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Physical constants and equations 

In these tasks, we assume the activities of all aqueous species to be well approximated by their 

respective concentration in mol L
ī1

. To further simplify formulas and expressions, the standard 

concentration c° = 1 mol L
ī1

 is omitted. 

Avogadro's constant: NA = 6.022Ā10
23

 mol
ī1

 

Universal gas constant: R = 8.314 J mol
ī1

 K
ī1

 

Standard pressure: p° = 1 bar = 10
5
 Pa 

Atmospheric pressure: Patm = 1 atm = 1.013 bar = 1.013Ā10
5
 Pa 

Zero of the Celsius scale: 273.15 K 

Faraday constant: F = 9.6485Ā10
4
 C mol

ī1 

Watt: 1 W = 1 J s
ī1

 

Kilowatt hour: 1 kWh = 3.6Ā10
6
 J 

Planck constant: h = 6.6261Ā10
ī34

 J s 

Speed of light in vacuum: c = 2.998Ā10
8
 m s

ī1 

Elementary charge: e = 1.6022Ā10
ī19

 C 

Electron-volt 1 eV = 1.6022Ā10
ī19

 J 

Electrical power: P = ȹE × I  

Power efficiency: ɖ = Pobtained/Papplied  

Planck-Einstein relation: E = hc/ɚ = hɢ 

Ideal gas equation: pV = nRT 

Gibbs free energy: G = H ī TS 

 
ȹrG° = īRT lnK° 

ȹrG° = īn F Ecell° 

 ȹrG = ȹrG° + RT lnQ 

Reaction quotient Q for a reaction 

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

AaBb
 

HendersonīHasselbalch equation: pH = pKa + log
[!

[!(
 

NernstïPeterson equation: E = E
o RT

zF
lnὗ  

where Q is the reaction quotient 

of the reduction half-reaction 
at T = 298 K, 

RT

F
ln10 å 0.059 V 

BeerïLambert law: A = Ůlc 

 

Rate laws in integrated form: 
 

- Zero order: [A]  = [A] 0 ī kt 

- First order: ln[A]  = ln[A] 0 ī kt 

- Second order: 1/[A]  = 1/[A] 0 + kt 

Half-life for a first order process: 
ÌÎς

Ὧ
 

Number average molar mass Mn: ὓ  
Вὔὓ

Вὔ
 

Mass average molar mass Mw: ὓ  
Вὔὓ

Вὔ ὓ
 

Polydispersity index Ip: Ip = 
Mw

Mn
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Periodic table 

 

 

 

 

 

 

 

  

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 

- 



Candidate: ARM-1 

51st IChO ï Theoretical Exam 6 

1H NMR 

 

Chemical shifts of hydrogen (in ppm / TMS) 

 

 

phenols:                      

                        
       alcohols:               

                        

    alkenes:        alkynes:  CH3ðCR3:    
                        

          amines:            

                        

 amide NHðCOR:            :RðCH2ðORô   
                        

     :carboxylic acids    CH3ðNR2:     CH3ðSiR3:  

                        
    :aldehydes             :ketones   

                        

    aromatics:     benzylic 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 coupling constants (in Hz) 

 

Hydrogen type |Jab| (Hz) 

R2CHaHb 4-20 

R2HaCðCR2Hb 

2-12 

if free rotation: 6-8 

ax-ax (cyclohexane): 8-12 

ax-eq or eq-eq (cyclohexane): 2-5 

R2HaCðCR2ðCR2Hb 
if free rotation: < 0.1 

otherwise (rigid): 1-8 

RHaC=CRHb 
cis: 7-12 

trans: 12-18 

R2C=CHaHb 0.5-3 

Ha(CO)ðCR2Hb 1-3 

RHaC=CRðCR2Hb 0.5-2.5 

eq = equatorial, ax = axial  
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IR spectroscopy table 

 

Vibrational mode ů (cm
ī1

) Intensity 

alcohol OðH (stretching) 

carboxylic acid OðH (stretching) 

NðH (stretching) 
 

ſCðH (stretching) 

=CðH (stretching) 

CðH (stretching) 

ï(CO)ðH (stretching) 
 

CſN (stretching) 

CſC (stretching) 
 

aldehyde C=O (stretching) 

anhydride C=O (stretching) 

ester C=O (stretching) 

ketone C=O (stretching) 

amide C=O (stretching) 

 

alkene C=C (stretching) 

aromatic C=C (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 

strong 

strong 

strong 

 

strong 

weak 

weak 

weak 

 

strong 

variable 

 

strong 

weak; strong 

strong 

strong 

strong 

 

weak 

weak 

 

medium 

medium 

 

strong 

strong 

strong 
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ʔˋʹˀ˕ 

T1 

6% 

ʗʶ˕˖ 1 2 3 4 5 6 7 8 9 10 11 ʏˋʹ˅ʶˋˍ˗˕ 

ʛˀʶ˓ˍ˕ 3 4 4 2 3 2 2 4.5 2.5 3 3 33 

ʊˋʶ˅ʶ˔ʶ˄ʶˋ             

ʔˋʹˀ˕ T1: ʡˍ˔ʺˋ˖ˀʶˁ ʶ̞ ˄ˇ̔  ̃ʷˍ˗ʾʶʹˀʺˋ ̔

-1,3-      CH2=CHïCH=CH2,    

 :        

 ,   ɸ     

   . 

 

ʉˍ˗ʾʶʹˀʺˋʶˊˀˋ ˅ʶˉʶ˄ʶ˕ʸʽ ˄ʶ˕ʺˁˀ  ̓˅ʁ ˉʺˉʶ˔ʺˁ 1D ʶ˕˄ˇˀ ˅ʺ,̝ ˍ˕˔ʺˇ ʼˁʺ˄˔˕ˍˋˋʺ˕ʽ 

ʶʻʶ ̝ʺ  ̀ʶ˕˄ˇˀ ˉʺː: ʎˁʺ˄˔˕ˍˋˀ ʼˋʺ˕ʸˀʶˋ L ʺ˕˄ʶ˕ˍ˗ʾˊˍ˗ˋ ˍ˗ˋʺ˖ˍˇ ʶ˕˄ˇˍ˗ˉ ˅ʶ˓ʶ˒ʶ˕ 

ʼʳ Ὁ  , ̱ ˕˔ʺˇ n ï̔ ʹ˕ʶ˄ʶˋ ʶˉʷˍˇːʶ˄ʶˋ ʾˀ˓  ̓  ̃˅ʶ˓ʶ˒ʶ˕ ˎ ̓0- :ˀ 

1. ʫˋˋʶ˕˄˓ˍ˗ˉ ʺ  ̀˓ʺ˕ʽ ˋˌ˓ʶ˃ 2 ˔ʶ˕ʷʺ˕ ˉˍʹʺˁˋʺ˕:̔ ʜˍ˗˕ʶ˙ʶˋˎˊˍ˗˕ ˉˍʹʺˁˀ ˅ʶˉʶ˕, 

˔˕˓ʶ˃ ˍ˗˕˓ʶʸ˕ˍ˗ˉ ʸ˃ʺ˙ ʶˉʺˋʶ˙ˀˎʽ 3 ʼˋʺ˕ʸˀʶ˄ʶˋ ˉʶ˄ʶ˕ʹʶ˄ˋʺ˕ En, ˖ˍ˗ˊ˖ ˔ʶˁˍ˓ 

ʼˋʺ˕ʸˀʶ˄ʶˋ ˉʶ˄ʶ˕ʹʶ˄ˋʺ˕ˀ ˔ʶ˕ʷʺ˕ˍ˗ʾˊˍ˗ˋˋʺ˕ʽ ˉˀˉˊʶˋ˖ˀ˖ ˉˍʹʺˁˋʺ˕ˀ ˋʺ˕˒ˍ˗ˉ  ̃

ˉˍʹʺˁˋʺ˕ˀ ˉˀː˜:   

 

ʛˍʹʺˁ 1 (« ˁˍ˄ʶˁˀʻʶ˖˓ʶ˃ »): ɸ ̓ˁʺ˄˔˕ˍˋˋʺ˕ʽ 

˔ʺˇʶ˄ʶˊ˓ʶ˃/ˁˍ˄ʶˁˀʻʶ˖˓ʶ˃ ʺ  ̀ ˀ˕ʶ˕ˀ˖ 

ˉʺ˄ˍ˗˒ʶ˖˓ʶ˃ ˄ʶˏʺ˕ˍ˗ˉ  ̃ʶˑʶːʶ˖ˋˍ˗ˉ ʺ  ̀2 

ˉˀʶˋˉʶˋ d ʺ˕˄ʶ˕ˍ˗ʾˊʶˉʷ ʶ˕˄ˇʺ˕:  

ʛˍʹʺˁ2(«́ ʺˁˍ˄ʶˁˀʻʶ˖˓ʶ˃»): ɸ 

ʼˁʺ˄˔˕ˍˋˋʺ˕ʽ ʶˏʶ˔ʺˇʶˊˋʶ˖˓ʶ˃/ʹʺˁˍ-

˄ʶˁ ˀʻʶ˖˓ʶ˃ ʺ  ̀ ʶˉʷʾˇː ˉˍˁʺ˄ˍ˗ˁˍ˗ˉ  ̃

ʶˑʶːʶ˖ˋˍ˗ˉ ʺ  ̀3d ʺ˕˄ʶ˕ˍ˗ʾˊˍ˗ˋ ˍ˗ˋʺ˖ˍˇ 1 

ʶ˕˄ˇ    
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2. ʛˍʹʺˁ 1-  ˀ˓ʺ˕ʽ ˋˌ˓ʶ˃ ˍ̠ ˕˓ʶʸ˕ ˀˉʺː ˁ˕ʶ˖˕ʺ˙ ɸ ʼˁʺ˄˔˕ˍˋˋʺ˕ʽ  ̃ˉˍʹʺˁ 1-  ˀ˅ʶˉʶ˕ ɸ 

˅ʶˉʶ˄ʶ˕ʸˀ ʽˋʹ˅ʶˋˍ˗˕ ʼˋʺ˕ʸˀʶˋ ˋʺ˕˄ʶˊʶ˖˕ʺ˙ ˍ˕ˏʺ˒ h, me  ̃d-  ˀ˛ˍ˗ˋ˄˖ˀʶ:  

 

 

E(1) =  

 

3. ʛˍʹʺˁ 2-  ˀ˓ʺ˕ʽ ˋˌ˓ʶ˃ ˍ˗˕˓ʶʸ˕ˀ ˉʺː ˁ˕ʶ˖˕ʺ˙ ɸ ʼˁʺ˄˔˕ˍˋˋʺ˕ʽ  ̃ˉˍʹʺˁ 2-  ˀ˅ʶˉʶ˕ ɸ 

˅ʶˉʶ˄ʶ˕ʸˀ ʽˋʹ˅ʶˋˍ˗˕ ʼˋʺ˕ʸˀʶˋ ˋʺ˕˄ʶˊʶ˖˕ʺ˙ ˍ˕ˏʺ ˒h, me  ̃d-  ˀ˛ˍ˗ˋ˄˖ˀʶ:  

 

 

 

Ὁς   

 

ʍˍ˗ʸˍ˕ʹˉʶˋ ʼˋʺ˕ʸˀʶˋ ˅ʶ˓ʶ˒ʶ˕ .̓ ɸ ˅ʶˉʶ˄ʶ˕ʸˀ ʽˋʹ˅ʶˋˍ˗˕ ʼˋʺ˕ʸˀʶˊˀ˖ ˅ʶˋʶ˃ 

ˉˀ˜ˋˍ˗ˊˋ ʾ˓ˍ˓ ʼˁʺ˄˔˕ˍˋˋʺ˕ ˍ˗ˋʺ˖ˍˇ ʼʾˀˁʺˋˀ ˉˍˁʺ˄ˍ˗ˁˋʺ˕ˀ ʼˋʺ˕ʸˀʶˋʺ˕ˀ ʸˍ˗ˉʶ˕ʽ:  

4. ʉˍ˗ʾʶʹˀʺˋˀ ʻ̱ ˗ʸˍ˕ʹˉʶˋ ʼˋʺ˕ʸˀʶˋ ǧEc, ˋʺ˕˄ʶˊʶ˖˕ʺ˙ ˍ˕ˏʺ˒ h, me  ̃d-  ˀ˛ˍ˗ˋ˄˖ˀʶ: 

ЎὉ  

 

 

 

 

ʛˍʹʺˁˋʺ˕ 1-  ̔  ̃2-  ̔ˌʶ  ̝ˏʶ˕ʻ ʺ :̀ ʝˍ ̞ˉˍʹʺˁʽ ˋ˄ʶ˕ʶʸ˕˓ʶ˃  ̓ˋʺ˕˙˜ˍ˗ˉ: 

5. ʊ˃ʺ˙ ʷˍ˗ʾʶʹˀʺˋˀ 3 ʶˊˁ ˑʺʻˍˋʶˋ˒ʶˊˀˋ ˄ʶˑˍ˗˖˓ʶ˃˙ˋʺ˕ʽ ˚ʸ˔ʶʸˍ˕˃ʺˁˍ˓ ʓˊˍ˗ˀ˒ˀ 

˄ʶˑˍ˗˖˓ʶ˃˙ʶˊˀˋ ʷʶˋʶˆ˜ʺ˕ʽ: 

 

   

ʗʶˌ˓ˀ ʶˑˋʺˁˍ˓ ʶ˃˂ʶ˃ˋˀ ʶ˔ˍˉˋʺ˕ˀ ˎʶ˘˒̋˕ ,̔ ˉˍʹʺˁ 2-  ̔ˆ˜ʶ˘ˍ˂˓ˍ˗ˉ  ̓ˉˍʹʺˁ 3-  ˀ

˅ʺ˔˜ˊʶˁ ˄ʺ˕ˏ.  

- ʶ˕˄ˇˀ ʺ˕˄ʶ˕ˍ˗ʾˊˍ˗ˋʽ L ,̓  ̃ ʶˊˋ ˔ʺˇʶ˄ʶˊ˓ʶ˃  ̓ ʶʷ˒˖ˀ˒ˋʺ˕ˀ ʶˑʶˋ˖˙ˀ 0-ˀ  ̟ L 

˔ʺˇʶˉʶ˒ˍ˗ˉ:  

- ʶ˃˂ʶ˃ˋˀ ʶ˔ˍˉˋʺ˕ʽ ˔ʺˇʶ˄ʶˊ˓ʶ˃ ʺ  ̀ʶʷ˒˖ˀ˒ˋʺ˕ˀ ʶˑʶˋ˖˙ˀ L/8; 3L/8; 5L/8  ̃ 7L/8 

ʶ˕ʿʺ˙ˋʺ˕ˍ˗ˉ: 
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ʜˍ˗˕ʶ˙ʶˋˎˊˍ˗˕ n ˉʶ˄ʶ˕ʹʶ˄ˀ ˅ʶˉʶ˕ ɸ ʶˁˀ˙ʶˊˀˋ ˛ˍ˗ˋ˄˖ˀʶˋ ˄ˁˀˋˀ, 

  ὼ   
ς

ὒ
ÓÉÎ
ὲ“ὼ

ὒ
 

ˀ˒˄ ɸ ʼˁʺ˄˔˕ˍˋʶˊˀˋ ˂˔ˍ˗ʾˊˍ˗ˋʽ N ɸ ʼˁʺ˄˔˕ˍˋˋʺ˕ ˍ˗ˋʺ˖ˍˇ ˅ʶˉʶ˄ʶ˕ʸˀ ˅ʶˉʶ˕ ˄ˁˀˋˀ.  

”ὼ  ς ȿ ὼȿ

Ⱦ

 

4 ˅ʶ  ̝ ɸ ʶˁˀ˙ʶˊˀˋ ˛ˍ˗ˋ˄˖ˀʶˋʺ˕ʽ, ˍ˕ˍˋ˙ ˅ʶˉʶˏʶ˔ʶ˒˂ʶˋˍ˗ˉ ʺ  ̀ ɸ ˅ʶˉʶ˄ʶ˕ʸ ˀ

ˉˍˁʺ˄ˍ˗ˁʶˊˀˋ ˚˕ʷˀ˔ʶˁˋʺ˕ˀˋ ˏʶ˔˄ʺ˕˓ʶ˃ ʺ  ̀ˋʺ˕˙˜ˍ˗ˉ (˄ʶˉʶˊʶ˄ʶˋ ˅ʺ˕ʾʶ˄ʶˋˍ˗ʾˊʶˉʷ):   

 

6. ʋʶ˒ʶ˓ˍ˕ʺ˙, ɸ ʶˁˀ˙ʶˊˀˋ ˛ˍ˗ˋ˄˖ˀʶˋʺ˕ˀ ʼˋʺ˕ʸˀʶˋʺ˕ˀ ʶ˕ʿʺ˙ˋʺ˕ʽ ˘ˍ˙˕ˀ˖ ˉʺ˃ 

˅ʺ˕ʾʶ˄ʶˋˍ˗ʾˊʶˉʷ (EA, EB, EC and ED): 

 

<                <                <       

 

7. ʝˌʺ˙  ʷˍ˗ʾʶʹˀʺˋˀ ˉˍˁʺ˄ˍ˗ˁˍ˗ˉ ʶˊˋ ˚˕ʷˀ˔ʶˁˋʺ˕ʽ (A, B, C ˄ʶ ̄ D), ˍ˕ˍˋ˙ 

ˏʶ˕ˍ˗ˋʶ˄ˍ˗ˉ ʺ  ̀ʼˁʺ˄˔˕ˍˋˋʺ˕: 

 

 

 

8. ʛˍʹʺˁ 3-  ˀˌ˕ːʶˋʶ˄ˋʺ˕ˍ˗ˉ, ˋʺ˕˄ʶˊʶ˖˕ʺ˙, ɸ ʶˁˀ˙ʶˊˀˋ ˛ˍ˗ˋ˄˖ˀʶˋʺ˕ˀ ʶ˕ʿʺ˙ˋʺ˕ʽ   

ˁ˕ʶ˖˓ʶ˃ ˉʶ˄ʶ˕ʹʶ˄ˋʺ˕ˍ˗ˉʳ 0, L/4  ̃L/2 ʹˀ˕˙ʺ˕ˍ˗ˉ,    n = 1  ̃n = 2 ʹʺˏ˙ʺ˕ˀ ˅ʶˉʶ˕, 

ˍ˕ˏʺ˒ L ïˀ ˛ˍ˗ˋ˄˖ˀʶ:  
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 π   
 

 

 

 

 

 


ὒ

τ
  

 

 

 

 

 


ὒ
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9. ʛˍʹʺˁ 3-  ˀˌ˕ːʶˋʶ˄ˋʺ˕ˍ˗ˉ, ˋʺ˕˄ʶˊʶ˖˕ʺ˙ ɸ ʼˁʺ˄˔˕ˍˋʶˊˀˋ ˂˔ˍ˗ʾˊʶˋ ʶ˕ʿʺ˙ˋʺ˕ʽʳ 0, 

L/4  ̃L/2 ʹˀ˕˙ʺ˕ˍ˗ˉ: 

”π   
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10. ʊ˃ʺ˙,  ɸ ̓ˁʺ˄˔˕ˍˋʶˊˀˋ ˂˔ˍ˗ʾˊˍ˗ˋʽ 0-  ˀ  ̃L-  ˀˉˀː˜: 

 

11. ʋʶ˒ʶ˓ˍ˕ʺ˙, ˅ʺ˔˜ˊʶˁ CC ˄ʶˏʺ˕ʽ (B1, B2, é, B5) ʽ˒ ̝˄ʶˏ ˀʺ˕˄ʶ˕ˍ˗ʾˊʶˋ ʶˈ,ˀ 

˚ʸ˔ʶʸˍ˕˃ʺˁˍ˓ = ˄ ʶ ̄< ˒ˀˉ˓ˍˁˋʺ˕ʽ: 

B1:  C1C2   ̫ ˍ˗ʾʶʹˀʺˋˀ ˉˍˁʺ˄ˍ˗ˁˍ˗ˉ 

B2 : C2C3   ̫ ˍ˗ʾʶʹˀʺˋˀ ˉˍˁʺ˄ˍ˗ˁˍ˗ˉ 

B3 : C3C4   ʷˍ˗ʾʶʹˀʺˋˀ ˉˍˁʺ˄ˍ˗ˁˍ˗ˉ 

B4 : CC       ̓ ʾʶˋˀ ˉˍˁʺ˄ˍ˗ˁˍ˗ˉ  

B5 : CC       ̓ ʾˀˁʺˋˀ ˉˍˁʺ˄ˍ˗ˁˍ˗ˉ 
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ʔˋʹˀ˕ 

T2 

7% 

ʗʶ˕˖ 1 2 3 4 5 6 7 8 9 10 ʏˋʹ˅ʶˋˍ˗˕ 

ʛˀʶ˓ˍ˕ 1 4 2 3 3 6 4 1 8 2 34 

ʊˋʶ˅ʶ˔ʶ˄ʶˋ            

ʔˋʹˀ˕ T2: ʢ˕ʶ˃ˋˀ ˒˔ʶ˖ˍ˗ˉʽ ː˕ˀ ˙ʶˊ˙ʶˊˍ˗ˉˍ˓ 

ʝˊˍ˗ʾ H2( )y H2O( )˅ H2O( )y O2( )y 

æfH° (˄ ʢ ˉˍˁī1) 0 ī285.8 ī241.8 0 

Sm° (ʢ ˉˍˁī1 ʖī1) 130.6 69.9 188.7 205.2 

ʛˍˁʺ˄ˍ˗ˁʶˊˀˋ ː˕ʶ˃ˀˋʽ (H2) ˄ʶ˕ˍˇ  ̓ ˚ʸ˔ʶʸˍ˕˃˓ʺˁ ˍ˕ˏʺ˒ ʶ˃˂ʶ˃ˋˀ ʺ˕˄˚˙˒ˀʹ 

ʶˑʶːʶ˖ˋˍˇ ˓ʶˑʺˁˀ˙ˋʺ˕ˀ ˘ˍ˂ʶ˕ˀˋˀˎ: ʗʺ˔˜ʶʷʶ˕, ̄ ˍˁʺ˄ˍ˗ˁʶˊˀˋ ː˕ʶ˃ˋˀ ˉʶ˙ˍ˗˕ ˍ ̠ʼʿʶˋ 

ʶ˕˔ʶʹ˕ˍ˗ʾˊˍ˗ˋʽ ˉʺ˃ ˉʶ˕˔ʶ˅˕ʶ˓ʺ˕ :̓ ʢ˕ʶ˃ˋˀ ˒˔ʶ˖ˍ˗ˉʽ ː˕ˀ ˙ʶˊ˙ʶˊˉʶˋ ˉˀːˍ˖ˍ˓ ˌʶ  ̝

˂ˍ˒˔ˍ˗ˉˋʶˁˀ˖ ʺˇʶˋʶ˄ :̓  

1. ʊ˕ʺ˙, ˅ʺˇˍ˗˄ ː˕ˀ ˙ʶˊ˙ʶˊˉʶˋ ˏʶ˕ʻ ˋˊˍ˗ʾʺ˕ˀ ʶˑʶːʶ˖ˉʶˋ ˑʺʶ˄˖ˀʶˊˀ 

˅ʶ˓ʶ˒ʶ˕ʺ˖˓ʶ˃ ˅ʶ˓ʶ˒ʶ˕ˍ˗ˉʽʳ ː˕ˀ ˅ʶˉʶ˕ ˍ˕ˏʺ˒ ˒ʺ˂ˀˍˉʺ˔˕ˀ˄ ʸˍ˕˃ʶ˄ˀ˖ 

ʽˋ˔˕ʺ˙ 1: 

 

 

 

 

2. ʬʸ˔ʶʸˍ˕˃ʺˁˍ˓ ˉˀʶˊˋ ˔˕ʶˉʶʹ˕˓ʶ˃ ʾʺ˕ˉˍʹˀˋʶˉˀ˄ʶ˄ʶˋ ˔˓ˊʶˁˋʺ˕ʽ, ˅ʶˌ˓ʶ˕˄ˍ˓ 

˖ˍ˗ˊ˖ ˔˓ʺ˙, ʶ˕ʹˊˍʴ˙, ː˕ˀ ˙ʶˊ˙ʶˊˉʶˋ ˑʺʶ˄˖ˀʶˋ 298 ʖ-ˍ˗ˉ ʾʺ˕ˉˍʹˀˋʶˉˀ˄ˍ˕ʺˋ 

ˆʺˑˋ˔ˍ˗ :̓ 

ʗʶˌ˓ʶ˕˄: 

 

 

 

 

 

  

 

ʢ˕ ˀ˙ʶˊ˙ʶˊˉʶˋ ˑʺʶ˄˖ˀʶˋ ʾʺ˕ˉˍʹˀˋʶˉˀ˄ˍ˕ʺˋ ˆʺˑˋ˔ˍ˗ ʼ/ɹ˄ˋʾʶˋʶʴ: 

Ã ʈˊˍ  Ã ʟ  ˎ   

 
 

ʢ˕ ˀ ˙ʶˊ˙ʶˊˍ˗ˉʽ ˄ʶ˕ˍˇ  ̓ ˀ˕ʶ˄ʶˋʶ˖˓ʺˁ ʾʾ˓ʺ˖˕ʶ˃ ː˕ʶˊˀˋ ʷʶˇˋˀ˙ˍ˗ˉʳ 

ʼˁʺ˄˔˕ˍ˙ˀˉˀʶ˄ʶˋ ʺˇʁˋʶ˄ˍ˓, ˄ˀ˕ʶˑʺˁˍ˓ ʺ˕˄ˍ˗ ʼˁʺ˄˔˕ˍʹˋʺ˕ ˍ˕ˍˋ˙ ˉˀʶ˖˓ʶ˃ ʺ  ̀

ʸʺˋʺ˕ʶ˔ˍ˕ˀˋ (ˋ˄ʶ˕ 1): ʌ˕˄ˍ˗ ʼˁʺ˄˔˕ˍʹˋʺ˕ˍ˗ˉ ʼ ˁʶˑʶːʶˋˍ˗ˉ ʺ  ̀ʸʶʻʺ˕: 
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ˋ˄ʶ˕. 1 ï ː˕ˀ ˙ʶˊ˙ʶˊˉʶˋ ʼˁʺ˄˔˕ˍ˙ˀˉˀʶ˄ʶˋ ʼˁʺˉʺˋ˔ʽ.  

3. ʊ˕ʺ˙, ˊˍ˗˕ʶ˙ʶˋˎˊˍ˗˕ ʼˁʺ˄˔˕ˍʹˍ˗ˉ ʽˋʾʶ˖ˍˇ ˄ˀ˒ʶˑʺʶ˄˖ˀʶˋʺ˕ˀ ˄˕ˈʶ˔ ˀˍˋʶ˄ʶˋ 

˅ʶ˓ʶ˒ʶ˕ʺ˖˓ʶ˃ ˅ʁ ˓ʶ˒ʶ˕ˍ˗ˉˋʺ˕ʽ: 

ʎˁʺ˄˔˕ˍʹ (1):        

 

ʎˁʺ˄˔˕ˍʹ (2):      

     

4. ʬʸ˔ʶʸˍ˕˃ʺˁˍ˓ ˉˀʶˊˋ ˔˕ʶˉʶʹ˕˓ʶ˃ ʾʺ˕ˉˍʹˀˋʶˉˀ˄ʶ˄ʶˋ ˔˓ˊʶˁˋʺ˕ʽ (˄ʶ ̄ 2-˕  ́

˅ʶ˕˖ʽ), ˒˔ʶ˖ʺ˙, ʼˁʺ˄˔˕ˍʹˋʺ˕ˀ ˉˀː˜ ˁʶ˕̄ʁ  ̀(DEʾʺˍ˕ʺ˔ˀ˄) ʶˊˋ ʶ˕ʿʺ˙ʽ, ˍ˕ˀ ʹʺˏ˙ˍ˗ˉ 

298 ʖ-ˍ˗ˉ ː˕ˀ ˙ʶˊ˙ʶˊˉʶˋ ˑʺʶ˄˖ˀʶˋ ˄˒˄˒ˀ ʽ̀ ʾʶˋʶˁ: ʉˍˁˍ˕ ˑʺʶʸʺˋ˔ˋʺ˕ʽ  ̃

ʶ˕ʸʶ˒ˀ˙ˋʺ˕ʽ ˒˔ʶˋʹʶ˕˔ ˓ˀˈʶ˄ˍ˗ˉ ʺ :̀ ʡʶ˔ʶ˒˂ʶˋʽ ʸ˕ʺ˙, ˒˔ˍ˕ʶ˄ʺ˔ˀ˖ ˅ʺ˔ˍ 

ʺ˕ʺ˙ ʾ˓ˀ ˈˌ˔ˍ˗ʾˊʶˉʷ:  ʝˌʺ˙, DEʾʺˍ˕ʺ˔ˀ˄-  ˀˈˀˌ˔ ˏʶˊˉʶˋʽ:  

ʗʶˌ˓ʶ˕˄: 

 

 

 

 

 

 

 
 

 

 

Ä DE  = 

Ã   DE  > ééé.. V(˒˔ˍ˕ʶ˄ʺ˔ˀ˖ ˅ʺ˔ˍ ʺ˕ʺ˙ ʾ˓ˀ ˈˌ˔ˍ˗ʾˊʶˉʷ )  

Ä DE  < 

 

ʌʾ ̋ˎʺ̇ ˄ʶ˕ˍˇ ˅ʶˌ˓ʺˁ DEth- ,̀ ˅ ʺ˔ʶʸʶ ˅ʶˌ˓ʶ˕˄ˋʺ˕ˀ ˅ʶˉʶ˕ ˚ʸ˔ʶʸˍ˕˃ʺ˙ 1.200 V 
ʶ˕ʿʺ˙ʽ 
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ʒ˕ʶ˄ʶˋˍ˗ˉ ː˕ˀ ˙ʶˊ˙ʶˊˍ˗ˉʽ ˀ˕ʶ˄ʶˋʶ˖ˋʺˁˍ˗ ˅ʶˉʶ˕ ˏʺ˔˙  ̓ ʶ˓ʺˁˀ ʷʶ˕ˆ˕ ˁʶ˕ˍ˗ˉ: 

ʡˁʶ˔ˀˋʺ ˄ʶʾˍʹˀ ʹʺˏ˙ˍ˗ˉ rː˕ˀ ˙ʶˊ˙ʶˊˉʶˋ ˅ʶˉʶ˕ ʶˋ˅˕ʶʿʺˌ˔ ˉˀˋˀˉʶˁ ˁʶ˕ˍ˗ˉʽ rDEmin,-

 ̔˄ʶ˂˓ʶ˃  ̓ʶˋˍʹˀ ʷˋˍ˗ˊʾˀ˖, ˀ ˋˎˏ̋˒ ˋʺ˕˄ʶˊʶ˖˓ʶ˃  ̓ʶˇˊˍ˗˒ʶ˄ˍ˗ˉ:   

ʈˋˍʹ DEmin (V) 

IrO x 1.6 

NiOx 1.7 

CoOx 1.7 

Fe2O3 1.9 

ʟ˕˙ʶˋ ˉʺ˃  ̓DEmin  ̃DEteor  ˀ˔ʶ˕ʷʺ˕ˍ˗ʾˊˍ˗ˋ ʶˊˋ˙ʶˋ ˘ˍ˙˕  ̓ʬʊʊ-  ̀˒ʁ ˕˙ˀ 

ʼ˛̋˄˔ˀ˓̱˗ʾˊˍ˗ˋʽ 

5. ʤ˔ʶ˖ʺ˙, ˒ʶ˕˙ˀ ʬʊʊ ˅ʶˌ˓ʺˁˍ˗ ʶ˕˔ʶ˅ʶˊ˔ˍ˗ʾˊˍ˗ˋ, helec (ː˕ˀ ˙ʶˊ˙ʶˊˉʶˋ ˅ʶˉʶ˕ 

˃ʶ˂˒˓ʶ˃ ʼˋʺ˕ʸˀʶˊˀ ˙ʶˋʶ˄ˀ ˅ʶ˕ʶʷʺ˕ˍ˗ʾˊˍ˗ˋʽ ʽˋʹ˅ʶˋˍ˗˕ ˒˔ʶ˖˓ˍˇ ʼˋʺ˕ʸˀʶˊˀˋ) 

DEʾʺˍ˕ʺ˔ˀ˄  ̃DEmin ïˀ ˉˀːˍ˖ˍ˓: ʏˋʹˍ˗ˋʺˁˍ˓, ˍ  ̞˅ˍ˒ʶˋ˙ˀ ˍ˗ʿʽ ˉˀˌ˔ I ,̓ ˅ʶˌ˓ʺ˙ ː˕ˀ 

ʼˁʺ˄˔˕ˍˁˀʻˀ ˏ˕ˍ˖ʺ˒ˀ ˅ʶˉʶ˕ ʬʊʊ- ,̀ ʺ˕ʷ ˍ˕ˏʺ˒ ˄ʶʾˍʹ ˚ʸ˔ʶʸˍ˕˃˓ˍ˗ˉ  ̓ Pt ˀ˒˄ 

ʶˋˍʹʳ Fe2O3. ʊ˕ʺ˙ ʶˉʺˋʶʼ˛ʺ˄˔ˀ˓ ʶˋˍʹʽ ˓ʺ˕˜ˀ ʶˇˊˍ˗˒ʶ˄ˀ˖: 

helec =  

 

 

 

 

ʬʊʊ-ˋr Pt  ̃Fe2O3 ʼˁʺ˄˔˕ˍʹˋʺ˕ˀ ʹʺˏ˙ˍ˗ˉ. 

 

 

 

 

helec =         %     

 
ʈˉʺˋʶ ʼ˛ʺ˄˔ˀ˓ ʶˋˍʹʽ:  

  

ʌʾ ̋ʹˍ˗˙ ˎʺ˙ ˄ʶ˕ˍˇ ˅ʶˌ˓ʺˁ helec, ˅ ʺ˔ʶʸʶ ˅ʶˌ˓ʶ˕˄ˋʺ˕ˀ ˅ʶˉʶ˕ ˄ˀ˕ʶˑʺ˙ helec = 75% 
ʶ˕ʿʺ˙ʽ 

ʢ˕ ˀ˙ʶˊ˙ʶˊˉʶˋ ˉʺ˄ ʶˊˁ ʺˇʶˋʶ˄  ̓ˍ˗ˇˀˇ ˛ˍ˔ˍ˄ʶ˔ʶˁˀ˔ˀ˄ ʺˇʶˋʶ˄ʽ: ʈˊ˒ ʺˇʶˋʶ˄ˍ˗ˉ 

˄ˀ˕ʶˑ˓ˍ˗ˉ  ̓˄ˀ˒ʶ˅ʶˇˍ˕ʹˀˎ, ̱ ˕ʽ ˁˍ˗ˊ˒ ˄ˁʶˋʺˁˀ˒ ʶ˄˔ˀ˓ʶˋˍ˗ ̄ :̓  
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ʝ˄ʶ˕ 2 ï ʦʶ˕ʷʺ˕ ˄ˀ˒ʶ˅ʶˇˍ˕ʹˀˎˋʺ˕ˀ ʶ˄˔ˀ˓ʶ˖ˉʶˋ ˏʶˊˉʶˋˋʺ˕ʽ  ̃ʼˁʺ˄˔˕ˍʹʶˊˀˋ 
ˏˍ˔ʺˋ˖ˀʶˁˋʺ˕ˀ ʶ˕ʿʺ˙ˋʺ˕ʽ: ʖʺ˔ʶʸ˃ʺ˕ˍ˓ ˋˌ˓ʶ˃  ̓ː˕ˀ ˚˙˒ˀʹʶ˖ˉʶˋ  ̃˓ʺ˕ʶ˄ʶˋʸˉʶˋ 

ˏˍ˔ʺˋ˖ˀʶˁˋʺ˕ʽ: SHE = ʤ˔ʶˋʹʶ˕˔ ː˕ʶ˃ˋʶˊˀˋ ʼˁʺ˄˔˕ˍʹ 

 
ʝ˄ʶ˕ 3 ï ˆʶ  ˂ʶˑʶˋ˖˙. ʁ ˕˜ˀ ˛ˍ˔ˍˋˀ ˅ˍ˒˙ˀ ˒ˏʺ˄˔˕ʶˁ ʷʶˌ˂˓ʶ˃ˍ˗ʾˊˍ˗ˋ f: ʭˍ˔ˍˋˀ 

˅ˍ˒˙ʽ ʹ  ʁˉˀʶ˓ˍ˕ ʿʶˉʶˋʶ˄ˍ˗ˉ  ̃ˉˀʶ˓ˍ˕ ˔ʺˇʶˉʶ˒ˍ˗ˉ ˄ˀ˒ʶ˅ʶˇˍ˕ʹˀˎˀˋ ˅ʶ˒ˋˍˇ 

˛ˍ˔ˍˋˋʺ˕ˀ ˙ʶˋʶ˄ˋ :̓ ʈ  ːʶˑʶˋ˖˙  ̃˄ʺ˔ʶʸˀ˃. ʖˍ˗˔ʶ˄˓ˍˇ ˛ˍ˔ˍˋʶˊˀˋ ˅ˍ˒˙ (˛ˍ˔ˍˋʶˊˀˋ 

˅ˍ˒˙ˀ ˄ʶ˕ˈʶˁˀ˙ ˛˕ʶ˄˖ˀʶˋ ):  
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6. ʊˋʶ˅ʶ˔ʺ˙, ʸ˕ʶ˛ˀ˄ˀ ˉˀːˍ˖ˍ˓ ˉˀˋˀˉʶ  ˁ ʶ˕˜ʶˊˀˋ ˈʶˑʶʸʶˊʾˀ ˅ˍ˒˙ˀ ˉˀˋˀˉʶˁ 

ʷʶʿˀˋʽ, ̱ ˕ˋ ʶˋ˅˕ʶʿʺˌ˔  ̓TiO2, CdS, Si ˄ˀ˒ʶ˅ʶˇˍ˕ʹˀˎˋʺ˕ʽ ʶ˄˔ˀ˓ʶ˖ˋʺˁˍ˗ ˅ʶˉʶ˕: 

ʗʶˌ˓ʶ˕˄ˀ ˉʺː ˅˒˔ʶ˄ ˋˌʺ˙ ˄ˀ˕ʶˑ˓ˍˇ ˅ʶ˓ʶ˒ʶ˕ˍ˗ˉˋʺ˕ʽ  ̃ˉˀʶ˓ˍ˕ˋʺ˕ʽ: 

ʷʶ˖ʶ˔˕ˍ˗ʾˊˍ˗ˋ/˅ʶˌ˓ʶ˕˄. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ˅ˍ˒˙ˀ ˉˀˋˀˉʶˁ 

ʷʶʿˀˋʽ 

TiO2 % 

CdS % 

Si % 

ʖˀ˒ʶ˅ʶˇˍ˕ʹˀˎˋʺ˕ˀ ʶ˄˔ˀ˓ʶ˖ˍ˗ˉʽ ʷʺ˕ˍ˗ˉ  ̓ ˋ˕ ʁ ˉʶ˄ʺ˕ʺ˒ʶˊˀˋ ˏˍ˔ʺˋ˖ˀʶˁˀ 

˘ˍ˘ˍ˂ˉʶˋ ˋʺ˕˙ˀˋˀ ˅ʶˉʺˉʶ˔, ʶˊʹˏˀ˒ˍ˓ ʶˊˋ ˄ʶ˕ʺˁˀ  ̓ ʹˀ˔ʶ˕˄ʺˁ ˍ˕ˏʺ˒ ˔ʶ˕ʷʺ˕ 

ˏˍ˔ʺˋ˖ˀʶˁˋʺ˕ˍ˓ ʺ˕˄ˍ˗ ʼˁʺ˄˔˕ˍʹˋʺ˕:  

7. ʬʸ˔˓ʺˁˍ˓ ˋ˄ʶ˕ 2-  ˀ ˔˓ˊʶˁˋʺ˕ˀ˖ʳ ʽˋ˔˕ʺ˙ ˄ˀ˒ʶ˅ʶˇˍ˕ʹˀˎʽ(ˋʺ˕ʽ), ˍ˕ʽ 

ʶ˄˔ˀ˓ʶˋʶˁˍ˓, ː ˕ˀ ˙ʶˊ˙ʶˊˉʶˋ ˑʺʶ˄˖ˀʶˊˍ˗ˉ ˉˀʶʿʶˉʶˋʶ˄ ˄ʶ˕ˍˇ  ̓ˁˀˋʺˁ  ̃˄ʶʾˍʹ 

 ̃ʶˋˍʹ:    

ÃZrO2   Ã ZnO             Ã TiO2  Ã WO3 

ÃCdS   Ã Fe2O3   Ã CdSe  Ã Si 
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8. ʊ˕ʺ˙, ʶˊˋ ˄ˀ˒ʶ˅ʶˇˍ˕ʹˀˎʽ, ˍ˕ʽ ː˕ˀ ˙ʶˊ˙ʶˊˉʶˋ ˑʺʶ˄˖ˀʶˊˍ˗ˉ ˄ʶ˕ˍˇ  ̓

ˉˀʶʿʶˉʶˋʶ˄ ˁˀˋʺˁ ˅ʶ ̄˄ʶʾˍʹ ˅ʶ ̄ʶˋˍʹ  ̃ˉʶʿʶˉʶˋʶ˄ ʶˉʺˋʶʼ˛ʺ˄˔ˀ˓ˋ :̓  

 

 

ʟ˗˒ˍ˗ˉˋʶ˒ˀ˕˓ʺˁ  ̓ H2  ̃ O2 ʶˑʶːʶ˖ˍ˗ˉʽ ʶ˕˜ˀ ˁˍ˗ˊ˒ˍ˓ ʶˌ˂ʶ˔ˍˇ ˄ˀ˒ʶ˅ʶˇˍ˕ʹˀˎˍ˗ˉ: 1 

ˉʾˋˍˁˍ˕˔ ˈˋˌˉʶˋ  ̃ T = 25 °C ˏʶˊˉʶˋˋʺ˕ˍ˗ˉ: ʓˍ˗ˊ˒ˀ ˅ʻˍ˕ˍ˗ʾˊˍ˗ˋʽ ˄ʶʻˉʺˁ  ̓

P = 1.0 ˄ʥ  ̝ ī̄2,  ʭˍ˔ˍʼˁʺ˄˔˕ˍʹˀ ˉʶ˄ʺ˕ʺ˒ʽʳ S = 16 ˉ 2̄: 1 ʿ ʶˉ˓ʶ ʽˋʾʶ˖˙ˍ˗ˉ ʶ˕˔ʶʹ˕˓ʺˁ  ̓

V = 0.37 ˒ 3̄ H2( )y:  

9. ʗʶˌ˓ʺ˙ ˘ˍ˂ʶ˕˄ˉʶˋ ʼ˛ʺ˄˔ˀ˓ˍ˗ʾˊˍ˗ˋʽ: 

ʗʶˌ˓ʶ˕:˄ 

 

 

 

 

 

 

 

 

 

 

 

 

h  =         % 

ʌʾ ̋ˎʺ˙ ˄ʶ˕ˍˇ ˅ʶˌ˓ʺˁ hdirect, ˅ ʺ˔ʶʸʶ ˅ʶˌ˓ʶ˕˄ˋʺ˕ˀ ˅ʶˉʶ˕ ˄ˀ˕ʶˑʺ˙ hdirect = 10% 
ʶ˕ʿʺ˙ʽ 

ʈ˕˜ʶˊˀˋ ʼˋʺ˕ʸˀʶˊˀ ˉˀːˍ˖ˍ˓ ː˕ʶ˃ˀˋ ˒˔ʶˋʶˁˍ˗ ˅ʶˉʶ˕ ˄  ʁ ʺ˕˄ˍ˗ ʺˇʶˋʶ˄ʳ ˍ˗ˇˀˇ 

˛ˍ˔ˍ˄ʶ˔ʶˁˀ˔ˀ˄,  ̃ ˍ ˎ ˍ˗ˇˀˇʳ ˛ˍ˔ˍʼˁʺ˄˔˕ˍˁˀʻʶˊˀˋ, ˍ˕ʽ ˏʶ˕ˍ˗ˋʶ˄ˍ˗ˉ  ̓

˛ˍ̝ˍ˓ˍˁ˔ʶʿʶˊˀˋ ˏʶˋʺˁ ʼˁʺ˄˔˕ˍˁˀʻˀ ˅ʶ˕ˉʶ˕ʶˋ˙ˋʺ˕ˍ˓: ʥʶˈʶˑ˙ˍ˗ˉ ʺˇʶ˃ 

˛ˍ˔ˍ˓ˍˁ˔ʶʿʶˊˀˋ ˏʶˋʺˁˀ ʼ˛ʺ˄˔ˀ˓ˍ˗ʾˊˍ˗ˋʽ ˉˍ ̝hpanels = 20% :̓ 
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10. ʗʶˉʺˉʺ˔ʺ˙,  ˍ˗ˇˀˇ  ̃ ˍ ˎ ˍ˗ˇˀˇ ˔ʺ˒ʶ˄ˋʺ˕ˀ ʼ˛ʺ˄˔ˀ˓ˍ˗ʾˊˍ˗ˋˋʺ˕ʽ: ʎˁʺ˄˔˕ˍˁˀʻˀ 

˅ʶˉʶ˕ ˄ˀ˕ʶˑ˓ˍ˗ˉ ʺ  ̀Fe2O3  ̃Pt ʼˁʺ˄˔˕ˍʹˋʺ˕ʽ:  

ʗʶˌ˓ʶ˕˄: 

 

 

 

 

 

 

 

 

 

Ã ẖ˗ˇˀˇ > ẖˎˍ˗ˇˀˇ           Ã ẖ˗ˇˀˇ å ẖˎˍ˗ˇˀˇ               Ã  ẖ ˗ˇˀˇ < ẖ ˎˍ˗ˇˀˇ  
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ʔˋʹˀ˕ 

T3 

5% 

ʗʶ˕˖ 1 2 3 4 5 6 7 8 9 10 11 12 ʏˋʹ˅ʶˋˍ˗˕ 

ʛˀʶ˓ˍ˕ 1 3 3 3 4 2 7 2 2 3 4 6 40 

ʊˋʶ˅ʶ˔ʶ˄ʶˋ              

ʔˋʹˀ˕ T3: ʈ˕˃ʶʾˀ ˙ˁˍ˕ˀʹˀ ˉʶ˒ˀˋ 

ʦ˓ˊʶˁˋʺ˕ 298 ʖ-ˍ˗ˉ: 

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

ʖˍˉˏˁʺ˙˒ˀ ʶˑʶːʶ˖ˉʶˋ ˅ʶ˒˔ʶ˔ˍ˗ˋʽʳ [Ag(NH3)n]+: bn = 107.2 

ʡˍ˔ʺˋ˖ˀʶˁˋʺ˕ʽ ː˕ʶ˃ˋʶˊˀˋ ʼˁʺ˄˔˕ˍʹˀ ˅ʺ ̝˅ʶˉʶˉʶ˔ʶ˃.  

ʤ˔ʶˋʹʶ˕˔ ˏˍ˔ʺˋ˖ˀʶˁ of Ag+/Ag(s): E°(Ag+/Ag(s)) = 0.80 V 

Apparent potential of O2(ː)̞/HOī(ː)̞ (˃ˍ˓ˀ ː˕ˍ˗ˉ): E'(O2(ː)̞/HOī(ː)̞) = 0.75 ʥ 

ʛʶ  ˒A: ʝˌˍ˗ˉˋʺ˕ ʓˊˍ˗ˀ˒ ʑˍʻʺ˛ ʊʺˊ-ʓˊˍ˗˒ʶ˄ˀ ˙ˀˉˀʶˊˀ ʹʶ˒ʺ˕ˀ˖ 

ʗʺ˔˜ˊʶˁ ˋˌˍ˗ˉˋʺ˕ʽ ˓ʺ˕ʶʷʺ˕ˍ˗ˉ ʺ  ̀ʶ˕˃ʶʾˀ ˙ˁˍ˕ˀʹˀ ˍ˕ˍˌ ˅ʶ˔˄ˍ˗ʾˊˍ˗ˋˋʺ˕ˀˋ:  

ʝˌˍ˗ˉ A: ñ̋  ˒˅ˀˉʶ ˄˂ˍ˒ʺˉ ʶ˕˃ʶʾˀ ˙ˁˍ˕ˀʹˀ ˉʶ˒ˀˋ. ʖʶʾˋʶ˒ˏˀ˔ʶ˄ʶ˓ˍ˗ˋ ˏˀˋʹ ˋˊˍ˗ʾ :̓ 

ʈˊˋ ˅ʺˌ˔ˍ˗ʾˊʶˉʷ ˒˔ʶ˖˓ˍ˗ˉ  ̓ ʶ˕˃ʶʾˀ ˋˀ˔˕ʶ˔ˀ ː˕ʶˊˀˋ ˁˍ˗˃ˍ˗ˊʾˀ ˓˕ ʁ

˙ˁˍ˕˙ː˕ʶ˃ˋʶ˄ʶˋ ʾʾˍ˗ ˁ˖ˋʺˁˀ˒: 

ʝˌˍ˗ˉ B: ñʈˊ˒ ʶˇ ̔˅ʶ ̄ˎˍ˗ˋˀ, ̇ ʶˋˀ ˍ  ̞ʶˊˋ ʶˋˁˍ˗˃ʺˁˀ :̓ 

ʝˌˍ˗ˉ C: ñʈˊ˒ ˉˀʶ˖ˍ˗ʾˊˍ˗ˋʽ ʶˋˁˍ˗˃ʺˁˀ  ̓ʶˁ˄ˍ˅ˍˁˍ˗ˉ  ̃ʾʾˍ˗ˋʺ˕ˍ˗ˉ, ʷʶ˖ʶˑˍ˗ʾˊʶˉʷ ˂ˀ  ̝

˙ˁˍ˕ʶː˕ʶ˃ˋʶ˄ʶˋ ʾʾ˓ˀ, ̱ ˕ʽ ˅ʺˌ˔ˍ˗ʾˊʶˉʷ ˁˍ˗˃ˍ˗ˉ  ̓ʶ˕˃ʶʾˀ ˙ˁ ˍ˕ˀʹʽ: 

ʝˌˍ˗ˉ D: ñ̄ ˊˍ˗˒ ˄ˍˇˉˀ˖ ʶ˕˃ʶʾˀ ˙ˁˍ˕ˀʹʽ ˁʶ˓ ˁˍ˗˃˓ˍ˗ˉ  ̓ʶˉˍˋˀʶ˄ˀ ː˕ʶˊˀˋ ˁˍ˗˃ˍ˗ˊʾˍ˗ˉ: 

ʝˌˍ˗ˉ E: ñʈˉˍˋˀʶ˄ˀ ː˕ʶˊˀˋ ˁˍ˗˃ˍ˗ˊʾˍ˗ˉ ˁˍ˗˃˓ʺˁˍ˗˖ ˅ʺ˔ˍ, ˉʺ˙ ˄ʶ˕ˍˇ ʺˋ˙ ˋˍ˕ˀ˖ ˋ˒˔ʺ˖ˋʺˁ 

ʶ˕˃ʶʾˀ ˙ˁˍ˕ˀʹʽʳ ʶ˓ʺˁʶ˖ˋʺˁˍ˓ ʾʾˍ˗, ̱ ˕ʽ ˘ˍ˂ʶʻʹˍ˗ˉ  ̓ʶˉˍˋˀʶ˄ˀ ˅ʺ:̝ò 

ʝˌˍ˗ˉ F: ñʌʾ ̋ʹˍ˗̇ ʶ˕˃ʶʾʺ ˔ʶ˕˕ʶˋ ˚ʸ˔ʶʸˍ˕˃ʺ˙ ˃ˍ˓ˀ ːˍ˗˕ʽ ʸˍˁˍ˕ˌˀʶ˖ˋʺˁˍ˗ ˅ʶˉʶ˕, 

ʶˏ  ʁʹˍ˗˙ ˄˒˔ʶˋʶ˙ ˄ʶʾˋʶ˒ˏˀ˔ʶ˄ʶ˓ˍ˗ˋ ˋˊˍ˗ʾˀ ˅ʺ ̝˂ʶˑˋ˓ʶ˃ ˋʶ˔˕ˀˍ˗ˉˀ ˙ˁˍ˕ˀʹ: 

1. ʝˌˍ˗ˉ A: ʊ˕ʺ˙ AgCl(ˏ )-  ˀ˒˔ʶ˖ˉʶˋ ˑʺʶ˄˖ˀʶˊˀ ˅ʶ˓ʶ˒ʶ˕ʺ˖˓ʶ˃ ˅ʶ˓ʶ˒ʶ˕ˍ˗ˉʽ:  

 

 
 

2. ʝˌˍ˗ˉ B: ʗʶˌ˓ʺ˙, AgCl(ˏ )-  ˀˁˍ˗˃ʺˁˀˍ˗ʾˊˍ˗ˋʽ (ˉˍˁ -ˁ1) ː˕ˍ˗ˉ 298 ʖ-ˍ˗ˉ: 

ʗʶˌ˓ʶ˕˄: 
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s =             ˉˍˁ -ˁ1   

3. ʝˌˍ˗ˉ C: ʫˁˍ˕ˀʹ ˀˍˋˋʺ˕ˀ ʷʶ˕ˆ˕ ˄ˍˋ˖ʺˋ˔˕ʶ˖ˀʶ ˍ˗ˋʺ˖ˍˇ ˁˍ˗˃ˍ˗ˊʾˍ˗ˉ, ʶˑʶːʶˋˍ˗ˉ  ̓

˄ˍˉˏˁʺ˙˒ʶˊˀˋ ˉˀʶ˖ˍ˗ʾˊˍ˗ˋ 1:2 ˒˔ʺ˂ˀˍˉʺ˔˕ˀʶˊˍ˓: ʦ˕˓ʶ˃  ̓ ˙ˁˍ˕ˀʹ ˀˍˋˋʺ˕ˀ 

˙ʶˋʶ˄ˍ˗ʾˊˍ˗ˋˋ ʶ˕˔ʶ˅ʶˊ˔ˍˇ ʸ˃ʶˏʶ˔˄ʺ˕ (pCl-  ˀʶ˕ʿʺ˙ʽ ˉʺ˃ʶˋˍ˗ˉ  ̓ˆʶ˂ˀ˖ ʶ )ː, 

ʊ˃ʶˏʶ˔˄ʺ˕ʽ ʷʶʿʶˋ˓ʶ˃  ̓3 ˄ ˍˋ˖ʺˋ˔˕ʶ˖ˀˍˋ ˔ˀ˕ˍ˗ˊʾˀ, ́ ˍ˗˕ʶ˙ʶˋˎˊˍ˗˕ ˔ˀ˕ˍ˗ˊʾˍ˗ˉ 

ʸ˕ʺ˙ ʶ˕˃ʶʾˀ ʶˊˋ ˉˀʶ˖ˍ˗ʾˊˍ˗ˋʽ, ˍ˕ʽ ˔˓ˊʶˁ ˏʶˊˉʶˋˋʺ˕ˍ˗ˉ ʸʺ˕ʶ˄ˌˑˍ˗ˉ ˄ʶ ̄

ʸˍˊˍ˗ʾˊˍ˗ˋ ˍ˗ˋ˕ ˏˀˋʹ ˉˀʶ˖ˍ˗ʾˊʶˋ ˆ˜ˍ˓: 

 

 

ʝˌˍ˗ˉ D: When ammonia is added to silver chloride, a well-defined complex of stoichiometry n is 

formed. 

4. ʊ˕ʺ˙, ʶ˕˃ʶʾˀ ˙ˁˍ˕ˀʹˀ˖ [Ag(NH3)n]+ ˄ˍˉˏˁʺ˙˒ˀ ˒˔ʶ˖ˉʶˋ ˑʺʶ˄˖ˀʶˊˀ 

˅ʶ˓ʶ˒ʶ˕ʺ˖˓ʶ˃ ˅ʶ˓ʶ˒ʶ˕ˍ˗ˉʽ ˜ ˅ʶˌ˓ʺ˙ ˅ʶ˓ʶ˒ʶ˕ʶ˄ˌˑˍ˗ʾˊʶˋ ˅ʶ˒˔ʶ˔ˍ˗ˋʽ: 

ʣʺʶ˄˖ˀʶˊˀ ˅ʶ˓ʶ˒ʶ˕ˍ˗ˉʽ: 

 

 

ʗʶˌ˓ʶ˕˄: 

 

 

 

 

 

 
K =      

   

ʌʾ ̋ˎʺ˙ ˄ʶ˕ˍˇ ˅ʶˌ˓ʺˁ, ˅ ʺ˔ʶʸʶ ˅ʶ̩ ˓ʶ˕˄ˋʺ˕ˍ˗ˉ ˚ʸ˔ʶʸˍ˕˃ʺ˙   
K = 10ⱷ3ʶ˕ʿʺ˙ʽ. 

5. 1 ˁ  ː˕ˍ˗ˉ 0.1 ̄ ˍˁ ʶ˕˃ʶʾˀ ˙ˁˍ˕ˀʹˀˋ ʶ˓ʺˁʶ˖˓ʺˁ  ̓ʶˉˍˋˀʶ˄, ˉˀˋˎ˜ ʶˉʷˍˇː ˋ˒˔˓ʶ˃˙ʽ 

ˁˍ˗˃˓ʺˁ :̓ ʈˊʹ ˏʶ˅ˀˋ  [NH3] = 1.78 ˉˍˁ īˁ1 ʺˇʺˁ: ʟ˕ˍˌʺ˙, ʶˑʶːʶ˖ʶ˃ ˄ˍˉˏˁʺ˙˒ˀ 

˒˔ʺ˂ˀˍˉʺ˔˕ˀʶˋ: ʕʶ˓ʶˁˀ ˘ˍ˘ˍ˂ˍ˗ʾˊˍ˗ˋˋ ʶˋ˔ʺ˒ʺˁ: 

ʗʶˌ˓ʶ˕˄: 
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n =      

6. ʊ˕ʺ˙, ʝˌˍ˗ˉ E-ˍ˗ˉ ˋ˄ʶ˕ʶʸ˕˓ʶ˃ ˑʺʶ˄˖ˀʶˊˀ ˅ʶ˓ʶ˒ʶ˕ʺ˖˓ʶ˃ ˅ʶ˓ʶ˒ʶ˕ˍ˗ˉʽ: 

 

 

 

 

7. ʏˋʹˍ˗ˋʺ˙, ̱  ̞˃ˍ˓ˀ ːˍ˗˕ʽ ʾˍ˗ˊˁ ˅ˀˉˋʶˊˀˋ  ̓  ̃˅ʶ˕ˍ˗˒˔  ̓ˉˍˁʺ˄ˍ˗ˁʶˊˀˋ ʾʾ˓ʶ˃ˋˍ˓, ˀ˒˄ 

ˉʺ˔ʶˇʶ˄ʶˋ ʶ˕˃ʶʾʽ ˄ʶ˕ˍˇ  ̓ ˓ʺ˕ʶ˄ʶˋʸˋʺˁ ˉˍˁʺ˄ˍ˗ˁʶˊˀˋ ʾʾ˓ʶ˃ˀˋʽ ʶˊʹ 

ˏʶˊˉʶˋˋʺ˕ˍ˗ˉ: ʊ˕ʺ˙, ˋˌˍ˗ˉ F-ˍ˗ˉ ˋ˄ʶ˕ʶʸ˕˓ʶ˃ ˑʺʶ˄˖ˀʶˊˀ ˅ʶ˓ʶ˒ʶ˕ʺ˖˓ʶ˃ 

˅ʶ˓ʶ˒ʶ˕ˍ˗ˉʽ: ʗʶ˓ʶ˒ʶ˕ʶ˖ˋʺˁˀ˒ ʐʐ˓ʶ˃ˋˀ ˅ʶˉʶ˕ ʸ˕ʺ˙ 1 ʸˍ˕˃ʶ˄ˀ˖ʽ: ʗˌ˓ʺ˙ 

˅ʶ˓ʶ˒ʶ˕ʶ˄ˌˑˍ˗ʾˊʶˋ ˅ʶ˒˔ʶ˔ˍ˗ˋʽ 298 ʖ-ˍ˗ˉ: 

ʣʺʶ˄˖ˀʶˊˀ ˅ʶ˓ʶ˒ʶ˕ˍ˗ˉʽ: 

 

 

 

 

ʗʶˌ˓ʶ˕˄: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

K =    
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ʛʶ  ˒B: ʛˍ˕ˀ ˉʺʾˍʹʽ 

ʛˍ˕ˀ ˉʺʾˍʹʽ ʹ  ʁ Clī-  ˀ Ag+-ˍ  ˓ ˄ʶˁˍ˕ˀˉʺ˔˕ˀ˄ (ʽˋʾʶˋˍ˗ˉ  ̓ ʸˍ˗ˊˋˀ ˘ˍ˘ˍ˂ˍ˗ʾˊʶˉʷ) 

˔ˀ˔˕ˍ˗ˉˋ  ̓˄ʶˁˀˍ˗ˉˀ ˙˕ˍˉʶ˔ˀ ˋʺ˕˄ʶˊˍ˗ʾˊʶˉʷ: 3 ˄ʶʾˀˁ (ˉˍ ̝ 0.5 ˉ)ˁ 7.76Ā10ī3 ˉˍˁ īˁ1 

˄ˍˋ˖ʺˋ˔˕ʶ˖ˀʶˊˍ˓ K2CrO4-  ˀ ˁˍ˗˃ˍ˗ˊʾʽ ʶ˓ʺˁʶ˖˓ʺˁ  ̓ V0 = 20.00 ˉ ˁ ˋʶ˔˕ˀˍ˗ˉˀ ˙ˁˍ˕ˀʹˀ 

ʶˋ˅ʶˊ˔ ˄ˍˋ˖ʺˋ˔˕ʶ˖ˀʶˊˍ˓ʳ CCl, ˁˍ˗˃ˍ˗ˊʾˀˋ: ʈˊ˒ ˁˍ˗˃ˍ˗ˊʾʽ ˔ˀ˕ʺˁ ʺ̀ CAg = 0.050 ˉˍˁ īˁ1 

ʶ˕˃ʶʾˀ ˋˀ˔˕ʶ˔ˀ (Ag+, NO3ī)  ˁˍ˗˃ˍ˗ˊʾˍ˓: ʈ˕˃ʶʾˀ ˋˀ˔˕ʶ˔ˀ ʶ˓ʺˁʶ˖ˍ˗ˉˀ˖ ʶˋˉˀːʶˏʺ˒ 

ʶˑʶːʶ˖ʺˁ  ̓A ˋ˒˔˓ʶ˃˙ʽ: ʖʶ˕ˉˀ˕ ˋ˒˔˓ʶ˃˙ʽ ʶˑʶːʶ˖ʺˁ  ̓(B)  VAg = 4.30 ˉ ˁʶ˓ʺˁʶ˖ˋʺˁˍ˗˖ 

˅ʺ˔ˍ: 

8. ʊ˕ʺ˙, ʛˍ˕ˀ ˉʺʾˍʹˍ˗ˉ ˋ˄ʶ˕ʶʸ˕˓ʶ˃ ʺ˕˄ˍ˗ ˑʺʶ˄˖ˀʶˋʺ˕ˀ ˅ʶ˓ʶ˒ʶ˕ʺ˖˓ʶ˃ 

˅ʶ˓ʶ˒ʶ˕ˍ˗ˉˋʺ˕ʽ: ʗʶˌ˓ʺ˙, ʶˊʹ ˑʺʶ˄˖ˀʶˋʺ˕ˀ ˅ʶ˓ʶ˒ʶ˕ʶ˄ˌˑˍ˗ʾˊʶˋ 

˅ʶ˒˔ʶ˔ˍ˗ˋˋʺ˕ʽ:  

 

 

 

 

 

 

 

 

 

 

K°1 =       

 

 

 

K°2 =       

   

9. ʊ˕ʺ˙, ̀ ˒˔˓ʶ˃˙ˋʺ˕ˀ ˙ˀˉˀʶ˄ʶˋ ʷʶˋʶˆ˜ʺ˕ʽ: 

 

 

ʝ˒˔˓ʶ˃˙ A:  

 

ʝ˒˔˓ʶ˃˙ B:  

         

10. ʗʶˌ˓ʺ˙, ˋʶ˔˕ˀˍ˗ˉˀ ˙ˁˍ˕ˀʹˀ ˁˍ˗˃ˍ˗ˊʾˍ˗ˉ ˙ˁˍ˕ˀʹ ˀˍˋˋʺ˕ˀ ˄ˍˋ˖ʺˋ˔˕ʶ˖ˀʶˋʳ CCl:  

ʗʁ ˌ˓ʶ˕˄: 
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CCl =      ˉˍˁ ˁï1 

      
ʌʾ ̋ʹˍ˗ʾ ˎʺ˙ ˄ʶ˕ˍˇ ˅ʶˌ˓ʺˁ ˙ˁˍ˕ˀʹ ˀˍˋˋʺ˕ˀ ˄ˍˋ˖ʺˋ˔˕ʶ˖ˀʶˋʳ CCl, ˅ ʺ˔ʶʸʶ 

˅ʶˌ˓ʶ˕˄ˋʺ˕ˀ ˅ʶˉʶ˕ ˄ˀ˕ʶˑʺ˙ CCl = 0.010 ̄ ˍˁ īˁ1ʶ˕ʿʺ˙ʽ: 

11. ʗʶˌ˓ʺ˙, ʶ˕˃ʶʾˀ ˋˀ˔˕ʶ˔ˀ ˉˀˋˀˉʶˁ ˃ʶ˓ʶˁʽVAg(ˉˀˋ.) ˍ˕ˀ ʹʺˏ˙ˍ˗ˉ ˄ˋ˒˔ˀ AgCl(ˏ ) 

ˋ˒˔˓ʶ˃˙ʽ: 

ʗʶˌ˓ʶ˕:˄ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VAg(ˉˀˋ.) =                     ̄  ˁ   

12. ʗʶˌ˓ʺ˙, ˙ˁˍ˕ˀʹ ˀˍˋˋʺ˕ˀ ˉˋʶ˖ˍ˕ʹʶˊˀˋ ˄ˍˋ˖ʺˋ˔˕ʶ˖ˀʶˋʳ [Clī]res , ʺ˕ʷ ʶ˕˃ʶʾˀ 

˙˕ˍˉʶ˔ʽ ˒˄˒ˍ˗ˉ  ̓ˋ˒˔ʺˁ: ʐ˓ʶˊˀˋ ʶ˕ʿʺ˙ˋʺ˕ˀ ˅ʶˉʺˉʶ˔ˍ˗ʾˊʶˉʷ ˖ˍ˗ˊ˖ ˔˓ʺ˙. CrO42ī 

ʶ˕ʹˊˍʴ˙ ˁʶ˓  ˀ ˋʹˀ˄ʶ˔ˍ˕  ̓˔ˀ˔˕ˉʶˋ ʶ˓ʶ˕˔ʽ ˈˌʸ˕ˀ˔ ˖ˍ˗ˊ˖ ˔ʶˁˍ˗ ˅ʶˉʶ˕:  

ʗʶˌ˓ʶ˕˄: 
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[Cl ]res =      ˉˍˁ 1ˁ          
 

CrO4
2ī

        ,  é 
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ʔˋʹˀ˕ 

T4 

7% 

ʗʶ˕˖ 1 2 3 4 5 6 7 8 ʏˋʹ˅ʶˋˍ˗˕ 

ʛˀʶ˓ˍ˕ 6 9 8 5 6 2 2 12 50 

ʊˋʶ˅ʶ˔ʶ˄ʶˋ          

ʔˋʹˀ˕ T4: ʥʶˑ ˍʹˀ˖ ˉˀˋˎ˜ ˊˍʹˀ ˅ʶˊ˔ˋʶʷʺ˕ˍ˗ˉʽ  

19-˕  ́ ʹʶ˕ˍ˗ˉ ʭ˕ʶˋ˒ˀʶ˖ˀ ʸˍ˕˃ʶ˕ʶ˕ ʖˍ˕˔ˍˀ˒ʽ ˉʶ˒ˋʶʸˀ˔ʶ˖ʺˁ ʼ  ̞ A (MA(NO3)m) 

ˋˀ˔˕ʶ˔ˀ ʶ˕˔ʶʹ˕ˍ˗ʾˊʶˋ ˉʺː, ˍ˕ʽ ˚ʸ˔ʶʸˍ˕˃˓ˍ˗ˉ  ̓ ˓ʶˑˍʹˀ ˉʺː: ʤ˄ʻʷˍ˗ˉ A-  ̀

ˋʺ˕ˉˍ˗˃˓ˍ˗ˉ ʼ  ̞ ʈ˒ˀʶˊˀ˖, ˅ʺ˔ˍ ʶˊˋ ˒˄˒ʺ˖ˀˋ ˒˔ʶˋʶˁ B (MB(NO3)n) ˋˀ˔˕ʶ˔ˀ˖ʳ B-  ̀

˘ˍ˂ʶˋʶ˄ʶˊˀ ̀ ˑʺʶ˄˖ˀʶˊˀ ˉʺː ʹˋʺˁˍ˓ C ˉˀʶ˖ˍ˗ʾˊʶˋ ˅ʺ,̝ ˍ˕ʽ ˒˔ʶ˖˓ˍ˗ˉ  ̓

ː˕ˀˉˍ˗ˑˋʺ˕ˀ˖:   

1. ʊ˔ʺ˙, A  ̃ B ˋˀ˔˕ʶ˔ˋʺ˕ˀ ʷʶˋʶˆ˜ʺ˕ʽ ʺʾʺ ˋ˕ʶˋ˙ ʶˁ˄ʶˁˀʶ˄ʶˋ ˄ʶ ̄

˅ˍˇʶˁ˄ʶˁˀʶ˄ʶˋ ˉʺ˔ʶˇˋʺ˕ˀ(MA  ̃ MB). ʶˋːˍ˗˕ ʶˇʺ˕ ʺ :̀  ʝˀ˔˕ʶ˔ˋʺ˕ˀ˖ ˉʺ˄ʽ 

ˏʶ˕ˍ˗ˋʶ˄ˍ˗ˉ  ̓ˍ ˎʶ˓ʺˁ ˙ʶ ̀1% ̔ ˒ ̝ʻʶˋʸ˓ʶ˃ˀ ˍ ˎˉʺ˔ʶˇʶ˄ʶˋ ˂ʶˑ̀ˍ˗˕ʹˋʺ˕, ˀ˒˄ 

ˉˊˍ˗˒ʽ 9±3 % ʽ˒ ̝ ʻʶˋʸ˓ʶ˃ˀ ˍ ˎ ˉʺ˔ʶˇʶ˄ʶˋ ˂ʶˑˋˍ˗˕ʹˋʺ˕: ʝˀ˔˕ʶ˔ˋʺ˕ˀ 

ˋˉˍ˗ˌˋʺ˕ˍ˗ˉ ˉʺ˔ʶˇˋʺ˕ˀ r MA-  ˀ  ̃ MB- ,ˀ  ʻʶˋʸ˓ʶ˃ʶˊˀˋ ʷʶʿˀˋʽ ˄ʶʻˉˍ˗ˉ  ̓

˅ʶˉʶˏʶ˔ʶ˒˂ʶˋʶʷʶ˕ 38.4 %  ̃ 22.4 %: ʘʺ˕ ˏʶ˔ʶ˒˂ʶˋʽ ˅ʶ˒˔ʶ˔ʺ˙ 

˅ʶˌ˓ʶ˕˄ˋʺ˕ˍ˓: 
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A:                           B:     

A ˒˔ʶˋʶˁˍ˗ ˅ʶˉʶ˕ 262.2  yC ˏˀˋʹ ˉˀʶ˖ˍ˗ʾˊʶˋ ˓˕ ʁʶ˓ʺˁʶ˖˓ʺˁ  ̓442.8 y  B ˉˀʶ˖ˍ˗ʾˊˍ˗ˋ 

ˏʶ˕ˍ˗ˋʶ˄ˍˇ ˁˍ˗˃ˍ˗ˊʾ: B-  ̀ʶ˓ʺˁ˖ˍ˗˄ˍ˓ :̓ ʟ˕ˏʺ˒ ˘ˍ˂ʶʻʹʺ˖ˍ˗ʾˊʶˋ ʶ˕ʹˊˍ˗ˋ˙ ʶˑʶːʶ˖ʺˁ  ̓

190 y ˕ʶˉ ˒ˏˀ˔ʶ˄ D ˋ˒˔˓ʶ˃˙ʽ, ˍ˕ʽ ˅ʺˑʶ˖˓ʺˁ  ̓˛ˀˁ˔˕ʺˁˍ˓: ʭˀˁ˔˕ʶ˔ʽ ʸˍˁˍ˕ˌˀʶ˖˓ʺˁ ,̓ 

 ̃ ˒˔ʶ˖˓ʶ˃ ˏˀˋʹ ˂ʶˑˋˍ˗˕ʹʽ (E)  ˔ʶ˙ʶ˖˓ʺˁ  ̓ ˉˀˋˎ˜ ˅ʶ˒˔ʶ˔ˍ˗ˋ ʻʶˋʸ˓ʶ˃ (ˍ˕ʽ 

ˏʶ˕ˍ˗ˋʶ˄ˍ˗ˉ  ̓ˉˀʶˊˋ ˋˀ˔˕ˀ˔ˋʺ˕ˀ ˂ʶˑˋˍ˗˕ʹʳ NO2ī): ʦʶ˙ʶ˖ˍ˗ˉˀ˖ ʶˑʶːʶ˖ʺˁ  ̓ˉˀʶˊˋ 

ˉˍˁʺ˄ˍ˗ˁʶˊˀˋ ʾʾ˓ʶ˃ˀˋʳ 60.48  ˁ, 0 °C , 1 ˉʾˋ. (ʾʾ˓ʶ˃ˀˋʽ ʽˋʹˍ˗ˋʺ˙ ˍ˕ˏʺ˒ ˀʹʺʶˁʶ˄ʶˋ ʸʶ)̒  

2. ʗʶˌ˓ʺ˙, E ˂ʶˑˋˍ˗˕ʹˀ ˏʶ˕ˍ˗ˋʶ˄ˍ˗ʾˊˍ˗ˋʽ (ʽ˒ ̝ʻʶˋʸ˓ʶ˃ˀ %), ʽˋʹˍ˗ˋʺ˙, ˍ  ̞ʶˊˋ 

ˏʶ˕ˍˋʶ˄ˍ˗ˉ  ̓ˉˀʶˊˋ A  ̃B ˉˀʶ˖ˍ˗ʾˊˍ˗ˋˋʺ˕ʽ  ̃˂ʶˑˋˍ˗˕ʹˋʺ˕ ˎ ˀˏʶ˕ˍ˗ˋʶ˄ˍ˗ˉ, ˀ ˒˄  

C ï̀ ˓ʺ˕˖˓ʶ˃  ̓ˉʶ˙ˍ˗˕ ʶˋːˍ˗˕ ˓ˀˈʶ˄ˍ˗ˉ: 

ʗʶˌ˓ʶ˕˄: 
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% A:    %  B:     

3. ʟ˕ˍˌʺ˙, C  ̃ D ˉˀʶ˖ˍ˗ʾˊˍ˗ˋˋʺ˕ˀ ˙ˀˉˀʶ˄ʶ  ̀ ʷʶˋʶˆ˜ʺ˕ʽ  ̃ ʸ˕ʺ˙,  B  ̃ C 

ˉˀʶ˖ˍ˗ʾˊˍ˗ˋˋʺ˕ˀ ˉˀː˜ ʽˋʾʶ˖ˍˇ ˑʺʶ˄˖ˀʶˊˀ ˅ʶ˓ʶ˒ʶ˕ʺ˖˓ʶ˃ ˅ʶ˓ʶ˒ʶ˕ˍ˗ˉʽ: 
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C:      D:      

 
B  ̃C ˉˀʶ˖ˍ˗ʾˊˍ˗ˋˋʺ˕ˀ ˉˀː˜ ʽˋʾʶ˖ˍˇ ˑʺʶ˄˖ˀʶˋ: 

 
 

 

 

 

1811-ˀ  ̀ː˕ˀˉˍ˗ˑˋʺ˕ˀ ˅ʺ ̝ʶˌ˂ʶ˔ʺˁˀ˒, ʖˍ˕˔ˍˀ˒ʽ ˋ˄ʶ˔ʺ˖, ˍ  ̞ˏˇˋˆʺ ʶˉʁ ˋˋʺ˕ʽ ʶ˓ʺˁˀ 

ʶ˕ʶʸ ʺ  ̀ ˉʶˌ˓ˍ˗ˉ ˙ʶ ̀ ˒ˍ˓ˍ˕ʶʷʶ˕: ʛˀˋˎ˜ ˋ  ʁ ʻʷʶˇ˓ʶ˃ ʼ  ̞ ˀ  ̞ ˋ˄ʶ˔ʶ˃ˀ ˉʶ˒ˀˋ 

ˉ˔ʶ˃ʺˁˍ˓, ˋ˕ ʁ˄ʶ˔ˍ˗ˋ ˉ˔ʶ˓ ˁʶʷˍ˕ʶ˔ˍ˕ˀʶ  ̃˂ˀ  ̝˃˃ˉʷʶ˄ʶˋ ʾʾ˓ˍ˓ ʶˋˍʾʽ ˌˍ˗ˑ ˔˓ʺ˖ 

ˎˍ˕ ː˕ˀˉˍ˗ˑˋʺ˕ˀ ˓˕,ʁ ʶˋˉˀːʶˏʺ˒ ˋ˄ʶ˔˓ʺ˖ˀˋ ˉʶˋˍ˗ˌʶ˄ʶʸˍ˗ˊˋ ʸˍˁˍ˕ˌˀˋʺ˕ (1, 

˃˃ˉʷʶ˄ʶˋ ʾʾˍ˗ˋ ˚˙˒ˀʹʶ˖ˋˍˇ ʶʸʺ̀  ̝ )̓, ʶˊʹ ˏʶ˅ˀˋ ˅ʶˊ˔ˋʶʷʺ˕˓ʺ˖ ˊˍʹ ʼˁʺˉʺˋ˔ʽ (I2): 

ʡˇˋˆʺ ʶˉʶˋˋʺ˕ˀ ˄ˍˑˍʻˀʶˊˀ ˏʶ˔ˈʶˑʽ ʹ  ʁˊˍʹˋ ʼ  ̞(2): ʈˊˋˍ˗ʶˉʺˋʶˊˋˀ˓, ˊˍʹˀ ʷʿˌ˄ʶ˄ʶˋ 

˄ˀ˕ʶˑˍ˗ʾˊʶˋ ˏʶ˔ˈʶˑˍ˓, ʖˍ˕˔ˍˀ˒ʽ ʷʶ˖ʺ˖ ˋˍ˕ ʶ˕˔ʶʹ˕ˍ˗ʾˊˍ˗ˋ, ʶ˕˔ʶʹ˕ʺˁˍ˓ ˊˍʹʳ 

ː˕ˀˉˍ˗ˑˋʺ˕ˀ ˍ ̠˙ˁˍ˕ˀ ˘ˍ˂ʶʻʹʺ˖ˍ˗ʾˊʶˋ ˉˀːˍ˖ˍ˓ (3):  

ʝʺ˕˄ʶˊˍ˗ˉ˒, ́ ˍʹ ˒˔ʶˋˍ˗ˉ ʺ  ̀NO3ī, Iī, H+ (4) ˄ʶ ̄ IO3ī, Iī, H+ (5) ˑʺʶʸʺˋ˔ˋʺ˕ˀ ˉˀːˍ˖ˍ˓: 

4. ʊ˕ʺ˙, 1ï5 ˑʺʶ˄˖ˀʶˋʺ˕ˀ ˅ʶ˓ʶ˒ʶ˕ʺ˖˕ʶ˃ ˅ʶ˓ʶ˒ʶ˕ˍ˗ˉˋʺ˕ʽ. 

1  

 

2    

 

3    

 

4    

 

5    

 

ʜˍʹʽ ˌʶ  ̝˙ˀˎ  ̓ˁˍ˗˃˓ˍ˗ˉ ː˕ˍ˗ˉ, ʷʶˊ˖ ˊˍʹˀʹ ˀˍˋˋʺ˕ ʶ˓ʺˁʶ˖ˋʺˁˀ˒ ˊˍʹˀ ˁˍ˗˃ʺˁˀˍ˗ʾˊˍ˗ˋʽ 

ʻʸʶˁˀ ˉʺ˃ʁ̀ ˍ˗ˉ :̓ ʜˍʹʽ  ̃ˊˍʹˀʹ ˀˍˋʽ ˉˀʶ˒ˀˋ ʶˑʶːʶ˖ˋˍ˗ˉ ʺ  ̀˔ʶ˕ʷʺ˕ ˀˍˋˋʺ˕ʳ ˚˕ˀˋʶ˄ 

˔˕ˀˊˍʹˀʹ.  

Iī(ː)̞ + I2(ː)̞ = I3ī(ː)̞  (6) 

ʗʶ˓ʶ˒ʶ˕ʶ˄ˌˑˍ˗ʾˊˍ˗ˋʽ (6) ˄ʶ˕ʺˁˀ  ̓ˍ˗˒ˍ˗ˉˋʶ˒ˀ˕ʺˁ I2-  ̔ʹˀ˙ˁˍ˕ˉʺʾʶˋˍ˓ ʼ˙˒˔˕ʶ˄˖ʺˁˍ˓, 

˙ʶˋˀ, ˍ  ̞  Iī  ̃ I3ī ˀˍˋˋʺ˕ʽ ˎʺˋ ˁˍ˗˃˓ˍ˗ˉ ˚˕ʸʶˋʶ˄ʶˋ ˁˍ˗˃ˀˎˋʺ˕ˍ˗ˉ ˀ˒  ˄ I2 ï̔ ˁˍ˗˃˓ˍ˗ˉ ,̓ 

ʹˀ˙ˁˍ˕ˉʺʾʶˋʶˊˀˋ ˛ʶʻˍ˗ˉ ˋ˕ ʁ˄ˍˋ˖ʺˋ˔˕ʶ˖ˀʶˋ 15 ʁ ˋʸʶˉ ˌʶ  ̝  ̓˙ʶ ̀ː˕ˍ˗ˉ: 

ʖʶ˔ʶ˕˓ʺˁ  ̓˅ʺ˔˜ˊʶˁ ˘ˍ˕ˆʽ: ʤ˄ʻʷˋʶ˄ʶˋ ˁˍ˗˃ˍ˗ˊʾ ˏʶ˔˕ʶ˒˔ʺˁˍ˗ ˅ʶˉʶ˕ ˊ̱ ʹˀ ˉ  ˀ˙ʶˋˀ 

ʷˊˍ˗˕ʺˇˋʺ˕ ˁˍ˗˃ʺˁ ʺ  ̀50 ̄  ˁ˄ʶˁˀˍ˗ˉˀ ˊˍʹˀʹˀ (0.1112 )y ˁˍ˗˃ˍ˗ˊʾˍ˗ˉ: ʗʺ˔ˍ ʶ˓ʺˁʶ˖˕ʺˁ ʺ  ̀50 ̄  ˁ
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ʹˀ ˙ˁˍ˕ˉʺʾʶˋ  ̃ ˂ʶˑˋˍ˗˕ʹʽ ˍ˗ʿʸˀˋ ˂ʶˑˋʺˁ ʺ  ̀ ˉˀˋˎ˜ ˅ʶ˒˔ʶ˔˓ʺˁ  ̓

˅ʶ˓ʶ˒ʶ˕ʶ˄ˌˑˍ˗ʾˊˍ˗ˋ: ʭʶʻʶˋʺ˕ˀ ʷʶʿʶˋˍ˗ˉˀ˖ ˅ʺ˔ˍ, ˊˍ˗˕ʶ˙ʶˋˎˊˍ˗˕ ˛ʶʻʽ ʶˑʶˋˆˀˋ 

˔ˀ˔˕ʺˁ ʺ  ̀ ˋʶ˔˕ˀˍ˗ˉˀ ʾˀˍ˒ˍ˗˛ʶ˔ˀ ˏʺˋ˔ʶ˅ˀʹ˕ʶ˔ˀ ː˕ʶˊˀˋ ˁˍ˗˃ˍ˗ˊʾˍ˓ʳ ˚˒ˁʶˊˀ 

ˋʺ˕˄ʶˊˍ˗ʾˊʶˉʷ: ʬ˕ʸʶˋʶ˄ʶˋ ˛ʶʻʶˊˀ ˔ˀ˔˕ˉʶˋ ˅ʶˉʶ˕ ˃ʶ˂˒˓ʺˁ  ̓16.2 ̄ ,ˁ ˀ˒˄ ː˕ʶˊˀˋ 

˛ʶʻˀ ˅ʶˉʶ˕ 8 ˉ ˁˋʶ˔˕ˀˍ˗ˉˀ ʾˀˍ˒ˍ˗ˁ˛ʶ˔ˀ ˏʺˋ˔ʶ˅ˀʹ˕ʶ˔ˀ (14.9080  y  1.000  ˁː˕ˍ˗ˉ) 

ˁˍ˗˃ˍ˗ˊʾ: ʡ˕ˍ˖ʺ˒ʽ ˒˂ʺˉʶ˔ˀ˄ˍ˕ʺˋ ˋʺ˕˄ʶˊʶ˖˓ʶ˃  ̓ˋʺ˕˙˜ˍ˗ˉ: 

 

 

 

5. ʊ˔ʺ˙, ʸ˃ʶˏʶ˔˄ʺ˕ˍ˗ˉ ˋˌ˓ʶ˃ ˘ˍ˗ˁʺ˕  ̀(ˋˌ˓ʶ˃ ʺ  ̀ʾ˓ʺ˕ˍ˓ 1ï9) ˅ʶˉʶˏʶ˔ʶ˒˂ʶˋˍˇ 

ʸˍ˗ˊˋʺ˕ʽ (ˋˌ˓ʶ˃ ʺ  ̀˔ʶˑʺ˕ˍ˓ʳaïi):  

ʪˍ˗ˁʺ˕ ʸˍ˗ˊˋ 

1  

2  

3  

4  

5  

6  

7  

8  

9  



Candidate: ARM-1 

51st IChO ï Theoretical Exam 31 

6. ʊ˕ʺ˙ ʺ˕˄ˍ˗ ˅ˋʶ˕ʶ˓ˍ˕ ˅ʶ˓ʶ˒ʶ˕ʺ˖˕ʶ˃ ˑʺʶ˄˖ˀʶˋʺ˕ˀ ˅ʶ˓ʶ˒ʶ˕ˍ˗ˉˋʺ˕ʽ, ˍ˕ˍˋ˙ 

˄ʶ˕ˍˇ ʺ  ̀ʽˋʾʶˋʶˁ ˋʶ˔˕ˀˍ˗ˉˀ ʾˀˍ˒ˍ˗ˁ˛ʶ˔ˀ  ̃ˊˍʹˀ ˆ˜ʺ˕ˀ ˉˀː˜:. 

 

 

 

 

7. ʗʶ̩ ˓ʺ˙, ˒˄ʻʷˋʶ˄ʶˋ ˁˍ˗˃ˍ˗ˊʾˀ ˏʶ˔˕ʶ˒˔ˉʶˋ ˅ʶˉʶ˕ ˓ʺ˕˖˓ʶ˃ ˊˍʹˀ ʻʶˋʸ˓ʶ˃ʽ: 

 

 

 

 

 

 

 

 

 

 

 

 

m(I2) =           y 

8. ʗʶˌ˓ʺ˙, 6-˕  ́(6) ˑʺʶ˄˖ˀʶˊˀ ˅ʶ˓ʶ˒ʶ˕ʶ˄ˌˑˍ˗ʾˊʶˋ ˅ʶ˒˔ʶ˔ˍ˗ˋʽ:  
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K° =     
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T5 

8% 

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

  3 4 4 2 5 5 4 3 5 2 2 2 41 

              

ʔˋʹˀ˕ T5: ʈʻˍʷʺˋʻˍˁˀ ï ȁ-˖ˀ˄ˁˍʹʺ˄˒˔˕ˀˋ ˄ˍˉˏʺˁ˙˒ˀ 

˒˔ʶ˖ˍ˗ˉ ˋʶˋˍˌʶ˕ʿˀˎˀ ˅ʶˉʶ˕ 

ʝʶˋˍˌʶ˕ʿˀˎˋʺ˕ʽ ʹ˕ʶˋ˙ ˉˍˁʺ˄ˍ˗ˁˋʺ˕ˀ ˅ʶ˓ʶ˙ʶ˃ˍ˗ ʺ  ̀ˍ˕ˍˋ˙ ˅ˋʶ˕ʶ˓ˍ˕ˍ˗ʾˊˍ˗ˋ ʺ  ̀˔ʶˁˀ˒ 

ʼˋʺ˕ʸˀʶˋ ˆ˜ʶ˘ˍ˂ʺˁ ˋʶˋˍ-ˌʶ˕ʿˉʶˋ, ʶˊˋˏˀ˒ˀ ˄ˀ˕ʶˑˉʶˋ ˅ʶˉʶ˕, ˀˋˎˏˀ˒ˀˋ  ̓ʹʺˇˀ 

˔ʺˇʶ˘ˍ˂ˍ˗ˉʽ˝ ʉʶʻˉʶʾˀ˓ ˋʶˋˍˌʶ˕ʿˀˎˋʺ˕ˍ˗ˉ ˚ʸ˔ʶʸˍ˕˃˓ˍ˗ˉ  ̓ʶʻ-̱ˉˀʶ˖ˍ˗ʾˊˍ˗ˋˋʺ˕ˀ 

(RïN=NīRô) ˀʻˍˉʺ˕ˍ˗ˉʽ ˈʶˑʶʸʶˊʾʺˁˀ˒.  

1.    (H5C6ïN=NïC6H5)     

        .   

  (dtrans  dcis). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

trans  cis 

Comparison:                            dtrans                                dcis                                       

 

. 1 ï  M-     . 

2. M        ( . 1).   

 (N to Q)         

M   .   (NaNO2)    
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:                                                          

 

   Ktrans 

 

ȁ-˖ˀ˄ˁˍʹʺ˄˒˔˕ˀˋʽ (C, ʝ .˄ 2) ˅ʶˋʹˀ˒ʶˋˍ˗ˉ  ̓ʸˁˊˍ˗˄ˍʻˀ ˖ˀ˄ˁˀ˄ ˅ʺˏ˔ʶˉʺ˕, ˍ˕ʽ ˄ʶ˕ˍˇ  ̓

ʶˑʶːʶ˖ˋʺˁ ˄ˍˉˏˁʺ˙˒ˋʺ˕ ʶʻ-̱ˉˀ ʶ˖ˍ˗ʾˊˍ˗ˋˋʺ˕ˀ ˋʺ˕ʹ˕ˉʶˉʷ˝ 3-ˀ  ̟ 6 ˅ʶ˕˖ʺ˕ˍ˗ˉ, ˉʺˋ˙ 

˄ˍ˕ˍˌʺˋ˙ ʶ˒ˍ˖ˀʶ˖ˉʶˋ ˅ʶ˒˔ʶ˔ˍ˗ˋʽʳ Kt, ˒ˏʺ˄˔˕ˍ˒˄ˍˏˀʶˊˀ ˚ʸˋˍ˗ʾˊʶˉʷ, ˍ˕ʽ 

˅ʶˉʶˏʶ˔ʶ˒˂ʶˋˍ˗ˉ  ̓ˋʺ˕ʹ˕ˉʶˋ ˄ˍˉˏˁʺ˙˒ˀ CMtrans ʶˑʶːʶ˖ˉʶˋʽ, ˀ ˋˎˏʺ˒ ʷʺ˕˓ʶ˃  ̓ʝ .˄ 

2-ˍ˗ˉ 

 
. 2 ï CM trans   . 

C  M trans         

:       [C]0  

[M trans]0: [M trans]0-      , [C]0     

       

    M trans     

  CM trans  M trans,    ŮCMtrans  

ŮMtrans,  L     . C (ŮC)-     

 

3.  ,  ȹA= a ·[CM trans]  Ŭ-     

( )  
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a =                 

  

4. ʨˍ˗ˊ˖ ̝ ˓ʺ˙, ̋ ˕ʷ C-  ˀ˄ˍˋ˖ʺˋ˔˕ʶ˖ˀʶˋ ˌʶ  ̝ˉʺ˃  ̓M trans ˀ  ̟(ʶˊ˒ˀˋ˙ˋ [C]0 >> [M trans]0), C-  ˀ

˄ˍˋ˖ʺˋ˔˕ʶ˖ˀʶˋ ˄ʶ˕ʺˁˀ  ̓˅ʶˉʶ˕ʺˁ ˅ʶ˒˔ʶ˔ˍ˗ˋ, [C] ḗ [C]0  ̋

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. ʨˍ˗̟́ ˔˓ʺ˙, ʺ˕ʷ C-  ˀ˄ˍˋ˖ʺˋ˔˕ʶ˖ˀʶˋ ˌʶ  ̝ˉʺ˃  ̓M trans ˀ  ̟ (  [C]0 >> [M trans]0), 

 Ўὃ Ͻ
ϽἍ

ϽἍ
  ɓ-   ( )    

( )   
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ɓ =     
    

6.  Ktrans    ( . 3). 

 
. 3 ï1/ЎA  1/[C] 0 . 
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Kt =      

    

 

ʖʶˊˍ˗ˋˍ˗ʾˊʶˋ ˅ʶ˒˔ʶ˔ˍ˗ˋˀ Kcis-  ˀˍ˕ˍˌˍ˗ˉʽ  

7-ˀ  ̟ 9 ˅ʶ˕˖ʺ˕ˍ˗ˉ ˉʺˋ˙ ˏʺ˔˙  ̓ ˄ˀˋʺ˔ˀ˄ʶ˄ʶˋ ˔˓ˊʶˁˋʺ˕ˀ ˚ʸˋˍ˗ʾˊʶˉʷ ˍ˕ˍˌʺˋ˙ 

˄ʶˊˍ˗ˋˍ˗ʾˊʶˋ ˅ʶ˒˔ʶ˔ˍ˗ˋʽʳ Kcis, ˍ˕ʽ ˅ʶˉʶˏʶ̝ʁ ˒˂ʁˋ̱ ˗ˉ  ̓CMcis ˋʺ˕ʹ˕ˉʶˋ ˄ˍˉˏˁʺ˙˒ˀ 

ʶˑʶːʶ˖ˉʶˋʽ Mcis-ˀ :̟ ʝˉˍ˗ˌʽ, ˍ˕ʽ ˒˄ʻʷˍ˗ˉ ˏʶ˕ˍ˗ˋʶ˄ˍ˗ˉ  ̓ˉˀʶˊˋ M trans ˈʶˑʶʸʶˊʾ˓ʺˁ ,̓ 

ʶˑʶːʶ˖ˋʺˁˍ˓ Mcis,ˍ˕ˀ ˒˄ʻʷˋʶ˄ʶˋ  ˙ʶˋʶ˄ˍ˗ʾˊˍ˗ˋʽ ˅ʶˊ˔ˋˀ ʼʳ [Mcis]0: Mcis -  ̔ (ʶʻʶ ̝˄ʶ ̄

ˋʺ˕ʹ˕˓ʶ˃ ˄ˍˉˏˁʺ˙˒ˀ ˆ˜ˍ˓) ˔ʶ˙ʶ˖ˋʺˁˀ˒ ˀʻˍˉʺ˕˓ʺˁ  ̓ M trans. ïˀ: C-  ˀʷʶ˖ʶ˄ʶˊˍ˗ʾˊʶˋ 

ˏʶˊˉʶˋˋʺ˕ˍ˗ˉ, ˀʻˍˉʺ˕ˍ˗ˉʽ ʽˋʾʶˋˍ˗ˉ  ̓ʶˑʶːˀˋ ˄ʶ˕ʸˀ ˄ˀˋʺ˔ˀ˄ʶˊˍ˓  ̃ʶ˕ʶʸˍ˗ʾˊʶˋ k1 

˅ʶ˒˔ʶ˔ˍ˗ˋˍ˓: ʖˍˉˏˁʺ˙˒ʶ˖ˉʶˋ ʷˍˁˍ˕ ˅ʶ˓ʶ˒ʶ˕ʶ˄ˌˑˍ˗ʾˊˍ˗ˋˋʺ˕ʽ ʶ˓ʺˁˀ ʶ˕ʶʸ ʺ  ̀˙ʶ ̀

ˀʻˍˉʺ˕ˀʻʶ˖ˉʶˋ ˏ˕ˍ˖ʺ˒ʽ: ʈˊ˒ ˏ˕ˍ˖ʺ˒ˀ ˄ˀˋʺ˔ˀ˄ ˒˂ʺˉʶˋ ˋʺ˕˄ʶˊʶ˖˓ʶ˃  ̓ 4-˕  ́

ˋ˄ʶ˕ˍ˗ˉ: 

 

 

ʝ˄ʶ˕ 4 ï C-  ˀˋʺ˕˄ʁ ˊˍ˗ʾˊʶˉʷ Mcis ïˀ ˀʻˍˉʺ˕ˀʻʶ˖ˉʶˋ ˒˂ʺˉʶˋ: 

Mcis ïˀ ʽˋʹ˅ʶˋˍ˗˕ ˙ʶˋʶ˄ˀ (ʶʻʶ ̝  ̃ ˋʺ˕ʹ˕ˉʶˋ ˄ˍˉˏˁʺ˙˒ˀ ˆ˜ˍ˓) ˃ʶ˂˒ˉʶˋ 

ʶ˕ʶʸˍ˗ʾˊˍ˗ˋʽ rr,  ˍ˕ˍˌ˓ˍ˗ˉ  ̓˅ʺ˔˜ˊʶˁ ˄ʺ˕ˏ. 

r = k1[Mcis] + k2[CMcis] 
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˘ˍ˕ˆˋʶ˄ʶˋˍ˕ʺˋ r-  ̔  ʽˋʾʶˋˍ˗ˉ  ̓ʶˑʶːˀˋ ˄ʶ˕ʸˀ ˄ˀˋʺ˔ˀ˄ ˚˕ʺˋ˙ˍ˓  ̃ kʼ  ̨ʼ˛ʺ˄˔ˀ˓ 

ʶ˕ʶʸˍ˗ʾˊʶˋ ˅ʶ˒˔ʶ˔ˍ˗ˋˍ˓: 

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

7. ʨˍ˗ˊ˖ ˔˓ʺ˙, ̱  ̞ Ὧ
Ͻ Ἅ

Ἅ
   ̃ Ȃ   ̃ŭ  ʶ˕˔ʶ˅ʶˊ˔ʺ˙ ˅ʶˊ˔ˋˀ ˅ʶ˒˔ʶ˔ˍ˗ˋˋʺ˕ˍ˓: 

ʘʺ˕ ʸˍ˕˃ˍˇˍ˗ʾˊˍ˗ˋˋʺ˕ʽ: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ȃ  =                               ̃   ŭ =   
 

8. ʏˋ̝˕ʺ˙, ˍʴ˕ ˏʶˊˉʶˋˋʺ˕ˀ ʹʺˏ˙ˍ˗ˉ kʼ -̨ˀ  ̀˅ʶˉʶˏʶ˔ʶ˒˂ʶˋ t1/2 ï̔ ˄ʶ˕˕ʺˁˀ ˄ˁˀˋˀ 

ʶ˕˔ʶ˅ʶˊ˔ʺˁ ˅ʺ˔˜ˊʶˁ ˄ʺ˕ˏʳ ὸȾ  
  
 ρ  ὑ Ἅ ȡ ˔˕˓ʶ˃ ,̓ ˍ  ̞ [C]0 >> [Mcis]0. 

ʛʶʾʺˉʶ˔ˀ˄ˍ˕ʺˋ ˅ʶ˒˔ʶ˔ʺ˙ ˆʺ˕ ˏʶ˔ʶ˒˂ʶˋʽ: 

Ã     Mcis ïˀ ˌʶ  ̝ʹʶˋʹʶˇ ˀʻˍˉʺ˕ˀʻʶ˖ˀʶ  
Ã ʈʻʶ ̝Mcis ïˀ ˌʶ  ̝ʹʶˋʹʶˇ ˀʻˍˉʺ˕ˀʻʶ˖ˀʶ   

Ã  CMcis ˌʶ  ̝˄ʶˊˍ˗ˋ  ̓

Ã  CMtrans ˌʶ  ̝˄ʶˊˍ˗ˋ  ̓
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9. ʏˋʹˍ˗ˋʺ˙, ˍ  ̞ 8-˕  ́ ˅ʶ˕˖ˀ ˏʶˊˉʶˋˋʺ˕ʽ ˄ʶ˔ʶ˕˓ˍ˗ˉ ʺ ,̀ ˍ˕ˍˌʺ˙, Kc ïˀ ʶ˕ʿʺ˙ʽ 

ʸ˕ʶ˛ˀ˄ʶ˄ʶˋ ʺˇʶˋʶ˄ˍ˓ ˄ʶ ̄ ˍ˗ˇʶʸ˃ʶˊˀˋ ˅ʶ˓ʶ˒ʶ˕ˍ˗ˉˍ˓ r ˚ʸ˔˓ʺˁˍ˓ ˋʺ˕˙˜ˍ˗ˉ 

ˋˌ˓ʶ˃ ˔˓ˊʶˁˋʺ˕ˀ˖: 

[C]0 (ˉˍˁ īˁ1) t1/2 ( )˓ [C]0 (ˉˍˁ īˁ1) t1/2 ( )˓ 

0 3.0 3.0·10ī3 5.9 

1.0·10ī4 3.2 5.0·10ī3 7.7 

5.0·10ī4 3.6 7.5·10ī3 9.9 

1.0·10ī3 4.1 1.0·10ī2 12.6 
 

 

 . 
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Kc =     

ʝʶˋˍˌʶ˕ʿˀˎˋʺ˕ˀ ˒˔ʶ˖ˍ˗ˉ 

 
ʝ˄ ʶ ̞5 ï ʶʻˍʷʺˋʻʺˋ ˖ˀ˄ˁˍʹʺ˙˒˔˕ˀˋ ˋʺ˕ʹ˕ˉʶˋ ˄ˍˉˏˁʺ˙˒  ˀ˙ʶˊ˙ʶˊˍ˗ˉʽ, ̱ ˕ʽ ˔ʺˇˀ  ̓

ˍ˗ˋʺˋˍ˗ˉ ˁˍ˗ˊ˒ˀ ʶʻʹʺ˖ˍ˗ʾˊʶˉʷ ˀʻˍˉʺ˕ˀʻʶ˖ˍ˗ˉˀ˖, ˒  ʁʾˍ˗ˊˁ  ̓˔ʶˁˀ˒ ˄ʶ˔ʶ˕ʺˁ ʶˊˁ 

ˉˍˁʺ˄ˍ˗ˁˋʺ˕ˀʳ ʹʺˇʺ˕ˀ(ˌ˕ːʶˋʶˆ˜ ˉʶ˒ˋˀ˄ˋʺ˕) ˔ʺˇʶ˘ˍ˂ˍ˗ʾˊˍ˗ˋ:  

ʛʺ ˄ ʶˊˁ ʶʻˍʷʺˋʻʺˋʶˊˀˋ ˉˀʶ˖ˍ˗ʾˊˍ˗ˋ (ˍ˕ˀ ˅ʶˉʶ˕ Kcis << Ktrans), ˔˕ʶˋ˒ ˆ˜ˍ˓ 

˄ˍ˓ʶˁʺˋ˔ˍ˕ʺˋ ˄ʶˏ˓ʶ˃  ̓˒ˀˁˀ˄ʶʸʺˁ ˀ˅ʺ:̝ (ˋ˄ʶ˕. 5). ʤˀˁˀ˄ʶʸʺˁˀ ˃ʶ˄ˍ˔ˀˋʺ˕ʽ ˁ˖˓ʶ˃ ʺ  ̀

ˋʺ˕˄ʶˋˊˍ˗ʾˍ˓ (ˑˍʹʶˉˀˋ B, ˏ ʶ˔˄ʺ˕˓ʶ˃ ʺ  ̀ˌ˕ːʶˋˋʺ˕ˀ ˆ˜ˍ˓ ˋ˄ʶ˕ 5-ˍ˗ˉ): C -  ˀˉˀʶ˖ˍ˗ˉˀ˖ 

ʶˑʶːʶˋˍ˗ˉ  ̓ ˋʺ˕ʹ˕˓ʶ˃ ˄ˍˉˏˁʺ˙˒, ˍ˕ʽ ˘ʶ˄ˍ˗ˉ  ̓ ˃ʶ˄ˍ˔ˀˋʺ˕ʽ  ̃ ʶ˕ʸʺˁˍ˗ˉ  ̓

ˋʺ˕˄ʶˋˊˍ˗ʾˀ ʹˍ˗˕˒ ʸʶˁʽ:  

10. ʏˋ˔˕ʺ˙, ʶˉʺˋʶ˅ʶ˕ˉʶ˕ ˏʶˊˉʶˋˋʺ˕ʽ (ˉˀʶˊˋ 1 ˈˀˌ˔ ˏʶ˔ʶ˒˂ʶˋ) ˍ˕ˀ ʹʺˏ˙ˍ˗ˉ C-

 ˀˋʺ˕˄ʶˊˍ˗ʾˊˍ˗ˋˀ˖ ˃ʶ˄ˍ˔ˀˋʺ˕ʽ ˘ʶ˄˓ʶ˃ ʺ  ̀  ̃ˋʺ˕˄ʶˋˊˍ˗ʾ˜ ˄ʶ˕ˍˇ  ̓ʹˍ˗˕˒ ʸʶˁ 

ˈʶˑʶʸʶˊʾˍ˗ˉˀ˖:   

Ã  Kt >> 1    

Ã Kt >> 1 ̃  Kc << 1  

Ã Kt / Kc << 1  

Ã Kt >> 1 ̃  Kc >> 1   

Ã Kc << 1 

ʈˊ˒ ʶʻˍʷʺˋʻʺˋ- ˒ˀˁˀ˄ʶ˅ʺˁʶˊˀˋ ˘ˍˌˀˋ ˁ˖˓ʺˁ  ̓ ˋʺ˕˄ˍ ˓  ̃ ˔ʺʻʶʹ˕˓ʺˁ  ̓ ˄ˊˍ˗˓ʺ˔ˀ 

ʶˋ˄ˊˍ˗ˋˍ˗ˉ (ˋ˄ʶ˕ 6) ʶˊˋˏʺ˒ ˍ  ̞ʶʻˍʷʺˋʻʺˋʽ ˎ ˀ˄ʶ˕ˍˇ ˌʶ˕ʿ˓ʺˁ ˁˍ˗˃ˀˎˀ ˍ˗ˇˇˍ˗ʾˊʶˉʷ: 

ʪˍˌˀˋ ˈʶˑʶʸʶˊʾ˓ʺˁ  ̓ Ȉ1 ʺ˕˄ʶ˕ˍ˗ʾˊˍ˗ˋ ˍ˗ˋʺ˖ˍˇ ʶˁˀ˙ˍ˓, ˃ʶ˄ˍ˔ˀˋʺ˕ˀ˖ ˋʺ˕˄ʶˋˊˍ˗ʾˀ 
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ʹˍ˗˕˒ ʸʶˁʽ ˅ʶ˕ˍ˗˖ʺˁˍ˗ ˅ʶˉʶ˕ (ˋ˄ʶ˕ 5). ʈˊ˒ ˏ˕ˍ˖ʺ˒ʽ ˒ˏʺ˄˔˕ˍ˛ˍ˔ˍˉʺ˔˕ˍ˓ ˅˒˄ʺˁˍ˗ 

˅ʶˉʶ˕ ˁˍ˗˃ˍ˗ˊʾˀ ʶʷ˒ˍ˕ʷ˖ˀʶˋ ˎʶ˘˓ʺˁ  ̓Ȉ 2 ʺ˕˄ʶ˕ˍ˗ʾˊʶˉʷ ʶˁˀ˙ˍ˓:   

 

 
ʝ˄ʶ˕ 6 ï ˆʶ :˂ ̀ ʺ˕˄ʶˋˊˍ˗ʾˀ ʹˍ˗˕˒ ʸʶˁʽ ˅˒˄ʺˁˍ˗ ˅ʶˉʶ˕ ˚ʸ˔ʶʸˍ˕˃˓ˍˇ ˄ˊˍ˗˓ʺ˔ʽ: ʁ :ː 

ʦ˕ʶˋ˒ ʶʻˍʷʺˋʻʺˋˀ (˅ˍ˃ ʸˀ˃), ̟ ˀ˒ ʶʻˍʷʺˋʻʺˋˀ (˄ʺ˔ʶʸˀ˃)  ̃ˑˍʹʶˉˀˋ B-  ˀ(ʽˋʹ˅ʶ˔˓ˍˇ 

ʸˀ˃) ʶʷ˒ˍ˕ʷ˖ˀˍˋ ˒ˏʺ˄˔˕ʺ˕ʽ: 

11. ʟ˕ˍˌʺ˙ rȈ1- :̔ 

Ȉ1 =              nm 
 

12. ʟ˕ˍˌʺ˙ʳ Ȉ2- :̔ 

Ȉ2 =              nm 

 
 

 

 

 

 

 

 

 

 

 

 

 

T6 

8% 

  1 2 3 4 5 6 7 8 9  

  4 4 5 3 10 2 9 6 5 48 
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ʔˋʹˀ˕ T6: ʉˁˍ˄-˅ʶˉʶˏˍˁˀˉʺ˕ˀ ʷˋˍ˗ʾʶʸ˕ˍ˗ˉ 

ʉˁˍ˄-˅ʶˉʶˏˍˁˀˉʺ˕ʽ/block-copolymer, ˍ˕ˍˋ˙ ˒˔ʶ˖˓ˍ˗ˉ ʺ  ̀ ˔ʶ˕ʷʺ˕ ˏˍˁˀˉʺ˕ˋʺ˕ˀ 

(ʷˁˍ˄ʺ˕ˀ) ˄ʶ˕ˉʶˉʷ, ˖ˍ˗˖ʶʷʺ˕ˍ˗ˉ ʺ  ̀ ˊˍ˗˕ʶ˅ʶ˔ˍ˗˄ ˅ʶ˔˄ˍ˗ʾˊˍ˗ˋˋʺ˕, ˀˋˎˏˀ˒ˀˋ  ̓

ˀˋ˙ˋʶ˅ʶ˓ʶ˙ˍ˗ˉʽ (ɗɆɒɔɗɇɔɖɐɆ): ʈˊ˒ ˂ˋʹ˕ˍ˗ˉ ˍ˗˒ˍ˗ˉˋʶ˒ˀ˕˓ˍ˗ˉ  ̓

ʶˊʹˏˀ˒ˀˉʶ˄˕ˍˉˍˁʺ˄ˍ˗ˁˀ ˒ˀˋʾʺʻʽ  ̃ʷˋˍ˗ʾʶʸ˕ˍ˗ˉʽ˝ 

   

 
       1 (Ŭ- -ɤ-

)   

1-  
1
H /NMR  (DMSO-d6, 60 °C, 500 )      

 

 ŭ (ppm) 
 

 

a 2.7* 0.6 

b 3.3 0.9 

c 3.4 0.6 

d ~ 3.5 133.7 

 1, * D2O , 2.7 ppm     

13.  
1
H /NMR    1  (a, b, c, d)  

     

 

14.    n,      

 (AOC2H4 )     (AOCH3)   

   n-  
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                                                                                             n =     
 

    n,  n = 100 

       

-   

      1-   2-   (Ů-

( )-  N- )      -

 3-  

 

15.     ,      1-  2-  
         G- , 

  G-   

 

 

 

 

 

 

 

 

 

                                                                          G:  

    

16.  ( /IR)       

  /IR  1, 2  3   








































