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Supplementary Note 1: Single-crystal optical absorption spectroscopy and microscopy images of 1

(a) Single-crystal optical absorption spectra of 1 illustrating the stability of its photoisomerised
states as a function of time and temperature
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Figure S1 - Single-crystal optical-absorption spectra of a crystal of 1 acquired t minutes after the
crystal had been stimulated with 505 nm light for 2 h at 90 K, to monitor its stability at 90 K once
the 505 nm light had been extinguished.
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Figure S2 - Single-crystal optical-absorption spectra of a crystal of 1 acquired under a sequence of
light and temperature conditions: before and after the crystal had been stimulated with 505 nm
light for 2 h at 90 K, and then, having extinguished the light, heating the crystal progressively to
room temperature at 3 K per minute stopping for 2 minutes at 120 K, 160 K and 205 K for recording
spectra.
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(b) Single-crystal optical microscopy images of 1 exposed to 2 h of 505 nm light and then heated
progressively to 260 K.
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Figure S3 - Transmission optical microscopy images of a single-crystal of 1 in oil, acquired under a
sequence of light and temperature conditions (from top left to bottom right): first at 90 K (dark)
whereupon the crystal is exposed to 2 h of 505 nm light, and is then heated progressively in 8
temperature increments to 110 K, 120 K, 150 K, 200 K, 220 K, 240 K, 260 K and 295 K. The contrast
of the image at 295 K is slightly different to the other images because 260 K is the upper limit in
temperature when the oil that encloses the crystal is sufficiently viscous to firmly fix the crystal to
the backing substrate.
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Supplementary Note 2: Extended details about the atomic force microscopy (AFM) experiment

(a) Root-mean-square height across the in-situ atomic force microscopy images of 1 collected as a
function of progressive light exposure or heating

The root-mean-square (RMS) height across the AFM images was calculated and used as a proxy to
guantify the overall extent by which light-induced cracks form in crystals of 1. Figures S3a and S3b

illustrate how this RMS height varies as a function of progressive light exposure below 90 K or
progressive warming up to room temperature, respectively.
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Figure S4 — Root-mean square (RMS) height across the atomic force microscopy images that
survey the crystal surface of 1 as a function of light and temperature: (a) progressive exposure to
505 nm light below 90 K; (b) increasing temperature from 87.5 — 295 K.
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(b) Crystals of 1 glued onto a sapphire disk shown before and after the in-situ atomic force
microscopy experiment
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Figure S5 — Crystals of 1 glued onto a sapphire disk for the in-situ atomic force microscopy
experiment. The crystals are displayed (left) before and (right) after the AFM experiment. The crystal
used for the AFM results presented in this work is highlighted by arrows. All crystals were exposed to
cooling and 510 nm light given that the sapphire disk was housed wholly within the AFM vacuum
area and the 510 nm laser light was applied at a glancing angle, as required given the restricted
geometry of the cryostat windows and physical restrictions of the immediate AFM sample
environment. All crystals changed colour to the turquoise-blue hue that is characteristic of the r'-
0SO photoisomeric crystal structure of 1.

S-6



(c) Technical checks to validate the efficacy of the AFM data
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Figure S6 — Technical checks for atomic force microscopy, whereby two AFM images were acquired
by directing the AFM tip (left) 45° left and (right) 45° right along the crystal surface of 1. Symmetric
curves with opposing gradients shown in the images confirm that the tip scanned images correctly.
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Figure S7 — Metastability checks for the photoisomerised state of 1, whereby two AFM images
were acquired following the full 900 min of 510 nm light exposure on the crystal, having
extinguished the light and waited to acquire another AFM image for (left) 30 mins; (right) 100 min.
The fact that both images reproduce the features of the 900 min light exposed AFM image confirm
that the r'-OSO photoisomeric crystal structure is metastable once light-stimulated when kept cool
below 90 K.
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Supplementary Note 3: Hirshfeld surfaces of dark and light-induced states of 1 at 100 K or 90 K

Figure S8 — Hirshfeld surfaces of the (a) n'-SO: dark-state, (b) 1-(0S)O and (c) n*-0SO light-
induced crystal structures of 1, looking down the crystallographic axis, a. The red, white and blue
regions show positive, neutral and negative isoenergies. Images were created via CrystalExplorer17
(2017). https://hirshfeldsurface.net. Light exposure depletes two strong steric forces between
ammine ligands and counterions that are indicated in red by the two black arrows annotated to the
dark-state Hirshfeld surface in (a). The blue volume of the Hirshfeld surface for the dark-state species
(691 A3) contracts to 680 A3 with light exposure at 90 K while its surface area (554 A2) increases to
559 A2 i.e., the Hirshfeld surface is stretched upon light exposure which strains the reaction cavity.
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