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ABSTRACT: The growth of aerosol particles is intimately related to
chemical reactions in the gas phase and particle phase and at gas−aerosol
particle interfaces. While chemical reactions in gas and particle phases are
well documented, there is very little information regarding interface-related
reactions. The interface of gas−aerosol particles not only facilitates a
physical channel for organic species to enter and exit but also provides a
necessary lane for culturing chemical reactions. The physical and chemical
properties of gas−particle interfaces have not been studied extensively, nor
have the reactions occurring at the interfaces been well researched. This is
mainly due to the fact that there is a lack of suitable in situ interface-sensitive
analytical techniques for direct measurements of interfacial properties. The
motivation behind this research is to understand how interfaces play a role in
the growth of aerosol particles. We have developed in situ interface-specific second harmonic scattering to examine interfacial
behaviors of molecules of aerosol particles under different relative humidity (RH) and salt concentrations. Both the relative
humidity and salt concentration can change the particle size and the phase of the aerosol. RH not only varies the concentration
of solutes inside aerosol particles but also changes interfacial hydration in local regions. Organic molecules were found to exhibit
distinct behaviors at the interfaces and bulk on NaCl particles under different RH levels. Our quantitative analyses showed that
the interfacial adsorption free energies remain unchanged while interfacial areas increase as the relative humidity increases.
Furthermore, the surface tension of NaCl particles decreases as the RH increases. Our experimental findings from the novel
nonlinear optical scattering technique stress the importance of interfacial water behaviors on aerosol particles in the atmosphere.

■ INTRODUCTION

Atmospheric aerosols are a colloidal system of tiny solid or
liquid particles in the air. Such aerosol particles play an
important role in atmospheric chemistry and climate
uncertainty.1,2 The growth of aerosol particles is closely related
to chemical reactions in the gas phase and particle phase and at
gas−aerosol particle interfaces.1,3−10 All three phase reactions
could become critical steps in the growth of aerosol particles,
depending on relative humidity, temperature, and local
environments (such as urban, forest, or marine condi-
tions).11−23 While chemical reactions occurring in gas and
particle phases are well documented, interface-related
information on aerosol particles is lacking.
Gas−particle interfaces are a localized region in which both

organic and inorganic species are highly enriched. These
species are expected to exhibit distinct physical and chemical
properties from identical compounds in both gas and particle
phases. Hydrophobic organic species preferentially adsorb onto
gas−particle interfaces from particle phases. However, volatile
organic compounds in the gas phase tend to be taken up into
particle phases and partially remain on gas−particle interfaces.
The gas−aerosol interfaces experience gas-phase diffusion,
interfacial transport, and particle-phase diffusion in order to
achieve gas−particle partitioning equilibrium. The interface of
gas−aerosol particles not only facilitates a physical channel for

organic species to enter and exit but also provides a necessary
lane for culturing chemical reactions.1,3,4,7,10,24−26 However,
despite the significance of gas−aerosol interfaces, the physical
and chemical properties of these gas−particle interfaces have
not been studied extensively nor has there been significant
research documenting interfacial chemical reactions and
dynamics. This is mainly due to the fact that there is a lack
of suitable in situ interface-sensitive analytical techniques for
the direct measurements of interfacial properties.1,27

Second harmonic generation (SHG) and sum frequency
generation (SFG) have been proven to be effective for
investigations of liquid or solid planar surfaces.28−41 Recently,
Geiger and co-workers employed SFG to characterize surface
species of atmospheric aerosol particles collected from
different fields.17,30,42 These early efforts demonstrated that
SFG could probe interfacial structures of aerosol particles from
different fields and locations; however, aerosol particles could
experience loss of physical and chemical properties in the
process of collection, transportation, and handling. Thus,
probing interfaces of aerosols suspended in gases becomes
imperative in real time, to some extent. However, second
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harmonic scattering (SHS) and sum frequency scattering
(SFS) have been developed for surfaces of micro- to
nanometer size particles suspended in liquids.28,43−50 We
recently extended the SHS method into the in situ probe of the
gas−aerosol particle interface.51 This earlier report showed the
first measurement of interfacial population of molecules from
suspended aerosol particles with the particle density of 107

particles per cm3 with a particle size around 100 nm. Recently,
we have improved detection sensitivity to be 4 times as
effective in detecting aerosol particles by implementing
efficient detectors and effective light sources for nonlinear
optical scattering.52 Now our detection limit could reach a
particle density of 103 particles per cm3, which is comparable
to real atmospheric settings. In this work, we further examine
how relative humidity and salt concentration affect adsorption
abilities of organic molecules at the gas−aerosol interface.
The motivation behind this research was to understand how

interfaces play a role in the growth of sea aerosol particles as
relative humidity and salt concentration are varied. Using NaCl
particles to mimic sea aerosol, we can assess the role of these
interfaces experimentally. Both the relative humidity and salt
concentration can the change particle size and bulk phase of
the aerosol. As far as relative humidity is concerned, its change
is related to the deliquescent point, the size of aerosols
internally mixed diameter, and particle optical properties from
the gas−aerosol interface.13,53−56 As relative humidity
gradually increases around aerosol particles, solid salt particles
absorb water and grow in size and weight. When RH is greater
than the deliquescence point, these wet particles continue
picking up more water to become a homogeneous solution
particle. The salt concentration inside of aerosol particles could

impact the surface tension of these particles. Surface tension of
aerosol particles is assumed to be critical in activating to form
cloud droplets, which unfortunately cannot be assessed
experimentally with up-to-date methods. The particle size
change could also affect the surface area of aerosol particles. A
legitimate question arises about how water activity of aerosol
particles influences the ability of facilitating molecules of the
gas−aerosol interface. It is known that increasing the salt
concentration in solution causes a salt-out effect, thereby
decreasing the solubility of the solute in solution. Prior studies
on how interfacial adsorption of organic molecules is affected
by salt concentration were limited to air/water and oil/water
interfaces,16,33,57−68 without mention of the relative humidity
effects of molecular adsorption at any interfaces. As we will
show in this work, interfacial properties change as relative
humidity varies.

■ EXPERIMENTAL SECTION

Second Harmonic Generation (SHG) Measurement. A
schematic of the experimental setup for our second harmonic
measurements is shown in Figure 1A. The experimental setup
includes three components, the laser source, particle generation
and handling, and signal collection and detection, as referenced in
our previous work.51,52

1. Laser Source. A 10 W femtosecond laser system
(PHAROS, Light Conversion) was used in our experiments.
The femtosecond laser was centered at a fixed wavelength of
1030 nm, with a tunable repetition rate from a single shot to 1
MHz (290 fs). A 1 MHz repetition rate was used in our
experiments alongside a lens of a focal length of 10 cm,
directed to focus onto a flow of aerosol particles.

Figure 1. (A) Experimental setup for SHS measurement of the density of organic molecules (DIA-4) adsorbed to the aerosol surface and surface
adsorption onto aerosol particles. The atomizer generates the aerosol particles. The humidity controller is used to change the humidity of aerosol
particles. (B) Two-photon emission spectra from 500 to 765 nm for aerosol particles (red curve) and bulk solution (blue curve) from the same
solution of 1.0 M NaCl in the presence of 7 μM DIA-4. The inset is the magnification of the curves.
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2. Particle Generation and Handling. A solution of NaCl
acted as a seed solution for the generation of aerosol particles
in our experiments. Aerosol particles were generated by
compressing nitrogen gas at a pressure of 40 psi with a
constant output atomizer (TSI 3076). The seed solution was
drawn by the nitrogen gas with a controlled rate of 4 L/min.
An optical particle sizer (TSI 3330, detection size of >300 nm)
together with a nanoparticle sizer (TSI 3910, detection size of
10−300 nm) was used to measure size distribution of the
laboratory-generated aerosol particles. The aerosol particles
were diluted 100 times by an aerosol diluter (TSI 3332) before
the sizers. The size of the aerosol particles is mainly centered at
ca. 60 nm with a broad distribution of ca. 120 nm (full width at
half-maximum). The total number density distribution was
estimated to be ca. 2.1 × 106 particles per cm3 from the
number distribution. A well-sealed chamber with a footprint
area of 40 cm × 30 cm and a height of 30 cm was built to
prevent aerosol particle leakage. In addition, a pump with a
controllable rate was used to exhaust aerosol particles after
experiments in order to avoid accumulation of particles in the
chamber.
3. Signal Collection and Detection. A lens of 2 in. diameter

aperture with 2 cm focal length was used in a forward
geometry to collect SHS signals directly into a spectrometer.
As such, an SHS signal of a scattering angle of almost 60
degrees was collected in our SHS measurements. A
spectrometer (Acton 300i, Princeton Instruments) equipped
with a charge coupled device (Princeton Instruments, LN/
CCD-1340/400) constituted the SHS detection system. A
WinSpec program from Princeton Instruments was used to
record spectra from the CCD. Two short-pass filters with a
cutoff wavelength of 900 nm and the spectrometer separated
SHS photons from the fundamental 1030 nm beam and any
background signal.
To control the relative humidity of aerosol particles, a home-

built humidity controller was made. Aerosol particles were
generated by dry nitrogen gas with 4 L/min flow rate. Relative
humidity for as-prepared aerosols was higher than 90% RH.
The as-prepared aerosol particles were passed through silica gel
drier (290 mm long, 64 mm inner diameter) to keep aerosol
particles less than 30% relative humidity. After that, RH for
aerosol particles was increased by a humidifier, which was
composed of permeable Teflon tubing (Zeus, Inc.) with a 6
mm o.d., which was located inside a copper tube of a 13 mm
o.d. and 200 mm length. The gap between the copper tube and

the Teflon tube was filled with ultrapure water. The copper
tube was covered with heating tape to control the external
temperature in order to be kept at the desired stationary
temperatures for each different relative humidity using a feed-
back looped temperature controller and a thermocouple. The
relative humidity was monitored by a humidity transmitter
(HX200 series, OMEGA Engineering, Inc.).

Chemicals. To investigate interfacial responses of aerosol
particles, we used a SHG-active dye as an indicator. The choice
of dye has to be interface-active, meaning that the dye has to
be populated at the gas−aerosol interface. trans-4-[4-
(Dibutylamino)styryl]-1-methylpyridinium iodide (DIA-4)
was chosen to meet the requirements. DIA-4 was purchased
from Sigma-Aldrich as received. Ultrapure water of 18.2 MΩ·
cm was used in our experiments. NaCl (Fisher Chemical) was
baked at 600 °C for 10 h prior to use.

■ RESULTS AND DISCUSSION

SHS from gas−aerosol particle interfaces radiates coherently
due to a fixed phase relationship from dipoles located on the
particles,44 whereas hyperRayleigh scattering (HRS) from bulk
diploes contributes to incoherent second-order responses
originating from instantaneous noncentrosymmetric breaking
of density fluctuations. Both the coherent SHS and incoherent
HRS are two-photon processes, of which energy is in the same
region of a double frequency (2ω) for experimental measure-
ments for a given fundamental light frequency (ω). Even
though the coherent SHS responses are proportional to the
second power of interfacial dipole densities and the incoherent
HRS signal is simply proportional to bulk dipole densities, it is
hard to differentiate one from the other. In an effort to prove if
two-photon emission at the 2ω comes from coherent SHS, we
used two-photon fluorescence (TPF) as a reference.51,52 Since
both TPF and HRS are two-photon bulk processes, their
signals are proportional to the solution concentration. The
ratio of HRS to TPF for a given sample remains the same if
only bulk contributes to two-photon emissions. Thus, the ratio
of signal at a double frequency (2ω) to TPF will be used as a
benchmark to justify if the signal at 2ω comes from bulk or
interfaces.
To verify if the gas−aerosol interface generates the SHS

signal, two-photon emission experiments for aerosol particles
were carried out under 1030 nm photoexcitation. Control
experiments were also performed for solution under the same
experimental conditions. Both the aerosol particle and solution

Figure 2. (A) Coherent SHS spectra from the gas−aerosol particle interfaces under two different RHs of 40% and 90%. The aerosol particles were
generated by a same solution of 1.0 M NaCl with 20 μM DIA-4. The two-photon emission spectra show that the aerosol particles at 40% RH have
the lower SHS signal on the gas−aerosol particle interface and the larger TPF signals from particle phase than those at 90% RH. (B) SHS isotherms
of aerosol particles for different NaCl concentrations solutions of 0.1, 0.5, and 1.0 M with increasing DIA-4 concentration.
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were from the same stock solution of 1.0 M NaCl in the
presence of 7 μM DIA-4. Figure 1B presents the two-photon
emission spectra from 500 to 765 nm for aerosol particles (red
curve) and the solution (blue curve). Both curves exhibit a
broad peak centered at 620 nm, which can be attributed to
two-photon florescence of DIA-4. To assign the sharp peaks
signal at 515 nm for the aerosol particles and solution, we
compared their ratios with respect to TPF. The signal at 515
nm for the solution of DIA-4 is much smaller than the TPF
signal at 620 nm, which has an intensity ratio of 2.28 × 10−3.
However, the signal for the aerosol particles at 515 nm is much
larger than the TPF signal at 620 nm, which has an intensity
ratio of 4.40. The large signal at 515 nm from the aerosol
particles could not be from their particle phase since the
amount of DIA-4 in the particle phase is much less than that in
the solution. Therefore, the signal at 515 nm from the aerosol
particles must be attributed to coherent SHS from the gas−
aerosol particle interface.

Knowing that DIA-4 molecules are populated at the gas−
aerosol particle interface, we now must investigate how relative
humidity affects interfacial behaviors of the aerosol particles.
Two-photon emission experiments for DIA-4 from aerosol
particles were carried out under two different RHs of 40% and
90%. Figure 2A shows that two-photon emission spectra are
distinct under the two RHs for aerosol particles generated from
1.0 M NaCl with 20 μM DIA-4. In the case of interfacial
responses of aerosol particles, the SHS signal at 40% RH was
found to be lower than that at 90% RH. However, the TPF
signal is larger at 40% RH than at 90% RH in the particle
phase. These results suggest that interfacial behaviors and bulk
responses are significantly different for dry and wet aerosol
particles as RH changes.
To understand how salt concentration affects adsorption

ability of organic molecules at the gas−aerosol interface, SHS
experiments were carried out for aerosols generated from
different concentrations of NaCl solutions. The coherent SHSs

Figure 3. (A) Hygroscopic growth of pure NaCl particles as a function of relative humidity.54 The NaCl particles increase in mass very slowly up
until 75% RH. Above that point, the NaCl particles grow continuously with increasing RH. (B), (C) SHS at 515 nm and TPF at 620 nm as a
function of DIA-4 concentration in 1.0 M NaCl solution for the aerosol particles at higher RHs of 80% and 90%, respectively. (D), (E) SHS at 515
nm and TPF at 620 nm as a function of DIA-4 concentration in 1.0 M NaCl solution for the aerosol particles at the lower RHs of 40% and 50%,
respectively.
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of aerosol particles were taken as a function of concentrations,
so-called SHS isotherms. Figure 2B compares three SHG
isotherms of DIA-4 for aerosols by three different concen-
trations NaCl solutions, including 0.1, 0.5, and 1.0 M, at the
relative humidity of 85%. The three SHS isotherms are nearly
identical. These aerosols have a similar interfacial binding
constant, independent of salt concentrations in particle phase.
It is known that NaCl aerosol particles undergo phase

transitions under different relative humidity.54 A deliquescent
point for NaCl particles occurs at a RH of 75%.54 Above the
deliquescent point, only the liquid phase occurs in NaCl
aerosol particles. As the RH decreases, aerosol particles lose
their mass by water evaporation. Below the deliquescent point,
both solid and liquid phases coexist in NaCl aerosol particles.
Hygroscopic growth of pure NaCl particles as a function of
relative humidity is sketched in Figure 3A. To further
investigate how water vapor affects interfacial molecular
population of aerosols, we chose two regions, one below the
deliquescence point and the other above the deliquescence
point. In the region below the deliquescence point, two RHs of
40% and 50% were examined. In the case above the
deliquescence point, two RHs of 80% and 90% were tested.
The intensity ratios between SHS and TPF are 1.35 at 80%
RH, and 2.07 at 90% RH. The SHS isotherm measurements
were carried out under the four different RHs of DIA-4 at the
gas−aerosol interface. Parts B and C of Figure 3 compare the
SHS at 515 nm and TPF at 620 nm as a function of DIA-4
concentration in 1.0 M NaCl solution for the aerosol particles
at the higher RHs of 80% and 90%. The SHS isotherms show
typical adsorption behaviors at interfaces above the deliques-
cent point. In this region, TPF intensities exhibit a linear
relation with increasing concentration as expected. Parts D and
E of Figure 3 compare the SHS at 515 nm and TPF at 620 nm
as a function of the DIA-4 concentration in 1.0 M NaCl
solution for the aerosol particles below the deliquescent point.
Below the deliquescent point, the SHS isotherms show typical
adsorption behaviors at interfaces with RHs of 40% and 50%.
The intensity ratios between SHS and TPF are 0.13 at 40%
RH, and 0.12 at 50% RH. Interestingly, TPF intensities were
found to vary nonlinearly with increasing concentrations of
DIA-4, showcasing DIA-4’s sensitivity to changes in environ-
ment.69−71 These nonlinear responses might arise from
saturation of DIA-4 in NaCl particles when water contents
get smaller. Relative humidity affects actual vapor pressure
around aerosol particles. Thermodynamically, RH determines
the concentration of salt in aerosols. A lower RH below the

deliquescence point leads to a higher salt concentration of
aerosols.13,53,54 Moreover, relative humidity could impact
interfacial water activities of aerosols from our SHS measure-
ments, thereby modulating the interfacial population of organic
molecules on the particles. Our results suggest that RH not
only varies the concentration of solutes inside aerosol particles
but also changes interfacial hydration in local regions.
To quantitatively reveal adsorption of organic molecules at

the gas−aerosol particle interface, we start to introduce a basic
principle of coherent SHS. Coherent SHS intensity (ISHS) is
related to interfacial electric field, ESHS, which is given by

29,33,72

I ESHS SHS
2∝ | | (1)

Interfacial electric field is proportional to interfacial density Ns.
Assuming that interfacial population follows a Langmuir
model, the interfacial electric field is expresses as
follows,43,60,67,68,72−74

E N
KcN

Kc 1SHS s∝ ∝
+

∞
(2)

where K represents the equilibrium constant of the interfacial
adsorption, c the concentration of DIA-4 in solution, and N∞
interfacial maximum adsorption site. For an estimated surface
area of 40 Å2 per DIA-4 molecule, a single aerosol particle of
100 nm could host a maximum number of ca. 1.57 × 104 DIA-
4 molecules for one monolayer at the interface. Recent studies
show that concentration of a molecule could exceed several
times its saturation concentration.75 Even so, the DIA-4
molecules are highly enriched at the gas−aerosol particle
interfaces.
In an effort to examine interfacial adsorption behaviors

under the four different RHs, we attempted to extract
interfacial adsorption equilibrium constants for them with eq
2. The K values for the interfacial adsorption constants under
the RHs of 80% and 90% below the deliquescent point of NaCl
particles were found to be similar, which are 9.32 ± 1.45 and
10.08 ± 1.22 μM−1, respectively. Above the deliquescent point,
the values for the interfacial adsorption constants under the
RHs of 40% and 50% are 6.46 ± 1.65 and 8.40 ± 1.26 μM−1,
respectively. The interfacial adsorption free energies for the
four RHs were calculated, according to ΔG = −RT ln K/
55.5.60,72 Figure 4A presents the interfacial adsorption free
energies for the four RHs from our experiments. The values of
ΔG remain almost constant with increasing RHs, suggesting
that the interfacial driving forces for an aerosol particle are

Figure 4. (A) Interfacial adsorption free energy (ΔG) of DIA-4 at the gas−aerosol particle interface obtained from the SHS isotherms from Figure
3 as a function of RH for NaCl aerosol particles. (B) Relative interfacial maximum adsorption site NR as a function of RH.
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similar under different RHs. In eq 2, we mentioned the
interfacial maximum adsorption site N∞ but could not obtain it
directly. However, we could calculate relative interfacial
maximum adsorption site NR as a function of RH shown in
Figure 4B, The NR is defined as follows:

N
N
NR

s=
∞ (3)

The NR becomes larger as the RH increases. From 40% to 90%
RH, the accessible adsorption sites increase by a factor of 2.
This change in the NR is intimately related to the increase in
the area of aerosol particles with increasing RH. Our SHS
results directly provide information about both the interfacial
driving force and size of aerosol particles.
While it is too early to correlate our experimental results

with the atmospheric activity of cloud condensation nucleus
(CCN), it is still necessary to tentatively explain how
interfacial information obtained from our laboratory is related
to atmospheric events. CCN activity is a complex function of
aerosol size, shape, and chemical composition and is an
important metric for investigating aerosol impacts on climate
and the environment. Activation is necessary to form a cloud
droplet from an aerosol particle and is assumed to occur as
soon as a wetted particle grows beyond its critical radius. The
activation of aerosol particles into cloud droplets requires
surface tension of atmospheric particles in addition to the
Raoult’s term describing the surrounding water vapor.
However, there is no method or instrument capable of
measuring these parameters of aerosol particles, namely,
surface tension of aerosol particles. The Köhler theory
connects the equilibrium size of a hygroscopically grown
solution particle with the water vapor saturation at its interface
(Sd)

53,76

S Q ad K w= (4)

where QK is the Kelvin term and aw is the Raoult term related
to water activity. The Raoult term remains almost constant in
our case since DIA-4 has low vapor pressure. Here we focus
only on the Kelvin term. A particle of liquid in its own vapor
will result in a convex liquid interface with the vapor. The
Kelvin term depends critically on the surface tension of the
particle σs. The size of the particle dd in the Kelvin term
accounts for the curvature of the particles. It is, furthermore,
composed of the molecular weight of water Mw, the ideal gas
constant R, the temperature T, and the density of water ρw.

44,65

Q
M

RT d
exp

4
K

w s

w d

i

k
jjjjj

y

{
zzzzz

σ
ρ

=
(5)

According to a university standard edition physical chemistry
textbook,77,78 surface tension is given by

G
A

T P
s

w ,

i
k
jjjjj

y
{
zzzzzσ = ∂

∂ (6)

where G is free energy and Aw is the molar surface area of
particle for given temperature (T) and pressure (P). From our
measurements, ΔG values remain unchanged and the areas Aw
increase with varying RH. The σs qualitatively decreases with
increasing RH. Aerosol particles of higher RH have larger
growth factor and thereby decrease surface tension. Hydro-
phobic molecules should prefer to activate into cloud droplets
with a decrease in surface tension of atmospheric particles.

The surface tension of an aqueous solution σs can be further
approximated as74

RT
A

a
a

lns w
w

w
s

w
bσ σ= +

(7)

where σw is the surface tension of pure water, Aw is the molar
surface area of the particle, aw

s is the water activity in the
surface, and aw

b is the water activity in the bulk. The surface
tension of aerosol particles decreases, suggesting that aw

s is less
than aw

b . In other words, interfacial water activity is smaller than
bulk water activity; however, there is no explicit expression for
interfacial water activity reported in the literature. Interfacial
water exists in a few layers to the nanometer region on aerosol
particles. Macroscopically, interfacial water activity reflects the
ability for facilitating alien molecules, which is related to
surface tension. Interfacial water has significant effects on
surface tension and accommodation ability of both organic and
inorganic species. The degree of hydration and the number of
water molecules in the first hydration shell of the interfacial
solute molecules of the gas−aerosol particle are expected to be
different from those at the planar gas/water interface.
The Extended Aerosol Inorganic Model (E-AIM) is often

used to calculate surface tension under different relative
humidities of aerosol particles.26 The chemical system for this
model consists of a gas phase, inorganic and organic solids
phase, and two liquid phases. One of the liquid phases is
aqueous and the other phase is hydrophobic. The aqueous
phase can contain both inorganic electrolytes and dissolved
organic compounds, whereas the hydrophobic phase can
contain only organic compounds. The surface tension of the
aqueous phase, including organic solutes, could be calculated
using the model of Dutcher et al.79 However, this model
assumes that all solutes have to be fully mixed within the
aqueous phase. Therefore, the E-AIM model is not suitable for
“surface active” compounds that concentrate at the gas−
aerosol particle interface, such as DIA-4 molecules in our work.
Taken together, we proposed a schematic of interfacial

behaviors of molecules for aerosol particles in Figure 5. This

schematic displays interfacial population of organic species
onto aerosol particles of different salt concentration with
varying RH. For a given RH, interfacial adsorption ability of
organic species remains almost the same as concentrations of
sodium chloride solution change. Furthermore, interfacial
adsorption ability of organic species remains constant as the

Figure 5. Schematic of interfacial behaviors of organic species on
aerosols of different NaCl concentrations with varying RH. Surface
tension of aerosol particles decreases with increasing RHs. The
interfacial adsorption ability remains almost the same as NaCl
concentrations increase.
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RH varies as well. The surface tension decreases as the RH
increases, which accompanies an increase in size for aerosol
particles.

■ SUMMARY AND CONCLUSIONS
We have demonstrated in situ detection of organic species at
gas−aerosol particle interfaces by developing second harmonic
scattering technique. This novel nonlinear optical scattering
method has enabled us to reveal interfacial behaviors of
organic species of aerosol particles in real time. Interfacial
population of organic species have been examined under
different concentrations of NaCl and different relative
humidity. It has been found that organic species, DIA-4
molecules, exhibit distinct behaviors at the interfaces and bulk
on NaCl particles under different relative humidity. Our
quantitative analyses have shown that the interfacial adsorption
free energies remain unchanged and interfacial areas increase
as relative humidity increase, and surface tension of NaCl
particles decreases as RH increases. Our experimental findings
from the novel technique stress the importance of interfacial
water activity on aerosol particles. We believe that these
preliminary results could deepen the understanding of
activation of cloud condensation activities in the atmosphere
and will be important to account for when modeling the
activation of aerosol particles to cloud droplets.
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