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The contemporary artist‟s use of untraditional media or traditional media used in 

an untraditional way can create problems for museums, galleries, and private collections 

because such pieces require special housing conditions in order to preserve them.  In 

some cases, due to these work‟s unique makeup, they could have inevitable or 

irreversible problems which lead to their quick deterioration.  Two examples of modern 

artworks made untraditionally are Dennis Oppenheim‟s Study for Dreams and Nitemares 

and an untitled painting by Hans Hofmann, both part of the permanent collection at the 

University of Arizona Museum of Art (UAMA). Oppenheim‟s study was made using 

pastel, oil, wash, colored pencil, graphite, and glitter on paper in 1983 [17].  The museum 

acquired it with funds provided by the Edward J. Gallagher, Jr. Memorial Fund on the 

11
th

 of June, 1997 [1].  Hofmann‟s painting was purchased using the same funds on the 

8
th

 of March of 1985 and was made from oil, watercolor, and graphite on paper in 1945 

[12].  The purpose of this research was to determine if the non-traditional media uses on 

these two works are reacting in such a way that accelerates the artwork‟s deterioration, 

making them especially sensitive to their environment.  Limited from in-situ experiments, 

it was concluded that the media and support choices these artists made, accompanied by 

the housing conditions at the museum, are adversely affecting the stability and longevity 

of these artworks. 

The works by Dennis Oppenheim and Hans Hofmann are being compared by 

media.  In both cases, the paper support chosen by the artists has absorbed oil from the 

applied media which has affected the artwork in at least two ways: the impregnated oil is 

harming the condition of the works and the oil stains are visible which may alter the way 

the works are intended to be interpreted.   
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Figure 1: Dennis Oppenheim‟s Study for Dreams and Nitemares 



Boos Pedroza   - 4 - 

 

Figure 2: Hans Hofmann‟s untitled painting (47.5 x 60 centimeters)
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 Dennis Oppenheim was born in 1938 in Electric City, Washington [10].  He 

graduated with his bachelor‟s in fine arts from the School of Arts and Crafts in Oakland, 

California 1965, and two years later received his master‟s from Stanford University [4].  

Dennis Oppenheim, along with Michael Heizer, Richard Long and Walter de Maria, is 

known as one of the pioneers of Earth art during the 1960‟s, which was a new genre of 

site-specific art that defines itself in its precise interaction with the place for which it is 

conceived [7].  However, Oppenheim did not remain dedicated to Earth art and in fact 

had several drastic shifts in his artistic interests.  After gaining recognition from such 

earthworks as his 1967 Sitemarkers series, Cancelled Crop (1968), Annual Rings (1969) 

and Landslide (1968), Oppenheim shifted to body-works and performance art [4].  

Among his first body art performances, which were often documented in photographs or 

on video, he did Position for a Second Degree Burn (1970) [7].  For this work, he lay in 

the sun for several hours, bare-chested with objects on his stomach and chest allowing the 

sun to “paint” him by getting sunburned around the objects [7].  In the mid to late-1970‟s, 

Oppenheim moved on to yet another era, Machineworks.  At this time, Oppenheim‟s 

works became mechanical representations of his thought processes [4].  Through the mid 

1980‟s, Oppenheim became incredibly productive using mechanical elements in his 

artworks.  It is during his Machineworks era that he made Study for Dreams and 

Nitemares.  This study depicts a robot.  At the bottom Oppenheim wrote, “Study for: 

Dreams and Nitemares-Journey of a Broken Weave-Project for New Mexico Steel-

Concrete-Pipe-Copper.”  Judging by this statement and the artist‟s non-traditional media 

choices, it is likely that this is a sketch for a sculpture and that it was not intended to 

stand on its own as a work of art.  This is supported by a 30-foot tall sculpture at the 
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entrance to the University of New Mexico completed in 1987 built by Oppenheim using 

painted steel [6].  The sculpture is titled Dreams and Nightmares: Journey of a Broken 

Weave and is very similar to the study [6].  Differences between the two are due to the 

limited available funding to create the sculpture which forced Oppenheim to edit his 

original, more elaborate design seen in the study owned by the UAMA [6].  Nevertheless, 

Oppenheim‟s adventurous and sporadic accomplishments have earned him respect from 

the community and all of his works, including studies, are valued today.  In part, it is for 

this reason that the University of Arizona Museum of Art has collected this piece and 

also why it is important that such works are preserved.  Dennis Oppenheim is still living 

and producing art and, of course, ever-changing his artistic interests.  

    3.    4.   

5.  

Figures 3-5: Sculpture of Dreams and Nightmares: Journey of a Broken Weave in New Mexico 
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Hans Hofmann is recognized in Europe and the United States not only as an 

abstract artist, but also as one of the most successful and influential teachers of painting 

in the 20
th

 century.  On March 21
st
, 1880, Hofmann was born in Weissenburg in 

Franconia, Germany [5].  In his early twenties, he traveled to Paris to study art and 

participated in fauvism and cubism [19].  When World War I started, Hofmann took his 

learned lessons of impressionism and neoimpressionism back to Munich where he 

opened the Hans Hofmann School of Fine Arts [11].  It soon became internationally 

famous [11].  In 1930, Hofmann began to teach both in Germany and the U.S. [5].  By 

1932 he settled in New York and closed his school in Munich due to a growing political 

hostility towards intellectuals shortly before the Nazis seized power [5].  In 1934, he 

began to open other fine art schools and in 1937 he opened the Hofmann School of Fine 

Arts in New York [5,11].  He continued to teach until 1958 during which time he did 

very little painting and instead concentrated on his students [11].  What works he did 

produce were often overshadowed by his teaching activities and it was not until he 

stopped teaching that his recognition shifted more to his paintings [11].  The untitled 

work owned by the UAMA was made in 1945 and therefore is considered an early work 

by Hofmann.  

 

Study for Dreams and Nitemares is a two-part work, labeled as part A and part B, 

and is meant to be viewed together with part A over part B.  Each part is 97 centimeters 

by 127 centimeters [17].  Condition reports from the time of the work‟s accession in June 

of 1997 state that the back of part A had discoloration (yellowing) and finger smudges on 

all edges [18].   The front had smears; one on the top left, two on the top right, and three 
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on the bottom right [18].  A crease was also mentioned on the bottom right [18].  A 

crackle was evident on the top right and a shoeprint along the middle left side [18].  The 

back of part B had yellowing due to process and finger smudges on all side edges [18].  

The top right corner had a crease, the bottom right corner had a smear and four 

fingerprints were found along the bottom [18].  These reports also state that both parts 

were made with acrylic, pastel and graphite on paper rather than the previously 

mentioned media [18].  These condition descriptions are as detailed as they are in the 

UAMA reports which are vague.  Unfortunately there are no photographs of the piece 

when it was accessioned to clarify details today.  What smeared, the size of the creases, 

the process that caused the back to yellow and the exact location of the fingerprint 

smudges at the time of accession are not known.   

As part of this research, ten years after it was accessioned, Study for Dreams and 

Nitemares got a fresh condition examination.  Both parts A and B of Study for Dreams 

and Nitemares are completely intact.  The support is a very smooth heavyweight paper 

that resembles poster board.  The overall color of the paper is off-white white.  This paper 

support seems to have absorbed a significant amount of what appears to be oil.  In some 

cases, the shapes of the oil stains complement the shape of the drawing, but in other areas 

the absorbed solution seems unrelated to the image.  Nonetheless, the absorption does 

seem like it traveled out from the center where most of the media was applied.  One 

possible explanation for the wicking
1
 stains not consistently following the shape of the 

applied media is that the paper absorbed so much of the oily solution that in order to 

contain it all, the solution traveled out farther in the paper resulting in merged stains.  The 

wicking stains are more yellow than the paper and transpire in more than one shade of 
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yellow (figure 6).  A lighter yellow stain traveled out farther than a darker halo.  Perhaps 

two or more solutions have been absorbed by the paper.  Reasons why there are different 

halos could be from different wicking times, physical properties such as viscosity, or 

varying quantities. 

6.   

7.   
Figure 6: Example of double wicking     Figure 7: Example of wicking 
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The paper has more damage than just impregnation and yellowing.  It has also 

experienced some mild warping with the largest and tallest mounds being in the center 

where the majority of the media was applied.  Along the top edge of part A are creases 

due to some sort of smashing, perhaps from storage prior to the paper‟s use.  At the top 

left corner of part A, a layer of the heavyweight paper has ripped off and now there are 

exposed fibers (figure 8).  It is suspected that this ripped layer is the crackle mentioned in 

the accession report.  None of the smears or creases mentioned in the report were found 

in part A except a partial shoe print (figure 9).   

 

 
Figure 8: Ripped layer exposing fibers 
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Figure 9: The partial shoeprint 

 

 

 

At the top right corner of Part B there is a tear which is about a quarter of an inch 

long.  In that same corner, just above the tear, there is a diagonal crease.  This is probably 

the same crease mentioned in the accession report.  Several fingerprints where found at 

the bottom of the work as the report mentions.  The smears from the accession report are 

also ambiguous.  The text written in oil pastel at the bottom of part B are smeared in 

areas, but it is not certain whether or not these are the same smears the report points out 

(figure 10).   
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Figure 10: The smeared text written in oil pastel at the bottom of part B 

A micaceous wash has been applied by the artist through a combination of 

brushstrokes and dribbles.  This micaceous wash is not the source of glitter mentioned in 

the museum records.  Part B has a very small amount of glitter sprinkled on top of it.  It is 

felt that there may have been more of it at one time, but through travel and handling, 

much of the glitter may have fallen off.  Chunks of white paint have also been sprinkled 

over certain areas of the work and some of them have also begun to fall off (figure 11).  

Interesting separations in the applied wash have occurred.  The solvent
2
 responsible for 

the color in the washes have separated into particles in the solute
3
 and each dribble has its 

own wicking halo (figure 12).  These halos are noticeable where the dribbles do not 

merge or fall on top of areas where lots of wash has already been applied.  Another 

interesting separation occurred in part B where the wash seems to have pooled and then 
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cracked (figure 13).  On top of the wash; oil pastel, graphite, and colored pencil were 

used to draw the robot image.  

 

Figure 11: Example of paint loss 

 
Figure 12: Example of the separated dribbled wash 
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Figure 13: Cracking of pooled wash 

      
The current housing condition of this piece should also be mentioned.  Study for 

Dreams and Nitemares is currently in one large storage drawer stacked on top of itself 

and several other artworks (figure 14).  Each work is separated by a layer of glassine
4
 or 

archival paper.  At some point, parts A and B of Study of Dreams and Nitemares were 

hinged onto two pieces of foam board
5
 using mulberry paper

6
 and methylcellulose

7
.  

Methylcellulose is dissolved in distilled water and applied to the mulberry paper to 

adhere the paper artwork to the rigid foam board support.  These hinges are securely 

sticking to the foam board, but not sticking to the artwork.  Therefore new hinges are 

needed.  The current foam board support is archival quality and a pH test performed with 

a Lineco pH indicator pen demonstrated that the paper which contains the foam has 

remained acid-free. In the areas where the hinges are still functioning, the warping 

mentioned earlier has been secured down.  This is especially evident on both parts A and 

B at the side edges (figure 15).  Because the works have been hinged onto foam board, 
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the back of the work cannot be viewed.  Yet, this piece seems stable and apart from the 

hinges there is no apparent reason why this work should not be displayed. 

 
 Figure 14: How the study is stored              

 

 

Figure 15: Example of hinge effect on warped paper 
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 The condition of the untitled painting by Hans Hofmann is not stable as is 

Oppenheim‟s study.  An inventory/accession worksheet filled out in March of 1985, 

which is the earliest record the UAMA has for this painting, described the condition of 

the work in one word: good [12].  Seven years later, on the 22
nd

 of September of 1992, 

the painting‟s condition was updated [12].  This new description states, “Paint flakes 

loose in yellow areas (3 large flakes approx. 4”←7”↓.   Paper shows oil stains wherever 

raw paper shows C, TC, BC.  Paper fibers stuck to white paint spots  

6 ½”→5”↑, 9 ¾”←8 ½”↑.  White paint losses? BC 11 ¼”→2-3”↑.  Paper cockled.  Paper 

fiber stuck to red paint 6 ½”←6 ½”↑, 7 ¾”←6 ¼”↑” [12].  This description was accepted 

for 11 more years until Hans Hofmann Catalogue Raisonné contacted the museum in 

2003 for permission to reproduce the painting, at which time it needed to be 

professionally photographed and the poor condition was noticed by museum staff (figure 

16) [16].   

 
Figure 16: Professional photograph taken prior to any treatments for the Hans Hofmann Catalogue Raisonné  
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 Laura Staneff, a paper conservator, was asked to examine the painting at which 

time she declared it “in unstable condition and cannot be handled or exhibited safely” 

[25].  In the condition section of the treatment proposal report written after this visit, 

Staneff stated that the oil media showed extensive cracking with loss in certain areas and 

that the cracked paint was in danger of further loss [25].  She then addressed the oil-

stained paper and stated that it was significantly embrittled, which probably resulted from 

a combination of damage from the paper‟s internal acidity as well as the effects of the oil 

medium on the paper [25].   

 The internal acidity within the paper and associated brittleness is expected of this 

piece considering that the probable cause is the deterioration of cellulose
8
 accelerated by 

lignin
9
 that was not removed during processing.  Paper processing before the 1950‟s, as 

was the paper used in Hofmann‟s work, did not tend to involve the removal of lignin 

[23].  Wood, from which paper is made, is typically made up of about 50% cellulose, 

24% hemi-celluloses
10

, 22% lignin, and the other 4% are extractable and inorganic 

materials like oils, resins, and salts [23].  Lignin‟s structure remains mysterious to this 

day because it is very complex and it can combine in many ways, but it functions to 

support the cell wall in the tree or plant from which the paper pulp was made [23].  

Lignin in paper is considered bad because it is the chief cause of yellowing.  However, 

the deterioration of lignin can be good because it can then be removed during paper 

production.  This is done by using bases like NaOH (lye) or NaHSO3 to break down 

lignin‟s structure into fragments that can be washed away with water (figure 17) [23].  If 

it is not removed, it can accelerate the paper‟s deterioration because, during processing, 

the lignin structure breaks down creating strong organic acids [23].  This increase of acid 
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in the paper hastens the deterioration of cellulose, which has a large number of C-O-H
11

 

and C-O-C
 
bonds that are sensitive to oxygen, water, and acidic water because they will 

break these bonds (figure 18) [23].  When such bonds are broken, the polymers become 

shorter and the paper consequently becomes brittle.  This process occurs regardless since 

the hydroxyl groups (C-O-H) on cellulose have a high affinity for water without actually 

being soluble because it functions to transport water throughout a plant [23].  Therefore, 

cellulose is attracted to the water and oxygen in the air, even when processed into paper 

[23].     

 
Figure 17: On the left, a common aromatic

12
 alcohol that combines to form lignin is reacted with the base, 

NaHSO3, to form a new compound that can be washed away [23]. 

 

               These bonds, known as glycosidic             These bonds are susceptible to oxidation 

          bonds, are very sensitive to acid [23].   with oxygen and light/heat [23]. 

 
Figure 18: Cellulose [23] 

 

 Laura Staneff and the UA museum staff‟s treatment choices for the untitled work 

by Hofmann did not include the paper support.  The purpose was to consolidate the loose 
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and cracking paint using Lascaux 360HV
13

, Lascaux 498HV
14

, Rhoplex A33
15

, or Beva
16

 

emulsion (there is no record of the adhesive that was actually used) and to mount the 

painting onto rigid 8-ply rag-fiber matboard to support the brittle paper and paint so it 

could be handled and exhibited safely [25].  The matboard was faced with an interlayer of 

Japanese paper
17

 to ease in the removal of the painting from the matboard if necessary 

[24].  The Japanese paper was attached using a mixture of wheat starch paste
18

 and 

methylcellulose, which are both soluble in water [24].  On the 17
th

 of May of 2004, 

museum staff concluded that the treatment was not entirely successful because the work 

was lifting from its mount and still needed to be stored flat [3].  A second treatment 

proposal report written by Staneff on the 5
th

 of July of 2005 suggests that the oil-

impregnated paper did not bond well with the water-soluble adhesive chosen to mount 

the work [26].  This was evident by numerous areas of paper cockling and air bubbles 

where the paper did not stick to the rigid support [26].  It was also felt that the rigid 

support was still too flexible [26].  The new treatment proposal suggested that the 

painting should be removed from its 8-ply matboard backing and re-adhered onto a new 

backing made up of two sheets of corrugated polyethylene board glued together with a 

neutral pH
19

 PVA
20

 emulsion
 
with the corrugation running perpendicular to each other.  

Between the corrugated board and the painting, a sheet of 100% rag, alkaline-buffered 

(slightly basic), 4-ply matboard was to be adhered to the corrugated board, also using the 

PVA emulsion, followed by the application of a layer of 100% kozo fiber Japanese 

paper
21

 using methylcellulose [26].  The Hofmann painting was to be adhered to this new 

rigid support using Lascaux 498 HV acrylic emulsion.  Considering that the work is 

currently on a similar backing to what was described in Staneff‟s report (I remember 
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assisting with the application of the Japanese paper) it is assumed that this treatment was 

carried out even though no treatment report or invoice of this process that could include 

any possible changes was found in the UAMA files.  Since these treatments have begun, 

the Hofmann painting has been stored by itself in a drawer in the UAMA vault (figure 

19). 

 
Figure 19: Storage for the Hofmann painting. 

 

 The current condition of the Hofmann painting appears to be experiencing the 

same problems it had after the first treatment.  The painting is intact and adhered to a 

sheet of Japanese paper which is adhered to 4-ply matboard and two sheets of corrugated 

board as described in Staneff‟s treatment proposal.  The left and right sides of the new 

rigid support have warped upwards (figure 20).  If this piece were to be framed, these 

warped sides would likely be pushed down which would cause several problems such as 

separations between the layers of the support and damage to the fragile and brittle 

painting.  When gently handling the work, cracking and similar releasing sounds come 
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from the piece.  This indicates that the warped support does not allow for any flexibility 

without the layers breaking loose from the various adhesives.  Moreover, the Japanese 

paper was not applied evenly as there was an exposed area of matboard along the right, 

bottom corner edge of the rigid support.  This area was filled in with slivers of Japanese 

paper.  On the left, bottom edge of the rigid support there is some lifting between the 

layers (figure 21).  The Japanese paper has mounds caused by trapped air where it did not 

properly stick to the matboard.  The matboard in this area is unattached from the 

corrugated board (figure 21).  

 

 
Figure 20: Warping of the Coroplast® rigid support 



Boos Pedroza   - 22 - 

 

Figure 21: Matboard lifting from the Coroplast 

A clear and shiny residue which is suspected to be the Lascaux 498 HV acrylic 

emulsion that was proposed to adhere the painting to the rigid support is evident on the 

Japanese paper along the edges of the painting.  There are roughly sixteen mounds where 

the painting did not stick to the support across the top edge and about twelve along the 

bottom (figure 22).  More air bubbles can be found throughout the painting‟s paper 

surface.  Splitting the painting into quadrants, the upper-right division has two heavily 

painted yellow squiggles using oil paint.  Surrounding the heads (bulbous end where the 

squiggle was first applied) and in the area between them are several air bubble mounds.  

In the lower left quadrant, another air bubble mound meets the upper-most white squiggle 

from above at the second curve from the head.  More air mounds follow the impasto 

swirls, particularly along the second yellow circle from the outside, and as the swirls 

decrease in diameter towards the eye, the mounds become less apparent until they cease.  
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On the lower-right quadrant there are more trapped air mounds to the left of the signature 

(figure 23).  There is also a crease which could have been caused by attempting to 

smooth out one or more consecutive air bubbles during the adhesion process.  Such 

creasing is also evident on the Japanese paper just above the bottom edge about quarter-

way in from the left.  

  
Figure 22: Example of mounds along edge where painting did not adhere to new rigid support.  

 
Figure 23: Trapped air mounds on painting‟s surface by the signature (raking light) 
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 The yellow impasto suffers the most from cracking, flaking, and loss.  The white 

impasto has also experienced some of these problems, but the other colors have remained 

stable.  The yellow oil paint used to make the swirl cracked and lifted on the second loop 

from the outside (figure 24).  This was consolidated by Laura Staneff using an unknown 

adhesive and has left a clear and shiny residue in areas.  Below the swirls and slightly to 

the right, the top half of a yellow glob is lost (figure 25).  Below this and to the left, a 

white squiggle is almost entirely missing its head (figure 26).  Under the eye of the swirl, 

there is a small body of white paint with the center missing (figure 27).   

 

 
Figure 24: Example of yellow paint cracking along swirls. 
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Figure 25: Paint loss on yellow glob. 

 

 
Figure 26: Paint loss on head of white squiggle. 
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Figure 27: Center missing on a body of white impasto. 

 

In the upper-right quadrant where the white squiggle meets the yellow squiggle, 

an impasto peak has broken off.  In other areas, peaks have been flattened (figure 28).  

This could have occurred if the painting was stored with other artwork on top of it.  The 

flattened impasto is most severe on the white paint of the squiggle to the right of the eye 

of the swirl and on the red paint swirls also to the right of the eye where the whirls are 

most concentrated.  On the flattened red impasto there are white fibers that may have 

come from a protective paper sheet that was placed over the painting during storage.  

These flattened areas of oil paint and the paper fibers can be seen on the professional 

photograph of the painting taken before any treatment for the Hans Hofmann Catalogue 

Raisonné in 2003 (figure 16).    
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Figure 28: Example of impasto flattening (white paint) and paper fibers stuck to the paint. 

 

There are wicking halos that surround the oil paint and range in size from about 

one centimeter from the applied paint to about three centimeters.  It is important to 

consider Hofmann‟s philosophy of painting to understand how the oil stains possibly 

affect the message of the untitled work (figure 29).  This philosophy is best known 

through the terms “give-and-take” and “push and pull,” which Hofmann used to define 

spatial constructions and produce the totality of space through the synthesis of positive 

and negative space, creating “tensions” between space and flatness, and “intervals” 

among colors [5].  This was achieved by using a variety of textures like thick and heavy 

impastos with thin and aqueous films that were created using knives, brushes, and direct 

application from the paint tube, as well as dribbling and pouring paint similarly to 

Jackson Pollock [5].  When done right, the relationships in size, plastic depth, position, 

and the competition of colors could create depth and a sense of movement.   
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Figure 29: Yellowed wicking stains that perhaps adversely affect Hofmann‟s “push and pull” philosophy. 

 

Hofmann has stated, “Creation is dominated by three absolutely different factors: 

first, nature, which affects us by its laws; second, the artist who creates a spiritual contact 

with nature and with his materials; and third, the medium of expression through which 

the artist translates his inner world [19].”  It is therefore critical that the inherent 

properties of a medium, like oil paint on paper, are understood if it is to become a carrier 

of an idea.  Two retrospective exhibitions titled “Oils on Paper” in 1962 in Germany and 

1963 in France have been displayed, indicating that this media combination was not 

unusual for Hofmann [11].  By 1945, when he created the untitled piece owned by the 

UAMA, Hofmann had been painting and teaching for over 30 years and surely knew that 

the paper support would absorb some of the oil from the applied paint which within 

minutes would have wicked and been visible.  It is therefore possible that the oil wicking 

was expected by Hofmann.  However, it is also important to point out that the yellowing 
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of the oil stains would not have happened for several years.  When the wicking first 

occurred, it is possible that it was hardly visible.  Combined, this brings up the question 

of whether or not the yellow wicking stains alter the Hofmann‟s push and pull message.   

Although these current condition examinations for the Oppenheim and Hofmann 

works are much more thorough and detailed than the museum‟s reports, there are still 

some uncertainties.  Looking at Study for Dreams and Nitemares in its entirety, it can be 

hard to determine how Oppenheim made the piece.  Trying to identify the pastel, oil, 

wash, glitter, graphite, colored pencil, and possible acrylic is challenging when only in-

situ examinations were permitted by the museum.  A wash, for instance, is a very broad 

term describing a media diluted in any number of solvents.  Which media and solvent 

Oppenheim used is not known.  This creates ambiguity as to where or how media was 

used untraditionally and whether or not it is a combination that could lead to preservation 

problems.   

The majority of Oppenheim‟s Study for Dreams and Nitemares paper support is 

covered in a wash.  Since everywhere there is wash there is also wicking, it is important 

to know the solvent used because the paper support is impregnated with it.  In attempts to 

do this, two experiments where performed.  The first was a simple fluorescence test and 

the second was a porosity test.  In the fluorescence test, ultra violet energy interacts with 

the various cross-linked bonds in drying oils
22

 [22].  The purpose of this test was to 

determine how much of the media was oil based.  This was accomplished by first 

understanding how oils “dry.” 

The „drying‟ of oils does not involve the evaporation of a solvent as the term 

implies, but instead undergoes several chemical reactions: Oxidation, in which the oil 
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reacts with the oxygen in the air; polymerization, in which the oil molecules cross-link by 

forming bonds that unit them with each other; and hydrolysis, in which the oil reacts with 

the water in the air, all lend to the „drying‟ of oils [22].  Oils and fats are part of a class of 

molecules known as fatty acids or lipids [22], and that have the following basic structure: 

 

 

This is a functional group 

known as a carboxylic acid 

      
 

Figure 30: Basic structure of fatty acids [22] 
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Figure 31: the polymerization (“drying”) of oils [22] 

 

 

It can take many years for an oil painting to fully polymerize and therefore there was a 

chance that not all of the oil used in Oppenheim‟s study had completely cross-linked over 

the past 24 years.  According to a conversation with Dr. Spurgeon [21], an organic 

chemist at the University of Arizona, if any oil was still fresh, or not completely cross-

linked, it would absorb the ultra violet light.  As a result, fresh oil media would appear 

dark under a black light [21].  When the test was performed, the entire artwork was black 

under UV light (figure 32).  There where a few markings, perhaps done in colored pencil, 

that did reflect neon green and neon orange, but those were the sole exceptions.  Not even 

the areas where no wicking was evident and the paper was visible absorbed the light.  

This indicates that Oppenheim could have made a wash that contained oil, perhaps from 
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the solvent or from oil pastels opposed to the dry pastels.  This test concluded that the 

paper is totally impregnated with oil, which can create serious preservation issues.   

 
Figure 32: Detail of study under UV light 

It is important to be certain that Study of Dreams and Nitemares is absorbing the 

ultra violet light because it is covered in oil that is still polymerizing rather than from any 

other cause.  One way to find out is by performing a porosity test.  This test would also 

indicate just how severely impregnated is the paper.  To perform this test, a small drop of 

water would be placed on an area where the paper is exposed yet discrete, such as on the 

back of the work.  If the water beads, then it can be assumed that the paper is much 

impregnated with oil.  If the paper quickly absorbs the water, then it is likely not 

impregnated with a significant amount of oil or an entirely different solvent.  The speed 

at which the paper absorbs the water, if at all, would be timed as a measure of how 

impregnated is the paper with oil.  The museum did not feel comfortable with this test 
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being performed on the work, but there are other indicators that the paper is impregnated 

with a significant amount of oil. 

When examining the hinges and the area on the artwork where the hinges were 

applied, there is no evidence that a solid bond was ever formed.  It is felt that this could 

be because the paper is much impregnated with oil and the poor adhesion is due to the 

conflicting relationship water and oil share.  In an indirect way, these hinges are serving 

as the porosity test.  Not all of the hinges have unstuck, but it is assumed that all of the 

hinges are weak and therefore, if the piece is ever displayed, it is probable that the hinges 

will not be able to hold the weight of the piece.  If this piece were to be hung for 

showing, it is suggested that a different method be used, most likely with glue that is 

easily reversible and not water-soluble.  As for the results of the indirect porosity test, it 

is concluded that the paper has absorbed a lot of oil from the media Oppenheim used, so 

much so that it is preventing hinges from properly adhering to the back side of the work.  

This indicates that the oil has soaked thoroughly through the paper, yet not so thoroughly 

that these hinges cannot stick at all.  It is also possible, however, that some areas contain 

more oil than others, explaining the variation in hinge adhesion strength. 

 Although it is clear that the paper is impregnated with oil, the oil source is not.  

Considering the quantity of oil in the paper and the size of the wicking halos, the oil 

source has to be the wash because it is found throughout the work.  It is therefore 

important to try and find out what Oppenheim used to make this oily wash.  Many of the 

dribbles Oppenheim made with the wash are micaceous.  It seems that the solute, or, 

diluted media, has separated into particles in the wash, suggesting that he may have tried 

to dissolve a solid like oil or dry pastel in a solvent rather than oil paint.  In attempts to 
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determine what oily wash Oppenheim used in his study, four solvents were mixed with 

oil pastels and dribbled onto eleven different types of paper. 

 Mineral spirits, turpentine, dammar varnish, and linseed oil were individually 

mixed with metallic silver Sennelier brand oil pastel in one experiment, and with both 

metallic silver Sennelier oil pastel and Van Gogh blue pastel in another experiment.  The 

blue was mixed with the silver because Oppenheim used colored micaceous washes in 

Study for Dreams and Nitemares.  Colored micaceous oil pastels seem either rare or 

nonexistent and to compensate, the two were mixed to see if a similar effect would be 

created.  These washes were dribbled onto various poster boards, drawing papers, sketch 

papers, newsprints, watercolor papers, and Bristol as the artist did with his study.  The 

experiment then continued by leaving the papers with wash outside where they could 

receive sunlight in order to age the experiment and speed possible yellowing.  

 In the case of each solvent tested, the wash had to be stirred continuously because 

the pastel and solvent had a strong tendency to separate.  As a result, the pastel separated 

into particles just like in Study for Dreams and Nitemares once dribbled onto the paper 

(figure 12).  Another instant observation was the wicking.  In each case, the wicking 

occurred within seconds, with the exact speed and size of the halo depending on the paper 

and probably the sizing as well.  Sizing is an additive that affects the absorbency of a 

paper by interacting with the paper so that water cannot.  The watercolor papers and 

dribbles made with the dammar varnish washes resulted in the shortest halos and slowest 

wicking time.  The halos created by the washes made with linseed oil were yellow like 

the oil.  After about an hour, the halos created by the mineral spirit and turpentine washes 

had almost completely disappeared while the rest maintained for the duration of the 
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outdoor testing.  No additional yellowing of the halos occurred in the span of this 

experiment.  The solvent Oppenheim used is still not known, although it is felt that a 

drying oil like linseed or poppyseed oil was probably used due to the high content of oil 

the paper seems to have.   

Oil impregnated paper is problematic when considering the preservation of 

artworks like the untitled painting by Hofmann and Oppenheim‟s Study of Dreams and 

Nitemares.  Liquid drying oils tend to yellow during the formation of the solid oil film 

through the oxidative polymerization mechanism.   Both artists‟ works have yellowed in 

different shades.  Several hypotheses exist that attempt to explain this yellowing, though 

one is understood and accepted much more widely than the others.  The formation of 

conjugated compounds
23

 that result from the decomposition of drying oils is the best 

described mechanism (figure 33) [8].   

Figure 33: The mechanism described above is put into context 

 
Figure 34: Linolenic acid is a major component in linseed oil.  Notice the double-bond arrangement 

(currently non-saturated) [22] 
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As the unsaturation
23 

increases, so does the yellowing, meaning that yellowing is closely 

related to the extent of drying of an oil.  Yellowing will continue to worsen in a given oil 

until it has completely polymerized with no more radicals
24 

are formed in the film [8].  

Contaminants in the oils also play a role in the degree of discoloration in oils, explaining 

the variation in shades in the Oppenheim study and between the two artworks.  The 

concentration and type of contamination become part of an oil‟s cross-linked network 

creating differences in shade and color [8].  Only a small amount of unsaturation or 

contamination is necessary to make any discoloration visible due to the high molar 

extinction coefficients
25 

of conjugated systems [8].  Even in extremely-well purified oils 

yellowing is unavoidable [8].     

The way oil dries and paper deteriorates is clearly complex and parameters such 

as light, humidity and temperature can influence yellowing.  At the University of Arizona 

Museum of Art storage vault, both artworks are kept in closed drawers which shield them 

from the light.  However, if this piece were to be displayed for a significant amount of 

time while exposed to light, some embrittlement and chemical changes would occur in 

the media.  It is therefore important that this work‟s light-coverage is limited. 

To learn more about Oppenheim‟s study and Hofmann‟s painting, temperature 

and percent relative humidity (RH) readings have been recorded using the DriHawk T-

700, a hand-held thermo-hygrometer
26

, from the vault since October 17
th

, 2007.  No 

accurate or recent readings have otherwise been kept by the museum.  The average 

percent RH in the storage vault was 34.02%.  The low was 26.6% and the high was 

47.6%, which was recorded on a rainy day.  The standard deviation
27

 was 3.91.  These 

changes are drastic enough to show that the museum vault does not have a properly 
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controlled environment with regards to relative humidity.  Fluctuations in humidity can 

be extremely harmful, especially with sensitive materials like paper.  Rapid humidity 

changes higher than 5% can cause materials like paper to expand and contract [27].  The 

vault has shown changes of 7.1% in one day and 4% in merely two hours.  These changes 

in percent relative humidity are the most extreme in the data collected, but the more 

common values do not linger significantly lower than this presented data.  After many 

cycles, the paper can (and in this case has) warp [27].  In addition, paint can cleave, split, 

or fall off which is evident in both the Oppenheim study and Hofmann‟s painting [27].  

Yet, not all constant humidity environments are safe.  If the relative humidity is 

maintained above 70%, mold can form and the paper would expand [27].  Constant 

relative humidity environments below 35% can cause desiccation and embrittlement of 

paper, as well as shrinkage and changes in tension [27].  Although the average RH in the 

vault is close to 35% at 34.02%, these percentages are very close and of the 178 

recordings, 97 of them were below 35%, which means that more than half (54.5%) of the 

time during the past six months, the humidity has been harmfully low for any art media.  

The data collected for this research shows that the humidity changes at UAMA‟s main 

storage vault is capable of causing significant damage to the artworks in the collection.  

Therefore, it is possible that the Hofmann painting really was in “good” condition when 

the museum acquired it in 1985 and it reached its current, unstable condition so quickly, 

in part, from being in this irregular environment.  It is also possible that these variations 

in relative humidity are preventing any conservation treatments on the Hofmann painting 

from working as expected.  Since the collection at the museum of art is made up mostly 

of works on paper such as Oppenheim‟s Study for Dreams and Nitemares and Hofmann‟s 
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untitled painting, it is strongly recommended that the RH be better controlled and 

maintained at a higher level.  Many American and European museums recommend a 

relative humidity in the range of 50-60% [27].   

The temperature at the University of Arizona Museum of Art storage vault is very 

stable in comparison to the percent humidity.  The average temperature was 69.997 ˚F 

with a standard deviation of 0.47.  The high temperature was 72.6 ˚F and the low was 

68.1 ˚F.  The average temperature on rainy days was 69.77 ˚F.  These values show that 

the rain did not affect the vault‟s temperature.  American and European temperature 

recommendations range between 15 and 20 ˚C, or 59-68 ˚F [27].  The museum vault is 

too warm, but it hardly fluctuates and therefore is probably safe.  It could be that the 

UAMA keeps the temperature in the main storage vault at around 70˚F because, in 

Tucson, this is an easier climate or reach and maintain naturally and inexpensively, a key 

word considering the lack of funding UAMA has to contribute to such issues.  Having a 

constant temperature is more important than having one that fluctuates within cooler 

temperatures.  One concern is that 70˚F may also be preferred by the museum staff 

because it is more comfortable than the ideal temperatures for a paper storage vault.  This 

should not be a contributing reason in the maintenance of any archive.  Instead, it should 

be encouraged that human activity is limited as much as possible because of the damage 

it can cause by increasing the room‟s temperature with body heat, computer usage, and 

turning on lights.   

Of the problems both the Hofmann and Oppenheim pieces have from oil-

impregnation, the improper storage is one of the most damaging mainly because of the 

fluctuating relative humidity.  It is likely that many pieces in the collection are suffering 



Boos Pedroza   - 39 - 

from this unstable storage environment.  The UAMA probably cannot afford to tend to 

the vault‟s humidity problems and stabilizing it, but almost more alarmingly, the UAMA 

does not keep record of the temperature and relative humidity in any of the storage rooms 

or galleries.  Old hydrothermographs
28

 can be found in the galleries, but none of them 

work accurately, if at all.  Because of this, staff stopped maintaining the 

hydrothermographs.  Several months ago, the museum purchased a new device that 

records temperature and humidity, but recordings have yet to commence.  This raises a 

new concern because it questions the staff‟s priorities and whether or not money is in fact 

the governing reason behind the lack of humidity and temperature control.           

The significance of these pieces is dependent on the artists who create them.  

Although it violates conservation and restoration ethics
29

, it seems both these pieces have 

received special treatment because of the reputations of the artists.  The Oppenheim is a 

study for a sculpture which exists in New Mexico.  In this case, the special treatment is 

simply in that the UAMA used precious funding to acquire it.  Other sculptural artworks 

by Oppenheim are owned by the museum, which have brought publicity and boosted the 

museum‟s reputation for owning well-admired works.  The museum seems to have had a 

special sensitivity for Oppenheim works which probably explains this study‟s acquisition.  

Yet when purchased, the study was likely in a similar condition to its current one.  This 

questions the museum‟s choices in art collecting and whether it is about the art, or 

maintaining or reaching a certain reputation.  This piece now needs special housing 

conditions because it is particularly sensitive to light, temperature, and relative humidity.   

The Hofmann painting is a much more interesting piece because of its 

conservation history, its current condition, and its aesthetic composition.  Based on the 
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UAMA‟s acquisition records, it is impossible to tell if this piece was in a similar state to 

its current one at that time.  The humidity fluctuations are severe enough to cause the 

damage this painting has experienced.  Many paintings in the museum‟s collection need 

conservation treatment and it is suspected that, due to Hofmann‟s status, this piece was 

given special treatment by paying for more than one conservation treatment and giving it 

its own storage drawer.  The value of this piece to the artist or to Hofmann enthusiasts is 

not clear.  This painting was made while he was concentrating on teaching, not painting.  

Although there have been exhibits that focused on his paintings on paper, Hofmann did 

not paint a lot on paper.  Additionally, this piece is untitled, which is unusual for 

Hofmann who considered the title his paintings a part of the artwork [5].  Of course there 

is the possibility that this painting once had one, but has become lost.  Or, maybe it never 

had one because it was not significant enough to Hofmann to be given a title.  Perhaps 

this piece was a sketch or demonstration for one of his classes; some sort of experiment 

not intended to last.  Whatever the history, the Hofmann piece is clearly valued by 

UAMA staff considering that efforts have been made to consolidate the painting and get 

it to a condition that allows it to be safely displayed.        

The Hofmann painting has a value at which the UAMA purchased it in 1985, yet 

this value is probably not the same today.  Conservation and restoration treatments can 

bring down the value of an artwork, especially if they were not completely successful as 

in this case.  Yet, even though Hofmann‟s untitled painting has had a few unsuccessful 

treatments, it is missing paint, it has oil wicking stains which have yellowed and may 

defeat the artist‟s original message, it is untitled, and the piece is not in a condition that 

can tolerate display, simply the fact that Hans Hofmann created it gives it a cultural 
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value.  The Oppenheim study is in a similar situation where, although it is only a study, 

the simple fact that Oppenhiem created it brings value to the work.    

The University of Arizona Museum of Art faces considerable preservation issues 

with both artworks by Hofmann and Oppenheim, as well as the rest of their collection.  

The storage environment does not meet basic standards, a problem that is accelerating the 

deterioration of the works it houses.  However, the ideal environment for art cannot 

always be maintained for reasons usually involving funding.  The UAMA is not unique in 

selecting artworks for the collection simply because the artists are famous, or in that the 

records are sometimes too vague, if not altogether missing.   

In conclusion, the Oppenheim and Hofmann‟s media choices in Study for Dreams 

and Nitemares and the untitled painting owned by the University of Arizona Museum of 

Art are causing their quick deterioration. Both work‟s paper supports have absorbed a 

significant amount of oil that is causing them to deteriorate, yellow, and become brittle.  

Unfortunately, fluorescence testing has revealed that the oil has not stopped 

polymerizing, and the paper will continue to acidify and deteriorate more rapidly than 

usual.  The housing conditions for these pieces at the UAMA are not optimal due to the 

storage vault‟s relative humidity.  A better controlled environment with a percent 

humidity around 50-60% is recommended.  If the Oppenheim piece were to be displayed, 

stronger hinges would have to be applied because its current hinges have either 

completely come off or are suspected to be weak because they have been applied with a 

water soluble adhesive, methylcellulose, which does not want to properly bond with the 

work‟s oily surface.  An adhesive not affected by oil and that is easily reversible is 

recommended.  The Hofmann painting is simply too fragile to be displayed at all.  If it 
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were insisted that it be exhibited, it is suggested that the painting be shown flat, in a 

display boat, and that the light exposure be limited.  Although Dennis Oppenheim is a 

renowned contemporary artist, Study for Dreams and Nitemares, as the title implies, is 

merely a study for a larger project.  It is probable that Oppenheim did not consider the 

long term effects of his media choices because, as a study, this piece was not intended to 

last.  Reasoning for Hofmann‟s media choices are not understood, but it is felt that he 

knew the consequences of his method.  Due to these reasons, conservation treatments for 

either piece are not likely.  Simply storing them in conditions that contribute to their 

preservation is the best recommendation at this time.   
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Appendix I: Terms and Definitions 

1. Wicking: The drawing of a liquid by a porous material. 

2. Solvent: The substance in which the solute(s) dissolve [20]. 

3. Solute: The substance which dissolves the solvent [20]. 

4. Glassine: A smooth-surfaced treated paper used for interleaving surfaces [23]. 

5. Foam Board: A sandwich of extruded polystyrene backed with paper [23].  

6. Mulberry Paper: A type of Japanese Paper
16

. 

7. Methylcellulose: A common cellulose derivative (-OH changed to -OCH3).  It is 

 commonly used in conservation as a starch substitute, size, adhesive, and 

 emulsifying agent [23]. 

8. Cellulose: A polymer of glucose sugar molecules.  IItt  iiss  principally responsible for the 

 structural integrity of wood, paper, and textiles [23].  

9. Lignin: Also a polymer (mostly aromatic
10

 alcohols) but significantly different than 

 cellulose. They are present in cell walls and presumably aid in the structural 

 support of the cell and plant [23]. 

10. Hemi-Celluloses: Basically smaller versions of cellulose [23]. 

11. Aromatic: Molecules which are planar, cyclic, conjugated, and unusually stable [14]. 

12. C-O-H: Where C is the atomic symbol for carbon, O stands for oxygen, and H 

 represents hydrogen. 

13. Lascaux 360HV: A thermoplastic copolymer butyl-methacrylate dispersion 

 thickened with acrylic butyl ester.  It is extremely elastic.  The dry film remains 

 tacky permanently [2]. 



Boos Pedroza   - 44 - 

14. Lascaux 498HV: A thermoplastic copolymer butyl-methacrylate dispersion 

 thickened with acrylic butyl ester.  It has a strong elongation at break.  It is 

 somewhat harder than and not as tacky as Lascaux 360HV [2].    

15. Rhoplex A33: An acrylic polymer in an aqueous emulsion that produces film 

 properties that tare flexible, non-yellowing, and provide good adhesion to paper 

 [2].   

16. Beva:  There are many forms of Beva adhesives.  It is most likely that Beva Gel was 

 used in these treatments, which are water-soluble mixtures composed of 

 ethylvinyl acetate and acrylic resins.  Beva Gel is useful when dealing with 

 artworks that cannot handle heat because it glues only by pressure [2].   

17. Japanese paper: Strong, long-fibered, smooth papers that vary in weight, finish, and 

 exact composition.   

18. Wheat Starch Paste: A water-soluble adhesive-paste which is strong and dries clear 

 and smooth [2]. 

19. Neutral pH: When pH = 7. 

20. PVA: Stands for polyvinyl acetate.  These resins are widely used as both a 

 consolidant and as coating material [2].  

21. Kozo Fiber Japanese Paper: A type of Japanese paper
16

. 

22. Drying Oils: Have the property of drying to form tough films by means of 

 polymerization.  The dried oil film is a new substance which differs in physical 

 and chemical properties from the original liquid oil and cannot be brought back to 

 that state.  Common drying oils include linseed and poppyseed [13].   
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23. Conjugation/Unsaturation: Systems with alternating single and double bonds which 

 are surprisingly stable.  They are responsible for the brilliant colors in fruits, 

 flowers, and in this case the yellowing of oils [14]. 

24. Radical: A highly reactive species that has an odd number of electrons [14].  

25. Molar Extinction Coefficients: Also known as the molar absorptivity, this is the 

 constant of proportionality in Beer‟s Law: A = εbc, where A is the absorbance, b 

 is the pathlength, and c is the molarity of the absorbing species.  This is usually a 

 quantitative measure of the amount of UV light absorbed by the sample [9,14]. 

26: Thermo-hygrometer: A type of device used to measure temperature and relative 

 humidity.   

27: Standard Deviation: A statistic measuring of how closely data are clustered about  

the mean average.  It is computed with the following formula: 

 Standard Deviation =
1

)( 2





n

xx
i

i

, where n is the number of results, xi is an individual 

result, and x  is the mean result [9]. 

28. Hydrothermograph: A type of device used to measure temperature and relative 

 humidity.   

29. Conservation and Restoration Ethics: Such ethics are outlined in the Code of 

 Ethics and Guidelines for Practice of the American Institute for Conservation of 

 Historic and Artistic Works, as well as the Victoria and Albert Museum 

 Conservation Department Ethics Checklist. 
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