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Magnetoresistance of quasi-two-dimensional purple bronzeAMogO;7; (A=Na, K, and TI)
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Magnetoresistance@dviR’s) of quasi-two-dimensional purple bronzé$1os0,; (A=K, TIl, Na) are com-
paratively studiedt2 K for magnetic fields ofllc andH.L c, respectively, where is the direction normal to
the two-dimensional plane of the sample. Unusually huge positive MRH fforare analyzed quantitatively by
a two-band carriers galvanomagnetic effect on the ungapped residual Fermi surfaces, in which the concentra-
tion of the carriers is modified by an applied magnetic field. The modified two-band model can explain the
MR’s well, and the resulting parameters suggest that the purple bronzes belong to an uncompensated metal.
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Unusual huge positive magnetoresistafd®) properties  bronze is about 80 K8=2° and about 110 K in both K/TI
in charge-density-wavéCDW) states of quasi-one- or two- purple bronze$®?! The comparative study among three
dimensional(Q1D or Q2D conductors, such as Nb§E®  purple bronzes may be a good candidate to test the present
KMogO;7,% and (PQ)4(WOs),m,>° have received consid- theories or to clarify the related controversies.
erable attention. Balseiro and Fali&quop'osed atheory in In our previous work? we reported the in-plane resistiv-
which the magnetic f|eI(_1 can remarkably improve the nestingty as a function of temperature for three purple bronzes
of the FS, and resu_lt_s in an enhance_ment of the CDW gaKMog0,7, TIMogO;,, and NaM@O;-, respectively, at vari-
Thus the huge positive MR was attributed to an enhancegdys magnetic field$i parallel to or normal to the axis.
gap or a decrease of the normal carriers induced progregomparative studies suggested that the huge positive MR
sively by applied magnetic fields parallel to the FS. As'm'l"?‘reffect in purple bronzes is closely related to the large modi-
model was regarded as a standard model for a formatiopoaiion of the third FS along thid00] direction induced by
mechamsm Of the fmld-méuced spin-density wave observe e magnetic field, and to the normal galvanomagnetic effect
in Q1D organic conductors. on the ungapped residual FS. The different MR behaviors

; : 9 10 .
Using NbSe, P'anlilaet'al. and Hundleyet al. “ gave evi b{atween Na and K/TI purple bronzes originate from their
dence of magnetic-field-induced enhanced gaps by transpof . .
fferent FS structures. Moreover, a simple one-band semi-

measurements. They observed a 30% increase of the CD ) .
y 0 classical galvanomagnetic modelp(H)/p,~H?, cannot

carriers at 30 K under a field of 7.5 T. However, Tattal'* , T ,
describe the positive MR effect in purple bronze. In a low-

presented negative results; they found that evenHat -
=10 T the effect of the magnetic field on the MR was lessmagnetic-field range, we found that the MR follows an em-

than 5%. In addition, recent studies of the pressure effect oRifical power-law relationA p(H)/po~ H_g' with £~1.26, far
large MR1? and for x-ray scattering in magnetic fields up less than 2. Up to date, the quantitative discussion for the
to 10 T in NbSe, further suggested that the large MR might unusual MR effect is still absent. In this paper, we try to
not result from the change in the CDW order parameter wit@nalyze the unusual huge MR data fdfic in terms of a
magnetic field but rather from light carriers in small un- two-band-carrier galvanomagnetic effect on the small un-
gapped pockets of the Fermi surfadeS generated by an gapped electron and hole pockets; the carrier concentrations
imperfect nesting of the FS. Until now, the nature of the hugeare considered to be modified by an applied magnetic field.
positive MR effect in the CDW state is still ambiguous. Figures 1, 2, and 3, respectively, show the relative varia-
Compared with NbSg molybdenum purple bronzes tion of the MR, defined asAp(H)/p(0)=[p(H)
AMo0gO;7 (A=Na, K, and T) are Q2D CDW materials, but —p(0)]/p(0), for three purple bronzes at 2 K as a function
they exhibit very similar transport and a huge positive MRof magnetic fieldH|c (left-hand axi$ andH_L c (right-hand
effect below the Peierls transition temperatiive.* Gener-  axis).. The magnitude of the MR increases greatly with in-
ally, FS’s in these compounds reveal very similar featuresreasing applied magnetic field. The curves show a concave
directly related to the so-called “hidden” nesting, for which shape forHlic, a slight convex shape fdfLc in the low-
the FS’s can be viewed as a combination of Q1D structurefield range, and then an almost linear dependence in the
with distinct 1D nesting vectors parallel to the 2D pldfie. high-field range. All the curves do not show saturation be-
For AMogO;7 (A=Na, K, and T), although they are consid- havior in the measured magnetic field range.Hxs 14 T,
ered to be pseudoisostructurds!’the physical properties in  Ap(14T)/p(0) reaches about an order 6f750% in both
sodium purple bronze, to some extent, show subtle differK/TI purple bronzes and 40% in Na purple bronze fic,
ences from those in both K/TI purple bronzes. For exampleand 50—-90 % in K/TI bronzes and 10% in the sodium bronze
the Peierls transition temperatur, in sodium purple for HLc.
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FIG. 3. Magnetoresistancep/py vsH at 2 K forHllc (left axis)

FIG. 1. Magnetoresistandep/p, vsH at 2 K forHlic (left axis)
andH_ c (right axis.

andH_ ¢ (right axis.

According to the qualitative model developed by Balseiromechanism concerning the field-induced enhanced gap. The
and FalicoV, the huge positive magnetoresistance is assocismall electron and hole pockets on the ungapped FS may
ated with the improvement of the imperfect nesting of the FPlay an important role, and should be also considered. There-
induced by the magnetic field. The small pieces of the elecfore, a mechanism concerning the two-band galvanomag-
tron and hole pockets left by the opening of the Peierls gafetic effect due to the ungapped small electron and hole
can be destroyed progressively by the applied magnetic field?ockets and the magnetic-field-induced decrease of the nor-
This results in an enhanced gap. From this model, it is exmal carriers due to the enhanced gap must be considered
pected that the relative change of the normal carriers inducegimultaneously for an explanation afo(H)/po.
by the magnetic field, An/ng=[n(H)—n(0)]/n(0) According to the two-band galvanomagnetic effect model
=1[Ap(H)/po+1]—1 [n(0) and n(H) denote the total of Noto and Tsuzukd? the MR can be described by a for-

normal carriers concentration &t=0 and H#0, respec- Mula of
tively], will exceed—80% for both K/TI purple bronzes at a -
field of H=4.5 T. However, Parillaet al’ and Hundley Ap T105( a1t pg)*H? cOS'g o

et al!® only observed a-30% increase of the CDW carrier Po (it 0p) 2+ 0y gy orppiy)2HZ COLO’

concentration in NbSeat 37 K under a field oH=7.5 T. _ o . 3
Furthermore, Trittet al!* observed a slighter change of the whereo is the conductivityu is the mobility, and the sub-

CDW concentration less than 5%. These data are far lesseripts 1 and 2 refer to the two types of carricetectronlike
than those estimated from the BF scenario. In this way, th@nd holelike in the bandisrespectively;d is the angle be-

huge MR effect cannot be completely attributed to the singléween the magnetic field, and tleeaxis normal to theab
plane. In our case fodllc, cog6=1 with #=0. Assuming

75 1.2 that both the carriers have the same relaxation time and
TIMo,O,, mass, we obtainu=u;~u,, and a=o,/01=n,/n,, and
6.0 T=20K then Eq.(1) can be simplified to
H/c 109 Ap 4a;2H2
HL | a — = —. (2
£ 45r - Po (14 a)?+(1—a)?u’H?
:{; — ooood’°°° 106 If the effect of a field-induced decrease of the normal carriers
< 3.0r & S is considered, the ratio of both the carrier concentratiens
must be a function of the applied magnetic fieldout not a
f&" Hlec 0.3 constant. Parillaet al® found that the concentration of the
1.5¢ & H// carriers condensed into the CDW is linearly dependertipn
n.(H)«=<H; then the concentration of the normal carriers at
H, n(H)=n;+n,, can be expressed as(H)=ny—n.(H),

0.0 : e g 1'2 0.0 wheren, is the total carrier concentration ldt=0. Since the
above equation is symmetrical far— 1/, we assume that
the magnetic field reacts much differently on both types of
the carriers, i.e H just modifiesn, but notny, or vice versa;
we obtainn,/n,;=B— yH, whereg is the ratio of both types

H ( Tesla)

FIG. 2. Magnetoresistandep/p, vsH at 2 K forHllc (left axis)
andH_ c (right axis.
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TABLE |. Fitting parameters estimated from the model for three purple bromgé8), n,(0), andn,,
respectively, represent the concentrations of the minority carriers, the majority carriers and the total normal

carriers aH=0 T.

Formula _ n,(0) v = o= g Ny n,(0) n,(0)
n4.(0
1(0) (mV-lsl)  (x107cn?)  (x107/cmP) (X 10YcmP)
KMogO7 2.47 0.032 1.13 5.0 3.55 1.45
TIMogO;7 2.52 0.029 1.6 2.7 1.94 0.76
NaMosO;, 17.2 0.54 0.22 8.3 7.9 0.42

of the carriers aH=0, n,(0)/n,(0), andy is a constant.
Therefore, the total MR foHIlc can be expressed as

Ap _ A(B= yH)H?
Po (14 B=yH)2H (1= Bt yH) u?H?

3

According to Eq.(3), the measured MR data fétlic as

At H#0, since the magnetic field just modifies the ma-
jority carriersn, but not minority carriers,, the relative
change of the normal carriers induced by the magnetic field
H, An/ny=—yH/1+ B, reaches about9.2% and—8.3%
for potassium and thallium purple bronzes at 10 T, respec-
tively, less than those estimated just from the scenario of
field-induced decrease of the normal carriers due to the en-

shown in Figs. 1, 2, and 3 can be fitted with a least-squaresanced gap. However, it is surprising that for sodium purple
optimization procedure. The theoretical curves are presentéstonze at 10 TAn/n, reaches about29.6%, much larger
as dashed lines. The resulting paramejers3, and y, de-  than those for K and Tl purple bronzes. This unexpected
termined from the best fit, are shown in Table |, respectivelyresult may be strongly associated with the greatly different
for three compounds. It can be found that the model fits theCDW states in Na purple bronze. For example, the investi-
experimental data well. gated MR effect in K/TIl bronzes occurs for the second CDW
The estimated parametg8=n,(0)/n;(0)=1 in three state belowT,,=16 K, while in Na purple bronze it occurs
purple bronzes means that is one of the majority carriers, for the upper CDW state where the gap opening belgw
andn; one of the minority carriers. From our earlier ther- (80 K) is progressive, and does not stop till Z&Although
mopower measurementsjt was proven that holelike carri- we cannot exclude another possibility that the model men-
ers are dominant in botk/ Tl purple bronzes below,, and  tioned above is not suitable for the Na purple bronze due to
electronlike carriers are dominant in Na purple bronze. Thusits bad nesting FS, the combined model, at least, is more
at H=0, the concentration of the holes in both K/TI purple suitable for explaining the MR data in both K/TI purple
bronzes would be about 2.5 times of that of the electronshronzes. This model is also expected to be suitable for NbSe
while in the Na purple bronze the concentration of the elecand monophosphate tungsten bronzes because of their very
trons would be nearly 17 times of that of the holes. Theresimilar Q1D FS's.
fore, the concentrations of both types of the carriers in three In the case oH.Lc andHI|ll, the field dependence of the

purple bronzesta2 K and 0 T[n4(0)=nq/(1+ B), ny(0)
=Bny/(1+ B), with a total carriers concentration Et=0,
no=1l/poeu] can be estimated to be about,=1.45
x10"/cm® and n,=3.55x10"/cm® for KMogO;7; ne
=0.76x10"/cm® and n,=1.94x10"/cm® for TIM0gO,7;
and n.=7.9x10"7cm® and n,=0.42<10"/cm® for

NaMosO,;. These results indicate that the purple bronzes

belong to uncompensated compounds belgw The higher

magnetoresistance should be zero as predicted; the observed
weak magnetoresistance indicates that the flow of the current
is not exactly in theab plane. The interlayer transport of the
carriers would be responsible for the almost linear field de-
pendence of the MR behavior, but a quantitative explanation
is difficult at present.

In conclusion, the mechanism for the MR effect concern-
ing the field-induced enhanced gap survives, but the effect on

concentration of normal carriers in Na purple bronze is confh€ normal carriers below 10 T is significantly smaller than
sistent with the expectation that the weak nesting of the FS if1at expected by the BF theorjihe two-band-carrier galva-
sodium purple bronze leaves more ungapped FS’s due to tfomagnetic effect on the surviving FS, in which the concen-

lack of the third underlying FS along tre& direction_.
The estimated mobility of both types of carrieys, are

about 1.13 AV ts ! for potassium purple bronze; 1.59

m? V1 s~ for thallium purple bronze, and 0.2224 " 1s !

for sodium purple bronze, respectively, as showm in Table I.

These values are comparable to that of 0°AMm's !, es-
timated previously at 20 K for KMgD,,.*?°

tration of the majority carriers was modified by the applied
magnetic field due to the field-induced enhanced gap, seems
to be more suitable for explaining the huge MR effect in
purple bronzes.
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