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I¡troduction

Both elecüronr-¿ and x-ray6 difi¡action ¡tudies h¡vc showu

that SbCl6 forms several in-planc rtructures sucb ü8 thc (y'? x
y'?¡nts.r' and (y'55x y'5s¡nre.r" süructurcr üh¿t arc co¡rrnen-
surate with the graphiüe laütice ¡nd oftcn coexi¡t in the a¿me
sample. Along tbe c-axig di¡cction, the intcrcalate form¡ ¡ ühree

layered randwich with two laycrr of Cl- ionr, onc ¡bove and

one below each leycr of Sb ion¡.!'o Mii¡¡b¡ucr axperimentl have

shown that ühcrc i¡ a disproportionsüion of eiter into SbCls,

SbCt!, SbCls and SbCl] molccula¡ rpccier in SbCI¡-GIC¡.? Sev-

e¡al models for the molecul¿r anrngcmeata of the¡c rpccica in

the commensurate phases bave been auggesüed.6-r0 Ia tbir work,

modelg for the (y'? x .r,fZ¡Rre.r" structurc a.rc propoaed bascd

on high re¡oluüion tra¡¡misgion electron microecopy (TEM) and

computer irnage aimulaüion. Ba¡ed on onc of thes€ süructural

models ¡ mechanism is auggesüed for thc radiolyaia proccaa re-

sponsible for the commensurate (y'7 x y'T)nte.l" to glasa (C-G)

trangformation obe€rved using the TEM.I-' The C-G transfor-

mation is the regult of ¿tomic dirplacementa induced by electron

beam inadiation through the ce¿tion of an electto¡ic excited

state (radiolyais).r0 The ercrgy of the excited state in the r¡di-

olysis procesa fu f¡¡n¡fs¡¡¿{ into Linetic encrgy of the atoma by

an etrergy-momentum conver¡io¡ mecl¡¡¡ism.rr

Experimental Details

Stage 2 SbCle-GIC aaraplee werc prepa,red uaing ühe two-

zone meühodu and characterized for etage using (001) x-ray

difr¡action techniquer. The ramplea for elcctron -icroocoPy wcre

prepared by repcated cleavage of ühe SbCI¡-GIC samplee. The

TEM obsdv¡tion was c¡¡ricd out using a JEOL 200CX toP c¡'

try transmissio¡ electroo microccope (ct = 1'2 mm) with a

liquid He cooled spccimen stage.rt The high reeolution imagea

were ta,Len urder axial illumi¡aüion by placiag an objective aper-

ture tbat encompasaed rc8ection¡ up to ühe (100) (1.10E A-r)

(y'? x \f?)R19.1o superlattice reflection¡. Thc image simulation

was carried out uaing the multi-¡lice methodr'for several molecu-

lar structures for the (y'? x fZ¡RfS.f" superlattice io the SbCl¡

system. Tbe in-plane (elecüron beam parallel to c-axis) aimu-

lated imagee *"t" 6l¡rined by dividing tbe unit cell along the

c-axis into 6ve ¡Iices of equal thickness (2.55 A), each slice con'

taining one atomic apecicr. Tbe calculatio¡rr werc carried out for

aeveral graphite and intercalate stacking requetrceE.

Re¡ulte and Diecu¡sion

Aa in-planc laütice image for the (y'7 x y'7)R19.1' Etructurc

obtained using the TEM is ghown in I'ig. 1. During tbe TElf

observation, the inteasity of the high reoolution 1f x f4nfS.f'
image changea (giving thc 8ppc¡rar¡ce of omplc bending)' Thut

the intcnsity in thc imcge showu in Fig. 1 correapondr to the ¡vcl.

age inteuity over tbc period of time whcn tbc picturc was üalcl

(- 2 to). Conacqucnüly, ¡omc of the 6nc detail of the (y'? x
y'?¡Rfe.f" structurc may bc looü i¡ Fig. 1. Figs. 2a) and 2b) ahc

in-plane images for thc (y'? x y'T¡Rt9.t' ¡tructure obtaincd by

computcr image rimulatio¡. Tbc model¡ us€d for thc pocitio

of the Sb aad Cl ¿toms in the (y'7 x fz¡nls.f' superlatticc

are ¡chem¿tically sbowa as ineeü¡ to Fige. 2a) (SbCll)' and 2b)

(SbCll and SbCl¡). Both models Pres.rve the three'layer struc.

ture of the interc¿late along tbe c-axis. Thc stacking r€queDo¡

used fur the mulüi€lice c¿lculations were .'AaABpBCICAaA-

(Fig. 2a)) and ..AcABpBCICA6ABaBC0CAoA.. (Fig. 2b))' in

whicb the GreeL (Roman) lettera are used to denote the inter-

calate (graphite) layerr. ln the model shown in Fig' 2b) thc

(y'? x VT)mS.lo sitec !¡e occupied by alternating Sb6+ and Sb4

ionr. Thur, for this gtructu¡e the area of the unit cell is four tima

that for the (t/ixt/i)nts.lo unit cell. This periodic an¿ngeme¡t

of Sb6+ a¡d Sbt+ ions requireo spots in ühe electron difractiou

pattern aü - 0.55 A-r which are not observed experimentally-

We have evidence for thi¡ gtructure from in-plane lattice fringcl

(11.62 * o.O8 A spacing) observed in small regionr of the SbCl¡-

GICe. On the othe¡ hand, a non periodic arrangement of the

Sbcl! and SbClr molecular rpeciec at the (y'? x y'7)R19.t" sitca

would not requirc the extr¿ ¡pots at - 0.55 A-r in the electron

diff¡action pattern.

Both simulated images ahown in Fig. 2 are in good agre

ment with the imaga shown in Fig. 1. On the other hand, our

previour calculation of the average (y'7 x y'T)nts.l" interc¿l¿tc

domain size of - 6504,10 cuggests that islEnds of intercalate co¡-

taining only SbClf molecular rpecies ¿re not likely to exiet, sircc

thig would imply tbat the charge is concenürated in ühese islanda,

rather than being homogeneoualy diatributed i¡ the interc¡l¡te

layer. Simulated images obt¿ined witb the 1y'7 x y'T)nrS.r"

pbase formed by SbCl3 molecul¿r apeciea only do not show good

agreement with the TEM image shown in Fig' 1' This is be'
'cause 

for tbis ¡tructurc the dist¡ibutio¡ of the Cl- ions in tbe

intercalate layer ir aot homogeneous. We therefore consider thc
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Figure 1. High rceolution lattice image of a otage 2 SbCI6-GIC
sample sbowine tbe (y'? x \f?)R19.f. etrucru¡e.

OCI c.o¡i
osb t
ocl

Figure 2. Multi--slice gimulatio¡ of the (y'T x y'7)R19.1" srruc-
ture for a) SbClt and b) a müture of SbOli and
SbCl3 molecules. The insets are schem¡tic represetr-
tatio¡s of the molecular a.rrangements for each model.

(y'i x fi¡nlS. t" isl¡nd¡ more üIely ro be formed by a mix-
ture of SbOlt and SbCl¡ molecule¡ witb no Sb6+ to Sbt+ long
range order, and the baclground by a mixture of SbClf and
SbCl5 moleculeg. We have obtained simulated images for the
(y'7 x fZ)nte.l' structure using ühe model¡ shown in Fig. 2
for several sample thiclnesses and defocusing v¿lues. Our r+
sults show that the dependence of the image intensity ou thesc
parameters is very diferent fo¡ thc two models. Therefore, a
more detailed study taking thru-focu¡ series of images of the

1y'7 x y'7¡nt9.l" st¡ucture on curples of diferent ühickness€s is
nocessary to help decide whicb ia tbe right model for ühi¡ struc-
ture,

I¡ the following, the atructur¿l model of Fig. 2b) ie used to
explain a poseible mech¿nism for thc radiolyaia process reeponai-
ble for the electron beam induced commensuraüe-glass üransition
obe€rved using the TEM.Io Tbi¡ model b based o¿ similar ob.
gervations in electron ir¡adiated N¿Clr6 and sketched in Fig. B.
Under electron beam irradiation a Cl- ion of the SbOlu- molecule
is ionized leaviag ¿ hole behind. Thig hole begomeg localized be-
tween two CI- ion¡ of the SbCl.- molecule and a CIf molecule is
formed at a eingle lattice site (see Fig. 3b)). The l¿tter is unsta.
ble and produces a displacement of one of tbe Cl- ions (leaving
behind an SbCl5 molecule) to a rite next to an SbCl3 molecule,
and an SbCl] molecule is formed (see Fig. 3c)). The new molec-
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Figure 3. a)-c) Model for the radiolysis mecbEnism responsible
for the clectron beam-induced C-G traasformation
in SbCl5-GICs.

ular speciea h¿vs ¿ diferent arrangemeat rel¡tive to the graphite
lattice, aad a glasa phase i¡ obtained.

Conclusione

Ftom tbi¡ study we suggeat th af üre (t/i x tfi)R19.1. phase ia
formed by a mixture of SbC[ ¿nd SbCl¡ molecular speciea. Thir
model is consistenü with a model proposed to explain the mech-
anigm for the C-G transition obe€rved ueirg the TEM. Higher
resolution such as that, obtained with the atomic resoluüion mi-
croacope (ARM) would be trecessary to obtain more detailed in-
fo¡mation about the structure of thege compounds.
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