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NORMALIZATION OF THERMOLUMINESCENCE DATA

W. L. MoorrN, Socony Mobi.l OiJ Company, Inc., F,ield.
Research Laboratory Dallas, Teras.

Assrnlcr

for transparency changes in a single sample due to heating.

INrnolucrroN

Thermoluminescence has been applied with some success to problems
of stratigraphic correlation and age determination of l imestones. Both
appiications make use of glow curve data involving measurements of
absolute emission intensities. But such measurements are subject to large
errors because of self absorption effects within the sample. rn many speci-
mens variations in transparency give bigger effects than actual changes in
emission intensity. so there is a serious need for methods of normalizing
glow curve emission data for differences in opacity of the materiars.

This paper describes three methods which should be applicable to
nearly all l imestone samples. one method uses an internal thermolumi-
nescent standard. Another consists of measuring changes in diffuse re-
flectance from which the differences in absorption can be inferred. A third
method, applicable to changes in a single sample, involves measurement
of variations in luminescent emission intensity.

IxrenNar, SraNo,qno Mernoo

The use of an internal thermoiuminescent standard is analosous to
techniques used in *-ray diffraction and spectrographic analysis.ln this
case the standard is a thermoiuminescent material added in dilute propor-
tions so that its emission is appreciably absorbed by the sample. The
change in emission from the standard is taken as a measure of seif absorp-
tion of its own thermoluminescence by the sample.

rf the glow curve of the standard has an isolated peak of high intensity,
it is convenient to normaiize the data by taking the intensity ratio of each
sample glow peak to the standard peak. This means that there are sev-
eral, rather special requirements for the standard. rt must have a glow
curve whose peaks do not interfere with any of those due to the sample.
Its glow curve should be simple, preferably with a single peak and the
prominent part of its emission must occur in a temperature range where
the sample glow is relatively low and unimportant. Arso the intensity of
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emission in this region must be great enough so that dilute mixtures (5-10

per cent) can be used. Finally, the spectral distribution of the standard

emission should be similar to that of the sample.
The prominent part of nearly all i imestone glow curves is restricted to

temperatures above 300' K. For samples excited at low temperature the

giow curve below 300o K. consists of a featureless region of low emission.

This is i l lustrated in Fig. 1 which shows glow curves for samples of calcite

and dolomite excited by r-rays at l iquid nitrogen temperature. These
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Ftc. 1. Glow curves of representative samples of natural calcite and dolomite.

giow curves, and mixtures of the two, are representative of the thermo-

luminescence of nearly all l imestone samples. Therefore a suitable stand-

ard would be one with a prominent glow peak below 300o K. and very

little emission above this.
One of the well known commercial phosphors, ZnFr with Mn2+ acti-

vator, has a glow curve of this type. When prepared under the proper

conditions it has a single high intensity glow peak at 205" K. and no im-

portant emission above 300o K. (Johnson and Hughes, 195 7). Since Mn'z+ is

also the impurity activator for most of the prominent glow peaks in cal-

cite (Medlin, 1959) and dolomite (Mediin, 1961), the emission spectra are

quite similar (Medlin, 1963b). So this material f its all of the requirements

described above.
The ZnFz standard has a serious disadvantage, however, in that it

cannot be mixed homogeneously with calcite or dolomite. Apparently this
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is due to differences in density. None of the usual mixing procedures give
results with better than 30-40 per cent reproducibil i ty.

Much better results have been obtained using synthe tic quartz with Ti
added as an activator. The Ti impurity produces a prominent glow peak
at 165o K. (Medlin, I963a) and there are several other closely spaced
peaks in the 250-600'K. range. But under suitable conditions of prepara-
tion the 165' K. peak can be made three to four orders of maenitude more
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Frc. 2. Giow curve of a representative limestone sample containing 5 per cent
Ti-activated quartz as a thermoluminescent standard.

intense than any of the others. fn dilute mixtures, where the 165. K. peak
has about the same intensity as the l imestone glow peaks, there is no
interference from quartz emission above 300o K.

Figure 2 shows the glow curve of a representative l imestone sample
mixed with 5 per cent of the quartz standard. The 165" K. glow peak is
intense enough to use an even more dilute mixture with most l imestones.
But for concentrations below 5 per cent, weighing errors and mixing
problems are troublesome. When both the standard and the sample are
passed through a 325-mesh sieve and thoroughly mixed the results for the
5 per cent mixture are reproducible to within l0 per cent.

The disadvantage of the quartz standard is that its emission spectrum
is unlike the one for the l imestone glow peaks. The spectrum for the
165' K. qrartz glow peak consists of a series of bands which cover most of
the visible range (Medlin, 1963a), whereas the l imestone glow peaks are
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an orange emission corresponding to a single band in the 6700 A region

(Medl in ,  1963b).
This is probably not a serious problem in most l imestones, however, as

shown by the reflectance spectra of Fig. 3. These curves were measured in'

the usual way by comparing the diffuse reflectance from several powdered

Iimestone samples with a MgO standard. A Beckman Model DU spec-

trophotometer with reflectance attachment was used for this purpose.

The results, for samples covering a wide range of transparencies, show
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Frc. 3. Diffuse reflectance spectra of some poll'dered limestone samples'

that the absorption does not change much with waveiength. Further-

more, the variations which do occur are reproduced to good degree in all

samples.
Synthetic preparation of the quartz standard involves hydrothermal

crystail ization of powdered samples from solutions containing the proper

amount of Ti (Medlin, 1963a). This procedure is diff icult and time con-

suming. It can be avoided in many cases by using natural samples which

contain large concentrations (> 50 ppm) of Ti. A general requirement is

that the 165" K. 'I i  glow peak be at least two orders of magnitude greater

than the other glow peaks. This seems to be adequate for all but a few

limestone samples where the low temperature thermoluminescence is

unusually high.
A disadvantage of the internal standard technique is that the emission

from the standard is not absorbed in exactly the same way as the glow

from the sample. In fact there are some surface grains whose emission is

not absorbed at all. Because of this, the correction factor indicated by a
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reduction in standard emission wil l always be too small. This effect is
minimized by adding only dilute amounts of the standard and having
both it and the sample finely divided.

The importance of this feature has been estimated by artif icially dark-
ening a high transparency calcite sample with carbon dust. A 5 per cent
qtartz mixture was used for the standard. Both the sampie and the stand-
ard were sieved through a 325-mesh screen; and the results were judged
by changes in the ratio of the 350o K. calcite glow peak to the 165o K.
quartz peak. The data showed that this ratio increased byabout 15 per
cent for each tenfold decrease in 165'K. glow peak intensity.

In most cases this would not give errors much larger than the varia-
tions in reproducibil i ty. But for samples covering a wide range of trans-
parencies, appropriate corrections would be required. These can easily be
made on the basis of results for an artif icially darkened sample.

RellBcreNce MnesunnMENTS

When the optical absorption coefficient is known in the wavelength
region of interest, self absorption of thermoluminescence can be readily
evaluated. The appropriate relation is derived as foilows.

If p is the absorption coefficient and idx the intensity of emission due to
a layer dx, then

(1)  dI  :  idx -  p ldx

where I is the observed intensity. For small absorption of the exciting
radiation (*-rays, ?-rays, etc.), i can be considered constant and (1) gives,

I
I :  - ( 1  -  e - u * ) .

LL

In the absence of absorption the intensity would be simply ix. So self
absorption reduces the intensity of emission by the factor,

(3) r :  - lL- '
1  _  e - ! *

In polycrystall ine rock samples direct measurements of the absorption
coefficient are unreliable because of l ight scattering effects. As a substi-
tute, measurements l ike those in Fig. 2 of the diffuse reflectance of pow-
dered samples can be made with reliabil i ty. The absorption coefficient at
the appropriate wavelength can then be determined with reasonable
accuracy (Kubelka, 1948) from the relation,

t4) , , :  s(Lri) i
-  zB

where S is a scattering factor and R is the reflection coefficient for a sam-
ple thick enough to be opaque.

This relation can be substituted into (3) to give the desired normaliza-

(2)
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t ion factor. But the result is not useful without a value for the scattering

factor, S, which depends on particle size, composition, and packing of the

sample. AII of these factors can be duplicated with suitable accuracy by

using finely sieved sampies packed in a reproducible manner' An approxi-

mate value for S, applicable to most Iimestone samples, can be deter-

mined by comparing the absorption coefficient of a clear single crystal of

calcite with the reflectance data of the same sample after grinding, siev-

ing, and packing in the appropriate manner.

since most l imestone samples are fairly opaque, e-p"(1 for thicknesses

of a mill imeter or more. When this is true the expression for f can be ap-

proximated by the simpler relation,

Sx(1 - R)'
f x p a :

2R

Therefore for most l imestones the self absorption can be roughly ac-

counted for by multiplying the glow Peak intensities by the factor,

(1-R)'z/2R, assuming S and x remain fixed within suitable l imits. The

error in this procedure may be fairly large, however, for samples of higher

than average transParencY'
We have used the reflectance method to normalize the glow peak data

for a representative group of l imestone samples. The results were com-

pared with data obtained by the internal standard technique. The two

methods give good agreement but in general the reproducibil i ty of the

internal standard results was better'

LUMTNESCBNCE MEASUREMENTS

For some applications, repeated measurements in a single sample are

afiected by transparency changes due to heating. An example is the pro-

cedure for age determination based on natural thermoluminescence (Zel-

ler et a\.1957). The usual procedure is to heat the sample to eliminate aII

natural glow before irradiating it to measure the artificially induced emis-

sion. Darkening induced by the heating seriously affects a comparison of

the natural and artificial glow.
In such cases, the degree of darkening can be determined by measuring

the changes in intensity of luminescent emission. In l imestones the lumi-

nescence is due almost entirely to excitation of the same Mn2+ emission

which accounts for most of the thermoluminescence. Therefore the same

emission centers are involved in both cases and so the absorption effects

are identical.
Luminescence in limestones cannot be optically excited because the

Mn2+ absorption is too low. So indirecl excitation through host lattice

absorption of *-rays or T-rays is necessary. This means that a method of

detecting emission during n- or -y-ray irradiation is required. The lumines-
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cent intensity is then measured before and after heating and the glow
curve data are normalized to account for the observed changes.

It is also possible that luminescence measurements could be used for
glow peak normalization in place of the difiuse reflectance or internal
standard techniques. This would require, of course, that the unabsorbed
Iuminescence of all I imestones be essentially constant in intensity.

Figure 4 shows that this may well be the case for most l imestones. The
data shown here give the intensity of luminescence vs Mn2+ content for
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Frc. 4. Efficiency of luminescence as a function of Mn2+ content
for some synthetic calcite samples.

some synthetic calcite samples prepared from high purity reagents. The
results are representative of the behavior of activator impurities whose
luminescence is quenched when other activator ions are located within a
certain number of lattice distances. The curve drawn through the data
points was computed for the case where this distance is 2 lattice spacings
(Johnson and Will iams, 1950).

Between 700 and 7000 ppm the luminescent efficiency, plotted in Fig.
4, dods not change by more than 10 per cent. This range includes the
Mn2+ content of most limestone samples. So if the results for the syn-
thetic samples are applicable to natural specimens the luminescent in-
tensity would be a suitable normalization index for glow curves. There
are, however, two factors which might prevent this: (1) the quenching
effect of other impurities, and (2) the quenching efiects of lattice imper-
fections such as dislocations, vacancies, edges, etc.

The only common impurities which are expected to quench the Mn2+
emission are Fe, Co and Ni. AII of these inhibit the thermoluminescent
emission but have litt le effect on the luminescence (Medlin, 1963c). The
importance of lattice defects has not been thoroughly investigated. But it
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was found that the luminescence of some uncolored chalky l imestones
was only 10-15 per cent Iower than that of single crystals with 1000-2000
ppm Mn2+. These samples were representative of the maximum variation
in crystali inity of most l imestones. So, differences in the number of iattice
defects does not appear to be an important factor.

On the basis of these results Fig. 4 seems applicable to most l imestones;
and normalization of glow curve data by this method appears feasible.
However a more extensive evaluation wil l be necessarv before the tech-
nique can be used with confidence.

CoucrusroNs

Variations in transparency of l imestone samples has an important
efiect on the measured intensity of thermoluminescence. These effects can
be accounted for by either of two methods: (1) an internal thermolumi-
nescent standard such as Ti-activated qtartz can be mixed with the
sample and changes in its thermoluminescent intensity used as a normal-
izing index; (2) the diffuse reflectance of the powdered sample can be
measured and substituted in an appropriate normalization expression.

Changes in transparency of a single sample, such as those induced by
heating, can be evaluated by measuring the differences in luminescence
emission intensity. This requires a method for measuring emission during
excitation by r-rays or ?-ra.vs.
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