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ABSTRACT  

Aromatic polyamide films form the active layer in reverse osmosis (RO) desalination membranes. 

Despite widespread use of this technology, it suffers from low rejection rates for certain water 

contaminants and from membrane fouling. Through a better understanding of the fundamental 

surface chemical processes during reverse osmosis desalination, advances in membrane and 

material design are expected. The recent invention of a molecular layer-by-layer (mLbL) 

preparation technique1 yields films that are sufficiently smooth to warrant investigation with high 

resolution microscopy and spectroscopy methods. We present high-resolution, quantitative XPS 

data on the surface chemistry of ultrathin polyamide films that can serve as a model system for 
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desalination membranes. We show that a quantitative analysis of the XPS spectra gives 

information on the functional groups of the film as well as other compounds present due to the 

synthesis under ambient conditions. Unpolymerized functional groups are identified and aid in 

understanding the degree of crosslinking. Investigation of polymers with synchrotron-based XPS 

requires taking beam induced changes into account. We quantify X-ray beam damage and show 

that beam damage to the polyamide is limited, allowing long-term investigation of thin polyamide 

films. Characterizing mLbL grown films in high-resolution XPS is the basis for a better 

understanding of the chemical interplay of polyamide surface functional groups with the major 

components of desalination systems. 

 

INTRODUCTION 

Seawater desalination by reverse osmosis (RO) provides freshwater for water-stressed regions, and 

is expected to become more important in the coming decades.2 Current RO systems rely on an 

active layer of aromatic polyamide, most frequently produced by crosslinking trimesoyl chloride 

with m-phenylene diamine (sometimes called Poly(m-phenylenediamine trisamide), P(mPDTA)) 

that is a few 100 nm thick.3 

Retention rates in RO vary depending on the contaminant type, but do not correlate with 

contaminant size.4 Instead, charged contaminants appear to be rejected most effectively,5 

indicating that electrostatic interactions on the membrane surface influence the exclusion 

mechanism. A better understanding of chemical and electrostatic interactions between surface 

groups, water and contaminants is needed in order to tailor membrane materials towards respective 

applications. Interface science methods with high chemical and spatial resolution have been further 
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developed in recent decades to operate under increased relative humidity. One of these methods is 

X-ray photoelectron spectroscopy (XPS), which delivers insights into the chemical makeup of 

materials with high surface sensitivity. Commercial membranes, however, are not suitable for XPS 

investigation, due to the rough surface of the membranes, in conjunction with electrostatic 

charging due to limited electrical conductivity of bulk polymer samples. 

Recently, a novel molecular layer-by-layer (mLbL) preparation technique was reported,1 which 

allows producing polymer films on a substrate with monomer precision and tunable thickness. 

Choosing the same monomers as conventional desalination membranes,6–8 the mLbL approach 

yields systems that have comparable chemistry, but a smooth morphology that lends itself to 

fundamental studies of the liquid-solid interface chemistry. The resulting P(mPDTA) films, grown 

on Si wafers, were analyzed with XPS to show a high degree of crosslinking.1 Atomic force 

microscopy shows that these films are 1-2 orders of magnitude smoother than commercial 

membranes. Furthermore, for very thin films, charge compensation is improved, thus reducing 

charge-induced shifts and peak broadening in XPS. Compared to vapor deposition or wash-and-

rinse cycles of the monomers which can lead to dendritic growth,9,10 mLbL provides control over 

the growth process, as was shown from the observation of the development of film thickness with 

successive layers deposited.1 The benchtop mLbL process also provides flexibility in terms of 

monomer choice and surface functionalization.11,12 Furthermore, this technique can be automated 

for producing multilayer films relatively quickly,13 while ensuring a smooth morphology. As the 

mLbL preparation is carried out under ambient conditions, possible contaminations from 

adventitious carbon sources need to be taken into account, as well as residual solvent and water in 

the films, if one is to make a quantitative assessment based on XPS.  
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Synchrotron-based XPS is ideally suited to study the reactivity of these films with water and 

common contaminants. Soft X-rays in particular can achieve high surface sensitivity, but have a 

10-100 times higher photoionization cross section than the photons from Al- or Mg-lab-based 

sources.14 Hence, any beam induced changes to polyamide films need to be understood in order to 

obtain reliable insights from soft X-ray techniques, such as photoelectron spectroscopy,15 X-ray 

absorption spectroscopy16 or scanning transmission X-ray microscopy17–19 and others.20 Typical 

covalent bonds in polymers can be dissociated with as little energy as an ultraviolet photon,21 but 

mechanisms of initiation, promotion and termination of photo-induced reactions strongly depend 

on the absorption at a given photon energy. Polymers generally exhibit many different pathways 

of degradation, and contaminants present in any given formulation contribute to the pattern of 

competing pathways.21 We show that XPS can be used to monitor chemical changes caused by X-

rays and secondary electrons, as well as net mass loss of thin films.  

In this report, we present data on monolayer P(mPDTA) films (shown schematically in Figure 1), 

prepared by previously reported mLbL spin coating deposition from bi- or trivalent monomers, on 

wafer substrates coated with Au and Pt, respectively.1,13 Peak assignments can be made in 

agreement with the literature and specific chemical groups reflect the degree of crosslinking in the 

films. Quantitative analysis of XPS data provides insight into the nature of adventitious carbon 

species and trapped water. In order to ensure the stability of the model system during prolonged 

investigation with XPS, beam induced changes in the films have been investigated in detail, and 

quantified with respect to photon flux. Beam induced decomposition pathways are in line with 

results reported for other amide materials. 
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Figure 1. Schematic representation of the preparation of aromatic amide monolayer on a metal 

substrate.1 Two monomers are sequentially deposited, repeating the deposition adds further layers. 

The four different carbon functional groups of the product are color-coded in reference to the peak 

assignments in the C 1s XPS spectrum (cp. Figure 2). The structure also contains two distinct 

nitrogen species and two distinct oxygen species. 

 

EXPERIMENTAL DETAILS 

Film preparation 

Samples were prepared as follows, in agreement with published procedures.1,13 Substrates 

consisting of Au- and Pt-coated wafers were cleaned from organic residues in an oxygen plasma 

etcher. Using a spin-coater, substrates were covered with a 1% solution of monomer A in toluene, 

and the excess subsequently rinsed with toluene. The sample was then covered with a 1% solution 

of monomer B in toluene, and rinsed with acetone. For monomer A, either trimesoyl chloride 

(denoted A3 for its 3 functional groups) or terephthaloyl chloride (A2) were used as purchased. 

Using A3 results in the formation of crosslinks, while A2 can only form linear polymer chains. 
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For monomer B, m-phenylene diamine (denoted B2) was used as purchased (see Figure 1 and 

Supporting Information Figure S1 for the chemical structures of the monomers). This protocol 

allows building up aromatic amides in a layer-by-layer fashion, as previously reported.1,13 To 

remove any excess solvents, samples were dried at 60 ° C in a vacuum oven for 12 h.  

XPS measurements 

The samples were mounted with stainless steel clips onto a ceramic button heater and introduced 

into a vacuum chamber at ~10-10 Torr. The mounting clips also provided the electrical connection 

of the sample surface to ground. Prior to the XPS experiments, the samples were heated to 60 °C 

in UHV to decrease the amount of water adsorbed on or in the film during their exposure to air. 

XPS spectra were taken using the APXPS-1 endstation (ambient pressure X-ray photoelectron 

spectroscopy) at Beamline 11.0.2 at the Advanced Light Source in Berkeley,22 with a modified 

Specs Phoibos 150 analyzer. The combined beamline and analyzer resolution was better than 

0.35 eV. Photon energies of 490 eV were used for C 1s spectra as well as for Pt 4f spectra, 600 eV 

for N 1s spectra and 735 eV for O 1s spectra. While the endstation can tolerate pressures in the 

few Torr-range, the data shown in this report were recorded at pressures <10-7 Torr. 

Beam induced changes are a common issue in analyzing polymers and other materials based on 

lighter elements. We quantified the changes that occur in each particular core level spectrum with 

exposure to X-rays over time, and find a universal beam damage behavior, when controlling for 

absolute photon exposure. Photon exposure was calibrated with a Opto Diode AXUV100G 

photodiode. Full flux corresponds to 4×107 photons s-1 μm-2 at 735 eV. In order to study beam 

damage as a function of photon flux per second, the undulator gap of the beamline was detuned to 

reduce the photon flux to 10% or 33% flux of the nominal value.  
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Data analysis 

Due to the possibility of the polymer charging by an unpredictable amount, the binding energy 

(BE) scale for all spectra was calibrated to the main C 1s peak at 284.7 eV.23 The spectra were fit 

with linear or Shirley backgrounds, Voigt peak shapes (for C 1s, O 1s, N 1s) or Donjiach Sunjich 

doublets (for Au 4f, Pt 4f), using the KolXPD software package. The spectra shown in this 

manuscript are representative for the 5 samples (2 on Pt-covered substrate, 3 on Au-covered 

substrate), and were each measured on at least 3 different sample positions, to ensure 

reproducibility. 

 

RESULTS AND DISCUSSION 

Peak assignment 

Core level spectra of a 1ML film with monomers A3 and B2, prepared on a wafer coated with a 7 

nm thick layer of Pt are shown in Figure 2. Survey spectra show carbon, oxygen, nitrogen, and 

metal substrate species (Au or Pt). No Cl residue from the precursor was observed in surveys, nor 

any other elements. High resolution spectra of the polymer film core levels were taken with a 

kinetic energy of 200 eV to provide surface sensitive information. Peak assignments are made 

based on reported binding energies in the literature and are described in the following section. 

Furthermore, the respective peak areas and behavior of each species under the X-ray beam provide 

corroboration for the peak assignments and further insight, and are discussed in the following 

sections.  
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The Pt 4f spectrum shows two doublets, with the Pt 4f7/2 signal at 70.8 eV, i.e. in the energy range 

for elemental Pt, while a second component, shifted by 0.7 eV to higher BE, indicates a partially 

oxidized surface species.24 In the case of a gold-coated substrate, we observe a Au 4f doublet with 

the Au 4f7/2 component at 84.0 eV which is characteristic for metallic Au.25 

The O 1s spectrum consists of two components, which exhibit different intensities, depending on 

the film thickness and experimental conditions, but are always located at the same peak positions. 

The O 1s spectrum shown in Figure 2 is representative for films of 1 ML thickness. The low BE 

feature is typically located at 531.2 (±0.2) eV, which is in good agreement with binding energies 

recorded for aromatic amides.23,26,27  

The second feature is typically shifted by 1.4 eV to a binding energy of 532.6 (±0.3) eV. Several 

chemical species have binding energies in this region: i) OH groups present in unlinked COOH-

groups of monomer A, ii) OH groups present in adventitious carbon, iii) a shake-up feature which 

could amount to almost 10% of the low-BE peak area23 and, iv) trapped water in the film.26 The 

assignment of the high-BE O 1s peak will be discussed in more detail below in the context of a 

quantitative analysis of peak areas. 

The C 1s spectra show 4 peaks, at 284.7 (±0.02) eV (green trace), 285.8 (±0.1) eV (blue) and 287.3 

(±0.2) eV (pink), as well as a very small feature at 288.4 (±0.5) eV (cyan). From low to high BE, 

the peaks can be assigned to i) C-C bonds in the benzyl rings, ii) a peak with contributions from 

C-N groups in monomer B as well as OH-groups either formed on the polymer or present in 

adventitious carbon compounds, iii) the carbon atoms in amide groups and iv) the carbon atoms in 

unlinked COOH-groups of monomer A.23,26,27 A very small shake-up feature can be identified in 

the range of 291-292 eV (not shown).23,27,28 
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The N 1s spectrum is dominated by a single peak, which exhibits a small shoulder at lower binding 

energy. The main signal with BE 399.7 eV is assigned to the amide nitrogen group,10,23,28 while 

the one at 398.5 eV is assigned to the terminating NH2-groups at the polymer/gas phase interface.29 

The peak assignment shows that the ultrathin amide film contains the chemical functionalities 

(amide, carboxylic acid, amine) that have been shown to govern the mechanism of water transport 

in reverse osmosis membranes.30  

 

Figure 2. XPS spectra of Pt 4f, O 1s, C 1s, and N 1s core levels of a 1 ML aromatic amide film 

with peaks assigned to likely chemical moieties.  
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Quantitative analysis 

Comparing relative peak areas within and across spectra can provide further insights into the 

sample composition, especially for C 1s and O 1s, where different chemical species have 

overlapping binding energies. For the following analysis, we refer to the spectra shown in Figure 

2, while the general insights are representative across samples (see Supporting Information for 

fitting parameters and raw data). 

Based on previous reports,1 the mLbL technique is expected to yield a highly crosslinked film. The 

stoichiometry between oxygen and nitrogen in amide films observed by XPS is frequently used to 

determine the degree of crosslinking, with a ratio of 1 indicating a fully crosslinked system. 

However, there are several factors that can distort this correlation, and need thus to be taken into 

account. Contributions from unpolymerized groups terminating the chain will have a strong effect 

on the stoichiometry for very thin films, but will fall within the standard deviation somewhere 

between 5 and 10 repeat units. Furthermore, the nature of the anchoring site is not fully understood 

and may vary when the substrate material is changed, hence, any chemical group involved in 

linking the film to the substrate will skew the stoichiometry in very thin films. Due to the 

preparation of mLbL films under ambient conditions, the presence of additional material is also 

very likely. Contamination resulting from, e.g., handling samples with disposable gloves, such as 

Si or S, can be detected in survey spectra if they are present at concentrations of a few percent of 

a monolayer or more.31 Adventitious carbon from atmospheric volatile organic compounds32,33 are 

also expected to contribute intensity to C 1s and O 1s spectra and are often difficult to quantify. In 

addition, toluene and acetone are used during the sample preparation, potentially leaving residues. 

Furthermore, trapped water has been observed even in few-nm thick films.26 Since many of these 

compounds have C 1s and O 1s binding energies overlapping with the species present in the 
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aromatic amide, a fully quantitative analysis of the observed peak areas is outside the scope of this 

study. By comparing the areas of corresponding peaks across core levels, however, we can identify 

likely candidates for those contaminants. 

Despite these confounding factors, the chemical resolution of XPS allows quantifying the specific 

chemical groups that are present in incompletely crosslinked systems. These groups are an amine 

group and a free acid group, respectively. The amine group is well separated as a low BE shoulder 

in the N 1s spectrum, accounting for almost ¼ of the total peak area. Amine groups from 

unpartnered monomers contribute to this shoulder. In the case of a 1-layer film discussed here, 

however, the shoulder is dominated by the amine groups terminating the surface and not 

meaningful for extracting a value for crosslinking density. The COOH group can be identified in 

the C 1s spectrum as a small high BE peak accounting for about 3% of all carbon atoms, or 15% 

of the oxygenated carbon atoms. Besides unpolymerized groups from the original monomer A 

which have hydrolyzed, no other species are expected to contribute to this C 1s peak at 288.4 eV. 

We can therefore conclude that only a small number of the monomer A linkers fail to bind to a 

monomer B amine group, yielding a film of 85% crosslinking density. In a recent study, the 

absolute concentration of acid groups was quantified using FTIR,34 and it was found that it is 

highest for very thin films. 

From a careful analysis of relative peak areas in the C 1s spectrum and referencing the 

stoichiometry of the molecule (see Figure 1), we can draw conclusions about additional 

contributions to the C 1s spectrum, which can later be corroborated by comparing different core 

level spectra. For an ideal, fully crosslinked polyamide system, there should be equal amounts of 

C-N atoms (contributing to the blue peak in Figure 2) and C=O atoms (contributing to the pink 

and cyan peaks). Assuming that one side group of monomer A binds to the substrate, the remaining 
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two acyl chloride groups could react with two molecules of monomer B. As seen in Figure 1, each 

monomer B contains a second linker which is terminating the chain in the case of a 1 ML film, 

resulting in a theoretical N/O ratio of 4/3. We find, however, that the C-N peak can be two times 

larger than the two high BE peaks in the case of platinum substrates, and up to three times larger 

in the case of gold substrates. The difference between substrate materials could stem from a 

chemical affinity of a preferential binding of amines on gold, which would lead to a partial 

displacement of monomer A by monomer B and has been suggested in other work.34  

For either substrate, the unexpectedly high relative peak area around 286 eV is likely due to 

additional chemical species contributing to the C-N peak. We can corroborate this assumption by 

comparing areas in C 1s core level spectra with corresponding O 1s and N 1s spectra. The peaks 

fitted in Figure 2 are color-coded to show how the same functional group is reflected in different 

core-level spectra, for instance the amide group contributes to the carbonyl peak in the O 1s 

spectrum, the main peak in the N 1s spectrum, and to two peaks in the C 1s spectrum, all of which 

have a pink trace. Calibrating the instrument with CO2, O2 and N2 gas phase spectra, we obtain 

relative sensitivity factors for C, O and N specific for our experimental chamber. Using these 

factors, we can quantitatively compare the peak areas across spectra which have a peak assigned 

to the same species. We find indeed that the overall area in the N 1s spectrum is smaller than 

expected based on the C-N peak in the C 1s spectrum, but fits the expected value when extrapolated 

from the C 1s oxygenated species and the molecule stoichiometry. This is an indication that 

adventitious carbon species contribute to the C-N peak area. 

This interpretation is further corroborated by correlating the COOH- and the amide peak with peak 

areas in the O 1s region. Assuming only the aromatic amide to be present, the pink peak at 287.3 eV 

(Fig. 2) is assigned to the amide functional group (containing one oxygen in a C-O double bond) 
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and the cyan peak at 288.4 eV is assigned to unpolymerized carboxylic acid groups (containing 

one oxygen atom in double and single-bonded situations, respectively). From the area of these 

peaks, the assumed stoichiometry and the known sensitivity factor, we can determine an expected 

peak area for the entire O 1s region, as well as the peak connected with O doubly-bonded to carbon. 

Comparing these expected areas to the observed areas for several samples, we find that the overall 

intensity in the O 1s spectrum exceeds the expected value, sometimes only by a fraction, but in 

other cases by a factor of 2-5. A shake-up feature that would be observed under the high-BE peak 

in the O 1s spectrum can only account for a discrepancy of 10%.23 This is a strong indication for 

the presence of additional species contributing to the oxygen spectrum. Since the survey spectrum 

does not reveal any additional elements other than O, C, N and the substrate metal, it is likely that 

adventitious carbon containing OH/OR functional groups, water or OH groups on the substrate 

contribute this additional intensity to the O 1s region. OH groups in adventitious carbon molecules 

would have a binding energy in the region of 286 eV of the C 1s spectrum,23 which is consistent 

with the excess area that is observed in that energy region. 

The presence of alkoxy-groups in adventitious carbon is suggested by quantitative analysis of the 

C 1s spectrum, as well as comparisons across all core level spectra. It is also consistent with beam 

induced changes, as we will discuss in the following section.  

 

Beam damage evaluation 

Investigating polymer samples with X-rays, especially from a highly brilliant light source such as 

an undulator beamline at a 3rd generation synchrotron, can cause photon-induced changes to the 

sample, also known as beam damage. The extent of beam damage is dependent on the excitation 
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energy, incident photon flux and the cumulative photoionization cross sections for all elements in 

the sample at the given photon energy, and therefore has to be determined under the experimental 

conditions relevant for each investigation. In the case of polyamide films on Au- or Pt-coated 

substrates, O 1s has the highest binding energy out of all the core levels involved. Hence, for 

studies probing over either many sample positions or incident angles, the full set of core levels (O 

1s, C 1s, N 1s) will be probed with 735 eV excitation energy, allowing for faster measurements. 

We therefore investigate the effects of prolonged exposure of the same sample position to 735 eV 

X-rays. Analyzing the overall peak area in the core level spectra, and the decreases or increases of 

peaks at each binding energy can provide insights into the beam-induced changes. A decrease in 

the total peak area of a given core level is generally interpreted as mass loss of that element, while 

changes in the relative peak intensities indicate chemical changes in the sample. 

Since a variety of chemical moieties are present on the surface, it is likely that a number of 

chemical degradation pathways occur when the sample is exposed to X-rays. Schematic 1 lists 

reactions that likely follow photoionization,35,36 and suggests possible reaction products. Each of 

those hypothetical pathways would affect the peak areas differently, allowing us to compare to 

observed beam induced changes and to identify the most dominant pathways. 

Scission events can lead to the loss of OH/OR groups, causing a net intensity loss in O 1s and 

shifts to lower binding energy in C 1s. Species under the high BE C 1s peaks could include COOH, 

(C=O)R, RO-C-OR. The latter can undergo scission to a COR, contributing to the C 1s peak 

growth at 286 eV and O 1s peak loss around 533 eV, or undergo scission and desaturate to a C=O, 

contributing to the 288eV C 1s peak while in turn increasing the O 1s C=O peak and decreasing 

the OR peak. Amide groups can undergo scission and result in CN triple bonds,36 contributing to 
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growth around 286-287 eV in the C 1s spectrum, as well as shifting some of the intensity in the N 

1s spectrum to lower binding energy. 

 

Schematic 1. Hypothetical pathways of beam damage, laying out affected chemical groups and 

resulting species. Peak positions are color coded in reference to Figure 2. Arrows indicate resulting 

changes in peak intensity. 

For the ultrathin polyamide films employed in this study, beam damage in ultrahigh vacuum 

exhibits reproducible behavior across several samples. Different flux settings were tested, to 

discover any dependency of the deterioration on photon flux and exposure time. The X-ray doses 

for the beam damage study were chosen to be equal to or larger than the typical dose that samples 

are exposed to for time-intensive angle-resolved studies or typical APXPS measurements. All data 

show consistent beam damage trends when normalized for absolute radiation dose rate (i.e. 

photons/(area*time)). Figure 3 shows representative spectra for a 1 ML polyamide film on a Pt-

coated substrate, exposed to X-rays at 10% of normal flux for 3 hours (see Supporting Information 

Figure S3 for peak intensity plotted over time). 
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For the C 1s spectrum, the total peak area stays constant over the course of the exposure. We 

observe that the two peaks at higher BEs significantly lose intensity, which is consistent with the 

general pattern of oxygenated carbon species being most susceptible to beam damage.21,23,35 Both 

peaks show a similar decay curve, with steep initial intensity losses and subsequent stabilization 

at 50% of the original peak area. The peak around 286 eV increases in intensity by about the same 

amount, while the peak around 285 eV shows no significant change. This pattern is consistent with 

C-(OR)2 bond scissioning to form C-OR moieties.23 

No mass loss is observed in the N 1s spectrum, but about 15% of the main peak area shift to slightly 

lower binding energy, consistent with C-N triple bond formation. This would technically require 

adding a new peak by around 0.3 eV lower than the amide peak position, but that is below the 

resolution of this experiment. This is the most direct indication that the aromatic amide is affected 

by beam damage, but also shows that damage is limited even for prolonged exposure, and the 

majority of the amide model film is preserved during beam damage experiments. 

In the O 1s spectra, an overall mass loss of 35% is observed throughout the beam damage series. 

That loss is observed in the high BE peak, which is comprised of adventitious carbon, excess water 

and OH groups, as well as the OH function in unpolymerized COOH-groups. The low BE peak 

shows a very slight increase in the first 30 minutes of X-ray exposure.  
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Figure 3. C 1s (top) and O 1s (bottom) spectra of pristine PA film (black trace) and film exposed 

to X-ray beam (red trace). Arrows indicate characteristic changes in peak areas that were 

consistently observed.  

Since the C 1s spectrum shows no loss in the integrated intensity, while the O 1s spectrum does, 

we can determine that most of the lost material originates from oxygen present in the sample from 

water, substrate OH groups or adventitious carbon sources, rather than the amide film itself. The 

fact that the decay curves for the two high-BE peaks in C 1s attenuate while about half of the initial 
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intensity remains indicates that while some species suffer from beam induced changes, other 

species stay intact. This pattern is consistent with adventitious carbon suffering the most damage, 

while the aromatic rings in the amide protect the molecules from significant damage, as was shown 

in an X-ray absorption study with 10x higher photoionization cross section.14,35 

 

Conclusions 

We present synchrotron-based XPS spectra of a monolayer of aromatic amide grown by mLbL. 

Synchrotron based spectroscopy of these samples is challenging, due to the preparation under 

ambient conditions introducing unknown contamination and increased beam damage when soft X-

rays are used. We use a multi-step approach to gain insights into the chemical composition of the 

sample. We study high-resolution XPS spectra to identify the binding energies of species present 

on the sample, which can be assigned to the aromatic polymer as well as a range of additional 

compounds. The presence of specific chemical groups can be used to deduce incomplete 

polymerization and degree of crosslinking. We use quantitative analysis to compare the peak areas 

of different core level spectra to confirm the presence of water, OH groups, and the likely nature 

of adventitious carbon compounds. These assumptions are corroborated by discussing the shifts in 

peak intensities that occur during exposure to X-rays.  

This study provides the basis for investigating mLbL films of aromatic amides in the context of 

water purification. By harnessing the capabilities of ambient pressure X-ray photoelectron 

spectroscopy, the chemical interplay of the polymer, water and common contaminants can be 

understood at the molecular level, thus facilitating improvements in membrane rejection and 

surface fouling. 
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