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I. INTRODUCTION

Being the most important oxidizing agent in the troposphere, the hydroxyl radical (OH) plays a crucial role to scavenge air pollutants and to influence the formation of atmospheric acids. [1][2][3][4] In both field measurements and laboratory studies, quantitative determination of the OH radical is essential to decipher the complex oxidation chain reactions as well as to evaluate the oxidizing capacity in the environments. 5,6 In most of experiments and field observations, the OH radical is detected by monitoring its A 2 Σ + -X 2 Π electronic transitions with laser-induced fluorescence spectroscopy. [7][8][9] Although the laser-induced fluorescence detection is extremely sensitive for probing the OH radical, it requires additional calibrations to convert the fluorescence signals into absolute concentrations and the calibration accuracy might be affected by the fluorescence quenching effects and interferences of other species in the chamber. 10,11 Recently, several modern spectroscopic techniques have been proposed to detect the OH radical based on infrared absorption spectroscopy. [12][13][14][15][16][17][18] For instance, the OH overtone transitions Χ 2 Π1/2 (2←0) R(0.5)e and R(0.5)f have been measured by utilizing cw cavity ring-down spectroscopy near 7028 cm -1 and used for studing the kinetics of the reaction between OH and HO2 radicals. 12 Furthermore, thanks to the development of the mid-infrared laser techniques, various methods such as 2f-IR wavelength modulation spectroscopy, 13 mid-infrared Faraday rotation spectroscopy, 14,15 optical-feedback cavity-enhanced absorption spectroscopy 16 and time-resolved dual-comb spectroscopy 17,18 have been demonstrated to detect the OH radiclas through probing its ν1 fundamental transitions in the spectral range of 3400-3600 cm -1 . With rotationally resolved infrared absorption spectroscopy, line strengths of the selected transitions are significant and indispensable to obtain the concentrations of the OH This is the author's peer reviewed, accepted manuscript. However, the online version of record will be different from this version once it has been copyedited and typeset.

PLEASE CITE THIS ARTICLE AS DOI: 10.1063/5.0176311 radicals. Currently, the line strengths of the OH transitions tabulated in the HITRAN database were derived based on theoretical simulations and near-infrared emission spectra of the OH Meinel bands observed from the Earth's atmosphere. [19][20][21] Direct line strength measurements of the OH fundamental transitions under well-controlled experimental conditions thus would be essential and important to confirm the accuracy of the simulated values from the HITRAN database and it might be also significant for various applications using mid-infrared absorption spectroscopy to quantify the OH radicals during reaction processes and in field investigations.

Here, we report direct measurements of line strengths of the OH ν1 transitions via simultaneous determination of H2O2 and OH in the 248-nm photolysis of H2O2 reaction system. By employing two sets of dual-comb spectrometers near 7.9 and 2.9 μm, highresolution time-resolved spectra of H2O2 and OH can be simultaneously recorded before and after laser photolysis of the flowing mixtures of H2O2/N2 under different experimental conditions. In addition to first measuring the line strength of several ν6 fundamental transitions of H2O2 in the region 1269.3-1269.7 cm -1 , the rate coefficients of the reaction OH + H2O2 were also accurately determined. The absolute line strengths of ten selected transitions in the OH ν1 fundamental band were evaluated and comparable with simulated values from the HITRAN database. This is the author's peer reviewed, accepted manuscript. However, the online version of record will be different from this version once it has been copyedited and typeset. 
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II. EXPERIMENTAL METHODS

Herein, the OH radical can be produced by photolysis of H2O2 at 248 nm and it would further react with H2O2 to form H2O and HO2 radicals. According to the quantum yield ( = 2) for generation of the OH radical in the 248-nm photolysis of H2O2, [START_REF] Burkholder | Chemical Kinetics and Photochemical Data for Use in Atmospheric Studies[END_REF]23 the line strength of the OH transitions can be derived by the formula:

S OH = -S H2O2 × [Int. ∆Abs.] OH,t=0 2×[Int. ∆Abs.] H2O2,t=0 (1) 
where SH2O2 represents the line strength of H2O2. [Int. Abs.]OH,t=0 and [Int. Abs.]H2O2,t=0 represent the integrated difference absorbance areas of the OH and H2O2 absorption lines, respectively, obtained right at flash photolysis.

To determine the line strength of H2O2 and the ratios of the integrated difference absorbance areas of the OH and H2O2 upon flash photolysis, we operated two sets of dualcomb systems with central wavelengths near 2.9 and 7.9 µm and a Herriott-type multipass reactor cell which was designed with a total multipass length of 41.8 m. Figure 1 shows the schematic of the experimental setup for measurements of line strengths of the ν1 fundamental transitions of OH radicals. To generate the OH radicals, we performed photolysis of the flowing mixtures of H2O2/N2 with an excimer laser at 248 nm. A stable and water-free source of gaseous H2O2 was used and it can be produced by employing thermal decomposition of the H2O2-urea complex. In the experiment, the gaseous H2O2 was generated by heating a mixture of H2O2-urea with SiO2 to ~40 °C and then it was carried by a stream of nitrogen into a 50-cm UV absorption cell, before being introduced to the multipass cell. The mixing ratio of the H2O2/N2 mixtures before injection into the multipass cell was evaluated by employing the measured UV absorption spectra and the absorption cross section of H2O2 in region 215220 nm. The mirrors and windows of the multipass cell were purged by streams of nitrogen. Each stream of nitrogen was controlled by the calibrated mass flow controller. The pressures of the UV absorption cell and the multipass cell were measured with the absolute pressure gauges. The partial pressure of the precursor H2O2 in the multipass cell hence can be calculated using the flow rate of each stream, mixing ratios of the H2O2/N2 pre-mixtures, and the total pressure of the multipass cell. The temperature in the experimental environment was controlled at (296 ± 0.5) K and the temperature in the chamber can be monitored using a common thermometer. The wavelength-tunable dual-comb sources were constructed using difference frequency generation between the near infrared electro-optic comb systems and widely tunable cw lasers. 24,25 In this work, the reaction species H2O2 and OH in the multipass cell were probed by the 7.9 and 2.9-µm dual-comb sources, respectively. After passing through the multipass absorption cell, each dual-comb source was detected with the HgCdTe photodiode and the time-dependent dual-comb interferograms were recorded with the data acquisition board to further obtain the time-dependent transmission spectra of H2O2 and OH via Fourier transformation. To clearly evaluate the spectral variations after flash photolysis as well as to reduce the spectral noise caused from laser sources, the time-dependent difference absorbance ([Abs.]t) spectra were employed for analysis of the time traces of H2O2 and OH and they can be derived by the formula:

[∆Abs. ] t = [Abs. ] t -[Abs. ] i = -ln [ T t (ν) T i (ν) ] (2) 
where Ti() and Tt() are the transmission spectra obtained respectively before and after flash photolysis.

[Abs]i = -ln[Ti()] represents the precursor absorbance spectrum taken before photolysis and [Abs.]t = -ln[Tt()] represents the time-dependent absorbance This is the author's peer reviewed, accepted manuscript. However, the online version of record will be different from this version once it has been copyedited and typeset.
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III. RESULTS AND DISCUSSION

A. Line strength measurements of the ν6 fundamental transitions of H2O2 near 7.9 μm.

To determine the absolute line strength of the ν6 fundamental transitions of H2O2 in the region of 1269.31269.7 cm 1 , the interleaved dual-comb spectra were recorded with spectral sampling spacings of 151, 181, and 210 MHz and fitted using a multi-peak Voigt function to obtain the integrated absorbance areas of the six absorption peaks (P1, P2, P3, P4, P4', and P5), as shown in Figure 3. The line strength of each peak can be derived by the formula:

S H2O2 = [Int. Abs.] H2O2 [H 2 O 2 ]×L (3) 
where SH2O2 represents the line strength of H2O2, [Int. Abs.]H2O2 represents the integrated absorbance area of the absorption peak of H2O2, [H2O2] is the concentration of H2O2 obtained in the multipass cell, and L is the total absorption length for dual-comb beam. To accurately determine the concentration of H2O2 inside the multipass cell and to make sure that no loss of H2O2 was caused during flowing, we used two set of UV absorption spectrometers to measure the mixing ratios of the H2O2/N2 mixtures before flowing into the multipass cell and after passing through the cell. The concentration of H2O2 in the UV absorption cell can be obtained according to the measured UV absorption spectra and the integrated absorption cross-sections of H2O2 for the range 215-220 nm (σ215-220nm) derived from previous experimental measurements (Figure S1). [26][27][28][29] Considering the errors of the σ215-220nm (4%), flow rates (1%), temperature (1%), and pressure (3%), the including the errors of the fitted slope (1.2%), concentration of H2O2 (5.2%), and absorption path (1.4%), was estimated to be 5.5%. Table 1 shows a comparison of the measured line strengths of the absorption peaks of H2O2 with the values tabulated in the HITRAN database. 21 The current HITRAN data for the line strengths of the H2O2 ν6 band was derived according to previous FTIR measurements and the uncertainty of the line strength of the ν6 band in H2O2 was reported to be ~10%. 30 The line strengths of the absorption peaks P1 and P5 were obtained in agreement with the HITRAN values. For the P2 and P2', the summed line strength was found slightly lower, but it was still comparable with that from HITRAN database. By contrast, a discrepancy between the obtained peak strengths and the values from HITRAN database for the P3, P4 and P4' was observed because there are several hot torsion-vibration transitions of the H2O2 ν6 band nearby and these line positions and strengths might be not accurate in the HITRAN simulation. 31 To avoid the possible uncertainty from these hot torsion-vibration transitions in subsequent experiments, we mainly analyzed the time-dependent difference absorbance spectra in the spectral range of 1269.571269.70 cm 1 and the spectra of the absorption peak P5 to explore the depletion of H2O2 caused by UV photolysis and the reaction of OH + H2O2 as well as to further determine the absolute line strength of the OH ν1 transitions.
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kobs = k0 + kOH+H2O2  [H2O2]0 ( 5 
)
where k0 is the decay rate coefficient that might be contributed by the reaction of OH with HO2, kOH+H2O2 is the second-order rate coefficient of the reaction OH + H2O2, and [H2O2]0 is the initial concentration of H2O2 obtained in the multipass reaction cell. Figure 4(a)

shows the representative temporal profiles of the OH radicals obtained by probing the OH This is the author's peer reviewed, accepted manuscript. However, the online version of record will be different from this version once it has been copyedited and typeset. S1. For each experimental set, the initial concentration of OH of each individual experiment was set to be the same by adjusting the adopted [H2O2]0 and power of the photolysis laser. The obtained kobs from the single-exponential fits as a function of [H2O2]0 for the six experimental sets are displayed in Figure S4. Figure 5 shows the derived kOH+H2O2 as a function of the total pressure at 296 K. Considering one standard deviation of the kOH+H2O2 obtained from the six experimental sets (1%) and the error of determined [H2O2]0 (5.2%), the overall uncertainty was estimated to be 5.3%. In addition, because the OH radicals can also react with HO2 radicals generated from the reaction OH + H2O2 with the rate coefficients of (1-10) ×10 -11 cm 3 molecule -1 s -1 at 296 K, 12,32 herein we also analyzed the time traces of OH with a kinetic model which includes self-reactions of the OH and HO2 as well as the radical-radical reaction OH + HO2, as listed in Table S2.
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By employing the model fit with the kOH+HO2 = 1×10 -11 cm 3 molecule -1 s -1 , the derived second-order rate coefficients kOH+H2O2 are the same as the values obtained using the singleexponential fit. In comparison, the kOH+H2O2 obtained using the model fit with the faster kOH+HO2 = 1×10 -10 cm 3 molecule -1 s -1 are ~2.5% smaller than that from the singleexponential fit, as shown in Figure S4. By taking into account the overall statistic and systematic errors (5.3%) and the possible bias of -2.5% caused by the faster kOH+HO2, the pressure independent kOH+H2O2 was hence obtained to be [1.97 (+0.10 / -0.15)] × 10 -12 cm 3 This is the author's peer reviewed, accepted manuscript. However, the online version of record will be different from this version once it has been copyedited and typeset.

PLEASE CITE THIS ARTICLE AS DOI: 10.1063/5.0176311 molecule -1 s -1 at 296 K. A comparison of the rate coefficients kOH+H2O2 derived from different experiments with various methods and conditions is shown in Table 2. Currently, the recommended value of kOH+H2O2 at 298 K from the evaluated kinetic and photochemical data for atmospheric chemistry (IUPAC) is 1.7 × 10 -12 cm 3 molecule -1 s -1 and it was mainly derived based on the previous experiments in 1980s. 33 For these experiments, the kOH+H2O2 were reported to be (1.6-1.8) × 10 -12 cm 3 molecule -1 s -1 with the uncertainty of 8-20%. [34][35][36][37][38][39] In this work, the obtained rate coefficient kOH+H2O2 is in excellent agreement with the more recent value reported by Jiménez et al., 40 but it is 16% higher than that of the IUPAC preferred value. 33 Our work as an independent experiment that accomplished through direct measurements of the OH infrared absorption signals under well-controlled experimental conditions and using the new and water-free source of gaseous H2O2 as the precursor and reactant might play a crucial role to revisit the rate coefficient of the reaction OH + H2O2.
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PLEASE CITE THIS ARTICLE AS DOI: 10.1063/5.0176311 obtained in our previous experiments of HO2 + NO  OH + NO2. 17 A comparison of the measured line strengths of the absorption lines of OH with the values tabulated in the HITRAN database is shown in Table 3. Five sets of the doublet transitions of the OH ν1 fundamental band were evaluated in this work and all experimental conditions and obtained line strengths are listed in Table S3. Overall, our determined absolute line strengths of the OH ν1 transitions have a small uncertainty of <10% and they are lower than that tabulated in the HITRAN database by a factor of ~1.4. Because current line strengths in the HITRAN database were derived mainly according to the near infrared airglow OH emissions observed from the high-altitude atmosphere with the theoretical simulations, direct line strength measurements of OH radicals under well-controlled experimental conditions achieved in this work might be crucial in improvement of the line strength simulations and updating the HITRAN database. Most importantly, the accurate OH line strengths can be used to precisely quantify the yield or depletion of OH radicals in many key atmospheric reactions and to explore the radical-radical reactions such as the reactions of OH with peroxy radicals. 32,41,42 This is the author's peer reviewed, accepted manuscript. However, the online version of record will be different from this version once it has been copyedited and typeset. This is the author's peer reviewed, accepted manuscript. However, the online version of record will be different from this version once it has been copyedited and typeset.
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IV. CONCLUSIONS

In conclusion, the rate coefficient of the reaction OH + H2O2 and the absolute line strength of several ν1 fundamental transitions of OH have been investigated in detail by employing the mid-infrared two-color time-resolved dual-comb spectrometers. In addition to determining the line strength of a few ν6 fundamental transitions of H2O2 near 7.9 μm in the absence of laser photolysis, we simultaneously recorded the time-resolved spectra of the OH radicals near 2.9 μm upon the 248-nm irradiation of the H2O2/N2 flowing mixtures at varied conditions to explore the kinetics for the reaction OH + H2O2. The pressure independent rate coefficient of [1.97 (+0.10 / -0.15)] × 10 -12 cm 3 molecule -1 s -1 for the reaction of OH with H2O2 was obtained under the total pressure of 10.1-55.0 Torr at 296 K. Furthermore, the line strengths of ten OH transitions near 3378, 3408, 3422, 3465, and 3484 cm -1 were also measured in this work. Both the accurate rate coefficient kOH+H2O2 and line strengths of OH transitions would be important to further revisit the kinetics of the reaction between OH and HO2 radicals and to resolve the large difference of its rate coefficients between two recent experiments. 12,32 Moreover, the proposed approach with mid-infrared two-color time-resolved dual-comb spectroscopy holds promise for precision measurements of the infrared absorption cross section of transient free radicals and intermediates, as well as for investigations on their self-reaction kinetics.
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FIGURE 1 .

 1 FIGURE 1. Schematic of the experimental setup. Here, DCS is the dual-comb source, LWP is the longwave pass filter, PG is the pressure gauge, PD is the photodiode, DAQ is the data acquisition board, UVS is the ultraviolet spectrometer, and PC is the personal computer.

FIGURE 2 .

 2 FIGURE 2. Representative time-resolved dual-comb spectra in the regions (a) 1269.31269.7 cm 1 and (b) 3421.883422.08 cm 1 . The spectra were recorded simultaneously upon the 248-nm irradiation of a flowing mixture of H2O2/N2 (0.0145/10.04 Torr, PT = 10.05 Torr, 296 K) over 5000 excimer laser shots. Here, the spectral sampling spacing is 210 MHz (7×10 3 cm 1 ). The temporal resolutions of (a) and (b) are set to be 100 and 40 μs, respectively.

  [H2O2] can be determined with an overall uncertainty of 5.2%. Over 11 measurements were carried out at experimental conditions with [H2O2] = (8.6-19.7) × 10 13 molecules cm -3 and total pressure PT = 8.95-10.42 Torr at 296 K. The plots of the obtained integrated absorbance This is the author's peer reviewed, accepted manuscript. However, the online version of record will be different from this version once it has been copyedited and typeset. PLEASE CITE THIS ARTICLE AS DOI: 10.1063/5.0176311 areas [Int. Abs.]H2O2 against the [H2O2] for each absorption peak are shown in Figure S3. The peak strength hence can be derived through dividing the fitted slope of each plot of the [Int. Abs.]H2O2 versus [H2O2] by the total absorption path. The overall uncertainty,

FIGURE 3 .

 3 FIGURE 3. (a) The transition lines of H2O2 taken from HITRAN database. (b) The observed dual-comb spectra and the fitted curve. (c) The fitting residual. Here, the spectra were measured using a 41.8-m multipass cell with a flowing mixture of H2O2/N2 (0.00264/10.42 Torr, PT = 10.42 Torr, 296 K). The observed spectra were fitted using a multi-peak Voigt function to obtain the integrated absorbance areas of the seven absorption peaks (P1, P2, P2', P3, P4, P4', and P5).

  photodissociation with the employed energy of 19.0-42.8 mJ cm 2 was estimated to be

  DOI: 10.1063/5.0176311 Χ 2 Π3/2 (1←0) P(2.5)e transition near 3484.75 cm 1 with conditions using different [H2O2]0 and photolysis energy. Each observed OH time trace (open symbol) was fitted with a single-exponential curve (solid line) to obtain the decay rate coefficient (kobs), as displayed in Figure 4(b). The second-order rate coefficients kOH+H2O2 can be derived from the linear fitted slopes of the plots of the kobs against the [H2O2]0. All experimental conditions and obtained kobs are listed in Table
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FIGURE 4 .

 4 FIGURE 4. (a) Temporal profiles of the OH obtained under conditions with different [H2O2]0 and photolysis energy. The open symbols represent experimental data recorded with the time resolution of 40 μs. The solid lines represent fitting curves. Each temporal profile was fitted with a single-exponential function to obtain the decay rate coefficient (kobs). The data correspond to experiment 1-6 listed in Table S1 with total pressure PT = 25.6 Torr, temperature 296 K, and [OH]0  3.910 12 molecule cm -3 . The derived kobs as a function of [H2O2]0 is shown in (b). The black line represents the linear fitting curve with a slope of (1.93 ± 0.05) × 10 -12 cm 3 molecule -1 s -1

FIGURE 5 .

 5 FIGURE 5. Rate coefficients for the reaction OH + H2O2 as a function of the total pressure. Each rate coefficient is the fitted slope of the plot of kobs against [H2O2]0 of each experimental set at 296 K. The error bars include the errors of the fitted slope and determined [H2O2]0 and the red line represents the average value of the six experiment sets.
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 22 photolysis can be extracted from these time-resolved dual-comb spectra for determinations

FIGURE 6 .

 6 FIGURE 6. Temporal profiles of the summed integrated Abs. of (a) the peaks P1, P2 and P2' of H2O2 and (b) two transitions Χ 2 Π1/2 (1←0) P(3.5)e and P(3.5)f of OH. Each temporal profile was obtained from the time-resolved dual-comb spectra recorded upon photolysis at 248 nm of a flowing mixture of H2O2/N2 (0.0145/10.04 Torr, PT = 10.05 Torr, 296 K). The blue line represents the single exponential fitted curve with a fixed decay time of 1.08 ms, which is corresponding to 1/ (kOH+H2O2×[H2O2]0), where kOH+H2O2 is 1.97×10 12 cm 3 molecule -1 s -1 and [H2O2]0 is 4.72×10 14 molecule cm -3 . The orange line represents the single exponential fitted curve with a fitted decay time of ~1.12 ms.

FIGURE 7 .

 7 FIGURE 7. Statistical distribution of 12 measurements of the line strength for one of the Χ 2 Π1/2 (1←0) P(3.5) doublet transitions. The shaded area represents one standard deviation of the 12 measurements.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

TABLE 1 .

 1 Comparison of the obtained line strengths of the H2O2 peaks with the values tabulated in the HITRAN database. Line parameters tabulated in the HITRAN database.21 b Strength in cm molecule 1 . c The uncertainty of the line strength of the H2O2 ν6 band from HITRAN database is ~10%.30 

	Peak	Line center a /cm 1	Transition a	Line strength a,b,c	HITRAN Peak strength b,c,d	Observed peak strength b,e	Difference f
	P1 P2 & P2' 1269.621 ν6 (2,2)95,4 ←105,5 1269.654 ν6 (0,1)30,3 ←20,2 1269.621 ν6 (2,2)95,5 ←105,6 1269.614 ν6 (0,1)116,5 ←116,6 1269.614 ν6 (0,1)116,6 ←116,5 P3 1269.484 ν6 (0,1)126,6 ←126,7 1269.484 ν6 (0,1)126,7 ←126,6 P4 & P4' 1269.395 ν6 (2,4)152,14 ←162,15 1269.391 ν6 (2,2)83,6 ←93,7 1269.391 ν6 (2,2)83,5 ←93,6 1269.384 ν6 (1,4)42,3 ←52,4 1269.382 ν6 (2,3)151,14 ←161,15 1269.382 ν6 (1,4)42,2 ←52,3 P5 1269.343 ν6 (0,1)136,7 ←136,8 1269.343 ν6 (0,1)136,8 ←136,7	5.58×10 -21 5.91×10 -22 1.97×10 -22 1.40×10 -21 4.19×10 -21 3.49×10 -21 1.16×10 -21 6.03×10 -22 1.39×10 -21 4.62×10 -22 1.00×10 -21 7.13×10 -22 3.01×10 -21 9.66×10 -22 2.90×10 -21	5.58×10 -21 6.38×10 -21 4.65×10 -21 7.18×10 -21 3.87×10 -21	5.29×10 -21 5.38×10 -21 3.11×10 -21 4.19×10 -21 3.59×10 -21	-5.2% -15.7% -33.1% -41.6% -7.2%
	a						

d Sum of the line strengths of the assigned transitions for each peak. e The observed peak strength with an overall uncertainty of 5.5%. f The difference is defined as (observed peak strength -HITRAN Peak strength) / (HITRAN Peak strength).

TABLE 2 .

 2 Summary of experimental conditions, methods and results for determinations of the rate coefficient of the reaction OH + H2O2.

	Study This work Jiménez et al. 40 (2004) Vaghjiani et al. 34 (1989) Kurylo et al. 35 (1982) Marinelli et al. 36 (1982) Wine et al. 37 (1981) Sridharan et al. 38 (1980) Keyser et al. 39 (1980)	Pressure / Torr 10.1-55.0 296 T / K 13-16 / 100 298 95% (w/w) H2O2(aq) H2O2 source Thermal decomposition of H2O2-urea complex 50-550 298 97% (w/w) H2O2(aq) 20-30 296 40% (w/w) H2O2(aq) 10 298 90-98% (w/w) H2O2(aq) 100 297 90% (w/w) H2O2(aq) 2-3 295 96% (w/w) H2O2(aq) 1-4 298 95% (w/w) H2O2(aq)	OH generation method 248-nm-photolysis of H2O2 193-nm-photolysis of H2O2 248-nm-photolysis of H2O2 165-180-nm-photolysis of H2O2 248-nm-photolysis of H2O2 266-nm-photolysis of H2O2 discharge of H2/F2 with NO2/H2O discharge of H2 with NO2	OH detection method IR absorption LIF b LIF b Resonance fluorescence Resonance fluorescence Resonance fluorescence LIF b Resonance fluorescence	kOH+H2O2 a 1.97 -0.15 +0.10 2.00 ± 0.15 1.86 ± 0.18 1.79 ± 0.14 1.81 ± 0.24 1.59 ± 0.32 1.69 ± 0.26 1.64 ± 0.32

a in cm 3 molecule -1 s -1 b LIF: Laser-induced fluorescence.

TABLE 3 .

 3 Comparison of the obtained line strengths of the OH transitions with the values tabulated in the HITRAN database. Line parameters tabulated in the HITRAN database. 21 b Line center in cm 1 . The difference is defined as (observed line strength -HITRAN line strength) / (HITRAN line strength).

	Expt. set	Transition a	Line center a,b	HITRAN line strength a,c	Observed line strength c	Difference d
	1 2 3 4 5	Χ 2 Π1/2 (1←0) P(4.5)e Χ 2 Π1/2 (1←0) P(4.5)f Χ 2 Π3/2 (1←0) P(4.5)f Χ 2 Π3/2 (1←0) P(4.5)e Χ 2 Π1/2 (1←0) P(3.5)e Χ 2 Π1/2 (1←0) P(3.5)f Χ 2 Π1/2 (1←0) P(2.5)f Χ 2 Π1/2 (1←0) P(2.5)e Χ 2 Π3/2 (1←0) P(2.5)f Χ 2 Π3/2 (1←0) P(2.5)e	3377.8875 3378.0773 3407.6117 3407.9885 3421.9322 3422.0141 3465.2478 3465.2702 3484.5983 3484.7482	1.54×10 -20 1.54×10 -20 4.54×10 -20 4.56×10 -20 2.55×10 -20 2.54×10 -20 3.14×10 -20 3.14×10 -20 5.59×10 -20 5.60×10 -20	(1.09±0.09)×10 -20 (1.09±0.09)×10 -20 (3.38±0.25)×10 -20 (3.38±0.25)×10 -20 (1.91±0.15)×10 -20 (1.91±0.15)×10 -20 (2.41±0.28)×10 -20 (2.41±0.28)×10 -20 (4.15±0.31)×10 -20 (4.15±0.31)×10 -20	-29.2% -29.2% -25.6% -25.9% -25.1% -24.8% -23.2% -23.2% -26.3% -25.9%

a c Strength in cm molecule 1 . d
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