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INTRODUCTION 

The fact that several organic dyes are now of wide application in 
analytical chemistry has created renewed interest in investigating their 
analytical properties, such as the acid-base properties and the behavior 
as metallochromic or chromophoric indicators with the emphasis stressed 
on specificity or selectivity, stoichiometry, and sensitivity. In this labora- 
tory, a number of indicators including Fast Gray RA (12) and Chromo- 
trope 2B (13) have been thoroughly investigated, their absorption 
spectra recorded, their dissociation constants determined, and the 
stability constants and composition of some of their metal complexes 
established. The present work aims to throw light on the phenomena and 
processes taking place as the acidity of Brilliant Green ( (4-(p-diethyl- 
amino)-~-phenylbenzylidene)-2,5-cylohexadiene-l-ylidene) diethyam- 
monium hydrogen sulfate), and Solochrome Red B (o-( (2-hydroxy-3,6- 
disulfo-1 -naphthyl) azo) benzoic acid) (trisodium salt), is progressively 
changed. 

The acid-base properties of Brilliant Green (BG), C.I. 42040, Basic 
Green 1, in acetic anhydride-acetic acid mixture, and the effect of the 
solvent composition upon the half neutralization number have been 
investigated (14). The ionization constant of carbinol formation (II) of 
Brilliant Green (I) was found to correspond to a pK value of 7.9 (9) : 

(I) (‘II) 

Its color change from brilliant bluish-green to orange is known to occur 
in the pH range O-2.6 (1 I ) . 

Solochrome Red B (SRB), C. I. 16105, Mordant Red 9, is also 
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known by the trade name Carmine 3B. The color change of its chelates 
with cations of Ba, Ca, Co, Fe, Mg, Mn, Ni, Sr, and Zr, tested as dye- 
stuffs, was traced in acid and alkali media (I ) . 

In order to investigate the acid-base properties of BG and of SRB, 
titrations of dilute solutions of the two dyes (SRB in the acid form) 
against standard NaOH, were followed pH and potentiometrically at 
the same time. From the plots, milliliter titrant- aE (mV) /av (ml), 
milliliter titrant-pH and pH-log (acid)/(salt), the apparent pK value 
of BG and three pK values of SRB were determined. The pK value 
corresponding to the color change due to protonation of the second 
diethylamino group (DEAG) in BG, or due to the neutralization of the 
-OH group in SRB, was evaluated from absorbance measurements of 
suitable dye solutions of proper dilution at various pH values and wave- 
lengths. 

EXPERIMENTAL METHODS 

The water used was always glass-twice distilled. The chemicals were 
all of the highest purity available. 

Solutions 

The 9.17 X lo4 M BG (Judex, Microscopic Stain, J.T.S., England), 
mol wt 482.65 1, was 0.44265 g/liter. The 0.001 M SRB (absorption indi- 
cator, BDH, London, England; mol wt 518.38) was prepared by passing 
20 ml of 0.005 M SRB through a column (15 cm length and 1.2 cm 
inner diameter) of Amberlite IR 120 cation exchange resin previously 
treated with 1:3 HCI and thoroughly washed with water till free of 
chloride, at a rate of 15 drops (0.6 ml) per minute and collecting the 
elute and washings in a 100~ml measuring flask. The 2.5 x lo-4 M 
solution was prepared by proper dilution. The 2 down to 0.01 M NaOH 
solutions were prepared by dilutions from a more concentrated carbon- 
ate-free solution (18 M). The “Clark and Lubs” HCl-KC1 buffer 
solutions of pH l-2 were prepared in the order: 50 ml of 0.2 M KC1 
plus water required for 200 ml buffer, plus 0.2 M HCl requisite for 
adjusting the pH by aid of the pH meter. The B&ton and Robinson 
Universal buffer mixtures of pH 2.5 to 11.5 were 200-ml mixture 0.04 
M in each of phosphoric, boric, and acetic acids, plus 0.2 M NaOH 
required for adjusting the pH by aid of the pH meter. The instruments 
applied were recording Beckman Spectrophotometer Model DU 4700, 
scanning time 10 and time constant 0.2, Seibold pH meter (Austria, No. 
367598)) and Pyestudent potentiometer and spot galvanometer. 

Procedures 

Potentiometric titrations. With the titration cell consisting of a loo-ml 
beaker, 5-ml l/50 microburette, platinum, glass (General purpose 
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Beckmann type), and calomel electrodes and a mechanical stirrer, the 
calomel electrode being connected to both the pH- and potentiometers, 
the glass electrode to the former and the platinum to the latter, 25 ml 
9.17 X 1O-4 M BG or 2.5 X -4 M SRB (acid form) were titrated 
against standard 0.01 M NaOH, keeping the tip of the burette immersed 
in the dye solution and recording the emf and pH after each alkali 
addition. 

Absorbance measurements were carried out using l-cm cells, and 
solutions of 3.67 x 10-5M BG, or 6 x 1O-5 M SRB (acid or salt) 
[prepared by diluting 1 or 1.5 ml of 9.17 x 10-4, or 0.001 M solution, 
respectively (selected to be the appropriate volume per 25 ml by pre- 
liminary experiments) with the buffer solution up to 25 ml] and water 
as the blank at wavelength ranges covering 400-700 or 350-620 mp. 
The pH of the solutions were always checked immediately after each 
set of measurements. 

Potentiometry 
RESULTS AND DISCUSSION 

As a result of titrating 25 ml 9.17 X 1O-4 M BG with 0.01 M NaOH, 
the pH-milliliter alkali plot (Fig. 1, curve A), the corresponding 
emf-milliliter alkali plot, and the LE/Av-milliliter alkali plot (both not 
represented) were obtained. Curve A (Fig. 1) exhibits a sharp inflection 

FIG. 1. Titration against NaOH of: A. 25 ml 9.17 X 1W M BG, and B. 2.5 ml 
2.5 x 1W M acid SRB. 
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amounting to 1.3 pH units/O.l-ml titrant, which corresponds to a sharp 
potential break of 67 mV/O.l-ml titrant, and to the addition of 4.12-m] 
NaOH as computed from the &?Z/av-milliliter alkali plot. Such an inflec- 
tion corresponds to the neutralization of the hydrogen sulfate group, thus 

NEt2 

c + H20 

The pH at half neutralization (2.06 ml 0.01 M NaOH) amounts to 
4.88, which is the pK value of BG. The same value was obtained at the 
intersection of the straight line of the plot of log (acid)/ (salt) = x vs. 
pH (not represented) with the pH axis x = 0, which is in agreement 
with the mean 4.85 of the pK values calculated at different percents of 
neutralization (Table 1) . 

Adding an activity coefficient correction of 0.055 due to an ionic 
strength of 0.00534 at the half neutralization point, the thermodynamic 
pK value amounts to 4.925 * 0.02. 

In the course of the titration, it was noticed that a white precipitate 
starts to develop at about pH 7, which corresponds to the carbinol for- 
mation following the neutralization step. 

% 
PH 
PK 

TABLE 1 

pK VALUES AT REPRESENTATIVE PERCENTS OF NEUTRALIZATION 

A. Brilliant green 

29.12 38.83 48.54 67.96 72.71 77.66 Mean 
4.8 4.84 4.88 5.03 5.08 5.15 ~ 
5.19 5.04 4.91 4.70 4.65 4.61 4.85 

B. Solochrome red 

% 22.79 30.39 45.59 60.78 75.98 91.18 

PH 3.15 3.20 3.33 3.52 3.82 4.35 

PKI 3.68 3.56 3.41 3.33 3.32 3.34 3.44 

% 16.7 25 33.33 58.33 75 91.66 

PH 5.52 5.59 5.66 5.88 6.04 6.22 

PKZ 6.22 6.07 5.96 5.73 5.56 5.17 5.79 

% 16.67 25 41.67 45.83 66.66 83.33 

PH 6.61 6.71 7.01 7.10 7.56 7.91 

P& 7.31 7.19 7.16 7.17 7.26 7.21 7.22 
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In an attempt to follow the protonation of the second DEAG pH 
potentiometrically by titrating 25 ml 9.17 x lo4 M BG with HCI, 
no significant results were obtained. 

Regarding SRB, its molecule in the acid form contains four acidic 
groups, thus 

It is well known (6) that the sulfonic group is more acidic than the 
carboxylic owing to the greater stabilization of the sulfonate ion by 
resonance than the carboxylate ion. As to which of the sulfonic groups, 
1 and 2, is more strongly acidic, the inductive effects of the azo and the 
phenolic groups come into play by donating electrons to the naphthalene 
ring, that is, a + I effect (15)) and a subsequent decrease in the acid 
strength of 2 more than that of 1 (IO). On the other hand, the hydrogen- 
bond formation between the -OH and the adjacent sulfonic group with 
the resultant stabilization of the sulfonate ion of this group more than 
that of 1, leading to more acidity of 2, is not probable due to the partici- 
pation of the proton of the -OH with the azo group in forming reso- 
nance hybrids as confirmed by the results of absorbance measurements 
following. Thus, the descending order of acidity is: 

-SO,H 1, -SO,H 2, -COOH, -OH. 

As a result of titrating 25 ml 2.5 X 1O-4 M acid SRB with 0.01 M 
NaOH, the pH-milliter titrant plot (Fig. 1, curve B), the corresponding 
en&milliliter titrant plot (not represented), and the AE/Av-milliliter 
titrant (Fig. 2) are obtained. The first plot exhibits three inflections 
though not well defined, yet they most probably correspond to the 
neutralization of the two sulfonic groups, 1 and 2, and the carboxylic 
group, respectively. The respective end points of such three neutraliza- 
tion steps lie at the points a = 2.63, b -= 2.69, and c = 2.8 ml 0.01 M 
NaOH, on the third plot. The half neutralization points at 1.315, 2.69 
and 2.75 ml alkali, correspond to values of pH or pK, = 3.38, pK, = 
5.80 and pK, = 7.16, respectively, which almost coincide with the 
values 3.52, 5.81, and 7.17 as obtained from thelog (acid)/(salt) -pH 
plot (Fig. 3), or 3.45, 5.80, and 7.18 as the mean of the above values 



BRILLIANT GREEN AND SOLOCHROME RED B. 559 

FIG. 2. Differential curve of SRB § NaOH. 

and those calculated at different percents of neutralization (Table I), 
Introducing the activity coefficient correction values 0.011, 0.026, and 
0.035, he thermodynamic pK values amount to 3.46, 5.83, and 7.22, 
respectively. 

FIG. 3. Log(acid)/(salt) in dependence of pH of acid SRB. 
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A. Spectrophotometry with Brilliant Green 

The variation of absorbance with wavelength of 3.67 x 1O-5 M BG 
solutions at pH values 0.35-6.05 is graphically represented by the 
curves in Fig. 4, exhibiting an isosbestic point at 512 rnp at which all the 
curves intersect, except those obtained at pH 0.35 (+ 1 M HCl) and 
6.05; and two maxima, the first at 619 rnp (primary band) which shows 
no shift with decreasing pH from 4.89 to 0.7, but shows only a decreas- 
ing intensity, i.e., a hypochromic effect, whereas the second at 420 rnp 
(secondary band) displays a shift toward longer wavelength (batho- 
chromic effect) and a hypochromic effect. Visually, the color of BG 
changes from brilliant bluish-green to orange yellow as the pH decreases 
below 5. 

The greenish tint of BG is attributed to the presence of the secondary 
absorption band at 420 rnp (yellow-orange) besides the primary one at 
619 mp (blue). The disappearance of the latter and the bathochromic 
shift of the former is in agreement with the visual change in color from 
blue-green, absorbing at 619 and 420 rnp, to orange-yellow, absorbing 

FIG. 4. Absorption curves of BG; curve 1, pH = 6.05; curve 2, pH = 4.89; 
curve 3, pH 3.9; curve 4, pH = 3.41; curve 5, pH = 2.9; curve 6, pH = 2.38; 
curve 7, pH = 1.95; curve 8, pH = 1.52; curve 9, pH = 1.03; curve 10, pH = 
0.7 (0.3 M HCI); curve 11, pH = 0.35 (- 1M HCl). 
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at 450 rnp (17). The corresponding reaction is the protonation of the 
second DEAG, thus, 

m-base Form, blue green 

ILll- acid form,ordnge.yellow. 

The deep color of VI is attributed to resonance between structures 
VIA and VIB, specifically to resonance along the x axis on which lie the 
two substituted benzene rings, as represented by a primary or x band 
at 619 rnp (Fig. 4). The secondary band at 420 rnp, termed the y band, 
is due to the absorption along the y axis. Absorption along the x axis is 
due to both resonance between two structural hybrids of the same energy 
content, i.e., high degree of degeneracy owing to the symmetry of the 
molecule, and the migration of a positive charge between two extremes 
(17). 

On protonation of the second DEAG (VII). the resonance along the 
x axis is inhibited, the migration of the positive charge ceases, and the 
molecule exhibits less symmetry, leading to the disappearance of the 
absorption band at 619 mp. Moreover, the 420 rnp y band undergoes 
batho- and hypochromic effects. It is thus evident that to protonation, 
is attributed the change in color from greenish-blue to orange-yellow 
with decreasing pH as verified experimentally. 

The curves passing the isobestic point at 512 mp (Fig. 4) show that 
the protonation reaction occurs in the pH range 5-0.5, and that the 
above equilibrium prevails through this range with different ratios of 
deprotonated and protonated species. At pH 6.05, however, the curve 
does not pass the isosbestic point, showing that carbinol formation 
starts with increasing pH above 5 where the solutions become turbid. 
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Calculation of the pK Values 

Method 1: Apply Eqs. 1A and 1B to calculate the apparent pK 
for the equilibria (conjugate acid) InH+ + H+ + In(base) or (acid) 
HIn z+ H+ + In- (conjugate base) (7)) 

pK = pH + log (InH+)/(In) or (HIn)/(In-) 

or 
= pH + log (AZ - A,)/(A, - A,) (acid absorbs max) (14 

= pH + log (AS - A,)/(A 2 - A 1) (base absorbs max) (lb) 

where A, stands for absorption of 100% acid form, A, of 100% base 
form, and A, represents absorption at intermediate PH. The results are 
listed in Table 2. 

Introduce the necessary activity coefficient correction to calculate 
the thermodynamic pK values using Eq. 2 (5) : 

pK,,, = pH + log (acid)/(base) + log f acid/‘base (2) 

= P&Walt + AZ&, ~‘/(l + BU u*) - Azi,id u*/(l + BU u’), 

where A, B, and a are constants, z the ionic charge, and u the ionic 
strength (2). 

Reliable results are obtained only at pH = pK, and using maximum 
absorption values, as shown by the concordant values obtained at pH 
2.38 (with mean value of 2.46), which are also not inlluenced by the 
variation in wavelength (Table 2). 

TABLE 2 

pK VALUES FOR THE PROTONATION OF THE SECOND DEAG IN BG 

x 0w.d 1.95 

PH 

2.38 2.9 

A-pH plots 

?&Lx + &in) PK 

448 2.552 
454 2.540 
460 2.581 
466 2.666 
472 2.609 

Acid absorbsmax 
2.642 1.828 
2.446 2.262 
2.444 2.353 
2.446 2.417 
2.448 2.442 

Base absorbs,, 

0.074 2.44 
0.064 2.49 
0.057 2.48 

610 2.379 2.462 2.411 0.413 2.48 
616 2.399 2.427 2.456 
619 2.408 2.449 2.344 0.473 2.43 
622 2.416 2.435 2.500 
628 2.430 2.425 2.545 0.434 2.34 

Meall 2.50 2.46 2.36 2.44 
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FIG. 5. Relation between pH and absorbancy of BG (base absorbs max) 

FIG. 6. Absorption curves of SRB; curve 1, pH = 2.14; curve 2, pH = 7.03; 
curve 3, pH = 9.82; curve 4, pH = 11.33, 5, pH = 0.05 M NaOH; curve 6, curve 
pH = 0.1 A4 NaOH; curve 7, pH = 0.2 M curve = NaOH; 8, pH 1.0 M NaON; 
curve 9, pH = 1.5 M NaOH; 10, pH = 2.0 M NaOH. curve 
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Method 2: Plot two absorbance-pH curves at three selected 
wavelengths around the two values corresponding to maximum absor- 
bance of the acid (Fig. 5) and the base (not represented) forms. Calcu- 
lating the pH corresponding to 1/2 (A,, + Ami,) as equal to pKapparent 
a mean value of 2.44, in close agreement with that computed by method 
1, is obtained. 

Taking the mean of the three above values (2.453) and adding the 
activity coefficient correction of 0.166 due to an ionic strength of 0.017 
at pH 2.38, the thermodynamic pK value amounts to 2.62 + 0.03. 

B. With Solochrome Red B 

The absorption curves of 6. 1O-5 M solutions of acid SRB buffered to 
various pH values, are represented in Fig. 6. That the two curves 
recorded at pH 2.14 and in 2M NaOH do not pass the isosbestic point 
at 446 mp, in addition to the fact that curves 2 and 3, 8 and 9 are iden- 
tical, indicates that neutralization of the -OH group occurs at pH 10 to 
14 (1M NaOH) as represented by curves 2-8, which show both hypso- 
and hypochromic effects on the band at 488 rnp while the shoulder 
remaining constant at 500 mp indicates a hypochromic effect. 

Early work with dipole-moment measurements (3) refused a Zwitterion 
structure for the o-hydroxyazo compounds. Brode (4) suggested hydro- 
gen bonding or chelate resonance rings. Venkataraman (18) reported 
that o-hydroxyazo compounds not only can exhibit azophenol-quinone- 
hydrazone tautomerism but either tautomer can also exist in chelate 
structures. Accordingly, SRB VIII can be represented by the tautomeric- 
chelate ring structures IX and X. 

Neutralization of the -OH group, as represented by the curves 2-8 
Fig. 6, was accompanied by a hypsochromic effect on the principal 
band at 488 rnp, which contradicts the fact that it is usually accompanied 
by a bathochromic effect (8,16). This is interpreted by the existence of 
SRB in form of the chelate-ring structures IX and X leading to absorp- 
tion at higher wavelength (8,16). However, on neutralization, the che- 
late-ring structure no longer exists with subsequent shift in absorption 
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to shorter wavelength. This excludes the probability of hydrogen bond- 
ing between the phenolic and the adjacent sulphonic group leading to 
the same order of acidity of the four groups mentioned before. Assum- 
ing such hydrogen bonding to take place, the energy difference between 
structures XI and XII will be higher than that between IX and X. 
Neutralization will lead to structures XIII and XIV with less energy 
difference, that is, higher mobility of electrons, and accordingly, a batho- 
chromic effect. Our results, however, contradict this assumption. 

The secondary band at 384 mp is attributed to hydrogen bonding as it 
dissappears after neutralization of the phenolic groups. On the other 
hand, the shoulder at 500 my is due to the azophenol-quinonehydazone 
tautomerism before neutralization (IX and X) and to the oscillation of 
the negative charge between the phenolic oxygen and the azo group after 
neutralization (XIII and XIV). The resonance in both cases involves 
the same number of conjugated double bonds between the same number 
of atoms, a reason why the shoulder remains unshifted. The reason for 
the hypochromic effect which the shoulder undergoes, is that the “allow- 
ability” of transition (17) in presence of the hydrogen bond-chelate 
ring structure is higher than in its absence. Such structure, accounts for 
the relatively high pK value of 13.3 for the -OH group. 

Visually, neutralization of the -OH gro’up increases the red tint in 
the reddish-orange color of the dye, as attributed to the disappearance 
of the orange tint due to the secondary band at 380 mp. 

The above methods, 1 and 2, (see BG) were followed to compute pK, 
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TABLE 3 

ply VALUES OF THE PHENOLK GROUP IN SRB 

hd 11.33 

(PH) 

12.7 

A-pH plots 

O.lM NaOH %(A- + A,iJ pK4 

416 11.963 12.757 11.051 
422 11.937 12.748 12.106 ,303 12.71 
428 11.830 12.732 12.227 ,331 12.7 
434 11.660 12.670 12.451 .358 12.66 
440 11.525 12.655 12.360 

476 12.815 12.679 12.426 .587 12.68 
482 12.408 12.660 12.406 
488 12.283 12.660 12.392 .626 12.68 
494 12.258 12.657 12.354 
500 12.289 12.667 12.333 .614 12.68 
506 12.178 12.655 12.307 
512 12.061 12.668 12.307 

Mi%W 12.06 12.69 12.20 12.685 

Base absorbsmax 

Acid absorbs- 

I Al.o, ’ ‘f 

FIG. 7. Relation between pH and absorbancy of SRB (acid absorbs max). 
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of SRB (Table 3). The mean value of 12.69 as calculated using method 
1 at pH 12.7 is in agreement with the value of 12.685 as the mean ob- 
tained from the A-pH plots (Method 2, Fig. 7). Adding the activity 
coefficient correction of 0.613, due to an ionic strength of 0.05 at pH 
12.7 the thermodynamic pK, amounts to 13.30 t 0.03. 

SUMMARY 

The acid-base properties of Brilliant Green and Solochrome Red B have been 
studied in an attempt to apply them as metallochromic or chromophoric indi- 
cators. The thermodynamic pK values 4.93 and 2.62 corresponding to the ioniza- 
tion of the hydrogen sulfate group and to the protonation of the second diethyl- 
amino group in Brilliant Green, and 3.45, 5.80, 7.22, and 13.30 corresponding to 
the ionization of the two sulfonic, the carboxylic, and the phenolic groups in 
Solochrome Red B, respectively, were computed from results of potentiometric 
and spectrophotometric measurements. 
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