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Abstract 
In recent years, polyhedral oligomeric silsesquioxanes (POSS) have become the subject of great interest. 

The main aim of this study is the development of a chloro-functionalized polyhedral oligomeric 

silsesquioxane (POSS-Cl) based novel polyhedral oligomeric silsesquioxane-cefotaxime (POSS-CTX) 

conjugate that exhibits potent antibacterial activity and biocompatibility. The chloro-functionalized 

POSS, cefotaxime (CTX) and polyhedral oligomeric silsesquioxane-cefotaxime (POSS-CTX) structures 

were characterized for their chemical structure, morphology and thermal behavior by employing fourier 

transform infrared spectroscopy (FTIR), 1H nuclear magnetic resonance spectroscopy (NMR), scanning 

electron microscope/energy dispersive X-ray spectroscopy (SEM/EDX), and the thermal analysis 

differential thermal analyzer (DTA), thermo gravimetric analyzer (TGA), differential scanning 

calorimetric analyzer (DSC) techniques. In addition, the antibacterial activities were tested with broth 

microdilution methods on E.coli and S.aureus bacteries. The cellular cytotoxicity was performed on the 

L929 mouse skin fibroblast cell with MTT test. The IC50 values of cefotaxime for E.coli and S.aureus 

were 62.71±14.30 and 144.17±20.90 µg/mL, respectively. However, in the POSS-cefotaxime (POSS-

CTX) conjugate, the IC50 values for E.coli and S.aureus were 11.51±3.02 and 26.20±11.14 µg/mL. 

These results suggest that the POSS-CTX conjugate was more antibacterial active than the cefotaxime. 

These POSS based antibacterial POSS-CTX conjugate can provide benefits many areas such as medical 

materials, antibacterial coating, antibacterial packaging.  

 

Keywords: Polyhedral oligomeric silsesquioxane, Cefotaxime, Antibacterial Activities, Cellular 

Cytotoxicity. 

 

1.Introduction 

Polyhedral oligomeric silsesquioxanes have been the subject of great interest in many branches of 

materials chemistry. The general structure of POSS (RSiO3/2)8 indicates the important features due to the 

siloxane cage size and the distribution of the eight pendant arms from the cube in a three dimensional 

arrangement (Cordes et al., 2010, Huang et al., 2013) The eight corners of the POSS cubic structure can 

be easily functionalized by connecting different groups (R, such as an alkyl, aryl, amine, imide, alcohol, 

thiol, olefin, and ester   etc.) (Li et al., 2001, Li et al., 2009, Liang et al., 2005). Due to the bioavailability, 

chemical and thermal stability, POSS is suitable for using in medical fields such as the drug transport 

system, dental composites, biosensors, biomedical equipment, and tissue engineering (McCusker et al., 

2005, Fong et al., 2005, Zou et al., 2007, Sarkar et al., 2009, Ghanbari et al., 2010). Cefotaxime is a drug 

of the third-generation cephalosporin antibiotic (Fakhri et al., 2016, Türkeş et al., 2015). It shows a broad 

spectrum of antibacterial activity against clinically isolated strains of gram-negative and gram positive 
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bacteria (Masuyashi et al., 1980). This study aims to develop a novel POSS based POSS-CTX structural 

design. POSS-CTX conjugate was synthesized by condensation reaction. The prepared POSS-CTX 

structure was characterized for their structure, morphology, and thermal behavior by employing fourier 

transform infrared spectroscopy, nuclear magnetic resonance spectroscopy, scanning electron 

micrograph, and thermal analysis (DTA/TGA/DSC) techniques. In addition, the antibacterial properties 

of the prepared POSS-CTX conjugate tested with the broth microdilution methods on E.coli and S.aureus 

bacteries. The cytotoxicity of the conjugate was detected in the in vitro cell culture system with the MTT 

test on L929 mouse skin fibroblast cells.  

 

2. Experimental 

2.1. Materials 

The chemicals were purchased from Sigma-Aldrich. The Dimethyl sulfoxide (DMSO) was  obtained 

from Carlo Erba. The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was 

purchased from AppliChem. Fetal Bovine Serum (FBS) (Biowest), Penicillin-Streptomycin (PAN 

Biotech), Dulbecco’s Modified Eagle Medium (DMEM) (Capricorn Scientific). The mouse skin 

fibroblast cell line (L929) was sub-cultured from a stock culture obtained from the Hacettepe University 

Faculty of Science. Müller Hinton Agar and Müller Hinton Broth (Or-Bak). In the antibacterial studies 

were used Escherichia coli ( E.coli ) ATCC: 25922 and Staphylococcus aureus (S.aureus) ATCC: 29213 

bacteria. These bacteria were supplied from the medical faculty at Inonu University. 

 

2.2. Synthesis of the octakis(3- chloropropyl)octasilsesquioxane (POSS-Cl)  

The octakis(3-chloropropyl)octasilsesquioxane (POSS-Cl) was synthesized from 3-

chloropropyltrimethoxysilane by the sol-gel method. 3-chloropropyltrimethoxysilane (45 ml) was added 

to 100 ml of dry methanol. The concentrated HCl (28 ml) was added to this mixture and stirred for two 

days at room temperature. PtCl4 (5 mmol) was added to this solution as catalyst in an argon atmosphere. 

The action mixture was heated to 50 °C and the mixture was cooled to room temperature. The white 

crystalline product was obtained (Demirel et al.,2014).  

 

2.3. Synthesis of polyhedral oligomeric silsesquioxane-cefotaxime (POSS-CTX) conjugate 

The POSS-CTX conjugate was prepared from octakis(3-chloropropyl) octasilsesquioxane and 

cefotaxime. In a typical synthesis, the POSS-Cl and cefotaxime as a stochiometric ratio (1/8 mmol) were 

dissolved in 15 ml DMSO and poured into a glass flask. The reaction solution was deoxygenated by 

bubbling N2 gas at room temperature for 30 min, and was then heated to 70 °C with a stirring for 1.5 h, 

followed by the addition of 0.01 g  potassium carbonate. The reaction was continued for 4 h at 70 °C, 

and the mixture was then cooled to 50 °C. The obtained POSS-CTX structure was washed several times 

with ethanol and  dried at 50 °C for 12 h. 

 

2.4. Antibacterial activity  

The antibacterial activity was evaluated by the determination of IC50 using the broth microdilution 

methods against Escherichia coli (E.coli) ATCC: 25922, Staphylococcus aureus (S.aureus ) ATCC: 

29213. The experimental stage can be listed in five steps. Firstly; chloro-functional POSS, cefotaxime 

and POSS-cefotaxime conjugate were prepared in 10000µg/mL stock solution. Secondly; the selection 

of colonies. Thirdly; the set of bacterial suspension used in the assay was performed according to 0.5Mc 

Farland (0.5 McFarland standard is prepared by mixing 0.05 mL of 1.175 % BaCl2.2H2O with 9.95 mL 

of 1% sulfuric acid H2SO4). After this, the broth microdilution method was used in 96-well plates. The 

plates were incubated at 37°C for 18-24 h. Finally; the samples were taken from the well plates cultivated 

by using the MHB agar, and then were incubated for 18-24 h 37oC. After the counting process was 

performed, the  IC50 values were calculated (Luber et al., 2003, Kidwai et al., 2005, Polcyn et al., 2009). 

 

2.5. Evaluation of cytotoxicity  with MTT assay 

MTT assay; measuring the cytotoxicity depending on cell viability is often used via an easy and 

comfortable colorimetric method (Ferrariet al., 1990, Chen et al., 2014). This method is reduced by 

metabolically active cells; in part by the action of dehydrogenase enzymes (Jo et al., 2015, Mitrovic et 

al., 1994). The L929 mouse skin fibroblast cells with 10% FBS and 1% penicillin/streptomycin in DMEM 

medium cultured at 37oC incubator containing 5% CO2. Density of 5000 cells were cultured in 96-well 

plates and incubated for 24 hours in  the same conditions. The samples were prepared from stock 

solutions of 200, 100, 50, 25, 10 µM concentration diluted with DMEM medium. 96-well plates attached 

to the medium of the cells were  replaced in a sample solution. The control wells were replaced with a 

fresh medium. The medium was removed and the wells were added respectively 90 µL DMEM and 10 
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µL MTT (5mg/mL, in PBS). The same conditions were incubated in the dark for 4 hours and then after 

removing the solution  100 µL DMSO was added. The absorbance measurements were performed by 

using a microplate reader at 540 nm. The value of the sample of % living cells was detected  based on 

the absorbance results. 

 

2.6. Statistical analysis 

The statistical analyses were performed with Graphpad Prism 5 software. All the data was  presented as 

mean values±standart deviation. 

 

3. Results and Discussion 

3.1. Structural characterization of POSS-Cl, CTX and POSS-CTX  

The POSS-Cl, CTX, and POSS-CTX conjugate were characterized by FTIR, 1H NMR, DTA, TGA, DSC, 

SEM/EDX. Fig. 1 shows the FTIR spectra of CTX, POSS-Cl, and POSS-CTX. The main characteristic 

peaks of the pure CTX appeared at 1050 cm-1 (ethereal C-O), 1276 cm-1 (ethereal C-O-C), 1302 cm-1(C-

S-C), 1342 cm-1(on the thiazole ring stretching vibration of the C-S=C bond), 1440 cm-1(C-N), 1590 cm-

1(N-H), 1600 cm-1(amide C=O),1770 cm-1(sodium atom C=O), 1820 cm-1(esteric C=O), 2850-2946 cm-

1(aliphatic C-H stretching vibrations), 3294 cm-1(in thiazole NH2-C vibration). For the POSS-Cl 

structure, a Si-O stretching peak at 655 cm-1, a strong Si-O-Si band at 1115 cm-1, and aliphatic C-H 

stretching peaks at 2800-2914 cm-1 were observed. For the POSS-CTX, the characteristic peaks of both 

POSS and CTX groups  appeared at 952 cm-1 (aliphatic C-H), 1033 cm-1(Si-O), 1115 cm-1(Si-O-Si), 1367 

cm-1(C-N), 1533 cm-1(C=C), 1614 cm-1(C=O), 2937 cm-1 (C-H stretching). 3294 cm-1 NH2-C stretching 

in cefotaxime disappearance also proved to us that the desired structure was  obtained (Gültek et al., 

2005, Mahmoud et al., 2015).  

The structural characterization of the POSS-Cl, CTX, and POSS-CTX conjugate was also made by 1 H 

NMR (Fig. 2, 3, 4). For POSS-Cl 1H NMR (DMSO, d6): 3.64 (t, Si-CH2CH2Cl, 16H); 1.84 (m, 

SiCH2CH2, 16H); 0.81 (t, SiCH2, 16H). For CTX 1H NMR (DMSO, d6): 7.27 ppm (aromatic C-H proton); 

5.62 ppm (N-H proton) and 5.01 ppm (NH2 proton); 3.84 ppm (aliphatic CH3-O proton); 3.19 and 3.51 

ppm (aliphatic CH2 proton); 2.01 ppm (esteric - CH3 proton). For POSS-CTX 1H NMR (DMSO, d6):  

7.19 ppm (aromatic C-H proton); 3.84 ppm (O-CH3 proton); 2.99 ppm (CH2N proton); 2.01 (m, 

SiCH2CH2, 16H); 1.23 (t, SiCH2, 16H). In here, the 2.99 ppm proton of the CH2N group is seen which is 

a sign of binding. 

 

Fig 1. FTIR spectra of CTX, POSS-Cl and POSS-CTX. 
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Fig 2. 1 H NMR spectra of POSS-Cl. 

 

 
Fig 3. 1 H NMR spectra of CTX. 

 

 
Fig 4. 1 H NMR spectra of POSS-CTX. 

 

3.2. Thermal analysis of POSS-Cl, CTX and POSS-CTX  

The thermal analysis results were obtained with TGA, DTA, and DSC techniques. The TGA, DTA, and 

DSC results are given respectively in  Fig. 5, Fig. 6 and Fig. 7. The POSS-Cl showed high thermal 

stability and it could be seen that the thermal resistance rose to 326 °C. The organic side groups on the 

POSS-Cl structure degrade after the value of the temperature. The total mass loss value was  about 50 % 

at 700 °C. The gradual degradation of the cefotaxime group was observed in the temperature areas. We 

saw that the humidity out of the building was at 100 °C. In the TGA thermograms of POSS-CTX; the 

http://www.iiste.org/


International Journal of Scientific and Technological Research                               www.iiste.org 
ISSN 2422-8702 (Online) 
Vol 5, No.1, 2019 
 

47 | P a g e  
www.iiste.org  
 

moisture away from the building  was at 110 °C. General molecular structure is thermally stable up to 

220 °C. We see that  the increase of the thermal stability of cefotaxime structure connecting the POSS 

group. DTA thermograms for POSS-Cl, CTX and POSS-CTX are given in Fig. 6. In these curves, we 

see the crystallization of pure POSS structure of the transition around 200 °C. It is also observed that 

there is a  deteriorating organic structure of 350-565 °C. Cefotaxime structure shows three basic mass 

loss between 200-310 °C, 310-485 °C and 485-655 °C. The first mass loss which is due to degradation 

of the aliphatic side group structure CH2CH3. The second mass loss was caused in the five-membered 

ring degradation. The last mass loss was caused as a result of the thermal degradation of the bridged 

rings. Finally, a simple thermal decomposition peak between 650-700 °C was observed. The 

decomposition peak of the cefotaxime ester side groups was observed at 210-320°C. The five membered 

ring decay was observed at 320-450°C. The basic bridged ring decomposition band was observed at 530-

680°C. The thermal behaviors of POSS-Cl, CTX, and POSS-CTX were also investigated by DSC 

analysis, and the results matched with the DTA analysis. In DSC termograms of the POSS-Cl structure, 

the POSS structure had no significant degradation at the 30-400°C temperature range, but in the DSC 

thermogram of the pure cefotaxime, the main thermal decomposition peak was shown at 198°C. 

However, the decomposition temperature of the POSS-Cefotaxime structure began at 250°C. Through 

the DSC thermograms, it can be concluded from these results that the binding of the molecule increases 

the thermal stability of the cefotaxime. 

 

 
Fig 5. TGA thermograms of POSS-Cl, CTX and POSS-CTX 

 
Fig 6. DTA thermograms of POSS-Cl, CTX and POSS-CTX 
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Fig 7. DSC thermograms of POSS-Cl, CTX and POSS-CTX 

 

3.3. Surface analysis of POSS-Cl, CTX, and POSS-CTX  

The SEM images of the structures POSS-Cl, pure CTX, and POSS-CTX conjugate are given 

comparatively in low and high magnification in Fig. 8. Compared with the starting materials (POSS and 

pure CTX), the SEM images of the resulting POSS-CTX conjugate observed are quite different and 

homogenous. The SEM images of the POSS structure exhibit a fractal structure. Quite large surface 

cavities show the high-magnification in the SEM. The SEM images of the pure CTX are shown in small 

parts in the structure. These parts seemed to consist of the broken plane in high-magnification. In the 

POSS-CTX structure, the surface was dominated by a homogeneous powder form. The planary parts 

were destroyed and formed small cavities. The structural differentiation proves the formation of a new 

structure. The homogenous appearance shows the purity of the product. The EDX spectra of the POSS-

Cl, CTX, and POSS-CTX conjugate can be seen in Fig. 9. The C, O, Cl, and Si peaks can be seen clearly 

in the spectrum of the POSS-Cl structure. We can see in the spectral maps the C (0.277 keV), O (0.523 

keV), Si (1.743 keV), and Cl (2.622 keV) peaks. The pure cefotaxime structure convenience was in the 

S, N, C, Na, and O elements. We can see this in the spectral maps C (0.277 keV), O (0.523 keV), S (2.307 

and 0.149 keV), and Na (1.040 keV) peaks. The peaks originated from both the POSS and CTX 

molecules seen in the POSS-CTX structure. We could see clearly that C (0,277 keV), O (0,523 keV), S 

(2,307 and 0,149 keV), Si (1,743), Na(1,040 keV) peaks. These results seem to confirm that the desired 

POSS-CTX structure was obtained to a large extent. Also, the EDX elemental mapping image also shows 

the homogeneity of the final product structure. 

 
Fig 8. (a, b) SEM images of POSS-Cl. (c, d) SEM images of CTX. (e, f) SEM images of POSS-CTX 

conjugate. 
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Fig 9. (a) EDX elemental mapping images for POSS-Cl. (b) EDX elemental mapping images for CTX. 

(c) EDX elemental mapping images for POSS-CTX conjugate. 

 

3.4. Antibacterial activity results  

The antibacterial activity was tested against Gram negative (E.coli) and Gram positive (S.aureus) 

bacteries. It was determined according to the broth microdilution method. The IC50 values were 

calculated for only antibacterial activity CTX and POSS-CTX and were given in Fig. 10. According to 

our results; the antibacterial activity for POSS-Cl was not determined for E.coli and S.aureus. These 

observations are given in Fig. 11. The IC50 values of CTX were found as 62.71±14.30µg/mL for E.coli 

and 144.17±20.90µg/mL for S.aureus. However, the IC50 values of the POSS-CTX conjugate were 

measured as 11.51±3.02 and 26.20±11.14µg/mL for E.coli and S.aureus, respectively. The IC50 values 

revealed that the POSS-CTX conjugate is a more effective antibacterial agent when compared with pure 

CTX. 

 

 
Fig 10. IC50 values for CTX and POSS-CTX conjugate. 
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Fig 11. Bacteria viability-concentration relationship  for control and POSS-Cl. 

 

3.5. Cell culture cytotoxicity results  

Cytotoxicity results were successfully performed on L929 mouse skin fibroblast cells. The cytotoxicity 

results and cell images are shown in Fig. 12. POSS-CTX conjugate was experimentally proven with non 

cytotoxic on L929 cells in a lower concentration from 200 µM. According to ISO-10993-5, the inhibition 

of cell viability by more than 30% is considered as a cytotoxic effect for biomaterials. The POSS-CTX 

conjugate exhibited high cell viability (>90%) in a range from 25 to 200 µM (Fig. 12). These results were 

also evaluated as Grade 1 according to ISO standards. Therefore, a synthesized POSS-CTX conjugate 

can be assumed nontoxic. 

 

 
Fig 12. Cell viability results and images for CTX and POSS-CTX conjugate. 

 

4. Conclusions 

As a result, we saw that there was a statistically significant increase in antibacterial activities in novel 

polyhedral oligomeric silsesquioxane-cefotaxime (POSS-CTX) according to cefotaxime (CTX) in E.coli 

(p<0.05) and S.aureus (p<0.01) in the same concentration. In addition, the POSS-CTX conjugate showed 

high cell viability, (almost 100%) in the in vitro cell cytotoxicity test. This conjugate exhibited high 

antibacterial activity and good biocompatibility. The results of this research will provide a positive 

contributions many areas such as medical materials, antibacterial coating and antibacterial packaging. 
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