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Struc ture de ter mi na tion of bi o log i cal macromolecules and
their in ter ac tions with other mol e cules im por tant for life
play a prin ci pal role for un der stand ing their func tion, i.e.
for de vel op ment of new gen er a tion of drugs, for en vi ron -
ment, for ag ri cul ture, for food in dus try, for pro tec tion of
hu man life, etc. Now a days, the dif frac tion ex per i ments
per formed at sources of syn chro tron ra di a tion dom i nate in
suc cess ful struc ture de ter mi na tion of macromolecular sys -
tems. The last year, al ready more than 80 % of  ~ 6000  pa -
pers pub lish works based on the use of syn chro tron
ra di a tion and a per cent age of the re main ing ex per i ments
made us ing home dif frac tion equip ment is con tin u ously
de creas ing each year. 

There are more than 70 syn chro tron sources in 23 coun -
tries. Many synchrotrons have more beam lines for
macromolecular crys tal log ra phy, e.g. APS in Argonne
USA have 19 beamline spe cial ized for pro tein crys tal log ra -
phy, ESRF in Grenoble 14 beamlines, Spring-8 in Ja pan 11
beamlines, etc. More in for ma tion can be found in [1].

In spite of the fact that Czech crys tal log ra phers use ex -
ten sive of fi cial and un of fi cial con tacts with synchrotrons
placed ex clu sively in west part of Eu ro pean Un ion, they
cope with a crit i cal short age of mea sur ing time. The av er -
age one beamtime a year per one lab o ra tory is hope lessly
much low than re quired for re ally com pet i tive sci en tific
work in struc ture bi ol ogy. 

The syn chro tron CESLAB (Cen tral Eu ro pean Syn -
chro tron Lab o ra tory) planned if frame of the Struc tural
Funds of EU in volves in ad di tion to many other unique
equipments de voted to med i cine, spec tros copy, etc., also a
mod ern macromolecular beamline de voted to pro tein crys -
tal log ra phy solv ing prac ti cally all re quire ments of pro tein

crys tal log ra phers for the next 20-30 years. 
The CESLAB is not de signed for pro tein crys tal log ra -

phers only. The syn chro tron ra di a tion is re quired al most in
all fields of nat u ral sci ences. The con struc tion of CESLAB
al lows al most any ex ten sion or mod i fi ca tion of the equip -
ment in fu ture. In spite of the fact that the pres ent de sign of
syn chro tron 12 beamlines de voted to dif fer ent sci en tific ar -
eas, the con struc tion al lows an ad di tion up to sev eral tenth
other ex per i ments pos si bly claimed and de signed in fu ture
with out stop ping the op er a tion of the stand ing beamlines.  

All equip ment planned for mod ern synchrotrons of
CESLAB type has been de vel oped and pro duced many
years by the best world lab o ra to ries. There fore, it is very
re li able and rep re sents a top the world sci ence.

Top of the ex per i men tal tech nique as far as the sources
of X-ray ra di a tion rep re sent also newly de vel oped “home
sources of ra di a tion”. One of them “LYNCEAN com pact
light source” sim u lates the stan dard syn chro tron source
but in stead of the in ser tion de vice (e.g. undulator with ~1
cm gap) it uses very in ten sive IR la ser pulse (wave length ~

1 mm) syn chro nized and sent against the in ten sive elec tron
beam in the stor age ring (Fig. 1)
http://www.lynceantech.com/sci_tech_cls.html. 

In com par i son with syn chro tron, it al lows sub stan tial
low er ing of en ergy of the elec tron beam nec es sary to get
the same wave length of ra di a tion and thus to re duce at least 
10 times the size of the whole equip ment (to ~ 20 m). Dis -
ad van tage is that a small size of the stor age ring does not al -
low to place more beamlines on the ring. How ever, the only 
beamline avail able at LYNCEAN can be split to two or
three de vices in side of the ex per i men tal hutch. 

The prin ci ple of LYNCEAN was ver i fied in the fac tory
in Cal i for nia on the func tional pro to type emit ting the ra di a -
tion. Be cause the first equip ment spe cial ized for pro tein
crys tal log ra phy is still in stage of ver i fi ca tion only, a real
bril liance of ra di a tion (de pend ent strongly on the IR la ser
pa ram e ters) and other char ac ter is tics (po lar iza tion, di ver -
gence, etc.) are still a sub ject of guesses only. Es ti mates of
per for mance are at level of a bend ing mag net of the sec ond
gen er a tion synchrotrons. The equipments of this type be -
long un doubt edly to the most per spec tive ra di a tion sources
for fu ture, be cause it will al low higher di ver sity and a pos -
si bil ity to pur chase their own spe cial ized sources of ra di a -
tion to the in di vid ual re search in sti tu tions.

An other type of “in ten sive home source of ra di a tion” is
MIRRORCLE RAY 20SX de signed in Ja pan. It is based
on the same prin ci ple as a stan dard X-ray tube, how ever the 
elec tron beam fall ing on tar get is ac cel er ated to very high
en ergy (1 – 20 MeV). An im pact of ac cel er ated elec tron
beam on tar get pro duces “brems strah lung” (i.e. white ra di -
a tion) up to very high en er gies (Fig. 2). The very high en -
ergy ra di a tion can pass through thick blocks of con crete or
steel. It makes this prod uct es pe cially suit able for in dus trial 
test ing of qual ity of build ings or heavy in dus trial prod ucts
(the equip ment with this de ter mi na tion that can be trans -
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Fig ure 1. Sche matic view ex plain ing prin ci ples and a func tion of
the LYNCEAN com pact light source. Re printed from
 http://www.lynceantech.com/sci_tech_cls.html.



ported on a large lorry is al ready in pro duc tion). The use of
MIRRORCLE in sci en tific lab o ra tory (with the re quired
en ergy of ra di a tion in range 7-13 keV) is very prob lem atic
be cause of im mense dif fi cul ties with shield ing of un -
wanted very hard and in ten sive ra di a tion. The ef fi ciency
for ex per i ments with mono chro matic ra di a tion might be in -
creased by a spe cial de sign with a “para met ric ra di a tion”
gen er ated in the monocrystalic tar get prop erly ori ented
against the ac cel er ated elec tron beam. How ever, there is no 
func tional pro to type and the the o ret i cal data are not
enough prom is ing with re spect to the price and op er a tional
costs (Tab.1).

Stan dard syn chro tron source (as the CESLAB) is pres -
ently the only re li able and safe source of ra di a tion with
fully guar an teed qual ity. It pro vides an im mense flex i bil ity
and uni ver sal ity and can sat isfy up to sev eral hun dreds of
us ers. Be cause it be longs to the large scale fa cil i ties, the de -
sign should al ways con tain at least 6-10 beamlines for re -
search in dif fer ent fields of sci ence be cause than the costs
of pur chase and main te nance per one beamline drop to the

level ex pected for lo cal in ten sive home sources. Ad di tional 
beamlines for newly ris ing sci en tific or tech no log i cal fields 
can be added to a large syn chro tron ring of CESLAB any
time with out ex ten sive costs and with out in ter rupt ing the
op er a tion. 

The home source LYNCEAN will be a good choice for
in di vid ual in sti tutes sat is fied with a sin gle beamline and for 
spe cial re search where a pres ence of pub lic is not ap pre ci -
ated or al lowed. The home source MIRROCLE may be
good choice for spe cial in dus trial ap pli ca tions. As far as
the ac qui si tion and op er at ing costs per one beam line, syn -
chro tron is usu ally more eco nom i cal so lu tion, how ever it
looses this ad van tage rap idly when the num ber of beam -
lines drops sig nif i cantly un der ~ 10.

The pro ject is sup ported by GA AV  IAA500500701 and GA 
ÈR 305/07/1073.

1. J. Hašek, Op por tu ni ties for pro tein crys tal log ra phy at the
Cen tral Eu ro pean Syn chro tron Lab o ra tory, Ma te ri als
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Fig ure 2. Per for mance of MIRRORCLE 6 MeV and 20 MeV. The cal cu lated bril liance [pho tons/sec/mrad2/mm2/0.1%l] in the
whole spec trum. The 20 MeV model of MIRRORCLE is com pared to the 6 MeV model for car bon tar get, to the stan dard ro tat ing 
an ode, and to the bend ing mag net of the older gen er a tion synchrotrons. The ra di a tion used in pro tein crys tal log ra phy should be
highly mono chro matic and is about 12 keV. Complete re moval of ra di a tion over 100 keV rep re sents a se ri ous prob lem. Re -
printed from http://www.pho ton-pro duc tion.co.jp/e/ PPL-monochroX-ray.html#XAFS.
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Ta ble 1. Com par i son of ra di a tion from MIRROCLE, X-ray tube and bend ing mag net. 
Re printed from http://www.pho ton-pro duc tion.co.jp/e/PPL-monochroX-ray.html#XAFS
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X-Ray Pho ton Cor re la tion Spec tros copy (XPCS) is a new
tech nique that takes full ad van tage of the high in ten sity of
par tially co her ent X-ray beams at third gen er a tion syn chro -
tron sources. XPCS is based on the same prin ci ples as Dy -
namic Light Scat ter ing (DLS) em ploy ing vis i ble la ser
light. Thanks to the short wave length of X-rays, XPCS can
probe dy nam ics on small length scales and tur bid sam ples
may be in ves ti gated. 

The in ter ac tion of a co her ent beam with a dis or dered
sys tem pro duces a “speckle” scat ter ing pat tern. The
speckle pat tern re flects the ex act, in stan ta neous dis tri bu -
tion of the scat ter ers in the sys tem.  If the scat ter ers change
their po si tion with time the cor re spond ing speckle pat tern
also changes and hence the in ten sity fluc tu a tions of the
speck les can pro vide a mea sure of un der ly ing dy nam ics.
The XPCS tech nique is used to study mesoscale dy nam ics
of soft mat ter sys tems like poly mers, gels, col loi dal
glasses, liq uid crys tals and super cooled liq uids. The lat ter
is of high sci en tific in ter est and the ob ject of the study pre -
sented in the fol low ing.

The glass tran si tion of super cooled liq uids is an in ter -
est ing phe nom e non which con tin ues to at tract a lot of in ter -
est. Supercooling of a glass for mer leads to a dra mat i cally
slow ing down of the mo lec u lar mo tion and fi nally a vit ri fi -
ca tion be low the glass tran si tion tem per a ture Tg. The com -
plex mo lec u lar pro cesses that take place dur ing such
tran si tion are still poorly un der stood. It is be lieved that
ther mally ac ti vated mo tion be tween dif fer ent min ima of
the en ergy land scape gets im por tant in the super cooled
state. The tran si tion to land scape dom i nated dy nam ics was
found to hap pen at tem per a tures higher than the glass tran -
si tion tem per a ture Tg. In this work we stud ied the dy nam i -
cal prop er ties of two super cooled liq uids propanediol and
poly propy lene gly col (PPG) with mo lec u lar weight 4000
(PPG-4000) by means of XPCS.  

 The dy nam ics of probe nanoparticles sus pended in
propanediol was stud ied above the glass tran si tion tem per -
a tures i.e. in the super cooled state. At high tem per a tures

(> 230 K) the par ti cles un dergo Brownian mo tion and the
mea sured cor re la tion func tions are sim ple ex po nen tial de -
cays. Upon cool ing fur ther and ap proach ing the glass tran -
si tion tem per a ture (Tg = 170 K) the dy nam ics of the
par ti cles change. This can be readily seen as the cor re la tion
func tions sud denly de cay faster that ex pected from a sim -
ple ex po nen tial be hav ior. To an a lyze the data we ap plied
the con tin u ous time ran dom walk model where the mo tion
of a par ti cle dur ing the time in ter val t is de scribed by N dis -
crete steps. The low-tem per a tures data in di cate that the
par ti cles ex hibit hy per-dif fu sive, co op er a tive be hav ior.
Our mea sure ments show that the tran si tion to this be hav ior
oc curs about 40K above Tg but the de tailed con nec tion
with the glass tran si tion re mains an open ques tion.

An other study was de voted to the in ves ti ga tion of sur -
face cap il lary wave fluc tu a tions on super cooled
PPG-4000. All liq uid sur faces un dergo con stant fluc tu a -
tions due to the pres ence of ther mally ac ti vated cap il lary
waves. The dy nam ics of the waves is de ter mined mainly by 
the sur face ten sion and the vis cos ity which is a bulk char ac -
ter is tic of the liq uid. We in ves ti gated the cap il lary wave
dy nam ics of super cooled PPG-4000 by graz ing-in ci dence
XPCS. Our re sults show a de vi a tion of the dis per sion re la -
tions from clas si cal the ory. We pres ent a novel viscoelastic
model that can suc cess fully de scribe the ex per i men tal data. 
It com bines the well known Maxwell-Debye and
Voigt-Kel vin viscoelastic mod els point ing out to the pres -
ence of a low-fre quency elas tic pla teau. This solid-like be -
hav ior of the super cooled low mo lec u lar poly mer liq uid is
in trigu ing and its pos si ble or i gin is dis cussed. 
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