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Study of Selective Sulphuration of Copper Alloys
by Electron Diffraction
Iatsujiro HASUIMOTO

Kyoto Technical University

Selective sulphuration processes, v&hwh occurred when copper or one of some
copper allovs {(Alumibrass T, 11, K. M. C., Admiralty) was reacted with IIZS-gas or
sulphur vapour under various conditions, were studied by electron diffraction method
and there were observed severnl sulphides of metals such as CuS, Cup,S, CueS,
u—ZnS, (-ZnS and AllS,. i

The condilions of temperaturs and preagure of the gas or the vapour for the
formation of each sulphide were determined as shown in Table 2 and Fi g3, 4~10.
The =sulphide ZnS or AlpSs, foomed on the surface of the specimens prevented further
sulphuration of the melals. '

In some cases several kinds of sulphides formed layers which covered the sur-

faces of the gpecimen. (Received December 24, 1950)
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Table 1. Tercentage of constitueuts of samples.
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Table 3. Ortho-rhombic system

HHRE ¢=1184, b=2721 ¢==22.74
Int l Alsen | Int [ B oy .3E R | Int l FE o
w 3.76 '
w 356 | W 334 W 341
W 3.25 W 3.24
W 316 | W 3.13 W 218
m 292 | W 293 W 262
m 272 W 270 W 273
w 264 W 265
W 2.52 W 252
w 246 | W 246 W 246
m 238 | W 2.40 W 2.39
m 232 | W 232 W 232
w 216 | W 2.15 W. 222
W 206 W 204
] 195 S 1.96 3 1.95
S 186 S 1.86 3 1.88
m 1.77 ) W 1.79
m 169 3 1.68 s 1.69
w 1.65 W 1.65
W 161 W 1.61
w 157 i
W 152
w 1.46 W 146
W 134 | W 1.35 W 132
w 1.29 | W 1.29
W 1.26 m 1.26 w 1.26
W 1.21 w 1.21
W 116
W 1.13 W 114
W 1.12 | W 1.11 W 1.11
s 106 | w 1.08 W 1.08
W 1.04 W 1.05
w 1.0 [ {

#WaFk CuypS
Table 4. cubic a=5574

e | i | ot CERRT] ot | Gl

m 3.25 m 3.20 m 3.22

S 278 m 274 m 2.73
W 251 W 250

m 224 w 232

m 195 | s 1.97 S 1.97

| W 1.89 W 1.89

S 167 | m 1.67 m 167
w | 160 | w 1.60
w 147

s 1.39 m 137 | m 1.39

S 132 W 1.31 m 129

m 1.25 m .125

m 1.07 m 1.06 m '1.07

m 0.98 m 0.98

s 0.94 m 0.93 m 0.94

m 0.89

Z5k CuS AHRR
Table 5. Hexagonal system.
a=3.76} ¢=1633

Int | Alsen | Int 4 Hig - ZfH ‘! Int [ W g
w 3.28 w 3.0
W 3.20 5 | 3.23 5 3.20
] 3.04 s 3.02 5 3.02
S 280 m 280
) 2720 8 2.75 S 273
W 254
w 231 1w 232
W 227
m 208
W 2.04
s 188 | S 1.88 S 182
g 172 | 8 173 s 1.72
w | 170 | '
w182 | W | -1.60 W 1.62
w | 159
w 155 | m 1.56 m 1.55
5 1.54 : W - 154
W 148 W 147
W 145
W 1.38 W 1.37
w 1.34 .
W 133 | W 1.32
m 127 | wo 1.28 W 1.27
m | 1.21 m 122 m 1.22
m | 117
w | 118 - W 1.16
s ; 110| m | 109 | m 1.10
m | 105 w 106 | w 1.06
w | 103 .
W 102 w 102 w102
w 0.99
m 0.94 m 0.94
! m 089 | m 0.90
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YrH & 7l - 25D Ol GEF#HO L& {—
HT3b0OT, #3FERLTH 308 izo
a=11.84, b=27.28, c=227A TH 5.
= U A EHARMEEKM.C. 050 0HACur.S

HERAIL o EaEHoF. afnk 45 o,

T Az

3) N.Alsen : Georogishe Foremingen. Bd. 53,
Hett 2 (1931),

4) H. Tazaki 5. Kuwabara :
Unip. 14, 251 (1950).
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Table 6. .
Blende ¢=5.453A
int Hanawalt i “Int £ Eig
s 3.12 s | a3
w 2,69
] _ 191 s 191
) 163 s 163
- w 1.56
w 1.353 W - 1.358
m 1.242 m, 1.240
W 1211 W 1.212
m 1.104 m 1.104
W 1.044 W 1.047
W 0.957 W 0.958
W 0913 m 0.913
i m 0.853
W 0,823
W 0.753 .
m 0.723
; W 0696

Wi, MR - &
Y T X B, HIR - 3O o X
X BIESEMD 2%, B RSHEIE RO A
Po5 L BB, SHEOMRRY ORI
Bl - 483F 0 CureS EZHBT L ¢ —FT 5. 2
1% Buerger /@ X UXSZHETT @=557TA Of%
TR EBOTH B, 80°~100°C IR TIX
AT @=3.764, c=16.3A OBi#LgR (Cupric

sulphide) CuS #3415, ciLid #5 TRl

L THBMKIRED APETHY o X%

+ 7. Zn EWEMRSS 3-ZnS (Cubic, Blende,
=5434) #FEcH: B9, 3B0°C~400°C O
BT CiE «-ZnS (Hexagonal, Wurtzite a=

. 3.84A, ¢=6.28R) It B, BPEY DIVRL AT

PRS2 48 6 22, 5T RCRLTH B Xk
a7 Lk~ B, T2 =V aE100°C &
TR L ASHE BF 350°C~400°C Tl
—5) NW. Buergef : Am. M'z’nef:;z!egisz 27,
216 (1942); 27, 712 (1942); 29, 561944,
6) HEF, fRH o RIER.
7) J.D. Hanawalt, H.Rinn & L.K.Frevel : I'nd.
Eng. Chew.,Anal. Ed. 10, 457 (1938).
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~ Table Z .
Wurtzite ¢=3.844 ¢=06284

Int Hanawalt j Int & ,,-4__4_;-'
3 - 329 3 3.29
m 311 m 311
s 291 5 290
m 227 m 229
3] 1.90 5 1.90
5 1.76 ) 176
s 162 s 1.62
m 159 m 1.58
m 1.46 m 1.47
m 1.202 m 1.30
W 1249 W 1.245
m, 1.224 m 1.226
m - 1.168 m 1.165
m 1.099 m 1.100
m 1070 m 1.072
m 1.032 m 1.039
m 0997 m 05996
m 0.955 m 0.955
m 0.914 m 0.913
m 0.833 m 0.882
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fHbE, BTRIRECASRL T H S Xk X Bl &
—t 5. Lo LA T v 2 = 7 alk
BRALBS 0B & LT o % B AR T A T
= AL AN B OB &, R TERGS
T i 350°C~400°C T d  80°~100°C
CEAERRE ¢ CuS 25, MEEL {Hitka
NIRRT T 4%, T 7 7=,

- KMC, 7F 2 7as 4 mErmbfmefiisos

T, Bl R n o, SEE MACH BRI R o
DA AT e A TS D BB L, FRRE
RSOt T d CueS T 5. o
CusS VbR L 7m0 (1 IEBE <O
Cub =& VJ ~
AR =TT B RIS T TR IR B F N
T{%.Zaﬁ?ﬂﬁﬂﬂﬁf%&faéafw
277w, Trasnyqi bimELTHsd O
B-ZnS TH b KM.C. Lo ALS; TH BT &
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Table 8.
Int | Hanawalt| Int ?%if'; Int |};fz[[;ﬁf[%ut53 I&"
? : P G
W 5.3 |
m 470
W 3.47
V.S 322 S 318 s 3.17
m 295
s 282
w o 2.66 S 2.66
m | 254 m 2.57 m 255
W | 247 W 244 | W 2.7
w237 W 237
w218
vw! 213 .
m 2.07 S5 2.06 S 207
m 1.99 m 1.98 m 1.95
m 1.91 m 1.92
S 1.86 m 1.58
m 1.74 m 1.72 m 1.74
m 1.69 m 1.68 m 1.68
m 1.60 m 1.61 m 1.60
m 1.55 m 157 m 157
m 150 | m | 149
W 1.401
m 1.370 | mo 1.36
m 128 | m 1.28
m | 122 | m d21
m 111 | m 110
| m 1.04 ‘ m 1.04
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The Crystal Structures of Some Rhombic F ormates
(Continued Report III) Barium and Lead Formates.
App.: The Thermal Expansion of Strontium Formate.

Tadashi SUGAWARA *, Masao KAXuno **, Yoshihiko Saito Aok
' and Isamu NiTTA
' Department of Chemistry, Faculty of Science, Osaka University

Using the method -of analysis same as that described in tﬁe previous two -
reports?? * on calcium and strontium formates, the crystal structure of bariurﬁ and
lead formates was determined. Both crystals correspond to the same space group
"D3-P2:212y as strontium formate. The dimensions of the unit cell containing four
chemical units are: a=6.80kX, 5=8.89 kX, ¢=7.66 X for Ba(HCO,)s, ¢—6.52 KX,
b=8.75 kX, c=7.41 kX for Pb¢ HCOz);. All the atoms occupy sets of general positions -
Xyz, %—I—x,.;-,lz——"y', —z; %—--—x, —‘]2'—+y, -;——z; —x, —-.y,_é—-kz. By means of the
syntheses of the two-dimensional Patterson functions Ismd electron densities, the
atomic parameters were obtained (see Table 4), their final adjustment being made by
intensity calculations. o

The determined structure of these crystals was discussed comparing with those
of Sr(HCOz), and Ca(HCO:): of which the latter corresponds to Di:-Peab with
the unit cell containing eigbt chemical units. In all these crystals HCO: 3~ ion
Possesses approximately the same structure, its two C-0 distances being practically
the same, thus showing almugt complete resonance between the two valence bond
structures for (HCOz)~. _ .

App. The thermal expansion coefficients of anhydrous strontiﬁm formate along
the three principal axes were measured by the method of the high zmgle X-ray
reflection. The values between 23°~76°C are: aa=(3.57:l:0.08)_x10‘5, aw=(1.15 -
£0.05)%107%, @e=(2.3610.05)x10-5. (Received January 15, 1951)

* Now at the Research Institute for Iron, Steel, and other Metals, Tohoku University,
Sendai, Japan. - , : :

*¥* Now at the Department of Applied Chemistry, Faculty of Ehgineering, Osaka
University, Osaka. '

*%% Now at the Institute of Polytechnics, Osaka City University, Ogimachi, Osaka.
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Table 1. Unit Cells of Sr,Ba and Pb
Formates
‘a(kX) (KX |c(kX)| z | povs |peray
Sr (HCO2); | 6860] 8730 7253 4 | 2693 2705
BaCHCO2): | 680 | 889 | 766 | 4 | 323 | 3.24
PB(HCO.: | 652 | 875 | 7.41| 4 | 4642 4638
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Table 2. Characteristics of Intensity Distributions of Formates.
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Table 3. Observed and Calculated F-values for Ba formate.

wel | Fo | Fc | hel | Fo ‘ Fe m | Po | Fe | mh Fo Fe
110 | 329 280 | 450 | 130 | —102| 20 | 77 | 41| oo0s 7.1 18
020 | 220 236! 270 | 128 | 108 750 | 164 120 106 | 221 209
120 98 | —153 | 540 | 110 | — 126 490 | 143 | 124 | 107 | 109 | -121
200 | 162 -] 189 600 | 228 | —197| 800 66 | - 01| 503 72 | - 104
210 | 204 | —167| 610 | 72 |- 45| 810 5.0 50| 206 — | - 32
130 46 55| 460 — 38| 80 | 50 | - 42| 405 69 | 66
220 | 11.2 150 080 | 72 | -11.0| 3100 | 116 138] 601 . 60 | - 64
230 223 | -251| 370 | 50 | — 39 8% 86 97| 306 — 15
040 | 205 | — 281 180 7.2 390 101 | vew 120 504 | 160 | -163
310 40 71] 620 | 138 | —133| 002 | 440 | —4z2| 602 | 191 | -152
140 67 | —1261 550 | 150 125 102 | 120 | — 186§ 207 — | - o4
320 | 468 | -415| 280 | — |- 58] 201 | 270 | -288 603 | - { 32
240 | o4 |- 95| 630 | 36 |- 66| 202 | 260 | 204 406 — | - 18
330 66 | — 44| 640 9.8 18| 108 | 1.0 { —172| 505 70 | 113
150 217 | -233]) 470 9.0 .64 | 301 — |- 35| 307 123 16.6
400 89 | - 85 560 60 | — 17| 104 | 238 226 | 604 | 92 76
410 | 148 | —128| 380 | 189 183 203 | 223 223 701 | — 21
340 340 | — 317 120 — | - 08 302 — | - 03} o083 7.0 - 135
420 27 | ~ 09| 710 | 149 | —153 | o004 i 160 169 | 108 | 11.2 12.1
250 73 | —152| 650 — i - 28] 105 163 153 || 702 82 | - 83
430 322 | — 265 250 125 128 303 248 246 506 138 118
060 | 342 | —346| 720 — | - 02| 204 | 184 | —101) w07 | — 41
160 — o 480 |. 92 46| 401 | 280 | s02| 208 — 45
. 350 — 1.7 570 131 96 402 4.0 98 703 —_ 18
260 79 | -185) 730 — 13| 304 — | - 80| 605 — | - 18
440 66 | — 01| 390 — |- 09} 403 | 200 | -5 704 | 102 141
510 | 208 | —175| 660 | 257 168 | 205 70 |- 62| 507 | 158 | - 112
520 | 175 | —127 | 0100 7.5 101 501 0% | 105 606 60 | — 11
170 | 150 | - 167 | 1100 i 115 84| 502 7.3 1| 801 | 81 | - 97
360 69 21| 740 | —. 12| 305 | 252 218 109 | 90 53
530 46 18| 580 | 109 100 | 404 63 | — 44

a4k B T o M W H
Table 4. Values of Atomic Coordinates.

Sr(HCO:)2 Ba(HCO:):2 PbCHCO2):

E ‘ ¥ ‘ z x } ¥ J z x | ¥ =
M . 0 0.0915 0 0.0750 | 0.0834 00417 | 00709 | 0.0875 0
Or 0.145 0.154 0.358 0.162 0,281 0437 | 0152 | 0170 0.360
Ori 0384 | 0330 0.350 0242 | 0410 0196 || 0329 0.345 0.300
O:1 0,268 0.235 0.828 0.342 0.166 0805 | 0.354 0.241 0.800
O1v 0.130 0.370 0.057 0471 0,100 .0.063 0.179 0.378 0
Cr 0.245 0.260 0.420 0.243 0.385 0.356 0.294 0.272 0.404
CIr 0.132 0.303 0.906 0,388 0073 0.920 J 0.227 0.343 0.792

S ! - -
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: Table 5 Interatomic Distances. _
Sr(HCO2), . Ba(HCO2):2 ' PH(HCO.):

RERE | BOCE | VBT | TR | hLET | EBET | HEmE

HLETE | FRET D

St/ serr | 39 | ma Ba’’! 422 | Py | P 411
Sr . 441 Ba 455 i Pb 432
Screr | 663 | Ba’’ 597 | Fb’’ 6.20
srr . oy 259 | Bavr | Op 3.70 Ph /s Of 286
0777 293 o 355 | oy’ | 230
Oy 2.65 o . 282 On 2.60
O’ 2.7 ' 01/’ 291 o1’ 255
! O’/ v 2.53 O’ 3.34
' o0 - 362
. Omw” 283 Onr’”’ 298 | | Om’”’ 2.56
. | Oy’’’ 267 . Oy’’’ 274
Oyv7/ 259 Oy’ 3.01 Oy’ 257
Oy’ | 262 Opv’*/ 270 Opy#?7 262
O’ . Sr/ o83 OIN/ . Ba’ 3.70 OIN’ i’b’ 286
Sr/’ 259 | " Ba’!’ 355 | I N 280
Oy’ | 224 O1” 224 o’ 2.25
Oy 277
Ory 2.98
Oy’’’ | 296
O Sr’ 275 | Oy Ba 334 Or { Pp | 255
Sr/ 265 | Ba’ 291 : [ Ph 2.60
ﬂaf/ I 282
Oy 2.77 .
O1v 277 | | Oy 280
| Ow’’” 289 |
O Sr* | 258 | O Ba 267 | oy Pb 2.74
Spr* 253 Ba’ 2.98 Piy 2.56
; i . Pt 362
Ow | 224 | O 224
- ! . oy 2.90 ' Oy 2.24
O 280 | O’ 284
Oy’ | 277 | :
Oy Sr 262 O | Ba 270 Oy | Ph 2.62
Sro 250 | Ba’ 3.01 P | 257
| op 296 | b ! o 2.80
013 277 | '
-_ 5 o’ 271 | :
Cr Oy 124 ¢ ol 124 ¢ 0; 1.25
Orr 126 O 1.25 Orr 1.26
i O’’’ 248
Om 293 .
! : Crr’’ Y- .
Cry Om | 125 Cry | Omx 125 ' Cn O 1.26
[ O 1.25 [ Opv | 1.26 O | 124

04 | - 297

¥EHEY S unit cell 2fFF 5 Lo
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Table. Structure of Formate Ion
i (HCOO)T } (HCOO),;
—_ . . —
. co ‘ c-0’ ‘ Z0C0’ co | co ‘ £0CO/
Ca(HCO»): |  125kX ‘ 125 | 1250 125 ‘ 124 ‘ 1240
Sr(HCO:)s 1.26 | 1.24 ‘ 1260 1.25 125 | 1270
Ba(HCO2):2 125 | 12 | 1 26 | 12 e
CFA—ofhob o7, C-0 Mk 1.24~1.26  § ity
KX QRN TER A 4 Mo 2 o C-O §a a) gy v Ba(HCOz):: Ba 41+ @

LM OEEIR F il — SO O TH B L
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FICIgE: 4 & o gt G = AT L, 2 (o C-0

EEEE(NTHEI T LRENLTHE.
CEIEEG 20CO w0 Tk Ca HOBMY
Dﬁk%(ﬂWﬁ&&i@%ﬂk.%ﬁﬁﬁ%ﬂ
A FrOfFhcBlT 2o Thn. PhHEOEM
FFRME T BT L DR renE .
CREORFA F v LEERA + v LRI ED
Bl chashbeoE, Ba L PhiElk

X

——
[

MM iE 2.67~3.70kX ofificbrzs gtk
9 [ oMEEaEEENI LT hs GETED .
Ba-O ML <
Fips 2.75kX ©H Y, LROBEIMREC AL Y
&,
& Ba Caz (CH,CHGCO2)s @fiE ™ vtk
: 4> W. H. Zachariasen: J. Am. Chent. Sec. 62,
1011(1940).
5Y {:H, ¥ Sei. Fapers Inst. Phys. Chem.
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. Intensity of X—r_ay Diffraction by a One-dimensionally Disordered
Crystal '

(1) Genera! Derivation

Jiro Kakivoki and Yukitomo KoMURA
Institute of Polyvtechnics, Osaka City University

The i_ntensity formula for the X-ray diffraction by a one-dimensionally digorder
-ed crystal was obtained uging the matrix-method of Hendricks and Teller? for
the case of a finite number N of layers (eqs.(15),(16)). Deviding (15) by N and putting
N-—ca, the agreement is obtained between (15) and eq. (997 in their paper, their ¢
and V' being correlated with our ¢, and V, by(20).The general formula for S=0
(S is the degree of influence of the preceding lavers en P ) is (25) or (26). Us-
ing the relation (27), the term with N in (26) is equal to [207 of Hendricks &
Teller. For the special value of ¢, of (28) the denominators in (26) become 0, in
which case (25) becomes (29) and, while only the first term with N in ( 26) becomes
(30) in the limiting value of 7T and is generally very weak, the limiting value
.of the whole (26) -becomes equal to (29). In case S=0 and @s=¢ (26) becomes
(32). In case S=0 and V,=V, we obtain (36) and (37). The general formula for
5=1 is (15) or (16) itself, which can be, if wanted, separated into two pa}ts, one due
{0 8=0 and the other to S=1, by using (42) or (43). In case S=1 and ps=¢ (15)
becomes (49), which turns out (53) for R=2. For a one-dimensional AB-alloy (53)
becomes (56) which is equal to (57) in the complete disorder and to (58) or (59)
in the perfect order. Theagreement can be obtained between (15)and (38) used by

can be obtained from (40) by taking the special value of (61) for P, which is avail-
able only for the close-packed structure. Thg' difference equations for P, for S=
2 and 3 used by the mwill be obtained from a set of 29-2 gimultaneous difference equat-
ions for 5=5, which will be described in the third report. In conclusion, in order
to examine only the general feature of the diffuse scattering we are satisfied only
with the term With N in (16) but we should consider the higher term when we ex- -
amine for example, the relation between the diffuse and Laue scatterings, the

crystal with slight irregularities, the intensity near the special point ( (28) D
or specially the crystal with small N (Fig.1.). (Received Jan. 19, 1951)
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