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Abstract  

The adsorbed oxygen and lattice oxygen of nanocrystalline LaFeO3 materials have been 
studied by X-ray photoelectron spectroscopy at room temperature and under a compacting 
pressure of 0.0 and 1.0 GPa. It was found that the signal of the chemisorbed oxygen 
was less intense than that of the lattice oxygen at 0.0 GPa, but larger than that of the 
lattice oxygen at 1.0 GPa for an average crystal size larger than 15 rim. When the average 
crystal size was 2.0 nm, the chemisorbed/lattice oxygen ratio did not significantly change 
between 0.0 and 1.0 GPa. 

1. Introduct ion 

Perovsk i t e - type  nanocrys ta l l ine  LaFeO3 is an  in teres t ing  mate r ia l  in which  
the  a m o u n t s  of  a d s o r b e d  and  lat t ice oxygen  (O¢ and  OL) unde r  different  
c o m p a c t i n g  p r e s s u r e s  change  dramat ica l ly .  The  au tho r s  have  a l ready  p r e s e n t e d  
the  resul ts  o f  an  X-ray p h o t o e l e c t r o n  s p e c t r o s c o p y  (XPS) s tudy  of  the  
c h e m i s o r b e d  and  lat t ice oxygen  of  nanocrys ta l l ine  LaFeO3 f r o m  0.0 to  1.5 
GPa  c o m p a c t i n g  p r e s s u re  for  an ave rage  crys ta l  size of  less  t han  15 n m  
[1 ]. I t  was  shown  the re  tha t  the  signal  o f  the  c h e m i s o r b e d  oxygen  Oc is 
less  in tense  t han  tha t  o f  the  lat t ice oxygen  O1 fo r  a crys ta l  size of  70 n m  
bu t  tha t  the s ignal  o f  the  Oc is m o r e  in tense  than  t ha t  o f  O1 for  nanocrys ta l s .  
It  was  fu r the r  shown  tha t  the  Oc/O~ ra t io  is i nc reased  a t  1.0 GPa  for  
nanocrys ta l l ine  LaFeO3 solid mater ia l s .  In this  pape r ,  we  t ry  to  de t e rmine  
the  m a x i m u m  par t ic le  size of  u n c o m p a c t e d  nanoc rys t a l  for  which  the  Oc 
signal  is still m o r e  in tense  t han  the  O~ signal.  We  t ry  to an swer  the  ques t ion  
of  h o w  the Oc/O~ ra t io  will change  if loose  p o w d e r s  wi th  an  a v e r a g e  par t ic le  
size l a rger  than  15 u m  are  c o m p a c t e d .  Fo r  this  p u r p o s e  in format ion  on  the  
na ture  of  c h e m i s o r b e d  and  lat t ice o x y g e n  for  nanocrys ta l l ine  LaFeOa ( la rger  
than  15 urn) unde r  a c o m p a c t i n g  p re s su re  of  1.0 GPa  is ob ta ined  by  XPS. 

2. E x p e r i m e n t a l  detai l s  

In o rder  to  find out  the  regular i ty  of  the  XPS s p e c t r a  of  LaFe03  nanoc rys t a l s  
p r e p a r e d  by  va r ious  me thods ,  we have  p r e p a r e d  severa l  samples .  They  are  
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denoted sample A (prepared by citrate method, CTM, the average crystal 
size dA = 16.0 nm) [2], sample B (polyethylene glycol method, PEGM, dB= 15.3 
rim) [3], sample C (polyvinyl alcohol method, PVAM, dc=17.1 nm) [4], 
sample D (stearic acid method, SAM, dD= 17.3 rim) [5], and sample E (reverse 
drop coprecipitation in alcohol method, RDCAM, dp.=2.0 nm) [6]. These 
samples exist in the single orthorhombic phase as determined by X-ray 
diffraction (XRD) and the average crystal size of the samples was examined 
by transmission electron microscopy (TEM). The XPS study was performed 
by means of a VG Scientific ESCA MK II spectrometer chamber (pressure 
3 x 1 0  -~ Pa). The binding energy (BE) was calibrated with reference to 
C(ls) = 285.0 eV. 

3. R e s u l t s  and  d i s c u s s i o n  

3.1 Resolution of O(ls) 
XPS measurements were carried out for the O(ls) spectra of the samples 

from A to D at 0.0 and 1.0 GPa and room temperature as shown in Table 
1, the average crystal size of these samples is larger than 15 nm. Every 
composite O(ls) spectrum can be resolved into three components: the lattice 
oxygen O1 (BE--528.93-530.29 eV), the chemisorbed oxygen or adsorbed 
oxygen Oc (BE=531.00-532.20 eV) and the physisorbed oxygen Op 
(BE--532.34-532.95 eV). The O(ls) spectra of samples A, C and E at 0.0 
and 1.0 (1.5) GPa compacting pressure and room temperature are shown 
in Figs. 1, 2 and 3. 

TABLE 1 

Binding energy and percentage  of Op, Oe and O1 in LaFeO3 

Sample d Pressure O( l s )  (eV) Oe]01 Increase 
(nm) (GPa) ratio in ratio 

Op % Oe % Ol % (%) 

A 16.4 0.0 532.82 10.16 531.39 41.74 529.63 48.05 0.87 
1.0 532.95 7.82 531.50 44.06 529.60 48.11 0.92 5.4 

B 15.3 0.0 532.67 3.38 531.39 34.36 529.44 62.26 0.55 
1.0 532.56 8.62 531.33 44.95 529.28 46.43 0.97 43.1 

C 17.1 0.0 532.63 4.57 531.00 55.70 528.93 39.73 1.40 
1.0 532.77 10.19 531.32 55.15 529.22 34.65 1.59 11.9 

D 17.3 0.0 533.34 11.79 532.20 29.80 530.29 58.41 0.51 
1.0 533.46 9.78 531.94 41.69 529.88 48.53 0.86 40.6 

E 2.0 0.0 532.84 10.75 531.33 52.81 529.39 36.44 1.45 
0.5 532.86 4.17 531.43 57.80 529.35 38.03 1.52 
1.0 532.88 9.93 531.57 52.33 529.60 37.74 1.39 - 4 . 1  
1.5 533.25 11.48 531.25 67.45 529.10 21.06 3.20 120.7 

F 70.0 0.0 532.46 3.69 531.42 29.91 529.37 66.40 0.45 
1.0 532.96 3.67 531.62 27.43 529.44 68.91 0.40 - 1 1 . 1  
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Fig. 1. 0 ( l s )  spectra of the LaFe03 nanocrystals for sample A: (a) 0.0 GPa; (b) 1.0 GPa. 
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Fig. 2. 0 ( l s )  spectra of the LaFeOa nanocrystals for sample C: (a) 0.0 GPa; (b) 1.0 GPa. 

3.2. Characteristic of 0( ls)  in uncompacted nanocrystals (larger than 
15 nm) 

In ref. 1 we discussed the fact that the signal of  chemisorbed oxygen 
is always more intense than that of lattice oxygen whether the samples are 
compacted or uncompacted,  when the average size of the samples is less 
than 15 rim. It can be seen from samples A to D in Table 1 that the signal 
of the chemisorbed oxygen was less intense than that of the lattice oxygen 
when the average crystal size of the uncompacted samples was larger than 
15 nm. XPS analysis shows that despite the fact that there is a large difference 
in the average particle size between nanocrystals ( 1 5 . 3 - 1 7 . 3  nm) and con- 
ventional crystals (larger than 70 nm), nanocrystals of 15.3 nm already 
exhibit the O ( l s )  characteristic of conventional crystals (70  nm). The con- 



318 

540.0 5 ,0 532.0 528,0 524.0 520.0 540.0 536.0 55~.0 5~8.0 524,0 520.0 
B - E (ev) B.  E tev~ 

(a) Co) 
Fig. 3. O(ls) spectra of the LaFeOa nanocrystals for sample E: (a) 0.0 GPa; Co) 1.5 GPa. 

clusion to be drawn from this investigation is that the different physical or 
chemical characteristics of nanocrystals might be transformed to those of 
conventional crystals with different sizes. 

3.3. Characteristic of O(ls) of nanocrystalline solid materials (larger 
than 15 rim) 

When the samples with 15.3-17.3  nm average crystal size were compacted 
into nanocrystalline solid materials at 1.0 GPa, the O( ls )  spectra  of these 
samples are different from those of the uncompacted samples, but  are very 
similar to those of the compacted or uncompacted nanocrystals with crystal 
size less than 15 nm reported in ref. 1. For these samples the intensity of 
chemisorbed oxygen was stronger than that of lattice oxygen. The BE and 
the percentage of  Op, Oc and O1 for the samples are shown in Table 1. As 
can be seen from the table, the percentage of Oc and O¢/O~ ratio increased 
after the samples were compacted at 1.0 GPa. This shows that part of  the 
nanocrystals has become displaced and fragmented under the stress of the 
contact zones in the interparticle. The interface of  the crystalline in the 
compacted samples is therefore increased [1 ]. The displacement and frag- 
mentation behaviour under the fixed compacting pressure are related directly 
to crystal size. 

3.4. Characteristic of O(ls) for sample with 2.0 nm average crystal 
size before and after compacting 

It can be derived from the spectra of O( l s )  of sample E in Fig. 3 and 
Table 1 that with average crystal size of  2.0 nm the peak of  O¢ far exceeds 
the peak of O1 in intensity independently of whether the samples are compacted 
at 0.0, 0.5, 1.0 or 1.5 GPa; but the O¢/O~ ratio has not distinctly changed 
after compacting except  for the sample which was compacted at 1.5 GPa, 
as seen in Table 1. It can be considered that such small nanocrystals have 
become displaced and fragmented at 0.5 GPa under the stress of  the contact  
zones in the interparticles, but that new contact zones have formed, probably 
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in the  in te rpar t ic les  a t  1.0 GPa,  so  tha t  a pa r t  o f  in te r face  of  the  nanoc rys t a l s  
has  dec reased .  W h e n  the  s a m p l e s  we re  fu r the r  inves t iga ted  a t  1.5 GPa,  it 
w a s  found  tha t  the  p e r c e n t a g e  of  Oc and  the  Oc/O1 ra t io  were  dis t inct ly 
larger ,  and  t ha t  the  s am p l e  c o m p a c t e d  at  1.5 GPa  had  the  h ighes t  Oc/O~ 
ratio.  

The re  is no dis t inct  change  in the  Oc/O1 ra t io  for  s amp le  F, the  70 n m  
convent iona l  crystal ,  a f te r  be ing  c o m p a c t e d  a t  1.0 GPa  [1 ]. 

I t  can  be  s een  f rom the s am p l e s  with va r ious  ave rage  crysta l  sizes tha t  
the  O ( l s )  spec t r a  of  the  s a m p l e s  changed  with  var ia t ion  in crysta l  size and  
the  c o m p a c t i n g  p ressure .  The  smal le r  the  ave r age  crys ta l  size, the  lower  the  
c o m p a c t i n g  p r e s s u r e  n e e d e d  to increase  the  O~/O~ ratio.  
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