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1. What’s the hybridization of the central atom in FNO?
(A)sp B)p® (COsp® D)dsp® (B)d'sp®

2. What’s the molecular shape for SeOF; ?
(A)trigonal pyramidal (B)seesaw (C)trigonal bipyramidal (D)tetrahedral (E)bent

3. Which of the following species (NO*, NO", NO, NO*', NO*) has the largest and
smallest bond energy for N-O bond, respectively? (Assume that the orbital energy order is the
same as that for N;.)
(A)NO",NO" (B)NO,NO* (C)NO,NO" (D)NO*,NO* (E)NO", NO™

4. To make a buffered solution with pH 10.0, the ratio of NH4Cl to NH; must be
(A)1.8:1 (B)1:1.8 (C)0.18:1 (D)1:0.18 (E)none of above

5. The molecular orbital electron configuration (os)? (61*)? (624)° (626%) (n:;p)4 (0'2,,)1
applies to which of the following species?

(AN;" (B)C” (C)BC (D)BN (E)CO

6. Which of the following are paramagnetic: (a)CN, (b)NO", (¢)O,, (d)BN?
(A)a,b,c (B)b,c (C)a,b,d (D)a,b (E)ab,c,d

7.Given that Ag'(aq) +2NHs(aq) = Ag(NH:),'(aq) (Keq=1.72 x107)
calculate [Cl']eq when the solid AgCl (Ksp=1 6x107% is put in a 10.0 M NHj solution.

(A)039M (B)0.14M (CY047M (D)0.28M (E)0.52 M
8. Rank the following 0.10 M solutions in order from most acidic to most basic:
(1)CaBry, (2)KNO;, (3)NH4ClO4, (4)NH4NO,, (SYHNO,
(A)5,3,1,2,4 (B)3,5,2,4,1 (0)5,3,4,2,1 (D)5,3,4,1,2 (E)5,4,1,3,2
9. Consider the titration of 25.0 mL of a 0.1 M solution of Na,CO; with 0.1 M HCL
What’s the pH of the solution after adding 12.5 mL HCI?
(A)89 (B)93 (0)9.8 (D)10.1 (E)10.3
10. If K,,(0 °C)= 1.14x10°"® and K,,(40 °C)=2.92x10""*  Calculate AS® (in J/K,mol) for the
autoionization of water: H,O(l) = H'(aq) + OH{(aq)
(A)-30.6 (B)-52.8 (O)-75.1 (D)-842 (E)-104.3
11. Calculate AH (in kJ/mol) in Problem 10.
(A)57.6 (B)29.5 (C)48.3 (D)25.9 (E)33.8
12. Given that C,=37.27 J/K, mol and S°= 213.64 J/K, mol for CO; at 25 °C and 1.0 atm,
Calculate the molar entropy (in J/K,mol) at 350 K and 2.0 atm.
(A)213.9  (B)2183 _ (C)215.3 (D)208.5 (E)210.6

13. 3.0 mole of ideal gas (C,=3R/2) at 25 °C expands reversibly and adiabatically from 10.0 atm

to 1.0 atm. Calculate the work (in kJ).

(RERi% BB, HBRES)

" BrLEHAE-OORLERELE LA RRA * 3E B [H

SO 0710 FiF 1)



http:Cp=37.27
http:Keq=1.72

R M - BLEPHAE-OORS£ERELBLAREM
RFTEHAT AR #AL BT AR BT R
EHME ¢ LTE(LE

#3 H E2H|

HEEHE : 0710 &% ¢ 1

% OBEWTE  ARE MT (IR SRS

(A67 (B)22  (C)-85 (D)-124 (E)-10.8
14. What’s the final temperature (in K) in Problem 13?

(A)1803 (B)196.2 (©)126.5 (D)232.8 (E)118.6
15. How many reactions listed below at constant pressure are predicted to have greater AH than AE?
(a) 2 HF(g) 2 Hy(g) + Fa(g) (b) No(g) + 3 Ha(g) > 2 HHs(g)
(c) 4 HHs(g) + 5 Oa(g) > 4 NO(g) + 6 H;0(g) (d) 2 0s(g) > 3 Oxg)
(A ®1 (€2 D3 (E)M

16. A certain reaction has the following general form: aA > bB
At a particular temperature and [A],=2.80x107 M, a plot of 1/[A] vs. time resulted in
a straight line with a slope of 3.60x10? L/mol,s. What’s the “third” half-life (in s)?
(A)1.98x10*  (B)3.96x10° (C)4.35x10° (D)2.25x10° (E)7.92x10*

17. In 6 M HC, the decomposition of the complex ion Ru(NH3)s>* is first order with a half-life of
14 h at 25°C. How long (in hours) will it take for the [Ru(NH;)s’*] to decrease to 53.0% of its
initial value?

(A)15 (B)S6 (C6.6 (D)7.4 (BE)13
- 18. The reaction 2A+B — C has the following proposed mechanism:

Step 1: A+B == D (rate constant: k) and k,, fast equilibrivm)
Step 2: D+B-—E (rate constant: kj)
Step 3: E+A—>C+B (rate constant: k3)

If step 2 is the rate-determining step, what should be the rate of formation of C?

(MK[A] (BKAV[B] (C)K[AIBY (D)KAIB] (E)KAJ[BT

19. Calculate the equilibrium constant at 25°C for ~ AgCl(s) > Ag'(aq) + Cl'(aq)
given that E°=0.22 V for AgCl(s) + ¢ > Ag(s) + Cl'(aq) and E°= 0.80 V for
Ag'(ag) +e > Ag(s).
(A) 1.2x10™°(B) 1.6 x10™°(C) 2.4 x10” (D) 7.2 x10” (E) 1.2 x107

20. Calculate the potential for the following cell at 25 °C
Pt 1 Hy(g)(0.79 atm) 1 H30"(aq)(0.50 M) 11 CI'(aq)(0.05 M) 1 Cly(g)(0.10 atm) I Pt
given that E°=1.3595 V for Cly(g) + 2 ¢ - 2 Cl(aqg).
(A)1.26V  (B)l42V (C)0.96V (D)L.58V (E)L.06V

21. What’s the systematic name of (CH;),CHCH,CHOHCH;?
(A)1-Methyl-4-hydroxypentane (B)2-Methyl-4- hydroxypentane
(O)1,1-Dimethyl-3-hydroxybutane (D)2- Methyl-4-pentanol (E) 4- Methyl-2-pentanol

22. Which of the following compounds doesn’t react with the acidic KMnQ, solution?
(A)propanol (B)isopropanol (C)2-methyl-1-propanol (D)2-methyl-2-propanol
(E)glycerol
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23, How many unpaired electrons are there for the tetrahedral complex [CoCLJ*?
(A)0 (B)1 (C)2 (D)3 (E)¥4
24. Which of the following orders is correct for the ligands in the spectrochemical series?
(A)XCN>OH>NH:;>F>T (B)YCN'>NH;>OH>F>T
(COCN>NH;>0OH >I'>F (D)JOH>CN>NH;>I'>F  (E)none of above
25. Consider the synthesis of NH3 from N; and H;, an exothermic reaction. The reaction begins
with a 3:1 mixture of H; and N, with temperature 400, 500, 600 °C, and total pressure 300, 400,
500 atm, respectively. Which experimental condition will give the highest yield of NH; at equilibrium?
(A)600 °C, 500 atm (B)600 °C, 300 atm (C)400 °C, 500 atm (D)400 °C, 300 atm
(E)500 °C, 400 atm

S ERM (R B o HHAFLIEHRERE ) AEEERTY)
1. The wave function of 2s orbital for hydrogen atom may be represented as A [2-(t/a,)] exp(-t/(2 a,)),

where A and a, are constants, r is the distance between electron and nucleus, and exp represents an
exponential function with a base of e.

(a)What’s the probability of finding the electron at r= 3a, relative to that at r=a,?

(b)Plot the radial probability distribution function, and calculate the location of local maximum. (9%)

2. The rotational transition of '"H**Cl from J=0 to J=1 requires electromagnetic radiation with a
wavelength of 4.85x10* m. The masses of 'H and **Cl are 1.0078 and 34.9689 amu, respectively.
The energy level is Ej= h*J(J+1)/(8°I), where I is the moment of inertia. Calculate I (in kg m?)
and the bond length (in pm) of this molecule? (8%)

3. Thereaction 2NO(g)+ Hi(g) 2> NO(g)+H,O(g) is believed to take place by
the following mechanism:
(DNO+ NO = N;(, (rate constant: k; and k.;)
(2QH+ N;O, — N;O(g) +H,O(g) (rate constant k)
(a)Calculate the concentration of N;O, at steady state?
(b)Calculate -d[NOJ/dt under the condition k.; >> k;[H;]? (8%)




