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We report the photochemical and photophysical performances of some new dyes 

belonging to the xanthylium salts family. Performances under Copper Vapor 

Laser ( CVL ) pumping are described and compared to those of Rhodamine 6G. 

1. INTRODUCTION 

In order to obtain the lowest cost for a watt of tunable light in the AVLIS 

process, the key for an industrial development, we have been engaged for many 

years in the photophysical and photochemical characterization of the active 

medium in order to understand how it works and to maximize the pump to dye 

conversion efficiency. 
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Different dyes were studied, the major part of them belong to the xanthene 

family. The main features for a good laser dye are: a large absorption cross 

section at the pump wavelength, a large emission cross section, a great 

photochemical stability and if possible a large emission bandwith to simplify the 

laser architecture. 

Xanthene dyes are very efficient under Copper Vapor Laser (CVL) pumping but 

many of them have several drawbacks. Their Stokes shift is generally small, their 

emission bandwidth is limited, their excited singlet states exhibit absorption in 

the fluorescence band which decreases their effective emission cross sections. 

In order to overcome these difficulties, we decided to investigate the laser 

properties of an other family: the xanthylium salts which exhibit very promising 

spectral properties. 

The purpose of this paper is to describe some of these dyes, from a chemical and 

from an optical point of view. 

2. CHEMICAL PROPERTIES OF THE XANTHYLIUM SALTS 

Xanthylium salts belong to the family of pyrylium salts. When these molecules 

are rigidified by preventing the rotation of substituents in the 2 and 6 positions, 

we obtain 5,6,8,9-tetrahydro dibenzo [c,h] xanthylium salts. 

The general formula of these dyes is shown below: 
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The laser dye 3,11-dimethoxy-tetrahydro 5,6,8,9 dibenzo [c,h] xanthylium 

tetrafluoroborate (IX) is a good representative of this family. Its synthesis is 

described in [1]. 

Briefly, the reaction is a double condensation of an ethylorthoformiate molecule 

with two equivalent molecules of 6-methoxy 1-tetralone. In strong acid medium, 

the obtained dicetone cyclizes and gives the dibenzo xanthylium salt with 84% 

yield. In order to understand the contribution of the methoxy groups to the 

emissive properties, a new molecule (1XB), in which the rotation of these 

groups is prevented, has been synthetized. 

The compound 1XD is obtained by replacing the methoxy groups by hydroxy 

groups. 

The general formula of these three compounds is given in figure 1: 

CH3O 
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3. PHOTOPHYSICAL PROPERTIES 

Due to the presence of hydroxy groups, photophysical properties of 1XD can 

be tuned by varying the pH of the solution. For pH = 4, the measured values 

for Xabs
max. and Xcm

max. are respectively 508 and 574 nm; they are shifted to 620 

nm and 692 nm when pH is set above 8. 

The absorption spectra of the three salts are shown on figure 2 (a,b and c). The 

spectrum shown for 1XD was obtained in acidified ethanol to favor the 

existence of the protonated form. The xanthylium salts show broad absorption 

spectra. The molar extinction coefficient at the maximum absorption wavelength 

(around 50000 NT'cm"1) is nearly half the one of xanthene dyes. The corrected 

emission spectra are also shown on figure 2 (a',b' and c'). 

Figure 2 

400 500 600 

Wavelength (nm) 

Absorption spectra of 1X/CH,CN (a), lXIVCH^N (b) and IXD/EtOH ,„, + 1%, 
CHjCOOH (c). Corrected emission spectra of !X/CH3CN (a'), IXB/CH3CN (b') and 
lXD/EtOH.b,+ ln/mCH3COOH (<:'). 
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Figure 2 

Ahsorption spectra of IX/C目、CN(の， IxnlC円、CN(h) and lXDlEtOH .h. + 10/"" 
C:_l!~C:9t?H (c). ~orrecled emiso;ion spcctra of IX/CH3CN (a')， IXB/CH)CN (b・)anu 
IXD/EtOH.h，+ l%oCH3COOH (c'). 
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The major photophysical constants of these salts are summarized in table 1 and 

compared with those of Rhodamine 6G. We can notice that the fluorescence 

lifetimes of the xanthylium salts are much longer than the one of Rh6G. 

Table 1 

Photophysical constants of the three dibenzo xanthylium salts and of Rh6G. 

IX 

1XB 

1XD 

Rh6G 

Xabs-m„.(nm) 
e(M-,cm-1) 

504(a)[55800] 
497(b)[44200] 

519(b) [42600] 

509(d) 

532(c)[105] 

fluo. lifetime 
rF(ns) 

5.6 (a) 
5.5(b) 

6(a) 
6(b) 

4.5(d) 

3.8(c) 

fluo.quant 
yield <1>F 

1(a) 
0.88(b) 

0.81(a) 
0.94(b) 

0.79(d) 

0.96(c) 

Xnuo-max.(nm) 

560(a) 
567(b) 

595(a) 
595(b) 

574(d) 

555(c) 

Solvents: 
(a):trifluoroethanol (b):acetonitrile (c):absolute ethanol (EtOHabJ (d^EtOEU, + 1°/, 
CH3COOH 

4. LASER CHARACTERISTICS OF THE XANTHYLIUM SALTS [2,3] 

We determine the tuning curves of IX in trifluoroethanol (TFE), 1XB in 

acetonitrile (CH3CN), and compared them with the one of Rh6G in absolute 

ethanol under CVL pumping. The results are shown on figure 3. 

IX is as efficient as Rh6G on a wider tuning range ( 550-650 nm for IX; 555-

630 nm for Rh6G). The tuning range remains large when the rotation of the 

methoxy groups is prevented as in 1XB as shown on figure 3. 

— 781 — 

The major photophysical constants of these salts are summarized in table 1 and 

compared with those of Rhodamine 6G. We can notice that the fluorescence 

lifetimes of the xanthylium salts are much longer than the one of Rh6G. 

Table 1 

Photophysical constants of the three dibenzo xanthylium salts and of Rh6G. 

λ山・ (nm) m:uc. fluo. lifetime fluo.quant λnu。.m札 (nm)
ε(M-1cm寸) TF(ns) yield争F

lX 504(a) [5580Q] 5.6 (a) 1 (a) 560(a) 
497(b) [44200] 5.5(b) 0.88(b) 567(b) 

lXB 519(b)[4260Q] 6 (a) O.81(a) 595(a) 
6φ) O.94(b) 595(b) 

lXD 509(d) 4.5(d) O.79(d) 574(d) 

Rh6G 532(c)[1Q5] 3.8(c) O.96(c) 555(c) 

Solvents: 
(a):trifluoroethanol (b):acetonitrile (c):absolute ethanol (EtOH山.> (d):EtO見bs+ 10/∞ 
CH3COOH 

4. LASER CHARACTERISTICS OF THE XANTHYLIUM SALTS [2，3] 

We determine the tuning curves of lX in trifluoroethanol (TFE) ， lXB in 

acetonitri1e (CH3CN)， and compared them with the one of Rh6G in absolute 

ethanol under CVL pumping. The results are shown on figure 3. 

lX is as efficient as Rh6G on a wider tuning range ( 550-650 nm for lX; 555-

630 nm for Rh6G). The tuning range remains large when the rotation of the 

methoxy groups is prevented as in lXB as shown on figure 3. 

-781ー



dibenzo xanthylium versus xanthene 
Ep=1mJ 6kHz *=510.6nm 

800 
a.u 

540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 690 

Lambda (nm) 

1XB/CH3CN 

1X/TFE 

Rh6G/EtOHabs 

Figure 3 

Compound 1XD gives its best results in acidified ethanol. A large tuning range 

is obtained but with a lower efficiency than the one of IX. The results are 

shown on figure 4. TUNING RANGE OF 1X AND 1XD 
Ep = 1mJ 10 kHz 
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In order to understand the particular shape of the emission bands, we developed 

an experimental set up to get the excited singlet state absorption spectra in the 

fluorescence band [4]. These spectra could not help us to explain the shapes 

obtained. The formation of a transient absorbing species seems to be the 

explanation, it is under investigation. 

5. CONCLUSIONS 

Dibenzo xanthylium salts are very promising laser dyes. They exhibit very large 

tuning ranges and high efficiency in polar solvents. They are photochemically 

stable under visible pumping and represent an alternative choice to rhodamine 

dyes. 
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