
Metal Dimer Nanojunctions Composites with Magnetic 

Materials for Magnetic Field Sensing

Gang-Yi Chen and Su-Wen Hsu*

Department of Chemical Engineering, National Cheng Kung University, Taiwan

No. 1 University Road, East Dist., Tainan City 70101, Taiwan (R.O.C)

*E-mail: swhsu@gs.ncku.edu.tw

Electronic Supplementary Material (ESI) for Materials Horizons.
This journal is © The Royal Society of Chemistry 2023



Figure S1 Experimental setup for measurement the Raman spectra of dimer nanojunctions composite 
under different directions of the external magnetic force. (A) y-axis magnetic field: magnetic field parallel to 
the substrate; (B) z-axis magnetic field: magnetic field perpendicular to the substrate.



Table S1 Enhancement factors of Raman signals (different vibration modes) of vertical dimer 
nanojunctions composite with naphthalenediamine under external magnetic field (parallel or 
perpendicular to the substrate).

Table S2 Enhancement factors of Raman signals (different vibration modes) of horizontal dimer 
nanojunctions composite with naphthalenediamine under external magnetic field (parallel or 
perpendicular to the substrate).



Table S3 Enhancement factors of Raman signals (different vibration modes) of vertical dimer 
nanojunctions composite with benzimidazole under external magnetic field (parallel or perpendicular 
to the substrate).

Table S4 Enhancement factors of Raman signals (different vibration modes) of horizontal dimer 
nanojunctions composite with benzimidazole under external magnetic field (parallel or perpendicular 
to the substrate).



Table S5 Enhancement factors of Raman signals (different vibration modes) of vertical dimer 
nanojunctions composite with different naphthalenediamine concentrations under external magnetic 
field (parallel or perpendicular to the substrate).



Table S6 Enhancement factors of Raman signals (different vibration modes) of horizontal dimer 
nanojunctions composite with different naphthalenediamine concentrations under external magnetic 
field (parallel or perpendicular to the substrate).



Table S7 Enhancement factors of Raman signals (different vibration modes) of vertical dimer 
nanojunctions composite with different benzimidazole concentrations under external magnetic field 
(parallel or perpendicular to the substrate).



Table S8 Enhancement factors of Raman signals (different vibration modes) of horizontal dimer 
nanojunctions composite with different benzimidazole concentrations under external magnetic field 
(parallel or perpendicular to the substrate).



Figure S2 Raman spectra of vertical dimer nanojunctions composite with naphthalenediamine under 
different strengths of the external magnetic force. The strength of the magnetic force applied on the composite 
can be tuned by changing the spacing between the composite and the magnetic source (magnetic bar). Raman 
spectra of nanocomposites with two different morphologies of dimer nanojunctions, vertical and horizontal dimer 
nanojunctions, are shown in (A) and (B), respectively.  　         

Table S9 Enhancement factors of Raman signals (different vibration modes) of vertical dimer 
nanojunctions composite with naphthalenediamine under different strengths of the external magnetic 
force.



Figure S3 Raman spectra of horizontal dimer nanojunctions composite with naphthalenediamine under 
different strengths of the external magnetic force. The strength of the magnetic force applied on the composite 
can be tuned by changing the spacing between the composite and the magnetic source (magnetic bar). Raman 
spectra of nanocomposites with two different morphologies of dimer nanojunctions, vertical and horizontal dimer 
nanojunctions, are shown in (A) and (B), respectively.

Table S10 Enhancement factors of Raman signals (different vibration modes) of horizontal dimer 
nanojunctions composite with naphthalenediamine under different strengths of the external magnetic 
force.



Figure S4 Raman spectra of vertical dimer nanojunctions composite with benzimidazole under different 
strengths of the external magnetic force. The strength of the magnetic force applied on the composite can be 
tuned by changing the spacing between the composite and the magnetic source (magnetic bar). Raman spectra of 
nanocomposites with two different morphologies of dimer nanojunctions, vertical and horizontal dimer 
nanojunctions, are shown in (A) and (B), respectively.

Table S11 Enhancement factors of Raman signals (different vibration modes) of vertical dimer 
nanojunctions composite with benzimidazole under different strengths of the external magnetic force.



Figure S5 Raman spectra of horizontal dimer nanojunctions composite with benzimidazole under different 
strengths of the external magnetic force. The strength of the magnetic force applied on the composite can be 
tuned by changing the spacing between the composite and the magnetic source (magnetic bar). Raman spectra of 
nanocomposites with two different morphologies of dimer nanojunctions, vertical and horizontal dimer 
nanojunctions, are shown in (A) and (B), respectively.

Table S12 Enhancement factors of Raman signals (different vibration modes) of horizontal dimer 
nanojunctions composite with benzimidazole under different strengths of the external magnetic force.



Figure S6 Raman spectra of vertical dimer nanojunctions composite with half the concentration of 
naphthalenediamine under different strengths of the external magnetic force. The strength of the magnetic 
force applied on the composite can be tuned by changing the spacing between the composite and the magnetic 
source (magnetic bar). Raman spectra of nanocomposites with two different morphologies of dimer nanojunctions, 
vertical and horizontal dimer nanojunctions, are shown in (A) and (B), respectively.  　         

Table S13 Enhancement factors of Raman signals (different vibration modes) of vertical dimer 
nanojunctions composite with half the concentration of naphthalenediamine under different strengths 
of the external magnetic force.



Figure S7 Raman spectra of horizontal dimer nanojunctions composite with half the concentration of 
naphthalenediamine under different strengths of the external magnetic force. The strength of the magnetic 
force applied on the composite can be tuned by changing the spacing between the composite and the magnetic 
source (magnetic bar). Raman spectra of nanocomposites with two different morphologies of dimer nanojunctions, 
vertical and horizontal dimer nanojunctions, are shown in (A) and (B), respectively.  　         

Table S14 Enhancement factors of Raman signals (different vibration modes) of horizontal dimer 
nanojunctions composite with half the concentration of naphthalenediamine under different strengths 
of the external magnetic force.



Figure S8 Raman spectra of vertical dimer nanojunctions composite with half the concentration of 
benzimidazole under different strengths of the external magnetic force. The strength of the magnetic force 
applied on the composite can be tuned by changing the spacing between the composite and the magnetic source 
(magnetic bar). Raman spectra of nanocomposites with two different morphologies of dimer nanojunctions, 
vertical and horizontal dimer nanojunctions, are shown in (A) and (B), respectively.  　         

Table S15 Enhancement factors of Raman signals (different vibration modes) of vertical dimer 
nanojunctions composite with half the concentration of benzimidazole under different strengths of the 
external magnetic force.



Figure S9 Raman spectra of horizontal dimer nanojunctions composite with half the concentration of 
benzimidazole under different strengths of the external magnetic force. The strength of the magnetic force 
applied on the composite can be tuned by changing the spacing between the composite and the magnetic source 
(magnetic bar). Raman spectra of nanocomposites with two different morphologies of dimer nanojunctions, 
vertical and horizontal dimer nanojunctions, are shown in (A) and (B), respectively.  　         

Table S16 Enhancement factors of Raman signals (different vibration modes) of horizontal dimer 
nanojunctions composite with half the concentration of benzimidazole under different strengths of the 
external magnetic force.



Figure S10 Raman spectra of vertical dimer nanojunctions composite with naphthalenediamine under 
different strengths of the external magnetic force. The strength of the magnetic force applied on the composite 
can be tuned by an external magnetic source (the number of magnetic bars). Raman spectra of nanocomposites 
with two different morphologies of dimer nanojunctions, vertical and horizontal dimer nanojunctions, are shown 
in (A) and (B), respectively. The corresponding Raman signal enhancement factors of different vibration modes 
are shown in (C).



Table S17 Enhancement factors of Raman signals (different vibration modes) of vertical dimer 
nanojunctions composite with naphthalenediamine under different strengths of the external magnetic 
force (the number of magnetic bars).



Fig
ure S11 Raman spectra of horizontal dimer nanojunctions composite with naphthalenediamine under 
different strengths of the external magnetic force. The strength of the magnetic force applied on the composite 
can be tuned by an external magnetic source (the number of magnetic bars). Raman spectra of nanocomposites 
with two different morphologies of dimer nanojunctions, vertical and horizontal dimer nanojunctions, are shown 
in (A) and (B), respectively. The corresponding Raman signal enhancement factors of different vibration modes 
are shown in (C).



Table S18 Enhancement factors of Raman signals (different vibration modes) of horizontal dimer 
nanojunctions composite with naphthalenediamine under different strengths of the external magnetic 
force (the number of magnetic bars).



Figure S12 Raman spectra of vertical dimer nanojunctions composite with benzimidazole under different 
strengths of the external magnetic force. The strength of the magnetic force applied on the composite can be 
tuned by an external magnetic source (the number of magnetic bars). Raman spectra of nanocomposites with two 
different morphologies of dimer nanojunctions, vertical and horizontal dimer nanojunctions, are shown in (A) and 
(B), respectively. The corresponding Raman signal enhancement factors of different vibration modes are shown 
in (C).



Table S19 Enhancement factors of Raman signals (different vibration modes) of vertical dimer 
nanojunctions composite with benzimidazole under different strengths of the external magnetic force 
(the number of magnetic bars).



Figure S13 Raman spectra of horizontal dimer nanojunctions composite with benzimidazole under 
different strengths of the external magnetic force. The strength of the magnetic force applied on the composite 
can be tuned by an external magnetic source (the number of magnetic bars). Raman spectra of nanocomposites 
with two different morphologies of dimer nanojunctions, vertical and horizontal dimer nanojunctions, are shown 
in (A) and (B), respectively. The corresponding Raman signal enhancement factors of different vibration modes 
are shown in (C).



Table S20 Enhancement factors of Raman signals (different vibration modes) of horizontal dimer 
nanojunctions composite with benzimidazole under different strengths of the external magnetic force 
(the number of magnetic bars).



Figure S14 Raman spectra of vertical dimer nanojunctions composite with half the concentration of 
naphthalenediamine under different strengths of the external magnetic force. The strength of the magnetic 
force applied on the composite can be tuned by an external magnetic source (the number of magnetic bars). Raman 
spectra of nanocomposites with two different morphologies of dimer nanojunctions, vertical and horizontal dimer 
nanojunctions, are shown in (A) and (B), respectively. The corresponding Raman signal enhancement factors of 
different vibration modes are shown in (C).



Table S21 Enhancement factors of Raman signals (different vibration modes) of vertical dimer 
nanojunctions composite with half concentration of naphthalenediamine under different strengths of the 
external magnetic force (the number of magnetic bars).



Figure S15 Raman spectra of horizontal dimer nanojunctions composite with half the concentration of 
naphthalenediamine under different strengths of the external magnetic force. The strength of the magnetic 
force applied on the composite can be tuned by an external magnetic source (the number of magnetic bars). Raman 
spectra of nanocomposites with two different morphologies of dimer nanojunctions, vertical and horizontal dimer 
nanojunctions, are shown in (A) and (B), respectively. The corresponding Raman signal enhancement factors of 
different vibration modes are shown in (C).



Table S22 Enhancement factors of Raman signals (different vibration modes) of horizontal dimer 
nanojunctions composite with half concentration of naphthalenediamine under different strengths of the 
external magnetic force (the number of magnetic bars).



Figure S16 Raman spectra of vertical dimer nanojunctions composite with half the concentration of 
benzimidazole under different strengths of the external magnetic force. The strength of the magnetic force 
applied on the composite can be tuned by an external magnetic source (the number of magnetic bars). Raman 
spectra of nanocomposites with two different morphologies of dimer nanojunctions, vertical and horizontal dimer 
nanojunctions, are shown in (A) and (B), respectively. The corresponding Raman signal enhancement factors of 
different vibration modes are shown in (C).



Table S23 Enhancement factors of Raman signals (different vibration modes) of vertical dimer 
nanojunctions composite with half concentration of benzimidazole under different strengths of the 
external magnetic force (the number of magnetic bars).



Figure S17 Raman spectra of horizontal dimer nanojunctions composite with half the concentration of 
benzimidazole under different strengths of the external magnetic force. The strength of the magnetic force 
applied on the composite can be tuned by an external magnetic source (the number of magnetic bars). Raman 
spectra of nanocomposites with two different morphologies of dimer nanojunctions, vertical and horizontal dimer 
nanojunctions, are shown in (A) and (B), respectively. The corresponding Raman signal enhancement factors of 
different vibration modes are shown in (C).



Table S24 Enhancement factors of Raman signals (different vibration modes) of horizontal 
dimer nanojunctions composite with half concentration of benzimidazole under different 
strengths of the external magnetic force (the number of magnetic bars).



Figure S18 Raman response of dimer-nanojunction composites with 2-Mercapto-5-nitrobenzimidazole 
(MNB) under external magnetic field (MF). (A) Extinction spectra of two dimer-nanojunction composites: 
vertical dimer (blue curve) and horizontal (red curve). The corresponding SEM images are in the right panel. (B) 
and (C) show the Raman spectra of vertical and horizontal dimer-nanojunction composites under three different 
conditions, respectively.  the three different conditions are no external MF (black curve), under external MF 
parallel to the substrate (y-axis red curve), and under external MF perpendicular to the substrate (z-axis red curve). 
(D) The corresponding chemical vibration modes of MNB, PVP (ligand for AgNC), and PS (matrix) were listed. 

Table S25 Enhancement factors of Raman signals (different vibration modes) of vertical dimer 



nanojunctions composite with different magnetic materials.

Table S26 Enhancement factors of Raman signals (different vibration modes) of horizontal dimer 
nanojunctions composite with different magnetic materials.



Figure S19 The reproducibility test of nanocomposites with magnetic materials for magnetic sensing 
application. Through the change of Raman scattering spectrum changes with the change of external MF, it can 
be observed that after the external MF is removed, the rearrange of molecules around the dimer nanojunction 
returns to the original state. This allows these nanocomposites to be reused.   


