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Abstract

In this study, we develop a micro plasma sensor using air as the main background gas.
The inner and outer electrodes of the plasma sensor are made of stainless-steel capillary tube
and copper wire respectively, and the dielectric glass tube is used as the sensor's insulating
layer. While the voltage is applied to 9.92kV with high voltage generator, plasma can be
generated in normal pressure circumstances stably. The afterward study discusses about the
UV spectrum of the plasma and the variation occurred when the organic gas passes through.
In comparison of FID and plasma sensor via the chromatograph, we can know the retention
time of each sample. We tested two kinds of background gas, air and nitrogen, in this study.
Plasma sensor can achieve the estimated limit of detection for 1.5ng. The study further
investigates the reaction between photocatalyst and the sample gas, and discover that the
sensor can strengthen the emission spectrum intensity signal. Plasma sensor not only includes
the characteristic such as miniature and inexpensive value, but also can use the air as a carrier

gas.
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Sample Retention time (s)
1 Isopropanol 40.86
2 Hexane 54.78
3 Isobutanol 64.96
4 Benzene 74.68
5 Fluorobenzene 79.76
6 Methyl isobutyl ketone 118.18
7 Toluene 132.02
8 Octane 158.54
9 Butyl acetate 174.776
10 m - Xylene 213.38
11 2 - Heptanone 235.74
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JtfE# (photocatalyst) By—ZREEAE KIGEE SR NI - R EAEL RS
YA AR B B A AL S VIRIAHE 5 A Y8 R FRAVME - TSI R
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BRI HE S ) -

FEREHS: H20 ~Isopropanol ~ Heptane ~ Toluene » £ DB-5~0.32 mm*15 m column »
SESR 3 mL/min ~ EJFHLERS 18.5V JIERE 9.92 kV » HEFREREWIIG(E Ry 35°C
F748 2min - JRERREE £ 10°C /min » AR E Fy 75°C -
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HEER TiO2 B 5 R A Y retention time A ERZAHVALE |- F#EHDE
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Intensity

1600
—307-324
1400 ——324-346
1200 346-367
/7 Methyl 367-390
1000 | || isobutyl ——390-415
800 ketone |
”
600 |
400
200 |
0 L LR M A L L R L | i
(F ' I's0 100 150 200 2%0
-200
Time (sec)
& —+: TiO: B L& i 2 AL E fE e

R0U: TiO: BEAE BN Z B E A R EealetE

200- 307- 324- 346- 390-
300 324 346 367 367-390 415
S/N 17 29.1 28.6 27.9 16.1 14.6

real injection (ng) 110-140 ng
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200

100
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-300

Intensity

-400

-500
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367-390
390-415

Time (sec)

(& ——: TiO: BT/ RAT . AR E 2

T

[

F . TiO HHE &2 B EARAT 2 B BN R F R L

Wavelength (nm) S/N ratio
20(0N—03)o 0 379.2
30(70—H3)24 729
32(4N—H3)46 84.3
34(6C—N 3)67 30.7

(o o) 1.9
? iﬂf ?5) 31.4

real injection (ng) 220-280 ng
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Retention time | Injection

Sample

(sec) (ng)
H,O - -
1sopropanol 43.5 262
Heptane 73.8 226.5

Toluene 110.5 290

B ARSI R

Fol/ VB R AT RE A A 2 B RO SR B RN REE - RIS (F T LU MR

()@ ZE (B —40)
foe (Z) ZJeddI i B DU EATIDERE A ST
(D) U Ve IGEIE (B 1)

R Es R REERRUY - SR IE — I s

TG BB 2 T -
(E)FRIBEINE (B =)
PR B S F I B 2
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A AN BOLE

R4 0.7cm
0.3~0.4cm#Z;[d

AN A
Column 2.5crr\/ } } \j Column 3cm

0.571cm 1.5cm

GxJa AR 7x5mm

#EFH DB-5 ~ 0.32 mm*15 m column * 22 Efi#E 3 mL/min ~ FEJFHLESE 18.5V
AIERZE 9.92kV » HERPEE #IAG{E Ry 35°C F748 2min » JEEREE Ry 10°C /min » FOR
ERy T5°C o

TV ELRE PL#EEHY S/N ratio » 200-300 nm ARG SRR T -
HAth Rz B B A P R A I R T - BT T =R — B R < BT A TEER
SO EAR IR TR B ERIER B T2 S/N ratio(ZIE —+7% ~ —+) -
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Sample Retention time(sec) real injection (ng)
H>O 32.9
[sopropanol 50.2 131
Heptane 96.5 113.25
Methyl isobutyl ketone 155.2 133.67
Toluene 164.2 145
Octane 189.8 117.16
Butyl acetate 246.3 147.08
m-Xylene 269.1 143.33
2-Heptanone 334.1 133.33
14000
—Nitrogen
NH
12000 sample
ElOODO ‘
> CN
‘2 8000 A
3z NO 1
= ‘
6000 | |
! \ CH -~ CN ~ N,*
4000 OH I‘ ‘ NNt C
2000 \\ “‘ ] / \ \ N; ~ C+ ~ N2+
o L4 PN
200 250 300 350 400 450 500

wavelength (nm)

& A7 - PLECRME S SR e L AR ED AL
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BT E A A R ED R E S (L8 S/N ratio

Wavelength(nm) | 200- | 307- | 324- | 346- | 367- | 390- | 782- | &
300 324 346 367 390 415 813
Intensity
variation ‘l’ T T T T T T
S/N ratio 242.332 | 59.067 | 161.895 | 76.757 | 119.578 | 50.119 | 112.141 | 575.139
20000
° 7 ‘fo 13&" ’ﬁ\‘oo W 300 vsso 400
-20000
-60000
o —307-324  —324-346 346-367
367-390 —300-415 —782-813
-100000 200300
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Bl R
30000
20000 11 * i ’
2 15000 1 \i “ & | j‘i\
E 10000 ’~ 1‘“ \‘ ‘\ I I
(]l 1 | (
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£ EHINIRTE
(EHEEHE
i MY RAGEI AT RS Z (DHE BRI UFoR
Vliauid VsCgasM
quld = —
1 22.4pd
Vliquid-the value of the injected acetone liquid
Vs-volume of the test chamber
Cgas(ppm)-target gas concentration
M-molecular weight
p-purity of the injected liquid
d-density
EPIRERN 1 T RS
Compound | Molar | Density | ppm ©g/L | uL M In Loop Real
mass (g/em?) (3L & bag(g) Volume | Injection
(g/mol) ) (ul) (rg
Isopropanol | 60.1 0.786 1065.87 | 2620 10 3 0.00786 | 10 0.0262
3544
Heptane 100.205 | 0.6795 | 552.659 | 2265 10 3 0.06795 |10 0.02265
5479
Tolune 92.14 0.87 769.535 | 2900 10 3 0.0087 10 0.029
4895
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{EDHI T PR Ry atlafe LERBREHY 3 (% » DA SRBGA on < (R & 5 sRgk LRI A]
R SR Z (HH TR -

Injection( (1 g)

(% ratio)
A

Z%t=:Isopropanol {1 N R

Compound Injection(ng) S/N ratio {EHI N R (ng)
Isopropanol 262 575.139 1.3666

B~ SmiAfEA

BTSN BT Z v MEESEEE > B DB-5 ~ 0.32 mm*15 m B
FEME BB - 32 3 mL/min- BEJFAHEZSIR 0L 18.5V EUREIR > JIBEZE 9.92
kV 2O ERIRG A A AR R AR AR AR e ER A o RS T BNy UV eskiEl - B TR
A AT EE AR HYSRL - WA FID BEEAEACE 7 @ iTE¥Ith - et SR fmiy
IR o PEAEERET TiO Ul 278 L EEAHICE » MM G BIEIICELE - 1
(EEERGE RN T - B nTHEE HAE 5oL EER R - SR SR AT
52 o MUERIE AEr FREe » EEHENE T2 2 0 NIREY s 1.5ng - BATUEE
Bt IME - ERRERER: - HrftE St =rooh el BERATAY
fifrd 2 A Es o AT R 2258~ FURIE Rilorshie - JHDMEARACRE BFR A FT Y 04N
{ESRAMETHE -
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LREEE(2016) » /M EE 2R IMERAH T (ES - BIZSERFEIAER L
A E R

HFESL(2017) © Gl IMEEGR BT R B SR AR A (o 2s 2 B3 - (B tom
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FC-3283-chemBK - CAS #¢#8E&E - B{H https://www.chembk.com/en/chem/FC-3283

3M™ Fluorinert™ ZEEF#m L& FC-3283 - 3M &7 - HlH

https://www.3m.com.tw/3M/zh_TW/p/d/b00043108/

Detector. Shimadzu. Retrieved February 10, 2022 from

https://www.shimadzu.com/an/service-support/technical-support/analysis-

basics/fundamentals/detector.html

Plasma Emission Detector for Gas Chromatograph. PLASMADETEK. Retrieved

February 10, 2022 from http://www.ldetek.com/our-products/plasmadetek/
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