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MATERIAL EFFECTS ON THRESHOLD COUNTING EFFICIENCY OF TSI MODEL 
3785 WATER-BASED CONDENSATION PARTICLE COUNTER

Wei Liu, STANLEY L. KAUFMAN, Gilmore J. Sem, Paul J. Haas, TSI Incorporated, Shoreview, 
MN; Frederick R. Quant, Quant Technologies LLC, Blaine, MN

The TSI Model 3785 water-based condensation particle counter (WCPC) offers rapid number 
concentration measurements of airborne ultra-fine particles.  Its unique design [1-3] allows this 
instrument to use water as its condensing fluid.  Water is non-toxic, odor-free, non-contaminating, 
and inherently eliminates the water condensation problem seen with alcohols in a humid 
environment.  These advantages make it important to fully characterize its performance in 
comparison with standard butanol condensation particle counters.  One critical aspect of such a 
counter’s performance is its material dependence, i.e., the effect of the material of particles on its 
threshold response. From the performance of the early General Electric water-based condensation 
particle detectors [4] it is known that for a water-based particle counter, there will be a difference in 
response to hydrophobic and hydrophilic materials.  

The threshold behavior of the WCPC was measured in this study, for particles of several different 
materials including sucrose, emery oil, DOS, DOP, and silver.  Sucrose and oil particles were 
generated using an electrospray (TSI 3480), and silver particles were generated using a tube oven.  
Monodisperse particles were selected with a nano DMA.  The particle counts of the water-based 
CPC and a TSI 3022 CPC were compared to the readings of an electrometer (TSI 3068A) to obtain 
counting efficiencies.  The D50 cut point, i.e., the size with a 50% counting efficiency, of the WCPC 

is 4.7 nm for sucrose. The D50 cut points for pure oil particles are much larger (> 50 nm) and are 

different for different types of oils.
______________________________________________
References

1. S. V. Hering and M. R. Stolzenburg, Continuous, Laminar Flow Water-based Particle 
Condensation Device and Method, US Patent 6,712,881, issued March 30, 2004.

2. S. V. Hering, M. R. Stolzenburg, F. R. Quant, and D. Oberreit, A Continuous, Laminar Flow, 
Water-based Condensation Particle Counter, Post-deadline paper presented at American 
Association for Aerosol Research Annual Conference, Anaheim, CA, October 2003.

3. S. V. Hering, M. R. Stolzenburg, F. R. Quant, and D. Oberreit, A Laminar-Flow, Water-based 
Condensation Particle Counter, submitted to American Association for Aerosol Research Annual 
Conference, Atlanta, GA, October 2004.

4. B. Vonnegut, Method and Apparatus for Measuring the Concentration of Condensation Nuclei, 
US Patent 2,684,008, issued July 20, 1954. 




