
 
Charge and Stability of Silica Nanoparticles 

 

SURFACE CHARGE PROPERTIES OF COLLOIDAL NANOPARTICLES 

The isoelectric point of a colloidal nanoparticle sample is the pH at which the sample has a neutral zeta potential or 

surface charge of zero.  At a neutral charge, the particles have very low stability and are very prone to aggregation and 

flocculation.   In order to keep colloidal nanoparticles stable in solution, it is necessary to suspend them in a solution 

with a pH that is far away from their isoelectric point.  The magnitude of the zeta potential provides information about 

particle stability, with particles with higher magnitude zeta potentials exhibiting increased electrostatic repulsion and 

therefore increased stability.  

 0 to -5 mV: Particles tend to agglomerate, aggregate, or flocculate       

 -5 to -20 mV: Particles are minimally stable 

 -20 to -40 mV: Particles are moderately stable 

 -40+ mV: Particles are highly stable 

 

CASE STUDY: AMINATED SILICA NANOPARTICLES 

To demonstrate this effect, a comparison between silica nanoparticles and animated silica nanoparticles was performed.  

At neutral pH, non-functionalized silica nanoparticles are very stable in solution with no flocculation observed over 2 

days while aminated silica nanoparticles flocculate out of solution over the same 2 day period.   

SAMPLE PREPARATION 

Samples of both non-functionalized and aminated silica nanoparticles were centrifuged twice and re-suspended in de-

ionized water with bath sonication to remove any residual reactants and brought up to a final concentration of 10 

mg/mL.   

MEASURED ISOELECTRIC POINT DATA 

 

 Unfunctionalized silica particles have a negative surface charge 

 Aminated silica particles have a positive charge at pH 7 and below 

 Silica particles are most stable in alcohols   

 When stored in water, keep unfunctionalized silica particles at a high 

concentration (10 mg/mL) 

 Aminated silica particles are most stable in aqueous solutions at pH values 

between 3 and 6  



 

Table 1. pH and Zeta potential Data of non-functionalized and aminated Silica-(Isoelectric Point highlighted in yellow) 

 

Figure 1. Plot of pH versus Zeta potential for non-functionalized and aminated silica 

The isoelectric point of non-functionalized silica is at a pH of just below 2.  At pH values above 4, the particles will have 

good stability.  For animated silica, the isoelectric point is between pH 7-8.  This data confirms that there are amine 

groups bound to the surface of the particle with positive charges that counteract the hydroxyl termination of the non-

functionalized silica.  To keep aminated silica stable in solution we recommend pH values that are less than 6 or greater 

than 9.    

Silica Solubility and Solvent Dependent Stability 

Amorphous silica tends to have high solubility in aqueous solutions at: 

 low concentrations 

 high and low pH environments 

 elevated temperatures   

When silica is exposed to these conditions, the silica is more prone to dissolving away into solution which can cause the 

particle to decrease or change in size and lose the functional groups that may be on the surface.  For these reasons we 

recommend that when stored in water, non-functionalized silica nanoparticles should be kept a concentration above 

pH point Zeta Potential (mV) Non-Functionalized Silica Zeta Potential (mV) Aminated Silica

2 -4.1 58.5

3 -11.5 49.8

4 -19.0 47.4

5 -23.7 38.5

6 -31.8 32.3

7 -41.7 12.8

8 -45.2 -9.5

9 -43.7 -29.2

10 -43.7 -40.1
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~10 mg/mL, at a neutral pH (7-8), and at room temperature.  Silica has low solubility and high stability in alcohols such as 

ethanol or isopropanol. 

 

Figure 2. Solubility of silica as a function of pH [ref patent EP0387342 A4] 

 

For aminated silica nanoparticles that are to be used in amine chemistry experiments (e.g. EDC coupling reactions), we 

recommend long term storage in an alcohol such as ethanol or isopropanol.  Since the silica has low solubility in 

alcohols, this helps preserve the amine groups on the surface.  It should be emphasized that the solubility of silica in 

aqueous solution is relatively low and that stability in water is often maintained for many days.  When you are ready to 

use the silica in water based experiments, simply centrifuge the particles into water before use.   

If the aminated silica is not being used for subsequent surface chemistry via the amine, the storage conditions are not as 

critical and the particles can be stored in a low pH aqueous solution.  Generally, we recommend a buffer such as acetate 

(pH 5).  At this pH, the aminated silica is far enough away from the isoelectric point that the positively charged particles 

are stable.     

For more information on the use of zeta potential as a tool to measure particle stability please visit our zeta potential 

knowledge page.  If you are interested in having your particle’s zeta potential measured please see our zeta potential 

analytical service page. 
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