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of atoms were determined through the procedure of Fourier syntheses.
as fol]oivs:
                                                 e                                a. k- 6.77 Å} O.Ol A
                                b. = 6.gg t o.o/l A
                                c. == 6.4•5 Å} O.Ol A
                                X3 : I03038' .L, l.2'
                                              "                                     V= 297 A3
                                    Z=4
                                           rs                             spcace grot]p: C2h- 1)2i/n

Atoms are in general positions:
                          t Cx)tz;]/2 -x, l/2 -F }t, 1/2 -x).

' xxieir parameters are as Åío}lo"'s:
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                                    Abstract

     TIie specimens used in this experiment were found at Ishil<awayama, Fulcushima
.Iaptm. Lattice constants, numl)ers of chemical unit per unit eell and space
determiiie(.l by rneans of Xrray rotation photographs as well as osci}lation photographs.
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     Up to tlie paresent time,
numl)ers of chemical unit per
Gliszczynski(i), i.n l939, with

  Introduetion

severa} authors have determined lattiee corstants,
unit eell and space group of monazite: S. von
 t}}e mineTal feund in Perdatsek, Switze}']and; Vlf.
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Parrish(2), in the same year, found jn L]aj3agua, Bolivia and Rose C. IL. Mooney(3),
in l9Lli8, with artificia} monazite. Results obtained by these authors are in agree-

ment. C. L. Mooney determinecl moreover parameters of atoms, though in a
preliminary fashion. The parameters, liewever, invoive some discrepancies as
poi]ttedL out in Structtbre Reports.* It is saic! that M. P. I<okkoros, in 19(;,2,
studying on the crystal structure of this mineral, determlned parameters of atoms.
Tlte paper, unfortunately, has not been accessible to the writer. A. Pabst("),
hewever, has relatecl in his paper that Keklcoros's parameters were not in agree-

ment with Mooney's.
    Recentky, the writer has been employed in X-ray crystallographical studies
on monazite whick was fou:icl at Ishikawayama, Iiiukuskima Prefectarc, Japan.
Tlie writer wil} briefiy report in the presexxt pa}?er on tlie ]attice constants, numbers

of ekemical unit, space greup and a]so parameters ef atems of this mineral.

                                Experiments

    Preceding to the X-Tay crystallograpliical investigation, cliemical analysis has
been carried out. The resu.lt is shown in Table IL.

                          [.ab]e 1. (samp!e, (t.5784+ ."•)

 [(lle,Y]2031P20.r Th04 SiO.o. i' "'InO,CaO il Ov'Ig.0 ille20,s Al2`03 I'I2(0")ill2(0-'), ri'ota",

t .r s.4,i I26 6g n 73 2.731 - i iii' - i i4,g oog oos l ois; gg 4s l

This speeimen kas aiso cotasiderable amount of Tli ancl Si as usual]y seen in other
specimens which were reported by many investigators. To obtain a precise value
as possibie, measurements of specific gravity N•srere cc"rriecl eut witli methocl proL)osed

by Yo3hida and Takei(") i.n 1932. Specific gravSty of tlie thi'ee specimens, measurecl

one }]y one, is on the average 5.195. In X-ray pl}otograpl)ing, Shearer tube was
used iiistailing eopper anticathode, and in any case, it was carriecl out under the
condition ef 501<V. .ancl 5mA. . ILattiee constants o]]tained b>r rotation photo-
graplis usin.cr Cts-r<Ict radiation (N =1.54i2 A) are as fol]ows:

                                              o                             a == 6.77 Å}O.Ol A
                              -)                             b ..6.99 ti O.oll. A
                              ,v                             c == 6.i:us Å} o.oi A
                              "                             B =.103" 38t th 12r

SsenfSo?ffoUtNe,sntlZgplg ttlgeelyv?lume V and numbers of ehemical unit in a unit cell Z are

'V" Structure Ileports, for ]94•7-l94•8, vol. Il (l951).
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                                          e                                v == 297 A3
                                Z ,., 3.96 .y, 4.

    The yesu}ts are in good agreement with t}rose reported by previotts invest-
i.crators. A ratio of a.: b.: c. =: e.969: 1: e.923 as well as 103" 38' for PJ
angle obtained X-ray photebffraphicaily are also in goocl agreement with axial ratio
viz. 0.9693: l: 0.9256 and` axisl angle viz. 103"40'respective]y."

    Oscillation photographs were taken every lee, oscillating in a rang of 14,0,
retating around b axis and also c axls. The re.crularity of X-ray spectra indicates
that spaee group of this mitaeral is C,S,-l'2,/n, since reffections hOl and OkO are absent

respective]y when h+Z aBd k are odd, whereas general reflections skow no regu-
lar!ty in absences.. The space grouDi is also in agreement with that reported by

prewous mves"gators.

                             Structtn'e Aii.afysis

    Intensities of spectxa obtained ].)y osci]lation pt}otograp}}s were estimated
v!sually, and specifted as vvs (xrery, very strong), vs (veyy stroakg), s (streiag), m

(medimn), w (wea]s), vw (very weak). Besicles t}iese, nol[ a few spectra were
speciflecl as s", ni", w+, wi}ich inean to be a little strontocrer tban s, m, w res-
pectively. I'nt,ensities, observe{l, oÅí ILOt and iL•ite re{leetions are shown at the :)tJ}id

column in ']rabie 2 aiicl 3 respectively.
     }u tlie space group Ci5h-Pk',/n•, eclvuivalei}t positions are as t'o]lows:

         (a) <OeO; 1/2 112 l/2) (b) (OO l!2;1!2 lf2 0)
         (c) (lf2 OO; 0 1f2 lf2) (cl) (kf•2 0 lf2; 0 lf P" 0)
         (e) xy z ; boY 2 ', l!2-x, ll2+y, 1!2-x; x-1!2,-y-l!2,g-l/2.

Unit ce}1 contains 4 chemieal miits ef CePO., as obtained experimentaly, so that

tlCe, 4P, ].60 atoms are present in a imit ce}l. Then, Ce anicl ,Ii' atoms may
l]e sitaatecl in tl}e speclal positions, choosing any tNvo sets Qu.t of them. Special

positions, however, are includeLl in general ones. Therefoare, analysis was carriecl
on asstiming that atoms of any kind are situated i]i general positions.
     Rate of intensity, I, o{ dill-ractio!i X-ray whlch ylelds ecttiatorial' s})ectram is

ex})resse(i as fo}}Qws:

                             Ioci,lt p'IL'(l-{g,c,:;g2e ).

values,--i l,-iC.-e32e2e, for hol ane hko refieetions caleulated basecl on observed glan-

cing aligles, e, are shown at the 4ith column in Tah}e 2 and 3 respectively. In
space group C65j, pt P"f i/n, stmcture factor, Fhne, xuns;

ac'  Dana's System of iN'Iineralogy, 7th eclitien, Vel. 1 (1946).



230 Tateo UEDA

Tahle 2

hOZ I e ] + eos`-'2e

sln 2e

sin e

 A
200
,roo

600
seo
101
301
501
701
O02
202
4e2
602
I03
3e3
Jro3

O04•

204•
4,e/-l,

604•

le5
305
505
O06
206
4a06

107
IOI
301
501'

701-

2o' 2

403
60.2.

s03
1Ow3

30;
503
7o3

vvs
vs
W+
vw (ai)

vvs
vs
s+

s

s

m+
s

vs

m
w
vs
vs
$+
S (cri)

lrW
m (al)

s

m
l' n'(evi)

vs

m
VNV

VIsr

vv$
vs

vs
s (al)

vvs
s

ln

m

l3L'33f

27057t

_
14,"4,3i

69C'4,4,t

IO"53t
23031t
38"<t,8t

59"' [ILr

14,e15i

22"I2r
35`:'22,

52"59,
2(if 23t

3.i '27i

..
2,9t'45t

29"2sr
36"l6,

La,go 2t

71C'20!
`1,0"]t2, [[ f

51" 4,
70L'52t

tl,7f'35i

55"33,
7ti,02,y

63037f
8Ct 33t

2oe 7t
3.(l,,"`i!,5,

53O 8f
17eel7f

28023t
i.g3026/

65"28i
21C 6,
26C28i
37"'55,

54"'4a7'

3.935
l.587
1.oee
2.ce7
5.023
2.001
1.071.

1.383
3.7ltl,

2.l59
l.l75
1.119
l.907
1.211
1.02i,1

1.tG,ttl,6

1.l4•3

1.030
2.691
1.034,

1.068
2.61e
l.012
l.211
3.34•3

1.716
6.509
2.z161

1.198
1.123
2.958
L555
l.O02
l.892
2.306
1.7G8
1.093
'l.180

O.l5
0.30
0.tl6

0.61
e.12
0.26
0.4!
0.56
0.16
0.24
0.38
0.52
0.27
0.37
O. kl,9

0.32
0.38
0.4•9

e.62
0.4-2

0.50
0.61
0.4,8

0.53
0.62
e.58
0.10
0.22
0.37
0.52
0.19
0.31
0.46
0.59
0.23
0.29
o.4e
0.53



The Crystal Structure of Menazite (CeP04) 231

Tal)le 2 (eontinued)

hOl I
204,
4,o4

6e-4:

so4

le5' ny
305'

5o3'

705
2o6
4o6
60S
107
30' 7'

ore' iT

208 -

e 1"-cos22e sin e

sin 2e n

m+
w
Vw
ln (ai)

w
xv

m (al)

vs
s

s (al)

m
W-
nl ((xl)

29031r l.4,75
36"25i l.l22
49"IOi 1.4•99
71e4,9i 2.780
3604,3t !.l28
39"14t !.06I
4,80 1i I.017
64P21t 1.782
4,6" lr 1.oo2
50"55i 1.e65
62054,t II..655
57"16t 1.289
58thlt3, 1.338
67Ci y 2.063
73e tl,t 3.03I

0.32
0.39
e.4•9

0.62
0.39
0.4+1

e.4{8

e.59
0.4•7

0.50
0.58
0.55
0.55
0.60
0.62

3]able 3

hlcO I e 1+cns22e
sin 2e

sine
w-' ' x

11e w210 s310 w410 m+510 m610 m+710 m+810 s(ai)
020 vsl20 vvs220 w+32e vs4,20 w520 m+620 vw720 w820 vw (ai)
l30 w+230 w

 9el6,
15e lt
2i037t
28"il,7r

3 6"3 -1. ,

45"26f
55`'52,

70e38i
l[. .P. "4, 5 ,

ltl,L'28,

1 8"4, 7 t

24,"'32t

310 9t
38"4,8t

4,7"27i

58"l3t
74{'23t

20e33i
23055/

5.973
3.4{95

2.235
1.526
l.133
1.001
1.324,

2.571
tl.215

3.650
2.670
l.892
l.373
1.071

LOII
1.338
3.339
2.385
l.957

O.IO
0.17
0."f)I4,

0.31
0.39
0.4•6

0.54,

0.61
0.14•

0.16
0.21
0.27
0.34
o.eq
0.4•8

0.55
0.62
0.23
0.26



232 Tateo UEpA

'Cable 3 (eontinued)

hkO I e 1-l-cos22e

SITI 2e

sin e

 K

330
4,30

530
630
730
040
14+0

24•0

340
i$4,0

540
640
740
150
25e
350
4,50

550
650
060
160
260
360
460
560
660
170
270
370
4s70

570
080
i80
280
380

m+
vw
s+

xrxsr

s (aD

vs
s

sÅÄ

m+
m+
W
W

m
nl+

ln"(ai)

s

m
nl+

w
m
INT+(al)

s•v"(a'i)

vw
W (ai)

S ((Ml)

IV (crl)

s (ai)

W (ai)

s (al)

28"52r
35e 4,r

4,2017i

r)lo 4/

620 2t
26C'llt

27elO,
29cr5gt

34,"l8t

-
l oe 7,

4,70 9t

56L"10t

68C39t
34S' 18,

36"52i
4,0C'50,

.
6,6026,

53035,
63Cl6,
41"25i
4,2C'l7,

4,4034i

48036,
54f'llt

620 2,
74,"zl,ot

51"2Y
53"Lt, 4/

Drse 4,,

6<t,032t

75"'32,

61"'52,

62",1,3t

65e50t
7].`'3tl,t

1.5.9,0

I.l86

l.OM
1.068
l.586
1.734•

1.649
1.4,4,6

1.217
1.04,4,

1.008
1.237
2.27I
l.217
I..123

]..o:g2

]L.OO•f

l.i38
l.686
1.024
1.01Ll,

1.000
1.024

Ll58
1.586
3.il•I 1

1.075
1.143

•del .330
'i.800
3.650
I.573•

1.64e
l.93e
2.733

0.31
0.37
e.4,4•

0.50
0.57
e.29
e.3o
0.32
0.37
0.4•2

0.48
0.54,

0.60
0.37
0.39
o.ta•2

O..17

0.52
0.58
0.43
0.tl,4,

0.Ll,6

O.LG,9

0.53
0.57
0.63
0.51
0.52
0.55
0.59
0.63
e.57
0.58
0.59
0.62

       Fhkl ==E4f. cos 2z

Therefore,

(hx + Z.- + h•l-K,+l

4
)cos2T (k>, _ h+k-{-l      )'

  4



                    i"lxe Crystal Structure of "'{onazite CCeP04) 233

      Fhol :lÅí 4i f. cos {h e, +Z0,,,+ pmZFkh,=,Å}L)._] cos {_ '' <Sb+IL]

      Fhlso =IX 4{ 'S. cos (h e,+ -Z{-(Z-,_;F"-i kLl cos (lc 6},, _.71__<Z,LÅ}A') ]

where, .fl. is an atemic seattering flactor, which is a function of .-S-inh---O-. At tke 5th

co]umn in Table 2 and 3, values, mffiEkrmle-, for hOl ancl hkO refiections are givep

res})ectively, where va}ttes, e, are observed glancing angles and >L is I.54,2 A

                  o.(Ct`ndKec) er 1•54iO A (Cte--I<tx,). For f., Hartree's valac's corresponding St:e_

were used.

    Atomic numbers of Ce, l> and 0 atoms are 58, 15 and 8 respectively; so
that it is co.nsiderecl that t}ie position of Ce atom iu a lattice slieulcl exert a great

influence on the intensities of reflectioiis. Then, approximate e: ancl e:rT para-

meters for Ce atom may be found through the intensities of refiections of hOO,
OOI and several hOZ refiectiens. Appreximate e? ancl e?T parameters for Ce atom
may also be fottnd t'hrough tlie intensities ef reflections ef ltOO, OI"0 and several
hkO reflections. "rhe intensities, calculated, of 200, 4,0e, 60e and 800 reflectiens

corresponding ef f'or Ce atom are Mustrated iii Fig. I. WhL.reas, tlie intexxsities,

        Fi.c'• I• rl'}]e inteng;ycLirves ()f }tffk :ggg•::rsgeglt;stj{?:y t{gi C{•• citOi" til`Me•

   
l                               -t                              '                              t                             t                          rt-i1                          '                         .                         '                         '                        '                        t                       i                          t                       -                      '                      '                      '                   iii

                 t.l                 i                tlti
             IJt            -ttl
    ,;,lli1:l:Jliii:,,.,,.l.Jt{1'[(Ili. 1."1

        o Io 2o 3o 4o se 6o 7o so go
                                                               _o!e
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observed, of 200, 400, 600 ancl 800 refiectlons are vvs, vs, w+ and vw(a,) respect-
ively; hence, e: for Ce atom must be any one of --9C-v, ---81`'-v, tv99e•v, N1710tv,

Ni89CX, -v261"-v, '--279"--, -v3510-v (netation of -v9e"v means the neighbourhoodi of

9", an(l the same is applied to the rest). Tke intensities, calcu]atecl, of O02,
e04 and O06 reflectlons oorresponding e?. for Ce atom are illustrated in Fig. II.

        Ng. II. The intensity curves ef OOL coxresponding eliifor Ce atom alone.

                        (The same curves repeat evef'y 90" )

.I

?

                                                                  r- 0th

1]ke Sntensities, observed, of O02, 0e•i$ axd Oe6 are s, vs ancl s respectively.
I'Ie.nce, erii for Ce atem must he any one oÅí --•37L""-, .s53"ir--, -vl.27"N, -M,30-•,

••- 217L'-•, r--233C'--, t•-307C--, -3230n--. rlrlierefore, probab}e (C9: , erii) for Ce atom

must be any one ef 64, sets combining .aiiy of e? with any of er,,, oblainecl tabove
respeetively. Taking space group of this mh.zeral into account, probable (e;',e?',,)
for Ce atom, however, shoulc! }]e aii.y one of 16 sets combining --9"•v or -s-81"'-v

foy 0; witl} any of el'u, obtained above.

    Using these 16 sets of probab]e (e;', 0k) for Ce atom, the intensities of 301,

501, tl,04, 602, 4-02, 602, anCt 606 reflectioRs are calcnlatecl. The results are
sli.own in Table 4t. The intensities, ebserved, ef these refleetions are vs, s", s+, s, ys,

vs and s(cti) respectively. Hence, as the mest probable (e:, eft,) for Ce atom, <-•9`'--,

"- l27""-v), (t"-9"--, •'-307`-v), (-•-81to...., N•l43`'N), (-v81e--, --323LiN) are obtainecl.

}Iowever, only the same structures are ohrainab}e from (-v9L"•v, r--i27"-v) and (--9"'-v,
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'v 307a'"-); the same is applied in the case of (--•81"-, •"-l4,3"•--) and (---81asr-, N323"t--).

Accordlngly, oniy <'v9"N, Nl27"n-) and ('"-81a'-, "-14,3"'v) remain as the most
prebable (e?, ef,,) for Ce atom.
    [l]he intensities, ca}culated, of 020, 0tlO, 060 and 080 reflections correspen-
ding er, for Ce atom are illiistrated in Fig III.

        Fig. III. The intensity curves oÅí OkO corresponding eiOI foi Ce atom alone.

                       C'l'he sarne cgrves repeat every 900 )
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    Wl}ereas, tl}e intensities, observed, of e20, 0t$0, 060 axxd 080 reflections are
vs, vs, s and w(ai) res?ective!y. IIenee, e?i for Ce atom must be any one of

N37",-v,---53C' r-v127"N,--IL13"-v,tv217"t--,•--233L'•v,-s--307"-,---323aN. Conseguently,

?robable (er, el",) for Ce atoni must be any one of l6 sets combining any of
these e?i with n-9"- or 'x-81""'" wliich are the most probab]e parameters for 0: .
Using these l6 sets of probable (e?, e:x) for Ce atom, the intenslties of 120,
320, 530, 24iO, 570, 18e, 38e refiections were calcu.lated. The results are $hown
in Table 5. Tl}e intensities, observec}, of these refiectioBs are vvs. vs, s", s",
s<ct,), s(cgi), s(c(,). 'slence, as tlie most prebable <e;, e") fer Ce atem, (r--81""-,

N53"r--),(--81"-v,-s-127"N),(--81"''v,-v233"'v),(N81""'-,'-v307"N)are ebtained. From
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tliese 4 sets, however, only the same struetures are obtainable. Then, it ls
suMcient on}y to take (-81"A', N53('"v) as tke most probable (e: , e:i) fer Ce atom.

In consequenee, a,pprox'Lnictte parameters for Ce atom are cletermined uniguel'y:
that is (81Z 53". I4,3").

    New; a.ssllming that 0 atoms may pack in a tetrahedron whose edges are
abeut 2.64, A in Ientocrth, txsrice as large as ion radius of OL-, .ind P atem may
be situated at the center of this tetraheclron; tke paerameters of the atoms of every

kind were searched for by means of triaZ a7z(l error. The results obtainecl are
shown•in Table 6.

                                  Table 6
          ltm +ttwutLttttttt timMtttttma-'ttL'tt ma tt mutt_t_"rrt__ttttt mmlhwrt

tpm'l
l
I

e? eil e?,{
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P
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l ]6 31l /i 32 sc)
       29 96

 14,4

 -39

  30

- l]4,

 -87

  i5

I
l
I
l
l

      F

     l
     i

     l
tnntmmthul

    If the valttcs, shown in Tal)le 6,, be given respeetively as the parameters of
the atems of every kind, the intensities, calculateCi, oÅí ltOL ancl hlgO refiections are

as shown at tke tl,th eolumn in Tahle 7 and g respectively. Wiien these inten-
sities, calculated, are compared with those ebserved experimenta]}y, it is compre-
bensible that both are in considerably goocl agreement.
    Space group C,"rh-PNPi/n iias centers of inversion. Using striicture factors of
hOl an({ hlcO lattiee planes, caleulated xvith parameters o]]taine(l by the method of
tria,l an,d error, xy•hich are shown at the 3rcl eelumn iii 'I-able 7 and 8 resl)ectively,

tssro climensional Ihrt•rier syntheses were tl}en carried out. Adopting a center of
inversion as an origlon, electron cloud density, f') (x, .N.•) per unlt area at a point

(x, z) projected en sc3 plane runs:

                                  Tahle 7
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Table 7 (cnntinued)
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Table 7 (eontinued)
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Tab}e 8 (eontinued)
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  The (lrystal Straeture of Monazite (CeP04)

 Fi.cr,• IV. Electron c]eud density curve projected en ecz plafie.
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 Fi.ff. V. Electron c!oud clensity curve projectecl on xy plane.

      

      i)g\\IY l
Tlie summation was, at any case, earyiecl out on feur liundreds points in one
fourth of area of projections allcl was repeatecl sevexal times with structure faetors

obtained by preceding summation. Electron eloud denslty carves projected on
scx and xy planes obtained finally by I7ouri•er sy]ithesp.s are shown in Fig. IV and
V respectively.
    Parameters of the atoms ef evexy kincl, obtained after several times repeti-
tions of Fourier syntheses are sho}Nua in Table 9.
    [rkese paz'ameters now o])tained are not in agreement Nsritli tliose reported by
Rose C. L. Mooney(6).
    Basing on these parameters, structure f-actors of hOl iftnd hlgO lattice pl.rines
ancl intensities of hOl and hlcO reflections .are caleulated whic'h are shox•sta at the

5th and the 6th column in Table 7 ana 8 respectively.
    Comparing tkese intensities calculatecl abeve witli these ebserved experimenta]ly,

it is compreliensible that both are in good agreement. In Fig. VI andi VII, the
crystal structure of this mineral projecte.d on .xz ancl .x>r planes is illustrated
'respectively.
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Fig. VI.
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                         Strueture Description

    In this strueture, P atem is situated at tl'ie center of a more or less cleformed
tetrahedren of four 0 atoms, wliere 0-P distances are 1.66 A, 1.66 A, l.62 A,
1.62 A respeetively. T}}ey ave l.64, A on the average. Provided that ion radii
of OL' and P5" are 1.32 A and 0.34 A respect!vely, the average distance 1.64a A,

obtained experimeRtally as a distance eÅí' 0-P, is a }ittle sma}ler than t}}e sum of
these two ion raclii l.66 A. 0-:0 distances belonging to the sEme tetraliedron
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Fig. VII. The erystal structure of
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                                        P Ce O
are 2.96 A, 2.77 A, 2.68 A, 2.62 A, 2.57 A., 2.4,3 A respectively. They are
2.67 A on the average, which is a little larger tlian the twice ef the radius of

0""-. 0-0 distances which beiong to another tetrahedron, are not less than
2.4,7 A. Ce atom is surrounded by taine 0 atoms whieh tbym lrregular po}yhedron.
0-Ce distances are 2.63 A, 2.60 A, 2.60 A, 2.54• A, 2.54 A, 2.50 A, 2.5e A,
2.4a3 A, 2.43 A respectively. Then they are 2.53 A on the average. Taking
the radius of' Ce3' to be 1.18 A, sum of the raclii of OL'- ancl Ce3' amounts to
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2.5e A. The average distance 2.53 A ebtained experimentally as a distance of
0-Ce, is a }ittle larger than tke sum of these two ion raddi 2.50 A.

    0 atem is s}}ared by ene P atom and two Ce atoms. The $trength of electre-
static bonding between 0 atom and P atom Is 514, ancl that between 0 atom and
Ce atom is 319. Total sum of the strength of e}ectrostatie bonding is .9.,3!l2,
which is nearly egual to 2, and that is the charge of o atem. Hence, Pauling's
principle is in this stxuctuTe satisfied.

    Monazite crystal has a distinet cleavage parallel to (leO). If we take the
arrangement gf PO, atoms greaps inte account, this character will be immediately
recognized.

                                 Diseti$sion

    It is well kiiown that minerals hearinbff radio active eleinents are, mcre er
less, in a state of metamict, wit}i several exceptions such as xenetime, monazite,
titanite and tl)ortveitite. With regard to tke cause which gives rise to metamic-

tizatlon, many aRth.ors have }iitherto given •their opiuions. '
     F. "t{ael)at$el}ki(7) has oS'fereLl his opixtlo:k with xegarecl to tlkis phenomenoR,

I}}at tl}e constant bombardment of a'-varticle, accompanied by disintegration of
radio active elemex.t.ts, is "ot selely Llie catise of metamictization, the crysta} mast

a•prtort be instable strttcturally.

    In the structL}re oÅí zircon, which is semetimes found in a state of metamict,
Zr atom is eigkt-coerclip.ation accorcliug to L. Vegarcl(8), O. 'E'lassel("-), W. Binks(iO), R.

W. G. Wyckoff and S. B. Hendricks("), altl}ough it is postulated to be six- er seven-

coordination, simce radius ratie of Zr'S" to 0`"'m is about 0.659. The irregularity
of Zr-0 clistances, that is four 0 atoms at 2.05 A e.nd foar at 2.41 A, may probably

be clue to this ferced coerdination. In the structure of xenotime, Y' atom is eight-

coorclination accorcling to L. Vegarcl(i2). It is naturally postulated to be eight-
coordinatioii, since raciius ratio of Yt" to 02- is abeut e.803.

     In the structure ef monazite, Ce atom is postL{lated to bc niore t}}an eight-,
or prebably nine-coerdination, sinee radius ratio of Ce3' te 02- is about 0.894.
r]]his postu}ation is actually satified in tl}is structure. Relation betxveeii radius

ratie and coordination number is satlsf'ied in the structure of titanite as well as
thertveitite. If huttonite have the same structure as that of monazite, A. Pabst(i3)
is of this opinion, the re]atlon under censideration is eDatisfied.

     F."_'.{Echatschl<i(iD has net ixxade clear wkat st•risctuaral insta6ilisy meaiis.

The writer is of the optnion that structual instability may be explained from the
standpoint of discrepancy between radius ratie and coord2natien number.
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