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1 Computational details and functional benchmarking

DFT calculations of reactants, products and transition states (TSs) were optimized using
M06-2X/6-31G(d,p)[1] level of theory with the Gaussian 09 program package.[2] The QST2
algorithm, in which the geometry of the products and reactants is given, was used to search
and optimize TSs. Frequency and IRC calculations have been done to ensure that the TSs
found were first order saddle points (one imaginary frequency) and that the located TSs were
connected to the corresponding products. Also they were used to obtain energies for the reac-
tant complexes on selected adducts. NICS and TDDFT calculations have been performed at
the same M06-2X/6-31G(d,p) level of theory with Gaussian 09 program package. Maximum
bonding fragment orbital (MBFO) analysis[3] was conducted to reveal the frontier orbital
interactions between the diene and the fullerene fragments in the whole system at the geome-
try of the TS. Nomenclature of fullerene isomers follows the Fowler-Manolopoulos ring spiral
algorithm.[4]

Fullerenes C70 (1) and C80 (6) were chosen as a test case to ensure that the trends obtained
in this study do not vary with the functional chosen. Figure S1 shows the correlation between
reaction energy and energy barriers of C70 (1) and C80 (6) using functionals M06-2X, B3LYP
and BP86 with 6-31G(d,p) basis set. The same trends are observed independently of the
functional, but the M06-2X was chosen due to the incorporation of at least, some dispersion.
This functional has been used in previous studies of the DA reaction in fullerenes.[5] TS of
adduct 4 of C80 (6) using BP86 was not possible to optimize due to the tiny HOMO-LUMO
gap.[6]

(d) C80 (6)

3

4

1

2
5

b

a cd

M06-2X

Δ
E‡ / k

ca
l/m

ol

0

10

20

ΔER / kcal/mol
−60 −40 −20

(f) C80 (6)

3

1

2

5

b

a
c

d

BP86

Δ
E‡ / k

ca
l/m

ol

0

10

20

ΔER / kcal/mol
−40 −20 0

(c) C70 (1)

R2 = 0.98
1

2

3 4
b

a
c

dBP86

Δ
E‡ / k

ca
l/m

ol

0

10

20

30

40

ΔER / kcal/mol
−25 0 25

(b) C70 (1)

R2 = 0.99

B3LYP

1
2

3 4
b

a
c

d

Δ
E‡ / k

ca
l/m

ol

10

20

30

40

50

ΔER / kcal/mol
−25 0 25

(a) C70 (1)

R2 = 0.98
1

2

3
4

b
a c

dM06-2X

Δ
E‡ / k

ca
l/m

ol

0

10

20

30

40

ΔER / kcal/mol
−50 −25 0 25

(e) C80 (6)

3

4

1

2
5

b

a cd

B3LYP

Δ
E‡ / k

ca
l/m

ol

10

20

30

ΔER / kcal/mol
−40 −20 0

Figure S1: Benchmark of functionals M06-2X, B3LYP and BP86 for fullerenes C70 (1) and C80 (6).
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2 Geometrical parameters of transition states of C68 (6290)
and C76 (1)

Table S1 and S2 show the distances of the C–C bonds that are being formed during the DA
reaction in the optimized geometry of the TS for C76 (1) and C68 (6290), respectively. The
mean of the two distances is also presented in the last column.

Table S1: C–C distances of the two bonds that are formed during the DA reaction for adducts of
C76 (1) in the optimized geometry of the TS.

Isomer Distance 1 (Å) Distance 2 (Å) Mean distance (Å)
1 2.2707 2.2629 2.2668
2 2.2620 2.2131 2.2376
3 2.2597 2.2565 2.2581
4 2.2556 2.2767 2.2662
5 2.0793 2.3140 2.1967
6 2.1720 2.2205 2.1963
7 2.2581 2.1792 2.2187
8 2.3155 2.0909 2.2032
9 2.2576 2.1679 2.2128
10 2.0608 2.2775 2.1692
11 1.9444 2.4251 2.1848
12 1.9495 2.3805 2.1650
13 2.0830 2.2605 2.1718
14 2.3650 1.9777 2.1714
15 2.1070 2.2133 2.1602
16 2.2551 2.0156 2.1354
17 1.9238 2.3721 2.1480
18 2.3684 1.7369 2.0527
19 2.4492 1.7966 2.1229
20 2.2165 2.0592 2.1379
21 1.8296 2.4211 2.1254
22 2.0740 2.1697 2.1219
23 1.9675 2.2301 2.0988
24 1.9670 2.2819 2.1245
25 2.1427 2.1241 2.1334
26 2.0098 2.1710 2.0904
27 2.4255 1.7922 2.1089
28 2.2097 1.8167 2.0132
29 1.8455 2.2367 2.0411
30 1.9854 2.1048 2.0451
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Table S2: C–C distances of the two bonds that are formed during the DA reaction for adducts of
C68 (6290) in the optimized geometry of the TS.

Isomer Distance 1 (Å) Distance 2 (Å) Mean distance (Å)
1 2.1794 2.4852 2.3323
2 2.4761 2.1778 2.3270
3 1.6916 2.6193 2.1555
4 2.3007 2.2226 2.2617
5 2.9634 1.8828 2.4231
6 2.2554 2.2549 2.2552
7 2.2923 2.2370 2.2647
8 2.8769 1.8585 2.3677
9 2.2311 2.3024 2.2668
10 2.2360 2.2368 2.2364
11 2.2332 2.2321 2.2327
12 2.1288 2.3073 2.2181
13 2.0625 2.4062 2.2344
14 2.2213 2.2213 2.2213
15 2.1831 2.2519 2.2175
16 2.6305 1.9361 2.2833
17 2.1888 2.1750 2.1819
18 2.1446 2.2571 2.2009
19 2.7026 1.8815 2.2921
20 2.4014 1.9694 2.1854
21 2.0119 2.3156 2.1638
22 1.8182 2.9114 2.3648
23 2.2969 2.0080 2.1525
24 1.8546 2.7441 2.2994
25 2.2940 2.0223 2.1582
26 1.9896 2.3571 2.1734
27 1.9833 2.3377 2.1605
28 2.1996 2.0873 2.1435
29 2.3093 1.9750 2.1422
30 2.3950 1.8905 2.1428
31 2.6174 1.7475 2.1825
32 2.5584 1.7692 2.1638
33 2.4263 1.8633 2.1448
34 2.0641 2.1710 2.1176
35 2.3857 1.8074 2.0966
36 1.7336 2.4100 2.0718
37 2.0738 2.2015 2.1377
38 2.1428 2.1423 2.1426
39 1.7478 2.5667 2.1573
40 2.1260 2.0791 2.1026
41 2.3937 1.8373 2.1155
42 2.3831 1.9063 2.1447
43 1.8757 2.4317 2.1537
44 2.0033 2.2541 2.1287
45 2.1413 2.0911 2.1162
46 1.9819 2.1724 2.0772
47 1.8564 2.3392 2.0978
48 1.7784 2.4333 2.1059
49 1.9420 2.2015 2.0718
50 2.2106 1.7576 1.9841
51 2.2532 1.8790 2.0661
52 2.0284 2.0222 2.0253
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3 Correlation between reaction energies and reaction en-
thalpies and reaction Gibbs free energies

Figure S2 shows that the trends in the results obtained for reaction energies are also maintained
when studying reaction enthalpies and reaction Gibbs free energies.
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Figure S2: Correlation between reaction energy and reaction enthalpy of a) C76 (1) and c) C80 (2)
and between reaction energy and reaction Gibbs free energy of b) C76 (1) and d) C80 (2).

4 Correlation between HOMO–LUMO gap and R2

Figure S3 shows the correlation between HOMO–LUMO gap and R2 for all fullerenes considered
in this article (data of Table 1).
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Figure S3: Correlation between HOMO–LUMO gap and correlation coefficient R2 of all fullerenes
considered.
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5 Correlations for other fullerenes

Figure S4 shows the correlation between the reaction energy and energy barrier for the other
fullerenes discussed in the main article.
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(g) C84 (23)
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Figure S4: Correlations between reaction energies and energy barriers for all possible regioisomers of
fullerenes a) C68 (6140), b) C70 (1), c) C70 (7854), d) C78 (3), e) C78 (5), f) C80 (1) and g) C84 (23).
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6 Correlation of C70 (7854)

Figure S5 shows correlation of C70 (7854) including all possible adducts found (left) and only
showing the [4+2] adducts confirmed by the IRC (Intrinsic Reaction Coordinate) calculation
(right).
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Figure S5: Correlation between reaction energies and energy barriers for C70 (7854) including all
possible adducts found (left) and only showing [4+2] adducts (right).

7 Schlegel diagrams

Figure S6 shows Schlegel diagrams of selected fullerenes. Regioisomers that have been men-
tioned are highlighted in each case.
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Figure S6: Schlegel diagrams of fullerenes a) C78 (3), b) C78 (5), c) C80 (2), d) C80 (6) and e) C80

(7).
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8 Difference of NICS between adduct and empty cage at
1 Å above the center of each ring for C80 (2)

Figure S7 shows the difference of NICS at 1 Å above the center of each ring for selected
adducts of C80 (2). Note that the difference of NICS for adducts 3, 10 and 22 is smaller than
for adducts 16, 19 and 30 that are the ones that deviate from the correlation.

Figure S7: Difference of NICS at 1 Å above the center of each ring for selected adducts of C80 (2).
The two carbon atoms where the addition is taking place are marked with green circles. The four
rings that surround the bond where the addition is taking place are set to zero.
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9 Correlation, NICS and molecular orbitals of C78 (3)

Figure S8 shows correlation, NICS and molecular orbitals of C78 (3). The same conclusions of
Figure 4 of the main article can be drawn.
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Figure S8: a) Correlation between reaction energies and energy barriers for all possible regioadducts
formed by DA addition of 1,3-butadiene with fullerene C78 (3). b) Evolution of the NICS value in the
center of the cage during DA reaction of 1,3-butadiene with fullerene C78 (3) for some adducts. c)
HOMO and LUMO orbitals for selected adducts (10 and 12) and for the empty cage.
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10 Correlation, NICS and molecular orbitals of C78 (5)

Figure S9 shows correlation, NICS and molecular orbitals of C78 (5). In this case, molecular
orbitals are more mixed than in other cases and the correlation coefficient between reaction
energies and energy barriers is not that good. For instance, HOMO of adduct b is HOMO-1 of
the empty cage. Note that adduct c which has the HOMO and the LUMO orbitals exchanged,
is the adduct which is more deviated from the correlation line.
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Figure S9: a) Correlation between reaction energies and energy barriers for all possible regioadducts
formed by DA addition of 1,3-butadiene with fullerene C78 (5). b) Evolution of the NICS value in
the center of the cage during DA reaction of 1,3-butadiene with fullerene C78 (5) for some adducts.
c) HOMO-1, HOMO, LUMO and LUMO+1 orbitals for selected adducts (1, 5, b and c) and for the
empty cage.
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11 Complete analysis of reaction energies and energy bar-
riers of C80 (2) considering reactant complexes

Table S3: Energy of formation of the reactant complex (∆ERC), energy barrier from reactants (∆E‡
1)

and reactant complex (∆E‡
2) and reaction energy (∆ER) for all possible adducts of DA addition on

C80 (2) fullerene.

Isomer ∆ERC (kcal/mol) ∆E‡
1 (kcal/mol) ∆E‡

2 (kcal/mol) ∆ER (kcal/mol)
1 -3.3 8.5 11.8 -38.2
2 -3.1 7.4 10.4 -41.1
3 -3.1 8.6 11.7 -39.4
4 -2.9 11.7 14.6 -36.7
5 -3.0 15.6 18.5 -24.2
6 -2.7 14.1 16.8 -26.0
7 -3.0 15.7 18.7 -24.1
8 -2.7 13.8 16.5 -28.8
9 -3.2 13.6 16.8 -29.1
10 -2.6 13.1 15.7 -28.9
11 -2.3 18.0 20.2 -26.5
12 -1.8 17.0 18.8 -30.4
13 25.1 34.1 9.0 -16.8
14 -2.9 19.7 22.6 -18.2
15 -2.2 18.6 20.8 -25.1
16 -2.6 30.5 33.1 -12.3
17 -3.0 17.1 20.1 -17.6
18 -2.2 19.7 21.9 -24.1
19 25.7 35.5 9.9 -15.5
20 -1.8 26.3 28.1 -7.0
21 -2.5 21.7 24.2 -17.6
22 -2.6 22.2 24.8 -13.1
23 -2.6 21.7 24.3 -18.4
24 -3.1 21.4 24.5 -16.5
25 -3.1 28.3 31.4 0.1
26 -1.3 23.6 24.9 -13.7
27 -1.7 24.1 25.8 -12.3
28 -3.1 28.4 31.4 -0.1
29 -1.2 35.2 36.4 9.2
30 22.9 47.9 25.0 13.2
31 -1.5 40.0 41.5 17.9

11



∆ER = -39.4

∆E1
‡ = 8.6

Reac
RC

TS

DA Prod

∆E2
‡ = 14.7

∆ERC = -3.1

RC*

TS*

DA Prod*

27.3

27.0

26.7

(a)

∆ER = 13.2

∆E1
‡ = 47.9

Reac

RC

TS

DA Prod

∆E2
‡ = 25.0

∆ERC = 22.9

RC*

TS*

DA Prod*

0.64

10.2

16.4

(b)

∆ER = -39.4

∆E1
‡ = 30.5

Reac
RC

TS

DA Prod*

(c)

∆E2
‡ = 33.1∆ERC = -2.6

RC*

TS*

DA Prod

26.7

19.1

7.1

Figure S10: Energy diagrams for the DA reaction on C80 (2) of a) normal behavior adduct (3), b)
one with high energy reactant complex (30) and c) one with high energy barrier (16).
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