CHAPTFR 3

EXPERIMENTAL AND PRELIMINARY INVESTIGATION
. {(9)
3.1 Preparation
Single crystals of Cowo4 were grown from a melt of 60 mole

percent of an ecuimolar mixture of HaZWO and WO

o and 40 mole per-

3
cent of CoO. The mixturerwas melted together in a platinum cruci-
ble at 1050°¢C for 2 houfs.  The melts were cooled at the rate of
100C.per hour to TOODC after which it was left in the furnace to
cool slowly to room temperature. The .‘»ﬂazwzo7 was removed from the
solidified melt by washing with concentrated sodium hydroxide so-
lution to convert water imsoluble ma2w20é to soluble Na2W64, The
mixture was then filtered and washed with distilled water until
free of alkali. Thelresulted dark blue transparent crystals were
flat needle-shaped with the needle axis coineciding with the ¢ éry;
stallographic axis.

(10}

3.2 Chemical anpalysis

The compound prepared as described in section 3,1 was mixed
with a mixture of equal parts of Na2CO3 and K2C03. The mixture was
heated in a porcelain crucible for 10-15 minutes. after the melt
was cooled, distilled water was added. The solution was roiled and

. R - . 2+
filtered. The residue was Xept to test ior cobaltous ion, Co .



after the addition of a little zinc. This was prohlably due to W_O
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The filtrate was acidified with Ailute acetic acid, and
evaporated to expel Coz' The solution was divided into three parts
and the test for the ovresence of the tungstate ion, wo=, was carri-
ed out. Dilute HC) was added to the first portion. The white pre-
cipitate of hydrated tungstic acid H2W04.H20 was produced at room
temperature. Upon boiling it was converted to yellow tungstic acid
Ezwo4 which was insoluble din dilute acids..~The second portion was

treated with hydrochloridc acid, a blue precipitate was produced

2’5

or to wcls. The last poptign was treated with AgNC3 solution. The

pale yvellow precipitate of the ammonia soluble silver tungstate was
ohtained. It was decomposed by nitric acid with the formation of
white hydrated tungstic acid. Hence ig was confirmed that the fil-
trate was containing tungstate ion.

The residue from water extraction was dissolved in dilute
HC1 , boiled to expel C02 and then filﬁered- The filtrate was di-
vided into three parts to test for cobaltous ian, C02+. Ammonia
solution was added to the'first portion. The blue basic salt was
precipitated and readily szoluble in excess ammonia. ¢ Concentrated

HCl was added to the second portion, it waswfollowed bylthe addi-

tion of solid ¥R ,SCN and amylilalcchol. ! After|shaking, the blue

N . . . r N .
color due to the cobalti-thiocyanate ion }Co(SCN)4J was passed into
the alcchol layer. The third portion was neutralized with MaOF,
acidified with acetic acid and then treated with sclid potassium

nitrite KNOZ. The yellow precipitate of potassium cobaltinitrite

Xy Co (30.,} %.3H20 was obtained. BAll of the tests mentioned above

2'°6
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confirmed the presence of the cobaltous ion.
2+ =
Therefore, the compound was composed of CO° and WO, .

This indicated that this compound is CoW0Q, and was confirmed by

4

an X-ray powder diffraction pattern described in sectign 3.5.1.

3.3 Density measurement

The density of CoWD4 was measured by using the method of

Archimedeﬁill). CoWO was'weighed in air and then in water, since

4

CoWO4 is insoluble in wateér, /From the apparent loss of weight the

volume was computed and the density (p) was caleculated from the

formula
W4n air

F v 3 5 ceeceea 3.1
e W in gir-Win water

. + 3
The density of CoT:‘-’O4 was found ‘to be 7.75 - 0.02 g/cm at ZB.OOC.
3.4 X~ray diffraction photographs of single crystals

A crystal whichswill be satisfactory in collecting d-ray
diffraction data must be pure and possess|a uniform internal struc-
ture which is called a single crystal. Itesshould not bes twinned,
The phenomencn of twinning is theexistence of two dififerent orien-

. . . {12)
tations of a lattice in one crystal .
In order to obtein satisfactory single crystals, ColO,

crystals were first examined under a polarizing microscope. The

suitable crystals apoear uniformly transparent and uniformly dark
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once for every 900 rotated about the axis normal to crystal needle
.axis. The diffraction pattern of a suitable crystal should give
the reflections which are single spots, and the pattern shoul§ be
indexable in terms of a single three-dimensional lattice.

The single crystals of CoWO, used for structure determi-

4
nation are flat needle-shaped. One cryvstal of dimensions 0.00¢ x

0.028 x 0.058 mm. was mounted along the b axis and another of Adi-

mensions 0.009 x 0.027 20.098 mm. along the ¢ axis.

3.4.1 Oscillation and rotation photographs

In theiosciilation, and rotation methods the éingle
crystal is mounted along a seiected axis on a gdniometer head and
the axis is set normal te the incident X-ray beam. If the crystal
is rotated about this axis it is called the rotation method whereas
the oscillation method recuires that the crystal is oscillated
within a certain anguiay rance usually 10=15 degrees. The reflec-
tions are recorded on 2 cylindrical f£ilm whose axis éoincides with
the rotation axis. %hen the cryffal is; rotated or oscillated, the
diffracted beam will form Laue cones which are céaxial with the
rotation axis and will intersect the film in a set of gircles which
appear as straigh£ lines when the(film is flattened out {Fig5.3.1,&&)

and these lines are called layver lines.
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-Oscillation and rotation photographs are usually used to
set a crystal rotation axis, to determine the cell edge along the
rotation axis and to obtain preliminary information about crystal
symmetry(7). For setting the crystal rotation axis, the oscilla-
tion method is generally used rathex than the rotation method
because it gives a usable photograph’in a shorter exposure time.
However, after the crystal rotation axis has keen corractly set,
the rotation photograph’ should pe made to check the crystal.

The cell edgegalonc /the rotation axis can be determined
from the Laue equation
t cos v, = tfcos My = ni cecesases 3.2
where t is the lattice/ constant along the rotation axis, v is
the angle between the diffracted X-ray hearm and the rotation
axis, p is the corresponding angle’ for the incident beam, n is

an integer and X ds the wavelength of the X=ray beam. For u = '

0
a0 ,
t cos v] = ni
A
cos vl = nE ....... es 3.3

Fig. 3.1 showsi that Yqis the height of the first layer (n = 1) is

given by
Yy
tan v = 1 weeeascons 3.4
1 r
where 31 = 90 - v;. In terms Of:%j eq.(3.3) becomes
L= A ‘
sin vy = T =0 R .
A

t = — . .
sin 61



A tevonones 3.6

. ~1
sin{tan yl/r)
Similarly for the n th layer line

t = LS 3.7

sin(tan-lyq/r)

In this experiment a Nonius: Weissenberg camera of dia-
meter 57.3 mm, was used, The crystal was mounted along b as ro-
tation axis. The axis was first set normal to the beam by using
;00 oscillation photogzaphs taken with Mo-radiation. The 280°
oscillation photograph taken with Zr-filtered MoKo-radiation
(AR = 0.71068 R) was used to determine the cell parameter b.
This i; shovn in Fig./3.2(a) and the data are shown in Table 3.1.

For the crystal mountsd alqng ¢ as rotation axis, the
Unicam rotation and oscillation camera was used. The diameter of
this camera is 60 mm, The a¥is was first correctly set by.taking
15° oscillation photographs. The rotation photograph used for
measurement the cell edge was taken with Ni-filtered CuKa-radia-
tion (A¥a = 1.5418 R). This is shown in Fig. " 3.2(b} and the data
are shown in Table 3.2/

The X-ray tubes, Mo-target was run at 50 XV, 14 ﬁA and

Cu~target @t 34 ¥y, 21 wmA throughout the experiment|
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Fig. 3.2(a) Oscillatdon photographtof CoWO,, [010] as rotation
i

axis, MoKo-radiation.

[001] as rotation axis,

e ' CuKo=radiation.
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mable 3.1 Determination of the lattice constant, L, from {plol

oscillation photograph, 2r = 57.3 zm., A = 0.71068 2.

2y 5 — DA
- 2Y [4 ,
layer tanv = 3% _ sinv

m™m. - degree =sinv

b1 7.25 0.1265 S 0.1255 5.66

2 14.85 0.25%2 14 .53 0.2509 5.67

3 23.20 0.4049 22.04 2.3753 5.68

4 33.10 0.5777 30.02 D.5003 5.68

5 45.90 0.80L0 353.69 0.5251 5.68

6 64.75 1.1300 43,49 0.7438 5.69

ave,=5.58
mable 3.2 Determination of the jzttice constaht; ¢, from [@Qll
rotation photograph, 2r = 60.0 mm.,A _= 1.5418 R.
2z o v ni

layer ' tanv " = S o ¢ ==

2x sin v
™. . -
jegree = sinv A
1 1G.7 0.3283 13 .18 0.3120 4.94
2 47 .8 0.79¢7 33.54 0,623 4,95
= 4.95
ave.
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3.4.2 W%eissenberg photographs

The oscillation and rotation methods fail to complete
the crystal structure analysis because the indexing of reflections
is ambiguous and is very tedious. K. Weissenberg recognized this
problem and devised a new recording methed which is known as the
Weissenberg method. The basis of the weissenberg method is simi-
lar to that of the osciliation method except that only one select~
ed cone is allowed to reéch the film by using a cylindrical layer
iine screen to screen otit unwanted cones (Fig. 3.3), and the film
is made to translate syachronousiy with the oscillation of the
crystal. The result of this is Yo spread the diffraction spots
of the layer line over the two=dimensions of the film. A Weissen-~
berg photograph gives two cell constants, the angle between them

and the indicies of reflections and symmetrv.

layer line screen

diffracted X-rays

incident X-rays

Fig. 3.3 The Veissenberg layer line screen.
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For zerofgwthmAhmﬁy photograph, the incident X-ray beam
is normal to the rotation axis and only zero layer line is allow-
ed to reach the film. For upper layers the equi-inclination
method is used. In this case the inciéent beam is inclined from
the normal Seam position at an angle By while the diffracted
beam inclined at the same angle from the nqrmal beam direction
(Fig. 3.4). The angle % is called the inclination angle of nl£h

layer.

rotation axis

N

incident beam o =
diffracted beam

nith dbver

o
€ (3
ta]

Fig. 3.4 Pqui-inclination geometry for nth layer Weissenberg

photocraph.
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The proper value of un can be determined from Fig. 3.4

-1, &0

un = sin (—EJ secesssnsses 3.8

wheregz can be obtained from the oscillation or rotation photo~
n

graphs, From eqg.{3.5)

Then

un = sin_l g% .......... . 3.10
The laver line s€recn must be shifted from its zero layer
position, let it he Sn mm. 4/ I ¢an he seen from Fig. 3.4 that
Sn = rStan H EEETETRRRE 3.11
where re is the radius of the laver line screen. The slit's width
of the layer line screen is usually adjustable. In practice the
width is about 1.5 mm.
For intensity-data collection and space group determination,
a Nonius-® Weissenberg caméra-of 57.3 fi. diameter was used with Z2r-
filtered MoKa-radiation (Ao = 0.71068 g). Weissenberg photographs
using wultiple-film technigue with thin, iron foils between successive
films were taken:
1. [010] as totation axis for kOl to h2l and hOl to h2l (Pig.
3.5). The necessary.parameters, for, taking thése photographs are
listed in Table 3.3.
2. [001] as rotation axis for hk0 to hk3 (Fig. 3.6). The
necessary varameters for takina these photographs are listed.in Table

3.4.

115293509
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The cylindrical reciprocal lattice coordinates of raflect-
ion spots, I , # were obtained dircctly from measurement on the film,
The reciprecal lattice nets were constructed as shown in Pig. 3.7 for
@10] as rotation axis and Fig. 3.8 for {p&ﬂ as rotation axis.

From {010] Yeissenberg photeographs, the reciprocal axes and

the interaxial angles were obtained as folicws

a* = 0L ESam®l (1.
c¥ = 0.144 rYoluu,
£* = op® |

E r.l.u, = peciprocal lattice unit ]

3 : \
From [OOLj Yeissenberg nhotographs, the reciprocal axes and

the interaxial anales were ghtained as follows

ax* = g.452 r.1.u.

h* = 0.126 r.l.u.
o

v.* = SR

Table 3.3 The necessary parameters for taking [010] Mleissenberg
photographs. The value of b was taken from Table 3.1

: b = 536a) & |00710688) &) = 2500,

th ] £ = r
n . El 1 un ta.nu‘1 gn Stanun
layer 2b A o T -
sin "nA/2pb
1 0.0626 3.58 0.0626 1.G0

2 0.1251 7.18 0.1260 3.21




Fig. 3.5 [010] Weissenberg photograph of CoWO 4’ MoKorradiation

' (a) O th layer (hol) (b) O th layer ,(,hqfl)
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Fig 3.6 [001] Weissenberg phptograph of CoWO
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Table 3.4 The necessary parameters for taking [pOl] Weissenberg
photographs. The value of ¢ was taken from Table 3.2

: ¢ = 4,958,% = 0.71068 R, r_ = 25.5 mm.

n tﬁ H = S = x tanu
n n s n
' ni -1 tanun mm
layer 2c sin "nj/2¢ -
1l 0.0718 4.12 0.0720 1.84
0.1435%6 o 0.1450 3.70
D.2154 0.2205 5.62

12.43

3.4.3 Determination of unit cell dimensions.

Preliminary unit cell dimensions of COWO4 were de-
termined from oscillation, rotation and Weissenhérg photographs.
From Weissenberqg photographs the reciprocal lattice consgants were
obtained.

The oscillation), Weissenberg and ‘Laue photographs of COWO4
crystal show that there are a 2 féld axis lie along the b axis and
the mirror plané | «l 4 nerpendicnlar’ to ) ‘bhee Gnditatd that
the Laue symmetry is 2/m and the crystal system is monoclinic,

Therefore, the recivrocal lattice constants can ke changed to the

direct lattice by the formula
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A
a =
a*sing*
A
b =
b'f:
c = A
c® sini*
o] = Y e MEpT = ‘Y* = 900
8 =_a80” -~ gt
The unit cell dimensions of CoWQ4 are shown 1n Table 3.5.
Table 3.5 Unit cell dimensions of CoWQ, .
reciprocal lattice direct lattice
- - 1 0 g
a* = 0,152 r.l.a, a* = 20 a = 4,68 o = 90
. = o
b* = 0,126 r.2.u. B* = &0 h=5.65 A& 8 = 90
c* = 0.144 r.l.u. y& = 00 e=a9a R N = 90°
F-y. 3 = & A Q - S 8
rom Tables 3.1 and 3.2 : b = 5.88 &, ¢ = 4,95 A
Average ¢ell dimensions
a =_u@s R & 2 3ot
o= 5.7 % 8 = 90°
c = 4,953 ¥ = 90°
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3.4.4 Intensity-data collection

For monoclinic cryétal rotated abhout b axis, two
blocks of data that need to be collected are hki and hkl.

Tn this wvork, multi-film ecui-inclination Weissenherg tech-
nigue was used to reéord intensities on Javers h0l to h2l and hol
to "2l using MoKo-radiatioms  Dvery layer was exposed for 150, 100
‘and 10.hours using threé fildms each time. For Weissenberg photo-
araphg of 150 and 100+hours expegsure time, thin iron foils were
placed betreen succeszive films, “but for that of 10 hours exposure
time, the £ilm of thin @ilver foils were used. Thig technique was
alsoc used for hk0 data except that the exposure times were léO and
90 hours instead, and the thif dron foils were used both times,

mhe intensity data of 550 inﬂepenéeﬁt reflections were ob-

tained of which are 92-reflections-for-hk0 data and 4538 reflections

for hOl and hOl to h2l and hil data.
3.4.5 Measurenent of intensity by a microdensitometer

Intensities were measured by 2 Mcrius microdensi-
tometer using the screen with a small aperture of 0.5 mm,diameter.
The intensity of a reflection spot was determined as follows:
the degree of biackening (I) of a reflection spot was measured and
immediately afterwards the background blackness (IO) surrounding

A

the spot. The intensity were determined from the value of the
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ratio IO/I using the accompanying graph shown in Fig. 3.9. This
graph is plotted between the values of D and n, where D is the
densitv of the reflection and n is the number of times which a
crystal was passed on a Weissenberg camera through a given reflec-
tion angle. The density is equal to log IO/I and directly pro-
portional to the intensity. Hence, the intensities measured are
reiative intensities,

The Nonius microedensitometer was calibrated with standard
intensitv scale of CotiC, Lefore using in this experiment. The in-
tensities of the standard’igtensity secale (IS) and that measvred

by the Wonius. microdénsitometer (I} are compared in Table 3.€.
&

+3

The X-radiationiused for collecting data was MoXo which
composed of Fa; and Ko, radiatiens, so the intensities recorded
were the sum of these two wavelencths. The intensity of Koy re-
flections are tvo times the Kus . For low values of sin® the re-
flections for Ku, and Xas are not separated but for higher values
of gin@ these Feflections are partially resolved, and becomes com-
pletely separated with gufficiently hich values of sing. 1In the
case of complete reésclutien, the intemsity o0f Xo) was measured aldne
and maltiplied by 1.5 to account for the absence of Tag. Fo¥ nar=
rially reselved refilectioncythedintensity of Kag was| alsg neasurad
but the factor te he multiplied was obtained from the graph in
Fig. 3.10. ‘This araph was constructed by using the factor 1.0 for
the refléction just before heginning of oy, Kué separation and
the factor 1.5 for the reflection that is just completely separat-

ed to two reflections.
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‘, .1\"'
Table 3.6 The comparison of the intengities between the standard

intensitv scale (Is) and that measured by the Nonius

microdensitometer (IM)

Mo. IS IM K::-IM/;[S ) o . IS IM = IH/IS
1 334 - - {1 52 |146.67] 2.33
2 303 - 3 19 57 |137.50| 2.41
3 275 - = 20 5. 1148.33| 2.91
a 250 - - 21 a6 1106.67| 2.32
5 227 | - 22 a1 | 86.67| 2.11
5 206 - 4 23 37 | 8l.67| 2.21
7 187 - 4 34 33 | as.oo] 2.58
8 170 - 4 b5, 30 | 75.33| =2.61
9 150 - ’ 26 37 | 73.33| 2.90

10 140 |260.00| 1.86 4 27 2. 1 74.00{ 3.08

| 11 127 | 247$500 1.95 | 23 51t ergr| 2,46

12 1315 |231.67| 2.01 | 29 19 | 25.00] 2.37

13 104 |217.50|.2.09 30 17 28.33{ 1.67

14 sa W212a%{ 2)28/| Fe1| ") as| 3scad]) 2.33

15 g5 |18m.33| 2.22 | .32 13 | 35.83| 2.76

16 79\ |178u3ei2.32 [ | 33 11 1 [V 22:50| 2.05

17 70 1156.67| 2.24

r
Kaverage = JGéS = 2.34
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Fig. 3.9 The graph showing the relatien between the values of D and n.



50

“”ﬂuﬂaﬁﬂw§%81ﬂs o

Fig. 3.10 The elation between the mmhu«ﬂ_ adm + eoveet Yy - intn—

q | EERTE TRt %Hﬂﬂ Hm ot



ST

51

3.5 Powder photographs

The powder method makes use of a polycrystalline material
(5)

oriented at random to a monochromatic X-ray beam The condi-
tions for diffraction are similar to the rotation method. When
a tiny crystal (abkout ].0-3 mm. in diaweter) in the sample is ori-
ented so that a particular set of lattice planes makes the appro-
»riate Bragg anglef to the incident keam, the @diffracted beam will
make an angle 20 with the'undcviated beam as shown in Fig. 3.11(a).
The identical lattice plance 6% other tinv crystals can be ori-
ented at the same angle 8 to the beam and send out the diffracted
beam in the same angle 26 around the incident direction. These
diffracted beams will form a cone which, is coaxial with the inci-
dent beam and has a half-aperx angie 20 (Fig. 3.11 (b)}. Simul-
taneously, other lattice planes with cdifferent spacing satisfy
the Bragg condition and generate reflection concs which are also
coaxial with the incident beam but have different half-apex angles
(Fig. 3.11(c}). The samples always rétate continuously during the
exposure to ensure the.existence of alsufficient  number of the re-
quired orientation to give dense reflection™cones.

The pouder method provides'much useful’ informations In the
verk reported here this method was used to identify the sample
and to refine the unit cell parameters. The X-ray powder data
for CoWO4 were recorded at 26°C with the Guinier~Hagg XDC~700

focusing powder camera using CuKojp-radiation (A = 1.54051 E),
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34 KV, 21 mA exposed for two hours. Silicon was used as the inter-

nal calibration standard. The photograph is shown in Fig. 3.12.

diffracted X-rays

ineident X—iayéﬁ\
———

N

ra (V‘

incident X-ravs/sg

> _};,4\\

lattice plang

(a) (b)

incident X-rays

Fig. 3.11 (a) @pragg condition for diffraction.

(k) N cone of diffracted ray for the identical

lattice planes.

(c) -Cones of diffracted ray which have different

half-apex angles.

Fig. 3.12 Powder photograph of CoWO, mixed with silicon, CuRoj;~+

radiation, exposed 2 hours at 34 KV/21 n?.



3.5.1 Oualitative analysis by JCPDS* Powder Diffraction

File

The princirle of the .identification of substance
by X-ray powder diffraction is based on the fact that eéch crys —
talline substance produces its own characteristic pattern which
is different from the pattern given by other substances.

mhe procedure.for identifying a powder diffraction
pattern consists of measuring the diffraction angles and the in-
tensities, calculating thé spacing, & of the reflecting planes,
choosing the 3-8 strongest lines arranged in decreasing order of
their relative intensities, and then using the JCPDS Powder Dif-
fraction File to identifv that compound(5’13). The sequence for
using the Powder Diffracticn File is as £ollows. First, the cor-
rect Hanawalt agroup are searched for the strongest line; it may be
necessary to consult two or three Hanawalt aroups if the value of
the strongest line close to the limit between them. Second, the
second column in_the appropriate Hanawalt group is taken into con-
sideration to search for a match with the second strongest line.
Thirq,the entry which also, show. a match, for the third strongest line
is selected and then the compound might be Knowm. 1| there are two
sets of entries which have 3 values that are reasonably close to
the observed values, they may be distinguished via other data such

as the relative intensities of the reflections. If the three strong-

*7cppd = Joint Cormittee on Powder Diffraction Standards
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est lines of a diffraction pattern do not lead to an identifica--
tion, the sample may be a mixture of compounds.

The CoWO4 compound prepared as described in section
3.1 was also iidgntified by using the Jcpps Powder Diffraction
File. The intensity of each diffraction line was measured with a
Nonius microdensitometer. The walues of So, S and (S—So) were
obtained from the Guinier film where So is the reading in mm. of
the reference primary lime and & is the reading in mm,of each dif-
fraction line. From Table 2.7 the values of reflecting angles 6
which correspeond to (S-So) of/ silicon were given. By using the
graph plotted between e/XS~So)and (Smso) of silicon (Fig. 3.13),
the values of Q/(s%so)and 6 /for ‘each reflection were obtained(lq).
From Bragg's equation the walues of dhkl were calculated and they
were then identified by the Powder Diffraction File. The results
indicated that this compound is CoWO,. The values for these cal-

4

culations are listed-din Tabie 3.87

Table 3.7 Calculated silicon data for, copper (CuKai)l radiation.

hk1 80 (snso)calc.
mm .

111 14,2214 49.725

220 23.6517 | 82.698

311 28.0616 98.117 ’
a0 34.5655 120.858

331 33.1887 133,527

422 44,0158 “153.901
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Fig. 3 13 The graph pletted between 9/(S-S ) and (S-S ) of silicon,
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Table 3.8 {(a) The powder data obtained from X-ray diffraction pattern

of CoWo, . §_ = 22.90mm. , A = 1.54051 2
e .mi' S;i' deg:ee 6/(s-s_) | a= ox
A/2sinb ref.
o]
< 50,08 | 27.18 |{.7.7846 296410 | 5.689 | 5.683
30 56.00 | 33.100| 9.2778 .286337 | 4.682 | 4.673
29 64.45 | 41.55 [#1148920 .286233 | 3.737 | 3.733
29 65.91 | 437014 12.2101 206215 | 3.616 | 3.608
* 72,60 | 42470 | 142214 . 286145 - -
100 76.40 | 53.56 |15.3061 .286095 | 2,919 | 2.916
< 77.88 | 54.98 | 15.7286 286078 | 2.841 | 2.842
22 86.32 | 63.42 | 18,1369 265080 | 2.474 | 2,473
21 86.60 | 63.70 | 18.2161 285978 | 2.464 | 2.464
< 87.55 | 64765 | 18.4858 295967 |- 2.429 | 2.428
12 90.30 | 67.40 | 19,2722 \295337 || 2.334 | 2.335
< 95.04 | 72,14 #.20.6237 ;285635 | 2.188 | 2.185
< 95.25| | 72.35 [ 20.6835 .a85%a1 ||| 2.181 | 2.180
10 160.5¢ | 77.60 | 22.1803 228326 | 2.04000 | 2.041
< 10z.08 | ‘Bc.bel | 22.886e .225800 | |.1.980 [L1.979
* 105,64 | 82.74 | 23.6517 . 285856 - -
< 108.21 | €5.31 | 24,3767 285742 ¢ | 1.866 | 1.866
< 111.32 | 88.44 | 25.2679 255707 | 1.805 | 1.803




Table 3.8

{a) (continued)
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S - ? a,=

Y1 rm ., Zmic degree e/(Smso) A/2:in60 dref.**
14 114,00 51.10 26.0255 J235681 1.555 1.755
< 115,20 92,30 26,367 »eB85670 1.734 1.733
25 117.23 94,33 2€,94586 .235%952 1.700 1.698
23 117.45 94 .55 27,0081 . 2085649 1.696 1.695
* 121.15 95 .25 28 J0616 .285614 - -

< 124.72 | 1Cl.8%2 29 J0793 . 285595 1.585 1.583
16 131.1¢ | 108,20 30.8995 . 285578 1.500 1.500
< 134.55 |} 111.65 31.8841 . 285572 1.458 1.457
< 136.22 {113.32 32.3606 285568 1.44¢0 1.436
< 136.86 | 113.96 F275450 H2I5G5 1.432 1.432
< 137.25 | 114435 3256542 . 285564 1.428 1.426
<  143.20 | 120,30 34,3517 . 285550 1,365 1.365

.

* 143.95 12:.05 34,5655 285547 - -

< 148.21 125.31 35.8114 .205 532 1.316 1.316
< 148,80 | 126.00 35.9768 . 285530 1.311 1.311
< 151.¢21 129.01 36.8345 . 285517 1.285 1.283
< 154.30 | 131.40 37.5158 . 235508 1.265 1.264
* 156.66 | 133.76 33.1887 . 225502 - -

< 153.32 | 1d0.42 40,0867 . 235477 1.196 -

< 155,74 | 142.84 40,77€5 .285470 1.17¢9 -




Table 3.8 (a) (continued)
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8 d =
S S-S . * %

I/Il o mm,o degree 8/(S~So) h/351n90 ref.
< { 167.30 » 144 .40 JIRS22 1% . 283465 l.169 -

* 177.10 154,20 44,0153 2054486 - -

< = Jless than 10

* = gilicon line

dref** obtained from the | JCPDS, data card No. 15-867.

Table 3.8 (b)

The values of 4 and 4
(o) r

ef.
lines,.
(I/Il)o do dref. (I/Il)ref.
100 2.919 2.91¢e 100
30 4,682 4.673 30
29 34737 3.733 30

of the three strongest
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3.5.2 Accurate unit cell dimensions

The unit cell dimensions of CoWO, were refined by
'using CELNE program written by J. regenfeldt and N-O Exrsson,
Institute of Chemistry, University of Uppsala, Sweden, and modified
for NEAC computer by Crystallography Groupe Department of Physics,
Chulalongkorn University, under the supervision of R. Liminga,
;nstituuaof Chemistry, University of Uppsala, Sweden. The method
of least squares was use@ in the refinement.

The data used for the refinement were 30 observed

.2 . r-F . A b . .
sin ehk and the Miller indicies hkl. The Miller indicies were

1
obtained by indexing the diffraction lines using the formula for
L : . . £15) '
monoclinic crystal with b unigue axis f -
, 2 2 2 2
a1n>9hkl = AhT + Bk* + C1° - Dhl
where
AZ
A o —- >
4a sin B
B = -—A—Z'
4ab
ld
v r 2.2
: 4c” 1sin’ B
2
D = A

2ac sinzﬁ
The values of a, b, ¢ and B were obtained from Table 3.5. The

results of refinement are shown in Table 3.9.
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Table 3.9 Powder diffraction data for COWOA.

hkl sinze X 105 sinze b 105 d gp /1
| le] c o .
010 1235 1836 5.689 o<
100 2711 2711 2 5g2 30
011 4247 4258 3.73% 29
110 4548 A847 | 3.616 29
111 6968 6973 2,918 100
020 7348 7345 2.841 <
002 9650 9639 2,474 22
021 9772 5767 | 2.464 21
120 10054 1005¢ 2.429 <
200 10844 |-1c823 2.334 12
102 12487 12407 '2.188 <
121 12476 12482 2.181 <
112 14252 14243 2.040 10
211 15224 15109 1.9n1 <
022 17035 17084 1866 €
220 18229 1 18385 L.805 <
130 19221 19237 1.755 14
122 19724 | 19752 1.734 <
202 20535 20547 1.700 25




L mable 3.9 {(Continued)

hk1 sin°6 x 10~ |sin%6 x 10° | @ % /1
[o) c o 1
221 20622 20612 1.695 23
013 23621 23636 i <
113 26371 26358 | 1,500 16
222 27900 27392 d, 288 <
311 ) 28649 28667 1.440 <
132 28937 289133 1.432 <
023 29113% 29144 1,428 <
j123 [ 32867

31841* ) 1.365 <
LOél (31502 '
321 34236% 3417€ 1.316 <
141 34511 34517 1.311 <
312 35642 35946 1.285 <
232 37086 37074 1,265 <
322 41467 41454 1.7%96 <
241 42655 42653 179 @ <
114 43424% 43317 1.169 ? <
* Refloctions not used in the least squares refinement.

< =

less than 10
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+
The final cell parameters obtained were : a = 4.578 - 0.001,
0
b=5.604 ¥ 0.001, ¢ = 4.949 ¥ 0,001 8; B = 90.04 £ 0.03° ; v =

3
131.610 & .
3.5,3 Member of formula unit per cell

The number of formula unit per cell were calculated

from the formula

. 4 Dobs.x v x N
y M
where Z = the number of formula unit per cell
: : 3
Dobs= observed dengity = 74975 gfcm
) -24 3
Vv = c¢ell volume = ,131.610 x 10 cm
N = Aveogadro's number = 6,02 X 10‘3
M = Molecular weight ‘= 306.779 atomic mass unit

The value of calculated Z is 2.001L . However, Z
must be an integer, so Z = 2 and the calculated density = 7.744

g/cm3.

3.6 BSpace group

Figs. 3.7, 3.8 and Table 3.10 show that the conditions for
the systematic presence of reflections correspond to two possible

space groups pc and F2/c.
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Table 3.10 Conditions for the systematic presence of reflect-

ions of CoT:?O4 crystal.

Reflections |Condition for systematic |Interpretation [Symbol
presence of reflections

hkl no conditien Primitive p

h0o1 1 = 2n Glide plane c
perpendicular
to b, transla-
tion ¢/2

OkO ne condition - -

The reasons for tna conelusion that the space group is

probably P2/c are as follows:

First, since the value of Z, number

of formula unit per cell, équals to 2, the number of oxygen atoms

in the unit cell must be 83

P2/c rather than 2{a} of PC space group.

These might prefer position 4(g) of

Second, the Patterson

map gives the positionfof, tungsten atom in special position 2(e)

of space group

The space group P2/c was' subsequently confirmed by structure

analysis.

P2/c.
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