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tThe metal-insulator (MI) transition in quasi-one-dimensional 
ompound V6O13 hasbeen investigated by angle-resolved photoemission spe
tros
opy (ARPES) at thephoton energy of h�=10 eV using syn
hrotron radiation and opti
al study below2 eV. Along the b k dire
tion, a 
lear Fermi 
uto� and a band dispersion near EFPreprint submitted to Elsevier S
ien
e 8 O
tober 2004



are observed in the ARPES spe
tra. The energy distribution 
urves (EDC) showan opening of a gap �0.2 eV a
ross the transition temperature TMI=150 K. TheARPES at h�=10 eV is 
on�rmed to be a bulk-sensitive spe
tros
opy with highresolutions in energy and momenta.Key words: V6O13, Wadsley phase, ARPES, opti
al 
ondu
tivityPACS: 71.10.Pm, 71.20.-b, 71.30.+h, 78.30.-j, 79.60.-i1 Introdu
tionThere have been many studies for vanadium oxides. Among them, mixed-valen
e 
ompounds of Magn�eli phase (VnO2n�1) and Wadsley phase (V2nO5n�2)show 
ompli
ated physi
al properties, su
h as MI transitions a

ompaniedby magneti
 transitions [1,2℄. V6O13 belongs to the Wadsley phase. Despitethe great interest, there have been limited numbers of studies be
ause of the
ompli
ated physi
al properties and the 
rystal stru
ture in 
ontrast to thewell-known V2O3. V6O13 shows a MI transition at TMI=150 K and an an-tiferromagneti
 transition at TN=55 K [7{12℄. In its 
rystal stru
ture, thereare two di�erent types of one-dimensional vanadium networks along the b-axis [3{6℄. Several di�erent vanadium valen
e numbers are thought to exist inboth metalli
 and insulating phases [12℄. In order to investigate the 
hange ofele
troni
 stru
ture near the Fermi level through the MI transition, we haveperformed a low-energy ARPES and an opti
al study with polarized lightsour
es. 2



2 ExperimentalARPES experiment was 
arried out by using syn
hrotron radiation at BL9Ain HiSOR with a S
ienta SES2002 analyzer. The ex
itation photon energywas sele
ted as h�=10.05 eV for bulk-sensitive measurements. The energyand angular resolutions were set to be better than 100 meV and �0:5Æ. TheARPES measurements were done at 110 and 170 K, below and above TMI.Clean surfa
es for the bulk-sensitive measurements were obtained by 
leavingthe single 
rystal samples in situ under an ultra-high va
uum of better than2 � 10�8 Pa. The 
rystal dire
tions were 
erti�ed by X-ray Laue di�ra
tionmethod in advan
e to the measurements.Opti
al re
e
tivity measurements were performed using a Fourier interferom-eter and 
onventional light sour
es up to h� �1.8 eV. Flat sample surfa
eswere obtained by 
leaving single 
rystals in the (110) fa
e. Gold was depositedon the samples after the measurements as a referen
e for deriving a

urate re-
e
tivity. Opti
al 
ondu
tivity � was obtained from the opti
al re
e
tivity byusing the Kramers-Kronig relation [13℄. For the proper K-K transformation,the opti
al re
e
tivity spe
tra were 
omplemented on the lower energy side byHagen-Rubens and a 
onstant extrapolations for the metalli
 and insulatingphases, respe
tively. As usual, !�4 extrapolation was employed on the higherenergy side in this study.3 Results and Dis
ussionFigure 1 shows the intensity maps made of EDCs and the momentum distri-bution 
urves (MDC) for b k dire
tion at 170 and 110 K. At 170 K, a small3



upward dispersion is seen around kb=�=0 in the intensity map. The upwardband dispersion 
rosses EF at kb=� � 0:4. In 
ontrast, there is no intensityat EF and angular dependen
e is negligible near EF at 110 K. No signi�
antdispersion is seen in MDC.The spe
tral 
hanges of EDCs a
ross TMI for b k dire
tion are shown in Fig-ure 2 for several angles. The MI transition is 
learly seen as a 
hange nearEF with opening a gap of �0.2 eV. At 170 K, a �nite intensity exists at EFin every EDC 
ontrary to the former study performed with using a He dis-
harging lamp [14℄. The spe
tral intensities at 0 � 0:3 eV seem to transfer to0:7 � 2:1 eV regions with the 
hange from the metal to the insulator phase.The gap formation and spe
tral 
hange resemble the higher-energy photoe-mission results [15℄. The details of the band stru
ture above 2 eV are hiddenby se
ondary ele
tron ba
kgrounds. A

ording to the 
ross-se
tions, the di�er-en
e from high-energy ARPES may be resulting from the O 2p sensitivity inlow-energy ARPES 
ompared with the V 3d sensitivity in high-energy ARPES[16℄.Figure 3(a) shows the opti
al re
e
tivity. For the metalli
 phase at 300 K, thi
kand thin 
ontinuous lines 
orrespond to the spe
tra measured for the polar-ization along the b- and a-axes as parallel and perpendi
ular to the vanadiumnetworks. Similarly, thi
k and thin dashed lines are in the semi
ondu
tingphase. The spe
tra 
hange dis
ontinuously at TMI with 
hanging tempera-ture and the typi
al spe
tra for metalli
 and semi
ondu
ting phases are givenin the �gure. In Figure 3(b) are shown the opti
al 
ondu
tivity spe
tra thatare obtained from the re
e
tivity spe
tra of 0�3 eV region extended by theextrapolations as mentioned before. Both in the re
e
tivity and the 
ondu
-tivity, the intensity di�eren
e at h�=0 eV and the energy range with spe
tral4
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Fig. 3. Spe
tral 
hanges in opti
al re
e
tivity and 
ondu
tivity a
ross the MI tran-sition temperature.
hange a
ross TMI are larger for b k than in b ? dire
tion. The dis
repan
yin 
ondu
tivity is observed below � 1:6 eV in b k and below � 1:2 eV inb ?. Espe
ially in b k 
ondu
tivity the smallest band gap from the o

upiedto uno

upied states is opened as � 0:3 eV. The spe
tral intensity of Drudeweight in the metalli
 phase seems to transfer to the hump at � 0:6 eV. Itmay 
orrespond to the relo
ation of spe
tral weight a
ross TMI observed inthe EDCs namely the opening the Mott gap in the insulator phase. Extensiveanalysis requires the measurement up to higher photon energies with usingsyn
hrotron radiation light sour
es [17℄.A
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