
------------------------------------------------------------------------------------------------------ 
Citation: Egypt.Acad.J.Biolog.Sci. ( C.Physiology and Molecular biology ) Vol. 15(2) pp253-266 (2023) 

DOI: 10.21608/EAJBSC.2023.316153 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

. 

Vol. 15 No. 2 (2023) 

 



------------------------------------------------------------------------------------------------------ 
Citation: Egypt.Acad.J.Biolog.Sci. ( C.Physiology and Molecular biology ) Vol. 15(2) pp253-266 (2023) 

DOI: 10.21608/EAJBSC.2023.316153 

Egypt. Acad. J.  Biolog. Sci., 15(2):253-266 (2023) 

Egyptian Academic Journal of Biological Sciences 

C. Physiology & Molecular Biology 

ISSN 2090-0767 

www.eajbsc.journals.ekb.eg 
 

 

New Luminol Azo 1-(4 -sulfophenyl)-3-methyl-5- pyrazolone Reagent Preparation, 

Characterization, Biological Effectiveness and Enhancement Studies 

 

Hanaa K. A. Taha* and Hussain J. Mohammed 

Chemistry Department / Faculty of Science / Kufa University 

*E-mail: Hanaak.taha@uokufa.edu.iq ; hussein.alshujairi@uokufa.edu.iq 
 

ARTICLE INFO ABSTRACT 

Article History 
Received:26/7/2022 

Accepted:6/9/2023 
Available:11/9/2023 
 ---------------------- 

Keywords: 

luminol azo 1-(4-

sulfophenyl)-3-methyl-

5-pyrazolone, synthesis, 

spectroscopic. 

           A new azo dye was produced by mixing 1-(4-sulfophenyl)-3-

methyl-5-pyrazolone with diazonium salt from luminol. The produced 

dye was assessed using the FT-IR, 1HNMR, and UV-Visible spectroscopy 

techniques. This dye was dissolved in five polar solvents, and its UV-

visible absorption spectra were measured and spectroscopically analysed 

at room temperature. Additionally, an atomic force microscope (AFM) 

was used to measure the enhancement of CO3O4 and ZrO2 nanoparticles 

in luminol azo 1-(4 -sulfophenyl)-3-methyl-5- pyrazolone solutions in 

aqueous solution. 

  

INTRODUCTION 

                Ludwig Knorr coined the term "pyrazole" in 1883. Three carbon atoms and two 

nitrogen atoms close to each other make up the five-membered ring structure that characterises 

the family of simple aromatic rings of organic compounds known as pyrazoles. All of these 

constituents make up the heterocyclic compound. Despite being uncommon in nature, they are 

categorised as alkaloids due to their structure and pharmacological effects on humans. The first 

naturally occurring pyrazole, 1-pyrazolyl-alanine, was produced in 1959 using watermelon 

seeds.(Ardiansah, 2017)(Poudyal & Bharghav, 2021)(Eicher et al., 2003)(Chauhan et al., 

2011).The most common form of pyrazol is a planar, colourless, or yellowish liquid or 

solid.(Saha et al., 2021) The versatile lead component pyrazole was developed through 

chemical design for effective molecules with biological activity. Multiple synthetic techniques 

are used to create pyrazole-containing reactions, resulting in a distinctive molecule that opens 

up a lot of possibilities for medicinal chemistry (M. J. Alam et al., 2015). 

              These medications successfully inhibit BRAF (V600E), GFR, telomerase, ROS 

Receptor Tyrosine Kinase, and Aurora-A Kinase. Anticancer medications heavily rely on 

pyrazole derivatives. Pyrazole compounds also have potent anti-inflammatory effects (Poudyal 

& Bharghav, 2021). The pyrazole family of heterocycles, one of the most well-known 

heterocycle groups, has a variety of biological effects, including anticancer (R. Alam et al., 

2016)(Shamsuzzaman et al., 2015), antitumor (Ismail et al., 2016), anti-AIDS (K. & Ganguly, 

2016), antibacterial (Surendra Kumar et al., 2016)(Ningaiah et al., 2014), antimalarial (Bekhit 

et al., 2015), and antitubercular (Pathak et al., 2014). Work on the synthesis and spectral 

analysis of heterocyclic azo compounds is currently ongoing (Mohammed, 2017)(Esraa & 

Hussain, 2018)(Fatma & Hussain, 2016)(Abdulhameed et al., 2018). 

http://www.eajbsc.journals.ekb.eg/
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               Through the use of 3-methyl-1-(3-

sulfoaminophenyl)-5-pyrazolone as the 

coupling component, a new hetaryl azo dye 

was created. FTIF, UV-Visible, and 1HNMR 

all verified the product. This dye's 

spectroscopic properties in various polar 

solvents were measured, and the enhancement 

of some nanoparticle metal oxides with this 

dye underwent a thorough analysis. 

MATERIALS AND METHODS 

Preparation of the Reagent (LASPMP): 

   1-(4-sulfophenyl)-3-methyl-5-

pyrazolone, with diazotate in sodium 

hydroxide solution. The reagent was made by 

combining luminol. Diazonium solution was 

prepared by mixing luminol (0.5 g) with 

strong HCl (3.5 ml) and sodium nitrite 

solution at 0 to 5 °C 1-(4-sulfophenyl)-3-

methyl-5-pyrazolone, with 0.5 g alkaline 

addition. The solution was made at 

temperature (0-5°C) and leave it overnight. 

Filtration was used to remove the precipitate, 

and it was crystallized using ethanol (YasirJ, 

2021) as shown (Scheme 1). 

 

 
Scheme 1: Preparation of reagent (LASPMP). 

 

Apparatus:  

     Spectroscopic research was done in 

the UV-visible spectrum. Spectrophotometer 

with 1 cm glass cells and a T80 twin beam. 

Vibrational spectra were captured using the 

Shimadzu FT.IR 8000 series Test Scan.  The 

pH was measured using an Inolab pH-meter 

WTW 720 with a glass-saturated calomel 

combination electrode. Reagent  

Analytical-Grade Substances Were Used: 

    NaOH, HCl, Na2CO3, Ethanol, 

Methanol, Dimethyl sulfoxide (DMSO), N, 

N-Dimethyl formamide, Acetic acid, 

Polyvinylpyrrolidone luminol., Zirconium 

oxide nanoparticles,  Cobalt oxide 

nanoparticles.  

luminol azo 1-(4-sulfophenyl)-3-methyl-5-

pyrazolone (8 mM):  

             200 ml of deionized water was used 

to dissolve 0.7078 g of reagent. 

RESULTS AND DISCUSSION 

             In deionized water at room 

temperature, the Uv-VIS absorption spectra 

of the electronic structures of the synthesized 

compound were captured (Fig. 1). A high-

intensity (π →π*) peak is produced by azo 

aromatic compounds in the ultraviolet region, 

and a low-intensity (π →π* ) peak is produced 

in the visible spectrum.(Xia et al., 2013) 

            The band of azo compounds changed 

to a larger resonance order when compared to 

azo phenyl pair. When the chemical Luminol 

azo3-methyl-1-(3-sulfoaminophenyl)-5-

pyrazolone or substituted ortho azomethine is 

produced, it's possible that the azo group and 

C=N will form strong intermolecular 

hydrogen bonds. (Sıdır et al., 2011). 
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. 
Fig. 1: The reagent solution's (LASPMP) absorption spectrum. 

         

             The band at 351 nm can be 

attributed to an intramolecular interaction 

with charge transfer and the presence of 

tautomeric equilibrium, while the band at 

212-292 nm conforms to a low energy (π 

→π*) transition that includes the azomethine 

group. 

FT.IR of Reagent:  

        The (LASPMP) reagent's FT-IR 

measurements are shown in Table 1 along 

with their likely assignments. The significant 

bands are seen in the reagent's spectra. A large 

band in The IR spectra of the free ligand at 

3385.07 cm-1, which may be caused by O-H 

stretching vibration, can be seen. The 

carbonyl group of ligands with the frequency 

of 1598.99 (s) cm-1. The frequency at 1579.90 

is equal to (N=N). (Mane et al., 2011) (Fig.2). 

 

Table 1: The most crucial spectral information for the reagent. 

Ligand υ (NH2) υ (C=N) υ (N=N) υ (C=O) 

LASPMP 3385.07 1643.35 1579.90 1598.99 

 

 
Fig 2:  FT-IR spectrum of the azo reagent (LASPMP). 
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1HNMR Studies:  

              The produced azo compound's 

1HNMR spectrum exhibits the following 

signals., which was dissolved in DMSO 

solutions with tetramethylsaline as an internal 

standard. A multiplet is seen in the 1H NMR 

spectra for (L) at (8.06 - 7.99) ppm. (m, H Ar) 

due to the phenyl group, (S, H) for C-CH3 at 

1.65 ppm. (Fedorov, 1988) (Table 2 and Fig. 

3). 

 

        Table 2: The 1H NMR values of the reagent (LASPMP).  

Compound C-CH3 CH-ring H aromatic -OH 
LASPMP 1.65 1.16 7.65 8.06 – 7.99 
 

 
Fig 3:  1HNMR spectrum of the azo reagent (LASPMP). 

 
Solvent Effects on The Prepared Dye 

Luminol Azo 1-(4-sulfophenyl)-3-methyl-

5-pyrazolone's Absorption Spectra:  

             To understand how the solvent 

affected tautomerism equilibrium and the 

interactions between the solvent and the 

solute, the ultraviolet-visible spectra of 

various solvents were analysed. The 

environment medium could affect the azo 

reagent's absorption spectra, and solvents 

could alter the type, location, and Because of 

interactions between solvent and solute 

molecules, absorption bands' strength. (Zhao 

et al., 2020) 

            We examine the UV-visible spectra of 

the azo reagent in a variety of solvents, 

including (Ethanol, Methanol, Acetic Acid, 

Di methyl sulfoxide, and Di methyl 

formamide) at 25C, in order to ascertain the 

intermolecular forces between the solute 

molecule and solvent. Table 3 and Figure 4 

show the results, respectively. 
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             Table 3: Values of the reagent in various solvents. 
Solvent Wavelength 

 

Molar absorption 

coefficient 

Ethanol 343 730 

Methanol 344 1024 

DMF 339 684 

DMSO 257 304 

A. A 404 44 

 

 
Fig. 4 A: R3 with DMSO 

  
Fig.4B: R3 with DMF 

 
Fig.4 C: R3 with Ethanol 

 
Fig. 4D: R3 with Methanol 

 
Fig. 4 E: R3 with Ac. Ac 

Fig 4: Solvent effects on azo dye absorption spectra (LASPMP)..     
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               It is clear that the luminol azo 1-(4-

sulfophenyl)-3-methyl-5-pyrazolone shows 

three bands at 255, 357, and 399 nm in 

deionized water. It was discovered that as the 

solvent's polarity is raised, the band at 255 nm 

exhibits a red shift. the impact of dipole 

moment charge and hydrogen bonding 

strength on the positive solvatochromism of 

this dye in polar solvents. (Reichardt, 1994) 

Enhancement of Nanoparticles of ZrO2 

and Co3O4 by Using the Reagent Luminol 

Azo 1-(4-sulfophenyl)-3-methyl-5-

pyrazolone: 

I- Enhancing the Properties of Zirconium 

Oxide Nanoparticles:  

              By reducing their diameter through a 

ligand exchange procedure, the ZrO2 

nanoparticles used in this study ensure 

enhanced characteristics (Ravindran et al., 

2013). Alternative ligands, the ligand 

molecules on the surface of particular 

nanoparticles can be changed to increase 

stability, which may be responsible for new 

functionality or properties. The accumulation 

of nanoparticle compounds over time is 

caused by the physical nature of the 

interaction between organic compounds and 

nanoparticles (Luo et al., 2013). New ligands 

and nanoparticles consequently bind with 

greater vigour. Ligand exchange on 

nanoparticles, which combines free ligands 

with a compound of nanoparticles, is the 

technique used for this. The purified ZrO2 

nanocrystals were agitated while ligands were 

dissolved in the mixture at room temperature. 

An AFM investigation of the ZrO2 

nanocrystals' anatomy and morphology was 

performed. (Rahdar, 2013) The results for 

nano-Zirconium oxide using the AFM 

technique are shown in Table 4 and Figures 

5& 6, before and after the ligand exchange, 

respectively. 

 

Table 4:  Shows the diameters of ZrO2 before and after ligand of LASPMP exchange. 

Status Grain size (G.S.) Roughness average 

(Ron.) 

Root mean square 

(R.M.S) 

Before 63.59 nm 41.28 nm 74.34nm 

After 89.25 nm 1.273 nm 2.587 nm 
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Fig. 5: The average diameters determined by the AFM for ZrO2(63.59) nm before LASPMP 

ligand exchange. 
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Fig 6: The average diameterS determined by the AFM for ZrO2(89.25) nm after LASPMP 

ligand exchange. 
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II- Enhancing the Properties of Cobalt 

Oxide Nanoparticles: 

To stop the centre of the particles 

from aggregating, the ligands cover the 

nanoparticle surfaces. However, there are 

dynamic binding and unbinding processes 

that take place between the stabilising ligands 

and the inorganic nanoparticle surface, for 

example, when an end group ligand molecule 

with an electron-donating end group, such as 

a thiol, amine, or phosphine, is present. This 

might cause the particles to group together 

(Bruchez et al., 1998). To improve a 

nanoparticle's stability, It can exchange the 

ligand molecules on its surface for others that 

give the particles new characteristics or 

abilities (Daniel & Astruc, 2004). As a result, 

the ligand molecule that enters the inorganic 

nanoparticle always forms stronger bonds 

with its surface. (33The "ligand exchange 

reaction" is a popular technique for adding 

new ligands to nanoparticles that have bound 

ligands. Simply combining free ligands and 

nanoparticles causes this reaction. 

Consequently, ligand exchange is a quick and 

adaptable way to change the ligand shell on 

nanoparticles. The protective ligands are 

additionally exposed to outside chemicals and 

solvents, which alters the solubility, chemical 

composition, and physical properties of the 

nanoparticles. They can be utilized as 

biosensors, catalysts, or applications of 

optoelectronic after the exchange of ligands. 

By changing the ligands that are attached to 

the particles, the particle size can also be 

changed (Canumalla et al., 2001). After being 

dissolved with the prepared ligand, the 

purified cobalt oxide nanocrystals were 

stirred for 24 hours at room temperature.(Luo 

et al., 2013) The surface Cobalt oxide, which 

was bonded to the initial ligands at the 

extremely reactive sites, may have 

contributed to the morphological change in 

part. Table (5) and Figures 7&8 show the 

results obtained with the technique AFM for 

nano Cobalt oxide before and after the ligand 

exchange, respectively. 

 

Table 5: Shows the diameters of Co3O4 before and after ligand of LASPMP exchange.  

Status Grain size 

(G.S.) 

Roughness 

average (Ron.) 

Root mean 

square (R.M.S) 

Before 61.28 nm 28.38 nm 36.88 nm 

After 60.72 nm 9.816 nm 15.99 nm 
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Fig. 7: The average diameterS determined by the AFM for Co2O3 (61.28) nm before LASPMP 

ligand exchange. 
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Fig.8:  The average diameters of Co2O3 (60.72) nm as measured by the AFM following 

LASPMP ligand exchange. 
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Biological Effectiveness: 

The biological activity of the prepared 

reagent luminol azo 1-(4-sulfophenyl)-3-

methyl-5-pyrazolone was studied against two 

types of bacteria, E. Coli Gram-negative 

bacteria and Staph aureus Gram-positive 

bacteria. The reagent did not give clear 

effectiveness against these two types of 

bacteria (Fig. 9). 

 

 
 

 
Fig.9: Biological activity of the reagent with bacteria E Coli Gram-negative bacteria and Staph 

aureus Gram-positive bacteria. 

 

REFERENCES 

Abdulhameed, A. M., Abedalkadeem, M., & 

Mohammed, H. J. (2018). Synthesis 

of 3-[3- phenylpyrazylazo ]-2, 7- 

naphthalendiol as new chromogenic 

reagent for the determination of 

Nickel (II) in Nails of Human. 



New Luminol Azo 1-(4 -sulfophenyl)-3-methyl-5- pyrazolone Reagent Preparation, 

 

265 

Research Journal of Pharmacy and 

Technology, 11(4), 1566.  

Alam, M. J., Alam, O., Alam, P., & Naim, M. 

J. (2015). A Review on Pyrazole 

chemical entity and Biological 

Activity. International Journal of 

Pharma Sciences and Research, 

6(12), 1433–1442. 

Alam, R., Wahi, D., Singh, R., Sinha, D., 

Tandon, V., Grover, A., & 

Rahisuddin. (2016). Design, 

synthesis, cytotoxicity, HuTopoIIα 

inhibitory activity and molecular 

docking studies of pyrazole 

derivatives as potential anticancer 

agents. Bioorganic Chemistry, 69, 

77–90.  

Ardiansah, B. (2017). Recent reports on 

pyrazole-based bioactive 

compounds as candidate for 

anticancer agents. Asian Journal of 

Pharmaceutical and Clinical 

Research, 10(12), 45.  

Bekhit, A. A., Hassan, A. M. M., Abd El 

Razik, H. A., El-Miligy, M. M. M., 

El-Agroudy, E. J., & Bekhit, A. E.-

D. A. (2015). New heterocyclic 

hybrids of pyrazole and its 

bioisosteres: Design, synthesis and 

biological evaluation as dual acting 

antimalarial-antileishmanial agents. 

European Journal of Medicinal 

Chemistry, 94, 30–44.  

Bruchez, M., Moronne, M., Gin, P., Weiss, S., 

& Alivisatos, A. P. (1998). 

Semiconductor Nanocrystals as 

Fluorescent Biological Labels. 

Science, 281(5385), 2013–2016.  

Canumalla, A. J., Al-Zamil, N., Phillips, M., 

Isab, A. A., & Shaw III, C. F. (2001). 

Redox and ligand exchange 

reactions of potential gold(I) and 

gold(III)-cyanide metabolites under 

biomimetic conditions. Journal of 

Inorganic Biochemistry, 85(1), 67–

76.  

Chauhan, A., Sharma, P. K., & Kaushik, N. 

(2011). Pyrazole: A versatile moiety. 

International Journal of ChemTech 

Research, 3(1), 11–17. 

Daniel, M.-C., & Astruc, D. (2004). Gold 

Nanoparticles: Assembly, 

Supramolecular Chemistry, 

Quantum-Size-Related Properties, 

and Applications toward Biology, 

Catalysis, and Nanotechnology. 

Chemical Review, 104(1), 293–346. 

Eicher, T., Hauptmann, S., & Speicher, A. 

(2003). The Chemistry of 

Heterocycles. Wiley.  

Esraa, H., & Hussain, M. (2018). Synthesis, 

Electrochemical Oxidation of 2-

Hydroxy-5-Nitrophenyl Azo1-(2,5-

Dichloro-4-Sulfophenyl)-3-Methyl-

5- Pyrazolone Reagent at Mercury 

Electrode. Eurasian Journal of 

Analytical Chemistry, 13(6), 364–

370. 

Fatma, K., & Hussain, M. (2016). No Title. 

Der Pharma Chemica, 8(13), 123–

132. 

Fedorov, L. A. (1988). NMR Spectroscopy of 

Azo Dyes. Russian Chemical 

Reviews, 57(10), 941–955.  

Ismail, M. M. F., Soliman, D. H., Farrag, A. 

M., & Sabour, R. (2016). Synthesis, 

antitumor activity, pharmacophore 

modeling and qsar studies of novel 

pyrazoles and pyrazolo [1, 5-A] 

pyrimidines against breast 

adenocarcinoma MCF-7 cell line. 

International Journal of Pharmacy 

and Pharmaceutical Sciences, 8(7), 

434–442. 

K., S. J., & Ganguly, S. (2016). A battle 

against aids: new pyrazole key to an 

older lock-reverse transcriptase. 

International Journal of Pharmacy 

and Pharmaceutical Sciences, 8(11), 

75.  

Luo, J., Dai, X., Bai, S., Jin, Y., Ye, Z., & 

Guo, X. (2013). Ligand Exchange of 

Colloidal ZnO Nanocrystals from 

the High Temperature and 

Nonaqueous Approach. Nano-Micro 

Letters, 5(4).274-280. 

Mane, P. S., Salunke, S. M., & More, B. S. 

(2011). Synthesis and structural 

studies of transition metal complexes 

with bidentate schiff base derived 



Hanaa K. A. Taha* and Hussain J. Mohammed 

 

266 

from 3-acetyl-6-methyl-(2H)-pyran-

2,4(3)-dione. E-Journal of 

Chemistry, 8(1), 415–420.  

Mohammed, H. J. (2017). New Cyclic 

Voltammetry of 3-(4-N-Pyridine-2-

yl Benzene Sulfonamide Azo)-1-

Nitroso Naphthol and the Use of it 

for Enhancement of Cobalt Oxide 

Nano Particles. Nano Biomedicine 

and Engineering, 9(2) 135-142. 

Ningaiah, S., Bhadraiah, U. K., 

Doddaramappa, S. D., 

Keshavamurthy, S., & Javarasetty, 

C. (2014). Novel pyrazole integrated 

1,3,4-oxadiazoles: Synthesis, 

characterization and antimicrobial 

evaluation. Bioorganic & Medicinal 

Chemistry Letters, 24(1), 245–248.  

Pathak, V., Maurya, H. K., Sharma, S., 

Srivastava, K. K., & Gupta, A. 

(2014). Synthesis and biological 

evaluation of substituted 4,6-

diarylpyrimidines and 3,5-diphenyl-

4,5-dihydro-1H-pyrazoles as anti-

tubercular agents. Bioorganic & 

Medicinal Chemistry Letters, 

24(13), 2892–2896.  

Poudyal, B., & Bharghav, G. (2021). A 

review of pyrazole an its derivative. 

National Journal of Pharmaceutical 

Sciences, 1(1), 34–41.  

Rahdar, A. (2013). Effect of 2-

mercaptoethanol as capping agent on 

ZnS nanoparticles: structural and 

optical characterization. Journal of 

Nanostructure in Chemistry, 3(1), 

10.  

Ravindran, A., Chandran, P., & Khan, S. S. 

(2013). Biofunctionalized silver 

nanoparticles: Advances and 

prospects. Colloids and Surfaces B: 

Biointerfaces, 105, 342–352.  

Reichardt, C. (1994). Solvatochromic Dyes as 

Solvent Polarity Indicators. 

Chemical Reviews, 94(8), 2319–

2358.  

Saha, S., De, A., Ghosh, A., Ghosh, A., Bera, 

K., Das, K. S., Akhtar, S., Maiti, N. 

C., Das, A. K., Das, B. B., & 

Mondal, R. (2021). Pyridine-

pyrazole based on ‘turn on’ sensor 

for MCF7 cancer cell imaging and 

detection of picric acid. The Royal 

Society of Chemistry Advances, 

11(17), 10094–10109.  

Shamsuzzaman, Siddiqui, T., Alam, M. G., & 

Dar, A. M. (2015). Synthesis, 

characterization and anticancer 

studies of new steroidal oxadiazole, 

pyrrole and pyrazole derivatives. 

Journal of Saudi Chemical Society, 

19(4), 387–391.  

Sıdır, Y. G., Sıdır, İ., Berber, H., & Taşal, E. 

(2011). UV-spectral changes for 

some azo compounds in the presence 

of different solvents. Journal of 

Molecular Liquids, 162(3), 148–

154.  

Surendra Kumar, R., Arif, I. A., Ahamed, A., 

& Idhayadhulla, A. (2016). Anti-

inflammatory and antimicrobial 

activities of novel pyrazole 

analogues. Saudi Journal of 

Biological Sciences, 23(5), 614–620.  

Xia, J., Zhou, Z., Li, W., Zhang, H.-Q., 

Redshaw, C., & Sun, W.-H. (2013). 

Synthesis, structure and fluorescent 

properties of 2-(1H-benzoimidazol-

2-yl)quinolin-8-ol ligands and their 

zinc complexes. Inorganica Chimica 

Acta, 394, 569–575.  

Yasir J. (2021). Electrochemical behavior 

solvatochromic and 

spectrophotometric determination of 

some metal ions by using new 

reagent heterocyclic derivative. 

M.Sc. Thesis, University of Kufa. 

Zhao, R., Pei, D., Yu, P., Wei, J., Wang, N., 

Di, D., & Liu, Y. (2020). Aqueous 

two‐phase systems based on deep 

eutectic solvents and their 

application in green separation 

processes. Journal of Separation 

Science, 43(1), 348–359.

 


	c59e7ef0dfc025707341db4d7daa5b459c7f2673411c5cc6403170c62d733cd9.pdf
	c59e7ef0dfc025707341db4d7daa5b459c7f2673411c5cc6403170c62d733cd9.pdf

