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The steric hindrance at the 2-position of the fluoran ring and its influence on the electronic 
absorption spectrum were studied by semiemprical MO calculations. All fluoran dyes in this 
study gave two or more conformers by using structure optimization. Spectral changes and 
band shapes with respect to the steric hindrance of the amino group at the 2-position are dis- 
cussed on the basis of calculations performed for a variety of conformations. A good correla- 
tion between the wavelengths of separated peaks and those of calculated peaks was obtained. 

Keywords: fluoran dye; electronic absorption spectrum; steric hindrance; conformer 

I” 
In the past few decades, fluoran dye is one of the most successful and useful 
functional dyes as a color former for pressure and thennosensitive dyes. The 
electronic spectroscopic properties of fluoran dyes have been extensively 
studied in order to obtain better color tone for recording systems. Recently, 
Computer-Assisted Quantitative Structure-Property Relationship (QSPR) has 
been widely used. Although the molecular orbital (MO) calculations have 
been studied on many dyes using the ZINDO” method, there was no example 
for fluoran dyes except for the PPP-MO method.” In order to investigate the 
correlation between the calculated and the observed absorption spectra of 
fluoran compounds, the theoretical calculations were performed using the 
MOPAC-AM 1 and the ZINDO method. Synthesized fluoran compounds 
having hornologues of an amino group substituted at the 2-position of the 
fluoran ring are shown in Table 1. 
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54 MITSUHIRO YANAGITA er al. 

TABLE 1 Structures of fluoran dyes la-1 - lc-5. 

EXPERIMENTAL 
The electronic absorption spectra of all compounds in m-cresol were meas- 
ured with a Shimazu UV-2200 spectrometer using a quartz cell. The concen- 
tration in the working solution was 7.5 X l o 5  M. The geometry optimizations 
were performed with the MOPAC-AMl." method. Using these geometries, 
ZINDO calculations were performed. The peak separations of the observed 
spectra were performed with the program package ORIGIN" by the peak fit- 
ting method assuming Gauss functions. 

P 
Observed and separated wavelengths are given in Table 2. In addition, calcu- 
lated wavelengths are given. The geometry optimizations for these fluoran 
dyes showed the presence of local minima corresponding to the multiple sta- 
ble conformers via rotation about the C-N bond at the 2-position. Each con- 
former had a different transition energy, oscillator strength and heat of forma- 
tion as shown in Table 2. In the case where the observed absorption spectra 
had a shoulder ( i e . ,  lb-1 - 101, lc-4 - lc-S), they could be separated into 
two peaks, and the calculated transition energies could be divided into two 
groups. On the other hand, in the case where they had no shoulder, they could 
not be divided into two groups (i.e., la-3 - la-5); otherwise, one of the two 
groups had rather a higher energy (> 2 kcal/mol) of heat of formation than the 
other (i.e., la-1 - la-2). Except for the above compounds (Le., lc-2 - lc-3), 
although they did not have shoulders, two separated peaks and two groups of 
conformer having different transition energies were obtained. 

A fair correlation (correlation coefficient : r = 0.83) between the observed 
transition energies (AEobs.) and the calculated lowest transition energies 
(AEcalc.) is obtained in Fig. la. An excellent correlation (correlation coeffi- 
cient : r = 0.97) is obtained between the separated lowest transition energies 
(AEsep.) by extracting through lineshape analysis of the observed peaks and 
the calculated lowest transition energies (AEcalc.) (Fig. lb). As a typical ex- 
ample, the absorption band of lc-1 and two separated peaks and the corrected 
transition energies are shown in Fig. 2. 

The electronic absorption spectra are complicated by overlapping peaks 
due to the steric hindrance between the amino moiety at the 2-position of the 
fluoran dye and substituent at the 3-position. The calculated transition energi- 
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TABLE 2 
Compd observed* separaledbl con!ormercJ ca lcu la tedm beat of formati- 

Observed and calculated peaks for fluoran dyes la-1 - lc-5. 
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es and their intensities were in good agreement in the separated peaks of the 
observed spectrum using the peak-fitting procedure. Taken together, these 
spectral shifts are caused by a resonance effect between the lone pair electron 
of nitrogen and the TC -electrons of the fluoran ring. Thus, this result includes a 
conclusion of the previous paper in this series and would provide an important 
technique for molecular modeling of the color former. 

ABcalc eV 

8 

1 I1 

1. Y 

1.81 
LIO 1 8 8  LIO L l 1  LM , 

Akrlc./eV 

I I , . , . . . ,  . . . , . . . , . . . , . . . ,  

Lc 
1.b 1 1  1.e 1.1 1.4 14 

Tnailt loa Enerw I eV 
FIGURE 1 (a) Correlation between FIGURE 2 (a) Observed a6sorption spec- 
observed transition energies and calculat- trum of lc-1 and separated peaks. (b) 
ed transition energies. @) Correlation Corrected transition energies of calcu- 
between transition energies of separated lated values and oscillator strengths of 
peaks and calculated transition energies. four conformers of lc-1. C1,* in (a) corre- 

sponds to lc-1-1 and 112-1-2 in (b), and 
C3,, in (a) to 101-3 and 101-4 in (b). 
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