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Abstract:

The spectral and chemical interference of the rare earth elements, and those elements in common
association with rare earth ores upon perchloric acid dissolution, on the determination of dysprosium,
holmium and erbium by atomic absorption spectrophotometry is reported. Some suggestions are made
to aid the analyst in determining these rare earths in the presence of other rare earths A redox
phenomenon based on electronic configuration is suggested to explain the rare earth element
interference observed. This is believed to be a new approach to flame processes involving the rare earth
elements.
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ABSTRACT

The spectral and chémical interference of the rare earth
eléments, and thosée elements in common association with rare
earth ores upon perchloric acid dissolution, on the determin-—
ation of dysprosium, holmium éand erbium by atomic absorption
spectrophotometry is reported. Some suggestions are made to
aid the analyst in détermining these rare earths in the presence
of other rare earths,

A redox phenomenon based on electronic configuration is
suggested to explein the rare earth element interference
observed. This is believed to bé a new approach to flame
processes involving the rare earth elements. .




INTRODUCTION

It has been demonstrated (19) that at 1es.s£ some of the
Tare earth elements can be aﬁalyticaliy“ determined by means of
atomic absorption sPeétroﬁhotmetzyo ‘It is Purthermore evident
ﬁhat'sincé‘the rare earth:éleménté are ohem;éaliy simila# (20;
21,26) they will of necessity be determined in presencé of each
other, and a study 6f_the sﬁectral and chemical (cationioc)
interferencés will be necessary; | .

Historically. there has been mugh‘Speculation'as to flame
processes governing observed chemical in.terférenc%eso Most |
investigators have_préposéd the formation of refractory com—
ﬁéunds to expléin the observed interference (18,24,25), In the
determination of metals which form refractory oxides; such as the
rare éar?hs, few metal atoms aie available for absorption or
emission, A fuel-rich oxygen/acetylene flame has been success—
Pully used in lowering the detection 1ihit$ of rare earth elements
by both atomic absorption (19) .and emission (3,7) spectrophotometry,
Thié ﬁethod owes its success to the'proposed (7) reaction

' REO + C = RE® + CO R ¢ 9)
Though this reacfion'is sufficient to explain the increased
absqution (or emission) when only one rTare earth element is
present, it becomes iﬁadeduate when other rare earth éleménts

are introduced.




GENERAL CONSIDERATIONS

The primary objective is to present empirical evidence
of spectral and chemical inberferences of rare earth elements in
the determination of d&ysm:osium, holmium and erbium by atomic
absorption methods, In addition, chemical and spectral int;eru
fe:Eence data wiil be given on those elements whicﬁ are likely
'bo.occur with raré earth elements upoﬁ dis_solution of their ores
with perchlorie acid e

It is -expeéted that the spectral interference observed will
be a function of the effective bandwidth of the monochromator (5)
and any'lineé ‘or bands of the interferent which might fall within
this effective bandwidth, The effective bandwidth takes into

considéra‘bion optical aberrations' and is given by

B, = X(S +.04) (11)
where B, is the effective bandwidth at s1it width §,
and X is the bandwidth at 1 mm slit width, which is

empirically determined, and was obtained
graphically (15).

Some authors have su'ggestegl that the dissociation energies
of the lanthanide monoxides steadily decrease as the atomic
number of the rare earth element increases (9523), and others have
implied that europium, thulium and ytterbium do not form stable

monoxides (5,19); If ome assumes equation I to be the reaction

Irhe choice of associated elements was made. with the help of
Ryabchikov (17) and Dana (4) and based on the premise that mineral
samgﬂes would be digested in perchloric acid as suggested by Vickery
(20). '
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governing the concentration of absorbing species in the fl'ame;
one would expecj: the eguiliﬁrium constant of equation IV to be
grea:bér than the equilibrium constant qf equ_atioq III-9 if the
dissociation energy of RE;0 is greater than the dissociation

energy of 'REie; A

'RE;0 + C = REj + 00 (1T1)
BE,0 + C = RE. + CO (V)
wheirs RB, “rejresents the rare earth elememt to be de-
‘termined
and RE:_ represents the rare earth interferent.

The vove:'eali effeot would be little change in the REg concen=
" tration, -:‘i.f the concentration of carbon is lérge (16) compared
to lanthanide monoxide.

It is proposed, however, that an additi’ongl Teaction
occurs in the flame which increases the REg cqz?._qep;}:ratioﬁg ‘
resulting in increased absorption. This Teaction is

RE; + RE;0 = RE,0 + RE; (V)

and the extent to which it goes to the right will be gpverned
by the relative reducing ability of 'REi s which in turn will

be governed by its electronic configuration.




EXPERTUENT AL
Abserption Apparatﬁs

Light Sources_,w The following. Westinghous‘e hollew cathode lamps

were used as light sourcess. dysprosium (WX5465), holmium (WX5487)
and erbium (_wx5486).; "The lamp power'éutput was reé:u]_.a,’yedﬂby.a
censtant-current. powe:r.z_ SI,J.pp_ly' .(Lémbd;é; Elé_ctro;ﬁ_bs' IGorpora.tio:n_‘;,
model Tl=B)eo |

Bur#ér; . Sihqg' é._ fuel=rich oxygen/ é,cetylene flame was desirable
in this investigation, a Beckman owgen/bydrogen_ppmgr_ was used
(#4020)o It was thought that this burner would supply .a flame
of smaller total vpli:me and more favorable geometry, therefore
concentrating the atoms available for absorption in thé light
path (6). In addition; a saving in fuel cost was predicted as
the 4020 burner did not allow as high a consumpbion as the
standaxd 4030 (oxygen/acetylene) burner, It was hoped that the
at'ben'd_.-an'b; decrease in solution cén:,sumption rate would be offset
by the aforémenti‘qned' ad%rantagés, yielding nearly. the same

absorption cali_‘bration >curves repdrted by Skogerboe (19)0

Monochromator. A Beckman model DU quartz spectrophotometer was

used as a monochromator.

Photodetector and Power Supply. An RCA IP28 photomultiplier -
tube was used, coupled with a power supply describe@ by Box and

Walsh (2) and modified by replacing British tubes with American
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equj.vélén‘!:s; _ '
Amp'iifier;.- An AC tuned amplifier was used to ampliffy.the signai
from the phofotube,; This amplifier was oﬁgi;na:ply deécﬁcibed by
Kalmus and Sanders (12), modified as reported by Skgéerﬁée (19) |
and the third stagé reniod_ified as shown in Figure To Essentially;
the amplifier is“tuy__gd to receive a 39 cycle s_igfaa,l., re,jeqting
both 120 cycle‘sé.g;;a;..from artificial J_.ié_h“q/power §upp1y; and
stray_sigdglé_ gréigl’.r_lating in the flame, The amplifie: has a

DC output feor aﬁ,'rec‘ordgar;

Recorder., A B:l:":n"..S'l:ol'_:ce'co:ede:r?9 model 1PH560, with a 0-10 milli-

volt span full-scale was used for all measurements.

Ins';lﬁrumental Conditions

S:?_ncé" a different burner %hg.’n re;éorted by Skogerboe (19)
was used, burner parameters had to be redete:mined; Reported
values for hollow cathode oufrent and ’p]ﬁotot}:zb:e voltages were
utili zeé.g the maximum oxygen f;.ovrr_ ra.te,?; commgnsur?t_,e with
dependable burner ope:cia,t:‘i.cfv‘n9 sets the fuel flow rate and D
(height above burner tip) varied to atbain the absorption
ma};i.;na; The,con’d:‘i.fions cl;Losen,v sumarized,ih Taﬁle I, reflect
essentially the same cé.li;p:;:atiqn éurxfes reported by Sk.dgerboe,_
even though the total flow rate is lower, This is brought about
by the better flame gecmetry produced by the‘partiéular burner

used,
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Table I. Optimum Instrumental Condi+ions

Element Oxygén/Fuel O + F(ml/min) D (mm) Lamp  PM  Slit
Rep'd. Found Rep'd, Found Rep'd. Found Current Volts mm

| ) : | (ma) -

By .80 .90 7500 6000 30 24 18 900 .01
Ho «T5 <90 7500 6000 30 - 25 20 900 0L

Er 080 .90 7500 6000 - 30 26 15 900 0L

.Absorption Procedures

Absorption measurements weré made by setting the mono-
chromator slit to ite m:.mmum width (,01), focussing o ‘the
absorpbion line and, by adjusbing the amplifier gain, setting the
recorder to read Io'wi-bh a blank in the £lame, The absorption
intensity, I, was then read with a sample solution aspirated into

the flame, In genéral, each determination was made in'triplica;te;-,
Standard Solutiens

A1l cations investigated were pr‘eparéd as “the perchlor-

a:t;es2 and dissolved in absolute ethanol. Steck solutions

2The vanadium and aluminum solutions were prepared from
the chloride salts of these metals, Corrections were made for
the effect of chleride when necessarys
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3 of 211 metals were

con'bainiz_lg 10,000 micrograms per milliliter
‘ p:eparet?.; These solutions were diluted as required in absoclute

ethanols

3A common errer appears to occur in tramsferring concen= -
tration calculations from aqueous solutions to alcohoel solutions,
In agueous media, ppm is approximately equal to m:.erograms/ml°
‘but in alcohol solutions an error of approximately 21% is intro-
duced by making the assumption 1 gm BEtOH = 1 ml at room tempera~
ture., It is stuspected that much of the concentration 1nfor=
mation in the literature is in error,




.RESULTS.
Spectral Interferences

Althe_t;.gh 'eéﬁéentrafed soluti ons of the rare ea,‘r-t;’hs_j9
and metals aééqcig;ted'vvith rare. earth e'leme'n'bs; generally yield
noe absorption é;'t,.;bhe three .analytical waﬁe‘l,ené'i';hs invesiié_'ate&;- '
varying amounts of emission were passed fh:gbﬁgﬁ.'thelmonmql}r@nat'er_
and seme of"bizis _eﬁ:iésion signal was ‘notb -:_.c'eje'c'bed by the tuned .
amplifiers 'E_hué, an effective spectral interfe;'eﬂcg. was observed.,
It w:.ll be seen in Table II that, in general, spectral inter-
fer,ef;cé, decreased as :'effec'bive monoé_hrema‘bo;pbant‘iwidt_hw_‘decreé;se’d;
The e'xc'sep'bilons to this ru]._é occur whenever emission lines lie
close to the analytical Wg.vele‘ngths; o

'In Table II spectral interference values. é,?? listed,
rounded to the nearest eme-half sé_a.l_e”division; _One. scale.
division is eQuiValent to one percent 'brarismj.'bt'a_:r_z,ge; Positive

values indicate emission, negative values indicate abserption.
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Table II, Spectral Interferences on Dysprosium, Holmium and
Erbium in Units of Percent Transmittance

Interferent Element Sought
10000 Dy Ho Er
ugm/ml 4211 A 4103 A 4008 A
B=6s25 4 B=5.65 A | B=5.25 4
La 0 ¢ Q,
Ce +005 £0.5 £150
Pr #1455 $1.0 0
Nd " 41.5 +1,0 0
Sm +1,0 #1,0 0
Ba +1,0 +150 0
ad +005, +1.0 e
T 42,0 +2:0 0
Dy B . +1s0. ¢
Ho +1.0 - Q
Er +2,0 0 -
T +165. 0 0
Yﬁ +0.5 +065 0
Au +1o5 o =005
Y +205 +105 )
Be +3'a‘Ci) +2,0 0
Na 0 | 0 0
Ca +300 +105 0
Fe +240 +1.5 0
A +1o5 ' +1.0 -0
In +005. +4,0 0
v +205 +4.5 0
Th +005 +005. 0
U o +045 0
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Chemical Interferences

 Since it was hoped. that J.nforma.tn.on on the behav:.or of the
rare earths in the flame could be obtaa.ned, the chemi cal interference
data are presen_.t_ed in two parts. The first part will be a purely
‘tabular éempilatiég;'”éf rion rare earth interferent data (Table III)
witile the s,eéend pert, dealing with rare eérth ‘element min‘berfern
ents, will be presented both ‘tabularly (Table Iv) and graphiceally
(Figure 2), ‘ '

"In suppor'b of 'bhe hypothes:.s that eq_ua'b:.on V governs 'bhe
enha.ncemen'b evidenced. in Table IV and Figure 2, the following
is giveno

The estj:.r}}g,“_bgd-gx;iidatj.on potentials of the Tare earth
elements ih alqiz_e_gqg_\;pﬂe.c_iia_ (14) reflect a décrease in .':;e’dt'zcing

ability”

with increasing atomic mumber, It appears to be reason-
a‘ple “l;o expect ﬁﬁs_trend to be cva.r;'ied throqgh_to; :l;_l}e qondif,ions
of the f:!.ame__ siﬁcg, fromﬂ Fjgure 2, there is a genje:g;wd_.eqrease
in enhapcemenjb’( a fﬂ.géreg,se in the equii!.ibrium constant of
equation V ) as atomic number increases. The failure of eurepium

and ytterbium, and to a lesser extent samarium and thulium, %o

follow the general trend can be explairied if electronic config~

4The potentials given were for the reaction RE® = RE 4+ 367,
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urations are taken into account.

Table IIT. Chémiéal Interference of Non Rare Barth Metals on
Dysprosium, Holmium and Erbium

Interferent - Element Sought’

all values given in units of & A5

1000 - Dy Ho ©- Er

ugm/ml " 250ugn/ml 150ugm/ml 200u.gm/ml.
Y +0039 +,002 +0030
Be =063 =041 =069
Na ~e148 =077 =182
Ca —. 042 -5 030 —5062
Fe . =, 028 ~0 014 =0026
Al =0 209 ~o080 =0 242
Th +2054 +,020 42067
U =009 - w0019 =0034

5

4 A represents the difference in absorbance value ,
between the standard rare earth solution alone and the interfer-
ent solution, eontaining a concentration of element o be
determinéd equivalent to that of the standard rare earth
solution.
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Pable IV, Chémiéal Interference of Rare Earth Elements on
Dysprosium, Holmium and Erbium ~

interférent Element Souéht
' all values given in units of A
"1000 - Dy Ho . ~ Er

ugm/ml 250ugm/m1 300ugn/ml .  200ugm/ml
La " 4,070 4,030 " 4,080
Ce . 4,069 #0031 +.071
Pr +0051 ‘ +0022 , +;©59
Nd +0049 +0024 +0059
Sm +0021 +0013 -~ 44034
Bu e 007 0023 +,003
ed +5036 +s015 +,041
T 40055 4,010 +.054
Dy - +,015 +0049
Ho +0053 S— +,053
BEr +,051 +0,013 .
Tm 40046 42002 +2040
b +5033 +5006 +3033
Im 40043 +,010 +0045

It is known that particularly stable electron configura-
tions are reached when electron "shells" are either filled or
half-filled (eg 10,14)., This is true of thellanthanidesi wheTe,
since the well shielded 4f energy levels are bging filled;~there
is 1little difference in chemical properties g#ee@t when ‘these

stable configurations are reached (14,21,26). Stable half
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£illed or filled 4f energy levels would exist only for su(T),
Ba(II), GA(III) 4£7 configuration; Tm(I), Yb(II),; Iu(IIT) 4814
configuration. The corresponding m9no:xide species would then
be Sm0”, Bu0, 60", @Q“;-Ybo; wo*, In a reducing flagae; such
as the one used, It is expected that the electron concentration
would be such as to allow very few positive ions to e:z:i;’ns'l;‘9 thus
reducing the liklihood of GA0* and Iu0* as si__g:ﬁficant,consiitu=
ents in the fuel-rich oxygen/ acetylene flame, - The config@:ma'bions
of the neutral atems.Eti(O) 4f7és2 and Yb(G) 4814652 are slso
expected to have increased s,tabilityo

The coﬁse’quenceg of the postulated existence of these
species agre as followse
(1) The stable oxide species of samarium, europium, thulium and
ytterbium would inhibit equation IV frem going to cgmpletiopp,
thus bringing about a lower concemtration of BE, available for
equation V a.nd hence fewer REg for excitation. .'i‘his;effect would
be evidenced in a lowering of enhancement (Figdre 2).
(2) The existence 6f stable neutral atems of eurdpium and
ytterbium woulé. fp.rther inhibit equation V and cause an increased
loweﬁné of BEE as compared to the effect evidenced by other, less
stable, specieg;_

The enhancemeﬁts' measured show that a 'chahge in mg-conm

centration of as much as twenty percent is taking place. This is

o
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not unrea.senable in the light of the proposed reaction mech-
anism if; as is estimated, 109 collisions per second occur

between REi and pmdo (8)
’ A_nalyti cal Potential

It would seem that with the serious chénﬁ.cé,]_ ';fi',n'perfera
ences evidenced an actual {malysis of cen‘bamiha?;efi Tare. earth
clement would be difficult, In order to ascerbain if a technigue
similar to the Tadiation buffer technique', which is comenly
employed to suppress ioniza‘bi‘on in samples with low itza'_ni‘zatibn.
potentials (5)5 could be used, fixed concentrations of RE,
containing va,ry:‘i;ng_concentrations of interfgrent we:ée. ran,. Some
of the re‘sul'-bs aie ﬁ#esented in Fﬁ.garés 3-5. The leveling out
of the interferéncé is evidents the slight decrease in enhance-
ment occurring at high concentrations of interferent may be due
to a decrease in aspiration rate (caused by an iﬁérease in the

viscosity of .the so_iution) with a consequent lowering of the

6

as RE.0, the transit time of an atom through the flame is about
10 m:f.g.'lu.seconds and the volume of the flame is 50..cc.

7o.oadd1t10n of an easily ionizable element to an'element
. which suffers from a certain degree of ionization itself, thus
minimizing the effeect of small amounts of easily. :Lom.zable ele~
ment which might have been present in the Sample.

'In this calculatlon it was assumed that all RE. was presen‘b
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BEg concentration in jbhe'flameBG, It abp'ea.rs as if the addition
of interferent, if the approx:‘i.inate concentration of inter_f"erent
is known, Would permit direct determination ef rare earth
element seught,

The effect of a censtant cencentrat:.en of 1nterferent -on
varying cencen‘!;lje.t}ens of element seught‘was also ;’.nv_estigatedo
The results are presentegl in Figures 6=-8., | an\e again the critn
ical"‘cencentiaﬁion renge (steepest asceﬁt of curve) is eviden'b'o
It would appear that satura‘b:.en of the flame w:.th“lyi}d eccurs
rather .:qu:.ckly_é._»v::.:_s.co.s:.ty ef:fects are not evidenced, since all

solutions are relatively dilute,

Data
The dev::.at:l.on at a mnety-f:.ve percent cenf:.dence 1evel
(11) for at 1eas1: for’oy de-berm:.nat:u.ons of the standard solution
of each element investigated ()].),y_-,,-"H\og Er) is presented below,

'25Q_u-gg/ml Dy s 304%
- 300ugn/ml Ho s 203%
200ugn/ml Er s 1,05

8Dyspros:.um dees not 'behave in 'bh:.s ma.nnerg presuma,bly

because enhancemént increases steadily at higher interférent
concentra‘b:.ens, overshadowing the small viscesity éffect. In
the ‘other eleients investigated it appears that enhancement
reaches a maximuim "and the v:u.sces:Lty effect tekes over at h:l.gh
int erferent levels,
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‘ SUMMARY

The feasibility of the determination of at least some of
the rare earth elements in presence of . each other has been
demonstrated, It reﬁains te be shown what the effeet of many
rare earth inter?erents on one element would be9 énd'if Pro—
cedu:es could be devised for direct analysis eof ores, . Elements
such as aluminum have such a serieus depressive effect that removal
would appear to be. the enly receurse if reasenable detectlen,
sen51t1v1t1es were to be malnjalnedo It is pos31ble thai either -
the interferent or the element to be deterqinedkeou}d“?e p;efera
entially cemplexed.b& the,addition'of a complexing agent euch
as has been done in the case of tﬁe'inhibition of calcium
emission by ph'osjpherqus_ (24;25)0

Genside;exiepAof dissociation energy phenomena alene
appears fo be gfessly inadequate to explain theseiflame.preeessesa
Results other,than those expecteé_on the basis of previeusly
proposed_arguments'(7;19) are obtained;' A;plaueible, simple
redex phenwmenoﬁ hee been prebosed to explain thefébsefﬁaiienso‘
' With the determination of the osclllatem strengths of the abserpm

tien lines, the use of a pre~m1x burner reported by K’m.seley9 et

gFrom the results en emission work reperted by DSilva. (3)
et a1°9 who répérted ne 1nterference when cemplex rare earth '
systems wére analyzéd, it is possible that interelement effects
observed in a turbulent flame may be elimingted by the use of
a pre-mix burner,




' ) =2 3=
als (7513) and %he use of a multipass eptical system (1) te
increase the _sensitivity, ‘the equilibrium constants for equations

III-V should be determinable.

N .
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