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Timeshare surface-enhanced Raman scattering platform with
sensitive and quantitative mode
Qianqian Ding1,2,3*†, Xueyan Chen1,4†, Yunlu Jia1, Hong Liu3, Xiaochen Zhang1, Ningtao Cheng5* and
Shikuan Yang1,3*

 

Abstract: The  sensitivity  and  quantification  capability  of  surface-enhanced  Raman  scattering  (SERS)  substrates  are
mutually exclusive, because the ultrasensitive SERS sites (hottest spots) necessary for the sensitivity will significantly
magnify  the  SERS  signals  of  the  analyte  molecules  and  thus  each  of  these  molecules  will  be  miscounted  to  be
hundreds  during  the  quantification  process.  We demonstrate  a  concept  to  circumvent  the  above  contradiction  by
engineering a timeshare SERS platform capable of working at the quantitative or the sensitive mode on demand. The
timeshare SERS platform was constructed by transferring a monolayer gold nanosphere film onto elastic substrates
(e.g., hydrogel). The volume change of the hydrogel could adjust the inter-nanosphere distance, dynamically control-
ling the formation or extinction of the SERS hottest spots on the same SERS substrate without influencing the spatial
distribution of  the analyte  molecules.  The timeshare SERS platform without  the SERS hottest  spots  showed strong
quantification capability, while when equipped with a substantial number of the SERS hottest spots exhibited ultra-
high sensitivity.  We demonstrated quantitative  and ultrasensitive  detection of  various  analyte  molecules  using  the
quantitative  and the  sensitive  mode of  the  timeshare  SERS  platform,  respectively.  We opened an  avenue towards
designing SERS substrates with both high sensitivity and strong quantification capability.
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 1    Introduction
Surface-enhanced  Raman  scattering  (SERS)  sensing  tech-
nique  characterized  by  single-molecule  sensitivity,  finger-
print signals enabled specificity, multiplex detection capabil-
ity,  and  water-inactiveness  endowed  biocompatibility,  has
promising applications in analytical chemistry, environmen-
tal science, food science, and biomedical fields1−10. The most
sensitive  SERS  sites  (known  as  hottest  spots)  located
between closely placed (usually < 10 nm) noble metal nanos-
tructures  where  strong  electromagnetic  fields  exist  under
laser  excitation11−15.  More  than  70%  of  the  SERS  intensities
arise  from  <  1%  of  the  analyte  molecules  located  at  the

hottest  spots16,17.  Analyte  molecules  situated  at  the  hottest
spots  are  important  to  the  SERS  sensitivity,  because  one  of
them  can  contribute  to  the  SERS  intensity  hundreds  times
larger  than  those  located  at  other  locations.  The  analyte
molecules located at the hottest spots will be miscounted to
be hundreds of molecules during the quantification process,
leading to  a  poor  quantification capability6,13,16,18.  Because  it
is almost impossible to deliver all of the analyte molecules to
the  location  with  similar  electromagnetic  field,  the  SERS
sensitivity  and quantification capability  are  mutually  exclu-
sive.  This  intrinsic  contradiction makes  the  construction of
SERS  platform  with  both  high  sensitivity  and  strong  quan-
tification capability very challenging19−23.
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Notably,  although elastic  SERS substrates  with adjustable
gaps  between  neighbouring  noble  metal  nanoparticles  have
been  studied  previously24−29,  they  have  not  been  used  to
construct  SERS  platforms  with  both  high  sensitivity  and
strong  quantification  capability.  Here  we  unprecedentedly
demonstrated a concept to circumvent the contradiction by
designing  a  timeshare  elastic  SERS  platform  equipped  with
dynamic  hot  spots  capable  of  switching  between  the  sensi-
tive  and the quantitative  mode on demand.  The concept  to
construct the timeshare SERS substrate opens a new avenue
toward  designing  SERS  sensors  with  both  high  sensitivity
and strong quantification capability.

 2    Results and discussion
 2.1  Fabrication and characterization of the timeshare

SERS platform

The timeshare SERS platform consists two critical parts: the
gold (Au) nanosphere monolayer and the hydrogel  support
capable  of  reversibly  and  controllably  changing  its  volume
(Fig. 1(a)).  The  self-assembled  monolayer  Au  nanoparticle
film  is  transferred  onto  the  hydrogel  support.  When  the
hydrogel  support  is  expanded,  the  Au nanospheres  become
loosely packed and the hottest spots disappear according to
the finite-difference time-domain (FDTD) simulations (Fig.
S1 and Fig. 1(b)),  leaving  behind  the  hot  spots  around
isolated  Au  nanospheres;  this  is  the  quantitative  sensing
mode.  When  the  hydrogel  support  is  shrunk,  the  Au
nanospheres  become  more  closely  packed  bearing  numer-
ous  hottest  spots  within  neighbouring  Au  nanospheres,
namely the sensitive mode. The sensitive mode can be used
to determine the existence of the analyte molecules of inter-
est  and the amount of  the analyte  molecules  can be further
evaluated  by  the  quantitative  mode  of  the  same  SERS
substrate.

Before the preparation of the Au nanosphere film, the Au
nanospheres  with different  diameters  were  first  synthesized
by  a  successive  seed-mediated  growth  process30,31.  12  nm
sized  Au  nanoparticle  seeds  were  prepared  by  a  chemical

reduction  process  (Fig.  S2).  Controlling  the  amount  of  Au
seeds  in  the  growth  solution  could  prepare  different  sized
Au nanospheres (Fig.  S3).  Au nanospheres of four different
sizes  (50  nm,  66  nm,  72  nm,  and  104  nm)  were  prepared.
The  surface  plasmon  resonance  (SPR)  peak  of  the  Au
nanospheres  gradually  redshifted  as  the  size  of  the
nanospheres  increased.  The  densely  packed  monolayer  Au
nanosphere  film  was  prepared  by  a  previously  reported
Marangoni effect-assisted three-phase self-assembly process
(Fig. 2(a))32.  After  shaking  the  mixture  of  Au  nanosphere
aqueous  colloids  and  dichloromethane  (DCM),  Au
nanospheres assembled into a film at the water/DCM inter-
face.  Slowly  introducing n-hexane  into  the  mixture  trans-
ported  the  assembled  Au  nanosphere  film  into  the n-
hexane/water  interface  (Fig. 2(a)).  The  formed  monolayer
nanosphere  film  demonstrated  uniform  golden  colour,
manifesting  their  well-ordered  structure  (Fig. 2(b)).  The
nanosphere  films  composed  of  differently  sized  Au
nanospheres  were  able  to  be  transferred  onto  any  arbitrary
substrates  (Fig. 2(c)).  The  nanospheres  were  hexagonally
arranged with a few amounts of defects. Compared with the
Au nanosphere  colloids,  the  nanosphere  film demonstrated
two  SPR  peaks  originating  from  the  SPR  (530  nm  and  566
nm for 50 nm and 104 nm Au nanospheres, respectively) of
individual nanospheres and the plasmonic coupling (704 nm
and 760 nm for  Au nanosphere  film formed by 50 nm and
104  nm  Au  nanospheres,  respectively)  between  neighbour-
ing nanospheres (Fig. 2(d)). The average gap between neigh-
bouring  Au  nanospheres  in  the  nanosphere  film  was  less
than  2  nm,  which  can  behave  as  SERS  hottest  spots33−36.
Therefore,  self-assembled  Au  nanosphere  films  have  been
extensively studied as sensitive SERS substrates37−41.

 2.2  Quantitative capability of the timeshare SERS
platform

To  evaluate  the  SERS  sensitivity  of  the  densely  packed  Au
nanosphere films, 4-nitrobenzenethiol (4-NBT) was used as
the  analyte  molecule.  SERS spectra  of  Au nanosphere  films
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Fig. 1 | The working principle of the timeshare SERS platform equipped with dynamic hot spots, capable of working at the quantitative and the sensitive
mode  through  reversibly  swelling  and  shrinking  the  hydrogel  substrate.  (a)  Schematic  demonstration.  (b)  FDTD  simulation  of  the  electromagnetic  field
distribution over the Au nanoparticle monolayer film with inter-nanoparticle distances of 5 nm and 40 nm.

Ding QQ et al. Opto-Electron Adv 9, 250269 (2026) https://doi.org/10.29026/oea.2026.250269

250269 (Page 2 of 9)

https://doi.org/10.29026/oea.2026.250269
https://doi.org/10.29026/oea.2026.250269
https://doi.org/10.29026/oea.2026.250269
https://doi.org/10.29026/oea.2026.250269
https://doi.org/10.29026/oea.2026.250269


composed  of  Au  nanospheres  with  different  sizes  contami-
nated  by  100  nm  4-NBT  ethanol  solutions  were  measured
(Fig. S4). The Au nanosphere film composed of 50 nm sized
Au nanospheres demonstrated the strongest SERS enhance-
ment under 633 nm laser excitation (Fig. S5). Moreover, the
intensity  variation  of  the  1332  cm−1 SERS  peak  of  4-NBT
from the 50 nm sized Au nanospheres formed film was the
lowest (relative standard deviation or RSD of the peak inten-
sity  equalled  6.5%).  Therefore,  50  nm  sized  Au  nanoparti-
cles were chosen in the following experiments.

The other  critical  part  of  the  timeshare  SERS platform is
the  hydrogel  support  capable  of  reversibly  and  controllably
changing its volume. Polyacrylamide (PAAm) hydrogel was
used,  owing  to  its  excellent  ability  to  swell  and  shrink42,43.
The  volume  of  the  PAAm  hydrogel  after  swelling  could
increase  by  13  times  and  the  water  content  reached  up  to

93%  (Fig.  S6).  The  hydrated  PAAm  hydrogel  could  be
directly used to pick up the freestanding Au nanosphere film
at  the  air/water  interface  (Fig. 3(a)).  After  drying  naturally,
Au nanosphere film was attached onto the hydrogel surface,
showing a golden color. The storage performance of the Au
nanosphere  film/hydrogel  composite  was  characterized.
Following  preparation,  samples  were  stored  at  23  °C  and
55% humidity. Volume and color changes during storage are
shown in Fig. S7. Within two days, the composite exhibited
a 2.82-fold volume decrease accompanied by a surface color
change  from  golden  yellow  to  greenish-yellow.  Subsequent
measurements  revealed  a  slight  volume  decrease  after  one
week with no significant change observed for the remaining
120  days  (Fig.  S8).  Scanning  electron  microscope  (SEM)
image  of  the  sample  preserved  for  one  week  showed  a
reduction  in  inter-nanosphere  distances  due  to  hydrogel
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Fig. 2 | Fabrication of large-area Au nanosphere films by a self-assembly process. (a) Photos of the Au nanosphere self-assembly process. Process I. The Au
nanosphere colloid was mixed with DCM. Process II. After vigorous shaking, Au nanospheres started to assemble at the water/DCM interface. Process III.
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dehydration  (Fig.  S9).  Thereafter,  the  inter-nanosphere
spacing  remained  stable  after  one  week.  Furthermore,  the
size  of  the  Au  nanospheres  showed  no  significant  change
throughout  the  120-day  storage.  These  results  demonstrate
the good stability of the SERS substrate.

After immersing the Au nanosphere film-covered hydro-
gel  in  deionized  water  (pH  =  6.9)  at  23  °C  for  24  h,  the
surface  area  was  increased  approximately  threefold  and the
golden  color  evolved  into  light  pink  (Fig. 3(b)).  The  plas-
monic coupling peak became very weak, indicating a signifi-
cant increase in the inter-nanosphere distance due to hydro-
gel  swelling  (Fig. 3(c)).  SEM  images  confirmed  that  the
inter-nanosphere distance (> 20 nm) became 10 times larger
after  volume  expansion  (inset  in Fig. 3(d)).  Note  that  gap
variations differ among Au nanospheres of different diame-
ters  embedded  in  the  hydrogel.  PAAm  hydrogels  covered
with  monolayer  film  formed  by  50  nm  and  85  nm  Au
nanospheres  were  swollen  in  deionized  water  at  23  °C  and
55%  humidity  for  24  h.  Post-swelling  measurements  (Fig.
S10 and S11)  showed  average  inter-nanosphere  spacings  of
116.7 nm for 85 nm Au nanosphere monolayer and 74.6 nm

for 50 nm Au nanosphere monolayer, confirming the diam-
eter-dependent expansion of the inter-nanoparticle distance.
Factors  potentially  influencing  the  variation  in  gap  size
include  the  binding  strength  between  the  Au  nanospheres
and the hydrogel  where weak physical  adsorption may lead
to  an  uneven  gap  distribution,  as  well  as  temperature,
humidity, and solution pH.

The  volume  of  the  swollen  hydrogel  covered  by  the  Au
nanospheres  was  decreased  by  ~  80%  after  immersing  in  a
mixture consisting of water and ethanol at a volume ratio of
1:9 for 24 h at 23 °C and 55% humidity (Fig. 3(b)).  The Au
nanosphere film on the hydrogel surface turned back to the
golden color. A strong SPR peak at 657 nm originating from
the  plasmonic  coupling  between  closely  packed  Au
nanospheres  appeared  (Fig. 3(c)).  SEM  observations
revealed  the  extremely  narrow  gap  between  neighbouring
Au  nanospheres  (Fig. 3(e)).  Wrinkles  were  formed  within
the  Au  nanoparticle  film  because  the  hydrogel  shrunk
smaller  than  the  time  when  the  Au  nanoparticle  film  was
transferred  (Fig. 3(a)).  In  short,  the  inter-nanosphere
distance  could  be  dynamically  controlled  by  the  PAAm
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Fig. 3 | Timeshare SERS platform. (a) Schematic of the preparation process of the timeshare SERS platform formed by Au nanosphere film-covered PAAm
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hydrogel substrate, endowing the dynamic SERS hot spots to
the SERS platform.

We first evaluated the quantitative capability of the time-
share  SERS  platform  when  the  PAAm  hydrogel  was  at  the
swollen state using 4-NBT as a model molecule (Fig. 4(a−f)).
The intensity of the SERS signals of 4-NBT molecules gradu-
ally  decreased  as  the  concentration  of  4-NBT  solution  was
reduced (Fig. 4(a)).  The lowest  detection concentration was
as  low  as  0.5  nm  (Fig.  S12).  The  relationship  between  the
concentration  of  4-NBT  solutions  and  the  intensity  of  the
1332  cm−1 SERS  peak  could  be  described  by  logC
=2.08logI–14.65  with R2 (goodness  of  fit)  equaled  0.9902
(Fig. 4(b)). Moreover, the SERS mapping results at different
concentrations  of  4-NBT  solutions  exhibited  a  uniform
color,  indicating  the  small  SERS  intensity  fluctuations  (Fig.
4(c, d) and Fig. S13(a–c)). Additionally, the RSD of the SERS
intensity  at  1332 cm–1 of  4-NBT at  different  concentrations
were  less  than  10%  (Fig. 4(e) and 4(f) and Fig.  S13(d–f)).
The high R2 and the low RSD values proved the strong quan-
tification  capability  of  the  timeshare  SERS  platform  at  the
swollen  state,  originating  from the  absence  of  SERS  hottest
spots and all the analyte molecules were situated at the place
with similar electromagnetic field strength.

Immersing the hydrogel in a mixture of water and ethanol
could  shrink  the  volume  of  the  hydrogel  to  create  SERS
hottest  spots  between  neighbouring  Au  nanospheres,
enabling the timeshare SERS platform to work at  the sensi-
tive mode. The analyte molecules located at the orbital of the
Au  nanospheres  at  the  quantitative  mode  now  exposed  to
the SERS hottest spots, which could significantly contribute
to  the  SERS  signals  (Fig. 1).  As  anticipated,  strong  SERS
signals  of  4-NBT  at  different  concentrations  were  clearly
observed on the shrunk SERS platform (Fig. 4(g)). The SERS
signals  of  4-NBT  molecules  at  0.01  nm  were  still  reliably
observable; In contrast, the SERS platform working at quan-
titation mode could only reliably detect 4-NBT molecules at
1  nm.  The  lowest  detection  concentration  of  4-NBT  was
down  to  100  fm  by  the  SERS  mapping  measurements  (Fig.
S14).  The  sensitivity  of  the  timeshare  SERS platform work-
ing at the sensitive mode is better than most of the previous
publications25,44−46.  The  relationship  between the  concentra-
tion of 4-NBT solutions and the SERS intensity at 1332 cm−1

could be described by logC =2.56logI–17.49 with R2 equalled
0.9668  (Fig. 4(h)).  Compared  to  the  quantitative  mode,  the
SERS  mapping  measurements  displayed  obvious  SERS
intensity  fluctuations  (Fig. 4(i) and 4(j),  and Fig.  S15(a–c)).
The  RSD  values  of  the  SERS  intensity  at  1332  cm–1 were
more  than  25%,  much  higher  than  the  quantitative  mode
(Fig. 4(k) and 4(l),  and Fig.  S15(d–f)).  The observed low R2

and  high  RSD  values  are  attributed  to  the  emergence  of
SERS  hottest  spots  between  adjacent  Au  nanospheres  and
hotspot  clustering  phenomena.  In  terms  of  sensitivity  and
quantitative  analysis  capabilities,  our  timeshare  SERS  plat-
form performs comparably to the three-dimensional Ag/Au
nanoparticle-hydrogel  composite  SERS  substrates47,48,  as

shown in Table S1.
Furthermore,  the  cycling  stability  of  the  timeshare  SERS

platform  was  evaluated  over  multiple  swelling-shrinking
cycles.  SERS  spectra  of  500  nm  4-NBT  adsorbed  on  Au
nanosphere film/hydrogel composites were acquired over 10
consecutive  swelling-shrinking  cycles  at  23  °C  and  55%
humidity, as shown in Fig. S16(a). The SERS intensity of the
1332 cm−1 peak decreased by 23% after 5 swelling-shrinking
cycles  and  38%  after  10  swelling-shrinking  cycles  (Fig.
S16(b)).  This  signal  attenuation  is  primarily  attributable  to
partial  desorption  of  4-NBT  molecules  during  repeated
volumetric  changes.  On  the  other  hand,  the  influence  of
environmental factors (humidity and temperature) was also
examined.  SERS  spectra  acquired  at  different  swelling
temperatures  (constant  shrinking  at  23  °C,  55%  humidity)
showed no  significant  temperature  dependence  in  the  1332
cm−1 peak  intensity  (Fig.  S17).  Conversely,  SERS  perfor-
mance  exhibited  strong  humidity  dependence  (Fig.  S18),
driven by the humidity-sensitive equilibrium swelling degree
of  PAAm  hydrogel.  At  85%  humidity,  maximal  hydrogel
swelling  enhanced  the  adsorption  capacity  for  4-NBT
molecules, yielding a 24% increase in SERS intensity at 1332
cm−1 compared  to  measurements  at  55%  humidity.  There-
fore,  optimizing  humidity  is  essential  to  maximizing  SERS
signal intensity.

 2.3  Quantitative and sensitive detection for
biomolecules by the timeshare SERS platform

As anticipated,  the  timeshare  SERS platform could  work  at
the  quantitative  and  the  sensitive  mode.  We  consequently
investigated the application of the timeshare SERS platform
in biomolecule detection and quantification. Adenosine has
been reported to play a crucial role in the regulation of phys-
iological activity in various tissues and organs, which is also
a cancer biomarker49,50.  We first  determined the quantity of
adenosine  using  the  quantification  capability  of  the  time-
share  SERS  platform  (Fig. 5(a)).  The  characteristic  SERS
peak  at  735  cm−1 assigned  to  the  ring  breathing  mode  of
adenosine was clearly observed in the concentration range of
10 nm to 100 µm. The relationship between the SERS peak
intensity  at  735  cm−1 and  the  concentration  could  be
described  by  logC=3.03logI–16.76  with R2 equaled  0.9707
(Fig. 5(b)). The lowest detection concentration of adenosine
using  the  timeshare  SERS  platform  at  the  quantification
mode  could  reach  5  nm  (Fig.  S19).  After  shrinking  the
hydrogel  to make the timeshare SERS platform work at  the
sensitivity  mode,  the  SERS  peak  intensity  was  greatly
enhanced  (Fig. 5(c)).  Even  the  concentration  of  adenosine
was  down  to  10  pm,  the  SERS  peaks  were  still  observable,
better  than  most  of  the  previously  reported  results49,51.  The
relationship between the concentration of adenosine and the
SERS  intensity  at  735  cm−1 could  be  described  by
logC=3.70logI–20.15  with  a  greatly  reduced R2 of  0.9244
(Fig. 5(d)).
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Adenine  is  one  of  the  aromatic  bases  of  DNA and RNA.
Quantitative  and  highly  sensitive  detection  of  adenine  are
desirable  for  the  detection  of  diseases,  DNA  hybridization
monitoring, and other biomedical applications52,53. The rela-
tionship between the SERS peak at 736 cm−1 and the concen-
tration of adenine in the range of 100 μM to 10 nM could be
described  by  logC=2.38logI–14.69  with R2 equaled  0.9849

(Fig. 5(e) and 5(f)). The uniform color of the SERS mapping
images  of  736  cm−1 SERS  peak  at  different  concentrations
reflected  the  detection  reliability  using  the  timeshare  SERS
platform  working  under  the  quantitative  mode  (Fig.  S20).
The  corresponding  RSD  values  at  different  concentrations
were less than 10%, further proved the detection reliability at
the quantification mode (Fig. S21).
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Fig. 4 | Characterization of the quantitative and the sensitive mode of the timeshare SERS platform. (a) Typical SERS spectra of 4-NBT at different concen-
trations  enhanced  by  the  Au  nanospheres  on  the  swollen  hydrogel  (i.e.,  quantitative  mode).  Inset:  molecular  structure  of  4-NBT.  (b)  The  relationship
between the intensity of the Raman band at 1332 cm-1 and the concentrations of 4-NBT under the quantitative mode. (c) and (d) SERS mapping results of
the Raman band at 1332 cm-1 of 4-NBT at different concentration under the quantitative mode. (e, f) RSD of the intensity of the 1332 cm−1 SERS peak of 4-
NBT at different concentrations under the quantitative mode. (g) Typical SERS spectra of 4-NBT at different concentrations enhanced by the closely packed
Au nanospheres on the shrunk hydrogel (i.e., sensitive mode). (h) The relationship between the intensity of the Raman band at 1332 cm−1 and the concen-
trations of 4-NBT under the sensitive mode. (i,  j)  SERS mapping results of the Raman band at 1332 cm−1 of  4-NBT at different concentrations under the
sensitive  mode.  (k,  l)  RSD  of  the  intensity  of  the  1332  cm−1 SERS  peak  of  4-NBT  at  different  concentrations  under  the  sensitive  mode.  Error  bars  were
obtained based on 40 SERS spectra.
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The  SERS  signals  of  adenine  at  different  concentrations
were  significantly  enhanced  when  the  hydrogel  substrate
was  shrunk  (Fig. 5(g)).  The  lowest  detection  concentration
of  adenine  reached  10  pM,  improved  by  two  orders  of
magnitudes  than  the  quantification  mode  (Fig.  S22).  The
relationship  between  the  concentration  in  the  range  of  100
μM  to  10  nM  and  the  SERS  intensity  at  736  cm−1 could  be
described by logC=2.63logI–16.29 with a greatly reduced R2

of  0.9281.  The  SERS  mapping  results  exhibited  obvious
SERS  intensity  fluctuations  (Fig.  S23),  and  the  correspond-
ing RSD values were more than 10% (Fig. S24). These results
proved  the  poor  detection  reliability  but  high  sensitivity  of
the timeshare SERS platform at sensitive mode.

 3    Conclusions
We  demonstrated  a  timeshare  SERS  platform  capable  of
working  at  the  quantitative  and  the  sensitive  mode  on
demand at  desired  times,  which  circumvented  the  inherent

contradiction between the quantification and the sensitivity
of  conventional  SERS  substrates.  The  timeshare  SERS  plat-
form  could  be  used  to  reliably  quantify  specific  analytes;  if
no SERS signals of the analyte were observed, then the time-
share SERS platform could be switched to the sensitive mode
to  confirm  the  existence/absence  of  the  analytes,  or  vice
versa.  The  limitations  and  potential  improvements  for  the
timeshare SERS platform primarily involve two key aspects:
i)  Enhancing detection sensitivity  through the implementa-
tion  of  high-enhancement  plasmonic  nanostructures  (e.g.,
2D  Au  trisoctahedron  or  triangular  nanoprisms);  ii)
Addressing  material  stability  issues:  organic  solvents  (such
as alcohols, acetone) can disrupt the swelling equilibrium of
the  PAAm  hydrogel,  while  acidic  or  alkaline  media  induce
hydrolysis  and  cleavage  of  its  amide  bonds.  Consequently,
the current restriction to aqueous detection necessitates the
development  of  composite  hydrogel  systems  to  expand  the
range  of  applicable  sample  types.  In  conclusion,  the  time-
share  SERS  platform  would  have  promising  applications  in
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Fig. 5 | Quantitative and sensitive detection for biomolecules by the timeshare SERS platform. (a)  SERS spectra of  adenosine at  different concentrations
enhanced by the Au nanospheres on the swollen hydrogel (i.e., quantitative mode). Inset: molecular structure of adenosine. (b) The relationship between
the intensity of the Raman band at 735 cm−1 and the concentrations of adenosine under the quantitative mode. (c) SERS spectra of adenosine at different
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the broad fields where there is urgent need for both quanti-
tative and sensitive detections of trace amounts of analytes.
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