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INTRODUCTION 

COLOR AND ABSORPTION 

The phenomenon of color arises from the sele-:tive absorption of 
light ill the visible spectrum. The visible spectr'~!u is that relatively 
restrieted portion of the entire spectrum of radiant energy to 'which 
the eye is sensitiw. The practieal working runge inclmles, roughly, 
the light of all W:Lye lengths between 400 1l1p. and 720 Illp.. (The 
millimicron, denoted by the symbol mp', is the millionth part of a 
millimeter, and is equivalent to 10 Angstrom units.) 

irhe color of substances, whether in the solid form or in solution, 
is determined by the location of their dominant absorption of light 
,-..-ithin the visible spectrum. Their color is complementary to the 

N color of the light they absorb. A violet dye, for example, appearsmviolet because of its predominant absorption of yellow li~ht. A 
-! red dye absorbs principally green light and a blue dye, red hght. 

The unaided eye perceives but can not analyze color. The color 
00 of substances may be of simple origin. It is more commonly of 
c..!J very complex origin, depending upon the varying degree of absorp­
::> tion of light over the extensive spectral ranges. The eye merely regls­
c:x: ters a composite effect, which may be the resultant of an endless 

variation of factors.. It is possible, however, to resolve this effect 
into its component factors wIth the spectrophotometer. 

I Research fellow supported by the Commission on the Standardization of Biological Stains. 
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The spectrophotometer may revenl that two violet dyes which are 
indistingu:; tble to the unaided eye may differ very decifledly in 
the deblils of their absorption of light. A third dye, 'which may 
appt'lu' identical in color, may be shown by the spectrophotometer to 
be a mixture of blue and red dyes, with an absorption spectrum 
rudically different from that of a true violet dye. 

The spectrophotometer enables the analyst to measure the degree 
in which a ('oloreel substance absorbs light :in all portions of the 
spectrum. Th is absorption, in the instance of dyes, usually occurs 
in well-defined bands. If the measnrements are expressed ll1 terms 
of light absorbed and are plotted against wave len f.,rth , the analyst 
obtains an absorption curve or graphical representation of the dye 
spectrum, which will show the precise manner in which the dye 

absorbs light throughout the 

I 	
spectrum. 

Typical absorption curves of 
dyes are illustrated in Figure 1. 

When measured upder suitable 
conditions, the !3pectral positions '" and generul forms of absorptionV\' 

q spectra are characteristic of indi­lrf\t 	 vidual dyes, and the magnitude
J , V 1/1\ of absorptive indices (the height 

of the bands) is a direct measure 
of the concentration of dye pres­

~ 	 \ ent. ~ 	 TIle advantages of the spectro­
.JL I)~ I, 

II 	 photometer over the colorimeter 
are obvious. It enables the ana­ll lyst to dispense with comparative1\ IJ [\V 1\ standards and express measure­

1\ ments in absolute values. It pro­...~ ~ "v~ [\ vides photometric fields for.. of.., ~ 

~rG ~H(;rH rH/U-I"'~ '" mlltching which are completely 
FiGPII~l I.-Typicul dye spectrn.: A. Tnrtra­ uniform in hue. Whereas the col­

zfnc; ll. .(Jrun~c G; C, phloxine; D, 
cl'ystlll violet; B, Neptune blue orimeter merely provides rela­

tively favorable conditions for 
the visual comparison of total color intensity, the spectrophotometer 
affords an analysis of color which is not only frequently illuminating 
in regarcl to the nature of the origin of the color, but is also of great 
value in respect to the applications in which it may be utilized. 

The term, " depth of color," as employed by the colorist carries no 
implication with respect to color intensity, but refers entirely to dom­
inant hue. In any series of colored compounds the color of the sim­
plest member is usually yellow. The ~olor of such a compound may 
be deepened by weightmg the molecule with suitable substituent 
groups, passing from yellow to orange and then from orange to reel. 
In like manner violet IS a deeper color than red, and blue is It cleeper 
('0101' than violet. By referring to Figure 1 it will be observed that 
the phenomenon of deepening color is simply one of the progressive 
passage of the absorption band through the visible spectrum. 'Vhen 
the band first enters the spectrum, the color is yellow. As it passes 
through the spectrum in the direction of longer wave length, the color 
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chanO"es snccessiyely to ounge, red, yiolet, and blue. Green is a still 
deep~r color than blue. <rhe spectra of dyes are more complex than 
is apparent from their absorption 01 visible light. They !l.bsorb light 
in the ultra-violet region of the spectrum as well as in the visible 
spectrum. The passage of the absorption bands through the Yisible 
spectrum with deepening color is accompanied by a correspondir.g 
progress of other absorption bands in the ultra-violet. In passing 
!'rom blue to green color, the second band passes from the ultra-violet 
into the far-violet region of the visible spectrum. The spectra of 
green dyes show absorption in the far-violet as well as in the region 
of reelllght. 

In some instances the absorption bands may progress even farther. 
The primary band may leave the visible spectrum and enter the infra­
reel region, in which, of course, it 'will ceuse to influence color. The 
seconda.ry band will then give rise to what is termed" color of the 
Rec;:oncl order." 

COLOR AND CHEMICAL CONSTITUTlON 

It is obvious that the manner lJl which a substance absorbs light, 
vdH.'ther within the visible spectrum or elsewhere, must be related, 
primarily, to its chemical constitution. Chemists make this assump­
tion in establishing the structure of substances on the basis of the 
analogy of their spec::ro.3copic characteristics and behavior with that 
of other substances of known structure. 

Countless investigations during the past 50 years have revealed 
many facts regarding the manner and degree in which minor,;msti­
tutional variations in dyes influence the spectral locations of band 
maxima. It luis even been found possible to calculate the :positions 
of mtn..ima onempil'ical principles with considerable success ~48,49).~ 
Recent studies of the quantitative aspeets of absorption carried on 
in the Color and Farm ",Yaste Division indicate clearly that an analo­
gous correla6m exists between the constitution of dyes and their 
intensity of color. 

Although much has been learned respecting the modification of 
color by means of constitutional variations, the ultimate cause of 
color has remained obscure. Simple theories as to the relation be­
tween color and constitution have been repeatedly shown to be in­
adequate for universal application, and no explanation of known 
facts has replaced them which has met with universal accept­
ance (58). 

It is probably the general belief that the vibrations which are 
responsible for color are electronic. It appears certain, furthermore, 
that color is conditioned upon factors which cun not be expressed 
by conventional methods of defining chemical structure. There is 
considerable evidence which indicates that the arrangement of 
residual affinities of molecules may have a decided effect upon color. 

Any protracted discussion of theoretical aspects of color and ab­
sorption would be out of place in this bulletin. It is advisable, how­
eyer, to emphasize one fact. Color is not completely dependent upon 
constitution in the ordinary sense. The absorption of dyes is affected 
in appreciable degrees by factors which do not modify structure 

, Italic numbers in parentheses refer to Literature Cited, p_ 89. 
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as expressed in conventional terms. It is never safe for the color 
analyst to assume that the absorption of a dye will be identical under 
diffcrcnt conditions. He should determine by experiment the factors 
which may affect the I1bsorption ot any given dye and base his technic 
with that dye upon his findings. 

EQllPlUENT AND TECHNIC FOR VISTJAL SPECTROPHOTOl\fETRY 

The essential principle of the visual spectrophotometer is simple. 
Two parallel beams of light of equal intensity are passed through a 
photometer and thence through a spectrometer to reach the eye in 
contiguous fields, enabling the observer to compare the two spectra, 
accurately. '1'he photometric arrangement provides for the unin­
ten'upted passage of one beam and for the reduction of the intensity 
of the seconel beam in any proportion desired. A glass cell contain­
ing the solution of the dye which is under examination is interposed 

FIGl!UE 2.-~Iodel'n spectrophotometer 

in the path of the first beam, and a similar cell containing solvent 
alone in the path of the second beam. The spectrum of the beam 
which has passed through the dye solution will be deficient of such 
light as has been absorbed by the dye, and the light thus absorbed 
may be measured by reducing the intensity of the second beam until 
it matches that of the first beam. 

Figure 2 shows a spectrophotometer of recent design which is ex­
ceptionally convenient for investigating the absorption of solutions 
of dyes in the visible spectrum. Figure 3 is a schematic diagram of 
the same instrument. 

A 5?·50-watt Mazda projection lamp is employed as the light source. 
This may be disconnected from the carriage readily if any occasion 
arises in which it may be desired to employ a light source of a dif­
ferent character. 

The absorption cells are removable vertical cups of optical glass, 
which may be raised and lowered about plungers of optical glass, 
thus varying at will the depth of the layer of solution through which 
the light passes. The cells rest upon a platform provided with a 
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graduated s~>ale and vernier which enables the analyst to measure 
to one-tenth of a millimeter the depth of the solution layer over the 
range from zero to 6 centimeters. 

This feature of the instrument is a very valuable aid to con­
venience. It is necessary to restrict absorption within somewhat 
narrow limits in order to measure it to best advantage. If the 
analyst employs absorption cells of fixed depth he can only vary 
and adjust the degree of absorption by the relatively laborious 
(and sometimes expensive) means of preparing solutions of different 
dye concentrations. vVith the calibrated-cup and plunger arrange­
ment, readjustment is possible within wide limits by mCl:ely turning 
an adjusting screw. 
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FIGUnE 3.-Diagrnm of modern spectrophotometer 

The photometer is of the improved Martens type, Llepending 
upon polarization for varying light intensity. The analyzer is 1'0­

tate<l by a large circle which is so gruckated that the analyst may 
read from it the angle of rotation or, more con\reniently, read 
directly the transmissive or absorptive values derived therefrom. 
The photometer field may be reversed to compensate for possible 
errors arising from polarization within solutions and from minor 
optical imperfections in the instrument, making the reversal of 
absol'ption cells unnecessary. 

The spectrometer is provided with a screw drum, calibrated in 
waye lengths, by means of which the prism may be rotated in such 
a manner as to bring light of any desired wave length into the 
('enter of the field of vision. The eyepiece shutter may be opened 
wide enough to permit a view of ~early one-third of the visible 
spectrum or reduced to a narrow slit through which only a nurrow 

http:MlCao.na
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spectral range is visible to enable the eye to concentrate upon ob­
«Lining an exact match within that range. ~~ 

The eutire equipment is mounted on a single substantial base, 
which renders the accidental displacement of the separate units im­
possible or, at least, improbable. 

The same instrument is provided with accessories ·which enable the 
analyst to utilize absorption cells in a horizontal position. An il­
luminating sphere way also be supplied with which the color of 
colored solid substances may be investigated by comparing the light 
reflected from their surfaces with jdontical light reflected from a 
standard white surface of magnesium carbonate. (The investigation 
of dyed materials ·will not be discussed in this bulletin.) 

In measuring the absorption spectrum. of a dye the wave-length 
drum is set at a definite wave length, the photometer circle rotated 
until the light in both visual fieJds is equal in intensity, and the ex­
tinction coefficient read from the circle. Further measurements are 
then carried out throughout the visible spectrum (or as long as ap­
preciable absorption continues) at intervals of 10 mtt, with inter­
mediate measurements in the region of the dye maximum or in any 
other portion of the spectrum wherein it may be desirable to bring 
out detail. If extinction coefficients are then plotted against wave 
length, a graphic representation of the absorption of the dye, or its 
absorption curve, is obtained. 

In dealing with the absorption of dyes it is very convenient to 
express spectrophotometric values in terms of extinction coefficients 
(E). (The terms Bunsen extinction coefficient and absorptive index 
are somewhat more specific, but are less frequently employed.) The 
extinction coefficient (E) is the logarithm (expressed as a negative 
number) of the transmittancy (T). The latter (T) is merely the 
ratio of the intensity of the light emerging from the solution to the 
intensity of the light entering it. Such a ratio must necessarily fall 
between zero and unity. Its logarithm, accordi.ngly, will be negative 
and will range between zero in the instance of complete transmission 
(T=l) and in.finity when extinction is complete (T=O). The ex­
tinction coefficient is therefore a direct measure of the absorptive 
power of the solution. 

In accordance with Lambert's law (46), values of E should in­
crease in direct proportion with the thickness of the solution layer, 
anel in accordance with Beer's law (1), they should also increase in 
direct proportion with solute concentration. Lambert's law is found 
ndjd when eyer the photometric provisions and technic nre satisfac­
tory. 13eer's law (1) also proves valid in instances in which the 
conditions are such as will exclude alteration in either the physical or 
chemical solute molecule. 

The use of the spectrophotometer makes but little demand upon 
technical experience or skill on the part of the analyst. In the 
matching of the photometric field, in operating the instrument, the 
most coinmon error on the part of the novice is that of too great 
deliberation. The average nbserver will find that he can obtain the 
most reliable data by making his matches rapidly. (It is assumed, 
of course, that such readings will be checked repeatedly before final 
acceptance.) The eye tires rapidly, and its sensitivity decreases 
greatly with fatigue. It is well for the analyst to match fields as 
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rapidly as possible and allow the eye n. brief period in which to re­
cover Its normal sensitivity before attempting to duplicate the first 
match. 

There are two factors which influence visual sensitivity in a 
decided degree which the analyst should burtr in mind at all times. 
The ability of the eye to recognize differences in light intensity 
yaries considerably both with the wave length of the light and with 
the degree of illumination. Visual sensitivity is gr()atest in the yel­

.: 	 low-green 1,J1)J:tiorl of the spectrum, at about 5GO mIL, and decreases 
somewhat rapidly as either end of the spectrum is approached. Datu, 
are Ilvn.iIable on the relative sensitivity of the avemge "ye in different 
spectral regions, but it is questionable if they are entirely adequate 
to serve as a· criterion in spectrophotometric practice. It is well for 
the ana lyst to deter'mine for himself the spectral range within which 
his readings may be relied upon, and to determine also, the general 
OJ'dCl' or variation in measurements which he may expect in other 
spectral regions. 

In vltl'ious practical applications of spectrophotometric data, which 
will be referred to subsequently, the analyst may have considerable 
latitude in respect to the wave lengths at which his measurements 
are carried onto In making his selection the factor of relative sensi­
tivity should be given serious consideration. It may frequently prove 
advisable to select waye lengths which may involve some measure of 
disadyantage in other resp~cts in order to effect improvement in the 
precision of the measurements. 

The same consideration may influence the proper choice of solvents 
and conditions employed. The bands of dyes which mny lie in 
spectral regions hl which the eye is relatively insensitive, in such 
solvents and under such conditIOns as are ol:dinarily employed in 
their examination, may frequently be transposed into more favorable 
regions for examination by resorting to other solvents or other 
eonclitions. 

The second factor which influences visual sensitivity is illumina­
tion. The eye is most sensitive to changes in light intensity over a 
lim i ted photometric range. and accuracy suffers with both excess 
nnel deficiency of illumination. The analyst should determine for 
himself the photometric range within which his measureliients are 
most trustworthy and confine his work t1) it. He may find, for ex­
ample, that he n'tHls most accurately when the extinction coefficients 
are· approximntely 1.00 and that his readings become somewhat less 
certain when values fall below 0:70 or exceed 1.30. He should, then, 
modify his technic in such a manner as will enable him. to carry out 
all critical mensurements within the photometric zone referred to. 
'Vith the equipment which has been described, this may be effected 
readily by the adjustment of layer thickness. 

In the outer portions of the visible spectrum, in which sensitivity 
is relatively poor, better results are obtamed with more intense illumI­
nation. For this, and other reasons, it may occasionally prove advan­
tageons to replace the heterogeneous light source with a mercury (Jl't 
helium vacuum-tube lamp for. work in these regions. It is hardly 
possible to obtain reliable absorption values "with certain yellow 
dyes unless this is done . 

. 'l'he analyst should know his dyes. He may obtain much informa­
tion respecting their chemical constitution and general properties 
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from textbooks and color indices (5~, 53). Kayser's review of early 
spectroscopic hlvestigation (42) and Formanek's tables of technical 
synthetic dyes (6) supply considerable detail on qualitative aspects 
of the absorption spectra of natural coloring matters and commercial 
dyes. Holmes's tables (31) are intended to supplement these sources 
and enable the reader to obtain whatever information may be avail­
able in the literature on both qualitative and qllantitative aspects 
of the absorption of dyes in general. It will be seldolll\ however, 
that the analyst will be able to obtain definite information on dyes 
which will be thoroughly adequate for his purposes. He should 
know how the spectra of individual dyes are modified by various 
conditions; on the one hand, in order to avoid inadvertent modifica­
tions in absorption which may invalidate his results, and, on the other 
hand, in order to utilize such modifications in various applications. 
He will find it necessary, in general, to obtain such information for 
himself. 

The visualmcthod compares favorably in accuracy and i'eliability 
with photoelech'ic and thermoelectric methods over the greater por­
tiOll of the visual spectrum (9). Photoelectric methods are SOllle­
what mor'e satisfactory in the extreme violet and thermoelectric 
methods in the extreme red. 

In the pra.ctical applications of spectrophotometric data described 
subsequently it will be noted that the critical values employed for 
the most part are rutir''3. Their validity :is conditioned upon rela­
tiYe accumcy in two measurements, rather than upon absolute ac­
euracy of measurements in general. It is believed that this factor 
will. rellder the employllwnt of the methods less influenced by the 
type of eqllipment employed and by the personal equation than would 
otherwisc be the case. 

THE INFLUENCE OF CONDI'fIONS UPON ABSORPTION 

It is advisable to discuss the influence which va.riolls conditions 
exert upon the libsorption spectra of dyes before taking up any of 
the specific practical applications which may be made of such spec­
tra. The principal factors which require consideration are (1) 
~oh'ent, (2) dyc concentration, (3) temperature, (4) colloidal state, 
and (;:5) hydrogen-ion concentration. 

SOLVENT 

The earliest investigators reeognized that the absorption spectra 
of colored solutes wen affected by solvents even when the solvonts 
themselves were colorless. It was found that absorption bands of 
dyes occupied somewhat different spectral locations, in general, with 
each solvent employed in their examination. The rule was formu­
lated by Kundt (45) that bands shift toward the region of longer 
waye lenf.rth with increasing refractive indices in solvents. The con­
troversy which ensued over the validity of this generalization and 
its possible interpretation is reviewed and discussed by Kayser (4f2). 

Kundt's rule has subsequently been thoroughly discredited. The 
recorded instances in which the bands of dyes undergo displacement 
in the opposite direction to that postUlated equal or outnumber those 
of conformity to the rule. Even among the instances in which the 

• 
j 

~ 
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behavior of dyes is in qualitative accordance with Kunc1t's rule, the 
degree of displacement with changes in solvent varies greatly with 
different dyes. The uniformity which would result if purely physi­

If cal factors were operative is lacking in a conspicuous degree. 
The influence of chemical factors upon the phenomenon in ques­

tion, on the other hand, is readily apparent. Thus, Meek (47) has 
~hown that the spectral position of the band of alizarin-cyanine in 
organic solvents is influenced by the chemical nature of the solvents, 
and Hol!ncs (16) has pointed out that a definite correlation exists 
betwel'n the displacement of dye bands with change in solvents anel 
the com;t.itutiollal val'iations in dyes. 

The solvents considered in the last-mentioned instnnce were water 
und nlcohol. Dyes Ilndergoing band displacement in the direction' 
of longer wave length in passing trom aqueous to alcoholic solutions 
were termed" alcopositive )); those exhibiting the reverse behavior, 
"alconegative." It was shown that a variety of types of substitu­
tions in dy<'s exert a definite influence upon their behayior in the , respect in question, with the effect depending, in some measure, upon 
the strllcture of the parent substance and upon the position in which 
t"ubstitlltion occl\l's. The effect of substitution within the amino 
groups in particular is clearly defined with dyes of a variety of con­
stitutional types. Alkylamino substitution exerts an alconegative 
effect in cliphenylmethane: triphenylmethane, rhodamine, uzine, 
oxazine, und thiazine derivatives, whereas arylamino substitution 
Opel':ltes in the contrnry manner. 

It was sU,G;gested that these phenomena may find explanation 
through the hypothesis that the absorption of dyes depends primarily 
upon the distribution of their residual affinities, and that with solu­
tions of dyes the interplay of residual affinities of solute and solvent 
results in rearrangements of affinity within the dye molecule whereby 
tl1l'ir nbsorption is modified. 

It is a logical deduction from this constitutive hypothesis that the 
behavior of dyes with chnnge in solvent should prove highly individ­
un I. This is fonnel to hold true. It appears very probable that the 
absorption of two dyes is never modified in precisely the same man­
ncr and degr'ee in passing from one solvent to another. In instances 
in which this may appear to occur it seems probable that actual dif­
ferences exist which are too slight for recognition by available means. 
In general,. appreciable differences are observed. Advantage is taken 
of that circumstance in differentiating between dyes. ""Vhen dyes 
have practically identical absorption maxima in one solvent it is 
often found tllat a resort to other solvents will develop snfficient 
differences in maxima locations to make it possible to distinguish 
between them. 

The normal displacements of dye bands with changes in solvents 
arc relatively small, in most instances amounting to 5 or 10 mp.. 
"Then extreme displacements of bands occnI' it appears probable that 
radical intramolecular changes have taken place involving definite 
Yah'nce rearrangements. 

The displacements of absorption bands with change in solvent are 
mmaUy accompanied by modifications in the intensity of absorption. 
In passin~ from dilute aqueous solutions to dilute alcoholic solutions 
of rosanilme chloride, for example, the dye maximum not only shift!'! 

105764°--32----2 
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from approximately 542 to 548 1111-', but the extinction coefficients of 
the solutions at their maxima increase by approximately 25 per cent. 

It aopel1rs probable that such modifications in intensity of absorp­
tion li'iay be attributed, primarily, to the same rearrangement in 
residual affinities of the dyes which has been held responsible for the 
shifting of the b:md. In numerous instances, however, the operation 
of other factors may be recognized. Changes in solvents may modify 
tautomeric equilibria between dye forms or effect alterations in their 
state of molecular aggregation. In either instance the dye spectrum 
undergoes a corresponding modification. 

In the specific instance cited, for eXflmple, a careful examination f
of absorption curves reveals the fact that in aqueous solutions of the 
dye a. small proportion of the dye is present in an orange form and 
that in alcoholic solutions the dye exists entirely in the (normal) red 
form. It is evident that a part of the increase in absorption at the 
dye maximum, observed in passing from aqueous to alcoholic solu­
tion, is due to the effect of the change in solvent upon the equilibrium 
between the tautomeric forms of the dye. (P. 11.) 

In this particular instance it appears improbable that colloidal 
(-hange is a contributory faetor. It is found that a variety of other 
Halts of rosaniline, including the bromide, iodide, nitrate, sulphate, 
oxalate, citrnte, and benzoate, behave in an analogous manner. 'l'hey 
have a common molecular absorption in water, on the one hand, and 
It differt'llt common molecular absorption in alcohol, on the other 
hallcl. It appears improbable that such dissimilar compounds should 
all be ertually colloidal in any given solvent, and the conclusion ap­
pears warranted that they all give true solutions in both water and 
alcohol, at all eyents ut the great dilutions employed in spectro­
photometric examinations. All the solutions in question, moreover, 
are spectrophotometricaUy stable. Their solutions give no indication 
of alteration in absorption on proJ.onged standing. 

In the transition from solution in water to solution in chloroform, 
however, these same dye salts behave quite differently. Fresh solu- . 
tions of rosaniline chloride, bromide, and iodide in chloroform 
absorb about 8 per cent more light than do their aqueous solutions, 
whereas fresh solutions of rosaniline acetate and benzoate absorb 
about 15 per cent less light than corresJ;>onding aqueous solutions. 
The chloroform solutions are unstable III eacll instance, and the 
absorption of the acetate and benzoate solutions decreases more 
rapidly than does that of the chloride, bromide, and iodide solu­
tions. It seems evident that all these solutions are distinctly colloidal, 
and that the acetate and benzoate solutions are decidedly more col- II 

10ida1 than are the solutions of the other salts referred to. 
Colloidal phenomena with dye solutions are discussed subsequently. 

(P. 14.) They frequently influence the changes in absorption which 

result from a change in solvent. In all quantitative applications of 

spectrophotometry, ma.ximum molecular dispersion is favorable to 

accuracy, and consideration must be given to the selection of solvents 

which are favorable. 


DYE CONCENTRATION 

The fllndflmental basis of all colorimetry is formulated in Beer's 

law (1) which states in effect that the intensity of color (and absorp­

tion) in the solutioll of a c919red solute is directl;v proportional t<;> th~ 
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solute concentration. This law has ueen tested in innumerable investi­
rrations with Illllny solutes and solvents and fmmel relatively unre­
?iuble in a, large proportion of instances, and the causes of its fttilure 
have uecn the subjeet of endless controversy. In the following discus­
sion the consideration of its application will be confined to dye 
solutions. 

Dyes arc most commonly examined and analyzed in aqueous solu­
tion. It i!; foull(l that comparatively few dyes conform rigidly to 
Beer's law over uny very extensive range of variation in concentration 
in aqucous solutions, and the behavior of many dyes is decidedly 
anolUalous over C\'en limited ranges of dilution. Such abnormalities 
in uehavior 'were formerly attributed to electrolytic or hydrolytic 
dissociation, solvation, or molecular aggregation of solute particles. 
It secm:,; probable, howcver, that moleeular tautomerislU is more fre­
quently the most important factor concerned . 
. One. COIll 1110n type of dye in p:~rticular is sllsceptible of altera­

hon of an extreme order. It has been shown by Holmes (15) that 
aminated dye:.; of a 
large variety of consti­
til ti onal elass('s llndeq~o 
radical modifications ,.-

~v- "'""- ~ "­of absorption spcctI"a. 
2 1/ I>V li. 1\ 

with eltangc in concen­ ,/ "7 "­
tration in aqucous solu­ V " '"r--I\ 
tion. The typical phe-

II r--.V l"­
1lomenon is one o:r pro­ f' / ./~V ~~ 
gressive tmnsition be­ V V ~ I~ ~ tween two definite V ~ 

no 6't7(J ,.-~


bands of widely 8epa­ _;-E .l&A'';TH P~/LVK/CRt'A<S') 


rated spectral location. I~IGUltE 4.-Absorptloll spcctrll of Nile blue 2B at vnrious 
It may be illustrated lI'1UCOUS dilutions: A, GG5 mg of dye per liter (0.043·cm

layer); n, 20 mg of dye pl'r liter (i-em layer); C,
by a graph showing O.S mg of dye per liter (20-cm layer) 


the absorption of Nile 

blue 2B at various dilutions. (Fig. 4.) Analogous data have been 

outainecl with more than 100 other aminated dyes. 


Such dyes apparently exist in two different structural forms. Of 
these forms one exists in the solid dye, and the second is found in 
alcoholic solutions irrespective of the dye concentration of the solu­
tion. In aqueous solutions both forms are found in a state of equi­
librium, which alters as the solutions undergo dilution. 

The equilibria appear practically unaffected by variation in tem­
perature, hydrogen-ion concentration, or neutral salt concentration. 
They are decideeUy affected, however, by the addition to the aqueous 
solutions of tt variety of organic substances which have diverse chem­
ical chaI"acteristics but have the common attribute of unsaturation 
(:e1). The influence of such substances appears to increase with the 
degree of their unsatnration. Thus, the effect of allyl alcohol is 
greater thnn that of isopropyl alcohol, and the effect of m-phenylene­
diamine greater thnn that of its hydrochloride. In a gener!11 way 
these substances exert the same influence upon aqueous solutIOns of 
the dyes as does simple aqueous dilution. 
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It seems probable that this phenomenon is another instance in 
which the interplay of residual affinity in solute and solvent results 
in ufIinity rmtrmngements within the solute molecule. The modifi­
cation in absorption is so considerable, in general, that a definite 
readjustment in valence arrangement seems indicated. A hypoth­
esis, which need not be discussed here, has been suggestedl'especting 
the natme of this readjustment (;28). 

It is obvious that these phenomena, are of practical us well as of 
theoretical interest. The dilution ranges in which they occur often 
coincide with the working ranges in colorimetric practice. In such 
instnnccs they invalidate Beer's law and give rise to anomalous 
res1llts. In any application of spectrophotometry to aque01lS dye 
sol1ltiolls, the analyst should bear in mind the possible interference 
which 1l1:tY arise from this source. Practical me:l1lS of obviating the 
difficulty are discussed on pnge 28. 

The influence of constitutional factors in dyeS upon the phenom­
enon of the modification of their spectra with the dilution of their 
D<]ueous solutions is clearly evident. Substitutional variations in 
dyes may decidedly influence their behavior in the respect in ques­

tion. Crystal and ben­
zyl violets supply n,n 

0.---­ excellent illustration 
(931). ThemensuremelltV v V i'-t-- ? \ 

/ v ~t- of dilution effects, ac­
V \ cordingly, may some­/ /

/ 1'\ times serve as n. valun.­
\/ '\ ble means of differen­

'\.. \ tiating between similar 
i'- dyes. 

oF.R7 6W &SO TEMPERATURE_;z L£h(;/7{ (/'?/U/H/C,€QIYs) 

Flm'!nJ u.-AbsorpHon spectrn of Eric violet 3R In nque­ 'When Erie violet 3R 
ous solution /SO pnrl's per million) ; A. solution pre­
l'arct! with colt! wllter; B, same so\utlon after heating (NAC) is dissolved in 

cold water the result­
ing solution is heterogeneous, containing preponderant proportions 
of blue and of violet components in additlOn to the dye proper, which 
is red. If the solution is then heated, however, or if alcohol is added, 
the blne nnd violet components are completely transformed into the 
dye proper and can not be regenerated subsequently (113). (Fig. 5.) 
It is beHeved that the blue and violet substances are intermed·iate 
compounds in the formation of the true dye. Analogous effects of a 
less extreme order have been observed with certain other azo dyes, 
but this type of irreversible alteration has not been. reported with 
dyes of other classes. 

It is probably very seldom that the heating of a· dye solution results 
in actun.l decomposition of the dye. Dye manufacturers warn their 
customers to exercise caution in resorting to heating in the prepara­
tion of solutions of basic dyes, but the basic dyes of some classes 
appeal' to be vcry stable to heut. 'With basic dyes of other classes, 
however, tIl(' molecule is susceptible to attack at its substituted amino 
groups. Dealkylntion may occur at these points, nnd amino groups 
mny eYen, in some instances, be replaced by hydroxyl groups. These 
trunsformations proceed very slowly, except under distinctly alkaline 
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conditions, but are considerably accelerated by heating. Probably 
few basic dyes would undergo any appreciable degree of alteration 
of this type ill. the ordinary course of preparing their solutions by 
heating, but it is doubtless advisable to bear that possibility in mind. 

Only one dye which finds any extensive application IS notably 
unstable to heat. Auramine undergoes hydrolysis very readily in 
aqueous solutions, pal ticularly under acid conditions (33). Solutions 
of auramil1e should never be warmed. 

Sheppard has observed a very striking type or temperature effect 
with photosensitizing dyes of the cyanine group (54). Increase in 
temperature gave rise to a progressive transition between 9ne dye 
band in one portion of the spectrum and a different band in a widely 
separated location. This alteration was accompanied by changes in 
the state of solute aggregation and was completely reversible: the 
original characteristics of the solution being restored when the solu­
tions were cooled. This reversible type of behavior does not appear 
to have been noted with dyes of other classes. 

Radical alterations of dye spectra, however, whether of irreversible 
or reversible type, are rarely observed in varying the temperature of 
dye solutions. In general, temperature exerts only very minor effects 
upon the absorption of dyes. 

G. and H. Kriiss (44) point out that decided changes in tempera­
ture may give rise to appreciable errors through their effect upon 
the optical constants of spectrophotometric equipment. ·With Bremer 
(12) they investigated the effect of considerable variations in temper­
ature upon the absorption of some 20 ayes. They observed small 
displacements in the spectral location of bands, occnrring in both 
directions and averaging less than 3 mJ.l over the extreme temperature 
range of 60° C., and they also noted appreciable effects upon 
absorption intensities. 

Gibson, McNicholas, Tyndall, Frehafer, and Mathewson (9) 
obtained relatively uniform data with five food dyes which indicate 
a decrease in absorption over the range between 2:5 0 and 40'" C. of 
approximately 2.1 per cent. (Aqueous expansion over this range 
would account for about 0.5 per cent of the decrease.) An opposite 
effect was noted with light green SFY, which may probably be 
attt'ibuted to other factors. Their data give little or no indication 
of band displacements. They concluded that such teml~erature effects 
as might be met with in ordinary practice would be in~ufficient to 
result in any appreciable inaccuracies in the spectrophotometric 
~xamination of the dyes in question. 

This conclusion is supported bY' a limited number of data obtained 
at this laboratory, principally WIth azo dyes. It seems probable that 
the typical temperature effect is a small decrease in absorption unac­
companied by any decided band displacement. The minor variations 
in temperature incidental to ordinary practice may probably be dis­
regarded, even when solvents are employed with higher coefficients 
of expansion than that of water. 

In spectrophotometric applications with indicators, however, the 
influence of temperature change upon the dissociation constants of 
the indicators should be borne in mind, and varia.tions in temperature 
minimized. 



.. 

14 TECHNICAL BULLETIN 310, U. S. DEPT. OF AGRIOULTURE 

COLLOIDAL STATE 

The hypothesis of Stenger (55) that radical alterations in the 
spectral position of absorption bands may be attributed to variations 
in the size of the physical molecule does not appear tenable in the 
instance of dyes. 

Radical modifications of abs'Jrption spectra have, indeed, been 
found to accompany changes in the state of molecular aggregation in 
some instances. Apart from the phenomena observed with dyes of 
the cyanine group, already referred to (p. 13), the instance of 
indigotine monosulphonate (.14) may be cited. Such radical modifi- . 
cations of absorption as those are seldom fourrd associated with 
colloidal change. It is evident that the alteration in both absorption 
and in colloidal state in such instances must be attributed to molec­
ular tautomerism or some other factor. 

It was shown by Pihlblad (51) in a study of five selected dyes 
under a variety of conditions which influence colloidal state, ·in which 

spectrophotometric data were corre­
tf" lated with ultramicroscopic measure­

ments, that the spectrophotometric 
criterion of increasing molecular ag­f\ gregation is a symmetrical flattening " of the absorption band, in which thefIJ'! maximum is depressed and the lower 
slopes broadened, without appreciable/1/1\ . displacement of the band or of its

II . maximum. The same conclusion was \ 
If reached by Holmes (15) in the course 

I II of an investigation of dilution effects .. with aqueous solutions of many dyes . 
l/1/ \\ Typical curves in illustration of this 

effect are given in Figure 6.2 

~~I:::~vV 'l\I' The influence which the solvent 
"..'Q "Pi> IfM may have upon the colloidal state of 

dye solutions (p. 10) has been dis­
M;II;"E LENt;TN r"""/u/N~) 

FWl'ltE G.-Eff('ct (If dilution on the 
uusorllti(ln sllectm or nqueous solu­ cussed. 
tions o{ Ilontncyl green S: A, Very Dye concentration may influencedilute solutions; B, concentrnted 
solutions colloidal state in a decided degree. 

An extreme instance has been re­
ported (128) in which the absorption of an aqueous solution of rosani­
line phenolate increased by about 28 per cent on dilution with an 
equal volume of water, instead of dect·easing by 50 per cent, as 
would, of course, be anticipated through the normal operation of 
Beer's law. It seems probable, however, that with dyes in general 
such variations in dye concentration as are incident to ordinary 
spectrophotometric technic will seldom exert any appreciable effect 
upon the state of solute aggregation. 

Neutral salts may modify the spectra of dyes through their effect 
upon the colloidal state of the solutions. Typical effects are illus­
h·ated in Figure 7. The salt effects recorded are immediate ones. 
Much more decided effects are observed upon the prolonged standing
of the solutions. 

The effect of such quantities of inorganic salts as may be found 
associated with dyes in commercial products will be negligible, owing 
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to the {Treat dilutions at which spectrophotometric examinations of 
dye sol~tions are carried out. 'When, however, the use of buffered 
solutions is resorted to for the purpose of regulating the hydrogen­
ion concentration the dye spectra may sometimes be affected to an 
appreciable degree. 

HYDROGEN-ION CONCENTRATION 

Most dyes are stable within the zone of approximate neutrality. 
Nearly all dyes, however, are modified in constitution, color, and 
absorption by sufficient concentrations of either acids or alkalies. 
They are, accordingly, potential indicators of hydrogen-ion concen­
tratIOn, although few of them possess exceptional qualifications for 
practical application as indicators. 

The behavior of dyes with acids and alkalies is influenced by their 
(reneral structural features and their specific minor constitutional 
~ariations. Even minor variations in dyes frequently give rise to 

FIGUnE 'i.-gtrpct of potuHslum chloride the absorption' I t' f d 

decided difference in 
their dissociation 
ranges. The meas­
urement of the effect 
of suitable regulated 
variations in hydro­
gen-ion concentra­
tion upon the ab­
sorption of dyes, ac­
cordingly, is often of 
great service in en­
abling the analyst to 
distinguish between 
them. (P. 19.) 

.5".20 .5"6V 6W ;M 
_-"'1'£ .L£NGTN (H/U'/H/ceONq) 

540 

The question of 
the advisability, or 
necessity, of buffer­

on 
spectra of uq1lenus solutlolls o( nl~ht hlu£' (dye cOllcell- lng SO u IOnS 0 yes 
tratlon=l part 111 50,000 parts wuter) : A, In dis::l1lcd intended for spectro­
wllter; B, with 0.5 (wr cent potnssium chloride; C, with I . 
1 per cent potassium chloride p lotometric exanu­

nation, in order to 
insllre a definite hydro~en-ion concentration, is one which may, per­
haps, give rise to considerable difference of opinion. It is doubtless 
necessary to " regulate" the solutions of some dyes in that manner 
(17). In other instances it is unnecessary and entails unfavorable 
effects. The authors prefer to prepare dye solutions in general for 
spectrophotometric examination without the addition of buffer agents 
[lI1d to regulate solutions of only such dyes as have been found 
to be distinctly influenced by minor variations in hydrogen-ion con­
centration within the zone of approximate neutrality. 

It may sometimes prove decidedly advantageous to resort to defi­
nite acid or alkaline conditions in the examination of dye solutions 
in order to transpose absorption bands in the spectrum. This may 
enable the analyst to carry out measurements in a spectral re~ion 
in which vision is more sensitive than it is in the region in wnich 
he would have to make his measurements on neutral solutions of 
the same dye. 
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THE IDENTIFICATION OF DYES 

The practical dye tester relies, in part, upon such systematic 
chemical schemes as that of Green (10) and in part upm such re­
actions and alterations in color with chemical reagents as are cited 
by Schultz (53) or the Colour Index (5fJ) for the identification of 
dye£. He usually has a comprehensive collection of dye samples 
available for direct comparison, and may sometimes resort to com­
paratiye dyeings as a final step in his method. He often acquires 
great proficiency in the rapid identmcation of the majority of dyes 
of principal textile importance. 

The differentiation obtained by such means, however, is app~'oxi­
mate ruther than precise. Even when color reactions are carried 
out uIlIler well-reg-ulated conditions (J2), they frequently yield re­
sults which resemble so closely, as far as unaided visual observation 
is concerned, those of closely related dyes, that they fail to accom­
plish the desired purpose. In customary usage they prove notably 
ineffective. The average dye tester finds it difficult or impossible to 
distinguish between methyl and crystal violets, for example, or be­
tween g-uinea green B and light green SFY. His rough identifica­
t.ions may prove sufficient for his immediate practical requirements. 
They nre, however, illac1equnte for scientific purposes. 

The resort to more elnborate chemical methods of identification is 
seldom entirely effective. Chemical methods usually enable the 
analyst to distinguish readily between dyes which differ radically in 
str'ucture, but do not ordinarily afford any decisi,'e differentiation 
between products which differ onl~y in minor constitutional aspects. 
'Vith dyes in general a more positIve identification may be obtailJecl 
readil~r by spectroscopic means than is possible by relatively labori­
ons chemieal investi!!ation. 

With azo dyes oniy may the superiority of spectroscopic methods 
of idpntification be open to question. The absorption spectra of azo 
dyes, ns a class, are somewhat less distinctive than those of other 
dyes in geneml, while an exceptionally effective means of chemical 
investigation is applicable with azo dyes. They may be broken down 
into their component parts by reduction, yielding the intermediates 
employed in their manufacture or simple derivatives of those inter­
mediates. The identification of these scission products will serve, 
in turn, to identify the dyes from which fhey were derived. Holmes 
(120) has supplied a digest of sueh data as are available for the pur­
pose. The ability to identify a few hundred amino derivatives, 
accordingly, will'qualify the analyst to identify positively a vast 
number of azo dyes. 

Although this method is one of great possible utility, it appears 
somewhat doubtful whether it will find very extensive employment. 
Both the isolation of the reduction products in a suitable condition 
for identification. and their subsequent positive identification will 
frequently prove: difficult. The labor involved and the technical 
ability required seem likely to restrict the general use of this method. 

There are inclieations that this reduction method for azo dyes may 
eventually develop, in large measure, into one of indirect spectro­
scopic examination. One of the best general means of identifying 
the reduction products, and one which is increasing in favor, con­

if 

~ 
j 

'" 
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sists of converting them into azo dyes by coupling them with suit­
able intermediates, and identifying the resulting dyes with the spec­
troscope. Peter, Mayer, \\Teg('lIIann, and ~Iarshall (u) and Brun­
ner (4) supply considerable data suitable for that purpose in some 
of the most important recent contributions to the analysis of azo 
l1yes. 

The direct examination of azo dyes by spectroscopic methods is 
far less dillicult and laborious than is the resort to reduction meth­
ods. It is probably Jlearly as effective :md reliable in most instances. 
It would appear preferable, except in instances in which it has been 
found to be inefl"eetuul or in which the requisite spectroscopic data 
are unavailable and unobtainable. 

'Vith the dyes of other groups, spectroscopic methods almost in­
variably prove much superior to chemical methods in respect both 
to convenience and decisiveness. They have the added advantlJ.ge 
of being applicable to extremely minute quantities of material. 

Spectroscopic methods may be either spectroscopic, in the re­
stricted sense of the tel'm, or spectrophotometric. 

THE SPECTROSCOPIC METHOD 

The spectroscopic method of dye identification was developed by 
Formanek (6) through comprehensive study of the light absorption 
of dye solutions extending over years. 

The general characteristics of the spectra, of dyes, together with 
the mannel" in which they underwent modification with changes in 
eonditions, were found to depend upon the more fundamental struc­
tural aspects of dyes. Distinct minor variations in absorption were 
found with ('ven minor constitutional variation, and usually they 
pro"ell sufliciently definite to enable the analyst to distinguish be­
tween cV{'n closely related dyes. 

In examining dyes the general type of spectrum and the inHu­
{'nee upon it of soh"ent und dilution were noted. The locations of 
absorption maxima were determined with great care with a var­
riet." of solvents and conditions. "Vat dyes were investigated in 
xylol, tetralin, sulphuric acid, and sulphuric-boric acid. Certain of 
these solvents were found useful in the examination of dyes of other 
classes, but with dyes in general the observations were usually car­
ried out on neutral, slightly acid, and slightly alkaline solutions 
in wateJ', ethyl alcohol, amyl alcohol, and 90 per cent acetic acid. 

Part I of :Formiinek's work (in collaboration with E. Grandmouf,rin 
and subsequently with ;J. Knop) is concerned primarily with descrip­
tions of N[ui pment and technic and discussions of such matters as the 
correlation of colol" and constitution. Subsequent sections consist· 
largely of compilations of data and incidental information for hun­
dreds of (1yes of commercial grades. Sections I and II of Part II 
deal with soluble green. blue, and reel dyes in geneml; Section III 
with yell0,\r dyes. and Section IV with vat dyes. "Within each gen­
eral category the subtnbulation is baset1 upon the general type of the 
absorption spectrum and its beh:wior with ehanges in conditions. 

In identifying a dye of 1Inknow11 charader with the aia of For­
ma nek's tabl('s, tilt' Sl)ectroscopist determines the subtable in which jt 

105704°--32----3 
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shonk: be fOlmel, a.nd compaTe~ the absorption maxillla of hi!; llll­

known sample with those of the various known dyes recorded in it. 
If his "alues are .in ('lose agreement with those of a known dYe, he is 
justified in eoncluding that the two dyes are identical beyollCi'reason­
able doubt. 

The value of the recorded data for purposes (If identification neces­
sarily varies with different dyes. TIll' spectrll of the dyes of some 
dasscs arc mnch less characteristic, in general, than are those of othcr 
dasses. IncIivi<lual dyes a!'c cncounterc(l, irrespectiyc of <lyc class, 
11101'(' pa.rticularly among yellow, bl'OWI1. 01' black pL'O(lucts, which 
absorb light in a manner whic'h is practica.lly c1e\'oid of distinctive 
Jcaturcs. In most instan('es. ho\\,c\'er, Formlmek's data are reason­
ably satisfactory Jor the plll'pose in view. 

The compl'l'hensive charadeI' of the tables may be emphasized. 
It is inevitable thnt such compilations ean not be completely ex­
haustive, us new dyes are constantly appearing on the market. It is 
comparatively seldom, howcver. that dyes are met with in practice 
which are not to be found in Formanek's tables. 

The Formlmek system of identification is both rapid and con­
venient in operation. The proportion of dyes with which it proves 
useless 01' scriously inetfectiYe is relatively small, as is that of dyes 
with whi('h the data necessary for its application have not been pro­
vided. It is unqnestionably the most valuable means available at 
present for identIfying the majority of dyes with comparative ease 
anel certej;,.:),. 

The prineipal objections which ('an be advanced against the For­
mlmek spectro::icopic method are that it places nearly complete re­
liance upon precise determinations of absorption maxima and that 
the differences in location between maxima in closely related dyes are 
often too small to serve as an entirely satisfactory means of diffei'entia­
tion. The precise determination of maxima, moreover, is a matter of 
considerable difficulty, in which the results obtained may be :influenced 
by the type of equipment usecl, by t.he technic employed, and by the 
personal equation. Commereial products, finally, frequently contain 
varying proportions of subsidiary coloring matters which may 
modify their maxima in some degree. 

The analyst will frequently find that his data on samples of known 
identity do not eonform exactly with the data of Formanek's tables. 
He c:ui not rely :implicitly, ac'cordingly, upon a comparison of his 
values with those of Formanek us a means of definitely establishing 
the identity of his samples of unknown character. ... 

THE SPECTROPHOTOMETRIC METHOD 

The spectrophotometric method of dye identification was devel­
oped in the Color and Farm 'Vaste Division in the hope and expecta' 
tion of reducing the uncertainties referred to. 

Constitutional variation in dyes influences not only the position of 
their bands but also the manncr in which their spectra undergo .. 
alteration with changes :in soh'ent, hydrogen-ion concentration, dilu­
tion, and othel' conditions. The degree of snch alteration in conse­
qlH'ncl' of definite mod ification in conditions is characteristic for 
individual dyes. It may be dl.'tel'minec1 by measuring extinction 
coeflieients ut suitable wave lengths, and Il1lLY be expressed in terms 
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of the ratio of such coellicients. III the spectrophotomeb'ic method 
sllch !"aLios arc employed to supplement data on ausorption maxima, 
and are usually found to afford a much more decisive means of dis­
tinguishing bebyeen similar dyes than are maxima. 

The method has been tested 'with a group of dosely related dyes 
of the patent blue type (13) with one of basic fuchsines (19) and 
with one of basic triphcn.ylmcthane violets (;21). 
It may ue illuf)tratecl by means of the following condensed tabula­

tion of data (Table 1) obtumed with certain of the mote closely 
related acid dyes of the patent blue class. 

'l'AIlUJ 1.-SflC(·I,·op71OIolI/clric con.~/al/l.~ of d!les of thc }latcllt billa typc 

X1iu- Hlltio of E nt. ). .­

WithO.!pcr 
cont With 2 perIn l'om'en­ NIlOn ccntH,SO.truted (Mtcr to E Ilt).Dye oqueous stllnding)91 per N~utml Alkaline in neutral solution to Eat).cent Ill· nrjUCOUS nqueolls aqueousto Eat). in neutralcohol solution solution solution ofin dilute aqueous same dyeaqueous solution of conrentra­solution same dye tionconcentra· 
tion 

----------.-- ---------11----1­

1111' TTl", 111", 
Patent bluo A (C'. 1. No. iJ.l) .. ____.! r>3O r':17.5 fi27.5 O. in 0.58 0.30 
PlltenL hlue V (C.!. No. 712) __ • ___ • r,10 1m. 5 fi27.n .98 .85 (')
Alphll7.llrine A , ________..______.....1 r,10 1i.1i.5 Im.s .n (') .24 
Xyll'ne hh1l' AS (('. I. No. 71~l) ___... : l;ao f>3i.5 liai.5 . i9 (') .3!.';
Xylene bille \'8 (C'. I. No. liiZ).____ • r';l2. 5 1.140 tHO .9i .2t (')
Alphn7.llrlne 20 ,___.._....___..___ ._ l;at r,1O 639 .96 .34 (')
Alphllzurine (C. I. No. 6i1) .. _____ __ 028 630 630 .81 (') .3i 

~ ~~'I:notes the. wnVl~ length of I1lnxitnlltn absorption. . 

, Alphn7.llrinc A IIlltl Illphil7.lIrino 2(; hllvo cthrlhcn7.rl and diethrl substitutiODS, respectively, at the 
amino ~rou"s and II 2,5-disulpho substitution in their nonuminated Duclei. 

The values of the second, third, amI fourth columns are ap­
proximate absorption maxima of the dyes in (1) alcoholic, (2) 
neutral aquecns, and (3) alkaline aqueous solutions. Those of the 
last three colnlllns are spectrophotometric ratios, or ratios of ex­
tillction coptlicients at suitable waye lengths measured under definite 
variations in conditions. Their variations in value afford a quanti­
tative index of alteration in the dyes under those conditions. 
The values in column 5 are affected by tautomeric alteration in the 
dyes resulting from measured variation in dye concentration. Those 
ill column (i measure resistance to decolorization by alkali, the re­
corded data indicatillg the proportion of the dye which withstands 
the effect of 0.1 pcr cent of sodium hydroxide over an extended 
period. Those in columl1 7 indicate the proportions of dye which 
withstand immediate convcrsion into yellow polyaciclic derivatives 
with 2 per cent sulphuric acid. The original paper should be con­
sulted for fmther detail. 

The general principle of such ratio application may be clarified 
by It mOre detailed illustration of the significance of the values re­
corded in column 7. Thc curves of Figure S enable the reader to 
visualize the efrect of acid upon pOlltacyl blue A (which is identical 
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with the xylene. blue AS referred to in Table 1). The effect of 2 
pel' cent sulphuric acid is measured by dividing the extinction co­
eflicient of an acid (2 per cent) solution of the dye at 63'7.5 mp' by the 
extinction coeflicient of a neutral soll1tion containing the same 
quantity of dye at the same Wln'e length. The other dyes of the 
group lindergo analogous tl'lU1sformations, but their degree of trans­
formation at any definite hydrogen-ion concentration is different. 

It is of interest to note that such constitutional variation as is 
found in this group of dyes has a decidedly greater effect upon the 
general properties and behavior of the dyes than upon their color. 

The utility of the ratios for (11f­
.()2. 	 ~I 

" ferentiatioll arises from that cir­
cum:3tance. 

.II Although nny constitutional 
variation doubtless exerts some'I 
influence upon the position of 

, \ the band in the spectrum, the 
effects in these iustances are rela­'7 tively small. Leaving out of con­

'Z 
sideration alphazurine FG. which 

() \1\ /) differs from the remaining dyes 
in both the number and nuclear 

\ 
,\ :; position of its sui phonic acid 

\ \ h'I groups. it will he seen that the 
.\ absorption maximum is but little 

affected by (1) variation in the , \ .~ /1/ lY1\o 	 relative' position of sui phonic 
\ ~ V ; 

groups within the nonaminated 
o 	 I/J

/' 
nucleus, by (2) the intr(;duction 

~ of a hydroxyl group therein, or~ ~ oF"" 7(lQ even by (3) the type of aminoNO 6'ZQ 
,~ ~nt;r;y (?'f1U/,.,/C£r7AO;J substitution; that is, whether the 

FWI'HI': S.-···I;:tfect of sulphuric acid upon diethyl or the ethylbenzyl substi­
pOllt:l('yl hrlllillnt hlul' A: A, -10 (J"rt~ or 

dn' Ill'" 1,000,000 p" rt s of WII h'T; B, 100 tution is involved. 

p"rtg of tlYl' Iler 1,000,000 ill 1 per CI'lIt On the other hand. the influ­glllphll.-ic ncil ; C, 100 purts of Ily<, pN' 

1.000,Ono III :! 11I'r t'<'lIt sulphuric licit!; D, ence of these constitutional fac­

100 pn rt s of d~'" per 1,000,000 In -I per

cellt sulphuric ncid 	 tors is plainly evident in the ratio 

values. Upon dilution the dyes 
with diethyl amino substitution behave very differently from those 
with ethylbenzyl substitution. Their ratios (four) range from 0.96 
to 0.98 as against :t range pi 0.76 to 0.79. The~r are also decidedly 
more stable to alkali and less stable to acids. The introduction of 
a hydroxyl group into the nonaminated nucleus confers indicator 
properties. It has little effect upon stability to acids but increases 
stability to alkali materially. "Within the nonaminated nucleus the 
2,4-disulpho substitution is 1110re stable to acidity and less so to 
alkalinity than 1S the 2,5-clisulpho substitution. 

With these dyes the ordinary chemical methods of differentiation 
are 1)1" _dcally Ilseless. Identification on the basis of absorption 
maxima alolll:' is also unsatisfactory. It would probably prove both 
diffieult and uncertain even for an expert provided with the most 
favorable equipment for the purpose. 
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The yalue of the recorded ratios foJ' differentiating be-tween the 
various dyes ",iIi be obvious. Xylene blue VS mlty be di~tinguished 
from alphnzurine 2G by means of its behnviol' uncler alkaline con­
ditions, aJphazurine .A from xylene AS through its behavior under 
acid conditions, and patent blue A und V behave very differently 
with both alkalies and acids as well as upon mere dilution. In each 
of these instances it is extL'emely difficult to distin~ish with any 
c{·rtainty between the dye pairs referred to by means of absol'ption 
maxima alone. 

Such I'lltios Illay be determined with relative ease and substantial 
aceumey with any typ~ of spectrophotometer, and the results ob­
tained a 1'(\ independent in large measure of the equipment ernployed, 
of the technic followed, unct of the skill of the analy:,;t. There can 
be 110 douht that they will be found a very valuable aid in the 
identification of dyes in gener!ll, and will frequently afford tL more 
]'eliabl(' lind 1)I'ecise differentiation betwl'en similar dyes than is pos­
sible by other means, 

ABSORPTION RATIOS 

ThC're al'e definite limitations to the ac('mae), with which it is 
possible to c1dprmine the locations of absorption maxima on the basis 
of a mere direct comparison of extinction coefHcients. The analyst 
determines that the maximum must lie between certain limits, say, 
between 540 anel 550 mf'. It is seldom, however, that the spectrum 
is ~ulIiC'iently well defined to enable him to state positively that the 
maximulIl falls at a definite wave length, say at 545 mf'. The heads 
of dyL' bands are usually somewhat flat. In most instances in which 
he reports a value of 545 he is by no means sure that the true value 
may not be, rather, 544 or 546 111f" In some instances even less 
definite conelusions are possible. 

In applying the spectrophotometric methocl of identification to 
basic viokts of the triphenylmethane group (931), determinations 
of maxima were supplemented by determinations of a spectropho­
t.ollwtrie ratio oJ a. typ'3 different from those hitherto referred to. 
'Yave lengths were selected on Ofiposite slopes of the banels of the 
dyes and ratios of extinction coefHcients of solutions at these points 
obtained. Although thc conditions chosen in that particular instance 
were not icll'al for the purpose, it was found that the ratios obtained 
pl'o,-ided It much bette!.' means of distinguishing between the dyes 
in quC'stion than did the dye maxima. 

The terlll "absorption ratio ') WtU:i adopted, subsequently, for a 
ratio of this type, It Ilia}, be defined as the ratio of the extinction 
('odlkients of a solution of a colored substance at two specific wave 
lengths. If the waye lengths in qnestion are selected on opposite 
tiides of the absorption maximnm, the absorption ratio defines the 
~pl'('tral location of the absorption barrel. If the~r arc selecte(.l on 
the same side of the maxill1llm (as may be necessat:y in visual meas­
1ll'Clllellb; on yellow <lyes) the absorption ratio defines the gradient 
of the slope of the band within the region of measnrements, The 
slope of an absol'ption band is usually less charaetel'istic than its 
spel'tra I loea tion. 

The a pplicatioll of the absorption ratio may be seen by reference 
to Figure 9. 
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The cur\'(~s repI'esented are relatell in the manner which is usual 
b('Lween ClUTes of dyes of similar stl'uctm'e wh ich differ only in 
minor constitutional aspects. Dyes A, B, anel C may be distin­
guished by theil' maximl1, which are, respectively, 590, 595, and 
()OO InfL. They may also be clistinguished on the basis of absorption 
!"atios. If the ratio adopted be that of extinction coelH.cients of 
their solutions at 580 mp' to those at 610 mp', the ratio values of A, B) 
:1llc1 (' will be fOllllll to be, respectiYely, 0.88, 1.13, and 1.48. The 

runge of variation ill absorption/6',r-,---,,---,,.--,--rJ-J..,.--,-l-r-',--,--.,.-,-r,, ratio values is much greater 
1-1-11-11--1- co!" than that in maxima. values. 

/,~ I 1~~1 In the particular instance il ­

~w~~ L~.'Z() J~-_A~-'~ -'~I'\\ '[\ lustrnted it would not be cliffi­~ fl. cult to differentiate between the 
dyes on the basis of their max­

~ rl \~~\ il11a, but the heads of the balllis!a 1 /hr- r+- r-'-\ -" of cl yes are sOl11eti mes so poor! y 
;: 1//1 l \ ddined that it may be dilficult 
I:i a 'f to distinguish between maxima 
~ I/VI \1\\,~ II/I \ \ e,'en when bands arc as widely 
~ a,. VJ \\1'\I--,I--+--l separated as those ilillstrated. 

&12 j/Y , \ \ \ Even when dealing with dyes 
I/y',1 J \\i\ which have clean-cut speetra,
v/v I I "}.~ the maxim:t method has definite 

s~ 
.ArE L.E~TH

.mo 
(HILL/H/CRPA($'/ 

6>FO limitations. If the existence of6'.a? 
... 

:t fourth dye, D, he assumed, the 
l~wn'E n.-I:I'IH·"~..nt:ltin' ah"o"ptlon S[lI'C' b 1 fl' 1 l' 1 f tl

Ira (If ,'losl'll' ""Iated dyes aIle 0 W llC lIeS IllfL ar ler 

toward the reo'ion of Ion(Tel' 
W:lye lengths than does that of dye TI, it is evident that its maxim';;m 
will fall at 596 mfL and that it will be difficult or impossible to dis­
tinguish between it and that of dye B with any certainty. Its ab­
sorption ratio Yalue, however, will be 1.20, which can be distinguished 
readily from 1.13, the !"atio ,-alne of cl~re B. 

Ho!Jnes and Peterson (34) ha\'e h'sted the valne of absorption 
ratios as a means (If identification in an investigation of 90 dyes 
employed ill biological stainillg. (Table 2.) 

TABLE 2.-Ab.Wl"plion mtio of V(ll"iOll8 dl'C8 (3.~) 

('olor W II\'e IAb~or[l'Dye Index Solvent, I 
No. ; lengths d;~i~ I 

-------1- --I
i m~I 

}'Illorescein (sodium snlt)..........._. i66 ' +,5 drops 1 pcr cent Na'CO'_......... . :In •• 5
Allrnmin.__ ...___...... ,,,,., .•••••_. 30.0
l\\nrtius yeIlOl\·•••__ •••••••• , •••.••_.• 21.0
Onlngc Cl __ ... _~ .. ~_ .. _.. _... ~~~,. ~ .. ___ .... _.. .. 5.46 
Hesorcin yellow ...................... :~ !~-- ::~-: ~-~:-~ ~-: -:-::-::-:-:-_:-:--:I 3.61 
~ ~ 
Chrysoidln Y_....................... 2.83 

('hrysoidln IL............" ......... 2. 6.1

Sudnn L ___ ._........__............. . 24 9,5 per cent alcohoL........._.......... 500, 530 2.49 

Bismnrk brown Y _ .................. 331 .......... ' ••••__ ._.................... . 2.20 


151 1.95
g~~~~~ Ri::::::::::::::::::::::::::: H3 '+io'.ir~i)s·6~..firL::::::.-:.-.-.·.~-.·.-::: 1. i5
Bismark hrl)Wll H ••••• _____......... . 
 3:12 ._........................._............ 1.58 

Congo rod ............................ 3iO ............................... _....... . 1.22

1'lIr[lllrin 413 ... , 4~8 1.19................................ . 

Vltlll reIL...... .1 ~56 .. ' 1.17 

S"l' foot ''(It.,~ end of table. 



THE VISUAL SP.ECTJlOrHOTO:L\m:rny OF DYES 23 

TAIIU, 2.-AI),~orJl/iol/ -r(llio of /"(/riOIl8 clyes (33)-ContillUCtl 

Absorp'
tion 

rutio 2 

1.10 
1.04 
1.00 
1.00 
.97 
.07 
.!H 
.!H 
.88 

3.84 
2.8.1 
.93 

1.12 
1.07 
1.41 
1.1:1 
l.!}l 
1.02 
.97 
.00 
.86 
.7tj 
.6L 

L.5L 
L. L3 
1.05 
.96 
.89 
.81 
.80 
.7S 
.70 
.58 
.52 
.92 

1.21 
.8L 
.94 
.00 

1.13 
1.405 
1.29 
1. 14 
1.08 
1.065 
1.01 
.91 

1.44 
, 1.20 
. 1.08 

1.08 
.99 
.97 
.8.% 
.79 

1. 18 
1.04 
.00 
.83 
.76 
.72 

1.51 
1. 21 
1.16 
1.04 
.98 
.91 
.00 

1.12 
.97 
.93 
.59 
.51 

1.27 

I ('nlcl'S otherwise specified, the ~olyent IIsccl wns 50 per cent water and 5O!l£T cent of 95 per cent alcohol. 
.\ny addition to the stnnclard solvent is indicated by +. 

"'I'he IIh~or!lllon rlltio WIIS c'lIiPlIl,.tc·cl h~' clidding the ('xtinction co('fficient obtuined at 
the shortl'r wan' length spcc:ill"d IJ~' thllt ohtainc'cl lit the longer Wfive length. 
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In geneml, the solvent ('mployed -\YflS f/O pet" cent water and GO 
per cent of 95 per cent alcohol. (P. 29.) (As was to be anticipated, 
the rutios proved less satisfactory when dealing with yellow, orange, 
or brown dyes than with dyes of other colors, and less satisfactory 
with azo dyes than 'with the dyes of other classes. The accuracy with 
which they could be determined depended, naturally, upon relative 
visual sensitivity within the region in which it was necessary to 
Ilndertake the measurements. Under the least favorable conditions 
l'nconntel'('(l results varit'd by as much as 1 or 2 pel' cent, but an 
('x('ollent agTCt'ment in valnes was generally obtained. 

It was ftHllld that absorption ratios alone were ample for the pur­
pose of difi'crcntinting between the dyes investigated, an(1 unques­
t.ionably they pt'ovide an cxc<'ptionally cOlwenient and valuable 
means for identifying dyes in general, althou:.rh it may prove ad­
yisable to resort to othl'!' I1wthods for con:obo!'Htivc evidence. 

"Tith some of' the d'yt's ('xaminl'd, different samples from different 
sources proved sllbstantially uniform, ,Yith numerous dyes, how­
evet", difl'erent samples ::rave some diversity in values. Obviously i 

the nature of the absorption ratio is such that its valnes with any 
givcn c1yew.ill usually be affected by the presence of other dyes. 
Most comml'rcial d)'l's contain "aeying proportions of subsidiary 
coloring matters ",hi('h hare ratio yalues decidedly different from 
that of the dye with 'which they are associated. Such color impuri­
ties modify the rntio yalues or the dyes with which they (}(:cur in a 
degree COI'l'l'sponding 'with the propOl-tion in 'which they nre present. 

It might nppear that this circumstance would invalidate the use 
of absorption ratios, OL' would at least detract seriously from their 
pt'actical utility fot· purposes of identification. It seems probable, 
howevl'r, that the proportion of subsidiary dyes will seldom be ]nrge 
pnoll:.rh to obscure the identity of the principnl dye. The differences 
in ratio yalllCS bctweell cliffcrent d,Yl's are so considerable, in general, 
that the dangel' of erroneollS conclusions is small. The analyst will 
IIsltaIly re('ognize the dye with which he is dealing and realIze that 
he has to do with an abnormal sample of that dye. 

The same circumstance, on the other hanel, is of grent service to 
the c1is('rilllinating analyst who is interested in the nature of his 
samples, apar'! from the mere identity of the principal dye present. 
The absor'ption ratio js an cxeelJent cr.if:el'ion of dye purity, in the 
I'cstrietec1 Sl'nSe of pmity from contamination with other coloring 
matters. The c1e"iation of values may frequently enable the analyst 
to cstimate the proportion of subsidiary dyes present within some­
what nan'ow limits. (P. 34.) 

A simpll' absorption ratio: accor(lingly, which lIlay be determined 
easily within a i\'w minutes, is not only an effective ineans for estab­
lishing the identity of dyes, but at the same time it mny also furnish 
considerable information respecting their pmity, which could be 
obtained by othl'I.' means only with ditfieulty, if at all. 

Absorption ratios ha,'c also bet'n found of vnlne as a (Titerion of 
dye purity in the synthe!'is anel purification of elyes in the Color and 
Farm ",Vasto Division. They may be determined readily with material 
at any point ill the pl'O('ess, and thcy enable the chemist to follow 
the ('ourse of his operations intelligently. If recl'ystallization effects 
the removal of a subsidiary dye, for example, the absorption ratio 

http:pnoll:.rh
http:althou:.rh
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will indicate that fact and 'will al~o inform the chemist when the 
elimination of the impurity in question has been made as complete 
us is possible by the means employed. No other criteria are as easy 
to apply for the purpose or have as wide a range of application. 
It will be obvious that the methods of dye identification outlined 

are applicable not only with dyes but also with a great variety of 
eolorless substances ,,-hich are of such a character as will emLble the 
unulyst to convert them readily into colored substances. The 
phenols, as It class, snpply an excp!lent illustration. They were con­
verted into phthalein dyes by Gsell (11) and by Formanek and 
Knop (7); into azo dyes by Palkin and Wales (50, 51l), and into 
indophenols by Gibbs.s In each instance spectroscopic means were 
employed to identify the resulting dyes. Their identification serves, 
hl turn, to identify the phenols llSl'tl in theil' preparation. 

THE SI'ECTROPHOTOMETRIC EVALUATION OF DYES 

INDIVIDUAL DYES 

Tht' ernployrnent of the spectrophotometer for the quantitatiye 
estimation of dyes is very simple in theory. The Bunsen extinction 
('oefTicients of any dye solution vary in direct proportion with the 
eoneentmtion of (lye. ",Yllt'n standard absorption data, have once 
been obtained OIl solutions containing a known concentration of a dye 
the analyst can dt'termine readily the concentmtion of other solutions 
of that (lye (in the sume solvent) on the basis of comparison of its 
absorption data. 

ThIS statement is eompletely yaliel, of course, only in instances in 
which the normal operution of Beer's law is the sole determining 
fadOI'. It has ait'eady been pointed out thnt a yariety of other 
factors muy be encollnt~wed in general practice which influence the 
absorptiou of dyl's. It is ob"ious that these may give rise to lJ.p­
preciable errors in the evnluatioll of dyes unless the technic followed 
llllc1 the conditions provided nre such as wiil preclude such a 
possibility. 

The first requirement for spectrophotometric analysis is that of 
standard (btu. In some instanees, perhaps, the analyst may be 
concerned merely with relative values, as is the practical dye tester. 
In general, however, he will require absolute data. It is impossible 
to calculate the extinction eoefficients which solutions of a given 
dye ,,-ill have. '[,hey ha '-0 to be determined experimentally. 

Although some data nre available in the literature on the quanti­
tative absorption of eel'tain dyes, they sclclolll cnn be relied upon, 
nnfortunately, for purposes of quantitative analysis. Even when 
otherwise adapted for analytical needs, they are usually supplied 
with so little information re~pecting purity of material and precise 
teC'hnic that the annlyst can not :feel asslll'ed of their dependability 
or of the exuet conditions whieh their use demullc1s. It is always 
ndvisable, und it is usually necessary, for him to obtain his own 
standard data in order to insure reliable results. 

The first requisites for that purpose are samples of known dye. 
Absolute purity is seldom attainable, ,nor is it necesslLry. The pres­
eBce of moistlll'e, inorganic salts, or colorless organic sub~.;tances is 

a Unpubllsllcd lnvcstlgnllons, 
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immaterial. The essential requireinents are that the sample shall be 
substantially free from foreif,'ll eoloring matters and that its actual 
dye content shall have been determined by reliable methods. 

Purification from color impurities is obtained by recrystalliza­
tion, separation with immiscible solvents, or other treatments 
adapted to the reql1irernents of specific instances. The results of 
such treatments may be followed with the spectrophotometer. Sub­
stantial freedom from color impurities may be assumed when fur­
ther treatment ceases to modify the precise form of the spectrum. 
More simply, it is indicated by a constant absorption ratio. (P. 21.) 

The dye content of samples should usually be determined by means 
of titration with a stimdard titanous chloride solution (43). This 
reduction method is applicable wit.h most dyes and is exceptionally 
convenient. The presence of such foreign substances as are ore11­
naJ."ily found af'sociated with dyes is immaterial. The reduction 
method is direct, requiring no preliminary stundardiza.tion in opera­
tion. It is seldom that other chemical methods of dye analysis are 
equa.lly suitable or stttisfactory, although it may prove advisable or 
necessary to resort to them in specific instances. 
If resOt·t is made to other chemical methods of analysis it is well 

t.o make certain that the dye samples with which they are employed 
nre free from interfering substances. The experience of Holmes and 
Peterson (35) with neutral reel and the pyronines may be cited. 
'With these dyes, which can not be evaluated by the reduction method, 
it was found that all a\Tailable samples contained appreciable pro­
portions of organic dye iutermediates, which invalidated results 
obtained by other chemical methods. In order to obtain material of 
known dye content it was necessary to eliminate these organic im­
purities. This was effected by repeated crystallization. The ma­
terial was analyzed and examineel with the spectrophotometer after 
each crystallization, and the results of chemical analysis were ac­
cepted as reliable only when a constant ratio had been obtained 
between extinction coefficients and apparent dye content as indicated 
by chemical means. 
It is obvious that the method employed in obtaining standard data 

should be the sallle as that which is used subsequently in the evalu­
ation of the same tlye. It is improbable that any analyst would 
deliberately employ different solvents in the two instances. It is, 
however, quite possible that he might minimize the necessity for 
lIniformity in seemingly immnterial details of practice. Minor de­
tails of manipulation are of little consequence when dyes give true 
solutions in the solvents employed. When dyes have decided col­
loidal tendencies in the solvents used, however, minor variations in 
manipUlation lIlay frequently lead to appreciable variations in 
results. 

Let us suppose, for example, that it is intended to evaluate a dye 
on the basis of its extinction coeUicients in 50 per cent alcohol. With 
colloidal dyes it will be found that the absorption values of their 
solutions may differ decidedly del)ending upon whether (1) a stock ) 
solution is prepll.red in 50 per cent alcohol and diluted with the same 
solvent, or (2) an aqueous solution is made up and diluted with alco­
hol, or (3) an alcoholic solution is made up and diluted with water. 
It may also be found that different values are obtained, depending 
upon whether or not a resort is made to heating in order to insure 
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complete solution of dye ill the stock solution. It will be found, 
finally, that it may matter decidedly whether the absorption readings 
:lre taken immediately after the preparation of the solutions or some­
what later, for example, o\'e1' the week-end. . 

In such instances the physical state of the freshly prepared solu­
tion may vary considerably in accordance with the method of its 
preparation. Physical readjustment ensues, but may often require 
a period of days or weeks for completion. It is not feasible for the 
analyst to '>"nit until the final state of physical equilibrium has been 
reached. The only pmcticable course is that of carrying out the ab­
sorption measnrements UpOil freshly prepared solutions, and depend­
ing upon a strict adherence to II rigid technic in their preparation to 
insure uniformity in results. 

The indirect method of preparing solutions for examination (that 
iR, hy dilution of a stoek solution) should be followed unless only 
minute quantities of material are available. 'Vith many technical 
dye products it is necessary to start with several tenths of a gram of 
dye in order to insure obtaining a representative sample. 

The choice of solvent is of the greatest importance. No single sol­
vent, unfortunately, is suitable for employment with all dyes. 

A digression seems ach'isable at this point in order to consider the 
bearing ,>"hich the generaJ character of the analyst's work may have 
upon his choice of solvent and technic. 

If the analyst is concerned merely with the evaluation of solutions 
of individual dyes, it will be advisable for him to investigate the gen­
ernl question of solvent and conditions with some care. The solvent 
selected should, if possible, be one in which the dye will be completely 
dispersed. If any regulation of hydrogen-ion concentration is nec­
essary or advisable the provisions adopted should be such as will 
allow of minor inadvertent va,riation in conditions with safety; that 
is, the point selected should lie within a pH range in which the dye 
is chemically stable. The technic followecl should be one which has 
been tested and found to give reliable results with the particular dye 
in question. 

I:f the analyst is concerned with the analysis of dye mixtures as 
well as with that of individual dyes, this course, unfortunately, is not 
sufficient. Standard absorption data are valid only when the exact 
conditions under which they were obtained are duplicated. Mixtures 
of dyes can be analyzed only when standard data are available which 
have been obtained with the component dyes of the mixture under 
the same conditions as are utilized in examining the mixture. 

It is well, accordingly, for the analyst to obtain standard data on 
dyes by two methods-a specific and a general procedure. The spe­
cific method may then be employed to best advantage when the dye 
is alone. The general method will probably give somewhat less reli­
able results, but will enable the analyst to evaluate the dye when it 
is in dye mixtures. 

Aqueous solutions have been employed somewhat generally in the 
spectrophotometric evaluation of dyes, but their use has unques­
tionably resulted in many inaccuracies. The authors have pointed 
out that many dyes undergo tautomeric alteration with variation in 
concentration in aqueous solution. These alterations frequently oc­
CUI.' over the range of concentration within which measurements are 
usually carried out in analytical practice. The data of French (8) 
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on aqueous methylene blue solutions illustrate the magnitude of er­
I'Ors which may arise from this source. 
It has been customary in spectrophotometric analysis to depend 

upon a comparison of extinction coefficients at or near the dye maxi­
mum in solutions which may differ decidedly in actual dye concen·· 
tration. The analyst, for example: has determined that a 1··centi­
meter layer of an aqueous solution of methylene blue containing 10 
milligrams of actual dye per liter has a certain extinction coefficient 
at 673 111ft. He measures the extinction coefficient of a I-centimeter 
layer of a second aqueous solution of the dye at 673 mft and finds 
its ratio to his standard data to be 70: 100. He concludes that the 
concentration of actual dye in the second solution :is 7 milligrams per 
liter. In reality, however, it is appreciably less. 

In this instance the analyst is dealing with a mixture of two dye 
forms, the relative proportions of which are altered with every 
change in actual dye concentration, rather than with a single dye 
form. His measurements are carried out in a region in which one 
dye form absorbs light mnch more strongly than does the other. 
The relative proportion of the strongly absorbent dye form increases 
upon dilution. His extinction coefficients have no fixed relation to 
actual dye content. If the solution he is evaluating is more dilute 
than that with which he obtained his standard data, his results (in­
cLicated dye contents) will be too high. If he employs more coneen­
tt·ated solutions, his results will be too low. 

There are a variety of ways in which this difficulty may be ob­
viated. The analyst may adopt the principle of carrying out all 
critical measurementL 'at nearly identical concentrations of actual 
dye. This, howcyer, would necessitate means whereby solution lay­
ers could be varied and measured with precision, or would involve 
the repeated preparation of dye solution. The latter course is 
inapplicable, moreover, when dealing with dye bixtures. The 
analyst may employ his llsual technic and standardize his extinction 
values against dye content expel·imentally over such a. working range 
as might be encountered in general practice; but this course would 
pI·Oye decickdly laborious. He may employ his usual technic with­
out standardization by determining the particular wave length at 
which both dye forms have the same absorption and at which, ac­
cordiugly, the relation of the extinction coefficient is unaffected by 
yariation in dye concentration. (P. 30.) Although data obtained 
at this "\\"a\'o length would prove adequate for the evaluation of dye, 
it is desirable to haYe reliable data at other waye lengths for employ­
ment with dye mixtures. • 

The only thoroughly adequate and satisfactory course appears to 
be to avoid the ;use of aqueous solutions in general practice. 

The plH'110menOn of tautomeric alteration in dyes with changing 
conccntration is seldom. encountered in alcohol, and alcohol has other 
advantages as a solvent. '''ith aqueous solutions of basic dyes, 
adsorption of dye base occurs 0n the surface of containing vessels. 
and absorption cel1s in varying degrees, depending upor. the nature , 
of the dye, the composition of the glass, and other factors. With 
aqueous solutions of safranines, for example, a 10 per cent decrease 
in allsorption values, arising from this cause, has been observed 
rcpeatedly when solutions were left in the absorption cells for about 
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45 minutes. This type of adsorption is not encountered, or is 
negligible in proportion, in alcoholic solutions. 

The use of 90 per cent alcohol has been recommended for employ­
ment with dyes which undergo tautomeric alterations in aqueous 
solution and with basic dyes in general (iB5). It will be found, how­
ever, that 50 per cent alcohol is nearly as effective in stabilizin~ dye 
solution to variations in dye concentration and in minimizing adsorp­
tion. It is decidedly more economical in use, and for many dyes 
it is probably even preferable to a solvent with a higher content 
of alcohol. 

The use of 50 per cent alcohol has proved very satisfactory with 
dyes in general, and the writers have little hesitation in advocating 
jts employment in a ~eneral technic, intended for application in 
particular with dye mn:tures. It is suggested that it be used both 
for the preparation of the stock solution and for its dilution. Al­
though it is an effective solvent for most dyes, it may be advisable 
to warm the stock solutions of some dyes to promote solution. It is 
suggested, accordingly, that all stock solutions be warmed in their 
preparation to insure lmiformity in that respect. The addition of 
buffering agents to insure a definite hydrogen-ion concentration is 
not advocated. Dyes dissolve less readily in buffered solutions, and 
their colloidal tendencies are accentuated in them. Definite regula­
tion of hydrogen-ion concentration is essential only with a few dyes. 
It is suggested, finally, that in all instances absorption measure­
nients be made on the freshly prepared solutions. 

It will be understood that this practice will not prove suitable in 
the examination of all dyes. It is not advocated for use with any 
individual dye, although it will usually prove reasonably suitable. 
It is recommended only for general use in the field of the analysis of 
dye mixtures in which the use of a single technic is requisite which 
will prove comparatively reliable with dyes of many different 
classes and types. 

In obtaining standard absorption data it is well to carry out meas­
urements throughout the visible spectrum. The standa.rd spectrum 
obtained will enable the analyst to detect the presenc:e of appreciable 
quantities of foreign coloring matters when found in future sam­
ples, and will also provide him with all the data he may require in 
the evaluation of dye mixtures. For the analysis of individual dyes 
he will require values obtained at one, two, or three wave lengths. 
These shoulcl be selected at or near the wave length of the dye 
maximnm rnther than upon the slopes of the absorption curves, since 
the disturbing infiupnce of foreign dyes, which may be encountered 
in practice, may prove more serious in the latter instance. With 
yellow dyes, however, it usually will be necessary to deal with band 
slopes. This course may also prove very advisable whenever dye 
maxima lie near the extremes of the visible spectrum. In such in­
stnnces the advantage of improving photometric sensitivity would 
outweigh all other considerations . 

.Although the spectrophotometric method of dye analysis is some­
what less accurate with some dyes, particularly with most yellow 
dyes, than is the reduction method with titanous chloride, it com­
pares favornbly with the latter method with dyes in general. 'When 
the provisions of the technic are judicious it gives reliable results 
with most dyes. It may be employed with some dyes to which the 

http:standa.rd
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rcducl.ion method of evaluation is inapplicable. It lllay, if neces­
:mry, be applied to extremely small quantities of material. 

It is, perhaps, unnecessary to add that the spectrophotometer may 
be utilized to considerable advantage in connection with many of 
the color reactions which the analytical chemist employs. A single 
illustration will be cited. It was recently shown that the familiar 
turmeric test for boron could ue modified in such manner as would 
rendet" it possible to follow its operation with the spectrophotom­
etel·, alltl the results obtained indicated that it would prov~ possible 
to detect thel·eby the presence of 1 part of boron in 25,000,000 parts 
of aqueous solution (£e9). 

DYE MIXTURES 

Spedrophotometric methods have exceptional utility in the analy­
sis of dye mixtures. It has be€m found possible to analyze certain 
silnple mixtures of dyes on principles of differential reduction (1333), 
but the possibilities along !"uch lines are definitely limited. In gen­
eral, dye mixtures can be unalyzed by chemical means only after the 
sepamtion of their individual components "has been effected, and 
such separations are usually very laborious and frequently relatively 
ineffective. Spectrophotometric methods, on the other hand, are 
yelT conYenient and have an extensive range of application. 

The extinction coefficients of a mixture of dyes (when chemical 
action between such dyes is excluded) is the simple sum of those of 
its component dyes. 'Yhen standard data have been obtained on thA 
individual dyes in a mixture the analyst is equipped for the analy­
sis of that mixture. 

It i!:i obvious that all stllndard data must be obtained with the same 
soh'ent and technic, ancl the dye mixture examined under precisely 
the same eir(,lIIl1stances to obtain reliable results. 

It has already been pointed out that water is unsuitable as a sol­
vent in the analysis of dye mixtures, and a provisional technic has 
been outlined, employing 50 per cent alcohol, which is considered 
ndvisabl£'. (P. 29.) 

In obtaining data on individual. dyes it is advisable to carry out 
measurements throughout the visible spectrum at intervals which are 
small enough to define the dye spectrum in detail. It is advantageous 
to adopt a standard dye concentration for such measurements or, at 
all events, to calculate the results to terms of a common dye concen­
tration. Standard absorption curves can then be constructed on the 
basis of a standard concentration. These will be referred to as spe­
eific absorption curves. The utility of such specific curves is illus­
trated in Figure 10. 

These curves illustrate the fact that there is a certain wave length 
at which the absorption of a mixture of two dyes is unaffected by 
variations in their relative proportions. At the point of intersection 
of specific a.bsol'ption c~rl'es of dyes the only factor which influences 
the absorpbon of a mIxture of those dyes is that of the total dye 
concenb"ation (f24). 

In order to determine the total dye content of a mixture of two 
dyes, accordingly, it is only necessary to prepare a solution of appro­
priate conC'entration amI determine its extinction coefficient at the 
:~a"e le~gth of intersection C?f specific curves of the component dyes. 
1 he mbo of the value obtamed to the corresponding value on the 
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specific ctUTC'S ,,·iIl be that of the concentration of total dye in the 
solution uncler exumination to the standarcl concentration of dye em­
ployed in obtainin~ the specific data. The total dye content of the 
mixture n1l1y be clllcuinted on that simple basis. 

In some instances this singh~ measurement may be all that the 
nnalyst. I~lay require. ~othing ~urther is neC'ded, for example, in 
detC'rmllllng whether mIxtures of two food colors comply with the 
regulation of the Food and Drug Administration that they shall 
be label('d with a true statement of total dye content. More fre­
quently, ho\\'e\"el", the analyst will also wi!;l): to determine the dye 
content of the indiviclual components of the mixture. There am a 
Yl\riety of ways in which 

a'r-r-r-r-r-.-.-"""~~~~~this may be IIceomplished. 
'Vhen one of the compo­ lt~ 1/1\

~LO'r-t-t-t-t-~V-~~~~~~'~--nents of a dye mixture ab­
sorbs li!!ht in a region of the ~a8 Vl7r-~ VVf\ 1\ 
!;pectruill .in which the sec­
ond component does not (at ~a I~VtJ~~~V i\ 
such dye concentrations as 
art' C'lllployC'd in the exam­

i:0: I/J/ /~1I ~~ I \1
ination of thC' mixtnrC'), it 
is obvious that its concen­ ~a2 ~/V~ 1\1'-N.~ 
tl'Htioll lIlav be determined 
diredly by "means of nbsorp­ ~ ~t:j..-- /' '" ~ 
tion measurements in t.hat JW S<f{7 6".i'VSM 

_;-E ~TH r,.,/L.UH/C,eONS./region. In the ins tan c e 
FIGl'UFJ 10.-Absorpl ion spectrR of t·wo drl's nmlillustmted in Figme 10, for or mixtures or. these dyes ill which the total

(·xample, it would be possi­ dye ~oncclltrnllon is the same Its that of the 
indi\'itlunl dye solutions: A. DYe A, 100 pI!rbit' to dt'tt'rmine the concen­ cent; n, dye B, 100 pl'r cent: C, 7;:1 per Cl'lIt 
dy(,' A und :!5 per Ct·ut llyp B; T». 50 ppr ctmt:tration of clv(' B by means ench dyes A nud ll; E, :!;:i per cent dye A IIl1d

of mt'aslln'lll('llts ('al:'I'ied out 'Hi per Cl'ut dye B 

at 010 mp..
Frequt'ntiy, howeVt'l', the analyst may find it nec('ssary to depend 

upon 1lll':lSlll't'lllents in regions in which t.he absorption of the elye 
compollt'nts overlap. In such instances he may meusure the extinc­
tion coeflieient of the solution of his mixture at the maximum of one 
of its components. The value so obtained is reduecd to specific con­
ditions. In other words. he calculates what it would be if the total 
dye concentration of the'solution under examination. were t.he stand­
al'd dye eOllct'ntration C'\1lployed in obtaining his specific data. (It 
is assumed, of CO\1rse, that he has already det.ermined the total dye 
concentration of his solution in the mnnner previously outlined and 
hus, accordingly, the dabl necessary "cor the calculation in question.) 
'rhe percentag-c of dye in the mixture may then be calculated by 
means of the formula· 

X =(a' -:!!J 100 
a-b 

,Yhero T =the percentage of dye A in the mixture. 
a=the extinction coeflicient. of the specific' CUlTe of dye A 

at. its maximum. 
ll=tht' C'xtinetion ('oellkient of the specific curve of (lye 13 

at the maximum of dye A. 
a'=the extinction coeffieient of the dye mixture solution at 

the llluximum of elye A: recluced to specific valuc-. 
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Uefcrring again to Figure 10 it is assumed that It solution of It 

mixtlll'e of dyes A und B is found to have extinction coefficients of 
0.56 and 0.72, respectively, at 570 lUI-' Ilnd 550 Ill,.,. Then 

,c:O.i2XO.iOc:090 
a 0.56 . 

and 1'=(0.90-0.42) 100 75 ( t)
• 1.06-0.42 per cen 

Then 75 pel' cent of the dye mixture is dye A and 25 per cent dye B. 

These valnes may be ehecked by mean::; of further measurements 
at other wave lengths. In the absence of appreciable quantities of 
other dyes, it should be possible to obtain consistent results through­
out tlH~ spectrum. 

If the analyst prefers, he may establish the relative proportions 
of dy('s in !;imple mixture!; in a different manll('r. He may employ 
the ratio of extinction codfkients at, 0[' near, the respective maxima 
of the dYN; with which he is dealing. It will be evid('nt that the 
value of this ratio will be nnuif('cted by variation in total dye 
cOlltent bllt will be atl'edecl in a decicINI (legr('e by uny variation 'in 
the reilltive proportions of the components. Having specific curves 
of eompOllent dy('s available, the analyst can calculate readily what 
valnes this ratio will hav(' O\-el' til(' entire range of variation in per­
centage composition of mixtnr('s of those dyes. . 

Thel'o is probably little choice between these two methods of 
determining pel'('entage composition of mixtures in general prac­
tiee. The analyst should make his selection betwe('n them on the 
bllsis of their' relative advantages and disadvantages under the 
pal-tieular conditions with which he may be concerned. 

Th('s(', m('tho(Is have certain practical limitations. TI1('Y are of 
little yahI(' if one of the dyes is pl'esent in only very small propor­
tion. Maximulll aecnr:tey is obtained only when the dyes involved 
have bands which arc well separated in spectral location. They 
nre very ('on"~'I~i(>flt to . a pply, however, :1I1~1 yield results, under 
fa\'ornblc condItIOns, whIch are aeClll'llte wlthm about 1 per cent. 

'Vith (lye mixtures containing three compon('nts the proportion 
of illstanc('s in wh ieh ac('urate results may be obtaine(l is smaller. 
"T]wn the forllls of the specific eUI'ves nre such as preclude reliable 
measurements of the eoncentration of anyone or any two of the 
dves, it beC'omes necessar'V to resort to complex calculations, and 
uj)precinbl(' Cl'l'ors may result. UncleI' favorable circnmstances, how­
CV(,I', it may bc possible to obtain satisfactory results. 

Having obbulwcl standnrd speeific absorption curves on three 
such dyes the analyst may eYllluate It mixture of them by measuring 
Ell E2l and E:, nt m/tl, 1II/t2, and m/ts, where these wave lengths repre­
Rent the, maximum absorption of the dyes in question, A, B, and 0, 
l·esJledively. 

Th('n it is ouvious thnt-

El=X,+Yl+ZL 

E'.. = X .. +y.,+ Z" 
E;=X~+T;+Z: 

wl1(,l'e Xl' X 2 , and Xa reprcs('nt the extinction codncients of dye A 
nt 1Il/t!, 1l1/t2' and 1I1/t3, and Yl) 1"2) IUld 1"3 andZ1, Z2, and Za represent 

http:1.06-0.42
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the extinction coefficients of dyes Band C, respectively, at the same 
respective waye lengths. Inasmuch as the ratios of the values 
of the extinction coefficients ot each individual dye at mP.l, mP.2' and 
mP.a may be calculated from the basic data previously obtained, 
and are constant under suitable working conditions, it is possible to 
solve these equations, obtaining values for Xl, X 2, X a, 1"1' Y2, Ya, 
Zt, Z2, and Za. The percentage of the component dyes in the mLxture 
may then be calculated by dividing these values by the specific 
('xtlnetion coefficients of the dyes at those wave lenbrths. 

Applying this method in the evaluation of three mixtures of the 
dyes erythrosinc, phloxine B, Ilnd rose Bengal B the authors obtained 
tile resllits shown in Table 3. 

TAnLE 3.-1'crccnfa.ye of tlw componcnt ITIICS il/o mi;r,tltre.~ Of c1"]/throsine, 
111l10x-i.llc B, lind rose Bengal. B 

Erythro..liinu Phloxine n Rose nongal n 
Dye mixturoNo. 

Prescnt Found Present IFonnd Present Fonnd 

I ................... ••••__••____ •••••••••• --4-2.-3-1--25-.-31~-;;;~
_ 43. 15 
2 ........_•...• __ ._. ___ •••.____ •••______ 2f>.5 20.5 42.2 41.55 14.0 K6 
:J • __ ................._____ •_______._._____ 17.3 16.9 25.3\ 25.0 :14. \l 30.0 

'Yhell. independent measurements may be obtained upon one of 
their component clyes, mixtures of three dyes may be analyzed more 
simply and with greater accuracy. An example is given in Figure 11. 

In evaluating such a mix­
ture the concentration of ".6' 

dye C could be obtained di­
L.~ 

rectly by measuring extinc­
tion coefficients within the ~" :2 

region between 5'75 mp' and ~ ~V \ 
GOO mp.. Further measure- ~".() Ih 'J 
mcnts wi\.hin the region be- ~. ~171\ II 
tween 540 mp' and 5GO mp' ~a4 'J 

7 1\ 1\ 
would give values for B and ~ II / / \\ 1\ O.C from which the concentra- ~a.& 


tion 0 f dye B could be ob- ~ / 
~ 

~,~'\ V 

~ !t \ \tained, since the values for ~a" II/dye C alone in the region I) ,,/

l)(1 
1\ ~\


could be calculated from the a 7 

data alreacly available. ,\Yith 

Z~1--V \ \~ \ 

the concentrations of dyes B 
 M(J J"Z() J"6(J 

~n: ~Th' t',.,/~,.,/c,eayJJ
and C established, it would 

FIGt:RFJ 11.-A\)sorptlon spectm of aqueous sohl­be possible to make appro­ tlons or three dyes lind of II mixture of the 
priate allowance for the ab­ same dycs: A. n. nnd C. Individual dyes; U. 

a mIxture consisting of 20 per ccnt A, 30 p~rsorption of those dyes in the cent n. und 50 per cent C 

region or shorter wave length, 

and obtain valnes for the concentrntion of dye A. from absorption 

measurements therein. 


http:3.-1'crccnfa.ye
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Suth lIll'thoL1s as h:1\"e been outlined hitherto for dye mixtures 
proyC\ indrecti\'e when the dye components differ but slightly in their 
hUll and in the spectral locations of their absorption bands. This 
condition i~ seWom encountered ill delibemte mixtures, but may fre­
quently be met with in general practice. The analyst may wish to 
inYf'stigate the character ot: dyes which arc commonly marketed as 
mixhll'es of: varying proportions of similar individual components, 
nt' study the decomposition 01' dyes into products of similar color. 
In tht'se1 and in similar instances, the employment of absorption 
ratios may pro\'e extremely tlseful. 

Uef(>\'I'ing to FignL'(' !} it will be evident that if dye B contained as 
all impnl'ity any appreciable proportion of dye A its absorption ratio ~ 
\I'ould be increased, and that the increase would be proportionate to 
till' ppl'C'entnge of dye A which waS present. It can be calculated that 
it ,,'oldd rpquire only approximatt'ly 3 per cent of dye A to raise the 
ab:-;()l'ption ratio of dye B from 1.13 to 1,14, A careful determination 
01' nbsorpl"ion mtios, a('('on1 i l'iIly. wonhlenab1e the analyst to calculate 
I he a ppl'oxill1ate pprc('ntage of dye A in mixtures of dyes A and B. 

TIl(' aC'C'lIl'nry of l:'uch determinations will val'y considerably with 
l'onditions, (]PI)(,IHling in lnrge meai;ure upon "isua1 spnsitivity in the 
t'(·gion in wilieh th" measurements are C:1rri('(l out and upon the spec­
ITn I ill (en'a I b(\1 \\,ppn tl1l' bn nels of the dyps in que~tion. U nc1er favor­
abl(' ('ondil ions it is probable that results may be obtained which are 
:H'('1lI'ah' within about :2 IX'I' cpnt. In most instances, however, the 
method will pro\'(- deci(ledly less satisfactory. Even when conditions 
:;I'C' slwh, howp\'el', that results obtained arc only roughly quantitn­
th·e. the nw(hoc1 afforcls a wry sonvcnient means of obtaining infor­
mation ,rhi('h is mmally more definite than that obtainable by 
labol'ions c1wmieal methods. 

Tht' absol'ption ratio mpthod has been utilized in evaluating mix­
hIres of mpthyll'ne blne and trimethyl thionine (30). and in investi­
p:a.ting the atmospheric dealkylation of methylene blue (41) and of 
eresyl blue (36), 

SPECTROPHOTOMETRIC EVALUATION AND PRACTICAL DYE TESTING 

The practieal dye tesh'l' docs not concern himself with absolute dye 
strengths, HC' adopts a convenient dye strength arbitrarily to 
SCI'\,(- as his ~tandal'd, or type, and evaluates dye samples in terms 
of thnt stamlard) basing his estimate upon the results which he 
obtains in small-scnle compamtive dyeings. His operations are 
1lnquestionably more cumbersome and crude than are spectrophoto­
lIletrie 01' chpmi('al methods of dye analysis. It might appear 
pI'obable that the latter methods might advantageously replace those 
new in use :for practical dye testing. 

This possibility has been inwstigatec1 at this laboratory and else­
where, and the conclusions reached have been in substanti!\l agree­
ment. Spectrophotomdl'ic values can not be interpreted (as yetl 
:It all eyents) in precise terms of brilliance ami hue. Neither 
!'>pectrophotoll1etric evaluation .nor chemical methods of dye analysis, 
III 0 rC'()\'el". ('an bp n'lied upon to afford a reliable index of dye 
stl'ellgth, with dyes in general. in the practical sense in which dye 
stl'cngth is judged in the industries. 'With some dyes analytical 
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results may agree closely with the dye tester's verdict, but with other 
dyes appreciable discrepancies may be encountered. 

It is neceSSltry to admit that analytical methods are not sufficiently 
developed, and tlmt OUl" knowledge of dyeing processes is not sufli­
ciently complete, to enable one to define the essential dyeing prop­
erties or technical dyes from their analytical examination. 
Analytical methods, in short, can not replace practical dye testing. 

INDICATOR METHODS 

The application of spectrophotometric methods to indicator prac­
tiC'(' was made pmetically simultaneously by Holmes (18, 37', 38, ;39, 
40), by Brode (:]), and by Thiel, Dassler, and Wulfken (56). 

Indicators eommonly chunge between two colors, although some 
indicators, like phenolphthalein, may exist in only one colored form. 
Certain indicators, such as 
the snlphonphthaleins, exist /.6 

-V \ill three forms and have two 
useful transition ranges hl 
('010", A limited number of 7 \
indieators exist in more than ~u 
three forms, ~ ~1\

' , ~LO /
I. nt\Jcator changes nrc 111- ~ 


nlriably accompanied by d('- ~ 
 II 1\ / \ 
cided alterations in absorp- ~Q" 
tio" spectra, and the degree V/ 1\ 

\of rransformation of any in­
di('atol' at any definite hydro­ / II \ 
:ren-ion concentmtiO'n within 
the range, 01' ranges, of its V \utility Illay be measurecl with azi'- ,.- .....­
the aid of the spectropho­ \ 
tometer and given numerical ., $_ fiO ~ 

expression in terms of spec­
FIGURE 12,-AbsorpUon spectra of nqueous solu­trophotometric ratios, The tions (If I-naflhthol-2-sotlllllll slllphonntl· hlllo­

empirical calibration of such flhenol lit dllft'l'cnt h~'dro~en-Ion conc('ntl'atiuns:
A, i5 IIIg flcr lit!'r lit pH 5.82; B, :1i.5 mg flerratios against known hydro­ liter lit flII 10.19 

gen electroele values yields 
data whieh may be utilized subsequently in the determination 
of the Sorensen exponents ot solutions of unknown hydrogen-ion 
con('entrations. 

In point Ot fact the necessary spectt-ophotometric data for indi­
eatol' practice can be calculated on theoretical assumptions, All 
that is required for the purpose is a knowledge or the apparent 
dissociation eonstant of the indicator and its absorption curves ob­
tained under eonditions which insure practically complete COllver­
sion, respectively, into its two color forms, The only assumptions 
J\·quired are that the indicator shall exhibit the essential behavior 
of a monobasic substance and that it shall conform to Beer's law. 
It is never entirely safe, however, to rely implicitly upon these 
assumptions, and an experimental verification ot ratios is always 
advisable. Typical indicator transformations are illustrated in 
Figures 12, 13, and 14. 
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'Within the rerrion of its transition an indicator is essentially a 
mixture of two dyes, and the methods by which it may be investi­
gated are those which have already been outlined for the analysis 
of dye mixtures. The courses which may be followed are illus­

h'ated by the graph of 
J. 	 I-na p htho l-2-sodium 

suI phonate indophenol. . 
( (Fig. 12.)\ 'Vith increasing al­/

2.0 	 lmlinity, the indicator 
changes fmlll :L reel 
forll1 maximum/oJ" 	

V 1\ with 
V' absorption at approxi­) IxV \ mately 500 Illp. to a blue 

,( 
.A. form witil ma.ximuml~ \r---. V 	 absorption at aboutr-.. VV ~V 1\ 1\a 630 mp.. This trans­

b;: I::-" V i'- formation is practi ­
t"--­l-t- l- t-- 1\~ r-.... cally complete in pass­.. #< .. #/M ".OO SJt;' S - ... .N1O 61 ~ LENGTH (iof/U//r/C',l!ONS) ing from pIl 5:7 to pH '" 

FlGrrn: l:1.·-Ahsorlltlllll Sllt'cirll of nqllNlIls solutions of 11.7, but 80 per cent of 
ph~llolslllph(Ollphthlllelll lit dlfferellt hydrogl'n-ioll con- the alteration occurs 
('('ntratiOnH: A, .\t pH u.a l' II, t!t pH 7.;;; C. lit pU bet,'-eell pIl ·~I"'I anel
10.:!; D. In concclItr.ntcll su phurlc lIeld 	 ". , 

pH 9.7, and this 
smaller intelTal constitutes the useful working range of the indicR­
tor. 'Vithin the latter range any appreciable change in hydrogen­
ion conccntration is accom­

'6'panied by a corresponding 
alteration in the relative pro­ I ~I~ 
portions of the red and blue 
forllls of the indicator and, 

~ 

. I ,J 1\ I 
~~~consequently, by a corre­

sponding alteration in the ~ II ~V\ \ 
l'clatin~ intensities of their ~/.(7 

V ['\absorption bands. ~ 
~a 	 V1/

The degrce 0 f transf onna- ~ VVtion of the dye at any aiven ~ 
~ !!a 1/V I 1\ 

hydrogen-ioll concentration ~ V 
in this range Illlly be deter- ~ ~ I R\
mined conveniently by ~a,# ~ 

t 

means of absorption meas­ V 1\v ~ 
urelllents carried out (1) at, a21=--­
or near, 630 mp' or (2) at, or 
near, 50Q 1I1p., or (3) at both J40 620 

H'AJ'£ L.£H(;TH (H/U,//r/C€ONS)wa \'c lengths. 
FIGURE H.-Absorption spectrll of nqupous solu­

In the fir::;t instance, the tions Qf fast green ~'C!J' nt dlfl'l'rcnt hydrogen­
Ion concentrntlons: A. At pH ;;.0; n, ntblue forlll of the indicator pH 10.0 

would be measured alone, 
since the reel form does not have appreciable absorption at that Wlwe 
length in such concentrations as would be employed. The spectro­
photometric ratio employed would be that of the extinction coefficient 
at 630 lllp. under the conditions of the test to the extinction coefficient 
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ut the same wave length of an equal quantity of indicator under con­
ditions which insurl.'d practicully complete conversion into the blue 
form. This type of ratio will be referred to by the term R t • It 
will be e\rident that an Hl ratio CllI1 be employed only with solutions 
in which the precise concentration of indicator is known. 

In the second instance the red fmm of the indicator would be 
measlIred, primarily. In actual practice with this padicular inc1i­
cator, it is impl'Obable that the analyst would employ an Hl ratio ut 
500 miL. Not only is the red form of the dye less llltense than the 
blue forll1, but the alteration in extinction coefficients at 500 Illp. per 
nnit. ehang"e in indicator transformation would be further reduced 
by the fIlet that the blue form of the indicator absorbs some light at 
that W!lYC length, and that its absorption there would increase as 
that of the ['cd form diminished. The analyst, accordingly, would 
pl'del' to measure the absorption of the blue form of the dye. 

In the third instance the ratio employed would be that of the 
extinction coefficient of the solution under examination at 500 mp' to 
the extinction coeflicieJlt of the sume solution at 630 mp', or vice versa. 
This type of mtio, which will be termed an R~ ratio, affords a maxi­
mum, dcgl'('~ of ,:tl~eration in. value per unit cha~ge in inc1icator 
trllnsfol'llla bon, Sll\ce both the lIlcre!lse III one absorptIOn band and the 
sillluitaneolls decrcas(' in the other contribute to it. It will be evident 
that vailles of R" ratios will not be affected by changes in indicator 
COIl(~l\lItrat.i()n and that thl' H"! ratios, accordingly, may be employed 
with solutiolls in whieh the conccntmtion of indicator is not known. 

In aetual pradice the analyst would probably prefer to employ 
SOllle OtlH'I' wan' lell~ths, for instanee 520 and GOO mp., rather than the 
"Wa \"(1 kllgt hs l'pft'I'I'('d to in the prl'Vious discussion. The visual sen­
siti vity 0 f the IInalyst is appreciably greater at 520 mp' than at 500 mp. 
a lid at GOO than at G30 Illl!. If such changes were made, thc differenti­
nting yalue of the !'atios would decrease ostensibly, but it is probable 
that the aetual accuracy of the methods would be distinctly improved, 
owing to the illlprovcd accul'acy with which measurements could be 
l'a l'I'il'c1 out. 

It is advisable, in geneml, to obtain both Rl and R~ values in 
ealibmling spedr'ophotometric methods for use with indicators. 
Although R~ values afFord greater differentiation than do Rl values, 
they do not necessarily afford greater accuracy. If the absorption 
bands of both eolor forms are in such spectral locations as will enable 
the analyst to obtain reliable measurements on both bands, R2 values 
~willlH'ove prderable. If, however, the band of one color form is so 
situated t.hat accurate measurements on it are difficult, as is the case 
with the slllphonphthaleins and many other indicators, it will usually 
be found that Rl yalues prove distinctly more reliable. 

Even in instances, however, in which the analyst may find that R1 
vaitlt's pl'lwe somewhat more accurate than H~ values, he may find 
the latter values very useful, and at times nearly indispensable. The 
faet that they al'e unaffected by variations in indicator concentration 
rendcrs their use of great value in examining solutions of small 
yolullle 0[' in other instances in which it may be difficult or impossible 
to insure a. precise indicator concentration. . 

The accuracy of spectrophotometric methods with indicators is 
excellent. ~With certain samples of bromcresol green it was found 
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that their apparent dissociation constants (4.68,4.65, ancl4.6!>, "espec­
ti\'ely) could be checked so consistently in any extensive series of 
careful measurements that it was possible to distinguish between the 
samplt,s in question with fuir certainty (18, 37, 38, 3.9, 40). The 
llIethods mny be "elied upon to check electrometric methods neady to 
the second decimul point in Siirensen (pH) units. 

1\. table of solubilities of J'epresl'ntative dyl's ut 26° C. in water 
and in D5 per cent alcohol is included for the benefit of any investi­
glltOI'S who lIlay have occasion to prepare dye solutions. (Table 4,) 

TAllU; 4.-DJIG solubilities (It 260 0, 

(Dnta nrr r,prrSSl'd n.q b'TnmS of nnhydrous dye I)('r 100 <,uhlc c('ntimch'rs of snturntrd solution. Dnta 
In I)nrentheses nro 'expressed !IS grams of anhydrous dye per 100 grnms of snlurtlled solution) 

cOlorl Tn In 95 I 
Dye

Dye I ~~~' wnler 1::i~(~I~~lli 
-- - -- 1---------1·-­
P!crle add ••• __________• ___ .. Si I 1. IS t'rystnl "iolet (chloride)____.. 1181 I. foSI :t S78. Ilti 
Victorin yellow._........... . 1. lUi I. IS Crystal violet (iodide} __..____ ...... .0:15 I. is 
l\lurtius y,'lIow (smlium snit) •.•••9•• 1' .1. 5i I .16 Anilin blue (spirit soluble) .._ 6SH (') 1. 10 
l\lnrtills yellow (cnlcium snll) .05 1.!IO Victorin blue 4IL ______._____ UUO :I. ZI W.40 
Nuphthol yellow S........... 11~_) 'I S. Uti .03 Pnlent blue A____ . ___ ..______ i14 8.40 5.2:1 
Allrllntill ...... __....._._.... ('). 3:1 Cyannle extrn.............. __ il.; 1. 3S .44 
Woul yell,)\\, 0............... 16 ! IS. 40 .24 New Vietoritt blue 11..... ____ i28 .54 3.98 
ChrY5o!(1!1l r.... ~ ... -~-~~~~ ... ~ ~; .80 2.~ P~Tonin (1. _________..__..___ no S. Uli . foO 

pyronin II (iodide)..___ ...... i41 .Oi 1. OS 
J~'t;~~K~"}~~~I..::::::::::::::::: 2.1 (iF :~i Hhodamin B ____..___....____ i4H . is 1. 4i 

Ornn~"(1 ........... ___ .• _... 27! IO.S0 .~~ Hhodamin 0._. ___........_.. i.1O 1.3·1 6.31 
PoneeaI120 ..... _~~~ .... _.. __ ... _ .. _~ 2S + 1.75 .21 Fluorescein (color ncid). __.._ il~i .0:1 2. 21 
ChrOlllotrope 21C. . ......... 2\J' 1Il.:IO . Ii Fluorescein (sodium snit) _.__ 50.20 i.19 
,\ Iizurole yellllw (1 W.. .... . •. ali: 2.1. 8-1 .0-1 Fluorescein (magnesiulll snit,) 4.51. ar. 

.57 Fluorescein (calcium salt) ..______.. 1. 1:1 .·11H\;~f~~lolt~r:~n:~.~~::::::::::. i~ I (i~O .:m Fluorescein (barinm slllt) _______ ..•1 Ii. r.4 .51i 
Az() lInnleull:<. ............ __ . ss: a.sa .\0 Eos!n ~SOdiulll.Salt)---------- iflS i 44. 20 2.18 
Crystal p()IlceOlu .... ____ ..... so' .SO .00 Eosm ma~eslUm snlt) ____.. ___"_I' I. ~3 .28 
Erika II ...................... 1:10 . Ii-! .Ii Eos!n calCIum snlt) ..._______ ______ . _4 . Oil 
Junu5 h'TCCll.. ....... .••••••• l:tl, 5. IS 1.12 Eosin (harium snIt) ..____......_... . 18 . on 
i\letnnii yellow_.._._......... 1:18 i' 5.31.1 I.4S Ethyl eosine__ .....____ ._____ iiO .03 1. 1:1 
l\lethylorungu............_.. 142 .52 .OS Eosin 11._______..____....____ 711 I :l!I. II • is 
Heliunthin (color udtl o( Erythrosin (~odium qult)_____ ii31"' 10 I. 8i 

Ill<llhylorunge) ............. "_"', .015 .015 Erythrosin (mag.nesiulll snlt)_ ______ .3!;I .52 
Orun~" 1\·... ............... 14:1 I .W .20 Erylhrosln (cnlclUm salt.) _... __.... . I, . a5 
A 7.0 ncitl '·ellow·.............. I4ti· 2. 17 .SI ErYlhrosln (harium salt) __.._____.. . Ii .0-1 
HcsIlrcill :yellow ..... ......... 1-18! .37 .10 Phloxin (sodium snlt)._...___ ii4 (50.1111) \1.02 
Orllll~C I. ................... 150: o.li . Ii-! I;hlox!n (ma"nesium stllt) _______.. _ m.~! . 2'J. 10 
()run~o II ................._.. 151, 1I.3i .15 I hloIm (calCltllll sall)..__________ ._ 3. OJ .45 
1\nr<'einc~ ~ .. ~ ... _.. ~'" ..... _~.~_ .... 152: 10.02 .00 Phloxin (barinm snlt) ....______.... Ii. 01 I. Ii 

j') Hose Bengal (sodium salt)___ 77H :1ti.2.; i.53Xl~;~';,?:l'ti~·~::::::::::::::::: :~ I ~: ~ .01 Hose Ben~nl (magne.,ium snit) ..___ . .48 1. 51l 
Pont'cuu foIL•••• _........._.. 180 12. 98 .01 Hose lIen'gal (calcium salt)..______ • .20 .Oi 
f1mlun 111 .................._. 248 (I) .1.1 Hose /len gal (barium sall) _______.. . Ii . OS 
Brillilllli croccino ....... ___ ""_......... 252 5.04 .00 Thiotlnvlne'l'.. __......____.. SIr. 2. \I 3.17 
Erythrin X ......... ,. ...... _........ "' .. _.. 2.1)4 6.41 .00 Neutral red (chloride)________ 82., 5. fl4 2. 45 
Su<lnn 1\' .......... _____...._ 2.58 (I) .O'J Neutrnl red (iodlde) ____ ....__ ______ . Ir. . Hi 
Biebrirh 'curlet. __.. _______ •• 2SO ___..__ .0;; Neutral "·inlet._______________ R2ti 3.27 2. 22 
Bislllark hrown Y •• __...___.. 331 1. 31i LOS Salrnnln _____ . ________________ 841 5.4.; 3.41 

lIislllnrk brown H............ 3~~,02 !___I.__IO__ .9S Methylene ,iolet 2HA__ _____ 842 .Iill 3. 18 
('OIl~O re(L_....... _.. _..____ ........_... ... .19 lris '·ioleL..____...._________ 84i 3.12 3.66 

.Purpnrin ·IB. ___ .... __ ....... -148 1------- .13 Cresyl "iolet (NAC) ____• ____ .3S. 25 

Sky bluc........... ______ •••• 520 I 13.51 (I) Nile blue 2/l_~____..._.. _____ IH4 .16 .6Z 

At1rnmiIlO~ .............. ~ .. ~ ........ _.. _ n.15t .74 4.49 
 Thion!n.______________.._____ 920 .2,; .2.1 
\'irtoril, green (o,nlale) ___... 65i! 7. flO 7.52 Methylene hlue (chloride)____ 1122 3.55 1.48 
\'!rloria green :l1l. ..._.._.. ___ 1i50' .<J.t 2. 24 Methylene blue (ZnCh dou­ble snlt)._______________________ __Guinea ~rcen U.._...._.. ___• lifl6 :(28.40) i. :10 2.75 .05 
I.Ight green f1FY •• ___..__ ..._ tiiO 20. 3.; .82 Methylene hlue (iodido)_.____ .on ,13 
Fnst green n' F............... _.. __ 1fi.04 .3.1 Methylene ~'Teen __ ------.---- 924 I. 41; .12 
Pnrnrosunilin (chloride) ...... Oil1 .26 5.93 Toluidine hlue 0 ..___. ____.._ 92., :l.82 .57 
I'urarosanilin (ueetale) _____.. 4. 15 13. tl:l New methylene blue N ______ 92i (1:1. :12) I. 6" 
Hosanllin (chloride) ..._______ ...... .39 8.16 (') .125Alizarin_________.____________ \02i 
New (uchsm(chlorl<le).._____ 6iS 2.1. ,P3 3.20 7.011 .15Allz!lrin we_____________ .___ 10:14 
Methyl '·iolet___________.____ 680 • (15.21) Indigo cnmline______________ llSO 1.68 .01 

'Nil. 

http:1-------.13
http:4.68,4.65
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