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Geiger-Mueller Counter for X-Rays

. . HA%HIMOTO Hitachi Central Research Labérator}f

A test counter w1th its <circuit especially a:lmcd for the detection of blow holes or -
cracks in metallic Spec:mens has been constructed. This counter method has been apnhed
to the test of a specimen of Kelmet metal and found to be more convenient and Speedy in
detecting interior defects than the.usual radiographic methods. The photoelecxr:u, quantum
efficiencies of a brass counter containig one part of alcohol and five parts of argon at
60 mm, Hg for several wave lengths haire been determined in two caseé 1! the x-ray beam

~ passing through the gas flllmg only, 2} the beam passing through the gas' and stnkmg the
- cathode metal. The quantum efficiencies. Qp. are 1.56~ 164/ for Fe-Ke, 0.63-0.85% for
Cu—Kzx and 0.21—{).25% for Mo-K=x in the former case and 5.9-6.0%: for Fe—Kax, 2.8-3.0%
for Cu~Ke and 0.45-049% for Mo-Kx in the Iat!ter «case. The resolving time necessary for
the measuirement of x-rays is given in the cases of the scale—of-2 or scale—of~16 circuit,
and also that for the detection of feeble x—rays. The calculation shows the number of
impulses arriving randomly < within intervals less than the resolving time not counted “due

to doubles, triples, etc.
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On the “Precursory Recrystallization” of Metals
Hidek_i HIRATA and Masaaki YANAGISAWA, Kyoto University

.le present research aims to be a continuation of ocur foregoing X-ray investigation
« #70n the Structural C‘nange of Mechanically Pulverized Iron Powcler due to the ‘Procedures
of Ar.neglmg” { Rev. Phys. Ckem. Japan, dedicated to Prol. S. Honba, {1947), 86:. From
the results of tﬂe aforesaid investigation, it became clear that the fecrystalliz'xtion in the
specimens of iron powder prepared mechamcally to be used for the sintering procedure,
- VI‘TOTOUSIY takes place m twa d1stmct temperatures: i. e, the remarkable growth of crystal
grains in the specimens was detected to occur not only at the recrystallization tefn.perature
uf iron {about 600° C), but'at 'a certain temperatufe {350° C~450° C) far below than the
recrystallization temperature, at an intermediate tcm[j“ttratuife the size of crystal grains
.remaining almost unaltered. Furthermore, such a peculiar phenomenon as mayibe called a
”Pi‘ccursory ‘Recrystallization’s at -comparatively low feniperature, was infered to take
place commonly to all the specimens of metals undergone a severe inner strain.
To make clear whether the above inference were correct or not, X-ray examination on '
tﬁe process of the structural change due to the procedures of annealing, was repeated in
the p*’:.‘(:'lt research, with several specimens of iron  and nickel foils obtained by rolling
‘the annealed plates of electrolytic jron or nickel of the thickhess 0.5mm. in various degree.
As the co,naeque\r}ce of 'thisaexamination, the aforesaid //Precursory Recrystallization!/
ﬁhénomenor; was seen also to occur, ih some iron and nickel foils, which have so . severely
L& enrolled tlhat their thickness was reduced less than 104, e. g., it could be confirmed {from
the Laue patterns o‘Bf.ained with these foils, that the common axis of the fibrous Stl;uctures
in iron foils, which has initially been situated parallel to the direction [fill],' converts to
coincide with the direction [1103, by heati.ng\ about 4207 C; while in nickel foils, its direction
Changes from [111] to [1i0] at a temperature 470° .C far below than the recrystallization
temp(,rature of nickel (about 700° Ci. It must be pestscribed that as a matter ef faét
such a peculiar phenomenon could nevcr be observed with the sgemmens of both meatals,

which had not been yvorlged so severely as above descnbed. {Received . July 30, 1948].
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X—Ray Studies on a Silver Bearing

Sigeru NISIGAKI

By means of X-ray analysis, a silver bearing of unknown. origin was investigated.

The method of manufacture was not determined by any metsllographic means, but the

X-ray analysis could show that it was an- electro—-plated one. Further the temperature of

Anrealing of that specimen was defermined by the X-ray methods o_btair{ir,g the following

tesults; 1) by the Laue photographic méthed : the upper limit of annealing temperature,

3407C ; 2) by the back reflection method : the uprper limit of annealing temperature, 32_0-‘

C and the lower limit 3C0° C, N o
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The C;‘ystal Struct'ure' of Scorodit_e

Ry6iti KIRIYAMA and Kiichi SAXURAL

Department of Chemistry, Osaka University

p

The crystal structure of scorodite was determmed by means of the Laue and the
.rotatmg-—crystal methods. X~ray data obtained from oscillation rhotographs taken with
MoK« radiation showed the structure to be buil.t upon a simple. ortherhombic unit cell
with dimensicns : 2=10.40kX, »=8.94kX, ¢=10.13kX, ccntaining eight units of the chemical
formula, FeAsO,»2H,0. All the atoms are in general positions of the space group Dlt_—
Pbra. The wvalues of 'itOITliC parameters were delermined by the method of trial and error.
The arsenate group has the configuration of a slightly distorted tetrahedron. Each iren atom
is surrounded by four cxygen atoms, each frem four different -arsenate groups, and two
water molecules at the .ccurne;s of a distorted cctahedron, the latter occupying its adjacent
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Table I11. Observed and calculated intensities
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200 | m 13 304 | il 0.2 | 022 il 0.2 128 | s 29
400 | wvvs | 116 | 404 | m 22 023 | vs 26 | 124 | m 10
600 s 18 0 504 | w 5 024 | w 3 I 125 w 2
800 m 4 604 w. 6 | o035 ! ai 0.0 | 1% m 7
000 1w, 4 704 | m 9 | 06 | vw 02| 127 | w 0.5
ggi ‘;‘;S : ig 804 | wvw 2 | @ | m 11 |u 128 | ww 0.1
06 < a1 9204 | vw 4 028" f m s m 6
008 | il o0 | 1004 w 7 029 | w 4 182 | wvw 0.6
0010 | nil 0.2 16 s 15 210§ vw 2 133 m 3
210 | wvvs | 100 26 | ww 62| 041 | m 9 18 | w 3
- 410 m 4 306 m 9 042, | w 2 135 s 11
420 w 3 4C6 s 15 SC43| ow 1 126 m 6
470 W 3 506 5 73 044 m 7 137 vw 2
480 | vw 01| 66 | wvw 05 | 045 s 1B | 12| s i15
610 m 15 7(6 nil 0.1 046 vw 1 | 152 s 14
620 m. 15 806 w 5 047 | nil 0.8 [ 211 m 9
630 w 5 96 w 2 018 | m 12 | 221 vw 2
810 W ‘o1 108 | vw 0.0 © 049 | ww 0.2 | =231 s 34
820 nil 0.0 208 w 3 1 g6l s 20 241 m 5
=830 w 3 308 nil 04 1 62 nil 0.6 | 222 nil 0.0
1010 | ww 3 408 | nil 0.0 |© (63 | vw 0.9 213 s 24
1020 w 7 508 | ww 04| C64. nil 0.0 215 s 16
102 m 8 608 | w 5 | (65 m 14 232 nil . 0.0
202 | il 0.2 708 | il “0.0 | ce6 w 1 233 nil 0.3
302 | nil 02 || 88 | ww 0.7 | 111 | wvs | 122 242 nil 0.4
402 m s 908 vvw 0.6 112 A 3 311 Vs 59
502 m 4 1010 w 4 113 vs 47 321 | nil 1
602 | nil 0.2 | 2010 w 05 | 114 | w 9 313 s 21
702 w 2 3010 w 2 115 | w 4 383 | wvw 0.6
802 | ww 3 4010 | nil 0.0 | 116 m 8 " 334 nil 0.1
902 vw 11 5010 w 7 117 W 2 411 nil 1
104 w 0.4 | 6010 vw 0.7 121 s 19 Add w 5
204 w 2 021 P 21 122 Vs 79 555 VW 0.5

FIEAEE (210) OfEEE % 100 X LTk Lic.

i

.

HIV R BRACHETLEFIER kX
Table IV. Interatomic distances in scorodite (kX)

AsQ, tetrahedron I}

! As-0g

- 0105

O1-

O
Om
O

O
O
O
O

OO 2.65
1.71 | FeO4(H0). octahedron |
1.69 Fe-O 1 | 1.91 |
1.68 O 1.97 |
1.63 Om 2.00
2.80 O - 1.86
2.77 (H:0) 1 2.24
2.69 (HaO} 1y 2,15
2_-71 i 01O mn 2.57
279 |- O 2,90

01O
{(H:0} 1
On-Orv
(Hz0] 4
(Hy0) 13
OO
(HoO) 1
(H 20

Ov—{H:0)11

{(H,0p-H.0)xy

2.82
293
2.78
2.82
3,12
2.80
3.03
2.73
2.82
2,97

T Between different

N octahedra

(HOp-0 1 271
O g1 - 2.60 -

Oqi1) 2,97

o} w[ 2.74

{H.0) 11 3.23

(H:Oj1-Orrp; 268

Ow 819
Op-Omy 3.10 -

O 2,71
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The Crystal Structure of Anhydrous Strontium Formate.

Isamu NrrTa and Yoshihiko SAITO, Chemical Laboratory Osaka University
Y . I- ’ .
The crystal structuré of orthorhombic anhydrous strontium formate Sr(HCOO}g was
investigated by the method of X-ray Fourier analysis. Oscillation-rotation’ photographs
were taken with filtered Cu-Kzx raciiation around each of the three principal axes,
the dimensions of the umit cell and the space group. being, 4=6:860 kX, »=8730 kX,
c=7.253 kX.(at 20°C), DQ—P2 2,24, z=4, All the atoms are on the general positions: xyz;
%ﬂtx. % —Z; —é—x 2 y,%& z; —x, = %+z By using the Patterson functions arrd

the Founer series projections of the electron density the atomic parameters were obtained,

their final adjustment being made by intensity calculations :. .

Sr Or On Onzr . Cw -~ G C
x 0 0.145 0.384- 0.268 0.130 0.245 0.132
¥ 0.0915 0.154 0.330 0.235 0.370 0.260 . 0.303
z 0 0.358 0.350 0.828 0.057 0:420 0.906

24
_ O~ AON_/
The Structqre determined may be described as consisting of chains ~o /ST\O/ r\

parallel to the c—axis which are bound laterally through the formate jons and the ones

O 0 LN+ .
[:(OI{>Sr<%H/\s<] parallel to the g-axis, both chains f;»rming a compact spacial network

together. Two types of the linkage of the formate ions were found as Shawn in Fig. 3a and
b. The former was found in the crystal structure of sodium formate by Zachariasen and of
calcium formate by one of the authors 'Nltta] and Osaki. The strontium ion is surrounded
by eleven oxygen atoms, three of them being rather far apart, each. oxygen atom is shared
by two, three or four strontjium ions, and the Pauling’é rule coneerning the stability of jonic

crystals was found to hold in its extended form. The silape and size of formate ions

were found to be; . @
HCOO(D) 1.2640.03 kX 1.244-0.03 kX 1267 1 4°
HCOO!1I) 1.25+£0.03 kX 1.2540.03 kX 127° £ 4°

That the two C-0O distances in each HCOO radical are practically equal suggests

almost complete resonance between the twct valence bond structur%

]_5[(ka and HC"O

S CEIR RV 6, 377 (V2. 1927) RUCKERE (1) Offl; BRL2FAFAR BAMLE M AES
R L
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Table 1. Atomic Parameters.

| fj;e
il x ¥y 2

sr | o 00915 | ©

O1 | 0.145 | 0.154 | 0.358
On | 0.384 | 0.330. | 0.350
Om | 0.268 | 0.235 | ¢.328
Ow | 0.130 | 0.370. | 0.057
C: | 0.245 | 0.260 | 0.420

0.132 . | 0.303 | 0.806

b=28 730 kX
2 (00) MM E

Fig. 2. Projection of the structure upon. (001}.
ek B MIER KD
Table2. Interatomic Distances
- i ! ! 3 A . o
gy | B8 | e | i S | BmFE | hb | EBY | TR
B | ST | B | BT | B | O BT | BT R B
- N ; | ;
ser |ser | 3.96 | owrr| 0wy 296 | Owa | Ow/p 277
© e | 570 Oow'r| 2.24 | Ci | 298
3 Fi 2. - i |
S| 68 On 31; Oow | sr | 262
St Lor | 2.59 Ou ™ St | 2.59
Oovr| 283 | o | g 5.5 Srit| 4.68
On . 2.65 : gpr 2.65 Cix 1.25
Ow/| 2.75 G 1.26 Oml 2.24
Oy’ 2.53 Or 2.04 | Ou .| 277
1 9
, Ot 2.59 Om 2.65 01 2.96
Outr, 2.53 -
nm , O 2.7 Ci Om, 2.98
\01\’ 2.62 01’ 2.77 OI 1'24
gw j'zi Orr|  3.26 On| 126
N ’ I Cu | 3.80
O.‘lII"r i 4.14 011! Sr* 253 |
Co'* i T 278 . Sr#* 2.53 | Cu Om! 1.25
Cu'7|  2.16 S | 422 ow| 125
Oy | Srr 2,59 S/ 4.14 C1 3.80
Srf 2.83 Cix 1.25 Sr 2.16
Cyrr | L24 O 2.24 Sre | 278

* I EET S unitcell KRBT 550 THS
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Table3. Observed and Calculated F-values.

Feale.

hEl Fobs. hEl Fobs.
110 27.4 | 9.7 710 11.8
020 9.1,| -7z | 650 -
120 | 57 57 I 720 6.8
200 6.7 1 202 | 190 -
210 7.6 | 65| 730 -
2200 150 | 214 570 9.1
130 69 | -7.4 1 480 -
230 28| -41 | 660 10.8
310 249 | 226 | 740 -
040 6.4 | 213 || 0100 6.7
140 - -1.5 || 1100 | —
320 6.1 5.9 || 800 18.0
240 241 | -22.3 1 750 12.0
33 | 33| 23| ss0 -
400 194 | 17.0 | 810 5.1
150 222 | -21.8 | 2100 115
410 | — 16 | 670 —
420 7.1 9.5 | 820 7.4
240 6.0 -4.0 830 -
250 2.4 4.4 || 3100 -
420 - 17| 80| 68
€60 17.8 | -18.2 | 680 3.2
160 35 | -05 | 1110 | 109
350 25.2 | -22.4 | o011 18.0
510 208 ] 1911 o020 9.7
440 8.4 3.9 021 -
260 19.8 | -16.7 | co2 81.0
520 | — | 22| o2 11
530 — 21| o022 8.3
3€0 2.3 0.8 || o031 32.4
170 10.1 | -109 | 013 16.2
450 — | 30| o3 4.9
270 - 1.0 [ o040 20.0
540 6.5 15 | 023 -
600 167 | 17.7 | o041 3.3
610 6.4 4.2 | 042 14.1
460 | 258 | 75 | 033 | 265
620 82| 1.1 | o004 | 168
370 123 | -14.7 | 0l4 1.0
089 1.0 06| o051 8.1
180 - -0.1 1 o 16.3
550 19.8 | -20.2 | 043 3.9
630 40 1 002 | 052 -
280 3.5 5.5 || 034 6.5
620 | 153 -168 | o060 | 216
470 — 1.6 C61 -
560 - “1.0 | 015 9.1
380 - -0.2 | 053 =

5.3

-3.2

-4.5

1.3
-12.8
25
107

-15.2
2.0
-3.9
16.9
1.7
1.8
0.7
0.2
-10.8
- -85
-16.8
19.6
7.2

33.4
-2.5
-14.3
-3L.1

1.1
-21.3
-2.0
-1.9

-31.8

~i6.8
1.3
4.5
-1.0
18.2

-1.3

2.1

09 '
2.0 |

-10.7 1

0.4 ¢
25.4¢

18.5 |

-20.1
4.4 |

-1.9 |
7.9 |

14.3 ||

Fecale. 'E ikl

-1.9 |

Rkl

Fobs.. | Feale
044 129 | -14.4
025 36| -28
062 15.3
" 035 212
054 6.2 |
063 3.3
071 | 205
006 21.5 | 24.3
045 6.9 1.1
016 22| -13
072 2.2 3.5
026 89| —7.1
064 20,4 | 217
036. - -1.8
055 14.7 7.8
673 115 | 109
080 2.0 0.6 |
081 | - 15 |
046 143 | -11.5
082 6.3 | -0.3
65 5.2 42 |
017 6.6 6.7 |
027 4.3 | -3.2
074 7.0 4.4
037 16,7 | -14.7
056 ° -~ | -03]
083 420! 01
091 14.9 | -17.2 |
047 4.5 ] -3.7
075 12.2 | 17.0
084 6.4 | 0.6
‘002 - -1.4
66 | 181 | 149
057. 8.7 11.0 |
018 38| -L0
093 15.7 | -14.6
028 83| -85
€85 | - 4.3 1.6
076 - | =01
0101 — -14
94 - 1.8 |
0102 | 107 | -15.1
048 53| -13.7
0103 — -2.2
086 5.1 | -2.0
077 126 | 16.4
695 10.6 | -10.7
019 5.9 8.0

(58

004

101
102
201"
202
103
301
203
302
104
401
303
204
402
304
105
403
501
205
502
404
305
503
106
206

601

405
504
602
306
603
107

801
802
606

‘ Fobs. [Fcalc.

4.6

3.8
5.8
5.1

5.5
3.1

22.6
15.5

4.4

4.5

24.5
5.4
2.0
4.9

12.2
13.0
1.7

2.6
15.0

4.9

12,0
12.3

| 158 |

10.9 |

27.0 |
4.1

3.8

53 |

2,7 |

3.5 |

-1.3

155 -

4.0
L8
7.7
30.0
-7.3
-7.6
-2.3
0.0
0.4
-1.9
-0.1
—25.9
20.4
-0.4
1.0
3.7
4.9
2.2
~1.1
24.5
51
P03
023,
19.3
-4.9
0.6
1.1
19.6
3.0
1.2

0.4

2.6
6.1
-18.4
-18.3

. =1.0

45
-2
1.1
-19.1
-1.8
1.7
-0.5
~17.9
16.2

13.8
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Diffuse Scattering of X-Rays by Single
Crystals of Cyclohexanol?

(g 28 42 6 .47 15 H »z £A)

L Tsutomu ODA, Chemical Institute, Osaka University

It has been shown® that the crystal umit of cyclohexanol has the dimensions 2=8.81
kX, Z=4 and the most probable space group O: -Fm3m, and that the molecules in the
lattice have statistical orientations as in the case of cubic cyclohexane.4? In the present
pa;}er further analysis of the crystal structure using mainly the characteristic diffuse
sc'attefing is gi{ren. The observed diffuse scattering may be classified into two sorts, the one
rather circular and the other spot-like. As a first approximation, a calculation®) based
on free rotations of molecules about centres of mass arranged.at the lattice points accounted |
roughly for the circular haloes. In order to explain the diffuse spots, the correlation of
"'mutual molecular crientations due to hydrogen bonds was taken into account. The average
value Kfy of S;- S, where S; is an instantaneous structure factor for the molecule at the
lattice point R,, depends upon the correlation of boﬂl molecules and upon Al=[-I". K".M
with large value of Al approaches K’= | <{S>,v | % the behaviour of koth  molecules being
regarded as independent with qach other. Thus the intensity of diffuse, scattering may be
given as the equation(5). We may assume that among molecular interactions, aséociation
due to the hydrogen bond would be by far the most predominant so that a given molecule
would necessariiy be associated with one of its neighbouring molecules. The possible
orientations of each molecule may roughly be classified in the twelve kinds as represented’
by the arrows in .Fig. 1. Using . the probahility. values wim;az: ') that two molecules at the
origin and at Al take s-th’'and m’-th orientations at the same time, the intensity
distribution of diffuse scattering was calculated by equations (5), (7)  and (7). The
results account qualitatively for such diffuse spots as accompaniéd . with’ ‘the net planes (111)
and (200}, and the ones observed at the small scattering angles.

. Further it was shown by equation (13) that the Fourier integfai using the observed in-
tensity of diffuse scattering of the crystals containing molecules of alike atoms as cyclohexanol
or cyclohexane gave directly a sort of probability value, which means the difference between
the average number in unit volume of the atoms in *neighbouring molecules to be found
at the end of a vector B from all the atoms of a given molecule and the one to be expected
if the direct neighbours were assumed to behave like the distant molecules.
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On the D1ffusc Scattermg of X-Rays by a Partlally

Ordercd Crystal. Part I

Takeo MATSUBARA, Physical Institute, Osaka University

A general theory of the diffraction phenomena of X-rays by a crystal havmg irregu-—

. larities of its atomic arrangements ‘has been developed. First, the intensity formula was

written as a sum of three terms, having distinct meanings: the first term represents a
normal Laue pattern, the second a diffuse pattern similar 'to that due to a gas, and’ the
third an anomalous Laue pattern. The third term is that Whlé]‘l we are most interested in,
and is due to 'the correlations between the irregularities' possessed by any two. lattice
of the reciprocal lattice vector b, being given by equation {2.8}.
It can be concIudegl that the weight of the scaftering power for it is in general concentrated
near the reciprocal lattice points,. so that it gfves a diffuse pattern lying near the normal °
Laue spots. Explicit calc_'uiation of JFib) was carried out for two ‘cases : (1) the irregular—
ities are due to lattice vibrations {obtaining Wallers formula in a more exact form)
and (2) they are due to the order— d1sorder arranfrements of the atoms in an alloy of. the
‘type AB with the simple cubic structure. In the second case, a general formula was first -
set up, and then Zernike's theory of ths propagation of ofda’s was. applied - to represent
it in a more closed form. Some aspects of the mtengxty of the anomalous scattering were

discussed in connection with the change of the degree of orders.
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. Fig. 1. A section of the reciprocal lattice
space. A great circle is the reflection sphere,
and the reciprocal lattice. points’ are shown
by black points; the weight of the diffuse

scattering power -concentrates about each of .

. the lattér. Small circles represent these re-

gions of this concen‘ration. For the example -

given in this figure twe normal Laue spots
and six anomalous Laue spots appear.
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'lhe Crystal @tructure of Ludiannte

Hiroshi MoORI,

Mmaraloglcal Institute, Tokyo Umversny

The structure of ludlamit.e has heen determined using X-ray methods (Weissenberg and
oscillation photographs, MoKz, 2=0. 718). The material used is from the Ashic mine.
Tochigi pref., Japan and has the compositicn, Feg (PO4}s-4H,0 (analysed by H. Minato,

1948). The unit cell has the dimensions,

a=10.458, b=4.658, ¢=9.353, p=7927,"

containing two molectles of FeyPO4):+4H,0. The space group is Cj,—FP2:/e, the reflexions

- [Roly and (ORO) being absent respectively when 7 and & are odd. In the structure, each P

atom is in the middle of a more or less distorted tetrahedron formed by oxygen atoms and

one Fe atom occupie the center of an octahedron formed by six oxygen atoms and the other

_Fe that of an octahedron formed by three oxygen atoms and three H.O molecules.

An FeOg

octahedron and two PO, tetrahedra. form a complex group holding 0-0 edges in common.

This FeP:0,, group in turn forms- a -chain stretched mde{lmtely in . the d1r.:ct1(\n of the

‘B-axig, sharing oxygen atoms with the adjoining similar groupss HsO groups occupy the

interstices left vacant by these larger groups of atoms.

Each oxygen atom is shared by one

P and one or two Fe atoms and H.O by one or two Fe atoms.
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Table 1. Coordinates of atoms in. ludlamite, .
Coordinates are given in decimal fractions
_of the axial lengths. Origin is placed at a

center of symmetry.
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Interatomic distances in ludlamite.

Fer-0i| 167A] 0,01 2864l On-H.0{ 2574
O 138 | Oy 3.04 O11—-H.01 351
O 222 On”| 284 H.O1/| 3./9

Ferr-0O1| 268 | Oyl 240 H.Onl 294
On| 216 Ovyr| 263 | H0—-H.On| 2.72
Oml| 202 | Ow” 270 H.Omn/| 2.74

H,0: 202 O 234 - H.Our”| 3.36

H.Om 2.21 Oarrf| v 3.08 H,On”t 3.38

H,Orn: 266 [[O1=Orvf 250 o

P—0O1 126 Oy’ 273 #Fer-Fery .3.30
O 172 O’ 292 Fer-P| 2.56
O 1.73 Oy 246 1 '
Oxvl 1.97 Our’| 295 ||

ST X b 7. FePsOyp F.
Fig 3. The FeP;0;, group consisting
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of the &=length the height of atoms.
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vt FEE (MoKa2=0714) % BU-ciiish
F2e FOBTHMIT ap=101454, bo=4.654, cy=9.
35, B=TO°27" 1P Zhi. FHICIE FegPO4)e
4H.0 5FH 2SS Fh 5. B b HEmCIFET

% FeP:010 BOfF 5 HIRNS THEST bh, PR

The structure of Iudlamite projected
on (010). Numbers give in decimal fractions

of an FeO, octahedron and two POy
tetrahedra, holding edges in ‘common.
$mall black circles represent Patoms, -
small thick open circle Fe ‘atom, and
large open circles oxygen atoms.

O

H$a4m 7y ISl Roh
Z, FePoOg 88, = 0 (1TeP:016 B
OO FTFOHRETIoTfELNS.

Fig 4. The FeP;0; chain in the
structure of ludlamite. The chain
is formed by . FeP.O,,; groups
sharing oxygen .atoms.
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' The Crystal Structure of Orpiment

Nobuo MORIMOTO, Mineralogical Institute, Tokyo University

%
T .

The structure of orpiment (As:8;) has been analysed using X-ray methods (Weissenkerg

and oscillation photographs, Co Ka, 2=1.79A). The unit cell has the dimensions, a=11. .

464, b=9.56A, c=4.21A, $=90° containing four m_oleculeé of AS!Sg Thé space groap is

C5,—P2y/n, with reflexions [}z!)lj and [0k0)- being absent respectively when A+! and & are '

odd. - The structure is.compos&d of ASQS_;, layeré_ heid together by the weak van der Waals
force. ' In the layer Asa toms are surrounded by three § atoms. S atoms are always shared by

two As atoms. The interatomic distances and bond an:glea agree with ones in other compounds

containing S and As.
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Table I. Coordinates of atoms in
‘orpiment (given in decimal

;"_Iq fractions of ‘the axial lengths).
_ Atom | of x/a % ¥ oz

. |Atoms ¢ |
i - Asy 4 0.2‘68I 0.1ST| 0.161
@ Asu ',0.482i 0313 0336
ES } 3

0.416 0120 0454
10380 —0.046

I
0.125, 0305  0.455
: ] ':

ERE HEFcs RTINS
Table T[. Observed interatomic
’ distances in crpiment.

HI3IE EEORELO (00) H~oRE

: - E Distances
B e AT B o A B & 3 S B A R T . -
Fig. 3. Projection of orpiment structure on Asi—S1 2,154
(001}, The figures represent the z—coordinates .
in decimal fraction of the ¢—length. . Asi—5n 2208
' - Asn—Sr . 220A
ASII—SH ) 2.:{53
Asr—Srs - 2344
Asti—Smz- ’ 2.34A

= )=~

FITER BT R B TS
“Table 1¥. Observed valués of bond
angles of atoms in orpiment. -

b=t rZ ¥

As—S—As { Bond Angles
a A b 90°0
S S PP — CVANE _ 102°0
' d d A f 102°0 -

i

. e b ' T

AW EEOMED (010) E~0RY (550K S—As—S$
F DI L) . _

W TR b % A 2 0 B B R b A c .

Fig. 4. Projection of orpiment structure on(019). )
The Figures represent the v— coordinates in_‘ ) d N ¢ 100°4
decimal iractions of the b—length.

d A b 10674
e N f ' 100°%
f A g 105°0
e N g | 110°0
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Table T. Comparison of obsérved intensities of spots and calculated amplitudes

. [observatwns from Wexssenberg photographs, using Co—Kaz radlahon) =1. 791?1}

Rkl sinf | Jobs. | Feale. ‘ RE | cing | Zobs '['-F.cazc. : BEL | sing | fobs: | Featc
2000 0156 — 0. 560 0686 w —48 013 G645 9w | —79.2
400 3174 m*| 20| 660 .73 0]

600, 468 — a 760 786 — — 7.2 021 284 m# 145.8

800  .625 s* 116.2 860 842  m* 71.5 031  .353) . m | -—838

1000 .78l — 0 960  .903  vw 17.6 041 4320 " m* | —1445
W . 51 5 7

1200 937 w 46.4 ol eed 124l ggi . s{lﬁ K 15\2.8
2100 182 m | —640 2700 676w 44,0 071l €91 we 204
3100 253 o\ wt 344 370 699  yw —64.0 - s y

| M | 081 7820 www 7.2
4100 3268 — 0 avo| 739 — 0 001 873 e 735
510 411 m , G32 570 7668l vw —1.2 ‘ :
610, 478 m¥ | ~122.0 670, 807 st | —107.8 9 s
70 Fed m | 71 70 el - | -33  of e w264
810, 631 — ] 87¢l . .908 — 0 : 4
| j 024 B72 vw 16.0
99 g 2O 080 7ad  mv| —1055 '
10.1.0 7848 m —£0.3 S et TS 211 280 :
o ; 756 v 0.8 2800 vw 280

110 865 vw 13.5i= %sg = B 10 i 311l 330w | 320
020 188 wvs | —2004| 330 789 vww 16 4L 889 m— ) 608
120 204w 32,8 480 815 wvs | —130.0} 511 455w 84,8
290) 300! m — 824 195 850 w —26.4 711 595 m— | 1016
1200 sen s —ois 200 860  — —30.4 511 666! v 38.4

' 7 g 3900 .79 m —56.4 911 740  ww —23.2
520, . 434 m 88.4 T S
628’- o I 2 99w 121 234w 53.6
72 578 sH —113.6 : 208, 554 284 _ 3.
g0 e s | -0l s B0 s | zro 20 4 om 872
920 728 w*| —544 501l 4z ww | —348 368, vs | —142.1

10.2.0 -808| o 0 701 ‘086 n* 1020 421 422 s 95.2

1120 879 w | —4L2 901 7% vw 40 ggi gg’; M R ?é-ﬁ
133 e J— _gg2ll 1101 885 vs 141.8 71l 1%15 mt | —95.4
230, 322 m —~64.9} i 495 yw 16.0 821 .G85 w 41.6
30 367 st | —1200] ood Gt V¥ 176
430 412 — 0 407 593 m | —12&.1 131 362 vw -5.2
530 481 s | —795 602 632 w. 76.0 WY 3% 0w 420 -
€30f . 546 m* 68.5 202 78| o tr | —200 381 424 — —12.0
730 .615 V3 —110.8 10, 0’2!' 5801 3 131.1 431 471 § —84.9
830, 685 — 0 ' SN os31 5260 m- | —384
930  ..756 w 436 108 .6d2 ~90.4 631 586 m—| -—707

1080 830 w 56.8| 303 - 678 — | —84.0 731 652 ww 16.8

11300 .90 m*{ —7a9) 503 749 w ~46.4 8l 716 m*| —748
0400 377 74 5| i e I P :

4 . m | 745 ! 141 - 22,
140 384 m —59.1! 101 208 © m 126.5) 241 225 ¥ —5.%
240 407 ww 0| 301 . 816l ww | . 47.20 - 341 4920w | —180
340 443 st | —147.0 50T 425 ww | 256 441 533 v 126.8
4400 480, w 0.8 e 1220l 54]] 582 58.0
4 . 707 586 m 122.0 . w
540| 543" m | —47.2 ! 641 636 80.0

9y 726 ww —16.8 . m
640 601 wvvw 0 : 741 €96 vw 26.8
740 664 m* g7 110T 883 w 31.2 841 760 m- | —684
&0, .79 — 17.2 S an .
2 o 20:5! AR VW —23.2) _
940[ 796 ) — 22'-0_| 403 528 m— | ~128.4 111. 244 w —44.0

104,00 .865] — 0 | 2 | 311 280 - —316

| - 60z |.632] w-i ~760 1 Se0 Cols
150, AT1 w ‘52,9 803! 56 vw 20,0 211 550 Ve . 53'5
250, 498 w 50.0 5 1% 4 . m -
. 10.0.2 B39, st 1.0, 11 455 _ —14.9

350 526 s* | —149.3 2 ean oo
450 564 vvw O 108 ee2l w | -se0 & ; vw :
550 612 14.8 | 7 595 mo | —1040

2 : v - 303 678 vw | —232 §11l 666 vw 35.2
650 664 wvw 30,4 p :
75 s 544 503 749 —19.2

- 5 705 .B40| - vs | —127.1 1210 284 m— | =740

&5 781 0 N
950 sa| — 108 . 321 324 m- | "—£0.2
cod| 851 ww —42.8 521 368 — 2.8
060, 354 m* 116.0 205 865 — 42.5 221 422, m* 96.4
160 570 vw 392 s o08| wr| —goo 521 482 wr| —460
260) 586  vw 0 { §21 547 m ~65.6
360| .12 vs | —122.8 011 232 vw —0.6 721 615 vw 42.4
460, 646 s | —90.8 012 436 m 105.0 g2l .68 W —49.6
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