UNIT 3 - LIGHT AND ELECTRON CONFIGURATION 
Much of what we know about the atom has been learned through experiments with light; thus, you need to know some fundamental concepts of light in order to understand the structure of the atom, especially the placement of the electrons. 

The speed of light in a vacuum is the most accurately-known constant in the universe. You should memorize the value for the speed of light because we will be using it extensively. 

The speed of light in a vacuum is 3.0 X 108 meters per second. 
When light passes through solids or liquids, it slows down, but you do not need to concern yourself with this concept until you get to physics. All the light we will be studying will be passing through a vacuum and therefore will have a speed of 3.0 X 108 m/s. 

Light actually has a "dual" nature (or split personality) because there are instances in which it behaves like a wave and other times when it behaves like a particle and sometimes as both. 

When we consider light as a wave, we must be able to describe its wavelength, 

its frequency and its velocity. 

Draw a typical wave and label wavelength and frequency: 
(1) wavelength is represented by the Greek letter lambda (λ) which looks like an upside down "y". It is the length between corresponding parts of adjacent crests and can be expressed in ANY units of length you choose (feet, inches, meters, kilometers, miles) but normally we choose meters or nanometers as the most common units for wavelength. 

(2) frequency is represented by the Greek letter nu (ν) which looks like a cross between a lower-case "v" and "u".. Frequency is the number of wave crests which pass a given point in 1 second. Its units are therefore (most commonly) cycles/second or sometimes simply /sec. The unit "Hertz" (abbreviated Hz) is also used as a label for frequency, although this label seems to be gradually going out of existence. 

Example 3-1 Do you think a longer or a shorter wavelength would have the greater 

frequency? 

Example 3-2 What mathematical relationship can you draw about wavelength and 

frequency? 

VISIBLE light is considered to have a wavelength of between 700 nm and 400 nm. 
The longest visible light is red (about 700 nm) and the shortest visible wavelength is 400 nm (violet). The colors of visible light in order from longest to shortest spell out 

ROY G BIV. The only thing which makes one color of light different from another is its wavelength (and therefore its frequency). All light travels at the same velocity. 

The following are APPROXIMATIONS of the wavelengths of each of the colors: 
Red 700 - 650 nm 

Orange 649 - 580 nm 

Yellow 579 - 575 nm 

Green 574 - 490 nm 

Blue 489 - 455 nm 

Indigo 454 - 425 nm 

Violet 424 - 400 nm 

However, light is much more that just what you can see. The entire range of all light energy is known as the electromagnetic spectrum and you should be very familiar with it. 

Draw the Electromagnetic Spectrum and label all of its significant areas: 
When light behaves as a wave, we can use the mathematical relationship that wavelength and frequency vary inversely by expressing it in an equation. 

c = ( λ)(ν) c = speed of light 
This means that if you know the wavelength, you can find the frequency and vice versa since the speed of light is constant. Using the equation is easy, BUT YOU MUST BE CAREFUL OF THE UNITS YOU USE. If you use the speed of light in as 3.0 X 108 METERS/sec, be sure that the wavelength is entered in METERS. It might be well to learn the speed of light in nanometers per second because we will frequently be working with visible wavelengths which are expressed in nanometers. 

The speed of light in nm/sec is 3.0 x 1017 nm/sec.

Example 3-3 If the wavelength of light is known to be 550 nm, What is its frequency? 

Example 3-4 If the frequency of light is known to be 9.45 X 1014 Hz, is the light visible? If not, is it UV or IR? 

Example 3-5 If the wavelength of light is 7.32 X 10-5 cm, is it visible? Is not, is it UV or IR? 

When light behaves as an individual particle instead of a wave, it is called a photon (not proton). When we consider photons of light we are interested in how much energy they have. The unit of energy which we will learn is the Joule (abbreviated J), and the equation which will allow us to calculate the energy of one photon is 

E1 photon = ( h ) ( ν) (h = Planck's Constant which will be given to you) 

Planck’s Constant is 6.63 X 10-34 J-sec. 
Frequently the two equations are used in tandem (piggyback)--that is, the answer you get in one equation will then be filled into the second equation. 

Example 3-6 What is the energy of a photon of light whose frequency is 7.85 X 1015 
Hz? 

(b) Is this light visible? 

Example 3-7 If light has a wavelength of 550 nm, what is the energy of one photon of this light? 

Example 3-8. If one photon of light is known to have energy of 3.33 X 10-19 J, is it 

visible? 

Please notice that the equation says that the energy of ONE photon is = to Planck's Constant times frequency. BE CAREFUL WHEN THE PROBLEM GIVES YOU TOTAL ENERGY—you cannot put total energy directly into this equation. 
Example 3-9 The total energy of light from a distant star is found to be 2.3 X 10-17 J. If it is known that the light has a wavelength of 477 nm, how many photons of light have been detected by the telescope? 

Example 3-10 If it is known that 500 photons of light have a total energy of 1.87 X 10-16 J, would you expect the light to be visible? What color is it if visible and if not, is it IR or UV? 

Probably you already know that electrons are distributed around the nucleus of an atom in specific ways. 

Energy level 1 (1st orbit) can only hold a maximum of 2 electrons. 

Energy level 2 (2nd orbit) level can hold a maximum of 8 electrons. 

Energy level 3 (3rd orbit) can hold up to a maximum of 18. 

The 4th energy level can hold a maximum of 32 electrons. 

Rather than memorizing the number of electrons each energy level (orbit) can hold, use 2n2 to find the number of electrons possible for each energy level (n = the energy level (orbit) number) 

Example 3-11 How many electrons could be 7th orbit hold? The 11th?

Each of these energy levels is subdivided into sublevels of energy AS MANY TIMES AS ITS ORBIT NUMBER. ( Energy level 1 has only one sublevel; Energy level 2 has 2 sublevels, a lower energy level and a slightly higher energy level; Energy level 3 has 3 sublevels, a lower energy level, a medium energy level and a higher energy level; Energy level 4 has 4 sublevels, etc. and these sublevels are designated by the letters s, p, d, f, g, h, i, j, k, l, m, n, etc. 

Energy level 1 has only ONE sublevel and its designation would be "s" 

Energy level 2 has TWO sublevels and they would be designated "s" and "p" 

Energy level 3 has THREE sublevels and they are designated "s", "p" and "d" 

Energy level 4 has FOUR sublevels designated "s", "p", "d", and "f" 

Energy level 5 has FIVE sublevels designated "s", "p", "d", "f" and "g" 

HOWEVER, each of the sublevels cannot hold the same number of electrons. 

s = 2 p = 6 d = 10 f = 14 g = 18 

The electrons in an atom are basically lazy and will fill a position in the atom which is of lowest energy, beginning with Energy level/orbit 1, s sublevel. When it is full, Energy level 2 will begin to fill, first with 2 electrons in the s and then with 6 electrons in the p. t; Then the electrons will begin to fill the next highest-energy positions, the 3 "s", then the 3 "p". Knowing this allows us to write what is called electron configuration or a description of where the electrons in that atom are actually located. 

Example 3-12 Write the electron configuration for each of the following: 

hydrogen 

helium 

lithium 

beryllium 

boron 

oxygen 

neon 

sodium 

phosphorus

Example 3-13 A certain element's electron configuration is known to be 

1s22s22p63s23p6. What element are we describing? 

Just about the time you think you are "getting the hang of this" there is a surprise. After the 3p fills up you would think that the very next area to fill would be the 3d, but it is not so. Electrons will fill the areas which require the least amount of energy, and it takes less energy to fill the 4s than it does to fill the 3d, sooooo as soon as the 3p is filled, the very next thing to begin to fill is the 4s, then the 3d fills and then the 4p. THE ENERGY LEVELS THEMSELVES ARE NOT OVERLAPPING--THERE IS ONLY OVERLAPPING OF THE ENERGY OF EACH OF THE ORBITS. How on earth are you ever going to be able to tell what will fill next? For now, we will learn to use the Diagonal Rule. 

1 s 

2 s p 

3 s p d 

4 s p d f 

5 s p d f g 

6 s p d f g h 

7 s p d f g h I 

8 s p d f g h I j 

Example 3-14 Write the electron configuration for the element iron (#26) based on the Diagonal Rule.

Write the electron configuration for the element Sn (#50) 

Write the electron configuration for the element Sm (#62) 

Example 3-15 According to the Diagonal Rule, which is a higher-energy electron: a 

3d or 4s How do you know? 

5d or 6p How do you know? 

6p or 7s How do you know? 

Example 3-16 In the element chlorine, which electron is the highest-energy electron? Which electron is physically farthest from the nucleus? 

In iron (#26), which electron is the highest-energy electron? 

Which electron is physically farthest from the nucleus? 

Do you get the picture that SOMETIMES the outermost electron(s) are the highest energy electrons and sometimes the highest energy electrons are buried an energy level or two below the outermost? 

Most students do not realize that the Periodic Chart is based solely on the various energy levels (orbits) and the sublevels. Look at the Periodic Chart. Over on the left 

side, there are 2 columns which seem to stick up above the rest of the chart. On the right side there are 6 columns which seem to stick up above the rest of the chart. In the center there are 10 columns which seem to form a short squatty section all to itself, and down at the bottom of the chart there are 14 columns of elements which do not appear to "fit" into the chart at all (but they do) DO THESE NUMBERS SOUND FAMILIAR TO YOU-- 2, 6, 10, 14? They should! This means that you can actually read the electron configuration directly off of the Periodic Chart and do not have to stop to draw the Diagonal Rule to see what fills next. 

Each horizontal row (called a period) corresponds to an energy level (orbit). The 

first horizontal row only has two elements in it (hydrogen and helium) and this 

tells you that their electrons are all contained in the 1st energy level since they 

are in Period 1. 

The 2nd horizontal row has 8 elements in it (lithium, beryllium, boron, carbon, 

nitrogen, oxygen, fluorine and neon). This tells you that all of the electrons of 

each of these elements can be found within the first 2 energy levels) 

Read the Periodic Chart like a paragraph, moving from left to right across the 

page and then dropping down one line and reading again from left to right 

across the page. 

The "s" and "p" electrons will have an orbit number which is the SAME as the period they are on. 
The "d" electrons will have an orbit number which is ONE LESS than the period they are on 
The "f" electrons will have an orbit number which is TWO LESS than the period they are on. 
Notice that the elements appear to be in order numerically on the Periodic Chart until you come to barium (#56). The element sitting right beside barium (#56) is #72 and there is an "*" at that point. This means that right after barium, you are to go down to the bottom of the chart and pick up all the first row of elements.

The following is what I called a “baby” Periodic Chart due mainly to the placement of Lanthanum (#57), Actinium (#89), Lutetium and Lawrencium. Use it to begin reading electron configuration off of the Periodic Chart and then we will switch to the “modern” Periodic Chart. 

Example 3-17 Use the Periodic Chart only to read the complete electron configuration for Vanadium (#23).

__________________for In (#49) What is the energy level number of the highest energy electron(s) of Indium? What is the energy level number of the outermost electron(s) of In? 

__________________for W (#74) What is the energy level number of the highest energy electron(s) of tungsten? What is the energy level number of the outermost electron(s) of W? 

___________________for Eu (#63) What is the energy level number of the highest energy electron(s) of Europium? What is the energy level number of the outermost electron(s) of Eu? 

____________________for Tl (#81) What is the energy level number of the highest 

energy electron(s) of Thallium? What is the energy level number of the outermost electron(s) of Tl? 

_________________for Bk (#97) What is the energy level number of the highest energy electron(s) of Berkelium? What is the energy level number of the outermost electron(s) of Bk? 

__________________for P (#15) What is the energy level number of the highest energy electron(s) of phosphorus? What is the energy level number of the outermost electron(s) of P? 

The only electrons which take part in a chemical reaction are the outermost electrons and/or the highest energy electrons. Therefore, it is not usually necessary to write the entire electron configuration for an element to obtain the information we need about the electrons’ distribution. To write ABBREVIATED electron configuration, begin by writing the noble gas on the row immediately above the row the element you are interested in is on and then write everything on the row until you reach the element in question. Be sure to put the noble gas you begin with in square brackets. 

For example, the abbreviated electron configuration for tin (#50) would be 

[Kr] 5s24d105p2 . You can still tell that the highest energy level present in tin is the 5th energy level and that there are 4 electrons in the outermost energy level with the 5p electrons having the highest energy. 

Example 3-18 Using only the Periodic Chart, read the abbreviated electron 

configuration for the following: 

______________Se (#34) What is its highest energy electron(s)? How many? 

Outermost? How many? 

______________Dy (#66) What is the highest energy electron(s)? How many? 

Outermost? How many? 

______________Os (#76) What is the highest energy electron(s)? How many? 

Outermost? How many? 

Each of the sublevels, (s,p,d,f,g,h,i,j,etc) can also be subdivided, and each of these sublevels are subdivided again into small areas which can hold a MAXIMUM of 2 electrons and are called ORBITALS. For example, the entire "s" sublevel can only hold a maximum of 2 electrons so there will only be ONE orbital in the "s" sublevel. But, the "p" sublevel can hold a maximum of 6 electrons, so there will be THREE orbitals in each "p"; there will be FIVE orbitals in each "d" sublevel and there will be 7 orbitals in each "f" sublevel. 

An orbital is defined as a subdivision of a sublevel which can hold a maximum of 2 electrons. 

DO NOT CONFUSE THE WORD ORBITAL WITH THE WORD ORBIT!!!! 
Hund’s Rule states “electrons will occupy degenerate orbitals (orbitals of equal energy) singularly and with their spins parallel until they are forced to pair.” 

According to Hund's Rule, electrons will not pair in the orbital sets until they have to and there is nowhere else for the electrons to fill in that sublevel. Most 

students think if there is an even number of electrons in an atom, all of the 

electrons will be paired, but this is not true due to Hund’s Rule. 
It is the unpaired electrons which cause an element to be magnetic. Paramagnetism is defined as being weakly attracted to a magnet due to unpaired electrons. 

Atoms which have unpaired electrons present are called paramagnetic and are weakly attracted to a magnet. 
Example 3-19 How many electrons are in the outermost energy level in zirconium 

(#40)? How many pairs of electrons are in Zr? Is Zr paramagnetic? 

What is the sublevel of the highest-energy level electron(s) of uranium (#92)? How many pairs of electrons are in U? Is U paramagnetic? 

Example 3-20 How many pairs of electrons are there in iron (#26)? How many 

unpaired electrons? Is Fe paramagnetic? 

How many pairs of electrons are there in tin (#50)? How many unpaired electrons? Is Sn paramagnetic? 

How many pairs of electrons are there in Ca (#20)? How many unpaired 

electrons? Is Ca paramagnetic? 

Example 3-21 Would zinc (#30) be paramagnetic?

Would Iridium (#77) be weakly attracted to a magnet? 

Is oxygen (#8) paramagnetic? 

Sometimes, for a variety of reasons, the highest energy electrons do not occupy the 

sublevel they "should". They are said to be “irregular” in their electron 

configuration. You do not need to memorize which elements are irregular, 

just mark them clearly on the good Periodic Chart and be sure you use this 

information when answering questions about these irregular elements. 

In order to describe as completely as possible the exact position of an electron, it is necessary to use four quantum numbers 

n = principal quantum number; this is the main energy level or "orbit" number.; 

it can have all integral values from 1 to infinity; this is the most general of 

all of the quantum numbers--it is like saying "Where do you live?” and I 

answer,"in Texas" 

l = azimuthal quantum number; this is the number assigned to the sublevels 

(s, p, d, f,) s = 0, p=1, d=2, f=3. This quantum number is more specific 

in its location of an electron. “Where do you live?” “in Austin, Texas” 

notice that the azimuthal quantum number in given energy level can never 

be greater than n-1. 

m = magnetic quantum number; this is a number assigned to the ORBITALS 

of each sublevel which describes their angular momentum; In a set of 

degenerate orbitals, the center or middle ortibal is assigned "0" and those 

above the middle are assigned +1, +2, +3 and those below the middle 

are assigned -1, -2, -3; this quantum number is even more specific such 

as saying "I live at 8403 Mesa Dr. in Austin, Texas. 

s = spin quantum number; this can only be +1/2 or - 1/2 because it describes 

whether an electron is spinning clockwise (+1/2) or counterclockwise 

(-1/2). Two electrons in an orbital are always spin paired—i.e. they are 

spinning different directions and therefore cancel each others’ magnetic 

fields. 

When writing the quantum numbers to describe a particular electron, write the principal quantum number first (comma), then the azimuthal quantum number, (comma), then a SET of magnetic quantum numbers listing all numbers of orbitals which MIGHT contain an electron (comma) and last +/- ½ since it is possible for the electron in question to be spinning either clockwise or counterclockwise. 

Example 3-22 Write the four quantum numbers or sets of quantum numbers which 

describe the highest energy electron(s) of silver

Example 3-23 Write the four quantum numbers or sets of quantum numbers which 

describe the outermost electron(s) of sodium 

Example 3-24 Write the set or sets of quantum numbers which describe the highest 

energy electron(s) of uranium #92. 

Example 3-25 Is this set of quantum numbers possible? 3, 3, {+2,+1,0.-1, -2,} +/-1/2 

Why or why not? 

Is this set of quantum numbers possible? 2,0,0,+/-1/2 Why or why not? 

Is this set of quantum numbers possible? 3,2,{+3,+2,+1,0,-1,-2,-3}. +/-1/2 

Why or why not? 
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