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ABSTRACT - - :

The sequential simplex with the Nelder and Mead algo-
rithm was applied for the multieleément @étermination with
photographic detection in A.E.S.

Punction responses are presented for the study of the
szgnal to noise den51ty ratio of for minlmlzing the matrix
effect by ‘the mult;element analYSLs. In order to avoid
premature simplex” c0ntraction the expans;on of the initial
Simplex :is recommended. Examples for the analysis of so-
lutions and powders are ‘given. :
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RESUMEN

Se apliéa el método simplex secuencial, con el algorit

mo de Nelder y Mead, para la determinacidn de varios

elementos en A.E.E. con deteccién fotograflca.

Se presentan funciones respuestas para el estudio de
la relacidn’ sefial-ruido, o para la disminucién del efec-
to matriz, en el andlisis de varios eleméntos. Para evi-
tar la contraccicn prematura del simplex se recomienda
la expansicn del simplex inicial. Se prindan ejemplos

en el andlisis de soluciones y polvos.

INTRODUCTION

In Atomic Emlssion Spectroscopy (A.E.S.) are few the
~ works in which optimization technigues are employed
being the traditional method of wvarying one factor at. a-

time the most common used.

._Gredient or_steépesteascent (descent) methods in
A.E.S. (1-7) succesfully predict the direction in wich
the optlmum search should be directed, but the mlnlmum
smber of experiments required for the determlnation of
the next move increases when the number of variables is:_

large, whlch makes thls method troublesome.

In the_flrst part of this worg;thezsequential simplex
procedure has been succesfully applied in Atomic Absorp-
tion Spectroscopy (A.A.S.) according to the Nelder and
Mead.algorithm (8).
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The aim of this paper is to evaluate the performance
of the Simplex optimization procedure in A.E.S. for the
multielement determination with protegraphic detection.
In the absence of a complete theoretical solution of some
problems in A.E.S., the use of optimization techriques is
- perhaps the best available solution for determlning the

optimum set of operating conditions.

RESPONSE_IN ATOMIC EMISSION .SPECTROSCOPY

It is usual to consider the density values as a respon-
se in‘A. E’S—_ A maximum value of- such reeponse doesn't
mean anxenhancement of detection limits. The multlelement
: determlnatlon, or remov1ngfthe matrix effect are also

_ everyday problems in A.E. S.‘ Thus the. determlnatlon cof a

- response function that really evaluates the. system perfor-

mance is of great significance in A.E.S.

To consider the difficultes in the miltielement
~determination, a functlon response (%) ‘of such a form is -

lproposed

is the response function evaluated in the j experi-

:ment . T
'is the maximum value of the response

7is the value’ S the' Fegpbne function int the j ex-

periment for the analytlcal 1ife of the i*eélements - -
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o is a coefficient use-to characterize the difficulty
in the determination_of;the-i'elemént.

The value-of this coefficient -should be calculated’

from:
s IR - A . . N
6 =t e ¢
A
i=1

In this equati5“e'Ni i$ the order humber of the ele-

ment. Thus & succesive arrangement of the elements is

undertaken accordihg touconsiderations‘concerning.the-

limit of detection of "the -elements, or to. a given pric=

rity order, flxed for the particular analytical procedure.

‘Instead of den51ty‘values we used the signal to n01se

ratlo deflned by

-
o

g A S

"where: A 8§ = -S'L +. b - Sb

is the difference between the spectral line density

value and the background (S ) in the vic1n1ty A 31m11ar

equation for the line intensxty can also be applied. -

Equation (1) then reeds:

i=1 P : I oL

The objetive of the simplex optimization will be to .

minimize the value oE'Rﬁ. s
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For‘ﬁi‘a value of 100 was fixed.

‘It is - also clear that such a response has little signi~

ficande if we have to considér matrix effects. In .such a

case we used as a measpnre of the line intensities diffe-

“xences an adecuate qﬁantity (10) defined as:

i=1

1where Y, and Y -are, the inteqs;t;esilogatithmsﬂof_the___

iR iB :
spectral line of the i element in matrices A and B res-

’pectively.

Strictly speaking, oniy the coinéidence of working -
cirves must be'fegarded*eé*é‘oonolﬂsifetcriterium for the
xclusion of matrix effects, but we have found that the
_polications of equation (5)' allows an efficient optimi-
atlon of the spectral buffer concentration w1th a redu-

ed number ot experlments.

nalysms of soluttons

-As a first example we present the.estimation of
ptimum operatlng condltions for the ana1y51s of the dry
]Sidue of solutions, accordlng to Sllbersteln (10)

“We decide the simultaneous optimization of arc currentf
n51ty, of carrier concentratlon (C (NO )2) and .eXpo-

time The signal to n01se ratlo for the density .
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values of the spectral lines of 14 elements. (Mg, B,‘Nl,
Co, Cr, Mn, Sn, Fe, Au, Cd, Pb, Zn, As and Hg) was chosen
according to equation (4). The apparatus and operating
conditions were: ‘ ‘
Spectrographr‘PGS-Z Carl Zeiss Jena
Diffraction grating: 650 grooves/mm.,
Blaze 560 nm
Slit width: 20 m i
Electrodes: Flat "6 mm dlameter. Johson’ Mattey Grade I
electrodes
Analytical gap: 3,0 mm
Fmulsion: Spectral plattes ORWO‘WUS.

Microphotometer:“Rapid_densitometer:GII.‘Carli_Zeiss,Jena

Table'l'shows.in detail the optimization of the three

given parameters.

The response value of each 51mplex move Ls an average

over 8 spectrograms.

For determining if the optimum has been reached the

concerned error (E) was determined previosly within the

experimental range. An appropriated stop criterium was

presented in the first part of this-articlé.

The srmplex should be halted when the dlfferences 1n

response aporoach some predetermlned value (E = 300 R

unitsy.

By the determlnatlon of the lnltlal Slmplex, ther‘

1mportance of the 1nvest1gator prev1ous experience should
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;%Lt be undervaluated. When the inltial Simplex is fixed
.lbetween;the maximum values of the experimental parameters
‘ the-simples”rules, force the .contraction inside the ex-
perimental region {see Table 1}. Boundary violations are
handled by ass;gnlng a poor response to the vertex whose

lecatlons v101ates the boundary constraint

Atomic*emission spectroscdpy with protographic detec-
tion is not a noiserfree environment. We have found' in
this field the reluctance of the Simplex procedure (accor-
ding to Nelder and Mead algorithm) to approach the boun—.
lary. constralnts Thls failure is in dependence of the
lnltlal Slmplex size.

_ ln'tableizﬁis'possible to see the failure of the Sim-
?plex near a boundary constraint. Accordinq to the stop
Lcrlterlum the Slmplex is halted in the flrst contractlon
;(Experlment No. 8). The initial Slmplex size was selected
etween 5 and 6 % carrler concentratlon Thls is very
nfavourable and causes an irregular evaporatlon The R,

L

alues are too hlqh and only a local optlmum is founded

-current 1nten51ty,'sllt Wldth buffer—probe dllution

buffer concentratlon) for the cualltatlve determlna—

R "J'.":—\}\i =z )1’7
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residual . products from the nickel minerals processing
“{ndustry. For the solution of ‘thisg analytical problem .
. is neccesary to take ‘account of theé possible matrix

effects.

The chemical com9051tion of the two different matrices,

is showed in Table 3 “The samples were prepared by dilu—
tion in the matrices and w1th spectralnpure,oxidesﬁqf the
analytical elements. Standart samples with concentrations
_of 0,3 Al and Cr, and 0,03 of Sn; Ni, Co, Mn, Ti, "V and

Mo were used in the optimization~precess‘;

The speotrograph,'ilumlnation gystem, ?ahalytiéalfgap1
emulszon and microphotometer experlmental conditlons ‘were

sinilar to the. mentioned by the, analysis of solutions.

Twenty mg of the standard samples ‘were' exc1ted in’
qraohite electrodes, with 3 mm diameter, 6 fm deep and
~+1 fim wall: widths. RERSE o

A response function according to equation (5) was

ehployed The error for this response function Was 0,02
and the same stop criterium was utilized as for the mini—

mization of |6m | . The response value of each experiment

.lS an average over 10 spectrograms._

.:-,

The 51mplex movement is presented in Table 4 dhserve
v K , i B

' the boundary violations for experiments 7 and 15 Optimal

values were founded in the_experiments 2 and 13 Tb deCL—

it

de among these experimental“conditions, the signal to noi

se ratio was evaluated for. tf

L

spectral lines. In this

gase experiment No.,13 allowed a higher 51gnal to nOLSe

densrty values ratio for all the spectral llnes 1nvolved.

?he;matrix .effect was minimized with mindimum Ailution -
buffer-probe. It is also .evident the advantages Of the .
_ 51mplex method OVer the traditional . methed of varign one
factor at a time: generally used for.. the establishment

of "optimum" operating condltions in A.E.S.. In this cas

a proper exploration of thé response surface was achieved

with only 15 experiments for 5: exgerimental factors.. ..

. 'concmsmms

The sequential 51mplex with the Nelder and Mead algo—
rithm was applied for the multielement detérmination
E‘with photographic detection 1n A.E.S. The utilization of
: this approach has not been reported in this field.

Accordlng to our results 1t should be 901nted out'

- The,function responses-presented 1n this paper allow
‘the-optlmlzatlon of multielements determination in
A.E.S. The reproducrbillty error of. these functions
should be determined. The simplex. should. be halted.
when the response differences approach this value. A -

similar stop criterium as that emoloyed in A.A. S can
be used in A.E.S. 7 ‘

When the simplex size andg starting location_of the sim-
Plex is randomly ehosen,'the Nelder and Mead procedure

failed to locate the true optimum in its search because
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qgie experlment No.,13 allowed 2 higher 51gnal to noise

: den51ty values ratlo for all the spectral llnes 1nvolved;

The:matrrx effectrwas minimized with minimum dilutien -
buffer-probe. It .is. also evident the, advantages ef the -
simplex. method over the traditional methed of varign one.

" factor at a;tmme~qenerally\used-for-the=establishment'_

of "optimum" operating condltions in A.E.S.., In this case
a proper exploratlon of thé response surface was achieved
- with only 15 exper;ments-for ﬁgexperimenta;Jfaotors.q

CONGLUSTONS R .
The sequential srmplex with the Nelder and Mead algo—
rithm ‘was applled for the multielement detérmination -

with photographic detectlon 1n A.E.S. The wtilization of

this approach has not ‘been reported in this field.

Accordlng to our results 1t ‘should be p01nted out:

.The* functlon responseSwpresented in th15 paper allow
’the optlmlzation of multielements determlnatlon in
A.E.5. The reprodueiblllty error of. these functions
should be determlned The srmplex should, be balted
when the response differences approach this value. A

similar stop criterlum as that emnloyed in A.A.8. can
"be used in A.E.S. ° '

When the simplex size and starting location of the sim-
'plex is randomly chosen, the Nelder and Mead procedure

failed to locate the true optimum in its search because
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'of premature contrac_

to avoid this effect we recommend to spand the inltial
Simplek betweéen 'the’ maximun walies of the. ‘dxperimental
paxametefs.“The'Neidgrvand”mead*a1g6rithm“foreeé theri ‘the
contract:on tnside the experiméﬁtal ‘region ahd a proper

exploratioﬁ ot the résponsersurface ig possible.

‘wanhs-i;-

Optimiﬁaiiéﬁ*iﬁ’tﬁefgiaiyéis“bfisbiuiiéﬁé“’”"

cn of the simplex size. In order

"~ Simplex Factors

Exp. No.

Points X3 X2 X3

o 6,0 :--Or'z-_ .10

10,0 6,0 30 -
‘8,00 2,1 20
‘*”736“'41 0 17?1f'

x;._Dlrect current’ intensiiy (4 - 1GAT;” J' 

(0 =B B
(5 - 308).; "

. X2 ‘Carrier concentration
. % .(Ca (NO Ypde

X3 Exposure time.

120

dd wiw pm Poadl Taneviie
s B0 140 L 200

.gﬁr

TABLE 2

Failure of the simplex.

P

. Simplex .

Points -

e

B B > B
Ul
-
=]

TABLE 3

Chemlcal gomposmplon of the matrlces (% )

Probe 1

Probe 2

.70
a8
12
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