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A comprehensive insight into ultrafast dynamics of photo-switchable materials
is desired for efficient control of material properties through light excitation.
Here, we study a polycrystalline spin crossover thin film as a prototypical
example and reveal the sequential photo-switching dynamics, from local
molecular rearrangement to global lattice deformation. On the earliest fem-
tosecond timescale, the local molecular structural rearrangement occurs
within a constant unit-cell volume through a two-step process, involving initial
Fe-ligand bond elongation followed by ligand rotation. The highly-oriented
structure of the nanocrystalline films and the experimental geometry enables
resolving the full anisotropic lattice structural dynamics in and out of the
sample plane separately. While both molecular switching and lattice heating
influence lattice volume, they exert varying degrees of impact at disparate
time scales following photoexcitation. This study highlights the opportunities
provided by Mega-electron-volt electron and X-ray free electron laser to
advance the understanding of ultrafast dynamics of photo-switchable
materials.
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In the realms of crystal engineering, molecular electronics and supra-
molecular chemistry, photoinduced phase transitions have attracted
great attention as they provide a way to control various photo-
switchable functions (e.g. optical properties, conductivity, magnetism,
and dielectric response) . Exploring time-resolved molecular struc-
tural changes and deformations of the crystallographic lattice (unit-
cell symmetry, parameters, volume) during photoinduced phase
transitions is critical to understand the pathways through which pho-
toinduced energy is transferred between electronic and vibrational

degrees of freedom®. This knowledge provides understanding of the
non-equilibrium dynamics on the atomic length scale and the interplay
between the intricate processes that govern the behavior of matter at
its most fundamental level™ .

From the perspective of ultrafast structural dynamics, photo-
switchable spin crossover (SCO) materials are particularly attractive
platforms due to their functional design and tuning versatility on both
the molecular and the crystal structure levels"". The switching
dynamics in SCO nanomaterials following light excitation involve two
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Keyworts Due ta its extremely short timescale, the non-equilibrium melting of metals is exceptionally difficult to probe ./ » ./ - =
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¥ il acquiring X-ray diffraction snapshots with sub-picasecond resolution, we capture the sample‘s atomic structure

during its transition from the erystalline to the liquid state. Bridging the timescales of experiments and simu
lations allows us to formulate a realistic microscopic picture of the crystal-liquid transition. According to the
experimental data, the melting process gradually accelerates with the increasing density of deposited energy. The
molecular dynamics simulations reveal that the transition mechanism progressively varies from heterogeneous,
initiated inside the material at structurally disordered grain . to . pro
strophically in the crystal volume on a picosecond timescale comparable to that of electron-phonon coupling. We
demonstrate that the existing models of strangly non-equilibrium melting, developed for systems with relatively
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Nanosecond-Lived Excimer Observation in a Crystal of a Rhodium(l)
Complex via Time-Resolved X-ray Laue Diffraction
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crystallographic methods. Nevertheless, to trace short-lived
transient species, advanced approaches have to be applied,

Figure 1. (a) Molecular structure of Rh-4-Br. (b) Main dimeric matif

z
o
-
ACCESS ' ¢ b4 ;
P ALLE: ldd Metrics & More | Article Recommendations @ Supporting Information = Anna Gotabiewska, (- ? Barbara Gawdzik,® Przemystaw Rybinski? and 0
U —— ; Dagmara Jacewicz Some Other sm aller roiects:
2 crystal is reported. The estimated excited-state lifetime at 100 K is 2 ns, which makes it % formation 2 [
E the shortest-lived small-molecule species caught experimentally using the laser-pump/ % L z = >
as . - .
oF X-ray-probe time-resolved Laue method. Upon excitation with 390 nm laser light, the @ - 3
S: intermelecular Rh--Rh distance decreases from 3.379(4) to 3.19(1) A, and the metal— . 7 ™ LOYAL SOCIETY U 0« = = = 5
S ot g moct boming chace On e b o the apenc ol ; z v 14N drzempskKad dIMNINsSKi dSKl1 Z4drejKo invoive
and| theareticall modeling, the structural changes detemined with 100 ps tine £ L 5 a OF CHEMISTRY u u - ) = ) - = )
resolution reflect principally the S, — S, electronic transition. LU = NJ C
;; L]
? -
i 4 R&D proposal (in progress),2022-2025, European XFEL (Germany)
g indispensable for understanding the mechanisms of crucial - -
= (bio)chemical processes, the nature of excited states, and e " 8 .
= structural dynamics. Such knowledge can be successfully a %o @ A .
I i A N | e | Mesibwen  The effect of riidity on the emission of v K.N. Jarzembska eamliine proposal accepte Slrel
S P i ; ® 2 e Biabnis g :
Z fnr App.hc.nllf'lm in npl.neleu-mn-ns. ilcr_l.ir energy conversion o o Jm = Accepted 26th January 202 g quadrupolar strongly polarlzed dyes*{* ) ) )
- systems, storage devices, sensors, etc.'”” Because many such e 5 DOI 10 1039/d36t04051g =3 Cite this: New J. Chem., 2024
] materials are solid-state materials, conducting studies using a a2 J o1 3 =37 48, 2416 : g i " . : n n
s their applicable form or at least as a simplified model would be w] Ta @ Z rsclifdalton 2E Bartosz Szymanski ™ Smruti Ranjan Sahoo,” Rashid Valiev,” Olena Vakuliuk,
= desirable. In this respect, crystals constitute convenient model 2 = z = Elotr Laski,” Katarzyna N. Jarzembska,” Radostaw Kaminski, = )
2 B S relativ T i cs = . = lib Baryshnikov, “2*% Mohammad B. Teimouri "2 *** and Daniel T. Gryko 2
E systems, as they can be relatively easily studied using Introduction Y Y

z T X favwiobe methods Gombined with secial in the erystal structure of Rh-4-Br [note the Rh--Rh distance is W) Check for updates o
g, such aI; Alh\f-l’s>tl"_'{l", > -rl-l,v-gm‘ ]’:“ 'I“l- '0;-‘ “““’;“c‘ = ;‘,”'T‘“ 3.379(4) A). Thermal motion is shown as ellipsoids at the 50% designed thanks to their w| Received 28th November 2023 | I Gﬁll:glr)rll;cslry
crystallography,” ™ or the “pink”-beam Laue technique. o  lovel T i Accepted 3rd January 2024 - ssearch Article
i crystallography,” ™ or T ca e technique probability level polymerization of olefins o EurJIiC Rese e Amiee o Gumcpoan il
£ achieve the required fine time resolution, such experiments are p - e European Joura of Incrgaric Chenistry doi.org/10.1002/ejic.202400755 b i
= . an increase in the global d DOl 10.1039/d3nj05467e i
performed at synchrotron or XFEL sources, where ultrashort ) ) ‘ s :
@ (approximately femtoseconds to picoseconds) X-ray pulses can is substituted with a bromine atom in the para position. The intermediates, alpha- and| 2
be generated. A number of studies of this kind have already compound crystallizes in space group P2,/m, with one high-density polyethylend = 2 "scl/nic NOEHICOrT
been conducted for macromolecular .~.\r\\plcs;‘ 3,15=2, however, :?nlacula in :h.e ajymmft?( unit. T:';e urmwlga_s-t T\temcnn% (iPP), cis- and trans-polydi{ & &
due to the development of data analysis tools, some small- SOOTHEE TEE L T D e e mers (EPE)."* Large-scale| 53 . H
e crystals bave aleo been quite smeceesfally exmmined to Strocture, characterized by an interaction energy of appros Introduction Synthesis of a New Cobalt(ll) Complex Compound
310,122 34

date.”
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ABSTRACT: Two analogous photoswitchable square-planar ni-
trite coordination compounds of Ni' and Pd" with the (N,N,0)-
donor (1-phenyl-3-(2"-picolylimino)prop-2-en-1-one) ancillary li-
gand, Ni-1a and Pd-1a, are reported. The samples were tharoughly

characterized (photo)erystallographically, spectroscopically,

and

computationally. Ni-l1a crystallizes in the PI space group with
one molecule comprising the asymmetric unit, whereas Pd-1a tends
to form polymorphic (Pd-1a and Pd-1a’) and solvatomorphic
(with dichloromethane: Pd-1a-DCM and with chloroform: Pd-1a-
CHCL,) crystal structures. In the Ni-1a crystal structure, the nitro
binding mode is dominant; however, some traces of the endo-

pi

isomer are detected, whereas for the palladium derivative,
the nitro form is observed for all the crystal forms in the 100—290 K temperature range. Ni-1a, Pd-1a, and Pd-1a-DCM are

Ni-da 3
<> 7 7 &
i hv {;:;o-mtrlto

%ﬁm "-—"'%‘ ;

s Pd-1a

efficient photoswitches working between 100 and 200 K, with conversions as high as 80—100% upon 470—530 nm light-emitting
diode irradiation. At 200 K and above, the decrease in population of the photogenerated product is observed. Under continuous light
irradiation, some notable population of the endo-nitrito isomer can be generated and crystallograhically detected also at higher
temperatures (up to around 240 K). In the case of Ni-la, the endo-nitrito form is generated faster, and its decay is slower at 200 K
and at higher temperatures than for Pd-1a. It should also be noted that for Pd-1a, only one symmetry-independent molecule is
photoswitchable. In turn, the Pd-1a’ and Pd-1a-CHCI; systems appeared nonphotoactive. Such behavior can be explained by the
energetic factors, nitrite group orientation, and the shape of the reaction cavity. Interestingly, a strong linear correlation between the
M---M distance in the crystal structures of the examined photoswitches and the population of the endo-nitrito form is noted.

1. INTRODUCTION

One of the main goals of modem chemistry and physics is to
develop new materials that can respond rapidly and reliably to
changes in the local environment, providing us with
information on what is happening. Molecular switches are
materials that undergo chemical transformations (isomer-
ization, cyclization, etc.) upon some external stimuli (light
pulse, temperature, high pressure, or static electric fields). il
Photoswitchable solid-state materials may find various
important real-life applications, including these in opto(bio)-
electronics, sensors or in high-capacity storage devices.' ™
Among molecular switches, transition-metal complexes pos-
sessing ambidentate ligands (e.g., NO, NO,, or 80,) constitute
a promising and readily modifiable group of compounds.”** ™
The industrially desirable photoswitchable materials should
work in ambient conditions and be stable, relatively cheap,
nontoxic, and easy to synthesize in high yield. In turn, the

2024 American Chemical Sociaty

< ACS Publications

10152

photoinduced transformation should be selective, efficient,
controllable, and reproducible.

Thorough and systematic investigations of dynamics and
nature of an ambidentate ligand isomerization reaction
occurring in crystals of transition-metal coordination com-
plexes are indispensable for understanding these processes and
identifying factors governing molecular switching in the solid
state, Hence, such studies are of great importance regarding
the conscious design of functional materials of this kind.

In view of the above in the current contribution, we focus
our attention on the nitrite group isomerization. In
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