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Abstract

This paper describes the researches on nanoparticle metrology at the Center for

Measurement Standards (CMS/ITRI) in Taiwan. We developed the nanoparticle

calibration system with a Differential Mobility Analyzer (DMA) and an Electro-

gravitational Aerosol Balance (EAB). The EAB, acting as primary calibration system,

was evaluated with three home-made polystyrene latex (PSL) spheres. The expanded

uncertainties at 95 % confidence level are 109.0 nm ± 1.2 nm, 284.4 nm ± 0.9 nm and

529.4 nm ± 1.3 nm, respectively. The drawbacks of EAB are that particle size should

be bigger than 100 nm, and measuring time is about two weeks for 100 nm PSL. In

order to provide efficient calibration of nanoparticles with a small uncertainty, we use

compared method to measure engineered nanoparticles. In the compared method, the

DMA measure the mobility of reference particles calibrated by the EAB and particles

to be measured. The size of particles to be measured can be calculated from the ratio

of both mobilities. The expanded uncertainties at 95 % confidence level for the

measuring range from 20 nm to 500 nm PSL are 1.3 nm to 13 nm, respectively.

1 Introduction

Nanoparticles are used in both traditional and emerging industry clusters including

commercial and consumer products, foods, cosmtics, bio and medicine. It brings

new functions and properties to improve and develop new products, and to create new

application possibilities. Particle diameter is a key parameter to determine particle’s

behaviour. There are many measurement techniques for particle size characterization

such as dynamic light scattering, differential mobility analyzer, atomic force

microscope, and electron microscope. A world-wide round robin test [1] reported

inconsistence in nanometer scale range with these instruments. In order to establish
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the measurement traceability for nanoparticle size, CMS/ITRI developed EAB, DMA,

and polystyrene nanoparticles for the calibration of particle measurement instruments.

2 Measurement Principles

2.1 Electro-gravitational Aerosol Balance (EAB)

The EAB, shown in Figure 1, consists of a Millikan cell with two planar electrodes, a

condensation particle counter, two dc voltage generators and a DMA. The

nanoparticles in liquid solution are nebulized by an aerosol generator, and neutralized

by an AM-241 bipolar charger. The charged nanoparticles pass the DMA to filter out

multiple charged particles and then introduce into the space between two horizontally

placed planar electrodes of Millikan cell. The voltages of the two electrodes are

supplied by two dc voltage generators. After a relaxation time, the nanoparticles will

be stable due to the balance of electrostatic force and the gravitational force exerted

on the nanoparticles. A certain fraction of the non-balanced nanoparticles are

deposited onto the electrode surfaces from the space between the electrodes. The

survival nanoparticles are counted by the condensation particle counter. The survival

function is used to describe the ratio of the number of nanoparticles left after holding

time to the initial number of particles. The size of nanoparticles is determined

according to the balance between the electrostatic and gravitational forces exerted on

the particles.

2.2 Differential Mobility Analyzer (DMA)

The DMA, shown in figure 2, is capable of accurate size measurement of aerosol

particles. Basically, this instrument has two major applications: one is to measure the

particle size distribution; the second one is to sort out narrow-ranged particle size.

The aim in this research is to sort aerosol particles according to their electrical

mobility, Z, which is defined as the ratio of the velocity to the electric field. The

electrical mobility is related to the particle diameter, D, and is given by
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Where v is the velocity of the particles in the electric field, E is the electric field, q is

the charges carried by the particles, C is the slip correction factor determined by the

properties or aerosol carrier gas, and  is the gas viscosity.
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2.3 Fabrication of Polystyrene Nanoparticles

The monodisperse submicrometer spheres were prepared via a soap-free emulsion

polymerization. A typical polymerization procedure was as follows: 90 mL

deionized (DI) water was added into three-necked flask equipped with a reflux

condenser and a mechanic stirrer (the stirring speed was about 400 rpm) and

deoxygenated by bubbling with nitrogen for 30 min under stirring. After

deoxygenating, the Potassium persulfate (KPS, 0.0873 g) was added to the DI water,

and the various weight ratios of Sodium p-styrenesulfonate hydrate (NaSS) to Styrene

monomers (St, 10 mL) were employed. Then the temperature of the synthesis

solution was increased to 70 ºC for 24 hours under continuous nitrogen purge at an

impeller speed of 400 rpm. After the synthesis process was completed, the spheres

were separated from the reacted solution by centrifugal technique and washed with

DI water in turn to remove impurities. The synthetic procedure is shown in Fig. 3.

3 Measurement Results

Eight parameters contribute to the measurement uncertainty by the EAB. They are

elementary charge, apply voltage, particle density, air density, electrode gap,

gravitational acceleration, survival rate, and reproducibility. The measurement results

of three home-made polystyrene spheres at 95 % confidence level are 109.0 nm ± 1.2

nm, 284.4 nm ± 0.9 nm and 529.4 nm ± 1.3 nm, respectively. Five parameters

contribute to the measurement uncertainty by the DMA with compared method. They

are reproducibility, flow rate, slip correction factor, and reference particles. The

measurement results of four commercial polystyrene spheres at 95 % confidence level

are 19.7 nm ± 1.3 nm, 97.3 nm ± 1.4 nm and 503 nm ± 13 nm, respectively.

4 Conclusions

CMS/ITRI has developed particles measurement by aerosol methods of EAB and

DMA. The measurement uncertainties can achieve less than 1.4 nm for the range

from 20 nm to 100 nm polystyrene spheres. We will continue to develop image

method by a calibrated scanning electron microscope, and fabricate less than 30 nm

of Ag and SiO2 nanoparticles.
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Figure 1: Electro-gravitational Aerosol Balance [2]
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Figure 2: DMA [3] Figure 3: Synthetic procedure of PSL
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