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This work has been supported by the Grant Agency of the
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densed Matter and Functional Materials” (no. UNCE
204023/2012).

SAXS PORTFOLIO @ RIGAKU

Peter Oberta
Rigaku Innovative Technologies Europe, Novodvorska 994, Praha 4, CZ — 142 21, Czech Republic

Rigaku Corporation is the world largest X-ray instrument
dedicated company. With more the 1400 employees world-
wide, it is the world leading innovation company specified
on X-ray scientific and industrial instrumentation. Cover-
ing a broad range of instrumentation from XRD, XRF,
SAXS, X-ray sources (micro sources and rotating anodes)
to small molecule instrumentation.

The SAXS portfolio from Rigaku contains XRD instru-
mentation which can be extended to SAXS experiments
like the Ultima IV and the SmartLab system to specialized
SAXS instrumentation like the NanoMax, NanoMax 1Q
and the S — MAX 3000.

In collaboration with the user community, Rigaku in-
troduced several instrumental options unique in the SAXS
market. The S — Max 3000 is the only SAXS instrument of-
fering two sample chambers (WAXS and SAXS simulta-
neously), an 80 mm sample chamber offset for q — value
extension (0.00464 A — 4.85 A™") and a patented 2D
Kratky block for beam divergence reduction and flux ad-
justment. In combination with the Rigaku strongest labora-
tory source (FR-E rotating anode), delivering almost a
bending magnet flux, the user can investigate all of sample

types.
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Particle size and microstress estimation from the profiles of diffraction lines

URCOVANI VELIKOSTI KRYSTALITU A MIKRONAPETI Z PROFILU
DIFRAKCNICH LINII
M. Cerniansky

Fyzikélni ustav AV CR, v. v. i., Na Slovance 2, 182 21 Praha 8, Ceska republika
cernan@fzu.cz

VétSina materidll, zejména strojirenskych a stavebnich,
ma polykrystalickou strukturu. To znamena, Ze se jedna o
vice nebo mén¢ dokonalé¢ malé krystaly - krystalické
Castice, které tvoii kompaktni téleso. Velikost a mira
dokonalosti téchto ¢astic ma velky vliv na mechanické,
magnetické a jiné fyzikalni i technologické vlastnosti
polykrystalickych materiald, které jsou dulezité pro jejich
vyrobu a vyuziti.

Velikost krystalickych ¢&astic 1ze urCit z profilu
difrakénich linii, zejména z jejich §itky. Profil je tim uzsi,
¢im vice je difraktujicich rovin podobné, jako ve fyzikalni
optice viditelného svétla je Sitka spektralni linie tim uzsi,
¢im vice je vrypl na miizce, resp. ¢im vice vrypu tvori
miizku. Pfesnéji feceno, z Sitky difrakénich profild urcu-
jeme velikost oblasti koherentniho rozptylu ve sméru

kolmém na difraktujici roviny. Obvykle je mensi nez
velikost zrna uréena metalograficky.

K namétené $itce difrakéniho profilu pfispivaji experi-
mentalni efekty od nenulovych rozmért zdroje primarniho
zafeni a od nenulové hloubky vnikani primarniho zafeni do
vzorku, ktery je rovinny a nelezi tedy cely na fokusacni
kruznici, dale od nenulové axialni divergence, od nenulové
sitky clony detektoru a od nenulové Sitky spektralniho
intervalu primarniho zafeni, jakoz i od nedokonalé¢ho
sefizeni difraktometru. Vliv téchto faktort popisuje
piistrojova funkce g, kterd zkresluje skutecny fyzikalni
profil f, ktery je zplsoben jenom velikosti castic,
mikrodeformacemi a pfipadné dalSimi fyzikalnimi vlivy.
Meéfteny profil /4 je pak konvoluci profild g a f. Ptistrojova
funkce g se obvykle zji§ uje méfenim na vhodném vzorku,
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standardu, nebo vypoctem. Nékterou z dekonvolucnich
metod pak Ize urcit fyzikalni profil /.

Navic jsou difrakéni profily rozsifeny pfitomnosti
poruch krystalické miizky, zejména mikro- deformacemi,
vrstevnatymi  chybami, nehomogenitou chemického
slozeni apod. Zejména mikrodeformace jsou disledkem
samotné polykrystalické struktury, ale mohou byt
zpusobeny fadou dalSich faktort. Velmi dilezita je proto
separace pricin rozSifeni difrak¢nich profilt, resp.
kvantitativni stanoveni, jak velkou cast fyzikalniho
roz§ifeni zpusobuje velikost krystalickych castic a jaky
podil maji mikrodeformace, pfipadn¢ dal$i poruchy
krystalické miizky. Obecné je postup separace pficin
rozSifeni difrak¢nich linii zaloZen na skute¢nosti, ze efekt
velikosti ¢astic na rozsifeni linii nezalezi na radu reflexe,
zatimco efekt mikrodeformaci ano. Je tedy nutné zjistit
$itky né€kolika difrak¢nich linii, v principu nejméné dvou.

Williamsontiv-Halltiv graf je pfimka prolozena body o
pravouhlych soufadnicich x = sin 6, y = (f cos 0)/A, kde 6
je difrakeni uhel, A je vinova délka a [ je polosiika nebo
integralni $ifka difrak¢ni linie. Prisecik této piimky s osou
vy udava hodnotu velikosti ¢astic a jeji smérnice velikost
mikrodeformaci. V tomto konkrétnim tvaru soufadnic x, y
se predpoklada, ze difrakéni profily maji Cauchyuv tvar.
Pokud sitku difrakénich profilt vyjadiujeme pomoci vari-
ance W = W(20) v konecnych mezich A = A(20), je grafem
zévislosti na opét piimka, jejiz prisecik s osou y urcuje
velikost  krystalickych ¢astic a smérnice velikost
mikrodeformaci. Zde neni nutny pifedpoklad o tvaru
difrak¢nich profilt.

Warrenova-Averbachova metoda vyuziva Fourierovy
koeficienty, které popisuji cely pribéh difrakénich profili.
Nejsou tedy nutné predpoklady o jejich matematickém
tvaru. Navic jedna z dekonvolu¢nich metod — metoda
inverzni filtrace (Stokesova) — udava pfimo Fourierovy
koeficienty fyzikalniho profilu fjako podil Fourierovych
koeficientl profilu méteného # a piistrojové funkce g, t. j.
Warrenova-Averbachova metoda dale pfedpoklada, ze jak
velikost castic, tak mikrodeformace maji své vlastni
difrakéni profily /” a £ ¢ a ze fyzikalni profil f je jejich
konvoluci. V disledku toho, je kazdy Fourieriv koeficient
A(n) fyzikadlntho profilu f soucinem pfislusnych
Fourierovych koeficientd profilti od velikosti ¢astic a od
mikrodeformaci. Z hodnot logaritmii A(n), odpovidajicich
riznym fadtm reflexe /, ziskame extrapolaci pro / jdouci k
nule, hodnoty logaritmt velikostnich koeficientd . Ze
znamého soucinu hned méame hodnoty deformacnich
koeficientt a tim také velikost mikrodeformaci.

Nékdy je nutné provést separaci piicin rozsifeni jen z
jedné difrakeni linie, napf. proto, ze dalsi linie nejsou

meéfitelné. V téchto piipadech je nutné pouzit nekterou z
tzv. metod jedné linie. Z nich se ¢asto pouziva metoda
tvarového faktoru (metoda Voigtovy funkce), ktera
predpoklada, ze mald velikost ¢astic vede ke Cauchyho
profilu a mikrodeformace k profilu Gaussovu. Konvoluce
téchto profilt je Voigtova funkce a jeji integralni Sitku lze
rozlozit na ¢asti odpovidajici Cauchyho a Gaussovée slozce
pomoci tvarového faktoru linie. Ten je definovan jako
podil polosiiky a integralni Sitky.

Dalsi skupina metod jedné linie je zaloZena na riznych
aproximacich posloupnosti Fourierovych koeficient
fyzikalniho profilu difrakéni linie. Casto se zminéna
posloupnost aproximuje parabolou, nebo se parabolou
aproximuje  posloupnost  logaritmi  Fourierovych
koeficienttl fyzikalniho profilu f. Metody momentové
vyuzivaji varianci, tj. druhy centrdlni moment, nebo
soucasné s nim i pojem ctvrtého centralniho momentu.

Z novéjSich metod je nutné zminit modifikovany
Williamsontv-Halltiv graf a modifikovanou Warrenovou-
Averbachovou metodu. Jejich vychozim ptedpokladem je,
ze hlavni pfi¢inou deformacniho rozsiteni difrak¢énich
profilt jsou dislokace. Viditelnost dislokaci v difrakénich
experimentech charakterizuje faktor kontrastu dislokaci,
jehoz hodnoty lze vypocitat a zménit Skalovani osy
nezavislé proménné ve Williamsonoveé-Hallové grafu,
resp. v zékladnim grafu Warrenovy-Averbachovy metody.
V dusledku toho S$itky difrakénich linii, resp. jejich
Fourierovy koeficienty se stanou monotéonnimi funkcemi
velikosti difrakéniho vektoru, nebo jeji druhé mocniny, jak
ocekavame.

V alternativni metodé¢ van Berkuma a spolupra-
covniku.se na rozdil do klasické Warrenovy-Averbachovy
metody piedpoklada, ze pro malé hodnoty Fourierovy
délky L (L udéava vzdalenost ve sméru kolmém na difrak-
tujici roviny) jsou gradienty deformaci v krystalitech malé,
takze statisticka rozlozeni velikosti deformaci, p(g;), jsou
nezavisla na L. V metod¢ stfedniho deformaéniho pole se
fyzikalni profil nerozkladda na komponenty od velikosti
¢astic a od mikrodeformaci, ale parametricky popis defor-
macéniho pole od defektd krystalické miizky (dislokace,
inkluze, atd) umoziuje vypocitat odpovidajici difrakéni
profil a porovnat jej s experimentalnim profilem. Toto
porovnani umoznuje stanovit parametry modelu -
vzdalenost mezi defekty, rozlohu defekti a stfedni
kvadratickou deformaci. Tim se tato posledni metoda
podoba fitovacim postuptim, jako je Rietveldova metoda,
nebo WPPF-Whole Powder Pattern Fitting apod.

© Krystalograficka spole¢nost



&

Materials Structure, vol. 20, no. 2 (2013)

77

L17

STUDY OF MORPHOLOGY AND CRYSTALLINE SIZE OF POWDER MATERIALS

P. Roupcova"?, Schneeweiss?

"Central European Institute of Technology, Brno University of Technology, Technicka 10,
616 00 Brno, Czech Republic
?Institute of Physics of Materials, Academy of Sciences of Czech Republic v.v.i., Zizkova 22,
616 62 Brno, Czech Republic.
roupcova@ipm.cz

The superparamagnetism is one of material properties
strongly depended on crystalline size [1]. The grains of
magnetic material are occupied of several magnetic do-
mains, regions with uniform magnetization. The structure
of magnetic domains is responsible for the magnetic behav-
ior of ferromagnetic materials. Magnetic domains are sepa-
rated by domain walls. Grain boundaries as well as particle
surface become the domain walls in magnetic material. The
grains in materials with the extremely small crystals or par-
ticles (nanomaterials) are occupied by single domain and
lost its ferromagnetic properties and become super-
paramagnetic. Even thermal fluctuation cause random
magnetization of this material.

Common techniques of characterization nanomaterials
(nanoparticles) are electron microscopy (TEM), atomic
force microscopy, and X-ray diffraction etc. Each of this
method determined the particle size, shape, morphology by
different way. The information about the shape and size of
macromolecules, characteristic distances of partially or-
dered materials, pore sizes are possibly obtained from
small angle X-ray scattering method (SAXS) and ultra
small angle X-ray scattering (USAXS).
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The SAXS analysis was used in comparison with com-
mon technique as well as magnetic measurement from de-
termination of crystalline size (particle size) of various
nanocrystalline materials: 1. Commercial ferryhydride
without nanosized particles. 2. Commercial nano-
crystalline magnetite with particle size 50 nm, which is
guaranteed by producer. 3. Ferrihydride and iron (II-I1I)
oxide self prepared.

The both commercial samples are magnetic and by
mean TEM study are described like big well rounded parti-
cles. The synthesized samples are determined like
non-magnetic and TEM shows the cluster of smaller ob-
jects like nanosized particles and particles embedded in
amorphous matrix. The commercial ferrihydride was out of
range of SAXS measurement and magnetite contains 100
nm particles. The size of synthesized samples 5 nm
(ferryhydride) and 2 nm (iron (II-1IT) oxide) determined by
SAXS. Those results are different from the results obtained
from TEM and XRD.

1. Wikipedia source, in Superparramagnetism: Introduction,
Effect of a Magnetic Field, Applications, and More, edited
by Alez Gaby (USA), 2013, pp. 33-50.

MICROSTRUCTURE OF TURBOSTRATIC CARBON STUDIED BY X-RAY
SCATTERING

M. Dopita’, A. Salomon’, M. Emmel?, Ch. G. Aneziris? and D. Rafaja’

'Institute of Materials Science, Technical University of Freiberg, Gustav-Zeuner-Stral3e 5,
Freiberg, D09599, Germany
?Institute of Ceramics, Glass and Construction Materials, Technical University of Freiberg, AgricolastralSe 17,
Freiberg, D09599, Germany
dopita@gmail.com

The carbon phases, high melting coal-tar resins or pitches
and carbon blacks are an important components of the car-
bon bonded refractories. Since other constituents of these
refractories, i.e. refractory oxides and graphite, exhibit ex-
ceptional thermal stability, the microstructure of the carbon
binder phases changes at elevated temperatures. This is one
of the main reasons for the degradation of the materials
properties, because they depend strongly on the micro-
structure of carbon binder phases.

From the structural point of view, the high melting
coal-tar resins or pitches and carbon blacks are turbostratic
structures, where the graphite layers are arranged parallel
to each other however with random orientations around the

normal to the layers. Such structural disorder leads to the
formation of pronounced 00/ peaks comming from the
scattering on mutually disoriented parallel layer groups and
asymmetrical 2k bands originating from the scattering on
individual layers, in the diffraction pattern. Mutually ran-
dom orientations of individual graphitic layers, as well as
other defects creating turbostratic structure as are random
fluctuations in the parallel layer spacings, random lateral
translations of graphitic layers and curvatures of individual
graphite layers, prevent the formation of distinct diffrac-
tion lines with the general indices 4kl. From measured dif-
fraction 00 and hk profiles one can estimate the mean
cluster dimensions Lc and La (average number of disori-
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Figure 1. Single carbon layer of radius 10 A (a). Calculated X-ray scattering patterns from the 2-dim carbon layers of dif-
ferent radius (b); thick curve corresponds to the scattering from layer shown in Fig 1a. Parallel layers cluster of dimen-
sions La and Lc (c). Calculated X-ray scattering patterns from parallel layers groups with La = 10 A; number of parallel
layers varied between 1 and 15 (d). Thick curve corresponds to the scattering from parallel layers group shown in Fig 1c.

ented graphite layers and its mean distance and average lat-
eral size of individual layers) as well as the disorientation
degree of individual parallel layers.

Simulations of scattered intensity distributions from
two and three dimensional carbon structures of different
shapes and sizes were done using the general Debye scat-
tering equation [1]. The influence of the lattice defects typi-
cal for the turbostratic structure, i.e. random fluctuations in
the parallel layer spacings, random lateral translations of
graphitic layers and mutual disorientations of individual
parallel layers around the layers normal direction, on the
resulting simulated scattered intensities were studied and
discussed. The microstructure-induced changes in the line
broadening, in the shape parameter in the Scherrer formula
[2] and in the lattice parameters determined from the posi-
tions of the X-ray diffraction lines are discussed in particu-
lar. The set of presented Scherrer parameters allows the
calculation of the cluster sizes along and normal to the
basal planes from the measured X-ray scattering. The reli-
ability of the Warren-Bodenstein approach [3] for scatter-
ing on turbostratic carbon structures was proven. Intensity
distributions simulated using the Warren-Bodenstein ap-
proach were compared to those obtained using the general
Debye scattering equation. It was confirmed that both ap-
proaches yield, for particular cluster size, similar results.

A series of high melting coal-tar resin specimens an-
nealed at different temperatures up to 1400°C was pre-
pared. Measured X-ray scattering patterns were fitted using
the Warren-Bodenstein approach to describe the thermal
evolution of main microstructural parameters. Necessary
corrections, influencing strongly the X-ray scattering in-

tensity distributions from low absorbing carbon material,
i.e. absorption and polarization corrections, incoherent part
of scattered intensity corrected for the influence of radia-
tion pressure (Breit-Dirac correction) and to the finite
width of spectral window of monochromator, cutting out
some part of incoherently scattered intensity (Ruland cor-
rection), as well as the multiple scattering were token into
consideration. The thermal evolution of mean lateral clus-
ter size La, number of parallel layers and consequently the
cluster size in c-direction Lc, its distributions, mean lattice
parameters a, and ¢y, and graphitization degree of the
parallel layers group, were determined.

1. P.Debye, Ann. Phys., 351, 6, (1915), 809.
2. P. Scherrer, Géttinger Nachrichten Gesell., 2, (1918), 98.

3. B. E. Warren and P. Bodenstein, Acta. Cryst., 18, (1965),
282.

The authors would like to thank the German Research
Foundation (DFG) for supporting the subproject A0S,
which is a part of the Collaborative Research Centre 920
(CRC 920) “Multi-Functional Filters for Metal Melt Fil-
tration - A Contribution towards Zero Defect Materials ™.
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VYUZITi VYSOKOTEPLOTNi RTG DIFRAKCE PRO PRIPRAVU A CHARAKTERIZACI
KOMPOZITNICH (NANO)MATERIALU OBSAHUJICICH NANOCASTICE
ELEMENTARNIHO ZELEZA

J. Filip', V. Blechta', K. Safarova’, J. Kaslik', J. Toman?

'Regional Centre of Advanced Technologies and Materials, Palacky University, 17. listopadu 12,
771 46 Olomouc, Czech Republic
2Depan‘ment of Geological Sciences, Masaryk University, Kotlafska 2, 611 37 Brno, Czech Republic
Jjan.filip@upol.cz

Vyznamna ¢ast nanomaterialového vyzkumu je v soucasné
dobé zaméfena na zji§ ovani optimalnich podminek
pfipravy kompozitnich (nano)material s nejriznéjsimi
fyzikalné-chemickymi vlastnostmi, jejich komplexni
charakterizaci a testovani jejich vyuzitelnosti v nejriiz-
néjsich oblastech lidské ¢innosti. Vyznam kompozitnich
(nano)materiali spociva zejména v moznosti efektivné
kombinovat specifické vlastnosti dvou a vice odlisnych
(nano)materiali v jednom celku. Vysledny kompozitni
(nano)material vykazuje vlastnosti, které¢ by nebylo mozné
ziskat za pouziti jednotlivych (nano)materiald.
Vysokoteplotni RTG praskova difrakce predstavuje
jednu ze stézejnich metod pouzivanych pii studiu a labo-
ratorni ptipravé kompozitnich (nano)materialii reakcemi
v pevné fazi a reakcemi typu pevna faze - plyn, a to zv1aste
diky jedine¢né moznosti in-situ monitorovat prabchy
danych reakci a zaroven sledovat dalsi kritické parametry
kompozitnich (nano)materialti (pfedevsim stfedni velikosti
koherentnich domén a kvantitativni zastoupeni jednotli-
vych fazi). V prezentované praci byla pouzita vysoko-
teplotni reakéni komtrka XRK900 (Anton Paar, GmbH)
s pracovnim rozsahem teplot RT az 900 °C a tlakem plyna
1 mbar az 10 bard (inertni, oxidacni, redukéni a nejriznéjsi
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reakéni plyny a rtzné relativni vlhkosti vzduchu) nains-
talovana na praskovém difraktometru X Pert PRO MPD
(PANalytical).

Charakter a vyuziti kompozitnich (nano)materiald
obsahujicich nanocastice elementarniho zeleza (nano-
particles of zero-valent iron - nZVI) pfipravovanych
v laboratofich Regionalniho centra pokrocilych techno-
logii a materialti (PfF UP Olomouc) je v principu dvoji:
nanocastice elementarniho zeleza (<20 nm az ~100 nm)
jsou vyuzity jako magneticky nosi¢ pro jinak nemag-
netické materialy s vybornymi sorpcnimi vlastnostmi, nebo
je v ramci kompozitniho (nano)materidlu vyuzito jejich
reduktivniho ucinku, popt. miize byt vyuzito obou téchto
vlastnosti. Aplikacné jsou velmi dulezit¢é kompozitni
(nano)materialy typu zeolit-nZVI, jilovy mineral-nZVI a
uhlik-nZVI. Zabudovanim nZVI do silikatové (zeolity,
jilové mineraly) ¢i uhlikové matrice vznikne magneticky
kompozitni (nano)materiadl vhodn¢ aplikovatelny napiik-
lad pro sorpéni odstranovani tézkych kovi ¢i organickych
latek z vodnych prostfedi s moznosti jejich nasledné
magnetické  separace. 'V pfipadé  kompozitniho
(nano)materialu typu uhlik-nZVI se zaroven muze
uplatiiovat i reduktivni t€¢inek nZVI.

STRUCTURAL CHARACTERIZATION OF MECHANOCHEMICALLY SYNTHESIZED
PBS NANOCRYSTALS

A. Zorkovska, P. Balaz, M. Balaz

Institute of Geotechnics, Slovak Academy of Sciences, Watsonova 45, Kosice, Slovakia
zorkovska@saske. sk

Introduction

Lead sulfide PbS is a IV-VI semiconductor with a narrow
band gap (0.41 eV), which can be tuned to the visible range
by nanostructure formation. Nanocrystalline PbS exhibits
unique optical, electronic, and photovoltaic properties
[1-3] desirable for potential applications in electrolumines-
cent devices, such as light-emitting diodes (LED).

In this study we report the direct solid state mechano-
synthesis of nanocrystalline PbS from lead acetate
((CH3C00),Pb.3H,0) and two different sulfur containing
precursors, and we compare the structural properties of the
products. In the first process lead acetate with L-cystine

(CsH2N,04S5) amino acid has been co-milled, in the sec-
ond process eggshell membrane (ESM) was used as sulfur
source. L-cystine has a characteristic disulfide linkage
(-S-S-) and it occurs in many natural proteins, also in the
constituents of the ESM.

Experimental

The mechanochemical synthesis of PbS nanocrystals was
performed in a planetary mill Pulverisette 6 (Fritsch, Ger-
many). The following milling conditions were used - load-
ing of the mill: 50 balls of 10 mm diameter; ball charge in
the mill: 360 g; material of milling chamber and balls: tung-
sten carbide; rotation speed of the planet carrier: 500 rpm;

© Krystalograficka spole¢nost
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Figure 1. XRD patterns (left) and microphotographs (right) documenting the mechanosynthesis of PbS from lead acetate and either
L-cystine (a) or eggshell membrane (b) precursors. The microphotographs corresponding to the selected stages of milling are tagged by
arrows. The topmost picture is a TEM image, below the corresponding SEM pictures are shown.

argon atmosphere as protective medium in the mill; labora-
tory temperature; milling time #y 15-240 minutes. In the
first process, the lead acetate to L-cystine ratio was 2:1, be-
cause of the presence of two sulfur atoms in the structure of
L-cystine and only one lead atom in the structure of lead ac-
etate (stoichiometric ratio). In the second process 15 g of
ESM and 2.39 g of lead acetate were co-milled. The
amounts were calculated according to the assumption, that
the ESM contains 4% of cystine and that two atoms of Pb
are needed for the interaction with one molecule of cystine.
The products were washed with 0.003M HCI and dried.

X-ray diffraction measurements were carried out using
a D8 Advanced diffractometer (Bruker, Germany)
equipped with a 6/0 goniometer, CuKa radiation (40 kV,
40 mA), secondary graphite monochromator and scintilla-
tion detector. For the data treatment and analysis the com-
mercial Bruker processing tools have been used.
Concretely, for the phase identification the Diffrac plus
Eva and for the Rietveld analysis and microstructure char-
acterization the Diffrac plus Topas software have been uti-
lized. The crystalline size was estimated by ,,double-
Voigt™ method, using the integral breadth, since this char-
acteristic is the most comparable to values observed by
TEM.

The electron microscope study was performed on Field
Emission Scanning Electron Microscope — FE SEM (JEOL
JSM-7600F and Hitachi S-4800) at accelerating voltage
5kV. Transmission Electron Microscope (TEM) images
were recorded by JEOL JEM 2000FX microscope at 160
kV.

Results

The progress of the synthesis in case of both mecha-
nochemical routes is demonstrated by XRD patterns in Fig-
ure 1. From Figure la (left) it can be seen, that PbS
(face-centered cubic structure, space group Fm3m) was
obtained after 60 min of milling of lead acetate and
L-cystine, however, the reaction was not completed and the
precursors are also present in the product. After 105 min of
milling the patterns do not change considerably, the
mechanochemical conversion reaches equilibrium at
around 80 % of PbS obtained. The diffraction peaks show
that PbS is well-crystallized, nevertheless, L-cystine is still
present, despite the acidic post-treatment of the product.
This fact suggests that L-cystine is somehow bound to the
PbS particles.

The dependence of crystallite size, D, and of the refined
lattice parameter, a, on milling time is summarized in Table
1. After fyy= 105 min the size of the PbS nanocrystals gets
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Table 1. Microstructural characteristics of the mechanosynthesized PbS. The values are obtained from Rietveld analysis of XRD data

L-cystine ESM

Milling time
. 60 105 150 180 240 180

(min)
Eig;ce parameter a 0.5938 0.5939 0.5938 0.5939 0.5939 0.5940 0.595
Crystallite size D

25 18.5 20 21 19 19 9
(nm)

stabilized at around 20 nm. From the corresponding TEM
picture (Figure 1, right top) as well as from the SEM image
below, it can be seen, that the sample consists of aggregates
of rather uniform, well-faceted cubic nanocrystals.

In the second process the PbS formation on the of con-
siderable amorphous organic background becomes visible
after 120 min of milling, as it is documented by XRD pat-
terns in Figure 1 b (left). The morphology of the product is
noticeably different from the one obtained in the previous
process. From the fine fibrous structure with the diameter
of fibers around 1-2 pm new particles with sharp and angu-
lar edges develop, with relatively wide size distribution,
but on rather large, micrometer scale (from 5-150 pum).
Nevertheless, the crystallite size, i.e. the structurally coher-
ent size is even finer than in the first process. The estimated
average crystallite size after milling for 180 min is approxi-
mately 9 nm [4].

Summary

Nanocrystalline  semiconductor PbS  has  been
mechanosynthesized from organic precursors using a sim-
ple, solvent-free technique. Lead acetate was co-milled
with either (i) L-cystine or (ii) eggshell membrane in a
planetary mill. The nanocrystals are formed in both cases
on the background of organic residuum (serving as sulfur

source), which may play the role of potential sur-
face-functionalizing agent in future studies. The morphol-
ogy of particles prepared by the two different routes is
different: well-shaped, rather uniform particles with crys-
talline size around 20 nm can be obtained when using
L-cystine, particles with sharp and angular edges on mi-
crometer scale with crystalline size of about 9 nm are
formed in the synthesis with the eggshell membrane.
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