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Abstract

A series of new two-photon pumped (TPP) up-conversion lasing dyes, named PSPI, DEASPI, HMASPI and HEASPI, have

been synthesized. These dyes are stilbene-type chromophores end-capped with the same acceptor group but with varied donor

groups. Pumped by a 1064 nm, ,40 ps mode-locked Nd/YAG laser pulses, all chromophores showed TPP up-conversion laser

emission with the efficiencies as high as 7.1–10.7%, showing their great potentiality in the application of two-photon areas.

Semiempirical calculations showed those chromophores which possess large two-photon absorption (TPA) cross-sections. The

relation between TPA and TPP as well as some mechanism were discussed. q 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The research of the materials with large two-

photon absorption (TPA) cross-section is now gaining

increasing attention because of their potential appli-

cations in optical data storage [1–3], optical limiting

[4] and two-photon pumped (TPP) up-conversion

lasing [5,6]. TPP lasing in organic materials involves

a direct absorption of two photons through a virtual

state to access an excited state. Its pump wavelength

shifts to longer wavelength compared to single-

photon pumped lasing, where materials are relatively

photostable. Moreover, it does not require phase

matching, and can provide a broad tuning range with

considerable ease. The semiconductor diode lasers

can provide required sources, so the cost of up-

conversion laser can be very low. Because of these

advantages, a considerable amount of efforts has been

devoted to study TPP materials. It is very clear that the

large TPA cross-section is essential for up-conversion

lasing. However, efficiencies of TPP lasing so far have

been rather low, and the full utility of two-photon

absorbing materials has not been realized [7,8]. So it

is of great significance to develop criteria of designing

molecules with large TPA cross-section and search for

enhancement of the efficiencies in up-conversion

lasing.

In this paper, we have designed and synthesized a

series of stilbene-type derivatives in which a terminal

N-methyl-pyridinium group is used as acceptor, and

terminal substituted amino groups are used as donors.

The up-conversion efficiencies were measured by a

1064 nm, ,40 ps mode-locked Nd/YAG laser pulses.

The results show that efficiencies of those dyes range
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from 7.1 to 10.7% in 0.05 M DMF solution.

Semiempirical calculations showed those chromo-

phores possessing as large as ,10248 cm4 s/photon

cross-sections. The relation between TPA and TPP as

well as the mechanism of up-conversion was

discussed.
2. Experiment

The structures of synthesized chromophores are

shown in Fig. 1. The abbreviated names PSPI,

DEASPI, HMASPI and HEASPI stand for trans-4-

[ p-(pyrrolidinyl) styryl]-N-methyl pyridinium idode,

trans-4-[ p-(N,N-diethyl amino) styryl]-N-methyl

pyridinium idode, trans-4-[ p-(N-hydroxyethyl-N-

methyl)amino styryl]-N-methyl pyridinium idode

and trans-4-[ p-(N-hydroxyethyl-N-ethyl)amino

styryl]-N-methyl pyridinium idode, respectively.

Linear absorption curves of four dyes were

measured on Hitachi U-3500 recording spectropho-

tometer in solution DMF with d0 ¼ 1:00 £ 1025 M

and in quartz cuvette of 1 cm path length. TPP lasing

spectral structures of chromophores with DMF as

solution and d0 ¼ 0:05 M were measured by using the

streak camera C5680-01 with a 0.2 ps resolution. The

pump source is a mode-locked and frequency doubled

Nd/YAG laser with a 40 ps pulse width and 10 Hz

repetition rate.

Fig. 1. Structure scheme of compounds.

Fig. 2. Linear absorption spectra with DMF as solvent and d0 ¼

1:00 £ 1025 M:

Fig. 3. Spectral structures of the TPP lasing with 1064 nm and 40 ps

pulse as pumping source, with DMF as solvent and d0 ¼ 0:05 M:
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3. Results and discussion

Fig. 2 shows the linear absorption properties of the

four chromophores. One can see that the maximum

absorption peaks are all in 475–485 nm. There is no

detectable absorption from any of the chromophores

over the spectral range of 600–1300 nm and any

absorption induced by excitation at this wavelength

range must be attributed to a multi-photon absorption

process. TPP lasing spectral structures are shown in

Fig. 3. It shows that when pumped with a laser pulse at

1064 nm, the dyes show a strong TPP lasing emission.

The central wavelengths are locked in 625–630 nm

with a width at half maximum of ,20 nm. The TPP

lasing efficiencies are listed in Table 1. We can see

from Table 1, the emission efficiencies are from the

minimum of 7.1% for HMASPI to the maximum of

10.7% for DEASPI. Among them, PSPI and HEASPI

possess the same efficiency of 9.8%.

Many factors can influence the TPP up-conversion

property. For the chromophores we investigated,

because of the same skeleton and acceptor but various

donors, the difference of TPP efficiency obviously

originates from the difference of the donor strength.

While the influence of donor strength upon the TPP

emission behavior often shows the intramolecular

charge transfer. Besides, from the view of energy

conversion, the TPA property is very important for the

TPP up-conversion lasing. By using semiempirical

INDO/SCI and SOS methods [9,10], we calculated the

TPA cross-sections of the four chromophores, the

results are listed in Table 1. We can see all the four

dyes showing large TPA cross-sections. The magni-

tude order reaches to ,10248 cm4 s/photon, which

is fundamental for TPP up-conversion lasing.

Meanwhile, the maximum TPA magnitude

5.52 £ 10248 cm4 s/photon for DEASPI in the four

corresponds to the maximum TPP up-conversion

efficiency of 10.7%. While the smallest TPA cross-

section of 1.62 £ 10248 cm4 s/photon for HMASPI

corresponds to the minimum efficiency of 7.1%. The

other two dyes with the same TPP efficiency possess

almost the same TPA cross-section. Therefore, we can

conclude that though the TPA cross-section was large

it could not in all the case result in the large TPP up-

conversion lasing efficiency, while the large TPP up-

conversion lasing, on the contrary, must require the

large TPA cross-section. One can theoretically design

molecules with large TPA cross-section before

synthesis, avoiding experiment blindly.

4. Conclusion

A series of new stilbene derivatives PSPI, PEASPI,

HMASPI and HEASPI were synthesized. All chro-

mophores emitted 625–630 nm TPP up-conversion

lasing when pumped with a 1064 nm IR laser beam,

and the efficiencies are as high as 7.1–10.7%,

showing their great potentiality in the application of

two-photon areas. Calculation results show that this

group of compounds possesses large TPA cross-

sections, either. By comparing the TPA and TPP

properties, one can conclude that the chromophore

with a large TPA cross-section can be expected to

have a large TPP up-conversion efficiency.
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TPP up-conversion lasing efficiencies and TPA cross-sections

Compound
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d ( £ 10248 cm4 s/photon) 3.38 5.52 1.62 3.34
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