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ABSTRACT: Metamerism is a phenomenon where two or more colored items with different colorant chemistries appear to the observer to be
the same color. Those differences should result in different UV-visible spectra. Additionally, the literature on color science states that metameric sam-
ples will have spectra that intersect at three or more loci. Metameric samples of blue textile fibers, which were created using different coloring agents
or different relative concentrations of the coloring agents, were studied to demonstrate that they could be differentiated by obtaining their spectra
between 350 and 800 nm using UV-visible microspectrophotometry. However, while some of the metameric samples tested did intersect at three or
more loci, others did not intersect at all. In the spectra that did intersect, no correlation was found between either the dye chemistries or the relative
component concentrations.
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In their daily lives, people may be confronted with the problem
of color matching. The dye that will impart color to a polyester
fiber may not be taken up by a wool fiber, resulting in the use of
different compounds and mixtures to try to create the same color.
Therefore, an apparent match between a polyester garment and a
wool garment in a store may no longer look like a match after
leaving the store. Dyes used on textiles are different from the colo-
rants used in paints. A paint color that has been created in a store
to match a pillow fabric may not appear to be the perfect match at
home. These color variation problems are examples of
metamerism.

Metamerism is the phenomenon of two or more colored items
(produced using different dyes, pigments, or coloring agents)
appearing to be the same color under specific lighting conditions.
If a change in lighting conditions results in the items looking differ-
ent, this phenomenon is called illuminant metamerism. If a change
in the observer results in the items looking different, this phenome-
non is called observer metamerism (1,2).

In forensic science, the concern is whether or not metameric
samples (samples that were created with the express intent of
appearing to be the same color) can be differentiated through their
UV-visible spectra (3,4). Because different coloring agents are
used, the UV-visible spectra of the colored items should be differ-
ent (5). And, according to the literature on color science, metameric
samples will have spectra that intersect at three or more loci (1,6).
Berger-Schunn does cite exceptions where metameric pairs have
spectra that intersect at only two loci. However, there are few doc-
umented results to demonstrate just how different the spectra might
look, nor do these results confirm that the spectra intersect at three
or more loci. Additionally, there are also metameric samples that
are created using the same coloring agents, but in different

proportions (1,2). There is very little documentation regarding this
scenario in the forensic science literature. Thus, this study was
undertaken in order to help fill that void.

Materials and Methods

Blue fabric swatches of the following fiber types and dye combi-
nations were tested (see Table 1). The dye combinations and con-
centrations were chosen to achieve metamerism between the fabric
swatches under Illuminant D65 (daylight) lighting conditions. The
dye types were chosen based upon their suitability for the fiber type.

The cotton and polyester swatches are examples of metameric
pairs created using different coloring agents. The nylon, silk, and
wool swatches are examples of metameric pairs created using the
same coloring agents, but in different proportions.

The fabric swatches were examined visually under different
lighting conditions—daylight, incandescent light, fluorescent
light—to determine the quality of the metameric match between
the samples. Under daylight illumination, all of the fabric swatches
appeared to be the same shade of blue. Under incandescent light,
the nylon, silk, and wool swatches appeared to be the same shade
of blue. The cotton and polyester swatches appeared to be different
shades of blue. Under fluorescent light, the nylon and polyester
swatches appeared to be the same shade of blue. The wool swatch
appeared to be a slightly darker shade of blue than the nylon and
polyester. The cotton and silk swatches appeared to be different
shades of blue.

Single fibers from each fabric swatch were mounted between a
quartz slide and quartz cover slip, using glycerol as a mounting
medium. The mounted fibers were then analyzed in absorbance
mode using the CRAIC Technologies (San Dimas, CA) QDI 2000
UV-visible microspectrophotometer with a 15· objective. Ten sam-
ples from each swatch were analyzed to observe the range of varia-
tion of absorbance within each sample and to demonstrate the
consistency of results. Absorbance spectra from 350 to 800 nm
were obtained. Absorbance spectra of colorless fibers of the same
fiber types were also obtained to confirm that spectral differences
were because of the dyes, and not from the chemistry of the fiber
types.
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Results

The blue cotton fabric swatch was created using blue and yellow
dyes. No red dye was used to create this swatch. An examination
of the spectrum of the cotton fiber (Fig. 1) shows maximum absor-
bance in the red wavelengths (620–750 nm); this is represented by
the peak at 625 nm in the spectrum. There is a noticeable differ-
ence in the absorbance between the wavelengths in the red region
and those in the yellow (570–590 nm), as represented by a shoul-
der on the slope of the 625 nm peak. The blue color of the fiber is
seen in the low absorbance in the blue wavelengths (450–495 nm),
as manifested by the valley in the spectrum in the blue wave-
lengths. Low absorbance translates to high transmittance and often-
times, high reflectance, resulting in the perception of color of the
corresponding wavelength.

The blue polyester fabric swatch was created using blue dye and
low concentrations of red and yellow dyes. The proportions of red
to yellow dyes are similar. The dye formulation is seen in the spec-
trum of the polyester fiber (Fig. 2). Because the proportions of red
and yellow dyes are similar, there is no distinct peak or valley repre-
senting absorbance by the red or yellow dyes. Instead, the maximum
absorbance in the orange wavelengths (590–620 nm) was because
of the blue dye. There is weaker absorbance in the blue region of
the spectrum, which results in the polyester fabric’s blue color.

The spectra for the nylon, wool, and silk fibers (Figs. 3–5,
respectively) show distinct peaks in the red and yellow regions,
reflecting the highest concentrations of blue dyes and slightly
higher concentrations of red dyes in their formulations. Each spec-
trum has a distinct valley, representing little absorbance in the blue
region and therefore, the blue color.

Discussion

Because dye uptake by the fibers comprising each sample may
not have been equal, multiple fibers were analyzed. A range of
variation in absorbance within each sample was observed.
However, an overlay of the 10 spectra for each sample showed
them to have identical spectral shapes (7). An average spectrum of
the 10 spectra for each sample was therefore plotted.

The shapes of the spectra for the cotton and polyester fibers
were noticeably different from each other and from the spectra for
the nylon, silk, and wool fibers. As shown in Table 1, the dyes
used on the cotton and polyester fibers are different from each
other and from the dyes used on the nylon, silk, and wool fibers.

Because the same colorants (dyes) were used in the making of
the nylon, wool, and silk fabric swatches, the samples are not typi-
cally considered metameric samples within the forensic community.
However, because the formulations used to create each swatch are
different, the samples are metameric. These specimens are of foren-
sic interest because they answer the question as to the degree of
variation needed to differentiate two similarly colored samples from
different sources.

It was expected that the spectra for the nylon, silk, and wool
fibers would be similar in shape. General similarities in spectral
shape were observed. They did, however, show differences in rela-
tive absorbance at the different wavelengths, resulting in small, but
significant, differences in spectral shape between the nylon, wool,
and silk samples.

An examination and comparison of the spectra for the nylon,
silk, and wool fibers shows a correlation between peak height ratios
and dye ratios (see Table 2 and Fig. 6).

Comparing the nylon, wool, and silk spectra, an examination
of the difference between the valleys representing absorbance of
blue light and the peaks representing absorbance of yellow light
shows a correlation to the amount of blue dye used versus the

TABLE 1—Fiber types, dyes, and formulations used on each sample for
this study.

Fiber Type Dye Dye Strength

Cotton Reactive dye Levafix Blue EGRN Full strength
Reactive dye Levafix Yellow EG150 Full strength

Polyester Disperse dye Blue CVS 300 0.366%
Disperse dye Red CVS 300 0.042%
Disperse dye Yellow CVS300 0.037%

Nylon Acid dye Telon Blue AFN 1.769%
Acid dye Telon Red AFG 0.108%
Acid dye Telon Yellow FG 0.059%

Wool Acid dye Telon Blue AFN 1.503%
Acid dye Telon Red AFG 0.090%
Acid dye Telon Yellow FG 0.040%

Silk Acid dye Telon Blue AFN 1.879%
Acid dye Telon Red AFG 0.148%
Acid dye Telon Yellow FG 0.087%

FIG. 1—UV-visible spectrum of a blue cotton fiber.
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FIG. 2—UV-visible spectrum of a blue polyester fiber.

FIG. 3—UV-visible spectrum of a blue nylon fiber.

FIG. 4—UV-visible spectrum of a blue wool fiber.
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amount of yellow dye used. Similar correlations exist between
the blues and reds and the reds and yellows. An examination of
the average spectra from these three fiber types highlights the
differences in relative absorbance between the nylon, wool, and
silk samples and demonstrates the correlation between relative
absorbance and the proportions between the dyes used to make
each sample (see Table 3).

Comparisons of the spectra of each sample to the spectra of the
other four samples show some of the spectra intersect each other at
one or more loci while others do not intersect each other at all.
These differences are due to the range of variation in absorbance
within each sample. For example, one of the spectra of the silk
fibers was greater in absorbance than all of the spectra of the wool
fibers. Therefore, there was no intersection at any loci. Alterna-
tively, most of the spectra of the silk fibers were within the range
of absorbance exhibited by the wool fibers, resulting in
intersections at one or more loci.

Conclusions

Metameric samples created using different coloring agents are
easily differentiated through their UV-visible-NIR absorbance spec-
tra. The absorbance spectra will have different shapes, representing
differences in absorbance at different wavelengths. In this scenario,

FIG. 5—UV-visible spectrum of a blue silk fiber.

TABLE 2—Nylon, silk, and wool fabric samples created using the same
trio of dyes. The table shows the proportions of blue to red dye, blue to

yellow dye, and red to yellow dye used within each sample.

Fiber
Type

Ratio of Blue:
Red Dye

Ratio of Blue:
Yellow Dye

Ratio of Red:
Yellow Dye

Nylon 16.38 29.98 1.83
Wool 16.70 37.58 2.25
Silk 12.70 21.60 1.70

FIG. 6—Overlaid spectra of blue nylon, blue wool, and blue silk fibers. Note the similarities in spectral shape between the three samples. The differences
between the valleys at the blue wavelengths and the peaks at the yellow and red wavelengths correlate to the ratios of dyes blue to yellow and blue to red.
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it would be easy to discern that the samples are from different
sources.

Metameric samples created using the same coloring agents in
different proportions can be differentiated through their UV-visible
absorbance spectra if there are significant differences in the formu-
lations. The absorbance spectra will have similar, although not
identical shapes, because of different relative peak heights. The
differences in peak heights correspond to the differences in dye stuff
concentrations. In this scenario, the samples can be determined to
be from different sources if there are significant differences in the
proportions of the coloring agents. A close examination of the peak
heights may be necessary to discern differences in spectral shape. If
the differences in formulary proportions are slight, it may not be
possible to differentiate the samples as originating from different
sources. A forensic examiner would have to consider other experi-
mental methods, or more sophisticated data analysis techniques, in
order to differentiate the samples.

Contrary to published literature, the spectra of metameric sam-
ples do not necessarily intersect at three or more loci. As demon-
strated with the polyester spectrum compared against the nylon,
wool, and silk spectra presented in Figs. 2–5, some spectra do not
intersect at all.
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TABLE 3—Correlation between the proportions of blue, red, and yellow
dyes and the relative absorbances in the regions of the blue, red, and

yellow wavelengths. The more dye used, the more light of the corresponding
color is transmitted.

Fiber
Type

Proportions Between
Dyes Blue ⁄ Red ⁄ Yellow

Relative Absorbance at
Blue ⁄ Red ⁄ Yellow Wavelengths

Nylon 1.769 ⁄ 0.108 ⁄ 0.059 0.234 ⁄ 0.418 ⁄ 0.422
Wool 1.503 ⁄ 0.090 ⁄ 0.040 0.171 ⁄ 0.344 ⁄ 0.356
Silk 1.879 ⁄ 0.148 ⁄ 0.087 0.212 ⁄ 0.322 ⁄ 0.326
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