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The crystal structure of K,SnBxr, has been rein-
vestigated using single crystal x@%ay déffraction techniques,
Three dimensliongl intensity data obtained photographically
have been used to refine the structure, by the least square
analysis. The structure is found to be slightly distorted
from the regular cubic K PtClg structure in a manner similar
to KpTeBrg. The Sn-Br bénd 1S found to be 2.601 .

» The structure of Ko 8nBry is found to be monoclinic
with spaﬁe group P2i/n and’a = é,4g5 + 0,017 &, b= 7.437
£ 0.017 A, and ¢ = 10.568 + 0.006 K. _

A review of other crystals with similar structure is
Included in this thesis and the theory of x-ray diffraction
and crystal structure as spplicable to the present problenm
is discussed briefly. |
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_Chapter 1
~ INTRODUCGTION

The structures of a large number of erystals having
" the general formula BZMKé where R is an alkall metal, M is
a four velent metal and X 1is a halogen heve been solved
using x-ray diffraction techniques, moétly the powder
method . - Most of these crystals are found to crystallise
in the cubie potassium hexachloroplatinate (KthGlé) strue-
turel; space group Fm3m (Og')a The Kth61é‘struéture is
basieally an antifluorite strﬁ@ture in which the regular
octehedral eanions (Ptclézé) are arranged on a face centered
cublc lattice while each cation (K+) occuples the tetra=
hedral interstices formed by neighbouriné ions (See Fig. 1).
The platinumchlorine bonds lie along the prineipal axes of
the cubic wmnit cell. Each k¥ ion in this structure is
surrounded by twelve chlorine atoms at the same distance
from it.

However, a few of these struetures have been found
to distort slightly from the regular K PtCl, structure.
Brown! has reported such a distortion in K,TeBr, while

Brown and Lim8

have observed & similay distortion in Ksz61ée
Ketellar, Rietdljk and van Stavereng and Markstein
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etinate,

The unit cell of Potassiun hexachloropl

Ké.?tClé
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and. Nawotnylog using single crystels, have studied the
. symmetry of KZSnBr6o According'to Ketallar et al,
K,SnBr, 1s cublc and has the K,PECL, structure with
ga=bs=c¢s= 10,484, Acecording to Markstein and_Nowotnyg
it is tetragonal, pseudo-cublie, Spé@e group 0&212 with a
s1ightly distorted K,PtCly structure smd with e = b = 10.51 A,
The primitive tetragonal cell has space group P4212 with the
dimensions & = 7.43 & snd 6 = 10,61 A. Gellonl, De Benyacar
and De Abeledoll9 using powder photographs, have found that
‘the cell, tetragonal at room temperature beeomes cubic at
126.5°C with a = 10.61 % at 130°.

The study of Nuclear Quadrupole Besonances and the
thermal behaviour of some of these ecomplexes has also led to
the observation that similaxr distortions do exist in many of

E then, Nakamura et éllzmlé have used the guadrupole resonance
of haiogens.to‘examine the hexsghalogenate anions of a number
of metals such as PL(IV); Sn(IV), Te(IV) and Re(iV). In
many cases, they have reportéd'the splitting of the resonsnce
signals which indicates the presence of nonequivalent halogen
atoms in these struefuresm Such structures must, thereforegb
have symmetries lower then cubic. In particular, they
observed the pure quadrupole resonance of bromine in potase
sium hexa bromostemmate. The br@mine nuclear guadrupole ree
sonsnce line is split into a triplet, indicating the pre=

sence of at least three kinds of noneequivalent bromine

atoms in the crystal suggesting thaﬁ the tirue symmetry is



lower than tetragonal.

Morfee, Staveley, Walters and Wigleyla

have carried
out the measurements of heat capacities of complexes
(N34)28n016 and (NHQ)ZSnBrég at low temperastures. Both
these are found to have the Kthc16 structure at room
temperature, but exhibit specific heat anamalies between
'100°K end 300°K. The suthors have suggested that some’
'dist@rtions might occur in these compounds. The anomaly

in (NH@éSnClé is small and occurs between 235 K snd 245 K
end it is unlikely that a change iﬁ structure is involved.
But the contrary is the case for (NH4)ZSanég where- the
anomaly is large., Busey, Dearmen and Bevan Jrolg have
noticed the snomalies in specific heat in K,ReClg at 76,
103 % and lll%and they suggest that these are due to some
distortions in the structure of this compound. Furthermore,
the neutron diffraction study of Kzaecz,aby Smith snd BaconZl
has @onfirﬁed the change in the:gymmetry from the space group
Fnlm at room temperature to a space group of lower symmebry
Pn3 or Pnim, even though 1t still remains.cubi@ below 77°C.
Busey and his 30mworkers21 have also reported the specific
heat snomalies in K, ReBrg at 225°K and 245°K. Templeton

6

and Dauben  have found this compound to have the K PtClg

structure at room temperature. Ikeda, Naksnurs and

22-23

Kubo have found from nuclear gquadrupole resonance that

it undergoes three close transitions below 270 K.

Brown7 has proposed an explanation for such distor-
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tions., He suggests éhat if the cation is very much smaller
. then the cavity into which it fits, the anions will re-
orient themselves in such a way as to weduce the effectlve
cavity size and thus lock the cation in place. Morxrfree,

Staveley, Walters and Wigleyt®

have also made a similay
suggestion to aceount for the speéific heat ancwmaly in
(Nﬂu)zsnBTG at low temperature. Brown has fuwrther given a
criterion ﬁ@ decide whether sny given structure 1ls expected
to be diétorted from the regular ‘Kth616 strueture or not.
This criterion 1s based on the "radius ratio? which is de-
fined as the ratio of the cation radius to the radius of
the‘cavity formed by twelve halogen atoms surrounding it.
He has oﬁéerVed that, .

i, Crystals with a radius ratio of less than aboutb
0.89 are distérted from the cublc structure at room tem-
perature |

ii. Crystais with a radius retio between 0,89 and
0.98 are cubliec at room tempera%ure but distort at lower
temperature;

111, Crystaié with & radius ratio greater than
0.98 are not disterted from the cubic structure at any
temperatures

The structures of some @fystals of the type
Rzmxéd arranged in the order of radius ratio avre listed in
Teble A&

Thisg thesis describes the fefinement of the crystal



TABLE A

Structures of Some szx6 type crystals

T

Radius " HMethod

Compound Ratio Structure X<RAY  NQR Specific
heat

1l. Crystals which are distorted from cubiec at room temperature

K,TeBrg 0.83 Moroclinic at 293°K 7 13
-KZSnBré 0.86 Tetragonal at 293 K, 10.25 1l 18
~ Cubic ebove 400°K, Mono- 24

clinic at 293 K
BbyTely 0.86 Tetragonal at 293K, ' 16

Cubic above 328 K,
K,TeCly 0.89 Honoeliic at 293 K 2 13
KszC16 0.0L1 Monoclinic at 300~°Kw 8

Cubie above 333'K.

2. Crystals which are cublic a2t room temperature but distorited
' gt low temperatuie

Rb,Snlg 0.88 Cubic at 293'K 26
éNHu)zTeBré 0.90 Cubic above 168 K 27,28 13

© KpReBryg 0.91 Cubic sbove 245 K 6,29 22,23 21
KoSnClg . 0,92  Cubic ebove 267 K 2 18
K, SeBr '0.93  Cuble above 240K 3 15
(WH,) ,SnBrg 0.93 Cubic at 293 K 10 18
(NHQ)ETe016 0.96 Cubic above 77 K 30 13
KéBeCi6 0.97 Cubic above 111'K 29,31 22,23 19

3. Crystals which avre cuble at ali temperatures

KoPtCL 0.98  Cublic 1 12

6
Cs,Tely ~ 1.00 Cubic 32 13

Cs,TeBrg 1.07 Cubie 28,5 - 13



étructure of p;tassium hexsbromostannate (KZSané) at
room bemperature, using single'@rystal E=Tay &iffra@tion
technigues. With a radius ratio of 0,86, the structure
falls about midway between that of K,TeBrg (radius ratio =
0983)'an& umdistorted Kthclé structure (radius ratio =
0.89). Br@wn7 shows that the distcrtion proposed by
-ﬂarkstein and Nowotny in the case of KZSﬁBré is of the same
type as that in K,TeBrg but is only about half as great.
The present work was undertaken fo refine the structure
and study the rnature . of distortion in K,SuBr, at
room temperature. In the present sbtudy, the single eryse
ﬁal intenslty data have beeﬁ used to determine the posi=
‘tional end thermal perameters of atoms in the orystal.

In refining the structure of Kzsang at room tem-
perature, we have found that it is monoclinic with the space
group P?%/n, thus haeving & symmetry lower then tetragonal
and thus satisfying the Nuclear Quadrupole Resonance resulté
Further, we have found that the SmBrg~  ion has the con-
figuration of a regular octahedron end thére is no signi-
ficant difference in the three non-equivalent Sn-Br
‘distances and the angles do not}vary signifi@antly from 9060
The distortion in K,SnBr, is found to be similer to that

in KzTeBré es suspected.



Chapter 2
DEVELOPMENT OF X-=RAY DIFFRACTION METHODS

The use of X=rays for investigating the structure
o? matter began ﬁith Von Lau@% diseovery of the diffrac-
tion of x-rays by crgstals in 1912. A ecrystal consists of
8 basic wmit of structure xeﬁeated regularly in a three
dimensional array and it acts ss a three dimensional grate
ing with rés?e@t to X=rays. eray diffraction, therefore,
led to the possibllity of studying the arraﬁgement of atoms
inside 2 crystal. Consequently, se?eral important fields
of investigaﬁion oﬁened up. A

During the early stagesvof the development of xXe-ray
erystallography, mostly inorganic substances were inves-
tigated because of the simplicity of their chemical com-
vpositions These included the»struétures of diamond_an&
gfaphiteg vhose atomic arrangements were later found to be
of fundamental importance to organie chemlstry. Interest
in more and more complex structures grew and the techniques
gradually advanced. In 1915, W. H. Bragg pointed out that
as the density of scattering matter in a crystal is periocdie
in three dimensions, it should be expressiﬁle as & summation
of & three dimensional Fourier sériés9 the terms of which

8



are deriﬁable from the diffraction intensities from the
~various possible réfleeting-pi&nés'in the crystael. The
mein problem, therefore, was to measure the intensities of
all possible reflections, so as to miss asfew of the terms
 &s possible in the summation end to determine the phases
of the terms, the magnitude alone being givén by the dif-
fraction intensities. Therefore the attention of the
cﬁystallographers was direetedvtowards improved methods of
recording sand interpreting x-ray diffraction photographs.
In 1924, Welissenberg introduced the idea of employlng move
‘ing film methods of recording and indexing the diffraction
pattern. In 1527, Bernal put forward the simplified method
of interpreting rotation photographs based on Ewald's cone
cept of reciprocal lattice. The determination of the phases
- of refleections remained a gréét hurdle in solving complex
crystal structures. Usually, tﬁis is achieved by the well
knowm trial and error method. However, valuable information
can often be obtained from the available optieal and magnetic
data. |
In 1934, Patterson showed that there exists a relae-
ﬁionship between the inter-atomic vector distances and the
intensity of the x-ray refleections. .Instead of structure
factors, he used the squares of structure smplitudes as
Fourier coefficents and the resulting synthesis was related
n a sinmple way to the erystal structure. |

In recent times, with the development of computer



10
ﬁeéhnology, thére has been a great progress in the deter-
nination of crystael structures. As & result of the work of
Astbury9 Bernal, Perutz and many others, it has been
possible to &etermiﬁe the structures of a large number of
molecules of biological interest. Many such complicated
structures have already been reported by different workers
-e.g. DNA by Watson and Crick (1951), ribonugléase by Harker
and Kartha (1967), myoglobin by Kendrew et al (1958) and
heemoglobin mainly by Perubz snd his coworkers.

Crystallographers have alse been tfying to study the
structures of small molecules in greater detalls. These
include the determination of the exact mean positions of all
‘atoms, & study of electron distribution of atoms in a state
‘of rest and a nowledge of zero-polnt motion and thermal

vibration of atoms.



Chapter 3

THEORY OF STRUCTURE DETERMINATION

3.1 TFundementels of Crystallography

A systematic seience of crystallography has been
deveioped which serves as the basis for the rational inter-
pretation of the x-ray diffraction data. The steps in the
'devéicpment of this inférmation may’be sumarized as follows:

(a) A erystalihas plaenar bounding faces and |
symmetry. It is essential to choose a system of coordinates
in order to‘express'the positions of these planes, relative
to one another; in space. The planes ave then indexed in
terms of their intercepts upon the sxes of a system of co-
ordinates. An immense amount of experimentation has proved
that all angle measurements snd indexing of plane faces can
be accounted for by seven systems of cocrdinates. In other
words,; there are seven crystal systens.

(b) As a result of further experience it is now
certain that the indices of all the plane faces of the crystal
are aiways small whole numbers.

(e) The symmetry of an object is anm expression of
the fact that the objeetrhas equal properties in different
diréationsa The following‘symm@try operations are per=

11
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formed to bring equivalent directions in space into coln-
-ciden@eo .

Axes of symmetry: Points in crystal may have one-,
two=, three-~, four- or slx-=fold axes. This means that equi-
-valent points may be brought intc colncidence by a rotation
of 360, 180, 120, 90 or 60 degrees. |

. Plane of symmetry (mirror operation): in which
'points on one side of a plane are mirror images of points
on the other. A |

Centre of symmetry or combined-2=fold rotation and
- reflection across a plane perpendicular to the exis.

When these symmetry cperations are cosbined in every
possible way, using the seven erystal classésB it ecen be
shownn that there are 32 point groups which define 32 clasées
in terms of point symmetr&a There are also Yscrew" axes of
synmetry involving rotations about and translation along
en axlis and Yglide" planes of symmetry iﬁ which a figure 1is
brought into coincidence by refleetion'in a plane combined
with translation ofeadefinite length end direction 1n”the
plane. WYhen these are combined with translational symmetry,
the result is a tgtgl of 230 combinations of space groups.
The definition of the:symmetry of a crystal by its space

group is unigue,

3.2 Theory of X-ray diffraction by crystals

Like visible light, erayé may be considered as an
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relecthmmagnetic wave. The wavelengths of X-rays used in the
‘determination of erystal structures vary between 0.5 and 3 A,
Any electron in éhe path of an eray,séatters it. An atonm
consists of electrons around e positively charged nucleus.
The nucleus, because of its large mass, can be neglected
when we consider the scattering of x-rays. Each electron in
tﬁe aton seatters x-rays. Therefore, the atom as a whole
‘secatters x-rays to an extent dependent on the number of
eie@trons in the atom, i.e., dependent on the atomic number.
Because of the regular arrangement of atoms in the crystal
the scattered x-rays interfere to form & diffraction pattern.

Laue diffraction equations 111ustrate'éffeetiVely
the conditions for the formation of a diffracted beam. Pl |
end P, are two lattice points separated by a vector I
(See Fig. 2)02g is the uni% incident wave vector and s 1s
the unit scattered wave vector. PyA and P4B are the pro=
Jections of r on the incident and seattefed wave directlions.

The path difference between the two secattered waves from Py

and Pz is .
PzA a PlB = ;:;eig = ToS
.3 x O(E’Q = 2)

=X o B where S = 855 = 8§

Lo}

If 20 is the angle that § makes with 84, then Fig - ilg

2 sinf) since s, and gvére wnit vectors (See Fig. 3).

-9
The phase difference ¢ is (2Z) times the path
: A

difference. Therefore



1k

Fig. 2. Scattering of x-rays by Scatterers situvated at two
1lattice points.
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reflecting  plane

Fig. 3. Relationshlp between the vestors Sp0 8 and S
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The amplitude of the scattered wave is & maximum
in a direction such that the contribution from each lattice
point differs in phase only by an integral multiple of 2K .
Therefore, fof diffraction maxinma, |

P = %5 (EOQ)QZWn
where n is an integer
| e I o8 =nl

‘ - If 8, b, £ are the prinitive translation vectors,

=

v

the vector x can be specified as
I =me8 o+ ng + mjgiy
where Mg, Moy and mqy are integers. Thus
LS = m8.8 + WyDeS + mao.S = nA

Since m » Mo and m3 are independent, each of them must be

1
equal to an integer., That is, |
2.8 = hA
b.S = k A
€5 = 1A

where h, k, 1 are in’ce_gers;‘ These are the LAUE EQUATIONS.,
S G ¢ »7 are the direction cosines of S with

respect of &, b, ¢, then

8.5 = h?A = 28X sinb
DS =kA = 200 sin b
€8 =1) =2c7sin 8
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The vector § has got & specisl signlficance. § is
" perpendicular to the crystal planes.of which h, kgfa?are
Millex indiceso' A
If d(hkd) is the spacing between two adjacent planes
.of a set (hkb), the |

d(hkz;)s al = bG 223_;3‘ ﬁ
L

h “k 2siné
Therefore, 24 sinb = }\e

It is also implicit that both andkg,make an engle

(8]

8.

with this plane. ‘

The equations 2dsin® =/ 1s nothing but the well known
Bragg law, which states that diffracted beams are found only
for special cases satisfying the above condition. This réw
sults from the fundamental periodicity of the structure and
does not refer to the actﬁal arrangement of atoms in the
lattice. An important conseguence of the law is that the
wave lengths must be less than 2@ it Bragg refle@tion is
to oceur.

Thg conditions for an x-ray beam %o be diffracted
may be expressed with the help of the reciprocal lattice
which is wideiy used in crystallography.

The recipfécal lattice primitive translation>vectors
g#§ b*, ¢* are defined by |
| 8%.5 = D¥.b = geg = 1

(g*.b) = (a¥.g) =0

0

(b*.c) =(p*.p) =
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(g*ea) = (g*.b) =0 |

‘The reciprocal 1attiéehas a definite orientation
relative to the crystal lattlice. Every point in the recip=
rocal lattice 66rresponds to a possible reflection from the
6rysta1 lattice.

The Bragg equations has & simple geometrical éigniw
ficanee in reeiprocal lattice. A0 is & vector of length
'(i/ﬂ ) in the direction of incident radiaﬁicn (see Figo Iy,
terminating at the origin of reciprocal 1attieeg If we
draw a sphere of radius (1/)A ) with A as centre, then the
possible directions of the diffracted rays for this in-
cident ray‘are determined by the intersections of the sphere
“with the points of the reciprocal lattlce. " The direction AB
is & direction of a diffraction maximum and B is a point of
the'recipfocal lattice, This is Ewald's construction.

We cean now prove the'EwaEieonstructions; Let 8 =
Ja* + mb* + ne¥*, where j, m and n ere any (non-integral)

numbers having dimensions of length (sinee § is dimension-

less).
Thén the Laue equations reduce to
8.ja% + g.mb* + goneH = hA
b.Jja* + b.mb* + bonc* = kA
coja* + comb¥* 4 cone® = LA
i.eo jg.a% = hA
mb.b¥ = kA
ne.c®* = 1A

g ()
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of reciprocal
lattice

Fig. k. Ewald's construction of reciprocal lattice
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or | j:hﬁ
m=XkA
n=@A

Therefore, S = hia% 4+ kAb¥* + %Ag_*

orl 8 = ha* + kb¥ + fe*

S fom.

In Fig. 4, B is a lattice point in reciprbcal space.

OB = ha* + kp* + fo*

=18 = 2sin@ ,
A A
But OB = 2A0 sin g' where p' is the angle shown as & in Fig. 4.
Therefore,
0B = 240 sin B = 281n 8

A

!
Thus & =06

3.3 Intensities of reflections

The intenslities of reflections are used to determine
the positions of atoms within the unit 6e11. The structure
factor F(hk{) of & reflection is given by the Fourier trars-

form of the electron density Q(xyz) within the cell 5833

F(hk{) =Vﬁ$ e(xyz) 'exp[z.?{i (hx+ky+LzYixdydz
x Yy 2=0 |
where V denotes the volume of the unit cell, and x, y and
z are the fractional coérdinates of the volume element
(V dxdydz) considered.
F(hkl), as will be seen in the next chapter, is a

complex quantity snd is related to the observed intensity
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I 6f the diffracted beam by the expression I,d;&%hkl)l 2@
Thus fron the measurement of intensities, the modulil of the
structure factors can be evaluated end these can be used in
the determinatioh of the erystal structure.

The pattern which results from the diffraction of
& crystal is normally recorded 6n'films¢ The diffraction
- maxima appear as spots of varying iﬁtensity 6n the filmg
'Howeverg one is faced with certain difficulties in the measure-
ment of these intensities. Corrections have to be made for |
variation in the size and shape of the spots, non-uniform
distfibution of intenslity over the sﬁots and the presence
of different background around the spots found in different
. areas on the film.

. In a real crystgls due to imperfection, adjacent
volume units are not exactly parallel. Therefore, the
crystal nust be turned slightly in order to bring éach unit
into the Bragg condition for reflections to occur. This
results in the spreading of the 5po£ over o small range.

Thus the peak intensity of a refleection does not necessarlly
give a reliable measuyre of the structure»amplitudee A better
measure can be obtained by summing the energy reflected by

a set of planes as the sanple is rotated throuéh small angles
close to .the Bragg angle, i.e. by integrating the intensities.

3 has deduced an expression for the integrated

James
intensity. The crystal is assumed so small that the absorp-

tion within it may be neglected. It is assumed to rotate
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with wniform angular veloelty uﬁ about an axis parallel
| to a set of planes and through a range of angles. The
energy E reflected by the crystal is proportional to

the volume Av of the crystal. For the case of unpol-
"arised ineident radiation |

By = Q AV

1o

- Wwhere Io is the energy incident per unit area in the beam

- and o .
Q :LEiAQ (7} 2 [ 2 )2 1+cos228
8in2®6 mes< 2

" where gFE is the structure ampliﬁude, 8 is the Bragg angle
end N is the number of unit eells in the volﬁme of the _
crystal. The quantity (Ees/I,) is called “iﬁtegréted refe=
lection® ffcm the crystal element. |
The factor 1+c052294is called the "Polarisation
factor p%, which'is tﬁe smount by which the intensity of the
- diffracted beam 1s reduced owing to parfial polarisation on
 diffraction. The factor ( 1/sin28) is known as the "Lorentz
factor" which iS'pfoportional to the time the crystai takes
to pass through a reflecting position. This factor varies
~both with the Bragg:angle and with the rarticular arrange-
ment by which the diffrasction pattern is recorded. 'The
»dorfecticn for Lorentz and polarisation effects 1s usually
epplied in the combined form. The Qbserved structure ampli-

tude“Fl of a reflection is evaluated from 1ts measured

intensity I using the relation
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ey’

where K is a constant dependent on the wavelength and crys-

tal sizZe and is initially taken arbltrarlly as one.

3.4 Extinction

This is one of a number of physical factors affect-
"ing the intensities, others being absorption and tempera-
ture motion of the atoms, In general, it is not uncommon
to assume that some of these effects are so small that they
can be neglected.

In deriving the relgion between the Intensity and
- square of scattering amplitude, it ls assumed that the crys-
- tal consists of a small volume element. This eliminates
any‘concern for absorption and "extinction". Extinetion
is a phenomenon which results in the attenuation of the
primary beam of xX-=rays when the crystal is in a diffract-
ing position. Therefore 1t reduces the intensity of the
diffracted.beam particularly for strong reflections. This
effect is very difficult to correct for experimentally be-
cause 1t depends on the physical perfection of the crystal.
For this reason, it is ordinarily ignored in many crystal

structure analyses.

3.5 Absorption

X-rays are absorbed by matter. The extent to which
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this occurs in the tiny crystals used in structure analysis
.is normally great and therefore, the effects of absorption
cannot be neglected in aecurate work., The amount of ab=
sorption in the erystal is diffiecult to calculate as it
‘depends on the shape of the sample and also on the rela-
tion of the direct and the diffracted besms to this shape.
It is always possible to approximate the allowance.

If we consider an infinite plate shaped crystal of
unlfbrm thickness t, mounted on a precessién}camera such
 that the X-ray beam is in@ident on the'largest face of the
- erystal, the absorption factor A ferefoslayerxefle@tiéns
is given by N ,

A=1 = expe‘ (=pt secﬁ)

o)
where “};'3’ is the precession engle andps is the absorption

coefficient?’ For small plate shaped crystals immersed in
the inecident beaﬁ the path lengths of the rays are all
equal except for the rays inecident on the region c¢lose to
the edges of the crystal. Thus the absorption can be con-
sidered uniform for all reflections on the same layer, if
the edge effect is neglected. For relabtively thicker plate
shaped crystals, the edge effect is significant as the ab-
sorption can be consldered uniform only over a small region
near the eentreo For cube shaped crystals which can be
apprpximated by a spher’e9 edge effect is importanto For a

spherical crystal, the absorption correction varies with
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the Bragg a:n.g;:l.ea36 For ecrystals with UR< 2, the ratio
of the absorption factor A forf = 0" to that for § = 30°

is less than l1l.5.

3.6 Structure factor

A crystal can be represented by pla-einé a certalin
'iarrangement of atoms within each wit cell of the 1at‘c:ieee
If the unit ecell of a crystal contains N atoms at points
Xy, ¥n, Zn which cen be considered as the coordinstes with
respect to the axes of the lattice, then the position of the
nth atom in the unit cell can be representéd by

In = *n8* Ypb+ Zpp

The path difference between the waves scattered by
these atoms and those that would be soattéred by a set of'
atoms at the points of the lattice that define the origins
of unit cells is 1, ,.S. Then the expression for the com-
plete wave scattered by the nth lattice contains a term

fn exp [(3;,%15_-,_) ;I;n@.,sﬁ.]

or f, exp [Z‘ﬁi gn._@_

where fy, is the scattering factor of nth atom. Thus the

expression for the complete wave scattered by the crystal

is
XN i
Fre 35 £, exp. |2F1 zp.8
n=l ,
e 2 -
Ni "

= Z £y exp. |2KL ZpaeS + ¥, b8 + 7y e.8
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We have g.8. = hf{ (from Laue equabions),

Therefore,
¥ 2.8 = hx
T
y’ :Ec‘s“’ = ky
Z gog‘a«@iz
A
Thus,
_ N m | .
F‘zzjg fn EXPo ZXG_(hxn + kyy, + 1zn)o
=1

The expresslon for the structure factor as written
above is a complex quantity. This means tygﬁihe'phase of .
the scattered wave is not slﬁply related to that of the
incident wave. The phase 1s not an observable quantity.
The only guantity that 1s observable is the iﬁtansity which
is proportional to the square of the scattering amplitude.
If F = A +1iB wvhexe

A :E‘, fn. cos 2R (hxn + ky, + »ﬁzn)
n .

B =3 £ osin 27X (hx, + ky, + »@zn)
4 | ‘

where f 1is the scattering factor for the nth atom, then

n
2 o A2 + Bzo These are the equations that are used in

F
rractice.

| If the structure is oéntromsymmetficw then for each
atom at (xg ¥, 2) in the unit cell, there 1s a correspond-

ing atom at (%X, ¥, ). Then the contribution of this pair
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to F is glven by,

T leos 2A (hxtky+lz) + 1 sin 2A (hz+ky+lz) + cos 27 (hxtky+lz)

= 1 sin 27T(hx+ky+1z)] = 2f cos 2K (hx+ky+lz).
Hence, .
(NQZ) .
F =2 .;§ £, cos 27 (hx, + Ky, + 1Zn)
- N=%

where the summation is carried out only over half the number
of atoms in the unlt eell. In this case, the:structure face
toi is real and the phase is reduced to the two ﬁossibilities

that F 1s posltive or negative.

3.7 Atomic scatteriﬁg factor

So far the electrons in the atoms have been assumed
to be the scattering uwnits. If there are Z electrons in
an stom, then the amplitude of the beam scattered by the
aton is Z times the amplitude of the beam scattered by an
individval electroﬁa The linear dimensions of the electrons
have so far been neglected in Eomparison with the space
1attiee dimensions and also with the wavelengths of x-rays.
In atoms, the electrons occupy a finite volume. The phase
diffefences between réys scattered from different'points
have to be taken into account. These phase differences are
small for small angles of diffrection but become larger for
greater angles of diffraction.

For small angles, the amplitude of scattering
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by en atom can be considered as the sum of emplitudes
of scattering by individual electrons. For large angles,
the phase difference is large and the séattered beam beéomes
weaker, i1.e. the factor becomes less than Z. This factor
1s called the "Atomic Scattering Factor " and values
based on various methods of caleculation are tabulated

“in the International Tables.

3.8 Temperature factor

At any temperature, the stoms oscillate with a
finite amplitude. The frequency of this oscillation (about
16" 7 per second) is much smaller than the fréquency of x=rays

(1018

per second). Therefore, to a beam of x=rays, the |
atoms would appear to be stationary but slightly displaced
from their mean positions. Thus, stoms in the neighbouring
cells, which shoﬁld scatter in phase will scatter slightly
~out of phase. The total effeét of this will be to redﬁce
the scattering factor of the atom. | ,

If’fo 1s the secattering factor of an atom‘at rest,

then the scattering factor that is used in practice is

£, exp =Bsin®®
| e
r'4

where G,is’the Bragg engle and B is a eonstant called the
Debye-Waller Temperaturé factor., The value of B can be

evaluated in terms of the Debye chara@teristie temperature

B = 6h?T Q(@)
mke
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where m : mass of the atom

| h : Planck's consbtant

k : Boltzmann counstant |

T

o0

Absolute temperature
8 : Debye characteristic femperatufe
and @( 6 /T) is a quantization factor which has been tabulated
end does not differ sppreciably from unity unless ( /M 1.
In general, the vibrations of the atoms will be
enisotropie end of different emplitudes in different direc-

tions. The effective scabtering factor ean then be given

= A6 n2 2 o

£ =1 o, ~{fn + 8,62 4 By1% 4 2 (:%l hk + 29231&,
+ 2 (&13111)

where £ is the seattering factor of the atom at rest and

- gﬂs are the coefficients of the anlsOuropie temperature

factor,



Chapter L

EXPERIMENTAL PROCEDURES

L.,1 Measurement of Intensity

To estimate the intensity of a reflection spot on
the film visually, one carries oubt a comparison of the spot
with one of a series of spots prepared by photographing
one particular reflection et different known exposﬁre times.
The peak intensity of é reflection is measured in this way.

In visual estimation of intensities, it is assumed that the
peak infensity is proportional to the integrated intensitﬁe
In faect, this is not so frequentiy because of the non-uni-
formlty in the size of the sbotso

To. integrate the intensities9 the cross sections
of the refleotions should be takeﬁ into account, since one
has to sum the intensity from all parts of the spot., This
i1s achieved by recording the reflection on a film which is
moved over a serles of regular small intervals so that the
density of blackening at the centre of the spot on the film
attains é constant value which measures the integrated in-
tensity of a reflection,35

A mechanical device for recording the integrated

30



31
intensity on the Buerger Precesslon Camexra has been des-
.cribed by Nordman et a1038  A-mierodensitometer'can be
used to measure ﬁhe integrated intensities of reflections.
The densitometer traces of the spots will show plateau
-1like profiles whose heights, corrected for the background,
are proportional to the integrated inte:asi“ties°

| From‘the measured intensities, the structure ampli-
" tudes oankbe evaluated and these can be used to determine
a trial model for the structure usipg either the Patterson
function or the so-called direct ﬁéthddse Alternatively a

trial model may be proposed from chemical or packing con-

densations.

.2 BRefinement

Ornice a model of the structure has been proposed, it
is necessary to improve the preliminary coordinates by a
7 process of refinemeﬁte The structure am?litudes can be
~evaluated from the observed intensitles. The necessary
condltio@vfor & proposed structure to be correct is that the
- caleulated strueture faectors should agree Weil with the
observed structure factors. Iﬁ is common to measure thisv

agreement by a "Residual" of the fornm

R = SEFQ! ""!Fc’.‘,]
Eflﬂ@i :

where the numerator is the sum of 211 the differences

between the observed and calculated structure féctoré and
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~the denominator is the sum of all the observed structure
factors. Thus»B is a measure of the relative dis-
crepancies of the structure factors for the model. The
“value of R is a comparatively small fraction when the
‘structure is correct. ‘Correctvstructures_usually-have
B40.25 and very well refined structures may have R in the
neighbourhood of 0.05.

\ The value of R deduced forAany nodel depends on how
the 6bserved étructure smplitudes with very'small values
are treated. On & photographic filmﬂ'there is a lower limit
below which !Fog cannot be observed. For such unobserved
reflections, the value of the least observed intensity with
8 large error is assigned. ) |

With modern computing faellities, the strugture~cén

“be refined by the méthodvéf least squares described below.
By this method, it is possible to refine simultaneously all

~the paraméters of the atoms in the asymﬁetric unit using

three dimensional intensity data.

b.3 Method of Least Squares

| The observed structﬁre faetdrs are subject to errors
of observation so that the refinement consists in finding
}the-model which yieldsAthe most acceptable fit between the
calculated structure factors and the observed structure
factors. Legendre proposed that the most accepltable values

of variables were such as to make the sum of the squares of
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the errérs a minimﬁm;
Suppose an abservablelquantity q is a linear
function of set of variables x, ¥y, 2
| 180 Q = 8X + DY 4+ €2 +cos ‘ ' (1)
Suppose there are different errors of observation
E associated With each q.
Therefore, q + E = ax 4+ by + ¢z +;e§o (2)
The error in each observation E z'ai 4+ by + €2 4+ coeo = Qo

According to the Legendre'prineiple ¢ 2 E? »should. be made
j.
. & mininug, where j runs from 1 to m where m is the number of

observations.

J

is a minimum when its partial derivatives with respect to

L2 |
%:Ej = 2:(a3x+b37+@jz+°““‘” qj)?° (3)

¥s ¥o Z oweo Vanish, t-€-

” 2 ,
BZEj _ 252 (ajx-z-bjy«%-c

Z 4 oo mqj) 8y =0

- J
dx
2 4 :
ai‘l_Ej =~2 %(ajx+bjy+cjz+ oo mqu)bjzo
- dy | |
etc. _ - . (&)

These can be written as

( 'é,aj )x 4-(2:ab)3r+.u ._Za

( ij j)X+(Zb2)y+ooe '-Zb3qj
ete. v ' ' A (5)

These equations, lnown as "Noxmal Equations" are n equations
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in n unknowns, where n is the number of varisbles. From

these,values of x, y; Z ooo. Which besﬁ satisfly Legendre

J
principle can be determined.

In making observations like (1), some observations
may be considered more:trustworthy than others. The various

observatlions 9 may be assigned welghts w,, which indicate

J .
_relative estimates of their reliabilities. Therefore both
sides of (2) are multiplied by wﬂe When followed through,

this replaces each quantity in (5) byits product with w

This method can be applied to find the values og
the coordinates of the atoms in the strueture which best
fit the observed strucfure factors. Eech structure factor
is computed from | "

Fo .—_%' fr expg[z Ri (hxr + k'y‘r + ?)zr)}

Here the variables are the exponential in x, y and z and
are not in the férm of the desired linear equations.
Linear relations, however, can be.éévised by using the
first two terms in Taylortse series. In this application,
the above function £ is treated as folloﬁse
| If each of the parameters x, ¥, 2 defining the pro-
posed structure 1skassumed to have an error ﬁ%; gygAé , then,

z
T{x+E&,, v+ Ey9 z+ &) = f(xyz) + € dr(xyz) +
+ €y 0f(xyz) - + &, df(xyz) %
Ogj Bz
If f(x+&;0 5 + Eyo z + €y)

i
&

f{xyz)

i
i
(¢}



35

then AF =F o = Fg and from Taylor expansion
AF =T¢ +2 <&Xr£2+gyré£$w+62f bF“’)—« Py
r Oxr dyr dzr :

2

T

e

]

€ip OF + &5 OFc + &, JF,

(6)
dxr dyr Szr

This summation extends over all the atoms in the structure.
For each observed reflection there exlists such an equsftiong
When the observational é‘rror, E; is added to each equatlons
like (6), the set of equations can be recast in the form
E‘?J:an‘{’ij"i'GjZ‘*‘oa&o_w qjg

from which the normal equations like (5) can be derived.

The solutions 'reduce to

A m !
i W, (E’)Fl ) AF
l-gxr z:.;‘i X b X r
W bFi \ 2

i
dx /x

< M

v

e
!
[

Where W, is 2 welghting factor anﬁ m is the total number of
reflections. |

When a weighting function, w, is used, the least
_squares refinement minimizes Eiw( fFo( - !Fci )%zta Each
welght w is taken as the inverse of the square of the stan-
dard clev:lation of .the corresponding observationo

The {qgighted Bmfaétqr s given by

By =Sty (gl - (v f 22 |7

EfWi C1F ) )2 J .
.




Chapter 5
EXPERIMENTAL WORK

Potassium hexabromostannate-(KZSnBré) was prepared
by adding potassium bromide to the solution of tin (IV)
tetrabromide in hydrobramic acid coﬁtaining a small amount
- of bromine°39 The crystals thus prepared were recrystallised
from the mixﬁure of dilute hydrobrémic acid and a small
quantity of bromine. . _ |

These crystals were found to decompose in very humid
air and therefore they had to be uValed in dry caepillary
tubés during the experimehtse )

The density of the crystal was calculated using the
- formula

Density (gm/cm3 = _7ZXFormula Weight (emu) x 1,660 x 10m24

Volume of unit eell (£3) x 10 =2k

Knowing the densi‘ty9 the linear absorption coefficient}i
both for Cw K; and Mo XKy radiation Gould be calculated,
from the mass absorption»coeffieienﬁs listed in the Inter-
nationai Tables.36

For single crystal XeTay dffracbion work, the major

consideration which limits the size of the crystal is the

36
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absorption of~Xefaysnby the crystal. 1If the absorption

. coefficient is large, the relétion P2 = KI/Lp breaks doun
and this limits the size of the crystal.

In order to avoid the absorption correction, the
size of the crystal to be used for imray diffraction work
was ca‘_l,,c*;ulavt.ed,9 assumling the crystal to bebspherieal in
shape, taking}iﬁfvlgwhere R is the radius of the sphere.

. The values of (1 calculated are as foliows:
Cu Ky redistion : 497.3 em™t
Me Kg radiation : 240k cmﬁl
The ﬁaximum slzes of the crystal permissible were:

Ci Ky radiation : 0,02 mm radius

Mo K¢ radiation : 0.04 mm radius

Because of low absorption of Mo K, radlation as
compared to the Cugﬁ&radiationg MO radiation is preferred.
Its smallér wavelength allows a'greater number of reflec-
tions to be recorded. This becomes particularly 1mportant
when the data are being collected on a precession camera
which only records the diffraction pattern out to aiBragg
angle of Bo,a |

Several crystals were picked from the sample and
examined under a polarising microscope to check whether
they were single crystals or not. Then a crystal which
appeared to have well developed facegaand also which seemed
to be a single crystalg_was'sealed 1n-a‘dry capillary tube

end mounted on a goniometer head. The crystal chosen had
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- the dimensions: 0.021 x 0.011 x 0.005 ecm,

The crystal along with the gonlometer head was
mounted on a Supper Integrated Precession Camera with the
face (112) of the crystal along the goniometer axis per-
pendicular to the direction of the incident beam. The un-
integrated photograph of zero layer was first taken. '

The cell dimensions were measured from the films
making use of high angle reflections and were found to be:
= 7.435 + 0.017 A
=  7.437 + 0,017 A

¢ = 10.568 + 0,006 A,

jo

(o

Those of Markstein and Nowotnylo for the pseudo-cubiec cell
were a = 7.43 A and ¢ = 10.61 A and those of Gallonl et a1l
for the tetwagonal cell were a = b = 10,520 A and ¢
= 10.624 A, | ‘ | |

The films were studied carefully. Initially a
tetragonal space group szlz was assigned. This needs
certain atoms to be placed in special positions. When this
is done, it gives rise to two possibilitles viz either the
octahedron is not regular or the space group may be wrong.:
Since there was no reason to believe that the octahedrop
- 1s lrregular, another space group was tried. Further, as
mentioned earlier, the NQR splitting of resonance lines
indicated that the true symmetry is iower than tetragonal.

Therefore a monoclinie space group le/n was assigned from -

- the study of systematic absences. The}systematic absences
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TABLE H

Crystal datas Tor KZSané

Markstein 'Galloni Present
& A .
Nowotny = et al Work
Systen , Tetragonal ‘Tetragonal Honoclinic
Spaeg Group | P&le. ) P4212 : ‘lefn
Cell Constents & = 7.430 A - 7.430 & 7.435 + 0,017
b= 7.430 & 7.441 A 7.437 + 0.017
e 10,61 A 10.624 & 10.568 + 0.006

(54

£ = 90° 90 89" 50t & At
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were:
hod, h+@,‘ = 2n+l

oko k = Zn+l

Integrated photographs were teken for zero layer and

"~ three parallel layers and alsc for the zero layer perpendice
ular to these. ZEach layer was photographed with three |
different exposures: 2x, 6% and 18x the integrating cycles
of* 2 hours and 24 minutes. These photogravhs were indexed
ané,the integreted intensities were measured using an asuto=
.matic'reeording microdensitometer model MK IIlc of Joyce,
Loebl and Co.

The standard errors in the.observed“structure ampli-
tudes were calcunlated from an eétimate which had been made
of the standard errors of intensities. In assigning the

" errors to the measured intensities, due care was taeken to

see that each spot was treated éccording to its merit. For
the unobserved reflections, the valué off the intensity given
was the least observed value oﬂ the film but a large standard
error was assigned. , o

Then the obserVed Intensities of the reflections were
eorfected for the Lorentz and Polarisation effects.using '
PRELP - & program on CDC-6L00 written for this purpose.

This was used to obtain the observed structure amplitudes
from the measured intensities.

Since the structure of KZSnBré was suspected of

being similar to that of KoTeBrg, the latter was taken
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as a érial structure. The positions of the atoms for this
‘model were: Sn gt (¢, 0, 0): the three bromine atoms at
(0.0555, 0,0022, =0.2473); (0.2875, =0.2082, 0.0321);
(0.2057, 0.2889, 0.0252); respectively and ¥ at (0.012,
~0.457, 0.250). At first only the isotroplic temperature
factor was aésigned and the trisl parametérs were refined
b& a full matrix least square anaslysis of the three dimen-
‘sional inkensity data using the IBM=7040 program MACLS
Written in this laboratory by Stephens. This program makes
use of a special sub=routine which caléulates the structure
-factors and thelr derivatives for the particular space
group or the provlem for which it is beling used.

A Special sub=routine was prepared'for tﬁe space
group PZl/ne The scattering curves required for this progé
ram were taken from the Infernational Tables of x=ray
Grystallography036 The variable parameters included in
this program were the scale constants apﬁlied to the observed
structure factors from layers photographed separately, the
pesitional coordinates and the temperature factor of éach
atom,

Then the isptropic temperature factors were con-
verted into anisotropic temperature factors and the refine-
ment continued for four cycles after which no significant
changes in the wvariable ﬁarameters Wgre observed. In try-
ing to refine the anisotropic temperature factors, the co-

efficients 3., and (g4 for the tin atomiad to be left equal to ze

i2
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since attempts to refine these two components gave ridice
ulously large numbers. The tin atom is in a centrosymmetric
'pbsifion and as such there should not be any restrictions

on any of the components of the thermal ellipsoid for this
‘atom. If g tetragonal space group had been assigﬁedv then
‘bpth .@12 and @23 would have been identiéally equal to
zero. As we have seen, the deviation from the tetragonal
'structure is not large. Therefore probably as far as tin
is céncerned9 the structure is tetragonal and this accounts
for the two coefficlents (3., and (323 to be made zero.

The agreement, between the observed and caleulated
structure factors were checked after each eyéle of refinee
ment from the R-value. The final R fector was 0.116. The
atomic parameters derived from the final cyele of refinee'
ment are listed in the Table B, The observed end cale-
culated structure factors are given in Table C.

The interatomic distances and bénd angles were
- caleulated making use of a program MOLG written for IBM=-
7040 by Brown snd Holder of this lsboratory. This program
diagonalises the thermal vibration tensor to give the BMS
displacements of atoms along the thrée principal vibration
exes, It also priﬁts the direction eoslnesrand angles made
by ﬁhese axes with the real end reclprocal crystal axes.

It further calculates interatomiec d;stan@es,from each atom

to any neighbouring atom out to a specified distance.



Atomic paremeters deriired from the final least squeres

TABLE B

Refinement
Atom Position Coordinates Standard Tenmperature Factor
' Error

*/a v/b z/c IB 1 Paz P33 P 12 Pis  Pas
Sn 0 0 0 - 0.42 0.4k 0.27 0 =0.03 0
Br(1) 0.0b25 «0.0207 =0.2413 1,62  0.79 0.28 0.29 0.1l =0,09
BZ‘(Z) 002771'3’ "'002085 050251 00001 0682 0077 0085 0032 -0e13 0902
‘Br(3) 0,2083 0.2791  0.0203 1.1 0.82 0,63 =0.48 =0,01 =0.12
K 0.0115 -0.5283 0.2484 0,03 1.89 2.03 +1.06 =0.50 =0.19 '=0.01

The tem.pera‘ture factors enter the struéture factor calculation through the

following expression:

exp- (-102(ﬁ11h2 +/322k2 + i@%lz + 2/’9121@}: + 2/513111 + 2}323k1)

it
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TABLE C

The Observed and Caleulated Structure Factors
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Chapter 6
DESCRIPTION OF THE STRUCTURE

The final parameters of the refinement show that

.the SﬁBr6== ion in KZSnBré has the configuration of & fegular-
octehedron. There is no:signifieant difference in the tiree
noh%equivalent Sn-Br dlstances and the angles between them
do not vary significantly from 90° (Table D). The mean
-‘length of the Sn-Br bond is 2,601 + 0.011 %f Cruickshankqo
"has pointed out that the measured bond lengths are usually

" shorter than the correct lengths. Since the atoms constifutm
ing the bonds are always in thermal motion, the positions

of maxima in the electron density distribution do not rep-
resent the correct positions of stoms and so the measured
bond lengths should be corrected for the thermal motion of
atoms constituting the bonds.

In 1964, Busing and Levyul proposed & method for
correcting the bond distances based on one of the following
éssumptions regarding the combined electron density distri-
bution of 'two atoms forming the bond.

(1) the motions of atoms are either in phase or out
of phase with one another.

(i1) The motion of the heavier atom is completely
53
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TABLE D

©

Interatomic distances end angles

Interaﬁomic distance A

Atoms Uncorrected Corrected for Mean Corrected
) thermal motion Value
SnBr6 = ion \
1. Sn=Br(1) 2,579 + 0,017 2,590 .
2. <=Br(2) 2.593 + 0.008 2.603 2.601
3. =Br(3) 2,601 + 0.008 2,611
L, Br(1)=Br(2) 3.612 + 0.020 3.612
<Br(3) 3.754 + 0.023 - 3755
=Br(2) 3.702 + 0.018 3.704
: <Br(3) 3.569 & 0.021 ~  3.570 3.665
8. Br(2)=Br(3) 3.665 + 0.012 3.666
=Br(3) 3.679 + 0,013 3.680"
Br(1l)=Sn=Br(2) 88.58 + 0.50
B(1l)=Sn-Br(2) 91.%2 + 0.60 -
" Br(1)=Sn<Br(3) 92.90 + 0.70
Bﬁ(l)msnaBI“(E) 87&10 ;t 0059
Br(l)=Sn=Br(2)+ 91.42 + 0.60
Bx(1)=5n-Br(2)+ 88.58 + 0.50
Br(l)=SnBx(3)+ 87.10 + 0.59
Br(l)=Sn=Br(3)+ 92.90 + 0.70
Br(2)=Sn-Br{3) 89.78 + 0.46
Br(2)=Sn-Br(3) 90.22 + 0.2
Br(2)=Sn=Br(3)+ 90.22 & 0.42
)+ 89.78 + 0.46

Br(3)=Sn=Br(3

. o o
The Br-Sn=Br angles lie within 2.9 of 90 and
are not significantly different from it

The errors quoted are those caleulated from the
standard errors for the eell constents and the least
squares refinement. :

1t Those marked with a dagger are related by
inversion through the origin.
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independent of the motion of the lighter one, but the
lighter atom is supposed £o fride" on the heavier atom.

(111) There is no correlation between the motionsv
Of‘the atoms.

The first assumption gives the two extreme limits
of the bond length, but the other two represent more
iphysically likely situations. It is hard to disbtingulsh
between them unless detailed infommation about the motion

of gtoms is kmown. To convert isotropic to anisotrople
motion of the atoms, the following relation is used

Byy = iy ag¥ . ag*

‘oohere @Fs are the tem?erature csoe:t‘f‘:’u:z:‘:.exﬁ,‘cswg and B is the
4isotropic temperature factor.

| " The temperéture factors (Table E) of the bromine
atoms show & marked enisotropy indicating that their root
mean square displacement perpendicular to the Sn-Br bonds

is larger than that along the bonds. A rigid SnBr6z ion
Iiberating about the tin atom would giveirise to anisotropy
of this sorf and if this were the case, the Sn-Br bond
length corrected for temperabure effects would be 2.60 A.
However, it is possible that there 1s no correlation between
the motions of tin and bromine atoms. The thermal anisotropy
of bromine atams ecan be explained in this case, if we con=
sider that the bending modes of vibration of the Sn-Br bond
have larger amplitudes than the stretehing modes. The mean

corrected Sn~Br distance is then 2.63 A. It is not possible



Atom

Sn.

BR(1)

'BR(2)

BR(3)

Principal Components of Temperature Factors

RMS(A)

0.125
0.113
0.106

0,223
0.174
0.106

0,222
0.176
0.112

0.207
0.192
0.112

0,265

0.239
0,200

TABLE E .

Direction Cosines with

0.000
0.000
0.000

0.894L
=0.382

0.233-

“90 ° 219
0.698

“’00 681 :

‘“.0 [ 754
0.357
0.551

0.597
"00 284

0751

respect to

b
0.000
1.000
0.000

0.448
0.780
mOoLI‘By?

=0.043
0.691
0,722

0.573
“"O e 054
0,818

=0.501

0.599
0.625

0.000
0.000

0.000

0,015
“30 © 1'2’95
=0 ,869

. 0.975
0,188
"’e © 122

=0.322
“"09933
0.164

‘="00627
“‘007”’9
0.215
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to distinguish between these two cases and the true situs-
' tion probably lies somewhere betweeh the two extremes.

It is interesting to note that the positions of the
SnBrg;v ions in the crystal are the same as thosgof PtClg
.ions in the Kth016 structure and TeBr6== ions in the
KpTeBry structure bo which KySnBr, is closely related. The
iarge octahedral ions lie on a face centered 1atti¢e with
" alkali metal ions occupying the tetrahedral cavities between - .
them. In K,PtCly the'Pt016:5 ions are all equivalent end
are arranged with the Pt-Cl bonds along the principal axes
.of the cubic uwnlt ceil. The KZSnBré strueture is obtained
-from this by a reorientation of the SnBrégg octahedra as
in the case of KzTeBréo

The Kth016 structure may be described as an appfOXw
imately close packed array of chlorine and potassium atonms
with platinum atoms occupying octahedral holes, The
chlorine and potassiﬁm atons are arrangéd'with the array so
vthat every potassium atom hes twelve nearest neighbour
chlorine qtoms and every chlorine atom is surrounded by four
potassium atoms, f¢urrch10rine atons belonging to its own

Pt016 - ion and four chlorine atoms belonging to different

2
ment of the halogen atom is dnly slightly altered but the

Pt016* ions. In K, TeBrg, as reported by Brown, the environ-

environment of potassium atom is markedly gifferent. The
same is found to be the case for K,SnBrg (Table F). It is

possible to pick out twelve nearvest neighbours fbr the pot-
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TABLE F

Environment of X Atom

Atoms ' Interatomic distance A
‘ Uncorrected Corrected for Mean Corrected
Thexrmal Motion Value

K-Br(3)  3.132 + 0.032 3,139 3.176
K-Bi(2) 3.204 4+ 0,031 0 3.213 a

K=Br(1)  3.395 + 0.050 34506 3.462
K-Br(1) 3.510 + 0.02%  3.520

KBz ( 3) 3.736 + 0,033 307Uy

K-Br(2)  3.868 4 0.033 3.876 © 3.870
K=Br(2)  3.880 % 0.033 3.886 |

K-Br(1) 3.965 + 0.024 3.974

K-Br(3) 3,983 £ 0.033 3.992

K-Bx(2) 4,070 + 0,032 b.078 | 4,077
'K%Br(l) 4%.083 + 0.050 4.089

K-Br(3) b1kl 4+ 0.032 boik8



- TABLE G

Comparison of environment of K atem -

in KzTeBr6 and KZSnBré
K,TeBry KSnBrg
Interatomic distance A Interatomic distance A :

: ggﬁ?ected giigected
Atoms Uncorreeted Corrected Value Atoms Uncorrected Corrected Value
K~Br(2) 3.37 3,40 | K-Br(3) 3.132 £ 0,032 3.139 3,176 .
K-Br(3) 3ol 3.4 3.6 K-Br(2) 3.204 4 0.031 3.213 o
K-Br(1) 3.5 3.48 K=Br(l) 3.395 + 0.050 3,404 3,462
K-Br(1) 3.48 3.51 K-Br(l) 3.510 + 0.024 3.520 |
K-Bx( 3) 3.61 3.6b W  K-Br(3) 3.736 + 0.033  3.74b %
K-Bx( 2) | 3.68 3.71 3.69 & K-Br(2) 3.868 + 0.033 3.876 3.870 &
K-Br(2) 3.65 3.68 K-Br(2) 3.880 + 0.033 3.886
K-Bx( 3) 3.71 3. 74 K-Br(l) 3.965 + 0.024 3.974
K=Br(1) 4.10 4.13 K-Br(3) 3.983 £ 0,033 3.992
K-Br(1) %.16 - h,19 4,16 K-Br(2) 4.070 + 0,032 %.078 4,077
K-Bz(3) 4,51 e K-Br(1) 4.083 4 0.050  4.089
K-Br(2) 4,55 4.58 K-Br(3) L4.141 + 0.032 3

L.148
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assium atoms but they are no longer equelly distant.

~ There are two bromine atoms ét é.distanee of 3;176 + 0.031A7
then two at a distance of 3e462 + OQOBZ%ﬁour_atoms at a
distance of 3.870 + 0.031Aand the next four at a distance
of 4.077 + 000375’5‘20 These bromine at;:ms are;_arranged‘ such
'that the nmean distance between any one bromine stom and

the four potassium atoms with which it is associated is
3::‘?55 OQOBLLAaThe correction which should be applied to
these lengths for thermal motion is about + 0.08 &, if it
is assumed that there is no correlation between the motions
of pdtassium and bromine atoms. The comparison of the en-
viromment of the potassium ion in KzTeBré and KZSnBr6 is
presented in Table G. ,“

The distortion in KZSnBré is & result of packing
‘.vlarge anions with émall cations. The anions foirm & face
centered array snd are oriented such that each halogen is
in contact with four halogens on neighbouring snions. This
leaves cavities in the struotufé into which the cations fit.
" Each cavity is formed by twelve halogen atoms, three from
each of the four anicns whieh surround the cavity. The
cations are usually nmuch smaller than the halogen atoms
Therefore, the size of the cavity will be determined by the
halogen-=halogen contacts between anlions rather than the
halogen-cation contacts. If the cation is very much
smaller than the cavity into which it-fits; it will be free

to move inslide the cavity unless the anlons reorient them-
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such as to reduce the effective size of the cavity snd thus

. lock the cation into place.

The arvengement of cations (open circles) and
anions (octahedfa) in (1) Kth016 gii) KzTeBré and (11i1)
KgSnBr, as viewed down the C-sxls is drawn in Figure 6.

The stereographic projections of K astom sre drawn
in Figure 7.

~
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Fig. 6a. The arrangement of cations (open cireles) and
anions (octahedra) in K PtCle as viewed down the
C axis.
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Fig. 6b. The arrangement of cations (open circles) and

anions (octahedra) in K

TeBr6 as viewed down the
C ax;s. :

2
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Fig. 6C. The arrangement of cations'(open cireles) and

anions (octahedra) in KZSnBr6 as viewed dowm
the c-axis,
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