Program prioritar

FIZICA MATERIALELOR AVANSATE

Raport de activitate 2001

In anul 2001, Sectia stiinte Fizice, prin Centrul de Studii Avansate in Fizica al Academiei Romane (CSAFAR) a sustinut Programul Prioritar “Fizica Materialelor Avansate” (anul II), cu urmatoarele directii de cercetare:

1. Fizica solidelor nano-structurate (Dr. Rodica Manaila)

2. Materiale si structuri avansate pentru fotonica (Dr.V.I. Vlad)

3. Sisteme mezoscopice cu disipatie (Dr. Horia Scutaru)

Coordonator al Programului Prioritar: Dr. Rodica Manaila.

Expunem mai jos stadiul de realizare si principalele rezultate stiintifice obtinute in cadrul Programului Prioritar:

I. FIZICA SOLIDELOR NANO-STRUCTURATE
Colectiv de lucru:

Prof. Dr. Rodica Manaila, MC (CSAFAR, INFM)

Prof. Dr. Andrei Devenyi (CSAFAR ½ norma, temporar)

Colaborari internationale:

- Universite Paris 6eme, Laboratoire de Chimie Physique de la Reactivite: spectroscopie de emisie X pe clusteri metalici.

· Laboratoire pour l’utilisation du Rayonnement Synchrotrone (LURE)-Paris: XRD de rezolutie inalta, EXAFS

· Institute for Technical Physics and Materials Science-Budapest: microscopie electronica XTEM, EDS

· Physikalisches Institut der Uni Karlsruhe: masuratori magnetice la T joase (SQUID).

· Institute for High Energy Physics-Beijing: EXAFS (sursa sincrotron). 

1. Stadiul de realizare

1a. Nano–structuri metal-fullerit C60 (straturi subtiri)

      A continuat studiul fenomenelor de interfata, prin care proprietatile electrice si optice ale matricii C60 sunt influentate in mod controlabil prin dopare cu metal. Cercetarile s-au concentrat asupra unor metale (Ni,Fe) care formeaza legaturi hibride cu C60, spre deosebire de cele investigate anterior (Cu,Au), unde predomina transferul de sarcina.

      Dr.Rodica Manaila (impreuna cu grupul Structura, Lab.150 din INFM) a fost cooptat in Centrul de Excelenta (CoE) european IFIN-HH (proiect IDRANAP) coordonand working package (WP) nr.11. Acesta se refera la materiale nanostructurate, investigate atat sub raportul structurii cat si al proprietatilor speciale, legate de interactia la interfete.

      In mai 2001, WP11 din CoE a fost cooptat in reteaua europeana de centre de execelenta “Interface effects in nano-structured materials” (tari participante:Polonia, Germania, Letonia, Lituania, Rusia, Romania). Reteaua a organizat doua workshop-uri (Varsovia-mai 2001, Ulm-octombrie 2001), unde grupurile participante si-au prezentat preocuparile si propunerile de colaborari.

1b. Materiale compozite polianilina (PAN) –C60

      Au fost preparate noi variante de material prin sinteza chimica, experimentand diferite moduri de a introduce C60 in procesul de co-polimerizare. Solidele rezultate au fost analizate prin difractie RX si spectroscopie Raman.

       Proiectul propus de grupul nostru a fost acceptat in Programul European COST 527-Polymers ( 4 proiecte romanesti au fost acceptate ). O prima intalnire a avut loc recent la Praga (septembrie 2001), in care proiectul nostru a fost prezentat.

1c. Aliaje nano-icosaedrale pe baza de (Al-Mn-RE).

      Aliaje nano-icosaedrale Al-Mn-RE (RE=Gd, Ho), obtinute prin racire ultrarapida, au fost investigate din punctul de vedere al proprietatilor magnetice . In cadrul unei colaborari demarate in martie 2001 cu Physikalisches Institut der Uni Karlsruhe au fost masurate momentul magnetic si susceptibilitatea (cu dispozitiv SQUID).

      La workshop-ul “Aperiodic Structures” (Krynica, Polonia, septembrie 2001, satellite event al Conferintei Mondiale de Cristalografie ECM 20), 

Dr.Rodica Manaila a sustinut o lectie invitata, “Nano-icosahedral phases”. In urma discutiilor purtate cu aceasta ocazie, este in curs de perfectare o colaborare cu grupul D.Gratias de la Chatillon (Paris), privind investigatiile prin difractie de neutroni, pentru stabilirea popularii in 6D si a tipului de clusteri prezenti in structura. Aceste elemente sunt esentiale pentru explicarea proprietatilor aliajelor nano-icosaedrale prin interactii atomice la diferite distante.

1d. Nano-faze in straturi-acoperiri dure de nitruri (Ti,Al,Zr). 

      In iunie 2000 a fost  incheiat proiectul european COST 516-Tribology, la care grupul nostru a luat parte prin contributii asupra structurii si tensiunilor elastice in straturi de (Ti-Al)N si ZrN. Proiectul COST, dedicat stiintei si tehnologiei suprafetelor in contact a fost finalizat printr-un raport, apreciat favorabil de CE. Proiectul se continua in prezent prin COST 532-Triboscience and Tribotechnology, la care grupul nostru participa de asemeni.

      Pe de alta parte, se lanseaza in prezent reteaua europeana NANOCOMP, in cadrul FP5 (coordonator Germania), dedicata acoperirilor multistrat, nanostructurate si din categoria faza dura/faza lubrefianta. In proiectul NANOCOMP, grupul nostru va participa ca subcontractant (nano-structuri, evaluari de tensiuni mecanice prin metode XRD).

2. Principalele rezultate stiintifice

In cadrul subprogramului “Fizica solidelor nanostructurate”, accentul a fost pus pe interpretari superioare ale datelor experimentale prin compararea cu modelele teoretice, cu scopul de a ajunge la:

· modele structurale satisfacatoare, cu configurati locale in acord cu interactiile interatomice [1c]

· evaluarea energetica a unor configurati structurale [1d, 1f], energie de care depinde stabilitatea si fregventa lor.

1a. Nano- structuri metal-fullerit C60 (straturi subtiri)

      A fost adusa evidenta experimentala pentru un tip de interactie Ni-C diferit de cele gasite anterior in nanosisteme Au/C60 si Cu/C60. Aceasta interactie speciala consta in formarea de legaturi hibride Ni(s,d)-C(orbitale (), la ea participand atat atomii de suprafata din nanoclusteri, cat si atomii de Ni plasati interstitial in matricea de C60 [1a, 1b].

      Evidenta, a fost obtinuta prin coraborarea mai multor metode de investigatie: difractie RX (XRD cu sursa inchisa si radiatie de sincrotron), spectroscopie Raman, microscopie electronica (TEM, XTEM, EDS). Evidenta este in principal, de natura structurala si  consta in :

       -distorsia simetriei Ih subscrise a cajelor C60, datorita formarii orbitalelor hibride. Distorsiile au fost puse in evidenta prin spectroscopie Raman si SERS (surface-enhanced Raman): prin largirea benzilor ce corespund vibratiilor intramoleculare (Ag(2), Hg(7), Hg(8)) si prin aparitia unor moduri “silent” (interzise de simetria Ih)

       -pierderea ordinii la distanta (fcc) a cajelor C60, matricea prezentand o structura cuasi-amorfa, diferita de tipurile cunoscute de acarbon amorfsi de C60 polimerizat. Aceasta structura a fost caracterizata prin valorile k si (k ale maximelor. Ea a fost explicata prin distorsiile cajelor individuale, care nu permit decat ordine locala (SRO).

       -cu scop de comparatie, a fost investigata structura unor straturi de C60 pur, depuse in aceleasi conditii ca cele dopate cu metal. Pentru temperaturi ale substratului (Ts) de 150°C [similare cu cele masurate la depunerea Ni/C​60:(135-150)°C] se observa o cristalizare avansata a C60 in reteaua fcc. Astfel, este dovedit ca dezordinea C60 in Ni/C60 se datoreste doparii cu metal si nu unor parametri de preparare.

       -au fost obtinute primele imagini de Atomic Force Microscopy (AFM), in modul topografic (contact), ale suprafetei unor straturi de C60 si Ni/C60 ). Au fost observate diferente esentiale: o microstructura de particule sferoidale in cazul C60, pe care doparea cu  Ni o transforma in terase plate si trepte, indicand formarea unei structuri omogene.

1b. Materiale compozite polianilina (PAN)-C60

      Au fost facute noi preparari prin co-polimerizarea anilinei, cu diferite moduri de introducere a C60. Experimentele de difractie RX si SERS au adus, ca elemente noi:

       -confirmarea modelului deja propus de atasare a cajelor C60 de lantul polimeric, cu doua tipuri de conexiuni: 1.tip ionic (C¯60 prin transfer de sarcina), dominant in probele preparate prin amestec si 2. tip ‘’pendant chain’’, prezent in materialul co-polimerizat.

       -importanta dizolvarii prealabile a C60 pentru evitarea unor microstructuri ’’coarse”, care distorsioneaza profilul liniilor C60.

       -confirmarea satelitului C60(111) ca indiciu pentru zone ‘’expandate’’ de fullerit, asimilate cu zonele de la interfata cu polimerul.

1c. Aliajele nano-icosaedrale pe baza de Al(Al-Mn-RE)

      Prezenta unor ioni magnetici cu moment ridicat in fazele Al-Mn-Gd si Al-Mn-Ho sugereaza interactii intre acesti ioni, interactii ce depind de configuratiile locale in jurul lor.

      Momentul magnetic M si susceptibilitatea ( au fost masurate pentru campuri magnetice H de la 100 Oe la 50 kOe , la temperaturi de (4 - 300) K (cu dispozitiv SQUID).Momentul magnetic a fost gasit diferit de cel atomic.

      A fost stabilita existenta interactiilor antiferomagnetice in domeniul T ( 25 K. La T joase se observa insa o dependenta total neasteptata de valoarea H: antifero la H ridicate  (10-50 kOe) si  fero la H ≤ 100 Oe, dependenta ce asteapta o explicatie.

      Au fost masurate spectrele de difractie pentru faze nano-icosaedrale Al-Mn-RE (RE= pamant rar) folosind sursa sincrotron LURE-Paris. Analiza factorilor de structura va trebui sa confirme anomalia observata anterior la sistemul cu Ce : factori Fc (ai liniilor de suprastructura) mai mari decat ai liniilor-suma (Fa). Anomalia a fost explicata tentativ prin pozitiile’’off-center’’ ale suprafetelor atomice 6D, fapt ce poate introduce termeni imaginari in factorul de structura [1c].

1d. Nano-faze in straturi-acoperiri dure de nitruri (Ti, Al, Zr).
      O directie noua de cercetare in Programul nostru a aparut odata cu identificarea unor faze-nitruri (de Ti-Al) nano-structurate in straturile-acoperiri dure depuse prin pulverizare. Aceste faze cubice apar in anumite conditii de depunere (puteri mici ale descarcarii) si prezinta parametri de retea dilatati. La aceasta expansiune contribuie atat dezordinea structurala inalta (de tip microstrain), cat si inglobarea de atomi Ar in timpul cresterii stratului.

Referinte

1a. R. Manaila, D. Macovei, C. Giusca, A. Devenyi

      Interface interaction in metal C60 thin films nanosystems

      Proc. 1st European Materials Symp., Coimbra (Portugal), april 2001

1b. S. Poenariu, C. Giusca, D. Macovei, Th. D. Marian, R. Manaila, A. Devenyi

      Strong interface interaction in Ni alloy / C60 nanostructures 

      (to be summitted to Eur. Phys. J., nov 2001)

1c. R. Manaila (invited lecture) 

      Nano-icosahedral phases Proc. Inst. Conf. “Aperiodic Structures 2001”, Krynica            (Poland), sept. 2001

1d. G. Alexe, G. Giusca, P.B. Barna, A. Devenyi, R. Manaila 

       Energetics of nucleation for the icosahedral Al-Mn phase in HTSD-deposited thin films. (submitted to Thin Solid Films, may 2001)

1e. R. Popescu, C. Giusca, S. Poenariu, P.B. Barna, R. Manaila, E. Belin-Ferre 

      X-ray emission spectroscopy investigation of Cu nanoclusters embedded in a C60
      fullerene matrix. 

      (to be submitted to Physica E, nov-dec 2001)

1f. R. Popescu, R. Manaila 

      Interface related energy in metal-C60 nanosystems: effects on metal dispersion 

      (in preparation)  

2. MATERIALE SI STRUCTURI AVANSATE PENTRU FOTONICA
2a. Caracterizarea materialelor optice neliniare

Colaborari internationale: Universita di Roma “La Sapienza” (acord interguvernamental), Programul COST P2, Imperial College din Londra (acord de colaborare prin Academia Romana si Royal Society), Technische Universität Berlin.

Analytical treatment of transversal effects in stimulated Brillouin scattering

The SBS process can be modeled by a set of differential equations describing the interaction between a light wave (electrical field) and an acoustical wave yielded by the former one in a nonlinear optical material. To solve analytically this set of nonlinear coupled equations, we have used the integration on characteristic equations, a method that leads to more general solutions (analytical distributions in time and space for an arbitrary temporal shape of the optical pump pulse).

In the study of the transverse effects in SBS, Visnyauskas et al., Ridley et al , Rae et al. constructed simplified three-dimensional models (with cylindrical symmetry) and found out analytical and numerical solutions for an initial condition imposed to the Gaussian pump beam These solutions allow the correlation of some transversal-longitudinal effects (for ex. the dependence of Stokes pulse duration on the divergence angle and the dependence of SBS reflectivity on the transversal envelope of the pump intensity).  Recently, V. Raah et al. studied the transversal effects in optical phase conjugation in lasers with SBS mirror. The expanding in spatial (Gauss-Hermite) modes is performed and the transversal problem is linearized for the clarity of the solutions. 

In our studies, we build a three-dimensional model for SBS and look for a more general analytical solution in the case of slowly varying envelope approximation, stationary regime and rotational symmetry. Then, an improved analytical expression for SBS reflectivity is found. The theoretical results are checked experimentally in a conventional configuration for SBS using a YAG: Nd laser and carbon disulphide as nonlinear material. A good agreement between theoretical and experimental data for SBS reflectivity is shown for Gaussian transverse profile of the pump beam, at different pump intensities. 

Published paper: V.I.Vlad, V. Babin, A. Mocofanescu, H.J. Eichler, Analytical spatio-temporal treatment of  stimulated Brillouin scattering, Proc. CLEO 2001, Muenchen, p.250

(2+1)D Spatial solitons with low intensity in photorefractive crystals with strong optical activity and absorption

The research on steady-state spatial solitons was recently stimulated by the demonstration of (1+1)D and (2+1)D compensation of diffraction by refractive index modulation in photorefractive crystals (using low power lasers). 

The steady-state (screening) solitons were first predicted by Segev et al  and by Christodoulidis and Carvalho. They assumed the (incoherent) superimposition of the focused signal beam on a collimated background beam into the photorefractive crystal (PRC). The background ensures a constant pumping of electric charges, provides the dependence of the refractive index change on the average light intensity in steady-state conditions and drives the system to a stable modification of the refractive index, i.e. to a stable soliton formation in the signal beam propagation. In order to obtain the spatial soliton, both beams are propagating parallel along an apropriate crystalographic axis of the photorefractive crystal and perpendicular to an external electric field, which creates a dominant drift regime for the photorefractive effects. The static electric field inside the crystal is decreased  (screened) in the region of the focused beam, with a narrow Gaussian spatial distribution and a high optical intensity in the center. The resulting electric space-charge field induces a spatial refractive index modulation in the form of a waveguide, which preserve the solitonic shape of the propagating signal beam. The theory of steady-state solitons in PRC was further developed by Crosignani et al. 

Experimental observation of (2+1)D and (1+1)D steady-state solitons and self-focusing in PRC was done by Shih et al, Iturbe Castillo et al, [Kos et al,  Chen et al. Segev and Crosignani wrote good reviews over the major achievements in the field.


Many photorefractive crystals (for example, the sillenites) and organic non-linear materials show important optical activity,  which complicates the wave propagation in these anisotropic non-linear media. Krolikowski et al developed a theoretical model and numerical calculations for wave propagation and possible (1+1)D solitons in these complex media. They have shown that for some crystallographic orientations and properly chosen beam intensity, nearly stationary propagation of solitons is possible. We have obtained results within a theoretical model for (2+1)D solitonic propagation in photorefractive crystals with strong optical activity and experimental results proving the generation of (1+1)D solitons in BSO crystals, at high external electric fields. 

In our studies, we have found (2+1)D analytical solutions of propagation equations in PRC with strong optical activity and absorption, at low intensity. The relatively large absorption was correlated with good photorefractive properties and consequently, it cannot be neglected in a realistic treatment of spatial solitons. The existence of (2+1)D “breathing” solitons is demonstrated for a particular orientation of the crystals belonging to the sillenite family. 

Published paper: V.I. Vlad, V. Babin, M. Bertolotti and E. Fazio, (2+1)D spatial solitons with low intensity in photorefractive crystals with strong optical activity and absorption, Proc. Ro. Acad. A1(3), 163-172(2001)

Diffraction in laser induced gratings on thin As2S3 films

The large change of the refractive index produced by illumination with green light at the band-gap energy, the possibility to obtain samples of large size, good spatial resolution, and the possibility to erase the recorded gratings by heating, make As2S3 a promising material for holography, optical recording, optical phase conjugation, optical image processing, all-optical switching, integrated optics, etc.The investigation of the light diffraction on the holographic gratings induced in amorphous chalcogenides is important for a better understanding of the various photo-induced effects that occur in these materials and also for their applications.


We have experimentally studied the diffraction on phase gratings induced in thin amorphous As2S3 films. In the Raman-Nath regime (“thin” gratings), the restrictions imposed by the Bragg diffraction condition are not present, and many diffraction orders can appear in the diffraction spectrum of the reading beam. The number and intensity of the diffraction orders depend on the grating phase modulation index (related to the non-linearity of the process).

The gratings have been induced using an Ar laser (514.5 nm wavelength). At this incident wavelength, the absorption coefficient and the refractive index are both modulated in a complex, amplitude and phase grating. The light-induced change of the absorption coefficient and its temporal evolution was experimentally studied. In order to discriminate between the contribution to diffraction produced by the amplitude and the phase gratings, a He-Ne laser beam has been used for probing. In this case, the complex grating acts almost as a pure phase grating. We have studied the dynamics of the phase grating, by monitoring the temporal evolution of the various diffraction orders intensities of the He-Ne reading beam.

For low modulation of the phase grating, the diffraction spectra have been explained using the analytical predictions of the Raman-Nath diffraction theory. For high modulations of the phase grating, our experimental results show an intermediary regime between Raman-Nath and Bragg, and the Bessel function approximation of the Raman-Nath model cannot give anymore an accurate prediction of the diffraction orders intensities. Our study indicates a strong variation of the absorption and refractive properties of the As2S3 films and the high efficiency of the laser induced phase grating. 
Published paper: A. Petris and V. I. Vlad, Diffraction in laser induced gratings on thin As2S3 films,   J. Optoelectronics and Advanced Materials, 3(3), 769-776(2001)

Methods for characterization of non-linear optical materials 

We have compared the diffraction, self-diffraction, optical phase conjugation and z-scan technique, as powerful, all-optical methods, for characterization of optical non-linearities of semiconductor materials.

In all these methods, the result of the interaction of one or more laser beams with the nonlinear material is that some of its optical parameters (refractive index, absorption coefficient, etc.) can be changed. Consequently, the incident laser beams are modified too (intensity, phase profile, new beams that can appear, etc.), probing the non-linearity of the material. We brought contributions in the characterization of the non-linear optical semiconductor materials using these methods.

Published paper:  A. Petris, E. Fazio, M. Bertolotti, V. I. Vlad, All optical methods for characterization of non-linear optical materials, Proc. Conf. ARM-2, Paper O13, Constanta, Sept. 2001, p.160 (accepted for publ. in Ro. Repts. Phys.)

2b. Studiul proceselor cuantice in micro- si nano-cavitati

Colaborari internationale: Max-Planck-Institut fuer Quantenoptik, Muenchen si International Centre for Theoretical Physics, Trieste (patronat de UNESCO si AIEA-Viena) 

Discrete Bose-einstein spectra

Einstein introduced the brilliant hypothesis that the particles (atoms, molecules with rest mass and without limit for level occupation) of a gas are, like photons, indistinguishable from each other and calculated the gas statistics almost in the same way as for photons. The specific feature of the particle gas is the finite number of particles, which leads to a non-zero chemical potential. This model became one of the pillars of modern physics and prompted the research of Bose-Einstein condensation (BEC) and its challenges. An excellent review of this matter was recently presented by Tino and Inguscio. The Bose-Einstein distribution law is described by a continuous function, which is dependent on kinetic energy, temperature and chemical potential, but is independent on the container size and shape (considering the quantum gas in a large container). 

Will this remain true when the box size and the temperature are smaller and smaller?  Following Einstein’s line of thinking can the results obtained with photons in a small box be generalized to the problem of atoms in a small box? 

 The ideal classical box may be defined as a closed surface with a perfectly smooth and unitary reflection interior wall. The quantum counterpart of this classical definition is the concept of an infinite potential well, ensuring a vanishing probability for the atom presence outside its surface. 

The quantum version of the atom confinement is actually an eigenvalue problem, the discrete spectrum of the atom energies being a direct consequence of the volume finiteness and of the shape of limiting surface. For a free particle with rest mass, the energy equation (with the corresponding quantum operators) can lead to a Schrödinger-Helmholtz equation. The rigid box introduces a Dirichlet boundary condition. The history of these types of problems is very rich. Gutierrez and Yanez and Pathria  gave good accounts of it. The previous attempts to calculate the effects of the container size on the boson gas thermodynamics have used the (Weyl-Pleijel) asymptotic state density corrections only. These corrections were relatively small, but increasing with the box size decrease. More recently, a number of papers calculated the effect of trap dimension and size on BEC.

If we refer definitely to the Bose-Einstein energy spectrum (BEES), we show that the effect of the geometrical confinement upon the energy spectrum of the particles stored inside the box may be assigned to an additional quantisation, similar to the case of photons in a small box. In this case, not only the atom internal energy is quantified, but also its kinetic energy, through the agency of the discrete spatial directions of the allowed wave-vectors (as a result of the confinement). We name this quantum device as double quantized box (DQB). The effect of the additional energy quantisation is controlled by the factor ( = AatTV2/3 (Aat – atomic mass number, T – absolute temperature and  V – the allowed volume), which is proportional to the adiabatic invariant and by the chemical potential (or alternatively, by the particle number). For 2.28(10-14 ( ( ( 76(10-14 [cm2(K], we show that BEES presents a discrete pattern (of lines with irregular intensities). For larger (, the asymptotic region is reached and the continuous BEES is obtained by averaging over many non-resolvable spectrum lines.

Furthermore, the total energy, obtained in this case by summing up the exact contributions of the eigenvalues and their weights, for well-defined values of (, does not obey the conventional law any longer. We demonstrate that the new total energy law is depending on ( and on the chemical potential (fugacity) and imposes a faster decrease to zero than it is classically expected, for ( ( 0. 

Published paper: V.I. Vlad and N. Ionescu-Pallas, Discrete Bose-einstein spectra, ICTP Preprint IC/2001/14, Miramare-Trieste, March 2001

3.Sisteme mezoscopice cu disipatie
Colectiv de lucru :


acad. Horia Scutaru


dr. Andrei Mezincescu

Principalele rezultate stiintifice publicate :

1. Paulina Marian , Tudor Marian, Horia Scutaru
Inseparability of mixed two-mode Gaussian states generated with a SU (1,1)  interferometer,  J.Phys.A : Math. Gen. 34 (2001) 6969-6980, stacks.iop.org/JPhysA/34/6969

2. G.A. Mezincescu si L. Mezincescu

Factorization method and the supersymmetric monopole harmonics,               submitted to JHEP, (http://xxx.lanl.gov/hep-th/abs/0109002)

In lucrarea "Factorization method and the supersymmetric monopole harmonics", autori G.A. Mezincescu si L. Mezincescu, (http://xxx.lanl.gov/hep-th/abs/0109002 submitted to JHEP) se utilizeaza metoda factorizarii pentru a obtine spectrele si functiile proprii ale extensiilor supersimetrice pentru o particula confinatape o sfera in cimpul generat de un monopol magnetic Dirac localizat in centrul sferei. Vom mentiona relevanta modelului studiat pentru teoria sistemelor mezoscopice, si a efectului Hall cuantic. In fapt, avem de aface cu o regularizare cu rezolventa compacta si simetrie maximala a carei limita rescalata pentru raze mari este problema lui Landau privind starile electronului localizat intr-un strat de inversie (heterojonctiune planar aflat intr-un cimp magnetic orientat pe normala structurii. 
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