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Polystyrene thin film surfaces are commonly used to study the interactions of macromolecules, 

such as proteins, with surfaces. Polystyrene films oxidized in UV light become more hydrophilic, 

however these surfaces have a limited shelf life because they are reduced over time. Experiments 

were performed to determine the effect of radiation duration and exposure time on the surface 

composition of photo-oxidized polystyrene thin films. Polystyrene (2 wt%) in toluene was spin-

coated onto 1-cm2 monocrystalline silicon squares, and annealed at 70 °C for 18 hours. Three sets 

of triplicate samples were irradiated in a UV-ozone cleaner for 0, 3, and 9 minutes. Film surface 

compositions were analyzed via X-ray Photoelectron Spectroscopy 6 hours after irradiation and 

after one week of air exposure. Overall oxidation level decreased after one week, and the 

oxidation structure varied with irradiation time. It is speculated that decreases in oxidation level 

were due to surface contamination and reduction over time. Experimental results were 

inconclusive due to high levels of oxidative degradation and significant variation within sample 

sets. Future studies should shorten annealing and radiation exposure times to allow for improved 

contact angle measurement and lower degradation levels. More replicates or sample sets may 

further improve experimental outcomes. 
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SURFACE COMPOSITION AGE ANALYSIS OF PHOTO-OXIDIZED POLYSTYRENE 

THIN FILMS BY X-RAY PHOTOELECTRON SPECTROSCOPY 

I.  INTRODUCTION 

Polystyrene is an affordable polymer commonly used as a laboratory work surface for the study 

of macromolecules, such as proteins. A polystyrene surface is relatively uniform, chemically inert 

in most circumstances, simple to produce through a variety of inexpensive techniques, and 

capable of being treated to modify its surface behavior according to laboratory requirements. An 

untreated polystyrene surface is hydrophobic (repels water) and has a low surface energy, which 

is not ideal for applications that require adhesion to the surface. These characteristics change 

when polystyrene is oxidized by exposure to radiation in the presence of oxygen. The 

introduction of polar oxygen bonds causes the surface to become more hydrophilic (attracted to 

water), improving surface wettability and increasing surface energy. The wettability of the 

surface is related to the amount and type of oxidation present on the sample, so surface properties 

can be modified by altering the radiation frequency and duration of exposure. Polar molecules 

can adhere to and align with the treated surface, and amphipathic molecules (molecules 

containing both polar and nonpolar components) can be precisely rotated if the surface has well-

understood surface characteristics. These properties allow polystyrene to be used as a model 

surface for the study of surface interactions as either a fully hydrophobic or fully hydrophilic 

surface, or anything in between these extremes.  

However, the oxidation structure and composition of polystyrene surfaces have been shown to 

change over time, which changes surface characteristics and limits the shelf life of these surfaces. 

Contact angle is a fast, economical method to measure the hydrophobicity of a film, and X-ray 

Photoelectron Spectroscopy (XPS) can be used to provide more detailed information about the 

chemical structure and oxidation level of the polystyrene surface. Previous data from the 

Árnadóttir laboratory (unpublished) indicates that there is a correlation between the amount of 

oxidized carbon (as measured by XPS) and the contact angle of the surface. If developed, this 

correlation would allow contact angle to be used as a more economical method for chemical 

structure determination. This paper investigates the way in which polystyrene oxidation structure 

and composition changes over time when the surface is irradiated by a UV-Ozone cleaner, in 

contrast to similar studies involving polystyrene oxidized with plasma or specialized weatherizing 

machines1-3. It is suspected that similar oxidation structures will appear, but in different 

concentrations than were observed in those previous studies. 
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Structure 

The structure of polystyrene consists of a hydrocarbon backbone with phenyl (C6H6) ring groups 

attached to every other carbon atom in this chain, as shown in Figure 1. Polymers can be several 

thousand units in length, and are distinguished by their average molecular weight. 

 

 

 

Figure 1. A polystyrene molecule is a polymer, a long chain of repeating “monomer” units that have been linked 

together by a polymerization reaction. These chains can be several thousand units in length. The phenyl groups are 

commonly depicted as hexagons in structural diagrams, as seen above. Image courtesy of University of Southern 

Mississippi’s Polymer Science Learning Center12. 

 

The alignment of the phenyl group is often randomly distributed along the carbon backbone 

(atactic) rather than on the same side (isotactic) or on alternate sides (syndiotactic) because this 

form is less expensive and more easily produced. Tacticity is further illustrated in Figure 2. 

Figure 2. The three possible tacticities of polystyrene are demonstrated above. In Isotactic polystyrene, the phenyl 

substituent group is always on the same side of the carbon backbone. In Syndiotactic polystyrene, the phenyl 

substituent is on alternate sides of the carbon backbone. In Atactic polystyrene, the phenyl substituent group occurs 

randomly on either side of the carbon backbone. Image courtesy of University of Southern Mississippi’s Polymer 

Science Learning Center12. 



 
 

3 
 

Although literature indicates that polymer stereo-regularity (tacticity) has some effect on photo-

degradation atactic polystyrene is the most relevant form of the polymer for the majority of 

commercial and academic applications and will therefore be the focus of this study4.  

Thin Film Preparation  

To create a polystyrene film, polystyrene pellets are dissolved in a nonpolar organic solvent and 

then distributed onto a silicon substrate with a spin-coater. Spin-coating is a method to deposit 

thin uniform films widely used in high-tech industries for the application of photoresist on 

semiconductors. The spin-coater device has a platform that is attached to an axle that rotates at a 

specified speed and acceleration for a specified time. A droplet of the dissolved polystyrene is 

evenly spread over the substrate by the rotation. The solvent rapidly evaporates away when 

exposed to open air, which allows the polystyrene film to deposit onto the substrate.  

There are a number of factors that contribute to the thickness of a spin-coated polystyrene film. 

Several mathematical models of varying complexity have been proposed over the years to 

adequately describe the relationships involved. The film deposition process can be assumed to 

occur in two distinct stages5. The first stage is the stage in which the solution spreads out along 

the surface, and the second stage is solvent evaporation once spreading has stopped. Based on 

equations that describe the thinning of a Newtonian liquid on a rotating disc and solvent 

evaporation rate, Bornside et al. developed Equation 1 for “wet” film thickness, ℎ𝑤: 

                              ℎ𝑤 = [(
3𝜂0

2𝜌𝜔2) 𝑘(𝑥1
0 − 𝑥1∞)]

1/3
                      (1) 

where 𝜂0 is initial saolution viscosity, 𝜌 is the liquid density, 𝜔 is the spin speed, 𝑘 is the mass 

transfer coefficient, 𝑥1
0 is the initial solvent mass fraction in the coating solution, and 𝑥1∞ is the 

equilibrium solvent mass fraction6. A “final” film thickness equation (Equation 2) to describe the 

evaporation step was derived from mass transfer principles: 

                                           ℎ𝑓 = (1 − 𝑥1
0)ℎ𝑤                                (2) 

These film thickness equations inherently produce some error because evaporation begins as the 

solvent spreads out rather than after, however the equations are useful for determination of 

reasonable initial spin-coating parameters to create a desired thin film thickness5.  

The thickness of the deposited film can be verified through a number of techniques, including 

ellipsometry, profilometry or atomic force microscopy (AFM). Ellipsometry was used in this 

study due to the availability and ease of use of an ellipsometry instrument. In ellipsometry, a 

polarized beam of light is reflected off of a sample surface. If a sample consists of multiple 
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layers, the layers will reflect the light at different angles according to the thickness of each layer. 

The reflected light is then detected and analyzed. An approximate model of the sample layers is 

provided as an initial guess and a computer algorithm then refines the model to determine the 

thickness of each layer7. The mathematical model can be as complex as necessary based on the 

level of accuracy needed, however it typically involves a polynomial fit. For the purposes of this 

experiment, a relatively simple binomial model was used because only a rough approximation of 

the thickness was needed. Our model consisted of a uniform polystyrene layer and a 20 nm thick 

silicon oxide layer on top of the reflective silicon base.  

Photo-oxidation Chemistry 

In this experiment, the polystyrene surface was oxidized using an UV-Ozone cleaner. This 

method can be described as a “short wavelength” radiation source (υ = 253.7 nm), whereas other 

methods might involve a “long wavelength” radiation source (υ ≥ 300 nm). Although slight 

differences in composition have been observed, both radiation methods produce the same 

products on the polystyrene surface in varying amounts3. The UV-Ozone cleaner emits ultraviolet 

radiation, which induces diatomic oxygen molecules to split at a radiation wavelength of 184.9 

nm, producing ozone and an oxygen radical. Upon exposure to 253.7 nm radiation, ozone 

dissociates to form more oxygen radical and diatomic oxygen: 

𝑂2 + ℎ(𝜐 = 185 𝑛𝑚) → 𝑂3 + 𝑂∗ 

𝑂3 + ℎ(𝜐 = 254 𝑛𝑚) → 𝑂2 + 𝑂∗ 

The ultraviolet radiation also excites the polystyrene surface, facilitating oxygen radical attack at 

the surface to form various oxidation structures by breaking bonds within the polymer, thereby 

degrading the polymer structure. Oxygen attack occurs almost exclusively at the C-H bond 

directly across from the phenyl group3. The initiation step involves thermal excitation of a 

carbon-hydrogen bond to produce radical precursors4:  

𝐼𝑛𝑖𝑡𝑖𝑎𝑡𝑖𝑜𝑛: 𝑅𝐻 →  𝑅∗  +  𝐻∗ 

The propagation step occurs with addition of oxygen to create a peroxy radical: 

𝑃𝑟𝑜𝑝𝑎𝑔𝑎𝑡𝑖𝑜𝑛: 𝑅∗  + 𝑂2 → 𝑅𝑂𝑂∗ 

The peroxy radical will then remove a hydrogen atom from another polymer section, creating a 

hydroperoxide and another polymer radical precursor, which can continue propagation: 

𝑃𝑟𝑜𝑝𝑎𝑔𝑎𝑡𝑖𝑜𝑛: 𝑅𝑂𝑂∗  +  𝑅𝐻 → 𝑅𝑂𝑂𝐻 + 𝑅∗ 

The unstable hydroperoxide decomposes to form carbonyl and alcohol groups while further 
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degrading the polymer:  

𝑅𝑂𝑂𝐻 +  𝑅𝐻 →  𝑅𝑂∗  +  𝑅∗  +  𝐻𝑂𝐻 

𝑅𝐻 +  𝑅𝑂∗  →  𝑅𝑂𝐻 +  𝑅∗ 

The decomposition of the hydroperoxide has a high activation energy in the case of polystyrene, 

which makes it the rate-determining step for the reaction8. The unstable RO* radical can go on to 

form a variety of products via β-scission, which involves splitting of carbon bonds to produce 

highly reactive radicals. Scission of the C-Ph bond produces a terminal reaction that forms a 

ketone and a benzene molecule. The scission of a C-CH2 bond, on the other hand, can produce a 

variety of outcomes3. A diagram of reaction mechanisms suggested by Mailhot et al. is included 

as Appendix A. All of the oxidation structures have different effects on wettability and surface 

energy, and therefore it is important to determine the surface composition to be able to predict the 

behavior of a polystyrene surface. 

Surface Analysis  

X-ray Photoelectron Spectroscopy (XPS) was the surface analysis method of choice for this 

experiment. XPS is a negligibly destructive and highly surface-sensitive spectroscopy technique 

that involves the impingement of X-rays onto a sample surface in a high vacuum (≤10-9 Torr) to 

remove core electrons from atoms within the top micrometer of the surface, although useful data 

is obtained from only the upper 1-10 nanometer layer because electrons from deeper layers 

collide with atoms above. Ejected core electrons are analyzed to determine the surface 

composition based on the characteristic binding energy of the collected electrons, calculated from 

Equation 3 below:  

                                                                 𝐾𝐸 = ℎ𝜐 − 𝐵𝐸 − 𝜙                            (3) 

where KE is the kinetic energy of the electrons (measured by the spectrometer), ℎ𝜐 is the energy 

of the X-rays, 𝜙 is the work function (determined through calibration), and BE is the binding 

energy. Each chemical bond contains electrons with a distinct binding energy. The ejected 

electrons pass through a concentric hemispherical analyzer that disperses photoelectrons 

according to their kinetic energy through the use of an electric field9. The detector’s kinetic 

energies are converted into binding energy using the equation above. A typical XPS spectra is a 

graph of the number of electrons collected at each binding energy. The resolution of an XPS can 

be altered to produce “survey” scans that help determine the elements present and higher-

resolution scans are used to study the bonding structures of an individual element\. Relative 

compositions for each bonding structure present on the surface is determined by integrating over 

the binding energy curve produced and multiplying by a “sensitivity factor” to account for 
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individual differences in sensitivity for each element. There are a variety of more sophisticated 

techniques that can be performed for additional information. For example, Angle-resolved XPS 

can illustrate how composition changes with depth by changing the angle at which electrons are 

ejected, thereby changing the depth from which core electrons are ejected. This technique has 

merit, however it requires more extensive modeling and analysis1,2. 

XPS can provide information about elemental composition and bonding environment but cannot 

provide direct molecular information. Some studies use other complimentary methods such as IR 

Spectroscopy to more carefully characterize the molecular moieties present, however for this 

study the oxidation structures are most important because of their effect on surface wettability3.  

In order to more directly measure the wettability of the sample, XPS is often paired with contact 

angle measurement. A water droplet is dropped on the sample surface using a syringe, and a 

camera takes a picture of the droplet. The user traces an outline of the droplet surface for the 

computer, which can then determine the angle at which the water droplet surface meets the 

polymer surface (the “solid-liquid interface”). A water droplet forms due to the preferential 

attraction of water molecules to each other from hydrogen bonds extending from one water 

molecule to another, which creates a “surface tension” at solid-liquid and vapor-liquid interfaces9. 

The contact angle is related to interfacial tension through Young’s Equation (Equation 4): 

                                                             𝛾𝑙𝑣𝑐𝑜𝑠𝜃𝑌 = 𝛾𝑠𝑣 − 𝛾𝑠𝑙                                (4) 

where 𝛾𝑙𝑣 is the liquid-vapor tension, 𝛾𝑠𝑣 is the solid-vapor tension, 𝛾𝑠𝑙 is the solid-liquid tension, 

and 𝜃𝑌 is Young’s contact angle. The most important of these properties is the solid-liquid 

surface tension, which can be equated to the wettability of the surface11. Hydrophilic surfaces will 

cause flatter droplets to be formed than hydrophobic surfaces (Figure 3). Although this equation 

might seem to suggest that only one contact angle is possible, there are a range of possible contact 

angles depending upon the way in which the droplet is placed on the sample surface and the level 

of sample contamination. This necessitates the use of multiple measurements with specific 

volumes of water, precise technique, and clean samples to ensure reproducibility and accuracy.  

 

 

 

Figure 3. Water droplets formed on a hydrophilic surface will be flatter than those on a hydrophobic surface due to the 

higher wettability of hydrophilic surfaces. The contact angle for hydrophilic surfaces will therefore be smaller. 



 
 

7 
 

II. MATERIALS AND METHODS 

A 2 wt% polystyrene solution in toluene was prepared by carefully weighing Styron® 685 

polystyrene pellets (Mw =  ~300,000 g/mol) on a mass balance. The pellets were then placed in a 

vial containing 5 ml of toluene measured with a volumetric flask inside a fume hood. Toluene is 

flammable and harmful if touched, breathed in, or ingested. The toluene should be handled with 

care, and a lab coat, gloves, and eye protection should be worn at all times. Small squares of 

silicon substrate were used for the experiment in order to provide a uniform, atomically flat and 

clean surface. Approximately 1 cm by 1 cm squares were diced from a single mono-crystalline 

silicon wafer using a diamond-tipped etching tool to break the wafer into strips along the grain, 

and finally into squares by cutting the 1 cm strips on the long edge. The silicon surface was 

cleaned prior to spin-coating by washing each square with acetone, isopropanol, and distilled 

water. This is a variation of the commonly used “AMD” (acetone, methanol, distilled water) 

wash.  

 The squares were dried with compressed nitrogen and irradiated in a UV cleaner for 30 minutes. 

The wafer pieces were spin-coated in a spin-coater with 50 µl of 2 wt% polystyrene solution 

applied with a micropipettor. The optimized spin-coat conditions were found to be 3000 rpm for 

60s with 30s of acceleration time (see Table 1). After spin-coating, the samples were annealed for 

18 hours in an annealing oven at 70 °C. This procedure produced polystyrene films roughly 100 

nm thick according to ellipsometry measurement. The ellipsometry measurements were 

conducted with a J.A. Woollam Variable Angle Spectroscopic Ellipsometer. Eighteen prepared 

samples were then separated equally into groups A, B, C, G, H and I. In addition to the group 

letter, each sample was also given a number between 1 and 3. Each sample set was irradiated in 

the UV-Ozone cleaner for different time increments, as shown in Table 1.  

Table 1. The spin-coating parameters used to produce 100 nm polystyrene films (left), and the length of time each 

sample set was subjected to UV radiation within the UV-Ozone cleane (right). 

 

 

After UV-Ozone treatment, the samples were affixed to plastic petri dishes with double-sided 

tape to prevent movement. The dishes were backfilled with compressed nitrogen, lidded and 

Sample Group Radiation Time (minutes) 

A(1-3), G(1-3)  0 

B(1-3), H(1-3) 3 

C(1-3), I(1-3) 9 

Film thickness  100 nm 

Aliquot volume 50 µl 

Polystyrene concentration 2 wt% 

Spin speed 3000 rpm 

Spin time 60 s 

Acceleration time 30 s 
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sealed with Parafilm®. Sample sets G-I were tested on a First Ten Ångstroms FTA135 contact 

angle apparatus to determine the wettability and ensure that oxidation had taken place. The rest of 

the sample sets (A-C) were taken to the CAMCOR Nanofabrication and Imaging Facility for XPS 

analysis using a ThermoScientific ESCALAB 250 X-ray Photoelectron Spectrometer. Each 

sample set was loaded and analyzed separately. Survey, C1s, and O1s scans were recorded at 

three separate spots per sample and each scan was modeled to obtain an approximate surface 

composition for each sample. The samples were placed back into the individual plastic petri 

dishes and covered after analysis, but were not back-filled with nitrogen or sealed with 

Parafilm®. The samples were placed in a back room for one week, and once again tested by XPS 

using the previously described procedure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 
 

9 
 

III. RESULTS 

Parameter Determination 

A desired polystyrene film thickness of 100-nm was chosen to mimic a common thickness used 

for laboratory testing. Many studies use a smaller film thickness to produce a more uniform 

oxidation, however this is unnecessary for this study. The optimized spin-coating parameters to 

produce a film of this thickness were determined with a combination of literature research and 

trial and error. Several solvents were considered including benzene, toluene, chloroform, and 

acetone. However, benzene and toluene were readily available and therefore the most practical. 

Solutions of 1 wt% polystyrene in both benzene and toluene were prepared as a qualitative test. 

The toluene dissolved the polystyrene pellets more rapidly, so it was chosen for the experiment. 

Glass, mica, or mono-crystalline silicon would be appropriate substrate choices, but silicon 

wafers were already available for use12. A graph of experimental film thickness vs. spin-coat 

speed for various weight percentages of polystyrene in toluene by Hall et al. was used as a 

starting point (included as Figure 4), however these experiments were conducted using 5-cm-

diameter wafers rather than 1-cm squares6.  

 

Figure 4. Borrowed from Hall et al.6 Film thickness versus spin speed for polystyrene films at different concentrations 

in toluene. The line represents the values obtained from the film thickness equation and the shapes represent the 

experimental values obtained by Hall et al. Note that higher concentrations and lower spin speeds yield thicker films. 

The accuracy of the mathematical model tends to worsen with increased spin speed and lower polymer concentration. 

This graph was used as initial guidance for the experiments discussed herein. The original caption and table of 

parameters are included above.  
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The graph indicates that a 100-nm film could be produced with either 1 wt% PS at around 500 

rpm or with 2 wt% PS at about 2000 rpm. Solutions of 1 wt% polystyrene were tested first, 

however experimentation revealed that lower spin speeds created unwanted accumulation at the 

corners and edges due to the small size of the wafer substrates. Literature data also suggests that 

preparation of a thicker film at higher spin speeds would require more concentrated solution, so a 

solution of 2 wt% polystyrene was prepared. When the spin-coating procedure had been 

optimized to produce more uniform films, ellipsometry was used to determine the film thickness. 

Aliquot volume has a relatively insignificant effect on film thickness, so 50 µl of solution was 

used for all experiments6. Although Hall et al. used a short 2-second spin acceleration time for 

their larger wafer substrates, a longer acceleration time of 30 seconds was found to reduce solvent 

accumulation at the edges and corners of the substrate.   

Once adequate film thicknesses were achieved, radiation sources were considered. UV and UV-

Ozone cleaners were both available. Polystyrene film samples were placed in each machine and 

removed in triplicate over the time intervals shown in Table 2.  

Table 2. Length of time that triplicate test samples were irradiated in the UV-Ozone and UV cleaners. 

 

 

The wettability of the irradiated samples were then tested using a contact angle apparatus to 

determine the relative amount of oxidation achieved by both methods. The samples placed in the 

UV-Ozone cleaner for 27 and 81 minutes were visibly degraded, and contact angle was too close 

to zero for effective measurements to be taken. The samples placed in the UV cleaner for 243 

minutes were similarly degraded. The UV-Ozone samples irradiated for 3 and 9 minutes were 

comparable to those irradiated in the UV cleaner for 27 and 81 seconds, respectively. The sample 

placed in the UV cleaner for 9 minutes had wettability similar to an untreated film sample. The 

UV-Ozone cleaner was ultimately chosen for the final experiment because faster irradiation times 

were more convenient and more easily replicated.  

XPS Analysis: Set A 

X-ray Photoelectron Spectroscopy data for each of the sample sets was examined in detail in an 

attempt to explain trends in the data with changes in reaction pathways. Data for the first sample 

in each set are provided within the text, with the entirety of the raw data available in Appendices 

B (Survey Scans), C (C1s Scans), and D (Raw Composition Tables). 

Machine Irradiation Times (min) 

UV-Ozone 3 9 27 81 

UV 9 27 81 243 
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The XPS survey scans for the un-oxidized set A, as shown for sample A1 in Figure 5, are 

characteristic of a clean polystyrene surface. There is no pronounced oxygen peak present, but a 

large C1s peak at 285 eV. This peak consists of two separate peaks spaced 0.24 eV apart 

representative of the sp3 carbon atoms in the main carbon chain of the polymer as well as the sp2 

hybridized carbons found in the phenyl group1. The peak at ~1200 eV is due to the release of 

“Auger” electrons. When core electrons are removed from an atom, higher-energy electrons will 

replace them. This causes a release of energy in the form of a photon. This energy can be 

absorbed by other electrons, causing these “Auger” electrons to be ejected. 

 

 

 

 

 

 

 

 

Figure 5. X-ray Photoelectron Spectroscopy survey scans for sample A1 (left) 6 hours after annealing and (right) after 

one week of exposure to air. The large peak at ~285 eV is the C1s peak. The peak at ~1200 is due to Auger electrons. 

C1s scans for sample A1 (Figure 6) show a second peak centered at 286.3 eV beneath the 

dominant C-C peak at 284.8 eV. This +1.5 eV shift is characteristic of an ethyl or hydroxyl C-O 

group, indicating that there is some level of oxidation present after annealing without treatment1,2. 

C-O bonding structures are mostly attributed to hydroperoxide precursors, with some alcohol 

groups present. Interestingly, the survey scans do not have a noticeable oxygen peak and O1s 

scans showed only noise. This seems to contradict the original analysis. After one week, the C-O 

peak at 286.3 eV diminishes significantly, indicating that a great deal of oxygen was removed or 

that surface contamination was introduced. The apparent compositions observed (Table 3) are 

consistent with this analysis. This oxygen loss may indicate that the oxygen bonding is so weak 

and close to the surface that the oxygen easily diffuses into the ambient air1. Alternatively, 

absorbed contamination on the surface could bury the oxidized surface, giving the appearance of 

surface reduction. The changes in shake-up structure observed in the composition analysis are 

largely attributed to modeling error, as there is minimal change in the shape of the shake-up peak. 

Shake-up in the C1s scan is due to disturbances caused by the phenyl ring. 



 
 

12 
 

  

 

 

 

 

    

 

  

 

 

                                       

Figure 6. X-ray Photoelectron Spectroscopy C1s scans for sample A1 (left) 6 hours after annealing and (right) after 

one week of exposure to air. The large peak centered at 284.8 eV represents a C-C bond and the smaller peak at +1.5 

eV is from C-O bonding. There is a visible reduction in the amount of C-O bonding present in the sample.  

 

Table 3. Surface compositions in terms of atomic percentage for sample set A1 (left) 6 hours after annealing and (right) 

after one week of exposure to air. The percentage of C-O bonding decreased considerably over that time interval, and 

the character of the shake-up increased in complexity. The change in shake-up is attributed to modeling error. 

 

 

 

 

XPS Analysis: Set B 

The XPS survey scan for the “slightly irradiated” samples from set B (Figure 7) show a large O1s 

peak and a smaller C1s signature. There is also a possible slight peak at about 400 eV 

characteristic of nitrogen between the O1s and C1s peaks. The source of nitrogen is unknown, 

and higher resolution data would be needed to verify if this more than noise.  

 

 

 

 

 

 

Name Peak BE At. % 

C-C 284.79 85.8 

C-C 285.42 5.87 

C-O 286.4 1.02 

Shake-up 290.46 1.92 

Shake-up 291.48 3.11 

Shake-up 292.3 2.31 

Name Peak BE At. % 

C-C 284.77 81.3 

C-O 286.07 11.8 

Shake-up 291.35 6.93 

C-C 

C-O 

C-C 

C-O 

Shake-up Shake-up 
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Figure 7. XPS Survey scans for the “lightly irradiated” sample B1 (left) the day after annealing and (right) after one 

week of exposure to air.  The large peak at 533 eV is an O1s signature, and the smaller peak at 285 eV is the C1s 

energy signature. Between the two peaks at 400 eV is the signature for nitrogen. The structures at higher energy 

levels are due to Auger electron ejection. 

The C1s scan models for sample set B (Figure 8) show four large peaks aside from the shake-up 

structure. The most pronounced peak is the C-C peak centered at 284.8 eV, as was the case for 

sample set A. The other C1s peaks are characteristic of various carbon-oxygen groups. The C-O 

peak located about 1.5 eV above the C-C peak is far more pronounced than in the sample set A 

data, and peaks representative of carbonyl and ester/carboxyl groups are also present at 

approximately +2.9 eV and +4.2 eV, respectively1,2. The composition analysis for sample set B 

(Table 4) indicates the samples are highly oxidized. A 12-13% composition of C-O and O-C=O 

configurations again indicate an average of one of each of these bonds per polymer unit. The 

existence of the C-O structure can again be attributed to hydroperoxide groups. The O-C=O 

structure is likely due to organic acid formation on the sample surface, although esters are also 

present in some quantity1,2. After a week in open air, these samples were tested again, and the 

composition changed noticeably from the previous week, however each of the samples exhibited 

very different composition changes. Sample B2 showed essentially no change in oxidation levels 

across the board, while the other two samples both have decreased oxygen compositions, but at 

different levels. Sample B1 shows modest oxygen losses from 36% to 33% and C-C bond gains 

from 29% to 34%. C=O content dropped slightly for sample B1, however C-O bonding increased 

at the expense of O-C=O bonds. For sample B3, the overall oxygen composition dropped more 

significantly from 35% to 29% In this sample, C=O and O-C=O levels both dropped but C-O 

levels remained unchanged. Although some contamination is likely to be present, the difference 

in oxygen content can also be partially attributed to reduction/aging of the surface. The variation 

within this sample set is not understood1-3. One explanation is that bulk oxygen could have 
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diffused closer to the surface. Alternatively, more oxygen could have been absorbed from the air, 

or oxygen bonding structures could have simply changed form through a variety of mechanisms. 

Contamination on its own is expected to increase the C-C peak disproportionally to the C-O 

peaks, so it can be difficult to distinguish this from reduction of the surface. For the 

contamination layer, only the ratios between the different C-O peaks is likely to be unchanged 

while reduction of different carbon species could occur at different rates, leading to different 

ratios between the C-O peaks. Better control of aging conditions and more replicates would be 

needed to determine which of these explanations is most accurate, although all of them could 

contribute to some degree. 

 

Figure 8. C1s scans for the “lightly irradiated” sample B1 (left) 6 hours after annealing and (right) after one week of 

exposure to air. The large peak centered at 285 eV is a C-C bonding signature, and the other peaks are representative of 

various oxygen-carbon bond structures. The relative composition of oxygen bonding structures generally decreased 

over time, especially that of O-C=O structures.  

 

Table 4. Surface compositions in terms of atomic percentage for sample B1 (left) 6 hours after annealing and (right) 

after one week of exposure to air. The binding energy of each peak is shifted upwards (due to different calibration), and 

the percentage of C-C and C-O bonds increased at the expense of other structures. The increase in C-O bonding within 

this sample is not easily explained but corresponds reasonably well with the decrease in the O-C=O peak. 

 

 

 

 

 

 

 

 

 

Name Peak BE At. % 

C-C 285.45 34.1 

C-O 286.87 14.0 

C=O 288.09 7.86 

O-C=O 289.6 10.3 

Shake-up 291.18 1.11 

O1s 533.66 32.6 

Name Peak BE At. % 

C-C 284.8 29.5 

C-O 286.3 12.6 

C=O 287.59 8.05 

O-C=O 288.99 12.8 

Shake-up 290.55 1.16 

O1s 532.69 35.9 

Shake-up 

C-C 

C-O 

C=O 
O-C=O 

Shake-up 

C-C 

C-O 

C=O 

O-C=O 
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XPS Analysis: Set C 

The initial survey scans for “highly irradiated” sample set C (Figure 9) have similar 

characteristics to that of sample set B, as do the C1s scans (Figure 10). The initial surface 

composition of sample C1 (Table 5) also closely match those of sample set B, although there is 

slightly more C-O bonding present but that is within the error of the peak fit.  Although the 

starting composition is roughly the same, the two sample sets do appear to age differently. The 

composition of C-C bonded carbons increased to 38-40% due to a decrease in the amount of 

oxygen present from 35-36% to 30-31%. This drop in oxidation levels is reflected in the 

compositions of oxygen structures, as the amount of each of the bonding structures generally 

diminishes relative to carbon-carbon bonds, indicating that some contamination may have 

occurred. O-C=O bonding decreased more significantly than other oxygen structures, which is 

attributed to the formation and evaporation of organic acids and other light-weight, volatile 

products. The shake-up signal related to the phenyl group was significantly reduced, indicating 

the group was split apart over time or slightly buried under contamination. The alternative 

explanation is that phenyl rings were removed as benzene. The production of benzene would be 

accompanied by higher levels of C=O due to the reaction pathway involved. The data indicates 

that C=O levels are lower for sample set C when compared to set B, which contradicts this 

explanation. The decrease in C=O bonding may be attributed to higher overall conversion of C=O 

compounds to esters or organic acids, but relative O-C=O composition is roughly the same for 

both sample sets. Reduction in shake-up signal is therefore attributed to degradation rather than 

removal of rings. The increase in C-O bond structures from set B to C further supports this 

conclusion, as phenyl ring breaks would allow for hydroperoxide precursor production. 

 

 

 

 

 

 

 

Figure 9. XPS survey scans for the “highly irradiated” sample C1. Peaks representative of carbon and oxygen are 

visible at 533 and 285 eV, respectively. A small unknown contribution from nitrogen is visible at ~400 eV. Peaks at 

~1000 and ~1200 eV are Auger electron s from oxygen and carbon atoms, respectively. 
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Figure 10. XPS C1s scans for the “highly irradiated” sample C1. The percentage of C-C bonds increased while the 

relative contribution of oxidized carbon bonds and phenyl groups decreased, indicating that a change took place on the 

polystyrene surface. 

 

Table 5. Compositions for the “highly irradiated” sample C1 (left) 6 hours after annealing and (right) one week later. 

Note that the contribution of C-C bonds has increased and the oxygen structures and shake-up (representative of the 

phenyl group) have decreased in composition. 

 

 

 

 

 

 

 

Contact Angle Analysis 

Contact angle measurement proved to be difficult because the oxidized samples had a high 

wettability that resulted in very low contact angles, and the water did not bead up properly to 

create a well-defined boundary layer. For this reason, contact angle data is not included. Although 

radiation times were adjusted after initial testing, it was not clear in the pre-experimental stage 

that oxidation levels were drastically too high prior to UV-Ozone exposure, or that there was not 

enough difference between sample sets. For these reasons the change in radiation times was not 

significant enough to allow for proper contact angle measurement or differentiation. 

 

 

 

Name Peak BE At. % 

C-C 284.81 30.6 

C-O 286.29 13.5 

C=O 287.54 7.41 

O-C=O 288.94 12.6 

Shake-up 290.61 1.47 

O1s 532.59 34.4 

Name Peak BE At. % 

C-C 284.94 38.1 

C-O 286.44 13.0 

C=O 287.71 7.04 

O-C=O 289.14 10.1 

Shake-up 290.66 0.76 

O1s 532.98 31.1 

C-C 

C-O C=O 

O-C=O 

Shake-up 

C-C 

C-O C=O 

O-C=O 

Shake-up 

C-C 

C-O C=O 

O-C=O 

Shake-up 



 
 

17 
 

IV. DISCUSSION 

In the “control” sample set A, overall oxidation greatly decreased over time. Although sample set 

A were not subjected to UV-Ozone radiation, it was likely oxidized in the annealing oven. These 

bonds would be weaker and more surface-sensitive than those formed in the UV-Ozone cleaner. 

The large decrease in C-O bonding structures over time corroborates this hypothesis. While 

aging, air exposure would have allowed for transport of oxygen from the polystyrene film to the 

air, and X-ray radiation from the XPS has been shown to expedite this transport of oxygen1,2. 

Additionally, the sample might have also become contaminated, which could also explain some 

of the increase in C-C bonding observed. As was previously mentioned, the C-O bond 

compositions for these samples imply that there is roughly one C-O bond per polymer unit on 

average, indicating that there was a high level of oxidation prior to UV-Ozone treatment. 

Although there is a good deal of oxidation on the samples, the surface energy of the samples in 

set A was insufficient for decomposition of the hydroperoxide precursor to facilitate the 

formation of oxygen double-bonds. Nevertheless, this amount of oxidation could lead to different 

conclusions than might have been drawn with less thermally oxidized films. Future studies might 

consider using a shorter annealing time for the film samples or forgo the use of an annealing oven 

altogether, as toluene is volatile enough to evaporate readily without heating.  

Sample set B, arguably the most important sample set for analysis, did not yield conclusive 

results. Not only did each sample have different relative compositions for each oxygen-containing 

bond structure, but the samples also did not exhibit a consistent change in oxidation structure or 

oxidation levels overall. Sample B2 had essentially no change in O1s percentage, B1 had a 

change in O1s levels of approximately 3% composition, and B3 had a change of over 6% 

composition. Without consistent results, this sample set is difficult to analyze properly. Although 

it is possible that these differences are due to the erratic nature of surface oxidation and aging, 

this variation is more likely due to sample preparation inconsistencies or slightly different 

conditions while aging. The importance of each of these factors in the ultimate surface 

composition could be a subject for further study. It is recommend that future studies take great 

care in sample preparation, analysis, and storage to produce as little variation as possible. 

Alternatively, the experiment could be run with more replicate samples to allow for a more 

statistical treatment of the data obtained. 

Sample set C has far less variation than sample set B. The relative compositions of each oxidation 

structure maintain roughly the same proportion throughout the sample set, and although sample 

C1 has a larger change in oxidation (5% rather than 3%), the trend is consistent. Interestingly, 
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sample set C has a lower oxygen composition than sample set B despite being irradiated for a 

longer period of time. This could be a result of differences in the timing and duration of X-ray 

exposure, but could also indicate that increasing the surface energy has diminishing returns when 

the sample is so heavily oxidized to begin with. The higher initial surface energy could open up 

reaction pathways that limit the amount of oxygen bonding, or the oxygen might be capable of 

diffusing further into the bulk of the polystyrene beyond the view of XPS scans. There was also a 

clear decline in the percent composition of the shake-up structure after a week in sample set C. 

This indicates that the phenyl structure within this sample set was initially substituted and 

subsequently broken up or covered by contamination. It is likely that this sample set was 

irradiated for too long, allowing the surface energy to increase to the point that the structure was 

compromised. The slight nitrogen peak present on the XPS survey scan also supports this 

conclusion, as it is likely that the nitrogen was introduced inside the UV-Ozone cleaner. Further 

studies should reduce the overall amount of radiation received by the samples. Shorter radiation 

time intervals, perhaps 0-3 minutes, might be more appropriate if precautions for future studies 

are taken to limit surface oxidation from other sources. Another way to reduce the extent of 

oxidation due to aging would be to backfill samples with nitrogen and reseal after running the 

samples in the XPS, as a nitrogen atmosphere would increase the activation energy of surface 

degradation and protect from various surface contaminants in air6. 

The high oxidation levels on the samples also complicated the use of contact angle to measure 

surface wettability. The water droplets were able to adhere too well to the sample, which 

produced contact angles that approached 0 degrees. This provides further justification for 

reductions in the amount of annealing and radiation received by each sample.  

Determination of more exact modifications to the methodology would require further 

experimentation, however it is certain that the experimental methodology could be improved 

based on the general suggestions described such that more relevant and consistent results are 

produced. 
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Appendix A 

Diagram of Reaction Mechanisms 

The figure below shows a diagram of reaction pathways proposed by Mailhot et al3. The wave 

numbers reported correspond to the Infrared Spectroscopy signatures that were used to 

identify the structures present. Reaction pathways marked hν are produced by photo-oxidation. 

Pathways marked with ellipses are not yet fully understood. 
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APPENDIX B 

Survey Scans  

A1 same day                 A1 one week 

 

 A2 same day     A2 one week 

 

A3 same day             A3 one week 
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B1 same day      B1 one week 

 

B2 same day     B2 one week 

 

B3 same day     B3 one week 
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C1 same day                             C1 one week 

 

C2 same day     C2 one week 

 

C3 same day                 C3 one week 
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Appendix C 

C1s Scans 

A1 same day     A1 one week 

 

A2 same day     A2 one week              

 

A3 same day                  A3 one week 
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B1 same day      B1 one week 

 

B2 same day                             B2 one week 

 

B3 same day     B3 one week 
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C1 same day     C1 one week 

 

C2 same day     C2 one week  

 

C3 same day                              C3 one week 
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Appendix D 

Raw composition tables  

A1 same day 

Name Start BE Peak BE End BE 
Height 
Counts FWHM eV 

Area (P) 
CPS.eV Area (N) At. % 

C1s 295 284.77 281.9 41381 0.95 42932.62 0 81.3 

C1s Scan A 295 286.07 281.9 4831.15 1.18 6207.23 0 11.8 

C1s Scan B 295 287.67 281.9 0 0.95 0 0 0 

C1s Scan C 295 288.67 281.9 0 0.95 0 0 0 

C1s Scan D 295 291.35 281.9 1553.18 2.19 3652.91 0 6.93 

A1 one week 

Name Start BE Peak BE End BE 
Height 
Counts FWHM eV 

Area (P) 
CPS.eV Area (N) At. % 

C1s 293.91 284.79 282.39 45407.04 0.95 47359.75 0 85.8 

C1s Scan A 293.91 285.42 282.39 3104.87 0.95 3238.4 0 5.87 

C1s Scan B 293.91 286.4 282.39 538.36 0.95 561.51 0 1.02 

C1s Scan C 293.91 290.46 282.39 1017.7 0.95 1061.46 0 1.92 

C1s Scan D 293.91 291.48 282.39 1648.45 0.95 1719.34 0 3.11 

A2 same day 

Name Start BE Peak BE End BE 
Height 
Counts FWHM eV 

Area (P) 
CPS.eV Area (N) At. % 

C1s 294.34 284.77 282.11 34619.3 0.94 35249.41 0 76.8 

C1s Scan A 294.34 285.82 282.11 3391.54 0.94 3453.27 0 7.52 

C1s Scan B 294.34 286.58 282.11 4700.1 0.94 4785.65 0 10.4 

C1s Scan C 294.34 290.58 282.11 926 0.94 942.86 0 2.05 

C1s Scan D 294.34 291.67 282.11 1469.11 0.94 1495.85 0 3.26 

A2 one week 

Name Start BE Peak BE End BE 
Height 
Counts FWHM eV 

Area (P) 
CPS.eV Area (N) At. % 

C1s 294.1 284.81 282.25 45170.47 0.95 47172.87 0 89.4 

C1s Scan A 294.1 285.47 282.25 2174.21 0.95 2270.6 0 4.3 

C1s Scan B 294.1 286.51 282.25 169.59 0.95 177.11 0 0.34 

C1s Scan C 294.1 290.44 282.25 1036.07 0.95 1082 0 2.05 

C1s Scan D 294.1 291.61 282.25 2000.47 0.95 2089.15 0 3.96 

O1s 535.6 531.02 528.81 221.19 0.17 648.66 0 0 

A3 same day 

Name Start BE Peak BE End BE 
Height 
Counts FWHM eV 

Area (P) 
CPS.eV Area (N) At. % 

C1s 293.8 284.83 282.64 39776.01 0.96 41345.72 0 85.6 

C1s Scan A 293.8 286.07 282.64 3816.07 0.96 3966.66 0 8.21 

C1s Scan B 293.8 283.23 282.64 112.42 0.96 116.85 0 0.24 

C1s Scan C 293.8 290.54 282.64 1029.25 0.96 1069.87 0 2.21 

C1s Scan D 293.8 291.68 282.64 1748.73 0.96 1817.74 0 3.76 
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A3 one week 

Name Start BE Peak BE End BE 
Height 
Counts FWHM eV 

Area (P) 
CPS.eV Area (N) At. % 

C1s 293.87 284.78 282.39 41965.91 0.91 42108.32 0 82.4 

C1s Scan A 293.87 285.3 282.39 4603 0.91 4618.62 0 9.04 

C1s Scan B 293.87 286.29 282.39 380.74 0.91 382.03 0 0.75 

C1s Scan C 293.87 290.19 282.39 645.03 0.91 647.22 0 1.27 

C1s Scan D 293.87 291.2 282.39 1252.84 0.91 1257.09 0 2.46 

B1 same day 

Name Start BE Peak BE End BE 
Height 
Counts FWHM eV 

Area (P) 
CPS.eV Area (N) At. % 

C1s 293.08 284.8 282 10642.63 1.48 16703.75 0 29.5 

C1s Scan A 293.08 286.3 282 4556.99 1.48 7152.26 0 12.6 

C1s Scan B 293.08 287.59 282 2907.43 1.48 4563.25 0 8.05 

C1s Scan C 293.08 288.99 282 4955.72 1.38 7260.56 0 12.8 

C1s Scan D 293.08 290.55 282 419.75 1.47 658.8 0 1.16 

O1s 537.22 532.69 529.16 23161.93 2.44 59253.57 0 35.9 

B1 one week 

Name Start BE Peak BE End BE 
Height 
Counts FWHM eV 

Area (P) 
CPS.eV Area (N) At. % 

C1s 293.08 285.45 282 12320.4 1.45 18988.44 0 34.1 

C1s Scan A 293.08 286.87 282 5073.89 1.45 7819.97 0 14.0 

C1s Scan B 293.08 288.09 282 2840.48 1.45 4377.8 0 7.86 

C1s Scan C 293.08 289.6 282 3734.97 1.44 5729.94 0 10.3 

C1s Scan D 293.08 291.18 282 400.45 1.45 617.18 0 1.11 

O1s 537.22 533.66 529.16 19921.28 2.51 52826.49 0 32.6 

B2 same day 

Name Start BE Peak BE End BE 
Height 
Counts FWHM eV 

Area (P) 
CPS.eV Area (N) At. % 

C1s 293.08 284.81 282 11082.71 1.46 17236.64 0 28.3 

C1s Scan A 293.08 286.28 282 5177.41 1.46 8052.28 0 13.2 

C1s Scan B 293.08 287.57 282 3296.42 1.46 5126.83 0 8.42 

C1s Scan C 293.08 289 282 5116 1.38 7533.02 0 12.4 

C1s Scan D 293.08 290.51 282 666.49 1.46 1036.57 0 1.7 

O1s 537.22 532.7 529.16 24611.55 2.45 63770.51 0 36.0 

B2 one week 

Name Start BE Peak BE End BE 
Height 
Counts FWHM eV 

Area (P) 
CPS.eV Area (N) At. % 

C1s 293.08 284.81 282 11065.89 1.46 17160.66 0 28.2 

C1s Scan A 293.08 286.27 282 5155.28 1.46 7994.65 0 13.1 

C1s Scan B 293.08 287.54 282 3309.08 1.46 5131.62 0 8.43 

C1s Scan C 293.08 289 282 5142.6 1.41 7690.86 0 12.6 

C1s Scan D 293.08 290.52 282 648.69 1.46 1005.97 0 1.65 

O1s 537.22 532.7 529.16 24611.55 2.45 63770.51 0 36.0 
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B3 same day 

Name Start BE Peak BE End BE 
Height 
Counts FWHM eV 

Area (P) 
CPS.eV Area (N) At. % 

C1s 293.08 284.79 282 10940.08 1.46 17028.78 0 30.5 

C1s Scan A 293.08 286.3 282 4631 1.46 7208.38 0 12.9 

C1s Scan B 293.08 287.61 282 2876.19 1.46 4476.94 0 8.02 

C1s Scan C 293.08 289.01 282 4686.22 1.36 6803.76 0 12.2 

C1s Scan D 293.08 290.49 282 405.64 1.46 631.39 0 1.13 

O1s 537.22 532.71 529.16 22544.91 2.42 57194.05 0 35.2 

B3 one week 

Name Start BE Peak BE End BE 
Height 
Counts FWHM eV 

Area (P) 
CPS.eV Area (N) At. % 

C1s 293.08 284.87 282 15560.84 1.37 22726.07 0 40.6 

C1s Scan A 293.08 286.29 282 4949.88 1.37 7229.13 0 12.9 

C1s Scan B 293.08 287.54 282 2730.46 1.37 3987.74 0 7.13 

C1s Scan C 293.08 289.09 282 3541.16 1.47 5545.23 0 9.91 

C1s Scan D 293.08 290.85 282 203.07 1.37 296.57 0 0.53 

O1s 537.22 532.97 529.16 17546.14 2.51 47053.45 0 28.9 

C1 same day 

Name Start BE Peak BE End BE 
Height 
Counts FWHM eV 

Area (P) 
CPS.eV Area (N) At. % 

C1s 293.08 284.81 282 10654.03 1.43 16174.74 0 30.6 

C1s Scan A 293.08 286.29 282 4687.65 1.43 7116.7 0 13.5 

C1s Scan B 293.08 287.54 282 2577.82 1.43 3913.59 0 7.41 

C1s Scan C 293.08 288.94 282 4172.21 1.5 6658.87 0 12.6 

C1s Scan D 293.08 290.61 282 510 1.43 774.28 0 1.47 

O1s 537.22 532.59 529.16 20233.45 2.5 52855.07 0 34.4 

C1 one week 

Name Start BE Peak BE End BE 
Height 
Counts FWHM eV 

Area (P) 
CPS.eV Area (N) At. % 

C1s 293.08 284.94 282 10778.75 1.39 15919.33 0 38.1 

C1s Scan A 293.08 286.44 282 3673.67 1.39 5425.7 0 13.0 

C1s Scan B 293.08 287.71 282 1993.6 1.39 2944.39 0 7.04 

C1s Scan C 293.08 289.14 282 2968.7 1.34 4219.61 0 10.1 

C1s Scan D 293.08 290.66 282 215.14 1.39 317.74 0 0.76 

O1s 537.22 532.98 529.16 13841 2.57 37838.12 0 31.1 

C2 same day 

Name Start BE Peak BE End BE 
Height 
Counts FWHM eV 

Area (P) 
CPS.eV Area (N) At. % 

C1s 293.08 284.78 282 12141.67 1.42 18405.74 0 32.0 

C1s Scan A 293.08 286.29 282 4796.99 1.42 7271.83 0 12.6 

C1s Scan B 293.08 287.61 282 2919.51 1.42 4425.72 0 7.69 

C1s Scan C 293.08 288.93 282 4706.21 1.32 6633.29 0 11.5 

C1s Scan D 293.08 290.38 282 384.13 1.42 582.31 0 1.01 

O1s 537.22 532.58 529.16 22117.06 2.52 58795.61 0 35.1 
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C2 one week 

Name Start BE Peak BE End BE 
Height 
Counts FWHM eV 

Area (P) 
CPS.eV Area (N) At. % 

C1s 293.08 284.95 282 11784.29 1.36 17034.65 0 40.8 

C1s Scan A 293.08 286.45 282 3486.36 1.36 5039.67 0 12.1 

C1s Scan B 293.08 287.7 282 1978.49 1.36 2859.98 0 6.85 

C1s Scan C 293.08 289.17 282 2805.21 1.39 4150.38 0 9.94 

C1s Scan D 293.08 290.87 282 127.39 1.36 184.15 0 0.44 

O1s 537.22 533 529.16 13140.5 2.6 36268.52 0 29.9 

C3 same day 

Name Start BE Peak BE End BE 
Height 
Counts FWHM eV 

Area (P) 
CPS.eV Area (N) At. % 

C1s 293.08 284.76 282 12055.55 1.4 18005.71 0 33.1 

C1s Scan A 293.08 286.27 282 4253.83 1.4 6353.36 0 11.7 

C1s Scan B 293.08 287.54 282 2684.68 1.4 4009.73 0 7.37 

C1s Scan C 293.08 288.94 282 4556.08 1.4 6775.62 0 12.5 

C1s Scan D 293.08 290.95 282 299.75 1.4 447.7 0 0.82 

O1s 537.22 532.6 529.16 20581.28 2.51 54676.89 0 34.6 

C3 one week 

Name Start BE Peak BE End BE 
Height 
Counts FWHM eV 

Area (P) 
CPS.eV Area (N) At. % 

C1s 293.08 284.91 282 11110.84 1.39 16468.09 0 39.3 

C1s Scan A 293.08 286.51 282 3324.82 1.39 4927.93 0 11.8 

C1s Scan B 293.08 287.75 282 1876.34 1.39 2781.04 0 6.64 

C1s Scan C 293.08 289.12 282 3014.62 1.34 4310.07 0 10.3 

C1s Scan D 293.08 291.37 282 184.65 1.39 273.68 0 0.65 

O1s 537.22 532.83 529.16 14767.6 2.47 38154.15 0 31.3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




