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S1. Synthesis of tetrabenzylazodicarboxamide
Tetrabenzylazodicarboxamide was obtained in a 79% overall yield by the following three-step

synthetic route:
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NN NN tetrabenzyl-1,2-azodicarboxamide
Diphenyl hydrazodicarboxylate (I) was synthesized from hydrazine as described in J. M.
Harris, R. McDonald, J. C. Vederas, J. Chem. Soc., Perkin Trans. I, 1996, 2669-2674 and
showed identical spectroscopic data as those reported therein. Afterwards N,N,N’,N’-
tetrabenzyl-1,2-hydrazodicarboxamide (II) was prepared as described in J. Berna, M.
Alajarin, R.-A.Orenes, J. Am. Chem. Soc. 2010, 132, 10741-10747. Finally, to a solution of I1
(0.76 g, 1.56 mmol) in dichloromethane (20 mL) were added pyridine (135 ¥ L, 1.72 mmol)
and N-bromosuccinimide (0.28 g, 1.56 mmol). The resulting orange solution was stirred at
room temperature for 1 h. Then the reaction mixture was diluted with dichloromethane (20
mL) and sequentially washed with water (40 mL), 5% aqueous solution of Na,S,03 (35 mL)
and saturated solution of NaHCOs (2 x 35 mL). The organic phase was dried with anhydrous
MgSO,, and concentrated in vacuo to afford a crude material which was purified by column
chromatography on silica gel eluting with a CHCI3/MeOH (98/2) mixture as eluent to give the
tetrabenzylazodicarboxamide as a yellow solid (0.74 g, 98%). This compound was reported in
the last above mentioned paper and showed identical spectroscopic data as those reported

therein.

Elemental analysis of tetrabenzylazodicarboxamide: calculated C, 75.61; H, 5.92; N, 11.76;

found C, 75.63; H, 5.98; N, 11.53. This analysis was performed on a LECO CHNS-932

Elemental Analyzer from the University of Murcia (Spain).



S2. Spectroscopic details
A detailed description of the setup used for the UV-pump/IR-probe measurements has been

" In short, we generated mid-IR probe pulses for our time-resolved

given previously.!
experiments by an amplified Ti:sapphire system (Spectra-Physics Hurricane, 600 pJ,
repetition rate 1 kHz). By pumping a commercial BBO-based OPA (Spectra-Physics OPA-

800C), the signal and idler output were difference-frequency-mixed in an AgGaSy crystal.

The UV pump pulses (400-340 nm, ca.l pJ) were generated by SHG. The diameter of the UV
pump focus was ca. 200 um; that of the IR probe focus, ca. 150 um. The delay positions were
scanned by mechanically adjusting the beam-path of the UV pump using a Newport ESP300

translation stage. The sample was placed in the IR focus using a IR cell with CaFy windows

(1 mm spacing). From the full width at half-maximum of the pump probe cross-correlation
function a temporal resolution of 200 fs was determined. Transient spectra were recorded by
subtracting non-pumped absorption spectra from the pumped absorption spectra, whereas the
pump pulse was chopped at 500 Hz. An Oriel MS260i spectrograph was employed and the
frequency-dependent IR intensity was measured using a 2x32 HgCdTe detector array
(Infrared Associates). All transient IR measurements were done in chloroform and at room
temperature. The global data analysis of the transient IR data was performed using a

sequential model:

Sp1 __k1_.> Sp2 __k£g> SpC
1/k,=1.5ps 1/k,=8.6ps

and according to the previous reported scheme.’



S3. Computational details.

The geometry-optimization and normal-mode calculations of the ground and electronically
excited state of the azodicarboxamide-based molecular switch were performed at the (Time-
Dependent) Density Functional Theory ((TD)-DFT) level using the B3LYP functional’ and
the 6-31G(d,p) basis sets. The Polarizable Continuum Model (PCM) was employed to
implicitly describe solvation effects (solvent: Chloroform).* To scan the potential energy
surface in the electronic ground state (Figure 2a of the main text), calculations at the MP2/6-
31G level were performed.” Subsequent calculations along the reaction coordinate of the
pedalo-type motion (Figure 2b of the main text) were performed on the CCSD(T)/6-31++G**
level using optimized geometries obtained by calculations at the MP2/6-31++G** level. All

quantum mechanical calculations have been done using the Gaussian 09 software.’



S4. Ground-state geometry

The observed symmetry breaking in the geometry of the tetramethylazodicarboxamide-based
molecular switch in the electronic ground-state can be explained by comparing the molecular
orbitals of the non-planar molecule with those of the fictitious planar structure (see Table S1)
and in particular the (HOMO-5) orbital. This orbital represents the doubly-occupied m-orbital
at the azo-group and is stabilized by 0.446 eV for the non-planar structure as compared to the
planar structure. In the planar structure the (HOMO-5) orbital shows an anti-bonding
character with respect to the C-N bond. In the non-planar case, in contrast, a bonding
contribution arises due the twisting of the C-N bond and a constructive overlap of the atomic

orbitals.

Table S1: Analysis of the Molecular Orbital: Comparing the molecular orbitals (MO) of the
non-planar tetramethylazodicarboxamide-based molecular switch, which represents the
minimum in the electronic ground state, with the hypothetical planar structure in order to
understand the structural properties of the molecule. MOs are plotted using an isovalue of

0.05 and MO energies are giving in a.u. above each MO.

Non-planar planar
LUMO -0.082460 -0.100600
HOMO (MO0O46) -0.234320 -0.234760

HOMO-1 (MO 45)

-0.254590

-0.251730




HOMO-2 (MO 44) -0.256190 -0.253880
HOMO-3 (MO 43) -0.278820 -0.268900
HOMO-4 (MO 42) -:).3 10240 -0.301490
HOMO-5 (MO 41) -0.363120 :0.346730




SS. Excited-state Geometry

To identify the motion the molecule performs upon photoexcitation, one intuitively would
focus on identifying the structure of the molecule after that it has relaxed back to the
electronic ground state. However, it should be realized that detection of ground-state
conformers upon radiation that are different from the initial conformer only allows one to
conclude that something has happened but not along which path. As an example may serve
the photoisomerization pathway of trans-azobenzene, one of the working horses of molecular
nanotechnology, for which there has been a long-standing debate on whether
photoisomerization occurs via an out-of-plane torsional motion along the diazo-bond or an in-
plane inversion at the nitrogen atoms.’ In the case of the presently studied azodicarboxamide-
based molecular switch further consideration of isomerization pathways similarly shows that
the ground-state conformation generated via the pedalo-type motion can from a structural
point of view also be reached by inversion at the two azo-nitrogen atoms, or by a combination
of torsion and inversion. Identification of the final photoproducts thus does not shed light on

the structure adopted in the electronically excited state.

The IR absorption spectrum of the molecule in the electronically excited state provides
important fingerprints to unravel the photoinduced motion. To further support the conclusion
on the loss of non-planarity upon photoxcitation, we have therefore performed calculations in
which we have studied how the frequency of the IR-active carbonyl stretch mode depends on
the planarity of the molecule. In these calculations we find that at the Frank Condon (FC)
geometry the frequency of this mode changes from 1715 cm™ in the ground state to 1677 cm’™
(Av=38 cm™) in the excited state.' Upon planarization this frequency difference is almost

doubled as the frequency decreases to 1649 cm™. Experimentally this band is observed at

'At this geometry the force field of S; contains modes with imaginary frequencies. However, inspection of these
modes shows that they do not involve the carbonyl stretch and will thus not influence the frequency of the IR-
active carbonyl stretch mode.



1640 cm'l, which is not in line with a scenario in which the molecule would retain its ground-
g

state non-planarity.
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Figure S1. UV/Vis spectra of the azodicarboxamide-based molecular switch: solvent-
corrected UV/Vis spectra of the sample dissolved in chloroform (c=6.6mM) (red); calculated
spectra of tetramethylazodicarboxamide stick spectra (black); and Lorentzian broadened

(half-width: 30 cm™) (gray) at the B3LYP/ 6-31G(d,p) level (PCM solvent: chloroform).
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Figure S2. FTIR spectra of the azodicarboxamide-based molecular switch: solvent-corrected
FTIR spectra of the sample dissolved in chloroform (c=6.6mM) (red); calculated spectra of
tetrabenzylazodicarboxamide (black) and tetramethylazodicarboxamide (blue) at the B3LYP/

6-31G(d,p) (PCM, solvent: chloroform) level using a scaling factor of 0.965.
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Figure S3. Energy profile along the intrinsic reaction coordinate (IRC) connecting the two

ground-state conformers of tetramethylazodicarboxamide at the B3LYP/6-31G(d,p) (PCM

solvent: chloroform) level.
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Cartesian coordinates of equilibrium geometries Sy and S;

Both geometries were optimized at the B3LYP/6-31G(d,p) level and have been confirmed by

normal mode analysis to be stable structures.
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