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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).

=(l'— o,
Chemical shift (cm)/vibration mode Enhancement factor (EF) = (I"—Iy) /1o (%)
y-axis z-axis
iami C-N ;3:'::hing 485.4 128.5
Naphthalenediamine S074.4 311 13831 137
(NDA) 1594 20 o
N-H deformation vibration N .
1‘!'50 i 528.8 226.3
CH, scissoring
Pe 581.3+74.2 205.8 + 29.1
1615
Ring-skeletal stretch 633.7 185.2
1327
C-N stretching / CH, wagging 505.6 204.9
pVP 1501 527.1 53494 33.8 2049 | 2706+ 113.7
C-N stretching . 2 I T OO . .6 + 113.
1760
C=0 stretching 571.8 401.9

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).

=(l'— o,
Chemical shift (cm*)/vibration mode Enhancement factor (EF) = (I'—1q)/Io (%)
y-axis z-axis
jami C-N ;3:'::hing 7234 168.1
Naphthalenediamine 6582 4 526 1667 1 209
(NDA) 1594 649.0 1652
N-H deformation vibration . B
1‘-150 : 654.8 202.8
CH, scissoring
Ps 744.7 + 127.2 182.2 + 29.1
1615
Ring-skeletal stretch 834.7 161.7
1327
C-N stretching / CH, wagging 7234 202.5
pVP 1501 6692 | 7716+1332| 2221 2052+ 15.7
C-N stretching . O . . 2+ 15,
1760
C=0 stretching 922.1 191.0




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).

=(l'— o,
Chemical shift (cm?)/vibration mode Enhancement factor (EF) = (I"—Iy) /1o (%)
y-axis z-axis
1265
204.6 566.1
imi (C-H) in-plane bending
Benzimidazole 1245 4 276 65 1 41
o 1595 244.0 626.7
N-H deformation vibration : .
st 187.3 543.6
CH, scissoring
Ps 179.0 +11.3 5985+ 7.1
1615
Ring-skeletal stretch 171.8 652.8
1327
C-N stretching / CH, wagging 231.3 452.8
pVP 1501 166.1 160.7+88.6 760.8 546.0 + 186.7
C-N stretching . + /150, E 0+ 5
1760
C=0 stretching 097.4 424.4

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).

=(l'— o,
Chemical shift (cm*)/vibration mode Enhancement factor (EF) = (I'—1q)/Io (%)
y-axis z-axis
1265
747.1 881.4
imi (C-H) in-plane bending
Benzimidazole 6340 4 9.2 T2 & 2524
(BIM) 1595 210 ed
N-H deformation vibration . 8
s 638.9 861.7
CH, scissoring
Ps 714.9 + 107.6 759.8 + 144.1
1615
Ring-skeletal stretch 791.0 657.9
1327
C-N stretching / CH, wagging 571.0 758.5
1501
PVP . 842.8 558.7 + 293.7 1133.9 722.4 + 430.7
C-N stretching
1760
C=0 stretching 256.3 274.7




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).

Chemical shift (cm-t)/vibration mode Enhancement factor (EF) = (' 1) /1o (%)
y-axis z-axis
1358
C-N stretching 4554 128.5
High cone. 507.4 £+ 31.1 1383+ 13.7
1594 529.4 148.0
Naphthalene N-H deformation vibration : '
diamine
(NDA) 1358
C-N stretching 289.6 138.4
low conc. 269.1+ 28.9 119.8 + 26.3
1594
N-H deformation vibration 248.7 161.3
1?50 . 528.8 226.3
CH, scissoring
High conc. 1615 581.3+ 742 205.8 + 29.1
Ring-skeletal stretch 633.7 185.2
PS
1{150 . 267.3 122.0
CH, scissoring
low conc. 266.9 + 0.64 114.2 + 10.9
1615 266.4 106.5
Ring-skeletal stretch ) :
1327
C-N stretching / CH, wagging 505.6 204.9
High conc 1501 527.1 5349 + 33.8 204.9 270.6 + 113.7
g . C-N stretching . DL 33 : -6+ 113.
1760
C=0 stretching 5718 401.9
PVP
1327
C-N stretching / CH, wagging 265.0 120.9
low conc. 1501 . 226.5 2525+ 227 84.7 99.6+18.9
C-N stretching
1760
C=0 stretching 262.% 9314




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).

— 1 _ o,
Chemical shift (cm)/vibration mode Enhar'lcement factor (EF) = (I'~lo)/Iq (.A’)
y-axis z-axis
1358
C-N stretching 723.4 168.1
High conc. 688.2 + 52.6 166.7 + 2.09
1594 649.0 165.2
Naphthalene N-H deformation vibration ' )
diamine
(NDA) 1358
C-N stretching 244.2 93.2
low conc. 292.0 + 67.6 112.0+ 26.6
1594 339.8 130.8
N-H deformation vibration : :
1*50 . 528.8 226.3
CH, scissoring
High cone. 581.3+ 742 205.8 + 29.1
1615
Ring-skeletal stretch 633.7 185.2
PS
1?50 . 245.6 108.9
CH, scissoring
low conc. 253.7+ 11.4 121.8+ 18.2
1615
Ring-skeletal stretch 261.7 1347
1327
C-N stretching / CH, wagging 505.6 2049
High 1501 527.1 534.9 + 33.8 204.9 270.6 £ 113.7
'gh conc. C-N stretching : e . = :
1760
C=0 stretching 5718 401.9
PVP
1327
C-N stretching / CH, wagging 2511 110
low conc 1501 278.4 2726+ 192 117.8 107.6 +12.2
) C-N stretching ' e . e
1760
C=0 stretching 288.2 94.1




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).

=] —
Chemical shift (cm*)/vibration mode Enhancement factor (EF) = (I'~q)/Io (%)
y-axis z-axis
1265
(C-H) in-plane bending 204.6 566.1
High conc. 22454+ 27.6 596.5 £+ 43.1
1395 244.0 626.7
Benzimidazole N-H deformation vibration : .
(BIM) 1265
(C-H) in-plane bending 184.9 229.5
low conc. 164.5 + 27.6 256.7+ 38.5
1595 145.9 2840
N-H deformation vibration : :
1{‘50 . 187.3 543.6
CH, scissoring
High conc. 179.0 £11.3 598.5+ 7.1
1615 171.8 652.8
Ring-skeletal stretch . '
PS
1{‘50 . 180.9 454.2
CH, scissoring
low conc. 147.0 + 46.7 422,84+ 44.4
1615
Ring-skeletal stretch 114.1 3915
1327
C-N stretching / CH, wagging 2313 452.8
High conc 1501 166.1 160.7+ 88.6 760.8 546.0 = 186.7
€ ) C-N stretching - 1L 88 . .0 + 186.
1760
C=0 stretching 097.4 4244
PVP
1327
C-N stretching / CH, wagging 1189 568.0
1501
low conc. . 165.9 129.3 + 31.6 485.7 414.6 + 198.7
C-N stretching
1760
C=0 stretching 105.9 190.2




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).

— 1 _ o,
Chemical shift (cm)/vibration mode Enhar,lcemem factor (EF) = (I'~lo)/Iq (‘A')
y-axis z-axis
1265
(C-H) in-plane bending 747.1 881.4
High conc. 684.0 + 89.2 702.9 +252.4
1595
Benzimidazole N-H deformation vibration 621.0 5244
(8IM) 1265
(C-H) in-plane bending 157.0 4300
low conc. 226.0 + 97.6 481.8 +73.3
1595
N-H deformation vibration 295.1 5337
1%50 . 638.9 861.7
CH, scissoring
High cone. 714.9 + 107.6 759.8 £ 144.1
1615
Ring-skeletal stretch 791.0 657.9
PS
1?50 . 199.6 403.4
CH, scissoring
low conc. 233.2+47.5 513.3 + 1554
1615 266.8 623.2
Ring-skeletal stretch . )
1327
C-N stretching / CH, wagging 577.0 758.5
High 1501 842.8 558.7 + 293.7 1133.9 722.4 + 430.7
'gh conc. C-N stretching : o= ' * = '
1760
C=0 stretching 2563 2747
PVP
1327
C-N stretching / CH, wagging 224.5 461.9
low conc 1501 306.5 293.7+ 63.8 528.6 450.4 + 85.1
) C-N stretching ) =T : =0
1760
C=0 stretching 350.3 359.8
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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.

Chemical shift (em)

Enhancement factor (EF) = (I'=I) /1, (%)

Jvibration mode Spacing =1 cm Spacing =2 cm Spacing =3 cm
y-axis z-axis y-axis z-axis y-axis z-axis
1358
Naphthalene C-N stretching 485.4 128.5 155.7 61.0 63.7 28.1
diamine 507.4 £ 31.1 138.3 +£13.7 172.4 + 23. 53.5 +10.7 68.6 + 6.9 33.7+79
(NDA) 1594
N-H deformation vibration 5294 148.0 189.0 45.9 73.5 393
14” " 528.8 226.3 148.1 106.6 65.4 56.5
CH, scissoring
PS 581.3 £ 74.2 205.8 £29.1 169.4 + 30.1 775+ 41.1 79.7 £ 20.2 493 £10.2
1615
Ring-skeletal stretch 6337 185.2 190.7 484 94.1 42.1
1327
C-N stretching / CH, wagging S0s.6 2049 176.8 81.2 473 553
1501
PVP " 527.1 534.9 +33.8] 2049 [270.6 + 113.7 173.0 188.2 + 23.2 86.7 125.5 + 72.0 68.3 520+ 14.5 46.1 579 +13.2
C-N stretching
1760
C=0 stretching 5718 401.9 214.9 208.6 40.6 72.2
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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.

Enhancement factor (EF) = (I'—1) /1, (%)
Chemical shift (cm?) L . L
Jvibration mode Spacing =1 cm Spacing =2 cm Spacing =3 cm
y-axis z-axis y-axis z-axis y-axis z-axis
1358
Naphthale C-N stretching 723.4 168.1 263.6 1013 88.6 51.0
diamit 688.2 + 52.6 166.7 + 2.0 151.7 + 10.0 1015+ 0.3 894+ 1.1 499+ 15
(NDA) 1594
N-H deformation vibration 649.0 165.2 2273 1017 90.2 48.8
1450 654.8 2028 274 98.8 543 743
CH, scissoring
PS T44.7 £ 127.2 182.2 +29.1 1034+ 77.5 943+ 6.3 94.4 +56.8 533+ 29.6
1615
Ring-skeletal stretch 834.7 161.7 3431 89.8 134.6 324
1327
C-N stretching / CH, 723.4 202.5 259.6 115.3 34.6 60.3
wagging
pvp 501 669.2 |7716 1332|559, (20524157 46 (12884306 g3 12534340 342 (737682 4y [4894295
C-N stretching
1760
=0 stretching 922.1 191.0 430.4 974 152.5 15.4
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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.

Enhancement factor (EF) = (I'—14) /1, (%)

" " "
Ch;:ri'::lrc:tliZ:I:\g:; : Spacing =1 cm Spacing =2 cm Spacing =3 cm
y-axis z-axis y-axis z-axis y-axis 2z-axis
1265
- (C-H) in-plane bending 2046 566.1 197.7 349 85.6 69.7
(81M) 224.5 + 27.6 596.5 + 43.1 138.5 + 82.7 312.0 + 39.6 64.0 +29.7 64.5% 6.4
1595
N-H deformation vibration 2440 626.7 80.5 284.1 43.2 60.2
CH :::::Lri"g 187.3 543.6 117.0 2429 28.2 42.1
2
PS 179.0 £11.3 5985+ 7.1 108.5 + 12,0 264.0 +31.1 435+219 61.5 + 27.6
1615
Ring-skeletal stretch 1718 652.8 1002 286.4 59.1 81.1
1327
C-N stretching / CH, 231.3 452.8 209.8 282.0 67.8 90.3
wagging
pvP 1501 166.1 160.7488.6 | 7608 |546.0 £186.7| 195 (12234812 4990  [26531247] 394 58.0 + 18.2 3.6 59.3 4+ 39.3
C-N stretching : N - - . X
0 sltTr:tnchir\g 0974 4244 048.3 2379 70.2 15.4
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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.

Enhancement factor (EF) = (I'—Io)/I (%)

Chemical shift (cm?) L . L
Juibration mode Spacing =1 em Spacing =2 cm Spacing =3 em
y-axis z-axis y-axis z-axis y-axis z-axis
1265
o (C-H) in-plane bending 747.1 881.4 298.7 93.3 2385 127.2
(81M) 684.0 + 89.2 702.9 +252.4 278.5 + 28.6 241.0+ 4.2 79.4 £19.7 112.7 £ 20.5
1595
N-H deformation vibration 621.0 524.4 258.3 65.5 244.2 98.1
1“‘50 ; 638.9 861.7 2584 875 174.0 98.7
CH, scissoring
PS 714.9 + 107.6 759.8 + 144.1 294.1 + 50.4 190.5 +23.3 88.2+ 1.1 132.2 +47.5
1615
Ring-skeletal stretch L0 6579 329.7 89.0 2074 165.8
1327
C-N stretching / CH, 577.0 758.5 284.2 88.0 207.9 182.8
wagging
PVP on sts::tlching g42.8 |SSBT 2937 330 |7224£430.7| 3545  [268.6 £94.3| 168 (19974912 gg75 [BL5£39.0| 345 [137.8+£433
1760
€=0 stretching 256.3 274.7 167.5 39.6 105.7 9.6
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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. [J

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.

Enhancement factor (EF) = (I'=1,) /I, (%)
Chemical shift (cm) L L P
vibration mode Spacing =1cm Spacing =2 cm Spacing =3 cm
y-axis z-axis y-axis z-axis y-axis z-axis
1358
Naphthalene C-N stretching 289.6 138.4 118.7 66.5 90.0 26.1
diamine 269.1+ 28.9 119.8 + 263 118.6 + 0.2 57.8+12.3 77.1 +18.3 20.3+ 8.1
(NDA) 1594
N-H deformation vibration 248.7 101.3 1185 491 64.1 146
1?50 N 267.3 122.0 106.5 71.5 70.4 16.2
CH, scissoring
PS 266.9 £ 0.6 114.2 £ 10.! 129.0 £ 31.8 1.8+ 0.30 688122 17.6 £2.0
1615
Ring-skeletal stretch 266.4 106.5 1515 720 67.2 19.0
1327
C-N stretching / CH, wagging 268.0 120.9 103.1 61.5 74.2 21.9
1501
PVP " 226.5 |152.5+122.7 84.7 99.6+18.9 87.9 885+ 142 58.7 593 +2.0 57.6 56.0 £ 19.1 188 205+ 1.6
C-N stretching
1760
€=0 stretching 262.9 9314 4.7 57.6 0.00 210
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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. [J

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.

Enhancement factor (EF) = (I'—14)/Iy (%)
Chemical shift {cm™) P L ._
vibration mode Spacing =1 cm Spacing =2 cm Spacing =3 cm
y-axis z-axis y-axis z-axis y-axis z-axis
1358
. 244.2 932 164.1 7.8 75.2 420
Naphthalene C-N stretching
diamine 292.0 + 67.6 112.0 + 26.6 149.2 + 211 740+ 1.7 80.9 + 8.1 449+42
(NoA) 1594 339.8 130.8 1343 75.2 86.7 47.9
N-H deformation vibration : : - - 3 b
1450 245.6 108.9 1444 71.0 69.0 46.4
CH, scissoring
Ps 2537+ 114 121.8+ 18.2 127.6 + 238 734 434 72.645.1 502453
1615
Ring-skeletal stretch 261.7 1347 110.8 757 76.2 54.0
1327
N stretching f CH, wagging 251.1 111.0 163.1 82.9 60.7 512
PVP 101 2784 |2726+192| 117.8 107.6 +12.2 166.2 147.8+29.3 914 823+ 9.5 65.8 620433 534 58.4 + 10.6
C-N stretching
1760
€= stretching 288.2 94.1 114.0 7.5 59.6 70.6
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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. [J

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.

" ! shif () Enhancement factor (EF) = (I'—14) /1 (%)
Chemical shift (em" . . N
Jvibration mode Spacing =1 cm Spacing =2 cm Spacing =3 cm
y-axis z-axis y-axis z-axis y-axis z-axis
1265
o (C-H) in-plane bending 184.9 2295 64.2 199.6 17.2 158.0
(8IM) 164.5 + 27.6] 256.7+ 38.5 684 5.7 217.9+258 19.5+3.5 1549 + 4.3
1595
N-H deformation vibration 1459 284.0 72.6 236.1 2.7 151.9
1950 180.9 4542 76.4 286.8 464 133.6
CH, scissoring
PS 147.0 £ 46.7| 4228+ 44.4 90.3 +19.8 2822 + 6.5 375+ 120 170.5 + 52.1
1615
Ring-skeletal stretch 114.1 3915 104.3 2716 29.0 2074
1327
C-N stretching / CH, 118.9 568.0 84.9 175.4 16.6 236.3
wagging
PVP o stfeﬂtlching 1659 12934316 4g57 414611987 oo 917+ 75| 3112 [198.711028| 339 237480 | 353 [1444 2798
1760
C=0 stretching 1059 190.2 99.5 109.6 23.2 922
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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. [J

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.

Enhancement factor (EF) = (I'—14) /1 (%)
ek "
Ch;:i'l:rc:tliz:lfr:\rdf: ) Spacing =1 cm Spacing =2 cm Spacing =3 cm
y-axis z-axis y-axis z-axis y-axis z-axis
1265
B (C-H) in-plane bending 157.0 430.0 97.3 260.1 9.9 53.1
®IM) 226.0 + 97.6 4818+ 733 1442 + 663 240.0 +28.3 249 +21.2 7524314
1585 295.1 533.7 191.1 220.6 39.9 97.4
N-H deformation vibration . . B " . '
- :;:s’;mg 199.6 403.4 138.1 160.7 326 74.1
2z
PS 2332 +47.5 5133 + 1554 154.0 + 22.5 195.0 + 49. 399+ 10.3 81.0+ 9.7
1615
Ring-skeletal stretch 266.8 623.2 170,0 230.5 472 87.9
1327
C-N stretching / CH, 2245 462.9 1310 1730.2 471 84.1
wagging
PVP 1501 3065 (29374638 spg6 45044851 g (1537 £208[ 515 [20004238] gy |S31£255| 456 (8944170
C-N stretching - N - " : :
o ::r:fching 3503 3598 158.3 2090 810 108.4




20000

no external MF

no external MF
60000 - with one magnetic bar 18000 - === with one magnet_\c bar
— with two magnetic bars | | 16000 4 = with two magnetic bars \

S s 3
s imoou-
230000 2
g £ 8000
€ 20000 4 S 6000
4000 4 b
100004 2000 0 .
[N}
oL, B = ol g1 L
1200 TT 1400 1600 "1800 1200 1400 1600 1800
chemical shift (cm”) chemical shift (cm™)
17 ®m with two magnetic bars ® with two magnetic bars
700 1 m with one magnetic bar @ with one magnetic bar
600
500 - i }
o> 400 -
L i
w 300 —
200 i
1 &
100 —
| = z
o - ; & %

NDA PS PVP NDA PS PVP

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).

Enhancement factor (EF) = (I'—1) /I (%)
Chemical shift (cm?) . .
Jvibration mode Two magnetic bars One magnetic bar
y-axis z-axis y-axis z-axis
1358
Naphthalene C-N stretching 4854 128.5 63.3 7.7
diami 507.4 + 31.1 138.3 + 13.7 60.5 + 4.0 11.8+5.8
(NDA) 1594
N-H deformation vibration 5294 148.0 7.7 159
1‘?50 . 528.8 226.3 45.7 56.3
CH, scissoring
PS 581.3 + 74.2 205.8 + 29.1 66.8 + 29.8 32.3 + 340
1615
Ring-skeletal stretch 633.7 185.2 87.8 8.3
1327
C-N stretching / CH, wagging 505.6 204.9 242 233
1501
PVP . 527.1 534.9 + 33.8 204.9 270.6 + 113.7 34.7 44.2 + 26.1 63.0 89.8 + 83.3
C-N stretching
1760
€=0 stretching 571.8 401.9 73.7 183.3




(A) —_ (8)
. —

60000

=10 external MF no external MF
——with one magnetic bar = with one magnetic bar
300000 1 —— yyith two magnetic bars | 1 50000 -| === with two magnetic bars
[ [ 1 40000 : :
\ i
= 200000 : D s 3 D
o
S; D 300001 Df
2 is 2 !
£ ! £ 20000 o
100000 | Ty
[N I
10000 | T
o 1
[ 1
: e 04— Uy 1
1200 " 1400 1600 " 1800 1200 1400 1600 1800
chemical shift (cm™) chemical shift (cm™)
(€)
1000 1 m  with two magnetic bars ® with two magnetic bars
] = with one magnetic bar & with one magnetic bar
9S00
800
700 - i
Q 600 -
& i
L 500
] ]
400 -
300
200 H (=
] » ®
100 = é
0 - & =] &
T T T T T T
NDA PS PVP NDA PS PVP

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).

Enhancement factor (EF) = (I'—1,) /I (%)
Chemical shift (cm™) - tic b o tic b
Ivihratiun mode wo magnetic bars ne magnetic bar
y-axis z-axis y-axis Z-axis
1358
Naphthalene C-N stretching 7234 168.1 107.6 4.2183
diami 688.2 + 52.6 166.7 + 2.09 109.5 + 2.7 3.4+ 1.1
(NDA) 1594
N-H deformation vibration 649.0 165.2 1114 2.621
1450 654.8 2028 98.0 0.8518
CH, scissoring
PS 744.7 + 127.2 182.2 + 29.1 125.5 + 38.8 8.0 + 10.1
1615
Ring-skeletal stretch 834.7 161.7 152.9 15.17
1327
. " . . 5
C-N stretching / CH, wagging 7234 2025 53.4 1.319
1501
PVP . 669.2 771.6 + 133.2 222.1 205.2 + 15.7 178.3 117.6 + 62.5 4.4529 3.4+ 1.8
C-N stretching
1760
C=0 stretching 922.1 191.0 121.2 4.54
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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).

Enhancement factor (EF) = (I'—Iy) /I (%)
Chemical shift (cm) . .
Jvibration mode Two magnetic bars One magnetic bar
y-axis z-axis y-axis z-axis
1265
benzimidatol (C-H) in-plane bending 204.6 566.1 24.1 103
= 2245 £27.6 596.5 + 43.1 173+ 9.9 108.5+ 7.8
(BIM) 1595
N-H deformation vibration 2440 626.7 10.6 114
1450 187.3 543.6 122 46
CH, scissoring
PS 179.0 +11.3 5985+ 7.1 1.3+ 1.4 81.5 + 50.2
1615
Ring-skeletal stretch 171.8 652.8 10.4 7
1327
C-N stretching / CH, wagging 231.3 452.8 31.8 109
1501
PVP - 166.1 160.7+88.6 760.8 546.0 + 186.7 24.2 233+ 8.0 109 71.7 +54.3
C-N stretching
1760
=0 stretching 97.4 424.4 15.8 15
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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).

Enhancement factor (EF) = (I'—1y) /I (%)
Chemical shift (cm™?) . .
Ivibration mode Two magnetic bars One magnetic bar
y-axis 2-axis y-axis z-axis
1265
o (C-H) in-plane bending 747.1 881.4 38.3 214
zole 684.0 + 89.2 702.9 + 252.4 3144 9.6 1775 + 51.6
(BIM) 1595
N-H deformation vibration 621.0 5244 24.6 141
1‘?50 " 638.9 861.7 41.2 163
CH, scissoring
PS 714.9 + 107.6 759.8 + 144.1 30.0 + 15.8 164.5 + 2.1
1615
Ring-skeletal stretch 7910 657.9 18.8 166
1327
C-N stretching / CH, wagging 571.0 758.5 9.7 156
1501
PVP . 8428 558.7 +£293.7) 11339  |722.4 +430.7 62.8 30.8+ 31.4 196 148.7 + 51.4
C-N stretching
1760
C=0 stretching 256.3 274.7 0.00 94
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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).

Enhancement factor (EF) = (I'—14) /1 (%)
Chemical shift (cm™) . .
Jvibration mode Two magnetic bars One magnetic bar
y-axis z-axis y-axis zZ-axis
1358
Naphthalene C-N stretching 289.6 1384 44.4 33.3
diami 269.1+ 28.9 119.8 + 26.3 475+ 4.4 273+ 84
(NDA) 1594
N-H deformation vibration 2487 101.3 50.7 214
1‘?50 : 267.3 122.0 39.7 32.8
CH, scissoring
PS 266.9 + 0.64 114.2 + 10.9 46.6 + 9.8 31.0£25
1615
Ring-skeletal stretch 266.4 1065 53.6 2.2
1327
€N stretching / CH, wagging 268.0 120.9 42.4 235
1501
PVP . 226.5 252.5+22.7 84.7 99.6+18.9 33.6 38.41 4.4 26.0 389+ 1245
C-N stretching
1760
C=0 stretching 262.9 931.4 39.2 67.1
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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).

Enhancement factor (EF) = (I'—1¢) /1, (%)
Chemical shift (cm™) N .
Jvibration mode Two magnetic bars One magnetic bar
y-axis z-axis y-axis z-axis
1358
Naphthalene C-N stretching 244.2 93.2 212 360
diami 292.0 + 67.6 112.0 + 26.6 17.0 £ 6.0 399 £5.5
(NDA) 1594
N-H deformation vibration 3398 130.8 12.7 435
1‘?50 : 245.6 108.9 25.6 26.7045
CH, scissoring
PS 253.7+ 114 121.8+ 18.2 29.7 + 5.7 245+ 3.1
1615
Ring-skeletal stretch 261.7 134.7 33.6 22.267
1327
C-N stretching / CH, wagging 251.1 111.0 18.7 46.5513
1501
PVP . 278.4 272.6 £ 19.2 117.8 107.6 +12.2 321 239+7.2 42.6155 384+ 109
C-N stretching
1760
C=0 stretching 288.2 94.1 20.9 26.0061
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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).

Enhancement factor (EF) = (I'—Iy) /I (%)
Chemical shift (cm) . .
Jvibration mode Two magnetic bars One magnetic bar
y-axis z-axis y-axis z-axis
1265
benzimidatol (C-H) in-plane bending 184.9 229.5 4.3 46.5
= 164.5 + 27.6 256.7+ 38.5 9.1£7.1 43.5+44
(BIM) 1595
N-H deformation vibration 145.9 2840 14.0 404
1430 180.9 4542 96 22
CH, scissoring
PS 147.0 + 46.7 422.8+ 44.4 95+0.7 62.6 + 55.6
1615
Ring-skeletal stretch 114.1 391.5 10.1 101.9
1327
C-N stretching / CH, wagging 118.9 568.0 18.4 15.5
1501
PVP - 165.9 129.3 + 31.6 485.7 414.6 + 198.7 16.0 22.7+99 51.6 23.7+ 24.9
C-N stretching
1760
=0 stretching 105.9 190.2 34.7 4.0
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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).

Enhancement factor (EF) = (I'—1y) /I (%)
Chemical shift (cm™?) . -
Jvibration mode Two magnetic bars One magnetic bar
y-axis z-axis y-axis z-axis
1265
N (C-H) in-plane bending 157.0 430.0 8.9 0.6
e"’(BIM) 226.0 + 97.6 481.8 £73.3 22.8+19.7 45.0 + 62.8
1595
N-H deformation vibration 295.1 5337 368 894
1?50 . 199.6 403.4 0.3 34.0
CH, scissoring
PS 23324475 513.3 £ 155.4f 18.7+ 26.0 71.5 £ 53.0
1615
Ring-skeletal stretch 266.8 623.2 37.2 108.9
1327
C-N stretching / CH, wagging 2245 4629 45 120
PVP &N 1501 . 306.5 293.7+ 63.8 528.6 450.4 + 85.1 2.7 73+ 64 52.2 70.1 + 62.0
-N stretching
1760
=0 stretching 3503 359.8 14.5 139.1
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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.

Enhancement factor (EF) = (I'—1) /I (%)
BIM (van der Waals) NDA (hydrogen bonding) MNB (covalent bonding)
y-axis z-axis y-axis z-axis y-axis 2-axis
95.9 192.1
204.6 566.1 4854 128.5
material 2245 +27.6 596.5 + 43.1 507.4 + 31.1 138.3 £ 13.7 81.2 889+ 74 165.9 189.0 £ 22.1
244.0 626.7 5294 148.0
89.6 209.9
187.3 543.6 528.8 226.3 88.7 176.0
Ps 179.0 £11.3 5985+ 7.1 581.3 + 74.2 205.8 + 29.1 97.6+ 12.6 207.3 + 443
171.8 652.8 633.7 185.2 106.5 238.6
231.3 452.8 505.6 204.9 96.3 174.8
PVP 166.1 160.7488.6 760.8 546.0 + 186.7 527.1 534.9 +33.8 204.9 270.6 + 113.7 107.6 87.0 + 26.6 206.0 175.2 + 30.6
97.4 424.4 571.8 401.9 57.0 144.8

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

Enhancement factor (EF) = (I'=14) /I, (%)
BIM (van der Waals) NDA (hydrogen bonding) MNB (covalent bonding)
y-axis z-axis y-axis z-axis y-axis 2-axis
91.3 200.2
747.1 881.4 723.4 168.1
':;f:::l‘ 684.0 +89.2 702.9 +252.4 688.2 4 52.6 1667 £2.09| 920 91.2£0.9 2120|2310 £ 459
621.0 524.4 649.0 165.2
90.3 280.7
638.9 861.7 654.8 202.8 97.2 186.8
PS 714.9 + 107.6 759.8 + 144.1 744.7 + 127.2 182.2 + 29.1 89.9 + 10.3 219.0 + 68.1
791.0 657.9 834.7 161.7 82.6 2517
577.0 758.5 7234 202.5 106.0 226.8
PVP 8428 558.7 + 293.7 1133.9 722.4 £ 430.7 669.2 771.6 + 133.2 222.1 205.2 + 15.7 88.3 102.3 £ 12.5 264.4 283.4 £ 435
256.3 274.7 922.1 191.0 1125 359.0
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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.



