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Control of chromium dopant content
in optical ceramics Cr:YAG
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Spectrophotometric determination of chromium in the presence of predominating yt-
trium and aluminum quantities was investigated by the method based on the reaction
Cr(VI) with diphenylcarbazide. The optimum conditions of Cr(III) oxidation by potassium
permanganate were established. A spectrophotometric technique for determination of
0.005-0.3 % of chromium in Cr-doped yttrium aluminum garnet ceramics was developed.
The determination error is 1-5 %.
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ITpoBeaeHsl MCCIELOBAHUA TIO CHIEKTPO(GOTOMETPUUECKOMY OTIPEeIEJIEHNI0 XPOMa B TIPUCYT-
CTBUM TPeodIaAa0NINX KOJIMYECTB UTTPUA U AJIOMUHUA METOJOM, OCHOBAHHBIM Ha PEaKIUU
Baaumopeticteua xpoma(VI) ¢ audenunrapdasmgoM. YCTAHOBJEHBI ONTUMAJNLHBIE YCIOBUSA
orkucienua xpoma(lll) mepmanranaTom Kanusa. Paspaborana Mmertoguka ompemenenus 0,005—
0,3 xpomMa B KepaMUKe UTTPUIl aJJIOMUHMEBOTO T'paHaTa, AOMMUPOBAHHOTO XpomoM. OTHOCHU-
TeIbHAS TIOTPEeITHOCTh OmpeJiesieHusa cocrasiaser 1-5 %.

Kourpoas Bmicty mo6askn xpomy B ontuuniii kepamini Cr:YAG. O.B.I'aiidyxk.

ITpoBemeno gociimkeHHsS 3 CIEKTPOMOTOMETPUUYHOI'O BHU3HAUEHHS XPOMY Y IIPHCYTHOCTI
mepeBamKalOUUX KiJbKOcTel iTpiro Ta amominio meromoMm, 3acHOBAHMM Ha peakmii Bsaemoxii
xpomy(VI) s gudeninrapbasugom. BeranosaeHo onrumanibHi ymoBu oxucuHenHs xpomy(III) mep-
MaHra"HaToM Kauairo. Pospobmeno merozuky smssauenHa 0,005-0,8 % xpomy y Kepamini iTpiit
aIoMiHieBOro rpaHary, JOIIOBAHOIO XpoMOM. BigHocHa moxmOra BusHaueHHs ckJjagae 1-5 %.

© 2017 — STC "Institute for Single Crystals”

1. Introduction

IR-lasers are widely used in various
fields of science, technology and medicine.
Active elements of most of them are based
on single crystals with the structure of gar-
net doped with rare-earth elements. Nowa-
days great attention is being paid to com-
posite Q-switching laser elements which
consists of a layer of active laser medium
such as yttrium aluminum garnet (YAG)
doped with ions of rare-earth elements and
the Q-switching layer Cr:YAG. Such a com-
position makes it possible to obtain short
and high-power radiation pulses [1, 2]. The
process of preparation of the ceramics con-
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sists of several technological stages, in par-
ticular, mixing of oxide powders in accord-
ance with the stoichiometry, their homog-
enization and drying, vacuum synthesis and
annealing in air. Determination of the
chemical composition of the product at each
stage of the technological process permits to
effectively and purposefully control the syn-
thesis parameters for the obtaining of the
ceramics with predetermined properties.
Determination of microgram quantities
of chromium in different matrices is real-
ized by a number of analytical methods such
as UV-Vis spectrophotometry [3-7], chemi-
luminescence [8], flame atomic absorption
spectrometry [9, 10], inductively coupled
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plasma atomic emission spectrometry (ICP-
AES) [11], inductively coupled plasma-mass
spectrometry (ICP-MS) [12]. Sensitivity of
the methods of chemiluminescence and
flame atomic absorption spectrometry is not
always sufficient for determination of low
concentrations of chromium. Atomic emis-
sion spectrometry and mass spectrometry
are express methods characterized by low
limits of determination of a large number of
elements. However, these methods require
availability of expensive equipments and the
presence of experienced qualified staff.
Moreover, for obtaining reliable results of
the analysis it is necessary to correctly per-
form blank test taking into account impu-
rity from different sources and correspon-
dence of the relevant reference samples to
the analyzed material in constructing of
calibration dependences.

For determination of chromium in
Cr:YAG optical ceramics we chose the spec-
trophotometric method based on the reac-
tion of chromium(VI) with 1,5-diphenylcar-
bazide (DPC) [13-17]. Determination of
chromium with diphenylcarbazide in many-
component objects is realized using extrac-
tion [18, 19] or ion exchange [20]. We could
not find any papers devoted to determina-
tion of chromium in the presence of pre-
dominating concentrations of yttrium and
aluminium in the literature.

Diphenylcarbazide is a very sensitive (¢ =
4.17-107% at Amax = 546 nm) and rather se-
lective reagent. In sulfuric-acid medium
Cr(VI) oxidizes diphenylcarbazide to
diphenylcarbazone. The oxidated form of
the reagent interacts with the obtained
Cr(III) that leads to the formation of a red-
violet positively charged complex com-
pound. The complex is stable in 0.025—
0.1 M solution of sulfuric acid, in a me-
dium of higher acidity it decomposes.
Chromium (III) solution cannot be used for
the analysis, since it forms stable aqua- and
halogen aqua-complexes which decompose
very slowly [21]. On the contrary, the reac-
tion between Cr(VI) and diphenylcarbazide
is instantaneous. Therefore, prior to deter-
mination chromium, Cr(III) is to be oxidized
to Cr(VI). Ammonium persulphate [22] or
potassium permanganate [18] is used for the
oxidation of Cr(III) in an acid medium.

The conditions of Cr(III) oxidation and
the reaction of chromium (VI) with 1,5-
diphenylecarbazide have been studied in this
work with the intention of its use for spec-
trophotometric determination of microgram
quantities of chromium in the presence of Y
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and Al, the content of which in the analyzed
sample exceeding the one of chromium by
several hundred fold.

2. Experimental

All the utilized reagents were analyti-
cally pure. Deionized water were used in the
preparation of all solutions. Was used
0.1 % ethanol solution of diphenylcarbaz-
ide. Twice recrystallized potassium bichro-
mate was applied as a standard. All absor-
bance measurements were made with spec-
trophotometer SF-2000.

The ceramic sample was melted with a
mixture of sodium carbonate and sodium
tetraborate (2:1) followed by dissolution of
the melt in hydrochloric acid. Oxidation of
chromium and its determination with
diphenylecarbazide is realized in a sulphuric
medium, however, in H,SO, the melt of the
sample does not dissolve completely. Excess
of hydrochloric acid before determining
chromium was removed by evaporation with
sulfuric acid till white vapor was formed.

3. Results and discussion

As shown in our research, the process of
oxidation of Cr(III) to Cr(VI) with ammo-
nium persulfate in the solution of the ce-
ramics is rather slow and incomplete. There-
fore we preferred to use potassium perman-
ganate for this purpose.

It is known that in solutions potassium
permanganate spontaneously decomposes
with release of oxygen and formation of
manganese dioxide precipitate. The degree
of oxidation depends on the concentration
of potassium permanganate, the solution
acidity, the time and the temperature.
Moreover, the process decomposition is cata-
lytically stimulated by the presence of Mn2*
and MnO, in the solution. Therefore, for the
obtaining of correct and reproducible results
of chromium determination it is necessary to
choose optimum oxidation conditions.

Cr(III) oxidation was realized in a beaker
covered with watch glass. The solution was
heated using an electric furnace for 20—
25 min. The optimum concentration of po-
tassium permanganate for oxidation is 6-
71074 mole/l in 0.06-0.08 M H,SO,. The
increase of KMnQO, concentration, the solu-
tion acidity or the time of heating lead to
the formation of MnO,. The latter slowly
dissolves that increases excessive volume of
the reducer and, consequently, to underesti-
mation of the results of chromium determi-
nation.
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Table 1. Testing results of chromium de-
termination technique on model mixtures
(n =5-6; P=0.95)

Table 2. Results of chromium determina-
tion in Cr:-YAG (n = 3, P = 0.95)

Composition of [ntroduced Found S,
model mixture Cr, ug
Y, mg| Al, mg | C%HE
3.0 2.9940.18 0.04
21 1 4.5 4.27+0.12 | 0.02
6.0 5.94+0.10 | 0.01

In most cases KMnO, excess is removed
by means of sodium azide. For this purpose
we used sodium nitrite, less expensive and
more available. As the reaction of the inter-
action of NaNO, with KMnO, is rather slow,
the reductant solution must be added gradu-
ally, drop-by-drop at intervals of 30—40 sec.
Thereat, the solution was thoroughly mixed
after addition of each drop till the solution
bleached. Then the colourless solution was
transfer into 50 ml volumetric flask con-
taining diphenylcarbazide and diluted with
water to mark. In 10-15 min. the absor-
bance of the obtained solution was measured
at 546 nm wavelength versus blank solu-
tion. The colour of the complex of Cr(III)
with diphenylcarbazone in 0.03-0.05 M
H,SO, is the most intense and stable at
least for an hour. Changes of the diphenyl-
carbazide concentration in the range of
0.002-0.005 % do not influence the meas-
urement results.

Absorbance of the solution (A) is propor-
tional to the Cr(VI) concentration in 0.01-
0.2 ug/ml range. The graduation graph is
described by the equation: A=
(3.150+0.084) ¢, the free member value is
insignificant, the correlation coefficient is
equal to 0.9998.

The developed technique was tested ac-
cording to the scheme "introduced-found”
on model mixtures consisting of yttrium
aluminium garnet without chromium addi-
tion and chromic potassium alum. The test-
ing results showed the absence of a signifi-
cant systematic error (Table 1). The main
components of the optical ceramics which
content in the sample exceeded the one of
Cr by several hundred fold did not influence
the determination of chromium.

Table 2 contains the results of the analy-
sis of Cr:YAG sample at different stages of
the obtaining of the ceramics. At chromium
determination the relative standard devia-
tions of single results calculated for three
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Sample Annealing Found Cr, %
number temperature

1 - 0.038+0.003

600°C 0.038+0.004

800°C 0.038+0.005

1000°C 0.035+0.002

1750°C 0.029+0.001

2 - 0.41+0.004

600°C 0.42+0.004

1750°C 0.35+0.002

experiments with a confidence coefficient of
0.95, are 0.01-0.05.

4. Conclusions

Developed is a reliable sensitive tech-
nique for spectrometric determination of
0.005 to 0.3 % wt. of chromium in Cr.YAG
optical ceramics without preliminary sepa-
ration from the main elements of ceramics.
The determination error is characterized by
a relative standard deviation of 0.01-0.05.

Established are the conditions of Cr(III)
oxidation with potassium permanganate. It
is shown that the use of sodium nitrite for
reduction of excess of KMnO, results in the
obtaining of correct and reproducible re-
sults of chromium determination provided
that the chosen conditions are strictly ob-
served.
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