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INSTRUCTIONS TO CANDIDATES

1.

2.

Attempt all questions.

Pick the correct answer and make a mark “®” in the circle provided in the answer
sheet. Only one answer is allowed for each question.

Three marks for a correct answer, one mark will be deducted for each wrong answer.
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No mark will be given to each question not attempted.
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1. When aromatic compound A with the molecular formula CsHio reacts with bromine water under appropriate
catalysis, it forms compound B, which has two structures with the molecular formula CsHoBr. What is the

molecular structure of compound A?

FHRELCESF AL FNG CGHoe pt it &4 Gy LIV AR T > R E BEFEICESFB VP EF B

2B 0 B AF 5 CsHoBro 3R 1 £ 4 Al 5 SR 5 P 2
't

CHs3 C2Hs CHa3 CH3 CH3;
CHj3
(A) B) (®)] D) (E)
CHs3
CH3 CH;

2. Which of the following statements about benzene is correct?

YU G OB F ehsat > VR AR ?

(A) Its carbon atoms are sp? hybridized, and the bond angle between atoms in the molecule is 109°.
HpH LSpZR A 0 A3 ¢ £ RS AR L 109°

(B) Benzene is chemically reactive and undergoes addition reactions with hydrogen at room temperature and
pressure.
FORLBHE FE-FTRTHIEF AR

(C) It can react with a mixture of concentrated sulfuric acid and concentrated nitric acid to produce
nitrobenzene.
wfeE R B R R R R A A AF

(D) One molecule of benzene burns in air to produce 6 molecules of CO2 and 6 molecules of H20.
IRpFr+ ez f? B €42 6BCO2 »+ 8 6FH04 +

(E) Under ultraviolet radiation, benzene can react with chlorine to produce chlorobenzene (CsHsCl).
BT T iok §FF A2 & F (CHCl)

3. Which of the following statements about the molecular structure of ethyl acetate (CH;:COOCH.CHs) is
correct?
TG M &4 e e i (CH:COOCH:CHs) eit i gr B 4f2 Acit > vRip 2 FE ?
(A) It has 4 pairs of lone pair electrons.
£7 4 HAgRT S H
(B) All four carbon atoms use sp® hybrid orbitals for bonding.
T BELRGE T SpIIR & s
(C) This compound is a planar molecule.
pivEd L - T a3
(D) This molecule has an intermolecular hydrogen bond.
T EF AT G4
(E) The bond angle between C-O-C is 180 degrees.
2 C-O-Cz4td i 180 B
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4. Which of the following substances, when oxidized by acidic KMnOs solution, can produce 4-methyl-2-

pentanone?
T FAARE LS KMnOs 30 F 1o R TR 47 K-2-A 7

OH

(A) ('Hz('H:(‘H:(I'H('Hx B) ('H,z(:‘—'(‘H:(‘H:(‘Hx

OH CH3
CH3

(&) (‘lh(‘ll:(l‘ll(l‘ll(‘lh D) (‘H\(l'll(‘ll:(l‘ll()ll
OH CHs CHs

(E) ('H_\(I'll(’llz('ll:('ll:Oll

CH;

5. Which of the following reagent could NOT be used to differentiate the following organic
compounds?

TR FIRM AT O A BT S L 0
By @ OH @ CH:CHCH:OH
OH

(I) AgNOs3 ;% % solution (IT) KOH ;% /% solution
(III) £ ’& % sodium metal (IV) KMnOs4 3 i% solution

(A) LILIIT (B) LI (C) ILIV
(D) L III, IV (E) # 22 & None of the above.

6. Coordination compounds, also known as complex compounds, are important in catalysis reactions,
molecular biology, and medicine. Regarding the coordination number and oxidation states of central atoms in
the following compounds, which of the following statements is correct?
GBep it FOhAREEME B A FIAIPFFEFE G 0 HRELRDAEST - FHEE
PRI RF N AGE s T AR AE?
(A) In [Fe(C204)3]*", the coordination number of Fe is 3.
. [Fe(C:04):]>® > Fe 2 fei#ics 3
(B) In [Ni(CN)4]*", the oxidation state of Ni is +3.
% [Ni(CN) ¢ > Ni 2§ i*#cs +3
(C) In [Cr(OH)4(H20):]" in alkaline solution, the coordination number of Cr is 6.
[Cr(OH)4(H20)2] tedk 1+ % ¢ > Cr 2 fei>% s 6
(D) The coordination number of tin ions in ammonia solution is usually 2.
A b g kR 2 gE Y F 2
(E) Dissolve equimolar amounts of [Co(en):]Cls and [Pd(NHs)4]Cl2 in equal volumes of water, and adding
excess AgNO:s solution until precipitation is complete, the latter will have a larger amount of precipitate.
P~ % 3R [Co(en)s]Cls & [PA(NH:)]Cla 4 8|33t & £ ervkd o 4o » B R A LSRR T % 20k > PIEE K
TR B
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7. The Group 1A metal sodium easily oxidizes to sodium oxide upon exposure to air. Sodium oxide is soluble
in water and readily reacts with water. At room temperature, when solid sodium oxide is separately added to
solutions containing the following ions, which ions’ concentration remain almost unchanged?

IA chh BB Z 76 (RE A M5 F M h o F ARk FEELFE2 CEE o 287 %7
B LB r FTABI KRR BT SRR ST H 0

(A) Na* (B) Fe** (C)K* (D) H* (E) Cr20-*

8. Ethylenediaminetetraacetate, abbreviated as EDTA, has the structure shown below. In an alkaline
environment, it forms complex ions with metal ions and can be used to analyze the concentration of metal
ions in water. Which of the following statements is correct?
¢ = #ew ¢ f 13 (Ethylenediaminetetraacetate) f§ # EDTA » Sipde™ Bl #Tr » Adgitki ™ » & 2 4T 7
NS 0 T AR R TF DRR o T Ikt 0 VRIB R FE
~00C—CHz, ,CH,—C00~
_ :N—CH>—CH>—N: _
00C—CH2»~ NCH>—COO
(A) In an alkaline environment, EDTA can at most form a tetradentate ligand.
EDTA fedg M BB T & 577 = 2w 7 feiz+
(B) In [Fe(EDTA)]", the oxidation state of iron is + 2.
[Fe(EDTA)] ¥ > 4fch§ i #ics +2
(C) In [Ca(EDTA)]*, the coordination number of calcium is 6.
[Ca(EDTA)* # » Ca thfe =85 6
(D) The shape of [Ca(EDTA)]* is tetrahedral.
[Ca(EDTA) > e35,%k & v & 487
(E) [Ca(EDTA)]* has 2 isomers.
[Ca(EDTA)* 2 i B 4

9. Five metals are given the symbols of A, G, M, R, and Z, and the following reactions are observed:
IfEEAEES K5 ASG-M R 2 Z > 8FTFAF g
(1) A, M, and R dissolve in hydrochloric acid; G and Z do not dissolve in hydrochloric acid.
A-M 2 R P38 G & Z 23> @ o
(2) M decomposes water violently at room temperature; A decomposes water at room temperature but the
reaction is milder; R reacts with water at high temperature.
M EFET ERZlE AfEk A BFETTAfE R R F BREf IR EBEK? 425 & ©
(3) A piece of Z is placed in an aqueous solution containing G ions; G is displaced and Z dissolves.
#em B Z RN G BT RARY G RN 0 Z B R
(4) R and G ions can form an electrochemical cell with R metal as the anode.
REG#+ves-FTitT# R EHTHE-
Based on the above reactions (1) to (4), what is the order of the metal ions in terms of their tendency to
be ionized?
d biE(D)~@)F B 2T AL BRSSP ER LR ?

(AYM>A>R>Z>G (B)A>M>R>Z>G
(OM>A>Z>R>G D)M>G>R>Z>A
(EYM>Z>A>R>G
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10. Which of the following statements about the oxidation states of elements is correct?
TG M E RStz At VRBEE?
(A) AgzS, Na2S20s, SO2, SOs: The oxidation state of S is +2 in each of them.
Ag>S ~ NaxS:05 ~ SOz ~ SOs - HY S e i‘#im: 2
(B) NaCl, Na:02, NaOH, NaH: The oxidation state of Na is +2 in each of them.
NaCl ~ Na2O2 ~NaOH - NaH : # ¢ Na % ‘#iiosi +2
(C) K2Lr207, K2CrO4, HC103, HCIO4: The oxidation state of O is -2 in each of them.
K2Cr207 ~ KoCrOs ~ HCIO; ~HCIO4 - 2 ¢ O thi it #a s -2
(D) H202, KMnOs4, F20, MgO: The oxidation state of O is -1 in each of them.
H20: ~ KMnOs ~ F20 ~ MgO : HY O thi it#m s -1
(E) KH, H20, CH4, H20O: The oxidation state of H is +1 in each of them.
KH> -H0:~CHs~HO: #+¢ H &% ‘#HI55 +1

11. Alkaline batteries have the characteristics of large capacity, high discharge, and stable current, and are
therefore widely used. Zinc-lithium alkaline batteries use a zinc hydroxide solution as the electrolyte. The
overall reaction of the battery is:
PR A EF FES T S TR FlA IR AR BARERE L F P EKRRLIR
fei o B R P DREF B G
Zn(s) + 2MnOx2s) + H200) — Zn(OH)2s) + Mn20s(s)
Which of the following statements is correct?
T gt o e I FE Y
(A) During battery discharge, Mn loses electrons
THAETEFEO>Mn 44 73
(B) The reaction at the cathode is: 2MnOzs) + H20q) + 2™ — Mn203(s) + 20H (ag)
e ERRaGE BN 5 2MnOsgg) + HoOq) + 2" — MnoOsgs) + 20H (o)
(C) During battery discharge, electrons flow from the anode to the cathode through an external circuit
TARTE R Fd I ESd PRI LR
(D) The disadvantage of alkaline batteries is the generation of hydrogen gas during discharge, causing
polarization and unstable current
BT P PR B RTEAL L § 0 TR T RONRG E T
(E) Itis asecondary battery and can be charged and discharged multiple times

Y - &Aoo Z L 4 2. sh
EE R L I

12. 8.00 g of SO3 gas was placed in a vacuum container and decomposed at 627 °C as follows:
SO3(g) 2 SOz + % O2(g)

At equilibrium, the total pressure of the gas was measured to be 1.80 atm, and the total density was 1.56 g/L.
What is the equilibrium constant K, of this reaction?
-~ EZ7FEPE ~ 800g SOz 4 4> 2 627°C THF A LfEE AT

SOz 2 SOz + 1/2 Oy

ET PR EF MoRRL 1.80atm BB AL 156gL ) ftF T i K, 55+ ?
(A) 0.6 (B) 0.8 (©)1.2
(D) 1.6 (E) 1.8

13. 0.168 g sample of quicklime CaO was dissolved in a large amount of water to form 1500 mL of solution.
What is the pH of the solution when it is cooled to 25 °C?
4 - 0.168g % T4 CaO 530+ £-k7 » 354 1500mL 3% » FH%E T 25°C B> 3 pH &

EA% }(1).2 EB; }(2).? (C) 11.3
D) 11. E) 12.
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14. The rate law for the reaction 2X +Y — 2Z is r = k[X]*[Y]. Given that when [X] = IM and [Y]= 3M, the
initial reaction rate is R. If the temperature and total pressure remain constant, and [ X] remains the same while
[Y]= 9M, what will the initial reaction rate be?

FRe 2X+Y 527 sig F 225 r=k[XP[Y] %42 F gr[X]=IM> [Y]=3M P £ g4 5 5 R &
EER BB AET FOERT 0 28 F  [X] 2% [YIEOM, BIF A E FHREL D

(A) 9R (B) 3R (©) =R
(D) % R (E) %5 R

15. By measuring the relationship between concentration and time, we can use the data to explore the
relationship between concentration and the rate of a chemical reaction. For example, the relationship between
the concentration of reactant X and the reaction time is shown in Table 1. Which of the following statements
is correct?

Sl PIRREFER O G NPT ) B RRE R EF BEF LB G e bl R F Y 0 F
By X Rk REF B SEORFE MY ek - 0 T A A VRR R R 7

Table 1
ER [X] (M) 0.64 0.52 0.40 0.28
pE R Time () 0 20 40 60

(A) It is a first-order reaction with respect to X
HX i-5F
(B) It is a second-order reaction with respect to X
# X F-%FR
(C) The reaction rate constant is 6x10> M/s
F ik 5 ¥ #cs 6x107° M/s
(D) The units of the rate constant and the reaction rate are different
FEF VRSP RS PE 7 R
(E) After 100 seconds, [X] is 0.16 M
B S 100 #5150 [X] 5 0.16M

16. For the following ten substances, determine which statements is correct:
FT L gE Y 0 2T S it i K B AR ?
CH2Clz, XeF4, N2F2, C2H2Clz, H202, S2Clz, C2Ha, BF3, N2Os, HCHO

(A) The carbon atom in CH2Clz forms bonds using sp? hybrid orbitals.
CHoCly g o+ » H_r2 sp” 2 & s k2, 24 ehit & 4

(B) N2F2 is a compound with cis-trans isomers
NoF2 &3 53 "8 F R4t enit & 47

(C) Two of the ten substances have intramolecular hydrogen bonds
TR AR EFEG AT NG

(D) A compound with a structure similar to N2O4 is H202
27 N,0Oq4 ‘%’[‘#éﬁ" weic &5 L HyO,

(E) There are no multiple bonds in N2F2, C2H2Clz, C2Ha, and N204

NoFs ~ CGHoCl ~ CoHy ~ N2Oy ® T i1 5 & 4

17. Which of the following molecules has polar covalent bonds but is nonpolar molecule?
THRBE A G 0 B s ReE B AT EG EED

(A) NO2 (B) CO2 (C)N20

(D) SO2 (E) O2
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18. Pentane (CsHi2) and hexane (CsHi4) can form an ideal solution. At 25 °C, the vapor pressures of pentane
and hexane are 525 torr and 150 torr, respectively. Now a solution is made by mixing 24 mL of pentane
(density 0.6 g/mL) and 40 mL of hexane (density 0.645 g/mL). Which of the following statements is correct?
Az (CsHip) e = (CHig) R EF ;ST EBR R & 25°C PFor Az e mengk f BA B L 525torr &2 150
torr> 53 - 3%d A% (B AR 0.6g/mL) 24mL &2 % (%A 0.645g/mL) 40mL R & @ = > T Fip b At
R i FE 7

(A) The boiling point of pentane is higher than that of hexane
Az A EL R At e Uz
(B) The mole fraction of pentane in the solution phase is 0.6
paAp? Nmax A s XL 0.6
(C) The vapor pressure of the solution is 337.5 torr
Bk B L 337.5 torr
(D) The mole fraction of pentane in the vapor phase is 0.7
BREF AR Amay AL F L 07
(E) When pentane and hexane are mixed, the temperature of the solution increases
Amdre iR L pE s B e R A

19. If glucose (I), magnesium bromide (II), sodium chloride (III), and acetic acid (IV) are used to prepare
equal volume solutions with the same osmotic pressure at 25 °C, what is the correct order of the required

masses from largest to smallest?

(Molecular weight: CéH1206 = 180 ~ CH3COOH = 60; formula weight: MgBr> = 184, NaCl = 58.5)
FrEHEE (D~ kicg (D~ F o4 (D~ fEpe (IV) Exfait 84 0 & 25°C T WA Ak ZERIHA
Bk TR A DR RIT A|VR- E 0B AE 9

(# 3+ & 1 CeH1206=180 ~ CH3COOH =60 ; ;* & : MgBr,=184 » NaCl=58.5)

A)I>1I>11>1V B I>1>1v>Il O I>1v>11>11
O)yI>1>11>1V (BE)I>11>1V>1II

20. Camphor (Ci0H160) and naphthalene (CioHs) are waxy crystalline substances with a strong aroma,
commonly used as insect repellents. The melting point of camphor is 178.8 °C. At 200 °C, 1.60 g of
naphthalene is added to 10.0 g of camphor, forming a homogeneous mixture. The freezing point of the
mixture decreases by 50.0 °C. A certain organic compound weighing 1.20 g is dissolved in 10.0 g of camphor
using the same method, and the freezing point of the mixture decreases by 40.0 °C. What is the molecular
weight of this organic compound?

H#-"% (CioHi60) 2 % (CioHs ) WAL G TR R eRHT ¥IF5SRAM e e g anaB5 178.8°C-
& 200 °C pE#- 1.60 g hE4e » 10.0 g chiEPG? » AR 305 R &4 » B HIGE & P U FELT %7 50.0
°Coiit 4 120g M A IA 100g i » HAGR & 5 U FBT %1 40.0°C 0 Bl §

v

e 35509

(A) 56 (B) 77 (C) 120
(D) 137 (E) 213
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2.00LNH;

0.50atm

[E 1

21. Industrially, nitric acid is produced by the Ostwald process. The first step is the oxidation of ammonia to
form nitric oxide. The chemical reaction is as follows:

4NH3(g) + 502(g) = 4NO(g) + 6H20(g)

A reaction apparatus is shown in Figure 1. After opening the valve, assuming the reaction proceeds at a
constant temperature with a yield of 75%, calculate the partial pressure of NO after the reaction.

IFI Rl ER AR BF ROF - AR FF A -5y B R BT D ANH(g) +
50x(g) > 4NO(g) +6H20(g) » 47 — F R 4ol | #r7 > 7B ERE > BRATETF RV E 75% i
& ELE R Rts NO e B 5 %27 atm?

(A) 0.20 atm (B) 0.25 atm (C) 0.40 atm
(D) 0.60 atm (E) 0.83 atm

22. At 0 °C, a certain sealed container with a volume of 22.4L contains helium, nitrogen, and hydrogen gases.
The total pressure is 2 atm, the partial pressure of helium is 0.5 atm, and the amount of nitrogen is 0.5 mol.
Which of the following statements is correct?

0°C PFr224L hx %P ZEY AF 44 5 F 2 =M ¢ wRRL 2am- 4 § 24 B5 05am>
¥ %7 05mol> T AR L FE ?

(A) The partial pressure of nitrogen is 1.0 atm
¥ 4 ~ &% 1.0atm
(B) The partial pressure of hydrogen is the highest among the three gases.
ERCE I RSN W AP/ S
(C) The mole fraction of helium is 0.5
FF2ERLEFL 05
(D) The weight ratio (helium: nitrogen: hydrogen) is 2 : 4 : 7
TR (54 CFF EF)=2:4:7
(E) The average molecular weight of the gas mixture is 18
MLz TATE L I8

23. After burning pure carbon in excess oxygen, the mole fractions of the resulting gases are as follows: CO2
72%, CO 16%, and O2 12%. What is the mole ratio of pure carbon to oxygen in the original reactants?
BREBEEE N FEEREL MEDEASY > R A F AT AL FANL COd 72%~CO F 16% ~ O
F 2% 3l Rk F Y BREF F T B g b5 P 0

(A) 4:5

(B) 10:11

(C) 15:16

(D) 18:19

(E) 22:23
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24. At room temperature, 0.2 mol each of potassium and aluminum are placed in two separate containers, each
containing 100 mL of 1.0 M hydrochloric acid. What is the volume ratio of the gas produced by potassium
and aluminum?

FET OBARBEL 02 X0 Aurad BESF 100 2 10M BAGE B o gegrsRerd &g MY
v ste?

(A)1:3 (B) 1:2 (©) 1:1

(D) 2:1 (E) 3:1

25. When an electron in an atom transitions from an excited state to the ground state, the excess energy is
released in the form of light. This phenomenon is a type of electronic transition. Among the following

principal quantum numbers 7, which electronic transition produces the shortest wavelength in the hydrogen

atom?

FRE AT R BRI AR 85 i Bk S ARG T - fie § RS
LT AVI- 53 RS Hen 2 B RE s AL Lk £ RE?

(A)n=4 - n=2 B)n=3 - n=1 (©)n=4 -n=3

(D)n=3 - n=2 (E)n=2 —>n=1
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