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ABSTRACT

This study was to refine the crystal structure of solid solution, to determine the position and

amount of Al in diopside, and to relate crystal structure changes and properfies of solid solution,

Single crystals of the solid selution in the system Ca0-MgO-25i0, - Al,0; were made from the

melt with slow cooling and used to refine the structurs. The following were obtained.

1. Tetrahedra rotated around axis parallel to the direction which the angle 03-03-03 became small.

2,
3
4

Tetrahedron became large and regular. Average T-O bond distance increased 0.53 percent.
M1 octahedron became small and average M1-O bond distance decreased 1,1 percent.

M2 polyhedron became small and average M2-O bond distance decreased 0.37 percent. Polyhedron

was affected not so much compared with any cation site.

5. Distance between metal ions, distances between T and oxygens which were coordinated with M2

and neighborng tetrahedron, distances between M2 and oxygens which coordinated with M1 and

M2 were not changed almost.
6. A1 substituted Mg?* and $i*" with same amount.
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Fig. 2. Scamning electron micrographs of each crystal grown from the mel.

Eox=0.10% o5
Teluh =24 B S elast o] kel FaslA

o input AHE R AEsig,

D5~0 Ca Mg 5i,0;
D5-1 Ca (Mg, a2l 150 (Sien Alvas) Os
DS5-2 Ca{Mgormn Alyso) (Sirza Algsa) O

o 7ol 4 Bml Al 2| spe] Axwr} ghed] o|mlo gt
Fal el A ol Eolzk @le® walc)

A H A e by sEads dgten®
of WRAY SAAE 54 st 0] Walen
iAo AZS 5342 Phillips 442 Four Circle
X=ray Diffractometer PW1100 & <-85le grap-
hite mionochrometer 8 4% Mo K, radiations o]
£8m w~28 FAPHLR 1<0 <4079 Weefi4
Yyt giet owle] FALEEE @7t 3Ymip o® F
ARE-2 2%e]g)rl, total counts #} 10,000 o]kl A-$-
ol 23] 93E3Gle] scanslglon] 24® 3475
o] 5} L-P { Loreniz - Polarization) 212} w32 3
A1 §4 242 FAIBE AR 4 04 alx)
A*2] zFS  Internatiopal Tables for X~Ray Crystallo-
graphy = 48 <1831 2Pajgivhe

A 239 A 5% (1986 (27>

AT ol AHEE ZAFEe ' 57
ko] FASe Alee] gl= HITACHI M 200H ejgle
o ARgg] =2 @ Tablel 3] 7te}, £3 parameter
o] Az= 9l matrix § 422y =292 LIN-
US D 24 anisotropic temperature factor = <83}
o] fshe] Fow =} 4bm) elxb=  Intermatioral Ta-
bles for X- Ray Crystallography 2] 72 AF8-¢]«
M site = Mg2] AmkelzlE, Tsiteo]t: Sie Abel
¢l=l-5 = $315 oo population parameter = refine &}
A HstetY = E f=be) Az L. Levinat C.T.
Prewitt & 2l E3 A sl 2498 Al8dlg oo a»
TF 48] 2= isotropic temperature factor B
A refine 3T oWl R Ry2] & DS-07}0.082,
0.082,DS5-1¢| 0.077, 0.083, DS-2 >} 0.050,0.050
o]9i L ©i4] amisotropic temperature factor 24 re-
fmedle] o2 FHFxql RY Ry & e #A71D0S-0
7} 0. 025, 0.029, D5-19] 0.044, 0.050, DS =2 7}
0.032, 0.036 o] e, T | A48 etd A2 =
7l, &4 HYRZ= 4, R, Ry & Table 26 eh
giet



obod &« #1458 - f )RRk
Table 1. The Names and Authors of used Programs.
Calculation program name and author
Observed structure factor caleulation XUTIL ¢ ISHIZAWA 1980 )
Full -matrix least - squares procedure LINUS ( COPPENS & HAMILTON 15870 )
Fourler synthesis RSSFR ¢ SAKURAL 1967)
Calculating the interatomic distances RDA4 ( SAKURAT 1867)
and bond angles
Table 2. Indensity Pata Collection Intormation.
DS- D5-1 DS~ 2
Space group C2/c C2/c C2/c
Crystal size (rnm) ? 0.05x .15x% 0.3 0,05x0.15x% 0,35 0.3125x 0.125x 0.35
No. of observed reflections 1291 1155 1130
No. of reflections used 1271 1085 1126
in refmement *
ROk 0 025 0.044 0,032
Ry ok 0.029 0.050 0,036
Tised rachation MoK.
Abserption coefficient ( em™) 20

* All were greater than 30 (|Fol)
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CaQ « MgO - 2 510, - Al,Q; 412 =&+

Table 3. Umt Cell Parameters.
D5=0 D5=-1 D5-2

a {A) 9. 751 {3 9, 749 (&) 9. 717 (2
b (A) 8. 931 3 8. 920 (7) 8.882 (@
¢ (A) 5. 255 (2) 5 250 (3 5. 266 (48]
8 (") 10589 (3 106. 06(2) 1D6. 16 (2
V (A) 440.2 (7) 438, 5 (2 436. 6 (2
oe* 3. 26 3. 27 330

% 'y theoretical density

Table 4. Final Refined Positions and Aniosiropic Temperature Factors ol the Crystals.

(Ml =Mgx Aly ,M2=Ca, T=S51,_, Al, )

D5-1 DS-1 Ds-2
M1 -
¥ 0. 04000 0. D000 0. DO
y 0.90B15(8) | 0.9082 () . 9080 (1)
z 0.25000 0. 25000 0. 25000
B 0.42 0. 40 0.41
A11 | 0.00112 0.0046 0. 0050
822 | 0.00148 0. 0055 0. 0060
B33 | 0.00336 0. 0045 0. 0042
813 | 0. odo6z 0. 0003 0. 5005
M2
X 0.00000 0. 00000 0. 00000
y 030121 (4) [ 0.30097{9) | 0.30185(1)
z 0. 25000 0. 25000 0. 25000
B 0, B3 0. 76 0.88
g 11 0.00193 0.011¢ 0. 0125
g 22 | 0.001%0 0.0093 0.0108
£33 | 0.00450 0, 0670 0, 0081
£ 13 | 0.00008 0. 0000 -0.q002
T
X 0.28652 (4) | 0.28705(7) | 0. 28741 (5
¥ 0.09331 @) | 0.09337(8) | D.09347 (5
z 0.23007 (7} | 0.2306 (1) 0, 2288 (1)
B 0,32 0,33 0. 46
g 11 0. 00075 0. 0035 0, 0048
g22 | coonle 0.0047 0 0065
£33 | 0.00914 0. 0042 0. (030
£12 | -0.00007 -0.0005 -0, G002
£13 | 0.00062 0, 0008 0 aolz
£ 23 | ~0.00013 -0, 0005 -0, 0003
01
x 0.11580(9) | 0.1154 (%) 0 1140(1)
y 0. 0876 0. 087 (2 0. 087 (2)
z D 1423 (7) 0.1418 (4} 0 138613
B 0.43 .45 0,69
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Tabte 5. Interatornic Distances and Angles of the Teuahedial Sie.

DS-0 DS$-1 DS-2
Intro—tetrahedral distances (4
T - 01C1 L BO2(1) 1609 (2 1. 620 (2}
T - 0z2C1 1. 587 (1) 1. 591 (2) 1. 603 (32}
T - 03C1 LEBBS (M 1. 660 (2) 1. 670 (21
T - 03cC2 1. 88712) 1. 687 {2} 1. 685 (21
Mean, Nbr * 15945 1. 600 L6115
Mean, Br** 1. 678 L 678 1. 6795
Mean of 4 1. 6363 1. 633 1. 645
T~ T 3112015 3.113{1) 3 113(D)
01C1 -02C1 27361 2.744(3) 2,763 (2)
01C1 - 03C1 2,682 (2 2,686 (3) 2,694 (3)
01C1 -03C2 2.692 (1) 2.685(3) 2704 (2)
02C1 - 03C1 2 665 (2) 2,667 (3) 2,680 (2}
02Ct -03C2 2.375(2) 2,582(3) 2.590(2)
03cC1 - 03Ce 2,647 {2 2, 650{3) 2.654 (2
Mean 26662 2.671 2. 681
Intra-tetrahedral angles ( deg.)
01C1-T -~ 02C1 118.15 {B) 118.1{1) 118.08 (%)
01C1-T - 03C1 11011 {5) 110,141} 109. 96 (8)
0iCl1-T ~ 03C:2 1092 82 {6) 109.7 (1) 108.63(9)
02€1-T - 03C1 109.80 (6) 109.8(1) 105. 95 (%)
02C1~T - 03C2 103 68 (5} 103 8(1) 103.771{3)
03C1-T - 03C2 104,14 5] 104, 3(1) 10L 43{8)
Ang. Var, *** 27.8 26.8 26. 5
T-03-T 135.59 (7} 136.1 (1) 136 66 (9)
Q3-03-03 166, U6 185.7{1) 165, 64 ()

* Nbr, = nenbridging oxygen atams{Q1CI and 02C1)
#% Br. = briging oxygen atoms (03C1 and 03C2)
#4% Ang, Var = defined by 7 (@1—108,47 °) 2 /500
'
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Table 6. lnteratoruc Distances and Angels of the M1 Ociahedron Site.

L D5~ DS-1 DS-2
Intra-octahedral distance (A)
M1 -01A1,B1 2.125(1) 2.123(2) 2.110(2)
M1 ~-D1AZ2,B2 2,062 (1) 2,057 (2) 2.038(1)
M1 -02CLD1 2.057(1) 2.050 (2) 2.026 (2}
mean 2.081 2,077 2.058
M1 - M1 3 0980) 3,098 {1) 3.0092 (9)
01A1-01B1 2.780 (2} 2.785(3) 2,780 (2)
02C1-02D1 2.986(2) 2.982(3) 2.965 (3)
01A1-02C1 3.029(2) 3.019(3) 2,980 (2)
01A1-01Az2 3.058(2) 3. 060 () 3.051 (2}
0142-02C1 2. 850 (2) 2.891(3) 2.871 (2)
01A2-02D1 2.971 (2) 2.953(3) 2.921 (2)
014A1-01B2 2.817(2) 2.807(3) 2.959 (2)
mear 2,942 2.529 2.904
Intra - octahedral angles ( deg )
01Al1 -M1 -01B1 82.06 (5) B2.02 (O} 82.41 (7}
01Aal -M1 -01A2 93.84(4) 94. 09 (8) 94. 66 (6
01A1 -M1 -02C1 92, 80(5) 9266 (8) 92.16 (7)
01A1 -M1-01B2 84, 57 {4) 84.35 (8) 83.34 (6)
0l1A2 -M1-02C1 89.12 {5 29.48 (9) 89, 90 (6)
0142 ~M1 -02D1 92.33(5) 91. 94 (9) 91. 50 ()
0z2C1 fMl -02D1 93.05(6) 53,3 (1) 94. 10 (B)_i

Table 7. Interatomic Distances of the M2 Polyhedral Sile .

DS-0 DS-1 DS-2
Intra- poiyhedral dstances (A)

M2 - 01 AL BI 2.363(1) 2.359 (2 2.363 ()
M2 - 02C2D2 2.338(1) 2,329 (2) 2.335 (2
M2 -Q3C1,D1 2.963(1) 2.568 (2) 2.553 (2)
M2 -03C2,D2 2. 724{1) 2.724 (2 2,703 (2)
T Ean 2498 2.495 2. 4885
O1A1 - 01B1 2.790 (2) 2. 789 (3 2.780 (2]
Q1A -Qz2C2 3,029(2) 3.125(3} 3.137 (3
01A1 ~02D2 2.971(2) 2.953{3) 2.921 (2)
0141 -03C1 4.262(2) 4,262.(3) 4,268 (3)
0D1A1 -03C2 3.629 (2} 3.5620t3) 3,608 (2)
0l1A]l -03D1 4.579(2) 4,574(3) 4 551(2)
0202 -02D2 4.587 (21 4. 567 (3) 4.568(3)
0zC2 - (0aci 2.575(2) 2.582(3) 2,590 {2}
gzCz - 03Cz2 4.135(2) 4.124(3) 4.138(%)
02C2 - 03D1 4. BRI 4.575(3) 4 578{3)
03Ct - Qicz2 2,647 (2) 2,650 () 2.654(3)
03C1 -03M 3.918(2) 2 916(3) 2. 885(2)
03C1 - 03D2 3.373(2) 3.36413) 3.3532)

(32) TR
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