
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

Temporal Intracavity Absorbance Determination Using Pulsed Ti: Sapphire
Laser
A. D. Delevaa; Z. Y. Pesheva

a Institute of Electronics, Bulgarian Academy of Sciences, Sofia, Bulgaria

To cite this Article Deleva, A. D. and Peshev, Z. Y.(1994) 'Temporal Intracavity Absorbance Determination Using Pulsed
Ti: Sapphire Laser', Spectroscopy Letters, 27: 3, 295 — 303
To link to this Article: DOI: 10.1080/00387019408000845
URL: http://dx.doi.org/10.1080/00387019408000845

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387019408000845
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 27(3), 295-303 (1994) 

TEMPORAL INTRACAVITY ABSORBANCE DETERMINATION USING 
PULSED Ti:SAPPHIRE LASER 

Key Words: Laser Intracavity Spectroscopy, Temporal 
Resolution, Absorbance Determination, Pulsed 
Ti:Sapphire Laser 

A. D. Deleva and Z. Y. Peshev 

Institute of Electronics, Bulgarian Academy of Sciences 
72, Boul. Tzarigradsko shosse, Sofia 1784, Bulgaria 

Abstract 

A tunable pulsed Ti:Sapphire laser was used to 
determine low concentrations using intracavity 
absorption spectroscopy with temporal resolution. The 
dependence of the laser-pulse evolution time on the 
absorbance of a sample introduced in the cavity 
(solution of 3 , 3 -  diethylthiatricarbocyanine iodide in 
dimethylsulphoxide) was studied theoretically and 
experimentally. The minimal experimentally measured 
absorbance was 8xlt1-~. The possibility was shown of 
using a Ti:S laser to detect absorbance of lo-= via a 
temporal technique. 
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1. Introduction 
The Ti:Sapphire lasers possess an exceptionally 

wide emission spectrum (680 - 1200 nm) covering the 
absorption lines of many elements and compounds (e.g., 
K, I, Rb, Cs, Pb, 03, H20, etc). This makes them 
suitable for such applications as determination of low 
concentrations by means of intracavity absorption laser 
spectro~copy'-~. This technique exhibits the highest 
sensitivity when C.W. lasers are employed4, but some 
simple-to-use variants of the method are also known4, 
having good sensitivity while making use of pulsed 
lasers. 

In Ref [5], a temporal approach was proposed for 
determination of intracavity absorption: the absorbance 
of a sample (down to was recorded using a pulsed 
Nd:YAG laser; the ordinary spectral intensities 
measurements were replaced there by measurements of 
time intervals. 

Since the Ti:S lasers can be tuned within a 
spectral range of hundreds of nanometers, while the 
parameters of the pulses emitted (build-up time and 
pulse width) can vary from a few nanosecondes to a few 
hundreds of nanoseconds6-' , they present an attractive 
opportunity of applying the temporal approach in the 
determination of low concentrations. 

In this work we present the results of absorbance 
determination carried out by means of an improved by us 
version of the technique quoted above, where a pulsed 
laser-pumped Ti:S laser was used. We studied both 
experimentally and theoretically the dependence of the 
time-delay of the pulse emitted by the Ti:S laser (with 
respect to the pumping pulse) as a function of the 
absorbance of a 3,3-diethylthiatricarbocyanine iodide 
(DTTCI, Koch-Light Laboratories Ltd) solution in 
dimethylsulphoxide (DMSO) placed in the cavity. The aim 
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of the investigation was to analyze the possibilities 
of using tunable pulsed Ti : S lasers for intracavity 
determination of low concentrations via measurements of 
the laser's temporal parameters, as well as to estimate 
the sensitivity of the method applied in the case of 
Ti:S lasers. 

2.  Method of Calculation 
When pumped by nanosecond laser pulses, the Ti:S 

laser operates in the gain-switched mode6. The temporal 
evolution of the laser emission is then analogous to 
that of "giant pulses" (Q-switching) . This allows one 
to describe well' the dynamics of the pulse formation 
in a Nd:YAG-pumped Ti:S laser by means of the 
well-known mathematical theory of Q-switched 
solid-state lasers. We borrowed from there the 
expression given below in order to estimate the Ti:S 
pulse build-up time dependence on the absorbance of the 
sample introduced in the cavity. It yields the delay of 
the peak of the pulse emitted with respect to the 
moment of instantaneous Q-switching": 

where rc is a photon's life-time in the cavity; 
x = E / E t h  is the ratio of the pumping energy E to the 
threshold pumping energy E,,; and q is the number of 
photons in the cavity at the peak of the laser pulse. 

Having transformed Eq.(l) in order to express 
explicitly the dependence of the laser emission 
temporal parameters on the cavity losses, we derived 
the following formula for the delay of the Ti:S pulse 
peak with respect to the the pumping pulse peak: 

P P 

P 
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where L’ is the optical length of the cavity; co is the 
speed of light; N e  is the number of pumping photons 
absorbed by the active media; r = [ A  - 0.51n(l - T)] 
are the cavity losses; T is the overall transmission of 
the optical elements in the cavity; A = cab is the 
sample absorbance; c is the concentration of the 
absorbing substance; a is its absorptivity; b is the 
cell pathlength; k = 4oNe/nwi; cr is the crossection for 
stimulated emission of the Ti:S crystal; wo is the 
beam-waist diameter. 

Equation (2) enabled us to follow theoretically 
the relation between the delay of the pulse emitted by 
the Ti:S laser and the absorbance (respectively, the 
concentration) of the sample. The following values were 
used (corresponding to the experimental conditions) for 
the quantities in Eq. (2) : o = 2~10-” cm2, 
Ne = 9 . 8 ~ 1 0 ’ ~ ~  T = 3 3 % ,  wo = 0.03 cm, L‘ = 15 cm. 

3. Experimental 
3.1 Apparatus 
The experimental set-up is shown schematically in 

Fig.1. It comprised an optical part and a detection 
system. The optical part included a Ti:S laser and a 
Q-switched frequency-doubled Nd:YAG laser (A = 532 nm, 
pulse duration At = 10 ns, n-polarization) used for 
pumping. The Nd:YAG laser output energy could be varied 
from 0 to 5 mJ, and the energy fluctuations were 
estimated at 15%. The Czochralski-grown Ti:S crystal 
had dimensions of 14x6~6 mm and was Brewster-angle cut 
for n-polarization. The crystal absorbed about 80% of 
the pumping radiation. The Ti:S laser cavity was of the 
spherical type and included a dichroic mirror MI 
(reflection R = 10% at 532 nm, and R = 100% in the 
730 - 820 nm range; radius of curvature r = 8 cm), an 
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M i  

Diode Array Photodiode 

Oscilloscope Energy-meter 

Fig.1. Schematic of the experimental set-up. 

output mirror M2 (R = 92%, r = 7 cm), and a holographic 
diffraction grating G (Jobin Yvon, 2400 lines/mm). The 
latter was used to select and tune a line with a width 
of 0.2 nm from the laser emission. The active element 
of the Ti:S laser was pumped longitudinally, with the 
Nd:YAG beam focused into it by means of the lens L 
(f = 11 cm) and the mirror M1. A 10-mm pathlength 
quartz cell containing the solution, was placed in the 
parallel beam between the mirror M1 and the grating at 
an angle of 60' with respect to the cavity axis. The 
concentration of the stock solution was 0.01 mmol/l. In 
the measurements we used a set of further diluted 
solutions, down to 11163 of the stock solution. 

The temporal measurements were carried out using a 
Tektronix oscilloscope and a fast photodiode ensuring 
time-resolution of 2 ns. The laser energy was monitored 
by means of a Laser Precision RJ 7200 Ratiometer with a 
RJP-735 measuring head. The spectral parameters were 
followed by a computerized system based on a otpical 
multichannel analyzer (OMA).  
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3.2 Measurements 
A basic feature of the measuring technique used 

was that we registered the time interval between the 
peak of the pumping pulse and the peak of the pulse 
emitted by the Ti:S laser. In this manner, we followed 
the variation of two temporal parameters (build-up time 
and pulse width) , both of which were affected by the 
cavity losses. This fact favored an increase of the 
sensitivity and the dynamic range of the measurements. 

During the experiments, the laser system operated 
in a single-pulse mode, which enabled us to control 
accurately the energy parameters and to avoid the 
measurement errors due to the pump energy fluctuations. 
Inaccuracy of this type is inevitable if the laser 
operates at high pulse repetition rate with automatic 
averaging of a large number of pulses, when controlling 
the energy of each one is impossible '. 

Another feature to be emphasized was that the Ti:S 
operated near the lasing threshold (1.4 above threshold 
for a blank solution). Under such conditions, the 
temporal parameters mesured are most strongly 
influenced by the degree of exceeding the pump 
threshold which, in its turn, depends on the cavity 
losses. 

As established by preliminary experiments, as well 
as by numerical estimates using Eq.(2), the response of 
the system to changes of the intracavity losses was 
inversely proportional to the cavity length. We, 
therefore, shortened the cavity down to 15 cm, a length 
limited by the laser's design parameters. 

4. Results and Discussion 
The absorbance spectrum of the stock solution, 

versus the DMSO absorbance, was measured within the 
580 - 800 nm range by using a two-channel SPECORD W 
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Fig.2. Dependence of the Ti:S-laser pulse delay-time on 
the sample absorbance. 

VIS spectrometer. The spectrum was asymmetric, with a 
tail extending to the short wavelengths, and a peak at 
about 765 nm. This peak is very close to the maximum of 
the Ti:S-crystal IR fluorescence (760 - 780 nm) within 
which the Ti:S-laser was tuned (at 775 nm). The 
absorbance for the stock solution at 775 nm was 
determined to be 0.13. 

Fig.2a shows the Ti:S-pulse delay versus the 
sample absorbance at pump energy density of 
Wd = 0.95 J/cm2 (or pulse energy of E = 1.2 mJ) at the 
crystal front face. The points correspond to the 
experimental data obtained, while the solid line 
represents the values calculated using Eq. (2). The 
delay measured for a blank solution was 200 ns, that 
for the least diluted solution (1/3 of the stock 
solution concentration), 395 ns, while the delay for 
the most diluted solution (11163 of the stock solution 
concentration) was 207 ns. Each experimental point on 
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Fig.2aI denoting a specific absorbance value, was 
obtained as follows: Of all pulses registered, we 
selected 50 pulses for which the pump energy did not 
differ from 1.2 mJ by more than f. 5 pJ (i.e., _+ 0.4%). 

The Ti:S-pulse delays, corresponding to these pumping 
energies, were averaged and the mean value obtained was 
used to calculate one point on the figure. The maximal 
deviation of the delay values from the average value 
computed as described did not exceed f. 3 ns, which was 
within the error committed when determining the 
oscilloscope-screen readings. The deviation amounted to 
? 0.8% of the average experimental delay value for the 
stock solution, and ? 1.5% of that of a blank solution. 
The minimal absorbance detected during the experiments 
was 8 ~ 1 0 - ~ ,  corresponding to a concentration of 
6.28x10+ mmol/l. Measuring lower concentrations was 
impeded in our case by the insufficient temporal 
resolution of the apparatus, and by the difficulties in 
obtaining laser action when the pump-energy threshold 
was further approached. 

A s  one can see in Fig.Za, a good agreement exists 
between the theoretical and experimental results. Based 
on this, we estimated (using Eq.(2) for 

or E = 2.55 mJ) the minimal Wd = 0.72 J/cm , 
absorbance which could be registered by the system 
described if the delays were close to those maximally 
obtained in a gain-switched Ti:S laser (about 1 ~ s )  [8]. 
The results are presented in Fig.2b. It is seen that 
using a Ti:S laser could make it possible to detect 
absorbances as low as lo-=. 

2 

P 

The results obtained demonstrate that pulsed Ti:S 
lasers can be successfully applied in measurements of 
low concentrations in the near IR region. 
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