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INTRODUCTION

Figure 2: Fluoride Effects on Analysis Sensitivity

Figure 1:

pH Effects on Analysis Sensitivity
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RESULTS AND DISCUSSION – varying factors of pH and fluoride

� The optimum initial pH (before addition 

of molybdate) for the dissolution of 
silica to form HPA is approx. pH 10

� This may be a balance between enhanced 
silica solubility at high pH and the optimal 

(low) pH of the reaction to form HPA 

� When the acidic molybdate solution is 

added to the basic silica suspension to 
initiate the reaction, the initial solution pH 

quickly falls to approx. pH 1-2 for the 

formation of HPA; in fluoride experiments, 
this pH is higher: pH 4.5-5; this needs to 

be more closely examined to make these 
two studies more directly comparable.

We are seeking to design an instrument to 

quantify trace amounts of ultrafine airborne 
silica-containing particles in situ, using a novel 

yet robust chemical analysis technique. In this 
work, we seek to optimize a number of key 

variables influencing the chemical reactivity of 
silica, including pH, fluoride ion concentration, 

temperature, and agitation method. The aim is 

to enhance sensitivity and consistency of the 
analysis before designing and constructing the 

instrument. Eventually, we will also evaluate a 
range of chemical forms of silica to quantify 

their sensitivity, linearity, and limit of detection.

The Occupational Safety and Health 
Administration (OSHA) has recently proposed  

lower limits for airborne silica concentrations in 
industrial settings to reduce of a wide variety 

of severe health issues such as silicosis. [1] 
Existing methods for determining silica 

concentration cannot provide immediate 
results, have higher detection limits, or rely on 

filter collection with offsite analysis. [2]

Based on preliminary research results and the 

work of Fujiwara et al. [3], we estimate that the 
proposed analytical approach and instrument 

design will have a limit of detection of the 
order of 5 µg/m3. This limit compares favorably 

to the newly proposed OSHA personal 
exposure limit of 100 µg/m3, the 10-hour 

weighted NIOSH standard of 50 µg/m3, and 
the 8-hour weighted ACGIH standard of 25 

µg/m3. [2]

METHOD

We react silica with a molybdate solution to 

form silicotungstic acid (H4[W12SiO40]), a 
heteropoly acid (HPA). These compounds have 

been studied for decades [4], reacting with 
selected compounds to form molybdenum blue 

that is analyzed via visible absorption 
spectroscopy at 820 nm [5]. All reactions are 

done in plastic; because no glass is used, all 

measurements are based in mass, not volume.

Fundamental chemistry
� A sample containing a known amount of 

SiO2 (Aldrich) in aqueous suspension is 

combined with an acidic molybdate solution 
to form heteropoly acid (HPA) over time.

� The HPA is reduced over time by 1-amino-2-
naphthol-4-sulfonic acid, which converts the 

HPA to the heteropoly blue complex which 
has a very high absorption cross section. 

Factors investigated
� Replicate experiments are carried out using 

silica suspensions with different silica 
loadings over a range of starting pH values.

� Sodium fluoride (approx. 10 ppm, but in 
significant stoichiometric excess relative to 

silica concentrations) is added to some 
mixtures before addition of molybdate

� Analysis sensitivities (Fig 1) are calculated 
as the slope of the line (Fig 2) with units of 

absorbance over µg Si present in solution.
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ONGOING/FUTURE WORK

� Further investigate the pH dependence on the increased reactivity of silica in the presence of 

fluoride ion and across a range of concentrations? It may show greater reactivity at low pH.

� At low pH, fluoride ion is favored in the hydrofluoric acid equilibrium; will other reactants such as 

EDTA similarly improve the reactivity of silica without this possible hazard? How will increased 
temperature and/or agitation such as ultra-sonication assist this process?

� Previous results indicate that there is a wide range of sensitivities depending on the chemical 
form of silica analyzed: species that were more hydrated show higher sensitivity.

� This is most likely due to reduced reactivity of more stable forms of silica, leading to incomplete 
conversion to HPA – we need to continue to optimize the chemistry; having done so, we will 
examine various chemical forms of silica once again.

� The addition of approx. 10 ppm sodium fluoride enhances the sensitivity of the analysis by 
a factor of between 25 – 44% for these two experiments as hoped; can we do even better?

� pH dependence of the analysis sensitivity is different than the study in Figure 1. This needs to be 

accounted for; however, the analysis sensitivities are of the same approx. magnitudes

� The concentration of fluoride needs to be varied to examine whether it is in sufficient excess so 

that the sensitivity enhancement is independent of concentration; low is preferred.  Additionally, 
recent testing has found that lower initial pH results in much higher absorptivity.


