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LOCAL ELECTRON MICROANALYSIS IN MICROPROBE AND ELECTRON
MICROSCOPES

V. Starý

Fac. of Mech. Engn, Czech Tech ni cal Uni ver sity in Prague, CZ121 35 Prague 2, Czech Re pub lic
stary@fsik.cvut.cz

Elec tron microanalysis use the elec tron beam to ex cite
X-rays and de duce from their in ten sity the qual i ta tive and
quan ti ta tive el e men tal com po si tion of ma te rial. As an a lyt i -
cal tech nique, it can be in cor po rated in elec tron mi cro scope 
to uti lize the pro duc tion of X-ray pho tons in ob ser va tion
both of thin and bulk sam ples in var i ous types of elec tron
mi cro scopes. The quan ti ta tive method for bulk sam ples
was firstly used by R. Castaing in France, the method was
im proved by K. F. J. Hein rich in USA. The spe cial de vices
for ap pli ca tion of this method are usu ally called
“microprobe”, so the method is of ten called “Elec tron
probe microanalysis” even though the microprobe is the
name for very thin elec tron beam, used for lo cal
microanalysis. Af ter some the o ret i cal in for ma tion the ba sic 
pos si bil i ties of the method are re viewed, and some prac ti -
cal ex am ples are given.

The atomic con cen tra tion in bulk sam ple are cal cu lated
from the in ten sity of emit ted X-ray ra di a tion us ing our
knowl edge of elec tron-mat ter in ter ac tion, i.e., scat ter ing
and de cel er a tion of elec tron and ab sorp tion of X-ray in
sam ple. Dur ing the way of elec tron through the mat ter,
elec tron in ter acts with atomic nu clei and with elec trons by
elas tic and in elas tic way. Due to the elas tic scat ter ing the
elec tron beam mainly in crease its width. Si mul ta neously,
the part of elec trons can change the di rec tion back to the
sur face. In elas tic scat ter ing couses mainly the en ergy
losses. The an gu lar de vi a tions are much lover then for elas -
tic scat ter ing, even though they ex ist. The en ergy losses are 
mainly given in ma te ri als with „free“ elec trons by scat ter -
ing due to the plasmon ex ci ta tion, in other way by the
interband and intraband ex ci ta tions. Generaly, the en ergy
de crease is de scribed by „stop ping power“. It gives ap -
prox i mately the max i mal depth of elec tron tra jec tory. In
bulk sam ple, the thin beam cre ates in ma te rial the shape of
ap prox i mately pear, called “in ter ac tion vol ume”. 

For elec tron microanalysis, we should know:

• For which el e ments, com pounds and al loys does the
elec tron microanalysis give the rea son able re sults
and for which not,

• What is the min i mal con tent (con cen tra tion, num ber

of at oms, mass) of el e ment we are able to mea sure, 
• If the bulk ma te rial is ho mo ge neous (and we de fine

the mean con cen tra tions) or inhomogeneous (and we 
de fine the dis tri bu tion of el e ments in sam ple),

• Es pe cially for film, we should de cide, if we are in ter -
ested on av er age el e ment con tent or the de pend ence
of con cen tra tion on depth in sam ple,

• If the method is de struc tive with dis or der ing of ma te -
rial or non-de struc tive, etc.

There are two ba sic sys tems for de tec tion and anal y sis
of X-ray from sam ple: the first one sep a rates the X-rays ac -
cord ing to en ergy (EDS sys tem), the sec ond sep a rate the
X-rays ac cord ing the wave length (WDS sys tem). Both sys -
tems are widely used in the practice.

From the peak en ergy in EDS spec trum or the an gle of
max ima in WDS spec trum we can de fine the types of el e -
ments in sam ple and the qual i ta tive anal y sis can be pro ceed 
(with some lim i ta tions). For pre cise knowl edge, we must
have the quan ti ta tive lim its of de tec tion, be cause in the def -
i ni tion of non-pres ence of sam ple we should also tell what
is the min i mal con tent we are able to proove. For this rea -
son, the crit i cal value, the minimaly de tected amount and
min i mal mea sur able vales of con cen tra tion should be de -
fined for each el e ment. For thin sam ples, when  the num ber
of col li sion of elec trons with at oms in thin sam ple is low
(e.g., one col li sion per elec tron) the en ergy losses are rel a -
tively low and elec tron en ergy is rel a tively con stant, the
semiquantitative anal y sis can be made di rectly from the in -

ten si ties, sup posed  Sci = 1.
At quan ti ta tive anal y sis of bulk ma te rial we need to cal -

cu late the con cen tra tions (i.e., mass frac tions cx) of pres -
ents el e ments. The phys i cal pro cesses what should be taken 
into ac count are as fol lows:

1. slow ing down of elec trons;
2. elas tic scat ter ing at at oms, con nected with change of 

            di rec tion, in clud ing the pos si bil ity of back scat ter ing;
3. ion is ation of at oms with pos si ble emis sion of X-rays;
4. indirectional ion is ation of at oms by both 

         char ac ter is tic and brems strah lung ra di a tions and 
        flu o res cence;

5. absorbtion of gen er ated X-ray ra di a tion in the path 
         through the sam ple to the de tec tor.

For cal cu la tion of con cen tra tions usu ally two meth ods
are used, ZAF and Phi-Ro-Zet. The base of both meth ods
will be pre sented.

The depth of in for ma tion is given by the size of in ter ac -
tion vol ume. Caus ing the lat eral res o lu tion, the method al -
lows two mod i fi ca tions: lo cal microanalysis and chem i cal
map ping. At lo cal microanalysis, we po si tion the elec tron
beam on de fined place of sam ple and we ob tain the in for -
ma tion from one “point” of sam ple. Be cause we usu ally see 
the im age of sur face as (sec ond ary or bacscattered) elec -
tron im age, we can po si tion the beam on places, which are
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in ter est ing for study. At chem i cal map ping of area, the
beam moves in some net of points and ma trix of con cen tra -
tions of in di vid ual el e ments is cre ated. There is the pos si -
bil ity to mea sure in each point of ma trix all the spec trum,
which is time spend ing or to mea sure only se lected en ergy
win dows for some el e ments (or back ground). The next
pos si bil ity is the move ment of beam along the line, for ex -
am ple to cross the in ter face. In this case we shall see for ex -
am ple the drop of con cen tra tion of el e ment in ques tion at
in ter face.

As conclu si on, the X-ray nicro a na ly sis is very im -
portant method for the stu dy of com posi ti on of ma te ri als as
well as of bi o lo gi cal ob jects. The re a so na ble re sults are ob -
ta i ned in the ran ge of ten ths of per cent. Mo re o ver, due to
possi bi li ty to use very thin electron beam, very good la te ral
re so lu ti on can be ob ta i ned. 

Ge ne ral re fe ren ces on electron microsco py and electron
micro a na ly sis

1. Reimer L.: Trans mis sion Elec tron Mi cros copy, Springer,
Berlin-Hei del berg 1984, 521 s.

2. Reimer L.: Scan ning Elec tron Mi cros copy, Springer,
Berlin-Hei del berg 1998, 527 s.

3. Hulínský V., Jurek K.: Zkoumání látek elektronovým
paprskem, SNTL, Praha 1982, 404 s. (in Czech)

4. Goldstein J.I. v: In tro duc tion to An a lyt i cal Elec tron Mi -
cros copy, eds. Hren J.J. et al., Ple num Press, New York
1979, 385 s.

5. Goldstein J.J., Newbury D.E., Echlin P., Joy, D.C., Fiory
C.E. Lifshin E., Scan ning Elec tron Mi cros copy and X-Ray
Microanalysis, Ple num Press, New York 1981, 673 s.

6. Newbury D.E., Joy, D.C., Echlin P., Fiory C.E., Goldstein
J.I., Ad vanced Scan ning Elec tron Mi cros copy and X-Ray
Microanalysis, Ple num Press, New York 1986, 454 s. 

For a crit i cal read ing of this manu script and for help ful
dis cus sions, we would like to thank Dr. R. Kužel. This work
was sup ported by Czech Sci ence Foun da tion (GA-CR) pro -
ject No. P108/10/1858 and pro ject No. KAN101120701 of
the Grant Agency of the Acad emy of Sci ence of the Czech
Re pub lic. We are grate ful to Mr Robin Healey for Eng lish
lan guage re view.

Ex tended con tri bu tion sub mit ted.
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RTG. FLUORESCENÈNÍ SPEKTROSKOPIE

S. Daniš

Katedra fyziky kondenzovaných látek, Matematicko-fyzikální fakulta Univerzity Karlovy, Ke Karlovu 5, 
121 16 Praha 2

Rentgenová fluorescenèní analýza (XRF) patøí k základ -
ním metodám, kterými disponují mnohé analytické labora -
toøe. V pøíspìvku bude struènì shrnuta historie rtg.
fluoresceèní analýzy, naèrtnut princip metody a uvedeny

metody analýzy dat – bezstandartní metoda založená na
tzv.kappa koeficientech (deJongh) a tvorba kalibraèních
køivek. Budou též zmínìna omezení uvedené metody.

L18

METODY POVRCHOVÉ A TENKOVRSTVOVÉ ANALÝZY PRVKOVÉHO SLOžENÍ
(XPS, AES, SIMS), DIFRAKCE FOTOELEKTRONÙ

Karel Mašek

Katedra fyziky povrchù a plazmatu, Matematicko-fyzikální fakulta UK, Praha 8, V Holešovièkách 2
Karel.Masek@mff.cuni.cz

Metody elektronové spektroskopie XPS („X-ray Pho to -
elec tron Spec tros copy“ – rentgenová fotoelektronová
spektroskopie) a AES („Au ger Elec tron Spec tros copy“ –
Augerova elektronová spektroskopie) a metoda SIMS
(„Sec ond ary Ion Mass Spec tros copy“ – hmotnostní
spektroskopie sekundárních iontù) patøí k nejrozšíøenìjším 
metodám analýzy chemického složení materiálù.
Pøednáška se zabývá teoretickými a experimentálními
základy výše zmínìných metod v míøe nutné pro správné
pochopení experimentálních dat, jejich kvalitativnímu i
kvantitativnímu vyhodnocení.

Metoda XPS je založena na fotoelektrickém jevu.
Energie emitovaných elektronù je charakteristická pro
jednotlivé prvky a je ovlivnìna rovnìž chemickým stavem, 

v jakém se prvky v látce nacházejí. Tato skuteènost
umožòuje kvalitativní i kvantitativní vyhodnocení
výsledkù mìøení. Pøesnost kvantitativních výsledkù závisí
na struktuøe studovaného materiálu. U metody AES jsou
sekundární elektrony emitovány Augerovým procesem.
Podobnì jako metoda XPS i AES poskytuje informace o
chemickém složení a stavu studovaného vzorku. Èást
pøednášky bude vìnována metodám vyhodnocení
experimentálních dat s ukázkami jejich praktických
aplikací. 

Metoda SIMS spoèívá v mìøení hmotnostních spekter
iontù vyražených z povrchu studovaného vzorku pomocí
svazku iontù o urèité energii. Odtud mùžeme potom urèit
koncentraci jednotlivých prvkù v povrchové vrstvì
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materiálu. Protože dochází k odprašování povrchových
vrstev bìhem mìøení (DSIMS – dynamický SIMS) je
možné tuto metodu s výhodou použít pro hloubkové
profilování a mìøit tlouš•ku jednotlivých vrstev ve více -
vrstvo vých materiálech. Kvantitativní analýza je znesnad -
nìna celou øadu efektù, které je nutné pøi vyhodnocování
experimentálních dat zohlednit. K nejdùle žitìjším patøí
matricový efekt, preferenèní odpra šování, kráterový efekt,
promíchávání atomù a další. K velkým nevýhodám metody 
patøí její destruktivnost. To je možné omezit pomocí
metody SSIMS (statický SIMS), která používá velmi nízké
intenzity primárního svazku. Je tøeba mít na pamìti, že
v tomto pøípadì analyzujeme pouze svrchní vrstvu
studovaného vzorku. 

Poslední èást pøednášky bude vìnována metodì
difrakce fotoelektronù XPD („X-ray Pho to elec tron Dif -
frac tion“). Tato metoda vychází z mìøení úhlové závislosti
emise fotoelektronù z povrchu krystalické látky. Smìry
emise jsou silnì ovlivnìny strukturou látky v nejbližší
blízkosti emitujícího atomu zejména takzvaným dopøed -
ným rozptylem. Experimentálnì získané obrazce se
porovnávají se simulovanými obrazci. Tímto zpùsobem je

možné urèit malé posuny atomù na rekonstruovaných a
relaxovaných površích nebo pozice molekul adsorbo -
vaných na povrchu pevných látek. Metoda vyžaduje
speciální experimentální vybavení, které je dostupné jen
v nìkterých vìdeckých laboratoøích.

Metody analýzy povrchù – elektronová spektroskopie, ed i tor
Ludmila Eckertová, Ac a de mia Praha 1990

D.P. Wood ruff, T.A. Delchar, Mod ern Techniques of Sur face
Sci ence, sec ond edi tion, Cam bridge Uni ver sity Press 1994

Sur face Anal y sis by Au ger and X-Ray pho to elec tron Spec tros -
copy ed ited by Da vid Briggs and John T. Grant, IM Pub li -
ca tions and SurfaceSpectra Limited 2003.

Prac ti cal Sur face Anal y sis, sec ond edi tion, Vol ume 1 – Au ger
and X-ray Pho to elec tron Spec tros copy ed ited by D. Briggs
and M.P. Seah, John Wiley & Sons 1990.

Prac ti cal Sur face Anal y sis, sec ond edi tion, Vol ume 2 – Ion and
Neu tral Spec tros copy ed ited by D. Briggs and M.P. Seah,
John Wiley & Sons 1990.

Metody analýzy povrchù – iontové, sondové a speciální
metody, editoøi Ludìk Frank, Jaroslav Král, Ac a de mia
Praha 2002.
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INTRODUCTION TO THE ION BEAM ANAL Y SIS

V. Havránek

Nu clear Phys ics In sti tute of the ASCR, v.v.i., Øež 130, 250 68 Øež, Czech Re pub lic
havranek@ujf.cas.cz

The Ion Beam Anal y sis (IBA) is a group of an a lyt i cal tech -
niques which use a beam of ac cel er ated MeV ions to study
the com po si tion and struc ture of in ves ti gated sam ples. The
(IBA) meth ods are usu ally multi-el e men tal, non-de struc -
tive and rel a tively fast. They re quire only lit tle or no sam -
ple prep a ra tion prior to the anal y sis. The anal y sis can be
per formed, both in the vac uum, or us ing the ex ter nal beam
(in air). Thus a va ri ety of dif fer ent sam ples from a sin gle
cell to his tor i cal art paint ings can be ana lysed. The IBA
meth ods are in ter dis ci plin ary and they find its place in
many sci en tific dis ci plines as, aero sol re search, solid state
phys ics, thin layer anal y sis, bi ol ogy, med i cine, ar chae ol -
ogy and art and in many oth ers.  How ever the main prin ci -
ples of IBA meth ods are now known roughly one hun dred
years, they start to be widely used as late as in sev en ties,
when so phis ti cated semi con duc tor de tec tors and ap pro pri -
ate com put ing tech nol ogy be came avail able.     

Methods 

The IBA meth ods are based on prin ci ples of in ter ac tion of
en er getic MeV ions with the mat ter. They can be char ac ter -
ized and di vided ac cord ing to the main in ter ac tion pro cess
which is uti lized by the par tic u lar method. Brief de scrip -
tion of some com mon IBA meth ods fol lows.    

RBS - Rutherford Back scat ter ing Spec tros copy. It is
based on nu clear elas tic scat ter ing of the in ci dent ion and
the nu cleus of the tar get atom. The back scat tered ions and
their en ergy are de tected. The RBS method can be used for
quan ti ta tive de ter mi na tion of the amount of tar get at oms

(with mod er ate mass res o lu tion) and also for their depth
dis tri bu tion. The typ i cal depth res o lu tion for He ions is
about 10nm.    

PIXE - Par ti cle In duced X-ray Anal y sis.  The method is 
based on the de tec tion of char ac ter is tic X-rays pro duced by 
the en er getic ion beam. It has a fa vour able de tec tion lim its
(in ppm range) and pro vide a good quan ti ta tive re sults of
atom con cen tra tion in mea sured sam ples with rel a tive un -
cer tainty be low 5%. Usu ally el e ments from Na and above
are de tected. When the thin win dow or win dow less de tec -
tor is used, the el e ments down to the Bo ron can be de tected.   

PIGE - Par ti cle In duced Gamma-ray Anal y sis. It is
based on in elas tic ion scat ter ing or on nu clear re ac tion, in
which gamma rays from ex ited tar get nu clei are emit ted. It
is well suited for the de ter mi na tion of the light el e ments,
mainly for Li,F,Al,Na and B.

NRA - Nu clear Re ac tion Anal y sis. The term de scribes a 
group of an a lyt i cal tech niques based on nu clear re ac tions
in which charged par ti cles or gamma rays are pro duc ing.
They are iso to pi cally spe cific and are usu ally used only in a 
spe cial cases. For in stance the NRA based on the
18O(p,alfa)15N re ac tion  can be used for the fine depth pro -
fil ing of  the 18O. The PIGE method is some times con sider
as a spe cial case of NRA tech niques.   

ERDA - Elas tic Re coil De tec tion Anal y sis. The ERDA
method is based on the de tec tion of for ward re coiled par ti -
cles. Con trary to the RBS, all nu clei (ions) which are in the
sam ple, and also the pri mary par ti cle, can be scat tered (kick 
off) to the for ward di rec tions. Thus we have to dis crim i nate 
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them. One way is to mea sure both ve loc ity and the en ergy
of each par ti cle and cal cu late the par ti cle mass. This
method is called TOF-ERDA (time of flight ERDA). 
There are sev eral other op tions to dis crim i nate the re coils,
to use elec tric or mag netic field an a lyzer, mea sure the ion
stop ping power or use thin foil to stop all highly ion iz ing
ions (high Z ones).   

RBS-Chan nel ling re fers a spe cial use of the RBS
method, when it is ap plied on crys tal line ma te ri als. If one
of the crys tal axis is aligned with the ion beam di rec tion a
num ber of back scat tered par ti cles are sig nif i cantly re -
duced. The po si tion of the lat tice host at oms or the num ber
and depth dis tri bu tion of de fects can be stud ied by this
method.

Ion microbeam. The beam of the ac cel er ated ions can
be fo cused and scan over the sam ple. This way,  two or
three di men sional in for ma tion about the dis tri bu tion of at -
oms in the sam ple cam be ob tained. A beam spot of 1um or
smaller can be pro duced, us ing the set of slits and fo cus ing
quadrupoles. There are sev eral tents of such sys tems
world wide. Above men tioned IBA meth ods (and lot of oth -
ers) can be used in the com bi na tion with the ion
microbeam. As the MeV pro tons are most com mon in such
sys tems, an al ter na tive name “pro ton microprobe” is of ten
used.   

La bo ra to ry of IBA in Øež

We have two elec tro static ac cel er a tors at our lab o ra tory in
NPI AVCR v.v.i. at Øež. An older Van de Graaff ac cel er a -
tor which is able to ac cel er ate H+ and He+ ions up to
3.5MeV. It is op er ated from the six ties and rou tinely used
for IBA from the eight ies. At pres ent, there are two ex per i -
men tal cham bers at the VdG ac cel er a tor, one for RBS and
ERDA anal y sis and the sec ond for the si mul ta neous anal y -
sis by PIGE, PIGE, RBS and PESA (Pro ton Elas tics Scat -
ter ing Anal y sis).

  From 2005 we have also a mod ern  3MV
TANDETRON 4130 MC ac cel er a tor. It can ac cel er ate al -
most all ions (ex cept some no ble gas ses) to en er gies from
sev eral hun dreds of keV up to more then 20MeV (for mul -
ti ply charged heavier ions). There are four ion beam lines
con nected to the Tandetron ac cel er a tor, with sev eral ex per -
i men tal tar get cham bers for RBS, RBS-Chan nel ling,
TOF-ERDA, High en ergy ion im plan ta tion, ion
microbeam and a uni ver sal mul ti pur pose cham ber.  

The prin ci ples of se lected IBA meth ods and ex am ples
of its ap pli ca tion will be pre sented in the lec ture.   

Ge ne ral re fe ren ces to the IBA methods 
(for fur ther stu dy)

1.    Hand book of Mod ern Ion Beam Ma te ri als Anal y sis, Sec ond 
Edi tion, Y. Wang and M. Nastasi, Materiále Re search So -

ci ety, Warendale, Pensylvania 2009.

2.     S. A. E. Johansson and J. L. Camp bell , PIXE: A Novel
Tech nique for El e men tal Anal y sis , John Wiley & Sons,

New York (1988), 347 p. 

3.    L.C.Feldman, J.W.Mayer, Fun da men tals of  Sur face and
Thin Film Anal y sis, Elsevier Sci ence Pub lish ing Co., Inc. ,

New York (1986), 352 p.

4.   Ludìk Frank, Jaroslav Král, Metody analýzy povrchù
iontové - iontové, sondové a speciální metody, Ac a de mia,
Praha (2002).

5.    Jor ge Ti ri ra, Yves Serruys, and Pa trick Tro cel lier, For ward 
re co il spectro me t ry ap pli cati ons to hyd ro gen de ter mi nati on 

in so lids, Ple num Press, New York (1996), 440 p.

6.    Mark B. H. Breese, Da vid N. Jamie son, Philip J. C. King,
Ma te ri als Anal y sis Us ing a Nu clear Microprobe, 
Wiley-Interscience , (1996),  464 p.

7.    Zeev B. Alfassi,  Max Peisach, El e men tal Anal y sis by Par -
ti cle Ac cel er a tors, CRC Press,  1.edi tion (1991),  480 p.

L20

IDENTIFICATION OF IONS IN PROTEINS

J. Dohnálek

In sti tute of Macromolecular Chem is try AS CR, Heyrovského nám. 2, 16206 Praha 6, Czech Re pub lic
dohnalek007@gmail.com

In sin gle crys tal stud ies of bi o log i cal macromolecules
iden ti fi ca tion of lig ands or gen er ally sol vent mol e cules
very of ten rep re sents an un easy task. The stud ied pro teins
un dergo a lengthy pro cess of ex pres sion, in cell mod i fi ca -
tion, and/or se cre tion, pu ri fi ca tion and some times spe cial
pre-crys tal li za tion treat ment. The mol e cules are com monly 
crys tal lized in so lu tions of salts and pres ence of un wanted
metal ions in the used chem i cals is not ex cluded.

As a re sult in pro tein crys tal struc tures ions or other
small chem i cal moi eties are of ten ob served bound on the
mo lec u lar sur face. A ma jor ity of pro tein crys tals do not
pro vide dif frac tion data to atomic or sub atomic dif frac tion
lim its (1.2 C or better). To date some 63 thou sand X-ray
struc tures de pos ited in the Pro tein Data Bank have the high

dif frac tion limit of data 1.2 C or worse and about 1500 1.2
C and better. There fore pro tein crys tal log ra phers must
mostly rely on other in di ca tors of the na ture of an ion than
purely the height of an elec tron den sity max i mum. 

The sum of the uti lized ap proaches in cludes anom a -
lous scat ter ing sig nal, typ i cal co or di na tion and bond ing
dis tances [1], sta tis ti cal eval u a tion of typ i cal cases, as sess -
ment of the lo cal en vi ron ment, ex per i men tal con di tions
such as pH, and other. Ac cess to tun able X-ray sources
with flu o res cence de tec tors en ables ab sorp tion edge
checks and flu o res cence anal y sis in some cases [2] and
avail abil ity of a mi crom e ter high en ergy pro ton beam al -
lows el e ment iden ti fi ca tion by microbeam Proton Induced
X-ray Emission (microPIXE) [3].
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Lighter ions, such as Na+, Mg2+and Cl-, be long to a
spe cial cat e gory as their pres ence in pro tein struc tures ei -
ther re mains un no ticed or is mis in ter preted. In such cases
the cor rect as sign ment of an ion type and its dis tinc tion
from a wa ter mol e cule rely on suf fi cient ev i dence from all
avail able in for ma tion sources.
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Re cently, there was an ar ti cle [1] pub lished about syn the sis 
and char ac ter iza tion of a tripledecker mol e cule
[Cp*2Mo2P2Se3], Cp* = C5Me5), and its use as a mo lec u lar
build ing block in the for ma tion of cop per(I) ha lide poly -
mers. Re ac tion of the tripledecker mol e cule (see Fig. 1)
with cop per(I) halides pro vides poly mers of di verse
dimensionalities de pend ing on com pet ing co or di na tion
prop er ties of P and Se at oms.

The re ac tion of the tripledecker mol e cule with CuI in
CH3CN gave a mix ture of bright-red plates and dark
prisms, both with a com po si tion Cp*2Mo2P2Se3(CuI)3

(CH3CN)]n, in a tem per a ture-de pend ent ra tio. While struc -
ture of bright-red plates could be solved by clas si cal meth -
ods as a two-di men sional poly mer, the struc tures of the
dark-red prisms was mod u lated. The mod u la tion of
tripledecker mol e cule is of har monic na ture. On the other
hand, dis con tin u ous mod u la tion func tion are needed for
the in or ganic part whene a cage from Cu and I at oms (Fig.
2) al ter nates be tween two po si tions. In three-di men sional
de scrip tion this lead to dis or der, which is re solved us ing
crenel mod u la tion func tion. 

The pre sen ta tion dem on strates way how to solve and
re fine this kind of struc ture. The steps with pro gram
Jana2006 [2] will be ex plained to gether with nec es sary un -
der ly ing the ory to the ex tent needed for un der stand ing the
pre sented pro ce dures. Fi nally, still un solved prob lems con -
nected with so lu tion of the ti tle struc ture, will be dis cussed.
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Fig ure 2. Two po si tions of the Cu-I cage ob served as dis or -
der in the av er age struc ture.

Fig ure 1. The tripledecker mol e cule. P yel low, Se red, Mo or -
ange, C gray, hy dro gen omit ted.


