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1. The third stage separation of ICBA
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Figure S1. HPLC chromatography of IC5oBA-m (ICgoBA mixture). Conditions: Buckyprep-D column (10 x 250 mm); eluent, toluene;

flow rate, 2 mL/min; detection, 310 nm.
2. NMR Characterization of ICBA-m

The *H chemical shifts of C¢ bisadducts got affected by the attaching position of the substituents. Thus it could be very helpful to
determine which isomeric structures presented in the samples with mixtures only based on their NMR chemical shifts, especially
with the cases as IC¢BA when separating the mixtures of isomers is very difficult to accomplish.

In Figure S2, the 'H NMR of expanded region for c/c’/c”/c”’, 17 pairs of peaks were assigned to the indene substituents, while
peak-1 was easily identified from the symmetric isomer trans-1. According to previous report, the chemical shift of ¢, ¢, ¢”, ¢”” would
be noticeably shielded and decreased in the order of trans-1, trans-2, trans-3, trans-4, e.! Thus the peak pairs-2,3,4,5 were expected
to come from trans-2; the peak pairs-6,7,8,9 were from trans-3; the peak pairs-10,11,12,13 were from trans-4 and peak pairs-
14,15,16,17 were from e. Furthermore, in order to confirm our prediction from the NMR analysis of the IC5,BA mixture, a combined
investigation based on HPLC separation and UV-Vis characterization were employed to unambiguously identify every isomeric

structures in the mixture.
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Figure S2. 600 MHz ¢, ¢/, ¢”, ¢’ selected region of 'H 1D-NMR spectra of IC5BA in CDCls.



Table S1. Theoretical numbers of chemical shifts for c/c’ and d/d’ region of IC¢,BA regioisomers.*

Substituents position # of & for c/c’/c”’/c”” # of 6 for d/d’/d”’/d"”
cis-1 (<>) 2 2
cis-1 (><) 2 2

cis-1 (<</>>) 4 4
cis-2 (<>) 2 i
cis-2 (><) 2 2

cis-2 (<</>>) 4 4
cis-3 (<>) 2 2
cis-3 (><) 2 i

cis-3 (<</>>) 4 4

trans-1 (<>/><) 1 2
trans-1 (<</>>) 1 2
trans-2 (<>) 2 i
trans-2 (><) 2 2
trans-2 (<</>>) 4 4
trans-3 (<>) 2 i
trans-3 (><) 2 i
trans-3 (<</>>) 4 4
trans-4 (<>) 2 2
trans-4 (><) 2 2
trans-4 (<</>>) 4 4
el(rr) 4 4
e-2 (L) 4 4

* The CH, groups on the two indene substituents faced towards each other denoted as > < or against each other denoted as < > or

faced to the same side denoted as <</>>, for e isomers, denoted asq and L, respectively.

Table S2. The list of 'H NMR chemical shifts of ¢ and d regions for IC5,BA isomers.

Assignment(d/d’/d”/d"”’) Assignment (c/c’/c”/c"”)
Isomer
H (ppm) *H (ppm)
rans.1 3.91 5.24
3.03 5.24
4.05 5.11
3.00 5.00
trans-2(a)
3.54 5.01
2.82 4.81
4.04 5.10
trans-2(b)
2.97 4.95
3.57 5.02
trans-2(c)
2.85 4.87



3.83 4.95
2.83 4.67
trans-3(a) 3.48 4.90
2.71 451
7 4,

trans-3(b) 3.79 %
2.81 4.60
3.47 4.89

trans-3(c)
2.72 4,57
3.57 4.85
2.77 4.69

trans-4(a)
3.22 4.77
2.61 4.53
3.38 4.85

trans-4(b)
2.71 4.63
3.54 4.76

trans-4(c)
2.70 4.61
3.48 4.62
1 2.66 4.43

e_
3.26 4.56
2.64 451
3.55 4.58
2 2.69 454
e_

3.32 4.52
2.50 4.00

Figure S3 is the selective region of *H-'H gCOSY spectrac, ¢/, c”, ¢’ and d, d’, d”, d”’. For IC¢BA, the chemical shifts of d and d’ (d”
and d’”’) are always different since one of them is pointing towards the fullerene ball while the other is away, which gave them
different electronic environments, the chemical shifts of c and ¢’ (¢”” and ¢
for the trans-1 isomers, four cross-peaks came from c¢/c’ to d/d’ or ¢’/c’”’ to d”’/d"”’ can be seen in *H-'H 2D-gCOSY spectrum. Like

the shifts 2 and 2’ of ¢, ¢/, ¢”, ¢’ region each showed two cross-peaks with the shifts 2 and 2’ of d, d’, d”, d”’ region. In the trans-1

77

isomers, c/c’/c”’/c

1and 1’ of d, d’, d”, d”’ region. Therefore, shifts 1 in ¢/c’/c”’/c’”’ region came from indene substituents of trans-1 isomers while shifts

) are different in asymmetrical structures. Thus except

gave one chemical shift, so there would be two cross-peaks like the signal 1 of ¢, ¢’, ¢”, ¢’ region with the shifts

2/2’ through 17/17’ came from the other 16 types of indene substituents of ICsBA isomers.
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Figure S3. Selected region of the H-H gCOSY spectra of IC¢BA in CDCl;

In 1H {3C} gHSQC, where the correlations from protons directly connected to carbons were detected, the CH2 groups from d, d’,
d”, d”” showed cross peaks in Figure S4-A with different phase of those for CH groups of c, ¢, ¢”, ¢’ in Figure S4-B.

The CH, d and d’ (d” and d’”’) are from the two chemically non-equivalent protons bonded to the same carbon. They provided
seventeen pair of proton resonances in Figure S4-A, each shared the same chemical shift of the directly bound 13C. A total of 33
cross-peaks are resolved for c, ¢/, ¢”’, ¢’’’ in Figure S3-B. According to the COSY spectrum, there was a trans-1 isomer in this mixture
contributed only one shift for c/c’/c”’/c’” because of the symmetric structure. The rest 32 cross-peaks would come from c/c’ (¢”’/c’”’)

of sixteen bi-indene substituents positioned other than trans-1 isomers.



8IN1T N3N

ddd 5113115
L 8/9/14 sl ]
14116
R A U] %
(ppm) ] 7]
456 -
46.0 = w0 L
[ w 2 % w8
"
46.4 — " ol " . - "n.
46.8 -
0] ®
472 =
L | 1 T 1
4.2 3.8 3.4 3.0 §1H (ppm>
31617 127

LRPRIIPRUIN

c,cc'c":

1

3 42

513C _| B
(ppm) e %
57.4 - w3
e ° ®
578 )
8 ° ° g0 ’
58.2 g @ b O
586 o °
-
490 - @
1 1 1 1 1 L] I
5.2 5.0 438 46 4.4 42 5'H(ppm)

Figure S4. Two dimensional H {13C} gHSQC spectra of Cg(CH,)(Indene) in CDCl; ,with the selected region of d, d’, d”, d”’ (A), and

selected region of ¢, ¢’, ¢”, ¢”’(B).
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Figure S5. HPLC purification process of the trans-3(a)-P, Conditions: Buckyprep-D column (10 i.d. x 250 mm) using toluene as eluent

(flow rate 2 mL/min).

Figure S5 shows the HPLC process of the trans-3(a)-P. We collected B fraction and removed A, C fractions from trans-3(a) to get

sample with higher purity, namely trans-3(a)-P.



For further investigating how the isomers affect the photovoltaic performance when they were used as acceptors in PSCs, we
studied the percentage of 12 main isomers in mixture using integral method of NMR. Because the NMR spectra of ¢/c’/c”’/c’”’ region
is much simpler than that of d/d’/d”’/d’””’ region and much easier to distinguish, we utility the NMR spectra of c¢/c’/c”/c’”’ region to
obtain the percentage of 12 main isomers in IC5BA mixture.

As shown in Figure S6, many peaks were overlapped, in order to get a relatively precise integral value, we divided the spectra into

several integral parts, which were separated from others and indicated by alphabet A ~ P with a square. The integral values of each

77

part were listed in Table S3. The digits represent the 2 hydrogen atoms of c/c’/c”’/c’”’ region of equivalent indene and their

attributions were listed in Table S4.
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Figure S6. Enlarged partial view of the NMR spectra of c/c’/c”’/c’”’ region of ICgqBA mixture.
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Table S3. Integral value of each integral part in the NMR spectra of ¢/c’/c”’/c’”’ region of IC60BA mixture

Integral part Integral value
A 27.04
46.80
69.75
117.04
96.70
23.32
33.50
24.01
| 30.71
21.17
49.35
120.96
117.00
157.18
38.82
26.65

I OO m m O O W
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Table S4. The attribution of the peaks in the NMR spectra of c/c’/c”’/c’” region of IC¢,BA mixture.

Structure Attribution
trans-1 1
trans-2(a) 2,5

trans-2(b) 3
trans-2(c) 4
trans-3(a) 6,9
trans-3(b) 7
trans-3(c) 8
trans-4(a) 10, 13
trans-4(b) 11
trans-4(c) 12
e-1 14,16
e-2 15,17

Based on the above all, we get the formulas for calculating the integral value of 2 hydrogen atoms of ¢/c’/c”’/c’”’ region of IC60BA
according to the specific properties of each isomer: trans-1=A/2; trans-2(a)=H*2; trans-2(b)=B-H; trans-2(c)=F; trans-3(a)=K*2;
trans-3(b)=D-(B-H)-K; trans-3(c)=E-K; trans-4(a)=)*2; trans-4(b)=G-J; trans-4(c)=I-J; e1=0*2; e2=P*2.

The percentage of each isomer hereto could be figured out by substituting the integral value in table into these formulas, as
shown in Table S5.

Table S5. The percentage of each isomer in IC5oBA mixture.

The integral value of 2 hydrogen atoms of

Structure Percentage (%)
c/c’/c”[c"” region

trans-1 13.52 2.74 2.74
trans-2(a) 48.02 9.73

trans-2(b) 22.79 4.62 19.07
trans-2(c) 23.32 4.72
trans-3(a) 98.70 19.99

trans-3(b) 44.90 9.09 38.67
trans-3(c) 47.35 9.59
trans-4(a) 42.34 8.58

trans-4(b) 12.33 2.50 13.01
trans-4(c) 9.54 1.93
e-1 77.64 15.72

26.51
e-2 53.30 10.79
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Figure S7. The percentage of each isomer in IC5BA mixture synthesized and the commercially available samples from Sigma and

One materials.
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Figure S8. The MALDI-TOF mass spectra of ICgoBA-m.
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Figure S9. (a) J-V curve of P3HT: ICBA trans-3(a), measured under an illumination of AM 1.5G, 100mW/cm?, (b) IPCE spectra of

device based on P3HT and trans-3(a).



3. AFM height image of IC5,BA

.

trans-1,0.12% trans-2(b)y3:88% mixture, 5.19%

trans-3(a), 6.06% trans-3(b), 0.53% trans-3(c), 4.72%

trans-4(b), 3.58% trans-4(c), 0.03% e-1,1.87% e-2,5.38%

Figure $S10. AFM height image (2um x 2um) of a) P3HT/trans-1, b) P3HT/trans-2(a), c) P3HT/trans-2(b), d) P3HT/trans-2(c), e)
P3HT/ICsBA-m, f) P3HT/trans-3(a), g) P3HT/trans-3(b), h) P3HT/trans-3(c), i) P3HT/trans-4(a), j) P3HT/trans-4(b), k) P3HT/trans-
4(c), I) P3HT/e-1, m) P3HT/e-2 blend films.
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Figure S11. J-V characteristics of electron-only devices based P3HT: IC5,BA isomers
5. Solubility studies of IC4BA
We have theoretically characterized ICBA-trans-a, ICBA-trans-b and ICBA-trans-c with a fast and accurate combined first principles
quantum mechanics with an external mathematical tool based on artificial neural networks (ANN). ANN transforms the molecular

surface charge density distribution (sigma-profile) as determined by density functional theory (DFT) calculations within the
10



framework of a continuum solvation model into solubility parameters. The 3D structures of the ICBA-trans-a, ICBA-trans-b and ICBA-
trans-c-fullerene considered in this study were built using HyperChem Professional 7, which calculates the most stable
conformational structures under the force field method. Molecular geometries were optimized by TURBOMOLE 6.3 quantum
chemical program package using high quality quantum chemical ab - initio electronic structure optimization on the BP-TZVP gas
phase level. Sigma moments of molecules were calculated with COSMOtherm13 software using BP-TZVP-C21-1401
parameterization. COSMO-RS sigma moments as quantitative structure property relationships (QSPRs) are used as the five input
values for the Artificial Neural Network Toolbox of MATLAB (R2010b). For the determination of relative solubilities, the total
solubility distance (R,), the intermolecular parameter of Flory-Huggins (x) and the chemical potential of the mixture (i) were
determined.

The disentanglement of the well-known Hildebrand solubility parameter 67 into the Hansen Solubility Parameters (HSPs) forms
the basis for developing predictive solubility theories.? The Hildebrand solubility parameter is related to the density of the cohesive
energy E7, which is defined as the increase in internal energy upon removal of the molecular interactions and can be thought as the

energy required to fully separate a unit volume of molecules from the nearest neighbor when going into solution: 3

AE,
v

o, =
(1)

where V is the molar volume. The Hildebrand theory predicts that molecules with similar 87 interact more closely, leading to
improved miscibility. The later Hansen theory accounts for the fact that the cohesive forces in a liquid are not limited by only one
type of interaction but are rather described by the combined effect of non-polar bonding (dispersive) forces, polar bonding (dipole-
dipole) forces and hydrogen bonding forces:?
Er=Eq+Ey+ Epp, (2)

where Eg4, E,, and Ej, correspond to dispersive, polar and hydrogen bonding energies, respectively. Accordingly, the Hildebrand
solubility parameter splits into the Hansen solubility parameters (HSPs) as:

5, =68, +6. + 3, a)

with
57— AE,
/ 4
. AE
2
o, = Vp
AE
5 = S

11



Figure S12. (A) (i) General visualization of the isomers ICBA. Lowest conformational molecular structures for the fullerenes: (A) (i)
ICBA-e1 and (ii) ICBA-e2. (B) ICBA-trans-1 (i) —a and (ii) —b (C) ICBA-trans-2 (i) -a, (ii) -b and (iii) -c. (D) ICBA-trans-3 (i) -a, (ii) -b and
(iii)-c. (E) ICBA-trans-4 (i) -a, (ii) -b and (iii) -c.

Opp is the hydrogen bonding parameter, which becomes relevant in substances where hydrogen bonding to highly electronegative
atoms is predominant. The polar parameter 6, depends on the dipolar moment according to the Beerbower correlation.* This term
is particularly relevant when non-symmetrical molecules are considered. Finally, the non-polar contributions, mainly originating
from dispersive interactions, are contained in the dispersion parameter 6, which is related to the enthalpy of vaporization of
homomorphous bondings.> We note that the Hansen theory is an approximation and that the molecular interactions can be more
complex and thus underrepresented. Nevertheless, Hansen solubility parameter have been shown to provide a good estimation of
the Flory-Huggins mixing parameter (y) and thus generally allow reliable solubility predictions. ©

In the present work, upon structural molecular modeling of ICBA-trans (a, b and c) fullerenes (Figure $12) by calculating the
lowest energy conformation structure using the force field method (HyperChem Professional’ ), we applied ab-initio density
functional theory (DFT) to calculate the surface charge screening density o (Figure S13) using the software package TURBOMOLE.8
COSMOtherm, which uses the conductor-like screening model for real solvents, short COSMO-RS,° was then employed for

calculating the o-profile and the chemical potential (o-potentials). Subsequently, we determined physical-chemistry structural
12



properties (0-moments) using the previously established surface charge screening densities. We note that the o-profile has no direct
information on the van der Waals forces.

It therefore seems surprising that it might be possible to determine the HSPs based on the o-profile. This is accomplished by
utilizing the o-moments as input for a computational technique that emulates the function of neuronal brain cells in human
information processing, called artificial neural network (ANN). Here, ANN is proposed as a reliable alternative for the determination
of HSPs. The software featuring ANN for predicting HSPs for a group of solvents was recently introduced by Jarvas et al. In order to
predict Hansen solubility parameters from o-moments with the help of ANN we use the weights of the interconnections, which have
been previously established with a set of chemical compounds featuring a broad range of functional groups.1%1

We now return to the computational procedure involving COSMO-RS. COSMO-RS was originally developed for studying the
thermodynamic properties of solutions and mixtures based on computation of the chemical potential of a molecule in solution via
statistical thermodynamics of interacting molecular surface segments.® 12 13 As opposed to the discrete model, which describes the
molecular free energy of solvation as a sum of single solvent- solute point interactions (typically the basis for molecular dynamics
calculations), COSMO- RS is based on a continuous, polarizable solvation medium, thereby reducing the number of interactions and
thus the computational time. The basic idea of this approach is to represent the surface charge density o of the real solvation in
form of a molecular distribution called o-profile (P (o)) and consequently use P (o) in a regression function, relating material

characteristics (P (o)) to molecular properties, also referred to as quantitative structure property relationships (QSPR):

QX(G)z Co + ClMoX + Cz/w( + CSMzX + CIOM/j;),acc + CMM;;,don

(4)

X
Where 7 is the i-th o-moment of the solute X. The coefficients (Cy) can be derived by multilinear regression of the o-moments

X
using a reliable set of experimental data. Some of the o-moments have a rather simple physical meaning. = 0 represents the total

X X X nr = yr
surface area of the solute X, =~ 0 area gnd” 1 the electrostatic interaction energy (E.I) ~ 1 £.1 which is an

estimation of the overall ability of the solute to interact electrostatically with a polarizable continuum. The third moment lacks a

X X

simple physical analogy and is best described as skewness of the o-profile of the solute "2~ " skew which is directly related

¥ ¥
to the asymmetry of the o-profile. The final terms =~ 72:a¢¢ and * #0:don quantify the ability of the solute to interact as a hydrogen-

bond acceptor and donor, respectively.’ Table S6 shows the five calculated basic o-moments for the selected fullerenes in this work
to illustrate the QSPRs involved in the regression and prediction process using ANN. We emphasize that full representation of the
o-profile (equation 4) may involve a wider range of o-moments (Table S6). In Table S7 we illustrate the computed solubility
parameters (Hildebrand parameter §; and the Hansen parameters 84, 8,, 64, 8,+6 (MPa%?) for the twelve fullerenes employed
in this work: ICBA-trans-(1,2,3,4)a; ICBA-trans-(1,2,3,4)b; and ICBA-trans-(1,2,3,4)c. According to our chosen quantum method, the
functional and the basis set, we used correspond to the parametrization BP-TZVP-C21-1014 that is required for the calculation of
physicochemical data and contains intrinsic parameters of COSM Otherm13 as well as element-specific parameters for the o-
moments and finally the molar volume (Table S8).

X
Table S6. o-moments (* 7 ) for ICBA-trans-a, ICBA-trans-b and ICBA-trans-c calculated

by COSMOtherm.
Molecule Area (nm?) E. I Skew Hb acc Hb don
ICBA-trans-el 5.8292 68.6964 -10.9181 0.0 0.0
ICBA-trans-e2 5.7341 67.8457 -10.6580 0.0 0.0
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ICBA-trans-12 5.3369 72.5783 -40.7461 0.0 0.0

ICBA-trans-1b 5.6315 69.5822 -14.2289 0.0 0.0
ICBA-trans-22 5.6424 69.2980 -11.5335 0.0 0.0
ICBA-trans-2b 5.8279 69.7553 -11.1015 0.0 0.0
ICBA-trans-2c 5.8552 69.5190 -11.4464 0.0 0.0
ICBA-trans-32 5.5705 69.2353 -16.5044 0.0 0.0
ICBA-trans-3b 5.7626 69.2247 -10.9562 0.0 0.0
ICBA-trans-3c 5.5704 69.3844 -16.4721 0.0 0.0
ICBA-trans-42 5.6763 69.0191 -11.3788 0.0 0.0
ICBA-trans-4b 5.6852 69.3107 -11.2894 0.0 0.0
ICBA-trans-4c 5.6867 69.4951 -11.5431 0.0 0.0

E.l. : electrostatic interaction

Hb acc: Hydrogen bonding, acceptor

Hb don: Hydrogen bonding, donor

Table S7. Computed Hildebrand parameter 67 (Mpa'?) and Hansen parameters &g, 8, 64, 8,46 (Mpa'/?) for the fullerenes ICBA-

trans-a; ICBA-trans-b; and ICBA-trans-c. (SPs: Solubility Parameters)

SPs el e2 la 1b 2a 2b 2c 3a 3b 3c 4a 4b 4c
or 21.32 21.27 | 21.08 21.27 | 21.26 21.76 21.34 | 21.26 21.29 21.26 | 21.26 21.27 21.27
b4 20.67 20.61 | 20.41 20.53 | 20.54 20.66 20.68 | 20.05 20.61 20.50 | 20.56 20.57 20.56
6p 4.94 4.95 5.24 5.03 5.01 4.96 4.95 5.05 4.97 5.05 4.99 5.00 5.00
Onp 1.71 1.78 0.78 2.32 2.19 1.86 1.79 2.41 1.92 2.43 2.09 2.10 2.14
6p+ Oy 6.66 6.74 | 6.02 735 | 721 683 674 | 747 690 7.49 7.08 7.10 7.14

Table S8. Volume and molar volume for ICBA-trans-a, ICBA-trans-b and ICBA-trans-c calculated by BP-TZVP-30-1401 DFT.

Molecule Volume (hm3) My (cm3/mol)
ICBA-trans-el 0.9071 546.268
ICBA-trans-e2 0.8711 524.589
ICBA-trans-1a 0.8504 512.123
ICBA-trans-1b 0.8711 524.589
ICBA-trans-2a 0.8893 535.544
ICBA-trans-2b 0.9115 548.918
ICBA-trans-2c 0.9144 550.665
ICBA-trans-3a 0.8699 523.866
ICBA-trans-3b 0.9104 548.256
ICBA-trans-3c 0.8704 524.167
ICBA-trans-4a 0.9005 542.023
ICBA-trans-4b 0.9031 543.860
ICBA-trans-4c 0.8999 541.933

14
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Figure $13. COSMO-RS visualization of the isomers ICBA: (A) ICBA-e (i) -1, (ii) -2. (B) ICBA-trans-1 (ii) —a and (ii) —b. (C) ICBA-trans-2

()

(E)

&

L
»
&
¢

(ii) —a, (ii) —b and (iii) —c. (D) ICBA-trans-3 (ii) —a, (ii) —b and (iii) —c. | ICBA-trans-4 (ii) —a, (ii) —b and (iii) —c.
Table S9. Molecular orbital energies for ICBA-trans-a, ICBA-trans-b and ICBA-trans-c calculated by BP-TZVP-30-1401 DFT.

Molecule HOMO (eV) LUMO (eV) Eg (eV)
ICBA-trans-el -5.46 -3.84 1.62
ICBA-trans-e2 -5.46 -3.84 1.62
ICBA-trans-1a -5.16 -3.74 1.42
ICBA-trans-1b -5.30 -3.82 1.48
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ICBA-trans-2a -5.44 -3.61 1.83

ICBA-trans-2b -5.40 -3.90 1.50
ICBA-trans-2c -5.41 -3.90 1.51
ICBA-trans-3a -5.20 -3.71 1.49
ICBA-trans-3b -5.44 -3.72 1.72
ICBA-trans-3c -5.20 -3.71 1.49
ICBA-trans-4a -5.47 -3.52 1.96
ICBA-trans-4b -5.46 -3.47 1.93
ICBA-trans-4c -5.49 -3.50 1.99

Table S10. Chemical potential for pure ICBA-trans-a, ICBA-trans-b and ICBA-trans-c calculated by BP-TZVP-30-1401 DFT.

u(Kcal/mol) | el e2 la 1b 2a 2b 2c 3a 3b 3c 4a 4b 4c

u -76.29 -75.46| -65.21 -71.82 |-73.52 -75.90 -76.29| -70.80 -75.39 -70.74 |-74.25 -74.25 -74.25

For solubility studies in the organic photovoltaic (OPV) device investigations and specially the accurate solvents choices for solar
cells. It is convenient to introduce the solubility distance parameter, R,, between two materials based on their respective partial
solubility parameter. Ra predicts the differences between the Hansen parameters of a solvent (6,4, 6,,, and 8, ) and the solute

(61,4, 61,p and 61 p) @S

K, = \/4(51,d - 52,dy + (51,;7 - 52,pj + (51,/71) - 52,/7bj (5)

where the weighing factor 4 for the dispersion component was introduced by Hansen from empirical testing. The shorter the

solute-solvent distance R, in the HSP space, the higher the solubility. Good solubility is a decisive requirement for OPV cell
processing.1* A series of halogenated solvents and non-halogenated was introduced in the HSPiP software and our determined HSP
of ICBA-trans-a, ICBA-trans-b and ICBA-trans-c with the solubility limit set at 10mg/mL were introduced as the target. The
determined solubility distances R, of the selection of solvents are summarized in Table S11.

Table S11. Solubility distance R, in Mpa'/2 for ICBA-e, ICBA-trans-a, ICBA-trans-b and ICBA-trans-c in a selection of solvents.

Solvents el e2 la 1b 2a 2b 2c 3a 3b 3c 4a 4b 4c

Chlorobenzene [3.41 3.28 (3.21 3.17 | 3.17 3.38 343 | 3.13 3.30 3.13 3.20 3.21 321
Chloroform 729 7.18 |7.04 7.10 | 7.11 728 732 | 7.06 7.21 7.06 7.13 713 7.13
o-xyelene 710 699 |7.11 684 | 68 7.06 7.11 | 6.79 6.99 6.79 6.89 690 7.89
Toluene 6.41 631 |6.28 6.24 | 6.24 640 6.43 | 6.21 6.33 6.22 6.26 6.27 6.27
o-Dichlorobenzene|3.60 4.47 |3.65 3.11 | 3.18 3,51 3.58 | 3.02 3.41 3.02 3.26 3.25 342

Hence, for low R, high solubility and for high R, low solubility is expected for each fullerene separately. Another important
parameter for the numerical estimation of the degree of interaction between solute macromolecules and solvent molecules
("determination of miscibility”) is the intermolecular parameter of Flory-Huggins x, which provides simple predictions of the phase

equilibrium for most solute-solvent mixtures

V
Zip = 0.34 + (5, - 5,)
RT 6

0.34 represents a correction factor for entropic contributions, v, is the molar volume of the solvent, 6, and &, are the Hildebrand

solubility parameter for the solvent and the solute, respectively. The determined intermolecular parameter of Flory-Huggins y of
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the selection of solvents are summarized in Table S12.

Table S12. Intermolecular parameter x for ICBA-e, ICBA-trans-a, ICBA-trans-b and ICBA- trans-c in a selection of solvents.

Solvents el e2 la 1b 2a 2b 2c 3a 3b 3c 4a 4b 4c
Chlorobenzene | 0.439 0.433 | 0.414 0.433 |0.432 0.440 0.441 |0.432 0.436 0.432|0.433 0.433 0.434
Chloroform 0.700 0.690 |0.657 0.690 |[0.689 0.701 0.702 |0.688 0.695 0.689 | 0.690 0.691 0.691
o-xyelene 0.734 0.721 |0.679 0.721 |0.720 0.736 0.739 |0.719 0.727 0.719 | 0.720 0.722 0.723
Toluene 0.667 0.656 |0.619 0.656 |0.655 0.668 0.671 | 0.654 0.661 0.654 | 0.655 0.657 0.657
o-Dichlorobenzene | 0.367 0.363 | 0.354 0.364 |0.363 0.367 0.368 |0.362 0.365 0.363 | 0.363 0.364 0.364

The lower the intermolecular parameter y, the higher the miscibility (good solubility) is expected. Now, the chemical potential

Umix Of the mixture of the fullerenes in the selected solvents are illustrated (Table S13):

Table S13. Chemical potential ypm;y in ki/mol for ICBA-trans-a, ICBA-trans-b and ICBA-trans-c in a selection of solvents in a ratio of

0.998/0.002 of the mole fractions of the solvent/fullerene.

Solvents el e2 la 1b 2a 2b 2c 3a 3b 3c 4a 4b 4c
Chlorobenzene -78.12 -77.26 | -67.19 -73.76 | -75.30 -77.80 -78.18 | -72.78 -77.22 -72.73 | -76.04 -76.06 -76.05
Chloroform -73.13 -72.30 | -62.36 -68.92 | -70.38 -72.83 -73.16 | -67.94 -72.24 -67.90 | -71.09 -71.10 -71.08
o-xyelene -77.40 -76.54 | -67.24 -73.21|-74.57 -77.04 -77.43|-72.33 -76.46 -72.27 | -75.32 -75.31 -75.31
Toluene -78.61 -77.74 | -6.28 -74.35|-75.77 -78.26 -78.65|-73.45 -77.69 -73.40 | -76.53 -76.54 -76.53
o-Dichlorobenzene | -76.78 -75.92 | -65.86 -72.42 | -73.95 -76.45 -76.83 | -71.42 -75.86 -71.37 | -75.72 -74.46 -74.69

The lower the chemical potential of mixtures u;, the higher the solubility is expected. The solubility trends for these different

methods are shown in Table S14, in which the numbers represent the better solubility by 1, the second better by 2, the third by 3,

and the worse by 4.

Table S14. R, x and U, trends for ICBA-trans-a, ICBA-trans-b and ICBA-trans-c in a selection of solvents; 1 means the better solvent,

2 the second better..5 the worse

R, el e2 la 1b 2a 2b 2c 3a 3b 3c 4a 4b  4c
Chlorobenzene 1 1 1 2 1 1 1 2 1 2 1 1 1
Chloroform 5 5 4 5 5 5 5 5 5 5 5 5 5
o-xyelene 4 4 5 4 4 4 4 4 4 4 4 4 4
Toluene 3 3 3 3 3 3 3 3 3 3 3 3 3
o-Dichlorobenzene 2 2 2 1 2 2 2 1 2 1 2 2 2
X el e2 la 1b 2a 2b 2c | 3@ 3b 3c | 4a 4b 4c
Chlorobenzene 2 2 2 2 2 2 2 2 2 2 2 2 2
Chloroform 4 4 4 4 4 4 4 4 4 4 4 4 4
o-xyelene 5 5 5 5 5 5 5 5 5 5 5 5 5
Toluene 3 3 3 3 3 3 3 3 3 3 3 3 3
o-Dichlorobenzene 1 2 1 1 1 1 1 1 1 1 1 1 1

17



Hmix el e2 la 1b 2a 2b 2c 3a 3b 3c 4a 4b 4c
Chlorobenzene 2 2 3 2 2 2 2 2 2 2 2 2 2
Chloroform 5 5 5 5 5 5 5 5 5 5 5 5 5
o-xyelene 3 3 2 3 3 3 3 3 3 3 3 3 3
Toluene 1 1 1 1 1 1 1 1 1 1 1 1 1
o-Dichlorobenzene 4 4 4 4 4 4 4 4 4 4 4 4 4

For the intermolecular parameter of Flory-Huggins (x) we can compare also the fullerenes:

Table S15. Comparison of relative solubilities in for ICBA-el and ICBA-e2 fullerenes for the method y in a selection of solvents; 1

means the fullerene that dissolves better in the solvent, 2 the second

X ICBA-el ICBA-e2
Chlorobenzene 2 1
Chloroform 2 1
o-xyelene 2 1
Toluene 2 1
o-Dichlorobenzene 2 1

Table S16. Comparison of relative solubilities in for ICBA-trans-1a and ICBA-trans-1b fullerenes for the method y in a selection of

solvents; 1 means the fullerene that dissolves better in the solvent, 2 the second

X ICBA-trans-1a ICBA-trans-1b
Chlorobenzene 1 2
Chloroform 1
o-xyelene 1 2
Toluene 1 2
o-Dichlorobenzene 1 2

Table S17. Comparison of relative solubilities in for ICBA-trans-2a, ICBA-trans-2b and ICBA-trans-2c fullerenes for the method y in a

selection of solvents; 1 means the fullerene that dissolves better in the solvent, 2 the second better and 3 the worse

X ICBA-trans-2a ICBA-trans-2b ICBA-trans-2c
Chlorobenzene 1 2 3
Chloroform 1
o-xyelene 1 2 3
Toluene 1 2 3
o-Dichlorobenzene 1 2 3

Table S18. Comparison of relative solubilities in for ICBA-trans-3a, ICBA-trans-3b and ICBA-trans-3c fullerenes for the method y in a

selection of solvents; 1 means the fullerene that dissolves better in the solvent, 2 the second better and 3 the worse

X ICBA-trans-3a

ICBA-trans-3b ICBA-trans-3c

Chlorobenzene

1

3 2
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Chloroform 1 3 2
o-xyelene 1 3 2
Toluene 1 3 2
o-Dichlorobenzene 1 3 2

Table S19. Comparison of relative solubilities in for ICBA-trans-4a, ICBA-trans-4b and ICBA-trans-4c fullerenes for the method y in a

selection of solvents; 1 means the fullerene that dissolves better in the solvent, 2 the second better and 3 the worse

X ICBA-trans-4a ICBA-trans-4b ICBA-trans-4c
Chlorobenzene 1 2 3
Chloroform 1
o-xyelene 1 2 3
Toluene 1 2 3
o-Dichlorobenzene 1 2 3

The behavior of solid-liquid equilibria (SLE) is the most complex solubility cases than other phase equilibria as vapor-liquid equilibria
(VLE) or liquid-liquid equilibria (LLE). Different types of SLE have to be distinguished. The type of SLE mainly depends on the mutual
solubility of the components in the solid phase. There are systems with partial and total miscibility in the solid phase. The formation
of solid solutions mainly depends on how well the lattice structure of solid compounds fits to the lattice structure of the liquid
compounds. Thus, SLE depends of the compounds similarity in structures and sizes of the compounds. Thus, solid and liquid coexist
in the two-phase region due to their thermal (same temperature) and mechanical equilibrium (equal pressure). From the

fundamental thermodynamics it can be shown that the phase equilibrium condition is given by:

sol. 1iq.
Hotute (O- ) = Hsorvent (‘7) (7)
In the case of mixing of solvents, the chemical potential of the mixture (o) is equivalent to the Gibbs energy of the mixing
AG iy = AHpix — T ASpixc (8)
where AH,,y, is the enthalpy of mixing and AS,, is the entropy of mixing. If AG, is negative, mixing is favorable. The entropy of
mixing is generally calculated statistically for random mixture and can be very large for mixtures of small molecules. In which case,
AH,x can be relatively large without prohibiting the mixing. However, for solutions of macromolecules such as polymers in solvents,
AS,,ix is much smaller. This means that for mixing to occur, AH,,;x must be below a critical value, which is relatively small. In this
scenario, it is very important to understand what determines AH,,,,, for a given solute-solvent combination. Such understanding
would allow solvents to be chosen to minimize AH,,;x and so facilitate dissolution. Hildebrand and Hansen solubility parameters are
based of this minimization of the enthalpy of mixing and for thou are commonly used to identify suitable solvents.
As the system is in equilibria state, it is useful to introduce the change of the Gibbs energy Ag as a function of the enthalpy (the

Gibbs-Duhem equation):

AG,. = AH . —TAS

mix m, 7 m, 7

Iyl
a1 Mui - pray ﬁ;;
A, 7
In(rsy? 1-——
)= - N T, o
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where the enthalpy of fusion (AH,,;) the and the melting temperature (T,,;) are necessary to be known.

1nQ’],5)= % ¢)22(51 — 5J

SY_ Vsoture 2 _
= an/f )_ }P]Tt ¢50]V3n£(51 52} (11)

(10)

where Ve is the QSPRs—molar volume, R is the gas constant, and T is the absolute temperature. @ en: is the volume fraction of

the solute and is approximately the unity for sufficient dilute solutions:

Q(l i RT 12)

For the previous equations, we can derive:

Snl)= gt 6 0) B

and then the mole fraction solubility belongs:

7& 2(s _ s V_ Huix
I = e AL ("1 52)& T
1 (14)
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