Chepter III
EXPERIMENTAL

3.1 The Powder Photographs

In order to take the powder photograph, Stemonone
crystel was cerefully ground to fin; powders, By using
Guinier-Hagg type focusing powder camere, and monochromatized
CrKet rediction (A= 2.28962 A), the x-ray powder photograph
was nbtained at 22°C. To elininoate error due to film shrinkege,
o complete scale was printed on the film before processing,
and cobolt phosphide (CoPB) was uscd as ¢n laternal standerd
substanceé, whicg from the graph of Fig,. 1 gives diffrection
ares of Btemonone at accurastely known angles,

The x- rey vowder diffrsction pattern for cobolt
phosphide (C0P3) is given in Table 1, The indices of the
diffraction lines of Stemonone were obtained by ustng the
Ito method, 2nd préliminary ccll parameters obt=ained fronm
rotstion =nd Welssenberg photographs., Powder diffraction
dete for Stemonone with 1hdte€s celculated using & desk
calculator ere shown in Teble 2, The following cell

parometers were obteined:

o G 0
9.7821.002 A 5

a* = 0,2983+,0011 rlu. =
o

0.2198+.0011 rlu.,b = 12.903%.002 &4 .
5]

0.2926+,0011 rlpn., c = 8,210%.,002 4

I

b*

il

o

6 S.Rundgquist, ond N,0, Ersson,,Arkiv For Kemi,
37(1968),p.103.
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¥ = 79.030%.005°

o = 92,950%,004° ,
p* = 72,6504.005° 5 p
%

(o)
103.88'9+.003" ,
124,700+,003°,

]

¥ ¥ = 53,920+,005° ,

v = 0,0]478 (T ol'pdo)B’ vV = 812.1 83 s
a $bsec=1: 1,32 ¢ 0.84,
Table I

Ax=Ray Powder-Diffraction Data for CoP3

I SRR Pkl e s'go
m| 42,40 | 110 | 12,1255 } 0.28598
s | 60,39
m| 74,65 211 | 21.3359 | 0.28581
s| 85,85 | 220 | 24,8422 { 0,28604
vs | 98,00 | 310 | 28,0154 | 0,28587
g |108.28 | 222 | 30.9667 | 0.28599
8 |118.12 | 1321} 33.7636 |10.28584
m{127,48 | 400 | 36,4514 | 0,28593
m 136,641 330 | 39,0635 | 0.28587
vs [145,.64 420 | 41,6263 0,28582
s |154,46[ 332 | 44,1622 | 0,28591

The crystal system of CoP3 is cubic, the cell dimension

is & = 7.,70735 £ 0,00005 3.

The ongles, ©, are ’

Rnowno.
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Fig.17 Powder photographs for (a) Stemonone erystal + COPB, (b) CoP, CrK radiation
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Table 2

X=2oy Powdcr-diffractionvdata for Stemononetnnrefineh)

o x-El el 8 Siﬁzoobs sin%e__, | sin®e_, -sin®e__,
0 1 0] a 6.31067 .01208 .01208 .00000
1 1 0]s 2.04002 .01502 .01501 .00001
1 0 0f{s | 8.57890 .02225 .02225 .00000
0 1T 1| w 9.52278 .02737 .02737 .0C000
T 1 1fjww 9.89178 .02951 .02951 .00000
1 0 1|w | 10.10058| .03076 .03062 .00014
T 2 olww | 10.32082| .03210 .03197 .00013
1 1 1|m 12,01116 | 24331 .04334 - .,00003

10 2 ofln 12,70892 1 04840 .04832 .00008
1 1 Ofm 13.39804 | ,05369 .05362 .00007
1 0 1| w 13572860 | ,05668 .05667 .00001
2: 2 Of w 14,21290 | ,06028 .06008 .00020
1 08 16.63967 | .08200 {.08181 ,00019
0 2 1 .08195 .00005
0 1 2 " 17.01400 | .08562 .08547 ,00015
0 0 2 .08562 ,00000
% 1 -2km 17.13687 | .08682 .08679 00003
1 3 1} yyw| 17.40261 | ,08945 08916 .00029
2 2 1} o | 18.02255 | .09573 {'09537 00636
2. 3 1] . +09559 00014
2 1 1{ yyw| 18.81087 | .10397 .10384 .00013
1 2 1} w | 18.97931 | .10577 .10532 ,00045
V2 B 19.30757 | .10933 .10916 .00017
8.3 2 .10992 .00057
0 3 T| vww| 19.52446 | .11170 .11179 -,00009
T 2 2|vs 19.89801 | .11584 .11596 -,00012
2 2 24 wvs| 20.00464 | ,11804 | ,11805 -.00001
3 & 0F 21.4186 113336 {.13278 .00058
1 @ 2 «13393 - 00057
e

w | 21.8565 .13860 .13830 ,00030




Table 2 cont.

Lo

2 2 = .
h k 1 I (] Sin Qobs Sin Ocal Sir. Qobsu&in Qc@l
1 2. .2 W 22.37410 . 14490 . 14426 -, 00064
13 2 yyw | 22:657c2 | .14839 y1“8°8 00031
g T | . 14846 - . 00007
2 .3 2 m 22,95296 | .15208 . 15210 -.00002
0 2 2 |ww 23.46834 | ,15860 . 15838 .00022
3 4 0 W 23,79106 | 116273 .16175 . 00082
ER R 24.47913 | 17169 | .17112 . 00057
i SR SR Ll 0 24 94243 | /17783 . 17743 . 00040
3 0 T |4w | 25.37006 | .18358 1'18257 00101
- .18282 . 00076
11 3 |yuw | 25.6265 | .18705 {°18691 - 00014
6 T 3 .18638 . 00067
22 1.0y | 26.46531 | 19861 i°19763 ksl
3 5% .19794 . 00067
2 0 3 |vw 26.80866 | .20341 .20342 . 00001
3 L 2 w 31,83451 .27822 . 27679 . 00143
2 & O© & 52;7822 29316 {.29222 . 00094
1 4 . 0 . 29269 . 00047
1 E 3 . 33.04986 20743 {.29667 . 00076
13 -+ 3 . 29771 -.00028
2 3 0 |vvw | 34.,07534 | .31392 | .31352 . 00040
i 5 1 vvw | 35.74273 34123 33902 .00212
- WP Ot ¢ . 34126 -.00003
3. S 3 W 37,32984 | .36773 . 36774 . 00001

The refinement of the unit cell dimension wes carried

out by the least-squares amethod.

Eighteen reflections were-

chosen and performed on the NEAC 2200 computer at the unit of

Computer Science, Chulalongkorn University.

The data after

refinement was shown in Table 3? The refined cell dimensions are



o' = ,2988+.0011 rlu.a = 9.746+,002 5
b’ = ,22004.0011 Ta.b = 12,866 +.002 &
¥ = .2025+.0011 Mo = 8,198+.002 4
= 99.206+.0058° , & = 90,956%,004°
P* - 22.754+.005° , P =1103.566+.00%°
¥ = 53.9 864.005° , ¥ = 124,580+.003°
v = ,01485 (r.1,u.)3,v = 808,2
Teble 3 . Data after raefinement
h 1 sine__ | sta%_ . |sin%_, _-sin% .
0 0 .012080 .012104 -.000024
T 0 .015020 .015093 ~.000073
1 0 022250 .022316 -.000066
o 1 1 .027370 027463 -,000093
3 1 .029510 7029551 -,000041
T D41 .030756 .030747 .000009
20 .032098 .032079 .000019
;| .043310 .043405 ~.000096
g =0 048399 048415 -.000016
0 .053690 053745 -,000055
A A | 056676 .056655 000021
2 2 9 .060280 060374 -,000094
1T 1% .086819 .086780 .000039
- S . ¢ .105773 .105762 .000011
® R 3 .115840 .115818 .000022
T . ho.8 . 138595 138671 -,000076
2 ‘uB . 144901 .144912 -,000011
3 4 .162731 .162590 000142
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With the same powder diffrection vhotogreaphs of
Stemonone (Fig. 19), the positions of diffraction lines were
measured: by Miss 'S, Pramatus” st the InStitute of Cheristry,
University of Uppsels, Sweden., The calculation of observed
sinzo for each reflections was determined by her by compputing
program GUINE with an IBM 1800 Computer’; the powder.data were
shown in Table 3, Twenty seven reflections with unambigulty
of indices were chogsen for lesst-squares refinement with

computing progrsm CELCIUS using g cDC 3600.Computer.
The dot: after last refinement was shown in Table ¥ ,

The final cell parameters are

o = 12,864 (2)* /Wil o = 103.564 (8)° ,

b= 9,748 (2) & P = 90.955 (5)° ,
= 8.19202) 4 3 = 124,605 (22)°,
= o7k (4 .

L
Nurbers in parenthesis here and throughout this
peper are the estimated stznderd devietions in the least-
gignificant digits.



L3

Table &
Stemonone PBowder Decs
2 2 2 2
h- ¥ -k I &) sin Oobs sin gcal sin~e bs—sin ch
1 0 0 m 6.313 ,01209 .01212 -,00003
1 1T o} wvs 7.037 | .01501 .01509 -,00008
0 1 0} wvvs 8.567 .02219 .02232 -,00013
T 00 1 w 9,534 ,02743 .02750 -,00007
; W R O G 9,503 .02958 .02957 ,00001
W A w 10,109 .03081 .03077 .,00004
2 T 0| vww /| 10,318 | .,03208 .03210 ' =,00002
T8 s 12,015 +04333 04343 -,00010
20 90 s 12,713 | 04843 . 04848 -,00005
1 1 0 3 S 13.“’05 005375 005379 ‘500004
0 1 1 w 13,765 .05662 205670 -,00008
2 2 0| wvvw | 14,215 .056030 .06035 -,00005
2.0 11 5 | 16.6u6 | 08206 {08197 #0007
0 1 2 ,08205 .00001
0 0 21 4y | 17.026 | 08574 {°°8556 - 00008
N . {1 .08571 ,00003
 PEL ER w 17,138 | ,08683 . 08689 ,00006
3 1 1| ww 17.413 | 08955 ,08962 .00007
2 2 1l 18,027 | .09577 {.09562 .00015
1. 2.1 .09584 -,00007
T 2 1| vew/| 18.823% | .10410 . 10400 .00010
- A0 RS m 18,989 .10587 .10588 -,00001
2388 B 19.326 | .10952 {.10950 .00002
1.8 2 . 10986 -,00034
3 2 1| vew| 19.489 | .11131 211149 -.00018
3 0 1{ wvvw | 19.578 .11228 011239 -,00011

i
b

= broad




Taeble 4 cont,

4L

. 34070

h:oak 1 T 0 sinZOobS Sinzgcgl sinzeobsusinz
247 2 1 wa 19,515 .11603 .11597 .00006
2. % 2.1 veat$20.1h7 .11863 .11829 .00034
2 3 0 | vhgm {21.431 . 13381 13324 ,00027
4 1T 0 ; vw [21.87% .13881 .13884 .00003
2 1T 21 vww {22,389 .14508 . 14508 .00000
Ficg 4 . 148561 -,00003
3 1 2 | Vvwj22.672 | .14858 {014872 ~.0001L4
22 m [22,958 . 15215 .15226 -, 00081
- % o W }23.779 .16258 .16257 .00001
2 3 2| vvw ]23.856 +16358 . 16524 -.,00165
2 2 2| www {24.631 « 17371 .17373 -.00002
0 <3 1 - .18338 . 00000
5 2 2| °" [25.355 18338 {,18356 ~.00018
T 0 3 . 18675 ,00000
1 T 3| W |25.60% | 18675 {,187ou .000029
T o 1] vwvw [25.921 [ .19109 .19119 -.00010
27 % .19856 .00004
F 3 1| W |26.465 ¢,+19860 {,19874 -.00014
L 2 2| ww {27.809 .21764 .21762 .00002
4.3 2 27774 .00018
T T 1| v |31.815 | .27792 {,27795 ~.00003
g «29339 . 000004
b 1 o | YVW |32.799 | .29343 {029365 - .00022
R T B .29771 .29803 -.00032
T 0 3 . F1822 - ,00023
3 2 of bm |34.108 | .31445 31446 ~.00001
0% T R 35.698 34049 -,00041




Table §

The datg after last refinement

45

h k¥ 1 Sinzgobs Sinzgcal (sinzgobsusin Ocal)
1 0 0 0.012092 0.012115 .00023
1 1 0 0,015010 0.015086 -,000076
0 1 0 0.022195 0.022319 -,000124
G Wt S | 0.027439 0.027498 -,000059
$:3 0,029582 0,029573 ..000009
o0 1% 1 0,030813 0.030773 ,000040
2 T 0 0.032085 0.032083 .000002
i g 0.043335 0.043433 -,000098
N i A ¢ 0,048431 0.048460 -,000029
1 1°0 0,053750 0.053783 -,000033
0 1 1 0.056622 0.056700 -,000078
2 0 0.050300 .0.60345 - .000045
1" 1 '@ 0.086836 0,086893 -,000057
3 1 1 0.089554 0.089589 -.000035
oy 0,104101 0,104007 ,000094
2 11 0.105876 0.105862 .000014
5 2 1 0.111312 0.111467 -.,000155
T.0:1 0.112287 0.,112351 -, 000064
2. 1§ 0.116033 0.115957 ,000076
- 1.0 0.138817 0.138766 .000051
o SR TR 0.145088 0.145081 .000007
$ .2 2 0.152154 0,152238 -,000084
T 3 0 0.162587 0.162536 .000051
2 2.2 0.173711 0.173733 -.000022
R il | 0,191093 0.191122 -.000029 :
e 2 2 0,217648 0.217585 .000063
1 . 0,340493 0.340549

-,000056




3.2 The Roﬁvtion and Welssenberg Photogranhs

& Two suitable wéll-formcd singlc crystels were seleccted
and'mountcd separately perpendiculsr and persallel to the ¢
axis (ﬁeedle axis) on the goniometer hecds. Fnllowing the
methods described in ¢ previous thesis (Chaipayungpun, 1970),
the x-roy dota were obtoined from rotation =nd Weissenberg
photographs with CuKel radiation olong b ¢nd ¢ rotation axes,

o8 shown in Teble 6-9-,

Table 6
‘ Determination of o&ll parameter, b,
4 - from {010] rotetion Photograph
layer 2¥ % ¥ tan vV 4/ sin o b =l b
(n) (mm) | (mm) |=ten £ ~y 1 % A°
D
Cu K& radistion, Ny = 1,5418 A
1 6.95{ 3.475| 0.1213| 6°57°|.1210[12.743 | 12.743
2 14,30 | 7.150 | 0.2496|14° 3:|.2427| 6.353 | 12.706
3 22,40 11.200 | 0.3909 {21°217].3641| 4.234 | 12,702
L

31,70 | 15.850 0,5532028057" Jhsl1]| 3,185 12,740
Cu Kp rediotion, A, = 1.3922 &
6,20 3.100| 0,1082} 6°10:|.1076(12.939 | 12.939
12,90 | 6.450] 0.2251112%1°],2195} 6.342 | 12,684
19,60 | 9.800] 0,3420(18°53°}.3235| 4.304 | 12.912

28,60 ] 14.300] 0.4991 }26%31°|. 44861 3.117 | 12.468

T W N -

&

av, 12.73

p

r = rodius of thc comera = 28,65 mm,






Teble 7

Determination of @¢ll paremeter,C,

from [001] rotution photogreph

48

layery 2y "y e ¢ c
. min mm tan 'J ‘)’ g m Ao
t p]
Cu K« | rediation, A= 1.5418 A |
1 h0.975| 5.488 |,0.1915 | 10°50° 0.1872 |.8.210] 8.210
2 {23.20 ] 11.600 | 0.4049 | 22° 37 0.3753 | 4,108} 8.216
3 1B9.40 [ 19.700 {0.6876 34230045ﬂ 0.5666 | 2 7211 8.163
Cu KB rs*diation,&lw =1:.3922 &
1 19.75 1| 4.875]0.1702 | 9°40¢ 0.1679 | 8.292| 8.292
2 120.67 { 10.340 | 0.3609 | 19°51° 0.3395] 4.101] 8.202
3 {34.10 | 17.050 | 0.5951 | 30°45°¢ 0.5113| 2.723] 8,188
" av.8.21
Table 8
Determination of the ¥nclination angle 4, and layer
Iine Serecn setting,S, from rotstion photographs
layer WA " = r ten u
K %'— Ll o M tan: & = 24,238 mn,
f010) ratstion axis
1 {0.1210 | 0.0605 32281 ' 0.0606 1.47
2 to.288% | 0,121 6°58:30% 0.1224 2.97
3 [0.3641 | 0.1820 | 10°29920% 0.1851 b, 49
4 {o.u841 | 0.2420 | 14°20¢ 0.2494 6,04
[001] 1rotation axis
1 ]0.1878 | 0.0939 5023120% 0,0945 2.29
2 10.3753 | 0.1876 | 10°48°40¢ 0.1910 4,63
3 10.5666 | 0.2833 | 16°27°40¢ 0.2954 7.16




Table 9

Cell parameters determined

from Weisscnberg

o) [010] rotetionsl axis

\ .

il

s

B

'6 w
V*

a s hs C

0.,200+,002 Blu,o
0.151+.002 Blu.b
0,197+.002 xnlugc
79.62+.,10° , &

B
53.354/100 4 T
0.00454u(r.x,u,)3,v
1,28

72 40¥.,10°% 1,

=

3 =3

b) [0013 rotetional oxis

S
o

il

0,200%.002 Tdats

0.151#,002 rlugb
0.197+.002 Tdax,c

79.63%,10° , ¢ =
72.30%.10° , P =
¥

1l

53.50+,10°
o,oou53u(r.1.u.)2
1,29

= X=s

v

photographs

8.2214+,003 &

Il

92,800+, 004°

104, 563+.po%"
225,450+, 004°

(5]
806.5 43

i

-—

¢ D8

9.885+.003 X
O
12.,764+,003 b
(o}
8.210+,003 &
90.000+.004°
104, 045+, 004°
125.050+,004°
.

808.4 A

s 0.83

o
9.929+.003 4
0
12,730+.003 4
(9]

L9

]
3

2

]

3



rg photograph
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3.3 The Structure Factor

In order to cnllect the intensity dete, Intezrating
Weissenberz photozraphs, multiple-film tedhnique, were taken
along the C rotatinn axis, The Intezreted phntoxzraph of the
2nd laycr,{1001] rotetionazl exis is shown in Fig 19. A pack
of 3 photozraphic films was used for each x-ray:photograph
insteod of the customery sinzle film, The intensities of the
stronz reflections =re estimated by exemining tho fidm of" tthe
pack forthest from the chystal, @nd the weaok reflections are
egtimated from the film: nesarcst the crystel,

The relsative intensities, Irel’ obtained rrom the
ngmber of oscillations (n), of each spcctra determined from
the groph ere shown in Table 10, column 2. The values of
sinzé;'l/LP,éﬁd the structure factars of each spcctra are
listed‘ in column 3, 4 end 5 of the samc~teble .Tho.rectproedl
1nttioo not of the.o-th layer.and thc . 2&wd.layor, [0013 -+

rotation axis are shown ¥n the Appenlix.
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The Structure Factors
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40.0
1370.2
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11.6
100
9645
10.8
226
5646
1017
696
116

288.2

10.3
1.C
9.2

147

3444
646

886

287,5

Table 10

51220
021965
00469621
<0RTREC
+137280

«010120

+ 024375
2049613
«085834
«133037
«191222
0340541
«431673
2040478
063498
¢ 097501
0142486
e 19845%
343336
0532148
543028
2091076
2122860
«165628
e 219377
«359A824%
«544200
«6528862
a1 12506
«s253993
« 569945
s 793815
2252988
2302302
« 433877
2364303
2422381
04531442
+ 495856
«006846
s 0145855
003“247
« 062921
2155216
+ 217837
0291441
2376027
24T1595
a8578146
«02R440
eGeT385

(ebserved)

1/LP
«153149
0239222
2337125
2450961
«102132
e161912
e23975%
0332242
2441446
2569380
+8602R%
s9T72459
0213676
2276775
2359694
«%625390
2584923
2864759
e 993823
« 885737
23464803
e 41R470
s513739
e629393
«889950
29883562
+870735
2546418
«T0N913
«G71164%
«501448
«698BRO
e 794327
«e974180
o B96441
« 964631
2999562
999898
s 083595
-123301
Oh b
2275283
e 490829

oh26167 .

0774158
e 912666
2295173
+ 9641641
2175950
«172385

7P £
Q. 664643

1.177913"
%.619521
42247169
11.82965¢C
12.949&0¢C
11218150
4,TBLRLTO
16671350
1.687275
2672143
1.559213
4,507852
8.078577
2.927089
17.673160
7026197
2.389004%4
2.043050
3.092887
1.,999928
5.,8863866
4,667173
1.910622
2.,983203
2.288737
1695117
«804001
3.571639
1.284503
1.734138
3.710514
3,035488
3.121185
9.300888
3,22769%

4,752904

7.522911
22915747
2.929451%
1220811
8.9070%28
2:2648452

« 791294
2.668754%
3.662811
5.85097%
2.5225%0
3.,946312
7:.039%2%
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329
9.2
123.1
1-0
158
10.8
Geb
1.0
167

675.2 -

217
%©6549
208a4

25
10.8
Tad
25
3848
1a7
Ha2
'303
363.3

10-0
IN6.7

977

540
20.8
205
2+5
" 15e2

175
28R <7

B0=6

387
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Sin @
2037312
« 058221
2090113
132987
e 1RGR4G
«251683
e%14%308
e512095
«&20R&3
«070273
2060453
« 061616

«072760

2176695
023216%
6299221
s 3TT260
0466282
2566286
cHTT273
5132245
0113761
2106159
= 109529
2123902
n 169267
s 185574
2232884

2440709

2634171
c 214658
» LRT3G7

«1T0G41

+ 165556
«171155
« 187735
2253844
303372
2317206
2281093
«241813
0238647
246463
2295042
335805
«395117
338308
+326378
03858478
0529381

1/
«2041946
2263003
e342510
04%1334
559930
+ 626236
«+95T0%2
2639123
+916776
«294027
e 268867
«s271898
2302748
536598
2656148
+ 788663
«9143086
2993207
29074054
08208628
0%38891
2397715
0380192
s 388007
0020832
2577620
2557185
«s 657644
2979176
0598618
«61942G
«560932
2525367
+513582
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