Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2012

Supplementary Information

Regioselective Chlorine-Addition Reaction
toward Cs4Clg and Role of Chlorine Atoms

in Stone-Wales Rearrangement

Hong Zheng, Jun Li, and Xiang Zhao*

Institute for Chemical Physics and Department of Chemistry, State Key
Laboratory of Electrical Insulation and Power Equipment, Xi’an
Jiaotong University, Xi’an 710049, China

*Corresponding Author. xzhao@mail.xjtu.edu.cn




Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2012

Table S1. Predicted relative energies (JE, kcal/mol) and addition sites of chlorine for
low-lying B9C,4Cly species in the radical-addition process.

Step Addition sites Precursor AE
1 C1(A) B0y, 0.00
C2 BOCs, 5.90
2 C1C4(B) B 0.00
ci1c2 C 0.09
3 C1C4C2(D)/C1C2C4 B/C 0.00
c1Cc2c3 C 6.50
4 C1C4C2C6(E) D 0.00
c1c4c2c7 D 0.99
5 C1C4C2C6C8(F) E 0.92
C1C4C2C7C5(G) D 0.00
C1C4C2C6C3 E 3.34
C1C4C2C6C8C3(H

6 C1C4C2C7C5C(3 a)/ FG 0.00
C1C4C2C6C8C5 F 15.73
7 C1C4C2C6C8C3C5(I) H 0.00
C1C4C2C6C8C3CT H 5.73

8 C1C4C2C6C8C3C5C7 I -

* The addition pattern C1C4C2C6C8C3 is equal to C1C4C2C7C5C3.

Table S2. Relative energies (in kcal/mol) of each reactant, transition state (TS), and
product in the two SW rearrangements.

AMI1 B3LYP/6-31G* AMI1 B3LYP/6-31G*
06 C56Cl, 0.00 0.00 M4C56Cly-2 0.00 0.00
TSI 58.88 72.88 TSI 86.28 96.53
B04C56Clo-1 -27.01 -22.59 PBC5Cl, -2.40 -0.33

Table S3. Relative energies (JE, kcal/mol), HOMO-LUMO gaps (eV) of Cs4Cl;o and
Cs4Cly, isomers with lower energies.

#540C54C110 #540C54C112

isomers JE gap isomers JE gap
B40C54Clyo-1 0.00 2.86 B0C54Clyo-1 0.00 2.74
40C54Clyo-2 3.18 2.75 B0C54Clyn-2 1.15 2.70

#4900, Clyp-3 435 2.84 #54004,Cl15-3 1.91 2.83
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Figure S1. Geometry structures of lowest energy isomers of “*'CsCly and

#540C54C112.
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Figure S2. Energy profiles (in kcal/mol) of concerted SW rearrangements from

866Cs6 to P1Csg (at B3LYP/6-31G* level).
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To gain deep insight of Cs4 chlorofullerene, we present the frontier orbitals of
#54OC54C18 structures in Figure S3, as well as other two exohedral derivatives
containing two kinds of most popular exohedral atoms (F and H) with the same
addition pattern. The HOMO-LUMO gaps of these three structures are quite similar
(ranging 3.12~3.17eV) and their HOMO orbital share alike shapes. The energy levels
of frontier orbitals in #540C54Clg and #540C54Fg are similar, while the orbitals in
#54OC54H8 have higher levels than former structures. The exohedral Cl and F atoms can
obviously enlarge the HOMO-LUMO gap of pristine “**°Cs, cage mainly by means of
decreasing the energy of HOMO orbital. The H atoms slightly change the HOMO

orbital energy but can greatly heighten the energy level of LUMO orbital.
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Figure S3. Frontier orbital energies and HOMO/LUMO orbital maps of “*'Cs4 cage
and #540C54Xg structures.

The charge populations of **'Cs;Xs structures present different influence of three
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kinds of exohedral atoms to fullerene electronic property (Figure S4). Ca and Cb
atoms having little positive charges (in black color) in pristine cage will turn red when
bonding with CI/H atoms. All carbon atoms of addition sites have large negative
charges in #54OC54C18 and #54OC54H8. The Cl atoms are slightly positive charged (in
black color), revealing little charge transfer to the cage. The F atoms with red color
show obvious electronegativity leading all carbon atoms bonding with them turn
green. Hence, since fullerene cage is a kind of electron-deficient structure like Cl and
F atom, an electronegativity sequence of **’Cs, cage and two halogen elements could

be concluded as:

Figure S4. Mulliken atomic charge populations of B, cage and 400, X
structures.

The calculated excitation energies show very good accordance to experimental
results (Table S4) with relative differences of -0.20~0.20 eV. The first excitation at

2.56 eV (486 nm), which is very near to optical gap of 2.47 eV (504 nm), mainly
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stems from electronic transition of HOMO—LUMO. Second lowest-energy excitation
at 2.77 eV (449 nm) corresponds to electronic transition from HOMO-1 orbital to
LUMO+1 orbital. Other peaks with higher energies composed of integrated m—m*
transitions among frontier cage orbitals.

Table S4. Simulated electronic excitation energies of B0, Clg.

Exp.! TDDFT Characterization
288 302 T— T
341 345 T— T
406 381 T— T
465 449 T—>TT*
504 486 T— T

“The data comes from ref. 24.
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Figure S5. Simulated UV-Vis-NIR spectrum of # 4OC54C18.

Coordinates of Cs4 chlorofullerenes, Cs4Fg, and Cs4Hg structures. The three isomers
are predicted at B3LYP/6-311G** level, while other structures are predicted at
B3LYP/6-31G* level.

#5400, Clg:

C -0.000003 3.258234 0.534877

C -0.000001 2.954669  -0.831941
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-0.324499

-1.452047
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-2.466350
-1.519641
-0.419843
0.797570
1.974034
2.730973
2.303770
2.309227
1.293695
0.175348
-1.162184
-2.133856
-2.498170
-1.623574
-1.078139
0.378060
1.159287
0.630631
-0.948348
-1.870211
-0.802696
0.532049
1.643814
2.642016
2.556205
2.631589
1.601761
0.739250
-0.720193
-1.201844
-2.173009
-1.802061
-0.722342
0.532125
1.548982
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4.163176
4.289154
-1.544847
4.519949
-5.461290
-5.312974
-4.737559
5.720814
5.977102
1.187366
-4.603746
-1.836368
2.423333
-0.601398

-0.339069
-0.322839
0.908818
0.615394
1.469098
0.903328
1.426349
0.322839
0.339069
-0.866039
-0.480917
-1.300195
-0.693656
-1.546105
-0.959957
-1.464390
0.866039
0.480917
1.300195
0.693656
1.546105
0.959957
1.464390
2.576316
2.579237
3.546202
2.746552
3.062586

-0.198496
-0.417702
-3.785878
-3.203542
1.431675
1.020660
-1.533727
-0.380711
-0.385026
-4.627858
-2.033436
-4.219217
5.168397
5.548429

-0.428532

0.935983
1.530896
2.375097
2.401502
2.650983
1.560867
0.935983

-0.428533
-1.229388
-2.452800
-2.944130
-3.369202
-2.922792
-2.440610
-1.211396

-1.229388

-2.452800

-2.944130

-3.369202

-2.922792

-2.440610

-1.211396

-0.579270

0.847607
1.226296
1.765700
1.057640

1.141095
-0.415997
2.493651

-1.158326
1.225173
-1.827321
2.018851
2.069942
-1.049977
-1.116617
-1.696301
-1.292495
-0.526856
-0.690356

-3.188222

-2.856882
-2.387712
-1.267762
-0.170289
1.229484
2.197167
2.856882
3.188222
3.020994
2.352148
1.323039
0.076412
-1.012082
-2.192277
-2.758667
-3.020994
-2.352148
-1.323039
-0.076412
1.012082
2.192277
2.758667
2.178814
1.974074
0.879584
-0.295932
-1.434609
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2.103228
2.083412
3.005805
2.566210
2.714181
3.271170
4.120879
3.924649
-1.426349
-0.903328
-1.469098
-0.615394
-0.908818
-2.103228
-2.083412
-3.005805
-2.566210
-2.714181
-3.271170
-2.576316
-2.579237
-3.546202
-2.746552
-3.062586
-3.924649
-4.120879
1.184900
-4.551207
5.451062
5.154851
4.551207
-5.154851
-5.451062
-1.184900

0.152337
0.155367
-1.042451
-0.685667
-1.480927
-0.831446
-1.296482
-0.155367

0.812216
-0.627513
-1.238145
-2.309929
-2.286795
-1.185772
-0.158052
-0.159319

1.560867

2.650983

2.401502

2.375097

1.530896

0.812216
-0.627513
-1.238145
-2.309929
-2.286795
-1.185772
-0.579270

0.847607

1.226296

1.765700

1.057640
-0.159319
-0.158052

3.944834

2.072135
-0.296210
-0.134853

2.072135

-0.134853
-0.296210
3.944834

3.202293
2.865385
2.326219
1.233693
0.087013
-1.283180
-2.273705
-2.865385

-2.437580
-2.706081
-1.777379
-1.028324
0.455428
1.081803
0.360821
-1.190992
-2.197167
-1.229484
0.170289
1.267762
2.387712
2.437580
2.706081
1.777379
1.028324
-0.455428
-1.081803
-2.178814
-1.974074
-0.879584
0.295932
1.434609
1.190992
-0.360821
1.662412
-1.303398
0.676929
-1.821304
1.303398
1.821304
-0.676929
-1.662411

0.159683
-1.204770
-1.803334
-2.655252
-2.679610
-2.930331
-1.832855
-1.204770
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-0.152337
1.041391
0.619601
1.379705
0.697932
1.484968
0.828713
1.299076

-1.041391

-0.619601

-1.379705

-0.697932

-1.484968

-0.828713

-1.299076

-2.440696

-2.460356

-3.501405

-2.759949

-3.142884

-2.241386

-2.235721

-3.106434

-2.629063

-2.689147

-3.206344

-4.102921

-3.993894
1.296482
0.831446
1.480927
0.685667
1.042451
2.241386
2.235721
3.106434
2.629063
2.689147
3.206344
2.440696
2.460356
3.501405
2.759949
3.142884

-3.202293
-2.960848
-2.318034
-1.242918
-0.034530

1.102015
2.243691
2.837097
2.960848
2.318034
1.242918
0.034530

-1.102015

-2.243691

-2.837097

-2.319405

-2.117229
-1.088531

0.137235
1.256119
2.306322
2.569528
1.589503
0.873681

-0.615448

-1.268179

-0.604010

0.956593
2.273705
1.283180

-0.087013
-1.233693
-2.326219
-2.306322
-2.569528
-1.589503
-0.873681
0.615448
1.268179

2.319405
2.117229
1.088531

-0.137235
-1.256119

0.159683
0.960808
2.184182
2.675415
3.098173
2.653799
2.173032
0.941372
0.960808
2.184182
2.675415
3.098173
2.653799
2.173032
0.941372
0.307718
-1.119536
-1.500622
-2.041514
-1.329634
-1.083810
0.355143
0.964160
2.045412
2.019904
0.913104
-0.116432
-0.111508
-1.832855
-2.930331
-2.679610
-2.655252
-1.803334
-1.083810
0.355143
0.964160
2.045412
2.019904
0.913104
0.307718
-1.119536
-1.500622
-2.041514
-1.329634
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3.993894
4.102921
-1.036362
4.264838
-5.144723
-4.991114
-4.264838
4.991114
5.144723
1.036362

-0.956593
0.604010
-1.646485
1.477030
-0.917737
1.414990
-1.477030
-1.414990
0.917737
1.646485

-0.111508
-0.116432
-3.948704
-2.186268
0.007425
-0.128643
-2.186268
-0.128643
0.007425
-3.948704
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