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PREFACE

Standard Reference Materials (SRM's) as defined by the
National Bureau of Standards are well-characterized materials
produced in quantity and certified for one or more physical
or chemical properties. They are used to assure the accuracy
and compatibility of measurements throughout ‘the Nation.
SRM's are widely used as primary standards in many diverse
fields in science, industry, and technology, both within the
United States and throughout the world.- They are also used
extensively in the fields of environmental and clinical anal-
ysis. In many-applications, traceability of quality control
and measurement processes to the national measurement system
are carried out through the mechanism and use of SRM's. For
many of the Nation's scientists and technologists it is
therefore of more than passing interest to know the details
of the measurements made at NBS in arriving at the certified
values of the SRM's produced. An NBS series of papers, of
which this publication is a member, called the NBS Special
Publication - 260 Series, is reserved for this purpose.

This 260 Series is dedicated to the dissemination of
information on different phases of the preparation, measure-
ment, certification and use of NBS-SRM's. In general, much
more detail will be found in these papers than is generally
allowed, or desirable, in scientific journal articles. This
enables the user to assess the validity and accuracy of the
measurement processes employed, to judge the statistical
analysis, and to learn details of techniques and methods
utilized for work entailing the greatest care and accuracy.
These papers also should provide sufficient additional infor-
mation not found on the certificate so that new applications
in diverse fields not foreseen at the time the SRM was orig-
inally issued will be sought and found.

Inquiries concerning the technical content of this paper
should be directed to the author. Other questions concerned

with the availability, delivery, price, and so forth will
receive prompt attention from:

Office of Standard Reference Materials
National Bureau of Standards
Washington, D.C. 20234

George A. Uriano, Chief
O0ffice of Standard Reference Materials
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FIGURE NO.
1.

LIST OF FIGURES

Six geometries illustrating the various possible
combinations of targets and ports commonly used 1in
an integrating sphere of the Hardy spectrophotometer
to measure the reflectance of a sample with the
specular component either included or excluded .

The diffuse transmittance (plotted on an optical
density scale) to.illustrate the linearity of diffuse
transmittance as a function of the Vitrolite thickness.
The data were obtained by means of the NBS hazemeter.
This instrument has a visual response detector system
with a peak response near 550 nanometers .

The reflectance of Vitrolite as a function of thick-
ness for Vitrolite backed by a white backing of
approximately 99 percent reflectance and for Vitrolite
backed by a black backing of less than one percent

‘reflectance. The data were obtained by means of the

NBS hazemeter. This instrument has a visual response

detector system with a peak response near 550 nanometers .

The reflectance of Vitrolite can be influenced by the
backing, Vitrolite thickness, size of the Vitrolite,
and size of the integrating sphere port on which the
Vitrolite is mounted. The data in figure 4 should be
compared with the data illustrated in figures 5 and 6
where the port size and Vitrolite size are changed.
The data were obtained by means of the NBS hazemeter.
This instrument has a visual response detector system
with a peak response near 550 nanometers .

The reflectance of Vitrolite can be influenced by the
backing, Vitrolite thickness, size of the Vitrolite,
and size of the integrating sphere port on which the -
Vitrolite is mounted. The data in figure 5 should be
compared with the data illustrated in figures 4 and 6
where the port size and Vitrolite size are changed.
The data were obtained by means of the NBS hazemeter.
This instrument has a visual response detector system
with a peak response near 550 nanometers . R

The reflectance of Vitrolite can be influenced by the
backing, Vitrolite thickness, size of the Vitrolite,
and size of the integrating sphere port on which the
Vitrolite is mounted. The data in figure 6 should be
compared with the data illustrated in figures 4 and 5
where the port size and Vitrolite size are changed.
The data were obtained by means of the-NBS hazemeter.
This instrument has a visual response detector system
with a peak response near 550 nanometers .
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Abstract

Vitrolite white opal glass has been calibrated for
use as diffuse spectral reflectance standards since 1944,
Its uniformity and long-term durability make it useful as
an everyday working standard for spectrophotometric
measurements in the visible spectral range. However, its
translucency can introduce some errors in such measure-
ments if improperly used. Prior to 1965 the Vitrolite
reflectance standards were issued with diffuse reflectance
values relative to freshly smoked magnesium oxide. Since
that date the calibration of these standards is reported
on an absolute reflectance scale or one which is relative
to a perfect diffuser. Since the completion of the NBS
reference spectrophotometer for diffuse reflectance
measurements in 1975, work on the perfection ot techniques
for determining a more accurate absolute reflectance scale
has made it possible to further improve these measurements.
As a result of this effort, the Vitrolite reflectance
standards are now more accurately characterized and are
being issued as a Standard Reference Material.

Key Words: diffuse; refiectance; spectrophotometry;
' standard; translucency; Vitrolite.

Disclaimer:

Certain commercial equipment, instruments, or materials
are identified in this report in order to adequately
specify the experimental procedure. Such identification
does not imply recommendation or endorsement by the
National Bureau of Standards, nor docs it imply that the
materials or equipment identified are necessarily the
best available for the purpose.



1. Introduction

Vitrolite [1]' is a white opal glass originally manufactured in large quanti-
ties for wall tile and used for various architectural applications. The glass was
produced prior to World War II. NBS retains a limited supply in the form of large
sheets of approximately 30 inches square from which the reflectance standards are

selected. A large percentage of the glass is rejected because of surface defects
such as scratches and pits.

Vitrolite possesses several properties thdt make it useful as a reflectance
standard for the visible spectrum. These properties include; a relatively high
reflectance, good diffusion of the incident light, a fire polished surface which
can be cleaned repeatedly, and long-term stability. The glass from a given melt
is usually uniform in reflectance at any given wavelength to within +0.2 percent.

Vitrolite is translucent enough to cause some problems in using it as a
reflectance standard. However, this does not eliminate its usefulness, if proper
care is taken to avoid the geometrical conditions of illumination in which trans-
lucency errors occur. These conditions are specifically outlined for the user in
the discussion of Vitrolite translucency, appearing later in this paper.

Vitrolite has been calibrated and issued as working standards of spectral
reflectance by the National Bureau of Standards since 1944. The first melt from
which reflectance standards were selected was referred to as the "V1" melt. The
majority of standards issued came from melt V3 and melt V6. The original master
standard was selected in 1938 and Tabeled as Standard V1-G3. A back-up master was
also selected at that time and referred to as Standard V1-G4. These two standards
are nearly identical in spectral reflectance and are still in use after forty
years. Standard V1-G3 has been used as a diffuse reflectance calibration standard
in the making of thousands of reflectance measurements during this period while
Standard V1-G4 has been stored. After many years of cleaning and handling,
Standard V1-G3 shows some very fine scratches; however, its reflectance relative
to V1-G4 has remained the same. The long-term stability of Vitrolite is believed
to be very good.

Most of the Vitrolite reflectance standards issued by NBS were calibrated on
a Hardy (General Electric) spectrophotometer for 6 degree incidence and hemispheri-
cal collection of reflected 1ight, for a 10 nanometer bandpass. Some standards
were calibrated on a Beckman spectrophotometer for 0/45 degree reflectance which
used a ring-collector type reflectance attachment.

The standards issued before 1965 were calibrated relative to freshly prepared
smoked magnesium oxide. After 1965 they were issued with the calibration data
relative to a perfect diffuser ("absolute" reflectance scale). The absolute
reflectance scale established in 1965 [2] was given further refinement in 1977
with the completion of the reference spectrophotometer for diffuse reflectance
[3]. The master Vitrolite calibration scale is presently maintained through
periodic recalibration by absolute reflectance techniques, using the double-sphere
or Van den Akker method [4]. The master Vitrolite working standard is Standard
V6-D1. This standard is calibrated on the NBS reference spectrophotometer for
diffuse reflectance by the absolute reflectance methods. The uncertainty in its
calibration is believed to be no more than 0.0015.

'Figures in brackets indicate the literature references at the end of this paper.



2. Calibration of the SRM Vitrolites

The SRM (Standard Reference Material) Vitrolite reflectance standards have
been calibrated on a Hardy spectrophotometer using the Vitrolite master to trans-
fer the NBS absolute reflectance scale to these working standards. The uncertainty
in the calibration of these working standards is larger than the uncertainty
assigned to the master Vitrolitc duc to additional errors associated with the
performance of the transfer spectrophotometer and its data recording system.

Because of these factors, the uncertainty assigned to the working standards.is
+0.010 (one percent).

Master V6-D1 is too valuable to be used on an every-day basis; therefore the
absolute scale was transferred to Standard V1-G3 which is used for day-to-day
calibration work. The transfer of the absolute reflectance scale from Master
V6-D1 to V1-G3 was accomplished by measuring V6-D1 on the transfer instrument
(Hardy spectrophotometer). The ratio of the absolute value of V6-D1 to its
measured value is Lhen applied Lo the measured value of Standard V1-G3. By this
technique the absolute reflectance of Standard V1-G3 is established on a scale

directly traceable to the NBS Reference Diffuse Reflectance Instrument through the
use of Master V6-D1 as a transfer standard.

The photometric scale of the Hardy spectrophotometer has some nonlinearity
and all measurements are adjusted to correct for this error. Corrections are also
made for slight errors in the wavelength scale.

The calibration of Standard V1-G3 with the specular component excluded from
the measurement could not be made by direct comparisun Lu Mdaster Vitrolite V6-DI1
because the V6-D1 standard is only calibrated for the condition of illumination
and viewing in which the specular component is included in the measurement. The
calibration of Standard V1-G3 for the excluded specular measurement was accomplished
by first measuring the standard with the specular component included and then
inserting black cavities into the sphere to exclude the specular component. In
this way the calibration of Standard V1-G3 for the excluded specular mode was
accomplished by measuring its value relative to the included specular mode. The
specular component is approximately four percent of the total reflectance.

The recalibration of Standard V1-G3 by transferring the absolute reflectance
scale from Master V6-D1 resulted in a new set of reflectance values for Standard
V1-G3. The new calibration values for Standard V1-G3 agreed with the previous
(1974) absolutc reflectance calibration to within 0.005 (onc-half pecrcent) for
both the included and excluded specular component measurements.

The calibration of 100 samples for certification as SRM's was accomplished by
direct comparison to Standard V1-G3 at 10-nanometer intervals over the wavelength
range 400 to 750 nanometers. Each sample was measured twice with the specular
component included and twice with the specular component excluded. The two
measurements were made for two orientations, rotating the sample 90 degrees in the
plane of the measured surface between measurements. The two measurements are then
averaged.

A11 of the reflectance measurements were made with the samples backed by
black felt. The reasons for using the black backing are related to the Vitrolite
translucency and will be discussed in more detail in a later section dealing with
this subject. (See a copy of the certificate in Appendix I.)



3. Using the Vitrolite Reflectance Standard

The proper understanding of certain geometrical conditions affecting the
photometric accuracy of reflectance measurements in which Vitrolite is used as a
working standard can help the user to avoid errors that may be introduced into his
measurements. These errors may result from a misunderstanding of the measuring
geometry for which the standard was calibrated or from a disregard for the restric-
tions imposed on the Vitrolite's use due to the inherent translucency of this
glass. ‘ ‘

The Vitrolite reflectance standard has a fire polished surface which gives it
durability and stability.  This polished surface reflects approximately four
percent of the incident light as specular reflection. The total 6-degree hemi-
spherical reflectance of Vitrolite includes this specular component of reflected
light. If the Vitrolite is calibrated for the condition of illumination and
viewing in which the specular component is included, then this calibration data
should not be used if the Vitrolite is used in a geometry of illumination and
viewing where the specular component is excluded from the measurement. An example
of the latter condition would be a measurement of reflectance for a geometry in
which the Vitrolite is illuminated at an angle of incidence of 45 degrees from the
normal and viewed by the detector at the normal to the Vitrolite surface, or the
reverse condition where the illumination is normal to the surface and the detector
views the Vitrolite at 45 degrees from the normal. If a reflectance standard is
to be used on an instrument using a 0°/45° or 45°/0° geometry, that reflectance
standard should be calibrated for these conditions of illumination and viewing.

Some integrating spheres have removable plugs which have been placed in the
sphere wall for the purpose of including or excluding the specular component of
the reflected light from the sample. The plug is usually filled with a white
material similar to the coating of the integrating sphere. This white plug is
used when making reflectance measurements with the specular component included.
It is replaced with a black plug or black cavity for making measurements with the
specular component excluded from the total reflected signal.

There are some important points to consider when using the black cavity for
the excluded specular mode of operation. The efficiency of the integrating sphere
changes when the white plug is replaced with a black cavity. 1his in itself would
not be a problem. However, the change usually affects the sample beam more than
it does the reference beam and results in a siight change in the balance between
the two beams. Because of this effect it is better to use a reflectance standard
which has been calibrated for the same geometry, particularly when making measure-
ments with the specular component excluded. Because a Vitrolite calibration for
the excluded specular mode of measurement is so dependent on the sphere geometry.
it is difficult to use such a calibrated standard to obtain a proper calibration
unless the solid angle subtended by the specular Tight trap at the illuminated
area of the Vitrolite is the same for the integrating sphere on which it is used
as for the original calibration geometry. The assigned calibration data for the
excluded mode of measurement should only be used when the geometry of the inte-
grating sphere is similar to that of the Hardy spectrophotometer on which the
standards were calibraled. The beam is incident on the Vitrolite at 6 degrees
from the normal and the 1light trap subtends a solid angle of 15 degrees at the
center of the illuminated area. It is recommended that a similar 1ight trap be
placed in the specular position for the reference beam of the integrating sphere
when making measurements with the specular component of the Vitrolite excluded.



This is done to maintain the same balance between sample and reference beams. The
effects of the use of one or two light traps in an integrating sphere of the type
used in a Hardy spectrophotometer is outlined in figure 1. Figure 1 is included
in this discussion in order to illustrate what has come to be known over the years
as the "one black port versus the two black port" argument or problem.

In figure 1 there are six cross-sectional views of an integrating sphere of
the type used in a Hardy spectrophotometer. Each of these cross sections depicts
the path of the sampie and reference beam, the sample and reference ports, and the
removable plugs for excluding:the specular component of the reflected beams. The
six geometries illustrated in figure 1 show the effect of using one black cavity
or two black cavities when making measurements of the reflectance of an opal
glass. This white opal glass has been finely ground to provide a diffusely
reflecting surface. In figure 1-A two magnesium oxide targets are used to balance
the sample and reference at 100 percent. Note that these measurements date back
to an earlier time when smoked Mg0O was used to coat the measuring integrating
sphere and the reference target of the reflectometer. These two targets have the
same reflectance and give a reflectance value of 1.000 when the photometric scale
is adjusted to record this value. They are shown to be the same by measuring
them, interchanging them, and repeating the measurement. In figure 1-B the opal
glass has been placed in the sample beam. Its reflectance relative to the magne-
sium oxide reference target is 0.986 with the specular component included in the
total reflected signal. Placing a black cavity 1ight trap in the sphere wall
(figure 1-C) at the angle of specular reflection for the opal glass results in a
reflectance value of 0.980. This is 0.006 Tess than the reflectance of the opal
glass with the specular component included and might lead to the conclusion that
the opal glass has a specular component of .0.006. However, the same difference
can be obtained with a magnesium oxide target as can be seen in figure 1-D where
the magnesium oxide target is 0.994 or 0.006 less than the 1.000 value found for
the geometry illustrated in figure 1-A. Placing a second black cavity in the
sphere wall at the angle of specular reflection for the reference beam as shown in
figure 1-E results in a reflectance value of 1.000 for the magnesium oxide sample.
The reflectance value for the opal glass is 0.986 when measured with two black
cavities as shown in figure 1-F. This is the same value as was found for the opal
glass with the specular component included. The difference in the values of
reflectance obtained with one black cavity versus two black cavities for both the
magnesium oxide and the opal glass is 0.006. The following results. are obtained
for the reflectance of Vitrolite relative to a magnesium oxide reference beam
target at 550 nanometers.

(a) Vitrolite, included (two white plugs) = 0.929
(b) Vitrolite, excluded (one black cavity) = 0.888
(c) Vitrolite, excluded (two black cavities) = 0.894

Again, the difference between the values of reflectance of Vitrolite with one
black cavity versus two black cavities is 0.006. This difference of 0.006 occurs
for measurements of reflectance of the magnesium oxide, opal glass, and for the
Vitrolite. This is a common difference that appears related to the geometry of
the sphere rather than a property of the materials being measured. If the assump-
tion is made that magnesium oxide is a nearly perfect diffuser, having no specular
component, then the results obtained with one black cavity as shown for the sphere
configuration illustrated in figure 1-D must be incorrect because the results of



"PIPNLOXS U0 PBPN{OUL uBYILS FuBUOQWOD Je|ndads Byl yiLm o dwes

® 40 30URYD3 (434 BY] B4nSeaw 0] 4333u0304d04300dS Apaey ayj

30 3dayds Buizesbagul ue up pasn ALuowwod syaod pue sjabuel jo
sUOLleULquOd BtqLssod snotueA ay3 Buljeagsni(t S9L433Wosb XS | aunbiy

4-1 3unois 21 2un914 a-1 3un9)4
9860 = uuzﬁuﬁ%ﬂ%mm:qm 000 = JONVLOTTTH FIdWYS ¥66'0 = IONVLOTTAIN 3TINVS
(30N3N3434) {30N3¥3434)  (39WYS) (30N363434)  (FT4NVS)
S5V Wdo ;
06w obw QbW obwy 0bw

J-1 38N913 8-1 39N9I V-1 34Noid
086°0 = uozﬁou._wwwﬁ m“m%‘um 986°0 = wuzﬁum..ﬂmmzuq,%:qm 000°1 = FONYLOF143Y T1WYS
(30NFY343Y) 55y79 g0 (30N3U3438) ggpm0 ydo (3ON3¥3338)  (3I1dWYS)
0bw 0bu obw 0bn

onNd O
3iiHm 3LtHM

oNd

9NMd
ALIAYD JLIHM

dovg  3LHm



this measurement are 0.006 less than those obtained with a white plug (figure

1-A). Placing a second black cavity in the sphere does not reduce the reflectance
of the magnesium oxide by an additional 0.006 but restores the value to 1.000,
which is the same as was-originally set for the configuration illustrated in

figure 1-A. When one side of the sphere is geometrically different from the

other, as is the case when a black cavity is placed in only one side of the sphere,
the detector does not sense the sample and reference beams as being equal even
though the targets for these two beams are equal in reflectance. The important
point to remember is that when making reflectance measurements with the specular
component excliuded, the 100 percent line values should be set with two black
cavities, and the Vitrolite standard and the samples should also be measured with
two black cavities because the standard values for the reflectance of the Vitrolite
for the specular excluded mode of operation were derived for this sphere configura-
tion. The Vitrolite calibration for excluded specular component may not be valid
for use on integrating spheres in which the specular component is excluded by a
geometry differing from the one illustrated in figure 1-F.

The preceding logic clearly makes a good argument in favor of using the two
black ports to make measurements of spectral reflectance with the specular com-
ponent of sample reflectance excluded from the measurement. However, further
consideration of the information illustrated in figure 1 will show that it is
possible to obtain the correct reflectance in the excluded mode by using only one
black cavily on the sample beam side of the integrating sphere if the substitu-
tional method is used. If the reflectance value shown in figure 1-C is divided by
the reflectance value shown in figure 1-D, one obtains the following:

Reflectance of opal glass = .980/.994 = .986
(using one black cavity). ‘

The calculated reflectance is the same as the measured reflectance obtained with
two black cavities as shown in figure 1-F. The point to remember is that the
correct reflectance for the excluded specular component mode of measurement can be
obtained using one black port or two black ports if the correct procedures are
followed. In summary the correct and incorrect procedures are:

Excluded Specular Component (using one black port)

The correct procedure for using one black port on-the sample
side is to set the 100 percent value to read 1.000 with the
black cavity in place on the sample side, then substitute
the sample for the white diffuser used to set the 100 per-
cent value.

Excluded Specular Component (using two black ports)

The correct procedure for using two black ports is to set
the 100 percent value as shown in figure 1-E, then substi-
tute the sample for the white diffuser as shown in figure
1-F.

Incorrect Method (using one black port)

The 1incorrect procedure for measuring in the excluded mode
is to set the 100 percent value as shown in figure 1-A and
then make a measurement as shown in figure 1-C.



It is important to remember that double-beam instruments such as the Hardy
type integrating sphere illustrated in figure 1 are ratio-recording spectropho-
tometers and the values of reflectance obtained with such instruments are relative
and not absolute. That is they are relative to the reflectance of whatever white
diffuser is used to set the 100 percent value of the photometric scale. The
Vitrolite reflectance standard is assigned absolute reflectance values so that the
user can adjust his relative measurements to a common absolute scale, regardless
of the reflectance of white diffusers used to balance the two beams of the spectro-
photometer. The two white diffusers used to set the 100 percent value can be any
reasonably white, diffuse reflecting surfaces. They should be of approximately
equal reflectance. The Vitrolite reflectance standard is assigned absolute
reflectance values that can' be used to adjust the reflectance values of any dif-
fusely reflecting sample to the same absolute reflectance scale. The ratio of the
absolute reflectance of the Vitrolite standard to the measured reflectance of the
standard, multiplied by the measured reflectance of a test sample will adjust the
reflectance values of the test sample to the absolute reflectance scale of the
Vitrolite standard. This adjustment to the absolute scale will not correct for

errors such as incorrect zero calibration or nonlinearity of the photometric
scale.

4. Vitrolite Translucency

Vitrolite is an opal glass in which the incident light is scattered inter-
nally by body scattering rather than by surface scattering. Body scattering
provides a more uniform scattering or diffusion than surface scattering. However,

the translucency associated with Vitrolite may introduce some problems when using
it as a reflectance standard. The principal problem with the Vitrolite is the
loss of a portion of the incident 1ight beam due to diffusion of the light out the
back, the edges, or behind the integrating sphere sample port edge. Improper use
of the Vitrolite reflectance standard with respect to these transiucency effects
will result in errors in the photometric accuracy of the reflectance measurements.

A delailed analysis of Vitrolite translucency was carried out at NBS in order
to determine the geometrical conditions and parameters within which Vitrolite can
be used as a reflectance standard without encountering errors due to its trans-
Jucency. This study was performed through the use of the NBS Reference hazemeter
[5]. This instrument is well suited for experiments involving scattering and
translucency. It has a collimated Tight beam having a color temperature of approx-
imately 6800 K (CIE Source C). The beam diameter can be varied. The integrating
sphere can be used for transmission or reflection. The sample port diameter is
also variable. The detector is equipped with a visual response filter giving the
hazemeter a peak response near 550 nanometers.

The Vitrolite used in the translucency study was prepared by grinding five
samples of the original stock to thicknesses of 2, 4, 6, 8, and 10 mm. The samp]es
were ground to these thicknesses by removing glass from the back surface, leaving
the fire-polished front surface in its original condition. These five samples
were 100 x 100 mm in area.

Figure 2 shows the diffuse transmission density (negative logarithm of trans-
mittance, - log T) for thicknesses varying from 2 mm to 20 mm. The data curve 1in
figure 2 clearly shows that Vitrolite transmits approximately 10 percent (dgns1ty
1.0) for a sample thickness of about 5 mm, 3 percent (density 1.5) for a thickness
of about 10 mm, and 1 percent (density 2.0) for a sample of 18 mm thickness.
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Figure 2. The diffuse transmittance (plotted on an optical

density scale) to illustrate the linearity of
diffuse transmittance as a function of the
Vitrolite thickness. The data were obtained by
means of the NBS hazemeter. This instrument has
a visual response detector system with a peak
response near 550 nanometers.



Since the thickest sample was 10 mm, it was necessary to combine two or three
samples in order to obtain the diffuse transmission density of the thicknesses
between 10 mm and 20 mm. For these measurements the Vitrolite samples were
optically coupled by a thin film of water to reduce interface reflections. The
combinations used for these measurements were: 10+ 2 = 12 mm, 10 + 4 = 14 mm,
10+6 =16 mm, 10+ 8 = 18 mm, and 10 + 8 + 2 = 20 mm thickness.

Figure 3 shows the diffuse reflectance with the different Vitrolite thicknesses
backed by a white backing of approximately 99 percent reflectance and again with a
black backing of less than 1 percent reflectance. 'In this case the light beam was
incident on the Vitrolite normal to the surface so that the specular component was

reflected back through the entrance port of the hazemeter integrating sphere and
excluded from the measurement.

The data curves in figure 3 show that the Vitrolite would have to be nearly
20 mm in thickness for its reflectance to be independent of the reflectance of the
backing material. Since the Vitrolite stock is approximately 10 mm in thickness,
it can be seen from the data shown in figure 3 that when using it as a reflectance
standard, the backing must be specified. At 10 mm thickness the Vitrolite reflect-
ance can vary by as much as 1 percent depending .on the reflectance of the backing.
For this reason all Vitrolite standards are calibrated with a biack backing of less

than 1 percent reflectance. A black felt covered plate is provided with each SRM
Vitrolite standard for use as a backing.

The other important factor a user must be aware of when using Vitrolite as a
reflectance standard is the problem of translucency effects where the incident
1ight beam diffuses through the Vitrolite and escapes through the edge of the
Vitrolite or gets trapped behind the edge of the sample port against which the
Vitrolite is mounted. Fiqures 4, 5, and 6 show how these edge losses due to
translucency are related to the Vitrolite thickness, incident 1ight beam diameter,
and port diameter. In all three of these figures the Vitrolite reflectance is
shown for varying thicknesses and for white and black backings. Figure 4 shows the
edge loss effects for a large 100 mm x 100 mm Vitrolite on a 40 mm diameter port.
Figure 5 shows the same relationships with the port diameter increased to 60 mm.

In figure 6 the Vitrolite diameter was 42 mm and the port diameter was 40 mm. Here
the edge Tosses are greatest as would be expected while in figure 5 where the port
diameter was much greater, there is no indication of Tight loss for any Vitrolite
thickness or beam diameter since the largest beam diameter was 38 mm and not large
enough to approach the edge of the 60-mm diameter port to a point where losses
would occur.

The results of these translucency studies are summarized in figure 7 so that
the user can quickly determine whether or not the geometrical conditions under
which he is using the Vitrolite reflectance standard will introduce errors in his
calibration because of these translucency errors. In figure 7 the percentage of
the incident heam striking the Vitrolite standard that is lost from the measurement
because of edge Tosses is plotted as a function of the ratio of the beam diameter
to the port diameter. This ratio is only shown for Vitrolite of 10 mm thickness
since this is the approximate thickness of these standards. Two curves are shown.
The "worst case" for .edge Tosses is shown by the curve labeled "Vitrolite (1.05 x
diameter of port)". Here the Vitrolite is almost the same diameter as the port.

In this case the beam diameter must be less than 15 percent of the port diameter in
order to avoid edge losses. The other curve shows the edge losses for a Vitrolite
having a diameter "2.5 x diameter of port". With this size Vitrolite the beam

10
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data were obtained by means of the NBS hazemeter. This
instrument has a visual response detector system with a

"peak response near 550 nanometers.
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The reflectance of Vitrolite can be influenced by the
backing, Vitrolite thickness, size of the Vitrolite,
and size of the integrating sphere port on which the
Vitrolite is mounted. The data in figure 4 should be
compared with the data illustrated in figures 5 and 6
where the port size and Vitrolite size are changed.
The data were obtained.by means of the NBS hazemeter.
This instrument has a visual response detector system
with a peak response near 550 nanometers.
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Figure 5. The reflectance of Vitrolite can be influenced by the

backing, Vitrolite thickness, size of the Vitrolite,
and size of the integrating sphere port on which the
Vitrolite is mounted. The data in figure 5 should be
compared with the data illustrated in figures 4 and 6
where the port size and Vitrolite size are changed.
The data were obtained by means of the NBS hazemeter.
This instrument has a visual response detector system
with a peak response near 550 nanometers.
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The reflectance of Vitrolite can be influenced by the
backing, Vitrolite thickness, size of the Vitrolite,
and size of the integrating sphere port on which the
Vitrolite is mounted. The data in figure 6 should be
compared with the data illustrated in figures 4 and 5
where the port size and Vitrolite size are changed.
The data were obtained by means of the NBS hazemeter.
This instrument has a visual response detector system
with a peak response near 550 nanometers.

14



2.5

VITROLITE TRANSLUCENCY (550nNMm) /
LOSS OF LIGHT DUE TO TRANSLUCENCY /
AT EDGE OF INTEGRATING SPHERE PORT /
FOR 40 MM THICKNESS !

2.0 = QO VITROLITE (1.05 X DIAMETER OF PORT)

@ VITROUITE ( 2.5 X DIAMETER OF PORT)

EDGE LOSS (%)

RATIO: BEAM DIAMETER / PORT DIAMETER

Figure 7. The percentage of incident light beam that is lost out the
edge of the Vitrolite near the edge of the integrating sphere
post. The data were obtained for a Vitrolite of 10 mm thick-
ness. The light Tost from the measurement is due to the
Vitrolite translucency. The amount of light lost depends on
the dimensions of the Vitrolite and the ratio of the sample
beam diameter to the port diameter. The data were obtained
by means of the NBS hazemeter. ' This instrument has a visual

response detector system with a peak response near 550 nano-
meters.
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diameter should not be greater than 50 percent of the port diameter in order to
avoid edge losses. The data shown in figure 7 should not be used as a correction

factor but only as a guideline to point out possible instrumental problems related
to translucency.

In summary it is clearly shown in figure 7 that edge 1oss errors can be
greater than 1 percent if the Vitrolite is illuminated with a beam having a diam-
eter nearly the same as the port diameter. Therefore, the user should make certain
that the beam diameter is small enough in relation to the port diameter to avoid
edge Tosses. The user should also make certain that the Vitrolite is covered
by draping an opaque cloth over it to prevent room light from diffusing in through
the Vitrolite edges and into the integrating sphere. It is also important that the
Vitrolite be backed by the black felt-covered plate supplied with each standard.

The results of the translucency studies shown in figures 2 through 7 are
representative of what a user will encounter in using Vitrolite reflectance stand-
ards with integrating spheres having circular ports and sample beams that are
collimated and circular. Obviously, there are integrating spheres with rectangular
ports or ports that are not circular and reflectometers that do not have collimated
circular beams. Where these geometrical conditions cxist, it is still a good rule
to avoid illuminating the Vitrolite with a beam that is greater in width or height
than 50 percent of the port width or height. In reflectometers in which the sphere
is illuminated by an uncollimated source and the Vitrolite is diffusely illumi-
nated, then viewed by some limiting aperture such as a monochromator slit, the
Vitrolite calibration is still valid as long as the viewed area of the Vitrolite is
in a central area of the port, not exceeding 50 percent of the port diameter.

5. Cleaning and Storing Vitrolite Reflectance Standards

Vitrolite can be cleaned with soap and water. Mild liquid soap or plain white
hand soap will do. After washing, the standard should be rinsed with warm water
and dried with a soft tissue or cotton cloth which is free of grit that might
scratch the surface. Never clean with strong detergents or solvents. These may
permanently alter the Vitrolite surface through repeated use. The best way to
store a Vitrolite reflectance standard is to place it in a desiccator or glass
container so that the standard reflecting surface is in contact with air only.

16
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Standard Reference Material 2015

White Opal Glass Diffuse Spectral Reflectance

Standard for the Visible Spectrum

V. R. Wcidner

This Standard Reference Material (SRM) is intended for use in calibrating the photometric scale of integrating sphere
reflectometer-spectrophotometers used in the measurement of spectral 6°; hemispherical reflectance. SRM 2015is a
5.1-cm x 3.8-cm, fire-polished, white opal glass (vitrolite).

This SRM was measured at 10-nm intervals from 400 to 750 nm. The certified values were determined in the following
way. The 6°/hemispherical diffuse reflectance factor of a master plate was measured on the NBS High Accuracy
Reference Spectrophotometer for diffuse reflectance, using techniques for determining absolute reflectance values
(reflectance relative to a perfect diffuser). This master plate was then used to transfer the absolute reflectance scale to the
reflectance SRM through the use of a working plate and a high-precision recording spectrophotometer. The uncertainty
in the values of absolute diffuse reflectance assigned to the master plate is 0.15 percent. The total uncertainty of the
certified values of absolute diffuse reflectance is & 1.0 percent at the 95 percent confidence level. the certified values for
the “included specular component” are given in Table 1. Uncertified values for the “excluded specular component” are
given for information only in Table 2. ‘

The white opal glass can be cleaned with a mild liquid soap and warm water, followed by a rinse in distilled water. The
fire-polished surface and the reflectance of the standard are very stable. However, care should be excercised in cleaning
and handling to avoid scratching the polished surface. The standard should be stored in a covered glass enclosure when
not in use.

This SRM is issued with a black felt covered aluminum plate. This black feltis to be placed against the back of the SRM
when measuring its reflectance. The same black backing was used in calibrating the SRM at NBS. This white glass is
transiucent and may not be suitable as a reflectance standard for some reflectometers.

The calibration of this diffuse spectral reflectance standard was done in the Radiometric Physics Division of the Center
tor Radiation Research at NBS.

The technical and support aspects involved in the certification and issuance of SRM 2015 was coordinated through the
Office of Standard Reference Materials by R.K. Kirby.

Washington, D.C. 20234 George A. Uriano, Chief
May S, 1982 Office of Standard Reference Materials
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THIS IS 2 SAIPLE

6°/Hemispherical Reflectance Factor (Relative to a Perfect Diffuser)

thite Opal Glass Serial No. _V6-C2001

TABLE 1 TABLE 2
Wavelength
{nm) INCLUDED SPECULAR COMPONEN EXCLUDBD SPECULAR COMPONENT
400 0.90% 0.864
410 896 «857
420 C 82 <852
430 892 «852
440 +890 «852
450 «598 +860
450 «908 869
470 «911 «872
480 9011 872
490 + 915 <875
500 . 916 «878
510 .919 <880
520 «921 «882
530 $922 .882
540 0922 «884
550 $ 922 .883
560 ‘ “922 .882
570 «920 .882
580 .918 .881
590 <916 879
600 914 .877
610 913 875
620 910 .873
630 . 908 .870
640 « 906 «869
650 «9056 868
660 «905 «867
670 «903 «865
680 +904 « 865
690 902 «B64
700 901 «863
710 «899 «860
720 «897 858
730 «894 «857
740 «892 +854

750 «890 «853
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Standard for the Visible Spectrum

V. R. Weidner

This Standard Reference Material (SRM) is intended for use in calibrating the photometric scale of integrating sphere
reflectometer-spectrophotometers used in the measurement of spectral 6°/ hemispherical reflectance. SRM 20161s a
10-cm x 10-cm, fire-polished, white opal glass (vitrolite).

This SRM was measured at 10-nm intervals from 400 to 750 nm. The certified values were determined in the following
way. The 6°/hemispherical diffuse reflectance factor of a master plate was measured on the NBS High Accuracy
Reference Spectrophotometer for diffuse reflectance, using techniques for determining absolute reflectance values
(reflectance relative to a perfect diffuser). This master plate was then used to transfer the absolute reflectance scale to the
reflectance SRM through the use of a working plate and a high-precision recording spectrophotometer. The uncertainty
in the values of absolute diffuse reflectance assigned to the master plate is 0.15 percent. The total uncertainty of the
certified values of absolute diffuse reflectance is £ 1.0 percent at the 95 percent confidence level, the certified values for
the “included specular component™ are given in Table 1. Uncertified values for the “excluded specular component” are
given for information only in Table 2.

The white opal glass can be cleaned with a mild liquid soap and warm water, followed by a rinse in distilled water. The
fire-polished surface and the reflectance of the standard are very stable. However, care should be exercised in cleaning
and handling to avoid scratching the polished surface. The standard should be stored in a covered glass enclosure when
not in use.

This SRM is issued with a black felt covered aluminum plate. This black feit is to be placed aﬁainsl the back of the SRM
when measuring its reflectance. The same black backing was used in calibrating the SRM at NBS. This white glass is
translucent and may not be suitable as a reflectance standard for some reflectometers.

The calibration of this diffuse spectral reflectance standard was dane in the Radiometric Physics Division of the Center
for Radiation Research at NBS.

The technical and support aspects involved in the certification and issuance of SRM 2016 was coordinated through the
Office of Standard Reference Materials by R.K. Kirby.

Washington, D.C. 20234 George A. Uriano, Chief
May 5, 1982 Office of Standard Reference Materials
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THIS IS A SAMPLE

6°/Hemisphierical Reflectance Factor (Relative to a Perfect Diffuser)

thite Opal Glass Serial No. _V6-6400]

TARBLE 1 TARLE 2
Vlavelength ‘ ‘
(nm) INCLUDED SPECULAR COMPONENT EXCLUDED SPECULAR CCMPONENT
400 0.906 0.864
410 ‘ «896 «858
420 892 « 852
430 «892 «853
440 890 «852
450 +899 «861
460 « 908 «868
470 .911 872
480 «911 «873
490 .914 «876
500 916 +«879
510 ' ‘ «919 «882
520 022 .882
530 «923 +884
540 922 « 884
550 922 .883
5560 $ 922 +883
570 «921 <883
580 .918 881
560 916 .879
600 2915 «877
610 «0183 «875
620 910 «873
630 « 907 .870
640 . 905 .869
650 «905 « 868
660 904 « 867
670 « 903 « 866
680 + 902 «865
690 .901 «864
700 +901 ’ «863
710 +898 «862
720 +896 «859
730 . «894 « 857
740. 892 « 854
750 +890 «852
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