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MHHEPAJIOrHJA, nETPOJIOrMJA, TEOXEMHJA
MINERALOGIE, PETROLOGIE, GEOCHIMIE

JOHCKH nOTEHHHJAJI AHIJIOHA: TEOXEMHJICKH
SHAHAJH OarOBAPAJyiiA nO"EJIA AHIJOHA

°fl
ApMa JlaHmha*

.lohckm noTeHUHjan (Jn), napaMeTap net})HHHcaH Kao kojihhhhk HaejieKTpHcaaa h panHjyca joHa (Cart.-
ledge ,1928). HMa nyry h 3HanajHy np«MeHy y reoxeMHjn, aiiH orpaHHMeHy caMO Ha KaTjoHe. Ha OCHOBy JI1 H3-
jIBajajv ce 3 rpyne KaTjoHa: pacTBopHH KaTjoHH, ejieMeHTH XHHpojiH3aTa h pacTBopHH KOMnjieKCHH aHjoHH
(Goldsclimidt, 1934; 1937).y pa”y ce pa3MaTpajy paHHjycH Hjohckh noTeHqHjajni aHjoHa H reoxeMiijcKH yc-
jtobh H.HXO0BOr nojaB.JbHBaH>a. Ha OCHOBy nojio>Kaja Ha fIHjarpaMy johcko HaejieKiupucahbe (eajieHHa) —johcku
padujvc. Kao h reoxeMHjcKHX KapaKTepncTHKa, aHjoHH cy no”eJbeHH y 3 rpyne: (1) paaueopnu anjoHU. ca Jn
<[0.8] /F'~. CI1 , Brl h C1'7; (2) aHjoHU pedysafua. ca Jn on -0.8 jjo -1.2 /S‘~, Se2 h Te2~/; h (3) aHjonu
Heyo6wiajeHUx uhokcuhhux cuciueMa. ca jn >[1.2] /As3*, Bi . Sh', N3, P , C* n Si47. FeoxeMHjcKe Ka-
paKTepHCTHKe rpvna yKa3yjy Ha bcjihkh 3Hanaj JH aHjoHa 3a o6jams.eH>e noHamaH>a oflroBapajyhnx elJieMeHaTa
v reoxeMiijcKHM cHCTeMHMa. CTora ce OMeKyje mnpoKa npHMeHa Jn aHjoHa H jiaTe noflejie aHjoHa Ha rpvne y
reoxeMHjn.

K.bvmc penii: joHCKH noTeHiinjaji, aHjoHH, aHjoHCKH noTeHunjan, reoxeMHja, reoxeMHjcKe rpyne aHjoHa. pac-
TBopmi aHjoHH. aHjoHH pe;iy3aTa. aHjoHH Heyo6HgajeHHX aHOKCHgHHxX cHcreMa.

YBOa

Johckii HOTeHijHjaji je napaMerap Kojii ce KopiicTH npeKO 60 rojmna y reoxeMHjn h
Kao kojihhhhk joHCKor paflHjyca h HaejieKTpncaiha (BajieHHe) joHa (Carledge, 1928),
JOHCKH rio'reiiUHjaji Moxe jja ce iripasii h 3a KaTjoHe h 3a aHjoiie. Mc”vjjim, reoxeMiijcKa

MeHara npeMa joncKOM noTenii,Hjajiy na 3 ipyne ce 6a3Hpa Ha johckom noTCnmijajiv
KaTjona. /laKlie, ibHMa HHcy o6yxBaheini hjiii cy caMo jieJioM o6yxBaheini xeMiijcKii
eJieMeiiTii Kojn cy 3acTynjbemi y reoxeMiijcKHM cncTeMHMa yrjiaBHOM Kao iipocni anjo-
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Pa/l pa'iMa'rpa joiicKe pamijvce, joiiCKe noTenu,njalie h reoxeMiijcKe na'imie aojaB-
jbiiBaita oiiiix aiijona. ilpeMa cuojiiM joHCKHM iioTenuiijaJiHMa h nojio>«ajiiMa na juij;ir-
paMV naf>oj (i5ajieiina)-joiicKii pafliijyc, anjonii cy noflejpbemi y 3 rpyne, Koje VKa3yjy na
ii,HXOBe reoxeMHjcKe ceiiapaunje.

JOHCKH IIOTEHIimJAJI H I1.LEl OBA
IHPHMEHA y rEOXEMHJH

Johckh noTeiiHiijali je jejian oji iia>KHHX reoxeMiijcKiix cjiakTopa Kojn ce KopncTe 3a
o6jaiiiiijeibe iioiiauiaH.a mhoiiix xeMiijcKiix elJieMena'ra y pa3JiH'iirrHM reoxeMiijcKUM
cHCTCMHMa. jJ.eit)iiiiHcaii je (Cartledge. 1928) Kao kojiii'iiiiik joncKor Ha6oja (Z) n
joHCKor palinjvca (r. H3pa»:eii y anrcTpeMHMa): F=Z/r. Cartledge je iiamao fla je oiiaj
MiijcKiix ejieM enara. CaMO neKOJiiiKO rojnina Kacmije, Goldschmidt (1934; 1937) vbo-
jtn oiiaj cjiaKTop y reoxeMiijy. KopncTehii joncKH noTennnjali KaTjona n nnjarpaM joncKu
ilaooj - joncKU padujyc, oii je o6jacimo cenapaHiijy xeMiijcKHX ejieMenara v ciictcmv
MopcKa eoda-cedu.\ieiituu. 1la ocnony nolio»caja KaTjona na jmjaipaMV H h3ixohom reo-
jjejiv ejieMena'ra na 'ipii rpyne: (1) pac'niopne KaTjoiie, (2) eJieMeiiTe xiijipojnnaTa, h (3)
pacTBtipne KOMiuieKciie aiijone.
miKa omirre n npiiMeii.ene reoxeMiije, Kao Ba*nn 3a o6jaruir>eH>e iioiianiaiba xeMiijcKiix
ejieMeiia'ra y ceniiMeirraniioiniM nponeciiMa h/hjiii nponeciiMa cynepreiie MHipaunje (na
npiiMep y: Cioldschmidt. 1954; M ason. 1966; Rankama and Sahama. 1968; Scher-
hina. 1972; Rose et al.. 1979). Joiickii iioreimiijaJi je Kacnnje 'raKohe iipiiMeihen sa 06-
jaiiiu.eibe cipvKi'vpne yjiore Kaijona y MaiMaTCKHM MiniepajiiiMa (Ringwood. 1955) n ii>h-
xoBor iioiiaman.a 'rjkom 06pa30iian>a Kpiic'rajiacTiLX CTena (Show, 1964).

(bc obc reoxeMHjcKe iipiiMene joncKor iioTeiinnjajia 'ipenipajy caMo KaTjone. Mebv-
niM, iiMa xeMiijcKiix ejieMenara, Mel)y KojiiMa cy neKii pejiaTHBHO o6hjiiih ii reoxeMiijcKH

jbHBaiba y reoxeMiijcKHM CHCTeMHMa. C'vMiiop, cejien h Tejiyp yob6ii‘iajeno rpajte n KariJone h
aiijone. 3a ocrajie, vob6ii'iajen iia'iim iiojaBJbHBaiba je y 06jniKy Kaijona, ajni y HeKHM ciieu,n-
CjHi'imiM reoxeMiijcKHM ciicTCMHMa rpaue h anjone. PailiiiKe y reoxeMiijcKOM KapaK'repv
oiiiix eJieMenara n ibirconoj ciioco6noc'm jia rpajte anjone y reoxeMiijcKHM cncTeMiiMa yKa3y-

JOHCKH IIOTEHTHAJI AIIJOHA H
0jJl OBAPAJyIiE AIIIOHCKE I PynE

elieMena'ra: xajiorene, cyMiiop, h pelje cejien n wejiyp (Ahrens, 1952; Mason. 1956;
Krauskopf and Bird. 1995; n Jip.). reoxeMiija obhx eJieMena'ra n reoxeMiijcKa VlJiora
ii>HXOBHX anjoiia cy jio6po HO3iiaTii. 3a jipvie ejieMeirre joncKii pajtiijycii aiijona ce
iipiiJiHnio perKO n liechimoM iieKOMiuieTHO nojaiiJbyjy h Kopiicie y JiirrepaTvpH: Shan-
non (1076). Smilh (1963). and Bokij and Belov (1949).



Ka3aim y Ta6ejin 1. AHjoncKH nafiojn (‘'naejieKipncaiba) Bapnpajv oji (-]) (xajioreiin) jio -4
(vidbemiK h CHIJiHii,iijyM). Hjha’obh pajmjycH iiapnpajv oa 1.33 (F ) jio 2.21 A (Te2) a joncKii
noTeinjHjajiH ojj (—8.46)(l ) jjo (-2.61) (C4).

3a xajiorene - cf)Jiyop, xjiop, 6poM h joj*, aiijoncKH o6jihk je yo6iiTiajeHii na'iiin no-
jaBJi.HBaii.a y CKopo cbhm reoxeMHjcKHM cncTeMHMa. Obh 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 uito cy MarMaTCKa h xnjjpoTepMaliHa pyjma Jieacimrra h pejiv-
saTH, o6pa3yjyhn Mimepajie cvIJKjmjje, cejieHiijie, Tejiypnjie h cvjk{)ocojih.

JJ,pyrn eJieMeiiTH ce nojaBJbyjy Kao aHjoHH y npHJiH'mo Heyo6iiTajeHiiM 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>KiiuimiMa, BehmioM ca MeTa-
jiiiMa Pt-rpyne (Guilbert and Park, 1986; Mulja and M itchell. 1990; n cji.). Oim
06pa3yjy MHiiepajie apceimjie, aHTHMOimjie h 6ii3MyTHne. A 30T, (])occ{)op, yrlbeiniK ii
CHJimmjyM cy natjeim Kao aHjoHH caMO y HeKiiM jiocra peTKHM MiiHepajiiiMa MeTeopiiTa,
jiynapimx MaTepnjajia h BeoMa peTKHX 3eMalbCKHX cncTeMa (Frye. 1981; Keil. 1969;
Mason. 1966; Rankama and Sahama. 1968; h cji.). Ohh o6pa3yjy Mimepajie iiht-
pnjie, c|)occl|)iijie, Kap6njie h CHJiinmjie.

Taoe.ua 1 Johckh pafliijycn 1l johckh noTeHLiHjalin aHjoHa.

Tahle I. lonic radii and ionic potentials of the anions.
EieMeHT Anjon JOHCKH pajlHjvC H3BOP1 Johckh noTeiiunja.il
(Element) (Anion) (lonic radius) (Source’) (lonic potential)
QY
<t.iyop (Fhiorine) F 1.33 1 -0.75
X.nop (Chlorine) cr 1.81 1 0.55
BpoM (Broinine) Br 1.96 1 0.51
Joji (lodine) r 2.20 1 -0.46
CyMiiop (Snlfur) s2~ 1.84 1 1.09
Ce.nen (Selenium) Se: 1.98 1 -1.01
Tejiyp (Tellurium) Te2 2.21 1 -0.91
ApceH (Arsenic) As3 2.05 2 1.46
Ahthmoh (Antimony) Sb’ 2.08 3 1.44
Eh3mvt (Bismuth) Bi3 2.13 3 141
A3ot (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) Sid 1.98 2 2.02

MiBopii-sa joHCKe pajinjyce: 1- Sliannon (1976); 2 Sinith (1968);3- Bokij and Belov. 1949 (in:
Bokij. 1954).
Sources lor ionic radii: 1- Sliannon (1976); 2- Smit.li (1968); 3 Bokij and Belov. 1949 (from:
Bokij. 1954).
ripeMa joncKOM noTeim,Hjajiy (JI1) h reoxeMHijciaiM yclioBHMa iiojaBJi.HBaiba, aHjomi Ha
(-0.8) h (-1.2) Kao rpaHHii,aMa (cji. 1). | pyne cy na3Bane npeMa iiajKapaKrepiicmriHiijoj reo-
xeMiijcKoj oco6enocTH anjona ii/hjiii reoxeMiijcKiix cHcreMa y KojiiMa ce aHjoiin nojaBJbyjy:



(1) Puciueopnu UHjotm. |pyna o6yxBaxa anjonc ca Jn BpefliocTHMa <[0.8]: xajio-
rene - (juivop, xnop, 6poM h joji. I'pvna je iia3BaHa no aiiaJiornjH ca Fojihiumhtobom
rpynoM paaueopnu Kamjomt.

(2) A hjohu pedy3uiuu Fpyna o6yxBaTa aHjone ca JIlI BpejmocTHMa H3Mel)y (-0.8) h
ilom e.aeMeHaiua .rudpoAusaiua.

(3) Ahjohu Heyo6uHujenux uhokcuhhux cuciueMa. I’)pyna o6yxBaTa anjone ca npcl/j-
HocTHMa jn>[1.2]: aiiTHMOH, apceH, 6H3MyT, vrjbeniik, a30T, cJ)occl)op h ciuiHnnjyM. HMe
rpvne je onabpano 3a yKa>Ke Ha pa3JiiiKy H3Meijy obhx h Maite aHOKcnTiiHX yo6HHajeHHX
peny3aTHHX h ojtroBapajyhHX XHjipoTepMajiiilHX CHCTeMa y KojHMa ce aKyMyjinpajy cyji-
(JiHflii, cejieHHTflii h TejiypnjiH.

Bjncjiua joiia - loinc charue ivalencej

Cji. 1. reoxeMHjcKa no”ejia aHjona npeMa h>hxobom johckom NoTeHqHjajiy.
Fig. 1. Geochemical division of anions according their ionic potentials.

reoxeMiijcKHM cncTeMiiMa 3iia'iajHO 3aBHce 0;i h.hxobhx anjoncKux noTCini,iijajia.

SAK.ILVHHH

ippi ipvne npeMa joncKOM noTCiinnjaliv ce TaKo”e 6a3iipa na KafjoHCKHM o 6unin»Ma eJieMeiiaTa.

Y 0150M pajiv cy pasMoipem i eJieMeiiii Kojn CC nojaBJbyjy y 06jniKy aHjoiia 11 pajpijycn 11 jon-
ckii noTCiuuijrUiii aiijona, Kao 1l reoxeMiijcKii ycjioBii ii,iixoBor iiojaiui,HBaii,a. Haljeno je jia na jui-
jai paMV joncKii na6oj (Bajicmi,a)- joncKii pajuijyc anjoini Moiy jia noliejie y rpn ipyne, iipeMa

llojiejia aiijona y rpn rpyne 1l KapaKTepiicniKe rpyna jacno yKa3yjy jia je joncKii
iioTeiinnjaji anjona iiia‘'iajan cjiaKTop 3a reoxeMiijcKy jmcf)epeiinHjanHjy aiijona 1l anjo-
iioreimx ejieMenaTa. Orora, Mo>Ke jia ce oTeKyje 3iia'iajna npiiMeiia aiijoncKor noreii-
HiijaJia 1l nocTanjbeiie reoxeMiijcKe iiOHelie anjoiia y reoxeMiijn.
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IONIC POTENTIAL OF ANIONS: GEOCHEMICAL
IMPORTANCE ANI) RELATED DIVISION OF ANIONS

by
Adam Dangic¢*

lonic potential (IP), a parameter defined as the ratio of ionic charge and ionic radius (Cartledge
1928), has a long time an important application in geochemistry, 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 (Goldschniidt, 1934; 1937). The paper considers radii and ionic potential of anions as wvell 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] /F1, CI1 _, Brl and CIl1/; (2) anions of reduzates, with IP from
-0.8 to 1.2 /S*, Se‘~and Te2/; and (3) anions of uncommon anoxic systems, with IP >[1.2] /As3, lii
Sh3 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; lonic potential, Anions, Anionic potential, Geochemistry, 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 lhan 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 (Cartledge. 1928). it may be calculated for both ca-
lions and anions. However, its geochemical applications, at the beginning (Goldschmidt.
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.
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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 (valence)-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 Cartledge (1928) as a ratio ol' the ionic fharge (Z) and ionic radius (r.
expressed in angstroms): | -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 few years later. Goldschmidt (1934. 1937) introduced this factor into geo-
chemislrv. Using ionic potentials of cations and a diagram ionic chnrge-ionic raclius. he
explains separations ol' chemical elements in the system see water-sediments. Based on
position of the cations in the diagram and their geochemical behavior in 1he siudied svs-
tem. Goldschmidl divided the elements into 3 wvvell known groups: Soluble cations. Elc-
mecnfs of 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: Goldschmidt. 1954; Mason. 1966; Rankama
and Sahama. 1968; Scherbina. 1972; Rose et al.. 1979). lonie potenlial was later
also applied to explain structural role of cations in magmatic minerals (Ringwood.
1955) and 1heir behavior during formation of crystalline rocks (Show, 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, lhe anionic form is common mode of occurrence in geochemical systems. 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 lheir
geochemical separations relating to ionic potential of anions are possible.

IONIC POTENTIAL OF ANIONS AND RELATED ANIONIC GROUPS

lonic radii of anions are commonly reported only for a few elements: halogens. and
sulfur. and. less commonly. selenium. and tellurium (Ahrens, 1952; Mason. 1956;
Krauskopf and Bird, 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: Shannon (1976). Smith (1963). and Bokij and Belov (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
Irom 1.33 (F ) lo 2.21 (Te2~) and ionic potentials from (-0.46)(l ) 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
with Pt-metal group, ore deposits (Guilbert and Park, 1986; Mulja and Mitchell,
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 (Frye, 1981; Keil. 1969;
.Vlason. 1966; Rankama and Sahama, 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 andor 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-
schmid's group soluble cations.

(2) Anions of 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 wvith
the Goldschmidt's group eJements of hydrolizates.

(3) Anions of 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 wvvell indicate that separations of anions and lhe elemenls in
geochemical systems depend importantly on their anionic potentials.

CONCLUSIONS

lonic polential is using in geochemistrv mem; thiin 60 vcars. but its applicalions ;ire reslricied
onh lo lhe cations. Tlie well knovwvn 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 lhal appear lo form anions and radii and ionic
potentials ol' anions. as well as geochemical condilions of their occurring. Il was lound
that on lhe diagram ionic charge (valence)-ionic radius anions mav be divided inlo lhree
groups according hoth thcir ionic polential and geochemical characterislics.

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



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