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Abstract: By using 1-methyl-2-formyl-5-Y-substituted pyrrole (4-nitrophenyl)hydrazones as a
model for nitrogen-containing heterocyclic aromatic compounds, the emission wavelength [Amax(em)]
values of their fluorescence spectra have been measured. Correlation results show that the AEg,
values are mainly affected by polar effects, but spin-delocalizatin effects also exist.
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On the basis of the magnitudes of evaluated(p ., /p;; Ovalues of Eg.1, in which p*c* (or
Pmb/ Omp) and p"o”  (or py;’/a3;") represent the polar and spin-delocalization effect, we
have recently proposed that there are four categories of possible circumstances for
correlation analysis of radical reactivities and spectral properties’. 1 Both polar and
spin-delocalization effects are important, and [p ., /p;; O falls in-between 0.2 and 0.8. 11
Polar effects predominate, [P . /ps;’[> 1.0. Il The spin-delocalization effect
predominates, [p /Py 0< 0.2. IV No correlation can be achieved.

variable = p*c*+p'a’+ C [€h)
variable = p*c* +C )
variable=p" 0"+ C (3)

Correlation results for the fluorescence spectral data of substituted styrenes and
a-methylstyrenes have been found to fall in category-1 in harmony with the diradicaloid
character of the singlet excited states” ®. We have also found that the behavior of the
fluorescence spectral data of ethylene acetals and 4-nitrophenyl hydrazones can be
classified as category-111 and category-I1, respectively*. However, there is no report on
the correlation analysis of fluorescence spectral data of heterocyclic aromatic compounds,
e.g., pyrroles. Will the correlation results for the fluorescence spectral data of pyrroles
conform to categeory-I, category-lI1 or category-111 behavior? The purpose of this paper
is to answer this question. The compounds chosen for our analysis are
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1-methyl-2-formyl-5-Y-substituted pyrroles 1-Y, 1-methyl-2-formyl-5-Y-substituted
pyrrole  phenylhydrazones 2-Y and 1-methyl-2-formyl-5-Y-substituted pyrrole
(4-nitrophenyl)hydrazones 3-Y®, but only 3-Y possess fluorescence spectra (cf Table 1).

| | |
Y. N CHO Y CH =NNH @ Y N CH=—NNH _©—N02

N
LH3 tl::Hg H3
1-Y 2-Y 3-Y
Y = H, CHjs, Cl, CN, COCHs, NO2, COOH, SCH3, COOCHjs, Si(CHs)s, Br and OCH3

Single-parameter correlation results for 3-Y summarized in Table 2 show that
correlations with confidence level (CL) greater than 99.9% can be achieved by eqn. (2),
e.g., for op: r = 0.974, W = 0.246, F = 188, n = 12. However, single-parameter correlation
analysis with all the ¢* contants yield meaningless results (r < 0.62). By using the
dual-parameter eqn. (1), all the six pairings of (o* + ") yield good correlations with CL >
99.9%, e.g., for (op, 035" ): R = 0.974, ¢ = 0.259, F = 84.6, n = 12; for (Omp, 035" ): R =
0.943, W =0.383, F=36.3,n=12.

Table 1. Aex (NM), Amaxem) (nM) and their energies for the fluorescene spectra of 3-Y *

\'% Aex (NM) DEex(8V)®  Amaxem DEem(eV)® | Dmp-1°© Dim-2¢
(nm)
H 392.04 3.165 530.31 2.340 -0.017 -0.005
CHs 396.97 3.126 542.94 2.285 -0.022 -0.017
Cl 394.06 3.149 522.67 2.374 -0.002 0.002
CN 378.64 3.277 495.21 2.506 -0.010
0.041
COCH3 391.52 3.169 498.48 2.489 0.035 0.028
NO; 403.32 3.076 499.11 2.486 -0.049 -0.017
COOH 392.23 3.163 507.08 2.447 0.037 0.034
SCH3 392.13 3.164 537.25 2.310 -0.046 -0.021
COOCH; 383.27 3.237 503.19 2.466 0.056 0.027
Si(CHa)3 394.89 3.142 534.63 2.321 -0.060 -0.060
Br 390.11 3.181 521.61 2.379 -0.003 0.003
OCHa 397.00 3.125 548.88 2.261 0.037 0.035
>D0 0.41 0.26

Solvent: EtOH

AE (eV) =1240.8/ A (nm)

Individual and total deviations of the experimental data from the regression line (AEem ~ Omp ).
Individual and total deviations of the experimental data from the regression line [AE¢m ~(Omp,
a15)].
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Although application of the dual-parameter eqn. (1) seems to improve the
correlation results, this improvement cannot be considered meaningful unless we look
into our data more closely®. It would be good practice to examine the individual
deviations (Dmy-1, Dimy-2) as well as the sum of the deviations Z[DO (cf footnotes of
Table 1). Notably, the Dp,-1 of CN, SCH3; and COOCHj5 is 0.041, —0.046 and 0.056
respectively, but the D,,;-2 of CN, SCH; and COOCHj; is —0.01, —0.021 and 0.027
respectively. Furthemore, the 2[D,,;-200 value (0.26) is much smaller than the 2[D,-101
value (0.41). Therefore, we believe that the above-mentioned improvement by
application of the dual-parameter equation is genuine and that the spin-delocalization
effect is in operation even though it is overshadowed by the polar effect. Judging by the
[P mp/pys"Ovalue of 3.95 and by the aforesaid examination of the deviations, the behavior
of fluorescence spectral data of 3-Y can be classified as category-I1, i.e., fluorescence
spectra of 3-Y are mainly affected by the polar effects of the substituents, but
spin-delocalization effects also exist.

Table 2 Correlation results for the fluorescence spectral data of 3-Y in EtOH

g*ora’

or p* p° rorR s i F n°
(c*+0')
Op 0.2501 0.9744 0.02050 0.2462 187.9 12
ot 0.1604 0.9425 0.02995 0.3696 7151 11
Omb 0.1725 0.9402 0.03107 0.3732 76.17 12
Opt 01’ 0.2493 0.00358 0.9744 0.02160 0.2594  84.64 12
ogt+aoy 0.1570 0.1197 0.9689 0.02352 0.2904 61.22 11
Omb + 033 0.1671 0.04227 0.9433 0.03192 0.3834  36.32 12
Op+O¢ 0.2542 —-0.04150 0.9811 0.01896 0.2312  90.00 10
ot+o 0.1401 0.1247 0.9708 0.02349 0.2866  57.39 10
Omp + O¢ 0.1532 0.04852 0.9556 0.02887 0.3521 36.82 10

a. Critical F values: Fqgo; (1, 10) =21.04; Fo 01 (1, 9) = 22.86; Fo g1 (2, 9) = 16.39, Fg 01 (2, 8) =
18.49; Fg 001 (2, 7) = 21.69.

b. n=12,Y =H, CHs, Cl, CN, COCHjz, NO,, COOH, SCH3, COOCHj, Si(CH3)3, Br, OCHj;
n =11, all of 12 substituted groups except for COCHj;
n =10, all of 12 substituted groups except for COCH; and COOH.
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