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ABSTRACT  

Electron transfer (ET) reactions between excited Rhodamine 6G (Rh6G) dye and different amines, n-butyl amine (BTA) and triethyl amine (TEA) 

donors, have been investigated in the solvents DMF and DMSO using steady – state (SS) and time-resolved (TR) fluorescence quenching 

measurements. No ground state complex has been indicated in these systems. SS and TR measurements give similar quenching constants for each of 

the Rh6G – amine pairs, suggesting dynamic nature of interaction in these systems. 1H NMR spectra of Rh6G without and with BTA and TEA have 

also been recorded and analyzed.  

Keywords: Rh6G, n-butylamine, Triethyl amine, Fluorescence, 1H NMR. 

 

INTRODUCTION  

Electron transfer (ET) is one of the interesting subjects that have 

experienced extensive experimental and theoretical research for last 

few decades 1-13. Studies on ET reactions have immense importance 

from the viewpoint of both academic and applied implications, as 

these reactions are ubiquitous in chemistry and biology. 

Understanding various factors that control ET reactions is the main 

impetus in most of the research on ET processes. Photo induced ET 

reaction, where either the acceptor or the donor is photoexcited to 

trigger the reaction, is the most suitable experimental scheme, and 

has been used quite extensively to investigate various factors that 

control the ET mechanisms and dynamics in various ET systems 1-13. 

In some of the earlier studies on bimolecular ET reactions14-22, it has 

been observed that the quenching process is largely dependent on 

the aliphatic and aromatic nature of the quenchers involved. In the 

present study bimolecular ET reactions in DMF & DMSO solutions 

have been investigated following the fluorescence quenching for a 

series of Rh6G dyes by different amines BTA and TEA donors to 

understand how the nature of the amines affect the ET process.  

MATERIALS AND METHODS  

Rhodamine 6G, was purchased from Sigma Aldrich, Banglore. Amine 
samples, n-butyl amine and triethyl amine were obtained from S.D 
fine chemicals (India).  

Steady-state (SS) fluorescence spectra were measured in a VARIAN 
CARY ECLIPSE fluorescence spectrophotometer. Time-resolved (TR) 
fluorescence measurements were carried out using a HORIBA JOBIN 
YNON-SPEX F13-111 spectrofluorimeter. 1H NMR spectra were 
recorded using Brucker 300 MHz (Ultrashield) NMR spectrometer.  

RESULTS AND DISCUSSION  

Steady-state and time-resolved fluorescence quenching studies  

Ground state absorption spectra and steady-state (SS) fluorescence 
spectra of the Rh6G were recorded in DMF and DMSO solutions. 

Table 1 lists the absorption maxima (

max
absλ

) and fluorescence 

maxima (

max
fluλ

) of the Rh6G dye in DMF and DMSO solutions.  

 

Table 1:
max
absλ

, 

max
fluλ

, molar extinction coefficient and stoke’s shift values of Rh6G in DMF and DMSO 

Solvents Quencher max
absλ

 
(nm) 

(

max
fluλ

) 

(nm) 

Molar extinction co-efficient Stoke’s shift 

DMF  BTA 

TEA 

535 

535 

561 

560 

7.825 

7.825 

866 

834 

DMSO  BTA 

TEA 

540 

540 

564 

565 

7.829 

7.829 

788 

819 

 

SS fluorescence quenching measurements for the Rh6G dye by 
amine donors were carried out in DMF and DMSO solutions. In these 
measurements, the samples were excited at the absorption maxima 
of the concerned Rh6G dye. From these measurements it is indicated 
that the fluorescence of Rh6G is significantly quenched by the two 
amines used in this study. The fluorescence spectral shapes of the 
dye, however, donot undergo any observable change in the presence 
of the amine donors. Typical SS results for Rh6G – BTA and Rh6G – 
TEA systems are shown in Figs. 1 to 4. 

Concentrations of TEA in DMSO  

From the absorption measurements, it is seen that the 

absorption spectra of the dyes do not undergo any observable 

change in the presence of the amines. From the visually observed 

results, it is indicated that the excited Rh6G dye are mainly 

interacted with the ground state amine donors, without 

involving any ground – state complex or emissive exciplex 

formation in these systems.  

Quenching of the SS fluorescence intensity of Rh6G by amine donors 

were analyzed using stern – volmer (SV) relationship as,  

Io / I = 1 + Kq τo [Q] 

Where Io and I are the fluorescence intensities at the emission 

maxima of the dye in the absence and presence of the quenchers (Q; 

amines) τo is the fluorescence lifetime of the dye in the absence of Q 

and kq is the bimolecular quenching constant. As expected, the (Io/I) 

versus [Q] plots were linear for all the Rh6G – amine systems 

studied. Typical such plots are shown in Figs. 5& 6 (in DMF and 

DMSO respectively).  
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Fig. 1: Fluorescence Spectrum of Rh6G with different concentrations 

of TEA in DMF 

Fig. 2: Fluorescence Spectrum of Rh6G with different 

concentrations of BTA in DMF 
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Fig. 3: Fluorescence Spectrum of Rh6G with different concentrations 

of BTA in DMSO 

Fig. 4: Fluorescence Spectrum of Rh6G with different 
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Fig. 5: Stern-volmer plot of Rh6G with BTA and TEA in DMF Fig. 6: Stern-volmer plot of Rh6G with BTA and TEA in DMSO 
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Fig. 7: Fluorescence decay curve of Rh6G without and with BTA and TEA 
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Time – resolved (TR) fluorescence quenching measurements for 

the Rh6G by amine donors were also carried out. The 

fluorescence decays, however, always follow a single exponential 

function irrespective of the amine concentrations used. Typical 

of these results obtained for Rh6G – amine systems are shown in 

Fig.7.  

 

Table 2: KSV, r and kq values of Rh6G in DMF and DMSO 

Solvents  Quenchers  KSV r 

Calculated 105  Graph 105 Calculated  Graph  

DMF  BTA 

TEA 

19.83 

9.30 

20.36 

10.3 

0.995 

0.984 

0.92 

0.94 

DMSO BTA 

TEA 

9.785 

6.652 

8.83 

5.6 

0.999 

0.9809 

0.96 

0.99 

The values obtained from TR measurements for different Rh6G – amine systems are listed in Table 2.  
 

1H NMR spectral studies  

The recorded 1H NMR spectra of Rhodamine 6G without and with n-butyl amine (BTA) and triethyl amine (TEA) are shown in figs. 8, 9 and 10 

respectively.  

 

  

Fig. 8: 1H NMR spectrum of Rh6G BTA Fig. 9: 1H NMR spectrum of Rh6G + 

 

Fig. 10: 1H NMR spectrum of Rh6G + TEA 

The spectral data and the change in chemical shift values are presented in Table 3.  

Table 3: 1H NMR spectral data of Rh6G 

Proton  Rh6G Rh6g+BTA Rh6g+TEA 

H-1 

H-2 

H-3  

H-4 

7.5 

6.8 

7.0 

2.6 

2.0 

- 

3.3 

- 

7.7 

1.3 

- 

3.1 

 

CONCLUSION  

Kinetics of ET reaction in different Rh6G – amine systems has been 

investigated using fluorescence quenching studies in DMF and DMSO 

solutions. No ground-state complex formation has been indicated in 

these systems. The quenching constant values were calculated. The 

type of quenching is found to be dynamic in both DMF and DMSO 

solutions with BTA and with also TEA. Among the two quenchers n-

butyl amine is considered to be a best quencher in DMF and DMSO 
for Rh6G.  

REFERENCES  

1. J. Jorther, M. Bixon (Eds.), Electron transfer from isolated 

molecules to biomolecules, Adv. Chem. Phys., Part 1 and 2, Vol. 
106 and 107, John Wiley, New York, 1999.  



Bakkialakshmi et al. 

Int J Pharm Pharm Sci, Vol 4, Issue 4, 43-46 

62 

 

2. G.J. Kavarnos, Fundamentals of photoinduced electron transfer, 

VCH Publisher, New York, 1993.  
3. A.M. Fox, Editor, Electron transfer: A critical link between 

subdisciplines in chemistry, special issue on electron transfer, 
Chem. Rev. 92 (1992) 365.  

4. J.R. Bolton, N. Mataga, G.L. McLendon (Eds.), Electron transfer 
in inorganic, organic and biological systems, American 
Chemical Society, Washington, DC, 1991.  

5. M.A. Fox, M. Chanon (Eds.), Photo induced electron transfer, 
Elsevier, Amsterdam, 1988.  

6. R.A. Marcus, N. Sutin, Biochim, Electron transfers in chemistry 
and biology, Biophys. Acta. 811 (1985), 265-322.  

7. M.D. Newton, N. Sutin, Electron transfer reactions in condensed 
phases, Annu. Rev. Phys. Chem. 35 (1984) 437-480.  

8. Rips. J. Jortner, Dynamic solvent effects on outer-sphere 
electron transfer, J. Chem. Phys. 87 (1987) 2090-2104.  

9. Rips. J. Jortner, Outer sphere electron transfer in polar solvents. 
Activationless and inverted regimes, J. Chem. Phys. 87 (1987) 
6513-6519.  

10. J. Jortner, M. Bixon, Intramolecular vibrational excitations 
accompanying solvent-controlled electron transfer reactions, J. 
Chem. Phys. 88 (1988) 167-170.  

11. M. Bixon, Solvent relaxation dynamics and electron transfer, J. 
Jortner, Chem. Phys. 176 (1993) 467-481.  

12. H. Heitele, Dynamic solvent effects on electron-transfer 
reactions, Angew. Chem. Int. Ed. Engl. 32 (1993), 359-377.  

13. K. Yoshihara, K. Tominaga, Y. Nagasawa, Effects of the solvent 
dynamics and vibrational motions in electron transfer, Bull. 
Chem. Soc. Jpn. 68 (1995) 696-712.  

14. S. Nad, H. Pal, Photo induced electron transfer from aliphatic 

amines to coumarin dyes, J. Chem. Phys. 116 (2002) 1658-1670.  

15. M. Kumbhakar, S. Nath, M.C. Rath, T. Mukherjee, H. Pal, Electron 

transfer Interaction of dihydroxyquinones with amine 

quenchers: dependence of the quenching kinetics on the 

aliphatic and aromatic nature of amine donors, Photochem. 

Photobiol. 79 (2004) 1-10.  

16. X. Allonas, P. Jacques, Factors affecting adiabaticity in 

bimolecular photoinduced electron transfer reaction between 

anthracene derivatives and organic donors, Chem. Phys. 215 

(1997) 371-378.  

17. P. Jacques, X. Allonas, D. Burget, E. Haselbach, P.A. Muller, A.C. 

Sergenton, H. Galliker, Intermolecualr multiple Rehm-Weller 

plots in photoinduced electron transfer: competition between n 

and n-type donor sites in benzylamines, Phys. Chem. Chem. 

Phys. 1 (1999) 1867-1871.  

18. P. Jacques, X. Allonas, Influence of the donor chemical structure 

on the effective distance in photoinduced electron transfer, 

Chem. Phys. Lett. 233 (1995) 533-537.  

19. P. Jacques, E. Haselbach, A. Henseler, D. Pilloud, P. Suppan, 

Multiple ‘Rehm-weller’ plots in the electron-transfer quenching 

of singlet excited 9,10 – dicyanoanthracene, J. Chem. Soc. 

Farady Trans. 87 (1991) 3811-3813.  

20. P. Jacques, X. Allonas, M. Dossot, Comment on “A comparative 

study on electron transfer fluorescence quenching by aliphatic 

and aromatic amines” from Inada et al., J. Photochem. 

Photobiol. A 137 (2000)93-97, J. Photochem. Photobio. A: 

Chem. 142 (2001) 91-94.  

21. Mirela Enache , Elena Volanschi, Spectroscopic investigations 

of the molecular interactions of anticancer drug mitoxantrone 

with non ionic surfactant micelles, J.phar.&phar.chology, 64:5 

(2012) 688-696. 

22. Mohamed Ali Lassoued, Souadsfar , Abderrahman Bouraout 

and Fathima knemiss ,Absorption enhancement studies of 

clopidogral hydrogen sulphate in red ever led gutsacs, 

J.phar.&phar.chology,64;4 (2012) 541-552. 

 

 


