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Willis and Lachance {9] debate the pertinence of a recent study done by Rousseau [2] of three "popular
expressions’ relating concentration to intensity in X-ray fluorescence (XRF) analysis. It should be pointed
out that Willis and Lachance debate only the Lachance identity (Eqn 1) and its associated "new" Lachance-
Traill algorithm (Eqn 2) and ignore the two other expressions, namely Claisse-Quintin and Broil-Tertian
algorithms [2]. They also continue to ignore the fundamental character of the algorithm proposed by Rous-
seau [1]. The author would like to thank Willis and Lachance to give him the opportunity to debate six of his
arguments in arational and objective way. As a result the XRF analysts will be able to select the most reli-
able analytical methods, for getting the most accurate results, with full knowledge of the facts. Their choice
of amethod will not be based only on the reputation of its author... Finaly the author discusses the validity of

the four last conclusions that were reached by Willis and Lachance.

1. Introduction

First, the present author would like to explain
the context in which the two papersin The Rigaku
Journal [1, 2] have been published. He has alot of
respect for the pioneers who have contributed to
the knowledge of XRF analysis particularly dur-
ing the period 1954 (Beattie and Bressey [3]) to
1981 (COLA [4] from Lachance). During that
period, innovative scientists such as Sherman,
Birks, Norrish, Lachance, Claisse, Jenkins, Criss,
Mantler, de Jongh, Rasberry-Heinrich, Willis,
Tertian, and al the other great names that the au-
thor may have left out inadvertently, have con-
tributed tremendously to the great success that
guantitative analysis by XRF spectrometry is
known for today. It is because of their ground-
work that it was possible for the author to develop
the Fundamental Algorithm [1] (FA), whichis, he
likes to remind himself, the synthesis [1] of 30
years of research and development in XRF analy-
sis by those great men. As a consequence of this
spectacular development, after 1981, al the
knowledge, and also affordable personal com-
puters, were available for developing powerful
and accurate quantitative XRF methods based on
fundamental parameters and theoretical multi-
element influence coefficients. In 1982, at the
Denver X-Ray Conference, the author presented
his modest contribution to this evolution, and pub-
lished it in 1984 in the X-Ray Spectrometry Jour-
nal [5, 6]. After 1982, a few other valid methods
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have been proposed, like Uni Quant 5 [24], but
the author considers that those proposed by Broil-
Tertian [7] and Lachance-Claisse [8] in particular
are aregressive step. It is the duty of any "special-
ist" in analytical XRF methods to evaluate newly
proposed methods, otherwise who will do it! The
author is just trying to make this wonderful sci-
ence easier to understand, easier to apply and al-
ways more performing. When a new idea is of
value to the analyst, he does not hesitate to pro-
mote it, as in his paper of 1987 on the COLA
method [4]. Conversely, when an idea distorts
physical reality, he does not hesitate to criticize it,
no matter who is the author. It is the role of any
diligent specialist to point out errors and highlight
good ideas in order for knowledge to evolve and
advance, and make the technique more efficient,
more accurate and more popular.

The present paper is meant to be an objective
response to the paper of Willis and Lachance [9].
Their reaction is quite understandable after the
severe criticism [2] of the author regarding the
analytical method proposed by Lachance and
Claisse [8] in 1995. Let him explain why he did
0.

In 1993, the author gave to Lachance, Claisse
and Willis a private report, entitted How to Man-
age the Future in XRF Analysis, where he ex-
pressed al his strong reservations about the so-
called "Lachance identity":

R+S=R)C-R x{é-j(aij } eiJ)>CJJ (1)
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where

P, Theoretical primary intensity emitted by the
analytei in the specimen

S Theoretical secondary intensity emitted by
the analytei in the specimen

Pi) Theoretical primary intensity emitted by a
pure specimen of the anaytei

Ci Concentration of the analytei in the sample
to be analyzed

a;; Influence coefficient correcting for absorp-
tion effects of matrix element j on analytei
(see Ref. [1] for the mathematical defini-
tion)

e; Influence coefficient correcting for en-
hancement effects of matrix element j on
analyte i (see Ref. [1] for the mathemati-.
cal definition)

C; Concentration of the matrix element j in the
sample

(The author calls equation (1) an identity because
the term P, appears on both sides of the equation).
At that time, Lachance (and also Claisse and
Willis) completely ignored al the arguments of
the author. At the very least, he had expected to
hear from Lachance some arguments in favor of
his approach for explaining why Rousseau could
be wrong. Then, in 1995, Lachance and Claisse
[8] published exactly the same eguation (see Egn
4.51 in Ref. [8]) again in their book, by ignoring
al author's arguments of 1993. They even de
duced the LachanceTraill (LT) algorithm [10]
once more and associated it to a theoretical multi-
element influence coefficient called m;;:

CizR(\l"'é.jijj) (2

where
a; - e
= Eas e eij):lié—eg
i ( !
and where the relative intensity R; is the ratio of
the measured net intensity |; emitted by the ana-
Iyte i to the intensity | of the pure analyte i.
Equation (3) comes from Lachance [11]. Note that
the same equation (3) had already been deduced
11 years ago by Rousseau [5]. Indeed, in 1984, he
proposed the same expression in the following
form:

G ZR(\]‘-'-é.jai;Cj) (4)

where

3)
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Note that equations (3) and (5) are the same. La
chance and Claisse use a different symbolism, but
the meaning of each symbol is the same. It is akin
to reinventing the wheel! Therefore, according to
the author, their work does not contribute any-
thing to progress in the knowledge of XRF analy-
sis. In fact, it is a regressive step as demonstrated
in Ref. [2]. Did the author was right to publicly
reveal al his arguments of the Ref. [2] after hav-
ing informed Lachance of all his reservations five
years before? He does not know. It isto the reader
to decide. Personally, the author considers that the
Fundamental Algorithm [1] (Egn 26) describes in
amore redlistic way than the "new" LT agorithm
(Egn 2) the physical reality in XRF analysis and
its performance is better in practice. Furthermore,
he thinks that it is a disservice to the XRF analyst
community to continue to propose the LT algo-
rithm with variable coefficients mj. This is what
will be demonstrated hereafter.

Willis and Lachance [9] begin their paper
with some statements about which we are al in
agreement. The quoted statements of v. Hamos,
Sherman, Jenkins, Lachance and Traill, Criss and
Birks, Rasberry and Heinrich and Shiraiwa and
Fujino are well known and largely accepted by all
the XRF scientific community, including the au-
thor. Willis and Lachance give along list of refer-
ences about this more or less pertinent introduc-
tion, therefore this material will not be repeated
here.

Willis and Lachance [9] contest the validity of
six of author's arguments [2] about equations (1),
(2) and (3). They are:

1. Correct formulation of the Lachance identity

2. Distortion of physical reality

3. Summation over the complete wavelength
range of the polychromatic excitation source

4. Treatment of the weighting factor

5. Defining the intensity |; of the analyte line as a
function of theintensity I of the pure analyte

6. Non respect of the spirit of Sherman

All these six arguments will be reconsidered
to the light of the objections by Willis and La
chance. The author accepts to participate in this
debate in the hope that it will reveal even more the
true nature of the physical reality of quantitative
analysis by X-ray spectrometry. It is also the hope

(5)
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of the author that XRF analysts will find some
benefits in practice, no matter who is right or
wrong.

2. Correct Formulation of the L achance | den-
tity

Willis and Lachance [9] claim that the La-
chanceidentity:

[o] [o]

P+S = P(i)Ci -a J- AC, ta J- E,C, (6)
has been stated incorrectly by the author [2] in the
following form:

P+S =PR,C - Pi XéjaijCj +B xé.jeijcj

(7)
where
A =PBoay (8)
and
E;, =P, 9)

Willis and Lachance and the author recognize that
the two expressions are exactly equivalent but
their derivation is different. So where is the prob-
lem? The only problem seems to be that Willis
and Lachance smply prefer the derivation of La-
chance and Claisse [8] rather than the one of
Rousseau [1]. The author considers that their ar-
guments for their preference are not convincing
enough. It is like to say that a mother prefers her
child rather than the child of another mother...
Their preferenceis natural. For his part, the author
finds the derivation of Lachance and Claisse labo-
rious, introduces the unnecessary variables P, S,
Ajj and Ej; and reveals nothing new as compared to
the derivation by the author of the Fundamental
Algorithm [1]; but what is worse, when the La-
chance identity is rewritten in the form of the
equation (7) or (1), it shows clearly that the vari-
able B, is expressed as a function of itsdlf. Thisis
just the type of equation that any mathematician
tries to avoid. Finally, the Lachance identity is not
particularly useful in practice. XRF analysts are
really interested in calculating concentrations, and
not intensities, which can actually be measured.
The Lachance identity is an intermediate step
in the derivation process leading to the "new" LT
algorithm (Egn 2). The equivalent intermediate
step for the derivation of the Fundamental Algo-
rithm by Rousseau is the equation (16) in the Ref.

[1]:
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| e 1+3 cd,(
L0)=0C & W) o> )

I k=| min

(10)
where

li Netintensity of analytei

|i Wavelength of characteristic line of ana-

lytei

g Proportionality constant, instrument de-

pendent

Ci Concentration of anaytei in the sample

W, Weighted factor for each incident wave-

length|

| « Incident wavelength

C; Concentration of matrix element j in the

sample

dj Influence coefficient correcting for en-

hancement effects of j on i for a mono-
chromatic excitation source of wavelength
("
bj; Influence coefficient correcting for absorp-
tion effects of j on i for a monochromatic
excitation source of wavelength | «
This equation allows one to calculate the intensity
li, which is equal to gi-(P+S). It is the Sherman
equation [12] expressed in amodified form. Equa-
tions (6) and (10) have the same common source,
the Sherman equation [12], as expressed by Criss
and Birks [13]. Furthermore, contrary to the claim
of Willis and Lachance, both expressions involve
the use of P, and S. That is essential; otherwise,
they would not be equivalent! Thisis aso true for
the "new" LT algorithm and the Fundamental Al-
gorithm. Thus, Lachance and Claisse [8] and
Rousseau [1] derive two different, but equivalent,
expressions from a common source. However,
they follow two different routes for the derivation
of these both expressions. The question now is to
know which expression is most representative of
physical reality? This subject will be discussed in
Section 3.

In the meantime, how the intermediate ex-
pression (6) has been derived, or how it is formu-
lated, is not the critical issue. What is important is
the validity of the fina result, i.e. the algorithm
permitting one to calculate concentrations from
measured intensities. It follows, therefore, that the
Lachance identity (Egn 6 or 7) is not of impor-
tance and does not deserve the prominence that
Willis and Lachance assign to it.
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3. Distortion of Physical Reality

To begin this section, the author takes the lib-
erty to paraphrase the elegant first sentence of the
same section in the paper of Willis and Lachance
[9]. It represents very well the point of view of the
author. The modified sentence becomes as fol-
lows: "In XRF analysis, theoretical influence co-
efficients have a physicd meaning and any
mathematical expression deduced for calculating
them must not only be able to calculate represen-
tative values pertain to an analytical context, but
also must retain the essence of the basic physical
principles as proposed by Sherman [12]."

As stated in their paper, Willis and Lachance
[9] as well as the author recognize that the basic
physical principles of XRF emission are very well
described by the Sherman equation as rewritten by
Criss and Birks [13]. The author recognizes also
that the equation (6) is able to calculate represen-
tative numerical values pertaining to an analytical
context. However, the question is to determine if
the equation (6) of Lachance and Claisse [8] and
the eguation (10) of Rousseau [1] represent faith-
fully the physical principles as proposed by
Sherman.

To find that out, let us consider only one as-
pect of the Sherman equation, i.e. how Sherman,
Lachance and Claisse and Rousseau trandlate the
absorption phenomena in mathematical language,
in the case of a monochromatic excitation source
of wavelength | . In this case, for absorption ef-
fects only, Sherman wrote:

[ e — (1)

1+a, b;C,
For the same analytical context, the equation (10)
of Rousseau becomes exactly the same as the
Sherman equation, i.e.
|i = kj OL
1+a j b;C,

Finaly, for the same analytical conditions, egqua-
tion (6) of Lachance and Claisse becomes
L =16C - 1@, b,C, (13)
where
o m; (1 Jeosecf ¢+, (I ;)cosecf € L)
" m(l)cosect ¢+m(l,)cosect ¢
i Analyte
j Matrix element

(12)
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C Concentration of analyte i in the sam-
ple

G Concentration of matrix element j in
the sample

l; Net intensity of anaytei
ki or I Intensity of pure analytei
I« Incident wavelength
bj Influence coefficient correcting for ab-
sorption effects of j on i for a mono-
chromatic excitation source of wave-
length|
m(l y) Mass absorption coefficient of the ele-
ment X calculated for the wavelength y
f', 7 Incident and take off angles of X-ray
beams
The three equations (11), (12) and (13) have been
written using the same symbolism in order to fa-
cilitate comparison. Note also that these three
equations are all equivalent to the LT agorithm as
proposed by Lachance and Traill [10] in 1966, i.e.
C :I'—'(1+éjbijcj) (15)
(i)
It is not surprising then, that all the numerical ex-
amples supplied by Willis and Lachance [9] show
perfect agreement. Let us find out now if all these
versions of the Sherman equation (Egns 12 and
13) say the same thing on the mathematical and
physical plans. In order to do that, let uslook at it
from the point of view of a mathematician and
that of a physicist. According to the mathemati-
cian, the absorption effects in the equation (12) of
Rousseau has the general form of a hyperbola
equation, i.e.
a
T+ x (16)
while the equation (13) of Lachance and Claisse
has the general form of a straight-line equation,
i.e
Y =b-cx @n
Both equations are illustrated by the plots of Fig-
ures 1 and 2. The mathematician is forced to con-
clude that the same variable (x) when expressed as
adivision and as a subtraction cannot vary in the
same way, even if the parameters a, b and ¢ can be
selected in a such way to give the same numerical
values.
The physicist would say that a subtraction is
not equivalent to a division. Even if the fina re-
sult is the same, the involved physical processes
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Fig. 1. General shape of a hyperbolic curve.

are different. For illustrating it, let assume that
there are five light bulbs hanging from the ceiling
of aroom. By removing one light bulk from the
ceiling, the light intensity is reduced. This phe-
nomenon is the equivalent to a subtraction (5-1
=4, only four light bulbs are still in place). The
light intensity can aso be reduced by a dimmer.
By turning the knab, for a constant voltage (V), an
increase of the resistance (R) reduces the current
(i), which has the effect of also reducing the inten-
sity of the light. This phenomenon is the equiva-
lent of adivision, after the Ohm law (i= VIR). It is
true that in both instances the net result is the
same, in spite of the fact that the two physica
phenomena used for reducing the light intensity
are completely different.

The physicist is forced to conclude that in
physics, a subtraction is not equivalent to a divi-
sion. Similarly to the above example, using cur-
rent and resistance, in XRF anaysis the analyte
intensity decreases (or increases) when the matrix
absorbs more (or less) strongly than the analyte.
The absorption phenomena are then better repre-
sented by a division. Just remember, for example,
the Beer-Lambert law (I=lo/exp (nTX)), and the
Sherman equation (I;= k;Ci/m>*).

The author is forced to conclude in agreement
with the mathematician and the physicist that
equation (6) of Lachance and Claisse does not
describe properly, or that it distorts, physical real-
ity as described by the Sherman equation. Such is
not the case with equation (10) of Rousseau,
which completely respects the Sherman eguation.
Thus, it is both confusing and unnecessary to pro-
pose a new eguation for calculating intensities. A
considerable amount of work has already been
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done on this subject: Sherman [12], Shiraiwa and
Fujino [14], Criss and Birks [13], G. Pollai, M.
Mantler and H. Ebel [15], Rousseau [1], etc. It
would be valuable to propose new equations if,
and only if, they are fully in agreement with the
previous ones and propose something new. With-
out such an approach, the present goproach of La
chance and Claisse [8] islikely to cause confusion
and introduce further divergence about the correct
use of the fundamental physical conceptsin XRF
analysis. Therefore, their approach is not particu-
larly useful and indeed its use should be discour-

aged.

4. Summation over the Complete Wavelength
Range of the Polychromatic Excitation Source

The calculation of X-ray intensities by the
Sherman equation requires an explicit equation for
calculating the spectral distribution of the poly-
chromatic excitation source. However, there is no
analytical expression available to generate an in-
cident spectrum in an essentially exact way, for
any experimental conditions. To overcome this
problem, the integral over | isreplaced by afinite
sum of k values of narrow wavelength intervals
DI ¢ with corresponding incident intensities I4(l «):

| s '3

O ol )d @ At )o, (18)

min k=l
where the summeation is carried out over the effec-
tive wavelength range, i.e. from | n tO | uge OF the
analyte i. The concept of summing over a finite
number of wavelength intervals was first proposed
by Gilfrich and Birks [16] in 1968, and continues
to be at the root of al Fundamental-Parameters

min
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methods.

There are plenty of instances as evidence in
the book of Lachance and Claisse [8] that they
incorporated the summation over DI intervals in
the derivation process of equation (6) and the sub-
sequent equation (2). However, that is not the real
problem, but they rather omitted to explain the
physical impact of the summation term S; . on the
my; coefficient (Egn 3) in the "new" LT algorithm.
They also failed to explain that the a;; and &; coef-
ficients are the weighted means of all absorption
and enhancement effects, respectively, caused by
element j on anayte i, where to each incident
wavedength DI is given aweight W(l ). It isthis
physical interpretation that seems important to the
author. See the Ref. [1] for more information.

5. Treatment of the Weighting Factor

The treatment of the weighting factor is not
just a matter of which symbol is used in the La-
chance identity (Egn 6) to represent it. Lachance
and Claisse [8] use the symbol P, to represent the
weighting factor, while Rousseau [1] uses the
symbol W;(l ). Both symbols are equivalent but
do not deliver the same message on the physical
plan. And this is what is much more important in
thisinstance, i.e. the interpretation of the message.

The concept of the weighting factor W; was
introduced by Rousseau [5] in 1984 to define the
influence coefficients a;; and g; and its interpreta-
tionisasfollows:

The equations (24) and (27) of the a;; and g;
coefficients revea explicitly that they are the
weighted means of all absorption and enhance-
ment effects, respectively, caused by element j on
analyte i, where to each incident wavelength |  is
given a weight Wi(l ). Rousseau ascribes great
importance to this concept because it revedls
something new that was concealed in the
Sherman equation; in practice, this interpretation
makes physical sense and it leads to two important
conclusions on the correction for matrix effects
[1]. The interpretation of this important concept
was completely ignored by Lachance and Claisse
[8].

Indeed, the equivaent equations used by La-
chance and Claisse to define the a;; and e; coeffi-
cients are eguations (8) and (9) rewritten in the
following form:

30

a; = % (8)
and
E,
€ = ) 9)

As opposed to the equivalent equations (24) and
(27) of Rousseau, the two last equations of La-
chance and Claisse do not explicitly reveal that
the coefficients a; and e; are weighted means.
Lachance and Claisse content themselves only
defining individually each variable Aj;, E;j and P,
for numerical calculations. They do not interpret
their ratios. Of course, it is important to define
each variable individually but the author considers
that it is also important to interpret the meaning of
the above ratios, which represent the weighted
means (see Eqn 26 of Ref. [1]) of al absorption
and enhancement effects, respectively, caused by
element j on analytei. Lachance and Claisse men-
tion nothing in their book about this important
feature of the a;; and e; coefficient definitions and
failed to explain their interpretation. The impor-
tant expression "weighting factor" is not even in-
cluded in the index of the book. Ancther related
problem of Lachance and Claisse [§] is that they
use and define too many unnecessary variables,
such as P, S, Aij, Eij, Mij, aij, €j, mj, etc., which
confuse students unnecessarily when the method
is taught (author's opinion based on his personal
teaching experience).

6. Defining the Intensity i of the AnalyteLine
asa Function of theIntensity lii) of the Pure
Analyte

When discussing the Lachance identity (Egn
6) of Lachance and Claisse [8], the author [1]
states that: “ Sherman never suggested calculating
the measured net intensity |; emitted by a speci-
men A as afunction of the intensity |, emitted by
another specimen B. Physically speaking, it is
very difficult to visualize." This statement is cor-
rect. It was in reference to the equations of page
289 of the Sherman paper [12], rather than to the
ones of page 295. Indeed, on page 289, Sherman
calculates absolute net intensities as a function of
fundamental parameters, intensities of the incident
source and the specimen compostion. On the
other hand, on page 295, he calculates intensity
ratios, not absolute net intensities, which is obvi-
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ously not the same thing.

7. Non Respect of the Spirit of Sherman

Again here, thereis alarge gap between what
the author intended to explain and what Willis and
Lachance have understood. The author assumes
that his explanations were not clear enough. Let
ustry again.

Based on equation (10), which is the Sherman
equation [12] expressed in a modified form,
Sherman clearly states that the emitted X-ray in-
tensity is:

- Cdculated explicitly from fundamental pa-

rameters, intensities of the excitation source
and specimen composition. Not from Py, P,
or (P+S) intensities;
Proportional to the concentration C; of the
analyte;
Proportiona to a ratio where the numerator
contains al the enhancement coefficients d; of
each element j of the matrix, and the denomi-
nator contains all the absorption coefficients
bj; of each element j. Thus, the reader can eas-
ily guessthat intensity I; will increase with the
enhancement effects and decrease (or in-
crease) with the absorption effects if by is
positive (or negative);

All these matrix effects are weighted by the

factor W', which takes into account the poly-

chromaticity of the incident spectrum.

In the light of equation (10), the author con-
siders that these conditions represents the "spirit
of Sherman”, involve no degree of interpretation,
are objective and are not a subjective exercise.
Any new expression proposed for calculating X-
ray intensities must respect these preliminary re-
quirements to be theoretically valid. Any new
mathematical expression deduced for calculating
X-ray intensities must not only be able to calcu-
late representative values pertaining to an analyti-
cal context, but also must respect the hyperbolic
nature of the Sherman equation to be in agreement
with physical reality. An examination of the litera-
ture done by Rasberry and Heinrich [17] based on
42 publications confirms that the relation between
intensity and concentration can be adequately rep-
resented by a hyperbolic function. Furthermore,
Sherman himself stated that [18]:

"The theoretical correlation of the intensity

of the fluorescent spectra, excited by a
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polychromatic beam, from a multicompo-
nent mixture and the concentration of an
element in the mixture involves integral
harmonic means and the use of hyperbolic
curves in multidimensional spaces. The
computational labor involved makes the re-
lations too complicated for general use.”

That being said, the author is forced to con-
clude that the word linear does not quite fit the
"spirit of Sherman" and this statement is objec-
tive. However, it does not mean that linearity is
eliminated from the calibration procedure. On the
contrary, efficient calibration procedures have
been developed with success by Rousseau, Willis
and Duncan [19] where linearity continues to be
the main objective.

8. The" New" Lachance-Traill Algorithm

The LT algorithm (Egn 2) has been deduced
yet another time from the Lachance identity [8]
(Egn 6). If the Lachance identity distorts physical
reality, the chances are good that the subsequent
equation derived from it will also be compromised
with regard to experimental reality. When the
foundations are fragile, the rest of the edifice is
liable to be fragile aswell. Let us see.

Lachance and Claisse [8] deduced from the
Lachance identity (Egn 6) a "new" (aready de-
duced by Rousseau [5], 11 years ago) effective
influence coefficient my;, which is used in associa-

tion with the LT algorithm:
[o]
G :Rll’faj(au - e|j)CjJ (19)
where.
m;j=aij-6;j (20)
and
i 21
a. =
1 “h+s (21)
P ’€;
€ = P+S (22

The aj; and e; coefficients are fundamental influ-
ence coefficients correcting for absorption and
enhancement effects, respectively. The coeffi-
cients a; and g; are fractions of the influence coef-
ficients a;; and e;, respectively, when the secon-
dary intensity S is different from zero. The coef-
ficients &; and g; are equal to a;; and e, respec-
tively, when the secondary intensity S is equal to
zero. Thus, we can say that the coefficients a; and
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g; are some "kind" of absorption and enhancement
influence coefficients, respectively.

In physics, when two variables are subtracted
it is because they are of the same nature. For ex-
ample, we can subtract a speed value from another
speed value, a distance from another distance, an
energy value from another energy value, an inten-
sity from another intensity, etc. We cannot simply
subtract a distance value from a speed value, for
example, i.e. we cannot subtract two variables of
different nature, even if they are dimensionless;
now a; and e; are two variables of a different na-
ture, mathematically and physically, correcting for
absorption and enhancement effects, respectively.
Therefore, Lachance and Claisse, by proposing
equation (19), are not respecting this fundamental
reality.

Another way to interpret this fact is by assum-
ing that the enhancement is equivalent to a nega-
tive absor ption. The present author, together with
many others, including Lachance, Claisse and
Willis, does not support this interpretation about
the enhancement. It is important then, to try to
avoid the use of the "new" LT algorithm (Egqn 19)
that favors such a conclusion.

In practice, there is another consequence of
regrouping in one entity the a;; and e; coefficients
rather than to keep them separated, as in the Fun-
damental Algorithm (see Egn 26), in a ratio. In
practice, not only there is no benefit in using the
"new" LT agorithm rather than the Fundamental
Algorithm, but one also loses something. By using
equation (19) we lose the mathematical robust-
ness, i.e. equation (19) requires more iterations
than the Fundamental Algorithm before getting to
the final result (the convergence process is
slower) and this equation is also more sensitive to
any error in measured intensities [20].

Furthermore, Lachance and Claisse did not
suggest any method to calculate the first estimate
of the sample composition and no calibration pro-
cedure either: their "new" (?) Fundamental-
Parameters method is incomplete. More com-
ments regarding this approach are presented in
Ref. [2].

Lachance [21, 22] (and also Claisse [8] and
Willis [9]) bases many of his conclusions on sim-
ple numerical examples, which are, most of the
time, very far from the practical reality of XRF
analysts. The validity of such an approach (and
also conclusions) is questionable because it does
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not allow one to check redlistically if the spirit of
Sherman is faithfully respected throughout. Fur-
thermore, Lachance's numerical examples would
be more convincing for XRF analysts if they were
included calibrations, calculations for the first es-
timate of sample compositions, and explained
how well the iteration process converges toward
the final results. All these important steps are es-
sential to any Fundamental-Parameters method.
For example, the Fundamental Algorithm uses an
outstanding calibration procedure [19] and an ef-
fective method for calculating the first estimate of
sample compositions [1].

Consequently, the author does not anticipate a
long future for the "new" LT algorithm for the
following reasons. When Lachance and Traill [10]
proposed the initial LT agorithm in 1966, they
also proposed an equation to calculate theoretical
influence coefficients. They caled them "apha’
coefficients. These apha coefficients have very
specific properties: they are calculated from the-
ory for a specific analytical context, using binary
standards, assuming that the incident tube spec-
trum is monochromatic and they are calculated
only to correct for absorption effects. The en-
hancement effects are not taken into account. The
proposed eguation was:

G =Ri(\1+é.jbijcj) (23)

where the "alpha’ coefficient bj; is defined by the
equation (14). In 1984, Rousseau [5] generalized
the same coefficient bj; to a polychromatic excita-

tion source as follows:
[e]

_ ak\M(I k)bij (I k)

a; = 5

aw(,)
where to each incident wavelength |  is given a
weight Wi(l ). This coefficient still does not cor-
rect for the enhancement effects. The question is
then how to modify theresulting LT a gorithm:

G :R(\l"'é.jaijcj) (25)
to take into account the enhancement effects? The
answer is not the "new" form of the LT algorithm
(Egn 19). Indeed, the new equation must incorpo-
rate all the mathematical and physical properties
of the magnificent equation (25) for the correction
of absorption effects, but must also integrate the
correction for the enhancement effects while re-
maining respectful and faithful to the spirit of
Sherman (see Section 7). The Fundamental Algo-

(24)
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rithm as proposed by Rousseau [5] in 1984 fulfills
all these conditions:

C = R—o—“éja”cj (26)
1+ajeijCj
where
L _Awl.9,0) o
oAl

is the influence coefficient correcting for the en-
hancement effects. The equations that define the
symbols Wi(l ) and d;l « are given in Ref. [1]. It
should be noted that when the matrix elements |
do not enhance the analyte i, al the coefficients g;
are equal to zero and the Fundamental Algorithm
becomes the famous LT algorithm (Egn 25). In-
deed, the reader should look at the Fundamental
Algorithm as a generalization of the LT algorithm
to correct for enhancement effects. The author
finds it gratifying to have succeeded in combin-
ing, in such an elegant way, the exceptional quali-
ties of the LT agorithm in a context of pure ab-
sorption to an efficient correction for enhance-
ment effects, without physically assuming that an
enhancement effect is equivalent to a negative
absorption. However, the author does agree with
Willis and Lachance [9] that the beauty is purely
in the eye of the beholder, and different, and
therefore subjective, for each person...

It is important to remind the reader that the
Fundamental Algorithm was developed to be ap-
plied to very general analytical contexts by meet-
ing the following criteria
- Combines the treatment of monochromatic

and polychromatic excitation sources in a sin-

glealgorithm;

Corrects for both matrix effects, absorption

and enhancement, for binary, ternary or any

multi-el ement specimens,

Is deduced explicitly from fundamenta prin-

ciples of X-ray physics and respects them

completely;

Uses an efficient calibration procedure [19]

that dlows one to adapt theory to the experi-

mental data of each spectrometer;

Uses an efficient approach for calculating the

first estimate [1] of the sample composition.

9. Conclusion
In the past, many mathematical models, or d-
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gorithms, using “"alpha" coefficients were pro-
posed for the correction of matrix effects. They
were all approximations to a physical equation
called the Sherman equation [12]. Then in 1968,
Criss and Birks [13] showed how to apply this
equation to quantitative XRF analysis, in a
method that they called "Fundamental Parame-
ters'. Like anything else in science, these concepts
have greatly evolved since the last four decades.
Today, many approximate algorithms from the
very beginning can be directly deduced from the
Sherman equation, without doing any approxima:
tion during the derivation process [1]. They are dl
equivalent to the Sherman equation; they are all
the same equation as the Sherman equation, ex-
cept they express the Sherman equation in a dif-
ferent mathematical form. Now, which form is the
best one for describing all the physical phenom-
ena implied in quantitative XRF analysis? Which
form performs the best in practice for calculating
the composition of a sample? Based on the evi-
dence, the author must conclude that it is the Fun-
damental Algorithm [1] (FA). The FA isthe same
Sherman equation expressed in another mathe-
matical form. It is a Fundamental-Parameters
method that combines the practical aspect of in-
fluence coefficients and the theoretical correctness
of the Sherman equation.

However, there is a magjor difference between
the Sherman equation and the FA. The Sherman
equation enables one to calculate only Xray inten-
sities from which the sample composition can be
possibly deduced, i.e. it is an indirect calculation
process. It was the major contribution of Criss and
Birks[13] in 1968. On the other hand, the FA cal-
culates directly the sample composition without
having to calculate the intensities first. In practice,
the consequences of that critical difference are:
The FA is more robust mathematically than the
Sherman equation. It always converges during the
calculation process and requires less iterations to
get the final sample composition.

In the light of these comments on method
evolution and Fundamental Parameters, the four
last conclusions of Willis and Lachance [9] are
clearly incorrect and cannot be justified. The au-
thor sees the situation as equivalent to a competi-
tion of the Olympic Games. All participants to a
race could be excellent athletes, in very good
shape, but only one participant will receive the
golden medal for the race. If somebody is not
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ready to accept thisrule, it is better for him or her
to not participate. In this particular case, it means
that
- authors who have submitted papers for publi-
cation in XRF analysis,

editors of journals who have accepted to pub-
lish them,

teachers who have taught the proposed ana-
lytical methods

and instrument manufacturers who have used
these methods in practice

must be aware that, in spite of the excellence of
their work, the proposed methods will eventually
become obsolete and replaced by something bet-
ter. The author apologizes if his enthusiast for the
Fundamental Algorithm has let imply something
different.

In future, the use of the "new" LT agorithm
(Egn 2) will inevitably cease for all the reasons
mentioned above and will be replaced by the Fun-
damental Algorithm (Egn 26), which is in agree-
ment with physical reality. However, the LT ago-
rithm associated with theoretical binary influence
coefficients as proposed by Rousseau [23] can be
applied with accuracy to the determination of lim-
ited concentration ranges (0-10%) (e.g. oxides
diluted in fused discs).

In order to obtain accurate results with the
Fundamental Algorithm some rules must be re-
spected. Although the calibration procedure [19]
of the Fundamental Algorithm requires only a lit-
tle number of reference materials, afew, neverthe-
less, must be used in practice. For best accuracy,
reference materials of a type similar to the un-
known samples should be used. Also, the prepara-
tion of samples and reference materials must be
identical. Thus, that will compensate considerably
for all the imperfections of theory and the uncer-
tainties in the fundamental parameters (e.g., fluo-
rescence yields, mass absorption coefficients,
etc.).

Finally, the present author, together with La-
chance, Claisse and Willis, does not believe that
XRF spectrometry is in a sad state and considers
that the door is still open to valid criticism. He is
also convinced that the topic of mathematical al-
gorithms relating concentration to intensity in X-

ray fluorescence spectrometry should remain open
to further valid devel opments.
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