












It has been found that these differences in color are caused merely by differences in the 
wavelength o-f light. A perfect match then , is one in which the materials reflect equal 
amounts of light at each wavelength (or colored component) of the visible spectrum. 

An instrument used for determining the amount of ligh t reflected from a material 
at each wavelength is known as a spectrophotometer . The record of a spectrophotometric 
examination is reported most conveniently in the form of a graph on which the amount of 
light reflected at each wavelength of the visible spectrum is plotted against the wave­
length . ponnecting these plotted points results in a continuous line known a s a spec­
trophotometric curve. Two materials having identical spectrophotometric curves will 
always match in color regardl ess of the type of illumination under which they are viewed . 

There are two outstanding reasons why spectrophotometers have not been used more 
widely in the past . In the first place such measurements have always been made by visual 

;>\ observation and such a procedure is extremely tedious and time-consuming . This serious 
drawback has been entirely removed with the development of a photoelectric, automatically 
recording spectrophotometer at the Massachusetts Institute of Technology, by Professor 
Arthur C. Hardy . With this instrument it is now possible to obtain in a few minutes a 
complete spectrophotometric curve t hat formerly r equired hour s to draw by the visual 
method. 

A second objection to the use of instruments for color matching is the long stand­
ing belie f among dyers and color technologists that no instrument bas ever been des igned 
to equal the sensitivity of the human eye. Actually dyeing experiments have been per­
formed that shov1 beyond any doubt that the Hardy spectrophotometer is considerably more 
sensitive than the eye . 

These experiments were made by dyeing swatches of wool with a yellow dye and with 
a mixture of yellow and red dyes. The percentage of ye llow dyestuff was maintained con­
stant in every case while the amount of red was varied as shown by the following table. 

Sample No . Du Pont Tartrazi ne 0 1o Du Pont Crocein 
Scarlet Conc 1 

l l.Ofo Zero 
2 1. 0 
3 1.0 0.0002 

Similar experiments were performed previously and the results , published in American Dye­
stuff Reporter 20, 389 1 (1933) by C. Z. Draves showed that the presence of of the 
red could be quite definitel y distinguished visually but that 0.00011o was not always dis ­
tinguishable from the ye l low dyeing alone . 

These experiments were r epeat ed by Dr. R. E. Rose of the E. I. du Pont de Nemours 
Company, and by the author, with the same results by visual examination. The spectro­
photometric curves 1 however , very definitely distinguish between Samples 1, 2 and 3 . The 
brightness of thes e samples , computed from the curves are found to differ by appreciable 
amounts. 

Sample 
1 
2 
3 

Brightness 
54. 21o 
65 . 9 
67 . 3 

It is hoped that the results given here wi ll definitely serve to remove any preju­
dice that may have been formed and wi ll encourage other investigators to apply it to 
their particul ar probl ems of color measurement. 
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Further experiments*** have been made with the Hardy spectrophotometer to demonstrate 
that calculations based on spectrophotometric curves may be utilized to specify color 
tolerances . Numerous commercial matches were obtained from a well known woolen house and 
from a cotton furnishing mill. These samples were obtained in pairs , each pair represent­
ing a standard dyei ng made at one time and a match dyeing made to duplicate the standard. 
All samples had been accepted by customers as satisfactory matches . 

In every case the spectrophotometric curves of the later dye ings differed from those 
of the origina l standard dyeings . For the l i ght , bright colors these differences were 
usually l arge but were much smaller for the dark ful l shades . This was to be expected, 
from the previously mentioned results . The purpose of these experiments was merely to 
show just wha t limits of tolerance , acceptable to the customer , might be observed in terms 
of spectrophotometri c curves . These curves may be conveniently translated , by straight­
forward calculations , into an interna tiona l color language of dominant wavelength, puri ty 
and brightness . These designations corr espond physically to the more famili ar t erms of 
hue , saturation and brilliance and it is shown t hat they may be conveniently used to des­
ignat e limi ts of to l erance within which dyers and color technologists may work . 

Notes: 
* 

** 

*** 
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CERTAIN COLORS IN HODERN PACKP.GING PREVENT DETERIORATION 
IN OIL-BEARING FOODS 

Mayne R. Coe 
Food Research Division, Bureau of Chemistry and Soil s, 

U. s . Department of Agriculture . 

The subject of photochemistry has been brought to the foreground through its wide 
applications in the industrial arts . Especially is this true in the packaging fie ld 
where certain colored wrappers are us ed for the purpose of delaying the onset of rancid­
ity in oil-bea r ing foods . 

Light has long been known to cata lyze this form of spoilage, but not unti l re ­
oently has it been shown that certain wave lengths of l ight promote rancidity more than 
do others . Investigations have been conducted by the Bureau of Chemistry and Soils with 
various col or filters chosen to absorb known wavelengths of light, s o that all r egions 
of the spectrum were utilized selectively for irradiation. In this manner it was found 
that the r egion which promotes rancidity the l eas t is green delimited by 4900 to 5800 
Angstrom units. The ultra-violet, indigo and blue of t he visible spectrum appear to be 
next in acti vity. Yellow, orange and red are also active in producing spoila ge by ran­
cidity, but about twice the amount of irradiation with these wave lengths is necessary 
to produce the same amount of change or spoilage as with blue. The green region of the 
visible spectrum and the infra- red of the invisible appear to be practically inert to 
rancidity devel opment. 



" s Oil-bearing foods are of cours e , best preserved from the development of rancidi ty 
when protected from all l ight . Our experience shows that a green fi l ter transmitting 
light between 4900-5800 A. u. is next in protective properties . 

Why does green better than any other color prevent or delay rancidity in oil- bear­
ing foods? Every wavelength of light , from the extreme violet t o the far red in the 
visible spectrum, a s v1ell as the ultra-violet and infra- r ed in the invisible spectrum, 
acts chemical l y upon substances that absorb i t , as Grotthus ( 1 ) demonstrated yea rs ago . 
11oNicholas and others have shown that vegetable oils and f ats absorb very strongly wave 
lengths of light in the ultra-violet and blue ends of the spectrum , and to a lesser 
extent, those in the red end . I t i s more than probable that the absorption of these 
wave lengths of light causes animal as well as vegetable oils and fats to become rancid . 
Consequently, anything that exc ludes these light waves from oil-bearing commodities 
tends to delay or prevent t he development of ranc i dity . Wrappers or containers of the 
proper light- excluding properties , e .g., green {4900- 5800 A. u. ) filter out the harmful 
wave lengths of light , a llowing only the h::.rmless w.1 ve l engths to be transmitted . 

This protective shade of green approximates that of chlorophyll green or grass 
green . Because the proper shade of green is in most cases difficult to judge by inspec­
tion, it is advisable to examine all wrappers or container-materials spectroscopically. 

{1) Laws of Grotthus are referred to i n Ostwald ' s Klassiker 152 , p . 94 . 
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