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Supplementary Figure S1 Absorbance of the tris-phenanthroline iron (II) complex as a function of 

irradiation time of potassium ferrioxalate (black squares). The red line shows a linear fit, which is used 

to calculate the photon flux through Supplementary Equation 5. 

 

 

Supplementary Figure S2 Rates of trans-cis photoisomerization (black), cis-trans photoisomerization 

(blue) and thermal cis-trans isomerization (green) as a function of irradiation time for azobenzene 

dissolved in decane at 80°C. 

 

 

Supplementary Table S1 Photochemical quantum yield (ϕ) for the production of ferrous ions from 

ferrioxalate decomposition by irradiation at specific wavelengths. 

Irradiation wavelength (nm) ϕ a 

254 1.25 

313 1.24 

365.6 1.21 

405 1.14 

436 1.11 

a) from ref 1. 
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Supplementary Note: The rate of thermal isomerization 

The rate of thermal isomerization is a first order process and by observing the change in concentration 

of A (or B) in absence of light with respect to time, the rate constant (kt) of the thermal isomerization 

can easily be determined (Supplementary Equation 1). The activation energy (EA) for the thermally 

induced isomerization is an important system property of a photoswitch. The activation energy can be 

determined by observing the dependence of the temperature on kt. The Arrhenius equation (Equation 

2) is then used to calculate EA: 

[𝐵] = [𝐵0] ∙ 𝑒
−𝑘𝑡,𝐵→𝐴∙𝑡 Supplementary Equation 1 

𝑘𝑡 = 𝐴 ∙ 10
−
𝐸𝐴

𝑅𝑇⁄  Supplementary Equation 2 

Where A is a pre-exponential factor, R is the universal gas constant, and T is the temperature (in 

Kelvin). 

 

Supplementary Note: Determination of the photon flux (I) 

In the described method of determining photoisomerization quantum yields, it is assumed that the 

light source is monochromatic with a collimated beam profile. This can of course be achieved with a 

laser, but also light emitting diodes or broadband light sources with monochromator optics equipped 

with a collimating lens works fine. All glass surfaces reflect light to a various degree depending on 

material and angle of incidence, making photon flux determination with power meters non ideal. The 

most widely acknowledged method of determining the photon flux inside a cuvette most accurately is 

therefore chemical actinometry. In chemical actinometry a standard (a photochemical reaction with 

known quantum yield) is used as a reference to determine the photon flux. Although very simple in 

theory, it puts some high demand on the molecule in question. Preferably, the actinometer should be 

photostable and insensitive to factors such as irradiation wavelength, temperature etc., but in reality 

compromises need to be done since no ideal molecules exist. Many molecules have been proposed as 

chemical actinometers (and in principal all molecules with a known photochemical quantum yield can 

be used) and for a detailed list the reader is referred to earlier literature.2,3 

In our laboratory, we are most commonly using ferrioxalate or the fulgide Aberchrome 670, 

depending of irradiation wavelength. The ferrioxalate method, originally described by Parker and 

Hatchard,1,4 is the most commonly used chemical actinometer. Although it is a little labor intensive to 

use it produces excellent results and is generally recommended. The method is performed in the dark 

and is based on the photochemical degradation of ferrioxalate to Fe2+: 

𝐹𝑒(𝐶2𝑂4)3
3− ℎ𝜐
→ 𝐹𝑒2+ + 𝐶2𝑂4

∙− + 2𝐶2𝑂4
2−  Supplementary Equation 3 

𝐹𝑒(𝐶2𝑂4)3
3−
+ 𝐶2𝑂4

∙− ∆
→ 𝐹𝑒2+ + 2𝐶𝑂2 + 3𝐶2𝑂4

2− Supplementary Equation 4 

The Fe2+ ions are complexed with phenanthroline, and the concentration of the tris-phenanthroline 

complex is determined using absorbance (ε510nm=11,100 M-1 cm-1). We use a slightly modified standard 

protocol,5 in which first a known volume (V1, typically 2ml) of ferrioxalate (30 mM in 0.2 N H2SO4) is 

irradiated under stirring. An aliquot of the irradiated volume (V2, typically 0.5 ml) together with buffer 

(1.2 M NaAc + 0.72 N H2SO4, 1 ml), and phenanthroline (6 mM, 2 ml) is diluted (V3, typically to 25 ml) 

and left to react for 1 h, where after the absorbance of the tris-phenanthroline complex is recorded at 

510 nm. This procedure is repeated using different irradiation times to create a plot of absorbance as 



a function of irradiation time (Supplementary Fig. 1). The plot should be linear, (deviations from 

linearity can for instance depend on depletion of ferrioxalate) and the slope is used to calculate the 

photon flux (I) through Supplementary Equation 5 which is a modified version of Equation 11 taking 

dilution factors into account: 

𝐼 = 𝑠𝑙𝑜𝑝𝑒 ∙
𝑉1∙𝑉3

𝑉2∙𝜀510𝑛𝑚∙𝑙∙𝜙
 Supplementary Equation 5 

Where l is the path length of the cuvette and ϕ is the photochemical quantum yield of the process. A 

selection of recommended values of ϕ is found in Supplementary Table 1. 

Ferrioxalate only absorbs light in the UV and blue part of the spectrum. In the visible part, we have 

had good experience in using the closed form of fulgides as actinometers (Fig. 1). The fulgide 

Aberchrome 670 is commercially available and upon irradiation at 366 nm it isomerizes to a thermally 

stable highly colored ring closed form (λmax=520 nm, ε520nm=5,400 M-1 cm-1 in toluene).6,7 The back 

conversion of Aberchrome 670 can be used to determine the photon flux by monitoring the 

absorbance as a function of irradiation time and fitting the obtained data to Equation 13 (Fig. 3). The 

photoisomerization quantum yield of Aberchrome 670 is both temperature and wavelength 

dependent and Supplementary Equation 6 relates ϕ to the used experimental conditions (valid within 

the temperature range 22-80 °C).6 

𝜙 = 0.4326 − (3.285 ∙ 𝜆 − 16.4 ∙ 𝑇) ∙ 10−4 Supplementary Equation 6 

Where λ is the irradiation wavelength in nm, and T is the temperature in Celsius. Aberchrome 670 can 

be used in the 460-580 nm wavelength range, and provides a rapid and convenient method of 

determining the photon flux. Other fulgides used as actinometers include Aberchrome 540 nm.8,9 
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