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Temperature dependence of the Raman-active,, and A;4 modes in YNpB,C
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The Raman spectra of YHB,C single crystals with a superconducting transition temperafyrel4.2 K
have been measured in the temperature range 295-10 K. It turned out tBaf\thenode at 832 cm! whose
broad linewidth was previously attributed to a strong electron-phonon coupling, actually consists of two
components due to the isotope effect; the frequency ratio of each component approximeafé8t’B
~1.05 of isotropicB masses. The 198 cth B4 mode due to Ni vibrations is fitted to a Fano-line profile, in
order to derive the phonon parameters like frequency, linewidth, and asymmetry fact@; Jltm@de exhibits
a normal temperature-dependent stiffening with no special change in the vicinity ;oft also narrows
revealing a deviation from a temperature-dependent anharmonic decay and a more symmetric character from
100 K with decreasing temperature. Based on no superconductivity-induced change in frequency and linewidth
nearT., it is concluded that there are no renormalization effects for th&fjimode, and that no strong
electron-phonon coupling is operative in superconducting,BpC. [S0163-182608)05106-9

The intermetallic boro-carbide of YBB,C crystallizes in  intensity at low frequencies between 10—200 K. In this situ-
body-centered tetragonal structufgpace groupl4/mmm ation, we are urged on variable-temperature Raman spectra
D'7%,,), and consists of Y-C layers separated byB¥isheets  of YNi,B,C in a temperature range includifig, so as to
with lattice parameters oa=3.53 A andc=10.57 A}=®  confirm if there are superconductivity-induced renormaliza-
YNi,B,C exhibits a well-defined superconducting transitiontion effects or any noticeable anomalies in the vicinityTef
atT,=15.6 K2 To explore if YNi,B,C among a new family ~with respect to phonon properties of the Bliy and/orB A4
of high-T. intermetallic superconductors is a conventionalmodes in YN;}B,C.
electron-phonon  superconductor, investigations of the Large single crystals of YNB,C with dimensions of
phonons are essential as a matter of cotir&&or tetragonal 6 mm ¢x80 mm in length were grown by a floating zone
YNi,B,C with 14/mmm a symmetry-group analysis predicts method as described elsewhéte!® By x-ray diffraction as
the following irreducible representations at thepoint with  \ve|| as energy dispersive x-ray analysis, we found that the

wave vectork=0. single crystals were of high quality and compositionally ho-
mogeneous with no second phase of XB Magnetization
[=0=A14(R) +B14(R) +2E4(R) +3A;,(IR) +3E(IR) measurements by a superconducting quantum interference
+ Ay +E,. device magnetometer identified the superconducting transi-

tion at T.=14.2 K and a small transition width of 0.5 K

There are four Raman-active modes and six infrared-activéor our single crystals. The orientation of the single crystals

modes along with two acoustic modas, andE,. TheB;, ~ was determined by x-ray Laue photography, and a small

mode and oné&ey, mode are due to Ni vibrations, whereas piece of specimen was prepared so that it contains a surface

anotherEy mode and thé\;; mode are due t® vibrations. perpendicular to the axis.

The NiB;y mode and the NE; mode are observed at 198 ~ Raman-scattering measurements were performed by a

and 282cm! in polarized micro-Raman spectra of Dilor Xy spectrometer with the 514.5 nm line of an*Aion

YNi,B,C,’ the B Ey/B Ay modes are observed at 470 and laser(Coherent Inc., California, Innova 70-for excitation.

832 cm'L, respectively. The Raman spectra were recorded with a power of 50 mW in
Hadjiev and co-workefshave put forward a significant backscattering geometry; a lightooled CCD multichannel

suggestion that the Ni vibrations that modulate the Ni-Bdetector(Photometrics Ltd, Princetorwas used to collect

bonds are of importance for the paring state, and that renothe scattered light. Low-temperature experiments were

malization effects may appear beldyy for the NiB;y mode  achieved by using a refrigerator ur{iDaiken Ltd., Osaka,

at 198 cm?! and theB Ay mode at 832 cmt. When the Cryokelvin UV2020-CL), which can cool the sample from

renormalization effects are provoked, the complex selffoom temperature down to 10 K with an accuracy:aof K;

energy of the phonons near the Brillouin-zone center wouldhe temperature fluctuation was slightly larger thad K

undergo superconductivity-induced chafigas a result of nearT.. Possible spectral changes were monitored over a

electron-phonon coupling, we can experimentally observéemperature range between 295 and 10 K.

changes in frequency and linewidth of the phonon with fre- Figure 1 presents the Raman spectra of BNC while

quency near the superconducting energy gap, @e:2A.°  cooling from 295 to 10 K. The Raman spectrum of ¥BHC

To our knowledge, however, no temperature dependence @t 295 K, which is characterized by the brdad\;; mode at

the Raman spectra of YhB,C has been reported, except the ~830 cm * and the sharp NB,4 mode at~193 cml isin

literaturé® that focuses on a redistribution of light scattering agreement with the polarized Raman spectrum from a micro-
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Raman Shift (cm™) FIG. 3. The 198 cm' B,, mode at different temperatures be-
tween 295 and 10 K; note that the Raman spetots are fitted to
FIG. 1. The Raman spectra of YJ8,C while cooling from 295  a Fano-line profilgsolids lines.
to 10 K.

quence of strong electron-phonon couplffiddue to the B-C
crystal of YNibB,C in the configuratiom(a,a)c.” The NiE;  bond shortening along the axis upon cooling, the mode
mode at 282 cm' and theB E, mode at 470 cm' are active  ghifts downwards at 10 K.
in the (xz,yz) polarization geometry so that they are not Figure 3 depicts the temperature dependence of the
observed in Fig. 1. A noticeable finding is that the 830 ¢m 198 cni! Blg mode along with fitting to a Fano-line profile.
A14 mode appears to consist of two components and tends Obviously, the mode shifts upwards and decreases in inten-
be more resolved as the temperature is reduced. In Fig. 2, Wty with cooling. The phonon parameters like frequency, full
depict the enlarged\;; mode at 295 and 10 K, to demon- width at half maximum(FWHM) and asymmetry factor are
strate its two-component feature. The frequency ratio of eacBbtained by fitting to the to the Fano-line proflf€®that is
component approximates 118/ 1°B~1.05 ofisotropicB  given by I=1g[(e+q)% (1+e2)]+background, wheres
masses with the abundance ratip0/80 for 1°B/*'B, incon- =(w—wg)/T’, wq is the frequency,l’ is the linewidth
formity with the B isotope shift. No separation of the;;  (FWHM) andq is a parameter that defines the asymmetry of
mode into the two isotropic counterparts has been mentioneidie measured phonon profile; the background is represented
previously”'° Rather, a large linewidth of the 810 ¢t in the form ofBw+ C with B andC being adjustable param-
mode (118 cm ! at 10 K) has been regarded as a conse-eters. We should like to mention that fitting converged prop-

erly, but note some disagreement between calculation and
—— experiment at the lower-frequency part; the Rayleigh light is
not of sufficient contribution in the frequency regime of
~160cm ! and thus its reason remains unexplained at
present. Similar-sized frequencies and linewidths were also
derived by fitting to Lorentzians as confirmed for the Raman-
active models in YBgCu,0,.Y’
In Fig. 4, the Raman shift, FWHM, Fano asymmetry fac-
tor g, and intensity of the 198 cnt B,y mode are plotted as
a function of temperature; we estimated the errors in each
parameter, which are shown by the error bars. As for the
relative change in each parameter with the errors under con-
sideration, the mode frequency does not show any anomaly
that can be readily relevant to the onset of superconductivity
at T.~14.2 K, but it simply exhibits a normal temperature
200 800 900 1000 dependence stiffening with decreasing temperature. The nor-
Raman Shift (cm™) mal temperature dependence with no superconduphwty-
induced change has also been observed for the Aiye
FIG. 2. The 832 cm' A;; mode at 295 and 10 K, illustrating Phonons of ¥ 51 4Ba,Cu;0; (Ref. 18 and the 143 and
that this mode is composed of two components due t@®timtope 504 cmi' modes in YBaCu;0,.1"*® The FWHM of the
effect. mode decreases as the temperature is reduced; the tempera-

Intensity (arb. units)
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W———T——— 2 —— The absence of superconductivity-induced renormaliza-
—.; 3 tion effects for the NB;y mode at 198 cm' as seen above,
= 198_7 1 % supports no strong electron-phonon coupling in supercon-
& 196lT 1 = ducting YNiLB,C. In fact, tunneling spectroscopy has deter-
é § T mined the superconducting energy gap of ¥C to be
S 194 . . N g ~2.3 meV (18.5 cm?), providing a superconducting energy
g gap toT, ratio near the BCS prediction ofA2kT.=3.5 for

a weak coupling superconductivity?? It should be recalled

%_ that a new peak at-4.0 meV in neutron scattering of
z. YNi,B,C in theQ range around0.525,0,8 is also consistent
£ with the BCS predictio® On the other hand, the specific-
g heat anomaly af . for YNi,B,C providesAC,/yT.=3.6(y
II L g 2 Do is the coefficient of the electronic heat capagityhich is
50 100 150 200 250 = 50 100 150 200 250 much higher than the BCS value of 1.43 for the weak-
Temperature (K) Temperature (K) coupling limit, concluding that YNB,C is a strong-coupling

superconducto??® However, no definite conclusion can be

FIG. 4. The phonon parameters like frequency, full width at half 45y ahout the entire electron-phonon coupling strength
maximum(FWHM) and asymmetry factay are obtained by fitting that is averaged over all phonons and atkapoints in the

to the Fano-line profile, and they are plotted as a function of tem'BriIIouin zone; note that the specific-heat data are sensitive

perature; the intensity of the mode, divided by the Bose-Einstelr{0 all phonons, which does not allow a direct comparison

factor (n+1), is plotted as well. Note that the solid line for the ™ h th lusion b d ific oh fth
FWHW is due to the temperature-dependent anharmonic decay eﬁ’”t the conclusion based on one specific phonon atlthe

the phonon(see text for detai)swhereas the other solid lines are point. No superconducting-gap-like feature was observed in

only for guiding the eye. We estimated the errors in each parametePU" Ramlan spectra be(_:ause it is expe_ctgd to appear at
which are shown by the error bars. ~37 cm - to reconcile with the BCS prediction ofAKT,
=3.5. Besides, no detailed analysis has been made for the
71 . . _. ._
ture dependence is somewhat described by a temperatur%:—)72 cm * Ajq mode because of its isotope-induced compli

dependent anharmonic decay of the Raman-active phoncfnatlon' A study is requested on YJ@,C single crystals con-

; . aining 1B only, together with the temperature dependence
with frequencyw and zero wave vector into two phonons of the B AL, mode at 832 cm* as well as the two NIB) E
with opposite wave vector between 295-100 Ky(®,T) 19 9

o o .. modes. This will promote a better understanding on the
=2y(@,0)[1+2n(w/2)]+ const, which is shoanZ(l?yasohd electron-phonon coupling strength in  superconducting
line with 2y(w,0) being a adjustable parametér”?°and the YNi,B,C.

Bose factom=[exp(w/kT)—1]"". Interestingly, there is a |5 conclusion, the Raman spectra of ¥RiC single crys-
deviation from the temperaturg-depgndent anharmonic deca¥s have been measured in a temperature range of 29510
from 100 down to 10 K. The intensity of the 198 chBy5 focusing on theB A4 and the NiB,;, modes at 832 cit
mode, divided by the Bose-Einstein factor{1), continu- 54 198 cm?, respectively. It is highlighted that the broad
ously decreases exhibiting no specific chang@abut with g3 ¢yt A1, mode is not resultant due to a strong electron-
an accelerated decline below 100 K. _ phonon coupling but consists of two components due to the
The Fano asymmetry factay initially increases while _ B isotope shift. The NBy, mode at 198 cmt exhibits no
cooling from 295 to 100 K, and then becomes more negative,sticeable anomalies in frequency, linewidth or Fano asym-
below 100 K amounting to a factor 6f2. Similar initial — mery factor in the vicinity ofT,. There is no presence of
increase iy has also been observed for the Raman mode a{perconductivity-induced renormalization effects for the

_1 . . .
120 cm™™ in YBa,Cu:07, which 1'3909me$ more Symmetric 19g cmy! By, mode, indicating no strong electron-phonon
and narrow as well aT.=93 K.*’ Since a larger negative coupling in superconducting YBB,C.

value represents a more symmetric lineshape, it follows that

the NiB;4 mode at 198 cm! becomes more symmetric be-  We acknowledge F. Fujishima of MS{Foundation for
low 100 K, due to the reduced interaction between the mod®romotion of Materials Science and Technology of Japan
and superconducting quasiparticles. for Raman-scattering measurements.
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