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Room Temperature Oxygen Diffusion in the Presence of a 
Potential Gradient at a YBa2Cu306 - YBa2Cu301 Interface 

I. Poberaj and D. Mihailovii::

Jozef Stefan Institute and Faculty of Sciences, E. Kardelj University of Ljubljana, 

Jamova 39, 61111 Ljubljana, Yugoslavia 

We h,tve studied oxygen diffusion and ordering in YI3a2 Cu3 0
7
_
0 

single cryst.1b 
by monitoring oxygen concentration and disorder sensitive features in Raman spectra. 
\Ve ha\·c found that oxygen diffuses from the bulk Yl3a2 Cu3 07 into the oxygen d<.'pl<-t..d 
YB,t2Cu30 <l+o surface, probabbly via hopping along the 0( 1) aml 0( 5) vacancic·s. 

\Ve performed the measurements in two steps. First sampl<.'s \\·c·n· localy h,·,ll<"d 
with a strong laser light. As a consequence oxygen was ejected out of the cxciu·.\ 
volume \\'hich is roughly determined by the laser penetration depth (approx. G01111l) 
t.i111cs the laser spot area (,tpprox 20001,m2 ). Different laser J)O\\'ers were used f<JI 
excitation. \Ve have observed that the oxygen out-diffusion tr<.'slwld depends ou t lw 
oxygen partial prcssmc outsitlc the sample (fig.2). After excit.1tio11 was tenni11ilt1·.J 
oxygen conccntraticm a:; a fonction of time was measured. \V,• did it liy ti1ki11µ, fl.1111;,11 
spcctr,t aft<.'r a certain time dcl,ty with the same set up as us,·d for 1·xcitatio11 but \\'it !1 " 
m11Ch lower lc1s0r power. Spectra \\'ere taken aft.er 0. 5. 10 an,\ 30 lllin1\t,·,; dday. Fm rlw 
rcfcrcnc<' we took Raman spectrum before and <lnriug excitation tuu (fig.l). Fru111 rl:.· 
l1,11w1n spectra oxygeu concc:·utration can be determined by m,·as11riug t.lw fr,·qu,·11< \' .. f 
t lw O (-l) z-axis vibration. The frequency ranges bet 1ree11 -liO and 5UO nn -1 d,·1H.'ll< l, ·1: r
011 / 1 . \Ve have observed time dependent frequency shift in delayed spcrtra \vhi.-!: 
clc,,rly indicates that oxygen in-diffusion is takiug place. The oxygen iu-diffu,io11 t i1:w 
constc1ut h,rs been estimated to be approx. 10 min. It is important tu nutic<" t!wt ,>x\·:.:,·11 
\\'as diffusing b,tck into depleted region when the sample wa,; iu air a� \\'<'ll ,,, 111 
\·acuu111. It follows that oxygen mobility is c1uite high e\·en at roo111 t<:-111pcratun.•,;. 

13esicle the 500 cm-1 Raman peak we h,tvc found another broad line at 5:30 ,·111-:
\\'hich normaly does uot appt·ilf in Raman spectra since it is symetry forbid,l,·11. Tlw 
intesity of this line droped instantly (ms) after the laser power was turne,l do\\'11 . ...\ 
further smaller drop has beeu observed after 10 min which is the same time scale as for 
the oxygen in-diffusion. We contribute the apearnnce of this line to the break of the 
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local symetry due to oxygen disorder in 0(1) and 0(5) chain sites. This is consistt'11t 

with the observation that the final intensity is higher at the oxygen concentration clo:::0.G 

th,m at 60:::l. For 6=1 no oxygen is present in chain sites and there can be no disonlcr. 

The very similar time dependance of the 500 cm- 1 peak shift and 580 cm- 1 peak 

intensity suggests that the oxygen diffusion proceeds by hopping via the 0(1) and 0(5) 

chain sites. 

In order to establish the origin of the fast decay at t=O we made a si111ilar 
experiment on ms time scale using chopped laser. \Ve have found that the• ti11w 

dependence of the 580 cm- 1 peak intensity closely follows the calculated temperatun·1 �1

of tht: excited volume. The simplest explanation for this phenomenon is an anharmouic 

coupling of 580 cm- 1 IR mode to other modes. 

Tieforences: 

·l. C. Tl10msen. R. Liu, A. Wittlin, L. Genzel, :tvl. Cardona. E. Srlwuherr, W. Ba1d1of1T

,lll(l \V. Ii:ouig. Sol. Stat. Colllrn. 65, 55, (1988)

2 .. J. H. Bechtel, .J. Appl. Phys, 46. 1585 (1975)

>-
1-

U1 zw
I­=--� 

300 500 

X(ZZlX 

10rnW 

t=O 10m1N 

700 

El�ERGY !cm-'l 

900 

Figme 1. R,unan spectra of YB,12 Cu3 0, with different l«s<'I' intensities and t i11ll' 
inter\'als. The delayed spectrum (top) shows a visible shift towards higll<'r 

frequency as a result of oxygen diffusion back into the surface. 
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Fi�un.· 2. Frequency of the 500 cm- 1 0(4) z-,txis Yibrntio11 as a fu11ctiu11 ofL,,,-r 
iut.cnsity for the sample in air and in vacuum. All data «·xcq,t the last. poi111 .,f 
the v,1enn111 cycle were taken within approx. l minute of «'a«-h ot ll("r. 




