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                                   AbstraeS

      This study wi, s ct rriecl oA with the ol)jecc of elucidating the fundt mentai inechafiism
   underlying the dielectric coiistants of" carbonate and sulphate mhierals from the stand-
   points of polarization theory. The l)olarization of these rainerals are considered to be
   composea of the two components sucii as electronic and aton)ic polarlzations. The
   inain part of the electronic pol,aa'ir•:ation is almost due to that of acid radicle and shows
   nearly same value in each gtoup, but diffeirent value accofding to the ciystal orienta-
   tion. II"he fesidual parc of the cleccronic pola`yizacion is due to the polarizability
   o'f cat'ion and increase lts value pgopi ostionally according to tlie magfiituGe ofic. The
   ir,teii$ity of atomic polarizatioii df:•pen6is on the polasizabUity of each ion, that is go
   sa, y, the d{stortionability of ion i'cselt" afidi the existence of d{stortionable spa.ce in
   crystal lactice. These facts wege confirmed witli the minerals of aragonite-groug,
   calcite-ocrroup and barite-group.

                                   Pff-'efvtÅëe

     It is evident that the dielecttric constants of minerals chft.nge their values
according to cheinical conEtltutions and crystal strRctures. In the case of iso-
morphus substa,nce the variation of t'he dielectric consta`nts depends chiefiy upon

the chemical constitut{ons.(n So if we have a standard cut've showing the
re}aeion3hip between the dielectric consti,m$ End the chemical constitutions of
isomorphus minerals, it is possil}le to determine the chemical constitutioR of a
mineral beiongin.cr to that isomrphus se:ies by means og che deiermination of the

dielectric constant. •
    XXZhen the change of crystal structufe or the dehydration of combined water
is observd with a mineral $ilbjected to heatiRg, these phenomesua axe followed by
the rapld change of the dielectric constant. TiierefoTe we can also detefmine
the transition or dehydration temperature by the heating cufve of the dieiectric
constant of the mineral.
    Zrhis study was carried on wieh the object of elucidating the fundamental
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mechanisrn underlying the abovementioned variation phenomena of the dielectric

conslant.

                  Dielectygc Coenstamt andi geolaifazation

     As is well known as "polarization", the nofmal interna2 staee of substance
is subjEcted Åío the electric displacement or electric doublets by the electromagne-
t!c lnduction. Xl5<Zhen the displacement is restricted to the electronic, it is called

" electronic polarizatiofi" and when restricced to Åíhe atomic displacement, "atomic

polarization". Some substances whice have permanent dipolemoments, however,
undergo the "orienti`tlon polarization" beside the two klnds of the polarizations
above mentioned. Tberefore the polarim, tions of sitbstances are distinguished
as electronic, atoimic icnd or{entation polarization (generaliy refered to as Pe, Pa

and Po).
    The electronic polarizaLtion is due to the displacement of electron, nameiy
of tke valency eiectro[ by the electromagnetic occillation of a freguency higher
than that of the visible ray; the relation berween the electronic polarizarion
and the dielectric co.nstant is shown in the foliowing Ciassius-Mosotti formuia ;
Pe stands for molaf ele:troraic polarization, M for molecular weight, P foradensity
and e for dielectr,ic constant.

                pe -= -!i.f- -g--i-i (i)
    Since the molar electronic polarization is generally egual ro the molar regra-
ctivity when the polarizttion i3 caused by the electro-ffiag'netic wave of a fÅíequency

higher thaft ghat of the vioible racy ther{'ore, the above forinuia may be transfor-

med into the following eguaeion; R indicttes the moift`r refractivity and n, mean

refractive index.

                pe=R:= -]lf-- g-iE-;- (2)
According to rhis eguatlon, we can obtain the molar electronlc polarization by
determining the fefractive index. Under the electro-rnagnetic wave of i` fre-
qttency near that of infra-red, the electronic polarizatidn is accompanied with the

atomic polarization. Thereiore, the molar pelarization con3ists of both the
electronic and the atomic polarization.
    XISerith the polar materials, on the other haRd, the orientation polarizatioB is

caused especiaily by the electro-mabcrnetic wave of lower frequency. But this
polarization gradualiy disappears with the increase of the freguency owing to the
corresponding inc:•eEse of the resistaRce for the orientagional displacement of the
permanent electrostat{c dipoie.

    As the orientarion polarization is, in general, lnverseiy proportional to the
absolute temperature, the molar polarization can be expressed in the foliowing
eguation introduced by F. C. Frank;.,> where N shows Avogadro's number 6.02
Å~ lo23, lc Boltmann's conscane 1.38 x 10m'ia, zt dipole moment, a, electronic polari-

zalbility, tx,, atomic poiarizability and T absoute temperacure.

               p=: pe+pa+Po=: m'flm(}LN- (`z,+tza -i' 3i:21• ) (3)
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B}r substituting t and b for 4-"Zt ..l:{- ((y,-y c}f,) an(il 4" ' ,ti.N < 5i ) respectlvely, we

hava i` followlng s!mple egvnction}Pr_a+-\-. Accordingl>7 tbe molar polafi-

zation of the polar substance underg-oes a clnLnge witk the rise or ftll of t'he
2ZT,?,ega ii:, ,,,Al,gg gSS2.il?eg, i,%'[r•,Swaxr;g,eg.;alxgs.[ i,,s,f.:nasncikeivi"ve

21"Cy,• calculated wich calclte and aragonit'e is merely in the vicinit:v of the order

of lo -S
    Considering the above mentloned facts, all materi•als may be cl[assified into
the following three types by the poinr of view of poltriza,tion phenomena•ce
(1) Non-polar substances showing the electronic or oprical poiarization only•
(2) Poiar substances showing the electronic as well a,s the atomic or infra-red
    polarization.
(S) Dipolar substakces showing the orie.ntarion polarization in rddition to the
    electronlc and atom!c poiarizaxioR.
    The poiarization of the first ck,ss ls due to the elastic displacement of ele-

cttons oniy. .{Nll dielectrics consi$teci of monoatomic molecule saclt aLs suiphur,
diamond, inext bcra$es etc. beiong to the first class and theist dieiecirlc constacnt's

satisfy the rutaxwell relation e=::nL'.

    Substances included in class(2) have the atomic a.s weli as the electronic
polarization and consist of dipoiar groups of ft.ioms btzc have no totfl digole
moment. The atomic po]arizations of these sul)stance3 are, however, generall;ir
so small compard with the electronic poiascizatiDms rhtt they m•ay be consi(lerecl
as non-polar $ubstance3. All mi.nefg_ls 'tinder consldefatloxx Sn our study tre
ioBic crystacls, and tlie atomic polarizations afe founQi in tke sa. me degree as that

ef the electvonic polarzation. The polarization re.tios --Y'",t of aragenice, cE lclce

and barite groups, are measured as shoxtTn in the followir]g tabie.

                                              Pe                                                       }.vietm value
                                              Pa
           Aragonite greup As'agonite 1.14
                              N}critherite 1.24
                              Strontiariiie 1.25
                              C_.errusite 2.10 1.45
           Ca!cite grouw Caiclte 0.9-4
                              Dolomite 0•99
                              Magne.e,ite IS9
                              Smathof}lte 2.35
                              Rhodocrosite 1.42
                              Siderite 1.60 1.23
           Barite group Anhydrite 0.6S
                              Celestite e.84
                              Barite O.S)t5
                              Anglesite 1.e4 c.g6
    The mean value of Pp:-ofaragonite group is lai"gesc, that of barite group is
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sinallest and thi}t ef calclt•'e gc'oup is intefinciecliace. Of eliese giiiRerals, the rni.nerals

of Pb-cait show lai'ge:e vakze, and xvi.th ot'hers, the xral"ues ai-e {"ound dect'easing
iii t-he order ef B:,.-s.s,lx, E,•/y-salt and Ca-s.a.ig.

    'I"he:,'e icre vca'.Iouf. klgftds of• orgafiic o.nd inerganic subseaaces consisted of

diyolar moiacgiles if] t}.yb sg'",ce of Rciuid ot' ,.c;as. Those stAostances thereby
h•&ve Lttxtrav"ltrcl{nary iaf:tg-e c{ielec:ri•c t: }nxiaf]it owing to dlipoie f}iements and belong

to che thifd class.

             (;ftRe'akftkettE etogitss'rÅíisx.atgoxx awa{l. g"')kÅë}kÅëtseke (]loeesgaxt

    As aii'eftdy stated, the mola:" pelarizatlon calculft. ted by the dielecttic constatic

coitsists of l)oth the eiectronic 2imd a.tor".ic polarization. Cf the3e, thte elect-

ro:aic polafiz{tion Pe citn be det'effniiied by che regractive index according to the

above eguation(2), .and the atonaic poiaxizaxion by the di!Xefence between the total
and electronic polarizacionx. The value og" eacin minei"al belonginsr respectively to
aragonite, calcite an(l barite gi'eui?s is skowpA i.n Ta.bie 1; where s $tands for the
mean value eE respective axial dielecgÅíic constattt and P for the tocal polarization.

                                 Tabie 1
A) Aragonite g:oup
   Aragonite
   NKritberite
   StfofiÅíianiee

   Cerrusite
B) Calcice group
   Ma.{ nesiste
   Crilcite

        Doiomite
        Rhodocrosite
        Siderite
        Smichonite
     C) Barite .crreup
        Ba. rite
        Anglesite
        Celestite
        Anh}rdt"ice

    Some oE
j. Errea and
constants by eur
sary for the

           (i)

   {:aC.o.-,

   BaCo3
   srco,
   ?bC03

   l •f S.C03

   caCe.3 -
(Ca, , A,S' g)C03
   Å}TbekxC03

  1:eC03
   Zn()<I)e,

  BaSO,th
  PbSO,ts
  srse"
  C,iSO"

     ef tlke

  cf-

 7.48
 6.3S
 5.S8
2?-•60

 S.99
 8.30
 ZIS
 7.65

 Z6S
 9.3S

 9.33
S6.47:K-

115e
26.06ÅÄ:'

 "•{ ,' 5

   ' 34.01
 l25.90

39.87
121.e5

?..i57

56.57
32.00

Sl.19
22.65

57.97

52.46
47.76
`e6.59

ftfi6S

  P
 22.SO
 2937
24.6p

 36.0.1

17.22
25.61

2154
21.49
ls.63

20,58

38.57
43.03
36.0S
S9A•8

             the ficrures d in X'able were copied data
            :Brac sseur•s. im2)osssble to deeermlne such hitich
                apl?[rarus moreov•er el)rai.n aft aLdeguate specimen
            niea$urment a,xial direct'igxxs.

                Chemlcal constitv.tiota utid vnlecti"onic y,olarizatioEi

                               i    With re3i)ece "Lo the elecÅís'enic }}oltx2"i.7_aiioR og minera, ls, there ft, re two fandainen-

tal facors. 'llrhe one is t'he t.otai suxn of rssvective polarizn,.biiites ef all ions, ai, tf.,

•••. (z ,.,, .........End the other i$ xl].e ciystal structure of minera.ls. }Firgt of all

we shali consider 1i.eee il}e eS'ects whiclu che polafSzabllit'es oi .ions have oti tlie dle-

lec#ric constant. T'here are nautual feiations anioR,g polarizabiiity, ra.dius of ionat'id

atomic nuinber,e). It is to l)e noted thEt anion li{a,s iarger volume and larger
polarizability thtn those of catioR, and therefore, the former has more importE nt

  Pe
12.IS
16.25
15.81
20.25

10.0S

1238
l.1.27

12.60
 cg61
11.82

IS.90
21.94
16.42
1s.S•4

 Pa
10.65

IS.12
10.88
15.Sl

 Z16
15,25
10.27
 8.89
 6.02
 8.76

19.67

21D9
19.66
24.15

gtVel> by
dielectric

   neCeS•
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effect on dielcctric ceftstant than tke le,tter 1ias. The l6wer the actomic valency
of anion and the higher the aromic valerrcy of cation ls, the smallef the polari-
zabiiity ls; ions w•hich in,ve icosely cembined c•lectrofis, diat is to sa}r, have large

ienic radiu.g`, genc-raliy pesses$ iarg'e volarizal)llg.xies. Jud..cr{n..g from the aboxre

faccs, the iizinerals cemposed of ions wit,'k large ieii{c radius ..c et'ierally show high

electz'onic polarlzatioi), ki oche.e werd.fi,, itig'h fei'"faceive index. Therefore, the

majority ef electrenic reiarizft,tion in cacrbonate as].Qi e.ulplaat'e intnefialpt.- is mestly due

to the acid fadicales CO,)", Sb4' which coxxt.'ain fhe rnoit polarl'zable aeomic ions

such as g'', or s't.
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Hg. 1 Electronic Pelat'ization (I'e)- Polarizability ('ut>

    As the resuit of catlculacien, the r.eln"fizatigfks of acl(l radicles are rafe!y
affected(fi } by the varieties of catio.us which combine wich them, but the total
eiectronic polarlzacion of minerals belonvcrStag to the same .,g,'ieup clepencls ttpon the

polafizability of cation ft`s shown in Yl.cr.. 1. X"he elecxro.nic polarizft.tions of each

group are neaTly proportlonal to the polatfizabilit'ies of catiosis with the exceptions

of Ba-salts. Siderite and fhodocrosite a,re not encered in l]ibcr. 1 en account of
the fact that' t}ae polarizftLbilities ef caÅíiordis Fe" a.ft.(t kfln'i Ege unl{nown. 'lrhe
                xelectronic polarizatlons of anions such as Se.{', Cg" cA.jt be calculated as fellows

by means of W.L. Bragg nietl)od.

                     Aragoiiite-group 10.22
                     Calcite -group 10.e6
                     Barice -groxxp IS.29

    ']rhe eleccronlc !)olarization ef CO3" oSl a.TEgoni'tc-groug.) ls aln",est e(gual to

tlift of ca.lcite-greup, atid ti-sat of S•O.th" is Iat'g'er thaa tZxtx gf Ce,Y' prol)a,bly

ovvintacr to the faLct tlaG{t the ?olail2abliity of S is lft,rg'c-r chft,n that of C.

    A$ the atoras of these anions are cightly combinetl a.nCl some vaiency elect-
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rons do not tal<e paft in the electrenic polarization, the above polarization values

should be smalle_r thaR the values calculated from the polarizabilities of each

atomlc lok.

                                                     tt           (2) Chemical constiturioR a,nd a,tomic polaxizarien

    The atomic _polarlzacion ls caused by t"he displacements of cations towards
a.nions ulldei' the electro-ma`g.netic induction. Accordingly the a`tomic polari-
zarion depends upon the distortiofiabiliey of ion itself en one hand and upoit
the dlstefcionable spaclng of crysta} struct'ure on the other hand. Bven if the
distortionable space is abse-nt, atomlc polarization may possibly ta` 1<e place owing
to the distoxtionability of ion itself, bur the existence of distortionable spacing
naalces it largex. Concefnin.cr the distortionability of ion, the following factors

must be considered from the standpoint of chemlcal constitutions ;
(a) The higher valency ions are more distoreionable.
(b) The intenslty of the pelarizing powers of cation and anion are laversely
     proportional to the distorciotiabHity.

(c) The more distorcionabie the ien is, ghe larger its polarizabiiity is.
    'IIrhe ruutuai relft,tions among the atomic polarizations, poiarizabilltles of ca-

tions and ion-!adii of catiens of mlnerals belonging to aragonite-group, calcite-
groRp an(l barite-group are g.raphically fe?resente(l in Fi.cr. 2, Fig. 3.
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    Very regulatr relaeions between the atomic polafizatio.n: and polarizabiiities
of catior3s ciL n be recobcrnizec{ in these minefals. The devlacion of the bafite-grcup

rp.av be ascribed to tlne fact that the crvscal st_ructure of this mineral is different frovn

the othsr m!.nera. l$. Ic ls ge.oteworthy chat boch thettomic pelariza. tions ft,nd the
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              Fig. 5 Atomic Polarizatlen <Pat)- R.adius Qf Cacion <7)

polatizabiiities of cations of aragonite-group and calcite-group minerals undergo
slmilar varia, tion but wlih the barlte-grouLp, the varia. tion is the reverse. Similar

facts may be found in the relation between the atomic polarization and the ion
radius, witk the exception of cerrusite of aragonlte-group, the radius of Pb-ion
being teo smali for its large ?oiarizabillty. The decrease of atom!c polarization
of barite-group with the increase of polarizability of cation very favoufably ac-
counts for the effect of distortionable space iR crystal structure. As the volume
of the !mit cell oÅí barite-group is almost constant in spite of the increase of ion

radius, the increase og cation radius malrkes the crvsial packing mo_re compact, thu3
diminiching the distortionabie space in crystal fattice. The degrecs of cryctal
packing of minerals of the barite-group aie shown by comparlng the univalent

radii of the:e minerals(s).

               (]za'ystal Struaesure amdi P2e!ectrie (]oiRstaiit

    Crystal structure plays an important role in determining the dielecgric con-
scant. As shown in the table below, the dielectric constants of caicite and
arabcrogite ar5 not egual notxvithstandlng their idenzical co:titutions.

                       c- ? Pe Pa           Calcite 8.50 25.60 12.68 15.25
           Aragonite 7.4S 22.80 12.IS 10!J5
    The double refracting minerals show different polarizations according to the
direcglon: of the e!ectrlc field towards the crvsral axis. 'I{rhe results of measu-
rements n'n,de with aragoniee-group calcite-bcrroup and barice-gfoup are shown in
X'able 2•

    The electronic polarizations of caicite and aragonite are :o alike that the
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differc-nce between the dielectric constg.nrc of the two minerals rnainiy depends that

of ftLtomlc polarization. As alxeady described, the etomic polaf.{zation is due to
xhe cii$rortienabi!ity, that is, eo the cÅí>r:tal st'rtzcttii'e. The differefice (letween

the cr>rstal s'L"r"ctuies ef both inineg'als lies in ehe fact tha't the {[](])3" in calcite is

situated. at a. posltion rotaced b:)r 300 from thac in afa,gonlt'e(fi.). Therefore the

distor:ionable spa.ce for Ca" in ca,lclte ls lar..cr•er than iliact ef aragonite. To

cempare the (list'oris2onaitDle spEce eE both jnlneral3 is pra`ctlc.alll-r im?osib}e.
I-Ioxxrever, ic is to be noted heÅíe tln.c the voiLmreeric reLtio of unit cLnli of both

m:,nefals coincide ren"sasl<adly wich the fatio okC atomic y.olarizaLtion.

                Arago"l'te. E Calcete
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          (l.) Cr}rstal stsuctufe ana electronic polf.rizatlc,n

    It i3 evi(len"L fo:,:nll 'I!'a, hle 2 that che elt-ctronic pelaL rizations of these rniBerals

are iiafiuencecl mtifily b.x.r the electroi]ic s)olariza, xiof}s e•f acid fadicles. rherefore

ghe (liffe+rence owing to crystal erientarieR (lepends on the (litectionality ef the

acid radicales. Y,7ith the calclte, Ce3" gtoup lies oa a plafie perpendicui"ar to
 c'o-e t'hfeefeld verx!cal a, xis q, nd their electren2c polarizacions ai'e different according

to the direccions of electrlc field:. ,.
    Whe"_ the electÅíic field is s}agallel to the plane of the C03" gfoup as shewR
in iiitc.v. S (A), the eleccronic pela,rizations of oxyg•en ictorns are incÅíeased by the

neibcrhbourifig exygen atems ft.s well as by t'ke e)Yect ef electr!c field, and when
the electi"'lc fiel(l is perpexxClicular ro che plEne of t"ne C03" group reLs shown in

I"lg. 5 (B), the electronic i}olariza"t`iens of exibaen i.toms aLre Clecfeased by the

mutual effects of tl?_e neitcr,hbeuTing ox>,geik a, 'tomas fxom the electronic pohL rizatigns

in(luceCl b}r electric fiel(l. 'Ilhat 2s the reason why the electronlc polarization
is high in the foi"ftier case aftd is lev,r in the latter case. There ls a relation
between the dielectric conseafkt g,.nd rc•fractlvÅë index (n) which i$ e.xp_ressed by
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6.3S
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Sideritei
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i
'

C)Barite-
GrouP

B.arite

Anglesite
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am

5.99
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9.35 ,
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 x,go
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Table

of calcite-group, aragonite-group and

2.

barite-group MineralS are

           (2) Crystal strucrure and aromic polarizatlon

    The atomic polarizttions ef calclce-gfoup aRd ft.ragonite-group which were
determined by the sections parallei to vertical axis, oR the contrary, is hibaher
than that determined by the $ections perpendicular to veftical axis. The elect-
ronic polarizations of ea`ch mineral which belongs to the barite-group increase
their vaiues slightly in the directions of a,b and c successively but atomic poiari-

zation is highest in the direction of b axis. The relation3 of atomic polari-
zations determined bv the direction of vertlcal axls and lattice constants ee vertical
axis or polarizabiiities of cations and anions are shown in ']rable 3 and in Fig. 6.

                                 Table 3

   oCo A

Aragonite
Stronltianite
NVitherite

Cerrusite

    o5.72 A
6.08
6.54
6.10

 C.

0.551
1.420
1.690
4.340

A.
8.Sl

8.78
8.SOÅÄ:'

7,41

Co.(.C.ajÅ}.A..m.g)..

  51.77
  62.02
  65.20
  7L18

. .?a...........

 11.27
 IS.81
 15.25
 17.65

C.
A.
Co
*

Polarizability of caorion

Polatizability cf aRion to the direction of vertical axis
Lattic constafit along the vextical axis
Polarizability of anion in witherite is unknown so this is a
value of three other minerals

mean

    judging from the above re3u!ts, the rario of aeomic polarizarion3 parallel
to vertical axis of each minerals of aragonite-group nearly correspond to the ratio
calcuiated by muiiplyiRg the lattice consta.nt oE c-axis by the pola`rizabilitses of

cation and anion.
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5)
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                            Summary
The dielectric constants of carbonate and suiphate minerals are composed of
the two components, electronic and atomic polarizations, and have no orien-

tation polarization. .The differences of electronic polarizations according to the crystal orientation

are almost due to the directional magnitudes of the electronic polarizations
of acid radicle and have almosÅí no relation to those of cations.
The electronic polarizations of the isomorphus minerais belonging to arago-
nite-group, calcite-group and barite-group are proportionai to the degrees of
polarizabilities of cations.

The anion group CO;s" in carbonate crystal are arranged in the horinzontal
planes vertical to e-axis, so the electronic polarization in the direction per-

pendicular to c-axis is generally greater than that in the direction parallel
to c-axis. The electroRic polarizarions of barite-group increase the values
slightly in the directions of a,b and c axis.
The major part of electronic polarizations of carbomate and sulphate minerals

are mostly due to the anion group CO,3", SO," which contain most poiari-
zable atomic ion.
The minerals constructa•d with ionic bonds show nearlv the sarne or smaller
quantity of atomic poiarization compared with electronic poiarizacion.
The intensity of atomic polarizatioR depefids on the polarizabiiity of each
ion, the distorrionability of ion itself and the existence of distortionabl space
in crystal lattice.

The volumetric ratio of unit celi of calcite to aragonite remarkabiy coincides
with that of the atomic polarization of these minerals.
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10)

The aiomic polarization of carbonate minerals is hibcrher iR the direction
parallel to ver.tical axis than thft in the direction perpendicular to vertical

axis. In the case of bai-!te-vffroup, atomic polarization is highest in the
direct:on of b axis.

The ratio of atomlc polarizations parallel zo the c-axis of aragonite-grottp
minerals nearly corresopnds to the ratio calculated by multipling the iattice
constant Co by the poiarizabilities of cation and anion.
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