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Summary 

The effect of solvents on the spectral characteristics of 2-(3’-hydroxy- 
phenyl)benzimidazoie (MHBI) and 2-t 4’-hydroxyphenyl)benzimidazole 
(PHBI) indicate that the former is more polar in the excited singlet state 
than the latter. The structured absorption and fluorescence spectra in dif- 
ferent solvents show that the 4’-hydroxyphenyl ring is conjugated better 
with the benzimidazole moiety than the 3’-hydroxyphenyl. The fluo- 
rescence quantum yield of the monocation of MHBI is much less than that 
of the monocation of PHBI and their methoxy derivatives. The spectral 
shifts observed in the absorption and fluorescence spectra for the various 
prototropic reactions of PHBI and the methoxy derivatives of PHBI and 
MHBI are consistent with earlier results. The large blue shift observed in the 
fluorescence spectrum of the dianion of MHBI is due to the electrostatic 
repulsion between the benzimidazolyl and the phenyl rings which results in 
the loss of the coplanarity of these two rings. The various prototropic reac- 
tions of these compounds are the same in the S,, and the S1 states. Their pK, 
values in the So and S1 states are determined and discussed. 

1. Introduction 

The spectral characteristics (the absorption and fluorescence spectra 
and their intensities) of an aromatic molecule are dependent on the nature 
as well as on the position of the substituent in the aromatic ring [ 1 - 31. 
Therefore the fluorescence and absorption spectra of an aromatic molecule 
may differ significantly from isomer to isomer [l - 61. The emission of 
pyrazine, for example, is quite different from that of pyridazine or pyr- 
imidine [7 - 91. 

It is well established that phototautomerism is observed in aromatic 
molecules if they contain electrondonating or electron-withdrawing groups 
and either their acidity or their basicity increases upon excitation. The 
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phototautomerism can be intramolecular [ 5,lO - 131 or intermolecular [ 14, 
151; the former shows no dependence on the nature of the solvent or the pH 
of the solution whilst the latter does depend on these factors. For example, 
salicylic acid [lo] shows intramolecular phototautomerism whereas 5- 
aminoindazole [ 141 exhibits intermolecular phototautomerism. 

The present study on 2-( 3’-hydroxyphenyl)benzimidazole (MHBI) and 
2-(4’-hydroxyphenyl)benzimidazole (PHBI) was carried out to determine (i) 
whether the molecules possess phototautomerism, as they contain both 
electron-withdrawing (tertiary nitrogen atom) and electron-donating (-OH 
group) groups and (ii) the effect of substituents on the spectral character- 
istics of benzimidazole in various solvents and at different pHs. The pK, 
values of the various prototropic equilibria in the ground and the excited 
states were determined. The above results were also supplemented by study- 
ing the methoxy derivatives. 

2. Methods and materials 

MHBI, PHBI and the methoxy derivatives were prepared by heating an 
equimolar mixture of o-phenylenediamine and the respective hydroxy- 
benzoic or methoxybenzoic acids at 250 “C in polyphosphoric acid media, as 
described in the literature [ 161. Each compound was crystallized repeatedly 
from acetone and the purity was checked by noting the melting point and 
recording the IR and UV spectra, as well as checking that the fluorescence 
spectra were the same when excited at different wavelengths. BDH spectro- 
grade methanol, analytical grade sulphuric acid, trifluoroacetic acid (TFA; 
Fluka) and sodium hydroxide were used as received. Analytical grade aceto- 
nitrile (E. Merck), cyclohexane (IDPL) and ether (BDH) were purified by 
methods described in the literature [ 17 1. Triply distilled water was used for 
the preparation of aqueous solutions. A modified Hammett’s acidity scale 
(W,) [18] for HzS04-Hz0 mixtures and Yagil’s basicity scale (W_) [19] for 
NaOH-HZ0 mixtures were used for solutions below pH 1 and above pH 13 
respectively. 

Absorption spectra were recorded on a Shimadzu model 190 UV 
spectrophotometer fitted with a U 135 recorder. Fluorescence measurements 
were carried out on a recording spectrofluorometer fabricated in our labo- 
ratory (the details are available elsewhere [20]). Fluorescence spectra at 
77 K were recorded by fitting an Aminco-Bowman low temperature acces- 
sory to our spectrofluorometer. The bandwidth of the excitation radiation 
was 8 nm and both the monochromators were calibrated regularly with a low 
pressure mercury lamp. pHs in the range 1 - 13 were measured on a Toshniwal 
model CL-44 A pH meter. The concentrations of the solutions were of the 
order of 1O-5 M at 298 K and low3 M at 77 K. The fluorescence spectra were 
corrected according to the procedure given in one of our previous papers 
[ 201. Quinine sulphate in 0.1 N H,S04 was employed as the standard for 
measuring quantum yields [Zl] and the wavelength used for excitation was 
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300 nm. The solutions for absorptiometric and fluorometric titrations were 
prepared just before performing the measurements. In fluorometric titra- 
tions, isosbestic wavelengths were used for excitation of different species 
(see Figs. 4 and 5 below). 

3. Results and discussion 

3.1. Effect of solvents on absorption and fluorescence spectra 
The absorption and fluorescence spectra of MHBI and PHBI were 

studied in different solvents. The fluorescence spectra of MHBI and PHBI 
are shown in Figs. 1 and 2 respectively. The h,,(abs), h,,,(flu), E,,, and 
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Fig. 1. Fluorescence spectra of MHBI in different solvents at 298 K (concentration, 
1.0 x lOAs M, &, = 300 nm). 
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Fig. 2. Fluorescence spectra of PHBI in different solvents at 298 K (concentration, 
1.0 x 10D5 M, L, = 300 nm). 
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TABLEI 

Absorption and fluorescence band maxima, molar absorptivities 
yields af of MHBI in different solvents and at various hydrogen 
298 K 

(log E) and quantum 
ion concentrations at 

Solvents/species Aa (nm) hf W-4 * f 
(log %I,) 

Ether 215 242 292 304 319 322 337 354 0.40 
(4.72) (4.16) (4.44) (4.48) (4.39) 

Acetonitrile 210 241 291 304 318 326 340 354 0.38 
(4.63) (4.15) (4.21) (4.35) (4.22) 

Methanol 212 240 - 300 317 326 341 353 0.20 
(4.64) (4.02) (4.36) (4.18) 

Water (pH 7) 207 240 - 300 317 330 352 - 0.16 
(4.65) (4.04) (4.31) (4.16) 324,340,357, 370 

Monocation (pH 2) 209 244 - 294 325 - 384 - - 
(4.50) (4.00) (4.32) (3.95) 38K390b 

Dication (He -10) 205 243 - - 300 - - - - 
(4.45) (4.01) (4.26) 

Monoanion (pH 11) 200 246 296 306 325 - 430 - - 
(4.73) (4.13) (4.30) (4.22) (3.89) 

Dianion (U_ 16) 230 250 - 311 333 - 402 - - 
(4.62) (4.28) (4.37) (4.18) 

E is in litres per mole per centimetre; the values underlined are at 77 K. 
aIn cyclohexane with 2% TFA. 
bin methanol with 2% H$SO,+. 

G+ are listed in Tables 1 and 2. The absorption band maxima are red shifted 
as compared with benzimidazole [22] in any given solvent. Both the absorp- 
tion and the fluorescence spectra of MHBI and PHBI are structured in nearly 
all the solvents and this is explained by the ground state vibrational fre- 
quency of about 1390 cm -’ for MHBI and about 1400 cm-’ for PHBI. 
These vibrational frequencies match those observed in 2-phenylbenzimidazole 
(PBI) f231, 2-t m-aminophenyl) benzimidazole (MAN) [ 5 J and Z-@-amino- 
phenyl)benzimidazole (PABI) [ 6 3. The shortest wavelength fluorescence 
bands at 330 nm and 326 nm in water can be assigned as the O-O transition 
in MHBI and PHBI respectively. The fluorescence quantum yields of MHBI 
and PHBI are less than that of benzimidazole in any given solvent [24 ] and 
decrease with increasing solvent polarity or hydrogen-bonding ability. 

Based on the larger values of the extinction coefficients, the greater red 
shift in the absorption spectra compared with benzimidazole in any given 
solvent, the higher fluorescence quantum yields and the mirror image sym- 
metry of the absorption and the fluorescence spectra, the following conclu- 
sions can be drawn. 

(i) The lowest energy transition in these compounds is of R + A* charac- 
ter. 
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TABLE 2 

Absorption and fluorescence band maxima, molar absorptivities 
yields $ of PHBI in different solvents and at various hydrogen 
298 K 

(log e) and quantum 
ion concentrations at 

Solvent/species ha (nm) hf Mm) @f 

@ali Gxmx) 

Ether 

Acetonitrile 

Methanol 

Water (pH 7) 

214 

210 
(4.03) 

209 
(4.11) 
- 

Monocation (pH 2) - 

Dication (Ha -10) - 

Monoanion (pH 11) 

Dianion (H- 16) 

202.5 
(4.90) 

227.5 
(4.60) 

245 

245 
(3.63) 

246 
(3.71) 

245 
(3.97) 

255 
(3.99) 

242.5 
(3.89) 

250 
(3.96) 

252 
(4.09) 

299 305 322 338 

286 294 328 342 
(3.69) (3.71) 

- 292.5 330 345 
(3.82) 

- 289 326 344 
(4.10) 

- 297 366 
(4.17) 

- 288 - 

(4.28) 

- 307.5 386 
(4.23) 

- 312.5 390 
(4.27) 

352 0.5 

356 0.44 

361 0.42 

357 0.19 

- 

- 

- 

- 

e is in litres per mole per centimetre. 

(ii) The hydroxyphenyl ring in each case is coplanar and conjugated 
with the benzimidazole moiety, in both the S, and the S1 states. These 
results are consistent with previous findings [ 22, 23,251. 

The effect of solvents on the absorption spectra of these compounds 
is similar to that observed for benzimidazole. The spectral shift on changing 
the solvent noted for the absorption spectrum of MHBI is small compared 
with that for the fluorescence spectrum. The behaviour of PHBI is the op- 
posite. This suggests that. the change in the dipole moment of MHBI is 
greater than that of PHBI on excitation. This could be due to the fact that 
for PHBI two cannonical structures are present, the structure I’ being more 
favoured in the excited state. 

I I’ 

Thus the charge migration from the carbocyclic ring to the heterocyclic 
ring will leave some positive charge on the carbocyclic ring, whereas similar 
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structures are not possible in the case of MHBI. The presence of I’ is also 
reflected by the fluorescence spectrum being structured even in water. 
Similar behaviour has been observed for Z-( 3’-aminophenyl)benzimidazole 
[ 51 and Z-(4:aminophenyl)benzimidazole [ 61. The red shift observed in the 
fluorescence spectra with increasing solvent polarity or hydrogen-bonding 
ability is consistent with the behaviour of similar compounds. 

With water as the solvent, a long-wavelength fluorescence band (Amax = 
440 nm) is observed for MHBI at 298 K together with a fluorescence band 
at 352 nm. Fluorescence excitation spectra recorded at 352 nm and 440 nm 
indicated that the ground state species is the same for the two fluorescence 
bands. LwdI,s4 remains the same over the concentration range 10m5 - 10B3 
M and the pH range 1 - 8, and on lowering the temperature to 77 K. The 
long wavelength band is absent in the case of its methoxy derivative. These 
results lead us to reject the idea of the formation of an excimer or exciplex 
and a zwitterion. The evidence for the identity of this emission is still in- 
conclusive. 

3.2. Effect of pH on the absorption and fluorescence spectra: 2-(4’-hydroxy- 
phenyl)benzimidazole and its methoxy derivative 

The effect of pH on the absorption and fluorescence spectra of PHBI 
and its methoxy derivative has been studied in the H,fpH/H_ range of 
-10 - 16. The relevant data are listed in Tables 2 and 3. The scheme depict- 
ing the various prototropic reactions is given in Fig. 3 and the fluorescence 
spectra of the various prototropic species of PHBI are given in Fig. 4. Prom 
the data of Tables 2 and 3, it is clear that prototropic reactions of PHBI 
and its methoxy derivatives are the same in S* At the highest value of H_ 

TABLE 3 

Absorption and fluorescence band maxima and molar absorptivities (log e,,) of 2-(3’. 
methoxyphenyl)benzimidazole and 2-(4’-methoxyphenyl)benzimidazole at various hy- 
drqgen ion concentrations at 298 K 

Species 2-(3 ‘-Methoxypherzyl) - 2-(4’~Methoxyphenyl)- 
(HolpHlH-) bensimidazole benzimidazole 

ha (nm) Ai Aa (nm) Af 
(log %n,) @m) (log %I,) (nm) 

Dication 

(Ho -10) 

Monocation 

(PH 2) 

Neutral 

(PH 71 

Monoanion 
(H- 16) 

242 
(3.94) 

242 
(4.03) 

239 
(4.03) 

250 
(4.08) 

294 
(4.24) 

294 
(4.27) 

294 
(4.27) 

311 
(4.28) 

325 
(3.86) 

325 
(3.84) 

316 
(4.03) 

330 
(4.05) 

- 248 
(3.80) 

375 248 
(3.89) 

357 246 
(3.83) 

382 250 
(4.04) 

300 
(4.27) 

300 
(4.27) 

302 
(4.22) 

312 
(4.31) 

325 - 
(3.90) 

325 362 
(3.94) 

319 350 
(4.00) 

325 370 
(4.22) 

e is in litres per mole per centimetre. 
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X = 3’- OH , L’- OH 

Fig. 3. Scheme representing the prototropic reactions of MHBI and PHBI. 

Fig. 4. Fluorescence spectra of various prototropic forms of PHBI at 298 K (concentra- 
tion, 1.0 X lo-’ M; kc = 280 nm for the monocation, 290 nm for the monoanion and 
325 nm for the dianion). 

16, the formation of the dianion of PHBI (A,,, = 312.5 nm) is indicated, 
this being obtained by the deprotonation of the hydroxyl and the imino 
groups. With a decrease in pH, a blue shift (to 307.5 nm) is observed in the 
absorption spectrum and this reflects the formation of the monoanion. The 
proton can be added to the imino group nitrogen atom or to the phenolate 
ion. Since the hydroxyl group is more acidic than the imino group, the 
proton will be added to the imino group at pH > 11. This is further con- 
firmed by the pK, value of 13.9 for this reaction, calculated spectrophoto- 
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metrically and in agreement with the value for the deprotonation reaction 
of the imino group of benzimidazole [ 6,261. A similar pK, value (12.10) is 
observed in the case of the methoxy derivative, where there is no dissociable 
hydroxyl proton. With an increase in hydrogen ion concentration, a further 
blue shift (to 289 nm) is noted in the absorption spectrum, whereas such a 
change is not observed in case of the methoxy derivative. The absorption 
spectrum of the newly formed species matches that of the methoxy deriv- 
ative as well as that observed in other solvents. This indicates that the species 
formed by protonating the phenolate ion is a neutral molecule. The pK, 
value for the neutral species-anion equilibrium (9.4) falls in the region where 
the phenolic --OH dissociates [27 1. With a further increase in acid strength, 
a red shift is observed in the absorption spectrum (to 297.5 nm), indicating 
the formation of the monocation by protonation of the tertiary nitrogen 
atom. Lastly, at H, -10, a small blue shift (to 288 nm) reflects the forma- 
tion of the dication by .protonation of the hydroxyl group of the mono- 
cation. This result is similar to that obtained for related compounds [28, 291 
as well as with the methoxy derivative. All the above assignments of the 
various species are consistent with the earlier finding that there is a red shift 
in the absorption spectrum when protonation takes place at the tertiary 
nitrogen atom or when deprotonation takes place from the imino and the 
hydroxy groups [ 20, 30,311. 

From the data of Tables 2 and 3 it is clear that the prototropic react- 
ions of PHBI and its methoxy derivative are the same in the first excited 
singlet state and the changes observed in the fluorescence spectra are similar 
in nature over the complete range of H,/pH/W_, i.e. for PHBI dianion 
(X,,,(flu) = 390 nm) at H_ 16, monoanion (X,,(flu) = 386 nm) at pH 11, 
neutral species (h,,, (flu) = 356 nm) at pH 7 and monocation (h,,,(flu) = 
366 nm) at pH 2. The red shift observed in the fluorescence spectrum of 
PHBI is quite small compared with the shifts observed for the similar species 
of benzimidazble [25] and their alkyl-substituted derivatives [32], but this 
small red shift resembles the shift observed for the cations of benzimidazoles 
when substituted by the phenyl [ 231 or the 4-thiazolyl groups 1251 at the 
2-position. On similar grounds, it can be concluded that the emitting state of 
the cations of PHBI and its methoxy derivative is the same as that observed 
in the absorption spectrum, i.e. lb. This is because the positive charge of 
the monocation is delocalized over the complete m system of the phenyl 
group, instead of being concentrated on the tertiary nitrogen atom. This 
behaviour is unlike that of the methyl-substituted derivatives of benzimi- 
dazole. Thus the charge transfer electronic state is not stabilized to such an 
extent that the energy is lower than that of the IL,, state. In contrast to the 
absorption spectrum, no further change is observed in the fluorescence spec- 
trum even up to Ho -10. This indicates that the dication formed in the 
ground state is unstable in the excited state. This could be due to the dis- 
tribution of the positive charge of the monocation over the whole molecule, 
making the OH group more acidic in the S1 state than in the S, state. The 
methoxy derivative behaves in a similar manner. 
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3.3.2~(3’-Hydroxyphenyl)benzimidazole and its methoxy derivative 
The absorption and fluorescence spectra of MHBI and its methoxy 

derivatives have also been studied in the H,/pH/H_ range -16 - 16. These 
are shown in Fig. 5 and the relevant data are compiled in Tables 1 and 3. The 
scheme representing the various prototropic reactions are given in Fig. 3. It is 
clear from the data of Tables 1 and 3, as well as from Fig. 3, that all the 
prototropic reactions taking place in MHBI and its methoxy derivative are 
similar to those of PHBI, in both the ground and the excited singlet states. 
The changes in the absorption spectra of the two molecules and the changes 
in the fluorescence spectrum of the methoxy derivative of MHBI follow the 
same trend as that observed in the corresponding reactions of PHBI. The 
following changes were observed in the fluorescence spectrum of MHBI and 
these are quite different from the results for the other molecules in this 
study. 

(i) At the extreme H_ 16, the fluorescence spectrum is assigned to the 
dianion of MHBI, formed by deprotonation of -OH and >NH groups. Un- 
‘like the behaviour of the other molecules mentioned above, there is a large 
red shift in the fluorescence spectrum (to 430 nm) when the pH is lowered. 
Under these conditions, the protonation can only take place either at >N 
or at -O- groups and both these reactions lead to a blue shift in the absorp- 
tion and fluorescence spectra, as observed in many other similar reactions 
[20,27, 301. This anomalous behaviow can be explained as follows. Unlike 
the dianion of PHBI or the ground state behaviour of MHBI, the negative 
charges of >N- and -O- groups are only localized on their respective rings 
because of the met-a position of the -O- in the 2-substituted phenyl ring. 
Because of this an electrostatic repulsion may develop between the two 
rings. This will lead to the removal of the coplanarity of the two rings, and 
thus a blue shift results on the formation of the dianion by deprotonation 
of the >NH group. Since the methoxy derivative does not possess a dis- 

lohexane+TFA) 

Xb-4 

Fig. 5. Fluorescence spectra of various prototropic forms of MHBI at 298 K (concentra- 
tion, 1.0 X 10e5 M; h,, = 300 nm for the monocation, 320 nm for the monoanion and 
300 nm for the dianion). 
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sociable proton similar to -OH, this phenomenon is not observed. Thus, 
based on above results, the 430 nm fluorescence band is assigned to a mono- 
anion formed by protonation of the >N- group of the dianion. 

(ii) The fluorescence intensity of the neutral MHBI is quenched at pH 1 
and a new band appears at N, -1 with X,,, = 384 nm. No further change in 
A mai is observed even at H,, -10, once the maximum intensity is attained. 
Similar behaviour is also obtained in the fluorescence spectrum when 
methanol is used as the solvent and the hydrogen ion concentration is in- 
creased. MHBI in cyclohexane containing 1 - 2 vol.% TFA gave a fluo- 
rescence spectrum matching the above (X,,, = 380 nm). A fluorescence 
spectrum was also recorded at 77 K and pH/H, 2.0 and -2. These are the 
hydrogen ion concentrations where the monocation of MHBI is present in 
the So state, but the fluorescence spectrum of the monocation is only ob- 
served at Ha -2 and 298 K. At 77 K, the fluorescence spectra observed at 
these hydrogen ion concentrations are the same and match that observed at 
298 K. The 384 nm fluorescence band is thus assigned to the monocation, 
this being formed by the protonation of the tertiary nitrogen atom. This 
assignment is based on the following grounds. (a) Based on the structure of 
the molecule, no other cationic species can be formed in such acid condi- 
tions. A non-fluorescent zwitterion can be formed in the excited singlet state 
from the neutral molecule with the assumption that the acidity of the -OH 
group and the basicity of the tertiary nitrogen atom increase upon excitation 
to match the rate of depxotonation of the -OH group and the rate of 
protonation of the tertiary nitrogen atom, but this species cannot be formed 
from the excitation of the monocation, which is present in the So state. (b) 
Proton-induced fluorescence quenching of monocations of methyl-substituted 
benzimidazoles have been observed [ 321 but not of the neutral benzimidazole 
derivatives. Even if we assume that the fluorescence quenching of the neutral 
MHBI occurs, the pK,* value for the monocation-neutral species equilibrium 
can be calculated only from the formation curve of the fluorometric titra- 
tion and not from the relative decrease in the fluorescence intensity of 
neutral MHBI. The p&* obtained from the formation curve is 0.5, indicating 
that the tertiary nitrogen atom becomes less basic upon excitation, whereas 
it has always been observed that tertiary nitrogen becomes more basic 
[20,23, 301. (c) The fluorescence quantum yield of most of the mono- 
cations of benzimidazole derivatives is very small compared with that of the 
neutral species and this originates either from radiationless processes or from 
the solvent-solute interaction leading to quenching. Results at low temper- 
ature and in non-polar media confirm the above observation, i.e. fluorescence 
from the monocation at 77 K is observed in the regions where it was absent 
in aqueous media and at 298 K. The monocation of 2-(3’~aminophenyl) 
benzimidazole is also found to be non-fluorescent [ 51. Thus it can be con- 
cluded that the monocation of MHBI is formed at a pH below 3, as the 
fluorescence intensity of the neutral molecule starts decreasing. That it is 
only observed at high acid concentration may be due to reasons mentioned 
above. 
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As with the compounds described above, no dication is formed even 
at HO -10 and a similar explanation can be given. 

3.4. Pro to tropic equilibria 
The ground state values for the various prototropic reactions were 

calculated spectrophotometrically and are listed in Table 4. The values so 
obtained are consistent with the literature values for similar reactions and 
also with the conclusion that an electron-withdrawing group increases the 
acidity constants and decreases the basicity constants, and vice versa for 
the electrondonating groups. 

The pK,* values for the different proton transfer reactions of the com- 
pounds were calculated with the help of fluorometric titrations (Fig. 6) and 
the FSrster cycle method [33 1, using absorption and fluorescence data and 
the average of the absorption and the fluorescence maxima. The latter 
method is valid since it was established earlier that the electronic transitions 
involved in the respective species are the same and that the proton transfer 
equilibria between the various species are the same in the S,, and the S1 
states. The exception is the equilibrium between anion-dianion species of 
MHBI where it was established that in the latter species the phenyl ring is 
not coplanar with the benzimidazole moiety in the S1 state. The pK** so 
obtained are listed in Table 4. The fluorometric titrations gave the ground 

TABLE 4 

The pKa values for the various prototropic reactions of MHBI, PHBI and their methoxy 
derivatives 

Equilibrium PZG pK,* (FGrster cycle method) 

Absorption Fluorescence Average 

PHBZ 
Monocation + Neutral 4.40 6.50 5.9 6.2 
Neutral + Anion 9.4 5.00 5.0 5.00 
Anion + Dianion 13.9 12.9 13.4 13.20 

Methoxy derivative of PHBZ 
Monocation * Neutral 4.50 5.7 7.3 6.5 
Neutral * Anion 12.1 10.9 8.9 9.9 

MHBZ 
Monocation + Neutral 4.5 6.0 9.5 7.8 
Neutral * Anion 9.0 7.5 1.8 
Anion + Dianion 13.4 11.9 - - 

Methoxy derivatives of MHBZ 
Monocation * Neutral 4.2 
Neutral + Anion 12.9 

6.0 7.1 6.6 
10.1 9.1 9.6 
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Fig. 6. Plot of I/l,-, us. H,/pH/ZL. for the various prototropic forms of MHBI (-C-) and 
PHBI (a)_ 

state pK, values, and these indicate that the lifetimes of the respective 
species are quite short and that the equilibrium is not established in the 
excited state during their lifetimes. The Fijrster cycle method has clearly 
indicated that -OH and >NH groups become more acidic on excitation, 
whereas the tertiary nitrogen atom becomes more basic. The values of the 
pK,* obtained by different methods are not very different from each other. 
This agrees with the earlier result that, especially for PHBI and its methoxy 
derivative, the molecules are not very polar in the S1 state, and thus solvent 
relaxation for different species is nearly the same in the two states. The small 
difference can be attributed to the use of band maxima rather than the O-O 
transition, because the neutral species have structured spectra whereas 
ionic species have broad bands. The results for the pK,* of MHBI are 
exception. As pointed out earlier, the ions of MHBI are more polar in 
excited state than in the ground state. 

the 
the 
the 

4. Conclusions 

The mirror image relationship between the absorption and the fluo- 
rescence spectra of MHBI and PHBI clearly indicates that the geometries of 
these molecules are not very different in the Se and the S1 states. The effect 
of the solvent polarity on the spectral characteristics indicates that MHBI is 
more polar in the Sr state than PHBI. The proton transfer reactions of 
MHBI, PHBI and their methoxy derivatives are the same in both the So and 
the Sr states. The fluorescence spectrum of the dianion of MHBI, formed by 
the deprotonation of the >NH and -OH groups, is blue shifted in compari- 
son with that of the monoanion. This is due to the electrostatic repulsion 
between the benzimidazolyl and the hydroxyphenyl rings, and this reduces 
the coplanarity of these rings. Lastly, the fluorescence quantum yield of the 
monocation of MHBI is very low in comparison with those of the mono- 
cations of PHBI and their methoxy derivatives. 
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