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項扣兩分，該題分數扣完之後不再倒扣。 

˙第 5題至第 25 題為單選題。 

參考資料 

一、元素週期表 

 

 

二、理想氣體常數、亞佛加厥常數、法拉第常數 

R = 8.314 J/mol·K = 0.0821 L·atm/K·mol; Avogadro’s number = 6.022×1023; F= 96485 C/ mol 

 



Multiple choices 

For Question 1~4, there may be more than one correct answer. 

1. Which of the following statements is TRUE? (5 points) 

(A) The differential rate law shows how the rate of a reaction depends on concentrations. 

(B) The integrated rate law shows how the concentrations of species in the reaction depend on 

time. 

(C) A catalyst is a substance that speed up a reaction without being consumed. 

(D) A catalyst speed up a reaction by lowering the energy difference, ∆E, between products and 

reactants. 

(E) For a second-order reaction, t1/2 is independent of the initial concentration. 

 

2. Which of the following statements is TRUE? (5 points) 

(A) Equilibrium is not a static but is a highly dynamic situation. 

(B) When the reaction quotient (Q) is greater than K, the system must shift to the left, in order 

to obtain equilibrium. 

(C) Increase the temperature of an exothermic reaction at equilibrium, the equilibrium must shift 

to right. 

(D) Addition of a catalyst has no effect on the equilibrium position. 

(E) When temperature is increased for an exothermic reaction at equilibrium, the value of K for 

the reaction will increase. 

 

3. Which of the following statements is FALSE? (5 points) 

(A) In Arrhenius model, acid produce H+ in solution. 

(B) In Brønsted -Lowry model, an acid is a proton donor. 

(C) In Lewis model, a Lewis acid is an electron-pair donor. 

(D) A strong acid yields a strong conjugated base. 

(E) For the titration of any acid, the pH at the equivalent point is 7. 

 

4. Which of the following statements is FALSE? (5 points) 

(A) In an endothermic process, heat flows from the surrounding into the system, and ∆H<0 

(B) A process (at constant T and P) is spontaneous in the direction in which the free energy 

decreases. 

(C) The entropy of a perfect crystal at 0°C is zero. 

(D) The enthalpy of formation (∆Hf°) of an element in its standard state is defined as zero. 

(E) When ΔH is positive and ΔS is negative for a reaction, the reaction must be spontaneous at 

all temperature. 



For Question 5~25, each question has only one correct answer. 

5. The reaction of (CH3)3CBr with hydroxide ion proceeds with the formation of (CH3)3COH  

 

The following data were obtained at 55°C. 

Exp. [(CH3)3CBr]0 (mol/L) [OH–]0 (mol/L) Initial Rate (mol/L) 

1 0.10 0.10 1.0×10-3 

2 0.20 0.10 2.0×10-3 

3 0.10 0.20 1.0×10-3 

4 0.30 0.20 ? 

What will the initial rate (in mol/L·s) be in Experiment 4? (3 points) 

(A) 3.0×10-3 

(B) 6.0×10-3 

(C) 9.0×10-3 

(D) 1.8×10-3 

(E) none of these 

 

6. At a given temperature, the reaction below is at equilibrium when [CS2] = 0.050 M, 

[Cl2] = 0.25 M, [CCl4] = 0.15 M, and [S2Cl2] = 0.35 M. 

What would be the direction of the reaction when the reactants and products have the following 

concentrations: CS2 = 0.15 M, Cl2 = 0.22 M, CCl4 = 0.31 M, and S2Cl2 = 0.36 M? (3 points) 

 

(A) to the right 

(B) to the left 

(C) no change 

(D) cannot predict unless we know the temperature 

(E) cannot predict unless we know whether the reaction is endothermic or exothermic 

7. For a certain process at 355 K, ΔG = –12.1 kJ and ΔH = –9.2 kJ. Calculate the ΔS for the process. 

(3 points) 

(A) 0 J/K mol 

(B) 8.2 J/K mol 

(C) –8.2 J/K mol 

(D) –25.9 J/K mol 

(E) 25.9 J/K mol 

 

8. Consider the reaction 



 

At 1273 K, the Kp value is 167.5. What is the P(CO) at equilibrium if the P(CO2) is 0.25 atm at 

this temperature? (3 points) 

(A) 3.2 atm 

(B) 0.130 atm 

(C) 13 atm 

(D) 6.5 atm 

(E) 9.2 atm 

 

9. The following question refers to the following system: 

 

 

Determine the standard cell potential. (3 points) 

(A) –1.7627 V 

(B) 0.1647 V 

(C) 2.0921 V 

(D) 3.5254 V 

(E) 0.5876 V 

 

10. In the following nuclear equation, identify the missing product: (3 points) 

43 1

20 1Ca +   ? + H   

(A) 46

22Ti  

(B) 46

21Sc  

(C) 44

22Ti  

(D) 42

18 Ar  

(E) none of these  

 

 

Question 11~12, consider the following information about the diprotic acid, ascorbic acid. (H2As 



for short, molar mass 176.1), pKa1= 4.10 (Ka1= 7.9×10–5), pKa2= 11.79 (Ka2= 1.6×10–12) 

 

The titration curve for disodium ascorbate, Na2As, with standard HCl is shown below: 

 

11. What major species is (are) present at point III? (3 points) 

(A) As2– and HAs– 

(B) HAs– only 

(C) HAs– and H2As 

(D) H2As only 

(E) H2As and H+ 

 

12. What is the pH at point III? (3 points) 

(A) 4.10 

(B) 7.95 

(C) 11.79 

(D) 12.39 

(E) 13.45 

 

13. Tabulated below are initial rate data for the reaction 

 

Run [Fe(CN)6
3–]0 

(M) 

[I–]0 

(M) 

[Fe(CN)6
4–]0 

(M) 

[I2]0 

(M) 

Initial Rate 

(M/s) 

1 0.01 0.01 0.01 0.01 1 x 10–5 

2 0.01 0.02 0.01 0.01 2 x 10–5 

3 0.02 0.02 0.01 0.01 8 x 10–5 

4 0.02 0.02 0.02 0.01 8 x 10–5 

5 0.02 0.02 0.02 0.02 8 x 10–5 

What is the experimental rate law? (3 points) 

(A) 
 2I

t




= k[Fe(CN)6

3–]2[I–]2[Fe(CN)6
4–]2[I2] 



(B) 
 2I

t




= k[Fe(CN)6

3–]2[I–][Fe(CN)6
4–][I2] 

(C) 
 2I

t




= k[Fe(CN)6

3–]2[I–] 

(D) 
 2I

t




= k[Fe(CN)6

3–][I–]2 

(E) 
 2I

t




= k[Fe(CN)6

3–]3[I–]2 

 

14. A 0.012 mol sample of Na2SO4 is added to 400 mL of each of two solutions. One solution contains 

1.5×10–3 M BaCl2; the other contains 1.5×10–3 M CaCl2. Given that Ksp for BaSO4 = 1.5×10–9 and 

Ksp for CaSO4 = 6.1×10–5. (4 points) 

(A) BaSO4 would precipitate but CaSO4 would not. 

(B) CaSO4 would precipitate but BaSO4 would not. 

(C) Both BaSO4 and CaSO4 would precipitate. 

(D) Neither BaSO4 nor CaSO4 would precipitate. 

(E) Not enough information is given to determine if precipitation would occur. 

 

15. Consider the following reaction: 

 
Given 1.00 mole of HF(g), 0.291 mole of H2(g), and 0.750 mole of F2(g) are mixed in a 5.00 L 

flask, determine the reaction quotient, Q (4 points) 

(A) Q= 0.0437 

(B) Q= 0.218 

(C) Q= 0.0546 

(D) Q= 2.04 

(E) Q= 20.6 

 

16. What concentration of acetic acid (CH3COOH, Ka = 1.80×10–5) has the same pH as that of 

5.01×10–3 M HCl? (4 points) 

(A) 16.7 M 

(B) 12.6 M 

(C) 1.39 M 

(D) 5.01×10–3 M 

(E) 1.39×103 M 

 

17. The Ksp of PbSO4 is 1.3×10–8. Calculate the solubility (in mol/L) of PbSO4 in a 0.0054 M solution 

of Na2SO4. (4 points) 



(A) 7×10-11 M 

(B) 5.8×10-12 M 

(C) 2.4×10-6 M 

(D) 1.3×10-8 M 

(E) 1.6×10-3 M 

 

18. A 100 mL sample of 0.2 M (CH3)3N (Kb = 5.33×10–5) is titrated with 0.2 M HCl. What is the pH 

at the equivalence point? (4 points) 

(A) 2.6 

(B) 8.6 

(C) 10.7 

(D) 5.4 

(E) 7.0 

 

19. The concentration of OH– in a saturated solution of Mg(OH)2 is 3.62×10–4 M. Calculate the Ksp 

of Mg(OH)2. (4 points) 

(A) 6.6×10-8 

(B) 4.7×10-11 

(C) 1.3×10-7 

(D) 3.6×10-4 

(E) 2.4×10-11 

 

20. For the reaction A + B → C + D, ΔH = +40 kJ and ΔS = +50 J/K. Under what temperature 

condition is the reaction spontaneous? (4 points) 

(A) spontaneous at temperatures less than 10 K 

(B) spontaneous at temperatures greater than 800 K 

(C) spontaneous only at temperatures between 10 K and 800 K 

(D) spontaneous at all temperatures 

(E) nonspontaneous at all temperatures 

 

21. The following reaction (unbalance) occurs in aqueous acid solution: (5 points) 

 

In the balanced equation the coefficient of NO3
– is: 

(A) 2 

(B) 3 

(C) 4 

(D) 5 



(E) 6 

 

22. Nickel is electroplated from a NiSO4 solution. A constant current of 2.33 A is applied by an 

external power supply. How long will it take to deposit 100 g of Ni? (Atomic mass of Ni = 58.69.) 

(5 points) 

(A) 39.1 h 

(B) 19.5 h 

(C) 42.9 min 

(D) 130.7 s 

(E) 2.57 s 

 

23. An archaeological sample contains 0.622 g of lead-206 and 2.198 g of uranium-238. Assume that 

all the lead now present in the rock came from the radioactive decay of the uranium and that no 

appreciable amounts of other radioactive nuclides are present in the sample. The decay rate 

constant for the uranium is 1.54×10–10/year. What is the age of the sample? (5 points) 

(A) 9.1×109 years 

(B) 7.98×108 years 

(C) 1.84×109 years 

(D) 7.26×109 years  

(E) none of these 

 

24. The following question refers to a solution that contains 1.56 M hydrofluoric acid,  

HF (Ka= 7.2×10–4), and 3.00 M hydrocyanic acid, HCN (Ka= 6.2×10–10). 

Determine the [CN–] at equilibrium. (5 points) 

(A) 1.9 × 10–9 M 

(B) 3.4 × 10–2 M 

(C) 5.5 × 10–8 M 

(D) 6.2 × 10–10 M 

(E) none of these 

 

25. You have solutions of 0.200 M HNO2 and 0.200 M KNO2 (Ka for HNO2 = 4.00×10–4). A buffer 

of pH 3.000 is needed. What volumes of HNO2 and KNO2 are required to make 1 liter of buffered 

solution? (5 points) 

(A) 500 mL of each 

(B) 286 mL HNO2; 714 mL KNO2 

(C) 413 mL HNO2; 587 mL KNO2 

(D) 714 mL HNO2; 286 mL KNO2 

(E) 587 mL HNO2; 413 mL KNO2 


