
How to Preserve Color 
and Luminosity in 
Daylight Fluorescent 
Pigment Applications 

Chemical processes on earth's surface, both biological and 
mineralogical, are controlled primarily by sunlight and oxygen. Most 
of the oxygen in earth's atmosphere is found in the form of O2, a 
significantly less reactive form than monatomic oxygen O. Under 
ambient conditions, atmospheric oxygen will react slowly with other 
elements and compounds as energy is required to first liberate 
atomic oxygen from the O2 molecule before it can easily react with 
other substances.

A familiar example of this process of slow oxidation is the rusting of 
iron. Oxygen can react more vigorously when energy is supplied to 
first break the bond between the oxygen atoms in O2 and the 
resulting energy liberated can then sustain this oxidation process; 
something everyone is familiar with in the production and 
propagation of fire.

Heat is not the only source of energy that can initiate 
oxidation and in fact, in the case of daylight fluorescent 
pigments, it is light that provides the energy to initiate both 
fluorescence as well as subsequent degradation of the dye 
molecule and resulting loss of fluorescence (Figure 1).

Figure 1: Source - Sunlight Assisted 
Degredation of Dye Molecules, 2016
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Structurally, daylight fluorescent pigments are solutions of daylight fluorescent dyes in highly polar 
polymer systems. These polymers surround the fluorescent dyes with an electrically charged solvent cage 
that helps to stabilize the charged dye molecule in the excited state from which fluorescent emission 
occurs (Figure 2).

This excited state results from the absorption of the higher 
energy frequencies of daylight, much of which is in the ultraviolet 
region, and then on returning to the unexcited or ground state, 
the excited dye molecule releases some of that energy as visible 
radiation.

Because a portion of the absorbed radiation is in the UV and 
invisible to the human eye while the emitted radiation is in the 
visible spectrum, the daylight fluorescent process, which converts 
some of the absorbed invisible radiation, results in a luminous 
emission of color that far surpasses conventional pigments.

Figure 2: Fade resistance of unprotected dye vs. same level of dye in polymer matrix

Unprotected Dye
           Not Faded        Faded 8 hours under xenon light

Dye in Polymer Matrix
              Not Faded             Faded 8 hours under xenon light
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Protecting the dye 
by controlling its 
environment.

Unfortunately, the extra energy that produces the excited state from which daylight fluorescence occurs 
can also be a significant factor in the deactivation of fluorescence as a result of reaction with oxygen, 
which permanently transform's the dye molecule into a nonfluorescent molecular structure. In addition to 
oxygen in the atmosphere, oxygen may be dissolved in the pigment system or become resident when it is 
let down into a carrier for application. Not only oxygen itself but longer lived energetic free radicals 
formed by reactions between oxygen and the pigment matrix as well as exposure to shorter, more 
energetic wavelengths of UV light can all serve to accelerate the denaturing and therefore deactivation of 
the fluorescent dye molecule. 

Subsequent processing of the fluorescent pigment can also have destructive effects on fluorescence. 
Solvents, depending on their relative polarity, can cause leaching of the dye from the matrix, diminishing 
the matrix solvating effect required for fluorescence and making the entire system more vulnerable to 
degradation. Similarly, the use of heat in plastic master batching applications not only causes the 
fluorescent colorant system to become more labile but the heat itself, depending on temperature and 
time of exposure, can have both immediate as well as long-tem degradative effects by introducing both 
O2 and active free radicals into the system, thereby accelerating fading.

Brilliant offers a range of daylight fluorescent products designed to maximize resistance to these effects 
encountered in different applications.

Compositions containing daylight fluorescent pigments are usually quite transparent unless an opaque 
formulation or pastel tint is the objective. This means that the loss of daylight fluorescence is a layer by 
layer process. Obviously, the higher the concentration of pigment and/or the thicker the coating, the 
longer the persistence of color and fluorescence (Figure 3). 
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But there are limitations. Firstly, there's a problem of concentration quenching. Once the dye 
concentration reaches a certain level, some of the emitted radiation is captured by neighboring dye 
molecules. Over a pigmented surface, the degree of fluorescent emission vs. dye concentration starts to 
decrease above a concentration limited maximum. The visual effect is one of a reduction in luminance 
and/or a dulling of color (Figure 4).

Single Layer
           Not Faded                Faded 8 hours
         under xenon light

Double Layer
           Not Faded                Faded 8 hours
         under xenon light

Figure 3: Effect of coating thickness on lightfastness
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Brilliant can advise you on pigment type and formulation in order to achieve the maximum desired 
fluorescence intensity for your application. 

Figure 4: Effect of Quenching

Quenching
   Low Concentration of Dye    High Concentration of Dye
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Fading of 
Representative 
Brilliant Group 
Daylight Fluorescent 
Pigments

Differential fading results from a combination of effects including relative dye concentrations, intrinsic 
susceptibility to loss of fluorescence, post-faded residual color, nature of the pigment matrix and any 
protective additives or overlay coatings.

Figure 5: 8 hours, Xenon bulb, 750nm - 1000nm

Note: In photographically capturing these samples much of the daylight fluorescence effect is 
lost. What is more apparent in these images is color shift after a short interval of exposure.
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Fade-Resistant 
Additives and 
Coatings

Table. The Blue Scale, developed by the American Association of Textile Chemists and Colorists, is a 
generally recognized standard measurement of color permanence of coloring dyes. In this system, 
daylight fluorescent coatings and colorings are rated 4 or less*, indicating that they are extremely fugitive. 
Moreover, even if some color is retained after exposure, daylight fluorescence tends to be more rapidly 
lost for the reasons previously noted.

Because of these fugitive characteristics upon exposure to daylight, Brilliant recommends a number of 
approaches which can be undertaken to extend both color and daylight fluorescence in an application. 
However, as a general rule, given the fact that pure daylight fluorescent pigment coatings are transparent, 
the thicker the coating layer, the longer the persistence of fluorescent color.

While many fluorescent pigments depend, in part, on UV absorption and subsequent emission of visible 
wavelengths of light, a significant portion of the shorter, more energetic UV component of daylight can 
actually be destructive of the fluorescent dye molecule without enhancing fluorescence.

* https://www.coates.de/sne/fluorescent.pdf
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Moreover, for certain applications, there may be acceptable tradeoffs in lower fluorescent emission in 
exchange for a reduced fading profile by the incorporation of UV absorbers which do overlap the 
absorption region of the fluorescent dye. Here, the ratio of absorber to dye becomes important so as to 
minimize fading while maximizing the fluorescent effect.

What UV absorber to consider, at what concentration and the method of incorporation may be a matter of 
multiple trials and testing. However as a starting point, improvements of 10 to 30% in fading resistance in 
the coloring of plastics has been observed with the incorporation of 10% benzophenone or more 
benzotriazole UV absorbers in some formulations (Figure 6).

Figure 6: Effect of UV Absorber on Lightfastness

Effect of UV Absorber on Lightfastness
(1% Pigment in High Density Polyethylene)

                  0% Benzophenone                  10% Benzophenone
            Not Faded                              Faded for 24 hours             Not Faded                            Faded for 24 hours 
                 under xenon light                under xenon light

In coatings applications, UV absorbers may be added directly to the formulation or be applied in the form 
of one or more overcoats. The use of UV absorbers and the method of incorporation will depend on your 
application. Clear acrylic top coatings containing high levels (2 to 4%) of UV screens have proven effective 
in enhancing exterior color stability (Figure 7). 
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Figure 7: Comparison of color stability when using acrylic top coatings with 3% Benzophenone

          No Topcoat              With Topcoat                                               No Topcoat              With Topcoat   

24 hours under Xenon light

Finally, fluorescent pigments may be used in tinting applications with conventional coatings such as 
indoor paints. In such cases opacifiers such as zinc oxide, which both scatters and absorbs UV, can go a 
long way in reducing fading over longer periods (Figure 8). 
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Figure 8: Comparison of opacity and fading with and without opacifiers

        No Zinc Oxide         With 10% Zinc Oxide                                                        No Zinc Oxide         With 10% Zinc Oxide

24 hours under 
Xenon light

Brilliant has a wealth of experience in testing and can be of significant help in making recommendations 
to minimize fading in your application. It is important to work with a partner that not only has the product 
you need, but has the skilled technical team required to support your efforts to achieve optimal 
performance for your unique use.
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