CHAPTER 4

Dalton, Mass of proton, neutron, electron

Elements are the fundamental substances that all things are made of.  Some elements are quite well known: oxygen, hydrogen, nitrogen. Some elements are not so well known, and there are a little over 100 different elements in the world. An atom is the smallest or fundamental unit of an element. The smallest amount of carbon you can have is an atom of carbon.  Atoms are made up of very small things called protons, neutrons, and electrons.  Protons are found in the nucleus of an atom and they have a natural positive charge. Neutrons are also found in the nucleus of an atom, but they have no charge (neutral).  The tiny electrons orbit the nucleus in what is called shells, and electrons have a natural negative charge.  Electrons stay in orbit around the nucleus by the attraction of opposite charges:  protons + and electrons -.   If you have ever played with a magnet, you can relate to the attraction of opposite charges.  To measure the mass of these very small things called protons, neutrons, and electrons, we use a unit called a dalton.  The mass of one dalton is 1.7 X 10-24 grams. It takes about 454 grams to make a pound, and a dalton is a very small part of a gram.  If we write the number out the full-blown way, it looks like this:     .0000000000000000000000017  grams.  This very small part of a gram we call a dalton is not a number that was made up.   The mass of one proton is one dalton. The mass of one neutron is also one dalton.   So, the mass of one proton or one neutron is 1.7 X 10-24 grams.   The mass of a tiny electron is .0005 daltons.  

Atomic number, Mass number, Isotopes, Atomic weight
The atomic number is the number of protons in the atom.  For example, the atomic number of carbon is 6 because all carbon atoms contain 6 protons.  The mass number is the number of protons plus neutrons in an atom.  In most cases, the mass number of carbon is 12:  6 protons plus 6 neutrons. Isotopes are atoms that vary in their number of neutrons (CONNECT:  isotopes/neutrons). Here are some isotopes of carbon:
	
	12C:    6 protons, 6 neutrons, 6 electrons
	13C:    6 protons, 7 neutrons, 6 electrons
   	14C:    6 protons, 8 neutrons, 6 electrons

Notice it is the neutron number that varies.  The most common isotope of carbon in our world (by far) is 12C.    13C and 14C exist in our world but are not very common.   Also notice how each isotope has the same number of protons as it has electrons.  This means the positive charges (protons) and the negative charges (electrons) cancel out and there is no overall charge.  The atomic weight is the average of the mass numbers for a sample of isotopes for some element.  The atomic weight is a calculation. If we wanted to calculate the atomic weight of carbon, we would collect a sample of carbon isotopes from nature. Then we would look only at the mass number of each isotope.  For most carbon isotopes, the mass number is 12.  However, a few carbon isotopes have a mass number of 13 or 14.  We would then calculate the average of all the mass numbers for our sample of carbon isotopes.  This average is called the atomic weight, and it would be a bit higher than 12 because of the mass numbers of 13 and 14 that do exist in nature.  The atomic weight of carbon is 12.01115.  

On our exam, I like to ask questions in this area where students have to relate an example to the definitions they have learned.  Our first exam will include questions similar to these:

	-The most common isotope of carbon has 6 protons, 6 neutrons, and 6
            electrons. For carbon, what is 6?            Answer:   atomic number
	-The most common isotope of carbon has 6 protons, 6 neutrons, and 6
            electrons. For carbon, what is 12?
                        Answer:  the most common mass number
	-The most common isotope of carbon has 6 protons, 6 neutrons, and 6 
            electrons. For carbon, what is 12.01115?     Answer: atomic weight

  On our exam, I may not use carbon for the above questions but it will be something very similar to carbon.

Ion

An ion is an atom that has lost or gained electrons and become electrically charged. (CONNECT: ion/electrons).  For example, a regular atom of sodium (not an ion) has 11 protons, usually 12 neutrons, and 11 electrons.  In this case, the positive protons (11) and the negative electrons (11) are equal and they cancel each other out. This regular atom would have no overall charge.  However, when sodium reacts with another atom, it has a natural tendency to lose 1 electron.  Now it has 11 protons but only 10 electrons.  It is now called a sodium ion with a charge of +1 (one more positive charge (11) than negative charges (10).  

	Regular sodium atom:   11 protons, 12 neutrons, 11 electrons  (no charge)
	Sodium ion:		   11 protons, 12 neutrons, 10 electrons (+1 charge)

 Ions such as Sodium (Na+), Chlorine (Cl-), Calcium (Ca++), and Potassium (K+) play key roles in how our cells work and how our system works.  

Three types of chemical bonds:   Ionic:  transfer, EX, held together

There are three types of chemical bonds that form between atoms:   ionic, covalent, and hydrogen. These bonds play key roles in how our body works and the properties of water. Ionic bonds are characterized by the transfer of electrons (CONNECT:  ionic/transfer).  A good example of an ionic bond is found in table salt, or NaCl (Sodium Chloride).  Ionic bonds are held together by the attraction of true, opposite charges.   

You should print out and refer to Exam 1 Diagram 2.
__________________________________________________________________
The top left of this diagram shows a regular atom of Sodium (Na). It has 11 protons, 12 neutrons, and 11 electrons.  I draw the nucleus as a solid ball, but it is really 11 protons and probably 12 neutrons. The 11 electrons orbit the nucleus in shells. The first shell can only hold 2 electrons, and it is full.  The second shell can hold 8 electrons, and it is also full.  The third shell can hold 8 electrons, but there is only one electron left to make 11 electrons:   1st shell: 2 electrons (full),   2nd shell: 8 electrons (full),   3rd shell: 1 electron (not full).      The top right of our diagram shows a regular atom of Chlorine (Cl).  It has 17 protons, 18 neutrons, and 17 electrons.  The electrons orbit the nucleus like this:   1st shell:  2 electrons (full), 2nd shell:  8 electrons (full),  3rd shell:  7 electrons (not full).   We are now going to react Na and Cl together to make a molecule of table salt (NaCl).  To do this, we must follow a rule of nature called the Octet Rule.  The Octet Rule states that when atoms react together to make a stable molecule, all the atoms must wind up with their outer shells full of electrons.  Octet means 8 which refers to the second and third shells holding 8 electrons.  The easiest way for us to wind up with all outer shells full of electrons is to transfer 1 electron from Sodium to Chlorine.  The middle part of our diagram shows this transfer. Because of this transfer, the third shell of Sodium is no longer being used. The second shell is now the outer shell, and it is full (8 electrons).  For Chlorine, the third shell gained an electron and is now full (8 electrons).  However, Sodium has lost an electron and now has 11 protons and 10 electrons.  It is now a Sodium ion (Na+) with a +1 charge.  Chlorine has gained an electron and now has 17 protons and 18 electrons.  It is now a Chlorine ion (Cl-) with a -1 charge.  So, a molecule of table salt is a Sodium ion (Na+) and a Chlorine ion (Cl-) hooked together by an ionic bond (Na+Cl-).  If we change the electron number (such as from 11 to 10), we create a true charge, or a strong charge.  A Sodium ion (Na+) contains a true charge of +1 and a Chlorine ion contains a true charge of -1.  Remember, ionic bonds are held together by the attraction of true, opposite charges.  An ionic bond is like the bond between a magnet and metal, it is based on the attraction of opposite charges.
___________________________________________________________________

Covalent:  sharing, EX

  Covalent bonds are characterized by the sharing of electrons (CONNECT: covalent/sharing).  A good example of a covalent bond is the bonds within a single molecule of water (H2O or H-O-H).


You should print out and refer to Exam 1 Diagram 3.

___________________________________________________________________

There are two covalent bonds in a molecule of water (H-O-H).  The top left of our diagram shows an atom of Hydrogen. It only has 1 proton and 1 electron.  Its only shell is not full.  In the middle is an atom of Oxygen. It has 8 protons, usually 8 neutrons, and 8 electrons.  It's electrons orbit like this: 1st shell:  2 electrons (full), 2nd shell:  6 electrons (not full).  The outer shell of Oxygen needs 2 electrons to be full.  When a molecule of water forms, the two Hydrogen atoms bind to the Oxygen atom in such a way that some of the electrons are being shared. If we count all the sharing going on, all the outer shells are full of electrons. For Hydrogen, it's only shell can hold 2 electrons and it is full:  1 electron from Hydrogen and 1 electron from Oxygen.  For Oxygen, its second shell has 6 electrons from Oxygen and 2 electrons from Hydrogen, and it is full (8 electrons).  Covalent bonds (such as H-O-H) are made up of 2 electrons being shared.

___________________________________________________________________

Hydrogen: EX, held together

  The last kind of chemical bond is called the hydrogen bond.  A good example of a hydrogen bond is the bond between two different water molecules.  Hydrogen bonds are held together by the attraction of slight, opposite charges.  

You should print out and refer to Exam 1 Diagram 4.

___________________________________________________________________

The top of the diagram shows a molecule of water. Again, it shows how the sharing of electrons makes all outer shells full of electrons.  However, these electrons are not being shared equally.  In each case, the two electrons that are being shared hang out most of the time much closer to the oxygen nucleus than the hydrogen nucleus.  This is because the oxygen nucleus contains 8 positive protons that the negative electrons are very attracted to.  The hydrogen nucleus only contains 1 positive proton.  In a molecule of water, the electrons tend to hang out in the middle of the molecule due to their attraction to the 8 protons
in the oxygen nucleus.  All these electrons have a negative charge.  Therefore, this middle area in a molecule of water takes on a slight negative charge because there are so many electrons in that area. This is called an electronegative charge.  An electronegative charge is a slight negative charge due to the arrangement of the electrons.  If you had an atom of hydrogen by itself, the 1 proton (+) and the 1 electron (-) would be very close to each other, the charges would cancel each other out, and there would be no overall charge. However, in a molecule of water, the one shell of the hydrogen atom gets stretched out. The only electron for hydrogen hangs out much closer the oxygen nucleus than the hydrogen nucleus.
Because the hydrogen electron is so far away from the hydrogen proton in a molecule of water, the electron does not completely cancel out the charge of the proton.  In a molecule of water, the two hydrogen areas have a slight positive charge because the charge of the proton is not completely cancelled out.  The electron that could cancel out the charge of the proton is too far away to do that completely.  These slight positive charges in the hydrogen areas are called electropositive charges. An electropositive charge is a slight positive charge due to the arrangement of the electrons.  Since the electrons in a molecule of water tend to hang out near the oxygen nucleus, the oxygen area has a slight negative charge (electronegative) and the hydrogen areas have a slight positive charge (electropositive).  We can draw a molecule of water like this:

					(-)
		           (+) H--------O---------H (+)

The charges in a molecule of water are not true charges because we did not transfer any electrons or change the electron number.  These are just slight or weak charges that water molecules have naturally. Water is called a polar molecule.  Any molecule that has true charges or slight charges is called a polar molecule.  Water has slight charges to be polar.  Table salt (Na+Cl-) has true charges to be polar. We will discuss the term polar in the next section on the three properties of water.  The bottom part of our diagram shows three water molecules with their slight charges. Water molecules are attracted to each other by way of opposite charges. Water molecules line up in nature the way they are shown on the diagram, because of the attraction of opposite charges.  Then, a bond forms between the water molecules called a hydrogen bond. The electropositive part of one water molecules binds to the electronegative part of another water molecule.  In a glass of water, the molecules are all hooked together in a big network by hydrogen bonds. Remember, a good example of a hydrogen bond is the bond between two different water molecules.  Hydrogen bonds are held together by the attraction of slight, opposite charges.  A hydrogen bond is like a weak magnet to metal type bond.  It is the weakest kind of chemical bond because it is based on weak or slight charges.

___________________________________________________________________

Three properties of water

Because water has slight charges (polar) and water molecules form hydrogen bonds with each other, water has three properties that are critical for life: 1) Water is slow to change temperature, because of the hydrogen bonds.  We all know it takes a while to boil water.  For molecules to heat up, they must move faster. In the case of water, the molecules do not want to move faster because they are all hooked together by hydrogen bonds.  If you are waiting for the water on your stove top to boil, you are waiting for the heat you are adding to break the hydrogen bonds. Then, the individual molecules of water speed up, heat up, and go to boil.   If for some strange reason water molecules did not form hydrogen bonds with each other, all the water on our planet would be boiling all the time.  Plasma, cytoplasm, tissue fluid, lakes, rivers, oceans---always boiling. That would not work—thankfully water molecules do form hydrogen bonds with each other so we can sometimes have water in our world that is not boiling. 2) Water has very good cohesion because of the hydrogen bonds.   In this case, "good cohesion" means water molecules flow together very efficiently.  Water molecules will flow through living things in the same direction very efficiently--because they are all attached to each other by hydrogen bonds.  For water to flow through living things efficiently enough, water must have hydrogen bonds.   Without hydrogen bonds, water would not flow efficiently enough up a tree (against gravity) or through our blood vessels. 3) Water is a very good solvent because it is a polar molecule (CONNECT: solvent/polar).  Water is a very good solvent--it dissolves things well. This is because water molecules are polar—they have slight charges.  Therefore, anything that is polar will be attracted to water and tend to dissolve in water. For example, table salt (Na+Cl-) is attracted to water by opposite charges and dissolves in water. This is critical because in our system, there is a little bit of salt in our plasma, cytoplasm, and tissue fluid.  That salt must be dissolved by water. If not, the little salt crystals would cause so much damage to our system that we would die.

Acid vs. Base

  An acid is a substance that gives off hydrogen ions (H+) in water.  An atom of hydrogen tends to be made of just one proton and one electron.  If the atom somehow loses the electron, all that is left is a proton. This proton is now called a hydrogen ion (H+).  The more hydrogen ions (protons) you give off, the stronger acid you will be.  A good example of an acid is HCl (Hydrochloric acid). It gives off the hydrogens as hydrogen ions.  A base is a substance that either accepts hydrogen ions (H+) or gives off hydroxide ions (OH-).  A good example of a base that directly accepts hydrogen ions is ammonia (NH3). Ammonia accepts hydrogen ions in this reaction:

	NH3   +       H+  ---------------->   NH4+
            					(Ammonium ion)

As ammonia accepts the hydrogen ions, it is getting rid of hydrogen ions.  Remember, hydrogen ions are given off by an acid.  By accepting and getting rid of hydrogen ions, ammonia is said to neutralize an acid.  A good example of a base that gives off hydroxide ions (OH-) is calcium hydroxide (CaOH2). Calcium hydroxide is sometimes put into products like Tums.  As you chew up the Tums, the calcium hydroxide gives off hydroxide ions in your stomach. The hydroxide ions react with the excess stomach acid like this:

	OH-    +    H+   ------------------->   H2O

As the hydroxide ions react with the hydrogen ions (H+) from the excess stomach acid, molecules of water form.  The water feels better in your stomach than the excess stomach acid.  Once again, by getting rid of hydrogen ions (H+), the base is said to be neutralizing the acid.  

pH scale:  measures, calculate, EX

The term pH stands for potential of Hydrogen.  For a given substance, the pH scale measures the hydrogen ion (H+) concentration.  The pH scales works like this:

___________________________________________________________
0		acids		         7			bases		       14

If a substance has a pH less than 7, it is an acid.  If a substance has a pH greater than 7, it is a base. Let's discuss an example called battery acid.  This is a strong and dangerous acid.  The hydrogen ion concentration for battery acid is .1.  Battery acid is 1/10 or 10% hydrogen ion.  To calculate the pH of battery acid, we rewrite the hydrogen ion concentration as 10-1.    .1  and 10-1 are the same thing. The fact that .1 is less than 1 makes the exponent negative, and .1 only has one place so .1 can be rewritten as 10-1.   To get the pH of battery acid, we forget the (-) and use just the exponent number. So, the pH of battery acid is 1.    Another example is stomach acid.   The hydrogen ion concentration of stomach acid is .01.  Stomach acid is 1/100 or 1% hydrogen ion.  We can rewrite .01 as 10-2 because we now have two places. The pH of stomach acid is 2 (forget the (-) and take the exponent number). If a substance had a hydrogen ion concentration of .0001, it's pH would be 4 (.0001 =  10-4). To calculate the pH of a substance, rewrite its hydrogen ion concentration as 10 to some exponent, then forget the (-) and the exponent number is the pH.  Here are some examples (EX) to know regarding pH:    pH of 1:  strong acid,  pH of 6:  weak acid,  pH of 7: neutral,   pH of 8:  weak base,
  pH of 13:  strong base.

Plasma membrane diagram:  overall structure, 5 protein types

You should print out and refer to Exam 1 Diagram 5.

___________________________________________________________________

  This is a diagram of a magnified section of a plasma membrane.  The plasma membrane is sometimes called the cell membrane and it is very flexible membrane found in all cells.  The overall structure of the plasma membrane is described as a phospholipid bilayer with proteins in it.  On the diagram, the phospholipids have a little, round part and two tails.  On the diagram, what is labeled A -- E is the five main protein types in the membrane.  In a phospholipid, the little round part is called a polar head. These are made mostly of phosphorus and the have a slight negative charge (polar).  They orient towards the top and bottom of the membrane because they are attracted to water molecules outside and inside the cell by way of opposite charges.  In each phospholipid, the two tails are fatty acids. The fatty acids are nonpolar (nonpolar) and therefore keep the membrane from dissolving in the surrounding water. 
	
1) On the far left, protein A is called a glycoprotein. These are critical in transplants (CONNECT: glycoprotein/transplants).  Our cells have on average 6 different shapes for the glycoproteins and these shapes are dictated by our DNA.  If a person wants to donate a kidney to another person in a transplant, that donor can only have one of those six shapes different than the patient.  If they have more than one shape different, the patient's immune system will attack those foreign shapes and the kidney would be rejected. Therefore, it is critical in transplants to find a donor that has glycoprotein shapes that are very similar to the patient's glycoprotein shapes.
2) Our second protein type (B) is called a receptor protein. These proteins may be bound to by a molecule of insulin (CONNECT: receptor/insulin).   The receptor proteins have some shape that is designed to bind to something.  In some cases, another cell will bind to a receptor protein, like in tissue.  In some cases, a natural chemical made in the body, such as insulin, will fit to and bind to a receptor protein.  Unfortunately, a virus can sometimes fit to and bind to a receptor protein, allowing the virus to infect the cell. 3) Our third protein type (C) is called a channel protein. Channel proteins are critical in nerve impulse transmission (CONNECT:  channel/nerve impulse transmission). Channel proteins have an open channel running right through them.  What tends to pass through the channel are ions such as Sodium (Na+), Calcium (Ca++), Potassium (K+), and Chlorine (Cl-).  This movement of ions through channel proteins is critical for some of the functions in our body.  If we want to raise our right arm, the nerve impulse travels
from our brain out to the muscles of our right arm by way of ions moving very quickly through the channel proteins on the plasma membranes of nerve cells.
4) Our fourth protein type (D) is called a carrier protein.  The main function of carrier proteins is to change shape and propel a molecule of glucose into a cell  (CONNECT:  carrier/glucose). Sometimes a molecule of glucose will bind to a carrier protein. The carrier protein then changes shape or folds inward to propel the glucose molecule into a cell.  Glucose molecules must enter our cells by way of carrier proteins. 5) Our last protein type (E) is called an aquaporin.  These proteins act as a gate, only allowing water molecules to pass through (CONNECT:  aquaporin/water).  For a long time, researchers did not know where water molecules cross the plasma membrane to go in or out of a cell. Finally, in the 1980s, researchers found proteins in the membrane that were named aquaporins that act as a gate for water molecules to enter or leave a cell.
















  


