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W C=3.00 x 10° m/s; h = 6.626 x 10™* J-s; F = 96500 C/mol
B Gas constant: R = 8.314 J/mol-K= 0.0821 L-atm/mol-K
W The periodic table: page 4
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1. A sulfuric acid solution, HSOy, is 43% by mass and has a density of 1.33 g/em’. Calculate the muolarity
of H,S0y in this solution.
(A)44M (B)5.8M (C)18M (D) None of the above

2. Solubility rules predict precipitate formation for mixing 0.1 M aqueous solutions of
(A) NaCl and Hg(NOs), (B) HBr and Ba(OH), (C) H>SO4 and Pb(NOs); (D) AgNO; and Na,S

3. The plots shown in the figure are the relative molecular speed
distribution curves of two kinds of gases P and Q at 25°C. Which of
the following statements are correct?

(A) The root mean square speed of Q is greater than P.
(B) The effusion rate of Q is greater than P.

(© The average kinetic energy of Q is greater than P.
(D) The molar mass of Q is greater than P,

Percentage of molecules

4. The gas in 2 cylinder equipped with a piston (defined as the system)
is warmed and absorbs 357 J of heat (q). The expansion performs 123 J of work (w) on the
surroundings. Which of the followings is true? (AE: change in internal energy)

(A)q=+357J (B)w=+123] (C)AE=+4707 (D)AH=0] ,

5. In a coffee-cup calorimeter, 100.0 mL of 0.100 M AgNOj3 and 100.0 mL of 0.100 M HCI are mixed to
yield the following reaction: Ag*(aq) + Cl'(aq) — AgCI(s). The two solutions were initially at 23.40°C,
and the final temperature is 24.20°C.  Calculate the heat of reaction in kJ/mol of AgCl formed. Assume
that the combined solution has a mass of 200.0 g and a specific heat capacity of 4.18 I/°C-g.

(A) +33kJ/mol (B)-33 kJ/mol (C)-67 kJ/mol (D)+67 kJ/mol (E) None of the above.

6. For the following types of electromagnetic radiation: X-ray, ultraviolet (UV), visible, and infrared (IR),
which of the following is correct?
(A) Highest frequency: X-ray (B) Longest wavelength: visible
(C) Greatest energy: UV (D) Lowest energy: IR
7. How many orbitals have the quantum values of n =5 and £ =3?
A)2 (B)3 (C)5 (D)7 (E)None of the above.
8. Which of the following ranking is correct?
(A) Ionic radius: N3' > 02' >F  (B) First ionization energy: C1> 8> Mg > Na
(C) Atomic size: Li>Na>K (D) Bond polarity: C-H> N-H> O-H
9. Which of the following molecules would have dipole-dipole interaction?
(A)PCls (B)PH; (C)SO; (D)CIF,
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10. For the following central atom (underlined), which one has the sp? hybrid orbitals?
(A)BeCl, (B)CH,0 (C)S0: (D)H:§

11. According to the phase diagram shown, choose the correct answer. -
(A) Point A is the normal melting point.
(B) Point C is the normal boiling point.

(C) Curve AC is the vaporization curve.
(D) SCF stands for super critical fluid.

12. Consider the following reaction at chemical equilibrium:
2 KClOs3(s) == 2KCl(s) +30,(g) AH>0
Which of the following will increase the equilibrium
constant of the reaction?
(A) Add some KClO;(s) to the system.
(B) Add some catalyst to the system.
(C) Increase the volume of the reaction mixture at constant temperature.
(D) Raise the temperature of the system.

‘Temperature ——»

13. The decomposition of SO,Cl; is first order in SO,Cl, and has a rate constant of 1.5 x 10 5! at a certain
temperature. How long will it take for the concentration of SO,Cl, to decrease to 25% o_f its initial
concentration?

(A)1.5%10%s B)3.0x10%s (C)4.6x10°s (D)9.2x10°s (E) None of the above
14. Consider the following reaction: NOy(g) + CO(g) — NO(g) + COa(g)

The initial rate of the reaction is measured at several different concentrations of the reactants with the

following results. If the initial concentrations of NO; and CO are 0.30 and 0.50 M respectively, what is
the value of the initial rate of the reaction?

[NO3]o M) | [COJo (M), | Initial rate (M/s)
0.10 0.10 0.0021
0.20 0.10 0.0082
0.20 0.20 0.0083
0.40 0.10 0.033

(A)0.019M/s (B)0.026 M/s (C)0.032M/s (D) 0.053 M/s (E) None of the above.

15. The solubility product constant (Ksp) of an insoluble salt magnesium fluoride, MgF,, is 4.0 x 1072,
Calculate the molar solubility of MgF, in a 1.0 M Mg(NO3); solution.

(A)1.0x10°M (@®)2.0x10°M (C)1.0x10*M (D)1.6x10*M (E) None of the above
16. For the biopolymer, protein, choose the correct statement.

(A) The building blocks of protein are o-amino acids.

(B) Protein is a kind of addition polymer.

(C) The monoiners are linked together by amide bonds.
o

H N\)L |
(D) Glycine ’ oH is the simplest amino acid that is optically active.
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17. For the Haber process at 25°C, Na(g) + 3Ha(g) == 2NHs(g), AH® = -92 kJ and AS°® =-198 J/K. Which
of the following statements is correct?

(A) This is an exothermic reaction.

(B) The entropy of the system is increased.

(C) The reaction is spontaneous under standard states and 25°C.
(D) The reaction is very fast under standard states and 25°C.

18.1f22.44 mL of a 0.1652 M KMnQ; solution are required to titrate 25.00 mL of a H>O» solution, using
the reaction: 2MnOy4” + 5H,0; + 6H" ~— 50, +2Mn** + 8H,0. Calculate the concentration of the HyO»
solution.
(A)0.05931M (B)0.1483M (C)0.3707M (D) None of the above.
19. Give the missing particle in the nuclear reaction: 335 — ?+ 397
(A) 3a B) n (C) Je D) e
20. Which one of the following can be done to shorten the haif-life of the radioactive decay of I-131?
(A) Freeze if. (B) Heat it. (O) Oxidize to I,.
(D) Add certain catalyst  (E) None of the above '

IL %M (30% HH3 5 AEKERARNEREL KA NER)

21. A compound contains only nitrogen and hydrogen and is 87.4% nitrogen by mass. A gaseous sample
of the compound has a density of 0.977 g/L at 710. torr and 100. °C. Give the molecular formula of the

compound: _(21) .
22, Based on the Molecular Orbital model, give the electron configurations of the C; molecule:__(22) .

23. For 0.10 M NHs(aq), the pH value= _ (23) . Kp=1.0x10%,

24. Blood is buffered by carbonic acid and the bicarbonate ion. Normal blood plasma is 0.0012 M in H,CO;
and 0.024 M in HCOy". Calculate the pH of blood plasma, pH= _(24) .
The pKa for HoCO; at body temperature is 6.1, and pKg is 10.3.

25, Consider these reactions and their respective equilibrium constants:
NO(g) + 1/2Bra(g) == NOBr(g) K=53
2NO(g) == Ni(g) + O(g) K=2.1x10%
Calculate the equilibrium constant K for the following reaction at that temperature, K=__(25) .
Na(g) + Oa(g) + Bra(g) == 2NOBz(g)

26. Consider the reaction: CO(g) + 2 Hy(g) == CH;0H(g) K =2.26 x 10" at 25°C. For the reaction at
25°C under standard states, AG°= _(26) kJ

27. For an electrochemical cell based on the reaction:
MnQ4 " (aq) + 4H+(aq) + 3Ag(s) — MnOs(s) + 2H,0(1) + 3Ag+(aq), E.;=+0.88 V.
When [MnO4] =2.0 M and [Ag'] =0.010 M, calculate the Ey for the reaction=__(27) V.
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28~30. For the reaction, 2NO(g) + Clo(g) == 2NOCI(g),

calculate the values of AH®, AS®, and AG® at 298 K including the correct units from the following data.
AH°=_ (28) , AS°= (29) ,AG’= _(30) ..

NO(g) Cl(g) NOCl(g)
AH® (ki/mol) 90.3 — 51.7
S° (¥/mol-K) 211 223 262

O #XMEM (10%)
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Answer the following questions concerning with the complex ion {Co(en); **.

(A) Ethylenediamine (en) is a strong field ligand. = Draw the structura} formula of en.
(B) What’s the coordination number of central metal ion?

(C) Draw the crystal-field energy-level diagrams, and show the placement of electrons for the complex.

(D) Is the complex ion diamagnetic or paramagnetic?
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