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Example

Physics BiologyChemistry 

 Subject 

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.

Q1 From the following molecules or ions  choose the one whose total number of 

electrons is the largest.        

CO F HCl H3O+ NO O2

Use the following values for calculation. “L” indicates liters. 

Standard state:  0 1.0 105 Pa ( = 1.0 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 N : 14 O : 16 Cl : 35 Cu : 64
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Q2 From the following statements  on the structure and property of atoms 

choose the correct one. 

Protons have positive charge. 

Protons circle around the atomic nucleus. 

Neutrons have negative charge. 

The mass number of an atom is equal to the number of protons of the atom. 

All atoms have neutrons. 

Q3 Which atoms, among 6
13C, O16

8 , 7
14 N , 9

19 F , 11
23Na and Mg24

12 , are compatible with 

the following statements (a) and (b), respectively? From the following  in the table 

below choose the correct combination.  

(a) Atoms whose number of neutrons and of electrons are equal.

(b) Atoms whose number of outermost shell electrons are the largest.

a b

6
13C 9

19 F

6
13C 11

23Na

O16
8 Mg24

12

O16
8 11

23Na

7
14 N 9

19 F

7
14 N Mg24

12
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Q4 From the following statements  choose the one which is not correct. 

The ionization energies (first ionization energies) of metallic elements are smaller 

than those of nonmetallic elements. 

A carbon dioxide (CO2) molecule is polar. 

Molecules with high polarity readily dissolve in water. 

The electronegativity of a fluorine atom (F) is larger than that of an oxygen atom (O). 

An atom with high electron affinity readily becomes an anion. 

Q5 From the following  choose the closest value for the molar concentration (mol/L)

of 20% mass percent concentration of hydrochloric acid (HCl (aq)). Assume that 

the density of hydrochloric acid used is 1.1 g/cm3.    mol/L

0.51 0.61 1.2 5.1 6.1 12

Q6 When 1.5 mol of hydrogen (H2) and 1.5 mol of iodine (I2) are placed in an airtight container 

with a constant volume, and are kept at a constant temperature, 2.4 mol of hydrogen iodide 

(HI) is formed and the following equilibrium state is established. 

  H2 I2 2HI

From  below choose the closest value for the equilibrium constant of this reaction. 

Assume that all components are in the gas state.     

10 16 20 32 40 64
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Q7 The heats of combustion of acetylene (ethyne) (C2H2), ethane (C2H6), and hydrogen (H2)

are given by the following thermochemical equations, respectively. 

C2H2 (g)    O2 (g)  2CO2 (g)  H2O (l)  1300 kJ

C2H6 (g)    O2 (g)  2CO2 (g)  3H2O (l)  1560 kJ

H2 (g)    O2 (g)  H2O (l)  286 kJ    

Ethane is formed when 2.60 g of acetylene (ethyne) is completely hydrogenated.

From the following -  choose the closest value for the heat released by this reaction.

     kJ

312 31.2 26.0 26.0 31.2 312

2

7

2

1

2

5
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Q8 When argon and water were placed in an airtight container with a constant volume and

the gas mixture was kept at 100 
o
C, the pressure of the gas mixture became P1 with a

portion of water remained as liquid. When the whole was heated to 130 
o
C, all the water 

was vaporized and the pressure became P2. From -  below choose the correct formula

representing the ratio, water/argon, of the quantities (in mol) of water and of argon in the 

container. Assume that the vapor pressure of water at 100 
o
C is Pv, that argon is an ideal gas

not dissolving in water, and that the volume of water before heating to 130 
o
C can be 

neglected.  

       

       

Q9 From the following acidic aqueous solutions -  choose the one whose pH is the

lowest.         

0.10 mol/L acetic acid 

0.010 mol/L nitric acid 

0.020 mol/L phosphoric acid 

0.030 mol/L hydrochloric acid 

0.030 mol/L sulfuric acid

heating

water

P1

100
o
C

P2

130
o
C

airtight container airtight container 
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Q10 When each of electrolytic solutions is electrolyzed with the aid of electrodes given in the 

following table, which combination causes an increase of pH? From  below choose 

the most appropriate one. 

Electrodes

Cathode Anode 

Cu Pt aqueous copper(II) sulfate (CuSO4 (aq)) 

Pt C aqueous sodium chloride (NaCl (aq)) 

Pt C aqueous copper(II) chloride (CuCl2 (aq)) 

Pt Pt dilute sulfuric acid (dil. H2SO4)

Q11 From the following statements  on the properties of oxides choose the correct one. 

When nitrogen dioxide (NO2) is dissolved in water, the solution is acidic. 

When magnesium oxide (MgO) is dissolved in water, the solution is acidic. 

When tetraphophorus decaoxide (P4O10) is dissolved in water, the solution is basic. 

When sulfur dioxide (SO2) is dissolved in water, the solution is basic. 

Aluminum oxide (Al2O3) does not dissolve in an aqueous solution of a strong base. 

Q12 From the following statements  on sulfur dioxide (SO2) choose the one 

that is not correct.

Sulfur dioxide is formed by adding concentrated sulfuric acid (conc. H2SO4)

to copper (Cu) and then heating the mixture. 

Sulfur dioxide is formed by adding dilute sulfuric acid (dil. H2SO4) to iron sulfide (FeS). 

Sulfur dioxide is formed by combusting sulfur (S). 

Sulfur dioxide is formed by adding dilute sulfuric acid to sodium sulfite (Na2SO3). 

Sulfur dioxide reacts with hydrogen sulfide (H2S) to form sulfur.  

Sulfur dioxide dissolved in water exhibits a reducing action and is used as a bleaching 

agent.

Electrolytic solution 
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Q13 When 0.16 g of copper (Cu) powder was heated in air, a part of it was oxidized to give 

0.19 g of a mixture of copper and copper(II) oxide (CuO). How many grams of unreacted 

copper are there in the mixture? From the following  choose the closest value.     

g  

0.0080 0.010 0.030 0.032 0.040 0.050 

Q14 From the following  choose the one in which the substance in column A acts 

as an oxidizing agent when substances in column A and those in column B are mixed. 

A B

zinc (Zn) dilute hydrochloric acid (dil. HCl) 

aqueous hydrogen peroxide (H2O2 (aq)) potassium permanganate (KMnO4)

manganese(IV) oxide (MnO2) aqueous hydrogen peroxide (H2O2 (aq)) 

manganese(IV) oxide (MnO2) concentrated hydrochloric acid (conc. HCl)

calcium carbonate (CaCO3) dilute hydrochloric acid (dil. HCl) 
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Q15 Suppose experiments given in column B were carried out to separate two metallic ions 

contained in aqueous solutions given in column A. From the following  choose 

the one in which the experimental procedure in column B is not appropriate.

A B

 Ag+ Fe3+ to add dilute hydrochloric acid (dil. HCl) 

 Al3+ Cu2+ to add aqueous ammonia (NH3 (aq)) in excess 

 Ba2+ Pb2+ to add aqueous ammonium sulfate ((NH4)2SO4 (aq)) 

 Ca2+ Na+ to add aqueous ammonium carbonate ((NH4)2CO3 (aq)) 

 Cu2+ Fe3+ to make the aqueous solution acidic, and then to pass 
hydrogen sulfide (H2S) through it 

 Cu2+ Zn2+ to add aqueous sodium hydroxide (NaOH (aq)) in excess 

Q16 From the following statements  on the isomers of organic compounds 

choose the correct one.   

Xylene has no isomers. 

Lactic acid has optical isomers. 

Ethanol and diethyl ether are isomers of each other. 

Ethylene (ethene) and acetylene (ethyne) are isomers of each other. 

Hexane and cyclohexane are isomers of each other. 

Q17 Hydrogen (H2) was added completely by addition reaction to all the unsaturated bonds 

contained in 1.0 g of the following acyclic hydrocarbons . Choose the one 

that requires the largest amount of hydrogen.      

C2H4 C3H6 C4H6 C5H8 C6H12
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Q18 Bromine (Br2) is added to the following alkenes  by addition reaction. 

Choose the one whose brominated product does not have any asymmetric carbon atom. 

Q19 From the fol lowing statements   on carboxylic  acids choose the one 

that is not correct.         

Acetic anhydride is formed by the condensation reaction of acetic acid. 

Acetic acid is obtained by oxidation of ethanol.  

Benzoic acid is obtained by oxidation of toluene. 

Lactic acid is positive in the silver mirror test. 

Maleic acid and fumaric acid are -  isomers of each other. 

Oxalic acid is a dicarboxylic acid.

Q20 From the following polymers  choose the one that contains ester bonds. 
    

polyacrylonitrile

polyethylene

poly(ethylene terephthalate) 

poly(vinyl chloride) 

nylon 6,6 
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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 From  below choose the combination that correctly indicates the bonds or structures involved 

in the formation of the primary, secondary, and tertiary structures of proteins. 

Primary structure Secondary structure Tertiary structure 

zigzag structure peptide bond S-S bond 

zigzag structure S-S bond peptide bond 

peptide bond zigzag structure S-S bond 

peptide bond S-S bond zigzag structure 

S-S bond zigzag structure peptide bond 

S-S bond peptide bond zigzag structure 

Example

 Subject 

Chemistry Biology Physics
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Q2 When the cells of three different types of samples (X, Y, Z) were examined using an electron 

microscope, structures a e were identified. The following table indicates the presence/absence of the 

structures in the cells examined (+ : present;  : absent), and describes their characteristics. 

Sample
Structure 

X Y Z 

Characteristics

a + + It has a double-membrane structure. The inner membrane has folds. 

b + It has a double-membrane structure and pigments. 

c + Spindle fibers form from it during cell division. 

d + + It is a stack of flat sacs. 

e + + It exists in the outermost layer of the cell. 

From  below choose the combination of terms that correctly identifies samples X, Y, and Z.

X Y Z

spinach leaf mouse liver Escherichia coli

spinach leaf Escherichia coli mouse liver 

mouse liver spinach leaf Escherichia coli

mouse liver Escherichia coli spinach leaf 

Escherichia coli spinach leaf mouse liver 

Escherichia coli mouse liver spinach leaf 
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© 2013 Japan Student Services Organization



Q3 Figures A H below schematically represent various stages of meiosis in a cell of an animal with a

chromosomal constitution of 2n = 4. From  below choose the answer that correctly arranges 

A H in the order of progression of meiosis, where A is defined as the start, and F as the end. 

AA CC DD

E F G H

B

A E H G D B C F

A E G H B D C F

A E B D G H C F

A E D B H G C F

A E B G D H C F

A E D H B G C F
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Q4 Experiments and  below were performed using African clawed frog (Xenopus laevis) blastulas.

From  on the following page choose the statement that best indicates what can be inferred 

from these experiments. 

Experiment  : Figure 1 shows a cross section passing through a blastula’s animal and vegetal poles 

(the animal pole is at the top). As shown in Figure 1, regions A and B were cut away 

with incisions made at the dashed lines. The two regions were then cultured 

individually, with A differentiating into ectoderm, and B differentiating into

endoderm.

Figure 1

Differentiated into ectoderm after 

being cultured individually

Differentiated into endoderm after 

being cultured individually

A

B

Figure 1

Differentiated into ectoderm after 

being cultured individually

Differentiated into endoderm after 

being cultured individually

A

B

Experiment : Another blastula was cut into separate regions as in Figure 1. Next, as shown in 

Figure 2, A and B were placed in contact with each other and cultured together. The

part of A in contact with B differentiated into mesoderm, the part of A not in contact

with B differentiated into ectoderm, and B differentiated into endoderm. 

Figure 2

Differentiated into ectoderm

Differentiated into mesoderm

Differentiated into endodermB

A

Figure 2

Differentiated into ectoderm

Differentiated into mesoderm

Differentiated into endodermB

A
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A functions as an organizer. 

 The mesoderm is induced by the action of A on B. 

 The cell fate of A is already determined in the blastula stage. 

 The cell fate of B is altered as a result of being in contact with A. 

B has the ability to induce the development of A into the mesoderm. 
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Q5 A certain line of silkworm moths produces white cocoons, while another produces yellow cocoons. 

The heredity of this attribute involves two pairs of alleles. Gene Y codes for yellow cocoons, and gene 

I inhibits the effect of Y. Consequently, when I is present, the color of cocoons is white, even if Y is 

also present. The recessive alleles of Y and I are, respectively, y and i. Answer questions (1) and (2) 

concerning this. 

(1) An  individual (yellow cocoon) is crossed with an  individual (white cocoon), resulting in

many F1 offspring. What would be the phenotypic segregation ratio of F2 offspring produced from

crossing of F1 males and females? From  below choose the best answer. 

 Yellow cocoon White cocoon

1 0 

0 1 

3 1 

1 3 

13 3 

3 13 

(2) An F1 individual from (1) above was crossed with an individual of unknown genotype that

produces a white cocoon. The ratio of cocoon color among the resulting offspring was yellow :

white = 1 : 7. From  below choose the answer that correctly indicates the genotype of the

white cocoon-producing individual that was crossed with the F1 individual. 
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Q6 Statements (a) (d) below describe human body fluids. From  below choose the 

combination indicating all statements that are correct. 

(a) Human body fluids contain macrophages, which are leukocytes that ingest and break down

bacteria and viruses that have invaded the body. 

(b) Lymph fluid eventually flows into the bloodstream. 

(c) The basic blood cells are, in order of most common to less common: erythrocytes, platelets, and

leukocytes.

(d) Lymphocytes, which are a type of platelet, are suspended in lymph fluid. 

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

b, c, d   c, d
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Q7 As shown in the figure below, two types of antigens (A and B) extracted from a virus and an antibody 

(C) were placed in three holes made in agar contained in a dish. The antigens and antibody are able to

disperse throughout the agar, and when antigens and antibodies meet and bind together, they form a 

precipitation line, which is a pattern of precipitate that is visible to the naked eye. After sufficient time 

was allowed to pass, the reactions between antigens A/B and antibody C were as shown in the figure. 

Note that the antibody was produced by inoculating a certain animal with one or both of the antigens. 

Antigen A Antigen B

Antibody C

Precipitation line

From  below choose the combination indicating the two statements in (a) (e) below that 

correctly describe the relationships between the antigens and the antibody.

(a) Antibody C is able to bind with antigen A only. 

(b) Antibody C is able to bind with antigen B only. 

(c) Antibody C is able to bind with antigen A and with antigen B. 

(d) Antibody C was produced by inoculation with antigen A.

(e) Antibody C was produced by inoculation with antigen B.

a, d   a, e  b, d    b, e  c, d  c, e
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Q8 Figures X and Y below show the intensity of stimulation and the degree of excitation in an axon or a 

nerve (a bundle of axons) when stimulated. From  below choose the statement that does not

correctly describe this. 

D
eg

re
e 

of
 e

xc
ita

tio
n

Intensity of stimulation Intensity of stimulation

X Y

D
eg
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e 

of
 e

xc
ita

tio
n

D
eg

re
e 

of
 e
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ita

tio
n

Intensity of stimulation Intensity of stimulation

X Y

D
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 e

xc
ita

tio
n

X shows the change in a single axon, while Y shows the change in a bundle of axons. 

 The all-or-none law applies to X.

 In both X and Y, each axon was excited by stimulation whose intensity was greater than the 

threshold value. 

 In X, excitation occurred when the intensity of stimulation exceeded a certain level, and the 

degree of excitation was constant. 

 In Y, there is no sign of a level of stimulation intensity where the degree of excitation is constant. 
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Q9 From  below choose the statement that correctly describes a reaction or regulation in plants. 

 Photonasty is a reaction in which the plant bends toward light. 

 Auxin is produced in the plant’s apex, and it moves to the base of the plant as a result of gravity. 

 Flower bud formation in long-day plants is stimulated when the plants are subjected to a dark 

period shorter than the critical dark period. 

 The inhibition of lateral bud growth is the result of the effect of ethylene. 

 In seed germination, gibberellin secreted by the embryo acts on the seed coat to stimulate the 

synthesis of amylase.

Q10 From  below choose the statement that does not correctly describe photosynthesis in plants. 

 The light saturation point is the minimum intensity of light where the photosynthetic rate is at its 

maximum level under certain constant conditions and thus does not increase any further.  

 The compensation point is the intensity of light where the amount of carbon dioxide absorbed 

through photosynthesis is equal to the amount of carbon dioxide released through respiration. 

 The apparent photosynthetic rate is the result when the respiration rate is subtracted from the 

actual photosynthetic rate. 

 Generally, the light saturation point of shade plants is lower than that of sun plants. 

 Generally, the compensation point of sun plants is lower than that of shade plants. 

 Generally, the respiration rate of shade plants is lower than that of sun plants. 
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Q11 Figure 1 below shows the relationship between reaction time and amount of product in an enzyme 

reaction involving a specific amount (E) of a certain enzyme. From  below choose the figure 

that best represents how this relationship would change if the amount of enzyme were doubled (2E) or 

halved (0.5E) while the substrate concentration, temperature, and pH were kept constant. 
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Q12 From  below choose the statement that correctly describes ATP. 

 ATP has three phosphates and three high-energy phosphate bonds. 

 ATP is produced from ADP and phosphate, and energy is released during production of ATP. 

 The structure of ATP consists of a nucleotide found in RNA whose base is adenine, plus two 

phosphates.

 The direct source of energy for muscle contraction is phosphocreatine that has received a 

phosphate from ATP. 

 In animal cells, ATP is produced in the mitochondria, but not in any other parts of the cell.
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Q13 The figure below shows two processes of anaerobic respiration in microorganisms. C3 in the figure 

represents a substance that has three carbon atoms in its molecular structure. Substance Y is sometimes 

produced in human muscle. From  below choose the combination that best identifies the 

substances represented by X–Z in the figure. 

Glucose

C3

Y Z

X

Glucose

C3

X Y Z

carbon dioxide lactic acid ethanol 

carbon dioxide ethanol lactic acid 

carbon dioxide pyruvic acid ethanol 

carbon dioxide lactic acid pyruvic acid 

water lactic acid ethanol

water ethanol lactic acid

water ethanol pyruvic acid

water pyruvic acid lactic acid 
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Q14 The graph below is an oxygen dissociation curve, which shows the relationship between the proportion of 

oxyhemoglobin and the oxygen concentration. From  below choose the combination indicating 

the three statements in (a) (f) below that correctly describe this graph. 
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200 40 60
Oxygen concentration (relative value)

0

40
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100

80 100

Low CO2 concentration

High CO2 concentration

alveolus

Tissue

(a) The proportion of hemoglobin bonded with oxygen is small when the oxygen concentration is

low, and increases when the oxygen concentration rises. 

(b) The proportion of hemoglobin bonded with oxygen is small when the oxygen concentration is

high, and increases when the oxygen concentration decreases. 

(c) Hemoglobin binds with oxygen more readily when the carbon dioxide concentration is low, than

when it is high. 

(d) Hemoglobin binds with oxygen less readily when the carbon dioxide concentration is low, than

when it is high. 

(e) In an alveolus, the oxygen concentration is high but the carbon dioxide concentration is low, so

almost all hemoglobin becomes oxyhemoglobin. 

(f) In tissue, the oxygen concentration is low but the carbon dioxide concentration is high, so some

hemoglobin dissociates and becomes oxyhemoglobin. 

a, c, e   a, c, f  a, d, e    a, d, f

b, c, e   b, c, f  b, d, e    b, d, f
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Q15 Let us denote one of the two nucleotide chains of DNA as the X strand, and the other as the Y strand. 

When the number of bases in DNA composed of 100 base pairs was examined, it was learned that the 

number of each of the four base types was the same for both strands. 18 of the bases in the X strand 

were guanine, and 26 of the bases in the Y strand were adenine. From  below choose the 

answer that correctly indicates the number of bases in the Y strand that were thymine. 

 18 bases     24 bases     26 bases     32 bases 

 50 bases 
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Q16 The figure below shows a lactose operon in  DNA. When  is cultured in a 

medium that contains lactose but not glucose, the gene responsible for production of lactase (enzyme 

that breaks down lactose) and the two surrounding genes are transcribed. However, if lactose is not 

present in the culture medium, the transcription process is regulated so that those genes are not 

transcribed.

The enzyme that carries out transcription first binds with region X in the figure, initiating the 

transcription process. Protein A, which is synthesized according to gene A in the figure, controls 

transcription in region Y. Answer questions (1) and (2) concerning the lactose operon. 

DNA Gene A Region X Region Y Gene B Gene CLactase gene

(1) From  below choose the combination that correctly indicates the enzyme that carries out

transcription, and the terms used to describe regions X and Y.

Transcribing enzyme Region X Region Y

DNA polymerase promoter repressor

DNA polymerase operator repressor

DNA polymerase repressor promoter

RNA polymerase promoter operator 

RNA polymerase operator promoter

RNA polymerase repressor operator 
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(2) From  below choose the statement that correctly describes what happens to the inducer

derived from lactose and protein A when transcription takes place. 

 The inducer derived from lactose binds with region Y, and protein A binds to the inducer. 

 The inducer derived from lactose binds with region Y, and thus blocks the binding of protein A

with region Y.  

 The inducer derived from lactose binds with region X, and protein A binds with region Y. 

 The inducer derived from lactose binds with protein A, and together they bind with region Y.

 The inducer derived from lactose binds with protein A, and thus blocks the binding of protein A

with region Y. 

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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