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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. Which of the following reagents can be used to convert butanol into a carboxylic acid?
T PR BT F BT R S A 0
(I) HCOOH (I1) PCls (TIT) KMnO. (HY) (IV) HCl/Zn
(A) L II, 11T
B)IL IV
O L1
(D) 11
(E) None of the above 12+ #8% &_

2. Let the first ionization energies of Na, Mg, and Al be a, b, and ¢ kJ/mol respectively, the second ionization
energies be d, e, and f, and the third ionization energies be g, h, and i. Which of the following shows the
correct order of these 9 values from the highest to the lowest ionization energies?

ZNa~Mg-~ Al e - M8 25 52 a~b-ckl/mol» % = 58 % 5 5 d>e~fkl/mol » % = P53t
A i g h~ikl/mol » #4t 9Bt £d « 3T 5T 5!]??—‘5 ?

(A) b>c>a>i>f>e>h>g>d (B) h>g>d>e>t>i>b>c>a (C) a>c>b>e>f>i>d>g>h

(D) d>g>h>i>f>e>b>c>a (E) h>g>d>i>f>e>b>c>a

3. The following solutions were mixed in a same container: 25 mL of 0.02 M Nal, 25 mL of 0.01 M NaBr, 25
mL of 0.03 M NacCl, and 25 mL of 0.05 M AgNOs. What would be the concentration of [I'] at equilibrium?
(Given that the Ksp values of AgCl, AgBr, and Agl are 1.8x107°, 5.0x10°!%, and 1.0x107'6, respectively.)
TR R E - F B :0.02MNal25mL ~ 0.01 M NaBr25mL ~ 0.03 M NaCl25mL 2 0.05M
AgNO3 25 mL » R T §FpE [ 5 % > M ? (2 4 AgCl ~ AgBr ~ Agl eh Ky %=t 5 1.8x1071° ~ 5.0x10°13
1.0x107%, )

(A) 1.4x107 (B)2.8x107 (C)1.4x10° (D)2.8x10° (E) 1.4x10!!

4. Which of the following compounds is NOT an aromatic compound?
UG AR EE Ex R

(A) Pyridine v+ rz_

(B) Cyclopentadienyl anion Z ~ = ’T’F e g3

(C) Cycloheptatriene % A = ’fﬁ

(D) Thiophene g

(E) Toluene = ¥

5. What is the correct order of boiling points from the highest to the lowest among CHs, NH3, H20, and HF?
#FF CHs~NH; ~HO~HF 2 B A 3 e 8hd § 3 Men 7 E R 5 @ 7

(A) CHa>NH3 > HF > H20O (B) CH4>NH3 > H>O > HF (C) H20 > NH3 > HF > CH4

(D) H2O > HF > NH3 > CH4 (E) CH4 > HF > H20 > NH3
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6. For the reaction 2A(g) + B(g) — C(g), the rate law is given by r = k[A]’[B]. In a container where the
volume is fixed, if A and B are mixed in equal molar amounts, the initial reaction rate is measured as R. If the
molar ratio of A to B is changed to 1:2 while maintaining constant temperature and pressure, what will the
new reaction rate be in terms of R?

F & 2A(g) + B(g) — C(g)# & Ji#
B g R & o PIEH BoAr ek 7@;<§ ¥
FPHT L HE REFBEL S ORY
(A)4/9 (B)9/4 (C)12/18 (D)27/16 (E)16/27

# 5 r=KAP[B] - A LARDE B2 0 0 ACB RS
SReE: e ACBEIRH 5 112 6B E > BB foR S

7. Which of the following greenhouse gases has the highest global warming potential (GWP) over a 100-year
time horizon?

TR R EF A 100 EOERFERIN LG KB DR FER D

A) Carbon dioxide = ¥ iz (CO2)

B) Methane ¥ = (CHa)

C) Nitrous oxide % (N20)

D) Sulfur hexafluoride = & i* #=(SFe)

E) Bezene * (Ce¢Hp)

8. Which of the following commercial applications primarily utilizes polyethylene terephthalate (PET) due to

its excellent barrier properties, transparency, and recyclability?
R TS PR - Ry (PET) 23 BB i s EP Bfcv vl > THR- EHE LR 4
B 2
(I) Car tires = 2 # %> (I1) Food packaging & & ¢ #
(TIT) Thermal insulation foams F§#i;2 ;%  (IV) Beverage packaging 4ci#l & %
(A) L II, 11T
B)IL IV
O L1
(D) 11
(E) None of the above 14} ‘%"3 * &

9. How many isomers of CsHio are alkenes?
R CsHio 2 & 44 ¢ SR L G A
A)s B)6 ()7 (D)8 (E)9

10. To prepare a buffer solution with a pH of 5.7 using a weak acid (HX) and its sodium salt (NaX), where the
pH of a 0.20 M NaX solution is 10, what is the closest ratio of [NaX] to [HX] in the buffer solution?

3 - HFF 3 pEHX)q 4 B(NaX) > 2 5+ 0.20M 9 NaX 3% 2 pH & 5 10 - #7 HX fr NaX /= &
Fetll pH & 5 5.7 chi #m3 i% » B b 3 74 7% ¢ [NaX]/ [HX]evt @& B is ™ 77— k3 ?

(A)0.1 (B)02 (©)05 (D)1.0 (E)10
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11. Which of the following commercial applications is NOT typically associated with natural rubber?
TAR- B E R LK E X AR RN
(I) Automotive tire T & #5575 (IT) Medical gloves 4“{;5 L3
(IIT) Packaging furniture & % %2 (IV) Surgical tubing + jis ¥ &
(A) L IL, 11T
B)IL IV
O L1
(D) 111
(E) None of the above 12+ #8% &_

12. There are three interconnected glass spheres X, Y, and Z, with gas flow between them controlled by valves.
It is known that the volume of each sphere is 1.0 L, and the volume of the connecting pipes is negligible. In
an isothermal environment, 0.9 atm of COCl: is placed in X, 0.3 atm of Cl2in Y, and 0.3 atm of CO in Z. It is
also known that phosgene (COCl2) easily decomposes into carbon monoxide (CO) and chlorine (Cl2), with
the equilibrium constant for this reaction, Ky = 0.2 (atm). Calculate the total pressure of the system after the

valves are opened and equilibrium is reached. (Assuming no change of temperature)

3 :fl}“?;fpjxim;ﬁii'ﬁix Y Z o st BRI E MR o e AT 5 LOL P A
@tﬁ' FORAE o FAEERBE T Y 2o X109 atm ‘:’T’COCIZ ~Y:03atm 5 Cl~Z: 03 atm
CO>» 2 e *’T""Dg’f« (COCL)% % A fa= - 3 B (CO)E F 4 (Ch) > H F 2 T =% # Kp = 0.2(atm) >

FE AR BRI AT GG 0 JRARR S S LMmfo/£z®
(A)0.6 (B)0.7 (C)0.8 (D)0.9 (E)1.0

13. The diagram shows the spectral lines in the ultraviolet and visible light regions of the hydrogen atom

spectrum. Which of the following statements is correct?
B A E RS R R 2T LT AEAE 0 T Ak P LA ?

))

~_

(A) The Lyman series is in the I region.
kg HLEL R

(B)The transition of the hydrogen atom's electron from n =4 to n = 3 produces the e spectral line.
dRFPTFd n=4"1n=3LeHN

(C)The transition of the hydrogen atom's electron from n = 4 to n = 2 produces the c spectral line.
a hFmgEFd n=4%%3 n=24 cHR

(D)The frequency ratio of the e and d spectral lines is 32:27.
e dap o =32:27

(E)The wavelength ratio of the d and b spectral lines is 4:1.
HFMdE b E =411
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14. Assume that all the oxygen in KCIO3 can be converted into O2. How many liters of oxygen, in its wet form,
can be collected using the water displacement method when 245 grams of KCIOs3 is decomposed at 27°C and
1.00 atm pressure? (Assume the water levels inside and outside the gas collection bottle are the same, and the

vapor pressure of water at 27°C is 27 mmHg. Molar mass of KCIO3 = 122.5 g/mol.)

B3k KCIOs ¥ 2 #75 3? R Hﬁg%%\ Oz R % 245 5. KCIO; ® &% § pF > % 27°C v 1.00 atm * §
@T’“ﬁ¢%$éﬁ+ﬁi AEFCHOF SO A VR EF AN iR G B F 0 2T°C LR EF RS
% 27 mmHg » KCIO3 4+ £ =122.5 g/mol)

(A)25.3 (B)100.5 (C)153.0 (D)38.3 (E)76.5

15. Which of the following molecules require electron promotion followed by orbital hybridization in order

to form bonds?
ERET R N G AN AR FARFTIRD ) LIRS
(A)OF2 (B)NH3 (C)H20 (D)BeF2 (E)All of the above are requlred. IR e 4

16. 3.57 grams of CoCOs is heated and decomposed in a vacuum. After complete decomposition, it produces
a cobalt oxide I weighing 2.25 grams. The oxide I is then placed in air, where it absorbs oxygen from the air,
forming another cobalt oxide II weighing 2.41 grams. Which of the following statements is correct? (atomic
mass of Co =59)
#-3.57 5. CoCO3 B 7 7 et f2 mié\ﬁmwﬁ e fé s i 1 5 225 5 0 BTl EN T
PRz F P g o Bd sy - 3 b5 01 5 241 FéF;“Tf'J%IQIFJF’f £ ?(Co the 3 &
=59)
(A) The chemical formula of I is C0203

I enit 854 5 Co203
(B) The chemical formula of II is C0304

IT e & ;8 5 Co304
(C) Compound I contains 0.01 mole of Co atoms

I¢ 2z Cok+ 00132
(D) Compound II contains 0.03 mole of oxygen atoms

e 2% k+ 00352
(E) The number of Co atoms in compounds I and II is different

[&11°¢ Col+ Bp#ch e

17. When 1M NaOH(aq) is added drop by drop to 1M AI(NOs)3(aq), if the amount of NaOH(aq) added is
plotted on the x-axis and the amount of precipitate produced is plotted on the y-axis, which of the following
graphs best represents the situation?

& IMAI(NOs)s(aq) ® i%jF 4 » IMNaOH(aq) > % ™ #74c » NaOH(aq)eh& 5 # & 15> A iTlk & 5 58
AR BT FER P E DB & OB e

&[V\ AN
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18. Which of the following is the main component of enzymes?
- fnju’a—*ﬁ%?\ﬁi#;% B & s Ao 9

(A) Carbohydrates f%#¢

(B) Proteins 3-v

(C) Fats g7

(D) Ribonucleic acid % #& 1% s

(E) Minerals # 4~ 5

19. The structure of phenobarbital is shown in the figure. How many carbon atoms in this molecule have sp?
hybridized orbitals?

FONALHGHS AR RS AF Y B P RAPUSR AT E G S B D
cgrm 0
HN
o)

A5 B6 (O7 D8 (E)I

20. ABS engineering rubber is made by copolymerizing three monomers—acrylonitrile, 1,3-butadiene, and
styrene—in a certain ratio. After electroplating treatment, it is commonly used as the outer shell or knob of
electrical products. Now, a certain ABS sample has been analyzed by elemental analysis and its empirical
formula is C21H22N. Please calculate the simplest mole ratio (acrylonitrile: 1,3-butadiene: styrene) in this
sample.
ABS 1 ZHIBES FfE ~13-7 DR FL G2 BEME - TG R RS S KRB 0 F 1T
LT E‘;;;i e A 4 o G R - ABS ﬁnﬁ » & ;u—% AR arH A %N 5 CaHoN ;R 5t
L] qﬂ% ~1,3-":~:;ﬁ~ $Z»-’:7% m&&?ﬁ 3B gt (f ﬁﬂi 1,3_—!_—-{3“,; : ¥b~{7%)éfa?
(A)21134 B)1:2:4 (O1: 31 (D)4 : 2 (E)4:2:1

21. In a NasPOs aqueous solution, when HCI gas is passed through it, and the pH = 4, which species has the
highest concentration in the solution? (Kai of H3PO4 = 7.1x1073, Ka2 = 6.3x10°%, Ka3 = 4.4x1071?)

& NasPOs k3% ® >3 » HCl 5 88> § pH=4p > B3R ¢ P LS+ kR =+ 7 (HsPOs 2. Kal
=7.1x107 ~ Ka2 = 6.3x10® ~ Kaz = 4.4x1071%)

(A)H3POs (B)H2PO4 (C)HPO4* (D)PO4* (E) The concentrations of the four species are all the same
Mle BAAERGARR

22. Which of the following aqueous solutions, when electrolyzed, will produce O2(g) at the anode and Hz(g)
at the cathode, and the pH of the solution will increase after electrolysis?

TRETAIRMARB R BRT F O2g) @Y F Haog) f RSB ROpHE T 2 ?

(A) H2SO4(aq) (B) NaCl(aq) (C) KOH(aq) (D)AgNOs(aq) (E)K2SO4(aq)
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23. Allyl alcohol is an organic compound used as an intermediate in the production of glycerol,
pharmaceuticals, pesticides, fragrances, and cosmetics. Its structural formula is shown below, where a, b, and
c represent the bond angles of H-C—H, H-C=C, and C—O—H, respectively. Note that this structural formula
does not show the actual bond angles. Which of the following is the correct order of bond angles a, b, and ¢
from the largest to the smallest?

(RS EE SR SUREREEY SRR § S Tl R Rl R
asbrc g s HC-H H-C=C~C-O-Hz bts » 22 f 2PN T AR ER FRT 4R £ B %W
¥ a~b-c= Batdd J‘i’l‘#”'lf?‘ﬁiléi?
H H ¢
a__|__\b

H H
(A)a>b>c (B)b>a>c (C)c>a>b (D)c>b>a (E)b>c>a

24. Reaction A(g) — B(g) + 2C(g). The experimental data for the concentration of A(g) as it changes over

time is shown in the table below. Please calculate the rate constant.

F R A(g) — B(g)+2C(g) » A()sE REPFRE 1 Bhlicdpdc™ 2 > B REFFHKL 557
Time(s) 0 10 20 30
[A]M) 1.28 1.04 0.80 0.56

(A)0.024 M - s (B)0.048s! (C)0.024s! (D)0.048M - s (E)0.024 M - 5!

25. Ozone is a polar molecule. Which of the following statements about ozone and oxygen is correct?
LF BHRMAG TG ML HT F el o PR LA
(A) Both ozone and oxygen molecules are linear.

2 o by A

(B) The normal boiling point of ozone is lower than the normal boiling point of oxygen.
SF o FUABEMOYE § o § e
(C) In the gaseous state, under the same temperature and pressure, the density of ozone is greater than that of
oxygen.
AP RERRT > LFaut E AN F ot £
(D) Both ozone and oxygen can turn iodide-starch paper blue.
385 FHVRAMGRBREARL FS
(E) Ozone is an isotope of oxygen.
LFOLF F ek e

END OF PAPER



