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In quasi-one-dimensional conductor B-Na. 3V20 , the
commensurate C.D.W.(dimerization) phase transition
about 180 K was found by the magnetic resonance and

X ray diffuse scatterlng studies. The pair formation
of magnetic Vh ions in site I chain has been discuss-
ed og the ba51s of the spin-lattice relaxation time
of “3Na and 21V nuclei and the anisotropic EPR line
width.

In case of B-Li,V,0g (x=0.36), the interesting two
phase transitions were observed, 1) the incommen-
surate C.D.W. phase appears about 220 K, 2) below

170 K, this C.D.W, phase (qb=0 53) splits two sub-
lattice of the commensurate C.D.W. phase (g ap=0. 5) and
the I.C.C.D.W. phase (qy,=0.57). The magnetic reso-
nance studies of the single crystals of B-LixV205
show that there occur the microscopic changes of

the electronic structure corresponding to these phase
transitions.

It has recently been revealed in electric conductivity
measurements(1) on a single crystal of B-Na 3,V,0c thet
this material is one of new quasi-one-dimensional” conduc-
tor. The observed value of conductivity along the b axis
is 1009~ 1em=L at 300 K and two order of magnitude larger
than that perpendicular to the b axis, and its temperature
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dependence is semi-conductor-like,

According to the structural data(2), the vanadium
atoms are situated at the center of the deformed octahedron
of oxygen atoms and these make complex ladder extending
along the monoclinic b axis which is the most conductive
axis. There are three inequivalent crystallographic sites
of vanadium atoms. The alkaline metal ions are accommodat-
ed in tunnels of oxygen atoms running parallel to the Db
axis. It has been observed in NMR measurements(3,k) that

3Na, and TLi nuclei have not any Knight shift; consequent-
ly the sodium and lithium ions are monovalent and have
donated their outer s-shell electrons to the vanadium ions.

There naturally arise the questions, in which vanadium
sites these donated electrons occupy? and what is the con-
duction mechanism of the anisotropic conductivity of these
materials?

Eg [1] we discuss the problem of B-Na 33V505, in which
the V' ions were found to occupy the half of the vanadium
position of site I and this fact implys the commensurate
condition may realize., The dynamics of the electron hop-
ping motion are discussed on the basis of the magnetic
resonance results. In [2], we discussed the problem of
the B-LiyVpOs5(0.22€ x% 0,37), where the donar concentration
is variable by proper doping of Li ions within the limit as
shown above. Therefore, the Incommensurate C.D.W. is
expected in this system. The X ray difuse scattering
results showed the existence of the I.C.C.D.W. state.

The X ray diffuse scattering studies have been carried
out on B-Li 3¢Vp0s. The two C.D.W. phases were observed in
following temperature regions.

(1) 180 K < T < 220 K

In this temperature region, Incommensurate C.D.W. state of
wave number g=(0, 0,53, 0) developes gradually. The
coherence length of this C.D.W. state is estimated to be
longer than several tens atomic distance, though present
results are limitted by the instrumental resolution.

(11) T < 170 X

The above mentioned I.C.C.D.W. state (qb=0.53) splits to
two sublattices of Commensurate C.D.W. state of g=(0, 0.50,
0,50) and Incommensurate C.D.W. state of ¢=(0, 0.57, 0.12~
0.13). These results show that the C.C.D.W. chains put in
order every two unit cells perpendicular to the chain axis.
Another I.C.C.D.W. chains have the long range arrangement
of ~ 8 times of unit cells(120 A).

In order to study the details of these phase transi-
tions and the coexistence of two kinds of C.D.W, state, we
have carried out the measurements of electron paramagnetic
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resonance and N.M.R. studies of Tri and "1V nuclei in this
system. The experimental results related with these phase
transitions are discussed from microscopic view point of

the transition of the electronic states of vanadium atoms.

(1] B ~Na, ( Commensurate case )
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Recently we carried out the precise measurcments of aniso-
tropy of g-value of EPR sbsorption signal in B-Na __V,0.(5).
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Fig.l. A polar diagram of the angular dependence of g-
shift from free electron value at 7T K.

The principal axes X, and Y lie in the monoclinic ac plane
and Z axis coincide with the b axis. Refering with the
structural data(2), one can see that the principal axes X,
Y, and Z coincide with those of the distorted octahedron
of oxygen surrounding of the site I posﬁ&ion of vanadium,
This fact indicates that the magnetic V ions primarily
occupy the site I positions (Fig.2 a).
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Fig.2 a. Crystal structure in the vicinity of V(I) site
projected onto an ac-plane and principal axes of g-tensor.
Fig.2 b. Energy level configuration of (3d)” electron.
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The ground state of (3d)1electron in Vh+ions is d_ state.
However, if we consider the relative position of t® vena-
dium ions in site I to the oxygen octahedron, d_state does
not seem to be favorable for the ground state, because
one of the neighbouring oxygen has the shortest distance
from V ions in site I (F.g.2 a). 1In order,that the level
configuration derived above is realized, V 'ions must have
shifted from the original position towards the center of
the oxygen octehedron. ghis displacement reduces the rela-
tive distance between V' ions in the zigzag chain of sitel,
ve supp05ﬁ+that the displacement is caused by a dimeriza-
tion of V' ions as shown in Fig.3 a. Recent X ray diffuse
scattering results show the existence of the dimerization
along b axis(Fig.3 b).
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Fig.3 a. Displacement of V(I) position proposed in text.
Fig.3 b. Temperature dependence of the intensity of X ray
diffuse scattering peaks.

The engular dependence of the peak to peak line width of
the ebsorption derivative at 77 K is shown in Fig.h as a
polar diagram. The most probable mechanism of anisotropic
line width is dipolar goupling between the magnetic ions.
The dipolar field B_/r” is estimated as 460 G. using the
pair distance of 2.73 A after displacement. Since the ob-
served line shape is pure Lorentzian, the dipolar field is
expected to be narrowed by the relative motion of electron.
The line width, that is, the transverse relaxation rate by
this mechanism is calculated by using the spectral density
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Fig.4 a. A polar diagram of the angular dependence of the
the linewidth at 77 K. Broken curves are theoretical ones
calculated on the basis of the pairing model. (5)

Fig.h b 23Angular dependence of spin-lattice relaxstion
rate of Na nuclei in ac-plane at 77 K, and solid and dot-
ted lines are calculated ones. (6)

of the fluctuatlng dipolar f.‘ield

/T, = guB) M %5 (s+1) k343[8 (2)(

2w)+—E (l)(,)

+ 3 gﬁ)(o)l,

vhere g, , S andy are g-value, Bohr megneton, spin and
electr.n)Zeeman frequency, respectively. The spectral den-
sity 72 (( 3 are the Fourier transform of the correlation
function G'¢ (T ) given as

Uity = F<q)(t)F(qT*(t+T)

by using the geometrlca.l factors of dipolar coupling F(o)=

r‘3(1'3°°526‘), @), - 3singcoste '¢, and r(2)o r'3sin29e"2j“e

where (r, ,4~) are the polar coordinaste of of the vector
connecting a certain pair of electrons with respect to the
field direction. The quelitative agreement was obtained
only when we consider a pair correlation along site I chain,
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The calculation of the contribution from intra-pair dipolar
interaction was modified as follow: The existence of hopp-~
ing motion of pairs along the zig-zag chain accompanied by
a rapid alternation of pair direction, much higher than the
Zeeman frequency ) , was assumed. The decay of the average
correlation functidn is characterized by & time (;1 at
which the pair correlation is destroyed. Using ep'and.T
as fitting parameter, we have obtained the best giE'With e
the observed angular dependence &s shown in Fig.h a. The
mein relaxation rate comes from the intra-pair inteifction

and the depairing time Tﬁ was determined as 1.6 sec..
The correlation time ,chaggterized as the interpair-effect,
was found aebout one half of Td .

The rapid hopping motion &P the magnetic eleggrons
causes the fluctuating dipolar magnetic field at ~~“Na nucle
el and contributes the spin-lattice relaxation mechanism.
The angular dgpendence in ac-plane of spin-lattice relaxsa~
tion rate of ““Na nuclei is shown in Fig.4t b. The relaxa-
tion rate due to the magnetic dipolar interaction is given
by: 2 2 2 1 .(0) ,
/1) = YI Xsan s(s+1)[12 T (w-u)

3
*3 J(l)(wl) + %J(Q)(&‘Iw%)]

vhere YI,and)’ , W ,and W,, and S are gyromagnetic ratios
of necleus and electron, nualear and electro3 Zeeman freq-
uencies, and spin number, respectively. J Uy spectral
density as given before. On the basis of cw-NMR results(3},
there are two vanadium sites such as site I and TII, which
have possibili&g to be magnetic. Thus, the spin-lattice
relaxation of, ~Na nuclei can be considered by two compo-
nents, from V' ions in site I and III,

1/'1?1 = l/Tl(I) + l/Tl(III).

The best figigng was obtained g&gn parameters are chosen as
pitiv7.7x10 sec.,p..~6.7x10 " “sec. ,and the calculated
rdstilts were shown iff ﬁig.h b as solid and dotted lines,
where PP, mean the occupation probsbilities of electrons
at site’ I énd IIT respectively, p,+ p,= 0.5 was required by
sodium content, EPR results indicate pl-0.5. X.,T, are
the correlation time of electron hopping motion a% efich site.
In conclusion, present magnetic resonance studies show
that the electron pairing state exists in B-Na 33V205 and
it moves in site I zig-zag chain along b-axis,’ which
indicates that this new type of electron hopping motion
seems to be the origin of -quasi-one~dimensional conductivity
of this material.
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[2] 3 —LixV205 ( Incommensurate case )
In (-Li VO system, the detailed phase diagram(7) shows
that (3 pﬁasesexists in the region of Li concentration,
0.22 ® x ® 0,37. We found that the microscopic physical
properties measured by NMR and EPR show the characteristic
behavior only in the narrow concentration of Li dopant be-
tween 0.28 2 x 2 0,37. General behaviors are rather simi-
lar to those in @ -Na 33V205, though there are lot of diffe-
rences in details. ° The Li samples, out-side of
this concentration region, show that the vanadium ions
seems to be almost non magnetic penta-valent state, as far
as the experimental results of NMR and EPR are concerned.

The temperature dependence of the intensity of X ray
diffuse scattering peaks are shown in Fig.5. There exist
two interesting phase transitions, one is around 220 K and
another is around 170 K.

T N T !
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Fig.5 The temperature dependence of the intensity of X ray
diffuse scattering pesks of [-Li 36V205.

In the temperature range 180 K< T< 220 K, the Incommensu-
rate C.D.W. state of wave number g = (0,0.53,0) deve-
lopes gradually. On the other hané;cﬁcluw 190 K the
another C.D.W. state of q.= (0 .,0.5,0.5) grows up. It
should be noted that the wave number of I.C.C.D.W. 41 ¢
decreases monotonously corresponding to the growth. of ™’
the commensurate C.D.W. state. At the temperature below
170 K, the above mentioned IC.C.D.W. state splits to two
sublattices of C.C.D.W. state of ¢q=(0,0.50,0.50) and IC.C.
D.W. state of ¢=(0,0.57,0.12~0.13). These results indi-
cates that the C.C.D.W. chains have an ordering of two
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times of unit cells parallel to the ¢ axis.
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Another IC.C.D.

W. chains have the long range spatial period of ~8 times
of ¢ lattice parameter(~ 120 A).
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Fig.6 a Temperature dependence of the Knight shift of 7V

nuclei in (-Li

E_iLg.G b Temperééure dependence of quadrupole satellite of
V nuclei in (- L1.36

From the experimental results of NMR as shown in Fig.6a ,b,
one can expect that (-Li éé O undergoes

phase transition around 2

and there

the first order
occurs the big

change of the electronic states of vanadium ions in this

material.
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