
PART I:  Organic Chemistry ; Total = 50 points
1. Predict the major organic product formed in each following reaction. (10 pts) 

a) CH2  
50% H2SO4/H2O b) O CH3CH2NH2  + NaBH3CN
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2. Give some proper reagents that bring the following reaction occurrence. (8 pts) 
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3. Arrange the following compounds in order of decreasing acidity: (4 points) 
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4. One of the following hydrocarbons is more acidity than the others.  Indicate which one and 
explain why it is unusually acidity. (6 points) 

5. Provide proper reagents for the following reactions (10 pts) 
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6. Suggest a convenient method for carrying out the following syntheses. (8 pts) 
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7. An unknown compound was identified by NMR and mass spectra.  The NMR spectrum 
shows below.  The mass spectrum provides a double molecular ion of ratio 1:1 at M/z 184 
and 186.  Propose a structure consistent with the NMR spectrum and the additional 
information provided.(4 pts) 

PART II:  Inorganic Chemistry ; Total = 50 points

1. Provide a concise but thorough explanation of the following (10 points) 
(a) Jahn-Teller effect    (b) Organometallic compound 
(c) Lanthanide contraction   (d)    b-hydride elimination 
(e) Paramagnetism 

2. What are the electron configurations of (a) Tin (b) Copper (c) Magnesium (d) Scandium (e)
Oxygen   Note: you can use noble gas as an abbreviation. (10 points)  

3. Determine the ground terms for the following configurations (including J values): (10 points) 
(a) high spin d5 (Oh symmetry).    (b) d4 (Td symmetry). 

4. Prepare a molecular orbital energy level diagram for the water molecule, H2O, showing clearly 



how the atomic orbitals interact to for MOs, and also showing clearly which atomic orbitals are 
involved in bonding and which are nonbonding. (10 points).  

5. Determine the point groups for (10 points) 
(a) B(OH)3, planar 
(b) Cyclohexane (chair conformation) 
(c) B3H8 
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Analytical Chemistry [50 pts] 
1. [10 pts] Consider the following sets of replicate measurements: 

A   3.5  3.1  3.1  3.3  2.5 
B   0.812  0.792  0.794  0.900 
For each set, calculate the (a) mean; (b) median; (c) spread, or range; (d) standard deviation; and 
(e) coefficient of variation. 

2.  [10 pts] A 4.97 g petroleum specimen was decomposed by wet-ashing and subsequently  
diluted to 500 mL in a volumetric flask. Cobalt was determined by treating 25.00  
mL aliquots of this diluted solution as follows: 
------------------------------------------------------------------- 

Reagent Volume 
-------------------------------------------------------------------- 
Co(II), 3.00 ppm    Ligand    H2O    Absorbance 
-------------------------------------------------------------------- 

0.00      20.00  5.00      0.398 
5.00   20.00  0.00      0.510 

-------------------------------------------------------------------- 
Assume that the Co(II)/ligand chelate obeys Beer s law, and calculate the percentage of cobalt in 
the original sample. 

3. [10 pts] What is the purpose of an internal standard in ICP-MS  

4. [10 pts] (a) What is the difference between liquid-liquid and liquid-solid chromatography  (b) 
What types of species can be separated by HPLC but not by GC  

5. [10 pts] What is the principle of separation by capillary zone electrophoresis  

Physical Chemistry [50 pts] 
6. [10 pts] For particle in one dimension box, (a) what happen to the ground state wave function 

and energy if we reduce the length of the box to half of the original length (L), (b) What happen 
to the expectation value <px>  

7. [10 pts] (a) Write the ground state spin wave function ( ) of two electrons, (b) Find the 



expectation value of ZI  where 
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8.  [10 pts] (a) A gas obeys the equation of state PRTPV +=  where a is a function of T, (a) 
Find the reversible work done whenever the gas is heated at constant pressure from T1 to T2, (b) 
Find the reversible work if the gas is expanded isothermally from V1 to V2.  Assuming 

 )(and )( 2211 TT == . 

9. [10 pts] An ideal gas with molar Cv = 1.5R is heated along a path for which the molar heat 
capacity is 3.5R.  One mole of the gas with an initial volume of 20 L is heated reversibly from 
300 K to 500 K along this path, (a) compute the final volume of the gas, (b) compute DS for the 
process. 

10. [10 pts] (a) If we measure the concentration in mol L-1, what is the rate expression of a 
concerted bimolecular reaction  

A+ B  Products  
and the units of the rate coefficient  (b) what is the rate expression of a concerted termolecular 
reaction (assuming third order)  

2A + B  Products  
and the units of the rate coefficient  . 



1. Normal body temperature is 98.6 oF. What is the equivalent temperature in degrees Celsius  In 
kelvins  

A) 37 oC; 310 K   B) 36 oC; 309 K   C) 36.5 oC; 309.5 K   D) 37.5 oC; 310.5 K 
2. Which of the following pairs of elements should combine to give covalent compounds   

A) Mg + O2   B) Cl2 + F2   C) Cl2 + Cr   D) S8 + Na 
3. What is wrong with the common names for the following compounds  

A) tetraphosphorus trisulfide (P4S3)   B) silicon dioxide (SiO2)    
C) chlorine oxide (Cl2O)   D) copper (II) bromide (CuBr2)  

4. Calculate the empirical formula, if this compound is 60.0% C, 4.48% H, and 35.5% O by weight. 
A) C9H9O4   B) C9H9O5   C) C8H9O4   D) C9H8O4

5. Calculate what volume of 1.50 M HCl would react with 25.0 grams of CaCO3.
A) V=0.333 L   B) V=0.666 L   C) V=0.111 L   D) V=0.125 L 

6. Calculate the density in grams per liter of oxygen gas at 0 oC and 1.00 atm. 
A) 1.56 g/L   B) 1.43 g/L   C) 1.12 g/L   D) 1.33 g/L 

7. Which of the following samples would have the largest volume at 25 oC and 75 mmHg  
A) 100 g CO2   B) 100 g NO   C) 100 g CH4   D) 100 g SO2 

8. Predict the electron configurations for zinc (Z = 30) from their positions in the periodic table. 
A) [Ar]4s13d9   B) [Ar]4s13d10   C) [Ar]4s23d9   D) [Ar]4s23d10

9. Which of the following transitions in the spectrum of the hydrogen atom results in the emission 
of light with the longest wavelength   

A) n = 5 to n = 4   B) n = 3 to n = 2   C) n = 3 to n = 1   D) n = 2 to n = 3
10. Which of the following orbits cannot exist  

A) 6s   B) 2d   C) 3p   D) 17f
11. Arrange the following atoms or ions in order of increasing radius. (a)Na (b) Na+ (c) Cl (d) Cl

A) bacd   B) dcab   C) bcad   D) abcd
12. Which of the following ionization energies is the largest  

A) 1st IE of Ba   B) 3rd IE of Al   C) 2nd IE of Al   D) 3rd IE of Mg 
13. Which of the following series of elements is arranged in order of decreasing electronegativity  

A) O, P, Al, Mg, K   B) C, Si, P, As, Se   C) Na, Li, B, N, F   D) Li, Be, B, C, N 



14. Which of the following compounds should be the most ionic  
A) Ti2O3   B) TiO   C) Ti4O7   D) TiO2

15. Which of the following are exceptions to the Lewis octet rule  
A) CO2   B) SO3   C) SF4   D) PCl3

16. Which of the following molecule is paramagnetic  
A) HF   B) CO   C) NO+   D) NO 

17. Which of the following compounds is best described as T-shaped  
A) XeF3

+   B) NO3    C) ClO3    D) SF4 

18. Predict which of the following substances should have an enthalpy of formation equal to zero. 
A) Br2(g)   B) Hg(l)   C) H(g)   D) I2(l) 

19. Which of the following reactions would you expect to be endothermic   
A) 2 H2(g) + O2(g)  2 H2O(g)   B) H2O(g)  H2O(l)    
C) H2(g)  2 H(g)  D) HCl(aq) + NaOH(aq)  NaCl(aq) + H2O(l)

20. Which of the following would you expect to be best oxidizing agent  
A) Na   B) H2   C) P4   D) O2 

21. Nitrogen has a reasonable oxidation number in all of the following compounds, and yet one of 
them is still impossible. Which one   

A) NF5   B) NO   C) NO3    D) NO2

22. Which of the following is not a Br nsted conjugate acid-base pair  
A) NH4

+/NH3   B) H2O/OH   C) N3O+/OH   D) CH4/CH3

23. Which of the following compounds can act as both a Br nsted acid and a Br nsted base  
A) Na2CO3   B) H2CO3   C) H2O   D) CO2

24. Which of the following is the strongest acid  
A) 0.10 M H2PO4    B) 0.10 M HPO4

2     C) 0.10 M PO4
3     D) 0.10 M H3PO4

25. In which of the following structures would a xenon atom form the largest number of induced 
dipole-induced dipole interactions  

A) cubic closest-packed   B) simple cubic    C) body-centered cubic   D) simple 
closest-packed 

26. Tetrahedral holes and octahedral holes can be found in which of the following structures  
A) simple cubic   B) cubic closest-packed    C) body-centered cubic   D) simple 
closest-packed 
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27. Sulfuric acid is 96.0% H2SO4 by weigh, and it has a density of 1.84 g/cm3. Calaulate the 
molarity of this solution.  

A) 18.8 M   B) 18.5 M    C) 18.0 M    D) 18.2 M  
28. A 0.10 m solution of H2SO4 in water freezes at 0.371 oC. Which of the following statements 

agrees with this observation  
A) H2SO4 does not dissociate in water    
B) H2SO4 dissociates in water to form (H2SO4)2 molecules    
C) H2SO4 dissociates into water to form two H3O+ ions and one SO4

2  ion    
D) H2SO4 dissociates into H3O+ and HSO4  ions in water 

29. Which of the following compounds would be the most soluble in a nonpolar solvent, such as 
CCl4  

A) CH3CH2CH2CH2CH2CH2CH2OH   B) CH3CH2CH2CH2CH2OH    
C) CH3CH2CH2OH    D) CH3OH  

30. Which of the following is the correct equilibrium constant expression for the reaction Cl2(g) + 3 
F2(g)  2 ClF3(g)  

A)                B)                C)                   D)  

31. Calculate the solubility of CaF2 in grams per liter and comment on its potential as a fluoridating 
agent. (Ksp = 4.0 x 10-11) 

A) 0.071 g/L   B) 0.71 g/L   C) 0.017 g/L   D) 0.17 g/L 
32. Which of the following pairs of ions can t coexist in aqueous solution  

A) Na+, S2+   B) Hg2
2+, F   C) Fe2+, Hg2+   D) Ag+, Hg2+

33. Which of the following octahedral complexes can form cis / trans isomers  
A) Co(NH3)4Cl2+   B) Co(NH3)6

3+   C) Co(NH3)5Cl2+   D) Co(NH3)5(H2O)3+

34. Which of the following transition metal ions are in an oxidation state in which the electron 
configuration of the metal is not formally d0  

A) Sc+   B) Fe3+   C) Ti4+   D) VO2
+

35. Which isotope of carbon is most likely to decay by electron emission  
A) 12C   B) 11C   C) 14C   D) 13C 



36. Which of the following nuclide is most likely to be neutron-rich  
A) 31P   B) 26Si   C) 27Al   D) 24Na 

37. Which of the following is a product of the reaction between chlorine and ethylene  
A) ClCH2CH2Cl   B) CH3CH2Cl   C) CH3CHCl2   D) Cl2CHCHCl2

38. Which of the following compounds has the largest octane number  
A) n-butane   B) n-pentane   C) n-hexane   D) n-octane 

39. Which of the following molecule is optically active  
A) C2H4   B) C6H6   C) C4H10O   D) C6H4Cl2

40. If EtOH is used as the only source of carbon, which of the following can be synthesized by a 
Grignard reaction  

A) CH3CH2CH2OH   B) CH3CH2CHO   C) CH3CH2OCH2CH3   D) CH3CO2CH2CH3 


