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Abstract:- A vanillin-coumarin hybrid molecule, 6E)-6-(4-

hydroxy-3-methoxybenzylideneamino)-2H-chromen-2-one (VC) 

has been found to interact with ascorbic acid (AA) very 

selectively via intermolecular H-bond formation resulting a 8 

fold enhancement of its fluorescence intensity. Interaction has 

been monitored by different spectroscopic techniques like 1H 

NMR, QTOF–MS ES+ and FTIR analysis. Structure of VC has 

been confirmed by single crystal X-ray structure analysis. In 

DMSO/water (1:4, v/v) at pH 7.4, the method is linear up to 14 

µM of AA and can detect as low as 0.5 µM AA. Interference from 

common cations, anions and some common pharmaceutical 

compounds with close structural resemblance is negligible. VC 

can detect intracellular AA in living cells very efficiently. 

Keywords: Turn-on fluorescence, ascorbic acid, coumarin, living 

cell imaging. 

I. INTRODUCTION 

se of fluorescence technique for trace level detection
1-2 

of 

analyte has become very popular and the volume of 

research work in this field is exponentially rising. L-Ascorbic 

acid (AA), a water-soluble vitamin C, is widely distributed in 

fruits and vegetables, and plays an important role in human 

metabolism as a free-radical scavenger.
5 

Radical induced 

disease
6
 such as cancer and Parkinson’s disease is prevented 

by it. Deficiency of this acid causes scurvy disease. It also 

plays many important biological roles
7-8 

e.g. a vital role in 

disease prevention. It also used some commercial soft drink 

beverages, pharmaceutical formulations, and cosmetic 

applications.
9 

Due to the above importance of AA, its 

determination in solutions is very important.  

Recently, AA has attracted considerable attention for its use in 

modern cancer therapy.
10-11 

A wide variety of analytical 

techniques is available for the determination of AA, including 

as titrimetric analysis, spectroscopy, chromatography, and 

electroanalysis.
12-13 

So far, various AA analytical procedures 

have been reported, including HPLC,
14

 spectrometric,
15 

chemiluminescence,
16-18

 capillaryelectrophoresis,
19

 modified 

electrodes,
20-22

 electrochemical methods
23 

chemiluminescence,
24 

atomic absorption spectrometry,
25

 

luminescent
26

 and so on. Although, very few AA selective 

fluorescence sensors have so far been reported,
 27-30

 and the 

majority of them require a tedious synthetic methodology. 

Most of these methods lack selectivity, sensitivity and are not 

free from interference. Although it has become necessary to 

directly detect AA today, no fluorescence bio imaging 

technique has been established thus far. This has led to many 

limitations; for example, investigations on cellular uptake of 

AA had been restricted only to indirect techniques such as 

radiometric measurements of cells including radioactive AA 

or high-performance liquid chromatography–electrochemical 

detections of AA extracted from cells.
31-32 

The fluorescence 

technique offers significant advantages over other methods for 

analyte monitoring inside living cells because of its 

nondestructive character, high sensitivity, and instantaneous 

response. Moreover, if a fluorescent chemosensor with low 

fluorescence intensity (off-type) shows marked enhancement 

in fluorescence intensity (on-type) in the presence of AA, it 

will be very sensitive for the detection of AA in living cells. 

Thus, there is a great demand for the design and easy 

synthesis of simple, water soluble and inexpensive AA 

selective on-type fluorescent sensors. The present report is 

aimed to achieve these objectives. The present sensor has 

some merits over other existing sensors, viz. (i) less use of 

organic solvent, (ii) high detection limit, (iii) one step facile 

synthesis of the probe, (iv)least interference from other 

common ions, and (v) amongst few others who performed cell 

imaging studies. Till date, the only one probe based on SiPc–

TEMPO derivative has been used in HeLa cells
33

. 

From the above discussion, it is evident that the use of 

coumarin derivative as a fluorescent probe for trace level 

determination of AA by induced intermolecular H-bond 

formation of the chemosensor (VC) and monitoring of 

intracellular AA in infected cells might be an important area 

of research. Considering all these facts, herein we report the 

synthesis, characterizations, and cell imaging studies of a new 

AA selective fluorescent probe (VC) containing coumarin and 

vanillin units. AA has lactone ring with side chain –OH group 

so, we design this probe where lactone ring of coumarin and –

OH group of vanillin moiety are present together in the Schiff 

base. We are currently engaged to develop low cost small 

molecule fluorescent probe for trace level detection of AA in 

purely aqueous or mixed aqueous organic solvent with an 

intention of lowering the detection limit using a greener 

method. In this context, here, we report the role of vanillin 

appended coumarin molecule (VC), its single crystal X-ray 

U 
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structure, spectroscopic properties and interaction with AA 

with consequent changes in spectroscopic properties. 

II. EXPERIMENTAL 

Materials and physical measurements 

Vanillin and coumarin have been purchased from Aldrich 

(USA) and S. D. Fine Chem. Ltd. (India) respectively. 6-

aminocoumarin has been synthesized from coumarin 

following a literature procedure
34

. Analytical grade chemicals 

and spectroscopy grade solvents are used. Other chemicals 

were of analytical reagent grade and were used without further 

purification except when specified. 10 common 

pharmaceutical compounds viz. non-steroidal anti-

inflammatory drug (diclofenac), analgesic and antipyretic 

drug (paracetamol), vitamin C (Ascorbic acid), anemia 

preventive drug and vitamin B9 (Folic acid), quinolone 

antibiotic drug (nalidixic acid), fluoroquinolone antibiotic 

drug (ofloxacin and norfloxacin), nitroimidazole antibiotic 

drug (metronidazole), triazole antifungal drug (fluconazole), 

antibacterial and antiprotozoal drug (ornidazole) have been 

purchased from Indian Pharmaceutical Company, India. 

Milli–Q Millipore® 18.2 MΩcm
-1 

water is used throughout all 

the experiments. All the working solutions are prepared by 

appropriate dilution of the stock solution with de-ionized 

water. Glass apparatus are kept in 4.0 molL
-1 

HNO3 overnight 

and cleaned with double distilled water.  

1
HNMR spectra are recorded in DMSO-d

6 
with a Bruker 

Advance 600 MHz using tetramethylsilane as the internal 

standard. Absorption and fluorescence spectra are recorded on 

Shimadzu Multi Spec 1501 absorption spectrophotometer and 

Hitachi F-4500 fluorescence spectrophotometer respectively. 

The slit width for both the excitation and emission studies is 

5/5 nm. The fluorescence spectra have been recorded at a scan 

rate of 1200 nm min
-1

. All measurements have been 

performed in a standard 10 mm path length quartz cell at a 

temperature of 25.0 ± 0.5 ºC. Mass spectra have been 

recorded in QTOF Micro YA 263 mass spectrometer in ESI 

positive mode. IR spectra have been recorded on a Perkin 

Elmer FTIR spectrophotometer (model: RX-1). Micro 

analytical data (C, H, and N) are collected on Perkin Elmer 

2400 CHNS/O elemental analyzer. The fluorescence imaging 

system is comprised of an inverted fluorescence microscope 

(Leica DM 1000 LED), digital compact camera (Leica DFC 

420C), and an image processor (Leica Application Suite 

v3.3.0). The microscope is equipped with a mercury 50 W 

lamp.  Solutions of AA and VC have been mixed in different 

ratios for subsequent fluorescence measurements. A colorless 

prism shape crystal has been selected for crystallographic 

analysis using a BRUKER APPEX-II CCD single crystal X-

ray diffractometer. All diffracted intensities are corrected for 

Lorentz and polarization effects. Absorption correction is 

performed with Multi-scan BRUKER SADABS. The 

structure has been solved by direct methods and is refined by 

the full-matrix least-squares on F
2
 method using SHELXS97 

and SHELXL97 computer programs
35

. All the non-hydrogen 

atoms have been refined using anisotropic atomic 

displacement parameters and hydrogen atoms bonded to 

carbon were inserted at calculated positions using a riding 

model. H atoms are placed at idealized positions using 

standard geometric criteria. The ORTEP program is used to 

generate the ellipsoid plot while crystal packing diagram is 

generated using Mercury software. 

Preparation of sample solutions 

The content of each tablet / capsules is carefully pulverized. A 

portion of this powder equivalent to contain 100 mg of the 

investigated drug was accurately weighed and transferred into 

a 100 mL volumetric flask.20 mL double-distilled water is 

added and sonicated for 3 minutes. The volume is made up to 

the mark with double-distilled water. 10 mL of this solution is 

diluted 100 times with double-distilled water and used as 

stock solution.  The working solutions have been prepared 

from stock solution by appropriate dilution.  

Working solution of AA is obtained by serial dilution of a 1 × 

10
−3

 mol L
–1 

AA stock solution (0.0176 g of AA in 10 mL 

water). Stock solution of a 1 × 10
−5 

mol L
–1 

VC was prepared 

by dissolving its appropriate amount in DMSO/water (1:4, 

v/v). 

Synthesis of (6E)-6-(4-hydroxy-3-methoxybenzylideneamino)-

2H-chromen-2-one (VC) 

6-Aminocoumarin (0.5 g, 3.1mmol) and vanillin (0.47 g, 3.1 

mmol) are taken in dry methanol (15 mL) and refluxed for 8 

h. After removal of the solvent, a yellow color compound is 

obtained. Yield 90%; m.p. 1382C; 
1
HNMR (300MHz, 

Dmso-d
6
) (Fig.S1), δ: 3.85 (s, 3H), 6.53(d, 1H), 6.91(d, 1H), 

7.35(d, 1H), 7.38(s, 1H), 7.50(d, 1H), 7.53(d, 1H), 7.58(s, 

1H), 8.07(d, 1H), 8.52(s, 1H), 9.84(s, 1H).QTOF–MS ES+, 

(Fig.S2)at m/z = 295.9 [VC+H]
+
. FTIR (Fig.S3)(KBr, , cm

-1
) 

(CO),1699; (C=N), 1588;UV-Vis (Fig S4)(DMSO/water, 

1:4, v/v, pH 7.4) at 298K, , nm (, 10
3
M

-1
 cm

-1
), 

313.50(0.213), 308.00 (0.211), 281.00(0.359), 261.00 (0.245), 

234.50 (0.513), 218.00(0.283), 202.50 (0.664). 

Microanalytical data calculated for C17H13NO4: C, 69.15; H, 

4.44; N, 4.79, found: C, 69.08; H, 4.40; N, 4.74. 

Synthesis of VC-AA adduct 

10 mL DMSO solution of AA (0.1 g, 0.568mmol) is added 

slowly to a magnetically stirred 10 mL DMSO solution of VC 

(0.17 g, 0.568 mmol). The mixture is stirred in air for 15 

minute to produce a clear solution. Removal of the solvent 

yields a deep yellow color compound. UV-Vis spectrum (Fig. 

S4) in DMSO/water (1:4, v/v, pH 7.4,, nm (, 10
3 

M
-1

 cm
-1

):  

274.50 (0.556), 261.50 (0.512), 236.00 (0.701), 217.50 

(0.373). QTOF-MS ES
+
(Fig.S5), [VC+AA]

+
=471.26. FTIR 

(Fig. S6) (KBr, cm
−1

): (CO), 1669; (C=N), 1571. 

Microanalytical data calculated for C23H21NO10: C, 58.60; H, 

4.49; N, 2.97, found: C, 58.59; H, 4.45; N, 2.97. 
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III. RESULTS AND DISCUSSION 

Spectral and structural characteristics 

Scheme 1 shows the facile one step synthesis of the VC. 

Crystal data and structure refinement for VC is presented in 

Table S1 (ESI). Crystal packing diagram and ORTEP view of 

VC is presented in Fig. 1.It shows that coumarin units of two 

neighbouring molecules (two pairs in a unit cell) are parallel 

to each other. Single crystal X-ray structural details are 

presented in the supporting information (ESI). Bond lengths, 

bond angles and torsional angle of VC are presented in Table 

S2, Table S3 and Table S4 (ESI). 

AA exists in equilibrium with two ketone tautomers, which 

are less stable than the enol form
36-40

. On the other hand, 

vanillin bearing a hydroxy group is expected to form 

intermolecular hydrogen bond with AA leading to rigidity of 

the ensemble causing fluorescence enhancement (Scheme 2). 

Indeed, this fact is established both from 
1
H NMR titration 

and mass spectrum of the vanillin-coumarin ensemble as 

described in the later section.  

Absorption studies. Fig.S4 illustrates the UV-Vis titration of 

VC with externally added AA at 25°C in DMSO/water (1:4, 

v/v, pH 7.4). Absorbance of VC at 260 nm gradually increases 

with increasing [AA] indicating the interaction of VC with 

AA to form an ensemble. 

Emission studies. Addition of AA solution to the solution of 

VC results the enhancement of fluorescence intensity at 550 

nm (λex = 390 nm). Changes in the emission intensities of VC 

as a function of externally added [AA] (1 μM to 30 μM) are 

presented in Fig.2. Inset of Fig. 2 indicates that after a certain 

amount of externally added AA, there is no further change in 

the emission intensity of the system. It also shows the color of 

free VC solution (1 μM) and [VC–AA] ensemble under a 

hand held UV lamp. Fluorescence quantum yield of the [VC-

AA] system is almost 7.6 times (0.44) than that of free VC 

(0.058) [ESI]. VC can detect as low as 0.5 µM AA in 

DMSO/water (1:4, v/v) at pH 7.4. Fig. 3 shows the plot of 

emission intensities of VC as a function of externally added 

[AA] which can be used for the determination of unknown 

[AA] in a sample. Up to 14 µM of the externally added AA, 

we observed linearity. 

Job’s plot (Fig.4) indicates a 1:1 stoichiometry of the complex 

formed between VC and AA which is also supported by the 

mass spectra of VC-AA complex. 

Estimation of binding constant 

The binding abilityof VC towards AA has been estimated 

following the modified Benesi-Hildebrand
41 

equation (1/∆F) = 

1/∆Fmax + (1/K[C]
n
) (1/∆Fmax).  

Where ∆F= (Fx- F0) and ∆Fmax = F∞ - F0, where F0, Fx, and F∞ 

are the emission intensities of VC in the absence of AA, at an 

intermediate AA concentration, and at the concentration of 

complete interaction, respectively. K is the binding constant 

and C is the concentration of AA and n is the number of AA 

bound per VC (here, n= 1). The value of K obtained from the 

slope of Fig. 5 is 8.3 × 10
4
. 

Selectivity 

The selectivity of VC for AA over common cations, anions 

and other common pharmaceutical compounds with close 

structural motif has been examined in DMSO/water (1:4, v/v, 

pH 7.4). Fig.S7 (ESI) indicates that only AA enhances the 

fluorescence intensity of VC whereas other tested 

pharmaceutical compounds have no significant effect. 

Moreover, from Fig.S8 (ESI) it is evident that those tested 

pharmaceutical compounds do not even interfere in the AA 

determination by VC. The effect of common cations and 

anions on the emission intensity of the [VC-AA] system has 

also been studied and have presented in Fig.6 and Fig.7 

respectively. No significant interference is observed. Minor 

enhancement in fluorescence intensity has been observed in 

presence of Fe
3+

 and Cu
2+

 ions which has been eliminated 

using thiocyanate as a masking agent. SCN
-
 has no effect on 

the emission properties of the [VC-AA] system.  

1
HNMR titration 

In order to strengthen our conclusion based on the findings 

through UV-Vis and fluorescence spectroscopy, we performed 
1
H NMR titrations by the concomitant addition of AA to the 

DMSO-d6 solution of VC. Significant spectral changes were 

observed in the 
1
H NMR spectra of VC upon addition of AA 

as shown in Fig.S9 (ESI). Only -OH proton of the VC has 

been shifted upfiled from 9.843 ppm to 9.767 ppm. At higher 

AA concentration, some new peaks have been observed viz. at 

3.455, 3.734, 4.712, 4.936 and 11.059 ppm. This is due to the 

incorporation of AA unit into the system resulting formation 

of [VC-AA] ensemble. This observation is corroborated from 

the moderate binding constant value obtained from the 

fluorescence experiment. This fact has been attributed to the 

formation of intermolecular hydrogen bond between VC and 

AA. 

Cell imaging 

Bacillus sp. has long been used as bio-pesticide for controlling 

looper killer at tea plantation. These cells from 24 h culture 

medium have been treated with aqueous solution of AA (1 mg 

mL
-1

) for 1h, washed with normal saline and observed under 

100X fluorescence microscope after adding VC (Fig.8b). 

Fig.8a shows the control without adding AA but incubated 

with VC. Similarly, VC is very useful to stain AA pre-treated 

Candida sp. cells under fluorescence microscope (Fig.8d). Its 

corresponding control is presented in Fig.8c.  

The photographs indicate that VC can be used to detect 

intracellular AA in living cells. Conclusion 

Thus we have successfully developed a very simple and cheap 

ascorbic acid selective fluorescent probe (VC) whose 

structure has been confirmed from single-crystal X-ray 

structure analysis. Presence of other common pharmaceutical 

compounds, cations and anions do not interfere the detection 
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process. Detection of AA in living cells at physiological pH 

has been achieved under fluorescence microscope.  

Supplementary materials 

CCDC 883037 contains the structural details of the probe VC. 

The data can be obtained free of charge via 

http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the 

Cambridge Crystallographic Data Centre, 12 Union Road, 

Cambridge CB2 1EZ, UK; fax: (+44) 1223- 336-033; or e-

mail: deposit@ccdc.cam.ac.uk. All supporting information 

(ESI) is available here.  
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Legends to Figures 

Scheme1. Synthesis of fluorescent sensor of (6E)-6-(4-hydroxy-3-methoxybenzylideneamino)-2H-chromen-2-one (VC). 

Scheme2. Synthesis and probable structure of VC-AA complex. 

Figure 1.    Single crystal X-ray structure and packing diagram (inset) of VC. 

Figure  2.    Fluorescence spectral changes of  VC (1 μM) up on addition of 1, 2, 4, 5, 6, 7, 8, 9, 10, 12, 14, 18, 20, 30 μM of AA. 

Figure 3.   Plot of emission intensities of  VC (1 μM) as a function of externally added [AA]. Inset of Fig. 3 shows the picture of 

free VC solution (1 μM) and after addition of 1.0 equivalent AA under a hand held UV lamp. 

 Figure 4.  Jobs plot for the determination of stoichiometry of [VC-AA] in DMSO/water (1:4, v/v) at pH 7.4 solution. 

Figure 5.  Determination of binding constant of VC (1 μM) with AA using Benesi-Hildebrand equation (fluorescence method). 

Figure 6.  Interference of different metal ions on the determination of [AA] with VC. [VC] =1 μM and [AA] = [foreign metal 

ions] = 10 μM. 

Figure 7. Interference of different anions on the determination of [AA] with VC. [VC] =1 μM and [AA] = [foreign anions] = 10 

μM. 

Figure 8. Fluorescence microscope images of Bacillus sp.; Candida sp. ( Candida albicans); pollen grains of Allamanda  puberula 

(Aapocynaceae) treated with VC. Images a, c, e, are in absence of  AA 
 
and b, d, f, are presence of  AA 

 
([VC] = 1 μM;  

Incubation temperature, 40 ºC). 
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Table S2.     Bond lengths (Å) of VC 

Table S3.     Bond angles (
º
) of VC 

Table S4.     Tortional angles (
º
) of VC 



International Journal of Research and Scientific Innovation (IJRSI) | Volume IV, Issue X, October 2017 | ISSN 2321–2705 

www.rsisinternational.org Page 11 

 

 

 
 

Fig. S1.   

 

 

Fig. S2.   

 



International Journal of Research and Scientific Innovation (IJRSI) | Volume IV, Issue X, October 2017 | ISSN 2321–2705 

www.rsisinternational.org Page 12 

 

 

Fig. S3.   

 
 

Fig. S4 



International Journal of Research and Scientific Innovation (IJRSI) | Volume IV, Issue X, October 2017 | ISSN 2321–2705 

www.rsisinternational.org Page 13 

 

.  

Fig. S5.   

 

Fig. S6.   



International Journal of Research and Scientific Innovation (IJRSI) | Volume IV, Issue X, October 2017 | ISSN 2321–2705 

www.rsisinternational.org Page 14 

 

 

 

Fig. S7.   

 

Fig. S8.   

 



International Journal of Research and Scientific Innovation (IJRSI) | Volume IV, Issue X, October 2017 | ISSN 2321–2705 

www.rsisinternational.org Page 15 

 

 

 
Fig. S9.   

 

Pharmaceutical formulations 

The following commercially available common medicines were analyzed. All are purchased from Indian Pharmaceutical 

Company, India. 

 (1) Diclofenac tabletⓇcontains 100 mg diclofenac sodium per tablet. 

(2) Paracetamol tabletⓇcontains 500 mg paracetamol per tablet. 

(3) Celine tabletⓇcontains 500 mg ascorbic acid per tablet. 

 (4) Folic acid tabletⓇcontains 100 mg folic acid acid per tablet. 

(5) Nalidixic acid tabletⓇcontain 500 mg nalidixic acid per tablet. 

(6) Ofloxacin tablet Ⓡcontains 200 mg ofloxacin per tablet. 

(7) Norfloxacin tablet Ⓡcontains 500 mg norfloxacin per tablet. 

(8) Metronidazole tablet Ⓡcontains 200 mg metronidazole per tablet. 

(9) Fluconazole tablet Ⓡcontains 150 mg fluconazole per tablet. 

(10) Ornidazole tablet Ⓡcontains 500 mg ornidazole per tablet. 
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Diclofenac             Paracetamol                Ascorbic Acid                    Folic acid 

 

 
 

Nalidixic acid              Ofloxacin           Norfloxacin          Metronidazole 

 

                                 
 

Fluconazole                                                   Ornidazole 

 
List of 10 common medicines 

 

Quantum yield measurement 

The fluorescence quantum yield of the complex was determined using anthracene as a reference with a known R value of 0.27 in 

methanol.
1
The complex and the reference dye were excited at same wavelength (350 nm), maintaining nearly equal absorbance 

(0.1) and the emission spectra. The area of the emission spectrum was integrated using the software available in the instrument 

and the quantum yield is calculated according to the following equation: 

S/R  =  [AS / AR ] x [(Abs)R /(Abs)S ] x [S
2
/R

2
]      (1) 

Here, S and R were the fluorescence quantum yield of the sample and reference respectively. AS and AR were the area under the 

fluorescence spectra of the sample and the reference respectively, (Abs)S and (Abs)R were the respective optical densities of the 

sample and the reference solution at the wavelength of excitation, and S  and  R are the values of refractive index for the 

respective solvent used for the sample and reference. 

Reference 

1W. H. Melhuish, J. Phys. Chem.,1961, 65, 229. 

Table S1. Crystal data and structure refinement for VC 

Empirical formula C16 H11 N O3 

Formula weight 295.29 

Temperature 173(2) K 

Wavelength 0.71070 Å 
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Crystal system Orthogonal 

Space group Pca21 

a, Å 7.0607(2) Å 

b, Å 6.6616 (3) Å 

c,  Å 28.2993(9) Å 

 (°) 90 

 (°) 90 

 (°) 90 

Volume 1331.07(7) Å3 

Z 4 

Density (calculated) 1.474 Mg/m3 

Absorption coefficient (Mo-Kα radiation) 0.106 mm-1 

F(000) 616 

Theta range for data collection 0.975 to 26.39° 

Reflections collected 2724 

Completeness to theta = 25.00° 194.99 % 

Max. and min. transmission 0.987 and 0.980 

Refinement method Full-matrix least-squares on F2 

Goodness-of-fit on F2 0.950 

R indices (all data) R1 = 0.035, wR2 = 0.0840 

 

Table S2. Bond lengths (Å) of VC 

 
Atom1 Atom2 Length (A°) Atom1 Atom2 Length (A°) 

C1 C2 1.404 C4 C5 1.390 

C1 C6 1.396 C5 C6 1.379 

C1 C8 1.464 C5 H5 0.950 

C10 H10 0.951 C6 H6 0.950 

C11 H11 0.950 C7 H7B 0.980 

C11 C12 1.385 C7 H7C 0.981 

C11 C10 1.376 C7 H7A 0.979 

C12 C16 1.396 C8 H8 0.950 

C14 H14 0.950 C9 C10 1.406 

C14 C13 1.444 N1 C8 1.288 

C15 C16 1.448 N1 C9 1.416 

C15 C14 1.345 O1 C7 1.437 

C15 H15 0.950 O1 C3 1.372 

C17 C16 1.396 O2 H2O 0.824 

C17 C9 1.386 O2 C4 1.358 

C17 H17 0.950 O3 C12 1.382 

C2 H2 0.950 O3 C13 1.378 

C3 C2 1.376 O4 C13 1.214 

C3 C4 1.401    
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Table S3. Bond angles (
0
) of VC 

 
C3—O1—C7 116.60(14) H7A—C7—H7C 109.500 

C4—O2—H2O 107.8(19) H7B—C7—H7C 109.500 

C13—O3—C12 121.57(15) C6—C5—C4 120.05(17) 

C6—C1—C2 119.57(17) C6—C5—H5 120.000 

C6—C1—C8 122.66(17) C4—C5—H5 120.000 

C2—C1—C8 117.67(16) C14—C15—C16 120.21(17) 

O1—C3—C2 125.34(16) C14—C15—H15 119.900 

O1—C3—C4 114.17(16) C16—C15—H15 119.900 

C2—C3—C4 120.47(18) C17—C16—C12 118.83(16) 

C3—C2—C1 119.74(17) C17—C16—C15 123.52(17) 

C3—C2—H2 120.100 C12—C16—C15 117.64(17) 

C1—C2—H2 120.100 C17—C9—C10 118.84(16) 

C8—N1—C9 116.26(16) C17—C9—N1 119.20(16) 

C9—C17—C16 120.44(16) C10—C9—N1 121.93(16) 

C9—C17—H17 119.800 C5—C6—C1 120.46(18) 

C16—C17—H17 119.800 C5—C6—H6 119.800 

C10—C11—C12 118.26(17) C1—C6—H6 119.800 

C10—C11—H11 120.900 N1—C8—C1 123.55(17) 

C12—C11—H11 120.900 N1—C8—H8 118.200 

O2—C4—C5 119.20(17) C1—C8—H8 118.200 

O2—C4—C3 121.10(17) C15—C14—C13 121.60(17) 

C5—C4—C3 119.69(17) C15—C14—H14 119.200 

O3—C12—C11 116.89(17) C13—C14—H14 119.200 

O3—C12—C16 121.32(17) C11—C10—C9 121.75(18) 

C11—C12—C16 121.79(17) C11—C10—H10 119.100 

O1—C7—H7A 109.500 C9—C10—H10 119.100 

O1—C7—H7B 109.500 O4—C13—O3 116.48(16) 

H7A—C7—H7B 109.500 O4—C13—C14 125.88(18) 

O1—C7—H7C 109.500 O3—C13—C14 117.65(16) 

 
Table S4. Torsional angles (

0
) of VC 

C7—O1—C3—C2 -19.2(3) C11—C12—C16—C15 -179.8(2) 

C7—O1—C3—C4 159.07(16) C14—C15—C16—C17 178.65(19) 

O1—C3—C2—C1 179.30(16) C14—C15—C16—C12 -0.4(3) 

C4—C3—C2—C1 1.1(3) C16—C17—C9—C10 -3.3(3) 

C6—C1—C2—C3 -0.1(3) C16—C17—C9—N1 178.89(17) 

C8—C1—C2—C3 -176.58(17) C8—N1—C9—C17 -143.14(19) 

O1—C3—C4—O2 -1.3(2) C8—N1—C9—C10 39.2(3) 

C2—C3—C4—O2 177.12(17) C4—C5—C6—C1 -0.9(3) 

O1—C3—C4—C5 179.66(17) C2—C1—C6—C5 0.0(3) 

C2—C3—C4—C5 -2.0(3) C8—C1—C6—C5 176.26(18) 

C13—O3—C12—C11 179.74(18) C9—N1—C8—C1 -174.20(17) 
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C13—O3—C12—C16 0.1(3) C6—C1—C8—N1 2.5(3) 

C10—C11—C12—O3 179.10(17) C2—C1—C8—N1 178.82(19) 

C10—C11—C12—C16 -1.2(3) C16—C15—C14—C13 1.1(3) 

O2—C4—C5—C6 -177.28(19) C12—C11—C10—C9 -0.9(3) 

C3—C4—C5—C6 1.8(3) C17—C9—C10—C11 3.2(3) 

C9—C17—C16—C12 1.3(3) N1—C9—C10—C11 -179.09(19) 

C9—C17—C16—C15 -177.80(17) C12—O3—C13—O4 -179.70(17) 

O3—C12—C16—C17 -179.28(17) C12—O3—C13—C14 0.5(3) 

C11—C12—C16—C17 1.1(3) C15—C14—C13—O4 179.1(2) 

O3—C12—C16—C15 -0.2(3) C15—C14—C13—O3 -1.1(3) 

 

Applications  

The biosensor was applied for determination of level of ascorbic acid in fruit juices and vitamin C tablets.  

Ascorbic acid determination in fruit juices 

The contents of L-ascorbic acid in fruits/vegetables (Orange, lemon, guava, grape apple, strawberry, beans (green) and tomato) 

juices were determined by fluorescence method and compared with the reference method
43

. The results are given in Table 1. 

Ascorbic acid content in vitamin C tablets as measured by the present sensor was 51.49 mg dl
-1 

in Lemon, 48.54 mg dl
-1 

in 

Orange, 36.05 mg dl
-1 

in Grape and  7.13 mg dl
-1 

in Apple. 

Ascorbic acid determination in vitamin C tablets 

Ascorbic acid content in vitamin C tablets as measured by the present sensor was 497.2 mg/tablet in Lamcea and 194.0 mg/tablet 

in Becozyme C forte (multivitamin tablet). The results are represented in Table 2. 

Table 1. Ascorbic acid determination in fruit juices 

Fruit/vegetable juice 

AA concentration measured by 

reference method43 (mg dl-1)a (Mean 

± S.D.) 

AA concentration measured by 

fluorescence method with VC (mg 

dl-1)a (Mean ± S.D.) 

Relative SD (%) of 
proposed method 

Lemon 51.33 ± 1.15 51.49 ± 1.92 3.73 

Orange 48.33 ± 2.88 48.54 ± 2.29 4.72 

Grape 34.75 ± 1.38 36.05 ± 2.11 5.85 

Apple 7.00 ± 1.00 7.13 ± 1.19 16.69 

 

a
 Mean value of three replications. 

Table 2. Ascorbic acid determination in vitamin C tablets 

Table 
[VC-AA] 

(mg/tablet) 

[VC-AA] conc. measured by reference method43  

(mg/tablet)a 
[VC-AA] conc. by Fluorescence  method  mg/tablet)a 

Mean±S.D RSD(%) 
Mean±S.D 

 
RSD(%) 

Lamcea 500 496.3 ± 1.52 0.306 497.2 ± 1.29 0.259 

Becozyme c forte 

(multivitamin) 
200 192.7 ± 1.52 0.78 194.0 ± 1.47 0.758 

a
 Mean value of three replications. 

43 N. Chauhan, J. Narang and C. S. Pundir, Analyst, 2011, 136, 1938 

 


