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OBJECTIVESOBJECTIVESOBJECTIVESOBJECTIVES

To investigate the lattice vibrational modes in the normal and 
superconducting state of Cd2Re2O7 via far-infrared reflectance 
measurements and Raman scattering (normal state only).  A second 
objective is to examine the effect of isotopic substitution of 16O with 18O 
and 112Cd with 116Cd on the heat capacity and Raman scattering 
spectrum.
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       Cd2Re2O7 is a pyrochlore superconductor with a transition 
temperature near 2 K. The superconducting state of Cd2Re2O7 has been 
summarized as a conventional Bardeen-Cooper-Schrieffer (BCS) type[1] 
with an isotropic gap[2]. The normal state of Cd2Re2O7 exhibits several 
structural phase transitions that have a noticeable effect on the dc 
resistivity and magnetic susceptibility suggesting  change in the 
electronic structure in the vicinity of the Fermi level[3].  This in turn 
implies that the electron phonon interaction may be of significant 
importance  in this material.  Bae et.al. have show through a study of 
the changes which occur in the Raman active phonons across the 
structural phase transitions that there exists a close relationship 
between the lattice dynamics and the electronic properties in 
Cd2Re2O7[4]. Far-IR spectroscopy is another powerful tool to probe 
phonons and other excitations in solid state materials. Wang et.al. have 
investigated the optical properties of Cd2Re2O7 above the 
superconducting transition temperature, TC, from which they concluded 
that Cd2Re2O7 is a heavy fermion (HF) system at low temperature[5]. 
While they noted the presence of phonons  in the far-infrared (far-IR) 
spectral range further supporting a strong electron-phonon interaction at 
play, Wang et.al. did not  perform a detailed analysis of the lattice 
vibrational features.

  Table 1Table 1: FGA result for Cd2Re2O7 for T<120 K.[7] In Column I O(1), 
O'(1), and O(2) are oxygen atoms at the site symmetry of C1

2, C
z
2, and 

D1
2, respectively. Column II shows the  IR active modes.  Column III 

shows Raman active modes.

       The temperature dependence of phonons has been investigated 
above and below Tc via IR spectroscopy and as a function of Oxygen and 
Cadmium isotope substitution in the normal state via Raman scattering. 
The dominant presence of lattice vibrational modes in the optical 
spectra suggests that electron-phonon interaction plays an important 
role in the normal and superconducting state properties. 

•The electrical resistivity was measured using the van der Pauw 
technique.[8] 

•Raman scattering measurements were carried out as a function of 
temperature from 25 to 275 K at the Max Planck Institute for Solid  State 
Research in Stuttgart Germany using a 632.8 nm HeNe laser in z(xx)z  
polarization. 

• Infrared reflectance measurements were carried out as a function of 
temperature at 0.5 K, 1.5 K and 6 K on a  Bruker IFS 66v/S FTIR 
interferometer with the sample mounted in a He3 cryostat.  An in-situ 
gold evaporation technique was used to obtain the absolute value.  
Kramers-Kronig analysis was used to obtain the optical conductivity.

•The crystals were grown by physical vapor transport method.[7]
       Figure 3Figure 3.   Low temperature far-Infrared reflectance of Cd2Re2O7. 
 Note the development of strong absorption features at 9.6 and 19.3 
cm-1 at 0.5 K in the superconducting state. Inset shows single crystal 
XRD at room temperature. 

Element IR-active Raman-active

Cd 2A2+3E A1+B1+2B2+3E

Re 2A2+3E A1+B1+2B2+3E

O(1) 4A2+6E 2A1+4B1+2B2+6
E

O'(1) A2+4E A1+B1+B2+4E

O(2) A2+2E B1+2E

•Powder X-ray diffraction (XRD) was used to confirm  cubic pyrochlore 
structure with a lattice constant of 10.22 Angstrom. The crystal growth 
process takes place essentially perpendicular to (111) generating well 
developed crystal faces as confirmed by single crystal XRD.

        Figure 4Figure 4.  Kramers-Kronig derived optical conductivity.  The factor 
group analysis (FGA)  predicts 28 IR-active phonon modes, i.e. 10A2+18E. 
A2 and E are longitudinal and transverse modes, respectively. The 
combination of one of each of these two modes, i.e. A2+E, is an acoustic 
mode which must be removed from the total number of modes due to 
three degrees of translational freedom. Thus, there remain 9A2+17E 
modes. The A2 mode is a longitudinal mode that does not respond to IR 
light. Hence, we predict 17 doubly degenerate IR-active modes of type E 
in the normal state at low temperatures in Cd2Re2O7. 

ISOTOPE EFFECTISOTOPE EFFECTISOTOPE EFFECTISOTOPE EFFECT

FIGURE 2FIGURE 2: dc-resistivity of  
Cd2Re2O7 .  T1 and T2 
correspond to structural 
changes with decreasing 
temperature from  space 
group Fd3m to  I4m2 (T1) 
and then to I4122 (T2)[9]. 
The inset shows the 
superconducting transition.

FIGURE 5FIGURE 5: Heat capacity of 
isotope substituted Cd2Re2O7. 
Taking Tc to be midpoint of 
rise we find      =0.03 for 
Oxygen and     =0.10 for 
Cadmium. Here     is the 
isotope coefficient defined  
by                                          
                                              
and given by                           
                                              
                                              
where  M is the isotope 
mass[10].                       
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       Figure 6Figure 6.   Raman scattering spectra of isotope-substituted  
Cd2Re2O7 in the high and low temperature phases.  The shift in 
frequency due to different oxygen isotopes is clear. The expected 
shift for 18O is to 94.3% of the 16O value.  For the mode near 500 cm-1 
the observed shift is to 95% at 25 K and to 94.3% at 275 K.

• Heat capacity was measured using a Quantum Design Physical 
Property Measurement system.  

FIGURE 1FIGURE 1:  Pyrochlore 
structure A2B2O7.[6]
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