
Ó Krystalografická spoleènost

224 XTOP 2016 - Ses sion 6 Ma te ri als Struc ture, vol. 23, no. 2 (2016)

doses in mam mog ra phy. Since the first days of XPCI,
mam mog ra phy has been con sid ered as one of the most im -
por tant can di dates for a clin i cal ap pli ca tion [3]. In fact, the
im ag ing of breast can greatly ben e fit from soft tis sue con -
trast im prove ments and/or from ra di a tion dose reductions
provided by XPCI.

In or der to achieve this aim, a proof-of-prin ci ple ex per -
i ment was per formed at the Eu ro pean Syn chro tron Ra di a -
tion Fa cil ity (ESRF, France), on ex cised hu man breast
spec i mens. A pho ton-count ing de tec tor achiev ing al most
100% ef fi ciency at high X-ray en er gies was used in or der
to min i mize the im age noise. More over, a new re trieval al -
go rithm ca pa ble of ex tract ing the phase shift from a sin gle
EI im age was ex ploited to pro cess the ac quired im ages [4].
This method pres ents the two fold ad van tage of be ing sta ble 
with re spect to noise (thus al low ing fur ther dose re duc -
tions) [5] and of need ing only one in put im age, thus sig nif i -
cantly sim pli fy ing and speed ing up the ac qui si tion.
Im por tantly, al though this proof-of-prin ci ple study was
car ried out with syn chro tron ra di a tion, the method has po -

ten tial for an ap pli ca tion in ta ble-top set ups, which
represents an essential requirement for any future clinical
implementation.

In this talk, we will first in tro duce the EI tech nique and
its main fea tures. We will then pres ent the re cently de vel -
oped sin gle-im age re trieval al go rithm and the pi lot ex per i -
ment car ried out at the ESRF, and sug gest ways to ex ploit
these re sults for po ten tial fu ture clinical applications.
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Het er o ge neous ca tal y sis plays a sig nif i cant role in chem i -
cal in dus try. To ar rive at a knowl edge-based cat a lyst de -
sign, fun da men tal in sight into re la tions be tween struc ture
and cat a lytic prop er ties, such as ac tiv ity, se lec tiv ity and
sta bil ity, is needed. Dur ing this lec ture, ex am ples from re -
cent work at ESRF beamlines ID01 and ID03 will be dis -
cussed. Three show case ap pli ca tions from the field of
het er o ge neous model ca tal y sis will be high lighted. 

1) Zeolites are com monly used as solid acid cat a lysts in
many large scale in dus trial pro cesses, such as the Meth a -
nol-to-Hy dro car bons pro cess. Ze o lite H-ZSM-5 is a well-
 known can di date and has been stud ied ex ten sively be cause
of its in trigu ing 3D inter growth struc ture. We have ap plied
mi cro-fo cused X-ray dif frac tion im ag ing at higher or der
Bragg re flec tions to un ravel the inter growth pat tern of in di -
vid ual large H-ZSM-5 crys tals [1]. Ad di tion ally, in for ma -
tion about alu minium zon ing, which sen si tively im pacts on 
cat a lytic prop er ties, could be ob tained based on sub tle
changes of the lat tice con stants. Re cently, we ex tended the
µXRD ap proach by cou pling op ti cal de tec tion of X-ray ex -
cited op ti cal flu o res cence (XEOF) of la belled H-ZSM-5
crys tals [2]. Re cord ing XEOF of sty rene oli go mers as a
Brønsted acid site specific la bel to gether with µXRD re -
sponse led to the si mul ta neous char ac ter iza tion of local

crystallinity and the presence and nature of catalytically
active sites.

2) Operando sur face X-ray scat ter ing ex per i ments un -
der elec tro chem i cal con di tions have been car ried out to ar -
rive at cat a lytic struc ture-ac tiv ity re la tion ships for sin gle
crys tal (here Pt(111)) model elec trodes [3]. In this ex per i -
ment, SXRD, XRR and GISAXS have been ap plied to -
gether with On-Line-Elec tro chem i cal Mass Spec trom e try
(OLEMS) to study the in flu ence of sur face struc tural
changes on ac tiv ity of the model elec trode in hy dro gen and
ox y gen evo lu tion re ac tions. OLEMS adds chem i cal spec i -
fic ity to elec tro chem i cally mea sured cur rents and plays to
its strength when reactions with a selectivity dimension are
studied. 

3) Most re cently, nanocrystal model cat a lysts have
been in tro duced for in-situ stud ies of in di vid ual
nanoparticle ca tal y sis. Real space struc ture and strain dis -
tri bu tion is stud ied by Co her ent X-ray Dif frac tion Im ag ing
(CXDI). In-situ cells for both het er o ge neous gas phase ca -
tal y sis and electrocatalysis have been con structed and suc -
cess fully ap plied; show cases from both field will be
highlighted. 
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A new sur face dif frac tion method for in situ stud ies of bur -
ied in ter faces which em ploys syn chro tron X-ray ra di a tion
of high pho ton en ergy is pre sented. In con trast to the stan -
dard ge om e try with graz ing in ci dence an gles [1], in this
tech nique a trans mis sion ge om e try where the X-ray beam
passes through the sam ple is used (Fig. 1). Trans mis sion
sur face dif frac tion (TSD) is a pow er ful and user-friendly
method that en ables fast si mul ta neous im ag ing of the full
in-plane struc ture of solid sur faces. Fur ther more, it al lows
sur face X-ray dif frac tion stud ies with mi crom e ter spa tial
res o lu tion, open ing up the way to map the atomic in ter face
struc ture of spa tially inhomogeneous sys tems or to study
the sur face prop er ties of small sam ples. The fea si bil ity of
this ap proach is dem on strated by TSD mea sure ments of Co 
and Bi electrodeposition on Au(111) elec trodes [2], per -
formed at beamline ID 31 of the ESRF. The for ma tion of

the crys tal trun ca tion rods (CTRs), changes in the Au CTRs 
due to epitaxial strain, and the dis ap pear ance of the rods

cor re spond ing to the (22 x Ö3) phase of the Au sur face re -
con struc tion can be di rectly ob served with out lengthy
searches in re cip ro cal space. In ad di tion, in situ microscale
map ping of the de posit and sub strate prop er ties and stud ies
dur ing Co dis so lu tion are dis cussed.
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Fig ure 1. (a) Real space and re cip ro cal space ge om e try of TSD. (b) In situ TSD of Au(111) in 0.1 M NaClO4 + 1.3 mM HCl +
1mM CoCl2, re corded at 40 keV. Shown is the in ten sity dif fer ence be tween de tec tor im ages of the Au sam ple at -0.2 VAg/AgCl and
af ter electrodeposition of a 20 ML thick epitaxial Co(001) film at -1.05 VAg/AgCl. 
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Char ac ter is ing the struc tural prop er ties (strain gra di ents,
chem i cal com po si tion, crys tal ori en ta tion and de fects) in -
side nanostructures is a grand chal lenge in ma te ri als sci -
ence. In this con text, the tem per a ture evo lu tion of the
in ter face struc ture in a core-shell nanostructure is es pe -
cially in ter est ing to study. It raises fun da men tal ques tions
about in ter mix ing at the nanoscale where a strong in ter -
play be tween strain and in ter fa cial en er gies is ex pected to
play an im por tant role. Co her ent dif frac tion im ag ing
(CDI) in Bragg con di tion is a prom is ing and at trac tive
method to map the shape, the con cen tra tion and de for ma -
tion fields si mul ta neously in side sin gle nanostructures. It
also per mits in situ ex per i ments ow ing to its non-de struc -
tive na ture.

We dem on strate the ca pa bil i ties of the CDI tech nique
in Bragg con di tion on sin gle Ge-Si core-shell nanowires

(NWs) with a typ i cal di am e ter of 300 nm and a length of 10
mi crom e ters. NWs are grown by Va por-Liq uid-Solid
(VLS) phase ep i taxy and then iso lated us ing a SEM/FIB
instrument. 

High res o lu tion X-ray dif frac tion ex per i ments have
been per formed at the ID01 beamline of ESRF (France).  A
Fres nel Zone Plate fo cused the beam on a 150 (V) × 400 (H)
nm2 spot. X-ray re cip ro cal space maps around four dif fer ent 
Bragg re flec tions were re corded, ev i denc ing a Ge core
com pletely re laxed (i.e., at its bulk lat tice pa ram e ter). Also
a lat tice tilt in the growth di rec tion of the NW was ob served
dur ing the mea sure ments. Then, an in-situ study as func tion 
of tem per a ture was per formed on the iso lated wire, yield ing 
changes in the re corded dif frac tion pat terns. Phase re trieval
anal y sis and re con struc tion of the studied NW are in
progress.


