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  Lucjan Piela was born in 1943 in Sokołów Małopolski, Poland. In 1965 he graduated from the University of Warsaw, Chemistry Department (M.Sc.), and five years later obtained his Ph.D. degree for a thesis on the electron exchange problem in the perturbation theory of the long-range intermolecular forces (his supervisor was Wlodzimierz Kolos,  a world known Polish chemist). The scientific career of Lucjan Piela is connected with the University of Warsaw, Department of Chemistry  where he became professor in 1976 and was head of the Quantum Chemistry Laboratory (after Włodzimierz Kolos). He was also a visiting professor at Université de Namur (Belgium) and Cornell University (USA), where he collaborated with professors Jean-Marie André, Joseph Delhalle, Harold Scheraga, George Nemethy, and  Roald Hoffmann (Nobel Prize 1981).  Professor Piela is an author of about hundred papers published in international journals.

The main scientific achievements of Lucjan Piela are   

1.  The long-range forces in molecules and polymers

   Any theory of  regular polymers (i.e., exhibiting a periodic symmetry) has to take into account all particle interactions. The long-range interaction of the unit cells (the periodic structure is composed of) turned out to be  necessary to obtain  correct results. This represented however a formidable numerical problem (with the effort exponentially increasing with the polymer size), since the interactions decayed very slowly when the interaction region increased. Lucjan Piela together with his Belgian colleagues were the first to convert this prohibitively complex problem to a very simple one
,
. The key was using the multipole expansion, and then summing up exactly the appearing multipole-multipole contributions over the infinite polymer chain. To achieve a given accuracy, instead of millions two-electron integrals one had to compute only hundreds of much simpler one-electron ones. The multipole expansion has been used routinely in the intermolecular interaction theory, but Piela applied it for the first time to a single molecule. This has been very quickly recognised and the  multipole method has been described in detail in the review articles covering the field
   Piela and his collaborators were also the first to point out that interaction energy values calculated in the literature often depended on the arbitrary choice of the coordinate system. The authors  have proved a mathematical theorem  indicating how  the summation of the multipole expansion has to be modified to correct such a dependence
.

   The modified multipole expansion obtained by Piela et al. gave results invariant also with respect to the arbitrary choice of the unit cell. Using the invariance Piela and coworkers  introduced some  peculiar unit cells, which practically do not interact at all with other cells, and therefore represent favourable building blocks for description of a crystal
. This produced a  novel and powerful technique (crystal field compensation) of calculation of the long-range electrostatic forces as well as revealed a kind of symmetry of a theory with respect to the interacting subunits assumed. 

   For metallic polymers it turned out that the exchange electron  interaction is of long-range character. When the energy band gap is non-zero, the exchange energy is of the short-range, while for the zero gap (i.e. for metals) the exchange almost suddenly becomes of the long-range character. Lucjan Piela with his collaborators  explained this phenomenon by showing why the gap plays so critical role in the range of exchange interaction
.

2.  The global minimum problem
    Global optimisation of a function, or searching for the optimum solution, is of great importance in virtually all sciences, technology, economy etc. A particular difficult and important  example of this is the protein folding problem. The ambitious future task of molecular biology: to find a three-dimensional structure of a protein known only by its amino acid sequence is  often called “second genetic code”. The problem is attacked either by purely empirical methods with no reference to chemistry and physics whatsoever, or by the so called de novo approach, in which there is such a connection. In the last approach a crucial role is played by the approximate energy of the protein molecule as function of the  protein conformation (the so called energy hypersurface). The main goal is to find the most important conformation, i.e. the conformation of the lowest energy (global minimum). Unfortunately, the energy function has  astronomical number of stable conformations (of the order of 10100) and it is hopeless to select just one by examining all of them by any method. 

   This problem has been undertaken by Lucjan Piela, who introduced an  new concept of a deformation of the energy hypersurface
. In other methods the target function (the hypersurface) was kept intact. The strategy behind the deformation was the following: deform the target function as to the number of its stable conformations decreases dramatically (sometimes to a single one), find much easier the new global minimum of the deformed function, then reverse the deformation gradually and follow the trajectory of the global minimum conformation until the undeformed target function is reached again. The concept was also new in mathematical methods of  global optimisation, where it turned out that it enables one to obtain the global minimum (for the widely accepted global optimisation test functions set) either in the shortest time of all other methods tested in the literature, or analytically, i.e. without any calculations
. 
This idea of deformation is based on a destabilisation of all minima of a function by introducing  smoothing techniques (Diffusion Equation Method, DEM, distance scaling method, shift method, also related to them: Self-Consistent Electrostatic Field, Self-Consistent Multi-Torsional Field - all methods designed by Piela and coworkers). In this context, when designing the SCEF method Lucjan Piela  has demonstrated that  the NH and CO dipoles of corresponding to the global minimum conformation of proteins are directed along the local intramolecular electric field.
 The most widely known DEM method is based on infinitesimal destabilising modulation (with intensity t>0) of the original function, and then by repeating the modulation an infinite number of times. This procedure very often ends up at a very simple analytical formula for the deformed function. The deformed function is much smoother than the original one, and it turned out to evolve according to the diffusion equation. This leads to identifying the parameter t as time even for mathematical functions to be minimised with no relation to physics or chemistry. As shown by other authors the DEM method is related to several basic equations of physics: Schr(dinger equation for time evolution of quantum systems,  Bloch equation for the temperature evolution of the canonical ensembles, Smoluchowski and Fokker-Planck time evolution in statistical thermodynamics, time average over trajectories in molecular dynamics, etc. Piela and his coworkers were able to show that all equations that emerge in the global optimisation procedures based on these phenomena are particular cases of a more general mathematical scheme. The scheme mimicks nature’s strategy in finding the global minimum of the free energy and has clear heuristic basis
. 
3.  Molecular electronic devices
 
Lucjan Piela (together with Leszek Stolarczyk) proposed in 1984 a new kind of isomers. The isomers will differ by the electronic charge distribution rather than the nuclear framework as  the others do. According to that hypothesis some donor-acceptor molecules may exhibit long-living isomeric electronic metastable states. The states would result from a cooperative effect of successive electron transfers from several electron donor to electron acceptor moieties of the molecule. Piela and coworkers have proved by ab initio calculations that indeed in some substances a single electron transfer requires a considerable amount of energy, while a few such transfers need negligible energy.  This creates a barrier separating the isomers and makes them long-living and therefore observable.
4.  Teaching molecules
The molecular recognition of two molecules may be viewed as measurement  of the amount of the Shannon  information entropy based on the intermolecular interaction energy as a function of the mutual configuration of the molecules. One can imagine a teaching process, in which  a student molecule S0 is chemically modified to S1, then to S2, etc.in order to recognize  the teacher molecule T more and more accurately. Any such a chemical modification (“a lesson”) may be characterized and calculated as  the amount of information acquired (as  a certain number of information bits) 
. 
5.  Electrons can ...attract themselves
Electrons repel one another by Coulombic force (giving rise to Coulomb, or correlation hole). Electrons with the same spin coordinate also repel each other, creating in addition the Fermi hole, that results from the Pauli exclusion principle. When in molecules, electrons are, at the same time, attracted by the nuclei. As a consequence a compromise is achieved: the largest amplitude of the electronic wave function corresponds to electronic positions close to the nuclei and with interelectronic distances as large as possible. It is possible to  eliminate the nuclei as the only possible cause of any electronic attraction, and then to see what the mean interelectronic distances depend on. In the absence of any nuclear attraction, the electrons are supposed to increase the interelectronic distances due to the Coulomb repulsion and/or theFermi hole, as compared to the case of the independent electrons model. It is shown using example of two-electron system, that indeed these distances increase in case of the ground electronic states. It is demonstrated however that there exist excited states, in which the electrons, while having a lot of empty space, choose to be close to each other in their motion (a kind of electronic anticorrelation) as if they mutually attracted one another
. This behaviour is unusual, because the known electron-electron attraction in the Cooper pairs (responsible for superconductivity) is still mediated by the motion of the nuclei (lattice phonons), which do not exist in the calculations. The reason for thereported behaviour is ultimately related to the orthogonality of the two-electron wave functions, an effect purely quantum mechanical in nature. It is also shown that such two-electron states exhibit a direct correspondence with the "low-field seeking molecules", which are experimentally observed (in excited states their dipole moment being oriented, anti-intuitively, opposite to the external electric field).
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