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Fig. S1 The change in differential GH shift as a function of the thickness of gold thin film
for different number of MoS: layers but without graphene (L=0) at different excitation
wavelengths coupled by the four prisms.



Change of differential GH shift (um)

Change of differential GH shift (um)

Change of differential GH shift (um)

£ =@= monolayer
3 =& hilayer 604
& == triplelayer T w0l
£ 501 2 532_SF5_Au_WS,(M)
T £ 204
o %
= T oA
8 o
c T 20
g 532_BK7_Au_WS,(M) £
£ £ 401 —a— monolayer
2 o £ o —e— bilayer
- = 60 !
o o == triplelayer
53 g 80 —v— five-layer
= =)
& & -100
[§] =
T T T T T T T © -120 T T T T T T T
30 35 40 45 50 55 60 20 a5 20 25 50 5 PA
Thickness of Au (nm) Thickness of Au (nm)
== monolayer 120
100 =& bilayer . —— monolayer
80 - == triplelayer %_ 100 4 +—0— bl_laly‘ler
—p— five-layer = ” triplelayer
604 £ b - five-layer
T 60
20 5
532_SF10_Au_WS,(M) = 0
20 s
@ 204
0+ [
£ 09
o
-20 ‘5 20
40 S 40 532_SF11_Au_WS (M)
% — et 2
-60 6 -60
T T T T T T T T T T T T T T
30 35 40 45 50 55 60 30 35 40 45 50 55 60
Thickness of Au (nm) Thickness of Au (nm)
3007 =& monolayer
400 —&— monolayer - —o— hilayer
—o— bilayer g 2004 = triplelayer
== triplelayer = == five-layer
== five-layer =
= % 1004
T
200 632.8_BK7_Au_WS,(M) o
- 8 01
<
o
2 100
E
04 E -200
o 632.8_SF5_Au_WS,(M)
8 300
o
T T T T T T T T T T T T T T
30 35 40 45 50 55 60 30 35 40 45 50 55 60
Thickness of Au (nm) Thickness of Au (nm)
200
3004 —— g.nlonolayer _
*— bilayer E 632.8_SF11_A
N . u_Ws,(M
= triplelayer 2 1004 _SF1L_Au_WS,(M)
200 =y five-layer £
=
T
100 4 5
S 100
0 c
g == monolayer
£ 200 —8— bilayer
-100 S = triplelayer
5 N
—¥— five-layer
2004 632.8_SF10_Au_WS,(M) 2 3004
g
5
-300 T T T T T T T -400 T T T T T T T
30 35 40 45 50 55 60 30 35 40 45 50 55 60

Thickness of Au (nm) Thickness of Au (nm)



Change of differential GH shift (um)
o
L

== monolayer
=o— bilayer
=k triplelayer
- five-layer
=4&— ten-layer

780_SF5_Au_WS,(M)

-200 4

-300 4

Change of differential GH shift (um)

-400

40 45 50 55 60
Thickness of Au (nm)

780_SF11_Au_WS,(M)

=&=— monolayer
=o— bilayer
=—de= triplelayer
=y five-layer
=& ten-layer

-200 A

-400

-600

-800 4

Change of differential GH shift (um)

-1000

T T T T T

40 45 50 55 60
Thickness of Au (nm)

1152_SF10_Au_WS,(M)

=@== monolayer
=& bilayer
=k triplelayer
-y five-layer
=& ten-layer

Change of differential GH shift (um)

Change of differential GH shift (um)

-1000

Change of differential GH shift (um)

Fig. S2 The change in differential GH shift as a function of the thickness of gold thin film
for different number of WS> layers but without graphene (L=0) at different excitation
wavelengths coupled by the four prisms.

Table S1 Measured parameters- SPR angle, minimum reflectivity, FWTM, change in
differential GH shift, sensitivity, FoM and enhancement factor- at the optimal Au thickness
with different layers of graphene and MoS: at different prisms and excitation wavelengths
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for the fixed RI change of An=0.005.
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Fixed Parameters Measured Parameters
= = — —
c £ € E E Z c > g 2 E
£ £ £ 2 4 £ o g 2 T X c
< [ ° = § S z 5 =2 %
6 i (%) e
532 BK7 30 3 1 80.49 1x10°° 5.21 420 8.4 x 10* 1.6 5.53
632.8 SF5 42 0 1 60.47 41x1077 1.58 841 1.682 x 10° 10.65 2.40
632.8 SF5 38 0 2 61.76 5x 107 2.74 591 1.182 x 10° 431 1.68
632.8 SF5 31 4 3 65.10 1x107° 5.88 678 1.356 x 10° 2.31 1.93
632.8 SF10 34 6 1 59.42 1x107° 3.37 1014 2.028 x 10° 6.02 3.34
632.8 SF10 30 5 3 62.33 1x10°° 6.23 648 1.296 x 105 2.08 2.14
632.8 SF11 36 4 1 55.99 2x107° 2.62 878 1.756 x 10° 6.7 1.74
632.8 SF11 40 1 1 55.09 7 x107° 1.73 834 1.668 x 10° 9.64 1.65
780 BK7 44 1 2 68.58 24 x107° 1.46 632 1.264 x 105 8.66 1.77
780 BK7 41 3 3 70.10 7 x107° 2.20 692 1.384 x 105 6.29 1.94
780 BK7 39 0 10 80.85 1x107° 4.89 589 1.178 x 10° 2.41 1.65
780 SF10 31 12 1 57.30 3x107° 3.12 664 1.328 x 105 426 1.84
780 SF10 41 2 1 55.18 5x107° 1.01 579 1.158 x 10° 11.47 1.61
780 SF10 34 8 2 57.05 5x107° 2.47 721 1.442 x 10° 5.84 2.00
780 SF10 35 7 2 56.80 1x10°° 2.21 1353 2.706 x 10° 12.24 3.75
780 SF10 36 6 2 56.56 7 x107° 1.97 961 1.922 x 10° 9.76 2.61
780 SF10 38 4 2 56.12 7 x107° 1.57 1167 2.334 x 10° 14.87 3.24
780 SF10 43 0 3 55.86 1.6 x 1075 1.05 1146 2.292 x 10° 21.83 3.18
780 SF10 33 9 3 58.12 4x107° 3.21 671 1.342 x 10° 4.18 1.86
780 SF10 39 3 3 56.53 5x107° 1.61 1048 2.096 x 10° 13.02 2.91
780 SF10 30 13 5 61.75 1x107° 6.26 628 1.256 x 10° 2.0 1.74
780 SF11 44 0 1 52.45 42x1075 0.68 895 1.79 x 10° 26.32 2.17
780 SF11 30 13 1 55.02 1x107° 3.25 1285 2.57 x 10° 791 3.11
780 SF11 34 8 1 53.89 3x107° 1.96 1524 3.048 x 10° 15.55 3.69
780 SF11 38 4 1 55.13 7 x107¢ 1.26 906 1.812 x 10° 14.38 2.19
780 SF11 42 1 1 52.62 1.9 x 107° 0.82 970 1.94 x 10° 23.66 2.35
780 SF11 43 0 3 53.40 3.4x107° 0.94 649 1.298 x 10° 13.81 1.57
780 SF11 34 7 5 56.74 3x107° 3.45 804 1.608 x 10° 4.66 1.94
1152 SF5 31 7 1 55.77 1x107° 1.04 2203 4.406 x 10° 42.37 2.88
1152 SF5 34 3 1 55.40 8x107° 0.73 1956 3.912 x 10° 53.59 2.55
1152 SF5 34 3 2 55.54 2.8x107° 0.78 1952 3.904 x 10° 50.05 2.55
1152 SF5 31 7 3 56.11 5x 107 1.19 2576 5.152 x 10° 43.29 3.36
1152 SF5 33 4 5 56.15 3x10°° 1.04 1566 3.132 x 10° 30.12 2.04
1152 SF5 31 7 10 57.69 1x10°° 1.91 1630 3.26 x 10° 17.07 2.13
1152 SF11 36 0 1 50.61 7.7 x 1075 0.47 1728 3.456 x 10° 73.53 1.54
1152 SF11 31 6 1 51.08 3x10°° 0.84 2694 5.388 x 10° 64.14 2.41
1152 SF11 34 2 3 51.01 6x107° 0.66 2257 4514 x 10° 68.39 2.02
1152 SF11 33 3 3 51.10 3.7x 1075 0.74 1760 3.52 x 10° 47.57 1.57
1152 SF11 33 3 5 51.39 4x107° 0.84 2132 4.264 x 10° 50.76 1.91

Table S2 Measured parameters- SPR angle, minimum reflectivity, FWTM, changes in
differential GH shift, sensitivity, FoM and enhancement factor- at the optimal Au thickness
along with different layers of graphene and WS: at different prisms and excitation
wavelengths for the fixed RI change of An=0.005.
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6 i w w
532 BK7 31 2 1 81.0 6x107° 499 211 422 x 10* 0.85 2.78
532 SF11 33 2 2 62.42 1x10°° 5.82 496 9.92 x 10* 1.7 1.43
632.8 SF5 39 2 3 65.17 4x107° 3.63 463 9.26 x 10* 2.55 1.32
632.8 SF10 35 7 1 59.98 1x1077 3.49 1059 2.118 x 10° 6.67 3.50
632.8 SF11 36 5 2 58.11 1x107° 3.51 1724 3.448 x 10° 9.82 3.41
780 BK7 40 4 1 68.80 1x107° 1.95 1729 3.458 x 10° 17.73 4.86
780 BK7 33 11 2 72.33 1x1077 4.49 870 1.74 x 10° 3.88 2.44
780 BK7 43 1 2 69.14 9x107° 1.71 918 1.836 x 10° 10.74 2.58
780 SF10 41 0 3 56.51 3.1x10°° 1.43 559 1.118 x 105 7.82 1.55
780 SF10 36 0 10 70.82 1x1077 851 652 1.304 x 105 1.53 1.81
780 SF10 38 4 1 55.73 1.5 x 1075 1.41 688 1.376 x 10° 9.76 1.91
780 SF10 39 3 1 55.54 7 x 107 1.25 1323 2.646 x 10° 21.17 3.68
780 SF10 36 5 2 56.81 7 %107 2.08 665 1.33 x 10° 6.39 1.85
780 SF10 30 12 3 60.16 1x1077 5.31 539 1.078 x 105 2.03 1.50
780 SF11 42 0 2 53.24 5x 107 1.00 813 1.626 x 10° 16.26 1.97
780 SF11 41 0 3 54.0 1.6 x 1075 1.32 689 1.378 x 105 10.44 1.67
780 SF11 40 2 1 52.94 1.3 x107° 1.02 1345 2.69 x 10° 26.37 3.25
780 SF11 30 12 2 56.14 1x1077 4.05 1613 3.226 x 10° 7.97 391
780 SF11 38 3 2 53.85 4x107° 1.51 850 1.7 x 10° 11.26 2.06
780 SF11 34 5 5 57.91 1x107¢ 4.25 873 1.746 x 105 411 2.11
1152 BK7 34 6 1 64.57 2x107° 1.21 2735 5.47 x 105 4521 1.61
1152 BK7 36 3 2 64.51 6x107° 1.03 2961 5.922 x 10° 57.5 1.74
1152 SF5 36 0 3 55.59 44 x107° 0.70 1449 2.898 x 10° 41.4 1.89
1152 SF5 33 4 1 55.55 1x10°¢ 0.83 3035 6.07 x 10° 73.13 3.96
1152 SF5 35 1 2 55.49 3x107° 0.70 1475 2.95 x 10° 42.14 1.92
1152 SF5 30 8 3 56.46 4x107° 1.45 2726 5.452 x 10° 37.6 3.56
1152 SF5 33 3 5 56.42 4x107° 1.18 2713 5.426 x 10° 4598 3.54
1152 SF11 33 3 1 50.89 9x107° 0.68 2264 4.528 x 10° 66.59 2.02
1152 SF11 32 4 2 51.16 2.4 x107° 0.82 1889 3.778 x 10° 46.07 1.69
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Fig. S3 Optimization the layer numbers of MS: to achieve large differential GH shift
change with respect to the RI change of biomolecular samples for the four configurations.
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Fig. S4 Differential GH shift GHs with respect to the RI change of biomolecular solutions
for the configuration of monolayer WSz with four-layer graphene structured on 33 nm Au
illuminated by 1152 nm coupled by SF5 prism.



