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1. ─  

 

2. ─  

 

3. ─  

 

4. ☻Ɑ◒♩ꜟ ה ─√╘─ ≤  

 

≤   

No. ♥כⱴ Ɑכ☺ 

No.  ─ ☻Ɑ◒♩ꜟ─ ⅎ  ΝΝ  

No. ꜟכ◖ꜞ◓  ─ ☻Ɑ◒♩ꜟ ΝΝ  

No.  ─ ☻Ɑ◒♩ꜟ ☻Ɑ◒♩ꜟ≤  ΝΝ10 

No.  ─ ●☻◒꜡ⱴ♩◓ꜝⱨ▫כ ΝΝ17 

No.  ─ UV ☻Ɑ◒♩ꜟ ΝΝ22 

No.  ⱨ♇ ─ ◒꜡ⱴ♩◓ꜝⱨ▫כ ΝΝ27 

No.  ▪Ⱶⱡ ─ IR☻Ɑ◒♩ꜟ─  ΝΝ29 

No.  ─ ≤ ☻Ɑ◒♩ꜟ ΝΝ31 

No.  ◄♃ⱡכꜟ ─ ⌐⅔↑╢ꜞfi ─  ΝΝ34 

No.10 ⌐╟╢▪Ⱶⱡ ─ GC×GC  ΝΝ36 

No.11 GC/MS Py-GC/MS ┘ TG-GC/MS⌐╟╢ⱳꜞⱴכ─  ΝΝ40 

No.12 ꜝⱴfi ─  ΝΝ46 

No.13 GC×GC⌐╟╢ ─  ΝΝ48 

No.14 ⱳꜞ▪Ⱶ♪ ─  ΝΝ52 

No.15 ─ GC/MS  ΝΝ59 

No.16 GC×GC-TOF/MS╩ ™√ ─  ΝΝ64 

No.17 ─  ΝΝ82 

No.18 ▪☻ⱨ□ꜟ♥fi ꞉♇◒☻ ─  ΝΝ89 

No.19 ⱳꜞ►꜠♃fi ─►꜠♃fi ─  ΝΝ96 

No.20 ₈ → ₉⌐ ∆╢  ΝΝ99 

No.21 ─ ⌐ ∆╢  ΝΝ106 

No.22 C ─☻ꜝ♇☺  ΝΝ122 

No.23 ─  ΝΝ125 
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1.  ─  

─ │ ⌐ ╠∏ ╩ ╘≡ √∟─ ─ ╡⌐№╢ ─☻Ɑ◒♩

ꜟ ╩ ∆╢↓≤≢№╢⁹ ↄ ╩ ∆╢↓≤≢ ─ ⌐ ∆╢⁹ 

2.  ─  

─☻Ɑ◒♩ꜟ│ ⌐⅔™≡│ ╘≡ ⌂ ≢№╡ ⌐

╛ ─ ⌐⅔™≡│ ≢№╢⁹⇔⅛⇔ √∟─ ⌐ ∆╢ ─

│ ╘≡ ↄ ∕╣╠╩ ≤⇔√☻Ɑ◒♩ꜟ╩ ∆╢↓≤│ ≢│⌂™⁹  

↕╣√☻Ɑ◒♩ꜟ♦כ♃ⱬכ☻│ №╢™│ ⅜ ⇔≡ ≤│ ⅎ∏

│∕╣∙╣─☻Ɑ◒♩ꜟ╩ ≢ №╢™│ ╩ ⇔≡ ⇔⌂ↄ≡│⌂╠⌂

™─⅜ ≢№╢⁹∕╣│ ⌐╙ ⌐╙ ⅝⌂ ≤⌂∫≡™╢↓≤│ ╠⅛≢№╡

╕√ ↄ─ ⅜ ⌐ ∫√☻Ɑ◒♩ꜟ⅜ ↄ ◘fiⱪꜟ╩ ⇔≡ ╩

⇔≡⅛╠≢⌂™≤ ∆╢↓≤⅜ ⌂™⁹☻Ɑ◒♩ꜟ ─ ⌐≈™≡│

─ ⌐ ↕╣╢╙── ⌐ ↕╣ ⌐ │☻כⱬ♃כ♦╢⅝≢ ↕╣≡™

⌂™⁹ 

☻Ɑ◒♩ꜟ─ ⌐≈™≡│ ∏⇔╙ ╩ ↄ⌂│≢╡⅛┌☼כ♬─╘√╢∆

⌐ ─ ╩♅▼♇◒∆╢╟℮⌂ ™ ╙ ⌂ↄ⌂™⁹∕℮⇔√♬כ☼⌐ ⅎ╢⌐│

╟╡ ↄ─☻Ɑ◒♩ꜟ ⅜ ↕╣╢↓≤⅜ ╕⇔™⁹ 

↕╠⌐ ⌂ ⌐ ⇔√ ╩ ∆╢√╘ ─☻כⱬ♃כ♦─

┘ ⌐ ∆╢ ╩ ╘ ─ №╢™│ ⌐ ╦∫≡™╢

₁─ ╩ ℮╙─≢№╢⁹ 

≢│↓╣╕≢⌐ ↄ─☻Ɑ◒♩ꜟ╩ ⇔≡⅝√⅜ │ ☻Ɑ◒♩ꜟ♦

♃כ ┘ ─ ≤ ⌐≈™≡ ∆╢⁹ 

3.  ─ ꜟכꜙ☺◔☻  

2011  DB─ ♃כ♦ ─ ♃כ♦≥  

2012 ♃כ♦  ─ ≤ DB─♦כ♃  

2013  DB─♦כ♃ ⅔╟┘ DB ─ ⌐≈™≡─  

2014  DB─♦כ♃ ⅔╟┘ DB ─ ⌐≈™≡─  

2015  DB─♦כ♃ ⅔╟┘ DB ─ ⌐≈™≡─  

2016  DB─♦כ♃ ⅔╟┘ DB ─ ⌐≈™≡─  

2017  DB─♦כ♃ ⅔╟┘ DB ─ ⌐≈™≡─  

2018  DB─♦כ♃ ⅔╟┘ DB ─ ⌐≈™≡─  

2019  DB─♦כ♃ ⅔╟┘ DB ─ ⌐≈™≡─  

2020  DB─♦כ♃ ⅔╟┘☻Ɑ◒♩ꜟ ─ ≤  

2021  DB─♦כ♃ ⅔╟┘☻Ɑ◒♩ꜟ ─ ≤  

 

4.   

  ─ ≢│ ₁⌂ ╩ ™√ ☻Ɑ◒♩ꜟ♦כ♃ ┘ ─

≤∕─ ╩ ∆╢⁹ 
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4-1  ≤  

  │ ≤ ≤⇔≡ ∫√ ─ⱴכ♥ ╩ ∆╢⁹  

 

 No. ♥כⱴ  

2012  

 ─ ☻Ɑ◒♩ꜟ─ ⅎ  

─ ≢№╢ ─

☻Ɑ◒♩ꜟ─ ┘ ≢

↕╣√ ─ ☻Ɑ

◒♩ꜟ─ ╩ ∆⁹  

ꜟכ◖ꜞ◓  ─ ☻Ɑ◒♩ꜟ  

☿꜡♁ꜟⱩ ┘☺◄♅꜠fi◓ꜞ◖כꜟ

─ ☻Ɑ◒♩ꜟ─

╩ ∆⁹  

 
─ ☻Ɑ◒♩ꜟ  

☻Ɑ◒♩ꜟ≤  

─ ☻Ɑ◒♩ꜟ─

┘ ≤─ ╩ ∆╢⁹ 

 ─ ●☻◒꜡ⱴ♩◓ꜝⱨ▫כ  

─ ●☻◒꜡ⱴ♩◓ꜝⱶ

─ ┘ ─ ⅜ ∆╢≤

⅝─ ●☻◒꜡ⱴ♩◓ꜝⱶ─

╩ ∆╢⁹  

 ─ UV ☻Ɑ◒♩ꜟ  
─ UV☻Ɑ◒♩ꜟ─

┘∕╣╠─ ⅛⌂ ™╩ ∆⁹  

2013  

 
ⱨ♇ ─  

◒꜡ⱴ♩◓ꜝⱨ▫כ  

PTFE ≤ⱨ♇ ─ ≢№╢

PFA╩ ⇔ ◒꜡ⱴ♩◓ꜝⱶ─

™ ┘ ⱨꜝ◓ⱷfi♩⌐≈™≡

⇔√⁹  

 ▪Ⱶⱡ ─ IR ☻Ɑ◒♩ꜟ─  
▪Ⱶⱡ ─ IR ☻Ɑ◒♩ꜟ─ ┘∕

╣╠─ ⅛⌂ ™╩ ∆⁹  

 ─ ≤ ☻Ɑ◒♩ꜟ  

┘ ─ꜟכ◖ꜟ▪

☻Ɑ◒♩ꜟ─ ™⌐≈™≡ ∆

╢⁹ 

2014   
◄♃ⱡכꜟ ─ ⌐⅔↑╢ꜞfi ─

 

◄♃ⱡכꜟ⌐ ╕╣╢ ⌂ ╩

∆╢ ⌐ ꜞfi ⌐∆╢↓≤⅜№

╢⅜ ꜞfi ⅜ ≤⌂╡◄☻♥ꜟ╩

∆╢ ⌐≈™≡ ∆╢⁹  

2015  10 
⌐╟╢▪Ⱶⱡ ─ GC×

GC  

▪Ⱶⱡ ─ ─ ─ ≤ 2

─ ─ ⌂╢◌ꜝⱶ⌐╟╢

GC GC ─ ⌐≈™≡ ∆╢⁹ 

2016  11 
GC/MS Py-GC/MS ┘ TG-GC/MS

⌐╟╢ⱳꜞⱴכ─  

●☻─ ≢№╢

GC/MS Py-GC/MS ≤ TG-GC/MS≢∕

╣∙╣ⱳꜞⱴכ╩ ⇔ ≢

╠╣╢ ╩ ∆╢⁹  

2017  12 ꜝⱴfi ─  ꜝⱴfi ─ ≤  

2018  13 GC×GC⌐╟╢ ─  
GC×GC-TOF/MS⌐╟╢ ─

╩ ∆╢⁹  

2019  

14 ⱳꜞ▪Ⱶ♪ ─  

ⱳꜞ▪Ⱶ♪ ♫▬꜡fi ─

╩ ≢ ⌐ ∆╢ ╩

∆╢⁹  

15 ─ GC/MS  
─ כⱬ♃כ♦╩

☻ ⇔ ─ ╩ ∆╢⁹  
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 No. ♥כⱴ  

2020  

16 GC×GC-TOF/MS╩ ™√ ─  

No.13⌐ ⅝ ─ ⌂╢

┘ ╩ ╘ GC×GC-TOF/MS

╩ ⇔√⁹  

17 ─  

─ │ ⌐ ╡ │

⌐╟∫≡ ∆╢↓≤│ ⇔

ↄ⌂™⁹ ⱴכ♥ ╩

⇔ ∕─ ╩╕≤╘√⁹  

18 
▪☻ⱨ□ꜟ♥fi ꞉♇

◒☻ ─  

─ ─ ⌐≈™≡

─☻Ɑ◒♩ꜟ╩ ⇔√⁹  

19 
ⱳꜞ►꜠♃fi ─►꜠♃fi ─

 

ⱳꜞ►꜠♃fi ─ ⌐╟╢

╩ ☻Ɑ◒♩ꜟ ⌐╟╡

⇔√⁹  

2021  

 

20 ₈ → ₉─  

⌂≥⌐╟∫≡ ⇔√ ⅛╠

∆╢₈ → ₉─ ⌐≈™≡

⇔√⁹ 

21 ─ ⌐ ∆╢  

⅛╠ ∆╢ ╩ ≢

⇔√ ♦Ᵽ▬☻≢ ⇔

─ ╛ ╩ ⇔√⁹  

22 C ─☻ꜝ♇☺  

LSC ⌐ ∆╢♩ꜝⱩꜟ⅜

↕╣≡⅔╡ ∕╣╠⌐ ╦╢ ⌐≈™

≡ ⇔√⁹  

23 ─  

ꜝⱲ☻◔כꜟ≢ ╩ ⇔ ∕

╣╠─ ה ⌐╟╢ ╩ GC

⌐╟╡ ⇔√⁹  
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─ IR☻Ɑ◒♩ꜟ─ ⅎ  

─ ☻Ɑ◒♩ꜟ│ ─ ⌐╟∫≡ ⌐ ─ ⅜ ∆

╢⁹ 

│ ─ ≢№╡ ⌐╟∫≡Ɽꜝⱨ▫fi╛○꜠ⱨ▫fi ▪꜡ⱴ ─

⅜ ⌂∫≡™╢√╘⁸ ☻Ɑ◒♩ꜟ⅛╠≥╪⌂ ⅜ ↄ ╕╣≡™╢⅛╩

ⅎ╢↓≤⅜ ≢№╢⁹ ─ ⌂ ╩ ⌐ ∆⁹ 

 ̧ ─Ɽꜝⱨ▫fi꞉♇◒☻│ ─ ≢№╢√╘ ⌂ │ⱷ♅꜠fi ≢№╢⁹ 

 ̧ ●♁ꜞfi│ ⅜ ™√╘ ○꜠ⱨ▫fi─ ⅜ ╣╢⁹  

 ̧3000cm
-1 ⌐ ⅜ ⇔≡™╣┌ ▪꜡ⱴ⅛ ╩ ╪∞ ≢№╢⁹ 

 ̧ ꞉◐◦כ ─☻Ɑ◒♩ꜟ│꞉♇◒☻─ 720 cm
-1 ⌐ ─ ⅜ ∆╢⁹ 

 ̧ ─ ⅜ ™ ⌐│ n-Ɽꜝⱨ▫fi⅜ ╕╣≡⅔╡ ☻Ɑ◒♩ꜟ⌐

↕╣╢⁹ 

≢│ ─ ≢

№╢ ─ ⅛⌂ ─ ™╛

─ ™⅜ ☻Ɑ◒♩ꜟ

⌐≥─╟℮⌐ ↕╣╢─⅛╩ ╢√

╘ ⌂ ─☻Ɑ◒♩ꜟ╩

⇔√⁹ 

 

Ⱬ◐◘fi Ɽꜝⱨ▫fi  

Ⱬ◐◘fi│ⱷ♅ꜟ ≤ⱷ♅꜠fi ≢

↕╣≡™╢─⌐ ⇔ 1-Ⱬ◐☿fi│

─ ⅜ ™√╘ ≢№╢⁹ 

1-Ⱬ◐☿fi ○꜠ⱨ▫fi  

Ⱬ◐◘fi⌐ ═≡ ○꜠ⱨ▫fi ─

3000 cm
-1

900 cm
-1⅜ ⇔≡™╢⁹↓

─○꜠ⱨ▫fiⱣfi♪│

─ ⌂≥⌐╙ ∆╢⁹  

◦◒꜡Ⱬ◐◘fi ◦◒꜡ /  

╙◦fiⱪꜟ⌂ ─ⱷ♅꜠fi ∞↑

≢ ↕╣╢√╘ ☻Ɑ◒♩ꜟ╙◦fiⱪ

ꜟ≢№╢⁹ 

ⱷ♅ꜟ◦◒꜡Ⱬ◐◘fi ◦◒꜡ /  

◦◒꜡Ⱬ◐◘fi≤ ═╢≤ⱷ♅ꜟ ⅜

≥↓⌐ ∆╢⅛⅜ ↄ ⅛╢⁹  

ⱬfi♀fi  

ⱷ♅ꜟ ≤ⱷ♅꜠fi ≤⅜ ⇔

⌐ ⇔√ 3090 3035 cm
-1⌐

⅜ ⇔≡™╢⁹ 

No.  

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

35.0

40

45

50

55

60

65

70

75

80

85

90

95

100

105

111.7

cm-1

%T 

2923

2851

2793

2690

2660

2599

1449

1257

1039

1014

903

861

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

50.0

55

60

65

70

75

80

85

90

95

100

105

110

114.3

cm-1

%T 

2948

2920

2853

2661

2598

1448

1375

1262 1091

964

909

871

843

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

83.0

84

86

88

90

92

94

96

98

100

102

104

106

108

110

112

113.0

cm-1

%T 

3401

3079

2960

2928

2874

1642

1458

1379

992

908

739

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

79.0
80

82

84

86

88

90

92

94

96

98

100

102

104

106

108

110

112

114.2

cm-1

%T 

2959

2925

2874

2860

1466

1378

1037 891

724

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

4.6

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100
102.4

cm-1

%T 

3090

3071

3035

2887 2324

1959

1815

1527

1478

1393 1175

1035

850 774

666
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ꜟכ◖ꜞ◓ ─ ☻Ɑ◒♩ꜟ  

 

ꜟ♥כ◄ꜟכ◖ꜞ◓   ꜟכ◖ꜞ◓─ ─ ☻Ɑ◒♩ꜟ⌐│ ─ ⅜ ╠╣

╢⁹ 

¶ 1110cm-1 ꜟ♥כ◄⌐ -C-O-C- ─ ⅝⌂ ⅜ ∆╢⁹√∞⇔

ꜟכ◖ꜞ◓ ─ ⅜ ⅎ╢⌐≈╣ ─ ⅜ ⌐ ⅛╣⌂ↄ⌂╢⁹ 

¶ ─ ─ ⌐ ⅜№╢≤ ☻Ɑ◒♩ꜟ⅜ ⅝ↄ ╦╢⁹ 

ꜟכ◖ꜞ◓ ¶ │ 1110 cm-1 ─ │ ⇔≡™╢⅜ ≢№∫≡╙

☻Ɑ◒♩ꜟ─ⱪ꜡ⱨ▫כꜟ─ ™⅜ ≢№╢√╘ ─ ⅛⌂ ™╩

∆╢↓≤⅜ ≤ ⅎ╠╣╢⁹ 

 

 

◄♅꜠fi◓ꜞ◖כꜟ ≤☺◄♅꜠fi◓ꜞ◖כꜟ │ ꜟ♥כ◄ ─ 1110 cm-1 ┘ 1065 cm-1

⌐ ⅝⌂ ╩ ꜟכ◖ꜞ◓⁹≈ EG DEG DPG ─ ™⌐╟∫≡ ─ ⌐ ™⅜╖╠

╣ EG ≢│ ⌂ ⌐⌂∫≡™╢⅜ DEG ≢│ ⅜ ↄ ⌂ ≢│⌂™⁹↕╠⌐ DPG ⌐

⌂╢≤ 1110 cm-1 ─ ─ ⅜ ⌐⌂∫≡™╢⁹  

ꜟכ◖ꜞ◓    ─ 1110 cm
-1

 

No.  

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

50.0

55

60

65

70

75

80

85

90

95

100.0

cm-1

%T 

3412

2955

2872

1470 1366

1119

1065

889

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

35.0

40

45

50

55

60

65

70

75

80

85

90

95

100.0

cm-1

%T 

3405 2976

2869

1445

1374

1352

1227

1115

1061

932

886

830

 

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

35.0

40

45

50

55

60

65

70

75

80

85

90

95

100.0

cm-1

%T 

3429 2976

2868

1447

1375

1349

1243

1105

1064

933

885

840

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

45.0

50

55

60

65

70

75

80

85

90

95

100.0

cm-1

%T 

3440

2953

2871

1470

1366

1255

1103

1066

888

 

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

40.0

45

50

55

60

65

70

75

80

85

90

95

100.0

cm-1

%T 

3351

2972

2879

1453

1373

1330

1085

1047

1007

989

938

859
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☿꜡♁ꜟⱩ─

⅜ ∂

≢№∫≡╙∕─

⌐╟∫≡ ⅝

ↄ☻Ɑ◒♩ꜟⱪ꜡

ⱨ▫כꜟ⅜ ⇔

≡™╢⁹  

  n-Ⱪ♅ꜟ ≤ i -

Ⱪ♅ꜟ │ ≥

─☻Ɑ◒♩ꜟ

≢ ⱷ♅ꜟ

─ 2955 cm-1 ─

⅜ ⅛⌐ ⅝

ↄ⌂∫≡™╢⁹  

   ─ ™⌐╟╢☻Ɑ◒♩ꜟ─  

 

ₒ ₓ 

ꜟכ◖ꜞ◓⌂ (1) ∞↑≢⌂ↄ ⸗ⱡ◄כ♥☿▪ꜟ♥כ♩ ─ ≤─ ™╩

╠⅛⌐∆╢⁹ 

(2) ◄♅꜠fi◓ꜞ◖כꜟ⅜ ⌐⌂∫√ 1,4-☺○◐◘fi ─☻Ɑ

◒♩ꜟ╩ ╢⁹ 

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

45.0

50

55

60

65

70

75

80

85

90

95

100.0

cm-1

%T 

3411

2935

2867

1458 1358

1234

1119

1069

977

890

737

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

50.0

55

60

65

70

75

80

85

90

95

100.0

cm-1

%T 

3412

2955

2872

1470 1366

1119

1065

889

 

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

50.0

55

60

65

70

75

80

85

90

95

100.0

cm-1

%T 

3429

2974

2940

2875

1473

1389

1363

1234

1195

1066

1022

950

889

836

741
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ꜟכ◖ꜞ◓    ─ ☻Ɑ◒♩ꜟ 

☿꜡♁ꜟⱩ ◄♅꜠fi◓ꜞ◖כꜟ⸗ⱡ◄כ♥ꜟ  ☺◄♅꜠fi◓ꜞ◖כ◄ꜟכ♥ꜟ  

  

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

30.0

35

40

45

50

55

60

65

70

75

80

85

90

95

100.0

cm-1

%T 

3403
2881
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─ ☻Ɑ◒♩ꜟ⌐│ ─ ⅛ ⌐

⌂ ⅜ ∆╢⁹ 

 ̧◄☻♥ꜟ -COO-R ΝΝ 1740 cm
-1

 

ꜟ♥כ◄̧  C-O-C  ΝΝ 1150 cm
-1

 

 ̧▪ꜟ◐ꜟ -CCCΝ ΝΝ 2900 cm
-1

 

 

☻Ɑ◒♩ꜟ─ ⅛╠ ╠╣√ │

─ ╡≢№╢⁹ 

 ̧ ─ ╩ ↄ ╗ ◄◗

ⱴ ⌂≥│○꜠ⱨ▫fi ─ 3010cm
-1 ─ ⅜

⅝ↄ⌂╢⁹ 

 ̧▪ꜟ◐ꜟ ─ 2900cm
-1 ≤◄☻♥ꜟ ─
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-1─ ⅜ ⌐╟∫≡ ⌂∫≡™╢⁹↓╣│ ─ ™⌐╟╢╙─≢№

╢⅜ ─ ≢│ ╩ ⇔≡™⌂™√╘ ─ ≢№╢⁹ 

 ̧ ─▪ꜟ◐ꜟ ─ ↕ ה ─ ⌐╟∫≡ 2900 cm
-1 ─ ─ ⅝↕

1740cm
-1 ─ ≤─ ⌐ ⅜ ╢⁹ 

 ̧ ☻Ɑ◒♩ꜟ⅛╠ ─ ╩ ∆╢↓≤│ ≢№╢⅜ ⌐

╩ ↄ ≈╙─│ ⅜≢⅝╢⁹ 
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1.   

  ╩ ∆╢√╘─ ⌂ ≤⇔≡ ☻Ɑ◒♩ꜟ ⅜№╢⅜ ─ ⅜
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  ∕↓≢ ●☻◒꜡ⱴ♩◓ꜝⱨ▫כ╩ ⇔≡ ⅜ ⇔√ ─◒꜡ⱴ♩◓ꜝⱶ─ⱪ꜡ⱨ

ꜟכ▫ ╩ ≤ ⇔

√⁹╕√ ─ ─

─◒꜡ⱴ♩◓ꜝⱶ│ ↕╣≡⅔

╠∏ ≢─◒꜡ⱴ♩◓ꜝⱶ⅜

⌐ ⌂∫√╙─⅛ ≢№╢⁹ 

  ≢│ ─ ⅜

∆╢ ─ ●☻◒꜡ⱴ♩◓ꜝⱶ

╩ ⇔√⁹ 

2.   

  ╩ ⌐ ∆⁹ │●

☻◒꜡ⱴ♩◓ꜝⱨ ≢

⇔≡™╢⅜ ≢│ ⌂

≢№╢●☻◒꜡ⱴ♩◓ꜝⱨ

⅜⌂ↄ≡╙ ⅜≢⅝╢╟℮⌐◒

꜡ⱴ♩◓ꜝⱶ⌐ ⇔√⁹ ◒꜡ⱴ

♩◓ꜝⱶ│ ↄ ↕╣≡™╢

GC-FID ▬○fi ≢

╠╣√◒꜡ⱴ♩◓ꜝⱶ≤ ⅜
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3.  ┘  

  ╩ ⌐ ∆⁹

⅛╠ ╠⅛≤⌂∫√ │

─≤⅔╡≢№╢⁹ 

(1)  ─ ≢│ ─ Ⱨכ◒

⅜ ↄ ≢№╢⅛╩ ∆╢↓≤⅜ ≢№╢⁹∆⌂╦∟ ≤─ ≢№╢

GC≢ ∆╢↓≤│ ⇔√ ≢│ ⇔™⁹ ╩ ⅎ╢⌂≥─ ⅜ ≢№╢⁹ 

(2)  ⱳꜞ◄☻♥ꜟ│ ╩ ↄ ≤─ ≢│╒╓∕╣∙╣─ ─◒꜡ⱴ♩◓ꜝⱶ⅜ ⌂╢╟℮⌐

∆╢⁹⇔√⅜∫≡ ≢№╢⅛╩ ∆╢↓≤⅜ ≢№╢⁹⌂⅔ ⱳꜞ◄☻♥ /ꜟ▪◒ꜞꜟ

┘ⱳꜞ◄☻♥ /ꜟ♫▬꜡fi─ ≢│ ≢│ ↕╣⌂⅛∫√ √⌂Ⱨכ◒⅜ ∆╢⁹ 

(3)  ▪◒ꜞꜟ╙ⱳꜞ◄☻♥ꜟ≤ ⌐ ≢│ ⅜ ⌂∫√ⱪ꜡ⱨ▫⁹╢№≢ꜟכ 

 

 

 

 

    

כ♃◒▼☺ⱳ▬fi♩▬fiכꜞꜙ◐  

ה  590ϴ  

Ɽ▬꜡ⱱ▬  ꜟ F590 ◖Ᵽꜟ♩ ♬♇◔ꜟ  

 mg │ 1 1≢  

GC-MS  

◌ꜝⱶ DB-5MS 30m×0.25mmɫ 1.0ɡ  

◌ꜝⱶ   

40ϴ5ה ќ15ϴ  ќ350ϴ 10  

350ϴ 

▬fi♃כⱨ▼▬☻  200ϴ 

◐ꜗꜞ▪●☻  Ⱬꜞ►ⱶ 

 3.2 mL  

♩♇ꜞⱪ☻ ♪כ⸗ 25 1  

 mL/min 85 כ꜡ⱨꜟ♃כ♩

 65 cm/sec 

   ◘fiⱪꜟ ─ ╖ ∑  

  ⱳꜞ◄☻♥  ꜟ ▪◒ꜞ  ꜟ ♫▬꜡fi ►כ  ꜟ

      

ⱳꜞ◄☻♥  ꜟ ủ     

▪◒ꜞ  ꜟ ủ ủ    

♫▬꜡fi ủ ủ ủ   

כ►  ꜟ ủ ủ ủ ủ  

No.  
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⇔ ⱳꜞ◄☻♥ꜟ≤ ─

≢│ Ⱨכ◒│

╠╣⌂⅛∫√⁹ 

   

   

   

ⱳꜞ◄☻♥ꜟ≤▪◒ꜞꜟ─ ─ ●☻

◒꜡ⱴ♩◓ꜝⱶ│ ─◒꜡ⱴ♩◓ꜝⱶ⅜

↨∫√ ≢ ≡⅝≡™╢⅜ ≢│

↕╣⌂™Ⱨכ◒⅜ ⅜ ↄ ↕╣

≡™╢⁹ 

ⱳꜞ◄☻♥ꜟ≤♫▬꜡fi─ ─ ●☻

◒꜡ⱴ♩◓ꜝⱶ│ ─◒꜡ⱴ♩◓ꜝⱶ⅜

↨∫√ ≢ ≡⅝≡™╢⅜ ≢│

↕╣⌂™Ⱨכ◒⅜ ⅜ ↄ ↕╣

≡™╢⁹ 

ⱳꜞ◄☻♥ꜟ≤►כꜟ─ ─ ●☻◒

꜡ⱴ♩◓ꜝⱶ│ ─◒꜡ⱴ♩◓ꜝⱶ⅜

↨∫√ ≢ ≡⅝≡™╢⁹ 

0.00 2.00 4.00 6.00 8.00 10.0012.0014.0016.0018.0020.0022.0024.00
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5000000
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 1.5e+07
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TIC: 13.D
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   ∕─ ─ ∑ 

 ꜟכ►≥fi ♫▬꜡fi꜡▬♫≥ꜟꜞ◒▪ ꜟכ►≥ꜟꜞ◒▪

─ ─℮

∟ ⅜ ≢№╢

│ ─Ⱨכ◒│ ╘

≡ ↕ↄ ⇔⌐ↄ™⁹

╙ꜟכ►⌐ ∕─

⅜№╡ ⌐

═≡ ─ ─

GC ⌐│ ╣

™⁹ 

   

   

   

─ꜟכ►≥ꜟꜞ◒▪ ─ ●☻◒꜡ⱴ

♩◓ꜝⱶ│▪◒ꜞꜟ─◒꜡ⱴ♩◓ꜝⱶ≤

⇔≡⅔╡ ꜟכ► ─Ⱨכ◒│ ⅛≢№╢⁹ 

▪◒ꜞꜟ≤♫▬꜡fi─ ─ ●☻◒꜡

ⱴ♩◓ꜝⱶ│ ⅜ ↨∫√ ≤⌂∫≡™

╢⁹ 

♫▬꜡fi≤►כꜟ─ ─ ●☻◒꜡ⱴ

♩◓ꜝⱶ│♫▬꜡fi─◒꜡ⱴ♩◓ꜝⱶ≤

⇔≡⅔╡ ꜟכ► ─Ⱨכ◒│ ≥⌂™⁹ 

 

0.00 2.00 4.00 6.00 8.00 10.0012.0014.0016.0018.0020.0022.0024.00
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Time-->

TIC: 16.D
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─ UV☻Ɑ◒♩ꜟ 

 

  ─ ☻Ɑ◒♩ꜟ UV ☻Ɑ◒♩

ꜟ ⌐│ 260 nm ⌐ ⌂ ─Ⱨכ◒⅜ ∆╢

⅜ ─ ™⌐╟╡∕─ │ ⌂╢╙─≤⌂╢⁹ 

  ─ ⌂╢ ⌐≈™≡ UV ☻Ɑ◒♩

ꜟ╩ ⇔ ☻Ɑ◒♩ꜟ─ ⅛⌂ ™╩ ⇔√⁹ ─ UV ☻Ɑ◒♩ꜟ╩ ⌐

∆⁹ ⅛╠ ╠⅛≤⌂∫√ │ ─ ╡≢№╢⁹  

¶ ⱬfi♀fi─ ≈─ ⅜ⱷ♅ꜟ №╢™│◄♅ꜟ №╢™│Ⱪ♅ꜟ ⌐ ↕╣≡╙ UV ☻Ɑ

◒♩ꜟ─ ◦ⱨ♩│ ≥ ╠╣⌂™⁹∆⌂╦∟ ♩ꜟ◄fi ◄♅ꜟⱬfi♀fi n-ⱪ꜡Ⱨꜟⱬfi

♀fi ┘ n-Ⱪ♅ꜟⱬfi♀fi─ Ⱨכ◒─ ⅛↑─ ⱪ꜡ⱨ▫כꜟ │ ⇔≡™╢⁹ 

¶ ⱬfi♀fi─ ≈─ ⅜ⱷ♅ꜟ ⌐ ↕╣√ ≢№╢♩ꜟ◄fi│ ⱬfi♀fi ─ Ⱨ

╡⌂⌐♪כ꜡Ⱪ⅜◒כ ⅛≈ ┼◦ⱨ♩⇔≡™╢⁹↕╠⌐ ⱷ♅ꜟ ─ ⅜ ⅎ╢⌐≈

╣ ↕╠⌐ Ⱨכ◒│ ┼◦ⱨ♩∆╢⁹ 

¶ ◐◦꜠fi─ ╩ ∆╢≤ ⱷ♅ꜟ ─ ⌐╟∫≡☻Ɑ◒♩ꜟ│ ⌂╢⁹○ꜟ♩ ⱷ♃

Ɽꜝ─ ≢ ⌐◦ⱨ♩⇔≡™╢⁹ 

¶ ─ ─ ⌐╟∫≡ ⅛⌐☻Ɑ◒♩ꜟ⌐ ⅜ ╠╣√⁹ ⌐ ⅜№╢≤ ─

╙─╟╡╙ Ⱨכ◒⅜ ⌐ ⅛⌐◦ⱨ♩∆╢⁹ 

ₒ ₓ 

(1) ≤⇔≡ ─ 200 nm ─☻Ɑ◒♩ꜟ─ ™╩ ╠⅛⌐∆╢⁹

◒꜡ⱴ♩◓ꜝⱨ▫כ─ ⌐ ⌂ ≤⌂╢⁹  

(2) ▪☿♩fi ⱷ♅ꜟ◄♅ꜟ◔♩fi ─◔♩fi ⌐ ╠╣╢ n ⌐ ≠ↄ ─

™⌐╟╢ ─◦ⱨ♩╩ ∆╢⁹ 

No.  

¶  

-

0.1

0.2

0.3

0.4

0.5

230 240 250 260 270 280 290 300

nm

a
b
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112.96ppm

106.78ppm
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230 240 250 260 270 280 290 300
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b
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113.1ppm
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103.8ppm
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nm
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0.4

0.5

230 240 250 260 270 280 290 300
nm

a
b

s

112.96ppm

-

0.1

0.2

0.3
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230 240 250 260 270 280 290 300
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b

s

109.79ppm

-

0.1
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0.3

0.4

0.5

230 240 250 260 270 280 290 300
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b
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-

0.1

0.2

0.3

0.4

0.5

230 240 250 260 270 280 290 300
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a
b
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111.27ppm

-

0.1

0.2

0.3

0.4

0.5

230 240 250 260 270 280 290 300
nm

a
b

s

106.39ppm

-

0.1

0.2

0.3

0.4

0.5

0.6

230 240 250 260 270 280 290 300
nm

a
b

s

103.86ppm

-

0.1

0.2

0.3

0.4

0.5

230 240 250 260 270 280 290 300
nm

a
b

s
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3
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nm

a
b

s
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102.0ppm

-

1

2
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2
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2
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2
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b
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2
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b

s

100.8ppm

-

1

2
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b

s
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-

1

2
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190 210 230 250 270 290
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b

s

106.39ppm

-

1

2

3

190 210 230 250 270 290
nm

a
b

s

103.86ppm

-

1

2

3

190 210 230 250 270 290
nm

a
b

s
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ⱨ♇ ─ ◒꜡ⱴ♩◓ꜝⱨ▫כ 

 

ⱨ♇ ⌐│ ─ ⅜№╢⅜ ≢╙ ╙ ↄ ↕╣≡™╢─│ⱳꜞ♥♩ꜝⱨꜟ○꜡

◄♅꜠fi PTFE ≢№╢⁹ PTFE≤ⱨ♇ ─ ≢№╢ PFA╩ ⇔ ◒

꜡ⱴ♩◓ꜝⱶ─ ™ ┘ ⱨꜝ◓ⱷfi♩⌐≈™≡ ⇔√⁹ 

 

ₒⱨ♇ ─ ₓ 

É ⱨ♇   

¶ ⱳꜞ♥♩ꜝⱨꜟ○꜡◄♅꜠fi ⱨ♇ PTFE  

É ⱨ♇   

¶ ⱳꜞ◒꜡꜡♩ꜞⱨꜟ○꜡◄♅꜠fi ⱨ♇ PCTFE CTFE  

¶ ⱳꜞⱨ♇ ⱦ♬ꜞ♦fi PVDF  

¶ ⱳꜞⱨ♇ ⱦ♬ꜟ PVF  

É ⱨ♇   

¶ Ɑꜟⱨꜟ○꜡▪ꜟ◖◐◦ⱨ♇ PFA  

¶ ⱨ♇ ◄♅꜠fi ⱨ♇ ⱪ꜡Ⱨ꜠fi FEP  

¶ ◄♅꜠fi ⱨ♇ ◄♅꜠fi ETFE  

¶ ◄♅꜠fi ◒꜡꜡♩ꜞⱨꜟ○꜡◄♅꜠fi ECTFE  

 

.  PTFE≤ PFA─ ◒꜡ⱴ♩◓ꜝⱨ▫כ 

  590ϴ5ה ≢ ╩ ⇔≡●☻◒꜡ⱴ♩◓ꜝⱨ ╩ ∫√⁹  

  PTFE│ C2F4 C3F6─Ⱨכ◒⅜ ⅝ↄ≢≡™╢⅜ PFA│ C3F6 ⌐ C7F16─ⱨꜝ◓ⱷfi

♩╙ ↕╣√⁹C7F16│ PTFE⅛╠│ ↕╣≡™⌂™⁹ 

 

No.  

0.00 2.00 4.00 6.00 8.00 10.0012.0014.0016.0018.0020.0022.0024.00
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1000000

1500000

2000000

2500000
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0.00 2.00 4.00 6.00 8.00 10.0012.0014.0016.0018.0020.0022.0024.00
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Time-->

TIC: 101.D
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.  ⱨ♇ ≤ ─  

  ⱨ♇ │ ⅜ ⇔™≤ ╦╣≡™╢⅜ ↓╣─ ≤⇔≡ⱳꜞ◄כ♥ꜟ◘ꜟⱨ◊fi

⅜ ╦╣≡™╢↓≤⅜№╢⁹↓─ ≈╩ ⇔√ ≢ ●☻◒꜡ⱴ♩◓ꜝⱨ ╩

∫√⁹⌂⅔ │ ≤ ∂≢№╢⁹ 

(1)  PTFE≤ⱳꜞ◄כ♥ꜟ◘ꜟⱨ◊fi─ ╩ ∆╢≤ ⌐ SO2 C2F4 ⱨ▼ⱡכꜟ

ⱦⱨ▼♬ꜟ◄כ♥ꜟ⅜ ⇔√⁹╕√ ⅛⌐ C7F16 ─ⱨ♇ ⱨꜝ◓ⱷfi♩╙ ↕╣

√⁹ 

(2)  PFA≤ⱳꜞ◄כ♥ꜟ◘ꜟⱨ◊fi─ ╩ ∆╢≤ ⌐ SO2 C2F4 ⱨ▼ⱡכꜟ ⱦ

ⱨ▼♬ꜟ◄כ♥ꜟ⅜ ⇔√⁹↕╠⌐ PFA─ⱨꜝ◓ⱷfi♩≢№╢◄כ♥ꜟ⅜ ↕╣╢

⅜ ⅎ╠╣√⅜◄כ♥ꜟ│ ↕╣∏ ◌ꜟⱲfi ⅜ ↕╣√⁹∆⌂╦∟ ₈CFn-O-CFn₉

≢│⌂ↄ ₈CFnCFn-COOH₉≤™℮ ≢ⱨꜝ◓ⱷfi♩⅜ ⇔√⁹ 

.   

  ─ⱨ♇ ⌐≈™≡╙ ╩ ⇔≡◒꜡ⱴ♩◓ꜝⱶ ┘ ⱨꜝ◓ⱷfi♩─

╩ ∆╢⁹ 

 

0.00 2.00 4.00 6.00 8.00 10.0012.0014.0016.0018.0020.0022.0024.00
0
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Time-->

TIC: 103.D
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▪Ⱶⱡ ─ IR☻Ɑ◒♩ꜟ─  

 

 

♃fiⱤ◒ │▪Ⱶⱡ ─ⱳꜞⱴכ≢№╡ ♃

fiⱤ◒ ─ ☻Ɑ◒♩ꜟ│≥╣╙ √

╟℮⌂ⱪ꜡ⱨ▫כꜟ╩ ∆ ⁹⇔⅛⇔ ∕

─⸗ⱡⱴכ≢№╢▪Ⱶⱡ │∕╣∙╣ ה

⅜ ⌂╡ ☻Ɑ◒♩ꜟ─ⱪ꜡ⱨ

╙ꜟכ▫ ⌂╢│∏≢№╢⁹ 

  ⌐│⅔╟∕ 500 ╙─▪Ⱶⱡ ⅜

⇔≡™╢≤ ╦╣≡™╢⅜ ∕─℮∟ⱥ♩─

╩ ⇔ ─ ⌐ ≤↕╣╢─⅜ 20

─▪Ⱶⱡ ≢№╢⁹ ∂▪Ⱶⱡ ≢╙∕╣

∙╣─ ⅝│ ⌂╡ ™∏╣⅛⅜ ∆╢≤

─≥↓⅛⌐ ╩ ⇔≡⇔╕℮≤™℮⁹ⱥ♩

─ ≢ ≢⅝╢▪Ⱶⱡ ╩₈ ▪Ⱶⱡ

₉ ≢⅝⌂™▪Ⱶⱡ ╩₈ ▪Ⱶⱡ ₉

≤™℮⁹ ⱥ♩─ ⌐ ╢≤ ℮ 20

─▪Ⱶⱡ ⌐≈™≡ ☻Ɑ◒♩ꜟ

╩ ∫√⁹ 

  ⌐│ ▪Ⱶⱡ ─ ─

╩ ⇔√⁹ 

 

▪Ⱶⱡ ─ ☻Ɑ◒♩ꜟ ⌐╟∫≡

╠⅛≤⌂∫√ │ ─ ╡≢№╢⁹ 

 

(1) ▪Ⱶⱡ ─ ☻Ɑ◒♩ꜟ─ │

ᵑ ⌐╟╢ 3400 2400 cm
-1 ─Ⱪ

⌂♪כ꜡ ᵒ1660 cm
-1 ─ ─

⌂ⱪכꜗ◦ ≢№╢⁹ 

(2) 1660 cm
-1 ─ │ 1660 cm

-1 ⅜

╙ ⅜ ⅝ↄ ⌐⌂╢⌐≈╣

⅜ ↕ↄ⌂╢ ⅜№╢⁹ 

(3) ▪Ⱶⱡ ─ ⌐╟╡ ☻Ɑ◒♩

ꜟ⅜ ⌂╢↓≤⅛╠ ─ ⌐ ≈

╙─≤ ⅎ╠╣╢⁹ 

 

 

 

No.  

 

 

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

94.73

95.0

95.5

96.0

96.5

97.0

97.5

98.0

98.5

99.0

99.5

100.0

100.44

cm-1

%T 

3266

1622

1519

1071

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

80.3

82

84

86

88

90

92

94

96

98

100

102

104.4

cm-1

%T 

3286

3012

2924

2854 1745

1627

1520

1453

1400

1235

1148

1052

839

711

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

86.5

87

88

89

90

91

92

93

94

95

96

97

98

98.7

cm-1

%T 

3278

2935

1601

1404

1203

1041
1658

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

82.0

84

86

88

90

92

94

96

98

100

102

104

104.8

cm-1

%T 

3287

2925

2854

1745

1633

1534

1452

1380

1236

1136

1049

710
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▪Ⱶⱡ 20   ⌐╟╢  

 

▪Ⱶⱡ  

 

 

 

▪Ⱶⱡ  

 

 

  

  

 

  

  

 

 

 

 

  

  

 

 

 

Ἑ ▪Ⱶⱡ  

 

(1) ▪Ⱶⱡ ─ ☻Ɑ◒♩ꜟ─ │ ᵑ ⌐╟╢ 3400

2400 cm-1 ─Ⱪ꜡כ♪⌂ ᵒ1660 cm-1 ─ ⱪכꜗ◦─

⌂ ≢№╢⁹  

(2) 1660 cm-1 ─ │ 1660 cm-1 ⅜ ╙ ⅜ ⅝ↄ

⌐⌂╢⌐≈╣ ⅜ ↕ↄ⌂╢ ⅜№╢⁹  

(3) ▪Ⱶⱡ ─ ⌐╟╡ ☻Ɑ◒♩ꜟ⅜ ⌂╢↓≤⅛╠

─ ⌐ ≈╙─≤ ⅎ╠╣╢⁹  

 

 

▪Ⱶ

ⱡ  

▬Ⱶⱡ

 
 

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

30.0

35

40

45

50

55

60

65

70

75

80

85

90

95

100.0

cm-1

%T 

3356

2923

2860

2124

1574

1510

1456

1440

1403

1356

1319

1250

1176

1137

1058

1019

961

933

888

848

806

774

729

659

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

85.0

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100.0

cm-1

%T 

2981

1676

1613

1559

1474

1420

1376

1331

1183

1136

973

767

704

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

55.0

58

60

62

64

66

68

70

72

74

76

78

80

82

84

86

88

90

92

94

96

99.0

cm-1

%T 

2981

2857

1629

1586

1498

1449

1427

1410

1342

1314

1270

1246 1142

1111

1087

1060

979

961

923

852

829

795

784

732

682

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

80.0

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100.0

cm-1

%T 

2981

1687

1642

1599

1509

1420

1358

1292

1247

1150

1119

1041

989

936

898

873

777

753

656

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

80.0

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100.0

cm-1

%T 

2980

1638

1508

1419

1350

1310

1255

1231

1212

1150

1125

1073

1053

945

912

865

805

711

702

671

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

65.0
66

68

70

72

74

76

78

80

82

84

86

88

90

92

94

96

98

100
101.0

cm-1

%T 

3426

2981

1590

1468

1409

1381

1340

1302

1217

1124

1085

1011

967

917

852

803

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

70.0

72

74

76

78

80

82

84

86

88

90

92

94

96

98

100.0

cm-1

%T 

2974

2052

1623

1474

1452

1415

1344

1316

1246

1183

1107

1039

930

871

767

700

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

60.0

62

64

66

68

70

72

74

76

78

80

82

84

86

88

90

92

94

96

98

100.0

cm-1

%T 

3379

3105

2925

1680

1639

1577

1524

1427

1398

1360

1314

1235

1149

1102

1074

910

892

834

805

667

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

80.0

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100.0

cm-1

%T 

3405

3169

1684

1623

1585

1484

1449

1409

1359

1332

1314

1280

1255

1202

1162

1130

1103

1085

1051

998

925

896

847

809

776

675

 

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

70.0

72

74

76

78

80

82

84

86

88

90

92

94

96

98

100.0

cm-1

%T 

3073

2730

2595

2107

1614

1586

1519

1454

1411

1361

1306

1236

1151

1113 1013

918

849

771

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

85.0

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101.0

cm-1

%T 

2980

1575

1493

1436

1388

1322

1126

1043

927

888

684

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

50.0

55

60

65

70

75

80

85

90

95

100.0

cm-1

%T 

3141

2939

2626

2107

1608

1584

1562

1504

1471

1424

1393

1350

1328

1270

1190

1177

1139

1105

1064

1034

947

923

901

889

848

823

775

752

715

664

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

40.0

45

50

55

60

65

70

75

80

85

90

95

100.0

cm-1

%T 
2960
2931

2876

2609

2108

1605

1574

1510

1463

1416

1393

1350

1327

1307

1271

1249

1186

1127

1085

1034

991

962

920

872

852

825

800

782

768

748

710

674

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

50.0

55

60

65

70

75

80

85

90

95

101.0

cm-1

%T 

2957

2869

2618

2123

1607

1575

1510

1471

1454

1438

1405

1385

1372

1361

1342

1313

1295

1238

1185

1135

1084

1029

1003

943

923

846

833

768

707

667

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

45.0

50

55

60

65

70

75

80

85

90

95

100.0

cm-1

%T 

2964

2378 2115

1623

1556

1494

1457

1446

1409

1334

1320

1306

1293

1225

1162

1130

1074

1025

1003

949

913

848

778

745

698

681

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

55.0

60

65

70

75

80

85

90

95

100.0

cm-1

%T 

3201

2930

2752

2646

2596

2076

1606

1584

1511

1452

1434

1416

1362

1329

1266

1243

1214

1198

1175

1154

1112

1099

1042

1015

984

939

896

877

840

829

793

739

713

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

45.0

50

55

60

65

70

75

80

85

90

95

99.0

cm-1

%T 

3401

3006

2488

2070

1660

1582

1456

1410

1355

1315

1250

1229

1156

1144

1098

1076

1006

986

920

864

849

802

767

741

682

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

30.0

35

40

45

50

55

60

65

70

75

80

85

90

95

100.0

cm-1

%T 

2915

2738 2573

2108

1607

1579

1560

1508

1447

1405

1351

1316

1274

1242

1184

1150

1119

1069

1025

980

951

874

804

765

750

719

707

681

657

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

70.0

72

74

76

78

80

82

84

86

88

90

92

94

96

98

100.0

cm-1

%T 

3166

2961

2548

2080

1578

1541

1421

1391

1345

1295

1196

1139

1103

1063

941

866

822

806

769

752

692

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

65.0
66

68

70

72

74

76

78

80

82

84

86

88

90

92

94

96

98

100.0

cm-1

%T 

3375

2981

2399

1615

1553

1448

1377

1318

1291

1167

1085

1034

983

947

913

878

835

788

681
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─ ≤ ☻Ɑ◒♩ꜟ  

ꜟכ◖ꜟ▪  

 

┘ ─ꜟכ◖ꜟ▪ ☻Ɑ◒♩ꜟ─ ™⌐≈™≡ ∆╢⁹ ⇔√

╩ ⌐ ∆⁹ 

   ⇔√  

 ≤   ≤  

 

☻כ◖ꜟ◓ Ⱪ♪►  

 

☻כ♩◒ꜝ ☻כ♩◒ꜝ● ☻כ◖ꜟ◓  

 

☻כ♩◒ꜝ● ☻כ꜡◒☻  ☻כ◖ꜟ◓ ⱨꜟ◒♩כ☻  

◦ꜛ  

ⱴfiⱡכ☻  ⱴꜟ♩כ☻ ☻כ◖ꜟ◓ ☻כ◖ꜟ◓  

 

ⱨꜟ◒♩כ☻  

▪
ꜟ
◖

ꜟ 

♁ꜟⱦ♩כꜟ  

▪ꜝⱦⱡכ☻ ꜟכ♩ꜞ☻ꜞ◄   

☻כ꜡◦◐ ꜟכ♩ꜞ◦◐   

∕
─

 

▪fiⱥ♪꜡◓ꜟ◖כ☻ ꜟכ♩♅◒ꜝ   

No.  
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   ─ ☻Ɑ◒♩ꜟ 

 ☻Ɑ◒♩ꜟ   ☻Ɑ◒♩ꜟ  

 

☻כ◖ꜟ◓ Ⱪ♪►  

 

☻כ♩◒ꜝ ☻כ♩◒ꜝ● ☻כ◖ꜟ◓  

 

☻כ♩◒ꜝ● ☻כ꜡◒☻  ☻כ◖ꜟ◓ ⱨꜟ◒♩כ☻  

◦ꜛ  

ⱴfiⱡכ☻  ⱴꜟ♩כ☻ ☻כ◖ꜟ◓ ☻כ◖ꜟ◓  

 

ⱨꜟ◒♩כ☻  

▪
ꜟ
◖

ꜟ 

♁ꜟⱦ♩כꜟ  

▪ꜝⱦⱡכ☻ ꜟכ♩ꜞ☻ꜞ◄   

☻כ꜡◦◐ ꜟכ♩ꜞ◦◐   

∕
─

 

▪fiⱥ♪꜡◓ꜟ◖כ♩♅◒ꜝ ☻כꜟ  

 

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

60.0

62

64

66

68

70

72

74

76

78

80

82

84

86

88

90

92

94

96

99.0

cm-1

%T 

3248

2943

2890

2834

1660

1426

1372

1339

1296

1223

1203

1147

1109

1077

1048

1013

994

915

851

837

773

671

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

70.0

72

74

76

78

80

82

84

86

88

90

92

94

96

98

100

101.0

cm-1

%T 

3382 3196

3122

2937

2080

1494

1444

1421

1357

1325

1297

1281

1248

1151

1102

1066

1052

1043

995

973

955

835

793

764

707

658

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

50.0

55

60

65

70

75

80

85

90

95

100.0

cm-1

%T 

3296

2917

1383

1368

1270

1206

1108

1065

1036

1013

968

957

913

883

844

828

802

706

677

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

75.0

76

78

80

82

84

86

88

90

92

94

96

98

100

101.0

cm-1

%T 

3521
3400

2959

2933

2900

1468

1427

1396

1333

1265 1175

1148

1093

1076

1049

976

923

874

818

782

689

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

60.0

62

64

66

68

70

72

74

76

78

80

82

84

86

88

90

92

94

96

98

100.0

cm-1

%T 

3523

3329

2940

2886

2826

1473

1401

1371

1353

1314

1256

1230

1130

1102

1089

1064

1049

992

943

892

841

782

712

673

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

75.0

76

78

80

82

84

86

88

90

92

94

96

98

100

102.0

cm-1

%T 

3222

1448

1371

1338

1190

1148

1125

1036

930

902

759

675

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

75.0

76

78

80

82

84

86

88

90

92

94

96

98

100

102

104

105.0

cm-1

%T 

3377

1442

1409

1362

1331

1289

1257

1232

1183

1138

1109

1075

1040

1011

987

947

918

890

857

830

788

765

701

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

70.0

72

74

76

78

80

82

84

86

88

90

92

94

96

98

100

102.0

cm-1

%T 

3522

3330

3254

2899

2181 1657

1423

1382

1358

1340

1295

1260

1219

1201

1167

1141

1115

1093

1083

1070

1058

1031

1019

1004

988

914

899

875

762

673

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

85.0

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101.0

cm-1

%T 

3333
1345

1237

1116

1067

1050

1003

988

941

908

867

848

732

679

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

65.0
66

68

70

72

74

76

78

80

82

84

86

88

90

92

94

96

98

100

102.0

cm-1

%T 

3345

2947

2917 1455

1432

1400

1376

1349

1327

1307

1272

1248

1227

1207

1134

1104

1072

1036

1025

990

906

870

848

777

718

672

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

70.0

72

74

76

78

80

82

84

86

88

90

92

94

96

98

100

102.0

cm-1

%T 

3231

2931

1415

1304

1253

1088

1047

1015

999

938

884

871

773

674

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

55.0

60

65

70

75

80

85

90

95

100

103.0

cm-1

%T 

3231

2970

2956

2927

2910

1456

1409

1365

1306

1271

1253

1216

1077

1052

965

917

881

864

707

692

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

85.0

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100.0

cm-1

%T 

3359
3164

2914

1419

1373

1311

1278

1248

1124

1111

1087

1064

1005

912

883

856

745

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

75.0

76

78

80

82

84

86

88

90

92

94

96

98

100.0

cm-1

%T 

3358
3295

2914

2882

1641

1404

1378

1347

1328

1300

1236

1203

1148

1110

1088

1065

1026

1009

947

893

878

861

811

788

743

705
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⅔╟┘ ─ꜟכ◖ꜟ▪ ☻Ɑ◒♩ꜟ⌐≈™≡ ╠⅛≤⌂∫√ │

─ ╡≢№╢⁹ 

 

(1) ─ ☻Ɑ◒♩ꜟ⌐ ⇔≡™╢─│ ᵑ ⌐╟╢ 3200cm-1 ─

ᵒ1020cm-1 ≢ⱪכꜗ◦─ ⅝⌂ ᵓ1450 1200cm-1─ ⌂™ↄ≈╙─

≢№╢⁹ 

(2) ╙ ⌂≥≤ ─ ⌐ ╩ ⇔≡™╢⅜ ─ ⅜∆═≡─ ⅜

 ⱪ≢№╢⁹כꜗ◦

(3) ─ ⇔√ ≢№∫≡╙ ⅛⌐ ☻Ɑ◒♩ꜟ⅜ ⌂╢↓≤⅛╠ ≢№

╣┌ ☻Ɑ◒♩ꜟ ≢ ≢⅝╢╙─≤ ⅎ╠╣╢⁹ 

 



 

34 

 

 

◄♃ⱡכꜟ ─ ⌐⅔↑╢ꜞfi ─  

 

 

  ◄♃ⱡכꜟ⌐ ╕╣╢ ⌂ ╩●☻◒꜡ⱴ♩◓ꜝⱨ▫כ≢ ∆╢ ╩ꜞfi

⌐∆╢↓≤⅜№╢⅜ ▬fi☺▼◒♩ⱳכ♩⅜ ≢№╢√╘ ꜞfi ⅜ ≤⌂∫≡◄☻

♥ꜟ╩ ∆╢ ⅜ ⅎ╠╣╢⁹∕↓≢ ꜞfi ─ ╩ ∆╢√╘ ꜞfi ─ ה

─ ™⌐╟╢◄☻♥ꜟ ─ ⌐≈™≡ ╩⅔↓⌂∫√⁹ 

 

 

  GCMS │ ─ ╡≢№╢⁹ │

─ ≤⇔√⁹ 

ᵑ ◄♃ⱡכꜟ Ⱪꜝfi◒  

ᵒ 226ɡg/mL in ◄♃ⱡכꜟ 

ᵓ 226ɡg/mL ꜞfi in ◄♃ⱡכꜟ 

ᵔ 9ɡg/mL ꜞfi in ◄♃ⱡכꜟ 

 

 

 

ₒ ₓ 

  ╩ ⌐ ∆⁹ 226ɡg/mL ⌂ ╩ ╗◄♃ⱡכꜟ ᵒ

ᵓ ╩ ∆╢≤ ꜞfi ╩ ╣≡™⌂™ ᵒ≢│ ◄♅ꜟ│ ⇔⌂™─⌐ ⇔ ꜞfi

╩ ╣√ ᵓ≢│ ◄♅ꜟ⅜ ↕╣≡™╢⁹ ᵒ─ ─Ⱨכ◒ │ 2.6×10
7≢

№╢─⌐ ⇔ ᵓ─ │ 2.1×10
7≢№╡ ╠⅛⌐ ⅜ ⇔≡™╢⁹↕╠⌐ ◄

♅ꜟ⅜ ⇔≡™╢↓≤╙ ↕╣√⁹ 

  9ɡg/mL ─ ╩ ╗ ᵔ≢│ ─Ⱨכ◒⅜ ↕ↄ ╕√

◄♅ꜟ│ ↕╣⌂⅛∫√⁹ 

  ≢ ⅜ ╕╣≡™╢ ╩ꜞfi ≢ ∆╢≤ ─ ⅜ ◄♅ꜟ⌐

⇔ ─ ⌐ ∆╢↓≤⅜ ╠⅛≤⌂∫√⁹∆⌂╦∟ ⌐ ╩ꜞfi

─ ≢ ╩ ℮↓≤│ ╠╣≡™╢⅜ ─╟℮⌐ ⌐╟∫≡ ⅜◄☻♥

ꜟ ↕╣╢ ⅜№╢√╘ ה ╩ ℮ │ ⌐ ∆╢ ⅜№╢⁹ 

 

 

ₒGCMS ₓ 

 ̧ ◌ꜝⱶ  DB-5MS 

↕30 m× 0.25 mm× 1ɡm  

 ̧  300ϴ 

 ̧  325ϴ 

 ̧  ɡL 

 ̧ ♪כ⸗  ☻ⱪꜞ♇♩  

 ̧ ☻ⱪꜞ♇♩  30 1 

 ̧  10ϴ 

 ̧ ▬○fi  70 eV 

 ̧ ♪כ⸗  SCAN 

No.  
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⌐╟╢▪Ⱶⱡ ─ GC×GC  

 

  ▪Ⱶⱡ │◌ꜟⱲ◐◦ꜟ ≤▪Ⱶⱡ ╩ ∟ ⅜ ↄ ⇔⌐ↄ™√╘ ⌐●☻◒

꜡ ≢│ ∆╢ ⅜№╢⁹ 

⇔√▪Ⱶⱡ ╩ 1 ◌ꜝⱶ≢ ⇔√ ▪Ⱶⱡ ─Ⱨכ◒⅜ ⌂╡

⌂ ⅜ ⅎ⌂™↓≤⅜№╢⁹∕↓≢ ╟╡ ⌂ ╩ ╢√╘⌐ ≈─ ⅜ ⌂╢◌ꜝ

ⱶ╩ ⇔ GC×GC ⌐╟∫≡ ⌂╡ ∫√Ⱨכ◒╩ ⇔ ╩♃כ♦≢ ⇔

√⁹ 

 

1.  ♩ꜞⱷ♅ꜟ◦ꜞꜟ TMSI ⌐╟╢  

  TMSI╩ ™√ TMS ≢│⁸ ⇔√ TMSI ⅜◒꜡ⱴ♩♅ꜗכ♩⌐Ⱪ꜡כ♪⌂Ⱨכ◒≤⇔

≡ ∆╢√╘ Ⱨכ◒⅜ ⌂╡ ∫≡ ─ ⅜ ≢№∫√⁹  
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2.  N,O-ⱦ☻(♩ꜞⱷ♅ꜟ◦ꜞꜟ)♩ꜞ ⱨ꜡○꜡▪☿♩▪Ⱶ♪ BSTFA ⌐╟╢  

  BSTFA╩ ™√ TMS ≢│◌ꜟⱲ◐◦ꜟ ⱥ♪꜡◐◦ꜟ ╛▪Ⱶⱡ ⌐ TMS⅜ ∆

╢⅜⁸ ─ ⅜ ∏⇔╙ ≢│⌂™⁹▪Ⱶⱡ +TMS ⁸▪Ⱶⱡ

+TMS ⁸▪Ⱶⱡ +TMS ─╟℮⌐ 1≈─▪Ⱶⱡ ⅜ 2 3 ─Ⱨכ◒⌐ ⇔≡⇔

╕™▪Ⱶⱡ ╩╟╡ ⌐⇔≡⇔╕℮ ⅜№╢ ⁹ ╩ ™╢

⌐│ ⌐ ∆╢ ⅜№╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.  ⱧⱣ꜡▬ꜟ-ⱷ♅ꜟ◄☻♥ꜟ  

  ⱧⱣ꜡▬ꜟ/ⱷ♅ꜟ◄☻♥ꜟ │ ─ ⌐ ∆╢ ⅜ ↄ ⌐

⅜ ╗√╘▪Ⱶⱡ ╩ ∆╢↓≤⅜≢⅝ ─ ─

╙ ≢№∫√⁹ 

  ↕╠⌐ GC-MS⌐╟∫≡▪Ⱶⱡ ╩ ℮ ⁸ⱧⱣ꜡▬ꜟ/ⱷ♅ꜟ◄☻♥ꜟ ╩

℮≤ NIST ─ MSꜝ▬Ⱪꜝꜞ╩ ∆╢↓≤≢ ⅜ ⇔ ™⁹╕√ ⌂ ▪Ⱶ

ⱡ ─№╕╡ ╠╣≡™⌂™▪Ⱶⱡ ≢╙ FD Field Desorption ♁ⱨ♩▬○fi ⌐╟

╢ ⅛╠ ▬○fi─ ⅜ ≢№∫√⁹  
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4.  ╕≤╘ 

  ─ ⌐╟╡ ▪Ⱶⱡ ─ ה ⌐│ⱧⱣ꜡▬ꜟ/ⱷ♅ꜟ◄☻♥ꜟ

⌐ GC×GC ╩ ∆╢↓≤≢ ⌂╡ ∫√Ⱨכ◒╩ ⇔≡ 2 ╩♃כ♦≢

∆╢ ⅜ ≢№╢↓≤╩ ⇔√⁹ 

 

 ♃כ♦  .5

  ⌐ ╕╣╢▪Ⱶⱡ ╩ⱧⱣ꜡▬ꜟ/ⱷ♅ꜟ◄☻♥ꜟ ⇔ GC×GC⌐≡

⌂╢▬○fi EI FI
1⌐≡ ⇔ ≤ ╩ ⇔√⁹  

 

 

 

                                                   
1
  EI Electron Ionization FI Field Ionization 
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GC/MS Py-GC/MS ┘ TG-MS ⌐╟╢ⱳꜞⱴכ─  

 

 

  ⱳꜞⱴכ ─ ╩ ∆╢ ≤⇔≡ -●☻◒꜡ⱴ♩◓ꜝⱨ

Pyro-GC/MS ⅜ ™╠╣╢↓≤⅜№╢⁹↓╣│ⱳꜞⱴכ╩ 400 600ϴ ─ ≢

⇔ ∕─ ●☻ ─ ╩ GCMS≢ ∆╢↓≤≢ⱳꜞⱴכ╩

∆╢ ≢№╢⁹ 

  ↓╣╠─ │Ɑ▬fi♩ ╛ ─ ⌂≥⌐ ≢⅝╢ ≢│№╢⅜ ─

╛ ─ ─ ⅜ ≢№╢√╘ ∫√ ⌐⌂╢ ╛

◒꜡ⱴ♩◓ꜝⱶ⅜ ⌐⌂╡ ⅜ ╙☻כ◔╢⌂⌐ ⌂ↄ⌂™⁹ 

  ∕↓≢ Pyro-GCMS ─ ⌐╟╢ ╩ ⇔ ↕╠⌐ ≤⇔≡ -

TG-MS ─ ⌐≈™≡ ⇔√⁹ 

 

1. Pyro-GC/MS ─  

  ─ ⌐│ PET ⱳꜞ◄♅꜠fi♥꜠ⱨ♃꜠כ♩ ╩ ⇔ 160 1040ϴ─ ≢

Pyro-GC/MS─ ╩ ∫√⁹ 

  ╩ 4⌐ ∆⁹PET│ 160 423ϴ ≢│ ↕╣∏ 500ϴ ─

⅛╠ ⅜ ⇔≡™╢⁹PET─ ─╖╩ ╢≤ 500ϴ ≢№╣

┌ ⇔√◒꜡ⱴ♩◓ꜝⱶ⅜ ╠╣╢⁹⇔⅛⇔ ⌐⌂╣┌⌂╢╒≥ ⅜ ↄ⌂∫

≡™╢↓≤⅛╠ ⌂ ⌐╟∫≡ ⅜↕╠⌐ ↕╣≡ ◒꜡ⱴ♩◓ꜝⱶ╩

⇔≡™╢↓≤⅜╦⅛╢⁹ 

  PET─ ∕╣╒≥ ⌐╟∫≡◒꜡ⱴ♩◓ꜝⱶ⅜ ⌐⌂╢↓≤│⌂⅛∫√⅜ ⌐

╟∫≡│ ⅜ ⌂╢↓≤⌐╟∫≡◒꜡ⱴ♩◓ꜝⱶ⅜ ⅝ↄ ∆╢ ╙ ⅎ╠╣╢⁹ 

   

2. TG-MS⌐╟╢ⱳꜞⱴכ  

  TG-MS │ ╩ ⅛╠ 1000ϴ ╕≢ ⇔ ⌐╟╢ ─ ≤

●☻ ╩ MS ≢ ⌐ ∆╢ ≢№╢⁹ 

  │ Pyro-GCMS≤ ⌐ PET╩ ⇔√⁹ 

  ╩ ⌐ ∆⁹400ϴ ⅛╠ TG ⅜ ╠╣≡™╢⅜ ◒꜡ⱴ♩◓ꜝⱶ≢│

Ⱪ꜡כ♪⌂ ─Ⱨ⁹╢№≢╖─◒כ↓╣│ GC─╟℮⌂ ╩ ⇔√◐ꜗⱧꜝꜞכ◌ꜝ

ⱶ≢│⌂™√╘ ⅜ ↕╣∏⌐ MS ⌐ ↕╣≡™╢√╘≢№╢⁹∕─√╘

Pyro-GCMS ─╟℮⌂ ─ MS ☻Ɑ◒♩ꜟ│ ╠╣∏ⱳꜞⱴכ╩ ∆╢↓≤│

≢№∫√⁹ 

  ⇔⅛⇔ ─Ⱪ꜡כ♪⌂Ⱨכ◒─Ⱨכ◒♩♇ⱪ─ MS☻Ɑ◒♩ꜟ│ ⌐╟∫≡

∆╢ ─ ─ⱨꜝ◓ⱷfi♩▬○fi⅜ ╦↕∫√☻Ɑ◒♩ꜟⱤ♃כfi≢№╢↓≤⅜╦⅛

∫√⁹↓─☻Ɑ◒♩ꜟⱤ♃כfi╩♦כ♃ⱬכ☻ ∆╢↓≤⌐╟╡ⱳꜞⱴכ─ ⅜ ⌐⌂

╢≤ ⅎ╠╣╢⁹╕√ TG-MS ─ ≢№∫≡╙ ─ ⅛╠ ╩

∆╢↓≤╙ ⌐⌂╢≤ ⅎ╠╣╢⁹⇔√⅜∫≡ TG-MS ≢№╣┌ Py-GCMS─╟℮

⌐ ─ ╛ ⌐╟╢◒꜡ⱴ♩◓ꜝⱶ─ ⌂≥╩ ⌐∆╢↓≤⌂ↄ

⌂ ≢ ∆╢ ⅜ ⅛╙⇔╣⌂™⁹ 

No.11 
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a  ◒꜡ⱴ♩◓ꜝⱶ RT 0:00 11:30  
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b  ◒꜡ⱴ♩◓ꜝⱶ RT 11:30 18:30  
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 c  ◒꜡ⱴ♩◓ꜝⱶ RT 18:30 25:00  
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ꜝⱴfi ─  

 

1.  ┘  

  │ ≢ ⌐ ⌂ ≤⇔≡ ⇔≡™╢⅜ ꜝⱴfi ─ │╕∞

™⁹ ─ꜝⱴfi │ ⅜ כꜞ▬꜠≢ ⅜ ⌐ ╠⌂™╟℮⌐

∆╢ ⅜№∫√⅜ ≢│ ╙ ╦╡ כꜞ▬꜠ ╩◌♇♩∆╢ⱨ▫ꜟ♃╩

ⅎ≡™╢↓≤⅛╠ ⌂♩כ◔ꜞ♦⌂℮╟─ │⌂ↄ ⌂≥─ ⅜ ╪≢™╢

─≢ ™╛∆™ ≤⌂∫≡™╢⁹ 

  ꜝⱴfi☻Ɑ◒♩ꜟ ─ⱷꜞ♇♩│ ↄ№╢⅜ ⌐ →╠╣╢─│ ↕≢№╢⁹

≢│ ⌂ ≢ ≢╙∆←⌐ ≢⅝╢⁹ 

  ╕√ ☻Ɑ◒♩ꜟ ⌐⅔™≡ ≢№╢₈ ₉─ ⅜ ↕ↄ ╩●ꜝ☻

╛ⱪꜝ☻♅♇◒Ᵽ♇◓⌂≥─ ⌐ ⇔√ ≢ ≢⅝╢─│ ≢№╢⁹ 

  ↕╠⌐ ─ ⅜ ↕╣≡⅔╡ ⌐ ⇔≡ ≢⅝╢↓≤⅛╠ ⌐╙

╣≡™╢⁹ 

  ∕↓≢ ꜝⱴfi ⌐≈™≡ ∆╢↓≤≢ ─ ╩ ╘ ─

⌐ ∆╢↓≤⅜ ─ ≢№╢⁹ 

2.  ꜝⱴfi ─  

כ◙כ꜠   ╩ ⌐ ∆╢≤ │ ≤⌂╡ ─ ≤≤╙⌐ ⌐ ╢

⌐ ≤│ ⌂╢ ─ ꜝⱴfi ⅜ ╠╣╢⁹ ≤ꜝⱴfi

─ ─ │ ─ ⌐ ∆╢↓≤⅛╠ ─ ⌐ ≢№╢⁹ 

  ╕√ ꜝⱴfi ─ ≢ ─ ≤ ∂ ─ ⅜ כꜞ▬꜠╢∆

╟╡╙ ™ ─ ⌐ ∆╢ꜝⱴfi ╩▪fi♅☻♩כ◒☻ ◒כ♩☻╩

☻ ≤ ┬⁹↓─ꜝⱴfi ╩ ⇔≡ ╠╣√ꜝⱴfi☻Ɑ◒♩ꜟ⅛╠ ╩ ∆

╢ ⅜ꜝⱴfi ≢№╢⁹ 

3.  ꜝⱴfi  

3-1  ┘  

  ꜝⱴfi כꜞ▬꜠│ ⌐ ═≡ 100 ─ ─ ™ ≢№╡ ꜝⱴfi

╩ →╢√╘ כ◙כ꜠⌐ ⅜ ™╠╣≡™╢⁹ 

  ─ │ ⌐╟∫≡ ⌐ ∆╢↓≤⅜ ≢№╢⁹ 

  500 nm ─ ╩ │ ⅜ ™╙── ⅜ ↄ ∆╢√╘ ╟╡

─ 1064 nm ╩ ⇔≡ ─ ╩ ⇔≡™╢ ╙№╢⁹ 

  ≢│ ─ ╩ ⇔≡™╢ ╙№╡ ⌐╟∫≡ ╩ ∆╢↓≤≢

╟╡ ⌂ ⅜ ≢№╢⁹ 

   

    

244 nm  Ί ─ ╩ ↑╠╣╢⁹ ⅜ ™⁹ 

488 nm  
⌂≥  ⅜ ™⁹ 

532 nm  

633 nm  ⱳꜞⱴכ⌂≥  ╩ ⁹ 

1064 nm  Ί ─ ╩ ↑╠╣╢⅜ │ ™⁹  

No.12 
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3-2   

  ─ ⌐╟∫≡│ ⌐ ⅜ ╘╠╣╢ ⅜№╢↓≤⅛╠ ─

╙ ≢№╢⁹ 

  ⅎ┌ ─ ≢ꜝⱴfi☻Ɑ◒♩ꜟ╩ ∆╢≤ ™ ≢

╩ ⇔⌂↑╣┌⌂╠∏ ╩ ∆╢ ⅜ ⌐⌂╢⁹ │ ╩ ™

╢ ⅜ ≢№╢⁹ ╩ ⇔√ ─ꜝⱴfi ⅛╠ ╠╣╢

│ꜝⱴfi◦ⱨ♩2≤ ┌╣╢⁹ 

3-3   

  ꜝⱴfi ⌐╟╡ ╠╣╢ꜝⱴfi☻Ɑ◒♩ꜟ│ ─☻Ɑ◒♩ꜟ≢№╢⁹∕─√

╘ ☻Ɑ◒♩ꜟ FT-IR ≤ ⌐ ╠╣√☻Ɑ◒♩ꜟ⅛╠ ─

╩ ℮↓≤⅜ ≢№╡ ╕√ ꜟ♩◒Ɑ☻≥♃כ♦ ╩ ∆╢↓≤≢ ╩

∆╢↓≤╙ ≢№╢⁹ ⌐ ─ ─ꜝⱴfi☻Ɑ◒♩ꜟ ╩ ∆⁹  

  ꜝⱴfi☻Ɑ◒♩ꜟ  

  ꜝⱴfi◦ⱨ♩  ꜝⱴfi  

 

C-H 
2970-2860 

1470-1360 

strong 

weak 

-CH2- 

2940-2845 

1485-1295 

750-720 

strong 

weak 

weak 

C=C 
3090-2950 

1680-1600 

strong 

strong 

ⱨ▼♬ꜟ  

3100-3000 

1620-1580 

1060-1000 

strong 

strong 

strong 

ꜟכ◖ꜟ▪ ⱨ▼ⱡכꜟ  

OH  3690-3200 weak 

ⱨ▼ⱡכꜟ  
1160-1030 

1200 

strong 

strong 

◌ꜟⱲfi  
OH  

3600-3500 

3300-2500 

weak  

weak 

C=O  1800-1770 strong 

◔♩fi  C=O 1725-1650 strong 

◄☻♥ꜟ  C=O 1760-1715 strong 

▪Ⱶfi  NH 

3450-3300 

1640-1560 

850-650 

weak 

weak 

weak 

▪Ⱶ♪  
NH 3530-3090 weak 

C=O 1690-1640 strong 

◦ꜞ◖fi  

Si-H 

Si-C 

Si-O 

2300-2100 

1260-1250 

1100-1000 

weak 

weak 

weak 

ꜞfi  
P-H 

P=O 

2450-2250 

1300-1100 

strong  

strong 

 

-SH 

C=S 

C-S 

S-S 

2590-2550 

1260-1050 

745-570 

545-500 

strong 

strong 

strong 

strong 

 CO3- 
1450-1410 

1100-1060 

weak 

strong 

  

 

                                                   
2
 ꜝⱴfi◦ⱨ♩ cm-1= 10

7
/ nm 10

7
/ꜝⱴfi nm  
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GC×GC⌐╟╢ ─  

 

1.  ┘  

  ●♁ꜞfi A C ⌂≥ │ ─ ≢ ↕╣≡™╢√╘

∕╣╠─ ╛ ─ ™⌐╟∫≡ ╛ ⌐ ⅝⌂ ╩ ⅎ╢⁹╕√ ≢│

◔Ⱶ◌ꜟ ╛ ⌂≥─ ⌐╟∫≡◄fi☺fi♩ꜝⱩꜟ⌐⌂╢◔כ☻╙ ↕╣≡™╢⁹ 

  │●☻◒꜡ⱴ♩◓ꜝⱨ ╛ ◒꜡ⱴ♩◓ꜝⱨ ⌂≥╩ ⇔≡

─ ⅜ ╦╣≡™╢⅜ √⇔≥♩♇◕כ♃╩ ⅜ ≤⌂∫≡⅔╡

╩ ⌐ ∆╢ │ ↕╣≡™⌂™⁹ 

  ∕↓≢ ◒꜡ⱴ♩ ⌐╟╡ ─ ⌐≈™≡ ⇔√⁹ 

2.   

  ●♁ꜞfi ◘ꜝ♄ ─  

3.   

כ▫ⱴ♩◓ꜝⱨ꜡◒☻●ה    Agilent 7890B 

ה    JEOL JMS-T100GCV 4G 

4.   

  ─  

GC condition  

GC×GC ◦☻♥ⱶ Agilent 7890B 

  GC◌ꜝⱶ   

1st◌ꜝⱶ BPX-5 30m×0.25mm×250ɡm 

2nd◌ꜝⱶ BPX-50 2 ×0.25mm×100ɡm 

Ⱪfiכ○    50ϴ(2min) ϴ /min 300ϴ 

  ▬fi☺▼◒◦ꜛfi  300ϴ 

  ☻ⱪꜞ♇♩  1 100 

MS condition  

  MS ◦☻♥ⱶ  JEOL JMS-T100GCV 4G 

  ▬○fi ♪כ⸗  EI (70eV) 

  Mass range m/z 30 600 

 

5.   

  ◌ꜝⱶ≤ ◌ꜝⱶ╩ ╖ ╦∑√ GC×GC-TOF/MS ◒꜡ⱴ♩ ⌐╟

╡●♁ꜞfi╛ ⌐ ╕╣╢Ɽꜝⱨ▫fi ▪꜡ⱴ ♫ⱨ♥fi╩ ∆╢↓≤≢⅝ ∕╣∙╣

─ ╙ ≢№∫√⁹╕√ ≢│⸗ⱡ◓ꜞ☿ꜞ♪ ☺◓ꜞ☿ꜞ♪

─≤⌂ꜟכ꜡♥☻ ⅜ ↕╣ ∆╢↓≤⅜≢⅝√⁹ 

  ↓╣╠─ ╩ ™╢↓≤≢ ⌂ ╩ ∆╢ ─ │╙∟╤╪─↓≤ ↓

╣╕≢ GC/MS ♪כ⸗ ≢│ ≢⅝∏ ⌂ ─ ⌂≥⌐ ∆╢

↓≤⅜≢⅝╢⁹ 

No.13 
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●♁ꜞfi 
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◘ꜝ♄  
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ⱳꜞ▪Ⱶ♪ ♫▬꜡fi ─  

 

1.  ┘  

  ♫▬꜡fi⌂≥─ⱳꜞ▪Ⱶ♪ │ ─ ≤⇔≡╟ↄ ↕╣╢ⱳꜞⱴ⁹╢№≢כ

ⱳꜞⱴכ ─ ⌐ ☻Ɑ◒♩ꜟ FT-IR ╩ ™≡

╩ ∆╢↓≤⅜ ™⅜ ♫▬꜡fi─ ꜝ◒♃ⱶ─ ≢ ╠╣╢♫▬꜡fi 6

╛☺▪Ⱶfi≤ ≤─ ≢ ╠╣╢♫▬꜡fi 66⌂≥ ─ ⅜ ∆╢⁹∕─√

╘ ☻Ɑ◒♩ꜟ≢ ⌂ ╩ ∆╢↓≤│ ⇔™─⅜ ≢№╢⁹ ⌐ ⌂

♫▬꜡fi ─ ≤ ☻Ɑ◒♩ꜟ╩ ∆╢⁹ 

  ∕↓≢ ≢│♫▬꜡fi─ ╩ ∆╢ ≤⇔≡ -●☻◒꜡ⱴ♩◓ꜝⱨ

Pyro-GCMS ╩ ™≡Ɽ▬꜡◓ꜝⱶ ⅛╠ ♫▬꜡fi╩ ∆╢ כ◐≢

≤⌂╢ ⌂ ╩ ⇔ ≢ ⌂♫▬꜡fi─ ╩ ∆╢⁹ 

2.   

  ♫▬꜡fi   

3.   

  ●☻◒꜡ⱴ♩◓ꜝⱨ▫כ  Agilent 7890B 

  │ GC-MSꜝ▬Ⱪꜝꜞכ♦כ♃ⱬכ☻ Wiley ⌐ ≠™≡ ⇔√⁹  

4.   

 

 

 

 

 

 

 

 

 

 

5.   

  ♫▬꜡fi ╩ Pyro-GCMS≢ ⇔√ Ɽ▬꜡◓ꜝⱶ│ ╛ⱳꜞ▪

Ⱶ♪─ ╩ ⇔√ ⌂ ⅜ ↕╣√⁹ ┘  

  ♫▬꜡fi ╩ ∆╢ ≢ ⌐ ╢⌂≥כ◐√⇔ ⌂ ╩⸗♬♃

כ CAS NO. ∆╢↓≤⌐╟∫≡ ≢ ⌐♫▬꜡fi─ ╩ ∆╢↓≤⅜ ≤

⌂╢⁹ │ ╛ - GCMS⌂≥⌐≈™≡╙ ╩ ╘≡™ↄ⁹ 

No.14 

GC-MS  

◌ꜝⱶ  DB-5MS J & W  

30m×0.25mmɫ 1.0ɡ  

◌ꜝⱶ  40ϴ 5  

 15ϴ   

 350ϴ 5  

 350ϴ 

 AUX  310ϴ 

◐ꜗꜞ▪●☻  Ⱬꜞ►ⱶ  

 3.2 mL  

♪כ⸗  ☻ⱪꜞ♇♩ 25 1  

כ꜡ⱨꜟ♃כ♩  85 mL/min 

 65 cm/sec 

 

כ♃◒▼☺ⱳ▬fi♩▬fiכꜞꜙ◐  

 590ϴ 5  
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  ♫▬꜡fi ─ ≤ ☻Ɑ◒♩ꜟ 

   ☻Ɑ◒♩ꜟ 

♫▬꜡fi 6 

 

6-▪ⱵⱡⱫ◐◘fi ꜝ◒♃ⱶ  

ɚ-◌ⱪ꜡ꜝ◒♃ⱶ  

 

♫▬꜡fi 11  
11-▪Ⱶⱡ►fi♦◌fi  

ɮ-▪Ⱶⱡ►fi♦◌fi  

 

♫▬꜡fi 12  
12-▪Ⱶⱡꜝ►ꜞꜟ ꜝ◒♃ⱶ  

ɮ-ꜝ►꜡ꜝ◒♃ⱶ  

 

♫▬꜡fi 6,6  

1,6-☺▪ⱵⱡⱫ◐◘fi  

Ⱬ◐◘ⱷ♅꜠fi☺▪Ⱶfi  

1,4-Ⱪ♃fi☺◌ꜟⱲfi  

▪☺Ⱨfi  

 

 

*
N
H

*

O

n

 

N
H

O

*
n

 

N
H

O

**
n

 

*
N
H

N
H

*

O

O

n

 

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

88.2

89

90

91

92

93

94

95

96

97

98

99

100

101

102

102.8

cm-1

%T 

3284

2918

2850

1642

1573

1538

1467

1259

1085

803

720

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

94.84

95.5

96.0

96.5

97.0

97.5

98.0

98.5

99.0

99.5

100.0

100.5

101.0

101.5

102.0

102.5

103.0

103.5

104.0

104.5

105.0

105.43

cm-1

%T 

3299

2921

2851

1635

1539

1466

1372 1223

720

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

85.2

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

105.9

cm-1

%T 

3292

3081

2919

2850

2166

1638

1544

1466

1370

1268

1159

1121

942

720

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

93.82

94.5

95.0

95.5

96.0

96.5

97.0

97.5

98.0

98.5

99.0

99.5

100.0

100.5

101.0

101.5

102.0

102.5

103.0

103.28

cm-1

%T 

3302

2931

2860

1636

1531

1463

1369

1271

1197

934 726
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 ≈≠⅝ 

   ☻Ɑ◒♩ꜟ 

♫▬꜡fi 6,T 

 

1,6-☺▪ⱵⱡⱫ◐◘fi  

Ⱬ◐◘ⱷ♅꜠fi☺▪Ⱶfi  

1,4-ⱬfi♀fi☺◌ꜟⱲfi  

♥꜠ⱨ♃ꜟ  

 

♫▬꜡fi 6,9  

1,6-☺▪ⱵⱡⱫ◐◘fi  

Ⱬ◐◘ⱷ♅꜠fi☺▪Ⱶfi  

1,7-Ⱬⱪ♃fi☺◌ꜟⱲfi  

▪♀ꜝ▬fi  

 

♫▬꜡fi 6,12 

 

1,6-☺▪ⱵⱡⱫ◐◘fi  

Ⱬ◐◘ⱷ♅꜠fi☺▪Ⱶfi  

1,10-♦◌fi☺◌ꜟⱲfi  

♪♦◌fi  

 

 

*
N
H

O

N
H

O

*n

 

N
H

N
H

*

O

*

O

n

 

N
H

N
H

*

O

*

O

n

 

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

77.0

78

80

82

84

86

88

90

92

94

96

98

100

102

104.5

cm-1

%T 

3303

3073

2957

2163

1631

1535

1494

1473

1366

1286

1157

1114

1018

973

864

791

728

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

43.7

50

55

60

65

70

75

80

85

90

95

100

106.2

cm-1

%T 

3292

3081

2926

2855

2161

1634

1539

1465

1436

1370

1246

1180

1136

1071

937

723

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0

75.7

78

80

82

84

86

88

90

92

94

96

98

100

102

104.5

cm-1

%T 

3303

3077

2920

2852

1634

1538

1466

1436

1419

1370

1275

1236

1181

1127

937

720

689
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♫▬꜡fi  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

♫▬꜡fi 11 
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Time-->

TIC: 027.D
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Time-->

TIC: 032.D

N

O
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♫▬꜡fi 12 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

♫▬꜡fi 6,6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.00 10.00 15.00 20.00 25.00 30.00

500000

1000000

1500000

2000000

2500000

3000000

3500000

4000000

4500000

5000000

Time-->

TIC: 033.D

N

N
HO

 

 

5.00 10.00 15.00 20.00 25.00

2000000

4000000

6000000

8000000

   1e+07

 1.2e+07

 1.4e+07

 1.6e+07

 1.8e+07

   2e+07

 2.2e+07

 2.4e+07

 2.6e+07

 2.8e+07

   3e+07

 3.2e+07

 3.4e+07

 3.6e+07

 3.8e+07

   4e+07

 4.2e+07

 4.4e+07

 4.6e+07

 4.8e+07

Time-->

TIC: 029.D
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N

NH

O

N
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♫▬꜡fi 6,T 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

♫▬꜡fi 6,9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.00 10.00 15.00 20.00 25.00
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 1.5e+07
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 2.5e+07

   3e+07
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 7.5e+07
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Time-->

TIC: 028.D
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Time-->

TIC: 030.D
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♫▬꜡fi 6,12 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  ♫▬꜡fi ─ ⌂  

╢⌂≥כ◐   CAS NO. 

♫▬꜡fi 6 ◌ⱪ꜡ꜝ◒♃ⱶ  105-60-2 

♫▬꜡fi 11 
►fi♦◌fi♬♩ꜞꜟ  2244-07-7 

►fi♦☿fi  112-38-9 

♫▬꜡fi 12 
♪♦◌fi♬♩ꜞꜟ  2437-25-4 

ꜝ►ꜞꜟꜝ◒♃ⱶ  947-04-6 

♫▬꜡fi 6,6 

◦◒꜡Ɑfi♃ⱡfi  120-92-3 

▪☺ⱳ♬♩ꜞꜟ  111-69-3 

◌ⱪ꜡ꜝ◒♃ⱶ  105-60-2 

N-Ⱬ◐◦ꜟⱭfi♃fi▪Ⱶ♪  10264-25-2 

♫▬꜡fi 6,T 

ⱬfi♂♬♩ꜞꜟ  100-47-0 

ⱬfi☼▪Ⱶ♪  55-21-0 

ⱬfi♀fi◌ꜟⱲ▪Ⱶ♪  613-93-4 

♫▬꜡fi 6,9 
◌ⱪ꜡ꜝ◒♃ⱶ  105-60-2 

ⱡ♫fi☺♬♩ꜞꜟ  1675-69-0 

♫▬꜡fi 6,12 
◌ⱪ꜡ꜝ◒♃ⱶ  105-60-2 

♪♦◌fi☺♬♩ꜞꜟ  4543-66-2 

 

 

 

 

 

5.00 10.00 15.00 20.00 25.00 30.00
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Time-->

TIC: 031.D
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─ GC-MS  

 
⌐ ↑⌂™ ─ ╩ ∆╢ ⌐ ₁⌂ ╩ ∆╢⅜ ⌐│ FT-IR

☻Ɑ◒♩ꜟ ⅜ ╙ ↄ ↕╣≡™╢─≢│⌂™∞╤℮⅛⁹⇔⅛⇔ ∕╣

∞↑≢│ ⅜ ╡⌂™√╘ -GCMS MALDI -TOFMS

DART-MS ⌂≥⌐╟∫≡ ╟╡ ↄ─ ╩ ╢↓≤≢ ⅜ ↕╣╢⁹

│∕╣∙╣ ⅜ ⌂╢√╘ ╩ ╘≈≈ ╩ ∆╢↓≤⌐⌂╢⁹ ≢

│ ⌐ ⌂≥ ─ ╩ ∫≡⅔╡ ₁⌂◘fiⱪꜟ ∟ ╕╣╢⁹∕↓≢

≢ ⇔≡™╢─⅜ -GCMS≢№╢⁹ 

  ⇔≡™╢ │ ≢JCI-22₉כ♃◒▼☺ⱳ▬fi♩▬fiכꜞכꜙ◐₈─

─Ɽ▬꜡ꜝ▬◙כ≢№╢√╘ ⌐ ∫√ GC◌ꜝⱶ╩ ⇔√ GCMS ⌐

↕∑≡ ∆╢≤™℮☻♃▬ꜟ╩ ∫≡™╢⁹ 

  ∟ ╕╣╢◘fiⱪꜟ│ ₁≢№╡ ∕─℮∟ -GCMS╩ ™√ ⌐≈™≡│ ⱳꜞ

ⱴכ─ ┌⅛╡≢│⌂ↄ ─ ⌐ ∆╢↓≤⅜ ™⁹ ⌐│ ↄ

─ ⅜ ╦╣≡™╢↓≤⅛╠ ∕─ ╩ ⇔√™≤™℮ ⌐╟ↄ ∆╢⁹ 

  ∕↓≢ ─ ☻כⱬ♃כ♦╩ ⇔ ─ ⌐ ∆╢ ╩

∆╢↓≤≤⇔√⁹ 

 

─ │ ─ ╡⁹ 

   

  

 
ⱴ◓Ⱡ◦►ⱶ  

☻♥▪ꜞfi ♫♩ꜞ►ⱶ  

 

◌ꜟⱲfi  
p-t-Ⱪ♅ꜟ ♫♩ꜞ►ⱶ  

 

◦ꜙ► ◌ꜞ►ⱶ  

♫♩ꜞ►ⱶ◌ꜞ►ⱶ  

◌ꜟ◦►ⱶ  

 
 
 

 

No.15  

ₒ ₓ  

 GC ▪☺꜠fi♩♥◒ⱡ꜡☺כ  6890N 

 MS ▪☺꜠fi♩♥◒ⱡ꜡☺כ  5975B 

 Ɽ▬꜡ꜝ▬◙כ  JCI-22 

 590ϴ  

◌ꜝⱶ   ▪☺꜠fi♩♥◒ⱡ꜡☺כ  HP-5MS 19091S 433  

 30 m× 0.25mm× 0.25ɡm  

◐ꜗꜞ▪●☻   Ⱬꜞ►ⱶ  

  ɡL ☻ⱪꜞ♇♩ 320ϴ ☻ⱪꜞ♇♩ 10:1  

Ⱪfiכ○   40ϴ 3 ќ 20ϴ /min  ќ320ϴ 

♪כ⸗  SCAN⸗כ♪ m/z=29 700  

▬○fi ◄Ⱡꜟ◑כ  70eV ▬○fi  230ϴ  
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ₒ ≤ ₓ 

  ⌐⅔™≡ ⅛╠ ↄ ⇔√ ╩ ⌐ ∆3⁹╕√ Ɽ▬꜡◓ꜝⱶ╩

⌐ ⇔√⁹ 

 

   

  ↄ ↕╣√ β 

 
ⱴ◓Ⱡ◦►ⱶ  ▪☿♩fi  

☻♥▪ꜞfi ♫♩ꜞ►ⱶ  Ⱬⱪ♃♦☿fi  

 

◌ꜟⱲfi  
p-t-Ⱪ♅ꜟ ♫♩ꜞ►ⱶ  t-Ⱪ♅ꜟⱬfi♀fi 

 

◦ꜙ► ◌ꜞ►ⱶ  ⌂⇔  

♫♩ꜞ►ⱶ◌ꜞ►ⱶ  
◦◒꜡Ɑfi♃☺◄fi ⱥ♪꜡◐◦ⱷ♅ꜟ◦◒꜡

Ɑfi♥ⱡfi  

◌ꜟ◦►ⱶ  ☺▪☿♅ꜟ ▪☿♩fi  

β CO2│ Air ≤ꜞ♥fi◦ꜛfi♃▬ⱶ⅜ ™ ≤⇔≡◌►fi♩⇔≡™⌂™⁹  

 

(1)  

  ─ ─╖ ↕╣ ⅜ ↕╣√⁹

≢│ ⅜ ≈≤┘⌐ ↕╣≡ ⇔√▪ꜟ◔fi ┘▪ꜟ◌fi

⅜ ⌂ ≢№╡ │ ↕⌂Ⱨ⁹√∫№≢◒כ 

  ∆⌂╦∟ ≢№∫≡╙ ─ ⌐╟╡ ⅜ ⌂╢⁹ 

(2) ◌ꜟⱲfi  

  ◌ꜟⱲfi │ ≤ ⅜ ⇔≡⅔╡ ⱬfi♀fi ≤

COOM─ ≢ ↕╣≡™√⁹ 

(3)  

  │ ≤│ ⌂╡ ⅜ ⌐│⌂╠⌂™√╘ ⅛╠─

⅜ ⇔™ ≤⌂∫√⁹ ⇔≡™╢─│◔♩fi ⅜ ∆╢ ≢№╢⁹ 

 

 

ₒ ₓ 

  ─ ╩ ∆╢≤≤╙⌐ ≤⇔≡ ∕─╙─╙ ⇔√™⁹  

 

 

 

 

                                                   
3
  │ GCMS♦כ♃ⱬכ☻≢ ⇔√╙─≢№╡ ≢│ ⇔≡™⌂™⁹  
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ⱴ◓Ⱡ◦►ⱶ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

☻♥▪ꜞfi ♫♩ꜞ►ⱶ

1 . 0 0 2 . 0 0 3 . 0 0 4 . 0 0 5 . 0 0 6 . 0 0 7 . 0 0 8 . 0 0 9 . 0 0 1 0 . 0 01 1 . 0 01 2 . 0 01 3 . 0 0

1 0 0 0 0 0 0

2 0 0 0 0 0 0

3 0 0 0 0 0 0

4 0 0 0 0 0 0

5 0 0 0 0 0 0

6 0 0 0 0 0 0

7 0 0 0 0 0 0

8 0 0 0 0 0 0

9 0 0 0 0 0 0

   1 e + 0 7

 1 . 1 e + 0 7

 1 . 2 e + 0 7

 1 . 3 e + 0 7  C17:1 

 

 

 

 C15:1 

 

 

 

 C14:1 C16:1 

Blank O2  

 

 C15 

 C10:1 C12:1 

 C13:1 

 C11:1 C13 

 C6:1 C9:1 C10    C11   C12 

 C7:1 C9 

 C7 C8:1 ☻♥▪ꜞfi  

 C8 C14 

 

 

1 . 0 0 2 . 0 0 3 . 0 0 4 . 0 0 5 . 0 0 6 . 0 0 7 . 0 0 8 . 0 0 9 . 0 0 1 0 . 0 01 1 . 0 01 2 . 0 0

1 0 0 0 0 0 0

2 0 0 0 0 0 0

3 0 0 0 0 0 0

4 0 0 0 0 0 0

5 0 0 0 0 0 0

6 0 0 0 0 0 0

7 0 0 0 0 0 0

8 0 0 0 0 0 0

9 0 0 0 0 0 0

   1 e + 0 7

▪☿♩fi  

 

 

Blank O2  

 

 

 

 

 

  ♪♦☿ⱡכ♥☿▪ꜟכ♩  

 

 ⱷ◦♅ꜟ○◐◦♪  
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p-t-Ⱪ♅ꜟ ♫♩ꜞ►ⱶ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

◦ꜙ► ◌ꜞ►ⱶ  

1 .0 0 2 .0 0 3 .0 0 4 .0 0 5 .0 0 6 .0 0 7 .0 0 8 .0 0 9 .0 0 1 0 .0 0 1 1 .0 0 1 2 .0 0

2 0 0 0 0 0

4 0 0 0 0 0

6 0 0 0 0 0

8 0 0 0 0 0

1 0 0 0 0 0 0

1 2 0 0 0 0 0

1 4 0 0 0 0 0

1 6 0 0 0 0 0

1 8 0 0 0 0 0

2 0 0 0 0 0 0

2 2 0 0 0 0 0

2 4 0 0 0 0 0

2 6 0 0 0 0 0

2 8 0 0 0 0 0

3 0 0 0 0 0 0

3 2 0 0 0 0 0

t-Ⱪ♅ꜟⱬfi♀fi  

 

 

 

 

 

 

 

 

Blank O2  

 

 

 

 

 

 

 

ⱬfi♀fi  ⱷ♅ꜟ☻♅꜠fi    i-Ⱪ♅ꜟⱬfi♀fi  

1 .0 0 2 .0 0 3 .0 0 4 .0 0 5 .0 0 6 .0 0 7 .0 0 8 .0 0 9 .0 0 1 0 . 0 0 1 1 . 0 0 1 2 . 0 0

1 0 0 0 0 0

1 5 0 0 0 0

2 0 0 0 0 0

2 5 0 0 0 0

3 0 0 0 0 0

3 5 0 0 0 0

4 0 0 0 0 0

4 5 0 0 0 0

5 0 0 0 0 0

5 5 0 0 0 0

6 0 0 0 0 0

6 5 0 0 0 0

7 0 0 0 0 0

7 5 0 0 0 0

8 0 0 0 0 0

8 5 0 0 0 0

9 0 0 0 0 0

Blank 

Blank O2  

 

∑∏ 
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◌ꜟ◦►ⱶ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

♫♩ꜞ►ⱶ◌ꜞ►ⱶ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00

500000

1000000

1500000

2000000

2500000

3000000

3500000

4000000

4500000

5000000

5500000

◦◒꜡Ɑfi♃☺◄fi  

 

 

 

 

 

 

 

 

 

ⱥ♪꜡◐◦ⱷ♅ꜟ◦◒꜡Ɑfi♥ⱡfi  

 

ⱷ♅ꜟ◦◒꜡Ɑfi♥ⱡfi  ⱷ♅ꜟ▬fi♦fi  

ⱷ♅ꜟ◦◒꜡Ɑfi♃☺◄fi   

ⱥ♪꜡◐◦ⱪ꜡Ɽⱡfi  ⱥ♪꜡◐◦◄♅ꜟ◦◒꜡Ɑfi♥ⱡfi  

1 .00 2 .00 3 .00 4 .00 5 .00 6 .00 7 .00 8 .00 9 .00 10 .00 11 .00 12 .00

200000

400000

600000

800000

1000000

1200000

1400000

1600000

1800000

2000000

2200000

2400000

2600000

2800000

3000000

☺▪☿♅ꜟ  

 

▪☿♩fi     ⱷ♅ꜟ◦◒꜡Ɑfi♃ⱡfi  

 

  ◦◒꜡Ⱬ◐◘☺◄fi  ⱷ♅ꜟⱨꜝⱡfi  ⱷ♅ꜟⱫ◐◘☺◄fi  

 ♩ꜟ◄fi  ⱷ♅ꜟ◦◒꜡Ɑfi♥ⱡfi  ☺ⱷ♅ꜟ◦◒꜡Ɑfi♥ⱡfi  

Blank 

 

Blank O2  

 

Blank O2  
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GC×GC-TOF/MS ╩ ™√ ─  

 

 

1.  ┘  

  ₈ 13₉≢ ⇔√ ⌐≈≠⅝ ─ ⌂╢ ┘ ╩ ╘

GC×GC-TOF/MS ╩ ∫√⁹ │ ─ ≢ ↕╣≡™╢√╘

─ │ ⌐ ╡ │ ─ ╩ ∆╢↓≤⌐ ⇔√⁹ 

 

2.   

  ╩ ⇔√ ╩ ⌐ ∆╢⁹ 

  ≢ ↕╣╢♫ⱨ◘ ●♁ꜞfi JET ┘

⌐ ⇔≡│ ⇔√ ◖fi♦▫◦ꜛfi⌐⅔™≡ ⅜

≢⌂⅛∫√√╘ ╩ ⇔≡™⌂™⁹

⌐  

 

3.   

כ▫ⱴ♩◓ꜝⱨ꜡◒☻●ה  Agilent 7890B  

ה  JEOL JMS -T100GCV 4G  

 

 

 

4.    

 

 

 

   

  

♫ⱨ◘  2 

●♁ꜞfi  3 

JET  3 

 2 

 5 

LCGO  5 

AFO  4 

CFO 4 

 5 

ⱬכ☻○▬ꜟ  4 

 4 

 41 

No.16 

ỢGC condition 

GC×GC ◦☻♥ⱶ  Agilent 7890B 

GC ◌ꜝⱶ 1st ◌ꜝⱶ BPX-5 30mĬ0.25mmĬ250ɛm 

 2nd ◌ꜝⱶ  BPX-50 2 Ĭ0.25mmĬ100ɛm  

Ⱪfiכ○  40ϴ(5min) 5ϴ /min 320ϴ(10 ) 

▬fi☺▼◒◦ꜛfi  320ϴ 

☻ⱪꜞ♇♩  1 100 

▬fi☺▼◒♩  1ɡL CFO Base oil │ CS2

 

Period of PWM 6.6 s 

Duration 300 ms 

 

ỢMS condition 

MS ◦☻♥ⱶ  JEOL JMS-T100GCV 4G 

▬○fi ♪כ⸗   EI (70eV)  

Mass range m/z 29 800 

Recording interval 0.04 s 

Wait time 0.003 s 

Sampling interval 0.25 ns 

▬fi☺▼◒◦ꜛfi ⅜ 320ϴ ◌ꜝⱶ ≢№╢√╘ CFO

┘ ⌐ ╕╣╢ │ ≢⅝≡™⌂™⁹  
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LCGO Light cycle gas oil  

 

 

LCGO  
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LCGO  

 

 

LCGO  
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LCGO  

 



 

71 

AFO  

 

 

AFO  
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AFO  

 

 

AFO  
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CFO  

 

CFO

 

 



 

74 

CFO

 

 

CFO
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ⱬכ☻○▬ꜟ  

 

 

ⱬכ☻○▬ꜟ
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ⱬכ☻○▬ꜟ  

 

 

ⱬכ☻○▬ꜟ
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─  

 

1.  ┘  

  ─ ╛ ☻Ɑ♇◒⌐│₈ ₉─ ⅜ ∫≡™╢↓≤⅜ ™⁹↓

╣│ ╩ ℮ ≢ ─◖fi♃ⱵⱠכ◦ꜛfi─ ≤⌂∫√╡ ≢│

│ ⌂ ─└≤≈≢№∫√╡ №╢™│◌ⱦ╛ ─ ─ ≤⌂∫√╡∆╢⁹ 

  ☿fi♃כ≢│ ₁⌂ ─ ╩ ⇔≡⅝√⁹ ─ │ ⌐ ╡

√╟℮⌂ ≢№∫≡╙ ⅜ ⌂╢↓≤⅜№╢⁹ │ ⌐╟

∫≡ ⅝ↄ ∆╢↓≤│ ⇔ↄ⌂™√╘ ╩ ℮ │ ╩ ⌐ ↕∑

╢ ⅜№╢⁹ 

  ≢│ ╩ ⇔ ∕─ ╩╕≤╘√⁹ 

 

2.  ─  

(1)   

כꜗ◦♇▫ⱨꜟכ◌  (2)  

כꜗ◦♇▫ⱨꜟכ◌  (3)  

כꜗ◦♇▫ⱨꜟכ◌  (4)  

(5)   

(6)  ●☻◒꜡  

(7)  ☻Ɑ◒♩ꜟ  

(8)   

(9)  CaH 2 + H 2O Ƃ 2H2 + CaO  

(10)  ⱨ▼ⱡכꜟ ◐◦꜠fi  

ꜟכ◖ꜟ▪  (11)  

(12)  TG-DTA  

(13)  ─  

(14)  ●♁ꜞfi  

(15)  ◄ⱴꜟ◦ꜛfi  

(16)  ●☻ ─ ╩  

No.17 
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3.  ─  

  ⌐│ ⅜№╡ ∕╣╠╩ ⇔≡ ™ ↑╢ ⅜№╢⁹

│ ─ ╡⁹ 

  ─  

   

1.  

 
≤ ╩ ↕∑╢↓≤≢ ╩ ⌐ ⇔ ╩ ∆╢⁹ │

↕╣╢⁹  

 ℮╕ↄ ∆╣┌ ≢╙ ≢╙ ≢№╢⁹  

 
◘fiⱪꜟ≤ №╦∑≡200 ml╙─ ─ ╩ ↕∑╢ ≢№╢√╘ ⌂≥

⌐╟∫≡ ─ ⅜ ⌐ ↕╣╢⁹ ⅜ ™≤ ⇔ ™⁹  

 
⅜ ™ ⅜ ⌐ ™♩ꜟ◄fi╩ ⌐ ℮≤ ⇔⌂™⁹ќ ◐◦꜠fi⌐ ═

≡ ⅜ ™√╘ ╕≢⌐ ⅜ ⅛╢⁹ 

 ◖fi♦fi◘כ⌐ ⇔√ ╩ ↄ ⌐ ≤↕⌂™≤ ∕─ ⅜ ⌐⌂╢⁹  

2.  

 100ϴ ⌐ ⇔≡ ⇔√ ╩ ≤⇔≡ ∆╢⁹  

 ─ │ ≡ⱪꜝ☻─ ≤⌂╢⁹  

 
100ϴ ≢ ╩ ⇔⌂™ ⅜ ─ ≤↕╣╢⁹╕√ DOP⌂≥─ ◔Ⱶ◌

ꜟ╙ ⌐ ↕╣╢↓≤⅜№╢⁹  

 ⌐╟∫≡ ⅜ ℮─│⌂−⅛⁹ ─ ╩ ⅎ╢⁹  

 ╩ ∆╢⁹  

3. 

 

 ⌐ ⅜ ╢≤ ╛ ⅜ ∆╢↓≤⅛╠ ╩ ∆╢⁹  

 ⅜ ≤│ ╠⌂™⁹№ↄ╕≢╙ ≢№╢↓≤╩ ≤⇔√ ≢№╢⁹  

 ─ ⌐╟╢⁹  

4.  

 

╩ ⇔ 100ϴ╕≢⌐ ⇔√ ╩ ≤∆╢⁹TG ∞↑≢⌂ↄ

DTA ╙ ⇔≡ ∆╢↓≤⅜ⱬ♃⁹כ ≤ ∂ ∞⅜ ⅜

mg≢╙ ⁹  

 ⌐ ⅜ ™╙─│ ≡ ∆╢⁹  

 ⌂≥ ≢⌂™≤ ⇔⌂™ ─ ╙ ≢⅝╢⁹  

 ⅜ ↄ⌂™√╘ │1.5 ↄ╠™⌐ ≡⅔™√ ⅜ ™⁹  

5. ●☻◒꜡  

 GC-TCD ≢ ≢⅝╢⁹  

 ⌐│●☻◘fiⱪꜟ LPG LNG ⌂≥⅜ ≢№╢⁹  

 ⌐╟∫≡│ ≤ ∂Retention time ⌐ ∆╢╙─⅜№╢⁹  

 TCD≢ ≢⅝╢ ─ ⅜ ≢№╡ ╙∕╣⌐ ∂╢⁹  

6.  

7.  

 
│↓╣╠─ ╩ ⌐ ≡╢≤ ⌐ ∂≡ ⅜ ↕╣╢↓≤

⅛╠ ∕─ ⅛╠ ╩ ∆╢⁹  

 ─ ≢ ╩ ↑╢ ⅜№╢⁹  

 ⌐ ⁹  

8. ●♁ꜞfi

 

 
╩ ╗ ⌐●♁ꜞfi╩ ∆╢≤ ╡╩ ∂╢√╘ ─ ╩ ∆╢↓≤⅜≢⅝

╢⁹  

 
ꜟכ◖ꜟ▪ ◔♩fi ▪ꜟ♦ⱥ♪ ⌂≥ ╩ ↄ ∆╢ ◔Ⱶ◌ꜟ⅜

≤↕╣╢⁹  

 100 100 ppm─ ╩ ≢⅝╢⁹  

9.  
 ╩ ⇔√≤⅝⌐ ⅜ ⇔≡ ⌐⌂╢↓≤╩ ⇔≡™╢⁹  

 ╩ ∆╢╟╡╙ ╗⇔╤ ╩ ∆╢↓≤⅜ ™⁹  
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4.  ≤  

  ⌐ ⇔√ ╡ ⌐⅔™≡│ ⅜№╡ ≢ ╘╠╣≡™⌂™

⌐⅔™≡│ ╩ ⌐ ⇔√ ≢ ╩ ∆╢ ⅜№╢⁹ 

  ⌂⅔ ⇔√ ⅜ ⌐╟∫≡  ⁹╢№╙☻כ◔℮╕⇔≡╣╦

 

(1)  ≤ ╣╢≤ ∆╢  

  ♫♩ꜞ►ⱶ╛◌כⱣ▬♪⌂≥─ │ ⌐ ╣√

∞↑≢ ⇔≡ ╩ ∆╢⁹ 

1  ♫♩ꜞ►ⱶ       Na  H 2O Ƃ NaOH  1/2 H 2Ɓ   ●☻─  

2  ◌ꜟ◦►ⱶ◌כⱣ▬♪ Ca2C2  H 2O Ƃ CaOH  C2H 2Ɓ  ▪☿♅꜠fi●☻

 

3  ◌ꜟ◦►ⱶ     CaH 2  H 2O Ƃ CaO  2H 2Ɓ     ●☻─    

 

(2)  ⱦ♬ꜟ─  

  ⱦ♬ꜟ⌐ ⅜ ∆╢≤ ⇔≡ⱦ♬ꜟ▪ꜟ◖כꜟ≤ ⅜ ∆╢⁹

∆⌂╦∟ ⅜ ⇔≡╙ ⱦ♬ꜟ≤ ⇔≡ ↕╣╢√╘ │ ⇔⌂™↓≤

⌐⌂╢⁹ ⌐ ∆╢ ─ ⅔╟┘▪☿♩▪ꜟ♦ⱥ♪⅜ ↕╣╢⁹ ⸗ꜟ  

  C=C-O-COCH 3 ⱦ♬ꜟ  H 2O  

    Ƃ C=C-OH ⱦ♬ꜟ▪ꜟ◖כꜟ   CH 3COOH  

    ќ C=C-OH ⱦ♬ꜟ▪ꜟ◖כꜟ Ƃ  Ƃ CH3CHO ▪☿♩▪ꜟ♦ⱥ♪  

 

(3)  ◄☻♥ꜟ ─  

  ⱦ♬ꜟ≤ ⌐◄☻♥ꜟ │ ≤ ⇔≡ ╩ꜟכ◖ꜟ▪≥ ⇔ ⅜

↕╣≡⇔╕℮↓≤⅜№╢⁹⇔√⅜∫≡ ⅜ ⇔√ ⌐│ ∞↑≢⌂ↄ

─ ╩ ™ ⌐╟╢ ─ ─ ╩ ⇔≡⅔ↄ ⅜№╢⁹ ⌐

⌐ ꜟכ◖ꜟ▪≡∂ ─ ╩ ℮⁹ 

  R1-COOR2 ◄☻♥ꜟ  H 2O  Ƃ R1-COOH   R2OH ꜟכ◖ꜟ▪  
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5.  ─  

  │ ─ ╩ ╢√╘⌐ ↄ ™╠╣╢ ≢№╢⁹⇔⅛⇔ ⅜

⌐╟∫≡ ∆╢⁹ ─ ╛ ◘fiⱪꜟ ⌂≥⅜ ⌂

╢√╘ ⌐⇔√⅜∫≡ ∆╢ ⅜№╢⁹ ⅜ ⌂╢ │ ⌐

∆╢↓≤│ ⌂™⁹ 

 

   [ ] 2019 │ Web ≢ ─↓≤  

JIS   ◘fiⱪꜟ   ♅▼♇◒    

JI SM8082 

☻◒ꜝ♇ⱪ  
105±5ϴ 1 5 kg   2  

 

2  
 

JISM8083  

┘

 

105±5ϴ 
1 kg  

2.5 kg  
●

☻ 

16  

4  
2  β1 

JISM8101  

 
105±5ϴ 1 5 kg   2  2   

JISM8102  

  
105 150ϴ 4   2  2   

JISM8108  

◒꜡ⱶ ⱴfi●fi

ⱴfi●fi  

105±5ϴ 

5 kg or 1 kg  

N=4  

N=1/lot  

 1  

2

or

 

 

JISM8109  

↑™ ♬♇◔ꜟ  
105±5ϴ 1 5 kg   2  2   

JISM8705  

꜡♇♩  
105±5ϴ 

1 5 kg  

N=1 4/lot

⌐

 

 

4 1

 

8 wt │ 8

 

2   

JISM8820  

 

☻◒כ◖  

107ϴ 

120 200ϴ 

0.6 kg  

1 kg  
 1  2  β2 

JISZ7302 -3 

 
107±2ϴ 1 ◓ꜝⱶ   1  2   

β1  ⌂≥─ ─ ™⌐╟∫≡ ⅜ ↕╣≡™╢⁹ 

β2  ≤ ≤⅜№╢⁹ ⅜ 15 wt │ ╩ ∆╢⁹ │

40ϴ ≢ ℮ 1 kg ⁹20ϴ /24 30ϴ /6 40ϴ /6  

β3  ─  

ᵑ   JISM8082   ☻◒ꜝ♇ⱪ ◘fiⱪꜞfi◓ ┘  

ᵒ   JISM8083   ┘ ◘fiⱪꜞfi◓ ┘  

ᵓ   JISM8101   ─◘fiⱪꜞfi◓ ┘  

ᵔ   JISM8102   ◘fiⱪꜞfi◓ ┘   

ᵕ   JISM8108   ◒꜡ⱶ ⱴfi●fi ⱴfi●fi ◘fiⱪꜞfi◓

 

ᵖ   JISM8109   ↑™ ♬♇◔ꜟ ◘fiⱪꜞfi◓ ┘  

ᵗ   JISM8705   ꜡♇♩─   

ᵘ   JISM8820   ┘◖כ◒☻ ꜡♇♩─   

ᵙ   JISZ7302 -3   



 

86 

 

  ∕─  [ ] 2019 │Web ≢ ─↓≤  

   
 

  

  ⅛∆  130±3 ϴ   

 

JISK0068   ─   105±2 ϴ   

JISP8127   ┘   105±2 ϴ  
30  

60  

JISR3913   ─ ─   110±3 ϴ   

JISZ7302 -3  

 
 107±2 ϴ   

 1130   105 ϴ   

☿fi♃כ    140 ϴ   

ICUMSA    105 ϴ   

AOAC  Association of Official Analytical Chemists  

  135±2ϴ   

 130±3ϴ   

√┌↓  99.5±5ϴ   

PORIM  

≢─  

PORIM p5.2 (1995)  

ⱴ꜠כ◦▪Ɽכⱶ○▬ꜟ MPOB  

ⱴ꜠כ◦▪Ɽכⱶ○▬ꜟ PORIM  

Ɽכⱶ◌כⱠꜟ  103±2 ϴ  4  

─ ╡ ⌐╟╢ ⌐≈™≡│ ╛ ⌐╟∫≡ ⅜ ⌂╡ ↕╣≡™⌂™⁹ 

≤ ⅜ ∆╢─│◘fiⱪꜟ ⌐ ⅜ ╕╣≡™√╡ ⌐ ╦╣≡™╢≤ ⅜

⇔ ⅛∫√╡ ⅜ ⅛╢√╘ ∕╣╩ ⇔≡ ↕╣√╙─≢№╢⁹  

 

6.  ─ ™ Ᵽ▬○ⱴ☻  

  10 ╕∞ ≢Ᵽ▬○ⱴ☻ ⅜№

╕╡ ⇔≡™⌂⅛∫√ ⌐Ᵽ▬○♅♇ⱪ

─ ╩ ⇔√⁹ ≢ ⇔√⅜

─ ╡ │ ⌐╟∫≡ ₁≢№

╢↓≤⅛╠ ─⌂⅛∫√Ᵽ▬○♅♇

ⱪ⌐ ⇔≡ ╩ ⇔√⁹∕─

⌐ H 2O ≤─╖ ∆╢KF ≤

⇔√─≢ ↓↓⌐ ∆╢⁹ 

6-1  ≤KF ─ ™ 

  105ϴ ⌐╟╢ ⅜ Ᵽ▬○

♅♇ⱪ─ ╩ ⌐ ⅎ≡™╢╙─≢№

╢⅛╩ ∆╢√╘ ♇▫ⱨꜟכ◌≡⇔

כꜗ◦ KF ⌐╟╢ ╩ ™

⇔√⁹⌂⅔ │ ◘fiⱪꜟ╩

105ϴ ⇔≡ ─ ╩ ∫≡ ≤

⌂∆ ≢№╡ KF │ ⌐

╟∫≡ ╩ ∆╢ ≢№╢⁹ 

  ⅛╠ ╠╣√ │ ─ ╡

≢№╢⁹  

(1)  ─Ᵽ▬○♅♇ⱪ│ ╟

╡KF ≢─ ⅜ ↄ⌂∫≡™╢⅜

≢│∕─ ⅜ ⌐⌂

∫≡™╢⁹ ⌐╟╢ ─ ™│

≢│⌂™⁹ 

  ≤ KF ─  

  
 

@105ϴ  

KF  

@190ϴ  

 

 4.7 5.2 

 4.9 4.9 

 4.6 5.0 

 4.7 4.8 

 4.7 4.9 

 4.7 5.0 

 

 5.3 4.9 

 5.3 4.2 

 5.0 4.4 

 4.9 4.7 

 5.1 4.5 

 4.9 4.7 

0

1

2

3

4

5

6

7

8

9

10

KF

  ≤ KF ─  
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(2)  ─ ─ ⌐╟╢ ╩ ∫√⅜ ≤╙ ─ ™

⌐╟╢ ⌐₈ │ ╘╠╣⌂™₉≤ ↕╣√⁹ 

(3)  ∆⌂╦∟ Ᵽ▬○♅♇ⱪ─ 105ϴ ⌐╟╢ ─ ⌐≈™≡│

KF ≤╒╓ ─ ⅜ ╠╣√⁹ 

 

6-2  ⌐╟╢ ─  

  ₈ ₉≤₈ ₉⌐╟╢ ⌐≈™≡ ⅜ ╓∆ ┼─

╩ ╠⅛⌐∆╢√╘ ╩ ⅎ≡∕╣∙╣─ ≢ ╩ ⇔√⁹

│Kett ─ ≢ ⇔≡ ╩ ∆╢ ≢№╢⁹ ≢╙ ≢⅝

╢ ≢№╢√╘ ≤⇔≡ ™╠╣≡™╢⁹ 

  ⅛╠ ╠⅛≤⌂∫√ │ ─ ╡⁹  

(1)  ⌐╟╢ │ ⌐ ⅝ↄ ╩ ↑ 103ϴ 4.6 wt% 105ϴ

5.0 wt% 107ϴ 5.5 wt%≤ ϴ─ ™≢╙ ⌐│ ⅜ ∂≡™╢⁹ 

(2)  ₈ ─ ─ ₉⌐╟╢ ⌐╟∫≡ 103ϴ≤105ϴ≢│₈ ⅜№╢₉

≤ ↕╣ 105ϴ≤107ϴ≢│₈ ⅜⌂™₉≤ ↕╣√⁹ 

(3)  ⌐╟╢ │103ϴ 4.55 wt% 105ϴ 4.67 wt% 107ϴ 4.62 wt%≤⌂∫

≡⅔╡ ─ ™⅜ ⌐ ⅝ↄ ⇔≡⅔╠∏ ╒╓ ─ ≤⌂

∫≡™╢⁹ 

(4)  ≤ ╩ ∆╢≤ 103ϴ≢─ ⅜ ─ ⌐ ⅜ ∂≡™⌂™⁹

⌐KF ≤─ ╩ ⅎ╢≤ 103ϴ─ ≢─ ⅜ ⌐╙ ╙ ⅜

№╢╙─≤ ↕╣√⁹ 

(5)  130ϴ≢─ ⌐≈™≡│ ≤╙⌐ │ ╠⅛⌐ ╩ ⇔≡⅔╡

≈ ─ ™⅜ ⌐ ⅝⌂ ≤⌂∫≡ ╣≡™╢⁹∆⌂╦∟ ╩

─ ≤⇔≡ ∆╢⌐⅔™≡│ 130ϴ╒≥─ ≢ ∆╢↓≤⌐│

⅜№╢⁹ ⌐↓─ │130ϴ≢─ ⅜ ─KF ≤╙ ⅝ↄ ∆╢↓≤╩

∆╙─≢№╡ 130ϴ ⌐│ ⅜⌂™⁹ 

 

  ≤ ─  

  
  

103ϴ 105ϴ 107ϴ 130ϴ 103ϴ 105ϴ 107ϴ 130ϴ 

 

1  4.3 4.7 4.8 6.4 4.55 4.58 4.57 5.05 

2  4.7 5.0 5.2 6.5 4.60 4.60 4.66 5.00 

3  5.0 5.3 5.4 6.0 4.59 4.63 4.62 4.84 

4  4.6 5.1 6.1 6.2 4.52 4.72 4.62 5.08 

5  4.5 5.1 5.9 6.8 4.66 4.76 4.67 5.15 

6      4.48 4.69 4.61 5.28 

7      4.45 4.73 4.60 5.23 

 4.6 5.0 5.5 6.4 4.55 4.67 4.62 5.09 

 0.23 0.20 0.47 0.27 0.07 0.06 0.03 0.14 
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6-3  ╕≤╘ 

─ ⌐ ∆╢ ╩ ∆╢≤ ─ ╡≢№╢⁹ Ᵽ▬○ⱴ☻⌐ ╢  

(1)  105ϴ≢─ ≤KF ≢─ │ ≢№╢⁹ 

(2)  ≢ ⇔√ 103ϴ 105ϴ ┘107ϴ─ ≢│ 103ϴ≢─ ⅜

≤ ≢ ╙ ⅜⌂ↄ ─ ≢№╢⁹ 

(3)  ≤ ⌐╟╢ │ ⅜ ↄ⌂╢⌐ ∫≡ ⌐ ─

⅜ ⅝ↄ⌂╢⁹ ─  103ϴ 105ϴ 107ϴ 130ϴ  

(4)  ∆⌂╦∟ ₈KF ₉₈103ϴ ₉ ┘₈103ϴ ₉≢

⇔√ │ ≢№╢⁹ 

─ ⅛╠ ⌐│103ϴ ⅜ ┘KF ⌐⅔™≡ ─

⅜ ╠╣ 103ϴ ≢─ ⌐│ ⅜№╢⁹  
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☻◒♇꞉הⱨ□ꜟ♥fi☻▪ה ─  

1.  ┘  

  2020 ─⅛╠ SOx ─ 4⅜ ╕╡ ─ wt

≤│ ╛ ⅜ ⌂╢ 0.3wt VLSFO ⅜ ↕╣╢

╟℮⌐⌂∫≡⅝√⁹∕╣⌐ ™ ≤ ≢ ∫≡╙∕─ ╛ ⅜ ╦∫≡

⅝≡™╢⁹ 

  ≤⇔≡ ∆╢⌐│☻ꜝ♇☺─ │ ↑⌂ↄ≡│⌂╠⌂™⁹↓╣╕≢☻ꜝ♇☺─

⌐⌂╡ ╢ │▪☻ⱨ□ꜟ♥fi≤꞉♇◒☻≢№╡ ⌐ ╕╣╢▪☻ⱨ□ꜟ♥

fi│ ≤─ ╛ ⌐╟∫≡ ꞉♇◒☻ │ ≢ ⇔☻ꜝ♇☺ ∆╢

≤⇔≡ ╠╣≡™╢⁹ 

  ∕↓≢ ┘ ─ ─ ⌂╢ ┘ ⌐

≈™≡ ▪☻ⱨ□ꜟ♥fi ┘WAX ╩ ⇔ ─ ™⌐╟╢ ─

╩ ∆╢↓≤⌐⇔√⁹ 

2.   

(1)   

  ◘fiⱪꜟ╩ ⌐ ⇔ ●☻◒꜡ⱴ♩◓ꜝⱨ▫ ╩ ∫√⁹ 

(2)  ▪☻ⱨ□ꜟ♥fi 

  I P143 ⌐≡ ⇔√▪☻ⱨ□ꜟ♥fi ╩ Ⱪ꜡כ ≤ Ⱪ꜡כ ≢

╩ ⇔ ∫√▪☻ⱨ□ꜟ♥fi⌐≈™≡ ☻Ɑ◒♩ꜟ ┘GPC

5 ∫√⁹ 

  ▪☻ⱨ□ꜟ♥fi─ ☻Ɑ◒♩ꜟ│ Ⱪ꜡כ ≤ Ⱪ꜡כ ─

≤≢ Ⱨכ◒⌐ ⅜ ∂╢ ⅜№╢ ⌐1740cm-1 ─ ⁹

│≢♃כ♦√⇔ Ⱪ꜡כ ─ ─☻Ɑ◒♩ꜟ♦כ♃⅜ ⌂ↄ ╕√

─ ™⌐╟╢☻Ɑ◒♩ꜟ─ ⅜≢⅝≡™⌂™─≢ Ⱪ꜡כ ─ ─╖ ⇔

√⁹ Ⱪ꜡כ │♃כ♦─ ⌐  

  ⌐GPC │ ≤◌ꜝⱶ ≤─ ⌐ ⅜ ⅛⌂™↓≤╩ ≤

⇔√ ≢№╢⁹▪☻ⱨ□ꜟ♥fi│ ≢№╡ ≤─ ≢

⅜ ∂╢ ⅜№╢ ⅜ ╣╢ќ ⌐Ⱨכ◒⅜ ⇔≡

⇔╕℮ ⁹ │ ⌐╟∫≡ ⅜ ╕╢ ⅜№╢ ќ

⌐Ⱨכ◒⅜ ⁹⇔√⅜∫≡ ⌐⅔↑╢GPC─ │ ∕

─╙─╩ ∆╢√╘≢⌂ↄ ╩ ⌐ ∆╢↓≤╩ ≤⇔≡ ⇔√⁹ 

(3)  WAX  

  JIS K 2601 ≢ ⇔√WAX ⌐≈™≡ ●☻◒꜡ⱴ♩◓ꜝⱨ▫ ⌐╟∫≡

╩ ⇔√⁹  

                                                   
4
  ─ ⌐ ╕╣╢ ─ ╩ ─ 3.5 ⅛╠ 0.5 ≤∆╢↓≤╩ ↑√ SOx

─↓≤⁹ │ SOx ≤ ⌐╟╢ ─ ╛ ┼─ ╩ ∆╢↓≤⅜

≢№╡ IMO ≢ ↕╣≡™╢⁹ ┼─ ⌐│ ─

●☻ LNG ⌂≥ ╩ ╕⌂™ ─ ╛ ●☻ ☻◒ꜝⱣכ ─ ┼─ ⌂≥

⅜№╢⅜ ◖☻♩ ⅛╠ ↄ─ ⅜ ≢─ ╩ ⇔≡™╢⁹  
5  GPC Gel Permeation  Chromatography ◘▬☼ ◒꜡ⱴ♩◓ꜝⱨ▫כ ─ │ ⌐ ⇔

√⁹  

No.18 
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