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Abstract: A new controllable cryogenic cell is designed to provide very useful low temperature spectro-
scopic parameters for a laser atmospheric transmission project and trace gas detection. On the basis of
the existing low temperature cryogenic cell, the new developed cryogenic cell improves the installation
of a dewar and a sample cell, cell sample materials and concrete cooling method, and increases temper-
ature stability and uniformity of the cell. The experimental results indicate that the new cryogenic cell

shows its temperature fluctuations to be less than £0. 3 K in monitoring time of 0. 5 h and the temper-
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ature gradient to be about 0. 03 K/cm. Based on the developed cryogenic cell, the low temperature

spectroscopy of carbon dioxide at 6 358. 654 cm ™! is measured by using tunable diode laser absorption

spectroscopy and the self-broadening coefficient and the temperature-dependent exponent (n=0. 738+

0.014) of the carbon dioxide absorption spectrum are obtained. The results show that the tempera-

ture-dependent exponent is in good agreement with that other reports. In conclusion, the cell is able

to fulfill the requirements of low temperature absorption spectral experiments of atmospheric

molecules.

Key words: cryogenic absorption cell; low temperature spectroscopic parameter; atmospheric mole-

cule;carbon dioxide; temperature dependence; absorptive spectrometer
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Fig. 1 Cutaway view of cryogenic cell
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Fig. 2 Temperature stability of sample cell
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0 7 A R R O 2R AT R R
m<T>=vsdf<To>H] , )

K. p AR BT, v WS FWRE T A
Ji& B R E Yo (T RIREE SN T B SE 545 B0 3 J2

i Voigt 2 AL A 15 21335 26 1 9% 18 2% 2 9
MR (D L3l T RS AN R R ) R RS A 3% e
2R TR B H B TE R K 6 R, RdE E
WA R 4 AR E 253. 15,233, 15,213, 15,
193. 15 K % A fm 98 & % 4> % H 0. 110 9,
0.117 2,0.125 6,0. 135 3., K 7 frxm AR
(XA FRET A 98 REGEITIG 4 &

0.010
* Experimental data

0.008 } —— Linear of data
T 0.006+
5 yd
-
Z 0004} P

- R=0999 7
0.002 | /
x

10 20 30 40 50 60
pI(X133.3 Pa)

Bl 6 RN 233.15 K B, Au, 1E R 5 70 BB A F

Fig. 6 Fitting of Aw as a function of pressure for

transition of CO, at 233. 15 K

RER N BRI R E n=0.738+0.014,X 5 A,
Predoi-Cross %51 23 9l % i Voigt £ 4 F1 SDV
2 AU 15 B A9 il B HORT Z %8 0. 736 F1 0. 740 AH
FeIl o fh TR b O P R 4 e L RN Y

i JRE b R DAY 0 0 A5 Y TR B A A R K0 A A S
A B AU A Bt 0 8 1 B A L SOk (11 AR AT — 2 1
P

0.30

*  Experimental data
Linear fitting of experimental dat;

0.25

In(Yead D Ysarl To))
[=1
=

R=0.999 6

0.5 020 025 030 035 040
In(Ty/T)
K7 193.15~253.15 K In[ Yer (T /Yer (T ME N
InCTy /D) eR LAY HU 5 13
Fig. 7 Fitting of In[ Y (D /Y (Ty) ] as a function of
In(T,/ D for transition of CO, using self-broad-
ened widths measured in 193. 15—253. 15 K

4 % #
AR SCAE AT i 25 AR W i 1) R Ak A R

T B A AT R R R Ok TR R AR
T B AT T At ) 3R B/ T 0. 3 KL iR
JERREAR /N, 25 0. 03 K/em, i@ id 6 358. 654
cm b CO, fRIEDGIE 250, 3R T s i &
BB T B 1 AR R R DL K A N v R B R R B AR
WiZB n. 5 A. Predoi-Cross 2515 19 n {8 #F
3R Fl S 7« A A Uk A S 1 4 T P RE O R L
15 BRI G 1S S BOnT & w] DO T R4 AR
TR WBOCTE BT . N — 2D W05 [ S8 38 Ik i ik
WSO AR e IT o AR — 2D 4 vy G U 2 AR A L T8
T E AR B AT LR T R AR A T R 5 Y i
ARG 1S 2 B 1 525



510 W58 45 Ol T R TR G 15 52 0 14 0 R W i vl 2621
[7] HELOU Z E, ERBA B, CHURASSY S, et al..

SEXH: Design and performance of a low-temperature-multi-

[1] A#c,xXF, a8, BEASERSKLESN pass-cell for absorbance measurements of atmos-
WA Ze SO [T]. k% M2 T 42,2012, 20 pheric gases. Application to ozone [J1. J. Quant
(11):2331-2337. Spectrosc. Radiat. Transfer, 2006 ,101: 119-128.
ZHOU H J, LIU W Q, SI F Q. Stray light sup- [8] MANTZA W, HENRY A, VALENTIN A. Stabi-
pression of space-borne differential optical absorp- lized tunable diode laser measurements of the P(2)
tion spectrometer for monitoring atmospheric trace line in the " CO fundamental band broadened by he-
gas []]. Opt. Precision Eng., 2012, 20 (11): lium at temperatures between 11. 5 and 298. 6 K
2331-2337. (in Chinese) [JJ. J. Mol. Spectrosc. » 2001, 207:113-119.

[2] k. iKe Ak, %, FAmEREsmmEE gy (91 MONDELAIN D, CLAUDE C P, MANTZ A W,
BTREEESM]. 3 4% 14,2013.21(5); et al.. Performance of a Herriott cell, designed for
1192-1198. variable temperatures between 296 and 20 K []].
SUN J. ZHANG SH J, LI B H. Autonomous navi- Journal of Molecular Spectroscopy, 2007, 241:
gation based on star light and ultraviolet earth sen- 18-25.
sors [J1. Opt. Precision Eng. , 2013, 21(5);1192-  [10] PEREZDELGADO Y. MANZANARES C E.
1198. (in Chinese) Low temperature cavity ring down spectroscopy

[3] w2, RECEEBREME ARG & BT, with off-axis alignment: application to the A- and -
% E K, 2013,6(6) :834-840. bands of O, in the visible at 90 K [J]. Appl. Phys.
QU Y. Technical status and development tendency B. 2012. 106:971-978.
of atmosphere optical remote and monitoring [ ] ]. [11] &, &ams, ZFik, F. ol #ESEIRMKIR R
Chinese Opticss 2013, 6(6):834-840. (in Chinese) W BIE i) S LA (D). 9% 5 5 st 4 47,2012, 32

[4] MONDELAIN D. CAMY-PEYRET C, DENG W, (3):858-861.
et al.. Study of molecular line parameters down to GAO W, CAOZH S, YUAN Y Q. etal.. Design
very low temperature [J]. Appl. Phys. B, 2008, of a controllable low temperature cell and applica-
90,227 -233. tion [J1. Spectroscopy and Spectral Analysis,

[5] SMITH M A H. RINSLAND C P,DEVI V M, et 2012, 32(3):858-861. (in Chinese)
al.. Temperature dependence of broadening and [12] PREDOI-CROSS A, LIU W, MURPHY R, e
shifts of methane lines in the V, band [J]. Spectro- al.. Measurement and computations for tempera-
chim. Acta Part A, 1992, 48.1257 -1272. ture dependences of self-broadened carbon dioxide

[6] MCKELLAR A R W, WATSON J] K G, HOW- transitions in the 30012 <= 00001 and 30013 <
ARD B ]J. The NO dimer: " N isotopic infrared spec- 00001 bands [J]. Journal of Quantitative Spec-
tra, line-widths, and force field [J]. Mol. Phys. , troscopy & Radiative Transfer 2010, 111;
1995, 86 273 -286. 1065-1079.

SIHA

&R

SER QA987 ) H MERFT AL
WAL 2011 4F T 55 T & B 4R A5 2
T2 r, F NS TR WSO 1S 7
M AF 5 ., E-mail: hlgnma @ foxmail.

% com
4 _'-f-‘:':
= iy

RESH (1963 —) B ZBAH AL W5
BT AR S0, 1984 AR T4 AL Tl ok
SRR b 7, 1987 4E T TR
K FRAR AR - 2 A7, 1999 4F T o [ A}
e PAT A0, FENFHOERAK
A 650 TV 0 LI R L RS R B AR B
A (RN R N b et £ X (9
2 Tk % 5 1 M BF 9T, E-mail.

rao@aiofm. ac. cn

(RILFFE REWH AREHEH)



