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ɽʨᴇʥʭʠʡ ʟʘʘʚʘʨʯʠʣʛʘʘ  

¶ ʕʥʵʭװװ ʙʦʜʣʦʛʳʥ ʪʵʤʮʵʵʥʠʡ ʥʦʤ ʥʠʡʪ 60 ʭʫʫʜʘʩʪʘʡ. 

¶ Start ʢʦʤʤʘʥʜ ᴇʛᴇʥʛװװʪ ʵʭʣʵʵʨʵʡ. 

¶ ʊʵʤʮʵʵʥʠʡʛ ʪʘ 5 ʮʘʛʪ ʭʠʡʞ ʛװʡʮʵʪʛʵʥʵ.  

¶ ʐʘʣʛʘʣʪʳʥ ʭʫʫʜʘʩ ʜʘʭʴ ʭʘʨʠʫʣʪʳʥ ʭʘʨʛʘʣʟʘʭ ʥװʜʵʥʜ ʭʘʨʠʫʣʪʳʛ ʦʡʣʛʦʤʞʪʦʡ, ʪʦʜʦʨʭʦʡ 

ʙʠʯʵʵʨʵʡ. ʍʘʨʠʫʣʪʳʥ ʥװʜʥʵʵʩ ʙʫʩʘʜ ʭʵʩʵʛʪ ʙʠʯʩʵʥ ʟװʡʣʪ ʦʥʦʦ ᴇʛᴇʭʛװʡ.  

¶ ʍʵʨʚʵʵ ʥʦʦʨʦʛ ʮʘʘʩ ʭʵʨʵʛʪʵʡ ʙʦʣ ʰʘʣʛʘʣʪʳʥ ʭʫʫʜʘʩʥʳ ʘʨʳʛ ʘʰʠʛʣʘʞ ʙʦʣʥʦ. ʍʘʨʠʫʣʪʳʥ 

ʥװʜʥʵʵʩ ʙʫʩʘʜ ʛʘʟʘʨ ʙʠʯʩʵʥ ʟװʡʣʩʪ ʦʥʦʦ ᴇʛᴇʭʛװʡʛ ʘʥʭʘʘʨʘʘʨʘʡ. 

¶ ʊʘʥʜ ᴇʛʩᴇʥ ʙʘʣ ʙʦʣʦʥ ʪʦʦʥʳ ʤʘʰʠʥʳʛ ʘʰʠʛʣʘʘʨʘʡ.  

¶ ɸʣʙʘʥ ʸʩʥʳ ɸʥʛʣʠ ʭʵʣ ʜʵʵʨʭ ʭʫʚʠʣʙʘʨʳʛ ʟᴇʚʭᴇʥ ʪʦʜʨʫʫʣʛʘ ʭʠʡʭ ʟʦʨʠʣʛʦʦʨ ʘʩʫʫʞ ʘʚʯ ʙʦʣʥʦ.  

¶ ʐʘʣʛʘʣʪʳʥ ᴇʨᴇᴇʥᴇᴇʩ ʛʘʨʤʘʘʨ (ʙʠʝ ʟʘʩʘʭ, ʵʩʚʵʣ ʶʤ ʠʜʵʞ, ʫʫʭ) ʙʦʣ IChO ïʠʡʥ ʭʘʨʛʘʣʟʘʭ 

ʢʘʨʪʳʛ ᴇʨʛᴇᴇʨʵʡ. ʐʘʣʛʘʣʪʳʥ ʭʷʥʘʛʯ ʪʘʥʳʛ ʜʘʛʫʫʣʘʥ ʛʘʨʘʭ ʙʦʣʥʦ.  

¶ ʆʣʦʥ ʭʘʨʠʫʣʪʪʘʡ ʪʝʩʪʠʡʥ ʭʫʚʴʜ: ʊʘ ʭʘʨʠʫʣʪʘʘ ʩʦʣʠʤʦʦʨ ʙʘʡʚʘʣ, ʙʫʨʫʫ ʭʘʨʠʫʣʪʳʥ ᴇʤʥᴇʭ 

ʥװʜʠʡʛ ʙװʪʵʥ ʭʘʨʣʫʫʣʘʘʜ ʭʘʞʫʫʜ ʥʴ ʰʠʥʵʵʨ ʭʦʦʩʦʥ ʥװʜ ʟʫʨʞ ʭʘʨʠʫʣʘʘʨʘʡ.  

¶ STOP ʢʦʤʤʘʥʜ ʭʵʣʵʭʵʵʩ ᴇʤʥᴇʭ 30 ʤʠʥʫʪʘʜ ʭʫʛʘʮʘʘʛ ʩʘʥʫʫʣʥʘ.  

¶ STOP ʢʦʤʤʘʥʜ ʭʵʣʵʥʛװװʪ ʘʞʣʘʘ ʟʦʛʩʦʦʛʦʦʨʦʡ. ʍʘʛʘʩ ʤʠʥʫʪ ʵʩʚʵʣ ʪװװʥʵʵʩ ʠװװ ʭʫʛʘʮʘʘʛʘʘʨ 

ʙʠʯʩʵʥ ʪʦʭʠʦʣʜʦʣʜ ʪʘʥʳ ʘʞʣʳʛ ʭװʯʠʥʛװʡʜ ʪʦʦʮʥʦ.  

¶ STOP ʢʦʤʤʘʥʜ ᴇʛʩʥᴇᴇʩ ʭʦʡʰ ʰʘʣʛʘʣʪʳʥ ʭʫʫʜʩʘʘ ʜʫʛʪʫʡʜ ʭʠʡʛʵʵʜ ᴇᴇʨʠʡʥ ʙʘʡʨʘʥ ʜʵʵʨʵʵ 

ʭװʣʵʵʛʵʵʨʵʡ. ʐʘʣʛʘʣʪʳʥ ʭʷʥʘʛʯ ʪʘʥʳ ʜʫʛʪʫʡʛ ʙʠʪװװʤʞʠʣʞ ʭʫʨʘʘʥʘ.  

 

 

 

 

ɸʤʞʠʣʪ ʭװʩʴʝ! 
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ɸɻʋʋʃɻɸ 

 

ʆʥʦʣʳʥ ʙʦʜʣʦʛʳʥ ʪʵʤʮʵʵʥʜ 9 ʙʠʝʵ ʜʘʘʩʘʥ ʙʦʜʣʦʛʦ ᴇʛᴇʛʜʩᴇʥ ʙʘ ʪʵʜʛʵʵʨʠʡʥ ʭʘʨʴʮʘʥʛʫʡ ʵʟʣʵʭ 

ʭʫʚʠʡʛ ʭʘʘʣʪʘʥʜ ʭʘʨʫʫʣʩʘʥ ʙʘʡʛʘʘ.  

 

 

 

  

ɹʦʜʣʦʛʦ T1: ʊʦʜʦʨʭʦʡʛװʡʥ ʭʘʡʨʮʘʛ ʙʘ ʙʫʪʘʜʠʝʥ  (6%) ʭ. 8 

ɹʦʜʣʦʛʦ T2: ʋʩʳʛ ʟʘʜʘʣʞ ʫʩʪᴇʨᴇʛʯʠʡʛ ʛʘʨʛʘʭ  (7%) ʭ. 13 
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ɹʦʜʣʦʛʦ T8: ʀʥʦʟʦʪʦʣʳʥ ʩʠʥʪʝʟ ʙʦʣʦʥ ʪװװʥʠʡʛ ʪʘʥʠʭ  (6%) ʭ. 51 
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ʊʦʤʴʸʦ, ʪʦʛʪʤʦʣʫʫʜ  

ʕʜʛʵʵʨ ʜʘʘʣʛʘʚʘʨʫʫʜʘʜ ʙʠʜ ʙװʭ ʫʫʩʤʘʣʳʥ ʞʠʞʠʛ ʭʵʩʛʠʡʥ ʢʦʥʮʝʥʪʨʘʮʠʡʛ ʤʦʣʴ ʣ-1 ïɻ ʵʨ 

ʠʣʵʨʭʠʡʣʥʵ. ʎʘʘʰʜʳʥ ʠʣʵʨʭʠʡʣʵʣ, ʪʦʤʴʸʦʛ ʭʷʣʙʘʨʰʫʫʣʘʭʳʥ ʪʫʣʜ ʩʪʘʥʜʘʨʪ ʢʦʥʮʝʥʪʨʘʮʠ 

c° = 1 ʤʦʣʴ ʣī1  -ʠʡʛ ʭʘʩʩʘʥ ʙʦʣʥʦ.  

ɸʚʦʛʘʜʨʦʛʠʡʥ ʪʦʛʪʤʦʣ: NA = 6.022Ā1023 molī1 

ʍʠʡʥ ʫʥʠʚʝʨʩʘʣ ʪʦʛʪʤʦʣ: R = 8.314 J molī1 Kī1 

ʉʪʘʥʜʘʨʪ ʜʘʨʘʣʪ: p° = 1 bar = 105 Pa 

ɸʪʤʦʩʬʝʨʠʡʥ ʜʘʨʘʣʪ: Patm = 1 atm = 1.013 bar = 1.013Ā105 Pa 

ʎʝʣʴʩʠʡʥ 0 ̄ʭʵʤʞʵʵʩ: 273.15 K 

ʌʘʨʘʜʝʡʥ ʪʦʛʪʤʦʣ: F = 9.6485Ā104 C molī1 

ɺʘʪʪ: 1 W = 1 J sī1 

ʂʠʣʦʚʘʪʪ ʮʘʛ: 1 kWh = 3.6Ā106 J 

ʇʣʘʥʢʠʡʥ ʪʦʛʪʤʦʣ: h = 6.6261Ā10ī34 J s 

ɺʘʢʫʫʤ ʜʘʭʴ ʛʵʨʣʠʡʥ ʭʫʨʜ: c = 2.998Ā108 m sī1 

ʕʣʝʤʝʥʪʘʨ ʮʵʥʵʛ: e = 1.6022Ā10ī19 C 

ʕʣʝʢʪʨʦʥ-ʚʦʣʴʪ: 1 eV = 1.6022Ā10ī19 J 

ʎʘʭʠʣʛʘʘʥʳ ʯʘʜʘʣ: P = ȹE × I  

ɸʰʠʛʪʘʡ ʯʘʜʘʣ: ɖ = Pobtained/Papplied  

ʇʣʘʥʢ-ʕʡʥʰʪʝʡʥʳ ʭʘʤʘʘʨʘʣ: E = hc/ɚ = hɢ 

ʀʜʝʘʣ ʭʠʡʥ ʪʦʤʴʸʦ: pV = nRT 

ɻʠʙʙʩʠʡʥ ʯᴇʣᴇᴇʪ ʵʥʝʨʛʠ: G = H ī TS 

 
ȹrG° = īRT lnK° 

ȹrG° = īn F Ecell° 

 ȹrG = ȹrG° + RT lnQ 

ɼʘʨʘʘʭ ʫʨʚʘʣʳʥ ὗ ʫʨʚʘʣʳʥ ʪʦʛʪʤʦʣ 

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

AaBb
 

ʍʝʥʜʝʨʩʦʥ-ʍʵʡʩʝʣʙʘʭʭʳʥ ʪʵʛʰʠʪʛʵʣ: pH = pKa + log
[!

[!(
 

ʅʝʨʥʩʪ-ʇʠʪʝʨʩʦʥʳ ʪʵʛʰʠʪʛʵʣ: E = Eo
RT

zF
lnὗ  

ʕʥʜ, Q ʠʩʵʣʜʵʥ ʘʥʛʠʞʨʘʭ ʭʘʛʘʩ 

ʫʨʚʘʣʳʥ ʪʦʛʪʤʦʣ  
at T = 298 K, 

RT

F
ln10 å 0.059 V 

ɹʝʝʨ-ʃʘʤʙʝʨʪʳʥ ʭʫʫʣʴ: A = Ůlc 

 

ʋʨʚʘʣʳʥ ʭʫʨʜʥʳ ʛʘʨʛʘʣʛʘʘ: 
 

- ʊʵʛ ʵʨʵʤʙʵ: [A]  = [A] 0 ī kt 

- ʅʵʛʜװʛʵʵʨ ʵʨʵʤʙʵ: ln[A]  = ln[A] 0 ī kt 

- ʍʦʸʨʜʫʛʘʘʨ ʵʨʵʤʙʵ: 1/[A]  = 1/[A]0 + kt 

ʅʵʛʜװʛʵʵʨ ʵʨʵʤʙʠʡʥ ʫʨʚʘʣʳʥ ʭʘʛʘʩ 

ʟʘʜʨʘʣ: 

ÌÎς

Ὧ
 

ʊʦʦʥʳ ʜʫʥʜʘʞ ʤʦʣʠʡʥ ʤʘʩ Mn: ὓ  
Вὔὓ

Вὔ
 

ɾʠʥʛʠʡʥ ʜʫʥʜʘʞ ʤʦʣʠʡʥ ʤʘʩʩ Mw: ὓ  
Вὔὓ

Вὔ ὓ
 

ʇʦʣʠʜʠʩʧʝʨʩʞʠʣʪʠʡʥ ʟʵʨʵʛ Ip: Ip = 
Mw

Mn
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  ʝʣʵʭ ʩʠʩʪʝʤת

 

 

 

 

 

 

 

  

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 

 

ʋʩʪᴇʨᴇʛʯʠʡʥ ʭʠʤʠʡʥ ʰʠʣʞʠʣʪ (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 ʭʦʩʣʦʣʳʥ ʪʦʛʪʤʦʣ (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 ʩʧʝʢʪʨʦʩʢʦʧʠʡʥ ʭװʩʥʵʛʪ 

 

ʍʵʣʙʵʣʟʣʠʡʥ ʪᴇʨᴇʣ ů (cmī1) ʕʨʯʠʤ  

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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ɹʦʜʣʦʛʦ 

T1 

6% 

ɸʩʫʫʣʪ 1 2 3 4 5 6 7 8 9 10 11 ʅʠʡʪ 

ʆʥʦʦ 3 4 4 2 3 2 2 4.5 2.5 3 3 33 

             ʥʵʣʛʵʵת

ɹʦʜʣʦʛʦ T1: ʊʦʜʦʨʭʦʡʛװʡʥ ʭʘʡʨʮʘʛ ʙʘ ʙʫʪʘʜʠʝʥ 

ɹʫʪʘ-1,3-ʜʠʝʥʠʡ ʤʦʣʝʢʫʣʳʛ ʠʭʵʚʯʣʵʥ ʜʘʥ ʙʦʣʦʥ ʜʘʚʭʘʨ ʭʦʣʙʦʦʛ ʩᴇᴇʣʞʣװװʣʵʥ CH2=CHïCH=CH2 

ʛʵʞ ʙʠʯʜʵʛ. ʗʤʘʨʪʘʘ ʯ ʪװװʥʠʡ ʭʠʤʠʡʥ ʠʜʵʚʭʠ ʥʴ ʵʥʵʭװװ ʜװʨʩʣʵʣʪʵʡ ʪʘʘʨʘʭʛװʡ ʙʘ ˊ  ʵʣʝʢʪʨʦʥʳʛ 

ʛʫʨʚʘʥ ʭʦʣʙʦʦʛʦʦʨ ʞʠʛʜ ʪʘʨʭʩʘʥ ʙʘʡʜʣʘʘʨ ʪʦʜʦʨʭʦʡʣʜʦʛ:  

 

ʕʥʵʭװװ ʩʠʩʪʝʤʠʡʛ ʵʣʝʢʪʨʦʥʫʫʜ ʥʴ ʯᴇʣᴇᴇʪʵʡ 1D ʭʘʡʨʮʘʛ (ᴇᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ʪʦʜʦʨʭʦʡʛװʡʥ ʭʘʡʨʮʘʛ) 

-ʘʘʨ ʟʘʛʚʘʨʯʠʣʞ ʙʦʣʥʦ. L ʫʨʪʪʘʡ ʪʦʜʦʨʭʦʡʛװʡʥ ʭʘʡʨʮʘʛ ʜʘʭʴ ʵʣʝʢʪʨʦʥʳ ʵʥʝʨʛʠ: Ὁ  , ʵʥʜ 

n ʥʴ ʪʵʛʵʵʩ ʙʫʩʘʜ ʵʝʨʵʛ ʙװʭʵʣ ʪʦʦ.  

1. ʍʦʸʨ ʷʣʛʘʘʪʘʡ ʟʘʛʚʘʨʳʛ ʩʫʜʘʣʞʵʵ. ʍʘʨʛʘʣʟʘʭ ʜʠʘʛʨʘʤʤʜ ʟʘʛʚʘʨ ʪʫʩ ʙװʨʠʡʥ ʛʫʨʚʘʥ ʭʘʤʛʠʡʥ 

ʙʘʛʘ ʵʥʝʨʛʠʡʥ ʪװʚʰʠʥ En ïʛ ʜװʨʩʵʣʥʵ װװ. ɿʘʛʚʘʨ ʜʦʪʦʦʜʜʦʦ ʙʦʣʦʥ ʭʦʦʨʦʥʜʦʦ ʭʘʨʴʮʘʥʛʫʡ 

ʵʥʝʨʛʠʡʥ ʪװʚʰʥʵʵʨʵʵ ʷʣʛʘʘʪʘʡ ʙʘʡʭʘʘʨ ʜװʨʩʣʵʵʨʵʡ.  

 
ɿʘʛʚʘʨ 1 (« ʙʘʡʨʰʩʘʥ»): ˊ ɻʣʝʢʪʨʦʥʫʫʜ ʥʴ 

ʭʦʣʙʦʦʥʫʫʜʳʥ ʛʘʜʥʘ ʙʘʡʨʰʩʘʥ ʙʘʡʭ ʙʘ d ʫʨʪʪʘʡ 

ʭʦʸʨ ʪʫʩʜʘʘ ʪʦʜʦʨʭʦʡʛװʡ ʧʦʪʝʥʮʠʘʣʳʥ ʭʘʡʨʮʘʛʪ 

ʭʫʚʴʩʜʘʛ.   

ɿʘʛʚʘʨ 2 (« װʣ ʙʘʡʨʰʩʘʥ»): ˊ ɻʣʝʢʪʨʦʥʫʫʜ ʥʴ 

ʙװʭ ʤʦʣʝʢʫʣʘʘʨ װʣ ʙʘʡʨʰʠʭ ʙʘ ʛʘʥʮʭʘʥ 3d 

ʫʨʪʪʘʡ ʪʦʜʦʨʭʦʡʛװʡ ʧʦʪʝʥʮʠʘʣʳʥ ʭʘʡʨʮʘʛʪ 

ʭʫʚʴʩʜʘʛ.   
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2. ᴆʤʥᴇʭ ʜʠʘʛʨʘʤʤ ʜʵʵʨʭ ʟʘʛʚʘʨ 1-ʠʡʥ ʭʫʚʴʜ  ́ ʵʣʝʢʪʨʦʥʳʛ ʙʘʡʨʣʫʫʣʞ, ʟʘʛʚʘʨ 1 ʜʵʭ  ́

ʩʠʩʪʝʤʠʡʥ ʥʠʡʪ ʵʥʝʨʛʠʡʛ h, me ʙʦʣʦʥ d ïɻ ʵʩ ʭʘʤʘʘʨʫʫʣʘʥ ʠʣʵʨʭʠʡʣ.  

 

 

 

E(1) =  

 

3. ᴆʤʥᴇʭ ʜʠʘʛʨʘʤʤ ʜʵʵʨʭ ʟʘʛʚʘʨ 2-ʳʥ ʭʫʚʴʜ  ́ ʵʣʝʢʪʨʦʥʳʛ ʙʘʡʨʣʫʫʣʞ, ʟʘʛʚʘʨ 2 ʜʘʭʴ  ́

ʩʠʩʪʝʤʠʡʥ ʥʠʡʪ ʵʥʝʨʛʠʡʛ h, me ʙʦʣʦʥ d ïɻ ʵʩ ʭʘʤʘʘʨʫʫʣʘʥ ʠʣʵʨʭʠʡʣ.  

 

 

 

Ὁς   

 

ʂʦʥʴʶʛʘʮʠʡʥ ʵʥʝʨʛʠ ʥʴ ʙʦʜʠʪ ˊ  ʩʠʩʪʝʤʠʡʥ ʥʠʡʪ ʵʥʝʨʛʠʵʩ ʘʜʠʣ ʪʦʦʥʳ ʵʣʝʢʪʨʦʥʳʛ ʭʘʤʘʨʩʘʥ 

ʵʪʠʣʝʥʠʡ ʤʦʣʝʢʫʣʳʥ ʵʥʝʨʛʠʡʥ ʥʠʡʣʙʵʨʠʡʛ ʭʘʩʩʘʥ ʷʣʛʘʚʘʨ ʙʘʡʥʘ.  

4. ɹʫʪʘʜʠʝʥʠʡ ʢʦʥʴʶʛʘʮʠʡʥ ʵʥʝʨʛʠ ȹEc ïʛ h, me ʙʦʣʦʥ d ï װװʜʵʵʨ ʠʣʵʨʭʠʡʣ.  

ЎὉ  

 

 

 

 

ɿʘʛʚʘʨ 1 ʙʦʣʦʥ 2 ʥʴ ʭʵʪ ʭʷʣʙʘʨʰʫʫʣʩʘʥ. ɼʦʨ ʰʠʥʵ ʟʘʛʚʘʨʳʛ ʪʘʡʣʙʘʨʣʘʣʘʘ.  

5. ʃʴʶʩʠʡʥ ʪʵʤʜʵʛʣʵʛʵʵʛʵʵʨ ʙʫʪʘʜʠʝʥʠʡ ʛʫʨʚʘʥ ᴇᴇʨ ʨʝʟʦʥʘʥʩʳʥ ʙװʪʮʠʡʛ ʟʫʨʥʘ ʫʫ.  

 

   

ʅװװʨʩʪᴇʨᴇʛʯʠʡʥ ʘʪʦʤʳʥ ʭʵʤʞʵʵʛ ʪʦʦʮʦʥ װʟʵʞ ʟʘʛʚʘʨ 2-ʳʛ ʟʘʛʚʘʨ 3-ʪ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ᴇᴇʨʯʠʣʩᴇʥ:  

- ʭʘʡʨʮʘʛʠʡʥ ʰʠʥʵ ʫʨʪ L ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ 0 ʙʦʣʦʥ L ïr ʥ ʭʦʦʨʦʥʜʦʭ ʘʙʮʠʩʩʪ ʙʘʡʨʣʘʜʘʛ;  

- ʥװװʨʩʪᴇʨᴇʛʯʠʡʥ ʘʪʦʤʫʫʜ ʥʴ L/8; 3L/8; 5L/8 ʙʦʣʦʥ 7L/8 ʘʙʮʠʩʩʫʫʜ ʜʵʵʨ ʙʘʡʨʣʘʜʘʛ. 

n ʪװʚʰʠʥ ʙװʨʪ ˊ ʜʦʣʛʠʦʥʳ ʬʫʥʢʮ ʥʴ: 

‪ ὼ   
ς

ὒ
ÓÉÎ
ὲ“ὼ

ὒ
 

ʙᴇʛᴇᴇʜ N ˊ ʵʣʝʢʪʨʦʥʫʫʜʪʘʡ ʩʠʩʪʝʤʠʡʥ ˊ ɻʣʝʢʪʨʦʥʳ ʥʷʛʪ ʥʴ: 
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”ὼ  ς ȿ‪ ὼȿ

Ⱦ

 

ˊ ʩʠʩʪʝʤ ʜʵʭ ʤʦʣʝʢʫʣʳʥ ʦʨʙʠʪʘʣʜ ʭʘʨʛʘʣʟʘʭ ʜᴇʨʚᴇʥ ˊ ʜʦʣʛʠʦʥʳ ʬʫʥʢʮʠʡʛ ʜʦʨ װʟװװʣʵʚ. (ʜʫʨʳʥ 

ʙʘʡʨʰʣʘʘʨ). 

 

6. ɼᴇʨʚᴇʥ  ́ʜʦʣʛʠʦʥʳ ʬʫʥʢʮʠʡʥ ʵʥʝʨʛʠʡʛ (EA, EB, EC and ED) ʷʣʛʘʥ ʙʠʯʥʵ װװ.   

 

<                <                <       

 

7. ɹʫʪʘʜʠʝʥ ʜʵʭ ʵʣʝʢʪʨʦʥʦʦʨ ʜװװʨʛʵʛʜʩʵʥ ʦʨʙʠʪʘʣʫʫʜʳʛ (A, B, C ɻ ʩʚʵʣ D)ïɻ ʵʩ ʩʦʥʛʦʞ ʙʠʯʥʵ װװ.  

 

 

8. ɿʘʛʚʘʨ 3-ʳʥ ʭʫʚʴʜ, n = 1 ʙʦʣʦʥ n = 2 װʝʜ ʜװװʨʛʵʛʜʩʵʥ ʙʘʡʨʣʘʣʫʫʜ ʙʦʣʦʭ 0, L/4 ʙʦʣʦʥ L/2 ʭʫʚʴʜ 

 ́ʜʦʣʛʠʦʥʳ ʬʫʥʢʮ  ‪  ïʛ L ïɻ ʵʨ ʠʣʵʨʭʠʡʣ.  

‪ π   
 

 

 

 

 

 

‪
ὒ

τ
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‪
ὒ

ς
  

 

 

 

 

 

‪ π   
 

 

 

 

 

‪
ὒ

τ
  

 

 

 

 

 

‪ 
ὒ

ς
  

 

 

 

 

9. ɿʘʛʚʘʨ 3-ʪ, 0, L/4 ʙʦʣʦʥ L/2 ʙʘʡʨʰʣʫʫʜ ʜʘʭʴ ˊ  ʵʣʝʢʪʨʦʥʳ ʥʷʛʪʳʥ ʫʪʛʳʛ ʪʦʦʮʦʦʣʥʦ ʫʫ.  

”π   
 

 

 

 

”
ὒ

τ
 

 

 

 

 

”
ὒ

ς
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10. 0 ʙʦʣʦʥ L ʭʦʦʨʦʥʜʦʭ  ́ʵʣʝʢʪʨʦʥʳ ʥʷʛʪʳʛ ʟʫʨʥʘ ʫʫ. 

 

11. = ʵʩʚʵʣ < ʪʵʤʜʵʛʪװװʜʠʡʛ ʘʰʠʛʣʘʥ ʜʘʨʘʘʭ ʉʉ ʭʦʣʙʦʦʥʫʫʜʳʥ (B1, B2, é, B5) ʫʨʪʳʛ ʠʭʩʵʭ 

ʜʘʨʘʘʣʣʘʘʨ ʷʣʛʘʞ ʙʠʯʥʵ װװ. 

B1: ʙʫʪʘʜʠʝʥʠʡ ʤʦʣʝʢʫʣ ʜʘʭʴ C1C2  

B2 : ʙʫʪʘʜʠʝʥʠʡ ʤʦʣʝʢʫʣ ʜʘʭʴ C2C3  

B3 : ʙʫʪʘʜʠʝʥʠʡ ʤʦʣʝʢʫʣ ʜʘʭʴ C3C4  

B4 : ʵʪʘʥʳ ʤʦʣʝʢʫʣ ʜʘʭʴ CC  

B5 : ʵʪʘʥʳ ʤʦʣʝʢʫʣ ʜʘʭʴ CC  
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ɹʦʜʣʦʛʦ 

T2 

7% 

ɸʩʫʫʣʪ 1 2 3 4 5 6 7 8 9 10 ʅʠʡʪ 

ʆʥʦʦ 1 4 2 3 3 6 4 1 8 2 34 

            ʥʵʣʛʵʵת

ɹʦʜʣʦʛʦ T2: ʋʩʳʛ ʟʘʜʘʣʞ ʫʩʪᴇʨᴇʛʯʠʡʛ ʛʘʨʛʘʭ 

ᴆʛᴇʛʜᴇʣ: 

ʅʵʛʜʵʣ H2(g) H2O(l) H2O(g) O2(g) 

æfH° (kJ molī1) 0 ī285.8 ī241.8 0 

Sm° (J molī1 Kī1) 130.6 69.9 188.7 205.2 

ʅװװʨʩʭװʯʣʠʡʥ ʭʠʡ ʷʣʛʘʨʫʫʣʜʘʛ ʪװʣʰʠʡʛ ʤʦʣʝʢʫʣ ʫʩʪᴇʨᴇʛʯ (H2)-ᴇᴇʨ ʦʨʣʫʫʣʘʥ ʘʰʠʛʣʘʞ ʙʦʣʥʦ. 

ʊʠʡʤʵʵʩ, ʪװװʥʠʡ ᴇʨʪʛʠʡʛ ʙʫʫʨʫʫʣʘʭ ʙʦʣʦʥ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥʜ װʟװװʣʵʭ ʥᴇʣᴇᴇ ʟʵʨʵʛ ʥʴ ʠʭʵʵʭʵʥ 

ʙʵʨʭʰʵʵʣʠʡʛ װװʩʛʵʜʵʛ. ʕʥʵ ʫʩʳʛ ʟʘʜʣʘʭ ʥʴ ʠʨʵʵʜװʡʪʵʡ ʪʝʭʥʦʣʦʛʠ ʶʤ.  

12. ʋʩʥʳ ʭʫʚʴʜ ʩʪʝʭʠʦʤʝʪʨʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪʠʡʛ 1 ʛʵʞ װʟʵʞ ʰʠʥʛʵʥ ʫʩʥʳ ʟʘʜʨʘʭ ʫʨʚʘʣʳʥ 

ʪʵʛʰʠʪʛʵʣʠʡʛ ʙʠʯʠʞ ʪʵʥʮװװʣʥʵ װװ.  

 

 

 

 

13. ʊʝʨʤʦʜʠʥʘʤʠʢʠʡʥ ᴇʛᴇʛʜʣװװʜʠʡʛ ʘʰʠʛʣʘʥ 298 K ïʪ ʪʝʨʤʦʜʠʥʘʤʠʢʠʡʥ ʭʫʚʴʜ ʵʥʵ ʫʨʚʘʣ 

ʙʦʣʦʤʞʪʦʡ ʵʩʵʭʠʡʛ ʪʦʦʮʦʦʛʦʦʨ ʭʘʨʫʫʣ. 

ʊʦʦʮʦʦ: 

 

 

 

 

 

  

 
ʋʨʚʘʣ ʪʝʨʤʦʜʠʥʘʤʠʢʠʡʥ ʭʫʚʴʜ ʙʦʣʦʤʞʪʦʡ ʶʫ? 

Ã ʪʠʡʤ   Ã װʛװʡ    

 
 

 ʯʠʣʣʵʛ ʫʩʘʥ ʙʘʥʥʘʥʜ ʭʦʸʨ ʵʣʝʢʪʨʦʜ ʘʰʠʛʣʘʥ ʵʣʝʢʪʨʦʭʠʤʠʡʥ ʘʨʛʘʘʨ ʫʩʳʛװʨʪʵʡ ʭʦʣʙʦʩʦʥ ʭװװʩʛװת

ʟʘʜʘʣʞ ʙʦʣʥʦ (ɿʫʨʘʛ. 1). ʍʦʸʨ ʵʣʝʢʪʨʦʜ ʙװʨ ʜʵʵʨ ʭʠʡʥ ʙᴇʤʙᴇʣᴇʛװװʜ װװʩʜʵʛ.  
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ɿʫʨʘʛ. 1 ï ʋʩʳʛ ʟʘʜʣʘʭ ʵʣʝʢʪʨʦʭʠʤʠʡʥ ʵʛʵʣ ϮϮʨ.  

3. ʕʣʝʢʪʨʦʜ ʪʫʩ ʙװʨ ʜʵʵʨ ʷʚʘʛʜʘʭ ɻʣʝʢʪʨʦʭʠʤʠʡʥ ʭʘʛʘʩ ʫʨʚʘʣʳʥ ʪʵʛʰʠʪʛʵʣʠʡʛ ʙʠʯʠʞ 

ʪʵʥʮװװʣʥʵ װװ. 

ʕʣʝʢʪʨʦʜ (1):        

 

ʕʣʝʢʪʨʦʜ (2):      

     

4. ʊʝʨʤʦʜʠʥʘʤʠʢʠʡʥ ᴇʛᴇʛʜʣʠʡʛ ʘʰʠʛʣʘʥ (ʵʩʚʵʣ ɸʩʫʫʣʪ 2), ʙװʭ ʫʨʚʘʣʞ, ʙװʪʵʵʛʜʵʭװװʥװװʜ ʥʴ 

ʩʪʘʥʜʘʨʪ ʪᴇʣᴇʚʪ ʙʘʡʛʘʘ ʛʵʞ װʟ. 298 K -ʪ ʧʨʦʮʝʩʩ ʥʴ ʪʝʨʤʦʜʠʥʘʤʠʢʠʡʥ ʭʫʚʴʜ ʙʦʣʦʤʞʪʦʡ ʙʘʡʭ 

ʥᴇʭʮʣʠʡʛ ʵʣʝʢʪʨʦʜʫʫʜʳʥ ʭʦʦʨʦʥʜ װʡʣʯʠʣʩʵʥ ʭװʯʜʵʣʠʡʥ DEapplied- ʠʡʛ (ʪʦʜʦʨʭʦʡʣʦʭ) DEth-ʠʡʥ 

ʫʪʛʘʪʘʡ ʭʘʨʴʮʫʫʣʘʥ ʪʦʛʪʦʦʥʦ ʫʫ. ɿᴇʚ ʥᴇʭʮʣʠʡʛ ʩʦʥʛʦʦʜ ʪʦʦʥ ʫʪʛʳʛ ʤʷʥʛʘʥʳ ʥʘʨʠʡʚʯʣʘʣʘʘʨ 

ʠʣʵʨʭʠʡʣ.   

ʊʦʦʮʦʦ: 

 

 

 

 

 

Ä DEapplied = DEth 

Ã   DEapplied > DEth  é.. V (ʤʷʥʛʘʥʳ ʥʘʨʠʡʚʯʣʘʣʘʘʨ ʠʣʵʨʭʠʡʣ)  

Ä DEapplied < DEth  
ʍʵʨʚʵʵ DEth-ʛ ʪʦʦʮʦʦʣʞ ʯʘʜʘʘʛװʡ ʙʦʣ ʮʘʘʰʠʜ ʙʦʜʣʦʛʦʜ 1.200 V 

-ʛ ʘʰʠʛʣʘʥʘ ʫʫ.  

ʊʫʨʰʠʣʪʘʘʨ ʫʩʳʛ ʟʘʜʣʘʭʘʜ ᴇʥʜᴇʨ ʭװʯʜʵʣ ʭʵʨʵʛʪʵʡ ʥʴ ʘʞʠʛʣʘʛʜʞʵʵ. Pt ʢʘʪʦʜ ᴇʛᴇʛʜʩᴇʥ װʝʜ ʫʩʳʛ 

ʟʘʜʣʘʭʘʜ ʰʘʘʨʜʣʘʛʘʪʘʡ ʭʘʤʛʠʡʥ ʙʘʛʘ ʭװʯʜʵʣ DEmin ïʠʡʥ ʭʵʤʞʵʵʛ ʘʥʦʜʦʦʩ ʭʘʤʘʘʨʫʫʣʘʥ ʜʦʨʭ 

ʭװʩʥʵʛʪʵʜ װʟװװʣʵʚ: 

ɸʥʦʜ  DEmin (V) 

IrOx 1.6 

NiOx 1.7 

CoOx 1.7 

Fe2O3 1.9 
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DEmin ʙʘ DEth ïʠʡʥ ʟᴇʨװװ ʥʴ ʙʘʛʘʞʥʳ ʘʣʜʘʛʜʣʳʛ ʠʣʵʨʭʠʡʣʥʵ.  

5. ɹʘʛʘʞʥʳ ʘʰʠʛʪʘʡ ʭװʯ helec ïʠʡʛ DEth ʙʦʣʦʥ DEmin ïɻ ʵʨ ʠʣʵʨʭʠʡʣ. ɻװʡʜʣʠʡʥ I ʭװʯʥʠʡ ʘʜʠʣ 

ʫʪʛʘʪʘʡ ʛʵʞ װʟʵʞ Pt ʢʘʪʦʜ ʙʦʣʦʥ Fe2O3 ʘʥʦʜ ʘʰʠʛʣʘʞ ʙʘʡʭ װʝʠʡʥ ʫʩʥ  rɻ ʣʝʢʪʨʦʣʠʟʳʥ ʘʰʠʛʪʘʡ 

ʭװʯʠʡʛ ʪʦʦʮʦʦʣʥʦ ʫʫ. ʍʘʤʛʠʡʥ װʨ ʘʰʠʛʪʘʡ ʘʥʦʜʳʛ ʟʘʘ.  

helec =  

 

 

Pt ʙʦʣʦʥ Fe2O3 ʘʰʠʛʣʘʩʘʥ װʝʜ ʘʰʠʛʪʘʡ ʭװʯ: 

 

 

helec =         %     

 
ʍʘʤʛʠʡʥ ʘʰʠʛʪʘʡ ʘʥʦʜ:   

ʍʵʨʵʚ helec-ʠʡʛ ʪʦʦʮʦʦʣʞ ʯʘʜʘʘʛϮʡ ʙʦʣ ʮʘʘʰʜʳʥ ʙʦʜʦʣʪʦʥʜ helec = 75% 

-ʠʡʛ ʘʰʠʛʣʘʘʨʘʡ.  

ʋʩʥʳ ʵʣʝʢʪʨʦʣʠʟʳʥ ʦʨʦʥʜ ʰʫʫʜ ʬʦʪʦʢʘʪʘʣʠʪʠʢ ʫʩʥʳ ʟʘʜʨʘʣʳʛ ʘʰʠʛʣʘʞ ʙʦʣʥʦ. װתʥʜ ʛʵʨʣʠʡʛ 

ʰʠʥʛʵʵʞ ʠʜʵʚʭʞʜʵʛ ʭʘʛʘʩ ʜʘʤʞʫʫʣʘʛʯʜʳʛ ʭʵʨʵʛʣʵʞ ʙʦʣʥʦ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 ï ʷʥʟ ʙϮʨʠʡʥ ʭʘʛʘʩ ʜʘʤʞʫʫʣʘʛʯʠʡʥ ʠʜʵʚʭʞʣʠʡʥ ʥϺʭʮϺʣ ʙʦʣʦʥ ʵʣʝʢʪʨʦʜʳʥ ʵʢʚʠʚʘʣʝʥʪ 

ʧʦʪʝʥʮʠʘʣ. ʊʘʩʘʨʭʘʡ ʟʫʨʘʘʩʘʘʨ ʫʩʥʳ ʠʩʵʣʜʵʥ ʘʥʛʠʞʨʘʭ ʧʦʪʝʥʮʠʘʣʳʛ ʠʣʵʨʭʠʡʣʩʵʥ. SHE = 

ʉʪʘʥʜʘʨʪ ʫʩʪϺʨϺʛʯʠʡʥ ʵʣʝʢʪʨʦʜ.  

 

V
 v

s
 S

H
E

 

͎̆͊͊ͫ ͎͒͊ͣ͗ͯͯ͊͡;͙͚ͤ ͤΉͪ 

˴͊ͭͦ͒·ͤ Ή͍͙͍͔͊ͤͭ͟͡ ͔ͨͦͭͤͼ͙͊͡  

e : ͙ ͒Ή͍ͻ͗ ͡Ήͻ ͎Ή͙͚ͪͤ͡ ͻ͎͙͚͊ͣͤ ͎͋͊͊ Ή͔͎͙ͤͪ  

ˢͤͦ͒·ͤ Ή͍͙͍͔͊ͤͭ͟͡ ͔ͨͦͭͤͼ͙͊͡  
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ɿʫʨʘʛ. 3 ï ɿϮϮʥ ʪʵʥʭʣʵʛ: ʥʘʨʥʳ ʬʦʪʦʥʳ ʫʨʩʛʘʣʳʥ ʩʧʝʢʪʨʠʡʥ ʪʘʨʭʘʣʪ - f. ʌʦʪʦʥʳ ʫʨʩʛʘʣ ʛʵʞ 

ʭʘʛʘʩ ʜʘʤʞʫʫʣʘʛʯ ʜʵʵʨʭ ʥʵʛʞ ʭʫʛʘʮʘʘʥʜ, ʥʵʛʞ ʪʘʣʙʘʡʜ ʠʨʵʭ ʬʦʪʦʥʳ ʪʦʦʛ ʭʵʣʥʵ. ɹʘʨʫʫʥ 

ʪʵʥʭʣʵʛ ʙʦʣʦʥ ʪʘʩʘʨʭʘʡ ʟʫʨʘʘʩ: ʭʫʨʠʤʪʣʘʛʜʩʘʥ ʬʦʪʦʥʳ ʫʨʩʛʘʣ (Ϻ/ʭ ʙʘʛʘ ʜʦʣʛʠʦʥʳ ʫʨʪʪʘʡ 

ʬʦʪʦʥʳ ʫʨʩʛʘʣʳʥ ʭʵʩʵʛ)  

6. ɼʘʨʘʘʭ ʭʘʛʘʩ ʜʘʤʞʫʫʣʘʛʯʠʜ TiO2, CdS, Si ïr ʛ ʠʜʵʭʞװװʣʵʭ ʥʘʨʥʳ ʬʦʪʦʥʳ ʫʨʩʛʘʣʳʥ ʭʵʤʞʵʵʛ 

ʪʦʦʮʥʦ ʫʫ. ʊʦʦʮʦʦ ʭʠʡʭ ʪʦʤʴʸʦ ʙʦʣʦʥ ʥʵʛʞʠʡʛ ʤʘʰ ʪʦʜʦʨʭʦʡ ʙʠʯʵʵʨʵʡ.  

ʊʘʡʣʙʘʨ/ ʪʦʦʮʦʦ: 
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 ʆʡʨʦʣʮʦʦ ʭʫʚʴ  

TiO2 % 

CdS % 

Si % 

ʍʘʛʘʩ ʜʘʤʞʫʫʣʘʛʯʠʡʥ ʠʜʵʚʭʞʣʵʵʨ ʛʘʜʘʨʛʫʫʛʠʡʥ ʧʦʪʝʥʮʠʘʣ ʥʴ ᴇᴇʨʯʣᴇʛʜᴇʞ ᴇᴇʨ ʧʦʪʝʥʮʠʘʣʪʘʡ 

ʭʦʸʨ ʵʣʝʢʪʨʦʜ ʤʵʪ ʙʦʣʜʦʛ.  

7. ɿʫʨʘʛ 2 ïr ʥ ᴇʛᴇʛʜʣʠʡʛ ʘʰʠʛʣʘʥ ʥʵʛʵʥʪ ʠʜʵʚʭʞʩʵʥ ʙʦʣ ʫʩʳʛ ʟʘʜʣʘʭ ʫʨʚʘʣʜ ʘʥʦʜ, ʢʘʪʦʜʳʥ 

ʭʦʸʫʣʘʥʛʠʡʥʭ ʥʴ װװʨʛʠʡʛ ʛװʡʮʵʪʛʵʭ ʙʦʣʦʤʞʪʦʡ ʭʘʛʘʩ ʜʘʤʞʫʫʣʘʛʯʜʳʛ ʩʦʥʛʦʥʦ ʫʫ.  

ÃZrO2   Ã ZnO             Ã TiO2  Ã WO3 

ÃCdS   Ã Fe2O3   Ã CdSe  Ã Si 

8. ʅʘʨʥʳ ʪʫʷʘʛʘʘʨ ʰʘʨʘʭʘʜ ʭʘʤʛʠʡʥ װʨ ʘʰʠʛʪʘʡʛʘʘʨ ʫʩʳʛ ʟʘʜʣʘʭ ʯʘʜʚʘʨʪʘʡ ʘʥʦʜ ʯ, ʢʘʪʦʜ ʯ 

ʙʦʣʛʦʭ ʭʘʛʘʩ ʜʘʤʞʫʫʣʘʛʯʠʡʛ ʥʵʨʣʵʵʨʵʡ.  

 

 

ɿʦʭʠʦʤʦʣ ʥʘʨʥʳ ʪʫʷʘʛʘʘʨ T = 25 °C, patm ïʪ ʭʘʛʘʩ ʜʘʤʞʫʫʣʘʛʯʠʡʛ ʰʘʨʘʭʘʜ H2 ʙʦʣʦʥ O2 ïʠʡʥ 

ʭʫʚʴʩʣʳʛ ʩʘʷʭʘʥ ʩʫʜʘʣʩʘʥ. S = 16 ʤʤ2 ʛʘʜʘʨʛʫʫʛʠʡʥ ʪʘʣʙʘʡʪʘʡ ʬʦʪʦʵʣʝʢʪʨʦʜʳʛ P = 1.0 kɺʪ ʤī2 

ʪʦʭʠʦʣʜʣʳʥ ʛʵʨʣʵʵʨ װʡʣʯʠʣʵʭʵʜ ʫʨʚʘʣ ʷʚʘʛʜʩʘʥʘʘʩ Dt = 1 ʮʘʛʠʡʥ ʜʘʨʘʘ V = 0.37 cʤ3 ïʪʵʡ  H2(g)-

ʠʡʛ ʛʘʨʛʘʥ ʘʚʩʘʥ.  

9. ʍʫʚʴʩʣʳʥ ʘʰʠʛʪʘʡ ʭװʯ hdirect ïʛ ʪʦʦʮʦʦʣ.  

ʊʦʦʮʦʦ: 
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hdirect =         % 

ʍʵʨʚʵʵ ʪʘ hdirect ïʠʡʛ ʪʦʦʮʦʦʣʞ ʯʘʜʘʘʛϮʡ ʙʦʣ ʮʘʘʰʠʜ ʙʦʜʦʣʪʦʜ hdirect = 10% 

-ʠʘʨ ʘʚʯ Ϯʟʵʵʨʵʡ.  

ʅʘʨʥʳ ʵʥʝʨʛʠʡʛ ʫʩʪᴇʨᴇʛʯ ʨװװ ʰʠʣʞװװʣʵʭ ʭʦʸʨ ʭʵʣʙʵʨʠʡʛ ʭʘʨʴʮʫʫʣʞ ʙʦʣʥʦ: ʰʫʫʜ ʬʦʪʦʢʘʪʘʣʠʟ, 

ʙʦʣʦʥ ʵʣʝʢʪʨʦʣʠʟ ʙװʭʠʡ ʬʦʪʦʚʦʣʴʪʳʥ ʭʘʚʪʘʥ ʙװʭʠʡ ʰʫʫʜ ʙʫʩ ʬʦʪʦ-ʵʣʝʢʪʨʦʣʠʟ. ʍʫʜʘʣʜʘʘʥʜ 

ʙʘʡʛʘʘ ʬʦʪʦʚʦʣʴʪʳʥ ʭʘʚʪʘʥʛʠʡʥ ʘʰʠʛ ʥʴ ʦʡʨʦʣʮʦʦʛʦʦʨ hpanels = 20% ʙʘʡʜʘʛ.  

10. ʕʣʝʢʪʨʦʣʠʟʵʜ Fe2O3 ʙʦʣʦʥ Pt ïʛ ʵʣʝʢʪʨʦʜ ʙʦʣʛʦʥ ʘʰʠʛʣʘʞ ʙʘʡʛʘʘ װʝʠʡʥ ʭʦʸʨ ʭʵʣʙʵʨʠʡʥ 

ʘʰʠʛʪʘʡ ʭװʯʠʡʛ hdirect ʙʘ hindirect ïʛ ʭʘʨʴʮʫʫʣʥʘ ʫʫ.   

ʊʦʦʮʦʦ: 

 

 

 

 

 

 

 

 

 

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

T3 

5% 

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

ʆʥʦʦ 1 3 3 3 4 2 7 2 2 3 4 6 40 

              ʥʵʣʛʵʵת

ɹʦʜʣʦʛʦ T3: ʄᴇʥʛᴇʥʠʡ ʭʣʦʨʠʜʳʥ ʪʫʭʘʡ  

298 K ʜʵʭ ᴇʛᴇʛʜᴇʣ: 

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

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

ʉʪʘʥʜʘʨʪ ʫʩʪᴇʨᴇʛʯʠʡʥ ʵʣʝʢʪʨʦʜʪʦʡ ʭʘʨʴʮʘʥʛʫʡ ʧʦʪʝʥʮʠʘʣ:  

Ag+/Ag(ʭʘʪ) ïʠʡʥ ʩʪʘʥʜʘʨʪ ʧʦʪʝʥʮʠʘʣ: E°(Ag+/Ag(ʭʘʪ)) = 0.80 ɺ 

O2(ʫʫʩ)/HOī(ʫʫʩ) ïʠʡʥ ʪʫʭʘʡʥ ʧʦʪʝʥʮʠʘʣ (ʜʘʣʘʡʥ ʫʩʘʥʜ): E'(O2(ʫʫʩ)/HOī(ʫʫʩ)) = 0.75 ɺ 

A ʭʵʩʵʛ: ʃʫʠʩ ɾʦʟʝʬ ɻʝʡ-ʃʫʩʩʘʢʠʡʥ ʭʠʤʠʡʥ ʭʠʯʵʵʣʠʡʥ ʠʰʣʵʣװװʜ  

ʃʫʠʩ ɾʦʟʝʬ ɻʝʡ-ʃʫʩʩʘʢʠʡʥ (ʌʨʘʥʮʳʥ ʭʠʤʠʯ, ʬʠʟʠʢʯ, 1778-1850) ʭʠʤʠʡʥ ʭʠʯʵʵʣʵʵʩ ʤᴇʥʛᴇʥʠʡ 

ʭʣʦʨʠʜʳʥ ʟʘʨʠʤ ʰʠʥʞװװʜʪʵʡ ʪʦʭʠʨʦʭ ʜʘʨʘʘʭ ᴇʛװװʣʙʵʨװװʜʠʡʛ ʠʰ ʪʘʪʘʚ.  

ʀʰʣʵʣ A:  ñʆʜʦʦ ʙʠ ʩװװʥ ʮʘʛʘʘʥ ʭʘʪʫʫ ʙʦʜʠʩ ʤᴇʥʛᴇʥʠʡ ʭʣʦʨʠʜʳʥ ʪʫʭʘʡ ʷʨʴʞ ʙʘʡʥʘ. װתʥʠʡʛ 

ʤᴇʥʛᴇʥʠʡ ʥʠʪʨʘʪʳʥ ʫʩʘʥ ʫʫʩʤʘʣ ʫʨʫʫ ʜʘʚʩʥʳ ʭװʯʠʣ ʭʠʡʥ ʭʷʣʙʘʨʭʘʥ ʛʘʨʛʘʥ ʘʚʜʘʛ.ò 

ʀʰʣʵʣ B: ñʕʥʵ ʜʘʚʩ ʫʫʩʜʘʛʛװʡ ʪʫʣ ʷʤʘʨ ʯ ʘʤʪʛװʡ.ò  

ʀʰʣʵʣ C: ñʕʥʵ ʥʵʛʜʵʣ ʪװװʥʠʡʛ ʭʷʣʙʘʨʭʘʥ ʫʫʩʛʘʜʘʛ ᴇʪʛᴇʥ ʜʘʚʩʥʳ ʭװʯʣʵʵʩ ʙʫʩʜʘʘʨ ʩʧʠʨʪ ʙʦʣʦʥ 

ʭװʯʠʣʜ ʦʛʪ ʫʫʩʘʭʛװʡ.ò 

ʀʰʣʵʣ D: ñʅᴇʛᴇᴇʪʵʡʛװװʨ ʤᴇʥʛᴇʥʠʡ ʭʣʦʨʠʜ ʘʤʤʦʥʳ ʫʩʘʥ ʫʫʩʤʘʣʜ ʩʘʡʥ ʫʫʩʜʘʛ.ò 

ʀʰʣʵʣ E: ñɼʘʨʘʘ ʥʴ ʙʠʜ ʘʤʤʦʥʪʘʡ ʫʨʚʘʣʜ ʦʨʜʦʛ ʭװʯʣʠʡʛ ʥʵʤʞ ʤᴇʥʛᴇʥʠʡ ʭʣʦʨʠʜʳʛ ʜʘʭʠʥ ʛʘʨʛʘʥ 

ʘʚʯ ʙʦʣʥʦ.ò 

ʀʰʣʵʣ F: ñʍʵʨʵʚ ʪʘ ʤᴇʥʛᴇʥ ʘʷʛʘʥʜ ʰʦʨʚʦʛ ʜʘʣʘʡʥ ʫʩ ʫʫʨʰʫʫʣʚʘʣ ʩװװʥ ʮʘʛʘʘʥ ʭʘʪʫʫ ʙʦʜʠʩʪʦʡ 

ʭʦʣʠʣʜʩʦʥ ʮʵʚʵʨ ʙʠʰ ʥʘʪʨʠʡʥ ʭʣʦʨʠʜ ʛʘʨʛʘʥ ʘʚʥʘ.ò 

1. ʀʰʣʵʣ A:  AgCl(ʭʘʪ) ʩʠʥʪʝʟʣʵʭ ʫʨʚʘʣʳʥ ʪʵʛʰʠʪʛʵʣʠʡʛ ʙʠʯʠʞ, ʪʵʥʮװװʣʥʵ װװ. 

 

 
 

2. ʀʰʣʵʣ B: AgCl(ʭʘʪ) ïʠʡʥ ʫʩʘʥʜ ʫʫʩʘʭ ʯʘʥʘʨ, s ïr ʛ 298 ʂ ïʜ ʤʦʣʴ ʣ-1 ʥʵʛʞʵʵʨ ʪʦʦʮʦʦʣʥʦ ʫʫ. 

ʊʦʦʮʦʦʣʦʣ: 

 

 

 

 

 

s =             ʤʦʣʴ ʣī1   

3. ʀʰʣʵʣ C: ʍʣʦʨʠʜ ʠʦʥʳ ᴇʥʜᴇʨ ʢʦʥʮʝʥʪʨʘʮʪʘʡ ʫʫʩʤʘʣʜ 1:2 ʩʪʝʭʠʦʤʝʪʨʠʡʥ ʭʘʨʴʮʘʘ ʥʴ ʥʘʨʠʡʥ 

ʪʦʜʦʨʭʦʡʣʦʛʜʩʦʥ ʢʦʤʧʣʝʢʩ װװʩʜʛɻ. ɼʘʨʘʘʭ ʯʘʥʘʨʳʥ ʪʵʥʭʣʵʛ ʜʵʵʨ (pCl ʟװװʥʵʵʩ ʙʘʨʫʫʥ ʪʠʡʰ 
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ʠʭʩʵʭʵʵʨ) ʤᴇʥʛᴇ ʘʛʫʫʣʩʘʥ ʟʦʥʭʠʣʦʭ ʞʠʞʠʛ ʭʵʩʛװװʜ (ʙʘʡʛʘʘ ʙװʭ ʭʵʣʙʵʨ, ʭʘʪʫʫʛ ʯ ʛʵʩʵʥ)-ʠʡʛ 

ʭʵʩʵʛ ʪʫʩ ʙװʨʪ ʙʘʡʨʣʫʫʣʥʘ ʫʫ.  pCl ʷʤʘʨ ʯ ʫʪʛʘʪʘʡ ʙʘʡʞ ʙʦʣʥʦ. 

 

 

ʀʰʣʵʣ D: ʄᴇʥʛᴇʥʠʡ ʭʣʦʨʠʜ ʜʵʵʨ ʘʤʤʦʥʠʡʛ ʥʵʤʵʭʵʜ n ʥʴ ʥʘʨʠʡʥ ʪʦʜʦʨʭʦʡʣʦʛʜʩʦʥ 

ʩʪʝʭʠʦʤʝʪʨʠʡʥ ʢʦʤʧʣʝʢʩ װװʩʜʵʛ.  

4. ʄᴇʥʛᴇʥʠʡ ʭʣʦʨʠʜʦʦʩ [Ag(NH3)n]+ ʢʦʤʧʣʝʢʩʠʡʛ ʩʠʥʪʝʟʣʵʭ ʫʨʚʘʣʳʥ ʪʵʛʰʠʪʛʵʣʠʡʛ ʙʠʯʠʞ, 

ʪʵʥʮװװʣʵʥ, ʭʘʨʛʘʣʟʘʭ ʪʵʥʮʚʵʨʠʡʥ ʪʦʛʪʤʦʣʳʛ ʪʦʦʮʦʦʣʥʦ ʫʫ. 

ʊʵʛʰʠʪʛʵʣ: 

 

 

ʊʦʦʮʦʦ: 

 

 

 

 

 

 
K =      

   

ʍʵʨʵʚ ʪʘ K ïr ʛ ʪʦʦʮʦʦʣʞ ʯʘʜʘʘʛϮʡ ʙʦʣ, ʜʘʘʣʛʘʚʨʳʥ Ϯʣʜʩʵʥ ʭʵʩʵʛʪ ʜʘʨʘʘʭ ʫʪʛʳʛ 

ʭʵʨʵʛʣʵʞ ʙʦʣʥʦ: K = 10ⱷ3 

5. 1 ʣ ʫʩʘʥ ʜʘʭʴ 0.1 ʤʦʣʴ ʤᴇʥʛᴇʥʠʡ ʭʣʦʨʠʜ ʫʨʫʫ ʩװװʣʠʡʥ ʭʘʪʫʫ ʭʵʩʵʛ ʭʘʨʘʛʜʘʭʘʘ ʙʦʣʠʭ ʭװʨʪʵʣ 

ʘʤʤʦʥʠ ʥʵʤʵʚ. ʕʥʵ װʝʜ, [NH3] = 1.78 ʤʦʣʴ ʣī1. ʐʠʥʛʵʨװװʣʵʣʪʠʡʥ ʥᴇʣᴇᴇʛ ʪʦʦʮʦʣʛװʡʛʵʵʨ 

ʢʦʤʧʣʝʢʩʠʡʥ ʩʪʝʭʠʦʤʝʪʨʠʡʛ ʪʦʜʦʨʭʦʡʣʥʦ ʫʫ. 

ʊʦʦʮʦʦ: 

 

 

 

 

 

n =      

 



ʉʫʨʘʛʯʠʡʥ ʢʦʜ: MNG-X 

51 ʜʵʭ ʆʋʍʆ ï ʆʥʦʣʳʥ ʪʵʤʮʵʵʥ  21 

 

6. ʀʰʣʵʣ E ïʜ ʭʘʨʛʘʣʟʘʭ ʭʠʤʠʡʥ ʫʨʚʘʣʳʥ ʪʵʛʰʠʪʛʵʣʠʡʛ ʙʠʯʠʞ, ʪʵʥʮװװʣʥʵ װװ.  

 

 

 

 

7. ɼʘʣʘʡʥ ʫʩ ʩʫʣ ʩʫʫʨʠʣʘʛ ʙʘ ʭװʯʠʣʪᴇʨᴇʛʯᴇᴇʨ ʙʘʷʣʘʛ ʛʵʞ װʟʚʵʣ, ʠʡʤ ʥᴇʭʮᴇʣʜ ʤʝʪʘʣʣ ʤᴇʥʛᴇ 

ʭװʯʠʣʪᴇʨᴇʛʯʠʡʛ ʘʥʛʠʞʨʫʫʣʥʘ. ʀʰʣʵʣ F ïʜ ʜʫʨʴʜʩʘʥ ʭʘʪʫʫ ʙʦʜʠʩ װװʩʵʭʵʜ ʭʘʨʛʘʣʟʘʭ ʭʠʤʠʡʥ 

ʫʨʚʘʣʳʥ ʪʵʛʰʠʪʛʵʣʠʡʛ ʙʠʯʠʞ, ʪʵʥʮװװʣʥʵ װװ. ʍװʯʠʣʪᴇʨᴇʛʯʠʡʥ ʭʫʚʴʜ ʩʪʝʭʠʦʤʝʪʨʠʡʥ 

ʢʦʵʬʬʠʮʠʝʥʪ 1 ʙʘʡʭʘʘʨ ʩʦʥʛʦʥʦ ʫʫ. 298 K ïʜ ʪʵʥʮʚʵʨʠʡʥ ʪʦʛʪʤʦʣʳʛ ʪʦʦʮʦʦʣʥʦ ʫʫ. 

ʊʵʛʰʠʪʛʵʣ: 

 

 

 

 

 

ʊʦʦʮʦʦ: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

K =    

  

B ʭʵʩʵʛ: ʄʦʨʳʥ ʘʨʛʘ 

ʄʦʨʳʥ ʘʨʛʘ ʥʴ ʢʘʣʠʡʥ ʭʨʦʤʘʪʳʥ (2K+, CrO4
2ī) ʦʨʦʣʮʦʦʪʦʡ Clī -ʳʛ Ag+ -ʦʦʨ ʪʠʪʨʣʵʭ ᴇʥʛᴇʪ 

ʪʠʪʨʣʵʣʪ ʶʤ. תʣ ʤʵʜʵʛʜʵʭ ʢʦʥʮʝʥʪʨʘʮ, CCl, ïʪʘʡ V0 = 20.00 ʤʣ ʥʘʪʨʠʡʥ ʭʣʦʨʠʜʳʥ ʫʫʩʤʘʣ ʫʨʫʫ 

ʛʫʨʚʘʥ ʜʫʩʘʣ (~ 0.5 ʤʣ) 7.76Ā10ī3 ʤʦʣʴ ʣī1 ʦʨʯʠʤ K2CrO4 ïr ʥ ʫʫʩʤʘʣ ʥʵʤʵʚ. ʕʥʵ ʫʫʩʤʘʣʘʘ ʜʘʨʘʘ 

ʥʴ CAg = 0.050 ʤʦʣʴ ʣī1 ʤᴇʥʛᴇʥʠʡ ʥʠʪʨʘʪ (Ag+, NO3
ī) ïʘʘʨ ʪʠʪʨʣʵʭʵʜ ʪʵʨ ʜʦʨʦʦ ʭʘʪʫʫ ʙʦʜʠʩ A 

 .ʟʵʛʜʵʚװ ʝʜ ʫʣʘʘʥ ʪʫʥʘʜʘʩ (ʭʘʪʫʫ ʙʦʜʠʩ B)װ ʩʵʚ. VAg = 4.30 ʤʣװװ
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8. ʊʫʨʰʠʣʪʳʥ װʝʜ ʷʚʘʛʜʘʭ ʭʦʸʨ ʫʨʚʘʣʳʥ ʪʵʛʰʠʪʛʵʣʠʡʛ ʙʠʯʠʞ, ʪʵʥʮװװʣʥʵ װװ. ʍʘʨʛʘʣʟʘʭ 

ʪʵʥʮʚʵʨʠʡʥ ʪʦʛʪʤʦʣʳʛ ʪʦʦʮʦʦʣʥʦ ʫʫ.  

 

 

 

K°1 =       

 

 

 

K°2 =       

   

9. ʍʘʪʫʫ ʙʦʜʠʩʫʫʜʳʛ ʪʦʜʦʨʭʦʡʣʥʦ ʫʫ. 

 

 

ʍʘʪʫʫ ʙʦʜʠʩ A:  

 

ʍʘʪʫʫ ʙʦʜʠʩ B:  

         

10. ʅʘʪʨʠʡʥ ʭʣʦʨʠʜʳʥ ʫʫʩʤʘʣ ʜʘʭʴ ʭʣʦʨʠʜ ʠʦʥʳ װʣ ʤʵʜʵʛʜʵʭ ʢʦʥʮʝʥʪʨʘʮ, CCl ïr ʛ ʪʦʦʮʦʦʣʥʦ ʫʫ.  

ʊʦʦʮʦʦ: 

 

 

 

 

 

CCl =      ʤʦʣʴ ʣï1 

      
ʍʵʨʵʚ ʪʘ CCl ïr ʛ ʪʦʦʮʦʦʣʞ ʯʘʜʘʘʛϮʡ ʙʦʣ, ʜʘʘʣʛʘʚʨʳʥ Ϯʣʜʩʵʥ ʭʵʩʵʛʪ CCl = 0.010 ʤʦʣʴ ʣī1 ʛʵʩʵʥ 

ʫʪʛʳʛ ʭʵʨʵʛʣʵʞ ʙʦʣʥʦ. 

11. AgCl(ʭʘʪ) ʪʫʥʘʜʘʩ ʙʫʫʭʘʜ ʰʘʘʨʜʣʘʛʘʪʘʡ ʭʘʤʛʠʡʥ ʙʘʛʘ ʵʟʣʵʭװװʥ VAg(ʤʠʥ) ïʠʡʛ ʪʦʦʮʦʦʣʥʦ ʫʫ. 

ʊʦʦʮʦʦʣʦʣ: 
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VAg(ʤʠʥ) =                     ʤʣ    

12. ʄᴇʥʛᴇʥʠʡ ʭʨʦʤʘʪ ʪʫʥʘʜʘʩʞʠʞ ʵʭʣʵʭ װʝʠʡʥ ʭʣʦʨʠʜ ʠʦʥʳ װʣʜʵʛʜʵʣ ʢʦʥʮʝʥʪʨʘʮ, [Clī]װʣʜ ïr ʛ 

ʪʦʦʮʦʦʣʥʦ ʫʫ. CrO4
2ī ʥʴ ʪʠʪʨʣʵʣʪʠʡʥ ʪᴇʛʩʛᴇʣʠʡʥ ʮʵʛʠʡʛ ʟᴇʚ ʠʣʵʨʭʠʡʣʵʭ ʠʥʜʠʢʘʪʦʨ ʤᴇʥ 

ʙʦʣʦʭʳʛ ʭʦʸʨ ʫʪʛʳʛ ʞʠʰʠʞ ʙʘʪʘʣʥʘ ʫʫ. 

ʊʦʦʮʦʦ: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[Cl           ʣʜ =      ʤʦʣʴ ʣ1װ[

 

CrO4
2ī ʪʠʪʨʣʵʣʪʠʡʥ ʪᴇʛʩʛᴇʣʠʡʥ ʮʵʛʠʡʛ ʟᴇʚ ʠʣʵʨʭʠʡʣʵʭ ʠʥʜʠʢʘʪʦʨ ʙʦʣʦʭ ʫʯʠʨ ʥʴ: 
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ɹʦʜʣʦʛʦ 

T4 

7% 

ɸʩʫʫʣʪ 1 2 3 4 5 6 7 8 ʅʠʡʪ 

ʆʥʦʦ 6 9 8 5 6 2 2 12 50 

          ʥʵʣʛʵʵת

ɹʦʜʣʦʛʦ T4: ʍʘʨ ʥʫʥʪʘʛʘʘʩ ʠʦʜʳʛ ʥʵʵʣʪ ʭװʨʪʵʣ 

XIX ʟʫʫʥʜ ʌʨʘʥʮʳʥ ʰʠʥʠʡʛ ʩʘʥʘʘʯʣʘʛʯ ɹ.ʂʫʨʪʦʡʟ ʜʘʨʠʥʜ ʘʰʠʛʣʘʜʘʛ A (MA(NO3)m) ʥʠʪʨʘʪʳʥ 

 ʡʣʜʚʵʨʣʵʣʵʵʨ ʤʵʨʛʵʰʩʵʥ ʙʘʡʩʘʥ. ɸʥʭ ɸʟʠʘʩ ʠʤʧʦʨʪʦʣʜʦʛ ʙʘʡʩʘʥ ʙʘ ʜʘʨʘʘ ʥʴ ʟʘʤʘʛʥʘʘʩ ʛʘʨʛʘʥװ

ʘʚʩʘʥ C ʙʦʜʠʩʪʦʡ B (MB(NO3)n) ʥʠʪʨʘʪʳʛ ʩʦʣʠʣʮʦʭ ʫʨʚʘʣʜ ʦʨʫʫʣʞ ɸ ïʛ ʛʘʨʛʘʞ ʘʚʘʭ ʙʦʣʩʦʥ.  

1. ʋʩʛװʡ ʰװʣʪʠʡʥ ʵʩʚʵʣ ʛʘʟʨʳʥ ʰװʣʪʠʡʥ ʤʝʪʘʣʣ (M A and MB)-ʳʥ ʜʘʚʩʥʫʫʜ ʛʵʞ װʟʵʞ A ʙʦʣʦʥ B 

ʥʠʪʨʘʪʫʫʜʳʥ ʪʦʤʴʸʦʛ ʦʣʥʦ ʫʫ. ʅʠʪʨʘʪʫʫʜʳʥ ʥʵʛ ʥʴ 1 w% -ʵʵʩ ʭʵʪʨʵʭʛװʡ ʤʝʪʘʣʣ ʙʠ  h

ʭʦʣʴʮʪʦʡ ʙʘ ʥᴇʛᴇᴇ ʥʴ 9 ± 3 w% ʭʦʣʴʮʪʦʡ ʙʘʡʥʘ. ɼʵʵʞʠʥ ʜʵʭ ʤʝʪʘʣʣʫʫʜʳʥ ʘʛʫʫʣʛʘ ʭʘʨʛʘʣʟʘʥ 

38.4 w% MA ʙʦʣʦʥ 22.4 w% MB ʙʘʡʩʘʥ. ʍʘʨʠʫʣʪʘʘ ʪʦʦʮʦʦʛʦʦʨ ʭʘʨʫʫʣʥʘ ʫʫ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A:     ʙʦʣʦʥ B:     
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A ïʛ ʛʘʨʛʘʥ ʘʚʘʭʳʥ ʪʫʣʜ 262.2 ʛ ʭʘʪʫʫ ʥʵʛʜʵʣ C ïʛ 442.8 ʛ B ʘʛʫʫʣʩʘʥ ʫʫʩʤʘʣ ʜʵʵʨ ʥʵʤʞʵʵ. B ï ʛ 

ʠʣװװʜʣʵʵʨ ᴇʛʩᴇʥ. װתʥʠʡ ʜװʥʜ 190.0 ʛ ʮʘʛʘʘʥ ᴇʥʛʠʡʥ D ʪʫʥʘʜʘʩ װװʩʩʵʥ ʙʘ ʪװװʥʠʡʛ ʰװװʞ 

ʟʘʡʣʫʫʣʩʘʥ. ʐװװʛʜʩʠʡʛ ʫʫʨʰʫʫʣʞ ɽ ʭʘʪʫʫ ʭʦʣʠʤʦʛʠʡʛ ʛʘʨʛʘʥ ʘʚʩʘʥ ʙᴇʛᴇᴇʜ ʪװװʥʠʡʛ (ʟᴇʚʭᴇʥ 

ʥʠʪʨʠʪ ʘʛʫʫʣʩʘʥ, NO2
ī) ʜʵʵʞʥʠʡ ʤʘʩʩʳʛ ʪʦʛʪʤʦʣ ʙʦʣʪʦʣ ʭʘʣʘʘʩʘʥ. ʍʠʡ ʙʘʡʜʘʣʪʘʡ ʛʘʥʮ 

ʙװʪʵʵʛʜʵʭװװʥ ʥʴ ʭװʯʠʣʪᴇʨᴇʛʯ ʙʘʡʩʘʥ: 0 °C, 1 ʘʪʤ ïʜ 60.48 ʣ (ʭװʯʠʣʪᴇʨᴇʛʯʠʡʛ ʠʜʝʘʣ ʭʠʡʜ ʪʦʦʮʦʞ) 

ʙʦʣʥʦ.  

2. E ʭʦʣʠʤʦʛʠʡʥ ʥʘʡʨʣʘʛʳʛ (w%)-ʵʵʨ ʪʦʦʮʦʦʣ. ʕʥʵ ʥʴ ʟᴇʚʭᴇʥ A ʙʦʣʦʥ B ʥʵʛʜʣʵʵʩ ʪʦʛʪʦʭ ʙʘ ᴇᴇʨ 

ʙʫʩʘʜ ʭʦʣʴʮʛװʡ, ʉ ïʛ ʫʩʛװʡ ʮʵʚʨʵʵʨ ʥʴ ʘʰʠʛʣʘʩʘʥ ʛʵʞ װʟʵʭ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

w% A:   ʙʦʣʦʥ     w% B:     
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3. C ʙʦʣʦʥ D ʥʵʛʜʣװװʜʠʡʥ ʪʦʤʴʸʦʛ ʪʦʜʦʨʭʦʡʣʞ, B ʙʘ C ïʠʡʥ ʭʦʦʨʦʥʜ ʷʚʘʛʜʘʭ ʫʨʚʘʣʳʥ 

ʪʵʛʰʠʪʛʵʣʠʡʛ ʙʠʯʠʞ ʪʵʥʮװװʣʥʵ װװ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

C:      ʙʦʣʦʥ D:      

 
B ʙʦʣʦʥ C ʭʦʦʨʦʥʜ ʷʚʘʛʜʘʭ ʫʨʚʘʣ: 

 

 
 

ʂʫʨʪʦʡʟ 1811 ʦʥʜ ʟʘʤʘʛʥʳ װʥʩʪʵʡ ʘʞʠʣʣʘʞ ʙʘʡʭʜʘʘ ʟʵʩ ʩʘʚʥʫʫʜ ʥʴ ʞʠʨʠʡʥ װʝʠʡʥʭʵʵʩ ʠʣװװ 

ʭʫʨʜʘʥ ʵʣʵʛʜʵʞ ʙʘʡʭʳʛ ʘʞʠʛʣʘʩʘʥ. ʕʥʵʭװ װװʟʵʛʜʣʠʡʛ ʩʫʜʘʣʞ ʙʘʡʭʘʜ ʪװװʥʠʡ ʤʫʫʨ ʣʘʙʦʨʘʪʦʨʪ ʥʴ 

ʦʨʞ ʠʨʞ ʭʘʪʩʘʥ ʟʘʤʘʛʥʳ װʥʩ ʜʵʵʨ ʢʦʥʮʝʥʪʨʘʮʠʪʘʡ ʭװʭʨʠʡʥ ʭװʯʣʠʡʥ ʫʫʩʤʘʣʳʛ ʘʩʛʘʩʘʥ ʙʘ ʪʵʨ 

ʜʘʨʫʡʜ ʯʝʨʥʠʣʵʥ ʷʛʘʘʥ ʫʫʨ ʷʣʛʘʨʩʘʥ (1, ʭװʭʨʠʡʥ ʭװʯʠʣ ʥʴ ʠʩʵʣʜװװʣʵʛʯ ʫʨʚʘʣʞ); ʠʦʜ (I2) ïr ʛ 
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ʠʥʛʵʞ ʣ ʥʵʵʩʵʥ ʶʤ. ʀʦʜʳʥ ʫʣʤʘʘʩ ʟʵʩ ʟʵʚʵʨʜʵʛ ʙʘʡʞʵʵ (2). ɻʵʚʯ ʠʦʜʳʛ ʵʤʯʠʣʛʵʵʥʜ ʭʵʨʵʛʣʵʭ 

ʙʦʣʩʦʥʪʦʡ ʭʦʣʙʦʦʪʦʡʛʦʦʨ ʂʫʨʪʦʡʟ ʪװװʥʠʡʛ ʟʘʤʛʠʡʛ ʭʣʦʨʪʦʡ (3) ʫʨʚʘʣʜ ʦʨʫʫʣʞ ʛʘʨʛʘʭ ʰʠʥʵ 

ʘʨʛʳʛ ʥʵʵʩʵʥ.      

ᴆʥᴇᴇ װʝʜ ʠʦʜʳʛ ʭʵʜ ʭʵʜʵʥ ʙװʣʵʛ ʫʨʚʘʣʞʘʘʩ (NO3
ī, Iī, H+) (4) ʵʩʚʵʣ (IO3

ī, Iī, H+) (5) ʛʘʨʛʘʥ ʘʚʜʘʛ. 

4. ʋʨʚʘʣ 1ï5 ïr ʛ ʙʠʯʠʞ ʪʵʥʮװװʣʥʵ װװ.  

1  
 

2    

 
3    

 
4    

 
5    

 

ʀʦʜʳʥ ʫʩʘʥʜ ʫʫʩʘʭ ʯʘʥʘʨ ʤʘʰ ʙʘʛʘ ʙʘ ʠʦʜʠʜ ʠʦʥʳʛ ʥʵʤʵʭʵʜ ʤʘʰ ʠʭʵʵʨ ʥʵʤʵʛʜʜʵʛ. ʕʜʛʵʵʨ ʥʴ 

ʭʦʦʨʦʥʜʦʦ ʪʨʠʠʦʜʠʜ, I3
ī ʠʦʥʳʛ װװʩʛʵʜʵʛ:  

Iī(aq) + I2(aq) = I3ī(aq)  (6) 

ʋʨʚʘʣ (6)- ʛʠʡʥ ʪʵʥʮʚʵʨʠʡʛ, I2 ïr ʛ ʜʠʭʣʦʨʤʝʪʘʥʘʘʨ ʭʘʥʜʣʘʥ ʷʣʛʘʥ ʘʚʯ ʩʫʜʘʣʜʘʛ. Iī ʙʦʣʦʥ I3
ī ʥʴ 

ʦʨʛʘʥʠʢ ʫʫʩʛʘʛʯʠʜ ʫʫʩʜʘʛʛװʡ ʙʦʣ I2 ʥʴ ʫʫʩʜʘʛ. ʀʦʜ ʥ ɹʭʘʥʜʘʣʞ ʷʣʛʘʭʘʜ ʜʠʭʣʦʨʤʝʪʘʥʜ ʫʩʥʘʘʩ 15 

ʜʘʭʠʥ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʣʘʛʜʜʘʛ.  

ɼʘʨʘʘʭ ʪʫʨʰʠʣʪʳʛ ʭʠʡʩʵʥ. ɸʥʭʥʳ ʫʫʩʤʘʣʳʛ ʙʵʣʪʛʵʭʠʡʥ ʪʫʣʜ 50.0 ʤʣ ïʠʡʥ ʢʘʣʠʡʥ ʠʦʜʠʜ 

(0.1112 ʛ)-ʳʥ ʫʫʩʤʘʣʜ ʭʵʜʵʥ h ʠʨʭʵʛ ʪʘʣʩʪ ʠʦʜʳʛ ʫʫʩʛʘʩʘʥ. ɼʘʨʘʘ ʥʴ 50.0 ʤʣ ʜʠʭʣʦʨʤʝʪʘʥʳʛ ʥʵʤʞ 

ʭʦʣʠʤʦʛʠʡʛ ʪʵʥʮʚʵʨ ʪʦʛʪʪʦʣ ʭװʯʪʵʡʛʵʵʨ ʩʵʛʩʵʨʯʵʵ. תʝװװʜʠʡʛ ʩʘʣʛʘʩʥʳ ʜʘʨʘʘ ʬʘʟ ʪʫʩ ʙװʨʠʡʛ 

ʮʘʨʜʫʫʣʳʥ ʦʨʯʠʥʜ ʪʠʪʨʣʵʭʵʜ ʥʘʪʨʠʡʥ ʪʠʦʩʫʣʴʬʘʪʳʥ ʧʝʥʪʘʛʠʜʨʘʪʳʥ ʩʪʘʥʜʘʨʪ ʫʫʩʤʘʣ (1.000 ʣ 

ʫʫʩʤʘʣʜ 14.9080 ʛ) ï ʘʘʩ ʦʨʛʘʥʠʢ ʬʘʟʘʜ 16.20 ʤʣ, ʫʩʘʥ ʬʘʟʘʜ 8.00 ʤʣ ʟʘʨʮʫʫʣʘʛʜʞʵʵ. ʕʥʵʭװװ 

ʧʨʦʮʝʩʩʳʛ ʜʦʨ ʩʭʝʤʯʣʵʥ ʭʘʨʫʫʣʘʚ: 
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5. (1ï9) ʩʭʝʤʠʡʥ ʭʘʤʘʘʨʣʳʛ (aïi) ʭװʨʪʵʣʭ ᴇʥʛᴇʥʠʡ ʜװʨʩʣʵʣʪʵʡ ʪʦʭʠʨʫʫʣʥʘ ʫʫ.   

 ʝ ʰʘʪ ɿʫʨʘʛת

1  

2  

3  

4  

5  

6  

7  

8  

9  

6. ʀʦʜʳʥ ʞʠʞʠʛ ʭʵʩʵʛ ʙʦʣʦʥ ʥʘʪʨʠʡʥ ʪʠʦʩʫʣʴʬʘʪ ʭʦʸʨʳʥ ʭʦʦʨʦʥʜ ʫʩʘʥ ʬʘʟʘʜ ʪʠʪʨʣʵʭʵʜ 

ʷʚʘʛʜʘʭ ʙʦʣʦʤʞʠʪ ʭʦʸʨ ʫʨʚʘʣʳʥ ʪʵʛʰʠʪʛʵʣʠʡʛ ʙʠʯʠʞ ʪʵʥʮװװʣʥʵ װװ.  

 

 

 

 

7. ɸʥʭʥʳ ʫʫʩʤʘʣʳʛ ʙʵʣʪʛʵʭʵʜ ʘʰʠʛʣʘʩʘʥ ʠʦʜʳʥ ʤʘʩʩʳʛ ʪʦʦʮʦʦʣʥʦ ʫʫ.  

 

 

 

 

 

 

 

 

 

 

 

 

m(I2) =          ʛ  
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8. ʊʵʥʮʚʵʨ ʪʦʛʪʩʦʥ װʝʠʡʥ ʫʨʚʘʣ (6)-ʳʥ ʪʵʥʮʚʵʨʠʡʥ ʪʦʛʪʤʦʣ K° -ʛ ʪʦʦʮʦʦʣʥʦ ʫʫ.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

K° =     
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ɹʦʜʣʦʛʦ 

T5 

8% 

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

ʆʥʦʦ 3 4 4 2 5 5 4 3 5 2 2 2 41 

              ʥʵʣʛʵʵת

ɹʦʜʣʦʛʦ T5: ʅʘʥʦʤʘʰʠʥʳʛ װװʩʛʵʭ ʘʟʦʙʝʥʟʦʣ ï ɓ-

ʮʠʢʣʦʜʝʢʩʪʨʠʥʠʡ ʢʦʤʧʣʝʢʩʫʫʜ  

ʅʘʥʦ ʤʘʰʠʥʫʫʜ ʥʴ ʵʤ ʟᴇᴇʚᴇʨʣᴇʭᴇʜ ʵʥʝʨʛʠʡʛ ʥʘʥʦ-ʭᴇʜᴇʣʛᴇᴇʥʜ ʭʫʚʠʨʛʘʜʘʛ ʤʦʣʝʢʫʣʳʥ ʮʫʣ ʶʤ. 

ʆʣʦʥ ʪʦʦʥʳ ʥʘʥʦ ʤʘʰʠʥʫʫʜ ʥʴ ʮʘʮʨʘʛʠʡʥ ʥᴇʣᴇᴇʥ ʜʦʨʭ ʘʟʦ ʥʵʛʜʣװװʜ (RïN=NīRô) ïʠʡʥ 

ʠʟʦʤʝʨʞʠʣʪʠʡʛ ʘʰʠʛʣʘʜʘʛ.  

1. ɸʟʦʙʝʥʟʦʣ (H5C6ïN=NïC6H5) ïr ʥ ʩʪʝʨʝʦʠʟʦʤʝʨʫʫʜʳʛ ʜװʨʩʵʣʞ, ʭʘʤʛʠʡʥ ʘʣʩʣʘʛʜʩʘʥ ʭʦʸʨ 

ʥװװʨʩʪᴇʨᴇʛʯʠʡʥ ʘʪʦʤʫʫʜʳʛ ʟʫʨʘʘʩʘʘʨ ʭʦʣʙʦʞ ʟʫʨʥʘ ʫʫ. ʕʜʛʵʵʨ ʟʫʨʘʘʩʫʫʜʳʥ ʫʨʪ (dʪʨʘʥʩ ʙʘ 

dʮʠʩʩ) ïrʛ ʭʘʨʴʮʫʫʣʥʘ ʫʫ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʪʨʘʥʩ  ʮʠʩʩ 

ʍʘʨʴʮʫʫʣʘʣʪ:                            dʪʨʘʥʩ                                dʮʠʩʩ                                       

 

ɿʫʨʘʛ. 1 ï M ïʠʡʛ ʩʠʥʪʝʟʣʵʭ ʙʦʣʦʤʞʪʦʡ ʫʨʚʘʣʞʫʫʜ. 

2. M  ïʠʡʛ ʵʥʛʠʡʥ ʫʨʚʘʣʞʫʫʜʘʘʩ ʭʦʸʨ ʰʘʪʘʘʨ ʩʠʥʪʝʟʣʵʞ ʙʦʣʥʦ (ɿʫʨʘʛ. 1). ʄʘʰ ᴇʥʜᴇʨ ʩʦʥʛʦʤʦʣ 

ʯʘʥʘʨ (regioselectivity) ïʪʘʡ M  ïʠʡʛ װװʩʛʵʞ ʯʘʜʘʭ ʫʨʚʘʣʞʫʫʜʳʛ ʩʘʥʘʣ ʙʦʣʛʦʩʦʥ ʫʨʚʘʣʞʫʫʜ (N 

-ʵʵʩ Q) ʜʫʥʜʘʘʩ ʩʦʥʛʦʥʦ ʫʫ. ʍװʡʪʵʥ ʜʘʚʩʥʳ ʭװʯʣʠʡʥ ʫʩʘʥ ʫʫʩʤʘʣ ʜʘʭʴ ʥʘʪʨʠʡʥ ʥʠʪʨʠʪ 

(NaNO2) ïʠʡʛ ʩʠʥʪʝʟʠʡʥ ʥʵʛʜװʛʵʵʨ ʰʘʪʥʳ ʫʨʚʘʣʞʘʘʨ ʭʵʨʵʛʣʵʥʵ.  

 

ʋʨʚʘʣʞ:                                           ʙʘ               
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ʅʵʛʜʵʭʠʡʥ (association) ʪʦʛʪʤʦʣ, Kt ïr ʛ ʪʦʜʦʨʭʦʡʣʦʭ  

 

ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ (C, ɿʫʨʘʛ. 2) ʥʴ ʘʟʦ ʥʵʛʜʣװװʜʪʵʡ ʜʦʪʦʦʜ ʢʦʤʧʣʝʢʩ װװʩʛʵʜʵʛ ʛʣʶʢʦʟʳʥ ʮʘʛʠʨʘʛ 

ʛʝʧʪʘʤʝʨ ʶʤ. 3 ïʘʘʩ 6 ïʨ ʘʩʫʫʣʪʘʜ ʙʠʜ ɿʫʨʘʛ 2. ïʪ ʜװʨʩʵʣʩʵʥ ʜʦʪʦʦʜ ʢʦʤʧʣʝʢʩ CMʪʨʘʥʩ ïʠʡʥ 

ʩʵʭʵʜ ʭʘʨʛʘʣʟʘʭ ʥʵʛʜʵʭʠʡʥ ʪʦʛʪʤʦʣ, Kt ïrװװ ʛ ʩʧʝʢʪʨʦʩʢʦʧʠʡʥ ʘʨʛʘʘʨ ʪʦʜʦʨʭʦʡʣʦʭ ʙʦʣʥʦ. 

 
ɿʫʨʘʛ. 2 ï ɼʦʪʦʦʜ ʢʦʤʧʣʝʢʩ CMʪʨʘʥʩ ïʠʡʥ ϮϮʩʵʣʪ. 

ɸʥʭʥʳ ʢʦʥʮʝʥʪʨʘʮʫʫʜ [C]0 ʙʘ [Mʪʨʘʥʩ]0 ʙʘʡʭʘʘʨ ʷʣʛʘʘʪʘʡ ʭʘʨʴʮʘʘʛʘʘʨ C ʙʘ Mʪʨʘʥʩ ïʠʡʛ ʭʦʣʴʞ ʭʵʜ 

ʭʵʜʵʥ ʫʫʩʤʘʣ ʙʵʣʜʵʚ. [Mʪʨʘʥʩ]0 ʙװʭ ʫʫʩʤʘʣʜ ʠʞʠʣ ʙʘʡʭʘʜ, [C]0 ʷʣʛʘʘʪʘʡ ʙʘʡʥʘ. ɹʠʜ ʪʦʛʪʤʦʣ 

ʜʦʣʛʠʦʥʳ ʫʨʪʘʜ ʮʵʚʵʨ Mʪʨʘʥʩ ʫʫʩʤʘʣ ʙʘ ʫʫʩʤʘʣ ʪʫʩ ʙװʨʠʡʥ ʭʦʦʨʦʥʜʦʭ ʰʠʥʛʵʵʣʠʡʥ ʟᴇʨװװ, DA ï

ʥʠʡ ᴇᴇʨʯʣᴇʣʪʠʡʛ ʘʚʯ װʟʵʚ. ɹʠʜ CMʪʨʘʥʩ ʙʘ Mʪʨʘʥʩ ïʠʡʥ ʤʦʣʠʡʥ ʰʠʥʛʵʵʣʪʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪװװʜʠʡʛ 

ŮCMʪʨʘʥʩ ʙʘ ŮMʪʨʘʥʩ ʛʵʞ ʪʫʩ ʪʫʩ ʪʵʤʜʵʛʣʵʚ. L ʥʴ ʫʫʩʤʘʣʳʥ ʟʫʟʘʘʥ ʙʫʶʫ ʜʵʵʞ ʜʫʥʜʫʫʨ ʥʵʚʪʨʵʭ ʪʫʷʘʥʳ 

ʪʫʫʣʘʭ ʟʘʤʳʥ ʫʨʪ. C ïʠʡʥ ʰʠʥʛʵʵʣʪ (ŮC) ïʠʡʛ ʪʦʦʮʦʭʛװʡ. 

3. ȹA= a ·[CMʪʨʘʥʩ] ʛʵʜʛʠʡʛ ʭʘʨʫʫʣʞ, Ŭ ïʛ ʤʵʜʵʛʜʵʞ ʙʘʡʛʘʘ ʪʦʛʪʤʦʣʫʫʜʘʘʨ ʠʣʵʨʭʠʡʣʥʵ װװ. 

ɻʘʨʛʘʣʛʘʘ: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a =                 
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4. C ʥ ɹMʪʨʘʥʩ ïʘʘʩ ʭʵʪ ʠʣװװʜʵʣʪʵʡ װʝʜ ([C]0 >> [Mʪʨʘʥʩ]0), C ïʠʡʥ ʢʦʥʮʝʥʪʨʘʮʳʛ ʪʦʛʪʤʦʣ, [C] ḗ 

[C]0 ʛʵʞ װʟʵʞ ʙʦʣʥʦ ʛʵʜʛʠʡʛ ʭʘʨʫʫʣʥʘ ʫʫ. 

ɻʘʨʛʘʣʛʘʘ: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. C ʥ ɹ Mʪʨʘʥʩ ïʘʘʩ ʭʵʪ ʠʣװװʜʵʣʪʵʡ װʝʜ ([C]0 >> [Mʪʨʘʥʩ]0), 

Ўὃ ‌Ͻ
ϽἍ

ϽἍ
  ʛʵʜʛʠʡʛ ʭʘʨʫʫʣʞ, ɓ ïʛ ʪʦʛʪʤʦʣʫʫʜ ʙʦʣʦʥ ʘʥʭʥʳ ʢʦʥʮʝʥʪʨʘʮʫʫʜʘʘʨ 

ʠʣʵʨʭʠʡʣʥʵ װװ. 

ɻʘʨʛʘʣʛʘʘ: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɓ =     
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6. ɼʘʨʘʘʭ ʪʫʨʰʠʣʪʳʥ ʤʫʨʫʡ (ɿʫʨʘʛ. 3) ïʛ ʘʰʠʛʣʘʥ Kt ïʛ ʪʦʜʦʨʭʦʡʣʥʦ ʫʫ. 

 
ɿʫʨʘʛ. 3.  1/ЎA ïʠʡʥ 1/[C] 0  ʭʘʤʘʘʨʣʳʥ ϺϺʨʯʣϺʣʪ 

ʊʦʦʮʦʦ: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Kt =      
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ʅʵʛʜʵʭʠʡʥ ʪʦʛʪʤʦʣ, Kc ïr ʛ ʪʦʜʦʨʭʦʡʣʦʭ 

7 ïʦʦʩ 9 ïʨ ʘʩʫʫʣʪʘʜ ʙʠʜ Mʮʠʩʩ, CMʮʠʩʩ ïʪʘʡ ʜʦʪʦʦʜ ʢʦʤʧʣʝʢʩʠʡʥ װװʩʵʣʪʵʜ ʭʘʨʛʘʣʟʘʭ ʥʵʛʜʵʭʠʡʥ 

ʪʦʛʪʤʦʣ, Kc ïr ʛ ʢʠʥʝʪʠʢ ʩʫʜʘʣʛʘʘʛʘʘʨ ʪʦʜʦʭʦʡʣʦʭ ʙʦʣʥʦ. ɿᴇʚʭᴇʥ Mʪʨʘʥʩ ʘʛʫʫʣʜʘʛ ʜʵʵʞʠʡʛ 

ʰʘʨʘʭʘʜ Mʮʠʩʩ, [Mʮʠʩʩ]0 ïװװʜ ʥ ɹʪʦʜʦʨʭʦʡ ʪʦʦʥ ʭʵʤʞʵʵʛʵʵʨ װװʩʜʵʛ. Mʮʠʩʩ (ʯᴇʣᴇᴇʪ ʵʩʚʵʣ ʜʦʪʦʦʜ 

ʢʦʤʧʣʝʢʩ ʜʦʪʦʨʭ) ʜʘʨʘʘ ʥʴ ʜʫʣʘʘʥʘʘʨ Mʪʨʘʥʩ ʙʦʣʞ ʠʟʦʤʝʨʞʠʥʵ. C ʙʘʡʭʛװʡ װʝʜ ʠʟʦʤʝʨʞʠʣʪ k1 

ʭʫʨʜʥʳ ʪʦʛʪʤʦʣʪʦʡ ʥʵʛʜװʛʵʵʨ ʵʨʵʤʙʠʡʥ ʢʠʥʝʪʠʢʠʡʥ ʜʘʛʫʫ ʷʚʥʘ. ɹװʭ ʢʦʤʧʣʝʢʩʞʠʣʪʠʡʥ ʪʵʥʮʚʵʨ 

ʠʟʦʤʝʨʞʠʣʪʠʡʥ ʧʨʦʮʝʩʩʳʥʭʦʦʩ ʭʫʨʜʘʥ ʷʚʘʛʜʘʥʘ. ʕʥʵ ʪʫʨʰʠʣʪʘʜ ʭʘʨʛʘʣʟʘʭ ʢʠʥʝʪʠʢʠʡʥ ʩʭʝʤʠʡʛ 

ɿʫʨʘʛ. 4 ïʪ ᴇʛᴇʚ. 

 
ɿʫʨʘʛ. 4 ï C ʙʘʡʛʘʘ Ϯʝʠʡʥ Mʮʠʩʩ ïʠʡʥ ʠʟʦʤʝʨʞʠʣʪʠʡʥ ʢʠʥʝʪʠʢ ʩʭʝʤ. 

Mʮʠʩʩ (ʯᴇʣᴇᴇʪ ʙʦʣʦʥ ʢʦʤʧʣʝʢʩʞʩʦʥ) ïʠʡʥ ʥʠʡʪ ʭʵʤʞʵʵʛʵʵʨ ʫʨʚʘʣʜ ʦʨʦʭ ʭʫʨʜ, r ïr ʛ ʪʦʜʦʨʭʦʡʣʚʦʣ 

r = k1[Mʮʠʩʩ] + k2[CMʮʠʩʩ] 

 

ʊʫʨʰʠʣʪʘʘʨ, r ʥʴ kobs ʪʫʭʘʡʥ ʭʫʨʜʥʳ ʪʦʛʪʤʦʣʪʦʡ ʜʘʨʘʘʭ ʪʫʭʘʡʥ ʥʵʛʜװʛʵʵʨ ʵʨʵʤʙʠʡʥ ʢʠʥʝʪʠʢ 

ʭʫʫʣʠʡʥ ʜʘʛʫʫ ʙʘʡʥʘ:  

r = kobs([Mʮʠʩʩ] + [CMʮʠʩʩ]) 

7. Ὧ
Ͻ Ἅ

Ἅ
 ʛʵʜʛʠʡʛ ʭʘʨʫʫʣʞ, ʤʵʜʵʛʜʵʞ ʙʘʡʛʘʘ ʪʦʛʪʤʦʣʫʫʜʘʘʨ ɔ ʙʘ ŭ ïʛ ʠʣʵʨʭʠʡʣʥʵ װװ. 

ɻʘʨʛʘʣʛʘʘ: 
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ɔ  =                               ʙʘ   ŭ =   

 

8. [C]0 >> [Mʮʠʩʩ]0 ʛʵʚʵʣ ʘʣʴ ʥᴇʭʮᴇʣʜ kobs ïʜ ʭʘʨʛʘʣʟʘʭ ʭʘʛʘʩ ʟʘʜʨʘʣʳʥ װʝ,  ὸȾ  
  
 ρ

 ὑ Ἅ  ʛʵʞ ʠʣʵʨʭʠʡʣʵʛʜʵʭʠʡʛ ʩʦʥʛʦʥʦ ʫʫ. ʍʘʨʠʫʣʪʘʘ ʤʘʪʝʤʘʪʠʢ ʛʘʨʛʘʣʛʘʘ ʭʠʡʞ ʙʘʪʘʣʥʘ ʫʫ. 

Ã  ʎʠʢʣʦʜʝʢʩʪʨʠʥ ʜʦʪʦʨʭ Mʮʠʩʩ ïʠʡʥ ʤʘʰ ʫʜʘʘʥ ʠʟʦʤʝʨʞʠʣʪ  
Ã ʏᴇʣᴇᴇʪ Mʮʠʩʩ ïʠʡʥ ʤʘʰ ʫʜʘʘʥ ʠʟʦʤʝʨʞʠʣʪ 
Ã  CMʮʠʩʩ ʤʘʰ ʪʦʛʪʚʦʨʪʦʡ 

Ã  CMʪʨʘʥʩ ʤʘʰ ʪʦʛʪʚʦʨʪʦʡ 

 

ɻʘʨʛʘʣʛʘʘ: 

 

 

 

 

 

 

 

9. ɸʩʫʫʣʪ 8 ʜʘʭʴ ʥᴇʭʮᴇʣ ʭʘʥʛʘʛʜʩʘʥ ʛʵʞ װʟʵʥ, ʜʦʦʨʭ ᴇʛᴇʛʜʣװװʜʠʡʛ ʭʵʨʵʛʣʵʥ ʰʫʛʘʤʘʥ ʨʝʛʨʝʩʩʵʵʨ 

Kc ïʛ ʪʦʜʦʨʭʦʡʣʥʦ ʫʫ. ʊʘ ʪʦʦʥʳ ʤʘʰʠʥ ʵʩʚʵʣ ʛʨʘʬʠʢ ʘʰʠʛʣʘʞ ʙʦʣʥʦ.  

[C]0 (ʤʦʣʴ ʣī1) t1/2 (ʩ) [C]0 (ʤʦʣʴ ʣī1) t1/2 (ʩ) 

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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ʐʫʛʘʤʘʥ ʨʝʛʨʝʩʩʠʡʥ ʪʵʛʰʠʪʛʵʣ: 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

Kc =     
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ʅʘʥʦ ʤʘʰʠʥʫʫʜʳʥ װװʩʵʣ 

 
ɿʫʨʘʛ. 5 ï ɹʫʜʛʠʡʥ (ʩʘʘʨʘʣ ʪʦʡʨʦʛ) ʟϺϺʚϺʨʣϺʣʪʠʡʛ ʭʘʥʛʘʜʘʛ ʛʵʨʣʵʵʨ ϺʜϺϺʛʜϺʞ ʠʟʦʤʝʨʞʜʵʛ 

ʘʟʦʙʝʥʟʦʣ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʠʡ ʢʦʤʧʣʝʢʩʠʡʥ ʭʫʚʘʘʛʜʘʣ  

ɸʥʭ ʪʨʘʥʩ ʭʵʣʙʵʨʪ ʙʘʡʩʘʥ ᴇᴇʨ ʥʵʛ ʘʟʦʙʝʥʟʦʣ ʥʵʛʜʵʣ (Kc << Kt) ïʠʡʛ ʩʠʣʠʢʘ (silica) ʜʵʵʨ 

ʢʦʚʘʣʝʥʪʘʘʨ ʟʘʣʛʘʚ (ɿʫʨʘʛ. 5). ʉʠʣʠʢʘʛʠʡʥ ʥװʭʥװװʜʠʡʛ ʙʫʜʘʛ (ʨʦʜʘʤʠʥ B, ɿʫʨʘʛ. 5 ʜʘʭʴ ʩʘʘʨʘʣ 

ʪʦʡʨʦʛ) ïʘʘʨ ʜװװʨʛʵʚ. C ʥʵʤʵʭʵʜ ʥװʭ ʭʘʘʛʜʘʞ, ʙʫʜʘʛ ʘʩʛʘʨʘʭʘʘʩ ʩʵʨʛʠʡʣʩʵʥ ʜʦʪʦʦʜ ʢʦʤʧʣʝʢʩ 

  .ʩʵʚװװ

10. C ïʠʡʥ ʦʨʦʣʮʦʦʪʦʡʛʦʦʨ ʥװʭʥװװʜ ʘʥʭ ʭʘʘʣʪʪʘʡ ʙʘʡʩʥʘʘ ʜʘʨʘʘ ʥʴ ʮʘʮʨʘʛʘʘʨ װʡʣʯʣʵʭʵʜ ʙʫʜʘʛ 

ʘʩʛʘʨʯ ʙʦʣʦʭ ʭʘʤʛʠʡʥ ʪʦʭʠʨʦʤʞʪʦʡ ʥᴇʭʮᴇʣ (ʟᴇʚʭᴇʥ ʥʵʛ ʩʦʥʛʦʣʪ) ïʠʡʛ ʩʦʥʛʦʥʦ ʫʫ.   

Ã  Kt >> 1    

Ã Kt >> 1 ʙʘ Kc << 1  

Ã Kt / Kc << 1  

Ã Kt >> 1 ʙʘ Kc >> 1   

Ã Kc << 1 

ɹʫʜʛʘʘʨ ʜװװʨʛʵʛʜʩʵʥ ʘʟʦʙʝʥʟʦʣ-ʩʠʣʠʢʘʛʠʡʥ ʥʫʥʪʛʠʡʛ ʫʫʩʤʘʣ ʜʫʥʜʫʫʨ ʭᴇʜᴇʣʞ ʯʘʜʘʭʛװʡ ʙʘʡʭʘʘʨ 

ʢʫʚʝʪʠʡʥ ʙʫʣʘʥʜ ʙʘʡʨʣʫʫʣʘʚ (ɿʫʨʘʛ. 6). ʅװʭʥʵʵʩ ʙʫʜʛʠʡʛ ʘʩʛʘʭʳʥ ʪʫʣʜ ʥʫʥʪʛʠʡʛ ɚ1 ʜʦʣʛʠʦʥʳ 

ʫʨʪʪʘʡ ʮʘʮʨʘʛʘʘʨ װʡʣʯʣʵʚ (ɿʫʨʘʛ. 5). ʕʥ ɻʘʩʛʘʨʘʣʪʳʛ ʭʷʥʘʭʳʥ ʪʫʣʜ ʙʠʜ ɚ2 ʜʦʣʛʠʦʥʳ ʫʨʪʘʜ 

ʫʫʩʤʘʣʳʥ ʰʠʥʛʵʵʣʪʠʡʛ ʩʧʝʢʪʨʦʩʢʦʧʦʦʨ ʭʵʤʞʠʚ. 

 

 
ɿʫʨʘʛ. 6 ï ɿϮϮʥ: ʙʫʜʘʛʥʳ ʘʩʛʘʨʘʣʪʳʛ ʭʷʥʘʭʘʜ ʭʵʨʵʛʣʵʩʵʥ ʪʫʨʰʠʣʪʳʥ ʙʘʛʘʞ; ʙʘʨʫʫʥ: ʪʨʘʥʩ-

ʘʟʦʙʝʥʟʦʣ (Ϯʨʛʵʣʞʠʣʩʵʥ ʰʫʛʘʤ), ʮʠʩʩ-ʘʟʦʙʝʥʟʦʣ (ʮʵʛʪʵʡ ʰʫʛʘʤ), ʨʦʜʘʤʠʥ B (ʪʘʩʘʨʭʘʡ ʰʫʛʘʤ) 

ʥʘʨʳʥ ʰʠʥʛʵʵʣʪʠʡʥ ʩʧʝʢʪʨ 
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11. ɚ1 ïr ʛ ʪʦʜʦʨʭʦʡʣʥʦ ʫʫ. 

ɚ1 =              ʥʤ 

 

12. ɚ2 ïr ʛ ʪʦʜʦʨʭʦʡʣʥʦ ʫʫ. 

ɚ2 =              ʥʤ 
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ɹʦʜʣʦʛʦ 

T6 

8% 

ɸʩʫʫʣʪ 1 2 3 4 5 6 7 8 9 ʅʠʡʪ 

ʆʥʦʦ 4 4 5 3 10 2 9 6 5 48 

           ʥʵʣʛʵʵת

ɹʦʜʣʦʛʦ T6: ɹʣʦʢ-ʢʦʧʦʣʠʤʝʨʠʡʥ ʰʠʥʞ ʯʘʥʘʨʳʛ 

ʪʦʜʦʨʭʦʡʣʦʭ 

ɹʣʦʢ-ʢʦʧʦʣʠʤʝʨʠʡʛ ᴇᴇʨ ʧʦʣʠʤʝʨװװʜ (ʙʣʦʢ)-ʠʡʛ ʭʦʣʙʦʞ ʛʘʨʛʘʥ ʘʚʜʘʛ ʙʘ ᴇᴇʨᴇᴇ ʵʨʵʤʙʣʵʛʜʵʭ ʛʵʭ 

ʤʵʪ ᴇʚᴇʨʤᴇʮ ʰʠʥʞ ʯʘʥʘʨʪʘʡ. ʕʥʵ ʙʦʜʣʦʛʦʜ ʠʡʤ ʪᴇʨʣʠʡʥ ʤʘʢʨʦʤʦʣʝʢʫʣʳʥ ʩʠʥʪʝʟ ʙʦʣʦʥ ʰʠʥʞ 

ʯʘʥʘʨʳʛ ʪʦʜʦʨʭʦʡʣʦʭʳʛ ʩʫʜʘʣʥʘ.  

ʕʭʥʠʡ ʙʣʦʢʳʥ ʩʫʜʘʣʛʘʘ 

 
ʕʥʵ ʭʵʩʵʛʪ ʫʩʘʥʜ ʫʫʩʜʘʛ ʛʦʤʦʧʦʣʠʤʝʨ 1 (a-ʤʝʪʦʢʩʠ-w-ʘʤʠʥʦʧʦʣʠʵʪʠʣʝʥʛʣʶʢʦʣ)-ʠʡʛ ʩʫʜʘʣʥʘ.  

1 ʙʦʜʠʩʳʥ 1H NMR ʩʧʝʢʪʨ ʥʴ (DMSO-d6, 60 °C, 500 MHz) ʜʘʨʘʘʭ ʩʠʛʥʘʣʫʫʜʳʛ ʘʛʫʫʣʩʘʥ ʙʘʡʥʘ.  

ʀʥʜʝʢʩ ŭ (ppm) ʇʠʢʠʡʥ ʪʘʣʙʘʡ 

a 2.7* 0.6 

b 3.3 0.9 

c 3.4 0.6 

d ~ 3.5 133.7 

ʍϮʩʥʵʛʪ 1. *D2O-ʠʡʥ ʙʘʡʛʘʘ Ϯʝʜ 2.7 ppm ʙʘʡʛʘʘ ʩʠʛʥʘʣ ʭʘʨʘʛʜʘʭʛϮʡ ʙʦʣʜʦʛ. 

1. ʍװʩʥʵʛʪ 1.-ʜ ᴇʛʩᴇʥ 1H NMR ʩʠʥʛʘʣʫʫʜʳʛ (a, b, c, d) ʭʘʨʛʘʣʟʘʭ ʧʨʦʪʦʥʜ ʪʘʘʨʫʫʣʥʘ ʫʫ.    

 

 

2. ɼʘʭʠʥ ʜʘʚʪʘʛʜʘʭ ʥʵʛʞʠʡʥ NMR ʧʠʢʠʡʥ ʪʘʣʙʘʡ AOC2H4 ʙʘ ʪᴇʛʩʛᴇʣʠʡʥ ʤʝʪʠʣ ʙװʣʛʠʡʥ  NMR 

ʧʠʢʠʡʥ ʪʘʣʙʘʡ AOCH3-ʘʘʨ ʜʫʥʜʘʞ ʧʦʣʠʤʝʨʞʠʣʪʠʡʥ ʟʵʨʵʛ n-ʛ ʠʣʵʨʭʠʡʣʥʵ װװ. N-ʠʡʛ 

ʪʦʦʮʦʦʣʥʦ ʫʫ.  
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                                                                                          n =     
 

ʭʵʨʚʵʵ ʫʪʛʳʛ ʪʦʦʮʦʦʣʞ ʯʘʜʘʘʛϮʡ ʙʦʣ ʮʘʘʰʠʜ n = 100 ʛʵʩʵʥ ʫʪʛʳʛ ʙʦʜʦʣʪʦʜ ʘʰʠʛʣʘʥʘ.  

 
ɼʠʙʣʦʢ-ʢʦʧʦʣʠʤʝʨʠʡʥ ʩʫʜʘʣʛʘʘ  

ʂʦʧʦʣʠʤʝʨʠʡʥ ʭʦʸʨ ʜʘʭ ɹ ʙʣʦʢʳʛ ʩʠʥʪʝʟʣʵʭʜʵʵ 1-ʠʡʛ 2 (e-(ʙʝʥʟʠʣʦʢʩʠʢʘʨʙʦʥʠʣ)-ʣʠʟʠʥ N-

ʢʘʨʙʦʢʩʠʘʥʛʠʜʨʠʜ)-ʪʘʡ ʫʨʚʘʣʜ ʦʨʫʫʣʥʘ. ʀʥʛʵʩʥʵʵʨ ʙʣʦʢ-ʢʦʧʦʣʠʤʝʨ 3-ʳʛ ʛʘʨʛʘʥ ʘʚʥʘ.  

 

3. 1 ʙʘ 2-ʳʥ ʥʵʛʜʵʭ ʫʨʚʘʣʳʥ ʵʭʥʠʡ ʰʘʪʥʳ ʟʘʚʩʨʳʥ ʙװʪʵʵʛʜʵʭװװʥʠʡʛ ʟʫʨʥʘ ʫʫ. ʋʨʚʘʣʳʥ 

ʤʝʭʘʥʠʟʤʠʡʥ ʭʦʸʨ ʜʘʭ ʰʘʪʘʥʜ ʭʠʡʥ ʤʦʣʝʢʫʣ G װװʩʜʵʛ. ʊװװʥʠʡ ʙװʪʮʠʡʛ ʟʫʨʥʘ ʫʫ.  

 

 

 

 

 

 

 

G:     
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4. ɹʦʜʠʩʫʫʜʳʥ ʰʠʥʞ ʯʘʥʘʨʳʛ ʥʠʣ ʫʣʘʘʥ ʛʵʨʣʠʡʥ ʩʧʝʢʪʨʵʵʨ ʩʫʜʘʣʞʵʵ. ʅʠʣ ʫʣʘʘʥ ʛʵʨʣʠʡʥ 

ʩʧʝʢʪʨװװʜʠʡʛ 1, 2, 3 ʙʦʜʠʩʫʫʜʪʘʡ ʭʘʨʛʘʣʟʫʫʣʥʘ ʫʫ. 

 

 

 

5. ɿʫʨʘʛ 1.-ʜ ʢʦʧʦʣʠʤʝʨ 3-ʳʥ 1H NMR ʩʧʝʢʪʨʠʡʛ (DMSO-d6, 60 °C, 500 MHz) ʭʘʨʫʫʣʘʚ. NMR-

ʠʡʥ ʟʘʨʠʤ ʵʩʚʵʣ ʙװʭ ʩʠʛʥʘʣʫʫʜ, ʤᴇʥ ʍװʩʥʵʛʪ 2.-ʪ ᴇʛᴇʛʜʩᴇʥ ʧʠʢʠʡʥ ʪʘʣʙʘʡʥʫʫʜʳʛ ʘʰʠʛʣʘʥ 2-

ʨ ʘʩʫʫʣʪʳʥ n-ʛ ʪʦʦʮʦʞ װʟʵʵʜ ʜʫʥʜʘʞ ʤʦʣʠʡʥ ʤʘʩʩ Mn-ʳʛ ʪʦʦʮʦʦʣʥʦ ʫʫ. ʊʦʦʮʦʦ ʭʠʡʭʜʵʵ 

ʭʵʨʵʛʣʵʩʵʥ ʙװʣʵʛ ʘʪʦʤʫʫʜʳʛ ʪʦʡʨʫʫʣʘʥ ʟʫʨʞ, ʭʘʨʛʘʣʟʘʭ ʪʵʤʜʵʛʠʡʛ (Ŭ, ɓé) ʙʠʯʥʵ װװ.  

 
ɿʫʨʘʛ 1.  *  ʪʵʤʜʵʛʪʵʡ ʧʠʢϮϮʜ ʥʴ ʫʩ ʙʘ ʫʫʩʛʘʛʯʠʡʥ ʧʠʢ ʙʦʣʥʦ. 

 

Table 2 

ʇʠʢ ʊʘʣʙʘʡ 

Ŭ 22.4 

ß 119 

ɔ 23.8 

ŭ 47.6 

Ů 622 
 

  

�¥�(�����-: 

Ã 1 Ã 2 Ã 3 

�¥�(�����-: 

Ã 1 Ã 2 Ã 3 

�¥�(�����-: 

Ã 1 Ã 2 Ã 3 


