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In tro ducti on

Cur rent prog ress in com put ing abil ity en able to leave off a
clas si cal pro file fit ting by an a lyt i cal func tion and com pare
the mea sured dif frac tion pat tern with the com puted one.
Two main con tri bu tion ex ist, the for mer is the con duc tion
of real struc ture (e.g. size, strain, …) and the later is the
proper ef fect of in stru ment to dif frac tion pat tern.  The ef -
fect re lated to sam ple in pres ent time con nected with P.
Scardi and M. Leoni and their so-called whole pow der pat -
tern mod el ing [1]. The later one, on which is this pa per fo -
cused, is mainly con nected with works of A.A. Coelho and  
R.W. Cheary [2-5] and their fun da men tal pa ram e ter ap -
proach. 

The in stru men tal func tion could be de ter mined two
ways. The for mer is by mea sure ment of stan dard – sam ple
with rel a tively large grains, no strains, and  pref er a bly from 
the same ma te rial as mea sured sam ple to avoid dif fer ences
in ab sorp tion. The later pos si bil ity, which will be dis cussed 
there in af ter, is to com pute it.

Adequa cy of con vo lu ti on 

The ob served line pro file is usu ally con sid ered as a re sults
of con vo lu tions sev eral ap pro pri ate func tion de scrib ing the 
par tic u lar ef fect to dif frac tion pro file [2, 5-7]. For two
func tion it is writ ten in equa tion (1)                   

h x g x y f y dy( ) ( ) ( )= -
-¥

¥

ò  }.  (1)

In de scrip tion of X-ray dif frac tion line pro files are used the
proper lim its of in te gra tions. When the con vo lu tion is de -
rived, one im por tant pre sump tion have to be done, func tion 
g (or f , con vo lu tions is com mu ta tive) do not change dur ing
the in ter val of f. Sim ply told, the func tion g is the same on
the be gin ning and on the end of dif frac tion pro file. If it is
not true and it is not ex actly true, see Fig. 1, the equa tion (1) 
should be re writ ten [8]:

h x g x y f y dy
a

b

( ) ( , ) ( )= ò .                (2)

The mea sured de pend ence of in stru men tal func tion on
dif frac tion an gle is shown on Fig. 1. It is ev i dent that the
larg est ef fect of change is in are of high an gle. Where also

the Ka dou blet is good dis tin guished and lim its of in te gra -
tion have to be larger. Not with stand ing the equa tion (2) is
not used and the com put ers pro gram used con vo lu tion.

This is also one of rea sons why the Kb lines are not con sid -
ered in spec tral dis tri bu tion, which should be taken suit able 
nar row.

The wa ve len gth dis tri bu ti on

The knowl edge of the ex act shape of the source emis sion
pro file is very im por tant in de scrip tion of line pro files.  In
the ab sence of in stru men tal, sam ple and microstructural ef -
fects it rep re sent the high est pos si ble res o lu tion. Ear lier it
was de scribed as two Lorentzian curves hav ing dif fer ent
half-widths [9,10], but it is not rel e vant from the phys i cal
point of view and not com pat i ble with the ob served spec -
tral dis tri bu tions. More de tailed phenomenological rep re -

sen ta tion of the Cu Ka emis sion pro file was first pub lished
by Berger [11]. For Cr, Mn, Fe, Co, Ni and Cu the
phenomenological rep re sen ta tions are used to ac cu rately
rep re sent the emis sion pro files from these el e ments with up 
to seven Lorentzians be ing used in some cases [12]. 

Ge o met ric in stru ment aber rati ons 

The most im por tant in stru ment, sam ple, and micro -
structure ef fects con trib ut ing to pow der dif frac tion line
pro files are in Tab. 1.

Di ver gent beam la bo ra to ry diffrac to me ters

The dif frac tion in the con ven tional di ver gent beam lab o ra -
tory diffractometers is sym met ric and the prin ci pal geo -
met ric ab er ra tions con trib ut ing to a pro file are i. the fi nite
width of the x-ray source, ii. flat spec i men er ror, iii. fi nite
width of re ceiv ing slits, iv. spec i men trans par ency, and  v.
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Fig ure 1. The FWHM vs. 2q for CaF2 stan dard mea sured on
Brag-Brentano ge om e try, di ver gent beam, soller slits, no mono -
chro ma tors, Co ra di a tion, X´Celerator – de tec tor.



ax ial di ver gence. Pri mary and sec ond ary mono chro ma tors
sig nif i cantly change the emis sion pro file.

Pa ral lel beam diffrac to me ters

In lab o ra tory diffractometers is the par al lel beam gen er ated 
by par a bolic graded multilayer mir ror (Göbel mir ror). The
beam is par al lel only in equa to rial plane and not in ax ial, so
the ax ial di ver gence is pres ent in both in ci dent and dif -
fracted beam. The parallelity in dif fracted beam is en sured
by par al lel plate collimator and/or an a lyzer crys tals and/or
chan nel cut mono chro ma tors. There are only two main ac -
tive geo met ric ab er ra tions – ax ial di ver gence and fi nite an -
gu lar ac cep tance of the re ceiv ing op tics. Göbel mir rors and
oth ers monocrystals sig nif i cantly change the emis sion pro -
file of source.

Conclu si ons

The com pu ta tion of in stru men tal func tion in stead of us ing
mea sured one on the stan dards sam ple brings fol low ing ad -

van tages: The stan dard sam ple is never per fect, for ex am -
ple grain size should be enough large to do not cause
broad en ing and withal not to big to prod uct con tin ual dif -
frac tion rings. The is an other prob lem, that of ten is not
avail able stan dard from the same ma te rial as the sam ple is,
what brings prob lem with dif fer ent ab sorp tion. Next prob -
lems may be with sur face rough ness and pack ing den sity.  

1. P. Scardi and M. Leoni, Acta Cryst., A58, (2002), 190.

2. R. W. Cheary and A.Coelho, J. Appl. Cryst., 25, (1992),
109.

3. R. W. Cheary and A.Coelho, J. Appl. Cryst., 31, (1998),
851.

4. R. W. Cheary and A.Coelho, J. Appl. Cryst., 31, (1998),
862.

5. A. Kern, A. A. Coleho, R.W: Cheary, in Dif frac tion Anal y -
sis of the Microstructure of Ma te ri als, ed ited by E.J.
Mittemeijer & P. Scardi (Berlin: Springer), 2004, pp.
17-50.

6. A.J.C. Wil son, Math e mat i cal The ory of X-ray pow der
Diffractometry, Philips Tech ni cal Li brary. 1963.

7. H.P. Klug, L.E. Al ex an der, X-Ray Dif frac tion Pro ce dures,
Wiley: New York. 1974, 2nd ed..

8. M. Èeròanský, in De fect and Microstructure Anal y sis by
dif frac tion, ed ited by R.B. Snyder, J. Fiala, H. J. Bunge
(New York: Ox ford Uni ver sity Press), 1999, pp. 611-651.

9. J. Ladell, W. Parrish and J. Tay lor, Acta Crystallogr., 12,
(1959), 561.

10. J. Finster, G. Leonhardt and A. Meisel, J. Phys.
(Paris)Colloq., 32, C4, (1971), 218.

11. H. Berger, X-ray Spectometry, 15, (1986), 241.

12. G. Holzer, M. Fritsch, M. Deutsch, J. Hartwig, and E.

Forster, Phys rev. A, 56, (1997), 4554.

The re search was sup ported by the pro ject No:
106/07/0805 of the Czech Sci ence Foun da tion.

SL7

Notes to moments of diffraction profiles
POZNÁMKY K MOMENTÙM DIFRAKÈNÍCH PROFILÙ

M. Èeròanský

Fyzikální ústav AV ÈR, v. v. i., Na Slovance 2, 182 21 Praha 8, Èeská republika

 Na pøedchozím kolokviu ve Valticích bylo upozornìno na
nìkteré vlastnosti kumulantù, které lze velmi výhodnì
využít pøi analýze profilù difrakèních linií [1]. Zde se
konkrétnì jedná o poznatek, že pro kumulanty funkcí v
konvoluci h = f  * g platí pro všechy øády n [2, 3]

k k kn h n f n g, , ,= +   (1)

Tato vlastnost kumulantù umožòuje velmi jasnì
formulovat již známou metodu ètvrtých momentù k urèení

velikosti èástic D a mikrodeformací e z profilu jedné
difrakèní linie [4]. Pøedpokládáme, že profily f D a f e po

øadì odpovídají velikosti èástic D a mikrodeformaci a že
fyzikální profil f je konvolucí profilù f D,  f e. Podle (1) pak
lze druhý a ètvrtý kumulant fyzikálního profilu f  napsat ve
tvarech

k k k e
2 2 2

= +D  (2)
a

k k k 4
e

4 4= +D  (3)

kde k2
D a  k4

D  jsou druhý a ètvrtý kumulant profilu f D,

podobnì k2
e a  k4

e jsou druhý a ètvrtý kumulant profilu f e.  
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Ta ble 1. The di vi sion of ef fects con trib ut ing to pow der dif frac -
tion line pro files [5] .



Z obecných vztahù mezi kumulanty a centrálními momenty 
[5] 

k m2 2=   (4)
k m m4 4

23
2

= -   (5)

a pak vychází

k m k m m2 2 4 4 2
23D D D D D= = -, ( )                            (6)

a
k m k m me e e e e

2 2 4 4 2
23= = -, ( ) .                               (7)

Rovnice (2) a (3) tvoøí soustavu dvou rovnic pro dvì

neznámé – velikost èástic D a mikrodeformací e. Tyto
neznámé se v (2) a (3) explicitnì objeví po dosazení
centrálních momentù z pravých stran v (6) a (7). Existuje
totiž  vztah [6]

W k D= l q p qD( ) / ( cos )2 2 2
0 ,  (8)

kde W je vari ance, t.j. druhý centrální mo ment m2
D profilu

fD, k je faktor tvaru èástic a Millerových indexù, D(2q) je

úhlový in ter val pro výpoèet vari ance, l je vlnová délka a q0

je Braggùv úhel. Podobnì profil  f e má druhý centrální mo -
ment [6]

m e qe
2

2 2
04= tan .                (9)

Než se provede zmínìné dosazení, je dobré si uvìdomit
následující skuteènosti. Obvykle se o profilu f e pøedpo -
kládá, že má Gaussùv tvar [7]. Navíc bylo ukázáno, že
ètvrtý kumulant Gaussovy funkce je roven nule [8]. Tyto
skuteènosti vedou k podstatnému zjednodušení pøi øešení
soustavy rovnic (2) a (3) pro neznámou velikost èástic D a

neznámou mikrodeformaci e.
Ukazuje se, že dùležité jsou zejména dva pøípady: a)

ètvrtý centrální mo ment profilu f D od velikosti èástic je
pøímo úmìrný druhému centrálnímu momentu tohoto
profilu, b) ètvrtý centrální mo ment profilu f D je pøímo
úmìr ný druhé mocninì druhého centrálního momentu
tohoto profilu. Pomocí první vìty integrálního poètu o
støední hodnotì [9] se dá obecnì dokázat, že nastává
varianta a). Zmínìná vìta zní: Jsou-li funkce f(x) a g(x) v
intervalu <a, b> spojité a má-li funkce g(x) v tomto
intervalu stále totéž znaménko, platí 

f x g x dx f g x dx
a

b

a

b

( ) ( ) ( ) ( )= òò x   pro a x b£ £ , (10)

kde x je hodnota z intervalu (a, b). Dosadíme tedy f(x) = x2

a g(x) = x2j(x), kde j(x) je profil difrakèní linie. 
Pøedpoklady vìty jsou evidentnì splnìny, takže podle
definice druhého a ètvrtého centrálního momentu vychází

m m4 2
D DK=  (11)

Pro Gaussovu køivku sice platí

m m
4 2

2= L( ) , (12)

ale nemùžeme pøedpokládat, že oba profily, f D, f  e souèasnì 
mají Gaussùv tvar, protože to by pøi øešení soustavy (2), (3) 
vedlo k neurèitým výrazùm typu 0/0.  

Druhá poznámka se týká tvaru závislosti momentu
profilu f D od velikosti èástic D na této velièinì (D). Podle
známého Wilsonova vzorce (8) je vari ance profilu f D

nepøímo úmìrná velikosti èástic D. Vari ance je podle
definice druhým centrálním momentem profilu. Profil od
velikosti èástic má èasto tvar [10] 

f s Ms s( ) sin ( ) / ( )= 2 2p p , (13)

kde s = 2 sin q/l je promìnná profilu v reciprokém prostoru 
a M je poèet difraktujících rovin ve smìru kolmém na tyto
roviny. Velikost èástic D je zøejmì M – násobkem pøíslušné 
mezirovinné vzdálenosti. Pøímý výpoèet vari ance profilu
f(s), daného rovnicí (13), podle definice z matematické
statistiky [5], dává

W
m

s m f s ds
M

a

b

= = - =òm
p

2

0

1
21 1

( ) ( )
( )

 (14)

kde m0 je v našem pøípadì integrální intenzita a m1 tìžištì
profilu. V tomto pøípadì tedy vychází, že vari ance profilu
od velikosti èástic je nepøímo úmìrná druhé mocninì
velikosti èástic.
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INFLUENCE OF PROTECTIVE GAS ON THE PHASE COMPOSITION OF Mg-Ni-Fe-H
BASED NANOCOMPOSITE PREPARED BY SPARK SYNTHESIS
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The me tal lic com pos ites based on Mg(MgO) with 3d met -
als con tain ing nanocrystalline par ti cles be long to the most
ex pected can di dates for hy dro gen stor age ma te ri als. Their
prac ti cal ap pli ca tion, how ever, are con nected with some
dif fi cul ties due to high tem per a ture of hy dro gen desorption 
and rel a tively slow ki net ics of ab sorp tion and desorption.
This dis ad van tage could be over come if these al loys would
be ap plied in a nanocrystalline form. The nanocrystalline
al loys or com pos ites ex hibit much faster ki net ics of hy dro -
gen ab sorp tion and desorption and lower tem per a ture of
hydriding/dehydriding con ven tional crys tal line ma te ri als
with the same com po si tion [1-3]. The me tal lic hy dride
based on Mg-TM and their nanocrystalline form is prom is -
ing the im prove ment of prop er ties. The MgH2 con tains ap -
prox i mately 7.6 wt. % hy dro gen but its high sta bil ity (H =
-75kJ mol-1) and high pres sure of 0.18 MPa at 300°C limit
its us age to high-tem per a ture hy dride ap pli ca tions [4].
Mg2FeH6 on the other hand has a hy dro gen ca pac ity higher
then Mg2NiH4, 6.7 wt. % and 3.6 wt. %, re spec tively [5].
How ever, the Mg-Fe intermetallic com pound ex ists only in 
the hy dride form [6]. The most at tempts car ried out to form
Mg-Fe al loys or intermetallic com pound were based on
me chan i cal al loy ing, but ob served an in crease in sol u bil ity
of Fe in Mg was very low [3, 5].

Spark ero sion was per formed in the two types of cham -
ber. The first shows in the Fig. 1 do not pro vide the han -
dling in pro tec tive at mo sphere. This syn the sis is a pos si ble
al ter na tive among the meth ods for pre par ing a new Zr-Fe
phase si mul ta neously yield ing nanocrystalline par ti cles.
This method was used for the prep a ra tion of amor phous,
nanocrystalline or crys tal line pow der ma te ri als. The con di -
tions of ero sion are char ac ter ised by high tem per a ture
(above 104 K) and pres sure (~ 280 MPa) in a plasma chan -
nel, where a syn the sis of the ma te ri als of elec trodes with
the sur round ing oc curs, and high cool ing rate (~108 Ks-1)
[7-8]. It al lows to over come the sol u bil ity lim its reached by 
clas sic al loy ing treat ments and to syn the size new ma te ri als. 

More over, there are some pos si bil i ties to mod ify its com -
po si tion by vary ing the pa ram e ters of sparks (e.g., volt age
or time) and/or chem i cal com po si tion, tem per a ture and
den sity (pres sure) of the gas eous or liq uid di elec trics. The
nanopowder was pre pared by spark syn the sis of elec trodes
of pure Mg (99.9 %) and Ni-Fe (99.9 %) in a hy dro gen
(5N) and hy dro gen 10 % - ar gon 90 % at mo sphere serv ing
as di elec tric [9-10]. The re sults ob tained on samples
handled in air were compared with the samples hold in
envelopment with protective atmosphere.

The struc ture of the sam ples was checked by X-ray dif -

frac tion (XRD) us ing X’Pert diffractometer and CoKa ra -
di a tion with qual i ta tive anal y sis car ried out by
High Score® soft ware and the JCPDS PDF-4 da ta base. For
a quan ti ta tive anal y sis HighScore plus® with Rietveld
struc tural mod els based on the ICSD da ta base was ap plied.
57Fe Mössbauer spec tra were col lected by a stan dard trans -
mis sion method at room tem per a ture us ing a 57Co/Rh
source. The cal i bra tion of the spec tra is re ferred rel a tive to

a-Fe at room tem per a ture. The com puter pro cess ing of the
spec tra was done by the CONFIT pack age [11] yield ing by
in ten si ties I of the com po nents (atomic frac tion of Fe at -

oms), their hyperfine fields Bhf, iso mer shifts d and

quadrupole splittings L.
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Fig ure 1. The spark syn the sis cham ber works in float ing gas.
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Fig ure 2. Pow der han dled in air.



The TG/DTA re sults in di cate pres ence of hy drides and
high ad sorp tion ca pac ity of mois ture and air gases. We op -
ti mize han dling of pow der sam ple in var i ous pro tected at -
mo spheres due its high sen si tiv ity to ox i da tion and the
trap ping mois ture and small mol e cule of gases from air.
The most sig nif i cant prob lems were: pu rity of gases, size of 
gas ses mol e cules and ab sorp tion of X-rays. Al though abil -
ity CO to pro tected the nanopowder against ox i da tion was
par tial only, it was de ter mined the most ef fec tive gas. The
XRD mea sure ment ob served FeNi3 and MgO phases in the
all types of as-pre pared sam ples han dled in air and in pro -
tected gas ses ex pect the ar gon at mo sphere. The Mössbauer

spec tra show in fig ure 2 and 3 dif fer ences of amount of iron 
ox ide phases. The sam ple han dling in air con tains 18.7
atomic frac tion (a. f.) of FeNi3 and 81.3 a. f. of iron ox ides
phases. The sam ple pro tected by CO shows 43.9 a. f. of
FeNi3 and re sid uum of iron ox ides. XRD shows 2.3 wt. %
FeNi3 and 97.7 wt. % MgO in sam ple han dled in air and
12.5 wt. % FeNi3 and 87.5% wt. % in CO.
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FEROMAGNETICKÁ SLITINA S TVAROVOU PAMÌTÍ Co38Ni33Al29 - 

PØÍPRAVA MONOKRYSTALÙ A JEJICH CHARAKTERIZACE
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Magnetickým polem øízené slitiny s tvarovou pamìtí
(FSMA) pøedstavují širokou aplikaèní oblast. Jakkoli
fázová transformace probíhající vlivem zmìny/pøítomnosti 
magnetického pole, èi pouhá reorientace strukturní
domény (varianty), jistì není nièím neznámým, výrazná
makroskopická zmìna tvaru (v øádu procent) je jistì
pozoruhodná. V souèasné dobì patøí k nejlépe prostu -
dovaným a aplikovaným slitiny na bázi intermetalika
Ni2MnGa.

 Mezi další potenciální kandidáty použitelnosti patøí
také slitiny na bázi CoNiAl, které jsou zvláštì pro aplikaèní 
sféru atraktivní hlavnì vyššími transformaèními napìtími.
Vzdor tomu, že jsou kobaltové slitiny studovány dlouhá
desetiletí, naráží studium FSMA na tradièní problémy, se
kterými se potýkala již metalurgie od padesátých let:
Intermetalická fáze B2 (Co,Ni)Al - matrice slitiny, ve které
dochází k martenzitické transformaci je extrémnì køehká a
praská. Bylo zjištìno, že kompenzaci nežádoucích napìtí
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napomáhá pøítomnost g-fáze (fcc kobaltu s pøímìsí
ostatních složek slitiny). Pro studium martenzitické trans -
formace je proto tøeba pøipravit smìrovì krystalizované
vzorky s „monokrystalickou“ B2-matricí a s homogenní

distribucí èástic g-fáze. Tyto vzorky jsou pøipravovány
pomocí metod používaných pro rùst monokrystalù -
Bridgmanovy metody a metody zonální tavby. Z nich jsou
následnì pøipraveny vzorky pro deformaèní zkoušky,

v nichž je žíháním a následným zakalením nastavena
teplota martenzitické transformace, která je termo mecha -
nickou historii vzorku citlivá. Struktura pøipravených
vzorkù je studována pomocí optické metalografie, SEM
s detektory EDX a EBSD. Diskutovány jsou parametry
pøípravy vzorkù a vliv žíhání.
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Co or di na tion chem is try of lanthanide ions with
N,O-macrocyclic lig ands is widely in ves ti gated be cause of
the im por tance of their me dic i nal and bio chem i cal use,
such as Gd3+ com plexes as con trast agents (CA) in mag -
netic res o nance im ag ing (MRI) [1,2], 90Y com plexes in
radioimmunotherapy [2] and the Eu3+ and Tb3+ com pounds 
as the lu mi nes cence probes [2,3]. Pre vi ously, we pub lished 
[4] an in ter est ing set of struc tures of com plexes of
1,4,7,10-tetraazacyclododecane-10-methyl-1,4,7-tris(met
h y lene-phenylphosphinic) acid (H3L

1, see Fig ure 1). This
acid forms neu tral dimeric com plexes [Ln(L1)(H2O)n]2·
xH2O·yMeOH with Ln3+ ions, where n = 0 or 1, x = 5–7 and
y = 0–2, for dif fer ent Ln3+ [4]. All com pounds are
isostructural and crys tal lise in space group P21/c (no. 14)
with sim i lar val ues of lat tice pa ram e ters and sim i lar po si -
tion of the lanthanide ion in the unit cell.

How ever, the com pound [Pr(L1)(H2O)1.33]2·27.5H2O
does not be long to the pre vi ously pub lished isostructural
set. The struc ture in ves ti ga tion of [Pr(L1)(H2O)1.33]2·
27.5H2O has re sulted in an in ter est ing con clu sion [5]. The
suc cess ful mod el ling of dis or ders in the case gave us a pic -
ture of “frozen so lu tion” with sam ples of iso meric spe cies
pres ent. Three chem i cally and four crys tal lo graphi cally
dif fer ent com plexes were iden ti fied and structurally
characterised:

[Pr(L1-R,S)]2 with co or di na tion num ber (CN) 8,
[Pr(L1-R,R)(H2O)]2 with CN 9 and two spe cies

[Pr(L1-R,S)(H2O)]2 with CN 9, but with a lit tle dif fer ent
geo met ri cal pa ram e ters (the sym bols L1-R,R or L1-R,S
mean the same or dif fer ent chirality on ligand phos pho rus
at oms P1 and P2 in the com plexes (P3 be longs to a bridg ing 
phosphinic group). There fore, the ti tle com pound should
be writ ten as 0.67[Pr(L1-R,R)(H2O)]2·0.33[Pr(L1-R,S)
(H2O)]2·0.67[Pr(L1-R,S)]2·0.33[Pr(L1-R,S)(H2O)]2·27.5
H2O.

Com pound [Y(HL2)(H2O)][Y(HL2)]·6H2O·iPrOH,
where H4L

2 is 1,4,7,10-tetraaza cyclododecane- 1,4,7-
 triacetic- 10-methyl(4-aminobenzylphosphinic) acid (Fig -
ure 1), was pre pared in the solid state and stud ied us ing
X-ray crys tal log ra phy [6].

In con trast to all sin gle-crys tal struc tures of com plexes
of other H4dota-like lig ands pub lished be fore, the struc ture
has been “dis or dered” also in the macrocyclic part. The
suc cess ful mod el ling of dis or ders in this case showed three
dis tinct units found in one cell: two spe cies adopt ing a
twisted-square antiprismatic con fig u ra tion with (TSA – CN
9) and with out (TSA’ – CN 8) co or di nated wa ter mol e cule,
[Y(HL2)(H2O)], [Y(HL2)], and one iso mer with a square
antiprismatic con fig u ra tion (SA – CN 9), [Y(HL2)(H2O)].
In ad di tion, this is the first com plex with the H4dota-like
ligand for which the struc tures of three pos si ble spe cies
were de ter mined in the solid state [6]. It can be in ter preted
again as a pic ture of “frozen so lu tion” with sam ples of iso -
meric (conformeric) spe cies pres ent.
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Fig ure 1. Struc tures of the ligand dis cussed.



In our opin ion, both ex am ples men tioned above il lus -
trate that dis or der can rep re sent not only a nui sance in
struc ture solv ing and re fine ment; it may bring use ful chem -
i cal in for ma tion as well.
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N,N-Diethylnicotinamide (dena) [1] is an im por tant re spi -
ra tory stim u lant. It is me tab o lized rap idly to nicotinamide,
one of me tab o lite of vi ta min B3 – ni a cin. The co or di na tion
of the dena ligand oc curs via the pyridine ring ni tro gen
atom and other pos si ble do nor at oms for co or di na tion
bonds are less pre ferred. This pref er en tial bond ing can be
seen on the ba sis of the struc tural data found in the CSD da -
ta base [2]. Some cop per(II) carboxylato com plexes with
N,N-diethylnicotinamide were also stud ied by X-ray. They
ex hibit dimeric, monomeric or poly meric struc tures, and
the N,N-diethylnicotinamide is pre dom i nantly co or di nated
as monodentate pyridine-like N-do nor ligand and only a
few ex am ples of bridg ing bond ing mode could be found.

The most fre quent cop per(II) carboxylate com plexes
with N,N-diethylnicotinamide have gen eral for mula
[Cu(RCOO)2(dena)2(H2O)2], where RCOO is 2-nitro -
benzoate (1) (Fig ure 1) [3]; 2-chlorobenzoate (2) [4]; 2-
 bromo benzoate (3) [4]; 4-nitrobenzoate (4) [5]; 2-c hloro -
nico ti nate (5) [6]; 4-methoxysalicylate (6) [7]; 3-methyl -
salicylate (7,8) (Fig ure 2) [7]; 5-metho xysali cylate (9) [7],
flufenamate (10) [8]; mefanamate (11) [9]; tolfenamate
(12) [10] and 3-methoxysalicylate [11] in [Cu(3-MeOSal)2

(dena)2 (H2O)2]•2H2O (13). The co or di na tion en vi ron ment
of the cop per atom of all ten com pounds is elon gated
tetragonal bipyramidal, The tetragonal plane of is built up
by a pair of unidentate carboxylate an ions us ing carbo -
xylate ox y gen at oms [Cu–Oeq in the range 1.96–1.99 C]
and by a pair of neu tral N,N-diethyl nicotinamide mol e cules 
us ing pyridine ring ni tro gen at oms [Cu–Neq in the
range1.99–2.04 C] in trans po si tions. The ax ial po si tions
are oc cu pied by the co or di nated wa ter mol e cules
[Cu–Owax in the range 2.41–2.52 C]. 

Intramolecular hy dro gen-bond ing in ter ac tions in volv -
ing an ax ial co or di nated wa ter mol e cule and un co or di nated 
carboxylate ox y gen atom sta bi lize the mo lec u lar struc tures
on all com plexes. The mol e cules of the com plexes 1-12 are
linked to ad ja cent mol e cules through intermolecular hy -
dro gen-bonds be tween co or di nated wa ter mol e cules and

un co or di nated ox y gen at oms of N,N-diethylnicotinamide,
and they cre ate two-di men sional supra mo lecu lar hy dro -
gen-bond net works in iso-struc tural monoclinic com plexes 
1-3 , or one-di men sional supra mo lecu lar hy dro gen-bond
chains in two dif fer ent groups of iso-struc tural triclinic
com plexes com plexes 4-7 and 8-9. The two groups of

triclinic com plexes pres ent vari abil ity of p-p stack ing in -
ter ac tions be tween two pyridine rings of N,N-diethyl -
nicotinamide and pos si ble ori en ta tions of supra mo lecu lar
hy dro gen-bond chains. The both poly morphs of com plex
[Cu(3-MeSal)2(dena)2(H2O)2] (7) and (8) ex ists in triclinic
form and it is ex am ple of supra mo lecu lar isomerism [12].
The crys tal struc tures of com plex [Cu(4-MeOSal)2 (dena)2

(H2O)2] (6), mea sured at two tem per a tures, gave ev i dence
of the dis tor tion isomerism [13] in this com plex. The crys -
tal struc tures of monoclinic com plexes 10-12 con sist of
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Fig ure 1. Mo lec u lar struc ture of [Cu(2-NO2Bz)2(dena)2(H2O)2]
(1).



com plex mol e cules linked to one-di men sional supra mo -
lecu lar chains by intermolecular hy dro gen-bonds, but the
carboxylate an ions are more com pli cated and crys tal struc -
tures are dif fer ent in com par i son with triclinic com plexes.
The crys tal struc ture of monoclinic com plex [Cu(3-
MeOSal)2(dena)2(H2O)2]•2H2O (13) con sists of com plex

mol e cules as well as un co or di nated wa ter mol e cules,
linked to en riched hy dro gen-bond networks.
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In tro ducti on

Valinomycin is a cy clic dodecadepsipeptide com posed of

twelve a-aminoacid-like res i dues, all with hy dro pho bic
side chains. More ac cu rately, it can be de scribed as a trimer  

Ì® [Val – ODVal –DVal - OAla]3 ¬É, where Val is for
L-valine, ODVal for deamino-oxy-D-valine, DVal for

D-valine and OAla for deamino-oxy-L-alanine. The
chem i cal com po si tion of valinomycin gives it a prin ci ple
im por tance in any liv ing or gan isms be cause of its role in
se lec tive trans port of ions across the cell mem branes. The
Cam bridge struc ture da ta base of or ganic and
organometalic com pounds [1] con tains 20 re cords, 16 of
them rep re sent ing in de pend ent ob ser va tions. All struc tures 
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Fig ure 2. Mo lec u lar struc tures of two poly morphs of
[Cu(3-MeSal)2(dena)2(H2O)2] (7) and (8). 



de pos ited in the CCDC ex cept a sin gle one have very low
ac cu racy of struc ture de ter mi na tion (R-fac tors are in the in -
ter val 9 % – 19 %). The only ex cep tion is a com plex of
valinomycin with a sin gle wa ter mol e cule and 1,5-di ox an
de ter mined by Lang in 1992 (R =3.8 %). Sur pris ingly,
none of the struc tures solved by now was with higher wa ter 
con tent. There fore, we de ter mined two struc tures with dif -
fer ent num bers of wa ter mol e cules per sin gle mol e cule of
valinomycin.

Newly de ter mi ned structu res

In the new struc tures, a sin gle valinomycin mol e cule is
complexed with two wa ters (R = 4.2 %) or with 12 wa ter
mol e cules (R = 8.5 %). The re sults show that the
macrocycle of a sin gle valinomycin folds into a shape sim i -
lar to the seam on a ten nis ball. In this way, it forms a large
bar rel with hy dro pho bic ex ter nal sur face (formed by side
chains of all mono mers) and a large hy dro philic cav ity in -
side the bar rel with 12 car bon yls and 6 ether oxygens. In
case that hy dro philic cav ity has small vol ume, the cav ity is
more spher i cal. In the case of higher con tent of wa ter, the
cav ity swells and takes an elon gated el lip soi dal shape. 

The solved struc tures show clearly that wa ter mol e -
cules con cen trate in side the valinomycin cav ity. In ex cess
of wa ter, two valinomycins form a dimer of the elon gated
bar rel shape filled by at least 24 wa ter mol e cules. The ex -
ter nal sur face of the bar rel formed by all side chains of both 
valinomycin mol e cules is highly hy dro pho bic and there -
fore the com plexes stack side by side to form lay ers sim i lar
to a mem brane. In other words, the whole sys tem tends to
form bilayers of valinomycin dimers. It is in agree ment
with the fact that the mea sured sin gle crys tal with higher

wa ter con tent is formed by par al lel stack ing of these
bilayers. Fig ure 1 shows a per pen dic u lar view on a sin gle
layer of the above men tioned bilayer.

Va li no my cin in the li pid mem bra ne

The pat tern formed in the high-wa ter-con tent struc ture is
an ex cel lent model for valinomycin ac tion in the cell mem -
brane. Some of sin gle valinomycin mol e cules sit on the
sur face of cell mem brane form ing thus small cav i ties and
de creas ing lo cally the thick ness of mem brane. Other
valinomycin mol e cules form dimers in serted in side the
mem brane sim i larly to those de scribed in the crys tal struc -
ture. The valinomycin dimers (bar rels with hy dro pho bic
ex ter nal sur face and filled by so lu tion) form wa ter-filled
tun nels across the mem brane al low ing the pas sive trans port 
of ions or small mol e cules with good af fin ity for the cav ity
in te rior of fer ing 24 car bon yls and 12 ether oxygens for hy -
dro gen bond ing on its sur face. 

These ob ser va tions ex plain the mech a nism of the
valinomycin ac tiv ity in the se lec tive trans port of ions and
small hy dro philic mol e cules across the cell mem brane. The 
study brings better un der stand ing of the pro cesses tak ing
place in liv ing or gan isms. 
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Fig ure 1. A sin gle layer of valinomycin mol e cules in the valinomycin-HCl-wa ter com plex with stoichiometry 1:1:12. In the cen tral
valinomycin ring, all wa ter mol e cules in the tun nel are shown. In the side rings, only the wa ter mol e cules di rectly bound to the
valinomycin mol e cule are pres ent. Sta bil ity of the struc ture is strength ened by chlo ride ions (small balls) fixed in all cases to three
amine groups of three neigh bor valinomycin mol e cules.


