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Observation of a low-symmetry crystal structure for superconducting MgCNg by Ni K-edge x-ray
absorption measurements
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The local atomic structure of MgClhas been determined over the temperature range of 3 to 300 K by Ni
K-edge x-ray absorption fine structure measurements. No anomalies were observég-ne#. However,
below T* ~70 K the symmetry of Nj octahedra is lower than the cutfan-3m determined by conventional
diffraction measurements. We suggest that the onset of local distortions could be closely related with removal
of the degeneracy in the electronic states dominated by tlielldhds. The results are discussed in relation to
nuclear magnetic resonance, x-ray photoemission measurements, and the superconductivity.
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[. INTRODUCTION distribution of charge and/or spin governed by the strength of
Ni-C  hybridization, Coulomb, and electron-phonon
The recently discovered MgChintermetallic compound  interactions. It is possible that the charge/spin distribution
with superconducting transition temperatufg~7 K (Ref.  within Ni-C bonds is not periodic. In fact, neutron diffraction
1) would not have been viewed as a likely candidate forrefinement®? did not reveal lattice distortiondong range,
superconductivity. The conduction electrons are derivedvhich might be associated with charge density waves
from partially filled Nid states, which typically leads to fer- (CDW's), nor long-range antiferromagnetié&\F) ordering,
romagnetism in metallic Ni and many Ni-based binary al-which is constituent to spin density wavé€SDW’s). How-
loys. The electronic structure of MgCNivas studied using ever, upper critical field measurements suggests a very short
local density functional calculatiofs® The states near the coherence lengtlj~45 A (Ref. § that is clearly on atomic
Fermi level were found to be dominated by tlicharacter. length scales. Therefore, it is worth investigating MggNi
However, the Stoner factor is strongly reduced compared tfor formation of local charge density wavéisCDW's) and
that in pure Ni due to hybridization with C and is not large local spin density waved. SDW's) by using local-structure
enough to induce a ferromagnetic ground state. Neutrosensitive techniques. Recent results of nuclear magnetic reso-
powder diffraction®® showed no ferromagnetic ordering nance(NMR) (Ref. 9 are consistent with enhancement of
down to 2 K. spin fluctuations as the temperature decreases. The work re-
The crystal structure of Mg@li; is the simple cubic per- ported here is undertaken to determine whether or not there
ovskite structure, space gropm-3m,>83:60 and the lat- are any local structural distortions in MgGNas the signa-
tice parametera is 3.812 A at x~0.97 and ambient ture of possible LCDW'S/LSDW's.
temperaturé:%® The structure is a simple perovskite with ~ The experimental technique emphasized in this work is an
the carbon atom at the body-center position, surrounded by extended x-ray absorption fine structufEXAFS) which
cage of six Ni atoms at the face-center positions, with eighprovides local structural information on atomic length scales
Mg atoms occupying the cube corners. The lattice parametezbout selected atomic sites. Relevant to the present work, Ni
and the neutron scattering derived Debye-Waller factor&-edge EXAFS measurements have been undertaken. First
smoothly increase with temperature with no anomalies foundhree shells(C, Ni, and Mg were analyzed and the inter-
in temperature range of 2 to 295 % Perovskites often atomic distances and Debye-Wall@W) factors were deter-
exhibit symmetry-lowering transitions on cooling. Structuralmined in a broad range of temperatures between 3.2 and 300
anomalies could be ordered over a short range that is mudk. Once the structural data were extracted they were consid-
smaller than the coherence length of conventional diffractiorered in light of recent experimental observatibfis*aiming
measurements. Accurate information on theal structure at answering the following question$) Are there any struc-
of MgCNij is vital for the following reasons. As mentioned tural instabilities nearT.? (ii) Is there any other specific
above, the density of states in the vicinity of the Fermi leveltemperaturérange of temperaturgs/here structural changes
is dominated by Nid bands. Most of those bands are very take place®iii) Are there phonon anomaligsoftening of
narrow, since they do not disperse about many points of higlptical vibration mode or anharmonici®/(iv) Are there cor-
symmetry in the simple cubic Brilouin zofeDegeneracy in  relations between local structural changes and transport
the band structure could be lifted by small perturbationsproperties, showing that the structural changes are related to
such as an electron-phonon interaction coupling the degerlectronic properties?
erate states, or lowering of the symmetry from cubic through The experimental details and the results of fitting of EX-
a Peierls type transition. The covalent character of the Ni-GAFS data are given in Sec. Il. Neither the interatomic dis-
bond implies that though most of amplitude of the electrontances nor the DW factors showed evidence for anomalies
wave function resides on the N there might be spatial nearT.. However, broadness of all the above pair distribu-
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FIG. 2. Magnitude of the Fourier transforfRT) of y(k)*k® for
FIG. 1. x(k)*k® of MgCNi; from the Ni K-edge EXAFS at  MgCNi, at 3, 200, and 300 K. The data are transformed with a
3.2 K. square window between 3.3—-17.7 A The insert is to show a clear

. ﬁontribution due to Ni-C pairs.
tions, even at very low temperatures, prompted our searc

for possible local distortions from the perfect single-site dis-
tributions associated with cubiem-3m lattice. We begin

Sec. IV by introducing an anharmonic pair vibration poten-~ . . :
tial for Ni-Ni pairs and will be showing that the potential €19ht nickel and four magnesium atoitas shells at~2.2 A).

evolves from the double-welmultiple-well) below 70 K to I the simple cubic perovskite structure the Ni-Ni and Ni-Mg
the anharmonic single well above 200 K. The results ard0nd lengths are expected to be equal. More distank Ni-
discussed in relation to NMR(Ref. 9 and transport neighbors are evident in the low-temperature data. However,
measurements®to illustrate that the local distortions ob- they contain contributions of multiple scatterifigS) paths
served in this work is a signature of the LSDW's and/orand will not be treated in this paper.

LSDW's. The implications for x-ray photoemission measure- EXAFS from the Ni-Ni and Ni-Mg shells were isolated

ments as well as to the superconductivity are discussed. by back Fourier transfoimatio(BFT).to k space over the
range of ~1.83-2.87 A* (square window The resulting

Il. EXPERIMENTAL METHODS data were fit over the range of 4—15 A in terms of a two-
. . shell model, allowing the interatomic distances, DW factors,
A polycrystalline sample of MgCNiwas prepared at gnq energy shifts to vary freely while keeping Ni-Ni and
Princeton University as described in Ref. 1. Samples frO”Ni-Mg coordination numbers at 8 and 4. Amplitudes and
the same batch have been recently characterized by pOWdEHase shifts were generated by #eeF-6 codé? using the
neutron d8iffraction, four-probe r_esistivity, dc magnetizatton, crystalline structure from Ref. 1. Although a good fit was
tunneling;’ and nuclear magnetic resonan®MR) (Ref. 9 chieved, the Ni-Mg distance fell into a false minimum at
me_asuremenps that.en_able us to discuss the EXAFS results #ig5 & 150 long compared to 2.70 A predicted by diffrac-
a light of previous findinggSec. IV). tion. Therefore, we constrained the Ni-Mg bondlength to
The x-ray absorption spectra were measured between 3270 A |t should be mentioned that this constraint limits
and 300 K, with temperature monitored withir0.2(1.0) K = qsgible local distortions of Ni-Mg bonds to a single-site
below (above 20 K. Data were collected on beamline gisyipytion. However, it is still well-motivated in the
X-11A of the National Synchrotron Light Source, using a pxaFs analysis: Since the Mg is a light scatter, the Ni-Mg
Si(111) monochromator. The higher-energy harmonics wer.qnrinution is a very minor addition to the Ni-Ni signal for
suppressed by detuning the second crystal of the doublg- g & -1 (i.e., over most of the fitting range of 4—15 A
crystal monochromator on its rocking curve joof maxi- 414 for the DW factors above 0.0052Ain the fit of 3.2 K
mum intensity at-1 KeV above the edge. N-edge spectra  q415 where the lowest broadening is expected, the DW fac-
of MgCNiz and Ni metal foil were recorded simultaneously s for the Ni-Ni and Ni-Mg bonds were estimated at
in transmition mode. The latter were used to bring all data_q gog and 0.007 A respectively. Both values are in the
for MgCNi; on the same absolute energy scale, which Wa$ange wherer®k2>1 abovek~13 A~ ! and application of
calibrated by assigning =8333 eV to first inflection point pyy factorsalone is no longer accurate to reconstruct the
of the Ni foil. From two to five scans were collected for each pair distribution functiongPDF’s).
temperature to ensure reproducibility of the data. The \;oderate non-Gaussian disorder can be modeled by a cu-
EXAFS dg\ta were reduced according to the ‘;'t"’_mdarﬁinulant expansioh*!® The second cumulant is the conven-
prOCGdL_Jré‘._A typical x(k) spectrum weighted bk® is  (ional DW factor. The third and fourth cumulant€4 and
shﬁciwn in Fig. 1 demonstrating good data quality up to 17'7C4), if positive, give rise to a high-tail and symmetrical
A redistribution of the PDF's weight from its center into the
wings. In the EXAFS spectrun; affects the phase shift
d(K) = ¢o(k) —4/3k3C;, while C, rescales the magnitude
Magnitudes of Fourier transformeBT) y(k)k® at several ~ A(k) =Aq(k)* exp(2/X*C,). The Cumulant expansion con-
temperatures are shown in Fig. 2. The first and second peakerges rapidly, and therefore can be truncatedtht term

at about 1.6 and 2.2 A are due to single scattering of the
photoelectron by two carbon atortia shell at~1.6 A) and

Ill. RESULTS
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FIG. 3. Comparison of the Fourier-filtered dasmlid line) with 0.006 Ac?~0.0023A2 ]
model involving Ni-Ni and Ni-Mg pairs(dashed ling at 3.2 K. [P I PN BN B
Dot-dashed curve §c=211K, Ac?=0.0023 2, and C,=1.1 0 50 100 150 200 250 300

X 10°° A% provides a satisfactory fit for the entire temperature T&)

range. Parameters of the model are given in Table |. The BFT trans-

. X FIG. 4. Temperature dependence of Debye-Waller factor of the
form range is 1.83-2.87 A, square window.

Ni-Ni bond. Solid curve §e=211 K, Ac?=0.0023 &) provides a
satisfactory fit for the experimental dependence. As seen in the
provided thatk""2C, . ,<k"C,<1. Further through the fit, insert, the DW factor is unchanged acrdss

due to the reason mentioned above, the Ni-Mg distribution

modeled by a harmonic distributiolC(=0, for n>2). For  atT* <70 K rather than tending to zero &t-0 as expected
the Ni-Ni distribution, theC; andC, were allowed to vary. in a slightly anharmonic single-well potential. Both Ni-Ni
As revealed from Fig. 3, excellent fit to the filtered data wasand Ni-Mg pair distributions are surprisingly broad, imply-
achieved fora(®=C,=(6.3+0.5)x10 % A2, C3=(—0.5 ing alocal distortion from the perfect single-site distributions
+1.5)x10° A3 and C,=(1.1+0.3)x10 ° A% Cgs and associated with the cubiPm-3m lattice. Possible origins
Ces cumulants were found to be negligible. Structural param-and types of the distortions will be discussed in Sec. IV.
eters for several temperatures are summarized in Table I. As To analyze the Ni-C pair distribution, we started from
revealed from the fits, no significant changes in mean Ni-Niy(k) weighted byk. This emphasizes the Ni-C peak in the
distances were observed over the entire temperature rangel with respect to the Ni-Ni peak enabling the BFT ko
Extracted distances agree within the error bars with thosepace over the range 0£0.98—1.76 A(square window
derived from the diffraction data. The DW factor and cumu-Single-shell fits were done over the range of 4—14"AThe

lant C, increase with temperature as is shown in Figs. 4 andNi-C interatomic distance was found to be 1#90.01 A in

Fig. 5, with no anomalies nedr,. Except for 300 Kk*C,  the whole temperature range, in good agreement with the
<1, so that the cumulant series for Ni-Ni distribution is con-diffraction data. The carbon coordination number and DW
vergent over the range of 4—15 A Note, thatC, saturates factor are strongly correlated. The data can be nicely fit as-

TABLE I. Local structural parameters of Ni-Ni pair as a function of temperature. Further details of 35@1119. Numbers of Ni and
Mg neighbors are fixed at 8 and 4 in accordance with the diffraction data. The Ni-Mg interatomic distance is constrained to 2.70 A with only
a harmonic distribution considered. All bGy cumulants are found to be negligible for Ni-Ni PDF. For the ranges of fit of 4—15ik k
space and 1.83—2.87 A inspace, the allowed number of fitting parameters 18 Bhe total number of the parameters used in this fit is 6.
The estimated errors are0.01 A in Ni-Ni distance~10% in DW factor, and~30% inC,. The temperature dependence of the DW factors
and C, with error bars generated by the fit are shown in Figs. 3—5. The overall quality of the fit is illustrated in Fig. 3. Diffraction results
from Ref. a) are given for comparison.

Ni K-edge EXAFS Diffraction, Ref. &)

T (K) R(A) o (R? C,Xx10° (A% a(A) U, /U, (A?
3.2 2.68 0.0063 1.14 3.8065 0.0038/0.0050
6.0 2.68 0.0061 0.67
8.0 2.68 0.0064 0.83
20 2.68 0.0063 0.97 3.8066 0.0038/0.0048
40 2.68 0.0064 1.11
73 2.68 0.0068 1.15
120 2.68 0.0082 1.63
200 2.67 0.0103 1.80 3.8095 0.0049/0.0094
300 2.67 0.0136 4.30 3.8125 0.0061/0.0118
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i : : —_ | — s improves the quality of fit parameter, wh.ich accounts for
SE NN A number of degrees of freedom in _the f|t_. Therefore, Ni
Rk K-edge data do not provide supporting evidences for local
4F , J breathing-type distortions of the Ni-C bonds. An estimate for
ﬁ 5 NT,/ an upper limit for such distortions will be given in Sec. IV B.
T ook } K E IV. DISCUSSION
© l%ﬁ} ...... } } E Since electronic states at Fermi level are of mostly Ni
LT 3 d-type’ = we will focus on the Ni-Ni pair distribution. The
) R . /AN IS BN B positive C, gives rise to a redistribution of PDF spectral
0 50 100 lelg) 200 250 300 weight from its center to the wings. We note that the identi-

cal PDF is achieved when two equivalent Gaussian peaks are
slightly moved apart, signifying the trend towards a split of
Ni-Ni pair distribution. An accurate description €, vs T
would require detail information on lattice dynamic that has
not been reported yet. Alternatively, we adopted numerical
parametrization of the Ni-Ni PDFRef. 17 utilizing an ef-
fective pair potentialV/(r).18

FIG. 5. Fourth cumulant of the Ni-Ni distribution as function of
temperature. Above 200 K the cumulant follo@s (dashed ling
that is expectedRef. 19 for slightly anharmonic potentialV(r)
=o(r—ro)2+5p(r—ro)* with ¢>0 and ¢<0 (high-
temperature anharmonid\ote that the low-temperature points fall
well above the dashed line.

suming a coordination number between 1.4 and 2.2, suggest- A. Analysis of Ni-Ni PDF using anharmonic pair potential

1 o expectiat CXAPS s o Sersiuty oSS Tne NN PDF as a ron-Gaussian sha (s o
Further, we %xed tFr)le number of nearest-neighbo?&cart;ons témalb and Ni-Ni pairs move in anharmonic pair potential.
2.0 and extracted temperature dependence of the DW factoronSIderlng for simplicity a polynomial of degree four:
is shown in Fig. 6 by diamonds. For most points of interests
o®k2 <1, so that the harmonic approximation appears to .
be sufficient. The large absolute value of broadening +1/24¢(T)(r —rop) 1)

(NO'OOSZ. A at 10 K for the short !\li—C.diStance~1.9 A that is well suited for describing a broad range of pair motion
comes either from large Debye vibration frequency of thefrom almost harmonic single-wellgs y and > ) to es-

pair .(0D~516.K’ Qashed line in Fig_.)Gor from more than . sentially anharmonic double wellp<0 and ¢>0). The
one interatomic distances characterized by correlated motiog; ; pair distribution functiong(r) was obtained numeri-

of Ni-C pairs. To explore the latter, a variety of constramedca”y’ in a quantum approximation, using eigenvalugs) (

fits keeping the total carbon coordination number of 2.0 but . : _ : o .
allowing two different Ni-C bonds and corresponding two and eigenfunctions(;) of a stationary Schdinger equa

different DW factors were attempted. None of the modelstIon with the interatomic potentialV(r) (Ref. 18

W(r)=C+1/2p(T)(r—r)2+1/6y(T)(r —ro)*

0.014 T r W) |2 exp — E; /KT)
I Ni-Mg ng(f;(()zz A%-"HX 9= @
0.012 1 > exp(—E; /KT)
[ The model EXAFS function due to the Ni-Ni pairs was ob-
~ 0010 ‘# 7 tained as
« [ ]
% i A g(r)exp{i[2kr+25(K,ro) 1}
00081 ~ . X(k):N%Im{B(k,ro)J 5 dr,
ot iy ’
0.006 é, SRR 3
&} $- %}_ - ‘% -7 where the amplitud®(k,r,) and phase shifé(k,ro) were
0.004 Ll L ' calculated using theerr-6'% It was added to the model
0 50 100 Tl(;(.)) 200 250 300 EXAFS due to the Ni-Mg pairs and fit to experimental

EXAFS from the Ni-Ni and Ni-Mg pairs. The Ni-Mg struc-

FIG. 6. Debye-Waller factors of the Ni-C and Ni-Mg bonds vs tUral parameters, BFT window, and range of fit in kngpace
temperature. Both factors are unchanged acfigssThe Einstein ~ Were the same as in Sec. Ill. ThgT) and ¢(T) were al-

model with 6z=516 K andA¢?>=0 (dashed lingfits to the Ni-C

lowed to vary at each temperature point, while t{&) was

bond dependence. The temperature dependence of the Ni-Mg bos@t t0 zero because of the symmetry of the Ni-Ni PDF.

could be fit by an Einstein model assumirmig=288 K that is
shifted byA 0>=0.0022 .

Extracted temperature dependencieg ahd ¢ are shown
in Fig. 7. The polynomial reduces to a typical double-well
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FIG. 7. Temperature dependence of paramegeand ¢ govern- ¢
ing the anharmonic potenti@V/(r). The low-temperature region of FIG. 8. Comparison of temperature dependence of the excessive
¢ is shown reduced by factor of 10. Note the crossover in theébroadening obtained from EXAFS data by using E4). with the
potential parameters as one goes from low to high temperature réemperature dependence HiC Knight shift reported by Singer
gion, implying that a structural phase transition takes place someet al® Solid line representing a least square fit of merg() data
where betwee™* ~70 and 200 K. over the range of this figure matches #éT) dependence.

potential{¢<0, ¢>0, andC=3/2¢?/ ¢ [to keepV(ro+A) B. Estimate for Ni displacements
=0]} at T<70 K. Above 200 K the experimental data can- A yecent neutron diffraction study suggests anisotropic
not be described by the doubIe—we_II potgntlal. Instead, the fifotion of the Ni atom characterized by displacements that
returns¢ >0, $<<0, andC=0 that is a signature of anhar- 5re twice as large perpendicular to the C-Ni bond compared
monic single-well potential. Interpretation in the range ofg displacements along the bofitable ). Possible rotation
70-200 K is not straightforwardwhere the sample likely f Nj¢ octahedra has been put forwdrtlowever, it is note-
consists of at least two microscopic phasesd is a subject \yorthy that rigid rotatioralone does not broaden the Ni-Ni
of microscopic model that is beyond the scope of this papefistribution. To gain the distortions in Ni-Ni PDEye sym-
However, what is apparent from the Fig. 7 is that, the anharmetry ofNi, octahedra must be lowered tetragonal, ortho-
monic model exhibits a crossover behavior somewhere b&tombic or possibly monoclinic, and, therefore, the rigid ro-
tween 70 and 200 K. , _ tation must be combined with breathing or half-breathing
The crossover brings about an excessive broadening Qkiretching displacement modes. Our estimates for the pos-
the Ni-Ni pair distribution sible Ni atom displacements from their original position in
cubic Pm-3m are based upon the fact that the ultimate pur-
pose of EXAFS is to reconstruct PDF. Structural models hav-
AU&)ZJ g(f,W)(f—Uw))zdf—f g(r,V)(r—(ry))4dr, ing the same PDF’s must have same EXAFS functimes
Eqg. (2)]. We will simulate the Ni-Ni distribution determined
@ in sec. Il (Ry=2.68 A, N=8, +»=0.0063 &, and C,
=1.1x10"° A% at T=3.2K) assuming two and three
whereg(r,W) andg(r,V) are PDF’s calculated in the quan- groups of Ni-Ni distances. DW factors for slightly different
tum approximatiof Eq. (2)] for anharmonidWN(r) [Eq. (1)]  bonds will be considered the same and equal to the residual
and harmonicV(r)=K/2(r —r,)? potentials. The(r,) and  of purely dynamic part withdg~211 K [o(?(6z=211T
(r,) correspond to mean Ni-Ni distancesW{(r) andV(r), —0)~0.004 A%]. In this way our estimate yields typical
respectivelyV(r) represents a potential to which the high- splitting in Ni-Ni distances, which may be locally gained at
temperature anharmonic potentialV(r,T~200-300 K)  the expense oA¢(?~0.0023 & andC,~1.1x107° A%,
would have diverged if an anharmonic tergnwere disap- From Ni K-edge EXAFS analyzed up tRp,=15A"1
pearing with decreasing temperature. The spring constariRef. 17 we have placed upper limits for the Ni displace-
was evaluated from Fig. 7, as an averagep¢T) over the ments at~0.020.05 A for full (half) breathing distortions of
range 200-300 K, yieldingk =2.3+0.3 eV/A2. The exces- Ni-C bond and at-0.05 A for the displacements perpendicu-
sive broadening is plotted in Fig. 8 along with temperaturear to the Ni-C bond. Since the displacements are less than
dependencies of th&’C NMR Knight shift (open rhombs  thermal vibrations the potentials overlap forming a multiple-
reported by Singeet al® Within the error bars of the both well potential (the double-well potential considered in Sec.
experimental techniques the Knight shift is directly propor-1V A for simplicity).
tional to the excessive broadeningK(T)=«a Ao'g( (M
with a~6.7+0.4 A=2. The 3% (T) changes curvature from
positive to negative at about 120 (Ref. 9 that is in the
sameT range where the structural crossover takes place, Fig. It is instructive to begin with recalling major structural
7. Therefore, temperature dependence of the uniform spiresults provided by long-range order sensitive techniques and
susceptibility follows the temperature dependence of the exdetails of LDA calculations presumed long-range order peri-
cessive broadening somewhat below 120 K. odicity. Neutron diffraction measurements show that both

C. Exploring analogies between Ba_,K,BiO; and MgCNij
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Ba,_,K,BiO; (BKBO) (x>0.37) (Ref. 19 and MgCNj An observation of the local lattice distortioriSec. IlI)
(Refs. 1, €a)) have a cubid®m-3m unit cell in temperature  iMplies opening a gafor pseudogapand, therefore, a lower
range of 3—300 K implying that thegand Ni; octahedra are density of states in the vicinity of the Fermi energy than that
. . _4 . .
undistorted. LDA band structure calculations regard BkBoSStimated from the LDA calculatiorfs: High-resolution
and MgCNj as cubic metals those electronic states about th& 12y photoemission or reflectivity data are not yet available
Fermi energy are essentially @ (Ref. 20 and Ni d and are viewed as a critical test for LCDW's/LSDW's pres-
charactef~® Most of the energy bands do not disperse abou nce. '\'eW. LSDA calculqtions minimizing a.total energy of
many points of high symmetry in the simple cubic Brilouin h_e MgCN3 suppercell W'.th respect to the dlsplgce_ments of
zone? These diffraction and LDA results enable one impor-NI atoms are clearly motivated by the EXAFS findings.

o . Results of LDA calculations of MgCNi(Refs. 2, 3 sug-
tant qbservatlon. In .bOth compoundsl,ectr(_)mc states at gested that the conventional electron-phonon coupling is suf-
Fermi levels are dominated by partial density of states fro

o g icient to produce the observed,~7 K. However, the
elements constituting “perfect” octahedra and are degener—EXAFS data do not support two essential prepositions uti-

ate. The Jahn-Teller theorem asserts that a system having|gaq for theT, estimates, namely, assumptions(bfa per-
Qegenerate ground state will spontaneou;ly dgform to Iowq*ect and long-range orderg@lm-3m structure andii) har-
its symmetry unless the degeneracy is simply a Spifnonic lattice vibrations. The former underestimates the
degeneracy: This causes an energy gap between the degerhesting effects and, therefore, the charge/spin fluctuations
erate states to open up, lowering the electronic energy of th@at are enhanced through a spatial modulation ofl Nen-
system. sity of states for some segments of the Fermi surface. Charge
Local sensitive EXAFS measuremefitmdeed show that  and spin fluctuations could contribute to the pairing but they
the BKBO (x=0.4) structure is distorted frolm-3m, pos-  unlikely promote to the-wave pairing* considering in Refs.
sessing both tilting and breathing distortions of Bi-O bonds2 and 3. The latter cannot explain the excessive broadening
A pseudogap observed in reflectivity spectra is about 0.®f Ni-Ni pair distribution atT* <70 K that is not amenable
eV Both experimental observations are attributed to the¢o harmonic phonons. Importantly, the LCDW's/LSDW'’s oc-
LCDW's that are well known to replace the CDW's in parent cur at temperatures that are about 10 times larger Than
BaBiO; upon doping with K!° The present EXAFS study and, therefore, they might possess sufficient energy to medi-
clearly shows that in order to gain the observed distortions irdte the pairing of the light carriers. Along with conclusions
Ni-Ni pair distribution (below T* ~70 K) the symmetry of ©f tunneling’ and NMR (Ref. 9 measurements we cannot
Nis octahedra must be lower than culler3m. Combining rule out unconventional contribution to the pairing states.
EXAFS, NMR? and transpoff data we would like to point
out that the observation of structural, spin, and electronic V. CONCLUSIONS
crossovers between 50 and 200 K are consistent with forma- We have reported details of the local structure of poly
tion of LCDW'’s and/or LSDW's. The correlation between crystalline MgCN; in the temperature range of 3.2-300 K.

local distortions and uniform spin susceptibility has been es; i K-edge EXAFS shows that Ni-C, Ni-Ni, and Ni-Mg in-

tablished in Sec. IVA' Transport measurgnjents suggest th? ratomic distances are consistent with previous neutron dif-
apart fromT, there is another characteristic transport M-raction resultd. Neither the interatomic distances, nor the
peraturgT{; (or range of temperaturebetween~50—-140 K, cqrresponding Debye-Waller factors behave anomalously
depending on the measured response funcfidn§. Tem- nearT.~ 7 K within the errors bars of, respectively0.01 A
perature dependence of electrical resistivity exhibits changegnd +0.0005 & and the EXAES data being analyzed up to
of curvature at 70—80 K. Between 80 and 300 K &) Kmax=15 A~ (momentum transferredQ=30A"1). The
data can be fit to Bloch-Gruneisen law, assuming an EinsteiNi-Ni distribution is found to be usually broad for a metallic
temperature of-200 K and obeys power lapg{T)~T" with  compoundk®s(?>>1 and the conventional harmonic de-
n~1.4 at low temperatureé$. The Hall coefficient is small scription is broken down. The cumulant appro4cfi was
and negative showing that the normal state transport iemployed. We demonstrated thi@f and further even cumu-
mainly due to electrons, as in BKBOx€0.4). The Hall lants are negligible, and, therefore, the Ni-Ni PDF is sym-
coefficient decreases from 300 to about 140 K followed bymetric. To achieve convergence, it is sufficient to ret@in
essentially temperature-independent behavior as temperatus# but at 300 K. We found tha€, saturates af* <70 K
decrease$? A two-band model involving light electrons and rather than tending to zero @t—0. This disagrees with the
heavy holes has been put forward to explain temperaturbehavior in a slightly anharmonic single-well potential.
dependencies of the normal state resistivity and Hall Parameters of the anharmonic potential were evaluated
coefficient™! It is worthwhile noting that in Refs. 5, 11 the working in the assumption that the Ni-Ni interatomic poten-
holes are heavy due to the dispersion law in the nearly emptgial can be described using a polynomial of degree 4. Direct
band of perfectPm-3m lattice, while the EXAFS results EXAFS fit to the experimental data indicates that the poly-
imply that the carrier mass gets enhanced as they couple twomial reduces to typical double-well potential &t

the local lattice distortions &t* ~70—200 K: The character- <70 K and to conventional single-well anharmonic potential
istic structuralT* and transporfl;; temperatures are in the at T=200 K. Successful reconstruction of the polynomial
same range showing that tlmmset of the local distortions coefficient illustrates the high selectivity of EXAFS tech-
correlates with the electronic crossovers. nigue to the interatomic potential and provides new means to
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trace local structural transformations by looking into changesesiding LCDW'’s and/or LSDW's to remove the degeneracy
in the interatomic potential. The double-well potential im-in MgCNi;. A microscopic model accounting for the inti-
plies displacements af = \/—6¢/$~0.05 A. This value is mate relationship between the electronic and lattice degrees
in satisfactory agreement with an estimate based on the cwf freedom needs to be developed.
mulant representation of Ni-Ni PDF placing the upper limits
for Ni displacements at-0.020.05 A for full (half) breath-
ing distortions of Ni-C bond and at0.05 A for the displace-
ments perpendicular to the Ni-C bond. This work was supported by U.S. National Science Foun-
We have considered the local structure of MggMicon-  dation (NSF Career Grant No. DMR-9733862 and DMR-
nection to that of well-explored BaK,BiO; and noticed 0209243. Work at Princeton University was funded by U.S.
that (i) Nig(Og) octahedra are locally distorted from those NSF and U.S. Department of Energ9OE) through Grants
expected in perfect cubiem-3m and(ii) electronic states at No. DMR-9809483 and DE-FG02-98-ER45706. EXAFS
the vicinity of Fermi level are mostly derived from the Ni  data acquisition was performed at National Synchrotron
(Op) partial density of states and ardegenerate In  Light Source, Brookhaven National Laboratory, which was
Bay 6Ko.4BiO; the degeneracy is broken through oxygen-supported by the U.S. DOE, Division of Materials Sciences
reside LCDW'’s. The anomalous properties of Mgghiiits ~ and Division of Chemical Sciences under Contract No. DE-
normal statté™!! may be understood assuming the nickel-AC02-98CH10886.
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