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A NEW SPECTROGRAPHIC PROCEDURE
OF THE DETERMINATION OF SODIUM AND POTASSIUM
IN SILICATE MINERALS

Abstract, A new spectrographic method of the determination of sodium and potassium in
silicate minerals has been proposed. It does not require dissolution of the solid sample, is quite rapid
and simple and may be applied to the determination of both alkali metals in the concentration range
0.1=10.0 per cent

INTRODUCTION

The determination of alkali metals in rocks and minerals calls for rapid and
simple methods of analysis. These conditions are met by emission spectroscopy
with d— ¢ arc excitation of samples and photographic recording of spectra (Ru-
sanow 1954, Ahrens and Taylor 1961).

In elaboration of the analytical procedure we chose two standard “IGEM”
rock samples as objects of our study, namely myaskite “MIW-I" (hornblende
nepheline syenite) and granodiorite ““Rizhik” The chemical composition of the
specimens of both rocks assayed are set up in Table 1. These data were averaged
over the results obtained by various methods in an interlaboratory assay (Chitrow,
Kortman 1969), They are referred to in this paper as the expected values,

In order to determine sodium and potassium in silicate minerals the direct
excitation in a smooth d—c arc of powdered samples from graphite electrode cra-
ters has been applied, The resulting spectra are recorded on photographic plates
sengitive in the UV region (Schweder 1969). In this region are situated analytical
Na and K lines which are suitable for the evaluation of higher concentrations of
both elements (Borowik 1953, Dennen and Fowler 1955), Lithium and rubidium
were chosen as internal standards for sodium and potassium respectively (Can-
ney 1952). ;

As the response functic
analytical procedure the ¢
and reference (a line of the internal stz

o to be maximized in the optimization process of the
lifference AS between intensities of an analytical line
indard or background) was assumed, The
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Table |
Chemical composition of investigated rock specimens (Wi, 7;)

Component Granodiorite Myaskite Component Granodiorite Myaskite
810, 64,00 57.96 K,0 3.93 6.13
AlLLO, 15.40 21.69 (K 3.24) (K 5.08)
Fe,0, 2,09 1,46 Ti0, 0,54 0.41
FeO 2.86 1.4% MnO 0,154 0.11%
MgO 1.39 0.38 P.O; 0,230 0,063
CaO 4,03 Lot/ CO, 0,16 0.06
Nu,O 3.25 8.55 S (total) 0,022 0.016

(Na 2.40) (Na 6.34) F 0.070 0.083

decision variables were: current, exposure time, composition of the diluting mixture
and electrode shape,

EXPERIMENTAL

Preparation of analytical and standard samples

The weighed 3:1rrnplgs of finely ground rocks (myaskite and granodiorite) were
diluted in the ratio 1:399 with a mixture composed of graphite powder, caesium
chloride, rllh!(]lllll) chloride and lithium nitrate, The percentage content of the
components in the diluting mixture is presented in Table 2, After dilution the
m““{)lc vﬁ: ground in an agate mortar for 20 min, The resulting preparation was
used to fill up electrode craters, Average mass of the i [ e

d tc aters, p € preparation used fo /
excitation amounted to 10 mg, o e s ot

~The standards were prepared with graphite powder as matrix, In order to di-
minish interelement effects a mixture of 70% 8i0,, 25%, AL,O,, 4% CaO, 1% MgO
‘ 3 g af 10 : iz AREAO 25% & 3 % 4
named “synthetic mineral”, was added to each standard, "The co)mpon’cnts' of'%hc
synthetic mineral were mixed and ground in an agate mortar, calcinated at 400°C
for 03:14 hjupd then once more ground in an agate mortar, The synthetic rhincrai
was diluted in exactly the same way as analytical s swith t e di
| ¢ ¢ analytical samples © same i
L bt i y y nples with the same diluting
: Id(') .IL:N;\JWC-IEth po‘rlions of the resulting mixture measured volumes of the
:,)’fz:; ()‘;)I( : i(t:(] and KCl solutions were instilled in order to obtain solid standards
sl'm'du'()J’ r)\li())l ().()’I 2Kz(mld ()i()IS per cent content of sodium and potassium '['h;;
standard NaCl and KCI solutions were prepared b i jon in disti
ABGATG AL : : ' y the dissolution in distille
xl‘:gh‘l)l l:m.lghu.i porlllons of the caleinated salts, As the graphite powdcgl?:llrt)(lj
cltable by water, each portion of the mi s used f 1 i : '
ach y f the mixture used for the preparation of standards

T Table
Dilution parameters ) ;

re———— . i

Dilution mixture '8C
47, CsCl, 0.,1% LINO,, 0,05% RbCJ, 95.85%,

graphite powder SU-60] (Topoléany)

Dilution ratio of analytical samples and of (he
synthetic mineral” in the standards

————————————

1:399
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was wetted by several drops of acetone prior to the instillation of NaCl and KCl
solutions, Then, after drying at 100°C, the standard preparations were carefully
ground in an agate mortar for 20 min, They were subsequently used to fill up elec-
trode craters,

All the reagents used were spec. pure and the vessels made of quartz. Only
water bidistilled from quartz apparatus was used.

The spectrographic analysis

In order to exclude possible coincidences of analytical lines with spectral lines
of other elements (e.g. zinc) a spectrograph of high dispersion was used equipped
with the standard grating of 651 lines per 1 mm. The reciprocal linear dispersion
of the grating amounted to 7.4 A/mm.

The considerable amount (4%) of caesium chloride was added both to analy-
tical samples and standards in order to eliminate mutual interactions of sodium
and potassium and to lower arc temperature. Relatively low arc temperature resulted
in the reduction of intensity of cyanogen bands in the vicinity of analytical Na and
K lines. It also resulted in the reduction of evaporation rate of other elements cha-
racterized by high excitation potentials. In order to diminish interactions due to
other matrix elements appropriate quantities of a mixture called “synthetic mi-
neral” were added to each standard.

Welylle 3

Summary of spectral analysis conditions

Apparatus
Spectrograph PGS-2, Carl Zeiss, Jena
Universal generator UBI-1, Carl Zeiss, Jena
Microphotometr MD-100, Carl Zeiss, Jena

Excitation
Discharge de arc, 4A

SU-305, Topoléany; anode
SU-202, Topoléany

2 mm

for sodium 164 s

for potassium 41 s
powder, ca. 10 mg

Sample clectrode
Counter electrode
Analytical gap
Exposure time

Weight of charge
Spectrography

Slit width 0.020 mm

Analysis wavelengths (nm) fNa:33(1.24
|K : 404.40

Wavelength of internal standards (nm) {Li:323.26
Rb:421.55

blau hart WU-2, ORWO Wolfen

Photographic plate
b i as recommended by the manufacturer

Plate development
Quantitation

analytical lines read on the S scale

Densitometr o8 o ;
i via calibration equation

AS conversion to concentration
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Each standard and each analytical sample was distributed over 5 electrode
craters in order to obtain spectra from 5 independent excitations. The spectra
of analytical samples and corresponding standards were always recorded together
on the same photographic plate. Optical density measurements were always re-
plicated three times for each spectral line and background. The conditions of the
spectrographic analysis are presented in Table 3.

Results and discussion

Using least squares method the following calibration equations were formulated
basing on data obtained for the standards:

A8y, 1y = 226.51+90.85 log c, [1]
ASy, 5 = 253.80+83.88 log c,, 2]
ASy gy = 146.43+87.68 log c, 3]
ASy 5 =198.84479.52 log c, [4]

Eq. 1 and 3 correspond to data obtained with lithium and rubidium as internal
standards respectively. Eq. 2 and 4 correspond to data obtained with background
as reference.

. With the use of these equations the concentrations of sodium and potassium
in both minerals under study were evaluated. The results of the determinations

Table 4
Results of spectrographic determinations (%)

Granodiorite

Sodium Potassium

Internal standard: Li Internal standard: Rb

3.42 2:202.36) 12/82"%9,58 SIS 1R 32831303 ] 6
X =236, s=0.15 X =326 s5=0.19

Background as reference

%,43 242 2.43. 2.200 2.51 312 13.58 13148 3120/ 3,38
X =236; s=0.25 X =335 5=021 -

Myaskite

Internal standard: Lj

Internal standard: Rp

6.50 6.20 6.04 6.50 6.20

4.80 5,
g 5.33 480 5.33 520

=500/ a0

Background as reference

6.54 6.04 6.04 691 6.37

R 4.52 493 465 4.65 5.08

X =TTE s Zh0io]
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are presented in Table 4. They are in good agreement with the expected (certified)
values (see Table 5).

It should be stressed, that the proposed procedure makes use of the synthetic
standards in contrast to common practice to use minerals analyzed by other (mostly
chemical) methods as standards.

The proposed procedure makes full use of fractional distillation of sodium and
potassium from the nonvolatile matrix. Using deep electrode craters filled up only
to the half by the powdered sample and a large addition of caesium chloride as
the spectral buffer lowering arc temperature, a selective evaporation of sodium
and potassium has been achieved. The fractional distillation was also made more
effective by excitation of the sample from anode and by low arc current. Low arc
current in a large measure contributed to suppression of cyanogen bands which
enabled to use rubidium as internal standard in the determination of potassium.

fiibjlie =S5
Comparison of analytical results with the expected values
Sodium (%) Potassium (%)
Rock
Spectrography Expected value Spectrography Expected value
Granodiorite 2.36 2.40 3.26 3.24
Myaskite 6.29 6.34 5.09 5.08

The results of determinations obtained with use of internal standards appear
to be somewhat better than those obtained with background as reference. Precision
of the proposed procedure is comparable with that of other methods recommended
previously. This procedure may be used for the determination of sodium and po-
tassium in silicate minerals in the concentration range 0.1 — ca. 10%. The most
important advantage over other classical and instrumental methods (e.g. flame-
-photometry) is that it renders dissolution of analytical sample not necessary. After
dilution with the mixture of the composition presented in table 2 the sample may
be excited directly from the crater of a graphite electrode. According to the proposed
method the sample is diluted with the same mixture (sqe T;}ble 2) ~for the determina-
tion of both elements Na and K. Moreover, the application of internal standards
proved to be not necessary (see Table 4). Accordingly, as compared with other
methods, the analytical procedure recommended in this paper is much less time
consuming and more simple.
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and comments.
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Andrzej ROKOSZ, Pawel STRYCHARSKI

NOWA SPEKTROGRAFICZNA METODA
OZNACZANIA SODU I POTASU
W MINERALACH KRZEMIANOWYCH

Streszczenie

Opracowano nowa spektrograficzng metode oznaczania sodu i potasu w mi-
neratach krzemianowych. Procedura analityczna jest nastepujgca:

Sproszkowang probke rozciencza si¢ w stosunku 1:399 proszkiem grafitowym
z dodatkiem chlorku cezu jako buforu spektralnego oraz azotanu litu i chlorku
rubidu jako wzorcow wewnetrznych dla oznaczenia odpowiednio sodu i potasu.
Po wymieszaniu, rozcieficzong probke umieszcza sie w kraterze elektrody grafi-
towej i wzbudza w wygtadzonym tuku pradu statego o natezeniu 2 A. Po zarejestro-
waniu widma, jako linie analityczne dla sodu i potasu wykorzystuje sie odpowied-
nie linie 330.24 nm (Na) i 404.40 nm (K), a jako linie wzorcoéw wewnetrznych
odpowiednio linie 323.26 nm (Li) i 421.55 nm (Rb).

Kalibracje metody oznaczania przeprowadza si¢ na podstawie serii wzorcow.
Stosuje si¢ syntetyczne wzorce proszkowe powstale przez rozcieficzenie tzw. ,,Mi-
neratu syntetycznego” (mieszanina o skladzie 70% S, 25, AlLO,, 4% CaO,
17, MgO) ta sama co probki analityczne mieszaning rozcienczajaca oraz wprowa-
dzenie odpowiednich ilosci sodu i potasu w postaci roztworéw chlorkéw tych
metali. Po wysuszeniu i roztarciu w mozdzierzu agatowym, wzorce te stuza do
sporzgdzania wykresow l.(aljbracyjnych w uktadzie wspolrzednych: roznica zaczer-
nien linii analitycznej i linii wzorca wewnetrznego — logarytm dziesietny stezenia
oznaczanego metalu we wzorcu.

Prpponowanq met9d¢ zastosowano z bardzo dobrym skutkiem do oznaczania
sodu i p(').taSl’l’ w nefelinowym sjenicie hornblendowym ,,Mjaskit” oraz granodio-
rycie ,,Rizyk” (wzorce IGEM, ZSRR). Metoda ta jest szybka i doktadna oraz
nie wymaga rozpuszczenia probki.

Anoxcel POKOLLI, Masen CTPbIXAPCKM

HOBbIN CMEKTPOrPA®UYECKUIA METO/
OMNPEAENEHUA KANUA U HATPUA
B CUNTMKATHbLIX MUHEPASIAX

Pesome

Paspaboran CNeKTporpadbuyeckunit meto
NnKaTHbIX MuHepanax. Xoa awanua cneg
U3menbueHnnbii obpasey pasbaensercs

A ONPEAENEeHUn HaTPpUA U Kanus B CU-
YHOLWMNN

B nponopunn 1:399 nopowkom rpa-
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GuTa C NpUMECHIO XOpUAa LesnAa B KayecTBe CnekTpanbHoro bydopa, a Takxke
HUTpaTa NUTUA U XNOpUAA PYOUANA KaK BHYTPEHHUX 3TasIOHOB ANA ONpeaeneHus
COOTBETCTBEHHO HaTpua M Kanua. [locne cMmewmeBaHua pasbaeneHHbIn obpasey
nomeulaeTca B yrnybneHue rpaguUToBOro 31eKTpoaa U BO3OYKAAETCA B CriakKeH-
HOW Ayre MOCTOAHHOrO TOKa CMMOM 2 A. Tlocne 3anucy cnekTpa, B KayecTee aHa-
AUTUYECKUX NUHWIA ANA HATPUA W KaUA UCMONb3YHOTCA COOTBETCTBEHHO NUHWUM
330,24 um (Na) un 404,40 um (K), a Kak NMHUWN BHYTPEHHMX 3TajlOHOB COOTBET-
cTBeHHo NuHuu 323,26 wm (Li) n 421,55 um (RD).

KannbpoBky MeToaa onpejeneHus NpoBOAWUTCA Ha OCHOBE CEPUN STaSIOHOE.
MpUMEHAETCA WUCKYCCTBEHHbIE MOPOLLKOBbIE 3TafOHbl, MOSyYeHHbIe NyTeM pas-
GaBnNeHUs TaK Ha3blBAEMOro ,,CMHTeTMYeckoro MuHepana’’ (cmeck coctaBa 709
Si0,, 25% Al,O,, 4% CaO u 19, MgO) Toit e camoit pasbasnusaroulei cMechHo,
4TO ANA aHanuaMpyeMbix o6pasLoB, a TaKKe BBEAEHWEM COOTBETCTBYIOLIUX KO-
fINYECTB HATPUA W Kanus B BUAE PacTBOPOB XJopWAOB 3Tux metannos. [locne
NPOCYLIKN W PacTUPAHUA B araTOBOW CTYMKe, 3TU 3TasOHbI CIIyXKaT AnA cocTagre-
HUA KanubpaUMOHHbIX TFpaguKOB B CAUCTEME KOOPAMHAT: pasHuLa 3a4epHeHuA
AHANNTUYECKON MUHUM U TUHUM BHYTPEHHEro 3TafioHa — AeCATUYHbIA norapuom
KOHUEHTpauuu orpeseiaieMoro Mertanna B 3TafioHe.

Mpeanaraembiit METOA C OYEHb XOPOLUMM Pe3yNbTaTOM MPUMEHANCA ANA Onpe-
AENEHNS HATPUA U Kanua B pOroOBMaHKOBOM HE(ENTUHOBOM CHMeHUTE ,,MVIaCKMT ;
a Take B rpaHoguopuTe ,,Pvxunk’”’ (3tanoHsl UTIM, CCCP). 370 ckopbli U Tou-
HbI MeToa, He Tpebytowui pacTeopeHns obpasua.



