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The effect of H2O, H2O-KOH, C2H5OH, dimethylsulfoxide (DMSO), acetonitrile (ACN), N, N-dimethylformamide 

(DMF) solvents and their mixtutes upon the fluorescence emission of luminol (LH2), was studied. By the steady-state 

fluorescence method the band shift and LH2 fluorescence intensity variation were observed. These modifications are 

assigned to the solvent effect and to the appearance of new species. In DMSO-DMF, DMSO-C2H5OH, DMSO-H2O 

solvent mixtures, the shift of the absorption and fluorescence emission bands and the variation of fluorescence intensity 

were observed. The increase of C2H5OH concentration shows a red shift of the fluorescence emission spectrum, due to 

the H-bond, formed by interaction of –NH from luminol with –OH from ethanol. The effect of ethanol concentration 

upon the vibrational structure of luminol was discussed. By the time-resolved fluorescence method the changes in 

fluorescence lifetime of LH2 in the mentioned solvents and mixtures were evidenced. 

INTRODUCTION 

Luminol (LH2) (5-amino-2,3-dihydro-1,4-phthalazinedione) is a fluorescent substance much utilised in 

analytical and biochemical applications, yet it is its chemiluminescence that is mostly applied, especially in 

forensic medicine.1–9 This is why luminol reactions in water, which lead to chemiluminescence emission, 

have been intensely investigated. The luminol fluorescence in different solvents and solvent mixtures or its 

photoprocesses in the presence of quenchers are much less studied.10–19 Spectroscopy studies on LH2 in 

polar and nonpolar solvents, tetrahydrofuran (THF), CH3OH, diisopropylether (DIPE), dimethylformamide 

(DMF), or their mixtures show shifts of absorption and fluorescence bands due to the specific solvation 

effects. From these modifications the dipole moment of 6 D for the first singlet excited state, comparatively 

with 2.5 D for the ground state, was obtained.10 The shift of the fluorescence band is not a linear function on 

the molar fractions of polar and non-polar solvents. This deviation from linearity is attributed to the 

formation of  

H-bonds between solute and solvent molecules.10 The thermochromic shift of the fluorescence band (measured 

in function of temperature) was 4.9 cm–1K–1 in methyltetrahydrofuran and 10.5 cm–1K–1 in ethanol.10 

In water-organic solvent mixture (acetone, acetonitrile, dioxane) the absorption spectrum of LH2 is 

similar to its fluorescence excitation spectrum, showing two maxima at 300 and 360 nm, respectively. The 

high value of the molar extinction coefficient (ε = 5000 dm3mol–1cm–1) is attributed to the fact that the 

absorption of LH2 is a ππ* transition. The fluorescence emission maximum in dioxane (λem = 395 nm), in 

acetone (λem = 400 nm) and acetonitrile (λem = 405 nm), is shifted towards λem = 430 nm at water addition 

simultaneously with the fluorescence intensity increase. This shift is attributed to the formation of an excited 
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state complex by H-bonds between LH2 and solvent, the -NH2 group having a higher acidity by light 

excitation.11 

Photophysical studies of the singlet-excited state of LH2 in different solvents, were realized using 

steady-state and time resolved emission spectroscopy [10–13]. The LH2 fluorescence quenching by NaOH 

and H2SO4,13 CCl4, and triethylamine,11,15 was studied. It was found out that the fluorescence intensity 

decreases at CCl4 and TEA addition without shift of the emission spectrum. The solvent effect is partially 

due to the solvophobic interaction as well as charge transfer interaction.14–17 LH2 fluorescence quenching 

study by the desoxyribonucleic acid (DNA) was also realised.18 All these studies show that the polarity of 

the solvent plays an important role in the LH2 fluorescence quenching mechanism. 

Recently, the LH2 behaviour in DMSO, DMSO-H2O, DMSO-H2O-KOH and DMSO-KOH, as well as 

the effect of KOH addition on the absorption and fluorescence properties of LH2, were studied.10 An acid-basic 

equilibrium was found, which corresponds to the luminol dianion formation (at 3 ×€10–4 – 2.4 ×€10–3 M 

KOH). Moreover, the HCl addition to LH2-DMSO solution leads to the decrease of the fluorescence 

intensity due to the luminol cation formation. In LH2-DMSO- H2O, the fluorescence band is shifted from 

405 nm to 424 nm, with the increase of the fluorescence intensity. At the same time, the fluorescence 

spectrum of the  

LH2-DMSO-water-KOH system shows a new band, with the maximum at 485 nm, with the decrease of the 

band from 405 nm at water addition. The changes in LH2 fluorescence lifetime in these systems are due to 

the appearance of the different chemical species.19 

The current paper deals with the steady-state and time-resolved fluorescence studies of LH2 in 

different solvents and solvent mixtures, C2H5OH (EtOH), DMSO, DMSO-DMF, DMSO-EtOH, DMSO-

H2O,  

EtOH- H2O, EtOH-ACN, as well as the LH2 absorption spectra, in order to clarify the interactions solute-

solvent and the chemical species formed. The influence of the solvent on the luminol fluorescence lifetime 

in these mentioned environments was evidenced. 

EXPERIMENTAL 

Materials and solutions. Luminol, C2H5OH, DMSO, ACN, DMF (spectroscopic grade) and KOH from Merck, were used. The 

LH2 concentration was 2.3 × 10–5 M. 

Methods. Absorption spectra were recorded with a Shimadzu UV-VIS 2501 PC spectrophotometer, at 23°C. The fluorescence 

spectra (emission and excitation) were recorded with a Spex spectrofluorimeter, at 23°C. The emission and excitation spectra were 

corrected. The fluorescence quantum yield was determined by comparison to diluted quinine bisulphate solution in 0.1 N H2SO4, 

with 0.55 absolute quantum yield.20 The fluorescence lifetime of LH2 was measured, at 21°C, using a single photon counting technique. 

The excitation set-up uses a mode-locked Nd-YAG laser (Spectra Physics Model 379.344S) and a dye-laser. The excitation 

wavelength was 300 nm. The experimental method was previously described.21 The data were fitted by a double-exponential 

function: F(t) = A1exp(–t/τ1) + A2exp(–t/τ2), and the mean fluorescence lifetime was calculated using the equation: τm = ΣAiτi/ ΣAi. 
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RESULTS  AND  DISCUSSION 

1. The absorption and fluorescence spectra of LH2 in EtOH and EtOH-water, EtOH-ACN,  

EtOH-DMSO mixtures 

Fig. 1a shows the absorption spectra of (4.5 ×€10–5 M) LH2 solutions in EtOH and in EtOH-water, 

EtOH-ACN, EtOH-DMSO. The absorption spectrum has mainly two electronic bands, at about 300 and 

360 nm. One can observe the shifts of the absorption wavelengths in the case of EtOH-ACN, EtOH-water 

and EtOH-DMSO. Some shoulders in the absorption spectra at 290–310 nm are also visible due to the 

overlapping of the vibrational bands. Small bathochromic shifts in polar protic and aprotic solvents have 

also been observed by Mitra et al.12 These modifications are due to the specific solvent interactions. 

 

Fig. 1 – The absorption spectra of luminol solutions in EtOH, and EtOH-ACN, EtOH-H2O  

and EtOH-DMSO mixtures, [LH2] = 4.5 × 10–5 M. 

For a better evidence of the modification of the absorption spectra in the mentioned solvents, the 

spectra were decomposed in Gaussian bands using a deconvolution program, the optimal fitting of the 

experimental data being obtained by seven Gaussian bands summing, the number of bands being established 

following the values of the statistical parameters of the fitting. One can thus better observe the modifications 

of the spectra: the increasing/decreasing of the intensity and the shifts of the vibrational bands (Figs. 2a–d). 

Fig. 3 shows the luminol fluorescence spectra (normalised) in EtOH (5 ×€10–5 M) and EtOH-90% 

water, EtOH-90% ACN mixtures. It was observed that the emission wavelength of the maximum depends on 

the polarity of the solvent: 390 nm, in the case of EtOH-ACN, 411 nm, in the case of EtOH, and 427 nm for 

EtOH-H2O, shifted to the red in more polar solvents. These modifications could be due to the luminol 

protonation, luminol cation, 3LH ,+  being formed. It is well known that the -OH and -NH2 groups become 

more acidic due to the ππ* excitation.11 Practically, it is a solute-polar solvent interaction with the 
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stabilisation of the emission species with the reducing of the energy of the excited luminol molecules. The 

emission wavelength shift increases with the increase of the number of the intermolecular H-bonds between 
luminol and the protic solvent. In the following Scheme the position of the H-bonds are presented: 

Scheme 1 – The position of the H-bonds 

in the LH2 chemical structure. 
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Fig. 3 – The normalised fluorescence emission spectra of luminol in EtOH and EtOH-H2O  

and EtOH-ACN mixtures. 

 

Fig. 4 – The fluorescence excitation spectra of luminol in EtOH (λem = 410 nm) and EtOH- 90% 

H2O (λem = 420 nm), EtOH-90% DMSO (λem = 405 nm), and EtOH- 90% ACN (λem = 401 nm)  

 mixtures; [LH2] = 4.5 × 10–5 M. 

An increase in the Stokes shift (the difference, in cm–1, between the lowest energy absorption band 

maximum and the emission maximum) could take place in the following order: ACN > DMF > DMSO > 
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> EtOH > H2O. It is well known that the difference in the Stokes shift between different solvents is 

correlated to the excited state relaxation.22 However, the big Stokes shift in water compared with ethanol 

(5496 and 3978 cm–1, respectively, see also Mitra et al.12) reflects a larger stabilization in water, and also an 

excited state complex formation. 

Fig. 4 shows the luminol excitation spectra in EtOH, EtOH-90% H2O, EtOH-90% DMSO and 

EtOH-90% ACN. The positions of the excitation bands are practically the same as the positions of the 

absorption bands, but the long wavelength absorption band is more efficient for fluorescence excitation. 

2. The luminol fluorescence in DMSO and DMSO–EtOH mixture 

The effect of ethanol concentration. Fig. 5a shows the fluorescence emission spectra of LH2 in DMSO 

and the effect of the gradual addition of C2H5OH. Again, in this case we can observe a red shift of the 

fluorescence emission spectrum, shift that increases more when the polarity of the medium increases. These 

shifts were due to the increase of the H-bonds number, which were formed by interaction of –NH groups 

from luminol with –OH groups from EtOH. The polarity of the medium increases with the EtOH 

concentration. However, we can observe that at a low EtOH concentration, 10% EtOH respectively, the 

fluorescence emission spectrum of luminol is practically similar with the emission spectrum in DMSO, so 

that, at low concentration, EtOH can influence only vibrational structure of the luminol emission spectrum. 

Even at higher EtOH concentrations the shifts are not very large (maximum 6 nm) and a quasi-linear 

dependence of the transition energy vs. the mole fraction of EtOH in Fig. 6 can be observed. The shift of the 

LH2 fluorescence  band in  EtOH-H2O mixtures is not a linear function of the mole fraction of H2O (Fig. 6). It 

is  
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Fig. 5 – The normalised fluorescence emission spectra of luminol in DMSO and DMSO-EtOH; the effect of EtOH concentration on 

the fluorescence band position (a); the fluorescence emission spectra of luminol in DMSO-23% water, DMSO-23% EtOH and  

 DMSO-23% DMF (b); (λex = 320 nm); [LH2] = 5 × 10–5 M. 

 

Fig. 6 – Fluorescence band shifts of luminol in DMSO-EtOH (F) and EtOH-H2O (O) function  

on mole fraction of EtOH (in case of curve F) and of H2O (in case of curve O). 

known that water itself is highly associated and its tendency to associate with solute molecules (solvation) is 

high. Ethanol has a lesser tendency to associate. The non-linearity is attributed to the difference in the 

hydrogen bonding ability of EtOH and water. 

Comparatively with LH2-DMSO solution, Fig. 5b shows that in DMSO-23% water and DMSO-23% 

EtOH mixtures, a red shift of the fluorescence emission spectrum takes place. In DMSO-DMF two bands 

appear, the band from 395 nm, is due to the luminol fluorescence in DMF, and the band from 405 is the LH2 

fluorescence maximum band in DMSO. Therefore, the emission band maximum at different wavelengths: 

395 nm in DMSO-23% DMF, 405 nm in DMSO, 408 nm in DMSO-23% EtOH and 424 nm in DMSO-H2O 

mixture, are due to the solvent polarity change. We conclude that the luminol emission is dependent on the 

nature of the solvent: protic or aprotic and on its polarity. 

3. Time-resolved fluorescence measurements 

Fig. 7 shows the fluorescence decay curves of LH2 in DMSO-23% H2O, DMSO-23% EtOH and 

DMSO-23% DMF mixtures (λem = 424 nm). The measured fluorescence lifetime values for different LH2 

solutions are presented in Table 1. 

The lifetimes were obtained by fitting the experimental data with two (or three) exponentials. It is 

possible that two conformers on the excited state may co-exist. From Table 1 one can observe that: (1) the 

lifetime measured in aprotic solvent (DMSO) is much smaller than the one measured in protic solvents 

(water, EtOH); (2) the addition of 23% water to the LH2-DMSO solution increases the protic character and 

the polarity of the solution, leading to the formation of 3LH ,+  with emission at 420–425 nm and with greater 

lifetime values; (3) in the solution LH2-25%DMSO-75% H2O, one can expect a greater lifetime, but in the 
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presence of KOH (pH = 9), the lifetime value is lower and besides a new chemical species is formed, that is 

luminol-cation19; (4) the addition of 23% DMF to the DMSO solution does not modify the lifetime; (5) the 

addition of EtOH to the DMSO solution increases the protic character and therefore the lifetime is greater; 

(6) the addition of 90% ACN to the EtOH solution decreases the protic character of the solution and the 

lifetime 

 

Fig. 7 – Fluorescence decay curves for luminol solutions: LH2-DMSO-23% H2O, τm = 5.58 ns (A), LH2-DMSO-23% EtOH, 

τm = 1.72 ns (B), LH2-DMSO-23% DMF, τm = 1.57 ns (C); λem = 420 nm. 

Table 1 

Fluorescence lifetimes (τ) and mean fluorescence lifetime (τm) of luminol in different solvents ([LH2] = 5 × 10–5 M).  

The weighted exponential amplitudes are indicated between brackets. λem = 420–424 nm, only for LH2-DMSO λem = 405 nm 

Solvent τ1 (ns) τ2 (ns) τ3 (ns) τm (ns) 

LH2-H2O  10.1 (95%)*   

LH2-DMSO 0.23 (14.05%)  1.80 (85.95%)  1.56 

LH2-DMSO-23% H2O 2.20 (43.95%)  8.23 (56.05%)  5.58 

LH2-25%DMSO-75% H2O, pH = 9 0.17 (1.08%)  0.92 (5.27%)  6.56 (93.65%) 6.20 

LH2-DMSO-23%DMF 0.24 (14.86%)  1.80 (85.14%)  1.57 

LH2-DMSO-23% EtOH 0.24 (10.62%)  1.92 (89.38%)  1.72 

LH2-90% DMSO-10% EtOH 0.27 (12.67)  1.78 (87.33%)  1.59 

5×10–4 M LH2-EtOH 1.53 (43.38%)  3.09 (56.62%)  2.43 

LH2-EtOH 1.36 (35.25%)  2.86 (87.25%)  2.32 

LH2-10% EtOH-90% H2O 2.06 (35.10)  8.60 (64.90%)  6.06 
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LH2-10% EtOH-90% ACN 0.37 (11.89%)  1.64 (88.11%)  1.49 

* See reference 19. 

value. The difference in the lifetime values, also  observable looking at the τm values, is attributed to the 

different behaviours of luminol in different solvents and to the H-bond number by which the luminol-solvent 

interaction takes places. The lifetime value depends also on the composition of the mixture. 

CONCLUSIONS 

The LH2 behaviour in different solvent mixtures was studied, focusing on the effect of the H2O, 

C2H5OH, DMSO, ACN, and DMF concentrations on its absorption and fluorescence properties. From 

experimental observations we found out the following: 

Absorption as well as luminol emission are strongly dependent on the solvent nature, protic or aprotic. 

The luminol fluorescence lifetime changes due to the solvent polarity, the lifetime in protic solvent is 

higher than in aprotic solvents and increases with the increase of the solvent polarity, due to the increase of 

the energetic stability of the excited luminol molecule. 
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Fig. 2 – Luminol absorption spectra, decomposed in Gaussian bands, in EtOH (A), EtOH-H2O (B), EtOH-DMSO (C), EtOH-CAN (D). 


