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In the pre sented study, we in ves ti gated dif fer ences in the
microstructure of thin gold lay ers and lay ers of gold
nanoparticles with a fo cus on their ther mal de vel op ment.
Thin films com posed of nanoparticles are in ter est ing for
ap pli ca tions be cause of their in her ent high po ros ity, which
is es sen tial for gas sens ing, ef fi cient bat ter ies, ca tal y sis or
hy dro gen stor age ap pli ca tions. The ther mal sta bil ity of
nanoparticle lay ers de pends on chem i cal and phase com po -
si tion, the con fig u ra tion of nanoparticles or the at mo sphere 
in which they are heated up and it is crit i cal for mul ti ple ap -
pli ca tions of gold nanoparticles.

The ho mo ge neous gold nanoparticles in our study were 
pre pared by mag ne tron sput ter ing from pure metal tar gets
fol lowed by ag gre ga tion of frag ments to the me tal lic clus -
ters, by so-called gas ag gre ga tion clus ter sources. The gold
thin films for com par i son were pre pared by evap o ra tion
and by sput ter ing. A Se ries of sam ples with var i ous thick -
nesses de pos ited on sil i con sub strates were char ac ter ized

af ter prep a ra tion and also un der an neal ing up to 1000 °C in
the air at mo sphere. 

Size dis tri bu tion and mor phol ogy of nanoparticles were 
de ter mined by small an gle X-ray scat ter ing (SAXS),
atomic force mi cros copy (AFM) and con firmed by scan -
ning elec tron mi cros copy mea sure ments (SEM) for ex-situ
an nealed sam ples. In-situ mea sure ments of X-ray dif frac -
tion were used to char ac ter ize the ther mal evo lu tion of lat -
tice pa ram e ters, microstructural de fects and sizes of
crys tal lites.

The as-de pos ited gold nanoparticles con tain a large
amount of stack ing faults (up to 6 %) and also sig nif i cant
microstrain in the crys tal struc ture. Dur ing an neal ing, or -
der ing of the struc ture is ob served to gether with the
step-like in crease of the sizes of crys tal lites fol low ing the
in crease of the sizes of whole nanoparticles. The oc cur -
rence of the holes in the sub strates af ter heat ing to the high -
est tem per a tures was successfully explained.
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Re cip ro cal space map ping (RSM) is a method of X-ray
anal y sis which can pro vide us with use ful struc tural in for -
ma tion about stud ied sam ples, such as mis match, strain, re -
lax ation and de fects of epitaxial grown lay ers on a
sub strate [1]. 

The stud ied sam ples con sisted of large ar ray of Ge and
SiC microcrystals grown by Low-en ergy plasma-en hanced 
chem i cal va por de po si tion (LEPECVD) tech nique [2].
This method en ables fast, low-tem per a ture epitaxial
growth of crys tals onto mi crom e ter-scale tall pil lars etched
into Si(001). The method was de vel oped at ETH Zürich,
where the sam ples were also pre pared in the group from H.
von Känel [3]. It en ables to grow rel a tively thick lay ers
with dif fer ent lat tice pa ram e ters of high struc tural qual ity
[3, 4]. The sam ples were sub jected to X-ray study in or der
to ob tain struc tural in for ma tion.  

In our ex per i ment we used Rigaku SmartLab
diffractometer, which uses X-ray source with char ac ter is tic 
wave length of 0.154 nm and a hy brid multi-di men sional
pixel de tec tor HyPix-3000. The data ac qui si tion by the de -
tec tor can be done in 0D, 1D and 2D re gime. For our anal y -
sis we opted for the lin ear re gime. We placed the sam ple on 
a goniometric ta ble and put a se ries of lin ear slits and
mono chro ma tors be tween the source, sam ple and the de -
tec tor. First we mea sured QxQz re cip ro cal space maps
(RSMs) around sym met ric and asym met ric dif frac tions of

the sam ples at two dif fer ent az i muths (0° and 90°), par tic u -

larly (004) and (224) for Ge and (004) and (113) for SiC,
from which we ob tained the lat tice pa ram e ter, strain and re -

lax ation of the ar ray of microcrystals. 
The next part of our mea sure ment was aimed to ob tain

RSMs of the sam ples in the plane par al lel to sam ple sur face 
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(QxQy). This is im pos si ble to do with stan dard lab o ra tory
set-up, which en ables us to mea sure only the QxQz plane
of the re cip ro cal space. One way of ob tain ing the QxQy
RSM for cer tain Qz is to mea sure mul ti ple QxQz RSMs at
dif fer ent az i muthal ro ta tions and trans form ing them us ing
Ra don trans form [5]. Ra don trans form is a math e mat i cal
method used to con struct 3D in ten sity im ages from 2D
slices, com monly used in com puter to mog ra phy [6].

We mea sured RSM of one dif frac tion max i mum, par -
tic u larly (004) and (002) for Ge and SiC re spec tively, at

dif fer ent az i muths rang ing from 0° up to 180° with a 2°
step. The QxQz RSMs mea sured at dif fer ent az i muthal an -
gles were trans formed into a se ries of sinograms, from
which it was pos si ble to ob tain se ries of QxQy RSMs for
the mea sured range of Qz po si tions.  Ex am ples of re con -
structed QxQy RSMs are shown in Fig ure 1. 

The ob tained QxQy RSMs for dif fer ent Qz form set of
slices through the re cip ro cal space which can gen er ally
built a 3D RSM. The dis tri bu tion of scat tered in ten sity in
3D re cip ro cal space can then pro vide an other view on anal -
y sis of struc tural de fects such as lo cal lat tice strain, mis fit
dis lo ca tions or stack ing faults pres ent in the studied
samples.
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We ac knowl edge Claudiu V. Falub and Hans von Känel for 
pro vid ing the SiC and SiGe microcrystal sam ples.

Fig ure 1. QxQy RSMs for a) Ge and b) SiC sam ples. In a) the max i mum was cut out in or der to show case the sat el lite max ima. The
max ima orig i nate from crys tal lat tice bend ing and they copy a four-fold sym me try of microcrystal ge om e try. The sat el lite max ima in 
b) cor re spond to cuts through streaks {111} orig i nat ing from de fects (stack ing faults) in the SiC microcrystal layer [7]. 
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Sur face spin dis or der or cant ing arises from the break ing of 
ex change bonds and the break ing sym me try of the lat tice,
and thus cru cially de ter mines the per for mance of mag netic
nanoparticles (NPs) and their po ten tial tech no log i cal and
bio med i cal ap pli ca tions [1, 2]. De spite an enor mous in ter -
est and tech no log i cal rel e vance of mag netic NPs, there is
still a lack of knowl edge on the mag netic NPs spin struc -
ture. Due to the sur face-to-vol ume ra tio, sur face ef fects
will be closely re lated to the par ti cle and co her ent do main
size. How ever, it is dif fi cult to iso late the sur face con tri bu -
tion from the bulk ef fects us ing mac ro scopic magnetization 
tech niques, such as mag ne ti za tion mea sure ments, fer ro -
mag netic res o nance, Mössbauer spec tros copy [3], X-ray
mag netic cir cu lar dichroism [4], and elec tron en ergy loss
spec tros copy [5]. A spa tially re solved mag ne ti za tion is re -
quired to un veil and dis en tan gle the sur face con tri bu tion.
Half-po lar ized small an gle-neu tron scat ter ing (SANSPOL) 
en ables us to in ves ti gate the mag ne ti za tion on the
nanometer scale [6]. Our pre vi ous study has proven that the 
mag netic vol ume in fer rite NPs is not fixed at the co her ent
do main size but in creases with the ap plied mag netic field
[7]. This im plies that the ap plied mag netic fields po lar ize
the dis or dered sur face spins, lead ing to an in crease in the
mag netic size of the NPs [7].

In this con tri bu tion, we will pres ent the size de pend -
ence of the dis or der en ergy and the sur face ani so tropy in
spher i cal CoFe2O4 NPs with dif fer ent co her ent do main
sizes range of 3.1(1), 6.3(2), and 8.6(1) nm syn the sized us -
ing the oleate-based solvothermal method [8] with nar row
size dis tri bu tion con firmed by trans mis sion elec tron mi -
cros copy (TEM) and small-an gle X-ray scat ter ing (SAXS). 
Rietveld’s anal y sis shows that co her ent do main size is

smaller than mean par ti cle size, sug gest ing a pos si ble pres -
ence of a spin dis or der or cant ing. The spa tial mag ne ti za -
tion dis tri bu tion ob tained from SANSPOL re veals
sig nif i cant mag netic field de pend ence of mag ne tized vol -
ume for each sam ple, but with dif fer ent de grees of the to tal
mag ne tized NP vol ume. Ul ti mately, we will dis cuss the
par ti cle and co her ent size de pend ence of the sur face ani so -
tropy con stant.

We greatly ac knowl edge Dr. Jana Havlièková for the TGA
anal y sis, and Dušan Roha¾ for synthetizing 1 sam ples. We
ac knowl edge the Institut Laue-Langevin, Grenoble,
France for the pro vi sion of beamtime at the in stru ment
D33 and Dr. Nina J. Steinke for the tech ni cal sup port at the 
in stru ment. 
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Fig ure 1.  Sche matic pre sen ta tion of the size de pend ence of mag ne tized vol ume growth in ap plied mag netic field. Grey and
brown par ti cle part cor re sponds to the dis or der and mag ne tized vol ume of nanoparticles.
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Saponification, re sult ing from pig ment-binder in ter ac tions
is one of the most dan ger ous deg ra da tion phe nom ena af -
fect ing the ap pear ance and sta bil ity of paint ings. The crys -
tal li za tion of metal carboxylates  (soaps) is as sumed as a
crit i cal point for the de vel op ment of un de sir able changes
man i fested as pro tru sions, ef flo res cence, dark en ing and
etc. How ever, fac tors trig ger ing this pro cess are not fully
un der stood, lim it ing the de vel op ment of a suit able strat egy
for con ser va tion and pres er va tion of pre cious works of art.

Pre vi ous re search of the por trait min ia tures [1] has re -
vealed pres ence of dif fer ent types of crys tal line metal
carboxylates fre quently in a con joined oc cur rence of lead
white (2PbCO3·Pb(OH)2) and cin na bar (HgS) pig ments in
paint lay ers, ex cep tion ally even with out pres ence of any
lead-based pig ment. These find ings in di cated that HgS as -
sists to the for ma tion of Pb and/or Hg carboxylates. Nev er -
the less, its role in the re ac tion mech a nism has to be
clar i fied.

The pau city of re li able ref er ence struc tural data lim ited
the ex per i men tal re search of HgS ef fect on the pig -
ment-binder in ter ac tions on mo lec u lar level. In our pre vi -
ous re search [2], the long chain sim ple and mixed mer cury
(II) carboxylates in the se ries Hg(C16)x(C18)2-x (x= 0.0;

0.2; 0.5; 0.8; 1.0; 1.2; 1.5; 1.8; 2.0) were syn the sized in the
form of pure polycrystalline pow ders and char ac ter ized by
XRPD, ssNMR, FTIR and DSC. The crys tal struc ture of
the stud ied mer cury carboxylates was de scribed on the ba -
sis of com ple men tary ssNMR and XRPD mea sure ments,
Rietveld re fine ment and DFT cal cu la tions. All the sub -
jected com pounds crys tal lize in a monoclinic lat tice of the
C2/c sym me try. Mer cury at oms are ar ranged in a slightly
dis torted square antiprismatic ge om e try and are
monodentatically bonded to carboxylate an ions. The struc -
tural dis or der at the aliphatic end of the stearic acid chains
was de tected in the mixed carboxylates.

The syn the sized and char ac ter ized metal carboxylates
were ap plied for the study of for ma tion of metal soaps in
model ex per i ments sim u lat ing egg and/or oil-based paint
sys tems con sisted of lead and/or mer cury-based pig ments,
and fur ther more for the study of their crys tal li za tion in
oil-based poly meric ma trix. 
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Chem., 2021, 413, 263-278.
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Quan tum dots (QDs) are strongly con fined semi con duc tor
nanoparticles that ex hibit novel and size-tun able prop er ties 
as a re sult of quan tum con fine ment ef fects in the par ti cle
size re gime com pa ra ble to their Bohr excitonic ra dius. QDs 
have been rig or ously stud ied to em ploy their de sir able
prop er ties in op to el ec tronic de vices; these very same
size-tun able op to el ec tronic prop er ties have also been in -
ves ti gated for po ten tially wide spread use in sens ing and
im ag ing ap pli ca tions in bi o log i cal sys tems [1-3]. CdTe is
such a II-VI semi con duc tor com pound, whose par ti cle size
can be tai lored to ex hibit lu mi nes cence across the vis i ble
spec trum [4]. How ever, to make CdTe a suit able ma te rial
to be used in bi o log i cal sys tems, it must be made wa ter-sol -
u ble with the use of a biocompatible ‘cap ping’ ma te rial;
cap ping the CdTe QD also af fords it in creased me chan i cal,
chem i cal and lu mi nes cent sta bil ity [5]. The choice of func -
tional group of the ma te rial used to cap the CdTe QD also
lends to it eas ily tune able sur face prop er ties that can be

used in bio med i cal track ing and drug de liv ery ap pli ca tions
[6].

In the pres ent work, we have syn the sised and stud ied a
se ries of CdTe QDs capped with four dif fer ent thiols: (i)
Thioglycolic acid (TGA), (ii) Mercaptoethyl amine
(MEA), (iii) L-Cysteine (L-Cys), and (iv) Glutathione
(GSH). An aque ous route was em ployed to syn the sise all
the sam ples, with vary ing re flux times for the dif fer ent
thiols used for cap ping. Fig.1 il lus trates the con fir ma tion of 
the cu bic CdTe phase of the seed ma te rial from the XRD
anal y sis of the syn the sised CdTe@TGA QDs refluxed for
15mins; high est in ten sity char ac ter is tic (111) peak was fur -
ther ana lysed to cal cu late the lower limit of crys tal lite size
(2.4nm), interplanar spac ing (3.65 C), lat tice con stant
(6.32 C), microstrain and dis lo ca tion den sity. HRTEM and
SAED stud ies fur ther sup ported the re sults ob tained from
the XRD anal y sis. Fig.2 shows the com par i son of the FTIR
spec tra of the CdTe@MEA QDs with the FTIR spec tra of
MEA; ev i dence of cleav age of the H-SR bond in thiols and
si mul ta neous for ma tion of the Cd-SR bond was used to

Fig ure 1. XRD anal y sis of the syn the sised CdTe@TGA QDs
refluxed for 15mins

Fig ure 2. Com par i son of the FTIR spec tra of the syn the sised
CdTe@MEA QDs with the FTIR spec tra of MEA



con firm the suc cess ful cap ping of all the thiols to the sur -
face of the CdTe QDs.

Fig.3 shows the UV-vis i ble ab sorp tion spec tra of the
syn the sised CdTe@L-Cys QDs refluxed for dif fer ent
times. All syn the sised sam ples ex hib ited blue-shift in ab -
sorp tion edge as com pared to the bulk CdTe, con firm ing
the strong size con fine ment of the nanoparticles; with in -
creas ing re flux time, the ab sorp tion edge shifted grad u ally
to lon ger wave lengths for all sam ples. Band-gap en ergy
was ob tained from the Gaussi an-fit ted peak po si tion of the
1st de riv a tive of ab sorp tion v/s en ergy plot; tight bind ing

ap prox i ma tion model was used to cal cu late the size of the
QD from the band gap en ergy. Par ti cle size growth with in -
creas ing re flux time was ob served for all sam ples:
CdTe@GSH reached a pre de ter mined par ti cle size (4nm)
the fast est (90mins) when com pared to the other thiol
capped CdTe QDs, while the CdTe@MEA QDs were un -
able to at tain the same par ti cle size even af ter 390mins of
re flux time. To un der stand the growth me chan ics, vari a -
tions of con cen tra tion and par ti cle size dis tri bu tion of the
syn the sised thiol-capped CdTe QDs with re spect to in -
creas ing re flux time and par ti cle size was stud ied. Ev i -
dence of sep a ra tion be tween the nu cle ation and growth
pro cesses, and iden ti fi ca tion of three dis tinct growth re -
gimes (fo cus ing, defocusing and equilibrium) allowed us
to confirm the dominance of Ostwald ripening processes
during the particle growth.

Fig.4 shows the photoluminescent emis sion spec tra of
the syn the sised CdTe@GSH QDs refluxed for dif fer ent
times. At shorter re flux times, all sam ples ex hibit nar -
row-width sin gle peak emis sion, which grad u ally shifts to
lon ger wave lengths, from green to yel low to or ange to red,
with in creas ing re flux time and par ti cle size. At lon ger re -
flux times, deconvolution of the emis sion peak into Gaussi -
an com po nents was done to qual i ta tively in ves ti gate the
con tri bu tion of emis sion from dif fer ent sized par ti cles, as
can be seen in the in set of Fig.4; com par i son of the com po -
nent peaks at dif fer ent times sug gests that as re flux time in -
creases, emis sion in ten sity con tri bu tion from larger
par ti cle sizes in creases. Zeta po ten tial anal y sis was con -
ducted to ob tain the sur face charge of the syn the sised
thiol-capped CdTe QDs to study the ef fect the dif fer ent
func tional groups on the sur face of the QD; DLS anal y sis
was con ducted to obtain the hydrodynamic diameter of the
synthesised thiol-capped CdTe QDs.
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Fig ure 3. UV-vis i ble ab sorp tion spec tra of the syn the sised
CdTe@L-Cys QDs refluxed for dif fer ent times.

Fig ure 4. Photoluminescent emis sion spec tra of the syn the sised
CdTe@GSH QDs refluxed for dif fer ent times. In set shows the
deconvolution of the emis sion peaks at lon ger re flux times.
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IN-SITU LOADING ON DEFECT CONTAINING MATERIAL OBSERVED UNDER
HIGH-RESOLUTION TOMOGRAPH

Ahmed Ubaid 

In sti tute of Phys ics, Czech Acad emy of Sci ences, Na Slovance 1999/2, 180 00 Praha 8

NiTi pos sess unique shape mem ory and pseudoelastic
char ac ter is tics. In this re search, a dog-bone shaped sam ple
of NiTi is be ing ana lysed un der X-ray Com puted To mog -
ra phy. De for ma tion char ac ter is tics of NiTi have been stud -
ied due to their in creased de mand in the min ia tur ized
ap pli ca tions. The in-situ ten sile test ing was per formed at
-20C with dif fer ent load i.e., 10N, 150N, 220N and 300N
us ing Deben cham ber of Xradia Versa 610, Zeiss. The
sam ple had 4.2 mm gauge length, 1 mm width and 1 mm
height. The re con structed im ages and large num ber of
pores/in clu sions were be ing ana lysed us ing Drag on Fly
soft ware. Im ages ob tained un der dif fer ent load ing were

com pared, di men sional changes in the pores/in clu sions
were de ter mined as well as changes in the dis tances
amongst dif fer ent pores were cal cu lated. The sam ple
showed 1 % de for ma tion at 150N, 3.80 % at 220N and 5.4
% de for ma tion at 300N.
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Fig ure 1. Dif fer ent size pores shown with dif fer ent colours at 220 N and -2 0°C.


