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 This study has taken place, with aim of identify the effect of organic and inorganic 

additives materials on induction time and stability of chromium sulfate nano-particles. 

Using inductive crystallization, time induction for nucleation of chromium sulfate 
nano-particles at 25 ° c temperature and different supersaturated using acetone anti 

solvent are measured. Also the induction time and used volume of chromium sulfate 

and surface tension of chromium sulfate nano-particles as a result of adding surface-
active substance (Cetyl Trimeththyl Ammonium Bromide(CTAB)) were analyzed. 

Using the TEM device image was taken from a nano-particle, which resulting nano-

particle size indicated production of nano-particles. The results were in accordance with 
the predictions of nucleation classical theory, the surface tension of chromium sulfate 

nanoparticles alone and in the presence of surfactant CTAB, using this theory and the 

equation for the calculation of the surface tension were compared. The results showed 
that in the presence of acetone by increasing the amount of Supersaturation, induction 

time is also reduced. But in the presence of CTAB surfactant with increasing 

Supersaturation, induction time is reduced. Also, to apply higher concentrations of 
chromium sulfate indicated that the surface tension will be higher, using lower 

concentration of CTAB, surface tension increased. The range of surface tension 

changes is obtained from 24.933 mj/m2 to 26.588 mj/m2. 
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INTRODUCTION 

 

Time between creation of supersaturation and first changes in the physical properties of the system due to 

the emergence of new particles, can be defined as induction time (Sohnel, O.,  J. Garside, 1992), in 

crystallization system. The induction time through experiment is measurable and available. The induction time 

is the sum of the required time to reach a semi-stable state for clusters distribution, required time for stable 

nucleus creation and required time for nucleus to determinable size. Induction time contains information about 

nucleation kinetics of new phase and it has a reverse proportion with nucleation rate. Supersaturation and 

temperature are two important factors in the determination of the induction time so that with increasing the 

temperature or supersaturation, induction time decreases. Induction time also is under the influence of external 

factors such as the existence of impurities and seeds. 

The purpose of crystallization design is production of desired forms, Purity, size distribution and desired 

product, which is obtained by the creation of the desired supersaturation in which crystal growth and nucleation 

is suitable (Cohen, S.A., et al., 2011). Controlling the number of created cores, controls the size of the created 

Crystal. Alternatively, number of crystals and their size can be controlled by adding right amounts of seeds to 

the system. One of expected features for synthesized products in this study (on the effect of adding acetone and 

CTAB materials to nano-particles of chromium sulfate) is to have physical and chemical stability. Therefore, 

main objective of this thesis is as follows. 

Effect of surface-active substances on nucleation speed and the stability of resulting nano-particles are 

focused subjects in nanotechnology. On one hand, surface type of nano-particles and, on the other hand,  

specifications of the solution is effective for the rate of stabilization, but still no comprehensive model to predict 
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this value,  is provided. This investigation to clarify the effect of CTAB on the stability of chromium sulfate 

nano-particles is a effective step in determining above-mentioned interaction (Kobari, M., et al., 2012). 

 

METHOD AND MATERIALS 

 

1.1 Induction time measurement: 

The time between creation of supersaturation and the first changes in the physical characteristics of the 

system due to formation of solid phase is defined as the induction time. Induction time cannot be considered as 

an inherent system property because its value depends on applied method for Crystal detection. However, this 

parameter experimentally is determinable and contains useful information about kinetics of nucleation. 

Since , induction time is determinable by monitoring absorption rate after creation of Supersaturation, being 

opaque Time and induction time for different concentrations of Sucrose nanoparticles (table 3-1) in different C ^ 

* is achieved. 

In the next test, we solve 0.5 g surfactant (CTAB) in 1 liter of distilled water and we takes (1, 0.9, 08, 0.7, 

0.6, 0.5, 0.4, 0.3 cc) from this solution, and adds this volumes to (cc10+ g1.7 ،cc10+ g1.8 ،cc10+ g1.9 ،cc10 + 

g2). Later this solution with a symbol C (the concentration of chromium sulfate in terms of g/cc solution) is used 

in the calculation. Then we add it with acetone anti solvent and thereby we determine the used volume and 

induction time. Then the solution was placed in within the sample container. After 12 hours , the solution was 

transparent and by putting transparent solution in Avon, residual amount of chromium sulfate resulting from 

evaporation was weighted, which will be used in relations  by symbol c ^ * (saturated concentration of 

chromium sulfate resulting from evaporation in terms of  g/cc solution). 

Also, being opaque time or induction time obtained for chromium sulfate nano-particles by adding (CTAB) 

in different supersaturation in different amounts of chromium sulfate. thus  to ensure formation of chromium 

sulfate nano-particles as a result of adding surfactant (CTAB) by adding TEM, imaging was done from desired 

sample. 

 

2.2) Transmission Electron Microscopy Test (TEM): 

In order to recognize nano-particles shapes using Transmission Electron Microscopy, an image was taken. 

First, we put a very small amount of synthesized nanoparticles in a glass contains proper Dispersant 

(distilled water, ethanol, acetone, etc..), it is necessary to explain that, proper Dispersant is a solvent which has 

no wit nano-particles, and it just keeps the nano-particles to delivery propagated ultrasonic waves from the 

ultrasonic device to the nano-particles, then according this fact that, most nano-particles after synthesized will 

be Agglomerated, the glass containing nano-particles with its solvent is putted ultrasonic device And  we apply 

proper time and power to open the  nano-particles, this time with respect to the sample is 15 minutes, then we 

picks a few drops with micro pipette from glass containing sample and its solvent and pour it on carbon 

formulaic grades (carbon formulaic grades are  nano-particles holder for TEM device), and wait a few minutes 

until solvent evaporate from the grade and then we put the grade within the device to do test. 

 

 
 

Fig. 1:TEM image of synthesized chromium sulfate nano-particles 
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2. Results: 

3.1) the results related to the solvent acetone for different concentrations of chromium sulfate: 

During performing the experiment was observed that the time delay by adding on the Supersaturation 

decreases. In other words, with increasing concentration and as a result of the supersaturation , number of 

clusters which  become critical nuclei will be larger and critical nuclei will smaller. Then the experimental 

results compared with the classical nucleation theory. The classical nucleation theory predicting that there is a 

linear relationship between ln indt and 
21/ ln S . Obtained the results of this test will also confirm this point. 

In this section, the amount of induction time based on supersaturation values saturation and used volume of 

acetone anti solvent for different concentrations of chromium sulfate has been revised. 

 

 
 

Fig. 2: Plot of ln indt and 21/ ln S  for different supersaturation values and different concentrations of chromium 

sulfate 

 

3.2)The effect of used volume of anti-solvent : 
With increasing used volume of anti-solvent acetone, reaction time will be faster. As Abdolkarimi 

Mahabadi et al (1387) showed that, at constant temperature, induction time decrease with increasing 

supersaturation, it is also confirmed in this experiment. 

There is also a linear relationship between ln indt and
21/ ln S , which indicating that the classical theory of 

nucleation properly predicts experimental results, which indicate that formation of primary and secondary 

nucleation take place simultaneously. 

 

 
 

Fig. 3: graph of the induction time versus used volume of anti-solvent 
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3.3) Results associated with the adding surfactant CTAB: 
In surveying of induction time within production of Chromium sulfate nano-particles, lab results of 

induction time in different supersaturation and at 25 ° C in the presence of surfactant (CTAB), has shown in 

different charts of surfactant concentrations. In order to comparing the experimental results with model 

predictions, graph ln indt versus 
21/ ln S  are plotted. 

 

 
 

Fig. 4: Plot of ln t ind  versus  1/ln S
2 
for different values of the surfactant concentration 

 

The results indicate that, when additive surfactant CTAB)) is used, an increase in supersaturation result in 

less induction. Therefore it can be concluded that the presence of additives can change the induction time by 

influencing on the supersaturation. Interaction method of these additive with surface of chromium sulfate crystal 

is possible reason for these observations.  It seems that, covering method (CTAB) doesn’t prevent attaching 

chromium sulfate solution to crystalsurface of this material, and with increasing supersaturation (the driving 

force of penetration from the solution to the crystal surface), this event will accelerate and the induction time 

decreases. Induction time of measurement results show that in presence of additives surfactant (CTAB), 

induction time in high supersaturation and in low supersaturation is higher than when the additive is not used. 

 

Conclusion: 
Induction time of Chromium sulphate nanoparticles produced by anti-solvent method, at different 

temperature and supersaturation was measured. By experimental data, it can be founded that increasing 

supersaturation, time induction is lowered, and Reducing the concentration of additives, induction time and  

used volume of acetone for nucleation is also reduced, by reducing the used volume of chromium sulfate 

induction time decreases, and also, increasing used volume of acetone, causes a reduction in induction time, 

And finally comparing the results with the models shows that there is probability of chromium sulfate nano-

particles formation in the primary and secondary nucleation according to classical nucleation theory, And 

successively primary and secondary nucleation is  formed and the classical theory predicts nucleation properly. 
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