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xiPreface

From our school years, we know that when discussing physics, we 
cannot avoid mentioning the mathematical notions of probability 
and statistics. Statistics is the conventional product of the probability 
theory. The mathematical foundations of statistics are very well 
developed	to	enable	its	efficient	usage	as	a	skillful	tool	in	processing	
experimental	findings	(see,	for	example,	Ref.	[1]	and	the	references	
therein).
 With the aid of statistics, we may get useful, physically relevant 
information from experiments, with the ultimate correctness 
criterion being the appropriate number of experimental attempts 
dictated by statistics. To properly express the obtainable information, 
we	 first	need	 to	know	 the	pertinent	 functional	 form	 that	must	be	
fitted	 to	 the	 measurement	 findings.	 We	 may	 somehow	 choose	
functional	forms,	parameterize	them,	and	fit	the	constructs	chosen	
to the measured data, but statistics help us estimate the goodness 
of	 fit—thus	 validating	 or	 helping	 us	 discard	 our	 parameters’	
estimates—and,	hence,	our	functional	form	choice.
 After having correctly estimated the necessary parameters, we 
may go in for diverse inferences, by duly testing our hypotheses using 
a number of the relevant statistical tools. Finally, all these efforts boil 
down to some credible picture of the physical phenomenon/process 
under	 study.	 Another	 efficient	 way	 of	 arriving	 at	 some	 credible	
physical picture is by numerical modeling, nowadays performed on 
computers, which is why we dub it “computer simulation.”
 In any kind of modeling, we start with physically plausible 
axioms or even just hypotheses and then mathematically arrive 
at some formulae, which must be compared to the relevant 
experimental data in order to prove or disprove the correctness 
of the hypotheses/axioms. However, at this point, physics does get 
into conceptual trouble. We take for granted that microscopically 
seen, all the macroscopically observable objects are consistent 
with some discrete distribution of microscopic particles (atoms 

Preface



xii Preface

and molecules). Hence, we build up general microscopic models 
explaining the diversity of macroscopically observable phenomena 
from the microscopic standpoint.
 One important and successful step is well known since more than 
100 years ago and is connected with the advancement of statistical 
and	 quantum	 mechanics.	 However,	 some	 general	 difficulties	 still	
remain. Indeed, as soon as we adopt the atomistic picture of matter 
and deal therefore with atoms and molecules, the problem of 
interatomic and intermolecular coupling arises. This coupling will 
obviously be manifested in the experimental data, but how should 
we theoretically interpret what we have measured?
 Purely mechanically seen, if we treat atoms as small balls, the 
first	idea	would	be	to	consider	both	repulsion	and	attraction	among	
them. When treating repulsion, it is important to know whether 
our “balls” are rigid. Analytically treating the problem (writing 
down and solving the resulting equations of motion) after duly 
considering both latter points together is practically impossible. We 
must introduce some reasonable approximations.
 This is just what the great peers Ludwig Boltzmann and Josiah 
Willard Gibbs were ingeniously able to do: initially considering 
the particles as rigid (hard balls) to treat the interactions among 
them just as rigid collisions (Boltzmann) or initially neglecting any 
coupling as a whole (Gibbs). The results of these simple approaches 
were both very encouraging, and one managed to draw a number of 
seminal conclusions.
 Meanwhile, further detailed research (such as the spectroscopy 
of the “black-body radiation”) posed the next problem: The atoms/
molecules turn out to be far from rigid. Hence, to describe the 
coupling among the “soft” balls is a several-orders-of-magnitude 
more complicated mathematical task than to treat the “rigid”/
statistically independent ones. Black-body radiation is where 
thermodynamics	is	of	crucial	significance.	Even	if	the	system	under	
study is not involved in any kind of transformation process, black-
body radiation is present and detectable. This is just the observable 
result of thermal motion, that is, the conventional dynamics the 
“soft” atomic/molecular constituents of the matter do take part in. 
To write down the anticipated equations of motion is throughout 
possible,	but	to	solve	them	analytically	is	exceedingly	difficult.	Such	
was the quest for further approximations.
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 Most importantly, thermal motion looks empirically like a kind of 
chaotic perpetuum mobile (as clearly visualized by Brownian motion, 
for instance), without being so in fact: it represents the result of 
competition (and, eventually, equilibration/compensation) among 
some relevant driving forces (let us call them “enthalpic factors”) 
on the one hand and some pertinent obstacles (let us call them 
“entropic factors”) on the other hand, just as any realistic dynamical 
process.
 In fact, Clausius, Boltzmann, and Gibbs suggested studying 
a	 largely	 simplified	 version	 of	 the	 above	 rather	 complicated	 full	
story. Their genius helped us to grasp one very important thing: 
as we do not really know and hence cannot foretell who might be 
the actual winner in the above-mentioned eternal competition, let 
us avoid considering the latter explicitly and instead take help from 
the probability theory and mathematical statistics to get an implicit 
description, which would still be correct and valid, nonetheless.a
	 Howbeit,	 the	 proper	 solution	 finally	 came	 up	 and	 turned	 out	
to be successful: quantum mechanics as developed by Max Planck, 
Louis de Broglie, Erwin Schrödinger, Werner Heisenberg, and 
numerous colleagues all around the world. Indeed, atoms/molecules 
are throughout “soft” because they consist of relatively hard nuclei 
and much softer clouds of electrons. These softer parts should obey 
some different mechanical laws in comparison to our conventional 
macroscopically based representations. What could the proper 
model for such dynamics look like?
 Here comes the important turning point: a “desperate move” 
[2]	 by	 Planck	 to	 introduce	 the	 seminal	 idea	 of	 energy	 quantum.	
Moreover, Planck had simply taken over the expression for entropy as 
a logarithmic function of some magic probability, as conjectured by 
Boltzmann. Neither Boltzmann nor Planck was somehow analyzing 
the physical sense of this probability. Planck could just demonstrate 
that both his “desperate move” and Boltzmann’s formula are correct 
and physically valid.
aHere is the ingenious and seminal sense of the famous Boltzmann/Gibbs formulae to 
connect entropy and probability: it is throughout possible to build up valid physical 
theories without taking care of what the probability and, consequently, the entropy 
really is. Remarkably, Carnot could arrive at the very eve of building-up the true 
explicit description of the whole story. Undoubtedly, he could also manage going along 
with	 this,	and	Carnot’s	 ideas	were	definitely	 in	 the	wind,	 for	 there	were	a	number	
of colleagues all around the world who were duly picking up the banner Carnot had 
dropped. Do we know anything about them and their results?
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Consequently, the further tremendous success of Planck’s idea, which 
resulted in some properly and successfully working theoretical 
models, has two natural sides. In what follows, we do not discuss the 
apparent side, the success of the model involved, for that is already 
undoubted. The points we would like to discuss here are instead 
the	difficulties	brought	about	by	 fetishizing	the	model	and	how	to	
overcome them. Nos autem non judicas victores . . . we are discussing 
our own dealing with the seminal research results.
 Philosophically seen, the idea of the energy quantum is 
throughout materialistic: roughly speaking, we treat the energy 
notion as a kind of sausage, which might be cut into extremely thin 
slices. Does this, in itself, introduce some novel physical insight? The 
true answer: unfortunately not.
 We shall next discuss the life and work of Simon Ratnowsky 
(1884–1945), who could prove that the very idea of energy quantum 
stems from considering the zero of absolute temperature, which is 
physically unreachable. Moreover, Ratnowsky could rigorously show 
that all the formulae derivable starting from the energy quantum 
hypothesis are well obtainable from Gibbs’ results, without taking 
the latter hypothesis into account.b
 The main aim of this communication has been to trigger a 
discussion of how to fruitfully use the powerful tools of mathematical 
statistics without declining into metaphysical discourses and 
addressing the question whether it is possible and useful to explicitly 
treat what we might very well describe implicitly?
 Our answer is: Yes, sure!
 Chapter 1 of this book demonstrates that an explicit picture of 
the ubiquitous interatomic/intermolecular coupling as a dialectic 
competition of actions (enthalpic factors) and counteractions 

bIs quantum physics dispensable then? Do we need any philosophical yard work 
when dealing with such a model? Nice posers, which are not to be discussed here 
in	detail,	though	they	are	definitely	worth	raising.	Interestingly,	the	straightforward	
link between quantum mechanics and equilibrium statistical mechanics/
thermodynamics, just as Ratnowsky could clearly reveal, is currently being talked of 
[3–11].	To	our	mind,	this	discussion	arises	from	nothing	more	than	sheer	difficulties	
with	the	rational	interpretation	of	the	former	[12–19]	and	the	logical	inconsistencies	
of	the	latter	[20].	The	true	reason	of	the	difficulties	just	mentioned	is	the	ignorance	
about the actual physical sense of the notion of entropy. Meanwhile, there are 
colleagues who could duly clarify the latter point. This is why, here we shall continue 
the	discussion	started	in	Ref.	[20].
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(entropic factors) is physically meaningful: the very fact of enthalpic-
entropic compensation/equilibration might be viewed as a kind of 
microscopic phase transition.
 This opens the door to studying mechanisms of diverse 
microscopic processes in detail. Of extreme importance here should 
be computer simulations (in particular, molecular dynamics). 
Nowadays, we might obtain credible results this way, for in a 
Cartesian space, we may generate the full account of trajectories and 
velocities of all the atoms in the molecules under study.
 This way, we arrive at the true picture of the thermal motion plus 
any possible dynamics beyond the latter. The poser is, how do we 
distinguish	between	both?	Of	mechanistic	 interest	 is	the	definitive	
atomic/molecular dynamics beyond the overwhelming thermal 
motion, with the latter properly hiding, but not cancelling, the 
former.
 Of much help in this situation is the explorative factor analysis 
(EFA) of correlations. Indeed, interatomic/intermolecular coupling 
might mathematically be considered a kind of correlation. Again, 
mathematically, we may transform the dynamics of the myriad 
particles coupled to each other into a proper picture of myriad 
correlated dynamical normal modes. We might now perform EFA, 
which is a unique method of multivariate statistics.
 This is just the point where actual physics begins: EFA enables us 
to detect dynamical factors hidden by the noise. The former delivers 
the desired mechanistic picture, whereas the latter corresponds to 
the ubiquitous thermal motion.
 While Chapter 1 discusses the general methodological modalities 
of the approach outlined above, Chapter 2 presents its detailed 
description and demonstrates how to employ it for studying the 
mechanisms	of	enzymatic	reactions.	This	might	help	solve	difficult	
problems of the rational protein/enzyme design, aside from opening 
other interesting strategic perspectives in the general theoretical 
physical	chemistry	field.

Evgeni Starikov

2021
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