Determining the binding energy of aromatic compounds
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from the signal decay in two-step laser mass spectrometry
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Experimental setup =
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The increase in surface
temperature promotes
thermal desorption of the
adsorbates

[1] A. Faccinetto et al., Environmental Science and Technology 49 (2015), pp. 10510-10520.
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Experimental setup
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From Laser Induced Thermal Desorption to
Adsorption Energy




From Laser Induced Thermal Desorption to
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Pyrene molecule
(not to scale)

Desorption laser spot




From Laser Induced Thermal Desorption to
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From Laser Induced Thermal Desorption to
Adsorption Energy
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From Laser Induced Thermal Desorption to
Adsorption Energy
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Steady state approximation - estimation of

the desorption rate

Effective temperature is:

The number of desorbed molecules per

desorption pulse is 23!
T, =T,+BF
Eads

k,(T,+BF)

N=A-n,-exp

B coefficient depends on the optical and

thermal properties of the sample
where E_,_is the adsorption energy,

n, - surface concentration of the adsorbate For the used desorption fluence values, the
F- laser fluence (J/cm?) and effective temperature is:

B is a conversion factor of the deposited energy T ~2400K

: : eff

into an increase of the surface temperature

[2] Klaus Dreisewerd et al., International Journal of Mass Spectrometry and lon Processes 141 (1995), pp. 127-148.
[3] LV Zhigilei and B J Garrison, Applied Physics Letters 74 (1999)



Steady state approximation - estimation of

the desorption rate

The number of desorbed molecules per

desorption pulse is 23
1.0
E \ E 1.5eV
N=A-n,-exp|— = o= 1.5€
o P\ T (T, +BF) _ 038 \ =
where E_, is the adsorption energy, Zos — : <
. L imit of detection
n - surface concentration of the = signal to noise ratio =3
c 04
adsorbate a /
F- laser fluence (J/cm?) and 02 /
B is a conversion factor of the deposited Eope = 16V
: - LR =X N ARRRN
energy into an increase of the surface 005957374 56 7 8 9 10 11 12 13 14 15 16 17 18 19 20
tem peratu re Number of desorption pulses

The shape of the signal decay curve depends on the
adsorption energy E___

[2] Klaus Dreisewerd et al., 141 (1995), pp. 127-148.
[3] LV Zhigilei and B J Garrison, Applied Physics Letters 74.9 (1999)



Sample preparatlon synthetic soot

| // \\\ * Synthetic soot was prepared by adsorbing single
. \ ) N\ PAHSs from a solution of known concentration on
A /// . 0
| i fine carbon particles.
/ |
g o1 | ./'L/ ‘\\ | ® The adsorbed amount of PAH was calculated
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[1] A. Faccinetto et al., Environmental Science and Technology 49.17 (2015), pp. 10510-10520.
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First approach (from Signal decay) ~
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First approach (from Signal decay) ~

Adsorption Energy of Pyrene (c,H,,) ot

® Experimental data
— Best fit

The adsorption energy
was retrieved by fitting
the experimental data

o
IS

Integrated peak [V*s]
o (@)
N w

The obtained value is
close to the one found in o

literature 0.986eV™**! E_ 4 = 0.953eV

R?*=0.99
0.0+ €

I DR S e ST G AN R of FHGIN R NI aRE HiE s
Number of desorption pulses

[4] Y Bedjanian et al., J. Phys. Chem. 114.10 (2010), pp. 3533-3539
[5] A Guilloteau et al., J. Phys. Chem. A 112.42 (2008), pp. 10552-10559
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Adsorption Energy of Pyrene (c.H,,)
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Retrieval of adsorption energy -

sample with multiple PAHs

35
Synthetic soot with two 30
PAHs adsorbed on the
surface was analysed 25|
(pyrene and coronene) >
i 20 -
= (X
i),
IIJ - -
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The adsorption energy
retrieval is independent 5
for different molecules
0

Time of flight, ns



First approach (from Signal decay)

Adsorption Energy of Coronene (c,H,,)
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[6] Renju Zacharia. PhD thesis. University of Berlin, 2004



Second approach (from fluence curve)"

Adsorption Energy of Pyrene (c,H..) i

Eads
ky(T,+BF)

N=~A-n,exp

The fluence curve -
variation of the signal
corresponding to the first
desorption shot with laser
fluence.



Second approach (from fluence curve)”~
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Second approach (from fluence curve)"

Adsorption Energy of Pyrene (c,.H.,)
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[4] Y Bedjanian et al., J. Phys. Chem. 114.10 (2010), pp. 3533-3539
[5] A Guilloteau et al., J. Phys. Chem. A 112.42 (2008), pp. 10552-10559



Second approach (from fluence curve) .’
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Transient temperature approach

Determining the adsorption energy from the temperature profile

Determining the temperature variation

A two-dimensional heat equation was considered:

aT(x,y,t)_ 62T(x,y,t)+62T(x,y,t)
o 2

+ b St
IOaPPCp Bt app axz ay qH(X y )

where
qu(x,y,t)=(1-R)al,f(x,y)g(t)

(
f(x,y)= 1 Vx'+y’<d,/2
’ 0 otherwise
1 t<t
t)= des
9(t) 0 otherwise

Boundary conditions:
T(x,y~>o,t)=T,
T(x,y,t=0)=T,



Temperature variation
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Temperature variation
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Desorption rate

The desorption rate can be calculated from the Langmuir adsorption isotherm and is:

—(ij—f:vﬁexp

Eads
k,T

Where 6 is the surface coverage, vis the pre-exponential factor.
The surface concentration changes as follows:
.t)

-t

T Eads

H(t,T): HOEXP m
B

— v-exp

Total number of molecules desorbed per desorption pulse is:

o Eads

— dt
kB'T<t)

A 0=46, — v-exp

I—Texp
0




Desorption rate (pyrene)
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Transient state approach gyen

The shape of the
signal decay obtained
for the transient state
(from the temperature
variation) is similar to
the one for the steady s
state approximation.

The value of the pre-
exponential factor is
lower than the one
reported in  the
literature  (different
temperature ranges).

Work in progress...
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Conclusions

* An original method for measuring the adsorption energy of PAHs, based on
Laser Induced Thermal Desorption, was proposed.

* Two different approaches were derived from the steady state assumption
and used to determine the adsorption energy of two PAHs of interest
(pyrene and coronene).

* The results obtained from the steady-state assumption are in good
agreement with ones calculated for a transient regime.

* The results are in good agreement with values reported in the literature,
thus providing a proof-of-concept for the method.
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Expressions used for fitting

The number of desorbed molecules on the j desorption pulse is:

—E, " —F,
N-:k' . 1_k' ads adas
R TR (T BF) || Ky (Tt BF)
Where k is a proportionality constant.
Total number of desorbed molecules is:
: —FE T —F
N — k . 1—k ads . ads
j ; e Pl (r.+BF)|| Pk, (T,+BF)
The signal measured with a mass spectrometer will be:
S[V]=c-N.=c-k-ny|1—k “Eus || L
LY== erfi P\, (T+BF)|| P\ k,(To+BF)




Expressions used for fitting

The number of desorbed molecules for the first laser pulse, as a function of laser fluence, is:

N .=c-k-n,-exp Lo
J ° k,(T,+BF)
The logarithm of the signal was fitted with:
1 _ . 1
(51| - ot B

where C,=In(c'k-n,)
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