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A B S T R A C T   

Electronic skins (e-skins), composed of various flexible sensors, mimic the sensing functions of human skin 
aiming for both healthcare monitoring and prosthetics development applications. So far different multi- 
component e-skin devices aimed to fulfill different requirements (biocompatibility, skin adhesion, flexibility, 
conductivity, sensitivity towards biological stimuli and stretchability) have been reported. However, the 
obtaining of such devices combining all the above requirements within a single material that simplifies not only 
cost but specially functioning still remains a challenge. For this, catechol-based materials have attracted special 
attention due to their adhesive properties, compatibility and melanin-like electrical conduction. In this work, 
2,3,6,7,10,11 – hexahydroxy triphenylene (HHTP) was used as catechol moiety in a typical melanin-like poly
merization, resulting in a free-standing melanin-inspired film (MN-film). The obtained MN-film showcased good 
conductivities with dual charge carriers (electrons and ions) under different environments, i.e. pure water and 
buffers simulating sweat. Large biocompatibility, adhesion and conformability to skin were obtained as well, 
allowing to implement the film in wearable electronic on-skin devices on porcine skin. Measurements in 
wearable devices indicated large sensitivity towards different stimuli (strain, motion and temperature) under 
sweat-like conditions.   

1. Introduction 

In the recent years, bioelectronics has emerged as ground-breaking 
field with several point-of-care applications more notably on skin, 
henceforth referred as e-skin devices [1,2]. Conformability and 
strain-dependent electrical conductance of e-skin and wearable devices 
have opened the way to remarkable applications as body motion [3], 
tactile sensors or monitoring of bodily electrical signals as electromy
ography or electrocardiography (ECG) [4] or cardiac ultrasound [5]. On 
top of that, physiological recording of parameters such as temperature, 
light, respiratory and humidity is giving rise to human-machine in
terfaces for artificial intelligence and precise movement control of 
prosthetics [6–8]. Commercial skin electrodes commonly used nowa
days in medical monitoring are typically rigid and made with conven
tional conductors, though their characteristics are still far from the 
needs of ideal e-skin devices. First, these electrodes are conformed of 
rigid metal pads implemented on the skin with aggressive gels and ad
hesives [9]. Further than the possibility of causing skin or allergic irri
tation, these planar electrodes do not properly adapt to the skin 

roughness and wrinkled surface lacking in conformability [6,10]. The 
subsequent voids between the skin and the electrode not only lead to a 
large electrical impedance, hindering thus the electronic monitoring, 
but also implies a very low electrode adhesion and consequently 
short-term stable recording [11]. Moreover, current commercial elec
trodes are not suitable during intensive body performance as they have 
proven to not be water or sweat resistant [12]. Thus, novel materials for 
e-skin devices have been sought. 

Said materials should meet several characteristics, mainly though 
not exclusively: I) robust skin adhesion [13,14], preferably with a large 
conformability to the skin surface and/or large elasticity and stretch
ability to adapt to body shapes and follow movements [1,9], II) should 
have low electrical contact impedance with skin (typically below 20 kΩ) 
to ensure good electrical contact during the bodily signal measurement 
[6,9] and last but not least, III) be water-proof with resistant adhesion to 
skin under wet or sweat like conditions. 

Natural hydrogels with bioadhesive and self-healing properties have 
been reported in numerous and interesting health care applications 
[15]. Their remarkable stiffness modulus and high hydrophilicity made 
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them also very attractive for e-skin devices [10], though due to their lack 
of inherent carrier conduction they often require doping to enhance 
electrical conductivity [4]. Free-standing conductive thin films 
compatible with current device fabrication techniques represents a 
noteworthy alternative [12,16]. The reported devices are principally 
based on multilayered stacked thin films, performing each layer a 
different and distinct functionality, from adhesion to conduction. For 
instance, Ding and co-workers developed a highly elastic and breathable 
e-skin device, exhibiting a large pressure sensibility within the 0–175 
kPa range, upon superposition of a highly elastic fibrous polyurethane, a 
conductive carbon fiber layer and a polyvinylidene fluoride triboelectric 
sensing coating [17]. In another example, Chen and co-workers intro
duced a bubble-like stretchable Janus thin film with high adhesion to the 
skin surface that enabled body motion, breathing and pneumatic 
monitoring [18]. The film comprised a hydrophilic/hydrophobic inter
phase as it consisted of a polydimethylsiloxane (PDMS) layer introduced 
over a carbon nanotube thin film. Similar devices were reported by Xue 
and co-workers [19]. The material synthetized at liquid-air interface 
consisted of a carbon nanotube thin film coated by a thermoelastic 
polymer on its upside layer and by PDMS on the water-side layer. The 
PDMS coating enhanced the hydrophobicity of the film whereas the 
thermoelastic polymer conferred it a large strain resistance. The device 
was used as pulse and movement sensor with large and stable perfor
mance under different wetting conditions, pHs and presence of salts or 
alkali, suggesting compatibility with sweat during body motion. 

Beyond multilayered devices, wearable electronics conformed by a 
unique single material will represent an ideal scenario if we really want 
to simplify the operation and manufacturing costs. However, it is not 
easy to design a solid material that meets all the previously mentioned 
conditions of conductivity, flexibility, adhesion, and strength. 

To achieve this objective, we hypothesize that melanin-inspired thin 
films can arise as competitive candidates. Eumelanin are natural pig
ments with a contrasted biocompatibility and inherent ionic conduction 
in the wet state and electronic conduction in the dry state [20–22]. On 
top of that, main building blocks of eumelanin composition are catechol 
groups, which confer good adhesive properties over a wide variety of 
surfaces even in aqueous environments [21] to tissues [23] and skin for 
wound healing [24]. Notoriously, inclusion of catechol moieties and 
polydopamine in wearable electronics has already been explored both in 
hydrogels [25–27] and multifunctional thin films [28,29]. Exemplarily, 
tannic acid was included in an acrylamide and cellulose based hydrogel 
(doped with silver ions to enhance electrical conduction for body motion 
detection) proving to be a good adhesive [25]. On the other hand, pol
ydopamine derived polymers were used as adhesive layer of on-skin 
electrodes for ECG monitoring with a high skin conformability but 
also long-term stable heartbeat recording, including monitoring during 
intense exercise [29] and under-water activity [28]. Nonetheless, good 
electrical conduction of these electrodes was achieved by depositing a 
conductive gold layer on top of the polydopamine-based polymer, 
coated by a hydrophobic polymer due to the low conductivity of the 
adhesive layer alone. Though, as far as we know, no single sticky 
catechol-based thin-film with good electrical conductivity for devel
oping e-skin devices has been described. 

Herein we have achieved this objective upon the melanin-like 
polymerization of the tris-catechol 2,3,6,7,10,11-hexahydroxytripheny
lene (HHTP). The electronic delocalization of the aromatic core, already 
used to prepare conductive Metal-Organic Frameworks (MOFs) and 
Covalent Organic Frameworks (COFs), is intended to confer additional 
conductive properties to melanin-like polymers [30]. The resulting 
free-standing melanin-inspired film (MN-film) exhibits dual charge 
carrier conduction mechanisms, great biocompatibility and adhesion to 
skin of the MN-films, which prompted their use as e-skin devices that 
monitor multiple bodily signals. 

2. Results and discussion 

Melanin-like polymerization is achieved from the crosslinking be
tween catechol groups and bis-amine molecules as nitrogen base species 
[31]. First experiments were done by directly mixing carbonate aqueous 
buffer solutions of HHTP and PPD (for more info in the reference pro
tocol see Supporting Information Fig. S1). The overall solution turned 
immediately brown as an indicator of melanin-like polymerization. 
Within minutes, sub-millimeter sized thin films were already observed 
in the water-air interface and remained of similar sizes after 24 h indi
cating a fast nucleation and polymerization. Likely, analogous reactions 
performed with methanolic solutions did not lead to observable films 
nor precipitation at naked eye not even after 24 h (see Supporting In
formation Fig. S2a). However, upon drop casting of the suspension, thin 
plate-like particles with micrometer range lateral could be observed 
with scanning electron microscopy (SEM) after solvent evaporation (see 
Supporting Information Fig. S2b). 

Due to the partial failure of these approaches, liquid-liquid interfa
cial approach was pursued afterwards to ensure a controlled slow 
polymerization. For this, HHTP was reacted with p-phenylenediamine 
(PPD) using an interfacial polymerization, a well-known methodology 
for the fabrication of functional COF films (see Fig. 1) [30]. The syn
thetic protocol consists in pouring a saturated ethyl acetate solution of 
HHTP over an aqueous solution of PPD, ensuing a centimeter long 
brown film on top of the aqueous phase (see Supporting Information 
Fig. S3). The obtained films presented a Janus character (with a more 
rough but adhesive surface on the water side and a smooth surface on 
the ethyl acetate face). Additionally, the film showed a not negligible 
conductance though it was critically affected by several grain bound
aries and defects created upon film manipulation while the films were 
too brittle to be free-standing as already observed in previously 
described melanin-inspired films [32]. 

So, the reaction was repeated including now Xanthan Gum as 
biocompatible additive, creating a liquid-liquid interface for slow 
diffusion of HHTP into the aqueous phase. After three days of reaction, 
the remaining ethyl acetate solution was removed finding the free- 
standing melanin-like film (MN-film) on top of the aqueous phase (see 
Supporting Information Fig. S4). Remarkably, the MN-films proved to be 
considerably thin, very flexible, and highly stable under wetting con
ditions. In fact, a film expanded over the water-air interface upon con
tact with water remains stable without suffering structural damages for 
weeks. Scanning electron microscopy (SEM) images (Fig. 1b) showed a 
smooth and crack-free surface with lateral sizes in the centimeter range. 
The FT-IR spectrum of MN-films (Fig. 1c) showed a wide absorption 
peak at ~3300 cm− 1 corresponding to the largely energetic ν(O–H) from 
HHTP and a peak at ~1500 cm− 1 associated the ν(C–N) band of the PPD. 
Additional peaks from the δ(O–H) and δ(N–H) groups are seen at ~1620 
cm− 1 though shifted to lower wavenumbers (~20 cm− 1 shift) with 
respect to the free HHTP and PPD, fact attributed to its participation in 
the polymerization process [31]. Additional ν(C–H) vibrations at 
~2920 cm− 1 and suppression of the peaks at 1720 and 1600 cm− 1 

corresponding to the δ(O–H) modes may indicate the incorporation of 
the Xanthan Gum. 

Finally, and worth to mention, the side of the MN-film facing the 
water phase along the synthesis is high hydrophilicity; in contact with 
water expands while upon exposition to air after pulling the MN-film out 
of the interface induces its folding (see Video S1 in the Supplementary 
Information and Fig. 1d). This process can be reversibly repeated several 
times without damaging, indicating a large robustness but when trying 
to recover the film by fishing on top of a silicon substrate, the film avoids 
contact with the surface remaining at the water-air interface (see Video 
S2 in the Supplementary Information). On the contrary, the film side 
facing the ethyl acetate phase along the synthesis resulted more hy
drophobic so it remains folded in contact with water. 

To assess the skin adhesion properties, our film was deposited on top 
of wetted untreated porcine skin and the excess of water was gently 
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Fig. 1. (a) Synthetic protocol for the obtaining of the free-standing MN-film. (b) SEM images of the free-standing MN-film. (c) Comparative IRs of the free-standing 
MN-film and the starting reagents. (d) The MN-film deposited at the water-air interface in a water-filled Petri dish was pulled in and out repeatedly, observing its 
folding into a fibre upon pulling out of the water, avoiding exposing its hydrophilic surface. 
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removed with a tissue. The film remained on the skin with high adhesion 
imitating the natural melanin pigmentation (Fig. 2a) both under wet and 
dry conditions, reproducing the complex skin surface and adapting to its 
wrinkles and porosities (Fig. 2b). 

Moreover, the film can be shaped with different designs aiming for 
personalized tattoo-like e-skin electrodes (Fig. 2h and i). For instance, 
circular shapes could be obtained upon using a circular puncher cutter 
(Fig. 2h) or even more complex butterfly-like forms upon manual cutting 
(Fig. 2i). Interestingly, when the porcine skin was stretched and 
deformed reproducing typical skin stresses (see Video S3 in Supporting 
Information and Fig. 2c–f) the adhesive capabilities nor the conform
ability of the film to the skin was modified, as shown by the inset of 

Fig. 2h. Finally, waterproofing of the on-skin adhered films was tested 
on the hand of a volunteer, moving it underneath water. Worth-to- 
mention, the film remained adhered to the skin when immersing and 
withdrawing the hand in water and when moving the hand side-to-side 
underneath steady water flow (see Video S4 in Supporting Information 
and Fig. 2g). Nevertheless, the film can be reversibly removed under 
high flows of warm water for a prolonged period of time (see Video S5 in 
Supporting Information and Fig. S5). In any case, the biocompatibility 
and low toxicity was confirmed by culturing 3 mm in diameter disks of 
MN-films with epithelial fibroblast cells for 24 h. Cell viability was 
measured to be 90.14 ± 2.35 % suggesting high biocompatibility and 
lack of possible skin irritation (Fig. 3d). Besides, considering the topical 

Fig. 2. (a) Photograph of MN-films adhered on pork skin. The light brown stains correspond to natural melanin pigmentation of the skin. (b) Magnified picture of the 
MN-films adhered on pork skin showing the large conformability imitating the skin pigmentation to the skin. Natural wrinkles of the skin are well reproduced. (c–f) 
Photographs of pork skin deformations with e-skin devices of different sizes on top. Skin deformations are indicated on the picture: Stretching, bending and com
pressing of the skin and skin-skin touch with the film in the middle. (g) Photographs extracted from a video. MN-film was previously deposited on the volunteer’s 
hand. The hand was pulled in and out of a water bath repeatedly. MN-film remained adhered to the skin. (h) and (i) Photographs of circular and butterfly-shaped MN- 
films deposited on a volunteer’s hand. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 
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application, the MN-film was put in contact with the skin of volunteers 
for 24 h. As a result, no signs of inflammation, irritation or erythema 
were observed on the skin. 

As both electron and ion conduction are expected, frequency 
dependent electrical AC measurements were also tested using a Lock-in 
amplifier system [34] and four-wire spring loaded indentation contacts 
on flat films deposited on insulating glass substrates that minimize 
mechanical stress under wetting conditions (Fig. 3b). As seen in the 
sheet resistance variation with the frequency (Fig. 3c red curve), films at 
100 % RH (i.e. fully wetted in water) exhibited two conduction regimes 
depending on the applied frequency corresponding to the two plateau of 
the Boltzmann sigmoidal. At low frequencies, high sheet resistances are 
obtained stabilizing at Rsheet = 98 ± 2 kΩ. Worth-to-mention, the sheet 
resistance at low frequencies converges to the value obtained when 
measuring the wet thin film in conventional four-wire DC measurements 
with the same contacts. This region corresponds to mostly electronic 
conduction as constant currents in the DC regime disable proton and ion 
conduction through full polarization of water molecules and ionic spe
cies (i.e. electrode polarization). On the other hand, at high frequencies, 
the sheet resistance critically decreases, reaching values of Rsheet = 3 ±
2 kΩ, confirming the contribution of both electron and proton charge 
carrier conduction. Observation of a steady plateau at higher fre
quencies could not be obtained due to the limitations of the setup: as 
observed during calibration of the equipment with high precision 
commercial resistors, interferences in the signal coming from copper 

cabling arise at frequencies higher than 73.5 kHz. Considering the 
thickness of the film (7 ± 2 μm as observed in SEM images), conductivity 
values of σ = 15 ± 4 mS cm− 1 and σ = 0.5 ± 0.2 S cm− 1 are obtained 
respectively for low and high frequency ranges. Worth-to-mention, the 
free-standing films did not show charge transport under dry conditions 
(i.e. very high electrical resistance). On a firsthand, this could be 
tentatively attributed to the arising of grain boundaries and/or frag
mentation of the thin film into small domains (arising from the infil
tration of Xanthan Gum into the conductive thin film) upon drying. 
Upon wetting the films, gum infiltrated gets solubilized cohering and 
healing the conductive thin film for charge carrier conduction. 

Such effects of the hydration on the conductivity are inherent to 
melanin-inspired materials as presence of water in eumelanin materials 
promote the generation of ionic and radical species within the material 
(see Fig. 3a). On a first hand, an equilibrium between fully reduced 
catechol group (QH2) and fully oxidized quinone (Q) groups found in 
eumelanin structures can occurs upon hydration giving rise to different 
protonated states and permitting thus proton conduction [35,36]. 
Furthermore, as humidity also reduces catechol moieties to 
semi-quinones (SQ) and several semi-quinone anions (SQ− ) inducing the 
formation of free-radicals which further contribute to the electronic 
charge carrier transport [20]. Other effects as stacking of aromatic cores 
(mediated by van der Waals, π-π stacking and hydrogen bonds) can also 
contribute to electron charge carrier conduction via electron hopping 
from aromatic to aromatic core [20]. Accordingly, natural eumelanin 

Fig. 3. (a) Scheme on redox reactions occurring within eumelanin in the presence of water. Adapted with permission [33]. Copyright 2019, RSC Advances. Several 
states are either ionic or radical species which justify the enhanced conductivity in the wetted state and the ionic conduction. (b) Insets: Photograph of four-wire 
spring loaded indentation electrodes and scheme of the measurement. (c) AC frequency dependence and DC sheet resistances of MN- films wetted with pure MQ 
water (red curve) and physiological sweat-like PBS buffer (blue curve). (d) Fibroblast cell viability in presence of the MN-films. (For interpretation of the references to 
color in this figure legend, the reader is referred to the Web version of this article.) 
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typically exhibit semiconducting conductivity values of 10− 2-10− 3 S 
cm− 1 under dry conditions even over long millimetric distances [21,22]; 
and these values in natural eumelanin can be enhanced up to three or
ders of magnitude depending on the hydration conditions. Noteworthy, 
hydration increases eumelanin conductivity exponentially with small 
water increases [33]. Worth-to-mention, our MN-films show all high 
conductivities (without the need of dopants), good adhesion and 
biocompatibility which is hardly find in other melanin as shown in the 
comparison in Table S1 in the Supporting Information. 

Remarkably, upon wetting our free-standing films with Phosphate 
Buffer Solution (PBS) in an attempt to mimic physiological sweat-like 
conditions [37], the measured sheet resistances proved to be much 
less dependent on the applied frequency presenting a constant plateau 
value around 6.6 ± 0.2 kΩ at low frequencies (Fig. 3c blue curve). These 
lower values may arise from the large concentration of ions and their 
strong contribution to the charge transport. Also, the presence of 
phosphate ions in the sweat-like conditions further contribute to the 
formation of different protonated state in the MN-film and hence 
increasing the previously commented proton conduction. Electrical DC 
measurements performed on the thin film under sweat-like conditions 
agree with this statement since larger sheet resistances of Rsheet = 55 ±
5 kΩ are obtained indicating a large ionic contribution as anticipated 
also in the AC measurements. 

Finally, the electrical performance of the films was studied on a real 

pork skin as proof-of-concept. Untreated porcine skins were obtained 
from pig’s flank within the 24 h post-mortem to ensure the highest 
resemblance to a living patient’s skin. After several washes in MilliQ 
water, the dry MN-films were deposited on top of the wetted porcine 
skin and the excess of water gently removed by placing an absorbent 
tissue on top for a minute. Copper-tape contacts on polyimide substrates 
were mechanically deposited on top of the film and DC four-wire re
sistances were measured initially on flat samples under wetting condi
tions with pure water. Values of 228 ± 6 kΩ were obtained, similar to 
those previously found for the free-standing thin film. To assess the 
possible response of the e-skin device to body movement, the pork skin 
was afterwards fixed to a flexible substrate that can be bended either 
downwards or upwards with a bending radius of 17.5 cm (see Fig. 4a). 

As the polyimide substrate with the copper contacts has a very large 
Young modulus, the device and contact geometry remains unchanged 
upon bending. Sheet resistance of the e-skin device under wet conditions 
decreased upon bending, with similar values for both upward and 
downward bending (175 ± 16 kΩ and 172 ± 18 kΩ, respectively). This 
effect has been recently studied and attributed to effects of compressing 
melanin-like films [38]. Upon contracting the MN-film as done when 
bending, desorption of the water molecules towards the surface of the 
film and compression of the conductive melanin domains occurs 
simultaneously. Therefore, a thinner layer of hydration is obtained 
enhancing the proton conduction and along with a more compact film 

Fig. 4. (a) Measured four-wired sheet resistance values of melanin-inspired HHTP-based film wearable e-skin devices under pure water wetting conditions and under 
different bending conditions. Type and photographs of each bending are indicated underneath each measurement. (b) Measured four-wired sheet resistance values of 
e-skin devices under sweat-like wetting conditions and under different bending conditions indicated underneath each measurement. (c) Four-wire DC V–I curves of e- 
skin devices under sweat-like wetting conditions and under different linear stretching and temperature conditions. RT measurements can be found in blue and 
measurements at body-like temperatures are in green. Lighter colors correspond to stretching the skin at 15 %. (For interpretation of the references to color in this 
figure legend, the reader is referred to the Web version of this article.) 
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with better percolation between melanin domains which increases the 
electron conduction. Lower sheet resistances were obtained upon wet
ting the skin with PBS buffer emulating a physiological sweat-like con
ditions instead of water, as previously found for the free-standing thin 
MN-films. Four-wire DC measurements wetted with sweat-like buffer 
were also performed in the shown sequence: flat, bended downwards, 
flat again and bended upwards (Fig. 4b). The obtained values were 1.74 
± 0.01, 1.44 ± 0.01, 1.84 ± 0.01 and 1.63 ± 0.01 kΩ, respectively. 
Worth-to-mention, the measurements showcase a large reproducibility, 
with very low standard deviations, stating the stability of the film and 
electrode contacts within the working conditions. To evaluate the strain 
sensitivity of our films, we performed four-wire DC V–I measurements in 
relaxed and linear strained (estimated fixed strain at 15 %) flat positions 
of the pork skin under PBS wet conditions at room temperature (27 ◦C) 
(Fig. 4c light and dark blue curves). 

The polyimide substrate with the copper contacts remained un
strained, thus electrode dimensions did not change. The pork skin with 
the film was stretched and fixed it mechanically and the contacts me
chanically deposited afterwards; this procedure guarantees the same 
distance between electrodes even at large strain values of 15 %. Highly 
linear and reproducible V–I curves were obtained, indicating a clear 
sheet resistance dependence on the strain (i.e. increasing resistance at 
larger strain induced by the expansion of the film and the separation of 
melanin conductive domains). The estimated Gauge Factor (GF) was 
estimated to be GF~8.8 (Rsheet

0% = 13.8 ± 0.8 and Rsheet
15 % = 32 ± 1 kΩ for 

normal and strained samples, respectively), indicating a large and good 
sensitivity for sensors to monitor body movement. Worth-to-mention, 
the obtained GF values are similar to those previously reported for 
related thin film-based e-skin devices [18] and even higher than 
hydrogel-based e-skin devices [25] and graphene-based tactile sensors 
[12]. These measurements were repeated at 37 ◦C emulating body 
temperature resulting in linear and reproducible V–I curves with sheet 
resistance values of Rsheet

0% = 9.1 ± 0.2 and Rsheet
15 % = 21 ± 2 kΩ for relaxed 

and strained at 15 % e-skin devices respectively. This represents a 
conductivity increase in both cases though a similar value of the gauge 
factor with GF~8.7. Sheet resistance temperature dependence was also 
studied. A decrease for both relaxed and strained conditions upon 
increasing the temperature exhibited thermally activated behavior. The 
sensitivity to temperature was estimated calculating the temperature 
resistance coefficient of TRC = 3.4 %/K for both relaxed and strained 
conditions, independently of the stress applied to the e-skin device. 

3. Conclusions 

In summary, the results presented throughout this work show that 
largely conductive melanin-inspired free-standing thin films can be 
obtained by polymerization of HHTP catechol with a bisamine. The 
developed thin films exhibited a good electronic conductivity and per
formance under wet conditions, high biocompatibility with epithelial 
fibroblast cells and large adhesion and conformability towards porcine 
and human skin. Noteworthy, the films showcased dual charge carrier 
conduction giving rise to frequency variable conductivities of 15 ± 4 mS 
cm− 1 and 0.5 ± 0.2 S cm− 1 for low and high frequencies, respectively. 
Furthermore, the films could be implemented into porcine skin with an 
excellent performance, being sensitive to bending and stretching 
(regardless of the sweat content) and exhibiting a large gauge factor of 
GF = 8.8 independently of the applied temperature. Moreover, the film 
conductivity exhibited a remarkable temperature sensitivity (TCR = 3.4 
% K− 1) under sweat-like conditions and independently of the applied 
strain, being potentially used not only for body motion (as for instance 
ECG or electromyogram) but also to temperature monitoring. Worth-to- 
mention, sensitivities to sweat, strain and temperature factors seemed to 
be independent, making selective sensing feasible while minimizing 
crosstalk. These results open the venue to melanin-inspired wearable e- 
skin devices in a real case scenarios as multifunctional sensing platform. 
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