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STANISLAV KOSINA, JOZEF KIBISTING

X-RAY EMISSION SPECTRA STUDIES OF SOME SULPHUR
CONTAINING MINERALS BY ELECTRON MICROPROBE

(Fig. 1-2)

Abstract:The chemical shift measurement of Neray emission SKey o lines
on the samples sulphides, sulphosalts and anhydeite were enrried oul. The
clectron microprobe JNA-DA was used Tor the measurem_nts of chemieal shifl,
The same instroment was used Tor the checking of chemical composition of
mensured a Using the datn of chemieal shilt of SKaj. lines the effeetive
charges o sulphor atoms o measured  compounds were determined.

Pesiome: B pabore nomawrcs peayabTarThi TOMEYHOrO aHANH3a HEKOTOPHIX CybL-
$uaon, cynphoconeit 1 CaSOs. Ocoboe BHHMaHME yleAeHO HIMEPEHHIO XMMMUECKHX
ciasuros auuui SKe 12 B npupenenssix o6pasuax MCNOALIOBAHHEM SJAEKTPOHHOT)
Mukpoaanusa JXA-5A u sppexrupnmx sapau aromos cepsi. Mexons us pesynb-
Tatos spekTHBHLIX HaO0IIOB aBTOPHl OOCY:KAAT XAPAKTEP XMMUYECKON CBA3LL B MH-
HCPAnax M Iinndeiiulde BOZMKHOCTH ICIOJB30BAHMA PE3YALTATOR PEHTICHOCTIEK -
PAABHOTO HIAELOBAHWA MHHEPAJIOR € TOMOIUILI0 BJCKTPOHHOBOTO MHUKPOAHANN3A B Ten-
AOFHH.

Introduction

The microanalvsis by electron microprobe has become one ol the most important
methods of ;_fi‘n:'|l:>rllfl'?l| rescareh. and al presenl it is rather classical method Tor deter-

mining ol chemieal composition ol minerals,

Becently some authors has made effort 1o use the eleetron microprobe Tor the -
pose ol Neray specteal research (Vo AL Batyveey — AV, Satunova 1967, I
Theisen D67 Ch, D Dodd — Gol Glenn 1963, L Takavoshi — T, I11i-
deo 19700,

'|‘i|:-|\' tricd 1o find our the velation hetween the ,\'—n:‘\' cIission syl of pure
chemical elements and the Neray emission speetra of chemical element bound in o com-
pound. TEis known that the energy of Nerav radiation of a chemical element depends
shightly upon the chavacter of chemieal bound among the atoms of a molecule. 1T jonie
character ol o chiemieal hond s high then the shilt of N-eay Hoe peak is high and on
the conteary there is none chemieal shift i the chemieal bond is purely covalent.

The degree ol donie character of a ehemical hond of compound ean he quantitatively
expressed by o effeetive charge of the atoms of an element. The effective charge of
an alom provides ol the vedisteibution of s valenee eleetron. The redisteibution
oceurs when atom enters the molecules The effective chinrge of considered atom is po-
sitive 10 its valenee electrons ave shilted towards the adjacent atoms and on the contrary

the effective |'|1:|r';_":‘ of an atom s negative if []n‘ vitlenee electrons of adjacent atoms
are shilted towards the considered atom, The effective charge is usually expressed in
unils e (= 160210719 (),

In the ease of elements of the third period (G0N Coulson — G Zauli 1963
Wo L Neledow 19620 G0 Leonhardt — A0 Meisel 19700 there is direel

colicrence hetween the ehemieal shift of X-l‘.‘l}' lines and the elTeetive charge ol atoms
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inacmoleenle of compound. 1T the effective charge of the atom m o molecule is positive
then Kega line peak is shifted towards the higher energy and on the conteary il the
elfective charge is negative Keps line peak s shiflted towards lower energies. As the
reference position lor |\'t¥|‘-_3 |w.'||\' il s usually used that of the pure clement.

We tried 1o use the instriment JNADA Tor the determination of chemical shilt of
<. As we are informed the eleetron microprobe has not

sulphur atoms in some miners
been used Tor the purpose of determination of atomic effective charge up 1o this time,
F‘,'.:';n'rirm‘u.fﬁf prart
We chose for the studing the mineral=+ Lrgentite (AewS). galena (PhS). chaleopyrite
(CuleSy). bismutite (BiaSa). stibnite (ShaSqs). pyeite (FeSats emplectite (Cal3iSq), aikinite

(CaPhBisg) and anhydeite (CaS0,).
We used the Jeol microprobe INA-DA for the identification and the determination

of ehemical composition of measured arca. The experimental conditions during analysis
were: aceclerating voltage 15 KV, sample corrent 4107 AL LIl and quartz ervstals, The
various corrceelions were evaluated by computer CDE G300 using the computer program
SONDA 03 (1, Skvara — V. Holinsky 1972),

We measured the ehemical shilt of SKepo lines using the pentacrithritol (PET) and
quartz erystals. The SKeyps lines were recorded by method ostep by step™. We had to
construet the attachment Tor this purpose bheeanse the model INASN allows only the

continual recording ol X-rav spectra.
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The experimental conditions during the measuring of chemieal shill were: aceele-
raling voltage 10 kY. sample coerent T—=4 105 AL the dinmeter of electron beam 20—
A g s the standard Tor the position of SKepo peak we used the pressed powder
sulphur. The surface o all samples were evaporated by carbon Taver, Fvery sample
wis measured 3—35 times in order to diminish the experimental hins.

The example ol chemical shift of CaSO; and PhS where the chemieal shift was
lighest is shown at lig, 1.

We used Tor the evaluation of effective charge the semiempirieal Tormula of  Ne-
feddow Bo . Barvinskij— VN, L Neledow 19660 (g, 20,

Ui )
‘i\ I\ i\_ﬂq.g = k.l |(ﬂ[.1 X lll

YA I':i\‘fﬂ.g = k. }':,l\'ﬂ’bg X I" I

where A1 |\‘ﬂt‘|‘-_' 15 the energetie shill of Hl\'a|_3 line [eV]o 1 |\'G!|'-‘g 1= the encrey of
H|\'ft1_v_r line 1\] kis the constant (= 5.0, 107 oN"" and 1L Fiare fonization poltentials
resp. electron alinities of sulphur atoms.

Discussion

The quantitative anaiyvsis confirmed that we dealt with the homogeneous minerals of
aeneeal chemieal composition (see table 1. This justified to measure the chemical shifl
and 1o evaluate the effective charges of sulphur atoms. The results of effective charges
a and the degrees of jonie character of chemical hond i are in the table 2. The degree

. . . s . . oo Oeii
of ionic character of chemical bond is defined as the vatio i = ——""_ where qeii
rll"ﬂ‘:
:
L.
E
w
104
E
o
£
4]
05
-1 1 2
cftective charge
/ -02

I..i'-_"_ ._, .I.ilt' lll'[)l'”lll'”{'l‘ |1II l'rrl't‘li\-l' (‘h:ll"_’l’ ill hil]!llllil' daloans :III[I IIII’ I'I“'llli{'-'l] ‘\-hirlh rrf HI\—HI!E
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Table 1 The vesulis of quantitative analysis by clectron microprobe TN AGN

(1] 'L Sh YL u oo 18 Caty = =0y, |
|
_
Fargenbile
NS - — - S — — 1134 —
_E_[’:'II['H:'I
I’hs 8704 - — — ~ 2.5 -
stibinite
- 72,14 — - — SE RS — —
"202 — - - + ~ 17.58
— — — .20 | 202y 3338 — —
[ parite
(T - - - — A2 SASI - —

l'llllllil‘1i|l‘

Culis, GLAT  — L= A = R - =
aikinile
| Cul’bl3is, AhRG T4 - - 1 — 115652 —
anhvdrite

CaS0y, - - - — — — AL B2

is the effective charge and i is the theoretic charge of an atom in condition of
purely donie hond.

We can see fram table 20 that none of the minerals has the pure covalent chemical
bhond. In both HI1|[I|1ilh‘.~i and sulphosalts toxidation stage — 21 are effective charges
negative. i means that the density of  valenee eleetrons is higher in the region of
sulphur atoms. The dilferent situation we ean see in CaS0, (oxidation stage + 6).
The valenee electrons of sulphure in SO.72 group are shifted towards the oxigen atoms,
We can l'xphli!l this [J]H'III}I’I]I'H:I ll}‘ high |-1|-|'I!'inlll»;_r:lli\'il_\' of nxip,‘t‘ll aloms,

In some minerals (PhS. BiaSy. Cal’bBisy) the donie character of chemical bhound is
quite high, The values of effeetive eharges of sulphur atoms in BiaSy. CubiSy and
CalPhBisy confirme the idea about the relationship among the minerals and their salis.

(Conelusion

We emphasize the complete interpretation of effective charges of atoms in molecules
is overy dilfieult. Tnospite of this Taet we are convineed the chemieal shift measuring
method s REL DS |w1’.~'1u~|'li\'n~ and can l-xphlill the mutual relation of clements of mine-
ri

The N-ray microanalvser is suilable instrument also Tor Neray specteal studies of
minerils. We compared our results with the results of Nefedow (V. L0 Neledow
19621, The results ave in good agreement. We point the all vesults untill this time were
abtained ||I\‘ Muorescenee \-I'n)‘ spectromaelers which had been designed for this -
pose and therelore one must expeet the higher precision of results than when Nervay
mieronnalyser s used,
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Falibe 20 The vesults of chemical shifts of SRy lines and the effeetive charges of sulphnr

atoms
| | e |
; | . tone characler
Mineral ! Chemieal shilis '[r_g:_‘:‘lr\.{ chemie. hond
: . & [‘:Ka[.-; [l'\r] ‘_I_ '::‘ . qeff
= Qeii = ———
ffmax
| | |
r||‘;:|'||lf||1-
—0.19 — L7 —0.33
-0.27 —1.2 —0.60
stibnite
ShaS. —0.19 —1.02 0.46
bhismintite
| BiaS, —0.27 —-1.2 —1.60
chaleapyrite
Culies, —0.14 —I11.492 —.A46G
0,17 L 087 043
cinplective
Culdis, —0.20) 1.00) —0.5
atkinite |
Cul’hlsis, —0.20 i — .00 —0,5
anhvdreite
Cast, +1.2 -+2.29 037

On the other hiand the N-ray microanalyser s the only instrament when it s ne-
cessary Lo measure the chemical shift in very small areas (less than 100 gm).
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