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600-900nm

Report: or T>200K
At low temperatures, the nitroprusside ion ({F¢)sNO]) can have two long &
lived metastable states. These states, denotedsaarM MS, form when the nitro
prusside (NP) is irradiated with light in the spattange of 356590 nm. Deexcita @
tion to the ground state (GS) can be achievedlloyihation with red or near infre iE
600-1200nm,

g

90C-120C
-
350-590nm
or T>150k

red light, or heating above the decay temperat(®68 K for MS and 200 K for
MS,). MS; and M$S can be (partly) interconverted with the approgriatadiation.i] or T>150K
The scheme on the right, which summarises the lplessansitions, is rather complicated because mbrtiee

excitations/de-excitations is a simple processy #ieinvolve the passing through higher energpdrant states
and the yields depend on the branching ratios efritiolved relaxations. Nevertheless, these transitmake
the NP materials an intriguing class of photoswéatidle compounds.[2] Furthermore, according to |ggatter-
ing experiments, they have strong potentialityighkcapacity holographic information storage sysi¢gj.

The nature of the MSand MS states are far from being understood. T
first structural works suggested that the metaststaltes preserve the nitrosyl{ nitrosyl

. ; o
like structure of the GS, and only the Fe—N bomgjile, and the tilt of the N nitrosy
group varies a small amount. A later X-ray difffant study, however, as- 166 @51.71 1.89 <|:§2-07

iso- side-on

signed M$ to isonitrosyl, and Mgto ‘side-on’ bonding4] These isomers ar

further supported by theoretical calculatioslsrhoreover, vibrational spectr

of the excited states can be readily interpretegnms of such arrangements of N&¥] thus this became the
prevailing description of these statesHlowever, neutron diffraction, the only methodetitly sensitive to the
atomic positions, repeatedly reports nitrosyl-ld@dings in agreement with the first observatia]

We chose X-ray emission spectroscopy to contritbaitéhe elucidation of the structures of the metalst
states. The K and K3,s emission peaks originate in electron transitiawsnf the highest energy molecular
orbitals with (at least somej)character to the 1s hole of the metal. It has l@early demonstrated on Mn
compounds that these features convey valuable claémformation due to the involvement of the agpiate

‘ ‘ ‘ | p ands orbitals of the ligand in the molecular orbitals,{2] Most important
7\ | to our study is the &', where the contribution from the ligand 2s orlites
1 dominant, thus its energy position correlates \thin 2s binding energy while
|its intensity varies exponentially with the bonddéh. Consequently, this
| spectral region can be useddentify the ligands and estimate their distance.
First we studied polycrystalline sodium-nitroprdes(SNP) to examine its
1 sensitivity to radiation, and to collect some refeze emission data. The total
| fluorescence yield XANES, shown on the left, reedavery fast decomposi-
tion in the beam. To minimize radiation damage widused the beam, and
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limited the exposure to 1 minute over each spth@fsamples by taking rap
scans with appropriate sample displacements indstwThe spectra shov o
in this report are sums of a great number of sapidrscans. .
The full KB emission spectrum of polycrystalline SNP is shawntheu KBy
right. The main I8, 3 line reflects the low-spin character of the irdhe mseig
displays the valence emission part, which reveatdadively significant pea
and a broader one with much smaller intensity betothe K3" region, i.e., & o
energies below thefss To interpret this, first we note that our previotss | — -
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ray emission study on a spin-crossover iron complepseudo-octahedr.. eneroy e

geometry indicated that a Fe—N bond length of 2.@rAsmaller is needed to make the KR" contribution
discernible.§] With bond lengths below 2 A, the intensity is egfed to increase exponentially along with the
shortening of the metal-ligand distance, as the #@tures reflect hybridisation with the 2s orlsitaf the
ligand. In the SNP, the five C atoms of the cyarligiends are rather far from the iron (1.93—1.94hile the
donor atoms relevant to our study are significadithger €1.7 A; cf. the second scheme on the previous page).
Consequently, one can expect intense N or O peaks the nitrosyl or isonitrosyl structures, respesy.
Thus the larger peak should be assigned to theiloonon from the N of the NO ligand, while the ladbone to
the C of the CN.: the Fe—N bond is relatively shitrtis it is expected to give an intense peak.

Upon excitation, the following variations are egsel for the isonitrosyl and the side-on structuiean
isonitrosyl bond is formed, in analogy with the Mompounds, the contribution from O is expectechtmasup
with significant intensity (due to the short distah at an energy about 5 eV smaller than thepNpg€ak. The
‘side-on’ structure, having longer Fe—N and Fe—@dsoas well as one shortened Fe—C bond (1.82 Ajlgh
also be in principle easily recognised by the enhdrC and the smaller N contributions. Moreover,
in both cases a diminution of the N peak, propagido the excitation yield, should be observed.

Two SNP crystals were irradiated with LED diodés185 nm for 24h at 80K. Upon excitation A

; 1 their colour has changed from reddish to dark (se&re on the
| right, taken under liquid Y. M6ssbauer spectroscopy studies show’
about 20% conversion to the excited states unddr sonditions. The
| main KBy 3 line, remained identical in all states showingdifterence in the spin
| state of the ironThe partial fluorescence yield XANES spectra (on g,
A | taken on the maximum of theBKs line, show small variations with increasing
| temperature in the pre-edge region. Although tlseems to be a trend, which
VAN - might be related to the de-excitation steps, theomextent of the changes, and
T esie T the statistical limitation of the data do not peros to draw deep conclusions.

With both crystals, the valence emission spectvaaled no changes when the temperature passed the
decay temperatures of the excited states (c.f.tgp@n the right). The absence of the above-desdrib
variations can only be explained if there’s no magriation in the bonding e
pattern in the metastable states. This findingnisagreement with thes ] ;
neutron diffraction results, which claims that thi@ly change concerning,! :
the first neighbours of the iron is the minor difface in the Fe—N bond|
length and the small alteration of the C—Fe—N angtend suggests that
isonitrosyl and side-on linkage isomers presente@drducciet al., though
intuitively attractive, do not adequately represehe photo- excﬂed
metastable states of the nitroprusside ion.
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