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If necessary, use the following equation, constants, and atomic weights to answer
the questions below.

Equation of state of gas: PV=nRT

Gas constant R :0.082 £-atm/K-mol

Faraday constant : 96500 C/mol

Atomic weights: H=1.0, C=12.0, N=14.0, 0=16.0

1 Answer the following questions. Write the number of the correct answer in

each answer box.

(A) Which of the following atoms has the smallest number of valence electrons?

(1) «C (2) O (3) 1Na (4) S (5) «xCa

(B) Are the underlined atoms oxidated or reduced in the following reactions?

a)’ CO, + H, = CO + H:0
b) 2HI + ClL, — I + 2HCI
¢) 2Na + Cl, — 2NaCl

d) Mg + 2HCl — MgCl. + H;
e) Zn + H.SO.—~ ZnSO. + H.



(1) a : oxidized ‘reduced ¢ : oxidized : oxidized e ! oxidized

(2) a :oxidized s oxidized ¢ : reduced D oxidized e ! oxidized

(3) a :oxidized ‘reduced ¢ : reduced : reduced e : oxidized

(4} a ! reduced ‘reduced ¢ : oxidized : oxidized e : oxidized

o o [=n o [=n
=™ =] 0. (=W j= B

(5) a : oxidized : reduced ¢ : oxidized  oxidized e : reduced

(C) How many isomers are there for one kind of alkene, C.Hs?

(D) How many simple substances of the following elements can exist as a gas un-

der 1 atm at room temperature?

H Li O Ar He Mg Si B C

(E) Select one inaccurate description from among the followings.

(1)  An atom with a large electronegativity is rather negative and apt to easily
change into an anion.

(2) The larger the difference in electronegativity between two kinds of atoms
is, the stronger the polarity of the bond formed by those two atoms is.

(3) A water molecule is one of the triatomic molecules.

(4) A molecular crystal will have a comparatively low melting point, because

its intermolecular force is stronger.



(5) The isotopes of an element are atoms whose nuclei contain the same num-

ber of protons but different numbers of neutrons.

(F) Which of the following relationships in the first ionization energy between two

different atoms is correct?

(1) He>Ne {20 Li<Na (3 B>Be (4} O>Ar (5 F<(l

2 Under the presence of a proper catalyst, 1.00 mole of N; and 3.00 mole of H.
were mixed in a reaction vessel with a volume of V £ and maintained at a cer-
tain temperature. The foilowing reaction then occurred in this gas mixture:

3H. + N. = 2NH;
The total pressure of the mixture was 300 atm at the beginning and settled
down to 25.0 atm after equilibration. Answer the following questions concern-
ing this reversible reaction.

Write the number of the correct answer in each answer box.

(A) What is the mole fraction of NH; at equilibrium?

(1) 020 (2} 046 (3) 057 (4) 072 (3) 0.83

-




(B) Nitrogen has two kinds of natural isotope, hydrogen also has two. How many

NH: moclecules with a different mass can exist?

3 Answer the following questions concerning thermochemistry. Write the num-

ber of the correct answer in each answer box.

(A) The heat of combustion of propane is 2220 k]/mol when the water formed is
liquid. Evaluate the heat of formation of propane by using this fact as well as
the following thermochemical equations.

C(graphite) + O, = CO. + 394 k]
2H, + 0. = 2H20(‘€) + 572k]

(1) 64 k]/mol (2) 85 kJ/mol (3} 106 k]/mol
{4} 137 kJ/mol (5) 182 kJ/mol

(B) What is the volume of propane needed at STP to raise the temperature of
2.00¢ vyater from 15.0 to 95.0 C using the heat evolved through its combustion,
given that the density of water is 1.00 g/cm’ and that the specific heat of
water is 4.18 J/g+"C. The calculation should be done under the assumption : 1.00
cm’=1.00 mf.

(1) 4.85¢ (2) 675¢ (3) 865¢ 4) 117¢ (5) 185¢




4 What is the pH of 50 m¢ of the 0.14 mol/ ¢ HCI solution mixed with 50 m¢ of
0.10 mol/ £ NaOH solution? Write the number of the correct answer in the an-

swer box. log 2 = 0.30.

5 A 0.100 mol/ £ aqueous solution of copper sulfate( ) whose volume was 300 m¢
was electrolyzed with a current of 863 mA for an hour, using a pair of plati-
num electrodes. Answer the following questions concerning this electrolysis.

Write the number of the correct answer in each answer box.

(A) What quantity of electrons passed during this electrolysis?

(1) 2.40x10%mol (2) 3.22xX10°%mol (3} 6.65X10"mol
{4) 873x10"%mol (5) 9.47%X10%mol

(B) What was the volume of gas generated from the anode, under 25°C and

(.90 r:}tm?

(1) 125 mf (2} 184 m¢ (3) 219m¢ (4) 276 md (5) 329 mé




(C) What was the concentration of CuSO, aqueous solution after the electrolysis,

assuming the volume of the solution to be constant?

(1) 3.42X10%mol/ £ (2) 463X 10" mol/ £ {3) 5.84 X 10”mol/ ¢

(4) 7.05X 10%mol/ ¢ (5) 813X 10™mol/ ¢

6 Combustion of 120 mg of compound A, which contains only carbon, hydrogen,

and oxygen, gave 265 mg CO; and 144 mg H:0, 30 mg of A, vaporized at 27 C
and 0.60 atm, occupied 20.5 mf. Answer the following questions. Write the num-

ber of the correct answer in each answer box.

(A) Which is the molecular formula of A?

(1) CH:0 (2) CHO (3)  C:HsO:
(4) CHeO (5) CHeO» (6) CsHsO

(B) How many structural isomers of A would be expected?




7 The following figure shows a flow chart of the analysis of an ethereal sample

solution containing phenol, acetic acid, aniline and nitrobenzene.

Sample solution

adding Na:COsaq and shaking

Ethereal layer Aqueous layer A

adding NaOH aq and shaking

Aqueous layer B

Ethereal layer

adding dilute HCl ag

Aqueous layer C Ethereal layer D

Write the number of the correct combination of compounds A, B, C and D in

the answer box.

(1) A

. aniline
: acetic acid
. acetic acid
. aniline

. nitrobenzene

B : acetic acid  C ! nitrobenzene D : phenol

B : phenol C ! aniline D ! nitrobenzene
B ! aniline C : phenol D ! nitrobenzene
B ! acetic acid C : phenol D : nitrobenzene
B ! aniline C * phenol D ' acetic acid




8 The molecular weight of amino acid RCH(NH,)COOH is 75. 18 amino acids con-
densed to give a substance resembling protein. Answer the following questions.

Write the number of the correct answer in each answer box.

(A) Which is the rational formula of the amino acid?

(1) CH(NH)COOH (2) CH«{NH)COOH
(3) CH,CH(NH)COOH (4) CH,CHNH)COOH
(5) CH.CH.CHINH)COOH

(B) Derive the molecular weight of the substance resembling protein.

(1) 1026 (2) 1044 (3) 1291 (4) 1305 (5) 1350

-

O Choose a suitable chemical formula and generic material from the members of
group B and C below to correspond to the following compounds {1}—(5) of

group A. Write the number of the correct combination in the answer box.

A (1) vinyl acetate (2) styrene (3} adipic acid

(4) ethylene glycol (5) isoprene

B :{a) CH, = CH-C:H: {bh) HO-CH:-OH
(¢} CH, = CH-C(CH;) = CH. (d) HOOC_(CH?,)FCOOH
(¢) CH. = CH-OCOCH;



(3 aromatic hydrocarbon

@ conjugated diene

C Q@ ester

® carboxylic acid

@ alcohol

5—b—®
5—d—®
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5—c—@
5—e—®
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