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CAUTION: 
This Test Method may include safety precautions which are believed to be appropriate at the time of publication of the method. The intent of these 
is to alert the user of the method to safety issues related to such use. The user is responsible for determining that the safety precautions are complete 
and are appropriate to their use of the method, and for ensuring that suitable safety practices have not changed since publication of the method. This 
method may require the use, disposal, or both, of chemicals which may present serious health hazards to humans. Procedures for the handling of 
such substances are set forth on Material Safety Data Sheets which must be developed by all manufacturers and importers of potentially hazardous 
chemicals and maintained by all distributors of potentially hazardous chemicals. Prior to the use of this method, the user must determine whether 
any of the chemicals to be used or disposed of are potentially hazardous and, if so, must follow strictly the procedures specified by both the 
manufacturer, as well as local, state, and federal authorities for safe use and disposal of these chemicals. 

 
 

Color of paper and paperboard (45/0, C/2) 
 

 

 
1. Scope
 

1.1 This method specifies a procedure for measuring the color of paper or paperboard with tristimulus filter 
colorimeters or spectrophotometers incorporating directional (45/0) geometry and CIE (International Commission on 
Illumination) illuminant C. 
 
NOTE 1: TAPPI T 527 “Color of Paper and Paperboard (d/0, C/2)” describes a similar procedure using diffuse illumination and normal 

viewing. 
 

1.2 In the method, tristimulus values X (red), Y (green), and Z (blue), appropriate to the CIE-1931 (2) 
standard observer, are calculated from reflectance measurements Rx, Ry, and Rz. or from R () data.  Color can then be 
expressed in various color space systems: 
 

1. Hunter L, a, b 
2. CIE L*, a*, b* 
3. L*, C*, h 
4. Dominant wavelength, purity, luminosity 
5. Color difference, [E, E*, E*94, E (CMC)] 

 
1.3 Instruments equipped with microprocessors which give direct information relating to different color scale 

systems conform to this method only if the means of measurements and calculation conform to the descriptions herein. 
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2. Significance 
 
2.1 The color appearance of paper and paperboard is important for its aesthetic value in marketing packaged 

products, as an aid to distribution of multi-ply forms, to differentiate pages or sections of published literature, in art work, 
and in many other applications. 

2.2 A numerical definition of color is essential to good quality control and to customer-producer 
relationships.  
 
3. Definitions 

 
3.1 Dominant wavelength (of an illuminated object), the wavelength of spectrally pure energy which when 

mixed with the illuminant in suitable proportions will match the color of the specimen. 
3.2 Purity, excitation, the ratio of the distance on a CIE chromaticity diagram between the achromatic point 

and the specimen point to the distance along a straight line from the achromatic point through the specimen point to the 
illuminant spectrum locus.  The term “saturation” is also applied to this quantity. 

3.3 Luminosity, the scale of perception representing a color's similarity to achromatic colors between black 
and white.  This quantity is also known as “luminance” and “luminous reflectance.” 

3.4 L, a, b, L*, a*, b*, these symbols are used to designate color values as follows:  L, L* represents lightness 
increasing from zero for black to 100 for perfect white; a, a* represents redness when positive, greeness when negative; 
and b, b* represents yellowness when positive, blueness when negative.  When a* and b* are simultaneously zero, they 
represent grey. 

3.5 L*, C*, h, L* is as described in 3.4, C* represents chroma, and h represents hue angle. 
3.6 E, E*, E (CMC), the overall color difference values take into account lightness/darkness differences 

as well as chromatic differences.  The intent is for a given value of E, E*, E (CMC), to represent the same visual 
perception of color difference anywhere in color space. 
 
4. Apparatus 
 

4.1 Instrumental components1, consisting of a means for fixing the location of the surface of the specimen, a 
system for proper illumination of the specimen, suitable filters, gratings, or other optical components for altering the 
spectral character of the rays reflected from the specimen, photosensitive receptors to receive the reflected rays, and a 
means for transforming the receptor outputs to tristimulus functions. 

4.2 Spectral characteristics 
4.2.1 Incident light.  The spectral power distribution of the light incident on the specimen determines the extent 

to which reflected light may be augmented by fluorescence.  The product of the spectral power distribution of the source 
and spectral transmittance of the glass lenses and infrared absorbing filter in the incident system should correspond to the 
energy distribution given as a function of wavelength in Table 1.  This relative spectral power distribution may be 
approximated by a select combination of a tungsten filament source, a heat absorbing filter, and UV trimming filter in the 
incident beam.  If the paper or paperboard being measured by a spectrophotometer contains no fluorophores (fluorescent 
components, i.e., optical brightness), the spectral distribution of incident light will not affect the measurement of color, 
provided that sufficient energy is available at each wavelength of measurement. 

4.2.2 Light energy.  The light energy incident on the test specimen should not appreciably heat or fade the 
specimen during the measurement.  An infrared absorbing filter (heat filter) in the incident beam will normally prevent 
overheating the specimen. 
 

                                                 
1
Names of suppliers of testing equipment and materials for this method may be found on the Test Equipment Suppliers list in the set of 

TAPPI Test Methods, or may be available from the TAPPI Quality and Standards Department. 
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Table 1. Relative spectral energy distribution incident on the specimen 
       
 Wavelength, nm Relative energy, E 
       
 320  0.1  
 340 2.4  
 360 7.9 
 380 14.3 
 400 22.0 
 420 30.9 
 440 43.6 
 460 58.9 
 480 78.3 
 500 100.0 
 520 121.8 
 540 144.7 
 560 169.7 
 580 188.4 
 600 200.8 
 620 204.6 
 640 199.8 
 660 187.3 
 680 169.2 
 700 144.4 
    
 
 
Table 2.   Tristimulus functions for CIE Illuminant C/2 
  

 Wavelength, nm Ecx̄ Ecȳ Ecz̄ 
  
 360 -0.001 -0.000 -0.006 
 380 -0.011 -0.000 -0.054 
 400 0.089 -0.001 0.393 
 420 2.919 0.085 14.033 
 440 7.649 0.511 38.518 
 460 6.641 1.382 38.120 
 480 2.364 3.206 19.564 
 500 0.069 6.910 5.752 
 520 1.198 12.876 1.442 
 540 5.591 18.258 0.357 
 560 11.750 19.588 0.073 
 580 16.794 15.991 0.026 
 600 17.896 10.696 0.013 
 620 14.018 6.261 0.003 
 640 7.457 2.902 0.000 
 660 2.746 1.008 0.000 
 680 0.712 0.257 0.000 
 700 0.153 0.055 0.000 
 720 0.034 0.012 0.000 
 740 0.007 0.003 0.000 
 760 0.002 0.001 0.000 
 780 0.000 0.000 0.000 
 
 SUM 98.073 100.000 118.232 
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