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Preface

It is now being increasingly recognized that catalyt ical ly active surface sites
may (or should) contain atoms different from that of the catalyst material.
Several attempts have been made to define working catalysts as rrcatalyt ic

systemsi l  rather  than c lean substances.  Boudart  wrote as ear ly  as  1975 that
l ' the definitíon of a working catalyst must include aIl the surface species of
the cata iyst  in  i t s  work ing s tater ' :  the cata lyst  i t se l f ,  added promoters ,
chance impur i t ies ,  and components  ar is ing f rom the reactant(s) .  However ,
the exact information on this working state st i l l rrremains an elusive goal of
r e sea r ch  i n  ca ta l y s i s t '  (M .  Bouda r t ,  J .  Vac .  S c i .  Techno l . ,  72 ,  329  [  1975]  ) .

One should not think that the addit ives responsible for catalyt ic action
are necessar i ly  present  in  minute amounts .  G.  K.  Chester ton in  one of  h is
Father Brown stories describes a case when four rel iable and observant
persons test i fy  that  nobody entered a house where and when a murder  was
commit ted.  Father  Brown's  s imple wisdom is  necessary to rea l i ze  that  a
r rmenta l ly  inv is ib le  manrtmust  be he ld respons ib le-a man who in  a "s t r ik ing
and showy costumerrentered the house I 'under  e ight  human eyest t -namely a
postman.  ' rNobody ever  not ices postmen,  somehow,"  he conc ludes,  I 'yet  they
have  pass i ons  l i k e  o the r  men"  (G .  K .  Ches te r ton ,  The  Inv i s i b l e  Man . In  The
Innocence  o f  Fa the r  B rown ,  Pengu in ,  Ha rmondswor th  [1950] ,  p .  92 ) .

Hydrogen, especial ly in metal catalysis, can be compared to this I 'mental ly

invisible" postman. Its presence (usual ly in ample amounts) has been taken
for granted and, so far, most studies have not tr ied to dig deep and look
at whether it part icipates in creating catalyt ical ly active surfaces, and if so,
how. Unlike postmen, hydrogen does not wear a rrstr iking and showy costumerr :
on the contrary, it is a rather diff icult species to detect by most of the regular
techniques of surface science. So we may conclude that nobody ever notices
hydrogen; yet it has an inf luence on catalyt ic systems as other addit ives.
Not that this inf luence would be murderous to catalysis; experience shows
just the contrary-but alas! rrmental ly invisiblert benefactors escape notice
much easier than vi l lains.

The interest in hydrogen increases in various f ields of science and tech-
no logy,  espec ia l ly  i t s  prospect ive use as an abso lute ly t tc leant tenergy source
(see also Chapter 23). Several changes in the chemisorptive and catalyt ic
properties of metals brought about by hydrogen have been reviewed recently
b y  u s  e l s e w h e r e  ( Z .  P a á i  a n d  P .  G .  M e n o n ,  C a t a l .  R e v .  - S c i .  E n g . ,  2 5 ,  2 2 9
t19831).  The t ime and context  now are cons idered proper  for  an at tempt to
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devote a ful l  book to hydrogen effects in catalysis. Such a book should
necessari ly cover a very wide range of subjects. Throughout the present
compilat ion, a vert ical treatment has been attempted which covers hydrogen
effects Ín catalysis in the broadest sense, from surface science to industrial
appl ications. This is ref lected by the f ive main parts of this work.

Part I deals with phenomena observed with well-defined catalyst surfaces-*
the typical surface science approach. Ntlost of the methods appl ied here are
incl irect ones. These are summarized in Chapter 1. Chapter 2 deals with
vibrational spectroscopy, representing a rare family of techniques suitable
for gaining direct information from surface hydrogen. The results can be
summarized in terms of postulatíng a ' 'hydrogen fog' '  on metal surfaces which
can be almost as much delocal ized as the t 'electron cloudtt rn metals.

Physico-chemical methods suitable for characterizing practical catalysts
have been col lected in Part II. Traditíonal techniques supplying indirect
information such as adsorption heat measurements, surface t itrations, and
temperature-programmed stud ies  are presented f i rs t .  The descr ipt ion and
resu l ts  of  less  common techn iques such as magnet ic  measurements ,  in f rared
spectroscopy, and neutron diffraction fol low, the last two being able to supply
direct information on hydrogen. Their vast possíbi l i t ies are st i l l  dormant.
Also inciuded is a chapter on electrochemícal methods, which are able to give
exc lus ive resu l ts  on what  happens on the sur face proper .

Perhaps the cl imax of the book is Part III, deal ing with the role of hydrogen
to produce active working catalyst surfaces. The complex nature of catalysis
science is truly ref lected in its f ive chapters. One or more of the phenomena
treated here (e ,g. ,  s inter ing,  d isso lut ion of  hydrogen,  and eventua l  hydr ide
formation-ai l  sol id-state transformations) or the two particular aspects related
to catalysis, namely hydrogen spi l lover and strong metal-support interactions,
may often take place in the l i fet ime of any catalyst, be it the few grams in a
laboratory test or the several tons in an industrial reactor. In Chapter 12
it is coruectly remarked that hydrog'en spi l lover may not be tremendously
signif icant by itself, but as a f irst crucial step in a sequence it may be very
important .  The same is  more or  less  t rue for  other  ef fects  t reated in  Par t  I I I
and,  perhaps,  in  the whole book.

Real catalyt ic chemistry comes in Part IV, where hydrogen effects on
various reactions are treated. These include those when hydrogen is an
rrasto ich iometr ic t '  component ,  i .e . ,  when i t  does not  par t ic ipate in  the
stoichiometric equation of the reaction. Most typical examples of reactions
are hydrocarbon transformations on metals. That is the reason that these
reactions were selected to i l lustrate the general kinetics of hydrogen effects.
In Chapter 15, rather uncommon effects of hydrogen are revealed. Such
del icacies as comparing low- and high-pressure reactions on single crystals
fol low: hydrogen effects may help construct that long-awaited bridge between
single-crystal work and real catalysts. Both hydrogenation and skeletal
reactions of hydrocarbons offer a number of examples of hydrogen effects.
Sti l l ,  attention has to be drawn to Chapter 19, where a largely unexplored
field has been opened up: the catalyt ic transformations of oxygenated organic
compounds.  A i though a host  of  phenomena are h igh i ighted here,  these com*
pounds s t i l l  represent  a  minor i ty  of  organ ic  compounds.  The present  t rends
toward str iving at producing special chemicals in increasing numbers certainly
wil l  benefit from hydrogen effects in seiectivity regulation. The last two
chapters of this part i l lustrate that hydrogen effects are not confined to
meta l  cata lysts;  ox ide and su l f ide cata lysts- though less  exp lored at  present-
a-lso exhibit some of them.

The last part (Part V, Technological Implications) can necessari ly give
only an incomplete excerpt on what hydrogen can do in industrial catalysis.
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Again,  meta l  cata lysts  and hydrocarbon reactants  represent  most  wide ly  s tud ied
systems,  as  ind icated by the three chapters  dea l ing wi th th is  subject .  Apart
from industrial hydrogenations, such important processes as those in catalyt ic
reforming and such nove l t ies  as  hydrogen d i f fus ion through meta l  cata lysts
are dea l t  wi th .  There are ind icat ions that  even an important  process l ike
ammonia synthesis can also exhibit typical hydrogen effects; these have,
however ,  not  been exp lored to an extent  that  a  separate chapter  cou ld be
devoted to them. The last two chapters also divert attention from metal l ic
systems:  hydrogen t ransfer  react ions '  So Ímportant  in  up-to-date industría l
processes us ing zeo l i te  cata lysts ,  have been t reated adequate ly .  The last
chapter cal ls attention to hydrogen effects in Ziegler-Natta and other olef in
polymerization, an area with which most people in (heterogeneous) catalysis
research and development are usual ly not very famil iar. Just as with metal l ic
and ox ide cata lysts ,  here,  too,  hydrogen p lays a double ro le:  on the one
hand,  í t  i s  par t  o f  the cata lyst  system i tse l f ;  on the other  hand,  i t  i s  a
powerful probe to investigate the nature of active sites in olef in polymerization
catalysts (because it can respond so se]ectively and specif ical ly to the dífferent
polymerization centers) .

The book conta ins a l together  28 chapters ,  wrít ten by 38 authors  f rom 10
different countries. A beautiful example, indeed, of international cooperation,
typical for catalysís as for any other special ized f ield of science. The editors
want  to  thank here a l l  the other  36 authors-co l leagues and f r iends,  whose
whole-hearted cooperat ion has made th is  venture poss ib le  and successfu l .
We a lso thank Dr .  He inz He inemann,  Consu l t ing Ed i tor  of  the Chemica l  Indus-
tr ies series, for his advice and helpful comments at various stages in the
compílation of this work.

Compil ing this book was undertaken with a double goai in minci: to obtain
state-of - the-ar t  rev iews on the phenomena co l lect ive ly  ca l led t rhydrogen

effects" and to draw the attention of the catalysis community to the importance
of these phenomena both in the science and technoiogy of catalysis. Hence
thÍs book does not  c lose or  Summar ize the subject ;  instead,  i t  i s  meant  to
int roduce the var ious facets  of  th is  sub iect  and st imulate fur ther  s tud ies  in
th is  f ie ld .

Zo|tán Paá|
P .  G .  M e n o n
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