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Scheme of synthesis 
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Scheme S1 Synthesis of bis-urea LMWGs trans-1a-c starting from bis-amine trans-S1. 
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1H and 13C NMR Spectra of new compounds 
 

 

Fig. S1 1H NMR spectrum of trans-1a measured in DMSO-d6 at 298 K. The compound was 

too insoluble for a proper 13C NMR measurement. 
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Fig. S2 1H NMR spectrum of trans-1b measured in DMSO-d6 at 298 K. 

 

 

Fig. S3 13C NMR spectrum of trans-1b measured in CDCl3 at 298 K.  
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Fig. S4 1H NMR spectrum of trans-1c measured in DMSO-d6 at 298 K. 

 

 

Fig. S5 13C NMR spectrum of trans-1c measured in CDCl3 at 298 K.  
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1H NMR photochemical switching experiments 
 

 

Fig. S6 1H NMR spectral changes upon photoirradiation of 1a (1 mM in DMSO-d6 at 298 K) 

starting with the trans isomer (blue) followed by irradiation with max = 312 nm light at 20 °C 

for 1h to give the cis isomer (green) and subsequent irradiation with max = 365 nm light for 

1.5 h at 20 °C to regenerate the trans isomer (red). For the PSS determination, the average 

integral values of the urea NH and aromatic CH singlets was used. 
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Fig. S7 1H NMR spectral changes upon photoirradiation of 1b (1 mM in DMSO-d6 at 298 K) 

starting with the trans isomer (blue) followed by irradiation with max = 312 nm light at 20 °C 

for 1h to give the cis isomer (green) and subsequent irradiation with max = 365 nm light for 

1.5 h at 20 °C to regenerate the trans isomer (red). For the PSS determination, the average 

integral values of the urea NH and aromatic CH singlets was used. 
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Fig. S8 1H NMR spectral changes upon photoirradiation of 1c (1 mM in DMSO-d6 at 298 K) 

starting with the trans isomer (blue) followed by irradiation with max = 312 nm light at 20 °C 

for 1h to give the cis isomer (green) and subsequent irradiation with max = 365 nm light for 

1.5 h at 20 °C to regenerate the trans isomer (red). For the PSS determination, the average 

integral values of the urea NH and aromatic CH singlets was used. 
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UV-Vis photochemical switching experiments 
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Fig. S9 UV-Vis absorption spectral changes starting with trans-1a (1  10–5 M in DMSO, 

black spectrum) upon irradiation with max = 312 nm light at 20 °C for 5, 10, 15, 20, 25 and 

30 minutes after which the photostationary state (PSS) was reached (red spectrum). 
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Fig. S10 UV-Vis absorption spectral changes starting with trans-1b (1  10–5 M in DMSO, 

black spectrum) upon irradiation with max = 312 nm light at 20 °C for 5, 10, 15, 25 and 35 

minutes after which the photostationary state (PSS) was reached (red spectrum). 
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Fig. S11 UV-Vis absorption spectral changes starting with trans-1c (2  10–5 M in DMSO, 

black spectrum) upon irradiation with max = 312 nm light at 20 °C for 5, 10, 15, 20, 25 and 

30 minutes after which the photostationary state (PSS) was reached (red spectrum). 
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UV-Vis thermal stability experiments 
 

 

Scheme S2 Photochemical and thermal isomerization behaviour of bis-urea LMWGs 1a-c. 

While irradiation with max = 365 nm light of the metastable cis isomer leads to  regeneration 

of stable trans, heating of the sample causes equilibration to a more stable cis form. This is 

accompanied by a hypsochromic shift in the UV-Vis spectrum.1 The rate constants (k) for this 

process were determined at four temperatures (55, 60, 65, 70 °C) by monitoring the 

absorption decrease at 365 nm and fitting to the equation: A = A0e
–kt using Origin software. 
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Fig. S12 Eyring plot analysis of the thermal isomerization step from metastable cis-1a to the 

more stable cis-1a monitored by the decrease in absorption at 365 nm in DMSO. ‡H = 93.3 

kJ mol–1; ‡S = –32.9 J mol–1 K–1; ‡G (20 °C) = 102.9 kJ mol–1; t1/2 (20 °C) = 70 h. 
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Fig. S13 Eyring plot analysis of the thermal isomerization step from metastable cis-1b to the 

more stable cis-1b monitored by the decrease in absorption at 365 nm in DMSO. ‡H = 94.7 

kJ mol–1; ‡S = –30.8 J mol–1 K–1; ‡G (20 °C) = 103.7 kJ mol–1; t1/2 (20 °C) = 96 h. 
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Fig. S14 Eyring plot analysis of the thermal isomerization step from metastable cis-1c to the 

more stable cis-1c monitored by the decrease in absorption at 365 nm in DMSO. ‡H = 96.8 

kJ mol–1; ‡S = –26.2 J mol–1 K–1; ‡G (20 °C) = 104.5 kJ mol–1; t1/2 (20 °C) = 133 h. 
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Single crystal X-ray analysis  
 

Single crystals of trans-1b were grown upon cooling of a solution in hot MeOH. A single 

crystal was mounted on top of a cryoloop and transferred into the cold nitrogen stream (100 

K) of a Bruker-AXS D8 Venture diffractometer. Data collection and reduction was done 

using the Bruker software suite APEX2.2 The final unit cell was obtained from the xyz 

centroids of 5420 reflections after integration. A multiscan absorption correction was applied, 

based on the intensities of symmetry-related reflections measured at different angular settings 

(SADABS). The structures were solved by direct methods using SHELXT,3 and refinement of 

the structure was performed using SHLELXL.4 The hydrogen atoms were generated by 

geometrical considerations, constrained to idealised geometries and allowed to ride on their 

carrier atoms with an isotropic displacement parameter related to the equivalent displacement 

parameter of their carrier atoms. Crystallographic data: C38H56N4O2; Mw = 600.86; crystal size 

0.31  0.11  0.10 mm; monoclinic; space group P21/n; a = 18.6106(6) Å, b = 9.3237(3) Å, c 

= 20.2857(6) Å;  = 90°,  = 98.9410(10)°,  = 90°; V = 3477.20(19) Å3; Z = 4; calcd = 1.148 

g cm‒3; (MoK) = 0.071 cm‒1; T = 100(2) K; (min/max) = 2.984/26.372°; 38948 reflections 

collected; 6792 unique reflections (Rint = 0.0453); data/restraints/parameters: 6792/0/405; 

GoF on F2 = 1.035; R1 = 0.0548 and wR2 = 0.1405; [5241 I>2(I)]; R1 = 0.0755 and wR = 

0.1566 (all data); largest diff. peak and hole: 0.480 and ‒0.369 eÅ3. 

 

 

Fig. S15 Displacement ellipsoid plot at the 50% probability level of trans-1b.  
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DFT Calculations 
 

The Gaussian 09 program5 was used for geometry optimizations and the calculation of 

energies. Initially, different input geometries were optimized at the semi-empirical PM6 level 

to find the global minima. Further geometry optimizations were performed at the DFT 

B3LYP/6-31G+(d,p) level with tight convergence criteria and using an IEFPCM Toluene 

solvation model. The DFT geometries was found to have zero imaginary frequencies. 

 

Table S1 Cartesian coordinates of cis-1a: 

 

------------------------------------------------------------------------ 

atom         X           Y            Z 

------------------------------------------------------------------------ 

C        3.118855000      0.088250000     -0.099927000 

C        2.379644000     -1.176838000      0.115158000 

C        3.048076000     -2.230695000     -0.541664000 

C        4.305347000     -1.724604000     -1.193930000 

C        4.532057000     -0.310216000     -0.577525000 

C        1.242119000      1.829949000     -0.085345000 

C        1.125258000      3.103025000      0.508130000 

C        2.472296000      3.601257000      0.956327000 

C        3.498703000      2.614184000      0.318621000 

C        5.201156000      0.608997000     -1.608842000 

C        1.265095000     -1.451407000      0.946916000 

C        0.738151000     -2.756601000      0.878112000 

C        1.363464000     -3.771322000      0.143181000 

C        2.561649000     -3.540033000     -0.543348000 

C        0.129666000      1.246102000     -0.734754000 

C       -1.123829000      1.862182000     -0.526508000 

C       -1.237695000      3.090510000      0.138322000 

C       -0.104389000      3.756845000      0.620721000 

C        4.681272000      2.395866000      1.273759000 
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C        2.644662000      1.370339000     -0.006214000 

C        0.224159000      0.083452000     -1.692694000 

C       -0.215789000      5.119345000      1.264234000 

C        0.705257000     -0.473572000      1.946655000 

C        3.278678000     -4.651037000     -1.273377000 

N       -2.268753000      1.147355000     -0.962010000 

N       -0.440594000     -3.088875000      1.615907000 

C       -1.694767000     -2.569584000      1.324739000 

N       -2.704175000     -3.065463000      2.108400000 

C       -4.102812000     -2.687654000      1.933178000 

O       -1.886299000     -1.716795000      0.448894000 

C       -3.444077000      1.680132000     -1.452148000 

N       -4.423991000      0.738711000     -1.682393000 

O       -3.605687000      2.879721000     -1.698898000 

C       -5.767057000      1.112689000     -2.108440000 

C       -4.904128000     -3.689437000      1.095891000 

C       -6.740531000      1.350624000     -0.948737000 

H        4.171347000     -1.635856000     -2.282929000 

H        5.164571000     -2.386970000     -1.038716000 

H        5.200317000     -0.430510000      0.288457000 

H        2.560660000      3.570485000      2.052995000 

H        2.660112000      4.640006000      0.660401000 

H        3.864548000      3.069189000     -0.613203000 

H        4.529806000      0.782630000     -2.457405000 

H        6.109918000      0.131025000     -1.993359000 

H        5.491733000      1.581489000     -1.208824000 

H        0.911554000     -4.760509000      0.124700000 

H       -2.218585000      3.538367000      0.244703000 

H        5.126794000      3.362123000      1.538111000 

H        5.475294000      1.774769000      0.856543000 

H        4.338784000      1.921238000      2.200418000 

H       -0.428084000      0.272026000     -2.552395000 

H       -0.086793000     -0.867799000     -1.248973000 

H        1.246859000     -0.037700000     -2.053000000 

H       -1.258547000      5.443151000      1.323530000 

H        0.336152000      5.877075000      0.693770000 

H        0.198018000      5.121614000      2.280043000 

H       -0.185439000      0.042821000      1.578930000 

H        1.446491000      0.286126000      2.200617000 

H        0.418567000     -1.008095000      2.858140000 

H        3.404236000     -4.418276000     -2.337616000 

H        2.727886000     -5.593085000     -1.199201000 

H        4.282722000     -4.817320000     -0.863488000 

H       -2.236535000      0.148936000     -0.781207000 

H       -0.417107000     -3.968035000      2.115486000 

H       -2.478091000     -3.716151000      2.846649000 

H       -4.112592000     -1.701840000      1.463496000 

H       -4.548946000     -2.581041000      2.927953000 

H       -4.283421000     -0.200518000     -1.336630000 

H       -6.143816000      0.319398000     -2.763993000 
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H       -5.669654000      2.019312000     -2.709374000 

H       -5.944292000     -3.358214000      0.999665000 

H       -4.907773000     -4.681028000      1.561677000 

H       -4.477997000     -3.784551000      0.092183000 

H       -7.731533000      1.619291000     -1.332373000 

H       -6.387343000      2.166084000     -0.310144000 

H       -6.849508000      0.451314000     -0.331696000 

------------------------------------------------------------------------ 

Sum of electronic and zero-point Energies = ‒1536.278269 
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Gel-sol photoswitching experiment 
 

 

Fig. S16 Gel irradiation using 312 nm light with (right sample) and without (left sample) 420 

nm cut-off filter. When the sample is shielded from light no gel-sol transition is observed. 

 

 

Fig. S17 Electron micrograph of a sample of the toluene gel (0.5 mg mL–1) obtained with 

trans-1b after irradiation with 312 nm light giving a solution. 

  

312 nm, 15 min. 
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Fig. S18 Selected regions in the normalised IR spectra of solid trans-1b (black line) and a 

dried sample of the 312 nm light irradiated gel (red line) measured by FT-IR (ATR). 
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