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Abstract. Fundamental spectroscopical parameters of theresent data for the weak bands in the neighbouring of the
weak vy +3v} — vl +v3 band of CO, are reported using vi+ 219+ v band have been calculated [16]. In addition,

a high-resolution, direct-absorption spectrometer, based ome note that these weak bands can be used as sensitivity
a distributed feed-back diode laser emittin@atm. Line in-  markers in high-accurac€O, spectrometers [2], and also
tensities and self-broadening coefficients have been measurkxt this application an accurate knowledge of their intensity
for the first time with high accuracy, for nine lines of the R is needed. In this work, we present high-resolution measure-
branch, from R(44) up to R(59). Comparison with availablements, performed with a diode laser spectrometer, of line in-
data has been made, and a generally good agreement has bessity and self-broadening coefficients for some lines of the

found. v1+ 3vi — vl +v3 hot-band ofCO, at 2 um, in coincidence
with the strongest lines of thel+2vg+v3. Although the
PACS: 33.70.-w; 33.70.Jg investigated lines are even 1000 times weaker than the neigh-

bouring intense transitions, by means of an accurate lineshape
analysis we have been able to determine the spectroscopical
Carbon dioxide continues to stimulate interest to the spegarameters with an uncertainty lower than that reported for
troscopical community, for its relevant role in many areas oband calculations.
physics, chemistry, geology, medicine, and biology. In many
applications, such as environmental monitoring and medical
diagnostics, a very precise determination of the concentra Experimental setup
tion of CO, or of its isotopic species is required. For such
purposes, the intense fundamental vibrational bands in thEhe diode laser used was émGaAsInP DFB diode laser
mid-infrared would be the most indicative for a spectroscopi¢Sensor Unlimited SU-2000), emitting up TanW of single-
monitoring, but unfortunately they fall outside the emissionmode radiation, with less th&20 MHz linewidth, tunable in
region of simple emitting devices, such as room-temperatura range of approximatelys cnt* around2 um. The laser ra-
diode lasers. Recently, weaker bands initfe-2 um range diation was collimated by a lens and after passing through
have been investigated for an accurate monitoringc®  an optical isolator {35 dB) was split in two beams: the first
concentrations, and in particular the+ 219+ v3 combi- beam went through the cell containi@,, while the sec-
nation band aroun@um is very promising [1-3], since ond one was sent througt2&cm-long confocal Fabry—&rot
it is the strongest band reached by room-temperature DFBiterferometer, whose free spectral range had been measured
diode lasers, less than 3000 times weaker thanvthat to be299+ 1 MHz, to mark the frequency scale. The absorp-
4.3um. The knowledge of spectroscopic parameters, suchion cell was an astigmatic multipass Herriot cell (New Focus
as line intensities, pressure broadening and shift coefficien&611), with a measured total length 8850+ 40 cmin 91
is of fundamental importance for an accurate determinatiopasses. The detailed apparatus is described elsewhere [6, 7].
of gas concentrations, and indeed high-resolution measure- The analysis of the data has been made with the help
ments have been performed recently with diode lasers oof the LINEFIT 2.0 software package [17]. The absorption
the strongest bands in the near-infrared [3—7], to confirnprofile was fitted assuming Voigt profiles for the lineshapes,
previous data acquired mainly with Fourier transform specwhatever the pressure. To measure the lineshape of the weak
trometers (FTS) [8—16]. At the level of precision required bylines in the presence of much stronger absorption features,
most applications, even very weak hot-bands buried belowe have recorded two sets of waveforms in two differ-
the strong lines can play a relevant role in the determinatioent ways. In the first case, the laser frequency sweep was
of the gas density from lineshape measurement, but unfowide enough to encompass two adjacent lines of the strong
tunately there are not many experimental data available far; +2v9 + v3 band. The number of acquired points was 2500,
such bands, since FTS cannot be used when much strongerd all the lines included in the acquisition were fitted at the
overlapping bands are present. As a matter of fact, all theame time. The pressure was varied in the ra®&0 Torr.
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In the second case, a much narrower frequency sweep wasble 1. Measured line intensit$ of the investigated lines of the +3v3 —
used, encompassing only one line of thet3vi — vl +v3  v3+vs band ofCO;
band. In this case the contribution to the absorption due to

. . . . . J Va % Sa
the neighbouring strong lllnes has been approx.lmated with /cn?rl /XQ 10-2% emymol
a second-order polynomial. The pressure was in the range
30-100 Torr. For the measurement qf line strengths the two  ,, 4994 05835 4.41 (9) 464
sets of data have been mixed, yelding the same results. On 47 4994.31835 2.74 (5) 295
the contrary, for the self-broadening, only the data taken with 50 4996.90866 1.54 (8) 1.78
narrow frequency sweeps have been used. 52 4997.80765 1.17 (3) 125
53 4996.75170 0.94 (3) 1.05
54 4998.68105 0.79 (2) 0.866
. ) 55 4997.50441 0.62 (1) 0.72
2 Results and discussion 57 4998.22792 0.47 (4) 0.49
59 4998.92226 0.25 (2) 0.323
The spectral range covered by the diode laser includes niq&
. HITRAN datab
lines of the band; + 3v3 — v3 + v3 of 12CO,, from the R(44) rom atabase
up to the R(59). For all these lines we measured the intensity,
whereas the self-broadening coefficient has been measur * s_
for all lines but R(57). This is due to the fact that the much o
stronger line R(30), belonging to the bamci- 2vg+v3, lies LY
very close to this, and at the relatively high pressures require 4
for self-broadening measurements the overlap reduces the ¢
curacy of the parameter. =
£ 37 o
~ h N
. . . E
2.1 Line intensity <
N 24
(@} o
In order to determine the line intensitg as we always % x
have a significant line overlap, we have reconstructed the lin™" ; | * P
profiles from the parameters derived from the fit procedure ¢ g
and then we have integrated them in order to determine tt =5 e
total absorbance. We have repeated this procedure at differe g T
pressures to get an improvement in the accuracy. The ints 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59

gral area per unit pressure was successively divided by tf
lengthL of the absorption path, and by the Loschmidts’ num- J

ber N_(T), at the temperatur&é of the gas. The error bars Fig.2. Comparison between experimentai) (and HITRAN (0) strenght
reported in Fig. 1 are mainly determined by uncertainties iryalues

the normalization and in the pressure.

The room temperature has been monitored to be stabte the statistical spread and reproducibility of the result for
during each series withifi°C, even if it varied for different different series. The resulting values®#ére listed in Table 1,
series from20°C up to 23°C. However, for a correct com- whereas in Fig. 2 they are plotted along with the correspond-
parison with available data, all the line intensities have beemg values fromHITRAN database. Our values f&rare from
referred toT = 296 K. The total error on the final value & 5% to 15% smaller than thédITRAN ones; we note anyway
has been estimated to be withs#o, which is essentially due that the two sets of data are in relatively good agreement, if

we consider the uncertainty on théTRAN data, which is
given at theb%—10% level.

0.016 -
0.014 7 2.2 Broadening

~— 0.012 - ] ] ] )

% . The Lorentzian halfwidthy is assumed to vary linearly as

5 0010 a function of the pressung,

5 |

= 0.008

S n=ap. (1)

< 0.006

g o 004_‘ whereas is the self-broadening coefficient.

= We therefore measured the Lorentzian halfwidth at differ-
0.002 ent pressures, and then we fitted it according to the law of (1),
0.000 ] in order to extract the coefficierst. The error for a single

. — 77—

measurement of the width has been assumed tbOddHz

or the error coming out from the fit procedure, whichever
Pressure (atm) is the larger. The errors for the broadening coefficients re-

Fig. 1. Intensity values of line R(44) as a function of pressure ported in Table 2 are twice the standard deviation coming
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Fig.3. Comparison between experimentall)(and HITRAN (O) self-
broadening coefficients

Table 2. Measured self-broadenings coefficients for eight lines of the
V1 +3v% — v% +v3 band of CO,

J as(exp as (HITRAN)
Jem1/atm
44 0.0740 (15) 0.0758
a7 0.0735 (20) 0.0738
50 0.0700 (20) 0.0718
52 0.0651 (15) 0.0706
53 0.0651 (40) 0.0700
54 0.0654 (20) 0.0694
55 0.0638 (20) 0.0689
59 0.0578 (45) 0.0667
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band ofCO; in the presence of a much stronger absorption
band. As a result, we measured fundamental spectroscopi-
cal parameters for nine ro-vibrational transition lines of the
weakv; + 3v3 — v+ v3 combination band & pum. Line in-
tensities and self-broadening coefficients have been measured
with a precision higher than that typical of FT spectrome-
ters or band calculations, which have been previously used
to retrieve such kind of data in this band. A comparison has
been made with data from théITRAN database, and a gen-
erally good agreement has been found both for intensities and
for self-broadening coefficients. Since our measurements pro-
vided a reduction of the uncertainties by at least a factor of
two, the values we give can be used for future refinement
of band calculations [16]. The investigated lines can now be
used also as accurate intensity references to calibrate high-
sensitivity spectrometers f@O, monitoring, working on the
strongvy + 219+ v3 band.
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