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INTRODUCTION

Water uptake on atmospheric aerosols is a key phenomenon in the climate radiative budget as it controls liquid cloud formation and properties (droplet size, concentrations, precipitation…). The activation of aerosol particles into cloud droplets in the atmosphere is described by Köhler theory, that takes into account the competition between evaporation (Kelvin effect) and condensation. [START_REF] Köhler | The nucleus in and the growth of hygroscopic droplets[END_REF] The latter is either favored by the initial particle size or, for particles smaller than 1 µm, by Raoult's law and surface tension effects depending on the particle chemical composition. A major challenge in this field of study is, however, that most experimental approaches monitoring the water uptake on aerosol populations are not able to capture directly the key input parameters for Kohler equation. These approaches are especially insensitive to surface effects, leading most models to assume the surface tension of pure water for growing droplets [START_REF] Krieger | Exploring the complexity of aerosol particle properties and processes using single particle techniques[END_REF][START_REF] Prisle | Surfactant effects in global simulations of cloud droplet activation[END_REF] although a growing number of studies has evidenced the presence of surface-active compounds in atmospheric aerosols, able to reduce the surface tension of the droplets and favor their growth. [START_REF] Gérard | Anionic, cationic, and nonionic surfactants in atmospheric aerosols from the baltic coast at Askö, Sweden: implications for cloud droplet activation[END_REF] To overcome these limits, single-particle approaches have been developed recently, which have the advantage of capturing the details necessary to better understand the role of surface-active compounds in soluble materials. [START_REF] Krieger | Exploring the complexity of aerosol particle properties and processes using single particle techniques[END_REF] The individual particle analysis approach can be performed by numerous techniques including electrodynamic balance, [START_REF] Davis | A History of Single Aerosol Particle Levitation[END_REF] acoustic trap, [START_REF] Duranty | Acoustic levitation and infrared thermography: a sound approach to studying droplet evaporation[END_REF] optical tweezers [START_REF] Bzdek | contactless measurements of the surface tension of picolitre aerosol droplets[END_REF] and microscopies (such as atomic force microscopy, environmental scanning electron microscopy (ESEM), transmission electron microscopy (TEM), and scanning transmission X-ray microscopy). [START_REF] Morris | Humidity-dependent surface tension measurements of individual inorganic and organic submicrometre liquid particles[END_REF][START_REF] Ebert | Environmental scanning electron microscopy as a new technique to determine the hygroscopic behaviour of individual aerosol particles[END_REF][START_REF] Posfai | Nature and Climate Effects of Individual Tropospheric Aerosol Particles[END_REF] For instance, ESEM equipped with an energy dispersive Xray (EDX) analysis can provide detailed information on hygroscopic behavior, mixing composition and morphological changes of individual aerosol particles. Pioneering researches have studied the hygroscopic behavior of atmospheric aerosols and different laboratorygenerated salt particles up to 100% RH. [START_REF] Ebert | Environmental scanning electron microscopy as a new technique to determine the hygroscopic behaviour of individual aerosol particles[END_REF] Deliquescence and efflorescence relative humidity values (hereafter, DRH and ERH, respectively) of pure salt particles and binary mixed salt particles have been determined by ESEM. [START_REF] Hoffman | Sodium nitrate particles: physical and chemical properties during hydration and dehydration, and implications for aged sea salt aerosols[END_REF][START_REF] Matsumura | Hygroscopic Growth of an (NH4)2SO4 Aqueous Solution Droplet Measured Using an Environmental Scanning Electron Microscope (ESEM)[END_REF] However, the high energy electrons used to probe the particles require specific operating conditions for observations. ESEM also requires particle deposition on a solid substrate. The nature of these substrates could affect water condensation on individual particles. [START_REF] Eom | Influence of Collecting Substrates on the Characterization of Hygroscopic Properties of Inorganic Aerosol Particles[END_REF][START_REF] Laskina | Substrate-Deposited Sea Spray Aerosol Particles: Influence of Analytical Method, Substrate, and Storage Conditions on Particle Size, Phase, and Morphology[END_REF] In addition, particles with different morphologies and shapes induced by the generation process on these substrates could control the ability of water uptake and surface wetting. [START_REF] Wang | Hygroscopic properties of NaCl nanoparticles on the surface: a scanning force microscopy study[END_REF] In this work, we take advantage of the in-situ and near-real time observations of the ESEM to explore the potential effect of the presence of a surfactant (SDS) in laboratorygenerated inorganic particles ((NH4)2SO4) upon the water uptake. Specifically, the wetting dynamics of condensing droplets on hydrophilic and hydrophobic substrates with pure (NH4)2SO4 or mixed SDS/(NH4)2SO4 particles is investigated. In addition, the hygroscopic properties (deliquescence relative humidity (DRH) and hygroscopic growth factor (GF)) of pure (NH4)2SO4 and mixed SDS/(NH4)2SO4 particles on hydrophobic substrates are determined under influence of relative humidity and discussed in detail.

METHODS AND MATERIALS

Materials

Sodium dodecyl sulfate (SDS) and ammonium sulfate ((NH4)2SO4) with a purity of ≥ 99% were purchased from Sigma-Aldrich and used without further purification. Water from a Milli-Q system (resistivity = 18.2 MΩ.cm) was used for solution preparation. All solutions were prepared in glass containers that were cleaned first with acetone and then with ethanol and finally rinsed with Milli-Q water. The solutions were used within 24 h from their preparation.

Substrate preparation

In this study, all substrates, both hydrophilic and hydrophobic, were produced from modified silicon surfaces. Single-side polished Si(100) wafers (Sil'tronix) were first cut in 5 × 5 mm 2 surfaces and cleaned in an ultrasonic bath. All these surfaces were then cleaned in acetone, methanol and subsequently in isopropanol (IPA) for 15 min to remove organic contaminants. Hydrophilic functional groups were added onto the Si surface by using the RCA cleaning method. The substrates were boiled at 80 °C for about 15 min in a mixed solution of ammonium hydroxide (NH4OH, Sigma-Aldrich, 30 %) and hydrogen peroxide (H2O2, Sigma-Aldrich, 33 %) and Milli-Q water (NH4OH : H2O2: H2O = 1: 1: 3, by volume). The wafers were then rinsed thoroughly with Milli-Q water and subsequently placed in a boiling piranha solution during 1h at 100°C (H2SO4:H2O2 = 3:1 by volume). In this process, a fresh oxide layer, which is terminated with a hydrophilic OH group, was grown on the Si surface after removing the native oxide layer.

The hydrophobic silicon surface was obtained by functionalization of the surface with 1octadecene. 20 mL of the 1-octadecene was placed in a small round bottom flask and deoxygenated with dry nitrogen for at least 45 min, the bottom flask was placed in an oil bath at 180°C. The silicon wafer was etched for 2 min in 1 % hydrofluoric acid, blown dry with nitrogen, and immediately placed in the deoxygenated alkene for at least 1h. Subsequently, the silicon piece was removed from the solution, sonicated for 5 min in ethanol (96 %), sonicated for 5 min in dichloromethane, sonicated another time in ethanol, and dried in a stream of nitrogen. This preparation resulted in the formation of highly stable dense alkyl monolayers on the hydrogen-terminated silicon (100) surface. [START_REF] Sieval | Highly Stable Si-C Linked Functionalized Monolayers on the Silicon (100) Surface[END_REF] Surface modification was confirmed by contact angle analysis with an OCA 15EC (dataphysics instruments), using a computer controlled contact angle calculation program, available from the manufacturer. The analysis showed that macroscopic water droplets form a contact angle of less than 30 ° on hydrophilic silicon and larger than 110 ° on hydrophobic silicon.

Laboratory generation of soluble particles

Spray-coating was found to produce strongly non-homogeneous mixtures, especially in the presence of SDS as indicated in Figure S1 of the Supporting Information (S.I.).

To overcome this problem, the salt and mixed particles were deposited onto the Si surface, using a micropipette with micron scale aperture connected to a injector (Narishige IM300, Japan) controlled by a X, Y, Z motorized micromanipulator (Scientifica, PatchStar, UK). This resulted in a network of liquid droplets of spherical shape and controlled size (Figure 1). These droplets maintained their geometry during evaporation which led to solid homogeneous and micrometersized particles. In all the mixed particles thus produced the concentration of SDS was larger than the critical micellar concentration (8 mM for SDS) regardless of the water uptake. Two particle sizes with diameter distributions centered on 4 µm and 30 µm were prepared by changing the injected volume. 

Environmental Scanning Electron Microscopy (ESEM)

The growth of the laboratory generated particles upon application of various RH was studied in the chamber of an environmental scanning electron microscope (ESEM, Quattro, ThermoFisher Scientific, USA). The water pressure in the ESEM chamber was regulated by a computer controlled valve and could be varied in steps of 5 Pa in the range of 0-2000 Pa. A Peltier cooling stage inside the ESEM chamber allowed the control of the sample temperature. A resistive temperature sensor allowed temperature measurements with an accuracy of ± 0.1 °C. Pressure and surface temperature allowed the control of thr RH in the chamber, defined by 𝑅𝑅𝑅𝑅 = 𝑃𝑃 𝑤𝑤 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 × 100 where Pw is the water vapor pressure inside the chamber and Psat is the saturation water vapor pressure at temperature T. The value of Psat can be calculated using Tetens formula, an approximation of the Clausius-Clapeyron relation [START_REF] Buck | New equations for computing vapor pressure and enhancement factor[END_REF] :

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝑘𝑘𝑃𝑃𝑃𝑃) = 0.611 × 𝑒𝑒 � 17.5×𝑇𝑇 241+𝑇𝑇 � (1)
Thus, by maintaining the sample at 2°C, water vapor pressure of 0-705 Pa corresponded to a relative humidity (RH) range of 0-100 %. The ± 0.1 °C of accuracy on the temperature corresponded to a relative uncertainty of around 0.8 % for RH.

In the experiments, water condensation/evaporation was controlled by fixing the temperature of the sample surface at 2°C and varying the water vapor pressure by small pressure increments.

A picture of the droplets was taken at each pressure step, thus recording their growth. The time resolution of such analysis was limited by the acquisition time between two micrographs.

The choice of observational conditions was based on the determination of the best contrast for visualization, while minimizing the effect of electron beam. Great care was taken to limit the beam effects on the samples, while simultaneously taking the pictures. The observational conditions were optimized so that well-focused pictures were obtained while maintaining the sample in good condition. These optimal conditions were an accelerating voltage of 10 keV, a mid-range scanning speed (line time = 1 µs) and a maximum magnification of 10000. With these parameters, the images of water dropplets were found to be similar to what occurred on nonirradiated regions of the sample. All ESEM images were analyzed with the ImageJ software (ImageJ V.1.52q, Wayne Rasband, Maryland, USA).

ESEM measurements of contact angle and droplet volume

The volume of the droplets sitting on the substrates in the experiments were determined by assuming a spherical cap shape. In that case, the droplet volume can be expressed by simple geometrical considerations from the droplet height H and contact angle θ.

To determine the droplet contact angle, the observations were performed with a tilt angle of 80° using a pre-tilted sample holder.

To determine the real contact angle θ from a sample tilted at an angle α, a mathematical model [START_REF] Brugnara | Contact Angle Analysis on Polymethylmethacrylate and Commercial Wax by Using an Environmental Scanning Electron Microscope[END_REF] assuming a spherical cap geometry was used, in which θ is calculated from the tilt angle α and the projected contact angle β:

𝜃𝜃 = 2 tan -1 � �tan 𝛽𝛽 2 � 2 +(cos(90°-𝛼𝛼)) 2 -1+tan 𝛽𝛽 2 cos(90°-𝛼𝛼)+1 (2) 
The equation cannot be used if the tilting angle α ≤ 90°-θ and if α ≤ θ -90° (for θ ≥ 90°).

An example given in Figure 2 shows the main geometrical elements to determine the real contact angle θ of a spherical cap-shaped droplet at a tilt angle. 

RESULTS AND DISCUSSION

In this work, droplet growth on pure (NH4)2SO4 and mixed SDS/(NH4)2SO4 particles were compared on hydrophilic and hydrophobic substrates.

Hydrophilic substrates

For pure (NH4)2SO4 particles on the hydrophilic substrate, the experiments showed that water condensed and first formed a spherical cap enveloping the particle. Then, the droplet continued growing by moving down and spreading outside on the substrate along the tilt direction of the ESEM (Figure 3). The image indicates partially dissolved core particles adjacent to the liquid droplet spreading on the hydrophilic substrate. Once the hydrophilic substrate is locally wet, the excessive interfacial energy which keeps the liquid droplet on the edge of the particle is released allowing a fast droplet spreading. When the ESEM stage is tilted, the in-plane gravitational force component is an additional driving force acting on the droplet spreading. Similar phenomena have been observed for the wetting of droplets on strip-patterned heterogeneous surfaces. [START_REF] Dai | Hydrophilic directional slippery rough surfaces for water harvesting[END_REF][START_REF] Wang | Anisotropic Wetting of Droplets on Stripe-Patterned Chemically Heterogeneous Surfaces: Effect of Length Ratio and Deposition Position[END_REF] For mixed SDS/(NH4)2SO4 particles, the wetting process was found to be more isotropic, possibly because the droplet was less sensitive to the edge irregularities of the particle. Here, due to the presence of SDS, the surface tension of the droplet decreases drastically which leads to a much lower pinning force on the particle. 21

Hydrophobic substrates

With hydrophobic substrates, the dry particles of pure (NH4)2SO4 were egg-shaped and had a large contact angles (Figure 4), while the mixed SDS/(NH4)2SO4 particles were round-shaped and had a smaller contact angles. These observations provide a clear evidence of the role of surfactants in the mixed SDS/(NH4)2SO4 particles. In order to be able to compare their growth in the experiments, a hydratation/dehydratation pretreatment was tested on the pure (NH4)2SO4

particles. These particles were hydrated above the DRH, then dried under N2, which gave them shapes that were closer to those of the mixed particles (Figure 4c). This is due to the fact that during drying the contact line remains pinned at its maximum diameter and does not retract. In the water condensation experiments, no appreciable change in morphology was observed when RH increased from 0 to 81.7 %. As shown in Figure 5, at 81.7 % RH, the particles began to adsorb water onto the edges of (NH4)2SO4 surface grains. Between RH = 81.7 and 84.7 %, the surface grains continued to dissolve from the edges, accentuating the roughness effect of the particle. Finally, with a slight increase of pressure of 5 Pa, reaching RH = 84.7 %, a fully aqueous droplet was formed. At 84.7 % RH, the water droplet had enveloped the partially dissolved particle and had a near spherical cap shape droplets owing to surface energy minimization. The early stages of condensation were not modified by the addition of SDS in the particle (Figure S3 in S.I.). In addition, the contact angle of the water droplet with the hydrophobic surface seemed to be independent of the presence of SDS in the particles but is strongly dependent of the initial shape of the dry particles. Unlike the hydrophilic surfaces where anisotropy in the spreading occured, the hydrophobic surfaces showed isotropic spreading behavior. Here, the contact line resembles a circle. The edge of the spreading droplet wrapped the edge of the particle (Figure 5 at 84.7 % RH). At this stage, in presence or absence of SDS, the droplet contact line is pinned to the substrate-particle interface and both the contact angle and the droplet height increase as condensation progresses. When the volume of a droplet is increased, the contact angle reaches a maximum value, which is referred to as an advancing contact angle θedge. Moreover, the droplet is not allowed to move to its equilibrium shape, the stress on the edge increases as the condensation continues. In others words, the energy barrier formed by the particle edges cannot be overcome and the excessive interfacial free energy of the droplet cannot yet be released by wetting the surface. When the droplet reaches its maximum contact angle (θedge), the droplet line depins suddenly, its base diameter starts to increase leading to a decrease of the contact angle and the water droplet spreading on the hydrophobic surface.

Such process is shown in Figure 6 in the case of pure (NH4)2SO4 particles. From this point, clear differences emerge between pure (NH4)2SO4 and mixed SDS/(NH4)2SO4. For pure (NH4)2SO4, once depinned at the particle edge, further condensation results in an inflation of the droplet on the hydrophobic substrate. A continuous increase of the contact angle is observed up to a new advancing contact angle θmax while the droplet base diameter remains constant until a sharp depinning takes places as shown in Figure 6. of the growth factor defined as the ratio of the particle apparent volume V at a certain RH by the initial dry particle apparent volume V0, as a function of RH. Here, the pretreated pure (NH4)2SO4 particles with hydrated/dehydrated pretreatment, like those shown in Figure 4c were used to minimize the particle shape effects.

The wetting of the hydrophobic surface follows a step-by step mechanism that can be attributed to successive pinning-depinning phenomena at the triple phase line frontier. Unlike the pure (NH4)2SO4 solution, the mixed solution does not provide such strong energy barriers during the condensation phase on the hydrophobic substrate as shown in Figure 7. We observe a weak contact angle deviation and a continuous increase of the droplet diameter in contact with the hydrophobic surface. Through the contact line dynamics, the wetting process is schematically depicted in Figure 8 for pure (NH4)2SO4 and mixed SDS/(NH4)2SO4 particles on the hydrophobic substrate. In the past, both Marangoni force (i.e. induced by surface-tension gradient) and capillarity force (i.e. due to the unbalanced tensions in the three-phase contact region) have been proposed as driving forces that promote the droplet spreading on the hydrophobic substrate owing to the presence of surfactants. [START_REF] Nikolov | Superspreading driven by Marangoni flow[END_REF] In this study, these driving forces could be behind this phenomenon. However, many additional factors complicating our result interpretation have to be taken into account such as the surfactant solubility in the aqueous medium, the adsorption at interfaces, the droplet shape and the interaction with the inorganic ((NH4)2SO4) phase. on the edge of the particle with an apparent advancing angle θedge, (iii) wetting of the droplet onto the hydrophobic substrate with a contact angle θ, (iv) the droplet is pinned on the surface with an apparent advancing angle θmax, (v), (vi) and (vii) the droplet is depinned and spreads onto the surface with low variation of the contact angle. The partial dissolution of the particle is not represented in these images.

These results show that the hydrophobic-hydrophilic character of the substrate play an important role in the stability and dynamics of liquid droplets nucleation by water vapor condensation. In particular, hydrophilic substrates seem not to be suited for the investigation of water vapor condensation and cloud droplet formation because of the anisotropic growth observed with pure salt particles, making it difficult to compare with that of mixed particles. In addition, the anisotropy make the determination of the droplet geometry (contact angle, volume, and base contour shape) more difficult.

Study of droplet growth -DRH determination for (NH4)2SO4 particles

The first step in validating the use of ESEM to study the growth of water droplets is to ensure that RH is properly controlled in the instrument. To achieve this, the droplet growth on (NH4)2SO4 particles is studied and their deliquescence points determined. As described in the previous section, for (NH4)2SO4 particles, an aqueous droplet is formed on the particle surface at 84.7 % RH and results in partially dissolved particles, i.e. a solution coating surrounding a salt core, as also observed elsewhere. [START_REF] Ma | Subsecond measurement on deliquescence kinetics of aerosol particles: Observation of partial dissolution and calculation of dissolution rates[END_REF] Therefore, the measurement of their deliquescence point is very close to 84.7 % RH at 2°C ( i.e. 83 % RH at 25°C) in this study. This value of DRH is larger than the DRH value usually evaluated around of 81 ± 1 % (at 25°C) in the literature for (NH4)2SO4 particules. [START_REF] Ebert | Environmental scanning electron microscopy as a new technique to determine the hygroscopic behaviour of individual aerosol particles[END_REF][START_REF] Mikhailov | Amorphous and crystalline aerosol particles interacting with water vapor: conceptual framework and experimental evidence for restructuring, phase transitions and kinetic limitations[END_REF][START_REF] Lei | Hygroscopicity of organic compounds from biomass burning and their influence on the water uptake of mixed organic ammonium sulfate aerosols[END_REF][START_REF] Wu | Aerosol Hygroscopicity on A Single Particle Level Using Microscopic and Spectroscopic Techniques: A Review[END_REF] Possible reasons include systematic errors in temperature measurement and ESEM beam effects.

We have examined the influence of the beam radiation on the DRH point estimation of particles especially at higher ESEM magnification as the beam effects are positively correlated to the magnification (and thus electron dose rate). In particular, we have observed that heating effects during ESEM direct imaging of particles under water pressure at higher magnification cause fast evaporation rate and induce an erroneous estimation of DRH point. However, with our operating conditions (i.e. magnification < 10000), the thermal effect has a negligible impact on the RH determination.

It should be emphasized here that indirect effects of electron beam other than thermal effect can affect the DRH point estimation. Figure S4 (in S.I.) shows the impact of a pre-exposure to the beam at higher magnification on the water uptake of (NH4)2SO4 particles. The pre-exposure is done on a "dry" particle at low RH (far below the the DRH point), then the magnification is decreased to a value where the heating effects are negligible and the hygroscopic growth of (NH4)2SO4 particles is imaged by increasing the RH. In figure S4, only the particle viewed near the center of the image has been subjected to the pre-exposure. Unlike the two other particles of the image, this particle shows a distinct hygroscopic behavior with a shift of the estimated DRH point to lower RH. This effect contrasts with the electron beam heating effects occurring during ESEM direct imaging of particles under water pressure at high magnification, which overestimates the DRH point. This indirect effect is probably induced by radiation damage involving electrostatic interactions between water vapor and surface. [START_REF] Esmaily | On the capability of in-situ exposure in an environmental scanning electron microscope for investigating the atmospheric corrosion of magnesium[END_REF][START_REF] Yoshimoto | In situ observation of dewetting-induced deformation of vertically aligned single-walled carbon nanotubes[END_REF][START_REF] Rykaczewski | Electron beam heating effects during environmental scanning electron microscopy imaging of water condensation on superhydrophobic surfaces[END_REF] In this work, we have tested and etablished the magnification limit below which the beam effects are negligible on the DRH point estimation. We conclude that in our operating conditions, the beam effects cannot not explain the DRH values obtained for the (NH4)2SO4 particles.

Moreover, the control of the temperature inside the ESEM chamber with a thermocouple (type K thermocouple) shows a difference of 0. -Real-time droplet growth monitoring

The particle water uptake behavior can be described by plotting the growth factor GF = V/V0, defined as the ratio of the particle apparent volume V at a certain RH by the initial dry particle apparent volume V0, as a function of RH. The GFs as a function of the RH were measured by ESEM for a sample of about 20 particles containing pure (NH4)2SO4. This sample can be divided into two distinct particle size populations centered around 4 µm and 30 µm in diameter.

The figure 9a displays the averaged hygroscopic growth curves above the DRH for both particle size populations. Significant differences in GF between the two particle size populations were observed with higher GF values for the larger particle size population. This result contrasts with previous work where no particle size effect on GF was observed for > 100 nm dry diameter aerosols of identical chemical composition in agreement with the predictions based on the Köhler equation. [START_REF] Park | A study on effects of size and structure on hygroscopicity of nanoparticles using a tandem differential mobility analyzer and TEM[END_REF] A potential explanation for the discrepancy in the GF measurements is that smaller particles could exhibit slower hygroscopic growth than larger ones and did not have In addition, the hygroscopic growth rate is strongly affected by the heat transfer and fluid flow both inside and outside the droplet, which are influenced by the interface expansion during growth on the substrate and by the dry particle sizes. [START_REF] Xu | Multiscale Dynamic Growth and Energy Transport of Droplets during Condensation[END_REF] The growth factor (GF) values at different induced by the surfactant on the hygroscopic growth can be neglected when the particle size is above 200 nm. [START_REF] Zhang | Surfactant effect on the hygroscopicity of aerosol particles at relative humidity[END_REF] On the other hand, it has been established that the presence of surfactants on the surface of sub-or micrometer-sized particles can strongly inhibit condensational growth by reducing mass transfer between atmospheric droplets and their surroundings. 35,36 It can be noted that, in our investigations, the time interval between an increment in RH was the same for all the particles analyzed. Therefore, it can be suggested that our hygroscopic growth curves seem to indicate that the presence of surfactants have no impact on the water growth rate.

CONCLUSION

ESEM was used in this work to capture the growth of water droplet on individual particles and to determine their morphology and wettability by contact angle measurement. In this approach, the nature of the substrate was found to have strong effects on the droplet growth. On hydrophilic substrates, the growth on pure (NH4)2SO4 particles was much more anisotropic than on mixed SDS/(NH4)2SO4 particles, suggesting that such substrates are not suited to droplet growth studies.

On hydrophobic substrates, the growth of both types of particles was more comparable, and the presence of SDS mostly impacted the wetting behavior of the liquid droplet. Thus, with all types of substrates, the presence of SDS affected the contact line dynamic behavior of the water droplet during condensation. These results show that there is no clear relationship between the liquidvapor interfacial tension and the contact angle values. Monitoring the growth of water droplets on individual particles deposited on hydrophobic substrates, allowed the determination of the DRH for (NH4)2SO4 particles and the study of the influence of particle size and composition. Our data suggest that the presence of SDS does not seem to modify the DRH and the GF of (NH4)2SO4

particles. Particle size dependent effect on the GFis also observed in the micrometer range. Further study is needed to examine the role of substrate on this dependance.
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 8 Figure 8. Schematic illustration of the droplet evolution on the hydrophobic substrate from a pure

33 Figure 9 .

 339 Figure 9. Averaged GF curves above the DRH (a) for both pure (NH4)2SO4 particle size

  RH were also measured by ESEM on (NH4)2SO4 particles containing varying amounts of SDS to study the surfactant influence on the hygroscopicity of micrometer sized particles on hydrophobic substrates. The figure 9b displays the hygroscopic growth curves above the DRH for mixed SDS/(NH4)2SO4 particles with relative (NH4)2SO4/SDS mole fractions of 1 and 28 % and pure (NH4)2SO4 particles on hydrophobic substrate. No statistically significant difference was observed in the water uptake on pure (NH4)2SO4 and mixed SDS/(NH4)2SO4 particles regardless of the amount of surfactant. This result agrees with theoretical models based on the Köhler equation, in which the effects of surface tension reduction and bulk-surface partitioning
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  Figure S1 representing a SEM image of inhomogeneous deposition of mixed SDS/(NH4)2SO4
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  Figure S2 representing a top view (0° tilt-view) ESEM images showing the hygroscopic growth

Figure

  Figure S3 representing ESEM images of mixed SDS/(NH4)2SO4 printed particles on hydrophobic

Figure

  Figure S4 representing ESEM images of a printed particles on hydrophilic substrate showing beam

  

  6 °C between the substrate and the setpoint temperature of the Peltier cooling stage. Such a shift results in RH variation of 3.5 % at 80 % RH. The DRH of NaCl salt was also determined with the same operating conditions of the ESEM. Here too, the value of DRH for NaCl salt is larger than the literature data by approximately 3 % RH (within the standard deviation). The measured, corrected (due to temperature gradient) and literature values of DRH for (NH4)2SO4 and NaCl particles are listed in table S1 in S.I.

Table S1

 S1 reports the DRH values of NaCl, and (NH4)2SO4 determined by ESEM.
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