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Abstract

We performed angle-resolved Raman spectroscopy experiments on lead-doped and undoped Bi2Sr.CaCu20s+5(Bi2212) samples
using a 660 nm laser and analyzed the Raman tensor of the phonon modes. The phonon mode was clearly observed at the 60, 103,
and 630 cm™ Raman shifts. The 60, 630 cm peaks were only clearly observed when the incident and scattered light polarizations
were configured to be parallel. The polarization angle dependence of the amplitude of the 60, 630 cm™* peak on the parallel
configuration shows a twofold symmetry; therefore, both peaks originate from Aq phonons and the crystal structure of Bi2212
should be considered orthorhombic. On the other hand, the 103 cm peak is clearly observed in both parallel and perpendicular
configurations. Remarkably, the off-diagonal component of the Raman tensor of the 103 cm™ peak showed an anti-symmetry that
could not be realized within the known crystal structure of Bi2212. The implications of our findings are discussed.
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Fig. 1. (a) Crystal structure of a half unit cell of Bi2212.
(b) Photograph of the sample used in this study. Red and
blue circles represent Pb-doped and -doped Bi2212,
respectively. (c) CuO»-plane schematic of Bi2212 and
definition of the angles used in this polarization-resolved
Raman. (d) Schematic of the angle-resolved Raman
spectroscopy setup.
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Pb doped Bi2212 (T, = 78 K)
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Fig. 2. The angle-resolved Raman spectra of Pb-doped and -undoped Bi2212 at room temperature. Each red dashed line
indicates the position of three distinct peaks located at 60, 103 and 630 cm™. The parallel and perpendicular symbols at
the top right of each panel indicate parallel and perpendicular configuration of the incident and scattered light
polarizations. The polarization angles of the incident light with respect to the b-axis of crystal is shown in right side of

the panel.
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Fig. 3. Polarization angle dependence of the Raman
scattering intensity of the 60 cm™ and 630 cm™ peaks of
Pb-doped and -doped Bi2212 at 300 K and 20 K on the
parallel configuration. The polarization angle is the angle
of polarization of the incident light with respect to the b-
axis of the crystal. The first column shows the Raman
tensor reproducing the polarization angle dependence of
the 60 cm™ and 630 cm™ peaks. The black solid lines
overlaid on the data points are the simulation results
reproduced from the Raman tensors. Due to uncertainties
in the data, no clear differences can be observed between
different samples and between different temperatures.
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Fig. 4. Polarization angle dependence of the Raman
scattering intensity of the 103 cm peak of Pb-doped and -
doped Bi2212 at 300 K and 20 K on both the parallel and
perpendicular configuration. The polarization angle is the
angle of polarization of the incident light with respect to
the b-axis of the crystal. The first column shows the Raman
tensor reproducing the polarization angle dependence of
the 103 cm™ peak. The black solid lines overlaid on the
data points are the simulation results reproduced from the
Raman tensors. Due to uncertainties in the data, no clear

differences can be observed between different
temperatures.
Avto|tt, ehit YE HH A& A, Ei=of ot 4 849

Tt A Rowt el

ool Bzt Rl grol tgron],
SEEEEEEE

257} vhejol Ful2e Aupt gt

ol o] 2o A Z5l il A, Ay, BolA U] G
Aoln] Geo] gl A FERERE U Aol ofd
ohE @7l 2t o RS ST 4= Uk

o] @4ke] 99102 A7}
s ggAgel AL Ao
Aol AAE Aol ek

OW RTe; =4do gt
] AlgE kol H27]
wZofl I #rgo] ofof 7113t Ao w AgZhet &4 Qlek. shA|wt
Egwtezs A7 W o Aol ws FsiA
A2 etk ERE 60, 630 cm! WA A E FHe
HItiZy 2ol §i7lel ol wet et d4o] Holx]
gt 224 B gojH o S8 miEel 2= 945
zfolg HAl R }O“E‘r ol sl Hlolee] & &
M=z ol 2H %3 Z2AEe] WYY, =, Rt 94
thet Mgz o o] Bad Aol

3 % sk e 3] Az
&
i

A
%

oZZ lo

ol J‘

4.2 2
o] AFeIAE Pb7t EHE S EHEA 2 Bi22129]
diel ZHRef et By AL Sof HAE0] 2k o
A7 So et PEe BAoidd. BY WY ek
~FEZA 60, 630 cm™! T390 Bt FFE 53| A,
Lo AYSALE B 5 AUATh ol w BAA

Bi22127F APIAA 722 Sl Elolof Stk 21 AT,
olef ofo] 103 cm™! W] Zo] T3k etgh WAL A, Hiztlo]
ohzt A7 AL AT AE 5 the aart bt 7o
MR H5AS AR,



Ji Yoon Hwang, Sae Gyeol Jung, Dong Joon Song, Changyoung Kim, and Seung Ryong Park 13

ACKNOWLEDGMENT

This paper was supported by research funds from
Incheon National University in 2023.

REFERENCES

[1] M. A. Subramanian, etal., “A new high-temperature superconductor:

Bi,Sr3.xCaxCu,0s.y,” Science, vol. 239, no. 4843, pp. 1015-1017,
1988.

[2] J. M. Tarascon, et al., “Crystal substructure and physical properties
of the superconducting phase Bis(Sr,Ca)sCusOss+x,~" Physical
Review B, vol. 37, no. 16, pp. 9382-9389, 1988.

[3] S.B. Guner, et al., “A detailed research for determination of Bi/Ga
partial substitution effect in Bi-2212 superconducting matrix on
crucial characteristic features,” Journal of Alloys and Compounds,
vol. 772, pp. 388-398, 2019.

[4] Masato Kakihana, et al., “Raman-active phonons in
Bi,Sr.Ca;YxCu20s.q (x = 0-1): effects of hole filling and internal
pressure induced by Y doping for Ca, and implications for phonon
assignments,” Physical Review B, vol. 53, no. 17, pp. 11796-11806,
1996.

[5] Minoru Osada, et al., “Raman-active phonons in Bi,Sr, «LaxCuOeg.g:
Phonon assignment and charge-redistribution effects,” Physical
Review B, vol. 56, no. 5, pp. 2847-2851, 1997.

[6] Ran Liu, et al., “Raman scattering from Aq and Byg phonons in
Bi,Sr,Ca,-1Cu,Ozn+4 (N = 1, 2),” Physical Review B, vol. 45, no. 13,
pp. 7392-7396, 1992.

[7] Claus Falter and Frank Schnetgdke, “Infrared-and Raman-active
modes of Bi-based cuprate superconductors calculated in a

(8]

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

microscopic model,” Journal of Physics: Condensed Matter, vol. 15,
no. 49, pp. 8495-8511, 2003.

N. N. Kovaleva, et al., “c-axis lattice dynamics in Bi-based cuprate
superconductors,” Physical Review B, vol. 69, no. 5, pp. 054511,
2004.

llija Zeljkovic, et al., “Scanning tunnelling microscopy imaging of
symmetry-breaking structural distortion in the bismuth-based
cuprate superconductors,” Nature materials, vol. 11, pp. 585-589,
2012.

Katsuhiro Imai, et al., “Single crystal X-ray structure analysis of
Biy(Sr, Ca),CuOyx and Biy(Sr, Ca)sCu,Ox superconductors,”
Japanese journal of applied physics, vol. 27, no. 9A, pp. L1661-
L1664, 1988.

Carla Yelpo, et al., “Electronic and vibrational properties of the high
T, superconductor Bi,Sr,CaCu,Og: an ab initio study,” Journal of
Physics: Condensed Matter, vol. 33, no. 18, pp. 185705, 2021.

J. Jeong, et al., “Line-shape analysis of the Raman-spectrum from
Byg bond buckling phonon in Bi,Sr,CaCu,Og.y,” Progress in
Superconductivity and Cryogenics, vol. 21, no. 4, pp. 9-12, 2019.
Tianlun Yu, et al., “The relevance of ARPES to high-T,
superconductivity in cuprates,” npj Quantum Materials, vol. 5, no.
1, pp. 46, 2020.

C. Kendziora, S. B. Qadri, and E. Skelton, “Pb substitution in the
Bi,Sr,CaCu,0s:5 high-T, superconductor: Cation overdoping,”
Physical Review B, vol. 56, no. 22, pp. 14717-14722, 1997.

G. V. M. Williams, et al, “Raman study of Bi,Pb
xSr2Cay-1CUOssanrs (N= 2, 3) superconductors,” Physical Review B,
vol. 62, no. 2, pp. 1379-1386, 2000.

Yiping Wang, et al., “Axial Higgs mode detected by quantum
pathway interference in RTes,” Nature, vol. 606, no. 7916, pp. 896-
901, 2022.



