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Application of Luminescence Spectroscopy to the Analysis of Fuels
Harold F. Smith

Perkin-Elmer Corporation, Norwalk, Connecticut

Luminescence spectroscopy is based on the absorption and re-
emission of light by a molecule, ion or atom. It is of great analytical
utility because the emitted light is characteristic of the electronic
structure of the emitting species. The phenomenon of luminescence is
not a newly discoYered one. The first monograph on luminescence was
written by Liceti® in 1640. 1In 1845 Herschel? reported on the lumines-
cence characteristics of quinine sulfate. Stokes® in 1852 observed
that in all cases the light emitted from a molecule was at longer
wavelengths than that which it absorbed. His observation was termed
the "Stokes shift"” 2nd has since become well understood. In 1895
Weidman and Schmidt® and in 1907 Stark and Mayer® reported the first
systematic study on luminescence of aromatic molecules.

Lommel® in 1877 first reported on the quangum efficiencies of
certain molecules, and in 1907 Nichols and Merritt discussed their
observations of the interesting "mirror image" relationship between
absorption and emission spectra. From the preceding observation it
is apparent that the luminescence properties of molecules® have been
known for a long time. The successful exploitation of luminescence
had to wait, however, until other areas of technology were sufficient-
ly advanced to permit the observation and measurement in a controlled
and guantitative manner.

That fluorescence and phosphorescence techniques are being
accepted rapidly in all areas of analytical chemistry is emphasized
by referring to the 1964 and 1966 Analytical Chemistry Annual Reviews
covering the four-year period from December 1961 to December 1965, in
which 1,049 references to a large variety of analytical applications
of fluorescence and phosphorescence are contained.

8,9

Before proceeding into the discussion of specific applications
of fluorescence and phosphorescence, the relationship of these phen-

‘omenon to each other and the absorption process should be shown

(Fig. 1).

In both fluorescence and phosphorescence spectroscopy one may
determine two different kinds of spectra (Fig. 2). The difference
between these two spectra is that the emission spectrum is obtained
by spectrally recording the light emitted from a sample while being
excited by some selected wavelength of light. An excitation spectrum
on the other hand is obtained by measuring the intensity of emitted
radiation from a sample at a specific wavelength as the excitation
light is varied continuously.

For example, Figure 3, the absorption spectrum of a 1 ppm
anthracene solution, and Figure 4, the excitation and emission spectra
of the same sample, show great structural similarity. The emission
bands are all at longer wavelength than the absorption band, but the
excitation bands fall at exactly the same wavelength as the absorption
bands., A significant point is that the excitation spectrum of a mole-
cule gives the same information as its absorption spectrum.




278.

Leeew D00 JNLLALRTQTLIVILY

LA

r.d napthalene at low concentia
arOﬂatlc types represent the

s &etermining anthra
né-type matrix. T:
majority oI aromatic molecul

Experimental

All standard samples were
cene and naphthalene after recryst
carbon. The matrix was made from a 53/50 volume/volume mixture of tol-’
uene and o-xylene, spectroguality from Matheson, Coleman and Bell., :

The spectra were run on a Hitachi-Perkin-Elmer MPF-2A Fluores-
cence Spectrophotometer. High qualicy, low-fluorescence, silica
sample cells were used for obtaining the data.

Discussion of Results

A sample containing 10 ppm naphthalene and 10 ppm anthracene
in the matrix was prepared and the qualitative emission spectra of
the sample determined at several excitation wavelengths. Figure 5
shows the emission spectra obtained from the sample excited at 270mp
and at 280mu. The principal emission, Spectrum A, is observed in the
region between 360 and 440my, with a low intensity emission band in
the 300 to 340my range. The emission between 380 and 440my arises
from the anthracene whereas that in the 300 to 340mu region arises
from the naphthalene. Spectrum B in this figure was taken from the
sample without removing it from the instrument. The only change
was the excitation wavelength from 270 to 280mu. Some rather dramatic
changes in the spectrum are evident. The overall intensity of both
band systems has been increased greatly and the ratioc of the naphthalene
to anthracene emission has completely reversed. It is apparent from
this spectrum that one could easily determine the concentration of
each of these components independently of the other in this aromatic
matrix. One cannot do such an analysis by absorption spectroscopy.

The spectrum shown in Figure 6 was from the sample excited at
290my. In this case the naphthalene intensity continued to increase
sharply, whereas the anthracene decreased. The spectra shown in
Figure 7 show the anthracene 1nte“51uy increasing and the naphthalene
intensity fading. The Spectrum A was produced by exciting the sample
at 300mu whereas Spectrum B was produced by the 310mp excitation.

The series of spectra shown in Figure 8 were run while ex-
citing with 320, 330 and 340myu excitation respectively and in' these
spectra all evidence of naphthalene presence was lost. The signif-
icance of the behaviour noted in Figures 6, 7 and 8 is that one can
take a mixture of aromatic hydrocarbons and produce different.spectra
‘dependent on the wavelength of excitation. By choosing the appro-
priate excitation wavelengths, one can emphasize the presence of one
component relative to the others and in many cases completely eliminate
the appearance of any component other than the one of specific interest.

Our next point of concern was ablllty to sélectively excite
the three aromatic types, benzene, naphthalene and anthracene,.individ-
ually. For this experlment the sample containing 10 ppm naphthalene
and 10 ppm anthracene in the o-xylene-toluene matrix was diluted 1:100
with isooctane giving concentrations ¢f£.0.1 ppm naphthalene, 0.1 ppm
anthracene and 1% o-xylene-toluene. The-series of three spectra shown
in Figures 9, 10 and 1l were obtained by exciting this solirtion with
"2C, 290 and 350mu radiation respectively. Figure 9 shows the emissiocn
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spectrum of the benzene-type aromatics. Figure 10 is that of naphthalene
and Figure 11 is that of anthracene. One not only can qualitatively
identify these three aromatic types, but can determine their approximate
concentration by simply altering the excitation wavelength and measuring
the emission from each aromatic type independently of the others.

While the data shown in the preceding discussien indicate the
qualitative applicability of luminescence spectroscopy to the basic
types of aromatic molecules found in petroleum and coal based fuels,
it does not provide an insight into fhe usefulness of the technique
for quantitative analysis. Herculesl® has shown that luminescence
intensity and concentration are related as follows: 2{;?—h ’

o

Sw)y<fo)a T, ¢ afe - &5+ ZE ... E5fT

Where abc are the molar absorptivity, cell path and concentration
respectively; f£(€©) is the solid angle of interception of radiation

by the detector; g is the quantum conversion factor for the de-
tector which is a fﬁ%ction of wavelength; I_ is the intensity of the
exciting radiation -and 0, is the quantum ef?iciency of the molecule.
There are two concentratlon regions where this arrangement may be
greatly simplified. The one of greatest interest to the analytical
chemist is the one in which the concentration of fluorescent materials
is small. In such case abec 0.05. This allows us to write Equation

Sk, - eV A

From this equation it may be seen that the relationship between fluor-
escence intensity and concentration will be linear through a point of
maximum ceoncentration, Cmax =0.05,where (a)x is the molar absorptivity
(a).b '
A

of the compound at the wavelength of excitation. It should be empha-
sized that this concentration is not the maximum at which useful data
may be obtained. Beyond this level the curve relating fluorescence
intensity to concentration is not linear. A calibration curve relating
conceritration to fluorescence intensity can be used to extend the range
of useful analysis over at least another order of magnitude.

The other extreme condition where equation one may be simplified
is that of very high concentration of absorbing and emitting molecules
such that the absorption of incident radiation is almost complete. 1In
that case, eguation one may be reduced to

(SE)n= Fro)gt ¢

showing that the detector signal is independent of fluorescer concen-
tration. This condition is important in determining quantum efficien-
cies for quantum counters and scintillation counters. Analysis under
these conditions is most effectively done by using front surface illum-
ination and viewing of the sample. With this geometry, penetration
effects and self-absorption problems are minimized. This geometry

is generally required when the fluorescence or phosphorescence spectrum
of a solid, opaque or highly turbid sample is analysed. Using the
front surface viewing geometry even raw crude oil samples may be
excited and their luminescence observed.

. As indicated by the terms in Equation (1) there is an inter-
mediate concentration range for each absorber and fluorescer at which
the intensity concentration relationship will become nonlinear. One
generally observes that the fluorescence intensity approaches a limit-
ing value as the concentration is increased. The principal precaution,
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CHOTCLUEG, iv U . Llgues for ‘quantitative analysis
is to realize that there is & range above which the concentration in-
tensity curve will become nonlinear, and if it is required to work in
the nonlinear region, a sufificient number of standard points be taken
to ‘accurately describe the 1ntensxty concenuratlon curve.

Curves showing the 1ﬁtcn51by conc entratlon relatlonshlp for
naphthalene and anthracene in 1gu:c“ 12 and 13. The aiaphthalene standards
were prepared in o~xylene—tolu e matrix. Each contained 10 ppm
anthracdene. The anthracene st anda ds were prepared in the same matrix
and each contained 10 ppm.of naphthalede., The curves are practic¢ally
linear in the lower concentration range, but begin: to devxate from..~

linearity at the hlgher end of the range. - RN SRR
TR oV L Ll o o.uoDla. DOLNts be uaken

" In order for a measurement technlque.to\berusefub for quanti~
tative analysis, stability of the measurement system must be such
that good.repeatability is. possiblc.f‘UnfortunaLely: the~feelingcexists ..
that fluorescence measuremerit is 1murec15e.~.AdmlttedlyputhlslhasAbeenuaLdb
true incdmany.ccases-butec eit-was uancequipnent rathenothannadtechnmque
limitation. Figure l4:.shows=anréxample.of excellentinepeatabilkityirix
threec cspectracof @ 10 ppb anthratene_sampleTarecsuperimpesedactOnelly
would-be hatdpressedctocshow better:.repeatabilitynbycany-vother from
drialytical ctechniipne. - ord ol the vaage.

~~mort technigae to be useful for quanti-

onnlyvels, atellitis »7 ihe noosvranent system must be such

. Lunlnesccnce spectroscopychas broadraoollcatlonhrnfthélanalysxssA
of fuéls rmndcrclated_productsn*HAlI;aloma ic typéstariéysubjécthto been
analysis: by fluorescence.or phosphonescencerailtrishpossibrebbyqusing
the incremental excitation. technique o obtainodpectracofaéathlaromatic
type completely independentrofrtherotherglpresentuandjimtheréforénemore
eifféctively ~dnalyzedifor compohentsrofomixtukreésity bv any other

e agal.

Summary - o .o Lol
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