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Abstract; A set of photolytic convertor was designed according to the principle of nitrogen dioxide photolysis reaction. The convertor was combined with
the NO-NO,-NO, analyzer’s chemiluminescence detector( Model 42i-TL, Thermo Fisher Scientific Inc.) in order to test NO, conversion efficiency under
various conditions of the sample flow, the dry air flow, the light source temperature, the source power and the relative humidity of the sample. Two
Preliminary conclusions are drawn from this study: (D when the sample flow was between 100 and 200 mL+min™", the light source temperature was 20 °C
and the source power was about 60 W, a relatively high conversion efficiency was obtained ( about 80%) ;@ Both the dry air flow and the relative
humidity of the sample had little influence on the conversion efficiency of NO, in the present system. Furthermore, an 8-day intercomparison experiment
was conducted between the photolytic convertor system designed in this study and commercial instrument of PLC860\CLD88p ( ECO PHYSICIS). Both
NO and NO, results showed good correlation between the two instruments, which indicated the reliability of the new photolytic convertor for field
measurement.

Keywords: NO, ;NO,_ ;photolytic ; monitoring technique
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BOIMFAZE 325 °C BB e b AR e Ak Dy NO (5K
(1)) ARG FIH NO 5 O, K ng ™= A= Ak 2 K G it i 2
AR (2 (2) (3)) (Fontijn et al.,1970) SR 1 52
WAIESE ALY TR A NO, B TR BHILKE NO, P
b, FEJII NO,/NO i /=5 i 41 i 3 A Thermo
42i TL NO-NO,-NO, Analyzer il Thermo NO, Analyzer
HEAT OS5 oA Y 2R 2518 (B R4 ,2013)
3NO,+ Mo—3NO + Mo0,(325 C) (1)
NO+0,—NO, +0, (2)
NO, —NO,+hv (3)
FHDGHE-A 27 2O B NO, Bk 4 | 2
PR, RERE A RUHE S TP Al 0 A6 XS NO, I 425
SRIGFZME. R I NO, 7E 3K /N T 420 nm ( 55k
W) 190G IR T 25 23 A= il NO 1 O J5E - (5
(4)), B R I By 6T AT A5 B8 s 1 e Ak sk
R FERY, AE 395 nm Ab NO, 3k F H IR BOLIE 1Y
WAL, M 38 Bt HoA 0 45046 ) (4 NO, \HONO 45)
AW IS i B A ( Ryerson et al. ,2000) .
NO,+hv(A<420 nm)—NO+O0(3P) (4)
AR B AR MBI T 20 4l 80 4£ 4K,
Kley 1 McFarland ( 1980) | FH % i i AT ( Xe, 300 ~
500 W) VE R GIRHEAT NO, AR 525, ik 5 AL 3R
E#0.31; ZJa kg BB L)L 4 @ K Z 4T ( Nakamura
et al.,2003) .7K%]T ( Ryerson et al.,2000) Z54E Ry IR
HEAT NO DRI BIFFE. SRS 34 IOB ML 38R
0977 A PIRD . —J& 3 ROG IR 07 T LAY LR, —
JEFER AT BB [E] ( Ryerson et al.,2000; Pollack et al. ,
2010) . Thornton %5 (2003 ) 766 2= W38 fin 17 %482
P, BB BERTER SE .28, (75 NO, LAt i
52 0.45 ~0.70; 7EXGCIR RO % 2 [ G 18
Ot AT LA v AL T AR ) A ROG 3R ( Fehsenfeld
et al.,1990 ; Nakamura et al.,2003) .38 iz E K 45= 84 B}
[ (4~5s), JCMRBCFETT 4 2 0.5 (Parrish et al.,
1990; Ridley et al.,1994; Ryerson et al.,2000). HHT,
E 2RI AL NO BT {X-PLC 760-CLD 770 Al
1 PLC860-CLD88p ( ECO PHYSICIS) J& F] JH 1y &
300 W AT 16 R, J o 98 O 7 A B 4 E I
(320~400 nm) , 5% LR TE 30% ~ 65% Z 18] (=TT
B4 ,2010) 1SRRI FOGIR A IE 58, LR
AR, S B 1A R B (320~ 420 nm) 1O
SR AS (5 A TETRIY 1% (Gao et al.,1994) AN SfiE
FEALRSREFE R (DR 2 KT 300 W) {1 77 i 4
(200~ 1500 h) \Hrag &, B gt o™ 4 0 S

ZLAMEST (KT 1000 nm 9% B ) ¥ i 51 AR
FE i, B PANs 2% & A= AR B2 AL Y A R
( Matsumoto et al.,2001).

UEAER AR TNFE o o B | e R K A A Y
R RAE IR (LED ) 1Y ) H A7 20 i e 1 F 3k
) R ATF 58N 5 SR DGR B (395+8) nm B D6
JZ W % ( model BLC Measurement Technologies ) 5
model TR780 ( ECO PHYSICIS) Y % Yt 4 ] % 5%
Model 42 Z%4k% K 6% ( Thermo Fisher Scientific,
USA) BKHT, 74 2] NO, i #6432 252 50% ( Ridley
et al.,1992;Fuch et al.,2010; Inomata et al.,2010).
SR B o T I ) 1 3R, L A 33 W) B e
Villena 55 (2012) #]H 6 4> UV LEDs ((395+10)
nm) VESGIRAT BT R OG AR 2, HF LR RE A 3
SR S 2 897K (52% ) 5 LA, Suzuki i i
FLic g &0, BEE LED DRI R L Ser
B, BRI A LED SR 75 ZAMINA # R 4
(Pollack et al.,2011;Sadanaga et al.,2010; Hiroyuki
et al.,2011) . 4G IR A P 7E 385 nm I, HNO, |
PAN J BERHRRER 19 G T LA 2200 A3, Tl HONO
TE 385 nm A — AW TTOGAR A2 NO; IHAb,
PAN B9 2 16 B NO, [ 77 4. Sadanaga 45 (2010)
IR 75 d BN S YR UE S, 7E 385 nm [ A
JEIE T, PANs Hl HONO [ ALBCRE/INT 3%.

AR G AT 2 SOk & B, B T A ke
[ PS5 28 W58 v B Bt 10 D' A 2B A E AL IR T
AR JCHHFACKCRA T A5 B I R OGS
FESZ T DGR 75 i o 55 1) L. g etk bR B, A
5T A FTT R T NO SGARBON % s e #%
PE B YR LED B VE LG IR LR T84
R sE R, I 38 3k B2 I 2 A5 A i 1R T, 3k 0 AR X R
(BRI T 2R LS I i e A% A AN A%
RBiE , 5 7T P OGRS 1 G IR AR L B 25 ) 3R A% A
B KA A EWE R R NO, G I E
Thermo42i-TL [k~ & A 2 B FH R4 T 5 AL AR
M, 75 NO, % 1 883 F8 e TE B AR B IN 1 R G0 2%
PF AL IR AR (RIS BT TR
JER 5 R A O i e A % (ECO PHYSICIS-PLC
860) PEATIZELE 8 d (LLXT, AW UESEARIE b 5 &
BEHFAY NO, G 0] TS Bl 2 v m (S A

2 {YEFF075 % (Instruments and methods)

2.1 AHEEKIT
el RN ZE BT T FE G UR KT RE AT R 4.
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ST (ARBEFE N 20 4) B K A 390 ~ 395 nm
FIR IR LED 4R, /2SN s Y5 B 3K 30 T, ST %
2 60 W.LED JEI5 r9 HF 5 M1 38 ik NO/NO A58 X H i
W X i 22 422 1) 24k mL 4 1) P sk s ) (L 1) AT DA
FIFHASGE A AN T4 rf ey A5 3l L K 7 (08
HE AR DU TE 43 TF 5 AN E AL, 45 LED @it
25 THT 11 3 L R B 55 4 s A P VR SRR IR A
T LED Ty H AR Rt B R B ok
T, KRR TOCIRIRCR. R 500 EA R
FEXT A DU JE A AR B S 1, AR e rh R Sl A FR R 1)
IRAEAR AR S 2 Ak AR IRARES (B 1h) o ol
i 2 22 B P42 R 6.4 mm , B R 90 mm , A ALk
L0 2.3 mL, BARBUETIRE 26 WemL ™ iZE
HE®RITRE S MMM EE (B ECO
PHYSICIS /A ) 4 77 i PLC860-CLD88p ML) &
FEAR R 2548 25400, (0 ply D' VR 35k RO 465 44) %) RS 4
Bk, 26 S BRIt by B LT 3 OB
N2 G TR B — R 32 A B TN, LR

b.

a.
L 1 22 1 FF R

— * fac
A JEAR
DC220V

El1 ERMERRL(a) MABRSE (D) TEE
Fig.1 Schematic of power supply system (a) and photolytic

convertor system(b)

T LLZWE O AR RCR B s @3 O TR IR R
G, AR T Ot i AR 2 PRI TR R 52 5 Bt
fifp 2 AR BN R RS BEAR X & s @& IR
OB IS A I E BT AR, Z A LED )3
AR RR ] , B DA B g A LA R ) , ke, 78
BT RGO RN A R R LK B[R] 45
TR B IR RO T A,
22 HFHER

S 2.1 5 BTG E R ALRCR R
DA B N 2 5 Ak A kO E B A B R AT R
(Villena et al.,2012; Hiroyuki et al.,2011;Sadanaga
et al.,2010) ABFFEXE R AR FL AL BEAT 20 B 9 R
A AL W 4 B AL ( Thermo 42i \ TL NO-NO,-NO,
analyzer) #E47 T LUF gl (B 64,2013 ) : OFFEHEE
Pl B A 5 RSO A SO % R LG R 2 5 R
28 N TSN B 2 (B B A8 B R AT T RO s QB i %
B 20 BR USROG 25 11 I A% 22 0 S, I e BR R4S
Z e B it i Y O LA A o AR O i BRI S
() B B AR SO 3 B R D 4230w HARA T
fd ARLRR DGR NO, T8O I, 32 =DM AR
TE GLA B IR =2 5 22 4 Tt 1k 180 1 1R LA 42 1) R
S R G @ ik 3h, J5O'G Ak 2 S o 9 s )
TR N AL A AL RO R Z )5, I E i
g sl RN N ERIR IR Tb e s S M s A LN
B A A EAY T (Model 42i-TL NO-NO,-
NO, , Thermo-Fisher ) | 8} 2% 2 FC AL HE Y ( Model
146 1, Thermo-Fisher) f1Z& 255 K& 4 % ( Model 1001,
Sabio) , S5 i A s i BTN AL 2 fs.

(NO 5%
B3
et HURE ] 1 HLT ]2 F
ik NO, *\‘ i B
ik L NOBT et o
NN H
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C | Sl
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B 2 Thermod2i B FHSEEE
Fig.2 Schematic of modified Model 42i NO, analyzer
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FIH b e 5 19 AR AR o BT G AT 45
S I AR A i i BRI 1) RN | R4
% H B 3L I A R/ DG E O IR AR HUR R
GE IR ER Ve B8 7K 0 T BE B bR ORH X 0 B 3 il 4 )
THREM R SR R DA R 5 AL
FINRR AL T RGBT G el
AN
2.3 TR

W bR 5 Ak 2= Ot & BT 1O g i = 5
ECO PHYSICIS A4: /=) PLC 860-CLD 88p iF17 %4k
8 d MIERAE, LU % B 32 B0 09 6 Al S 0
2 O T S B 0 9 T R R LR S I i
R EENE 3 iR,

PLD 860 ——>—

HERA

o3

EEN3'e78 >
YefirE

3 BFiRitHMESE ECO PHYSICIS #EENE NS
®E

Fig.3 Comparative schematic between PKU photolytic convertor and
PLC860( ECO PHYSICIS)

e —EIESS T NO e iE i % B 5 BE
W NO, B v B, A 70K 5 B R A
RA M W i 1k 43 B AL—PLC860-CLD88p ( ECO
PHYSICS) #E47 7 ] 8 d fPREE KRR b Xt 52
95 RO % Y R GRS 1 2.2 7 TS B 1 45
W E CREERE A 2013 4F 4 H 9 H—2013 4 4 A
17 H Mo S 7E J0 50 K 2% 2 M2 ik — A% H X SE 5 rp
i A 28 B Thermo-Fisher 23 7] A= 72 1 % &
W53 B (Model 42i-TL) .ECO PHYSICIS 2 & 4
PR ALY A3 BT ( PLC860-CLD88p) Bh A A
Fi S AL ( Model 1461, Thermo-Fisher) M E23 R &
A= 2% (Model1001 , Sabio ) . He | Bl 245 S A B SR
ORI 53 S R HE AR AE bR 2 .

3 R (Results)

3.1 AHEmilRs R

3.1 BumEERENKXFE K da WESCR
5 B 1Y O F M 2, 7E o0l 9 T R A O R
100 mL+min~" F1200 mL-min~' ) 5578 F |, #5105 %

MR EET 2 W REARERT
10 mL-min%H#,%{t&ﬁ%ﬁ%%fﬁ%%%, AT
SETE 80% LA b, BEWI gt 5 0 [, 90 %=
BNARFL O, 20 FAHXTF B NO o T sk,
85 NO Sz & A2 KOG 4b AR RCR 5
FER R R ML (BE 0,3 50 mLemin™") ,
518 4a BB AN[F A9 , BEE FE SR R, 54k
ROREISE FTHRG B T 1€ feJa )OT BB
HREA T NO, K B — 5 e /K P I, 350 O 1 AR
B NO TE G 5 A 457 B8 B[] R T 2 Ak 2o
22l F F% ( Ryerson et al.,2000) . [K it , A %6 &
KGR XT B B 3FE R 7 2 7 100 ~ 200 mL - min™'
Z [8) , S ] A A 2803 34 A il AT T SR AU
R IRVES ALKV

100% —

80% — % X% 5 & 0o O% o,
% ) o
& x
)
g 0% o x BERER & 100 mL-min~!
<z5 o HEREF & 200 mL-min™!
40% [~
20% L ! I I |
0 20 40 60 80 100
100% O; #i & /(mL-min™")
s0%  0°° °Pamo
| °
X (o}
#60% |- °
)
= o
40% [~
20% ; ! I I j
0 100 200 300 400 500

R /(mL-min™)
B4 HUPEERARE(a) RIERRE (D) WXR

Fig.4 Relationship between the conversion efficiency and ozone flow

(a) and sample flow(b)

312 HAMERHEENKXEZ LKA, EENQ
P A A K I B DA T 07 S DR IR B Ak
RO Z BB B JE IR IR (1 T, e AR seR
SR AT REER(E 5) 8% &R TE BT
T O R AR X B T X A 2 R TR &
SRR R G R LS K, T REXG IR AL R 4
T s, PR R B 20 C.
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Bs5 HUBEXRSEREHXR
Fig.5 Relationship between the conversion efficiency and

temperature

313 BABELSHEHX R AMEPMEHT
20 > LED AT, &5 5 D ERI Oy —4, 3t 4 21 dp T
270 15 WG D 0 5 AL AR By s, 55
g A M FE A0 LED fY2H %%, M2 an ik 6 B
AR N el LU Y, 24 LED %t <3 4,
Bl SCIRT ARG I, He ARG LT B K S
Y LED FOm N E 4 4, AL ROCR IR AT 4k
SRR T AT AR — 2 Y N DG TR B R Dl
iR S AR AR B B A58 F I TR AT, FE B L
RE D OCHERMARTRZ Y 2.3 mL, A 6 i & 1=
SE ), 24 LED DA 45 W, B0 AR B 1 % A
T2 5 RN NO, 7r § 2 &40 T i F R &
(Sadanaga et al.,2010).

100% —
80% ~ o o
o
@' 60% [~
2 o
F q0% -
o
Z
20% [~
0 1 1 1 |
0 15 30 45 60
YU /W

Blo HUBERSHEXR
Fig.6 Relationship between conversion efficiency and light source

power

3.1.4 HAMEREEREMN KR KHEEENIRS
PA— 7 Tt e 1 ok % DA 1) 7K 3R TS 2 A i R Y
B, TR ARAT: B0 AN [ R X 2 JBE A AT 5%
RN, A3 BN 7 B s B9 5 e AL AR 1Y
SRFR L H TR TT A it RO BE R G Af B A 283 1Y
AR,

100% —

80% I~
% o ° o °
e 0, -
= 60%
5
# 400 -
o
Z

20%

0 | | | | |
0 20% 40% 60% 80% 100%
HAE

7 BESEANENXRER

Fig.7 Relationship between conversion efficiency and humidity

3.2 5 EMEA I AN E R

2013 4F 4 H 9—17 H A, ¥ ECO PHYSICIS
ST FE ) PLC860-CLD88p ( 1 H & )k ECO) 5 i
g8/ A EWTH O AR B v &= (B ETFR PKU) [
IR 97 RKSH NO NO, \NO, ¥ 8 7K SP- il W i
A 3.1 95 A FE 3 4598, ¥ Model 42i-TL B R4t
IRBBEE N O, & 100 mL - min™' FEF & 170
mL-min~" HKIREE 20 C JETHIIE 60 W.

NO FI NO, ¥y Fe X Bl F ok 2 L B AR 1k 27
R ICH TN PR R FIORG B, L[R]3 BAH 5G4 43
Mras 3o B 8 A1 9 frzs. AL 9w [al 5 )5 2 i
UGB A A 53 B (p<0.01,7=0.997) A LUAH
Hh L P S 1 b2y RO I = P e AR ELKG
JE AR — S MAE NO, Fo 45 5 i s 18] 2 51 (434
{8) KA AT ep, i T gE /N A B3ROk
i 2] 28 2R P& — I B (390~ 395 nm) (OETR , HA
(A 3 A S 1 5 ) 45 B sF [) R DA Sz i 2 1) G
05 BRI (R, 2R 0.8 s OB = (R R 2 2.3
mL, HERER R 170 mL-min™") A1 0.56 s( %) 80 em K
JE) 1/8 45 1%, BEREY B 170 mL-min™") | S5 B3 B
Zyla)ky 1.36 s, B2 0 15 B8 s ) AR R A P b R AR T
0, 56 =) NO &A= 38 KOn; 1 L3, PRk, HC o
S50 5 S0 Lok B AR % (Ryerson et al.
2000).7F 8 d B9 LLXF UM o, ECO PHYSICIS 5 PKU
(1) NO SRR BIE 73 51l 59.2% F1 80.4%. &l
9a Y NO, V& B 35 S0 ) £ 45 SR L A R AL B JR
(52 bR ok B, B 9b iy LA O R A RO
[NO, ] 40 =0.908%[ NO, ] e +1.913(R*=0.955) .41
AT 458 . OPKU et % 5 PLC860 Ml 4%
A I AR —F; QHEM PLCS60 il NO, 25 A7
FEAFENE ; OPKU St 2 I FH 52 Bl & 19 ] {5
.
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4 %58 ( Conclusions)

ARSO A BRI I NO, A e B 1 AL
RUAT T2 IR K bR 5256 25 30 % TR . A8 1% %
BAUT IR N 100~200 mL-min~' B} NO, %
PR AR B vy 5 — o Y0 R N DG R ) 3 ey IR
AL, DA e A3 B 5 SR AU i R R X 1 B
XTRACHCRFZ AN K 7E O, & 100 mL - min™" |
e AN 170 mL-min™' A EIKIEEE 20 °C DG
Uik 60 W I SEI0 55040 T, 1% A EWFR OGAR
M % 5 PLC860-CLD88p (ECO PHYSICS) & A L#)
AIMTASCEA HE X 485 SR AR — B AL E T PKU YGf#
% 5 PLC860 il 1t 45 S ¥ #f) — Bk S PKU Jfif
2= A o FH S B 0 1) T A AR
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