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GRAPHICAL ABSTRACT

PUBLIC SUMMARY
■   Taxol molecules hold considerable potential for enhancing the optoelectronic performance of 2D materials.

■   Taxol can effectively passivate the interfacial defects of MoS2 while preserving its crystalline integrity.

■   Establishing interfacial Mo-O bonding pathways enables directional electron transfer.

■   Taxol modification strategy enables increased carrier mobility and reduced electronic noise.
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Intrinsic  defects  in  two-dimensional  (2D)  atomic  crystals  impose  severe
constraints  on  carrier  utilization  through  defect-induced  trapping  and
recombination. While surface modification and mobility recovery strategies
have been  widely  explored,  the  development  of  a  universal  defect  mitiga-
tion protocol remains unresolved. Here, we introduce a molecular passiva-
tion  strategy  in  which  Taxol  molecules,  via  their  hydroxyl  radicals,  repair
intrinsic  sulfur  vacancies  in  monolayer  MoS2, thereby  markedly  accelerat-
ing  carrier  transport  dynamics.  The  Taxol  framework  not  only  modulates
the electronic structure of n-type MoS2 lattices but also shows compatibil-
ity  with  p-type  MoS2 configurations,  enabling  robust  interfacial  unit  cell
binding.  Following modification,  both n- and p-type MoS2 exhibit  acoustic
phonon-limited mobilities enhanced and more than an order of magnitude
for p-type conuterpart. This universal lattice-reconstruction strategy further
suppresses  noise  power  by  up  to  six  orders  of  magnitude  and  restrain
interface state, while achieving a responsivity above 200 A W−1 and specific
detectivity  exceeding  1.0  ×  1012 Jones — representing  an  improvement  of
four orders of  magnitude.  Complementary theoretical  calculations confirm
that  Taxol-mediated  coordination  effectively  passivates  sulfur  vacancies
and  optimizes  charge  transport.  These  findings  establish  a  universal
molecular  coordination  protocol  to  mitigate  defect-related  noise  currents
and boost detection sensitivity, advancing the performance of 2D photode-
tectors for next-generation optoelectronic and biosensing applications.

 INTRODUCTION
As a representative transition metal dichalcogenides (TMDs), molybdenum

disulfide  (MoS2)  possesses  a  tunable  bandgap  and  high  specific  surface
area,1,2 making  it  a  promisingwith  an  argon  flow of  200  sccm candidate  for
next-generation  optoelectronic  devices.3-7 However,  intrinsic  structural
defects,8,9 particularly  sulfur  vacancies,  act  as  recombination  centers  that
markedly  degrade photoelectric  performance.  Consequently,  effective defect
passivation has emerged as a central challenge in the advancement of MoS2-
based  photodetectors.10 Lattice-binding  engineering  and  organic  molecule
surface  modification  have  shown  synergistic  potential  for  repairing  defects
and  enhancing  optoelectronic  properties.11-18 Conventional  passivation
strategies — including  vacancy  repair,19 lattice  substitution,20 antisite  defect
engineering,21 adatom incorporation, and grain boundary modulation,22,23 have
demonstrated efficacy. However, establishing a universal strategy capable of
modulating both n-type and p-type 2D materials remains difficult. This chal-
lenge  is  particularly  pronounced  for  monolayer  MoS2 (1L-MoS2),  where  the
absence  of  dangling  bonds  and  limited  supramolecular  interactions  make
surface modifications more complex and less controllable.5,24

Molecular  modification  strategies  for  TMDs  include  thermal  evaporation,
solution  spin  coating,25-27 drop  casting,28,29 and  soaking.30-32 In  these
approaches, target small molecules or polymers are typically immobilized on
the TMD surface through physisorption.33 Strong electron-donating or -with-
drawing  organic  molecules  can  facilitate  electron  transfer  or  migration,
thereby  tuning  the  electronic  properties  of  TMDs.34 For  instance,  hydroxyl
radical  (-OH)  adsorption  on  monolayer  MoS2 introduces  intermediate  gap
states  that  facilitate  edge  reconstruction,  while  catechol  and  1,10-phenan-

throline  provide  stable  n-doping.35 Likewise,  sub-nanocluster  modifications
with Pd, Ru, and PdRu alloys regulate photogenerated carriers, extending the
spectral  range  of  photodetection.36 Nevertheless,  these  strategies  typically
rely  on  the  physical  deposition  of  organic  molecules  and  rarely  establish
specific  interfacial  interactions.  Taxol  (paclitaxel) — a  complex  organic
molecule  widely  used  as  an  anticancer  drug — presents  unique
advantages,37,38 including  high  chemical  stability,  biocompatibility,  multiple
functional groups (e.g.,  hydroxyl and ester),  and strong UV absorption.39 The
development of taxol-based biosensing platforms capable of detecting ultra-
low-abundance  cancer  biomarkers  has  generated  considerable  impetus  for
targeted therapeutics and molecular diagnostics. Nevertheless, realizing such
biosensors  remains  challenging  the  limited  fidelity  of  molecular  recognition
and the inefficiency of signal transduction. Importantly, the conjugated struc-
ture of Taxol is highly relevant for materials engineering: it enables strong π-π
interactions,  efficient  charge  transfer,  geometric  adaptability  to  defect  sites,
and chemical stability. These attributes position Taxol as a promising candi-
date  for  defect  healing  and  optoelectronic  enhancement  in  MoS2-based
materials.  Yet,  despite  this  potential,  applications  of  Taxol  in  optoelectronic
systems remain largely unexplored, leaving Taxol/MoS2 composite platforms
as an open frontier for future research.

Here, we propose a universal defect passivation strategy based on interfa-
cial  modification  of  monolayer  MoS2 using  Taxol  molecules.  N-type  and  p-
type MoS2 were synthesized via molten salt-assisted Chemical Vapor Depo-
sition  (CVD)  and  sputtering-CVD  two-step  method.40,41 The  as-fabricated
Field-Effect Transistors (FETs) exhibited low mobility  and poor photoelectric
performance due to inherent defects. Following Taxol modification, the noise
power spectral density was reduced by 2-5 orders of magnitude, accompanied
by  significant  improvements  in  mobilities  and  detectivities.  Theoretical  and
experimental results all reveal that hydroxyl groups in Taxol form bonds with
Mo  atoms,  facilitating  electron  transfer  and  effectively  passivating  defects
without disrupting the MoS2 lattice. These findings demonstrate the feasibil-
ity of employing organic molecules for defect engineering in transition metal
dichalcogenides and highlight the synergistic enhancement of optoelectronic
performance in Taxol-modified MoS2 photodetectors.

 MATERIALS AND METHODS
 Material fabrication and composite formation

SiO2 (300 nm)/Si  was used as  the  growth substrate,  cut  into  1.5  ×  1  cm2

rectangular  pieces.  The  substrates  were  cleaned  in  acetone,  ethanol,  and
deionised water for 16 minutes each and then dried with nitrogen gas. For the
molten salt-assisted chemical vapor deposition (CVD) method, a quartz boat
containing  sulfur  powder  (≥  99.5%,  Sigma-Aldrich)  was  placed  in  the  low-
temperature  upstream  zone  at  approximately  200°C.  Another  quartz  boat,
with  3  mg  of  MoO3 powder  (≥  99.5%,  Sigma-Aldrich)  mixed  with  0.1  mg  of
NaCl  at  the  front  and  the  substrate  placed  upside  down  at  the  back,  was
positioned  in  the  high-temperature  central  zone  of  the  furnace.  Before
growth, the furnace pressure was reduced to 4 × 10−2 mbar and purged with
500  sccm  of  argon  gas  (99.99%  purity)  to  remove  residual  contaminants.
During growth, high-purity (99.99%) argon served as the carrier gas at a flow
rate of 200 sccm, with the pressure maintained at 2 × 102 mbar. The temper-

ARTICLE    Inorganic Materials       

2  　　　The Innovation Materials 4(1): 100191, January 21, 2026 www.the-innovation.org/materials

mailto:fengqiu@ynu.edu.cn
mailto:reny@ynu.edu.cn
mailto:kenzhang@mit.edu
mailto:fengqiu@ynu.edu.cn
mailto:reny@ynu.edu.cn
mailto:kenzhang@mit.edu
https://doi.org/10.59717/j.xinn-mater.2026.100191
https://doi.org/10.59717/j.xinn-mater.2026.100191
https://doi.org/10.59717/j.xinn-mater.2026.100191
https://creativecommons.org/licenses/by/4.0/
https://www.the-innovation.org/materials
https://www.the-innovation.org/materials
https://www.the-innovation.org/materials


ature  in  the  high-temperature  zone  was  ramped  to  750°C  over  63  minutes,
while  the low-temperature  zone was heated to  200°C over  20 minutes.  The
system  was  maintained  at  the  growth  temperature  of  750°C  for  5-
15  minutes.  For  the  sputtering-CVD  two-step  method,  a  300  nm  SiO2/Si
substrate  was  used,  ultrasonically  cleaned,  and  transferred  to  the  vacuum
chamber  of  the  magnetron  sputtering  system.  Chamber  pressure  was
reduced to 1 × 10−6 mTorr using molecular and mechanical pumps. Mo thin
films were deposited at a sputtering pressure of 1 Pa with an argon flow rate
of  20  sccm.  In  the  second step,  the  Mo thin  films were  sulfurised in  a  tube
furnace. The furnace was initially evacuated to 4 × 10−2 mbar, and argon was
introduced, followed by three cycles of gas purging to remove air thoroughly.
The centre of the tube was heated to 750°C with an Ar flow of 200 sccm and
a chamber pressure of 2 × 102 mbar. To fabricate the Taxol/MoS2 composite,
a  solution  of  Taxol  dissolved  in  methanol  was  applied  to  the  MoS2 film
surface  using  a  pipette.  When  methanol  evaporated,  Taxol  crystallized  and
deposited on MoS2 surface. The sample was then placed in a vacuum oven
at 50°C overnight to obtain the Taxol/MoS2 composite.

 First-principle calculation methods
The  first-principles calculations  were  conducted  using  the  Density  Func-

tional  Theory  (DFT)42 within  the  Vienna  Ab  initio  Simulation  Package
(VASP).43,44The  Projector  Augmented  Wave  (PAW)45 method  accounted  for
electron-core  interactions  via  pseudopotentials.  The  exchange-correlation
function  is  a  Generalized  Gradient  Approximation  Perdew-Burke-Ernzerhof
(GGA-PBE).46 A  semiclassical  dispersion  correction  scheme  (DFT-D3)47 was
employed  to  include  the  effects  of  long-range  vdW  interactions.  The  cutoff
energy of 450 eV was set to determine the size of the plane-wave basis set.
The  k-point  mesh  is  set  to  9  ×  9  ×  1.  The  convergence  criterion  is  reached
when the energy on each atom is less than 1.00 × 10−6 eV and the force on
each atom is  less  than 0.01 eV/Å.  During the  construction  of  the  computa-
tional  model,  a  vacuum layer  of  20  Å  in  thickness  was added on  top  of  the
monolayer  MoS2 (4  ×  4  ×  1)  to  avoid  interaction  between  layers.  In  the
adsorption model, the adsorption distance of OH is controlled at 1.78 Å.48 The
adsorption energy (Eads) was defined as： 

Eads = Etot(adsorbate/MoS2)−Etot(MoS2)−Etot(adsorbate) (1)

where Etot (MoS2), Etot (adsorbate),  and Etot (adsorbate/MoS2)  represent  the
total energy for the MoS2, adsorbate, and OH-adsorbed MoS2, respectively. In
addition,  the  deformation  potential  theory  employed  in  this  work  was
proposed by Bardeen and Shockley in 1950.49 In this theory,  the local defor-
mation induced by acoustic lattice waves is regarded as equivalent to that in
a  uniform  crystal,  and  the  effective  potential  arising  from  long-wavelength
acoustic  waves  is  termed  the  deformation  potential.  When  the  energy  of
acoustic phonons in the long-wavelength limit is negligible compared to the
electron energy, the scattering is treated as elastic and acts as a perturbation
to the electrons in the lattice. This perturbation can be described by a mathe-
matical expression involving elastic constants and lattice deformation. Based
on  this  theory,  the  carrier  mobility  in  two-dimensional  materials  can  be
expressed as: 

μ=
2eh̄3Cij

3kBT|m∗|2E2
1

(2)

where e, ħ, kB, T, m*, E1,  and Cij are  the  elementary  charge,  reduced  Planck
constant,  Boltzmann  constant,  temperature,  effective  mass,  deformation-
potential constant, and elastic constant, respectively.

 Characterization and measurement
The  dark-field  imaging  of  triangular  MoS2 single  crystals  was  observed

using  a  fluorescence  microscope  (Metatest,  E3-iFL).  Film  thickness  was
measured  in  air  using  an  atomic  force  microscope  (Seiko  SPI-3800).
Raman/photoluminescence  (PL)  measurements  were  conducted  at  room
temperature using a Raman spectrometer (Renishaw in Via Reflex) with 532
nm  laser  excitation  at  a  laser  intensity  of  5%.  X-ray photoelectron  spec-
troscopy  (XPS)  analysis  was  performed  using  an  X-ray  diffractometer
(SmartLab SE) in a vacuum of 10-10 mbar to calibrate the C 1s spectrum and
determine  the  chemical  composition  of  elements  such  as  Mo  and  S.  The
morphology and microstructure of  Taxol/MoS2 were analysed using a field-
emission  scanning  electron  microscope  (Zeiss  Gemini  500).  A  two-dimen-
sional  transfer  system (Metatest,  E1-T) was used to  apply  a  mask for  elec-
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Figure 1.  Growth and characterisation of MoS2 films (A-C) Molten salt-assisted CVD Growth: (A) Schematic illustration of the growth process. (B) Dark-field optical image of
triangular MoS2 crystals, with the corresponding Raman spectrum shown in the inset. (C) Mobility spectrum of n-type MoS2, with inset I showing an optical image of the MoS2
film and inset  II  depicting the atomic structure of  n-type MoS2.  (D-F)  Sputtering-CVD two-step growth:  (D)  Schematic  illustration of  the two-step growth process.  (E)  Raman
mapping with the corresponding Raman spectrum shown in the inset. (F) Mobility spectrum of p-type MoS2, with inset I showing an optical image of the sputtered Mo film and
inset II depicting its atomic structure.
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trode  positioning,  followed  by  placement  in  a  high-vacuum  evaporation
system  (HZ-300)  to  deposit  150  nm  thick  Ag  electrodes.  The  electrical  and
optical  properties  of  the  devices  were  evaluated  in  air  at  room  temperature
using  a  semiconductor  parameter  analyzer  (PRIMARIUS  Fs-Pro)  and  a  405
nm  laser.  Noise  power  spectrum  was  recorded  by  a  Noise  Measurement
System (PRIMARIUS Fs-Pro, 100 kHz bandwidth).50,51

 RESULTS AND DISCUSSION

E1
2g A1g

To investigate the modification effects of Taxol on MoS2, n-type and p-type
MoS2 were synthesized using molten salt-assisted CVD and sputtering-CVD
methods, respectively. Figure 1A presents the schematic of MoS2 growth via
molten  salt-assisted  CVD.  In  this  process,  NaCl  was  employed  as  a  seed
promoter,  while  precursor  concentration,  growth  pressure,  carrier-gas  flow
rate,  and  growth  time  were  systematically  optimized  to  regulate  nucleation
and  crystal  growth  (see  Experimental  Section).  This  strategy  enabled  the
fabrication of large triangular MoS2 single crystals with edge length ~150 μm.
By extending the growth time, continuous high-quality, large-area MoS2 films
were obtained (Figure S1). Figure 1B displays a representative optical micro-
graph  of  a  triangular  MoS2 single-crystal. Raman  spectroscopy,  a  nonde-
structive probe for layer determination, confirmed the structural characteris-
tics.52 The  spectrum (inset)  reveals  the  in-plane  ( )  and  out-of-plane  ( )
vibrational  modes  at  385.28  cm−1 and  405.91  cm−1,  respectively,  with  a

frequency separation (∆k) of 20.60 cm−1, which is consistent with the single-
layer spectral range.53

To further validate the quality and layer number of the MoS2 films, atomic
force  microscopy  (AFM),  Raman  mapping,  and  photoluminescence  (PL)
spectroscopy  were  performed  in Figures  S2A-B.  AFM  measurements
revealed a thickness of ~0.75 nm, consistent with monolayer MoS2 on SiO2/Si
matrix.54 The PL spectrum exhibited a pronounced exciton peak (A line), char-
acteristic  of  the  direct  bandgap  of  monolayer  MoS2.8 Collectively,  these
results  confirm  the  successful  fabrication  of  large-area  monolayer  MoS2.
Figure  1C  presents  the  mobility  spectrum,  demonstrating  that  the  MoS2

grown  by  molten  salt-assisted  CVD  exhibits  n-type  semiconductor.  Insets  I
and  II  display  the  optical  micrograph  of  the  MoS2 film  grown  on  a  SiO2/Si
substrate and the corresponding atomic model of n-type MoS2, respectively.

E1
2g A1g

≤ ≤

Large-area  MoS2 films  were  also  fabricated  using  a  sputtering-CVD two-
step method. As illustrated in Figure 1D, magnetron sputtering was first used
to deposit Mo films of controlled thickness onto Si/SiO2 substrates, followed
by  sulfurization  in  a  CVD  tube  furnace.  Although  achieving  a  fully  uniform
monolayer of MoS2 across the entire substrate remains challenging,  Raman
mapping of the -  frequency difference (∆k) over a 25 μm × 25 μm area
(Figure  1E)  reveals  good  uniformity,  with  an  average  ∆k of  18.77  cm−1,
consistent  with  exfoliated  MoS2,55 confirming  that  the  film  is  predominantly
monolayer  with  17.4  ∆k  20.6.41 The  Mo film thickness  can be  precisely

 

Figure 2.  Optoelectronic performance of n-MoS2 photodetectors prepared by one-step method (A) IDS-VDS curves of n-MoS2 FETs under different optical power densities. (B)
Noise current power spectral density as a function of frequency at different VDS. (C) Responsivity of the device under different optical power densities. (D) Detectivity of the device
under different optical power densities.
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tuned  by  adjusting  the  Radio  Frequency  (RF)  sputtering  power,  enabling
subsequent sulfurization to yield MoS2 films with controllable layer numbers.
To  further  verify  the  uniformity  and  crystallinity  of  the  MoS2 films,  we
employed  a  variety  of  characterization  techniques  including  SEM,  Raman
multi-point testing, and XRD. The characterization results shown in Figure S3
clearly demonstrate that the MoS2 films prepared in this study exhibit excel-
lent uniformity and crystallinity.

Figure S4A schematically compares the thicknesses of Mo andMoS2 films,
demonstrating  the  efficiency  of  the  sputtering-CVD  method  for  scalable
fabrication. With increasing thickness, both characteristic peaks shift, leading
to  larger ∆k values. Figure  S4B  shows  the  PL  spectra  of  MoS2 films  with
varying thicknesses. The monolayer exhibits the strongest PL intensity due to
efficient  electron-hole  recombination.  As  the  number  of  layers  increases,
however,  interlayer  coupling  and  the  transition  to  an  indirect  bandgap
suppress exciton recombination efficiency,  diminishing the PL intensity.  The
mobility  measurement  (Figure  1F)  further  confirms that  the  MoS2 produced
via this method exhibits p-type characteristics. Insets I and II show an optical
image of large-area Mo films and the corresponding atomic model of p-type
MoS2, respectively. Additional analyses of the molecular features (Figures S5-
S6) verify the successful integration of Taxol/MoS2, demonstrating the effec-
tive assembly of the composite.

Building  on  the  successful  fabrication  of  the  Taxol/MoS2 composite,  this

study proceeded to  explore  its  effect  on optoelectronic  device performance.
Back-gated field-effect transistors were first fabricated on both n- and p-type
MoS2 thin  films.  These  devices  underwent  systematic  electrical  and  optical
characterization  (Figures  2-3),  establishing  a  baseline  for  subsequent
comparison.

Figure 2 summarizes the optoelectronic performance of the n-type MoS2 (n-
MoS2)  employed  in  this  work.  Specifically, Figure  2A  presents  the  current-
voltage  (IDS-VDS)  characteristics  of  the  n-MoS2 device,  which  were  recorded
under 405 nm illumination with varying power densities. Figure 2B shows the
noise power spectral density of the n-MoS2 device measured in the dark, with
data collected at different bias voltages. Meanwhile, Figures 2C-D display two
key performance metrics — responsivity (R) and specific detectivity (D*) — of
the n-MoS2 device,  plotted as functions of incident power density. R and D*
are calculated using the following equations:56,57
 

R=
Iph
PA

(3)
 

D∗ =

√
A ·Δf
NEP

=
R
√
A ·Δf

i2n
1/2 =

R
√
A ·Δf√r Δf

0
Sndf

=
R
√
A ·Δf√

S1(lnΔf+1)
=

R
√
A√
S1

(4)

Iphwhere is the photocurrent, P is the incident light power, A is the real light-
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Figure 3.  Optoelectronic performance of p-MoS2 photodetectors prepared by two-step method (A) IDS-VDS curves of p-MoS2 FETs under different optical power densities. (B)
Noise current power spectral density as a function of frequency at different VDS. (C) Responsivity of the device under different optical power densities. (D) Detectivity of the device
under different optical power densities.
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absorbing area of the detector active region, ∆f is the noise equivalent band-
width (∆f = 1), NEP is noise equivalent power; Sn is the noise power spectral
density,58,59 and S1 represents the noise power spectra at 1Hz. There are criti-
cal metrics  for  evaluating  photodetector  performance.  At  an  ultralow  irradi-
ance  of  0.01  mW  cm−2,  this  n-MoS2 device  achieves  a  peak  responsivity  of
305 A W−1 and a specific detectivity of 1.31 × 109 Jones.

Figure  3 corresponds  to  the  optoelectronic  performance  of  the  p-type
MoS2 (p-MoS2)  in  this  work,  following  a  similar  subfigure  layout  to Figure  2
for direct comparability. Figure 3A shows the IDS-VDS characteristics of the p-
MoS2 device  under  405  nm  illumination  (with  varying  power  densities),  and
Figure 3B presents its noise power spectral density measured in the dark (at
different  bias  voltages). Figures  3C-D  further  display  the  responsivity  and
specific  detectivity  of  the  p-MoS2 device  as  functions  of  incident  power
density.  For the p-MoS2 device,  the peak performance occurs at an ultralow
irradiance of 0.1 mW cm−2, where it attains a responsivity of 31.5 A W−1 and a
specific detectivity of 1.04 × 106 Jones.

Taxol  was  subsequently  incorporated  into  n-MoS2 FETs  (Figure  4A),
enabling a  detailed  investigation  of  its  interface  effects  on  device  perfor-
mance.  Firstly,  the  modification of  Taxol  molecules  on MoS2 films is  exam-
ined.  Following  hybridization,  the IDS-VDS curves  (Figure  4B)  under  various
light  power  densities  with  405 nm laser  irradiation  exhibited  symmetric  and
linear  behavior,  indicative  of  high-quality  ohmic  contacts.  The  device
achieved a saturation current of 9 μA at VDS = 1 V, confirming a pronounced
enhancement in photoresponse.

The  transfer  curves  exhibit  an  n-type  behavior  for  both  the  MoS2 and
Taxol/MoS2 FETs  (Figure  4C).  The  field-effect  mobility  can  be  calculated
using the following formula:60
 

μ=
d(IDS)
d(VG)

× L
W

× 1
COVDS

(5)

d(IDS)
d(VG)

where  represents  the  slope  of  the  drain  current IDS versus  the  gate

voltage VG, L and W are the channel length and width, respectively, IDS is the
current between the drain and source terminals, CO is the capacitance of the
gate  dielectric,  and VDS is  the  source-drain  voltage.  The  field-effect  mobility

for the n-MoS2 FET was calculated to be 13.8 cm2 V−1 s−1 using Equation (5),
while  the  Taxol/n-MoS2 FET  achieved  a  significantly  improved  mobility  of
19.9  cm2 V−1 s−1,  attributed  to  the  reduced  interface  defects  and  improved
current  conduction capacity. Figure  2D shows the  time-dependent photore-
sponse at VDS = 1 V under a light power density of 10 mW cm−2. The Taxol/n-
MoS2 FET exhibits higher photocurrent and faster charge transport compared
to unmodified n-MoS2, suggesting that the hybridisation with Taxol improves
light absorption and photoelectric conversion efficiency, significantly enhanc-
ing the photoresponse.

Dit

Figure 4E shows that at VDS = 1 V, the noise power spectral density exhibits
typical frequency-dependent 1/f noise characteristics. In this figure, the noise
power density spectrum of n-MoS2 at 1 Hz is 2.83 × 10−19 A2 Hz−1,  while the
noise  power  density  spectrum  of  taxol-modified  Taxol/n-MoS2 at  1  Hz  is
2.08 × 10−24 A2 Hz−1. After Taxol modification, the noise power spectral density
of  the  n-MoS2 FET  decreased  by  five  orders  of  magnitude,  reflecting  a
substantial reduction in interface defects and trap states. This suppression of
carrier scattering and recombination is directly associated with the enhanced
mobility and overall device performance. According to the McWhorter model,
the interface state , was extracted from the 1/f noise measurement via the
following equation:61
 

Sn
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where  is spectral density,  is the gate transconductance,  is the flat
band  voltage  spectral  density, q is  the  electronic  charge,  is  Boltzmann’s
constant, T is the temperature, W and L are the width and length of the chan-
nel,  respectively,  and COX is  the  gate  capacitance  per  unit  area.  After  Taxol
modification, the  of the n-MoS2 FET decreased from 2.43 × 1014 cm−2 eV−1

to  1.82  ×  1011 cm−2 eV−1,  which  approaches  the  interface  state  density
requirement  for  International  Roadmap  for  Devices  and  Systems  (IRDS).62

This further indicates that Taxol can effectively passivate defects in MoS2. As

 

Figure 4.  Photodetection performance of n-MoS2 FETs before and after Taxol modification (A) Schematic illustration of Taxol/n(p)-MoS2 FET. (B) Output curves (IDS-VDS) of the
Taxol/n-MoS2 FET under different incident light power densities.  (C) Transfer characteristics (VDS = 1 V),  demonstrating the enhanced field-effect behavior for the Taxol/MoS2
FET. (D) Time-dependent photoresponse (VDS = 1 V) under 405 nm laser illumination with a light power density of 10 mW cm−2. (E) Noise power spectral density as a function of
frequency (VDS = 1 V). (F) Responsivity (R) and specific detectivity (D*) plotted against light power density (VDS = 1 V).
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shown  in Figure  4F,  the  Taxol/n-MoS2 FET  demonstrates  significant
improvements in both R and D*. Based on the low noise current (1Hz) 1.44 ×
10−12 A Hz−1/2, the R increased from 88 A W−1 to 208 A W−1, while the D* rose
from 3×108 Jones to 1.46 × 1012 Jones. These enhancements are particularly
notable  at  lower  light  power  densities,  making  the  device  highly  suitable  for
low-light photodetection applications.

To further investigate the modification effect of Taxol on MoS2 to demon-
strate  the  general  validity  of  their  synergistic  interaction,  Taxol  molecules
were assembled on p-MoS2 through van der  Waals interactions.  The device
structure  is  largely  consistent  with  that  shown  in Figure  4A.  The  output
curves of  the Taxol/MoS2 FET under  different  light  power densities,  indicate
good Ohmic contact and a pronounced increase in IDS with rising light power
density  (Figure  5A).  At VDS =  1  V,  the  saturation  current  reaches  2.5  μA.
The representative output characteristics and transfer curves (Figures 5B-C)
of  the  Taxol/MoS2 FET  clearly  confirm  p-type  semiconductor  behavior.
The  field-effect  mobility  of  the  p-MoS2 FET  was  calculated  to  be  0.42  cm2

V−1 s−1,  whereas  that  of  the  Taxol/p-MoS2 FET  was  markedly  enhanced  to
14.70 cm2 V−1 s−1.

In  addition  to  enhancing  the  photoresponse  (Figure  5D), Taxol  modifica-
tion  substantially  reduces  the  noise  power  spectral  density  by  six  orders  of
magnitude  (Figure  5E)， For  pristine  p-type  MoS2 devices,  the  noise  power
spectral  density at  1Hz is 2.19 × 10−18 A2 Hz−1,  whereas Taxol/MoS2 devices
exhibit  a  reduced  noise  power  spectral  density  of  2.08  ×  10−24 A2 Hz−1,
approaching the system itself noise floor at high frequent zone. This remark-
able  suppression  is  attributed  to  the  π-system of  Taxol,  which  injects  addi-
tional  holes  into  MoS2 while  simultaneously  lowering  the  interfacial  barrier,
thereby facilitating faster and broader conduction channels for carrier extrac-
tion.  Consequently,  the  extraction  efficiency  of  photogenerated  carriers  and
the  external  electron  injection  efficiency  are  both  significantly  improved.63-67

Kinetically,  Taxol  modification shortens the photoresponse time:  for  p-MoS2

FETs,  the rise and fall  times decrease from 380 to 250 ms and from 360 to
260 ms, respectively; for n-MoS2 FETs, the rise and fall times decrease from
210 to  130 ms and from 220 to  180 ms,  respectively.  Meanwhile,  the noise
power  spectral  density  is  as  low  as  1  ×  10−25 A2 Hz−1,  yielding  a  1/f noise

Dit

corner frequency as low as 1 kHz. This extremely low noise level approaches
the  instrument’s  noise  floor  and  is  comparable  to  the  lowest  noise  FETs
reported  in  the  literature,68 underscoring  the  potential  of  this  strategy  for
designing  next-generation  low-noise  FETs.  After  Taxol  functionalization,  the

 of  the  p-MoS2 FET  decreased  from  1.88  ×  1015 cm−2 eV−1 to  2.53  ×  1011

cm−2 eV−1,  approaching  the  IRDS  requirement  of  1010 cm−2 eV−1 for  low-
standby-power  CMOS.62 Figure  5F  further  illustrates  the  enhancement  in
responsivity R, which  increases  from  25.83  A  W−1 to  226.54  A  W−1,  and
specific  detectivity D*, which  rises  from  1.04  ×  106 Jones  to  6.25  ×  1010

Jones.  Overall,  Taxol  molecules  provide  an  effective  interfacial  modification
strategy  that  markedly  improves  the  optoelectronic  performance  of  both  n-
and p-type MoS2 FETs.

To elucidate the mechanism underlying the enhanced photoresponse and
noise  suppression  after  Taxol  modification  on  MoS2,  X-ray  photoelectron
spectroscopy  (XPS)  was  performed  on  Taxol,  MoS2,  and  their  composite
system. Figure 6A shows the O 1s spectra before and after Taxol adsorption
on MoS2, revealing characteristic chemical state signals of C-OH, C=O-O, and
C=O functional groups. To ensure effective adsorption, 10-deacetylated Taxol
with reduced steric hindrance was employed, enabling intimate contact with
MoS2 surface.  The  peak  at  530.77  eV,  corresponding  to  the  C-OH  group,
confirms  its  presence.  In  the  composite,  the  O  1s  peaks  shifted  to  higher
binding  energies,  indicating  the  formation  of  multiple  chemical  bonds
between Taxol functional groups and MoS2.  This shift  reflects a decrease in
electron density and an increase in binding energy for the functional groups,
evidencing  strong  interfacial  interactions  that  facilitate  efficient  interfacial
charge  transport. Figure  S7A  compares  the  N  1s  spectra  before  and  after
hybridisation  with  MoS2.  Peaks  associated  with  amino  (-NH2)  and  amide
(-CONH)  groups  shifted  to  lower  binding  energies,  suggesting  the  relatively
weak  interactions  dominated  by  van  der  Waals  forces  or  hydrogen bonding
rather  than  covalent  bonding.  This  observation  indicates  that  the  hydroxyl
group (-OH) is the main functional moieties driving strong chemical interac-
tion  with  MoS2, which  critically  contributes  to  the  improved  device  perfor-
mance. Additionally, Figure S7B shows the S 2p spectra shift  to lower bind-
ing  energies  after  Taxol  modification,  indicating  an  increase  in  electron
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Figure 5.  Photodetection performance of p-MoS2 FETs before and after Taxol modification (A) IDS-VDS curves of the Taxol/p-MoS2 FET under different light power densities. (B)
Taxol/p-MoS2 FET typical output (IDS-VDS) characteristics as a function of back-gate bias (VBG = 6 V to -10 V, step size 2 V). (C) Transfer characteristics (VDS = 1 V). (D) Time-
dependent photoresponse (VDS = 1 V, 405 nm laser) with light power density of 500 mW cm−2. (E) Noise power spectral density at VDS = 1 V. (F) Responsivity and detectivity as a
function of light power density (VDS = 1 V).
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density in sulfur atoms. Although S and -OH groups rarely form strong cova-
lent bonds, this shift highlights the redistribution of interfacial electron density
and further supports the presence of favorable interfacial coupling.

Simultaneously,  the  Mo  3d5/2 and  Mo  3d3/2 spectra  (Figure  6B)  shift  to
lower  binding  energies  after  Taxol  modification,  indicating  electron  transfer
from the Mo atoms through bonding with the hydroxyl (-OH) group in Taxol.
This  transfer  increases  the  electron  density  of  Mo  atoms,  thereby  reducing
their  binding  energy  and  confirming  the  successful  organic  modification  on
MoS2. Figure 6C schematically illustrates the interfacial process: electrons are
injected  into  MoS2 via  Mo-O  bonds  at  the  Taxol/MoS2 interface,  enhancing
light  absorption  and  photocurrent  generation.  Unmodified  MoS2 typically
exhibits Mo6+ peaks associated with surface defect states, particularly sulfur
vacancies.  After  Taxol  modification  (Figure  6B),  the  Mo6+ signal is  signifi-
cantly  reduced,  indicating  effective  passivation  of  these  defects  and  the
formation of  a smoother,  more stable surface. Figure 6D further depicts the
energy-level  alignment  before  and  after  Taxol  passivation,  highlighting  how
Taxol  not  only  preserves  the  integrity  of  the  MoS2 lattice  but  also  repairs
surface defects. This defect suppression reduces trap states, mitigates inter-
facial  carrier  recombination,  and  lowers  charge  trapping  effects,  thereby
explaining  the  exceptionally  low  noise  levels  and  enhanced  mobility  of  the
Taxol/MoS2 FETs. In summary,  XPS analysis reveals the underlying mecha-
nism  of  performance  enhancement  in  MoS2 after  Taxol  modification.  The
organic  functionalization  optimises  interfacial  charge  transport,  effectively
passivates  defects,  and  markedly  improves  the  optoelectronic  properties  of
MoS2.  These  results  provide  a  promising  strategy  for  controlled  organic
modification and performance tuning of two-dimensional semiconductors.

To further elucidate the passivation effect of hydroxyl adsorption on intrin-
sic  sulfur  vacancies  in  monolayer  MoS2,  first-principles  density  functional
theory  (DFT)  calculations were performed.  Several  possible  adsorption sites
were  evaluated  to  determine  the  most  stable  configuration  of  OH  bound  to
monolayer  MoS2,  and  corresponding  computational  models  were
constructed (Figure S8). For comparison, pristine MoS2 and MoS2 containing
S vacancies were also modelled and fully optimized before electronic struc-
ture  calculations  (Figures  7A-C).  The  resulting  band  structures  (Figure  S9)
demonstrate that S vacancies introduce impurity states within the bandgap,
disrupting the direct-gap nature of MoS2. Upon OH adsorption, these defect-

induced  states  largely  disappear,  restoring  the  semiconductor  to  a  direct
bandgap  with  a  widened  gap  approaching  its  intrinsic  value.  The  projected
density  of  states  (PDOS, Figure  S10)  further  confirms  this  effect.  Mid-gap
impurity  peaks  vanish  after  OH  adsorption,  accompanied  by  an  increase  in
electron concentration and an overall  rise in the density of electronic states.
These theoretical results reveal that OH groups effectively passivate S vacan-
cies  in  MoS2,  eliminating  deep-level  defect  states  and thereby  improving  its
intrinsic electronic properties.

In  addition,  deformation  potential  (DP)  theory  was  employed  to  evaluate
the  carrier  transport  properties  of  MoS2 before  and  after  OH  adsorption.
Using  the  calculated  deformation  potential  constants  (E1),  elastic  constants
(Cij),  and effective  carrier  masses (m*),  the  acoustic  phonon–limited mobili-
ties  at  300  K  were  determined  and  are  summarized  in Tables  S1−S2 (with
detailed  derivations  shown  in Figures  S11–S13).  For  pristine  monolayer
MoS2,  the  calculated  electron  mobilities  are  77.97  cm2 V−1 s−1 along  the  x-
direction and 68.14 cm2 V−1 s−1 along the y-direction. In contrast, hole mobili-
ties  are  approximately  three  times  higher,  reaching  198.70  cm2 V−1 s−1 and
174.78  cm2 V−1 s−1 along  the  x- and  y-directions, respectively.  These  calcu-
lated electron mobilities are consistent with reported experimental values.69,70

The higher  hole  mobility  is  attributed to  the  smaller  valence-band deforma-
tion  potential  constant  compared  with  that  of  the  conduction  band.  In  the
presence of S vacancies, electron mobilities decrease to 57.15 cm2 V−1 s−1 (x-
direction)  and  51.49  cm2 V−1 s−1 (y-direction),  while  hole  mobilities  are
reduced to 157.45 cm2 V−1 s−1 and 143.51 cm2 V−1 s−1, respectively. Following
OH  adsorption,  the  transport  properties  are  significantly  restored:  electron
mobilities increase to 61.71 cm2 V−1 s−1 (x-direction) and 57.49 cm2 V−1 s−1 (y-
direction), while hole mobilities recover to 198.40 cm2 V−1 s−1 and 173.76 cm2

V−1 s−1 (Figures 7D-E). Overall, these results demonstrate that OH adsorption
effectively  passivates  intrinsic  sulfur  vacancies  in  monolayer  MoS2, recon-
structs local  edge  structures,  and  enhances  carrier  mobility.  This  improve-
ment in charge transport  highlights the potential  of  OH-functionalized MoS2

for high-performance photodetector applications.

 CONCLUSION
In  conclusion,  we  successfully  fabricated  n-type  and  p-type  MoS2 using

the molten salt-assisted CVD method and the sputtering-CVD (CVD two-step

 

Figure 6.  XPS characterisation and interaction mechanism of Taxol/MoS2. XPS spectra of  (A)  O 1s and (B)  Mo 3d.  (C)  Schematic illustration of  Mo-O bonding.  (D)  Effect  of
Taxol modification on the Band Structure of MoS2.
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method), respectively. Taxol molecules were then employed to repair intrinsic
defects  in  2D  MoS2.  Comprehensive  characterization  and  optoelectronic
measurements  demonstrate  that  Taxol  enables  non-destructive  interfacial
modification of n- and p-type MoS2, providing a potentially universal strategy
for  the  gentle  functionalization  of  two-dimensional  materials.  The  hydroxyl
groups in Taxol form bonds with Mo atoms in MoS2, facilitating efficient elec-
tron  injection  and  markedly  enhancing  the  photoresponse.  Furthermore,
Taxol  modification  exhibits  a  pronounced  defect-passivation  effect,
suppressing carrier recombination at the interface and reducing noise power
spectral  density.  Therefore,  compared  with  the  work  of  predecessors,  the
mobility  of  n- and  p-type  MoS2 FETs  modified  by  Taxol  in  this  work  has
increased  significantly  (19.90  and  14.70  cm2 V−1 s−1 respectively),  and  their
detectivities have also increased to 1.46 × 1012 and 6.25 × 1010 Jones respec-
tively  (Table  S3).71-80 This  work  thus  establishes  an  interfacial  modification
strategy using Taxol molecules for defect passivation in 2D semiconductors,
offering an effective route to tune their electronic and optoelectronic proper-
ties for high-performance device applications.
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