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Abstract: Catalyst as substance remained constant in the reaction may regard as an
isolated system. When internal interaction exists, for example, the kinetic energy is
transformed to the potential energy, order of this isolated system increases, and entropy
decrease. The adsorption, fluctuations, self-assembly and the coarse-grained method etc,
are discussed. Further, entropy decrease of macroscopic thermodynamics may be probably
obtained in chemistry from the microscopic atomic, molecular and nano-theories, and
entropy decrease in thermodynamics of microstructure is calculated quantitatively.
Moreover, enzyme as biological catalyst and membrane, and general entropy decrease in
biology are researched. The change of entropy should be a testable science.
Keywords: chemistry, entropy, catalyst, internal interaction, enzyme, microstructure.

1. Introduction
A catalyst is a substance that speeds up the rate of a chemical reaction without itself being
consumed in the reaction, and may control direction of reactions. The mass of the catalyst remains a
constant [1].
Using density-functional theory Reuter, et al., calculated the Gibbs free energy to determine the
lowest-energy structure of a RuO2 (110) surface in thermodynamic equilibrium with an oxygen-rich
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environment [2], and researched composition and structure of the RuO2 (110) surface in an O2 and CO
environment, which imply the catalytic formation of CO2 [3]. By extensive density functional theory
Wang, et al., calculated a model system, CO oxidation on Au/ ZrO2 , which demonstrates that the
oxidation reaction is very sensitive to the oxide structure. This shows that CO oxidation on typical
Au/ ZrO2 catalysts could be dominated by minority sites [4]. Liu, et al., discussed the origin and
activity of oxidized gold in water-gas-shift catalysis [5]. The rate of ammonia synthesis over a
nanoparticle ruthenium catalyst can be calculated directly on the basis of a quantum chemical
treatment of the problem using density functional theory. Honkala, et al., compared the results to
measured rates over a ruthenium catalyst supported on magnesium aluminum spinel [6].
Present investigations of catalyst theory include: thermodynamic calculations by first principle
[7,8], and which may combines statistical mechanics [9] and the kinetic Monte Carlo method [10], etc.
Recently, Lu, et al., researched first principles nuclear magnetic resonance signatures of graphene
oxide [11]. In this paper, we discuss catalyst theory, entropy decrease in isolated system from
transformation of internal energy, and some quantitative calculations in thermodynamics of
microstructure.
2. Chemistry and Entropy Decrease
The second law of thermodynamics is based on an isolated system and statistical independence.
If fluctuations are magnified due to internal interactions in the system, or various internal complex
mechanism and interactions cannot be neglected, a state with smaller entropy (for example, selforganized structure) will be able to appear under some conditions. In these cases, the statistics and the
second law of thermodynamics should be different [12-15]. Because internal interactions bring about
inapplicability of the statistical independence, entropy decrease in an isolated system is possible for
physics [13,16], chemistry [17], biology [18], astronomy [19] and social sciences [20]. In particular, it
has a possibility for attractive process, internal energy, system entropy and so on. Therefore, we
proposed that a necessary condition of entropy decrease in isolated system is existence of internal
interactions [15]. The internal interactions often are related with nonlinearity [13].
The chemical reactions are very complex, and include oscillation, condensation, catalyst and
self-organization, etc. In these cases changes of entropy may increase or decrease. In chemical
reactions there are various internal interactions, so that some ordering processes with entropy decrease
are possible on an isolated system. Moreover, a simplifying Fokker-Planck equation is solved, and we
discussed the hysteresis as limit cycle, oscillation and catalyst, etc [17].
For the systems with internal interactions, we proposed that the total entropy should be
extended to [14]
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where dS a is an additive part of entropy, and dS i is an interacting part of entropy. Further, we
proposed quantitatively the sufficient and necessary condition of in isolated system [15]:
0  dS i  dS a , i.e., | dS i | dS a (for negative dS i ).

(2)

The first law of thermodynamics point out that the total internal energy A of an isolated system
is a constant, and there is A=K(kinetic energy)+V(potential energy). It uses the internal energy to
identify permissible changes. Present the second law of thermodynamics uses the entropy S to identify
the spontaneous changes [21]. S is a measure of the molecular disorder of a system. Usual molecular
kinetic energy increases, then disorder and entropy increase. But, when internal interaction in an
isolated system exists, i.e., the kinetic energy is transformed to the potential energy, then order
increases, and the kinetic energy and entropy decrease.
Various internal energies in isolated systems may be the gravitational interaction, which forms
order stars and various celestial bodies from the kinetic energy of nebula motion; the attractive
electromagnetic interaction may form some order states; and the strong interaction forms various
nuclei. These can derive order states of entropy decrease. Of course, the weak interaction derives
disorder and entropy increase. Therefore, entropy decrease of macroscopic thermodynamics may be
obtained in chemistry from the microscopic atomic, molecular and nano-theories.

3. Catalyst and Adsorption
A catalyst increases the rate of a reaction by lowering the activation energy [1]. The substance
that melts or evaporates goes from a lower energy state to a higher energy state and  H is positive, but
this is accompanied by increase in disorder and entropy. When we increase the temperature of any
substance——solid, liquid, or gas——molecular motions increase and so does entropy. But,
conversely, if the temperature of a substance is lowered, molecular motions decrease, and entropy
decreases [1].
For iron rusts
4Fe(s)  3O2 ( g )  2Fe2O3 ( g ) ,

(3)

there are gas molecules as reactants and none as products, therefore the products are more ordered than
reactants, and  S is negative [1].
A principle is: when a catalyst is present, the energy of activation is lowered because the
catalyst changes the path of the reaction [1]. Catalyst provides a path of alternative reaction, which has
lower activation energy E’ [21] and corresponds to higher reaction rate according to Arrhenius law.
It is known
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Usual reaction temperature is invariant T’=T, so dS  ( E' E ) / T . When E’<E, dS<0
Oxidation and reduction are increase and decrease in oxidation number, respectively. Both are
just opposite processes, and may not be always entropy increase. The adsorption heat may be of the
endothermic process or exothermic process [22]. The adsorption is that molecules and atoms attach to
surfaces in two ways. In the physical adsorption (physisorption), there is van der Waals forces are the
interactions between the closed-shell molecules and between adsorbate and the substrate. They have a
long range but are weak. In the chemical adsorption (chemisorption), the molecules or atoms stick to
the surface by forming a chemical (usually covalent) bond. Both adsorptions are all internal
interactions. The physisorption are always the exothermic adsorption, usual chemisorptions are also
the exothermic adsorption.
S  (H  G) / T .

(5)

The spontaneous process should be  G<0, so  S>0. Since the adsorption forms a more order
structure at the surface,  S<0, and  H should be a more negative value, and the adsorption should be
exothermic process. It is a usual case.
At least, some catalysts and catalytic reactions may derive entropy decrease in a macroscopic
isolated system. Further, catalyst may be extended to some more general processes in which there are
middle reactant and keep invariant, and to some cycled reactions. It includes possibly that we proposed
the physical-chemical-nuclear multistage chain reaction theory of cold fusion based on the standard
quantum mechanics [23]. Since cold fusion is an open system, synergetics and laser theory can be
applied, and the Fokker-Planck equation is obtained. Using the corresponding Schrödinger equation
and the nonlinear Dirac equation, and combining the multistage chain reaction theory, our quantitative
calculations agree completely with some experiments on cold fusion. Moreover, we discussed some
new researches, for example, the nonlinear quantum theory, catalyzer and nanomaterial, etc., and
proposed the three laws of cold fusion: 1).The time accumulate law. 2).The area direct ratio law.
3).The multistage chain reaction law [23].
A developed direction of thermodynamics is stochastic thermodynamics. Jarzynski proposed
nonequilibrium equality for free energy differences [24]. Gammaitoni, et al., investigated stochastic
resonance [25]. Liphardt, et al. researched the equilibrium information from nonequilibrium
measurements in an experimental test of Jarzynski’s equality [26].
Evans and Searles proposed fluctuation theorem [27]. Seifert researched entropy production
along a stochastic trajectory and an integral fluctuation theorem [28], and proposed principles and
perspectives of stochastic thermodynamics [29]. Tietz, et al., discussed measurement of stochastic
entropy production [30]. Carberry, et al., stated that the transient fluctuation theorem (TFT) is a
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generalized, second-law-like theorem that bridges the microscopic and macroscopic domains and links
the time-reversible and irreversible descriptions. They applied this theorem to a colloidal particle in an
optical trap, and demonstrated the TFT in an experiment and show quantitative agreement with
Langevin dynamics [31].
Fluctuations often take up some positive roles, for example, noise induced phase transition and
stochastic resonance [25], etc. Usual small probability of violation of second law of thermodynamics
attenuates rapidly to zero [24,26]. But, we proposed that fluctuations may be magnified due to internal
interactions in the system under some conditions, then entropy decrease in isolated system is possible
[14].

4. Coarse-Grained Method and Quantitative Calculations of Entropy Decrease in
Thermodynamics of Microstructure
The coarse-grained (CG) method [32,33] includes the CG molecular dynamics, the dissipative
particle dynamics (DPD), etc. The perspective focuses on the use of classical molecular dynamics and
CG models to explore phenomena involving self-assembly in complex fluids and biological systems.
Hoogerbrugge and Koelman proposed DPD that presented a novel method for simulating
hydrodynamic phenomena [34]. This particle-based method combines features from molecular
dynamics and lattice-gas automata. It is shown theoretically simulations that a quantitative description
of isothermal Navier-Stokes flow is obtained with relatively few particles. Computationally, the
method is much faster than molecular dynamics, and at same time it is much more flexible than latticegas automata schemes [34]. They studied the flow of suspensions of solid spheres under steady shear
using a newly developed flow simulator. Viscosities have been obtained that are in excellent
agreement with experiments reported [35].
Flekkoy and Coveney discussed molecular dynamics and DPD [36]. Tominaga, et al., studied
thermodynamic interactions in double-network hydrogels [37]. Mesoscopic-particle–based fluid
models as DPD are usually assumed to be CG representations of an underlying microscopic fluid. A
fundamental question is whether there exists a map from microscopic particles in these systems to the
corresponding CG particles, such that the CG system has the same bulk and transport properties as the
underlying system. Espanol, et al., investigated CG of microscopic fluids using a Voronoi-type
projection that has been suggested in several studies. The simulations show that the projection fails in
defining CG particles that have a physically meaningful connection to the microscopic fluid [38].
Shao, et al., used molecular dynamics simulations to investigate alcohols with varied hydrophobicity
and different numbers of hydrophilic groups exert effects on the structure of the model polypeptide and
alcohol/protein interactions [39].
Copyright © 2014 by Modern Scientific Press Company, Florida, USA

Int. J. Modern Chem. 2014, 6(2): 74-86

79

The key of the mesoscopic statistics is a role of fluctuations, which bring various
thermodynamic quantities (work, heat and entropy, etc.) become stochastic variables.
The CG models provide a computationally efficient method for rapidly investigating the long
time- and length-scale processes that play a critical role in many important biological and soft matter
processes. Izvekov and Voth (2005) introduced a new multiscale CG (MS-CG) method that employs a
variational principle to determine an interaction potential for a CG model from simulations of an
atomically detailed model of the same system. The mesoscopic statistics may combine the CG method,
which may be the parametrizing CG molecular dynamics (CG-MD), DPD and the multiscale CGMD
(MS-CGMD), etc.
Noid, et al., applied the MS-CG variational principle for parametrizing molecular CG force
fields and derives a linear least squares problem for the parameter set determining the optimal
approximation to this many-body potential of mean force. Linear systems of equations for these CG
force field parameters are derived and analyzed in terms of equilibrium structural correlation functions.
Further, they developed a formal statistical mechanical framework for the MS-CG method and
demonstrates that the variational principle underlying the method may, in principle, be employed to
determine the many-body potential of mean force (PMF) that governs the equilibrium distribution of
positions of the CG sites for the MS-CG models [40,41].
The key is that the CG particles are defined, and obtain the corresponding effective force field
among these molecules. The CG method is analogue with the extensive quantum theory [42-46]. It
may probably obtain some new macroscopic effects, for example, the spillover effect and the
macroscopic quantum tunneling effect, which is namely a magic internal interaction.
Self-assembly is the autonomous organization of components into patterns or structures without
human intervention. Self-assembling processes are common throughout nature and technology [47].
They involve components from the molecular (crystals) to the planetary (weather systems) scale and
many different kinds of interactions. The concept of self-assembly is used increasingly in many
disciplines, with a different flavor and emphasis in each.
The molecular self-assembly is determined on some weak interactions among molecules, for
example, the van der Waalse force, etc. Self-assembly structures of general chain molecular are formed
from the nanoporous networks [48].
In the ordering phenomena and nucleation of thermodynamics of microstructure, we may
calculate quantitatively entropy decrease. Ordering is essentially one of the cooperative phenomena
and has the feature that once an ordered arrangement appears locally, it spreads to surroundings and
promotes ordering of an entire crystal. Therefore, the order parameter ought to change greatly in the
neighborhood of a specific critical temperature Tc [49]. In the ordering phenomena entropy becomes
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smaller. The Cuzn ordering can be analysed by Bragg-Williams-Gorsky (B-W-G) long-rang ordering
model, the change in entropy for ordering is [49]
S  k ln W  ( S )  0 

R
[(1   ) ln(1   )  (1   ) ln(1   )] .
2

(6)

Here ( S ) 0 =Rln2 is the entropy in the disordered state, and  is an order parameter. Such the change
of entropy in the order-disorder transition should be
R
S  S  (S )  0   [(1   ) ln(1   )  (1   ) ln(1   )] .
2

(7)

For a short-range ordering  =1/6 [16], entropy decreases,
R 7 7 5 5
S   [ ln  ln ]  0.0139538R  0 .
2 6 6 6 6

(8)

For a long-range ordering  =1/3 [49], entropy decreases,
R 4 4 2 2
S   [ ln  ln ]  0.056633R  0 .
2 3 3 3 3

(9)

Ordering must exist with internal interactions [12-14], in particular, for spontaneous ordering. When 
is bigger, entropy decrease is also bigger. The feature of the long-range ordering is that ordering occurs
rapidly in the temperature region near the critical temperature Tc [49].
In analysis of Cu3 Au ordering by B-W-G model, according to the formula[49]
S  

R


[9(1  ) ln(1  )  6(1   ) ln(1   )  (1  3 ) ln(1  3 )] , (10)
16
3
3

the critical order parameter  =0.46 [49], and entropy decreases, S  0.09654R  0 .
In the spontaneous nucleation of thermodynamics, once the radius goes beyond the critical
radius rc the change in free energy becomes downward, the new phase particles (i.e., embryos) will go
on growing. A new phase particle of radius rc is called the critical nucleus [49]. In the spontaneous
nucleation there must be internal interactions [12,13]. In Volmer-Weber-Becker-Doring (VWBD)
theory of critical nucleus, if a globular particle of a new phase is produced in a supercooled phase, the
change in free energy per particle can be expressed by [49]
g  

G 4 3
r  4r 3 .
V 3

(11)

Here V is the molar volume,  is the interface energy, and the change in free energy according to the
phase transformation is
G 

H
T .
Tc

(12)

Here T is the degree of supercooling. If the change of entropy in nucleation is
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T
V 3
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there will be
(14)

For a supercooling state of H 2O , there have H =6000J/mol, T =40K, Tc =273K, so
G  (240 / 273)  103 J/mol, r  1.02 109 m, V  18  106 m3 /mol,   0.025J / m2 [49], then
S  

4 2
r (0.0084 J / m2 )  0 .
T

(15)

In fact, the catalysts are just to promote (strengthen) internal interactions in an isolated system.
The catalyst in chemical reactions possesses some character of the auto-control mechanism in an
isolated system. If it does not need the input energy, at least in a given time interval, the self-catalyst is
similar with auto-control like a type of Maxwell demon, which is namely a type of internal
interactions. The demon may be a permeable membrane. For the isolated system, this is possible that
the catalyst and other substance are mixed to produce new order substance with smaller entropy.
Ordering is the formation of structure through the self-organization from a disordered state. Moreover,
there are the mesoporous molecular sieves [50] and membrane catalyst, etc.

5. Enzyme and Biochemistry
Catalysts are more essential to the biochemical reactions that occur in living organisms where
reactions are carried out at a constant temperature of 37 0 C . Certain proteins called enzymes act as
biological catalysts; they catalyze virtually every chemical reaction that takes place in living systems
[1]. Gammaitoni, et al., applied stochastic resonance to neuronal systems [25].
In biology, many enzymes and membranes are all internal interactions. Enzymes as special
catalysts are manufactured and used by the human body for each and every reaction that occurs during
metabolism [1,3].
Collin, et al., shown that the Crooks fluctuation theorem can be used to determine folding free
energies for folding and unfolding processes occurring in weak and strong nonequilibrium regimes,
and used optical tweezers to measure repeatedly the mechanical work associated with the unfolding
and refolding of a small RNA hairpin and an RNA three-helix junction, and determined the difference
in folding free energy between an RNA molecule and a mutant differing only by one base pair, and the
thermodynamic stabilizing effect of magnesium ions on the RNA structure [51].
Molecular dynamics (MD) simulations are widely used to study protein motions at an atomic
level of detail, but they have been limited to time scales shorter than those of many biologically critical
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conformational changes. Shaw, et al., examined two fundamental processes in protein dynamics—
protein folding and conformational change within the folded state—by means of extremely long allatom MD simulations conducted on a special-purpose machine [52].
For the continuous elastic model of the biological membrane, Brannigan, et al., presented an
elastic Hamiltonian for membrane energetics. The model implies continuous functional forms for
thermal undulation and peristaltic amplitudes as a function of wavelength and predicts previously
overlooked relationships between these curves. Undulation and peristaltic spectra display excellent
agreement with data from both atomistic and coarse-grained models over all simulated length scales.
Applied to thermal membrane fluctuations, this model predicts continuous functional forms for both
undulation and peristaltic amplitudes over all wavelengths [53].
West, et al., studied the membrane-protein interactions and membrane-mediated protein-protein
interactions by Monte Carlo simulations of a generic CG model for lipid bilayers with cylindrical
hydrophobic inclusions. The results are compared with analytical predictions of two popular analytical
theories: The Landau-de Gennes theory and the elastic theory. The elastic theory provides an excellent
description of the fluctuation spectra of pure membranes and successfully reproduces the deformation
profiles of membranes around single proteins. The mechanisms leading to hydrophobic mismatch
interactions are critically analyzed [54].
Nano-catalyst is a type of new catalyst [6]. Bell discussed the impact of nanoscience on
heterogeneous catalysis [55]. Catalysts are of great importance in the chemical industry and in
automobile exhaust catalytic converters [1].
We researched possible entropy decrease due to internal interactions in some isolated systems
in biology, in which the neuroscience, the permeable membrane, the molecular motor, etc., are all
some internal interactions. Brain, consciousness and neuroscience are some internal interactions,
which even possible take a key role for decrease entropy in isolated system. Dormancy of living body
is an order state, whose entropy pass through adjustment and decrease to smaller. For the typical
instance, the hibernation of animal, and the dormancy of Madagascar’s lemur and of various hexapods
all show obviously the entropy decrease in isolated system. Further, Qigong and various practices are
often related to these order states with entropy decrease. We proposed entropy decrease as an index of
therapeutics in biophysics, and life lies in a combination between motion and rest, etc [18].

5. Conclusions
Catalyst is very important in chemistry [56,57], and is also one of kernels in green chemistry
[58]. The self-organized order of any organism in isolated system is inevitably a process of entropy
decrease, it may hold at least in a certain time. Various chemical and biological systems possess very
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rich and colorful internal interactions, we believe that the chemistry and biology may make with great
contribution for the test of development on the thermodynamics of entropy decrease in isolated system.
In a word, the change of entropy is a testable science, and should not be a fideism.
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