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Surface topography of La-Ti composite oxide nanocrysallines
examined with atomic force microscope
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Abstract : By meansof atomic force microsoope, the surface pattern, partice size distribution, and ecific surface area
of La Ti composte oxide were studied. The corrpound particle surface gopears as a smooth sheet , the even dze of the
compound ranges from 19. 85 nm to 25. 38 nm. Theparticle seems smooth , which erects at a height from 4. 69 nm to 5.

88 nm. The surface area ranges from 58. 90 nn? to 1 238. 04 nn?. The La Ti composite oxide nanocrystallines enjoy a
narrow and even particle sze distribution and accumulate closdy.
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1 INTRODUCTION

Atomic force microscope (AFM) is a kind of
scanning probe microscope (SPM) derived from scan-
ning tunnel microscope (STM) ! %21, Based on the
principle that oscillation frequency (W) of atoms ap-
proximates to or is more than 10" Hz,the atomic
mass ( m) is amount to 10%° kg ,the atomic force e
lastic constant k = w?m , whose scale is 10 N/ m,
therefore with an elastic constant less than atomic e
lagtic congtant , the probe cantilever tip performsfric-
tion action with the sample surface, the cantilever
fluctuates according to the appearance of sample sur-
face, accordingly the reflecting light beam occurs ex-
curgon, thus by meansof the variation of laser facula
location detecting by photoelectric diode, the infor-
mation of sample surface isobtained. Besdesthe sur-
face pattern, coarseness, height , and particle granu-
larity distribution can be characterized. Enjoying such
advantages as Smple preparation of sample and nano-
metric differentiation scale! ***! | AFM is greatly wel-
come in chemistry , material and biology! ®* ®1.

Composite oxides containing rareearth element
and a trangtional meta such as titanium as the third
dement enjoy many promisng agpplications owing to
their excellent phydcd and chemica properties.
These compounds have been known to be gplied to
ceramic dielectric materials. With unique outer layer

eectronic construct (La 4f°5d'6< , Ti 3d%4<%) ,which
isfull of empty orbits, La Ti composte oxides are
provided with high catalytic activity for organic com-
pound dehydration. Snce the activity of a catayst
strongly dependson its surface area, the development
of convenient and efficient preparation methods for
the compounds with sufficiently high gecific surface
areas is of great importance. Traditionally, the
monocrystal of lanthanunrtitanium composte oxide
was usualy prepared by flux growth method! 7+81
and the L&Os TiO, series were syntheszed by <lid
phase reaction! °**°!. The methods need a high caci-
nations temperature (1 300 1675 ) for the reac
tion to occur and often resulted in smple crystaline
compostion and the formation of coarse aggregation
which was difficult to digperse. The grain sze of the
products obtained by these methods was rdatively
large (in micron scae) and the gecific surface area
was rather small (less than 10 m?/ g) . If they were
used as catadyst for organic material syntheds, they
could not be digpersed well in reaction system, conr
glomerate eadly, and could not alleviate embedded
phenomenon of active center.

Sol-gel process has been widely used in synthe-
szing many kindsof oxide nanocrystalines with nar-
row particle sze distribution and phase homogeneity.

In this work , La Ti compodte oxide nanocrys
talines with high ecific surface areas were success
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fully prepared through sol-gel process. The surface
topography of compound particles was investigated by
Atomic Force Microscope employing laser beam de
flection for force detection. Nanometer-scale features
of the particle dze distribution and ecific surface
area range were described in detall .

2 EXPERIMENTAL

Huffy bright white well-crystalized ultrafine La
Ti composdte oxides particles were obtained by l-gel
method and the crystdline structure was reported in
Ref.[ 117 .

The AFM used for these experiments was a mi-
croscope (nanoscope  head with nanoscope data
acquistion sysem ) from SPM operating in contact
mode and cdibrated by imaging mica. La Ti compos
ite oxides were put into the mould of compactor , and
an agppropriate force was employed on the sample, a
few minutes later a round thin flake was obtained.
The AFM tip was caref ully placed in the middle of a
flake. The images reported contain 512 x 512 data
points and nearly al images were acquired at a scan
rate of 10 20 liness. The 93Ny cantilevers (with
integrd tips) used for imaging were 1204 min length
and possesed a gring congant of 0. 6 N/ m. The
force gpplied was about 10 N ; this information was
obtained usng the force caibration technique con-
tained in the AFM ooftware package. A tota of 32
images for different scanning scope were obtained in
the present study. The particle sze distribution, the
mean Sze, the mean height , and the ecific surface
areas were measured and caculated with the
CSPM 2000 Image ftware.

3 RESUL TS AND DISCUSSION

When an AFM is operated in a contact mode,
the tip of the cantilever isin contrast contact with the
surface where it fluctuates according to the surface to-
pography in a manner controlled by repulsve forces.
This mode of operation provides high resolution but it
can d o provide artifacts resulting from morphologic
deformation induced by the shape of the probe and by
the rigidity of the cantilever in use. The imaging
force, the large contact area between the tip and the
surface , the tip profile, and the viscod astic properties
of the samples are the main ources of image artifacts
while studying hard surfaces. Contact mode i mage ar-
tifacts resulting from tip-surface interactions can be
minimized by operating the AFM in a tgpping mode
but at the expense of resolution.

Large scope scanning images of surface topogra-
phy : Fg.1 sowsan ided representation of the cormposte
oxides surface.  The surface sheet condgs of wdl shgped
even partides, which arrange in order dosdy. Three
hundred partides are counted out in the scanning sope.
The mean sze of partidesis 28.84 nm ,the mean surface
areais 2 612. 70 nn¥. The three dimensons surface to-
pogrgphy patternissownin FHg. 2. Thelarges height of
the surface outline is 17. 04 nm, and the even height of
theoutlineis 2. 95 nm. The surface of the conpound go-
pears smooth and fluctuates a little, which suggeds the
narrow sze d gtribution of compound partides and the ho-
nmogeneity of surface topography.

Small scope scanning images of surface topogra-
phy : Zooming out the image by reducing scanning
sope, Fig. 3 shows a quite clear image of the conr
pound surface sheet. The particles gppear in the form
of round shape with clear-cut brim and accumulate
closdy to form an even  sheet. Sxty
five particles are counted out in the scanning scope.

Fig.1 AFM picture patternsof La Ti composte oxide with scanning
soope of 2 150. 77 nm x 2 150. 77 nm
(a) —Two dimendond ; (b) —Three dimensona
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Fig.2 AFM picture patternsof La Ti composte oxide with scanning scope of 530. 77 nm % 530. 77 nm
(@) —Two dimengond ; (b) —Three dimensona

There are dxty-five partides in the scanning sope
(see Table 1) . The partide size rangesfrom 98. 483 nm
to 5. 183 nm, and the mean sze is 25. 38 nm. Hghty
percent of the compound partides enjoy a sze anong 10
nm 32 nm (see Fg.3). The compound partideischar-
acterized with edfic surface area ranging from 1 946. 21
nm’ to 26. 31 nn? , and with a mean surface area of 58.
90 nn?*, which is equd to the vaue examined by BET
techrology [ ™! . The three dimendond surface topog
rgphy patterns show the fluctuation of the com-

pound surface, the largest height of the surface out-
lineis 8.96 nm and the mean height of the outlineis
4.69 nm, which suggesting an accumulation of La Ti
composite oxide nanocrystalines with an narrow and
even particle sze distribution.

Scanned by AFM and calculated with the
CSPM2000 Image software, the compound particle
Sze isin close agreement with the value calculated by
Sherri formula according to X-ray powder diff raction
gectrum [, S the result examined by AFM is
confirming.

Tablel Diameter dataof La Ti composte oxide nanocrystalines

Serid Particle Serid Particle Serid Particle Serid Particle Serid Particle
number dze/ nm number dze/ nm number dze/ nm number dze/ nm number dze/ nm
0 13.477 1 19.697 2 17.623 3 19.697 4 27.990

5 30. 063 6 17.623 7 62.199 8 8.293 9 14.513
10 15.550 11 11.403 12 13.477 13 21.770 14 21.770
15 11.403 16 65. 309 17 38. 356 18 31.100 19 12. 440
20 17.623 21 12. 440 22 5.183 23 21.770 24 31.100
25 16. 587 26 98. 483 27 27.990 28 29.026 29 13.477
30 18. 660 31 14.513 32 12. 440 33 53.906 34 21.770
35 16.587 36 19. 697 37 13.477 38 14.513 39 26.953
40 25.916 41 19. 697 42 21.770 43 29.026 44 64.273
45 13.477 46 29.026 47 27.990 48 8.293 49 35. 246
50 45.613 51 21.770 52 15.550 53 33.173 54 19.697
55 48.723 56 14.513 57 21.770 58 47.686 59 43.540
60 17.623 61 17.623 62 24.880 63 16.587 64 21.770
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Fig.3 Particle diameter curve of La Ti
composite oxide

4 CONCL USIONS

The La Ti composte organic complexant precur-
or was prepared by l-gd method. By means of
atomic force microscope, the surface pattern, particle
dze digtribution, and ecific surface area were stud-
ied. The compound particle surface gpears as a
smooth sheet , the even sze of the compound ranges
from 19. 8 nm to 25. 38 nm. the par
ticle seems smooth , which erects at a height from
4,69 nm to 5.88 nm. The surface area ranges from
58.90 nm? to 1 238. 04 nm?. The La Ti composite
oxide nanocrystalines enjoy a narrow and even parti-
cle dze digribution and accumulate closly.
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