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CONTRIBUTION TO THE KNOWLEDGE ABOUT COLOURISTIC PROPERTIES OF
SOME XANTHENE DYES
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Acid-base and tautomeric equilibriza of Fluorescein nitro derivatives are highly sensible to the
number and position of nitrogroups in a molecule. Xanthene dyes with nitrogroups in 2 and 7
positions form anionic lactones responsible for lowering of colour intensity. Dyes with such
nitrogroups demonstrate high mobility of tautomeric equilibriua quinonoid anion = lactone anion
at environment change from water to micellar solutions of colloidal surfactants. 4,5-dinitro
derivatives are similar to halogen derivatives and don’t form anionic lactones. Processes following
pH change are not restricted to reversible prototropic transformations: under action of cold alkali
4,5—dinitro derivatives form deep-coloured intermediates bearing partially cleaved pyran cycle.
This reaction is easily reversible under action of acid or heating.

Most of xanthene dyes were obtained as early as the end of 19—th century. But they still
draw an interest due to their bright colours ranging from yellow to bluish violet and relative
commercial availability.

In 3-rd edition of Colour Index International [1] thirty xanthene dyes are included: sixteen
are considered as Acid ones, four as Mordant, eighteen as Solvent (particularly for cosmetics)
and five (as aluminium salt) as Pigment ones. Some of them are applied as photosensitizers,
although their structure allows to simultaneously use them as Acid.

Three registered xanthene dyes contain nitrogroups in molecules: Solvent Orange 16 (CI
45396), Solvent Dye (CI 45395) and Acid Red 91 (45400). Attention is drawn by crimson
colour of the latter. This dye is considered in Cl and Chemical Abstracts as individual
substance of structure (I11) and a methed of its synthesis consisting in nitric acid action upon
4,5—dibromofluorescein (X = Br, Y! = Y2 = H, Z = H; see scheme 1) in sulphuric acid is
given. We synthesized and purified Acid Red 91 in accordance with recommended method [2].
From the chromatographic data it follows that product obtained in this way in fact is a
mixture of two substances. They are 4,5—dibrom—2,7-dinitroflucrescein (lII) and 4,5-di-
brom—2-nitrofluorescein {IV}, the latter being dominating. It turned out that dye (IIl) can be
synthesized mostly by nitration under more drastic nitration conditions and the dye (IV) can
be obtained predominantely with shortage of nitric acid [3]. As it was shown in the work
devoted to HPLC of commercial Merck sample of Acid Red 91 {4], this dye comprised a mix-
ture of three substances, one of them being main. As judged from chromatographic data and
electronic spectra this stainer has a structure ol 4,5—dibrom—2—-nitrofluorescein (IV). There
was no evidence of formation of 4,5—dibrom—2,7—dinitrofluorescein (II) and of 2,7—dibrom—
4 5—dinitrofluorescein (11} from Eosin by nitration, as noted [5], but instead of this the
oxidative destruction of chromophore occurs. Dye (III) was prepared by action of bromine
upon 2,4,5,7—tetranitrofluorescein in boiling acetic acid, 15% by-products being formed
involving three components. The high—purity substance (I} was obtained by bromination of
4,5-dinitrofluorescein in aqueous alkali |3).

According to the 3-rd edition of CI information about «Solvent dye» (CI 45395) this
dyestulf was to be obtained by direct nitration of Fluorescein and it was attributed to the
structure of 2,7—dinitrofluorescein (X = H, Y!, Y2 = NOz, Z = H) (1a). But well before it was
stated [2] that Fluorescein forms 4,5-dinitrofiuorescein (1) by direct nitration and in CI this
structure corresponds to the dye Solvent Orange 16 (CI 45396). So the dyes (CI 45395) and
(CI 45395) chemically represent themselves as 4,5-dinitrofluorescein (I) indeed.

Depending on medium acidity Fluorescein dyes may exist in cationic (a), neutral (b,c,d),
mono— (e,f) and dianionic (g) forms. Presence of three acid—base centres in their molecules
is responsible for complex system of their prototropic equilibria. Carboxygroup in ortho-
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position to the node carbon atom allows closing of lactone ring, leading to ring-chain
tautomerism. Protolytic and spectral properties of halogen derivatives of Fluorescein have
been studied most thoroughly [6—10]. Substituents have a considerable influence upon the
basicity of protonation centres and thus determine the state of tautomeric equilibria of neutral
and monoanionic forms. Monoanions of dyes with acceptors in xanthene nucleus exist mainly
in phenolate form (f). On the other hand, monoanions of Fluorescein and derivatives with
acceptors in phthalic acid fragment exist exclusively in carboxylate form (e). Zwitter—ionic
form (b) was observed only for the latter dyes in aqueous solutions.

X X
HO O OH
AL
z

Scheme 1.
Fluorescein: X= Y'=¥2=Z=H: Eosin: X= Y'=¥2=Br,Z=H;
(I:X=NO, Y'=Y2=H Z=H; (1) X=NO,, Y'=Y2=Br,Z=H;
():X=Br,Y'=Y2=NO,, Z=H; (IV): X=Br,Y'=NO,, Y2=H,Z=H
(VE: X=Y'=Y2=NO,, Z=H.

The values of molar absorptivities for dianions (g) with X = Y! = Y2= H, Br, I and
monoanions (f) with X = Y! = Y2 = Br, I in maximum of electronic spectrum (in the region
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490-530 nm) in aqueous and alcoholic solutions reach e, = (88—112)-10% I.mol~l.em™!,

The ¢yax values ol monoanions are in average by 10-15% lower than those of dianions.
Just these two forms are regarded as the dyes. This value can be taken as maximum for

chromophore system of ionized hydroxyxanthene (e?xs). Neutral quinonoid structures (c)

absorb in region 430—450 nm and they are characterised by low &,y :(10-30)+ 103
t-molt-cm™!. This value can be considered as maximum for non—ionized hydroxyxanthene

(32"S ). A little difference was observed between spectrum of carboxylate quinonoid

monoanions (e) and neutral quinonoid structures (c) because carboxygroup almost does not
effect the spectrum due to absence of conjugation between phthalic fragment and xanthene
nucleus which are non—coplanar to each other. In analogy spectra of zwitter—ions (b) are
similar to those of cations. Neutral lactones (d) possess no absorption in visible region due to
disturbance of conjugation in xanthene chromophore as a result of sp—hybridization of node
carbon atom. The systems of protolytic equilibria of Phenolphtalein and xanthene dyes are
alike due to the similarity of their structures. Therelore it is convenient to approach protolytic
equilibria of Fluorescein derivatives in connection with Phenolphtalein dyes. The lowering of
dianion &,,, in water—organic mixture was observed for the latter at rising concentration of
ethanol and methanol [11,12]. Addition of a polar aprotic solvent (DMSO, acetone) had
exerted reverse effect [12]. The phenomena observed were explained by existence of
tautomeric equilibrium between coloured quinonoid forms of a type (g) and colourless lactone
of type (i). That was the basic argument in favour of existence of such lactones (i).
Structures formed were not carbinols (which also are colourless), as the rate of fading is
independent of concentration of hydroxyl—ions, and equilibrium was established practically
instantaneously. The existence of the neutral forms ol Fluorescein and Phenolphthalein in
DMSO as lactone (d) is proved by IR spectroscopy [13]. Reasoning from this it is possible to
construct the most general formal scheme of protolytic equilibria of Fluorecsein dyes, by
including anionic factones (h) and (i).

The mentioned meanings of &,y correspond to the mixture of tautomeric forms with
different spectral properties. Shilt of tautomeric cquilibrium along with solvent variation
results in changes of these values and thus they cannot be considered as constants
characterizing a certain chromophore structure. Consequently, these are formal values in fact
(Eform )

Experimental

Absorption spectra of dye solutions in 50% (by mass) aqueous ethanol were measured using
SF-46 instrument (of USSR origin). pH measurements were performed on P 363-3
potentiometer and pH—121 pH-meter with ESL-43-07 glass electrode and Ag/AgCl reference
electrode in a cell with liquid junction. Standard aqueous bulfer solutions (pH 1.68, 4.01, 6.86,
9.18) were used for cell calibration. The pH values, corresponding to the proton activity

standardized to the infinite dilution in the used mixed solvent (pa:I+ ), were calculated according

to equation: pa;iI+ = pHjpstr — 0.20 {14], where pHjpgy; is instrumental measured pH.

Synthesis and identification of all substances have been described earlier [3].
Spectrophotometric determination of pAj values was carried out in 1-5 cm length cell and at
dye concentrations () (1.36-1.63)+ 105 M (25 "C). Phosphate, acetate and borate buffers

and HCI solutions were used to provide suitable par:1+ in all solutions, the ionic strength of

buffer systems being maintained constant (0.05 M). In pentyl alcohol Veronal buffers were
used. All reagents were analytical—grade.
Spectra of neutral and dianionic forms were measured directly under conditions of domination

of the corresponding form. The pAj; and pAjo values as well as monoanions spectra were
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calculated by processing experimental absorbance (D) vs. pa;. (Fig.1) by iteration method [15].

Absorbance dependences of averagely 18 solutions at 4-~6 most informative wavelengths were

used. For the calculation of thermodynamic values of pA, represented in Table | Debye—Hiickel
equation for ions activity coeflicients was applied. The ionic parameter was assumed to be equal to
5 and activity coefficients of molecules were assumed to be unity.
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Fig. 1. Dependences of D vus. pa;_r for substances (I)-(V] in 50% aqueous ethanol at ionic

strength 0.05M. 1 - (I), Aanal 515 nm, 2 - (iI), Aanal 520 nm, 3 - (IlI}, Aanal 560 nm, 4 —
(IV), Lanal 535 nm, 5 - (V), Aanal 510 nm.

Results

We have applied the proposed scheme and spectral data for halogen derivatives to study
Fluorescein nitro derivatives. Protolytic equilibria of dyes (I-V) were examined
spectrophotometrically in 50% (by mass) aqueous ethanol. As a result the parameters of
acid—base and tautomeric equilibria {pA; and KTi respectively} of these substances were
determined and monoanions’ spectra which are beyond direct observation were obtained (Fig.
2, 3). As mentioned before [13], for some dyes the fraction ol these forms in a solution does
not exceed 30%. It turned out to be impossible to estimate the (very low) values of the
¢ of the neutral forms for the majority of dyes due to their limited solubility in the
chosen solvent. As judged from the absence of bands corresponding to anions (compare the
data in Fig. 2 and Fig. 3) spectra of dyes (I, 1II-V) in acetic acid (Fig. 3) represent the
mixture of their neutral forms (c, d).

Since a certain kind of a spectrum was attributed to each coloured tautomeric form [16), a set
of the dominant forms have been chosen for each subsiance on the basis of the experimental and
calculated spectral data (Fig. 2, Table 1). On the analogy of Phenolphthalein derivatives [11, 12]
and neutral lactones (d) of Fluorescein derivatives, the lactones of a type (h) and (i) should be
colourless. Therefore the absorption of dianions of Fluorescein nitro derivatives in visible region is
determined only by structure (g}, and for monoanion — only by structure (). For substance (II)
the spectral curves 8a, 5b (Fig. 2) give an estimate of tautomers (f} and (g) spectra, accordingly.
Using this line of reasoning, the neutral form ol substances studied can absorb in visible region,
even if it partially exists as quinoid {(c). This form has a spectrum close to the spectrum of the
neutral form of Eosin (Fig. 3, curve 6}, which exists in waler to a certain extent as such a

form

tautomer [10]. Thus the spectra and the values given in Fig. 2 and in Table 1 indicate that

78



Contribution to the knowledge about colouristic properties of some xanthene dyes

anions of substances (I[[-V) comprise a mixture of tautomers including colourless lactones of the
types (h) and (i).
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spectra of monoanions (f, h) (1b-5b} of substances (I) - 1a, 1b; (UI) — 2a, 2b; (IV) ~ 3a, 3b; (V)
~ 4a, 4b; (I} — 5a, Sb; S¢ — mixture of neutral forms (c,d), 5d — cation of substance {II}.
Spectra in 50% aqueous ethanol, as a rule at ionic strength 0.05 M (5¢ ~ at 5 M Ha804, 5d ~
at 18 M H2S0,).

Fig. 2. Absorption spectra at pa 6.9 of dianions (g, i} ({e-5d) mixture and calculated
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Fig. 3. Absorption spectra of Fluorescein nitro and bromo derivatives in acetic acid 1 - (I}, 2
—(In), 3 - (1), 4 - (IV}, 5 - (V), 6 - Ecsin.
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Table 1. Thermodynamic ionization constants and spectral characteristics of dyes (I — V)

anions in 50% (mass) aqueous ethanol (25 °C)

Long-wave absorption maxima ol mono- and
Ionization constants | . . -3 R
Dye dianions: A pyay» Nm (1077 €00, Imol™ -em™1)
pK pK,» Dianion Monoanion
Fluorescein 6.82 7.66 495 (88.5) 455 (34.3) 2
Eosin 3.46 5.98 520 (99.6) 530 {84.0)
4 5-Dinitrofluorescein (1) | 5.36+0.16 | 5.0+0.2 493 (76) 503 (93)
4,5Dinitro-2,7-dibromo- | | 19,009 /53320.04! —>  505(80) | — b 514 (81)
fluorescein (II)
4 5-dibromo-2,7-dinitro- , g .
fuorescein (1) 3.3920.04(5.15+x0.08}410(8.3); 536 (14.4) | =400(4.0); 543 (22)
4,5-dibromo-2-nitro- . .
fluorescein (IV) 4,31+0.04 (6.19+0.03| 410(5.1); 519 {61) {410(5.1): 525 (21.5)
24,5, 7-tetranitro- ‘ N .
fluoresceir (V) 1.4£0.2 [2.38+0.11|407(15.1); 515 (~1)|400(6.2); 516 (34)

Note: a) Fluorescein monoanion has structure (e). b) No evident band.

Since absorption band at ca. 515 nm in 50 % aqueous ethanol is practically not observed for
tetranitro compound (V), it is possible to conclude, that this substance demonstrates the greatest
propensity to formation of lactonic anion (i). Absorption bands of 2,4,5,7-tetranitrofluorescein in
400-410 nm region (Fig. 2) can be attributed to the isolated xanthene nucleus parts, whose
spectrum is similar to that of 2,6-dinitrophenolate—ion. Bromonitro derivative (I} is inclined to
lactonization to a less degree. On the contrary, judging from the spectra, dianions ol substances
(Iv), (I) and especially (1) (isomeric to (IIT}) exist mainly as quinonoid structure (g) in the given

mixed solveni. As for monoanions in the 50% ethano! the decrease in & ™ in relation to water
in the range of 500~530 nm is also observed, their existence as lactones (h) is quite probable.
Practically complete achromaticity of neutral forms in this solvent testilies the domination of
lactone (d) for all studied substances, except substance (11).

It is possible to write down a set of equations, which are the complete mathematical
description of this model of all equilibria:

PK =Pk ont gl +K 1o Hlg1+K 1) = pkl,ulg(l +&7 g+ k)
PK 52=pka coon Hall +K1y He(l+K 1) = pho . +1g(1 +K71 ng(HK 2 )
“;r (gl /1il;

(1)
2)

where k) o = a;+ [11/lcl; k1L=a* + [h]/1d] k>,cooH =

Ky 1= a Lil/[8) Ko = [d/[c], K1y = [8]/[1], Ko = {il/lgl
Proceeding irom the given equations, the constants of tautomeric equilibrium
quinonoid =" lactone (Kt), were estimated as:
Ky = (Ehxis _ Efm’m) / Btorm' (3)
for Atg calculations the aﬁxs value instead of 8}“5 (for K1) and ATre) was used. e oM yag

measured directly for neutral and dianionic forms and calculated for monoanjonic ones. One
could calculate all parameters included into eqn. (1,2) but some of them are just formal
values in fact because not all of corresponding tautomeric forms are formed in significant
concentiration for considered substances.

Discussion

Let's consider substituents influence on a location of a maximum long-wave absorption
band of quinoid double charged anions (g) of nitro derivatives in 50 % aqueous ethanol. From
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data given in Table 1 lor dianions of di— and mononitro derivatives one may consider that
consecutive introduction of nitrogroups to 2 and 7 positions of Fluorescein molecule results in
bathochromic shift of a maximum of the long-wave absorption band by 20 nm for each
nitrogroup. Comparing in pairs spectra of dianions of dinitro derivative (I} and of
dibrominated substance (II}, as well as of Fluorescein and Eosin, one may conclude that the
bromine atoms in the same positions cause similar in character but weaker colour deepening

than nitrogroups (Adpy,, 8 nm).

Using 4,5—dinitrofluorescein as an example one can observe, that such nitrogroups
contrary to 2,7—nitrogroups insignificantly influence the position of a long-wave absorption
band maximum ol dianion (g). a hypsochromic shift makes 2 nm with reference to
Fluorescein. On the other hand the introduction of bromine atoms in positions 4 and 5 results
in bathochromic shift of dianion long~wave absorption band by 15 nm compared with
Fluorescein. The occurrence of bromine atoms in positions 2 and 7 in this structure enhances
effect and results in total bathochromic shilt of the specified band by 25 nm.

Comparing in pairs Eosin with dibromo derivative (II) and isomeric substance (III) with
tetranitro derivative (V) makes it evident that the replacement ol bromine by nitrogroup in
positions 4 and 5 results in hypsochromic shift of an absorption maximum of dianion {g) by
15 and 21 nm, correspondingly, though the total shift relative to Fluorescein is still
bathochromic (10 and 20 nm correspondingly). It is curious, that the hypsochromic shift
following introduction of nitrogroup in the position conjugative to phenolate group is
observed for the first time. In case of 2,4,5,7—tetranitrofluorescein (V) a combination of the
specified hypsochromic effect of nitrogroups in positions 4,5 with a bathochromic effect of the
same substituents in positions 2,7 gives total bathochromic shiit of a long—~wave absorption
band maximum of dianion by 20 nm relative to dianion of Fluorescein. It is clear that
nitrogroups in 2 and 7 positions exert the major iniluence upon location of long—wave
absorption band of Fluorescein nitro derivatives.

For single—charged phenolate monoanions (i) of nitro derivatives shifts ol long-wave
absorption band maxima in relation to Eosin monoanion are nearly the same as corresponding

Ahpay ol dianions in relation to Eosin dianion. Substance (V) is an exception since

hypsochromic shift of absorption band maximum of its monoanion is slightly lower than that
of dianion (5 nm vs.14 nm). Consequently, influence of nitrogroup position upon the shift of
long—wave absorption band maximum in electronic spectra of quinoid anions is almost
independent of the value of their charge.

We have perlormed quantum—chemical calculation of dianions of isomeric substances (II)
and (III) using AM! method realized in program HyperChem 5.0l. As it turned out,
xanthene nucleus in both structures is planar, but dihedral angles between its plane and
phthalic fragment (76°} and nitrogroup (54°) in structure (1I) differ from those in structure
([I1): 94° and 28°, respectively. The HOMO conliguration and dipole moments of ground
states (12 D) are repeated despite of differences in geometry of carbon skeleton and
substituents position in xanthene nucleus (Fig.4). Consequently the changes in molecule
electronic configuration following the excitation are responsible for dillerence between
electronic spectra of quinoid dianions (g} of these dyes. As appeared this difference emerges
indeed in passing of dianions of dyes (II) and (III) from ground to Franck—Condon excited
state, which is presented in Fig. 5.
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Fig. 4. HOMO configuration of substances (III) - A and (I} - B. The cross-section of squared
wave function by the plane parallel to xanthene nucleus at distance 1.5A from it is shown.

A B

Fig. 5. Diagrams of net charge redistribution over atoms of dianions (g) of dyes (II) — A and (lII)
~ B at excitation to Franck-Condon excited state. (Phthalic acid fragments not shown). The
squares of circles are proportional to the values of net charge changes. Black — negative
change, white — positive.

As stated earlier [11,12], the relationship between the tendency of Phenolphtalein dianion
to lactonization and of tautomeric equilibrium mobility manilests itsell on solvent variation.
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The less stable are quinonoid anions (g), the more mobile is the equilibrium. By means of
spectral data for isomeric nitrobromo compounds (II) and (I1I) in 50% aqueous ethanol we
have shown that nitrogroup position influences the relative stability of quinoid (g) and
lactonic (i) dianions. The mobility of tautomeric equilibrium of neutral form ol Fluorescein
becomes obvious when medium is changed Irom water to micellar solutions of colloidal
surfactants. In so doing tautomeric equilibrium has been shifted towards lactonic structures of
(d) type through the variation of pseudophase nature [16]. Surfactants of all types display
insignificant influence on absorption spectrum of nitrobromo compound (II) dianion (Fig. 6A)
which coincides with earlier observations for dianions of Fluorescein halogen derivatives
which are not inclined to lactonization [16]. It testifies that in this case mobility of the
equilibrium does not even reveal itsell and solvatochromic effect takes place [17] proving high
stability of quinonoid dianion (g) of this compound. On the other hand the character of
spectrum variation of isomeric bromonitro compound (111} in solutions of all three surfactant
types (Fig. 6B) is governed by regularity noted for Phenolphtalein derivatives: tautomeric
equilibrium of this dye is mobile and the dye is inclined to lactone [ormation.
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Fig. 6. Absorption spectra of dianions (g, i} mixture of substances (II) - A and (lIl} - B in

aqueous media at pH 6.9: 1 - water with no additives; with addition of: 2 - 0.016 M sodium
dodecylsulphate, 3~ 0.003 M Cetyltrimethylammonium bromide, 4 -~ 0.01 M Brij 35.

The influence of nitrogroups position becomes clearly evident in comparison between com-
pounds ( 1) and (IV). Insignificant variation in absorption spectra of these compounds at me-
dium change from water to 50% aqueous ethano! (Fig. 7) does not allow to conclude that
anions of these substances transform into the lactone form. Though the tendency of spectra
variation following a further medium change to n-penty! alcohol (Fig. 7) testilies that in the
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considered pair of substances undoubted lactonization of dianon is observed only for dye (IV)
bearing nitrogroup in position 2. Consequently the appearance of at least one nitrogroup in
either 2 or 7 positions stabilizes lactionic dianions (i) in this solvent.

) ¥ T T T T T T
400 450 500 550 600
Wavelenght, nm

Fig. 7. Absorption spectra of dianions (g, 1) mixture of substances (I} - (1-3) and (IV) - {1-37)
in in water pH =8.5 (1,17, in 50% aqueous ethanol at pH 6.9 (2,2 and in n-pentyl alcohol
+ 4-10+ M Veronal + 1.6:10~* M BuONa (3,3)).

0.0

T T T T T T o=y |
400 450 500 550 600
Wavelenght, nm
Fig. 8. Absorption spectra of 2,4,5,7-tetranitrofuorescein {V) dianions (g, i} mixture in different
media: 1 - water, 2 — 50% aqueous ethanol, 3 - n-pentyl alcohol + 4.10-* M Veronal + 1.6:10#
M BuONa, 4 - 0.01 M Brij 35 in water, 5 - 0.003 M cetyltrimethylammonium bromide in wa-

ter, 6 - 0.016 M sodium dodecylsulphate in water, 7 — 0.092 M sodium dodecylsulphate in
water. In micellar media pH 6.9.

Since the only difference between cations (a) of isomeric substances (II) and (III) is
position of substituenis in relation to hydroxygroup, it is convenient to assume equal acidity
{(pko oH) of these groups. But, as appeared, substance (II) completely turns into cation (a) in
sulphuric acid just at /p —7.6, whereas dye (I} remains in form ol colourless lactone (d)
even at Ay —8.6. Thus the difference in ability of these nitrocompounds for protonation clearly
demonstrates high stability of neutral lacione (d) of substance (III) as compared with
substance (H) in this medium, in agreement to the equation:

84



Contribution to the knowledge about colouristic properties of some xanthene dyes

PK a0 = pkoon — lell+KT, ). (4)

This coincides with the relative stability of lactones in acetic acid (&7p).

Generalizing spectral data on neutral (d) and anionic (i) lactones stability of isomeric
nitrocompounds (II) and (III) in 50% aqueous ethanol, in surfactant micellar solutions, as well
as in acetic acid one may conclude that nitrogroups in 2 and 7 positions stabilize corresponding
lactones. And on the other hand the same groups in 4 and 5 positions stabilize quinonoid
structures (¢) and (g).

It is convenient to compare antithetical efiects of 4,5 and 2,7 nitrogroups upon the state of
tautomeric equilibrium of dianions using tetranitrofluorescein (V) as an example. The mobility
of tautomeric equilibrium of its dianionic form (g === i) at medium variation is clearly shown in
Fig. 8. Judging from spectra of dye (V) dianions in s-pentyl alcohol and micellar surfactant
solutions the mentioned equifibrium is shifted toward the right in organic phasc or micellar
pseudophase.

Considering 2,4,5,7—tertranitrofluorescein it becomes evident that with nitrogroups in 2
and 7 positions the transformation of mono— and dianions to corresponding lactones (h, i) is
iurther facilitated by the same groups in positions 4 and 5 but not hindered by them, as it
can be concluded from comparison of substances (II) and (III). Thus presence of nitrogroups
in 2,7-positions of xanthene nucleus appears to be a principal structural factor responsible for
propensity of Fluorescein derivatives to closing ol {actone cycle.

For Fluorescein niiro derivatives we made an attempt to caiculate slandard enthalpies of
transition of neutral, mono~ and dianionic quinonoids (¢, [; g) to corresponding lactones {d,
h, i) in vacuum. These values are considered as parameters characterizing lotal influence of
all diversities between initial and resulting structures upon the process of lactone cycle
formation. The entropy change was freated as constant since the same structure
transformation was involved. Quantum—chemical calculations were performed by using the
above mentioned technique. As it evidences from calculations (Table 2) for dianions the
lactonization is in general a more energetically favourable process than for monoanions which
is consistent with the experimental data (A1) < A72). Good concordance is observed between
A H{lg—>1) values and tautomeric equilibrium constants for dyes dianions (&te), confirming
the greater stability of tetranitrofluorescein {V) lactonic dianion (i). The high tendency to
lactone (d) formation observed for all the neutral forms of compounds (I-V) is in good
agreement with calculated A Alc—d) values. Contradiction with calculations is observed
only for substance (IV) whose monoanions are more inclined to lactonization than dianions as
shown experimentally.

Table 2. Calculated standard enthalpies ol formation ( A /) kecal / mol of different acid-base
tautomeric forms of Fluorescein nitro derivatives in vacuum

Forms Transformation
c d f h g i :
Compounds c>d | f->h | g1
1 -58| -65 | —135 | —122 | -124 | -1925 -7 13 -1
I =50 -53 | —124 | —114 | 114 | —112 -3 10 2
I11 —-49| -54 | —-116 | =116 | =114 | —126 -5 0 -2
IAY =97 | -6l -125 | =117 ] —-111 | =122 —4 8 -11
\Y% -43) —-49 | ~132 | —123 | —128 | —146 -6 9 -18

The pK, and A7 values and spectral data obtained for dyes (I-V) allow to believe that on
application of these dyes as «Solvent» (for cosmetics) the forms {c, d, f, h} are mostly presented in
medium used, whereas under acid and mordant dyeing conditions forms (g, i) -are dominating.
"' Therewith the Torms (c, f) are responsible for hue in the former case and forms (f, g} — in the latter.
Intensity::of colour is determined by state of equilibrium between coloured quinonoid (c, I, g) and
colourless lactonic (d, h, i) forms. It is higher in polar aprotic solvents similar to acetone, DMSO,
DMFA and lower in-alcohols, Thus it may be thought. that colour brightness of Acid Red 91 dye
acceptable for acid dyeing is ‘conditioned by spectral properties of exactly mononitro dye (IV) dianion
(g), much less inclined to lactone formation than dinitro product (III), which is included in CL
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However the knowledge concerning absorption specira of each form and mediumn acidity at which
they exist doesn’t permit to predict the hue and brightness of colour in commercial application. It is
caused by difficulty in determining dye forms ratio in non—buflered organic media. Therefore it is
reasonable to use bufiered systems for exact reproducing of defined colours.

But the processes following pH change are not restricted to the reversible prototropic transior-
mations. As early as 1902 it was noticed [2] that initially yellow alkaline solutions of 4,5-
dinitrofluorescein (I) and 2,7—dibromo—4,5—dinitrofluorescein (I} gradually turned deep biue even
cold, and under [urther action of hot alkali became colourless during several hours. Colour ol
2,4,5,7—tetranitrofluorescein solution changed neither upon rising pH to 12 nor during standing at
this pH for several days [3]. With regard to mentioned above lactonization tendencies it may be
presurnied that discrepancy in behaviour of these substances in alkaline solutions is due to
existence of substances (I) and (II) in this medium predominately in quinonoid form {g), whereas
24,5, 7~tetranitrofluorescein (V) exists mostly in lactonic form (i). These transformations may
occur yet in hot solution of sodium carbonate and lead to poor reproducibility of resulting colour.

Upon the action of acetic acid on deep blue alkaline reaction mixture of dye (I} the orange
precipitate yields. It is possible to isolate individual product from this solid, being distinguishable
from initial substance in some properties. Judging from elemental analysis and H!=NMR data
this compound is a dye of Phenolphtalein group bearing partially cleaved pyran cycle — 2—[2,4—
dihydroxy—3—nitrophenyl—(2—hydroxy—3-nitro—4—o0x0—2,5—cyclohexadienylyden)—methyl]—
benzoic acid (VI)

NO,

o

(V1)
though its structure is unequally proved.
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Fig. 9. Absorption spectra of dye (I) in 0.1 M NaHCO; solution (pH 8.5) and dye (V) in 0.1 M
NaOH solution (pH 13).

Deep blue colour (A 580 nm, Ig€ 4.37, Fig. 9) of this substance in agueous solution
at pH > 11 may be referred to completely ionized form (tetraanion), and at pH 3-4

substance (VI) has almost the same spectrum as a parent compound (I) (A, 482 nm, Ig €

4.81). At intermediate pH region colour of dye (VI) is greenish-brown and so may be
attributed to the mixture of acid-base forms. Owing to these properties it might be reasonable
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to have used this substance as acid—base indicator with wide pH range (2-10) of colour
variation.

Dye (VI} under action ol phosphoric acid or being heated at 90°C during 2 hours forms
initial compound (1). 2,7—dibromo—4,5—dinitroifluorescein (II) under action of alkali gives the
similar dye of Phenolphtalein group, which slightly diflers from dye (VI} in properties, with
exeption that it begins transformation into parent compound (II) just at 100°C.
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0.B.Camoiinoe, H.O.Muepnos-MNetpocaH. K BOHPOCY © KONOPUCTUHECKUX CBOMGCTBAX
HEXOTOPbIX KCAHTEHOBLIX Kpacutenei.

MonomeHMe KMCNOTHO-OCHOBHBIX M T3YTOMEPHbIX PaBHOBECHH HUTPONpPOM3soaHbix PnyopecuenHa
BeCbMA YYBCTBHMTEMbHBbI K MUCNY HMTROCPYMN WM NONOMEHUMIO MX B MONEKyne Kpacutens. HcanteHoBbie
KPacHTENM € HUTPOrPYNNamM B MOTIOMEHWAX 2 n 7 oBpasylorT aHWOHHbIe NAKTOHLI, OTBETCTBEHHBIe 33
CHUIKEHME MHTEHCMBHOCTH NOTNOWEHHA ¢BeTa. Takue COSRMHEHHA DEMOHCTPUPYIOT BBICOKYIO MORBHIKHOCTL
TaYTOMEPHOro PAaBHOBECHA (XMHOMOHBIA aHMOH) < (MAKTOHHBIA aHMOH} NMpPM Nepexope oT Boakl K
MMUENMAPHbIM — pacTeopam  KonnowgHelx [1AB.  4,5~OunurponpoussopHele RposBnAtoT  CXOACTS0 C
ranoreHNPoM3BOaHbIMH M He 0BpazyoT aHuoHos-nakToHos. Mpoueccel, NpoTekatowme npu usmerern pH
B LMPOKMX Npegenax, He OrpaHuHMBAOTCS ODPaTMMBIMH MPOTOMMTUHECKMMM Npeppaltenmamu: 4,5~
AMHUTPONPOM3BORHBIE NPU OERCTBMM XONOQHON Lenoym o6pasyroT rnyBoKooKpalleHHble MHTepMeRHaTb! ©
YACTHYHO PAOMKHYTLIM MMPAHORBIM LIMKNOM. Peakuus nerxo obpatma npu NeicTsHM KWCNOTbl MMM NPK
HarpesaHwM,

87



