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1. Theory 

 

In this section we briefly describe our vibronic model. A more extensive illustration can be 

found in [1]. We consider three electronic states of the dimer, the ground state |ۧܩ, and the 

two local excitations on monomer 1 and 2, |ܮଵۧ and |ܮଶۧ and adopt the following vibronic 
Hamiltonian 

࣢ ൌ ࣢ீ	|ܩۦۧܩ| ൅ ࣢௅ଵ	|ଵܮۦଵۧܮ| ൅ ࣢௅ଶ	|ଶܮۦଶۧܮ| ൅ ሺ|ܮଵۧܮۦଶ| ൅  ࣢ଵଶ (1)	ଵ|ሻܮۦଶۧܮ|

where 

࣢ீ ൌ ࣢ଵ ൅࣢ଶ (2a) 

࣢௅ଵ ൌ ࣢ଵ
∗ ൅࣢ଶ (2b) 

࣢௅ଶ ൌ ࣢ଵ൅࣢ଶ
∗ (2c) 

The potential energy surface (PES) associated to the ground (࣢௜ሻ	and excited (࢏࣢
∗) 

Hamiltonians of monomer i are taken as harmonic and expressed as a function of the 

ground-state normal coordinates (࢏ࡽ) 
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The two local excitations are coupled by ࣢ଵଶ and at each geometry ࡽ௜
∗ the eigenstates of 

the Hamiltonian are the adiabatic states |ۧܩ, | ଵܵۧ and |ܵଶۧ. The absorption ( ( )  ) and ECD 

( ( )  ) spectra are computed with a time-dependent approach, by propagating the FC 

wavepacket on the coupled PES of |ܮଵۧ and |ܮଶۧ. More specifically, saying |ܩ; ૙ۧ the initial 

vibronic state (where the vector ૙ specifies that it has zero quanta on each vibrational 

mode), the FC wavepacket obtained promoting the vibrational state of |ܩ; ૙ۧ on either |ܮଵۧ 
or |ܮଶۧ are respectively |ܮଵ; ૙ۧ and |ܮଶ; ૙ۧ. Then we have 
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Where Li  and Lim


 are respectively the transition electric and magnetic dipole moment 

associated to monomer i . The parameters of the Hamiltonian are obtained from DFT and 
TD-DFT calculations adopting the CAM-B3LYP functional and the SVP basis set. The 
monomer PES are computed by geometry optimization and frequency analysis of the 
ground and first excited state. The coupling between the local excitations, as well as their 
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transition electric dipoles and the imaginary parts of the transition magnetic dipoles 

(generically denoted as Lid


), are obtained by single-point TD-DFT calculations on the 

dimer at the C2 equilibrium geometry of the ground state. The coupling is taken as a 

constant ࣢ଵଶ ൌ ଵܸଶ	and computed from the splitting of the energies of two-lowest excited 

state S1 and S2, ଵܸଶ ൌ ሺܧௌଶ െ  ௌଵሻ/2. Finally, the transition dipoles are obtained as linearܧ
combination of the S1 and S2 ones, according to the following expressions 
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where A and B are the two irreps of the C2 point group of symmetry.  

Notice that the angles between the transition dipole moments of the local excitations  are 

determined by the mutual orientation of the two monomers (indicated by   in the main 

text). Therefore Eqs 4 show that the ECD lineshape depends on   only through the 

coupling ଵܸଶ  while the ECD  intensity has an additional dependence on   due to the factor 

1 2Im[ . ]L Lm 
. On the contrary the absorption lineshape depends explicitly on  because of 

the factor 1 2L L  
.  This explains why the absorption lineshape is more sensitive than the 

ECD lineshape to the mutual orientation of the two monomers. 

 

2. Computational Details 

 

We obtained ground and excited states optimized geometries and harmonic analyses at 
(TD)DFT/CAM-B3LYP/SVP level for all Tn. Tn2 geometries were generated by 
transforming the optimized geometry of the corresponding Tn in order to obtain the desired 
values of r and θ. We carried out calculations of purely electronic transitions for all Tn and 
Tn2 at TDDFT/CAM-B3LYP/SVP level. For such calculations, we used the commercial 
package Gaussian 09.[2] The data obtained through harmonic analyses and electronic 
calculations have been used as input for our homemade codes for the generation of the 
effective normal modes[3] and the computation of the quantum-dynamics of the system.[1]  

Effective modes are divided in blocks and are devised in order to reproduce the full-
dimensionality vibronic spectrum of the dimer within a given resolution; the higher the 
required resolution the larger is the necessary number of effective modes. It was assumed 
that the ground and excited state of the monomer share the same normal modes and 
frequencies; with this approximation each block has dimension 2 and is made up by one 
effective oscillator per each monomer. Convergence of the spectra was checked by 
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increasing the number of blocks of effective modes. The evolving state was written on a 
product basis-set of harmonic oscillator states: the maximum allowed quantum numbers 
are 15, 8, 6 and 4 for the modes of the first, second third and fourth blocks, respectively. 
QD calculations were performed by Lanczos short iterative algorithm, computing 6 
Lanczos states per propagation step (0.05 fs). In this way we obtained the correlation 
functions in Eqs. 4 that were Fourier transformed to obtain the spectra. Due to the adopted 
resolution in the frequency domain (HWHM=450 cm-1) a propagation in the time interval 
0<t< 200 fs was sufficient to obtain fully converged spectra. 

.  
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3. Tables 

 

Table S1: transition energies for the first two excited states of dimers Tn2 (r = 5Å, θ = 15 
deg) calculated at CAM-B3LYP/SVP level. The coupling V12 is estimated as half the 
Davydov splitting, i.e. the S2-S1 transition energy difference. 

Dimer S1 (eV) S2 (eV) V12 (cm-1)

T32 3.5849 3.7489 661.3 

T42 3.2249 3.4059 729.9 

T52 3.0171 3.1904 710.9 

T72 2.7987 2.9497 608.9 

T92 2.6933 2.8184 504.5 

T112 2.6370 2.7395 413.3 

T132 2.6026 2.6869 339.9 

 

 

Table S2: Dependence of Coupling Potential on the angle θ for T72 at r = 5 Å calculated 
as half the Davydov splitting (TDDFT), from Mulliken Transition Charges (TrChgs) and with 
the Transition Density Cube (TDC) method. Transition charges and cubes of the transition 
densities have been obtained analyzing Gaussian 09 outputs with the freely distributed 
code Multiwfn (https://multiwfn.codeplex.com/), and the couplings have been computed 
with a home-made Fortran code. 

θ 

 (deg) 

TDDFT 

(cm–1)

TrChgs

(cm–1)

TDC

(cm–1)

0 702 690 677

15 616 616 612

30 469 469 472

45 326 326 330

60 204 203 207

75 98 98 97

90 0 0 0

105 -98 -98 -97

120 -204 -203 -207

135 -326 -326 -330

150 -469 -469 -472

165 -616 -616 -612

180 -702 -690 -677
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4. Figures 

 

Figure S1: Frontier MOs involved in the first electronic transitions for T7 (right, framed) 
and T72 (left) calculated at CAM-B3LYP/SVP level. Horizontal black numbers are orbital 
energies in atomic units; vertical colored numbers are CI coefficients for the specified 
transition. 

 

 

Figure S2: Oscillator strength calculated for the first excited state for Tn at CAM-
B3LYP/SVP level as a function of n. 
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Figure S3: (a) S0-S1 transition energy in cm–1 calculated for Tn at CAM-B3LYP/SVP level 
as a function of n. (b) Same graph expressed in eV vs n–1 and including a fit based on W. 

Kuhn’s equation[5] ܧ଴ିଵ ൌ ܽට1 ൅ 2ܾ ൉ cosሺ
గ

ାଵܖ
ሻ  (where both parameters a and b were 

fitted: a = 5.36 ± 0.008, b = –0.395 ± 0.0004, R2=0.99996). 

 

 

Figure S4: First effective normal mode for T3 (top), T5 (mid) and T7 (bottom). 
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Figure S5: UV (left) and ECD (right) vibronically resolved spectra for T32 (r = 5Å, θ = 15 
deg, HWHM = 450 cm-1). 

 

 

Figure S6: UV (left) and ECD (right) vibronically resolved spectra for T42 (r = 5Å, θ = 15 
deg, HWHM = 450 cm-1). 
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Figure S7: UV (left) and ECD (right) vibronically resolved spectra for T52 (r = 5Å, θ = 15 
deg, HWHM = 450 cm-1). 

 

 

Figure S8: UV (left) and ECD (right) vibronically resolved spectra for T72 (r = 5Å, θ = 15 
deg, HWHM = 450 cm-1). 

 

 

  



S10 
 

Figure S9: Calculated vibronic absorption spectra for dimer T72 as a function of the 

coupling potentials V12 (given in parentheses). This latter corresponds to the indicated  
angles at a distance r= 5 Å. Spectra convoluted with HWHM = 450 cm-1, 6 effective modes 
included. The corresponding ECD spectra are reported in the main text. 

 

 

Figure S10: Calculated vibronic absorption spectra for dimer T132 as a function of the 

coupling potentials V12 (given in parentheses). This latter corresponds to the indicated  
angles at a distance r= 5 Å. Spectra convoluted with HWHM = 450 cm-1, 6 effective modes 
included. The corresponding ECD spectra are reported in the main text.  
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Figure S11: Calculated vibronic absorption (left) and ECD spectra (right) for dimer T32 as 
a function of the coupling potentials V12 (given in parentheses). This latter corresponds to 

the indicated  angles at a distance r= 5 Å. Spectra convoluted with HWHM = 450 cm-1, 6 
effective modes included. 

 

 

Figure S12: Calculated vibronic absorption (left) and ECD spectra (right) for dimer T52 as 
a function of the coupling potentials V12 (given in parentheses). This latter corresponds to 

the indicated  angles at a distance r= 5 Å. Spectra convoluted with HWHM = 450 cm-1, 6 
effective modes included. 

 

  



S12 
 

Figure S13: Calculated vibronic absorption (left) and ECD spectra (right) for dimer T132 

with two linear couplings 1 corresponding to the values calculated for T13 (blue traces) 

and T5 (red traces). In both cases V12 = 340 cm–1, corresponding  =15° and r= 5 Å. 
Spectra convoluted with HWHM = 450 cm-1, 6 effective modes included.  

 

 

Figure S14: Comparison between experimental absorption (a) and ECD spectra (b) of 
PBMBT thin film, spin-cast from CHCl3, and calculated spectra for dimer T52 with r= 5 Å 

and = 15° (V12 = 700 cm–1). Vibronic spectra convoluted with HWHM = 450 cm–1; 6 
effective modes included; shifted by –5500 cm–1. Experimental spectra reprinted from ref. 

[6], with permission from Elsevier. Vertical axes are  and  / M–1cm–1 for the calculations, 
while experimental spectra (provided as OD and mdeg) were scaled arbitrarily. 
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