PHYSICAL REVIEW B 71, 214401(2005

®l/ NMR study of the quasi-one-dimensional alternating chain compound BaCsV,0g
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5 nuclear magnetic resonan¢®MR) studies in polycrystalline sample of BagMpOg reveal the exis-
tence of nonzero spin densities, with unequal magnitudes, at the two vanadium sites, &izd, ¥ and hence
the participation of VQ tetrahedra to the intrachain and interchain exchange interaction. The behakigy of
below 200 K provide a clear signature of the reduction of'Gepin susceptibility within the chain. Further-
more, there exist unique hyperfine coupling constants foand \, sites. This data also confirms the existence
of only one spin component and the ground state corresponds to a nonmagnetic spin singletepardence
of Kis, above 120 K follows the nature ofsi(T) proposed by Hatfield for alternating chain model. While
below 80 K, it follows the expression foipi, of @ one-dimensional chain with a spin gapFrom theK;s, data
we have obtainedd =215+5 K, which is smaller than that determined from the magnetic suscepti@lity
=230 K) data. The hyperfine field for Mand V, sites are 24.6 and 14.4+1.0 kQgy, respectively, with a ratio
of 1.7 between them. Thus the exchange path@w/,-O-Cu in BaCwV,0g is not negligible. The spin-
lattice relaxation timeT,, for both the sites are identical in the range 300—40 K and vary from 3 ms to 10 s.
1/T, follows an activated behavior and provides a gap paramete8380 K, which is much higher than that
obtained from shift data. Moreover, the magnitude oT {II/ decreases more rapidly than thatkf, below
75 K.

DOI: 10.1103/PhysRevB.71.214401 PACS nuni®er76.60—~k, 75.50-y, 75.30.Et

I. INTRODUCTION compound viz., BaCty ,Og, from specific heat and magnetic
susceptibility measurements on a powder sample. This is the

One—dmenspnaﬂlD).quantum Spin systems W'Fh annfer— highest value of the gap parameter reported for a spin-1/2
romagnetio AF) interactions have been a very active field of Heisenberg AF alternating chain compound. In this com-

research in condensed matter physics, due to the discoveri Sund due to a strong Jahn-Teller effect, the?QP, S
of vario_us magnetic phenomena related to spin and _char €1/2) ions have quasiplandd+1+1) coordiﬁation bridged
C(_)r_relatlons_. Exa_mples of such systems are those _Whlch e)f)'y oxygen ions, while the ¥ ions (d°, S=0) have two crys-
hibit the spin-Peierl4SP transition, the two-leg spin lad- 5)15qraphic sites Y and Vs, which are tetrahedrally coordi-
ders, the spin alternating chain and charge orderifigey nated by oxygen ions. Each type of vanadium site contains
are characterized by ground states of the spin singlet with gijght atom$ The one-dimensional linear chains are made of
finite spin gap(A) due to their spin quantum effect. An AF eqge-sharing pairs of CuGsquare-plaquettes and the YO
alternating—exchange Heisenberg chain is one in which neatetrahedrdV, site) along thec axis, and the linear chains are
est neighbor spins in the chain interact via a Heisenberg inseparated by another \j@etrahedrdV, site). The magnetic
teraction, but with two AF exchange constadts<J;, J;,  susceptibility was well reproduced by alternating AF chain
J,= 0 which alternate from bond to bond along the chain; themodel withJ; =260 K andJ,=52 K, which results in a large
alteration parametew=J,/J,. The uniform AF Heisenberg spin gap of about 230 K. It was suggested that the two major
chain is one limit of the alternating chain in which the two AF interactions, viz.,); andJ, are important similar to those
exchange constants are equal=1, J;=J,=J). The other in (VO),P,0;. J; andJ, correspond to the interactions along
limit is the isolated dimer in which one of the exchangethe almost linear Cu-O-}¥O-Cu path and the orthogonal
constants is zer¢a=0). Among all ID spin systems, the Cu-O-Cu path, respectively. The interchain interactions re-
linear spin chain compounds have attracted much theoreticgulting from their 90° Cu-O-y-O-Cu paths are negligible.
and experimental interest. In the uniform linear spin chain The present paper reports the results"tf NMR as a
compound, CuGe@ (S=1/2) the opening of a spin gap is microscopic probe of Ci spin susceptibility and magnetic
due to a structural phase transition from a gapless state intoexcitations in polycrystalline sample of Bagf;Og. New
gapped state, which accompanies a spontaneous latticeata for magnetic susceptibility would be presented very
dimerisation below its critical temperature. While the briefly for clarity. In the Cu-O-\{-O-Cu bond, a mixing of
Haldane gap, taking place in an AF Heisenberg chains ofhe vanadium 4s orbital with oxygens2and 2 orbital,
integer spins, has purely electronic oridifor the alternat- would produce a transfer of magnetiespin from the Cl'%|+eg
ing spin chain compountv0),P,0-, it was found that two orbital onto \P*4s orbital. Therefore,®V NMR studies
different spin gaps coexist, and the second gap is about twicsould be very useful to investigate microscopically the?Cu
as large as the first orfe. electronic state, the spin dynamics and to determine the mag-
The magnitude of the gap parameter known in case ohitude ofA through the effect of transferred hyperfine inter-
linear spin chain compounds are 200 K. Recently Heet  action. Moreover, from NMR the two types of V atoms, as
al.,> suggested a spin gap of 230 K in a new linear chairmentioned above can probe the intrachain as well as the in-
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FIG. 1. (Color online Temperature dependence of magnetic
susceptibility of BaCiVv,0g. A: the raw data)O: the data after
subtraction theyy and the Curie term. The thick solid line below
120 K represents the result of fitting to the equatipT)=xq
+Xewl T) + Xspin(T). The thin dotted line above 120 K represents the 787 788 789 79 79.1 792 793
results of the fitting to the chain model given by Ed). Frequency (MHz)

FIG. 2. (Color onling Typical °*V NMR spectra of polycrystal-
e BaCyV,04 at different temperatures recorded at 7 tesla. The
fotted vertical line represents t8V reference position. Inset

terchain exchange interactions. NMR has an important adﬁn
vantage over the bulk magnetic susceptibility. For example
the Curie-Weiss term due to a dilute concentration of defec hows the®X NMR spectrum at 295 K along with a theoretically
related spins hinders measurementygf, at low tempera- fitted line obtained as mentioned in the text.

tures. For a random distribution of defect spins this paramag-

netism broadens the NMR line but does not contribute to th% s
NMR shift tensor’ y He et al> where the measurements were done up to 900

K. 1D nature in magnetism is revealed from the broad maxi-

mum around 250 K. A sharp upturn appearing below 70 K
Il EXPERIMENT originates due to the contribution of the Curie-Weiss term
arising from the isolated Ctiions present in the lattice. The

The polycrystalline sample of BagVi,0 was prepared - i)' 100 K is fitted to the relatiop(T) = xo+ xe(T)

by solid state reaction using high purity reagents of BgCO . T h in Fig. 1. wh i th
CuO and \,Os as starting materials following the method . Xspir(T) @s shown in Fig. 1, w Er% (')_Sset e temperature
described by Heet al® Results of the powder x-ray diffrac- ndependent  term, andyspir(T)=aT >exp(-A/T) the
tion using CuK « radiation show no impurity phase. The cell su;ceptlblllgy of one dlmenglonal chain systems with a finite
parameters refined by the Rietveld method using the FullProtP!" gap:® The most |r_nportant parameters ar€
progrant agree very well with the tetragonal space group=0-026 emu K/mol Cu and =235+5 K. The fraction of the
I-42d with a=12.77 A, and c=8.14 A as reported |so!ateq (ol spins estimated from th€ value is ~6.4%,
previously®® The dc magnetic susceptibility was measuredWhich is nearly twice that of the reported data. _

with a SQUID magnetometgMPMSXL 7T, Quantum De- The SUS(.:epthI.“ty _data corrected fat,, and Xo term is
sign) in a magnetic field of 1 T from 2-300 K in the heating Shown by circles in Fig. 1 ang,, above 120 K is found to.
cycle. NMR studies were performed at 79 MHz in a BrukerP€ Wellllzfltted to the equation of the alternating chain
MSL100 pulse spectrometer with a 7.04 T superconductinénOdeIL ~for @=0.2

magnet. A home built NMR probe with a rf coil made of No2u2  0.25-0.08% + 0.0042
silver was used to avoid spurio$°Cu signals. The spec- XepilT) = Fus_ 0. 08 5 X TR A
trum was recorded by applying @&/ 2-7-/2 solid echo se- kgT 1+0.39~0.006 +0.49

quence. Temperature variation studies in the range 4.2-38@here the symbols have their usual meaning. The value of

K were performed in the Oxford continuous flow He CryOStatis found to be 227+5 K. Thus the present Samp|e shows an

with ITC503 controller. average gap parameter of 231+5 K which agrees with that
(A=230 K) reported by Heet al®

IIl. RESULTS AND DISCUSSION
A. Magnetic susceptibility measurement B. NMR spectra and the shift parameters

Figure 1 shows the temperature dependence of magnetic °*V NMR spectra of polycrystalline BaG\W ,0 at differ-
susceptibility of the powder sample Baf3Og in the range  ent temperatures are shown in Fig. 2. Well resolved charac-
2-300 K. The nature of the curve is similar to that reportedteristic powder pattern typical of the combined anisotropic
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magnetic shift and the first order quadrupolar interaction cor- oas b Vi o ' P e
responding to the central transitions of the two inequivalent ' Vo @ )
vanadium sites have been obtained in the range 100-380 K. 03| P i
As there are equal number of vanadium atoms in each site, e

the difference in the intensit§S/N ratig of the two signals 025 é T
must be due to the difference in their linewidth and/or the oo L o .,,..,-.-0-'--'---'--0-'0--0-. i
anisotropic shift. With lowering of temperature, both the ' R
lines shift towards the reference position in such a way that < 45| S e e
the separation between the two lines is gradually reduced.
Below 100 K, the two lines overlap. Structures due to satel- o1r
lite transitions can be seen in all the spectra. However, from 04

. . . 0.05
below 30 K, width of the resonance lines starts to increase Cal 0 I

such that the satellites could not be detected in the range 0 ¢ ) , 0 20, 40 ,60 80 10{
4-10 K. This broadening could be due to the effect of the 0 50 100 150 200 250 300 350 400
Cu?* free spins in the magnetic susceptibiligs mentioned T(K)

in Sec. lll A), which is enhanced appreciably in this tempera- . 51
ture range. FIG. 3. (Color onling Temperature dependence K§, for >V

Thus the observation of the NMR spectra unambiguouslVMR in BaCV20g. O: Vy; @: V5. The dotted lines above 100 K
proves the existence of non zero spin densities at both site@Present the functional form given by Hatfieléiq. (1)]. Inset
and hence the participation of the Y@trahedra to the ex- fhowossethe functional form given by the spin tersyi(T)
change interaction between the Zuons within the chain =aT ™ exp=A/T).
and between the chains. The resonance line having larger o
shift can be assigned to the Sitel’Vbek)nging to the K. HOWeVer, the decrement fOI’lVSIte IS mUCh faster than

Cu-0-V;-O-Cu bond within the chain, where the exchangethat of V2. Hence, the two curves almost superimpose around
interaction is stronger, while the line with a smaller 60 K. Thus the sharp decrease in the valu&gf below 200
shift could be ascribed to ) site, belonging to 90° K is a clear signature in the reduction of Cpin suscep-
Cu-0-V,-O-Cu bond connecting the two chains, where thelfibility within the chain, indicating the opening of a spin gap,
strength of the exchange interaction is expected to pand hence a decrease in the hyperfine field at the vanadium
weaker. nuclear site. For Y site an almost unaffected linewidth and

In order to determine the shift and the quadrupolar interthe reduced50% shift, along with a comparatively slower
action parameters, the experimental spectra are fitted to tHate of decrement iiis, below 200 K, indicate a consider-
equation with magnetic hyperfine and the quadrupolar interably weaker exchange path in between the chains. In the
actions as first order perturbations over the nuclear Zeemdinge 4.2—60 K, the shift of Vand V; sites, reduces very

iso (%)
Re I
..

term: slowly towardsKjs,~ O demonstrating the existence of the
nonmagnetic ground state. This has been confirmed by the
vim—m-1) observation of**Cu NMR below 30 K2 Furthermore, the
= Vel 1 + Kigo + Koy(3 cOS0 - 1) + K, Sinfé cos 2] shift data clearly differentiate between the effect of?Cu

spins in the chains and the defect spin. This confirms that the
+ V&(m_ 1/2)[(3 co26- 1) + 7 sirPo cos 25]. (2) observed large enhancement in the bulk susceptibility, below
2 60 K, is not an intrinsic feature.

Inset of Fig. 2 shows the simulated powder pattern generated 1. Hyperfine coupling constant
using Eq.(2) superimposed on the experimental data ob-
tained at 295 K. For both the sites, the anisotropic contribu-
tion is considerably smaller compared to the isotropic part. _ Ans
The values of the quadrupolar splitting frequengy,and » K=Ko+ NMB,},ﬁgX(T)’ 3)
for V, and V, sites thus obtained are 0.0820.0 and 0.197
MHz, =0.0 respectively. This suggests that both the vanaWhereAy; is the total hyperfine coupling constant. As long as
dium sites, are located in highly symmetric environmentAn remains constank should follow x(T). Contributions to
most probably at the center of the Y@trahedra. Over and Ay arise from the transferred hyperfine interaction, which is
above, it also indicates that;\s located in a more symmet- @ property of the electronic structure, and the dipolar inter-
ric environment than that of )/ Furthermore, the quadrupo- action, neither of which is temperature dependent. Although
lar interaction parameters for both the sites remain almodf(T) need not have the same symmetry&¥), the tempera-
unaltered in the range 4.2-380 K indicating no further structure dependence & should reflect that o.
tural deformation of the V@tetrahedra, and hence rules out  Figure 4 shows the linear dependence of the variation of
the possibility of any lattice distortion as was observed inK with respect toxspin corrected foryg+ xcu(T). This linear-
case of spin-Peierls transition in CuGgo ity suggests a unique hyperfine coupling constant over the
Figure 3 shows the variation of the isotropic shift,,  whole temperature range for each vanadium site. The hyper-
with temperature for two vanadium sites. Each of them fol-fine field, Hn=An/ (yg) for V, and V, sites are 25.3 and
low the similar behavior as that ok, in the range 60-380 14.5+1.0 kOe/ig respectively.

The shift is related toyspin by the relation
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FIG. 5. (Color online@ Temperature dependence % spin-

x (emu/mol.Cu) lattice relaxation timeg(T;); ®: at 7 tesla;O: at 2.14 tesla. Inset

. . . _1
FIG. 4. (Color onling Variation of **v NMR shift againstyspin shows variation of 1T, with T~

determined as mentioned in Sec. Il A, with temperature as implicit

parameter. Inset shows the variation of shift for aite againsty ~ The results of these fits are shown in the inset of Fig. 3. The

site. K versus T curve for Y satisfies the above equation in the
temperature range 4—80 K. Whereas, for site, it is satis-

Inset of Fig. 4 shows the shift of \wersus the shift of y ~ factory in the range 4-100 K. The value 4215+ 5.0K
with temperature as an implicit parameter. The linear behav0r V1 and V, thus determined from thi versus T curves
ior indicates that thd dependence dk, for both sites are I the two temperature regions, agree quite well. This value
identical. The slope of this straight line gives the ratio of theiS lower than that derived fronks, data(A=230%5.0 K.
coupling constant#/A,=1.7, which is exactly the ratio of One possible reason for the difference in the value of the
the absolute values of the coupling constants determine8N€rgy gap measured from the susceptibility and the NMR
from Fig. 4. Agreement of the value of this ratio from theseShift may be due to the fact that shift data measures intrinsic
two different approaches confirni$) the correctness of the Susceptibility not contaminated by the Curie term due to im-
extraction of theysy, contribution from the measureg and ~ Purities and thus accurate estimation of the spin gap is pos-
(2) the existence of only one spin component in this com-Sible. Any other possibility, if any, is not known.
pound rather than two spin components found from NMR

studies in(VO),P,0,.3 C. Nuclear spin-lattice relaxation rates

2. Gap parameter It was revealed that the hyperfine fields gtand V, sites

In order to estimate the magnitude of the spin gap fromdiffer appreciably in the range 300-100 K, resulting in two
the shift data, we use the express[@. (1)] for yeop, as a well resolved resonance lines. This provides the opportunity
function of témperature proposed by. Hatfield ??lmE(G) to check whether the nuclear spin-lattice relaxation rates,
Then theK, versusT curves for \ and \, above 100 Ka.re 1/T, for the two vanadium sites are also different in the

IsO . .
theoretically fittedindicated by the dotted lines in Fig) &  POVe temperature region. T/were measured by saturating
Eq. (3) with spin as an implicit parameter. The magnitude of the central line only Wlth a smgle/Z_ pulse and monitoring
the spin gap thus obtainedAs=215+5 K for V; and V. Hys the growth of the solid echo at variable delaysTilis ex-
determined from this functional form are 24.0+ 1.0 andtraCted from a fit to the data to the recovery law

14.3+ 1.0 kOe/g for V, and V, sites respectively, which
are consistent with that calculated fro, vs xspin graph

(Fig. 4.

A in the temperature regioM<<A is obtained from the

M(e) = M) _

0[0.012 ex;(

M (o) 1

t 6t
+0.068 ex
T T

|

1

15 28
+ 0.206 ex +0.714 ex
T1 Ty

I

(5

which is obtained from the solution of the master equatidns
in case of a magnetic relaxation of a nucleus with spin |
=7/2. It wasfound that the experimental recovery curves for
both the®V nuclear sites are reasonably reproduced by Eq.
(5). However the values df; are found to be same for both
the sites within the experimental error.

Figure 5 shows the variation @ between 40 and 300 K,

behavior of susceptibility of a gapped one-dimensional spin
systemt*15 If the magnon dispersion along the chain is ap-
proximated by the quadratic forra(k) =A+c?k?/2A near
the bottom of the dispersiok=q, =~ 0), the T dependence
of the susceptibilityy in the low temperature limit €A is
expressed as

X = V2A/(7*T)exp(— AIT), (4)

where c is the spin velocitK, for both site are fitted well
when y in Eq. (3) is replaced by the form given by E).
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where the magnitude df; changes from 10 s to 3 ms. Thus the conserved magnetization density, they computed the field
T, becomes too large to measure below 40 K. The relaxatioand temperature dependentr] for S=1 for the strong cou-
rate in this compound is governed by the thermal excitationpling limit in the regimeT<A for 1D Heisenberg antiferr-

of Cl?* chains, and can be written in the form magnet. They have shown that the overall scale df 19 set
) by the ratioTy,/ |Ds. Wherey, is the uniform spin suscep-
1Ty = 29ksT 2 |A(@)2X' (0, ) oy, (6) tibility of the system andDs is the spin diffusion constant.

where vy, is the nuclear gyromagnetic ratid(q) is the wave This leads to an activation gap for T/ given by

vector dependent hyperfine coupling, agtlq,»,) is the Ay =§As, (8)
dissipative component of the chain dynamic susceptibility '
evaluated at the nuclear Larmor frequensgy Calculation of ~ whereAg is the activation gap fox,, or shift. Close agree-
x"(q,w,) which is related to the dynamical structure factor ment with this relation is observed for a large number
of the particular system is the main problem. of gapped spin chair§, e.g., (VO),P,0,(S=1/2)13

In this paper, we did not attempt to calculate Thdepen-  Y,BaNiOs(S=1), and AgVRS;** Whereas, Ayy, in
dence of 1T, for BaCyV,Og in terms of a suitable model. SrCu,04(S=1/2) is 50 K higher than 3/&¢ and Al/Tl is 80
However, we shall discuss some of the theoretical modelg |ower than that of 3/2g in case of CayOs(S=1/2). In
which were successful in explaining the behavior oTlih  the present case of Bag,Og, however, Ay is 58 K
some 1D spin chain compounds having similar topologicakgher. |t may be mentioned that I/ did not show any field
configuration like BaCyV,0g. For example Troyeet a!.lg dependence measured in the field 275-150 K and 7.0
had calculated 1, for an AF Heisenberg ladder witS  oq15. However, the importance of the spin diffusion could
=1/2.Instead of simple activated behavior,Tfollows the 5t pe ascertained as the field dependence was done in a very

relation limited range of temperature. On the other hand, thig
39°A? shows a close agreemefutithin 7 K) with the relation
(T)t= 1661712exp(— A/T)[0.80908 - Ifw,/T)] (7)
AllTl = 1.7%3, (9)

in the temperature range,<T<<A. In addition to the usual L 2
exponential drop there is a logarithmic divergencedp S Proposed by Kishine and Fukuyarhior weakly coupled

Inset of Fig. 5 shows the linear relation of l/with T indi-  He€isenberg _sp|r(88:1_/2) chains in terms of Majorana fer-
cating the existence of an energy gApbetween nonmag- ™Mion excitationg® This theory.demo_nstrate that not only the
netic ground state and magnetic excited staiesbtained by triplet process but also the tnplet—smglgt process contributes
fitting the relaxation data to Eq7) is 380 K, which is con- {0 the 1/T; through the hyperfine coupling. The temperature
siderably higher thads, obtained from the shif215+5 K) ~ dependence of expAg) due to the triplet process is
and susceptibility dat&230+5 K). Thus the value of\yr, predominant in 1T, at low T, while at highT, exp(-3As)
obtained from the relaxation data differ appreciably from thedu€ t0 the triplet-singlet process is predominant. Then
shift data though the measurements were dong<aft. It their crossover gives rise to an apparent dependencg of
may also be pointed out that such deviations were also otfXP(~1.73) in 1/T;. They have shown that the increase in
served in case of Haldane gap antiferromagnets having ladh@ interchain exchangé, reduces the magnitude of the
der structures, such as,BaNiO,,!® CaV,0s,2° SrCu0s,2t ratio Ayr, /As. The presence of a weak interchain exchange
and AgVRSg.22 On the other hand, comparable gap valuesn BaCwV,Og is already established from the present NMR
were obtained from susceptibility andT/in organometallic ~ fesult through the observation of nonzero shift at thesite
compound NiC,HgN,),NO,CIO, (NENP).23 co_nnecting two consecutive chains. F_inaIIy,_ it may _be
Various types of excitation processes can contribute to th@ointed out that the theory of nuclear spin-lattice relaxation
nuclear spin-lattice relaxation, as well as the low lying exci-ar€¢ available for uniform AF spin chain for S=1 and S
tations with differentg modes in the Brillouin zon& It has ~ =1/2 ladder system which exhibit spin gap. However, the
been shown earlier by Sagt al.?* that for integer spin 1D Same is not available for gapped alternating spin chain com-
antiferromagnets, which exhibit Haldane gap, the dynami@ound withJ, ~0.
fluctuations neag=0 provide dominant contribution to T{ Figure 6 shows the temperature dependencéTer) !/
for T<A, despite the strong short range AF correlations aKiso Which remains constant above 75 K, but decreases con-
q=m/a ThusA(q) in Eq. (6) can be replaced b#(0), which siderably below this temperature, which is much lower than
is determined accurately from the shift data, that probes thée gap energyA). This behavior demonstrates that the local
uniform spin-spin correlation. However, this situation is sig-dissipative susceptibility”(q, w,), sampled by(T,T)™*, has
nificantly different in case of half integer spin chain, wherestronger temperature dependerice., exhibits a larger gap
spin fluctuations neag=w/a play the dominant role in than the uniform susceptibility’(q=0,0,=0), sampled by
1/T,.%5 Kisor Whereas, above 75 K, both the static and the dynamic
The puzzling discrepancies in some cases for the value gfusceptibility follow the same temperature dependence re-
the energy gap obtained from Knight shift—susceptibility datasulting in an almost temperature independent behavior of the
on the one hand, and I{ on the other was successfully ratio (T,T) Y/ Kis. Such a behavior was also observed in the
removed by Damle and Sachdé&From the knowledge of Haldane gap compound,BaNiOs near a temperature which
space and time dependent two point correlation function ofs close to the gap parametér.
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10 ' ' ' ' ' spin components as found from NMR in a similar type of

1 compound (VO),P,0; and there exists a nonmagnetic

sl 1 4 ground state. The temperature dependence of shift above 120

\f i K follows the behavior ofy(T) proposed by Hatfield for

i 2 i alternating chain model. While below 80 K, it follows the

61 i 7 expression foryg, of a one-dimensional chain with a spin

o gap,A. Its value 215+5 K, determined from the shift data of

1 T L V; and V, is smaller than that derived from the magnetic
v, Tz susceptibility(A=230 K). The hyperfine field for Yand \,

e sites are 24.6 and 14.4+1.0 kQgy, respectively, with a ra-

2 § tio of 1.7 between them. Thus the exchange péih)

Cu-0-V,-O-Cu, which was not considered in the analysis of

o . . . . . the susceptibility data, may have some role in the magnetic

0 50 100 150 200 250 300 properties of BaCyV ,0s.

T(K) The spin-lattice relaxation times for both the sites are
identical throughout the range 40-300 K. It follows an acti-
vation behavior and provides a gap parameier380 K,
which is much higher than that obtained from shift data. The
temperature dependence @, T)™* is more prominent than
IV. SUMMARY that of K¢, below 75 K. Moreover, 1T, did not show any
field dependence in the range 75-150 K at 2.1 and 7.05 tesla.
Since the field dependence has been made in a small tem-

erature range, one cannot rule out the importance of spin
usion in this system and therefore, further experiment is
needed to account for the large difference betwgn and
r‘és in BaCwV,0g, a spin half alternating chain compound
with weak interchain coupling.

1T TKig)

2y

FIG. 6. (Color onling Temperature dependence of(T{TKis,)
corresponding to Yand V; sites of°’V NMR.

°ly NMR studies in quasi-one-dimensional alternating
chain compound BaGV,Og reveal the existence of non-
zero spin densities at both the vanadium sites, and hence t
participation of VQ tetrahedra to the intrachain and inter-
chain exchange interaction. A sharp decreas&;gffor V,
site, below 200 K, provide a clear signature of the reductio
of CU?* spin susceptibility within the chain. On the other
hand, almost unaffected linewidth and half the magnitude of
Kiso With comparatively slower rate of reduction in its mag-
nitude below 200 K for the line corresponding to the site, We are thankful to Professor R. Vogt and Professor B. G.
indicate a comparatively weaker exchange path in betweeGolovkin for sending the detailed structural information for
the chains. Furthermore, there exists unique hyperfine colBaCuV,0s. We also thank to Professor A. Poddar for taking
pling constants over the whole temperature range for eacthe susceptibility data. We are also thankful to D. J. Seth for
vanadium site. The shift data further confirms that there igechnical assistance during the NMR experiment. Finally we
only one spin component in this compound rather than tware thankful to S. N. Dutta of Liquid helium plant.
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