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We report on magnetic susceptibility, magnetization, electric resistivity, and ESR experiments on single
crystals of the covalent-chain antiferromagnetic compoundsXjif¥ =S, Se. Collinear magnetic order with
strongly reduced moments sets inTa=196 K for TIFeS and atTy=290 K for TIFeSe, respectively. The
magnetic moments are oriented perpendicular to the chain direction. The temperature dependence of the
electric resistivity reveals semiconducting behavior for both compounds. However, high-temperature suscep-
tibility and ESR measurements strongly suggest a one-dimensional metallic character.
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. INTRODUCTION closely related to thallium-thioferrate [C2/m; a
=1.197 nm, b=0.549 nm, ¢c=0.711 nm, andB=118°
The magnetic properties of thallium-thioferrate are domi-(Ref_ 2] but has been much less investigatéebr compari-
nated by chains of edge-linked Fe&trahedra and hence son the analogous values forand 8 in TIFeS, have to be
reveal an almost one-dimensiondD) character. TIFeS recalculated as=0.672 nm angB=114°, because different
was originally described as a mineral ragunit by Laurentauthors chose different lattice vectors for the monoclinic unit
et al! and was later synthesized by Klepp and BSlmd by  cell) Heat capacity, magnetic susceptibifyand Mass-
Zabel and Rang&The crystal structure is monoclinic with bauer spectroscopy in polycrystalline samples of TlFeSe
space groupC2/m, with lattice parametera=1.164 nm,b (Refs. 11 and 1R have been reported revealing the one-
=0.531 nm,c=1.051 nm, and3=144.6°2 Alternatively,  dimensional magnetic character like in TIReS
in a nonstandardi112m representation, which we will use ~ These chain compounds are interesting because of a num-
throughout this paper, the lattice parameters readaas ber of reasons.
—0.683 nm,b=1.051 nm,c=0.531 nm, andy=98.6°3 (i) In these alloys Fe has nominally a valence ef 3wvith
Note thatb andc are interchanged with respect to 8&/m & ha!f—filledd shell with no spin-orbit coupling. _Hence, itisa
representation. For thel12/m representation the Fg$etra- half-integer spin system and_gapless excitations can be_ ex
hedra build infinite chains along theaxis. The chains ex- pected. The spin valuB=5/2 is large, and a classical spin

o : : . del should be applicable. E.g., the spin dynamics of
hibit relatively short Fe-Fe distances, exceeding the Fe-F 0 . .
distance in metallic iron only by less than 10%. Hence, BE;tramethyI-ammonlum manganese-chlorid#MC) have

. o . been well described within classical limits*However, co-
certain degree of itinerancy along the chains and concomi- e

. ; : . valence bondsand partly the itinerancy of the Fekelectrons

tant one-dimensional metallic behavior can be expected. Theeem to reduce the spin value sianificantl

chains are linked together by the larger thallium ions and® P 9 y:

form roughly a triangular lattice. While the iron ions along (ii) The chains form an almost regular triangular attice,
the chains, in addition to a direct Fe-Fe exchange, argleldmg frustration effects in the interchain coupling. Slight

. . . Cchanges of the monoclinic anglkcan remove the magnetic

coupled via a Fe-S-Fe superexchange, the interchain cou- . . . .

pling is mediated via Fe-S-TI-S-Fe superexchange and Celr[ltc(jarcham frustration and induce long-range 3D magnetic

tainly is much weaker. Minor structural differences and conO" ((Ia”r) The small Fe-Fe intrachain separation gives rise to

comitant different interchain couplings distinguish thallium- X P 9

thioferrate from the better known alkali-thioferraté&eS strong covalence 'effects.and Is expected to promote charge-
carrier delocalization. This effect should be especially domi-

S/Aas:ug,evﬁ%vvce?z e(f?—; srf?;?,:jegﬁﬁf, Ie?r aF\r)fjf.M:lgér%—lvlvr?erYasa—md nant in the sulfur compound, which reveals the shortest
' ? g ' Fe-Fe distance of 0.265 nm in these systems.

EC r\llsgltzrog;]sdce;\tltii%ngnrgsg Itsv\?é}zzf‘: I%a\lé?ogfean égtp;)”r;%d In this article we present detailed magnetic susceptibility,
Y Y ' magnetization, electrical resistivity, and electron-spin-

analysis of the magnon excitations the intrachain couplin . . ) )
has been determined ds- —55 meV, while the interchain i?]zoq.?ggggsa experiments on single-crystalline TIFeS

coupling in the almost regular triangular lattice amounts to

(J1+3,)/2=-0.29 meV andl3=0.13 meV. The weak in-

terchain exchange gives rise to 3D long-range magnetic or-

der belowTy=196 K2 Single crystals of TIF¥, (X=S, Se were grown by the
From a structural point of view, thallium-selenoferrate is Bridgman method from powder obtained by silica-tube

Il. EXPERIMENTAL DETAILS
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synthesi€>!® The melting point was roughly located at — T T T T T T
600°C and 500°C for TIFeSand TIFeSeg, respectively. L & 10kOe (SQUID) (a)TIFeS
The needlelike shape of the crystals indicates the one dimen ® 8.3kOe (Faraday) , 2
sionality of the structure. The constituent fibers are strong,

but they bend and can be separated easily. Fresh surface= 2
have a silver-metallic appearance. X-ray diffraction patterns g

were taken by means of a Guinier camera using KGu 5 0 100 200

radiation. No impurity phases have been detected. At roonm & j.: —— T aro~

temperature, x-ray diffraction measurements confirmed the @ B2 N\ T ]

C2/m monoclinic structure for TIFeSand TIFeSg o C . E N\ Hla / [ -
A commercial superconducting quantum interference de- = l Hila," 2, \a_ | /ﬂ/ Hlle

vice (SQUID) magnetometer from Quantum Design and a = Tnggn" = oS |

home-built Faraday balance were used to determine the sus = ‘_f

ceptibility and magnetization of the samples within a tem- 0 . | . | ] | ] | .

perature range 155T=<400 K. For technical reasons, the ) ! ' !

SQUID measurements of the single crystals were only per- s Hilc (b) TIFeSe,

formed with the magnetic field applied parallel to the chain _
direction. Nevertheless, the Faraday balance allowed us t"g
determine the complete orientation dependence. The dc elec £
trical resistivity has been measured with a standard four- 3 2
probe technique for temperatures ¥00<600 K. ESR de-

emu/

tects the power absorptioR,,s of the samples form a + . 200
magnetic microwave fieldh with frequencyw=2#7v as a o L l%h.\,‘_\ /_,-79??\
function of the static magnetic field applied perpendicular 77 Hila _*® Ea} ' ./H el 1
to the microwave field. The ESR measurements were per oy =i . E \Hlla /

formed in a Bruker ELEXSYS 500 CW spectrometer work- L1t ;\| 4 —m— a0k
ing atX-band frequenciesi~9.34 GHz) within a tempera- = \;;?/ ek
ture range 10&T<550 K using a nitrogen gas-flow 0 L 1 L I
cryostat(Bruken. To improve the signal-to-noise ratio, one 0 200 400

records the field derivative of the absorptid®,,/dH by
the lock-in technique.

T(K)

FIG. 1. Temperature dependence of the magnetic susceptibility
ll. EXPERIMENTAL RESULTS in TIFeS, (a) and TIFeSe (b) measured by Faraday balance for the
magnetic field H=8.3 kOe) applied parallel{) and perpendicu-
lar (W) to the chain direction and by SQUIDA: H=10 kOe,
The magnetic susceptibilities of TIFe@nd TIFeSg are  H|| chain. Insets: anisotropy of the susceptibility measured by the
shown in Fig. 1 as a function of temperature for the magneti¢araday method at liquid-heliumiY), liquid-nitrogen (&), and
field applied both parallel and perpendicular to the chainroom temperaturel), respectively.
direction. In these single crystals the chain axis, which cor-
responds to the crystallographicaxis (I112/m representa- crease on increasing temperature indicates the one-
tion), is the long axis of the needle-shaped samples. Thdimensional character for temperatures lower than the intra-
results have not been corrected for diamagnetism or parahain exchange interaction. However, the strictly linear
magnetic van Vleck contributions. The data are in goodncrease of the susceptibility up to 400 K is rather unusual
agreement with those published by Welz and Nishi forfor one-dimensional spin chains, which typically exhibit a
TIFeS,, but are extended to higher temperatures. susceptibility maximum at a temperature comparable to the
In both compounds the susceptibility exhibits typical fea-intrachain exchange. It seems that in this compound, via the
tures for one-dimensional magnetic systems undergoing a 3Btrong and direct Fe-Fe exchange, a fraction of dhelec-
antiferromagneti¢AFM) phase transition aty=196 Kand trons is close to delocalization. This behavior will be dis-
290 K for TIFeS and TIFeSeg, respectively. Below the 3D cussed in more detail below.
magnetic ordering temperature, as in classical antiferromag- The field dependence of the magnetization for Ti-a&d
nets, the susceptibility splits into parallel and perpendiculaiTlFeSe is shown in Fig. 2. At all temperatures investigated,
susceptibility components with the spin direction approxi-the magnetization increases almost linearlyHat 10 kOe,
mately along the crystallographi axis. The inset in each as is characteristic for antiferromagnets, if the field is applied
frame illustrates the angular dependence of the susceptibilitgerpendicular to the easy axis, reaching values as low as
in detail. BelowTy, y amounts values close to 2.5 emu/mol 0.001u for TIFeS, and 0.002 5 for TIFeSe at 50 kOe. The
with the field perpendicular to the magnetic momgaatrallel  nonlinearity at low fields reveals a slight “ferromagnetic”
c axig) and values close to 0.5 emu/mol with the field parallelcomponent of about 810 *ug, which most probably re-
to the momentparallela axis). For temperature$>Ty the  sults from a small nonzero amount(.1%) of iron-defect
susceptibility becomes almost isotropic, and the smooth instates in domain walls. This ferromagnetic component also

A. Magnetic susceptibility and magnetization
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FIG. 4. ESR spectra of TIFgSat different temperatures. The
FIG. 2. Field dependence of the magnetization along the chaisolid line represents the fit curve following Ed..
direction of TIFe$ (a) and TIFeSg (b) at three different tempera-
tures, two curves below and one abdkg for each compound. clearly reveal a semiconducting behavior, reaching values of
%050 cm for the specific resistance along the chain direc-
ion at low temperatures. In sulfide the onset of 3D antifer-
romagnetic order close to 196 K is indicated by a small
gnomaly in the temperature-dependent resistance. Both com-
pounds have been investigated up to temperatures of 600 K,
but the character of the resistance always remains semicon-
ducting dp/dT<0).

H(kOe)

explains the vertical shift, which exisits between Faraday an
SQUID measurements in Fig. 1. As the susceptibility was
determined byy=M/H, the field-independent ferromagnetic
component turns out to be stronger reduced at 10 kO
(SQUID) than at 8.3 kOdFaraday.

B. Electrical resistivity

The electrical resistance of both compounds has been in- _
vestigated and is plotted in Fig. 3. TIRe&nd TIFeSg C. Electron-spin resonance

Figure 4 shows typical ESR signals of TIReSAll
samples under investigation reveal a well-defined but broad
11-N >  TIFeS resonance absorption at resonance fieldss near g

. TIFeSe2

=holugHes~2. The signals are fitted by a single reso-
nance line of Lorentzian shafgeesonance fielH s, line-
width AH) with a slight contribution of dispersioa:

d d [AH+a(H-Hed AH+a(H+Hed

7Pabs°c7
dH AH\ (H—H9?+AH?  (H+H 92+ AH?2
D

Due to the large linewidth, we took into account both circu-
100 200 300 400 500 600 lar components at H,;and —H ., respectively. A nonzero
T(K) dispersion-to-absorption rati® describes the asymmetry of
the ESR line usually observed in metals, where the skin ef-
FIG. 3. Temperature dependence of the dc resistivity along théect drives electric and magnetic microwave field out of
chain direction for single crystals of TIFg@nd TIFeSg phaset®'’ But a nonzerax is also a hint at the admixture of
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FIG. 5. Temperature dependence of the ESR intensight —_ 0.50 ° o a °le ]
ordinate in TIFeS, compared to the static susceptibilifigft ordi- 8 °© o °© o
nate. Inset: ESR intensity of TIFeSdsolid circles. = i o o o b o ]
I = -
nondiagonal elements of the dynamic susceptibility to the < 0.45 © ° ¢ ° ©
signal, which is characteristic for linear-chain magriéts. | © o ° o J
The fit curves describe the data quite well at temperatures o o | o )
T>Ty. Nevertheless, one observes deviations in the wings 0.40 pe° | 00? : -
of the signal. At the Nel temperature, the resonance line ) ' ' '
strongly broadens and disappears due to the opening of th 0 100 200 300
antiferromagnetic excitation gap, which has been determinec angle(o)

for TIFeS by means of neutron scatteringas-4.5 meV at
100 K & However, an additional broad resonance line re_main_s FIG. 6. Angular dependence of resonance fialgper framg
visible down to the lowest temperatures. The Lorentzian fitynq |inewidth (lower frame in TIFeS, for the magnetic field ap-
of the second signal is poor because of its strongly distortegjied within the ab plane (solid squares and bc plane (open
shape. The existence of this second resonance line explaiggcles at T=400 K.
the observed deviations of the main resonance from a
Lorentzian shape above the ordering temperature. Estimaticsity is observed with increasing temperature from 300 K to
of its intensity yields the same order of magnitude as the400 K in agreement with the static susceptibility data.
main signal at high temperatures in agreement with the sus- Figure 6 shows the detailed anisotropy of resonance field
ceptibility measurements forH|a, where the zero- (upper framgand linewidth(lower frame in TIFeS, at 400
temperature value is found to amount to about 1/3 of theK for the static fieldH applied within both theab plane and
susceptibility measured @t,. Therefore we ascribe this part bc plane. Concerning thab plane, the angular dependence
of the ESR spectrum to the same small amount of ferromagef the resonance field exhibits a 90° periodic modulation
netic iron defects, which may be also responsible for thevith an amplitude of about 10 Oe due to the cubic crystal
residual magnetization observed Mi(H) even at tempera- field acting on the Fe spin&ominally S=5/2) within the S
turesT>Ty. tetrahedra. The linewidth follows a 180° symmetry, and the
Figure 5 shows the temperature dependence of the ES@istance between the maximum and minimum of the line-
intensity | esg of TIFeS,, determined from the twofold inte- width amounts to about 100°, which directly reflects the ge-
gration of the field derivative of the Lorentzian line in com- ometry of the monoclinic lattice with an angle=98.6° be-
parison with the SQUID data of the static susceptibility.tween a and b axes. Regarding théc plane, both the
Above the Nel temperature, the intensity reveals an ap-resonance field and linewidth show a 180° symmetry with a
proximately linear increase from 220 K to 550 K with a maximum inb and a minimum inc direction similar to
relative slope comparable to that observed in the static su€sFe$.!° The amplitude of the anisotropy amounts about 30
ceptibility. As the ESR intensity is proportional to the spin Oe for the resonance field and 100 Oe for the linewidth. The
susceptibility, this finding proves that all iron spins contrib- anisotropy of the resonance field observed inlieglane is
ute to the ESR signal. In TIFeSéhe linewidth at high tem- in qualitative accordance with the weak anisotropy of the
peraturesI > T\, is about 4 times larger than in TIFeR\s it  static susceptibility above),.
is nearly impossible to separate the main resonance from the The full temperature dependences of thealue, asym-
parasitic spectrum of the iron impurities with a similar line- metry «, and linewidthAH are summarized in Fig. 7 for the
width and intensity, we confine ourselves to the presentatiomagnetic field applied parallel to each of the three crystallo-
of the ESR results of TIFeS Nevertheless, as is shown in graphic axes in TIFeS At high temperatures, thg value is
the inset of Fig. 5, a monotonous increase of the ESR interalmost temperature independent and close to 2.0Mfoc,
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T T T v T T T microwave field. The asymmetry is larger if the microwave
field is applied parallel to the chain axis than if perpendicu-
lar. Such negativer values have nothing to do with the skin
effect but indicate the influence of the nondiagonal elements
of the dynamic susceptibility in low-dimensional magnets as
mentioned abové®

The linewidth exhibits a minimum value of 400 @850
Oe) near room temperature fét||c(a) and increases on in-
creasing temperature with a slope of about 0.7 Oe/K. To
lower temperatures the linewidth strongly increases and di-
verges atT=Ty. The full temperature dependence of the
linewidth is well described by

0.0 F

= +bT+ —.

AH=AHy+bT -1 2
5 0.2 The critical exponent for the line broadening négy is
found to be nea®=0.8 comparable t&#=0.5 in KFeS$.??
Such small critical exponents are often experimentally ob-
served in low-dimensional magnets in contrast to theoretical
expectations. This effect is ascribed to the increase of the
staggered susceptibility due to three dimensional antiferro-
1.2 | - magnetic fluctuations on approaching the phase trangition.

0.4}

IV. DISCUSSION AND CONCLUSION
0.8 F

The present single-crystal investigations of the Kge
(X=S, Se covalent-chain antiferromagnets by SQUID, Far-
aday susceptibility, electric resistivity, and ESR measure-
- ments well confirm the quasi-1D properties and the occur-
rence of collinear 3D order with moments pointing
perpendicular to the chains beloWiy~196 K and Ty

200 300 400 500 ~290 K, respectively. In the following discussion we will
T(K) try to give reasonable arguments that the Tl compounds seem
to be one-dimensional metals, although the resistance shows

FIG. 7. Temperature dependence of thealue (upper framg semiconducting behavior.
dispersion-to-absorption rati@ for H||b at two orientations of the As mentioned above, the single-crystalline samples con-
incident microwave fielch (middle frame, and linewidth(lower  gjst of thin fibers with a silver metallic gleaming. The crys-
frame in TIFeS, for the magnetic field applied parallel to the (515 416 difficult to treat, because they easily break into
three crystallographic axes. The solid lines are fits due t(Bq.  iaces. Hence, it is hard work to contact them for resistance

measurements. To prove one-dimensional conductivity, it
indicating a spin-only value and an almost complete cancelwould be necessary to probe the current within the fibers.
lation of orbital contributions, as is expected for a half-filled Due to the large separation of neighboring chains, a perpen-
3d shell. ForH|c, one observes a slightly shiftegvalue of  dicular current flow is impossible. However, defects and me-
about 2.025, which also remains constant at high temperashanical breaks in the chains are inevitable and therefore
tures. The averaged value g=~2.010, slightly above the obviously dominate the conductivity, resulting in an increas-
free-electron value, is typical for Bé tetrahedrally sur- ing resistivity with decreasing temperature. This idea is in
rounded by sulfur ions and is in agreement with the valuesigreement with Nishiokat al.,>* who predict the alkaline
observed for F& in ZnS (@=2.019) (Ref. 20 and KFe$  compound KFeSto be metallic on a microscopic scale de-
(g=2.025) (Ref. 21). These authors attribute the observedspite macroscopic semiconducting behavior. For this reason,
positive g shift to result from the covalency of the Fe-S resistance measurements do not seem to be reliable and it is
bonds. necessary to look carefully for hints on metallic behavior in

Approaching the Nel temperature from above, the reso- the other measured properties.
nance shifts to loweg values, indicating short-range order = Comparing the spin susceptibilities of TIFeSand
effects. The dispersion-to-absorption ratioshows a quite TIFeSe obtained by SQUID and ESR measurements to that
analogous behavior, starting at a nearly symmetric line shapef the related alkaline compoundsFeS (A=K, Cy), it
at high temperatures and developing an increasing asymmaidrned out that they are quite similar in temperature depen-
try near the ordering temperature. It is interesting to note thatlience and magnitudéabout 2<10~% emu/mol at room
the asymmetry depends on the orientation of the incidentemperature However, the alkaline compounds reveal a sus-

AH(kOe)

04

014433-5



Z. SEIDOV et al. PHYSICAL REVIEW B 65 014433

TABLE I. Comparison of intrachain Fe-Fe distandéFe-Fg,  The increase of delocalization should also lead to the en-
ordered momen,q4, susceptibility maximunT 4, and intrachain - hancement of the metallic character in the Tl compounds,
Heisenberg exchangkfor S=3/2 in AFeS (A=K, Cs, T. making them one-dimensional metals.

Up to now, only a few works have been done in the field
of S=3/2 antiferromagnetic Heisenberg chains like, e.g.,

Compound  d(Fe-Fe (nm)  mog(sg)  Tmax (K)  I(meV)

KFeS, 0.270 2.43 565 ~10 CsVCk,?® which are just at the borderline between quantum
CsFe$ 0.271 1.88 800 —15 mechanicalS=1/2 chains and classical chains with large
TIFeS, 0.265 1.85 1600 -29 spins S=5/2. By means of the density-matrix

renormalization-group technique, Hallbexgal. have shown
that theS=3/2 chain belongs to the same universality class

ceptibility maximum, which is typical for one-dimensional as theS=1/2 Heisenberg chaiff. From this point of view it
antiferromagnetic Heisenberg chains, Bt,=565 K for ~ should be sensible to compare the experimental results to
KFeS, and T,,5,=800 K for CsFe$, whereas the Tl com- @analogous findings i§=1/2 chain;: A quite simil_ar pehavior .
pounds exhibit a continuous linear incredsp to 600 K for ~ has been observed in the series of organic linear-chain
TIFeS) and do not show any tendency for saturation. Welztetramethyl-tetrathia fulvalen (TMTTEX and tetramethyl-
and Nish? estimated the positiofi o, of the susceptibility ~tetraselena fulvalen (TMTSEX compounds with, e.g.X
maximum for a Heisenberg chain, =PF;, Asks, and Br?’ The degree of delocalization of the
charge carriers can be tuned by either hydrostatic pressure or
chemical composition. The sulfur compound (TMTE}Fk;
shows charge localization and hence semiconducting behav-
HlD:_ZJZ SSi+1 3) ior along the chains. Its susceptibility reveals a maximum
near 300 K. In contrast, the selen compound (TMT5HR
is a one-dimensional metal and its susceptibility increases
using the exchange constahobtained from neutron scatter- monotonously within the accessible temperature range. Tak-
ing for both a classicalS=0.93 spin chain withJ= ing into account the delocalization of the electrons, the sus-
—55 meV and a quantum spin chain wit=3/2 for a  ceptibility was fitted satisfactorily with an exchange coupling
renormalized)=—29 meV. For the classical chain they cal- |J|/kg=700 K. Hence, as in the case of alkaline and TI
culated T ,,~0.955%|J|/kg~520 K in comparison tdl,,,  compounds, the metallic behavior is accompanied by the in-
~1600 K for the quantum spin chain, where the maximumcrease of the exchange integral.
is approximately given by Unfortunately, it was not possible to describe the strong
linear increase of the susceptibility in TIFeBy the same fit
like in (TMTSF),PFR; because that theory does not take into
Tmax=4.79J|/kg . (4)  account the dimerization which is obviously present in
TIFeS,. As we can see from comparison of the susceptibili-
ties in KFe$ (undimerized and CsFeg (dimerized, the
From our measurements up to 600 K, the first possibility cariimerization yields a clearly larger temperature variation be-
be ruled out, and a description of the high-temperature susow the susceptibility maximum with respect to the undimer-
ceptibility (T>Ty) in terms of aS=3/2 quantum spin chain jzed case. However, the dimerized chain is only treated for
seems rather likely. localized spins and strongly deviates from linear behavior.
Tiwary and Vasudevdnanalyzed the susceptibilities of Hence TIFe$ is found between these cases of a dimerized
the alkaline compounds within the model ofSe= 1/2 spin  chain with localized spins and an undimerized chain near
chain. However, the ordered moments of the alkaline comgelocalization.
pounds found at low temperatures are slightly larger (23 In conclusion, we presented an experimental study of the
for KFeS) than or nearly comparable (1,88 for CsFe$)  quasi-one-dimensional antiferromagnetic chain compounds
to the ordered moment of 1.85 in TIFeS,. For aS=1/2  TIFeS, and TIFeSg by means of susceptibility, resistivity,
chain, the ordered moment is expected to amountgg.l  and electron-spin resonance. Both compounds reveal a semi-
Therefore, we suggest that the alkaline compounds have feonducting behavior in the resistivity measurements,
be treated a$=3/2 chains as well, which is in agreement whereas due to their magnetic properties, they seem to be
with the work of Welzet al® on KFeS. Then the exchange one-dimensional metals. The main argument for metallic be-
constants can be estimated like in TIFd®m the suscepti- havior is the temperature dependence of the magnetic sus-
bility maxima according to Eq(4) as J=—10 meV for ceptibility and ESR intensity, which both increase linearly
KFeS andJ=—15 meV for CsFe§ respectively. Table | from the Nel temperature up to the highest temperat6o
resumes the Heisenberg exchadgs# the three sulfide com- K) accessible in our measurements and do not show any
pounds due to the model of$= 3/2 antiferromagnetic spin tendency for saturation. Comparing this behavior to the one-
chain together with the intrachain Fe-Fe distance. The redudimensional organic (TMTTEX and (TMTSF}X com-
tion of the Fe-Fe distance by 2% from KFe® TIFeS pounds, we argued that a shift of the characteristic antiferro-
increases the exchange interaction by a factor of 3 and thereaagnetic spin-chain susceptibility maximum to very high
fore indicates a strongly increasing degree of delocalizationtemperatures is closely related to an increasing intrachain
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