Internal structure of CdSe quantum dots asderived from total scattering analysis
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Material

Colloidal Quantum Dots(QD) were synthesized using atypical routein non-polar environment [ 1]. Samplesof CdSe nanocrystals(2.5-3 nmin diameter) coated with
up to5molecular layersof CdSor ZnSwereexamined.

Diffraction experiment

Structural analysis was based on diffraction patterns collected up to Q. of 22 A™ using Bruker D8 Advance diffractometer equipped with Ag sealed tube.
Photoluminescence

CdSequantumdotsareof interst becauseof their intense photoluminescence. Fig.2 showsPL spectraof CdSe/ZnS QDsand the dependence of the positions of the
PL lines onthe number of molecular layersof ZnScovering CdSecore. ThePL linesshift towardslonger wavel ength, which isbelieved to be caused by the increase
of thegrainsize. The present work show that the covering material, either ZnSor CdS, doesnot show up indiffraction. Thereforeitisnot thesize of CdSebut, rather,
theoverall size of the CdSe/CdS, CdSe/ZnS particles decides onthe PL wavelength, without regard to the specific atomic structure of the material covering the CdSe
core.

X-Ray dataelaboration

A new methodology of elaboration of experimental inter-atomic Pair Distribution Function (PDF) was applied. It is based on the assumption that in actual
nanocrystal sthere exists some modulation of atomic density extending from the surfacetowardsthe bulk [ 2]. Such modul ation changesaverageinteratomic distances
In ananocrystal and, therefore, affectsthe positions of the peaksin PDF. That resultsin differences between lattice parameters calculated at different r-intervals. We
examined the experimental PDFs in search for relative displacement of the r-peaks from the positions they would have had if the crystal structure of QD-s were
perfectly periodic.

Simulations and data analysis was performed using computer program NanoPDF developed specifically for those tasks [3]. Tentative models of real atomic
architecture of CdSe QD-s. are proposed based on comparison of values of lattice parameters calculated for different parts of experimental G(r) functions, Fig.3.

Resultsof thecalculationsarepresented inaformof (r)-functions:

Experiment.  (r)=[1-alp(r,)/a], where

alp(r,) isthelattice parameter cal culated from G(r) for agivenr-interval withtheaveragevalueofr.
a,1sthelattice parameter of areferencestructurewiththeperfect crystal lattice,

X Isthelength of ther-distancesfor which alp(r) valuesare cal cul ated.
Theexperimental (r) functionswerecomparedtotheoretical (r) plotsderived for atomistic modelsof CdSenanograinswithagivendiameter:

Theory (modél): (r)=(<r> r)r,= rlr,where
<r>istheaverageinteratomicdistancer, cal culated for amodel with density modulation, r, ,isthe corresponding inter-atomic distancein thereference crystal | attice.
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Results- Internal structureof QDs

Thestructure of CdSe coreisintermediate between cubic and hexagonal; it containsbetween 40 and 50% of thehexagonal layers.
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Fig.1. TEM imageof CdSeQDscovered by 5molecular layersof CdS
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Fig.2. Positions of PL peaks of CdSe/ZnS QDs measured just after
synthesis (open circles) and several months later (colered circles).
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Fig. 3. Procedure of derivation of (r) function from inter-atomic Pair

Distribution Function (PDF); Note: theoretical (r) function can be
derived in the same way by comparison of G(r) of a model to G(r) of a

perfect crystal lattice
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Fig. 4. Experimental structure
factor S(Q) of CdSe samples
covered with up to 5 molecular
layers of CdS.
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Fig.6. Experimental structure
factor S(Q) of CdSe samples
covered withupto 5
molecular layers of ZnS.
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Fig. 5. Experimental G(r) plots of

CdSe covered with 5 molecul ar
layers of CdS.
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Fig.7. Experimental G(r) plots of
CdSe covered with 5 molecular
layers of ZnS.

On diffraction patterns of the examined CdSe samples Fig.4 and Fig.6 covered with up to 5 molecular layers of CdS or ZnS, the Bragg peaks of these materials do not show. This means that the CdSe quantum dots are covered by non-

crystallineCdSand ZnSshells. Similarly, thereisnoindication of apresenceof crystalline CdSand ZnSon corresponding G(r) plots, Fig.5and Fig.7.
Based on thecomparison of experimental andtheoretical (x) functionsherewe propose model sdescribing theinternal structure of CdSe, Fig.8and Fig.9.

Note: ontheplotspresentedinFig.8and Fig.9 astrong dispersion of inter-atomic distancesisobserved, particularly inthesmall r-valuesrange. Thiscomesfrom apresence of ligandsand coverage materials. Sincethey show only ashort
range order, additional r-distances appear mostly at the low r-values range. Their appearance makes interpretation of the experimental (x) functions troublesome and not fully unique. However, since overall shape of the (x) plotsis

apparently reproduced for all samplesof the CdSand ZnSseries, weare convinced that they reflect their internal structure properly.

Theinternal structure of CdSe coreisdifferent inthe CdSe/CdSthan in CdSe/ZnS samples. (We have no explanation for this observation since in both cases similar synthesis conditionswere applied.) The CdSe coreinthe CdSe/CdS
sampleshowsaveragelattice parameter smaller thanthat inaperfect CdSecrystal lattice, whileitislarger inthesamplecovered by ZnSlayers. Thisobviously isrelated to the presenceof strainsat the surface. An appearanceof tensile-type
strain at the surface of CdSe (CdSe/CdS samples) leadsto the appearance of compressive straininthegrain core. And, similarly, an appearance of compressive strain at the surface of CdSein CdSe/ZnS samples|eadsto expansion of CdSe

latticeinthegraincore.

Presence of external shell of CdSor ZnShasonly asmall effect ontheinternal structure of the CdSe core: it doesnot changerelative strainsin the CdSe grain volume; it only leadsto asmall decrease of the average | attice parameters of

CdSe.
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