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Abstract
The use of nanoparticles of gold, silver and metal-organic frameworks in cancer therapies is currently being investigated. These nanoparticles have unique properties that make them ideal for use in the treatment of this disease. For example, gold and silver nanoparticles have the ability to absorb light and convert it into heat, which can be used to destroy cancer cells. In addition, metal-organic frameworks can transport drugs more efficiently and release them in a controlled manner at the tumor site. In this work, were synthesized different nanostructures for their use in cancer therapies. Firstly, were synthesized AuNPs@β-CD and AgNPs@β-CD, employing in both β-cyclodextrine as reducing and capping agent. These nanoparticles presented an average particle size of 35 nm and 14 nm, respectively. As well, were synthesized HKUST-1 and was characterized by UV-Vis spectrophotometry, FT-IR, DLS and SEM. Were prepared systems integrating AgNPs and AuNPs and HKUST-1, were analyzed by the previous methods and their average particles size was around 500 nm and 750 nm, respectively.
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1. [bookmark: _Toc170424590]Introduction
The use of nanoparticles in cancer treatment is mainly motivated by their relatively high surface-to-volume ratio when interacting with cells. These particles enter cells mainly by endocytosis, specifically the formation of endocytotic vesicles and the release of ions into the cytoplasm. (Zurawski, 2021) 
1.1. [bookmark: _Toc170424591]Properties of Gold and Silver Nanoparticles 
NPs are atomic aggregates with diameters between 1 and 100 nm. These dimensions determine their unique properties, which differ from those of single atoms and bulk materials. These differences are explained by their high surface to volume ratio and quantum size effects. From noble metals nanoparticles, the most commonly used are gold (AuNPs) and silver (AgNPs) nanoparticles, which have various applications and uses in biomedicine. Gold nanoparticles (AuNPs) can have a wide variety of shapes, including spherical, nanorod, nanostar, nanocube, etc. Silver nanoparticles (AgNPs) also have different shapes such as spherical, nanowire, nanoplatelet, triangle, etc. (Devi, Girigoswami, & Siddharth, 2022) The shape and size of nanoparticles affect their use in various industries, as these properties reflect their optical, electronic, magnetic, and catalytic characteristics. 
Both gold and silver NPs have unique colors that have made them attractive for the development of new analytical assays. The colors of these colloids are caused by a phenomenon known as surface plasmon resonance (SPR). This is a feature typical of several metallic NPs, including AuNPs and AgNPs. SPR consists of the collective oscillation of conduction electrons across the NP due to resonance with incident radiation. For AuNPs and AgNPs, the resonance condition is satisfied at visible wavelengths. For example, AuNPs of about 10 nm are red, with a maximum at about 510 nm, whereas AgNPs of similar size are yellow, corresponding to an absorption maximum at about 
400 nm  (Saleh, 2016; Iriarte‑Mesa, López, Matos‑Peralta, Vega‑Hernández, & Antuch, 2020). The intensity of the SPR is higher for AuNPs, because of the higher dielectric constant of gold, which means that the electric field is more compacted in AuNPs, increasing their interaction with the incident light and thus, the intensity of SPR.  
AuNPs are more widely used in biomedicine, because are non-toxic and present a higher intensity of SPR than AgNPs, which are cytotoxic to the human body. Also, AuNPs are easier to functionalize with bioactive molecules, such as antibodies or proteins, because of their superficial functional groups and their affinity for thiol groups. Meanwhile, AgNPs have special chemical and physical properties such as surface-enhanced Raman scattering, electrical conductivity, high thermal and chemical stability, which makes them more suitable for sensing and electrochemical applications. AgNPs are used in the antimicrobial field to treat microbes such as fungi, viruses and bacteria, because of its antimicrobial properties. Therefore, these AgNPs are widely used in colloidal coatings, paints or in solid materials such as polymers. (Devi, Girigoswami, & Siddharth, 2022) 
1.1.1. [bookmark: _Toc170424592]Synthesis of AuNPs and AgNPs
Different methods have been used to synthesize gold and silver nanoparticles. The techniques used for the preparation of nanoparticles involved chemical, physical and biological methods. These NPs, are often synthesized through the reduction of a metal salt (HAuCl4 or AgNO3) using trisodium citrate, sodium borohydride or calcium ascorbate as reducing and capping agent. This method involves the use of water as solvent and the reducing agent is added once the solution is boiling. Seed-mediated growth method is another strategy to obtain AuNPs and AgNPs. This method is an effective way to control the size of the NPs. It consists of obtaining gold seeds via reduction of the metal, and then adding more of the metal salt, which is then reduced. These NPs can also be synthesized by other methods as shown in figure 1. (Saleh, 2016) (Chugh, et al., 2018) There are other methods which use triggering radiations such as γ-irradiation, microwave and visible light. This is one approach for the synthesis for AuNPs and AgNPs with uniform size from the range 5- 40 nm and high purity, using polysaccharide alginate as stabilizer. The microwave irradiation is used to prepare these NPs using a reducing agent such as citric acid and a binding agent such as cetyltrimethylammonium bromide (CTAB). Have also been prepared by using heat or photochemical reduction, by the reduction of HAuCl4, with citrate, tartrate and malate. (Saleh, 2016).
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Figure 1: Synthetic methods of AgNPs and AuNPs
Physical methods are based on the destruction of the crystal lattice of the material (laser ablation, cathode sputtering and electric arc dispersion). The vacuum sputtering method is the most used method of this classification. Is based on the application of a potential difference between the two electrodes in the vacuum chamber with an electric field. An inert gas enters the camber and is ionized. The bombardment of a metal target (cathode) with argon plasma takes place. Thus, atomic clusters are punched from the target area and deposited on the surface or into a liquid solution. Through this method are obtained gold nanoparticles and silver nanoparticles with a diameter of around 5 nm. The laser ablation method is based on the irradiation of a metal sheet immersed in a surfactant or water solution by a pulsed laser. By this method are obtained AgNPs and AuNPs with a diameter between 5 – 30 nm distribution. (Slepicka, Kasálková, Siegel, Kolská, & Švorcík, 2019) 
In addition, a new method in green chemistry for the synthesis of AuNPs and AgNPs, were obtained using natural chitosan without any other stabilizer and reductant. Have also been used citrus fruit juice extracts, algae, fungi, yeast and bacteria as reductant.  
1.2. [bookmark: _Toc170424593]Uses for cancer treatment
AuNPs and AgNPs have shown great capabilities and promising results in both cancer diagnostics and therapeutics. The use of these NPs in cancer treatment is based on the fact that the drugs currently used for this purpose are toxic to the human body, causing side effects and unintended or off-target effects, the development of drug resistance, rapid drug metabolism and a reduction in effective treatment time. (Chugh, et al., 2018)
AuNPs exhibit anti-cancer activity through a variety of mechanisms. The different ways in which AuNPs can be used for anti-cancer effects are photothermal, photodynamic, anti-angiogenic and drug delivery. A recent paper has shown that AuNPs specifically target cancer cells. Once inside the cells, these NPs target tumour suppressor genes and oncogenes to induce effective expression of caspase-9, an initiator caspase involved in apoptosis. In another study, AuNPs targeted to the nucleus are able to promote cell cycle arrest, inhibit cytokinesis and induce apoptosis. (Chugh, et al., 2018)
Often AuNPs and AgNPs are used as a delivery system or in conjugation with the therapeutic molecule or perhaps even a gene to achieve significantly improved toxicity against cancer cells. Due to their distinctive photo-optical properties, they have been successfully applied in photothermal therapy, where these NPs are used as a probe due to their strong SPR absorption in the near-infrared region, leading to heating effects. This heating process produces hyperthermia, which ultimately leads to cell necrosis. Photodynamic therapy is based on the use of a photosensitizer which, when irradiated, is excited and reacts with molecular oxygen present in the cell to produce reactive oxygen species (ROS) which damage the lipid, protein and DNA of cancer cells and drive them into apoptosis or necrosis. These NPs have been used to deliver these photosensitizers specifically to tumour cells. (Saleh, 2016)
1.2.1. [bookmark: _Toc170424594]AuNPs@β-Cyclodextrin and AgNPs@ β-Cyclodextrin in cancer therapy
The scientific community is devoting its efforts to develop nanocarriers that could easily enter inside the cancerous cells cause cytotoxic effects. By transforming the current drug delivery systems into nanoscale, better penetration of drugs could be achieved in manually unreachable histological locations like colon, lung and brain cancers. Cyclodextrins (CDs) are natural materials of special interest for drug delivery and pharmaceutics. CDs present a hydrophobic cavity and a hydrophilic exterior due to hydroxyl groups. The number of sugar monomers defines the name and dimensions of the cavity: α-CD (6 glucose residues), β-CD (7 glucose residues) and γ-CD (8 glucose residues). CDs are used for hydrophobic drug delivery in cancer therapy, by the formation of CD-drug inclusion complex. These systems lead to improved stability, solubility and bioavailability of drugs. (Wang, et al., 2021) 
The nanosystem AuNPs@ β-CD are widely used in cancer therapy because it overcomes the most important drawbacks of drugs. The selectivity of drugs can be improved by targeting molecules by covalent or non-covalent binding. The cavity and hydrophilic exterior of CD protect the drugs from physical, chemical and enzymatic degradation. The AuNPs increase the loading capacity of the CD. An example could be the encapsulation of curcumin in this system, which is an interesting molecule for cancer treatment with promising results. In addition to directly loading anticancer drugs, AuNPs@CDs can also load prodrugs into specific locations to assist in the reduction of prodrugs into drugs. Dabrowiak et al, presented the use of AuNPs@CDs as a vehicle for adamantine-appended Pt(IV) prodrug of cisplatin as a precursor. (Wang, et al., 2021)
AuNPs have excellent photothermal conversion efficiency, which can be improved by CD, indicating that AuNPs@CDs have good application prospects in photothermal and photodynamic therapy of tumors. Koo et al. (Koo, Oh, Noh, & Lee, 2018) obtained gold nanoparticles functionalized by a tumor pH-sensitive γ-cyclodextrin cap, for their use in photothermal therapy. These particles include two chargeable CD molecules on their surface, in order to produce an ionic complex, that under acidic environment existing in most solid tumors is destabilized. This resulted in a significant increase in the efficiency of cellular AuNPs uptake and light-driven ablation of acidic solid tumors. (Wang, et al., 2021)
The properties of AgNPs intrinsically depend on their size, shape, and surface coating, therefore, they can be used in cancer therapy. AgNPs accumulate specifically at tumor sites due to the enhanced permeation and retention effect (EPR effect), this allows them act as drug nanocarriers. AgNPs have demonstrated antiproliferative activity against tumor cells of different types. On the other hand, due to their excellent optoelectronic properties, they exhibit a localized surface plasmon resonance that allows photothermal therapy. Their conjugation with CDs improves its stability and loading capacity for drug delivery and synergistic therapies. Sierpe et al, synthesized AgNPs@CDs and functionalized it with melphalan, for its use in chemotherapy (Sierpe, et al., 2023). 
1.3. [bookmark: _Toc170424595]Metal-organic frameworks (MOFs)
MOFs have emerged as an extensive class of crystalline materials with high porosity and enormous internal surface areas. These properties make MOFs of interest for potential applications in clean energy, as high-capacity adsorbents for gases, metal ions and toxic components in water. They have also been widely used in biomedical applications like drug delivery, cancer diagnostic and treatment and tissue regeneration. 
The conditions of synthesis of MOFs affect their porosity, morphology and crystallinity. Lots of various synthetic methods can be utilized to generate MOFs, depending on the resulting frameworks and properties. These methods include slow diffusion, electrochemical, microwave-assisted, mechanochemical, hydrothermal and sonochemical techniques. 
1.3.1. [bookmark: _Toc170424596]MOFs for cancer therapy
MOFs are widely used as tailorable theranostics platforms for cancer diagnosis and cancer treatment, including monomodal therapeutics such as photodynamic therapy (PDT), photothermal therapy (PTT), immunotherapy and as multimodal therapeutics. MOFs are successfully applied in PDT in vivo, where the strategy is based on modification and functionalization of MOFs to make them photosensitizers working efficiently under a specified laser irradiation wavelength. For example, in situ polymerization of dopamine with UiO-66 frameworks resulted in hybrid photosensitizing agents inducing cancer cell apoptosis. In chemotherapy have been used with or without the use of radiation. A core/shell luminescence-sensitive UiO-66 MOFs hybridized with mesoporous carbon, is applied in imaging-guided chemotherapy (Saeb, et al., 2021). 
1.3.2. [bookmark: _Toc170424597]HKUST-1 and uses in cancer therapy
[image: ]
Figure 2: Structure of HKUST-1
HKUST-1 is one of the oldest and well-studied metal organic framework (MOF) 
(Figure 2). It was developed nearly 20 years ago and still attracts interest from academic and industrial institutions. HKUST stands for Hong Kong University of Science and Technology. HKUST-1 is made up of Cu2+ dimers coordinated to the oxygen atoms of 1,3,5-benzene tricarboxylate (BTC). Struts between them form pore sizes with surface areas of 1634 m2/g (BET), and pore volumes of 0.5768 m3/g. Notably, the incorporation of copper ions endows HKUST-1 with noteworthy activities, including antitumor, antibacterial, and wound healing-promoting properties (Shen, et al., 2020). HKUST-1 is an attractive drug delivery carrier for tumor therapy, having GSH responsive drug delivery and chemodynamic therapy (CDT) effects.15-17 Briefly, HKUST-1 can be dissociated into HKUST-1 fragments in tumor cells, therefore a Fenton-like reaction can be triggered for CDT. (Wang, et al., 2019) used HKUST-1 for building a tumor-responsive PDT platform with minimum ROS loss from endogenous antioxidant.  
2. [bookmark: _Toc170424598]Methodology
The Tetrachloroauric acid (HAuCl4) and the AgNO3 were obtained from the company Sigma-Aldrich. Meanwhile, the NaOH, Sodium Citrate and β-CD was suministrated by Panreac. The BTC, the CuNO3 and triethylendiamine (TEA) were obtained by SRL. Finally, the ethanol and the methanol from UK Chemical Suppliers. 
The nanostructures were analyzed by UV-Vis spectrophotometry using a Evolution 600 UV-Vis from the company Thermo Scientific. Were also analyzed by FT-IR spectroscopy using a Nicolet 6700 FT-IR from Thermo Scientific. The analysis of DLS was realized in a Zetasizer Nano suministrated by Malvern. The SEM analysis was realized in a S-3400N from Hitachi.
The synthesis of Saito et al. was replicated using adding 35 mL of distilled water, 10 mL of β-CD to a 100 mL flask. HAuCl4 have been used as the Au3+ source, dual function β-CD (0.01 M) as reducing and capping agent, at pH = 7.4 and reflux conditions during 1h. After it, the pH was adjusted to 10.56 by the addition of NaOH (1 M). The mixture was heated to reflux and magnetically stirred at 600 rpm. The HAuCl4 (0.01 M) was added in 100 μL fractions until 300 μL. 2 mL aliquots were taken after each 100 μL HAuCl4 addition, and after 10 min, 30 min, 1h, 90 min and 2h. The reaction was stopped using a room-temperature water bath after 2h and then, the final solution was centrifugated at 5000 rpm, 7000 rpm, 9000 rpm, 11000 rpm, 13000 rpm and 15000 rpm. Was also performed a seed growth method using 47 mL of distilled water, 1 mL of the solution of β-CD (0.01 M) and the pH of this solution was adjusted to 10.56. After it, was heated to reflux and then added 1 mL of an aliquot and 600 μL of HAuCl4 (0.01M) was added in aliquots of 100 μL. The reaction was completed at 1 hour after adding the HAuCl4. 
Silver nanoparticles capped β-Cyclodextrine (AgNPs@ β-CD) were synthesized employing β-CD as capping and reducing agent. Two solutions were prepared, 50 mL of AgNO3 (1 mM) and 100 mL of β-CD (1mM). The solution of β-CD was placed in a 250 mL flask and pH was adjusted to 11, through the addition of NaOH (1M). After it, the solution was heated to 70°C and the solution of AgNO3 was added dropwise. The reaction was continued for 30 minutes and then centrifugated at 17000 rpm for 20 minutes. 
For the synthesis of HKUST-1were prepared two solutions. Solution A was composed of 0.4349 g of CuNO3 and 15 mL of distilled water and solution B was composed of 0.2522 g of BTC, 0.5 mL of triethylendiamine (TEA) and 14.5 mL of EtOH. These solutions were mixed in a 100 mL flask and put to reflux, for 3 hours. After it, the mixture was centrifuged at 5000 rpm. For activation of HKUST-1, the product was washed several times with methanol and heated up to 120°C for 1 hour.
The modification of HKUST-1, with AgNPs, was performed by an in-situ reaction with already synthesized MOFs in solution. 20 mg of activated HKUST-1 were dispersed in 5 mL of distilled water employing ultrasound for 20 minutes. It was added to a 50 mL flask and then was mixed with a 15 mL of a solution of AgNO3 (1 mM) and 1.5 mL of a solution of NaBH4 (2 mM). The reaction was perfomed at 40C for 10 minutes.
AgNPs@Citrate were synthesized in water at reflux. Were added 30 mL of a solution of Sodium citrate (3 mM) and the temperature was increased until reflux. Afterwards, were added dropwise, 5 mL of a solution of AgNO3 (1 mM). The reaction was maintained stirring at reflux for 30 minutes. 
[bookmark: _Hlk168341504]The modification of AgNPs with HKUST-1, was performed by an in-situ reaction with already synthesized AgNPs@Citrate in solution. 10 mL of AgNPs solution were poured in a flask and were added the same quantities used for the synthesis of MOFs. The reaction was performed at reflux for 3 hours.
3. [bookmark: _Toc170424599]Results and discussion
3.1. [bookmark: _Toc170424600]Gold nanoparticles capped β-Cyclodextrine (AuNPs@ β-CD)
These nanoparticles were synthesized by a green method by the reduction of HAuCl4 using β-Cyclodextrine (β-CD) as reduction and capping agent (Fang, Feng, Luo, & Shi, 2022). Were synthesized by a seed-growth method, where AuNPs are synthesized and utilized as seeds for growing of AuNPs@ β-CD. These nanoparticles were centrifuged at 7000 rpm in order to be purified and washed two times with deionized water to pH ≈ 7.0. This sample was analized by UV-Vis spectrophotometry, Dynamic Light Scattering and Scanning Electron Microscopy.


Scheme 1: Seed-growth synthesis of AuNPs, A2: Aliquote obtained after the addition of 200 μL of HAuCl4
In figure 3, is shown the UV-Vis analysis of the sample obtained in the previously described seed growth synthesis. It is observed that the absorbance maximum is about 544 nm, which according to the literature is due to the surface plasmon resonance of AuNPs with spherical morphology (Amendola & Meneghetti, 2009).
[image: ]
Figure 3: UV-Vis spectrum of AuNPs@ β-CD
Were also analyzed by DLS, in order to know the hydrodynamic diameter of the AuNPs@ β-CD and the zeta potential of this sample.  This characterization gives the hydrodynamic diameter of a sample, which is the diameter of the agglomerated formed by the diffusion of particles in water. In figure 4 is observed the DLS spectrum of the AuNPs@ β-CD, which showed a higher monodispersity and a hydrodynamic diameter of approximately 
48 ± 7 nm. By this technique is also obtained the zeta potential of the particles, which gives the surface charge of the particles, that is related to the functional groups in the surface of the nanoparticles and the ligands capping the nanoparticles. This sample presented a zeta-potential of -23,5 mV, which is due to the β-CD capping the AuNPs (Rajamanikandan, Ilanchelian, & Ju, 2022).
[image: ]
Figure 4: DLS spectra of the AuNPs@ β-CD obtained by seed-growth method
In figure 5, are shown the SEM microscopy of some aliquots obtained in the seed-growth synthesis. The particle diameter obtained by this analysis is more accurate than the obtained by DLS. These nanoparticles showed a spherical morphology which corroborates the information obtained by UV-Vis spectrophotometry, and a size of 
35 ± 6 nm. The low polydispersity of this sample could be due to the centrifugation process performed to this sample.
[image: ]
Figure 5: Microscopy of AuNPs@ β-CD

3.2. [bookmark: _Toc170424601][bookmark: _Hlk170115039]Silver nanoparticles capped β-Cyclodextrine (AgNPs@ β-CD)
In figure 6 is shown the UV-Vis spectra of AgNPs@ β-CD, where is observed that the absorbance maximum is around 415 nm, corresponding to the Surface Plasmonic Resonance (SPR) of these NPs. This feature is characteristic of AgNPs with spherical morphology (Ashraf, Ansari, Khan, Alzohairy, & Choi, 2016). 
[image: ]
Figure 6: UV-Vis spectra of AgNPs@ β-CD
In figure 7 is observed the analysis of AgNPs@ β-CD through Transmission Electron Microscopy. In figure 2a, is evident the spherical morphology of these NPs which corroborates the result obtained by UV-Vis spectra. These AgNPs@ β-CD presented an average diameter size of 14 ± 4 nm. 
Figure 7: TEM of AgNPs@β-CD
[image: ]
3.3. [bookmark: _Toc170424602]Metal-organic frameworks HKUST-1
In figure 8 is shown the UV-Vis spectra of HKUST-1, where is evident the high absorption of light in the UV wavelengths. Also, is observed a maximum in absorbance around 290 nm, which is characteristic of this crystalline structure (Sheikhsamany, Faghihian, & Fazaeli, 2022). 
[image: ]
Figure 8: UV-Vis spectrum of HKUST-1
The analysis by Dynamic light scattering (DLS) (Figure 9) shows that the structure obtained after centrifugation and activation with methanol has a low polydispersity in size. The hydrodynamic size of this structure is around 100 nm which is lower than the obtained by other authors and the zeta-potential of -10 ± 1 mV.
[image: ]
Figure 9: Hydrodynamic size of HKUST-1
This system was analyzed by FT-IR (Figure 10) in order to know the different functional groups, present in the MOFs. Around 3500 – 3000 cm-1 is observed a signal corresponding to hydroxyl groups presents in HKUST-1 and also, stretching vibration due to water molecules in the system. In 1641 cm-1 is present the signal corresponding to the carbonyl groups and in 1470 cm-1 the signal corresponding to the stretching vibration of C-O bonds. Around 750 cm-1 is presented the signal corresponding to the stretching vibration Cu-O, which confirms the presence of the metallic center of HKUST-1 (Chevalier, Martin, Peralta, Rousseyb, & Tardif, 2021).
[image: ]
Figure 10: FT-IR of HKUST-1
In figure 11 is shown the Scanning Electron Microscopy (SEM) of HKUST-1. Is evident the octahedral morphology of these MOFs in this micrography. The average particle size obtained is 550 nm ± 70 nm. By EDS, was obtained the elemental composition of HKUST-1, that showed the presence in around 10 % of copper as metallic center and also carbon, oxygen and nitrogen in the ligands. 
[image: ]
Figure 11: SEM of HKUST, a) morphology and size, b) EDS of this system
3.4. [bookmark: _Toc170424603]HKUST-1 decorated with silver nanoparticles
The modification of HKUST-1 by AgNPs was made by two different approaches. First, the AgNPs where synthesized while HKUST-1 is in solution, and the second approach was synthesized HKUST-1 while AgNPs are in solution. These two approaches were studied by UV-Vis spectrophotometry, Scanning Electron Microscopy and Energy Dispersing Spectroscopy. In figure 12 is shown the UV-Vis spectra of 
HKUST-1@AgNPs synthesized by the first approach. 
[image: ]
Figure 12: UV-Vis spectrum of HKUST-1@AgNPs
In figure 13a, is shown the SEM of HKUST-1@AgNPs, where is obvious the high size of MOFs, that does not correspond to the size obtained by DLS, which could be due to agglomeration of MOFs and also because of the agglomeration of AgNPs obtained by reduction with NaBH4. The percentage of silver in the system was approximately 1 % and the amount of copper of around 5 %, which means that the concentration of MOFs is higher than the concentration of silver nanoparticles (Mua, Chen, Lester, & Wu, 2018).
[image: ]
Figure 13: SEM analysis of HKUST-1@AgNPs, a) microscopy and b) Elemental analysis by EDS
For the second approach was necessary the obtention of stable AgNPs, then AgNPs modified with citrate were synthesized. In figure 14, is shown the UV-Vis spectrum of the AgNPs@Citrate obtained, in which, is evident the absorbance maximum around 430 nm. By DLS, was obtained that the average hydrodynamic size of these AgNPs@Citrate is 22 ± 2 nm and the zeta-potential is -49.5 ± 10 mV. 
[image: ]
Figure 14: UV-Vis spectrum of AgNPs@Citrate
The MOFs were synthesized in presence of 10 mL of the solution of AgNPs@Citrate for the second approach. In figure 15, is the UV-Vis spectrum of the 
AgNPs-Cit@HKUST-1, where is evident an absorbance maximum around 290 nm, which is characteristic of HKUST-1 and also, a maximum around 420 nm, corresponding to AgNPs (Mua, Chen, Lester, & Wu, 2018).
[image: ]
Figure 15: UV-Vis spectrum of AgNPs-Cit@HKUST-1
In figure 16, is the graphic of hydrodynamic size of the AgNPs-Cit@HKUST-1, obtained by DLS. These nanostructures presented a hydrodynamic size of 100 ± 12 nm. Also, the zeta-potential is -13.5 ± 2 mV, which could be due to the AgNPs@Citrate, and the citrate presents three carboxyl groups, that at this pH present negative charge. In the case of the reaction using 30 mL of the solution of AgNPs@Citrate, was obtained a zeta-potential of 21.5 ± 3 mV, which is higher than obtained with 10 mL of this solution. This could mean an increase of the AgNPs@Citrate in the system and an increase in carboxyl groups.
[image: ]
Figure 16: Hydrodynamic size of AgNPs-Cit@HKUST-1
In figure 17, is shown the FT-IR of the AgNPs-Cit@HKUST-1 synthesized using 10 mL and 30 mL of the solution of AgNPs. From 3500 – 3000 cm-1 is presented the signal corresponding to the stretching vibration of hydroxyl groups. Is evident that the heating of the sample for obtaining the powder caused the dehydration of the system. The signals around 1650 cm-1 and 1430 cm-1 correspond to carbonyl groups and C-O stretching vibrations. Finally, around 750 cm-1 is the signal corresponding to the bond Cu-O, which corroborates the presence of the metallic center. There is no signal of silver in the system because this technique was realized until 600 cm-1, and the signals Ag-C and Ag-O, should be present around 500 cm-1.
[image: ]
Figure 17: FT-IR of the AgNPs-Cit@HKUST-1
[image: ]
Figure 18: SEM of the AgNPs-Cit@HKUST-1, a) micrography of powder using 30 mL AgNPs-Cit and b) elemental composition
In figure 18 is the SEM of AgNPs-Cit@HKUST-1, which shows the morphology of HKUST-1 and the different morphologies of the nanostructures composing this system. The average particle size of this system is 630 nm ± 32 nm. There is no significant difference in the particle size and morphology between the particles obtained using 
10 mL and 30 mL of AgNPs-Citrate. 
3.5. [bookmark: _Toc170424604]HKUST-1 decorated with gold nanoparticles
The zeta-potential of this system was analyzed and was -21 ± 1, which is higher than the one for HKUST-1, which could corroborate the presence of citrate in the system. In the next figure is the FT-IR of the AuNPs-Cit@HKUST-1. As was seen in the previous FT-IR, there is a signal from 3500 cm-1 – 3000 cm-1 corresponding to the stretching vibration of the hydroxyl groups presented in this system and also to vibration of H-O-H. As well, in 1650 cm-1 and 1430 cm-1, are shown two signals corresponding to the vibrations of C=O bonding and C-O bonding. Finally, at 750 cm-1 is present the signal of the metallic center (Figure 19). 
[image: ]
Figure 19: FT-IR of AuNPs-Cit@HKUST-1
In figure 20a, is the SEM of the AuNPs-Citrate@HKUST-1, where is evident the high polydispersity in this system. As well, as shown using backscattered electrons, there is a presence of AuNPs in the system. The average particle size of this nanostructure is 720 nm ± 240 nm. Also, the elemental composition shows the presence of the metallic center of HKUST-1 and the presence of gold of around 1%. 
[image: ]
4. [bookmark: _Toc170424605]Conclusions 
In this work where synthesized some nanostructures in order to be used in cancer therapies. The first two systems synthesized were AuNPs@β-CD and AgNPs@ β-CD, were β-CD was used as reducing and capping agents. The synthesis was proved by UV-Vis spectrophotometry by the characteristic absorbance maximum of these NPs. AuNPs@β-CD presented a size around 35 nm and AgNPs@ β-CD presented a size of 14 nm. The HKUST-1 obtained presented a UV-Vis spectrum that coincides with the ones on the literature. The hydrodynamic size was 100 nm and the zeta-potential was 10 mV. By SEM was obtained an average particle size for this system of around 550 nm. In order to decorate HKUST-1 with AgNPs, were used two different approaches, the first using the HKUST-1 already synthesized and synthesizing in-situ, the silver nanoparticles, and the second that is the opposite. The best results were obtained by the second approach, employing AgNPs@Citrate, that resulted to be highly stable and helped in the colloidal stabilization of AgNPs@Citrate@HKUST-1. This synthesis was proved by UV-Vis spectrophotometry, by UV-Vis spectrum found in literature and the increase in zeta-potential by increasing the amount of AgNPs@Citrate employed for the synthesis. The average particle size of these nanostructures was around 630 nm and also by EDS was evident the presence of silver nanoparticles. Finally, were synthesized in a homological method as used for latter system, AuNPs@Citrate@HKUST-1. The zeta-potential of this system was -20.5 mV, which is higher than HKUST-1. These nanoparticles presented a high polydispersity and an average particles size higher than 700 nm. The biological properties and anti-cancer applications of these different systems are being studied by other collaborators. 
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