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Fig. 1. Schematic diagram of the experimental setup.

063301-

2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 72, No. 6 (2023) 063301

PXIe-6124) #i AR R | L BRFIfRAE. e
TRA HIRES A (SFg, Ar, He =F Wl UE
{E°4 0.12:1:100) 33— 80 mm £, 29 300 pm
Vi ) e % U Tk e g S R A LS s b K
iR 1.2 ms, HIEMA N 3 Hz, BEIHTHIE
4 7 bar(1 bar = 10° Pa). 7E— &K 15 L/s
HOHLIZE Al 1500 L/s BIRA 754 T
TET, HA R RAET A E] 105 Pa. Mg ik
WEGFET, s N SEARFELE 102 Pa.

3 LA R

FIH HITRAN %k 45 2 07 v i) SF %5040 Fi
PGOPHER 2 J3 I8 X 8 7 5 i () 32SFg B
(1) vy FEATUHE OGS VEA T TR, WA 2(a) BTz,
l 2(b) R T 1E32SFg 43T vg $ig sl Sk Bt i
AT B AR A SR OO . TR
SHEWOCAR D AR TR B, FEARYE Q
SRR AR R0 BE R AL AR SRR %%
RN 10 K, 354 E S 2% 0.0008 cm
i, T DA S I S Y 32SF g LA IO
TERF AR R AF. SCER I DS R T 22SF, ik
M IS IR A1, 75 Sk (~948.0 cm ) FRER AT
WA R E WIS, 7T REIE T SFe-Ar R & H
SFg-Ar,(n=2) B 1. filhn, & 2(b) F i E; kb
(947.392 cm 1) YIS AT IHJE Ay SFe-Ar — SRk
B Q .

(a) 32SFg, v3=1«10 ‘

|l

947.0 947.2 947.4 947.6 947.8 948.0 948.2 948.4 948.6
[(b) Observed

Wavenumber/cm !
SFg-Ar
: l J J |
— 1 ‘“HH“ - HMH

947.0 947.2 947.4 947.6 947.8 948.0 948.2 948.4 948.6

Wavenumber/cm~!

(=R CREUNN

Absorption intensity/V

2 32SF S op WHNERRIOLIE () *25Fg B4 vy k3N
HRPREIDEE, 2298 0.0008 cm ! (~24 MHz), #zhiE¥ 10 K;
(b) SR B

Fig. 2. Absorption spectrum at the v; band region of 32SFg:
(a) The simulated spectrum of the vy band of 3?SF; with a
linewidth of 0.0008 cm™ (~24 MHz) and a rotational tem-
perature of 10 K; (b) the experimental spectrum.
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Fig. 3. Absorption spectrum at the v; band region of **SFg:
(a) The simulated spectrum of the v; band of **SFg with a
linewidth of 0.0008 cm ™ (~24 MHz) and a rotational tem-

perature of 10 K; (b) the experimental spectrum.
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Table 1.  Molecular parameters for the hot band of 32SF.
Order 2(K,nI) {s} {s'} Values®/cm
0 2(0,0 A,,) 000000 A, 000000 A, 9.10756x 103
ase 2 40,0 Ay 000000 A, 000000 A, 7.2689x 109
2 4(4,0 Ay,) 000000 A, 000000 A, 1.2227x10~10
0 0(0,0 Ay,) 001000 Fy, 001000 Fy, 941.1785(21)
1 1(1,0 Flg) 001000 Fy, 001000 Fy, 0.26651(10)
Excited
2 2(0,0 A,,) 001000 F,, 001000 F,,, 1.149(32) x 104
2 2(0,0 By,) 001000 Fy, 001000 F,, 1.1162(33) x 10—
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Fig. 4. Absorption spectrum of the tentatively assigned hot
band of *’SF;. (a) The simulated spectrum of the hot band
of 32SFg with a linewidth of 0.0008 cm! (~24 MHz) and a
rotational temperature of 50 K; (b) the experimental spec-

trum.
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High-resolution jet-cooled laser absorption
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Abstract

Sulfur hexafluoride (SF;) is a greenhouse gas of very long lifetime. Its infrared absorption spectrum is very
important in modeling the atmospheric radiation balances. The SFy is also a prototypical system for studying
the principles and techniques of laser isotope separation using powerful infrared lasers. As a very heavy
molecule, the infrared spectrum of SFg at room temperature is very dense, which poses a great challenge to
monitoring the relative abundances of different SFy isotopomers by direct absorption spectroscopy. Supersonic
jet expansions have been widely used to simplify the gas phase molecular spectra. In this work, astigmatic
multi-pass absorption cell and distributed feed-back quantum cascade lasers (QCLs) are used to measure jet-
cooled rovibrational absorption spectra of 32SF; and 23SFg at 10.6 um. The spectrometer works in a segmented
rapid-scan mode. The gas mixtures (SFg:Ar:He = 0.12:1:100) are expanded through an 80 mm x 300 pm
pulsed slit nozzle. Two QCLs running at room temperature are used and each one covers a spectral range of about
3.0 cm!. The v3 fundamental bands of both 32SFg and 33SFy are observed. The rotational temperature of *?SFg
and #SF; in the ground state in the supersonic jet are both estimated at 10 K and the linewidth is about
0.0008 cm ! by comparing the simulated spectrum with the observed spectrum with the PGOPHER program. A
new weak vibrational band centered around 941.0 cm™! is observed and tentatively assigned to the (v+wvy+vs)—
(v14+v) hot band of 32SFg. The effective Hamiltonian used to analyze the rovibrational spectrum of SFg is briefly
introduced. A simplified rotational analysis for this hot band is performed with the XTDS program developed
by the Dijon group. The band-origin of this hot band is determined to be 941.1785(21) cm!. The rotational
temperature of this hot band is estimated at 50 K. A new scheme by measuring the jet-cooled absorption
spectrum of this hot band of *?SF; and the v; fundamental band of 33SFg is proposed for measuring the relative
abundance of *3SFy/%*SFy.

Keywords: vibration-rotational spectrum, greenhouse gas, isotope separation, supersonic jet
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