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Complexity depends on the question 
Joint kinetics, a new paradigm for chemical kinetics and chemical engineering, was 

proposed. Its main idea is performing the battery of kinetic experiments from the spe-

cial initial compositions accompanied by the analysis of obtained information. Within 

the developed theory, the new basic concepts were presented, i.e. new invariances, 

thermodynamic and non-thermodynamic; maps of events; perturbed equilibria (con-

servatively perturbed equilibrium and swapped equilibrium). Joint kinetics can be 

considered as an efficient tool for revealing the detailed mechanism and determining 

the kinetic coefficients. 

Figures 3. References 30. P. 500–504. 

Joint kinetics, as formulated in a series of papers [1–16] published since 2010, is presented 

as a new paradigm for chemical kinetics and chemical engineering. The central idea of this 

approach is the following one: the special battery of kinetic experiments(dependencies), not 

just a single experiment (dependence) must be a subject of analysis, both qualitative and 

quantitative. 

Studies of such joint information provide new knowledge on temporal behavior of 

complex chemical reactions, in particular the concepts of invariances, maps of events and 

perturbed equilibria, conservatively perturbed and swapped ones. 

The joint kinetic approach is valid for the following physico-chemical systems: 

(a) The batch reactor (BR), in which the non-steady-state concentration dependences are 

monitored vs the astronomic time; the initial concentration is changed 

(b) The steady-state plug-flow-reactor (PFR), in which the steady-state concentration de-

pendences are monitored vs the space time; the entrance concentration is changed.  

(c) The continuously steady-state (CSTR), in which the steady-state concentration de-

pendences are monitored vs the space time; the inlet concentration is changed. 

(d) The Thin-Zone Temporal Analysis of Products Reactor (TZTR) [17], in which the ex-

it fluxes are monitored in time; the pulse concentration is changed  

I. NEW INVARIANCES [2–7, 11–14]. Searching the invariances, i.e. functions of variables 

which are remaining constant during the temporal process, is of paramount importance in 

many sciences. In chemical kinetics and chemical engineering in which the key word is 

‗change‘, the well-known invariances are the mass-conservation laws for any chemical el-

ements and stoichiometric relationships for the known reactions based on the mass-

conservation laws.  

Within the joint kinetics, the following new types of invariances have been found.  

1.  Invariances of thermodynamic type that are closely related to Onsager‘s reciprocal re-

lationships. (Onsager invariances). The simplest such invariance was presented for a 

single step linear mechanism (the first-order reaction), A=B [2, 3]. Two experiments 

are performed referred to as an ABBA experiment. In the first and second experiments, 

a chemical reactor is primed exclusively with substance A and B, respectively. The ra-

tio of concentration profiles ―B produced from pure A‖ (BA(t)) and ―A produced from 

pure B‖ (AB(t)) is equal to the equilibrium constant of the reaction considered: 

BA(t)/AB(t)=Keq for all t>0. 

In difference from the known equilibrium conditions, this invariance is valid at any 

moment of time, not only under equilibrium conditions. Similar invariances hold for gen-

eral systems of linear reversible reactions (fig. 1) [3]. 
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Figure 1. The Onsager invariant BA/AB=Keq for the first-order reaction A=B. Only this com-

bination is constant at any moment in time; BA/AA and BB/AB fail to be constant 

2. These invariances predicted theoretically have been verified experimentally for differ-

ent physico-chemical systems: the catalytic water-gas shift reaction [4], an electro-

chemical system [11], and very recently for an esterification reaction [13]. For this re-

action, Ethanol + Acetic Acid = Ethyl acetate + Water, or, symbolically, A + B = C + D 

(A is ethanol, B acetic acid, C ethyl acetate, D water) it was shown that the invariant is 

(CA(t) DC(t))/(AC(t) BA(t))=Keq for all t>0, where CA and BA are the kinetic dependenc-

es starting from C(0)=0, and AC and DC those starting from A(0)=0. Generally, this re-

action is reversible, however at t=0 the direction of the reaction from the A initial con-

ditions is from the left to the right (esterification reaction), that from the C initial condi-

tions is from the right to the left (hydrolysis reaction). 

3. Combined thermodynamic-kinetic invariances which are functions both of equilibrium 

constants and ratios of some kinetic coefficients (non-Onsager invariances). For exam-

ple, a two-step mechanism (1) A=B; (2) B=C with kinetic parameters of the forward 

and reverse reactions k1
+, k1

-, k2
+, k2

-, a special ratio of differences of kinetic depend-

ences from specific initial conditions equals the kinetic parameter ratio -k2
+/k1

-, which 

is not the equilibrium constant. See in detail [14, table 3]. 

II. MAP OF EVENTS [1, 6, 8, 10]. Next, intersection points of kinetic dependencies and 

points of coincidences of kinetic peculiarities were interpreted as kinetic events and applied 

as additional sources for extracting values and/or relations between kinetic parameters. 

An intersection of two or more temporal characteristics, for instance CA(t) and CB(t), means 

that those concentrations can be considered equal at some moment of time, CA(t) and CB(t). 

A coincidence in time means that at least two special events (intersections, extreme values, 

etc.) occur at the same moment in time. For instance, in an irreversible two-step mechanism 

(1) A→B (2) B→C, the intersection of the dependences A and C can coincide with the 

maximum of B when the kinetic parameters satisfy k1=2k2, see [1]. 

Maps of events of simple mechanisms, i.e., two-step linear mechanism, provide order-

ing the kinetic events according to their characteristic times or space time values and con-

centration values.  

Fig. 2 shows how complex a map of events can be for two-step mechanism with first 

reversible step (1) A=B (2) B→C and, more importantly, how small some parcels can be. 

The smaller a parcel, the more limited is the corresponding range of kinetic parameters. 

Each parcel corresponds to a specific ordering of kinetic events. 
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Figure 2. (left) map of events, see [6] for details; (right) abstract picture by Felix De Boeck 

(1898–1995) 

III. PERTURBED EQUILIBRIA [15, 16]. Finally, two new phenomena were identified and 

compared: the so-called ―Conservatively Perturbed Equilibrium‖ (CPE) [15] and ―Swapped 

Equilibrium‖ (SE) [16]. In CPE, some, not all, initial concentrations of the closed chemical 

system are replaced by the corresponding equilibrium concentrations at the same total 

amount of each chemical element. For the substance whose initial concentration is set as the 

equilibrium one (substance with the ‗unperturbed equilibrium‘), it is shown that a concen-

tration extremum on the way back to the global equilibrium is unavoidable. This extremum 

can correspond to a momentary partial equilibrium for some steps of the chemical mecha-

nism. In SE, the initial/inlet concentration of some substance is replaced by the equilibrium 

concentration of another substance and vice versa. In this case, an unavoidable intersection 

of kinetic dependences of substances whose equilibrium concentrations have been swapped 

occurs on the way back to global equilibrium. 

Physico-chemical foundations of both phenomena are uniqueness and stability of the 

chemical equilibrium composition which are basic properties of complex reactions occur-

ring in a closed chemical system. First, the uniqueness of equilibrium chemical composition 

was qualitatively proven by Zeldovich in 1938 [18]. Then, in from 1960 onwards many re-

searchers studied these problems and presented rigorous proofs of the uniqueness and sta-

bility of the equilibrium composition, such as Shapiro and Shapley [19], Aris [20, 21], Horn 

and Jackson [22], Vol‘pert and Khudyaev [23, 24], and Gorban and Yablonsky [25–27]. 

The equilibrium of reversible complex reactions is a detailed equilibrium, i.e. for every 

step, the rate of the forward reaction equals the rate of corresponding reverse reaction. Re-

views of these problems are available in books [28, 29] and in the paper [27], see also [30] 

IV. JOINT KINETICS AND CLASSICAL KINETICS. Classical physico-chemical theory does 

not allow to predict non-steady-state kinetic behavior based exclusively on information un-

der equilibrium conditions. Joint kinetics, in difference, from the classical theory, allows to 

predict some kinetic dependencies based on the equilibrium data and some known kinetic 

dependencies using special invariances [7]. 

Regarding the new phenomena, CPE and SE, potentially they can be used for searching 

the optimal operating conditions of reversible chemical processes because the concentration 

extremum may be achieved at special time values on the way back to equilibrium. 
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