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Abstract Steady-state fluorescence spectro-photometric
technique is used in this work to determine the chemical pa-
rameters of the complex formed between curcumin and ascor-
bic acid in bicontinuous microemuslion (Bμen). The Bμen
liquid used is made up of a four-components system (water–
oil-surfactant and co-surfactant (1-pentanol)) in the ratio of
42.11:13.7:21.34:22.85 % w/w. The oil and surfactant used
are tetradecane and cetyltrimethylammonium bromide.
Curcumin is known to have low solubility in water, but liber-
ally soluble in Bμen, hence the use of Bμen in this study. The
observed fluorescence intensity of curcumin was enhanced by
introduction of ascorbic acid to the curcumin solution. The
increase in the fluorescence intensity showed a very good
linearity with a regression coefficient of 0.9974. The associa-
tion constant, Ka, that resulted between curcumin and ascorbic
acid was calculated as 2.15×104 with the free energy of asso-
ciation, ΔGa, of −24.71 kJ/mol. The ratio of the complex that
was formed by these two molecules was determined as 1:1.
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Introduction

Microemulsion is an optically clear and thermodynamically
stable isotropic liquid that has been found application in the

food industry, pharmacology and enhanced oil recovery. Per-
haps the best definition of microemulsion is that given by
Lindman [1]. It is a liquid made up of dispersed oil in water
or vice versa and stabilized by an amphiphile (surfactant). The
phase diagram and structure of microemulsion have been ex-
haustively discussed in the literature [2–7]. On the other hand
bicontinunuous microemuslion (Bμem) is an extension of the
microemulsion with the exception that in Bμem both the oil
and water are continuous with a surfactant (and sometimes
with a short chain alcohol as co-surfactant) forming a layer
between the oil and water phases. Gart and his co-workers [8]
and other workers have shown conclusively, using data ob-
tained from many physico-chemical techniques, that Bμem
spans the range of 25 to 65 % by weight of water. Like the
microemulsion system, the phase diagram and structure of
Bμem have been given in literature [9–14]. However, we
show in Fig. 1 the over-simplified structure of this unique
liquid. The unique property of Bμem lies in the fact that be-
cause it contains both hydrophobic and hydrophilic phases,
the ionic molecules can be solubilized in the hydrophilic phase
while the non-ionic solutes are solubilized in the oil phase
[15]. Like microemulsion, it has also been found to be an
excellent delivery medium for many different kinds of drugs
[16–18]. In addition, Bμem has been used in several applica-
tions ranging from a medium for chemical synthesis to its use
in chemical and biological analysis [19–26]. Both curcumin
and ascorbic acid are pharmacologically active molecules.
They are also known to be anti-ROS (reactive oxygen spe-
cies). While ascorbic acid, a naturally occurring organic com-
pound has been extensively used as vitamin C, it is known as
an anti-oxidant [27–29]. On the other hand, curcumin, a phy-
tochemical, has been used for many therapeutic and pharma-
cological activities including its role as anti-ROS [30–32].
The chemical structures of these anti-ROS compounds are
shown in Fig. 2.
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To the author’s knowledge, the complexation of these ROS
molecules has neither been observed nor studied hitherto.

Therefore the determination of this complex and its physico-
chemical parameters determination are the themes of this
work.

Methodology

Chemicals Cetyltrimethylammonium bromide (CTAB) and
tetradecane both of 99+ % purity were obtained from Acros
Organics. Reagent grade 1-pentanol was obtained from
Sigma-Aldrich chemicals. These chemicals were used as
obtained.

Instrumentation The main instrument used in this work is
the Luminescence Spectrophotometer, model LS 50B sup-
plied by Perkin Elmer.

All the fluorescence spectra were obtained in a four-sided
1-cm cuvette. The excitation and emission slit widths were
kept constant at 6.0 nm. Curcumin and all the complex solu-
tions were excited at 348 nm and the emission was observed
between 528 and 529 nm.

The water used in all experiments was triply distilled and
deionized through the reagent grade water system supplied by
Photronix.

All experiments were performed at room temperature, 25±
0.2 °C.

Results and Discussion

I show in Fig. 3a the fluorescence spectra of curcumin in the
presence and absence of ascorbic acid. Figure 3b is the corre-
sponding fluorescence intensity of the observed spectra. It can

Fig. 1 The over-simplified structure of bicontinuous micoemulsion
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Fig. 2 The chemical structures of
curcumin and ascorbic acid
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be seen that the fluorescence intensity of curcumin increases
as the concentration of ascorbic acid is increased. When this
observed intensity is plotted as a function of ascorbic acid
concentration, a linear plot is obtained with a correlation co-
efficient of 0.9974. As a result of this observation, curcumin

may be used as a biosensor for the determination of ascorbic
acid.

Analysis of Data

We consider a typical complexation reaction:

A þ nB ⇄ X ð1Þ

K ¼ X½ �
A½ � B½ �n ð2Þ

X= the concentration of the complex and [A]=[Ao]– [x]
[B]=[Bo]–[X].

However, [X] << [Ao] and << [Bo]. As a result, Eq. 2 becomes
Eq. 3.

K ¼ X½ �
Ao½ � Bo½ � ð3Þ

We can relate the concentration of the complex to the
observed fluorescence intensity, I. But I is the sum of
the fluorescence intensity of the complex and that of the
[Ao]. The fluorescence intensity of [Ao] = I0, then the
fluorescence of the complex becomes I-I0. In light of
this, Eq. 3 can be re-written in terms of fluorescence

intensity as K Bo½ �n ¼ I−I0
I0

Fig. 3 a The Fluorescence spectra of curcuminwith andwithout ascorbic
acid. b The Relative Fl. Intensity of the Curcumin as a function of the
ascorbic acid

Fig. 4 Plot of log(I-I0/I0) versus the log([Ascorbic Acid])
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Fig. 5 Plot of the Rel. Fl. Intensity as a function of the molar ratio of
ascorbic acid and curcumin

Table 1 The Observed/calculated parameters for the association of
curcumin and ascorbic acid

Parameter Value

Ka(Association constant) 2.15×104

ΔGa(Free energy of association) −24.71 kJ/mol

n (Binding ratio) 1.0
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If we take the logarithm of both sides of the last relation we
get the flowing result through which we can determine the
value of n and K (Ka)

Log
I−I0

I0

� �
¼ Log Kð Þ þ nLog B½ �0

� � ð4Þ

Notice that this is analogous to equation due to Feng et al.
[33]. The difference being the fact that these workers devel-
oped an equation for quenching process. Here the develop-
ment is for enhancement.

A plot of Log I−I0
I0

� �
versus Log B½ �0

� �
will give a straight

line whose slope, in accordance with Eq. 4 will give the value
of n, the binding ratio between A and B. The intercept will be
used to calculate the binding/association constant, Ka.

Equation 4 was used to construct a plot shown in Fig. 4. As
can be seen, this plot is quite linear with a correlation coeffi-
cient of 0.9974. The n determined from the slope is 1.08
which is approximately 1.0 and the Ka calculated is 2.15×
104. The energy of association, ΔGa, was calculated using
the relation: ΔGa=−RTlnK. The value thus obtained is
−24.71 kJ/mol

The obtained fluorescence data were also used to plot the
molar ratio of [ascorbic acid] to [curcumin]. The resultant plot
is shown in Fig. 5. A plateau was observed when the concen-
tration ratio of ascorbic acid to curcumin concentration is
about 0.8 which is ≈1.0. This confirms what was obtained
using Eq. 4.

The parameters obtained for curcumin-ascorbic acid com-
plex is tabulated in Table 1.

Conclusion

It has been shown in this work that the presence of ascorbic
acid enhances the fluorescence intensity of curcumin in a
bicontinuous microemulsion medium. The observed fluores-
cence intensity is linear with an increase in the concentration
of ascorbic acid. This opens up a possibility of using curcumin
as a biosensor for ascorbic acid. The Ka obtained is
2.15×b 104. The binding ratio between curcumin and ascorbic
acid is 1:1. The observed free energy of association is quite
high (−24.71 kJ/mol) implying that the complex formed is not
only spontaneous but quite stable. The relevant obtained pa-
rameters are given.

Acknowledgment The author thanks the chemistry department ofMor-
gan State University for support of this work.

References

1. Danielson I, Lindman B (1981) The definition of microemusion.
Colloids Surf 3:391–392

2. Langevin D (1988) Microemulsions. Acc Chem Res 21(7):255–
260

3. Chen SJ, Evan DF, Ninham BW, Mitchell DJ, Blum FD, Pickup S
(1986) Curvature as a determinant of microstructure and
microemulsions. J Phys Chem 90:842–847

4. Ninham BW, Barnes IS, Hyde ST, Derian PJ, Zemb TN (1987)
Random connected cylinders: a new structure in three-component
microemulsions. Europhys Lett 4(5):561–568

5. Chen SJ, Evans DF, Ninham BW (1984) Properties and structure of
three-component ionic microemulsions. J Phys Chem 88:1631–
1634

6. Talmon Y, Prager S (1978) Statistical thermodynamics of phase
equilibria in microemulsions. J Chem Phys 69(7):2984–2990

7. Nagarajan R, Ruckenstein E (2000) Molecular theory of
microemulsions. Langmuir 16:6400–6415

8. KoganA, Shaley DE, Raviv U, Aserin A, Garti N (2009) Formation
and characterization of ordered bicontinuous microemulsions. J
Phys Chem B 113:10669–10678

9. Lindman B, Shinoda K, Olsson U, Anderson D, Karlström G,
Wennerström H (1989) On the demonstration of bicontinuous
structures in microemulsions. Colloid Surf 38:205–224

10. Milner ST, Safran SA, Andelman D, Cates ME, Roux D (1989)
Correlations and structure factor of bicontinuous microemulsions.
J Phys Fr 49:1065–1076

11. Ceglie A, Das KP, Lindman B (1987) Microemulsion structure in
four-component systems for different surfactants. Colloid Surf 28:
29–40

12. Ceglie A, Das KP, Lindman B (1987) Effect of oil on the micro-
scopic structure in four-component cosurfactant microemulsions. J
Colloid Interface Sci 115(1):115–120

13. Mihailescu M, Monkenbusch M, Endo H, Allgaier J, Gompper G,
Stellbrink J, Richter D, Jakobs B, Sottmann T, Farago B (2001)
Dynamics of bicontinuousmicroemulsions phases with andwithout
block-copolymers. J Chem Phys 115(20):9563–9577

14. Kunitake A Sakata, K Nishimi, T (2012) Mesostructured polymer
materials based on bicontinuous microemusion. www.intechopen.
com

15. Mackay RA (1994) Electrochemistry in association colloids.
Colloids Surf A Physicochem Eng Asp 82:1–28

16. Singh PK, Iqubal MK, Shukla VK, Shuaib M (2014)
Microemulsions: current trends in novel drug delivery systems. J
Pharm, Chem Biol Sci 1(1):39–51

17. Salami A, Sade BSM, Moghimipour E (2013) Preparation and
characterization of cyanocobalamin (Vit B12) microemulsion prop-
erties and structure for topical and Transdermal application. Iran J
Basic Med Sci 6(7):865–872

18. Bagwe RP, Kanicky JR, Palla BJ, Patanjali PK, Shah DO (2001)
Improved drug delivery using microemulsions: rationale, recent
progress, and new horizons. Crit Rev Ther Drug Carrier Syst
18(1):77–140

19. Kuraya E, Nagotomo S, Sukata K, Uemura S, Kunitake,M (2013)
Electrochemical analysis of antioxidants using a bicontinuous
microemulsion. Abstract # 2479, 224th ECS Meeting

20. Rom O, Saade LE, Puente H, Lopez B, Betancourt ML, Lopez R,
RG (2011) Precipitation of zinc oxide nanoparticle in bicontiusous
microemulsion. J Nanomaterals 20111–7

21. Sathishkumar M, Jayabaklan R, Mun SP, Yun SE (2010) Role of
bicontinuous microemulsion in the rapid enzymatic hydrolysis of
(R, S)-ketoprofen ethyl ester in micro-reactor. Bioresour Technol
101:7834–7840

894 J Fluoresc (2015) 25:891–895

http://www.intechopen.com/
http://www.intechopen.com/


22. Pineda AL, Loo MG, Saade H (2008) Synthesis of magnetic nano-
particles in bicontinuous microemulsion. Effect Surfactant
Concentration 43:3649–3654

23. Esquivel J, Facundo IA, Trevino ME (2007) A novel method to
prepare magnetic nanoparticles: precipitation in bicontinuous
microemulsions 42:9015–9020

24. Iwunze, MO (2002) Reductive voltammetry of berberine
hydochrode in bicontiinuous microemullsion 18(2):81–86

25. Burghardt, WR Krishnan, K Bates, FS Lodge, TP (2002) Linear
viscoelasticity of bicontinuous microemulsion

26. Kamau GN, Hu N, Rusling JF (1992) Rate enhancement and con-
trol in electrochemical catalysis using a bicontinuous
microemulsion. 8:1042–1044

27. Kleszczewska E, Misiuk W (1999) Spectrometric assay of reaction
of L-ascorbic acid with promethazine occurring in quantitative de-
termination of vitamin C. Acta Poloniac Pharmaccutica – Drug Res
56(5):347–351

28. Sealock RR, Goodland RL, SumerwellWN, Brierly JM (1952) The
role of ascorbic acid in the oxidation of L-tyrosine by guinea pig
liver extracts. J Biol Chem 196:761–767

29. Barrita JLS, Sánchez MSS (2013) Antioxidant role of ascorbic acid
and his protective effects on chronic diseases. doi:10.5772/52181

30. Malik P, Mukherjee TK (2014) Structure-function elucidation of
antioxidative and prooxidative activities of the polyphenolic com-
pound curcumin. Chin J Biol 2014:Article ID 396708

31. Wang W, Jiang Y, Wang YW, Huang MT, Ho CT, Huang Q (2008)
Enhancing anti-inflammation activity of curcumin through O/W
nanoemulsions. Food Chem 108:419–424

32. Kalpana C, Menon VP (2004) Modulatory effects of curcumin on
lipid peroxidation and antioxidant status during nicotine-induced
toxicity. Pol J Pharmacol 56:581–586

33. Feng XZ, Lin Z, Yang LJ, Wang C, Bai CL (1998) Investigation of
the interaction between acridine orange and bovine serum albumin.
Talanta 47:1223–1229

J Fluoresc (2015) 25:891–895 895

http://dx.doi.org/10.5772/52181

	Enhancement of Curcumin Fluorescence by Ascorbic Acid in Bicontinuous Microemulsion
	Abstract
	Introduction
	Methodology
	Results and Discussion
	Analysis of Data

	Conclusion
	References


