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I, = intensity of radiant energy transmitted by solvent-filled cell.

I =intensity of radiant energy transmitted by solution-filled cell.

¢ =concentration in grams per liter.

1 =thickness of solution layer in centimeters. :
The concentration is expressed in grams per liter because it is expected that
these spectra will be used for quantitative aralysis of the pigments. The

cell lengths and concentrations were adjusted to keep the logio % values
between 0.200 and 0.800. . '
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Fie. 2. Absorption spectra of alpha-carotene and eryptoxanthol in hexane solution.
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ABSORPTION SPECTRA

Figure 1 presents absorption data for beta-carotene in hexane solution.
To illustrate the overall precision of the entire experimental procedure, three
entirely separate sets of spectrophotometric observations are presented for
three weighed samples from two different crystallizations. Observations as
well as weighings were made by two’ different observers.
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In figure 2 are the curves for alpha-carotene and eryptoxanthol in hex-
- ane solution. - Two sets of data are included for each pigment. Two dif-
- ferent operators obtained the data for alpha-carotene.
Similar data for Iuteol and zeaxanthol in ethanol solution are presented
in figure 3." Each set of data for zeaxanthol represents a different crystal-
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F1e. 3. Absorption speetra of luteol and zéa@anthol in ethanol solution.
v

lization. In the case of luteol, the samples for each set of data were from
a different source of material, corn and alfalfa leaves. These curves are in
excellent agreement with the absorption spectrum of luteol isolated from
barley leaves as reported by Strain (16).

Tables I and II present the numerical values of absorption coefficients
at maxima and minima. :
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. EFFECT OF SLIT WIDTH AND TESTS FOR SCATTERED RADIATION

A further study was made of the effect of slit width on the absorption
values obtained for beta-carotene so that direct comparison could be made
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TABLE I

ABSORPTION VALUES OF CAROTENOIDS IN HEXANE: SOLUTION - °

ALPHA-CAROTENE . BETA-CAROTENE CRYPTOXANTHOL
A(R) T A(A) o A(R)
4220

* Values reported in tables I and IT are for different samples corresponding. to the
curves shown in figures 1, 2, and 3. .

with the results of MLEr (11) on this subject. Mmrer found that the
values of absorption coefficients for beta-carotene were extremely sensitive to
slit widths. In figure 4, a comparison is made between MILLER’S results
obtained with a single monochromator with glass optiecs and our results.
obtained with a double monochromator with quartz optics. Our experi-
ments covered a much wider set of slit conditions than did those of MiLLER
and strikingly different results were obtained. Our measurements were
' made when slits varied in width from 0.015 to 0.90 mm. corresponding to a

'TABLE II

ABSORPTION VALUES OF CAROTENOIDS IN ETHANOL SOLUTION

LUTEOL ) ZEAXANTHOL

A (&)
42304250

Maxima 4465

4775
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spectral region isolated of 3 to 225 A. Results were those which might be
expected from the nature of the absorption curve and from the assumption
that no scattered radiation was present from other regions of the spectrum.
Absorption values decreased at the maxima and increased at the minima
when the spectral region isolated became sufficiently great. These changes
were relatively small and dependent upon the average absorption over the

T T T T-17T

300

s » e MILLER'S VALUES

] | NS NN N N |
80 120 160 200 240

SPECTRAL REGION ISOLATED IN A

Fia. 4. EfEeet of width of spectral region isplated on the specifie absorptlon coeffi-
cient of beta-carotene at selected Wavelengths
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Tegion considered. It is evident from figure 4 that constant absorption
values were obtained under the following conditions :
4500 & (maximum) slits 0.015-.30 mm. spectral region 3-58 A
4665 A (minimum) ‘¢ 0.015-50 mm. - * “ 3108 &
4780 A (maximum) ‘¢ 0.015-30 mm. ¢ “ 3-69 A
4920 & (slope) © ¢ 0.015-06 mm. ¢ “ 314 &R

The data of MILLER are calculated directly from his data for beta-caro-
tene [fig. 5 (11)] and from the region isolated as given by him_ for his
monochromator [table IIT (11)].-

"Sinece the 4358 A line from the mércury spectrum is the only Well-lsolated
line in this region which would permit an extensive study of slit widths
without inclusion of other lines, it was the only. one studied. Absorption
coefficients of beta-carotene solutions at 4358A remained constant over a
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slit Wldth range of 0.06-0.50 mm. when the incandescent lamp was replaced
by a mercury arc source.

. Absorption measurements were made Wlth an mcandescent source at 4500,
4665, and 4780 A when the following glass filters were placed in front of the
entrance slit of the monochromator : Jena BG7 (absorbs from 6400 A to the
infra-red limit of the photocell), Corning 385 (absorbs below 3700° &),
Corning 585 (absorbs from 5000 to 6900-A), and all 3 filters in series. No
variation was observed from the values obtained without a filter.

Discussion 5

T_ﬁe absorption spectra of carotenoids in several solvents were studied
before the final choice of solvent was made. The ether-ethanol mixture that
has been used considerably as.a solvent for carotenoids (11, 14) was found
to produce less resolution of the principal bands of the carotenes (lower
ratios of the maxima to the minima) than was the case for hexane. Moreover,
absorption curves for hexane solutions of alpha- and beta:carotenes diverge
appreciably more on the slopes toward the red than is the case for ether-
ethanol. This is of considerable importance from the analytical viewpoint.
Ether-ethanol has the further disadvantage of being a mixed solvent and
this factor would make it very difficult to employ in certain types of analyti-
cal procedure. - The curve of zeaxanthol in ether-ethan6l*is very close to
that reported here for the ethanol solution.

Several hydrocarbon solvents were used for observatlons of the beta-
carotene spectrum. Compared with results in hexane, the maxima for hep-
tane solutions are shifted approximately 25 A toward the red. With
petroleum ether fractions distilling over a range of 20° C:, we were unable
to obtain reproducible spectroscopic results. This difficulty is attributed to
lack of uniformity in the composition of the solvent. Carrer and GIrrAM
(1) have found that the position of the maxima of beta-carotene varies with
the boiling range of the petroleum ether soh}'ent. Very minor differences
between results in hexane and pure 2,2,4-trimethylpentane (‘‘iso-octane’’)
were found for both alpha- and beta-carotenes, Hexane is an excellent sol-
vent from all viewpoints. - It is equal to ¢ ‘iso-octan‘e” from the spectroscopic
and analytical viewpoints and has the further advantage of being available
at a comparatively low price. We consider it well adapted to routine ana-
lytical work.

The numerical values given by Mmrer (11) for the width of spectral
regions isolated at various wavelengths are approximately twice the results
that- would be calculated by his method from the dispersion data given by
HoeNEss, ZSCHEILE, and SIDWELL and by the manufaéturer (3) for the same

.type of monochromator. His values (plotted in figure 4) are 1} times as
great as would be obtained if calculated by the method employed here.
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It is apparent from the results shown in figure 4 that the double mono:
chromator is far superior, insofar as scattered radiation is concerned, to the
single monochromator ag employed by MmwrEr. The Presence of seattered
radiation from another region of the spectrum would explain his results
obtained with different slit widths. The results with the 4358 A mercury
line and with previously filtered incandescent radiation are further evidence

TABLE III

SpPECIFIC ABSORPTION COEFFICIENTS AT HIGHEST MAXIMUM

ALPHA- BETA- - CryPTO- ZEA- |
SoLvuxe CAROTENE CAROTENE XANTHOL Loreor, XANTHOL
Hexane 270 (13)* | 275 (13) | 246
273 (6)" || 302 (6)
272 258 i
20 per cent. 263 (14) | 249 (11) | 258 (16,
ether in 258 (11) 251 (14) | p. 82)
ethanol 271 (18) 255 (18)
Carbon © 202 (14) 194 (14) | 204 (16, 216 (8) 223 (8)
disulphide 218 (6) 194 (9) p. 106) | 191 (15, 200 (13)
: - 243 (6) | p.79) 185 (16,
p. 106)
Chloroform 220 (2) 180 (2) 149 (2)
238 (16,
‘ p. 80)
Petroleum 279 (17) 253 (17)
ether  (b.p.
55-65° C.) ©
Ether ' 208 (4) 248 (4)
260 (18,
p. 82)
Ethanol 247 (16, 221 (13) | 249 (16,
. © p. 105) 254 (16, p. 102)
p. 84) | 236 (18)
! 255 248

* Most of these values were approximated from graphs in the I;apers quoted. The
values without reference numbers are averages of those presented in this paper.

that scattered radiation is negligible under the conditions of measurement
employed in this laboratory. -

" Itis evident that all of the spectra discussed are of one of two types, those
possessed by carotenoids of either the alpha-carotene or the beta-carotene
type of molecular structure. It should be possible to analyze a mixture
quantitatively for each of any two compounds having such different types
of spectra. Wavelengths at which their absorption values-are widely dif-
ferent may be employed for simultaneous equations, the solution of which




344 : PLANT PHYSIOLOGY

. will give both the total concentration and that of each component. Wave-
lengthis at.-which the absorption curves cross or coincide may be employed -
for total concentration (10, 20). These applications will .be developed in
later papers. It will be observed that.the spectrum of cryptoxanthol is
quite similar to that of beta-carotene. The former is lower by a nearly
constant factor. The percentage composition of pure mixtures of these two
pigments cannot be determined by present spectrophotometric methods,
since in no region do the absorption curves separate from each other by more
than 5 per cent. ’

The values of the absorptlon coefficients at the highest maxima, as ob-
tained by workers in this field, are assembled in table III. These values
have been recalculated in terms of specific absorption coefficients to facilitate

comparlson It will be seen that the values obtained in this investigation .

are in fair agreement with the ma,]orlty of the others. '

Summary

1. The following carotenoids were isolated and punﬁed by chromato-
graphic and crystallization methods accompanied by spectroscopic control:
alpha-carotene, beta-carotene, eryptoxanthol luteol, and zeaxanthol.

2. The absorption spectrum of each was determined from 3800 to 5200 A
by a photoelectric spectrophotometric method.

8. Absorption coefficients were found to be relatively insensitive to
changes in slit width, except in regions: where absorption values change
rapidly with wavelength. Experiments with mercury are radiation and
filters also indicate that scattered radiation is negligible.

4. The absorptlon values given are considered suitable for a spectroscoplc
basis of analysis for individual carotenoids.

5. These values are compared to those obtained by other workers. Dif-
ferences due to solvent are discussed.

Financiai assistance for part of this work was generously provided by
General Foods . Corporation, Research and Development Department, -
Hoboken, New Jersey. : 4
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LITERATURE CITED

1 CARTER, GERTRUDE PHOEBE, and GirraM, ALBERT EpwARD. The isomeri-
zation of carotenes. III. Reconsideration of the change (3-carotene
to pseudo g-carotene. Biochem. Jour. 33: 1325-1331. 1939.

2. GmuaM, ArBerT EDWARD. Spectrometric measurements on various

carotenoids. Biochem. Jour. 29:1831-1836. 1935.




ZSCHEILE ET AL. : ABSORPTION SPECTRA OF CAROTENOID PIGMENTS 345

. Hoeness, T. R., ZscusiLg, F. P., Jr., and SoweLs, A. E., Jr. Photo-
el‘efztric spectrophotometry. An apparatus for the ultra-violet and
v.151b1e spectral regions: Its construction, calibration, and applica-
tion to chemical problems. Jour. Phys. Chem. 41: 8379-415. 1937.
. Kar, B. K. Uber das Verhalten der Plastidfarbstoffe photoperiodisch
reagierender Pflanzen bei verschiedenem Lichtgenuss. Planta 26:
420-462. 1937. ‘
. Karrer, P., and ScHumENTzZ, W. Pflanzenfarbstoffe. - LVIL. Cari-
caxanthin, Kryptoxanthin, Zeaxanthin-mono-palmitat. Helv.
Chim. Acta 17: 55-57. 1934.
. Kuax, R. (quoted by Zedumerster, L.) [(19), page 130].
~ and GruNDMANN, C. Krypto-xanthin aus gelbem Mais
(Uber das Vitamin des Wachstums. VI. Mitteil). Ber. d. chem.
Gees. 67: 593-595. 1934, '
' and Smaxura, A. Spektrophotometrische Analyse des
Eidotterfarbstoffe. Zeitschr. physiol. Chem. 197: 161-166. 1931.
. MACKINNEY, G. Leaf carotenes. Jour. Biol. Chem. 111: 7 5-84. 1935.
. Mmwer, Ezmer S. Application of quantitative spectral analysis to
binary mixtures of the common carotenoids. Plant Physiol. 9:
681-684. 1934.
. — . A precise method, with detailed calibration for the
determination of absorption coefficients; the quantitative méasure-
ment of the visible and ultraviolet absorption spectra of alpha caro-
tene, beta carotene, and lycopene. Plant Physiol. 12: 667-684.
1937. :
. PrrErsoN, W. J., HueHEs, J. 8., and PAYNE, L. F. The carotenoid pig-
ments. Occurrence, properties, methods of determination, and
metabolism by the hen. Agr. Exp. Sta., Kansas State Coll. of Agr.
& Appl. Sci. Tech. Bull. 46. 1939.
. Smagura, A. Uber physikalische Methoden im chemischen Liabora-
torium. XXII. Lichtabsorption und chemische Konstitution.
. Zeitschr. angew. Chem. 47 : 657-665. 1934. :
. Smrra, James H. C. . Carotene. . X. A comparison of absorption spectra
measurements on g-caroteme; [-carotene and lycopene. = Jour.
Amer. Chem. Soc. 58 : 247-255. 1936.
. STRAIN, Harorp H. Carotene. VIIL. Separation of carotenes by ad-
sorption. Jour. Biol. Chem. 105 : 523-535. 1934.
Leaf xanthophylls. Carnegie Inst. Washington. 1938.
Carotene. XI. Isolation and detection of a-carotene,
and the carotenes of carrot roots and of butter. Jour. Biol. Chem.
127:191-201. 1939. .
. Warre, JoNATEAN W., JR.. The physical - properties af alpha- and
beta-carotenes. Dissertation, Purdue University. 1939.




346 PLANT PHYSIOLOGY

19. ' ZecHMEISTER, L. Carotinoide. Julius Springer, Berlin. 1934.
20, ZscHELE, F. PAvuL, Jr. A quantitative spectro-photoelectric analytical
method applied to solutions of chlorophylls @ and b.: J our. Phys.
Chem. 38: 95-102. 1934.
21, ——————— and Comag, C. L. Influence of preparative procedure
on the purity of chlorophyll components as shown by absorptmn
, spectra. Bot. Gaz. 102: 463-481. 1941. :
.22, ———— and WuIrg, J. W., JR. Microscope hot stage for: de-
termination of melting points. Ind. Eng. Chem., Anal. Ed. 12:
436-438. .1940. : :






