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Abstract
The properties of coal tar pitch, which is used as the binder material for carbon anode production, strongly affect the anode properties. Pitches have significant differences in their chemical compositions depending on their origin. In this study, four different coal tar pitches and their blends were studied with the aim of understanding the wettability of a calcined petroleum coke by pitch using the sessile-drop test. In this test, contact angle, which is an indication of wettability, is measured.  Contact angles decrease with increasing time, and smaller contact angle means better wettability. The chemical properties of pitches and coke were studied using XPS to investigate their interactions, consequently, the wetting mechanism. The results showed that blending different pitches influences the wettability.  The presence of acidic, basic, and hetero-atom containing functional groups in pitch might cause acid-base/condensation reactions when they are blended, thus, influence the wetting behavior of the pitch blend.
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1. Introduction
Carbon anodes for the production of aluminum are manufactured using coal tar pitch as binder and dry aggregates as the filler material. The composition of the anode dry aggregate component varies. A typical composition of the dry aggregate is 65 % petroleum coke, 20% recycled butts, and 15 % rejected green/baked anodes1. It is important to identify the relation between the properties of the raw materials and carbon anodes. A good understanding of the raw material properties will help produce good quality anodes (improved physical, electrical, mechanical properties, and resistance to air and CO2 reactivities) 1, 2. 
The binder pitch covers the surface of the dry aggregates particles, penetrates into the pores, and fills the void spaces between the particles. Good wettability of coke by pitch  facilitates these interactions, thus, improves the quality of binding between coke and pitch 3. This, in turn, results in dense anodes and improved final anode properties 1. Pitches may have significant differences in their physical and chemical properties depending on their origin. This, in turn, determines their behavior during  baking process and affects the characteristics of the baked anodes 1. As reported previously, both the chemical and physical properties of coke and pitch contribute to the wettability. The presence of complimentary functional groups on the surfaces of coke and pitch is most likely to induce chemical interactions between them, hence, promote wetting 4-6. 
The properties, which are used as indicators of pitch quality, are: softening point, coking value,  density, C/H ratio, quinoline insolubles (QI), toluene insolubles (TI), viscosity, and impurity content 1. Most properties of pitch are interrelated 1, 7-11 and affect the properties of the anodes 1, 7, 8, 11-16. Among these, coking value, viscosity/softening point, QI and density affect the anode quality most 1.  It was published in the literature that a higher softening point is accompanied by an increase in the aromaticity index, density, and coking value 1. Pitch density as well as its QI content and aromaticity contribute to the coking value 1. As the coking value of the QI content is higher than other compounds in the pitch [1, 14], the presence of QI influences the coking value and the density of pitch. It has been shown that baked anode properties can deteriorate at very high and very low levels of QI 1. However, it is difficult to find the pitch which has all the suitable properties to produce good quality anode. It was reported that just over one third of the plants used more than one pitch supplier 1. The blends obtained by physically mixing different pitches are commonly used in industry in order to get the appropriate pitch properties. More than one supplier is sometimes selected based on the logistic reasons. There are also many plants which have one pitch supplier.
The viscosity of petroleum pitch is affected less by temperature and has lower C/H ratio (lower aromaticity) compared to those of coal tar pitch. The binding pitch used in the production of prebaked anodes is usually coal tar pitch. There is practically no QI in petroleum pitch, and the polyaromatic hydrocarbon (PAH) content of petroleum pitch is approximately one-tenth of that present in coal tar pitch. Petroleum pitch has a lower coking value than that of the coal tar pitch which causes an increase in the emission of volatiles during anode forming and baking with the use of petroleum pitch. The advantages and limitations of using the coal tar pitch and petroleum pitch blend are investigated and discussed by some researchers 17, 18. Researchers have also investigated the dynamic contact angles and the interaction of different cokes with pure coal tar pitch 4, 19. However, there is no study reported on the dynamic wettability of coke by coal tar pitch blends. This study was carried out to fill this void.
2. Methodology
3.1 Materials used
Four coal-tar pitches with different QI contents and similar softening points as well as similar beta resin contents were used as binders in this study. Table 1 summarizes the main properties of these pitches. The pitches were ground to obtain fine particles using a ceramic mortar and pestle. Grinding was done manually. The blends of different pitches were produced by mixing the fine pitch particles in predetermined percentages, and keeping the mixture in the furnace at 170 °C for 10 min under nitrogen atmosphere. Table 2 shows the pitch blends used for the wetting tests. A calcined petroleum coke was prepared by sieving the as-received course sample to obtain coke particles of 100-125 μm size6. The wettability of the petroleum coke by these pitches and their blends was investigated and compared. 




Table 1: Properties of different coal tar pitches
	Pitch type
	SP
	QI
	Beta resin

	
	
	
	

	Pitch-1
	118.4
	3.4
	22.5

	Pitch-2
	119.6
	6.9
	22.2

	Pitch-3
	118.0
	10.8
	22.2

	Pitch-4
	119.4
	5.1
	22.9


                       SP: Mettler softening point (°C), QI: Quinoline-insoluble (wt %), Beta resin (wt %).
[bookmark: _Toc411976505][bookmark: _Ref411982956][bookmark: _Ref443947508][bookmark: _Toc448484667]
Table 2: Pitch blends used for the wetting tests
	Blend No.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Pitch-1 (%)
	25
	75
	-
	-
	75
	25
	-
	-
	25
	75
	-
	-

	Pitch-2 (%)
	75
	25
	75
	25
	
	
	75
	25
	-
	-
	-
	-

	Pitch-3 (%)
	-
	-
	25
	75
	-
	-
	-
	-
	75
	25
	25
	75

	Pitch-4 (%)
	-
	-
	-
	-
	25
	75
	25
	75
	-
	-
	75
	25



3.2 Sessile-drop wettability measurement system
The mixing temperature during anode making can vary significantly in the industry. For a 
120 °C softening point pitch, its mixing temperatures can vary approximately from 155 °C to 
190 °C. In this study, the wettability of coke by pitch was studied using a sessile drop system at 
170 °C, which is the average mixing temperature used in the industry for a pitch softening point of 120 °C. The sessile-drop system consists of a tube furnace purged with an inert gas (nitrogen), a pitch injection system, a graphite sample crucible, a digital video camera, and a vacuum pump. The coke sample is placed into the graphite sample crucible and compacted to achieve a smooth coke bed surface. The injection chamber holds the solid pitch sample. This chamber, which has a small hole for forming the pitch drop, is placed just above the coke substrate and the position of the hole is adjusted so that the drop can be placed on the center of the coke sample. A video of the drop is captured, and the images are saved. To measure the contact angle, FTA 32 software is used. The details of the sessile-drop set-up were presented elsewhere 4, 6. Each experiment was repeated three times, and the contact angle was taken as the average of these three results.
3.3 XPS analysis 
The surface quantitative chemical analysis of coke as well as coal tar pitches was obtained by X-ray photoelectron spectroscopy (XPS). XPS analysis provides information about the distribution and content of different atoms and the nature of the corresponding bonds on the surface based on their binding energies. In this study, the coke and pitch samples of -125 µm particle size were analyzed using an AXIS Ultra XPS spectrometer (Kratos Analytica ) with a mono-chromate Al K[α] (h ν=1486.6 eV) source at a power of 210 W at the Alberta Centre for Surface Engineering and Science (ACSES), University of Alberta. The working pressure in the analysis chamber was less than 2 x10-8 Pa. The resolution of the instrument for the source in hybrid lens mode was calibrated at 0.55 eV for Ag 3d and 0.70 eV for Au 4f peaks. A charge neutralizer was used to compensate for sample charging. Survey spectra were scanned in the binding energy range of 1100 to 0 eV and collected with an analyzer (pass energy (PE) of 160 eV and a step of 0.35 eV). These spectra were used to measure the atomic concentration of different elements. For the high-resolution spectra (C1s, O1s, and N1s), the PE of 20 eV with a step of 0.1 eV was used. These high resolution spectra were deconvoluted to analyze the components with different functional groups. The peak area was evaluated and scaled to the instrument’s sensitivity factors after a background, based on Shirley algorithm, was subtracted from each peak. XPS results strongly depend on the fit procedure. The peak fitting was done by CasaXPS software at the University of Quebec at Chicoutimi (UQAC) using the non-linear least squares curve-fitting algorithm of Marquardt-Levenberg. The analysis was done based on the procedure described by Sarkar et al.4. The analyzed surface depth of the sample was 2-5 nm. The start and the end of the range of binding energies (Tables 3, 4, and 5) for different components were defined in the software during the curve fit. The main carbon peak was set to 284.3 eV. Based on that peak, other peaks were adjusted. The full width at half maximum (FWHM) was set in the range of 0.85 to 2.1 eV. The reason for using a broad FWHM was the presence of a number of individual peaks related to different atomic bonding configurations20. There are also possibilities of the shifts and broadening of peaks due to the presence of complex local environment as well as charge transfer ligands. As coke or pitch contains a mixture of complex molecules, it is usual that the peaks will be broadened 4, 21. Thus, a large range of FWHM was used. Based on the range of binding energies and FWHM, the CasaXPS software automatically calculates the percentages of different components. The XPS spectra often contain noises which may influence the analysis. The limit of detection for each component peak was calculated by the CasaXPS software for each measurement. The raw peak area was also calculated by the CasaXPS software by integrating the peak intensity (in terms of counts) over the width of the peak. The parameters LOD_ESTIMATE and LOD_AREA were included in the region configuration file of CasaXPS software to get the values of the limit of detection (LOD) and the raw peak area (AREAraw), respectively. If the AREAraw is greater than a chosen multiple of the LOD, then a peak can be detected. Assuming Poisson behavior for a peak, the value of the factor is usually chosen as 3 for a 99 % confidence interval. Thus, the high resolution peaks for which the ratio of AREAraw  and LOD were greater than 3 were deconvoluted.
[bookmark: _Toc448484672]Table 3: List of functional groups and their corresponding binding energies for C1s spectrum 22-26.
	Element
	Binding energy (eV)
	Range of BE (eV)

	
	
	Start
	End

	C1s  entire signal
	284.3
	280.5
	290.0

	Csp2 (C=C)
	284.3
	280.5
	284.6

	Csp3 (C-C)
	285.1
	285.0
	286.0

	C-N/C-O/C-S
	286.0
	285.5
	287.0

	C=O/CSO2
	287.1
	287.0
	288.5

	COOH
	289.1
	289.0
	290.0


[bookmark: _Toc448484673]
Table 4: List of functional groups and their corresponding binding energies for O1s spectrum 22-26.
	Element
	Binding energy (eV)
	Standard deviation (eV)

	
	
	Start
	End

	O1s  entire signal
	533.0
	531.0
	536.0

	C=O
	531.6
	531.1
	532.2

	C-O
	533.0
	532.4
	533.6

	Adsorbed H2O
	534.7
	533.6
	536.8

	Adsorbed O2
	535.7
	534.9
	536.6

	C(NH2)COOH
	530.9
	526.8
	531.8



[bookmark: _Toc448484674]
Table 5: List of functional groups and their corresponding binding energies for N1s spectrum 22-26.
	Element
	Binding energy (eV)
	Standard deviation (eV)

	
	
	Start
	End

	N1s entire signal
	400.0
	398.0
	406.5

	Pyridine
	398.9
	398.3
	399.5

	NR3/-CN
	399.5
	398.8
	400.2

	Pr
	400.3
	399.9
	400.7

	N+
	401.5
	401.1
	401.9

	-NO
	403.3
	402.6
	404.0

	NO2
	405.8
	405.2
	406.4



3. Results and discussion

3.1 Wettability of coke by different pitches and their blends
[bookmark: _Toc444222081]Figure 1 shows the results of the wettability study for different pure coal tar pitches and their blends using the same petroleum coke. Wettability of a coke by a pitch is determined by measuring the contact angle as a function of time. Higher the contact angle is, lower the wettability is. It was observed that the contact angles decreased with increasing time, and the pitches and their blends penetrated completely through the coke bed within 300 s. However, the complete penetration time of different pitch samples were different.  
 If two pitches are mixed, it is expected that the properties of the blend will be between the properties of the pure pitches. The results showed that for Pitch-3/Pitch-4 (Figure 1 (b)), Pitch-3/ Pitch-1 (Figure 1 (c)), Pitch-3/Pitch-2 (Figure 1 (d)), Pitch-2/Pitch-4 (Figure 1 (e)), and Pitch-1/ Pitch-4 (Figure 1 (f)) pairs, the wettability of the blends (contact angles) were between those of the corresponding pure pitches. However, a different trend was observed for Pitch-1 and Pitch-2, and their blends (Figure 1 (a)). For this case, the wettability of the blends was found to be less than those of their parent pitches. 
(e) 
(d) 
(c) 
(b) 
(a) 
(f) 


[bookmark: _Toc409990836][bookmark: _Toc411976498][bookmark: _Toc448484721]Figure 1: Contact angles of the blends and pure pitches: (a) Pitch-1/Pitch-2; (b) Pitch-3/Pitch-4; (c) Pitch-3/Pitch-1; (d) Pitch-3/Pitch-2; (e) Pitch-2/Pitch-4; (f) Pitch-1/Pitch-4

The same coke was used and compacted the same way to form the coke bed for all the cases to study the influence of different pitches (pure and blend) on their wettability behavior. Two different blends were studied for each case (Table 2).  Except for the blends of Pitch-1 and Pitch-2, the wettability of coke by all the pitch blends was between those of the corresponding pure pitches (Figures 1 (b) -1 (f)). That is to say that the contact angle vs. time curve of the blends were between curves of the two pure pitches. The contact angle of the blend approached to that of the pure pitch as the percentage of that pitch in the blend was increased (Figure 1 (b) - (f)). Figure 1 (b) shows that the Pitch-3 wetted the coke less compared to the Pitch-4. Then, the blend with 75% Pitch-3 and 25% Pitch-4 wetted the coke less compared to for the blend containing 25% Pitch-3 and 75% Pitch-4. 
The behavior of the blends of Pitch-1 and Pitch-2 was different from the behavior of the blends of all the other pitches. In this case, the blends wetted the coke less than both of the pure pitches, which indicate that the interaction between these pitches took place which reduced the wettability of coke by the blends compared to those by the pure pitches. 
In order to understand the behavior of the blends, two pitch pairs namely Pitch-1/Pitch-2 (Figure 1 (a) (wettability of the coke by the blends are less than that by the pure pitches) and Pitch-3/Pitch-4 (Figure 1 (b)) (wettability of the coke by the blends are between that by the pure pitches) were analyzed in detail.  The complete penetration time for the blends of Pitch-1 and Pitch-2 in descending order was found as follows: [Pitch-1 (25 %) and Pitch-2 (75 %)] > [Pitch-1 (75 %) and Pitch-2 (25 %)] > [Pitch-2 (100 %)] > [Pitch-1 (100 %)], and the complete penetration time for the blends of Pitch-3 and Pitch-4 in descending order was found as: [Pitch-4 (100 %)] > [Pitch-3 (25 %) and Pitch-4 (75 %)] > [Pitch-3 (75 %) and Pitch-4 (25 %)] > [Pitch-3 (100 %)]. Figures 1 (a) and 1(b) also show that the contact angles measured initially and at earlier times (up to about 40-50 s) are close, which makes the comparison of the wettability of coke by different pitches and pitch blends difficult in this time interval. At later times, the differences can be seen clearly. 
Figures 1 (a) and (b) show that the pitches might behave quite differently in blends. Since the same coke was used for all cases, the reason for the difference in pitch behavior, which affected the coke wettability, between the two cases was explored based on the chemical functional groups of pitch and their interaction with those of the coke. Different researchers have used Fourier transform infra-red (FT-IR) spectroscopy to analyze the chemical functional groups in pitch 4, 5. FT-IR results showed the presence of different functional groups, however, quantitative analysis of these functional groups was difficult with this method. Researchers have used the information obtained from the FT-IR analysis to identify the peaks representing the available functional groups and used this information for carrying out the quantitative analysis with XPS. After determining the amount of different elements and functional groups on the surfaces of pitches, pitch blends, and coke, the results were correlated with the wettability results.  

3.2 [bookmark: _Toc444222082]XPS analysis
[bookmark: _Toc444222083]Different authors studied the chemical composition of carbon materials (coke and/or pitch) using XPS 22-26. It was found that coke and/or pitch contain mostly carbon as well as hetero-atoms such as oxygen, nitrogen, and sulfur. The binding energy (BE) values used in this work for C1s, O1s, and N1s peaks are given in Table 3, Table 4, and Table 5, respectively. Presence of different elements in the vicinity of an element may influence the binding energy (BE) of electrons of that element. Therefore, the ranges of BE were chosen based on published works 22-26. It should be noted that pitch is a combination of different chemical compounds. The BE of electrons may vary due to the presence of neighboring species. Thus, a certain range of BE was used for the deconvolution of the peaks obtained by XPS.
XPS analysis provides information on the distribution of different surface atoms based on their electronic binding energy. High-resolution spectra of XPS give an idea about the nature of bonds and elemental analysis. It can also give quantitative information about different chemical functional groups. 
Figure 2 (a) shows an example of the survey spectra obtained using XPS scan for Pitch-2. The most prominent peak at 284.3 eV was designated as C1s, other notable peaks were the O1s peak at 533 eV, and the N1s peak at 400 eV. The relative positions of these peaks were used to determine the chemical nature of these atoms. High resolution scans and peak fit for C1s, O1s, and N1s regions are shown in Figures 2 (b), (c), (d), respectively. 
The quantitative information about the different functional groups was obtained based on the deconvolution of C1s, O1s, and N1s binding energies. XPS results show the percentages of different chemical functional groups corresponding to different atoms (C1s, O1s, and N1s). 
(a) 
(b) 
(c) 
3
2
2

[bookmark: _Toc448484724]Figure 2: XPS spectra of Pitch-2 (a) Survey spectra, (b) De-convoluted C1s spectra, 
(c) De-convoluted O1s spectra, (d) De-convoluted N1s spectra.

The atomic percentages of different elements in different pitches (pure and blends) are shown in Table 6.  In order to study the relationship between chemical properties of the blends and the properties of the pure pitches, one blend of Pitch-1 and Pitch-2 (MP12: 75 % Pitch-1 and 25 % Pitch-2) and one blend of Pitch-3 and Pitch-4 (MP34: 75 % Pitch-4 and 25 % Pitch-3) were studied using XPS analysis. Table 6 shows that the atomic percentages of carbon in different pure pitch samples in increasing order are: Pitch-1 < Pitch-2 < Pitch-4< Pitch-3. The percentages of different elements of the blends were in between those of the corresponding pure pitches (Pitch-1 < MP-12< Pitch-2, and Pitch-4 < MP-34< Pitch-3). Only in case of MP12, the percentage of S was equal to that of Pitch 1. This can be due to the non-homogeneous distribution of S in the sample.   Figure 3 shows that the total percentage of hetero-atoms (O, N and S). The total amount of hetero-atoms and oxygen decreased with increasing carbon percentage while this trend was not observed for nitrogen and sulfur. 

[bookmark: _Toc446375081]Table 6:  Atomic percentages of different components in different pitch samples and coke
	Material
	C (%)
	O (%)
	N (%)
	S (%)

	
	
	
	
	

	Pitch-1
	96.6
	1.9
	1.2
	0.3

	Pitch-2
	96.9
	1.7
	1.1
	0.3

	MP12*
	96.8
	1.8
	1.2
	0.3

	Pitch-3
	98.0
	1.3
	0.5
	0.2

	MP34*
	97.8
	1.2
	0.8
	0.3

	Pitch-4
	97.6
	1.2
	0.9
	0.3

	Coke
	95.9
	2.5
	0.6
	1.0




[bookmark: _GoBack]
Figure 3. Change in percentage of different hetero-atoms with carbon percentage present in different pitches
Table 7 shows the AREAraw, LOD, and their ratios for C1s, O1s, and N1s for the pure pitches, their blends, and the coke obtained by analyzing the high resolution spectra. The results showed that N1s for Pitch-3 and coke had a ratio of AREAraw and LOD less than or equal to 3, which suggested the presence of significant amount of noise. Thus, the spectra for these two cases were not deconvoluted. The other spectra were deconvoluted for different functional groups based on the procedure described earlier.
Table 7: The AREAraw, LOD, and their ratios for the different materials
	 
	O1s
	N1s
	C1s

	Sample
	AREAraw
	LOD
	AREAraw/ LOD
	AREAraw
	LOD
	AREAraw/ LOD
	AREAraw
	LOD
	AREAraw/ LOD

	Pitch-1
	13900
	310
	45
	16141
	462
	35
	150400
	100
	1498

	Pitch-2
	3478
	161
	22
	7181
	283
	25
	29957
	52
	579

	Pitch-3
	2339
	140
	17
	485
	145
	3
	40401
	61
	667

	Pitch-4
	18205
	392
	46
	20204
	647
	31
	237728
	129
	1841

	MP12
	16959
	352
	48
	8300
	339
	24
	114990
	94
	1223

	MP34
	9534
	292
	33
	3291
	245
	13
	80055
	97
	823

	Coke
	30154
	329
	92
	62
	31
	2
	88554
	85
	1045


The chemical functional groups in different pitches are presented in Table 8, Table 9, and Table 10. The percentage of functional groups obtained from the deconvolution of a particular peak does not represent the amount of that functional group in pitch. To compare the amount of a particular functional group in different pitches, the percentage of that functional group was multiplied by the atomic percentage of the corresponding element.
Table 8 shows the carbon (C1s) functional groups of different pitches and coke. As the percentages of carbon (C1s) functional groups with elements (O, N, and S) increase, the possibility of the formation of covalent bonds between the functional groups of coke and pitch increases. Pitch-1 and Pitch-2 have higher percentage of hetero-atom containing functional groups compared to those of Pitch-3 and Pitch-4. However, MP12 has lower amount of hetero-atom containing functional groups compared to that for Pitch-1 and Pitch-2. The percentage of hetero-atom containing functional groups for MP34 was within the range of Pitch-3 and Pitch-4. The decrease of hetero-atom containing functional groups in MP12 might have happened due to reaction of different species in Pitch-1 and Pitch-2. It should be noted that esterification (e.g. reaction between –COOH and -OH) and condensation reactions (e.g. reaction between –OH and –NH2) can lead to production of small molecules such as water or ammonia which cannot be detected by XPS.  
Table 9 shows that Pitch-1 and Pitch-2 have higher amount of COOH functional group compared to that of Pitch-3 and Pitch-4. Pitch-2 has the highest percentage of carboxylic acid group (COOH). Acidic COOH can react with basic functional groups such as amine. Pitch-1 contains highest percentage of C=O and C-O compared to those of the other pitches. Presence of C-O can lead to condensation or esterification reactions.
Table 10 shows that Pitch-1 and Pitch-2 have higher percentages of pyridine (Py), amines (NR3/CN) and pyrroles (PR) compared to those of Pitch-3 and Pitch-4. However, Pitch-1 and Pitch-2 do not contain quaternary ammonium ions (N+) while Pitch-3 and Pitch-4 have them. Even though pure pitches (Pitch-1 and Pitch-2) do not contain any N+, there is a small amount of N+ in the blend MP12. This is possible if there is a reaction of amine/Py/PR with other molecules. Unlike MP12, MP34 contains N+ and its amount is between the N+ contents of the pure pitches (0 in Pitch-3 and 0.20 in Pitch-4). This indicates that there are reactions taking place between Pitch-1 and Pitch-2. The interaction of N+ with electron-rich centers (such as pi electron cloud of aromatic rings) are electrostatic in nature and the bonds are usually weaker than covalent bonds. They might lead to some interaction, but their quantity is very low. It may be noted that Py and amines are basic in nature, whereas Pr is slightly acidic. Thus, the basic functional groups (Py and amine) can react with the acidic functional groups (PR and COOH) when the two pitches are mixed. As the levels of acidic and basic functional groups are high in Pitch-1 and Pitch-2 compared to those in Pitch-3 and Pitch-4, MP12 might have lost some active hetero-atom containing functional groups that can bind with coke and decrease the wetting of coke by pitch. 
Table 8:  Atomic percentages of carbon (C1s) functional groups in different pitch samples and coke
	Material
	C (%)
	Functional groups from the deconvolution of C1s peak (%)
	Functional groups (%) in pitch

	
	
	C=C
	C-C
	CN/CO/CS/C=O/CSO2/COOH
	C=C
	C-C
	CN/CO/CS/C=O/CSO2/COOH

	Pitch-1
	96.6
	81.4
	13.0
	5.6
	78.7
	12.6
	5.39

	Pitch-2
	96.9
	78.7
	16.0
	5.4
	76.2
	15.5
	5.21

	MP12*
	96.8
	79.2
	15.5
	5.4
	76.7
	15.0
	5.18

	Pitch-3
	98.0
	75.0
	21.3
	3.7
	73.5
	20.9
	3.62

	MP34*
	97.8
	79.5
	16.5
	4.0
	77.8
	16.1
	3.92

	Pitch-4
	97.6
	81.3
	14.4
	4.3
	79.3
	14.1
	4.19

	Coke
	95.9
	80.5
	12.2
	7.3
	77.2
	11.7
	6.95


*MP12: 75 % Pitch-1 and 25 % Pitch-2, MP34: 75 % Pitch-4 and 25 % Pitch-3 

[bookmark: _Toc446375082]Table 9: Atomic percentages of oxygen and oxygen (O1s) functional groups in different pitch samples and coke
	Material
	O (%)
	Functional groups from the deconvolution of O1s peak (%)
	Functional groups (%) in pitch

	
	
	C=O
	C-O
	C(NH2)COOH
	C=O
	C-O
	C(NH2) COOH

	Pitch-1
	1.9
	44.9
	40.4
	14.6
	0.8
	0.8
	0.3

	Pitch-2
	1.7
	31.7
	37.5
	30.8
	0.6
	0.7
	0.5

	MP12*
	1.8
	40.5
	41.4
	18.1
	0.7
	0.7
	0.3

	Pitch-3
	1.3
	43.5
	46.0
	10.5
	0.5
	0.6
	0.1

	MP34*
	1.2
	43.5
	47.1
	9.4
	0.5
	0.6
	0.1

	Pitch-4
	1.2
	42.1
	46.3
	11.6
	0.5
	0.5
	0.1

	Coke
	2.5
	49.6
	40.0
	10.4
	1.3
	1.0
	0.3


[bookmark: _Ref443950317]*MP12: 75 % Pitch-1 and 25 % Pitch-2, MP34: 75 % Pitch-4 and 25 % Pitch-3 


[bookmark: _Toc446375083]Table 10: Atomic percentages of nitrogen and nitrogen (N1s) functional groups in different pitch samples and coke
	Material
	N (%)
	Functional groups from the deconvolution of N1s peak (%)
	Functional groups (%) in pitch

	
	
	Pyridinic (Py)
	NR3/-CN
	Pyrrolic (PR)
	N+
	Pyridinic (Py)
	NR3/-CN
	Pyrrolic (PR)
	N+

	Pitch-1
	1.2
	28.7
	21.4
	49.9
	-
	0.3
	0.3
	0.6
	-

	Pitch-2
	1.1
	31.6
	9.5
	58.9
	-
	0.3
	0.1
	0.6
	-

	MP12*
	1.2
	24.0
	-
	68.9
	7.1
	0.3
	-
	0.8
	0.1

	Pitch-3#
	0.5
	-
	-
	-
	-
	-
	-
	-
	-

	MP34*
	0.8
	24.6
	7.8
	52.4
	15.2
	0.2
	0.1
	0.4
	0.1

	Pitch-4
	0.9
	15.0
	5.3
	58.7
	21.1
	0.1
	0.0
	0.6
	0.2

	Coke#
	0.6
	-
	-
	-
	-
	0.2
	-
	0.3
	0.1


*MP12: 75 % Pitch-1 and 25 % Pitch-2, MP34: 75 % Pitch-4 and 25 % Pitch-3 
#Not deconvoluted
The results are summarized in Figure 4. This figure clearly indicates that there are two major differences between the two pitch pairs (Pitch-1/Pitch-2 and Pitch-3/Pitch-4). First, Pitch-1/Pitch-2 pair has higher percentage of hetero-atom containing functional groups compared to Pitch-3/Pitch-4 pair. This likely leads to more condensation/esterification reactions between Pitch-1 and Pitch-2 compared to those between Pitch-3 and Pitch-4. Also, Pitch-1 and Pitch-2 both contain acidic and basic functional groups which can cause acid base reaction when Pitch-1 and Pitch-2 are mixed. On the other hand, Pitch-3 and Pitch-4 both contain acidic functional groups (less compared to Pitch-1/Pitch-2). However, Pitch-3 does not contain any basic functional group. This limits the possibility of acid-base reaction between Pitch-3 and Pitch-4. Thus, blend of Pitch-3 and Pitch-4 could maintain the characteristics of the pure pitches and showed wetting property in the range of the pure pitches. 
XPS results are in agreement with the wetting test results. Due to the condensation/acid-base reaction between Pitch-1 and Pitch-2, their blend lost some of the available hetero-atoms capable of binding with coke. This resulted in the reduction of wettability for the blends of Pitch-1 and Pitch-2 compared to those of the parent pitches. As the same coke of a specific granulometry was used and the bed was packed the same way, the differences in the wetting behavior were attributed to the chemical nature of the pitch. XPS was used to identify the surface functional groups of pitches which influence the chemical interactions. The XPS studies could explain the differences in the wettability behavior of the different pitches. 
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Figure 4: Percentage of hetero-atoms, carboxylic acid, and amine in different pitches used

4. Conclusions

The wettability and XPS results showed that the chemical properties of pitches contribute to the wettability of coke by pitch. The presence of hetero-atom containing functional groups, acidic (COOH and pyrrole) and basic (amine, pyridine) groups might cause condensation/acid-base reaction in pitch blends making them less wetting compared to the pure pitches that they are made of. This can lead to a completely different behavior of pitch blends compared to those of the pitches used to prepare the blends for anode production. Blending pitch is a common industrial practice, however; it has to be kept in mind that it can affect the anode quality depending on the properties of the pure pitches.
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Pitch-3 (100%)	0.27577164466275395	2.3334523779156049	9.1923881554247966E-2	0.48790367901871617	0.45961940777125992	1.7253405460951845	1.0960155108391465	2.0435385976291229	1.0182337649086268	1.0960155108391465	0.82024386617639278	2.1566756826189679	0.55154328932550789	1.7111984104714462	2.2273863607376185	1.1101576464628748	1.2020815280171329	1.9445436482630056	0.28284271247462306	1.3293607486307111	1.2445079348883272	0.7778174593052033	1.0818733752154186	0.51618795026617748	0.19091883092037004	1.0111626970967629	0.72831998462214353	0.17677669529663689	0.27577164466275395	2.3334523779156049	9.1923881554247966E-2	0.48790367901871617	0.45961940777125992	1.7253405460951845	1.0960155108391465	2.0435385976291229	1.0182337649086268	1.0960155108391465	0.82024386617639278	2.1566756826189679	0.55154328932550789	1.7111984104714462	2.2273863607376185	1.1101576464628748	1.2020815280171329	1.9445436482630056	0.28284271247462306	1.3293607486307111	1.2445079348883272	0.7778174593052033	1.0818733752154186	0.51618795026617748	0.19091883092037004	1.0111626970967629	0.72831998462214353	0.17677669529663689	0	0.18330000000000002	0.38329999999999997	0.68330000000000002	0.91664999999999996	1.2332999999999998	1.7666499999999998	2.2333500000000002	2.8	3.4832999999999998	4.2999499999999999	5.2832999999999997	7.0833499999999994	8.6166499999999999	10.449950000000001	12.64995	15.316649999999999	18.483350000000002	22.283349999999999	26.84995	32.34995	38.949950000000001	46.84995	56.316649999999996	67.716650000000001	81.383350000000007	97.749949999999998	117.9	91.034999999999997	89.16	87.855000000000004	88.125	86.424999999999997	86.57	86.14500000000001	84.615000000000009	83.73	84.675000000000011	83.76	81.384999999999991	79.83	79.180000000000007	77.194999999999993	75.825000000000003	73.900000000000006	69.704999999999998	65.33	62.69	59.21	53.3	49.655000000000001	42.314999999999998	33.495000000000005	25.975000000000001	12.975000000000001	1.7250000000000001	Pitch-2 (75%) 	&	 Pitch-3 (25%)	1.7111984104714462	0.43133513652379357	0.89802561210691256	0.60811183182043049	0.25455844122716675	0.14849242404918062	1.0960155108391465	2.0293964620053848	1.8879751057680831	0.5868986283848332	0.69296464556280934	2.1213203435597228E-2	1.7324116139070433	0.19091883092037507	0.40305086527632727	1.5909902576697319	7.7781745930519827E-2	0.55154328932550789	0.15556349186103965	0.19091883092036502	0.8343860018001259	0.48790367901872117	0.27577164466275395	2.637508293825825	2.3122391744800126	1.2232947314527276	1.4000714267493641	1.7111984104714462	0.43133513652379357	0.89802561210691256	0.60811183182043049	0.25455844122716675	0.14849242404918062	1.0960155108391465	2.0293964620053848	1.8879751057680831	0.5868986283848332	0.69296464556280934	2.1213203435597228E-2	1.7324116139070433	0.19091883092037507	0.40305086527632727	1.5909902576697319	7.7781745930519827E-2	0.55154328932550789	0.15556349186103965	0.19091883092036502	0.8343860018001259	0.48790367901872117	0.27577164466275395	2.637508293825825	2.3122391744800126	1.2232947314527276	1.4000714267493641	0	0.16664999999999999	0.33334999999999998	0.53334999999999999	0.8	1.1166499999999999	1.4333499999999999	1.7833000000000001	2.4333	3	3.6833499999999999	4.5	5.4833499999999997	6.65	8.8167000000000009	10.649999999999999	12.850000000000001	15.5167	18.683299999999999	22.4833	27.05	32.549999999999997	39.150000000000006	47.05	56.5167	67.916699999999992	81.583300000000008	91.63	88.155000000000001	87.314999999999998	87.88	86	85.984999999999999	85.835000000000008	84.025000000000006	84.555000000000007	82.254999999999995	82.58	81.344999999999999	80.455000000000013	80.594999999999999	79.034999999999997	76.694999999999993	73.705000000000013	72.8	69.42	64.495000000000005	60.680000000000007	55.245000000000005	50.295000000000002	42.555	32.454999999999998	22.795000000000002	3.44	Pitch-2 (25%) 	&	 Pitch-3 (75%)	1.8526197667087578	2.8284271247461903	2.3758787847867993	3.5355339059327378	3.4648232278140867	3.6628131265463209	3.9739401102684004	3.655742058734452	3.6062445840513986	3.6769552621700492	3.4718942956259458	3.3021886681411781	3.0688434303496184	3.4365389565666207	1.8455486988968888	1.5132085117392122	0.51618795026618247	2.1425335469952396	2.3758787847867993	1.9869700551342002	0.85559920523571809	0.36769552621700441	0.86267027304758714	0.43840620433565913	1.8526197667087578	2.8284271247461903	2.3758787847867993	3.5355339059327378	3.4648232278140867	3.6628131265463209	3.9739401102684004	3.655742058734452	3.6062445840513986	3.6769552621700492	3.4718942956259458	3.3021886681411781	3.0688434303496184	3.4365389565666207	1.8455486988968888	1.5132085117392122	0.51618795026618247	2.1425335469952396	2.3758787847867993	1.9869700551342002	0.85559920523571809	0.36769552621700441	0.86267027304758714	0.43840620433565913	0	0.4	0.71665000000000001	1.4166500000000002	1.95	2.5666500000000001	3.7	4.6833499999999999	5.85	7.25	9.85	12.05	14.716699999999999	17.883299999999998	21.683300000000003	26.25	31.75	38.35	46.25	55.716700000000003	67.116700000000009	80.783299999999997	97.15	116.8167	88.33	86.02	84.77000000000001	85.11	83.5	83.11	82.23	81.085000000000008	79.240000000000009	77.31	74.674999999999997	72.675000000000011	71.12	67.84	64.655000000000001	63.37	58.984999999999999	54.255000000000003	49.13	42.484999999999999	34.375	25.630000000000003	14.64	1.0399999999999998	Pitch-2 (100%)	0.89095454429504339	0.5303300858899106	0.59396969619670237	0.59396969619670237	0.23334523779155947	1.1879393923933945	0.74246212024587288	1.0606601717798212	3.5355339059325371E-2	0.65760930650348393	1.4919953083036248	1.0677312395916903	0.55154328932550789	1.1596551211459383	0.9475230867899761	0.77074639149333923	1.3152186130069781	0.33941125496954561	2.4253762594698576	0.74953318805774194	0.29698484809835118	0.90509667991878162	1.35764501987817	0.45961940777125487	0.62932503525602768	0.89095454429504339	0.5303300858899106	0.59396969619670237	0.59396969619670237	0.23334523779155947	1.1879393923933945	0.74246212024587288	1.0606601717798212	3.5355339059325371E-2	0.65760930650348393	1.4919953083036248	1.0677312395916903	0.55154328932550789	1.1596551211459383	0.9475230867899761	0.77074639149333923	1.3152186130069781	0.33941125496954561	2.4253762594698576	0.74953318805774194	0.29698484809835118	0.90509667991878162	1.35764501987817	0.45961940777125487	0.62932503525602768	0	0.2	0.45	0.74994999999999989	1.1666500000000002	1.5166500000000001	2.1666499999999997	2.7333499999999997	3.4166499999999997	4.2332999999999998	5.2166499999999996	6.3833000000000002	8.5500000000000007	10.3833	12.583299999999999	15.25	18.416650000000001	22.216650000000001	26.783299999999997	32.283299999999997	38.883299999999998	46.783299999999997	56.25	67.650000000000006	85	89.42	88.004999999999995	86.31	85.87	86.094999999999999	85.47999999999999	85.14500000000001	85.34	82.925000000000011	83.275000000000006	81.625	81.254999999999995	78.59	75.830000000000013	74.3	71.924999999999997	70.300000000000011	66.539999999999992	60.564999999999998	55.29	48.07	40.85	32.479999999999997	19.734999999999999	2	Time(s)

Contact angle (°)



Pitch-3 (100%)	0.27577164466275395	2.3334523779156049	9.1923881554247966E-2	0.48790367901871617	0.45961940777125992	1.7253405460951845	1.0960155108391465	2.0435385976291229	1.0182337649086268	1.0960155108391465	0.82024386617639278	2.1566756826189679	0.55154328932550789	1.7111984104714462	2.2273863607376185	1.1101576464628748	1.2020815280171329	1.9445436482630056	0.28284271247462306	1.3293607486307111	1.2445079348883272	0.7778174593052033	1.0818733752154186	0.51618795026617748	0.19091883092037004	1.0111626970967629	0.72831998462214353	0.17677669529663689	0.27577164466275395	2.3334523779156049	9.1923881554247966E-2	0.48790367901871617	0.45961940777125992	1.7253405460951845	1.0960155108391465	2.0435385976291229	1.0182337649086268	1.0960155108391465	0.82024386617639278	2.1566756826189679	0.55154328932550789	1.7111984104714462	2.2273863607376185	1.1101576464628748	1.2020815280171329	1.9445436482630056	0.28284271247462306	1.3293607486307111	1.2445079348883272	0.7778174593052033	1.0818733752154186	0.51618795026617748	0.19091883092037004	1.0111626970967629	0.72831998462214353	0.17677669529663689	0	0.18330000000000002	0.38329999999999997	0.68330000000000002	0.91664999999999996	1.2332999999999998	1.7666499999999998	2.2333500000000002	2.8	3.4832999999999998	4.2999499999999999	5.2832999999999997	7.0833499999999994	8.6166499999999999	10.449950000000001	12.64995	15.316649999999999	18.483350000000002	22.283349999999999	26.84995	32.34995	38.949950000000001	46.84995	56.316649999999996	67.716650000000001	81.383350000000007	97.749949999999998	117.9	91.034999999999997	89.16	87.855000000000004	88.125	86.424999999999997	86.57	86.14500000000001	84.615000000000009	83.73	84.675000000000011	83.76	81.384999999999991	79.83	79.180000000000007	77.194999999999993	75.825000000000003	73.900000000000006	69.704999999999998	65.33	62.69	59.21	53.3	49.655000000000001	42.314999999999998	33.495000000000005	25.975000000000001	12.975000000000001	1.7250000000000001	Pitch-3 (75%) 	&	 Pitch-4 (25%)	3.0052038200428268	3.1041987694089439	1.1101576464628748	0.32526911934580743	0.19091883092037507	2.1213203435597228E-2	2.3263813101037356	2.9910616844190887	0.88388347648318444	1.3435028842544343	3.5355339059325371E-2	2.0223253941935257	2.3122391744800077	4.3911331111684655	2.2203152929257595	0.37476659402886098	0.85559920523571809	0.91216774773064568	1.0465180361560931	1.8950461735799471	3.3941125496954312	2.4324473272817269	1.9091883092036777	0.70710678118654757	7.0710678118655765E-2	0.33234018715767777	3.0052038200428268	3.1041987694089439	1.1101576464628748	0.32526911934580743	0.19091883092037507	2.1213203435597228E-2	2.3263813101037356	2.9910616844190887	0.88388347648318444	1.3435028842544343	3.5355339059325371E-2	2.0223253941935257	2.3122391744800077	4.3911331111684655	2.2203152929257595	0.37476659402886098	0.85559920523571809	0.91216774773064568	1.0465180361560931	1.8950461735799471	3.3941125496954312	2.4324473272817269	1.9091883092036777	0.70710678118654757	7.0710678118655765E-2	0.33234018715767777	0	0.45005000000000001	0.9667	1.55	2.3166500000000001	3.3333500000000003	4.2333499999999997	5.3167	7.25	8.9333500000000008	10.95	13.38335	16.300049999999999	19.783349999999999	23.966650000000001	31.75	38.349999999999994	46.25	55.716700000000003	67.116700000000009	80.783349999999999	97.15	116.8167	140.44999999999999	168.75	202.75	96.254999999999995	94.435000000000002	92.515000000000001	91.9	92.234999999999999	90.034999999999997	89.625	87.905000000000001	86.015000000000001	85.38	84.444999999999993	81.710000000000008	79.865000000000009	77.454999999999998	73.91	70.555000000000007	66.615000000000009	62.314999999999998	58.57	53.11	46.84	40.480000000000004	32.19	23.17	13.25	5.165	Pitch-3 (25%) 	&	 Pitch-4 (75%)	2.1213203435597228E-2	0.56568542494923602	0.86974134085945631	1.0818733752154186	0.68589357775095028	0.52325901807804154	0.65760930650349403	0.94045201897810704	1.1596551211459383	0.48083261120684706	1.781909088590097	2.9415642097360353	2.934493141924166	1.22329473145273	3.7759502115361663	2.1001071401240452	4.3345645686735379	1.5414927829866734	3.5355339059330394E-2	1.7394826817189075	0.8909545442950485	0.55861435713737195	2.0576807332528531	2.0364675298172576	0.50204581464244868	2.1213203435597228E-2	0.56568542494923602	0.86974134085945631	1.0818733752154186	0.68589357775095028	0.52325901807804154	0.65760930650349403	0.94045201897810704	1.1596551211459383	0.48083261120684706	1.781909088590097	2.9415642097360353	2.934493141924166	1.22329473145273	3.7759502115361663	2.1001071401240452	4.3345645686735379	1.5414927829866734	3.5355339059330394E-2	1.7394826817189075	0.8909545442950485	0.55861435713737195	2.0576807332528531	2.0364675298172576	0.50204581464244868	0	0.5333	1.14995	2.2832999999999997	3.2666500000000003	4.4333499999999999	5.8332999999999995	7.5166500000000003	10.6333	13.3	16.466650000000001	20.266649999999998	24.833300000000001	30.333300000000001	36.933300000000003	44.833299999999994	54.3	65.7	79.366649999999993	95.7333	115.4	139.0333	167.33330000000001	201.33330000000001	242.13329999999999	94.474999999999994	90.789999999999992	89.784999999999997	88.875	88.905000000000001	88.039999999999992	86.734999999999999	85.754999999999995	86.13	82.97999999999999	80.72999999999999	78.62	75.335000000000008	74.534999999999997	71.53	68.784999999999997	64.885000000000005	61.400000000000006	55.174999999999997	48.17	42.519999999999996	35.185000000000002	24.924999999999997	14.559999999999999	4.6349999999999998	Pitch-4 (100%)	0.89802561210691256	1.5202795795510813	0.36062445840514284	1.400071426749367	0.20506096654409317	1.8314065632731604	0.24748737341528762	0.27577164466275395	0.29698484809835118	7.0710678118660789E-2	4.2426406871184409E-2	0.96166522241370422	4.949747468306355E-2	1.1596551211459383	1.6475588001646544	1.6687720036002518	0.49497474683058529	0.43840620433566269	1.0889444430272877	0.71417784899841663	0.29698484809834613	1.1455129855222053	0	1.8809040379562141	1.6829141392239848	1.7111984104714437	2.404163056034256	0.87681240867132026	0.89802561210691256	1.5202795795510813	0.36062445840514284	1.400071426749367	0.20506096654409317	1.8314065632731604	0.24748737341528762	0.27577164466275395	0.29698484809835118	7.0710678118660789E-2	4.2426406871184409E-2	0.96166522241370422	4.949747468306355E-2	1.1596551211459383	1.6475588001646544	1.6687720036002518	0.49497474683058529	0.43840620433566269	1.0889444430272877	0.71417784899841663	0.29698484809834613	1.1455129855222053	0	1.8809040379562141	1.6829141392239848	1.7111984104714437	2.404163056034256	0.87681240867132026	0	0.53334999999999999	1.0000499999999999	1.5667	2.25	3.0666500000000001	4.05	5.2167000000000003	7.3833500000000001	9.2166500000000013	11.416650000000001	14.083349999999999	17.250050000000002	21.050049999999999	25.61665	31.11665	37.716650000000001	45.61665	55.083349999999996	66.483350000000002	80.150049999999993	96.516649999999998	116.18334999999999	139.81664999999998	168.11664999999999	202.11664999999999	242.91665	291.85005000000001	90.215000000000003	87.284999999999997	85.534999999999997	86.449999999999989	86.825000000000003	86.655000000000001	85.545000000000002	82.735000000000014	82.34	81.789999999999992	81.93	80.710000000000008	79.585000000000008	76.740000000000009	73.754999999999995	72.34	69.84	67.59	64.599999999999994	60.765000000000001	56.769999999999996	53.519999999999996	46.36	42.67	33.239999999999995	25.85	12.89	3.29	Time(s)

Contact angle (°)



Pitch-3 (100%)	0.32526911934581748	2.5314422766478391	4.4618437892871166	4.009295449327726	3.4294678887547514	2.5526554800834362	2.4536605307173192	4.426488450227791	3.5213917703090094	4.2002142802480904	3.7335238046649719	2.5597265478953055	5.0416713498600805	4.1224325343175705	3.3092597359530371	4.3911331111684611	3.0829855659733467	2.4465894629054499	3.203193718775061	2.8708535316173793	1.79605122421383	3.8820162287141446	3.4931074990615354	0.86974134085945398	0.32526911934581748	2.5314422766478391	4.4618437892871166	4.009295449327726	3.4294678887547514	2.5526554800834362	2.4536605307173192	4.426488450227791	3.5213917703090094	4.2002142802480904	3.7335238046649719	2.5597265478953055	5.0416713498600805	4.1224325343175705	3.3092597359530371	4.3911331111684611	3.0829855659733467	2.4465894629054499	3.203193718775061	2.8708535316173793	1.79605122421383	3.8820162287141446	3.4931074990615354	0.86974134085945398	0	0.18330000000000002	0.38329999999999997	0.68330000000000002	0.91664999999999996	1.2332999999999998	1.7666499999999998	2.2333500000000002	2.8	3.4832999999999998	4.2999499999999999	5.2832999999999997	7.0833499999999994	8.6166499999999999	10.449950000000001	12.64995	15.316649999999999	18.483350000000002	22.283349999999999	26.84995	32.34995	38.949950000000001	46.84995	56.316649999999996	67.716650000000001	81.383350000000007	97.749949999999998	117.9	91.034999999999997	89.16	87.855000000000004	88.125	86.424999999999997	86.57	86.14500000000001	84.615000000000009	83.73	84.675000000000011	83.76	81.384999999999991	79.83	79.180000000000007	77.194999999999993	75.825000000000003	73.900000000000006	69.704999999999998	65.33	62.69	59.21	53.3	49.655000000000001	42.314999999999998	33.495000000000005	25.975000000000001	12.975000000000001	1.7250000000000001	Pitch-3 (75%) 	&	 Pitch-1 (25%)	0.37476659402887097	3.3021886681411781	0.80610173055266454	1.3293607486307062	2.9486352775479046	1.0960155108391465	1.7465537495307715	2.7082189719444756	3.8325187540310885	2.9769195487953608	4.4052752467921943	1.0960155108391465	0.34648232278140467	3.4718942956259458	1.6546298679765237	1.3505739520663034	3.7405948724768407	9.8994949366117052E-2	1.5485638507985424	1.5768481220460038	0.21213203435596725	2.1708178182427011	3.379970414071698	1.8596908345206167	1.2232947314527276	0.34648232278140717	0	0.37476659402887097	3.3021886681411781	0.80610173055266454	1.3293607486307062	2.9486352775479046	1.0960155108391465	1.7465537495307715	2.7082189719444756	3.8325187540310885	2.9769195487953608	4.4052752467921943	1.0960155108391465	0.34648232278140467	3.4718942956259458	1.6546298679765237	1.3505739520663034	3.7405948724768407	9.8994949366117052E-2	1.5485638507985424	1.5768481220460038	0.21213203435596725	2.1708178182427011	3.379970414071698	1.8596908345206167	1.2232947314527276	0.34648232278140717	0	0	0.2	0.4667	0.73340000000000005	1.1000000000000001	1.5334000000000001	2.0333999999999999	2.6667000000000001	3.4	4.3	5.3666999999999998	6.6334	8.1667000000000005	10	12.2	14.8667	18.0334	21.833400000000001	26.4	31.9	38.5	46.4	55.866700000000002	67.2667	80.933400000000006	97.3	117.1	84.334999999999994	81.294999999999987	80.97999999999999	79.12	76.844999999999999	79.055000000000007	77.875	76.814999999999998	77.28	76.974999999999994	73.675000000000011	72.175000000000011	71.275000000000006	68.625	67.22	65.375	62.035000000000004	59.27	56.174999999999997	53.905000000000001	48.3	41.385000000000005	36.49	30.094999999999999	20.365000000000002	10.755000000000001	0	Pitch-3 (25%) 	&	 Pitch-1 (75%)	2.913279938488579	3.1466251762801383	1.8243354954612914	3.7193816690412436	2.7435743110038011	1.9940411229460693	1.8031222920257042	2.3334523779156049	2.5173001410241107	3.0334880912902937	2.2627416997969543	0.90509667991878162	2.1142492757477833	4.9143921292465071	5.5154328932550785	5.572001435749991	5.140666299226198	6.1306157928873688	4.3133513652379358	3.9244426355853368	3.1466251762801387	1.9586857838867389	1.704127342659582	0.35355339059327379	0.99702056147303209	2.1142492757477784	0.44547727214752519	2.913279938488579	3.1466251762801383	1.8243354954612914	3.7193816690412436	2.7435743110038011	1.9940411229460693	1.8031222920257042	2.3334523779156049	2.5173001410241107	3.0334880912902937	2.2627416997969543	0.90509667991878162	2.1142492757477833	4.9143921292465071	5.5154328932550785	5.572001435749991	5.140666299226198	6.1306157928873688	4.3133513652379358	3.9244426355853368	3.1466251762801387	1.9586857838867389	1.704127342659582	0.35355339059327379	0.99702056147303209	2.1142492757477784	0.44547727214752519	0	0.16664999999999999	0.35	0.63334999999999997	0.93335000000000001	1.21665	1.7	2.1333500000000001	2.9166499999999997	3.6	4.4166499999999997	5.4	6.5667	8.7333499999999997	10.566649999999999	12.76665	15.433350000000001	18.600000000000001	22.4	26.966650000000001	32.466650000000001	39.066650000000003	46.966650000000001	56.433349999999997	67.833349999999996	81.5	97.866649999999993	91.61	91.14500000000001	89.240000000000009	89.949999999999989	88.08	87.4	86.844999999999999	84.199999999999989	83.95	83.664999999999992	82.82	81.16	80.064999999999998	76.64500000000001	75.72	74.16	72.504999999999995	69.724999999999994	64.44	59.704999999999998	56.484999999999999	50.504999999999995	44.534999999999997	36.89	25.914999999999999	16.265000000000001	1.7949999999999999	Pitch-1 (100%)	0.27577164466275395	2.3334523779156049	9.1923881554247966E-2	0.48790367901871617	0.45961940777125992	1.7253405460951845	1.0960155108391465	2.0435385976291229	1.0182337649086268	1.0960155108391465	0.82024386617639278	2.1566756826189679	0.55154328932550789	1.7111984104714462	2.2273863607376185	1.1101576464628748	1.2020815280171329	1.9445436482630056	0.28284271247462306	1.3293607486307111	1.2445079348883272	0.7778174593052033	1.0818733752154186	0.51618795026617748	0.19091883092037004	1.0111626970967629	0.72831998462214353	0.17677669529663689	0.27577164466275395	2.3334523779156049	9.1923881554247966E-2	0.48790367901871617	0.45961940777125992	1.7253405460951845	1.0960155108391465	2.0435385976291229	1.0182337649086268	1.0960155108391465	0.82024386617639278	2.1566756826189679	0.55154328932550789	1.7111984104714462	2.2273863607376185	1.1101576464628748	1.2020815280171329	1.9445436482630056	0.28284271247462306	1.3293607486307111	1.2445079348883272	0.7778174593052033	1.0818733752154186	0.51618795026617748	0.19091883092037004	1.0111626970967629	0.72831998462214353	0.17677669529663689	0	0.18335000000000001	0.55000000000000004	0.81664999999999999	1.1833499999999999	1.6166499999999999	2.1166499999999999	2.75	3.4833499999999997	4.3833500000000001	5.4499999999999993	6.7166499999999996	8.25	10.083349999999999	12.283349999999999	14.95	18.11665	21.916650000000001	26.483350000000002	31.983349999999998	38.583349999999996	46.483350000000002	55.95	70	85.86	81.22	79.215000000000003	79.675000000000011	79.075000000000003	78.245000000000005	76.974999999999994	76.490000000000009	74.84	74.260000000000005	73.39	71.17	69.564999999999998	68.034999999999997	65.150000000000006	62.394999999999996	58.3	54.68	49.414999999999999	42.629999999999995	36.11	28.024999999999999	17.850000000000001	2	Time(s)

Contact angle (°)



Pitch-2 (75%) 	&	 Pitch-1 (25%)	1.873832970144355	2.4890158697766545	2.5597265478953055	2.644579361637684	2.7860007178749955	2.9557063453597632	2.2203152929257595	3.0547012947258807	2.8425692603699182	2.2839549032325412	1.0182337649086268	2.0081832585697974	1.216223663640861	2.1849599538664344	2.2768838354206822	2.0506096654409918	1.2657211383239144	2.8072139213105927	1.8809040379562141	1.5273506473629452	1.7606958851545047	2.0930360723121813	0.41012193308819639	1.1455129855222053	2.5243712088359747	1.2727922061357859	1.873832970144355	2.4890158697766545	2.5597265478953055	2.644579361637684	2.7860007178749955	2.9557063453597632	2.2203152929257595	3.0547012947258807	2.8425692603699182	2.2839549032325412	1.0182337649086268	2.0081832585697974	1.216223663640861	2.1849599538664344	2.2768838354206822	2.0506096654409918	1.2657211383239144	2.8072139213105927	1.8809040379562141	1.5273506473629452	1.7606958851545047	2.0930360723121813	0.41012193308819639	1.1455129855222053	2.5243712088359747	1.2727922061357859	0	0.35	0.88335000000000008	1.2667000000000002	2.1166499999999999	2.7332999999999998	3.5	4.4000000000000004	6.0167000000000002	7.4166500000000006	10.01665	12.21665	14.88335	18.05	21.85	26.416649999999997	31.916649999999997	38.516649999999998	46.416650000000004	55.88335	67.283349999999999	80.95	97.316649999999996	116.98335	88.92	86.914999999999992	84.82	83.75	82.78	82.495000000000005	81.365000000000009	79.515000000000001	78.525000000000006	77.015000000000001	75.36	72.484999999999999	70.134999999999991	68.125	64.5	61.265000000000001	57.174999999999997	51.465000000000003	46.295000000000002	39.965000000000003	32.995000000000005	23.524999999999999	13.05	2.2000000000000002	Pitch-2 (25%) 	&	 Pitch-1 (75%)	1.873832970144355	2.4890158697766545	2.5597265478953055	2.644579361637684	2.7860007178749955	2.9557063453597632	2.2203152929257595	3.0547012947258807	2.8425692603699182	2.2839549032325412	1.0182337649086268	2.0081832585697974	1.216223663640861	2.1849599538664344	2.2768838354206822	2.0506096654409918	1.2657211383239144	2.8072139213105927	1.8809040379562141	1.5273506473629452	1.7606958851545047	2.0930360723121813	0.41012193308819639	1.1455129855222053	2.5243712088359747	1.2727922061357859	1.873832970144355	2.4890158697766545	2.5597265478953055	2.644579361637684	2.7860007178749955	2.9557063453597632	2.2203152929257595	3.0547012947258807	2.8425692603699182	2.2839549032325412	1.0182337649086268	2.0081832585697974	1.216223663640861	2.1849599538664344	2.2768838354206822	2.0506096654409918	1.2657211383239144	2.8072139213105927	1.8809040379562141	1.5273506473629452	1.7606958851545047	2.0930360723121813	0.41012193308819639	1.1455129855222053	2.5243712088359747	1.2727922061357859	0	0.16664999999999999	0.35	0.55000000000000004	0.85000000000000009	1.0832999999999999	1.4	1.9333	2.4	2.9666999999999999	3.65	4.4666499999999996	5.45	6.6166499999999999	8.7833500000000004	10.61665	12.816649999999999	15.48335	22.45	27.016649999999998	32.516649999999998	39.11665	47.016649999999998	56.483350000000002	67.883350000000007	81.55	99	89.015000000000001	88.67	87.78	86.509999999999991	86.05	86.210000000000008	85.41	83.31	82.84	82.204999999999998	82.34	80.260000000000005	80.05	78.534999999999997	76.31	74.66	71.905000000000001	68.655000000000001	61.67	58.989999999999995	54.745000000000005	48.489999999999995	43.5	35.049999999999997	25.785	15.76	0	Pitch-2 (100%)	0.89095454429504339	0.5303300858899106	0.59396969619670237	0.59396969619670237	0.23334523779155947	1.1879393923933945	0.74246212024587288	1.0606601717798212	3.5355339059325371E-2	0.65760930650348393	1.4919953083036248	1.0677312395916903	0.55154328932550789	1.1596551211459383	0.9475230867899761	0.77074639149333923	1.3152186130069781	0.33941125496954561	2.4253762594698576	0.74953318805774194	0.29698484809835118	0.90509667991878162	1.35764501987817	0.45961940777125487	0.62932503525602768	0.89095454429504339	0.5303300858899106	0.59396969619670237	0.59396969619670237	0.23334523779155947	1.1879393923933945	0.74246212024587288	1.0606601717798212	3.5355339059325371E-2	0.65760930650348393	1.4919953083036248	1.0677312395916903	0.55154328932550789	1.1596551211459383	0.9475230867899761	0.77074639149333923	1.3152186130069781	0.33941125496954561	2.4253762594698576	0.74953318805774194	0.29698484809835118	0.90509667991878162	1.35764501987817	0.45961940777125487	0.62932503525602768	0	0.2	0.45	0.74994999999999989	1.1666500000000002	1.5166500000000001	2.1666499999999997	2.7333499999999997	3.4166499999999997	4.2332999999999998	5.2166499999999996	6.3833000000000002	8.5500000000000007	10.3833	12.583299999999999	15.25	18.416650000000001	22.216650000000001	26.783299999999997	32.283299999999997	38.883299999999998	46.783299999999997	56.25	67.650000000000006	85	89.42	88.004999999999995	86.31	85.87	86.094999999999999	85.47999999999999	85.14500000000001	85.34	82.925000000000011	83.275000000000006	81.625	81.254999999999995	78.59	75.830000000000013	74.3	71.924999999999997	70.300000000000011	66.539999999999992	60.564999999999998	55.29	48.07	40.85	32.479999999999997	19.734999999999999	2	Pitch-1 (100%)	0.32526911934581748	2.5314422766478391	4.4618437892871166	4.009295449327726	3.4294678887547514	2.5526554800834362	2.4536605307173192	4.426488450227791	3.5213917703090094	4.2002142802480904	3.7335238046649719	2.5597265478953055	5.0416713498600805	4.1224325343175705	3.3092597359530371	4.3911331111684611	3.0829855659733467	2.4465894629054499	3.203193718775061	2.8708535316173793	1.79605122421383	3.8820162287141446	3.4931074990615354	0.86974134085945398	0.32526911934581748	2.5314422766478391	4.4618437892871166	4.009295449327726	3.4294678887547514	2.5526554800834362	2.4536605307173192	4.426488450227791	3.5213917703090094	4.2002142802480904	3.7335238046649719	2.5597265478953055	5.0416713498600805	4.1224325343175705	3.3092597359530371	4.3911331111684611	3.0829855659733467	2.4465894629054499	3.203193718775061	2.8708535316173793	1.79605122421383	3.8820162287141446	3.4931074990615354	0.86974134085945398	0	0.18335000000000001	0.55000000000000004	0.81664999999999999	1.1833499999999999	1.6166499999999999	2.1166499999999999	2.75	3.4833499999999997	4.3833500000000001	5.4499999999999993	6.7166499999999996	8.25	10.083349999999999	12.283349999999999	14.95	18.11665	21.916650000000001	26.483350000000002	31.983349999999998	38.583349999999996	46.483350000000002	55.95	70	85.86	81.22	79.215000000000003	79.675000000000011	79.075000000000003	78.245000000000005	76.974999999999994	76.490000000000009	74.84	74.260000000000005	73.39	71.17	69.564999999999998	68.034999999999997	65.150000000000006	62.394999999999996	58.3	54.68	49.414999999999999	42.629999999999995	36.11	28.024999999999999	17.850000000000001	2	Time(s)

Contact angle (°)



Pitch-1 (100%)	0.32526911934581748	2.5314422766478391	4.4618437892871166	4.009295449327726	3.4294678887547514	2.5526554800834362	2.4536605307173192	4.426488450227791	3.5213917703090094	4.2002142802480904	3.7335238046649719	2.5597265478953055	5.0416713498600805	4.1224325343175705	3.3092597359530371	4.3911331111684611	3.0829855659733467	2.4465894629054499	3.203193718775061	2.8708535316173793	1.79605122421383	3.8820162287141446	3.4931074990615354	0.86974134085945398	0.32526911934581748	2.5314422766478391	4.4618437892871166	4.009295449327726	3.4294678887547514	2.5526554800834362	2.4536605307173192	4.426488450227791	3.5213917703090094	4.2002142802480904	3.7335238046649719	2.5597265478953055	5.0416713498600805	4.1224325343175705	3.3092597359530371	4.3911331111684611	3.0829855659733467	2.4465894629054499	3.203193718775061	2.8708535316173793	1.79605122421383	3.8820162287141446	3.4931074990615354	0.86974134085945398	0	0.18335000000000001	0.55000000000000004	0.81664999999999999	1.1833499999999999	1.6166499999999999	2.1166499999999999	2.75	3.4833499999999997	4.3833500000000001	5.4499999999999993	6.7166499999999996	8.25	10.083349999999999	12.283349999999999	14.95	18.11665	21.916650000000001	26.483350000000002	31.983349999999998	38.583349999999996	46.483350000000002	55.95	70	85.86	81.22	79.215000000000003	79.675000000000011	79.075000000000003	78.245000000000005	76.974999999999994	76.490000000000009	74.84	74.260000000000005	73.39	71.17	69.564999999999998	68.034999999999997	65.150000000000006	62.394999999999996	58.3	54.68	49.414999999999999	42.629999999999995	36.11	28.024999999999999	17.850000000000001	2	Pitch-1 (75%) 	&	 Pitch-4 (25%)	1.873832970144355	2.4890158697766545	2.5597265478953055	2.644579361637684	2.7860007178749955	2.9557063453597632	2.2203152929257595	3.0547012947258807	2.8425692603699182	2.2839549032325412	1.0182337649086268	2.0081832585697974	1.216223663640861	2.1849599538664344	2.2768838354206822	2.0506096654409918	1.2657211383239144	2.8072139213105927	1.8809040379562141	1.5273506473629452	1.7606958851545047	2.0930360723121813	0.41012193308819639	1.873832970144355	2.4890158697766545	2.5597265478953055	2.644579361637684	2.7860007178749955	2.9557063453597632	2.2203152929257595	3.0547012947258807	2.8425692603699182	2.2839549032325412	1.0182337649086268	2.0081832585697974	1.216223663640861	2.1849599538664344	2.2768838354206822	2.0506096654409918	1.2657211383239144	2.8072139213105927	1.8809040379562141	1.5273506473629452	1.7606958851545047	2.0930360723121813	0.41012193308819639	0	0.16664999999999999	0.35	0.55000000000000004	0.85000000000000009	1.0832999999999999	1.4	1.9333	2.4	2.9666999999999999	3.65	4.4666499999999996	5.45	6.6166499999999999	8.7833500000000004	10.61665	12.816649999999999	15.48335	22.45	27.016649999999998	32.516649999999998	39.11665	47.016649999999998	56.483350000000002	67.883350000000007	81.55	98	89.015000000000001	88.67	87.78	86.509999999999991	86.05	86.210000000000008	85.41	83.31	82.84	82.204999999999998	82.34	80.260000000000005	80.05	78.534999999999997	76.31	74.66	71.905000000000001	68.655000000000001	61.67	58.989999999999995	54.745000000000005	48.489999999999995	43.5	35.049999999999997	25.785	15.76	1	Pitch-1 (25%) 	&	 Pitch-4 (75%)	0.88388347648318444	0.98287842584930141	3.2314779900225172	1.7960512242138351	1.9304015126392675	2.1425335469952396	0.20506096654409317	0.86974134085944621	3.0052038200428268	0.77781745930520829	2.1566756826189679	9.8994949366117052E-2	0.19091883092036502	2.2698127676088231	9.8994949366117052E-2	1.7465537495307817	1.2657211383239246	3.0334880912902884	3.1678383797157355	4.0163665171395895	5.5154328932550731	4.5537676708413697	4.0305086527633209	2.8284271247461903	2.1920310216782988	1.7889801564019645	0.88388347648318444	0.98287842584930141	3.2314779900225172	1.7960512242138351	1.9304015126392675	2.1425335469952396	0.20506096654409317	0.86974134085944621	3.0052038200428268	0.77781745930520829	2.1566756826189679	9.8994949366117052E-2	0.19091883092036502	2.2698127676088231	9.8994949366117052E-2	1.7465537495307817	1.2657211383239246	3.0334880912902884	3.1678383797157355	4.0163665171395895	5.5154328932550731	4.5537676708413697	4.0305086527633209	2.8284271247461903	2.1920310216782988	1.7889801564019645	0	0.45005000000000001	0.9667	1.55	2.3166500000000001	3.3333500000000003	4.2333499999999997	5.3167	7.25	8.9333500000000008	10.95	13.38335	16.300049999999999	19.783349999999999	23.966650000000001	31.75	38.349999999999994	46.25	55.716700000000003	67.116700000000009	80.783349999999999	97.15	116.8167	140.44999999999999	168.75	202.75	92.754999999999995	90.935000000000002	89.015000000000001	88.4	88.734999999999999	86.534999999999997	86.125	84.405000000000001	82.515000000000001	81.88	80.944999999999993	78.210000000000008	76.365000000000009	73.954999999999998	70.41	67.055000000000007	63.115000000000002	58.814999999999998	55.07	49.61	43.34	36.980000000000004	28.689999999999998	19.670000000000002	9.75	1.665	Pitch-4 (100%)	0.89802561210691256	1.5202795795510813	0.36062445840514284	1.400071426749367	0.20506096654409317	1.8314065632731604	0.24748737341528762	0.27577164466275395	0.29698484809835118	7.0710678118660789E-2	4.2426406871184409E-2	0.96166522241370422	4.949747468306355E-2	1.1596551211459383	1.6475588001646544	1.6687720036002518	0.49497474683058529	0.43840620433566269	1.0889444430272877	0.71417784899841663	0.29698484809834613	1.1455129855222053	0	1.8809040379562141	1.6829141392239848	1.7111984104714437	2.404163056034256	0.87681240867132026	0.89802561210691256	1.5202795795510813	0.36062445840514284	1.400071426749367	0.20506096654409317	1.8314065632731604	0.24748737341528762	0.27577164466275395	0.29698484809835118	7.0710678118660789E-2	4.2426406871184409E-2	0.96166522241370422	4.949747468306355E-2	1.1596551211459383	1.6475588001646544	1.6687720036002518	0.49497474683058529	0.43840620433566269	1.0889444430272877	0.71417784899841663	0.29698484809834613	1.1455129855222053	0	1.8809040379562141	1.6829141392239848	1.7111984104714437	2.404163056034256	0.87681240867132026	0	0.53334999999999999	1.0000499999999999	1.5667	2.25	3.0666500000000001	4.05	5.2167000000000003	7.3833500000000001	9.2166500000000013	11.416650000000001	14.083349999999999	17.250050000000002	21.050049999999999	25.61665	31.11665	37.716650000000001	45.61665	55.083349999999996	66.483350000000002	80.150049999999993	96.516649999999998	116.18334999999999	139.81664999999998	168.11664999999999	202.11664999999999	242.91665	291.85005000000001	90.215000000000003	87.284999999999997	85.534999999999997	86.449999999999989	86.825000000000003	86.655000000000001	85.545000000000002	82.735000000000014	82.34	81.789999999999992	81.93	80.710000000000008	79.585000000000008	76.740000000000009	73.754999999999995	72.34	69.84	67.59	64.599999999999994	60.765000000000001	56.769999999999996	53.519999999999996	46.36	42.67	33.239999999999995	25.85	12.89	3.29	Time(s)

Contact angle (°)
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CPS

N1s	408.7	408.6	408.5	408.4	408.3	408.2	408.1	408	407.9	407.8	407.7	407.6	407.5	407.4	407.3	407.2	407.1	407	406.9	406.8	406.7	406.6	406.5	406.4	406.3	406.2	406.1	406	405.9	405.8	405.7	405.6	405.5	405.4	405.3	405.2	405.1	405	404.9	404.8	404.7	404.6	404.5	404.4	404.3	404.2	404.1	404	403.9	403.8	403.7	403.6	403.5	403.4	403.3	403.2	403.1	403	402.9	402.8	402.7	402.6	402.5	402.4	402.3	402.2	402.1	402	401.9	401.8	401.7	401.6	401.5	401.4	401.3	401.2	401.1	401	400.9	400.8	400.7	400.6	400.5	400.4	400.3	400.2	400.1	400	399.9	399.8	399.7	399.6	399.5	399.4	399.3	399.2	399.1	399	398.9	398.8	398.7	398.6	398.5	398.4	398.3	398.2	398.1	398	397.9	397.8	397.7	397.6	397.5	397.4	397.3	397.2	397.1	397	396.9	396.8	396.7	396.6	396.5	396.4	396.3	396.2	396.1	396	395.9	395.8	395.7	395.6	395.5	395.4	395.3	395.2	395.1	395	394.9	394.8	394.7	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.93799999999999	167.01599999999999	167.12899999999999	167.28299999999999	167.511	167.82599999999999	168.25200000000001	168.81299999999999	169.535	170.446	171.56	172.88900000000001	174.41800000000001	176.14	177.99199999999999	179.91900000000001	181.828	183.625	185.22399999999999	186.55500000000001	187.54900000000001	188.142	188.27699999999999	187.892	186.93899999999999	185.48500000000001	183.744	182.03700000000001	180.715	180.09899999999999	180.29499999999999	181.191	182.452	183.58600000000001	184.066	183.53399999999999	181.94300000000001	179.553	176.78399999999999	174.066	171.7	169.822	168.45400000000001	167.50899999999999	166.91	166.54599999999999	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	166.33600000000001	NR3/C-N	408.7	408.6	408.5	408.4	408.3	408.2	408.1	408	407.9	407.8	407.7	407.6	407.5	407.4	407.3	407.2	407.1	407	406.9	406.8	406.7	406.6	406.5	406.4	406.3	406.2	406.1	406	405.9	405.8	405.7	405.6	405.5	405.4	405.3	405.2	405.1	405	404.9	404.8	404.7	404.6	404.5	404.4	404.3	404.2	404.1	404	403.9	403.8	403.7	403.6	403.5	403.4	403.3	403.2	403.1	403	402.9	402.8	402.7	402.6	402.5	402.4	402.3	402.2	402.1	402	401.9	401.8	401.7	401.6	401.5	401.4	401.3	401.2	401.1	401	400.9	400.8	400.7	400.6	400.5	400.4	400.3	400.2	400.1	400	399.9	399.8	399.7	399.6	399.5	399.4	399.3	399.2	399.1	399	398.9	398.8	398.7	398.6	398.5	398.4	398.3	398.2	398.1	398	397.9	397.8	397.7	397.6	397.5	397.4	397.3	397.2	397.1	397	396.9	396.8	396.7	396.6	396.5	396.4	396.3	396.2	396.1	396	395.9	395.8	395.7	395.6	395.5	395.4	395.3	395.2	395.1	395	394.9	394.8	394.7	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.791	166.79	166.78700000000001	166.77699999999999	166.77600000000001	166.773	166.77099999999999	166.77	166.77	166.767	166.76300000000001	166.762	166.756	166.76499999999999	166.78800000000001	166.85400000000001	166.977	167.197	167.55099999999999	168.077	168.77500000000001	169.62100000000001	170.49700000000001	171.24199999999999	171.661	171.637	171.17400000000001	170.386	169.453	168.56	167.816	167.24600000000001	166.84200000000001	166.577	166.40799999999999	166.303	166.24100000000001	166.202	166.17599999999999	166.15799999999999	166.14099999999999	166.12700000000001	166.11799999999999	166.10599999999999	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	166.10400000000001	Pyridine	408.7	408.6	408.5	408.4	408.3	408.2	408.1	408	407.9	407.8	407.7	407.6	407.5	407.4	407.3	407.2	407.1	407	406.9	406.8	406.7	406.6	406.5	406.4	406.3	406.2	406.1	406	405.9	405.8	405.7	405.6	405.5	405.4	405.3	405.2	405.1	405	404.9	404.8	404.7	404.6	404.5	404.4	404.3	404.2	404.1	404	403.9	403.8	403.7	403.6	403.5	403.4	403.3	403.2	403.1	403	402.9	402.8	402.7	402.6	402.5	402.4	402.3	402.2	402.1	402	401.9	401.8	401.7	401.6	401.5	401.4	401.3	401.2	401.1	401	400.9	400.8	400.7	400.6	400.5	400.4	400.3	400.2	400.1	400	399.9	399.8	399.7	399.6	399.5	399.4	399.3	399.2	399.1	399	398.9	398.8	398.7	398.6	398.5	398.4	398.3	398.2	398.1	398	397.9	397.8	397.7	397.6	397.5	397.4	397.3	397.2	397.1	397	396.9	396.8	396.7	396.6	396.5	396.4	396.3	396.2	396.1	396	395.9	395.8	395.7	395.6	395.5	395.4	395.3	395.2	395.1	395	394.9	394.8	394.7	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.79300000000001	166.791	166.79	166.78700000000001	166.77699999999999	166.77600000000001	166.773	166.77099999999999	166.77	166.77	166.76599999999999	166.76	166.75399999999999	166.738	166.726	166.70599999999999	166.69	166.66900000000001	166.64699999999999	166.624	166.60499999999999	166.58600000000001	166.589	166.61600000000001	166.702	166.87799999999999	167.209	167.77600000000001	168.66900000000001	169.96799999999999	171.75800000000001	174.01599999999999	176.58099999999999	179.13499999999999	181.23500000000001	182.422	182.398	181.16900000000001	179.029	176.435	173.83699999999999	171.55099999999999	169.727	168.393	167.471	166.88800000000001	166.53200000000001	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	166.328	Pyrrole	408.7	408.6	408.5	408.4	408.3	408.2	408.1	408	407.9	407.8	407.7	407.6	407.5	407.4	407.3	407.2	407.1	407	406.9	406.8	406.7	406.6	406.5	406.4	406.3	406.2	406.1	406	405.9	405.8	405.7	405.6	405.5	405.4	405.3	405.2	405.1	405	404.9	404.8	404.7	404.6	404.5	404.4	404.3	404.2	404.1	404	403.9	403.8	403.7	403.6	403.5	403.4	403.3	403.2	403.1	403	402.9	402.8	402.7	402.6	402.5	402.4	402.3	402.2	402.1	402	401.9	401.8	401.7	401.6	401.5	401.4	401.3	401.2	401.1	401	400.9	400.8	400.7	400.6	400.5	400.4	400.3	400.2	400.1	400	399.9	399.8	399.7	399.6	399.5	399.4	399.3	399.2	399.1	399	398.9	398.8	398.7	398.6	398.5	398.4	398.3	398.2	398.1	398	397.9	397.8	397.7	397.6	397.5	397.4	397.3	397.2	397.1	397	396.9	396.8	396.7	396.6	396.5	396.4	396.3	396.2	396.1	396	395.9	395.8	395.7	395.6	395.5	395.4	395.3	395.2	395.1	395	394.9	394.8	394.7	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.88800000000001	166.93799999999999	167.01599999999999	167.12899999999999	167.28299999999999	167.511	167.82599999999999	168.25200000000001	168.81200000000001	169.535	170.44499999999999	171.55699999999999	172.881	174.4	176.101	177.91	179.755	181.51900000000001	183.072	184.28700000000001	185.06200000000001	185.31200000000001	185.00299999999999	184.172	182.904	181.30099999999999	179.49100000000001	177.614	175.768	174.029	172.47399999999999	171.131	169.99299999999999	169.05600000000001	168.31	167.72399999999999	167.273	166.93700000000001	166.69	166.51	166.381	166.28700000000001	166.22200000000001	166.178	166.143	166.12700000000001	166.11799999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	166.11199999999999	Binding Energy (eV)
Intensity (CPS)

C1s	293.25400000000002	293.154	293.05399999999997	292.95400000000001	292.85399999999998	292.75400000000002	292.654	292.55399999999997	292.45400000000001	292.35399999999998	292.25400000000002	292.154	292.05399999999997	291.95400000000001	291.85399999999998	291.75400000000002	291.654	291.55399999999997	291.45400000000001	291.35399999999998	291.25400000000002	291.154	291.05399999999997	290.95400000000001	290.85399999999998	290.75400000000002	290.654	290.55399999999997	290.45400000000001	290.35399999999998	290.25400000000002	290.154	290.05399999999997	289.95400000000001	289.85399999999998	289.75400000000002	289.654	289.55399999999997	289.45400000000001	289.35399999999998	289.25400000000002	289.154	289.05399999999997	288.95400000000001	288.85399999999998	288.75400000000002	288.654	288.55399999999997	288.45400000000001	288.35399999999998	288.25400000000002	288.154	288.05399999999997	287.95400000000001	287.85399999999998	287.75400000000002	287.654	287.55399999999997	287.45400000000001	287.35399999999998	287.25400000000002	287.154	287.05399999999997	286.95400000000001	286.85399999999998	286.75400000000002	286.654	286.55399999999997	286.45400000000001	286.35399999999998	286.25400000000002	286.154	286.05399999999997	285.95400000000001	285.85399999999998	285.75400000000002	285.654	285.55399999999997	285.45400000000001	285.35399999999998	285.25400000000002	285.154	285.05399999999997	284.95400000000001	284.85399999999998	284.75400000000002	284.654	284.55399999999997	284.45400000000001	284.35399999999998	284.25400000000002	284.154	284.05399999999997	283.95400000000001	283.85399999999998	283.75400000000002	283.654	283.55399999999997	283.45400000000001	283.35399999999998	283.25400000000002	283.154	283.05399999999997	282.95400000000001	282.85399999999998	282.75400000000002	282.654	282.55399999999997	282.45400000000001	282.35399999999998	282.25400000000002	282.154	282.05399999999997	281.95400000000001	281.85399999999998	281.75400000000002	281.654	281.55399999999997	281.45400000000001	281.35399999999998	281.25400000000002	281.154	281.05399999999997	280.95400000000001	280.85399999999998	280.75400000000002	280.654	280.55399999999997	280.45400000000001	280.35399999999998	280.25400000000002	280.154	280.05399999999997	279.95400000000001	279.85399999999998	279.75400000000002	279.654	279.55399999999997	279.45400000000001	279.35399999999998	279.25400000000002	93.333299999999994	110.833	110.833	130	125	119.167	117.5	126.667	135	121.667	105.833	114.167	126.667	130.833	133.333	127.5	135.833	149.167	135	145.833	132.5	150.833	145	130.833	140	132.5	143.333	133.333	143.333	135.833	150	144.167	143.333	134.167	132.5	138.333	127.5	140.833	129.167	134.167	130	139.167	122.5	137.5	141.667	143.333	135.833	134.167	134.167	119.167	129.16800000000001	132.50299999999999	121.67400000000001	129.18199999999999	140.03200000000001	135.89699999999999	138.45699999999999	143.26	143.44800000000001	143.74299999999999	144.29400000000001	145.14599999999999	146.571	148.74	151.99700000000001	156.643	163.16	171.85599999999999	183.25299999999999	197.636	215.21700000000001	235.90700000000001	259.39299999999997	285.86599999999999	315.21600000000001	348.28199999999998	386.71199999999999	432.50900000000001	487.91899999999998	555.54499999999996	636.97900000000004	734.54300000000001	850.62099999999998	987.81100000000004	1148.32	1330.85	1526.83	1718.19	1878.11	1976.44	1987.59	1902.31	1729.86	1495.19	1230.8699999999999	967.95600000000002	729.90800000000002	530.63400000000001	373.68099999999998	256.64800000000002	173.43	116.848	79.957400000000007	56.920999999999999	43.006900000000002	34.914499999999997	30.330400000000001	27.871600000000001	26.582799999999999	25.9161	25.591799999999999	25.4237	25.3306	25.299299999999999	25.285900000000002	25.0031	16.6678	15.000400000000001	15.833500000000001	12.5	17.5	16.666699999999999	20.833300000000001	19.166699999999999	15	18.333300000000001	17.5	15.833299999999999	8.3333300000000001	12.5	15	10	10	10	13.333299999999999	12.5	12.5	13.333299999999999	6.6666699999999999	10.833299999999999	10	C-N/C-O/C-S/C=O/CSO2/COOH	293.25400000000002	293.154	293.05399999999997	292.95400000000001	292.85399999999998	292.75400000000002	292.654	292.55399999999997	292.45400000000001	292.35399999999998	292.25400000000002	292.154	292.05399999999997	291.95400000000001	291.85399999999998	291.75400000000002	291.654	291.55399999999997	291.45400000000001	291.35399999999998	291.25400000000002	291.154	291.05399999999997	290.95400000000001	290.85399999999998	290.75400000000002	290.654	290.55399999999997	290.45400000000001	290.35399999999998	290.25400000000002	290.154	290.05399999999997	289.95400000000001	289.85399999999998	289.75400000000002	289.654	289.55399999999997	289.45400000000001	289.35399999999998	289.25400000000002	289.154	289.05399999999997	288.95400000000001	288.85399999999998	288.75400000000002	288.654	288.55399999999997	288.45400000000001	288.35399999999998	288.25400000000002	288.154	288.05399999999997	287.95400000000001	287.85399999999998	287.75400000000002	287.654	287.55399999999997	287.45400000000001	287.35399999999998	287.25400000000002	287.154	287.05399999999997	286.95400000000001	286.85399999999998	286.75400000000002	286.654	286.55399999999997	286.45400000000001	286.35399999999998	286.25400000000002	286.154	286.05399999999997	285.95400000000001	285.85399999999998	285.75400000000002	285.654	285.55399999999997	285.45400000000001	285.35399999999998	285.25400000000002	285.154	285.05399999999997	284.95400000000001	284.85399999999998	284.75400000000002	284.654	284.55399999999997	284.45400000000001	284.35399999999998	284.25400000000002	284.154	284.05399999999997	283.95400000000001	283.85399999999998	283.75400000000002	283.654	283.55399999999997	283.45400000000001	283.35399999999998	283.25400000000002	283.154	283.05399999999997	282.95400000000001	282.85399999999998	282.75400000000002	282.654	282.55399999999997	282.45400000000001	282.35399999999998	282.25400000000002	282.154	282.05399999999997	281.95400000000001	281.85399999999998	281.75400000000002	281.654	281.55399999999997	281.45400000000001	281.35399999999998	281.25400000000002	281.154	281.05399999999997	280.95400000000001	280.85399999999998	280.75400000000002	280.654	280.55399999999997	280.45400000000001	280.35399999999998	280.25400000000002	280.154	280.05399999999997	279.95400000000001	279.85399999999998	279.75400000000002	279.654	279.55399999999997	279.45400000000001	279.35399999999998	279.25400000000002	93.333299999999994	110.833	110.833	130	125	119.167	117.5	126.667	135	121.667	105.833	114.167	126.667	130.833	133.333	127.5	135.833	149.167	135	145.833	132.5	150.833	145	130.833	140	132.5	143.333	133.333	143.333	135.833	150	144.167	143.333	134.167	132.5	138.333	127.5	140.833	129.167	134.167	130	139.167	122.5	137.5	141.667	143.333	135.833	134.167	134.167	119.167	129.16800000000001	132.50299999999999	121.67400000000001	129.18199999999999	140.03200000000001	135.89699999999999	138.45699999999999	143.25899999999999	143.446	143.738	144.28200000000001	145.119	146.51300000000001	148.61600000000001	151.744	156.13900000000001	162.18299999999999	170.023	179.92099999999999	191.739	205.095	219.065	232.17699999999999	243.12	250.10599999999999	252.053	248.505	239.78899999999999	226.84899999999999	211.423	194.70099999999999	178.23400000000001	162.79	148.625	135.61699999999999	123.788	112.809	102.254	91.8797	81.852199999999996	72.236800000000002	63.319600000000001	55.332599999999999	48.395400000000002	42.605600000000003	37.886299999999999	34.153100000000002	31.514199999999999	29.612300000000001	28.314299999999999	27.352699999999999	26.667400000000001	26.198499999999999	25.924199999999999	25.701699999999999	25.572600000000001	25.4543	25.411000000000001	25.3827	25.3504	25.333100000000002	25.309100000000001	25.281500000000001	25.279	25.277799999999999	25	16.666699999999999	15	15.833299999999999	12.5	17.5	16.666699999999999	20.833300000000001	19.166699999999999	15	18.333300000000001	17.5	15.833299999999999	8.3333300000000001	12.5	15	10	10	10	13.333299999999999	12.5	12.5	13.333299999999999	6.6666699999999999	10.833299999999999	10	C-C	293.25400000000002	293.154	293.05399999999997	292.95400000000001	292.85399999999998	292.75400000000002	292.654	292.55399999999997	292.45400000000001	292.35399999999998	292.25400000000002	292.154	292.05399999999997	291.95400000000001	291.85399999999998	291.75400000000002	291.654	291.55399999999997	291.45400000000001	291.35399999999998	291.25400000000002	291.154	291.05399999999997	290.95400000000001	290.85399999999998	290.75400000000002	290.654	290.55399999999997	290.45400000000001	290.35399999999998	290.25400000000002	290.154	290.05399999999997	289.95400000000001	289.85399999999998	289.75400000000002	289.654	289.55399999999997	289.45400000000001	289.35399999999998	289.25400000000002	289.154	289.05399999999997	288.95400000000001	288.85399999999998	288.75400000000002	288.654	288.55399999999997	288.45400000000001	288.35399999999998	288.25400000000002	288.154	288.05399999999997	287.95400000000001	287.85399999999998	287.75400000000002	287.654	287.55399999999997	287.45400000000001	287.35399999999998	287.25400000000002	287.154	287.05399999999997	286.95400000000001	286.85399999999998	286.75400000000002	286.654	286.55399999999997	286.45400000000001	286.35399999999998	286.25400000000002	286.154	286.05399999999997	285.95400000000001	285.85399999999998	285.75400000000002	285.654	285.55399999999997	285.45400000000001	285.35399999999998	285.25400000000002	285.154	285.05399999999997	284.95400000000001	284.85399999999998	284.75400000000002	284.654	284.55399999999997	284.45400000000001	284.35399999999998	284.25400000000002	284.154	284.05399999999997	283.95400000000001	283.85399999999998	283.75400000000002	283.654	283.55399999999997	283.45400000000001	283.35399999999998	283.25400000000002	283.154	283.05399999999997	282.95400000000001	282.85399999999998	282.75400000000002	282.654	282.55399999999997	282.45400000000001	282.35399999999998	282.25400000000002	282.154	282.05399999999997	281.95400000000001	281.85399999999998	281.75400000000002	281.654	281.55399999999997	281.45400000000001	281.35399999999998	281.25400000000002	281.154	281.05399999999997	280.95400000000001	280.85399999999998	280.75400000000002	280.654	280.55399999999997	280.45400000000001	280.35399999999998	280.25400000000002	280.154	280.05399999999997	279.95400000000001	279.85399999999998	279.75400000000002	279.654	279.55399999999997	279.45400000000001	279.35399999999998	279.25400000000002	93.333299999999994	110.833	110.833	130	125	119.167	117.5	126.667	135	121.667	105.833	114.167	126.667	130.833	133.333	127.5	135.833	149.167	135	145.833	132.5	150.833	145	130.833	140	132.5	143.333	133.333	143.333	135.833	150	144.167	143.333	134.167	132.5	138.333	127.5	140.833	129.167	134.167	130	139.167	122.5	137.5	141.667	143.333	135.833	134.167	134.167	119.167	129.167	132.5	121.667	129.167	140	135.833	138.334	143.029	143.024	142.99100000000001	142.988	142.952	142.971	143.01499999999999	143.12299999999999	143.31700000000001	143.69999999999999	144.35300000000001	145.57599999999999	147.791	151.56299999999999	157.631	166.82900000000001	180.589	199.93799999999999	225.89400000000001	259.27999999999997	299.339	344.125	390.19299999999998	431.89299999999997	463.50200000000001	479.49	476.01400000000001	453	413.82499999999999	363.64100000000002	308.47699999999998	253.7	203.42500000000001	160.035	124.378	96.272900000000007	74.926400000000001	59.258400000000002	47.994999999999997	40.087600000000002	34.901899999999998	31.484999999999999	29.315899999999999	27.872399999999999	26.929600000000001	26.3264	25.984500000000001	25.729399999999998	25.584900000000001	25.459599999999998	25.4132	25.383600000000001	25.3507	25.333200000000001	25.309200000000001	25.281600000000001	25.279	25.277799999999999	25	16.666699999999999	15	15.833299999999999	12.5	17.5	16.666699999999999	20.833300000000001	19.166699999999999	15	18.333300000000001	17.5	15.833299999999999	8.3333300000000001	12.5	15	10	10	10	13.333299999999999	12.5	12.5	13.333299999999999	6.6666699999999999	10.833299999999999	10	C=C	293.25400000000002	293.154	293.05399999999997	292.95400000000001	292.85399999999998	292.75400000000002	292.654	292.55399999999997	292.45400000000001	292.35399999999998	292.25400000000002	292.154	292.05399999999997	291.95400000000001	291.85399999999998	291.75400000000002	291.654	291.55399999999997	291.45400000000001	291.35399999999998	291.25400000000002	291.154	291.05399999999997	290.95400000000001	290.85399999999998	290.75400000000002	290.654	290.55399999999997	290.45400000000001	290.35399999999998	290.25400000000002	290.154	290.05399999999997	289.95400000000001	289.85399999999998	289.75400000000002	289.654	289.55399999999997	289.45400000000001	289.35399999999998	289.25400000000002	289.154	289.05399999999997	288.95400000000001	288.85399999999998	288.75400000000002	288.654	288.55399999999997	288.45400000000001	288.35399999999998	288.25400000000002	288.154	288.05399999999997	287.95400000000001	287.85399999999998	287.75400000000002	287.654	287.55399999999997	287.45400000000001	287.35399999999998	287.25400000000002	287.154	287.05399999999997	286.95400000000001	286.85399999999998	286.75400000000002	286.654	286.55399999999997	286.45400000000001	286.35399999999998	286.25400000000002	286.154	286.05399999999997	285.95400000000001	285.85399999999998	285.75400000000002	285.654	285.55399999999997	285.45400000000001	285.35399999999998	285.25400000000002	285.154	285.05399999999997	284.95400000000001	284.85399999999998	284.75400000000002	284.654	284.55399999999997	284.45400000000001	284.35399999999998	284.25400000000002	284.154	284.05399999999997	283.95400000000001	283.85399999999998	283.75400000000002	283.654	283.55399999999997	283.45400000000001	283.35399999999998	283.25400000000002	283.154	283.05399999999997	282.95400000000001	282.85399999999998	282.75400000000002	282.654	282.55399999999997	282.45400000000001	282.35399999999998	282.25400000000002	282.154	282.05399999999997	281.95400000000001	281.85399999999998	281.75400000000002	281.654	281.55399999999997	281.45400000000001	281.35399999999998	281.25400000000002	281.154	281.05399999999997	280.95400000000001	280.85399999999998	280.75400000000002	280.654	280.55399999999997	280.45400000000001	280.35399999999998	280.25400000000002	280.154	280.05399999999997	279.95400000000001	279.85399999999998	279.75400000000002	279.654	279.55399999999997	279.45400000000001	279.35399999999998	279.25400000000002	93.333299999999994	110.833	110.833	130	125	119.167	117.5	126.667	135	121.667	105.833	114.167	126.667	130.833	133.333	127.5	135.833	149.167	135	145.833	132.5	150.833	145	130.833	140	132.5	143.333	133.333	143.333	135.833	150	144.167	143.333	134.167	132.5	138.333	127.5	140.833	129.167	134.167	130	139.167	122.5	137.5	141.667	143.333	135.833	134.167	134.167	119.167	129.167	132.5	121.667	129.167	140	135.833	138.333	143.02799999999999	143.02199999999999	142.98599999999999	142.977	142.92599999999999	142.91300000000001	142.892	142.87200000000001	142.81899999999999	142.738	142.55799999999999	142.33600000000001	142.10900000000001	141.93100000000001	141.86500000000001	141.898	142.53299999999999	144.13	147.505	154.19499999999999	166.20099999999999	186.62100000000001	219.99100000000001	271.66199999999998	348.59800000000001	457.62900000000002	604.60599999999999	791.38499999999999	1013.67	1257.9000000000001	1500.28	1708.93	1850.37	1897.12	1839.71	1688.05	1468.18	1213.97	957.71600000000001	723.90700000000004	527.21299999999997	371.79300000000001	255.63900000000001	172.90700000000001	116.58499999999999	79.828900000000004	56.860500000000002	42.978999999999999	34.902099999999997	30.325099999999999	27.869399999999999	26.581900000000001	25.915800000000001	25.591699999999999	25.4237	25.330500000000001	25.299299999999999	25.285900000000002	25.0031	16.6678	15.000400000000001	15.833500000000001	12.5	17.5	16.666699999999999	20.833300000000001	19.166699999999999	15	18.333300000000001	17.5	15.833299999999999	8.3333300000000001	12.5	15	10	10	10	13.333299999999999	12.5	12.5	13.333299999999999	6.6666699999999999	10.833299999999999	10	Binding Energy (eV)
Intensity (CPS)
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