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Abstract Spiropyrans undergo Cspiro-O bond breaking to their ring-open protonated E-merocyanine form 

upon protonation and irradiation via an intermediate protonated Z-merocyanine isomer. We show that 

the extent of acid induced ring opening is controlled by matching both the concentration and strength of 

the acid used and with strong acids full ring opening to the Z-merocyanine isomer occurs spontaneously 

allowing its characterization by 1H NMR spectroscopy as well as UV/vis spectroscopy, and reversible 

switching between Z/E isomerization by irradiation with UV and visible light. Under sufficiently acidic 

conditions both E- and Z-isomers are thermally stable. Judicious choice of acid such that its pKa lies 

between that of the E- and Z-merocyanine forms enables thermally stable switching between spiropyran 

and E-merocyanine forms and hence pH gating between thermally irreversible and reversible 

photochromic switching. 

 

 

 

 

 

 

 

Manuscript in revision, L. Kortekaas, J. Chen, D. Jacquemin, W. R. Browne. Supporting 
information can be found at the end of the chapter. 
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Figure 3. UV/vis absorption of the E-MCH+ form (blue line, generated by irradiation at 365 nm, inset) over time, 
showing near complete reversion to the initial Z-MCH+ form upon continuous visible light irradiation (by the 
spectrometer, spectra at 100 s intervals, while no change in absorbance was observed over 200 s in the dark). 

The red-shift that manifests Z to E-isomerization is ascribed to the increase in electronic 
delocalization that accompanies increased planarity. Indeed the maximum visible absorption of 
the TTC isomer of the (deprotonated) merocyanine shifts from 550 nm to 595 nm in the TTT 
isomer (Scheme 1).56,57 The protonated E-merocyanines are also obtained by addition of 1 equiv. 
of a (strong) acid to E-MC and E-NMC formed by irradiation of SP and NSP at -30 °C (to limit 
thermal reversion, Figure S4 and Figure 4, respectively). Subsequent irradiation at 365 nm re-
establishes the PSS obtained with acid (vide supra) with reversion to the Z-isomers upon 
irradiation at 455 nm. 

 

Figure 4. Low temperature UV/vis absorption spectrum of E-NSP and of E-NMC generated at -30 °C by 
irradiation at 365 nm (grey solid line). Addition of near-stoichiometric amounts of CF3SO3H leads to 
formation of E-NMCH+ (blue solid line) with reversion to a PSS upon irradiation by the light source of the 
UV/Vis spectrometer (red solid line). 

The acid/base dependence of the photochemistry of both spiropyrans is summarized in Scheme 3. 
The data presented here contradict earlier proposals that irradiation of the protonated E-
merocyanine leads to the formation of the spiropyran form,33,34,36,58,46 based on the loss of visible 
absorption (i.e. decoloration). Instead it is the protonated Z-merocyanine that was obtained. 
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Scheme 4. Computed energy profiles for the optimized lowest energy conformers of (a) SP and (b) NSP in the ring-
closed spiropyran and ring-open merocyanine forms, and the barriers to their interconversion. All energy differences 
given in kcal/mol. 

 
Scheme 5. Computed energy profiles for the optimized lowest energy conformers of the protonated forms of (a) SP 
and (b) NSP. See caption of Scheme 3. 

The barriers are significantly higher than those of the unprotonated forms, ranging from 29.6 
(Scheme 5a) to 39.4 kcal/mol (Scheme 5b), consistent with their experimentally observed thermal 
stability. The photochemical interconversion between the Z- and E-merocyanine forms thus 
enables controlled access over two distinct protonated states as shown, through the energetic 
entrapment of the respective isomers. 

Re-enabling room temperature switching of SP 

The difference in the pKas of the Z and E-merocyanine isomers additionally opens the possibility to 
gate the photochromism of SP with pH. In large excess, H3PO4 induces formation of Z-MCH+ 
(Figure S7), whereas near stoichiometric amounts have essentially no effect on the absorption 
spectrum of SP. Remarkably, in presence of equimolar phosphoric acid at room temperature 
solely the E-MCH+ isomer is generated both upon irradiation at 300 nm (Figure 5) and thermally 
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