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Abstract 
Recently the application of far ultraviolet (UVC 200-230nm) optical radiation for disinfection of occupied spaces has seen a growing interest. Filtered excimer krypton-chloride (KrCl) lamps, which emit predominantly at 222 nm, have been shown to provide similar or better pathogen reduction rates, while being safe for human eye and skin exposure at much higher dose levels than the typical 254 nm radiation. This opens new opportunities to provide disinfection of air and surfaces while people are present. The installations of 222 nm light fixtures are professionally planned using adopted light planning software. In order to achieve reasonable accurate radiation distribution models and predict the applied UV dose levels, the reflectance of the materials found in the space needs to be considered. Unfortunately, there is very little literature on the reflectance of interior building materials in the UV. The paper presents a simplified setup for collecting reflectance data, using an existing polytetrafluoroethylene (PTFE) sphere, a 222 nm radiometer, and a filtered excimer KrCl lamp. Common building materials have been investigated with this method and most of them showed a diffuse reflectance of about 10 %. Reflectance measurements were also made by the National Institute for Standards and Technology (NIST) for the purpose of validating the method. Advantages and disadvantages of the applied method are discussed.
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1. INTRODUCTION
There is growing interest in the application of far ultraviolet (UV) radiation, particularly UVC (100 nm to 280 nm), for use in the disinfection of occupied spaces. Filtered excimer krypton-chloride (KrCl) lamps, which emit 222 nm, have been shown to provide similar, or improved, pathogen reduction rates, while being safe for human eye and skin exposure at magnitudes of higher levels than from the typical 254 nm lamps or UVC light emitting diodes (LED). This opens new opportunities to provide disinfection of air and surfaces in the presence of people1.
Existing lighting design software can be modified to plan the placement of 222 nm light fixtures for disinfection and calculating irradiation distributions across a room.  However, the reflectance of materials within an occupied space, such as walls, furniture, ceilings, and floors, needs be considered to achieve reasonably accurate radiation distribution models and predict the applied UV dose levels.  Wengraitis provided extensive reflection data for various ceiling tiles between 200 nm and 400 nm, which are very important for upper air, germicidal UV (GUV) device applications2. Since filtered 222 nm lamps are mainly used to irradiate occupied, lower room areas, ceiling reflectance is usually unimportant for these use cases. Unfortunately, there are no reflectance data for other interior building materials like wall paint, floors, or furniture surfaces in the literature for the 222 nm spectral range. This is also true for common aircraft materials.
To remedy this situation, the authors measured the reflectance of various materials commonly found in occupied spaces at 222 nm using two different methods.  The first method uses a commercial UV-visible-near-infrared spectrophotometer with an integrating sphere accessory, and it was performed at NIST.  This method was used to calibrate reflectance standards and measure a sampling of building materials.  The second method is a simplified setup, using an existing integrating sphere, a filtered 222 nm excimer lamp, and a 222 nm radiometer, that enables fast measurement of the total reflectance of materials with sufficient accuracy for modeling radiation distribution and UV dose levels in occupied spaces.  This method was performed at Ushio America.
In general, most materials chosen to represent typical occupied spaces have total reflectance values on the order of 10%.  The results of both methods are discussed along with the advantages and disadvantages of each.  Uncertainty budgets are also estimated.
2. STANDARDS AND MATERIALS
Reflectance standards
At its simplest, reflectance is the ratio of collected reflected radiant power to incident radiant power, and it has a value in the interval of 0 to 1.  Any reflectance value resulting from a measurement is dependent, however, on the range of parameters under which the measurement is acquired including the spectral properties of the incident light and the geometry of both the incident light and the reflected, or scattered, light.  The choice of geometrical parameters, in particular, is often based on the optical properties of materials selected for measurement.  Thus, the reflectance properties of non-specular or diffuse materials are typically measured using an integrating sphere, which collects all of the light scattered by the surface of the material in the hemisphere above the surface3,4.  
Reflectance measurements made using an integrating sphere require a reference standard calibrated for reflectance.  Ideally, the reflectance properties of the reference standard are similar to reflectance properties of the materials selected for measurement.  For example, when measuring materials with diffuse reflectance, the reference standard should also reflect diffusely.  In practice, reference standards for diffuse reflectance measurements are often highly reflective and/or spectrally flat, such as polytetrafluorethylene (PTFE) or barium sulfate (BaSO4), regardless of the color of the measured material.
For the measurements described in this proceeding, NIST used pressed PTFE as a reference standard prepared according to standard method5.  The reflectance values of this material were determined using the absolute method of Van den Akker6.  The directional-hemispherical reflectance factor of pressed PTFE at 220 nm is 0.9677.  Ushio America used a PTFE sheet with nominal thickness of 1.5 mm, referred to here as PS15, which has a nominal reflectance of 0.96 at 254 nm according to manufacturer information.  The description and size of the reference materials are provided in Table 1.
Building materials
A selection of materials for occupied spaces was identified for measurement by both NIST and Ushio.  The materials represent examples of materials commonly used for ceilings, flooring, and furnishings.  These are detailed in Table 1.  Ushio also measured a selection of additional materials which are reported in Table 2.

3. MEASUREMENT METHODS
3.1	Reflectance measurements at NIST
NIST performed the reflectance measurements for this proceeding using a commercial spectrophotometer fitted with an integrating sphere.  The diameter of the sphere is 150 mm, and the coating is sintered PTFE.  The sphere consists of entrance port (25 mm by 15 mm), sample port (25 mm diameter), and two detectors (10 mm diameter and 20 mm by 10 mm), which cover the spectral range from the UV to the near infrared.  
A double-grating monochromator provides wavelength resolution for the incident beam with a 3 nm bandpass.  The beam is depolarized, passes through the entrance port of the integrating sphere, and illuminates the item at the sample port at an angle of incidence of 8.  The beam size at the sample port is 8 mm high by 3 mm wide.  
The measurand is spectral reflectance factor8.  It is the ratio of the radiant flux reflected by the material under test m to the radiant flux that would be reflected by a perfectly reflecting diffuser PRD, under identical measurement conditions, as a function of wavelength.  It is expressed as
	 	(1)
Table 1.  Reflectance values for the reference and building materials measured by both NIST and Ushio America.  Each entry includes the sample identification and description.  The estimated uncertainty (k = 2) for Ushio America’s reflectance values is 7%.  See Section 4 for more details.
	
	
	
	NIST
	Ushio America

	
	Sample ID
	Description
	R(8:d)
	U(R) (k = 2)
	(d:d)

	Reference materials
	PS15 1
	PTFE sheet, 1.5 mm thick, #1
	0.881
	0.067
	0.9023

	
	PS15 2
	PTFE sheet, 1.5 mm thick, #2
	0.853
	0.041
	0.8797

	
	PS15 3
	PTFE sheet, 1.5 mm thick, #3
	0.9036
	0.0047
	0.8777

	
	PS15 4
	PTFE sheet, 1.5 mm thick, #4
	0.898
	0.056
	0.8762

	Building materials
	1.1
	Ceiling tile, white
	0.322
	0.013
	0.3303

	
	1.2
	Ceiling tile, white
	0.0754
	0.0014
	0.0691

	
	2.1
	Flooring
	0.0704
	0.0035
	0.0815

	
	2.2
	Flooring
	0.0626
	0.0023
	0.0937

	
	3.1
	Acoustical panel, white
	0.1248
	0.0078
	0.1339

	
	3.2
	Acoustical panel, black
	0.0582
	0.0015
	0.0611

	
	4.1
	Sealed concrete, white
	0.0514
	0.0040
	0.0613

	
	5.1
	Wood veneer, planked oak
	0.0602
	0.0014
	0.0856

	
	5.2
	Wood veneer, clear walnut
	0.0616
	0.0012
	0.0897

	
	7.1
	Manufactured stone countertop, white
	0.0600
	0.0012
	0.0856

	
	7.2
	Manufactured stone countertop, white
	0.0567
	0.0014
	0.0856

	
	7.3
	Laminate countertop, white
	0.1238
	0.0056
	0.1539

	
	Al 1
	Aluminum, sandblasted
	0.295
	0.024
	0.3235

	
	Al 2
	Aluminum, polished
	0.4283
	0.0051
	0.5195



The designation 8:d refers to the directional-hemispherical geometry of the measurement, where the source is directional and incident on the material with angle of 8º with respect to the surface normal and viewing is over the entire hemisphere, including the specular component of reflection.
Measuring the 8:d spectral reflectance factor of a material under test is a three-step measurement process.  The first step is measuring the reflected signal from the reference standard, the second step is measuring the dark current when the incident beam is blocked from entering the integrating sphere, and the third step is measuring the reflected signal from the material under test.  Thus, the spectral reflectance factor of a material under is calculated from 
		(2)
where Sm is the signal of the material under test, Ss is the signal from the reference standard, Sd is the dark signal, and Rs is the 8:d spectral reflectance factor of the standard.
NIST measured PS15 and the materials listed in Table 1 using a pressed PTFE standard, as described in Section 2.1.  All materials under test were measured at 222 nm using a deuterium lamp as the source and a photomultiplier tube (PMT) as the detector.
3.2	Reflectance measurements at Ushio America
Rather than using an instrument with broad spectral capabilities, Ushio used a system using a lamp with the same spectral output to those that are being used in disinfection applications, a 150 mm integrating sphere coated with PTFE, and a commercial radiometer with a maximum spectral response at approximately 220 nm.  
The source is a filtered excimer KrCl lamp (Ushio 222 nm filtered B1 module and driver9).  The source has a beam full-width half-max (FWHM) angle of 60 and emits the spectrum shown in Figure 1.  

Figure 1. Spectral output of the filtered excimer KrCl lamp.  
The sphere consists of entrance port (37 mm diameter), sample port (37 mm diameter), and a detector port (5 mm diameter).  All the ports are located so that none of the ports see direct light from the lamp.  A diagram of the sphere is shown in Figure 2.
[image: ]
Figure 2. Schematic of Ushio’s system for measuring the reflectance of building materials.  
The detector is a radiometer with a solar blind detector, which has a peak sensitivity at 220 nm (Ushio UIT2400 instrument with SED220 detector9).     
Ushio America’s measurement system is based on the reflectance method known as the first Taylor method8.  
The radiance L on the interior wall of the integrating sphere that is produced by radiant flux entering the sphere is calculated using
 	 	              (3)
where  is the incident radiant flux, Atotal is the total surface area of the sphere, and w is the reflectance of the interior wall of the sphere.  The port fraction f is given by
	     	(4)
where Ai the area of the entrance port and As the area of sample port.
The reflectance of the sphere can be calculated from the fractional port areas of entrance port fi and the sample port fs and K0, which is the ratio of measured radiance when the sample port is open (ρs= 0) to radiance measured when the port is covered with the sphere material (ρs= ρw).  
 		(5)
Similarly, if Ks is the ratio of measured radiance when the sample port is open (ρs= 0) to radiance measured when the port is covered with the sample (ρs= ρs), then the reflectance of the sample can be calculated using
		(6)
Determination of w can be avoided entirely if a reference material with known reflectance ρr is used.  Letting Kr be the ratio of measured radiance when the sample port is open (ρs= 0) to the radiance measurement with the port is covered with the reference material (ρs= ρr), the reflectance of the sample is given by
		(7)
Based on the measurement geometry, this measurand is bihemispherical reflectance because the sample is illuminated by the source reflecting from the entire hemisphere above the sample and the reflected flux is collected over the entire hemisphere.  The designation for such a measurement is (d:d).  
Thus, assuming the incident radiant flux is constant, and a negligible portion of that flux illuminates the sample port directly, only 3 measurements are needed to determine Kr and Ks and, ultimately, the reflectance of a sample: one with the sample port open, one with the sample port covered with the reference material, and one with the sample port covered with the sample.
Prior to beginning measurements, various tests were performed to assess the stability of the lamp output. It was determined that the output changed by less than 1% over 60 minutes.  After 60 minutes of operation, relative changes of less than 1% were observed.
The distance between the filtered excimer KrCl lamp and the entrance port and its dependence on the ratio K0 was also investigated. The results are shown in Figure 3.  This is important since no direct light from the lamp should illuminate the sample which can lead to increased measurement errors. A variation of 0.05% (standard deviation/average) was observed for distances between 50 mm and 100 mm.  Consequently, a fixed distance of 75 mm was used for these measurements.
Measurements were acquired over several months.  Initially, the reflectance of the samples was calculated based on Equations 5 and 6.  After receiving the results from NIST, the average reflectance value for the PS15 samples was used a reference value, and Equation 7 was used to calculate the reflectance values of the samples.

4. MEASUREMENT RESULTS
The reflectance values measured by both NIST and Ushio America for the materials are presented in Table 1, and the reflectance values measured by Ushio America for the additional materials are listed in Table 2.  
NIST estimated the uncertainties for these measurements according to the procedures outlined in Reference 10. The sources of uncertainty for NIST measurements include the reflectance value of the reference standard, the wavelength of the monochromator, and the reproducibility of the measurement.  The uncertainty of the reference standard, pressed PTFE, was evaluated previously7.  Its standard uncertainty is 0.2%.  The uncertainty contribution due to the wavelength was evaluated from the derivative of the spectral reflectance factor for a standard wavelength uncertainty of 0.2 nm.  The uncertainty contribution due to the reproducibility of the measurement was evaluated from 3 sets of 

Figure 3. Ratio K0 as a function of the distance between the filtered excimer KrCl lamp and the entrance port of the integrating sphere.  

measurements taken on 3 separate days.  The standard uncertainty is the standard deviation of the 3 measured results.  This standard uncertainty also includes a component of sample non-uniformity.  For the first set of measurements, the samples were centered over the sample port of the spectrophotometer’s integrating sphere.  For the second and third set of measurements, the placement of the samples over the sample port was shifted to the right and to the left, respectively, of the sample center.  
The expanded uncertainties (k = 2) of the reflectance values are the combined (root-sum-square) uncertainty from all the uncertainty contributions multiplied by a coverage factor of two.  They are presented in Table 2.  
The most significant uncertainty contribution for the NIST measurements is the reproducibility.  It contributed between 1% and 4% of reflectance values to the total uncertainty.  The exceptions were for PS15 3 and Al 2, which had reproducibility contributions of only 0.2% and 0.5%, respectively.  
Ushio America estimated uncertainties based on NIST provided uncertainties for the reference PT15 materials and repeated measurements of reference material over several months.  The sources of uncertainty for Ushio America’s measurement include uncertainty of reference materials over time, lamp, and sphere reflection stability. Repeated measurements during one day showed variations of reflectance of less than 2%, whereas repeated measurements over longer periods, based on 12 samples with reference materials resulted in expanded uncertainties (k = 2) of 7%.
Figure 4 shows a comparison of the reflectance values measured by NIST and Ushio America for the building materials listed in Table 2.  Although the measurands, R(8:d) and (d:d) are not equivalent, the comparison shows that the magnitude of the values generally agree within the measurement uncertainties. It should be noted that the largest discrepancy was observed for aluminum, especially polished. This may also be due to the 4 weeks delay between measurements at Ushio America and NIST and the expected deterioration of the reflection of aluminum (especially of polished) by surface oxidation. 


Table 2. Reflectance values at 222 nm for additional materials9 measured by Ushio America.
	
	Description
	(d:d)

	High reflectance materials
	Barium sulfate
	0.7213

	
	PTFE sheet, 1.6 mm thick
	0.6334

	
	PTFE sheet, 9.5 mm thick
	0.8375

	
	PTFE sheet, 0.37 mm thick
	0.8037

	
	PTFE sheet, 0.08 mm thick
	0.5091

	
	Teflon tape
	0.2764

	
	PTFE sheet, 0.5 mm thick 
	0.8763

	
	PTFE sheet, 1.5 mm thick 
	0.8840

	
	Aluminum, anodized, mirror finish, #1 
	0.6367

	
	Aluminum, anodized, mirror finish, #2 
	0.5998

	
	Aluminum, anodized, mirror finish, #3 
	0.5808

	
	Aluminum, mirror finish 
	0.5869

	Metals
	Aluminum, polished
	0.5559

	
	Aluminum, polished with fingerprints
	0.5449

	
	Aluminum, sandblasted
	0.3598

	
	Aluminum foil (with adhesive on back)
	0.5847

	
	Aluminum tape
	0.5380

	
	Aluminum, black anodized
	0.0784

	
	Aluminum, black anodized, sandblasted
	0.0402

	
	Aluminum alloy 5052, clear anodized
	0.1246

	
	Brass alloy 260
	0.2420

	
	Copper foil
	0.2762

	
	Copper sheet
	0.0743

	
	Copper alloy 110
	0.0676

	
	Stainless steel, polished
	0.3391

	
	Stainless steel, sandblasted
	0.1946

	
	Stainless steel, grade 316
	0.3600

	
	Stainless steel, grade 304
	0.2238

	
	Stainless steel, grade 304, scratched
	0.2172

	
	Stainless steel, grade 304, dull side
	0.2531

	
	Titanium alloy 6AL4V
	0.2143

	
	Titanium alloy 6AL4V, dull side
	0.0711

	Ceiling tiles
	Fiberglass, vinyl film facing, medium texture, white, #1 
	0.0675

	
	Fiberglass, vinyl film facing, medium texture, white, #2
	0.0650

	
	Mineral fiber, scrim with latex paint, smooth texture, white
	0.1214

	
	Mineral fiber, scrim with latex paint, smooth texture, black 
	0.0610

	
	Fiberglass, scrim with latex paint, fine texture, white 
	0.0675

	
	Mineral fiber with acoustically transparent membrane, scrim with latex paint, smooth texture, white
	0.0675

	
	Mineral fiber, latex paint, medium texture, white
	0.1963

	Ceiling tiles
	Mineral fiber, latex paint, medium texture, medium taupe
	0.0731

	
	Ceramic-mineral fiber composite, plastic paint, medium texture, white
	0.2874

	
	Mineral fiber, latex paint, medium texture, white
	0.2125

	
	Mineral fiber, latex paint, medium texture, light grey
	0.1612

	
	Mineral fiber, latex paint, fine texture, white
	0.0489

	
	Mineral fiber, latex paint, smooth texture, white
	0.0830

	
	Mineral fiber, polyester film, smooth texture, white
	0.0818

	
	Mineral fiber with acoustically transparent membrane, latex paint, smooth texture, white
	0.0610

	Flooring
	Luxury vinyl, polyurethane finish, low gloss, cool white
	0.0904

	
	Homogeneous sheet vinyl, polyurethane finish, low gloss, almond
	0.0872

	
	Homogeneous sheet vinyl, polyurethane finish, low gloss, white
	0.0871

	
	Polyester composition, striated pattern, light brown
	0.0938

	
	Luxury vinyl, polyurethane finish, medium gloss, dark grey-brown
	0.0804

	
	Vinyl composition, warm white
	0.0804

	Paint
	Interior, water-based paint, white
	0.0671

	
	Interior, water-based paint, light grey
	0.0805

	
	Interior, water-based paint, warm white
	0.0747

	
	Interior, water-based paint, khaki
	0.0814

	
	Interior, water-based paint, sheen, cool white
	0.0749

	Other materials
	2 sheets white printer paper
	0.2678

	
	Cardboard, brown
	0.0400

	
	Glass
	0.0701

	
	Duct tape, blue
	0.0814

	
	Velvet, black
	0.0067

	
	Polyimide film
	0.1624

	
	Mylar film
	0.0743

	
	Polyethylene sheet
	0.1699

	
	Flashspun polyethylene sheet
	0.5320

	
	Acrylic sheet, 3 mm thick
	0.1117

	
	Polycarbonate sheet, 6.3 mm thick
	0.0815

	
	Lexan polycarbonate, white
	0.1210

	
	Kydex polycarbonate sheet, black
	0.0928

	
	Polyvinyl fluoride (PVF) film
	0.0786

	
	Fiberglass epoxy, shiny
	0.0820

	
	Fiberglass epoxy, dull
	0.0537

	
	Fiberglass cloth
	0.3207

	
	Fiberglass, teflon coated
	0.0855

	
	Kevlar cloth
	0.3207

	
	Rubber, room temperature vulcanized
	0.0779

	
	Rubber, ethylene propylene diene monomer
	0.0743

	
	Carbon fiber mesh, black
	0.0299





Figure 4. Comparison of reflectance values measured by NIST and Ushio America for the samples listed in Table 1.  The y-axis displays (d:d) for Ushio America’s measurements, while the x-axis displays R(8:d) for the NIST measurements.    


5. DISCUSSION
The goal for this study is provide urgently needed reflectance data for interior building and other materials at 222 nm to be used in lighting design software, which determines the placement of UV light fixtures for disinfection efficiency and photobiological safety.  Two methods for measuring reflectance were employed.  The first method uses a commercial UV-visible-near-infrared spectrophotometer with an integrating sphere accessory, while the second is based on the first Taylor method.  The results obtained with both methods generally agree with each other and also agree with previously published results (for ceiling tiles)2.
The geometry of the measurement setup matters for reflectance.  For the first method, the sample is illuminated with a nearly collimated beam, which is incident on the sample at 8 relative to the sample normal.  The integrating sphere enables collection of all the light reflected from the sample in the entire hemisphere above its surface for detection.  This geometry is referred to as directional-hemispherical.  In contrast, the second method is referred to as bihemispherical because the geometry of the measurement means that the sample is being illuminated by a diffuse source.  
For highly diffuse samples that are nearly Lambertian, the directional-hemispherical reflectance of the sample will be nearly equivalent to the bihemispherical reflectance.  While the reflectance of some of the materials in this study may have both diffuse and specular contributions, there is reasonable agreement between the measurements made by NIST and Ushio America.  Some of the differences can be explained by measurement uncertainties and reflectance standards. For instance, the reflectance of some materials may be significantly dependent on wavelength in the UV.  Consequently, differences in the bandwidth of the sources used by NIST and Ushio America could contribute to the discrepancies between the two measurements for those samples.  It is also to be expected that highly specular surfaces, like the polished aluminum will yield very different results based on the measurement setup. It should be noted that the highest discrepancies have been observed for smooth materials like countertops or vinyl flooring, which likely have a more significant specular contribution to the reflectance. 
The advantage of Ushio America’s measurement method is that it enables use of UV sources that are being used in real-life disinfection scenarios.  The source is also diffuse, which also mimics actual application scenarios.  In contrast, NIST’s measurement method uses a nearly collimated beam at a specific angle of incident, which does not mimic actual disinfection scenarios.  The method, however, is commonly used and implemented in a variety of fields, such that there are numerous commercial instruments that can measure R(8:d) and obtaining reference standards for this measurand is trivial.
Based on the performed reflectance measurements it can be assumed that wall paints, floorings, countertop materials and ceiling tiles have reflectance values of less than 10%. In lighting simulations small variations of the reflectance of walls will not influence the calculated or measured irradiance distribution in a room. However, some samples have been found that have significantly higher reflectance at 222 nm. These samples are visually not distinguishable from other products. 
In practical room applications the final irradiances have to be measured to assure photobiological safety of the installation and to predict the expected pathogen reduction11. It is to be expected that small variations in material reflection will be insignificant compared to much larger uncertainties in lamp flux.
For future work it will be important to have reliable, repeatable reference standards at 222 nm available.  The influence of the thickness of PTFE reference materials at 222 nm should be further investigated since PTFE is a volume scatterer, rather than a surface scatterer.  It is possible that the PS15 material is too thin, allowing some of the incident light to transmit through it.  Additionally, sintered PTFE is highly diffuse, so its reflectance is expected to depend less on measurement geometry.  
Having reliable reference standards will also potentially enable portable reflectance meters for 222 nm, similar to recently available devices for 254 nm, which will allow an assessment of reflectivities in application settings.
From a practical standpoint, during the testing, it was observed that the calculated sphere reflection could increase by approx. 1.5% over time (about 1 hour). The reasons are unknown, but it is suspected that thin organic layers on the sphere may have dissociated from the 222 nm radiation. It should also be noted that the highly reflective, porous PTFE can easily be contaminated. When that happened in the Ushio America lab, restoring the reflectivity was attempted with rough sandpaper (140 grit). Wetting the material afterwards with isopropyl alcohol (IPA) decreased the reflection significantly for more than 1 hour, which is likely due to the absorbance of IPA at 222 nm. It should also be noted that sanding the PTFE with fine sandpaper (1600 grit) did not restore reflectivity although the material looked visibly white. This points to the importance of surface roughness for the reflection in the UVC.
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r(d:d) (Ushio America)


[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

0.88109999999999999	0.85340000000000005	0.90359999999999996	0.89810000000000001	0.32250000000000001	7.5399999999999995E-2	7.0400000000000004E-2	6.2600000000000003E-2	0.12479999999999999	5.8200000000000002E-2	5.1400000000000001E-2	6.0199999999999997E-2	6.1600000000000002E-2	0.06	5.67E-2	0.12379999999999999	0.29470000000000002	0.42830000000000001	0.90229999999999999	0.87970000000000004	0.87770000000000004	0.87619999999999998	0.33029999999999998	6.9099999999999995E-2	8.1500000000000003E-2	9.3700000000000006E-2	0.13389999999999999	6.1100000000000002E-2	6.13E-2	8.5599999999999996E-2	8.9700000000000002E-2	8.5599999999999996E-2	8.5599999999999996E-2	0.15390000000000001	0.32350000000000001	0.51949999999999996	PS15 1	PS15 2	PS15 3	PS15 4	1.1	1.2	2.1	2.2	3.1	3.2	4.1	5.1	5.2	7.1	7.2	7.3	Al 1	Al 2	0	1	0	1	R(8:d) (NIST)


r(d:d) (Ushio America)
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