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Abstract: - This study provides a comparative investigation of volume plasmon energies in carbon nanotubes 
(CNTs) and graphite using X-ray techniques. The main aim of this study is to see how the different shapes and 
structures of carbon materials (called allotropes) influence the way their electrons behave together. The paper 
especially focuses on carbon nanotubes (CNTs), showing their two important uses: first, in improving X-ray 
technology for medical imaging, and second, as tiny carriers that can deliver drugs directly to cancer cells. For 
the experiments, samples of multi-walled CNTs and graphite were prepared. These were studied using different 
tools such as X-ray Diffraction (XRD), Angle-Dispersive X-ray Scattering (ADXRS), and Energy Dispersive X-
ray Fluorescence (EDXRF). The EDXRF results showed that graphite had plasmon energy around 47 eV, while 
CNTs had a lower value of about 28 eV. These values match well with what theory predicts for carbon systems. 
Right now, CNTs can be modified to act as carriers for drugs or genes, giving a more efficient way to treat cancer 
by directly targeting tumors and reducing the side effects that normal treatments often cause. However, there is 
still no clear method to directly measure how much of the drug-loaded CNT actually reaches the tumor. This 
paper introduces a new approach to measure CNT-based drugs right at the tumor site. 
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1 Introduction 
Carbon nanotubes (CNTs) were first discovered 

by S. Iijima in 1991 [1], and since then they have 
gained huge attention in nanoscience because of their 
remarkable structure and electrical behavior. Over 
the years, many researchers have studied CNTs to 
explore their wide range of properties for different 
uses [2–14]. 

In terms of structure, CNTs can be imagined as 
thin cylinders made by rolling up graphene sheets. 
These cylinders may consist of a single layer or 
multiple layers. Because of this special one-
dimensional shape, CNTs can behave either like 
metals or semiconductors, depending on their 

diameter and how the graphene sheet is rolled 
(chirality) [15]. 

They are also known for their extraordinary 
strength [2, 3], excellent ability to conduct heat [4], 
usefulness as electrodes in supercapacitors [9], and 
interesting optical and plasmonic behaviors [10–14]. 
All of these features make them highly suitable for 
medical and biomedical applications. Methods like 
chemical vapor deposition (CVD) [8] have been 
developed and improved to produce CNTs in a 
controlled way, while advanced techniques such as 
inelastic X-ray spectroscopy [16, 17] help in tailoring 
them for creating new medical technologies. 

One of the most pressing medical challenges 
worldwide is cancer, which demands better 
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diagnostic tools and safer drug delivery systems [18–
24]. Strong anticancer drugs such as doxorubicin are 
available, but they often cause harmful side effects, 
including damage to the heart and other organs. 
CNTs, because of their high surface area and needle-
like shape, can be modified to directly target cancer 
cells. This makes treatments more effective while 
reducing unwanted side effects [18–24]. 

In addition to drug delivery, CNTs have also 
attracted attention for their role in advanced 
diagnostic methods. Conventional imaging 
techniques such as mammography rely on thermionic 
X-ray sources, which have limitations in terms of 
resolution and safety [24]. Recent advancements 
propose CNT-based electron emitters (cathodes) for 
X-ray tubes, where the performance of the CNT 
cathode can be controlled via simple voltage 
manipulation, enabling repetitive imaging required in 
three-dimensional technologies such as stationary 
tomosynthesis [25, 28]. 

X-ray-based analytical methods further enhance 
the understanding of CNTs. Unlike conventional 
spectroscopies, they offer high-resolution, element-
specific insights into the electronic structure [25, 28]. 
Inelastic X-ray scattering (IXS) in particular enables 
probing of volume plasmon excitations by analyzing 
the energy loss of incident X-ray photons interacting 
with CNTs [10-14]. This provides a direct 
understanding of electron dynamics, including 
plasmon dispersion and confinement effects unique 
to cylindrical geometry [10-14]. 

Parallel to these developments, CNTs have been 
explored in biosensing, medical imaging, and 
therapeutic systems [18-24]. Their ability to serve as 
multifunctional nanomaterials integrates both 
diagnostic and therapeutic platforms, a concept 
widely known as “theranostics”. Reports highlight 
their utility in tumor-targeted delivery systems, 
photothermal therapy, and real-time monitoring of 
therapeutic response [18-24]. 

Furthermore, studies have focused on the X-ray 
induced plasmon excitation [29-37] and structural 
characterization of CNTs using X-ray diffraction [38, 
40]. These tools help correlate CNT morphology with 
their biomedical efficiency.  

Finally, the exploration of CNT plasmon 
excitation for device applications represents a 
cutting-edge approach. In the present experimental 
investigation, we propose a new device for 
mammography application based on the plasmon 
excitation of CNTs, which may also synergize with 
their role as drug carriers in cancer therapy. 
[39,40,41] 
 

 

2 Theory 
One of the key areas of investigation in CNT 

research is understanding their intrinsic electronic 
properties, particularly the collective oscillations of 
electrons known as plasmons. These excitations are 
influenced by parameters such as electron density 
and the surrounding dielectric environment. While 
traditional optical spectroscopy has been employed to 
explore such phenomena, its limited energy range 
and sensitivity to external matrix effects often hinder 
detailed analysis-especially for higher-energy 
plasmon modes and intrinsic excitations within the 
CNT lattice. X-ray spectroscopy is an important tool 
to investigate the volume plasmon energy of a 
material [29-36]. 
The volume plasmon energy (EP) is a fundamental 
property directly related to the collective electron 
density of a material. Theoretically the expression 
described [35] as 

m

en

0

2

PE


         … (1) 

where, Ep is the volume plasmon energy, n is the 
electron density (electrons /cm3), m is the electron 
mass (= 9.109 × 10 -31 kg), and ∈0 (= 1/4) is the 
vacuum permittivity.  
From this equation (1), it is evident that the volume 
plasmon energy (EP) is directly proportional to the 
square root of the electron density (n), i.e., Ep ∝ √𝑛. 

             n11
P 10711.3E    …(2) 

For carbon like system, the electron density n is 
around 3.525 × 10 23 electron/cm3 [36]. Hence, the 
theoretical value of plasmon energy for the carbon is 
around  

                             eV03.22EP          … (3) 

 
3 Experiment 
The comprehensive experimental investigation of the 
volume plasmon energy of CNTs and graphite was 
performed using three key characterization 
techniques: X-ray diffraction (XRD), angle-
dispersive X-ray scattering (ADXRS), and energy-
dispersive X-ray fluorescence (EDXRF). Each 
technique required meticulous sample preparation 
and specific instrumental configurations to 
accurately capture the structural and electronic 
features relevant to volume plasmon behavior. 
 Present experimental arrangement for the 
detection of plasmon excitation from CNT is shown 
in Fig. 1(a). The schematic diagram of the proposed 
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experimental setup is shown in Fig. 1(b). X-rays 
energy around 20 keV is usually used in 
mammography, which can produce 6 keV X-ray 
when it passes through a steel collimator placed at its 
exit window. The existence and quantification of 
CNT used as drug for the cancer patient can be 
analyzed using an energy dispersive X-ray detector. 

 

 
 
Figure 1: X-ray Experimental setup for plasmon 
excitation studies: (a) arrangement for CNT film, and 
(b) proposed arrangement for patient  
 
This is mainly based on the estimation of the plasmon 
energy of the CNT at the tumor site. Since detection 
of elemental carbon is very difficult to detect in air 
environment. However, plasmon is sensitive to the 
low energy (6 keV) X-rays, and low angle (around 
100) is suitable for the detection purpose. Here is a 
schematic diagram, Figure 1, of the proposed model 
for the cancer treatment. 
 
 

3.1 Sample Preparation 
To ensure consistency, a unified protocol was 
followed for both high-purity graphite and CNT 
powders. Equal masses of 50 mg of each material 
were measured and suspended in 5 mL of isopropanol 
to create a homogeneous dispersion. After 24 hours 
of partial evaporation, the thickened suspensions 
were carefully deposited onto pre-cleaned glass 

substrates. The samples were then dried in a vacuum 
environment.  
 
3.2 Characterization Techniques 
 

3.2.1. X-ray Diffraction 

X-ray diffraction (XRD) experiment was carried out 
using the Bruker AXS, D8 ADVANCE™ applying a 
power of 1600 W (= 40 KV  40 mA).  X-ray 
diffractometerX-ray diffraction (XRD) was carried 
out using the θ–2θ setup to study the crystal structure 
and the spacing between layers. The sample was 
scanned continuously from 2° to 100°, with very fine 
steps of 0.01° and a scanning speed of 1° per minute. 
A 0.3 mm slit was used along with a CuKα X-ray 
source equipped with a monochromator. This setup 
helped in clearly identifying the crystal peaks, which 
made it possible to tell apart the graphite lattice from 
the tubular arrangement found in carbon nanotubes 
(CNTs). 
 
Parameters: 

 

Geometry- Bragg-Brentano  
Mode = The θ–2θ scanning mode is a method where 
both the sample and the detector move together 
during measurement 
Angle Scan (2θ) = 2° - 80° 
Scan Speed = 1°/min 
Divergence Slit = 0.3 mm 
Step Size = 0.01° 
Radiation = CuKα  
 
 
3.2.2 Angle-Dispersive X-ray Scattering 

In this setup, the ADXRS arrangement was used to 
study how the sample scatters X-rays when kept at 
certain fixed angles. The sample itself was held 
steady at an angle of θ = 12.87°, while the detector 
slowly scanned through a narrow range of 2Theta 
values, from 10° to 35°, with very fine steps. The 
same CuKα radiation source and the same divergence 
slit were used here. This arrangement made it 
possible to record even very small changes in the 
scattering pattern, which are linked to the structural 
shape and arrangement of the sample. 
 
Parameters: 

 

Geometry- Bragg-Brentano  
Mode = In this mode, the sample is kept still at a fixed 
angle of 12.87°, while only the detector moves (θ = 
12.87°) 
Angle Scan (2θ) = 10° - 35° 
Scan Speed = 0.01°/min 
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Divergence Slit = 0.3 mm 
Step Size = 0.05° 
Radiation = CuKα (monochromator) 
 
3.2.3 Energy-Dispersive X-ray Fluorescence 

This was the key step in checking the energy linked 
with volume plasmons. For this, the setup made use 
of a RONTEC XFlash Detector (Type 1201), which 
was connected to a multi-channel analyzer (MCA). 
The samples were placed at a 10° angle relative to the 
X-ray beam and detector to maximize signal 
collection. A sealed Fe-55 isotope emitter served as 
the X-ray source, providing MnKα and MnKβ 
radiation. The system was configured at 15 kV and 
20 mA, with the Silicon Drift Detector (SDD) cooled 
to –20°C to suppress thermal noise. The high-
resolution of 10.2 eV was essential for detecting 
slight shifts in peak positions, which correspond to 
plasmon excitations. The emitted characteristic X-
rays were captured by the SDD and processed by the 
MCA to construct a spectrum where prominent peaks 
were analyzed to identify and compare volume 
plasmon resonances. 
 
Parameters: 

 

Geometry – Reflection (Bragg) 
Mode = Sample fixed at an angle (θ = 10°) w.r.t to 
source (Incident angle) 
Detector fixed at an angle (θ = 10°) w.r.t to sample  
Collimator = 4 mm 
Source-to-sample distance = 20 mm 
Sample-to-Detector distance = 20 mm 
MCA Memory = 8 K 
Channel = 9.71 eV 
Radiation (Fe55) = MnKα and MnKβ 

 

 

4 Results and Discussion 
The paper investigates the volume plasmon energies 
of carbon nanotubes (CNTs) and graphite using X-
ray techniques. This study has a dual focus: 
understanding the fundamental electronic properties 
of CNTs and exploring their applications in advanced 
medical technology. 
 
4.1 XRD Analysis 

 

X-ray diffraction of CNT was carried out using a 
Bragg-Brentano geometry. The XRD measurements 
were conducted in the conventional θ–2θ mode using 
CuKα (1.54059 A0) radiation. At an incident angle θ 
the corresponding 2θ was recorded, as shown in the 
diffractogram, Fig. 2. Utilizing Bragg’s law 2d sin θ 
= λ, the interplanar spacing d was calculated. The 

most intense peak Imax of CNT (002) is observed at 
2θ = 25.730 shown in Fig. 2. The d value of the CNT 
(002) found to be 3.4596 A0.  The X-ray diffraction 
data of the CNT is tabulated in the table 1. 
Nevertheless, X-ray diffraction data of the pristine 
CNT matches well with the previous reported value 
[40, 41].  
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              Figure 2: X-ray diffraction of CNT  
 
 
4.2 ADXRS Analysis 

CuK X-ray scattering profile of CNT (002) is 
shown in figure 3. The CNT film grown on a glass 
plate was fixed at an angle θ = 12.870, so as to get the 
scattering from the plane of CNT (002). The CuK 
X-ray of energy 8042 eV scattered from CNT (002) 
shown both coherent energy Ecoh, 8042 eV and 
incoherent plasmon line of energy, Eincoh, 7993 eV.  
Hence, the excited plasmon energy Ep (=Ecoh - Eincoh) 
is found to be 49 eV. The experimental value of 
excited plasmon energy calculated from ADXRS of 
CNT found to be higher than the theoretically 
calculated value which is around 22 eV. However, 
the present value matching quite well with the 
previous experimental results of carbon system [29, 
36].   
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Figure 3: CuK X-ray scattering profile showing 
plasmon excitation peak of CNT using ADXRS 
technique. 
 
 
4.3 EDXRF Analysis 

MnK (5898.73 eV) and MnK (6490.48 eV) X-rays 
of Fe55 radioactive source were taken for the 
scattering study. The direct beam (without sample) 
was recorded for the energy calibration (1channel ≈ 
9.72 eV) purpose and is shown in figure 4 (a). The 
full width at half maxima (FWHM) measured is 
about 168 eV, which is a good agreement with the 
supplied detector resolution value (= 160 eV).  The 
MnK,  X-ray lines scattered from the CNT at a 
scattering angle (2 θ) of 100 shows that the coherent 
MnK of energy 5898.73 eV with an incoherent 
plasmon peak at 5870.88 eV. The excited volume 
plasmon energy, Ep of CNT calculated from EDXRF 
spectrum shown in figure 4 (b) found to be 27.85 eV. 
Similarly, the MnK X-ray scattered from graphite 
film grown on a glass substrate possesses an 
incoherent plasmon energy around 47.29 eV and is 
shown in figure 3 (c). The FWHM versus channel 
number shown in figure 4 (d). The plot of FWHM vs. 
channel, at a channel number 607 for without sample, 
Graphite, and CNT are given. The FWHM of CNTs 
exhibited broader peaks compared to graphite, 
confirming the reduced particle size CNT.   
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Figure 4: MnK X-ray scattering profiles: (a) without 
sample, (b) CNT film, (c) Graphite, and (d) FWHM 
versus channel data obtained using EDXRF 
technique.   
 
4 Conclusion 
In conclusion, the XRD measurements revealed the 
broader peaks for CNTs, indicating reduced particle 
size. The d value of the most intense peak of CNT 
(002) found to be 3.4596 A0 matches well with the 
previously reported value. The CuK scattering 
profile of CNT along (002) direction at the scattering 
angle 25.730 was analysed. Large value (49 eV) of 
the plasmon excitation energy may be due to the high 
value of peak broadening and power of the X-ray 
source. Since, the above d value was used for the 
investigation of the plasmon energy of CNT using 
ADXRS. The ADXRS data further supported this, 
with CNTs showing increased broadness and 
asymmetry indicative of local distortions. Most 
importantly, the EDXRF spectra provided definitive 
evidence of plasmonic behavior, with both materials 
exhibiting reproducible inelastic lines. However, the 
plasmon energy of CNTs (27.85 eV) was lower than 
in graphite (47.29 eV), which is directly linked to 
their reduced electron density and confinement. 
Additionally, FWHM analysis showed a broader 
width in CNTs (191.6 eV) compared to graphite 
(173.2 eV), confirming the nano-size of the CNT 
particle, enhanced damping due to their surface-
dominated structure, and limited electron coherence 
length. This study establishes a clear and 
reproducible correlation between structural form and 
plasmonic response of CNT, hence this sensitivity 
may lead to develop a new methodology for the direct 
measurement of CNT (drug) at the tumor site for the 
breast cancer treatment.  
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