
Fig. 1. Difference absorption spectra of tryptophan and 2,4-dinitropilenol, obtained with 
Bcckman DU spectrophotometer and photomultiplier. (Left) Tryptophan. Each curve 
rcpresents the difference spectrum due to 1 x lO-&Mtryptophan in 0.05M phosphate, pH 
7.3, and 0.005 percent Versene obtained as the difference between 0 and 1 x 10-4M ( @ ), 
4 and 5 x 104M (U),and 5 and 6 x 10-4M ( A )respectively. (Right) 2,4-Dinitrophenol. 
Each curve represents the difference spectrum due to 1X 104M dinitrophenol in 0.05M 
phosphate, pH 7.8, obtained as the difference between 0 and 1x 10-4M, 1 and 2 x 10-*M, 
2 and 3 x lo-", and so forth. The indicated figure represents the lower concentration. 

observed that, with solutions of only 
moderately high absorbance, such differ- 
ence spectra may be seriously misleading. 

Buffered solutions of 2,4-dinitrophenol 
and of tryptophan were prepared whose 
concentrations were 1 x 10-4M, 2 x 10-"M, 
3 x 10-4M, and so forth. Difference spec- 
tra were determined between succeeding 
pairs in the series so that in each case 
the absorption spectrum due to a 1 x 
10-4M solution was obtained. The results 
are shown in Fig. 1. 

I t  is clear that the nature of the appar-
ent difference absorption spectrum 
changes as the absolute concentration of 
the absorbing material increases. The 
deviations from the true absorption spec- 
tra of these compounds are due entirely 
to the stray polychromatic light within 
the monochromator, which causes the 
apparent difference in optical density due 
to a given level of absorbing cornpound 
to decrease progressively as the absolute 
concentration increases. The use of a 
photomultiplier detector that permits 
determination of difference spectra be- 
tween solutions of high absolute absorb- 
ance increases the likelihood of this in- 
strumental artifact. Since this effect is 
most pronounced at  the absorption 
maxima and is of least significance at  
the absorption minima, the entirely mis- 
leading data of Fig. 1 result. If these 
were difference spectra that had been 
obtained with a view toward identifying 
a n  unknown compound, thcy would be 

unrecognizable. In  consequence, only in 
double-beam optical systems whcre the 
stray light is negligible may difference 
spectra obtained at  high absolute ab-
sorbance~ be determined with confi-
dence (2 ) .  
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Photosensitive Pigments from 
Retinas of Deep-Sea Fishes 

In  November 1956, a new group of 
visual pigrnents was described bricfly by 
Denton and Warren (1) from severaI 
species of deep-sea fiyhes. The new pig- 
ments were named "chrysopsins" or 
visual golds and characterized as having 
maximum sensitivity to light at a wave- 
length about 20 mp lws than the h,,,. 
of rhodopsin. The chrysopsins were not 
extracted from the retina, but were 
dcrnonstrated by determining the den-

sity changes when fresh retinas were 
bleached with white light. 

Through the kindness of Carl L. 
Hubbs of the Scripps Institution of 
Oceanography, bathypelagic deep-sea 
fishes were collected on an expeditiou 
m ~ d eby the Scripps vessel Paolina-T in 
February 1957. The fishes wele caught 
at  night with a midwater trawl at depths 
of 280 to 380 fathom? ncar Guadalupe 
Island, Baja California, Mexico. Hubbs 
generously sol tcd the trawl collections 
and made field identifications by dim 
red liqht ( 2 ) .The ret~nas were removed, 
and d~gitonin extracts were prepared by 
standard methods ( 3 ) .  Spectrophoto-
metric examination and bleaching with 
narrow-band colored light allowed analy- 
sis of the retinal pigments present in 
these extracts (4) .  

I n  general, the results of Denton and 
Warren were confirmed, h,,,,. of the 
photosensitive pigment of ilrgyropelecus 
afinzs Garman being 478 my (Fig. 1 ) .  
The pigment was demonstrated to be 
homogeneous by partial bleaching ex-
periments ( 3 ) .The absorption spectrum 
and the hydroxylamine difference spec- 
trum of this retinal extract were in good 
agreement with the theoretical curve 
constructed from Dartnall's nomogram 
(5) for a visual pigment with h,,, of 
478 mp. The greater absorption of the 
extract (curve 1)  in the short-wave-
length portion was caused by the pres- 
ence of light-absorbing impuritie~ The 
difference spectrum (curve 3)  falls be- 
low the theoretical curve in this reyiori 
because of the appearance of the vlolet- 
absorbing product of bleaching. The ab- 
sorption of the product of bleaching was 
maximal at  375 to 380 my ($13 8.3) 
and at 365 to 370 mp when hydroxyl- 
amine was added, indicating that reti- 
nene, was the chromophore of the light- 
sensitive pigment (6).  This pigment is 
therefore provisionally called pigment 
478, (the subscript means that retinene, 
is the chromophore) . 

A retinal extract of Sternoptyx ob-
scura Garman of the same family, Stern- 
optychidae, had a different photosensi- 
tive pigment with h,,, at 485 m+, but 
with the same product of bleaching. I n  
the unrelated Bathylagus wesethi Bolin 
(family Argentinidae), however, a 478, 
pigment like that of Argyropelecus was 
mixed in the extract with a rhodopsin 
(h,,, = 500 mw) in the ratio of about 
4/1. This was determined by selectively 
bleaching the red-sensitive rhodopsin 
with red light and then bleaching the 
478, pigment with orange and yellow 
light. The products of bleaching of the 
two pigments were spectrally identical, 
suggesting that retinene, was the chro- 
mophore of each. 

Further indications of diversity were 
found in extracts of other deep-sea 
fishes, each of which had only a single 
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photosensitive pigment with the same 
product of bleaching as Argyropelecus 
and Bathylagus. Stomias atri~ienter Gar-
man (family Stomiatidae) and the un-
related Lampanyc tus  mexicanus Gilbert 
(family Myctophidae) both had 490, 
pigments. Slightly different was an ex-
tract of Melamplzaes bispinosus Gilbert 
(family Melam~haidae)  with a light-
sensitive 488, pigment. 

All the extracts showed surprisingly 
high concentrations of the photosensi-
tive pigments. ( I n  Fig. 1, curve 1, the 
optical density at 475 mp was 0.562 in 
an extract made from two small eyes.) 
The fishes examined probably all have 
pure-rod retinas. With histological meth- 
ods, Rrauer ( 7 )  studied species of each 
genus reported here and found only rods 
in each of them. There is no direct evi- 
dence that the light-sensitive retinal pig- 
ments of these deep-sea fishes are visual 
pigments. This seems probable, ho~vever, 
in view of their characteristic shape, 
which agrees with Dartnall's nomogram, 
and their products of bleaching, which 
are indicative of retinene,. Although the 
tendency of the retinal pigments to be 
shifted toward the blue end of the spec- 
trum was common to all the deep-sea 
fishes studied, there is no systematic 
trend apparent from this preliminary sur- 
vey. The extracted pigments differ from 
rhodopsins in their h,,,, but not in their 
retinene. Their wavelengths of maximum 
absorption approach the photosensitive 
pigments of certain mammals which also 
have A,,,, less than 500 m? (8) .  Be-
cause of this continuous saread of reti-
nene, pigments, the use of the term 

Wave length 

Fig. 1. Photosensitive pigment of Argyro-
pelacus af inis .  Curve 1, absorption spec- 
trum of unbleached retinal extract (no 
significant absorption between 580 and 
700 mp,) ;curve 2, constructed from Dart- 
nall's nomogram, assuming a maximum at 
418 mp,; curve 3, hydroxylamine ex-
periment, difference spectrum (maximum 
change, 0.071 optical density units) after 
exposure of extract to yellow light (580 
mp,). 

clzrysopsin is confusing and therefore is 
not followed. The presence of a dual, 
light-sensitive pigment system in a pure- 
rod eye ( B a t h y l a g u s ) , based on the sin- 
gle carotenoid retinene,, is particularly 
interesting ( 9 ) .  
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Factors Affecting the 
Appearance of Picture Varnish 

Among the factors that affect the ap- 
pearance of a picture varnish of the spirit 
type, one might consider that the refrac- 
tive index of the resin would play a 
major role. Refractive index has entered 
the literature regarding picture var-
nishes, yet I do not recall that its role 
has ever been demonstrated. There has 
certainly not been sufficient discussion of 
the subject to reach agreement on 
whether the refractive index should be 
low ( I )  or similar to that of aged linseed 
oil (linoxyn) (2 ) .  In  seeking to develop 
new protective coatings for the artist 
and conservator, our laboratory gave 
consideration to this problem. This re-
port presents reasons for believing that 
variations in the refractive index of thc 
resin, within the range 1.43 to 1.54, play 
a relatively minor, if not negligible, role 
in determining the appearance of spirit 
varnishes on the surface of paintings. 
Particular attention is drawn to varia-
tions in appearance that are attributable 
to differences in the viscosity grades of 
the resin. 

Fresnel's law relates the intensity of 
reflected light in terms of the angle of 
incidence and the refractive index. 
Under the restricted condition of per-
pendicular incidence, the Fresnel equa- 
tion may be simplified to 

where I is the intensity of light of unit 
amplitude which is reflected and n is 
the refractive index. With this equation, 
values as follows may be calculated: 
n =  1.1, 0.23 percent reflection; 1.3, 1.7 
percent; 1.5, 4.0 percent; 1.7, 6.7 per- 
cent. These values are essentially those 
attained at angles of incidence up to 
about 40 dec. " 

The range of refractive indices in or- 
ganic coatings applied in the conserva-
tion of art objects is limited and is per- 
haps no more than 0.17. Limitation is 
understandable if only atoms of carbon, 
hydrogen, and oxygen are to be used in 
building the molecules of durable ther- 
moplastics. By calculations from the sim- 
plified Fresnel equation, it is estimated 
that a linoxyn film of refractive index 
1.57 (near the upper limit) would re-
flect 4.9 percent of the incident light. A 
film of refractive index 1.467 (near the 
lower limit) would reflect 3.6 percent. 
If reflection at the varnish-oil interface 
is considered, application of a varnish of 
refractive index 1.57 would result in no 
reflection and application of one of re-
fractive index 1.467 would result in less 
than 1-nercent reflection. 

Frequently, then, in picture varnish, 
we are concerned with absolute differ-
ences in reflection of no more than 1 or 
2 percent. This is close to the limit of 
the sensitivity of the eye. Over a wide 
range of intensities, the relative thresh- 
old of just-perceptible-brightness is about 
1 percent of the intensity level to which 
the eye is adjusted ( 3 ) .  

Regardless of the proportion of inci-
dent light which is reflected, one's 
impression of a surface is strongly in-
fluenced by the relative sharpness or 
diffuseness of the reflected light. Meth- 
ods of expressing the distribution of the 
reflected light are aspects of "gloss" or 
"glossiness." Judd ( 4 )  lists five types, 
five ways of expressing gloss: specular 
gloss, contrast gloss, distinctness-of-
image gloss, sheen, and bloom. 

If one observes only the reflected light, 
the relative change from 3.6 to 4.9 per- 
cent is considerable. I-Iolvever, in view- 
ing a painting, the eye is perhaps ad-
justed to the general level of illumina- 
tion in the room. An absolute difference 
of 1 to 2 percent is frequently negligible 
in comparison with variations in diffuse 
reflection-that is, gloss. In  their inves- 
tigation of ceramic glazes, Dinsdale and 
Malkin ( 5 ) found that the measured and 
observed gloss did not follow in the order 
of increasing refractive index from 1.51 
to 1.66. 

Even with porous paint, experiment 
has demonstrated that the fluidity of a 
varnish at a given concentration of resin 
can play a greater role than refractive 
index in determining appearance. A lean 
paint of Bakelite polyvinyl acetate AYAT 
and ultramarine was prepared. The 


