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Äu�����Z°�nOráÂ1ÌXÚ, ¿òÙA^uèþíN9íM��1Xê�ÿþ. TXÚ�

&ÿ(¯ÝÏLÿþ NO2 3 520—560 nmÅ���S�áÂ���y, ���&ÿ(¯Ý� 1.8 × 10
−7 cm−1

(1σ, 0.12 sÈ©�m, 50 g²þ), éA� NO2 &ÿ4� ∼33 nmol/mol. (ÜIOíM�âfu)XÚ, ÿþ
Ø

ÓßÝ�ü©Ñ1�
íM�âf3 532 nmÅ�?��1Xê, ��â»� 600 nm�1�
íM���1�¡

� 1.12 × 10
−8 cm2, �©z��� 1.167 × 10

−8 cm2 ���, �y
íM�ÿþ��15ÚO(5.
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1 Ú ó

�í´��E,�·ÜNX, ��mÚ�m

�Czé¯, �
U
�Ð/n)�ízÆL§,

éÿþ¤ì�&ÿ(¯Ý9��©EUåÑkX

��î���¦. ��Z°�nOráÂ1ÌE

â (IBBCEAS)[1,2] ´C
cuÐå5��«#.

�áÂ1ÌEâ, Ùêâ?n�{��naqu

~^�Äu�§áÂ³�b	 - ��áÂ1ÌE

â [3], ���§áÂ³ØÓ�/�3u: °�nO

ráÂ1ÌEâ|^p°[Ý��n5O\k�

áÂ1§, �±3éá�áÂÄ�þ (Ï~ ∼1 m)

¢yêúp±þ�áÂ1§, äkép�&ÿ(¯

ÝÚéÐ���©EUå, éu�í¥¥�ºÝz

ÆL§�ïÄkXé­��¿Â, ��¢�¿ïÄ

Jø
��éÐ�ÿþÃã. d	, °�nOrá

Â1ÌC�NÈ�, B�, �·^uÅ19í¥²

��èþ&ÿ, äkéÐ�A^cµ.

|^°�1
 (b	 - �� - ù	Åã), IB-

BCEAS �±3é°�Åã��SÓ�¢yõ«

Ô��èþ&ÿ. 3L��Ac¥, IBBCEAS E

â��
×��uÐ, ¦^�1
k°�-1 [2],

�� [4,5], LED[6−10], ¾� [11] �, ¢y
�í¥è

þíN (X NO2, HONO, CHOCHO�) ±9�í

¥ NO3 gdÄ�p(¯Ý&ÿ.

�8c��, IBBCEAS Ì�A^uíN�è

þ&ÿ [12,13], éíM�1ÆA5ÿþ����

�. 2006c Thompson� [11] |^Äu¾�� IB-

BCEAS éíM��1Xê?1
ÐÚÿþ, ÿþ


 570—590 nm? CO2 � Ryleigh Ñ�, ¿ÿþ


 587 nmÅ�?¢�¿u)�íM���1Xê,

éuØÓ�²þgê9È©�m, XÚ�&ÿ(¯

Ý3 (0.34—3.5)×10−7 cm−1 �m.

�©0�
Äu�����Z°�nOr

áÂ1ÌXÚ, 3 520—560 nmÅã, ÿþ
Ø

ÓßÝ� NO2 �áÂ1Ì, ¿ò(J� NOx ©

Û¤�'é, éXÚ�(¯ÝÚO(Ý?1ï

Ä. 3 0.12 sÈ©�m, 50 g²þ�^�e, �¢

y 1.8 × 10−7 cm−1 �&ÿ4� (1σ), éAu NO2

∼33 nmol/mol&ÿ4�. Ó�3¢�¿mÐ
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íM�1ÆA5�ÿþïÄ, |^IOíM�â

fu)ì, ÿþ
 532 nmÅ�?, ØÓßÝ�ü©

ÑíM�âf��1Xê, ��â»� 600 nm�

1�
��1�¡� 1.12 × 10−8 cm2, �©z [14]

���(J���, �y
XÚ^uíM�1ÆA

5½þïÄ��15ÚO(5.

2 ¢��n

ªÇ� ν �1ÏL�¬³, Ùß�1r�lK

Ë - '� (Lambert-Beer)½Æ

I =I0 exp[−α(ν)L] = I0 exp[−Nσ(ν)L], (1)

Ù¥ I0 �ÃáÂ�ßL1r, I �káÂ�ßL

�1r, N �©fê�Ý, σ �áÂ�¡, áÂX

ê α = σN , L �k�áÂ1§.

nOráÂ1ÌEâ|^p°[Ý��n5

O\Ùk�áÂ1§, �å1r� Iin �1\�

�nS, 3��nS5£õg��, ßLn�1r

� [1]

I = Iin
(1 − R)

2
(1 − A)

1 − R2 (1 − A)2
, (2)

Ù¥ (1 − A) = exp(−αd), R �nº��Ç, d

� n S á Â 0 � ¤ ¿÷� � Ý, Iin � \ � �

n S � 1 r, n S Ã á Â 0 � � ß L n � 1

r I0 = Iin(1 − R)/(1 + R). �1Xê (�)í

N�áÂÚíM���1) �±��

α(λ) =
1

d

(

I0

I
− 1

)

(1 − R)

=αaerosol + αgas. (3)

d (3) ª��, íM���1�±ÏL©OÿþÃ

íM�9kíM��3��¹¼�

αaerosol =αsample(with aerosol)

+ αfilter sample(without aerosol). (4)

�¢�¥, ¦^p��íLÈì (HEPA) òíM�

âfk�/ÈØ, ¼�ÃíM���ßL1r.

3 ¢�C�

¢�C�ãXã 1 ¤«§1Ændü¬p�

�Çßº�¤ (�»� 2.5 cm,��Ç R ∼ 99%,

­Ç�» 100 cm),ü�nº�m�ål� 112.5

cm, nº�üà¦^pX�íÀM, ±�onºØ

ÉÀ/. üà��oí!?�9Äí"üÑþÏ

L6þO��,6�©O� 0.1 L/min, 0.7 L/min±

9 0.9 L/min. �oí6�ØÓò��XÚk�n

����Cz, ÏL¢��y,6�� 0.1 L/min�,

éu 112.5 cm�n�§k�n��� 104.2 cm.

nSØåÏL��Ø{5iÿ, nSíØ�±

3 100.30 kPa�m, ØåÅÄ�u 0.01 kPa.

¢�¥¦^�1
� 150 W�ál�� (Os-

ram XBO 150 W/4),1r­½5Ðu 0.1%,1Ì�

�°, Xã 2 ¤«. ��uÑ�1²L���å

� 100 mm�à�ßº, ÍÜ��=1n¥ (�

»� 0.5 mm, ê��» 0.22), 2²L���å

� 75 mm��Ú�ßº, ÍÜ���nS.

du°�nOráÂ1Ì¥, ßL��n�1

réf, I�k�ÈØp�«��	�1, ;��

µ1, ¢�¥¦^�È1¡��°��� 520—

560 nm (̧ �ßL ∼90%, OD > 5). À^dÅ

ã´du8c'uíM��1�¡�ïÄÌ�

3 532 nm?, 
 NO2 3é°�1Ì��SÑká

Â (ã 2)[15], é 520—560 nmÅã?1ÿþ, k|

uò©z¥êâ�¢�(J?1'é, éXÚ3í

M�1ÆA5ÿþ�O(5?1�y. ßL��n

�1, d���å� 50 mm��Ú�ßºÍÜ�1

n1Ì¤¥ (°�1Æ, Mayapro 2000;ÍÜ1n�

» 1 mm,ê��» 0.22).

ã 1 IBBCEASC�«¿ã

060702-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 6 (2012) 060702

3¢�¿mÐíM�1ÆA5ÿþ�, IO

í M � â f d TSI 3076Ò z ì � ), ² L TSI

3062 *ÑZHìZH, 2²L TSI 3077>Ö¥

Úì¥Ú, ��>Ö²ï�õ©ÑíM�âf. ²

L DMA3080 ·>íM�©?ì?1â»ÀJ, ^

uÀJu)ØÓßÝ!ØÓâ»�íM�âf,

x\nOráÂ1ÌÿþXÚ. nOr1Ìÿþ

XÚÑ5��¬©�ü´, �´�\�[vàØ

âfOêì (CPC, TSI 3775),̂ uÿþâfêß

Ý,,	�´²æ�"LÈ�üÑ. ���6�L

¯, 3¥ÚìÑ�?\
��=f6þO, ò6�

��3 0.3 L/min(� DMA �}6/�66����

��). 3íM�u)ìÚ DMA �m, �k��n

Ï>^z, Ì��^kü�: 1) �µ&Òæ8 n

Ï>^z'4, ²L HEPA LÈ���'�í?

\ DMA. �?1íM�ÿþ�, nÏ>^z�m,

íM�u)ì�)�õ©ÑíM�?\ DMA ?1

â»ÀJ. ù«�O�I��>^z�m'Ò�±

¢y�µÚ&Ò1Ì�ÿþ; 2) �W DMA ±Ï

5ÿþ�µ�Ó�, �±¢yé DMA ��W, ~�

íM�é-Eì�×lÚé·>©?ì�À/. ²

Lâ»ÀJ��ü©ÑíM�?\1n�c, �²

L HEPA ��'�í·Ü, Ì�´�
²ï1nS

?í�Ñí6þ. äNí´ãXã 3 ¤«.

ã 2 b	 - ��Åã���Ì9 NO2 áÂ�¡

4 ¢�(J9?Ø

4.1 nnnººº������ÇÇÇ R ������OOO

d (3) ª�±��, ��¼�áÂXê�ýé

�, ÄkI�énº���Ç?1�O. nº��

Ç��O�{éõ, 8cæ^��{Ì�k|^

nP�1Ì��{ [16]
!ÿþ®�ßÝ��ÿÔ�

�áÂ [9]
!�ÓÅ���Ù¦®�ßÝÔ��á

Â [6] ½´a|Ñ��¡®��íN�Ñ� [17] ?

1�O. |^nP���{énº���Ç�O,

I�é°��N�Åã�-1ì, ùÒO\
ÿþ

�JÝÚ¤�; �,a|Ñ��Å�Cz�ú, ¦

���ÿÅ���S�nº��Ç�O�\Ú�,

�´duõêíNa|Ñ�����, ÏdéC�

�uÿ(¯Ý�¦�p. |^®�áÂ�¡9ßÝ

�Ô��O´�«�B!����{, �©òæ^

ÿþ®�ßÝ� NO2 �áÂ5énº���Ç?

1�O.

ã 3 íM�1ÆA5ÿþí´«¿ã

ã 4 ��Ç R �O(J9 (1 − R) ��éØ�

Äk�n¥À\6Ä� N2, �1Ì­½�P

¹�µ1Ì I0, ,�À\6Ä�ßÝ®�� NO2

íN, ­½�P¹1Ì I, duáÂXê�áÂ�¡
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ÚßÝ�¦È: α = σN , |^ (3) ª, �±��nº

���ÇR(λ) = 1−σ(λ)Nd/(I0/I −1), Ù¥ NO2

�ë�áÂ�¡|^ Bogumil� [15] �Ñ�p©E

1ÌêâòÈ¤ì¼ê¼�. ¢��z�1Ìÿ

þ�È©�m� 0.12 s,²þgê 50 g, o��m

� 6 s. ·�éõ�ßÝ� NO2 ?1­Eÿþ, é

z|ÿþ(J��� R ��²þ����nº�

��Ç R Xã 4 ¤«. (1 − R) �éØ�Ðu 4%

(1σ), Ø��©z¥�(J�C½`u©z¥�(

J [5,6,18].

4.2 éééèèèþþþíííNNN NO2 ���ÿÿÿþþþ

ã 5 ¤«� 520—560 nmÅ��� NO2 � IB-

BCEAS 1Ì, NO2 ßÝ� 1660 nmol/mol,È©�

m� 0.12 s,²þgê 50g, &D'�� 50 (1σ), �

� NO2 �&ÿ4��� 33 nmol/mol.ÏL[Üí

�©Û, XÚ�&ÿ(¯Ý� 1.8 × 10−7 cm−1. é

uÓ�ßÝ� NO2 ?1
õgÿþ, ¢�êâ­E

5éÐ, �éØ�Ðu 1%,`²XÚ�­½5�Ð.

�
�yXÚÿþ�O(5, éØÓßÝ� NO2

�áÂ1Ì?1õgÿþ, ¿Ó�|^ NOx ©Û

¤ (Thermo 42i),'éÿþ(JXã 6 ¤«. �±

uy, IBBCEAS ÿþ(J� NOx ©Û¤ÿþ(

J�'5éÐ (R2 = 0.998), �Ç� 1.0098,�å

� 0.056 nmol/mol,ßÝ�éØ�Ðu 4%, ?�Ú

�y
 IBBCEAS XÚ�O(Ý.

ã 5 1660 nmol/mol NO2 IBBCEAS 1Ìÿþ(J

4.3 üüü©©©ÑÑÑ111���


íííMMM������111ÿÿÿþþþ

¢�¿mÐ1�
íM�1ÆA5ïÄ��

ÿ, ��1�
M�ßÝ� 5 g/L, ^íM�u)

XÚ�)õ©ÑíM� (P3076B: 26 psi)ÏLN

!u)ìÑ�?í6�©|', UC?\ DMA

�õ©ÑíM��âfê�Ý. õ©ÑíM�²

L DMA (DMA }66��� 3 L/min, �6��

� 0.3 L/min) ?1â»ÀJ, ¼�ü©Ñ�1�


íM�. 3 532 nmÅ�?, ÿþ
ØÓâfêßÝ,

â»� 600 nm�ü©Ñ1�
íM�âf��1

Xê, (JXã 7 ¤«. ÏLØÓßÝ��1Xê

í���1�¡� 1.12 × 10−8 cm2, �©z [14] �

��� 1.167 × 10−8 cm2 ��, L²TXÚ�^u

íM�1ÆA5�½þzïÄ.

ã 6 ØÓßÝ NO2 IBBCEAS � NOx ©Û¤ÿþ(J'�

ã 7 1�
íM��1Xêÿþ(J

5 ( Ø

�©��
Äu�����Z°�nOr

áÂ1ÌEâ, ¿òÙA^uèþíN&ÿ9í

M��1Xê�ÿþ, 3 6 s ²þ�mS, �¢

y 1.8 × 10−7 cm−1 �&ÿ(¯Ý. IBBCEAS ÿþ

(J�û^� NOx ©Û¤ÿþ(J�'5Ð, �

éØ��u 4%, �y
XÚ^uíNèþ&ÿ�
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(¯Ý9O(5. TXÚO(5p, �­E5Ð,

U
÷vèþíN&ÿ¢�, ¯�, O(ÿþ�I

¦. Ó�3¢�¿, éü©Ñ1�
íM���1

Xê?1
ÿþ, U
²w*	�íM�âf��

1�ßÝ�Cz�¹, ¿��
ü©Ñ1�
íM

���1�¡, �©z¥�Ñ�(JÎÜ�éÐ,

L²TXÚ�±^uíM�1ÆA5�½þïÄ.

ò IBBCEAS XÚA^uèþíN&ÿ9íM�1

ÆA5�½þïÄ, ò�ïÄ�¸À/9íÿCz

¯KJø­��â.
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Abstract

We report on the development of incoherent broadband cavityenhanced absorption spectroscopy system based on a short arc

Xenon lamp for trace gas detection and aerosol optical properties measurements. A minimum detection sensitivity of1.8 × 10
−7

cm−1 (1σ, 0.12 s integrating time, and 50 times average) is obtained on the basis of absorption spectroscopy of NO2 in a spectral

range of 520–560 nm, which corresponds to a minimum detection concentration of∼33 nmol/mol for NO2. Combining a laboratory

aerosol generation system, the extinction coefficients of 600 nm diameter monodispersed ammonium sulfate aerosol are measured

under different particle concentrations. A cross-sectionof 1.12 × 10
−8 cm2 for ammonium sulfate at 532 nm wavelength is obtained,

which agree well with the literature result of 1.167× 10−8 cm2. The results demonstrate the ability of our system to quantitativly

measure aerosol optical properties.

Keywords: incoherent broadband cavity enhanced absorption spectroscopy, trace gas detection, aerosol extinction
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