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A New Concept of Photogeneration of Cations: Evidence for 
Photoejection of Ca 2§ and Li § from Complexes with a 
Crown-Ether-Linked Merocyanine by Picosecond 
Spectroscopy 
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Time-resolved transient absorption and gain spectra of DCM-crown and its complexes with Li" 
and Ca ~ in acetoni~-ile are measured in the wavelength range 370-670 nm after subpicosecond 
excitation at 425 ran. The results give evidence for the fast formation of free DCM-crown from 
both excited complexes, with a faster rate for the LP complex. A two-step mechanism is found 
for the initial decay (within 30 ps) of the free DCM-crown. 
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INTRODUCTION 

According to chemical relaxation methodology, the 
kinetics of  the responses of  chemical or biological sys- 
tems to cation concentration jumps can provide valuable 
insights into these systems. Photochemical processes can 
induce very fast and spatially controllable concentration 
changes. Photorelease of  cations from a " cage"  is in- 
deed possible by means of  photocleavable chelators [1] 
or cryptauds [2] or by photoinduced changes in the 
chemical structure of  chelators [3]. 

These processes are irreversible, and it is of  interest 
to design reversible systems to improve the signal-to- 
noise ratio by accumulation. This can be achieved with 
systems in which the interaction between a cation and a 
coordinating atom (e.g., nitrogen) is broken as a result 
of  photoinduced intramolecular charge transfer from this 
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donor atom toward an electron-withdrawing group far- 
ther in the molecule, as illustrated in Scheme I. 

DCM-crown (Scheme ]I), consisting of  the well- 
known merocyanlne laser dye in which the dimethyl 
amino group has been replaced by a macrocycle (mow 
oaza-15-crown-5), is a possible candidate for such a pro- 
cess. It is indeed admitted that fluorescence emission of  
DCM and its derivatives results almost solely from an 

Scheme I 
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Fig. 1. Absorption spectra, corrected emission spectra, and excited- 
state lifetimes of DCM-erown and its complexes with Li* and Ca 2`. 

intramolecular charge transfer from the donor moiety 
(amino group) to the acceptor moiety (dicyanomethylene 
group) [4]. 

The absorption spectrum of DCM-crown is drasti- 
cally blue shifted upon binding of Li § and Ca 2§ as ex- 
pected from the reduction of the electron-donating 
character of the nitrogen atom, but the fluorescence spec- 
trum undergoes no shift (Fig. 1), and the excited-state 
lifetime is almost unaffected by complexation, whereas 
the fluorescence quantum yield is reduced [5]. 

These observations seem to show that excitation of 
the ground-state complexes leads to an emissive species 
which is the free ligand as a consequence of photoin- 
duced ejection of the cation. Similar conclusions have 
been drawn from the observation of "crowned" donor- 
acceptor stilbene derivatives [6]. A preliminary investi- 
gation of DCM-erown and its complexes by picosecond 
pump-probe spectroscopy has provided evidence for a 
disruption of the interaction between the cation and the 
nitrogen atom of the crown [7]. Further study of the 
excited-state phenomena by this technique is reported 
here. 
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Fig. 2. Transient absorption and gain spectra (AD; leR scale) of DCM- 
crown (a) and its complexes with Li + Co) and Ca 2. (e) in acetonitrile 
after excitation with a 0.7-ps pulse at 425 nn~ Time zero has been 
chosen at half of the initial rise of AD at 470 nm of the complex 
solutions. The ground-state absorption spectrum is also given (optical 
density) for comparison, Do (fight scale). 

2. EXPERIMENTAL 

Time-resolved transient absorption and gain spectra 
are measured by the pump-probe technique using a 0.7- 
ps, 15- to 30-pJ pump pulse at 425 um and a continuum 
probe produced by focusing a 0.3-ps, 100- to 200-rd, 
710-urn pulse in a 1-era water cell. The 425- and 710- 
um synchronized pulses are generated by the same dye 
laser system using a nano- to subpicosecond pulse short- 
ening method [8]. The whole system is driven by a sin- 
gle, seeded, 10-Hz, Q-switched Nd:YAG laser (Quun- 
tel). Pump-probe experiments are carried out with a 
two-beam probe arrangement as in Ref. 7. The transient 

spectra are accumulated over 500 laser shots. The so- 
lutions are recirculated to avoid permanent bleaching ef- 
fects. 

3. RESULTS AND DISCUSSION 

The differential optical densities (AD) measured for 
solutions of DCM-crown and its complexes with Li § and 
Ca 2§ in CH3CN, withl, 30 ps aRer subpicosecond exci- 
tation at 425 nm; in the wavelength range 370-670 nm, 
are given in Fig. 2. A broad transient absorption band 
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(AD > 0) showing three maxima, around 410, 470, and 
530 nm, is observed for the free DCM-erown (Fig. 2a) 
within and immediately after excitation. This band is 
found to evolve within a few tens of  picoseconds after 
excitation. The 410- and 470-nm magima grow further, 
whereas the 530-nm maximum does not change much 
and a dip occurs around 500 urn, with a region of  con- 
stant AD (isosbestic point) around 482 nm; indicating a 
two-step or two-state photoinduced process. A striking 
observation is that the net gain band in the range 570- 
670 nm (AD < 0, Do = 0) shifts to the red during the 
first step, then slightly shifts back to the blue during the 
second step and keeps increasing during the whole pro- 
cess. Similar changes are observed for the laser dye 
DCM in acetonitrile [9]. For further time delays, nano- 
second decay of  AD without a noticeable change in 
shape of  the transient spectrum is observed. 

The transient spectra measured for the DCM- 
crown-Li § complex (Fig. 2b) show an initial broad tran- 
sient absorption band in the wavelength range 440-550 
nm. A slight bleaching ( ~  < 0) can be seen around 
420 urn. Within 3 ps a strong increase in the transient 
absorption around 530 nm is observed, confirming our 
pre~ious observations [7], which lead us to suggest rapid 
formation of  the free DCM-crown by cation photoejec- 
tion from the complex excited state. In the present ex- 
periment~ LkD is also found to increase in the range 380- 
440 nm, where free DCM-crown transient absorption is 
also expected. Bleaching is no longer observed at 3 ps. 
At 20 ps, absorption bands can be seen around 410 and 
470 nm, whereas the 530-rim band has not changed 
much and the gain band is blue-shifted, as observed 
when exciting free DCM-crown (Fig. 2a). Similar results 
are found for the complex with Ca 2§ at a lower rate (Fig. 
2c). The delayed increase in AD around both 400 and 
530 nm within a few tens ofpicoseconds after excitation 
shows formation of  the flee DCM-erown. The second 
step in its decay mechanism can be guessed by the dip 

formed around 500 nm at long delays and the slight blue 
shift of  the gain band. The two-step mechanism after 
ejection of  Ca ~ is not well resolved, indicating that it 
may occur.on the same time scale as the photoejection 
process. Furthermore, a smaller photoejection yield is 
foreseen for Ca 2§ than for Li § [7]. 

4. CONCLUSION 

Our observations demonstrate that DCM-erown is 
less complexing in the excited state that in the ground 
state, giving direct evidence for the reduction of  nitrogen 
electron-donating character upon electronic excitation. 
Furthermore, our experiments provide evidence for rapid 
evolution (within 30 ps) of  the free DCM-crown excited 
state formed by cation ejection from the excited complex 
as well as from laser excitation, with a two-step or two- 
state mechanism. There is no indication of  such a two- 
state decay mechanism in competition with the photoin- 
duced cation ejection process from the complex excited 
state. 
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