Chem 1A Quiz 5
Oct. 13, 2014
Universal Gas Constant:  R = 0.082057 L.atm/mol.K

Planck’s constant: h = 6.626 x 10-34 J-s

Speed of light: c = 3.00 x 108 m/s
1. The frequency of the radiation used in all microwave ovens sold in the United States is 2.45 GHz (The unit GHz stands for “gigahertz”:  1 GHz is 1 billion cycles per second, or 109 Hz, or 109 s-1).  
a) What is the wavelength, λ, in meters of this radiation?  Is this longer or shorter than the wavelength of typical visible red light, say with λ = 650 nm?
b) What is the energy of a photon of the above microwave radiation?  Is this more or less than the energy of a photon of red light with λ = 650 nm?

2. Concerning the electrons in a single atom, how many electrons in that atom can have the indicated quantum numbers?
a. n=3, l=2, ml=0, and ms=+½?
Explain

b. n=3, l=2, and ml=0?
Explain

c. n=3?
Explain

d. n=3, l=2, and ms= ½?
Explain

3. Draw relative energy level diagrams for
a. a one electron atom (up to n=4, l=1)     b. a multi-electronic atom (up to n=4, l=1)

c. What does the Pauli Exclusion Principle say?

d. What does Hund’s rule say?

e. In the above diagrams use the above rules and the Aufbau principle to populate the appropriate orbitals (or energy states) with the correct number of electrons so as to depict 1) ground state hydrogen, and 2) ground state vanadium, V. Now write the electronic configuration for vanadium in spectroscopic notation, i.e. 1s22s2……, etc.  How many unpaired electrons are in a ground state V atom?
f. What is the big difference between the energy level diagram for hydrogen and that for any multi-electronic atom?  Hint:  Think about the quantum mechanical meaning of “degenerate”.

4. Give the ground state electron configuration for each of the following elements and ions:

a. Mn

b. Mn2+
c. S

d. S2-
e. Ar

f. Na

g. Na+
h. Ne

i. F-
j. F
k. Cl
l. Cr

m. Cr3+
5. Draw and identify (with principal and azimuthal quantum numbers ):
a. an orbital with no angular nodes and 2 radial nodes.
b. an orbital with 2 angular nodes and 2 radial nodes.
c. An orbital with 1 angular node and 3 radial nodes.
6. Periodic Table……….

a. What pattern led Dimitri Mendeleev to discover the periodic table in the 1860s?  Hint:  He noticed something in common every 8 or 18 elements when ordered by atomic mass (atomic numbers wasn’t discovered yet).
b. What is the most important pattern regarding electron configurations in the periodic table?

c. How are Schrodinger’s quantum numbers n, l, and ml (for the highest energy electron occupied orbital(s) in a ground state element) related to the periodic table?  Use the following periodic table cartoon to clarify.
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


7. Ionization energies:  Refer to your periodic table and the attached table of ionization energies borrowed from the Petrucci textbook.
a. Why are ionization energies represented as positive quantities while electron energies in atoms are represented as negative quantities?
b. Why does Mg have a larger 1st ionization energy than Na?

c. Why does Na have a substantially larger 2nd ionization energy than Mg?
8. Extra:  Consider a neutral Al atom.

a. If each core electron was totally effective in shielding the valence electrons from the nucleus and the valence electrons provided no shielding for each other, what would be the effective nuclear charge, Zeff, acting on a valence 3s electron?

b. More accurate calculations indicate the effective nuclear charge experienced by valence 3s electrons is 4.1+.  Why is this larger than your calculated value in part a.?

c. Would you expect Zeff to be larger or smaller than 4.1+ for the 3p electron in ground state aluminum?  Why?

d. What is the relevance of part c. to comparing s and p energy levels in any multi-electronic atom?

