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ABSTRACT

We found a normal discharge method in water by one electrode in a vapor phase and the other in a liquid
phase. It worked well at lower electric voltage than conventional voltage of break down in water.
Minimum voltage to discharge was 6kV which decomposed phenol. We have found to improve initial
phenol decomposition reaction rate specifically under the atmosphere of 3-6%He or 2-8%N,.It seems to
be caused by the Penning effect. In water, we obtained possible amino acid by vapor-liquid discharge in

an atmosphere of carbon dioxide and nitrogen.
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1
EF EFFREER (V]| EMER (V] |EFEFS(-]
H 13.59 1
He 19.8/20.96 2458 2
Ne 16.62/16.72 21.55 10
Ar 11.53/11.72 15.75 18
Kr 9.82/10.51 13.96 36
Xe 8.28/9.40 12.12 54
Li 5.39 3
Cs 3.87 55
He 4.67/5.47 10.42 80
N 14.51/15.58(N,) 7
0 13.57/12.07(0,) 8
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first-order rate constant

2.34.

1)

0.0015

0.0014 -~

0.0013 ~

0.0012 ~ ®

0.0011 H

0.0010 ~

0.0009 T T T T T T T T

2000 4000 6000 8000 10000 12000 14000 16000 18000
Pd[mm x mmHg]

2.10

3mm

3mm , 2.10

Passion
0.8665 0.9937

Smm

44

20000

24mm



(2)

0.0012

0.0008

0.0004 ~

first-order reaction constant

0.0000

2.11

9mm

depth of bottom
2.11

(10mm)

2.12-( )

45

12 16

2mm~9mm

9mm

2.12-( )



H,0+e—>H"+OH"
Ph+OH —»C

2.12 () ()

46



2.

initial reaction rate constant[1/sec]

3.5

0.0025
&
A
&
0.0015 | o
A

0.001 |
A

0.0005 | o

O 1 1 1
§] 2000 4000 6000 8000
pressure[mmHg]
2.13
Nz,He
10mm 3mm
N, He 2.13 300mmHg
3000mmHg
2.13
He N, He
(3000mmHg) N,

He

47



48



2.3.6

(1)
5E-03
y=0.0002x
R==099
8
B
g 3803
=
0.E+00 '
0 10 20
2 cone[¥a]
2.14
02 N2
763mmHg 10kV ( 200mg/L 20mL), 10mm
3mm 60sec
2.14 0,
N2 02

0,+e—>0, +e
Ph+0, »C

49



(2)He

0.0018
0.0016
0.0014
0.0012

0.001
0.0008
0.0006

0.0004 |

First-order rate constant[1/sec]

0.0002 |

0 0.2 0.4 0.6 0.8 1
Helium artial presurre[-]

2.15 He

763mmHg 10kV ( 200mg/L 20mL), 10mm

3mm 60sec

2.15 He
He 3~6% N, 2~7%

Ar-N2

50



2.16

DIFERAM)—T SR EfAMN)—T 5

>
"/" .
-~
- L

miE K RZ VI NRKYEFHIE

51



First-order rate constant[1/sec]

0.0018
0.0016
0.0014
0.0012

0.001
0.0008
0.0006
0.0004
0.0002

Helium artial presurre[-]

2.17 He

2.17 He

N,

52



1950

60kV

5)

53



3.1.

(17275m1)7

(SHIMAZDU,TOC-V),

(100ml),

54

(50ml,500ml)

)’ L- (

(SHIMAZDU UV-1240)



3.2

3.2.1

Power supply

CO2:N2=1:1 Voltage:18EV Distance of electrode=3mm
DCO2EN22Vaouum pump @Pressure gage E'Feaction cell

55



3.4.

34.1
)
2
=1:1
3
300mmHg
“

18kV

12

32

56

Fig.2

EtOHZ= 00



3.4.2

(1)Millex

) 5.0ml 5.0ml

(3)0.001mol/L 1.0ml 1.0ml
“ 70 15

(%) Base

(6)

57



3.5

3.5.1.
50
40
—_—— kRl
T~ 30 -
£
el
)il( 20
A
—
X
B
(_} T T T T
200 200 400 500 600 T00
32
32 24

400nm-250nm

58



T AL F —[E]

45 -
—ml

40 -
0 ===
25 -
20 A
15 -
10 -

5 -

0

200 300 400 500 G600 700

& [nm)|
33

200-400nm

33

59



3.5.2.GC-MS

(
/ 0.01M ) GC-MS
35 CsHyOj5 :Isoxazolidine-5-carboxylic acid
APPENDIX
@] NH
/ O/
@]
3.4.

60



3-6%He

2-8%N,

61



62



Fucks?b)
( 1)Fucks

10mm 3000

1 The Floating Water Bridge

63



Fucks
(18kV-100kV)

Al203

64



1.1.

H2S(1.02Debye),CHsOH(1.47Debye)

1.2. The floating water bridge

w
— @

&
)
PN

b
®

3

B, kGG ISDIREE: -

£

g
1 Seeeeees |-

|EEN(IZC. aFREILHEEEC
COREI HFRITHEICLS I DIRELEETS,

65

2)

(1.97Debye)




66



3.1

Distance of water bridge[mm]

(M
@

M 1

35

30

25

20

15

10

°
°

°
°
20 40 60 80 100 120

Voltage[kV]

4
18kV-100kV
80kV 35mm

Water Bridge
Water Bridge

67

Water



Bridge

@ 1

(

)

Water Bridge

20mm

40mm

68

(
Water Bridge



3.2 Water Bridge

Water Bridge
NaCl
3.2.1.
1
@
o
hef 05 |
ok
it}
IR
o
E 0 - +— *> ! < + + —e *
0 L] 10 15 20
-0.5
-1
BFfEi[sec]
5
Imm 10kV
5

69




3.2.2.

1R E S EEE[nS/em]

14

10

0%
0

Imm

o

B [sec]

10kV

70

o



3.3.

Water Bridge

3.3.1.

@ -
L 3
||||||||||||||||||||||||||||||||||||| »_______|
*
& . ;
*
»
& J
*
€]
L ] 4
*
*
.‘ 1 1 1 1 i 1
M o m oo =1 =+ =] o
B RGeS

15 0 25 30

10

B 5EE [us/cm]

100ml

200p4S/cm

NacCl

71



6 Water Bridge

BELLRIZBT5EE AR —THEABIT
HEIZLSEE

72



3.3.2.

14 |
&
[ |
12 -

“ ¢ NaCl
br 10 | & ] als
e )
% * B NaOH
m 5 u
= NH4C1
= G L

4 - L 2 |
L 2
*$
2 0
[ |
[ |
0 T T T T
0 10 20 30 40 50
EBRIEEE[S/cm]
8 ( )

NaCl.NaOH,NH,CI 10KV

NH,4CI

73



L
[ |
12 -
AA
- A
ANaC
— 101 A m" A Nacl
E A A ENaOH
B 8-
il [ A ANH4C1
‘E&j A
G L, | A
[ § |
[ |
A
4 - u A
A
AA
AA
2 - [
[ | A
[ |
0 T T T T
0 0.000005 0.00001  0.000015 0.00002  0.000025
& 478 7 T L E [moll
9 ( )
9 NaCl
NaOH NH,CI
NaCl NH,CI
NaCl NaOH

74



3.3.3.

12
10 A o o
g o [ o [ o o [ o
> 8-
S
S
3]
© 61
=
©
3
e 47
IS
k7
a
2 .
0 T T T T T
0.000 0.002 0.004 0.006 0.008 0.010 0.012
Concentration of Almina[g/ml]
333
ALO; 10kV
333 A1203 A1203
333
AlLO;
AlLO; AlOs

75



(NaCl,NaOH,NHClI)

Al203

76



77



2) 1998

3) 2005 CH,-CO,

4)”Pulsed crona-induced Degradation of Organic Materials in Water” W.F.L.M.Hoeben

5) F. Manic, M. Monrovia,MoravaJournal of Thermal Analysis and Calorimetry, 60 (2000)
1111.1121

6) Elmar C. Fuchs, Journal of Phisics. D: Appl. Phys.40 (2007)6112.6114

78



APPENDIX

0 0.115 100
180 0.068 59.13043478
270 0.052 45.2173913
540 0.011 9.565217391
Smm
[SEC] abs LN(c0/c)
0 0.262 100 0
180 0.212 | 80.91603 | 0.211758
360 0.184 | 70.22901 | 0.353409
mm
[SEC] abs LN(c0/c)
0 0.265 100 0
180 0.223 | 84.15094 | 0.172558
360 0.176 | 66.41509 | 0.409246
3mm
[SEC] abs LN(c0/c)
0 0.258 100 0
180 0.208 | 80.62016 | 0.215422
360 0.161 | 62.4031 | 0.471555
24mm
[SEC] abs LN(c0/c)
0 0.268 100 0
180 0.214 | 79.85075 | 0.225011
360 0.162 | 60.44776 | 0.503391
540 0.138 | 51.49254 | 0.663733
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2mm 24mm 764mmHg
time[sec] | ABS In(C0/C)
0 0.323 100 0
360 0.238 | 73.68421 | 0.305382 | 0.000848
Smm
0 0.322 100 0
360 0.232 | 72.04969 | 0.327814 | 0.000911
10mm
0 0.323 100 0
360 0.224 | 69.34985 | 0.366006 | 0.001017
I15mm
0 0.322 100 0
360 0.232 | 72.04969 | 0.327814 | 0.000911
20mm
0 0.322 100 0
360 0.23 | 71.42857 | 0.336472 | 0.000935
ABS[-
(%] [-]
1.0256 0.195 0.0004
9.4626 0.191 0.002
19.92167 0.011 0.0043
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He

He k ABS
0.955582 | 0.00145 0.22
0.933489 | 0.001299 0.222
0.877108 | 0.001224 0.223
0.671875 | 0.00115 0.224
0.622276 | 0.00115 0.224
0.900763 | 0.001224 0.223
0.059524 | 0.00115 0.224
0.130081 | 0.000928 0.227
0.096386 | 0.00115 0.224
1| 0.000709 0.23
0| 0.000493 0.233
0.03555 | 0.000855 0.228
0.031469 | 0.001076 0.225
0.285377 | 0.001002 0.226
0.548055 | 0.001076 0.225
0.966709 | 0.001526 0.219
0.962607 | 0.001602 0.218
0.978824 | 0.001224 0.223
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[eV]

320 0
359 3.1
366 2.7
430 19.9
454 11.1
463 12.7
473 8.3
486 14.1
531 3.7
581 28
644 3
655 70.1
667 2.4
[eV]
269 0
329 17
366 7.4
393 9.8
408 9
430 18.7
453 10.5
463 12.1
472 7.9
486 13
536 2.9
545 4.2
558 3.9
581 19.2
602 13.6
644 2.8
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655 65.8
665 23

[eV]
280 0
330 11.2
348 6.3
366 7.8
366 7.2
396 13.2
416 11.1
422 18.7
453 10.3
463 11.9
472 7.9
486 13.6
530 3.7
581 27.8
644 3.1
655 70.6
666 24
685 43
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[eV]

270 0
349 12.3
366 10.4
397 14.8
416 10.9
423 20.8
463 12.4
473 8.1
486 13.7
531 3.6
581 27.1
644 3
655 68
666 23
280 0
347 10.4
366 6.6
398 11.8
416 10.5
423 17.9
453 9.9
463 11.4
473 7.5
486 12.7
531 34
580 25.7
644 2.9
655 66.2
666 23
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Water Bridge
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uS

mm

1 13

2 10

13 5.5

15 4

19 3

6 8.5

10 6

16 3.5

20 3

22 2.5

23 2.5

24 0

NaCl
[uS/cm] mol [-]
mm
1 13 | 6.5814E-07
2 10 | 1.3163E-06
13 5.5 | 8.5558E-06
15 4| 9.8721E-06
19 3| 1.2505E-05
6 8.5 | 3.9488E-06
10 6| 6.5814E-06
16 3.5 1.053E-05
20 3| 1.3163E-05
22 2.5 | 1.4479E-05
23 2.5 | 1.5137E-05
NaOH

4 12.5 | 1.8088E-06

86




6 11| 2.7132E-06

7 10 | 3.1654E-06
11 7.5 | 4.9742E-06
16 6| 7.2351E-06
17 5.5| 7.6873E-06
19 5.5| 8.5917E-06
20 51 9.0439E-06
22 4| 9.9483E-06
27 2 | 1.2209E-05
30 1.5| 1.3566E-05
39 1| 1.7636E-05

NHA4CI mol

0 13 0

3 11.5 | 1.6845E-06

4 11.5 2.246E-06

8 10.5 4.492E-06
10 10 5.615E-06
14 9 7.861E-06
17 7.5 9.5456E-06
20 6.5 1.123E-05
21 6| 1.1792E-05
23 45| 1.2915E-05
27 4| 1.5161E-05
36 1.5| 2.0214E-05
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