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↕ 

¶ ῍58Ȃ 

¶ ñStart ( )ò פ ₮ ̆ Ȃ 

¶ ῍5 Ȃ 

¶ ӥΏ ҬȂΏ

Ҍԇ ∞Ȃ 

¶ ̆ ≠ץ Ȃᵖ ̔Ώ ӊ Ҍԇ ∞Ȃ 

¶ ᶏ ᶫ Ȃ 

¶ ҹ‰ ̆ ֲ ᶫ Ȃ 

¶  ( ȁ )̆ ꜚ IChŎ ֲ

ᴪ ᵰȂ 

¶ ԍ ̔ ᵰ ̆ ῃ ̆ ѿ

ҩ Ạ Ȃ 

¶  ñStop (Ả )ò פ ₮╠30№ ̆ ֲ ₮ Ȃ 

¶  ñStop (Ả )ò פ ₮ ̆ Ả ᵬȂ Ҍ ӥΏ̆ №  ( )

ᵰ Ȃ 

¶ ₮ñStop (Ả )ò פ ̆ Ḥ Ҭ̆ ᵝ҉ ṜȂ ֲ

Ḥ Ȃ 

 

 

 

 

GOOD LUCK! 
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῍ Ҋ9 Ȃ ҬȂ 

 

 

 

  

1 T1̔ל Ҁԋ  (6%) p. 8 

2  T2̔№ └  (7%) p. 13 

3 T3̔ Ԋ (5%) p. 19 

4  T4̔׆ ⌠  (7%) p. 24 

5 T5̔ ԍ Ẽ πb-  (8%) p. 29 

6  T6̔ ῍ ҍ  (8%) p. 37 

7 T7:  [2]ῤ ꜚ (6%) p. 46 

8  T8: ҍ  (6%) p. 50 

9 T9:  (7%) p. 55 
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῎  

Ҭ̆Ẋ ᵌҹῒץmol Lī1ҹ ᵝ ṿ̆ ҹ

ѿ Ὲ ̆ ԅ ‰ cÁ = 1 mol Lī1 Ȃ 

  

Avogadro's constant (ᵫⱴ ): NA = 6.022 Ā 1023 molī1 

Universal gas constant (ᵣ ): R = 8.314 J Kī1 molī1 

Standard pressure (‰ ⱬ): pÁ = 1 bar = 105 Pa 

atmospheric pressure (): Patm = 1 atm = 1.013 bar = 1.013Ā105 Pa 

Zero of the Celsius scale (): 273.15 K 

Faraday constant (): F = 9.6485 Ā 104 C molī1 

Watt (): 1 W = 1 J sī1 

Kilowatt hour (): 1 kWh = 3.6Ā106 J 

Planck's constant (ᾥ ): h = 6.626Ā10ī34 J s 

Speed of light in vacuum (ᾣ ): c = 2.998Ā108 m sī1 

Elementary charge (): e = 1.6022Ā10ī19 C 

Electrical power (ⱳ ): P = ȹEĬI 

Power efficiency (ⱳ ): ɖ = Pobtained/Papplied 

Planck-Einstein relation (ᾥ- Ὲ ): E = hc/ɚ 

Ideal gas equation (ᵣ ): pV = nRT 

Gibbs free energy (): G = H ï TS 

 
ȹrGÁ = īRT lnKÁ 
ȹrGÁ = īn F EcellÁ 

 ȹrG = ȹrGÁ + RT lnQ 

Reaction quotient Q   for a reaction  

( Ҋ Q) 

a A(aq) + b B(aq) = c C(aq) + d D(aq): 

 Q = 
CcDd

AaBb
 

HendersonïHasselbalch equation 

(֠ - ): 
pH = pKa + log

Aï

HA
 

NernstïPeterson equation(- ): 

ῒҬ̆ Q    

E = Eo ï 
RT

zF
lnQ 

T = 298 K, 
RT

F
ln10 å 0.059 V 

LambertïBeer law (- ᴿ ): A =  Ůlc 

Rate laws in integrated form (№ ):  

Zero order ( ): [A] = [A]
0
 ï kt 

First order (ѿ ): ln[A] = ln[A]
0
 ï kt 

Second order (ԋ ): 
1

[A]
 = 
1

[A]
0

 + kt 

Half-life for a first order process 

(ѿ ): 
t1/2 = ln2/k 

Number average molar mass Mn ( ): ὓ  
Вὔὓ

Вὔ
 

Mass average molar mass Mw ( ): ὓ  
Вὔὓ

Вὔ ὓ
 

Polydispersity index Ip (№ ): Ip = 
Mw

Mn
 

 
 
 
 



: CHN-1 

51 IChO ï  5 

ᾝ  
 

 

 

 

 
 

 

  

1                                18 

1 

H 

1.008 
2 

  

13 14 15 16 17 

2 

He 

4.003 
3 

Li 
6.94 

4 

Be 

9.01 

5 

B 

10.81 

6 

C 

12.01 

7 

N 

14.01 

8 

O 

16.00 

9 

F 

19.00 

10 

Ne 

20.18 
11 

Na 

22.99 

12 

Mg 

24.31 
3 4 5 6 7 8 9 10 11 12 

13 

Al 
26.98 

14 

Si 
28.09 

15 

P 

30.97 

16 

S 

32.06 

17 

Cl 
35.45 

18 

Ar 

39.95 
19 

K 

39.10 

20 

Ca 

40.08 

21 

Sc 

44.96 

22 

Ti 
47.87 

23 

V 

50.94 

24 

Cr 

52.00 

25 

Mn 

54.94 

26 

Fe 

55.85 

27 

Co 

58.93 

28 

Ni 
58.69 

29 

Cu 

63.55 

30 

Zn 

65.38 

31 

Ga 

69.72 

32 

Ge 

72.63 

33 

As 

74.92 

34 

Se 

78.97 

35 

Br 

79.90 

36 

Kr 

83.80 
37 

Rb 

85.47 

38 

Sr 

87.62 

39 

Y 

88.91 

40 

Zr 

91.22 

41 

Nb 

92.91 

42 

Mo 

95.95 

43 

Tc 

- 

44 

Ru 

101.1 

45 

Rh 

102.9 

46 

Pd 

106.4 

47 

Ag 

107.9 

48 

Cd 

112.4 

49 

In 

114.8 

50 

Sn 

118.7 

51 

Sb 

121.8 

52 

Te 

127.6 

53 

I 

126.9 

54 

Xe 

131.3 
55 

Cs 

132.9 

56 

Ba 

137.3 
57-71 

72 

Hf 

178.5 

73 

Ta 

180.9 

74 

W 

183.8 

75 

Re 

186.2 

76 

Os 

190.2 

77 

Ir 

192.2 

78 

Pt 

195.1 

79 

Au 

197.0 

80 

Hg 

200.6 

81 

Tl 
204.4 

82 

Pb 

207.2 

83 

Bi 
209.0 

84 

Po 

- 

85 

At 

- 

86 

Rn 

- 
87 

Fr 

- 

88 

Ra 

- 

89-
103 

104 

Rf 

- 

105 

Db 

- 

106 

Sg 

- 

107 

Bh 

- 

108 

Hs 

- 

109 

Mt 

- 

110 

Ds 

- 

111 

Rg 

- 

112 

Cn 

- 

113 

Nh 

- 

114 

Fl 
- 

115 

Mc 

- 

116 

Lv 

- 

117 

Ts 

- 

118 

Og 

- 

                                   

   
57 

La 

138.9 

58 

Ce 

140.1 

59 

Pr 

140.9 

60 

Nd 

144.2 

61 

Pm 

- 

62 

Sm 

150.4 

63 

Eu 

152.0 

64 

Gd 

157.3 

65 

Tb 

158.9 

66 

Dy 

162.5 

67 

Ho 

164.9 

68 

Er 

167.3 

69 

Tm 

168.9 

70 

Yb 

173.0 

71 

Lu 

175.0 

   
89 

Ac 

- 

90 

Th 

232.0 

91 

Pa 

231.0 

92 

U 

238.0 

93 

Np 

- 

94 

Pu 

- 

95 

Am 

- 

96 

Cm 

- 

97 

Bk 

- 

98 

Cf 

- 

99 

Es 

- 

100 

Fm 

- 

101 

Md 

- 

102 

No 

- 

103 

Lr 

- 
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1H NMR 
 

 (ppm / TMS) 

 

 

:                      

                        

       :               

                        

    :        :  CH3ðCR3:    

                        

          :            

                        

  NHðCOR:            :RðCH2ðORô   

                        

     :     CH3ðNR2:     CH3ðSiR3:  

                        

    :              :    

                        

    :      CHnðC6H5:        

                        

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 

 

 

H-H  (Hz) 

 

 |Jab| (Hz) 

R2CHaHb 4-20 

R2HaCðCR2Hb 

2-12 

s ץ ꜚ̔6-8 

-  ( )̔8-12 

- ᴟ   -  ( )̔2-5 

R2HaCðCR2ðCR2Hb 
s ץ ꜚ̔< 0.1 

ῒז (↨ )̔1-8 

RHaC=CRHb 
̔7-12 

̔12-18 

R2C=CHaHb 0.5-3 

Ha(CO)ðCR2Hb 1-3 

RHaC=CRðCR2Hb 0.5-2.5 
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IR  

 

ꜚ  ů (cmī1)  

 OðH ( ᵈ stretching) 

 OðH ( stretching) 

NðH ( ) 

 

ſCðH ( ᵈ stretching) 

=CðH ( ᵈ stretching) 

CðH ( ᵈ stretching) 

ï(CO)ðH ( ᵈ stretching) 

 

CſN ( ᵈ stretching) 

CſC ( ᵈ stretching) 

 

 C=O ( ᵈ stretching) 

 C=O ( ᵈ stretching) 

 C=O ( ᵈ stretching) 

 C=O ( ᵈ stretching) 

C=O ( ᵈ stretching) 

 

 C=C ( ᵈ stretching) 

 C=C ( ᵈ stretching) 

 

CH2 ( bending) 

CH3 ( bending) 

 

CðOðC ( stretching) 

CðOH ( stretching) 

NO2 ( stretching) 

3600-3200 

3600-2500 

3500-3350 

 

3300 

3100-3000 

2950-2840 

2900-2800 

 

2250 

2260-2100 

 

1740-1720 

1840-1800; 1780-1740 

1750-1720 

1745-1715 

1700-1500 

 

1680-1600 

1600-1400 

 

1480-1440 

1465-1440; 1390-1365 

 

1250-1050 

1200-1020 

1600-1500; 1400-1300 

 

 

 

 

 

 

 

 

 

 

 

 

 

;  
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1  

T1 

6% 

Question 

 
1 2 3 4 5 6 7 8 9 10 11 

Total 

№ 

Points 

№  
3 4 4 2 3 2 2 4.5 2.5 3 3 33 

Score 

№ 
            

1  T1̔ל ҍҀԋ  

1,3-Ҁԋ № Ώᵬ CH2=CHïCH=CH2̆ ֜ Ȃᵖ ̆ῒ ҍ

Ҍ ̆ ˊ № ҈ҩ ҉̔ 

 

ѿᵣ ץ ѿ  (Ӟ ל ) Ҭ Ȃ ҹL ѿ ל Ҭ̆ѿҩ

ץ ҊῈ ̔Ὁ   ̆ῒҬ̆nҹ Ȃ 

1. ң Ҍ Ȃ ѿ ̆ ῒ Ҭ ₮ ҈ҩ ᵞ En̆ ₮

ᵞ ( ῤ )Ȃ  

 
1 (ñ ò)̔ ˊ ң ҉̆

ңҩ№ ҹd ל Ȃ 

2 (ñ ò)̔ ˊ ҩ№ Ҭ̆

ѿ ҹ3d ל Ȃ 

  

2. ˊ ҉ ӊ 1 Ҭ̆Ώ₮ 1Ҭ ˊ ᵣ ̆

hȁme  dȂ 
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E(1) =  

 

 

 

 

3. ˊ ҉ ӊ 2 Ҭ̆Ώ₮ 2Ҭ ˊ ᵣ ̆

hȁ me  dȂ 

 

Ὁς   
 

 

 

 

῍ ԍ ˊr ⁞ Ә № (ΐ ) ӊ ṿȂ 

4. Ώ₮Ҁԋ ῍ ȹEc ̆ hȁme  dȂ 

 

ЎὉ  

 

 

 

 

1 2 ԍ ȂҊ ₮ѿҩ Ȃ 

5. Lewis̆ ѿҩ Ҭ ̆ ₮Ҁԋ ҈ ῍ Ȃ 

 

   

⌠ ѿ ̆ 2 ḱץ ҹ 3̆ Ҋ̔ 

ĺ ל ҹ L̆ ԍ 0⌠Lӊ ̕ 

 №≢ ԍ L/8ȁ3L/8ȁ5L/8ץ  7L/8 Ȃ 

ѿ n̆ ˊ ₱ ҹ̔ 

 ὼ   
ς

ὒ
ÓÉÎ
ὲ“ὼ

ὒ
 

ԍ N ҩˊ ᵣ ̆ˊ ҹ̔ 

”ὼ  ς ȿ ὼȿ

Ⱦ
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ҍ ˊr № ̆ ҩˊ ₱ Ҋ( ᴋ )Ȃ 

 

6. ₮ 4ҩˊ (EA, EB, EC  ED)Ȃ 

 

<                <                <       

 

7. Ώ₮Ҁԋ Ҭ (A, B, C  D)Ȃ 

 

 

 

8. 3̆ ԍ n = 1  n = 2̆ ₮ ᵝ 0, L/4  L/2̆ˊ ₱ L

Ȃ 

 π   
 

 

 


ὒ

τ
  

 

 

 


ὒ

ς
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 π   
 

 

 

 

 


ὒ

τ
  

 

 

 

 

 

 
ὒ

ς
  

 

 

 

 

 

9. 3̆ ₮ ᵝ 0, L/4  L/2̆ˊ Ȃ 

”π   
 

 

 

 

 

 

”
ὒ

τ
 

 

 

 

 

 

 

”
ὒ

ς
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10. ₮ 0~ Lӊ Ȃ 

 

11. ₮ Ҋ CC  (B1ȁB2ȁéȁB5) ̆  =  <̆ ↓̔ 

B1:  Ҁԋ № ҬC1C2ӊ  

B2 : Ҁԋ № ҬC2C3ӊ  

B3 : Ҁԋ № ҬC3C4ӊ  

B4 : Ә № Ҭ CC  

B5 : Ә № Ҭ CC  
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2  

T2 

7% 

Question 

 
1 2 3 4 5 6 7 8 9 10 

Total 

 

Points 

 
1 4 2 3 3 6 4 1 8 2 34 

Score 

 
           

2  T2̔№ └  

̔ 

 H2(g) H2O(l) H2O(g) O2(g) 

æfHÁ (kJ molī1) 0 ī285.8 ī241.8 0 

SmÁ (J molī1 Kī1) 130.6 69.9 188.7 205.2 

(H2) ᵬ ԋ ף Ȃ ̆ ᵞῒ ֟ ѿҩ

Ȃ ѿ ̆№ └ ѿ ╠ Ȃ 

1. Ώ₮ № ̆ ҹ1Ȃ 

 

 

 

 

2. ֽ ⱬ ̆ ∞ ̆ 298 K ⱬ ҉ ̙ 

: 

 

 

 

 

 

  

 
ⱬ ҉ ̙ 

Ã Yes   Ã No    

 
 

№ ̆ Ҭ̆ ῀ңҩ ̆ ̆

ңҩ ҉ ֟ ̆ 1 Ȃ 
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1. №  

3. Ώ₮ ҉ Ȃ 

 (1):        

 

 

 (2):      

 

     

4. ֽ ⱬ ( 2 )̆ 298 KҊ̆ⱴ ң ӊ (DEapplied )

ᶏ ⱬ ҉ № ȹEth ( ) ῏ ̆ ֟ ԍ ‰ Ȃ

ᴆ̆ Ҭ Ḡ 3β Ȃ 

:  

 

 

 

 

 

Ä DEapplied = DEth 

Ã    DEapplied > DEth  ééé.. V ( Ҭ Ḡ 3β )  

Ä DEapplied < DEth  
₴DEth, װᶕ 1.200 Vɼ 

Ҭ̆ ⱴ № Ȃ PtẠ ̆№

ȹEmin‗ԍ ̆Ҋ ↓₮₃ ̔ 

 

 DEmin (V) 

IrOx 1.6 

NiOx 1.7 

CoOx 1.7 

Fe2O3 1.9 

ȹEmin ȹEth ṿ ԍ Ȃ 
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5. Ώ₮ ȹEth ȹEmin ⱳ ɖelec₱  ( № Ҭⱳ ṿ)ȂẊ

ṿḠ ѿ ̆ PtẠ Fe2O3Ạ ̆ ⱳ Ȃ ₮ Ȃ 

 

helec =  

 

 
PtFe2O3Ạ ⱳ ̔ 

 

 

helec =         %     

 
ҹ̔   

 

₴helecЇ ᶕ helec = 75%ɺ 

ѿ ף ᾣỲ № ̆ ⌠ ץ ᾣ ᵣ Ȃ 

 
 

 

 
 

 
 

 

 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

2. Ҍ ᵣ ᴆ  Ȃל

№≢ ‰ = ȂSHEל  

 

V
 
v
s
 
S
H
E

 

bŀƳŜ ƻŦ ǎŜƳƛŎƻƴŘǳŎǘƻǊ    

tƻǘŜƴǘƛŀƭ ƻŦ ŜǉǳƛǾŀƭŜƴǘ ŎŀǘƘƻŘŜ   

e Υ aƛƴƛƳŀƭ ƭƛƎƘǘ ŜƴŜǊƎȅ ǘƻ ŀŎǘƛǾŀǘŜ    

tƻǘŜƴǘƛŀƭ ƻŦ ŜǉǳƛǾŀƭŜƴǘ ŀƴƻŘŜ   
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3. ̔ ᾣ f ᾣ № Ȃᾣ ᵝ ⌠ ᵣ ᵝ ҉ ᾣ Ȃ

̔ ᾣ ̂ ᾣ № Ȃ̃ 

6. ᵀ ץ ᵣTiO2ȁCdSȁSi ᾣ № Ȃ ₮ ԍ Ὲ ᵝȂ 

/ ̔ 
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 № ᵌṿ 

TiO2 % 

CdS % 

Si % 

ᵣ ᵝ ̆ ץ ᵬ Ҍ ᵝ ңҩ Ȃ 

7. 2 ̆ Ҋ Ҭ ₮ ֓ ᵣ ᵬ Ḇᶏ № Ȃ 

ÃZrO2   Ã ZnO             Ã TiO2  Ã WO3 

ÃCdS   Ã Fe2O3   Ã CdSe  Ã Si 

8. ₮ ᵬ ̆ ᾣ Ҋ№ ᵣȂ 

 

 

̆ ֲ ԅ T = 25 ÁC patmҊ̆ ᵣ ᾣ Ҋ ₮H2 O2

ᵬȂ ᾣ῀ ⱳ P = 1.0 kW m2̆ᾣ S = 16 mm2̆ 1 ץ ⌠ V = 

0.37 cm3 Ȃ 

9. ᾣ ⱳ hdirectȂ 

:  

 

 

 

 

 

 

 

 

 

 

 

hdirect =         % 

₴ hdirectЇ Ҳᶕ hdirect = 10%ɼ 
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ץ ң └ ̔ѿ ᾣỲ № ̆ѿ ᾣᴟ

ᾣ Ȃ ᾣᴟ ⱳ ҹhpanels = 20%Ȃ 

10. ң ⱳ ̆ɖdirectɖindirect̆ Fe2O3 PtẠ Ȃ 

̔ 

 

 

 

 

 

 

 

 

 

Ã hdirect > hindirect            Ã hdirect å hindirect               Ã  hdirect < hindirect  

 

  



: CHN-1 

51 IChO ï  19 

3  

T3 

5% 

Question 

 
1 2 3 4 5 6 7 8 9 10 11 12 

Total 

№ 

Points 

№  
1 3 3 3 4 2 7 2 2 3 4 6 40 

Score 

№ 
             

3  T3̔ Ԋ 

298 K̆ ῏ ̔ 

pKs1(AgCl) = 9.7; pKs2(Ag2CrO4) = 12 

[Ag(NH3)n]+ : bn = 107.2 

ԍ ‰  ̔ל

Ag+/Ag(s): EÁ(Ag+/Ag(s)) ‰  V 0.80̔ל

O2(aq)/HOī(aq) () ᴆ  E'(O2(aq)/HOī(aq)) = 0.75 V̔ל

Part A - ᾥ (Louis-Joseph Gay-Lussac)  

Louis-Joseph Gay-Lussac (1778-1850)̆ ̆Ҋ ῏ԍ ֓

ῒ Ȃ 

A̔ ñ ̆ѿ Ӳ ᵣȂ ⱴ῀ ⌠ Ȃò 

B̔ ñ ԍ Ҍ ԍ ̆ Ȃò 

C̔ ñ ῃҌ ԍӘ ̆ ԍ Ȃò 

D̔ ñ ѿ ̆ Ҭ Ȃò 

E̔ ñ ̆ ⱴ῀ ̆ῒҍ ̆ ױ ץ ₮ Ȃò 

F̔ ñ ᵰ ѿҩ ̆ ⌠ Ҍ ̆ ѿ Ӳ ᵣȂò 

1. A̔ Ώ₮ AgCl(s) Ȃ 

 

 

 
 

2. B̔ 298 K ̆AgCl(s) Ҭ  ( ᵝ̔mol L 1)Ȃ 

̔ 

 

 

 

 

 

 

 

 

s =             mol Lī1   
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3. C̔ Ҭ̆ ץ ҹ 1:2 Ȃ Ҋ ׆)҉

pClṿ ⱴ) ҩ ̆ Ώ῀ Һ ( ᵣ)Ȃ֜ pCl

ṿҌ Ȃ 

 

 

D̔ ⱴ῀⌠ AgClҬ ̆ ԅѿ ҹ n Ȃ 

4. Ώ₮׆ AgCl [Ag(NH3)n]+ ̆ Ȃ 

̔ 

 

 

̔ 

 

 

 

 

 

 
K =      

   

ᵶ ₴ KẅЇ Ҳ ᶕ  K = 10ⱷ3ɼ 

5. 0.1 mol AgCl 1 L Ҭⱴ῀ ̆ ᵣ ̆[NH3] = 1.78 mol Lī1Ȃ

 ( )Ȃ 

̔ 
 

 

 

 

 

 

n =      

6. Ώ₮ EҬ Ȃ 
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7. Ẋ ҹ ғ ̆ ᴆҊ ץ № ȂΏ₮ ᴆҊ

F Ҭ ⌠ Ӳ ᵣ  ( ҹ 1)̆

298 K Ȃ 

̔ 

 

 

 

̔ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

K =    

  

Part B(Mohr)  

(Mohr)  (2K+, CrO4
2ī) Ҋ̆ Ag+ᵬҹ ╕ Cl Ȃ ᵣ

V0 = 20.00 mL CCl Ҭ̆ⱴ῀҈  ( 0.5 mL) ҹ 7.76 ³ 10 3 mol L 1

K2CrO4 Ȃ CAg = 0.050 mol Lī1  (Ag+̆NO3 ) ҉ ̆

ᵣ Ă VAg = 4.30 mL Ҭ₮  ( ᵣ B)Ȃ 

8. Ώ₮ Ҭ ңҩ Ȃ ῒ№≢ Ȃ 

 

 

 

KÁ1 =       

 

 

 

 

 

KÁ2 =       
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9. ∞ ң ᵣɺ 

 

 

ᵣA:  

 

ᵣ B:  

         

10. Ҭ № CClȂ 

̔ 

 

 

 

 

 

 

 

 

 

CCl =      mol Lï1 

      

ᵶ ₴CClЇ Ҳ ᶕװ CCl = 0.010 mol Lī1ɼ 

11. AgCl(s) ᵣ VAg(min)Ȃ 

̔ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VAg(min) =                     mL    



: CHN-1 

51 IChO ï  23 

12. Ag2CrO4 ↨ ̆ Ҭ▼ᵩ [Cl ]resȂ ңҩ ṿ ̆ ᴇ

ҹָӇ CrO4
2 ѿҩ ╕Ȃ 

̔ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[Cl]res =      mol L1          

 
CrO42ī ѿ ╕̆ ҹ̔ 
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4  

T4 

7% 

Question 

 
1 2 3 4 5 6 7 8 

Total 

№ 

Points 

№  
6 9 8 5 6 2 2 12 50 

Score 

№ 
         

4  T4̔׆ ⌠  

19ҕ ̆ ᴑҙ B. CourtoisҒ ֟ ԍ└ A (MA(NO3)m)ȂA ֒׆∆

̆ B (MB(NO3)n) ҍ Ҭ C └ Ȃ 

1. A B Ȃԋ  (MA  MB) ̆ῒҬѿ

Ҍ 1 w% ̆ ѿ ↕ 9 Ñ 3 w% Ȃ Ҭ MA  

MB №≢ҹ38.4 w%22.4 w%Ȃ ₮ Ȃ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A:                                  B: 
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ҹԅ Ă 262.2 g ᵣ  C ⱴ῀ 442.8 g B (  B ) Ҭ̆

190.0 g  D̆ DȂ ̆ ⱴ ᵣ Ĕ ⌠  (ֽ ֒

̆NO2·) Ȃֽ ᵣ֟ ҹ ̆ῒ 0 Ņȁ1 ᵣ ҹ60.48 L (ҹ

ᵣ)Ȃ 

2. E  (w%) ȂEҬ A B̆ ῒז ̆ῒҬ Cҹ  Ȃ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A w%:                            B w%:     

3.  C  D ̆Ώ₮B  C Ȃ 
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C:                          D:      

 
B  C ̔ 

 

 
 

 

1811̆ ̆Courtois⌠ Ȃ ז

ז̆ ԅ ̆ ⌠ ҉̆ ׆ Ҭῳ₮  (1, 

Ҭ ╕)̔ (I2) ץ ˻ ԅ  (2)Ȃ ̆ ԍ ҉

̆Courtoisԅѿҩ └ ҙ̔ ҍ ֟  (3)Ȃ 

ׂ ̆ Һ ᵣ (NO3
īɹIīɹH+) (4) (IO3īɹIīɹH+) (5) └ Ȃ 

4. Ώ₮1-5 Ȃ 

1  
 

 

2    

 

 
3    

 

 
4    

 

 
5    

 

 

Ҭ ᵞ̆ᵖ ⱴ῀ ̆ῒ ⱴȂ ѿױ ҈ I3
ī̔ 

Iī(aq) + I2(aq) = I3
ī(aq)  (6) 

ԋ I2 ץ  (6)Ȃ ҉̆Iī I3ī ԍ ╕̆ᵖI2 Ȃ ̆

I2 ԋ Ҭ Ҭ 15ṐȂ 
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Ҋ ̔ ᵣ ԍ50 mL 0.1112 g Ҭ̆ ∆ Ȃ

̆ⱴ῀50 mL ԋ ̆ᾟ№ ⌠ Ȃ№ ץ̆ ҹ ╕̆ ԓ

ף ‰  (1.000 L Ҭ 14.9080 g) №≢ ̆ 16.20 mL ̆ 8.00 

mL ף Ȃ ҩ ԍҊ ̔ 

 

 

5. ₮  (1ï9) ᵣ ҍף ױ (aïi)ӊ ῏ Ȃ 

  

1  

2  

3  

4  

5  

6  

7  

8  

9  

6. Ώ₮ Ҭ ף ңҩ Ȃ 

 

 

 

 

 

7. └∆ Ȃ 
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m(I2) =          g  

8.  (6) KÁɺ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

KÁ =     
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5  

T5 

8% 

Question 

 
1 2 3 4 5 6 7 8 9 10 11 12 

Total 

№ 

Points 

№  
3 4 4 2 5 5 4 3 5 2 2 2 41 

Score 

№ 
             

5  T5̔ ԍ Ẽ īb-  

ѿ ҹ ꜚ № ᵣ̆ ԍ ᴰ Ȃ

≠ ԅẼ (RïN=NӇRĽ) ᾣ Ȃ 

1. ₮Ẽ (H5C6ïN=NïC6H5) ᵣ ᵣ̆ ңҩ ӊ ₮ѿ ̆

ңҩ  (dtrans dcis) Ȃ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

trans  Cis  

:                            dtrans                                dcis                                       

 

1. M Ȃ 

 

2. M ץ ( 1) ң Ȃ׆ 1 ₮ Ҭ(N to Q)̆ ₮ ץ

└ M Ȃ ԍ‛ ֒ (NaNO2) ᵬ Ҭ ѿ

╕Ȃ 

 

╕:                                                          
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Kt  

b- (C̆ 2) ѿ ҂ ᵣ̆ ҍẼץ Ȃ 3-

6 Ҭ̆ ױ ᾣ 2 CMtrans KtȂ 

 
2. CM trans Ȃ 

└ C M trans ᶛҌ ̆ԋ №≢ҹ[C]0 [M trans]0Ȃ ΐ

[M trans]0̆ [C]0 Ȃ Ҋ̆ ᾣ ҍ M trans ᾣ

ṿDĂ CM trans M trans ᾣ №≢Ώᵬe CMtrans e MtransȂLҹᾣ ᾣ

̆b Э C(e C) Ȃ 

3. ̔ȹA= a Ā[CMtrans]̆ Ώ₮Ŭ ̂ ѿҩ ҩ ̃Ȃ 

:  

 

 

 

 

 

 

 

 

 

 

 

 

 

a =                 

  

4. C ԍMtrans( ̆[C]0 >> [Mtrans]0)̆ C ץ ᵬ ̆ [C] ḗ [C]0Ȃ 

:  
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5. ̔ C ԍMtrans( ̆[C]0 >> [Mtrans]0)̆ Ўὃ Ͻ
ϽἍ

ϽἍ
̕Ώ₮b ̂

∆ Ȃ̃ 

̔ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɓ =     
    

6. ≠ Ҋ ( 3)̆ KtṿȂ 
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3. 1/DA 1/[C]0 ῏  

 

̔ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Kt =      
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Kc  

Ҋ7⌠9 Ҭ̆ ꜚⱬ Mcisῒ CM cis ̆ KcȂ

ֽ M trans ᴪ M cis̆ ῒ ҹ[M cis]0ȂM cis ( ԍ ῤ)

ҹ M transȂ Ҍ C ̆ ѿ ꜚⱬ ̆ῒ ҹ k1Ȃ

ԍ Ȃ 4ҹ ҩ ꜚⱬ Ȃ 

 
4. C ҐM cis ꜠Ⱶ ┼  

M cis( Ҭ ) ӈҹ̔ 

r = k1[Mcis] + k2[CMcis] 

 

Ҭ̆r ѿ ꜚⱬ ̆ῒ ҹ kobs̔  

r = kobs([Mcis] + [CMcis]) 

7. ̔Ὧ
Ͻ Ἅ

Ἅ
 ̆Ώ₮ɔ ŭ ( )Ȃ 

̔ 
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ɔ  =                               ŭ =   

 

8. [C]0 >> [Mcis]0̆ ᴆ( )Ҋ̆ ԍ kobs t1/2 ץ ҹὸȾ

 
  
 ρ  ὑ Ἅ Ȃ ᵰ Ȃ 

Ã  ῤMcis  

Ã  Mcis  

Ã  CMcis  

Ã  CMtrans  

 

:  

 

 

 

 

 

 

 

9. 8 Ҭ ᴆ ץ ̆ Ҋ Ҭ↓₮ ̆ KcṿȂ ᶏ

ᵬ Ȃ 

[C]0 (mol Lī1) t1/2 (s) [C]0 (mol Lī1) t1/2 (s) 

0 3.0 3.0·10 ī3 5.9 

1.0·10 ī4 3.2 5.0·10 ī3 7.7 

5.0·10 ī4 3.6 7.5·10 ī3 9.9 

1.0·10 ī3 4.1 1.0·10 ī2 12.6 
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̔ 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

Kc =     
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5. ᾣ Ẽ - ԍ №  ( )D Ȃ 

 

ѿ ∆ ҹ Ẽ (ῒKc << Kt)῍ᴇ ⌠ ( 5 )Ȃ

ῤᾟ῀ѿ ( Ҹ B̆ 5Ҭ )Ȃ ⱴ῀ C ᵟ ̆

Ȃ 

10. ᴆ( )̆ ᶏ C ᴆҊ̆ ץ ᵟ ̆ ᴆҊ ץ

Ȃ 

Ã  Kt >> 1    

Ã Kt >> 1  Kc << 1  

Ã Kt / Kc << 1  

Ã Kt >> 1Kc >> 1   

Ã Kc << 1 

ῤ Ẽ ī ῤ ѿҩ ( 6 )̆ Ҍᴪ ⌠

ҬȂ ɚ1 Ҋ ꜚ ׆ Ҭ ( 5)Ȃ ᾣ

ɚ2 ᾣ Ȃ 

 

 
6. ̔ ̕ ̔ Ẽ  ( )̆ Ẽ ( ) Ҹ B(

) ᾣ Ȃ 

 

11. ɚ1. 

ɚ1 =                               nm 

12. ɚ2. 

ɚ2 =                              nm 
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6  

T6 

8% 

Question 

 
1 2 3 4 5 6 7 8 9 

Total 

№ 

Points 

№  
4 4 5 3 10 2 9 6 5 48 

Score 

№ 
          

6  T6̔ ῍  

Ҍ ̂ ̃ ῍ ΐ ̆ᶛ ̆ ⱬȂ

ԅ ῍ Ȃ 

ѿҩ  

 

ѿ №̆ ױ 1 (a- -ɤ- Әԋ Ȃ̃ 1 1H NMR 

(DMSO-d6, 60 ÁC, 500 MHz)Ҭ ץҊḤ ̔ 

Index ŭ (ppm) №  

a 2.7* 0.6 

b 3.3 0.9 

c 3.4 0.6 

d ~ 3.5 133.7 

1. *ⱴ῀D2O ̆ ᵝ 2.7 ppmḤ ᴪ Ȃ 

1. 1Ҭ 1H NMR Ḥ (aȁbȁcȁd) ῀⌠ҍῒ ҬȂ 

 

2. nҹ ᾝ OC2H4 ҍ ӊ ̆OC2H4 ץ ῒ

NMRḤ AOC2H4ҍ OCH3 NMRḤ AOCH3 Ȃ nȂ 
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                                                                                             n =     
 

ᵶ ₴nẅЇ ҲẐ n = 100ɼ 

 

῍  

1ҍ2 (Ů-( )- N- ) ԋҩ ῍ ̆ ⌠ԅ ῍ 3Ȃ 

 

3. ₮ 1  2ⱴ ѿҩҬ ᵣ Ȃ ̆ Ҋ ѿҩ ᵣ

№ ̆GȂΏ₮ ᵣ№ Ȃ 

 
 

 

 

 

 

 

 

 

 

 

G:     
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4. ᾣ (IR) ԍ ֓ Ȃ Ҭ ҍ ᾣ 1ȁ2 3Ȃ 

 

 

 

5. 1 ԅ῍ 3 (DMSO-d6, 60 ÁC, 500 MHz)1H NMR Ȃ≠ 2Ҭ n

ṿ̆ № ῃ ῍ Ḥ № ( 2 )̆ 3 MnȂҹ

Ḃԍ ̆ Ҋ № ҉ ₮ᵰ ԍ ̆ 2Ҭ (Ŭ, ɓé) Ȃ 

 
1. * Ḥ ԍ ԍ ῍ ╕ Ȃ 

 

 2 

Ḥ   

Ŭ 22.4 

ß 119 

ɔ 23.8 

ŭ 47.6 

Ů 622 
 

  

:  

Ã м Ã н Ã о 

:  

Ã м Ã н Ã о 

Υ 

Ã м Ã н Ã о 


