PHYSICAL REVIEW B VOLUME 61, NUMBER 5 1 FEBRUARY 2000-I

ESR study of the ordering transformation in k-(BEDT-TTF ),Cu[N(CN),]Br
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Ordering transformation and its effect on the electronic structure ofxtHtBEDT-TTF),CUN(CN),|Br
organic superconductor was studied by measuring annealing induced changes in low temperature ESR spectra
and spin susceptibility temperature dependence. The transformation is shown to proceed through coexistence
of two phases. Besides resistivity decrease, ordering was shown to increase ESR spin suscégibility
about 160 K with a tendency for restoration of the temperature independent Pauli term. Gaplike spin suscep-
tibility behavior below 60 K is shown to develop only at some stage of ordering. These effects point to a
relationship between temperature dependent spin susceptibility in the salt and incomplete ordering.

INTRODUCTION EXPERIMENTAL

Single crystals of Br salt were grown by a standard elec-

Influence of the cooling rate on the superconducting trantrochemical procedure. Two samples were selected for ESR
sition temperaturd . of k-(BEDT-TTF),CUN(CN),|Br was study. They were single-crystalline platelets about 1.5
found in one of the first investigations after synthesis of thex1 mn? in size, differing in thicknesg0.12 mm, No. 1 and
compound-? Recently this effect has been the subject 0f0.05 mm, No. 2 T, of the specimens was 11.2 K, as deter-
numerous studies in the salt with both usugtBEDT-TTF  mined from the resistance transition midpointa 1 K/min
and deuterium substitutedgEBEDT-TTF moleculegwhich  cooling run.
we will subsequently abbreviate as Br and D-Br salts, ESR measurements were taken using a Bruker ESP 300E
respectively.>~® There is growing evidence that a proper cy- X-band spectrometer. A continuous-helium-gas-flow oxford
cling is important for electronic propertié4:°~8The effectis 900 cryostat was used, allowing quenching rates up to 200
related to the phase transition at 80 K, due to the orderK/min. Although precise control of the rate was difficult,
disorder transformation of the terminal ethylene groups obetween 50 to 200 K/min, no significant effect on the results
the BEDT-TTF molecule$.The ordering is in fact realized was observed. Since the resonator of the spectrometer is ther-
through a sequence of phase transformations in approxinally isolated from the sample room its quality factor does
mately the 60 to 90 K rangf. not change during measurements. This is supported by good

It is not clear at present, whether the influence of thisreproducibility of the ESR spin susceptibilify measured at
transformation on the electronic properties of the salt is limroom temperature both befofg;(290 K)] and after the ther-
ited to disorder induced change of scattering in electronidnal cycle. LinewidthW and y were determined by numerical
transporf1°In D-Br salt the transformation leads to a coex- integration of the spectrurif. The line shape was found to be
istence of two phases, assigned to magnetically ordered i-orentzian at high temperature in both samples. However, it

sulator and metal,suggesting its importance for the band changed to Dysonian at IOW temperature in the thicker
structure. sample No. 1 after slow cooling, suggesting sample volume

Contrary to resistance, spin susceptibiliis not sensi- screeningd.’ Therefore we mainly discuss the data for sample

tive to the scattering. In normal metglis independent of No. 2.

o2 e . Since the main aim of our work was to study the role of
temperature(Pauli spin susceptibility reflecting constant ) .
. ) thermal procedures, we used a geometry with a static mag-
density of states at the Fermi level. In contrast, temperatur

. Retic field normal to the conducting plaf@ong theb axis).
dependenty Wa_slgound in the Br salt by stafiand ESR | " i configurationW is essentially less than in tha
measurements;*® the origin of which is not clear at

. direction**®resulting in a higher signal to noise ratio fer
present. The reportegl(T) measurements, however did not |, aqgition, it was easier to align the magnetic field aléng
take into account the possible influence of the phase trangnan thec axis, for whichW was nearly the same. Our data
formations, which are sensitive to the thermal CyCIe. Study Of'neasured on slow Coo”ng Corresponded C|Ose|y to that pre-
spin susceptibility as a function of thermal procedure canjiously reported!'° The only notable difference was a
elucidate the role of the ordering transformation in the elecsmall gradual decrease jpon cooling from room tempera-
tronic properties of the material. Hence, the aim of this arture to 100 K, similar to that in static susceptibility
ticle is to study ESR in the salt as a function of samplemeasurements.
thermal treatment. The general idea behind the thermal cycles used was to
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FIG. 1. Temperature dependence of the ESR linew{diben 0.8———— T 1
symbolg and of the ESR spin susceptibilitglosed symbols nor- L No. 2 P e e S
malized by the value at room temperature before thermal cycles “ 25
xi(290), after slow coolingcircles and quenchingtriangles from 0.7F e e .
290 K. The data were taken in identical run on slow warmihg < /K/ Pl o
K/min) from 4.2 K. b /e /. p?/ o

N . 4/ / % o

. < 06, oo 60 1
alter the degree of ethylene ordering. It was decreased by = ¢ 26050
quenching from high temperature and increased by either = . ‘o o (1),2
slow cooling (0.5 to 1 K/min, or by changing the duration @ 939/ + 3
and temperaturel, of annealing within the 60 to 90 K 0.5y s 4 i
range® In both cases the states were characterized by their 0 Co
low temperature ESR spectftaken at 12 K to exclude from 200 40 60 80 100
consideration the effects associated with the superconducting (b) Temperature (K)

state, which are beyond the scope of this artieed spin
susceptibility temperature dependengéT) was measured : L
in a standard 1 K/min warming run from 4.2 K, hence any(a) and spin susceptibility temperature dependerie of the

. . . - uenched sample No. 2 with successive annealing at incre@iging
dn‘ference observed is due to the preceding cooling and/o?l) after initial quenching from room temperature to 4.2 (@)
annealing cycle.

followed by annealing at 50 K fo4 h and quenching at 4.2 K3)
followed by 4 h annealing at 75 K and quenching to 4.2 (&)
RESULTS AND DISCUSSION followed by 1 h annealing at 90 K and quenching to 4.2 K. Curves
2(a) and Xb) are not shown, since they are very close to those of
Figure 1 shows the temperature dependence of the ESRa) and 2b), respectively.
linewidth W(T) and of the normalized spin susceptibility
(taken on warminyg after quenching from 290 K and after thought that the BEDFTTF molecule and its orientation in
cooling at a rate of 1 K/min. In both samples after quenchinghe crystal mainly determine thg factor in organic charge
the line is narrow and symmetric. It remains symmetric afteitransfer salts! Hence, theg factor change could indicate a
slow cooling in No. 2, but becomes slightly asymmetric in change of molecular orientation in the lattice. However, this
No. 1. The difference iW(T) between quenched and slowly is not the only possibility. The temperature dependence of
cooled states is observed until entering the transformatiohoth the linewidth andy factor was discussed by Kataev
range, above about 60 K. It is difficult to follow the trans- et al,*213although the origin of this behavior is still contro-
formationin situ since the line is broad at this high tempera- versial. W strongly decreases with sample quenching. Since
ture. HoweverW is small at low temperatures, giving high ESR signal in this system is due to conduction electriiis,
resolution, which enables study of the transformation by fix-can be determined by the Elliott mechaniShin this model
ing its intermediate stages with quenching. For this purpos#&V is determined by the spin-lattice relaxation tiffig as\W
we used step-by-step annealing of the sample, quenched1/7T1=a(Ag)27'_l, wherev is the gyromagnetic ratiay
from room temperature. As shown in Figap curve 3, an- is a numerical factor of the order of 1/3Q\g=(g
nealing in the transformation range results in the appearance 2.0023) is the deviation of thg factor from that of the
of two distinct lines, representing two phases. The respectiviFee electron, ana ™! is a scattering rate of any origin, caus-
splitting is practically erased at the high temperature bounding relaxation of conduction electrons. Within this model
ary of the transformation randeurve 4. This result is quite  both theg factor andW are related to resistivity. Therefore
similar to the experimental observation in the D-Br$ahd  the difference in they factors could be due simply to the
is also in line with the ethylene ordering mod&predicting  difference in conducting properties. This seems to corre-
transformation through coexistence of two phases. spond to the parallel increase of bathand resistivity with
It should be noted that the line splitting of Figla2 di-  temperature. HowevellV decreases on quenching in sharp
rectly shows a difference ig factors of the two phases. It is contrast with the increase of resistivity. Another possibility

FIG. 2. Transformation of the low-temperature ESR spectrum
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to explain the decrease W is to assume an increase of the can influence the electronic system only indirectly, by either
Fermi velocity due to partial gapping of the Fermi surfacechanging the transfer integrals between the molecules or/and
(FS).* This idea seems to be in line with restoration of spinintroducing charge modulation through distortion of the an-
susceptibility upon increase of the degree of ordefisge  ion layer. The uniform increase of the interdimer transfer
Figs. 1 and ) below]. integrals can drive the system to the Mott transition from the
Figure 1 showsy(T) of the sample in the states with insulating to the metallic state on coolifdf the change of
strongly different orderingy(T) measured on warming after transfer integrals is periodic due to the superstructure, the
slow cooling resembles basically that obtained in static susmodulation can act similar to a charge density waeBW),
ceptibility measurements.Susceptibility decreases nearly provided the superstructure wave veajaneets nesting con-
linearly on cooling, approximately 20% decreaseydrom  ditions q=2kz somewhere at the Fermi surface. CDW-like
290 to 100 K, which is a little greater than the 15% decreaséehavior is also possible for modulation of the ion positions
reported in the literaturd.Figure 2b) shows the effect of within the anion layer. In the case of random change of the
annealing ony(T) in a temperature range, limited to that transfer integrals due to disorder, an Anderson localization
below and in the ordering range. In each cycle the data wasan be observed.
taken on 1 K/min warming to the next,. The annealing It is clear that lattice shrinking on ethylene ordering
induces gradual increase of the spin susceptibility. The gapshould be favorable for the Mott transition. Assuming that
like behavior is not typical for the quenched statarve 1. decrease on cooling is due to Mott transitbmcrease of
It evolves only at a definite stage of geneyahcrease upon ordering should then lead 8multaneousesistivity and sus-
annealing(curves 3 and % showing its close relation to the ceptibility decrease, which is in contrast to our observation.
ordering transformatiof’ 23 A decrease of resulting from partial decrease of the density
Actually annealing is influencing/(T) both below and of states at the Fermi surface is more consistent with our
above low temperature transformation rarigeg. 1). In the  data. In this model the susceptibility should be Pauli-like in
latter case the effect is mainly kinetic in origin and is causedhe disordered metallic state at high temperature and resistiv-
by existence of the sample in a thermodynamically nonequiity decrease should be accompanied by susceptibility in-
librium state. We checked that tempering of annealing increase, in line with our experimental observation.
intermediate states givegT) curves lying between the two
curves shown in Fig. 1. The curves coincide at approxi- CONCLUSION
mately 160 K, however, diverge _sllghtly above 200 K again. Phase transformation in the 60 to 90 K range in the or-
Comparison of the curves obtained after slow cooling and

. . : 2 anic superconductok-(BEDT-TTF),CUN(CN),]|Br pro-
after quenching actually gives the high temperature limit 0ff:}eeds through coexistence of two phases, in line with the

the stability of quenched phase. This limit corresponds ap rediction of the model for ethylene ordering. An increase in

proximately to 160 K, and meets reasonably the temperatu e degree of the ordering leads to a general increase of spin

:{ugit:gzlfge ordering change, as established in anneallngusceptibility. This observation points to a decrease in the
As We can see. by imoroving the order of the eth IenedenSity of states at the Fermi surface due to incomplete order
. » 0y IMp 9 : YI€N€5s one of the main reasons for the temperature dependence of

groups with annealingy of the sample can be increased.

Notably, the temperature range in which the difference iPn susceptibility.

observed is close to that in which incommensurate ethylene
superstructure was detected by high resolution NMR
studies> pointing to an interaction of the superstructure with ~ This work has been supported by CREST from Japan Sci-
the electronic systertat least below 160 K ence and Technology Corporation. M.A.T. acknowledges
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