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

(Fig. 1-2) 

A h s t r a r I: T h e chemical shift m e a s u r e m e n t of X-niy omiss ion SKcq,2 linos 
tni the s a m p l e s s u l p h i d e s , s u l p h o s a l l s a n d a n h y d r i t e were carr ied out . T h e 
eleetron m i c r o p r o b c JXA-5A was used for the m e a s u r e m e n t s of chemical shift. 
T h e s a m e i n s t r u m e n t was used for the c h e e k i n g of chemica l c o m p o s i t i o n of 
m e a s u r e d area . Using the d a l a of chemical shift of S K « | . j l ines the effective 
charges ol s u l p h u r a t o m s in m e a s u r e d c o m p o u n d s were d e t e r m i n e d . 

P e 3 jo M e: B paôoTe noaaioTca pe3yjibTa-rbi TOieiHoro anajiH3a HeKOTopwx cyjib-
([>HaoB, cyjitij)oc3jieii n C a S 0 4 . Ocoôoe BHHMSHKe ynejieHO n3MepeHHio xHMHqecKHx 
CHBHTOB JIHHHH SK K 1,2 B npHBefleHHHx o6pa3uax HCnojib30BaHneM BJieKTpoHHoro 
MHKpoaHajiH3a JXA-5A n a^eKTHBHbix 3apHu aTOMOB cepbi. MCXOJIH H3 pe3yjib-
TaTOB sfeKTHBHbix Ha6oiioB aBTopbi o6cy>KnaioT xapaKTep xHMHqecKoii CBH3W B MH-
uepajiax H najibHeäuiHe BO3MO>KHOCTH Hcnojib30BaHHH pe3yjibTaT0B peHTreHOcneKr-
pajibHoro HCjieHOBamiH MiinepajiOB c no.M'jinbio 3JieKTpoHHOBoro MHKpoanajiHsa B reo-
JiorHH. 

Introduction 

I lie m i c r o a n a l y s i s b y e l e c t r o n i n i e r n p r o b e h a s b e c o m e o n e nľ llic m o s t i m p o r t a n t 

m e t h o d s of g e o e h o m i c n l r e s e a r c h , a n d ;i< p r e s e n t it is r a t h e r c la s s ica l m e t h o d for d e t e r ­

m i n i n g ' of c h e m i c a l c o m p o s i t i o n of m i n e r a l s . 

R e c e n t l y s o m e a u t h o r s l ias m a d e effort to u s e t h e e l e c t r o n m i c r o p r o b e for t h e p u r ­

p o s e of X - r a y s p e c t r a l r e s e a r c h (V. A. l i a t y r e v — A. V. Š a t u n o v a 1 9 6 7 . R. 

T h e i s e n I 9 6 7 . Ch. I) . I) o d d — C . L. C l e n n 1 9 6 8 . I. T a k a y o s h i — T . H i-

d e o 1970) . 

I h o y t r i e d to f ind out t h e r e l a t i o n b e t w e e n t h e X - r a y e m i s s i o n s p e c t r a of p u r e 

c h e m i c a l e l e m e n t s a n d t h e X - r a y e m i s s i o n s p e c t r a of c h e m i c a l e l e m e n t b o u n d in a c o m ­

p o u n d . It is k n o w n t h a t t h e e n e r g y of X - r a y r a d i a t i o n of a c h e m i c a l e l e m e n t d e p e n d s 

s l i g h t l y u p o n t h e c h a r a c t e r of c h e m i c a l b o u n d a m o n g t h e a t o m s of a m o l e c u l e . If i o n i c 

c h a r a c t e r ol a c h e m i c a l b o n d is h i g h t h e n t h e shift, of X - r a y l i n e p e a k is h i g h a n d on 

t h e c o n t r a r y t h e r e is n o n e c h e m i c a l shift, if t h e c h e m i c a l b o n d is p u r e l y c o v a l e n l . 

I 'he d e g r e e ol i o n i c c h a r a c t e r of a c h e m i c a l b o n d of c o m p o u n d c a n be q u a n t i t a t i v e l y 

e x p r e s s e d b y a n e f fect ive c h a r g e of t h e a t o m s of a n e l e m e n t . T h e e f fec t ive c h a r g e of 

a n a t o m p r o v i d e s ol t h e r e d i s t r i b u t i o n of its v a l e n c e e l e c t r o n . T h e r e d i s t r i b u t i o n 

o c c u r s w h e n a t o m e n t e r s t h e m o l e c u l e . T h e e f fect ive c h a r g e of c o n s i d e r e d a t o m is po­

s i t i ve il its v a l e n c e e l e c t r o n s a r e s h i f t e d t o w a r d s t h e a d j a c e n t a t o m s a n d on t h e c o n t r a r y 

t h e e f fect ive c h a r g e of a n a t o m is n e g a t i v e if t h e v a l e n c e e l e c t r o n s of a d j a c e n t a t o m s 

a r e sh i f ted t o w a r d s t h e c o n s i d e r e d a t o m . T h e e f fect ive c h a r g e is u s u a l l y e x p r e s s e d in 

units V ( = l . 6 0 2 . I C r 1 9 O . 
In t h e c a s e of e l e m e n t s of t h e t h i r d p e r i o d (C. A. L o u I s o n — L. Z a u l i 196: ! . 

YV. I. N c l ' o d o w 1 9 6 2 . (',. L e o n h a ľ d t - A. M e i s e l 1970) t h e r e is d i r e c t 

c o h e r e n c e b e t w e e n t h e c h e m i c a l shift of X - r a y l i n e s a n d t h e e f fect ive c h a r g e of a t o m s 
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in a molecule of compound. If Lhe eľľeetivc charge of the atom In a molecule is positive 
llien K«|,2 line peak is shifted towards llie higher energy and on lhe contrary II the 
effective charge is negative \\a\-i line peak is shifted towards lower energies. As the 
reference position for K«|._> peak it. is usually used that of the pure element. 

We tried to use the instrument .IXA-5A for the determinat ion of chemical shift of 
sulphur atoms in some minerals. As we are informed the electron microprobe has not 
been used for the purpose of determinat ion of atomic effective charge up to lliis ume. 

Experimental pari 

We chose for the s luding the m i n e r a l 2 - ..rgentile (Ag^S), galena i l 'bS). chalcopyrite 
(CuľeS;/). bismutitc (lii^S;;). stihnite ( S I H S U ) . pyrite (FcSi), empleetile (C11BÍS2), aikinite 
(CuPbBiS:i) and anhydr i te (CaSO/,). 

We used the Jeol microprobe .1XA-5A for the identification and the determination 
of chemical composition of measured area. The experimental conditions during analysis 
were : accelerating voltage 15 kV. sample current 4.10~8 A, LiF and quartz crystals. The 
various corrections were evaluated by computer (IDC .3300 using the computer program 
SONDA 03 (F. Š k v á r a - V . II u I i n s k ý 1972). 

We. measured the chemical shift, of S K a , ^ lines using the pcntacrithri tol (PET) and 
quart/, crystals. The SK«i-2 lines were recorded by method ..step by s tep" . W e had to 
construct the a t t a c h m e n t for this purpose because the model JXA-5A allows only the 
continual recording of X-ray spectra. 

— S 
— PbS 

CaSO, 

-1 0 I chemical shlfl (eV) 

Fig. I. Chemical shifts of SK a l . : , lines in CaSO- ;uu\ I'l.S. 
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Tin- expcr-iničil 1 ;il conditions during the measuring of chemical shift were: accele­
rating voltage 10 kY. sample current I — 4 . 1 0 - 8 A, the diameter of electron beam 20— 
.)() fiin. As the s tandard for the position of SKa,.., peak we used the pressed powder 
sulphur. The surface of all samples wen- evaporated by carbon layer. K very sample 
was measured .'!—5 limes in order to diminish the experimental bias. 

The example of chemical shift of (InSO/, and 1'bS where the chemical shift was 
highesl is shown al fig. I. 

We used for the evaluation of effective charge the semiempirical formula of Xe-
IVdow Ti. L. B a r i n s k i j — V. I. X e f c d o w I9G6) (Fig. 2). 

A K K«|.2 

A E'K«, . 2 

where A K \\a\ •, is the energetic shiľl of SK« | 2 line [e.V], \i' K«i •> is the energy of 
SKoí| 2 line [cV], k is the constant ( = 5.1 . 10""' eV"'^ and li. k'i are ionization potentials 
resp. electron afinities of sulphur atoms. 

Discussion 

I'he quanti tat ive analysis confirmed that we deall with lbe homogeneous minerals of 
general chemical composition (see table I). This justified to measure the chemical shift 
and to evaluate the effective charges of su lphur atoms. The results of effective charges 
i| and the degrees of ionic character of chemical bond i are in the table 2. The degree 

ol ionic character of chemical bond is defined as the ratio i = — . where qeff 

> 
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E 
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e f f e c t i v e c h a r g e 

- 0.2 

Kly. 12. The dependence of effective charge in sulphur atoms and the chemical shifts of SK, 
I inc. 
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' ľ a h l o I. l i " ' results ní (|ii:iii(iliilivc analysis by 

Bi PI) Sb Í Ag 

ai'gonlilo 
Ag-jS 
galena 
PhS 

stihnite 
Sb,S : : 

hisnui l i lo 
P.i,S:1 

ehalcopx i-iIf 
Ci.l-'cS./ 

pvrilo 

( M l i p l i o l l l ľ 
C u l i i S , 

; i i k i 1111 (' 
CuPbBiS;, 

iinlmli'itc 
CaSO, 

- i 87,6/1 

82.02 -

88, I I 

2,1/I 

fii/.:s 

:S,">.86 M .28 

•lerli 

I.n 

rnioj'om'olx l.c .IXA-5A 

— .'!.">. 2(1 21),: 

/15.62 

- 111.21 

12.8.") 

28.8.") 

17.58 

:!2.8.'l 

."):!.81 

17.82 

16.62 

/Id. 12 56.: 

is llic effective charge and q m a x is the theoretic charge of an ulom in condition ol 
piiľľly ionic hond. 

Wo can sec from lalilc 2. thai none of llic minerals lias the pun: covalenl chemical 
hond. In bol li sulphides and sulphosalls (oxidation stage — 2) arc effective charges 
negative, il means lhal the density of valence electrons is higher in the region of 
sulphur atoms. The different situation we can see in CaSO/, (oxidation slage + 6). 
The valence electrons of sulphur in S()/,"- group are shifted Inwards llic oxigen atoms. 
We can explain ihis phenomena by high electronegativity of oxigen atoms. 

In some minerals (I'hS. Bi>S:j, CuPhHiS;)) the ionic character of chemical hound is 
quite high. The values of effective charges of sulphur atoms in BÍ2S;.. (41BÍS2 and 
CuPhliiS;. eonfirmo the idea about the relationship among the minerals and their salts. 

< (inclusion 

We emphasize the complete interpretation of effective charges of atoms in molecules 
is very difficult. In spile of this fact we are convinced the chemical shill measuring 
method is very perspective and can explain the mutual relation of elements of mine­
rals. 

The X-ray inieroanalyscr is suitable instrument also for X-ray spěchal studies ol 
minerals. We compared our results with the results of Nefedow (V. I. N e I e d o w 
Ií)(i2). The results are In good agreement. We point, the all results unlill Ihis time were 
obtained by fluorescence X-ray spectrometers which had been designed for this pur­
pose and therefore one must expect the higher precision of results than when X-ray 
mieronnnlvser is used. 
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T;i I. I c 2. T h e results of chemical shifts of S K a | , 2 lines and the effective charges of s u l p h u r 
a t o m s 

Mi -al 

argent i nc 
Ag-,S 
ga lena 
PI,S 

s t ihni te 
S h 2 S : ) 

h i s m u l i t e 
Bi,S :, 

r h a l c o p v r i l 
C u E e S / 

p y r i t e 
KeS, 

emplecl i\"e 
CuBiS2 

a ik in i le 
CuPbBiS;, 

a n h v d r i l e 
CaSÓ, 

(-Inimical shifts 
A E K a j , 2 [eV] 

- 0 , 1 9 

- 0 . 2 7 

- 0 , 1 0 

- 0 . 2 7 

- 0 , 1 0 

- 0 , 1 7 

- 0 . 2 0 

- 0 . 2 0 

+ 1.2 

effective 
charge 
qeff + c 

-0.07 

-1 .2 

-0.02 

-1 .2 

-0.02 

-0.87 

-1.00 

-1.00 

+2.29 

ionic character 
(hemic, hond 

qeff 

(Jma x 

-0,33 

-0,60 

-0,46 

-0,00 

-0,46 

-0,43 

-0 ,5 

- 0 , 5 

+0.37 

. _. 

O n 1 lit- o t h e r h a n d t h e X - r a y m i e r o a n a l y s o r is t h e o n l y i n s t r u m e n t w h e n il is ne­
c e s s a r y In m e a s u r e t h e c h e m i c a l sh i f t in v e r y s m a l l a r e a s (less t h a n 1 0 0 f m ) . 
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