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Computational methods and model
1 The interface geometry model

Regarding the electronic couplings from eq 2, except for AE and uy, we calculated Au by using

a finite field method on the transition excitation energy, which can be expressed as'-2

Erye (F) = FEpye (O)— AuF — 0.5AaF’ (S1)
Where F is the static electric field, Egxc and Aa are the excitation energy at zero field and the
change in the polarizability, respectively. Au is the dipole moment difference between the initial
and the final state. The excitation energy of the D/A interface were calculated based on the TD-
DFT theory with CAM-B3LYP functional and 6-31G(d, p) basis set.

Generally, for exciton, the electron and the hole often experience a strong attraction, which is
called exciton binding energy (E}).> The E, has to be overcome for the charges to escape from the
D/A interface and migrate towards the cathode and the anode.

E =AE,, —E (S2)
AFEy is the energy difference between HOMO and LUMO, and Eyg; is the first singlet excitation
energy of acceptor. Based on this formulation, we calculated Ey, at the B3LYP/6-31G(d, p) level.
The reorganization energy / is normally decomposed into internal energy (4;) and external energy
(4s). The internal reorganization energy can be estimated from the exciton dissociation and charge
recombination processes®. The reorganization energy of the charge dissociation, Aics, can be
estimated according to the eq. (S3-S5):

A= E7 @)+ E'(@)]-[ E” @)+ B (Q0)] (s3)

2= E” (Q)+E* (0| E” (@) +E* (0))] (54
ﬂi—CS = (/111 + /112 )/2 (85)
The reorganization energy of the charge recombination process, 4;.cr, is given by:

ho=| E” (Q)+E* (0) |- E” Q)+ E* (0)] (s6)

A =[ED (Ox)+E" (QR)]—[ED (0:)+E" (Qp)} (S7)
Zicr = (A +43)/2 (S8)

Where 4;; represents the difference between the energy of the excited-state (D*A) reactants in
the geometry characteristic of the products and that in their equilibrium geometry, A, is the
difference between the energy of the ionic-state (D*A-) reactants in the geometry characteristic of
the reactants and that in their equilibrium geometry, 4;; is the difference between the energy of the
ground-state (DA) reactants in the characteristic of the products and that in their equilibrium
geometry. Qp and Qg are the equilibrium geometries of the products and reactants, respectively.

In the interface model, external reorganization energy accounts for an important fraction of 4,
and can’t been ignored. The calculation of external reorganization energy As is based on the

classical dielectric continuum model® with the quantum mechanics methods® and it is given by

R U T
A=Ag| —r— L L
= (2% 2d, dDAj[eop eoj (89)

Where dpa represents the mass-center distance between the donor and the acceptor, dp and d4 are

the radii of the donor and acceptor, respectively. €, is the optical-frequency dielectric constant
and ¢, is the zero-frequency dielectric constant of the medium.

2 The calculation of electron mobility



The electron mobility can be represented as
u=eD[k,T (S10)
Where e is defined as the electronic charge and D is defined as the diffusion coefficient which can
be approximately evaluated as’-®
(S11)

_ s
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Where n (n=3) is defined as the dimensionality, » is defined as the charge hopping centroid-to-
centroid distance and k; is the hopping rate due to charge carrier to the ith neighbor. P; is the
relative probability for charge to a particular ith neighbor

k.

P==—

2k
The intermolecular hopping rate could be described by Marcus theory? 10

2
k=—————V’exp| -

h4zAk,T 4k, T (S13)
Where V is defined as the transfer integral, 7 is the temperature (300K), and £ and A are the

(S12)

Boltzmann and Planck constants, respectively.
Generally, the 4 consists of contributions from the internal and external reorganization'!> 12. The
external reorganization is small in the carrier transmission process of crystal or amorphous thin

film that can be neglected'3. The internal reorganization, )li, can be easily calculated from the
adiabatic potential energy surface curve method
h=h = E-(M)-E (M)|+[ E(M™)-E(M)] (S14)
Ao 1s defined as the relaxation energy from the neutral molecule in its equilibrium geometry to the
relaxed geometry of the ion. A. is defined as the relaxation energy from the ionic molecule in its
relaxed geometry to the equilibrium geometry of the neutral. £-(M) and E(M) are the energies of
the anion and the neutral molecule with the optimized geometry of the neutral geometries,
respectively. E-(M -) and E(M -) are the energies of the anion and the neutral molecule with the
optimized of the anion geometries, respectively.
The effective transfer integral represents the strength of neighboring intermolecular electronic
coupling and was evaluated by the site energy corrected method:!4
off Vlz_;(gl +é, )S12 (S15)

12

1-S>

Where S, =<1,V1 |w2> is defined as overlap integlrzal, g =<l//l. ‘H |(//1.> is the site-energy
and 7V, =<1//1 |H |1//2> is transfer integral. We assume that A is the Hamiltonian of the
dimer, ¥, andy, are the lowest unoccupied molecular orbitals (LUMOs) and the highest
occupied molecular orbitals (HOMOs) of the two monomers.



Table S1. Calculated and experimental bond lengths (in A), bond angles (in deg) and torsion
angles (in deg ) of FENIDT at S, state.

R=2-ethylhexyl

FENIDT FENIDT
Cal. Exp. Cal. Exp.
Bond Length (A)
R(1,2) 1.222 1.214 R(22,23) 1.385 1.382
R(2,3) 1.495 1.481 R(21,23) 1.411 1.403
R(3,4) 1.391 1.390 R(23,24) 1.529 1.524
R(4,5) 1.398 1.377 R(24,25) 1.529 1.525
R(5,6) 1.404 1.385 R(25,26) 1.411 1.395
R(6,7) 1.398 1.384 R(21,26) 1.462 1.465
R(7,8) 1.391 1.382 R(26,27) 1.397 1.385
R(3,8) 1.402 1.389 R(27,28) 1.391 1.384
R(8,9) 1.497 1.491 R(28,29) 1.411 1.401
R(9,10) 1.226 1.219 R(29,30) 1.413 1.407
R(9,11) 1.478 1.467 R(25,30) 1.384 1.377
R(2,11) 1.491 1.488 R(29,31) 1.463 1.457
R(11,12) 1.363 1.358 R(31,32) 1.330 1.371
R(12,13) 1.426 1.428 R(32,33) 1.405 1.379
R(13,14) 1.394 1.380 R(31,34) 1.741 1.708
R(14,15) 1.402 1.399 R(34,35) 1.763 1.733
R(15,16) 1.389 1.381 R(33,35) 1.392 1.368
R(16,17) 1.746 1.720 R(35,36) 1.426 1.428
R(13,17) 1.760 1.734 R(36,37) 1.366 1.364
R(16,18) 1.460 1.465 R(37,38) 1.483 1.482
R(18,19) 1.411 1.403 R(38,39) 1.227 1.216
R(19,20) 1.390 1.380 R(37,40) 1.494 1.474
R(20,21) 1.397 1.392 R(40,41) 1.222 1.211
R(18,22) 1.413 1.406
Bond Angle (deg)
A(2,11,12) 120.634 120.372 A(28,29,31) 121.275 122.125
A(11,12,13) 133.405 133.273 A(29,31,34) 121.910 122.581
A(12,13,17) 127.626 127.092 A(34,35,36) 118.081 131.751
A(17,16,18) 121.311 121.340 A(35,36,37) 131.762 131.471
A(16,18,19) 121.151 121.261 A(36,37,38) 129.259 131.823




Torsion Angle (deg)

D(17,16,18,19) -24.230 -24.196 D(28,29,31,34") 23.248 17.181

a) Abbreviations: R = bond length, A = bond angle, D = torsion angle.

Table S2. Calculated the total reorganization energy Acs (eV) and Acg (eV), Gibbs free energy
change AGcs (eV) and AGcr (eV), and rates kcs (s1) and kcr (s') of P3BHT/FENIDT-stylel

interface

/ICS /ICR A(;CS AGCR kCS kCR

P3HT/FENIDT-stylel 0.59 0.63 -0.85 -1.60 9.01x10' 1.44x10°

Table S3. Calculated the total reorganization energy Acs (eV) and Acr (eV), Gibbs free energy
change AGcs (eV) and AGcr (eV), and rates kcg (s™) and kcg (s™) of P3HT/3 interface

Acs Acr AGcs AGcr ks kcr

P3HT/3 0.49 0.52 -0.58 -1.96 7.64x101 0.10x10°

Normalized Absorbance

300 400 500 600 700 800
Wavelength (nm)

Figure S1. Experimental and simulated absorption spectra for FENIDT.
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Figure S2. Charge density difference maps for PSHT/FENIDT heterojunction obatained at the
TD-CAM-B3LYP/6-31G(d, p) level, where the blue and purple colors correspond to the decrease

and increase in electron density, respectively.
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Figure S3. Charge density difference maps for PSHT/PCg¢BM heterojunction obtained at the TD-
CAM-B3LYP/6-31G(d, p) level, where the blue and purple colors correspond to the decrease and

increase in electron density, respectively.
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Figure S4. Charge density difference maps and electronic coupling Vpa (eV) for interface CT

states in P3HT/FENIDT-stylel interface, where the blue and purple colors correspond to the

decrease and increase in electron density, respectively.
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Figure S5. Charge density difference maps and electronic coupling Vpa (eV) for interface CT

states in P3HT/3 interface, where the blue and purple colors correspond to the decrease and
increase in electron density, respectively.
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Figure S6. Frontier molecular orbital diagrams for designed molecules 1, 4 and 5 by B3LYP/6-
31G(d, p) calculation.
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Figure S7. Frontier molecular orbital diagrams for designed molecules 2-3 by B3LYP/6-31G(d, p)

calculation.
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