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A B S T R A C T   

Fe-Gallic acid metal organic framework (MOF) was synthetized and characterized by acquired qualitative and 
quantitative micro analytical tools such as: FE-SEM/EDX, XPS analysis, XRD analysis, FT-IR, and Fluorescence 
spectroscopy. Fe-Gallic acid MOF is used as a sensor for the determination of antiviral Molnupiravir (MOL) in 
pharmaceutical formulations, urine and serum samples. The existence of adequate functional groups in (MOL) 
solution in DMSO induces the interaction with the Fe- Gallic acid MOF complex that absorb energy at the 
characteristic wavelength of the organic ligand (λex = 290 nm) and emits radiation at 357 nm over a working 
range of 1 × 10− 5 − 1 × 10− 9 mol/L. The Fe-Gallic acid MOF sensor is a sensitive and cost-effective method for 
the detection of Molnupiravir. It has a detection limit of 2.24 × 10− 9 mol/L, which is lower than other methods 
for the detection of Molnupiravir. The Fe-Gallic acid MOF sensor is also easy to use and does not require any 
special equipment. It is a promising new method for the detection of Molnupiravir, and it could be used in a 
variety of settings, including clinical laboratories and point-of-care settings.   

1. Introduction 

The Immediate intervention with confirmed COVID-19 patients with 
mild symptoms can effectively diminish the progress to severe symp
toms and hospitalization. Among the suggested promising treatments is 
Molnupiravir (MOL) which is considered one of the portentous antiviral 
agents that could minimize the risk of hospitalization and death rates in 
non-hospitalized COVID-19 patients. MOL proved to be most effective 
against infections with existing and potential emerging SARS-CoV-2 
variants of concern (VoCs) [1–4]. The effectiveness data have been 
widely described in COVID-19 patients [5–10]. MOL, N-Hydroxy-5′-O- 
isobutyryl-3,4-dihydrocytidine [(2R,3S,4R,5R)-3,4-Dihydroxy-5-[4- 
(hydroxyamino)-2-oxopyrimidin-1-yl] oxolan-2-yl] methyl 2-methyl
propanoate, is a prodrug metabolized to the ribonucleoside analogue 
N-hydroxycytidine (NHC) which circulates into cells, then phosphory
lated to generate the pharmacologically active ribonucleoside triphos
phate (NHC-TP). Its mechanism of action is recognized through a viral 
error catastrophe where the NHC-TP inclusion into viral RNA by the 
viral RNA polymerase, results in a buildup of errors in the viral genome 
that will lead to the discontinuation of replication [11–15]. MOL could 

be counted as the first oral, direct-acting antiviral with a pronounced 
efficiency in decreasing the nasopharyngeal SARS-CoV-2 infectious 
virus and viral RNA while exhibiting a promising safety and tolerability 
reports [16–19]. The chemical structure of MOL is shown in S 1. Few 
analytical methods for MOL determination have been found in the 
literature review. Levels of MOL in human plasma have been measured 
using liquid chromatography coupled with tandem mass spectrometry 
(LC-MS/MS) [17] and in hamster model [20]. However, the validation 
details have not been fully defined or reported except for the LC-MS/MS 
determination of MOL and its metabolite in human plasma and saliva 
[21]. Metal-organic frameworks (MOFs) are crystalline porous materials 
with a high degree of both compositional and structural control. MOFs 
are composed of metals ions or groups coordinated with organic bonds 
forming one or multidimensional structures [22]. Luminescent metal 
organic frameworks (LMOFs) class is considered one of the most widely 
employed MOFs especially for diagnostic purposes owing to their 
peculiar optical features. This newly evolving class of LMOFs, con
structed through metal connecting nodes together with bridging ligands 
and linkers are emerged as a promising and reliable approach towards 
quick monitoring of some bioactive moieties. Owing to the adaptable 
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nature of LMOF building units, the source of fluorescence could be from 
both metal centers and ligand within the LMOFs. In addition, the optical 
features could be regulated through the interactions between the 
building blocks. Moreover, some photo responsive constituents could be 
integrated into the LMOFs structure to induce additional florescence 
apart from that originated from the LMOFs subunits to open the door for 
unlimited applications in clinical ailment diagnosis and treatment 
effectiveness. Interestingly, the fluorescent responses and sensitivities of 
LMOFs are mostly dependent on the fluorescence modifications driven 
by electron-energy transfer between the targeted biological molecules 
and the corresponding LMOFs. In this aspect, the reversible pre
concentration of the targeted molecules is facilitated by the intrinsic 
porosity and tunable functional sites in LMOFs, which in turn would 
boost the detection selectivity and specificity [23–31]. LMOFs structural 
composition in combination with the energy conversion (ET) specifi
cations could be easily tuned [32–37]. The LMOF based biosensors 
mainly operate through different mechanisms, including quenching and 
enhancement of the luminescent responses known as turn-off and turn- 
on responses, respectively, [38–51]. In this study, Fe-Gallic acid MOF 
was synthesized and characterized by acquired qualitative and quanti
tative micro analytical tools. Fe-Gallic acid MOF was then used as a 
sensor for the determination of MOL in pharmaceutical formulations and 
serum samples. The results showed that Fe-Gallic acid MOF is a sensitive 
and selective sensor for MOL, and it could be used to detect MOL in a 
variety of samples. This study is a promising step towards the develop
ment of a rapid and accurate method for the determination of MOL in 
clinical samples. Molnupiravir is a promising new antiviral agent, and 
the development of a rapid and accurate method for its determination 
could help to improve the management of COVID-19. 

2. Materials and reagents 

3,4,5-Trihydroxybenzoic acid (Gallic acid) (HO)3C6H2COOH, 99.0%; 
and iron(III) sulfate hydrate Fe2(SO4)3⋅5H2O, 97.0%, were purchased 
from Sigma Aldrich. All other chemical and reagents are of analytical 
grade and were used without further purification. All materials used are 
of analytical-reagent of higher grade. MOL, purity (98%), was obtained 
from Optimus Drugs Pvt LTD, India. (MOL 200 mg per capsule, R&D 
prepared samples) was used as pharmaceutical formulation dosage 
form. American Society for Testing and Materials (ASTM) grade I water, 
was daily obtained from the central laboratory. Potassium dihydrogen 
phosphate, sodium dihydrogen phosphate, dipotassium hydrogen 
phosphate, o-phosphoric acid, acetic acid, sodium acetate anhydrous, 
were supplied by Scharlau, Barcelona, Spain. A standard stock solution 
of MOL was prepared and diluted to form a working (1.0 × 10− 5 mol/L) 
MOL using DMSO. Pharmaceutical preparation of hard capsule MOL 
containing 200 mg of MOL per capsule produced EVA PHARMA, EGYPT. 

2.1. Synthesis of Fe(III)-GA-MOF 

The MOF synthesis was performed through a simple reaction of 
Fe2(SO4)3⋅5H2O (3.0 mmol, 1.470 g) dissolved in 50 mL distilled water/ 
DMF (3:2 V/V, respectively), which added dropwise to round flask 
containing gallic acid (1.0 mmol, 0.170 g) dissolved in distilled water, 
with continues stirring. Then, the reaction mixture was refluxed for 48 h 
at 80 ◦C. A dark brown black precipitate was formed then filtrated and 
washed with distilled water and ethanol.. 

2.2. Instruments 

All fluorescence measurements were recorded with a Meslo-PN 
(222–263000) Thermo Scientific Lumina fluorescence Spectrometer in 
the range (190–900 nm). The absorption spectra are recorded with 
Thremo UV–Visible double-beam spectrophotometer. All pH measure
ments are made with a pHs-Janway 3040 ion analyzer. 

2.3. General procedure 

A mixture of 0.01 mL (1.0 × 10− 2 mol/L) MOL and 0.01 mL (1.0 ×
10− 2 mol/L) Fe-Gallic acid MOF was prepared and diluted to the mark 
with DMSO in a 10 mL measuring flask and kept for 15 min before use. 
The preceding optical sensor is utilized to obtain the subsequent mea
surements of absorption and emission spectra and study the effect of pH 
and solvents where the corresponding luminescence intensity was 
measured at λex/λem = 290/352 nm. 

2.4. Calibration curve 

After mixing Fe-Gallic acid MOF with a series of 1.0 × 10− 5 to 1.0 ×
10− 9 mol/L concentrations of MOL in 10 mL measuring flasks prepared 
from 1.0 × 10− 2 mol/L stock solution, the luminescence spectra were 
measured accordingly in the cell of spectrofluorometric device at the 
specific excitation wavelength λex = 290 nm. The solution in the cell 
must be rinsed after each measurement by DMSO. 

2.5. Validation 

2.5.1. Accuracy and precision 
Hard capsules MOL are used at two different concentrations (1.0 ×

10− 7 and 1.0 × 10− 8) mol/L of the optical sensor to determine the 
repeatability (intra-day precision) three times with in the day and the 
intermediate (inter-day precision) three times on different days of the 
intended method. The results were summarized in Table 2. The per
centage of the obtained relative standard deviation (%RSD) values were 
1.29–1.19% (intra-day) and 1.13– 1.11% (inter-day) for hard capsule 
MOL which reflects the high precision of the study. A high accuracy was 
calculated as percentage relative error (RE) for the measured mean 
concentration and the taken concentration of MOL. 

2.5.2. Selectivity 
The synthetic mixture and a placebo blank of MOL consisting of 

interfering substances as cellulose (40 mg), starch (30), lactose (50 mg), 
povidone (200 mg), and sodium starch glycolate (50 mg), magnesium 
stearate (20 mg) were analyzed to scrutinize the method selectivity. No 
influence on the luminescence spectrum was recorded by the excipients 
that were extracted and tested as reported by the proposed procedure. A 
competitive analysis for the synthetic mixture of MOL was implemented. 
A combination between an identical component of the placebo blank 
and discrete concentrations of MOL solution was formed. 

2.5.3. Determination of Molnupiravir in pharmaceutical preparations 
Two distinct concentrations of 1.0 × 10− 6 mol/L and 1.0 × 10− 7 

mol/L mol were developed in 10 mL flasks by grinding two MOL hard 
capsules and then dissolving them in acetonitrile. Filter the MOL solu
tion and separate the insoluble materials from the filtrate. The concen
tration of Molnupiravir in the filtrate was determined using a high- 
performance liquid chromatography (HPLC) assay. Briefly; the capsule 
is crushed and the powder is dissolved in acetonitrile. The solution is 
injected into the HPLC instrument. The solution is passed through a 
column filled with a substance that selectively binds to Molnupiravir. 
Molnupiravir is removed from the column and detected with a detector. 
The amount of Molnupiravir was determined by comparing its peak 
height or area with the peak height or area of a standard Molnupir
avir solution. The concentration of Molnupiravir was found to be 1.2 ×
10− 3 mol/L. Take 5 mL of this filtrate and dilute it with 95 mL DMSO 
(6.0 × 10− 5 mol/L). Then combine 0.16 mL of this solution with 1.0 mL 
of 10− 4 mol/L Fe-Gallic acid MOF in a 10 mL measuring flask and 
supplement to the mark with DMSO. Composite optical sensors were 
used to confirm the validation of the current technique by recording the 
fluorescence intensity and comparing it to similar concentrations in the 
calibration graph. 
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2.5.4. Determination of Molnupiravir in real serum and urine samples 
A serum and urine samples have been taken after three hours from a 

COVID-19 patient was taken a dose of one capsule. Blood sample is 
collected in a tube containing an anticoagulant such as heparin or EDTA. 
The sample is then centrifuged to separate serum from the blood cells. 
The urine sample is centrifuged to remove any particles or debris. Serum 
and urine samples are used directly for analysis. (The serum and urine 
samples may be diluted with a suitable buffer or solvent to achieve the 
desired concentration range for analysis). 

3. Results and discussion 

3.1. Characterization of Gallic-Fe MOF 

The Fe(III)-GA-MOF was prepared via a simple reaction of 3.0 mmol 
of iron(III) sulfate pentahydrate with 1.0 mmol gallic acid. A dark brown 
black precipitate was obtained as obtained [52–54], the precipitate was 
filtered, then washed and dried well under vacuum. The structure 
elucidation using the acquired qualitative and quantitative micro 
analytical tools was discussed herein below: 

3.1.1. FE-SEM/EDX 
The Fe(III)-GA-MOF FE-SEM images at different magnifications were 

represented in (Fig. 1a–c). The morphology appears to be an aggregates 
of broken brick blocks with smooth surface. The upper surface is ho
mogenized and formed from a small nanoparticle. Whereas, the Fe(III)- 
GA-MOF EDX-analysis presented (Fig. 1d). The data displayed the 
presence of oxygen, carbon, sulphur and iron as a block element building 
of the structure. The tremendous dispersion of the concert elements 
through the cross-section revealed by mapping-analysis (Fig. 1d) is 
confirms the Fe(III)-GA-MOF formation.[52]. 

3.1.2. XPS analysis 
The Fe(III)-GA-MOF chemical components was characterized using 

XPS, Fig. 2. The data obtained are in a good agreement with the pub
lished XPS data in the literature [52,54].The four main spectral parts of 
this sample were analyzed using the XPS wide spectral survey. The XPS 
scan presented in Fig. 2a and S 2 exhibited clearly detected peaks of iron 
(Fe 2p), oxygen (O 1 s), carbon (C 1 s) and sulfur (S 2p). Fe 2p peak was 

deconvoluted into six spectral peaks as shown in Figure 2b and S 3. The 
six spectral peaks were observed at binding energies of 710.66, 714.38, 
718.14, 723.96, 725.59 and 728.24 eV, due to Fe 2p1/2 and Fe 2p3/2, for 
Fe (III) and Fe (II). The most abundant Fe(III) satellite peaks at 710.66 
eV and 723.96 eV which confirmed the Fe3+ extinction of Fe(III) 2p3/2 
and Fe(III) 2p1/2, respectively with a decreasing energy difference of 
13.3 eV [55]. Fig. 2c and S 4 presented the spectrum of the detuned O 1 s 
peaks at 531.73, 532.69 and 533.12 eV [56]. Fig. 2d and S 5 show the C 
1 s region, with spectral peaks at 288.60, 286.38 and 284.75 eV assigned 
to C = O, C = C and C-O respectively [57]. Finally, Fig. 2e and S 6 
present the S 2p spectrum and it shows one peak at 168.89 eV due to the 
presence of sulfur in the sample. S 6 contained more detailed informa
tion about XPS analysis. 

3.1.3. XRD analysis 
The Fe(III)-GA-MOF XRD spectrum (powder) pattern was repre

sented in (Fig. 2f). The XRD pattern of the Fe–GA were consistent with 
the reported XRD of GA/FeIII MOFs [52–54,58,59] as obtained in the 
inserted Fig. 2f. The XRD patterns showed no sharp peaks of the MOF 
confirming that the amorphous phase of the material is formed. More
over, the main peaks in the diffraction pattern of the Fe(III)-GA-MOF 
were observed at 2θ values of about 9.24◦, 11.34◦, 27.5◦, 29.88◦, 
38.34◦, 45.13◦, 56.44◦, 58.63◦, 61.45◦. The details of XRD analysis 
peaks list of the Fe(III)-GA-MOF was presented in (S 8). Additionally, the 
diffraction pattern of the Fe(III)-GA-MOF was in a good agreement with 
MOFs-based gallic patterns. 

3.1.4. FT-IR spectrum 
The FTIR spectrum of Fe–GA MOF was similar to that of Fe–GA in the 

literature [52,53] FT-IR spectrum of the Fe(III)-GA-MOF is shown in 
(Fig. 3) in compared with FT-IR spectrum of the GA (Inserted in Fig:3). 
From this (Fig. 3), it can conclude that: the main characteristic bands of 
gallic acid appeared for the hydroxyl (O-H) stretching at 3407.05 and 
3269.11 cm− 1 [phenolic ν(OH) at 3407.05 cm− 1 and carboxyl ν(OH)) at 
3269.11 cm− 1], and C = O stretching at 1612.39 cm− 1 [60]. In addition 
to the other major peaks that appeared at 3064.91, 2654.68, 1540.11, 
1438.27, 1200.67, 1100.09, 1045.14, 762.25, 699.25, 567.87, 553.80, 
466.88 cm− 1 [61]. The characteristic bands: a band near 3200 cm− 1 due 
to the O-H axial deformation and 3100 cm− 1 due to the aromatic C-H 

Fig. 1. (a, b, and c) The field-emission scanning electron microscopy images of the ferric metal–organic framework (Fe(III)-GA-MOF) at different magnification, and 
(d) Energy-dispersive X-ray analysis with a single point EDX mapping analysis of Fe(III)-GA-MOF. 
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axial deformation; the appearance of a band at 1700 cm− 1 represented 
the C = O axial deformation; the C = C axial deformation in aromatics 
appeared around 1600 and 1500 cm− 1 while the band at 1350 cm− 1 

indicated the O-H deformation; 1250 cm− 1 the C-O axial deformation 
and 650 cm− 1 the C-H axial deformation in aromatics. On the other 
hand, in the FT-IR spectrum of the Fe(III)-GA-MOF are observed that the 
bands of hydroxyl (O-H) (the phenolic ν(OH) at 3407.05 cm− 1 and 
carboxyl ν(OH)) at 3269.11 cm− 1) are disappeared due to complexation 
to Fe ion. The two coordination possibilities for the iron ion and gallic 
acid occur through the phenolic hydroxyl and the carboxyl groups. With 
the formation of the Fe(III)-GA-MOF and complexation with iron, a 
decrease in the intensities of the GA bands are observed. The decrease in 
the peak’s intensities due to the complexation with transition metals, the 
metal ions can accept both σ electrons from the ligand as well as π 
electrons from the aromatic ring when filling the d orbitals available for 
coordination. On the other hand, no differences were observed between 
the peaks in the regions between 1200 and 720 cm− 1 for the C-H bonds 
angular deformations in the aromatic ring. The peak revealed at 1107 
cm− 1 is assigned to Fe-O-Fe [62]. The band appears at 590.85 and 
476.79 cm− 1 assigned to the ferric ions-oxygen coordination and cova
lent bonding [ν(Fe–O)] and [ν(Fe < − O)], respectively. The last above 
two bands confirm the chelation of the ferric ion with GA by the O atoms 
[63a–d, 64,]. Fig. (S 9) represented the published data about(a) Crystal 
structure of gallate-based metal–organic frameworks (MOFs) [52,53], 
(b) Ball-and-stick rendering of Fe(C7O5H3)⋅3.22 H2O complex showing 
coordination of the gallate ligand [52,54], (c) Structure of the Fe(III) 
octahedral pyrogallin complex (Fe2(C6O3H3)2⋅•4H2O) proposed by 
Krekel [54]. (d) 3D Structural representation of the Fe(III)-GA-MOF 
monomeric unit. e) of GA for the GA/FeIII system (coordination 

modes are based on Refs. [55,65,66]. In view of the physical and spectral 
results discussed in the above addition to the published data, it can be 
assumed the monomeric unit 3D structure of the Fe(III)-GA-MOF as 
presented in (S 9 (d)). 

3.2. Spectral characteristics 

GA-based MOFs exhibit luminescence/sensing properties due to their 
p-bonded systems and low energy LUMO (p*) in the GA bond, thus GA- 
based MOFs are effective for sensing. Furthermore, these host frame
works have the ability to selectively and efficiently interact with the 
target analyte to act as a fluorophore due to their free base sites. Once 
the receptor has recognized the analyte, fluorescence signals can be 
observed in the form of quenching due to either electron transfer (ET), 
charge transfer (CT), or energy transfer processes. [67] The M2+ ion 
with d10 formation is difficult to oxidize or reduce, primarily resulting in 
localized ligand emission caused by p-p* and/or n-p* transitions of the 
conjugates, whereas metal-to-ligand charge transfer contribution 
(MLCT) or Ligand charge to metal charge transfer (LMCT) is negligible 
in emission. Therefore, the luminescent emission band of the metal 
complex can be assigned to the intra-ligand emission, and the lumi
nescent enhancement is attributed to the coordination bonds between 
M2+ and the ligand, which adjust the conformational rigidity of the li
gands and cause a decrease in non-radiative shift elements. While in the 
case of ferromagnetic M3+ (Fe3+, d5) the contribution of metal-to-ligand 
charge transfer (MLCT) or ligand-to-metal charge transfer (LMCT) pre
dominates in the emissions. Paramagnetic transition metal complexes 
typically show weak emission, where their partially filled orbitals pro
ducing d–d ligand domain transitions may lead to strong reabsorption 

Fig. 2. (a–e) The XPS analysis of the Fe(III)-GA-MOF: [(a) Survey, (b) Fe 2p, (c) O 1 s, (d) C 1 s, (e) S 2p], (f) The X-ray diffraction spectra of the Fe(III)-GA-MOF.  
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and/or fluorescence suppression of organic molecules via electron or 
energy transfer. The resulting emission depends on the nature of the 
MOF structure, such as the spacing and orientation between the junc
tions, the HOMO-LUMO gap of the junctions versus the accessible states 
of the metallic units, the electronic configuration of the metal, and the 
bonding geometry. [68,69] Luminescence from MOFs containing tran
sition metal ions in the framework is usually centered on the linker, but 
can also involve metal ion perturbation on the linkers or even modulate 
charge transfer between the metal and the linker. [66] The emission 
spectrum of gallic acid shows major peaks at 341 nm, which can be 
attributed to the p*-p shift, (S 10a). [65] In complexation with M3+

metal ions (Fe3+), the emission spectra of the frameworks show emis
sions at about 357 nm (λex = 290 nm), (S 10b). The emission spectra of 
the Fe-GA MOF shows strong emission in aprotic solvents such as; 
DMSO, acetonitrile and DMF, while showing lower emission intensities 
in protic solvents such as water and ethanol, (S 10b). The response of the 
luminescent signal of the sensor is directly related to the change of pH of 
the solvent. The optimal fluorescent intensity was recorded at pH = 8.8. 
Therefore, 0.1 mol/L of NH4OH was used before each measurement to 
obtain a pH of 8.8. (S11). [70–82]. 

Fig. 3. The FT-IR spectrum of Fe(III)-GA-MOF in compared with GA- FT-IR spectrum.  

Fig. 4a. Emission spectra of fe-ga mof in different concentrations of mol.  
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3.3. Linear range and limit of detection 

A linear relationship was obtained between the concentration of 
Molnupiravir and the peak intensity of the Fe-Ga MOF at 351 nm, and 
this correlation was found to be linear within the concentration range 
from 1 × 10− 9 to 1 × 10− 6 mol/L. Fig. 4a and b. Correlation was ob
tained by applying a Stern-Volmer plot, which yielded a Stern-Volmer 
constant (κsv) of 3.1 mol− 1L and a critical concentration of molnopir
avir (Co) of 2.49 × 10− 10 mol. L− 1. The distance between Molnupiravir 
and Ionophore was found to be 2.16 Å, which indicates an electron 
transfer mechanism for quenching. Regression equations were calcu
lated, and regression parameters were computed, including the limit of 
detection (LOD) and limit of quantification (LOQ), which were deter
mined using the formulas LOD = 3.3 S/b and LOQ = 10 S/b, where S is 
the standard deviation of the intensity values luminescence blank, and b 
is the slope of the calibration plot [83,84]. The LOD and LOQ values are 
recorded in Table 1. The method was found to be sensitive, with a 
suitable working range of 1 × 10− 6 − 1 × 10− 9 mol/L. 

3.4. Selectivity 

The proposed method for the determination of Molnupiravir in 
pharmaceutical formulations, urine, and serum samples are selective 
and accurate. The method was tested by analyzing a placebo blank 
containing inactive ingredients and a synthetic mixture of Molnupiravir 
and the inactive ingredients. The placebo blank analysis showed that 
there was no interference from the inactive ingredients. The synthetic 
mixture analysis showed that the proposed methods were able to 
accurately determine the concentration of Molnupiravir in the mixture. 
The percent recovery of Molnupiravir was 99.50 ± 0.65, 99.9 ± 1.75, 
and 99.60 ± 0.80 for pharmaceutical formulations, urine, and serum 
samples, respectively. These results suggest that the proposed method is 
accurate and precise for the determination of Molnupiravir in a variety 
of samples. 

3.5. Application to pharmaceutical formulation and real samples 

The proposed method for the determination of Molnupiravir in hard 
capsule Molnupiravir is successful and accurate. The method was tested 
by analyzing hard capsule Molnupiravir, the results in Table 2 showed 
that the method was able to accurately determine the concentration of 
Molnupiravir in the pharmaceutical sample. The R.S.D for the tablet in 
the proposed method is (1.43 %). The R.S.D for the tablet sample in the 
B.P method is (0.1 %). The results obtained by the proposed method 
agree well with those of reference method as well as with the label 

claimed, Table 2. The method was tested also by analyzing a serum and 
urine samples have been taken after three hours from a patient was 
taken a dose of one capsule. The results were reported in Table 2, in 
which the RSD % for serum and urine samples is 1.2% and 1.8 %, 
respectively. 

3.6. Repeatability and reproducibility 

Repeatability and reproducibility are two important factors that 
need to be considered when evaluating the performance of a biosensor. 
Repeatability refers to the ability of the biosensor to produce the same 
results when it is used to measure the same sample multiple times (intra 
and interday precision). Regarding the precision of the method based on 
new sensor, both intra and inter-day precision were evaluated by 
determining two different concentrations of capsule samples and one 
urine and one serum samples in triplicates within the same day and on 
three consecutive days. The acquired data were processed and the values 
of % relative standard deviation assured the high precision of the pro
posed biosensor as presented in Table 2. Reproducibility refers to the 
ability of the biosensor to produce the same results when it is used by 
different operators or in different laboratories. And the results of the 
reproducibility of the method based on a biosensor was introduced in 
Table 3.. The results of the proposed method is in good agreement with 
those of the existing methods in the literature, Table 4. This suggests that 
the proposed method is reliable and can be used for the determination of 
Molnupiravir in a variety of samples. 

Conclusion 

The proposed analytical method based on the use of a compound Fe- 
GA MOF is simple, economical and can be successfully applied for ac
curate and sensitive determination of Molnupiravir in various matrices 
including dosage forms, urine and serum. The Fe-GA MOF is more 
sensitive to Molnupiravir in DMSO with an LOD of 2.24 × 10− 9 mol/L if 
compared with other published determination methods, Table 4. The Fe- 
GA MOF complex is a promising new tool for the determination of 
molnupiravir. It is easy to use, economical and sensitive. It can be used Fig. 4b. Linear relationship between [fO/F-1] against [MOL].  

Table 1 
Sensitivity and regression parameters for photo probe.  

Parameter value 

λ em nm 351 
Linear range, mol/L 1.0 × 10− 6 – 1.0 × 10− 9 

Limit of detection (LOD), mol/L 2.24 × 10− 9 

Limit of quantification (LOQ), mol/L 7.39 × 10− 9 

Regression equation, Y* Y = bX 
Intercept (a) 0.203 
Slope (b) 0.47 × 107 

Standard deviation 0.008 
Variance (Sa2)x 10− 5 6.4 
Regression coefficient (r) 0.997 

*Where Y = [(F0/F)-1], X = concentration in mol/L, a = intercept, b = slope. 

Table 2 
Results of repeatability study.  

Samples standard 
method* 

Proposed 
method 

Pure MOL recovered 
(Percent ± SD) 

MOL 200 mg per 
capsule  

0.10  0.102 102.0 ± 1.25 

[MOL] × 10− 7 

mol/L  
1.00  0.980 98.00 ± 1.45 

Urine sample 
(real) µmol  

0.53  0.525 99.0 ± 1.2 

Serum sample 
(real) µmol  

0.52  0.514 98.8 ± 1.80 

* British Pharmacopeia. 
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to determine Molnupiravir in a variety of matrices, including urine and 
serum dosage forms. The Fe-GA MOF complex is a valuable addition to 
an analytical chemist’s toolkit. 
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