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F.1  Introduction

This appendix lists all the absorption coefficients for algal chlorophylls and carotenoids found in the literature available to the author, illustrating the variation between published values, and providing coefficients for other solvents than the ones given in the data sheets section. For the quantification of phytoplankton pigments, the most accurate absorption coefficients should be used. From the available values, the one found to be most trustworthy has been included in the pigments data sheets (see Part VII, print version of this volume and this website).
F.2  Determination and use of absorption coefficients

To determine specific absorption coefficients, pigments of the very highest purity (preferably checked by NMR) must be obtained in amounts sufficient to weigh them, then dissolve them in a pure solvent and determine their absorption in a calibrated spectrophotometer. Some scientists have used an alternative to the weighing procedure by determining the magnesium content in the case of chlorophyll pigments, using atomic absorption spectrometry (Porra et al., 1989; Araujo et al., 1995).

Once the specific absorption coefficient for a given pigment in a selected solvent is known, the concentrations of other solutions of the same compound can be determined from spectrophotometric readings at appropriate wavelengths (generally at one of the peaks of absorbance: Soret (blue) or red peak for chlorophylls, band II for carotenoids – see Jeffrey et al., 1997). A calibrated spectrophotometer must be used, and solution(s) of the pure pigment must be prepared using pure solvents and calibrated pipettes (calibrated for the solvent used, note that several plastics are not compatible with some solvents) or volumetric flasks. Absorbance values are determined relative to a zero value where pigments absorb no light (commonly 750 nm). The unknown concentration can then be determined from the following formula (see also Appendix 5A): 

Pigment concentration c [g L-1] = (absorbance A at chosen peak wavelength λ – absorbance at 750 nm) / (specific absorption coefficient d at chosen peak wavelength [L g-1 cm-1] • absorption path length b [cm])

Note that absorbance (A, optical density) values are dimensionless, and that the maximum absorbance should be used, even when the peak is slightly shifted from the maximum wavelength found in the literature.

When working with phytoplankton pigments, only small amounts of pure pigments are generally available and only a few pigments have been purified and prepared in sufficient amount to determine specific absorption coefficients. Hence coefficients are available only for a small number of pigments, and only in a few solvents, leading to limitations that must be recognized and are dealt with in the next sections.

F.3  Uncertainties in the given values

It is essential to use an accurate specific absorption coefficient for a selected pigment in a selected solvent; otherwise the amount of pigment calculated could easily be ± 20% of the true value.

Regrettably, due to the meticulous accuracy required to prepare a pure, solid pigment in the mg range (Jeffrey, 1997; Repeta and Bjørnland, 1997), absorption coefficients are not measured regularly. For some pigments they have never been measured at all.

All measured values have their own uncertainty and due to difficulties in preparing a pure, dry, solid pigment free of any forms of impurities (including lipids, solvents and pigment derivatives), absorption coefficients should only ever be given to three significant figures. Precision is probably overestimated since several (sometimes quite different) specific absorption coefficient values are available in the scientific literature for the same solvent – this is more apparent for the most common pigments. In general, when more than one value for a pigment in a certain solvent is available, the highest value is recommended.

F.4  Conversion of absorption coefficients units
In this chapter and in the data sheets, all absorption coefficients have been given as specific absorption coefficients, d (L g-1 cm-1). For carotenoids, the absorption coefficient (also denoted extinction coefficient) has traditionally been given as [image: image2.png]B
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). To convert from the given d to [image: image6.png]B



, the d value is multiplied by a factor of 10.

In some literature, the absorption coefficient is given as the molar absorption coefficient, ε (L mol-1 cm-1), which is sometimes also given as the log10 ε value. To convert from the given d to ε value, multiply d with the pigment’s molecular weight.

F.5  Use of other solvents

Specific absorption coefficients are valid only for the solvent they have been determined for. A pigment standard used for calibration of an HPLC instrument must be dissolved in the appropriate solvent for the absorption coefficient used. If it cannot be injected into the HPLC due to solvent incompatibility, a change of solvent is required. The easiest way is to find a d value for the preferred solvent. However, if these values have never been published, the pigment must be dissolved in the solvent that was used to determine the d value. To obtain a pigment solution that can be injected in the HPLC after determining the absorption of the pigment solution used for calibration, the solvent must be evaporated in the dark under a gentle stream of nitrogen or argon, and an HPLC compatible solvent must then be added. To avoid solubility problems, the first solvent should not be fully evaporated, but only to about 5% of the initial volume. If split peaks are observed in the HPLC chromatograms this may be caused by solvent incompatibility and the initial volume must therefore be further reduced before adding the HPLC compatible solvent. Furthermore, one should also look carefully for any sign of precipitation of the pigment in the new solvent, as this would be critically detrimental to the calibration of the HPLC system.

F.6  Table of specific absorption coefficient values

All reported absorption coefficients are given in Table F.1 below. The value considered to be of greatest quality according to the author of this Appendix is given in the data sheets (Part VII, this volume, and this website) and shown in bold in the following Table. Values in italics are recommendations for other solvents.
Table F.1. Specific absorption coefficients for major algal chlorophylls, bacteriochlorophylls and carotenoids in various solvents.
Values in bold are the author’s recommendation for the selected pigment. Values in italics are the author’s recommendation for the selected pigment in other solvents. Where wavelength is not given, use the wavelength for the peak maximum.  
	Name
	d

(L g-1 cm-1)
	λmax
(nm)
	Solvent
	Reference
	Remarks

	Alloxanthin
	216
	464
	benzene
	Davies et al. (1984)
	3R,3’R

	
	232
	462
	benzene
	Davies et al. (1984)
	3RS,3’RS

	Antheraxanthin
	235
	446
	ethanol
	Hager and Meyer-Bertenrath (1966)
	

	
	237
	445
	diethyl ether:methylbutane:ethanol 5:5:2
	Märki-Fischer et al. (1982)
	

	Astaxanthin
	189
	489
	benzene
	Buchwald and Jencks (1968)
	

	
	209
	488
	chloroform
	Englert et al. (1977)
	

	
	209
	489
	chloroform
	Englert et al. (1977)
	

	
	190
	492
	chloroform
	Widmer et al. (1981a)
	

	
	204
	492
	chloroform
	Widmer et al. (1981a)
	

	
	192
	492
	chloroform
	Widmer et al. (1981b)
	

	
	202
	492
	chloroform
	Widmer et al. (1981b)
	

	
	181
	not given
	ethanol
	G. Wald, unpubl., see Buchwald and Jencks (1968)
	Use peak absorption

	
	208
	472
	hexane
	Buchwald and Jencks (1968)
	

	
	237
	470
	hexane
	Karrer and Würgler (1943)
	Value taken from figure

	
	213
	not given
	hexane
	G. Wald, unpubl., see Buchwald and Jencks (1968)
	Use peak absorption

	
	206
	473
	methanol
	Buchwald and Jencks (1968)
	

	
	188
	492
	pyridine
	Buchwald and Jencks (1968)
	

	
	188–193
	not given
	pyridine
	Kuhn et al. (1939)
	Several absorption coefficient measurements; use peak absorption

	
	164
	not given
	pyridine
	G. Wald, unpubl., see Buchwald and Jencks (1968)
	Use peak absorption

	Auroxanthin
	185
	402
	ethanol
	Davies (1965)
	

	
	181
	403
	ethanol
	Karrer and Rutschmann (1942)
	Value taken from figure

	Bacteriochlorophyll a
	78.4
	770
	acetone
	Connolly et al. (1982)
	Based on the d value for diethyl ether

	
	76.0
	771
	acetone
	Permentier et al. (2000)
	

	
	75.9
	770
	acetone
	Sauer et al. (1966)
	

	
	66.9
	769
	acetonitrile
	Connolly et al. (1982)
	Based on the d value for diethyl ether

	
	94.8
	783
	benzene
	Connolly et al. (1982)
	Based on the d value for diethyl ether

	
	99.6
	782
	benzene
	Permentier et al. (2000)
	

	
	85.1
	780
	chloroform
	Connolly et al. (1982)
	Based on the d value for diethyl ether

	
	82.1
	774
	dichloromethane
	Connolly et al. (1982)
	Based on the d value for diethyl ether

	
	111
	771
	diethyl ether
	Connolly et al. (1982)
	

	
	99.8
	771
	diethyl ether
	Hartwich et al. (1998)
	

	
	102
	769–770
	diethyl ether
	Holt and Jacobs (1954)
	

	
	106
	771
	diethyl ether
	Permentier et al. (2000)
	

	
	105
	770
	diethyl ether
	Sauer et al. (1966)
	

	
	100
	773
	diethyl ether
	Smith and Benitez (1955)
	

	
	102
	770
	diethyl ether
	Strain and Svec (1966)
	

	
	105
	772
	diethyl ether
	Weigl (1953)
	

	
	126
	772
	dioxane
	Clayton (1966)
	Based on the d value for diethyl ether (Weigl, 1953)

	
	68.9
	774
	ethanol
	Connolly et al. (1982)
	Based on the d value for diethyl ether

	
	65.4
	774
	ethanol
	Permentier et al. (2000)
	

	
	68.0
	773
	ethanol
	Sauer et al. (1966)
	

	
	66.0
	775
	methanol
	Cohen-Bazire and Sistrom (1966)
	

	
	64.9
	772
	methanol
	Connolly et al. (1982)
	Based on the d value for diethyl ether

	
	60.1
	771
	methanol
	Permentier et al. (2000)
	

	
	46.1
	772
	methanol
	Smith and Benitez (1955)
	

	
	70.4
	776
	propan-1-ol (= 1-propanol)
	Connolly et al. (1982)
	Based on the d value for diethyl ether

	
	71.9
	776
	propan-2-ol (= 2-propanol)
	Connolly et al. (1982)
	Based on the d value for diethyl ether

	
	71.4
	777
	propan-2-ol (= 2-propanol)
	Permentier et al. (2000)
	

	
	98.2
	782
	pyridine
	Connolly et al. (1982)
	Based on the d value for diethyl ether

	
	83.4
	781
	pyridine
	Hartwich et al. (1998)
	

	
	97.0
	781
	tetrachloromethane
	Clayton (1966)
	Based on the d value for diethyl ether (Weigl, 1953)

	
	113
	781
	tetrachloromethane
	Connolly et al. (1982)
	Based on the d value for diethyl ether

	
	96.5
	780
	tetrachloromethane
	Sauer et al. (1966)
	Monomer

	
	59.2
	785
	tetrachloromethane
	Sauer et al. (1966)
	Dimer; per molecule of Chl a

	
	112
	771
	tetrahydrofuran
	Connolly et al. (1982)
	Based on the d value for diethyl ether

	
	101
	781
	toluene
	Connolly et al. (1982)
	Based on the d value for diethyl ether

	Canthaxanthin
	209
	480
	benzene
	Warren and Weedon (1958)
	

	
	198
	480
	benzene
	Petracek and Zechmeister (1956b)
	

	
	209
	480
	benzene
	Petracek and Zechmeister (1956b)
	

	
	220
	469
	cyclohexane
	Surmatis et al. (1970)
	

	
	197
	468
	hexane
	Entschel and Karrer (1958)
	

	
	202
	466
	hexane
	Petracek and Zechmeister (1956a)
	

	
	220
	465–467
	petroleum ether
	Zeller et al. (1959)
	

	β,β-Carotene
	250
	454
	acetone
	Hiyama et al. (1969)
	

	
	234
	465
	benzene
	Isler et al. (1956b)
	

	
	201
	484
	carbon disulphide
	Isler et al. (1956b)
	

	
	194
	483
	carbon disulphide
	Mackinney (1935)
	

	
	195
	480
	carbon disulphide
	Smith (1936)
	Value taken from figure

	
	220
	463
	chloroform
	Gillam (1935)
	

	
	240
	465
	chloroform
	Isler et al. (1956b)
	

	
	252
	456
	cyclohexane
	Chechak et al. (1964)
	

	
	251
	457
	cyclohexane
	Isler et al. (1956b)
	

	
	251
	457
	cyclohexane
	Isler and Schudel (1963)
	

	
	245
	456
	cyclohexane
	Nürrenbach and Pommer (1969)
	

	
	250
	456
	cyclohexane
	Surmatis et al. (1969)
	

	
	245
	463
	dichloromethane
	Isler et al. (1956b)
	

	
	247
	461
	dioxane
	Isler et al. (1956b)
	

	
	262
	453
	ethanol
	Isler et al. (1956b)
	

	
	256
	451
	hexane
	Cholnoky et al. (1967)
	

	
	259
	453
	hexane
	Isler et al. (1956b)
	

	
	258
	450
	hexane
	Zscheile et al. (1942)
	

	
	251
	451
	isooctane
	Bickoff et al. (1948)
	

	
	250
	450
	methylcyclohexane
	Kabbe et al. (1965)
	

	
	294
	452–3
	petroleum ether
	Inhoffen et al. (1950a)
	

	
	291
	452–3
	petroleum ether
	Inhoffen et al. (1950b)
	

	
	256
	452–3
	petroleum ether
	Isler et al. (1956b)
	

	
	255
	452–3
	petroleum ether
	Isler et al. (1956d)
	

	β,ε-Carotene
	270
	448
	acetone
	Hiyama et al. (1969)
	

	
	242
	456
	chloroform
	Hager and Meyer-Bertenrath (1966)
	

	
	270
	445
	hexane
	Bush and Zechmeister (1958)
	

	
	272
	446
	hexane
	Cholnoky et al. (1967)
	

	
	270
	446
	hexane
	Eugster and Karrer (1955)
	Regrettably wrong reference on the data sheet (should be [56], not [57])

	
	266
	445
	hexane
	Tscharner et al. (1957)
	

	
	272
	445
	hexane
	Zcheile et al. (1942)
	

	
	267
	446
	isooctane
	Bickoff et al. (1948)
	

	
	264
	447
	petroleum ether
	Inhoffen et al. (1954)
	

	
	259
	447
	petroleum ether
	Inhoffen et al. (1954)
	

	
	254
	447
	petroleum ether
	Inhoffen et al. (1954)
	

	
	280
	444
	petroleum ether
	Rüegg et al. (1961)
	

	
	279
	446
	petroleum ether
	Rüegg et al. (1961)
	

	β,ψ-Carotene


	272
	462
	hexane
	Zechmeister et al. (1943)
	Regrettably incorrect d value (276) on the data sheet

	
	310
	462
	petroleum ether
	Rüegg et al. (1961)
	

	
	319
	459
	petroleum ether
	Manchard et al. (1965)
	

	
	201
	497
	carbon disulphide
	Mackinney (1935)
	

	ε,ε-Carotene
	300
	441
	petroleum ether
	Manchard et al. (1965)
	

	
	312
	440
	petroleum ether
	Schwieter et al. (1965)
	

	ψ,ψ-Carotene (= Lycopene)
	253
	508
	carbon disulphide
	Mackinney (1935)
	

	
	200
	480
	chloroform
	Gillam (1935)
	

	
	347
	473
	hexane
	Zechmeister et al. (1943)
	

	
	335
	476
	methylcyclohexane
	Kabbe et al. (1965)
	

	
	345
	472
	petroleum ether
	Isler et al. (1956a)
	

	Chlorophyll a
	88.2
	663
	acetone
	Jeffrey and Humphrey (1975)
	Value recommended in Jeffrey et al. (1997)

	
	112
	430
	acetone
	Lichtenthaler (1987)
	

	
	92.5
	662
	acetone
	Lichtenthaler (1987)
	

	
	61.3
	662
	acetone
	Trurnit and Colmano (1959)
	

	
	92.6
	663
	acetone
	Vernon (1960)
	

	
	91.0
	662
	acetone
	Watanabe et al. (1984)
	

	
	91.8
	662
	acetone
	Wintermans and Mots (1965)
	

	
	91.5
	662
	acetone
	Ziegler and Egle (1965)
	

	
	87.7
	664
	90% acetone
	Jeffrey and Humphrey (1975)
	Value recommended in Jeffrey et al. (1997)

	
	89.0
	665
	90% acetone
	Parsons and Strickland (1963)
	

	
	91.1
	664
	90% acetone
	Vernon (1960)
	

	
	89.7
	663
	90% acetone
	Ziegler and Egle (1965)
	

	
	95.8
	431
	80% acetone
	Lichtenthaler (1987)
	

	
	86.3
	663
	80% acetone
	Lichtenthaler (1987)
	

	
	90.8
	430
	80% acetone
	Mackinney (1941)
	

	
	82.0
	663
	80% acetone
	Mackinney (1941)
	

	
	102
	433
	80% acetone
	Vernon (1960)
	

	
	90.8
	665
	80% acetone
	Vernon (1960)
	

	
	89.5
	664
	80% acetone
	Wintermans and Mots (1965)
	

	
	89.0
	664
	80% acetone
	Ziegler and Egle (1965)
	

	
	86.0
	664
	buffered 80% acetone
	Porra et al. (1989)
	80% aqueous acetone containing 2.5 mM sodium phosphate buffer, pH 7.8

	
	88.7
	664
	75% acetone
	Ziegler and Egle (1965)
	

	
	61.2
	665
	benzene
	Trurnit and Colmano (1959)
	

	
	66.0
	666
	benzene
	Trurnit and Colmano (1959)
	

	
	89.2
	665
	benzene
	Watanabe et al. (1984)
	

	
	90.4
	666
	chloroform
	Wellburn (1994)
	High resolution spectrophotometer

	
	94.6
	666
	chloroform
	Wellburn (1994)
	Low resolution spectrophotometer

	
	160
	431
	diethyl ether
	Hagenbach et al. (1936)
	

	
	80.9
	656
	diethyl ether
	Hagenbach et al. (1936)
	

	
	108
	430
	anhydrous diethyl ether
	Heierle (1935)
	

	
	91.0
	662
	anhydrous diethyl ether
	Heierle (1935)
	

	
	129
	428
	diethyl ether
	Hynninen and Lötjönen (1983)
	

	
	101
	660
	diethyl ether
	Hynninen and Lötjönen (1983)
	

	
	98.1
	661
	diethyl ether
	Jeffrey and Humphrey (1975)
	

	
	130
	428
	anhydrous diethyl ether
	Lichtenthaler (1987)
	

	
	102
	660
	anhydrous diethyl ether
	Lichtenthaler (1987)
	

	
	96.6
	661
	diethyl ether
	Pennington et al. (1964)
	

	
	132
	430
	diethyl ether
	Smith and Benitez (1955)
	

	
	101
	662
	diethyl ether
	Smith and Benitez (1955)
	

	
	125
	429
	diethyl ether
	Strain et al. (1963)
	

	
	96.6
	661
	diethyl ether
	Strain et al. (1963)
	

	
	70.4
	661
	diethyl ether
	Trurnit and Colmano (1959)
	

	
	74.0
	661
	diethyl ether
	Trurnit and Colmano (1959)
	

	
	101
	660
	diethyl ether
	Watanabe et al. (1984)
	

	
	131–138
	429
	diethyl ether
	Zscheile and Comar (1941)
	Several absorption coefficient measurements

	
	100–104
	660
	diethyl ether
	Zscheile and Comar (1941)
	Several absorption coefficient measurements

	
	124
	430
	5% tetrachloromethane in diethyl ether
	Sauer et al. (1966)
	

	
	97.1
	668
	5% tetrachloromethane in diethyl ether
	Sauer et al. (1966)
	

	
	88.7
	664
	N,N-dimethylformamide
	Porra et al. (1989)
	

	
	89.8
	664
	N,N-dimethylformamide
	Wellburn (1994)
	High resolution spectrophotometer

	
	90.4
	664
	N,N-dimethylformamide
	Wellburn (1994)
	Low resolution spectrophotometer

	
	86.7
	665
	dimethylsulphoxide
	Wellburn (1994)
	High resolution spectrophotometer

	
	88.1
	665
	dimethylsulphoxide
	Wellburn (1994)
	Low resolution spectrophotometer

	
	84.5
	416
	anhydrous ethanol
	Heierle (1935)
	

	
	81.1
	665
	anhydrous ethanol
	Heierle (1935)
	

	
	83.9
	432
	95% ethanol
	Lichtenthaler (1987)
	

	
	84.6
	664
	95% ethanol
	Lichtenthaler (1987)
	

	
	83.2
	432
	96% ethanol
	Wintermans and Mots (1965)
	

	
	83.4
	665
	96% ethanol
	Wintermans and Mots (1965)
	

	
	75.0
	665
	methanol
	Lenz and Zeitzschel (1968)
	

	
	77.1
	432
	methanol
	Lichtenthaler (1987)
	

	
	79.2
	665
	methanol
	Lichtenthaler (1987)
	

	
	80.0
	665
	methanol
	Porra et al. (1989)
	

	
	76.0
	432
	90% methanol
	Lichtenthaler (1987)
	

	
	79.0
	665
	90% methanol
	Lichtenthaler (1987)
	

	
	76.3
	664
	85% methanol with dithionite
	Porra (1990)
	

	
	63.2
	663
	10% benzene in Nujol 
	Trurnit and Colmano (1959)
	Nujol is a paraffin oil

	
	66.4
	663
	1% pyridine in petroleum ether
	Trurnit and Colmano (1959)
	

	
	57.9
	665
	tetrachloromethane
	Trurnit and Colmano (1959)
	

	
	116
	433
	tetrachloromethane
	Sauer et al. (1966)
	Monomer

	
	95.0
	665
	tetrachloromethane
	Sauer et al. (1966)
	Monomer

	
	93.7
	434
	tetrachloromethane
	Sauer et al. (1966)
	Dimer; per molecule of Chl a

	
	66.6
	668
	tetrachloromethane
	Sauer et al. (1966)
	Dimer; per molecule of Chl a

	
	86.6
	664
	tetrahydrofuran
	Hynninen and Sievers (1981)
	Assumed to be Chl a • H2O; abs. coeff. value per molecule of Chl a 

	
	116
	436
	tetrahydrofuran
	Hynninen and Sievers (1981)
	Assumed to be Chl a • H2O; abs. coeff. value per molecule of Chl a

	
	137
	435
	tetrahydrofuran
	Hynninen (1981)
	Chl a • H2O; abs. coeff. value per molecule of Chl a

	
	102
	664
	tetrahydrofuran
	Hynninen (1981)
	Chl a • H2O; abs. coeff. value per molecule of Chl a

	Chlorophyll a(
	120
	429
	diethyl ether
	Hynninen and Lötjönen (1983) 
	

	
	96.4
	661
	diethyl ether
	Hynninen and Lötjönen (1983) 
	

	
	128
	436
	tetrahydrofuran
	Hynninen and Sievers (1981) 
	Assumed to be Chl a( • H2O; abs.coeff. value per molecule of Chl a(

	
	96.7
	665
	tetrahydrofuran
	Hynninen and Sievers (1981) 
	Assumed to be Chl a( • H2O; abs.coeff. value per molecule of Chl a(

	Chlorophyll b
	145
	456
	acetone
	Lichtenthaler (1987)
	

	
	51.7
	645
	acetone
	Lichtenthaler (1987)
	

	
	53.5
	647
	acetone
	Vernon (1960)
	

	
	52.5
	645
	acetone
	Watanabe et al. (1984)
	

	
	54.3
	645
	acetone
	Ziegler and Egle (1965)
	

	
	51.4
	647
	90% acetone
	Jeffrey and Humphrey (1975)
	Value recommended in Jeffrey et al. (1997)

	
	54.0
	645
	90% acetone
	Parsons and Strickland (1963)
	

	
	52.5
	648
	90% acetone
	Vernon (1960)
	

	
	53.1
	646
	90% acetone
	Ziegler and Egle (1965)
	

	
	135
	459
	80% acetone
	Lichtenthaler (1987)
	

	
	49.2
	647
	80% acetone
	Lichtenthaler (1987)
	

	
	148
	460
	80% acetone
	Vernon (1960)
	

	
	52.5
	648–9
	80% acetone
	Vernon (1960)
	

	
	52.3
	647
	80% acetone
	Ziegler and Egle (1965)
	

	
	51.8
	647
	buffered 80% acetone
	Porra et al. (1989)
	80% aqueous acetone containing 2.5 mM sodium phosphate buffer, pH 7.8

	
	52.1
	647
	75% acetone
	Ziegler and Egle (1965)
	

	
	61.9
	646
	benzene
	Watanabe et al. (1984)
	

	
	47.5
	647
	chloroform
	Wellburn (1994)
	High resolution spectrophotometer

	
	63.0
	648
	chloroform
	Wellburn (1994)
	Low resolution spectrophotometer

	
	231
	450
	diethyl ether
	Hagenbach et al. (1936)
	

	
	79.2
	638
	diethyl ether
	Hagenbach et al. (1936)
	

	
	114
	454
	anhydrous diethyl ether
	Heierle (1935)
	

	
	55.7
	644
	anhydrous diethyl ether
	Heierle (1935)
	

	
	176
	453
	diethyl ether
	Hynninen and Lötjönen (1983)
	

	
	63.7
	642
	diethyl ether
	Hynninen and Lötjönen (1983)
	

	
	62.0
	643
	diethyl ether
	Jeffrey and Humphrey (1975)
	

	
	171
	452
	anhydrous diethyl ether
	Lichtenthaler (1987)
	

	
	62.3
	642
	anhydrous diethyl ether
	Lichtenthaler (1987)
	

	
	175
	455
	diethyl ether
	Smith and Benitez (1955)
	

	
	62.0
	644
	diethyl ether
	Smith and Benitez (1955)
	

	
	175
	453
	diethyl ether
	Strain et al. (1963)
	

	
	61.8
	642
	diethyl ether
	Strain et al. (1963)
	

	
	62.5
	642
	diethyl ether
	Watanabe et al. (1984)
	

	
	169–173
	453
	diethyl ether
	Zscheile and Comar (1941)
	Several absorption coefficient measurements

	
	55.4–57.6
	643
	diethyl ether
	Zscheile and Comar (1941)
	Several absorption coefficient measurements

	
	178
	452
	0.1% tetrachloromethane in diethyl ether
	Sauer et al. (1966)
	

	
	63.7
	642
	0.1% tetrachloromethane in diethyl ether
	Sauer et al. (1966)
	

	
	51.2
	647
	N,N-dimethylformamide
	Porra et al. (1989)
	

	
	48.1
	647
	N,N-dimethylformamide
	Wellburn (1994)
	High resolution spectrophotometer

	
	50.6
	647
	N,N-dimethylformamide
	Wellburn (1994)
	Low resolution spectrophotometer

	
	43.2
	649
	dimethylsulphoxide
	Wellburn (1994)
	High resolution spectrophotometer

	
	48.8
	649
	dimethylsulphoxide
	Wellburn (1994)
	Low resolution spectrophotometer

	
	96.4
	464
	anhydrous ethanol
	Heierle (1935)
	

	
	39.8
	652
	anhydrous ethanol
	Heierle (1935)
	

	
	107
	464
	95% ethanol
	Lichtenthaler (1987)
	

	
	41.2
	649
	95% ethanol
	Lichtenthaler (1987)
	

	
	105
	469
	methanol
	Lichtenthaler (1987)
	

	
	38.9
	652
	methanol
	Lichtenthaler (1987)
	

	
	42.5
	652
	methanol
	Porra et al. (1989)
	

	
	99.5
	469
	90% methanol
	Lichtenthaler (1987)
	

	
	36.0
	652
	90% methanol
	Lichtenthaler (1987)
	

	
	173
	456
	tetrachloromethane
	Sauer et al. (1966)
	Monomer

	
	65.2
	645
	tetrachloromethane
	Sauer et al. (1966)
	Monomer

	
	120
	464
	tetrachloromethane
	Sauer et al. (1966)
	Dimer

	
	50.2
	648
	tetrachloromethane
	Sauer et al. (1966)
	Dimer

	
	171
	453
	tetrahydrofuran
	Hynninen (1981)
	Chl b • H2O; abs. coeff. value per molecule of Chl b

	
	61.7
	643
	tetrahydrofuran
	Hynninen (1981)
	Chl b • H2O; abs. coeff. value per molecule of Chl b

	Chlorophyll b(
	171
	453
	diethyl ether
	Hynninen and Lötjönen (1983)
	

	
	61.2
	642
	diethyl ether
	Hynninen and Lötjönen (1983)
	

	Chlorophyll c1
	348
	446
	1% pyridine in acetone
	Jeffrey (1972)
	

	
	28.6
	578
	1% pyridine in acetone
	Jeffrey (1972)
	

	
	39.2
	629
	1% pyridine in acetone
	Jeffrey (1972)
	

	
	318
	443
	1% pyridine in 90% acetone
	Jeffrey (1972)
	

	
	26.0
	579
	1% pyridine in 90% acetone
	Jeffrey (1972)
	

	
	44.8
	631
	1% pyridine in 90% acetone
	Jeffrey (1972)
	

	
	139
	451
	methanol
	Saitoh et al. (1993)
	

	
	8.02
	588
	methanol
	Saitoh et al. (1993)
	

	
	14.1
	631
	methanol
	Saitoh et al. (1993)
	

	
	154
	445
	1% pyridine in methanol
	Saitoh et al. (1993)
	

	
	12.4
	584
	1% pyridine in methanol
	Saitoh et al. (1993)
	

	
	21.2
	634
	1% pyridine in methanol
	Saitoh et al. (1993)
	

	
	346
	462
	pyridine
	Jeffrey (1972)
	

	
	30.4
	593
	pyridine
	Jeffrey (1972)
	

	
	35.0
	640
	pyridine
	Jeffrey (1972)
	

	
	384
	band III
	1% pyridine in tetrahydrofuran
	Jeffrey (1972)
	Wavelength not given

	
	32.1
	band II
	1% pyridine in tetrahydrofuran
	Jeffrey (1972)
	Wavelength not given

	
	36.1
	band I
	1% pyridine in tetrahydrofuran
	Jeffrey (1972)
	Wavelength not given

	Chlorophyll c2
	321
	445
	1% pyridine in acetone
	Jeffrey (1972)
	

	
	35.7
	581
	1% pyridine in acetone
	Jeffrey (1972)
	

	
	37.2
	630
	1% pyridine in acetone
	Jeffrey (1972)
	

	
	374
	444
	1% pyridine in 90% acetone
	Jeffrey (1972)
	

	
	30.7
	581
	1% pyridine in 90% acetone
	Jeffrey (1972)
	

	
	40.4
	631
	1% pyridine in 90% acetone
	Jeffrey (1972)
	

	
	95.2
	454
	methanol
	Saitoh et al. (1993)
	

	
	9.52
	588
	methanol
	Saitoh et al. (1993)
	

	
	10.0
	635
	methanol
	Saitoh et al. (1993)
	

	
	122
	452
	1% pyridine in methanol
	Saitoh et al. (1993)
	

	
	10.8
	587
	1% pyridine in methanol
	Saitoh et al. (1993)
	

	
	13.0
	635
	1% pyridine in methanol
	Saitoh et al. (1993)
	

	
	459
	466
	pyridine
	Jeffrey (1972)
	

	
	42.0
	597
	pyridine
	Jeffrey (1972)
	

	
	31.8
	642
	pyridine
	Jeffrey (1972)
	

	
	488
	band III
	1% pyridine in tetrahydrofuran
	Jeffrey (1972)
	Wavelength not given

	
	45.2
	band II
	1% pyridine in tetrahydrofuran
	Jeffrey (1972)
	Wavelength not given

	
	33.2
	band I
	1% pyridine in tetrahydrofuran
	Jeffrey (1972)
	Wavelength not given

	Chlorophyll d
	118
	687
	diethyl ether
	Holt and Morley (1959)
	

	
	110
	688
	diethyl ether
	Smith and Benitez (1955)
	

	
	97.8
	447
	diethyl ether
	Smith and Benitez (1955)
	

	Cryptoxanthin
	242
	465
	benzene
	Zechmeister and Lemmon (1944)
	Value taken from figure

	
	247
	453
	ethanol
	Strain (1938)
	Value taken from figure

	
	241
	449
	hexane
	Loeber et al. (1971)
	

	
	246
	452
	hexane
	Zscheile et al. (1942)
	Regrettably wrong reference on the data sheet (should be [182], not [180])

	
	237
	452
	petroleum ether
	Isler et al. (1957a)
	

	Diadinoxanthin
	224
	448
	acetone
	Johansen et al. (1974)
	The average of the two values given in the article (223, 225), one probably a misprint of the other

	
	211
	446
	hexane and petroleum ether
	Johansen et al. (1974)
	

	
	225
	445
	methanol
	Johansen et al. (1974)
	

	Diatoxanthin
	272
	453
	acetone
	Haugan and Liaaen-Jensen (1994)
	

	Divinylchlorophyll a
	107
	438
	80% acetone
	Shedbalkar and Rebeiz (1992)
	Values not known to the author at the time of data sheets compilation.

NMR spectrum shows substantial amounts of impurities.

	
	77.7
	664
	80% acetone
	Shedbalkar and Rebeiz (1992)
	

	
	124
	435
	diethyl ether
	Shedbalkar and Rebeiz (1992)
	

	
	87.9
	660
	diethyl ether
	Shedbalkar and Rebeiz (1992)
	

	Divinylchlorophyll b
	97.0
	468
	80% acetone
	Shedbalkar and Rebeiz (1992)
	Values not known to the author at the time of data sheets compilation.

NMR spectrum shows substantial amounts of impurities.

	
	39.5
	651
	80% acetone
	Shedbalkar and Rebeiz (1992)
	

	
	131
	462
	diethyl ether
	Shedbalkar and Rebeiz (1992)
	

	
	48.5
	643
	diethyl ether
	Shedbalkar and Rebeiz (1992)
	

	Echinenone
	209
	472
	benzene
	Warren and Weedon (1958)
	

	
	211
	461
	cyclohexane
	Surmatis et al. (1970)
	

	
	214
	458
	hexane
	Petracek and Zechmeister (1956a)
	

	
	216
	458
	hexane
	Ganguly et al. (1956)
	

	
	214
	456
	petroleum ether
	Akhtar and Weedon (1959)
	

	
	216
	458
	petroleum ether
	Davies (1965)
	

	Fucoxanthin
	166
	443
	acetone
	Haugan and Liaaen-Jensen (1989)
	

	
	160
	not given
	acetone
	Jensen (1966)
	Use peak absorption

	
	106
	449
	90% acetone
	Garside and Riley (1968)
	

	
	203
	478
	carbon disulphide
	Bonnett et al. (1969)
	

	
	145
	458
	chloroform
	Gillam (1935)
	

	
	114
	450
	ethanol
	Antia (1965)
	

	
	165
	not given
	hexane
	Jensen (1966)
	Use peak absorption

	
	164–166
	not given
	petroleum ether
	Jensen (1966)
	Several absorption coefficient measurements; use peak absorption

	Lutein
	223
	458
	benzene
	Cholnoky et al. (1967)
	

	
	182
	474
	carbon disulphide
	Strain (1938)
	

	
	196
	474
	carbon disulphide
	Strain (1938)
	

	
	237
	456
	chloroform
	Strain (1938)
	Value taken from figure

	
	180
	453
	chloroform
	Gillam (1935)
	

	
	180
	456
	chloroform
	Gillam (1935)
	

	
	237
	448
	diethyl ether
	Bernegg et al. (1935)
	Value taken from figure

	
	269
	447
	anhydrous diethyl ether
	Heierle (1935)
	

	
	248
	445
	diethyl ether
	Kar (1937)
	

	
	263
	444
	diethyl ether
	Strain (1938)
	Value taken from figure

	
	267
	453
	dioxane
	Buchecker et al. (1974)
	

	
	252
	453
	dioxane
	Mayer and Rüttimann (1980)
	

	
	245
	455
	dioxane
	Strain (1938)
	Value taken from figure

	
	254
	447
	ethanol
	Strain (1938)
	Value taken from figure

	
	255
	447
	ethanol
	Zscheile et al. (1942)
	

	
	256
	447
	ethanol
	Zscheile et al. (1942)
	

	
	198
	443
	methanol
	Bernegg et al. (1935)
	Value taken from figure

	
	221
	443
	methanol
	Heierle (1935)
	

	Magnesium 2,4-divinylpheoporphyrin a5 monomethyl ester
	394
	438
	1% pyridine in acetone
	Helfrich et al. (1999)
	

	
	45.8
	624
	1% pyridine in acetone
	Helfrich et al. (1999)
	

	
	430
	438
	1% pyridine in diethyl ether
	Helfrich et al. (1999)
	

	
	45.5
	623
	1% pyridine in diethyl ether
	Helfrich et al. (1999)
	

	
	401
	456
	pyridine
	Helfrich et al. (1999)
	Regrettably incorrect d value (398) on the data sheet

	
	39.4
	636
	pyridine
	Helfrich et al. (1999)
	

	Mutatoxanthin
	208
	427
	diethyl ether:methylbutane:ethanol 5:5:2
	Märki-Fischer et al. (1982)
	8S-isomer

	
	246
	426
	diethyl ether:methylbutane:ethanol 5:5:2
	Märki-Fischer et al. (1982)
	8R-isomer

	
	224
	430
	ethanol
	Krinsky and Goldsmith (1960)
	

	Myxol quinovoside
	216
	478
	acetone
	Hertzberg and Liaaen-Jensen (1969a)
	

	9(-cis-Neochrome
	227
	424
	96% ethanol
	Cholnoky et al. (1966)
	

	9(-trans-Neochrome
	244
	434
	benzene
	Lippert and Karrer (1956)
	

	
	266
	422
	diethyl ether:methylbutane:ethanol 5:5:2
	Märki-Fischer et al. (1984)
	8(S-isomer

	
	271
	422
	diethyl ether:methylbutane:ethanol 5:5:2
	Märki-Fischer et al. (1984)
	8(R-isomer

	9(-cis-Neoxanthin
	202
	447
	benzene
	Baumeler et al. (1994)
	

	
	233
	437
	ethanol
	Baumeler et al. (1994)
	

	
	230
	437
	ethanol
	Baumeler et al. (1994)
	

	
	225
	438
	ethanol
	Strain (1938)
	

	
	229
	438
	ethanol
	Strain (1938)
	

	All-trans-Neoxanthin
	195
	452
	benzene
	Baumeler and Eugster (1992)
	

	
	176
	452
	benzene
	Baumeler and Eugster (1992)
	

	
	213
	454
	benzene
	Eugster and Karrer (1957)
	

	
	216
	455
	benzene
	Lippert and Karrer (1956)
	

	
	238
	442
	ethanol
	Baumeler and Eugster (1992)
	

	
	224
	441
	ethanol
	Baumeler and Eugster (1992)
	

	
	226
	443
	ethanol
	Buchecker et al. (1975)
	

	Oscillol diquinovoside
	75.0 
	490
	10% pyridine in methanol
	Hertzberg and Liaaen-Jensen (1969b)
	

	Peridinin
	134
	466
	acetone
	Jeffrey and Haxo (1968)
	

	
	133
	469
	90% acetone
	Jeffrey and Haxo (1968)
	

	
	129
	467
	benzene
	Jeffrey and Haxo (1968)
	

	
	129
	470
	chloroform
	Jeffrey and Haxo (1968)
	

	
	145
	454
	diethyl ether
	Jeffrey and Haxo (1968)
	

	
	133
	472
	ethanol
	Jeffrey and Haxo (1968)
	

	
	135
	475
	ethanol
	Strain et al. (1976)
	

	
	147
	454
	10% diethyl ether in hexane
	Jeffrey and Haxo (1968)
	

	
	136
	469
	methanol
	Jeffrey and Haxo (1968)
	

	
	118
	475
	pyridine
	Jeffrey and Haxo (1968)
	

	Pheophorbide a
	204
	412
	1% pyridine in diethyl ether
	Hagenbach et al. (1936)
	

	
	82.4
	663
	1% pyridine in diethyl ether
	Hagenbach et al. (1936)
	

	
	177
	411
	tetrahydrofuran
	Hynninen and Lötjönen (1980)
	

	
	83.2
	668
	tetrahydrofuran
	Hynninen and Lötjönen (1980)
	

	
	192
	412
	tetrahydrofuran
	Hynninen and Sievers (1981)
	

	
	88.9
	668
	tetrahydrofuran
	Hynninen and Sievers (1981)
	

	Pheophorbide b
	290
	431
	5% pyridine in diethyl ether
	Hagenbach et al. (1936)
	

	
	52.5
	651
	5% pyridine in diethyl ether
	Hagenbach et al. (1936) 
	

	Pheophytin a
	206
	418
	acetone
	Lichtenthaler (1987)
	

	
	48.5
	653
	acetone
	Lichtenthaler (1987)
	

	
	52.8
	666
	acetone
	Watanabe et al. (1984)
	

	
	122
	411
	80% acetone
	Lichtenthaler (1987)
	

	
	51.9
	665
	80% acetone
	Lichtenthaler (1987)
	

	
	131
	409
	80% acetone
	Vernon (1960)
	

	
	56.6
	666-7
	80% acetone
	Vernon (1960)
	

	
	61.0
	672
	benzene
	Watanabe et al. (1984)
	

	
	127
	409
	diethyl ether
	Lichtenthaler (1987)
	

	
	60.1
	667
	diethyl ether
	Lichtenthaler (1987)
	

	
	70.0
	667
	diethyl ether
	Pennington et al. (1964)
	

	
	132
	409
	diethyl ether
	Smith and Benitez (1955)
	

	
	63.7
	667
	diethyl ether
	Smith and Benitez (1955)
	

	
	60.4
	668
	diethyl ether
	Watanabe et al. (1984)
	

	
	126
	409
	diethyl ether
	Zscheile and Comar (1941)
	Value taken from figure

	
	143
	417
	95% ethanol
	Lichtenthaler (1987)
	

	
	42.8
	662
	95% ethanol
	Lichtenthaler (1987)
	

	
	206
	417
	methanol
	Lichtenthaler (1987)
	

	
	50.4
	654
	methanol
	Lichtenthaler (1987)
	

	
	182
	418
	90% methanol
	Lichtenthaler (1987)
	

	
	47.2
	655
	90% methanol
	Lichtenthaler (1987)
	

	
	139
	411
	tetrahydrofuran
	Lötjönen and Hynninen (1983)
	

	
	64.4
	668
	tetrahydrofuran
	Lötjönen and Hynninen (1983)
	

	Pheophytin b
	175
	434
	acetone
	Lichtenthaler (1987)
	

	
	34.2
	653
	acetone
	Lichtenthaler (1987)
	

	
	33.1
	653
	acetone
	Watanabe et al. (1984)
	

	
	147
	436
	80% acetone
	Lichtenthaler (1987)
	

	
	29.0
	653
	80% acetone
	Lichtenthaler (1987)
	

	
	181
	436
	80% acetone
	Vernon (1960)
	

	
	35.7
	655
	80% acetone
	Vernon (1960)
	

	
	36.5
	657
	benzene
	Watanabe et al. (1984)
	

	
	219
	433
	diethyl ether
	Lichtenthaler (1987)
	

	
	43.6
	654
	diethyl ether
	Lichtenthaler (1987)
	

	
	216
	434
	diethyl ether
	Smith and Benitez (1955)
	

	
	42.1
	655
	diethyl ether
	Smith and Benitez (1955)
	

	
	39.3
	655
	diethyl ether
	Watanabe et al. (1984)
	

	
	197
	433
	diethyl ether
	Zscheile and Comar (1941)
	Value taken from figure

	
	141
	437
	95% ethanol
	Lichtenthaler (1987)
	

	
	32.6
	654
	95% ethanol
	Lichtenthaler (1987)
	

	
	214
	420
	methanol
	Lichtenthaler (1987)
	

	
	43.5
	648
	methanol
	Lichtenthaler (1987)
	

	
	130
	436
	90% methanol
	Lichtenthaler (1987)
	

	
	32.8
	653
	90% methanol
	Lichtenthaler (1987)
	

	
	244
	435
	tetrahydrofuran
	Hynninen and Lötjönen (1980)
	

	
	49.6
	654
	tetrahydrofuran
	Hynninen and Lötjönen (1980)
	

	Pyropheophytin a
	60.3
	667
	diethyl ether
	Pennington et al. (1964)
	

	Violaxanthin
	224
	454
	benzene
	Eugster and Karrer (1957)
	

	
	225
	453
	benzene
	Molnár and Szabolcs (1993)
	

	
	160
	454
	chloroform
	Gillam (1935)
	

	
	254
	437
	diethyl ether:methylbutane:ethanol 5:5:2
	Acemoglu et al. (1988)
	

	
	241
	438
	diethyl ether:methylbutane:ethanol 5:5:2
	Acemoglu et al. (1988)
	3R,3(R

	
	240
	444
	ethanol
	Karrer and Würgler (1943)
	Value taken from figure

	
	229
	443
	ethanol
	Strain (1938)
	Value taken from figure

	Zeaxanthin
	231
	452
	acetone
	Aasen and Jensen (1966)
	

	
	234
	452
	acetone
	Aasen and Jensen (1966)
	

	
	218
	463
	benzene
	Molnár and Szabolcs (1993)
	

	
	211
	464
	benzene
	Zechmeister and Lemmon (1944)
	Value taken from figure

	
	174
	481
	carbon disulphide
	Strain (1938)
	Value taken from figure

	
	178
	483
	carbon disulphide
	Strain (1938)
	Value taken from figure

	
	150
	460
	chloroform
	Gillam (1935)
	

	
	219
	462
	chloroform
	Strain (1938)
	

	
	230
	462
	chloroform
	Widmer et al. (1990)
	

	
	245
	450
	diethyl ether:methylbutane:ethanol 5:5:2
	Englert et al. (1991)
	

	
	240–245
	453
	ethanol
	Strain (1938)
	Several absorption coefficient measurements; values taken from figures

	
	235
	452
	petroleum ether
	Isler et al. (1956c)
	

	
	235
	452
	petroleum ether
	Isler et al. (1957b)
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