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The state of the U.S. effort in solid state 
chemistry has been much lamented. Many 
national committees hâve concluded that 
the weakest aspect of materials research in 
this country has been the lack of strong 
university programs in the synthesis of 
new inorganic solids. This problem be-
comes even more critical at a rime when 
U.S. corporate laboratories tend tobe aban-
doning such undirected research. There is 
reason to believe, however, that the U.S. 
problem with solid state chemistry is fi-
nally on the verge of being solved. 

The current interest in oxide supercon-
ductors has served to spotlight the U.S. 
weakness in exploratory solid state chem­
istry. The main lesson to be learned from 
the discovery of high température super-
conductors is that we are, in gênerai, not 
yet clever enough to produce break-
through compounds by design. Therefore, 
we must conduct exploratory synthesis of 
new compounds in order to discover their 
unexpected properties. The copper-oxide-
based superconductors hâve their roots 
primarily in exploratory solid state chemis­
try carried out in Europe. French universi­
tés, in particular, hâve had very strong 
programs in this area. To the extent that 
one can find roots to high température su-
perconductivity in the United States, it 
would be superconductors based on Ba-
BiO,, but this research was in U.S. industry 
rather than university laboratories. 

Several sectors are helping to bring 
about the transformation we are currently 
undergoing to ensure the future health of 
the U.S. solid state chemistry effort. They 
include funding agencies, universities, pri-
vate companies, and the scientific commu-
nity. 

Funding Agencies 
Those administrating government sup­

port of research hâve generally favored in-
creased funding for exploratory synthesis 
of inorganic solids, and we hâve good rea­
son to expect that an increased funding 
level for this area will become a reality. The 
sentiment that good scientists should be 
supported to do what they want has faded. 
Some of this country's most notable scien­

tists hâve changed their research area in 
response to funding realities. Thus, fund­
ing agencies play a key rôle in bringing 
about improvement in neglected research 
areas. However, they cannot bring about 
the desired changes without help. For ex­
ample, agency program directors require 
information so that spécial initiatives can 
be proposed within the agency in a timely 
and efficient manner. 

The typical défense of the funding agen­
cies in the area of solid state chemistry has 
been that they could not find many good 
people to fund and that many university 
chemistry departments were not sympa-
thetic to adding a solid state chemist to 
their départaient. Thèse were legitimate 
excuses in the past, but they do not apply 
today. The rôle of the funding agencies will 
be particularly critical in the next few years. 
There are now an increased number of de-
serving individuals to fund, and many 
chemistry departments are anxious to initi-
ate or expand programs in solid state 
chemistry. 

The current interest in 
oxide superconductors 
has served to spotlight 
the U.S. weakness in 

exploratory solid 
state chemistry. 

A program sponsored by the National 
Science Foundation deserves spécial men­
tion in terms of helping to solve the prob­
lem of neglect of solid state chemistry in 
the United States. For the past several sum-
mers, this program has exposed both un-
dergraduate chemistry students and 
teachers of undergraduate chemistry to 
solid state chemistry. Students become fa-
miliar with solid state chemistry before 
they décide on graduate school, and the 
professors enrolled in this program intro-
duce more solid state chemistry into their 
undergraduate teaching. 

Universities 
Most chemistry departments in the 

United States do not hâve research pro­
grams in solid state chemistry. Where such 
programs do exist, the solid state chemist 
frequently feels isolated from the rest of the 
départaient. There can be blâme on both 
sides for this feeling of isolation. 

Certainly, it is true that chemists of this 
country are usually poorly educated in the 
chemistry of solids. To many chemists, 
solid state chemistry isn't really chemistry. 
Instead it is something like ceramics or 
physics—in any case, something they 
don't readily relate with. This is a most un-
fortunate attitude—which is not shared by 
some of our greatest chemists, e.g., Linus 
Pauling. 

Some blâme for the isolation also lies 
with solid state chemists, who hâve looked 
to physics for leadership in the under-
standing of solids. Although the physics 
view of solids is important, solids can be 
understood very well based on chemistry 
concepts. Solid state chemists should not 
feel obliged to adopt the jargon of solid 
state physics. When they adopt this jar­
gon, they naturally isolate themselves 
from other chemists. On the other hand, 
solid state chemists hâve learned that they 
must use the jargon of physics if they are to 
communicate effectively with a physics 
community which has corne to believe that 
its jargon is the universal language for de-
scribing solid state phenomena. 

Another problem has frequently existed 
with this country's few university-based 
solid state chemistry programs. Thèse pro­
grams hâve tended to ignore the explor­
atory synthesis of new compounds. Many 
programs hâve instead been based on 
measuring and understanding the physi-
cal properties of known compounds. So, 
having a solid state chemistry program at a 
university doesn't necessarily mean that 
new compounds are being synthesized, 
and it doesn't necessarily mean that stu­
dents are being well trained in the synthe­
sis of inorganic solids. 

Many universities are now anxious to 
add faculty in solid state chemistry, at both 

MRS BULLETIN/SEPTEMBER1989 5 

https://doi.org/10.1557/S0883769400061650 Published online by Cambridge University Press

https://doi.org/10.1557/S0883769400061650


MATERIAL MATTERS 

junior and senior levels. This has occurred 
partly because of the interest in supercon-
ductors, but the interest had been growing 
for several years. There are clearly not 
enough well-qualified candidates to fill the 
current demand. Chemistry departments 
hâve been négligent for many years in the 
teaching of solid state chemistry, so there is 
no easy way to quickly add many faculty in 
this area. Nonetheless, récent additions 
hâve been significant, and enough solid 
state chemists are on the faculties of U.S. 
universities that we can be optimistic that 
solid state chemistry will flourish, if the stu-
dents and funding are available. 

Companies 
The value of solid state chemistry has 

long been recognized by the U.S. priva te 
sector. Historically, there was a spécial in­
terest in the synthesis of new compounds 
because this could easily lead to break-
throughs with good patent protection. 
Many technologically important inorganic 
solids hâve been discovered through such 
exploratory programs. For example, Cr02 
was discovered at Du Pont in an explor­
atory synthesis program that did not hâve 
ferromagnetism as a goal. However, the 
value placed on solid state chemistry by 
U.S. industry has actually contributed to 
the problem of weak university programs 
in this area. The best jobs for the few U.S. 
solid state chemists were in the large cor-
porate laboratories. There is no less appré­
ciation today for solid state chemistry in 
the U.S. industrial sector; however, this 
sector has become less interested generally 
in supporting undirected research. Fur-
thermore, the university situation has im-
proved to the point where there is now 
little reason for the best solid state chemists 
to prefer an industrial laboratory for ex­
ploratory research. Today some U.S. com­
panies are actually helping to solve the 
university problem through their failure to 
attract the best solid state chemists, as they 
once did. 

Scientific Community 
Ironically, the biggest problem that re­

mains to be faced for exploratory synthesis 
may lie within the scientific community. 
The exploratory synthesis of new materials 
is frequently not well understood and ap-
preciated by scientists outside the area. 
This lack of understanding is a particular 
problem when such scientists are review-
ing programs in exploratory synthesis. The 
exploratory synthesis of new compounds 
is certainly appreciated—when a new com-
pound has dramatically différent, unantic-
ipated properties—but even then the 
science of exploratory synthesis is gener­

ally not well understood. If we consider the 
ultimate goal of exploratory synthesis to be 
the production of new compounds with 
properties we haven't seen before, or even 
previously anticipated, the odds of success 
are extremely small. Many hundreds of 
new compounds are prepared before there 
is one "success." Those working in this 
area also know that for every new com-
pound prepared, there are many attempts 
which produce nothing new. 

Ironically, the biggest 
problem that remains 

to be faced for 
exploratory synthesis 

may lie within the 
scientific community. 

Many in the scientific community hâve 
charged that chemists synthesizing new 
compounds are simply "synthesizing new 
compounds for the sake of synthesizing 
new compounds"—i.e., their work has no 
real goal. Sometimes this is a legitimate 
criticism, but more often it reflects an igno­
rance of exploratory synthesis. Ail those 
who excel at synthesizing new com­
pounds hâve goals or thèmes for their 
work. They may not, however, be attempt-
ing to prépare compounds with certain 
physical properties. After ail, we must re-
member that the ultimate goal for explor­
atory synthesis is to prépare compounds 
with unanticipated properties. This area 
can still be scientifically rewarding, even if 
no such compounds are prepared. For ex­
ample, a chemist may succeed in prepar-
ing a new compound with just the 
properties he is seeking. It's always com-
forting to find that we can occasionally pro­
duce, by design, new compounds with 
predicted properties. Maybe a new com­
pound will not hâve physical properties 
perceived to be interesting, but it will hâve 
an intriguing structure or will exhibit some 
interesting chemical bonding. Science can 
be significantly enriched even if a new 
compound does not hâve interesting phys­
ical properties. 

Frequently, the chemist synthesizing 
new compounds is not the one who recog-
nizes the potential for some interesting 
property. Many people in the world scan 
the literature for new compounds, hoping 
to find features which would motivate 
them to investigate certain physical prop­
erties. It is extremely important that the 
catalog of synthesized compounds con­
tinue to expand—even if the new com­

pounds are not considered interesting the 
day they are added to the catalog. Some-
one in the world may be looking for just 
such a combination of éléments in that par­
ticular structure. Many important discov-
eries occur precisely this way. More often 
than not, an unusual property or an appli­
cation for a new compound is not found by 
the individual who first synthesized the 
compound. 

Concluding Remarks 
Before the discovery of high température 

superconductors, there was widespread 
belief that from this point forward new ma­
terials with unique properties would not 
be single phase. Instead, such new materi­
als would be composites or artificially 
structured materials. Certainly, the design 
and synthesis of new multiphase materials 
with properties which could not exist for a 
single phase remains one of today's most 
exciting synthesis areas. However, we now 
hâve renewed faith that we can continue to 
discover remarkable properties in single-
phase compounds, even such well-studied 
compounds as oxides. 

We hâve renewed 
faith that we can 

continue to discover 
remarkable properties 

in single-phase 
compounds. 

There are many aspects to solid state 
chemistry, and I hâve focused hère on the 
primary problem the United States has 
faced with this discipline, i.e., the meager 
university effort in the exploratory synthe­
sis of new compounds. However, other ar­
eas of solid state chemistry hâve also been 
neglected in the United States. Very few 
students, for example, are trained in crys-
tal growth or phase diagram studies. 

We can be optimistic that the problem 
the United States has faced with solid state 
chemistry is finally being solved. However, 
the next few years will be critical and ques­
tions remain. Will there be adéquate fund­
ing? Will we be able to attract enough good 
students to the area? Will we hâve the pa­
tience required for exploratory synthesis to 
flourish, or will we quickly forget the basic 
lesson to be learned from the discovery of 
high température superconductors? 
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