Supplementary material
Figure S1. Errors in TDDFT excitation energies computed using the B3LYP functional for charge-transfer transitions of molecules reported by Peach et al. in Ref. 8 as well as for dye WS-2 in vacuum For WS-2, the experimental absorption peak maximum is taken from ref. 5.
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Table S1. HOMO and LUMO levels of the three dyes with all computational schemes considered in the paper.

	SIESTA (vacuum)

	eV
	WS-2
	WS-2.1
	WS-2.2
	WS-2.1-WS-2
	WS-2.2-WS-2

	HOMO
	-4.590
	-4.567
	-4.441
	0.023
	0.149

	LUMO
	-3.416
	-3.494
	-3.466
	-0.078
	-0.050

	Mean HOMO
	-4.581
	-4.543
	-4.444
	0.037
	0.137

	Mean LUMO
	-3.481
	-3.552
	-3.495
	-0.072
	-0.014

	Gaussia 09, HOMO and LUMO in a.u., change vs. WS-2 in eV

	vacuum B3LYP

	
	WS-2
	WS-2.1
	WS-2.2
	WS-2.1-WS-2
	WS-2.2-WS-2

	HOMO, eV
	-0.19529
	-0.19469
	-0.19262
	0.0163268377
	0.0726544277

	LUMO, eV
	-0.12711
	-0.12772
	-0.12486
	-0.0165989516
	0.0612256413

	vacuum CAM-B3LYP

	
	WS-2
	WS-2.1
	WS-2.2
	WS-2.1-WS-2
	WS-2.2-WS-2

	HOMO, eV
	-0.23628
	-0.23531
	-0.23116
	0.0263950542
	0.1393223482

	LUMO, eV
	-0.09409
	-0.09661
	-0.09497
	-0.0685727183
	-0.0239460286

	MeCN B3LYP

	
	WS-2
	WS-2.1
	WS-2.2
	WS-2.1-WS-2
	WS-2.2-WS-2

	HOMO, eV
	-0.19296
	-0.19409
	-0.19351
	-0.0307488776
	-0.0149662679

	LUMO, eV
	-0.12953
	-0.13204
	-0.13277
	-0.0683006043
	-0.0881649235

	MeCN CAM-B3LYP

	
	WS-2
	WS-2.1
	WS-2.2
	WS-2.1-WS-2
	WS-2.2-WS-2

	HOMO, eV
	-0.23462
	-0.23502
	-0.23073
	-0.0108845585
	0.105852331

	LUMO, eV
	-0.0964
	-0.10077
	-0.10407
	-0.1189138011
	-0.2087114083


Details of electronic structure calculations
The structures of the three molecules were optimized in vacuum and in MeCN (modelled as polarized continuum model, PCM) in Gaussian 09  using DFT with the B3LYP functional and visible spectra and oscillator strengths computed using TDDFT and the B3LYP (hybrid) and CAM-B3LYP (range-separeted) functionals. The LANL2DZ basis was used. The strongest and lowest energy transition in all dyes is due to HOMO-LUMO transition, to the tune of more than 85%. We therefore focus on this transition.
Details of molecular dynamics simulations.

Simulations were performed in SIESTA using DFT and the PBE functional in a simulation box of size 30 x 20 x 14 A. The standard DZP basis set was used with the EnergyShift parameter reduced to 0.01 Ry from the default value. Core electrons were treated with Troullier-Martins pseudopotentials provided with SIESTA.  The Brillouin zone was sampled at the  point. Prior to MD calculations, geometries were optimized until the forces on all atoms were below 0.02 eV/A. Nove-Hoover thermostat with the constant of 10.0 Ry*fs2 was used. The time step was 1 fs. The trajectories were run for 20 ps at 300K to thoroughly sample all molecular vibrations. First 3 ps were discarded for equilibration.
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