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Abstract
Milestones of historical evolution of the Chemistry Department of the LomonosovMoscow State University, which was formally
separated from the physical-mathematical faculty of the University in 1929, are briefly outlined. Directions of studies carried out
at the Department in the field of structural chemistry are overviewed with an emphasis on the works included in this issue.
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This issue is devoted to the 90th anniversary of the
Department of Chemistry of the M.V. Lomonosov Moscow
State University. This University is the oldest and the most
reputable in Russia. It was established in 1755 according to
the decree signed by Empress Elizabeth I, the daughter of
Peter the Great. The project of the University was elaborated
chiefly by the outstanding scientist Mikhail V. Lomonosov
and a man of education, count Ivan I. Shuvalov.

Initially, there were three faculties of the University, name-
ly, the ground-level philosophical faculty, whose graduates
(after three years of study) could either continue their educa-
tion at the same faculty or apply to either of the two higher-
level faculties, namely the law and medicine. The latter one
included the chair of chemistry. Nearly half a century later, in
1804, in the spirit of the times, the University was restructured
and four departments replaced the three faculties. The chair of
chemistry became part of one of them, the new physical-
mathematical department. In another half a century, during
which the departments were again renamed into faculties,
the rank and importance of chemistry increased so much that
the head of the chair of chemistry, professor Rudolf Heimann,
gave public lectures for industrialists and manufacturers.

By the end of the third quarter of the 19th century, in 1872,
the prominent scientist Vladimir V. Markovnikov was invited

to head the chair of chemistry. He laid the novel methodical
foundations of teaching chemistry and considered it absolute-
ly necessary for the chemistry majors to carry out research in a
chemistry laboratory. Moreover, the chair of chemistry was
among the first to admit women as students who could later
on receive the Philosophy Doctor degree in Chemistry. The
initiative for laboratory research was further developed by the
next head of the chair, professor Nikolai D. Zelinskii, who
made the systematic work in a laboratory an indispensable
part of the curriculum. This became a tradition continuing to
the present day. In 1921 the chair of chemistry was trans-
formed into the department of chemistry within the physical-
mathematical faculty, and eight years later, on October 1,
1929, a separate Faculty of Chemistry was established. This
date has become the official birthday of the Faculty of
Chemistry, though its history is longer as described above.

The number of chairs within the Faculty (or, Department,
as it is called nowadays) has gradually increased in time, from
the original five (general and inorganic, physical, organic,
analytical chemistry, and biochemistry) to the present seven-
teen (general, inorganic, organic, analytical, colloid, physical
chemistry, electrochemistry, petroleum chemistry and organic
synthesis, chemical kinetics, radiochemistry, chemical engi-
neering and novel materials, high-molecular compounds, laser
chemistry, medicinal chemistry and fine organic synthesis,
chemistry of natural compounds, chemical enzymology, and
fundamental principles of chemistry). On the whole, the re-
search and teaching staff of the Department of Chemistry in-
volves about 1800 specialists in all the branches of chemistry
and at the frontiers with physics and biology. Most of these
associates are involved in teaching, as professors giving basic
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courses, as associate or assistant professors giving seminars or
practical classes as well as general special courses, and as
researchers of different levels who supervise specialized lab-
oratory work, course work, diploma (Master-degree
equivalent) projects, as well as post-graduate PhD studies.

Among the total of more than a thousand students of the
department, there are always a considerable number of interna-
tional students. On the whole, about fifteen hundred citizens of
Europe, Asia, the Americas, and Africa have earned (Master-
degree equivalent) diplomas in chemistry at our Department.
We are proud that the Editor-in-Chief of Structural Chemistry,
Professor Istvan Hargittai is among our graduates.

The scope of scientific studies carried out at the
Department is extremely broad and represent both experimen-
tal and theoretical investigations that are supplemented with
engineering projects. Previously distinct spheres of theory and
experiment have interpenetrated during the last decades, so
that almost all research groups combine synthetic work and
computational simulations in order to obtain more detailed
knowledge about systems or processes of interest. The works
collected in this issue represent only one segment of these
studies, which in itself is rather versatile and focuses on the
structure of the building blocks of matter in various phases
(gas, solid, and liquid) and the stationary features and dynamic
properties of the substances under investigation. Special atten-
tion is being paid to the inherent peculiarities of the electron
density distribution and the nuclear configurations of the
building blocks involved.

In particular, the issue contains papers devoted to the re-
sults of studies carried out at the chairs of physical chemistry,
inorganic chemistry, organic chemistry, medicinal chemistry
and fine organic synthesis, and electrochemistry. They deal
with diverse aspects of the molecular structure studies, which
are as follows:

(i) Synthesis and structure studies of novel compounds,
which, depending on the phase state of the substance,
are carried out with the use of NMR, infrared absorption
or Raman spectroscopy, as well as single-crystal x-ray
diffractometry, and either assisted or not by semiempiri-
cal or nonempirical modeling, which helps in determin-
ing the role of diverse intra- and interparticle interactions
that govern the formation of particular conformers or su-
pramolecular ensembles, frameworks, and crystals [1–5];

(ii) Synthesis of drugs, drug precursors, and other kinds of
biologically active compounds and their biological test-
ing with the use of different experimental spectral tech-
niques supplemented with molecular modeling that pro-
vides tentative ideas about the underlyingmechanisms of
biological effects [6, 7];

(iii) Clarifying details of the mechanisms of important bio-
chemical processes at the most reliable level accessible
in modern simulations, namely with the use of

combined quantum/classical models where the reaction
site is described at the high quantum chemical level,
while the effect of substantially extended dynamic
neighborhood is taken into account as a properly tuned
force field [8];

(iv) Determining structure peculiarities and the possible cat-
alytic activity of different immobilized or deposited
atomic layers or nano-sized particles depending on the
characteristics of substrates, which is of primary impor-
tance in view of the production of more efficient and
relatively cheap catalysts [9, 10];

(v) Investigation of possible conformers of the compounds
with complex either flexible or, by contrast, strained
structures with an emphasis on the methods that provide
reliable description of such compounds and the effects
produced by particular substituents, functional groups, or
ligands; as well as conformational analysis of molecules
in different electronic states in relation to the differences
in their absorption and fluorescence spectra determined
by intramolecular transformations [11–13];

(vi) Studying diverse molecular ensembles with the use of
experimental and theoretical approaches, the latter in-
volving either molecular dynamics or stationary nonem-
pirical modeling, with an aim to clarify the nature and
strength of intermolecular forces that stabilize particular
kinds of solvation shells or local neighborhoods of for-
eign particles, as well as the structural kinds of dynam-
ically changing clusters, agglomerates, and conglomer-
ates of molecules that may be present in the bulk of
liquids [14];

(vii) Discovering peculiarities of the hydrogen-bonded com-
plexes and building blocks, which are of primary im-
portance in the case of gas-phase, liquid, and solid sys-
tems, with an emphasis on the changes, which accom-
pany phase transitions, and spectral fingerprints ob-
served both in the experimental infrared absorption
spectra and simulated spectra retrieved from quantum
chemical calculations [15–19];

(viii) Modifying and improving the existing or constructing
new schemes that provide more reliable description of
the vibrational states of molecules with an emphasis on
either efficient algorithms of determining force field
parameters in the case of large molecular systems or
the accurate representation of anharmonic interacting
vibrations of relatively small molecules [20];

(ix) Estimating accurate thermodynamic functions, particu-
larly enthalpies of formation, of different compounds,
especially those which are energy-rich ones, with the
use of complex multilevel simulation schemes based
on high-level quantum chemical methods [21].

Methodologically, the investigations are focused on (i)
structural peculiarities of particles tightly related to their
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electronic, rovibrational, and magnetic-resonance spectra, in-
terpretation of which requires continuous development and
improvement of already existing procedures; (ii) interrelated
features of the electron density distribution and various, prac-
tically important local and bulk characteristics of particles and
material building blocks that predetermine their adsorption/
absorption power and reactivity including catalytic activity;
(iii) spectral characteristics of molecules in different phases
(gas, liquid, and solid) where different approaches and
schemes are constructed to predict not only the probable tran-
sition frequencies and intensities of individual particles, but
also the changes imposed by particular neighborhoods, which
is especially important in the case of fluorescent markers or
photovoltaic units.

This is by no means complete list of the directions of stud-
ies at the Chemistry Department, yet it is a relatively good
representation of its research directions.

Dear readers of the Journal! We hope that you find inter-
esting papers in the issue and will be glad if their presentation
will encourage you to visit Moscow State University and to
find partners for future joint work!

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.
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