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SUMMARY 

Stable layers of calotene mixed with arachidic acid have been prepared and 
transferred uniformly to glass slides. The absorption spectrum of the mixed layers on 
glass slides has been measured: the extinction coefficient (1- 105 M-~.  cm-1) fo r  caro- 
tene at 450 nm in the layers is close to that for carotene in hexane. 

In the course of  studies on the mechanism of energy transfer between organized 
layers of photosynthetic pigments we have succeeded in preparing stable mono- 
molecular films of fl-carotene mixed with arachidic acid. Recently, it was reported ~ 
that monolayers of carotene have been prepared at relatively high surface pressures 
(20-25 dynes/cm), but these layers have not been stable, requiring continuous com- 
pression. Also, because of the inherent instability of  the monolayer, it was not possible 
to deposit it uniformly on a hydrophobic quartz slide, it occurred to us that one 
way of stabilizing the carotene molecule in a monomolecular layer is to add a diluent 
with a polar head group. We find that a diluent like arachidic acid, with which carotene 
is miscible, serves to stabilize the carotene at the a i r -water  interface. These mixed 
layers can, moreover, be readily transferred uniformly to glass slides making it pos- 
sible to study their optical properties. 

When solutions of fl-carotene and arachidic acid, mixed in molar ratios up to 
1:4 (carotene: arachidic acid), are spread on a 1.10 -4 M CdCI 2 subphase, the resul- 
ting layers a~e stable at a transfer pressure of 30 dynes/cm. The pressure-area curve 
for a carotene-arachidic acid (molar ratio 1:4) mixed layer is shown in Fig. 1. By 
extrapolating the steep region of the curve to zero pressure, the average area per 
molecule is found to be 24.9 A 2. In control experiments, we have determined the area 
per molecule for arachidic acid to be 25.8 A2. Assuming that arachidic acid occupies 
the same area in the mixed layer as it does in pure monolayers, then the area of the 
carotene molecule is determined to be 21.4 A 2. A value of 18 A z has been reported 1 
for undiluted carotene monolayers although these layers were found to be unstable. 
The fact that these values are reasonable for carotene, indicates that the film is truly a 
monolayer. 

These layers can be transferred quite readily to glass slides, by an experimental 
system similar to that of  Kuhn and Mobius 2. In Fig. 2, the absorption spectrum of 20 
deposited layers of carotene-arachidic acid (molar ratio 1:8) is presented. Also 
presented is the spectrum of an equal number of more dilute layers (carotene in ara- 
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Fig. I. Pressure-area curve for a mixed monolayer of carotene in arachidic acid (molar ratio 1 : 4). 
The layer was spread from a chloroform solution which was 0.62 mM in carotene and 2.54 mM 
in arachidic acid. 

Fig. 2. Absorption spectra of slides containing 20 layers of carotene in arachidic acid. The spectrtnn 
of carotene, 9,91 tCM in n-hexane :~, is included for comparison purposes. 

chidic  acid, mola r  ra t io  1: 40). The ra t io  o f  absorbances  of  tile two layers is the same 
(5) as the rat io  of  concent ra t ions  of  caro tene  in arachidic  acid. Included for com- 
par ison purposes  is the spec t rum of  caro tene  in hexane solution.  The spectrum of  tile 
caro tene  layers appears  to possess a less fine s tructure in the region o f  maximum 
absorp t ion  (450-490 nm). It should be noted that  the spectrum obta ined  for the 
caro tene  layers is quite s imilar  to that  ob ta ined  by Schmidt  etal .  4~s for super imposed  
mixed monolayers  of  lutein in cadmium arachidate .  Lutein differs in s tructure from 
carotene  in tha t  the former  c o m p o u n d  possesses two hydroxyl  groups,  which would 
be expected to stabilize such a molecule  at the a i r - w a t e r  interface. The ext inct ion 
coefficient at 450 nm for absorp t ion  of  the carotene  in the film for carotene  in ara-  
chidic acid (at a surface pressure o f  30 dynes/cm) is ca lcula ted to be 1 • 105 M-1 . c m -  
based on a molecu la r  a rea  of  20 A 2 and a layer thickness of  25 A. This value is in 
agreement  with that  ob ta ined  for solut ions  of  carotene  in n-hexane. The fact that  
this  agreement  holds,  tha t  the films are bo th  stable and t ransferable ,  and that  the 
ra t io  of  absorbances  of  two different concent ra t ions  of  carotene  is the same as the 
ra t io  of  concent ra t ions ,  is, we believe, evidence tha t  the caro tene  is uni formly  dis- 
t r ibu ted  in the  layer. 

The layers on the slide appear  to decompose  with time. Eventually,  the absorp-  
t ion spec t rum in the visible region vanishes. This process  appears  to be first o rder  as 
shown in Fig. 3 in which the d i sappearance  of  carotene  absorbance  at  450 nm is 
p lo t ted  semi logar i thmical ly  as a function of  time. The half- t ime for decompos i t ion  is 
2.6 h. 

One o f  the pos tu la ted  funct ions of  caro tene  in the ch lorop las t  is tha t  it t ransfers  
l ight exci ta t ion energy to ch lorophyl l  6. It seems clear  f rom the foregoing spectral  
results that  if caro tene  serves this funct ion ,  it must  do so by absorb ing  light at rela- 
tively shor t  wavelengths (a round  450 nm) and by t ransferr ing the exci ta t ion energy 
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Fig. 3. Disappearance of carotene absorption at 450 nm plotted semilogarithmica]ly as a function 
of time. The slide contained 20 deposited layers of carotene in arachidic acid (molar ratio 1 : 8). 

to ch lorophyl l  at much higher wavelengths (approx.  650 nm). I t  is unl ikely  tha t  energy 
t ransfer  could  occur  as a long-range phenomenon ,  i.e. resonance transfer,  because 
carotene,  even when fixed in an organized layer  p resumably  minimizing diss ipat ive 
in te rmolecu la r  coll isions,  is non-f luorescent  at  r oom temperature .  At  77 °K, only a 
small  f luorescence is observed at  510 m m  when excit ing light at  450 nm is used. I t  
would  be expected that ,  in the absence of  an acceptor ,  f luorescence o f  the organized 
layers would  be observed which would over lap  with an absorp t ion  band  of  ch loro-  
phyll  a. It seems, therefore,  tha t  any energy- t ransfer  process between f l-carotene and 
ch lorophyl l  must  occur  at  shor t  range in agreement  with the conclusions  of  Sine- 
schekov et  al. 7. 
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