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Chapterr  5 

Femtosecondd Dynamics of IR molecules in Hybri d Materials 

Abstract t 

Wee report on the optical properties of two dye molecules absorbing in the near 

infraredd region (0.8—1.1 urn) and emitting up to 1.3 \im. The chromophores are 

embeddedd in hybrid organic/inorganic silicon-based films synthesized by a modified 

sol-gell  technique. Femtosecond time-resolved emission spectra have been measured 

inn order to determine the effect of the solid cage on the excited state dynamics of the 

trappedd molecules. For comparison, measurements in different solvents are reported 

andd an estimation of the relative quantum efficiency in solid glassy material with 

respectt to liquid solutions is given. Measurements are discussed in terms of physical 

andd chemical interactions with the host matrix. 
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5.11 Introductio n 

Manyy organic dye molecules dissolved in liquid solutions are commonly 

employedd for well known applications such as dye lasers, saturable absorber, optical 

dataa storage, etc. [1]. The incorporation of organic dyes in solid matrices (polymers, 

glassess and composite glasses) is also of great importance. In fact, solid state lasers 

offerr many advantages with respect to liquid dye lasers because of their mechanical 

stability,, low toxicity, compactness and versatility. 

Decompositionn of organic materials when handled at high temperatures 

excludess the possibility to incorporate them in traditional glasses by melting. The sol-

gell  technique offers a valuable alternative due to the low temperatures involved in the 

reactions.. The sol-gel method allows successful doping of glassy materials with dyes 

[22 - 4] and laser emission in the visible and ultraviolet spectral region has been 

demonstratedd [5 - 7] with even better performances when compared to less stable 

polymerr matrix lasers. 

Recently,, the field was extended to the study of molecules with luminescence 

propertiess in the infrared (IR) region [8, 9]. As is well known, this spectral region is 

cruciall  for fiber optics communications. Important information, such as emission 

quantumm yield or the lifetime of the excited state, is still lacking for these dye 

molecules,, however. Moreover, on an ultrafast time scale, molecular relaxation and 

intramolecularr rearrangements are very sensitive to the dynamics of the solvents and 

eventuallyy of the solid matrix in which they are embedded [10]. 

Inn this study femtosecond time-resolved emission spectroscopy has been 

employedd to determine the excited-state dynamics of two infrared dye molecules in 

solutionss and in hybrid organic/inorganic sol-gel films. 
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5.22 Experimental 

Hybridd films were prepared with tetramethyl orthosilicate (TMOS) and 3-

(trimethoxysilyl)propyll  methacrylate (TMSPM) as precursors. Molar ratios of the 

solventss and precursors used for the synthesis of the samples were 

TMOS:TMSPM:water:ethanoll  = 1:1:4:2. The dye molecules, IR1048 and IR1061, 

weree purchased from Sigma-Aldrich. The former molecule belongs to the cyanine 

familyy and the latter molecule is a thiopyrilium. The schematic structures of the two 

chromophoress are shown in Figure 5.1. 
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FigureFigure 5.1: Molecular structure of the infrared dyes 

Dopingg of the composite matrix was by directly adding the dye powder to the 

sol-gell  solution without further purification. The concentration of the dyes was of the 

orderr of 10"5 M. Solutions were filtered and casted on Corning glass substrates in a 
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cleann room. After deposition, films were dried at 40 °C for 24 hours. The average 

filmm thickness, measured with a profilometer, was typically 50 u.m. Liquid solutions 

off  the same chromophores dissolved in acetonitrile and dichloromethane were also 

investigated.. Steady state emission spectra have been performed using a 980 nm 

diode-laserr as excitation source. The luminescence, dispersed through a 30 cm 

monochromator,, was detected with a cooled photomultiplier tube (Hamamatsu 

R5509-72). . 

Thee fluorescence transients were measured using a femtosecond fluorescence 

up-conversionn set-up described in detail elsewhere [11]. The 840 nm excitation 

wavelengthh was provided by a Tsunami Ti:sapphire laser (= 60 fs pulse width) with a 

repetitionn rate of 82 MHz. The up-conversion signal was detected by means of a 

photomultiplierr connected to a photon counting system. The instrumental response 

functionn was determined to be about 150 fs (FWHM). 

5.33 Results and discussion 

Figuree 5.2 shows steady state absorption and emission spectra for IR1048 and 

IR10611 in composite films. Analogous spectra, not shown in the figure, have been 

obtainedd for the same dyes in acetonitrile and dichloromethane solutions. The general 

featuress of the spectra, both in the films and in the solutions, are quite similar. The 

Stokess shift (wavelength difference between the maximum of the absorption and 

emissionn bands) appeared sensitive to the polarity of the solvent. The Stokes shift is ~ 

400 nm when the solvent is acetonitrile and about ~ 30 nm when the solvent is 

dichloromethane.. In the hybrid films, Stokes shift is rather low (AA, = 17 nm and AA. ~ 

200 nm for IR1048 and IR1061, respectively) indicating that the solute molecules are 

mainlyy surrounded by non-polar groups of the organic modifier [12, 13]. 
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FigureFigure 5.2: Steady state absorption (dotted lines) and emission (solid lines) spectra 

forfor IR]048 (a) andIR1061 (b) in hybridfilm 

Inn Figure 5.3 we present the femtosecond fluorescence upconversion transients 

forr IR1048 and IR1061 dissolved in acetonitrile and dichloromethane, as detected at 

11200 nm. All curves show an instantaneous rise, within the system response of 150 fs, 
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followedd by a fast decay, this decay being dependent on the solvents. The transients 

havee been fitted to a bi-exponential decay convoluted with the system response 

function.. The results are summarized in Table 5.1. 
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FigureFigure 5.3: Femtosecond fluorescence transients ofIR1048 and IR1061 in solutions 

atat room temperature. Detection wavelength was 1120 nm. (a) and (b) show the decay 

curvescurves for IR1048 in acetonitrile and dichloromethane solutions, respectively; (c) and 

(d)(d) show the decay curves for IR1061 in acetonitrile and dichloromethane solutions, 

respectively. respectively. 

Thee fast decay time Ti, shows a slight change with the detection wavelength: 

thee decay is faster when detection is further to the blue part of the emission. There is 

noo change with the nature of the solvents, however. From these preliminary results, 

wee infer that the fast dynamics is related to the vibrational relaxation rather than to 
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solvationn dynamics. Additional measurements are presently in progress and they will 

bee the subject of a forthcoming publication. 

TableTable 5.1: Bi-exponential fitting parameters for IR1048 and IR1061 in acetonitrile 

(ACN)(ACN) and dichloromethane (DCM). rr and A-, represent decay times and relative 

amplitudes,amplitudes, respectively. Quantum efficiencies are reported in last column. 

Solvent t A, , x2 2 

(ps) ) 
A2 2 T\T\  AT) 

IR1048 8 

ACN N 

DCM M 

0.13 3 

0.31 1 

-0.12 2 

-0.14 4 

7.9 9 

15.3 3 

0.36 6 

0.71 1 

1 1 

0.00410.001 1 

IR1061 1 

ACN N 

DCM M 

0.12 2 

0.18 8 

-0.80 0 

-0.20 0 

28.9 9 

38.9 9 

0.78 8 

0.20 0 

3 3 

0.017+0.005 5 

Thee longer decay time tj can be ascribed to the lifetime of the relaxed excited 

state.. It is independent of the detection wavelength, but it is related to the nature of 

solvents:: in acetonitrile (having higher polarity than dichloromethane) a shorter 

lifetimee is observed. 

Quantumm efficiencies for the two dyes in the two solvents are included in 

Tablee 5.1. The values were obtained by means of an indirect method based on a 

referencee solution employed to evaluate the collection efficiency of our experimental 

set-up.. The reference chromophore was Rhodamine B, dissolved in ethanol, for which 

thee fluorescence efficiency is known to be 0.97 [14]. The fluorescence lifetimes for 

thee two dyes followed the measured values of the quantum yield: for longer lifetime a 

higherr quantum yield is measured. 
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Figuree 5.4 shows fluorescence upconversion transients for IR1048 and IR1061 

inn composite films. The transients can be effectively fitted with a single exponential 

decayy function with no fast component. The results are summarized in Table 5.2. The 

lackk of any fast component indicates a significant effect of the cage on the excited 

statee dynamics. This can be tentatively explained assuming that vibrational relaxation 

off  the chromophore in the film is much more efficient than in solution and too fast to 

bee resolved with our experimental resolution (-150 fs). On the other hand, the decay 

timee of Table 5.2 are of the same order of magnitude as those for long-living 

componentt observed when using dichloromethane as solvent. This is a further 

indicationn that low-polarity groups in the solid hybrid matrix surround the dye 

molecules. . 
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FigureFigure 5.4: Femtosecond fluorescence transients of IR1048 (a) and IR106I (b) in 

hybridhybrid films. The detection wavelength was 1065 nmfor both samples. 
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TableTable 5.2: Excited state lifetime % averaged over six measurements at different 

detectiondetection wavelengths, and relative quantum efficiencies J]rei with respect to 

dichloromethanedichloromethane solutions for IR1048 and IR1061 in hybrid sol-gel films. 

Dye e 

IR1048 8 

IR1061 1 

X X 

(P«> > 
3 3 

4 4 

Tlrell  ATlre i 

1.5+0.3 3 

2 2 

Thee fluorescence quantum efficiency for the two dyes in the films, determined 

relativee to the values found for the dichloromethane solutions, are also reported in 

Tablee 5.2. The values are close to unity, indicating that the dye molecules are 

embodiedd in the sol-gels without chemical degradation. 

Inn conclusion, the analysis of the optical behavior of two IR dyes in sol-gel 

matrixx shows the feasibility of these systems for solid laser applications. 
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