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Potential Energy Surfaces

2y 1I0W temperature are needaed.




Closed-cycle helium refrigeration
system=T=12K

Collisional cooling of ®coat6.9 K

—— Observed
,,,,,,,,,, Calculated
(Voigt)

0,95+ | =16.8cm

a) b)
1P(CO+He) = 0.8 Torr P(CO+He) = 0.4 Torr
P(C0) =5.9x10° Torr  P(CO) =8x10° Torr

bso ption ce 0,85 -




537 cm
rrors and 19 round trips (relatively small volume ot abou

Herric

| aser beam

—)

Resistor
Heater
(2x25 Q)

2nd stage coolel

"D. Mondelain et al., J. Mol.Spet



Current

BS1 BS 2

Amplitude
modulation

Temperature
control

F3

\ Reference Cell / BS3
M5

Herriott Cell A
Detector

Lens

Mirror

Filter L2
BS Beam Splitter F2

AL Alignment Laser

-actively stabilized wavelength

-step-by-step acquisition mode

= lfflg and lg,/l, (precision ~5 x104 )



Absorption lines

Absorption lines

CH, +N,
0.86% CH,

_é L =537 cm
g 0.4 ;‘::%g.:(Tor _(H):rsd
FLoIN. @ | HardLM
0,0 -
0,05 -
L 000 i N et Hard -
§ e Better residuals (Obs-Calc)
© 000 b b e HarALM = better determination of the
_0'025926,5 ' 292IG,6 ' 292IG,7 ' 292IG,8 ' 292IG,9 ' 292'7,0 ' 292'7,1 ' 292'7,2 ' f|tted parameters
Wavenumber [cm™]
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Temperature dependence wellicent for the Na-bioadeniag (), -panowing (mag) and loe-ming (] paanelas
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P9 AZ 1 P9 F2 1| P9 F1 1 P9 Al 1 PIA2 1 P9F2 |
0.836(35) 0.841(14) 0.858(12) 0.839(15) 1.12(2) 1.22(9) 1.14(9)

P2 F] 1
1.47(13)

determing tAE COCITCICNLS My, Mg

umbers in parenthesis are one standard deviation (o) 1n units of I'.WL dimt. Notice that the data obtamed by Pine et al. n [2] at 295 K are used to




Atmospheric spectra

balloon-borne FTIR instrument
absorption

Signal (u.a.)

residual (u.a.)

0,5

HCI line

—— LPMA spectra #188

Fit with HITRANO4 parameters S T
—— Fit with LM+narrowing+n=0.84 —>
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A. Henry et al., J. Mol. Spectrosc. 214, 28-34

BCOin He

= p’for R(O)

Temperature [K]

— 40 ¢ dynamic friction coefficient

§ Linear fit for =

—.g Linear fit for o
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The dynamic friction coefficient
calculated from:
kT

0 —_
ﬂD’ﬁ 2 ;em 1@

the diffusion coefficient

\/T3m1+m2 1
2my;m, Ql(zl’l)(le)

with
[cm?/s]

_ 0.002628
D= Pos

mental band




ally write the temperature dependence of the pressure broadening parameter as

Tl T
— y(Tref) X( ;fj or 11’1 }/(T) = ln }/(Tref) 1 ny 1,{%)

=a+bx

include data between room temperature and temperatures down to 10 to 60 Kelvin,
that we need to change the linear log - log function from a linear function to a
olyniomial as shown below in order to fit the data and to make precise

s to other temperatures

b,
o T T.Y
ref . ref ref
= J J or Iny(T)=Iny(T,;)+n, 1!{ = j+bzln[ = j




P(9) 12CH, in N,

® P9F11
............ Linear fit
Polynomial fit

! |
80 90 100

Temperature dependence.

];qf !
T F=y\Tre
with 7/( ):7/( f( T)

Intermolecular potential V(R) o« R4
nAwhenTRA=qgAwhenT N

Collision broadening is more sensitive to the long-
range attractive forces when the temperature




Perturbe a b, b,
r

He -3.0170.01 | 0.489010.01 | 0.035(10.004
4

He -3.06010.01 | 0.510010.01 | 0.019010.004
3

Ar - 0.796110.02 | -0.018(10.016
2.677110.007 2

Ar - 0.7210J0.00 | 0.0570J0.005
3.073110.002 7

N, - 0.7830J0.01 | 0.039010.013
2.860110.003 6

N, - 0.760010.01 | 0.069010.009
2.842110.002 1

N, - 0.787010.00 | 0.060070.001
2.831070.001 1

N, - 0.657170.09 | 0.154070.079
2.880010.019 6




ntly we developed a method to precisely measure
ssure shifts at all temperatures where we could
record spectra at sufficiently high pressures

methane broadened by nitrogen are shown next



re shift Data at 300 K for Methane by nitrogen

G . EEEE i |
J Auto Fit For: Data Set:300 K Pressure shift {(cm-1)
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ressure shift of Methane by Nitrogen at 250 K

a.88ag

| |
Auto Fit For: Data Set:CH4 Pressure Shift 250 K
o= Ax
e A -D.006756 +/- 0.0001149
-8 .60862

—@ .8aa4 \

RMSE: 3.11E-05 —

CH4 Pressure Shift 250 K
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ressure Shift of Methane by Nitrogen at 200 K

A.16022, =2.61759E-85

8.85
Pressure (atmospheres)
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essure Shift of Methane by Nitrogen at 140 K

[ | }

Auto Fit For: Data Set:CH<4 Pressure Shift 140 K
w o= AX
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pressure shift in Methane by nitrogen at 90 K

A .8e68 |
Auto Fit For: Data Set:CH4 Pressure Shift 90 K
y o= Ax
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* Collisional cross sections = can be deduced from the pressure broadening
meas. with:

G=l7.64(,uT)%;/0
where ' is the reduced mass of the collision pair and  the broadening
coefficient.

are derived from quantal close-coupling (C-C) calculations.

40
<
(72}
c
2 30-
Q n
Q
‘g m  "2CO R(0) of v=0 Beaky et al.
4 * '°CO R(0) from Voigt profile .
& 204 e ™CO R(0) from Galatry profile
© CC Calculations (F. Thibault)
& | ® "CH,R(0)v,inHe .
R
3 10- M. Lepére et al.,
_ - Spectrochim. Acta A 58 (2002
T T T T T T T T
7,510 25 50 75100 250 500

Temperature [K]




uniform temperature
down to 20 K

iperature dependence large range of
results applied to the inversion of real atmospheric

CO, — He data
usefull for testing PES

Pressure shift ds

Pressure shifts in ¢z
order of magnitude §
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Transmittance

Transmittance

Methanol

1,0
0,8-
0,6
0,4
0,2
0,0

(P=1Torr,L=100 cm, Conc. =100 %) —T=296K
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T=90K
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Wavenumber [cm™]

1030

Rotational structure

occur at low
temperature = easier
assignment for

Line profile and laser emission

models

(.. methanol, acetone ...)



The pressure measurement has to be corrected from the thermal
transpiration phenomenon: a pressure gradient is always associated with a
temperature gradient.

The relation between and depends on the gas and on the
diameter D of the tube compared to the molecular mean free path
P.IP,=1 for D>>4

(T /T )72 for DX
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Absorption gas input
{ Injector

e e e e e ar  —

WY Wires to heat
\ the injector

Buffer gas input

gas

The vertical level of the injector can be adjusted.
The injector tip is heated to avoid freezing during injection of the

537 cm pathlength = access to weak absorption lines and not only

€



Willey et al. (J. Mol. Spectrosc. 168 (1994)) determined a temperature of
16 K for their absorption gas (CH4F) instead of 7.5 K (the temperature of
the cell).

ere IS L raVNdaVaVYaVYallaVaVaaVa¥lal rovrnm J
+CO temp. { Doppler ) minus the Cell body temp. ( 13 Kelvin )
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Vertical distance from injecto
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R(1) Temperature difference '
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Resistor heat Silicon diod¢
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O\ = Neciral reqainon (Stironga _line

o eSample Gas(CO)
Liquid He o He Buffer Gas
bath

Beam

COowWer pumping capacity

Complementary to free expansion
jets (which can access to lower
temperature) with some
advantages:

* Thermal equilibrium

» Well-defined lineshape

 Easily measured/variable T and P
* Possibility of long absorption path

with uniform temperature




—— HITRANO4 (n = 0.67)
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—— HITRANO4 (ny= 0.67)
—— Narrowing effect
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