
y j lK  550.4:550.84 OparHiiaJiHH iiayiHH paj(

M HHEPAJIOrHJA, nETPOJlOrMJA, TEOXEMHJA 
MINERALOGIE, PETROLOGIE, GEOCHIMIE

J O H C K H  n O T E H H H J A J I  A H J O H A : T E O X E M H J C K H  
3 H A H A J  H  O a r O B A P A J y i i A  n O ^ E J I A  A H J O H A

° f l

A p M a  J la H m h a *

.Iohckm noTeHUHjan (Jn ), napaM eTap net})HHHcaH Kao kojihhhhk  HaejieKTpHcaaa h  panHjyca jo H a  (C a rt.-  
l e d g e  , 1928). HMa ny ry  h  3HanajHy np«MeHy y reoxeMHjn, aiiH orpaHHMeHy caMO Ha KaTjoHe. H a 0CH0By J I I  H3- 

jIBajajv ce 3 rp y n e  KaTjoHa: pacTBopHH KaTjoHH, ejieMeHTH XHHpojiH3aTa h  pacTBopHH KOMnjieKCHH aHjoHH 
( G o l d s c l i m i d t , 1934; 1937). y  pa^y  ce pa3MaTpajy paHHjycH H johckh  noTeHqHjajni aHjoHa H reoxeMiijcKH yc- 
jtobh H.HX0B0r nojaB.JbHBaH>a. H a 0CH0By nojio>Kaja Ha flHjarpaMy johcko HaejieKiupucahbe (eajieHHa) — johcku 
padujvc. Kao h  reoxeMHjcKHX KapaKTepncTHKa, aHjoHH cy no^eJbeHH y 3 rpyne: (1) paaueopnu anjoHU. ca J n  
< [0.8] /F '~ . C l1 , B r1 h  C1'7; (2) aHjoHU pedysafua. ca J n  on -0 .8  jjo -1 .2  /S‘~, S e2_ h  T e2~/; h (3) aHjonu 
Heyo6wiajeHUx uhokcuhhux cuciueMa. ca j n  >[1.2] /A s3*, Bi . S h ' , N 3 , P  , C* n S i47. FeoxeMHjcKe Ka- 
paKTepHCTHKe rpvna yKa3yjy Ha bcjihkh 3Hanaj JH  aHjoHa 3a o6jams.eH>e noHamaH>a oflroBapajyhnx eJieMeHaTa 
v reoxeMiijcKHM cHCTeMHMa. C Tora ce OMeKyje m npoKa npHMeHa J n  aHjoHa H jiaTe noflejie aHjoHa Ha rpvne y 
reoxeMHjn.

K .b v m c  penii: joHCKH noTeHiinjaji, aHjoHH, aHjoHCKH noTeHunjan, reoxeMHja, reoxeMHjcKe rp y n e  aHjoHa. pac-
TBopmi aHjoHH. aHjoHH pe;iy3aTa. aHjoHH Heyo6HqajeHHX aHOKCHqHHx cHcreMa.

Y B O a

Johckii HOTeHijHjaji je  napaM erap Kojii ce KopiicTH npeKO 60 rojm na y reoxeMHjn h 
Kojn ce najia3ii y cKopo cbiim reoxeMiijcKHM yn6eiiii[i,HMa h iipHpv'iHimiiMa. JIec|)H[iHcaH 
Kao kojihhhhk joHCKor paflHjyca h HaejieKTpncaiha (BajieHHe) joHa (C a r le d g e , 1928), 
joHCKH rio'reiiUHjaji M oxe jja ce iripasii h 3a KaTjoHe h 3a aHjoiie. Mc^vjjim, reoxeM iijcK a 
npiiMeHa joncKor iiOTeHHiijajia, on n.eroBor VBobeH.a y reoxeMiijy ( G o ld s c h m id t . 1934; 
1937) jio jianac, o rpam i'ie iia  je  na KaTjone. Jlofipo no3HaTa FojifliiiMHTOBa nojiejia ejie- 
MeHarra npeMa joncKOM noTenii,Hjajiy na 3 ip y n e  ce 6a3Hpa Ha johckom noTCnmijajiv 
KaTjona. /laKJie, ibHMa HHcy o6yxBaheini hjiii cy caMo jieJioM o6yxBaheini xeMiijcKii 
eJieMeiiTii Kojn cy 3acTynjbemi y reoxeMiijcKHM cncTeMHMa yrjiaBHOM Kao iipocn i anjo- 
iiii iijih Kojn, naKO ce nojaBJi.vjv npeTeacno Kao KaTjoiin, Mory pa o6pa3yjy h aHjoiie.

* PvjiapcKo-reoJiouiKH cj3aKyjiTeT. T>ymHHa 7 ,11000  B eorpaji. JyrocJiaBiija.



Pa/l pa'iM a'rpa joiicK e pam ijvce, joiiCKe noTenu,njaJie h reoxeM iijcKe n a 'im ie  aojaB- 
jb iiB aita  oiiiix a iijona . i lpeM a cuojiiM joHCKHM iioTenuiijaJiHMa h nojio>«ajiiMa na juij;ir- 
paMV naf>oj (i5ajieiina)-jo iicK ii pafliijyc, anjonii cy noflejbem i y 3 rp y n e , Koje VKa3yjy na 
ii,HXOBe reoxeMHjcKe ce iiap au n je .

JOHCKH IIOTEHimJAJI H II.EI OBA  
IIPHMEHA y  rEOXEMHJH

J ohckh noTeiiHiijaJi je je jian  oji iia>KHHX reoxeM iijcKiix cjiaKTopa Kojn ce KopncTe 3a 
o6 ja iiiiije ibe  iioiiauiaH .a m hoiiix  xeMiijcKiix eJieM ena'ra y pa3JiH'iirrHM reoxeMiijcKUM 
cHCTCMHMa. jJ,eit)iiiiHcaii je  (C a r t le d g e . 1928) Kao kojiii' iiiiik  joncK or H a6oja (Z) n 
j o H C K o r  pa/in jvca (r. H3pa»:eii y anrcTpeMHMa): F=Z/r. Cartledge je  iiam ao  fla je  oiiaj 
cjiaKTop HHfliiKaTop G asii'iiio r iijih K iicejior KapaKTepa Kao h neKHX j[pym x  o co 6 m ia  xe- 
MiijcKiix e jieM enara . CaMO neKOJiiiKO ro jn in a  Kacm ije, G o ld s c h m id t (1934; 1937) vbo- 
jtn oiiaj cjiaKTop y reoxeM iijy. KopncTehii joncKH noTennnjaJi KaTjona n nnjarpaM  joncK u  
iiaooj -  joncKU p a d u jy c , oii je  o 6 jac im o  cenapaH iijy  xeMiijcKHX ejieM enarra v ciictcmv 
MopcKa eo d a -ced u .\ie iitu u . 11a ocnony  noJio»caja KaTjona na jmjaipaM V H h>iixohom reo- 
veMiijcKOM iionam aihv  y n p o v ’iaijaiioM cncreMV, roJijiiiiMHT je  H3iieo no6 p o  iio 'iiia i’v no- 
jjejiv ejieM ena'ra na 'ip ii rpyne: (1) p ac 'n io p n e  Ka’rjo iie , (2) eJieMeiiTe x iijipo jnnaT a , h (3) 
pacTBtipne KOMiuieKciie aiijone.

1 ojijHiiMHTOBe rp v n e  an jo n a  n o jiro iiap a jy h ii jtnjarpaM  ce najia3e y Behiim i y u 6e- 
miKa o m irre  n npiiM eii.ene reoxeM iije , Kao B a * n n  3a o 6jaruir>eH>e iio iian ia iba  xeMiijcKiix 
ejieM eiia'ra y ceniiM eirraniioiniM  nponeciiM a h/hjiii nponeciiM a c y n e p re iie  M H ipaunje (na 
npiiM ep y: C io ld s c h m id t . 1954; M a so n . 1966; R a n k a m a  an d  S a h a m a . 1968; S c h e r-  
h i n a .  1972; R o se  et a l . .  1979). Joiickii iioreim iijaJi je  Kacnnje 'raKohe iipiiMeihen sa 06- 
ja iiiu .eibe c ipvKi'vpne y jio re  Ka ijona y MaiMaTCKHM MiniepajiiiMa ( R i n g w o o d .  1955) n ii>h- 
xoBor iio iiam an.a 'rjkom  06p a 30iian>a Kpiic'rajiacTiLX CTena (S h o w , 1964).

( ’bc obc reoxeMHjcKe iipiiMene joncK or iioTeiinnjajia 'ip en ip a jy  caMo KaTjone. Mebv- 
niM, iiMa xeMiijcKiix ejieM enarra, Mel)y KojiiMa cy neKii pejiaTHBHO o 6hjiiih ii reoxeMiijcKH 
Bpjio iiia'iajiiii, Kojn ce nojaBJbyjy y reoxeMnjcKHM CHCTeMHMa Kao iip o c n i anjoHii. O bii ejie- 
Meirni, nopeji KiiceoiiiiKa, cy: xaJioreiin, cyMiiop, cejien, rejiyp, apcen, aim iM on, 6n3MyT, vr- 
jbemiK, asoT, c(ioccf)op, ciiJiiiiJ,iijyM. 3 a  xajio rene aiijoncKH o6jihk je voOii'iajeiin Ha'iini nojaii- 
jbHBaiba y reoxeMiijcKHM CHCTeMHMa. C'vMiiop, cejien  h Tejiyp yo6ii'ia jeno  rpajte n Kari]one h 
aiijone. 3 a  ocrrajie, vo6 ii'ia jen  iia 'iim  iiojaBJbHBaiba je y o 6jniKy K aijona, ajni y HeKHM ciieu,n- 
cjHi'imiM reoxeMiijcKHM ciicTCMHMa rpaue  h anjone. PaiJiiiKe y reoxeMiijcKOM KapaK'repv 
oiiiix eJieMena ra n ibirconoj ciioco6noc'm  jia rpajte an jone y reoxeMiijcKHM cncTeMiiMa yKa3y- 
jy Jta je MOiyhe j(a h>iixobo rexeMiijcKo pasjtBajafte 3aBHCii oji joncKor iioTeiiii;iijajia aiijona.

JOHCKH IIOTEHTHAJI AIIJOHA H 
OjJI O B A P A J y iiE  AIIIOHCKE I P y n E

Johck ii paju ijvcii an jo n a  ce o 6iitiiio npHKa3vjy y JiiiTepaTvpn caMO 3a hcko jiiiko  
eJieMena'ra: x a jio re n e , cyMiiop, h pe lje  ce jien  n rrejiyp  (A h re n s , 1952; M a so n . 1956; 
K ra u s k o p f  a n d  B ird . 1995; n Jip.). reoxeM iija obhx eJieM ena'ra n reoxeM iijcKa VJiora 
ii>HX0BHX an jo iia  cy jio6po H03iiaTii. 3 a jip v ie  ejieM eirre joncKii pajtiijycii aiijona ce 
iipiiJiH nio perKO n liehimoM  iieKOMiuieTHO nojaiiJbyjy h K opiicie y JiirrepaTvpH: S h an - 
non  (1076). S m ilh  (1963). and B o k ij and  B e lo v  (1949).



AHjoiiii, h.hxobh pajTiijvcn h joncKH noTeHipijajiii (hjih: anjoHCKH noTeiiHHjaJiH) cy npn- 
Ka3aim y Ta6ejin 1. AHjoncKH nafiojn ('naejieKipncaiba) Bapnpajv oji ( - ] )  (xajioreiin) jio -4  
(viJbemiK h CHJiHii,iijyM). Hjha’obh pajmjycH iiapnpajv oa 1.33 (F ) jio 2.21 A (Te2 ) a joncKii 
noTeinjHjajiH ojj (—0.46)(I ) jjo (-2.61) (C 4_).

3a xajio rene  -  cf)Jiyop, xjiop, 6poM h joj^, aiijoncKH o6jihk je  yo6iiTiajeHii na'iiin no- 
jaBJi.HBaii.a y CKopo cbhm reoxeMHjcKHM cncTeMHMa. O bh anjoHH cy pacTBopim y vooii- 
'iajeiiHM cynepreniiM  cncTeMHMa h CTora ce aKyMyjmpajy y OKeaHHMa.

C.yMnop, cejien h Tejiyp ce nojaBJbyjy Kao anjoHH y pejiVKHiioiniM reoxeMiijcKiiM 
CHCTeMHMa, TaKBHM Kao u ito  cy MarMaTCKa h xnjjpoTepMaJiHa pyjma Jieacimrra h pejiv- 
saTH, o6pa3yjyhn Mimepajie cvJKjmjje, cejieHiijie, Tejiypnjie h cvjk{)ocojih.

JJ,pyrn eJieMeiiTH ce nojaBJbyjy Kao aHjoHH y npHJiH'mo Heyo6iiTiajeHiiM pejjyKii,iio- 
iiiim. Bpjio aiioKCHHiiiiM, ciicTeMHMa. ApceH, aHTHMOii h 6H3MyT ce nojaB.Tbyjy Kao an- 
joim  y neKHM Bpjio cneii,iic}m'iniiM cyjir})HjnmM pvamiM jie>KiiuirniMa, BehmioM ca MeTa- 
jiiiMa P t- rp y n e  (G u ilb e r t  an d  P a rk , 1986; M u lja  an d  M i tc h e l l .  1990; n cji.). Oim 
o6pa3yjy MHiiepajie apceimjie, aHTHMOimjie h 6ii3MyTHne. A 30T, (|)occ{)op, yrJbeiniK ii 
CHJimmjyM cy natjeim  Kao aHjoHH caMO y HeKiiM jiocra peTKHM  MiiHepajiiiMa M e T e o p iiT a , 

jiynapim x MaTepnjajia h BeoMa peTKHX 3eMaJbCKHX cncTeMa (F ry e . 1981; K e il .  1969; 
M a s o n . 1966; R a n k a m a  an d  S a h a m a . 1968; h cji.). O hh  o6pa3yjy Mimepajie iih t- 
pnjie, c|)occ|)iijie, Kap6njie h CHJiinmjie.

Taoe.ua 1. Jo h ck h  pafliijycn  11 johckh noTeHLiHjaJin aHjoHa.

Tahle I . Ionic radii and ionic potentials of the anions.

EieMeHT
(Element)

Anjon
(Anion)

JOHCKH pajIHjvC 
(Ionic radius)

(A)

H3BOP1
(Source’)

Johckh noTeiiunja.il 
(Ionic potential)

<t.iyop (Fhiorine) F 1.33 1 -0 .7 5
X.nop (Chlorine) cr 1.81 1 0.55

BpoM (Broinine) Br 1.96 1 0.51
Joji (Iodine) r 2.20 1 -0 .4 6
CyMiiop (Snlfur) s 2~ 1.84 1 1.09
Ce.nen (Selenium) Se: 1.98 1 -1.01
Tejiyp (Tellurium) Te2 2.21 1 -0.91
ApceH (A rsenic) A s3- 2.05 2 1.46
A h th m o h  (Antimony) S b ’ 2.08 3 1.44
E h3m vt (Bismuth) Bi3- 2.13 3 1.41
A 3 o t (Nitrogen) N " 1.45 2 -2 .0 "
Ooctjiop (Phosphoras) P ’ 1.90 2 -1 .58
yr.ibennK  (Carbon) c4- 1.53 2 -2 .61
CH.iiiiiiiijyM (Silicon) Siđ- 1.98 2 2.02

M iBopii-sa joHCKe pajinjyce: 1- S l ia n n o n  (1976); 2 S in i th  (1968);3- B o k i j  a n d  B e lo v .  1949 (in: 

B o k i j .  1954).
Sources lor ionic radii: 1- S l ia n n o n  (1976); 2 -  Sm it.li (1968); 3 B o k i j  a n d  B e lo v .  1949 (from: 

B o k i j .  1954).

ripeMa joncKOM noTeim,Hjajiy (JII) h reoxeMHjciaiM ycJioBHMa iiojaBJi.HBaiba, aHjomi Ha 
jiiijarpaMv anjoncKU padujyc-aHjoHCKU nanoj cy iioaeji.eiin y 3 ipyne, ca npejiHocniMa JIJ 
(-0 .8) h (-1 .2) Kao rpaHHii,aMa (cji. 1). l pyne cy na3Bane npeMa iiajKapaKrrepiicrnriHiijoj reo- 
xeMiijcKoj oco6enocTH anjona ii/hjiii reoxeMiijcKiix cHcreMa y KojiiMa ce aHjoiin nojaBJbyjy:



(1) Puciueopnu UHjotm. I pyna o 6yxBaxa a n jo n c  c a  J n  BpefliiocTHMa <[0.8]: xajio - 
re n e  -  (juivop, x n o p , 6poM h jo ji. I 'p v n a  je  iia3BaHa no  aiiaJio rn jH  ca  F ojih ium htobom  
rpynoM  paaueopnu Kamjomt.

(2) A hj’o h u  p e d y 3 u iu u  F p y n a  o6yxBaTa aH jone ca JII BpejmocTHMa H3Mel)y (-0.8) h 
(-1.2): cyM iiop, c e j ie H  h  Tejiyp. T pyna je  Ha3BaHa no  aH ajiom jH  ca Toji^ iiim htobom  rpy - 
iiom e.aeMeHaiua .rudpoA usaiua.

(3) A h j o h u  H e y o 6 u H u je n u x  u h o k c u h h u x  c u c iu eM a .  I’pyna o 6yxBaTa an jo n e  ca npc/j- 
HocTHMa jn>[1.2]: aiiTHMOH, apceH, 6H3MyT, v rjb en iiK , a30T, cJ)occJ)op h  ciuiHnnjyM. HM e 
rp v n e  je  o n a 6p a n o  3 a yKa>Ke Ha pa3JiiiKy H3Meijy obhx h  M aite aH0KcnTiiiHX yo6HHajeHHX 
peny3aTHHX h  ojtroBapajyhHX XHjipoTepMajiiiHX CHCTeMa y KojHMa ce  aKyMyjinpajy cyji- 
(JiHflii, cejieHHflii h TejiypnjiH.

B jn c jiu a  jo iia  - loinc charue ivalencej

Cji. 1. reoxeMHjcKa no^ejia aHjona npeMa h >h x o b o m  j’o h c k o m  noTeHqHjajiy. 
Fig. 1. Geochemical division of anions according their ionic potentials.

khjiiio jeiie  aiijoiicKe rp y n e  BeoMa jacHO yKa3yjy jia ,imc[)cpeiiiuipaii,e aHjoHa h  ejieM enaTa y 
reoxeMiijcKHM cncTeMiiMa 3iia'iajHO 3aBHce o;i h .hxobhx anjoncKux noTCini,iijajia.

SA K .ILV H H H

J ohckii noTCiimijaJi c e  n p iiM eib yje  y  reo x eM iijii n p eK o  60 rojiiina, ajin  c y  ib e r o B c  np iiM eiie  

o ip a m i' ie i ie  caMO Ha K aijoH e. JJo6 p o  n o 3HaTa I'ojijiu iM irroB a reoxeM iijcK a n o jie jia  n a  ejieM eiiT e v 
ippi ip v n e  npeM a joncKOM noTCiinnjaJiv c e  T aK o^e 6a3iipa n a  KarijoHCKHM o 6unin»M a eJieM eiiaTa.

y 0150M pajiv cy p a sM o ip e m i eJieMeiiii Kojn cc nojaBJbyjy y o6jniKy aHjoiia 11 pajpijycn 11 jon- 
ck ii noTCiuuijrUiii aiijona, Kao 11 reoxeMiijcKii ycjioB ii ii,iixoBor iiojaiui,HBaii,a. H a ljen o  je  jia n a  jui- 
jai paMV joncK ii na6oj (B a jicm i,a )-  joncK ii pajuijyc an jo in i M o iy  jia no/iejie y  rrp n  ip y n e , iipeM a  

joncK()M iioTeiiuiijaJiv 11 reoxeMiijcKHM KapaKTepiicniKaMa cncieM a y KojiiMa ce nojaBJbyjy.
I l o j i e j i a  a ii jo n a  y  rp n  rpyne 11 K apaK T ep iicn iK e  rpyna jacno y K a 3 y jy  jia je  joncK ii 

i io T e iin n ja j i  a n jo n a  i i i a 'i a j a n  cjiaKTop 3a re o x e M iijc K y  jm c f)ep e iin H ja n H jy  a ii jo n a  11 a n jo -  
i io r e im x  e jie M e n a T a . O ro ra , Mo>Ke jia ce o Tie K y je  3 i ia 'i a jn a  n p iiM e iia  a i i jo n c K o r  n o r e i i -  
HiijaJia 11 n o c T a n jb e i ie  re o x e M iijc K e  iiOHeJie a n jo i ia  y  re o x e M iijn .
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IONIC POTENTIAL OF ANIONS: GEOCHEM ICAL  
IM PORTANCE ANI) RELATED DIVISIO N OF ANIONS

by

A d a m  D angić*

Ionic potential (IP), a param eter defined as the ratio of ionic charge and ionic radius (C a r t le d g e  
1928), has a long time an important application in geochem istry, but it is restricted only on cations. Ac- 
cording IP 3 groups of cations are selected: soluble cations, elenients of liydrolizates, and soluble complex 
anions ( G o l d s c h n i id t , 1934; 1937). The paper consiđers radii and ionic potential of anions as vvell as 
geochemical conditions of their appearing. According their position on an appropriate ionic charge (valen- 
ce) ionic rndius diagram and geochemical characteristics, anions are divided into 3 groups. The groups 
are: (1) soluble anions, with IP <[0.8] /F 1 , C l1__, B r1 and C l1-/; (2) anions o f  reduzates, with IP from 
-0.8 to 1.2 /S“ , Se‘~ and Te2’/; and (3) anions o f  uncommon anoxic systems, with IP >[1.2] /As3 , lii , 
Sb3 N , P ' , C4'~ and Si4‘/. Geochemical characteristics of the groups indicate that IP of anions appears 
to be imporlant for explanation of behavior of related chemical elements in geochemical systems. Tliat indicates 
tliat one can expect a wide application of IP of anions and the established division of anions in tlie geochemistrv.

Key 'vords; Ionic potential, Anions, Anionic potential, G eochem istry, Geochemical groups of anions,
Soluble anions, Anions of reduzates, Anions of uncommon anoxic systeins.

INTRODUCTION

lonic potenlial is a parameter that is used in geochemistry more Ihan 60 years and it 
appears to be reported in almost all geochemical textbooks. Defined as a ratio of ionic 
radius and charge (valence) of ions (C a r t le d g e . 1928). it may be calculated for both ca- 
lions and anions. However, its geochemical applications, at the beginning (G o ld s c h m id t . 
1934; 1937) and later. are restricted to cations. The well known Goldsclimidt's division of 
elements according ionic potential into 3 groups is based on ionic potentials of cations.

However. there are chemical elements tliat appear in almost of geochemical systems as anions 
;ind lliose which allJiough mostly appeitr as cations may more or less commonly lomi also anions.

" Faculty of M ining and Geology, Djušina 7, 11000 Belgrade, Yugoslavia



Tlie papcr discussed (he ionic radii, ionic potentials and geochemical modes of occurrence of these 
anions. According their ionic potentials and positions on the diagramionic charge (v’alence)-ionic 
radius. anioris are divided into 3 groups. indicating tlieir geochemical separations.

IONIC POTENTIAL AM) ITS APPLICATIONS IN GEOCHEMISTRY

lonic potential is onc of important geochemical factors that is used (o explain geo- 
chemical behavior ol' several chemical elements in diverse geochemical sys(ems. It has 
been delined by C a r t l e d g e  (1928) as a ratio ol' the ionic fharge (Z) and ionic radius (r. 
expressed in angstroms): l - Z  r. Cartledge found that this factor is an indicator of basic or 
acid characteristics as well as of some olher features of an element.

Onlv a fevv years later. G o l d s c h m i d t  (1934. 1937) introduced this factor into geo- 
chemislrv. Using ionic potentials o f cations and a diagram ionic chnrge-ionic raclius. he 
explains separations ol' chemical elements in the system see w ater-sedim ents. Based on 
position of the cations in the diagram and their geochemical behavior in I h e  siudied svs- 
tem. Goldschmidl divided the elements into 3 vvell known groups: Soluble cations. Elc- 
mcnfs o f  hydrolizates. and Complex oxygen anions. The Goldschmidt's groups of cations 
and the related diagram appear to be reported in most of textbooks of general and applied 
geochemislrv. as imporlant for behavior of the elements in sedimcntary processes and or 
supergene migration (for example, in: G o l d s c h m i đ t .  1954; M a s o n .  1966; R a n k a m a  
and S a h a m a .  1968; S c h e r b i n a .  1972; R o s e  et a l . .  1979). Ionie potenlial was later 
also applied to explain structural role of cations in magmatic minerals ( R i n g w o o d .  
1955) and I h e i r  behavior during formation of crystalline rocks ( Sh o w,  1964).

All tliese geochemical applications of tlie ionic polential Irealed only cations. However. tliere 
are the elements. some of vvhieh are relalive abundanl ;ind geochemically very imponant. which 
appear in gecx;hemical syslems in iinionic forms. These elements, besides oxigen. ;ire: hilogens. 
suliur. selenium. tellurium, arsenic. antimony, bismuth. carbon. nitrogen. phosphorous. silicon. For 
hiilogens, Ihe anionic form is common mode of occurrence in geochemical syst.ems. For sulfur. 
selenium. ;md tellurium are common both cationic and anionic forms. Others lonn commonly 
cations. bul in some specific geochemical systems may appear as anions. Diversilies in geochemical 
cliaracter of these elements and in ability to fomi anions in geochemical systems indicate tlial Iheir 
geochemical separations relating to ionic potential of anions are possible.

IONIC POTENTIAL OF ANIONS AND RELATED ANIONIC GROUPS

Ionic radii of anions are commonly reported only for a few elements: halogens. and 
sulfur. and. less commonly. selenium. and tellurium ( Ah r e n s ,  1952; M a s o n .  1956; 
K r a u s k o p f  and  B i r d ,  1995; etc.). Geochemistry of these elements and geochemical 
role of their anions are well known. For other elements. ionicradii of anions are rather 
rarely and mostly incompletely reported. For our considerations, three sources of radii of 
anions are used: S h a n n o n  (1976). S m i t h  (1963). and Bo k i j  a nd  B e l o v  (1949).

Anions. Iheir radii and ionic potentials (or: anionic potentials) are shown in Table I. 
The anionic charge varv from (-1 ) (halogens) to - 4  (carbon and silicon). Their radii vary 
lrom 1.33 (F ) lo 2.21 (Te2~) and ionic potentials from (-0.46)(I ) to (-2 .61) (C ~).



For halogens -  fluorine, chlorine, bromine. and iodine, anionic state is a common 
mode of occurrence in almost geochemical systems. These anions are soluble in common 
supergenic systems and appear to be accumulated in oceans.

Sulfur. selenium, and tellurium. appear as anions in redused geochemical systems, 
such as magmatic and hydrothermal ore deposits and redusates. forming sulllde, selenide, 
telluride, and sulfosalt minerals.

Other elements appear as anions in rather uncommon reduced, very anoxic, systems. 
Arsenic, antimony, and bismuth appear as anions in some very specific sulfide, mostly 
vvith P t-m etal group, ore deposits ( Gu i l b e r t  a n d  P a r k ,  1986; M u l j a  a n d  M i t c h e l l ,  
1990; etc.). They form arsenide, antimonide, and bismuthide minerals. Nitrogen, phospho- 
rus. carbon. and silicon have been found as anions only in some rather rare minerals of 
meteorites. lunar materials. and very rare terrestrial systems ( Fr ye ,  1981; Ke i l .  1969; 
.Vlason. 1966; R a n k a m a  and  S a h a m a ,  1968; etc.). They form nitride. phosphide. car- 
bide. and silicide minerals.

According ionic potential (IP) and geochemical conditions of occurrences. anions on 
the diagram anionic radius-anionic charge are divided into 3 groups. with IP values 
(-0 .8 ) and (-1 .2 ) as boundaries (Fig. 1). The groups are named after most characteristic 
geochemical features of anions anđor  geochemical systems in which anions occur:

(1) SoJubJe anions. The group includes anions with IP values <[0.8]: halogens -  
fluorine. chlorine. bromine, and iodine. The group is named after an analogy to the Gold- 
schm id's group soluble cations.

(2) Anions o f reduzates. The group includes anions with IP values betvveen (-0 .8) 
and (-1 .2 ) -  sulfur. selenium. and tellurium. The group is named after an analogy vvith 
the G oldschm idt's group eJements o f hydrolizates.

(3) Anions o f uncommon anoxic systems. The group includes anions with IP values 
> | 1.2]: antimony. arsenic, bismuth. carbon, nitrogen, phosphorus. and silicon. The name 
of the group is chosen to indicate a distinction between them and less anoxic common 
reduzate and related hydrothermal systems in which may be accumulated sulfides. seleni- 
des. and tellurides.

These anionic groups vvell indicate that separations of anions and Ihe elemenls in 
geochemical systems depend importantly on their anionic potentials.

CONCLUSIONS

lonic polential is using in geochemistrv mcm; thiin 60 vcars. but its applicalions ;ire reslricied 
onh lo Ihe cations. Tlie well knovvn Goldschmidt's geochemical division of the elements into thrce 
groups according ionic potentials is also based on cationic lorms of the elements.

The presenl paper considered elements Ihal appear lo form anions and radii and ionic 
potentials ol' anions. as well as geochemical condilions of their occurring. Il vvas lound 
that on Ihe diagram ionic charge (valence)-ionic radius anions mav be divided inlo Ihree 
groups according hoth thcir ionic polential and geochemical characterislics.

The division of anions inlo Ihe groups and Iheir characteristics clearly indicalc lliat 
ionic polential of anions is a significant factor for geochemical separalions of Ihc anions



and anionogenic elements. Thus, one can expect an important application of ionic potenti-
al and proposed division o f anions in geochemistry.
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