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V súèasnom období Prírodovedecká fakulta UPJŠ v Koši -
ciach oslavuje 60. výroèie založenia a už od akademického
roku 1963/1964 sa datuje Katedra chémie, ktorá sa v roku
1965/1966 èlení na viaceré disciplíny, v rámci ktorých
figuruje aj Anorganická chémia. Problematika štruktúrnej
analýzy je v rámci anorganickej chémie súèas•ou
poskytovaných prednášok už od jej poèiatkov a vedením
bol poverený doc. Ing. Mikuláš Matherny, CSc., neskôr
tento predmet zabezpeèovali externí vyuèujúci prof. Ing. J.
Garaj, CSc., doc. Ing. M. Dunaj-Jurèo, CSc. Tento zoznam
od ak. roku 1983/1984 dopåòa prof. RNDr. Juraj Èernák,
DrSc., ktorý sa prednáškam venoval do roku 2010, kedy
tento predmet preberá doc. RNDr. Ivan Potoèòák, PhD. Až
do 80. rokov je tento predmet zabezpeèovaný v teoretickej
rovine, no postupne dochádza k rozšíreniu prístrojovej
techniky a na Katedre anorganickej chémie sa buduje labo -
ra tórium štruktúrnej analýzy, kde v poèiatkoch nachád za -
me dve zariadenia èeskoslovenskej výroby Mikrometa,
firmy Chirana Modøany, jedno doplnené o weissenbergovu 
komoru. Tieto zariadenia na štúdium zlúèenín využívané
v prevažnej miere difrakciou na práškových vzorkách, ale
aj v obmedzenej miere na monokryštáloch, boli súèas•ou
laboratória do zaèiatku 21. storoèia. Po ich vyradení
z prevádzky došlo k útlmu využívania prístro jovej techni -
ky na pracovisku. V tomto období bolo štúdium štruktúry
zlúèenín, ktoré obsahujú magneto aktívne èastice, realizo -
vané prevažne v spolupráci so zahraniènými pracoviskami. 
Oblas• výskumu bola zameraná na prípravu a charakteri -
záciu nízkorozmerných zlúèenín so zaují mavými magne -
tickými vlastnos•ami. Avšak pre potreby rozvoja bolo
nevyhnutné obnovi• pracovisko rtg štruktúrnej analýzy aj
na domovskej fakulte. Neblahý trend sa podarilo zvráti•
v roku 2008, kedy v rámci spolupráce s Fyzikálnym

ústavom AV ÈR v Prahe bol v laboratóriu rtg štruktúrnej
analýzy inštalovaný monokryštálový difraktometer
XCalibur (Ox ford In stru ments) s polohovo citlivým
detektorom (CCD area de tec tor Sap phire 2) a grafitovým
monochromátorom. Existujúci základný prístroj bol
postupne dovybavený chladièom kryštálov Desk top
Cooler a generátorom Spellman DF60N3 z prostried kov
projektov  ŠF „Extrem – Centrum pokro èilých fyzikálnych
štúdií materiálov v extrémnych podmienkach“ (ITMS
26220120005) a „Extrem – Dobudovanie Centra
pokroèilých fyzikálnych štúdií materi álov v extrémnych
podmienkach“ (ITMS 26220120047). Výsledky meraní do 
roku 2016, kedy došlo k požiaru v budove, v ktorej sa
laboratórium nachádza, priniesli viac ako 40 vedeckých
publikácií v karento vaných èasopisoch, napomohli
k rozvoju závereèných prác viac ako 15 študentov. Po
návrate do budovy intenzívne štúdium štruktúry zlúèenín
obsahujúcich magnetoaktívne èastice pokraèovalo a do
dnešného dòa v rámci projektov grantových agentúr
APVV a VEGA vznikli ïalšie vedecké publikácie.
Súèasný výskum je zameraný nielen na štúdium štruktúry
zlúèenín z oblasti jednomolekulových magnetov, ale aj
z oblasti zlúèenín s potenciálnym biolo gickým úèinkom.
Laboratórium štruktúrnej analýzy je lokalizované v
priestoroch Katedry anorganickej chémie Ústavu
chemických vied na Moyzesovej 11 na prvom poschodí.
Bývalé nevyhovujúce priestory boli zrekon štruované a
prestavané vrátane vybavenia klimatizáciou najmä za
podpory projektov APVV a VEGA.

Tento príspevok vznikol za finanènej podpory projektu
grantovej agentúry APVV (APVV-18-0016).
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The prop er ties of mol e cules cor re late with their elec tronic
struc ture. The va lence elec tron den sity dis tri bu tion can be
ob tained ex per i men tally from ac cu rate sin gle crys tal dif -
frac tion data. Ap ply ing the re sults of the so-called
multipole re fine ment to the prop er ties of mol e cules in so lu -
tion, on sur faces or in a liv ing cell is not easy. In a crys tal,
in ter ac tions with neigh bor ing mol e cules, so-called
“non-bond ing in ter ac tions”, in flu ence the elec tron den sity
dis tri bu tion in a cer tain way. In a dif fer ent en vi ron ment of
the mol e cule, the re sult ing va lence elec tron dis tri bu tion
may be al tered and a di rect cor re la tion is not pos si ble. The
me di a tor for study ing the cor re la tion be tween va lence elec -
tron dis tri bu tion and com pound prop er ties is the o ret i cal
cal cu la tions.

De spite the fact that in tran si tion metal com plexes the
ra tio of the core to va lence elec trons is not fa vor able for the 
study of the ex per i men tal elec tronic struc ture, when the
crys tals are of good qual ity and the ex per i ment is car ried
out with high re dun dancy, im por tant re sults can be ob -
tained. The dis tri bu tion of va lence elec trons is a ro bust
prop erty, so the main fea tures are eas ily rec og nized. The
clas si cal co or di na tion bond was found in Cu-Cu and Cr-Cr
dinuclear ac e tate com plexes. Metal-metal in ter ac tions are
dis cussed [1]. The ti ta nium(IV) co or di na tion com pound
with peroxo an ion is a pos si ble model struc ture of the re ac -
tion cen ter for the the o ret i cal study of he mo glo bin. We
have shown that the O—O bond ing elec tron den sity is sig -
nif i cantly shifted to wards the cen tral ti ta nium atom. The
O-O bond in the per ox ide com plex is weak ened and, there -
fore, could be sus cep ti ble to a nucleophilic ad di tion re ac -
tion [2]. The study of Ni(II) and Ni(III) com plexes with the
same ligand (3,6-dichlorobenzene-1,2-dithiolate) shows
sim i lar and typ i cal square-pla nar co or di na tion. In the ex -
per i men tal re sults, we see two com bined ef fects. One ef fect 
is that the pos i tive charge on the cen tral atom is al ways
lower than the for mal ox i da tion state, and the other is that

one part of elec tron den sity is shifted from the cen tral atom
to the non-in no cent ligand. Thus, the non-in no cent ligand
can adapt to the re quire ments of the cen tral atom [3]. In
nitrosyl a m3

-  Oxido Trinuclear Diiron(III)-Ru the nium(II)
com plex we have stud ied whether such a com plex can re -
lease NO photolytically [4]. We will dis cuss also tet ra he -
dral Cu(I) and pseudo-oc ta he dral Cu(II) com plexes with
biphenyldiimino dithioether as the blue cop per pro tein
model struc tures. The real chal lenge is a com pound with
the Cr-Cr dis tance of 1.8077(7) C  [5]. Is there a suf fi cient

elec tron den sity for one s, two p and two s bonds?
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I am grate ful to the HPC cen ter at the Slo vak Uni ver sity of
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Crys tal log ra phy is an im por tant sci en tific field that helps
the de vel op ment of other sci en tific fields such as phys ics,
chem is try, bi ol ogy and ma te rial sci ences. The im por tance
of crys tal log ra phy grows over time with the de vel op ment
of more so phis ti cated and tech ni cally de mand ing stud ies,
which are also ac com pa nied by the de vel op ment of crys tal -
log ra phy it self on the the o ret i cal, ex per i men tal and in stru -
men tal side. De spite the im por tance of crys tal log ra phy and
struc tural anal y sis in Slo vak lit er a ture, no text book deal ing
with crys tal log ra phy or struc tural anal y sis has been writ ten 
so far, with the ex cep tion of the out dated uni ver sity scripts
writ ten by Pavelèík and Kuchta in 1995 [1]. The de vel op -
ment of both crys tal log ra phy and struc tural anal y sis forced
their dif fer en ti a tion for the needs of other sci en tific fields.
The de vel op ment of chem is try also re quires knowl edge of
crys tal log ra phy and struc tural anal y sis, with claims to
knowl edge of growth from the de vel op ment of chem is try.
This is due to the need to write a text book ded i cated to crys -
tal log ra phy ori ented for stu dents of chem is try and re lated
fields, as well as work ers in these fields. The aim of the
text book is to bring ba sic in for ma tion about chem i cal crys -
tal log ra phy as well as other spe cific in for ma tion from crys -
tal log ra phy and struc tural anal y sis in ter est ing and
im por tant for chem ists and chem is try. 

The text book is writ ten in the Slo vak lan guage and cor -
rected us ing the Slo vak crys tal lo graphic dic tio nary [2].
The in spi ra tion for writ ing the text book in terms of con tent
and scope was sev eral mod ern text books writ ten in Eng lish 
in the last edi tion [3-6] and sup ple mented with ad di tional
in for ma tion from other sources and pri mary lit er a ture. The
text book is di vided into 16 chap ters and one ad di tional
chap ter. The in tro duc tory chap ter 1 of the text book in tro -
duces the reader to the his tory of mod ern crys tal log ra phy.
The fol low ing chap ter 2 will in tro duce the reader to ba sic
con cepts such as lat tice, unit cell, crys tal lo graphic sys tems
and oth ers. The fol low ing chap ter 3 is de voted to crys tal
sym me try, sym me try op er a tions, crys tal lo graphic point
groups and space groups. The chap ter 4 is de voted to the
geo met ric as pect of dif frac tion, in tro duces the con cept of
the re cip ro cal Lat tice, deals with Laue dif frac tion con di -
tions, the Bragg equa tion, and the Ewald con struc tion. The
fol low ing chap ter 5 is de voted to X-ray dif frac tion, X-ray
ra di a tion, ra di a tion scat ter ing and dif frac tion the ory. This
is fol lowed by chap ter 6 ded i cated to the struc tural fac tors.
The chap ter 7 in tro duces the reader to the is sue of in ten sity
dif frac tion. 

The fol low ing chap ters are de voted to solv ing the crys -
tal struc ture. The chap ter 8 is de voted to the so lu tion of the

phase prob lem by var i ous meth ods and their im ple men ta -
tion in the soft ware. The fol low ing chap ter 9 is de voted to
the re fine ment of the struc ture, the geo met ric anal y sis of
the struc ture, and the de ter mi na tion of the ab so lute struc -
ture by var i ous meth ods. This is fol lowed by the chap ter
10, which is ded i cated to fi nal iz ing the struc ture, val i dat ing 
the crys tal struc ture, ren der ing the struc ture in im ag ing
pro grams, ar chiv ing the crys tal struc ture and the CIF file. 

In the chap ter 11, the reader will learn about prob lem
struc tures such as dis or ders, twinning and mod u lated struc -
tures. The fol low ing chap ter 12 is de voted to quan tum
crys tal log ra phy: charge den si ties, the Kappa and Multipole 
mod els of re fine ment, Hirshfeld Atom Re fine ment and
other meth ods of quan tum crys tal log ra phy, as well as top o -
log i cal anal y sis of charge den si ties. 

The more ex ten sive chap ter 13 dis cusses the ex per i -
men tal tech nique in more de tail, start ing with the prep a ra -
tion, se lec tion and mon tage of crys tals. The next chap ter
deals with sources of X-ray ra di a tion, in clud ing mod ern
microfocused sources, metal-jet an odes and syn chro tron
sources. Chap ter 13 fur ther deals with the is sue of
monochromatization and collimators, and the mea sure -
ment of the in ten sity of X-ray ra di a tion us ing var i ous de -
tec tors, in clud ing the new est semi con duc tor flat de tec tors.
The chap ter con tin ues with the col lec tion of dif frac tion
data from sin gle crys tal diffractometers and their tech -
niques. This is fol lowed by chap ter 14 ded i cated to ad -
vanced mea sure ment tech niques: struc tural anal y sis at low
tem per a tures and ob served phys i cal events, struc tural anal -
y sis at high pres sures, use of anom a lous scat ter ing to de ter -
mine un known at oms, photocrystallographic meth ods,
neu tron dif frac tion of sin gle crys tals, and neu tron dif frac -
tion of sin gle crys tals .

Chap ter 15 is de voted to crys tal lo graphic da ta bases.
Chap ter 16 is de voted to the is sue of burst dif frac tion from
the point of view of chem is try. The last sup ple men tary
chap ter 17 sup ple ments the math e mat i cal ap pa ra tus.

The text book with the ti tle “ Základy chemickej
kryštalografie ” and the Eng lish trans la tion of the ti tle “
Fun da men tals of chem i cal crys tal log ra phy ” has the am bi -
tion to be a ba sic text book for stu dents of chem is try and re -
lated fields study ing the sub jects Dif frac tion meth ods in
crys tal chem is try, Struc tural crys tal log ra phy, Struc tural
anal y sis and sim i lar study courses, but it can also be use ful
for work ers in chem is try who do not have suf fi cient knowl -
edge or need to sup ple ment their knowl edge.
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The aim of Chem i cal Crys tal log ra phy course at our fac ulty
is to in tro duce non-spe cial ists to ba sics of sin gle crys tal
struc ture de ter mi na tion in stead of cre ation of ex pert crys -
tal log ra phers. The course of fers pos si bil ity of full hands-
 on ex pe ri ence from the data col lec tion to struc ture re fine -
ment and val i da tion, anal y sis of re sults and manu script
prep a ra tion – and learn them when to ask for ex pert ad vice.

The in tro duc tion of Olex2 [1, 2] as an in te grated pack -
age for crys tal struc ture so lu tion, re fine ment and mo lec u lar 
graphics avail able for Win dows, macOS and Linux op er a -
tion sys tems sub stan tially sim pli fied the course setup and
solved the prob lem of us ing too many com puter pro grams. 

Al though Olex2 pack age is close in its ca pa bil i ties to
SHELX [3], the struc ture so lu tion mod ule olex2.solve has
no coun ter part within SHELX pack age and there are some,
al beit mostly sub tle, dif fer ences in the ca pa bil i ties and
workflow de tails be tween olex2.re fine and SHELXL. As a
re sult, the vast amount of avail able teach ing ma te ri als for
SHELX can not be di rectly used. There is also a prob lem of
lan guage bar rier when be gin ners study ing crys tal log ra phy
in their na tive Slo vak or Czech lan guage would try to use
on line or built-in doc u men ta tion. Sim i larly to SHELX man -
u als, which are in tended to be used by more ex pe ri enced
crys tal log ra phers, even us ing ma te ri als like Ilia Guzei’s
Notes on Olex2 [4] is not re ally be gin ner friendly.

A re sult of the need of such be gin ner friendly teach ing
ma te rial, Základy štruktúrnej kryštalografie (Fun da men -
tals of Struc tural Crys tal log ra phy) guide book [5] fo cused
on a se ries of ob ject les sons was pub lished in 2019. In
Chap ter 1, it cov ers prep a ra tion meth ods for sin gle crys tals
– of ten over looked art. Chap ter 2 is a key chap ter deal ing

with crys tal struc ture so lu tion, re fine ment, val i da tion and
anal y sis. Chap ter 3 is ded i cated to work ing with mo lec u lar
graphics. In Chap ter 4, stu dents find how to write the de -
scrip tion of crys tal lo graphic ex per i ment in crys tal lo -
graphic ar ti cles. Chap ter 5 con sists of de tailed de scrip tion
of the CIF file.

As a work ing ex am ples, two datasets were used. One of 
them is fo cused on ab so lute struc ture de ter mi na tion, sec -
ond to wards hy dro gen at oms treat ment and work ing with
hy dro gen bonds. The use of the book is al lowed dur ing the
exam.
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