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	Points Earned
	Points Possible

	Page 1 multiple choice
	
	30

	Page 2
	
	16

	Page 3
	
	18

	Page 4
	
	21

	Page 5
	
	13

	Page 6
	
	10

	Page 7
	
	14

	Total
	
	122

	Percent Score
	
	100


Note: All work must be shown to receive credit.  On calculation problems show answer with the correct number of significant figures using scientific notation if necessary.
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Chemistry Formulas and Constants

Formulas

Kinetic energy = ½ mv2
w = -P(V

Ptotal = P1+P2+P3+…

u = (3RT/MW)½
(G = (H - T(S

PV = nRT

Rate ( (MW)-½
P1=X1*Ptotal  

C = q/(T 

w=dxF 

E = IR 

(Go = -nFEo
(G = - RTlnK 

E = mc2
Ba(Na)2 = fruit

H(=E(
Amp  = C/sec

(= iMRT

E = h( = hc/(
M1V1 = M2V2

Ptotal = P1 + P2 + P3 + …

M = mol/L

m = mol/kg solvent

Xi = moli/ moltotal
(Tb = i(kb)(m)

(Tf = i(kf)(m)

Psoln = (Psolv)(Xsolv)
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Constants

(= 10-8 cm

F = 9.65 x 104 C

h = 6.626 x 10-34 J sec

c= 2.9979 x 108 m/sec

e = 1.602 x 10-19 C

NA = 6.022 x 1023/mol

k = 1.381  x 10-23 J/K

K = oC + 273.16

Kw = 1.0 x 10-14M2

mass electron = 9.109 x 10-31 kg

R = 0.0821 L atm/mol K= 8.314 J/K mol= 1.987 cal.mol K= 62.4 L torr/mol K 

Standard Temperature and Pressure = 0oC and 1 atm

Multiple Choice (30 points) 

______1. The greater the energy of a photon, the 

a. longer the wavelength and the higher the frequency. 

b. longer the wavelength and the lower the frequency. 

c. shorter the wavelength and the lower the frequency. 

d. shorter the wavelength and the higher the frequency. 

______2. A quantized variable 

a. can only assume certain values. 

b. consists of photons. 

c. is extremely small. 

d. can be continuously varied. 

______3. What are the possible values of n and ml for an electron in a 5d orbital? 

a. n = 5 and ml = 2 

b. n = 1, 2, 3, 4, or 5 and ml = 2 

c. n = 5 and ml = -2, -1, 0, +1, or +2 

d. n = 1, 2, 3, 4, or 5 and ml = -2, -1, 0, +1, or +2 

______4. Which have the largest number of unpaired electrons in p orbitals in their ground-state electron configurations? 

a. Te, I, Xe 

b. Ne, Ar, Kr 

c. N, P, As 

d. F, Cl, Br 

______5. Arrange the ions N3-, O2-, Mg2+, Na+, and F- in order of increasing ionic radius, starting with the smallest first. 

a. N3-, Mg2+, O2-, Na+, F- 

b. N3-, O2-, Mg2+, F-, Na+ 

c. N3-, O2-, F-, Na+, Mg2+ 

d. Mg2+, Na+, F-, O2-, N3- 

______6. List the elements Na, Ca, Rb, Cl, He in order of increasing first ionization energy. 

a. He > Na > Cl > Ca > Rb 

b. He > Na > Ca > Cl > Rb 

c. He > Cl > Ca > Na > Rb 

d. Rb > Ca > Cl > Na > He 

______7. In the reaction of sodium metal with chlorine gas which of the following processes releases energy? 

a. Cl2(g) ( 2 Cl(g) 

b. Na(g) ( Na+(g) + e- 

c. Na(s) ( Na(g) 

d. Cl(g) + e- ( Cl-(g) 

______8. Which bond should have the longest length? 

a. N-N 

b. N=N 

c. N≡N 

d. All three bond lengths should be about the same. 

______9. The greater the electronegativity difference between two bonded atoms, the 

a. greater the bond order. 

b. greater the ionic character of the bond. 

c. more unstable the bond. 

d. greater the covalent character of the bond. 

______10. Compare the energies of molecular orbitals of homonuclear diatomic molecules with the energies of the atomic orbitals with which they correlate. 

a. Both bonding and antibonding molecular orbitals lie lower in energy than the atomic orbitals. 

b. Bonding orbitals are higher and antibonding orbitals are lower in energy than the atomic orbitals. 

c. Bonding orbitals are lower and antibonding orbitals are higher in energy than the atomic orbitals. 

d. Both bonding and antibonding molecular orbitals are higher in energy than the atomic orbitals. 

Problems

1. (10 points) Photosynthesis uses 660 nm light to convert CO2 and H2O into glucose and O2.  Calculate the frequency and energy of 1 photon of this light.

The dissociation energy for a C=O bond in CO2 is 745 kJ/mol.  Is 660 nm light energetic enough to break the bond?  Explain your reasoning.

2. (6 points) Carbon absorbs energy at a wavelength of 150 nm.  The total amount of energy emitted by a carbon sample is 1.98 x 105 J.  Calculate the number of carbon atoms present in the sample, assuming that each atom emits one photon.

3. (6 points) Write the complete electron configuration for an element of titanium and give a possible set of values for the four quantum numbers for the 4s and 3d electrons in the atom.

Electron configuration








	
	n
	l
	ml
	ms

	3d electron
	
	
	
	

	3d electron
	
	
	
	

	4s electron
	
	
	
	

	4s electron
	
	
	
	


4. (6 points) Write the shorthand electronic configuration of platinum as predicted from the periodic table, do you expect to see an anomalous configuration?  If you predict an anomalous configuration what is it and why do you predict this configuration?  

Electron configuration as predicted from periodic table

Possible anomalous configuration

Explanation for predicted anomalous configuration

5. (6 points) Write the complete electronic configurations for the following ions

a. P-3
b. Co+2
6. (6 points) Which compound in each of the following pairs of ionic substances has the most exothermic lattice energy?  Justify your choices.

a. LiF, LiCl

b. NaCl, Na2O
7. (15 points) Write reasonable Lewis Electron Dot Structures for the following molecules or ions (Central atom is listed first).  Tell the orbital and molecular geometry for each molecule/ion.  
	CO2

	
	orbital geometry

molecular geometry



	PO3-3

	
	orbital geometry

molecular geometry



	SF4

	
	orbital geometry

molecular geometry




8. (5 points) Determine the best skeleton structure for the thiocyanate ion.  It’s molecular formula is CNS-1.  Possible Lewis Electron Dot structures are shown below.  Show formal charges on each structure and circle the best possible structure.  Explain your reasoning
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9.  (8 points) Two structures can be drawn for cyanuric acid:

a. [image: image5.wmf]b
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Are these two resonance structures of the same molecule?  Explain.

b. How many sigma bonds are in structure a?  

c. How many pi bonds are in structure a?

d. Which bonds are longer, the CO bonds in structure a or b?  Explain.
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10. (10 points) Answer the following questions for the structure above
a. What is the molecular geometry As?

b. What is the orbital geometry of C? 

c. What is the hybridization of C?

d. What is the hybridization of S?

e. What is the orbital geometry of I? 

What is the charge on I?

f. What is the hybridization of Xe?

What is the charge on Xe?

g. What is the charge on I?

h. What is the hybridization of C?

11.   (6 points) Complete the molecular orbital correlation chart for the NO molecule. *

(a) Is the molecule paramagnetic or diamagnetic? _________________

(b) What is the bond order of the nitrogen oxygen bond? 


*Note that the correlation chart is for all, not just valence, electrons!!

     AO                                     MO                              AO

2p(*            ______

2p(* ______             ______

2p ___ ___ ___                                                         ___  ___ ___ 2p

2p(              _______

2p(  ______              _______

        2s(*______

2s _____                                                                      ______  2s

       2s(   _____

       1s(* ______  

1s ______                                                                            ______   1s

       1s(   ______

12. (8 points) Look at the compound pictured below.  Explain the bonding in terms of valence bond theory.  That is show the atomic orbitals on the S atom, describe any electron promotion and hybridization necessary, and show the orbitals involved in both sigma  and pi bonding as well as the orbital holding the lone pair of electrons.
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