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FLUORESCENCE CHARACTERISTICS OF SCHIFF BASES DERIVED FROM 
AMINO- AND AMINOALKYLPYRIDINES 

Kev words: aminopyridines, aminoalkylpyridines, fluorescence quantum efficiency, 
salicylaldehyde, Schiff base 

Zvjezdana Cimerman. Sneiana Miljanic and Iasna Antollc 

Laboratory of Analytical Chemistry, Faculty of Scicnce. University of Zagreb, 
Strossmayerov trg 14, 10000 Zagreb. Croatia 

ABSTRACT 

The fluorescence charactenstics of the Schiff bases 2-(3- 

pyridylmethyliminomethyl)phenol (l), 2-(2-pyridyliminometyl)phenol (2), N.N’- 
bis(salicylidene)-2,3-pyridined,1amine (3), N.N’-bis(salicylidene)-2.6-pyridinediamine (4) 

and 2-(2-amino-4-methox~~ethyl-6-methvl-3-p~ridylmethyliminome~yl)phenol (5 )  were 

studied in various solvents at different pH values. Corresponding quantum efficiencies 

were determined. Compound 1, which showed a tendency towards tautomeric 

interconversion to ketoamine in polar protic solvents. was not fluorescent at pH < 8. The 

fluorescence of other compounds was very sensitive to solvent polarity and the pH of thc 

medium. Compounds 2 - 4. preferably present as enolimines in all solvents, were not 

fluorescent in non-polar and moderately polar solvents, whereas weak emission was 

observed in polar solvents. like methanol, dimethylformamide and dioxane/water I /  1 

(0.001 < Q < 0.072). A significant increase in Stokes shifts and in quantum efficiencies 

was noted as a result of increasing polarity of dioxane/water mixtures. indicating specific 
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182 CIMERMAN, MILJANIC, AND ANTOLIC 

interactions mith polar water molecules. The emission was promoted at acidic pH values 

where a pyridinium cation was formed (0.061 < Q < 0.519. in dioxanehater 1/1 at pH 

3.4). Compound 5. which was a tautomeric mixture of enolimine and cyclic diamine in all 

solvents. was fluorescent in polar as well as in non-polar media. The quantum efficiency 

varied dependent on the solvent and pH (0.023 < Q 0.435). Thc cyclic diamine, i .  e. the 

more rigid structure was supposed to be responsible for the fluorescence in non-polar and 

aprotic solvents as well as at neutral. and neakly basic pH values. 

INTRODUCTION 

The interest in the spectral charactcristics of Schiff bases is associatcd with their role in 

biochemical equilibria, as well as with their analytical applications. The lumincsccnce 

properties of Schiff bases arc useful for recognizing biochemically relevant details and can 

be a basis for the development of new. highly sensitive analytical methods. Additionally. 

luminescence properties are important for investigations of photochromism and 

thermochromism. These facts have motivated a number of works about fluorescent 

aromatic Schiff bases [ 1-91, 

Howcver. there are limited data on the luminescence of heteroaromatic Schiff bases. 

although they might be very attractive compounds, particularly for analytical applications 

[ 10-121. Holzbecher measured the fluorescence intensih of 2 4 2 -  

p~ridyliminometh~1)phenol in a dioxanehater mixture. He noted a significant increase in 

emission intensity when going from neutral to alkaline or acidic medium. as well as in the 

presence of some metal ions [ I l l .  Valcarcel utilized the fluorescence properties of 

salicylaldehyde picolinoylhydrazone to dcvclop AI(II1) sensitive sensors [ 121 

We have systcmatically studied the fluorcscencc propcrties of a series of recently 

prepared [ 13- 161 Schiff barn derived from amino- or aminoalkylpyridincs and 

salicyIaldeh\.de. some of which possess promising characteristics for analytical 

applications (Scheme I )  [ 171. Here. we report on the quantum efficiencies of this group of 

Schiff bases in pure solvents of different polarity. in mixtures of dioxane and water as well 

as at various pH values. 
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FLUORESCENCE CHARACTERISTICS OF SCHIFF BASES 183 

o/\.m N HO 

2-(3 -pyridylmethyliminomethyl)phenol 

1 

2-(2-pyridyliminomethyl)phenol 

2 

N.N'-bis(salicylidene)-2.3 - pyridinediamine N,N'-bis(salicylidene)-2,6-pyridinediamine 

3 4 

L - 
H3 

2-(2-amino-4-methoxqmethyl-6-methyl-3 -pyridylmethyliminomethyl)phenol 

5 

Schcme 1 
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184 CIMERMAN, MIUANIC, AND ANTOLIC 

EXPERIMENTAL 

General procedures for the preparation of Schiff bascs of amino- and 

aminoalkylpyridines have already been reported [ 13-16]. All other chemicals were of p a  

purity grade. All solutions were prepared w-ith solvents of spectroscopic grade (additionally 

purified when necessary) and doubly deionized nater that was free from carbon dioxide. 

Stock solutions of Schiff bases were prepared in an appropriate organic solvent. The 

concentrations in working solutions were 1.0 . 10-j M or 5.0 . M for W-v i s  

absorption measurements and 1.0 . 10.’ M or 5 0 . lo4 M for fluorescence measurements. 

Dilution of working solution for fluorcsccnce measurements was sufficient (absorbance < 

0. I )  to consider self-absorption negligible. The pH was adjusted with standard buffers 

(acetic acid - sodium acetate buffer and universal buffer mixture consisting of acetic. 

phosphoric and boric acid and their sodium salts). Quenching by oxygen was avoided b> 

bubbling each solution with N2 for 2-3 minutes before fluorescence measurement. 

W-\-is absorption spectral data were obtained on a Varian Cary 3 spectrometer 

Fluorescence measurements. correction of spectra and integration of the corrected spectra 

area were performed on a Perkin Elmer LS 50 fluorcsccnce spcctromctcr. Conventional 

quartz cells (10 Y 10 nun) werc used throughout. 

The samplcs were thermostated during the measurements at 20 “C. Spectra were always 

recorded Lvithin the first three minutes following the preparation of the solution. as 

hydrolysis of Schiff bases may take place in solvents containing water. 

The excitation source (a xenon lamp) was calibrated using the high absorbance solution 

M solution in deionized water) as a quantum method [I81 and rodamin B (1.0 . 

counter (A,,, = 58 I nm). 

Relative fluorcscence quantum efficiencies were calculated by the method of Parkcr and 

Rees [ 191 from the equation: 

(1 = ( I  A , @ )  ’ ( I . )  n,’ /I, 
- >  Ir A s ( ” )  ’(A,) n; I>, 

where . Q quantum efficicncy, 

A ( 2 )  

’(1) 

absorbance of the solution at  excitation mwelength. 

relative intensity of the exciting light at wavelength 1, 
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FLUORESCENCE CHARACTERISTICS OF SCHIFF BASES 185 

D: 

w refractive index: 

subscripts rand s relate to the reference material and sample. respectively. 

integrated area under the corrected emission spectrum: 

Quinine sulfate solution (1.0 ppm solution in 1.0 M sulfuric acid) was used as a 

reference standard. Refractive indcxes of solvents were measured on a differential Brice- 

Phoenix refractometer. Model BP-2000-v. 

Fluorescence sensitivities were calculated as follows: 

F S . = Q . E  

where E is molar absorption coefficient. 

For pH measurements a Radiometer pWmV meter, Model pHM 8.5 with a Radiometer 

combined glass-calomel electrode GK240 1 C was used. The pH meter was calibrated with 

standard aqueous buffer solutions. Factors, UH, of van Uitert and Haas [20] for conversion 

of the pH measured in dioxane/water 1/1 (mol %J of water. x = 0.83%) to * 
conccntrations. log mH. amount to -0.1 < log UH < 0.1 by applied ionic strengths. 

RESULTS AND DISCUSSION 

Eauilibria in the Solution 

It has been shown recenth 11.5. 211 that in the ground state. in non-polar solvents 

compounds 1 - 4 \\ere in the enolimino form with a strong hydrogen bond between the 

imino nitrogen and the proton of the hydroxylic group A tendency of interconversion to 

ketoaminc was noted in polar. protic solvents and was significant only in the case of 

compound 1 Accordngl?. . the tautomeric constant. K, (K, = [ketoamine]/[enolimine]) of 

compound 1 in methanol amounted to 0 1. whereas Kt of compounds 2. 3 and 4 in the 

same solvent was 0 01. 0 08 and 0 02. respectively It was also shown [13] that compound 

5 was a mixture of cyclic diamine and enolimine in most solvents The enolimino form was 

preferably present in polar. protic solvents, like alcohols A cyclic form was prefered in 

less polar or aprotic solvents. like diethyl ether, chloroform. dioxane and 

dimethyl formamide 

UV-vis SDectroscoDic Characteristics 

The absorption and emission characteristics of compounds 1 - 5 in different solvent 

systems are listed in Table 1. The long wave UV absorption maxima were in the region 
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186 CIMERMAN, MIMANIC, AND ANTOLIC 

Compound 

1 

2 

TABLE 1 

Absorption and Emission Characteristics of Compounds 1 - 5 in Differcnt Solvents 

Solvent I-b, 

nm nm 
Diouane/H20 1/1" 316 - 
Dimeth) lforinamide 3 I7  - 
Methanol" I 317 - 
Dioxane 1 318 - 
Dioxane/H20 1/1" I 305 304 
Dimethylformamide 306 309 
Methanol" I 301 106 
Diovane 305 306 

Dimethylformamide 1 Methanol" 
I Dioxanc 

1 I Dioxane/HzO 1/1" I 331 I 331 1 Diinetliy1formdmide 1 iii 1 M; 
Methanol" 
Diosane 
Dioxane/H20 l / l b  312 312 
Dimethylforiuaii~ide" 3 1 1 3 13 

Dioxane' 310 310 
Methanolh 311 312 

A m  
nm 

765 
341 
339 
339 
381 
507 
781 

387 
507 
387 

7 76 
372 
372 
3 64 

- 

- 

- 

- 

& . l o 4  
moll dm3 cm ' 

0 37 
0 42 
0 42 
0 46 
108  
1 ?0 
133 
I 3 3  
1 7 8  
2 03 
2 01 
2 16 
142 
2 43 
2 45 
2.48 
0.75 
0.61 
0.75 
0.79 

Q - 

0 072 
0 001 
0 001 
0 001 
0 001 
0 024 
n 001 

0.053 
0.002 
0.00 I 

0.295 
0.435 
0.064 
0.203 

" A  neak additional absorption band ofthe ketoamino form IS  obscnable 

"Absorption maximum is due to the absorption of both. enolimino and 
above 400nm 

c\ CllC forms 

305 - 372 nm. These maxima corresponded to the enolimino form and were assigned to 

n * t n  transition extending over the entire molecule [7, 221. In the case of compounds 1 - 4 

in polar protic solvents. an additional absorption band of ketoamine appeared above 400 

nm (e.g. 403 nm. comp. 1: 442 nm. comp. 2; 466 nm, comp. 3: 452 nm. comp. 4). 

Whereas this band of compound 1 was always perceptible in polar solvents. the ketoamine 

band of compounds 2 - 4 was very weak. growing noticeable only at  increased 

concentrations. The band was missing in the spectrum of compound 5.  In the case of 

compound 5. only one band was present in the long wave region. The intensity of this band 

(3 10 nm < A,,,ay < 3 12 nm) changed with changes in the ratio of cyclic diamine and 
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FLUORESCENCE CHARACTERISTICS OF SCHIFF BASES 187 

enolimine, revealing that both forms had the same absorption maximum, but different 

molar absorption coefficients. 

The emission caused by excitation at the absorption maximum of enolimine (cyclic 

diamine) depended strongly on solvent properties. Compound 1 was not fluorescent in the 

investigated solvents at pH < 8. Compounds 2 - 4 were not fluorescent in non-polar and 

moderately polar solvents. like hexan. diethyl ether and chloroform. whereas weak 

emission was observed in polar solvents. like metlmol. dimethylformamide and 

dioxanehater 1/1. Inspection of Table 1 reveals the differences behveen the wavelengths 

of absorption and the excitation maxima of compounds 3 and 4 in dimethylformamide. 

Such differences appear when more forms with different absorption and emission 

characteristics are in the equilibria. In solvents bearing atoms that can behave as Lewis 

bases, like dlmethylformamide, the weak emission at 507 nm may be due to the presence of 

ionized or deprotonated forms (e.g. phenolate anion). 

Compound 5 exhibited fluorescence in polar as well as in non-polar solvents. The 

strong emission in non-polar and aprotic solvents w-as ascribed to the cyclic form. 

preferably present in such medium. Cyclic diamine was more rigid than enolimine. giving 

rise to a decrease in the efficiency of non-radiative decay. 

Fluorescence in DioxanefWater System 

The fluorescent characteristics of all compounds were studied in detail in the system 

dioxane/water of various volume ratios. 

The corrected fluorescence spectra of compound 2 in various dioxanelwater mixtures 

arc shown in Fig. 1. The spectra are characterized b? a small. solvent induced red shift and 

by a large increase in the fluorescence intensity through water addition in the more polar 

region. 

Fig. 2 shows a plot of the Stokes shifts of compound 2 against the molar fraction of 

water and Fig. 3 a plot of the Stokes shifts agamst polarity of dioxane/water mixture. Since 

the dioxane/water mixture does not behave like ideal solvent mixture. polarity is expressed 

as empirical polarity parameter, D [23]. 

Stokes shifts exceeded the value of 5000 cm-' after the addition of 0.7 mol % of H20 (D 

> 30). Corresponding results have been obtained with compounds 3 and 4 as well. The 

value of the shift is a measure of the energy difference between the absorption wavelength 
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__ dioxane/water 1/9, A,, 302 nm 
~- dioxanehater 2/8,  A,, = 303 nm 

~ - dioxanehater 317, Ae, = 303 nrn 
~~ _. dioxanehater 4!6, ,tcx = 303 nm 
- .~ dioxaneiwater 5/5, A,, = 304 nm 
~ ~ . . ~  dioxanelwdter 6/4, A,, = 305 nm 

dioxanelwtcr 1 / 3 ,  Ae, = 305 nm 

dioxaneiwater 8/2, A,, = 305 nm 
dioxane/waler 9f1, a, =305 nm 
dioxane, A,, = 306 nni 

~ 

__ - ~ 

350 400 450 500 5 5 0  

;Vnm 

FIG 1 The corrected emission spectra of compound 2 in dioxanehater mixtures 

600 

I 

3000 

H*O 
X 

FIG. 2 Dependence of Stokes shifts of compound 2 on molar fraction of water in 
dioxanehater mixtures. 
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6000 - 

5500 - 

5000 - 

4500 - 

4000 - 

3500 - 

3000 - 

1 I I I 

FIG 3 Dependence of Stokes shifts of compound 2 on empirical polarity parameter 1231 of 
dioxane/water mixtures 

and the fluorescence wavelength For molecules in which no reaction occurs in the excited 

state. the Stokes shifts arc mostly in the region of 2000 - 5000 cm-’. A shift greater than 

this can be regarded as indicative of a reaction occurring when the molecule is in the 

excited statc. The reaction robs the excited molecule of some of its absorbed energy and 

less is available for emission. Emission occurs from a new species formed during the 

reaction The new species can be an ion. as the result of excited state ionization 1241. or 

keroimine formed during transition by proton transfer from the hydroxy group toward the 

nitrogen along the H bond [7], or most probably a complex between the enolimine in its 

excited state and the polar solvent molecule [25] .  Figure 4 shows an increase in the 

quantum yield of compound 2 following increase in polarity parameter, D of dioxandwater 

mixture. In the region where D > 30 (above 0.7 mol % water), a significant increase in 

quantum efficiency was notcd. indicating that transition was followed by the formation of a 

new species 
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190 CIMERMAN, MILJANIC, AND ANTOLIC 

20 40  60  80 

D 

FIG 4 Dependcnce of quantum efficiciicies of coinpound 2 on polarih parameter [23] of 
dioxane/water mixtures 

Although also srronglq dependent on the composition of dioundwatcr mixtures. 

fluorescent properties of compound 5 were different comparcd with thosc of compounds 2 - 

4 Figure i shons depcndence of quantum efficiency on the empirical polant) parameter. 

D Quantum efficiency increased in the region 0 < D < 30 but decreased with a further 

increasc in solvent polarit\ Stokes shifts varicd in thc range 5000 - 6000 cin' Such 

characteristics of compound 5 can be explained bq its tendencies towards nng - chain 

tautomerism In less polar solutions, whcrc the cyclic form \\as prcdominantlj present. 

higher values of quantum cfticicncy wcrc obtaincd than in strong polar protic solutions. 

\\here enolimine was prefered .4 more detailed correlation between the solvent properties. 

tautomeric equilibna of compound 5 and its fluorescence characteristics wll be the object 

of our further investigations 
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0.30 

if; &, 5 G 0 2 0  

0 1 5  

5 
5 0.10 - 
6J 

0 05 - 

OZ5:! 

0.00 
0 20 40 60 

D 

FIG 5 Dependence of quantum efficiencies of compound 5 on polanty parameter [23] of 
dioxane/water mixtures Dioxane/water 1/9. A, = 3 I 1 nm. A,,, = 368 nm, 
dioxane/water 2/8. = 3 12 nm. 4, = 370 nm. dioxane/water 3/7, Ax = 3 12 nm. 
Acm = 373 nm. dioxanehater 4/6. A, = 3 12 nm. A,,, = 373 nm, dioxane/water 5 / 5 .  
Ax = 3 12 nm, A,,, = 376 nm. dioxane/water 6/4, Ax = 3 1 1  nm, Am = 375 nm, 
dioxanehater 7/3. A, = 3 1 1 nm, Am = 373 nm, diouane/water 8/2, A, = 3 1 1  nm, 
A, = 373 nm. dioxane/water 9/1. = 3 10 nm, A,,, = 371 nm, dioxane, Ah = 3 10 
nm. &, = 367 nm 

Deoendence of Fluorescence Characteristics on DH 

The quantum efficiency values of Schiff bases in dioxane/water 1/1 (mol % of water. x 

= 0.83%) at different pH values are listed in Table 2. Fig. 6. shows the dependence of the 

fluorescence sensitivities on pH. The fluorescence sensitivity, expressed as a product of the 

molar absorption coefficient and fluorescence quantum yield for a specific wavelength, is a 

measure of fluorcscence intensity. suitable for comparing various compounds studied under 

identical conditions. 

Compound 1 exhibited weak fluorescence at pH > 8 with maximum emission at 489 - 

495 nm. when excited at 390 nm. the wavelength corresponding to the maximum 
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Compound PH 

1" 11.6 

TABLE 2 

Influence of pH on the Fluorescence Characteristics of Compounds 1 - 5 in Buffered 
Dioxane Mate r  1 / 1  Solutions 

A\ 
nm 
791 

1 12.9 392 
2 ! 3.4 299 

5.7 
7.8 
9.5 
11.6 

nm I 

299 
295 
295 
295 

489 I 0.045 

366 
353 
35 I 
35 1 

0.041 * 0.5 19 
0.415 
0.054 
0.026 
0.071 

35 1 0.096 
405 0 061 3" 3 4  

357 I 0.3 18 
380 j 0.138 

326 

0.217 
0.274 
0.297 

372 0.172 

' 5.8 
7.8 
9.6 
11.7 
12.9 

1 3.4 
5.8 
7.8 
9.8 
11.7 
12.8 

5 I 3.4 
5.8 
8.0 
9.8 
11 6 
13 .O 

a The excitation maximum of compounds 1 and 3 at pH > I0 corresponds to the 
absorption maximum of phenolate anion. 

334 
338 
336 
381 
392 
336 
334 
313 
3 13 
3 10 
305 
3 16 
3 I3 
313 
3 13 
31 1 
308 

absorption of phenolate anion Compounds 2 - 5 emitted in the nhole pH range but their 

fluorcsccnce charactenstics depended strongly on pH (Table 2. Fig 6) Emission of 

compounds 2 - 4 was weak at  neutral and moderately alkaline pH values and increased 

significantl? at  pH < 7. where a pyndmium cation was formed [2 11 The effect of increase 

in the fluorescence quantum eficiencies with a shift of the equilibria from the neutral to the 

protonated form was strlking in the case of compounds 2 and 4 prefenng a planar structure 

[14. 161 

405 
405 

486 
381 

0.010 
0.001 

0.003 
0.001 

385 0.406 
3 86 
363 
359 
359 

0.349 
0.066 
0.023 
0.067 
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8000 

7000 

6000 

‘E 5000 

P 4000 

3 3000 

- 

“€ 
c-. 
0 

L? 

cy 2000 

1000 

0 

I 

I ’ . \  

2 4 6 8 I0  12 14 

PH 

FIG 6 Depcndence of the fluorescence sensitivities of compounds 1 - 5 in buffered 
diosane/water 1 / 1  mixtures on pH Compound 1. Compound 2. 
A Compound 3. V Compound 4. + Compound 5 

Thc fluorescciice of compound 5 was strongest in the neutral and weakly alkaline pH 

regions. probabl! because of the presence of the cyclic form The quantum efficicncy 

decreased at strong akalme and acidic pH values. where tendency towards cyclization \vas 

diminished 

CONCLUSION 

In conclusion. it was s h o w  that the fluorescence of Schiff bases derived from amino- 

and aminomethylpyridines was dcpendent on their structural characteristics. tautomeric 

equilibria. pH and solvent. 

According to the obtained data, some fluorescence characteristics of the Schitt’ bases 

studied can bc applicd in analytical chemistry. A particularly promising characteristic is 
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1 94 CIMERMAN. MIWANIC. AND ANTOLIC 

thc high sensitivit) of compounds 2 - 5 to pH and to solvent polarity in polar. protic 

solvents. which opens attractive applications in optical sensors 
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