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ABSTRACT: Strategically  tailoring  the  electronic
configuration of electrocatalysts through the incorporation of
additional  metal  ions  serves  as  a  highly  effective  approach
for boosting electrochemical glucose oxidation performance.
In  this  work,  a  series  of  Co-doped  nickel  5-methylsalicate
(MeSA) metal  organic framework (MOF) composites (NiCo-
MeSA) were developed via a one-step solvothermal method.
The NiCo-MeSA complex exhibits  a  porous MOF structure,
promoting  the  electrolyte  diffusion  and  access  to  active
sites. Moreover, the introduction of Co2+ effectively regulates
the  electronic  structure  of  Ni-MeSA  catalysts,  thereby
improving both the selectivity toward glucose and stability of
electrochemical  glucose  oxidation  reaction  (GOR).  The
optimized  NiCo-MeSA  nanocomposites  demonstrate  high
sensitivity  of  4.55  mA·mM−1·cm−2,  an  ultralow  detection  limit  of  0.54  µM  (S/N  =  3,  where N  indicates  response  standard
deviation  and  S  represents  the  calibration  curve’s  slope),  and  exceptional  long-term  stability.  Significantly,  this  design
paradigm demonstrates broad applicability, as evidenced by the successful extension to isostructural NiM-SA analogs (M =
Mn,  Fe,  Cu)  under  identical  synthetic  conditions,  establishing  bimetallic  5-methylsalicylate  framework  as  a  versatile  and
robust electrocatalyst platform.
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 1    Introduction
Metal  organic  frameworks  (MOFs)  have  emerged  as  a  class  of
highly  promising  electrocatalytic  materials  for  electrochemical

glucose  (Glu)  oxidation,  owing  to  their  remarkably  high  specific
surface  area,  adjustable  porosity,  and  designable  structure  [1−4].
The catalytic performance of MOFs predominantly depends on the
properties of their metal centers, where the metal nodes often act as
active  sites  that  promote  specific  chemical  interactions  with  target
analytes and thereby increasing catalytic selectivity [5−7]. However,
the  intrinsic  limitations  of  single  metal  MOFs  often  hinder  their
performance  in  achieving  both  high  sensitivity  and  detection
stability,  mainly  due  to  restricted  number  of  active  sites  and
unfavorable  electronic  structure  [8−11].  To  overcome  these
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limitations,  introducing  another  type  of  metal  ion  has  been
demonstrated  as  an  effective  strategy  to  regulate  the  electronic
structure.  Enhanced  electronic  coupling  improves  both
conductivity and selective adsorption, while ligand functionalization
concurrently  sharpens  target  identification  [12−15],  thereby
achieving  more  efficient  and  sensitive  glucose  oxidation  reactions
(GORs).

Incorporating a secondary metal  ion into a catalyst  serves as an
efficient  electronic  structure-tuning  strategy,  generating  synergistic
effects through electronic interactions of host and guest metals that
overcome  the  bottleneck  of  sensitivity  and  anti-interference  of
single  metal  center  catalysts  at  the  molecular  level  [16−18].  Such
adjustment  of  the  electronic  configuration  not  only  stabilizes  key
reaction  intermediates  but  also  enhances  the  selectivity  of
electrocatalytic  glucose  oxidation,  remarkably  improving  both
detection  sensitivity  and  electrocatalytic  reactivity  [19, 20].
Meanwhile,  the  presence  of  heterogeneous  metal  nodes  generate
abundant  unsaturated  coordination  sites  and  synergistic  active
centers,  greatly  enhancing  the  charge  transfer  and  yielding  an
enhanced  current  response  [21−24].  More  importantly,  highly
ordered  pore  structure  and  adjustable  pore  size  further  amplify
their  advantages  in molecular  recognition and selective adsorption
[25−28].  Additionally,  the  formation  of  dual  covalent  bonds
between  organic  linkers  and  metal  sites  strengthens  chemical
stability [29]. These collective advantages facilitate bimetallic MOFs
to  achieve  superior  performance.  In  the  context  of  GOR,  doping
with transition metal ions (e.g., Co2+, Fe3+, Mn2+, and Cu2+) has been
shown  to  significantly  enhance  the  electrochemical  activity  of  Ni-
based catalysts  [30−32].  Such improvement stems from synergistic
electronic-interactions  that  promote  the  formation  of  higher-
valence Ni species and stabilize key reaction intermediates along the
oxidation  pathway  [28, 33].  Based  on  this  rationale,  Co2+ doping
was intentionally employed in the present study to further optimize
the electronic properties of the Ni based MOFs, strengthen glucose
adsorption,  and  accelerate  the  kinetics  of  glucose  to  gluconate
conversion [34, 35].

In this work, we report the synthesis of a series of cobalt-doped
nickel 5-methylsalicate (MeSA) MOF composites (NiCo-MeSA) via
a one-step solvothermal strategy. Comprehensive understanding of
these  materials’ behavior  and  performance  during  the  reaction
process  has  been  achieved  by  a  variety  angles  of  characterization
and examination. The synergistic integration of Ni and Co not only
increases  the  number  of  active  sites  and  optimizes  the  electronic
configuration  but  also  reinforces  the  structural  integrity,  thereby
minimizing  the  leaching  of  active  components  and  structural
collapse during catalysis. NiCo-MeSA exhibited superior sensitivity,
minimal  detection  threshold,  and  excellent  stability  in
electrochemical  glucose  oxidation.  Furthermore,  by  extending  this
unified  solvothermal  synthesis  route,  we  successfully  prepared  a
series  of  NiM-MeSA  MOFs  (M  =  Mn,  Fe,  Cu),  allowing  precise
regulation  of  redox  couples  through  modulated  metal  center
species.  This  work  provides  insights  into  the  rational  design  of
bimetallic  MOF-based  catalysts  for  high-performance
electrochemical glucose oxidation.

 2    Experimental

 2.1    Chemicals and characterizations
All  analytical-grade  reagents  were  used  as  received.  Nickel  nitrate

hexahydrate, cobalt nitrate hexahydrate, 5-methylsalicylic acid, and
N,N-dimethylformamide  (DMF)  were  purchased  from  Shanghai
Sinopharm Chemical Reagent, while glucose and sodium hydroxide
were  obtained  from  Aladdin.  Deionized  water  (18  MΩ·cm)  was
prepared at Yangzhou University. The morphologies and structures
of  Ni-MeSA,  NiCo-MeSA-1,  NiCo-MeSA-2,  NiCo-MeSA-3,  and
Co-MeSA  were  characterized  by  scanning  electron  microscopy
(SEM,  Zeiss  Supra55),  transmission  electron  microscopy  (TEM,
HT7800),  high-resolution  TEM  (HRTEM),  scanning  transmission
electron  microscopy  (STEM),  and  elemental  mapping  (Tecnai  G2
F30, 300 kV). Composition and crystal  structure were analyzed by
X-ray  photoelectron  spectroscopy  (XPS,  Thermo  Scientific
ESCALAB 250Xi) and X-ray diffraction (XRD, Bruker D8).

 2.2    Synthesis of NiCo-MeSA
A  mixture  of  0.1455  g  Ni(NO3)3·6H2O,  0.1455  g  Co(NO3)2·6H2O,
and  0.3804  g  5-methylsalicylic  acid  was  dissolved  in  60  mL  DMF
under  thorough stirring for  15 min.  Then,  an aqueous solution of
NaOH (0.096  g  in  6  mL deionized  water)  was  added  dropwise  to
the  mixture,  followed  by  another  15  min  of  stirring.  During  this
process, the solution turned from clear to turbid, accompanied with
slight  precipitation.  The  resulting  mixture  was  transferred  to  a
reaction vessel and heated at 120 °C for 3 h, during which the color
deepened  gradually.  After  cooling  to  room  temperature,  the
product was collected, washed three times with DMF and ethanol,
and dried at 60 °C for 24 h to obtain purple-red powder, denoted as
NiCo-MeSA. NiCo-MeSA samples with varying Ni/Co ratios were
synthesized following the same procedure by adjusting amounts of
metal  precursors  (Table  S1  in  the  Electronic  Supplementary
Material (ESM)).

 3    Results and discussion
To gain a detailed understanding of the microstructure of a series of
NiCo-MeSA  samples,  comprehensive  characterization  techniques
were  employed. Figure  1(a) shows  the  synthesis  route  of  NiCo-
MOF, and Table S1 in the ESM summarizes the detailed synthesis
parameters.  A  series  of  NiCo-MOFs  with  different  Ni/Co  ratios
were  obtained  by  adjusting  the  molar  ratios  of  the  corresponding
metal precursors. SEM depicted in Figs. 1(b1)–1(f1) and Fig. S1 in
the  ESM  reveals  the  Ni-MeSA  product  possesses  a  linear  and
agglomerated morphology, characterized by one-dimensional (1D)
nanowires that  self-assembled into folded spheres structures.  With
the  continuous  incorporation  of  Co2+,  the  morphology  of  NiCo-
MeSA and Co-MeSA products remained largely unchanged, which
was  attributed  to  the  similar  coordination  behavior  of  the  ligand
with Ni and Co. Consequently, variation in the doping ratio exerted
only a minimal influence on the overall morphology of the resulting
products.  Figure  S2  in  the  ESM  further  confirms  that  these  self-
assembled  folded  nanowire  spheres  were  successfully  grown  on
nickel  foam  substrates.  TEM  presented  in Figs.  1(b2)–1(f2) and
Fig. S3 in the ESM reveal that regardless of the Ni/Co doping ratios,
all  product  exhibit  linear  aggregation  patterns  with  comparable
line  thickness.  The  corresponding  elemental  mapping  results
(Figs.  1(b3)–1(f3))  show  that  Ni,  Co,  C,  and  O  are  uniformly
distributed throughout the frameworks,  without any obvious non-
uniformity.  The  detailed  content  of  each  element  in  each  sample
was  recorded  in  Table  S2  in  the  ESM.  Such  uniform  metal
dispersion and well-maintained architecture collectively endow the
NiCo-MeSA  catalysts  with  both  the  electronic  conductivity  and
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structural  integrity,  allowing  it  achieve  superior  performance  in
electrocatalytic GOR.

In addition, a series of bimetallic NiM-MOFs (M = Fe, Mn, Cu)
with  different  nanostructures  were  synthesized  via  a  one-step
solvothermal  method,  as  schematically  illustrated  in Fig.  2(a).  The
SEM images in Figs. 2(b1)–2(d1) and TEM images in Figs. 2(b2)–
2(d2) reveal  morphological  variations  upon  metal  substitution.
Compared  with  NiCo-MOF,  NiFe-MOF  changed  from  linear
aggregates  to  block  aggregates,  while  NiCu-MOF  exhibited
amorphous shapes with a few interlaced linear substances. Notably,
NiMn-MOF  maintained  the  original  self-organized  folded
spherical  morphology  of  NiCo-MeSA.  The  elemental  mapping
(Figs.  2(b3)–2(d3))  confirms uniform distribution of  C,  O,  Ni,  Fe,
Mn,  and  Cu  in  the  low-dimensional  nanomaterials.  These  results
suggest  that  the  different  structures  originate  from  the  intrinsic
coordination behavior of the specific metal.

The  detailed  composition  and  crystal  structure  of  NiCo-MOFs
with  different  Ni/Co  ratios  were  analyzed  using  powder  XRD.  As
shown in Fig. 3(a), the diffraction peaks of all NiCo-MOF samples
closely  match  the  simulated  peak  positions,  indicating  that  the
doping  of  Ni  and  Co  did  not  induce  significant  lattice  distortion.
However, slight differences in peak intensity reflect crystal integrity
caused  by  different  doping  ratios.  The  two faint,  broad  diffraction
bumps,  spotted  at  24.8°  and  42.7°,  suggesting  the  presence  of  a
mixed  crystalline  and  amorphous  framework.  Complementarily,
Fourier  transform  infrared  spectroscopy  (FTIR, Fig.  3(b) and
Fig.  S4  in  the  ESM)  displays  a  broad  peak  in  the  range  of
3200–3600  cm−1,  which  is  contributed  by  O–H  stretching  and
bending  vibrations  [36].  The  prominent  peaks  at  1646  and

1444  cm−1 arise  from  asymmetric  (Vas)  and  symmetric  (Vs)
stretching vibrations of COO−, respectively [37]. The specific surface
area of NiCo-MeSA (1:1) sample was calculated to be 139.7 m2·g−1,
as  shown  in Fig.  3(c).  The  pore  size  distribution  of  NiCo-MeSA
(1:1) was studied using the Barret–Joyner–Halenda (BJH) method.
The mesoporous structure with an average pore size of 4.33 nm is
beneficial for catalytic sites and efficient mass transfer. The relevant
data  of  other  samples  are  shown  in  Fig.  S5  and  Table  S3  in  the
ESM.  The  XPS  (Fig.  S6  in  the  ESM)  full  spectrum  confirms  the
presence of Ni, Co, C, and O elements. The C 1s spectrum depicted
in Fig.  3(d) features  peaks  at  approximately  288.4,  286.1,  and
284.5  eV,  which  can  be  attributed  to  covalent  O=C–O,  C–O,  and
C=C–C bonds, respectively [38]. Meanwhile, a closer look at the Ni
2p  spectrum  presented  in Fig.  3(e) reveals  two  fitted  peaks
positioned at 873.4 and 855.8 eV, corresponding to Ni 2p1/2 and Ni
2p3/2 orbitals, characteristic of Ni2+ [39]. As depicted in Fig. 3(f), the
Co  2p  spectrum  reveals  two  fitted  peaks  at  796.8  and  780.72  eV,
assigned to Co 2p1/2 and Co 2p3/2, respectively [40], indicating the +2
valence  state  of  Co  in  the  complex.  These  observations  verify  the
successful  synthesis  of  bimetallic  NiCo-MeSA  with  well-defined
coordination environments.

In this study, the electrochemical glucose oxidation performance
of  NiCo-MeSA  was  evaluated  in  0.1  M  NaOH  using  cyclic
voltammetry  (CV) at  scan rates  ranging  from 5  to  150  mV·s−1.  As
shown in Fig. 4(a), both anodic and cathodic peak currents increase
noticeblely with scan rate, accompanied by potential shifting toward
positive  and  negative  directions,  respectively.  The  peak  current
follows  suit,  climbing  steadily  in  response  to  these  changes.
Moreover,  as  depicted  in Fig.  4(b),  there  is  a  strong  linear

 

Figure 1    (a) Schematic of NiCo-MeSA sample preparation. (b1)–(f1) SEM, ((b2)–(f2)) TEM, and ((b3)–(f3)) elemental mapping for NiCo-MeSA
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correlation between the peak current of NiCo-MeSA and the square
root  of  the  scan  rate,  which  suggests  a  diffusion-controlled
electrochemical  process  [39, 41−43].  Subsequently,  CV  profiles
were recorded over a potential range of −0.2 to 0.8 V to evaluate the
glucose  oxidation  performance  across  concentrations  from  1  to
1000  µM  (Fig.  4(c)).  As  shown,  the  CV  response  demonstrates  a
notable  progressive  increase  with  rising  glucose  concentrations,
suggesting that the electrooxidation process is pivotal in the enzyme-
free  detection  of  glucose.  A  surge  in  glucose  concentrations
triggered a corresponding hike in electrooxidation, in turn elevating
that  the  CV  response  current  served  as  a  reliable  indicator  of
electrochemical  glucose  oxidation  efficiency  [44].  This  impressive
performance can be attributed to the distinctive bimetallic synergy
of  NiCo-MeSA,  which  substantially  reduces  the  overpotential  of
glucose  oxidation  while  simultaneously  providing  abundant  active
sites  for  the  reaction.  Furthermore,  the  inherent  high  specific
surface area and porous structure greatly facilitate the mass transfer
and reactant adsorption, thereby generating a high response current
[45].  To  identify  the  optimal  applied  potential,  amperometric
current was measured by introducing 20 µL of glucose at potentials
near the peak voltage range (0.53–0.63 V). At all four voltage levels,
NiCo-MeSA was capable of catalyzing the reaction of glucose. The
response  current  exhibited  consistent  increase  as  the  voltage
increased  from  0.53  to  0.57  V,  but  slightly  decreased  when  the
voltage exceeded 0.57 V. Notably, the response current at 0.6 V was

the  highest  response  value  and  displayed  smooth  performance.
Consequently,  0.6  V was  selected as  the  operating  potential  for  all
subsequent  experiments  (Fig.  S7  in  the  ESM).  What's  more,
introducing  glucose  solutions  of  varying  concentrations  triggered
distinctive  step-like  current  responses  with  the  magnitude  of  each
step increasing proportionally  to glucose concentration (Fig.  4(d)).
Accordingly,  the  data  adheres  to  the  linear  correlation: I (mA)  =
0.00455j + 6.01153, exhibiting a strikingly close association with an
R2 of 0.99307. This strong association between the response current
and  the  concentration  of  the  solution  demonstrates  a  linear
response from 55.5 to 2665.5 µM. Moreover, the calculated limit of
detection  (LOD)  for  this  analysis  was  as  low  as  0.45  μM,  and  the
sensitivity  was  an  impressive  4.55  mA·mM−1·cm−2.  The  LOD  was
calculated  as  LOD  =  3 S/N,  with N indicating  response  standard
deviation  and S representing  the  calibration  curve’s  slope  [46].
Relative to other electrode materials (Table S4 in the ESM), NiCo-
MeSA(1:1) demonstrates superior sensitivity and a lower detection
limit.  To  verify  repeatability,  test  was  performed  on  NiCo-MeSA.
As  presented  in Fig.  4(e),  the  pattern  remained  consistent
throughout 10 sequential  additions of  20 μL of  glucose,  as  derived
from Eq. (1)

RSD=
S
x
× 100%=

∑n

i=1
(xi −x)2

n− 1
x

× 100% (1)

 

Figure 2    (a) Sample preparation schematic for metal salt substitution. (b1)–(d1) SEM, ((b2)–(d2)) TEM, and ((b3)–(d3)) elemental mapping of NiM-MeSA.
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The  response  currents’ relative  standard  deviation  (RSD)  was
determined as 3.22%, signifying high consistency in NiCo-MeSA’s
response to glucose [47] (S: standard deviation; x̄ mean the average
of  multiple  measurements; xi:  the  results  of  each  test; n:  actual
measurement  frequency).  The  electrochemical  data  for  the  rest  of
the NiCo-MeSA series  samples  can be seen in Figs.  S8−S11 in the
ESM. The anti-interference capability of NiCo-MeSA was evaluated
by  sequentially  introducing  glucose  and  various  common
interfering substances. As depicted in the stable current (i)–time (t)
curve in Fig. S12 in the ESM, the interferents caused no noticeable
dips  in  the  response current,  confirming the  strong selectivity  and
anti-interference ability of NiCo-MeSA. Moreover, even faced with
multiple  interferents,  the  NiCo-MeSA  consistently  delivered  a
robust  electrical  signal  to  glucose without  any diminishment in its
intensity,  underscoring  its  immense  commercial  viability.  Long-
term stability was further assessed (Fig. S13 in the ESM), where the
current  response  remained  consistent  for  the  entire  8-h  duration
continuous  test,  signifying  its  exceptional  electrochemical  stability
and its suitability for prolonged testing. As shown in the Fig. 4(f), a

comprehensive comparison of various electrochemical indicators of
all  NiCo-MeSA  samples  reveals  that  NiCo-MeSA  (1:1)  exhibited
the best  electrochemical  glucose oxidation performance,  indicating
that  an  optimized  Ni/Co  ratio  significantly  enhances  catalytic
activity  through  synergistic  effects  between  the  two  metal  centers.
This  conclusion  is  confirmed  by  a  comprehensive  performance
comparison within other catalysts (Table S5 in the ESM).

In  order  to  delve  deeper  into  the  origin  of  the  remarkable
selectivity  of  NiCo-MeSA  toward  certain  prevalent  small
biomolecules,  first-principles  calculations  were  conducted  to
examine  its  electrophilic  characteristics.  In  general,  molecules
sporting  a  more  positive  ESP  (it  refers  to  the  electrostatic
interaction energy felt by a unit positive charge at a certain position
in  the  space  around  a  molecule  or  atom)  tend  to  have  a  greater
knack  for  drawing  in  nucleophilic  species  (or  electron  donors),
making  them  more  favorable  for  selective  molecular  recognition.
The  three-dimensional  (3D)  ESP  mapping  illustrated  in Fig.  5(a)
provides valuable insights  into the electronic features of  these four
biological  molecules.  A  closer  look  reveals  that  the  Glu  molecule

 

Figure 3    (a)  XRD patterns  of  NiCo-MeSA series  samples.  (b)  FT-IR spectra  of  NiCo MeSA series  samples.  (c)  N2 adsorption/desorption  curve  of  NiCo-MeSA (1:1)
(embedded figure shows pore size distribution). XPS spectra of (d) C 1s, (e) Ni 2p, (f) Co 2p.
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sports  several  local  positive  ESP  peaks  (+64.42,  +38.67,  +27.69,
+18.65,  and  +13.06  kcal·mol−1)  scattered  throughout  its  molecular
space, and has along with only two negative local minima separated
and located at opposite ends of the molecule. In contrast, uria (UA),
ascorbic  acid  (AA),  and  dopamine  (DA)  molecules  also  exhibit
considerable local positive ESP maxima but with a more dispersed
distribution and multiple strong negative local minima (e.g., −49.07,
−44.62,  and −42.06  kcal·mol−1)  in  their  vicinity.  This  significantly
weakens their ability to attract electron donors. Overall, the glucose
molecule  demonstrates  the  most  extensive  and  positive  ESP
distribution  among  the  four  biological  molecules,  indicating  its

superior  ability  to  interact  with  nucleophilic  reagents  [48, 49].
Experimental  evidence  indicates  the  reaction  pathway  shown  in
Fig.  5(b).  At  the  outset,  glucose  molecules  diffuse  through  the
alkaline electrolyte and work their way into the porous NiCo-MeSA
framework,  where  they  latch  onto  the  active  sites.  Once  adsorbed,
chemical interactions are established between glucose and the NiCo-
MeSA surface. Subsequently, the hemiacetal C–H bonds in glucose
undergo  cleavage,  forming  fresh  chemical  bonds  on  the  electrode
surface. Concurrently, under the combined influence of the alkaline
medium and applied potential, NiCo-MeSA is gradually oxidized to
NiOOH  and  CoOOH,  thereby  promoting  the  conversion  of

 

Figure 4    (a)  CV  analysis  of  NiCo-MeSA  (1:1)  across  varying  scan  rates.  (b)  Evaluation  of  peak  current  density  versus  scan  rate  square  root  for  NiCo-MeSA  (1:1).
(c)  NiCo-MeSA  CV  variability  across  glucose  concentrations  (50  mV·s−1 scan  rate).  (d)  Amperometric  signal  from  NiCo-MeSA  (1:1)  upon  incremental  glucose
introduction (inset: linear calibration validation for NiCo-MeSA (1:1) with sequential glucose dosing). (e) Reproducibility trend of NiCo-MeSA (1:1). (f) Radar plot of all
samples’ electrochemical properties.

Li et al. Nano Research | Vol. 19, No. 6

Nano Research, 2026, 19, 94908377 94908377 (6 of 9)

https://www.sciopen.com/article/10.26599/NR.2026.94908377
https://www.sciopen.com/article/10.26599/NR.2026.94908377
https://www.sciopen.com/article/10.26599/NR.2026.94908377
https://www.sciopen.com/article/10.26599/NR.2026.94908377
https://www.sciopen.com/article/10.26599/NR.2026.94908377
https://www.sciopen.com/article/10.26599/NR.2026.94908377
https://www.sciopen.com/article/10.26599/NR.2026.94908377
https://www.sciopen.com/article/10.26599/NR.2026.94908377


glucose to gluconic acid. Further XPS analysis (Figs. 5(c) and 5(d))
provides  the  valence  change  during  the  electrochemical  process.
The  Ni  2p3/2 peaks  at  855.67  eV  (Ni2+)  and  857.56  eV  (Ni3+)  after
cycling  evidenced  the  Ni2+ peak  in  the  post-cycled  sample  have
undergone  a  subtle  shift  of  approximately  0.2  eV  toward  lower
binding energy when compared to the pristine material. This slight
but  discernible  change  suggests  a  minor  electronic  redistribution
following electrochemical cycling process. Also, a similar change is
observed  for  the  Co  species.  Elemental  analysis  (Figs.  5(e)–5(i))
demonstrated that Ni, Co, C, and O were uniformly distributed on
the surface of the post-reacting NiCo-MeSA. The increased oxygen
level  results  from  the  generation  of  Ni(OH)2,  Co(OH)2,  NiOOH,
and CoOOH compounds.

 4    Conclusions
In  summary,  a  series  of  NiCo-MeSA  composite  materials  with
varying NiCo doping ratios  were  successfully  synthesized via  one-
step solvothermal method by adjusting the input amounts of metal
nickel cobalt salts. The study revealed that when the NiCo ratio was

optimized  to  1:1,  the  material  performed  excellently  in  the  GOR
system. With the help of the synergistic effect of the two metal ions,
NiCo-MeSA  achieved  a  high  sensitivity  of  4.55  mA·mM−1·cm−2,  a
detection  limit  as  low  as  0.54  µM,  and  superior  reaction  stability.
The efficient  GOR originates  from the bimetallic  synergistic  effect,
which  optimizes  the  electronic  structure,  reduces  the  reaction
energy  barrier,  improves  the  electrocatalytic  efficiency,  and
effectively suppresses metal leaching and skeleton collapse, ensuring
long-term  stability.  This  study  provides  valuable  insights  into  the
design and application of bimetallic MOF catalysts for enzyme-free
GOR.

 Electronic  Supplementary  Material: Supplementary  material  is
available  in  the  online  version  of  this  article  at https://doi.org
/10.26599/NR.2026.94908377

 Data availability
All  data  needed  to  support  the  conclusions  in  the  paper  are
presented  in  the  manuscript  and  the  Electronic  Supplementary

 

Figure 5    (a) Surface electrostatic potential diagram of glucose and interfering small molecules. (b) Reaction mechanism of samples in alkaline solution. Comparison of
XPS spectra before and after reaction: (c) Ni 2p and (d) Co 2p. (e)–(i) STEM images and elemental mapping of NiCo-MeSA after testing.
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Material.  Additional  data  related  to  this  paper  may  be  requested
from the corresponding author upon request.
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