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Photo-induced magnetization of a two-dimensional
cobalt—octacyanidotungstate bimetal assembly
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Introduction

Photo-induced phase transitions have beendiviely studied as one of the attractive issuesaf- n
equilibrium phenomena. Several types of materialsibiting photo-induced phase transition have been
reported up to date, for example, chalcogenidetalrogides, spin-crossover complexes, and cyaniiigéd
bimetal assemblies. Cobalt—octacyanidotungstateetaimassemblies have been reported to show photo-
induced magnetization with a high Curie temperaflisgg and a large coercive fieltHf). This phenomenon is
known to be caused by an optically charge-transiduced spin transition (CTIST) from &gu.-spings(S= 0)—
WY(S=0) to Chigh-spinps)(S = 3/2)-W(S = 1/2) phases. That is, light irradiation induties charge transfer
from WV(S=0) to Cd'{(S= 0) to produce Ct(S= 1/2)-W'(S= 1/2), and then a spin transition occurs from
Cd"«(S= 1/2) to Cln(S = 3/2), which results in the electronic state of (@S = 3/2)-W (S = 1/2). However,
the electronic structure to discuss the opticalditéons and the mechanism of photomagnetic effeassnot
been clarified yet. In the present work, a cobaitaoyanidotungstate bimetal assemblys@)[Co" (4-
bromopyridine{W " (CN)g}] is reported. Interestingly, this compound exksbihe C8'«W" phase over a
wide temperature range from 2 K to 390 K, even g¢fhoather reported cobalt—octacyanidotungstate laiimet
assemblies take the the-W" phase at room temperature. A light irradiatiothie compound causes photo-
induced magnetization. First-principles calculasiamow the electronic structure of this compounceteal
the mechanism of the charge-transfer process.

Results and discussions
Synthesis, crystal structure, and characterization

The single crystal and the powder-form sample ofOF)[Co" (4-bromopyridine){W "V (CN)s}] were
synthesized by mixing NBVY(CN)g]- 4H.0, Cd'Cl,- 6H0, and 4-bromopyridine- HCl in an acidic condition




at room temperature. Elemental analyses confirmttieaformula of .
this compound is (§D.)[Co(4-bromopyridine{W(CN)g}]. 8y b @ o8
Since the single crystals are in a very thin heragplate-form

(e.g.,ca. 100x50x4um), a synchrotron radiation X-ray single-crysi ! o g g
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measurement at KEK was carried out to determinerystal structure. Hsoz,'*¢ meae b d|ne 3
This compound has a monoclinic crystal structuréhaP2:/c space »  #85 ¢ ¥ b °

group @ = 13.0471(10) Ab = 13.5910(10) A¢ = 14.6790(10) A, and , -
S =106.3410(10)°) (Figure 1). The asymmetric unitsists of a C8
ion, a [W(CN}]* ion, two 4-bromopyridine ligands, and two wat

molecules. The coordination geometry of the Coisitesix-coordinate T seta 0c
pseudo octahedron, in which the two axial positifSo are occupied Figure 1. Crystal structure.

by the N atoms of 4-bromopyridine, and the fouraquial positions

are occupied by the cyanide N atoms of [W(g) The average distance of Co-N is 1.92 A, indicpativat
the Co ion takes a trivalent state. The coordimaggeometry of the W site is an eight-coordinateasgu
antiprism, where the four CN groups of [W(GN) are bridged to Co. The other four CN groups are no
bridged to Co, but connected tg®" by hydrogen bonds. The cyanide-bridged Co and ¥ form two-
dimensional layers in thiac-plane, and the oxonium cationg®3" are intercalated between the layers. The
{Co"[W'(CN)g]} ~ layers take negative charge, and the positivegehaf HO." keeps the whole charge of
this compound neutral.

In the microscopic ultraviolet—visible measuremém, absorption peak for the transmission modegalon
the direction of the out-dbc-plane is observed around 700 nm (1.8 eV). The etEgisusceptibility was
measured by superconducting quantum interferendea€SQUID) using the assembled single crystaks (
8x1( pieces of crystals). The T value is almost zero from 2 K to 390 K, which waties that this compound
takes the electronic state of '6¢S = 0)-W"(S = 0) over the wide temperature range of 2—-390 KchSa
stabilization of the ChsW" phase over the wide temperature range has notrbperted so far.

Periodic structure calculations of the electromiacure

The periodic structure calculation of $B")[Co" (4-bromopyridine{W " (CN)s}] was performed by
Viennaab initio simulation package (VASP) to reveal the opticahsiions of this compound, whetke
crystal structure determined by the single-cryXtaay analysis was used. The band structure anddheity
of states (DOS) show that the band gap is composedwW5dvalence band and a Co 3d conduction band
(Figure 2a). The calculated optical absorption spet reproduced well the experimental spectrum(fég
2b). The lowest-energy transition was a transitiom the valence band mainly composed gbdbitals of W
and p orbitals of N to the conduction band mairdntdbuted from d orbitals of Co and sp orbitals of N
(Figure 2c). This indicates that the lowest-endrgysition of this compound is the charge tranitam W"Y
to Cd" through the orbitals of the bridging CN ligandsc® the valence band from d orbitals of Co is elo
—3.5 eV, the absorption of d-d transition in Co @ wbserved in the visible region. Thus, visibighti
irradiation does not caused the spin transitioBadH.
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Figure 2. (a) Band structure and DOS. (b) Calculated optibabrption spectrum. (c) Charge density maps.

Photomagnetism

The photomagnetic effect was investigated using BQU (a)
The 785-nm light irradiation (220 mW ¢fn at 3 K induced
MagnetizationM) ( versus

spontaneous
temperatureT) curve shows that a valuetf is 27 K (Figure 3a).

magnetization.

M versus external magnetic fieldl) curve exhibits ar. value
of 2000 Oe at 2 K. Considering the ground Kramenrsbiet of an
octahedral C an expected saturation magnetizatibh) (value

Magnetization / G cm?® mol-'

is 3.2ug due to ferromagnetic coupling betwee (&= 1/2,g =
2) and C8(S= 1/2,g = 13/3), which is close to the observdd () Bre
value of 3.0us. The photo-induced phase returns to the init E

phase upon annealing up to 80 K. These photo atiadi and - W+c3,q c&*ﬂ . X’. %
heating treatment provide reversible phase changes. ,{é‘s’ & G . :*f’ g
Hs0,*F ¥ < ) R
To determine the crystal structure of photo-indupbdse, el ® | ® € @@ | ® <
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the powder XRD pattern was measured after 785-rght li k ;g,.z”.,é; L1 Jf} 8
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irradiation (250 mW cnif) at 13 K. Rietveld analysis of the XRL | ,>2<T 3 )YM
pattern after light irradiation shows that the mhistduced phase AT Iy {

has a monoclinic structure in tfR2;/c space group with lattice ®
constants o& = 13.193(10) Ap = 113.949(11) A¢ = 15.040(12)
A, andp = 107.35(9)°, which are larger in the two-dimensio
layer c-plane) by 3% compared to the original phase (Eidi).

-
13.949 A (3% increase)

Figure 3. (a) M vs. T curves before (open
circles), after irradiation (black circles),
and after annealing (gray circles). (b)
Crystal structure of the photo-induced

The average Co-N distance of photo-induced phaéé &) is phase

larger than that of original phase (1.91 A). Suctekngation



indicates that the valence state of Co changes #®to +2 by light irradiation. After annealing tp 60 K,
the crystal structure of photo-induced phase retito that of the original phase.

The photo-induced magnetization can be explaineti®pptical CTIST effect from ¢oy(S= 0)-WY(S
= 0) to Cdn(S = 3/2)-W(S = 1/2) phases. When the temperature is uigdespontaneous magnetization is
observed due to superexchange coupling betweér(8e 3/2) and W(S = 1/2) through CN groups.

Conclusions

In my thesis, a two-dimensional cyanide-bridged \Wo-bimetal assembly, @ED.")[Co" (4-
bromopyridine{W " (CN)g}] was synthesized. This compound shows a stablb©w/" phase in the 2-390
K range. Such a wide temperature rangé &V phase has not been reported up to date. Ligluiatian
to this compound causes the photo-induced phaseadit value of 27 K and ahl; value of 2000 Oe. The
crystal structures before and after light irradiativere determined by X-ray structural analyseslitahally,
first-principles calculations revealed that the fohimduced phase transition is due to the chaagester from
W 5dvalence band to Co 3d conduction band.



