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The Crystal Structure of Kotoite Mg B.0,.

]

‘R. Sadamnaga, Minera.logical Institute, Tokyo University.

£ K W

The crystal structure of Kotoite (MgsB.04s) ", a new mineral found from Suan Mine,

Korea by T. Watanabé, has been determined by X-ray metheds usipg oscillation and

Weissehberg photographs (Co-Kadand the ionization spectrometer (Mo-Kad.The sp_acg"

group is }31

Q-Prmn, ChEDY and (GRID reflexions heigg absent respectively when A+ %

and B4-1 are odd. The unit cell has Lhe dimensions a= -5,98, A, b=8.40,A and 0_44 Fy .
There are two molecules of MgaBad, (gp gr. 8,11y .

Closely resembling the olivine group, the structure is based lend'lmenLa}ly on the

hexagonal clesest packing of oxygen atoms. Each B atom is at the center of a triangle

formed by three oxygen atomsz and each M_g atom is surrounded.by eight oxygen atoms’

atoms.
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arranged nearly octdkedrally. Each oxygen atom is shared by three Mg and one B
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tics of Kotoite and Forsterite. oo '
Kotoite Forsterite
" Chemical | .. -
. composition Mg:sBanl Mg2510.
&=1.662 | 2=1638
Indices of - ! ot ass
refraction [i_..]_653 - p=1.651
+=1678 1==1,669
Specitic : i e
weight 8.11 | s
' a=5.38; A ‘a=4.575A
Lattice _ " )
constants b=R840,A b=10.2, A
' c=d.48; A =098 A
. Space group D:i% Fumn D;:._, Phmn

3, ZOmBEy Mg 0 rOBREBECHLTAE

BT D LAMBRSh%. K\ C BiS 8O O
F OWRES B=EOF R B 0 LB L,
T+ ORFIREC 2\ CREIRBOFIME 2, % OR
P RRISET L 103517 % H HBRIE & % PRy Lokt
R, B DBEENAE. COBEKSTB
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Table Jl. Coordinates of atoms in Kotoite
(given in decimal fractions of the axial |
lengths), o

x ¥ z ‘No. of At;)ms'
Mg I 0o | o 0 2’
Mgl | o | .08 | 400 | 4
B 249 0 450 4
Ol | 312 0 | .783 4
of | 218 | ase | s 8

o R OB L, W, L. Bragg, G.B.
Brown: Z, Krist. 63 538 (1926 z:fd.
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Table M. Comndrlson of observed and calculated amplitudes.
(observationb from lhe ionization spectrometer, using MoK, radiation »= {}.;JA bl
ﬁkl | sing px 106 . Fobs. | Feale. hkl,  sinb i p><10“ Fobs Feale
200 1818 | 202 | 124 -149 || 080 .| | 8381 15 187 18.7
H i i i | 11 .
400 2638 | 62,0 265 1 6.0 | 6100 | 1326 6.7 144 2.4
1 L3 i ! .
600 Aghe | 122 . 19.2 20.0 || 02,0 .0 .5O7I _— — 7.8
‘ | o !
800 5aTd - - 15.7 002 RES — — Lo
- 10,00 L6592 2,5 12.8 VYol 004 | 3165 873 7.8 53.8
020- | 0845 | 7L6 | 187 { 181 | 006 ! 4747 2.2 10.7 12.1
040 - | aeso | 103 | 108 103 | oon | 6329 0.4 4.0 8.6
060 | 2536 |- 464 7 39.1 60.7 ‘ 0010 | 912 09 | 85 15.3
FEIVER BELOHRRGRE L BRSO HEE & o

Table [V. Comparison of observed intensities of bpots and calculated amphtudes
(observations from Weissenberg photographs, usmg CoKwx radiation »=1LT9A.).
Rkl | sinh | Iobs. Feale.'|| k&l sinf ].obs. Fcalc. HY ; 2inb Iohs. | Feale
. ' i .

C 020 |- 2126 m} 1853 180 Bh6E -+ —207 361 H381 VW 1.3
011 2257 m— 28.5 A30 Buiy Vs 635 4| - 871 L3887 | m 7.1
002 SABE0 LAty 0.7 60 6379 Vs 60,7 | - 051 85837 m- 26.2

- 04D 1252 n— 10.3 400 | ,.6638 Vs 1.0 1 501 8587 m-- —15.1
022 0 4512 | m —13.5 42 Ritlils] — —1.7 511 L8598 1 m- —11.1

081 . .5358 W — 4.6 260 L7180 -— 0.9 451 JRE VS 23.6
pd2 | L6825 ‘m4- PR 350 L7281 CVW a8 | 53l ATER s 282
013 B064 s 273 170 Wi m . 24,8 181 JBEm s 2r.a
060 6473 Vs ROLE 440 7879 W K 531 9100 W 2.5
033 | B77T0 ! s —41.4 510 8359 v 4.6 | 271 A171 m 11.8
062 S7BI8 L om 11.7 830 Rttt ] — B : )

DU-:J- G610 wvs 53.8 ‘ 370 ,894-?% ;om i ‘18:1 102 4318 me- 98.4

062 Thu4 m- 18.1 230 S126 | s i —a2.7 112 L4441 W 6.6

ol .g‘égg w .ég.g l 460 | 9207 |- s 323 || 22 | 451 | mt 125
[ § ol : ' il 123 | 4808 | — 8

044 ; 9028 | m+ B.6 il 101 i ,2601 | m+- | —232 | ‘202 | 5181 | ws 75.0

. ‘ \ o 111 L2800 m —11.3 813 5206 W — 1.0
aog | dm) md o W ey | Essn | s 426 | 132 | 5363 | vs 50.3
201 | 8868 | m4 | —s0. | 201 ) 3868 | s —30.2 1} 222 § .B6CD | vw. —7.7
002 | 8980 | — o 211 | 4011 | s. 87.6 || 042 | 5825 | m+ 33.8
102 4312 m 17.5 1351 109 5 : .48.2 G- 142 1 6086 w —9_5
201 | 5358 | w g 11l 47 | m-— IL8 || 8502 | 6872 | wi | —1tl
108 | e1e7 | w Toq | 281 | 5018 | m ~125 || 813 | 6457 . — 0.5
02 6372 m— | —141 031 | .b35R m— —0.8 i 242 L7083 | vw —1.9
400 | 6883 | ws | g10 | 301 | 5388 | w4 | —RO {822 | 6717 | — —4.5
203 | 6830 | m— | 135 811 | 5462 | m-— 17 0| 162 | .6B45 | — —B.4
201 | g9 | s | =g 241 | 5748 — - 05 | 832 | 125 | w+ 12.8
402 Y96 s | 2 r; 321 5764 s 367 0 252 . 7423 - - 4.'.'_1
208 e m [T 151 5918 m— 191 ! D62 7519 W 11,7
0t | mi32 | mo | —1ge | 831 | 6I36 | mi | —kd ) 343 | 7660 ) vw 0.7
501 |- 8587 | m | 351 p 281 £iB74 3 406 1 1627 | .7699 w 11.7
204 | 9895 | m 1 oo || 841 | 6840 | w 91 402 | 7736 | m 25.7
405 | 8925 = m4 |-—16.6 | 161 | 6885 . vw —82 | 412 ; 7808 w 0.2

" : ‘ | 401 6825 s 26.6 | 423 L8023 VW 2.0
110 Aa70 — 1.7 411 L7006 m 114 ! 262 SELT m- 3{}.9
020 2126 m—+ 181 ¢ 431 WELTS w-- 74 0 352 L2908 mw-+ —31.4
200 | 3817 | m— | —149 || 261 | 7460 | m —1L0 || 432 | 8367 | w 8.0
130 3094 5 B A DU/ LIS 11 | SBLE wo- T 175 . WB60D m— 2.3.0

1220 - LH940 3 —23.8 451 T624 0 m+ 127 i 443 LBHAT ni-+ 270
G40 | 4852 | m— C16.8 073 gE0E D ow -5 362 019 w-h —'?.9
810 | 50T . — | 7.4 i71-| 7880 | m— | —116 1 278 | 9064 | w 0.2
240 EEE m-- ' —26.5 | 447 L8126 i w-- — 3.2 | 502 L1gE VW 6.1

. . ! B -
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Table V. Observed interatomic distances . Table ¥]. Comparison of the. ldttice '
in Kotoite. ' constants of Kotoite and Vorsterite,
Mg ] ~~OT1 | te.A S
b . Kotoite: | s ——i .

” — 011 20874 B3R A | B400A | LA8;A
Mglil—oOT | . RJ8.A ; - —

i 2,08, A ' orite | e |
O 5 Aty Forsterite | '
2 Ii | { 2.04,4 I 5A0;A | BOT.A 4T5 A

B —— 0] ! 188 A ! pre i ,J\%Tmﬁﬁ'm@ LOUUI@’\@E'L‘?

v — Ol . . L39:A L ERSIREAEE ¢ R BRLE & 2 BERIE R R
O] —OT11 257, A Fig. 2. Projection of Kotoite structure on (401,
O] — 01]] 2.33. A The figures rfapresent the 2 coordinates-in

- . decimal fractions of the c—length,
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Fig. 8. Comparison of Olivine and Kotoite structures. o
¢a> Oilvine (b) Kotoite i .
The large open and shaded circles represent oxygen atoms respectively at a he1ght 0 7B
and 0.25, and the small heavy and faint circles magnesium atoms. respectivély at a
height 0.00 and 0.50. Silicon and boron atoms, not shown in the figure, are situated
respectively at the centres.of tetrahedra and triangles formed by oxygen atoms. The
_broken lines in the Kotoite structurz. (b repreqent the ]')Dbltlona of the rleavnge pl'me
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The Crystal Structure of Lievrite.

WMo %

HCaFe+? Fei? 5ip O

'Yoshio Takeuchi, Mineralogical Ingtitute, Tokyo University.

The structure of lievritie’ Cilvaite) has beéen -analysed using X-ray methods

(Weissepherg and oscillation photographs, CoKe 3=1.7%A,

ée]]_ has the dimengions
. Fhum,
a striking resemblance to olivines,
by Ca,

TPet? atoms and Fe"30H groups. Ca has a seven-coordipation, Fe*:

WMoKa 3»=0714). The unit

e=R.B4A., b=13.06A. and c=5.88A,. The space group is D;:—-—
The structure, built on a hexagonal close packing of oxygen atoms bearing

is composed of separate $Si0, groups held together

a six~

coordination and Fet+% a five-coordination surrounded respctively by seven O atoms,

six O atoms and four O atoms and one OH group.

SR (Lievrite slx Ilvaite) V3% EARERER.

VR BANER IR B O T, £ Ok IR
7 SRS R AL RS T — 0 ¢ o RiC T
PRk O BRER A L, (010 b s IR a5
 BGE O LB T i
) ,‘;w,)x B bk

AR R R mﬂwwm%wﬁmmﬂ~
120y momsE L I~%em k2L 0TCh%h.
FOLBHEAEETRIEFRT. D 2hk 0l sl

ik SREoEEs. TRESLERLTES

Table 1. The chemical composition of .the
specimens. -

$i0s . :39.39%

" Al;Os | 2,049
Ee:Os 15.53%
FeO o 32.829¢
MnO i 8.41%
CaO - _ 18.57 %
MgO 0.7194
Ti0s I
Pals - tr.
‘Alkalies | . 0.379%
H.0 2269
Total . ‘

100089

1y P. Kokkoros : Naturwiss. 24 619 (1986)

CEEE b s, (51 EBEED
RO RS

Oct, 1947 *

¢ CacFet2 MnsCHe*s, AD (OH) SiqOy 7r 2ALPE
h’;‘c*’}f‘s_-‘FF' 3%, 2L Mn Kk Al BB TOR
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Tungsten and carbon powders were-mixed in 1 to 1 atomic ratio and then pre%ed

with 60 kg/mm?.

-

The pressed powder compdcts were heated in vacuum furnace or in the hydrogen

atmosphere.

The healing temperature was VdI‘JEd from 6500{‘ to 1‘1509(3 and the heatmg duratron

;  from 10 minutes to § hours.

Carbonization of tungsten was studied by X-ray dlffractmn method in connection -

with the specimens thus oNamed

Thesé results are as follows:—
1. Below 650°C, W.C is formed.

2. Below 850°C, WC is. formed, large quant1ty of WC is prcducz,d by ihe

‘carbonization of W.C,

a2

4. Above 1856°C W is stable.
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Crystal Structure of Ammonium Dihydrogen Phosphate. -

Ryuzo Ueda ,' Wasedz _Univérsity.

In spite of ‘the fact that the crystal structure of ammonium dihydrogen phosphate

is said to be analogous to that of the potassium salt,

-electrical properties of the two

salts ‘are not similar. To develop the theories on the transition of dihydrogen’

phosphates, the author revealed the detailed structure of ‘the- ammonium salt by the
Bragg-Fourier series’ method. Lattice constants are a="7.479-+ 0.000A., c=7.516 0006 A,

space group Dzi—faﬂd .

Atomic parameters and interatomic.distances_ compared to

those of the potassium salt are given jn tables | and J.

Characteristic difierences between the two structures are found to be:

i), The axial ratios are reversed.

ii) Hydrogen bonds O—H.-O lie almost parallel to tﬁc (061> plane in the

ammonium qalt whereaq those of the potassmm salt are inclined to the same plane

about 4°,

iii) Interatomic distances between nitrogen and oxygen atoms in the ammonium

salt are 2.87A whmh may be comparable to. the hydrogen bond distances N--H- N0

+ in crystals of urea " glycine and diketopiperazine and the existence of such hydrogen

bonds in the ammomum ‘salt is hlgh]y suggested,
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The Crystal Structure of Cubic Cyclohexane, Paft 1.

Tutomu Qda, Reqearr.h Institute-for Iron, Steel and otker Metals, .Jendai Umvelslty

Timmermans?) has shown that ‘a number of molecular crystals which have low

' entropy of fusion possess high erystallographic symmetri_es, plasticity, specific heats,
- dielectric properties, etc. comparable. with their liquid state, He considers such a state

of aggregation as an intermediate phase between 11(1111(.1 and crysta]llne states and

. calls them “I)ldSth crystals’.

X-ray examination on these plastc crystals including cubic pentaerythntol**i
C(CH,OH),, tetranitromethane® C(NO:),; and cyclohexanol® CEHUO_H has now been
extendéd to cubic cyc'l'ohexaﬁe CeHiz (m.pt. 6.3°C> which may be - taken ‘és a(.gbod
example of.such'-crystals. _

The methods for preparing si};gle crystals and X-ray photographs were almost the
same as in the cases of tetranitromethane and cyclohexanol except a slight change of

‘cooling device. The unit was found fo be cublc face—cente?d, a=873A) coniammg
" four molecules in 1t The possible space group was given as T —FI?M, O3-F13 or

o —-FmSm. From the same symmetry consideration as was done in the cases of the
above mentmned crystals, it was concluded that the four molecules in the unit should
, 2 20 4 D , and 02 2, their -orientations, howev_er, bmng not
fixed but rather stdtlstlca], statlcally or dynamically. In other words, onf-y the average
centers of molecules lie at the lattice points, as in the case of cyclohexanol". Such
a structure explains well its low entropy of fusion and other liquid-like characters, as
wéll— as theé rapid decrease of intengities wilh increasing reflection angles.

Besides the Bragg reflections, we cbserved remarkable diffuse. scattering of

co'nsiderable.intensity, similar to that shown by cyclohexanol (plate -Di . Namely, there

. appedr on the Laue and oscillation photographs a number ()f_éo—palled diffuse spots

and apparently circular diffuse haloes which resemble to the Tliquid diffraction haloes.

~ The intensity distribution of the diffuse scattering of -both types might be related

clo%ely with each other. As a first approximation, we made a calculation®? based on

a Slmple model of free spherlcal rotation of molecules, and the results account -

roughly for the . circular haloes (Fig.2) . It must be pomted out further that,

- whereas in the case of cyclohexanol we have cbserved some intense diffuse spots at

small scattering angles?), such ones could not be observed ‘in the case of cyclohexane,
This difference would perhaps be due to that in the manner of mutual orientations
of neighbouring molecules in the crystals.
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The Crystal Structure of Amlme Hydrobrormde [

I, Nltt‘l T. Watanab(. and I Taguchi, Chemical Instltute Osaka Unwers1ty
The crystal structure of aniline: hydrobromide C,;Hg.-NHéI-IBr hag beent examined
by the X-ray method. It was found on Laue and oscillation photographs several

anomalous spectra of some new kinds. Disregarding these anomalous spectra, all the

data could be accounted for as havmg the followmg unit cell and space group : &=
6.30A., b=8.44A,, ¢c=8 91A., Z=12, space group P2,2%,. Makmg. use of the intensities
of (AhCID and (CEO) reflections,

error method. The bromine and the n,itrogeﬁ atoilhs eccupy -different special\bositions
with two fold symmetry, their y parameters being yr-=0.05 -and yy=0.15. The axis
of the anilinjum group N—C, - C lies also on that of two fold symmetry, inclination
of its plane to 00i)-plane being 25°. The structure obtained 'is glven in Fig. 6.
.. This structure is a new type and may be taken as a radical- ionic one. The relation
to the structures of alkyl ammeoenium halogenides and $ome physw.cal_propertres_o_f

this. crysta] are discussed.

atomic parameters were deduced by-thé trial and |

al:

Anomalous spectra can be divided into two groups. The one is of the-type. shown -

"in Fig. 2 and suggests the existence of structural irregularities of a certain kind
‘along the b-axis. The other which is shown in Fig. 9 mdlcates the existence of the

twinned lattlce. The detailed structure and the uregularltles of lattice will be given

in the following papers.
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Crystal structure of Calcium Formate.
. -I{ ’

Isamu Nittell and Kenji Osa}_(i, Chemical Institute, Osaka Un.iversity.
- The strucutre of orth(.)'rhomb_ic calcium formate was analysed by .the method of
Fburier series. Oscill_ation—rotatilon photographs were taken with Cu-Ka radiation
around the three principal axes and the follbw_ing unit ce_l’l_ dimensions and space
group were obtained, which confirmed the results of the previous work (Nitta,_TQE?)_;
=10.T63A.,76=13881A., c=6.271A. ‘Cat 18°C) ; space group, JJ;i-—-—uPcab 3 Z=8,

All the atoms are on the general positions 8_(6) :

1 1 1 T_
o V.2 !xt2+y; T TEG ; xj"!n +Z)‘

1
:Lnyz - P 2

Y 2,
with the parameters shown in Tabie J.

lhe analysis was effectuated by the method of two—dimensional and three-dimen-
sional Patterson syntheses, the latter being evaluated along lines through several
points coi‘_respond‘ir_lg to peaks in P(__xj,r). ' ’

2T

The structure obtained may

" the figure parallel to the ¢-—axis,

which are laterally bound through

formate ions to form a compact spatial network (Fig.2) . Three ty.pes of interionic
linkage are found <(Fig.5 , " two of which were already found in sodium
formate, analysed by Zachariasen. A remarkable feature is thé asymmetrical type of
coordination Ctype Jf> , which might ” be characteristic to.i_ons of lower symmetry
such as this. The.calcium ions are surrounded by eight oxygen atoms as shown. in

. Fig.4, one of them being somewhat more apart (Table ). Pauling’s rule concerning

the stability of ionic crystals are shown to be strictly hold in its extended form.
The shape of the formate groups were found to be : )
ST '
C-—C=1.125, 1.25, 1.5, 184 (X QOBA.) ; OCO=125%, 124° (L 4°) ,

. These results suggest an almost complete resonance bel:ween the two forms proposed

by Pauling.
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~ Table | ~ Atomic parameters

calo o /o]o]c]c

t
N . i

x |0.1345 0.048 0.200 0.200‘ 0.020,

y | 0.1078|-0.042

0.112 0.129

0.016 0.204 0204 -0.049) 0.270

z |0.0205 0.180 0.379 ~0.287,~0.297

—
0.346; —0.867

© R BEETORME L L O

Table | Observed and calculated structure factors
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Table B Distances to neighbouring atoms.

PHET | BERT | e | hoET | BERT | e I dORF | mERT | mw R
Ca Cat .99 | i 3.13 i . On ' 2.90 .
. Ca’’ (2> | 2.99 || Oin P 3.2y - . ) : : 3.‘2;6

Catrt .64 i i Ow i 3.21 I i O (2> 380

o 249 o ] s Ow . 336

(074 S - SR S R X _ o 3.80

On - 2.59 f: Ou | Ca é 2.8 i Ow Ca ; 2.38

On’ i 2.28 | _ Poo2.E9 ' ] i 3.42

Om | 246 . 01 813 or | . sa

Ow | naz | i N . : ! 8.40

On 2% | | oou | ss0 . i 3.48

i O/ . 288 ) Oz 290 | . Ou 3.42

mean | 2.4%; | o ETTI . Om 3.26

o1 || Ca 2ds | ‘ Oow | 842 : R -‘i 3.80

' | - 23m | om | Ca 2.49 o uon_a@);' 3.38
| O ! 3.51 O1 | g.029

Esxcluded in taking mean.
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The Size of Crystal-particles and the Melting. Point
and the Solubility. '
by Usaburo Yoshida.

Contradictory experiments on the lowering of melting point and the ‘increase of

‘ solubility with decrease of the size of crystal-particles are discussed from authors’

affirmative view-point.
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