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INTRODUCTION

«<2 Vibrational Energy Transfer (VET) ->  Vibrationally excited products
193 nm -  Problem in reaction product branching studies
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INTRODUCTION

« Vibrational Energy Transfer (VET) = Termolecular association

[V

A+ B =—(AB*~> AB
VET

Lindemann mechanism

<2 A-B weak non-covalent interaction > Complexation process

weak interactions weak lnteractlons

o PN L+v—>g

Monomer A Monomer A Complex A, Monomer A Monomer B Complex AB

Homogeneous complexation - Homodimer Heterogeneous complexation - Heterodimer
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INTRODUCTION

LS4 NUCICation weak interactions

o o PN

Monomer A Monomer A Complex A,

Homogeneous complexation - Homodimer

weak interactions

S

Monomer A Monomer B Complex AB

Heterogeneous complexation - Heterodimer

Titan’s atmosphere

solid organic particles and
clouds
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INTRODUCTION

« Formic acid — CO, complex

Atmospheric importance Atmospheric importance
Cloud formation Greenhouse effect
CCU technologies £

Atmospheric aerosol growth, cloud evolution and environmental impact
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« Chirped-Pulse microwave spectroscopy in Uniform supersonic Flow (CPUF)

C. Abeysekera et al. J. Chem. Phys. 141 (2014) 214203
C. Abeysekera et al. J. Phys. Chem. Letts. 6 (2015) 1599
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EXPERIMENTAL METHOD

«2 Uniform supersonic Flows = CRESU technique

. . N
Uniform supersonic flow

Movable reservoir Cold core To pumps

High pressure
region

Laval Boundary layers Low pressure ‘
nozzle region

kChamber

Convergent-Divergent nozzle to create supersonic flow

CpTreS = CpTﬂow + Xﬂowz Frequent enough collisions
2

Wall-less cooling reactor
Uniform supersonic flow a sufficient extent of chemical

Length=10—-70cm T=10-220K p=10%—-10'cm? reaction to take place to follow the
kinetics

local thermodynamic equilibrium
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« Chirped-Pulse microwave spectroscopy

High specificity

Distinguish simultaneously between
different species

Conformers, 1somers, vibrational
excited states, isotopologues ...
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E-Band spectrcr-n'éfer,_r
transmitter

Ka Band Spectrometer 24-40 GHz E Band Spectrometer 60-90 GHz

T. S. Hearne ef al. J. Chem Phys. 153 (2020) 084201 B. M. Hays et al. J. Quant. Spectrosc. Radiat.
Transt. 250 (2020) 107001
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EXPERIMENTAL METHOD

<2 Acquisition procedure -> Time dependence
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EXPERIMENTAL METHOD

<2 Acquisition procedure - Importance of the skimmer chamber

B | —

\'/
> X

— - Skimmer

reservoir -, & - o A
s T v A v s chamber
Cold uniform flow

Laval

movable  hozzle CRESU chamb
A=HCOOH B=C,0 M = N,, Ar, Hg

The rapid drop in density following
molecular beam sampling into the
lower pressure skimmer chamber

effectively freeze the reactants
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REACTION KINETICS

Alberto Macario Farto

Ar
FA+ CO, = FA---CO,* ~% FA--CO,

l

FA+CO, X5 FA--CO,

[CO,]>>[FA]
r = k [FA][CO,] > r=k [FA]

0“6 k002
B=>co,+c0,—> CO,--CO,

Kea
FA+FA —> FA--FA

k >> kco,

k> k.,
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PRELIMINARY RESULTS

«2 Formic acid homodimer formation = Termolecular reaction

FA+FA+Ar —> (FA), +

k' =k [Ar]
1 d[FA] d[FA] ,
T k [FA]?[Ar] — > T —2k’[FA]?

1 1 , 1 1 2kx
[FAL,  [FAlx, %

7
\
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30,3 < 20,2

Sea 1.6x10°
1.4 ++ J\\

T T T T T T
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1.2 4 Freq (MHz)

1.0
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0.6

a=0+0 .
0.4 - 1/a=1.3851e-07 + 5.58e-09 small removal fraction of the

monomer (20-30%)
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0.0 -
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PRELIMINARY RESULTS

«2 Formic acid homodimer formation = Termolecular reaction

Sra 1.2 x10° -

1.0 4
0.8
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0.4
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a=0x0
1/a=1.3615e-07 + 5.32e-09

res 15 cm

| T |
6 . 0 q2x10"
[FA]/ cm

a=0+0
1/a=1.374e-07 + 6.7e-09

res 30 cm
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«2 Formic acid homodimer formation = Termolecular reaction

250 x10"°

1[FAL Iem 200

150 —

[FAL, =5.41e12 cm”

100 — 3
k'=521e-10cm s

50 — [FA], (exp)=5.46e12 cm

0 —

|
4
t/s

« Determination of apparent rate constant of the formic acid dimer formation
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PRELIMINARY RESULTS

«2 Formic acide**CO, formation = Heterodimer formation reaction

FA + CO, + Ar——> (FA-CO,) + [CO,]>>[FA]

> [FA], = [FA]tOeXP(_k,t [CO,])

Ska 700 x10°
600 | Sea, =7-2727€+05 £ 2.57e+04
500 K'=0.034541 £ 0.00271 x 10"~ cm’

[FA]; = [FA]tOeXp(_k” [CO,]) 400 — *
300 —
Sra = Srag exp(—k”’[CO,]) 200 ]

100

res 20 cm

Sk = SFA0 exp(-k"[CO2])

0 —

I I I
0 5 10 15 20

13 -3
[COz]/10 €M
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PRELIMINARY RESULTS

«2 Formic acide**CO, formation = Heterodimer formation reaction

Sea 700 x10°
600 |

500 —
400 —
300 -
200 -
100 —H

04

res 15 cm

Sea = SFAO exp(-k"[CO2])

Srp, =7.0155e+05 £ 2.37e+04
k"=0.02689 + 0.00236 x 10" cm®
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k"=0.05072 + 0.0037 x 10" cm®
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«2 Formic acide**CO, formation = Heterodimer formation reaction

=-3.943e-16 + 2.29e-16
k'=8.3705e-10 + 4e-11cm_ s |

|
8 x10°
t/s

«< First direct determination of a weakly bound heterodimer formation rate constant
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CONCLUSIONS AND NEXT STEPS

«2 More measurements

Degenerate doublet 5 5< 4 4

« Change the temperature of the flow \

« Change the buffer gas

65.74 65.76 x10°
Freq/ MHz
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PERSPECTIVES

+ g - };( o

Formamide

Formic Acid

i'-l-\g’—b

Methyl Formate
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