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1 – Introduction
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S = Soexp(4γSLVm/RTd) 

Ostwald-Freundlich
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1 – Introduction – Ostwald ripening 

# In the Ostwald ripening 
mechanism , the atoms from 
one particle undergo 
dissolution and are then 
transferred to another 
particle;

# There is a net atomic 
transport from the particles 
with sizes smaller than the 
average value to larger 
particles;

#  Particles smaller than the 
average value will shrink or 
even disappear.



1 – Introduction – GRIGC

# Moldovan and co-workers (D. Moldovan, V. Yamakov , D. Wolf, and 
S.R. Phillport, Phys. Rev. Lett., 89, 206101-1 (2002) )recently studied the 
grain growth process of nanocrystalline materials and proposed a 
new growth mechanism: grain-rotation-induced grain 
coalescence. 

# According to this model, the rotation of grains among 
neighboring grains results in a coherent grain-grain interface (the 
grains assume the same crystallographic orientation), which leads 
to the coalescence of neighboring grains via the elimination of 
common grain boundaries, thus forming a single larger grain. 
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1 – Introduction – GRIGC
# This process had already been observed in colloidal systems 
under special conditions (usually under hydrothermal 
condition) and was dubbed coarsening by oriented attachment
(L. Penn, and J.F. Banfield, Geochimica et Cosmochimica Acta, 63, 1549 
(1999); R.L. Penn, and J.F. Banfield, Science, 281, 969 (1998); J.F. 
Banfield, S.A. Welch, H. Zhang, T.T. Ebert, and R.L. Penn, Science, 289,
751 (2000)).

R.Lee Penn et al. - J. Phys. Chem. B, 105, 2177 (2001)       F. Huang et al. – Nanoletters, 3, 373 (2003)

ZnS
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1 – Introduction – Target
# We believe that this growth mechanism (GRIGC) can take place in colloidal 

systems at room temperature.

#The jiggling of nanoparticles by the Brownian motion can allow adjacent 

particles to collide and rotate to find a low-energy configuration, resulting in a 

coherent grain-grain boundary. This phenomenon can occur even during 

particle deposition. 

#Here, we give experimental evidence that the GRIGC mechanism is an 

important crystal growth process in colloidal tin oxide (SnO
2
) nanocrystal at 

room temperature. 

10nm 10nm 10nm
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2 – Experimental Procedure
Synthesis and characterization

SnCl2.2H2O absolute ethanol

tin (II) chloride 
ethanolic solution

water-ethanol 
(0.15 mol/L) 

solution 

white powder

dialysis treatment

Colloidal dispersion

pH 
control/surfactant

Colloidal suspension(after dialysis)

as-precipitated

Sn+2 + 2 OH- → ↓ SnO2 (s) +↑H2 (g) 

Sn+2 + 2H2O + 2OH- → Sn(OH)4 + ↑H2(g)          

Sn(OH)4 → ↓ SnO2 (s) + 2H2O

Hydrothermal Treat.

HRTEM

PL
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quantum-confinement

∆E = (ħ 2/2m*
e)(π2/d2)

∆E =En-Eb, Eb=3.6eV

m*
e=0.27me

(me = electron mass) 

and ħ is the Planck constant

VB
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Band Gap
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 undoped SnO2              (4.01 eV)
 [(TBA)OH]/[SnO2] = 5    (4.09 eV)
 [(TBA)OH]/[SnO2] = 10  (4.14 eV)
 [(TBA)OH]/[SnO2] = 20  (4.18 eV)

2 – Experimental Procedure
Synthesis and characterization
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2 – Experimental Procedure
Synthesis and characterization

XRD analysis                          HRTEM characterization
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2 – Experimental Procedure
Theoretical Calculation 

# We calculated the specific surface energy and its relative 
stability in several directions, using the crystalline orbital program 
Crystal-98 (V. R. Saunders, R. Dovesi, C. Roetti, M. Causà, N. M. Harrison, 
R. Orlando and C. M.Zicovich-Wilson, CRYSTAL98 User's Manual (University 
of Torino, Torino, 1998). 

(110)                               (101)            (001) 
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3 – Results and Discussion

Room Temperature

# HRTEM image shows 
randomly oriented particles, 
as well as several clusters 
and chains formed by grains 
with the same 
crystallographic orientation .

# The presence of clusters 
and chains is quite frequent, 
suggesting the large-scale 
formation of such 
morphologies.
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3 – Results and Discussion

Room Temperature

#Figs. (a) and (c) provide strong evidence that 
coalescence occurs when two or more grains assume 
the same orientation, resulting in a single crystalline 
cluster or chain. 

#Observation of the coalescence process in a system 
not subjected to heat treatment suggests that this 
growth mechanism presents a very low activation 
energy or even a zero kinetic barrier. 

#Slight misorientations (indicated by arrows) are 
visible in the images of a cluster composed of several 
primary SnO2 nanocrystals (at least four 
nanocrystals) shown in Fig. (c). These 
misorientations or defects originate from imperfect 
attachment among several nanocrystals, resulting in 
edge and screw dislocations. The imperfectly 
oriented attachment may produce different kinds of 
defects .

# It is interesting to observe, in Fig. (b), that a tilt 
between the grains suffices to prevent coalescence. 
In fact, Fig.(b) shows the initial stage of the grain 
growth process. 
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3 – Results and Discussion

Theoretical Analysis 

Surface                         Specific Surface Energy (J/m2)

(110) 1.2

(010),(100) 1.27

(101) 1.43

(001) 1.84
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3 – Results and Discussion

Theoretical Analysis 

# Based on this theoretical study, one can predict preferential growth 
along the [001]. An anisotropic growth may occur even in the [101] 
direction. For example, the surface energy of the (001) surface is 1.53 times 
greater than the (110) surface, while the (101) surface presents a surface 
energy only 1.19 times that of the (110) surface. This analysis suggests 
that growth in the [001] direction will result in particles with a higher aspect 
ratio than the growth in the [101] direction.

# Our HRTEM results revealed the formation of chains and primary particle 
clusters resulting in a single large crystalline nanocrystal. The chain 
morphology showed preferential growth in the [001] direction, while the 
clusters grew preferentially in the [101] direction. 

#These results, which indicate that the GRIGC mechanism occurs typically 
on high surface energy planes, are congruent with the theoretical 
calculations.
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3 – Results and Discussion
Hydrothermal Treatment
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3 – Results and Discussion
Hydrothermal Treatment

# The growth kinetics under 
hydrothermal treatment 
showed that the grain size is 
proportional to t 1/3 (*);

# This time dependence can 
suggest a OR mechanism 
(diffusion control);

# However the HRTEM 
analysis suggest a GRIGC 
process
(*) a more detailed analysis will be 
performed in order to confirm this time 
dependence 
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3 – Results and Discussion
Solid State Growth- In-Situ Growth Analysis
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4 - Summary

#The synthesis method reported in this work is a suitable chemical 
route to prepare, at room temperature, SnO2 nanocrystals (particle 
size ranging from 1-3nm) with no thermal or hydrothermal treatment. 
In this process, SnCl2.2H2O was used as precursor, allowing for easier 
elimination of Cl- by dialysis. 

# We have shown that the GRIGC mechanism occurs in SnO2
nanocrystals at room temperature. Observing this mechanism at room 
temperature may elucidate, for instance, the presence of dislocations 
usually found in nanocrystals (see Figures). 

# We have experimental evidences showing that the GRIGC 
mechanism occurs during hydrothermal treatment and in solid state.
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