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The classical homogeneous nucleation theory was employed to calculate the efflorescence relative humidity
(ERH) of airborne ammonium sulfate particles with a wide size range (8 nm to 17µm) at room temperature.
The theoretical predictions are in good agreement with the experimentally measured values. When the
ammonium sulfate particle is decreased in size, the ERH first decreases, reaches a minimum around 30% for
particle diameter equal to about 30 nm, and then increases. It is for the first time that the Kelvin effect is
theoretically verified to substantially affect the ERH of ammonium sulfate particles smaller than 30 nm,
while the aerosol size is the dominant factor affecting the efflorescent behavior of ammonium sulfate particles
larger than 50 nm.

1. Introduction

Airborne particles from various sources, such as sea spray,
volcano eruption, and anthropogenic emission can influence the
radiation balance of earth and cloud formation.1-4 The amount
of water in a particle depends on the atmospheric relative
humidity (RH) and the water sorption property of airborne
particles. Certain atmospheric particles can undergo water uptake
at sufficiently high RH (deliquescent process) and substantially
grow in size, which can alter their light scattering behavior and/
or chemical reactions in the atmosphere. Upon decreasing RH,
a hysteresis behavior can be observed when wet particles
decrease in size through losing water to eventually crystallize
(efflorescent process). Ammonium sulfate (AS) aerosol is one
of the major inorganic species in atmosphere.5-7 Its deliquescent
and efflorescent behaviors have been studied using various
experimental techniques, which are summarized in Table 1.
While similar values for deliquescence relative humidity (DRH),
ranging between 79% and 81%, were obtained by various
research groups, the reported efflorescence relative humidity
(ERH) varies substantially (33-48%) (Table 1).

Unlike DRH that can be described by thermodynamic
principles, ERH is mainly governed by kinetics of homogeneous
or heterogeneous nucleation.1,4 While the homogeneous nucle-
ation demands a high degree of supersaturation, the heteroge-
neous nucleation can be catalyzed by existing foreign solids in
a less supersaturated solution.13 For the cases of homogeneous
nucleation, Onasch et al.14 determined the critical nucleation
rate fromJc ) 1/(Vet), wheret is the induction time andVe is
the particle volume at efflorescence. They then applied the
Gibbs-Duhem relation, the thermodynamic model of Clegg et
al.,15,16 and the experimentally obtained DRH and ERH to
calculate the critical supersaturationS*. On the basis of classical
nucleation theory, the energy barrier, which can be calculated
from the critical nucleation rate, depends both on the super-
saturation and on the droplet interfacial tension. Accordingly,
a plot ofJc vs (ln S*)-2 should be a straight line, provided that
the temperature and interfacial tension are both constant. For
most experimental data, this behavior is observed, and the

interfacial tension that is determined from the fitting line slope
falls in the middle of the range reported in the literature. Despite
the application of nucleation theory, this work did not directly
predict ERH and growth factor prior to efflorescence.

While several theoretical works for calculation of DRH of
aerosols have been reported,17-19 a direct prediction of ERH of
an aerosol particle with a given size is not yet available in the
literature. Hence, the present work aims to utilize the well-
established classical nucleation theory as the framework to
calculate the growth factor and determine the ERH of AS
particles of a wide size range, spanning from 8 nm to 17µm.
For the first time, the Kelvin effect is theoretically verified to
be most influential on particles smaller than 30 nm, in agreement
with the recent experimental observation on sodium chloride
particles.20 The theoretical predictions are compared with the
experimental data measured in this work and reported in the
literature.

2. Basic Theories and ERH Prediction

2.1. The Kelvin Effect on Relative Humidity (Ko1hler
Equation). The relative humidity RH) p/pw is defined as the
ratio of the actual water vapor pressure (p) in the air to the
saturation value (pw) at a specific temperature. For an ideal
aqueous solution, the water vapor pressure follows the Raoult’s
law: psol ) xwpw, wherexw is the mole fraction of water in the
solution, and thus RH) xw. For a nonideal solution, however,
the Raoult’s law is modified to be
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TABLE 1: DRH and ERH Reported in Literatures

particle size DRH ERH technique ref

<50 nm 79-81% TDMA 6
100 nm 79( 1% TDMAb 8
300 nm 80% 35% FTIR 9
450anm 79( 1% 33( 1% FTIRc 10
1 µm 80% 35% FTIR 11
20aµm 81% 48% EDBd 12

a Initial droplet particle size.b Tandem differential mobility analyzer
system.c Fourier transform infrared spectrometer.d Electrodynamic
balance.

psol

pw
) γwxw ) aw ) RH (1)
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where aw and γw represent the activity and the activity
coefficient of water, respectively. Equation 1 is valid for a bulk
aqueous solution. For a nanometric aqueous droplet, the Kelvin
effect accounts for an increase in the equilibrium vapor pressure
(pc) due to the air-liquid interface curvature, compared with
the corresponding value (psol) for a flat surface. This Kelvin
equation can be expressed as

whereD is the droplet diameter,Mw andFw are the molar mass
and density of water,R is the molar gas constant (8.314
J‚mol-1‚K-1), T is absolute temperature, andγdrop-air is the
surface tension at the droplet interface. When calculating RH
surrounding an aqueous droplet, the Kelvin effect should be
incorporated into eq 1, thereby leading to the Ko¨hler equation

2.2. Homogeneous Nucleation in an Aqueous Droplet.We
apply homogeneous nucleation theory to investigate the ef-
florescence of an electrolyte droplet. When the RH is approach-
ing the ERH of an electrolyte droplet, the droplet is becoming
increasingly supersaturated. The free energies of the supersatu-
rated droplet prior to nucleation (state 1) and at the ERH when
the first nucleus forms (state 2) are, respectively, given by

µ1 is the solute chemical potential in the supersaturated solution,
µ2 is the solute chemical potential in the nucleus,i is the
molecule number of the solute in the nucleus,γ is the interfacial
tension, andA represents the interfacial area. The change in
Gibbs energy (∆G) from state 1 to state 2 represents the work
required for the inception of crystal embryos from the solution
and is given by

To arrive at the above equation, we have neglected the change
in Adrop-air from state 1 to 2. This assumption will be justified
later.

Since the solute chemical potential in the crystal must equal
the value in the saturated solution, namely,µ2 ) µ1

0, the
chemical potential difference for super saturation is∆µ ) µ1

- µ1
0. Assuming the shape of the solute crystal to be spherical,

eq 6 becomes

whereνc is the volume of a solute molecule andr is the radius
of the nucleus. The first term on the right-hand side represents
the chemical work, which is negative reflecting the supersatu-
rated solution; the second term is the mechanical work required
for the formation of the embryo. In eq 7, the difference in
chemical potential can be expressed as∆µ ) KBT ln S with S
) a/a0 being the supersaturation ratio, wherea is the solute
activity in the supersaturated solution,a0 is the solute activity
of the saturated solution, andKB is the Boltzmann constant.

According to the nucleation theory, the energy barrier is the
maximum∆G that can be determined by

Solving the above equation finds the critical radius of the
nucleus

Substituting eq 8 to eq 7 yields the energy barrier

which is also called nucleation work. Figure 1 illustrates the
change in the Gibbs energy with the nucleus radius for airborne
AS particles at room temperature using eq 7 withνc ) 1.24×
10-28 m3 andγdrop-nuc ) 0.052 N/m.14

2.3. Homogeneous Nucleation Rate.For homogeneous
nucleation, the formation rate for a unit volume of a critical
nucleus in a supersaturated droplet is expressed as

where the kinetic factorJ0 is a measure of the attempt frequency
for a molecule in the liquid to become involved in the critical
nucleus and has been found to be about 1038 m-3 s-1.13,14,21

This rate at the efflorescence point can be estimated by13,14,22

whereVe is the volume of the supersaturated droplet at this point
andt is the nucleation induction time, which is the time interval
between the establishment of supersaturation and the formation
of critical nuclei.

2.4. Prediction of ERH for Ammonium Sulfate Droplets.
The independent variable for the ERH calculation in the present
study is the dry particle diameter (Ddry). Given a specifiedDdry,
we vary the salt molalitym in the droplet, and the corresponding

Figure 1. Variation of the Gibbs energy change for nucleation at three
different values of supersaturation (S). ∆Gh

/ is the barrier energy, and
r* is the corresponding critical radius.

d∆G
dr

) - 4πr2

νc
KBT ln S+ γdrop-nuc8πr ) 0

r* )
2γdrop-nucνc

KBT ln S
(8)

∆G*h )
16πγdrop-nuc

3νc
2

3(KBT ln S)2
(9)

J ) J0e
-∆Gh

//KBT (10)

Jc ) 1
Vet

(11)

Ikelvin )
pc

psol
) exp(4Mwγdrop-air

RTFwD ) (2)

RH )
pc

pw
) γwxwIkelvin ) aw exp(4Mwγdrop-air

RTFwD ) (3)

G1 ) µ1N + γdrop-airAdrop-air (4)

G2 ) µ2i + µ1(N - i) + γdrop-airAdrop-air +
γdrop-nucAdrop-nuc (5)

∆G ) G2 - G1 ) -(µ1 - µ2)‚i + γdrop-nucAdrop-nuc (6)

∆G ) -∆µ 4πr3

3νc
+ γdrop-nuc4πr2 (7)
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salt mass fractionw can be determined by

whereMsalt is molar mass (132 g/mol for AS). The density and
surface tension of the droplet are calculated using the fitting
equations (in SI units) of Tang and Munkelwitz23 and Korhonen
et al.,24 respectively

The droplet diameter (D) can be determined from the corre-
sponding growth factor given by25

Fsalt is the density of bulk salt, which is equal to 1769 kg/m3

for AS.8

To proceed with the calculation of RH,∆Gh
/, r*, andJ using

eqs 3, 9, 8, and 10, it is necessary to determine the AS and
water activities. Most of the reported empirical equations for
the activities are valid for the AS molality up to about 28 mol/
kg,15,23,24,26-28 which unfortunately are inappropriate for this
study, because the molality of a highly supersaturated droplet
near ERH can be greater than 35 mol/kg. In view of this, we
find suitable the work of Ally et al.,29 which used statistical
mechanics of multilayer adsorption based on the Brunauer-
Emmett-Teller (BET) adsorption isotherm. Their predictions
for water and salt activities in supersaturated aqueous solutions
agree well with experimental data, even for highly supersaturated
solutions (m > 35 mol/kg). In their model, the salt and water

activities are given by

whereB andW represent the salt and water moles in the solution,
respectively, andX is the amount of adsorbed water satisfying

whereq is the number of adsorption sites per mole of the salt
andεA is the internal energy for a monolayer of water adsorbed
onto the salt. The positive solution to the quadratic eq 18 gives
the physically correctX value. For the [(NH4)2SO4 + H2O]
system, Ally et al.29 reportedcA ) 2.075( 0.293 andq ) 2.47
( 0.476.

In Table 2, we list the calculated quantities as functions of
molality for AS particles withDdry ) 100 nm. Note that the
molality of a saturated AS solution is 5.834 mol/kg at 298.15
K.24,27The way we determine the ERH is to ensure an identical
nucleation rate calculated from both eqs 10 and 11 at a given
induction time. Namely, we need to identify the value ofm, at
which such agreement can be achieved, since various physical
quantities shown in Table 2 are functions ofm. This can easily
be accomplished by an iterative process as follows. Knowing
the experimental observation3,23,26,30that GF is quite close to
unity when efflorescence occurs, we use GF) 1.11 as an initial
guess to facilitate the iterative calculation in order to find out
the correctm and thus GF. At the given GF, the corresponding
droplet volume is used to estimate the nucleation rate (Jc) from
eq 11, which may not agree with the calculatedJ from eq 10.
To correct GF, we compare the estimatedJc with the values of
J listed in Table 2 and interpolate it to find the corresponding
m, and hence obtain a new GF accordingly. These values will
be used to determine a newVe and thusJc from eq 11 andJ
from eq 10. Such iteration is continued until the molality and
growth factor converge to their final, correct values to result in
identicalJc andJ within tolerance. Note that the uniqueness of
ERH calculated by this means has been verified by using

TABLE 2: Calculated Quantities as Functions of Molality at 298 K for an AS Particle with a Dry Diameter of 100 nm

m (mol/kg) GF D (nm) RH (×100%) S G*h (J) J (m-3 s-1) r* (m)

2 1.964 196.4 92.5
4 1.624 162.4 85.0
5.8a 1.483 148.3 78.6 1
6 1.474 147.4 78.0 1.07 4.532× 10-16 0 4.56× 10-8

8 1.388 138.8 71.7 2.13 3.653× 10-18 0 4.10× 10-9

10 1.331 133.1 66.1 3.57 1.282× 10-18 3.97× 10-96 2.43× 10-9

12 1.290 129.0 61.0 5.39 7.328× 10-19 5.71× 10-39 1.83× 10-9

16 1.236 123.6 52.5 9.97 3.933× 10-19 1.20× 10-3 1.34× 10-9

18 1.218 121.8 48.9 12.63 3.234× 10-19 2.27× 104 1.22× 10-9

20 1.202 120.2 45.6 15.46 2.773× 10-19 1.42× 10-9 1.13× 10-9

22 1.189 118.9 42.8 18.43 2.449× 10-19 3.32× 1012 1.06× 10-9

26 1.169 116.9 37.8 24.58 2.028× 10-19 7.93× 1016 9.65× 10-10

28 1.161 116.1 35.7 27.70 1.885× 10-19 2.45× 1018 9.30× 10-10

30 1.154 115.4 33.8 30.80 1.770× 10-19 3.87× 1019 9.01× 10-10

33.3b 1.144 114.4 31.0 35.81 1.624× 10-19 1.27× 1021 8.63× 10-10

36 1.137 113.7 29.0 39.91 1.530× 10-19 1.21× 1022 8.38× 10-10

38 1.132 113.2 27.7 42.83 1.473× 10-19 4.74× 1022 8.22× 10-10

40 1.128 112.8 26.5 45.67 1.424× 10-19 1.54× 1023 8.08× 10-10

42 1.124 112.4 25.4 48.44 1.381× 10-19 4.30× 1023 7.96× 10-10

44 1.121 112.1 24.3 51.14 1.343× 10-19 1.06× 1024 7.85× 10-10

46 1.118 111.8 23.4 53.75 1.310× 10-19 2.36× 1024 7.75× 10-10

48 1.115 111.5 22.5 56.28 1.280× 10-19 4.82× 1024 7.67× 10-10

50 1.112 111.2 21.6 58.74 1.253× 10-19 9.14× 1024 7.59× 10-10

52c 1.110 111.0 20.9 61.11 1.229× 10-19 1.63× 1025 7.51× 10-10

a Molality of solution at saturation.24,27 b Molality of solution at efflorescence point.c Initial value for iterative calculation.

w )
Msaltm

1000+ Msaltm
(12)

Fsol ) (0.9971+ 5.92× 10-1 × w - 5.036× 10-2 × w2 +

1.024× 10-2 × w3) × 1000 (13)

γdrop-air ) 0.07191213+ 0.02238717× w -

0.07996065× w2 + 0.69851611× w3 - 2.36147549×
w4 + 4.29166949× w5 - 3.66435817× w6 +

1.14383687× w7 (14)

GF ) D
Ddry

) {Fsalt

Fsol
[1 + (mMsalt)

-1]}1/3

(15)

asalt ) [(qB - X)/qB]q (16)

aw ) (W - X)/W (17)

X2/[(qB - X)(W - X)] ) exp(-εA/kBT) ) cA (18)
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different initial values of GF. For an AS particle withDdry )
100 nm and induction time of 1 s, the ERH is predicted to be
31% (see Table 2), indicating that, under an RH< 31%, the
AS particle is expected to be a dry solid with GF equal to unity.
Table 2 also shows thatGh

/ andr* decrease, whileJ increases
with the decreasing RH, implying a stronger tendency for the
electrolyte droplet to undergo crystallization at lower RH, for
which a higher degree of supersaturation results.

3. Experimental Section

To investigate the size change in the suspended AS particles
under decreasing RH, a tandem differential mobility analyzer
(TDMA) system was employed as Figure 2 shows, which
consists of an electrostatic classifier (model 3080L; TSI, Inc.,
U.S.A.), an exposure chamber, and a scanning mobility particle
sizer (model 3034 SMPS; TSI, Inc., U.S.A.). AS particles were
produced through the atomization of a solution containing 0.2
wt % of (NH4)2SO4 (purity > 99%, Merck, Germany). They
were carried by air through the aerosol generation system
followed by the particle size classifier with an aerosol-to-sheath
flow rate of 0.1. The resulting monodispersed wet AS particles
with a size around 80 nm at a flow rate of 1( 0.1 lpm were
then mixed with a dry air stream (RH< 5%) prior to entering
a cylindrical exposure chamber with length of 85 cm and inner
diameter of 6 cm. A mass flow controller was utilized to provide
the dry air stream at a flow rate between 0 and 2.5 lpm to vary
the RH in the chamber and the residence time of the AS particles
from 41 to 144 s. The final size of the airborne AS particles
was monitored at the outlet of the tube reactor using the SMPS.
Since the Reynolds number ranged from 23 to 80 (,2100), the
flow in the exposure chamber is laminar. It is known that the
mixing effect in a laminar flow is not as good and may thus
bring about nonuniform RH in the chamber. However, the size
distribution of the examined particles was found to remain
monomodal before (>70% RH) and after (<20% RH) drying
conditions with a standard deviation of around(10 nm,
indicative of no serious problem of nonuniform RH and
consequent efflorescence of a portion of particles.

The RH in the exposure chamber was adjusted spanning from
17% to 68% (Figure 3), which was monitored throughout the
whole experiment using a thermohygrometer with a measure-
ment precision of(3% RH (Cole-Parmer, U.S.A.). In addition
to a constant temperature (24.8( 0.3 °C) throughout the
experiment, our prolonged in situ monitoring showed that the
RH measured at the inlet and outlet of the exposure chamber
(Figure 2) differed by less than 0.7% RH, demonstrating that
the airborne AS particles were exposed to stable and consistent
environment through the tube reactor.

The uncertainty of our experimental system was contributed
by two factors: (1) the precision of the hygrometer ((3% RH);
(2) the deviation of RH in the exposure chamber under a given

flow condition. For the latter, on the basis of 14 sets of triplicate
experiments, we found the deviation to be no larger than 3.8%
RH. Hence, the propagated error throughout the whole experi-
ment ranged from 5.2% to 6.4% RH. To verify the potential
bias imposed by SMPS, we employed an established model6 to
estimate the RH in SMPS corresponding to the resultant growth
factor of airborne ultrafine ammonium sulfate particles. Since
the difference between the estimated RH in SMPS and that
measured at the outlet of our exposure chamber ranged from
0.8% to 2.6% RH, the total propagated experimental error
suffices to represent the overall experimental uncertainty.

4. Results and Discussion

Figure 4 shows that the experimentally obtained GF values
of four nanometer-sized AS particles (8-50 nm) as a function
of RH6 satisfactorily agree with our theoretical estimation using
the induction time of 0.15 s, which is indeed the estimated
residence time from the same reference. Our theoretical estima-
tion demonstrates the ERH for the AS particles ranging from
28% to 30% (Figure 4); the smallest (8 nm) AS particle appeared
to have the highest ERH. The theoretically estimated ERH
cannot be verified by the experimental data because the lowest
RH (around 33%) provided in the previously conducted experi-
ments6 was too high to observe the actual ERH (Figure 4).
Nevertheless, our experimental observation for a wide range of
RHs found that the ERH for 43 and 47 nm AS particles is
around 31%, acceptably consistent with the corresponding
theoretical estimation as shown in Figure 5. Note that we have
used the residence time of 60 s corresponding to the flow rate
for the occurrence of efflorescence to conduct the theoretical
calculations.

As mentioned in section 2, we have ignored the change in
Adrop-air from state 1 to 2 in the formulation of free energy

Figure 2. Schematic setup for ERH measurements of AS particles: (1) mass flow controller; (2,3) RH measurement ports.

Figure 3. Effects of the flow rate of dry air on RH in the exposure
tube.
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difference. To examine this assumption, we calculate∆Adrop-air

) Adrop-air(2) - Adrop-air(1), which is negative, and determine
|∆Adrop-air|/Adrop-nuc. This ratio is found to be very small, for
example, equal to 0.003 for the case of dry particles of 8 nm.
Sinceγdrop-air is comparable toγdrop-nuc, the neglect of∆Adrop-air

is justifiable.

In addition to predicting the ERH of AS particles in
nanometer size, the theory employed in this study also ef-
fectively predicts the ERH of AS particles in micron size. For
dry AS particles of 5 and 6µm, Figure 6 shows a consistent
trend between the published experimental data using electro-
dynamic balance (EDB) at the observation time of 1s3,23 and
the theoretical prediction in this study, with agreeable ERH
between 37% and 38%. Hence, according to both experimental
and theoretical results (Figures 4-6), the micron-sized particles
appear to exhibit a higher ERH.

To further validate our theoretical prediction, Table 3
summarizes the experimentally obtained ERH of AS particles
with sizes ranging from 30 nm to 17µm in comparison with
the theoretical prediction obtained in this study. The predicted
ERHs show good agreement with the experimental data, except
for the 0.03-0.08 µm AS particles. This could be due to the

Figure 4. Growth factor and efflorescence trends for AS particles with
dry-state diameters of (a) 8 nm, (b) 15 nm, (c) 30 nm, and (d) 50 nm.

Figure 5. Growth factor and efflorescence trends for AS particles with
dry-state diameters of (a) 43.7 nm and (b) 47 nm.

TABLE 3: Experimentally Obtained and Theoretically
Calculated ERH

dry diameter
(µm)

experimental
ERH (%)

observation
time(s)

calculated
ERH (%) ref

17a 47.48 1200b 42.7 26
10 37( 1.4% 1b 39.1 14
6-8 37-40 1b 38.2-38.7 23
5 37 1b 37.9 3
1 32.5 1b 35.3 31
1 35 30c 37.3 11
0.3 35 30c 35.6 9
0.28a 33 ( 2% 30d 35.6 10
0.03-0.08 38 and 40 1b 29.7-31 32
0.043 and 0.047 31( 6.4% 60c 33.6 this study

a Estimated on the basis of the reported initial diameter of droplet
and growth factor.b Cited from ref 14.c Estimated on the basis of the
residence time of particles in a reaction tube.d Reported in the ref.
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impurity, which initiates heterogeneous nucleation at a higher
ERH.11,14,22To verify our suspicion on the data inaccuracy, we
use the ERH (38%) for 30 nm AS particles reported by Orr et
al.32 to calculate the corresponding induction time. We find it
to be at least 5 h, which is beyond the residence (exposure)
time accommodated by their real experimental setup. In addition,
the apparatus established by Orr et al.32 may provide limited
accuracy, since the DRH of the AS particles, 75%, reported in
the same study also deviates from the consistently observed
value, 80%. Taken together, the theoretical prediction appears
to provide more reliable estimation for the ERH of 30-80 nm
AS particles.

Table 4 lists the predicted ERH of AS dry particles ranging
from 8 nm to 30µm at the fixed induction time of 1 s; the
ERH appears to first decrease with the decreasing dry particle
size, but become increasing when the dry particles are smaller
than 30 nm. This is mainly attributed to the Kelvin effect, which
tends to raise the RH (see eq 3) and facilitates a more rapid
efflorescence, in particular, for smaller nanometer-sized dry
particles. Hence, the theoretical prediction indicates that the
Kelvin effect plays an important role in affecting the ERH of
AS particles smaller than 30 nm, whereas the aerosol size is
the most dominant factor influencing the ERH of particles larger
than 50 nm. A similar behavior has recently been observed
experimentally for sodium chloride particles by Biskos et al.20

While the Kelvin effect is expected to be negligible for particles
larger than 100 nm,6,12 this effect on the ERH of nanometer-
sized AS particles is, for the first time, elucidated on the basis

of classical homogeneous nucleation theory with consistent
experimental observation.

Although satisfactory theoretical and experimental observa-
tions are provided in this study, it is worthwhile to discuss the
difference between experimental and calculated ERHs, which
can be attributed to the inaccuracy in the experimentally
measured dry particle diameter and in the induction time. The
former can be easily understood because our calculation requires
a specified dry particle diameter. The latter affects the deter-
mination of the critical nucleation rate, according to eq 11, and
consequently alters the predicted ERH. With a precise dry
particle size of 100 nm, Table 5 shows that the calculated ERH
increases with the induction time. However, the calculated ERHs
corresponding to various induction times ranging from 0.01 to
2000 s differ from that for 1 s byless than 5.6% RH, which is
indeed comparable to the experimental error in this study. To
experimentally verify such a modest variation of ERH over a
wide range of induction times, one would need an advanced
setup, which is capable of accurately measuring RH and also
detecting the change of 0.8% RH within 0.1 s for a small
induction time (Table 5). Since the actual induction time has
not been experimentally measurable using setups similar to what
is employed in this study, the residence time is used instead
for some cases as an estimate, which should be taken as the
upper limit. Hence, our predicted ERH could be higher than
the real value.

5. Conclusions

Our theoretically calculated ERHs of suspended ammonium
sulfate particles with sizes spanning from 8 nm to 17µm agree
well with experimental data. The ERH appears to first decrease
from around 41% when the dry particle size decreases from 30
µm, then increase for the dry particles smaller than 30 nm. The
theoretical calculation elucidates that the Kelvin effect plays
an important role in affecting the ERH of AS particles smaller
than 30 nm, while the aerosol size is the most dominant factor
influencing the ERH of particles larger than 50 nm. The
theoretical prediction also demonstrates that, to successfully
observe ERH of suspended AS particles, the experimental setup
needs to provide an RH lower than 29%. The dry particle size
and the induction time during homogeneous nucleation are the
two major factors affecting the accuracy of theoretically
predicted ERH. According to the induction time adopted in this
study, the estimated ERH could be somewhat higher than the
actual value.
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