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Abstract

A new complex was prepared from nicotinic acid and terbium chloride (Nic-Tb) and characterized using
sophisticated techniques (CHN, FT-IR, UV ,TGA and DTA thermal techniques). The prepared complex
determined the ascorbic acid concentration in the pharmaceutical ingredient. The luminescence inten-
sity of the probe decreases as the concentrations of the ascorbic acid increase. At different temperatures,
Stern—Volmer studies indicate a dynamic quenching mechanism. The calculation of the thermodynamic
parameters ((AS°, AH°, and AG°) and binding constants (K) of the Ascorbic acid-probe complex interac-
tion revealed a spontaneous hydrophobic interaction. The specified range was found to be in the range
of 1x107° — 1x10™* M. The recovery values were 97.6 - 98.89. The fluorescence probe’s quenching mech-
anism was collisional (dynamic), as demonstrated by the experiments. The interaction by electrostatic
forces is shown by the thermodynamic parameter values.The limit of detection was found to be equal to
9.1 uM and the quantitation limit was 28 uM.
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1. Introduction plaques, and neurotic disturbances. [1, 2]. In the
food industry, as an antioxidant, ascorbic acid
(figure 1) is widely utilised to stop colour or taste
changes. Nevertheless, it is crucial to create analyt-
ical techniques for ascorbic acid) quantification in

the presence of interfering species.

The body needs vitamin C for regular physio-
logical functions, It helps in the metabolism of
folic acid, tryptophan and tyrosine. It helps to re-
duce blood cholesterol and provides for the cre-
ation of amino acids that regulate the nervous sys-
tem. It is necessary for injury treatment and tissue

HO
growth. It helps in the creation of neurotransmit- E I_E 0
ters and improves iron absorption in the stomach. HO \ 0
Being an antioxidant, it protects the body from the —
fi ical hei i ffects.
ree radicals and their poisons dangerous effects HO Ol

Extra-large doses of vitamin C are treated and in-

hibit many disorders like cataracts, diabetes, glau-
coma, atherosclerosis, macular degeneration, can-
cer, stroke and heart diseases. The insufficiency
of this vitamin is able to lead to scurvy ,anaemia,
muscle degeneration, bleeding gums, poor wound
healing, capillary haemorrhaging, atherosclerotic
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Figure 1: Structure of AscorbicAcid (AA)

Sensor based on fluorescence technique is the
most one of imaging agents are used in drug dis-
covery. Such sensors made it possible to learn more
about enzymes’ function and control at the cellu-
lar level. A receptor is used to install one or more
fluorescent-based probes (either chemically, enzy-
matically, or genetically) into fluorescent biosen-
sors, which are small platforms. A fluorescence
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signal that can be easily detected and measured
is produced when a specific analyte is detected by
the receptor. [3, 4]. Fluorescent biosensors can in-
vestigate metabolites, ions, and protein biomark-
ers with good sensitivity [5-8]. Fluorescent sensors
are mostly used in clinical diagnostics for detecting
of biomarkers early, treatment response, disease
progression, intravital imaging, and image-guided
surgery [9].

Due to the line-like fluorescence emission spec-
tra oflanthanide metal complexes can be altered by
altering the coordination environment, lanthanide
metal complexes are ideal for use as luminescence
probes. In addition, their fluorescent lifetimes are
extraordinarily long, measured in milliseconds (3-
10 ms) as opposed to nanoseconds (9-10 ns), as is
the case with other organic species that are fluores-
cent.

= OH
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N

Figure 2: Chemical structure ofNicotinic acid

Titration with an oxidant solution is the tra-
ditional method of determining ascorbic acid:
dichlorophenol and indophenol [10] and potas-
sium iodate [11]. Liquid chromatography and
other chromatographic techniques [12], particu-
larly HPLC with electrochemical detection [13-15],
were utilized in the measurement of ascorbic acid
in biological fluids and foods. Under pH control,
a fluorimetric technique based on the reaction
of o-phenylene diamine with dehydroascorbic
acid [16, 17], and UV-VIS determinations [18] were
utilized as well. ascorbic acid reaction with hexa-
cyanoferrate(III) was the basis for its spectropho-
tometric evaluation [19] on its oxidation with the
Cu(Il)-neocuproine complex [20]. Chemilumines-
cence is another optical method for estimating
vitamin C. [21]. Potentiometric, voltammetric,
and amperometric methods have all been used
to perform electrochemical ascorbic acid deter-
minations. C. E. Langley et al., N. B. Li et al., S.
Thiagarajan et al., and A. M. Pisoschi et al. use

the voltammetric (CV) technique to give different
detection limits (0.01, 0.0004 0.0090, .023, 0.062)
mmol L-1, respectively [22-25]. The linear scan
voltammetric and second order derivative linear
scan voltammetric determination of ascorbic acid
with a limit of detection of 3 x1074, 8 x10™* mmol
L~ 'was achieved by A. A. Behfar et al. [26, 27].
Nanoparticles of gold are enhanced with glassy
carbon electrodes and worked as a transducer
to detect ascorbic acid using the voltammetric
(DPV) technique and give LOD = 0.09 and 2x103
mmol L~! [28, 29]. Glassy carbon electrode im-
proved with poly(bromocre sol purple [30], pal-
ladium nanoparticles supported on graphene
oxide [31], chitosan incorporating acetyl pyridine
bromide [32], polyaniline doped with silicotungstic
acid [33] , carbon-supported PdNi nanoparticles
and carbon nanotubes electrode [34] transducers
used to provide a limit of detection in the range of
6 x1073-8.0x107%, mmol L1,

In this effort, a fluorescence complex with very
low value of detection limit and a wide linear range
was created for the purpose of detecting ascorbic
acid in pharmaceutical ingredients.

2. Material and method

2.1. Chemicals and reagents

All chemical reagents and solvents employed for
the synthesis were of analytical grade. In their
pure form, nicotinic acid (figure 2) was obtained
from Aldrich and used without additional purifica-
tion. All metal salts were purchased from Aldrich.
HPLC methanol was used as a synthesis solvent
and purchased from Merk. Double-distilled water
was used to prepare the solution and for rinsing the
critical apparatus, and they were dried in the oven
before being used.

2.2. Preparation

2.2.1. Synthesis of the Nic-Tbh complex

0.123 g of nicotinic acid (1.0 mmol) was com-
pletely dissolved in 10 ml of distilled water.
TbCl3.6H20 solution in water (0.373 g, 1.0 mmol,
10 ml) was gradually added to the nicotinic acid
solution during stirring through a slow addition
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of ammonium hydroxide till a white-colored pre-
cipitate was formed. The white precipitate was
obtained by evaporation of the solvent. The pre-
cipitate was filtered off, washed then dried under a
vacuum.

2.2.2. Preparation of stock solutions

0.00176 g of powdered ascorbic acid was dis-
solved in 10 ml of bidistilled water to prepare stock
solution of ascorbic acid of 1mM concentration, re-
spectively. Ascorbic acid detection is performed by
the Nic-Tb complex of a stock solution of 1mg solid
complex in 5ml of bidistilled water (3.9x10~*M).

2.3. Method

Fluorescence measurements are performed for
the Tb(III) solid complex at an analytical emission
wavelength (A¢;; = 270 nm) of the complex in wa-
ter. Fluorescence measurement for the interac-
tion of 3.9 x107%M Nic-Tb complex with different
concentrations of ascorbic acid in water The study
was completed by decreasing of luminescence in-
tensity due to this influence and the quenching
that results from the interaction of the Tb(III)- (Nic)
probe and ascorbic acid.

2.4. Calculation

Using the Stern-Volmer (1) and Lineweaver-Burk
(2) equations, we verified the fluorescence data at
different temperatures to prove the quenching pro-
cess. Most of the time, the two equations are used
to explain quenching that is dynamic and static.

F
FO:HKC,TO (Ql=1+Ksy (Q] (1)

where the fluorescence of intensities are Fp and F,
respectively, both when the quencher is present
and absent; The constant for the bimolecular
quenching rate is Kq;7¢9 is the lifetime of the
fluorophore without a quencher; [Q] is the con-
centration of the quencher; Furthermore, the
slope can be used to determine Ksv, which is the
Stern-Volmer quenching constant.

(Fo—F) '=F'+K;3.F;' Q™! 2)

K 1 p is the effective quenching constant for the ac-
cessible fluorophores.

According to the effect temperature, the van-t-
Hoff plots are being used to examine the thermo-
dynamic parameters. The van't Hoff formula can
be used to determine both the change in enthalpy
(AH®) and the change in entropy (AS°) if the en-
thalpy change (AH®) does not significantly change
in the temperature range being studied:

-AH AS

— 3
RT+R (3)

ILnK =

From the linear relationship between In K and
the reciprocal absolute temperature, the values of
AH and AS can be calculated. The following equa-
tion is used to determine the value of the free en-
ergy change (AG®):

AG° =—-RT InK (4)

AG=AH-TAS )

K is the associative binding constants and R is the
gas constant.

The formula below was used to determine the
limit of detection: LOD =3.300 /S

The following formula was used to determine the
limit of quantitation: LOQ=100/S

o: residual standard deviation of the regression
line.

S: the slope of the regression line.

3. Results and discussion

3.1. Characterization of metal complexes

3.1.1. Stoichiometric analysis

The interaction between Tb(III) ions and nico-
tinic acid gives a white complex with the formula
[Tb (C6H4N02)(NHg)g(HgO)g]Clz.3H20, which did
not melt until 280 °C. The resulting complex was
stable in air and soluble in water, methanol, and
DMSO. The conductivity value indicates the elec-
trolytic nature of the complex. The physical prop-
erties and analytical data CHN% of metal com-
plexes were summarized in Table 1.

The Tb-Nic complex has the molecular formula
CsHo5TbN4O8Cl,, the calculated value of carbon
was 14.09 %, and the observed value was 14.07 %.
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Table 1: Thephysical properties, analytical data CHN% metal complexes

Compound Molecular Colour Melting Conductivity C% H% N%
point (ohm™!'cm?  Found Found Found
weight (°C) mol™1) (calc). (calc.). (calc.).

[Tb(Nic)(NH3)3(H20)3] 610.83 White > 280 82 14.07 4.59 11.14
Cl,.3H,0 (14.09) (4.89) (10.96)

The calculated value of hydrogen was 4.89 %, and
the observed was 4.6 %; for nitrogen, the calcu-
lated value was 10.9 % and the observed was 11.14
%. The elemental analysis showed excellent agree-
ment with the calculated values, and the found and
calculated values of the percent deviations comply
with the accepted limits.

3.1.2. FT-IR Spectra

The broadband at 3675-3112 cm™! could be
given as the stretching vibration of the H,O of
nicotinic acid. This band appeared in the Tb-Nic
complex, which improved the presence of wa-
ter of crystalization in the formed complex. The
nicotinic acid asymmetric vibration band (COO™)
appeared at 1710 cm™!, while the symmetric bands
showed at 1407 cm™ .

The two (COO™) appeared at 1609 and 1407
cm™! in the formed complex; the Av were de-
creased with 100 cm™! from the free ligand, in-
dicating bidentate behavior [35]. The hetero-
aromatic structure shows the existence of the C-H
stretching vibration in the range 3000-3100 cm ™.
In the ligand, the C=N stretching vibration appears
at 1589 cm™!, but shifts to 1555 cm™! in the com-
plex, showing involvement in the complexation.
The complex’s (Tb-0) and (Tb-N) weak bands ap-
pear at 683 and 548 cm™! [36]. The infrared spectra
of the synthesized complexes are shown in Table 2
and Figure 3.

3.1.3. Thermal analysis

The TGA-DTG curves of the thermal decomposi-
tion process of the Tb-Nic complex can be divided
into three steps (Figure 4). In the first step, be-
tween 30 - 189°C, there is a mass loss of 6.97 %,
which is in good agreement with the value calcu-
lated for the release of 3 water for hydration (10.50
%). The sample loses 20.70 % (calcd. 20.50 %) of

Nicotinic acid
Th-Nic

60 T T T T T T T

4000 2500 2000 2500 2000 1500 1000 500

Wave number{cm™)

Figure 3: FT-IRspectrum of NiC and Nic-Tb complex

its initial weight in the sconde step, between 189
- 364°C (Table 3). The primary process contains
two partly separated decomposition steps related
to losing three ammonia and three water molecules
from the coordination sphere. Finally, there is a
mass loss above 464 °C, which at the first step, but
then becomes more gradual, which indicates the
gradual decomposition of the nicotinic acid moi-
ety, including the release of C,OH4NCl, from the
coordination sphere with a percent of 24.70 % (Cal-
culated. 25.20 %). In the end, rare-earth oxides
are the final products; The total mass residue up to
800°C (43.80 %) may include carbon residue, which
explains the difference with the theoretical value
calculated by taking TbO + 4C as the final product
(Calculated. 43.65 %).

3.1.4. UV Measurement

The complex showed two bands, one at 212 nm
and one with three maxima at 256, 263, and 269
nm, assigned to 7 — 7* and n— n* transitions (Fig-
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Table 2: SignificantIR frequencies (cm ™) for the formed complexes
Ascorbic acid Probe (H,O)/OH (CO0OM) (CO0OM) NHj M-O M-N
asymmetric  symmetric
Free nicotinic acid 3675-3112 1710 1407 - -
[Tb(Nic)(NH3)3(H20),] 3426-3155 1609 1407 3198 683 548
Cl,.3H,0
Table 3: TGA, DTG, and DTA of the formed complexes
Compound Temp. DTG Mass loss % Process Expected Residue
range temp.°C Found Calc. products (Calcd.)
°C Found
[Tb 30-187 60.2 6.97 7.30 Dehydration 2H,0 TbO+4C
(Nic)(NH3)3(H20)3]  187-474 209 21.45 20.01 Coordination  3NH3+3H,O (45.10)
Cl,.3H,0 sphere + ligand 44.7
decomposition
474-676 476 26.84 26.16 Ligand decom- C;OH4NCl,
position
ey T Dra s I I I NicotinicIAcid
0 R = ——Th-Nic in Water

100.0

20.00
B0.0

0.0c
60,0

-20.00

40.00
-0.00 100.00  200.0C

300.00 40000 500.00 600.0¢

Temp [C

Figure 4: TG/ DTG and DTA curves of Tb_ (Nic)complex

ure 5).

3.1.5. Solid Fluorescence

The fluorescence spectra of the solid complex
have an excitation wavelength of 277 nm a band-
width of 5 nm and observed emission band at
545nm. The characteristic emission bands of
Tb(III) have appeared (Figure 6). According to
the data above, we have proposed the following
structures for the prepared complex, as shown in

0.6 |

0.3

0.0

240 160 180 300

(=
[
=]

Wave lengcth (nm)

Figure 5: UV-Vis spectrum Nicotinic acid and Tb-Nic com-
plex in water

(Figure 7).

3.2. Fluorescence Mesurément

3.2.1. Effect of time

The emission intensity of the Tb-Nic complex
is monitored over time. The data reflect that the
complex’s fluorescence was fixed for about 60 min-
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3H,0.C1,

Figure 6: The postulated structures of the prepared complex
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Figure 7: Fluorescence andabsorption spectra of Tb(III)-NIC
solid complex

utes, as shown in Figure 8. A remarkably sharp de-
crease was observed after 60 minutes. The mea-
surements using this complex were chosen to be
performed, during the first 60 minutes of complex
solution preparation.

3.2.2. Effect of solvents

Five solvents have been utilized in our study:
protic (distilled water, absolute methanol, and
ethanol) and aprotic (acetonitrile and DMSO).
The emission spectra of polar fluorophores are
profoundly influenced by solvent polarity and the
surrounding environment. The solvent effect was
achieved by comparing the fluorophore’s quantum
yields and/or emission spectra when it is attached
to the macromolecule and dissolved in solvents

of various polarities. The effect of solvent on the
fluorescence of the probe is of the following or-
der (Figure 9): Methanol > Ethanol > DMSO >
Acetonitrile > Water.

3.2.3. Effectof pH

The relationship between pH and Nic-Tb’s lu-
minescence intensity is shown in Figure.10. The
maximum intensity increases as the pH increase
from 1.5 to 9.1. The formation of the hydroxo
complex or an enhanced intramolecular transfer of
charge from the ligand molecule to Tb (III) ions
at higher pH values could account for this perfor-
mance. The intra-molecular energy transfer pro-
cess may be deactivated by deprotonated nicotinic
acid ligands that predominate at lower pH values,
resulting in weak fluorescence of the Nic-Tb com-
plex in a medium of high acidity.

3.3. Interaction of Ascorbic acid with the Tb-Nic
complex

The spectrofluorometric method was used to in-
vestigate the Tb(III)-Nic probe’s interaction with
ascorbic acid. As shown in Figure 11, the complex’s
luminescence intensity clearly changed (quench-
ing) in the emission intensity. Quenching of the flu-
orescence indicates that a particular fluorophore’s
fluorescence intensity is decreased by a number of
molecular interactions. [37, 38].

Water was used to obtain the calibration plot for
the ascorbic acid assay using the Tb(III)-Nic com-
plex. Ascorbic acid fluorescence measurements of
the Tb(III)-Nic complex revealed quenching of the
Tb-Nic complex’s characteristic peak at 545 nm at
different concentrations., as shown in Figure 12.
The calibration data, correlation coefficient, inter-
cept, and slope are summarized in Table 4.

Table 4: Sensitivity and regression parameters (Correlation
coefficient, intercept, and slope) for the calibration data

Parameter Proposed method
Intercept 1

Slope 2.78x10%
Regression coefficient (r)  0.99

LOD 9.1 uM

LOQ 28 uM
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Figure 8: Fluorescence emissionspectra of Th(III)- (Nic) with time at 545 nm
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Figure 9: Fluorescence and absorption spectra of Tb(III)-Nic
complex in the different solvents at room temperature

3.3.1. Study of quenching mechanism (Effect of
temperature)

To approve the quenching mechanisms, we used
the well-known Stern-Volmer method to examine
the fluorescence figures at different temperatures
(see figure 13).

KD = kqry. yields the Stern-Volmer quenching
constant. If the quenching is proven to be dy-
namic. Otherwise, this constant will be expressed
as KSV [39].

According to previous research, the Stern—Volmer
curve would be linear over a specific concentration
range if the quenching method was single, static or
dynamic. [40].

A linear Stern Volmer plot commonly reveals a
single class of fluorophores, all similarly within the
reach of the quencher. The Stern-Volmer plots de-
viate from linearity towards the x-axis in the event
that there are two fluorophore populations and the
quencher is unable to access one of them [39].

Table 5: Fluorescence quenching constant (in the equation of
Stern-Volmer) for the interaction between the Nic-Tb com-
plex and ascorbic acid (AA)

Stern-Volmer parameters

[0)
Temp (CO) - 5V Lmol ) R?
22 3.02x10° 1
30 3.52x10° 1
35 3.63x10° 1
40 3.91x10° 1
45 4.24x10° 1

All K, (L mol™!) of Nic-Tb complex binding with
ascorbic acid at different temperatures were calcu-
lated in (Table 5).

The van't Hoff plots based on the temperature
dependence of the binding constant for Nic-Tb -
AA binding were used to calculate the thermody-
namic parameters in order to confirm the binding
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Figure 10: Effect of pH value onluminescence intensity of Tb (IIT)-Nic complex in aqueous solution
Table 6: Thermodynamic parameters of binding reaction for Nic-Tb complex with ascorbic acid (AA)
Temp (°C) K (Lmol ™) R? AH AS AG
(k] mol™1) (Jmol™ ' K71 (kJ mol™)
22 2.51x10°% 0.999 -19.21
30 3.52x103 1 -20.58
35 3.63x103 1 18.0337 126.336 -21.00
40 3.91x10° 1 -21.53
45 4.24x103 1 -22.09
1.35 =
40 T T T T | Eqeticn |[vy=z+b
s |Adi RS 000007
a5 | ’ Vile |StendzrdE -
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Figure 11: Emission spectra forTb(III)-(Nic)s complex with

ascorbic acid in water at room temperature.

Figure 12: Calibration curve for Tb(III)-Nic complex with dif-

ferent concentrations of Ascorbic acid , in water ,at room
temperature



A.S. Orabietal./Advancesin Environmental and Life Sciences 4 (1) (2023)11-22 19

145 4

140 +

135

130 4

Loo T T T T T
4.0x10°

6.0x10° 80x10° lox10™

Figure 13: Stern-Volmer plot (F°/F versus [Q]) of ascorbic

acid ([AA] =1x107°~ 1x10~*M) with temperature increasing

mode and clarify the interaction between the com-
plex and the quencher (see figure 14).
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Figure 14: A representative Van't Hoff plot for Tbh(III)-Nic-AA
binding

The results summarized in Table 6 show that the
Nic-Tb -AA binding cannot be described as a sin-
gle intermolecular force model. Hypothetically, hy-
drophobic and electrostatic forces act as the main
forces of interaction when AH® < 0 or AH® = 0 and
AS° > 0, The hydrogen bond and the van der Waals
force are the main forces of interaction when AH®

< 0 and AS° < 0. Additionally, hydrophobic inter-
action takes center stage when AH® and AS° are
greater than 0. Hence, it is probable that hydropho-
bic is involved in this binding process. Further-
more, we discovered AG < 0 for each binding in-
teraction, illustrating that the interaction should be
spontaneous.

3.3.2. Effect of interfering species

In the presence of 3 x 10~° M ascorbic acid, vari-
ous species of interference were investigated. The
tolerance level for interference was set at a fluctua-
tion of (5%) in the average fluorescence intensity at
the relevant concentration of ascorbic acid (Table
7).

3.4. Application to pharmaceutical drugs:

Fod I

[Q

Figure 15: Calibration curve for Tb(IIl)-Nic complex with
different concentrations of Ascorbic acid in water at room
temperature. The specified range was derived from linearity
studies and was found to be in the range of 1x10™°- 1x10~*
M.

Figure 15 shows the calibration curve for deter-
mining the optimal reaction conditions of ascorbic
acid (Cevarol 500mg/tablet) of pharma top com-
pany by its reaction with the Nic-Tb complex which
was created by plotting the emission as a function
of the analogous concentrations (M). The regres-
sion equation of the calibration curveisy =1+ 2.8
x10% X (n=10, R?= 0.9997).
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Table 7: Accuracy of AA analysis.

Sample Pre-analyzed

Product

AA standard
addition (M)

Actual AA
found (M)

Recovery

1 1.50x107°
25 (mg/ml) 3.50x1075

3 0.142M 5.50x107°

5.14x107°
8.67x107°
1.22x1074

97.60
98.43
98.89

Table 8: Repeatability of AA analysis

AA Found
conc.(M)

Sample AA actual
conc.(M)

Mean SD

RSD
(%)

3.15x107°
3.04x107°
3.03x107°
3.10x107°
3.07x107°
5.15x107°
5.14x107°
5.20x107°
5.16x107°
5.25x107°
7.14x107°
7.14x107°
7.18x107°
7.19x107°
7.15x107°

3x107°

5x107°

7x107°

Qb W NN OOk W~ 01k Wi~

3.07x107°

5.18x107°

7.16x107°

5.02x10~7 0.0163

4.26x1077

0.00823

2.07x1077 0.0029

The specified range was discovered through
linearity studies to be in the range of 1x10°—
1x107*M.

The accuracy of the method for adding con-
centrations was determined by the recovery stud-
ies. The recovery values was accurate ranged from
97.6-98.89 (Table 7).

The intra-assay precision of the method was es-
tablished on samples of drug solutions at different
concentration levels (Table 8) by determining five
replicates of each sample as a batch in a single as-
say run. RSD was less than 0.0163 percent, proving
the excellent precision of the technique.

According to the residual standard deviation
of the regression line (0.7845) and the slope
(2.78x10%), the detection limit was 9.1x107°M
and the quantitation limit was 2.820x 10> M.

3.5. Comparison with other study

Although a lot of research work related to ascor-
bic acid detection has been reported, there are no
commercial sensors of AA available in the market.
Our probe has a comparable LOD with other tech-
niques has been used, with a fast, easy and cheap
method.

4. Conclusion

A cheap, rapid, accurate, economical, user-
friendly, and percise technique for the detection
of ascorbic acid using, a Tb(III)-Nic probe has
been established with a limit of detection 9 uM.
This work investigated the nature of the interac-
tion between the Tb(II)-Nic probe and ascorbic
acid. Ascorbic acid in water clearly reduces the
fluorescence of Tb(III)-Nic. The calculations reveal
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that the probe fluorescence’s probable quenching
mechanism was dynamically quenched. The ther-
modynamic parameters showed that the binding
was a spontaneous and exothermic process, and
as that the corresponding quenching constants in-
creased with temperature. According to the values
of the thermodynamic parameters, the binding
of Tb(III)-Nic to ascorbic acid is significantly in-
fluenced by interactions of electrostatic nature.
The complex was synthesized and characterized
using different analysis techniques in this work.
Our future efforts to develop luminescent lan-
thanide sensors based on our Tb(III) luminescent
complexes will aim to improve sensor selectivity.
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