., LA-UR -86-264 |
L QNF-gs1gsI3 WS

Los Alamos Nauonal Laborsiory s operated Dy the University of Cahforrig for the United S atas Department of Energy under coniract W.7405-ENG-36

e

TITLE: PHOTOFRAGMENT FLUORESCENCE AS AN ANALYTICAL TECHNIQUE:
APPLICATION TO GAS-PHASE ALKALI COMPOUNDS

LA-UR--86-264
DE86 006030

AUTHOR(S) Richard C. Oldenborg, CHM-4
Steven L. Baugh:um, CHM-4

SUBMITTED TO Proceedings ot the First International Laser Science Conference
American Institute of Physics
Dallas, TX, November 1985

DISCLAIMER

Thia report was prepared us an account of work sponsored by mn agency of the United States
Government. Nsither the United States Clovernment nor any ugency thereof, nor uny of their
employoces, makes any warranty, expreas or implied, or assumes any legal liability or responsi-
bility for the accuracy, cumpleteness, or usefulness of any information, apparatus, product, or
process dinclosed, or representa that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, ur servive by trade nuine, trademark,
manulicturer, or otherwise docs not neceasarily constitute or imply its endorsement, recom-
mendstion, or favoring by the United Stitea Government or any agency thereof. The views
und opinions of aulhors expressed herrin do nol neccasarily state or reflect those of the
United States Government or any agency thereof.

By acceptance of Inis arlicle the publisner recognizes Inat the U S Governmen! relaing 8 nongaciusive, 1oyally-lree icense 1o Publish or reproduce
\ne published form of this coMnbulion of \o aliow others 1o do 80, for US Governmaent purposes

The Los Alamos National Laboratory reQuests 1hal the publisher deniily this ariicla 8s wors performed under Ine ausp:ces of the U S Deparimaent of Energy

| Los Alamos National Laboratory
L@S A[ @mQ Los Alamos,New Mexico 87545

FORM NO 333 B¢ M_\
1T N M DSTITION 00 THIS AOCUMENT 1S UNLIMETLD


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


PHOTOFRAGMENT FLUORESCENCE AS &N ANALYTICAL TECHNIQUE:
APPLICATION TO GAS~PHASE ALKAL1 COMPOUNDS

Richard C. Gldenborg and Steven L. Baughcum
Chemistry Division
Los Alamos National Laboratory
Los Alamos, New Mexico 87545

ABSTRACT

Photodissoclation of gas—phase compounds using a3 laser at
suitably short ultraviolet wavelengths can produce electronically
excited photofragments. Detection of fluorescerice from these
excited fragments, particularly atomic fragments, allowes sensitive
and quantitative density measurements while signal strength as a
function of dissoclation laser wavelength allows differentiation
between compounds that yield the same photoragmen<. Application
0 the technique to the detection of gas-phase alkall compounds {s
discussed and the results of experiments to detect sodium and
potassium chlorides is presented.

INTRODUCTION

Alkall compounds are corrosive contaminants in many fossil
fuel combustion processes. The objective 0f this researcn is to
develop a laser—based optical diagnostic technique applicable to
the direct monitoring of trace levels o* alkall compounds within
the post—~combustion coal gas stream. The diagnostic technique
that has been adopted is photcfragment “luorescence. An ultravio-
let laser excites the parent compound to a repulsive potential,
vhich in turn dissociates to yleld an excited alkali atom, Tnis
atom then emits at its characteristic wavelength and the intensity
of tnis emission {3 proportional tc the original concentration of
the parent compound. The sensitivity of this atomic photofragment
fluorescence technique as an analytical method should be high
since the atomic alkall emission is strong (~20 ns rediative
li‘etime) and the abscrption cross sections c¢f_the_alkali com-
pounds in the desired band are large (o 10~'7 em?), In adai-
tion, since practical aprlica.ions involve measurements in
high-temperature environments (600 to 950°C for gas turbine inlet
temperatures), the limiting source of noise {s due to statistical
fluctuations in the blackbLcdy emission background, and the inher-
ently narrow baniwidth of the atomic emission allows for good
wavelength discrimination from the olackbody background and corre-
spondingly better sensitivity.

Cempounds o0 the di“ferent alkalis (e.g., NaCl, KCl) can
readily be distinguished by the em.ssion wavelengths of the ex-
cited atoms (589 nm “or Na*, 766 nm “or K*). Discrimination
between compounds of the same alkali but different anions (e.g.,
KC1, KOH) 's more di“ficult, but can be achieved by examining the
dependence of the alkall emission on the excitation laser wave-
length, This can best be {llustrated by comparjson of trreshold



wavelengths, i.e., the wavelength needed tc dissociate a vibra-
tionally cold parent compound to yleld the excited alkali atom,
Threshold wavelengths vary among different ~ompounds as the disso-
clation energies vary. For example, the calculated energy re-
Euired for the production of excited potassium atoms in the lowest

P° state and the corresponding threshold wavelengths for KCl and
KOH are 138 kcal/mol (207 nm) and 123 kecal/mol (233 nm), respec-
tively. Absorption of vibrationally excited compounds is important
at the temperatures of interest ard this "hot-band" absorption
significantly broadens the bands in the photodissociation spectra
to longer wavelengths. From Boltzmann energy distribution consid-
erations and assuming comparable sensitivities, we estimate that
if the threshold energles differ by at least 10 kcal/mol, then
100:1 discrimination can be achieved given some knowledge of the
temperature. The variation in threshold energies for these and
the other important gas-phase .olecules expected to be present in
fossil fuel environments is large enough that good discrimination
between compounds containing the same alkali, but different major
anion groups (halides, hydroxides, monoxides, dioxides, and sul-~-
fates), should be feasible,

RESULTS AND DISCUSSION

Sodium and potassium chloride vapors were irradiated at
193 nm from an ArF laser and other wavelengths generated by stimu-
lated Raman scattering in H, and D5. FluoEescence from electron~
ically excited alkali atoms in the lowest “P° level was observed
and the dependence of the fluorescence intensity on cell tempera-
ture, vapor pressure, and dissociation laser wavelength was inves-
tigated.

The atomic alkali emiss’on internsity from the photodissocia-
tion of the alkali chlorides at wavelengths near the corresponding
alkali hydroxide threshold wavelength was down roughly three
orders of magnitude from the peak, implying that reasonable dis-
crimination bet.een species containing different anions should be
possible. The emission intensities were found to track linearly
with the alkali chloride moncmer densities, Sensitivities in the
sub-ppb range were observed for single laser shots, Similar
experiments on alkall hydroxide photodissocliation are now in
progress,
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