
PREFACE 

Within the last few decades, solid-state chemistry has often aimed 

to establish the relationships between the structures of compounds that 
are prepared and their physical properties. From the point of view of 

preparative chemistry, various classical methods have long been used, 

involving heating, grinding, or powder-pressing, in order to obtain 

compounds formed at thermodynamic equilibrium. At the same time, 

crystal growth techniques have been well-developed. Thus, the conditions 

have been ideal for unravelling the structures of solid-state compounds, 

measuring their physical properties, and applying suitable theoretical 

models. These advances have resulted in substantial progress towards a 

better understanding of the solid state, and have even led to the 

development of some predictive capabilities in crystal chemistry. 

Nonetheless, in more recent years, significant changes have 

occurred. Growing emphasis has been placed on finding novel 

preparative routes. Truly, a profound renaissance has taken place in 

preparative methods of solid-state compounds. Most frequently, these 
procedures involve low or medium range temperatures. Sometimes the 

motivation to find new synthetic methods has been driven by industrial 

aims, such as the preparation of finely dispersed powders. Often, 

however, entirely new ways of thinking have appeared. A good case in 
point is desintercalation chemistry, the converse proposition to concepts 

developed in intercalation chemistry since 1960. The acido-basic 

chemistry of the condensation of structural blocks through local 
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protonation, which yields for example Ti(½(B), can be regarded as a 

transposition to the solid state of the processes that lead to polycation 

formation in solution. Other procedures represent, still more closely, 

updated or improved versions of older techniques. Sometimes there have 

also been a few lucky cases, subsequently examined in closer detail, that 

have led to new synthetic routes. The term "chimie douce", or soft 

chemistry, is often applied in a general manner to refer to these new 

routes, these new ways of thinking. 

In any case, much work has now been carried out in different 

directions, and, for many of us, it seemed to be an appropriate moment to 

pause and take stock of all that has been done, and try to formulate some 

concepts or, at least, some general guidelines in "chimie douce". This was 

the purpose of this meeting. 

The field of chimie douce is not restricted to a well-defined area of 

science. While sol-gel processes represent one essential component of 

soft chemistry, other reactions dealing with intercalation-deintercalation, 

pillaring-grafting, exchange-condensation -- are no less important. The 

unifying theme behind these various processes is a common scientific 

approach, similar methods of characterization, and analogous 

problematics related to metastability and phase transitions. Perhaps the 

term "soft chemistry" should be regarded more as a way of thinking, a 

new paradigm in solid state chemistry. 

In all cases, it is the precursor compound that holds considerable 

importance. Chemists working on sol-gel processes thus devote a major 

portion of their effort to designing specific new precursors, or at least 

modifying existing ones. In particular, they may vary the nature and the 

configuration of ligands in organometallic compounds. Doing this, a 

reaction is accelerated or driven in a particular direction. Alternatively, 

organic "arms" may be generated that are capable of linking inorganic 

aggregates together; this mixed organic-inorganic solid state chemistry is 

currently in rapid development and has already led to the preparation of 

ormosils, ormoglasses, and other ormocers. When a solid precursor is 

used in soft chemistry, the nature of this precursor will also influence the 



rate of reaction and indeed whether the reaction will take place at all. 

Moreover, the soft chemistry here is largely topotactic : the final product 

retains the memory of the precursor structure. For example, in the acido

basic processes of exchange-reconstruction, the condensation of blocks 

takes place at the protonated sites that are the most basic anionic sites. 

But this bacisity depends on the geometry of the sites, the distance to the 

neighboring cations, and the nature of these cations. Thus the modifying 

chemistry, performed at a preliminary stage, is crucial in controlling the 

reactivity of the precursor. 

In the examples above, the condensation processes lead to an 

increase in dimensionality of the resulting product. A three-dimensional 

structure, Ti()i(B ), can be obtained from a layered titanate. This is also 

the case in sol-gel processes that involve multiple condensation steps, 

either simultaneous or successive. Likewise, the dimensionality increases 

in pillaring-grafting reactions, which represent another possible way of 

carrying out organic-inorganic chemistry by fixing, for example, the 

organic pillars in an inorganic matrix. In contrast, deintercalation 

chemistry leads to a decrease in dimensionality. or at least to an 

extrication of the tunnels or cages in a three-dimensional framework ; e.g. 

layered VS2 can be prepared from LiVS2. 

Chimie Douce is certainly not easy, especially when it implies a 

redox process. This point is well illustrated by deintercalation reactions. 

Consider the framework Ax TY n (A= alkali metal or Cu ; T = transition 

metal ; Y = 0, S, Se, Te) : if A is removed by chemical or 

electrochemical routes, it may tum out that the desired framework TY n is 

unstable even at room temperature, at least without some modification of 

the initial framework, as often occurs when the framework bond ionicity 

is above a critical value. The process also involves an oxidation of the 

framework, and, in this case, for elements T situated at the right-hand 

part of the periodic table, one may suspect that oxidation of T (whose d

levels are low) is in competition with the formation of anion pairs, at 

least when Y = S, Se, Te (whose sp levels are relatively high). As well, 

this process may entail some structural modifications that we have 

perhaps not clearly recognized until now. 



Because it is a chemistry that takes place at low or medium range 

temperatures, Chimie Douce often leads to phases that are amorphous or 

poorly-ordered. However, the study of these phases has been made 

possible through the development and proliferation of analytical 

techniques that probe at a more local level. These techniques, such as 

EXAFS, XANES, and NMR, allow rational steps to be made in soft 

chemistry and aid the researcher in reaching a fuller understanding 

thereof. It can be said that without them Chimie Douce will not have 

developed so rapidly and so efficiently. 

In this book, the introductory remarks made above will be illustred 

through numerous examples. As well, it will be seen that the field of soft 

chemistry is still much broader. Most importantly, it should be noted that 

there bas truly been a profound renewal in the methods of synthesis in 

solid state chemistry and as such, there has also been a real change in the 

scientific thought process itself. 


