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Transferred hyperfine interaction and spin-lattice relaxation time for *3Cs
in a Cs,CoCl, single crystal
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We investigated the transferred hyperfine interaction due to transfer of the spin density fronf thielCw
the Cs ion in a CsCoCl, single crystal. The transferred hyperfine interactibipg could be expressed by the
linear equatiorH=[0.63T+29.05 (Oe); thus,H increased with increasing temperature. Also, 1f€s
spin-lattice relaxation time in this single crystal was measured in the temperature range of 4.2—300 K. The
temperature dependence ofT1/ could be described by the approximationTql#[—9.55T +(3.22
x10%)] (s 1). The relaxation behavior df°Cs in a CsCoCl, single crystal could be explained by the direct
process of scattering from a single phonon. From these results, we know that the relaxation rate is proportional
to the square of the transferred hyperfine field.
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I. INTRODUCTION Il. EXPERIMENT
Tetrahedra cobalt compounds exhibit several characteris- The single crystals of GEoCl, were grown at room tem-

tics at low temperatures which make them ideal candidategeratufr%fgm ag gqu?glﬁ SOl_lleon ofa stglcmomletrlc mix-
for magnetic studies. The experimental results for the hed!l® of CsCl and CoGl6H,O. The prepared samples were

capacity and magnetic susceptibility suggest that the conPProximately 6<6x3 mn in size. _

pound CsCoCl, undergoes a significant magnetic exchange, Nuclear magnetic resonance signals ?OQ'?CS in the
and there is evidence that this exchangeX¥like in ~ CsCoCl, single crystal were measured using a homemade
charactef”® Furthermore, heat capacity results at lower tem-pulse NMR spectrometer. The static magnetic fields were
peratures confirm GEoCl, to be an example of axY linear 4.70 and 1.43 T, and the frequency of the reference solution
chain? In this material, heat capacity measuremétftindi-  (CsNG;) was set atwy/27m=26.232 and 8.002 MHz, respec-
cate the existence of a long-range magnetic transitiofat tively, for the *¥3Cs nucleus. Thé3®Cs NMR spectra were
=0.935 K. obtained by using the Hahn echo sequetwe®-7), where

The room-temperature structure of C®Cl, was deter- m/2=3.0us, 7=6.0us, and7=100us. The sample tem-
mined by means of x-ray diffractiohnCs,CoCl, single crys-  peratures were maintained at constant values by using he-
tals have an orthorhombic structure of #eK,SO, type and  lium gas flow and a heater current, giving an accuracy of
belong to the space grolgmamwith four molecules per unit *=0.1 K.
cell. The lattice parameters age=9.737 A, b=7.392 A,
andc=12.972 A at room temperatu?eThe structure con- IIl. EXPERIMENTAL RESULTS AND ANALYSIS
sists of C§ and tetrahedral Co@l~ ions. The Cs and Co
atoms, as well as two Cl atoni€l(1) and Cl[2)], all lie in
mirror planes. The Co-Cl distances in the CgCl tetrahe- Figure 1 displays the variation of the magnetic suscepti-
dron are essentially identical, with four Co ions surroundedbility x of a Cs$CoCl, single crystal as a function of tem-
by tetrahedra of Cl atoms. This is similar to the tetrahedraperature. The-T measurement was carried out under a mag-
cobalt salts CgLoCk, CsCoBr;, and RRCoCE.>°1In  netic field of 4.7 T. The weight of the crystal used for the
the structure of C<CoCl,, there are two types of inequiva- susceptibility measurement was 0.108 g. At temperatures
lent Co-ion sites. The lattice constants B=0.3 K area  higher thanTy, the magnetic susceptibility shows a typical
=9.71A,b=7.27A, andc=12.73 A3 paramagnetic behavior.

The purpose of current investigations was to study the The seven-line structure of tHé°Cs NMR is a result of
transferred hyperfine interaction due to transfer of the spithe quadrupole interaction of th&3Cs (I=7/2) nucleus.
density from the C&" ion to the C$ ion in Cs,CoCl, single  Only one set of seven lines was obtained for the NMR spec-
crystals grown by using the slow evaporation method. Alsofra of Cs even though there are four Cs nuclei per unit cell.
we measured the temperature dependence of the spin-lattidée position of the central line fo**Cs in CsCoCl, at 4.7
relaxation timeT ; for 133Cs NMR in a CsCoCl, single crys- T was v=26.242 MHz. The Cs spectrum is displaced by a
tal. The measured relaxation rate was found to be propomaramagnetic shift to the higher-frequency side relative to
tional to the temperature in the investigated temperaturéhe reference signal obtained for th&Cs line from an aque-
range. The relation between the transferred hyperfine intelus solution of CsN@. This shift from the*3Cs signal ob-
action and the relaxation rate &tCs in this crystal, as dis- tained with respect to the reference solution is related to the
cussed here, is a new result. transferred hyperfine interaction of the Toions in the

A. Transferred hyperfine interaction of ***Cs in Cs,CoCl,
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FIG. 1. Temperature dependence of the magnetic susceptibility FIG. 3. Transferred hyperfine field of Cs in a;CeCl, crystal
in a CsCoCl, crystal. as a function of temperature.

Cs,CoCl, crystal. The paramagnetic shift of the Cs signal incréased linearly with increasing temperature, and khe

a CsCoCl, single crystal as a function of temperature is data in the paramagnetic phase could be expressed by using
shown in Fig. 2. The paramagnetic shift increases with dethe linear equation
creasing temperature and is strongly temperature dependent. Ho —AT+B @
The paramagnetic shift is a direct measure of the transferred hf :

hyperfine interaction, and the most important aspect is theshereA=0.63 (Oe K') andB=29.05 Oe.

change in the slope of the magnetic susceptibility versus

paramagnetic shift curve, which indicates the temperature B. 13%Cs spin-lattice relaxation time in C$CoCl,
dependence of the transferred hyperfine interaction. The de- . . 3

pendence of the transferred hyperfine field on the molecular The relaxation time of*Cs NMR was measured at the

susceptibility is given by the following expressib frequencyr=8.006 MHz Bo=1.43 T) by using a saturation
recovery pulse sequence, whérgwas obtained by saturat-
Hp= (o xp)Npg - (1)  ing all the transition lines. Thus the traces of the magnetiza-

tion in the temperature range investigated were well de-
Thus the transferred hyperfine field can be obtained from thecribed by a single-exponential function. The spin-lattice
relation between the paramagnetic shifand the molecular relaxation rate ®/(1/T;) was determined from a fit of the
susceptibilityyy . HereH,, is the static hyperfine fieldyis  recovery pattern given by the following equatitit®
Avogadro’s number, angg is the Bohr magneton.
The transferred hyperfine field 8#°Cs in CsCoCl, was S(%) = S(t) = S(0)exp( — 2Wt) = S(»)exp( —t/Ty), (3)

obtained over a wide temperature range as sh(_)wn i_n Fig. %vhereS(t) is the nuclear magnetization at tirf2. The tem-
The measured value of the transferred hyperfine field Waﬁerature dependence @, * of Cs in a single crystal is

Hp=202 Oe at 287 K. The transferred hyperfine field in'shown in Fig. 4. Tha, of 13%Cs in CsCoCl, showed a short
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FIG. 2. Paramagnetic shift of Cs in a LLOCl, crystal as a FIG. 4. Temperature dependence of the spin-lattice relaxation
function of temperature. rate T, * for 13Cs in a CsCoCl, single crystal.
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relaxation time of 1.42 ms at room temperature, and the 4
T, ! slowly decreased with increasing temperature. The rate
appeared to be proportional to temperature in the tempera:
ture range 4.2—300 K, so thg, ! data for Cs in this tem-
perature range could be described by using the linear equa
tion '

1

T, '=CT+D, (4)

whereC=—19.55 (sK) ' andD=3.22x1C° (s) %
In many crystals, the interaction of the nuclear quadrupole
moment with lattice vibrations is a vital relaxation mecha-
; ; ; 1 1
nism for nuclegr spii=1. The cpuﬂlgng can generally be 0, 30000 20000
written as a spin-lattice Hamiltoni&!

T," (ms)

H=3F@A@®, (5) Hy*(Oe)

whereF (@ andA@ are the lattice and spin operators, respec- FIG. 5. Correlation between the relaxation ratg * and the
tively, of orderq. The lattice 0perator§(q) (hereafter, we square of the transferred hyperfine field.
will omit the index g, for brevity) can be expanded as a

- ter. The shift of the resonance lines in paramagnetic
function of the stress tenser Cs,CoCl, may be due to hyperfine interactions between the
F=Fo+F,0+F,02+Fz03+--. (6)  mMagnetic moment of the Csnucleus and the G0 ions. The

parameters for the transferred hyperfine field '81Cs in
At temperatures far below the melting temperature of thgsaramagnetic GEoCl, were obtained, and the transferred
crystal, we can expect the thermal stress to be small, so onlyyperfine field could be expressed by the linear equation
the first few terms in Eq(6) are important. The terrfr,o H,;=[0.63T+29.05 (Oe). Also, theH, due to transfer of
represents the absorption or emission of a single phédien  the spin density from the G4 ion to the C$ ion increased
rect process The next ternF,o? indicates the emission or ith increasing temperature.
absorption of two_ph_onons or absorption of one phonon fol- The relaxation process df%Cs for the CsCoCl, single
lowed by the emission of anothéRaman procegsin the  crystal was studied below room temperature. The tempera-
direct process, the spin-lattice relaxation ra{e* is propor-  tyre dependence of I{ can be described by the approxima-
tional to the square of the frequenay and to the absolute tjgn UT,=[—9.55T +(3.22x 10°)] (s 1). From the experi-
temperaturel for kgT/fiwo>1. On the other hand, the Ra- mental results, the relaxation behavior ¢fCs in a
man process allows for a relaxation rate proportionalto Cs,CoCl, single crystal can be explained by a direct single-
The linear dependence of the relaxation rate shown in Fig. 45honon process in the temperature range of 4.2-300 K. The
which can be described B, ~'=CT+D, is in accordance rejaxation rateT, ! is proportional to the square of the
with the single-phonon process of nuclear spin-lattice relaxtransferred hyperfine field, as shown in Fig. 5. The decrease
ation in the paramagnetic phase. in the relaxation rate is attributed to an increase in the hy-

perfine field. The result is consistent with the previously re-

IV. DISCUSSION AND CONCLUSION ported relaxation relatiof, ~ o HZ.2°

The magnetic susceptibility for @8oCl, single crystals
in the paramagnetic phase, which were grown by using the
slow evaporation method, was measured with a supercon- This work was supported by Korea Research Foundation
ducting quantum interference devi€8QUID) magnetome- Grant No.(KRF-2001-015-DP0181
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