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Introduction

Nuclear spin conversion of water in the gas phase is still an open
question

Intramolecular processes in an individual water molecule can not lead
to spin conversion.

However an interaction between a water molecule and a water cluster
has been evoked as a possible route towards ortho-para conversion
(Manca Tanner et al 2013).

Water clusters can be formed in an adiabatic expansion. However,
ortho-para conversion in condensed phase occurs on a timescale of
milliseconds (Limbach et al 2006; Abouaf-Marguin et al 2007; Sliter et
al 2011). Is the “interaction time” long enough in a supersonic
expansion to lead to nuclear spin conversion?



Previous work done by Manca Tanner et al. JpcA 2013
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Our objectives

Is the experiment performed by Manca Tanner et al. reproducible?

The number of observed water transitions has to be increased in order
to get a reliable conclusion and to confirm (or to infirm) the results
obtained by Manca Tanner et al.

s it possible to detect water clustering which is supposed to play a
major role in the nuclear spin conversion? What is the proportion of

water molecules condensing in the jet?

Can we characterize the flow expansion accurately?



Rotational states associated to para- and ortho-H,0O

The Pauli exclusion principle states that the total wave function of H,0O
must be antisymmetric under hydrogen atoms (fermions) exchange

= Ortho- and para- molecules have different Rotational states

In the present study:

- Ground electronic state (symmetric wave function)
- Ground vibrationnel state (symmetric wave fucntion)
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Rotational states associated to para- and ortho-H,0O
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A symmetric rotational wave function [A*/e,e or A/o,0] must
correspond to an antisymmetric nuclear spin wave function [BY],
that is to say to para-H,O with a statistical weight g, = 1.

An antisymmetric rotational wave function [B*/o,e or B/e,0] must
correspond to a symmetric nuclear spin wave function [A*], that is
to say to ortho-H,O with a statistical weight g. = 3.




Rotational states associated to para- and ortho-H,0O

800 - ) R
64,2 5 5 —— 1,8
— 30‘8 —Y,1 943 js'g - para
26 1,6
] 6 []
5 *s,. 6., — ortho
600 J—=¢* 7 7
62.4 17 07
< S 21-5 6,5 5
g 54.0 — Y33 44_1 3,2
.8 60.6 52.3 61-5
T 4004 S 4 54
2 > 452
¥ .
fg 4 - 51 5 50-5
~ 2,2 !
\LLT 33,1 42_3 330
4 1,3
200 {— 5 %21
2,2
2 —3,, 303 "2
20 2 ‘ 221
11 2
202 ‘ 1.2
' 1
0 0 E— 11,1 "|01 1.0
. 0,0
A’ A B B*

From Manca Tanner et al. JPCA 2013



Ortho-to-Para Ratio (OPR)
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The two limiting cases in a supersonic expansion

1. Instantaneous nuclear spin conversion (equilibrium)
The OPR adapts instantly to the equilibrium curve as the
temperature of the gas expansion evolves
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2. Absence of nuclear spin conversion
The number of ortho- and para- molecules remains what it was
initially in the room temperature reservoir (OPR is fixed to 3)

. i heEortho
OPR(T) = (gxg(OlthD)) > gs(ortho) exp(—}f) _ 3
gns(para) /g . > gi(para) exp(——%")

In that case, we have to consider an effective nuclear spin statistical
weight
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Slow
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How to access to the number of nuclear spin
isomers?

This information is extracted from the absorption line intensities
(absorbances)
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Direct absorption FTIR spectroscopy
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Jet-AlILES apparatus
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Supersonic slit-jet expansion (characterized by

Slit dimension
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Tuning of the temperature

Temperature is tuned by:

o condensing a fraction of the water vapor in the expansion

o changing the specific heat ratio of the carrier gas

o changing the rotational relaxation efficiency of the carrier gas
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Few spectra (OH stretching region)
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Few spectra (OH stretching region)

Absorptance
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Rotational temperature

o Example of “Boltzmann plot” used to extract the rotational temperature from
the absorbance spectra

o Ortho and para lines are treated separately

o The low temperature is corrected from the warm gas contribution

1E15

el
”~

T =251+ 11K

=
S
= 1E14 -
® ] -~ &
o ] O~ - -
= | e e S
+ -
Y 1E13- \
— 7 \
z ] \ T,,.=323+04K
c J
\
1 T =319+-04K
para
1E12 T T T T T T T T T T !
0 100 200 300 400 500

Rotational Energy (K)



Experimental conditions
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Water clusters signature
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Water clustering
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Water condensation

o Water vapor condenses all the more as its partial pressure is high
o A maximum of 83% of condensation is achieved in argon
o Condensation is responsible for a significant rise in temperature
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No nuclear spin conversion was observed...
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Conclusion

Unlike Manca Tanner’s study, no nuclear spin conversion was
observed in our supersonic expansion, despite:

- Similar jet conditions

- Avery good signal-to-noise ratio

- A direct observation of water clusters

- Alarger covered temperature range (10 — 42 K)

- Alarger range of water mole fraction (0.2 — 6.5%)



Perspective Use of de Laval nozzle uniform flows instead of free-jet
expansions
o Interaction time increased from few us to ~¥1 ms
o Intense clustering
o Equilibrated translational and rotational temperatures
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