2013 FEE HABUN (CURFIFE) REGCHEFEERSHAR

QUALIFYING EXAMINATION FOR APPLICANTS FOR JAPANESE
GOVERNMENT (MONBUKAGAKUSHO) SCHOLARSHIPS 2013

FErleER WM&

EXAMINATION QUESTIONS

(SRR 224
UNDERGRADUATE STUDENTS

(A
CHEMISTRY

HEE  rpERIERIL 6 04,
PLEASE NOTE: THE TEST PERIOD IS 60 MINUTES.



CHEMISTRY

(2013}

Nationality

MNo.

family name)
Name

(Please print full name, underlining

Marks

I  Write the reference number of the correct answer in the answer box below.

values for atomic weights: H=1.0, C=12.0, 0=16.0, Na=23.0, Mg=24.3, S=32.0, CI=35.5.

(1)

(2)

(4)

(3)

Which of the atoms 1) to 4) has the smallest first ionization energy?

)

Li 2) Be

3) Na

In the solid state which of the substances 1) to 4) has the highest density?

1)

gold 2) diamond

3) 1iron 45

Which of the substances 1) to 4) has a planar molecular shape?

1)
3)

carbon dioxide

cthylene (ethene)

2) ethane

4) propylene

Which of the substances 1) to 4) has the lowest boiling point?

1)

H-0 2) Hi:S

3) HaiSe

Use the following

4) Mg

magnesium

4) H.Te

Which of the descriptions 1) to 4) is not correct for the properties of sodium chloride?

9

3)
4)

Sodium ions and chloride 1ons are bonded by electrostatic attractive forces.

Aqueous solution exhibits neutral pH.

The number of sodium ions in the closest neighbor of a chloride ion is 6.

Refractive indices differ according to the crystallographic directions in single crystal.




(6) In which of the reactions 1) to 4) is the underlined element oxidized?

1) Cl;+S0O;+ 2H;0 — 2HCI + H2804

2) SO:+2H,S — 2H,0 + 38

3) CuSO4+ Hz8 — CuS+ H,:804

4)  10KCl+ 2KMnO; + 8H,804 — 5Cl; + 2MnSO; + 6K,50, +8H,0

(7} 10 g of substances 1) to 4) were dissolved in each 1.0 L of water. Which solution will

have the highest boiling point?

1) glucose
2}  sodium chloride
3)  sodium sulfate

4) magnesium chloride

(1) (2) 3) )

(5) (6) (7)

II  Give the appropriate values for ( a )and( b )inthe sentences below.

Complete oxidation of 1 mol of methane requires ( a ) L of oxygen at 0 °C, under I atm.
The heat of formation of methane is calculated tobe ( b ) kJ mol™ using following values;
bonding energy of a hydrogen molecule : 432 kJ mol”, bonding energy of a C-H bond in

methane : 414 kJ mol”, sublimation energy of carbon (graphite) ; 717 kI mol .

(a) ‘ (b)

G2



I Give the appropriate name of compounds that contain calcium for ( a )to( d ) by the

chemical formulas.

(i) The reaction of metallic calcium with water produces ( a ). ( b ) is obtained by
the reaction of (  a ) with carbon dioxide

(i) Oxidation of metallic calcium produces ( ¢ ). The reaction of { ¢ ) with water
produces( a ).

(i) Both( a )and( b ) produces( d ) by their reactions with hydrogen chloride.

Metallic calcium 1s obtained by the electrolysisof ( d ).

(@ | (b)
(c} (d})
IV 1.0 mol of acetic acid and 1.0 mol of ethanol was mixed to react at a constant temperature to

reach the equilibrium, and 0.75 mol of water was found in the product. Write the correct

answer to the questions below to two significant figures.

(1) Calculate the equilibrium constant of this reaction at the above temperature.
(2) At the same temperature, 1.0 mol of acetic acid, 1.0 mol of ethanol and 4.0 mol of water
were initially mixed to react. Calculate the amount of ethylacetate produced after the

mixture has reached the equilibrium.

b2

(1) (2) mol




V  Outlined here are synthetic processes of organic compounds. Answer questions (1) and (2).

MNalH solid
H.S0, NaOH 300 °C
N hydrolysis
HNOj4 Sn NaNO; NoCI
S0 HCI HCI
S s U e Sl
(a)
CsH:ClI
benzene AlCly —CH:CH—
———=o|[[NF G |—
(b) (c)
KMnO n
! KMnOs
CHs3 Y
KMnOy4
L —— —_— H
i
KMnO,4
KMHUQ
Cly, photoirradiation
CH,0OH

NaOH KyCrp07
E S e e

(1) Select the structural formulas for the compounds A to J from (1)-(18).

1y  fHa (2 Oty (@) CHCHs () pobocn, Br
e @) GmE ) 0? CHy  (10) , (11) [ (12) Sf O3Na
(13) ?H (14) SORH s CRTCH (1e) HC= E GHa (17) ] (18) COONa

C—4



A B 3 D E

(2) Looking back at the diagram of synthetic processes of organic compounds shown above, label
the types of reactions represented by the letters (a) to (d) from the list (1) to (11). If necessary,
the same number can be used twice.

(1) oxidation (2) reduction (3) dehydrogenation (4) addition (5) substitution
(6) dehydration (7) decomposition (8) neutralization (9) addition polymerization
(10) condensation polymerization (11) hydrolysis

() (b) (c) (d)

VI  Answer the following questions about a systematic separation. Give the compound name as

a neutral molecule, although it is ionie.

(1) Give the names for the organic compounds dissolved in aqueous layers A and B. and in cther

layer C.

aqueous layer A aqueous layer B ether C

(2) Give the name for the compound D.

(3) Give the name for the compound E.

Compound D Compound E

C-5



ether solution

aniline, alanine, salicyclic acid, toluene, phenol

agueous solution

]

agueous layer A

ether layer A

agueous HC| solution

L )

agueous layer B

|

\ ether layer B

agueous MaOH solution

aqueous layer C

bubbling CO;

| |

l

ether layer C

precipitation compound E

! aqueous HC| salution

\ compound D

VII  Write the name of organic compounds obtained from the following reactions.

(1) reaction of sodium acetate with sodium hydroxide
(2) reaction of calcium carbide with water
(3) heat ethanol at 160 °C

(1) @ (3)




