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ABSTRACT

Simple electron microscopy techniques are described which allow one
to detect the presence of two enantiomorphous forms of a structure
within an apparent single crystal. The first method consists of a
characterization 6f the interface between the two enantiomquhs.

In the second method advantage is taken of violations in Friedel's

law which can occur in non—centrosymmetricai crystals. These
techniques have been illustrated by an analysis of the domain structure
in ordered LiFe508,_which has a spacegroup P4132 or P4332. Consistent
results were obtained with both methods. The first méthod yields a
more complete description of the dqmain structure. Methods which can

be used to determine the absolute configuration. of the structure in

a part of the crystal are discussed.



1. INTRODUCTION
When a structure belongs to a spacegroup which does not contain
a symmetry operation of the second sort, that is an operation which

does not involve an inversion or a reflection, then it can exist in

either a right-handed or a left-handed form. - In some cases these two

forms ‘have different spacegroups that is eiiher one of an enantiomorphous

vpair'of spacegroups. With ordinary X-ray diffraction techniques it is
impossible to distinguish between these two enantiomorphdus:fofms. It

- is necessary to include anomalous scattering in the calculations and :

often very accurate intensity measurements are necessary. . The use of

- anomalous scattering of X-rays to determine the absolute configufation of

a structure has been reviewed by Ramaseshan (1964). _Recéni-cbntributions
to this field include the use of the shape of X-ray intensity spectra

(Burr and Woods, 1973) and applications of the Kossel efféct'(Bfﬁmmer,

et al., 1973).

These X-ray methods have their limitations. The struéture'shOuld

- contain at least two different species, one of which should be an’

{'anomalbus scatterer. The latter condition cannot always be fulfilled

with commonly available X-ray wavelengths, for instance, if a éﬁructure

- contains only light elements. Iwasaki (1974) has shown that there may
- be some, so far imaginary, non-centrosymmetric structures, for which

- Priedel's law holds even with anomalous dispérsibn.ﬁ In additioh, one

wouldfhévevtb be sure that both forms of the structure do not éoexist
on a very fine scale viz smaller than the diéméter of an X-ray beam, within
fan.apparent single crystal;”-This will depend on whether or not it is

possible to -have a low enefgy interface between the two structures,



when the crystal axes in both remain ﬁarallel;

In this paper it wiil be shown that if botn enantiomorphous forms do
occur in the form of very small domains, the presence of the right and
left-handed forms can be confirmed using‘contrast experiments in the
electron microscope. Two different methods'have”been nsed, the first
method consisrs of an analysis of the interface berween the two structures.
This interface can be deecribed by a set of.geometrical operatione.which
converrs the structure on one side into the structure on the'other'side of
the interface. Using simple contrast experimentS‘it c¢an be ascerreined

whether or not the operations characterizing the interface contain an

1nversion-operation, A similar method of analysis was used by MacLaren

vhnd Phakey (1966) in a study of Brazil twinning in quartz. 'The second

method ﬁhich_can be used to confirm the results of'the'first,_takes
.advantege of a violation of Friedel's law in electron diffracrion.
Exceptions to Friedel's law in electron diffraction'were first obeerved
_by Thiessen and Moliere (1939) and later by Miyake and Uyeda (1950)

A theoretical discussion of Friedel's law in n-beam dynamical theory
was given by'Fujimoto (1959), Cowley and Moodie (1959) and recently by
Serneels; Snykers, Delavignette,‘Gevers,andvAmelinokx (1973); who -
specificaily eonsidered the contrast between domains_related'by an

inversion operation in non-centrosymmetrical crystals.



2. STRUCTURAL INFORMATION
The compound which has been studied is ordereﬁ LiFeSOS. The structure
goes through a phase transformation above 750°C, which has been shown
: .

to.be of the order-disorder type (Braun, 1952). The disordered structure

has the inverse spinel structure (space group Fd3m,lattice parameter

a = 8.33A), with Fe3+ on the tetrahedrally coordinated sites and a

mixture of Li' and 3Fet on the octahedrally coordinated sites. Below
750’0,-L1+ and Fe3+ order and the spacegroup symmetry is lowered to

P&132’6r P4332. This is accompanied by a slight change in lattice

~ parameter (Brunel and de Bergevin, 1964). The atomic coordinatés for

the ions used in this work were givén by Braun (1952) using the' - o

_équivalent positions for P4332'(No. 212 International Tables fdf X-ray

crystallography, 1965): 4 Li at (b); 12 Fe at (d) with-x =>3/g;”f .
8 Fe at (c¢) with x = 0; 24 Oxygen at (¢) with x ='1/8, y‘=:41/8;*2;é 1/8,

8 Oxygen at (c) with x = 3/8. Small corrections for these’coordina;es

" were neglected i.e., we assumed that the disordered structure isian'ideal

spinel structure. The complete set of coordinates of the octahedral sites

- 1is given in Table 1. A projection of these sites on the (100) plane is

given in Fig. 1.

Considering now one spacegroup only, it can bé seen from'Fng'l that

the set of octahedfél sites can be divided into four subsets, one

_‘of which contains only lithium ions and the other three only iron ions.

~ When ordering sets in; the lithium ions can occupy any of these four

. subsets. After ordering, the single crystal is fragmented into domains

in a way similar to ordered metallic phases (e.g., see Marcinkowski, 1961).

Within each domain, the'li;hium ions-will occupy'qnly_onévsubset and at.



thé boundary between domains they will bevout of phase. -These boundaries
can be deséribed by’the vector which translates.the lithium ions from
one subset to ahother.; A-1/2(110) type vector ié_a lattice vector of
the disordéred;structufe;'hénce, a translation=df‘th§jofdered’éprﬁcture
OVer-this?vec;or does»not affect the_oxygen ions or iron ions in
tetrahedrél sites, but it does transfer the;Li ioﬁs'from“one‘5uﬁset td
another. This holds for either ome of the sbacegr§u§s;

So, there. are actually eight differenf_Subsets out of ﬁhe 16
_octahedral sites whiéh the Li ions can occupy, and it is possible to have
a boundary between any pair of these. The eight arrangements are‘
enumeratéd.in Table '2; The ‘arrangements 1L and iR'have'been taken
rather grbitrafily as "basic" arrangements for P43323and'P4132'féspeptiQely.
These two érfangements can be brought into coincidence with one anothgr by
1an.inversiohsthroﬁgh}the point (5/8,5/8,5/8), hence ;hé'bOUhdarf_between
these two»arrahgements‘will be called an inversion boundary. |
On the other ‘hand, ‘a boundary between 1L and 2R wbuld[not‘pnly_ihvolve
an:inversiqn through (5/8,5/8,5/8) but also a translaﬁion over a.Qectpr
‘1/2[110]. R

This deécription of the boundariesvisrnot unique. Invﬁfinciple,v
éach boundary involving aﬁ'inversioh'can be described és a‘pure*iﬁversibn
. boundary by proéer choice éf thevinversion point. Here the inversion
tpoint is considered to b? fixed. 1In the context of ;his paper "inversion“
:mgahs invefsion'through the point (5/8,5/8,5/8). fhe boundaries cduld
also be &eécfiﬁed by means of a reflection operatioﬁ; for inscqnég Qith
respect té :be (116) planes;‘which may or may not be accompénied by a

translation. -



One could have a total §f 28 boundaries between the eight possible
arrangements. However, only seven boundaries, distinct in the geomeﬁripal
operations characterizing them, can occur. These boundaries are indicated
schematically in Fig. 2. There are three translation boundaries, one
inversion boundary and three boundaries described_by-an'inversion and

a translation. All 28 boundaries are enumerated and classified in

‘Table 3.

The ordered and disordered étructures contain stacking faults.

" It was shown by Van der Biest and Thomas (1974) that these faults lie

on {110} planes and have a displacement vector of»l/4(110), which 1is

always perpendicular to the fault plane. It will be shown that‘in the

ordered stricture an inversion can occur at these,faults;
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3. CONTRAST IN THE ELECTRON MICROSCOPE

3.1. Contrast at Domain Boundaries

»It-1s'usefu1'to'reconsider here the two‘béamﬁdynamical theory of-
contrast at a stacking féult in crystals (e.g., sée Wﬁelan and Hirsh'(1957)
and Hirsch;=Howie, Nicholson, Pashley and Whelan (1965)); The equations
for the fadlted crystal can be derived frOﬁ'thOSe of the -perfect crystal
simply by ﬁodifying the Fourier coefficient of the crystal ﬁotential

in the bottom part_of-the crystal by'a phase factor exp(ia), i.e.,
b t B ,
V. = V_  exp(ia . v o 1
Vg = Vg exp(i®) R (1)

where b indicates the bottom of the crystal and t indicates the tdp (facing

the electron beam). a = =27 -E’ where R is the displacement of the bottom

rélétiVé £6 theﬂt0§land g is the reciprocal lattice vector corresponding
to the reflection excited. It is understood here that the potential of
the top of the crystai Vt(E) and the'potentiai'at the bottom Vb(i) have

bothvbeen reféfred to the same ofigin. Equation (1) implies that:

b _ gt o | B
,ng F, exp(10) o ) | ,(2)

This equation yieldé another interpretation for ﬁhe phase angiega: :
o is the'difference betﬁgen‘the phaée angles in the structure fact@r
bexpfessions for the top and bottom of the crystﬁl,_cal;ulated wiﬁh“
. respect to 5 common origin. | |

In thé case of a boundary between a 1eft-handéd:and a fighc;hahded
'crysﬁal; we can writé quite generally the folloﬁing-eipressibn for the

structure féctor:



[ 2 ‘t r | r r
= IF i = |F 1
F | gl exp(io) Fy | g|.vexp‘( o)

In particﬁlar, for the moduli of the structure factor it follows regardless
of choice origin:

)
| = |F |

|F
g g

~ Hence, it follows that:

with

2 - .r 2 r.. -

F =F i -

L exp ( (ag ag))

- or
F* = F exp(ia) I ' @y
& 8 ' : o .
L r : :

o “g _.Olg_ . (.),

" Considering now a boundary between the two enantiomorphs with the
:Eright-hahdéd structure at the top of the crystal,fécing the electron gun
- and thevleft;héhdéd structure at the bottom, Eq. (35Jimp1ié§ that

. . . | _ S BT
Vg_ Vg exp(ia) . = EREE (5)

Hence, the relationship between the crystalpOtential‘ih'thevtwo_bérts/of
 :vthe crystal on either side of thisfboundary ié»the_same as in theAéése of
;a stacking fault. The resﬁltsiof the two beam dynémical_theory"pff'.
lcontrastvat a?stacking'fau1t[abply:équ€lly wéil to this boundarj; _A,
 .boundaty‘bétween,two enantiomorphs will be imaged as o friﬁges wher¢ a
1s'n§w equal to the difference in the phase angle“bf the:strucfure
...factor expression éalcﬁléted Qith ;espect to the same origin; 'Thiét

phasé difference'is-indepeﬁdent of ‘the actuallchoice of origin.



In the dynamical theory of contrast the assumption is usually made

that the crystal is centrosymmetrié so that one can write Vg = V—g
(or F_ = F_g); In a two beam case this assumption is not really
necessary as one is free tovcﬁose the origin so that for -a particular
beam'F;'=vFEg = Ft*'which me#nS'that:in the example above a;v='0.*
It is clear that this approach to the contrast broblgm at an inversion
boundary will not be valid in the case of a many-beam situationm,
beéause-it is ‘then not possible to Chose'énvorigin'so'that the“cqndition
Vg = V_gfisfsimultapeously fulfilled for all the beams involvéd.

Using a simple structure factor program; the values of o were cal-
culated for éach of the seven Boundaries-which occﬁr in ordgred LiFéSOS.
The atomic coordinates for the iron and lithium ions on the octahédral

sites given in Table 2 were used.. The results are shown in Table 4.

In the case of translation boundaries the value of & is also equal to

f2ng°R. Whérever a = 0 or 2m, a domain boundary will be out of contrast.
F6r~refle¢tions of the type 110, 211,‘103,'123, o takes the vélue‘O; .
For ref1ections of the type 102, 302 o takes the value 0, 7 for translation .
" boundaries but only *mr/2 for inversion_boundaries.' For all:spinelv '
reflections o = 0 and the boundaries should be out of contrast.

3.2. Contrast Between Domains

In a sécond mefhbd, by which the presehce of twb:énantiomorphoﬁs
structures can be verified, one takes advantage of t$e &iolatioﬂs in
Friédel's law which take place in electron diffraciibn in certain‘multipie
beam situations. ' What is meant by a violation of Friedel's 1a§ is that +g

- and -g do not have the same intensity even when the excitation errors are the

same. At an inversion boundary, when +g is Qperating in one part of the



crystal, -g is operating in the inverted part, with e#aétly~the'same'
excitation. When Friedel's law is violated then the domains shoﬁld show
up Vith different intensity. This situation was' studied by Serneels,

et al. (1973) and they concluded the following:v (i) A multi-beam condition
is necessary to observe any contrast at all. (ii) Friedel's 1§w holds

for the direct beam in a general multiéle beam situétibn. . It does not

hold in general in dark field. (iii) The difference in intensity depends
strongly~oh the thickness of the crystal; (iv) 1f the only reflections
excited béléng to a zone axis along which the.crystal displays abcgnter

of symmetry in projection, no contrast should be observed in dark field.
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4, EXPERIMENTAL TECHNIQUES

The specimens studied were fluxvgrown singlé crystals of LiFe508.
A Buerger's precession camera was used to check the spacegroup
symmetry of the structures involved. The specimens-used for this
study were annealed at 850°C and furnace cooled. Sfandard thin sections
were prepared. Final thinning was done using an idnrbombardment"
technique (Barber, 1970) or by chemicallyApolishing'in hot phosphoric
acid. The specimens were examined in a Hitaéhi HU-650 microscope

operated at 650 kvV.
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5. RESULTS
From systematic extinctions in the preceseion photographs it was
cqnfirmed that the spacegroup of the disordered structure is Fd3m. The

precession photographs of the ordered compound showed the presence of

systematic extinctions required for the spacegroups P4 32 and P4332

The:non-systematic extinctions in these photographs could be accounted
for by the atomic positions given by Braun (1952).

Figure 3 shows a series of transmission electron micrographs taken

under a variety of diffraction conditionms. Figure 3a was taken under

conditione approaching a two beam case as the 024 and OZZ-refleepiens’
are not allowed. Figures 3b, 3c and 3d were taken with a systematic row
of reflections operating with the indicated'reflection'On-the'Eweld
sphere. - Although the presence of the systematic beams will:alter‘the

detail of the contrast at the boundary, it will not affect the visibility

" criteria derived for two. beam conditions. ‘The visibility or inv1sibility

of the boundaries marked by a lower case letter in Fig 3a has been

tabulated’in-Table 5. Comparison of these results withfthe-calCulations

‘-given in Table 4 allows one to identify each of the boundaries with one.
";'of the seven types of boundaries possible. This identification'is made

_in the last column of Table 5.

The internal consistency of the method of analysis can be checked
by labelling each domain as follows. because at p:esent,_these electron

microscopic methods do not yet -allow the determination‘of the'absolute.

vconfiguration, it was assumed that the domain which runs vertically

through‘the micrograph has a left-handed P4332 arrangement. It was also

assumed that it was the "basic" 1L arrangement. The latter:assumption
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is equivalent to chosing an origin.. Once these assumptidns‘are made,
the arrangements in all the other domains can bé-found throﬁgh‘the_
character of their boundaries derived in Table 5,'and'the use of
Table 3}3 : Ihis was done in Fig. 3a. This labelling'df domains provides
a check, on the identification of the boundaries e.g.; if a is a boundary _
between 1L and 3R andlb is a ‘boundary Eetween’3R_and 4R, then ciearly-
the character of ¢ is fixed and ¢ has to behave asvé 1L - 4R BOundary;
iae.,'1~+ T3; This has indeed been -found by”contfast experiments .
(Table 5). Hence, a complete internally consistent picture is obtained
of the relationships between the domains. - |

An independent check on these results-is prOVidéd'in Figs. 3e,.3f
and 3g. The same area was imaged here UnderEmlti—beamtonditioﬁs 
(Fig.b3é), hence,'qne'may expect‘violations'df Friedel'é law at inversion
boundaries. The foil was wedge-shaped with thinnér‘parts at'thé"bOttom
of the pictu;es.~ The fringes in Fig. 3e running from right to left are
thickness-fringes;"TheSe remainvcbﬁtinuOus acroés ﬁhe‘bouﬁdarieS'in‘the'
bright field piéture. In dark field, however, these fringes chéhée color
at some boundariés (e.g., at a and c¢) but remain cbﬁtinuous‘acréss,Others
(e.g., at j and g). The latter ones may be expected to be translation
boundaries whereas the fifst should be inversion bdundaries; Coﬁparison
| with Fig. 3? shows that these-boundagies are tﬁe game oﬁes fdr which the
first_methodhshowed that an inversion was invplved. | |

Figure 4 provideé another ex#mple where the two ehantiomorphous
stfuctureé can be distinguished by a difference in béckgfound intensity.

This specimen was chemically thinned and some etching had occurred at the

boundaries. The presence of two strong "accidential" reflections was
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sufficient to provide a very strong contrast between enantiomorphous
domains e.g., at A and B, There is no difference in background
1ntensity across translation boundaries e.g., at C and D.

Figure 5 shows three stacking faults on {110} planes meeting along
a line. »The-displacement vector of these faults~was determlned as
1/4(110) plus a spinel lattice vector. The boundary 4 joining fault 1.
is a translation boundary. The contrast in Fig. 5d can be expiained
only if faults 1 and 2 are simultaneously boundaries between the left
and right-handed structure. The displacement vectors of these faults.
are: R =1/4[101], R}, = _1/4[ioij, ‘R, = 1/4[110]. For g = 102, this
yields-for<the phase angler @, = w/2, Ay = —n/2qand'a2'# -n/2.
HenCe,<if-tnese faults were simple translation faults, they 'should be
visible as a fringes with o = ¥n/2. 1f these faults also'ineluded an-
:tinversion operation then a phase anglesof-in72'would be' added (Seet
Table 4). Taking the plus sign yields: g =W, oy =0 and o, =e0.
‘-Hence, the b part of fault 1 and fault 2 will be invisible. This'
matches the observations. o -

Additional evidence that stacking faults canjaléo serve as the

_ boundary between enantiomorphous forms is given in Fig. 6. Figure 6a

| © was taken,nnder the diffraction conditions shown in Fig. 6b. fignre'6c .
shows that ‘the fault ABC seen edge on in 6a is indeed a etaekingtfault
: Analysis of the boundaries a and b showed that they were pure inversion
boondaries. The difference in background contrast at A and C indicateS'
- that an inversion takes place at the stacking fault; However,‘there

should not be any difference in background intensity at B. This is

‘indeed observed.
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6. DISCUSSION

The domain size in the ordered crystal depends on the heat treatmen;
but is usually of the.order of-lh or smaller, and, hence well bé10wlthe
diameter*of an X-ray beam. It is clear that a very fine intergrowth of .
~ the twq enaﬁtiomorphous structures would give-risé<;o a_spuribus center
of symmetry in diffraction even when an X-ray wavelength is used for
which iron is a strong anomalous scatterer. The:Suécess of the electron
microscopic;ﬁethods'dOes not depend on the’pfesence of a pdrticular'.
atomic species in the compound. The method should also be applidable
for structures containing ohly'1ightweight'elements.*f

In the multibeam methbd, the contrast inrdark‘field'arisesvdue
to'a:compiex-intéraction between n beams. However, one can notVShowvin
general that the difference in intensity between:the invefted domains
will be large enough to be detectable. This differeﬁce in intensity
- will depend on-the details of the structure, the thickness of the:sample
“and the diffraction conditions. - It is shown by Serneels et al. (1973)
that fdr'very thick foils the contrast will be ~destroyéd by absorption.

Tﬁe analysis of an inveréion boundary using.different g vgctors'
should be appligable to all crystals:in which enantiomorphous dbmains
occur. The success of this method hinges on.the fact that there is a
. difference in phase apgle of a particular_reflection for the .two:
enantiomorphous structures when both are referred té fhe saﬁe référence
frame. Reflections for which this phasé angle differeﬁce‘is not equal
to zero can always be found.  This method haé thé additional advahtage
that it7Yié1ds a,comp1eté description of the intefface between the two -

structures{’ Not only can it be established that an inversion operation
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is involved at the boundary but any additional translation can be"
determined as well. In general,'these'translationé are not known a

priori. In the case of ordered LiFe O, a precise description of the

5

domain structure can be given because the ordered structure is derived

from the felatively simple spinel structure. ‘This is the reason why -
lithium'ferrite'forms an ideal case to illustrate the use of these
electron microscopic techniques. . ‘

For ‘all practical purposes-it might be sufficient to establiéh;

the presence of the two enantiomorphous forms within_an_apparent single

o crystal; The microscopic methods described in this paper have not yet

been extended to determine the absolute configuration of thé structure

in a part*df.the crystal. In principle this possibility exists. In

the case of the multibeam method, one should be able to predict using

a. many beam dynamical theory for non-centrosymmetric -crystals,'which'

form should show up bright in dark field for a given crystal thickness

- and diffraction condition. = In general, anvelectrohic’computer_would

: héve to be used for this.- The problem is combletely:analogousftd'the

absolute determination of the orientation of a non~centrosymmetrical

crystal, which has reflection symmetry. This problem has been solVédi

for hexagonal CdS by Goodman and.Lehmpfuhl (1968), who used a convergent

beam technique and a multiple slice calculation for n—beam.difffactioﬁ,

 In the case of the_interface.anaiysis, it éhpuld'be-possibie‘to
predict for an interface inclined with respect to the Beaﬁ, Whiéh form
is at the top of the crystal facing the electron gun.l This‘één.only
be done when the différencé in phase angle o is different frém T. In

the case of brdéred lithium—ferrite this is the case for'reflections of
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type 012 or 203 when o = #m/2. The problem is then reduced t§ a deter-
mination of the character of a stacking fault in fcc.metals (Hifsch, et
al., 1965). A systematic study of this problem for.a = m/2 has.nqt yet
been undertaken.
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Table 1. Coordinates of octahedral sites.

- No. b 4 y .2
1 10.625 0.625 0.625
2 0.125 0.875 0.375
3 0.375 0.125 0.875
4 0.875 0.375 0.125
5 0.125 0.375 0.875
6 0.875 0.125 0.375
»7' 0.375 0.875 0.125
8 0.375 0.625 0.375
9 0.375 , 0.375 | 0.625
10 0.625 0.375 0.375
11 0.625 0.125 0.125
12 0.125 0.625 0.125
13 0.125 0.125 0.625
14 0.875 0.875 0.625
15 0.625 0.875 0.875
16 0.875 1 0.625 0.875
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Table 2. Atomic coordinates of the eight ordered arrangements.

Symbol Arrangemen; : -Atomic Coordinates*
o Pagiz - Li: 1, 2, 3 Lxk |
2L - 15433‘2_53%[110v1f- e L17 10‘,"'13,‘ 11'6
=N g2+ '—21-['1.01]' | '1‘.1‘:'»6, 9, 12, 15

4L ', o | 'p4332 + %[‘01_1_] ~ Li: .5, 8, 11,} 14 ‘.
1R S P4;32 - 0 L, 5,' 6, 7
R P43 + 2[110] Li: 4,'_'8, 13, 15
3R | P4 32 + -;-[1'01] Iy 3, 10, 12_,- 1»4
PO P4132 + %[011] Li: 4, 9, 11, 16

* : —
The octahedral sites not occupied by lithium are occupied by

the iron ions. Only the position of the lithium ions are given.’

The position of the oxygen ions and tetrahedral ions are the

same for all the ordered arrangements.

*k P
These numbers refer to the numbers of the octahedral sites as

given in Table 1. » _
+P4332 +-%[110] meané that this arrangement is derived from the

"basic" P4,32 arrangement by giving the Li ions a displacemént

3

over a vector %{110].




Classification of Boundaries.*
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Table 3.
T T, T, I 4T, I%TZ 141,
LL-2L 1L-3L 1L-4L 1L-1R 1L-2R 1L-3R 1L-4R
3L-4L  2L-4L 2L-3L 2L-2R JL-1R  2L-4R  2L-3R
1R-2R  1R-3R 1R-4R 3L-3R 3L-4R  3L-1R 3L-2R
3R-4R  3R-4R  2R-3R 4L-4R  4L-4R  4L-2R  4L-IR

Ok ' A . ‘
Symbols used in this table are explained in Table 2

and in Fig. 2.
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Values of the phase angle a.

Table 4.

0
0

110
110

-101

0

™

101

© E E
E © &
E © o
© E ©
© o &
E kE E
E E ©
- oI N
b R
o o H

0
0
0

112

112

211
211

211

211
121
121

L

™

121

w

121

w2

-w/2

/2
-2

-m/2
w/2
n/z
m/2

"3/2

~T%/2

.ﬂ/2
-n/2
n/2

0
0

ﬁ T

120
120
210
210
021
021

/2
-n/2
-m/2

/2
n/2
n/2
-w/2
m/2

0 T

m

-m/2
-1/2

w/2,

-m/2
-n/2

n/2
-1/2
/2

w/2
~m/2

w/2
n/2
-m/2
-m/2

™
0

0

n/2
-m/2
- w/2
/2
» n/i
/2

m

012
012"

L
0

m/2
~/2
 -1|'/2

102
To2
201

/2
-m/2

0.
U

w

L

T

n/2

‘w/2

201




-22-

Table 5. Analysis of Fig. 3. o . : ;

Boundary* g=110 g=011 g=i01 Typé
*ok ¥ '

a» NC NC - C " I+T2
b NC .C Cc ‘ T1
c NC C NC I+'1‘3
- d . C NC c - T3
e NC - C NC I+T3
£ c NC  NC 4Ty
-4 NC C C Tl |
h c - NC :NC _I+T1 ;
! | ' NC T,
3 c c N T, i
k c NC NC '_I+T1
L NC C . NC I+-'1‘3

* . }
The boundaries are labelled in Fig. 3a.

dok
NC: boundary not in contrast.

+C: boundary in contrast.
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Fig. 2.

Fig. 3.
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Fig. 5.
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" FIGURE CAPTIONS
Projection of the octahedral sites on the (100) plane for the
two enantiomorphs. The unit cell indicated -is the conventional

one for the P4532 spacegroup: 'It is indicated how the octahedral -

sites are aligned in (011) directions with one Li ion followed

by three Fe ions, '
Schematic representation of the seven different boundaries in

ordered LiFe ,Og. The labels of the ordered arrangements are

explained in Table 2.

An identical area of an ordered crystal photographed under five

different diffraction conditions. The operating reflections in

- Figs. 3a, 3b, 3c, and 3d are indicated by veétors. “The diffraction

pat;érnﬁcorresponding toxFigs; 3e and 3f-isishowﬁbiﬁ%figf 3g."
(Bf: bfight field; DF: darkifield wiﬁh réflectioﬁ uéed_indicaﬁed).
ﬁrigﬁt-field (a) and two dark fields (b,c) showing that a few
fairly strongfreflections'off the operating row are sufficient

to produce strong différences in contrast between enantiomorphic
domain (e.g.,vat A and B). Acréss tr#nslationvbounda;ies-there
is no difference in background iptenéity (e.g., at C and D).

fhree stacking féults formiﬁg a triple junction in ordered

lithium ferrite. The same area was photographed_undéf four

.' different diffraction conditions, characterized by the g vectors

Fig. 6.

A

in the figures.

Figure 6a was taken under the conditions shown in Fig. 6b. Fig. 6c

was taken under the diffraction cbnditions indicated in the figure.
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R=1/2[00)
P4, 32

@ Fe or Li atom ot a level nx°o/g above the plane of the.paper

XBL745-628|

Fig. 1



P4332
P4 332+ 5 [110]
P4 332+ 3 [101]

P4332+ 3 [O11]
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Fig. 2

P4, 32
P4,32+%[110]
P4, 32+ Z[I0I]

P4, 32+3 [O1]

XBL 738-16368B
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XBB 745-3076
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This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
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any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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