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Abstract

For an accurate measurement of aerosol particle size distribution using a differential mobility analyser (DMA), a
new calculation process, capable of predicting the masses for the various kinds of water cluster ions generated from
a bipolar ionizer, was prepared by improving the previous process. The masses for the 5 kinds of positive and nega-
tive water cluster ions produced from a SMAC ionizer were predicted by the improved calculation process. The
aerosol particle charging ratios calculated by applying the predicted ion masses to particle charging equations were
in good accordance with the experimentally measured ones, indicating that the improved calculation process are
more reasonable than the previous one in a mass prediction of bipolar water cluster ions.
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NOMENCLATURE

particle radius
thermal velocity of ion
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diffusion coefficient of ion

number of elementary units of charge
ion electrical mobility

mean free path of ion

electric potential by ion and particle
striking probability of ion and particle
Boltzmann’s constant (=1.3086 x 10%%)
combination probability between ion and
particle

p number concentration of particles carrying
p elementary charges
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nr number concentration of total particle
(=)

ng number concentration of uncharged
particle

rf the ratio of ion concentration in the i-th

bin to the total ion concentration

<N?/Ni=Nii/2d N;—’)
i=1

N ion number concentration

ng number of the types of the cluster ions
present in a chraging space

n:;'/nT positively charged and negatively charged
fractions

mT ion mass in the i-th bin
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Fig. 1. Flow chart for mass calculation of ions generated from a bipolar ionizer.
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Fig. 2. Way for determination
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Table 1. Electrical mobility for the bipolar ions generated
from SMAC ionizer and ratios of specific ion to
total ion concentrations.

Mobility Portion
SMAC [em®/V/sec] -1
+ - + -
I, 0.75 0.93 0.07 0.01
I, 0.95 1.18 0.48 0.08
15 1.22 1.53 0.19 0.08
I, 1.47 2.01 0.12 0.77
15 1.71 2.30 0.14 0.06
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Table 2. Mass range for bipolar ions generated from a
SMAC ionizer (interval of 20 amu).

Positive ion mass Negative ion mass

range [amu] range [amu]
Min. Max. Interval Min. Max. Interval
m,* 130 250 20 my,” 90 230 20
mpt 120 240 20 m,~ 80 220 20
mz*t 110 230 20 my~ 70 210 20
m,* 100 220 20 my,~ 60 200 20
m;s* 90 210 20 ms- 50 190 20

Table 3. lon mass range optimized by the first calculation
(interval of 5amu).

Positive ion mass
range [amu]

Negative ion mass
range [amu]

Min. Max. Interval Min. Max. Interval

m,t 230 250 5 m,” 210 245 5
myt 220 245 5 m,” 200 240 5
mst 210 240 5 my 190 235 5
m,2* 200 235 5 m,” 180 230 5
mst 70 230 5 ms~ 50 225 5

Table 4. lon mass range optimized by the second calcu-
lation (interval of 1 amu).

Positive ion mass
range [amu]

Negative ion mass
range [amu]

Min. Max. Interval Min.

m,t 245 250 m,~ 240 247
m,*t 240 247 my, 235 242
my* 235 242 230 237
m,t 230 237 m, 225 232
ms* 75 82 ms 70 77

Max. Interval
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Table 5. The optimized masses for water cluster ions
generated from SMAC bipolar ionizer.

Ton mass [amu]

m;, et} m;3 My m;s
Positive ion 250 244 239 234 79
Negative ion 247 242 237 232 77
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