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Abstract

For a large array of polymethine dyes (about 80 carbocyanines with various end nuclei), effective topological parameters of the long-chain
approximation (electron donor ability F and effective length L) are calculated and correlated with experimental chemical and spectral dye char-

acteristics (pK, and first electronic transition wavelength).
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Purposeful design of polymethine dyes (PMDs) calls for
a method to estimate the significant properties of new struc-
tures of their heterocyclic end groups (EGs). This task implies
determination of some theoretical (quantum chemical or em-
pirical) parameters for a large number of both known and
novel heterocyclic nuclei, and establishment of quantitative re-
lationships between such parameters and experimental PMD
characteristics. At the primary stage, it is expedient to apply
sufficiently simple approaches which can rapidly riddle mas-
sive arrays of structures like a coarse sieve so as to select
the most promising EGs and to catch the major trends in their
effect on dye’s chemical and spectral behaviour. The estimates
thus obtained for selected interesting structures should of
course be refined by a high-level (time-consuming) computa-
tional method but sometimes a significant gain in accuracy
is possible even in the framework of the same (simplistic) ap-
proach, as reported in this study. The present work covers
a large array of PMDs (over 80 symmetric carbocyanines
[EG=CH—CH=CH—EG]" with various EGs) for which we
have calculated effective topological parameters of the long-
chain approximation (LCA), electron donor ability F and
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effective length L [1—5], and correlated them with the exper-
imentally measured [6,7] chemical and spectral PMD proper-
ties, viz., basicity thermodynamically represented by the
negative logarithm of the conjugated acid dissociation con-
stant, pK,, and first electronic transition wavelength, Aeyp.

Electron donor ability and effective length, respectively,
characterize EG contributions to the positions of PMD frontier
levels relative to the Fermi level (an intensive index remaining
practically constant within a vinylogous PMD series) and to
the energy gap width (an extensive index changing in going
from lower to higher vinylogues) [1—5]. The parameters F
and L are additive quantities specified only by the constitution
of two EGs in the topological approximation and expressed in
terms of the relevant elements of the EG inverse topological
matrices (Green’s functions gi(z) of the energy variable z at
z=0) [3,4]:

F= {iF,}; Fi=m"' arcctg{gj(O)] o (1)
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where {...} designates taking fractional part of a number. The
wavelengths in the first absorption maxima were calculated as
An = (L +n+ 1)V, where n is the number of vinylene groups
in a PMD molecule and V = 100 nm is the empirically deter-
mined “vinylene shift” [1].

For 35 EGs of the thiazole series (see Appendix 1), the cor-
relation equation relating basicity to F was derived:
pK.=47.07F — 38.87 (the correlation coefficient R =0.91).
It shows excellent agreement with the previously reported cor-
relation for a set of aza heterocyclic residues [8,9], which sug-
gests a rather stable regularity. Small mean-square variance
between experimental and calculated data B (0.91 pK, units)
points to high reliability of the estimates based on the depen-
dence found.

For 51 EGs of the thiazole series (see Appendix 1), the fol-
lowing correlation was found between the experimental and
topology-based values for the longest absorption wavelength:
Aexp = 0.294y, +453.32 (R = 0.89). The value of 6, however,
amounts to 126.01 nm and so a large error makes questionable
the very possibility to directly apply the LCA method in prac-
tically oriented estimations of absorption wavelengths. This
variance is hugely contributed by the so-called systematic er-
ror of the calculation which arises from the neglect of inter-
electronic interaction in the framework of LCA (as in any
Hueckel-type model). Here we suggest a straightforward
method to eliminate the systematic error using the available
experimental data of the sample concerned. To this end, one
should calculate the corrected values of effective length,
Leorww=aL + (a — 1)n+ b/V, which are dictated not only by
the starting theoretical parameter L but also by the parameters
of the correlation equation Aexp = aAm + b. The accordingly
corrected values A, (calculated by L., analogously to Ay,)
reproduce experimental data much more accurately: 6 de-
creases to 17.60 nm (less than one-seventh of the initial value).
An important advantage of the technique developed is that the
numerical parameters of the correlation equation found for
a sufficiently large EG sample can be used to correct the effec-
tive lengths of arbitrary heterocyclic residues (not only those
within the sample under consideration). This feature arises
from the fact that the values L, obtained for any array im-
plicitly take into account the general effects of interelectronic

interaction. For instance, the correlation equation parameters
for the array of 51 EGs of the thiazole series were applied
to correct the effective lengths in another miscellaneous array
which included 31 aza, thiaza, and oxa heterocyclic residues
(see Appendix 2); as a result, the value 6 in the latter sample
was reduced from 98.11 to 34.20 nm.

The correlation analysis performed demonstrates that PMD
molecular indices of intensive character (basicity) can be esti-
mated better than those of extensive character (first electronic
transition wavelength). At the same time, the suggested proce-
dure for correcting the values of L affords a significantly in-
creased (by not less than half an order) accuracy for A.,
estimation and may therefore improve the prediction quality
for other PMD properties associated with absorption region
(e.g., linear and nonlinear polarizabilities).
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Appendix 1. Heterocyclic nuclei of the thiazole
series and their characteristics involved in the
correlation analysis

The linear approximations of basicity and absorption wave-
length based on the topological parameters are shown dia-
grammatically for the dye end nuclei of the thiazole series.
The calculated values, pK,,, Am, and Aoy, are indicated in
the left column and the corresponding measured characteris-
tics, pKa,,, and Ay, in the right column below the correspond-
ing structure (see the pattern). Unavailable values are
designated by dashes. The Coulomb, ay, and the resonance,
Bxx, integrals for atoms and bonds are defined, respectively,
as ac + hxBcc and nxx/Bcc with the commonly used Ax and
nxx  values: hc=0, hn=1, hg=0.7, hg.=0.5;
Nec =Nen =1, ncs = 0.4, nese =0.2.
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Appendix 2. Miscellaneous array of heterocyclic nuclei and
their experimentally measured and theoretically estimated
longest absorption wavelengths

The primary estimates, Ay, the corrected values A.oy, and
the observed absorption wavelengths, Ay, are shown on the
pattern below. The calculation was performed with ho=2;
Nco = 0.8 (for other atom and bond parameters, see Appen-

dix 1).
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