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Abstract. 
Photoactivatable fluorophores switch from a nonemissive to an emissive state upon illumination at an activating wavelength and then emit after irradiation at an exciting wavelength. The interplay of such activation and excitation events can be exploited to switch fluorescence on in a defined region of space at a given interval of time. In turn, the spatiotemporal control of fluorescence translates into the opportunity to implement imaging and spectroscopic schemes that are not possible with conventional fluorophores. Specifically, photoactivatable fluorophores permit the monitoring of dynamic processes in real time as well as the reconstruction of images with subdiffraction resolution. These promising applications can have a significant impact on the characterization of the structures and functions of biomolecular systems. As a result, strategies to implement mechanisms for fluorescence photoactivation with synthetic fluorophores are particularly valuable. In fact, a number of versatile operating principles have already been identified to activate the fluorescence of numerous members of the main families of synthetic dyes. These methods are based on either the irreversible cleavage of covalent bonds or the reversible opening and closing of rings. This paper overviews the fundamental mechanisms that govern the behavior of these photoresponsive systems, illustrates structural designs for fluorescence photoactivation, and provides representative examples of photoactivatable fluorophores in actions.


1. Introduction
Certain organic molecules emit light in the form of fluorescence upon excitation at an appropriate wavelength [1]. This behavior offers the opportunity to probe biological structures and processes with optical methods [2]. Indeed, labeling strategies to introduce fluorescent probes within biological samples, in combination with microscopic techniques to excite the labels and collect their fluorescence, permit the noninvasive visualization of a diversity of specimens in real time [3]. In particular, the basic operating principles of a fluorescence microscope (Figure 1) involve the illumination of the labeled specimen with an excitation source through an objective lens. The radiations focused on the sample excite the many fluorescent labels from their ground state (
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 in Figure 2) to one of their excited singlet states (e.g., 
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). The excited species relax thermally to the first singlet excited state (
	
		
			

				S
			

			

				1
			

		
	
) and then radiatively to S0. The emitted light is collected on the detector, through the very same objective lens, to reconstruct an image of the labeled sample with micrometer resolution on a millisecond timescale. In fact, the fluorescence microscope has become an indispensable analytical tool in the biomedical laboratory for the routinary investigation of cells and tissues.


	
		
			
		
			
		
			
		
			
		
			
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
		
			
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
		
			
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
		
			
		
			
		
			
		
			
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
		
			
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
		
			
	


	
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
	

Figure 1: The fluorescence microscope records images of samples labeled with fluorescent molecules by exciting the labels and collecting their emission.




	
		
		
		
		
		
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
		
		
		
		
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
	
	
		
			
		
		
			
		
	
	
		
			
		
		
			
		
	
	
		
			
		
		
			
		
	
	
		
			
		
		
			
		
	

Figure 2: The excitation of a fluorescent molecule from the ground state (S0) to the second singlet excited state (S2) is followed by internal conversion to the first singlet excited state (S1). The molecule in S1 can either decay nonradiatively or emit light in the form of fluorescence to regenerate S0. Alternatively, it can undergo intersystem crossing to populate the first triplet excited state (T1) and then either decay nonradiatively or emit light in the form of phosphorescence to regenerate S0.


The power of fluorescence microscopy in permitting the visual inspection of biological samples revolves around the ability of individual fluorescent probes to absorb exciting radiations and emit as a result [1]. Thus, the identification of viable strategies to manipulate the photophysical properties of organic molecules is central to the further development of this discipline. In particular, mechanisms to switch molecules from a nonemissive to an emissive state under the influence of optical stimulations translate into the opportunity to photoactivate fluorescence. Interest in such photoactivatable fluorophores was sparked initially by the idea of monitoring the course of photochemical reactions with fluorescence measurements [4] and then by the possibility of using such compounds for photographic applications [5]. It became eventually apparent, however, that photoactivatable fluorophores can be a valuable complement to conventional ones in a diversity of imaging applications [6–12]. Indeed, fluorescence photoactivation permits the monitoring of dynamic processes in real time [13–24] as well as the acquisition of images with spatial resolution at the nanometer level [25–42]. As a result, significant research efforts are presently directed to the development of strategies for fluorescence photoactivation with fluorescent proteins and synthetic dyes together with their implementation in imaging applications. In fact, the former can conveniently be encoded genetically in a diversity of biological samples and permit the visualization of living specimens [17–22]. The latter can be engineered with superior photochemical and photophysical properties, relying on the aid of chemical synthesis [6–12], and their small dimensions, relative to their natural counterparts, ensure minimal steric perturbations to labeled samples [43]. In this paper, we overview the basic principles governing the photophysical properties of organic molecules, highlight the main mechanisms developed so far to photoactivate fluorescence with synthetic chromophores, illustrate representative examples of photoactivatable synthetic probes, and discuss their promising applications.
2. Photophysical Properties of Organic Molecules
An organic molecule can adopt a finite number of electronic configurations with distinct energies [44]. These electronic states differ in the distribution mode of the many electrons among the available molecular orbitals, and their energy separations approach the energies associated with ultraviolet and visible radiations. As a result, a molecule can gain a sufficient amount of energy to change its electronic configuration by absorbing an ultraviolet or a visible photon.
The electronic configuration with the lowest possible energy (ground state) of a neutral organic molecule distributes pairs of electrons with opposite spin in the half of available molecular orbitals with lowest energy. Therefore the sum (
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) of the individual electronic spins is equal to 0 in the ground state. This value corresponds to a multiplicity (
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) of 1 and, hence, this particular electronic state is a singlet and is indicated with the notation 
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 (Figure 2).
Upon absorption of a photon with appropriate energy, an electron in one of the occupied molecular orbitals moves to one of the unoccupied molecular orbitals. During this transition, the electron retains its spin and the multiplicity of the overall system does not change. Thus, the resulting electronic state (excited state) is also a singlet, even though it has two unpaired electrons.
Distinct singlet excited states can be accessed from the very same ground electronic configuration. Indeed, a molecule in the initial state S0 has multiple pairs of occupied and unoccupied molecular orbitals available to permit electronic transitions with different energies. Therefore, excitation from S0 can populate any one of the accessible singlet excited states, depending on the energy of the absorbed photon. For example, the diagram in Figure 2 shows a transition from 
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 to the second singlet excited state (S2) upon excitation.
The electronic transition that accompanies the absorption of a photon from 
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 occurs on a femtosecond timescale [1]. During this extremely fast process, the nuclear configuration of the molecule does not change, and the geometry adopted in 
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 is retained in the final electronic state (e.g., 
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 in Figure 2). After the transition, however, the nuclei respond to the change in electronic configuration by adjusting their relative positions. As a result, the excited molecule alters its geometry to release a fraction of the energy gained with excitation and, eventually, changes its electronic configuration to decay nonradiatively to 
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. This relaxation process, called internal conversion (Figure 2), occurs generally on a timescale of picoseconds. Once 
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 is populated, the excited molecule can return back to S0 by either releasing thermal energy or emitting light in the form of fluorescence. The decay from 
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 to 
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 tends to occur over times ranging from hundreds of picoseconds to a few nanoseconds.
The two unpaired electrons of a molecule in S1 have opposite spin. One of them can change its spin to produce an electronic state with a total spin (
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) of 1 and a multiplicity (
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) of 3. Therefore, this particular state is a triplet and is indicated with the notation 
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. The process responsible for the transformation of 
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 that is called intersystem crossing (Figure 2) occurs generally over several nanoseconds and is followed by either the release of thermal energy or the emission of light in the form of phosphorescence to populate 
	
		
			

				S
			

			

				0
			

		
	
. The transformation of 
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, however, requires one of the two unpaired electrons to change its spin and happens over times ranging from few nanoseconds to several microseconds.
Photochemical reactions also offer the opportunity to release the excitation energy of a molecule [45]. Specifically a compound in 
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 can undergo a structural transformation to produce a different species, which can then decay to its ground electronic configuration. Thus four distinct relaxation pathways are available to deactivate 
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, but only one of them is responsible for fluorescence. Indeed 
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 thermally, (2) decay to 
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, or (4) undergo a photochemical reaction. As a result, the quantum efficiency of fluorescence is ultimately dictated by the rates of these competitive processes [1]. In particular the fluorescence quantum yield (
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) is the ratio between the number of emitted photons (
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) and the number of the absorbed photons (
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) and is related to the rate constants of fluorescence (
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), according to (1). Therefore the ability of a fluorophore to emit light can, in principle, be controlled by manipulating these four rate constants with appropriate structural modifications:
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3. Mechanisms and Structural Designs for Irreversible Fluorescence Photoactivation
Photoactivatable fluorophores switch from a nonemissive to an emissive state upon illumination at an activating wavelength (
	
		
			

				𝜆
			

			
				A
				c
			

		
	
 in Figure 3). The photogenerated species is then irradiated at an exciting wavelength (
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 in Figure 3) to emit light in the form of fluorescence. This behavior can be implemented with two general mechanisms [6–12]. One of them acts on the ability of 
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. In the first instance, the switchable system is designed to absorb at 
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 only after the transformation induced by 
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. Under these conditions, activation enables the population of the excited state responsible for fluorescence. In the second instance, the initial species can also absorb at 
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, but nonradiative decay dominates its relaxation. After the transformation induced by 
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 is designed to decrease significantly, relative to 
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, in order to enhance 
	
		
			

				𝜙
			

			

				𝐹
			

		
	
, according to (1).


	
		
			
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
		
		
		
			
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
		
			
				
					
				
					
				
			
		
	


	
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
	
	
		
		
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
			
		
		
			
		
		
			
		
	
	
		
			
		
		
			
		
		
			
		
	

Figure 3: Photoactivatable fluorophores switch from a nonemissive to an emissive state upon illumination at an activating wavelength (
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) and then emit upon irradiation at an exciting wavelength (
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				x
			

		
	
).


Both mechanisms for fluorescence activation can be implemented by integrating switchable and fluorescent components within the same covalent skeleton [6–12]. The local excitation of the former can then be achieved with an activating beam operating at 
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 to induce the cleavage of one or more covalent bonds. This photolytic process separates irreversibly the two components and, in some instances, is also followed by a rearrangement or a supramolecular event. Ultimately, the photoinduced structural transformation either enables the absorption of the fluorescent fragment at 
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 or suppresses the nonradiative decay of its excited state. This general design logic is extremely versatile and can easily be adapted to most of the main families of fluorescent probes with the aid of chemical synthesis. Indeed, photoactivatable acridinone [46], anthracene [47], benzofurazan [48], borondipyrromethene [49], chromone [50], coumarin [51–56], dihydrofuran [57–59], fluorescein [60–67], naphthalene [68], pyranine [69], pyrazolines [70], resorufin [71], rhodamine [66, 72–76], thioxanthone [77] and xanthone [78] derivatives have been developed on the basis of these operating principles. Furthermore, this general strategy has been adapted to activate also the luminescence of conjugated oligomers [79] and semiconductor quantum dots [80, 81].
The behaviors of compounds 1a [57] and 2a [64] (Figure 4) are representative examples of the two main mechanisms for fluorescence photoactivation. The former has a photocleavable azide group attached to a dihydrofuran fluorophore. The latter has a photocleavable nitrobenzyl group attached to a fluorescein fluorophore. The absorption spectrum of 1a in ethanol shows a band centered at 424 nm [57]. Upon illumination at a 
	
		
			

				𝜆
			

			
				A
				c
			

		
	
 of 407 nm, the azide group cleaves to generate irreversibly 1b. This structural transformation shifts the absorption band to 570 nm. Thus, irradiation at a 
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 (594 nm) positioned within this band can excite exclusively the photogenerated species 1b. It follows that the fluorescence of this molecule is observed only after activation at 
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 and excitation at 
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.


	
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
			
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
		
			
				
					
				
					
				
			
		
		
			
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
		
		
		
		
		
			
		
			
		
			
		
			
		
			
		
		
		
		
		
			
		
			
		
			
		
			
		
			
		
			
				
					
				
					
				
			
		
		
			
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
		
		
		
		
		
		
		
			
		
		
		
		
			
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
			
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
		
		
		
		
		
		
		
			
		
		
			
	


	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
	
	
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
	
	
		
	
	
		
	
	
		
		
	
	
		
	
	
		
	
	
		
		
	
	
		
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
			
		
	
	
		
			
		
		
			
		
		
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
		
		
			
		
		
			
		
		
			
		
	
	
		
			
				
			
			
				
			
		
	
	
		
			
				
				
			
		
	
	
		
			
		
		
			
		
	
	
		
			
			
		
	
	
		
			
			
		
	
	
		
			
			
		
	

Figure 4: Illumination of 1a at an activating wavelength (
	
		
			

				𝜆
			

			
				A
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) cleaves the azide group to generate 1b and enable absorption at an exciting wavelength (
	
		
			

				𝜆
			

			
				E
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). Irradiation of 2a at a 
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 cleaves the nitrobenzyl appendage to produce 2b and discourage nonradiative decay upon excitation at a 
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. Both processes translate into irreversible fluorescence activation.


The absorption spectrum of 2a in neutral buffer reveals an intense band in the visible region for the heterocyclic chromophore [64]. Upon illumination at 
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 of 490 nm, 2a changes its electronic configuration to populate S1. However, the transfer of one electron from the phenoxy appendage to the heterocyclic fragment encourages the nonradiative deactivation of 
	
		
			

				S
			

			

				1
			

		
	
. As a result, the fluorescence quantum yield of 2a is negligible. Upon irradiation at a 
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 of 350 nm, the nitrobenzyl group attached to the heterocyclic chromophore cleaves to generate 2b. The anionic character of the photogenerated species prevents intramolecular electron transfer in 
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 and favors, instead, the radiative decay of this state. In fact, illumination of 2b at 
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 is accompanied by significant emission. Thus, also for this particular system, fluorescence is observed only after activation at 
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 and excitation at 
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.
The irreversible photolysis of the azide group of 1a and nitrobenzyl appendage of 2a releases an intact fluorescent fragment that can then emit upon excitation at an appropriate wavelength [57, 64]. In some instances, however, the released fragment must associate with a supramolecular partner in order to discourage nonradiative decay and enable emission [67, 68]. In other instances, the photochemical reaction does not release the intact fluorophore and, instead, generates an intermediate species that spontaneously rearranges into the final fluorescent fragment [50, 52, 54, 56]. Alternatively, such photolytic events can be coupled with energy transfer to activate fluorescence [65, 66]. For example, compound 3a (Figure 5) pairs a coumarin donor to a fluorescein acceptor within its covalent skeleton [65]. The nitrobenzyl appendage attached to the donor cleaves upon illumination at a 
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 of 365 nm in neutral buffer. This structural transformation shifts bathochromically the absorption of the coumarin fragment and enables its excitation at a 
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 of 410 nm. The excited donor can then transfer energy to the fluorescein acceptor, which then emits at 520 nm. Thus, the fluorescence of the acceptor is eventually activated through the manipulation of the absorption properties of the donor.


	
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
			
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
		
			
				
					
				
					
				
			
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
			
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
		
		
		
		
		
		
		
			
		
			
		
			
		
			
		
		
			
		
		
			
		
			
		
			
		
			
		
		
		
		
		
			
		
		
		
		
			
		
		
		
		
		
		
		
		
			
		
			
		
			
		
			
		
		
			
		
		
			
		
			
		
			
		
			
		
		
		
		
		
			
		
		
		
			
				
				
					
				
			
		
	


	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
		
			
		
		
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
		
		
			
		
		
			
		
		
			
		
	
	
		
			
				
			
			
				
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
				
			
			
				
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
				
				
			
			
				
			
			
				
			
		
	
	
		
			
				
				
			
			
				
			
			
				
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
				
				
			
			
				
			
			
				
			
		
	
	
		
	
	
		
	
	
		
			
		
	
	
		
			
				
				
			
			
				
			
			
				
			
		
	
	
		
			
				
				
			
			
				
			
			
				
			
		
	
	
		
			
		
		
			
		
		
			
		
		
			
		
	
	
		
			
		
		
			
		
		
			
		
		
			
		
	
	
		
			
				
			
			
				
			
		
	
	
		
			
		
	
	
		
		
		
		
		
		
	
	
		
			
				
				
				
				
				
				
				
				
			
		
	
	
		
			
				
				
			
			
				
			
			
				
			
		
	
	
		
	
	
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
			
		
		
			
		
	
	
		
			
		
		
			
		
	

Figure 5: Illumination of 3a at an activating wavelength (
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) cleaves the nitrobenzyl group to generate 3b and enable the local excitation of the coumarin donor upon irradiation at an exciting wavelength (
	
		
			

				𝜆
			

			
				E
				x
			

		
	
). The process is followed by the transfer of energy to the fluorescein acceptor and, ultimately, results in the activation of the fluorescence of the latter.


4. Mechanisms and Structural Designs for Reversible Fluorescence Photoactivation
The operating principles for fluorescence activation associated with 1a–3a are centered around the photolysis of a covalent bond [57, 64, 65]. This photoinduced process is irreversible and, therefore, the fluorescence of the photochemical product cannot be switched off after activation. Reversible fluorescence activation can, instead, be achieved relying on the inherent reversibility of photochromic transformations [82–87]. Indeed, photochromic compounds switch from a colorless to a colored state under illumination at an appropriate wavelength and return to the original form either thermally or upon irradiation at another wavelength. In fact, the photoinduced coloration of a photochromic compound is, essentially, imposing a bathochromic shift on the absorption spectrum similar to that associated with the interconversion of 1a into 1b. It follows that the photogenerated state of the photochromic component can, eventually, be excited selectively at an appropriate 
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. If this species is fluorescent, then its emission is observed after activation at a 
	
		
			

				𝜆
			

			
				A
				c
			

		
	
 designed to trigger the photochromic transformation and illumination at 
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 to excite the photogenerated state [87–94]. This behavior is identical to that associated with the photoinduced conversion of 1a into 1b except for the fact that the photochromic process is reversible. Therefore, the original nonemissive state can be regenerated and the system can undergo multiple fluorescence activation/deactivation cycles. Nonetheless, the fluorescence quantum yields of most photochromic compounds are fairly modest, relative to those of the main families of fluorescent probes, with the exception of certain diarylethenes [95–97], rhodamines [98–102], and spiropyrans [103, 104].
The behaviors of compounds 4a [98] and 5a [97] (Figure 6) are representative examples of reversible fluorescence activation on the basis of photochromic transformations. The former has a lactam ring connected to a xanthene heterocycle through a spirocenter. Upon illumination at a 
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 of 366 nm in a poly(vinyl alcohol) matrix, the [C–N] bond at the spirocenter cleaves to generate the rhodamine 4b. This transformation is accompanied by a significant bathochromic shift in absorption. In fact, the photogenerated isomer can be excited selectively with a 
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 of 530 nm. The diarylethene 5b has three adjacent [C=C] bonds at its core. Upon irradiation at a 
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 of 313 nm in dioxane, they undergo an electrocyclic rearrangement to close a six-membered ring in the form of compound of 5b. Once again, this structural transformation imposes a significant bathochromic shift in absorption and the photogenerated isomer can be excited selectively at a 
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 of 488 nm. Thus, both systems offer the opportunity to photoactivate fluorescence with a mechanism that is essentially identical to that governing the behavior of 1a. In these instances, however, the photogenerated species 4b and 5b can switch back to the original nonemissive states 4a and 5a, respectively, offering the opportunity to perform multiple activation/deactivation cycles. Nonetheless, 4b is thermally unstable, while 5b is thermally stable. The former reverts spontaneously to 4a on a millisecond timescale and the latter converts to 5a photochemically under visible illumination.


	
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
			
		
			
				
			
			
				
			
			
				
					
				
				
					
				
				
					
						
					
				
			
		
		
		
			
				
					
				
	