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Hexagonal boron nitride (h-BN) is a two-dimensional material with a unique layered 
structure akin to Graphene. Cetyl alcohol (CH₃(CH₂)₁₅OH) denoted as CA, a fatty alcohol 
derived from natural sources like palm oil and coconut oil, holds a significant place in 
various industries due to its versatile properties. Cetyl alcohol's has a potential in forming 
stable nanostructures and its interactions with other compounds, shedding light on its 
utility in nanotechnology and materials science. In this work exfoliation of BNNS and 
subsequent functionalization using Cetyl alcohol is investigated.  The functionalization of 
boron nitride nanosheets (BNNS) using CA is investigated in this study. The modification 
process aims to enhance the properties and applications of BNNS. OH groups are 
functionalized and bring about beneficial changes to its properties, enabling enhanced 
interactions with other compounds. This modification can lead to improved solubility, 
emulsification, and lubrication capabilities, expanding its utility in various applications 
such as cosmetics, pharmaceuticals, and industrial processes. Characterization techniques, 
including Thermogravimetric analysis(TG/DTA), UV-Visible spectroscopy, 
Photoluminescence, X- ray diffraction (XRD), Raman spectroscopy, Fourier transform 
infrared spectroscopy (FTIR) are employed to analyze the efficacy of the functionalization 
process. Thermogravimetric-differential thermal analysis (TG-DTA) was utilized to 
investigate the thermal characteristics of the functionalized samples. 
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1. Introduction  
 
The demand for two-dimensional (2D) nanomaterials has emerged as a crucial necessity 

within the framework of sustainable development. These nanomaterials, characterized by their 
ultra-thin structures and unique properties, offer a myriad of opportunities to address pressing 
global challenges while minimizing environmental impact. 

Firstly, 2D nanomaterials exhibit remarkable mechanical, electrical, and optical properties 
that can revolutionize various industries. Their high surface area to volume ratio enhances catalytic 
efficiency, facilitating cleaner and more energy-efficient processes in sectors such as energy 
production and storage [1]. This, in turn, reduces resource consumption and pollution, contributing 
to sustainable energy solutions. 

Furthermore, 2D nanomaterials enable advancements in water purification and 
environmental remediation. Their high adsorption capacities and tailored surface properties 
facilitate efficient removal of pollutants from water and air, mitigating the detrimental effects of 
pollution on ecosystems and human health [2]. Additionally, the integration of 2D nanomaterials 
in electronics and sensors enhances the precision and efficiency of data collection, leading to 
smarter resource management and reduced energy consumption. This, coupled with their potential 
in nanomedicine, opens avenues for sustainable healthcare solutions and improved drug delivery 
systems. 
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Two-dimensional (2D) materials have emerged as a fascinating class of substances with 
remarkable properties and diverse applications. Unlike their bulk counterparts, 2D materials 
possess an ultra-thin, single-layer structure that leads to intriguing quantum and size effects.  

One prominent example of such a material is hexagonal boron nitride (h-BN), which has 
garnered significant attention due to its unique characteristics. Material is well known for its 
excellent insulating properties, high thermal conductivity, and chemical stability. It serves as a 
versatile substrate for other 2D materials and finds applications in electronics, photonics, and even 
quantum technologies.  

Unlike its close counterpart Graphene, h-BN is an insulator rather than a conductor. This 
insulating behavior, while advantageous in certain applications, restricts its direct use in 
electronics and other electronic-related fields where high electrical conductivity is required. 
Additionally, while h-BN exhibits excellent thermal conductivity, it falls short of surpassing the 
remarkable thermal properties of materials like Graphene. This limitation, although not severe, can 
influence its effectiveness in certain thermal management applications. In summary, while 
hexagonal boron nitride offers a range of remarkable attributes, including thermal stability, 
chemical inertness, and excellent dielectric properties, its limitations in terms of electrical 
conductivity, thermal conductivity compared to Graphene, synthesis scalability, and potential 
reactivity under extreme conditions must be taken into account when considering its applications 
[3]. Researchers continue to explore strategies to overcome these limitations and unlock the full 
potential of h-BN in various technological realms. 

Cetyl alcohol, a fatty alcohol derived from natural sources such as palm oil or coconut oil, 
holds a significant place in various industries due to its versatile properties and wide-ranging 
applications. With a long hydrocarbon chain, CA exhibits characteristics that make it valuable in 
both cosmetic and industrial formulations [4]. It serves as an emulsifying agent, aiding in the 
stabilization and blending of diverse ingredients in skincare and personal care products. 
Furthermore, Cetyl alcohol's lubricating properties find utility in industrial processes, enhancing 
the smooth operation of machinery and reducing friction [5]. Beyond its role as an emulsifier and 
lubricant, CA contributes to the formation of stable nanostructures, holding promise for 
applications in nanotechnology and materials science. It can modify surface properties, leading to 
enhanced interactions with other compounds and facilitating diverse chemical processes [6]. 

 The present work focuses on the functionalization of BNNS using cetyl alcohol. 
Functionalization of BNNS using CA presents a significant avenue for tailoring their properties 
and expanding their applicability. In the realm of nanotechnology, functionalized BNNS can find 
use in nanocomposite fabrication, enhancing the compatibility and interactions between the 
nanosheets and polymers.   Moreover, the functionalization of BNNS using CA can enhance their 
dispensability in solvents, making them more amenable to various processing techniques. This, in 
turn, facilitates the incorporation of BNNS into coatings, films, and other products, thereby 
expanding their potential applications. 

In conclusion, the functionalization of boron nitride nanosheets using cetyl alcohol 
represents a strategic approach to customizing their properties and augmenting their utility across a 
diverse range of industries and technological domains. 

 
 
2. Materials and methods  
 
2.1. Materials  
All the materials used in the study are supplied by Sigma Aldrich. BN powder (Molecular 

Weight=24.82 g/mol, particle size~1µm, density=2.29 g/mL at 25oC), Cetyl alcohol ( Molecular 
Weight= 242.41g/mol, density= 0.810g/mL at 250C), De-ionized water, Acetone and DMF by 
Merck specialist India. 

 
2.2. Exfoliation of BNNS using DMF and functionalization using Cetyl alcohol 
In order to remove any traces of moisture, an appropriate quantity of BN was obtained and 

heated at an average temperature of 800°C. To ensure even distribution, the heated BN powder 
was introduced into the organic solvent DMF and vigorously stirred for approximately 15 minutes. 
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The resulting solution was then subjected to ultra-sonication using a probe sonicator for an hour, 
resulting in exfoliated BN nanosheets. The solution was centrifuged at 3000 rpm to remove any 
remaining un-exfoliated particles. After a wash with deionized water, the isolated particles were 
dried in an 80°C oven for a full day. The dried material was subsequently powdered through 
grinding and functionalized using CA. Cetyl alcohol is soluble in acetone, 1g of CA is added to 50 
ml of acetone and solution is formed.  

0.2g of BNNS is added to 50ml of water and prepared CA solution are added the mixture 
is stirred for a duration of 4 hours, resulting in the formation of a white fluffy solution (solution of 
BNCA1) another 0.2g of BNNS is combined with 50ml of DMF, and the prepared CA solution is 
added and stirred to yield a pale blue solution (solution of BNCA2).  The solutions obtained 
undergo ultra-sonication and subsequent centrifugation. The resulting particles are dried in a hot 
oven at 80°C for 24 hours to yield BNCA1 and BNCA2. 

 
 
3. Characterization  
 
Powder X-ray diffraction analyses were conducted employing an X-PERT-PRO X-ray 

diffractometer with Cu kα radiation (λ = 1.5406 Å), operating at 30 mA and 40 kV. The XRD 
technique enabled the examination of the phase structure of the prepared samples. Additionally, 
Thermogravimetric Analysis (TGA) was performed using a PerkinElmer Diamond instrument 
under a nitrogen atmosphere. FTIR spectroscopy analysis was conducted using a FTIR 
spectrometer (Bracker Alpha). Raman analysis was accomplished using a JYHR-800 Raman 
spectrometer, with sample excitation using a 488 nm argon ion laser instrument. 
Photoluminescence studies were carried using Varian Cary Eclipse Photo Luminescence Spectro 
photometer. UV- visible spectrum was conducted UV-DRS-Spectrophotometer, Thermo fisher 
Evaluation 220. 

 
 
4. Results and discussion  
 
4.1. XRD  
The powder sample undergoes X- ray diffraction studies which involve analyzing the 

diffraction patterns generated when X-rays are scattered by the crystalline structure of BNNS. This 
technique provides valuable information about the material's crystallographic properties, such as 
its lattice parameters, crystal size, and orientation. The X-ray diffraction spectra of BNNS, 
BNCA1 and BNCA2 are illustrated in fig 1. The distinctive peak for exfoliated BN emerges at 
26.6200, aligning with the (002) crystallographic planes of h-BN (JCPDS card number-34-0421) 
[7], while minor peaks manifest at 41.5900 and 54.9420. Upon subjecting BNNS to Cetyl Alcohol, 
additional peaks become evident. Figure 1(b) of BNCA1 illustrates peaks at 21.670, 24.6160, 
26.9260, 36.3510, 40.3660, 41.8360, 43.9370 while figure 2 (c) of BNCA2 reveals peaks at 21.4660, 
24.8260, 26.9260, 36.3520, 40.35320, 41.8360, 44.1460, additional peaks signify the presence of 
Cetyl alcohol. The slender yet distinct peak observed in the BNCA nanocomposite indicates the 
restoration of the crystalline nature of BNNS. 
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(a)                                                                               (b) 

 
(c) 

 
Fig 1. XRD Spectrum of (a)BNNS, (b)BNCA1, (c)BNCA2. 

 
 
The introduction of functionalized BNNS results in a peak appearing at 26.680, indicating 

a change compared to the BNNS baseline. This change is linked to the existence of hydroxyl 
groups located on BN sites, which can change the chemical reaction and interactions of 
nanosheets. The O-H group can provide site for further chemical reaction making it possible to 
attach other functional groups or molecules to the surface. O-H group functionalization using 
Cetyl alcohol, due to the presence of large no of O-H groups it increases the dispensability of 
BNNS in solvent. Cetyl alcohol functionalized BNNS also improves the interfacial adhesion in the 
polymer and other materials, thus enabling the usage of this prepared material in many 
applications. 

Interplanar spacing (d), of the crystal lattice BNNS, BNCA1, BNCA2 were calculated 
using Braggs law, 

 
nλ =  2d Sinθ                                                                            (1) 

 
where λ represents the X-ray wavelength employed (1.540569 A˚) and are denoted (Table 1). 
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Table 1.  Interplanar spacing (d) for different 2θ values. 
 

 
Sample 

 
2θ 

 
d- spacing(A0) 

 
 
 
BNCA1 

 
21.67 

 
4.0965 

24.616 3.583 
26.926 3.308 
36.351 2.471 
40.366 2.236 
41.836 2.157 
43.937 2.067 

 
 
 
BNCA2 

 
21.466 

 
 4.1361 

24.826 3.583 
26.926 3.308 
36.352 2.467 
40.3532 2.232 
41.836 2.157 
44.146 2.040 

 
 
The lattice parameters of the BNCA1, BNCA2 samples were displayed in Table 2. 

Consequently, these calculated lattice parameters aligned with the established JCPDS data. There 
is a slight change in calculated lattice parameter values while comparing with standard values. 
This may be due to stress, and introduction of newer materials to the crystal lattice. The addition of 
Cetyl alcohol for surface functionalization causes small lattice distortions, those results in changes 
in lattice parameters   

 
 

Table 2.  Representation of crystal lattice parameters of the prepared samples. 
 

 
 
              Sample 

Lattice parameter 
 
Standard value (A0) 

 
Calculatedvalue (A0) 

 
BNCA1 

 
 
a =b =2.504 
c = 6.656 

 
a = b = 2.157 
c = 7.166 

 
 
              BNCA2 

 
 
a = b = 2.157 
c = 6.616 

 
 
4.2. Williamson–Hall (W-H) plot 
Fig 2 shows Williamson hall plot of BNNS, BNCA1,BNCA2 respectively. From W-H 

plot the crystal size of BNNS is 20.8069 nm and the corresponding lattice strain is found to be 
5.57, for BNCA1 crystal size is 27.6895 nm and the lattice strain is found to be 8.23 and for 
BNCA2 crystal size is 17.617 and their corresponding lattice strain is found to be 3.18. 

 



1520 
 

 
(a)                                                                          (b) 

 
Fig. 2. Williamson-Hall (W-H) plot of (a) BNCA1, (b)BNCA2. 

 
 
Functionalization of BNNS with Cetyl alcohol in DMF solvent (BNCA2) results in 

decrease in crystalline size as the hydrophobic alkyl chain of Cetyl alcohol attaches to the surface 
of BNNS thus enhancing the dispersion and stability of nanosheets in DMF. These alkyl chains 
create a protective layer around BNNS reducing the surface defects and lattice strain itself. In the 
case of BNCA2 there is an increase in lattice strain with increase in crystalline size. As the 
nanosheets have the tendency to agglomerate to larger crystalline domains thus enhancing stronger 
interaction between sheets that led to aggregated structures involving high lattice strain. 

 
4.3. FTIR 
The Fourier Transform Infrared (FTIR) analysis was performed on BNNS, BNCA1, and 

BNCA2, in the spectral range of 400-4000cm-1. The corresponding results are shown in Fig 3(a), 
3(b), and 3(c) for each material, respectively. Distinctive peaks appear at 813.85cm-1 and 
1384.70cm-1 for exfoliated BNNS.  

From fig 3(b) BNCA1 shows characteristic peaks at 2919 cm-1, 2846.23cm-1, 2359.76cm-1, 
1393.62cm-1, 1058.98cm-1, 803.66cm-1, 718.30cm-1.While FTIR spectrum of BNCA2 shows 
eminent peaks at 3332.70 cm-1, 2919.50cm-1, 2846.23cm-1, 1387.58cm-1,1064.56cm-1, 803.66cm-1, 
721.28cm-1. The eminent peaks are observed at 803.66cm-1 and 1393.62 cm-1 for BNCA1 and 
803.66 cm-1 and 1393.62 cm-1 for BNCA2 provides valuable insights into the material's molecular 
composition and bonding similar to that of BNNS. All other characteristics peaks shows the 
surface functionalized BNNS using Cetyl alcohol. BNCA1 exhibited minor yet sharp peaks, while 
BNCA2 displayed more pronounced peaks in its FTIR spectrum, suggesting a higher degree of 
functionalization of boron nitride nanosheets through the use of DMF as the solvent.  

The presence of minute, intense V-shaped peaks at 718.30cm-1 and 721.28cm-1 in figures 
3(b) and 3(c), respectively, indicates the existence of B-N bonding among the atoms. Likewise, the 
occurrence of peaks at 1058.98cm-1 and 1064.56cm-1 demonstrates the B-N-O bonding between 
the nanosheets. The presence of a subtle U-shaped peak at 3332.70 cm-1 in Fig 3(c) indicates the 
manifestation of OH stretching vibrations from the hydroxyl group in the alcohol.  

Symmetric stretching vibrations of C-H bonds are observed at 2919.50, 2846.23 and 
2919.50, 2846.23 for BNCA1 and BNCA2 respectively. This peak corresponds to (CH2) 
methylene groups in hydrocarbon chain of cetyl alcohol. The strong and prominent v-shaped peak 
at 1064cm-1 in BNCA2 signifies the stretching vibration of the carbon-oxygen (C-O) bond within 
the alcohol's hydroxyl group. Additionally, the presence of a C-O-C stretching is observed at 
1387.58 cm-1. 
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(a)                                                                      (b) 

 

 
(c) 

 
Fig. 3. FTIR Spectrum of (a)BNNS, (b)BNCA1, (c)BNCA2. 

 
 
 
4.4. TG/DTA analysis 
The TGDTA spectrum of BNNS, BNCA1, BNCA2 are shown in the fig 4 .TGA analysis 

is a common technique used to analyze the behavior of material. The TG curve shows the change 
in sample weight as a function of temperature or time. The onset degradation temperature is a 
critical parameter obtained from TGA analysis. It represents the temperature at which the sample 
begins to undergo significant thermal degradation.  From the data presented in Fig 4, it is observed 
that the initiation of degradation for BNNS occurs at a temperature of 201.26°C, accompanied by 
an initial weight loss of 0.084%, followed by a subsequent loss of 0.43%.  

Onset degradation temperature of BNCA1 is 167.960C (fig 4b) with a weight loss of 
83.14% and that of BNCA2 is 152.620C with a weight loss of 82.92% At the beginning of weight 
loss curve 1000C to 1520C, weight loss remains relatively constant this initial stable region 
indicates that Cetyl alcohol functionalized BN nanosheets possess good thermal stability at lower 
temperature. As temperature continuous to raise the weight loss curve exhibit a gradual decrease in 
weight. This region corresponds to the initial decrease of Cetyl alcohol functionalized group 
attached to BN nanosheets. The most significations occur in this region (132.810C to 2640C. Cetyl 
alcohol functionalized group further breakdown to smaller fragments. This stage often involves the 
release of more established amount of volatile gases, resulting in the pronounced decrease in the 
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sample weight. Towards the higher end of the temperature range the weight loss curve may start to 
level off indicates that the majority of organic components have been volatized and decomposed.  

 
 

     
(a)                                                                    (b) 

 

      
(c)                                                                     (d) 

 

       
(e)                                                                               (f) 

 
Fig. 4. TG-DTA analysis and Weight Loss curve of (a)BNNS, (b)BNCA1, (c)BNCA2. 

 
 
Cetyl alcohol functionalized BNNS, the DTA curve depicts the heat flow as the material is 

subjected to increase in temperature. One of the primary reactions that can be inferred from DTA 
curve is functionalization of BNNS with Cetyl alcohol. This process involves bonding of Cetyl 
alcohol to the surface of BNNS, as the temperature increases the DTA curve might show an 
exothermic peak indicating the adsorption of heat during the chemical bonding process. There may 
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be other thermal event on the DTA curve such as decomposition of volatile component during the 
functionalization process which is exothermic in nature. The presence of both exothermic and 
endothermic reaction in the DTA curve provide insight to the energy change accompanied with the 
process occurring within in the Cetyl alcohol functionalized BNNS.  

The DTA curve of BNCA1 have first endothermic peak at 2170C and second at 2830C. 
Initial weight loss is observed at first endothermic peak. Decrease in the rate of heat adsorption is 
observed at 256.570C. At the initial stages of DTA curve a small endothermic peak is observed and 
within 1000C moisture content will be absorbed and endothermic reaction happens.  

BNCA2 has more intense peak for exothermic reaction compared to BNCA1 as the 
temperature increase, a broad exothermic peak become evident on the DTA curve this exothermic 
peak can be attributed to the chemical reaction between Cetyl alcohol and the BNNS surface. The 
release of heat during this step indicates an exothermic reaction and that energy is being release as 
new chemical bonds are formed.  

 
4.5. Raman spectroscopy 
Interpreting the Raman spectrum of BN provides valuable insight into the vibrational, 

chemical and crystal structure of the material. These peaks arise due to the vibration of the B and 
N atoms within the crystal lattice. 

The prominence of a strong peak in the Raman spectrum of BNNS is apparent from Fig 
5(a). The occurrence of the E2g mode of BNNS is identified at 1383.91 cm-1. Within the hexagonal 
lattice, there exist vibrational stretching modes of both boron and nitrogen atoms in the plane.  

 
 

    
(a)                                                                          (b) 

 

 
(c) 

 
Fig. 5. Raman Spectra (a)BNNS, (b)BNCA1, (c)BNCA2. 
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For BNCA1 (fig 5(b)) a peak at 1367cm-1 indicates the crystalline quality of BN lattice.  A 
red shift of 84.12cm-1  at 1299.79cm-1.The peak signify the stretching vibration of the newly 
formed O-H bonds in the hydroxyl groups attached to the nanosheets surface. The observed peak 
corresponds to specific functional group like B-OH or N-OH indicating the successful attachment 
to the nanosheets. A intense at 1299.79cm-1  corresponds to C-O-C (ether) functional group This 
corresponds to stretching vibration  of C-O bond in ether group because Cetyl alcohol   contain an 
ether function group C-O-C in its nuclear structure. A intense peak at 1444.49cm-1 reveal the 
presence of -CH2 bending vibration motion of the C-H bond in the alkyl chain of Cetyl alcohol 
molecules. The alkyl chain of Cetyl alcohol interacts with the BNNS surface through Vander 
waals forces and other interactions. This characteristic peak in Raman spectrum serves as the 
fingerprint of Cetyl alcohol functional group on BN nanosheets. At 2882.96 cm-1 a high intense 
peak depicts symmetric and asymmetric stretching vibration of CH2 groups and a blue shift is 
obtained. 

The Raman spectra of BNCA2 are illustrated in fig 5(c). A small intense peak at 
1365.59cm-1 communicates the CH3- symmetric vibrations of Cetyl alcohol functional group as 
well as a red shift. Its peak is indicative of the alkyl CH3 groups in Cetyl alcohol molecules. A very 
high intense peak at 3998.36cm-1 represents a blue shift and the O-H functional group. Stretching 
vibration of O-H group is key characteristic features of alcohol. The hydroxyl group attached to 
hydrocarbon chain in Cetyl Alcohol molecules gets functionalized on surfaces of BN nanosheets 
contribute observed Raman Peak. The peak at 3998.36cm-1 demonstrates a displacement towards 
higher wavenumbers, implying a blue shift. This shift signifies an augmentation in the vibrational 
frequency and reinforcement of the bond. Furthermore, it suggests enhanced interactions of Cetyl 
alcohol functional groups on boron nitride nanosheets than that of BNNS. 

 
4.6. UV visible spectroscopy 
The UV region of the spectrum (100-400 nm) provides information about the electronic 

transition involves the higher energy levels. Absorption peaks or bands observes in this region 
corresponds to electronic excitation across the band gap of the molecule. Fig 6(a), (b) and 7(a), (b) 
illustrate the UV spectra of BNCA1 and BNCA2, along with their respective Tauc plots. In the 
case of BNNS, the λonset value is 208.40nm, indicating an energy bandgap of 5.95eV [8]. From fig 
6(a) a peak of significant intensity is noted at 260.73nm, while the associated λonset is determined to 
be 385.9nm, utilizing the energy-wavelength conversion equation.  

 
 

                       Eg= 1240/λonset                                                                     (2) 
 
 

    
 

Fig. 6. UV-Vis spectra of (a))BNCA1 and (b)BNCA2. 
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The band gap is found to be 3.21 eV. In fig 6(b) high intensity peak is obtained at 232.1 
nm and a corresponding λonset value is found to be 369.23nm and a band gap of 3.35eV is 
calculated. 

The difference in energy levels between Cetyl alcohol functionalized BN & base BN 
nanosheets can be attracted to the effect of the functionalization on the electronic structure of the 
material. In the context of UV-Visible spectroscopy, the energy at which a peak occurs in the 
spectrum corresponding to the energy required for an electronic transition to the place. The peak at 
3.21 eV for the Cetyl alcohol functionalized  BN nanosheets indicates and  electronic  transition  
on that region with less energy compared to the peak at 5.95eV for  base BNNS. It also enlightens 
the idea that the presence of Cetyl alcohol groups has introduced new electronic states or altered 
the energy levels within the material. 

 
4.7. Bandgap determination using Tauc plot 
Tauc plot in UV spectroscopy is to analyze and determine the optical bandgap energy of a 

material based on its absorption data. 
 
 

    
 

Fig. 7. Tauc plot of (a))BNCA1 and (b)BNCA2. 
 
 
In Fig 7(a), it is evident that the band gap (Eg) for BNCA1 is 3.26 eV, while for BNCA2 

(Fig 7b), the band gap is 3.30 eV. The energy band gaps derived from the Tauc plot align well 
with the calculated values. The introduction of Cetyl alcohol groups result in charge transfer 
between the functional group and nanosheet surface that lead to the change in band gap. 
Introduction of new surface state and defects in the nanosheet of BNNS alter the bad gap from 
5.95 eV.  

 
4.8. Photoluminescence (PL) analysis  
The photoluminescence (PL) spectrum is a representation of the light emitted from a 

material after it has absorbed photons and undergone relaxation to lower energy states. The 
photoluminescence (PL) spectrum furnishes insights into the recombination process of electron-
hole pairs and the subsequent emission of light as excited states return to their relaxed state. 
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Fig. 8. PL Spectra of (a))BNCA1 and (b)BNCA2. 
 
 
The PL spectrum of BNCA1 and BNCA2 is depicted in fig8.  From the literature survey 

PL spectrum of BNNS shows DUV peaks at 224nm [9]. In the case of BNCA1 and BNCA2 (as 
shown in the fig 8), a prominent and intense peak is detected at 360.63 nm, corresponding to a 
band gap of 3.4 eV. There is a variation in intensity between the two prepared samples even 
though the bandgap remains unchanged. For BNCA1, the peak intensity measures 242.23 a.u., 
while for BNCA2, it registers at 256.22a.u. This is because the interaction between the Cetyl 
alcohol and the nanosheets could influence the electronic compiling between states involved in 
radioactive recombination, leading to change in the probability of light emission without affecting 
the bandgap.  

 
 
5. Conclusion  
 
The functionalization of boron nitride nanosheets (BNNS) using Cetyl alcohol has proven 

to be a significant and promising avenue for tailoring the properties of these nanomaterials. The 
successful modification process, as demonstrated through various characterization techniques, 
showcases the effectiveness of Cetyl alcohol in inducing surface changes and enhancing the 
dispensability of BNNS. From x- ray spectrum high intensive peaks were observed that confirms 
the crystallinity. Functionalization of BNNS with Cetyl alcohol in DMF solvent (BNCA2) results 
in a decrease in crystalline size thus enhancing the dispersion and stability of nanosheets in DMF. 
The determined lattice parameters are in accordance with the established JCPDS data from the 
XRD spectrum, indicating a consistent and reliable analysis of the material's crystal structure. 
Distinct functional groups within the prepared samples were discerned using FTIR spectroscopy. 
 Thermogravimetric (TG) and differential thermal analysis (DTA) were conducted to 
record and determine offset degradation temperatures. In comparison to BNCA1, BNCA2 
exhibited a more pronounced exothermic peak for exothermic reaction as temperature increased. 
Notably, a broad exothermic peak emerged on the DTA curve, which is attributed to a chemical 
reaction between Cetyl alcohol and the surface of BNNS. Raman spectrum of BNCA1 and 
BNCA2 depicts red and blue shift, this shift indicates an increase in the vibrational frequency and 
strengthening of the bond. Moreover, it implies heightened interactions between CA functional 
groups and boron nitride nanosheets compared to BNNS. UV-visible spectrum analysis furnishes 
insights into the band gap characteristics, revealing that the band gaps of BNNS have been reduced 
from 5.95eV to 3.21eV and 3.35eV due to functionalization with BNCA1 and BNCA2. Notably, 
these values closely align with those derived from the Tauc plot analysis, providing robust 
evidence for the observed changes. The existence of Cetyl alcohol groups has introduced modified 
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the energy levels within the material. Photoluminescence (PL) results also show a reduction in the 
bandgap with pronounced intensity peaks, attributed to the successful and precise functionalization 
of BNNS using cetyl alcohol. The reduction in band gap leads to an improvement in electronic 
characteristics, rendering it suitable for electrical applications. Its altered electronic properties 
could enhance its capability for photo catalytic degradation of pollutants or contaminants in water, 
contributing to improved water quality. 
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