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1. INTRODUCTION

There is a growing need for wearable devices 
that are wireless and can measure various physio-
logical parameters, including heart rate, respiration, 
blood pressure, and limb motion, while reducing 
their environmental impact [1-4]. In addition, the 
devices need to be thin, flexible, and highly conduc-
tive. Flexible electronic sensors based on laser-in-
duced graphene (LIG) on biocompatible polymers 
meet all of the above requirements. LIG was first 
mentioned in 2014 when CO2 laser irradiation of 

polyimide (PI) created a porous graphene structure, 
which was the focus of numerous research projects 
over the last decade [5]. LIG exhibited exceptional 
properties, such as high thermal stability (>900°C), 
piezoresistance, large surface area (428 m2 g-1), and 
ease of preparation [5-8]. LIG offers a fast and in-
expensive method of fabricating flexible portable 
electronic devices.

Commercially available PI films are the most 
common precursor for LIG because of their good 
mechanical stability, high thermal resistance, and 
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wide availability, but they often require addition-
al surface treatments, such as plasma activation or 
polymer coatings to improve their biocompatibility 
in biomedical applications [4,6], and they are also 
not chemically customizable. Due to the lack of cus-
tomization options, and poor elasticity of PI, LIG is 
typically transferred from PI to another substrate or 
fabricated on a more flexible material. Several stud-
ies showed that most carbon-containing materials 
can be converted into LIG using a CO2 infrared laser 
[9,10,11]. Polymers with a chemical structure similar 
to PI, such as polyetherimide (PEI), poly(ether ether 
ketone) (PEEK), and polysulfone, were found to be 
suitable for conversion into LIG [5,12-14]. Poly(di-
methylsiloxane) (PDMS) proved to be a favorable 
substrate for wearable devices due to its good me-
chanical properties, tunable surface chemistry, low 
water permeability, excellent thermal stability, low 
cost, and good biocompatibility [9,15-18]. The main 
limitation of PDMS lies in its low carbon content, 
which prevents direct LIG formation. Hence, re-
searchers try to enhance the properties of PDMS 
by dispersing another polymer or carbon-contain-
ing precursor into the PDMS matrix, such as Triton 
X-100, triethylene glycol (TEG), or poly(ethylene 
glycol) (PEG) [9,10,19]. Glycol compounds proved 
to be an excellent carbon source when incorporat-
ed into a PDMS matrix, resulting in a high-quality 
graphene structure [10].

In this study, laser-induced graphene was fab-
ricated on biocompatible, cross-linked PDMS com-
posites incorporating ethylene glycol (EG) and di-
ethylene glycol (DEG). Direct formation of LIG on 
PDMS/DEG and PDMS/EG substrates was achieved 
by optimizing laser parameters. The composites were 
prepared with DEG and EG concentrations ranging 
from 10 to 40 wt.%. Physicochemical characteri-
zation of both composites and the resulting LIG, 
was carried out using Raman spectroscopy, Fouri-
er-transform infrared (FTIR) spectroscopy, and scan-
ning electron microscopy (SEM) with energy-dis-
persive X-ray (EDX) analysis. Electrical resistance 
of LIG-containing samples was also measured. The 
study identified optimal DEG and EG concentration, 
as well as laser parameters, for effective graphene in-
duction. The results indicate that these composites 
represent promising substrates for future wearable 
sensors intended for monitoring physiological pa-
rameters. 

2. ЕXPERIMENTAL SECTION

2.1. Materials

Poly(dimethylsiloxane) (PDMS) prepolymer 
and curing agent (Sylgard 184, Dow Corning), along 
with diethylene glycol (DEG) and ethylene glycol 
(Sigma Aldrich), were used to prepare the PDMS/
DEG and PDMS/EG composites.

2.2. Synthesis of PDMS/DEG and PDMS/EG 
composites

The PDMS prepolymer (α,ω-divinyl poly(di-
methylsiloxane), hereafter referred to as PDMS base) 
was mixed with the curing agent (poly(methyl-hydro-
gensiloxane), PMHS) in a precise weight ratio of 10:1. 
Varying amounts of DEG or EG (10, 20, 30, and 40 
wt.%) were then added to the mixture, followed by 
stirring for 15 minutes to ensure homogeneity. The 
reaction mixture was poured into Petri dishes and de-
gassed in a vacuum-drying chamber for 30 minutes. 
Materials were cross-linked in an oven at 100 °C for 
3 h, followed by an additional vacuum treatment at  
50 °C for 5 h to ensure complete cross-linking.

2.3. Laser-induced graphene production and 
laser parameter optimization strategy

The CO2 laser used to prepare LIG was a DBK 
FL-350 with a wavelength of 10.6 μm. The maxi-
mum power output of the laser is 60 W, and the res-
olution was fixed at 1200 DPI. For each DEG and 
EG concentration (10, 20, 30, 40 wt.%), at least three 
separate samples were processed, with LIG patterned 
into square areas (3 mm x 3 mm). 

We explored a range of laser power (8.7 - 10.2 
W) and scanning speed (35-55 mm s-1), while fixing 
resolution (1200 DPI). These laser parameters were 
used to irradiate PDMS composites with 10-40 wt.% 
DEG and EG concentration. For each set of condi-
tions, we evaluated i) visual appearance (shade of 
black and continuity of LIG) and ii) electrical resis-
tance (measured at two points across the LIG square 
with a multimeter).

2.4. LIG characterization

Electrical measurements were conducted us-
ing a digital multimeter. The probes were spaced 3 
mm apart. 
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Raman spectra of the materials were record-
ed using a DXR Raman microscope (Thermo Fisher 
Scientific, Waltham, MA, USA) with a laser wave-
length of λl = 532 nm and a power of 2 mW, focused 
onto a 2.1 μm spot on the surface. Three measure-
ments at different positions on each sample were per-
formed (10 exposures, 10 seconds each per position). 
The crystallite size along the a-axis (La) was calculat-
ed using the Tuinstra and Koenig equation as follows 
[20,21]:

                                                                                                                  (1)

In equation (1), the ratio ID/IG represents the 
ratio between the intensity of the D band and the G 
band. 

SEM combined with EDX (Phenom, Ther-
mo Fisher Scientific, Waltham, MA, USA) was em-
ployed to analyze material morphology and chemical 
composition. Sample preparation was not required 
for SEM and EDX analysis.

FTIR spectra of PDMS/DEG, PDMS/EG, 
and powdered LIG, obtained by scraping from 
composites, were recorded in transmission mode on 
KBr substrates using an FTIR spectrophotometer 
(Thermo Fisher Scientific, Waltham, MA, USA). 
All spectra were collected in the range from 4000 
to 400 cm-1, with a resolution of 4 cm-1 and 32 scans 
for each sample.

and scanning electron microscopy (SEM) with energy-dispersive X-ray (EDX) analysis. Electrical resistance of 
LIG-containing samples was also measured. The study identified optimal DEG and EG concentration, as well as 
laser parameters, for effective graphene induction. The results indicate that these composites represent promising 
substrates for future wearable sensors intended for monitoring physiological parameters.  
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In equation (1), the ratio ID/IG represents the ratio between the intensity of the D band and the G band.  

SEM combined with EDX (Phenom, Thermo Fisher Scientific, Waltham, MA, USA) was employed to 
analyze material morphology and chemical composition. Sample preparation was not required for SEM and 
EDX analysis. 

3. RESULTS AND DISCUSSION

3.1.	Polymer synthesis

Eight cross-linked PDMS composites containing 
different amounts of EG and DEG (10–40 wt.%) were 
synthesized by hydrosilylation. Cross-linking occurs be-
tween the vinyl groups of the PDMS base and the Si–H 
groups of the curing agent. The scheme of polymer syn-
thesis and LIG formation is depicted in Figure 1.

3.2.	Electrical characterization of LIG on 
PDMS/EG and PDMS/DEG

The PDMS/EG and PDMS/DEG composites 
were irradiated with a CO2 laser, where visual ap-
pearance and electrical resistance were the main fac-
tors for choosing the optimal samples for character-
ization. Electrical resistance measurements for LIG 
on PDMS/DEG showed that the lowest resistance of 
~14 kΩ was measured on a LIG made with 9 W of 
laser power, 45 mm s-1 of laser speed, and a 1200 
DPI resolution. For the LIG on PDMS/EG, electrical 
resistance measurements showed that the lowest re-
sistance of ~30 kΩ was measured for LIG made with 
8.7 W of laser power, 55 mm s-1 of laser speed, and a 
1200 DPI resolution. These values indicate moderate 
electrical conductivity, typical of LIG structures pro-
duced directly on polymeric substrates [9,10].
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recorded in transmission mode on KBr substrates using an FTIR spectrophotometer (Thermo Fisher Scientific, 
Waltham, MA, USA). All spectra were collected in the range from 4000 to 400 cm-1, with a resolution of 4 cm-1 
and 32 scans for each sample. 
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3.3. Raman spectroscopy

Figure 2 depicts the most representative Ra-
man spectra of LIG on PDMS substrate with 10-40 
wt.% DEG concentration. The ratio of the intensity 
of the D to the G peaks and 2D to the G peaks, full 
width at half maximum (FWHM), and crystallite size 
(La) as a function of DEG concentration were ana-
lyzed (Figure 2a, 2b, 2c, and 2d, respectively). All 
spectra are taken from LIG produced with 9 W of 
laser power, a resolution of 1200 DPI, and a scanning 
speed of 45 mm s-1. Raman spectra of LIG on PDMS/
DEG composites show three prominent peaks char-

acteristic of graphene: the D band (~1346 cm⁻¹) re-
lated to defects in sp² carbon domains, the G band 
(~1581 cm⁻¹) assigned to the E₂g vibration of sp²-hy-
bridized carbon atoms, and a 2D band at ~2700 cm-1 
that originates from the second-order mode of the D 
peak [5]. Although Raman spectra of LIG on PDMS 
with 10 wt.% and 20 wt.% DEG concentration shows 
intense D and 2D peaks, in the spectra of other sam-
ples, the bands are not obvious.

Spectral deconvolution was performed to ob-
tain ID/IG, I2D/IG (using the surface below peaks), and 
FWHM, and we calculated La using the Tuinstra and 
Koenig equation. Results are presented in Table 1. 

Materials ID/IG I2D/IG

FWHM (cm-1)
La (nm)

D G
LIG/PDMS/10%DEG 0.50 1.30 42.4 35.8 38.1
LIG/PDMS/20%DEG 0.46 1.36 42.5 34.6 42.1
LIG/PDMS/30%DEG 1.99 0.23 108.9 64.3 9.6
LIG/PDMS/40%DEG 1.24 0.09 84.8 78.2 15.4

Table 1. Intensity ratio of D and G, and 2D and G band for LIG on PDMS/DEG  
made with a 9 W of laser power and a scanning speed of 45 mm s-1.

 
Figure 2. a) Raman spectra of representative samples of LIG on PDMS with various DEG concentration; b) ID/IG and I2D/IG 

as a function of DEG concentration; c) FWHM as a function of DEG concentration; d) La as a function of DEG 
concentration. 

 

Figure 3 depicts the most representative Raman spectra of LIG on PDMS with 10-40 wt.% EG 
concentration, including the ratio of the intensity of the D to the G peaks, the 2D to the G peaks, the full width at 
half maximum (FWHM), and crystallite size (La) as a function of EG content (Figure 3a, 3b, 3c, and 3d, 
respectively). All spectra are taken from LIG produced with 8.7 W of laser power, a resolution of 1200 DPI, and 
a scanning speed of 55 mm s-1. Similar to the Raman spectra of LIG/PDMS/DEG, spectra of LIG on PDMS/EG 
composites show the same three peaks characteristic of graphene. Raman spectra of LIG on PDMS with 10 wt.% 
and 20 wt.% EG concentration similar to Raman spectra of LIG on PDMS with 10 wt.% and 20 wt.% DEG 
concentration shows intense D and 2D peaks. In contrast to that, Raman spectra of LIG on PDMS with 30 wt.% 
and 40 wt.% EG concentration show D and G peaks of similar intensity and a small 2D peak, suggesting that 
more oxidized or disordered graphene formed on those samples. 

Spectral deconvolution was performed to obtain ID/IG, I2D/IG, and FWHM, and we calculated La with the 
Tuinstra and Koenig equation. The results are presented in Table 2. The ratio ID/IG for LIG on PDMS/10%EG 
and PDMS/20%EG is smaller than 1, and the I2D/IG is around 1, like in the case of LIG/PDMS/DEG, suggesting 
again the lowest concentration of defects and formation of bilayer graphene [22,23]. Quantitative analysis (Table 
2) revealed that ID/IG ratios for LIG on PDMS/EG (average ~1.31) were lower than those on PDMS/DEG 
(average ~1.8), indicating fewer structural defects in EG-based composites. Moreover, the largest crystallite size 
(La = 35.8 nm) was observed for LIG on PDMS/20%EG, consistent with the formation of well-defined graphene 
domains [19]. At higher EG concentration (30–40 wt.%), increased ID/IG and broadened FWHM values pointed 
to a higher degree of disorder, corroborating the visual and electrical results. At 30–40 wt.% EG, the material 
became significantly more defective: ID/IG rose to 1.1–1.25, I2D/IG dropped to 0.12–0.27, and FWHM of G 
broadened to 75 cm⁻¹, indicating oxidation and amorphization of the carbon framework. The values used were 
the best of the three positions where Raman spectra were recorded. 

Figure 2. a) Raman spectra of representative samples of LIG on PDMS with various DEG concentration;  
b) ID/IG and I2D/IG as a function of DEG concentration; c) FWHM as a function of DEG concentration;  

d) La as a function of DEG concentration.
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The ratio of the intensity of the D to the G peaks 
for LIG on PDMS/10%DEG and PDMS/20%DEG is 
smaller than 1, suggesting the lowest concentration of 
defects [22]. I2D/IG ratio was around 1, which is com-
mon for bilayer graphene [23]. FWHM as a measure 
of structural disorder shows that low FWHM values 
for the D and G peaks at DEG concentration of 10 
wt.% and 20 wt.% suggest low-disordered material 
[24]. In contrast, samples containing 30 wt.% and 40 
wt.% DEG exhibited higher ID/IG and broader peaks, 
consistent with amorphous or highly disordered car-
bon structures. The values used were the best from 
three positions on each sample where Raman spectra 
were recorded.

Figure 3 depicts the most representative Ra-
man spectra of LIG on PDMS with 10-40 wt.% EG 
concentration, including the ratio of the intensity of 
the D to the G peaks, the 2D to the G peaks, the full 
width at half maximum (FWHM), and crystallite 
size (La) as a function of EG content (Figure 3a, 3b, 
3c, and 3d, respectively). All spectra are taken from 
LIG produced with 8.7 W of laser power, a resolu-
tion of 1200 DPI, and a scanning speed of 55 mm s-1. 
Similar to the Raman spectra of LIG/PDMS/DEG, 

spectra of LIG on PDMS/EG composites show the 
same three peaks characteristic of graphene. Raman 
spectra of LIG on PDMS with 10 wt.% and 20 wt.% 
EG concentration similar to Raman spectra of LIG 
on PDMS with 10 wt.% and 20 wt.% DEG concen-
tration shows intense D and 2D peaks. In contrast to 
that, Raman spectra of LIG on PDMS with 30 wt.% 
and 40 wt.% EG concentration show D and G peaks 
of similar intensity and a small 2D peak, suggesting 
that more oxidized or disordered graphene formed 
on those samples.

Spectral deconvolution was performed to ob-
tain ID/IG, I2D/IG, and FWHM, and we calculated La 
with the Tuinstra and Koenig equation. The results 
are presented in Table 2. The ratio ID/IG for LIG 
on PDMS/10%EG and PDMS/20%EG is smaller 
than 1, and the I2D/IG is around 1, like in the case 
of LIG/PDMS/DEG, suggesting again the lowest 
concentration of defects and formation of bilay-
er graphene [22,23]. Quantitative analysis (Table 
2) revealed that ID/IG ratios for LIG on PDMS/EG 
(average ~1.31) were lower than those on PDMS/
DEG (average ~1.8), indicating fewer structural de-
fects in EG-based composites. Moreover, the largest 

Figure 3. a) Raman spectra of representative samples of LIG on PDMS with various EG concentration;  
b) ID/IG and I2D/IG as a function of EG concentration; c) FWHM as a function of EG concentration;  

d) La as a function of EG concentration.

Table 2. Intensity ratio of D and G, and 2D and G band for LIG on PDMS/EG made with an 8.7 W of laser power and a 
scanning speed of 55 mm s-1. 

Materials ID/IG I2D/IG FWHM (cm-1) La (nm) D G 
LIG/PDMS/10%EG 0.94 0.45 70.9 64.8 20.4 
LIG/PDMS/20%EG 0.54 1.03 59.5 42.7 35.8 
LIG/PDMS/30%EG 1.25 0.12 100.9 75.1 15.4 
LIG/PDMS/40%EG 1.10 0.27 90.3 75.4 17.6 

 
Figure 3. a) Raman spectra of representative samples of LIG on PDMS with various EG concentration; b) ID/IG and 

I2D/IG as a function of EG concentration; c) FWHM as a function of EG concentration; d) La as a function of EG 
concentration. 

3.4. FTIR spectroscopy 
 
FTIR spectra of PDMS/DEG and PDMS/EG composites (10 and 40 wt.%) and their corresponding LIG 

samples are presented in Figure 4. A broad band at ~3400 cm⁻¹, attributed to O–H stretching vibrations, was 
pronounced in DEG-rich composites but much weaker in EG-based ones compared to the remaining spectral 
features. 

Strong absorptions near 2900 and 2960 cm⁻¹ (νas and νs CH₂) were evident in the pristine composites but 
strongly reduced after laser irradiation, reflecting the removal of aliphatic groups during carbonization. A weak 
band near 1600 cm⁻¹, absent in pristine PDMS, may arise from secondary reactions of EG/DEG with PDMS or 
partially oxidized carbon domains [10]. 

The expected graphenic C=C stretching near 1630 cm⁻¹ was not clearly detected in LIG spectra. This 
absence is explained by the dominance of a broad, intense band centered near 1100 cm⁻¹, attributed to Si–O–Si 
and SiO₂ nanoparticles formed by PDMS decomposition under high-temperature CO₂ laser irradiation [7,10]. 
This overlap masks weaker C=C contributions. A low-intensity peak near 1400 cm⁻¹ (C–H deformation) was 
observed only in LIG/PDMS/DEG. Bands below 1200 cm⁻¹, especially at 840–860 cm⁻¹ (–CH₃ rocking in Si–
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crystallite size (La = 35.8 nm) was observed for LIG 
on PDMS/20%EG, consistent with the formation of 
well-defined graphene domains [19]. At higher EG 
concentration (30–40 wt.%), increased ID/IG and 
broadened FWHM values pointed to a higher degree 
of disorder, corroborating the visual and electrical 
results. At 30–40 wt.% EG, the material became sig-
nificantly more defective: ID/IG rose to 1.1–1.25, I2D/
IG dropped to 0.12–0.27, and FWHM of G broadened 
to 75 cm⁻¹, indicating oxidation and amorphization 
of the carbon framework. The values used were the 
best of the three positions where Raman spectra were 
recorded.

Table 2. Intensity ratio of D and G, and 2D and G band 
for LIG on PDMS/EG made with an 8.7 W of laser power 

and a scanning speed of 55 mm s-1.

Materials ID/IG I2D/IG

FWHM 
(cm-1) La 

(nm)
D G

LIG/PDMS/10%EG 0.94 0.45 70.9 64.8 20.4

LIG/PDMS/20%EG 0.54 1.03 59.5 42.7 35.8

LIG/PDMS/30%EG 1.25 0.12 100.9 75.1 15.4

LIG/PDMS/40%EG 1.10 0.27 90.3 75.4 17.6

3.4. FTIR spectroscopy

FTIR spectra of PDMS/DEG and PDMS/EG 
composites (10 and 40 wt.%) and their correspond-
ing LIG samples are presented in Figure 4. A broad 
band at ~3400 cm⁻¹, attributed to O–H stretching vi-
brations, was pronounced in DEG-rich composites 
but much weaker in EG-based ones compared to the 
remaining spectral features.

Strong absorptions near 2900 and 2960 cm⁻¹ 
(νas and νs CH₂) were evident in the pristine com-
posites but strongly reduced after laser irradiation, 
reflecting the removal of aliphatic groups during car-
bonization. A weak band near 1600 cm⁻¹, absent in 
pristine PDMS, may arise from secondary reactions 
of EG/DEG with PDMS or partially oxidized carbon 
domains [10].

The expected graphenic C=C stretching near 
1630 cm⁻¹ was not clearly detected in LIG spectra. 
This absence is explained by the dominance of a 
broad, intense band centered near 1100 cm⁻¹, attribut-
ed to  Si–O–Si and SiO₂ nanoparticles  formed by 

PDMS decomposition under high-temperature CO₂ 
laser irradiation [7,10]. This overlap masks weaker 
C=C contributions. A low-intensity peak near 1400 
cm⁻¹ (C–H deformation) was observed only in LIG/
PDMS/DEG. Bands below 1200 cm⁻¹, especially at 
840–860 cm⁻¹ (–CH₃ rocking in Si–CH₃), remained 
prominent in composites and can indicate that Si-C is 
formed due to the thermal degradation of the PDMS 
matrix [10]. 

Figure 4. a) FTIR spectra of PDMS with 10 and 40 wt.% 
DEG, and LIG on PDMS with 10 and 40 wt.% DEG;  

b) FTIR spectra of PDMS with 10 and 40 wt.% EG, and 
LIG on PDMS with 10 and 40 wt.% EG concentrations.

3.5.	SEM-EDX

Figure 5 depicts SEM micrographs of the 
cross-section of LIG on PDMS/DEG (Figure 5a) 
and PDMS/EG (Figure 5b) composites with 20 

CH₃), remained prominent in composites and can indicate that Si-C is formed due to the thermal degradation of 
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wt.% glycol concentration, chosen for their optimal 
quality as judged from Raman spectra. For the LIG/
PDMS/20%DEG, laser parameters were 9 W of laser 
power, scanning laser speed 45 mms-1 and resolution 
of 1200 DPI, and for the LIG/PDMS/20%EG, laser 
parameters were 8.7 W, 55 mm s-1 laser speed, and 
1200 DPI resolution. Porous, foam-like morphology 
was more pronounced in DEG-based samples. 

EDX analysis showed the elemental composi-
tion of LIG in both samples. Both samples show high 
concentrations of carbon, which suggests the forma-
tion of LIG [3,19,20]. For LIG on PDMS/DEG, the 
atomic concentrations of C, Si, and O are 37.8%, 
23.7%, and 38.4%, respectively. For LIG on PDMS/
EG, the atomic concentrations of C, Si, and O are 
45.4%, 21.8%, and 32.7%, respectively. The higher 
carbon fraction and reduced oxygen content in EG-
based samples support more efficient carbonization, 
in agreement with Raman results showing low ID/IG 
values at 20 wt.% EG. 

4. CONCLUSION

In this work, we demonstrated the successful 
laser induction of graphene on novel biocompatible 
PDMS/DEG and PDMS/EG composites. Systematic 
physicochemical characterization by Raman, FTIR, 
and SEM-EDX confirmed the formation of laser-in-
duced graphene and provided insight into the role of 
glycol additives modifiers in tailoring their proper-
ties. The lowest electrical resistance (~14 kΩ) was 

obtained for LIG on PDMS/DEG fabricated at 9 W 
laser power, 45 mm s⁻¹ scanning speed, and 1200 
DPI resolution, while LIG on PDMS/EG exhibited 
the lowest resistance (~30 kΩ) at 8.7 W, 55 mm s⁻¹, 
and 1200 DPI. These values reflect moderate con-
ductivity, typical for LIG produced on polymeric 
matrices [9,10].

Raman spectroscopy revealed the characteris-
tic D, G, and 2D bands of graphene. Low ID/IG ratios 
and narrow FWHM values at 10–20 wt.% ethylene 
glycol compound content indicated reduced defect 
density and improved graphene ordering. Compara-
tive analysis showed that LIG on PDMS/EG exhibit-
ed fewer defects and larger crystallite sizes than LIG 
on PDMS/DEG, suggesting that EG is a more ef-
fective modifier for promoting graphene formation. 
Excessive loading of DEG and EG (30–40 wt.%) in 
PDMS led to structural degradation and poor-quali-
ty LIG. FTIR spectra provided additional supporting 
evidence of LIG formation, although certain charac-
teristic peaks overlapped with those originating from 
SiO₂ nanoparticles formed during thermal decompo-
sition of PDMS. SEM revealed the porous morphol-
ogy typical of LIG, while EDX confirmed increased 
carbon content, with ~45% for EG-based composite 
and ~38% for DEG-based composite.

Overall, the results demonstrate that PDMS/
DEG and PDMS/EG composites are promising can-
didates for flexible substrates in wearable electron-
ics. Future work will focus on more comprehensive 
physicochemical characterization, optimization of 
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poor-quality LIG. FTIR spectra provided additional supporting evidence of LIG formation, although certain 
characteristic peaks overlapped with those originating from SiO₂ nanoparticles formed during thermal 
decomposition of PDMS. SEM revealed the porous morphology typical of LIG, while EDX confirmed increased 
carbon content, with ~45% for EG-based composite and ~38% for DEG-based composite. 

Overall, the results demonstrate that PDMS/DEG and PDMS/EG composites are promising candidates for 
flexible substrates in wearable electronics. Future work will focus on more comprehensive physicochemical 
characterization, optimization of electrical and mechanical properties, and the integration of these composites 
into wearable sensors for biomedical and sports applications. 
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electrical and mechanical properties, and the integra-
tion of these composites into wearable sensors for 
biomedical and sports applications.
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ЛАСЕРСКИ ИНДУКОВАН ГРАФЕН НА ПДМС-у СА ГЛИКОЛНИМ 
ЈЕДИЊЕЊИМА КАО ПОТЕНЦИЈАЛНИ НОСИВИ СЕНЗОР

Caжетак: Ласерски-индукован графен (LIG) је постао тема бројних истраживања у последњих де-
сет година, са значајном применом у праћењу физиолошких процеса области спорта и медицине. 
Његова својства као што су добра електрична проводљивост, пиезорезистивност, флексибилност 
и ниски трошкови производње га чине погодним материјалом за примену у носивој електроници 
и сензорима. Поли(диметилсилоксан) (PDMS) је привукао пажњу као супстрат за носиве сензо-
ре због своје добре биокомпатибилности, еластичности и механичких својстава. Међутим, због 
малог удела угљеникових атома у њему, потребно је модификовати га са гликолним једињењима 
богатим угљеником као што су ди(етилен гликол) (PDMS/DEG) и етилен гликол (PDMS/EG). У 
овом раду је представљена ласерска индукција графена на полимерним композитима PDMS/DEG 
и PDMS/EG-а, електронска испитивања и физичко-хемијска карактеризација. Оптимизацијом ла-
серских параметара је постигнут LIG са најнижом електричном отпорношћу, где узорци LIG-а 
на PDMS/DEG-у имају бољу површинску морфологију од узорака на PDMS/EG. У раманским 
спектрима уочавају се траке Д, Г и 2Д, карактеристичне за графен. Анализа ИЦ спектара, као 
и асигнација трака у инфрацрвеној спектроскопији и скенирајућа електронска микроскопија су 
потврдили структуру графена. На основу свих резултата испитивања новог материјала показано 
је да је оптимална концентрација гликолних једињења у PDMS-у 20 мас.%. У будућности, овај ма-
теријал има потенцијал да буде коришћен у сврхе мерења физиолошких процеса и покрета удова.
Kључне речи: ласерски-индукован графен, поли(диметилсилоксан), диетилен гликол, етилен 
гликол.
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