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物  理
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Chemistry 

Marking Your Choice of Subject on the Answer Sheet 

Choose and answer two subjects from Physics, Chemistry, and 
Biology. Use the front side of the answer sheet for one subject, 
and the reverse side for the other subject. 

As shown in the example on the right, if you answer the 
Chemistry questions, circle “Chemistry” and completely fill in the 
oval under the subject name.  

If you do not correctly fill in the appropriate oval, your 
answers will not be graded.  

Use the following values for calculation. The unit of volume “liter” is represented by “L”. 

Standard state:  0 1.01 105 Pa  (1 atm)  

The molar volume of an ideal gas at the standard state:  22.4 L/mol 

Gas constant:   = 8.31 103 Pa L/(K mol) 

Avogadro constant:  A = 6.02 1023 /mol 

Faraday constant:   = 9.65 104 C/mol 

Atomic weight:  H : 1.0 C : 12 O : 16 Mg : 24 Br : 80 

The relation between the group and the period of elements used in this examination is 

indicated in the following periodic table. Atomic symbols other than H are omitted. 

 

Example  

Physics Biology Chemistry 

 Subject 

Group 
Period 

H 
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Q1 Concerning the following statements  on the constituent particles of matter, the 

number corresponding to the quantity described in column A is indicated in column B. 

Choose the one in which the number in column B is not correct. 

A B

number of electrons in hydrogen ion H+ 0

number of protons in He atom 2 

number of electrons in the M shell of Na atom 2 

number of valence electrons in C atom 4 

number of neutrons in  Cl atom 20 

Q2 From the following molecules or ions  choose the one which has the largest 

number of shared electron pairs. 

ammonia 

nitrogen 

hydrogen sulfide 

oxonium ion 

ammonium ion 

37 
17 

24
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Q3  From the following compounds , choose the one which does not have a planar 

molecular structure.  

benzene 

water 

naphthalene 

ammonia 

formaldehyde 

Q4  Suppose the following materials are in the solid state: carbon dioxide (CO2), silicon 

dioxide (SiO2), and calcium oxide (CaO). From  in the table below, choose the one 

in which each crystal is correctly classified. 

Carbon dioxide Silicon dioxide Calcium oxide 

 ionic crystal covalent crystal molecular crystal 

 ionic crystal molecular crystal covalent crystal 

 covalent crystal ionic crystal molecular crystal 

 covalent crystal molecular crystal ionic crystal 

 molecular crystal ionic crystal covalent crystal 

 molecular crystal covalent crystal ionic crystal 

25
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Q5  Hydrogen (H2) is generated when magnesium (Mg) is reacted with hydrochloric acid 

(HCl) as shown below. 

Mg  2HCl  MgCl2  H2

The following table lists the volumes of generated hydrogen at 20  and 1.01 105 Pa 

when various masses of magnesium are added to react with 4.0 mL of hydrochloric acid 

of a certain concentration. 

Mass of magnesium (g) 0.018 0.037 0.052 0.070 0.085 

Volume of hydrogen (mL) 18 37 48 48 48 

Assume that hydrogen is insoluble in water, and that the volume of 1.00 mol of the gas at 

this temperature and pressure is 24.0 L. 

From  in the table below, choose the correct combination of the maximum mass 

of magnesium (g) that reacts with the hydrochloric acid used and the concentration of 

hydrochloric acid (mol/L). 

Maximum mass of magnesium (g) Concentration of hydrochloric acid (mol/L)

0.048 0.25

0.048 0.50

0.048 1.0

0.051 0.25

0.051 0.50

0.051 1.0

26
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Q6  Suppose that 1.0 10-3 mol of hydrogen (H2) and 5.0 10-3 mol of oxygen (O2) were 

placed in a closed container the volume of which was variable, and the gas mixture was 

ignited. The hydrogen was completely reacted, and waterdrops formed in the container. 

Suppose the volume of the container was gradually enlarged at a constant temperature of 

33  so that all water (H2O) in the container turned into water vapor. Calculate the volume 

of the container in L when all water in the container was vaporized. From  

below choose the closest value. Assume that the vapor pressure of water at 33  is 

5.0 103 Pa.                                                               L 

0.50 0.75 1.0 1.5 2.0

27
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Q7  From the salts below choose the one which is compatible with both of the 

following statements a and b. 

a It is a salt made from a divalent acid and a monovalent base. 

b The pH of its aqueous solution is larger than 7. 

barium chloride 

sodium carbonate 

ammonium sulfate 

sodium acetate 

calcium nitrate 

potassium sulfate 

28
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Q8  0.200 mol/L aqueous potassium permanganate (KMnO4) is added to a solution acidified 

with sulfuric acid containing 50.0 mL of 0.300 mol/L aqueous hydrogen peroxide (H2O2) 

so that the hydrogen peroxide will completely be oxidized. Calculate the volume of 

aqueous potassium permanganate required in mL. From below choose the closest 

value.                                                            mL 

15 30 75 150 300 

29
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Q9  When dilute sulfuric acid (H2SO4) was electrolyzed with the aid of platinum electrodes 

using the apparatus given in the following figure, 672 mL of gas at the standard state was 

generated in total at the anode and the cathode. Calculate the amount of electricity (in C) 

used. From  below choose the closest value.                                 C 

3.86 102 1.93 103 3.86 103 7.72 103

1.93 104 3.86 104 7.72 104 9.65 104 

dil. H2SO4 

Pt Pt

30
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Q10 When hydrogen iodide (HI) was placed in a closed container at constant temperature 

and pressure, the reaction represented by the following thermochemical equation took 

place to reach an equilibrium state: 

2HI (g)  H2 (g)  I2 (g)  9 kJ 

Assume that HI, H2, and I2 are always in the gas state. 

From the following statements on this reaction choose the correct one.

The amount of HI at the equilibrium state is twice as large as that of H2. 

The amount of H2 and that of I2 at the equilibrium state are not necessarily equal. 

If the temperature is lowered, the amount of HI at the equilibrium state will increase. 

If the pressure is lowered, the amount of HI at the equilibrium state will increase. 

If a catalyst is added, the amount of HI at the equilibrium state will increase. 

Q11 From the following procedures , choose the one in which hydrogen (H2) is not 

generated. 

Dilute hydrochloric acid (HCl) is added to copper (Cu). 

Water (H2O) is added to calcium (Ca). 

Ethanol (C2H5OH) is added to sodium (Na). 

Aqueous sodium hydroxide (NaOH) is added to aluminum (Al). 

Aqueous sodium hydroxide is electrolyzed with the aid of platinum electrodes. 

31
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Q12 Among the following procedures a-f, there are two in which no reaction takes place. 

From  below choose that combination. 

a Water (H2O) is added to lithium (Li). 

b Hydrochloric acid (HCl) is added to zinc (Zn). 

c Hydrochloric acid is added to silver (Ag). 

d Dilute nitric acid (HNO3) is added to copper (Cu). 

e Aqueous silver nitrate (AgNO3) is added to copper. 

f Aqueous iron(II) sulfate (FeSO4) is added to platinum (Pt). 

a e b e b f c d c f d e

Q13 Among the following reactions a-d, there are two in which water acts as an acid. From 

 below choose the correct combination. 

a HCl  H2O H3O+  Cl  

b NH3  H2O NH4+  OH  

c 2Na  2H2O 2NaOH  H2

d CaO  H2O Ca(OH)2 

a b a c a d b c b d c d 

32
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Q14 From the following statements  on sulfur dioxide (SO2), choose the one which 

is not correct. 

SO2 can bleach pigments by its oxidizing property. 

When SO2 is passed through aqueous hydrogen sulfide (H2S), the solution turns 

turbid and white. 

SO2 is a colorless and poisonous gas with an irritating smell. 

SO2 is soluble in water and the aqueous solution is weakly acidic. 

When SO2 is passed through aqueous potassium permanganate (KMnO4) acidified 

with sulfuric acid, the red-purple color of potassium permanganate disappears. 

Q15 Suppose a colorless aqueous solution contains one kind of metal ion. This aqueous 

solution has following properties a-c. From  below choose the metal ion contained 

in this aqueous solution. 

a Precipitates were formed when aqueous sodium hydroxide (NaOH) was added. The 

precipitates dissolved, however, when aqueous sodium hydroxide was further added. 

b Precipitates were formed when aqueous ammonia (NH3) was added. The precipitates 

dissolved, however, when aqueous ammonia was further added. 

c Precipitates were not formed when aqueous sodium chloride (NaCl) was added. 

Ag+ Ca2+ Mg2+ Pb2+ Zn2+ Al3+ 

33
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Q16 From  below choose the correct combination of numbers which are compatible 

with blanks    and in the statements below. 

Among the isomers of a compound whose molecular formula is C3H5Br, the number of 

these which possess a carbon-carbon double bond is      . Some of these isomers yield 

products which possess an asymmetric carbon atom when the addition reaction of bromine 

(Br2) to the double bond is carried out. The number of the isomer(s) that yield such 

products is      . 

A B

3 1

3 2

4 1

4 2

5 1

5 2

A 

B 

A B 
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Q17 From the following statements  on ethylene (ethene), choose the correct one. 

Ethylene is a colorless gas and is readily soluble in water. 

When a sufficient amount of ethylene is passed through bromine water, the color of 

the bromine water disappears. 

When a sufficient amount of ethylene is passed through aqueous potassium 

permanganate (KMnO4) acidified with sulfuric acid, permanganate ion (MnO4 ) is 

oxidized and its color disappears. 

Polyethylene is produced by condensation polymerization of ethylene. 

35
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Q18 In the following table, column A describes chemical reactions and column B shows the 

products of these reactions. From  in the table below choose the one in which 

column B is not correct. 

A B

 

NaOH aq 

H2O 

Cl2 light 

HNO3 H2SO4 

CH3OH H2SO4 

heat 
dehydrating agent 

Science－36

ⓒ 2021 Japan Student Services Organization



Q19 Compound A is a cyclic unsaturated hydrocarbon with a molecular weight of 80. 

A cyclic saturated hydrocarbon with a molecular weight of 84 was obtained when 

hydrogen H2 was added to A with the aid of a catalyst. 

When a sufficient amount of bromine (Br2) was reacted with A  a bromide of the cyclic 

saturated hydrocarbon was obtained. Calculate the molecular weight of the bromide. From 

 below choose the closest value. 

160 240 320 400 480 600 

Q20 Among the following polymer compounds a-e, two of them require formaldehyde when 

these are synthesized. From  below choose the correct combination. 

a phenol resin 

b poly(ethylene terephthalate) 

c polystyrene 

d vinylon 

e poly(vinyl chloride) 

a b a d a e b c

b d b e c d d e 

End of Chemistry questions. Leave the answer spaces   blank. 

Please check once more that you have properly marked the name of your 

subject as “Chemistry” on your answer sheet. 
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Biology 

Marking Your Choice of Subject on the Answer Sheet 

Choose and answer two subjects from Physics, Chemistry, and 
Biology. Use the front side of the answer sheet for one subject, and 
the reverse side for the other subject.  

As shown in the example on the right, if you answer the Biology 
questions, circle “Biology” and completely fill in the oval under the 
subject name.  

Q1 The following figure schematically represents the structure of ATP, which is involved in energy 

metabolism in cells. From  – below choose the combination that correctly indicates the names of 

A – E in the figure. 

A B C D E 

ribose adenosine phosphate adenine ADP 

ribose phosphate ADP adenosine adenine 

adenine ADP adenosine ribose phosphate 

adenine ribose phosphate adenosine ADP 

phosphate ADP ribose adenine adenosine 

phosphate adenine ribose ADP adenosine 

A B C C C

D

E

Example  

 Subject 

Chemistry Biology Physics 
  

39

Biology 

Marking Your Choice of Subject on the Answer Sheet 

Choose and answer two subjects from Physics, Chemistry, and 
Biology. Use the front side of the answer sheet for one subject, and 
the reverse side for the other subject. 

As shown in the example on the right, if you answer the Biology 
questions, circle “Biology” and completely fill in the oval under the 
subject name. 

Q1 The following figure schematically represents the structure of ATP, which is involved in energy 

metabolism in cells. From  –  below choose the combination that correctly indicates the names of 

A – E in the figure. 

A B C D E

ribose adenosine phosphate adenine ADP 

ribose phosphate ADP adenosine adenine 

adenine ADP adenosine ribose phosphate 

adenine ribose phosphate adenosine ADP 

phosphate ADP ribose adenine adenosine 

phosphate adenine ribose ADP adenosine 

A B C C C

D

E

Example

Subject 

Chemistry Biology Physics 
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Q2 The following table indicates whether certain structures are present or absent in eukaryotic cells or 

prokaryotic cells. Presence is represented by , and absence is represented by . From  –  below 

choose the combination that correctly identifies A – C in the table. 

 Cell 

Structure 

Eukaryotic cells 
Prokaryotic cells 

Animals Plants 

cell membrane    

A    

B    

C    

A B C

 chloroplast cell wall mitochondrion 

 chloroplast mitochondrion nuclear membrane 

 mitochondrion chloroplast nuclear membrane 

 mitochondrion cell wall chloroplast 

 cell wall mitochondrion chloroplast 

 cell wall chloroplast mitochondrion 
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Q3 During photosynthesis in plants, the following reactions a – c take place in the processes at photosystem

, photosystem , or the Calvin-Benson cycle. From  –  below choose the combination correctly 

indicating all reactions that occur in each process. 

a: CO2 is reduced to synthesize organic compounds. 

b: Electrons (e–) are transferred from H2O and O2 is released. 

c: Light energy is absorbed. 

Photosystem  Photosystem  Calvin-Benson cycle 

a b, c c 

a, b c a, c 

b b, c a 

b, c c a, b 

c a, c b 

c b, c a 

Q4 Many organisms are unable to directly use free nitrogen (N2) in the air. However, there are some 

organisms that can reduce nitrogen to NH4+; this process is called nitrogen fixation. From  –  

below choose the combination correctly indicating organisms that fix nitrogen. 

 Nitrite forming bacteria, nitrate forming bacteria, root nodule bacteria, nostoc 

 Nitrite forming bacteria, clostridium, azotobacter, nostoc 

 Nostoc, clostridium, azotobacter, root nodule bacteria 

 Nitrate forming bacteria, azotobacter, nostoc, root nodule bacteria 

 Nitrite forming bacteria, root nodule bacteria, nostoc, clostridium 
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Q5 The DNA of eukaryotes contains regions that are translated and regions that are not translated. From  

–  below choose the combination correctly indicating the terms used for those regions. 

Regions translated Regions not translated 

codons exons

codons introns

exons codons

exons introns

introns codons

introns exons

Q6 The following statements  –  describe the basic principle of the polymerase chain reaction (PCR). 

From –  below choose the combination of terms that correctly fills blanks a  – c  in 

the statements. 

 An aqueous solution containing the target DNA is heated to approx. 95°C. This breaks the 

a  between bases, thereby separating double-stranded DNA into single-stranded DNA. 

 The temperature is lowered to approx. 55°C, so that the b  binds to the 3  end of the region 

of DNA to be amplified; the base sequence of the b  is complementary to that of the 3  end.  

 The temperature is raised to approx. 72°C, and the DNA following the b  is synthesized by 

  c . 

a b c

hydrogen bonds mRNA DNA ligase 

hydrogen bonds primer DNA polymerase 

hydrogen bonds tRNA DNA polymerase 

S-S bonds mRNA DNA ligase 

S-S bonds primer DNA polymerase 

S-S bonds tRNA DNA polymerase 
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Q7 The following figure schematically represents two pairs of alleles, A (a) and B (b), on chromosomes in 

the somatic cell of a certain organism; genes A and B, and genes a and b are linked. Assuming that 

recombination has taken place during gametogenesis of this organism, from  –  below choose the 

combination that correctly indicates the newly produced genotypes of the gametes regarding these two 

genes, and the phase in which recombination takes place. 

Newly produced genotypes of the gametes Phase in which recombination takes place 

 AA, BB meiosis  

 AA, BB meiosis  

 Aa, Bb meiosis  

 Aa, Bb meiosis  

 AB, ab meiosis  

 AB, ab meiosis  

 Ab, aB meiosis  

 Ab, aB meiosis  

A

B

a

b
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Q8 The following figure schematically represents a cross section of a frog embryo during the mid-gastrula 

stage. From  –  below choose the combination that correctly identifies the regions A – C in the 

figure. 

A B C

 blastocoel archenteron endoderm 

 blastocoel intestinal tract endoderm 

 archenteron blastocoel mesoderm 

 archenteron intestinal tract mesoderm 

 intestinal tract blastocoel endoderm 

 intestinal tract archenteron endoderm 
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Q9 The following figure schematically represents the processes whereby a pollen grain and an embryo sac 

are formed in gametogenesis in angiosperms. At which of steps A – I in the figure does meiosis occur? 

Also, how many embryo sac mother cells are needed to form 40 seeds? From  –  below choose the 

correct combination. Assume that fertilization is successful in all cases.

 

Steps where meiosis occurs No. of embryo sac mother cells 

 A, B and E, F 10 

 A, B and E, F 40 

 A, B and G, H 10 

 A, B and G, H 40 

 C, D and E, F 10 

 C, D and E, F 40 

 C, D and H, I 10 

 C, D and H, I 40 

A B C D

E F G H I

Pollen mother cell Pollen grain

Embryo sac mother cell Embryo sac

45

Science－45

ⓒ 2021 Japan Student Services Organization



 

Q10 The following figure schematically represents the human circulatory system. A – F represent blood 

vessels, and the arrows indicate the direction of blood flow.  –  below each describe a characteristic 

of blood flowing through one of the blood vessels among A – F. From  –  below choose the 

combination that correctly indicates the blood vessels among A – F through which the blood described 

in  –  flows. 

: Blood with the lowest amount of nitrogen (N)-containing waste compounds such as urea 

: Blood with the highest amount of glucose immediately after eating 

: Blood with the largest amount of oxygen (O2) 

A B E 

A B F 

A C E 

A C F 

D B E 

D B F 

D C E 

D C F 

Body Kidneys
Small

intestine

Heart

Lungs

E

F

Liver

B

DA

C
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Q11 The following statements a – d describe the human autonomic nervous system. From  –  below 

choose the combination indicating the two statements that are correct. 

a Arrector pili muscles are innervated by both sympathetic nerves and parasympathetic nerves. 

b Gastrointestinal peristalsis is stimulated by the activity of sympathetic nerves, and inhibited by the 

activity of parasympathetic nerves. 

c Sympathetic nerves arise from the spinal cord. 

d The center of the autonomic nervous system is located in the hypothalamus of the diencephalon. 

 a, b   a, c  a, d  b, c  b, d  c, d 
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Q12 The following figure schematically represents the cochlea of the human ear being stretched out. Answer 

questions (1) and (2) below concerning this. 

(1) From  –  below choose the answer that correctly arranges regions A – C of the figure in order

of the sound frequency they receive, from high frequency to low.  

 A  B  C    A  C  B    B  A  C 

 B  C  A     C  A  B    C  B  A 

(2) What are regions D and E of the figure filled with? From  –  below choose the correct

combination. 

D E 

 lymph blood 

 lymph air 

 lymph lymph 

 air blood 

 air air 

 air lymph 
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Q13 The following figure schematically represents an actin filament, which is involved in muscle contraction. 

Statements a – e below each describe part of the muscle contraction process. Referring to the figure, 

from  –  below choose the answer that correctly arranges a – e in the order in which they occur. 

 

a The structure of tropomyosin changes, enabling actin to bind with myosin. 

b Ca2+ binds with troponin. 

c Excitation is conducted to the sarcoplasmic reticulum, resulting in the release of Ca2+ in the cell 

from the sarcoplasmic reticulum. 

d The structure of troponin changes, leading to a change in the structure of tropomyosin. 

e The muscle begins contracting. 

a b c d e

a c b d e

b a d c e

b c d a e

c a b d e

c b d a e

Actin Troponin

Tropomyosin
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Q14 The following paragraph describes seed germination of rice. From  –  below choose the 

combination of terms that correctly fills blanks a  and b  in the paragraph. 

During seed germination, the plant hormone a  is secreted from the embryo. The a  stimulates 

the synthesis of amylase by acting on the aleurone layer, the tissue along the inner side of the seed coat. 

The amylase breaks down nutrients in the endosperm, which are absorbed by the embryo, resulting in 

invigoration of its metabolism. In contrast with a , b  is a plant hormone known to inhibit 

seed germination. 

a b

 abscisic acid auxin 

 abscisic acid gibberellin 

 gibberellin abscisic acid 

 gibberellin auxin 

 auxin abscisic acid 

 auxin gibberellin 
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Q15 A survivorship curve is a graph that shows the decrease in the number of survivors in an organism 

population as time progresses from birth. The shapes of the survivorship curves differ depending on the 

species, and are largely divided into the three types shown in the following figure (curves A – C). Among 

the organisms listed in x and y below, which have a high fatality rate early in their lifespan (when they 

are young) and a lower fatality rate late in their lifespan (after they have aged)? Also, which curve among 

A – C represents their survivorship? From  –  below choose the correct combination. 

Note: The total number of organisms born is scaled to 1,000 in this survivorship curve. 

x Monkeys, honey bees 

y Sardines, oysters 

Organisms Curve 

 x A

 x B

 x C

 y A

 y B

 y C

Age (relative value)
0 20 40 60 80 100

1

10

102

103

N
o.

 o
f s

ur
vi

vo
rs

C

B

A
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Q16 The following table lists the energy balance (J/cm2-year) of each trophic level of a certain ecosystem. 

Excretion is not listed because it is negligible. The gross primary productivity of producers is 467.6 

J/cm2-year. From  –  below choose the combination that correctly indicates the net primary 

production (J/cm2-year) of producers, and the quantity that fills blank a  in the table. 

Trophic level Feeding Dead plant tissue, 
death Respiration Growth 

Producers 62.2 11.8 98.3 295.3 

Primary consumers 13.0 1.3 18.3 a

Secondary consumers 0 Minimal 7.6 5.4 

Net primary 
production a 

 172.3 7.8 

172.3 29.6 

369.3 29.6 

369.3 47.9 

405.4 47.9 

405.4 49.2 
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Q17 The following figure is a simplified representation of plant phylogeny. Statements x – z below describe 

characteristics of plants in the figure. From  –  below choose the combination that correctly match 

the statements with A – C in the figure. 

x They have true roots, stems, and leaves, and their stems have vascular bundles. 

y Their ovules are contained in ovaries. 

z They form seeds.

A B C 

x y z 

x z y 

y x z 

y z x 

z x y 

z y x 

Bryophytes Pteridophytes

C

A

Angiosperms

Charophytes (ancestors)

Gymnosperms

B
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End of Biology questions. Leave the answer spaces    blank. 

Please check once more that you have properly marked the name of your subject as 

“Biology” on your answer sheet. 
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