Chapter 6

RESULTS AND DISCUSSION

The final structure data.for w3v5020 are as follows : monoclinic
system; space group Cc2/m; a=24.412 (2), b¥7.4479 KS), c=3.95067(3) &,
B=91.028_(75°, Z=é.  The atomic coordinates and tﬁe thermal paramepérs
are listed in Table 5.9. The model buile by'using the atomic coordinates

in Table 5.9 is shown imFig 6:1

Bond Distances and Bond#hngles

The bond distances and bond angles within &4 A limit, were
calculated by DISTAN program. The bond distances in W5V5020 structure
are shown and comﬁared with bond'distances of W3V5020 by Kihlborg et al.

in Table 6.1 i e L

Table 6.1 Interatomic diéténces in‘&'units (standard deviations in the
last digits are given within parentﬁgseé}'compared with bond

lengths obtained by Kihlborg. Distances shorter than 4 & are

listed.
Distance;
bond ' :
This{work Kihlborg
M- M, 3.168 (8) | 3.103 (8)
- M, . 3.236 (5) . 3.235 (5)
- M, {100] 3.68 (1) 3.658 (9)
- M, [010] - 3.72 ‘ 3.714 (12)
- M, [010] 3,728 3731 (12)




Table 6.1 {continued)

g

Distance
‘bond
This work - Kihlborg
-, foo1l 2 x 3.951 (1) 2 x 3.950 (1)
M, - M 3.236 (5) 2 x 3.235 (5)
- Ms"f100]' 3.583 (9) 3.696 (9)
- M, lot0) 2 % 3,725 3.727 (1)
- M, {001] 2% 3.951 3,950 (1)
My = M, 2. 168 (8) 2'% 3.103 (8)
- m, (1001 LA sss ) L 3.69 (9)
- M, 1010] 2% 8i725 4 | 2.x73.3727 (1)
- M, [001] 2 % 3,951 | 2 x3.950 (1)
M, - O | 11661°¢24) 1.782 (35)
-0, ' 184274(8) | 1,831 (5)
-0, | 932 3y | 1.910 @)
-0, : 1.911 (12) ‘ 1.914'(10).
- 04 2,089 (29) | 2,089 (31)
- o 2.293 (24) 2.177 (35)
M, ~ 0, ‘ 1,806 (44) |- 1.651 (34)
-Gl W . 1.?49 33) 1 1739 (30)
- o, | 1 2 x 1961 | 2 % 1,931 (39)
Zo, | ¢ blaas2 (] |0 ] 2k 2485(38)
- o% | 2.4 &) | 2,299 (36) |
My - 0 1.611 (43) 1,451 (39)
- o 1.848 (34) 1,957 (31)
- o, 2 x 1.944 (1) | 2 % 1.981 (34)
- o, 2,190 (39) 2.040 (35)




Table 6.1 (continued)

Distance
bond
This work Kihlborg

- 0y 2.351 (43) 2.536 (39)
- oé 2.854 (28) -
- o, 2 x 2.7;2-(22) -
-0, 2 x 2,911 /(33) _' -
- 0y 3.882/(¢28) -
- 0, 2% 2,557 (32) -
-0, 2% 31721.(2) -
- 0g 3,009 (65)" -
-0, of % 2,468 (34) -
- o, 2./%2.611.434) -
- o, 2 %42 ./9254(83) \ -
- 04 2 % 2.757 (34) -
-0, 2 x 2.675 (55) -
- 0, 2 x 2.69 (46) -
-0, 2 - zméae (36) =
- 0, 2.626-(53) ;
-0, 2.730"(53) ! -
~ Og 2% 125538 (51): -
-0, 3.869 (54) -
- o, 3,059 (37) -
-0 3.143 (36) -
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Discussion

From the values of coordinates of all atoms of w3v5020 earlier
listed in Table 5.9, the structure projected along ''b!" and "c¢" axes are
shown in Fig. 6.2. This structure is of the same type as R-Nb,O and
(M00.3V0_7)205 and composed of octahedra sharlng edges and. corners.
.These octahedra have M(1) (Wl/4V3/4) or M(2? (wz) or M(3) (Vz) atoms

at center and six oxygen atems at coLnerss
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Fig., 6.2 The structure of W, V.0, in two projections.
(a) Viewed along the ¢ axis

(b) Viewed along the b axis
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atoms are surrounded by six oxygen atoms

(Fig. 6.3a, 6.3b, 6.3c)} the coordinates of these atoms are listed in

Table 6.2a, 6.2b, 6.2c respectively, Interatomic distances of atoms

are given in Table 6.3(a), 6.3(b), 6.3(c), respéctively. Interatomic

angles are given in Table 6.4(a), 6.4(b), 6.4(c) respectively.

Fig.'6.3(a)-The M) O6 octahedron in W

3V5020

Table 6.2(a) The coordinates of atoms in Fig. 6.3(a)

Atom X Y Z
Iy | 0.0744 0.250 0.0867

0 (1) 0. 01255 0}

0 (6) 0.0776 0.25 0.5070

0 (6" 0.G776 0L.25 0.4930Y

0 43) 0.159 0.25 0.019

0 (&)  0.0929 0.5 0.0263

0 (2) 0.0873 0. 0.0145




Fig. 6.3(b)
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Fig. 6.3(c) The M(3)O6 octahedrengin W3V5020

‘Table 6.2(c) The coordinates of atom in Fig. 6.3(c)

Atom X ) AN
M (3) 0.175 0.00 0.923
0 (2) 0.087 £ |/ 0.00 0.015
0 (8) 0,181 0,00 0.517
0 (3 | 0.159 D.25 0.019
0 (5) 0.249 @. 00 0.038
0 (3) 0159 -0.25 0,019
0 (8") 0:181 | 0.90 | ~0.483

Table 643 | shows that M=0 bond)lengths in the three different
octahedra; M(l)Os, M(2)06, M(3)06: are not the same. Of M(}joﬁ, M(1)-0(6)
is the shortest (1.6613) , while M(1}~0(6") is the longest (2.29}&). |
of M(Z)Oé. M(2)0(5) is the shortestv(l.7493) , whereas M(Z)?O(G) is
the longest. Of M(B)—OG; M(B)-OEB)is the shortest but M(3)-0(8)is
the 1ongest.' It is also seen from Table 6.1 that the difference in six
M-0 bond lengths of M(2) oc£ahedra is the smallest but of M(3) octahedra

is the largest. Therefore, of the three octahedra , the smallest metal

displacement is found in M(2) whereas the largest metal displacement is



in M(3). The distortion ies due mainly to {orm off-centre displacements

of the metal atoms in "c¢" axis.

Table 6.3(a) Interatomic distances of M(l)O6 octahedron shorter than

4 K in Fig. 6.3a

Bond . diiﬁ?npe NT Bond | vdi?ﬁ?nce_
M () -0 () | 1.8425) 0 ee="0 (3) 2.7944 (33)
-0 (8 1.661(24) | Yo gy =-0"(1) 2.732 (22)
-0 (6" 20993 2%y |, |0 (6) = 0"(6") 3.951 (0)
M (1) - 0 (3) 200890(29) /| o) =0 | 2.85 (28)
-0 | 932708 /| o -0 | 2.743.(50)
-0 (2) 1,911 £12) "0 (67) =0 (3) 2.811 (33)
0 (69~ 0 (1) 2.741 (22) Q (3) = 0. (4) 2.466 (34)
lo @ -0 () o857 (32) < 04(6) —0 (&) 2.690 (46)
0 (2) - 0 (6) 2.706 £50)° 1 0. (4) = 0.(6") 2.790 (47)
0 (4) - 0 (1) 2,911 (33) 0¢) -0 (3) | 3.882 (28)

Table 6.3(b) Interatomic distances of M(Z)O6 octahedron shorter than

4 & inFig. 6.3(b)

Bond d;iﬁince . Bond‘ . j diigince
M2 -0 | 1.806 (66) |l 0@ -0 | 2.675 (66)

L0 U 20066 (5B 207D 52869] (54)

0 |2x1.061 (&) [['0 (5 =07y | 2.730 (53)

- 0 (4) 2,152 (43) 0 (7) -0(5 | 2.626 (53) |

-0 (5 | 1.749 (33) - 0(3) | 2x 2.611 (36)

0 (3) -0 (7Y | 2 x 2.893 (371} -0 (7) | 3:951 (0)
| -0 (5) | 2x2.925 3| 0 (71 - 0 (4) | 3.027 (68)

- 0 (&) 2 x 2,466 (34) o o

-0 (3 | 3.724 (0)




Table 6.3(c) Interatomic distances of H(B)Oﬁ, shorter than 4 A in

Fig. 6.3(c)
Bord diigince Bond | diii?nce
Mm@ -0 2.190 (39) | 0 (5 -0 (8) | 2.538 (51)
Lo @® | 16 @y | -0 (8" | 2.619 (51)
-0 (8') | 2.351 (43) Lo | 2x2.925 33
-0 (5) | 1.848.(34) o (5 =0 (s | 3.048 (65
-0 (3 | 2x 1.944(7) = 0.(8) 3.009 (65)
0 (8) -0 (3) | 2.75038 -0 (3) | 2x 2.557 (32)
—0@Y |2 x Mel@nl 0 o (s) | 3.952 (50)
“o0 e | 305 [ | 0@ -0 Y 3,724 (0)

Table 6.4(a) Interatomic angles of M(i)O6 octzhedron in Fig. 6.3(a)’

Bond angle - Bond angle
Bond (degree) . i Bond (degree)
0(4) ~-M(1)-0(3) 76 (1) 0(6')-0(3) -0L6) | 90 (1}
-0(6"') 32 (2) - =0(2) 61 (1)
—o) 1 Qor) e 9006y 2003 <o) A 6L (1)
—o® | 97 @ | N

Sod sz (2)
o(3) -M(1)-06") | 80 (8)
| -0(Y 161.9 (7)
-0(6) 96 (9)
—0(2) | 79 (D).

0(6")-M(1)-0(1) 82 (6)
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Table 6.4 (a) (continued)

Bond hesren | 2| “Gegeen
~0(6) | 175 (1)
- -0(2) 81  (2)
0(1) -M(1)-0(6) | 102 (8)
-0(2) 99 (1)
0(6) —(1)-0(2) 98  (2)
0(3) -0(4)-0(6") | 64.kl)]|
-0(1) 92.1 _(6)
—o(6) | 65,879
' 0(6')-0(4)—0(1) 574 @
| ~0(6) 92.2 (3)
0(1) -0(4)-0(6) 58.20(8)
0(4) -0(3)-0(6%3 | 63, A1) .1 0C3) L0(2) ~06") | 64 1
-0(6) | 61. (1) ! -0(1) | 91.5 (5)
~0(2) 96 (1) |- ~=0(6) 64.1 (9)
0(6")-0(2)~0(1) 59.6 (8) :0(1)- =0(2) =0(e) /| 58.8 (8)
_o(6) | 92.9 (2) —

Table 6.4(b) Interatomic angles of M(_Z)O6 optahedroﬁ in Fig. 6.3(b}:

ipd T s spegsd IV bl ] B e
0(4) -M(2)-0(3) 73.5  (8)
-0(5) 165 (2)
-0 77 (2)
-0(7") 99 (2)
oy | 7 (8)




Table 6.4 {b) {continued)

ona | P | ong | Dend ensle
0(3) -M(2)-0(5) 103.9 (8)
-0(7) | 100 (1) | 0(3) -0(4) -0(7") | 61 (1)
-0(7") | 78.8 (6) -0(7) 63 (1)
-0(3) | 143 (i) -0(3) '98 (2
0(5) -M(2)-0(7) 95 . (2) O(7')<0(h) ~0(7) 87 (2
| 01 | 88t) ——0(3) 63 (1)
- -0(3) | 103981 007 04y =0(3) 61 (1)
0(7) -M(-0(7") | 1764 @)/ | 0(3) ~0(7) ~0(5) |
| C-0(3) | 10043 (7) -0(4)
0(7')-M(2)-0(3) 7848 (6) ~0(3)
05(1)-0,(4)-0_(1} } 59 & (9) 0(5) =0(7) -0(4)
-0y | 91.3/8) ~0(3)
=0(7) | 54 (1) f 0t4) =0(7) -0(3)
0(7) -0(3) -0(4) (W64 (1) | o(5) =0(3) =0(71) 56 (1)
~0(7') [91.6 (4) | ~0(4) 91.3 (9)
0(4) -0(3) -0(7') | 68 (1) -0(2) 59 '(1)
0(3) -0(5) ~0(z!).|, 63 Z(1), |, Q(741<0(3) -0C4), 68 (1)
-0(3) 79 (D) -0&7) - 91.6 (&)
=0(2) | 5.9 £9)- | 0(4) ~0(3) 70(7) 64 (1)
o71-0(8) “on °| 85l | "1 6eny Locsy -0y | 20~ (1)
-0(3) | 122 (1) |
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Table 6.4(c) Interatomic angles of M(3)06 octahedron in Fig. 6.3 (c)

ST ool B ety
0(2) -M(3)-0(3) 76.2 (9)
-0(3") 76.2 (9)
-0(5) 128 (2)
-0(8) | 106 . (2)
-0(8") | 83 (2)
0(3) -M(3)-0(3') | ¥ (I}
-0(5) 16 A7)
-0(8) 107, 5S¢ (7)
, -0(8") 9.3 (1)
0(3) -M(H-0(5) [MAo5d7 D T 03) -0(2) -08" | 59 (D
-0(8) w2.5 (7) -0(8) 59 (1)
-0(8") 79. 30(2) \ -0(3") 93 (2)
0(5) -M(3)-0(8) 22 .~ (L o(g8')-o0(2) -0(8) | 8l (1) -
-0¢8') | 150 (1) : -0(3") 59 (1)
0(8) -M(3)-0(8") | 171 _(2) | 0(8) =0(2) -0(3") 50 (1)
S 0(5) -0(3)-0(8'y | 110 (1) 0(3) -0(8) -0(5)
-0(2) 93.0 (8) =01(2)
-0(8) 102 (1) : -0(3")
- 0(8')-0(3)-0(2) 70 (1) | o(5) -0(8) -0(2)
-0(8) 91 1s (4) 51.~063")
0(2) -0(3)-0(8) 697 (1) 0(2) -0(8) -0(3")
0(5) -0(3")-0(8")
2o(2)
: e ¢:))
0(8')~-0(3")-0(2)
-0(8)
0(2) -0(3")-0(8)
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From Fig. 6.2 (a) there is a mirror plane normal to "a" axis

at a/2 and a mirror plane normal to "b" axis at b/2.

From Fig. 6.2 (b) there is a mirror plane normal to "c" axis

at c¢/2 and a two fold axis parallel to "b'" axis at a/2.

From Fig. 6.2 it is alsc seen that oc;ahedfa sharing edges
and corner zig-zag strings in"b" direction and cpnnected3§0>strings
of éorner sharing octaﬂerdra in the c /direction, .Such.a coﬁnection
of these strihgs gives fise to layers consisting of octéhedra at two
levels. The octahedra at-one level are filled alternétivély with
tungsten and vanadium-in ordergd‘way whereas’thOSe at the other level

contain W1/4V3/4 in rapdom distrlpution.

In the "be" plane, ghe' scructuxe can be explalned as a shear
structure composed of octahedra forming ReO3 type slabs, two octahedra

thick, which are joined together by edge sharing.

The structure described above is confirmed structure proposed

- : i, -
by Kihlborg (1970). However the R value (R IFobs Fcall

of 0.113 is higher than the value 0.073 reported by Kihlborg. The

JZIF )
‘reason for this is that the intensity data for even k layers were used
to determine thesstrictufe but those used by Kihlborg were taken for
every k values including the weak and diffuse reflections in odd -~

k- lay ers,

On the.WeissenBefg photograph of‘the crystal_mounted along
men (Flg kX 17) and the precession photograph of the crystal mounted
along "b" and "c¢" as a precession axis (Flg i, 24) The reflections
hkl with k=2n were all sharp while those with k=2n+l were thfqughout

weak and diffuse, being markéd by elongatéd along the bows corresponding



1HO

to the direction of a*, On the other Weissenberg photegraphs and
precession photographs Fig.4.16 and Fig.4.22, diffuse spots did not

appear. These indicatéd that the structural details exhibit no periodicity
in the direction of "a" axis, a kind of one dimensional disorder.

There is no evidence for mistakes in the periodicity along "b" and

"e" since reflections are sharp in the dlrectlons perpendlcular to

a*, The sharp reflections would be dndex on the basis of the subcell

with a'=%a and b's%b, The supefstructure indiCated by the diffuse

5)

reflection is thus associated with stackihg fauits.(

The arrangement of atoms in Cowo4 is order but in V2M008'is
one-dimensional disérder. / This might indicate that the one-dimensional

disorder is probably due to vanadium atoms,

In conclusion the structure of W3V5020 obtained does confirm

(5)

the structure reported by Kihiborg et al, y
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