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OPTICAL BRIGHTENING AGENTS 
A Visual Examination of  the Solubility of  Brighteners in Paper after Aqueous Treatment 

“The so far whitest white can be made still whiter.” 
—Paul Krais, 1929 

Introduction 

	 Optical brightening agents (OBA)—also known as fluorescent whitening agents, optical 
whitening agents, optical bleaching agents, optical bleaches, fluorescent bleaching agents, 
whiteners, and brighteners—have been added to paper throughout the 20th and 21st centuries to 
enhance its perceived whiteness. Many organic materials—such as cellulose in paper—are not a 
“perfect white,” but rather absorb a small amount of  violet radiation; thus, they appear slightly 
yellowish.  Optical brightening agents are colorless dyes that convert wavelengths of  light 1

absorbed in the ultraviolet region of  the electromagnetic spectrum to the blue-violet range of  the 
visible spectrum, which can be perceived by the human eye upon reflection. This converted light 
is added to the reflected light in the visible spectrum from the paper itself. In addition to an 
elimination of  a slightly yellow hue due to the blue-violet light emission, the brighteners also 
increase the total reflectance. In this way, papers with such dyes are “whiter than white,” as they 
have a reflectance that is greater than the amount of  visible light falling on them.  2

Aim 

	 Optical brighteners are not necessarily perceived by the conservator upon examination 
under normal lighting situations, but they are still a fundamental component of  an artwork. Not 
only can they affect our perception, but they can be an important clue in determining 
provenance. A thorough understanding of  the possible effects that conservation can have on 
works containing these agents is necessary in determining appropriate techniques for treatment, 
storage, and display. As aqueous treatments are common in paper conservation, this experiment 
will explore how long it takes brighteners to become soluble in water. From the results it may be 
concluded whether any contact with water might be permitted with such works of  art.  
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	 Direct optical brighteners, such as those used in the paper industry, are predominantly 
water-soluble stilbene derivatives (Fig. 1).   Aqueous conservation treatments of  paper have the 3 4

potential to migrate or completely remove these agents. In 2010, Justine Ellis performed an 
experiment in the Conservation Center course Integrated Approach to Materials Characterization in 
which she explored the changes and transfer of  optical brighteners in various paper samples after 
immersion in deionized (DI) water.   Ellis immersed the samples in water for 24 hours before 5

analyzing brightener migration. A 24-hour immersion is significantly longer than most 
conservation treatments. This experiment will 
follow-up her study with an exploration of  
shorter washing times to evaluate their effects on 
optical brightener migration or loss.  

Fig. 1  4,4'-diaminostilbene-2,2'-disulphonic acid (DAS), a water-soluble stilbene derivative that fluoresces under 
ultraviolet light.  6

Experimental Setup 

	 Two categories of  aqueous treatment were explored. Papers known to contain optical 
brighteners were immersed in water to analyze the loss of  these agents after various lengths of 

time. Papers that do not contain 
brighteners were immersed in 
water alongside paper that does in 
order to analyze possible dye 
migration from one substrate to 
another. After air drying, the 
samples were viewed under 
various lighting conditions to 
analyze brightener loss or 
migration.  

Fig. 2  Reference set under UV light. Top row: papers without OBA. Bottom row: papers with OBA. 
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	 The papers selected are a subset of  those chosen for Ellis’ experiment. The three papers 
that do contain brighteners, as confirmed with UV light, are Neenah Atlas Bond Ultra Bright 
White, Staples Multiuse Paper #96, and Khadi Textured White Indian cotton rag. The three 
papers that do not are Rives De Lin, Arches Cover White, and Permalife Bond. Following Ellis’ 
procedure, 3- by 5-inch samples were cut, 7 from each paper. Each sample was labeled in pencil 
with the name of  the paper and the length of  time it was to be immersed in water. A reference 
set (Fig. 2) was placed in a dark drawer for later comparison. The samples of  the 3 papers with 
brighteners were placed in separate 400-mL beakers of  DI H20 (Fig. 3). Each paper had 6 
samples that were immersed for various amounts of  time—for 1 minute, 10 minutes, 30 minutes, 
1 hour, 2 hours, and 6 hours. Samples of  the 3 non-brightened papers were similarly placed in 
separate 400-mL beakers of  DI H20 for the varying lengths of  time, with the addition of  5 sheets 
of  Staples Multiuse paper cut into 2- by 2-inch squares (Fig. 4). All samples were air dried after 
their prescribed immersion time (Fig. 5).   

Fig. 3  Papers with OBA in DI H20. 	        Fig. 4  Papers without OBA in DI H20 with paper containing OBA.  

	 The results were then 
analyzed and described 
qualitatively. All of  the samples 
were viewed under daylight, 
fluorescent, and ultraviolet (UV) 
lighting in comparison to the 
reference set to determine if  any 
change had occurred. 
Photographs were taken using a 
Nikon D700 with a 35mm lens of  
all of  the samples in two of  the 
lighting environments—the  

Fig. 5  Air drying samples.	 	 	 	 	                fluorescent and the UV. The  



fluorescent light photographs were taken in a lighting booth with GE 26W compact fluorescent 
6500K bulbs on a neutral gray background. A B+W #14691 UV-IR cut filter was added to the 
camera lens to take the photographs in a room with only UV illumination. 

Results & Discussion 

	 When viewed under daylight and fluorescent lighting in comparison to the reference set, 
no visible change was detected in the whiteness of  any of  the papers (Fig. 6). Upon viewing the 
samples under UV lighting, however, it was clearly evident that the optical brightening agents 
were immediately solubilized in water. The only paper that did not appear to have changed when 
viewed under any of  these lighting situations was the Khadi cotton rag. The other two papers 
that contained brighteners were dulled after immersion, even after just one minute (Fig. 7). The 
papers without these dyes that were immersed with the Staples Multiuse squares began absorbing 
the brightener also after just one minute (Fig. 8). The patterns visible on the samples under UV 
lighting are evidence of  the gradual diffusion of  the brighteners after various lengths of  time in 
water.  

Fig. 6  Neenah Atlas Bond (OBA-containing) under 	         Fig. 7  Neenah Atlas Bond under UV lighting.  
fluorescent lighting. Reference sample on left next to 6  
experimental samples on right, immersed for various  
times—from the shortest on the top, left to the longest  
on the bottom, right. 

	 Any detectable visible change in the optical brightener content of  paper during treatment 
would be enough to not perform the procedure. Under daylight and fluorescent lighting, the 
changes were not detectable to the eye, but the UV lighting clearly demonstrated that the dyes 
were migrating or being lost. As they are part of  the paper’s original material, a case could be 
made for avoiding aqueous treatment of  any sort with papers that contain these agents.  
	 Certainly, papers containing brighteners should be kept separate from those that do not as 
a simple method for avoiding dye migration. Even if  slight migration is not detectable under 



normal viewing circumstances, the 
brighteners could interfere with 
determining provenance or could 
potentially have adverse effects upon 
aging. Care should be taken with 
solvent testing on papers that might 
contain optical brighteners, as 
conservators have noted the 
formation of  blue or yellow rings 
visible under natural light.  7

Fig. 8  Arches cover white under UV lighting. 

Conclusion 

	 The immediate solubility of  optical brighteners in water is an important consideration in 
the treatment of  modern and contemporary works of  art on paper. As with all conservation 
treatments, there is no one right way to deal with these materials. Documentation of  existing 
brighteners as part of  routine treatment examination would be an effective way to maintain 
records of  these agents and remind the conservator of  their possible presence.  Additionally, a 8

standard for UV-induced visible fluorescence photography in the field would be valuable for 
comparing various brighteners as well as before and after treatment photographs of  the dyes. 
Fortunately, such a standard has been in development by Jennifer McGlinchey Sexton, Jiuan 
Jiuan Chen, and Paul Messier for the past few years and should be available by the end of  this 
year.  9

	 If  optical brighteners are deemed to be an indispensable component of  a work of  art, it is 
necessary to understand properties in addition to their solubility. These agents have been 
observed to degrade from prolonged light exposure; based on testing, they should be considered 
moderately light-sensitive materials.  In comparison with the yellowing of  non-brightened paper 10

in accelerated aging tests, the brightened papers yellowed even more, but still looked whiter in the 
end because of  their higher reflectance at the beginning.  The deterioration of  brighteners does 11
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not adversely effect the physical and chemical properties of  the paper substrate; however, over 
time different aging mechanisms may occur, which could make the brighteners’ presence visually 
detectable.   If  a brightening agent is considered an integral part of  the viewing of  a particular 12 13

work, it may need strict guidelines for display length and allowed light levels, especially since the 
the illumination source must contain wavelengths of  light in the ultraviolet region in order to 
activate the brighteners. Further research on the storage of  works with brighteners would help to 
develop a protocol for extending their life as long as possible. How do they age in the dark? What 
is the effect of  temperature and humidity on their longevity? Is there a possibility of  brightener 
migration if  the artwork is in contact with another material and moisture is present in the air? 
	 The most difficult consideration in dealing with works of  art with optical brighteners will 
be how to display them. Each item will have to be considered on a case-by-case basis. The choice 
to activate the brighteners by including a light source with UV will cause the dyes, paper, and 
media to deteriorate more quickly. Choosing to eliminate UV from the light source, however, will 
not present the work as it would have originally been conceived by the artist. This may or may 
not be deemed important in viewing the artwork. In some papers with brightening agents, the 
inclusion of  UV light may not make a detectable visual difference. Certainly the duration of  
exposure is paramount in display considerations of  papers with optical brightening agents, which 
should be discussed among all those responsible for the artwork’s care and exhibition. As noted 
by Messier, more research will be needed to determine the peak excitation wavelengths and 
minimal intensities for the activation of  these agents in order to make informed decisions about 
lighting circumstances.  14

Evaluation of  Experiment & Methodolog y  

	 While this experiment demonstrated the high solubility in water of  optical brighteners, it 
was very limited in its size and scope. A vast number of  papers with brighteners exist, and further 
study may demonstrate that a subset of  them are not as soluble because of  either the substrate or 
the particular brightener. Additionally, this study only qualitatively described the migration and 
loss of  these agents and could potentially be aided by capturing reflectance spectra, as Ellis did in 
her experiment. Not only do the spectra further confirm the loss or migration of  the brighteners, 
but the data can also be converted to CIE L*a*b* numbers. These, in turn, would help determine 
how close the experimental samples are to becoming visually distinguishable from the reference 
set.  
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	 TAPPI industry standards could help in the creation of  a more standardized viewing 
experience. T 515 om-09—the visual evaluation of  color differences of  paper, including those 
containing fluorescent whitening agents—would aid in the qualitative comparison, while T 452 
om-08—brightness of  pulp, paper, and paperboard (directional reflectance at 457 nm)—would 
be helpful if  the reflectance spectra were included in the evaluation process. Notably, this 
experiment only included one observer, which is highly subjective as all humans see differently, 
and vision changes with age.  The UV photographs, while comparable to each other, can not be 15

compared to any other documentation of  brightening agents due to the current lack in 
standardization of  this type of  photography.  
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Appendix 

	 The left column shows the reference sample on the left as compared to 6 experimental 
samples on the right, immersed for various times—from the shortest on the top, left to the longest 
on the bottom, right. The right column shows the reference sample on the left as compared to the 
6-hour immersion sample on the right.  

Optically-brightened papers, evaluation of  dye loss:  

Fig. 9  Staples Multiuse #96, fluorescent lighting. 

Fig. 10  Staples Multiuse #96, UV lighting. 



Fig. 11  Neenah Atlas Bond, fluorescent lighting.  

Fig. 12  Neenah Atlas Bond, UV lighting.  

Fig. 13  Khadi cotton rag, fluorescent lighting. 



Fig. 14  Khadi cotton rag, UV lighting. 

Non-optically-brightened papers, evaluation of  dye migration: 

Fig. 15  Rives De Lin, fluorescent lighting. 

Fig. 16  Rives De Lin, UV lighting. 



Fig. 17  Permalife, fluorescent lighting. 

Fig. 18  Permalife, UV lighting.  

Fig. 19  Arches Cover White, fluorescent lighting. 



Fig. 20  Arches Cover White, UV lighting. 


