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The dynamic approach of Japanese scientists to the sub
ject of catalysis may be conditioned by their word for 

it—shokubai. Derived from two words meaning to accom
plish by touch and an agent to help bring about combina
tions, shokubai probably connotes more than its English 
counterpart, which is derived from the Greek word, katal-
ysis, meaning to dissolve. 

Japan is one of the foremost nations in catalysis research. 
I first became aware of this after writing to Prof. Juro 
Horiuti in connection with research I had been doing on 
hydrocarbon dehydrogenation. Dr. Horiuti responded with 
information on what he and other Japanese research work
ers were doing, and subsequently I decided to visit Japan 
to study catalysis during my sabbatical leave from New 
York University last spring. The National Science Founda
tion had recently begun its U.S.-Japan Cooperative Science 
Program and agreed to sponsor my trip. 

I visited Japan from March to May and interviewed most 
of the senior academic research workers in catalysis. Most 
fundamental research in this field takes place at universities, 
and so I spent most of the time with academic people 
although I did visit several industrial organizations. The 
catalysis research workers are widely scattered throughout 
the four main islands of Japan, but the largest single group 
was located at the Research Institute for Catalysis in 
Hokkaido, the northernmost island. 

Universities in Japan are supported by the central gov
ernment and funds are disbursed by the Ministry of Edu
cation. There is very little financial support of research at 
universities by industry, and, in fact, universities there have 
considerably less contact with industrial organizations than 
in the U.S., since consulting by professors is officially 

discouraged. The seven former imperial universities lo
cated in the chief cities receive a greater share of govern
ment funds for research than the 70-odd other national 
universities. This support enables them to attract the 
better research scientists and graduate students, though 
very fine work is also being done at some of the newer 
universities. (For more on the Japanese university system, 
see C&EN, Jan. 31, page 62. ) 

The university system operates somewhat like the civil 
service system in the U.S. with regular promotions, vaca
tions, and tenure even for assistant professors. Salaries, 
however, are much lower than equivalent U.S. scales. For 
example, a typical koza, or research group (consisting of a 
full professor, an associate professor, two assistants, and one 
or more technicians) may operate on an annual wage 
budget of about $10,000. Although there are some fringe 
benefits, the average Japanese professor lives much more 
modestly than his American counterpart. But so do most 
Japanese, so his relative position is probably not much 
different than that of a professor in the United States. 

In addition to work at universities, the central govern
ment supports the Government Chemical Industrial Re
search Institute in Tokyo. This institute was established 
in 1900 to promote the Japanese chemical industry. Now, 
workers at the institute carry out research, analyses, tests, 
and technical information services for industry. The insti
tute has one division which concentrates on high-pressure 
chemistry and catalysis, and which has a staff of about 70 
(40 are technically trained). This group does some funda
mental research on catalysis, though its major emphasis is 
on practical catalyst development. Indeed, the group was 
responsible for some of the basic catalyst developments 
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that led to the establishment of the ammonia industry in 
Japan. Much of the present effort is devoted to problems 
of the petrochemical industry. 

Another scientific group of much accomplishment in 
Japan is the Catalyst Society of Japan of which Prof. 
Horiuti is now president. This organization, with 768 
regular members and more than 300 student members, 
includes most workers in universities and industry who are 
interested in catalysis. The organization holds regular 
meetings and has published a periodical, Shokubai, since 
1946. 

Research Institute for Catalysis 

Because of its seminal influence on Japanese research in 
catalysis, the work at the Research Institute for Catalysis 
will be discussed first. The institute, which was organ
ized in 1943, is one of the first national institutes in the 
world devoted exclusively to this subject. Its publication, 
The Journal of the Research Institute for Catalysis, Hok
kaido University, has the distinction of being the first peri
odical on catalysis in English and has been published since 
1946. 

The organization is not a large one, numbering only 56 
people of whom 40 are technically trained (23 chemists, 2 
physicists, 15 technical assistants) and 16 are administrative 
workers. It is part of Hokkaido University and reports 
directly to the president of the university, though its affilia
tion is closest to the Faculty of Science. It grants separate 
degrees at both graduate and undergraduate levels. Funds 
for its operation are provided by the central government 
and are rather modest. Last year, for example, operating 
funds totaled close to $190,000, including $80,000 for 
wages and $110,000 for other costs. The money is allo
cated to the institute's divisions at the beginning of the 
fiscal year during a staff meeting in which all senior mem
bers participate. 

The guiding light through most of the institute's existence 
has been Prof. Horiuti, who was largely responsible for its 
formation and was its director until his retirement about a 
year ago, although he continues to be very active as an 
emeritus professor. 

Prof. Horiuti studied with Dr. Michael Polanyi. To
gether they advanced the theory that the mechanism of 
olefin hydrogénation involves the half-hydrogenated state, 
a concept since widely used by many investigators. Dr. 
Horiuti was also chairman of the recent subcommission on 
heterogeneous catalysis of IUPAC. While serving in that 
capacity he prepared an extensive report on the theory of 
heterogeneous catalysis, part of which will be published 
in "Advances in Catalysis and Related Subjects." 

He is an eminent teacher. Indeed, 19 scientists in key 
positions of catalytic research in Japan are either former 
students of Dr. Horiuti or did research under him for more 
than a year at the institute. The present, newly appointed 
director of the institute is Dr. Tomiyuki Toy a, who has been 
a member of the staff since 1948 and a close colleague of 
Dr. Horiuti. 

Last year the institute got $278,000 for a new building 
that includes 32,000 square feet of lab and office space. 
Financed by the Ministry of Education, the building pro
vides a central location for the institute's activities which 

Tungsten. Dr. K. Ishizuka (left) shows Dr. M. Enyo (center) 
and Dr. Happel (right) some results of his extensive field 
emission microscopy investigations on the adsorption of 
various light hydrocarbons on tungsten 

had been located in several older structures. The staff is 
presently moving into this new building, which should 
provide adequate housing for some time. 

In spite of its relatively small size the staff of the institute 
has published close to 430 papers between 1943 and 1962, 
or about 20 a year. Current output is usually 30 to 40 
papers a year. Close to 160 of these appeared in English 
in the institute's journal, 100 in the Japanese catalysis 
journal Shokubai, and the remaining 170 in a variety of 
scientific journals throughout the world. 

Practically all of the institute's work is fundamental. Dr. 
Horiuti is a physical chemist whose interests center on the 
use of statistical mechanics. Dr. Toya is a physicist and 
pioneer in lattice dynamics. He is interested in the intro
duction of more physical measurements to determine the 
role of adsorption during the course of chemical reactions. 
The institute's main objective is to advance the science of 
catalysis by studying the basic mechanisms involved and to 
find ways in which such information can be used to predict 
appropriate catalysts for desired reactions. Development 
of applications to industrial problems is beyond the scope 
of the institute in its present size. 

Research is conducted in three basic areas: 
β Surface structure of catalysts and adsorbed states— 

about 25% of the effort. 
« Kinetics and mechanism of heterogeneous reactors— 

about 55% of the effort. 
* Mechanism of homogeneous and acid-base catalysis— 

about 20% of the effort. 
A fourth category, biochemical mechanism of muscle con
traction, was discontinued when the group doing this work 
moved to Osaka University in 1963. 

Surface structure of catalysts and adsorbed states 

Generally, research workers believe that heterogeneous 
catalysis is intimately associated with chemisorption of 
reacting species at the catalyst's surface. Also, they have 
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known for some time that the differential heat of adsorp
tion generally decreases with increasing coverage of sur
face by an adsorbate. This decrease has been generally 
interpreted with the use of two contrasting models: the 
homogeneous and heterogeneous models originating, re
spectively, from the work of Langmuir and Taylor. 

The Langmuir hypothesis assumes that the surface con
sists of crystal planes which are large enough for the ma
jority of metal atoms on each to be physically identical with 
each other. This model system defines the distances be
tween adsorbates on the crystal surface, which necessitates 
the allowance for interaction between them. In the case 
of the latter model, the investigators assume that there will 
be no interaction between adatoms and that sites provide 
different energies of adsorption, so that those with the lower 
energies are occupied initially and the differential heat ad
sorption decreases with increasing coverage. 

Clearly, the proper choice of model has an important 
effect on the form which kinetic equations take. The reso
lution of the problem, therefore, has been attacked vigor
ously by Dr. Horiuti and Dr. Toya who have been con
sidering increasingly sophisticated models that involve the 
detailed lattice structure of pure metal catalysts. The work 
which they have done points to a modified homogeneous 
model. 

Prof. Toya has described, by means of quantum-mechani
cal study, the nature of the adsorbed state in metallic 
catalysts with special reference to the dissociative adsorp
tion of hydrogen. He concludes that two sorts of adatoms 
exist in distinctly different states. In one sort, called the 
r-state, the adatom is situated outside the electronic surface 
of adsorbent metal. The other, designated as the s-state, is 
a kind of dissolved state, in which the adatom is almost 
imbedded within the metal surface. Each lattice plane 

Structure. Miss T. Nakata (standing, far right, in front of 
an IR spectrophotometer) teils Dr. Happel, Dr. Takeshita, and 
Dr. Toya (left to right) about her IR adsorption studies on 
changes in the structure of catalysts during reaction 

thus provides a group of physically identical sites for r-
adatoms and for 5-adatoms, equal in number to the metal 
atoms in the lattice plane. 

r-state adsorption 

· ^ ^ - ^ s - s t a t e adsorption 

electron cloud 

Dr. Toya's deductions agree with experimental data on 
observed variations of the work function and electric con
ductivity with increase of adsoiption. The agreement pro
vides some confirmation of their correctness. Also, Dr. 
Toya has proposed an explanation of the two different types 
of IR adsorption of hydrogen on platinum observed by 
Pliskin and Eischens. 

Meanwhile, he is delving into the mechanisms of hydro
génation of hydrocarbons by metallic catalysts. Possibly 
because oxide catalysts lead to very complicated situations, 
detailed calculations on such systems are not yet possible. 
Calculations for metals systems indicate that for tungsten 
only the r-type adsorption exists. For nickel both r- and 
5-types exist with the r-type predominating. In the case 
of platinum the s-type is most important with only a small 
amount of r-type adsorption occurring. 

Thus, Dr. Toya reasons, hydrogénation of acetylene with 
nickel catalyst is very rapid because r-type adsoiption is 
effective in breaking the ττ-bond. 

Ni 
C2H2 + 2H2 ·-> C2HG 

If nickel is contaminated by selenium, r-type adsorption 
decreases and hydrogénation becomes less effective. In the 
case of platinum only 5-type adsorption is important. Thus 
it is possible to break surface bonds, but not the π-bond, 
giving only partial hydrogénation. 

C2H2 + Ho -» C2H4 

Tungsten has such a strong r-type structure that instead of 
hydrogénation occurring the C = C bond is ruptured and 
carbon is produced. 

C2H2 -> CH(a) + H ( a ) + C(a) 

Extensive experimental work is also in progress using 
modern physical methods to study chemisorption by itself 
and in chemical reactions. Dr. K. Azuma and Dr. K. 
Ishizuka have used field emission microscopy to study the 
adsorption and cracking of various light hydrocarbons on 
tungsten. They conducted the cracking at 10"8 mm. Hg 
while the tungsten tip was kept at red heat and flashed in
termittently at about 2500° K. They noted in the case of 
C2H2 and C8H4 that the double atoms of C ^ C could be 
seen as small spheres on the tungsten crystal. The regular 
adsorption patterns provide evidence for the homogeneous 
model, although this type of structure has not been observed 
directly with the common catalysts. Dr. Azuma and Dr. 
Ishizuka have also used field emission microscopy to study 
the catalyzed synthesis of ammonia on tungsten and the 
hydrogénation of ethylene. 
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The Japanese workers are developing another technique-
inelastic scattering of neutrons—to measure the strength of 
the C-H and Ge-H bonds. They plan to use this method 
also to examine Ni-H, Pt-H, and Pd-H bonds. And they 
plan to use NMR to attempt to distinguish between r- and 
s-type adsorption—r-type adsorption bands are considerably 
broader than s-type. Other more conventional physical 
methods such as x-ray electron diffraction, the electron 
microscope, low-energy electron diffraction, and IR adsorp
tion are being used to study changes in structure of catalysts 
during reaction. 

Kinetics and mechanism of heterogeneous reactions 

An important area of catalyst research involves the study 
and prediction of observable over-all reaction rates. Par
ticularly, such studies include analyses to find some corre
spondence between steps in a sequence directly operated 
on by catalysts and their properties. One of the methods 
which Dr. Horiuti developed for such a purpose is the de
termination of the stoichiometric number. 

The stoichiometric number of the rate-controlling step 
(v) is the number of times the rate-controlling step (in a 

sequence of reactions occurring on a catalyst) takes place 
for each occurrence of the over-all reaction. Where a 
rate-controlling step exists, Dr. Horiuti, in an extension of 
Eyring's transition state theory of chemical reaction, de
veloped the quantitative significance of the stoichiometric 
number related to reaction kinetics. He has shown how the 
familiar Langmuir-Hinshelwood theory of catalysis can be 
generalized to include interactions of adsorbed species on a 
homogeneous surface. In terms of surface structure, this 
relationship implies that a heterogeneous catalytic reaction 
occurs predominantly on one kind of lattice plane with the 
seat of its critical complex consisting of one or a few ad
jacent normal sites or r-adatoms. 

This type of approach results in a clearer understanding 
of the influence of chemical equilibrium and the so-called 
"driving potential factor" (which becomes zero as equilib
rium is reached) in the rate expression. Thus, in terms of 
a reaction of the type 

where kb is the kinetic factor for the back reaction. The 
first expression obviates the assumption of any specific ad
sorption theory such as that proposed by Langmuir, and the 
stoichiometric number can be established from kinetic data 
on the over-all reaction. 

Dr. Horiuti has developed methods, however, for de
termining ν without knowing -the form of Φ. He suggests 
using isotopic trace techniques to measure separately the 

rate of over-all forward and reverse reactions. Thus using 
the general assumptions just discussed, he has demonstrated 
that 

_ - A G  
V~ RTln ( V / V ) 

where AG is the free energy increase appropriate to the 
chemical equation of the over-all reaction to which v refers. 
The rate of the over-all reaction in the forward direction is 
"V and that of the over-all reaction in the backward direc
tion is V, so that the observed over-all rate r = V — V · 

Dr. Horiuti has applied this method to the ammonia syn
thesis reaction. He determined the V and V by follow
ing the progress of the over-all reaction as well as by ob
serving the transfer of N1 5 from nitrogen to ammonia or 
vice versa. He has still not established the elementary steps 
involved in ammonia synthesis or decomposition. Tenta
tively (though it isn't necessary in Dr. Horiuti's theory to 

Acid-Base. Dr. Kozo 
Tanabe (right) 
explains his research 
efforts on acid-type 
catalysts with special 
emphasis on the nic
kel sulfate catalyst 
which Dr. Happel 
holds 

specify the nature of the rate-controlling step), he assumes 
that the reaction over metal catalysts 

3H2 + NL> ^ 2NH:, 

proceeds through the following sequence: 
Stoichiometric 

number 

N o - 2 N ( a ) 1 
Ho^±2H(a) 3 
N(a) + H ( a ) ^ N H ( a ) 2 ) 
NH(a) + H ( a ) ^ N H o ( a ) 2 [ 
NH 2 (a ) + H ( a ) ^ NH 3 2 ) 

where (a) denotes the adsorbed state of each intermediate. 
The stoichiometric number is useful in indicating the rate-
controlling step provided one exists. He has obtained 
values of ν — both 1 and 2, depending on operating condi
tions. 

For the case of a stoichiometric number of one, chemi-
soiption of nitrogen would be the rate-controlling step be
cause this reaction would only be required to occur once 
to satisfy the coefficients of the over-all synthesis reaction. 
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aA + bB ^ i-R + sS 

Dr. Horiuti's analysis assumes the form 

'^{M'-i™]'-} 
where kf is the kinetic factor for the forward reaction, a 
function only of catalyst properties; Φ is the adsorption 
factor, a function of partial pressures of the components pj 
and temperature; K(>q is the equilibrium constant, and v the. 
stoichiometric number. In addition to appropriate restric
tions in the form of the driving potential factor, the above 
equation implies the relationship 

-^ = Κ ιΑ 
τ . -^0(1 
K b 



For a stoichiometric number of two, one of the group of 
three reactions would be required, implying reaction be
tween chemisorbed species on the surface. Recent studies 
by Dr. K. Tanaka, an associate of Dr. Horiuti, show that, 
at least below 400° C. with singly promoted iron catalyst, 
the stoichiometric number is close to unity. 

Dr. Y. Kaneko (a former student of Dr. Horiuti) and his 
colleagues at Utsunomiya University have recently been 
studying the application of the stoichiometric number 
concept to other reactions. In the platinum-catalyzed oxi
dation of S0 2 , Dr. Kaneko observed the transfer of S35 

from SOo to S 0 3 and found that the stoichiometric number 
is two for the following reaction: 

2 S0 2 + 0 2 ^ 2 S0 8 

He also studied the mechanism of the water-gas shift 
reaction 

CO + H 2 0 ^± C 0 2 + H2 

in the presence of iron oxide catalyst using deuterium as a 
tracer and found that the stoichiometric number is one. 

The mechanism of the hydrogen electrode reaction has 
also been intensively investigated for some years as a sim
ple model for the case of heterogeneous reaction. 
The over-all reaction is 

2H+ + 2e- H2 

and the mechanism depends on the properties of the elec
trode and surrounding substances. In the case of metallic 
nickel electrodes, the reaction probably proceeds by the 
following sequence: 

H+ + e ~ - > H ( a ) ; v = 2 

2H(a) A ^ H 2 ; v = l 

where A-+ denotes the rate-determining step, involving the 
so-called catalytic mechanism with catalytic combination 
of hydrogen adatoms on the electrode. Workers in other 
countries have said that the first step of the metallic nickel 
electrode sequence is rate-controlling—the slow discharge 
mechanism. With platinum at high overvoltage another 

mechanism involving H 2 + is postulated. Dr. Akiya Mat-
suda is still working to measure the stoichiometric number, 
using tritium as a tracer. 

Aside from the establishment of the stoichiometric num
ber, there is the problem that, assuming a sparsely covered 
surface, simple Langmuir-type kinetics do not correctly 
predict the adsorption factor θ · The kinetics are usually 
expressed in terms of the Tafel law for the hydrogen elec
trode reaction, as in the following: 

RT din i 
= 0.5 

where T is the experimentally established Tafel constant; 
η is the overvoltage; i is the cathodic current density; F is 
the Faraday; and RT has its usual meaning. Tafel tried 
to account for this experimentally observed law on the 
basis of the catalytic mechanism known at that time. He 
resorted to classical kinetics and obtained calculated theo
retically a value of T = 2 (corresponding to extremely low 
coverage by hydrogen adatoms) instead of the experi
mentally observed value of about 0.5 in the overvoltage 
region above 0.2 volt. A number of papers by Dr. Horiuti 
and his coworkers to explain this discrepancy involved 
calculations of repulsive interaction between hydrogen 
adatoms. They deduced a relationship in closer agreement 
with Tafel's law. 

Recently Dr. H. Kita has extended these calculations by 
means of high-speed electronic computation that takes into 
account hydrogen adatom distribution on the (110), (100), 
and (111) lattice planes of f.c.c. poly crystalline surface of 
nickel. Dr. Horiuti had earlier assumed that the (110) 
plane contributed predominantly because the metal atom 
density is less. According to Dr. Kita's calculations the 
(111) plane contribution is also necessary. His calcula
tions allow for increasingly dense arrangements of r-
adatoms at the respective surfaces and involved interactions 
among 10 to 12 sites with appropriate changes of the posi
tion of H-adatoms at the interface. He thinks that greater 
refinements are necessary even to including as many as 10 
outside layers of Η-atoms, rather than limiting the interface 
to a single layer. 

The following diagram shows the approximate relation
ship between various treatments establishing the Tafel 
constant as a function of overvoltage: 

..Tafel theory 

Horiuti theory 
and experiment 

0 0.5 
Overvoltage (η) 

1.0 
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Lattice. Dr. Tomiyuki Toya, director of 
the Research institute of Catalysis, dis
cusses some of his work on the detailed 
lattice structure of pure metal catalysts 

A real understanding of the factors involved is emerging 
from the studies on the basis of the quantum mechanical 
approach. 

The mechanism of the hydrogen electrode reaction on 
metals is related to other catalytic reactions such as hydro
gen, dehydrogenation, and ammonia synthesis. Also of 
possible immediate interest is the application of this work 
to the development of fuel cells. 

Acid-base catalysis 

Hopefully, the theories developed for pure metals can 
be applied to more complex cases such as acid-base catalysis 
and polymerization. However, for the present, exact treat
ment is not possible so this phase of the institute's re
search is the most empirical. Dr. K. Tanabe and Dr. 
T. Takeshita have found that certain metal sulfates, oxides, 
sulfides, and phosphates are powerful acid-type catalysts. 
They are studying various reactions using these materials. 

In particular, they have found new types of solid acid 
catalyst based on the dehydration of NiS04 . When NiS04 · 
6 H 2 0 is heated to 350° C. in air, it loses water and a 
form between NiS04-VL>H20 to NiS0 4 - 1 / 8 H 2 0 possesses 
the maximum activity. Physical measurements such as IR 
spectra indicate that the monohydrate atomic arrangement 
is partially maintained and a vacant spsd2 orbital is proba
bly developed as in the case of A1CL. and BF3 (C&EN, Jan. 
10, page 36). Dr. Tanabe and Dr. Takeshita think this 
catalyst may be the solid analog of the pentavalent homo
geneous catalysts. 

Research programs at the institute and other parts of 
Japan using this nickel sulfate catalyst are as follows : 

• Depolymerization of paraldehyde—in this case silica-
alumina does not work although it is five times as acidic as 
the NiS0 4 catalyst. 

• Polymerization of propylene—an optimum acid strength 
has been established. 

• Polymerization of acetaldehyde—this work has indus
trial value and is being sponsored by Nippon Gohsei, K.K. 
Research workers have obtained a polyacetaldehyde poly
mer of molecular weight 50,000 in good yields. 

• Conversion of methylene chloride to formaldehyde us
ing steam. 

• Isomerization of α-pinene to camphene—this reaction is 
of interest since it has been studied with homogeneous 
catalysts. It is a model for the nonclassical carbonium ion. 

• Friedel-Crafts reactions catalyzed with NiS04 . 
• Condensation of glucose with acetone—homogeneous 

H 2 S0 4 catalyst is being compared with NiS0 4 catalyst. 
In addition Dr. Y. Ogino at Tohoku University in Sendai 

is working with NiS0 4 catalyst in studying the hydration 
of propylene to isopropyl alcohol. Kurashiki Rayon Co. is 
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also using the same catalyst to synthesize isoprene from 
4,4 dimethyl-m-dioxane (similar to its use in the Institut 
Français de Pétrole process). 

In general, the group is more interested in solid catalysts 
at the present time. They believe these may replace the 
usual homogeneous liquid catalysts for many purposes. 

Research in the Tokyo area 

The majority of catalyst research workers in Japan is 
concentrated in the Tokyo area. In addition to the 40 sci
entists at the government research laboratory, there are 
probably 60 technical workers in catalysis located at various 
universities in or near Tokyo. In the department of syn
thetic chemistry at the University of Tokyo, Prof. Y. Yoneda 
leads a group of 20 devoted to the development of working 
empirical correlations to produce immediate useful results 
in engineering applications. There are also several smaller 
groups devoted to practical aspects of catalysis at Tokyo 
Institute of Technology. Groups devoted to fundamental 
research exist at several universities, but the two most active 
are the groups of Prof. K. Tamaru and Prof. T. Kwan at the 
University of Tokyo. 

Dr. John Happel has been chairman 
of the department of chemical en
gineering at New York University since 
1949. He had joined the faculty at 
NYU in 1948, after receiving his doc
torate in chemical engineering from 
Brooklyn Polytechnic Institute in the 
same year. Previously he had re
ceived his B.S. (1929) and M.S. 
(1930) degrees in chemical engineer

ing at MIT. He worked for S o cony-Vacuum Oil Co. (now 
Socony Mobil) from 1930 to 1948. During the World War 
II he was on the Petroleum Industry War Council. 

At NYU, Dr. Happel continued research in the produc
tion and utilization of low molecular weight hydrocarbons, 
as well as in the hydrodynamics of particulate systems and 
chemical process economics. He has published more than 
30 technical papers, been credited with 30 patents, and 
has written a book "Chemical Process Economics,'' which 
toas published in 1958. 

A member of the ACS, A.I.Ch. E., American Institute of 
Chemists, American Rocket Society, and the American 
Institute for Engineering Education, the 57-year-old chemi
cal engineer has been awarded the Honor Scroll of lirEC 
and the A.l.Ch.E. Tyler Award. Dr. Happel also belongs 
to Alpha Chi Sigma, Sigma Xi, Phi Lambda Upsilon, and 
Tau Beta Pi. 



Prof. Tamaru has done a considerable amount of experi
mental research, mostly on catalysis, and has close to 60 
publications in scientific journals to his credit. His research 
is at present directed toward the measurement of adsorp
tion during catalytic reactions. He has published an ex
tensive article on this subject for "Advances in Catalysis 
and Related Subjects" in Vol. 15 (1964). One example of 
his technique is illustrated in studies of the decomposition 
of formic acid on nickel catalyst. He takes IR spectra of 
the catalyst which is in a cell at 300° C. through which re-
actant gases pass and are recirculated. After a steady state 
has been reached, he introduces deuterated formic acid to 
the system and passes it over the same catalyst. Decom
position takes place without desoiption of the adsorbed un-
deuterated species, thus indicating that an activated com
plex is different than that usually postulated in acid 
catalysis. 

Another series of experiments is being conducted with 
phthalocyanine as the catalyst. Phthalocyanine is interest
ing because it is a pure compound and the adsorption site 
(at the center of the molecule) is well established—a situa
tion not present with metallic oxides. Phthalocyanine is a 
complex multiring structure which has active hydrogen 
atoms at its center 

\ktiujJLooj^ 

For example, an atom of copper can replace the two center 
hydrogen atoms in the structure to produce the dye copper 
phthalocyanine (blue). 

Dr. Tamaru is using a technique, similar to that for formic 
acid decomposition, in which he determines how rapidly 

OH-

C'2oH3902(CH2)2
/ 

C H 3 0 2 c 
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deuterium in deuterated acetylene will exchange with 
acetylene previously adsorbed on solid phthalocyanine pow

der. Such exchange proceeds rapidly only when preceded 
by exposure of the phthalocyanine to small amounts of 
sodium vapor. This compound is also interesting because 
chlorophyll is a somewhat similar material, with magnesium 
situated in the middle of a porphyrin ring system bonded to 
four nitrogen atoms. The current research may therefore 
lead to some theories about the functioning of biochemical 
catalysts. 

Dr. T. Kwan, a former student of Dr. Horiuti, leads 
another active group in Tokyo. In the past 25 years, he 
and his co-workers have published more than 70 papers on 
catalysis. Currently, he is devoting special attention to 
the study of homogeneous oxidation-reduction reactions in
volving biologically important chemical species such as 
quinone, riboflavin, metal complexes, and methylphthalo-
cyanine. He believes that universities should emphasize 
the study of homogeneous catalysts both because this will 
lead to a better understanding of catalysis in general and 
because these catalysts have industrial potential. He points 
out that in recent years there have been several coupled 
reactions developed industrially—for example, the Hoechst-
Wacker process to produce acetaldehyde from ethylene and 
the Shell process for oxidative dehydrogenation of butènes 
to butadiene in the presence of iodine. Ligand theory is 
becoming of increasing importance in explaining the mecha
nism of such reactions and pointing to possible new uses 
for compounds involving organometallic complexes. 

Dr. Kwan is also working on the anthraquinone-sensitized 
oxidation of ispropyl alcohol to produce acetone and hydro
gen peroxide. He uses various wave lengths of light to in
vestigate the photocatalytic behavior of this material, the 
mechanism of the reactions, and the quantum yields ob
tainable. He is also studying the behavior of 2-methyl-l,4-
naphthoquinone (vitamin Κ is a derivative of this com
pound) as a catalyst for the same reaction. 

Another interesting series of studies centers on the use of 
cobalt cyanide complexes for catalytic hydrogénation. 
These cobalt complexes form a homogeneous catalyst sys
tem which is extremely selective for the hydrogénation of 
butadiene to 1- and 2-butenes. The effectiveness of the 
complex depends markedly on the CN/Co ratio. In an 
attempt to determine the mechanism of the activation of 
molecular hydrogen by the cyano-cobalt complex, further 
studies are being made of ο to ρ hydrogen and of deuterium 
exchange in aqueous solutions. Rates depend strongly on 
the alkalinity of the solution employed. 

Research at other locations 

Substantial research efforts in catalysis outside the Tokyo 
area exist at the universities of Kyoto, Kyushu, Nagoya, 
Osaka, and Tohoku. These, together with the universities 
of Tokyo and Hokkaido, constitute the former imperial uni
versities. 

Taken together, these groups employ close to 50 techni
cally trained research workers. There are about 20 addi
tional research workers at other universities engaged full 
time in fundamental research on catalysts. 

At Kyoto there are several independent groups in cataly
sis research. Prof. K. Tarama heads a laboratory which has 
published more than 50 papers, half of which are devoted 
to catalysis. He is currently interested in the study of 
properties of V 2 0 5 catalysts as related to their activity in 
the oxidation of hydrocarbons. In this work he is using 
infrared spectroscopy, magnetic susceptibility, and electron 
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spin resonance. Recently, he has studied the role of the 
V = 0 bond from the viewpoint of structural chemistry. 
The structures of catalysts of the V 2 0 5 -Mo0 3 system and 
the V 20 5 -K 2S0 4 system were investigated. He concluded 
that the strength of the V = 0 bond was a controlling factor 
for the activity of the catalytic oxidation, and that the pro
motive action of MoO^ and K2S04 was related to weakening 
of this bond. His work complements that of Prof. Seiyama 
at Kyushu. 

Prof. T. Kagiya, a former student of Dr. Horiuti, carries 
on a large portion of his catalysis effort in Prof. K. Fukui's 
laboratory. There, Prof. Kagiya has recently been working 
intensively on the kinetics of the water-gas shift reaction 
in the presence of iron oxide catalyst. He used simple 
Langmuir-type equations to correlate the data obtained. 
Basing his comments on this work, Prof. Kagiya believes 
that in commercial catalysts the rate of reaction is affected 
substantially by external mass transfer. 

Prof. H. Shingu leads another group at Kyoto doing 
work of a more practical type. He is interested in hydro
carbon oxidation using metallic catalysts and is concerned 
with the problem of the effect of mass and heat transfer 
on internal catalyst temperature. Together with Morikawa 
and Shiba at Tokyo Institute of Technology, he has been 
discussing the formation of a Catalysis Research Institute 
in Japan. Its purpose would be largely to study catalytic 
reaction rates from the industrial viewpoint. 

At Kyushu University, Prof. W. Sakai and Prof T. 
Seiyama, both of whom are on the Faculty of Engineering, 
lead catalysis-research groups. Prof. Sakai has been con
cerned with the problems of predicting steady state con
centrations and temperatures in catalytic flow reactors. He 
has also studied the kinetics of pyrolysis in fluidized reac
tors and ethylene oxidation. 

Prof. Seiyama's research deals with the catalytic vapor 
phase oxidation of ethylene both from the viewpoint of 
kinetics and catalyst performance. In experiments with 
silver catalysts, he has found that the rate equation for 
ethylene oxidation depends on ethylene partial pressure to 
the 0.5 power, but is zero order in oxygen partial pressure. 
In the case of propylene oxidation on, conversely, -the 
relationship follows oxygen partial pressure to the 0.5 
power and zero order partial pressure for the hydrocarbon. 
Dr. Seiyama does not know why the kinetics of propylene 
and ethylene oxidation are so different. His observations 
of evaporated silver films under the electron microscope 
(10,000 X magnification) show that an originally smooth 
film agglomerates to separate particles with droplet-like 
structures, in the presence of hydrogen or ethylene at 
temperatures far below silver's melting point. From such 
observations, Dr. Seiyama proposes that the presence of 
reducing gases may be related to changes in catalyst ac
tivity. 

Dr. Seiyama has also been doing extensive research on 
the mechanism of catalytic processes such as S0 2 and 
naphthalene oxidation using the λ7

205 — K2S04 system. 
He has studied the phase diagram of the system in some 
detail and concludes .that it should be treated as part of 
the ternary system V2Or) —K20 — S0 3 . In this system 
the K 20*4V 20 5 structure which retains the V = 0 bond 
forms as part of the acid-base equilibrium of 

4V 2 0 5 + 2K2S04 ^± K2 0.4V2O5 + K2S207 

and plays an important role in the appearance of catalytic 
activity and selectivity. 

0 0 
II II 

I I 
The structure of the catalyst is a complicated lattice with V=0 
bonds in a pentavalent vanadium system 

At Nagoya, Prof. Y. Murakami and N. Morita of the 
Faculty of Engineering are engaged in catalysis research. 
Prof. Murakami is using the pulse technique (originally 
suggested by Dr. P. H. Emmett) both for studying the 
mechanism of catalytic reactions and for making practical 
use of this technique in such reactions as the production 
of caprolactam by heterogeneous vapor phase catalysis 
from cyclohexanone. By varying the schedule for the 
injection program, he has been able to get up to 80% 
yields. He hopes to be able to obtain still higher yields. 

In another theoretical study of the effect of fouling and 
diffusion in a porous medium, Dr. Murakami has investi
gated the location of carbon deposits in catalyst pellets. 
He expressed his results in terms of the well-known Thiele 
modulus that relates chemical reaction rate and diffusivity. 
With consecutive reactions of the type 

A -> Β -> C 

where Β is the desired product and C the carbon deposit, 
he finds that if the Thiele modulus is very small, and 
diffusion is rate-controlling, carbon deposition will be 
homogeneous 

through a catalyst pellet. On the other hand, a shell of 
carbon forms at the outside of the pellet when the values 
of the modulus are large ( ^ 10 or 20) and where the 
chemical reaction rate is the rate-controlling step. 

But if the modulus ^ 2 or 3, carbon is deposited from in
side the catalyst 

To check this fouling theory, Dr. Murakami is using the 
pyrolysis of cumene to benzene and propylene. He is also 
studying carbon formation during the isomerization of 
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1-butene. He uses a single pellet of 
alumina catalyst suspended from a 
wire. A differential electric coil-type 
sensor is used to record the change 
in weight of the pellet as the reaction 
proceeds, giving the rate of carbon 
formation directly. 
At Tohoku University most of the 
purely catalytic research is being con
ducted by Prof. Y. Ogino. Because 
he has done considerable work on 
methanol synthesis he believes that 
surfaces of catalysts are generally not 
uniform, so rate equations following 
the assumption of a homogeneous sur
face will not be as useful as those based 
on a nonuniform one. He had devel
oped rate equations for methanol syn
thesis based on the assumption of a 
logarithmic adsorption isotherm. The 
procedure used is analogous to that 
used by Temkin for his rate equation 
for ammonia synthesis. 

Prof. Ogino's present studies are 
nowr concerned with the effect of high 
pressure on activated adsorption. For 
example, he is investigating the 
chemisorption of carbon monoxide on 
Z n O C r 2 0 3 catalyst up to 60 at
mospheres in connection with meth
anol synthesis. 

Visiting Japan 

There are many workers whom I 
visited but who are not mentioned in 
this article. Those who wish to cor
respond with Japanese professors or 
to explore the possibilities of doing 
postgraduate work there will find a 
detailed listing of laboratories and 
people visited in my report to the 
National Science Foundation. About 
a year and a half ago Prof. J. D. 
Ferry and Prof. J. F. Hornig were 
also invited by NSF to study the 
field of physical chemistry in Japan. 
Their report and its abstract (C&EN, 
Aug. 17, 1964, page 56) provide in
formation about the organization and 
operation of Japanese university lab
oratories which I did not repeat here. 
I am certain that anyone will find a 
visit to Japan both a technically and 
culturally rewarding experience. 
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Richard M. Shepherd named manager 
of Du Pont's Niagara Falls, N.Y., 
works. Succeeds Don A. Miller, re
tired. 

William G. Sirois named sales engineer 
in rubber department of Goodyear 
Chemical, Akron. 

Arthur A. Smith appointed sales man
ager for polymer division of Ethyl 
Corp., Baton Rouge. 

James Boyd Smith named sales man
ager of American Cyanamid's refinery 
chemicals department, Bound Brook, 
Ν J . J. Arndt Weicksel named direc
tor of sales training for organic divi
sion. 

Richard W. Swenson given a senior 
member award of Society of Photo
graphic Scientists and Engineers. He 
is with the R&D division, photo prod
ucts department of Du Pont. A senior 
membership was also awarded to Dr. 
Deane R. White, associate director of 
research division at Du Pont's photo 
products department. 

Robert W. Van Tuyle elected president 
of Drew Chemical. He succeeds 
Robert W. Preusch, who continues as 
consultant. Mr. Van Tuyle was v.p. 
in charge of technical and opera
tional activities at Emery Industries. 

Richard K. Vitek appointed director of 
marketing division at Aldrich Chemical 
Co., Milwaukee. Charles J. Pouchert 
named manager of analytical depart
ment; Dr. Jorge P. Li, group leader 
of research staff; Dr. Ishak Ferosie, 
senior chemist in production depart
ment; and Michael Bolgar, head of 
pilot plant. 

Dr. Murray E. Volk joins chemicals di
vision of Miles Laboratories, Elkhart, 
Ind., as marketing manager of re
search products department. 

C. Eddie Wade appointed southeastern 
district latex and colloidal products 
manager for chemical division of U.S. 
Rubber, Dalton, Ga. 

Hoyland A. Wands appointed product 
manager in industrial and fine chemi
cals department of Merck Chemical 
Division, Rahway, N.J. 

Harold L. Ward joins Wyandotte 
Chemicals Corp., Wyandotte, Mich., 
as manager of marketing research. 
From Armour Agricultural Chemical. 

Leonard R. Wood named a corporate 
v.p. of Witco Chemical Co., New 
York City, and general manager of 
the company's organics division. 

Herman J. Amsterdam, 61, v.p. of In
ternational Flavors & Fragrances 
(U.S.), April 29, Brooklyn, N.Y. 

Dr. John C. Bauer, retired, formerly 
executive v.p. of Bunting Chemical 
Co., Baltimore, Md., March 12. 
Joined ACS in 1937. 

Pela Fay Braucher, 61, associate pro
fessor of foods and nutrition, Univer
sity of Maryland, March 6. 

Louis Creveling, 73, retired chemical 
consultant, formerly of Diamond Al
kali, Painesville, Ohio, Feb. 5. Joined 
ACS in 1914. 

Dr. Carmine Charles Ferriso, senior 
staff scientist, General Dynamics As
tronautics, San Diego, Calif., Jan. 31. 

Norman E. Gallagher of Ungerer & 
Co., New York City, April 19. Had 
been with essential oil and aromatic 
chemical industry for 30 years. 

Rea M. Ginsberg, retired, former sec
retary of department at University of 
Chicago, Jan. 12. Joined ACS in 
1929. 

Dr. Frank E. Labar, 29, postdoctoral 
fellow at University of Illinois, Ur-
bana, March 12. 

George E. Lang, 56, general manager, 
Premier Rubber Mfg. Co., Dayton, 
Ohio, Dec. 22, 1965. 

Josiah K. Lilly, 72, chairman of the 
board and former president of Eli 
Lilly & Co., May 5, Indianapolis. Also 
president of Lilly Endowment, Inc., 
the family foundation. 

Roger Mantsavinos, 37, associate pro
fessor of biochemistry at State Univer
sity at Buffalo school of pharmacy, 
Buffalo, N.Y., March 5. 

Wilfred M. Noble, air pollution plant 
specialist, City Air Pollution Control, 
District of Los Angeles, March 13'. 
Joined ACS in 1923. 

Dr. William K. Noyce, 54, professor of 
chemistry at University of Arkansas, 
Fayetteville, April 18. Joined ACS in 
1937. Chairman of Omaha Section, 
1942-43; of University of Arkansas 
Section, 1949-50 and 1961-62. 

Isabella B. Romans, 60, owner of 
Chloramine Co., New York, N.Y., 
March 20. Joined ACS in 1942. 

Richard L. Slotter, 51, director of mar
ket development, Illinois Cereal Mills, 
Inc., Paris, 111., April 8. 
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