
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 21 February 2013, At: 11:56
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Magnetic Resonance Studies
of Quasi-One-Dimensional
Conductor β-MxV2O5
H. Nagasawa a , T. Takahashi a , T. Erata a , M. Onoda
a , Y. Kanai b & S. Kagoshima b
a Institute of Physics, University of Tsukuba
b Department of Pure and Applied Science, College
of General Education, University of Tokyo
Version of record first published: 14 Oct 2011.

To cite this article: H. Nagasawa , T. Takahashi , T. Erata , M. Onoda , Y. Kanai & S.
Kagoshima (1982): Magnetic Resonance Studies of Quasi-One-Dimensional Conductor
β-MxV2O5 , Molecular Crystals and Liquid Crystals, 86:1, 195-202

To link to this article:  http://dx.doi.org/10.1080/00268948208073685

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948208073685
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

1:
56

 2
1 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst. Liq. Crysf., 1982, Vol. 86, pp. 195-202 
OO2&8941/82/860 l-O195$06.50/0 
0 1982 Gordon and Breach, Science Publishers, Inc. 
Printed in the United States of America 

(hoceedings of the International Conference on Low-Dimensional Conductors. Boulder, 
Colorado, August 1981) 

MAGNETIC RESONANCE STUDIES OF QUASI-ONE- 
DIMENSIONAL CONDUCTOR B-MxV205 

H. NAGASAWA, T. TAKAHASHI, T. ERATA, M. ONODA 
Institute of Physics, University of Tsukuba 

Y. KANAI, and S. KAGOSHIMA 
Department of Pure and Applied Science, 
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In quasi-one-dimensional conductor B-Na.t33V205, the 
commensurate C.D.W. (dimerization) phase ransition 
about 180 K was found by the magnetic resonance and 
X ray diffuse scattering studies. 
of magnetic V4+ ions in site I chain has been discuss- 
ed 9 the basis of the spin-lattice relaxation time 
of "Na and 5% nuclei and the anisotropic EPR line 
width. 
In case of B-Li,V205 (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 (qb'0.5) and 
the I.C.C.D.W. phase (qb=0.57). 
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. 

The pair formation 

The magnetic reso- 

It has recently been revealed in electric conductivity 
measurements(1) on a single crystal of B-Na .33V205 thet 
this material is one of new quasi-one-dimensional conduc- 
tor. The observed value of conductivity along the b axis 
is 100Q-lcm-l at 300 K and two order of magnitude larger 
than that perpendicular to the b axis, and its temperature 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

1:
56

 2
1 

Fe
br

ua
ry

 2
01

3 



196/[ 19361 H. NAGASAWA ei al. 

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 b 
axis. 
23Na, and 7Li 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 ? 

the V 
position of site I and this fact implys the commensurate 
condition may realize. 
ping motion are discussed on the basis of the magnetic 
resonance results. 
the 6-LixJr205(0.226 xs 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. 

out on B-Li,36V20 . 
following tempera 5 ure regions. 
(I) 180 K < T < 220 K 
In this temperature region, Incommensurate C.D.W. state of 
wave number q=(O, 0,53, 0) developes gradually. 
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 K 
The above mentioned I.C.C.D.W. state (qb=0.53) splits to 
two sublattices of Commensurate C.D.W. state of q=(O, 0.50, 
O,5O) and Incommensurate C.D.W. state of q=(O, 0 . 5 7 ,  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(l20 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 

It has been observed in NMR measurements(3,4) that 

6.C [l] we discuss the problem of 6-Na ,33v205, in which 
ions were found to occupy the half of the vanadium 

The dynamics of the electron hop- 

In [ 21 , we discussed the problem of 

The X ray diffuse scattering studies have been carried 
The two C.D.W. phases were observed in 

The 
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MAGNETIC RESONANCE STUDIES OF FMxV2Os [ 1937]/197 

resonance and N.M.R. s t ud ie s  of '[Li and 51V nuc le i  i n  t h i s  
system. The experimental results r e l a t e d  with these  phase 
t r a n s i t i o n s  a r e  discussed from microscopic view point  of 
the t r a n s i t i o n  of t h e  e l ec t ron ic  states of vanadium atoms. 

( Commensurate case ) [ l l  ' -Na. 33'2'5 

Recently we ca r r i ed  out the precise  measurements of aniso- 
tropy of g-value of EPR absorption s i g n a l  i n  @-Na .33 2 5 V 0 ( 5 ) .  

gx =1.930(2) Ho in ab-plane 
b 

0 0  

* \ , X  

Fig.1. A polar diagram of t he  angular dependence of g- 
s h i f t  from f r ee  electron value at 77 K.  

The p r inc ipa l  axes X ,  and Y l i e  i n  the monoclinic ac plane 
and Z axis  coincide with the b axis. Refering with the  
s t r u c t u r a l  d a t a ( 2 ) ,  one can see t h a t  t h e  p r inc ipa l  axes X ,  
Y ,  and Z coincide with those of t he  d i s t o r t e d  octahedron 
of  oxygen surrounding of t he  s i t e  I pos@ion of vanadium. 
This f a c t  indicates  t h a t  the magnetic V ions pr imari ly  
occupy the s i t e  I posit ions (Fig.2 a ) .  

Fig.2 a. 
projected onto an ac-plane and p r inc ipa l  axea of g-tensor. 
Fig.2 b. Energy l e v e l  configuration of (3d)  e lectron.  

Crystal  s t ruc tu re  i n  the v i c i n i t y  of V ( 1 )  s i t e  
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1984 19381 H. NAGASAWA et a!. 

1 4+ The ground s t a t e  of (31) electron i n  v ions i s  d state. 
However, i f  we consider t h e  r e l a t i v e  posi t ion of ta vana- 
dium ions i n  s i t e  I t o  t h e  oxygen octahedron, d s t a t e  does 
not seem t o  be favorable f o r  t h e  ground state, xybecause 
one of  the neighbouring oxygen has t h e  shortest  distance 
from V ions i n  s i te  I (F.g.2 a ) .  
configuration derived above is  rea l ized ,  V ions must have 
s h i f t e d  from the or ig ina l  posi t ion towards the center of 
the  oxygen octahedron. 4!l$is displacement reduces t h e  rela- 
t i v e  distance between V ions i n  the  zigzag chain of s i te I ,  
w e  suppos&+that t h e  displacement is caused by a dimeriza- 
t i o n  of V ions as shown i n  Fig.3 a.  Recent X ray diffuse 
sca t te r ing  r e s u l t s  show t h e  existence of the dimerization 
along b axis(Fig.3 b ) .  

In order4$hat the l e v e l  

rlD 

X 

a 
b 

Fig.3 a. 
Fig.3 b. 
diffuse sca t te r ing  peaks. 

Displacement of V(1) posi t ion proposed i n  text.  
Temperature dependence of t he  i n t e n s i t y  of X ray 

The angular dependence of the peak t o  peak l i n e  width of  
the  absorption derivative at 77 K is  shown i n  Fig.4 as a 
polar diagram. 
l i n e  width is  dipolar 3oupling between the magnetic ions.  
The dipolar f ie ldJA /r 
p a i r  distance of 2.?3 A a f t e r  displacement. Since the ob- 
served l i n e  shape is pure Lorentzian, the  dipolar f i e l d  i s  
expected t o  be narrowed by the  r e l a t i v e  motion of e lectron.  
The l i n e  width , that i s ,  the transverse re laxat ion r a t e  by 
t h i s  mechanism is calculated by using the s p e c t r a l  density 

The most probable mechanism of anisotropic 

i s  estimated as 460 G. using the D
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MAGNETIC RESONANCE STUDIES OF FMxVzOr [ 19393/1W 

HO in ac-plane a 

HO in ab-ptane Z,b 0 lOOG t - 

Fig.4 a. A polar  diagram of the angular dependence of the 
the linewidth at  77 K. Broken curves are t h e o r e t i c a l  ones 
calculated on the  basis of t he  pa i r ing  model. ( 5 )  
Fig.4 b 2 3 A n g u l ~  dependence of sp in - l a t t i ce  re laxat ion 
r a t e  of N a  nuclei  i n  ac-plane at  77 K, and s o l i d  and dot- 
t e d  l i n e s  are calculated ones. ( 6 )  
of the  f luc tua t ing  dipolar f i e l d ;  

1/T2 = ( g b )  4 PI -2 S(S+l) k f j [ g  3 Jjk ( 2 )  ( 2 ~ ~ )  + 9 J!.i'(~d~) 
+ 3 J(O)(O)l, 

8 jk 
where g,  g-value , Bohr magneton, s p i n  and 

respect ively.  The s p e c t r a l  den- 
s i t y  J are the Fourier transform of the co r re l a t ion  

G(')( T ) = Ftq)( t )F( ' )*( t+T ) 

by using the geometrical f ac to r s  of dipolar  coupling I?(')= 
r - 3(1-3cos 2 & ) ,  F(')= r - 3sin@cos&e-id, and F ( * I =  r-3sin 2 be -2i+ 

where ( r ,  ,$) are the polar coordinate of  of the vector 
connecting a ce r t a in  p a i r  of e lectrons w i t h  respect t o  t h e  
f i e l d  direct ion.  The q u a l t t a t i v e  agreement was obtained 
only when we consider a p a i r  correlat ion along s i te  I chain, 
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2004 19401 H. NAGASAWA ct d. 

The calculat ion of the  contribution from intra-pair  dipolar  
in te rac t ion  was modified as follow: The existence of hopp- 
ing motion of p a i r s  along t h e  zig-zag chain accompanied by 
a rapid a l te rna t ion  of p a i r , d i r e c t i o n ,  much higher than t h e  
Zeeman frequencya , was assumed. The decay of t h e  average 
correlat ion functi8n i s  characterized by a t i m e  
which the  p a i r  cor re la t ion  is  destroyed. Using 'ep'and ,-- 
as f i t t i n g  parameter, we have obtained the b e s t  $@'with 
the observed angular dependence as shown i n  Fig.4 a.  
main relaxat ion rate comes from the  intra-pair  intefgct ion 
and t h e  depairing time T w a s  determined as 1.6- sec. .  
The correlat ion time ,ch%&erized as the  i n t e r p a i r  -effect  , 
was found about one ha l f  of 't . 

The rapid hopping motiond@'the magnetic ele,c#ons 
causes the f luctuat ing dipolar  magnetic f i e l d  at N a  nucl t  
e i  and contributes the sp in- la t t ice  re laxat ion mechanism. 
The angular d endence i n  ac-plane of sp in- la t t ice  relaxa- 
t i o n  rate of 'Na nuclei  i s  s h a m  i n  Fig.4 b. The relaxa- 
t i o n  rate due t o  the  magnetic dipolar  in te rac t ion  i s  given 

at  

The 

where rI,and xs,  bI,and Ws, and S are gyromagnetic r a t i o s  
of necleus and electron, nualear and e l e c t  o Zeeman freq- 
uencies, and spin number, respectively.  J'q'is s p e c t r a l  
density a6 given before. 
there are two vanadium sites such as s i te  I and 111, which 
have possibi l i8y t o  be magnetic. 
relaxation 0f4, Na nuclei  can be considered by two compo- 
nents,  from P ions i n  si te I and 111, 

On t h e  basis of  cw-NMR r e s u l t s  (31 , 
Thus, t h e  sp in- la t t ice  

l /T1 = l / T 1 ( l )  + l / T l ( I I I ) .  

The bes t  f i t  ng was obtained w n parameters are chosen as 
plTl-7.7x10-"sec. ,p T .c6.7x10-P5sec. ,and the  calculated 
results were s h m  ia h g . 4  b as s o l i d  and dotted l i n e s ,  
where p ,p mean the  occupation probabi l i t i es  of e lectrons 
a t  site% &ha 111 respect ively,  pl+ p - 0.5 was  required by 
sodium content, EPR results indicate  p 0.5. t ,T are 
the correlat ion time of electron hopping motion ah each s i te .  

In  conclusion, present magnetic resonance s tudies  show 
tha t  t h e  electron pair ing s t a t e  e x i s t s  i n  (3-Na.33V205 and 
it moves i n  s i t e  I zig-zag chain along b-axis, which 
indicates  tha t  t h i s  new type of e lectron hopping motion 
seems t o  be the  or ig in  of *quasi-one-dimensional conductivity 
of t h i s  material .  

3- 
1- 
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MAGNETIC RESONANCE STUDIES OF &MrV205 [1941]/201 

Cj-Li V 0 ( Incommensurate case ) 
x 2 5  [21 

In O-Li  V 0 system, the detai led phase diagram(7) shows 
tha t  (3 pgase e x i s t s  i n  the  region of L i  concentration, 
0.22 x 0.37. We found t h a t  t h e  microscopic physical 
properties measured by NMR and EPR show the  c h a r a c t e r i s t i c  
behavior only in , the  narrow concentration of L i  dopant be- 
tween 
lar t o  those i n  (I-Na 
rences i n  d e t a i l s .  *33 5 ’ n e  L i  samples, out-side of 
t h i s  concentration region, show t h a t  t h e  vanadium ions 
seems t o  be almost non magnetic penta-valent s t a t e ,  as f a r  
as  t h e  experimental r e s u l t s  of NMR and EPR are concerned. 

diffuse sca t te r ing  peaks a r e  shown i n  Fig.5. There exis t  
two in te res t ing  phase t r a n s i t i o n s ,  one i s  around 220 K and 
another i s  around 170 K. 

2 5  

0.28 6 x 2 0 .37 .  General behaviors a re  ra ther  s i m i -  
though t h e r e  are l o t  of diffe-  V 0 

The temperature dependence of the  in tens i ty  of X ray 

3000 - 
> I- 

u) 
z 
- 
.!! 2000- - 

1030- 

i 
0 

t 

Fig.5 
d i f fuse  sca t te r ing  peaks of G-Li. 36V205. 

In t h e  temperature range 180 K(T(220 K ,  the  Incommensu- 
r a t e  C.D.W. s tate of wave number q = (0,0.53,0) deve- 
lopes gradually. On the other han$;%cluw 190 K the  
another C.D.W. s t a t e  of q - ( 0  , ,0.5,0.5) grows up. It 

I c. should be noted t h a t  the  wave number o f  I .C.C.D.W. q 
decreases monotonously corresponding t o  the  growth I of 
the commensurate C.D.W. state. A t  t h e  temperature below 
170 K ,  t h e  above mentioned 1C.C.D.W. s t a t e  s p l i t s  t o  two 
subla t t ices  of C.C.D.W. s t a t e  of q=(0,0.50,0.50) and 1 C . C .  
D.W. state of q=(0,0.57,0.12-0.13). These results indi-  
cates t h a t  t h e  C.C.D.W. chains have an ordering of two 

The temperature dependence of t h e  i n t e n s i t y  of X ray 

C- 
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2024 19421 

times of un i t  c e l l s  p a r a l l e l  t o  t h e  c axis. Another 1C.C.D.  
W. chains have the  long range s p a t i a l  period of -8  times 
of c l a t t i c e  parameter(-120 A ) .  

H. NAGASAWA et al. 

Fig.6 a Temperature dependence of the  Knight s h i f t  of 51V 
nuclei i n  (J-Li V205. 
51g.6 b Tempedgure dependence of  quadrupole s a t e l l i t e  of 

V nuclei i n  0 - L i  . 36V205. 

From t h e  experimental r e s u l t s  of NMR as shown i n  Fig.6a ,b,  
one can expect t h a t  (3-Li 
phase t r a n s i t i o n  around 298 i,5and there  occurs t h e  b i g  
change of the  electronic  s t a t e s  of vanadium ions i n  t h i s  
material. 

V 0 undergoes t h e  first order 
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