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Abstract 

Wettability of microplastics may change due to chemical or physical transformations at their 

surface. In this work, we studied the adsorption of spherical nucleic acids (SNA) with a gold 

nanoparticle core and linear DNA of the same sequence to probe the wettability of microplastics. 

Soaking microplastics in water at room temperature for 3 months resulted in the enhancement of 

SNA adsorption capacity and affinity, whereas linear DNA adsorption was the same on the fresh 

and soaked microplastics. Drying of the soaked microplastics followed by rehydration decreased 

the adsorption of SNA, suggesting that the effect of soaking was reversible and related to 

physical changes instead of chemical changes to the microplastics. Raman spectroscopy data also 

revealed no chemical transformations of the soaked microplastics. Heating of microplastics over 

a short period induced a similar effect as long-term soaking. We propose that soaking or heating 

removes air entrapped in the nanosized pores at the water-plastic interface, increasing the contact 

surface area of the SNA to afford stronger adsorption. However, such wetted porosity would not 

change the adsorption of linear DNA because of its much smaller size. 
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Introduction 

Microplastics are submillimeter plastic particles that are either manufactured intentionally for 

use in cosmetic and cleaning products (primary microplastics) or generated when plastic wastes 

are shredded via chemical, biological, or mechanical transformations in the environment 

(secondary microplastics).1, 2 Owing to their high surface-to-volume ratio, microplastics adsorb 

different pollutants in the environment, such as heavy metal ions,3, 4 DNA,5-7 and invasive living 

organisms.8, 9 This makes microplastics detrimental to ecosystems10 and threat to human and 

animal health.11, 12 Understanding the evolution of surface chemistry of microplastic particles in 

aqueous environments is a critical step for studying the adsorptive behavior and capacity of these 

pollutants such that risks can be identified and minimized. 

Microplastics undergo gradual physical and chemical transformations in environmental water, 

known as weathering.13 Such changes are induced naturally when microplastics are dispersed in 

environmental waters over a long period of time. In addition, various methods have been utilized 

to accelerate chemical and physical transformations in microplastics, such as UV and gamma 

irradiation, oxidation, and high temperature.14, 15 The most common changes are the generation 

of surface polar groups upon oxidation, production of micropores, and changes in the surface 

roughness, all of which can change the surface properties of microplastics, such as wettability. 

UV-treated microplastics can increase the adsorption of Cu2+,16 and other heavy metal ions,17 

although the adsorption of some hydrophobic organic compounds was decreased.18 The 

interaction of treated microplastics with the environment is also changed.19, 20 

Wetting, which refers to the ability of a liquid to contact a solid surface, is an important 

concept in colloid and interface science. Most fresh microplastics have hydrophobic surfaces. 

When dispersed in water, they may gradually become hydrophilic and thus enhance the 

wettability by water.9 Studies on the wetting of microplastics have been limited due to the 

irregular morphology of most microparticles. The wettability may change owing to chemical 

transformations,9, 21-23 for which spectroscopic methods can be used to probe changes in the 

surface chemistry. However, if wettability changes are only due to physical transformations, the 

quantification of the degree of wettability is more challenging. Upon wetting, the contact angle 

of the surface may change, which can in turn influence the flotation or sinking behavior of 
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particles.24, 25 Lin et. al. used a camera to record the sinking ratio and velocity of polystyrene 

microplastics, which required extensive data analysis and was a rather complicated process.24 

DNA oligonucleotides have various applications in antisense delivery,26 biosensing,27 

catalysis,28 and nanomaterials assembly.29 Spherical nucleic acids (SNA) are interesting 

structures made of a high density of DNA or RNA oligonucleotides attached to a nanoparticle 

core, such as a gold nanoparticle (AuNP).30-35 The very high extinction coefficient of AuNPs 

allows visual observation of AuNPs at a low particle concentration. We previously showed that 

SNA can strongly adsorb onto various materials surfaces, including a few microplastics, due to 

polyvalent DNA binding interactions.36-39 

In this study, we investigated changes in the ability of common microplastics to adsorb SNA 

upon soaking in water. All tested microplastics adsorbed greater amounts of SNA when they 

were soaked in water for an extended period of time than when the microplastics were freshly 

prepared. We showed that the enhancement of SNA adsorption reflected improved wettability of 

microplastics instead of chemical transformations, and that enhanced wettability can be 

accelerated by heating. This work establishes SNA adsorption as a powerful tool for analyzing 

the wettability of microplastics. 

Materials and Methods 

Chemicals. The 21-mer DNA (5′-AAA AAA AAA CCC AGG TTC TCT) with a 3′- 

carboxyfluorescein (FAM) label, a 5′-thiol (SH) label, or dual 5′-SH and 3′-FAM labels was 

purchased from Integrated DNA Technologies (IDT, Coralville, IA, USA). Sodium chloride, 4-

(2-hydroxyethyl) piperazine-1-ethanesulfonic acid (HEPES), and urea were obtained from 

Mandel Scientific (Guelph, ON, Canada). Tween 80, potassium cyanide (KCN), H2O2 solution 

(30 wt. %), and hydrochloric acid were obtained from Sigma-Aldrich. Citrate-capped 13 nm 

AuNPs were synthesized via citrate reduction following a reported method.40 Milli-Q water was 

used to prepare all solutions. 

Instrumentation. A Raman spectrometer (DeltaNu, Advantage 785) with a 785 nm laser and a 

10 s integration time was utilized to acquire Raman spectra and identify the composing materials 

of the plastic items. Microscopic images of the microplastics were collected using a Nikon 

Eclipse Ti−S inverted microscope, and transmission electron microscopy (TEM) images were 
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obtained using a Phillips CM10 100 kV microscope. Scanning electron microscopy (SEM) 

images of microplastics were taken using a Zeiss Ultra Plus microscope. To avoid charge 

buildup, the microplastics sample was gold-coated (~10 nm thick) prior to imaging. Fluorescence 

measurements were performed using a microplate reader (Spark, Tecan) and UV−vis absorption 

spectroscopy was performed using a spectrometer (Agilent 8453A). Thermogravimetric analysis 

(TGA) was performed using a TA instrument Q500 with a temperature ramp rate of 2°C/min. 

Raman Spectroscopy. Raman spectroscopy of 3-month-soaked, heated and fresh microplastics 

was carried out using a Renishaw inVia Raman Microscope. A 633 nm laser (Renishaw HeNe 

laser, 17 mW) was paired with an 1800 lines mm-1 diffraction grating and a 20X microscope 

objective to record the spectra for each plastic sample between 0 and 4000 cm-1. The data for 

each sample were acquired as a single spectrum enabled by the Renishaw SynchroScan feature. 

The laser power was filtered to 50% intensity, and spectra were acquired with 5 accumulations of 

10 s each. The raw data files were processed using Renishaw WiRE 5.5 software by subtracting a 

polynomial baseline, removing any cosmic rays, and normalizing the intensity of the spectra 

between 0 and 1.  

Preparation of Fresh Microplastics. Multiple commonly used plastic items were collected 

including a plastic container composed of polyethylene (PE), a centrifuge tube composed of 

polypropylene (PP), plastic spoons composed of polystyrene (PS), a plastic sheet composed of 

polyvinylchloride (PVC), a plastic dispenser composed of mixed PS/PVC, and a plastic water 

bottle composed of polyethylene terephthalate (PET). The composing material of the plastics 

was verified by Raman spectroscopy,41, 42 after which they were cut into smaller pieces and 

washed with ethanol. The plastic pieces were then shredded via mechanical force using a 

stainless steel grater to acquire microplastics. The microplastics were collected and dried at room 

temperature overnight using a vacuum dryer. Prior to use in the experiments, the microplastics 

were dispersed in the water. 

Preparation of Wettable Microplastics. Wettable microplastics were obtained by dispersing 

fresh microplastics in water and storing them in a drawer at room temperature for 3 months. 

Accelerated wettability of PP microplastics was achieved by heating freshly dispersed PP 

microplastics in a water bath at various temperatures, typically for 0.5 h.  
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SNA Preparation. The freezing method was used to prepare SNA.32 Typically, 3 µM of a 5′-SH 

modified 21-mer DNA was mixed with ~10 nM AuNPs (300:1 molar ratio) and the mixture was 

placed in a freezer (-20 °C) for 3 h. The sample was then thawed at room temperature and 

washed 3 times via centrifugation (14000 rpm, 15 min) at 15 °C. To quantify the density of the 

attached DNA, SNAs were prepared using dual 5′-SH and 3′-FAM labeled DNA. The AuNP 

core was dissolved by the addition of 10 mM KCN. Finally, the fluorescence intensity of the 

sample (excitation at 485 nm) was compared to a standard curve, and the DNA concentration and 

average number of DNA attached to each AuNP were calculated.  

DNA and SNA Adsorption. For linear DNA adsorption, 10 nM 3′-FAM DNA was used, 

whereas for SNA adsorption, 2 nM AuNP (total of ~250 nM DNA) was used. These 

concentrations were chosen to achieve a reliable signal with minimal standard deviations 

between multiple trials. The DNA samples were incubated with ~1 mg/mL of different 

microplastics in a buffer (200 mM NaCl, 20 mM HEPES, pH 7.6). The incubation times were 

chosen to be long enough to achieve adsorption equilibrium: 1 h for the linear DNA, 4 h for SNA, 

and 0.5 h for SNA adsorption on heated samples. The microplastic concentration was optimized 

to be sufficiently high to ensure that the surface capacity was not a limiting factor for adsorption. 

The samples were gently agitated during incubation to allow sufficient contact between 

microplastics and DNA and to prevent the precipitation of the microplastic particles. The 

samples were then centrifuged (1000 rpm for 2 min). The fluorescence intensity (for linear DNA) 

and UV-vis absorbance (for SNA) of the supernatants were measured to back calculate the 

adsorbed DNA/SNA. The fluorescence signal was measured at an excitation of 485 nm and 

emission of 535 nm for FAM, and the UV-vis absorbance was measured at 520 nm for the 13 nm 

AuNPs. 

SNA Desorption. First, 2 nM SNA (~250 nM DNA) was almost completely adsorbed onto ~1 

mg/mL PET microplastics in a buffer (200 mM NaCl, 20 mM HEPES, pH 7.6) for 4 h. Then, 4 

M urea and/or 0.4% Tween 80 was added and incubated with the pre-adsorbed SNA. The 

samples were gently agitated during incubation to prevent the precipitation of microplastic 

particles.  After 1 h, the samples were centrifuged (1000 rpm, 2 min), and the SNA desorption 

was quantified based on the enhancement of the absorbance of the supernatant (at 520 nm). 
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Results and Discussion 

Microplastic Preparation and Characterization.  Six commonly used plastic objects, such as a 

plastic spoon and a water bottle, were collected, and Raman spectroscopy identified their 

composing materials to be PE, PP, PS, PVC, PS/PVC, and PET (Figure S1). Microplastic 

samples were prepared via mechanical shredding of plastic items. The size and morphology of 

the microplastics were then observed using an optical microscope (Figure 1A, B and Figure S2). 

While the samples had a broad shape and size distribution (from 20 μm to 800 μm),43 they all 

fulfilled the size requirement of microplastics (<1 mm).44  

The Soaked Microplastics Adsorbed SNA More Efficiently. The microplastics were freshly 

dispersed in water and compared with those soaked in water at room temperature for 3 months. 

First, the adsorption of free oligonucleotides (called linear DNA) was studied in the presence of 

Na+, which is the most abundant metal ion in environmental waters.45 The adsorption of linear 

DNA was the same for the fresh and 3-month-soaked microplastics (Figure 1C). No adsorption 

was observed for PE, PP, PVC, or PS/PVC, whereas ~10% and ~65% of the DNA was adsorbed 

on PS and PET, respectively. PS and PET have aromatic structures that can stack with DNA 

bases to promote adsorption. 

 We then tested the adsorption of SNA consisting of the same DNA sequence with a 5-

thiol label densely immobilized on a 13 nm AuNP core. On average, 125 DNA strands were 

attached to each AuNP, and the total DNA concentration was ~250 nM in this experiment. Since 

SNA enhances the overall interactions between DNA and materials via polyvalent binding,36, 37 

the adsorption of SNA may provide better insights into microplastics that can only weakly 

adsorb DNA. The absorbance of AuNPs at 520 nm in the supernatant was used to quantify SNA 

adsorption (Figure 1D, E). Interestingly, SNA adsorption was remarkably enhanced on the 

soaked microplastics in all cases (Figure 1E, F). In the presence of 200 mM NaCl, SNA 

adsorption increased on soaked PE (36%), PP (70%), PS (50%), PVC (37%), and PS/PVC (52%) 

compared to fresh microplastics (Figure 1E, F). The SNA adsorption capacity on PET remained 

unchanged because the fresh PET microplastics had already adsorbed ~90% of SNA. 
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Figure 1. Micrographs of microplastics acquired by shredding plastic materials composed of (A) 

PP and (B) PET. (C) Adsorption of 10 nM FAM-DNA on freshly prepared and 3-month-soaked 

microplastics in buffer (200 mM NaCl, 20 mM HEPES, pH 7.6). (D) UV–vis spectra of the 

supernatants and (E) photographs after adsorption of 2 nM SNA (total of 250 nM DNA) on 

freshly prepared and 3-month-soaked microplastics. The adsorbed SNA was quantified based on 

the decrease in the absorbance. (F) Adsorption of 2 nM SNA onto 1 mg/mL of different fresh 

and soaked microplastics. All experiments shown in this figure were performed in buffer (200 

mM NaCl, 20 mM HEPES, pH 7.6). In panel (F), the number of stars represents a significant 

difference as follows: (*) p-value<0.05, (**) p-value<0.01, and (***) p-value<0.001. 

 

Reversible Change of Wettability. Among the six tested microplastics, PP showed the most 

dramatic change upon soaking in water (Figure 1F). Therefore, it was investigated for the reason 

of the enhanced SNA adsorption. We first dried the PP microplastics that were soaked for 3 

months and then redispersed them in water immediately before the SNA adsorption experiment. 

Interestingly, the SNA adsorption efficiency of this dried sample was zero, similar to that of 

fresh PP microplastics (Figure 2A, green and black curves). This observation suggested that the 
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enhancement of SNA adsorption was reversible and likely due to physical processes at the 

microplastic surface instead of irreversible chemical transformations. 

 Because of their lower density than water, PP microplastics floated on the surface of the 

water. Figure 2B illustrates the floating behavior of 20 mg of PP microplastics dispersed in 1 mL 

of water. The dry PP microplastics were hydrophobic based on contact angle measurements 

(~108, Figure S3). Immediately after dispersing them in water (called fresh PP microplastics), 

they were located at the top of the water surface, shying away from the water, thereby the 

majority of them were barely floating. On the other hand, the 3-month-soaked microplastics 

nicely floated and partially sank close to the surface of the water, suggesting enhanced 

wettability. Drying and redispersing the microplastics decreased the wettability again, similar to 

fresh microplastics (Figure 2B). However, it was difficult to visually judge the wettability of 

microplastics with a density higher than that of water, such as PS/PVC, PVC, and PET (Figure 

S4). 

 Raman spectroscopy was used to investigate for any possible changes in functional 

groups in samples after soaking. Comparing the Raman spectra of the fresh and soaked PP 

samples, no apparent changes were observed in the carbonyl and hydroxyl regions (~3000 cm-1) 

confirming that only physical changes occurred, leading to increased wettability (Figure 2C). 

Oxidation of microplastics can generate surface carbonyl and hydroxyl groups,46 which can also 

enhance adsorption on microplastics.6, 17, 47 Previous studies on the oxidation of microplastics 

typically use remarkably harsher conditions such as heating time of 1-90 days and temperatures 

of 70-120°C.43, 48, 49 For example, when PP microplastics were oxidized at 70°C in the presence 

of an oxidizing agent (K2S2O8), after 5 days, the carbonyl peak started to appear in the IR 

signal.50 Thus, it was not surprising that our mild wetting conditions did not induce a change in 

the chemistry of the microplastic surface. 

 We also performed TGA analysis on fresh and 3-month-soaked PP microplastics to 

investigate their water evaporation behavior. As shown in Figure 2D, water evaporated from the 

fresh PP samples with a sharper slope, and the temperature at which water fully evaporated was 

74°C. In contrast, soaked PP depleted water at 80°C. Therefore, soaked microplastics showed a 

higher resistance to water evaporation, which could be attributed to the presence of surfaces with 

stronger affinities to water (e.g., water trapped in pores). After ruling out chemical changes, we 
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reasoned that a portion of water was able to access pores with smaller features, and those water 

molecules were more difficult to evaporate because of a higher Laplace pressure. Moreover, 

when a drop of dye solution was dispensed on top of the fresh microplastics (mixture of PP in 

water), the droplet remained on the surface (Video S1 and Figure 2E), suggesting that the fresh 

microplastics contained water away from the surface. In contrast, the soaked microplastics 

absorbed the dye droplet immediately, suggesting that the water content was close to the 

microplastic surface. 

 Therefore, the data in Figure 2 suggested that the enhancement of SNA adsorption on 

soaked microplastics was reversible and was attributable to the accessibility to small porosities in 

microplastics. Such wetting of the pores in turn increased the wettability of the microplastics. We 

reason that when microplastics are freshly dispersed in water, air is trapped at their micro- and 

nanopores at the surface, making it resistant to wetting and disallowing SNA from coming close 

to the surface. Over time, these micro- and nanoscale air bubbles break, leading to wetting of the 

surfaces with nanoscale features to facilitate the adsorption of SNA in the pores.  

 

Figure 2. (A) UV–vis spectra of the supernatants and photographs after adsorption of 2 nM SNA 

(total of 250 nM DNA) on freshly prepared PP, 3-month-soaked PP, and 3-month-soaked PP 

after drying and redispersion in water. (B) Photographs illustrating the floating behavior of 



10 
 

freshly prepared PP, 3-month-soaked PP, and 3-month-soaked PP after drying and redispersion 

in water. The soaked PP microplastics showed higher wettability, which accounted for its higher 

SNA adsorption efficiency. (C) The identical Raman spectra of freshly prepared PP and 3-

month-soaked PP suggesting a lack of measurable chemical changes. (D) TGA of ~7 mg of fresh 

or 3-month-soaked PP microplastics containing ~33 µL of water (a total of 40 mg sample). Upon 

heating, the water portion evaporated, resulting in weight loss, and dry PP samples were acquired 

in the end. (E) Photographs illustrating a dye droplet on top of ~7 mg of fresh or 3-month-soaked 

PP microplastics containing ~13 µL of water (a total of 20 mg sample). 

 

Faster and Stronger Adsorption of SNA by Soaked PET. Because the SNA adsorption 

capacities of fresh and soaked PET were the same (Figure 1E, F), we further tested the kinetics 

of SNA adsorption on PET. The kinetic data fitted well with the pseudo-second-order (PSO) 

adsorption kinetics model, with correlation coefficients (R2) greater than 0.98 for both fresh and 

soaked PET (Figure 3A). The SNA adsorption on microplastics was described by the PSO model 

because the SNA ( adsorbate) concentration was relatively low in this experiment and decreased 

dramatically during the adsorption.51 As shown in Figure 3A. The adsorption approached a 

plateau for both microplastics after 2 h and was saturated at ~90% after 4 h. These data are in 

agreement with the observations shown in Figure 1F. However, based on the kinetic traces, the 

half-saturation times (t1/2) of the fresh and soaked PET were 45 min and 11 min, respectively. 

Therefore, for PET, the wetting effect was apparent owing to its faster adsorption kinetics. 

 We further studied the desorption of SNA from fresh and soaked PET to directly compare 

the adsorption affinities. First, SNA was almost completely adsorbed onto the microplastics after 

4 h (Figure S5, red curves). Then, competing agents were added, and desorption was quantified 

based on the enhancement of the absorbance of the released SNA (Figure S5). Urea (4 M) was 

used as a hydrogen bonding disrupter to induce desorption. Zero to negligible desorption 

occurred from both fresh and wet microplastics (Figure 3B). It appeared that strong polyvalent 

interactions of SNA with both microplastics provided sufficient adsorption stability against urea.  

 Subsequently, a surfactant (0.4% Tween 80) was added to the pre-adsorbed SNA. 

Surfactants may use their hydrophobic tail and van der Waals (VDW) forces to adsorb onto 

microplastics and displace SNA. Interestingly, 76% and 40% of the SNA was desorbed from 
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fresh and soaked PET, respectively (Figure 3B). These data revealed a range of adsorption 

affinities for SNA, and more SNA was adsorbed with a higher affinity to the soaked PET than to 

the fresh PET. Moreover, hydrophobic interactions were likely to be significant for adsorption 

onto PET. We then added urea and Tween 80 together to reinforce the effect of competing and 

disrupting agents. SNA was fully desorbed from the fresh PET, whereas only 63% desorption 

occurred from the soaked PET (Figure 3B), confirming a portion of strongly adsorbed SNA on 

the soaked PET.  

 

Figure 3. (A) Adsorption kinetics of 2 nM SNA on freshly prepared PET and wettable PET in 

buffer (200 mM NaCl, 20 mM HEPES, pH 7.6). (B) Desorption of SNA from freshly prepared 

PET and PET soaked induced by 4 M urea, 0.4% Tween 80, or 4 M urea plus 0.4% Tween 80. In 

panel B, the number of stars represents a significant difference as follows: (*) p-value<0.05, (**) 

p-value<0.01, and (***) p-value<0.001. 

 

Accelerated Wetting by Heating. Variation in temperature is a dominant process in the 

environment,14, 52, 53 and we then tested the SNA adsorption on PP microplastics that were heated 

at various temperatures (50, 60, 70, and 85°C) for 0.5 h. The PP samples heated at 50°C 

adsorbed slightly more SNA than fresh PP (Figure 4A). When the heating temperature was 

increased to 60°C and 70°C, the adsorption enhancement was more noticeable, and ~25% of the 

SNA was adsorbed. Eventually, heating the PP microplastics at 85°C for 0.5 h remarkably 

increased its SNA adsorption efficiency to 80% (Figure 4A). The floating behavior of PP 
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microplastics after heating at different temperatures confirmed that their wettability was 

correlated with the enhanced SNA adsorption (Figure 4B).  

 The PP microplastics were then heated to different temperatures for a longer duration (3 

h). At the same temperature, the adsorption efficiency increased when PP was heated for 3 h 

instead of 0.5 h (Figure 4A). Overall, heating at higher temperatures or longer times can enhance 

the SNA adsorption efficiency. Therefore, SNA adsorption can be correlated with different 

thermal treatment of microplastics, which in turn affected wettability. 

 Figure 4C shows a TEM image of SNAs adsorbed onto the edge of a PP microplastic 

particle heated at 85°C. The AuNPs were not evenly distributed but seemed to be concentrated in 

a few regions, which could be regions with more roughness features and small porosity. A 

similar distribution of adsorbed SNA was also observed on the 3-month-soaked PP microplastics 

(Figure S6). 

 To investigate the origin of the change in these heated samples, we performed Raman 

spectroscopy on the most harshly heated PP sample (85°C for 3 h). The oxygen-related regions 

remained unchanged compared to the fresh PP microplastics (Figure 4D). Therefore, similar to 

the 3-month-soaked PP microplastics, the heated samples did not change chemically. Heating 

accelerated wetting of the surface compared to that at room temperature. 
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Figure 4. (A) Adsorption 2 nM SNA on the freshly prepared PP and the wettable PP prepared by 

heating at various temperatures for 0.5 h, or 3 h. The adsorption experiment was performed in 

buffer (200 mM NaCl, 20 mM HEPES, pH 7.6) for 0.5 h. (B) Photographs illustrating the 

floating behavior of freshly prepared PP and wettable PP prepared by heating at two different 

temperatures for 0.5 h. The enhanced wettability of the microplastics accounted for their higher 

SNA adsorption efficiency. (C) TEM micrograph depicting the SNA adsorbed onto a wettable 

PP microplastic prepared by heating at 85°C for 0.5 h. (D) Raman spectra of freshly prepared PP 

and 3 h-heated PP which were identical, suggesting that no chemical change (e.g., oxidation) 

occurred upon heating the PP microplastics.  

 

Mechanism of SNA adsorption onto Wettable Microplastics. Based on the above results, we 

believe that microplastics have areas with more roughness features and nanoscale porosity 

comparable to the size of the SNAs. SEM images of the surface of PP microplastics confirmed 

the presence of roughness and pores with an average size of a few tens of nanometers (Figure 5A, 

B), whereas smaller pores might have been covered by the gold coating (~10 nm) step prior to 

SEM imaging to increase conductivity of the microplastic sample. These surface pores could 

provide more contact with the SNA, but they easily entrapped air (Figure 5C). Therefore, for 

fresh microplastics, SNA cannot access the small pores and they contact with the ‘flat’ surface 

leading to no adsorption (e.g. PP), or loose adsorption (e.g. PET). Soaking allows the wetting of 

rough surfaces, and SNA can efficiently contact such nanoscale pores (Figure 5D), resulting in a 

higher adsorption capacity and tighter adsorption via polyvalent binding. 

 The roughness is still too large for linear DNA, which is why soaking cannot enhance the 

adsorption of linear DNA (Figure 5E, F). Such an understanding is also potentially applicable to 

the adsorption of other nanoscale objects and biological agents. 
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Figure 5. (A, B) SEM micrographs depicting nanoscale roughness and porosity on the surface of 

the PP microplastics. Schemes illustrating the difference between the (C, D) SNA and (E, F) 

linear DNA adsorption mechanism on (C, E) fresh microplastics and (D, F) soaked wettable 

microplastics. Soaking enhances the access of SNA to more surface nanoscale pores, thereby 

enhancing both the capacity and affinity of adsorption, whereas the roughness features are too 

large for linear DNA and soaking does not affect its adsorption. 

 

Advantages of the SNA-based Method. While the wettability of PP microplastics can be 

visually observed as shown in Figure 4B, our SNA-based method has the following advantages 

and can provide additional information. First, visual observation requires a large quantity of 

microplastics, which might not be available for environmental samples. With just a few pieces of 
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microplastics, it is difficult to visually observe the floating behavior, while SNA adsorption can 

still be measured due to the very high extinction coefficients of AuNps. Second, visual 

observation works only for light microplastics made of PP (0.90-0.92 g/cm3) or PE (~0.91-0.94 

g/cm3), whose density is lower than water. For heavier plastics such as PS (~0.96-1.05 g/cm3) 

and PVC (~1.1-1.45 g/cm3), they sink in water (Figure S4). Finally, SNA provides a quantitative 

measurement and we showed a nice correlation between the heating time or temperature and the 

amount of adsorbed SNA (Figure 4A). Unfortunately, it is difficult to have another way to 

quantitatively measure wetting of microplastics. We tried to pack a capillary to measure the 

speed of capillary rise using the Washburn method.54 This method is highly dependent on the 

way of packing the capillary and requires the use of dry samples. However, we need to keep 

soaked microplastics wet, and we could not obtain a reliable measurement. Thus, the adsorption 

of SNA provides a unique and convenient way to quantitatively measure wettability of 

microplastics. 

 

Conclusions 

When dispersed in water, microplastics may undergo chemical and/or physical transformations. 

Although harsh conditions are required to induce chemical transformations, such as oxidation, 

physical changes may occur under milder conditions. Herein, we observed that the interaction of 

microplastics with SNA was highly influenced when microplastics were soaked in water at room 

temperature for 3 months or when they were heated for a few hours. When these microplastics 

were dried, they behaved similarly to fresh microplastics for SNA adsorption, suggesting a 

reversible physical change, which was also supported by Raman spectroscopy. Based on the 

better retention of water by the long-term-soaked microplastics, the effect of soaking was likely 

related to the access of nanoscale porosity. It was concluded that the surface of the soaked 

microplastics had more porosity wetted by water, allowing SNA to access these nanoscale 

features to establish stronger adsorption due to increased contact areas. Based on the 

observations in this study, adsorption studies need to carefully consider the time- and 

temperature-dependent changes in microplastics.  
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