CHAPTER 3
EXPERIMENTAL AND PRELIMINTARY INVESTIGATION
3¢1 Instrument éeometry
3+141 Oseillation camera and photographs

The camera that we use to take the oscillation
photograph 1s the Welssenberg camera shovn in Fige3e1e1s It
has the cylindrical shape with the dlameter ofs7.3mm. X-rey f£ilms
are held in the form of a cylinder end protected by a blaeck
paper envelopes The design of this envelope depends on the

general camera used,

Fige3e1e1 cylindﬁ;al camere,
The specimen holder used for this camera is &
gonlometer head as shown in Fig.3.1.2 3 it has two ares which
are perpendicular to each other, centered at the crystal, and
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allow the crystal to be tipped 1 20° 4n each of two planes

Fige3.1.2 Goniometer head

The crystal is glued to a sﬁitable glass fibre
and this is attached to the top of the gonlometer head which
is fastened by means of & threaded ring to the epindle of the
canera, So the crystal ts fixed with respect to the spindle
and the adjustable azimuth seale,

Tor the oscillation method, the crystal is oéci-
llated by a small motor in a suitable range, while the X.ray
beam 1s directed onto the crystal through & metal col limator
pexrpendicular to the rotation axis of the crystal,

Vhen the crystal has been properly mounted, the
direct beam stop is slid into place next to the rotation spindle,
This stop serves to prevent the direct beam from striking the
camera, The film holder is then attached to its vase, which

is shifted until the erystal is located about the middle of the
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film and then locked in place. The collimator is put into
position and the movable base is translated until the opening
of the collimator is in line with the beam from the tube,

The' camera motor is turmed on, the X-ray tube
started, and the shutter on the tube opened,

From Fige3s1e3a, the reflected beams are located
on the imaginary cones the axes of which coincide with the
rotation axis. These cones intersect the oylindrical film in
& series of circles. After the exposed film is developed,
fixed and waéhed, the diffraction pattern 1s found to lie on a.
series of straight lines, called layer lines, as in Fig.3.1.3b.
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Fige3e1e38. The xeflecting beam on. be The layer lines on an
the cylindrical film, oscillation photograph,

The length of the rotation axis can be computed
from an experimentally determined cone angle, the geometry of the
apparatus, and the locations 'of the layer lines,
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Fige3e1¢4 The rvelation of the angle v and the layer
lines on an oscillation photograph,
In Fige3s1edy ¥ is the angle subtended by the cone
onto the horizontal axis , the angle \a for the first layer cone
is

sinv = XY

1 o

oY
If the rotation axis is' ¢ [001] , XY = d;01 » the distance

between two reciprocal planes, In terms of the direct lattice, for the

orthogonal axes system
*

%01 = 2
where A 1is the wavelength of the X-ray beam
and ¢ is the length of the rotation axis,
when O0Y 1s the radius of the reflecting sphere, ) , so

sin Vg = 2
' c
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for the nth layer line,

sin\{l p_)\ eee (301.1)
(]

The distance between the zero and first layer lines

as measured on the film is y1. Then

tan Vg o = HG = z‘l
G »
where CG =T is the radius of the cylindrical film,

At a heizht A the nth layer line is given by

tan v 7 - zn
™
. -1
for which Vg =34 tan Zﬁ eos (3e142)
*r

Substituting vn in(3.141) gives the length of

the rotation axis

(&) = '%_3;1 eeoe (3.103)
sinf¥ad = (y_/x)}

By rotating a crystal in an Z-ray beam about each
of its axes and measuring the identity periods along the layer
lines the lengths of the cell edges along thesedirectinrns are

measured,

3e1e2 Veissenberg camera and photographs

Lach reflection in the Weissenberg photograph is

associated with a reciprocal latiice point of the crystal, The

plane surface of a photographic film is two-dimensional, and
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oan record two co-ordinates, With ¢ as the rotation axis, every
spot on the zero layer £ilm bears an index of the type hko. TIf
the first layer is recorded, theh every spot on the film will
bear an index of the type hk1, and so on.

A layer-line screen used with.the Weissenberg
camera, 18 a cylinder with an equatorial slit, It is inserted
between the crystal and the film to permit only one diffrection

cone to reach the film, see Fige3.1.5.
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Fige3e1e5 Welssenberg apparatus.

During the oscillation of the crystal iﬁlthe range
of 200°- 220°. the film can be moved synchronously along the
rotation axis, The reflections on the film are Spread across
the film and form & two-dimensional patterm.

- The diagrem of the motion of the camera in the

‘Weissenberg method is shown in Fige3e1.6.
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Fige3.1.6 The motion of the camera for a 220°

oscillation in a Weissenberg camera,
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The reciprocal lattice may be described as a series
of levels, which are normal to and spaced at equal intervals

along the Fotation axis, that passes through the origin of the
reciprocal lattice,
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Fige341.7 The projection of the central line KL .which appears

asaline . in'a zéro-level Weissenberg photograph.
Consider Pig.3.1.7 which represents the row of

reciprocal lattice points in the sphere of reflection. The
reciprocal lattice point P is in the zero layer, Th eflection
can be produced when the orystal is rotated into such &;position
that the reciprocal lattice point moves 4o P'. A Tleissenberg
photograph is regzarded as a projection of the reciprocal lattice,

| One reflection hkl is formed when the correspond-
ing reciprocal lattice point, hkl, rotates through the circle of

reflection,



45

The azimuth angle of reflection, 7 y and a rota-
tion angle, v , may be described as the reflection co;ordinates

of the reciprocal point on the film, The following relation
T = 0y

holds for every position of the line 1T in Fige3e1e7, as it
rotates through the sphere,

s the erystal rotates in the path of the beam ‘
each crystal row in the level rotates in tumm through the sphere
and generétes reflections which 1i€ on a lattice line projection,
In Pige3+14T(b) two rows I /444 II, are separated by an angle
(u%-‘u%). In the interval, "theé film translates (uq- uﬁ)/z mm,
if the translation constant of the welssenberg instrument is 1
mm./ 2°

foncentral Tows-do-mot intersect the rotation axis,
In Fig.3.1.8 shows the—curves repregented by a central and non-
central lines, rotatés through180° in the path of the I-ray bean,

The zero level is recorded with the X-ray bean
directed at right angles %to the rotation oxise In {the upper
level photographs, the incident &-rey beam and the diffracted
beam make the same angle with the rotation axis as illustrated
in Fige341.9, the angle between the incident beam and the axis

is called the inclination angle, u , and is given by

2&0051_1 ES h\ ceoe (30104)

where a is the length of the crystal axis,
h is an integer,

and A 1s the wavelength of the redietion.
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Fige3.1.8 Zero level, central and noncentral lines,
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Incident beam
Conieal surface of all diffracted
beams of the layer line.

&

4y £ Axs of rotutton of erystal,

' Fige3¢1+9 The equi-inclination
Drﬁrc&/dl. beam arrangement for non-zero

level Weissenberg photograph.

We get the Weissenberg photograph in form of the inter-

sections of sets of lines as in Fige3.1.10. The lines are labelled

with indices h and k when the rotation axis is ¢ axis.

# | k
Fig.3¢1.10 Weissenberg photograph.
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3«2 Choosing crystals

Triniobium arsenide was obtained from the Institute of
Chemistry, University of Uppsala, Uppsala, Sweden. These samp-
les were prepared by heating the mixtures of Nb and NbAs in an
argon-arc furnace.

A single crystal was picked out of the sample and its
diffraction property was examined by using the oscillation and
Weissenberg cameras with MoKa radiation.

A suitable crystal for collecting X-ray diffraction data
must be a single crystal. The external character of the crystal
that was used was needle-~like with regﬁlar sharp édges.

Crystals were examined from a microscope and the size of
this crystal was measured under a calibrated microscopes

The trial-and-error method was used to determine whether
the chosen crystal was a single crystal or not. It involved a
search through a number of X-ray diffraction photographs oﬁ a

number of crystals of NbBAs.
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33 Mounting and centering the crystal

The single crystal of NbBAs was mounted on a fine glass
fibre as shown in Fige.3.3.1. Canada balsam was used to attach
the crystal onto the fibre. The end of the fibre was dipped
into the Canada balsam and transferred quickly onto the crystal
and adjusted so that a needle axis was parallel to
the rotation axis,. The mounted crystal was then transferred

to the goniometer head.

crystal

Canada balsam

4——— pglass fibre

waXx

Fig.3¢3+.1 Mounted crystal,

The orientation of the crystal could be adjusted by two
mutually perpendicular arcs of the goniometer as in Tige3.1.2.
The length of the glass fibre was such that the crystal would
occupy the same position as the center of curvature of the arcs,
A pair of arcs was attached to the spindle which were capable of
angular adjustment over a limited range 1200, with vernier meas-
urement to 0.1°. The bottom arec had its axis perpendicular to
the rotation axis, The top arc was carried on the slide of the

bottom arc.
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The crystal may be roughly aligned by setting the arcs
80 that the assumed axis appeared parallel to the axis of rota-
tion, but a more precise method was usually necessary as the
crystal should be aligned to within at least 30' of apc,

The crystal was oriented on a rotation camera with the
desired rotation axis direction in the equatorial plane, and
perpendicular to the collimator axis. It must be moved by the:
linear arc slides so that its centre was not moved relative to
the cross wire when the spindle was rotated. The height of the
spindle was adjusted to briné the crystal into the centre of the
beam,

The adjustment of/the arcs could be calculated from
measurements made on tHe oscillation film that the diffraction
was in the form of layer lines, If no layer lines were visi-
ble, the axis of rotation was deduced as being so far from a
crystal axis, This ‘condition is shown by layer lines which
are not straight or which are tilted with respect to the central
axis of the oscillation photograph, |

A setting photograph was taken with both ares at zero.

T¥ was assumed that the upper arc U was parallel te the X-ray
beam and the lower are I was perpendicular to it as shown in
Fige3e3e2.

Fige3e3+43 shows an error of setting in plane U of the
upper arc, as the crystal was tipped toward the X-ray source
which resulted in the tipping of the reciprocal lattice with

respect to the X~ray beam., In general, the trace on the central
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part of the film is caused by the X-ray beam which is diffracted

by the crystal through the circle where the zero plane cut the
|

sphere of reflection.

=

X=rays

Fige343¢2 A goniometer head relative to two
perpendicular-planes.

A curved layer line was called "bow", If the erystal
was rotated through 1800, a mirror-image pattern is formed as
shown in Fige.3.3.3.

If the error was in plane L, the reciprocal lattice
inclined at angle € to the beam in a vertical plar~, The
circle cut on the sphere of reflection which was rotating about
the X-ray beam, however, it was not perpendicular to the axis
of crystal rotation, The trace was tilted with respect to the
central axis of the film as shown in Fige3.3.4. The curve was
called "tiltw, When the crystal was rotated through 180°, it

formed the pattern of the mirror-image,
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plane perpendicular to camera axis
and the "ideal" rotation axis
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Fige3s3e3 Alignment error in plane U and zero

layer trace on f£ilm,
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plane perpendicular to camera axis
and the "ideal" rotation axis

X=ray beam

/
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-

Fige3e3e4 Alignment error in plahe L and zero
layers trace on film.
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In Fige3.3.5 was the 20° unfiltered oscillation photo=
graph with = 220° at the mid-point of the oscillation so that
the scales of with the upper and lower arcs can be easily obser-
ved and they are approximately in the horizontal and vertical

planes respectively,

W) D). \.,
] o 9 h 1’? \

Fige3e345 A setting photograph was taken with

both ares at zero.
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From this photograph, the zero layer trace is "tilgn,
The adjustment of orientation could be done by adjusting the
lower arc axis, It was'corrected by measuring the value of
angle € as in Fige3.3.4, The fibre was brought upright by
moving the lower arc ¢° in the anti-clockwise direction,

After correcting the orientation about the lower are
axis, a second oscillation photograph was taken at right angles
to the first, mid-point at 0 4= 1300, and a correction made about
the axis of the upper arc.

If it was certain that such a crystal was less than 50
mis~set, then it required s final setting.

The unfiltered osci11ation photograph was taken with

the upper arc perpendicular to the beam when the scale was towards

o
the observer, atthew scale reading %10 . Then the other photographs were

a fo) © )
taken in the same film atthew'scale regding 220 ,130 and40 respectively

as shown in Fig.3.3s6 bringing the arcs to be alternately in
the vertical ang horizontal planes,

The distance between the zero layer curves of the photo~-
graph in positions 1 and 3 at +x from the origin could be measured,
This was repeated for the two curves in positions 2 ang 4. Ve

could get from the positions 1 ang 3

tan 2q, = c-d
2x
hence o o= 1 tan-1_(c-d) eee (343.1)
2 2X



and from positions 2, 4,

’can2oc2 = a ->b
2X

l ta‘n"1 ( a = b)ooo (3'302\‘

2x !

Q2
2

W=40°

-

W=]30° W=220° J W=310°
b _

Fige3s3, The final setting photograph.

56
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where & was the distance between the lines 2 and Lat >

b was the distance between the lines 2 and 4 at -x,

¢ was the distance between the lines 1 and3 at x,

and d was the distance between the lines 1 and 3at -x.
A correction was then made by moving the axis of the

upper arc q?ﬁ and the axis of the lower arc o0 ,

This was repeated until the crystal was adjusted so that

its main axes are exactly perpendicular to the rotation axis of

the crystalready for oscillation, rotation and W/eissenberg pho=

tographs to be made.



58

3e¢4 Preliminary investigation of the structure of Nb3As

3¢401 Measurement of axial lengths and angles

The crystal was mounted with a selected axis of
the direct ¢ axis, An oscillation photograph was taken by
using a long oscillation range = 0° to 200° about this axis
during the exposure with MoK& radiation and the filter Zr for
12 hours, This and subsequent photographs were to be taken
by Mo radiation operating at 35 kv, 20 mA. on Philips,

PW 1010/80.,

In Tige344e1, the oscillation photograph about
the rotation axis ¢ shows the layer lines which are related
to levels in the reciprocal lattice.

From the equation (3.1.3) 3 ¢ is the value of the
rotation axis length s C axis , and ris the radius of the camera
= 28.65 mm,

By measuring the distance be'tween the pair of layer
lines, the length of the ¢ axis was calculated,

The results of measuring the film in Fige3.4.1
were given in Table 3.4.1. From the calculation, the value of
the ¢ axis is 5.126 A° with a probable accuracy of 0,072 A°.

The value of the axis of NbBAs could be obtained
from remounting and rotating the crystal about the a axis,

The oscillation photograph was taken about the a

axis at the range of O° to 2000, exposed for 12 hours using MoKa
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radiation and the Zr filter, The photograph was shown in Fig,
30442
The value of the a axis was calculated from this

photograph as shown in Table 3e402

Table 3.4.1 Measurement of an oscillation Photozraph.
Rotation Axis ¢,

MoK Radiation ) = 1 )
o - K K
KOL 3 a1 ;
= 1(2x0470926+04 71354 )=0.71068 A°
5 :

Camera-Radius 'y R.= 28,65 mn,

layer line| 2Y 4 % ton v sinV s'il:nv: % c
(wn) | (mm) (4%) (&%)

1 8e15 44075 Qe 1422 0¢ 1408 5047 5047

2 1630 8150 0+2845 042736 2598 5196

3 264821134410 044681 044239 1677 5,031

4 3770 | 18,850 06579 005496 1293 56172

5 53490 | 264950 049407 0,6852 1.037 5,185

The value of the ¢ axis of NbyAs is 5,13+ 0.07 A°



Table 3.,4.2 Measurement of an oscillation photograph.

Rotation axis a

MoK , radiation %( = 0.71068 A
Q
Camera radius R = 2B8.65 mm.,
:
layer line 2y y Yy = tanv| sinv (A =g a(a”)
R sinv n
(mm.) | (mm.) (A7)
1 4,00 | 2,000 | 0.0698 0.0696' 10.211 | 10.211
2 Te95 | 349754 041387 | 041374 5172 | 10.344
3 11495 | 54975 042086 | 042042 34480 | 10.440
4 16425 8.%25" 0.2836 | 0.2728 2,605 |[10.420
5 20490 [10.450 03648 03427 2.074 106370
6 26425 (134125 0.4581, | 0.4165 1,706 |10.236
7 31.70 [15.850°] 045532 | 0.4841 1.468 | 104276

The value of the a axis of NbiAs is 10,33+ 0.09 A°.



Fig. 3.4.1

Fig. 3.4.2

Oscillation photograph of NbzAs rotated about

c axis Mol(m radiation, for 12 hours exposure.

Oscillation photograph of Nb;As rotated about

a axis MoKa radiation, for 12 hours exposure.

61
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The other two axes, other than the rotation axis,
and the angles are obtained from various layers of ‘kissenberg
photographs.

Two instrumental settings, namely the equi-incli-
nation angle, u , and the layer line screen setting, s, had to
be determined for the upper level photographs.

The equi-inclination angle, ) . The inclination

angle arrangement is the mostfxzzgnl of the Veissenberg methods,

the relation

LY (3-401)

where g
if c

n
and A

The values of the equi-inclination angle for the
various upper level photographs are shown in Table 3.4.3a.and b.

The layer line screen setting, S . The screen

could be moved an appropriate distance of § mm. fre “ts zero-
level position to permit the reflections from a particular
upper level to reach the film are shown in Table 3e4e3a. and b.

The distance is relative to the radius o€ the
layer-line sereen Rg v and the inclination angle y ,

S = RS tanu e (3-4‘02)
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Table 3.443 The instrumental settings: inclination angle U and

layer line screen S for various layers of Nb_As.
[+]

a. Rotation axis, ¢ = 5,13+ 0.07 4 , ¢ = 2 = 0.14
" c
MoK , radiation,A = 0.71068 4 .
Camera radius , R, = 28,65 mnm,
»
layer line ng u:sin-1<gc\ tan S ==RS tan y
; 2 X2 1y ‘
1 (20.04) £1 (mm.)
i e
~ fii:;
1 007"} /4.0 ©.0695 2.01
2N/ hia
2 o.yﬂ//g.w 0e 1400 3457
/ /N (/{’ »
3 O.g} / 12%1“\ / 0.2125 5642
| HREEEE R
4 0428 WERAA 0.2885 7436
N St lrN, .
bo Rotationig =R g

% C = A = 0,07
' 1l o a
Mok radiég g 0.7106\JA

Camera radius , RS= 28465 mm,

layer line nt u=sin~1/gc\ tany = R tany
2 \2 !
(mm.)

0 0 0 0 o]

1 0,04 2.3 0.0400 1615
2 0.07 4.0 060699 2.00
3 0.11 63 0,1104 3416
5 014 8s1 041423 4,08




Fig. 3.4.3

Weissenberg photograph 0th layer (hkO)

Fig. 3.4.4

Weissenberg photograph Oth layer (Okl)

14°)



Fig. 3.4.5

Weissenberg photograph 13% layer (hkl)

Fig. 3.4.6

Weissenberg photograph layer (1k1)

S9



Fig. 3.4.7

Weissenberg photograph an layer (hk2)

Fig. 3.4.8

Weissenberg photograph an layer (2k1)

99
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The Weissenberg photographs were taken on zZero,
first, and second 1ajers, as in Fige3e4.3, 3.4.5 and 3.4.7,
using free translation of the film carriagé of 110 mm., corres-
ponding to an oscillation range of 0°- 220° about ¢ axis.

The Weissenberg photographs'were taken on zero ,
first, and second layers, as in Fige3.4.4 , 3.4.6 and 3.4.8,
using the oscillation range of 0°~ 220° about a axis.

Each Weissenb?rg‘ photograph wuses the

exposure time of 40 houxgigriiééﬁy radiation and the Zr filter,

—
The x a i

rhotographs correspo%ggd////

D A
ocel lattice points Zs ‘f 2 ,Fig{)lg.9 are measured.
) 4 x“

s

the reflections in these

E%E and @ coordinate of the reci-

(24

Sphere of reflectinn

Film

Fige3e40.9 Cylindrical coordinate relative to film

and reflection.
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To measure the £ coordinate in the Veissenberg

photograph, we use the £ scale that is shown in Pig.3.4.10.

Fig.3.4.10 \g scale ,

The ¥ ssale rides oE/fB \rfiJoontimgter scale that coineides
f%g%3$he film. The valns of £
cuéfiiuiprocal lattice unit (releus).
Beoa\.(l\se ‘the laxis passes t;;xough the origin, the

§ cowordinate of points on axial ro hich lie in the ZOro

with the position of 2e

coordinate was measured f }

layer, are indentical with the corresponding axial periods with

the rej rmi\n

. 14

a - ~hoo
i
-* E :
2 0k0 , .
L - '1; . cee (3-4*3)
® g R
oy = 001 .
‘i‘ .
where £ refers to co-ordinates in the zero level.

L ]
a*, 'b"l and ¢ are the reciprocal axes,

’

By measuring the distance between the two points
at which the projections oross the center line of the. film , the
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angle @ between two central lattice rows that is related to the
horizontal film distance z is determined by the relationv
1x2 mue = 2 x ¢ degrees ees (3okiy4)

when the translation / rotation constant of the instrument is
1 mm./2°,

From the zero-level film in Fige3e4.3 , the
length of a and b axes and the angle 3* are determined as shown
in the Table 3.4.4. ‘

From Flg,§:§;, ///l@ngth of b and ¢ axes and
aq’ s\\vm\m the Table 3.4.5.

,_fhe dlstance Z between the two

the angle a* are det

From Fi

central lattice rows mﬁB}flt shows that the interaxial

//‘V
: ﬂo&’){(;%ol{- 4)

@/\/\
] Q,lstance z 1s 45 mm, between

* o)
angle 3 is 90 by the
From Fig, 5

the two central 1at§1ce rg;;:j%g;?{hterqxlal angle &*15 90° and

i )
i

a is therefore 90°

E

Table 344.4 Measurement of a zero layer Weissenberg photograph,

rotation axis c,

MoKa radiation A = 0.71068 A

a). a axis

hkl E (I‘.l.u. ) a*"'" EhOO a = _A
h a* 0
| (a)
400 0.27 0.068 10.45
600 0.41 0,068 1045




. Table 3.404

(continued)
hkl E(r.l.u.) a*= E}‘\OO a = L
h * o
()
800 0454 0,068 10.45
1000 0.68 0068 10.45
1400 0494 04067 10461
1600 1.07 b o{diﬁi’g- | 10461

/ ) o
The value of the a axis of NbBAS is 10,52 +0.,08 A .

Y 7 ’(/
b)e b axis y -’ };/‘rs
! a -~ * gl 7

7 G k 437 * o

i b
040 0627 06068 10045
060 0e41 0,068 10,45
080 0.54 0,068 10.45
0100 0,68 0,068 10.45
0140 0.94 0067 10.61
0160 1607 0,067 10661

The value of the b axis

(-]

of NbBAs is 10452+ 0.08 A o
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Table 3.4.5 Measurement of a zero layer Weissenberg photograph,
rotation axis a,
(=]
MoKu radiation , A = 0,71068 A ,

a)e b axis.

. * 5 (]
Rkl | € (rolou.) b= Soko b=) (4)
k *
b
0100 0469 |, 04069 10430
N
Q0 ==
= ‘l ) e
f‘l* o
hkl 7/ =2 foo\\ c =) (4)
(" o “
N (o}
= LRG0
\Q;/,_\\\r,
004 [ 10138 5¢15

\Z)
— =)

5 7
3e402 Determ uﬁtigg‘gf_thgﬂ§xmmﬁ

From the oscillation photographs, certain basic

and the space group

symmetry elements are known; and more symmetry information can
be obtained from Weissenberg photographs.,

The oscillation photographs in Fige3e4.1 and Fig,
3e4.2 show the presence of a mirror plane. In the Weissenberg
photographs, the intensities on the negative part of any noncen-
tral lattice line are mirrored by those on the positive part.
When the rotation axis is ¢ , the a* and b* axes appear in the

zero-level Weissenberg photograph. The c* axis of NbBAs is
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a four-fold axis in the reciprocal lattice,

The symmetry is also shown in the Laue photographs.
The Laue photographs were taken along the a* axis and c* axis ,
during the exposure with MoKa radiation, no filter, for 1 hour
and they were shown in Fig.3.4.11 and Fige3e4e12.

From the zero layer of the Weissenberg photograph
we plotted a graph of the reciprocal lattice points of the present
reflections that can be indexed, shown in Pige3e4.13. This
graph showed that the 1attice of7ﬁ£5As has a 4-fold axis and
these symmetry elements belong to a tetragonal unit cell.

The spaoe grnup of this erystal was determined
from the systematic absences fohnd in the Weissenberg photograph.
Using the cylindrical co~ord1nates, g and ¢ of Weissenberg
photographs from varlous‘geve}s tg;plot graphs between the two
indices, When ¢ is the rofationraxis,:the graphs of (hk0),
(hkx1), (hk2) and (hkégragguggziiggg,//rﬁﬂen a is the rotation axis,
we can get (0kl), (1k1), (2k1) and (3kl)s.. Thess graphs are
shown in Fige3.4.14. :

From the graphs in Fige3e4.14, the conditions of
the possible reflections were found to be in Table _. .6.
Table 3.46 The condition of the possible reflections in the

(hk0) and (0kl) reflection data of NbBAs

Clees:nf yefleetion!Condition for reflections|Possible symmetry

element

hkl No systematic absences | P




Table 30406

(continued)
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Class of yeflection

Condition for reflections

Possible symmetry

element
hkO h+ k=2n n | ¢
001 1 = 2n 42 along ¢
0kO0 k \ »ﬁ/:/ 42 along b

These cnnd/i‘afo‘as agreed with the unique space group Pk /n

in tetragonal system ffam the Iﬁ#ernational Table Vol, I.

1,

Therefore NbBAs is in tetragdnaI system s the point group is 4/m

and the space group is

P

?42/£.;




Fig. 3.4.11 Laue photograph taken along a axis

(perpendicular to c axis)

Fig. 3.4.12 Laue photograph taken along c axis

(perpendicular to a axis)
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3e443 Calculation of the unit cell contents

The density of NbBAs was determined and combined
with the measured dimensions of the unit cell to give an accurate
value for the total molecular weight of its contents and the
number of molecules in the cell could be deduced.

The density of NbBAs was experimentally found to
be 7.9 20,6 gm/c.ce |

The volume e{\thg/égéﬁ/cell of NbBAs whose

—_— ) =
axes were deduced from. s np.&:ﬂ,‘-\ls,

3

4) CMme”X7.9 gm/c.c.

gm-

= 1.66x10—24x'3 54 gm/molecule.

If the unit=cell of NbBAs contains Z molecules , thus
~-21

Z 4449 x 10

354%1.66%x10°

24

Teb6 ~ 8

A unit-cell of NbBAs therefore contains 8 molecules, Then the

calculated density of NbBAs is 8x354x1.66x10°24
567.27 x 10724

= 8429 gm/c.cCe.
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3¢4+4 The absorption coefficient calculation

The computation of the linear absorption coefficient
of NbBAs was shown in Table 3.4.7. The linear absorption
coefficient could be computed from a knowledge of its chemical
composition, its density, and a table of mass absorption
coefficients of the elements, E.’ given in the International
tables for X-ray Crystallography s Vol. III.

%

"éion coéfflclent for Mol&x

, density(p ) = 8429 gm/c.c.

: , “)‘ ‘

Atom |Atomic weighti@ot ﬁei;h¢ of Fraction of | y pﬂn)
l&tOWi&.l;Pr;;%M fotal wip ()| (gal)| fon]

3 93 ‘} 215 78161 1701 | 13.48

As 75 7fTﬁﬂ;~‘-__-——«r//ﬁ§1 19 69.7 | 14,77
j 1 ing: .

RS for Nbjis 1s 28.25 gn”"

The linear absorption coefflclent, M, is 4 = Density xI p{gﬁ

- 8.29 x 28.25 e~
“1

233.96 cm
So NbyAs has W v 234 om”! for ok, radiation,

Using the value of u and the size of the crystal,
the absorption correction A* for various Bragg's angle 6 was
extrapolated from International Table for X-ray Crystallography,

Vol. III. The crystal was assumed to be in a cylindrical form,



and its radius was measured by & microscope to be 1.442x10™>
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Cm,
The value of A" as a function of 6 and uy was tabulated,‘ i.e,
u s - 15 & A* at various 6
(en™ V) (em) 0% 122.5% | 45° {67.5° | 90°
234 N1.442x107 [0.34 | 1.83 [1.76 |1.73 1.69 [1.68
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3¢5 .Collecting intensity data

The multiple-film method was employed in the preparation
of the Weissenberg photographs for the subsequent intensity
measurement. Different exposure times were used, In order
to reduce the number of exposures needed, three films were used
in the camera for each exposure, The film closest to the
crystal removes a fraction of the X-radlatlon, acting as a filter
before the second, which in turn reduces the intensity reaching
the third, Between each Qair of films g sheet of developed
film previously exposed to light was interleaved as a very thin
Ag foil filter sheet,

The film factors will vary with the geometry of the
camera used, they are deferﬁined for each set of photographs by
calculating the intensity ratio for a number of pairs of reflec-
tions, The films prOVide fllter factor of 1.5 to 2 for MoK

radiation,
The exposure times for each set of the hkO, hk1, hk2

Nelvsenberg photographs were 270, 43 ang 10 hours, whereas the
hk3, hk4 sets were recorded for 118 and 23 hours. Th~ timing
for the exposure was so that the intensity reduction ratio
between successive films would be approximately constant at o7
The first photographs of 200 hours and 118 hours exposure of these
layers were shown in Pigi3.5.1, 3e5¢2y 3.5.3, 3.5.4 ang 3e5e5.,

The method of measurement involves the systematic comparison
of the observed reflections against a calibrated density scale.
This spot scale was prepared from an intense reflection from

the crystal under studied of NbBAs. It was prepared by



8L

selecting an intense reflection for NbBAs and taking repeated
photographs of it by the Weissenberg method, at exposufe times
which were in the ratios desired for the final density scale.

The film was shifted between each exposure so that the "™ new "
reflection would not overlap onto the background of the foregoing
reflection,

To make the measurements, the film was pléced on a light
box and the intensity of the reflection was compared with those
of reference spots until a good mafch'was found, Then the
appropriate value was assigned as the observed intensity.

At the higher valu!s of aine s the separation of 5; and
KOL2 reflection becomes. Wider. The concerned spots were measur-
ed by combining the individual intensities of the separated spots
of the same reflection, thus ;@tegrated intensities were measured,

When all the intensities had been measured, those from
the second and 1atterﬁfilms iefe multiplied by the corresponding
filter factors for each of the preceding films, then the results
were obtained on the same scale as the 1ntensit1es measured on
the first film,

The unmeasurable weak reflections are called unobserved
reflections, the absence of reflections in the film is also an
unobserved reflection. The intensity of the unobserved intensity
is assigned to be less than the weakest oBservable reflection

(I )y the value is % I

min, min, *



Intensity data Weissenberg photograph.

Fig. 3.5.1

Weissenberg photograph oth layer (hkO)

for 200 hours exposure.
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Fig. 3.5.2

Weissenberg photograph 15t layer (hkl)
P grap

for 200 hours exposure.

Fig. 3.5.3

Weissenberg photograph an layer (hk2)

for 200 hours exposure.
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Fig. 3.5.4

; d
Weissenberg photograph 3r layer (hk3)

for 118 hours exposure.

Fig. 3.5.5

Weissenberg photograph 4th layer (hk4)

for 118 hours exposure.

L8
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3.6 Powder method

The powder method can be used for a crystalline powder
which is composed of fine, randomly orientgd particles,

The sample of NbBAs was oriented randomly to a monochro-
matie X-ray beam so that the incident ray diffracted by a parti-
cular set of planes was deviated by 26 as shown in_Fig.3.6.1,
where 6 is a Bragg's angle and satisfies Bragg's law

nx . = .2d sing

The diffracted rays from a plane hkl would generate a
cone of semi-apex angle 29/, as shown in Fige3.6.2, For a
systen of randomly oriented crystals, reflected rays from
corresponding set of planes will be deviated by 20 from the
direction of the primary beam.

The sample was rotating continuously during the exposure
period, and various values of the angle 8 about the set of
planes were given. The diffraction pattern would be produced
by these cones of dlffracted rays as they 1ntersect the film,
Bach line on the film would represent one set of the lattice
planes, and the corresponding 6 could be obtained from the
vosition of these lines,

The powder photograph for NbBAs as shown in Fig.3.6,.3
was obtained by employing the Guinier-Higg XDC~T700 focusing
powder camera using CuKa1 radiation (A = 1.54051 X ) at 34 kV,
21 mA., and two-hours exposure, Silicon was used as the internal
calibration standard. The general view of the camera and diagram

of the principle of the Guinier method were shown in Fig.3.6.4.
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If the crystals are small, quite sharp powder lines may

be given, but if they are large, the lines tend to be blurred

and broadened,

From this powder pattern, the Miller indices of each

line and the dimension of the unit cell of N'bBAs were determined.

Incident X-rays Dif{ruféd X—rays
| A0
f )
d

| Y
i =

Fige3¢601 Deviation of 20 caused by diffraction of L ray

beam.
Diﬁmﬁi
X-rays
Incident X-V‘\ays A
Pow dey
sped men

Fige346.2 A cone of X-rays diffracted by a particular
hkl from all the crystallites of a powder

specimen.,
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Frimary beam

90

(b

- A

&« A typital diagram of 4 Guinier-Hacg focusing
camera photograph.,
b. Powder photograph of Nb_As. Cuk, radiation,
2 1

exposed for 2 hours,
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X = linefocus of X-ray tube

M = Monochromator

R = radius of monochromator
focussing circle

p 4 = powder sampie

0 = center of film cylinder

in holder

So-.primary line
S = reflected line

Sa mrl. QS, Nblks +3i

/ hasuslomgton

X-ray beam

(by

Fige3.6.4 b, General view of Guinier Hagg camera.

0, Diagram showing the principle of the Guinier

method.,
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