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The UV/visible spectra of a series of indirubin, isoindigo, and other indigo/thioindigo related dyes have been
evaluated in various solvent environments by using the time-dependent density functional theory in conjunction
with the polarizable continuum model. Even for molecules of the same family, significant differences in the
excitation processes have been noted. Two hybrid functionals have been selected: B3LYP and PBEO. For a
set of the 50 selected molecular cases, both functionals provide actysat@ith mean absolute deviations
limited to 0.1 eV. Actually, isoindigo is the main challenging series, with systematically underestimated
excitation energies, due to the different nature of the excitation process. In most cases, we found that PBEO
is more efficient in reproducing the experimental values than B3LYP for sulfur-containing dyes not featuring
internal hydrogen bonds, the reverse assertion being also true. In addition, the spectra of a series of unknown
dyes have been predicted.

I. Introduction

Known since antiquity, indigo (Figure 1) is still the most
widely used blue-jeans dye with a world production approaching
15000 tons/year. Since the seminal works of Bayand
Heumanr?® many artificial indigos have been synthesized
though several derivatives of indigo are naturally occurring. Figure 1. Sketch of indigo (left) and thioindigo (right).

Further chemical modifications lead to two major categories.

On the one hand, one substitutes the phenyl rings with electro-+ ) and on the selected computational procedure (functional,

active groups;’ and on the other hand, one can intrinsically pasis set, solvent effects, statistical corrections, ...). Nevertheless,
modify the nature of the indigo chromophore. A typical example one can broadly state that hybrid functionals, which incorporate

is thioindigo (Figure 1), which was first reported by Friautier a fraction of exact exchange, are more successful than pure
at the beginning of the 20th centu#y In this second category,  functionals. The amount of exact exchange included in the

one also finds mixed indigethioindigo compounds\{l), as functional could vary, but it turns out that a percentage between

well as molecules formed by bonding the two parts of indigo 20% and 25% is often adequate for organic conjugated

in several ways, for example, indirubif\/() and isoindigo ¥) compounds. For instance, two of the most popular hybrids,

(see Figure 2). Though indirubin was an important component B3LYP35 and PBEG¢ include one-fifth and one-fourth of

of some antique dy&,'! most of these dyes have only been Hartree-Fock exchange, respectively. Therefore, if one restricts

synthesized and identified about one century g8 and some  jtself to TD-DFT(hybrid) investigations of the few first —

of its derivatives are still the subject of active research in the ;* transitions in organic chromogens, one typically gets a mean

biochemical, phytochemical, or medical fieffs?* However,  absolute error (MAE) close to 0.2 eV with respect to experi-
to our knowledge, no previous ab initio study of the excited- mental data. Indeed, (1) for the 22 substituted indigo compounds
state spectra of these compounds has been performed. reported in ref 37, for which experimental values are given by

This work aims at predicting and rationalizing thgax of the authors, one finds MAE= 0.23 eV; (2) for 100 sulfur-
indirubin, isoindigo, and other indigo derivatives (Figure 2) by containing compounds, Fabian got a MAE of 0.24 eV with TD-
gaining chemical insights explaining the spectral differences B3LYP, i.e., significantly more accurate than with the ZINDO
between various members of the indigo family. To reach this approach (0.40 e\/aff (3) the same author obtained a MAE of
goal, we use time-dependent density functional theory (TD- 0.29 eV for a series of sulfur-free chromogéfg#) for the
DFT),2which is often found to be a robust and accurate method first transitions in the 11 thiouracil compounds from ref 40,
for describing low-lying excited staté%:? TD-DFT has been  the MAE is 0.24 eV; (5) Jamorski and Casida found experi-
successfully used in a wide variety of (bio-) chemical and mental versus theoretical absorption energy differences ranging
physical problem8?-34 The typical errors on the excited-state  petween 0.10 and 0.30 eV for alkyl-amino-benzonitrile com-
energies reported by TD-DFT investigations strongly depend pounds*? However, studies explicitly accounting for bulk
on the type of chromophoric unit, on the nature of the excitation solvent effects and focusing on a given family of chromophores
studied (low-lying versus Rydbergy — s* versusz — have achieved (much) better accur4es® More specifically,
for an extended set of substituted indigo compounds we obtained

*'Al.,lthOI’ to'whom correspondence should be addre_zssed. E-mail: a MAE of 0.02 eVv44 by using B3LYP25 whereas for 100
denis.jacquemin@fundp.ac.be. URL: http://perso.fundp.aejhequemd. thioindigo derivatives, we found a MAE of 0.03 é’é‘f‘ﬁwith

TResearch Associate of the Belgian National Fund for Scientific 4
Research. the PBEO functionat® Of course these remarkably small errors
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Figure 2. Sketch of the compounds studied in the first part of this wéwkis indirubin, V isoindigo, andvll vat scarlet G.

originate not only from the inclusion of solvent effects and the of the electronic excited states. For all compounds in sections
use of quite extended basis sets but also from an “optimal” 1ll.A and III.B, two separate calculations have been performed,
choice of the functional, i.e., B3LYP (PBEO) would probably one with the B3LYP hybrid function&f, and one with the
give larger a MAE for thioindigo (indigo). But three major parameter-free PBEO function®lDuring all calculations the
questions remain: (1) What are the characteristics of the SCF convergence criteria have been tightened td%8u.
chromophore that should be taken into account for selecting & For each molecule, the ground-state structure has been
functional? (2) Which functional to choose? (3) For which case? getermined using a TIGHT threshold, implying residual mean
Preliminary answers to these questions can be obtained bysquare (RMS) residual forces smaller thax 1.0 au at the
studying molecules derived from the indigo and thioindigo eng of the minimization process. These optimizations have been

structures (see section IIl.A). Once a correct methodology is performed with the 6-311G(d,p) basis set. This basis set has
established, one can investigate the excitation processes relatefean found to yield valid geometries for both indig@and

to the Amax (see section I11.B) but also predict the spectra of thioindigo4®
new structures (see section III.C). Therefore, in this contribution,
we claim not only to accurately reproduce thgax of the
investigated molecules and to unravel the excitation processe
responsible for the color of the dyes sketched in Figure 2 but
also to gain insights for the choice of the functional in TD-
DFT, at least for indigo-derived dyes.

The vibrational frequencies have been evaluated by the
analytical determination of the Hessian matrix using the same
S'Ievel of theory with the same basis set as in the first step. Except
when noted, no imaginary frequency has been detected in the
theoretical vibrational spectra.

The visible absorption spectrum of each molecule and, more
specifically, the wavelength of maximum absorptidp) have
been obtained by calculation of the ground/singlet-excited-state

All calculations have been performed with the Gaussian03 transition energy. These TD-DFT calculations have been
suite of program4’ Except when noted, default thresholds and performed with the 6-31+G(2d,p) basis set, which provides
algorithms have been used. We have used a three-step metheonvergedimax for dyes of the same chemical famil§si.e.,
odology: (1) an optimization of the ground-state structure; (2) further extension of the basis set is not expected to significantly
an analytic determination of the vibrational spectrum in order affect the computedimax for this class of molecules. The
to check the absence of imaginary frequencies; (3) the evaluationexcitations responsible for the color of indigo compounds

Il. Computational Details
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present ar — z* character with a large oscillator force, and TABLE 1. Comparison between PCM-X/6-31H-G(2d,p)//
the reportediyax always corresponds to the transition energy PCM'X/6'gll(f3(q1p) an2d Experimental Amax (nm) for the
to the first dipole-allowed excited state with a significantly large S°MPounds of Figure

transition probability. _ X = X =
At each stage, the bulk solvent effects are evaluated by means _Substituent solvent B3LYP PBEO  expt  ref
of the polarizable continuum model (IEF-PCRA)In PCM, one | DMSO 405 395 413 57
divides the model into a solute part, the dye, lying inside a “I Bmgg igg ﬁg iég g;
cavity, surrounded by the solvent part, for example, benzene, |, xylene 546 528 561 5
cyclohexane, xylen#, chloroform, tetrachloroethane (TCE), TCE 551 532 550/540 52/53
ethanol (EtOH), dimethyl sulfoxide (DMSO), or dimethylfor- DMSO 556 536 551 57
mamide (DMF)5! represented as a structureless material, char- g?vrlléene 53‘516 52?3 5221 624
acterized by its macroscopic p.ropertle_s. PCM returns valid 5-Br,7-MedV  xylene 569 551 582 5
solvent effects when no specific interactions (such as hydrogen g 5 7 7.gr-lv  xylene 574 554 579 5
bonds) link the solute and the solvent molecules. Thanks to the 4'-Me-Iv TCE 550 530 552 52
latest algorithmic and methodological developments, the PCM 4-CF34V TCE 551 532 548 52
approach can be applied for most properties (including excited 2-Me-1V TCE 560 539 552 52
tates) at a reasonable computational cost compared to gas-pha gBriv TCE 248 528 598 53
S _ . p p gas-phasg g gy.jv xylene 547 529 567 64
calculations. In this paper we have selected the so-called TCE 549 532 552 53
nonequilibrium PCM solutions for the study of absorption 6-Me-lV TCE 557 539 550 52
processe&’ 6'-Cl-IvV TCE 554 536 568 52
6'-Br-1vV TCE 555 537 538 53
7-Me-lV TCE 554 534 555 52
lll. Results Y, TCE 533 515 485 52
. . . . DMSO 537 519 491 57

A. Hybrid Functional Selection. The theoretical and ex- benzene 525 507 478 54
perimentalimax Of the compounds sketched in Figure 2 are 4-Me-V TCE 542 523 455 52
compared in Table 1. We note that significant discrepancies 6-Me-V TCE 533 516 495 52
may appear between the values reported by different experi- 6-Cl-v TCE 535 o17 485 52

- . . 6-OMeV TCE 532 515 505 52
mentalists, in which case we use an average value, except when; g, TCE 534 515 485 52
noted. For instance, for indirubin in TCE, there is a 10 nm shift 7-Me-v TCE 539 520 480 52
between Saddler’s and Clark’§3 Aax. The 561 nm folV in VI CHCls 576 558 579 12
xylené also seems doubtful in light of the more recent result gﬁ'ﬁ;‘gne 557744 555566 557754 54
in the very S|m|I_ar benzene (55_1 nﬁi‘)Fu_rthgrmore, the 545 5-Br-VI xylene 589 570 583 5
nm Amax for VIII in xylene looks incorrect in light of the values benzene 589 570 584 54
found in benzer® (a 40 nm shift is nonrealistic). Therefore, 5,5-Br-VI xylene 597 578 589 5
the Formanek’s values forlll and its bromo derivative have benzene 597 578 590 54
not been used in the following, since we judged them (highly) 2BV xylene 594 575 584 5
- . . 5,5,7-Br-VI xylene 603 584 590 5
questionable. This stresses that, on the one hand, availables's7.gry| xylene 595 576 586 5
experimental data are not error-free and, on the other hand, vii xylene 534 515 517 5
comparisons with the spectra computed with TD-DFT have to cyclohexane 532 513 508 54
be performed with care. benzene 534 515 514/512 65/54
L . . EtOH 536 516 510 66

_For the complete indirubinl{() series, we obtain a mean  g.gr.y xylene 549 529 521 5
signed error (MSE) 0Amax0f —2 nm and—21 nm with B3LYP cyclohexane 547 528 517 54
and PBEO, respectively, the theory (especially with PBEO) benzene 549 529 517 54

; ; it ; VIl xylene 536 517 545 5

overestimating the excitation energy. The corresponding mean

bsolute errors are 8 nm (0.03 eV) and 21 nm (0.09 eV) for benzene °36 L7 505 54
a : S 4,6-Br-VIII xylene 540 522 544 5
B3LYP and PBEO, respectively, clearly indicating that the |x DMSO 463 447 450 67
former is highly competitive for indirubin, as it was for indigo. X methanol 335 325 355 68
This is also confirmed by the largest discrepancies that amount X! methanol 294 285 318 68

to —20 nm and—38 nm, for B3LYP and PBEO, respectively.
For both functionals, the extreme deviation corresponds to the
6,6-Br-1V, for which the experiment is a bit outdated (1912).
The largest experimental shifts (5-Br,7-Me- and'5,5-Br-
IV) are also reasonably estimated by TD-DFT. To summarize
indirubin behaves like indigo, with tiny spectral shifts and a
more accurate description by the B3LYP functional. I <l <l <V <IV

Contrary to the indirubin series, both B3LYP and PBEO )
always overestimate thémay Of isoindigos ¥ series) with ~ Whereas the actual order is
respective MAE (or MSE) of+50 nm and+32 nm. The <l <V <1l <IV
corresponding eV MAEs are quite large: 0.24 and 0.16 eV,
respectively. Particularly, the 4-Me substitution leads to a hyp- In addition, TD-DFT underestimates the isoindigadirubin
soshift of =30 nm in the experimert? but to a mere+8/+9 shift by a factor close to 10/3, whereas for the other members
nm bathoshift with TD-DFT. These larger errors could be related of the series, these shifts are adequately reproduced by theory.
to significant modifications in the electronic density localization For instance, going fronh to Il (Ill ) gives an experimental
during the absorption (see next secti®tf Although the MAEs shift of +103 nm ¢-44 nm) that is correctly returned by both
fall in the typical range of TD-DFT studies on organic molecules B3LYP, +101 nm (59 nm), and PBEG+95 nm (49 nm).

(see Introduction), the visible spectra of isoindigo dyes are
poorly evaluated by TD-DFT compared to other indigo deriva-
tives, especially when the B3LYP functional is selected. Con-
sequently, for the =V DMSO series from Wille and Tttke 57
' TD-DFT predicts the following ordering for thinax (in nm):
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TABLE 2: Mean Absolute Error (MAE) (nm and eV) for
Different Sets of Compounds Extracted from Table %

nm eV
B3LYP  PBEO B3LYP PBEO
total 19 (12) 19(16) 0.09(0.06) 0.10 (0.08)
internal H-bonds 9(9) 19 (19) 0.03(0.03) 0.09(0.09)
no internal H-bonds 36 (23) 19(8) 0.17(0.11) 0.10(0.04)
sulfur containing 15(15) 10(10) 0.06(0.06) 0.04 (0.04)
no sulfur 21(10) 25(22) 0.11(0.06) 0.13(0.12)

@ The values in parentheses correspond to the results obtained when

isoindigos are discarded from the statistical analysis.

For the half-indige-half-thioindigo seriesVI, we obtained
MSEs of 5 nm and-13 nm and MAEs of 6 nm (0.02 eV) and
13 nm (0.05 eV), with B3LYP and PBEDO, respectively. Often,
the experimental values are bracketed by the results of the two
hybrids, and the spectral shifts are nicely reproduced. Although
PBEO still gives extremely good results, B3LYP is more
accurate for these half-and-half structures. On the contrary, for
IX, which also contains NH groups and sulfur atoms, PBEO is
on the spot.

To obtain a more general picture, we report in Table 2 the
MAEs obtained for the complete set of molecules included in
Table 1. Overall the total MAEs are completely comparable
for the two functionals and are limited to 0.1 eV, although
several isoindigo compounds are present in the set. By removing
the V series from the statistics, one gets MAEs of 0.06 and
0.08 eV for B3LYP and PBEDO, respectively. If one considers
only molecules with internal hydrogen bonds, (1l , IV, VI,

X, and XI), the MAE of PBEO is unchanged but B3LYP
performs significantly better (0.03 eV). The drawback is that
B3LYP is a bit less efficient for H-bond-free structures (0.17
eV). For sulfur-containing molecules, the MAEs are smaller (in
part due to the removal of isoindigo from the statistics),
especially for PBEO (0.04 eV). These results are completely
consistent, on the one hand, with the fact that B3LYP is favored
for indigo* and PBEO for thioindigd®>“6and, on the other hand,
with our 2004 study of 9,10-anthraquinoriédndeed, in that
work, we found that PBEO was generally more efficient, except
for anthraquinones with amino derivatives in 1, 4, 5, and/or 8
positions (i.e., in positions where hydrogen bonds can be formed
between the side NH groups and the central carbonyl
moieties). For these latter anthraquinones, B3LYP gave more
accurate values.

B. Analysis of Spectral Differencesindirubins (V) always
show a symmetry close to ti@& point group, except for'dMe
and 4-CF;, which significantly deviate from planarity due to
huge steric effects. In these two latter dyes, the bridge dihedral
angles lie between 25and 20 (B3LYP and PBEOQ dihedral
angles are similar), but the fused rings on either sides of the
molecules remain mainly planar. A test calculation with the
bulky 4'-tBu reveals both a slightly increased central dihedral
angle and a less planar conjugated ring. Rbythe excitation
responsible for the color typically corresponds to the HOMO
— LUMO transition, as in most indigos. The shapes of these
frontier orbitals were obtained with the B3LYP functional and
are depicted in Figure 3. They are typicabof 7* transitions
with densities going from the central double bond to the side
single bonds. Compared to indigbthe HOMO presents a
significant electron density in one of the phenyl rings, whereas
the LUMO is still centered on the five-membered rings.

Perpée et al.

Figure 3. HOMO (bottom) and LUMO (top) ofV obtained with
PCM(DMSO0)-B3LYP/6-31%+G(2d,p).

be related to the relatively minor role played by the six-
membered rings in the frontier orbitals.

Isoindigo {) is a nonplanar molecule belonging to tfg
point group. The inter-ring dihedral angle is close t8 &Bd is
mostly unchanged by the substitution, except for 4-Me, which
gives a stronger steric hindrance, and increases the twist to about
23°. ForV in benzene, imposing the planarity would lead to an
increase of the total energy by 6:8.5 kcal/mol and a bathoshift
estimated to+-8 nm with PBEOQ, indicating that the nonplanarity
has only a small intrinsic impact on the first excited state energy.
For all these compounds, thin.x also corresponds to the
HOMO to LUMO transition though a small HOMO-2 LUMO
contribution shows up. These molecular orbitals are depicted
in Figure 4. While the LUMO is similar to that of indigd,the
HOMO and HOMG-2 are much more delocalized with major
contributions on the outer phenyl rings. Therefore, the actual
chromophoric unit is no more centered on the five-membered
rings as it was in the case for (thio)indi¢®?6:5961 and the
actual excitation shows a charge-transfer character (from the
phenyl rings to the central moiety). This explains the stronger
benzene-DMSO solvatochromic effect ity than inlV and
can also be related to the important TD-DFT errors found for
isoindigo. Indeed, large theory/experiment discrepancies are
often reported when significant changes in the electronic density
localization appear during the absorptisé for this type of
excitation, it is known that (TD-)DFT tends to undershoot the
transition energie%62

For the remaining components of the Wille andttke
seriesY i.e., I, Il andlll , we have found nonplanar structures
belonging to theC,, C;, andC; point groups, respectively. For
I, the central N-C—C—N dihedral angle is close to 17@ith
a gain of stability of 0.6 kcal/mol (and a6 nm Amax
displacement) compared to the planar structure. Forthe

Experimental studies have demonstrated that, for indirubins, thestructure is almost perfectly planar, except for the hydrogen
substitution of the outer phenyl rings often leads to negligible bound to the “bottom” nitrogen (see Figure 2), which goes out
spectral shift$? This effect, well reproduced by TD-DFT, can  of the plane to prevent repulsive interactions with the right-
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Figure 4. HOMO-2 (bottom), HOMO (center), and LUMO (top) of
V. These pictures have been obtained with PCM(DMSO)-PBEO0/6-
311+G(2d,p).

Figure 6. HOMO (bottom), LUMO (center), and LUM®1 (top) of
X obtained with PCM(MeOH)-B3LYP/6-31G(2d,p).

enough to prevent the transis isomerization occurring in
: thioindigo>* They have been found planar, as their parent dyes.
e d The two frontier orbitals that play a role in the color of
Figure 5. HOMO (bottom) and LUMO (top) ofvl obtained with derivatives are depicted in Figure 5 and are completely
PCM(CHCE)-B3LYP/6-31H-G(2d,p). equivalent to their indigo and thioindigo counterpfté®i.e.,
they are well localized, which is the “best” case for TD-DFT.
hand-side phenyl ring. Forcing @ ground state leads to an  This explains the quality of the results obtained in section II.A.
increase of total energy by 0.4 kcal/mol and+d6 nm X looks similar to indigo (same stoichiometry, numberwof
bathoshift. Foll , the most stable structure is drawn in Figure electrons, number of hydrogen bonds, and so on) but presents
2, with the two benzene rings on the same side of the dye in a vertical excitation energy that is almost twice as large. At
order to allow a stabilizing hydrogen bond between the carbonyl first sight, it could be understood by the change in symmetry,
and the amine groups. These latter groups are coplanar althoughvhich makes the HOMG~ LUMO transition forbidden, and
the aromatic rings are distorted in the same fashion as in would explain this tremendous enhancement. Indeed, the 335
helicenes. The gain in energy compared to the structure drawnnm (B3LYP) peak corresponds to a HOM& LUMO+1
in ref 57 (without H-bond but with non-interacting phenyl rings) excitation. Nevertheless the HOMO LUMO transition takes
is significant (1.1 kcal/mol), although the impact on the UV/ place at 416 nm (B3LYP), still far from the indigo value (around
vis spectrum is limited. 600 nm in polar solvents). All these frontier orbitals are shown
The molecules with one indigo half and one thioindigo half in Figure 6. The HOMO is not centered on the bridge double
(V1) present only one hydrogen bond, but this bond is strong bond as in indig## and, furthermore, presents a large contribu-
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TABLE 3: Prediction of the Amax (nm) for the Compounds clearly originates in the different excitation processes in indigo
of Figure 7 and inX (see section I11.B). In addition, it shows that the impact
compound solvent functional Amax of the hydrogen bonds on the UV/vis spectra is much weaker
X DMSO PBEO 202 in X than in indigo, as removing such interactions by adding a
Xl DMSO PBEO 405 softer sulfur atom systematically leads to a bathoshift in the
XV DMSO B3LYP 491 former (hypsoshift in the latter).
XV DMSO PBEO 483
§¥:| ),\(Xé%]ﬁ gfffp 355247 IV. Conclusion and Outlook
XV MeOH PBEO 372 .
XIX MeOH B3LYP 309 Using a PCM-TD-DFT/6-311G(2d,p)//PCM-DFT/6-311G-
XX MeOH PBEO 330 (d,p) approach combined with two hybrid functionals, we have

computed the firstt — z* excitation energies of a series of

tion on one of the phenyl rings. On the contrary, the LUMOs indigos. The problematic case of isoindigo left aside, this
of indigo andX are similar but for their symmetry, while the approach is very successful in quantitatively reproducing the
LUMO+1 is delocalized over the whole structure and presents Amax Of absorption of these dyes, as well as the evolution of the
numerous nodes. spectra induced by chemical substitutions on the rings or changes
C. New Structures.In Table 3, we have predicted the spectra 0f the chromophoric moiety. Indeed, without isoindigo, the
of the unknown species represented in Figure 7. The functionalsMAEs are 0.06 and 0.08 eV for B3LYP and PBEQ, respectively,
used during these calculations have been determined followingsignificantly smaller than the typical 0.20 eV TD-DFT error
the conclusions of section IIl.A, i.e., B3LYP has been selected reported for the first dipole-allowed transitions of organic dyes.
for compounds presenting an amingarbonyl hydrogen bond, ~ Furthermore, the present investigation suggests that B3LYP
whereas PBEO has been chosen in the other cases. Note thdPBEO) can be favored for compounds characterized by at least
none of the dyes of Figure 7 are sulfur-free as these structuresone (no) strong internal hydrogen bond with the carbonyl groups.
were found to be the most problematic for our approach. Such a hint is also supported by the results from our previous
Therefore, we believe that the values reported in Table 3 caninvestigation on anthraquinones. In addition, it appears that
be trusted both qualitatively and (almost) quantitatively. sulfur-containing indigos are better described with PBEO. The
For XIl andXlll , the distortion of the bridge dihedral angle difficulty to accurately reproduce the spectra of isoindigo with
is completely similar to that of, and we predict a small  TD-DFT could be explained by the excitation process which
bathoshift ¢-10 nm) when replacing both amine groups by sulfur significantly differs from the other members of the series. This
atoms, as expected for H-bond-free molecules. Contraty,to work demonstrates that qualitative descriptions of the excitation
XIV andXV have a plana€s ground state. We predict a small  processes, which help in rationalizing spectral differences
hypsoshift when adding sulfur atoms iih, stressing the between similar dyes, can often be combined with nearly-

importance of H-bonds in that structure. guantitative procedures, allowing an efficient color-chemistry
In the seriesX — XVII — XVIII (and Xl — XIX — XX), design.
one notes a systematic bathoshiftf20 nm at each step), which We are currently investigating the transferable character of

is exactly the opposite behavior noted (experimentally and these conclusions to dyes not belonging to the indigo or
theoretically) for the indigo—~ VI — thioindigo series. This anthraquinone families.

LD T G

XVvIiln XIX XX
Figure 7. Sketch of the compounds used in Table 3.
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