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1 Structural parameters of AB and pp-AB from DFT/DFTB
methods

In Table 1 Structural parameters for AB and pp-AB from structure optimizations in vacuum
are displayed for cis and trans isomers. Note the different signs appearing for PBE and
DFTB3 in the listing for AB(trans), these represent the same structure as found for B3LYP
and DFTBA; the difference between DFTBA and DFTB3 for pp-AB (cis), on the other

hand, is related to the convergence towards a second minimum very close in energy. For



DFTBA, for example, the second minimum is at ¢’ = 59° and ¢ = 39°.

Table 1:  Structural parameters of AB and pp-AB in selected DFT/DFTB models from
structural optimization in the gas phase. ryvy and ryc denote the central N'=N bond length
and that between N (the inversion center) and C1. The basis set for DFT calculations was
6-31G*. All angles are given in degrees.

Parameter w @ o’ b ¢’ rnclA] renlA]
AB(cis)

B3LYP 9.78 124.12 124.12 50.09 49.88 1.4357 1.2495
PBE 11.99 123.98 123.98 47.42 47.37 1.4343 1.262
DFTBA 10.67 120.49 120.50 51.63 51.63 1.4203 1.2681
DFTB3 9.99 121.41 121.35 54.21 54.15 1.4397 1.2637
AB(trans)

B3LYP 180.00 114.81 114.81 0.01 0.01 1.4186 1.2606
PBE -180.00 114.16 114.16 -0.02 0.02 1.4184 1.2767
DFTBA 180.00 113.86 113.86 0.02 0.00 1.4128 1.2860
DFTB3 -179.96 114.56 114.56 0.17 0.64 1.4304 1.2935
pp-AB(cis)

B3LYP 12.50 126.14 124.79 32.34 57.60 1.4138 1.2545
PBE 16.03 125.97 125.18 27.74 54.36 1.4087 1.2683
DFTBA -14.16 122.12 120.89 -37.95 -54.16 1.4086 1.2730
DFTB3 14.13 123.71 121.39 39.74 58.12 1.4218 1.2678

pp-AB(trans)

B3LYP -178.17 114.83 115.99 5.88 7.04 1.3956 1.2683
PBE -176.85 114.24 115.55 6.88 10.12 1.3926 1.2862
DFTBA -177.04 114.62 113.70 5.19 15.48 1.4058 1.2927
DFTB3 -176.20 114.15 11547  4.20 22.17 1.4815 1.3019

2 Methods extended

Steered MD

Steered MD is simply regular (stochastic) MD with a superimposed restraining harmonic
potential on a set of selected coordinates X. That is, to the system Hamiltonian a potential

term of the form

V(X 1) = 05n(r) (X - )Z'o(t>)2 (1)



is added with time-dependent minimum at X,. This allows to "drag" the coordinates by a
certain amount in a specified time. To find an initial steered transition path we had X(¢)
vary from X = 0.84 (cis) to X = —0.84 (trans) within 500 (vacuum) or 1000 (MM solvent)
time steps with x(¢f) = 1000kJ/mole. To harvest the first unbiased reactive pathway we
randomly picked a configuration during the time X (¢) passes the interface region Igpeot(e- g,
close to the barrier top of F(X)) and restarted the dynamics by two-way shooting with
momentum reversal. This process is repeated until a reactive pathway is generated and

usually requires only a few attempts.

Metadynamics/biased dynamics

Metadynamics is distinguished from steered MD in that a biasing potential is build up over
time, leading to a self-guided exploration of the free energy landscape in a set of selected

collective coordinates S. The biasing potential is history dependent and is written as

V(g, t) _ Z W(k’T) exp <_ Z (Si - 31(Q<k7—)))2) ’ (2)

, 2072
k<t i=1 v

where the stride interval was 7 = 0.5ps, the height of the Gaussian potential W (k7) =
2.0kJ /mole for both collective variables w and «, and the widths o, = 11.5° and o, = 5.7°,
respectively. To achieve a well-tempered biasing, the Gaussian height was decreased with

simulation time through the temperature parameter AT = 6.0K,

W (kr) = Wy exp (_V (5(q(kT)), /w)) |

§ = (w,a). This version of the metadynamics free energy method has been invented by
Barducci, Bussi and Parrinello.?
As the metadynamics goes on, the bias potential lifts the system out of deeper energy

wells and finally flattens the free energy landscape in the selected coordinates. Thus, the



potential build up is actually the negative of the free energy landscape.

Umbrella Sampling

Umbrella sampling in X has been carried out with restraining potentials of the form
1 2
VX, X;) = §H(X - Xi)", (4)

where k = 1100kJ /mole for AB and x = 900kJ/mole for pp-AB, and X;;; — X; = 0.06. In
Figure 1 we show as an example the resulting ensemble of overlapping distributions in X for
pp-AB in vacuum, ranging from X; = —0.9 to X39 = +0.84. Each restraint simulation was

run for 5ns.
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Figure 1: Normalized umbrella distributions in X for pp-AB in vacuum according to Equa-
tion 4. The increasing height of the distribution as the X; approach 41 implies a reduction
in width, indicating the limits in the range of definition for X.

3 Phenyl ring orientation

From figure 6 of the main text it was shown that during the TPS run, the relative orientation
¢or varies little along single pathways. Figure 2 illustrates the residual amount of dynamics
in por with the last accepted trajectories of each path ensemble, by aligning 20 molecular

configurations equidistant in time with respect to the primed phenyl ring. The latter was



chosen because the phenyl torsion ¢’ virtually does not vary with the central torsion w around
the N’=N double bond, whereas the torsions around N'=N and N-C; (at the inversion center)

show an almost linear dependence, compare Figure 3.

Figure 2: Cluster representations of the last accepted trajectories of the TPS ensembles
in Figure 3 (a)-(d). Red liquorices: initial cis conformation; the overlaid structures (blue
sticks) are aligned with respect to carbon atoms of the primed phenyl ring and the N atom
in the sequence C1’-N'=N-C1 representing w.

Superficially this is reminiscent of the "hula-twist” mechanism that is believed to play an
important role especially in excited-state isomerization of azobenzene.? However, in all cases
(a)-(d) there is at least some inversion component contained in the isomerization mechanism,
and the significance of the twist mechanism is diminished.

In Figure 4 (upper panel) we show the distribution (PMF profiles) of the relative phenyl
ring orientation ¢or for AB and pp-AB in vacuum, for restraint simulations at X = X*
with the bias potential Eq. 4 (x = 1000kJ/mole). The lower panel shows the corresponding
trajectories ¢ogr(t); even for the (relatively) short time of 400ps there is sufficient dynamics
for the PMF curves to represent useful estimates. Note that the restraint in X does not
impact ¢, ¢’ or ¢or. The F(¢or) are in full agreement with TPS results shown in Figure 6
of the main text: a rather broad minimum for AB, but with a preference for por = 180°; and
a clear minimum at ¢or = 90° for pp-AB. For completeness, we show in Figure 5 F(¢oR)

for the corresponding cis- and trans states.
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Figure 3: Projection of the TPS ensembles of (a) AB in vacuum, (b) pp-AB in vacuum, (c)
AB in DMSO and (d) pp-AB in DMSO onto the variable pairs (¢, w) and (¢’,w), in the left
and right column, respectively.
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Figure 4: PMF maps in ¢or acquired from 400ps long MD simulations in vacuum restrained
at X = X*. The lower panel shows the trajectories from which the F(¢or) were generated
by Boltzmann inversion. Here, time is in vertical direction, the horizontal axis is aligned
(shared) with the ¢or axis of the PMF graphs.
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Figure 5: PMF maps in ¢or acquired from 400ps long MD simulations analogous to Figure
4 in vacuum for AB and pp-AB in their cis- and trans-states at 333K (no restraints applied).
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4 Molecular Mechanics parameters for toluene and DMSO

In Table 2 the LJ parameters are summarized that have been used for the QM/MM model
of AB and pp-AB and the solvent. They have been taken from the General Amber Force
Field (GAFF).? The partial charges for DMSO and toluene have been determined according
to the standard 2-stage Amber protocol* with due symmetrization of chemically equivalent
atoms. The charge density distribution has been determined at the HF/6-31G* level of
5

theory. The final charges were calculated with a standalone version of the RESP program

and are reported in Figure 6.

Table 2: LJ parameters for DMSO and toluene, as well as for AB and pp-AB in the QM /MM
setting, taken from the GAFF force field.

DMSO

Atomtype o[nm]| e[kJ/mole]
C 0.340 0.458
H 0.247 0.0657
S 0.356 1.046
O 0.296 0.879
Toluene
Atomtype o[nm)| e[kJ/mole]
CA 0.340 0.360
HA 0.260 0.0628
C 0.340 0.458
H 0.265 0.0657
pp-AB
Atomtype o[nm]| e[kJ/mole]
N, NH, NO | 0.325 0711
HA 0.260 0.0628
HN 0.107 0.0657
CA 0.340 0.360
O 0.296 0.879
AB
Atomtype o[nm)| e[kJ/mole]
N 0.325 0.711
CA 0.340 0.360
HA 0.260 0.0628



DMSO

S 0.26972

[o] -0.54168

C -0.24118
Cc1 -0.24118

H 0.12572

H1 0.12572

H2 0.12572

H3 0.12572

H4 0.12572

H5 0.12572
Toluene

C -0.3839250
H 0.1062830
H1 0.1062830
C1 0.2875090
H2 0.1062830
Cc2 -0.2785960
c3 -0.1057810
c4 -0.1788650
Cc5 -0.1057810
ce -0.2785960
H3 0.1569580
H4 0.1356710
H5 0.1399280
Hé 0.1356710
H7 0.1569580

Figure 6: Partial charges for toluene and DMSO reported in units of the elementary charge
e =1.602-1071C.
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