of hydrogen bonds induces the formation of polar covalent bonds.

c. The formation of polar covalent bonds creates the centers of partial positive and partial negative charge that are required for the weak electrostatic interactions associated with hydrogen bonds.

d. Both types of bonds directly use pairs of shared electrons.

e. Both types of bonds are based on electrostatic interactions.

B.  What type of bond is found in NaCl molecules?

a. covalent bond

b. polar covalent bond

c. ionic bond

d. hydrogen bond

e. none of the above

C.  What type of bond is found in a water molecule?

a. covalent bond

b. polar covalent bond

c. ionic bond

d. hydrogen bond

e. none of the above

D.  What type of intermolecular interaction is found between water molecules?

a. covalent bond

b. polar covalent bond

c. ionic bond

d. hydrogen bond

e. none of the above

4.  Go to http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/thermochem/solutionSalt.html
To watch how water molecules can dissolve a salt like sodium chloride (NaCl).   Which end of the water molecule associates with the sodium ion, and which end of the water molecule associates with the chloride ion?

5.  Go to:  http://www.johnkyrk.com/pH.html
Activate this animation by clicking on the little green triangle.  The pH range is shown by moving the pH marker:  when the name first occurs and when it disappears.

Find the pH of:

Wine

Grapefruit

Tomatoes

Beer

Healthy blood

Sea water

Windex

Ammonia

Dishwashing detergent

Bleach

6.  Go to http://www.tvdsb.on.ca/westmin/science/sbioac/biochem/buffer.htm and answer the following question.
Acetic acid is

a. a strong acid

b. a weak acid

c. a conjugate base

d. none of the above

7.  Do your own pH measurements, using cabbage as your pH indicator!  Red cabbage has a pigment molecule that turns different colors when added to solutions of different levels of acidity.  The most acidic solutions will change the cabbage pigment to a bright red color.  Neutral pH (around 7.0) will turn the pigment to a purplish color, and basic pH (above 7.0) will turn the color to a green-yellow.  

 pH 
 2 
 4 
 6 
 8 
 10 
 12 
 Color 
 Red 
 Purple 
 Violet 
 Blue 
 Blue-Green 
 Greenish Yellow 
Materials
· red cabbage 

· blender or knife 

· boiling water 

· filter paper (coffee filters work well) 

· One large glass beaker or other glass container 

· Six 250 mL beakers or other small glass containers  

Procedure
· Chop the cabbage into small pieces until you have about 2 cups of chopped cabbage. Place the cabbage in a large beaker or other glass container and add boiling water to cover the cabbage. Allow at least ten minutes for the color to leach out of the cabbage. (Alternatively, you can place about 2 cups of cabbage in a blender, cover it with boiling water, and blend it.) 

· Filter out the plant material to obtain a red-purple-bluish colored liquid. This liquid is at about pH 7. (The exact color you get depends on the pH of the water.) 

· Pour about 50 - 100 mL (1/4 to ½ cup) of your red cabbage indicator into each 250 mL beaker. 

· Add various household solutions to your indicator until a color change is obtained. Use separate containers for each household solution - you don't want to mix chemicals that don't go well together!  You might want to try:  household ammonia (NH3),  baking soda (sodium bicarbonate, NaHCO3),   lemon juice (citric acid, C6H8O7), vinegar (acetic acid, CH3COOH),  cream of tartar (Potassium bitartrate, KHC4H4O6),  antacids (calcium carbonate, calcium hydroxide, magnesium hydroxide), soda pop (contains phosphoric acid) and carbonated water (carbonic acid, H2CO3).

Notes
· This demo uses acids and bases, so please make certain to use safety goggles and gloves, particularly when handling strong acids (HCl) and strong bases (NaOH or KOH). 

· Chemicals used in this demo may be safely washed down the drain with water. 

· A neutralization experiment could be performed using cabbage juice indicator. First add an acidic solution such as vinegar or lemon juice until a reddish color is obtained. Then add baking soda or antacids to return the pH towards a neutral 7. 

8.    Go to http://www.tvo.org/iqm/plastic/animations.html
a. Watch an animation showing the synthesis of polyvinyl chloride plastic by selecting  “coming together” and answer the following questions:

What are the monomers that are used to make PVC?

What happens to the double bond during the addition of a vinyl chloride to the PVC chain?

What do chemists use to force this reaction to happen?

b. Watch an animation showing the synthesis of nylon plastic by selecting “castaway” and answer the following questions:  

In this animation, the red balls stand for  nitrogen atoms.  What bonds are broken in the monomers to make a polymer?  

What bonds are reformed in the polymerization reaction?

What do chemists use to force this reaction to happen?



	Assessment
1.  What are three subatomic particles?  
     a.  Which of the subatomic particles carry a charge?  
     b.  Which of the subatomic particles play the biggest role in chemical bonding?  

2.  List the names of the following elements and decide which are metals or  nonmetals:

Element

Chemical symbol for

Metal or nonmetal?

Sodium

Carbon

Nitrogen

Oxygen

aluminum

Potassium

3.  Which of the following molecules would you expect to be soluble in water?

a. ammonia (NH3)                                   

b. magnesium chloride (MgCl2)              

c. methyl alcohol  (CH3OH)                    

d. propane (CH3CH2CH3)                       

4.  What must happen to covalent bonds of reactant molecules during a chemical reaction?  What happens as the products are formed?  
5.  What happens to a chemical reaction when a catalyst is added to it?  
6.  What happens to a biological molecules when placed in a strong acid or base solution?  

7.  What are macromolecules made of?  
8.  What of the following would have the lowest pH:  an acid, a base, or distilled water?  
9.  Which of the following make an acidic solution, and which make a basic solution? 

Vinegar

An antacid

Drano (NaOH)

Ammonia

a soda drink

HCl
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