
_ 1 _ 

SPECTRAL CHARACTERIZATION OF SOME DYESTUFFS 
USED IN THE EASTERN TOHNSHIPS OF QUEBEC 

by 

R. James Maguire 

Rivers Research Branch 
National Water Research Institute 
Canada Centre for Inland waters 
Burlington, Ontario, L7R 4A6 

March 1989 
NWRI Contribution #89-77 

RRB-89-18



-2- 

ABSTRACT 

A review is made of methods of determination of dyes in different 

media. Due to the widely varying chemical nature of dyes, there is no 

single method which would suffice for their chromatographic separation 

from each other and from natural co-extractives. The best current 

methods involve high performance liquid chromatography with a diode 

array spectrophotmetric detector. This method naturally requires a 

library of dye spectra. Twenty-two dyestuffs which are commonly used 

in the Eastern Townships of Quebec are identified, and their 

ultraviolet-visible spectra are determined. 
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Résuné 

i 
_

. 

On passera en revue les méthodes de détennination de la presence 

de colorants dans différents mllieux. Comne ils sont de natures 

ch1m‘iq'u'es trés variées, il n'_y a pas de mjéthode unique qui permette la 

séparation chromatographique des colorants entre eux, ni de leurs 

substances co-extractives naturelles. A l'heure actuelle, la 

meilleure méthode consiste en une chromatographie en phase liquide 

poussée avec un dispositif spectrophotométrique 5 diodes. Elle 

requiert évidenment un répertoire des spect-res des colorants. On 

identifie vingt-deux colorants souvent utilisés dans la région des 

Cantons de l'Est, au Québec-, et on détermine leurs spectres dans 

l'ultra-violet et dans le visible. 
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MANAGEMENT PERSPECTIVE 

Dyestuffs are high volume chemicals which may enter aquatic 

environments in significant quantities. Interest in the environmental 

behaviour of dyestuffs arose largely from concerns about carcinogenia 

city. Very little is known of the environmental occurrence, persis- 

tence and fate of dyes, largely because of" formidable analytical 

difficulties. 

A review is made of methods of determination of dyes in different 

media. Due to the widely varying chemical nature of dyes, there is no 

single method which would suffice for their chromatographic separation 

from each other and frun natural co-extractives. The best current 

method involves high performance liquid chromatography with a diode 

array spectrophotometric detector. This method naturally requires a 

library of dye spectra. Twenty-two dyestuffs which are commonly used 

in the Eastern Townships of Quebec are identified, and their 

ultraviolet-visible spectra are determined. 
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PERSPECTIVE DE GESTION 

Les colorants sont des produits chimiques utilisés de fag-on 

massive, et peuvent donc se trouver en quantités nota_bles dans le 

milieu aquatique. 0n_.s'est intéressé 3 leur comportement environ- 

nemental surtout parce qu'on craint qu~'-ils ne soient carcinogéniques. 

On a trés peu de données sur leur présence dans l'environnmeent, leur 

persistance et leur sort final, en grande partie 5 cause d'énormes 

difficultés d'analyse. 

On passera en revue les méthodes de détermination de la présence 

de colorants dans différents milieux. Conme ils sont de natures 

chimiques trés variées, il n'y a pas de méthode unique qui permette la 

séparation ohromatographique des colorants entre eux, ni de leurs 

substances co-extractives naturelles. A l'heure actuelle, la 

meilleure méthode. consiste en une chromatographie en phase liquide 

poussée avec un dispositif spectrophotométrique 5 diodes. Elle 

requiert évidenment un répertoire des spectres des colorants. On 

identifie vingt-deux colorants souvent utilisés dans la region des 

Cantons de l'_Est, au Québec, et on détermine leurs spectres dans 

l'ultra-violet etdans le visible.
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INTRODUCTION 

Man has used dyes for at least a few thousand years, and today 

the chemistry of dyes and dyeing processes has very great technical 

importance. Alizarin, extracted as the glycoside rubierythric acid 

from madder, was used by the ancient Egyptians and Persians (1). The 

use of indigo dates back to 3000 B.C., and Tyrian Purple, prepared 

from a sea snail, has been used since the Roman era. In 1856, Perkin 

prepared the first synthetic dyestuff, mauveine (1). Early important 

applications of synthetic organic chemistry were mainly in the field 
of dyestuffs. 

The distinction between dyes and pigments is largely made on the 
basis of solubility. Pigments have extremely low solubililties in 

water, and are not very soluble in organic solvents either, generally 
being applied in the solid state. Dyes are generally more soluble 

either in water or organic solvents. ' 

Dyes are classified according to both chemical structure and type 
of application. Chemical classes include azo, stilbene, di- and 

triphenylmethane, xanthene,A acridine, quinoline, methine, azine, 

oxazine, thiazine, sulfur, anthraquinone, indigoid and phthalocyanine 

moieties. Application types include acidic, basic, direct, disperse, 

mordant, reactive, sulfur and vat dyes. Table 1 describes the appli- 

cations of various dyes. Dyes are classified in the Colour Index (3). 

which lists 8000 different active ingredients and many more formula- 

tions. The classification includes the application type, the colour
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and a five digit number (£.g., Disperse Blue 26, C.I. No. 63305). In 

addition, each dye, like any other chemical, has a Chemical Abstracts 

Service number. Dyestuffs are large volume industrial chemicals. 

Global production in 1978 was estimated to be 6.4 x103 kg of active 

ingredient (1). About 103 kg were produced in the United States in 

1986 (2). It has been estimated that 90% of dyes applied end up in 

fabrics, with the remaining 10% discharged to waste streams (4). 

Table 2 shows data for 1982 on the importation of dyes and pigments to 

Canada. Most dyes are imported into Quebec and pigments into Ontario. 

Interest in the environmental behaviour of dyes arose largely 

from concerns about carcinogenicity. Some dyes are carcinogens (6) 

and others after transformation yield compounds such as armatic 
amines which may be carcinogenic or otherwise toxic (e.g., ref. 7). 

Very little is known of the environmental occurrence, persistence and 

fate of dyes, largely because of formidable analytical difficulties. 

Methods of analysis of individual dyes and mixtures of dyes in 

different media are shown in Table 3. Determinations of known single 

dyes are straightforward, involving extraction with a suitable solvent 
and spectrophotometric detection. 

Methods of analysis of mixtures of dyes in complex matrices are 
considerably more complex, involving extraction and determination by 

sophisticated spectrophotometric and mass spectrometric techniques. 
lhe following discussion will be divided into considerations of 

chromatographic separation and detection.
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Due to the widely varying chemical nature of dyestuffs, there is 

no single method which would suffice for their chromatographic separa- 

tion from each other and from natural co-extractives. Gas-liquid 

chromatography is iri general unsuitable because of the low vapour 

pressures of dyes and their thenmal lability at high temperatures. 

Methods of determination which currently show the most promise involve 

high performance liquid chromatography (HPLC). For two of the more 

common and ‘large-volume classes of dyes, disperse and acid dyes, 

reverse-phase HPLC with an ion pair reagent appears to be suitable. 

Disperse dyes alone could be determined solely by reverse-phase HPLC, 

but the acid dyes require an ion-pair reagent. Ion pair methods may 

also suffice for other classes of dyes. Basic dyes have been deter- 

mined by normal phase HPLC. . 

The most commonly used HPLC detector for the determination of 

dyestuffs has been the variable wavelength ultraviolet-visible 

detector. It has been most often used at a fairly non-specific wave- 

length such as 220 nm, and at that wavelength, it is probable that 

there will be interferences from other chemicals. A useful screening 

method has been to analyze the sample at wavelengths characteristic of 

certain colours, g.g., 420, 520 and 620 nm for yellow, red and blue 

dyes, respectively., This can be very time-consuming. A more suitable 

detector for HPLC determination of dyes is the diode array spectro- 

photometric detector. _A diode array detector (DAD) can yield 

190-800 nm spectral scans of HPLC effluent as often as every 20 ms. 

For this technique to be useful, a library of dye spectra must be
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established. In addition, because of the large volumes of data 

acquired in full-wavelength scanning of a chromatographic determina- 

tion lasting, g.g., 20 min., subsequent data manipulation can be slow 

and with some current instrumentation can not be accomplished in 

"background" mode while the DAD is acquiring data for the next chroma- 

tographic run in real time. This method, however, is the current 

method of choice. A newer technique which has not yet been used with 

dyes but which holds a great deal of promise is HPLC with a particle 

beam mass spectrometer. This technique yields electron impact mass 

spectra, which would allow an unambiguous assignment of structures. 

Table 4 lists 22 dyes which are used in the Eastern Townships of 

Quebec. Although these are not by any means the only dyes which are 

used, they, or similar dyes, might be expected to be discharged by 

industries on, g.g., the Yamaska River.~ This report contains struc- 

tural information on these dyes, and their ultraviolet-visible spectra 
which are necessary in the development of the spectral libraries for 

standards for the HPLC-DAD method. 

EXPERIMENTAL SECTION 

Ultraviolet-visible (UV-VIS) spectra ‘were recorded in 1 cm 

cuvettes at room temperature in pH 2, 7 and 10.8 buffers_ with_ a 

Shimadzu UV-260 spectrophotometer (Tekscience, Oakville, Ontario). In 

some cases, methanol was used to solubilize the dyes. Spectra were 

not obtained for Direct Black 22 and Direct Black 91 since they were
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not soluble in water, methanol, ethanol, n-amyl alcohol, ethyl 

acetate, acetonitrile, acetic acid, toluene or dichloromethane. 

RESULTS AND DISCUSSION 

The -Chemical Abstracts Service numbers, Colour Index numbers, 

chemical fonmulae, molecular weights and structures of the 22 dyes 

listed in Table 4 are given in Tables 5-26. The UV-VIS spectra of 

those 20 dyes which were soluble in water or common solvents are given 

in Tables 27=46 in the form of extinction coefficients at 10 nm 

intervals. Table 47 lists the wavelength of maximal absorption in the 

visible region of the spectrum for each of these 20 dyes at pH 7. The 

dyes are listed in order of increasing Amax. Although in several 

cases the wavelengths of maximal absorbance are very close to each 

other, full spectral analysis is capable of resolving them. ' 
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Table 1. Classes of dyestuffs.* 

Aclo 
‘fl W 

‘ Hater-soluble, anionic dyes used primarily on nylon, wool, silk, 
and modified acrylic textiles. They consist of azo, anthraquinone and 
triarylmethane compounds with a few azine, xanthene, ketone, imine, 
nitro, nitroso and quinoline cmpounds. Acid dyes are applied in the 
presence of an organic or inorganic acid. . 

AZOIC ' ’

. 

_ 

Azoic dyes are used as complementary dyes with pigments or 
mordant dyes on cellulosic fibers. All of these dyes contain chromo- 
phoric groups located between aromatic systems, 

BASIC ’ 

Hater-soluble, cationic dyes for application to modified
_ acrylics, modified nylons, modified polyesters, leather, unbleached 

paper, and inks. Acrylic, nylon and polyester fibers are modified by incorporation of acidic groups as dye sites in the fiber to increase 
its ability to be dyed with basic dyes. Principal chemical classes of 
basic dyes are azo, anthraquinone, triarylmethane, methine, thiazine, 
oxazine, acridine, and quinoline. The dyes are applied in acidic 
dyebaths to fibers made of negatively charged polymer molecules. 
DIRECT 

Hater—soluble, anionic dyes used for colouring cotton, rayon, other cellulosic fibers, leather and paper. Dyes of this class 
include azo and metallized azo compounds, as well as stilbenes, 
thiazoles, phthalocyanines and oxazines. 

DISPERSE 
' Hater-insoluble, non-ionic dyes used on polyester, nylon, cellu- lose diacetate, cellulose triacetate and acrylic fibers. Chemical 

types include azo, anthraquinone,_nitro, methine, and quinoline 
compounds. Disperse dyes are applied as aqueous dispersions, either 
by high-temperature pressure methods, or low-temperature carrier 
methods. - 

FT§ER-REACTIVE 

Hater-soluble, anionic dyes containing a reactive group (such as dichlorotriazine, monochlorotriazine or vinylsulfone) that can form a covalent bond with a compatible group on the substrate. Such covalent groups may be formed with the hydroxyl groups of cellulosic fibers such as cotton and rayon, or with the amino groups in nylon, silk and wool. 

cont'd next page
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Table 1. (contid) 

FLUORESCENT BRIGHTENERS 

Colourless compounds that absorb incident ultraviolet light and 
re—emit in the blue region of the spectrmn. Although not strictly 
considered as dyes, fluorescent brighteners are used in textiles as 
well as in soaps and detergents and add light to a subtrate. The 
class includes stilbene, azole, coumarin, pyrazine and naphthalimide 
chemical types. Application is from solution, dispersion or 
suspension. 

roon. onus mo cosuisnc ‘ 

Synthetic organic colourants that are subject to health certifi- 
cation for use in foods, drugs and cosmetics. These dyes consist of 
azo, anthraquinone, carotenoid and triarylmethane compounds. 

MORDANT 

Mainly used to dye wool, but the class has secondary applications 
for dyeing silk, nylon, leather and anodized aluminum. A mordant 
helps fix dye to the fiber in the form of a complex. Mordants contain 
chemical groups capable of reacting with salts of aluminum, chromium, 
cobalt, copper, and iron to give differently coloured metal complexes. 

SOLVENT 

Dyes used principally in lacquers, varnishes, printing inks and 
plastics. Chemical types include azo, triphenylmethane, anthraquinone 
and phthalocyanine. Solvent dyes are soluble in organic solvents, 
which are used to disperse the dyes in the substrate. 

SULFUR
u 

water-soluble dyes used on cotton, rayon and cellulosic blends 
with nylon, acrylic and polyester. These dyes contain sulfur both as 
a part of the chromophore and in polysulfide pendant chains. 

VAT 

Hater-insoluble dyes applied in dispersions used principally for 
dyeing and printing cotton. Chemical classes of vat dyes include 
aflthraquinones and indigoids. 

*Ref. Z '

I
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Importation of Formulated Dyes to Canada in 1982 * 

Category 
Imported to 

Quebec Ontario Other Provinces 
103 kg 1 total 103 kg % total 103 kg 1 total 

acid 
azoic 
basic 
chrome 
direct 
disperse 
sulfur 
vat 
reactive 
pigments 
(organic) 

pigments 
(inorganic) 

oil, spirit 
and wax dyes 
cosmetic 
drug 
food 
food, drug 
and cosmetic 
non-specified 
textile 

468 
20 

512 
20 

401 
592 

1048 
245 
340 
256 

195 

141 

25

3 
15 

615 
337 

76.8 
100.0 
62.1 
36.0 
92.0 
88.6 
98.6 
45.2 
81.1 
14.9 

24.3 

37.1 

61.4 

U) (ON 0

0 $0! 

59.1 
63.7 

141 

233 
35 
35 
76 
15 

295 
62 

1457 
1 550 

225 

15 
13 
96 
23 

350 
1aa 

2311 

OI-OI 

I-l 

ON 

-h-h-ho-I0-Q-h® 

I 

I 

O, 

I 

Q 
I 

O

I 

O)\lU'I-I>bJOQ(.J 

68.8 

59.4 

36.5 
96.9 
97.2 
61.4 

33.6 
35.5 

TOTALS 
dyes 
pigments 

4785 
451 

70.6 
17.9 

1801 
2007 

26.6 
79.6 

*Ref. 5 
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Table 4. List of some representative dyes used in the Eastern 
Townships of Ouebec.* 

1* ‘— 4"» 

Name Colour Index No 

Acid Black 52 
Acid Orange 60 
Acid Red 73 
Basic Green 4 
Basic Orange 2 
Basic Violet 1 
Basic Violet 3 
Direct Black 22 
Direct Black 91 
Direct Blue 86 
Direct Blue 218 
Direct Yellow 4 
Direct Yellow 11 
Disperse Blue 
Disperse Blue 
Disperse Blue 56 
Disperse Blue 79 
Disperse Red 6O 
Mordant Black 11 
Reactive Black 5 
Reactive Blue 19 

2.5 
27 

Reactive Orange 13 

15711 
10732 - 

27200 
42000 
11270 
42535 
42555 
35435 
30400 
74100 
24401 
24000 
40000 
03305 
00707 
03205 
11345 
00750 
14045 
20505 
01200 
10270 

*Ref. 55



Table 5. Acid B1ack 52 

CIAOSI N00 

C.I. No. 15711 - 

Chem1ca1 formula: C43H22N5014S2Cr 

Molecular weight: 1022.87 

Structure: 

J- 
. ‘_ 

Q_,NG Q N= 

HQ,S O e,'¢=;¢_-

T ‘Q 
o\ 0 I 
/Cr :0 ' O I Q | 

q,~
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Tab1e 6. Acid Orange 60 

C.A.S. N0. 30112-70~0 

C010 N00 ' 

Chemica1 formula: C32H3QN1Q05S2Cu 

M01ecu1ar weight: 778.33 

Structure: 

OH 
‘ / 

Pi q-4 

‘I-_ 4--
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Table 7. Acid Red 73 

C.A.S. N0. 5413-75-Z 

C.I. N0. 27290 

Chemical formula: C22H14N4O7S2~2Na 

Molecular weight: 556.49 ' 

»‘S-
. 

OI 

~=~—@~=~—- 
M55235" s03rJ<~ 

Structure: ~ U
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Tab1e 8. Basic Green 4 

I c.A.s_. No. see-64-2 

c.1. No. 42000 » 

I Chemical form_u1a»: C33H25N2C1 

' 
Molecuiar weight: 364.92

I 

I —— l\(CH >19.

I

I

l 

I U1" 

I

I

I 
I 

- ,

I

I

I 

Structure: 

4- 
F1. 

('5 3: d/P
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Table 9. Basic Orange 2 

C.A.S. N0. 532-82-1 

C.I. N0. 11270 

Chemical formula: C12H13N4Cl 

Molecular weight: 248.72 

Structure: 

. 
"Z

M 

ml»
1 =m— mi, cf’
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Tab1e 10. Basic Violet 1 

CIAOSI NO. 

C.I. NO. 42535 - 

Chemical formula: C24H23N3C1 

Mo1ecu1ar weight: 393.96 

Structure: 

HZC

g4 

:~ fl:-— N(¢">§&

U 
_ 

II 

C99 6N (M551.
.

5



Table 11. Basic Violet 3 

- 32 — 

C.A.S. No. 548-62-9 

C.I. N0. 42555 

Chemica1 formula: C25H3gN3C1 

Mo1ecu1ar weight: 407.99 

Structure: 

(cu?) M 
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Table 12. Direct B1ack Z2 

C A-S. NO. 

C I. NO. 35435 

Chemical formula: C44H32N13011S3~3Na
_ 

Structure: ’ wé ; 
33*‘! 
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Tab1e 13. Direct B1ack 91 
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CQAQS 0 0 

C.I. N0. 30400 

Chemica1 formula: C33H25N3013S53Na. 

Mo1ecu1ar weight: 905.73 

Structure: 
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Tab1e 14. Direct B1ue 86 

CIAOSO N00 

C.I. NO. 74180 

Chemica1 formula: C32H15CuN3O5S2 

Mo1ecu1ar weight: 736.20 

Structure: 

“C7 
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Table 15. Dirett Blue Z18 

‘-36- 

COAOSI NO. 

C.I. NO‘ 24401 

Chemical formula: C35H2QCu2N5O1QS2 

Molecular weight: 887.80 

Structure:
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Table 16. Direct Ye11ow 4 

C.A.S. N0. 3051-11-4 

C.I. No. 24890 

Chemical formu1a: C25H2gN403S2_ - 

Mo1ecu1ar weight: 580.60 

Structure: 

HO—©~fi=W@~g=€— M=4~J- 

‘§O§fl §;35H -
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Table 17. Direct Yellow 11 

C.A.S. NO. 1325-37-7 

C.I. N0. 40000 - 

Chemical formula: undefined 

Molecular weight: undefined 

Structure: a stilbene self~condensation product with 
' 2-methyl-5-nitrobenzene sulfonic acid 

.%_



Tab1e 18. Disperse B1ue 26 

-3Q_ 

COAO S 0 NO. 

C-1. NO. 63305 

Chemical formula: C15H14N204 

Mo1ecu1ar weight: 298.30 

Structure: 

4'- @- 
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g O um/cu;
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Table 19. Dlsperse Blue 27 

CQAQSI N00 

C.I. No. 60767 

Chemical formula: C22H15N2O7 

Molecular weight: 420.38 - 

Structure: 

l 
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so ol 1' -/M\ 
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¢H,6H-.0l+'
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Table Z0. Disperse Blue 56 

C.A.S. N0. 12217+79—7 

C-1. N0. 63285 

Chemical formula: C14HgClN204 

Molecular weight: 304.69 

Structure: 

3 <3 Ml!» 

N 0 0H 
H1-
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Tab1e 21. Disperse Biue 79 

CQAISI NO. 

C.I. No. 11345
_ 

Chemical formula; C24H27BrN5O1o 

Mo1eeu1ar weight: 639.43 

Structure: 

001416 U3

/ QM /NH o 
c= /— C7 

cu; 
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Table 22. Disperse Red 60 

-43.. 

C.A.S. No. 17418-58-5 

C.I. No. 60756 

Chemicai f0f‘mU'|a: C2QHA13NO4 

Mo1ecu1ar weight: 331.33 

Structuré: 

9 MH 

O O
H 

¢O- @<

2
O



Tab1eA23. Mordant Black 11 
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C.A.S. N0. 25747-08-4 

C.I. N0. 14645 

Chémi cal f0 |'1nU'l a-: C2QH13N30_7S 

Molecular weight:_ 439.41 

Structure:
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U Tab1e 24. Reactive Black 5 

I 
COAOSI N00 ' 

c.1. No. 20505 

I Chemica1 formu1a: C25H21N5O1gS5'4Na A 

Molecular weight: 995.85 

i Structure: 

I

I 

| *5 um 
lags, 

=14 N: M §>0,__Cq7__Q4.,_o SQ? Nb 
' “@035 °_ SD3Na

I 
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Table 25. Reactive Blue 19 

‘I 

C.A.S. N0. Z580-78-1 

C-1. N0. 61200 

Molecular weight: 628.57 

Structure: 

,- .,o-

I 

?°2 
%ll» 

C“; 
§5o,M@_, 

Chemical formula: C22H_13N2O11S3~2Na I 

3 I
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N °“ '
’

I
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Tab1e 26. Reactive Orange 13 

_ 47 _ 

C.I. NO. 18270 

' Chemical formu1a: C24H13C1N701gS3~3Na 

Molecular ‘weight: 667.02 

U C.A.S. No. 70616=89—6 

U Structure:

I 

I CQ 

| | 

I 
ca; 4/N/\ 

‘V MQOJS ’E 
I Q $93K/a.
I
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I 4 _,,-



Table 27. Extinction toefficients of Acid Black 52.* 
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A, nm 

5‘, L mo1'1 cm'1 

pH 2.0 pH 7.0 pH 10.8 

900 
sso 
aao 
370 
aeo 
aso 
840 
aao 
s20 
s10 
aoo 
790 
730 
770 
760 
750 
740 
730 ~ 

720 
710 
700 
690 
680 
670 
660 
650 
640 
630 
620 
610 
600 
590 
580 
570 
560 
550 
540 
530 
520 
510 
500 

cont'd next page 

2.95x102 
2.95x102 
2.9sx1o2 
2.9sx1o2 
2.95x1O2 
2.95x102 
2.9sx1o2 
2.95x102 
2.95x102 
2.9sx1o2 
2.9sx1o2 
2.9sx1o? 
2.9sx1oZ 
2.9sx1oZ 
2.9sx1oZ 
2.95x102 
2.95x102 
2.9sx1o? 
2.9sx1oZ 
3.93x102 
4.92x1oZ 
7.87x1O2 
1.1ax1o3 
2.07x103 
3.O5x1O3 
4.43x103 
6.00x1O3 
7.28x103 
8.56x103 
9.74x1O3 
1.o3x1o4 
1.08x104 
1.10x104 
1.12x104 
1.10x104 
1.04x104 
9.64x103 
8.95x103 
8.16x1O3 
7.38x103 
6.79x103 

2.1sx1oZ 
2.1sx1o2 
-2.1sx1o2 
2.16x102 
2.16x102 
2.1sx1oZ 
2.1sx1o2 
2.1sx1o2 
2.16x1O2 
2.1sx1oZ 
2.16x102 
2.1sx1o2 
2.16x102 
2.16x102 
2.16x1oZ 
2.16x102 
2.70x102 
2.7ox1o2 
Z.70x1O2 
3.76x102 
4.s4x1o2 
7.O0x1O2 
1.13x103 
1.88x103 
3.O2x103 
4.42x103 
5.76x103 
7.04x103 
8.12x103 
9.14x103 
9.96x103 
1.05x104 
1.10x104 
1.11x1o4 
1.1Ox104 
1.05x104 
9.80x103 
8.98x103 
8.24x103 
7.42x1O3 
6.94x103 

8.13x101 
8.13x101 
8.13x101 
8.13x101 
a.13x1o1 
8.13x101 
8.13x101 
8.13x101 
8.13x101 
8.13x101 
8.13x1O1 
8.13x101 
8.13x101 
8.13x101 
8.13x101 
8.13x101 
8.13x101 
1.63x102 
2.44x1o? 
2.44x1o2 
3.2sx1o2 
5.69x1O2 
9.76x102 
1.71x1O3 
2.76x103 
4.15x103 
5.28x103 
6.5Ox103 
7.56x103 
8.54x103 
9.35x103 
1.O0x104 
1.02x104 
1.o3x1o4 
1.02x104 
9.76x103 
9.19x103 
8-46x103 
7.80x103 
7.15x103 
6.91x103



Table 27. (cont'd) 
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-.: . 0.. 

.3 

A. nm 

e, L mo1'1 cm'1 

5;; 2.3
0 

pH 7.0 pH 10.8 

490 
480 
470 
460 
450 
440 
430 
420 
410 
400 
390 
380 
370 
360 
350 
340 
330 
320 
310 
300 
290 
280 
270 
260 
250 
240 
230 
220 
210 
200 
190 

6.59x103 
s.s9x1o3 
6.79x103 
6.98x103 
7.18x103 
7.47x103 
7.77x103 
8.06x103 
8.36x103 
8.85x103 
9.34x103 
9.93x103 
1.03x104 
1.osx1o4 
1.07x104 
1.15x104 
1.29x104 
1.40x104 
1.4sxro4 
1.42x104 
1.49x104 
1.62x104 
1.9ox1o4 
2.13x104 
2.49x104 
3.20x104 
4.36x104 
4.92x104 
4.33x104 
s.20x1o4 
2.39x104 

s.72x1o3 
6.78x103 
6.94x103 
7.26x103 
7.49x103 
7.86x103 
8.18x103 
8.44x103 
8.66x103 
8.98x103 
9.42x103 
9.90x103 
1.04x104 
1.05x104 
1.05x104 
1.11x104 
1.25x104 
1.38x104 
1;45x104 
1.41x1o4 
1.43x104 
1.56x104 
1.86x104 
2.14x1o4 
2.52_x104. 
3.22x104 
4.22x104 
4.72x1o4 
4.26x104 
4.06x104 
3.2ax1o4 

s.7sx1o3 
6.83x103 
7.15x103 
7.ssx1o3 
7.97x103 
8.37x103 
8.54x103 
8.78x103 
8.86x103 
8.94x103 
9.11x103 
9.43x103 
9.84x103 
9.92x103 
9.76x103 
1.01x104 
1.14x104 
1.28x104 
1.38x104 
1.35x104 
1.33x104 
1.43x104 
1.75x104 
2.05x104 
2.57x104 
3.66x104 
4.02x104 
3.67x104 
2.44x104 
2.17x104 
2.04x104 

*Spectra were _recorded at 25°C in pH 2.0 glycine hydroch1oride- 
glycine, _pH 7.0 potassium_ dihydrogen phosphate-disodium hydrogen 
phosphate and pH_10.8 glycine-sodium glycinate. The ionic strength 
of all buffers was 0.05M. The waveiength nmximum iri the visible 
region (and extinction coefficient) was 570 nm (1.12x104 I. mo1’1 

(1.04x104 L moi'1 cm‘1) at pH 10.8. 
"em?1) at pH 2.0, ssa nm (1.11x104 L mo1'1 cm'1) at pH 7.0 and 570 nm



Table 28. Extinction coefficients of Acid Orange 60.* 
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A» nm 

5, L mo1'1 cm'1 

pH 2.0 'pH'7§d pH 10.8 

900 
890 
880 
870 
860 
850 

830 
820 
810 
800 
790 
780 
770 
760 
750 
Z40 
730 
720 
710 
700 
690 
680 
670 
650 
650 
640 
630 
620 
610 V 

600 
590 
580 
570 
560 
550 
540 
.530 
520 
510 
500 - 

cont'd next page 

1.s2x1o2 
1.52x102 
1.S2x1O2 
1.s2x1oZ 
1.52x1oZ 
1.s2x1oZ 
1.s2x1o2 
1.90x102 
1.90x102 
1.9ox1o2 
1.9ox1oZ 
1.90x102 
1.9ox1oZ 
1.9ox1o2 
1.9ox1o2 
1.9ox1oZ 
2.28x102 
2.2sx1o? 
2.ssx1oZ 
3.04x102 
3;o4x1oZ 
3.o4x1o2 
a.42x1oZ 
a.42x1oZ 
3.80x10Z 
3.80x102 
4.18x102 
4.1sx1o2 
4.1sx1oZ 
4.1sx1oZ 
4.18x102 
4.56x102 
6.46x102 
1.06x103 
2.01x103 
3.87x103 
6.76x103 
9.87x103 
1.19x104 
1.36x104 
1.ssx1o4 

1.24x1o2 
1.24x1o2 
1.24x1o? 
1.24x1o2 
1.24x102 
1.24x1o2 
1.24x1o2 
1.24x102 
1.24x1oZ 
1.24x1o2 
1.24x102 
1.z4x1oZ 
1,24x102 
1.24x1o? 
1.24x1O2 
1-24x1oZ 
1.66x102 
1.66x102 
1.66x102 
1.66x102 
2.o7x1oZ 
2.07x102 
2.48x102 
2.9ox1o2 
2\“90x_102 
3.31x102 
2.90x102 
3.31x102 
2.9ox1o2 
3.31x102 
3.73x102 
4.14x1oZ 
s.3ex1o2 
9.11x1o2 
1.78x103 
3.73x103 
6.75x103 
1.04x104 
1.28x1O4 
1.46x104 
1.69x1O4 

¢CCCCQCCCJCOC3CQCGCCC> 

3.4sx1o1 
3.43x101 
3.43x101 
s.asx1o1 
6.86x101 
s.ssx1o1 
6.86x101 
1.oax1oZ 
1.03x102 
1.03x1O2 
1.O3x102 
1.37x102 
2.06x1O2 
4.12x1o2 
s.23x1oZ 
1.78x103 
3.64x103 
6.17x103 
8.82x103 
1.05x104 
1.22x104 
1.38x104



Tabie 28. (cont'd) 
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k 

A, nm 

' 

‘e, L mo1'1 cm'1 

pH pH"7.o pH 10.8 

490 
4ao 
470 
460 
450 
440 
430 
420 
410 
400 
390 
sec 
370 
sso 
aso 
340 
aso 
320 
310 
300 
290 
zao 
270 
260 a 

250 
240 
230 
220 
210 
zoo 
190 

1.67x104 
1.70x104 
1.65x104 
1.53x104 
1.38x104 
1.22x104 
1.07x104 
9.34x103 
8.28x103 
7.41x103 
6.72x103 
6.49x103 
s.1sx1o3 
7.37x103 
8.09x103 
8.85x103 
9.00x103 
8.85x103 
9.19xro3 
1.04x104 
1.16x104 
1.48x104 
1.86x104 
2.27x104 
2.53x104 
2.53x104 
2.53x104 
2.35x104 
2.32x104 
1.3ax1o4 
1.06x104 

1.86x104 
1.90x104 
1.86x104 
1.73x104 
1.56x104 
1.37x104 
1.20x104 
1.04x104 
9.23x103 
8.24x103 
7.45x103 
7.16x103 
7.49x103 
8.16x103 
9.03x103 
9.81x103 
1.00x104 
9.Z3x103 
1.oox1o4 
1.13x104 
1.28x104 
1.s1x1o4 
2.07x104 
2.44x1o4 
2.95x104 
3.35x104 
3.18x104 
2.69x104 
3.18x104 
4.74x1o4 
2.98x104 

1.49x104 
1.51x104 
1.45x104 
1.34x104 
1.19x104 
1.04x104 
9.16x103 
7.96x103 
6.96x103 
6.28x103 
5.83x103 
5.83x103 
s.2ax1o3 
6.93x103 
7.48x103 
7.96x103 
7.89x103 
7.51x103 
7.51x103 
8.33x103 
9.26x103 
1.20x104 
1.57x104 
1.sax1o4 
2.44x104 
2.74x104 
2.57x104 
2.20x104 
1.78x104 
1.63x104 
1.51x104 

*Spectra were recorded at 25°C in 10% Me0H (v/v) - 90% pH 2.0_g1ycine 
hydrochloride-giycine, pH 7.0 potassium dihydrogen phosphate-disodium 
hydrogen phosphate and pH 10,8 giycineesodium giycinate. The ionic 
strength of all buffers was 0.05M. The wavelength maximum in the 
visible region (and extinction coefficient) was 482 nm (1.70x104 L ,mo1'1 cm'1) at RH 2.0, 4ao nm (1.90x104 L moi-1'cm-1) at pH 7.0, and 
483 nm (1.s1x1o L moi-1 cm'1) at pH 10.8.
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Tab1e 29. Extinction coefficients of Acid Red 73.* 

e, L mo1‘1 cm"1 

A, nm pH 2.0 
W 

“pH 1.0 pH 10.8 

900 
890 
880 
870 
860 
850 
840 
830 
820 
810 
800 
790 
780 
770 
760 
750 
740 
730 
720 
710 
700 
690 
680 
670 
660 
650 
640 
630 
620 
510 
eoo 
sso 
sao 
570 
560 
sso 
540 
»s3o 
520 
510 
soo 

cont'd next page 

CGCOQQCCOCDQQCCCQCCODQQCGCCCQQQG 

2.o9x1o? 
a.3sx1o2 
2.09x103 
5.43x103 
1.25x104 
2.07x104 
2.65x104 
2.90x104 
2.99x1o4 
2.92x104 

CQQCOCOCQCC¢¢QC)CQ¢QQ¢QC¢CD¢ 

6.44x101 
6.44x101 
6.44x101 
1.29x1o2 
1.93x102 
3.22x1o2 
9.o1x1o2 
2.25x103 
5.86x1O3 
1.32x1O4 
2.17x104 
2.75x104 
3.01x104 
3.10x104 
3.O6x104 

QOQCQGCQCQQCCQCDODCCC 

7.64x101 
1.53x1O2 
1.53x102 
1.53x1O2 
2.29x1o? 
3.osx1o2 
a.a2x1oZ 
4.59x1O2 
s.12x1oZ 
7.64x102 
9.17x102 
1.22x103 
1.76x103 
2.83x103 
5.89x103 
1.15x1O4 
1.84x1O4 
2.32x104 
2.54x104 
2.62x104 
2.58x1O4
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A, nm pH 2.0g _ 

e, L mol'l cm'1 

pH 1;o pH 10.8 

49o 
480 
470 
460 
450 
440 
430 
420 
410 
400 
390 
380 
370 
360 
350 
340 
330 
320 
310 
aoo 
290 
230 
270 
260 
250 
24o 
230 
220 
210 
zoo 
190 

2.65x104 
2.21x104 
1.aox1o4 
1.42x104 
1.07x104 
8.56x103 
7.73x103 
7.73x103 
7.73x103 
7.73x103 
7.73x103 
7.73x1o3 
8.36x1O3 
1.02x104 
1.11x104 
1.32x104 
1.15x104 
1.o4x1o4 
9.19x103 
7.31x1O3 
6.27x103 
6.48x103 
8.98x103 
1.48x104 
2.15x104 
2.15x104 
2.o7x1o4 
2.26x104 
2.46x1O4 
1.88x104 
1.36x104 

2.76x104 
2.34x1o4 
1.esx1o4 
1.46x104 
1.11x104 
9.14x103 
8.18x1O3 
8.05x103 
e.osx1o3 
8.11x103 
8.18x103 
8.24x1O3 
8.75x103 
1.08x104 
1.37x104 
1.38x104 
1.21x1o4 
1.11x1o4 
9.66x103 
7.79x103 
6.57x103 
s.a9x1o3 
9.33x103 
1.53x104 
2.25x104 
2.25x1O4 
2.14x104 
2.29x1o4 
2.56x104 
3.17x104 
1.87x104 

2.35x1O4 
2.01x104 
1.66x1O4 
1.34x1O4 
1.07x104 
8.94x103 
8.18x103 
7.95x103 
7.80x103 
7.eox1o3 
1.ssx1o3 
8.33x103 
9.17x1O3 
1.12x104 
1.38x104 
1.39x104 
1.25x1o4 
1.17x104 
1.o3x1o4 
8.64x103 
7.49x103 
7.64x103 
9.86x1O3 
1.4ax104 
2.06x104 
2.O8x104 
2.0Ox104 
1.96x104 
1.3sx1o4 
1.2sx1o4 
1.2ox1o4 

*Spectra were recorded at 25°C in pH 2.0 glycine hydrochloride- 
glycine, pH 7.0 potassium dihydrogen phosphate-disodium hydrogen phosphate and pH 10.8 glycine-sodium glycinate. The ionic strength of all buffers was 0.05M. The wavelength maximum in the visible region (and extinction coefficient) was‘ 510 nm (2.99x104 L imol‘1 ‘gm-1) at pH 2.0, 507 nm (3.11x104 L mol'1 cm'1) at pH 7.0, and 506 nm (2.62x104 L moi-1 cm'1) at pH 1o.a.



Table 30. Extinction coefficients of Basic Green 4.* 
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e, L mo1'1 cm'1 

A, nm pH 2.0 pH 7.0 nu 10.8 

900 
eso 
aao 
e70 
aso 
aso 
a4o 
sso 
e20 ‘ 

s10 
aoo 
790 
730 
770 
750 
750 
740 
730 
720 
710 
700 
sso 
sao 
670 
sso 
sso 
640 
630 
620 
610 
600 
590 
580 
570 
560 
550 
540 
=§3O 
520 
510 
500 

cont'd next page 

CGOOQCCCCCQQCQCDQQCOCO 

2.98x1O2 
4.96x102 
1.59x103 
3.77x103 
8.13x103 
1.56x104 
2.46x1O4 
a.o4x1o4 
2.89x104 
2.28x1O4 
1.74x104 
1.40x104 
1.13x104 
8.73x103 
6.15x103 
_4.27x103 
3.17x1O3 
2.28x1O3 
1.79x1O3 
1.49x1O3 

QCOCCCQQCCJCODOCCCCCC 

1;37x102 
2.74x102 
9.59x102 
2.60x103 
6.03x103 
1.32x1O4 
2.49x104 
4.05x104 
5.08x104 
4.90x104 
3.89x104 
2.96x104 
2.a1x1o4 
1.95x104 
1.47x104 
1.05x104 
7.12x103 
4.93x103 
3.42x103 
2.33x103 
1.51x103 

6.44x101 
s.44x1o1 
s.44x1o1 
6.44x1O1 
6.44x1D1 
6.44x101 
s.44x1o1 
s,44x101 
a.osx1o1 
8.05x101 
8.05x101 
8.O5x101 
e.osx1o1 
a.osx1o1 
8.05x101 
9.66x101 
1.13x102 
1.13x1oZ 
1.29x102 
1.29x1o2 
1.4sx1o? 
1.61x1O2 
1.77x102 
2.09x102 
3.22x1o2 
4.99x102 
7.73x102 
1.13x1o3 
1.34x103 
1.29x1O3 
1.08x103 
a.s9x1o2 
7.57x1O2 
s.92x1oZ 
s.9sx1o2 
5.15x102 
4.67x102 
4.51x1o2 
4.s1x1o? 
4.35x1O2 
4.35x102
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A, nm 

e, L mol'1 cm‘1 

on 2.0. pH 7.0 on 10.8 
490 
480 
470 
460 
450 
440 
430 
420 
410 
400 
390 
380 
370 
360 
350 
340 
330’ 
320 
310 
300 
290 
280 
Z70 
260 
250 
240 
230 
Z20 
210 
200 
190 

1.39x103 
1.39x103 
1.59x103 
1.98x103 
3.27x103 
s.36x1o3 
7.24x103 
7.14x103 
5.85x103 
4.36x103 
2.78x103 
1.69x103 
9.92x102 
4.96x102 
3.97x1oZ 
4.96x102 
1.59x103 
s.3sx1o3 
5.46x103 
4.46x103 
3.67x103 
2.98x103 
2.48x103 
2.88x103 
3.37x103 
3.97x103 
7.04x103 
1.98x104 
4.15x104 
1.96x104 
5.16x103 

s.s9x1oZ 
6.85x102 
6.85x10Z 
1.10x103 
3.01x103 
6.58x103 
9.86x103 
1.01x104 
8.36x103 
6.30x103 
4.11x103 
2.47x103 
1.51x103 
a.22x1o2 
s.asx1oZ 
s.z2x1o2 
2.47x103 
9.18x103 
9.18x103 
7.9sx1o3 
7.12x103 
6.44x103 
6.44x103 
8.22x103 
9.32x103 
8.22x103 
7.40x103 
1.15x104 
3.1ox1o4 
3.49x104 
1.77x104 

4.s1x1o2 
4.83x103 
s.1sx1o2 
5.47x102 
6.44x102 
7.73x102 
7.25x102 
9.66x102 
9.82x102 
1.03x103 
1.08x103 
1.16x103 
1.29x103 
1.45x103 
1.66x103 
1.96x103 
2.45x103 
3.03x103 
3.38x103 
3.91x103 
4.83x103 
6.23x103 
8.26x103 
9.74x1o3 
9.16x103 
7.42x103 
6.71x103 
8.06x103 
5.94x103 
5.58x103 
5.39x103 

*Spectra were recorded at 25°C in 2% Me0H (v/v) - 98% pH 2.0 glycine hydrochloride-glycine, 2% Me0H (v/v) - 98% pH 7.0 potassium dihydrogen phosphate-disodium hydrogen phosphate and 10% Me0H (v/v) - 
90% pH 10.8 glycinegsodium glycinate. The ionic strength of all guffers was 0.05M. The wavelength maximum In the visible region (and eXtinction coefficient) was 617 nm (3.07x10 L mol*1 cm'1) and 425 nm (7.34x104 L mol'1 cm'1) at pH 2,0, 615_nm (5.15x104 L moi-1 cm'1) and 425 nm (1.03x104 L mol'1 cm‘1) at pH 7.0, and 616. nm (1.34x103 L moi-1 cm‘1) at on 1o.a. At pH 1o.a, the. solution gradually became turbid.



Table 31. Extinction coefficients of Basic Orange 2.* 
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A, flm pH 2.0 pH 7.0 pH 10.8 

e, L mo1‘1 cm'1 

sso 
sso 
540 

~sso 
szo 
510 
soo 

900 
890 
880 
870 
860 
850 
840" 
830 
820 
810 
800 
790 
780 
770 
760 
750 
740 
730 
720 
710 
700 
690 
680 
670 
660 
650 
640 
530 
szo 
610 
soo 
590 
sao 
570 

cont'd next page 

CCQCOCOCCQCQCOOCQDQQOOCJOCQCDCQQOC 

1.18x102 
2.35x102 
s.aax1oZ 
1.29x103 
2.71x103 
4.82x103 
7.76x103 
1.16x104 
1.60x104 

CQCC¢Q@OCOCOCOCC¢O¢CCCQOOOQ~COOCOQCQ 

3.1Ox101 
1.24x1o2 
3.41x102 
8.06x102 
1;61x103 
2-82x103 

OOQQOOOOOQOQOCOOCOOOCCOGCCOQQDQQCD 

2.81x101 
5.62x101 
1.4ox1o2 
3.65x102 
a.42x1oZ 
1.63x10t3 
2.81x103
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K, nm 

e, L mol-1 cm'1 

pH 210 pH'7.om pH 10.8 

49o 
4ao 
470 
460 
450 
440 
430 
42o 
410 
400 
390 
sso 
370 
360 
350 
340 
330 
320 
310 
300 
290 
zso 
270 
zoo 
250 
24o 
230 
zzo 
210 
zoo 
190 

2.06x104 
2.55x104 
3.00x104 
3.24x104 
'3.24x104 
2.98x104 
2.54x104 
1.98x104 
1.44x104 
9.53x103 
5.88x103 
3.18x103 
1.55x103 
7.06x102 
3.53x1O2 
4.71x102 
8.24x102 
1.41x103 
2.oox1o3 
2.3sx1o3 
2.35x103 
2.12x103 
3.53x103 
7.76x103 
7.41x103 
9.18x103 
1.34x104 
1.31x1o4 
1.49x104 
9.65x103 
6.59x103 

4.43x103 
6.26x103 
8.21x103 
9.89x103 
1.11x104 
1.17x104 
1-17x104 
1.17x104 
1.18x104 
1.18x104 
1.14x104 
1.07x104 
9.86x103 
8196x103 
7.84x103 
6.48x1O3 
4.87x103 
a.32x1o3 
2.17x103 
1.89x1O3 
3.22x103 
4.e7x1o3 
4.46x103 
4.18x103 
5.89x103 
7.16x103 
8.77x103 
1.30x104 
1.aax1o4 
1.53x104 
a.99x1o3 

4.32x103 
6.21x103 
8.23x103 
9.83x103 
1.11x104 
1.17x104 
1.18x104 
1.18x104 
1.20x104 
1.21x104 
1.18x104 
1.11x1o4 
1.03x104 
9.35x103 
8.26x103 
6.80x103 
5.11x103 
3.59x103 
2.36x103 
1.99x1O3 
3.23x103 
5.00x103 
4.69x103 
4.27x103 
5.92x103 
7.27x103 
8.76x1O3 
1.02_x104 
5.62x103 
5;17x103 
5.00x103 

*Spectra were recorded at 25°C in pH 2.0 glycine hydrochloride- 
glycine, 10% Me0H - 90% (vlv) pH 7.0 potassium dihydrogen phosphate- 
disodium hydrogen phosphate_ and 10% Me0H - 90% (vlv) pH 10.8 
glycine-sodium glycinate. The ionic strength of all buffers ‘was 
0.05M. The wavelength maximum in the visible region (and extinction 
coefficient) was 455 nm (3.27x104 L mol“1 cm'1) at pH 2.0, 433 nm 
(1.17x104 L moi-1 cm-1) and 403 nm (1.18x104 L mol'1 cm'1) at H 7.0, 
and 435 nm (1.18x104 L moi-1 cm-1) and 40o nm (1.21x104 L mol'f cm-1) at pH 10.8.
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Table 32. Extinction coefficients of Basic Violet 1.* 

e, L moi'1 cm'1 

A, nm pH 2.0 pH 7.0 pH 10.8 

soo 
sso 
sac 
are 
aso 
aso 
s40 
aao 
ezo 
810 
800 
790 
780 
770 
760 
750 
740 
730 
720 
710 
700 
690 
680 
670 
660 
650 
640 
630 
620 
610 
600 
590 
580 
570 
560 
550 
540 

520 
510 
500 . 

cont'd next page 

2.79x102 
2.79x1O2 
2.79x1oZ 
2.79x102 
2.79x1o2 
2.79x103 
2.79x1o2 
2.79x102 
2.19x1o? 
2.79x1oZ 
2.79x102 
2.79x102 
2.79x102 
2.79x102 
2.19x1o? 
2.79x102 
2.79x1O2 
2.79x102 
3.72x102 
4.65x102 
7.43x102 
1.11x103 
2.14x103 
4.00x103 
1;2sx1o3 
1.23x104 
1.a3x1o4 
2.40x104 
2.75x104 
3.06x104 
3.43x104 
3.s1x1o4 
3.40x104 
2.93x104 
2.s3x1o4 
2.23x104 
2.O1x104 
1.74x104 
1.41x104 
1.oax1o4 
7.99x103 

¢OCQ¢¢CQ¢CCC¢CCCC(DQQCQQ 

2.19x1o2 
6.57x102 
1.53x103 
3.28x103 
7.66x103 
1.58x104 
2.95x104 
4.49x104 
5.47x104 
5.41x104 
4.79x1O4 
4.27x104 
4.01x104 
3.72x104 
3.28x104 
2.69x104 
2.04x104 
1.51x104 

1.17x102 
1.17x102 
l.17x102 
1.17x102 
1.17x102 
1.17x102 
1.56x102 
1.56x102 
1.56x102 
1.95x102 
1.9sx1o2 
1.95x103 
1.95x102 
1.9sx1o2 
1.95x102 
1.9sx1o2 
1.95x102 
1.95x102 
2.72x1O2 
3.11x1o2 
3.11x102 
3.5Ox102 
3.sox1o? 
3.89x102 
s.4sx1oZ 
s.17x10Z 
1.32x103 
2.41x103 
4.63x103 
8.36x103 
1.26x104 
1.54x104 
1.53x104 
l.36x104 
1.23x104 
1.15x104 
1.07x104 
9.41x1o3 
7.74x103 
5.91x103 
4.47x103
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Tabie 32. (cont'd) 

e, L mo1'1 cm'1 

A, nm pH 2.0 pH_ 7.60 PH 1058 

490 I 

4so 
470 
460 
450 
440 
430 
420 
410 
400 
390 
aso 
370 
seo 
350 
340 
330 
320 
310 
300 
290 
280 
270 
260 
250 
240 
230 
220 
210 
200 
190 

6.04x103 
4.46x103 
3.34x103 
Z.79x1O3 
2.69x103 
a.34x1o3 
4.37x103 
4.83x103 
4.ssx1o3 
4.09x103 
3.34x103 
2.79x103 
2.60x1O3 
2.32x103 
1.95x103 
1.86x103 
2.88x103 
6.32x103 
9.48x103 
1.1ox1o4 
7.62x103 
5.30x103 
4.74x1o3 
5.39x103 
7.43x103 
s.asx1o3 
7.15x103 
1.49x104 
3.01x104 
1.77x104 
7.2sx1o3 

1.09x104 
7.66x103 
5.25x103 
3.28x103 
2.19x103 
1.31x103 
1.09x103 
8.75x102 
6.57x102 
4.3ex102 
s.s7x1oZ 
1.09x103 
1.53x103 
1.53x103 
1-75x103 
1.53x103 
2.19x103 
3672x103 
9.41x103 
1.34x1o4 
1.O1x104 
7.00x103 
6.13x103 
7.66x103 
1.16x104 
9.63x103 
6.78x103 
1,2sx1o4 
3.02x104 
2.80x104 
1.71x104 

3.38x103 
2.57x103 
1.95x103 
1.56x103 
1.28x103 
1.17x103 
1.13x1o3 
1.13x103 
1.21x103 
1.28x103 
1.44x103 
1.67x103 
1.95x103 
2.14x103 
2.33x1o3 
2.45x103 
2.68x103 
4.24x103 
5.87x103 
7.35x103 
7.27xl03 
7.59x103 
8.60x103 
9.92x103 
1.04x104 
8.09x103 
7.04x103 
9.61x103 
7.55x103 
7.31x103 
7.08x103 

*Spectra were recorded at 25°C in 2% Me0H (v/v) - 98% pH 2.0 glycine hydrochloride-glycine, 2% Me0H (v/v) - 98% pH 7.0 potassium dihydrogen phosphate-disodium hydrogen phosphate and 10% Me0H (v/v) - 
90% pH 10.8 glycine-sodimn giycinate. The ionic strength of all buffers was 0.05M. The wavelength maximum in the visibie region (and éitinction coefficient) was 590 nm (3.61x104 L mo1'1 cm'1) at pH 2.0, see nm (5.54x104 L mo1'1 cm‘1) at pH 1.0, and 590 nm (1.54x104 L mo1'1 cm-1) at pH 10.8.



Table 33. Extinction coefficients of Basic Violet 3.* 

e, L mo1-1 cm'1 

~9oo 
sso 
eao 
are 
aso 
aso 
s40 
aao 
azo 
s1o 
soo 
190 
vao 
770 
rso 
150 
740 
130 
120 
110 
700 
eeo 
sao 
610 
sso

_ 

650 
s40 
sao 
szo 
s1o 
sou 
sso 
sao 
510 
sso 
sso 
540 

szo 
s10 
500 

cont'd next page 

QQQQCQQDCCDCCCCCJQQCDQC 

3.21x102 
7.49x1O2 
1.93x1O3 
4.28x103 
8.03x1O3 
1.38x1O4 
2.01x104 
2.48x104 
2.68x1O4 
2.87x1O4 
3.17x1O4 
3.23x104 
2.a9x1o4 
2.40x104 
2.05x104 
1.82x104 
1.62x104 
1.32x104 
1.O4x104 
7.49x103 
5.35x103 

OGQQCCQCCCCQQCCQQCDCDQCCQ 

4.74x102 
1.90x103 
4.27x103 
1.09x104 
2.3sx1o4 
4.27x104 
6.31x104 
7.23x104 
6.71x104 
5.79x104 
5.27x104 
4.93x104 
4.58x104 
3.89x104 
3.O4x104 
2.23x104 
1.59x104 

QQOCDGGQQQCCCOCGOQCC 

2.49x1o? 
2.49x1o2 
2.49x1o2 
4.98x1O2 
4.9ax1o2 
9.9sx1o2 
1.99x103 
4.48x1O3 
1.04x104 
2.09x104 
3.86x104 
5.65x1O4 
6.37x104 
5.87x1O4 
5.07x104 
4.60x104 
4.35x104 
4.01x104 
3.41x1O4 
2.66x104 
1.97x104 
1.42x104
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K, l'_l]I1 

Age, L mo1'1 cm'1 

pH 2.0 DH 7.0 pH 10.8 

490 
480 
470 
460 
450 
440 
430 
420 
410 
400 
390 
380 
370 
360 
350 
340 
330 
320 
310 
300 
290 
280 
270 
260 
250 
240 
230 
220 
Z10 
200 
190 

3.85x103 
2.68x103 
1.93x103 
1.61x103 
1.71x103 
2.57x103 
3.75x103 
4.07x103 
3.ssx1o3 
2.89x103 
1.93x103 
1.39x103 
1.07x103 
7.49x102 
6.42x102 
5.35x102 
1.82x103 
5.24x103 
8.88x103 
8.99x103 
5.56x103 
3.s4x1o3 
2.a9x1o3 
3.64x103 
5.56x103 
4.6Ox103 
5.35x103 
1.17x104 
2.55x104 
1.5Ix104 
5.89x103 

1.09x104 
7.59x103 
4.98x103 
2.85x103 
1.66x103 
9.49x102 
4.74x102 
2.37x102 

D 
0 
0
0 

2.37x102 
4.74x1oZ 
4.74x1o2 
4.74x102 
1.42x1o3 
3.56x103 
1.14x104 
1.49x104 
9.01x103 
5.46x103 
4.74x103 
6.64x103 
1.16x104 
7.83x103 
5.22x103 
1.33x1O4 
3.32x104 
2.68x104 
1.83x104 

1.04x104 
6.97x103 
4.98x103 
3.48x103 
2.49x103 
1.74x103 
1.24x103 
9.95x102 
7.46x102 
7.46x102 
7.46x102 
9.9sx1o2 
1.24x103 
1.74x103 
1.74x103 
1.74x103 
2.74x103 
5.22x103 
1.24x104 
1.59x104 
1.27x104 
1.04x104 
1.49x104 
2.02x104 
2.29x104 
1.s7x1o4 
1.17x104 
1.72x104 
1.37x1O4 
1.42x1o4 
1.42x104 

*Spectra were recorded at 25°C in 2% Me0H (v/v) - 98% pH 2.0 glycine 
hydrochloride-glycine, 2% Me0H (v/v) - 98% pH_ 7.0 potassium 
dihydrogen phosphate-disodium hydrogen phosphate and 2% Me0H - 98% 
pH 10.8 glycine-sodium glycinate. The ionic strength of all buffers 
was 0.05M. The waveiength _maximum in the visibie region (and 
extinction coefficient) was 594 nm (3.25x104 L mo1'1 cm'1) at pH 2.0, 
590 nm (7.23x104 L moi'1 cm‘1) at pH 7.0, and sso nm (6.37x104 L m0l'1 cm‘1) at pH 1o.e.
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Table 34. Extinction coefficients of Direct Blue 86.* 

e, L mo1'1 cm'1 

A, nm‘ pH 2.0 pH 7,9 pH 10.8 

900 
890 
880 
870 
860 
850 
840 
830 
820 
810 
800 
790 
780 
770 
760 
750 
740 
730 
720 ' 

710 
700 
690 
680 
670 
660 
650 
640 
630 
620 
610 
600 
590 
580 
570 V 

560 
550 
540 
530 
520 
510 
500 

cont'd next page 

4.57x102 
4.oox1oZ 
a.4ax1oZ 
3.43x1o2 
2.asx1o2 
3.43x102 
4.oox1oZ 
4.s7x1oZ 
s.14x1o2 
5.71x102 
s.29x1o2 
7.43x102 
9.71x102 
1.14x1o3 
1.43x103 
1.83x103 
2.Z3x103 
2.74x1o3 
3.26x1O3 
3.B9x103 
4.57x103 
5.26x103 
6.00x103 
6.86x103 
7.83x103 
9.26x103 
1.10x104 
1.25x104 
1.33x104 
1.29;<1o4 
1.14x1o4 
s.o3x1o3 
6.69x103 
4.46x103 
2.91x103 
1.89x103 
1.26x103 
a.oox1oZ 
5.71x102 
4.57x102 
4.oox1oZ 

1.s2x1o2 
1.o1x1oZ 
5.osx1o1 
s.osx1o1 
s.osx1o1 
s.osx1o1 
1.o1x1oZ 
1.o1x1o2 
1.s2x1o2 
1.s2x1o2 
2.o2x1oZ 
2.53x102 
3.q3x1o2 
4.ssx1o2 
s.ssx1oZ 
7.59x102 
9.e1x1o2 
1-37x103 
1.97x103 
2.88x103 
4.05x103 
5.66x103 
7.94x103 
9.96x103 
1.03x104 
1.01x104 
1.08x104 
1.27x1o4 
1.44x104 
1.48x1O4 
1.34x104 
1.08x104 
a.24x1o3 
5.9Zx103 
3.95x103 
2.53x1O3 
1.57x1O3 
9.s1x1oZ 
s.o7x1oZ 
3.54x1o2 
2.53x102 

1.13x102 
1.13x1oZ 
5.66x101 
5.66x101 
5.66x101 
5.66x1O1 
5.66x101 
1.13x102 
1.70x102 
1.70x102 
2.27x102 
2.s3x1oZ 
3.96x102 
3.96x102 
5.66x1O2 
9.osx1oZ 
1.25x103 
1.76x103 
2.49x103 
3.s2x1o3 
5.21x1O3 
7.42x103 
1.03x104 
1.26x104 
1.29x104 
1.26x104 
1.36x104 
1.61x104 
1.82x104 
1.87x104 
1.71x104 
1.38x1O4 
1.04x104 
7.36x1O3 
4.87x103 
3.06x103 
1.93x103 
1.19x1o3 
7.36x102 
3;96x1O2 
2.83x102
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A, nm 

e, L mo1'1 cm'1 

pH 2.0 pH 7.0 on 10.8 

490 
4ao 
470 
450 
450 
440 
430 
420 
410 
400 
390 
aao 
370 
sso 
sso 
340 
330 
azo 
210 
aoo 
290 
zao 
210 
zso 
zso 
240 
230 
220 
210 
200 
190 

4.s7x1oZ 
5.14x102 
6.29x102 
7.43x102 
9.71x102 
1.31x103 
1.66x103 
2.11x103 
2.74x103 
3.54x103 
4.74x1o3 
6.11x103 
7.31x103 
8.40x103 
9.26x103 
9.66x103 
9.83x103 
9.77x103 
9.71x103 
1.02x104 
1.07x104 
1.03x104 
1.o4x1o4 
9.94x103 
9.60x103 
1.1sx1o4 
1.67x104 
2.30x104 
2.37x104 
1.51x104 
1.01x104 

2.o2x1oZ 
1.52x102 
1.s2x1o2 
1.s2x1oZ 
2.02x102 
2.53x102 
4.ssx1oZ 
6.07x102 
e.sox1oZ 
1.32x103 
2.12x103 
3.54x103 
s.ssx1o3 
a.sox1o3 
1.19x104 
1.43x104 
1.49x1o4 
1.3ax1o4 
1.05x104 
8.45x104 
8;24x1O3 
8.29x103 
1.01x103 
1.08x103 
1.o9x1o4 
1.Z1x104 
1.64x104 
2.16x104 
2.22x104 
1.97x1o4 
1.42x104 

1.7ox1oZ 
1.13x1oZ 
1.13x1o2 
1.13x1o2 
1.70x102 
2.27x102 
4.53x102 
s.aox1oZ 
9.63x102 
1.47x103 
2.49x103 
4.3ex1o3 
6.97x103 
1.07x104 
1.51x1o4 
1.81x104 
1.91x104 
1.69x104 
1.33x104 
1.06x104 
1.0Zx104 
1.03x104 
1.25x104 
1.36x104 
1.36x104 
1.52x104 
2.05x104 
2.27x104 
1.33x104 
1.19x104 
1.15x104 

*Spectra were recorded at 25°C in 10% Me0H (v/v) - 90% pH 2.0 giycine 
hydrochloride-glycine. 10% MeOH - 90% pH 7.0 potassium dihydrogen 
phosphate-disodium hydrogen phosphate and 10% Me0H - 90% pH 10.8 
glycine-sodiuni giycinate. The ionic strength of all buffers was 
0.05M. The waveiength maximum in the visible region (and extinction 
“CDefficient) was s11 hm (1.33x104 L mo1'1 cm-1) at pH 2.0, 613 nm 
(1.48xI04 L moi-1 cm‘1) and sss hm (1.03x104 L mbT'1 cm'1) at on 7.0, and 613 nm (1.88x104 L mo1'1 cm'1) and sso hm (1.29x104 L moi” cm'1) 
at pH 10.8.



Table 35. Extinction coefficients of Direct Blue 218.* 
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e; L mo1'1 cm'1 

A, nm pH 2.0 pH 7.0 pH 10.8 

900 
890. 
880 
870 
860 
850 
840 
830 
820 
810 
800 
790 
780 
770 
Z60 
750 
740 
730 
720 
710 
700 
690 
680 
670 
660 
650 
640 
630 
620 
610 
600 
590 
580 
570 
560 
550 
540 

520 
510 
500 

cont'd next page 

2.98x102 
2.O9x102 
2.o9x1oZ 
1.79x102 
1.49x102 
1.49x102 
1.79x102 
2.38x1O2 
2.68x102 
2.sax1oZ 
2.98x102 
3.28x103 
3.58x102 
3.87x102 
4.47x102 
5.66x1O2 
s.sex1o2 
a.94x1oZ 
1.19x103 
1.55x103 
2.15x1o3 
2.98x103 
4.08x103 
5.51x1O3 
7.27x1O3 
9.12x103 
1.o7x1o4 
1.20x104 
1.2ex1o4 
1.34x104 
1.35x104 
1.32x104 
1.22x104 
1.09x1O4 
9.60x103 
8.25x103 
7.O9x1O3 
5.99x103 
5.07x103 
4.26x103 
3.67x103 

1.aex1o2 
9.18x101 
9.18x1O1 
9.18x101 
9.18x101 
9.18x101 
9.18x101 
1.38x102 
1.38x1O2 
1.a4x1oZ 
1.a4x1oZ 
2.sox1oZ 
2.aox1o? 
3.21x102 
4.13x1O2 
5.05x102 
6.43x102 
9.64x102 
1.47x103 
2.16x103 
3.30x103 
4.91x1o3 
6.79x103 
8.86x103 
1.o7x1o4 
1.21x104 
1.32x104 
1.42x1o4 
1.52x104 
1.sox1o4 
1.60x104 
1.50x1O4 
1_.32x104 
1.12x104 
9.50x103 
7.99x103 
se.ssx1o3 
5.19x103 
4.22x103 
3.40x103 
2.89x103 

2.2ax1o? 
1.9ox1o2 
1.90x102 
1.90x102 
1.90x102 
1.9ox1o2 
1.9ox1o2 
1.9ox1oZ 
2.28x102 
2.66x102 
3.04x102 
3.42x102 
3.80x102 
4.19x1oZ 
4.95x102 
s.o9x1o2 
7.99x1O2 
1.07x103 
1.52x103 
2.28x103 
3.46x103 
5.21x103 
7.38x103 
9.78x103 
1.18x104 
1.34x1O4 
1.46x104 
1.54x104 
1.61x104 
1.64x104 
1.60x104 
1.46x104 
1.26x104 
1.07x104 
9.21x103 
7.72x103 
6.39x103 
5.1Ox103 
4.1sx1o3 
3.42x103 
2.97x103



Table 35. (cont'd) 

/* '*
( 

_ 55 _ 

€, L mol'1 cm'1 

A, nm pH 2.0 pH 7.0 pH 10.8 

490 
480 
470 
460 
450 
440 
430 
420 
410 
400 
390 
380 
370 
360 
350 
340 
330 
320 
310 
aoo 
290 
zoo 
270 
zso 
zso 
24o 
230 
220 
210 
zoo 
190 

3.49x103 
2.83x103 
2.56x103 
2.32x103 
2.21x103 
2.09x103 
2.06x103 
2.09x103 
2.12x103 
2.12x103 
2.15x103 
2.26x103 
2.47x103 
2.98x103 
3.64x103 
4.50x103 
5.13x103 
s.27;1o3 
4.98x103 
4.44x103 
4.23x103 
4.56x103 
5.45x103 
6.82x103 
8.67x103 
1.o4x1o4 
1.13x104 
1.28x104 
1.48x104 
1.02x104 
7.24x103 

2.43x103 
2.O7x103 
1.84x103 
1.79x103 
1.84x103 
1.84x103 
1.84x103 
1.84x103 
1.84x103 
1.97x103 
2.30x103 
2.71x103 
3.21x103 
3.76x103 
4.sox1o3 
5.14x103 
5.51x103 
5.42x103 
4.77x103 
4.36x103 
4.68x103 
5.83x103 
7.67x103 
8.66x103 
9.23x103 
1.15x104 
1.37x104 
1.37x104 
1.18x104 
1.14x1o4 
1.06x104 

2.47x1o3 
2.o9x1o3 
1.86x103 
1.86x103 
1.9ox1o3 
1.9ax1o3 
1.9Bx103 
2.02x103 
2.05x103 
2.24x103 
2.59x103 
s.oax1o3 
3.s1x1o3 
4.30x103 
4.9ax1o3 
5.59x103 
6.01x1O3 
5.86x103 
s.2sx1o3 
4.83x103 
5.17x103 
e.3sx1o3 
8.07x103 
9.25x103 
1-06x104 
1.32x104 
1.56x104 
1.4sx1o4 
9.74x1o3 
8.83x103 
8.60x103 

*5 t d pec ra were recor ed at 25°C in pH 2.0 glycine hydrochloride- 
glycine, pH 7.0 potassium dihydrogen phosphate-disodium hydrogen 
phosphate and pH 10.8 glycine-sodium glycinate. The ionic strength 
of all buffers was 0.05M. The wavelength naximum in the visible 
region (and extinction coefficient) was 602 nm (1.36x104 L mol‘1 
Eh'1) at pH 2.0, 615 nm (1.61x104 L mol'1 cm'1) at pH 7.0, and 609 nm 
(1.64x104 L moi-1 cm-1) at pH 1o.a.



Table 36. Extinction coefficients of Direct Yellow 4.* 

-55 ._, 

e, L mo1’1 cm'1 

A, nm pH 2.0 pH 7.0 ~ pH 10.8 

soo 
aso 
aao 
avo 
aso 
asp 
s40 
aao 
azoi 
a1o 
aoo 
790 
wao 
770 
rsoi 
750 
740 
130 
120 
110 
woo 
690 
sao 
670 
ssoo 
sso 
640 
sao 
szo 
610 
600 
590 
580 
570 
560 
550 
-540 
‘E30 
520 
510 
500 

cont'd next page 

QQCCOQQQQCCOQDCCDQCCQQOQQQCQQQCCCG 

a.9sx1o1 
8.98x101 
1.aox1o2 
2.69x1O2 
3.s9x1oZ 
8.08x102 
1.71x103 
3.50x103 

CCCCGQOOOOQOCGCOQCGOQQCDQCQCCCQ 

7.9Ox1O1 
1.sax1oZ 
1.5sx1oZ 
2.37x102 
3.9sx1o? 
6.32x102 
1.11x103 
1.821103 
2.92x103 
4;42x1o3 
6.56x103 

CQOCQQOCQCCQQOCQCDCQCDCCQQCDCCDCQ 

1.11x1o2 
3.32x102 
7.75x1O2 
1.88x103 
3.98x103 
7.75x103 
1.35x1O4 
2.12x1O4 
3.osx1o4 
3.98x104 
4.76x104 
5.22x104



Table 36. (cont'd) 
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5» L mol'1 cm'1 

A, hm DH 2.0 pH 7.0 pH 10.8 

490 
480 
470 
460 
450 
440 
430 
420 
410 
400 
390

' 

380 
370 
360 
350 
340 4 

330 
320 
310 
300 
290 
280 
270 
260 
250 
240 
230 
220 
210 
200 
190 

6.37x103 
1.osx1o4 
1.56x104 
2.07x104 
2.50x104 
2.a9x1o4 
3.32x1O4 
3.73x104 
4.07x1O4 
4.2Ox104 
3.98x104 
3.44x104 
2.78x104 
2.10x104 
1.s4x1o4 
1.14x104 
8.98x103 
7.18x103 
5.922103 
5.03x103 
4.58x103 
4.ssx1o3 
7.18x103 
1.33x104 
1.58x104 
1.33x1O4 
1.11x104 
1.25x1O4 
2.30x104 
1.ssx1o4 
1.11x1O4 

9.64x103 
1.35x104 
1.79x1O4 
2.20x104 
2.54x104 
2.87x104 
3.18x104 
3.53x104 
3.80x104 
3.89x104 
3.67x104 
3.19x104 
2.61x104 
2.01x104 
1.48x104 
1.12x104 
8.61x103 
6.16x103 
5.92x103 
5.13x103 
4.74x103 
5.13x103 
7.42x103 
1.29x104 
1.s2x1o4 
1.28x1O4 
1.08x104 
1.24x104 
2,36x104 
3.18x104 
1.71x104 

5.38x1O4 
5.24x104 
4.84x1O4 
4.35x104 
3.esx1o4 
3.36x104 
2,95x1o4 
2.s7x1o4 
2.25x1O4 
1.89x104 
1.ssx1o4 
1.21x104 
9.07x103 
6.97x1O3 
5.75x103 
5.31x103 
5.31x103 
5.53x103 
5.86x103 
6.53x103 
7.64x103 
1.01x104 
1.29x104 
1.28x1O4 
1.11x1o4 
1.OZx104 
9.96x103 
1.1Ox104 
1.o1x1o4 
1.01x104 
1.o1x1o4 

*Spectra were recorded at 25°C in pH 2.0 glycine hydrochloride- 
glycine, pH 7.0 potassiumg dihydrogen phosphate-disodium hydrogen 
phosphate and pH 10.8 glycine-sodium glycinate._ The ionic strength 
of all buffers was 0.05M. The wavelength nmximum in the visible 
region (and extinction coefficient) was 402 nm (4.20x1O4 L mol'1 
em-1) it.pH 2.0, 402 nm (3.89x104 L moi-1 cm'1) at pH 1.0, and 490 nm 
(s.3ax1o4 L moi-1 cm-1) at pH 10.8.



Tabie 37. Extinction coefficients of Direct Yeilow 11.* 
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R, flm pH 2.0 pH 7.0 pH 10.8 

e, L 9'1 cm‘ 

900 
890 
880 
870 
860 
850 
840 
830 
820 
810 
800 
790 
780 
770 
760 
750 
740 
730 
720 
.710 
700 
690 
680 
670 4 

660 
650 
640 
530 
620 
610 ’ 

600 
590 
580~ 
570 
560 
550 
540 
-530 
520 
510 
500 

cont'd next page 
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GNIOQhlD(J\lQCOQDOQOO¢Q¢C¢CQC¢CDQCDCQCCCC3CQCCC¢Q 

OCOOOOCDQCQQQCQCQQCCOQCCCQCCCCCQ 

1.72x10?1 
3.44x1O'1 
3.44x10'1 
3.44x10'1 
5.16x10'1 
e.a9x1o-1 
1.21 
2.41 
4.a2 
8.26 

OQCOCQCQQOCOQQCCCQQCQQCCCQCDQ 

1.38x10'1 
2.75x10‘1 
2.7sx1o-1 
2.1sx1o-1 
4.13x10'1 
4.13x10'1 
5.5Ox10'1 
s.sax1o-1 
1.24 
2.os 
3.44 
s.os 
9.90
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e. L 9'1 =m¥10t 

pH 10.8 

490 
480 
470 
450 
450 
440 
430 
420 
410 
400 
390 
sso 
370 
aso 
sso 
340 
330 
320 
310 
300 
290 
280 
270 
260 
250 
240 
230 
220 
210 
200 
190 

1.39x101 
z.11x1o1 
2.95x101 
3.80x101 
4.61x1O1 
5.31x101 
5.71x101 
5.83x101 
5.59x101 
s.1sx1o1 
4.sox1o1 
4.o2x1o1 
3.49x101 
3.02x101 
2.s2x1o1 
2.32x101 
2.07x101 
1.89x101 
1;76x101 
1.69x101 
1.64x101 
1.69x101 
1.88x101 
2.17x101 
2.39x101 
2.41x1o1 
2.44x1o1 
3.34x101 
5.81x101 
3.40x101 
2.27x101 

1.34x101 
2.01x1O1 
2.79x101 
3.62x101 
4.44x101 
s.13x1o1 
5.61x101 
5.78x101 
5.63x101 
s.z7x1o1 
4.73x101 
4.17x101 
3.sox1o1 
3.12x101 
2.70x101 
2.36x101 
2.10x1O1 
1.86x101 
1.74x101 
1.62x101 
1.58x101 
1.60x1O1 
1.77x101 
2.10x101 
2.3sx1o1 
2.44x1o1 
2.44x101 
3.a4x1o1 
6.28x101 
7.4ox1o1 
3.70x101 

1.ssxio1 
2.28x101 
3.O7x101 
3.9sx1o1 
4.79x101 
5.43x101 
5.87x101 
s,9ax1o1 
5.81x101 
5.37x101 
4.77x101 
4.15x101 
3.ssx1o1 
3.05x101 
2.64x1O1 
2.34x1o1 
2.09x101 
1.88x101 
1.76x101 
1.ssx1o1 
1.61x1O1 
1.64x101 
1.a3x1ol 
2.16x101 
2.49x101 
2.48x101 
2.45x101 
2.63x101 
2.2ox1o1 
2.17x101 
2.15x101 

*Spectra were recorded at 25°C in pH 2.0 glycine hydrochloride- 
glycine, pH 7.0 potassium dihydrogen phosphate-disodium hydrogen phosphate and pH 10.8 glycineesodium glycinate. The ionic strength of all buffers was 0.05M. The wavelength naximum in the visible region (and extinction coefficient) was 423 nm (5.83x101 L g‘1 cm'1) ~at pH 2.0, 419 nm (5.80x101 L g-1 cm-1) at pH 7.0, and 421 nm (5.98x101 L g-1 cm'1) at pH 10.8



Table 38. Extinction coefficients of Disperse Blue 26.*
/ 

;7Q_ 

e, L mo1'1 cm'1 

A, nm pH 2.0 pH 7.0 pH 10.8 

900 
890 
880 
870 
860 
850 
s40 
e30 
s20 
s10 
sou 
790 
780 
770 
760 
750 
140 
730 
720 
110 
700 
sso 
sso 
670 
660 
sso 
640 
sao 
620 
s1o 
600 
590 
580 
570 
560 
550 
540 
-50 
520 
510 
500 

cont'd next page 

3.17x1o? 
3.17x1O2 
3.aox1o2 
3.36x102 
3.49x1O2 
3.62x102 
3.74x102 
3.94x102 
4.13x1O2 
4.38x102 
4.57x1O2 
4.s9x1o2 
5.20x102 
s.s9x1o? 
5.97x102 
6.47x1O2 
6.98x102 
7.49x102 
8.19x1o2 
8.82x102 
9.ssx1o2 
1.o3x1oZ 
1.10x103 
1.17x103 
1.25x103 
1.s4x1o3 
1.44x103 
1.s4x1o3 
1.s4x1o3 
1.73x1o3 
1.80x103 
1.85x1O3 
1.85x103 
1.83x103 
1.75x103 
1.63x103 
1.4ax1o3 
1.29x103 
1.11x103 
9.s2x1o2 
a.oox1o? 

4.osx1o2 
4.osx1oZ 
4.osx1o? 
4.21x1o2 
4.36x102 
4.59x102 
4.74x1o2 
4.97x1o2 
5.28x102 
s.s1x1o2 
s.a9x1o2 
s.27x1oZ 
6.66x102 
7.11x1oZ 
7.73x1O2 
8.26x102 
a.9sx1oZ 
9.79x102 
1.06x103 
1.16x103 
1.2sx1o3 
1.35x103 
1.46x103 
1.ssx1o3 
1.66x103 
1.76x1O3 
1.88x103 
z.o1x1o3 
2.14x103 
2.25x1O3 
2.32x103 
2.36x103 
2.36x103 
2.s1x1o3 
2.22x103 
2.07x103 
1.86x103 
1.s2x1o3 
1.40x103 
1.19x103 
1.O3x103 

a.zsx1oZ 
3.14x102 
3.1ox1oZ 
3.14x102 
3.18x102 
3.34x102 
3.53x102 
3.69x102 
4.oox1o2 
4.20x102 
4.44x102 
4.7sx1o2 
s.1ox1o2 
s.sox1o2 
5.93x102 
6.44x102 
7.o3x1o2 
7.65x102 
a.4ox1o? 
9.15x102 
9.93x102 
1.08x103 
1.1sx1o3 
1.23x103 
1.31x1O3 
1.41x103 
1.51x103 
1.62x103 
1.72x103 
1.81x103 
1.88x1O3 
1.92x103 
1.92x103 
1.88x103 
1.81x103 
1.sax1o3 
1.51x1O3 
1.32x103 
1.13x1o3 
9.54x102 
7.91x1o? 

I/I
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€» L mo1'1 cm-1 

R, Hm PH 2.0 pH 7.0 PH 10.8 

490 
480 
470 
460 
450 
440 
430 
420 
410 
400 
390 
aao 
370 
aso 
350 
340w I 

330 
320 
310 
300 
zoo 
zao 
270 
zso 
250 
240 
230 
220 
210 A 

zoo 
190 

s.92x1o2 
s.1sx1o2 
5.65x1O2 
5.39x102 
5.39x102 
5.39x102 
s.71x1o? 
s.97x1o2 
6.47x1O2 
6.98x102 
7.a1x1oZ 
8.57x102 
9.46x1O2 
1.o4x1o3 
1.17x103 
1.40x103 
2.07x103 
2.52x1O3 
3.17x103 
a.s4x1o3 
4.63x103 
4.7si1o3 
4.57x103 
4.a3x1o3 
7.49x103 
1.62x104 
2.43x104 
2.26x104 
1.77x104 
9.59x103 
6.67x103 

8.95x103 
7-96x102 
7.34x102 
7.04x102 
6.96x102 
7.11x1oZ 
7.34x102 
7.73x103 
8.26x102 
8.95x102 
9.79x102 
1.07x103 
1.19x1o3 
1.32x103 
1.48x103 
1.17x1o3 
2.62x1O3 
3.15x103 
3.98x103 
5.12x103 
5.97x1O3 
6.42x103 
6.58x103 
6.96x103 
9.71x103 
2.o4x1o4 
3.04x104 
2.88x104 
2.33x104 
2.03x104 
1~.43x104 

s,a1x1o2 
s.o4x1o2 
§.57x1O2 
5.38x102 
5.30x102 
5.38x1O2 
s.s1x1oZ 
5.97x1O2 
6.4Ox1O2 
6.95x102 
7.ssx1oZ 
8.40x102 
9.30x102 
1.03x103 
1.17x1O3 
1.41x103 
2.03x103 
2.45x103 
3.30x103 
4.29x103 
4.95x103 
5.18x103 
5.79x103 
5.75x103 
8.Z0x103 
1.65x104 
2.34x1o4 
1.aox1o4 
5.93x103 
5.18x103 
4.85x103 

*Spectra were recorded at 25fC .in pH 2.0 glycine hydrochloride- 
giycine, pH 7.0 potassium dihydrogen phosphate-disodium hydrogen 
phosphate and pH 10t8 glycine-sodium giycinate. The ionic strength 
of all buffers was 0.05M, The wavelength nmximum in the visible 
region (and extinction coefficient) was 581 nm (1.85x103 l. mo1*1 
ieh—1) at pH 2.0, ss4 nm (2.36x103 L moi-1 ¢m—1) at pa 7.0, and sa4 nm 
(1.93x103 L mo1‘1 cm'1) at pH 10.3.



Tabie 39. Extinction coefficients of Disperse Blue 27.* 
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e, L mo1'1 cm'1 

A, nm pH 2,0 " pH 7.0 pH 10z8 

900 
aeo 
eao 
azo 
aso 
aso 
e40 
aao 
azo 
s1o 
aoo 
790 
rao 
170 
160 
750 
740 
730 
120 
710 
700 
sec 
sso 
570 
seo 
sso 
640 
630 
620 
s10 
soo 
590 
sao 
570 
sso 
550 
540 
Assn 
520 
510 
soo 

COMZ ' d flEXt PGQE 

6.71x102 
6.71x102 
s.aox1o2 
7.o2x1oZ 
7.2Ox102 
7.sox1o2 
7.87x102 
a.o9x1oZ 
a.41x1o2 
8.81x102 
9.35x102 
1.oox1o3 
1.09x103 
1.17x103 
1.25x1O3 
1.36x103 
1.45x103 
1.ssx1o3 
1.65x103 
1.75x103 
1.82xlO3 
1.9Ox1O3 
1.95x103 
2.00x103 
2.o3x1o3 
2.04x103 
2.O5x103 
2.04x103 
2.02x103 
1.98x103 
1.93x103 
1.85x103 
1.7sx1o3 
1.65x103 
1.55x103 
1.46x1O3 
1.37x103 
1.29x103 
1.23x103 
1.21x103 
1.21x103 

s.1sx1o2 
6.O9x102 
5.96x102 
6.09x10‘2 
6.35x102 
e.ssx1oZ 
6.90x102 
7.20x102 
7.63x102 
8.05x102 
8.56x102 
9.oax1o2 
9.76x102 
1.05x103 
1.09x1O3 
1.22x103 
1.31x103 
1.42x103 
1.51x1O3 
1.s1x1o3 
1.70x1O3 
1.77x103 
1.82x103 
1.87x103. 
1.90x1O3 
1.93x103 
1.93x1O3 
1.93x103 
1.91x103 
1.88x103 
1.83x103 
1.76x1O3 
1.67x103 
1.58x103 
1.48x103 
1.39x103 
1.30x103 
1.22x103 
1.17x103 
1.14x103 
1.14x103 

3.08x1O1 
3.08x101 
4.31x101 
4.31x1O1 
3.0Bx101 
3.08x101 
3.69x101 
4.92x101 
5.54x101 
6.15x101 
6.77x101 
8.61x101 
9.84x101 
1.29x1o2 
1.s4x1q2 
1.78x102 
2.o9x1o2 
2.65x102 
3.32x102 
4.37x102 
5.91x102 
7.94x102 
1.07x103 
1.40x103 
1.83x103 
2.07x103 
2.33x103 
2.49x103 
2.58x103 
z.s4x1o3 
2.65x103 
2.58x103 
2.45x103 
z.27x1o3 
2.07x103 
1.86x103 
1.64x103 
1.44x103 
1.2sx1o3 
1.12x103 
1;o1x1o3



Table 39. (cont'd) 

1' 
r-I 
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5» L moi-1 cm-1 

A, nm pH 2.9 DH 7.0 pH 10.8 

490 
480 
470 
460 
450 
440 
430 
420 
410 
400 
390 
380 
370 
360 
350 
340 
330 
320 
310 
300 
290 
280 
270 
260 
Z50 
240 
230 
220 
210 
200 
190 

1.24x1o3 
1.30x103 
1.40x103 
1.51x103 
1.65x103 
1.81x103 
1.95x103 
2.08x103 
2.2ox1o3 
2.15x103 
2.28x103 
2.41x103 
2.ssx1o3 
2-68x103 
2.82x103 
2.95x103 
3.o9x1o3 
3.49x103 
3.89x103 
4.29x103 
4.9sx1o3 
5.50x103 
5.50x103 
5.63x103 
6.17x103 
7.65x103 
9.12x1o3 
1.05x104 
1.65x104 
1.34x104 
6.31x103 

1.16x103 
1.21x103 
1.30x103 
1.41x103 
1,54x103 
1.70x103 
1.84x103 
1.97x103 
2.08x103 
2.13x103 
2.22x103 
2.2sx1o3 
2.43x103 
2.56x103 
2.68x103 
2;85x103 
3.11x103 
3.37x103 
3.71x1o3 
4.13x103 
4.81x103 
5.28x103 
5.24x103 
5.33x103 
5.96x103 
7.54x103 
8.78x103 
1.00x104 
1.s9x1o4 
1.ssx1o4 
9.37x103 

9.29x102 
8.80x102 
e.49x1oZ 
8.31x102 
8.43x102 
8.61x102 
s.1ox1oZ 
9.84x102 
1.07x103 
1.17x1o3 
1.29x103 
1.43x103 
1.62x103 
1.86x103 
2.06x103 
2.25x103 
2.45x103 
2.81x103 
3.23x103 
4.00x103 
4.92x103 
5.69x103 
6.15x103 
6.61x103 
7.84x103 
1.o3x104 
1.15x104 
1.15x104 
7.54x103 
6.31x103 
6.15x103 

*-Spectra were recorded at 25°C in 10% Me0H- (iv/v) - 90% pH 2.0 glycine 
hydrochloride-glycine, 10% Me0H - 90% pH 7.0 potassium dihydrogen 
phosphate-disodium hydrogen phosphate and 10% Me0H -t 90% pH 10.8 
glycine-sodium glycinate. The ionic strength of ail buffers was 
0.05M. The wavelength maximum in the visibie region (and extinction 
Coeffici nt) was ass nm (2.osx1o3 L mo1'1 cm'1),at_%H 2.0, 532 nm 
(1 53x10 L moi-1 cm'1) at pH 1.0, and s02 nm (2.35x10’ L mo1‘1 cm-1) _ S 
it DH 10.8.



Table 40. Extinction coefficients of Disperse Blue 56.* 
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e, L mo1-1 cm*1 

A, nm 
V 

pH 2.0 pH 7.0 pH 10.8 

900 
aso 
aao 
are 
aso 
aso 
s40 
aao 
azon 
810 
soc 
790 
van 
770 
760 
750 
740 
730 
720 
710 
700 
690 
680 
670 
660 
650 
640 
630 
620 
610 
600 
590 
580 
570 
sso 
sso 
s40 
~seo 
szo 
s10 
soo 

cont'd next page 

s.9sx1o2 
s.osx1o2 
5.98x103 
s.12x1o? 
s.2sx1oZ 
6.39x102 
s.sox1oZ 
e.94x1o2 
7.21x1O2 
7.s3i1o2 
7.96x102 
8.36x102 
8.98x1O2 
9.45x1O2 
1.01x103 
1.09x103 
1.17x103 
1.25x1O3 
1.36x103 
1.48x1O3 
1.60x1O3 
1.75x103 
1.88x103 
2.02x103 
2.14x103 
2.27x1O3 
2.41x103 
2.6ox1o3 
2.80x103 
2.99x103 
3.13x1O3 
3.24x103 
3.30x103 
3.34x103 
3.35x103 
3.32x103 
3.24x103 
3.11x103 
2.94x103 
2.sax1o3 
2.35x103 

3.36x1O2 
3.36x102 
3.36x102 
3.36x1O2 
3.46x102 
a.51x1o2 
3.72x10Z 
3.87x102 
4.13x1oZ 
4.29x1oZ 
4.s4x1oZ 
4.eox1o2 
5.16x102 
s.42x1oZ 
5.84x102 
6.35x1O2 
6.82x102 
7.38x1O2 
a.osx1oZ 
8.88x102 
9.66x102 
1.05x103 
1.1sx1o3 
1.Z3x103 
1.32x103 
1.41x1O3 
1.s1x1o3 
1.63x103 
1.77x103 
1.90x103 
2.00x103 
2.o7x1o3 
2.11x103 
2.13x103 
2.13x103 
2.12x103 
2.07x103 
1.98x103 
1.87x103 
1.70x103 
1.50x103 

4.a4x10? 
4.91x1o2 
4.97x102 
4.97x102 
5.04x102 
s.23x1o? 
s.asx1o2 
s.6ex1o? 
s.oox1o2 
6.26x102 
6.65x102 
7.04x102 
7.49x102 
a.0ox1oZ 
8.59x102 
9.3ax1oZ 
1.00x103 
1.O8x103 
1.18x1O3 
1.30x1O3 
1.42x103 
1.56x103 
1.70x103 
1.85x103 
1.98x1O3 
2.12x103 
2.27x103 
2.45x103 
2.65x103 
2.83x1O3 
2.91x1o3 
3.09x1O3 
3.15x103 
3,1ax1o3 
3.18x103 
3.14x103 
3.05x1O3 
2.91x103 
2.74x103 
2.49x1O3 
2.18x103
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Table 40. (cont'd) 
_ 

A >_ __ 

5, L moi'1 cm'1 

, A, nm pH 2.0 pH 7.0 pHH1o.e 

1.99x103 
1.65x103 
1.39x103 
1.24x1O3 
1.16x103 
1.14x103 
1.17x103 
1.24x103 
1.34x103 
1.49x103 
1.s7x1o3 
1.86x103 
2.06x103 
2.28x103 
2.56x103 
2.86x103 
3.17x103 
3.37x103 
3.59x103 
3.92x103 
s_.2zx1o'3 
6.04x103 
6.15x103 
6.53x103 
7.s1x1o3 
1.04x104 
1.36x104 
1.69x104 
Z.13x104 
1.22x104 
6.91x103 

1.25x103 
1.03x103 
8.62x1O2 
7.59x102 
7.02x103 
6.82x102 
s.92x1o2 
7.28x102 
7.90x102 
8.73x102 
9.76x102 
1.10x103 
1.23x103 
1.33x103 
1.55x103 
1.75x103 
1.95x103 
2.15x1o3 
2.42x103 
2.63x103 
3.61x103 
4.44x103 
5.11x103 
5.63x103 
6.09x103 
7.59x103 
9.03x103 
1.06x104 
1.52x104 
2.o4x1o4 
9.96x103 

1.82x103 
1.50x103 
1.25x103 
1.10x103 
1.03x103 
1.02x103 
1.04x103 
1.10x103 
1.19x103 
1.31x103 
1.47x103 
1.63x103 
1.80x103 
2.01x103 
2.26x103 
2.s4x1o3 
2.85x103 
3.15x103 
3.82x103 
4.54x103 
s.sex1o3 
6.82x103 
7.80x103 
a.aax1o3 
9.92x103 
1.19x104 
1.38x104 
1.50x104 
8.26x103 
6.97x103 
6.71x103 

*Spectre were recorded in 10% Me0H (v/v) - 90% pH 2.0 glycine 
hydrochloride-glycine, 10% Me0H - 90% pH 7.0 potassium dihydrogen 
phosphate-disodiuni hydrogen “phosphate and 10% Me0H - 90% pH 10.8 
glycine-sodiuni glycinate. The ionic strength of aii buffers was 
_Q,05M. The waveiength maximum in the visible region (and extinction 
coefficient) was 564 nm (3.35x103 L mo1'1 cm'1) at %H.2.0, 562 nm 
(2.14x10‘ L moi-1 cm-1) at pH 1.0, and 564 nm (3.17x10 L mo1‘1 cm-1) 
at pH 10.8. 1



Table 41. Extinction coefficients of Disperse Blue 79.* 
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e, L mo1‘1 cm'1 

A, nm pH 3.0 V pH 7.0 pH 10.0 

900 
890 
880 
870 
sso 
sso 
340 
aso 
azo 
s10 
aoon 
790 
reo 
710 
760 
750 
740 
730 
720 
710 
700 
690 
sao 
s70 
sso 
650 
s40 
sao 
szo 
s10 
600 
590 
sao 
570 
560 V 

550 
540 
»530 
520 
510 
500 

eont'd next page 

1.60x103 
1.60x103 
1.52x103 
1.57x103 
1.60x103 
1.63x103 
1.65x103 
1.73x103 
1.81x103 
1.84x103 
1.87x103 
1.92x103 
2.00x103 
2.08x103 
2.18x103 
2.26x103 
2.37x103 
2.48x103 
2.sax1o3 
2.72x103 
2.88x103 
s.osx1o3 
3.36x103 
3.76x103 
4.29x103 
5.06x103 
s.97x1o3 
7.17x103 
8.34x103 
9.54x103 
1.06x104 
1.13x104 
1.18x104 
1.21x1o4 
1.22x104 
1.20x104 
1.15x104 
1.10x104 
1.02x104 
9.4ax1o3 
8.61x103 

2.75x103 
2.69x103 
2.67x103 
2.s9x1o3 
2.76x1O3 
2.82x103 
2.90x103 
2.97x103 
3.05x103 
3.14x103 
3.22x1o3 
3.31x103 
3.42x103 
3.52x103 
3.ssx1o3 
3.72x103 
3.84x103 
3.95x103 
4.08x103 
4.19x1o3 
4.29x103 
4.44x103 
4.55x103 
4.70x103 
4.85x103 
s.o4x1o3 
5.27x103 
5.59x103 
5.91x103 
s.21x1o3 
s.4sx1o3 
6.68x103 
6.81x103 
6.92x103 
7,00x103 
7.01x103 
7.00x103 
6.94x103 
6.81x103 
6.58x103 
6.17x103 

2.22x103 
2.19x103 
2.22x103 
2.25x103 
2.28x103 
2.38x103 
2.44x103 
2.47x103 
2.56x103 
2.62x103 
2.71x103 
2.80x103 
2.86x103 
2.98x103 
3.08x103 
3.17x103 
3.29x103 
3.41x103 
3.56x103 
3.68x103 
3.90x103 
4.17x103 
4.51x103 
4.99x103 
5.63x103 
6.46x103 
1.4ox1o3 
8.43x103 
9.44x103 
1.02x104 
1.08x104 
1.12x104 
1.13x104 
1.13x1O4 
1.11x1o4 
1.o7x1o4 
1.02x104 
9.62x103 
9.01x103 
8.46x103 
7.73x103
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€, L mol'1 cm'1 

A, nm pH 3.0 pH 7.0 pH 10.0 

490 
480 
470 
460 
450 
440 
430 
420 
410 
400 
390 
seo 
370 
360 
350 
340 
330 
320 
310 
300 
290 
280 
Z70 
260 
250 
240 
Z30 
220 
210 
200 
190 

7.59x103 
6.79x103 
6.21x103 
5.78x103 
5.41x103 
5.14x103 
4.90x103 
4.66x103 
4.53x103 
4.48x103 
4.45x103 
4.48x103 
4.58x103 
4.80x103 
5.12x103 
5.57x103 
s.13x1o3 
6.82x103 
7.a341o3 
a.9ax1o3 
1.06x104 
1.124x104 
1.09x104 
1.14x1o4 
1.31x104 
1.85x104 
2.24x104 
2.59x104 
a.s2x1o4 
3.48x104 
1.53x104 

5.57x103 
5.12x103 
4,91x102 
4.70x102 
4.s3x1o2 
4.42x1o2 
4.33x102 
4.21x1oZ 
4.19x102 
4.23x102 
4.31x10Z 
4.4sx1o3 
4.65x103 
4.85x103 
5.17x103 
s.s7x1o3 
6.15x103 
6.92x103 
7.56x103 
a.12x1o3 
9.22x103 
9.72x103 
9.84x103 
1.osx1o4 
1.19x104 
1.50x104 
1.82x104 
2.10x1O4 
2.89x104 
3.14x104 
2.26x104 

6.91x103 
6.36x103 
6.00x103 
5.7sx1o3 
5.51x103 
s.4ex1o3 
s.4sx1o3 
5.4ax1o3 
5.63x103 
5.97x103 
6.39x103 
6.91x103 
7.43x103 
7.83x103 
8.10x103 
8.34x103 
8.65x103 
9.17x103 
1.00x104 
1.11x104 
1.27x104 
1.34x104 
1.39x104 
1.46x104 
1.72x104 
2.27x104 
2.69x104 
3.09x104 
2.10x104 
1.61x104 
1.52x104 

*Spectra were recorded at 25°C in 50% Me0H“(v/v) - 50% pH 2.0 glycine 
hydrochloride-glycine (final pH 3.0), 40% Me0H (v/v) - 60% pH 7.0 
potassium dihydrogen phosphate-disodium hydrogen phosphate (final pH 
7.0) and 50% Me0H (vlv) - 50% pH 10.8 glycine-sodium glycinate (final 
pH 10.0). The ionic strength of all, buffers was 0.05M. The 
onmvelength maximum in the visible region gand extinction coefficient) was 564 hm (1.z2x1o4 L mol‘1 om‘ ) at pH 3.0, 546 nm 
(7.01x103 L mol' cm'1) at pH 7.0, and 576 nm (1.13x104 L mol'1 cm'1) 
at pH 10.0.



Tab1e 42. Extinction coefficients of Disperse Red 60.* 
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e, L mo1'1 cm'1 

A, nm pH 2.0 pH 7.0 pH 10.8 

900 
890 
880 
870 
860 
850 
840 
830 
820 
810 
800 
790 
780 
770 
760 
750 
740 
730 
720 
710 
700 
690 
680 
670 
660 
650 
640 
630 
szo 
610 
soo 
sso 
sso 
570 
sso 
550 
.540 
530 
520 
510 
soo 

COl'It'd fl8Xt. PGQQ 

9.15x102 
a.s9x1o2 
8.40x102 
a.24x1o2 
a.2ox1o? 
a.2ox1oZ 
8.28x102 
s,s1x1o? 
9.11x1O2 
9.36x1OZ 
9.s2x1oZ 
9.65x102 
9.77x102 
9.ssx1oZ 
1@01x103 
1.03x103 
1.04x103 
1.08x103 
1.11x103 
1.15x1O3 
1.18x103 
1.21x103 
1.24x1O3 
1.2ex1o3 
1.32x103 
1.36x1O3 
1.41x1o3 
1.48x1O3 
1.54x1O3 
1.65x103 
1.74x103 
1.79x103 
1.7sx1o3 
1.71x103 
1.95x103 
1.82x103 
1.83x103 
1.79x103 
1.73x103 
1.69x103 
1.65x103 

8.18x102 
7.77x1O2 
7.4Ox102 
7.25x102 
7.09x102 
7.14x102 
7.20x1O2 
7.51x1O2 
a.o2x1o2 
a.23x1oZ 
8.34x103 
8.39x1O2 
8.49x102 
a.s4x1oZ 
a.7ox1o2 
8.85x102 
8.9Ox102 
9.16x102 
9.53x102 
9.84x102 
1.01x103 
1.04x103 
1.O6x103 
1.09x1O3 
1.11x103 
1.15x1o3 
1.19x103 
1.24x103 
1.30x103 
1.37x103 
1.4sx1o3 
1.49x103 
1.48x103 
1.41x103 
1.411103 
1.47x103 
1.49x103 
1.45x103 
1.44x103 
1.37x103 
1.34x103 

8.95x102 
8.86x1O2 
s.7ox1oZ 
8.70x102 
8.78x102 
8.90x1O2 
9.11x102 
9.2ax1o2 
9.61x102 
9.94x102 
1.01x103 
1.03x103 
1.04x103 
1.06x103 
1.09x103 
1.11x103 
1.13x103 
1.16x103 
1.20x103 
1.22x103 
1.25x103 
1.30x103 
1.33x103 
1.37x103 
1.41x103 
1.46x103 
1.51x103 
1.59x103 
1.68x103 
1.79x104 
1.92x1O4 
1.99x104 
1.95x104 
1.84x104 
1.80x1O4 
1.a1x104 
1.91x104 
1.85x103 
1.75x103 
1;71x103 
1.69x103
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. E , L m0l'1 cm'1 

A, nm 
_ 

pH 2.0 pH 7.0 DH 10.8 

490 
480 
470 
460 
450 
440 
430 
420 
410 
400 
390 
380 
370 
360 
350» 
340 
330 
320 
310 
300 
290 
280 
Z70 
.260 
250 
240 
230 
220 
210 
200 
190 

1.57x103 
1.48x1O3 
1.43x1O3 
1.38x103 
1.34x103 
1.32x103 
1.34x1o3 
1.40x103 
1.48x103 
1.58x103 
1.s1x103 
1.75x103 
1.84x103 
1.95x103 
1.91x103 
2.15x1O3 
3.06x103 
3.48x103 
4.47;103 
5.72x1D3 
6.63x103 
s.71x103 
6.38x103 
6.54x103 
8.70x103 
2.07x104 
3.34x104 
3.02x104 
1.89x104 
6.79x103 
8.53x103 

1.28x103 
1.21x103 
1.1ax1o3 
1.14x103 
1.12x103 
1.12x103 
1.14x1o3 
1.18x103 
1.25x103 
1.33x103 
1.40x103 
1.47x103 
1.55x103 
1.63x103 
1.72x103 
1.88x103 
2.57x103 
2.90x103 
3.83x103 
2.4ex103 
6.01x103 
6.42x103 
6.42x103 
s.s3x103 
8;49x103 
1.91x104 
3.13x104 
3.01x104 
2.44x104 
1.91x104 
1.64x104 

1.s1x103 
1.52x1O3 
1.48x103 
1.44x103 
1.42x103 
1,42x103 
1.46x103 
1.52x1O3 
1.62x103 
1,69x1O3 
1.83x103 
1.91x103 
Z.0Zx103 
2.O7x103 
2.15x103 
Z.32x103 
3.23x103 
3.81x1O3 
5.14x103 
6.38x103 
7.45x1O3 
7.87x103 
8.03x103 
8.28x103 
1.08x104 
2.22x104 
3.43x1O4 
2.48x1O4 
1.10x104 
9.11x1O3 
8.61x103 

*Spectra were recorded at 25°C in 30% MeOH (v/v) - 70% pH 2.0 glycine 
hydrochloride-glycine, 20% Me0H - 80% potassium dihydrogen 
phosphate-disodium hydrogen phosphate and 30% Me0H - 70% 
glycine-sodiumi glycinate. The ionic strength of all buffers was 
0.05M. The wavelength maximum in the visible region (and extinction 
icoefficisnt) were 545 hm (1.84x1O3 L mol'1 §m'1) and 5?9 nm 
(1.79x10 L m0l'1 cm'1) at pH 2.0, 541 nm (1.50x10 L mol'1 cm“ ) and sea Hm (1.50 X103 L mol*1 cm'1) at 

0? 1.0; and s40 nm 
(1.91x1O3 L mol'1 cm’1) and saw hm (2.00x10 L m0l'1 cm*1) at pH 
1°68;



Table 43. Extinction coefficients of Mordant Black 11.* 
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e, L mo1*1 cm-1 

A, nm pH 2.0 pH 7.0 pH 10.8 

900 
890 
880 
870 
860 
850 
840 
830 
820 
810 
800 
790 
780 _ 

770 
760 
750 
740 
730 
720 
710 
700 
690 
680 
670 
660 
sso 
640 
sso 
620 
610 
600 
590 
580 
570 
560 
550 
A540 
530 
520 
510 
500 

cont'd next page 

1.57x1O2 
1.s7x1oZ 
1.73x102 
1.73x1O2 
1.73x102 
1.73x102 
1.73x102 
1.73x102 
1.88x1O2 
2.o4x1o2 
2.o4x1oZ 
2.o4x1oZ 
2.20x1O2 
2.asx1o2 
2.36x102 
2.s1x1o2 
2.67x102 
2.83x102 
2.98x1O2 
a.4sx1o? 
4.osx1oZ 
5.18x103 
6.59x102 
a.szx1o2 
1.1ox1o3 
1.44x103 
1.84x1O3 
2.29x1O3 
2.1ax1o3 
3.28x103 
3.83x103 
4.36x103 
4.95x103 
5.53x103 
6.11x103 
6.70x1O3 
7.33x103 
7.52x1O3 
7.74x103 
7.71x103 
7.46x103 

1.95x102 
1.71x102 
1.4sx1oZ 
1.22x1oZ 
1.22x1oZ 
9.76x101 
1.22x1o2 
1.22x1oZ 
1.22x102 
1.4sx1oZ 
1.71x102 
1.95x102 
2.44x1o2 
3.17x102 
4.1sx1o2 
6.10x102 
9.2ax1o2 
1.51x103 
2.37x103 
3.66x103 
5.30x103 
7.08x103 
8.47x103 
9.35x103 
9.72x103 
9.94x103 
1.o3x1o4 
1.07x1O4 
1.09x104 
1.o7x1o4 
1.03x104 
9.94x1o3 
9.62x103 
9.08x103 
a.a7x1o3 
7.57x1O3 
6.91x103 
6.27x1O3 
5.ssx1o3 
5.05x103 
4.32x103 

CQQCQOCQC 

2.77x1o1 
5.53x101 
s.s3x1o1 
8.3Ox101 
1.11x102 
2.49x102 
4.43x102 
7.47x102 
1.36x103 
2.35x103 
3.84x103 
5.92x103 
8.24x103 
1.02x104 
1.15x104 
1.21x1D4 
1.23x104 
1.26x1O4 
1.31x1O4 
1.a2x1o4 
1.3ox1o4 
1.26x104 
1.22x104 
1.19x1O4 
1.15x104 
1.10x104 
1.02x104 
9.54x103 
8.93x103 
8.30x103 
7.69x103 
7.22x103
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5, L mo1'1 cm'1 

A, nm pH 2.0 pH 7.0 pH 10.8 

490 
480 
470 
460 
450 
440 
430 
420 
410 
400 
390 
380 
310 
aso 
aso 
340 
aso 
320 
310 
son 
290 
zao 
270 
260 
zso 
240 
23o 
220 
210 
200 
190 

6.94x103 
6.33x103 
5.71x103 
5.37x103 
5.Z4x103 
5.23x103 
5.26x103 
5.32x103 
s.34x1o3 
5.35x103 
5.39x103 
s.ssx1o3 
s.92x1o3 
6.42x103 
7.16x103 
7.83x1O3 
8.0Ox1O3 
8.64x103 
8.95x103 
9.42x103 
9.73x103 
9.57x103 
9.42x103 
9.asx1o3 
1.21x1o4 
1.68x104 
2.32x104 
2.71x104 
2.76x104 
1.96x104 
1.22x104 

4.37x103 
3.78x103 
3.64x103 
3.64x103 
3.69x103 
3.69x103 
3.66x103 
3.61x103 
3.59x103 
3.73x103 
4.17x1o3 
4.88x103 
5;79x103 
6.66x103 
7.25x103 
7.47x103 
7.62x103 
7.76x103 
7.79x1o3 
7.79x103 
7.64x103 
7.76x103 
8.23x103 
9.47x103 
1.21x1o4 
1.63x104 
2.06x104 
2.28x104 
2.31x104 
2.17x104 
1.44x104 

6.92x103 
6.69x103 
6.67x103 
6.78x103 
6.86x103 
6.72x103 
6.28x103 
5.89x103 
5.48x103 
5.37x103 
5.62x103 
6.28x103 
7.27x103 
8.38x103 
9.29x103 
9.74x103 
9.74x103 
9.71x103 
9.68x103 
9.63x103 
9.49x103 
9.87x103 
1.11x104 
1.25x104 
1.71x1o4 
2.44x1O4 
2.49x104 
2.25x104 
1.54x104 
1.42x104 
1.35x104 

*Spectra were recorded at 25°C in 10% Me0H (v/v) - 90% pH 2.0 glycine 
hydrochloride-glycine, 10% rMe0H - 90% potassium dihydrogen 
phosphate+disod1um hydrogen phosphate and 2% _Me0H - 98% 
glycine-sodiun| glycinate. The 1on1c strength of all buffers was 
0.05M. The wave1ength maximum in the v1sib1e region (and extinction 
coefficient) was 517 nm (7.74x103 L mo1'1 cm-1) at pH 2.0, s20 nm 
(1;09x104 L mo1*1 cm'1) at pH 1.0, and 622 nm (1.32x104 L mo1-1 cm'1) 
it pH 10.8.



Table 44. Extinction coefficients of Reactive Black 5.* 
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e, L mo1'1 cm'1 

A, nm pH 2.0 pH 7.0 pH 10.8 

900 
aso 
aso 
s70 
sso 
sso 
840 
aso 
azo 
a1o 
aoo 
790 
rao 
770 
760 
750 
740 
730 
720 
710 
700 
690 
680 
670 
660 
650 
640 
630 
620 
610 
600 
590 
580 
570 
560 
550 
540 
‘B30 
520 
510 
500 

cont'd next page 

QCCOCOOCCQO 

1.21x1oZ 
1.21x1o2 
2.42x1oZ 
2.42x102 
2.42x102 
3.63x102 
3.63x102 
4.83x1O2 
s.osx1o2 
1.21x103 
2.18x103 
3.87x103 
7.00x1O3 
1.21x104 
1.89x104 
s.o3x1o4 
4.11x104 
5.05x104 
5.6Ox104 
s.7sx1o4 
5.75x104 
5.55x104 
5.20x104 
4.70x104 
4.18x104 
3.71x104 
a.2ax1o4 
2.83x104 
2.47x104 
2.21x104

L 

4.92x103 
4.92x103 
4.92x103 
4.92x103 
4.92x103 
4.92x1o3 
4.92x103 
4.92x103 
4.92x1O3 
4.92x103 
4.92x103 
4.92x1O3 
4.92x103 
s.1ox1o3 
5.10x103 
5.25x103 
5.25x103 
5.4Ox103 
5.4Ox103 
5.55x103 
6.40x103 
7.05x1O3 
8.70x103 
1.18x104 
1.67x104 
2.45x104 
3.43x104 
4.48x104 
5i.4ox1o4 
5.95x1o4 
6.15x104 
6.20x104 
6.05x104 
s.7ox1o4 
s.2sx1o4 
4.69x104 
4.17x1o4 
3.69x104 
3.26x104 
2.85x104 
2.58x104 

2.07x103 
2.07x103 
2.07x103 
2.07x103 
2.07x103 
2.07x103 
2.07x1O3 
2.07x103 
2.07x103 
2.07x103 
2.07x1O3 
2.21x103 
2.21x103 
2.34x103 
2.34x103 
2.48x103 
2.76x103 
3.03x103 
3.72x103 
4.aax1o3 
s.s2x1o3 
8.83x103 
1.34x104 
1.79x104 
2.76x104 
3.45x104 
4.91x104 
5.83x104 
6.52x1O4 
6.66x1O4 
6.59x104 
6.48x104 
6.21x104 
5.97x1O4 
5.42x1O4 
4.97x104 
4.33x104 
3.93x104 
3.31x104 
2.95x104 
2.50x104



Table 44. (cont'd) 

-83.. 

/ tr 

€, L moi'1 ¢m'1 

A, nm 
' 

pH 2.0 pH 7.0 pH 10.8 

490 
480 
470 
460 
450 
440 
430 
420’ 
410 
400 
390 
380 
370- 
360 
350 
340 
330 
320 
310 
300 
290 
280 
270 
260 
250 
240 
230 
220 
210 
29° 
190 

z.14x1o4 
2.09x104 
1.92x104 
1.80x104 
1.73x104 
1.§5x1O4 
1.57x104 
1.51x104 
1.49x104 
1.62x1O4 
1.78x104 
1.6Ox1O4 
1.34x104 
1.14x104 
1.2ex1o4 
1.71x104 
2.67x104 
3.67x104 
4.04x1O4 
a.azx1o4 
3.19x104 
2.56x104 
2.32x104 
2.s4x1o4 
2.78x104 
2.88x104 
3.50x104 
3.54x104 
3.87x1O4 
3.69x104 
2.78x1O4 

2.49x1o4 
2.41x104 
2.2ax1o4 
2.1sx1o4 
2.08x104 
2.02x104 
1.97x104 
1.94x1O4 
1.95x104 
2.12x1o4 
2.30x104 
2.17x104 
1.97x104 
1.81x104 
1.94x104 
2.33x104 
3.28x104 
4.23x104 
4.49x1o4 
4.17x104 
3.56x104 
2.90x104 
2.66x104 
2.99x1O4 
3.17x104 
3.28x1O4 
3.90x104 
3.90x1O4 
4.26x1O4 
6.00x104 
4.26x104 

2.25x104 
2.o3x1o4 
1.83x104 
1.70x104 
1.s3x1o4 
1.59x104 
1.56x104 
1.53x1O4 
1.52x104 
1.52x104 
1.72x104 
1.67x104 
1.70x104 
1.ssx1o4 
2.O7x104 
2.8Bx104 
4.28x104 
5.06x104 
5.03x1O4 
4.07x104 
3.26x104 
2.65x104 
2.54x1o4 
2.77x1o4 
3.10x104 
3.53x1O4 
4.22x104 
4.oox1o4 
3.35x104 
3.08x104 
3.03x104 

*Spectra were _recorded at 25°C in pH 2.0 glycine hydrochloride- 
glycine, pH 7.0 potassium dihydrogen phosphate7disodium hydrogen 
phosphate and pH 10.8 glycine-sodium glycinate. The ionic strength 
of all buffers was 0.05M. The wavelength naximum in the visibie 
region (and extinction coefficient) was 596 nm (5.77x1O4 I. mo1'1 
cm-1) at pH 2.0, 595 nm (6.15x104 L mo1'1 cm-1) at pH 7.0, and s11 nm 
(6.69x104 L moi-1 cm'1) at pH 10.8.

\
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e, L mo1'1 cm'1 

A, nm pH 2.0 pH 7.0 pH 10.8 

900 
890 
880 
870 
860 
850 
840 
830 
820 
810 
800 
790 
780 
770 
760 
150 
740 
730 
720 
710 
700 
690 
680 
670 
660 
650 
640 
630 
620 
610 
600 
590 
580 
570 
560 
550 
540 
530 
520 
510 
sou 
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CCOOCCCQQOOQC

0 
2.31x101 
4.61x101 
4.s9x1o1 
6.92x101 
1.15x102 
2.77x102 
s.3ox1o2 
9.91x102 
1.8Ox103 
3.03x1O3 
4.71x103 
6.57x103 
8.O9x103 
9.01x1O3 
9.30x103 
9.53x103 
9.87x103 
1.00x104 
9.60x103 
8.74x103 
7.72x103 
6.88x103 
5.99x1O3 
5.07x1O3 
4.19x103 
3.48x103 
2.88x103 

CCDC@COOOC¢C)COOQO 

1.98x101 
3.96x1O1 
7.91x101 
1.98x102 
4.1sx1o2 
7.91x102 
1.48x103 
2.61x103 
4.18x103 
6.02x103 
7.66x1O3 
8.56x103 
a.a7x1o3 
9.27x1O3 
9.38x103 
9.58x103 
9.21x103 
8.36x103 
7.46x103 
6.61x103 
5.74x1O3 
4.83x1O3 
3.98x103 
3.28x103 
2;67x103 

CQCDCDCCQQQQCCOQOQO 

4.76x101 
8.33x101 
1.90x102 
4.o4x1o? 
8.33x102 
1.s2x1o3 
2.74x103 
4.38x103 
6.33x103 
a.o4x1o3 
9.09x103 
9.52x103 
9.78x103 
1.01x1O4 
1.03x1O4 
9.92x103 
9.02x103 
7.97x1O3 
7.O2x1O3 
6.04x103 
5.09x1O3 
4.14x1O3 
3.40x103 
2.76x103
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€, L mol’1 cm'1 

A, nm pH 2,0 pH 7.0 pH 10.8 

490 
480 
410 
450 0 

450 
440 
430 
420 
410 
V400 
290 
aao 
310 
sso 
aso 
340 
330 
320 
310 
300 
290 
zao 
210 
zso 
250 
240 
230 
220 
210 
200 . 

190" 

2.30x103 
1.a7x1o3 
1.48x1O3 
1.15x103 
s.22x1o2 
8.07x102 
9~.2Z_x102 
1.22x103 
1.73x103 
2.34x103 
3-00x1O3 
3.55x103 
3.88x103 
4.26x103 
5.09x103 
6.32x103 
8.22x103 
9.26x103 
1.15x104 
1.57x104 
2.00x104 
2.30x104 
2.54x104 
3.84x104 
4.30x104 
4.88x104 
6.57x104 
6.22x104 
4_.99,x104 
2.30x104 
1.78x104 

2.14x1o3 
1.70x103 
1.36x103 
1.05x103 
a.31x1o2 
7,-12.x102 
7.91x102 
1.07x103 
1.52x103 
2.12x103 
2.73x103 
3.2Zx103 
3.62x103 
3.98x103 
4.72x103 
5.aax1o3 
7.69x103 
8.70x103 
1.04x104 
1.4sx1o4 
1.88x104 
2.17x104 
2.40x104 
3.70x104 
4.07x104 
4.66x104 
6-39x104 
6.33x104 
5.85x1O4 
4.92x104 
3.16x104 

2.21x103 
1.76x103 
1.38x103 
1.09x103 
8.57x102 
7.s1x1oZ 
a.33x1o2 
1.19x1o3 
1.67x103 
2.26x103 
2.90x103 
3.50x103 
3.88x103 
4.28x103 
s.o4x1o3 
6.33x103 
8.30x103 
9.40x103 
1.17x104 
1.58x104 
1.99x1o4 
2.zax1o4 
2.53x104 
3.89x104 
4.3sx1o4 
4.98x1O4 
6.72x104 
4.a9x1o4 
2.56x104 
Z.28x104 
2.18x104 

*Spectra were recorded at 25°C in pH 2.0 glycine hydrochloride- 
glycine, pH 7.0 potassium dihydrogen phosphate-disodium hydrogen 
phosphate and pH 10.8 glycine-sodium glycinate. The ionic strength 
of all buffers was 0.05M. The wavelength nmximum in the visible 
,region (and extinction coefficgent) was 593 nm (1.01x104 L mol'1 
cm-1) at pH 2.0, 592 nm (9.58x10 L mol'1 cm'1) at pH 7.0, and 593 nm 
(1.03x104 L mol'1 cm'1) at pH 1o.a.
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Table 46. Extinction coefficients of Reactive Orange 13.* 

A, nm pH 2.0 
M 

pH 7.0 pH 10.8 

e, L mo1'1 cm'1 

900 
890 
880 
870 
860 
850 
840 
830 
820 
810 
800 
790 
780 
770 
760 
750 
740 
730 
"120 
710 ' 

700 
690 
sso 
670 
sen 
sso 
640 
sso 
szo 
610 
60°, 
590 
580 
570 
560 
550 
540 
~580 
520 
510 ' 

500 

cont'd next page 

QO¢OOOOQQQQQCOOCCQCQOQCCQQCQQQCC 

5.18x1O1 
1.5sx102 
4.65x1O2 
1.55x1O3 
3.98x103 
8.65x103 
1.34x1O4 
1.63x104 
1.76x1O4 

QOQOOCDOCQOCDQQCCCQOQQQQQCQQCDCQCCC 

5.05x101 
1.s2x1o2 
4.ssx1o2 
1.3sx1o3 
3.85x103 
8.28x1O3 
1.33x104 
1.s4x1o4 
1.73x1o4 

CJOOOOQO¢QQ¢CCQOCQCOCCOCQQCCCQQDCJ 

6.3Ox101 
1.89x102 
4.41x1o2 
1.32x103 
3.72x103 
8.25x103 
1.34x1O4 
1.64x104 
1.74x104
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€, L mol'1 cm'1 

A, nm pH 2.0 pH 7.0 pH 10.8 

490 
430 
470 
460 
450 
440 
430 
420 
410 
400 
390 
aeo 
370 
aso 
aso 
340 
330 
320 
310 
zoo 
290 
zoo 
270 
260 
250 
240 
230 
220 
210 
zoo 
190 

1.76x104 
1.70x104 
1.47x104 
1.20x104 
9.68x103 
7.88x103 
5.73x103 
5.95x103 
5.60x103 
5.53x103 
5.53x103 
5.70x103 
5.60x103 
s.33x1o3 
4.88x103 
4.55x103 
4.98x103 
8.08x103 
1.10x104 
1.10x104 
1.08x104 
1.20x104 
1.23x104 
1.16x104 
1.30x104 
1.72x104 
2.02x104 
2.39x104 
2.24x104 
1.41x104 
1.14x104 

1.78x104 
1.74x104 
1.51x104 
1.25x104 
1.01x104 
8.08x103 
6.93x103 
6.20x103 
5.80x103 
5.70x103 
5.70x103 
s.7sx1o3 
s.ssx1o3 
5.30x103 
4.80x103 
4.45x103 
4.80x103 
8.08x103 
1.10x104 
1.1ox1o4 
1.08x104 
1.20x104 
1.24x104 
1.15x104 
1.29x104 
1.74x104 
2.05x104 
2.45x104 
2.33x104 
1.87x104 
1.s2x1o4 

1.Z9x104 
1.75x104 
1.53x104 
1.26x104 
1.03x104 
8.32x103 
7.12x103 
6.43x103 
5.99x103 
5.80x103 
5.61x103 
5.67x103 
5.48x103 
5.23x103 
4.73x103 
4.41x103 
4.73x103 
8.06x103 
1.09x104 
1.oax1o4 
1.08x104 
1.22x104 
1.24x104 
1.15x104 
1.29x104 
1.74x104 
2.05x104 
1.98x104 
1.25x104 
1.14x104 
1.10x1O4 

*Spectra were recorded at 25°C in pH 2.0 glycine hydrochloride- 
glycine, pH 7.0 potassium dihydrogen phosphate-disodium hydrogen phosphate and pH 10.8 glycine-sodium glycinate. vThe ionic strength 
of all buffers was 0.05M. The wavelength nnximmn in the visible 
region (and extinction coefficient) was 490 nm (1.77x104 L mol'1 
em'1) at pH 2.0, 489 nm (1.79x104 L moi-1 cm'1) at pH 7.0, and 490 nm (1.79x104 L mol'1 cm—1) at pH 10.8.



Table 47. Haveleng 

-ea- 

th maxima in the visible region for 20 dyes, I 
Dye ‘max’ nm 

Direct Yellow 4 - 

Direct Yellow 11 
Basic Orange 2' 
Acid Orange 60 
Reactive Orange 13 
Acid Red 73 
Disperse Red 60 
Disperse Blue 79 
Disperse Blue 56 
Acid Black 52 
Disperse Blue 26 
Basic Yiolet 1 
Basic Violet 3 
Reactive Blue 19 
Reactive Black 5 
Direct Blue 86 * 

Direct Blue 218 
Basic Green 4 
Mordant Black 11 
Disperse Blue 27 

402 
419 
433 

‘ 480 
489 
507 
541 and 589 
545 
ssz 
sea 
sa4 
see 
sso 
592 
sss 
613 
615 

A 

615 
szo 
632 

J- 
. .._


