Supplementary Information for “Theoretical study of Nano Onion-
Like Fullerenes C20@Cso on XPS and NEXAFS Spectra”

In our calculation, we used ‘INSPUR’ server with the first principles to
simulate the C 1s XPS and NEXAFS spectra of NOLFs system. NOLFs
Cr0@Cyy 1s structure with the similar C-C band and C=C band alternating,

we first list the bond lengths of two C,(@Csgo isomers in table 1.

Table 1. The bond lengths(A) of the two C20@Cso(Dsd) molecules before and after

optimization.
Outer bond | Inner bond | Distance between
length(A) length(A) the inner and outer
carbon atoms(A)
C20@Cso(Dsa) before optimization 1.41-1.44 1.40 2.1-2.2
C0@Cso(Dsq) after optimization 1.41-1.55 1.38,1.43,1.53 1.66,2.49
Coo@Cso(Ds4) before optimization 1.44-1.49 1.37,147-1.49 1.8,2.27
Ca0@Cso(Dsa’) after optimization 1.44-1.49 1.37,1.47-1.49 1.8,2.27

For the five structures, 1.e., C20@Cgo(Dsq), C20@Cso(Dsar), Ca0(In), Cso(In)
and C;oo(Dy), the functional used for structural optimization is B3LYP, the
selected base set is 6-31@G, and the convergence condition is scf=NoVarAcc.
We list the coreness, memory and time used in these five structural

optimizations in Table 2.

Table 2. The coreness, memory and time used in the two optimized NOLFs Cao@Cso
isomers, fullerenes Cao(In), Cgo(In) and Cioo(D2).

Molecule Coreness Memory(GB) Time




Co0@Cso(Dsa) 6 10 5 days 15 hours 27
minutes 15 seconds
Cr0@Cso(Dsar) 20 36 11 hours 32 minutes
58 seconds
Cao(In) 6 10 3 hours 40 minutes
11.1 seconds
Cso(In) 2 2 2 days 3 hours 17
minutes 42.9 seconds
Cioo(D2) 2 2 22 hours 31 minutes

21.3 seconds

We list the three-dimensional coordinates of two NOLFs Cyo@Cso isomers,

fullerenes Czo(lh), Cgo(lh) and Cloo(Dz) in Table 3.

Table 3. The three-dimensional coordinates of Coo@Cso(Dsa) and Cao@Cso(Dsa),
fullerenes Cao(In), Cgo(In) and Cioo(D2).

C20@Cs0(Dsq) X Y Z
C 1.29689300 -3.49943260 1.68528993
G 0.86524334 -2.76791579 2.85047371
GCs 1.70187977 -1.72435464 3.32396492
Cs -0.52693114 -2.66361400 3.08141960
Cs 0.35803367 -4.00269587 0.74958923
Cs -1.86167535 -3.63588846 -0.24371002
Cs -1.04694012 -3.79004787 0.92807498
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Csi
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Csa
Css
Csa
Css
Css
Cs7
Css
Cso
Ceo
Ce1
Ce2
Ce3
Cea
Ces
Ces
Ce7
Ces
Ceo
Cro
Cr
Cn

Crs

2.25397991
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Cra
Crs
C6
Crr
Crs
Cro
Cso
Csi
Csa
Cs3
Csa
Css
Css
Cs7
Css
Cso
Coo
Co;
Coa
Cos
Cos

Cos

-2.88489732

-3.25021502

-2.47285909

-3.10613787

-3.05468100

-3.59072230

-4.06235898

-0.70069885

-1.13375455

0.70069885

1.13375455
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0.00000092
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-0.96442923
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Cos -1.13375407 1.56047922 | -0.36837845
Co7 -0.70069761 0.96443068 | -1.56047836
Cos 0.70069885 0.96443066 | -1.56047782
Cog 1.13375507 1.56047863 | -0.36837787
Cioo -0.00000012 1.92885791 0.36837961
Cr0@Cso(Dsqr) X Y Z
C 1.33794600 -3.66353700 1.75103700
C, 0.88245300 -2.90460600 2.89458400
Cs 1.76649300 -1.83244900 3.39582000
Cs -0.57519800 -2.82006200 3.11850400
Cs 0.36266000 -4.15826500 0.76892900
Ce -1.93695500 -3.76583600 -0.27693000
Cs -1.09105900 -3.94322300 0.92078300
Cs -1.55167500 -3.34937600 2.15631400
Co -1.14935300 -1.62540500 3.68285900
Cio -0.27397500 -0.43984400 3.88340200
Cn 1.19825600 -0.63550500 3.96122900
Ci2 -0.86456900 0.92391100 4.01183600
Ci3 -2.44943900 -1.40387400 3.09236800
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4.22964200
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0.97643400

-1.32851600

0.02289900
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-3.96122900
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C8O
C81
C82
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C84
C85
C86
C87
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C89
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C92
C93
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C97
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C99
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-4.22964200

1.53686100

1.46076300

0.40010800

-0.49504300

0.09991000

-0.16381700

-1.50050800

-1.59435600

0.70227800

-0.09991000

-1.46076300

1.69160900

1.59435600

0.49504300

1.50050800

0.16381700

-0.40010800

-1.53686100

-1.69160900

-0.70227800

-0.20049500

-0.95427400

-1.32457400

-1.32166300

-1.81112200

-1.89832500

-0.20057600

0.02744200

-0.98216500

0.95656700

1.89832500

1.32457400

0.40382500

0.98216500

1.81112200

-0.02744200

0.20057600

1.32166300

0.95427400

-0.40382500

-0.95656700

-0.59118100

0.65050600

-0.76990500

1.33430900

0.41004600

-0.93059100

2.10171600

1.49318800

0.42823000

1.75439400

0.93059100

0.76990500

0.81674600

-0.42823000

-0.41004600

-1.49318800

-2.10171600

-1.33430900

-0.65050600

-0.81674600

-1.75439400




Cao(In) X Y Z
C 1.618560 -0.663050 -0.948050
G, 1.814710 0.662620 -0.477970
Cs 0.489850 -0.664500 -1.809810
Cqy -0.009400 0.663290 -1.876170
Cs 0.808540 1.482680 -1.053920
Cs -0.509520 -1.485110 -1.222910
Cy -1.629760 -0.663000 -0.929930
Cs -1.321090 0.663450 -1.332130
Co 0.002570 -1.989390 0.001850
Cio -0.807180 -1.483130 1.052850
Cn -1.814460 -0.663680 0.478050
Ciz 1.317610 -1.481520 0.172760
Cis 1.321200 -0.661890 1.332370
Cus 0.009340 -0.663250 1.876000
Cis 1.629050 0.664640 0.929870
Cis 0.506980 1.482420 1.227630
Ciy -0.495830 0.662180 1.809000
Cis -1.621670 0.663930 0.943600
Cio -1.312690 1.484360 -0.173470
Cao 0.003200 1.988950 0.000400




Cso(In) X Y Z
C 1.321660 -2.497670 2.942760
G, 1.051450 -1.293680 3.688740
Cs 1.976610 -0.223850 3.575970
Cy -0.301260 -0.979960 3.960990
Cs 0.265490 -3.279670 2.410550
Cs -2.034050 -3.200320 1.542150
Cy -1.101390 -2.891160 2.588670
Cs -1.369270 -1.775530 3.402260
Co -0.751260 0.378450 4.012910
Cio 0.158480 1.456650 3.797330
Cn 1.539630 1.138510 3.632350
Ci2 -0.335390 2.617540 3.154060
Cis -2.091050 0.425390 3.504160
Cua -3.503100 1.308870 1.712390
Cis -2.555740 1.546890 2.766320
Cis -1.682980 2.655080 2.632780
Ciy -3.118380 -2.344390 1.262570
Cis -3.330080 -1.146050 2.023130
Cio -2.479310 -0.909150 3.133810
Cao -3.879510 -0.019860 1.349510
Cy 0.497090 3.378590 2.274270




C22
C23
C24
C25
C26
C27
C28
C29
C3O
C31
C32
C33
C34
C35
C36
C37
C38
C39
C4O
C41
C42

C43

1.842370

2.368760

2.377340

-0.332210

-0.740620

0.170810

1.552670

-3.491740

-2.548630

-1.676260

-2.067050

3.330840

3.775480

3.328340

4.086980

3.093350

2.454960

3.305190

3.854420

-0.291420

1.075130

2.009060

2.999430

1.904650

3.252690

3.895320

3.838100

4.036410

3.763140

2.101200

3.145940

3.443310

3.405570

2.365850

1.203690

1.009840

0.040290

2.338410

0.904660

1.139860

0.012800

3.274650

2.886770

3.194940

2.026470

2.752500

0.714340

1.219600

-1.188050

-0.101290

-0.323510

0.528840

0.359380

1.447180

-0.966270

0.126940

0.816900

2.152400

0.040820

-1.298180

-3.168200

-2.058300

-1.384280

-2.444980

-2.623540

-1.577450




Cas
Cas
Cas
Ca7
Cas
Cao
Cso
Csi
Csz
Css
Csa
Css
Cse
Cs7
Css
Cso
Ceo
Ce1
Ce2
Ce3
Cea

Ces

1.343900

3.849230

3.288730

3.086490

2.425830

3.465980

1.651130

2.523040

2.041160

2.066910

2.531510

3.477700

1.658630

0.307890

-0.195560

0.714190

-1.577390

-0.520630

-2.392040

-1.865390

-2.400700

0.727670

1.771460

-1.259470

-1.451710

-0.300030

-2.568710

-2.108100

-3.448830

-3.152400

-3.411250

-0.429790

-1.552050

-1.315310

-2.660200

-3.900330

-4.041950

-3.843460

-3.769050

-3.383640

-1.909540

-3.004890

-3.258880

-0.381930

-3.437260

0.547650

1.845780

2.660980

2.039370

-0.562680

-1.482140

-0.393390

0.932040

-3.539110

-2.801640

-1.747120

-2.668500

-1.255360

0.066000

1.153480

0.287990

-2.311340

-2.788620

-2.063140

-0.750540

-4.048660




Ces
Ce7
Ces
Ceo
Cao
Cn
Cn
Crs
Cra
Crs
Cr6
Crr
Crs
Cro

C80

-1.563230

-0.181760

0.312010

-1.347980

-2.001450

-1.076620

0.276740

-3.874440

-3.111410

-3.314000

-2.451680

-3.354610

-3.352430

-3.799120

-4.111160

-1.142620

-1.460390

-2.622040

2.492780

0.219740

1.289810

0.976570

1.252240

0.294490

1.445330

2.562810

-2.372500

-1.015790

-1.210410

-0.047590

-3.667650

-3.833730

-3.190970

-2.977360

-3.610710

-3.723620

-3.996190

-0.581830

-2.695970

-1.879940

-2.073730

-0.162590

-2.187860

-0.852590

-0.075450




Cioo(D2) X Y Z
Ci -0.49318 4.42399 -0.54396
C, -1.84017 4.32758 -0.18152
Cs -2.82527 3.80725 -1.07533
Cy -0.10056 4.01283 -1.87954
Cs -1.08144 3.51381 -2.74032
Ce -2.44514 3.40456 -2.34018
C; 3.46506 3.22414 -1.08063
Cs 2.23573 3.94985 -1.18109
Co 1.27978 3.63482 -2.15004
Cio 3.74735 2.23304 -2.00020
Cn 2.81112 1.94539 -3.03908
Ci 1.56800 2.57202 -3.10377
Cis 4.22489 1.76271 0.76551
Cua 3.77292 3.01095 0.30390
Cis 4.33515 0.99973 -1.56665
Cis 4.52001 0.71012 -0.21461
Ciy -3.92533 0.01200 -2.49114
Cis -3.87030 1.37955 -2.13852
Cio -2.99411 2.18585 -2.88857
Cao -1.98138 1.59028 -3.70807




C21
C22
C23
C24
C25
C26
C27
C28
C29
C3O
C31
C32
C33
C34
C35
C36
C37
C38
C39
C4O
C41

C42

-0.59446

-1.89345

-2.98334

0.78130

-0.48003

0.46217

-0.79868

2.96787

1.87509

0.57527

1.96355

-4.22283

-3.77166

-3.46386

-4.51741

-4.33273

-3.74543

-3.75520

-4.34043

-4.51807

-3.46812

-3.76834

-0.41845

0.20229

-0.55935

-2.40471

-1.84964

1.83726

2.39251

0.54775

-0.21529

0.40519

-1.60297

1.75930

3.00900

3.22577

0.70921

1.00223

2.23697

-2.24084

-1.00642

-0.71343

-3.22966

-3.01298

-4.01300

-3.86536

-3.36955

-3.61928

-3.72165

-3.73005

-3.62179

-3.38896

-3.87596

-4.01760

-3.71495

-0.77061

-0.31277

1.07116

0.21268

1.56392

1.99367

-1.97145

-1.53805

-0.18580

-1.05068

0.33495




Ca3
Caa
Cas
Cas
Ca7
Cas
Cao
Cso
Csi
Csa
Cs;
Csa
Css
Css
Cs7
Css
Cso
Ceo
Ce1
Ce2
Ce3

C64

-4.21765

-1.58233

-2.82494

-2.23949

-1.28909

-1.27864

-1.56609

-2.23481

-2.80900

-2.96492

-1.95997

-1.87182

-0.57217

-0.45990

0.80058

-3.85800

-3.91182

-2.97710

1.08247

0.10134

0.49370

2.44624

-1.76360

-2.58265

-1.95596

-3.95557

-3.64296

3.63932

2.57904

3.95207

1.95220

0.55551

-1.59402

-0.20594

0.41514

1.84632

2.40181

-1.38386

-0.01624

-2.19001

3.52073

4.01723

4.42558

3.41116

0.79564

-3.08667

-3.01650

-1.15623

-2.13154

2.13881

3.09568

1.16925

3.03323

3.38734

3.71990

3.87651

4.01608

3.72392

3.61402

2.16160

2.51448

2.90636

2.72919

1.86705

0.53050

2.32970




Ces
Ces
Ce7
Ces
Ceo
Cro
Cr
Cn
Cr
Cra
Crs
Cre
Cry
Crs
Cro
Cso
Csi
Csa
Css
Csa
Css

C86

2.82607

1.84081

2.99602

3.87268

3.92850

-0.77726

0.48403

0.59796

1.89658

1.98362

2.98685

1.29355

1.58661

2.82896

2.24409

-1.83719

-2.81739

-2.43041

-0.48808

-0.08810

-1.06423

2.43460

3.81095

4.32882

2.19439

1.38640

0.01980

-2.39584

-1.84020

-0.40808

0.21288

1.60054

-0.54966

-3.63738

-2.57452

-1.94738

-3.95233

-4.33122

-3.81119

-3.40842

_4.42747

-4.01590

-3.51714

-3.41359

1.06392

0.16862

2.88184

2.13443

2.49103

3.62646

3.72709

4.01386

3.86446

3.70285

3.37104

2.14200

3.09408

3.02201

1.16738

0.19219

1.09179

2.35444

0.54650

1.87972

2.74628

-2.34458




C87
C88
C89
C9O
C91
C92
C93
C94
C95
C96
C97
C98
C99

CIOO

1.06849

0.09249

2.82168

1.84169

0.49255

3.91480

3.86143

2.98079

3.75932

4.34399

4.52135

3.47248

3.77240

4.22122

-3.52363

-4.02051

-3.81322

-4.33145

-4.42883

-0.02142

-1.38814

-2.19660

-2.23476

-1.00115

-0.71153

-3.22624

-3.01285

-1.76441

-2.73607

-1.86814

-1.08098

-0.17998

-0.53388

-2.51432

-2.15743

-2.89985

1.97768

1.54089

0.18787

1.05971

-0.32647

-0.79055




