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A matter of speed

N—N

CIS (2)

—l
w
Z
//
i

e
E

Amax
by /-azo

+d

TRANS (E)

\4

E-azo
Reaction coordinate

Organic Transistors and Electronics _
Molecular Solar Energy Storage _
Triggered Prodrugs and Controlled Drug Delivery _

Key properties :

« Light absorption
9 Am ax Photo-control of Protein Structure and Function
* E n e rgy d Iffe re n C e Chemical Sensing _
- AH - |
Vision Restoration _
,\6\% \Qé‘% \006‘6 NTR? ,\&\\Q \Q&‘\Q S ,\b"”* . $ef’:{~ . @oé(\ ,\A@{b‘
1

Photoisomer Half-life Time

Back-isomerization rate
9 Ea NI t1/2



LC-MS to monitor back-isomerization in solution
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Characterization of the activation barrier

o
K (o)

bo ¢ S
Q)

AorR.T.

Zisomer ©\N//”

CMW
A
E isomer

Solvent: @

MeOH HPLC grade

Z isomer content
o o o o —
N AN (@)} (0] (@)

o
o

0

(k) _
")~

Xv

1

4

200

Temperature
293 K
v 303K
m 308K
<4 313K
400 600

Time (hours)

Slope

—AH#
R

=3 =

Intercept

_|_

In

kg

AS*

h

_|_

R

Chem. Eur. J. 2023, 29 (70)

N .
. Eyring plot
m_ R*>0.99
\\\Y\
3.20 325 3.30 3.35 340
1T (K1) fe=?
[ AHT—968Kmol! |
AS*=-34.2 J.mol".K"
=
AG" =106.9 kJ.mol-' (298 K)
\_ Y,




Objectives

—0 C
Liquid chromatography
In solution
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In the gas phase

How to measure back-isomerization kinetics in the gas phase ?

» Home-built tandem IMS device » Waters Synapt G2-Si

> Thermal activation > Collisional activation
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Gas phase thermal back-isomerization kinetics study by a home-built IMS device

Pre ~ 5 mbar F Chirot

Arrival time distribution (ms) Arrival time distribution (ms) Arrival time distribution (ms)

1) Selection 2) Relaxation 3) Readout

1) Z-photoisomer selection in IMS1

2) Trapped ion relaxation at a controlled temperature for a variable time

= kinetic monitoring (different T)
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3) Photoisomer population sampling by IMS2 Rev Sci Instrum. 2023, 29 (70), 094101 5



How to monitor thermal back-isomerization in the gas phase ?
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— Activation entropy is a key factor in understanding back-isomerization process



The entropy puzzle: back-isomerization by rotation

What does happen when the N=N bond rotates ?
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Experimental evidence of the inter-system crossing
Presence of iodide ions SYN
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Insights from kinetic measurements by tandem IMS
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» Measurement of activation parameters in the gas pl 1aSe

> Thermal back-isomerization mechanism elucidation
. based on activation entropy
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) o Back Isomerization Kinetics of Molecular Photoswitches
Back-lsome.rlzatlon by Back-isomerization by Complementary Insights from liquid chromatography and lon
rotation inversion Mobility Measurements
Thomas Robert, Gwendal Henrard, Benjamin Tassignon, Ari Serez, Julien De Winter, Philippe
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What about collisional activation on a commercial instrument ?




Collisional activation: a fast and widespread activation technique in mass spectrometry
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Calibration in temperature
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Conclusions

e LC-MS method to measure back-isomerization kinetics in solution

 Measurement of activation parameters in the gas-phase by direct heating using an original tandem IMS

instrument

» Gas phase kinetics with insights about the back-isomerization mechanism (rotation or inversion)

 Temperature calibration of the Synapt G2-Sito use collisional activation to measure activation barriers of

photoswitches
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Perspectives : understanding a and T, is the key

* Extension of the photoswitches library + machine learning to calibrate a and T,

* Monte-Carlo simulations with advanced mathematical description of the collisional activation to understand

what is behind a
Int. J. Mass Spec., 2024, 504, 117290
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* Development of a Spin Flip-TDDFT method for an advanced computational method to describe thermal back-

isomerization
/T e Convined 3
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