
ISSN: 0005-2523 

Volume 62, Issue 08, October, 2022 

  

3593 
 

A General Review on Carbon Nanotubes: Advantages, 

Disadvantages, Biomedical Applications and Analytical 

Techniques. 
 

Lina S. Hussein1, Hussein K. alkufi2 

 

Department of Pharmacognosy, College of Pharmacy, Thi-Qar University, Iraq1,2 

 

 

 

Keywords: 
 

  ABSTRACT  
Carbon nanotubes, SWCNTs, 

MWCNTs, drug targeting, 

diagnostic tool, characterization. 

 Carbon nanotube (CNTs) is a tube consisting of carbon with a nanometer 

diameter. CNT like other nanomaterials have several advantages and 

disadvantages. Due to their inherent properties: small size, large surface 

area, chemical stability, biocompatibility, excellent electrical and 

thermal conductivity and flexibility. CNTs attracted a considerable 

interest in nanotechnology, medication, and industrialization. They could 

be used as a targeted drug delivery system, as a diagnostic tool and also 

in tissue engineering. In general there are many techniques like TGA, 

SEM, TEM, AFM, NMR and IR might be used for the evaluation 

purpose of purity, dispersion, physical and functional properties of 

CNTs. 
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1. Introduction 

Nanotechnology occupied large areas of researches all over the world. Application of nanotechnology to 

medicine led to the emergence of a new area called “nanomedicine”. Nanomedicine is the study of 

nanomaterials to improve diagnosis, control, prevention and treatment of diseases like diabetes and cancer 

[1- 4]. Nanomaterials can be produced by using of top-down methods and bottom-up methods (Top-down 

approaches like mechanical milling, laser ablation and sputtering while bottom-up approaches like chemical 

vapor deposition, the sol–gel method and reverse micelle methods) [5]. Nanoparticles have diameters less 

than 100 nm. Nanoparticles can be classified in various types depending on their structures, sizes or 

physical and chemical properties. Some of them are carbon-based nanoparticles, lipid-based nanoparticles, 

and polymeric nanoparticles. Carbon-based nanoparticles includes two main materials: carbon nanotubes 

(CNTs) and fullerenes [6]. CNTs were generated from graphite sheet and these layers of graphite look 

resemble to a hexagonal like mesh structure. The carbon molecules appear at the apexes of the hexagonal 

structures [7]. Structurally well-ordered CNTs were discovered and their structures were characterized by 

[8], [9]. Generally CNTs may be synthesized by three main techniques (1) arc discharge, (2) laser ablation 

and (3) chemical vapour deposition [10]. CNTs can often be distinguished among huge number of 

nanomaterials due to their great properties and potential benefits. They can be used in many industrial 

applications (from materials engineering and electronics to medical devices and drug delivery systems) 

[11]. 
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2. Classification of CNTs [12] 

A classification of the material represents the common way to understands and make the studies more clear 

and easy. Relative to the number of layers of graphene that form a tabular structure CNTs can be divided 

into two types: 

A-Single-walled CNTs (SWCNTs): This type consists of one layer of graphene. 

B-Multi-walled CNTs (MWCNTs): Several layers of graphene are wrapped around to form it. 

 

   

                                                                          
Figure 1: A-single-walled CNTs and B- multi-walled CNTs [13] 

 

Table 1: Differences Between Single Walled Carbon Nanotubes (SWCNTs) and Multi Walled Carbon 

Nanotubes (MWCNTs) [14] 
SWCNTs MWCNTs 

Composed of one graphene layer Composed of multiple graphene layer 

Required catalyst for its synthesis Catalyst is not necessary for its synthesis 

Bulk synthesis is difficult Bulk synthesis is easy 

Poor purity High purity 

Opportunity of defect is higher than MWNT Opportunity of defect is lower but if occurred it is hard to treat 

Less accumulation in the body More accumulation in the body 

Evaluation and characterization is simple Its evaluation is difficult that belongs to structure complexity 

Can be easily twisted Cannot be easily twisted 

 

3. Advantages of CNTs [15- 19] 

1. Small size and low density 

2. High surface area with excellent chemical stability 

3. With appropriate functionalization, they could be used as nanocarriers to transport anticancer drugs, 

genes, and proteins. 

4. Needle resemble shape enabling them to conjugate with several therapeutic molecules and also 

incorporation into target cells. 

5. Suitable to perforate cell membrane and transport to their cellular components without evident 

B A 
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injury. 

 

4. Disadvantages of CNTs [20- 25] 

There are some challenges may limit their usage such as: 

1. Presence of impurities, non–uniformity in morphology and structure, so is difficult to maintain high 

quality and lower impurities. 

2. It is impossible to produce structurally and chemically reproducible batches of CNTs with identical 

characters, so batch to batch variation in properties may take place. 

3. Large surface area leads to protein opsonization 

4. Insolubility in solvents especially in a water. 

5. The functionalization of CNTs is required to improve their chemical compatibility, solubility and 

dissolution properties. 

6. With large numbers of SWCNTs, CNTs have the affinity to accumulate into bundles. In general the 

bundles properties are inferior to those of isolated SWCNTs. So effective separation of aggregates must be 

required. 

7. CNTs toxicity must be noted and evaluated experimentally and the suitable protections must be 

taken against the possible interactions among the CNTs and biological systems. 

 

5. Biomedical applications of CNTs 

Although CNTs a unique material with potential for different biomedical applications according to their 

interesting chemical and physical properties like light weight, high biocompatibility, chemical inertness, big 

surface area [26]. There are three barriers hindered CNTs usage in biological and biomedical environments 

the toxicity, functionalization and pharmacology of CNTs. The first one is related to the safety which 

resulted from huge surface area and the intrinsic toxicity of the surface can be responsible for the harmful 

effects of nanoparticles. So it is necessary to use very high pure CNT material to limit release of toxic ions 

during operation in biological environment.  This represents a challenge because high pure samples usually 

cannot be prepared in a large scale and an adjustment between quality and quantity must made. The second 

one belongs to the formulation issues. The vigorous hydrophobicity make CNTs difficult to dissolve in a 

solvent and to stabilize the suspension too. This trouble can be treated by modifying the surface of CNTs 

through covalent or non-covalent functionalization methods. The third challenge is related to the 

pharmacokinetics and bio distribution and of nanoparticles which are influenced by some physicochemical 

properties like shape, size, chemical composition, aggregation, solubility and surface functionalization. 

Studies had shown that water soluble CNTs being biocompatible with the physiological environments [27- 

31]. 

 

5.1 CNT use for targeted therapies 

CNTs are capable to conjugate with various biomolecules include drugs, proteins, DNA, enzymes and 

others. This depends on their high surface area, excellent chemical stability and rich electronic poly 

aromatic structure, The drug can either be loaded into the CNT structure or be linked to the CNT surface. 

Two different systems of drug delivery conjugates with CNT have been described either without 

internalization of the CNT carrier or both the drug and the carrier can enter the cells either via the 

endocytosis or the insertion and diffusion pathway. The internalization method is more efficient than 

surface attachment. In the internalization method after entering the cells, the intracellular environment 

degrades the conjugated drug releasing it inside the cells. While in surface attachment method, the drug can 

be degraded in the physiological fluids before internalizing by the cells. These methods were used to link 

antineoplastic and antibiotics with CNTs for some disease management [32- 35]. 
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Some drugs which were loaded on CNTs are mentioned in table 2. 

 

Table 2: Examples of drugs that can be loaded on CNTs 
Type of CNTs Drug Comment / Extract Ref. 

MWCNT Methotrexate The release of drug from the MWCNT-MTX complex in neutral and acidic media was 

continuous over the long period while possibly reducing liver toxicity than plain drug. Also this 

complex showed higher drug release at acidic than neutral pH, rendering the formulation 

suitable for cancer delivery. 

36 

MWCNT Doxorubicin MWCNT act as efficient doxorubicin carrier which might improve drug release and thus 

decreases its systemic toxicity. 
37 

MWCNT Paclitaxel The MWCN-PTX complex can decrease greater percent (more than 27%) in the colony number 

compared to the plain drug. 
38 

SWCNT Ciprofloxacin The obtained results from the prepared nanoantibiotic of the SWCNTs with ciprofloxacin 

possess an increment in the antibacterial activity (against the three strains of bacteria 

Staphylococcus aureus, Pseudomonas aeruginosa and E. coli) in comparison to the drug alone. 

39 

SWCNT Teniposide SWCNT improve the activity of teniposide through the increments of the solubility as well as 

the enhancement penetration to the cells. 

40 

SWCNT Cisplatin Nanoconjugates of SWCNT- Cisplatin induced apoptosis in cancer cells by intrinsic and 

extrinsic pathways. The efficient transport of cisplatin by SWCNT led to improve cytotoxic 

effects of it on cancer cells. 

41 

MWCNT Cefdinir Loading of cefdinir on MWCNTs was useful to reduce the drug dose and synergistically 

enhance the activity against gram-positive and gram-negative bacteria due to site-specific 

delivery with increased bioavailability. 

 

 

42 

 

5.2 CNT use for Diagnostic 

CNTs as interesting biosensors mainly because their remarkable electronic and optical properties as well as 

the attachment of imaging and diagnostic modalities onto their surface. CNT can also work as contrast 

agents in various bio imaging methods. Functionalized and conjugated with several biomarkers they can 

point out the presence and localization of targeted cells with a rather good spatial resolution [43- 47]. 

 

5.3 CNT use for tissue engineering 

The objective of tissue engineering process is to alternate diseased or damaged tissue with biologic 

substitutes that can improve and maintain normal function.  Four components are fundamental for tissue 

engineering: matrix (ECM), cells, cytokines on adequate medium and bioreactor. The scaffold or ECM is 

embedded with living cells in presence of cytokines capable to regulate proliferation and differentiation in a 

cell. CNTs have some physicochemical features that are subscriber to natural ECM and important in a 

scaffold’s formation. These features contain high flexibility degree. They are highly thermally and 

electrically conductive and mechanically resistant but they are very elastic at the same time. The presence 

of porosity in similar diameter between nanotubes and ECM. In addition to that large surface area and 

organized fractal like nanostructure that mimics ECM. All these features have made them a perfect 

alternative for tissue engineering theoretically [48- 52]. 

 

6. Analytical Techniques for CNTs Characterization 

Several useable techniques might be used to evaluate the structure, morphology and purity of CNT 

materials and to notice the existence or nonexistence of exogenously bound moieties onto the walls of 

CNTs. The most extensively used techniques are Thermogravimetric analysis, Raman spectroscopy, nuclear 

magnetic resonance, infrared spectroscopy scanning electron microscopy, transmission electron 

microscopy, atomic force microscopy. In general TGA used to evaluate CNT purity while SEM, AFM and 

TEM were used to qualitatively establish the CNT morphology. Raman spectroscopy, NMR and IR 

spectroscopy were used to assure the existence of functional groups on CNTs [53- 55]. 

 

6.1 Thermogravimetric analysis (TGA) 

TGA is a thermal technique in which changes of material weights are measured as a function of temperature 
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increment [56]. The weight changes represent changes in physical and/or chemical properties of the 

materials, such as decomposition, oxidation and volatilization. 

 

Samples through the TGA are heated in a given atmosphere while the mass loss of the sample is monitored 

as temperature increases. CNTs have higher decomposition temperatures in contrast to adsorbed molecules 

and amorphous carbon. So TGA could be used to evaluate CNT purity and presence and concentration of 

organic molecules that were adsorbed to CNTs sidewalls. Also metal impurities may be tested by 

examining the residual sample mass when all the organics have been volatilized. TGA as a qualitative 

measurement tool may be used to evaluate the percentage of amorphous carbon, metal catalyst content and 

purity of CNT samples [57- 61]. 

 

6.2 Raman Spectroscopy (RS) 

CNTs have different electronic transition energies because of their different chirality centers. The only 

visible CNTs in raman spectrum are those with electronic transition energies that match the excitation 

energy [62]. The resonance spectrum in RS supply information about the properties of carbon materials 

according to the electron energy transition, such as their electronic structure, phonon structure and defects. 

The mechanical properties, thermal properties and elastic properties affect the phonons. Therefore the 

raman spectra provide information about the properties and structure of CNTs and related materials [63]. 

Vibrational modes of RS were identified by measuring the energy of scattered photons generated from a 

sample exposed to intense laser light. Raman spectra of CNTs typically consist of G-band and D-band. G-

band results from highly ordered CNT sidewalls while D-band results from defect in the sidewalls structure. 

The G band is generally the strongest peak in CNT powder its frequency being 1500 - 1600 cm-1. The D 

band is usually of a weak intensity in comparison with the G band and its frequency in a range of 1300-

1400 cm-1. The broad and sharp peak of D band is a feature of amorphous carbon and CNTs content, 

respectively. The intensity ratio of D band to G band is a measurement of the sample quality; for example, 

if both modes have similar intensity, it means there is a large quantity of structural defects in the CNT 

sample [64]. 

 

6.3 Scanning electron microscopy (SEM) 

SEM method used to estimate the accurate diameter of the CNTs bundles, it provides information mainly 

about surface morphology of a sample and also about chemical composition of a sample [65], [66].  

 

6.4 Atomic force microscopy (AFM) 

It gives information about the length of CNTs and diameter of their bundles, it was however not possible to 

observe the accurate diameter value because of that CNTs were not put on a mica of AFM and may 

oscillated under the daze [67]. 

 

6.5 Transmission electron microscopy (TEM) 

It used to estimate the diameter of the nanotube and bundles directly. The study showed that the best 

method for detailed analysis of CNTs is TEM because of its ability to observe nanotubes even on atomic 

resolution and its ability to give information about surface morphology [68]. 

 

6.6 Nuclear magnetic resonance (NMR) 

H-NMR was used to monitor synthesis and contacting of functional groups to CNTs, by other meaning it 

evaluates the progress of CNT functionalization process. The existence of functional groups may be known 

by characteristic peaks arising from the difference in the magnetic environment. As example H-NMR of 

functionalized CNTs is characterized by broad bands for protons close to the CNTs becoming sharper with 



L. S. Hussein and H. K. Alkufi, 2022                                                                     Azerbaijan Medical Journal 

 

3598 
 

distance [69]. 

 

6.7 IR spectroscopy 

It was used to identify functional groups and their attachment nature to CNT sidewalls. It is a 

complementary to NMR technique to assure the presence of bonds between CNTs and of attached moieties 

and confirm the chemical fundamental interaction within the CNTs [69], [70]. 

 

7. Conclusion 

CNTs represents an important part in a various carbon family. CNTs had versatile properties like large 

surface area, surface modifications being accessible and hollow tubular structure. Their uses were usually 

hindered by many disadvantages and barriers like toxicity, dispersibility and high viscosity. These 

difficulties must be moderated before using of CNTs to simplify the way for wide potential applications. 

CNTs can be served in a biomedical field as an effective drug carrier, as biosensors in diagnoses and as 

alternative in tissue engineering process. There are many techniques were used to evaluate dispersion 

quality of CNT suspensions such as TGA, SEM, TEM, AFM, Raman spectroscopy, NMR and IR 

spectroscopy. 

 

8. References 

[1] S. Viswanathan, N. Vinoth Kumar, Prathiba Srinivasan, S. Prabhu. Nanoparticle-Mediated Drug 

Delivery Systems. Research J. Engineering and Tech. 4(4): Oct.-Dec., 2013 page 295-299. 

 

[2] Vignesh Balaji E, Tamil Selvan A. Nanopharmacology: A Novel Approach in Therapeutics. Asian 

J. Res. Pharm. Sci. 2019; 9(1):09-16. doi: 10.5958/2231-5659.2019.00003.1  

 

[3] Dange YD, Honmane SM, Patil PA, Gaikwad UT, Jadge DR. Nanotechnology, Nanodevice Drug 

Delivery System: A Review. Asian J. Pharm. Tech. 2017; 7(2): 63-71. doi: 10.5958/2231-

5713.2017.00010.1 

 

[4] S. Kumar, R. Rani, N. Dilbaghi, K. Tankeshwar, K.H. Kim, Carbon nanotubes: a novel material for 

multifaceted applications in human healthcare, Chem. Soc. Rev. 2017; 158–196. 

 

[5] Baig, N., Kammakakam, I., & Falath, W. Nanomaterials: A review of synthesis methods, 

properties, recent progress, and challenges. Materials Advances, 2021; 2(6), 1821-1871. 

 

[6] Ananta Choudhury, Rahela Eyachmin Laskar, Debasish Deka, Kashmiri Sonowal, Suman Saha, 

Biplab Kumar Dey. A Review on Nanoparticle: Types, Preparation and its Characterization. Research J. 

Pharm. and Tech. 2021; 14(3):1815-1822. doi: 10.5958/0974-360X.2021.00322.X 

 

[7] Anzar, N., Hasan, R., Tyagi, M., Yadav, N., & Narang, J. Carbon nanotube-A review on Synthesis, 

Properties and plethora of applications in the field of biomedical science. Sensors International. 2020; 1, 

100003. 

 

[8] S. Iijima, “Helical microtubules of graphitic carbon,” Nature. 1991. vol. 354, no.   6348, pp. 56–58. 

 

[9] Novoselov, K.S.; Geim, A.K.; Morozov, S.V.; Jiang, D.; Zhang, Y.; Dubonos, S.V.; Grigorieva, 

I.V.; Firsov, A.A. Electric field effect in atomically thin carbon films. Science 2004; 306, 666–669.  

 

https://www.azerbaijanmedicaljournal.com/


ISSN: 0005-2523 

Volume 62, Issue 08, October, 2022 

  

3599 
 

[10] Vidhi R. Patel, Dhrubo Jyoti Sen , C.N. Patel. Synthesis, Purification and Identification of Carbon 

Nanotubes: A Review. Research J. Science and Tech. 2011; 3(3): 137-150 . 

 

[11] Syed Zia ul Quasim, Mohd Irfan Ali, Syed Irfan, Abdul Naveed. Advances in Drug Delivery 

System: Carbon Nanotubes. Research J. Pharm. and Tech. 6(2): Feb. 2013; Page 125-129. 

 

[12] Hussein, F. H., Abdulrazzak, F. H., & Alkaim, A. F. Synthesis, characterization and general 

properties of carbon nanotubes. Nanomaterials: Biomedical, Environmental, and Engineering Applications. 

1.2018. 

 

[13] Shrikant R D. Carbon nanotubes an advanced drug delivery system – A review . Divekar, IJPSR, 

2020; Vol. 11(8): 3636-3644. 

 

[14] Iijima S, Ichihashi T: Single-shell carbon nanotubes of 1-nm diameter; 1993. 

 

[15] Son, K. H., Hong, J. H., & Lee, J. W. Carbon nanotubes as cancer therapeutic carriers and 

mediators. International journal of nanomedicine. 2016; 11, 5163. 

 

[16] Akbari, E., & Buntat, Z. Benefits of using carbon nanotubes in fuel cells: a review. International 

Journal of Energy Research. 2017; 41(1), 92-102. 

 

[17] D. Pantarotto, J. P. Briand, M. Prato, and A. Bianco, “Translocation of bioactive peptides across 

cell membranes by carbon nanotubes,” Chemical Communications. 2004; vol. 10, no. 1, pp. 16 – 17. 

 

[18] D. Cai, J. M. Mataraza, Z. H. Qin et al., “Highly efficient molecular delivery into mammalian cells 

using carbon nanotube spearing,” Nature Methods. 2005; vol. 2, no. 6, pp. 449–454. 

 

[19] C. Klumpp, K. Kostarelos, M. Prato, and A. Bianco, “Functionalized carbon nanotubes as emerging 

nanovectors for the delivery of therapeutics,” Biochimica et Biophysica Acta.2006; vol. 1758, no. 3, pp. 

404–412. 

 

[20] Cheng HM, Hou PX, Liu C. Purification of carbon nanotubes. Carbon. 2008; 46:2003–2025. 

 

[21] Porwal, M., Rastogi, V., & Kumar, A. An overview on carbon nanotubes. MOJ Bioequivalence & 

Bioavailability. 2017; 3, 114-116. 

 

[22] R.Chavan, U.Desai, P.Mhatre, R.Chinchole "A REVIEW : CARBON NANOTUBES" . March – 

April 2012; Volume 13, Issue 1, Article-022. 

 

[23] Akshay R. Yadav, Shrinivas K. Mohite. Carbon Nanotubes as an effective Solution for Cancer 

Therapy. Res. J. Pharma. Dosage Forms and Tech.2020; 12(4):301-307. doi: 10.5958/0975-

4377.2020.00050.6 

 

[24] Mallakpour, S., & Soltanian, S. Surface functionalization of carbon nanotubes: fabrication and 

applications. RSC advances. 2016; 6(111), 109916-109935. 

 

[25] Karimi, M., Solati, N., Amiri, M., Mirshekari, H., Mohamed, E., Taheri, M., Hashemkhani, M., 



L. S. Hussein and H. K. Alkufi, 2022                                                                     Azerbaijan Medical Journal 

 

3600 
 

Saeidi, A., Estiar, A. M., Kiani, P., Ghasemi, A.,  Basri, S. M. M., Aref, A. R. & Hamblin, M. R. Carbon 

nanotubes part I: preparation of a novel and versatile drug-delivery vehicle. Expert opinion on drug 

delivery. 2015; 12(7), 1071-1087. 

 

[26] Anzar, N., Hasan, R., Tyagi, M., Yadav, N., & Narang, J. Carbon nanotube-A review on Synthesis, 

Properties and plethora of applications in the field of biomedical science. Sensors International, 1, 

100003.2020. 

 

[27] Eatemadi, A., Daraee, H., Karimkhanloo, H., Kouhi, M., Zarghami, N., Akbarzadeh, A., ... & Joo, 

S. W. Carbon nanotubes: properties, synthesis, purification, and medical applications. Nanoscale research 

letters, 2014; 9(1), 1-13.  

 

[28]  Bandyopadhyaya, R.; Nativ-Roth, E.; Regev, O.; Yerushalmi-Rozen, R. Stabilization of individual 

carbon nanotubes in aqueous solutions. Nano Lett. 2002; 2, 25–28. 

 

[29] Meng, L., Fu, C., & Lu, Q. Advanced technology for functionalization of carbon nanotubes. 

Progress in Natural Science. 2009; 19(7), 801-810. 

 

[30] Kostarelos K. Rational design and engineering  of delivery systems for therapeutics: biomedical 

exercises in colloid and surface science. Adv. Colloid Interface Sci. 2003; 106:147–168. 

 

[31] Nel A, Xia T, Maedler L, Li N. Toxic potential of  materials  at  the  nanolevel.  Science  2006; 

311: 622–627. 

 

[32] He, H., Pham-Huy, L. A., Dramou, P., Xiao, D., Zuo, P., & Pham-Huy, C. Carbon nanotubes: 

applications in pharmacy and medicine. BioMed research international, 2013. 

 

[33] Krishna Chander S, Rupesh S.. Targeting of Therapeutic Molecules to Cells using Carbon 

Nanotubes – A Novel Therapy to Cancer and other Diseases. Asian J. Pharm. Tech. 2013; Vol. 3: Issue 4, 

Pg 209-212. 

 

[34] Lamberti M, Zappavigna S, Sannolo N et al. Advantages and risks of nanotechnologies in cancer 

patients and occupationally exposed workers. Expert Opinion on Drug Delivery. 2014; 11: 1087–1101. 

 

[35] Lamberti, M., Pedata, P., Sannolo, N., Porto, S., De Rosa, A., & Caraglia, M. Carbon nanotubes: 

Properties, biomedical applications, advantages and risks in patients and occupationally-exposed workers. 

International journal of immunopathology and pharmacology. 2015; 28(1), 4-13. 

 

[36] Modi, C. D., Patel, S. J., Desai, A. B., & Murthy, R. S. R. Functionalization and evaluation of 

PEGylated carbon nanotubes as novel drug delivery for methotrexate. Journal of Applied Pharmaceutical 

Science. 2011; 1(5), 13. 

 

[37]  Anbarasan, B., Babu, S. V., Elango, K., Shriya, B., & Ramaprabhu, S. pH responsive release of 

doxorubicin to the cancer cells by functionalized multi-walled carbon nanotubes. Journal of nanoscience 

and nanotechnology. 2015; 15(7), 4799-4805. 

 

[38] Ghasemvand, F., Biazar, E., Tavakolifard, S., Khaledian, M., Rahmanzadeh, S., Momenzadeh, D., 

https://www.azerbaijanmedicaljournal.com/


ISSN: 0005-2523 

Volume 62, Issue 08, October, 2022 

  

3601 
 

... & Keshel, S. H. Synthesis and evaluation of multi-wall carbon nanotube–paclitaxel complex as an anti-

cancer agent. Gastroenterology and Hepatology from bed to bench. 2016; 9(3), 197. 

 

[39] Assali, M., Zaid, A. N., Abdallah, F., Almasri, M., & Khayyat, R. Single-walled carbon nanotubes-

ciprofloxacin nanoantibiotic: strategy to improve ciprofloxacin antibacterial activity. International journal 

of nanomedicine. 2017; 12, 6647. 

 

[40]  Al Abood, R. M., Ghareeb, M. M., & Abdulrasool, A. A. Investigation the Improvement of 

Teniposide Solubility by Incorporation into Acid Treated Carbon Nanotube and Dispersed by Hydrophilic 

Polymer. Iraqi Journal of Pharmaceutical Sciences. 2019; 28(1). 

 

[41]  Badea, M. A., Balas, M., Cojocaru, F. G., Ionita, D., & Dinischiotu, A. Nanoconjugates based on 

cisplatin and single-walled carbon nanotubes for therapy of triple negative breast cancer. Materials 

Proceedings. 2020; 4(1), 32. 

 

[42] Krishnat D. Dhekale, Ravindra N. Kamble. Development of cefdinir loaded Functionalized carbon 

Nanotubes dry powder Inhaler for the Treatment of cystic Fibrosis. Research Journal of Pharmacy and 

Technology. 2021; 14(7):3839-5. doi: 10.52711/0974-360X.2021.00666. 

 

[43]  Kruss, S., Hilmer, A. J., Zhang, J., Reuel, N. F., Mu, B., & Strano, M. S. Carbon nanotubes as 

optical biomedical sensors. Advanced drug delivery reviews.2013; 65(15), 1933-1950. 

 

[44] Ali-Boucetta, H., & Kostarelos, K. Carbon nanotubes in medicine & biology—therapy and 

diagnostics. Advanced drug delivery reviews. 2013; 65(15), 1897-1898. 

 

[45]  Gong, H., Peng, R., & Liu, Z. Carbon nanotubes for biomedical imaging: the recent advances. 

Advanced drug delivery reviews. 2013; 65(15), 1951-1963.  

 

[46] Saliev, T. The advances in biomedical applications of carbon nanotubes. C. 2019; 5(2), 29. 

 

[47]  Simon, J., Flahaut, E., & Golzio, M. Overview of carbon nanotubes for biomedical applications. 

Materials. 2019; 12(4), 624. 

 

[48] Sikavitsas VI, Bancroft GN, Mikos AG. Formation of three-dimensional cell/polymer constructs for 

bone tissue engineering in a spinner flask and a rotating wall vessel bioreactor. J Biomed Mater Res. 2002; 

62(1):136–148. 

 

[49] Tonelli, F. M., Santos, A. K., Gomes, K. N., Lorencon, E., Guatimosim, S., Ladeira, L. O., & 

Resende, R. R. Carbon nanotube interaction with extracellular matrix proteins producing scaffolds for tissue 

engineering. International journal of nanomedicine. 2012; 7, 4511. 

 

[50] Riaz M, Fulati A, Amin G, Alvi NH, Nur O, Willander M. Buckling and elastic stability of vertical 

ZnO nanotubes and nanorods. J Appl Phys. 2009; 106:121–127. 

 

[51] Tran PA, Zhang L, Webster TJ. Carbon nanofibers and carbon nanotubes in regenerative medicine.  

Adv. Drug Del. Rev.  2009; 61, 1097 – 1114. 

 



L. S. Hussein and H. K. Alkufi, 2022                                                                     Azerbaijan Medical Journal 

 

3602 
 

[52] Esteves IAAC, Cruz FJAL, Müller EA, Agnihotri S, Mota JPB. Determination of the surface area 

and porosity of carbon nanotube bundles from a Langmuirian analysis of sub- and supercritical adsorption 

data. Carbon. 2009; 47(4):948–956. 

 

[53] Shinde V.S.*, Bhise M.R.1, Rathi A.M.1, Sapkal S.B.1, Narkhede M.B.1, Babhulkar M.W.1. A 

REVIEW: CARBON NANOTUBES AND ITS APPLICATIONS. Asian.J.Pharm.Inven.2013; 1(1):1-18. 

 

[54] Sangar Omkar S., Patil Aishwarya C., Payghan Santosh A.. Nanoparticles: As a Nano based Drug 

Delivery System. Asian Journal of Research in Pharmaceutical Sciences. 2022; 12(1):11-6. doi: 

10.52711/2231-5659.2022.00003. 

 

[55] Sebastien W, Giorgia W, Monica P, Cedric B,Jean-Paul K, Renato B. Targeted delivery of 

amphotericin b to cells by using functionalized carbon nanotubes. AngewandteChemie 2005; 117: 6516-

6520. 

 

[56] Coats, A. W., & Redfern, J. P. Thermogravimetric analysis. A review. Analyst. 1963; 88(1053), 

906-924. 

 

[57] Kennedy, A. J., Wu, Q., Kremer, K., Jiang, Y., & Gibbons, S. Characterization of Carbon 

Nanomaterials Using the Thermogravimetric Analyzer: Standard Operating Procedure Series: 

Characterization (C).2018. 

 

[58] Freiman, Stephen W., Stephanie A. Hooker, Kalman D. Migler, and S. Arepalli. “Measurement 

issues in single wall carbon nanotubes.” (NIST recommended practice guide, Special Publication 960-19). 

Science and Engineering Laboratory and Sivaram Arepalli NASA–DSC.2008. 

 

[59] Trigueiro, J. P. C., Glaura G. Silva, Rodrigo L Lavall, Clascidia A. Furtado, Sergio Oliveira, Andre 

S. Ferlauto, Lacerda G. Rodrigo, Luiz O. Ladeira, Jiang-Wen Liu, Ray Frost, and Graeme A. George. 

“Purity evaluation of carbon nanotube materials by thermogravimetric, TEM, and SEM methods. Journal of 

Nanoscience and Nanotechnology. 2007; 7(10): 3477–3486. 

 

[60] Dillon, Anne. C., Thomas Gennett, Kim M. Jones, Jeffrey L. Alleman, Philip A. Parilla, and 

Michael J. Heben. “A simple and complete purification of single-walled carbon nanotube materials.” 

Advanced Materials. 1999; 11(16): 1354–1358. 

 

[61] Wepasnick, K. A., Smith, B. A., Bitter, J. L., & Fairbrother, D. H. Chemical and structural 

characterization of carbon nanotube surfaces. Analytical and bioanalytical chemistry. 2010; 396(3), 1003-

1014. 

 

[62] Noël, M. Physical properties and structural stability of carbon nanotubes under extreme conditions 

(Doctoral dissertation, Luleå tekniska universitet).2014 . 

 

[63] Mohammed, M. The use of Raman Spectroscopy to Study Carbon Nanotubes (Doctoral 

dissertation, University of Manchester).2018 . 

 

[64] Ferrari, A.C. and J. Robertson, Interpretation of Raman spectra of disordered and amorphous 

carbon. Physical Review B, 2000; 61(20): p. 14095-14107. 

https://www.azerbaijanmedicaljournal.com/


ISSN: 0005-2523 

Volume 62, Issue 08, October, 2022 

  

3603 
 

[65]  A. A. et'al, ‘Analysis on the Effect of ZnO on Carbon Nanotube by Spray Pyrolysos Method,’ 

Mechanics of Advanced Materials and Modern Process. 2016; vol. 2, no. 3, p. 2. 

 

[66]  L. S. L. a. C. C. T. Tan Win Hon, ‘TEM and XRD Analysis of Carbon Nanotubes Synthesized 

from Flame,’ Key Engineering Materials. 2016; vol. 723, pp. 471-473, 12 December. 

 

[67] R. K. D. T. N. R. a. R. V. N. S. Anas, ‘Effect of Carbon nanotubes as Reinforcement on the 

Mechanical Properties of Aluminum-Copper-magnesium Alloy,’ Journal of Materials Engineering and 

Ferformance, 26 may 2017. 

 

[68]  Yahaya Saadu Itas, Chifu Ebenezer Ndikilar, Tasiu angina. Carbon Nanotubes: A Review of 

Synthesis and Characterization Methods/Techniques. The International Journal of Science & Technoledge. 

2020; Vol 8 Issue 2: 43-50. 

 

[69] Yinghuai Z, Peng AT, Carpenter K, Maguire JA, Hosmane NS, Takagaki M. Substituted carborane-

appended water-soluble single wall carbon nanotubes: new approach to boron neutron capture therapy drug 

delivery. J Am ChemSoc 127. 2005;9875-9880. 

 

[70] Chaudhari AA, Ashmore D, Nath S deb, Kate K, Dennis V, Singh SR, et al. A novel covalent 

approach to bio-conjugate silver coated single walled carbon nanotubes with antimicrobial peptide. J 

Nanobiotechnology. 2016; 14(1):1–15. 


