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R esearchers in the Center for 
Radiation Research and the 
Center for Analytical Chem

istry at the National Bureau of 
Standards (NBS) are responsible 
for the development and calibra
tion of a number of standards for 
checking the performance of spec
trophotometers, spectrofluori
meters, and related analytical in
strumentation. Many of these stan
dards are available as Standard 
Reference Materials.1 

Exploratory research is funda
mentally important in developing 
improved standards. Some pro
gress has recently been made in 
developing diffuse reflectance and 
fluorescence materials for possible 
use as standards. 

Diffuse reflectance 

In recent years, NBS has been 
measuring the reflectance proper
ties of pressed polytetrafluorethy
lene (PTFE) powder. 2 This is a 
high-purity white resin that is 
commonly used in the production 
of Teflon. The high diffuse reflec
tance of this material makes it use
ful as a reflectance standard3 and 
as a coating for improving the effi
ciency of integrating sphere-re
flectometers that operate in the 
wavelength range 200 to 2500 nm. 

(PTFE) resin is used to form 
many products by the sintering 
process, in which it is heated to 
about 370°C. At this temperature, 
the powder fuses into a durable 
solid. Other ingredients may be 
mixed with the P T F E , if they can 
withstand the sintering tempera
ture. 

One ingredient that meets this 
requirement is carbon black. Car
bon black is a good absorber of ra-

FlGURE 1. Spectral reflectance of 
16 gray-scale disks composed of 
sintered mixtures of carbon black 
and PTFE resin (steps 1 through 
16) and a sintered specimen of 
pure PTFE (step 17). 
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FIGURE 2. Design of the crucible used to sinter the mixtures of carbon 
black or phosphors in PTFE resin. 

diation in the ultraviolet, v is ible, 
and near infrared. A gray-scale can 
be prepared by mix ing P T F E and 
carbon black in different concen
trations. These mixtures can be 
sintered to produce durable solids 
with desirable reflectance proper
ties for possible use as standards. 
The spectral reflectance properties 
of an exper imenta l set of these 
gray-scale specimens are shown in 
F ig . 1. 

The specimens are prepared in 
crucibles of the design illustrated 
in F ig . 2. The mixtures are placed 
between two ceramic disks in the 
crucible and raised to 370°C. After 
coo l i ng , the s in te red d isks are 
buffed to remove surface irregular
ities and produce a uniform diffuse 
surface. 

To produce a gray-scale having 
the reflectance distribution shown 
in F i g . 1, the carbon b lack and 
P T F E had to be mixed by a d i lu
tion process in which a ratio of 1 
part carbon black in 8 parts P T F E 
forms the darkest mixture and al l 
l ighter shades are der ived from 
this by div id ing and di lut ing wi th 
P T F E resin. The darkest mixture 
(step 1) is d iv ided into two equal 
portions. One of these portions is 
sintered and the other is di luted to 
form material for the second step 
(ratio of 1:16). 

When this technique is carried 
through 16 cycles, one ends up 
with a ratio of 1 part carbon black 
in 262,144 parts P T F E for step 16. 
A sintered sample of pure P T F E is 
also shown in F ig . 1 (step 17). The 
reflectance data have been adjust
ed to an absolute reflectance scale 
based on the re f lec tance of a 
pressed P T F E powder standard. 2 

O n l y two sets of the 17 step 
gray-scale disks have been pre
pared. These disks are approxi
mately 10 mm thick and 50 mm in 
diameter. They can be cut or ma
ch ined , c leaned or buf fed, and 
they are opaque. They may possi

bly be useful for checking the pho
tometric scale of diffuse reflectom¬
eters. However, more work needs 
to be done to determine their suit
ability as standards. 

Fluorescence 
A colleague, observing the pro

duction of the experimental gray
scale disks, conceived the idea of 
using a similar technique to pro
duce durable f luorescence stan
dards. The specimens, wh ich con- -
tain phosphors, were prepared in 
2 -mm th ick , 50 -mm d iamete r 
disks. Small rectangular samples 
were sl iced from these and mount
ed in square cuvette holders hav
ing an aperture for the excitation 
beam to i l luminate the sample at 
60° from the normal, and another 
aperture located at 90° from the ex
citation beam, through which the 
emission due to the specimen fluo
rescence is v iewed and measured. 

The analysis was done on a ref
erence spectrof luorimeter. 4 T h e 
phosphors used in preparing these 
specimens must wi thstand h igh 

temperatures during the sintering 
process. Inorganic standard phos
phors 5 are suitable and the s in
tered material is very stable. Mea
surements of the emission spectra 
made before and after 8 hours ex
posure to a 450 watt xenon source 
at a distance of 15 cm indicate no 
degradation. The relative emission 
spectra of four p h o s p h o r - P T F E 
specimens are shown in F ig . 3. 

If further investigations show 
that there are no major problems, 
these p h o s p h o r - P T F E materials 
may be used as fluorescent stan
dards for the blue, green, yel low, 
and orange emission spectra. 

Related activities 

S in te r i ng mix tures of ca rbon 
black and P T F E , or phosphors and 
P T F E , to produce reflectance and 
fluorescence standards are just a 
couple of examples of the kinds of 
research that are being pursued in 
order to f ind suitable spectropho¬
tometric standards. N B S is also de
veloping wavelength standards for 
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FIGURE 3. The emission spectra of four sintered specimens containing 
10% phosphor in PTFE resin. 

the near infrared and gray-scale of 
mirrors for specular standards. A d 
vances are also being made toward 
d e v e l o p i n g ins t rumenta t ion to 

study the problems of standardiza
tion for long-wavelength infrared 
dispersive and scanning interfer
ometer spectrophotometers. 
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