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Chapter 5 

Azobenzofurans - 

Kinetics of the Thermal Relaxation 

Step 

 

Abstract: Azobenzofurans can be switched upon irradiation with 365 nm from its trans- to its 
cis-form reaching a photostationary state that can either slowly relax thermally or fast upon 
irradiation with 530 nm to its trans-form which is demonstrated by UV-VIS spectroscopy. The 
switching is fully reversible which identifies the compounds as photochemical switches. 

Following the kinetics by 1H NMR spectroscopy, the determination of the photostationary 
distribution for different temperatures was possible. 

Furthermore, the kinetics of the thermal relaxation from its PSS to the E-form was monitored 
by 1H NMR spectroscopy and the results are plotted in a Hammett plot, demonstrating that 
the switching is almost not influenced by the substitution pattern of the benzofuran core. The 
impact of the substitution pattern at the azo unit on switching ability shows V-shape behavior 
when plotted in a Hammett plot. This indicates a change in bonding rearrangement of the 
switching part when changing from electron-donating to electron-withdrawing substituents at 
the azo unit. 

The entropy and enthalpy of activation for the thermal relaxation from its PSS to the E-form 
was determined by following the kinetics by 1H NMR spectroscopy at different temperatures 
in CDCl3 and toluene-d8. The results are shown in an Eyring Plot and the determined values 
demonstrate the negligible effect of the solvent on the switching ability which is relevant due 
to the change of dipole moment while cis-/trans-isomerization. 
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5.1) Introduction 

 

Photoswitches are established in applications such as polymers,[1] electronics,[2] solar cells,[3] 
light-controlled catalysis,[4] the photocontrol of biological system in vivo,[5] molecular 
switches[6] and other molecular devices.[7] The reversible, light-driven interconversion of 
azo compounds from the Z-isomer to its E-form was first explored in the 1930s and 1950s by 
spectroscopic analysis of pyridines,[8] azobenzenes[9] and other azo compounds.[10] Analysis 

of various azo-based switches showed that the E→Z isomerization takes place upon 

irradiation or heat and the relaxation of the molecule proceeds either photochemically or 
thermally induced.[11] The switching mechanism proceeds through a change in the molecular 
geometry as well as in polarity which can be triggered by using different wavelengths for 
irradiation, different substitution patterns of the molecule (electron-donating or 
electron-withdrawing groups, heteroatom substitution, macrocycles) or solvent 
(polar / non-polar, protic / aprotic).[12] By heteroaryl design, azo compounds can be tuned 
efficiently from nanoseconds to more than several years.[12a, 13] 

A well-studied and the most simple example is azobenzene 60 and its derivatives.[9, 11, 12c, 14] 

There are three possible pathways the molecule can reversibly interconvert into its more 
stable E-form (for azo groups being part of a macromolecule the opposite trend can be 
possible[15]) exemplary shown in Scheme 41: Inversion, rotation or tautomerization.[12c, 16] 

 

Scheme 41: Different pathways for the isomerization of azobenzenes.[11, 12c]  
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Introduction 
 

The inversion mechanism proceeds through a transition state with an in-plane motion and a 
maximal N=N-C angle along the molecular plane of ~180°. This mechanism is characterized 
by slower kinetics compared to the rotation and tautomerism mechanism and is typical for 
azobenzene 60.[11, 17] Having faster kinetics, the rotation mechanism proceeds through an 

out-of-plane motion in which the C-N=N-C dihedral angle reaches a maximum of 90° in the 
transition state. This pathway is favored for azobenzenes in high-polar solvents.[18] 
Tautomerization mechanism typically takes place by switching of compounds where an 
intra- or intermolecular proton shift is possible, such as hydroxyl- or amino-substituted 
azobenzenes and can be solvent assisted.[19] The tautomerization involves the break of the 
N=N double bond by an intra- or intermolecular addition of a proton to form a N-NH single 
bond to a hydrazone intermediate 61.[11, 16a, 17a] 

Not only the solvent but also the substituents have a key role in the switching mechanism and 
it has been demonstrated in several studies that the mechanism of the interconversion of 
azo compounds with push-pull substitution can be changed by the polarity of the reaction 
medium.[20] König and co-workers explored the thermal relaxation of azoindoles 62 which can 

be tuned from days to milliseconds by simple Me-substitution at different positions in the 
molecule (see Scheme 42).[12a] The UV-VIS absorption spectrum during the thermal 
relaxation for the non-substituted azoindole 62 is shown in Scheme 42 (right). 

 

 

 

Scheme 42: Thermal relaxation of 62cis from the PSS after irradiation with a 400 nm light source in 
DMSO reported by König and co-workers (picture on the right reprinted with permission from 
N. A. Simeth, S. Crespi, M. Fagnoni, B. König, J. Am. Chem. Soc. 2018, 140, 2940-2946. Copyright 
© 2018 American Chemical Society).[12a] 

The rate of thermal relaxation of the same compound 62cis ranges from the millisecond time 

scale to seconds moving from aprotic to polar-aprotic solvents which might be related to proton 
availability.[12a] Further experiments support this proposal when comparing rates in toluene 

(slow,  = 60.2 ms) with water-saturated toluene (fast,  = 1.4 ms) indicating that a protic 
environment increases the overall Z→E isomerization rate for this substrate.[12a] 
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Furthermore, the group reported that the switching mechanism pathway can change upon 
variation of the position of the azo unit in phenylazoindoles 63-66, which are structural 
analogues to the azobenzofurans 32 synthesized in Chapter 2.[17a] 

 

 

Figure 20: Possible mechanisms for the thermal Z→E-relaxation of phenylazoindoles depending 
on the position of the substituent.[17a] 

Systematic studies of azobenzenes and their isomerization mechanism reported in Hammett 
plots mainly focus on the correlation of UV absorption maxima or molar absorptivity with 
substituent parameters of the compound and solvent.[21] Only a few reports can be found that 
take the systematic correlation of the kinetics for the thermal relaxation with a broad range of 
substitution patterns of azo compounds into account.[12c, 20] With an electron-donating group 
present, the inversion and rotation mechanism for a molecule are competitive in polar 
solvents.[20, 22] When changing the substituents from electron-donating to electron-withdrawing 
groups, non-linear Hammett plots were reported which indicate a change in the switching 
mechanism. This effect can be roughly observed when correlating meta- and 
para-substituents against the Hammett parameters.[23] If only focused on the 
para-substituents, a so called V-shape Hammett plot is observed with such changes in 
mechanisms previously reported for N-phenylimines,[24] azomethine dyes[25] and 
azobenzenes.[12c, 20] As a representative example for substituted azobenzenes,[20] a V-shaped 
Hammett plot is shown in Scheme 43. 
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Introduction 
 

 

 

Scheme 43: Light induced E-/Z-isomerization for different para-substituted azobenzenes 60. 
Bottom left: V-shaped Hammett plot in MeOH (solid line, empty square) and EtOH (dotted line, full 
square). Bottom right: Hammett plot for the azobenzenes 60 in water (pictures reprinted with 
permission from P. Maria, A. Fontana, C. Gasbarri, G. Siani, P. Zanirato, ARKIVOC: archive for 
organic chemistry 2009, viii, 16-29. Copyright © 2009 ARKAT USA, Inc.).[20] 

De Maria and co-workers reported that azobenzenes with electron-donating groups such as 
OMe and Me switch with a rotation mechanism around the N=N bond due to the negative 
slope of the Hammett plot while electron-withdrawing groups such as F and CF3 favor the 
inversion mechanism (positive slope). With this observation, they propose that the linear slope 
of the straight line for the same reaction in water suggests the rotation mechanism as the only 
detectable one.[20] 

In the following chapter, the spectroscopic characteristics for the previous synthesized 
azobenzofurans 32 are determined as well as the kinetics of the compounds with different 

substituents and solvents. 

  



 

Gold(I) Catalysis: Mechanistic Insights, Reactivity of Intermediates and its Applications 

 

84 

 

 

 

 

5.2) Results and Discussion 
 

The compounds synthesized in Chapter 2 and shown in Figure 20 were identified as potential 

molecular switches and their spectroscopic properties were characterized by 1H NMR and 
UV-VIS absorption spectroscopy. The UV-VIS absorption spectra of the synthesized 

compounds were recorded in CH2Cl2 and the values for max and log  at the maximum of the 
most intense bands are listed in Table 10. The UV-VIS absorption spectrum of 
compound 32Me,H,trans is shown as exemplary for all azobenzofurans (for all spectra, see 

6.5.1). 

Table 10: max and log  values for different substituted azobenzofurans and UV-VIS absorption 
spectrum of azobenzofuran 32Me,H,trans in CH2Cl2. 

     

Entry R1 R2 
max  

[nm] 
log  

 

[nm] 
log  

1 TS-803 OMe OMe 308 4.52 408 4.38 

2 TS-802 OMe Me 304 4.69 400 4.46 

3 TS-301 OMe H 300 4.45 398 4.17 

4 TS-777 OMe F 301 4.52 401 4.28 

5 TS-804 Me OMe 292 4.24 397 4.04 

6 TS-285 Me Me 298 4.59 388 4.41 

7 TS-283 Me H 295 4.43 387 4.23 

8 TS-286 Me F 296 4.40 388 4.40 

9 TS-182 H OMe 304 4.29 388 4.11 

10 TS-277 H Me 296 4.40 380 4.25 

11 TS-275 H H 294 4.36 380 4.23 

12 TS-776 F OMe 300 4.24 387 4.15 

13 TS-279 F H 292 4.42 380 4.23 
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Results and Discussion 
 

A clear trend in how the substitution pattern might influence the absorption bands or how the 
molar absorptivity changes is not apparent. All compounds show a similar UV-VIS absorption 

spectra with max values from 292 nm to 308 nm (see Table 10 and 6.5.1). The molar 

absorptivity is high (log  = 4.24-4.69) which is expected in comparison to structural analogous 
azo compounds such as indole derivatives reported by König and co-workers.[26] 

The switching ability was explored by UV-VIS absorption spectroscopy in CH2Cl2, CDCl3 and 
toluene by excitation into the broad absorption band with a 365 nm light source and the 
thermal relaxation of compound 32Me,H from the PSS was monitored. Although first 
measurements in chlorinated solvents looked promising as for example shown in Scheme 44 

(left), the sample did not show thermal reversion to the original spectrum even after 19 h 
without irradiation. 
 

 

 

Scheme 44: Left: UV-VIS absorption spectra during irradiation at 365 nm of 32Me,H,trans (331 µM in 
CDCl3) at ambient conditions. Right: Change in absorbance at obs = 387 nm over time. 

The change in absorbance is linear which indicates that the compound decomposes under 
the applied conditions. This might be related to the photo-instability of the solvent that can be 
cleaved photolytically into carbene and acid.[27] A possible explanation might also be, that the 
acid present in the solvent traps the azobenzofuran irreversibly and hinders the compounds 
switching function. 

 

 

 

 

 

Scheme 45: Trapping of azobenzofuran 32Me,H by protonation while under irradiation at 365 nm.  

obs = 387 nm 
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The data obtained with 32Me,H,trans indicate that azobenzofurans are not switchable in 
chlorinated solvents with acid present. The experiment was repeated in toluene and 32Me,H,trans 

shows the expected switching behavior with three isosbestic points at 309 nm, 346 nm and 
448 nm. The compound can be switched to its PSS upon irradiation at 365 nm and thermal 
relaxation proceeds over 60 min to its E-form (see Scheme 46). 

 

 
 

 

 

Scheme 46: UV-VIS absorption spectra during irradiation and thermal relaxation of 32Me,H,cis to 
32Me,H,trans (272 µM in toluene) at ambient conditions. Top left: UV-VIS absorption spectra at 
different times while under irradiation at 365 nm. Bottom left: UV-VIS spectra at different times 
during thermal relaxation. Top and bottom right: Change in absorbance at obs = 387 nm over time. 

Repeating the experiment at lower concentration showed that the thermal relaxation proceeds 
over a similar time scale. Furthermore, irradiating the sample at its PSS at 530 nm triggered 

the Z→E-isomerization and decreased the relaxation time (see Scheme 47).  

obs = 387 nm 

obs = 387 nm 
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Scheme 47: Left: UV-VIS absorption spectra during relaxation of 32Me,H,cis to 32Me,H,trans with 
irradiation at 530 nm in toluene (27.2 µM) at ambient conditions. Right: Absorbance at 
obs = 387 nm over time with and without irradiation at 530 nm. 

The influence of the temperature on the E-/Z-ratio for the compounds at their PSS was 
determined for azobenzofuran 32Me,OMe (19.9 mM in CDCl3). The solutions were irradiated at 

365 nm and isomerization to its cis-form followed at different temperatures by 1H NMR 
spectroscopy. After reaching the PSS, the photostationary distribution (PSD, E/Z ratio) was 
determined (see Table 11 and 6.5.2.1). Photobleaching could be prevented by using CDCl3 

freshly filtered over K2CO3. 

  

obs = 387 nm obs = 387 nm 
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Table 11: E/Z-Isomerization of 32Me,OMe at its PSS at different temperatures. 

 

 

Entry 
T 

[°C] 
trans 

[%] 
cis 
[%] 

 1       45.1[a] 100  0 

 2    45.1 95  5 

 3    39.7 91  9 

 4    34.4 88 12 

 5    27.9 74 26 

 6    22.6 68 32 

 7    18.0 57 43 

 8    13.9 47 53 

 9      8.2 40 60 

10    - 4.5 35 65 

11  - 28.4 38 62 

12       18.0[b] 100  0 
[a] After irradiation and thermal relaxation. [b] Before irradiation. 

 

Compound 32Me,OMe shows the highest switching ratio at -5 °C with a PSD (E/Z) of 35:65. As 
shown in Table 11 further decreasing of the temperature does not influence the PSD. After 
irradiation, the molecule was fully relaxed to its E-form as shown in Table 11, entry 1 and 

6.5.2.1). By using the same NMR tube for the PSD experiments, the fatigue stability of 
32Me,OMe and its ability to recover fully was demonstrated.  
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Results and Discussion 
 

The influence of substitution pattern on switching ability was explored with the variously 
substituted azobenzofurans 32trans synthesized in Chapter 2. The variation at the benzofuran 
core 32R1,OMe and the azo unit 32Me,R2 were used for a systematic study (see Figure 20).  

 

 

Figure 20: Substituted azobenzofurans 32 synthesized in Chapter 2. Blue: Variation at the 
benzofuran core; Red: Variation at the azo unit. 

The formation of azobenzofurans 32cis was followed until the PSS at 365 nm in CDCl3 was 

reached. The subsequent thermal relaxation was monitored by 1H NMR spectroscopy until 
the end of conversion using benzylacetate as internal standard. While the rates for the 
substituents at the benzofuran core do not change significantly (lowest value see Table 12 A, 
entry 2: kMe,OMe = 2.33  10-3 s-1, highest entry 1: kOMe,OMe = 2.87  10-3 s-1) and no correlation 
with substitution pattern is observed, the effect of variation at the azo unit on rates was 
explored (see Table 12 B). Electron-donating groups at the azo unit accelerate the switching 
process with rates of kMe,OMe = 2.33  10-3 s-1 and kMe,Me = 1.39  10-3 s-1 compared to the 
non-substituted azobenzene 32Me,H kMe,H = 8.21  10-4 s-1 (see Table 12 B, entry 1-3). 

Surprisingly, the electron-withdrawing groups F and CF3 accelerate the switching as well but 
less pronounced with kMe,F = 9.64  10-4 s-1 and kMe,CF3 = 1.23  10-3 s-1 (see Table 12 B, 

entry 4 and entry 5). The rates determined for the variation at the benzofuran unit (blue) and 

the azo unit (red, black) are correlated against their -values in a Hammett plot (see Figure 
21).[28]  
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Table 12: Rate constants for different substituted azobenzofurans 32R1,R2 and the determination of 
log(kR/kH). 

 

A) Variation at the benzofuran core R1 

Entry 
R2 = OMe 

R1 

kR 

[s-1] 

 kR 

[s-1] 

log 

(kR/kH) 

 log 

(kR/kH) 
theo

[28a] 

1 OMe 2.87E-03 0.03E-03 0.05 + 0.01 - 0.27 

2 Me 2.33E-03 0.08E-03 - 0.04 + 0.02 - 0.14 

3 H 2.55E-03 0.10E-03 0.000 - 0 

4 F 2.51E-03 0.05E-03 - 0.01 + 0.01 0.06 

 

B) Variation at the azo unit R2 

Entry 
R1 = Me 

R2 

kR 

[s-1] 

 kR 

[s-1] 

log 

(kR/kH) 

 log 

(kR/kH) 
theo

[28a] 

5 OMe 2.33E-03 0.08E-03 0.45 + 0.02 - 0.27 

6 Me 1.39E-03 0.03E-03 0.23 + 0.01 - 0.14 

7 H 8.21E-04 0.20E-04 0.00 - 0 

8 F 9.64E-04 0.08E-04 0.07 + 0.01 0.06 

9 CF3 1.23E-03 0.02E-03 0.18 + 0.01 0.53 

 

Variation of the substitution pattern of the benzofuran unit 32R1,OMe has little impact on the 
switching ability as shown in Figure 21 (blue). The V-shape Hammett plot for the substitution 
at the azo unit 32Me,R2 with a negative slope of - 1.67 + 0.03 for the electron-donating groups 

OMe and Me (red) and a positive slope of 0.29 + 0.09 for the electron-withdrawing groups F 
and CF3 (black) indicate that the switching has a change in mechanism when changing the 
inductive effect at the azo unit 32Me,R2. Based on the values for the slopes it can be proposed 
that the switching of azobenzofurans 32 follow a rotation mechanism with electron-donating 

groups at the azo unit present (negative slope) and an inversion mechanism with 
electron-withdrawing groups (positive slope). Similar observations were reported earlier for 
N-phenylimines,[24] azomethine dyes[25] and azobenzenes[12c, 20] as mentioned above. In 
contrast to this result, there is no comparable trend in switching behavior observed when 
changing the substituents at the benzofuran core 32R1,OMe.   
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Results and Discussion 
 

 R1, OMe Me, R2 donating Me, R2 withdrawing 

Intercept - 0.01 + 0.02 - 1.92E-03 + 4.49E-03 2.45E-02 + 2.78E-02 

Slope - 0.13 + 0.16 - 1.67 + 0.03 0.29 + 0.09 

R2 0.2437 0.9998 0.9119 

 

Figure 21: Hammett plot for different substituted azobenzofurans 32 (19 mM in CDCl3). Blue: 
Variation of the substitution pattern of the benzofuran unit 32R1,OMe. Red: Variation of the substitution 
pattern (electron-donating groups) of the azo unit 32Me,R2. Black: Variation of the substitution pattern 
(electron-withdrawing groups) of the azo unit 32Me,R2. 

The effect of solvent polarity on the switching of azobenzofurans was examined for the 
Z-/E-isomerization of 32Me,H at different temperatures in CDCl3 (15.9 mM) and toluene-d8 
(15.8 mM, see 6.5.3), 6.5.4) and Table 13). 

Table 13: Rate constants at various temperatures of Me-substituted azobenzofuran 32Me,H in CDCl3 
and toluene-d8. 

Entry 
T 

[°C] 
k Me,H 
[s-1] 

k Me,H 

[s-1] 

k Me,H 
[s-1]

k Me,H 

[s-1] 

T 
[°C] 

Solvent CDCl3 toluene-d8 

1 34.6 1.36E-03 + 0.02E-03 1.77E-03 + 0.02E-03 34.8 

2 30.7 8.23E-04 + 0.10E-04 1.15E-03 + 0.04E-03 30.5 

3 24.5 3.91E-04 + 0.05E-04 5.36E-04 + 0.04E-04 24.5 

4 18.4 1.77E-04 + 0.25E-04 2.34E-04 + 0.01E-04 18.2 

5 14.0 1.05E-04 + 0.01E-04 1.32E-04 + 0.01E-04 13.4 

 

The rate constants for the observed kinetics are within the same order of magnitude for both 
probed solvents at the mentioned temperatures. When plotting ln(kMe,H/T) against 1/T, a linear 
correlation for both solvents is observed with comparable slopes within the error of the 
measurement as well as the intercepts (Eyring plot, see Table 14). 
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Table 14: Eyring plot of Me-substituted azobenzofuran 32Me,H in CDCl3 and toluene-d8. 

Entry ln(k Me,H/T)  ln(k Me,H/T) 
1/T 

[1/K] 
ln(k Me,H/T)  ln(k Me,H/T) 

1/T 
[1/K] 

Solvent CDCl3 toluene-d8 

1 - 12.29 + 0.01 3.25E-03 - 12.03 + 0.01 3.25E-03 

2 - 12.80 + 0.01 3.29E-03 - 12.46 + 0.04 3.29E-03 

3 - 13.54 + 0.01 3.36E-03 - 13.23 + 0.01 3.36E-03 

4 - 14.34 + 0.14 3.43E-03 - 14.02 + 0.01 3.43E-03 

5 - 14.86 + 0.01 3.48E-03 - 14.63 + 0.01 3.49E-03 
 

 CDCl3 toluene-d8 

Intercept 23.36 + 0.60 23.18 + 0.53 

Slope - 10980 + 177 - 10836 + 158 

R2 0.9992 0.9994 

 

 

When comparing the ET
N values for both solvents (ET

N CDCl3 = 0.256 and ET
N toluene = 0.099), 

the solvent should make a difference on the switching ability of the system due to the 
difference in polarity (ET

N values have been determined by an empirical scale for polarity with 
the limits of tetramethylsilane (TMS) as the most non-polar compound (ET

N TMS = 0.000) and 
water as the most polar compound (ET

N water = 1.000)).[29] As shown in Table 14, the thermal 

relaxation from Z→E is not influenced by the polarity of the solvent when changing from CDCl3 
to toluene-d8. This results and that acid might trap the azobenzofurans as shown in Scheme 
44 additionally support the hypothesis that the switching does not proceed through a 

hydrazone mechanism. 

Transforming the Arrhenius equation to the form shown below (see Formula 1) allows the 

calculation of the enthalpy of activation H‡, the entropy of activation S‡ and the Gibbs free 

energy G‡ with the values determined in Table 14.  
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Results and Discussion 
 

 

  

Formula 1: Arrhenius equation and its transformed equations to determine S‡ (intercept) and 

H‡ (slope) with respect to the Eyring plot (see Table 14). 

With the intercept and the slope of the graphs, the values for S‡, H‡, G‡
298 K were 

determined as shown in Table 15. 

 

Table 15: Values for S‡, H‡, G‡
298 K determined from the Eyring plot. 

Solvent S‡ 
[J mol-1 K-1]

S‡ 
[cal mol-1 K-1]

H‡ 
[kJ mol-1 K-1]

H‡ 
[kcal mol-1 K-1]

G‡
298 K 

[kJ mol-1 K-1]

G‡
298 K 

[kcal mol-1 K-1] 

CDCl3 
  - 3.37 
+ 4.96 

 - 0.80 
+ 1.19 

  91.3 
+ 1.5 

 21.8 
+ 0.4 

 92.3 
+ 3.0 

 22.0 
+ 0.7 

Toluene-d8 
 - 4.78  
+ 4.42 

 - 1.14  
+ 1.05 

  90.1 
+ 1.3 

 21.5 
+ 0.3 

 91.5 
+ 2.6 

 21.8 
+ 0.6 

 

As mentioned above, the polarity of the solvent has a negligible effect on the switching of 
azobenzofuran 32Me,H which is demonstrated by the resemblance of the values for both 

solvents for the entropy of activation S‡
CDCl3 = - 1.14 + 1.05 cal mol-1 K-1, resp. 

S‡
toluene-d8 = - 0.80 + 1.19 cal mol-1 K-1 and the enthalpy of activation 

H‡
 CDCl3 = 21.8 + 0.4 kcal mol-1, resp. H‡

 toluene-d8 = 21.5 + 0.3 kcal mol-1. With the 

determined values, the Gibbs free energy of activation G‡ can be calculated giving values of 

G‡
298 K,CDCl3 = 22.0 + 0.7 kcal mol-1 and G‡

298 K,toluene-d8 = 21.8 + 0.6 kcal mol-1. Compared 
with the values determined for a structure analogue azoindole 62 

(S‡
MeCN = 4.3 cal mol-1 K-1),[12a] the entropy of activation is smaller but the enthalpy of 

activation is higher than those examined for the azoindole 62 (H‡
 MeCN,calculated = 14 kcal mol-1 

and H‡
 MeCN,experimental = 12.2 kcal mol-1).[12a]  
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5.3) Conclusions 

 

In this chapter, the spectroscopic characteristics for variously substituted azobenzofurans 
were explored by UV-VIS absorption and 1H NMR spectroscopy. 

The absorption maxima of the previously synthesized azobenzenes showed no clear trend 
that can be correlated with their substituents, nor do their molar absorptivities. First attempts 
to switch azobenzofuran 32Me,H with blue light in chlorinated solvents failed due to the 

photo-instable solvent which might trap the azobenzofuran. By changing the solvent to 
toluene, the expected switching ability could be observed by UV-VIS absorption spectroscopy 
with isosbestic points maintained. 

The rate of thermal relaxation of azobenzofuran 32Me,H,cis from the PSS365 nm was determined 

by UV-VIS absorption spectroscopy as well as the kinetics of the photochemical induced 
relaxation from the PSS365 nm by irradiation azobenzofuran 32Me,H,cis with green light (530 nm) 

in toluene. Green light decreases the relaxation time compared with the thermal relaxation.  

The previously synthesized azobenzofurans 32 were used for a systematic study and the 

kinetics of their thermal relaxation were monitored by 1H NMR spectroscopy after prior 
irradiation to its PSS365 nm. The values are correlated in a Hammett plot, demonstrating the 
negligible effect of the substitution pattern of the benzofuran core has on its switching 
mechanism. The kinetics for the varied substituents at the azo unit show a V-shape Hammett 

plot with a negative slope of  = - 1.67 + 0.03 for electron-donating groups (OMe, Me) and a 

positive slope of  = 0.29 + 0.09 for electron-withdrawing groups (F, CF3). Taking previous 
studies into account,[12c, 20, 24-25] the negative slope indicates switching of the azo unit through 
a rotation mechanism for electron-donating substituents and the positive slope switching 
through an inversion mechanism. This results will be probed by DFT calculations in future. 

The thermal relaxation from the PSS of the non-substituted azobenzofuran 32Me,H was 
explored in base-filtered CDCl3 and toluene-d8 by monitoring the kinetics with 1H NMR 

spectroscopy. The results are shown in an Eyring plot and with the slope and the intercept of 
the linear correlation, the enthalpy, entropy and Gibbs free energy of activation was 
determined. The values are comparable within the errors of the measurement and no 
significant solvent effect was observed.  
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