
CHEM 16 
PROBSET 2A 
 
ATOMIC STRUCTURE  

 
1. Light passing through a transparent medium has a wavelength of 466 nm and a frequency of 6.20 

x1014 Hz. What is the speed of the light in the medium? 
 

2. A particular form of electromagnetic radiation has a frequency of 8.11x1014 Hz. 
a. What is the wavelength in nanometers? In meters? 
b. To what region of the electromagnetic spectrum would you assign it. 
c. What is the energy (in joules) of one quantum of this radiation? 

 
3. a. Calculate the wavelength (in nanometers) of a photon emitted by a hydrogen atom when its 

electron drops  from the n=5 state to n=3 state. 
b. What type of electromagnetic radiation is produced during the transition described in a? 

 
4. What type of electromagnetic radiation will photons of 6.63 x 10-24 J of energy correspond to? 

(consult an electromagnetic spectrum) 
 

5. Calculate the de Broglie wavelength of a ball of mass 125 grams and velocity 90m/s. 
 

6. a. What does “atomic orbital” means 
b. Sketch the boundary surfaces of s,p and d orbitals 

 

7. Which of the following is not possible? 

2p       4d        5p        3f         2s 

8. Which of the following set(s) of quantum numbers is/are not allowed? Indicate the reason why your 
choice(s) is/are not allowed 

a. n=3, ᶩ=1, mᶩ= -2, ms=+1/2   n=6, ᶩ=3, mᶩ= -3, ms=+1/2 
 

b. n=1, ᶩ=0, mᶩ= 0, ms=+1/2   n=2, ᶩ=3, mᶩ= -2, ms=-1/2 
 

9. Give a set of quantum numbers corresponding to a 
a. 4s electron  b. 3d electron   c. 5p electron 

 
10. The following electronic configurations are either excited states or not allowed. For the excited 

state(s) give the appropriate ground state configuration. Identify the rule disobeyed by each 
configuration that is not allowed. 

a. Na  1s22s22p7    c. Cd  [Kr]5s24d95p1 
b. K  [Ar]3d1     d. Hg [Xe]4f145d106s26p4 
 

11. To what group of the main block (representative) elements would an element belong if it has 
a valence electronic configuration of  
a. 2 valence electron   c. 8 valence electrons 
b. 5 valence electrons   d. 1 valence electron 

 
12. Name an atom and and three ions with ground state electronic configurations of 

1s22s22p63s23p64s23d104p65s24d105p6. 
 

13. Give the orbital diagram for the ground state electronic structure of the following 
a. N   c. F-   e. O2- 
b. Ca   d. Cd   f. K 



PERIODIC RELATIONSHIPS AMONG ELEMENTS 
 
14. Consider the atoms in the third row of the periodic table: Na, Mg, Al, Si, P, S, Cl, Ar 

a. Which element(s) form positive ions? 
b. Which element(s) form negative ions? 
c. Which element(s) form compound with chlorine whose formula is XCl3? 
d. Which of these elements exists as diatomic molecules? 
e. Which of the elements has not been found to form compounds? 
f. Which of the elements has the highest melting point? Defend your choice. 
g. Atoms of which element is diamagnetic? 

 
15. Why are the properties of transition metals less varied than those of the main block elements? 

 
16. Use the periodic table and your knowledge of ion formation to choose the largest atom or ion in 

each set 
a. Br, Ca, Cs, Ge       b. Pb, Pb2+, Pb4+  c. N, N3-, P, P3-       d. Fr, Be, N, F 

 
17. a. Explain the effect of size3 of an atom on its ionization energy. 

b.Explain why an atom’s second  ionization energy is always larger than its first ionization energy. 
 

18. Choose the element in each pair with the higher ionization energy. 
a. Ar or As     b. Na or Al      c. Ba or Ca d. O or S 

 

19. Choose the atom in each pair with the more exothermic electron gain 
a. Cl or Si        b. S or Te      c.  Si or Ga d. O or C 

 
20. Consider the following elements: Sr, Mg, Al, Se, Kr. Arrange the following in terms of increasing  

a. atomic size b. ionization energy c. electron affinity  d. tendency to form 
cations 

 
CHEMICAL BONDING 
 
21. For each pair of elements given below, give the following information, based on the Octet Rule: 

A. The formula of the compound, if any will form from the combination of the elements. 
B. If the compound which would form is ionic or covalent. 

a. Sr, Cl  c. Ne, Se    e. carbon, sulfur 

b. O, F  d. bismuth, iodine   f. potassium, tellurium 
 
22. For each pair of the compounds, identify the one expected to have the higher lattice energy. Defend 

your choice. 
a. CaCl2 or MgCl2  b. CaO or NaF   c. NaBr or NaI 
 

23. Construct the Born-Haber cycle for the formation of CaO. Label each step with the enrgy involved. 
 

24. In which of the following compounds does the central atom deviate from the Octet rule? 
a. ClF3   c. SiF4   e. BF3 

b. SF6   d. IF7   f. OF2 

 
25. Draw the lewis structure structure (include resonance structures, if there is any) for each of the 

following: 
a. CHCl3   d. NF3   g. CO3

2- 
b. HNO3   e. CH3OH  h. ClO2

- 
c. OCl2   f. HCOOH  i. SCN- 



Give the formal charge of each atom in (c), (f) and (i) 
 

26. Predict the shapes and give the approximate bond angles of the following species using VSEPR 
theory 

a. SiH4   c. H2S   e. AlCl6
3- 

b. IF3   D. SO4
2-   f. CHCl3 

 
27. Indicate the direction of the dipole moment in the following bonds: 

a. O – H  c. F – Cl 
b. O – F  d. O – S 

 
28. For each of the molecules given below, determine whether polar or non-polar. For polar molecules, 

indicate the direction of the molecular dipole. 
a. SF6   c. PF5   e. CH3OH 
b. SF4   d. PF3 

 

VALENCE BOND THEORY 
 
29. What is the valence bond theory? How does it differ from the Lewis concept of chemical bonding? 

 
30. Specify which hybrid orbitals are used by carbon atoms in the following species: 

a. CO  b. CO2  c. CN- 
31. How many pi bonds and sigma bonds  are there in tetracyanoethylene molecule? 

 

 
 
 

MOLECULAR ORBITA THEORY 

 

32. What is molecular orbital theory? How does it differ from valence bond theory? 

 

33. Arrange the following species species in order of increasing stability: Li2, Li2
+, Li2

-. Justify your 

answer with a molecular orbital energy diagram.  

 

34. Determine if the following  are paramagnetic or diamagenetic. 

a. Peroxide (O2
2-)         b. Oxygen (O2) 

 

 

 


