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Photoinduced phase transition in a mixed-valence gold complex
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We have found a photoinduced phase transitRIfT) in the mixed-valencéMV) gold complex CsAu,Brg
from the MV state(ambient pressure phas® the single-valencéSV) phase(high-pressure phagén the
pressure region from 6.4 to 6.8 GPa. We have observed an accumulation of the photoirradiation effect of each
pulse shot, and have ascribed it to stabilization of the photogenerated SV clusters due to the cooperative
Jahn-Teller instability of A" ions. The PIPT shows a distinct threshold behavior against the photon density
as well as the shots number, which has been interpreted in terms of the critical nucleation of the photoinjected
SV clusters. We further found that the phototransformed SV phase is not stable below 5.5 GPa, and changes
into the former MV phase after a long dead time-o10* s.

One of the recent topics of solid state physics is to controtransition. The present PIPT in gold complex shows a promi-
the electronic and magnetic state of matters by lightnentmemoryeffect, or accumulation of the photoirradiation
In the past, electronic and magnetic states of severaffect of each pulse shot. This makes a sharp contrast with
compounds, e.g.{In,Mn)As/GaSb' cobalt-iron cyanidé, the PIPT in polythiophen&jn which the primary process is
polydiacetylené, polythiophend, and Fe-based spin cross- completed within the duration of the exciting laser pulSe
over complex, have been reported to be transformed to anh9.
other state by photoirradiation. Among them, the A perovskitelike gold complex G#&u,Brg shows a
m-conjugated polymer systems, i.e., polydiacetylene andressure-induced phase transition from MV to SV stéfes.
polythiophene, show photoinduced phase change from K the MV state, the Au cations take two valence states, i.e.,
low-temperature(LT) to high-temperaturgHT) stated as Au” (tend electrong and Al’" (eightd electrong, forming
well as that from HT to LT state$A characteristic feature of linear AuBr, and square AuBr molecules, respectively.
photoinduced phase transitiofRIPTS of these polymer sys- These two kinds of molecules form with pseudocubic crystal
tems is existence of the critical photon denbftybelow  structure (4/mmm Z=2). Optical gap is characterized by
which no phase change is induced. We need more exampléise charge-transfer of d electron from the Al to Au**
of materials that show definite PIPT to derive and understandites® Valence disproportion in the MV phase vanishes un-
the generic features of PIPTSs. der hydrostatic pressures, and the SV state with*Aons is

Our strategy to search PIPT is to directly couple the photealized. In Fig. 1 is shown the electronic phase diagram,
toexcitation with the electronic phase transition. For ex-determined by high-pressure Raman spectroscopy, against
ample, intense charge-transfer type excitations may trigger pressure and temperatdfeThe hatched region represents
melting of the charge-ordered state. Recently, Miyanal®  the bistable region, where both the MV and SV phases are
has reported a photoinduced phase change from the charggable and can be converted by an appropriate pressure pro-
ordered insulating to conductive states in doped manganitezess.

Pr,_,CaMnO; (0.3<x=<0.5) ® although current seems to be  Single crystal of CsAu,Brg was recrystallized from ac-
essential for this phenomenon. Matsuetaal.” have found etonitrile solution using a-type double-test tube of glass.
that photoexcited down spins destroy ferromagnetic spin orPetailed synthesis procedure is described in Ref. 9. In order
dering in films of doped manganites. Here, we have found & probe the photoinduced change on the volume ratio, we
PIPT in the mixed-valencé&MV) gold complex CsAu,Brs,  have adopted the Raman spectroscopy. Intensity of the
from the MV state to the single-valen¢8V) phase in the Au-Br stretching mode is known to be proportional to rela-
pressure region from 6.4 to 6.8 GPa. In this system, thdéive volume of the MV state, i.e.Vyv/(Vuv+Vsy), be-
charge-transfer-type electron transfers between the valenceause the mode is deactivated in the SV state, where the Br
skipped Au sites directly convert the MV region into the SV ions are located at the centrosymmetric posifioHigh-
region, and hence can induce a macroscopic MV-SV phaspressure Raman measurements were performed using a dia-
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FIG. 1. Electronic phase diagram for £aI,Brg against pres-
sure and temperatukeited from Ref. 11

mond anvil cell and liquid paraffin as a pressure medium. A
tiny crystal sample, 0.1 mm in thickness and0®2 mnt
in area(ab plane, was placed in the gasket hdl@.3 mm in
diametey. Magnitude of the applied pressures were moni-
tored with the luminescence of a small piece of ruby placed
in the gasket hole. The probe laser power was kept below
50 Wicnf. Scattered light was detected with a double
monochromator equipped with a photon-counting system.
The excitation light source is a dye-laser pumped by an Ex-
cimer laser, whose pulse duration and frequency-a2€ ns
and~10 Hz, respectively.

Figure 2a) shows Raman scattering spectra for

Q??uz%rﬁ in the blitabI?;_egl(g)ra a}(thSOO Kt Be_fo_re t?]holt/(lj\ix- FIG. 3. Schematic structures of perovskitelike gold complex
citationjupper spectra of F1g.(4)], the system 1S in the Cs,Au,Brg for (a) mixed-valencgMV) state,(b) nucleation of the

p.hase with the inte_nse Au-Br. stretching mode. The R"’m"‘r’“gingIe-vaIence{SV) cluster after photoexcitation arid) SV state.
signal completely disappeatsiddle spectrpafter photoex-

citation with 2000 pulse shots, due to the PIPT into the Svphase. The excitation energ,. and photon density are 1.9

eV and 3.6<10'° cm 2 per pulse, respectively. With this

(c) single-valence state

- Au2+

(a) MV state
at 6.5GPa

before excitation

after excitation

Intensity (arb. units)

pressure-annealing

Intensity (arb.units)

(b) SV state
at 6.5GPa

before excitation

Mgy

after excitation

A S

at 6.1GPa
1 " Lo ol ' DR IR S AT ST I S
100 150 200 100 150 200
Raman Shift (cm'l) Raman Shift (cm‘l)

excitation condition, 80% Au atoms are excited into the
Au?* states per pulséf we neglect relaxation of thd elec-
trons). Disappearance of the Raman signal is not due to
deterioration of the sample surface. In fact, the PIPT can be
repeated several times with the same crystal. The bottom
panel of Fig. Za) shows an example: The Raman signal
nearly recovers after pressure-annealing procedure, that is,
the pressure is released down+@ GPa and then increased
up to 6.1 GPa. The photoinduced phase transition of present
system is one way, i.e., only from the MV to SV phafese
Fig. 2(b)]. This is perhaps due to the different electronic
structures in each phase. In the MV phase, the spectral
weight due to the charge-transfer-type excitation is domi-
nated in the visible regioh.The spectral weight, however,
transfers into the infrared region in the highly conductive SV
phase.

We show in Fig 3 a schematic picture for the observed
PIPT in the gold complex. In the MV staf€ig. 3@], Au™
and AC" states alternate three dimensionally. The photoir-
radiation, however, transfeselectrons from Al to Au**

site$ and produces Al pairs; Au” +Au®" —2Au?*. Such

for Cs,Au,Brg before (upper spectiaand after(middle spectra Au?* pairs would form cluster statgsee Fig. 33)]_ if the
photoexcitation: Initial states are the M@ and SV (b) phases, Photon density were large enough. Here, we discuss phe-
respectively. Excitation enerdg,,. is 1.9 eV and pulse duration is nomenologically nucleation processes of the phase transition.
20 ns. Photon density per pulse is 8.60° cm™2. 2000 pulse The first-order phase transition is known to be triggered
shots are irradiated through the diamond window. The bottom spedvhen the clusters of the secof8V) phase grow up to the
trum was measured after pressure annealing. critical valuer.=20/AE, whereo and AE are the surface

FIG. 2. Raman scattering spectra in the bistable region at 300
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5.5 GPa, respectively. Filled circles means that the data were ob-
FIG. 4. (a) photon density andb) shots number dependence of tained within the bistable regiotat 6.5 GPa Schematics shows
relative Raman intensity/l, of the Au-Br stretching mode, where shrinkage of the SV domains.
I is the intensity before photoexcitation. The Raman mode is de-

activated in the photogenerated SV phase. ] o
Such a strong Jahn-Teller instability inherent to the MBirg

. . octahedra could stabilize the photogenerated SV clusters in
energy and the difference in the free energy between Wohe sea of the MV region. This makes a sharp contrast with

2 . . .
phases. With Increase of photon ggng;gvsytgrf;if;gfeggefgbgggqe PIPT in polythiophensjn which the primary process is
reaches to the.. (Note that relaxation time of the photo- cs))mpleted within the duration of the exciting laser pulSe

. n
generated SV clusters is longer than the frequency of the Effect of the electron-lattice interaction can be seen in the

laser pulse €0.1 s), because the PIPT of the present sys-
tem srﬁ)ows s(:hot nur)nber dependefsee Fig.4)].) pAccord- y recovery process from the photogenerated SV phase under

ingly, the macroscopic MV-SV phase transition is triggered,Pressures below 5.5 GPa. The photogenerated SV phase is
as observed in Fig.(®). not stable in this pressure regigsee Fig. 1, and changes

Consistently with above arguments, the PIPT shows ato the stable MV phase. In Fig. 5 is shown temporal evo-
threshold behavior against the excitation photon density antytion of the Raman intensitl/1, after photoexcitation with
shots number. In Fig. 4 is shown relative Raman intensity300 pulse shots at=0 s. The open and closed symbols
1/1o, wherel , is the intensity before photoexcitation, againstmean that the crystal is in the MV and bistable regions, re-
(a) photon density(shots number is fixed at 10p@nd (b) spectively. Photoexcitation &&=0 s reduces th&/1 value,
shots numbetphoton density is fixed at-2.4x10%cm~2).  indicating transition into the SV phase. At 5.5 GPa near be-
The 1/1, value represents the relative volume, i.e.,low the MV-SV phase boundary, thél, value slightly in-
Vv !/ (Vv +Vsy), of the MV phase. In Fig. @), thel/l,  creases from~0.4 att=0 s to~0.5 att=1x10* s, and
value is nearly constant{1) in the weak excitation condi- then discontinuously jumps up tel. Here, let us define the
tion, but suddenly drops down te-0.2 when the photon critical time t. as the time wheré(t)/l1, becomeq 1+ I(t
density exceeds the critical value-@x 10'® cm™?). Simi-  =0)/1,]/2. Photogenerated SV domains divides the MV
lar threshold behavior is also observed in the shots numbgrhase into parts, as schematically shown in the inset of Fig.
dependence of thé/l, value [see Fig. 4b)]: the intensity 5. The large lattice distortion around the MV-SV phase
drops around 200—-400 shots. boundary prevents the MV cluster from spreading, and

Thus observednemory effect, or accumulation of the causes the long dead tinhe The cluster size finally reaches
photoirradiation effect of each pulse shot, is perhaps ascribe r. at t., and the SV-MV phase transition is triggered.
to the electron-lattice interaction inherent to the present sysSlight increase of the/l, value seen fot<t. may reflect
tem. Actually, the lattice constantshrinks by~1.6% at the  growth of the MV clustergsee Fig. 5. With further decrease
pressure-induced MV-SV phase transition, reflecting theof pressure, the MV phase becomes more stalAlE {n-
Jahn-Teller instability of the AU ions in the SV phasg. creasesand hence (=20/AE) becomes smaller. Conse-
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quently, the recovery process is much acceleratgd0.5 rc. The observed memory effect, or accumulation of the
x10* s at 5.3 GPa antl~0.2x 10" s at 5.0 GPa. photoirradiation effect of each pulse shot, suggests that the

In summary, we have found a photoinduced phase transElectron-lattice interaction is the key for the present PIPT in
tion (PIPT) in the mixed-valence(MV) gold complex the mixed-valence gold complex.
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