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The Max von Laue’s dis cov ery of the dif frac tion of X-rays
by crys tals in 1912 and sub se quent dif frac tion ex per i ments
of Wil liam Henry Bragg and Wil liam Law rence Bragg sig -
nif i cantly changed the sub ject of crys tal log ra phy to wards
crys tal struc ture anal y sis. The lec ture fo cuses on the his -
tory of crys tal log ra phy since the first se ri ous work on geo -
met ri cal crys tal log ra phy by Johannes Kep ler in 1611 (A
New Year’s Gift of Hex ag o nal Snow) till the cru cial dif frac -
tion ex per i ment of Laue, Friedrich and Knipping in 1912.
This con tri bu tion il lus trates the main ar eas of crys tal lo -
graphic re search at that time and im por tant mile stones in
the sci en tific prog ress in crys tal log ra phy of that time.   

Study of crys tal mor phol ogy has played a cen tral role
for many cen tu ries. Nicolaus Steno stud ied in 17th cen tury
quartz crys tals and noted that, de spite dif fer ences in size
and crys tal habit, the an gles be tween cor re spond ing planes
were con stant (law of con stancy of in ter fa cial an gles). This
law was re peat edly later re stated by Romé de l’Isle and
Domenico Guglielmini. Chris tian Sam uel Weiss and
Frierich Mohs made also sig nif i cant con tri bu tions. Wil -
liam Henry Miller de vel oped the fa mil iar hkl no ta tion for
de scrip tion of crys tal faces (around 1839) and con structed
the first two-cir cle goniometer for study of crys tal mor -
phol ogy. Vic tor Mordechai Goldschmidt should be men -
tioned for his sys tem atic study of crys tal mor phol ogy and
for his well-known At las der Krystallformen (1913); an ex -
ten sive col lec tion of crystal drawings.

Worth-not ing is the build ing-block the ory of crys tal
struc tures, in tro duced by René-Just Haüy in 1822 (Traité

de Cristallographie), which led di rectly to the lat tice mod -
els. Haüy sug gested that crys tals are com posed of ar ray of
blocks, called in te gral mol e cules (i.e. unit-cell in cur rent
ter mi nol ogy).  He also showed that it is pos si ble to con -
struct dif fer ent ex ter nal shapes of crys tal by rep li cat ing the
same ba sic blocs in dif fer ent ways. Sym me try was proved
to be es sen tial. A few years later, Au gust Bravais cor rectly
de rived the 14 three-di men sional lat tices that now carry hid 
name. At the beg ging of 19th cen tury, the term “iso -
morphism” and “poly mor phism” was in tro duced (Romé de
l’Isle) and in ten sively stud ied (E. Mitscherlich). Paul von
Groth – a founder of Zeitschrift für Kristal lographie (1877) 
– made a sig nif i cant con tri bu tion to the chem i cal and phys -
i cal crys tal log ra phy at the end of 19th century.

Study of groups and its ap pli ca tion to crys tal log ra phy
was a fruit ful field of re search in the 19th cen tury. It is very
in ter est ing fact, that all of the 230 space groups were in de -
pend ently de rived by Ar thur Moritz Schöenflies, Evgraf
Stepanovich Fedorov and Wil liam Barlow at the ap prox i -
mately same time in 1980s.  

This contribution is partly based on [1-4].

1. H. Kubbiga, Acta Cryst., A68, (2012), 3.

2. I. Kraus, Struktura a vlastnosti krystalù. Ac a de mia, Praha,
1993.

3. M. de Graf, M. E. McHenry. Struc ture of Ma te ri als. Cam -
bridge Uni ver sity Press, Cam bridge, 2012.

4. V. I. Vernadskij, Živa, (1904), 1.
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Struc ture anal y sis of stan dard crys tals is be com ing more
and more a rou tine task. Data col lec tion with stan dard lab o -
ra tory equip ment can be done in a few hours for many
cases, and the so lu tion by mod ern meth ods, as charge flip -
ping [1], might take some min utes at the most. In the last
years, sim i lar prog ress has been achieved for so lu tion and
re fine ment of mod u lated and com pos ite crys tals [2], so that 
now a days some of these struc tures can be solved rou tinely
by non-spe cial ists. 

How ever, new ma te ri als ex hib it ing spe cific phys i cal
prop er ties, as mag ne tism, elec tri cal con duc tiv ity or su per -
con duc tiv ity, re quire more de tailed struc ture anal y sis.
Such com pounds must be stud ied un der dif fer ent con di -
tions, like high pres sure and non-am bi ent tem per a ture, to
de scribe struc tural changes dur ing phase tran si tions. For
these cases, struc ture anal y sis is still challenging and a
swiftly developing field. 

Phase tran si tions can lead to the or der ing of mag netic
mo ments and/or de vel op ment of ferro elec tric mo ments in
the ma te rial. To study mag net i cally or dered sys tems neu -
tron dif frac tion must be used. The so lu tion and re fine ment
of mag netic struc tures is usu ally made by de com po si tion of 
the mag netic con fig u ra tion space into ba sis modes, which
trans form ac cord ing to dif fer ent phys i cally ir re duc ible rep -
re sen ta tions (irreps) of the space group of the para mag netic 
phase [3]. Re cently it was shown that the di rect use of
Shubnikov (mag netic) space and superspace groups en -
ables eas ier han dling of non-mod u lated and mod u lated
mag netic struc tures as well, and sim pli fies the al go rithms
deal ing with dif frac tion data of mag netic struc tures [4]. For 
in com men su rately mod u lated mag netic struc tures this ap -
proach may be par tic u larly beneficial, as for instance in the
analysis of multiferroic phases [5].

So lu tion of a mag netic struc ture starts with sym me try
anal y sis. The pro gram Jana2006 pro vides a sim ple pro ce -
dure for test ing dif fer ent irreps of the par ent para mag netic
struc ture, as fol lows from the al ready known nu clear struc -
ture, and links them with the cor re spond ing Shubnikov
space or superspace groups. The mag netic struc ture model
re sult ing from the se lected mag netic sym me try can be
checked in VESTA [6] which is launched by Jana2006,
whereas the sim u lated pow der data for a model can be
com pared against the mea sured dif frac tion pro file.
Jana2006 can also call via internet the re cently de vel oped
pro gram ISODISTORT [7, 8] which pro vides sim i lar anal -
y sis (although more detailed), and use its results.

As a next step, all the ac cept able mod els from the rep re -
sen ta tion anal y sis are re fined and the so lu tion hav ing the
best fit with ex per i men tal data can be se lected as the fi nal

so lu tion of the mag netic struc ture. How ever, this pro cess is 
not nec es sar ily straight for ward and, in many cases, dif fer -
ent mag netic spin con fig u ra tions can sim i larly fit the data.
Con se quently, other ex per i men tal meth ods like po lar ized
neu tron dif frac tion must be used to identify the correct
solution.  

The ba sic idea be hind the new op tion for mag netic
struc tures in Jana2006 lies fully on mag netic and nu clear
sym me try, sim i larly to clas si cal crys tal log ra phy. Sym me -
try is ap plied dur ing data pro cess ing (merg ing sym me -
try-re lated re flec tions for sin gle-crys tal data or re duc ing
the gen er ated re flec tions to the in de pend ent ones for pow -
der data) as well as in the cal cu la tion of mag netic struc ture
fac tors. This new ap proach greatly im proves the sta bil ity of 
the re fine ment and offers a logical path to describe twin
domains. 

Two pro ce dures are pos si ble for the com bi na tion of nu -
clear and mag netic dif frac tion. The tra di tional way used in
FullProf [9] is to com bine two in de pend ent phases. The
method pre ferred in Jana2006 is to use a com mon struc -
tural de scrip tion for both phases and make the com bi na tion 
of in ten si ties in ter nally, as fol lows from the cal cu la tion of
structure factors. 

Jana2006 also of fers si mul ta neous re fine ment against
dif fer ent dif frac tion ex per i ments. Com men su rate and in -
com men su rate phases can be com bined as well, as pow der
and sin gle-crys tal data. There fore, man i fold pos si bil i ties
are avail able for the re fine ment of mod u lated mag netic
struc tures from various experiments.    

1. L. Pa lati nus and G. Chapuis, J. Appl. Cryst. (2007) 41,
786-790.

2. V. Petøíèek, M. Dušek and L. Pa lati nus, Z. Kristallogr.
(2014) 229, 345-352.

3. E. F. Bertaut, Acta Cryst. (1968) A24, 217-231

4. V. Petøíèek, J. Fuksa and M. Dušek, Acta Cryst. (2010)
A66, 649-655.

5. J. M. Pérez-Mato, J. L. Ribeiro, V. Petøíèek and M. I.
Aroyo, J. Phys.: Condens. Mat ter (2012)  24, 163201.

6. K. Momma and F. Izumi, J.Appl Cryst., (2011) 44,
1272-1276.

7. B.J. Camp bell, H.T. Stokes, D.E. Tan ner and D. M. Hatch,
J.Appl Cryst., (2006). 39, 607-617.

8. http://stokes.byu.edu/isodistort.html

9. J. Ro dri guez-Carvajal, Physica B (1993) 192, 55-69.

http://stokes.byu.edu/isodistort.html


Session II, Monday, September 12

L3

DYNAMIC THEORY OF PROTEIN CRYSTALLIZATION AS A TOOL FOR A CONTROL
OF PROTEIN CRYSTAL ARCHITECTURE 

Jindøich Hašek

In sti tute of Bio tech nol ogy CAS, BIOCEV, Prùmyslová 595, 252 50 Vestec, Czech Re pub lic

hasekjh@seznam.cz

Crys tal log ra phy is very pre cise and handy method for de -
ter mi na tion of “small mo lec u lar struc tures”. In struc ture
de ter mi na tion of bi o log i cal macromolecules and their
com plexes, the pro cess ing is much more com plex and the
pre ci sion is much worse. The crys tal li za tion pro cess is con -
sid ered as hardly pre dict able and thus crys tal li za tion tri als
are based on an ex pen sive ran dom screen ing of many hun -
dreds of crys tal li za tion con di tions as a rule. Nev er the less,
the suc cess rate of crys tal li za tion of the na tive pro teins is
still quite low. A deeper un der stand ing the crys tal li za tion
pro cess seems to be prerequisite for radical improvement
of the present status.

Many prob lems with pro tein crys tal li za tion are caused
by oblig a tory high wa ter con tent in crys tals (50 % on av er -
age).  Pro tein mol e cules re main in crys tals highly solvated
and are in dy namic equi lib rium with so lu tion also in crys -
tal line state. The sta bil ity of mol e cules in crys tal is thus en -
sured only by intermolecular in ter ac tions be tween
ad he sive patches of neigh bor macromolecules form ing a
rigid 3D scaf fold in the crys tal. Most of sol vent fill ing
30-80 % of crys tal vol ume re mains dy nam i cally dis or dered 
(“flu ent”) and in vis i ble in maps of elec tron den sity. Thus,
the ri gid ity and sta bil ity of the 3D macromolecular scaf fold 
of crys tal is of ba sic im por tance, i.e. the de sign of the pro -
tein crys tal ar chi tec ture is very important.

Role of PEG in crys tal li za tion. The dy nam i cal the ory
of pro tein crys tal li za tion and knowl edge of pro tein-pro tein
ad he sion modes ex plains why the poly(eth yl ene gly -
col)-type poly mers (PEGs) are the most suc cess ful
precipitants [1,2]. The rea son is that the PEG-type poly -
mers have, in ad di tion to their pre cip i tat ing ef fect, also a
large scale of pro tein-sur face ac tive mol e cules (PSAM)
and pro tein-sur face shield ing agents (PSSA) prop er ties.
Anal y sis of these prop er ties is de scribed in our for mer pa -
pers [1,2]. Reader can also get his own ex pe ri ence us ing the 
tools of fered by the da ta base of pro tein-poly mer in ter ac -
tions. He can scan over hun dreds se lected pro tein struc -
tures and ob serve readily dif fer ent the pro tein-PSAM
ad he sion modes. The Ta ble with cat e go rized pro -
tein-PSAM in ter ac tions can serve as a guide to evaluate
applicability of the useful adhesion modes (in press).  

The analysis of al ready solved pro tein struc tures de pos -
ited in the PDB gives the nec es sary knowl edge of ad he sion

prop er ties of pro teins re quired for planned strength en ing
the dom i nant and weak en ing of other non-com pat i ble ad -
he sion modes in crys tal li za tion so lu tion. These stud ies in -
clud ing a re view of pro tein crys tal ar chi tec ture (in press)
can be sim pli fied by the “Da ta base of pro tein-poly mer in -
ter ac tions”. 

Da ta base of pro tein-poly mers in ter ac tions (DPPI)
[2] con tains about 4000 ex per i men tally ob served
PEG-pro tein in ter faces. It con sists of a set of pro tein struc -
tures crys tal liz ing with PEG-like poly mers and use ful
scripts al low ing easy vi su al iza tion of PEG ac tiv i ties on
pro tein sur faces. See ing the PEG frag ments in ter fer ing
with pro tein-pro tein in ter faces, with dif fer ent types of
salts, block ing com pet i tive crys tal con tacts helps us to un -
der stand the dy namic pro cesses dur ing crys tal growth and
al lows ra tio nal iza tion of crys tal li za tion screens on mo lec u -
lar ba sis. The database of pro tein-poly mer in ter ac tions is

avail able from hasekjh@seznam.cz.
Ob ser va tion of ad he sion modes be tween pro tein and

pro tein sur face ac tive mol e cules led us to for mu la tion of
the dy namic the ory of crys tal li za tion, and the prin ci ple
of a sin gle dom i nat ing ad he sion mode. The lec ture sum -
ma rizes last prog ress in de vel op ment of this new ap proach
and shows that a knowl edge of the ad he sion prop er ties of
pro tein sur face-ac tive mol e cules gives us an ef fi cient tool
for crys tal liz ing most of pro teins, for grow ing the de sired
crys tal poly morphs, and for analyzing var i ous pro tein-pro -
tein ad he sion modes im por tant in the liv ing na ture.

1. Hašek J.,  Z.Kristallogr. 28, (2011), 475-480.

2. Hašek J. et al,  Z.Kristallogr. 23, (2006), 613-619.

3. Hašek J. et al, J.Synchr.Ra di a tion 18, (2011), 50-52.

The pro ject is sup ported by BIOCEV CZ.1.05/
1.1.00/02.0109 from the ERDF, CSF pro ject 15-15181S of
the CSF, grant LG14009 of MSMT, BioStruct-X (EC FP7
pro ject 283570) and  In struct of ESFRI.
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Ribonuclease Sa (RNase Sa) is an extracellular en zyme se -
creted by Streptomyces aureofaciens into the growth me -
dium. It is the small est mem ber of the mi cro bial T1
ribonuclease fam ily with just 96 amino ac ids. Crys tal struc -
ture of RNase Sa has been de ter mined at 1.2 and 1.0 C res -
o lu tion [1,2] and a so lu tion struc ture has been de ter mined
us ing NMR [3]. RNase Sa has proven to be an ex cel lent
model for var i ous types of stud ies in clud ing struc ture-
 func tion re la tion ship, mech a nism of en zy matic re ac tion,
pro tein-pro tein rec og ni tion, pro tein fold ing, flex i bil ity and
conformational sta bil ity of glob u lar pro teins. 

For the better un der stand ing the prin ci ples of confor -
mational sta bil ity of pro teins, sin gle mu ta tions in RNase Sa 
mol e cule were de signed to re move a lim ited num ber of pre -
cisely de fined hy dro gen bonds and the sta bil ity of mu tant
pro teins was mea sured [4,5,6,7]. Crys tal struc tures of mu -
tant pro teins were de ter mined in our lab o ra tory at 1.0-1.7 C
res o lu tion and the changes in hy dro gen bond ing were an a -
lyzed. It has been proved that i) intramolecular hy dro gen
bonds con trib ute sub stan tially to the pro tein sta bil ity, ii)
po lar groups burial con trib ute to pro tein sta bil ity, iii) side
chains on the sur face of a pro tein that form intramolecular
hy dro gen bonds can make sig nif i cant con tri bu tions to pro -
tein sta bil ity and iv) the ef fect of a sin gle amino-acid mu ta -
tion on conformational sta bil ity of pro tein highly de pends
on the lo ca tion of the sub sti tu tion and its en vi ron ment in
the struc ture. 

Mu tant pro teins orig i nally de signed for the sta bil ity
study have been an a lyzed also from the point of view of
their cat a lytic prop er ties, crystallizability and struc tural
flex i bil ity. Be cause of some dif fi cul ties at crys tal li za tion
only eight struc tures have been pub lished, yet. At pres ent,
there are ad di tional six struc tures solved. Al to gether, struc -
tures of four teen mu tants has been solved: two mu tants of
Asn 39, a res i due con served in the mi cro bial T1 ribo nucle -
ase fam ily (mu tants N39S, N39D), three ty ro sine to
phenyl alanine mu tants (Y51F, Y80F, Y86F), four trypto -
phan mu tants (D1W, Y55W, T76W, Y81W), three small
po lar and nonpolar group mu tants (S24A, I71V, T95A)
and two charged mu tants (D79A, Q94K). Un ex pected
struc tural changes in the con for ma tion of the sur face loop
have been ob served in the case of N39S and N39D mu -
tants. Two mu ta tions, Q94K and T76W caused changes in
the crys tal pack ing, more over, the main chain of the Q94K
mu tant is cleaved in the re gion of sur face loop be tween
Arg63 and Thr64. Struc tural flex i bil ity has been also stud -

ied; the su per po si tion of all mu tant struc tures re vealed the
close sim i lar ity in in hy dro pho bic core and flex i bil ity on
the sur face of the mol e cule, the pic ture is sim i lar to the su -
per po si tion of the struc tures solved by NMR method.
More over, in some struc tures al ter na tive con for ma tions of
main chain has been ob served in var i ous re gions. The mu -
ta tions in flu enced also the en zy matic ac tiv ity in spite of the
fact that none of mu tated amino acid res i dues is di rectly in -
volved into the sub strate bind ing or cleav ing. Asparagine
39 mu ta tions caused changes in the con for ma tion of the
loop which forms a sub strate bind ing pocket which re -
sulted in the sig nif i cant de crease of the ac tiv ity to 20-2 %.
Ty ro sine 86 is po si tioned at the ac tive site in the close prox -
im ity of the cat a lytic Glu54 and its mu ta tion to
phenylalanine led to de creas ing the ac tiv ity to 7 %. On the
other hand, mu ta tion of Ile71, which is po si tioned also very 
close to Glu54, to leucine, increased the enzyme activity 4
times. All the results of structure-function studies of RNase 
Sa mutants will be discussed in the presentation.

Ac knowl edge ment. The work was sup ported by the Slo vak
Acad emy Re search Grant Agency VEGA grant No.
2/0190/14. We ac knowl edge the EMBL c/o DESY, Ham -
burg for pro vid ing us with syn chro tron source fa cil i ties.
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World wide oc cur rence of multidrug-re sis tant patho genic
bac te ria has in creased in ter est in al ter na tive treat ments in -
clud ing bacteriophage-based ther apy. Bacteriophage
phi812 be longs to ge nus Twort-like vi rus, subfamily Spou -
na virinae and can in fect at least 75 % of Methicilin-resitant 
S. aureus strains (MRSA) and 95 % of Methicillin-sen si -
tive S. aureus strains. We have em ployed cryo-elec tron mi -
cros copy to de ter mine struc ture and  ge nome de liv ery
mech a nism for polyvalent staph y lo coc cal backteriophage
phi812-K1. Phi812-K1 has a 90 nm di am e ter iso met ric
head and 240 nm long con trac tile tail ended by a dou ble
lay ered base plate. The tail and base plate of the na tive
phage are dy namic. There fore, a di vide-and-con quer strat -
egy was em ployed to sep a rately de ter mine the cryo-EM re -
con struc tions of the in di vid ual phage parts. The struc ture

of the icosahedral head could be re fined to 5.0 C res o lu tion
and ad di tional sub-av er ag ing within the T =1 6 icosahedral
asym met ric unit al lowed de ter mi na tion of the ma jor capsid
pro tein to 3.8 C res o lu tion. The struc tures of the na tive tail
and base plate were solved to 8 C and 12 C res o lu tion, re -
spec tively. In or der to ex am ine the mech a nism of the in fec -
tion pro cess, we de ter mined the struc ture of the phage in
the con tracted state. The phage head is not al tered af ter the
DNA ejec tion. How ever, both the base plate and tail un -
dergo large re or ga ni za tions doc u mented in their 6 C and 8
C res o lu tion struc tures. Com par i son of the tail and base -
plate struc tures in the na tive and con tracted con for ma tion
al lowed us to de ter mine the changes  ac com pa ny ing cell
wall rec og ni tion and bind ing which is then fol lowed by in -
jec tion of the bacteriophage ge nome into the host bac te ria.
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We have pre vi ously iden ti fied metallacarboranes and
carboranes as a prom is ing class of spe cific in hib i tors of
HIV pro te ase (HIV-PR) and Car bonic Anhydrase IX
(CA IX) en zymes [1]. 

Here we re port on re cent ad vances in the mo lec u lar de -
sign of carborane and metallacarborane in hib i tors tar get ing 
CA IX isoenzyme. This en zyme, which is as so ci ated with
solid hypoxic tu mors, be longs to newly iden ti fied tar gets
for can cer ther apy and diagnostics. 

The scope of cur rently avail able site-di rected mod i fi ca -
tions on var i ous bo ron cages is overviewed, with an em -
pha sis on the prog ress in the syn the sis of carboranes and
metallacarboranes sub sti tuted by sulfamide, sulfonamide
and other sim i lar groups, i.e. func tions known to bind
tightly to the zinc atom in the ac tive site of CA-IX. The new 
gen er a tions of poly he dral in hib i tors of CA-IX, based on
the care ful se lec tion of bo ron cages and op ti mized sub sti tu - Fig ure 1. Top view on the 1,1’-dietlylsulfamido sub sti tuted co -

balt bis(dicarbollide) in the ac tive site of CA-IX en zyme.
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tions, ex hibit sig nif i cantly en hanced in vi tro ac tiv i ties with
cor re spond ing Ki val ues in the range of tenths of pM to
sev eral nM. The struc ture-ac tiv ity re la tion ship (SAR) ob -
served within a small li brary of ca. 60 sub sti tuted
carboranes and metallacarboranes is discussed. 

These re sults are com ple mented by syn chro tron struc -
tures of en zyme-in hib i tor com plexes and by a short over -
view of phar ma co log i cally rel e vant fac tors such as plasma
pro tein bind ing, cell mem brane pen e tra tion, and ba sic re -
sults from tox i col ogy and pharmacokinetic stud ies (mouse
model) per formed on a panel of the se lected in hib i tors of
CA IX en zymes. Due to prom is ing in hib i tory prop er ties,

these com pounds are thus pri mar ily con sid ered as can di -
dates for drugs ap pli ca ble in can cer treat ment. 

1. J. Brynda, P. Mader, V. Šícha, M. Fábry, K. Poncová, M.
Bakardiev, B. Grüner, P. Cígler, P. Øezáèová, Angew.
Chem., Intl. Ed. Eng., 2013, 52, 13760.
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 NMR AND X-RAYS ARE NOT EN E MIES ANY MORE

Pavel Srb
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NMR spec tros copy and X-ray crys tal log ra phy have tra di -
tion ally been viewed as ri vals in three di men sional pro tein
struc ture elu ci da tion, NMR be ing less successfull one. The
fun da men tal dif fer ence be tween NMR and X-rays lies is
the fol low ing: X-rays pro vides al most di rect spa tial in for -
ma tion about atomic po si tions, while NMR sig nal di rectly
en codes fre quency of nu clei (more pre cisely of nu clear
spins). Af ter in tro duc ing ba sic phys i cal prin ci ples of
NMR, the stan dard pipe line of sam ple prep a ra tion and sig -
nal as sign ment will be ex plained, with em pha sis on de -
scrip tion to var i ous use ful paramaters  that can be ex tracted 
with out pre vi ous struc ture knowl edge, how ever are very

use ful in characterizaation of a sys tem un der scope.
Namely chem i cal shifts, re sid ual dipolar cou plings and
para mag netic re lax ation enhancemets. A spe cial at ten tion
will be paid to NMR meth ods for char ac ter iza tion of pro -
tein dy nam ics on var i ous timescales. Spe cif i cally the pos si -
bil ity of char ac ter iz ing the low pop u lated conformational
pro tein states opens a path to a chal leng ing goal of de scrib -
ing pro tein as a dy namic en sem ble of func tional states. A
real life ex am ples of stud ies of pro tein-pro tein and pro -
tein-small mol e cule in ter ac tions will be de scribed and ex -
plained.
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POZITRONOVÁ ANIHILAÈNÍ SPEKTROSKOPIE

Jakub Èížek

Katedra fyziky nízkých teplot, Matematicko-fyzikální fakulta Univerzity Karlovy v Praze

Pozitronová anihilaèní spektroskopie využívá pozitron
jako sondu ke studiu struktury materiálu. V pevných
látkách jsou pozitrony anihilovány elektrony a emitované
anihilaèní záøení pøináší informaci o parametrech ani -
hilaèního procesu. Hlavní pozorovatelné jsou doba života
pozitronu a Doppleruv posuv energie anihilaèních fotonù.
Pozitron implantovaný do dokonalého krystalu je delo ka li -
zovaný v krystalové møíži a pozitronová hustota má formu
modulované rovinné vlny. Defekty krystalické møíže
spojené s volným objemem (napø. vakance, dislokace,
hranice  zrn atd.) pøedstavují pro pozitron poten ciálové
jámy a mohou vést k záchytu pozitronu, tj. muže dojít ke
vzniku vázaného stavu pozitronu v defektu. Takto
zachycené pozitrony mají delší dobu života než pozitrony
delokalizované v krystalické mríži. Doba života pozitronu
je urèena lokální elektronovou hustotou v místì defektu.
Každý stav pozitronu v daném materiálu pøispívá do

spektra dob života pozitronu exponenciální komponentou.
Zmìøením dob života tìchto expo nen ciálních komponent
je možné identifikovat typy defektu ve studovaném mate -
riálu. Z intenzit techto komponent lze potom pomocí
vhodného modelu urèit koncentrace defektu.

V pøednášce bude vysvìtlen princip pozitronové anihi -
laèní spektroskopie a ilustrovány její možnosti na pøíkladì
studia ul tra jemnozrnných materiálù pøipravených silnou
plastickou deformací. Budou rovnìž zmínìny oblasti kdy
se informace získaná pomocí pozitronové anihilacní
spektroskopie pøekrývá s informací o reálné struktuøe
materiálu získané studiem tvaru rozšíøení difrakèních
profilù rtg. záøení. 


