This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 11:29

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Incorporating Nonlinear Optics

Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl17

X-ray Photoelectron Spectroscopic

Evidence for Cu®>" Valence State in
Superconducting Phase, YBa,Cu307.¢

) bt Jin-Ho Choy #, Duk-Young Jung * & Q. Won Choi *

# Department of Chemistry, College of Natural Sciences, Seoul
National University, Seoul, 151-742, Korea
Version of record first published: 22 Sep 2006.

To cite this article: Jin-Ho Choy , Duk-Young Jung & Q. Won Choi (1990): X-ray Photoelectron

Spectroscopic Evidence for cu® Vvalence State in Superconducting Phase, YBa,Cus0.s , Molecular
Crystals and Liquid Crystals Incorporating Nonlinear Optics, 184:1, 61-67

To link to this article: http://dx.doi.org/10.1080/00268949008031739

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl17
http://dx.doi.org/10.1080/00268949008031739
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 11:29 19 February 2013

Mol. Cryst. Lig. Cryst., 1990, vol. 184, pp. 61-67
Reprints available directly from the publisher
Photocopying permitted by license only

© 1990 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

X-ray Photoelectron Spectroscopic Evidence for Cu3* valence state in
superconducting phase, YBa,Cu30,_,

Jin-Ho Choy, Duk-Young Jung and Q. Won Choi
Department of Chemistry, College of Natural Sciences, Seoul National University
Seoul 151-742, Korea

Abstract X-ray photoelectron spectra of the Cu 2p and O 1s core levels of
YBa,Cu;0,_, (6=0.09 and 0.40) provide us with the evidence of the mixed
valency of Cu?* and Cu®* in YBa Cu30, o. The binding energies of Cu 2p; /
and 2p, 2 States in YBa Cu:,,O2 -5 samples are compared with those 3??
La,Cu0,, Y,BaCuO and La‘hCuO8 which contain Cu¢* and Cu’*,
exclusively. 'i’he OISSXPE spectra disclosed at least two, possibly three, with
the major contribution at the binding energies_of 529.6 and 532.0 eV. We
have found no evidence for the existence of 0,2 species (Binding Energy >
533 eV)_in the prepared Y-Ba-Cu oxides. Additionally, absence of peroxide
ion+(0 2°) in YBa,Cu;0;_; has been confirmed by colorimetric test using
Ti*" solution.

INTRODUCTION

The recently discovered high temperature superconductor YBa,Cu;0, has been
studied extensively after the first report in the La-Ba-Cu-O system by Bednorz and
Miuller' in order to understand how the crystal structure and superconductivity
correlate to each other. Although the real mechanism leading to such a high T¢ of
about 90 K is now under debate, it has become more evident that the content of
oxygen and the mixed valency of Cu or O play an important role in the
superconductivity.

There have been contradictory results on the determination of the electronic states
of Cu, which lead to the conclusions confirming or ruling out the existence of cu®*
even in the samples with & close to zero. The confirmation of Cu?* has been achieved
by means of chemical analysis,2 X-ray photoelectron spectrosopy>® and X-ray
absorption spectroscopy.7'8 However, it has been also reported that Cu® ion is
clearly excluded in the phase by the similar experiments.9'2° Recent reports"'zo for
XPE spectroscopic measurement on O 1s insisted that there exists peroxide ion in
YBa,Cu,0,_ . Therefore it is of interest to reveal the presence of either Cu* or

022' in the high Tc oxides because the high oxygen content (6§<0.5) could induce a
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high oxidation state for copper, that is, Cus", or unusual oxygen species(e.g. 022') in

YBa,Cu;0;,_,.

EXPERIMENTAL SECTION

Superconducting phase YBa,Cu,0, . was prepared by thermal decomposition
reaction of corresponding metal nitrate precursors, which were obtained by
dissolution of stoichiometric mixture of YZOS, Ba(NOy), and Cu metal in an aqueous
solution of nitric acid. After the heat treatment at 400 °C, the sample was well-
ground, pelletized and transferred to the furnace for the calcination. Sample I and I
were calcined at 910 °C in O, for 25 hrs twice, and then sample I was annealed at 300
°C whereas sample II was quenched from 910 °C. La,CuO,, Y,BaCuO; and
La, LiCuO, were prepared for the reference materials in the XPE spectroscopic
measurement. The samples were characterized by powder X-ray diffractometer with
JEOL DX-GO-2 equipped with Ni filtered Cu-Ka radiation (A= 1.5418 A). The
average oxidation state of copper was estimated by iodometric titration as previously
reported.21 The electrical resistance of Sample I was measured by DC-four probe
method from 77 to 300K. Its magnetic susceptibility data were obtained from liquid
helium to room temperature.

XPE spectra were obtained by PHI 5100 Perkin-Elmer spectrometer which has been
calibrated by Ag3d; /20 Ag3ps /2 Audf, /2 and carbon(graphite) 1s core level energies.
Unmonochromated Mg-Ka radiation of 1253.6 eV was used and the resolution of X-
ray beam is about 0.8 eV. The base pressure in the spectrometer chamber was lower
than 2.0 x 107 Torr. In order to authenticate the existence of arguing 022' in
YBa,Cuz0, _,, absorption spectroscopic tests were performed semi-quantitatively by
dissolving about 0.1g of the sample in 4 ml of 0.013 M Ti** in aqueous sulfuric acid

solution.

RESULTS AND DISCUSSION
The electrical resistivity of sample I shows a sharp transition to zero resistance at

90 K. Magnetic measurement from 4 to 150 K is illustrated in Figure 1, in which
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X-RAY PHOTOELECTRON SPECTROSCOPY FOR YBa,Cu;0,._,

Meissner effect appeared at 90 K in

accordance with the result of the
[ dm ® ® 90 00 O O
- / resistivity measurement. Structural
7 e
} - L analysis of the prepared YBa,Cus0,_,
P ‘?0
§ - s confirm the fine preparation of
% - o
. o samples and their lattice parameters
o
: ® are given in Table 1. Up to now, it is
Tomporsiues (x} rather well established that the crystal
FIGURE 1 Temperature Dependent structure of superconducting
Magnetic Susceptibility of
YBaZCUBOG 91 (Sample I}. YBa,CusO, contains two types of

copper, one in the corner shared
[CuO,] chains(square planar-Cu(1)) between two Ba-O planes and the other in [CuOq]
layers(square pyramidal-Cu(2)) between Ba-O and Y planes, respectively
perpendicular to the ¢ axis direction.22"233 Simple calculations of crystal field
stabilization energies (CFSE) % of copper ions(Cu2+and Cu3‘) were performed in the
reduced symmetries of C,, and Dy, respectively. It is quite evident that square
planar site prefers Cu®*(-24.56Dq) to Cu?*(~12.28Dq). Therefore Cu?* fails to keep
in the D, site and presumably is forced to occupy the C, site. It should be noted
that Ni%*, Pd?*, Pt2* and Au®* with d® electron configurations are stabilized in square
planar complexes. On the bonding charateristics, the unexpectedly short Cu(1)-0(4)
bond length of 1.843 A, simliar to that found in alkali metal cuprates such as KCu0O,
and NaCuO,, suggests that the cu* jons preferentially occupy the sqaure planar

Cu(1) site. Locating Cu?* and Cu>* jons on Cu(2) and Cu(1) sites, respectively, yields

TABLE 1. Lattice parameters(f\) and Chemical analysis for
YBa,Cu,0

377377-8
formula 3 5
+
a b c YBaZCu)Z(*-Cu%*'OZ Cu +/Cu
X y z
Sample I 3.8242 3.8872 11.683 2.18 0.82 6.91 0.38

Sample II 3.8343 3.8782 11.703 2.80 0.20 6.60 0.07
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the ideal formulae YBa,Cu;0,.

The XPE spectra of Cu-2p level show the 2p, /Z-Zp3 12 spin-orbit doublet,
accompanied by shake-up lines which are shifted by 8 - 9 eV to the higher binding
energy site from the main 2p peaks(Figure 2). Such satellites are frequently
observed® in core-level photoemission from divalent copper compounds and are
attributed to a ligand-to-metal charge transfer (2p63d9 — 2p53d1°) in the final state
of photoemission process, thereby effectively screening the excited core-hole. The
observation of these satellites provides strong evidence for a Cu? or higher valence
state in the presently studied quaternary oxides. The ratio of satellite to 2p in Sample
I (YBa?_Cu306m) is smaller than in Sample II (YBa2,Cu30, ,,), which indicate the
lower content of Cu?* in Sample II. The spectrum of Y,BaCuOg is very similar with
that of Sample 11, showing that Sample II includes Cu ion in the valence of 2+,
exclusively. After 10 minutes ion etching of YBa,Cu,O, ,,, however, the satellite

peaks become strongly suppressed while the Cu 2p signals become very narrow and

their positions are shifted to lower
binding energy site. This change of Cu
2p spectra is due to the local reduction
of Cu?* and Cu™ to Cu* by the ion
bombardment under high vacuum.?®

Therefore, the surface cannot be

cleaned by sputtering due to

tntensity (Arb. Unit)

decomposition of sample by the ion

beam. Mechanical scraping also

causes a great damage to the crystal
k20 9 84 959 954 949 %44 39 234 9 92
Binding Energy {eV) structure. In our experiment, all

samples have been managed with great
FIGURE 2 XPE Spectra in the

Region of the Binding Energy for care to prevent from surface
Cu2P Electron in a) La LiCuO8

b) LaZCuO4 c) YBaZC“3O6.9l
d) YBaZCu3O6.6O e) Y2BaCu05,
f) after 10 mins. sputtering of
sample (c).

contamination. As shown in Figure 2,

and the area of 2p;, peak where the

binding energy is approximafely 934
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eV increases obviously in the Sample I with high oxygen content, which is expected
to be from Cu>*,

The comparison among the 2p, /2 peaks of Sample I, II, LazCuoé(Cuz*),
YzBaCuOS(Cuz*) andLa,.LiCan(Cu""')27 makes it possible to prove the mixed valence
of Cu in YBa,Cu30, oy The binding energies were 933.2 eV for the Cu 2p; /2
electrons in Y,BaCuOy and La,CuO, with only Cu? and 934.7 eV in La,LiCuQ, in
which only Cu®* ions exist. La,‘LiCuO8 has been prepared at 800 °C under the high
oxygen pressure (1 kbar) for this measurement, which specifies Cu"”(ds) with no
shake-up peaks. According to these results, the spectra for Sample I are consistent
with a mixture of dB(Cu3+) and d9(Cu2+) configurations as a ground state. Also it can
be deduced that in Sample II there are small amounts of Cu? ions, as shown in Figure
2-(d). Such an investigation technique is only valid for the surface anlysis, therefore,
it could not be completely excluded for Cu>* to be stabilized on the surface due to the
decrease of coordination number. Cu> in d® low spin state conf iguration(tzgédz,z)
is stabilized in a strongly distorted octahedra(La‘LiCuOG) or in square planar
surrounding(NaCuO,).

The Ols spectra consist of two main contribution at 530 and 532 eV, as shown in

Figure 3. Though they are not fully
assigned, it is certain that the
overlapping shape result from the

different coordination environments.

Y893 Cu3Og gy{Samole 1) Recent days, there are several

17-20

reports that XPE spectra exhibit

Y8e,CuyO¢ g(Sempte 8)

an extra Ols peaks showing direct

345 343 341 53§ §37 8336 883 am  §a9  sar 98 2et
Binding Enargy (ev) contact between oxygen atoms(O,°") in

the YBa,CusO, . structure. The
FIGURE 3 XPE Spectra of Oxygen
ls for YBa.Cu.O and photoemission data of Ols for

377376.91
YBa,Cus0¢ ¢4 YBa,Cu;0,. . (Sample I and II) provide
no evidence of such peroxide-like

species. They insisted the extra peak
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(533-534 eV) should correspond to

peroxide ion (022'), excluding the

Cusa,

existence of Cu®* ion in the
superconducting phase. Colorimetric
analysis is applied to YBa,CuyO, o4

superconductor in order to verify the

Absorbance (Arb. Unit)

possible existence of 022' ion in the
lattice, Assuming that Ozz'ions exist

in Sample I with a formula of

T ey S VN P —
280 35 380 445 S0 578 640 708 TTO 838 900

2- 2-
Woveiangth {om} YBa,Cuy(0°7)(0,°7)g. 44 the expected

concentration of of peroxide ion in 4
FIGURE i Absorption Spectra of

the Ti~ ~Solutions. ml of Ti*" solution is 2 mM, where 126
. G+
a) YBa,Cus0g o) dissolved in Ti' - o ¢ Sample I is dissolved. The
solution. o 2 )
expected "] is larger than the
b) 2 mM B0, in Ti**-solution (a). P (0”1 g

272 . S -5
detection limit (10 M) of the

titanium-complex technique.
However, as shown in Figure 4, there is no absorbance around 405nm in the sample
solution. On the contrary, the reference solution containing 2 mM of hydrogen
peroxide shows the relatively strong absorbance in the same region.
It clearly shows the absence of Ti"’—Ozz' complex in the sample solution, supporting
the XPE spectroscopic data for oxygen 1s core-electron. Therefore the peaks at high
binding energy (533-534 eV) in O 1s XPE spectra, which others have reported, must
come from surface interaction with adsorbed oxygen, water, or from the other oxygen
containing impurities. From the results of XPE spectroscopic and colorimetric

analyses, the stably isolated 022' in the lattice could be excluded.
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