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B cmamve paccmompensl 603M0XiCHOCIU U 0COOEHHOCHU MEMOOA MACC-CReKmpomem-
puu ¢ UHOYKMUBHO C8A3AHHOI naazmoil u aazepnoi aonayueil (JIA-UCII-MC), npumensaemozo
0J17 UCCNIe008AHUA pacnpedesleHUA Jlecupyrouieii npumecu U onpeoeieHus cOCmasa nopouLKooo-
paszuvix oopazuoe npexypcopos TaOs u wuuxmot LiTaO3, 0onuposanHvlx peoKo3emenabHbIMU Ile-
meumamu (TR = Pr, Nd, Sm, Eu, Gd, Dy). /[na onpedenenusa onmumaibHbIX RAPAMEmMpPos8 U
HACMPOIIKU MACC-CREKMPOMempa, 1a3epHO20 UCRAPUMENA U ROTIYUeHUA ZPA0YUPOBOYHBIX XAPAK-
mepucmuk ucnonvzoeansvt cmanoapmuoe cmexino SRM NIST 612, madremupoeannsiii oopazey
anamumoeozo konyeumpama 2462-82 u evicokouucmulit apzoH. Ycmanoeneno, 4mo npu npume-
HeHuu mabaemuposannozo oopaszua 2462-82 morcno noayuums 60.1ee 8bicoKue npeoeivl 0OHA-
PYIcenus, ROIMOMY OH ObLT UCROTB308AH 0151 aHAAU3A NPOO meepobix npexypcopos TaOs(TR) u
wiuxmot LiTaO3(TR) memooom JIA-UCII-MC. Ckanupoeanue nosepxmnocmu o00pazuoe ocy-
W{eCMEIANO0CDH JIA3EPHBIM HYUKOM Pa3znuunozo ouamempa om 20 00 350 mxm ¢ mowynocmwio na-
3epno2o usnyuenus 6onee 1 Bm, nnomunocmuio snepzuu nazepa > 15 Jlnc/cm?, docmamounoii ons
ahpexkmuenozo ucnapenus madnemupoeannoit npoodvl. MouiHocms 1a3epHO20 UMRYIbLCA CO-
cmaenana 40-80% om eo3moscnoit senunuunst (1 Bm), wvacmoma cnedosanus umnyivcoe —5-8 I'u.
Ha npumepe oopazuos TaOs(Sm) u LiTaOz(SMm) nokazano, umo cooepscanue Sm, onpeoeieHHoe
memooom JIA-MC-UCII, coomeemcmeosano 3a0aHHOMY U umeem GblCOKYI0 NPEYUIUOHHOCHD C
penmezenoghyopecuenmuvim memooom. Pasnomepnoe pacnpeoenenue necupyruieii npumecu TR
6 Ta;Os u LiTaO3 noomeepicoeno HalloeHHbIMU 3HAUEHUSAMU OMHOCUMETbHO20 CHAHOAPHHO20
OMKINOHEHUA UHMEHCUGHOCIU AHAIUMUYECKO20 CUZHANA ST, KOMOpoe 0J11 NOPOUKOBbIX 00pa3-
uoe TaOs(TR) cocmasuno 2-6, ons wuxmut LiTaOs(TR) — 4-7, Ilokazano, umo mampuunotii 3¢h-
thexm omcymcmeyem 6 pe3ynbmamax aHaIu3a NOPOWKo0opaznvix oopasnoe memooom JIA-UCII-
MC; oopazuvt Ta:Os(TR), uzcomoenennsvie 6e3 ceazyrouieco, moym 0vims ucnonb3068amsl 015 Ko-
auyecmeennozo ananuza wuxmul LiTaO3(TR). ITonyuennsie pe3yivmamut umerom 6ax3cnoe 3na-
yeHue 8 pa3padomke I PheKmusHoIl MEXHOI02UU CUHINE3A 1e2UPOBAHHOIL PeOKO3eMeIbHbIMU IJ1e-
MEHmamu WuXmol MAHMAIAMA TUMUA, UCROIb3YEMOHl 014 NOIYYeHUs 00OHOPOOHBIX MOHOKDU-
cmannoe LiTaO3(TR) ebicoxozo onmuueckozo kauecmea. Hoevle 603morcnocmu npedoiceHHoz2o
Memooa uccied08anus MoZym 0vlims UCNOIb308AHbL 0151 OPY2UX HOPOUIKOGHIX MAMEPUAIO8, MAD-
JIemupoannvix He3 ceaA3yIuLez0 KOMnoOHeHma.

KiroueBble cioBa: nazepHas abJsIUs, Macc-ClIEKTPOMETPHUS C HHAYKTUBHO CBSI3aHHOM ITIa3MOM, TIeH-
TAOKCHJ TaHTala, TAHTAJAT JINTHS, JISTUPOBAHKE, PEIKO3EMEbHBIE SIIEMEHTHI
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The article discusses the capabilities and features of the method of mass spectrometry with
inductively coupled plasma and laser ablation (LA-ICP-MS), which is used to study the distribution
of the dopant and determine the composition of powder samples of Ta,Os precursors and a charge
LiTaO3 doped with rare earth elements (TR = Pr, Nd, Sm, Eu, Gd, Dy). To determine the optimal
parameters and adjust the mass spectrometer, laser evaporator and obtain calibration characteris-
tics, we used standard SRM NIST 612 glass, a tableted sample of apatite concentrate 2462-82, and
high-purity argon. It has been established that when using a tableted sample 2462-82, higher de-
tection limits can be obtained, therefore it was used for the analysis of samples of solid precursors
Ta,0s(TR) and a charge LiTaOs(TR) by the LA-ICP-MS method. The surface of the samples was
scanned with a laser beam of various diameters from 20 to 350 #m with a laser radiation power of
more than 1 W, a laser energy density of > 15 J/cm?, sufficient for efficient evaporation of a pelleted
sample. The laser pulse power was 40-80% of the possible value (1 W), the pulse repetition rate was
5-8 Hz. Using the Ta,Os¢Sm)and LiTaO3(Sm,} samples as examples, it has been shown that the Sm
content determined by the LA-ICP-MS method corresponded to the specified one and has a high
precision with the X-ray fluorescence method. The uniform distribution of the TR dopant in Taz0s
and LiTaOs is confirmed by the found values of the relative standard deviation of the intensity of
the analytical signal Sr, which was 2-6 for the Ta;Os(TR) powder samples, and 4-7 for the
LiTaO3(TR) charge. It is shown that the matrix effect is absent in the results of the analysis of
powder samples by the LA-ICP-MS method; Ta,Os(TR) samples prepared without a binder can be
used for quantitative analysis of the LiTaO3(TR) charge. The results obtained are important in the
development of an effective technology for the synthesis of a charge of lithium tantalate doped with
rare-earth elements, which is used to obtain homogeneous LiTaOs(TR) single crystals of high op-
tical quality. New possibilities of the proposed research method can be used for other powder ma-
terials tableted without a binder.

Key words: laser ablation, inductively coupled plasma mass spectrometry, tantalum pentoxide, lithium

tantalite, doping, rare earth elements
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INTRODUCTION

Creation of optical materials technology based
on optically nonlinear crystals doped by rare-earth ele-
ments is a task of great practical importance. Single
crystal lithium tantalate is of the most perspective fer-
roelectric materials. It arises such scientific interest be-
cause it combines unique electrooptical, optically non-
linear and laser properties [1-3]. It is a well known fact
that doping with lithium tantalate changes the optical
and electro-physical properties of single crystals. The
research of lithium niobate single crystals [4] revealed
the following: not only concentration and type of do-
pant influence crystals characteristics, but also doping
method. Today the problem stays unsolved for lithium
tantalate crystals. The method of lithium tantalate crys-
tals doping by rare-earth elements is described in detail
in [5]. The research highlights importance of chemical
uniformity at a distribution of the dopant, starting from
making of a precursor.

The dopant concentration in Ta2Os and LiTaOs;
is usually detected in their acid solutions [6]. This anal-
ysis technique is able to obtain results for a usual sam-
ple amount 50-100 mg, i.e. a macro-volume. However,
control of distribution of a single component in a mi-
cro-volume sample (less than 0.1 mg) is still an un-
solved problem. This is the reason why it should be actual.

Today the amount of laboratories equipped by
laser ablation inductively coupled plasma mass spec-
trometers (LA-ICP-MS method) rises. LA-ICP-MS is
able to obtain instrumental response along the depth
profile (up to 0.2-0.3 wm during one laser impulse) and
on the flat sample surface at the analysis of a sample
dry aerosol, evaporated by energy of a laser beam 20-
350 um in diameter. A structure of a solid sample,
chemical compound, surface condition and the laser
ablation parameters are crucial at laser evaporating of
a sample. The parameters are radiation power, duty cy-
cle and a laser beam diameter [7]. The research [7] con-
cluded that laser energy parameters, repetition speed
and the crater size bounded by an aperture determine
the speed of the material evaporation. A change of the
power by an energy attenuator controls the laser en-
ergy. A change in a repetition frequency programmed
by software influences the speed of the evaporation.
The frequency less 10 Hz is used for “soft” materials,
such as powders, to provide optimal intensity of the
evaporated material flux. For example, glasses or geo-
logical samples can be analyzed with the frequency 10
Hz. Authors of [7] emphasize that the repetition fre-
guency should be adjusted for each matrix type. The
authors of [8] used the laser ablation method to create
textures on the surface of polytetrafluoroethylene. The
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works [9-11] describe the possibilities of using LA-
ICP-MS for the analysis of powdered samples of tablet
form with and without a binder.

Authors [9, 12] stress that effects of an element
fractioning have a significant impact on instrumental
response of the device at the stage of melting, evapo-
rating, a sample transport to the plasma torch of mass
spectrometer. In the works [13-18] confirm the previ-
ous conclusions for research of such transparent mate-
rials as calcite, silicate glass etc.

LA-ICP-MS is sensitive towards compound
and micro-homogeneity of a standard sample. Such
sample could be used for setting and optimizing mass
spectrometer operating parameters and for obtaining of
calibration curves. Authors of [5, 19-20] solved the
problem of sample choice to calibrate laser evaporator
and mass spectrometer parameters. The authors re-
vealed that a tableted sample made of a geological
standard (for example, an apatite concentrate) is suita-
ble for these purposes.

Thus a complex approach to the laser evapora-
tion parameters choice must take into account the re-
quirements of the analytical problems to be solved and
particularities of an object of study. This is necessary
to achieve the best accuracy of analysis and the lowest
detection limits. The experience in use of LA-ICP-MS
gives an ambiguous choice of conditions for research
of compound and chemical homogeneity of samples.
This fact determines actuality of solving the problem
of choice of standard and reference samples for the
LA-ICP-MS analysis. This problem has been little
studied for powdered tableted samples.

This paper tests the possibility to use an LA-
ICP-MS in a completely new application — research of
a micro-homogeneity of a sample with a simultaneous
detection of a dopant concentration.

MATERIALS AND METHODS

Concentrations of analytes were detected by a
mass-spectrometer method (ELAN-9000 DRC-e, Per-
kin Elmer, USA). A sample material was taken locally
from the surface by a laser sampler UP-266 MACRO
(New Wave Research, USA), using a laser ablation
process. Laser radiation used in experiments was
Nd:YAG (A0 = 266 nm). Determination of optimal
conditions for a standard silicate sample (glass) SRM
NIST 612 [21] sampling was necessary to provide sta-
bility of instrumental response of an interrelated com-
plex that includes a laser evaporator and a mass-spec-
trometer. Al and Si were chosen as analytes for LA-
ICP-MS parameters optimization. Al and Si concentra-
tion in SRM NIST 612 were 33.6% and 1.1%, respec-
tively. Laser beam diameters were chosen to be 20-350 um
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among all possible values. Use of bigger diameters is
undesirable because drift of intensities appears. Tab-
leted samples Ta,Os(TR) u LiTaO3(TR) (TR = Pr, Nd,
Sm, Eu, Gd, Dy) without the binder 12 mm in diameter
were obtained under identical and repeatable conditions
by pressing in a metal shell under pressure ~106 Pa. The
powder was not mixed or rubbed before tableting. A
mass-spectrometer parameters were the following:
Neb. Gas Flow = 0.08 — 1.00 I/min, ICP RF Power =
1250.00 - 1350.0 W, Analog Stage Voltage = -1800.00
—-1900.00 V, Pulse Stage Voltage = 850.00 — 950.00 V.
High-purity argon (not less than 99,995 wt. %) was
used as a blank. A mode “jump on peaks” was used
during analysis automatically, which means that
method file contained: 3 jumps on the peak, 3 scans on
the peak, 3 replicas of mass spectrum scanning. A mi-
croscope Leica DM2500 was used to measure LA cra-
ters diameter and evaluate their shape.

RESULTS AND DISCUSSION

We have detected a ration between physical
parameters of LA and their influence on intensity of the
instrumental response (i.e a number of electrical im-
pulses registered by a detector per second). The instru-
mental response intensity was determined to be con-
nected with a laser beam diameter, laser impulses fre-
guency and laser radiation power. A change in a laser
impulses frequency fails to influence energy of laser
beam that reaches the sample. Whereas an increase in
a laser beam diameter does increase this parameter. La-
ser radiation energy follows a saturation curve at a
power increase to 100%. Energy that reaches the sam-
ple increases with an increase in laser beam diameter
in both cases. Such interrelation reflects technical pa-
rameters of UP-266 MACRO. Obtained dependences
helped to choose a laser beam diameter and power nec-
essary to supply a sample by enough energy at anal-
ySes.

We adjusted the device using LA attachment
both at mass-spectrometry analysis and analysis of so-
lutions. We have detected that functional dependence
of the ion lens voltage on the analyte mass is free of
fundamental differences from the same dependence
obtained at use of calibration solutions. The differ-
ences are absent at adjusting of resolving power (mass
scale) in LA-ICP-MS and ICP-MS experiments.

During adjusting of parameters of mass-spec-
trometer and laser evaporator, and obtaining of calibra-
tion characteristics we have replaced the standard glass
SRM NIST 612 with a tableted sample from a powder
geological standard sample of apatite concentrate
2462-82 (composition and determination error of ana-
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Iytes are presented in Table 1). An adjustment proce-
dure was carried out according to the geological stand-
ard according to the scheme recommended by the man-
ufacturer. Use of tableted sample enables achieving of
higher detection limits [19]. We assume that this is a
result of more active emission of material from powder
samples, but the reasons are a matter of future study.

The final stage of routine daily adjustment of
the mass spectrometer tuning is determination of the
LenzDac parameter, which links the pulse and analog
segments of the detector to the mass of isotopes se-
lected for tuning. Adjustment characteristics were sim-
ilar to the ones obtained at adjustment using SRM
NIST 612.

Table 1
Composition of geological standard sample of apatite
concentrate 2462-82, certified by Institute of mineral-
ogy, geochemistry and crystal chemistry of rare ele-
ments (Moscow, Russia)

Taobauya 1. CocTaB reo10ru4eckoi 3TaJJOHHOM NPoObI
aNaTUTOBOrO KOHIeHTpaTa 2462-82, aTTecTOBAHHOI
I/IHCTl/lTyTOM MHUHEPAJTOTUH, FTEOXUMHUH U KPUCTALJIOXH-
MuHu peakux 3aemeHToB (MockBa, Poccust)

. . An absolute measure-
The oo WO | mentenor 05w
' 0.95 confidence interval
SiO; 2.07 0.15
TiO; 0.44 0.01
CaO 50.66 0.28
MgO 0.081 0.012
P,0s 39.27 0.27
MnO 0.039 0.004
Na,O 0.43 0.04
K20 0.18 0.02
SrO 2.61 0.18
Fe 0.46 0.02
F 3.14 0.04
>TR;03 0.83 0.04
La,03 0.24 0.03
Ce0, 0.36 0.03
Pr.0s 0.040 0.006
Nd,Os 0.14 0.01
Smy03 0.021 0.004
Eu,03 0.0058 0.0011
Gd,03 0.022 0.006
Thy03 0.0018 0.0006
Dy,03 0.0078 0.0017
Yb,03 0.0014 0.0004
Y203 0.040 0.005

A laser beam of different diameters scanned
surfaces of tableted samples. Diameter was from 20 to
350 pum, laser radiation power was upper than 1 W, la-
ser energy density > 15 J/cm?. Such density is enough
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for effective evaporation of a tableted sample. Pulse
power was 40-80% of a possible value (1 W), pulses
frequency was 5-8 Hz.

The sample evaporates under the laser beam.
Power, energy and the laser beam spot area are deter-
mined by LA processes parameters. The choice of pa-
rameters influences quality, repeatability of the shape
and volume of the crater; thus it influences the amount
of material evaporated during one pulse. This deter-
mines intensity of the instrumental response, thus lim-
its of elements detection. It is important to ensure that
consecutive pulses form strictly cylindrical craters of
the exact diameter. The beam shape can be other than
a circle, but it is crucial that the shape and proportion
should stay the same. Otherwise reproducible results
and calibration dependencies are impossible to achieve
because amount of evaporated during one sampling act
material will considerably vary.

In the process of examining samples Ta;Os(TR) u
LiTaOs(TR) laser ablation is most effective in com-
parison with other methods of their decomposition
(acidic, melting followed by leaching, autoclave).
Standard samples of similar composition necessary for
obtaining of calibration curves are absent. This is the
main problem of LA-ICP-MS analysis of solid precur-
sors Ta,Os(TR) and LiTaOs(TR) charge. In order to
solve this problem we considered a possibility to use
tableted samples of an apatite concentrate 2462-82 with
certified values (wt.%): Pr.Os = 0.040, Nd.O3 = 0.14,
Sm;03 = 0.021, Eu,03 = 0.0058, Gd,03 = 0.022,
Dy.03 = 0.0078. Besides, study of micro-homogene-
ity and composition of samples can be carried out by
scanning of the sample surface with a laser beam or a
layer-by-layer analysis during laser sampling in one
point. Such analysis is carried out firs of all to detect a
dopant concentration. The method minimizes experi-
ment method due to absence of decomposition or dis-
solving stage. The stage provides possibility to loose
or add something. Most of spectral poly-atomic over-
lap is excluded when liquid phase is absent from the
sample flow in a plasma torch of a mass-spectrometer.

Unlike analysis of tantalum-containing sam-
ples solutions, at use of LA-ICP-MS for analysis of
solid tableted samples of precursor and charge the ma-
trix effect was absent, or at least we did not detect it.
At analysis of tableted tantalum pentoxide sample con-
taining 1 wt. % TR this ratio never exceeded 40, even
at use of 100% of laser power. Thus we have detected
that the tantalum amount exceeding TR amount did not
suppress instrumental response of TR. The absence of
the matrix effect at is another advantage of LA-ICP-
MS analysis of tableted samples.
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The approached were identical at analyses of
precursors Ta;Os(TR) and LiTaOs(TR) charge. We
have demonstrated them on the examples containing
Sm as a dopant. Fig. 1 demonstrates craters after the
LA of a tableted sample of an apatite concentrate 2462-
82 and Ta,Os(Sm) (1.0 wt. %) at an increase in the
pulse amount from 10 to 1000.

We found that an increase in the pulse amount
does not lead to a distortion of cylindrical shape of cra-
ters and their diameters. Measurements on a micro-
scope Leica DM2500 P has shown that craters have av-
erage diameters 105+2.97 um (relative standard devia-
tion 1.72). Use of 100% power of laser radiation leads
to over-heating of a sample’s upper layers, spreading,
cracking and crumbling of material which leads to an
increase in dispersity of reproducibility of results.

T 5 a .l - m - o S n &-,- .dﬂ»‘
Fig. 1. Craters after laser ablation of tableted samples: 1 — apatite
concentrate 2462-82, 2 — Ta20s(Sm) (1.0 wt. %); a —a single im-
pulse, b — 10, ¢ — 50, d — 1000 pulses. Power and frequency of im-

pulses were 60% and 5 Hz, laser beam diameter was 100 pm
Puc. 1. Kpareps! mocine na3epHoii abnsamuu TabIeTHPOBAHHBIX 00-

pasuos: 1) 'CO 2462-82 (anaTUTOBBII KOHIIEHTPAT), 2)
Ta205(Sm) (1,0 mac.%); a — emuHUYHBIA ©MITYIIBC, b — 10, ¢ — 50,
d — 1000 umirya6coB. MOIIHOCTH U YaCTOTA CIEJOBAHUS UMITYITb-
COB, COOTBETCTBEHHO, 60% 1 5 '1, TMameTp Ma3epHOTo MydKa
100 Mmxm

A dependence on Fig. 2 was obtained due to
the use of tableted apatite concentrate 2462-82 for
drawing of a calibrating characteristics (a number of
measurements n = 4) during registration of a mass-
spectrum in the mode “jumping from peak to peak”
(3 jumps on the peak, 3 scans on the peak, 3 replicas
of mass spectrum scanning). A quantitative LA-ICP-
MS analysis of a tantalum pentoxide doped by samar-
ium sample was carried out using a calibration depend-
ence on Fig. 2 and other calibration dependences ob-
tained for ¥7Sm, 14°Sm, %°Sm, 1%4Sm. We used GSO
2462-82 tableted powder for calibration and then ana-
lyzed a sample of Ta,Os doped with samarium. That is,
the analysis involved samples of different phase and
chemical composition. New possibilities of the pro-
posed research method can be used for other powder
materials tableted without a binder. Table 2 demon-
strates the results.
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The LA-ICP-MS analysis has demonstrated a
high precision (the degree of proximity of the results
of the analysis obtained by independent methods in
specific regulated conditions) with a X-ray fluores-
cence method: the results corresponded to given values
of samarium concentrations detected due to the weight
of dopant added at the Ta,Os(Sm) precursor synthesis
stage (Table 2).

25

Sm 152
20

Intensity, 103 imp/s

0.5

0.0

0 50 100 150 200

Concentration, 104 wt. %

Fig. 2. Calibration dependence for 152Sm, obtained using tableted
apatite concentrate 2462-82 with the content 0.021 wt.% of
Sm203
Puc. 2. ['pasyMpoBOodHas 3aBUCUMOCTS A *52Sm, monydennas ¢
ncnonb3oBanueM tabnerupoanHoro I'CO 2462-82, conepxa-
mrero 0,021 mac.% Sm203

250

We have confirmed chemical composition of
Taz0s(Sm). This is the reason why these samples were
used as standards for the construction of calibration
characteristics at detection of samarium concentration
in the LiTaO3(Sm) charge samples. A Ta,Os(Sm) na-
ture is close to the one of LiTaOs(Sm), this determines

why we prefer a Ta;0s(Sm) standard to apatite concen-
trate 2462-82.

Fig. 3 demonstrates calibration function of
128m. It was built using a number of Ta,Os(Sm)
charge powder tablets. We have obtained analogues
dependences for isotopes 4’Sm, 4°Sm, 150Sm, 154Sm.
We have also found equations of calibration dependences:

for 2Sm  Int (imp/s)=(5.6818+0.0567) - Csm(ppm),
R=0.999255,

for 1°Sm
R=0.999120,

for 1%Sm
R=0.999388,

for 1%2Sm
R=0.999563,

for 1*Sm
R=0.999363,
where R is a coefficient of approximation of a linear
calibration function, 1 ppm=10"* wt.%.

Int (imp/s)=(5.1059+0.0553) - Csm(ppm),

Int (imp/s)=(2.6770+0.0242) - Csm(ppm),

1
Int (imp/s)=(9.3591+0.0715) - Csm(ppm),

Int (imp/s)=(7.619420.0702) - Csm(ppm),

20 7
15 A
Sm 152

10 4

05 J

Intensity, 107 imp/s

0.0

0 5000 10000 15000 20000

Concentration, 104 wt. %
Fig. 3. A dependence of instrumental response intensity for 152Sm
on samarium concentration in tableted samples Ta2Os(Sm)
Puc. 3. 3aBUCHMOCTh MHTEHCHUBHOCTH aHAIMTHYECKOI'O CUTHAIA

152Sm OT KOHIIEHTpaUK caMapus B TaGJIETHPOBAHHBIX IIPOOax
Ta20s(Sm)

Table 2

Results of samarium detection in researched samples
Tabauya 2. Pe3yabTaThl 00HAPY:KEHUS caMapusl B HCCJIeJOBAHHBIX 00pa3uax

TaOs(Sm) LiTa03<Sm>
Given con- | According to | Relative Q i;orﬁhnogr;:_ Given con- | Accordingto| Relative )'?‘ igorﬁ'ﬁég
cen-tration, | LA-ICP-MS |standard de- cen():/e analy- cent-ration*, | LA-ICP-MS |standard de- ceng/e analy-
0, 1 0, 1ati 0, 0, 1 0 1ati 0
wt.%  [|analysis, wt.%|viation S;, % sis, WLY% wt.% analysis, wt.%|viation S;, % sis, WLY%
0.1 0.105 3.25 0.093 0.094 0.095 6.69 0.104
0.5 0.494 4.19 0.480 0.470 0.446 5.08 0.453
1.0 0.988 2.00 0.972 0.940 0.918 4.00 0.894
1.5 1.560 2.55 1.429 1.410 1.375 4.09 1.420

Note: * Concentration values were calculated according to the given Sm concentration in Ta20s in LiTaOs charge of congruent com-

position (molar ratio [Li]/[Ta]=0.9417)

[Ipumeuanue: * 3HaueHUs] KOHLEHTPALMK PACCUMTAHBI 10 33/laHHON KoHIEeHTpauun Sm B Ta20s B muxte LiTaO3 KOHrpy HTHOTO

cocraBa (MoJpHOe oTHotreHue [Li]/[Ta]=0,9417)

A ration of natural samarium isotopes in a
row 50Sm:149Sm:147Sm:1%4Sm:1%2Sm corresponds to
1:1.87:2.03:3.08:3.62. A ratio between angular coeffi-
cients of dependences (1) was 1:1.91:2.12:2.85:3.50 in
this row. This fact together with extrapolation to the
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coordinate basic origin confirmed the correctness of
obtained approximations and the correctness of use of
tableted powder apatite concentrate 2462-82 for the
LA-ICP-MS analysis. We have used equations (1) for
a quantitative LA-ICP-MS analysis of LiTaOs(Sm).

W3B. By30B. XuMus u xuM. TexHonorus. 2022. T. 65. Beim. 4



A uniformity of TR distribution was proved by
a relative standard deviation S, of the instrumental re-
sponse intensity measured in the experiment on re-
search of dopant microhomogeneity. A relative stand-
ard deviation characterized both homogeneity of the
analyte distribution and a standard deviation of the in-
strumental measurements. Table 2 demonstrates S, val-
ues for samples with Sm. A figure in [5] demonstrates
a change in the instrumental response for different iso-
topes during the LA-ICP-MS analysis for samarium.
Graphical data obtained due to an analogues method
for dysprosium is demonstrated on Fig.4.

A dispersity of reproducibility of the instru-
mental response intensity detected from the value of
relative standard deviation: did not depend on the ve-
locity and step length of the scanning; did not exceed
the dispersity obtained at analysis of a chemically uni-
form standard SRM NIST 612; did not exceed the dis-
persity obtained at LA-ICP-MS analysis of glasses and
geological samples. The sum of these features con-
firms chemical uniformity the macro-dopant in re-
searched samples Ta;Os and LiTaOs.

The graphs had the same character at analysis
of all samples containing TR. For the Ta,Os(TR) sam-
ples Sy (%) parameter was 2-6, for LiTaO3(TR) charge
- 4-7, which is lower than analysis error (up to 10%).
This confirms chemical uniformity of TR distribution
in samples under consideration.

CONCLUSION

Working parameters of LA was shown to be
interconnected at the LA-ICP-MS analysis. Powder
samples of Ta,Os(TR) precursor created without a
binder can be used for the quantitative LA-ICP-MS
analysis of doped lithium tantalate charge. Results ob-
tained by the LA-ICP-MS analysis were confirmed by
X-ray fluorescent method and coincide well with it.
Ta20s(TR) precursors and LiTaOs(TR) charge have re-
vealed that dopant distribution is chemically uniform.
An absence of a matrix effect of tantalum on the instru-
mental response intensity was detected at analysis of
tableted samples.
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Fig. 4. The change in instrumental response intensity of Dy iso-
topes at stepwise laser ablation (a step was 7-9 um) across the tablets
sample surface: a - Ta20s(1.5 wt.% Dy), b — LiTaO3(1.35 wt.% Dy).
A laser beam diameter was 100 pum, laser impulses frequency was

5Hz, laser pulse power was 60%

Puc. 4. I3MeHeHUE NHTEHCUBHOCTH aHAJTUTUYECKOTO CHTHAJIA
n3ortomnoB Dy npu nomaroBoi nazepHoi adisus (mar 7-9 Mxm)

T0 TIOBEPXHOCTH TabIeTUPOBaHHOT0 0bpa3iia: a - Taz0s(1,5 mac.%
Dy), b - LiTaOs(1,35 mac.% Dy). Huamerp sra3epHoro my4ka 100 Mxm,
qJacToTa CJIeA0BaHus UMITYJIbCOB 5 FL[, MOIIHOCTB JIa3€PHOI'0 UM-

nynbsca 60%
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