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If necessary, use the following data to answer the questions below.
Atomic weight : H=1.0, C=120, N=14.0, 0=16.0, Na=23.0, Al=270, S=32.1, C1=355
Quantity of electricity : 1.00F = 9.65x10'C

Molar volume of gas at the standard state: 22.4 £/mol

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

each answer box.

(A) Which is the chemical species where the oxidation number of the underlined

element is the same as that of chlorine in NaClO,?

@ NH, @ AlLO; ® FeO @ KMnO, ® NOs

(B) Which of the following, aliphatic, chain-like hydrocarbons has a double bond in

itself?

® C4H10 @ C2H2 @ C3H4 @ CZHS @ CBHS

-




(C) Which is the correct combination of the coefficients a~e for the following re-

action?

a Cr'"+ b OH + ¢ HO, — d CrO* + ¢ H.0

D a=1, b=8, ¢=2, d=3, e=5 (@ a=3, b=8, c=2, d=4, e=5
(3) a=5, b=6, ¢c=3, d=2, e=10 @ a=2, b=10, c=3, d=2, e=8
(5) a=3, b=7, c=2, d=5, e=4 ® a=9, b=8, ¢=10, d=3, e=5

-

@ Cb @ H.S & NH; @ CO, & HCI

(D) Which is the gas with density of 1.63g/2 in the standard state?

(E) A cellis covered with a semipermeable membrane. The erythrocyte may ex-

plode, when blood is diluted in water. Which is the correct reason for the ex-

plosion?
(D Boiling point elevation (@ Osmotic pressure
(3> Freezing point depression @ Vapor pressure depression C

(® Coagulation

|

(F) What is the degree of polymerization for the polyethylene with molecular
* weight 150 X 10°?

AD)  345x% 10 @ 828107 @ 247x10°
@ 536x10° & 1.39x10"




2 Ewvaluate the heat of reaction of the following reaction from the heat of forma-
tion data of each material. Write the number of the correct answer in the an-
swer box.

CH,CHO(2) = CHig) + CO(g)
Here, £ 1s liquid, and g is gas. The data of heat of formation for each material
are as follows.

CH,CHO(2): 192.0 kJ/mol

CHudg): 74.9 k]J/mol

CO(g): 110.5 kJ/mol
O —26 k]/mol @ ~-4.6 kJ/mol ® —56 k]/mol
@ -6.6 kJ/mol & —86 k]/mol

-

3 The procedure shown in the flow chart below is well known in the technical

production of aluminum. Answer the following questions concerning this proce-

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

bauxite

dissolving this workable ore in NaOH aq. soln.

3
aluminum hydroxide

roasting at 1200°C

¥
alumina

electrolyzing the molten salt

y

aluminum




(A)

(B)

(C)

Before the molten salt electrolysis, alumina is dissolved inte previously
fused cryolite, NasAlFs. The molten mixture is then electrolyzed. What will
the cryolite do for the electrolysis mainly? Choose the proper description

from among the following.

(U raise the yield of aluminum.
bring the melting point of the mixture down.
raise the purity of aluminum deposited.

remove the impurities present in the molten mixture.

@ ® @ ©

prevent the oxidation of aluminum obtained.

-

What is the quantity of electricity needed in order to obtain 20.0g of alumi-

num?

@ L75F @ 204F @ 222F @ 2635 & 285F

o

How much energy is needed to obtain 20.0g of aluminum, when this molten

mixture is electrolyzed with 5.00V as a bath voltage?

D 253%x10°] ® 216%x10°] . @ 176x10°]
@ 144x10°] ® 107x10°]




(D) Through the X-ray investigation of the aluminum thus obtained, it has been
found that its crystal structure is fc.c. and that its lattice constant is 4.05 X

107"nm. What can be estimated as the atomic radius of aluminum, given that

V2 =1417
(D 1.25%10*nm 2 143 % 10'nm 3 176X 10'nm
@ 1.93%10'nm () 2.06 X 10'nm

o

4 The density of the aqueous solution in which 13.0g of sodium hydroxide is dis-

solved in 87.0g of water is 1.142X 10°%kg/m’. Answer the following questions.

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

(A) Calculate the mole fraction of the water.

@ 0063 ® 0937 ® 0036 @ 0964 ® 0056

(B) Calculate the concentration of the sodium hydroxide solution.

@ 1.17 mol/X# @ 278 mol/¥ @ 371 mol/
@ 467 mol/X & 5.89 mol/




5 A sodium hydroxide aq. soln. was electrolyzed with a current of 0.500A using
carbon rod electrodes. Answer the following questions concerning this elec-

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

{A) What kind of gas arose from the cathode?

© N @ 0. ® H @ Ch ® CO,

(B) What was the time for the electrolysis when 56.0mé(standard state) of gas

arose from the cathode?

@D 695sec @ 95sec @ 8%Bsec @ 1056sec & 1156 sec

6 2.00 mole of N; and 5.00 mole of H, were mixed in the presence of a proper
catalyst and maintained at a certain temperature. The following reaction oc-
curred in the gas mixture and then arrived at equilibrium where the total
pressure was 1.01 X 10° Pa. The mole fraction of NH; formed was found to be 2.50 x 107,

N. + 3H.= 2NH; + 92 k]
Answer the following questions concerning this reversible reaction. Write the

number of the correct answer in each answer box.

(A) How much heat was evolved through this reaction ?

O 297k] @ 378Kk] @ 429Kk] @ 516k] & 644 k]

-




(B) What was the partial pressure of N; at equilibrium?

@O 723X10*Pa @ 9.18X10'Pa ® 1.86X10° Pa

@ 234%10° Pa ® 523X10° Pa

7 Enkephalin(one of the pentapeptides), well known as one kind of opioid peptide,

was hydrolyzed by protease into four kinds of & -amino acids. An «-amino acid
whose molecular weight is the smallest among them was well isolated and sub-
jected to elementary analysis, so that the content for each constituent was
found as follows;carbon, 32.0%;hydrogen, 6.67%:oxygen, 427%: nitrogen,
187%. Answer the following questions concerning this amino acid. Write the

number of the correct answer in each answer box.



(A) What is the structural formula for this amino acid?

voom
H.N— (|3 —COOH
H

)

H.
SH

|
HzN—?—COOH
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|
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¢

|
CHs

H.N—C—COOH

(B) What is the name of this amino acid?

(D alanine

@ tyrosine

® glycine

@

@ cysteine

H.N— (IZ —C0O0H
CH,

H.N— (|: —COOH
CH,

0OH

& phenylalanine

& An ester was synthesized by the reaction of the primary alcohol with acetic

acid. After synthesizing, the molecular weight of the ester was 1.7times that of

the original alcohol. Which alcohol was used? Write the number of the correct

answer in the answer box.

@ CH:.0H

@ C.H:OH

® C.H,0H

@ CH,OH

® CsHuOH

-




