Quantum Numbers

Each electron has a set of quantum numbers which describe the size, shape, and orientation in space of its orbital.  The quantum numbers are derived from Schrodinger's wave equations.  They are:

(n) = The principle quantum number gives the size of the shell (or energy level).  Because the nucleus attracts the electron, going from n = 1 to n = 2 represents an absorption of energy as Bohr saw.

(l) = The angular quantum number gives the shape of the subshell (or energy sublevel) .  These numbers can be 0, which corresponds to a spherical s-orbital, 1, which is a dumbbell-shaped p-orbital, 2, which is a cloverleaf d-orbital, or 3 which is an f-orbital

(ml) = The magnetic quantum number gives the orientation of the orbital in 3-dimensional space.  Note that spherical orbitals have only one possible orientation, and do not have magnetic quantum numbers.  Magnetic numbers can be any whole number from –l to l.  For example, if l = 2, ml  could be -2, -1, 0, 1, and 2

(ms) = The spin quantum number gives the spin of each electrons.  It can be either -½  or +½.  Two electrons can share one orbital, but each must have an opposite spin.

1. State the four quantum numbers and the possible values they may have.

2. Name the orbitals described by the following quantum numbers

    a. n = 3, L = 0

    b. n = 3, L = 1

    c. n = 3, L = 2

    d. n = 5, L = 0

3. Give the n and L values for the following orbitals

    a. 1s

    b. 3s

    c. 2p

    d. 4d

    e. 5f

4. Place the following orbitals in order of increasing energy:

    1s, 3s, 4s, 6s, 3d, 4f, 3p, 7s, 5d, 5p

5. What are the possible mL values for the following types of orbitals?

    a. s

    b. p

    c. d

    d. f

6. How many possible orbitals are there for n =

    a. 4

    b. 10

7. How many electrons can inhabit all of the n=4 orbitals?

8. Tabulate all of the possible orbitals (by name, i.e. 4s) for n=4 and give the three quantum numbers which define each orbital.

9. Write electron configurations for the following atoms:

    a. H

    b. Li

    c. N

    d. F

    e. Br

1. State the four quantum numbers and the possible values they may have.

1. n may be any integer

        L may be any integer from 0 to n-1

        mL may be any integer from -L to +L

        mS may be either + 1/2 or -1/2

2. Name the orbitals described by the following quantum numbers

	a. n = 3
	a. 3s

	    b. n = 3
	        b. 3p

	    c. n = 3
	        c. 3d

	    d. n = 5
	        d. 5s


3. Give the n and L values for the following orbitals

	    a. 1s
	3.     a. n=1, L = 0

	    b. 3s
	        b. n=3, L = 2, 1, 0

	    c. 2p
	        c. n=2, L = 1,0

	    d. 4d
	        d. n=4, L = 3, 2, 1, 0

	    e. 5f
	        e. n=5, L =  4, 3, 2, 1, 0


4. Place the following orbitals in order of increasing energy:

    1s, 3s, 4s, 6s, 3d, 4f, 3p, 7s, 5d, 5p

4.    1s, 3s, 3p, 4s, 3d, 5p, 6s, 4f, 5d, 7s

5. What and the possible mL values for the following types of orbitals?

	    a. s
	5.     a. 0

	    b. p
	        b. 1, 0, -1

	    c. d
	        c. 2, 1, 0, -1, -2

	    d. f
	        d. 3, 2, 1, 0, -1, -2, -3


6. How many possible orbitals are there for n =

    a. 4

    b. 10

6.     a. 16

        b. 100

7. How many electrons can inhabit all of the n=4 orbitals?

7.        32

8. Tabulate all of the possible orbitals (by name, i.e. 4s) for n=4 and give the three quantum numbers which define each orbital.

8.

	name 
	4s 
	4p 
	4p 
	4p 
	4d 
	4d 
	4d 
	4d 
	4d 
	4f 
	4f 
	4f 
	4f 
	4f 
	4f 
	4f

	    N 
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4

	    L 
	0
	1
	1
	1
	2
	2
	2
	2
	2
	3
	3
	3
	3
	3
	3
	3

	    mL 
	0
	1
	0
	-1
	2
	1
	0
	-1
	-2
	3
	2
	1
	0
	-1
	-2
	-3


9. Write electron configurations for the following atoms:

    a. H

    b. Li

    c. N

    d. F

    e. Br

9. a.    1s1

     b.    1s2 2s1 or He 2s1

     c.    1s2 2s2 2px1 2py1 2pz1 or He 2s2 2px1 2py1 2pz1 or He 2s2 2p3  

     d.    1s2 2s2 2px1 2py2 2pz2 or He 2s2 2px1 2py2 2pz2 or He 2s2 2p5  

     e.    Ar 4s2 4px1 4py2 4pz2
