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1 Table S1. Part R and Part CS of Au,4(SCHs),7 in different divisions

N2 Part RP Part CS¢
N=3 AU3(SCH3)3 AUZG(SCH3)24
N=4 Auy(SCH3), Auys(SCHs),3
N=5 Aus(SCHs)s Au,4(SCH3),,
N=6 AUG(SCHg)G AU23(SCH3)21
N=7 Au(SCHs); Au,,(SCHs),0
N=8 AUg(SCHg)g AUZl(SCHg)lg
N=9 Aug(SCHs)y Auyo(SCHs)1g

N=10 Au10(SCH3)10 Au19(SCH3)17

aN represents the number of Au or S atoms in the ring motif, Part R represents the ring motif, “Part CS
represents the Au, core and staple motif structure.

2 Structural divisions of Au,¢(SCH;),; based on the "divide and protect" method
We take the Part CS as Au,(SCH3),4 as an example when the Part R is Au3(SCHs)s .

According to the general structural formula, we expand Auy(SCH3),s to
[Au]a+a[AU(SCH3)2]b[Aua(SCH3)s][Aus(SCH3)ala[Aua(SCH3s)s]e[Aus(SCH3)e][Aus(SCH3)]g[Au7(SCH3)g]h
[Aug(SCH3)o)ilAug(SCH3)10]j[Au10(SCH3)11]k[Au11(SCH3)12]i[Au12(SCH3)13] m[Au13(SCH3)14]n[AU14(SCH3)1
slp[Au15(SCH3)16]...Where a represents the internal gold atom, a' represents the surface gold atom,
b, c, d, e, f, g...denote the number of different staple motifs with an increasing length. And the
numbers satisfy the following equations

a+a'+b+2c+3d+4e+5f+6g+7h+8i+9j+10k+111+12m+13n+14p+159 =26 (1)

2b+3c+4d+5e+6f+7g+8h+9i+10j+11k+121+13m+14n+15p+16q=24 (2)
The above two equations are subtracted to obtain the equation (3)

a+a'-(b+ct+d+e+f+g+h+i+j+k+l+m+n+p+q)=2 (3)
Each of the surface gold atom binds with a sulfur atom of the staple motif, i.e.
a'=2(b+c+d+e+f+g+h+i+j+k+l+m+n+p+q) (4)

Then we get the relationship of a and a',

a+a'/2=2 (5)
If a'=2, a=1, then b+c+d+e+f+g+h+i+j+k+l+m+n+p+q =1, the Equation (2) does not establish.
If a'=4, a=0, then b+c+d+e+f+g+h+i+j+k+l+m+n+p+q =2, so the size of the gold core is determined
as Aus;. And the different division are AusAuii(SCHs3)12]s,  AusAuio(SCH3)11AuUL(SCH3)1s,
AusAug(SCH3)10AU13(SCH3)14, AusAug(SCH3)oAU14(SCH3)15, AusAu(SCH3)gAu15(SCH3)16.
The other Part CS are also divided according to the above methods.

3 Comparison of energies of four different combination styles
Table S2. The relative energies for four combination styles of every isomer

isomers a? bt c d¢
Aus(SR)s+Auy 0.198 eV OeV 0.448 eV 0.161 eV
Aus(SR)e+Au15(SR)16
Aus(SR)s+Auy 0.247 eV OeV 0.405 eV 1.51 eV
Aug(SR)7+Au14(SR)15
Aus(SR)s+Auy 0.153 eV OeV 1.533 eV 0.711 eV

Aug(SR)10+Au11(SR)12



Aus(SR)s+Auy 0.062 eV OeV 1.263 eV 0.980 eV
Aug(SR)g+Au15(SR)13

Aus(SR)s+Auy OeV 0.325eV 0.843 eV 0.938 eV
Au;(SR)s+Au13(SR)14

Aug(SR)s+Auy OeV 0.347 eV 0.248 eV 0.370 eV
Aug(SR)10+Au10(SR)11

Aug(SR)6+Auy, 0.016 eV 0.075 eV OeV 0.540 eV
Auy(SR)s+Au15(SR)16

Aug(SR)6+Auy 0.249 eV 0.264 eV 0.277 eV OeV
Aug(SR)g+Au11(SR)12

Aug(SR)s+Auy OeV 0.360 eV 0.187 eV 0.646 eV
Aus(SR)e+Au14(SR)15

Aug(SR)s+Au, 0.188 eV OeV 0.312 eV 0.534 eV
Au7(SR)g+Aus,(SR)13

Aug(SR)g+Au, 0.067 eV OeV 0.149 eV 0.198 eV
Aug(SR);+Au13(SR)14

Au(SR);+Auy 0.454 eV OeV 0.430 eV

[Aug(SR)10]2

Auy(SR);+Auy, 0.494 eV 0.472 eV OeV 0.022 eV
Aug(SR)7+Aus,(SR)13

Au7(SR)7+Auy 0.301 eV 0.746 eV OeV 0.161 eV
Au4(SR)s+Au14(SR)15

Aug(SR)g+Auy 0.112 eV 0.489 eV OeV 0.523 eV
Au7(SR)g+Au10(SR)11

Aug(SR)g+Auy 0.477 eV OeV 0.301 eV

[Aug(SR)s],

Aug(SR)g+Auy 0.495 eV 0.143 eV OeV 0.313 eV

Auy(SR)s+Au1,(SR)13

a The first combination style: the Part R goes through the smaller staple motif; ® The second
combination style: the Part R goes through the larger staple motif; ¢ The third combination style:
the Part R goes through both staple motifs with crossing the gold core; ¢ The fourth combination
style: the Part R goes through neither staple motif with crossing the gold core.

4 The relative energies of all isomers of Au,o(SCH3),; (arranged from low to high

energy)
Table S3. Relative energies of various isomers of Au,9(SCHs),7
isomers A E(Ha) A E(eV)
Au7(SR)7+Aus+Ausg(SR)s+Au19(SR)11 0.0000000 0.00000000
Aug(SR)s+Aus+AU5(SR)g+Au1,(SR) 13 0.0039509 0.10751051
AU5(SR);+Au+AUL(SR)s+AU14(SR)15 0.0041932 0.11410389
AU5(SR);+Auz+[AUg(SR)10]2 0.0046285 0.12594912
Aug(SR)s+Aus+AU(SR)10+AU10(SR)11 0.0049161 0.13377519
Au;(SR);+Aus+Aug(SR);+Au15(SR) 13 0.0054367 0.14794158
Aug(SR)s+Aus+Aus(SR)s+Au14(SR) 15 0.0061272 0.16673122
Aulo(SR)10+AU4+AU3(SR)4+AU12(SR)13 0.0063827 0.17368380
Aug(SR)g+Auz+Aug(SR);+Au11(SR) 1, 0.0066553 0.18110169
Auo(SR)g+Aus+AUL(SR)s+AU15(SR) 13 0.0076959 0.20941814
Au;(SR);+Auz+AU5(SR)s+Au11(SR) 1, 0.0078792 0.21440603



Aug(SR)g+Aus+AuUs(SR)e+AuU11(SR)12
Aug(SR)g+Aus+Aus(SR)g+Au10(SR)11
Aug(SR)e+Aus+Aug(SR);+Au13(SR)14
Aug(SR)6+Aus+AU4(SR)s+AU15(SR) 16
Aug(SR)g+Aus+Aug(SR)o+AuUo(SR) 1o
Au;(SR)7+Aus+Aus(SR)e+Au13(SR)14
Aug(SR)s+Aus+Aug(SR)9+AU11(SR) 12
Aug(SR)g+Aus+Aus(SR)s+Au13(SR)14
Au;(SR)7+Aus+Ausz(SR)4+Au15(SR) 16
Au1o(SR)10+Au4+AUG(SR)7+AUG(SR) 10
Au1o(SR)10+Aus+AuU7(SR)g+Aug(SR)g
Aug(SR)g+Aus+Aug(SR)7+AuU10(SR)11
Aus(SR)s+Aus+Auy(SR)g+Au13(SR)14
Aus(SR)s+Aug+[Auso(SR)11]2
Aug(SR)g+Aus+[Aug(SR)s],
Au1o(SR)10+Aus+AU4(SR)s+AuU11(SR)12
Aug(SR)g+Aus+Aus(SR)s+AuU1,(SR) 13
Aus(SR)s+Aus+Aug(SR);+Au14(SR)15
Au;o(SR)10+Aus+AU5(SR)s+AU10(SR)11
Aug(SR)g+Aus+Au;(SR)s+Aus(SR)10
Aus(SR)s+Aus+Aus(SR)e+Auss(SR)16
Aus(SR)s+Aus+Aug(SR)10+AU11(SR) 12
Aug(SR)g+Aus+Au3(SR)s+Au13(SR)14
Aus(SR)s+Aus+Aug(SR)g+AU12(SR) 13
Aug(SR)g+Aus+Aus(SR)s+Au14(SR)15
Aug+Au1>(SR)13+AU13(SR)14
Aus(SR)s+Aus+[Au;1(SR)12],
Au4(SR)4+Aus+AULo(SR)11+AUL1(SR)12
Auy(SR)4+Aus+Aug(SR)g+Au13(SR)14
Aug+Au11(SR)12+AU14(SR)15
Aug+Au;g(SR)11+Au15(SR)16
Au,(SR)4+Aus+AU,(SR)g+AU14(SR) 15
Au4(SR)s+Aus+Aug(SR)10+AU1,(SR) 13
Auy(SR)4+Aus+Aug(SR)7+AuU15(SR) 16
Aus(SR)3+Aus+Auy(SR)g+Aus5(SR)16
Aus(SR)3+Aus+Aug(SR)10+Au13(SR) 14
Aus(SR)3+Aus+Aug(SR)g+Au14(SR) 15
Aus(SR)3+Aus+Au(SR)11+AULL(SR)13

0.0083686
0.0084071
0.0085469
0.0087221
0.0087848
0.0091571
0.0094615
0.0099427
0.0106612
0.0111379
0.0113948
0.0122408
0.0125207
0.0125897
0.0139681
0.0163176
0.0166031
0.0171615
0.0184905
0.0195180
0.0195379
0.0206728
0.0208475
0.0213343
0.0353828
0.0382575
0.0428944
0.0433357
0.0458761
0.0470502
0.0480938
0.0487952
0.0514653
0.0515715
0.0530704
0.0536188
0.0596708
0.0751228

0.22772341
0.22877106
0.23257525
0.23734273
0.23904890
0.24917980
0.25746303
0.27055727
0.29010884
0.30308064
0.31007131
0.33309237
0.34070891
0.34258651
0.38009505
0.44402882
0.45179775
0.46699273
0.50315701
0.53111698
0.53165850
0.56254100
0.56729487
0.58054150
0.96282437
1.04104970
1.16722740
1.17923590
1.24836438
1.28031357
1.30871165
1.32779790
1.40045573
1.40334561
1.44413315
1.45905602
1.62374092
2.04421534

5 Table S4. The structures and energies of Auyy(SCH3),; without Part R

isomers

energy(Ha)

AuzAu;;(SCH3)13AU13(SCH3)14
AusAu11(SCH3)1,Au14(SCH3) 15
AusAu10(SCH3)11AU15(SCH3) 16

-15752.3412025
-15752.3324098
-15752.3313662




6 Table S5. Comparison of energies of isomers with different method

isomers Method D (Ha) Method S(Ha) A E(eV)
Aus(SCH3)s+Aus[Auqo(SCH3)11]2 -15752.3668703 -15752.3632843 0.098
Aus(SCHs)s+AusAUs(SCH3)sAULs(SCH3)1s  -15752.3599221  -15752.3026017 1.560
Au7(SCH3)7+Aus[Aug(SCH3)10]> -15752.3748315 -15752.3136644 1.664
Auy(SCH3)7+AusAUs(SCH3)6AU13(SCH3)14  -15752.3703029 -15752.2469400 3.357
Au;(SCHs),+AusAug(SCHs),AuL,(SCHs);s  -15752.3740233  -15752.2942265 2.171

7 The specific energies of Iso1-3 isomers with different basis settings

We utilized multi-functions and multi-basis groups for Iso1, Iso2 and Iso3 to confirm whether Isol
is the most optimized geometry. The multi-functions are set as PBE and TPSS. The multi-basis
groups are 6-31(G) for C, H, S atoms and LANL2DZ for Au atoms (basis group 1) and 6-311(G) for
C, H, S atoms and LANL2MB for Au atoms (basis group 2). Then the basis settings are PBE+ basis
group 1, TPSS+ basis group 1 and PBE+ basis group 2 for the top three isomers. As a result, the
isomer 1 remains the lowest energy as the most optimized geometry after confirmation.

Table S6. The relative energies of isomers with multi-functions and multi-basis groups

PBE+basis group 1 TPSS+ basis group 1 PBE+basis group 2
isomer AE (eV) AE (eV) AE (eV)
Isol 0.0000000 0.0000000 0.0000000
Iso2 0.1075105 0.0021848 0.9462824
Iso3 0.1141039 0.0027776 0.5552483

8 Rationality confirmation of the simplifying from -SG to -SCH;

To consider the ligand effect and verify the reasonability of simplification from -SG to -SCH3, we
replaced one -SG ligand (noted as confirmation 1) and all -SG ligands of the ring motif (noted as
confirmation 2) for verification calculations. Figure S1 shows the initial atomic structure/backbone
structure and the optimized atomic structure/backbone structure of confirmation 1. Figure S2
shows the initial atomic structure/backbone structure and the optimized atomic structure/backbone
structure of confirmation 2. Both confirmation 1 and confirmation 2 show no drastic changes after
-SG ligand replacement. The root mean square deviations (RMSDs) of Au-S backbone structures
of confirmation1 and confirmation 2 are 1.537 A and 2.087 A respectively which are below the
threshold of confirmation change as 3.000 A.



Figure S1. The initial atomic structure (a) and initial backbone structure (c) of confirmation 1. The optimized
atomic structure (b) and optimized backbone structure (d) of confirmation 1. The replaced -SG is marked with a
red oval.

Figure S2. The initial atomic structure (a) and initial backbone structure (c) of confirmation 2. The optimized
atomic structure (b) and optimized backbone structure (d) of confirmation 2. The Au-S ring motif with replacing
-SG ligands are marked in green.



9 Table S7. The orbital energies of isomer 1.

orbit Energy(eV) orbit energy(eV)
HOMO -4.86 LUMO+9 -1.65
HOMO-1 -5.02 LUMO+8 -1.75
HOMO-2 -5.18 LUMO+7 -1.77
HOMO-3 -5.23 LUMO+6 -1.84
HOMO-4 -5.33 LUMO+5 -1.87
HOMO-5 -5.38 LUMO+4 -1.97
HOMO-6 -5.45 LUMO+3 -2.03
HOMO-7 -5.49 LUMO+2 -2.10
HOMO-8 -5.52 LUMO+1 -2.35
HOMO-9 -5.56 LUMO -2.74
10 KS orbital energy and composition of Au,o(SCHj3),7 isomer 1.
I Au 6s6p [ Au 5d
I S 3s3p [others kil
T
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Figure S3. KS orbital energy and composition of Auyo(SCH3),7 isomer 1. The 337 nm peak (3.680 eV) stems
from the electronic transition from Au5d in the Au core to Au6s6p in the staple motifs (HOMO-8 to LUMO+6)
and the electronic transition from Au5d in the Au core to Au5d in the ring motifs (HOMO-6 to LUMO+7).

11 XYZ coordinates and Mulliken charges of I1sol of Au,4(SCHs),;



Figure S4. Structure diagram of isomer 1 with Au, S atom numbers.

Table S8. The atomic numbers of Auand S in the table correspond to Figure S4. The atom number

of C connected to the S atom is the same as the S atom.

Atoms X Y z Mulliken

charges
Aul -4. 617669 -3.851714 —1. 527998 -0. 631091
Au2 —6. 541596 —-3. 349843 1. 599370 —-0. 565845
Au3 5. 295737 —0. 590413 3.927544 —-0. 451550
Au4 -5. 609614 2. 905031 3. 376591 -0. 283075
Aub -8.476170 2. 759063 1.400173 -0. 219630
Aub —-8. 599752 0. 745224 -1. 600703 -0. 325869
Au7 —-6. 070828 2. 240849 -3.497158 —0. 464542
Au8 —-3. 545434 3. 541426 —1. 595427 —-0. 681400
Cl —-1. 683484 —-4. 863736 -2. 688701 -0. 672539
H —1. 555148 —5. 266634 -1. 672641 0. 257117
H -0. 693106 -4.665121 -3. 126514 0.251243
H —-2. 238584 —5. 578582 —-3. 316377 0.232519
C2 —-7.879743 -3. 350692 —-1. 442221 -0. 651513
H 7. 925691 —-3. 714387 -2.480314 0. 234922
H —7. 557286 —-2. 299583 -1. 430002 0.279922
H -8. 868610 —-3. 453860 -0. 969014 0.222108
C3 —-b. 682159 —-3. 750895 4. 782669 —0. 657454
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. 090905
. 488682
. 962038
. 012429
. 403333
. 099660
.779182
. 618867
. 7135252
. 920801
. 460497
. 439304
. 558958
. 436039
. 861765
. 439614
. 544087
. 135086
. 940532
. 545436
. 954914
. 299286

587932
720826
598895
705730

-0. 142259
-0. 978108
0. 085976
0.734362
—0. 705283
2.761976
6. 920422
6. 901080
2. 378550
-0. 706688
-0. 434436
—4. 734038
—5. 941322
—b. 471822
-1. 086898
-3. 944959
—-2. 068493
0.200779
2. 195269
2. 842191
0.271785
-3. 114946
3. 425527
3.163948
4. 409929
3.467290
-2. 047469
3. 077324
-1.977099
—-1. 342973
—6. 118884
—6. 696603
—-6. 405039
-6. 314209
—b. 267238
-5. 408935
—b. 216852
—6. 099160
0. 870236
1. 311978
0. 538803
1.610090
-0. 650856
—0. 347255
-1. 397938

—4. 465683
—-4. 965102
—5. 004134
—4. 444456
—2.758936
-0. 779119
-0. 699411
3.271164
3. 856039
0. 462893
—4. 013342
-3. 886015
0.513716
3.780510
3. 442317
0.861117
0. 883987
-2. 234381
-3. 307968
-0. 612596
. 294204
. 411904
. 425247
. 489323
. 346835
. 939605
. 894005
. 936176
. 503460
. 255449
-0. 533417
-0. 849259
0.485142
-1.219403
. 842961
. 757939
. 311699
. 276000
. 527878
. 984447
. 315428
-0. 117002
—-4.841253
—5. 720204
-5. 130752
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-0. 682744
. 241399
. 257488
. 267892
. 124290
. 188485
. 177918
. 106591
. 150977
. 156164
. 127338
. 122368
. 158306
. 154263
. 185153
-1. 033611
0. 344034
-0. 129273
-0. 763171
—0. 184738
-0. 520922
0. 485510
-0. 679296
0. 236600
0.241702
0. 280445
-0.678473
0. 250546
0. 279679
0. 246762
-0. 676951
0. 230137
0. 262499
0. 260938
-0. 668532
0.273913
0. 252316
0. 236601
-0. 687552
0. 275639
0. 248057
0. 256054
-0. 673581
0.224195
0. 258216
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-0. 892589
2. 292930
3. 003623
1. 896815
2. 804977
—-2. 542161
-5. 026828
1. 210785
4. 675877
—2. 427840
0. 894400
1. 878108

-1. 068527
3.691678
4.497435
3. 835408
2.7722282
—-3.694158
-0. 595287
—4. 325552
-1. 629874
0. 843444
3. 822039
2. 157031

—-4. 061052
-3. 858639
—-3. 612548
—4. 875943
=3. 770750
2. 208082
-0. 495975
-0. 649578
1. 125880
—-4. 221105
—2. 664528
1. 652856

0.
-0.677630
. 258906
. 236783
. 272603
. 144622

0
0
0
0
0.
0
0
0
0
0

292855

244423

. 181541
. 118213
. 193571
. 169179
. 248382
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