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Fig. 1 Experiment setup
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Fig. 2 Absorption signals of CO, at 6 357.312 cm™' in the
temperature range of 300~800 K, P=3.55X10* Pa
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Fig. 3 Voigt fitting and residual of the CO, spectrum
at 6 357.312 em™', P=3.55X10’ Pa
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Fig. 4 Line strength measurement for the CO, transition at 6 357.312 cm™'
(a): The measured integrated absorbance versus CO; pressure, T=500 K;
(b) : Comparison of line strength between experiment and Hitran
Table 1 Comparison of line strengths between measurements and HITRAN database at each temperature
Vo M(300 K) H o M (400 K) H o M(500 K) H 4
6 353.103 1. 053E-23 1. 078E-23 —2.319 7.059E-24 7.364E-24 —4. 142 5.196E-24 5.179E-24 0. 328
6 354. 536 1. 235E-23 1. 316E-23 —6. 155 8. 997E-24 9.110E-24 —1. 240 6.379E-24 6.462E-24 —1.284
6 355.939 1. 510E-23 1. 502E-23 0.533 1. 045E-23 1. 059E-23 —1.322 7.539E-24 7.591E-24 —0. 685
6 357.312 1. 625E-23 1. 633E-23 —0.490 1. 204E-23 1. 176 E-23 2.381 8. 583E-24 8. 542E-24 0. 480
6 358. 654 1. 699E-23 1. 707E-23 —0.469 1. 264E-23 1. 261E-23 0.238 9. 238E-24 9. 294E-24 —0.603
6 359.967 1. 594E-23 1. 725E-23 —7.594 1. 317E-23 1. 312E-23 0. 381 9. 268E-24 9. 841E-24 —5. 823
6 361. 250 1. 676E-23 1. 694E-23 —1.063 1. 329E-23 1. 330E-23 —0.076 1. 016E-23 1. 018E-23 —0.196
6 362. 504 1. 556E-23 1. 617E-23 —3.772 1. 299E-23 1. 318E-23 —1.442 1. 030E-23 1. 031E-23 —0.097
6 363.728 1. 486E-23 1. 507E-23 —1.394 1. 280E-23 1. 279E-23 0.078 1. 054E-23 1. 024E-23 2.930
M(600 K) H ° M(700 K) H c M(800 K) H I
6 353.103 3. 667E-24 3. 724E-24 —1.531 2.596E-24 2. 728E-24 —4. 839 1. 925E-24 2.031E-24 —5.219
6 354. 536 4. 843E-24 4.673E-24 3.638 3. 550E-24 3. 437E-24 3.288 2.557E-24 2.566E-24 —0. 351
6 355.939 5. 303E-24 5.528E-24 —4.070 4. 066E-24 4. 087E-24 —0.514 2.891E-24 3.063E-24 —5. 615
6 357.312 6. 389E-24 6. 275E-24 1. 817 4. 622E-24 4. 667E-24 —0.964 3.493E-24 3.515E-24 —0.626
6 358. 654 6. 799E-24 6. 897E-24 —1.421 5. 181E-24 5.167E-24 0.271 4. 015E-24 3.912E-24 2.633
6 359.967 7.307E-24 7. 388E-24 —1.096 5.639E-24 5.581E-24 1. 039 4. 142E-24 4. 252E-24 —2.587
6 361.250 7. 651E-24 7. TA3E-24 —1.188 5.905E-24 5.904E-24 0.017 4. 417E-24 4.530E-24 —2.494
6 362. 504 7.693E-24 7.955E-24 —3.294 6. 049E-24 6. 129E-24 —1. 305 4. 83E-24 4. 740E-24 1. 899
6 363.728 8. 265E-24 8. 035E-24 2.862 6. 127E-24 6. 263E-24 —2.171 4. 635E-24 4. 885E-24 —5.118
vo P em !, ZREREAL . em 2/ (molecule em ™). M. MEAE, H: BUEEME. 0. (M-H)/HY%CFRED
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Fig. 5 Air-broadening coefficients for the CO, transition at 6 357.312 em™': (a) collisional FWHM versus

CO, pressure, T=500 K; (b) the measured 7., versus temperature, the best fit used to infer n
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Table 2 Comparison of air-broadening coefficients between measurements and HITRAN database

Yo M(300 K) H o M(400 K) H o M(500 K) H 4
6 353.103 0.074 7 0.081 5 —8.343 6 0. 065 4 0. 066 3 —1.357 5 0.063 7 0.056 4 12.943 3
6 354.536 0. 080 2 0.079 3 1.134 9 0.063 5 0.064 8 —2.006 2 0.051 9 0. 055 4 —6.317 7
6 355.939 0.075 8 0.077 3 —1.940 5 0.064 3 0.063 4 1.419 5 0.053 2 0.054 3 —2.0258
6 357.312 0.075 5 0.075 5 0 0.061 0 0.0619 —1.454 0 0.053 4 0.053 1 0.565 0
6 358. 654 0.076 7 0.074 0 3.648 7 0.057 8 0.060 5 —4.462 8 0.048 4 0.051 8 —6.5637
6 359.967 0.072 6 0.072 7 —0.137 6 0.054 5 0.058 9 —7.470 3 0. 049 2 0.050 1 —1.796 4
6 361. 250 0.072 8 0.071 5 1.818 2 0.055 8 0.057 6 —3.1250 0.048 2 0.048 7 —1.026 7
6 362. 504 0. 065 6 0.070 6 —70 822 0.059 1 0.056 7 4.232 8 0. 046 4 0.047 9 —3.1315
6 363.728 0. 065 4 0.069 7 —6.169 3 0. 055 0.055 8 —1.433 7 0. 049 4 0. 047 5.106 4
M(600 K) H o M(700 K) H o M(800 K) H 4
6 353.103 0. 049 0.049 5 —1.010 1 0.043 7 0.044 3 —1.354 4 0.039 9 0.040 2 —0.746 3
6 354. 536 0.048 9 0.048 8 0.204 9 0.043 9 0.043 8 0.228 3 0.040 0 0.039 9 0. 250 6
6 355.939 0. 046 4 0.047 9 —3.131 5 0.042 4 0.043 1 —1.624 1 0.039 4 0.039 3 0.254 5
6 357.312 0. 048 3 0. 046 8 3.205 1 0.042 7 0.042 1 1.425 1 0.038 0 0.038 4 —1.041 7
6 358. 654 0.044 4 0. 045 6 —2.6316 0.039 7 0.040 9 —2.9340 0.035 1 0.037 2 —5.645 2
6 359.967 0. 040 6 0.043 8 —7.3059 0.039 6 0.039 2 1.020 4 0.034 8 0.035 5 —1.971 8
6 361. 250 0.042 8 0.042 5 0.705 9 0.036 2 0.037 9 —4.485 5 0.033 1 0.034 3 —3.498 5
6 362.504 0.042 7 0.041 7 2.398 1 0.036 7 0.037 1 —1.078 2 0.034 6 0.033 5 3.283 6
6 363.728 0.040 2 0. 0409 —1.7115 0.0355 0.036 3 —2.2039 0.030 9 0.032 7 —5.504 6

Table 3 Comparison of the temperature exponents n between measurements and HITRAN database

6 353.103 6 354.536 6 355.939 6 357.312 6 358. 654 6 359. 967 6 361. 250 6 362.504 6 363.728
M 0.715 0.694 0.690 0.678 0.692 0.721 0.767 0.774 0. 780
H 0.72 0.70 0. 69 0.69 0.70 0.73 0.75 0.76 0.77
o —0. 694 —0. 875 0 1.739 1. 143 1.233 2. 267 1. 842 1. 299
CO, L TE 300~800 K il J3 36 FBl P4 1 22 3 . 25 S0 58 & 3%
4 45 w8 TR R RO AT T WA, IR 4R S0 45 S 5 HITRAN/HI-
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Study of CO, Spectroscopic Parameters at High Temperature near
1.57 pm

CAI Ting-dong' . WANG Gui-shi' , CHEN Wei-dong®?, ZHANG Wei-jun', GAO Xiao-ming'

1. Laboratory of Atmospheric Optics, Anhui Institute of Optics and Fine Mechanics, Chinese Academy of Sciences, Hefei
230031, China

2. Laboratoire de Physicochimie de 1” Atmosphere, Universite du littoral Cote d”Opale, 145 Av. Maurice Schumann, 59140

Dunkerque, France

Abstract Measurements strategies based on absorption spectroscopy techniques, especially the measurements in high tempera-
ture, require accurate values of important spectroscopic parameters of the probed species. Sometimes the parameters listed in
widely used HITRAN and HITEMP2004 database are uncertain to some extent, In order to validate the spectroscopic parameters
of 9 selected CO; lines which should be used in combustion diagnosis, spectra of those lines were recorded in a high temperature
experiment setup as a function of temperature (in the range of 300-800 K) and pressure (in the range of 9-450 torr) using a dis-
tributed feed-back (DFB) diode laser. The recorded absorption spectra were fitted to Voigt profile. Line intensity, air-broade-
ning coefficient and temperature exponent of each line were deduced from those data. Through comparison of experimental re-
sults and those listed in HITRAN and HITEMP2004 database, the discrepancies of most line intensities, air-broadening coeffi-
cients and their temperature exponents are less than 3%, 5% and 2% respectively. Those results show good consistency be-
tween the experimental data and that in HITRAN and HITEMP2004 database. The discrepancy in line intensities may be caused
by the fitting of absorption spectra, the reading of thermocouple and pressure gage, uniformity of temperature in the heated cell,
and uncertainty of the optical path. Those factors also cause the discrepancy in air-broadening coefficients and their temperature
exponent. CO, contained in air also introduces error in air-broadening coefficients and their temperature exponent beside those
factors. Though we have deducted them in data-processing, the little change of CO, in partial region also exists. Those results

will be helpful to the measurement of CO, concentration in combustion diagnosis in the future.

Keywords Tunable diode laser absorption spectroscopy; High temperature spectrum; Line intensity; Air-broadening

coefficient; Temperature exponent
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