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ABSTRACT 

Tadashi Tokuhiro was born in Yokohama, Japan in 1930 and passed awcy in 
Grapevine, Texas, USA in 2010. He obtained a Ph.D in Chemical Physics from Tokyo 
Institute of Technology in 1962. He held faculty positions at many universities, 
including the University of Detroit, Massachusetts Institute <if Technology and Missouri 
University of Science and Technology .His main research interest dealt with physical 
and engineering application of gels, nuclear magnetic resonance relaxation 
phenomena, molecular dynamics and characterization ofbiotissues by NMR methods. 
He published many scientific articles in widely respected journals from Japan, United 
States and Great Britain. 
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Spin Lattice Relaxation, Molecular Dynamics 

RE SUMO 

Tadashi Tokuhiro nasceu in Yokohama, Japao em 1930 efaleceu em Grapevine, Texas, 
USA. Ele obteve o tftulo de PhD. em Quimica Fisica do lnsituto de Tecnologia de 
T6quio em 1962. Ocupou cargos de professor em varias universidades, incluindo 
University of Detroit, Massachusetts institute of Technology e Missouri University of 
Science and Technology. As suas atividades de pesquisa trataram de propriedades 
fisicas e aplica<;iJes de gets, fen6menos de relaxamento de ressondncia magnetica 
nuclear, dindmica molecular e caracteriza<;do de tecidos bio/6gicos com mhodos de 
RMN. Ele publicou muitos artigos cientfjicos em revistas de alto nivel do Japdo, 
Estados Unidos e Grd Bretanha. 

PALA VRAS CHA VE: Hist6ria da Quimica, Fisico-Quimica, Fisica Quimica, 
Relaxamento Espin-Rede de RMN, Dinilmica Molecular 
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Tadashi Tokuhiro was born in Yokohama, Japan on February 26, J 930 and passed 

away in Grapevine, Texas on August JO, 2010. 

His father was a structural/architectural engineer for Japan's Sun (Shell) Oil Company 

with "Western" habits. Together with his sisters he spent the early years in Yokohama. 

In 1956 he married Reiko, his wife for forty nine years. They had two children, a 

girl, named Asako and a boy, Akira. 

He received the Bachelor of Science Degree in Chemistry from Tokyo University of 

Science in 1957. He obtained the Master of Science Degree in Physical Chemistry from 

the Tokyo Imperial Institute of Science and Technology (now, Tokyo Institute of 

Technology) in 1959 and was awarded the Doctor of Philosophy Degree in Chemical 

Physics from the same institution in 1962. 

From 1962 to 1965, Tadashi Tokuhiro held the position of Research Associate at 

the Research Laboratory of Spectroscopy of the Tokyo Institute of Technology. 

Early in his scientific career, in l 964, he was the recipient of the Matsunaga Science 

Foundation Award for Encouragement of Young Scientists for his work on nuclear 

quadrupole resonance in solid organic substances. 

During that time, many promising young scientists from throughout the world were 

attracted to the United States, very much alike to what happened during the golden age 

of the Roman Empire, when the world's best scientists and engineers went to Rome. 

Tadashi Tokuhiro went to the United States in 1965 with the recommendation and 

kindness of key individuals like Colonel lmObersteg (Pentagon) and Reverend 

R.C. Halverson of Washington, DC. He began postdoctoral work with Professor 

Gideon Fraenkel at The Ohio State University in I 965 and continued as 
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Research Associate until 1969 when he accepted a faculty position as Assistant 

Professor in the Chemistry Department of the University of Detroit. In 1974 he 

was promoted to Associate Professor. He worked at the University of Detroit for 

15 years and played a very important role in the establishment of the Ph.D. 

Program in Chemistry. 

PROF. DR TADASHI TOKUHIRO (1930-2010) 

Prof. Dr. Tadashi Tokuhiro held faculty positions at other universities including 

Loyola University (Chicago), New Jersey School of Medicine and Dentistry, 

Massachusetts Institute of Technology and the University of Missouri, Rolla 

(now, Missouri University of Science and Technology). 

He was also staff scientist at the following institutions: Argonne National 
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Laboratory (Solid State Science), MIT's Francis Bitter Magnet National 

Magnet Laboraory, Bruker BioSpin, Brucker Analytische Messtechnik, GMBH, 

Karlsruhe, Germany and Picker International (NMR/MRI). 

At the Missouri University of Science and Technology he worked from 2002 

to 20 I 0, a few months before his death. He held the position of Adjunct Professor in the 

Graduate School and the Department of Chemistry. 

His research interests dealt with physical science and engineering application of 

gels, nuclear magnetic resonance (NMR) relaxation phenomena, molecular dynamics 

and characterization of biotissues by NMR methods. 

During the last ten years that he spent at the Missouri University of Science and 

Technology, he studied hydrogel/polymer gels using NMR and reported that the 

characteristic time scales of phenomena at the nano-scale were different from those 

in bulk aqueous phenomena. 

Together with his son Akira Tokuhiro and Massimo Bertino, he was awarded various 

grants by the Department of Energy for nuclear energy engineering research 

(DOE NEER). They involved studies of metal binding capability of functional 

thermosensitive polymer networks and application ofhydrogels to low level 

radioactive waste processing, enhancing reactor facility utilization at the University 

of Missouri-Rolla reactor. 

VISIT OUR SITE: http://www.sbjchem.he.com.br 
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Prof. Dr. Tadashi Tokuhiro was our colleague during our tenure as a faculty member 

in the Department of Chemistry of the University of Detroit, Detroit, Michigan from 

1975 to 1978. 

We shared the responsibility of teaching undergraduate lecture and laboratory 

courses to chemistry and chemical engineering students. 

Eventually, we became good friends and collaborated in various research projects, 

the most important one being the study of the process ofmicellization in aqueous 

solutions. Our study of the ternary system cetyltrimethylammonium bromide-

dimethyl sulfoxide-water (CT AB-DMSO-H20) , mainly by nuclear magnetic resonance 

spin-lattice relaxation and tensiometric techniques, eventually led to an unique model 

for a micelle. The preliminary results were presented at the 174'h National Meeting of 

the American Chemical Society in Chicago in 1977 and at the 52ml Colloid and Surface 

Science Symposium, sponsored by the Oak Ridge National Laboratory, in Knoxville, 

Tennessee in 1978. A copy of the abstracts of the papers is given on the following 

pages. 

The first diagram of the unique model was published in 1984 in Surfactants in 

Solution, K.L. Mittal and B. Lindman, Eds., Vol. 2, Plenum Press, New York, 1984. 

(Cf. L. G. Ionescu, F Nome and L.S. Romanesco,pp. 789-801). 

Prof. Dr. Tadashi Tokuhiro was the best example that we have witnessed in terms 

of the preparation of experimental samples for precise measurements. He had an 

extraordinary patience, took a lot of care and seemed to feel a pleasure doing 

experiments. Like very few scientists, he managed to do research and experimental 

work up to the age of80 years, a few months before his passing away. 
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174th ACS Meeting 

American Che1n!cal Society 

_ Port City Preu, Inc. 
BoltimorP.1 Md. 

Chicago, Illinois 
August 28.September 2, 1977 
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. Surfe..ce tensio~. rr:eas?re:'~e:o?s of wc.ter-dir;ethyls1;2.foxide (D':·so) 
2olu~1ons of cetylt~1~ethyln~~on1u~ bromide (C~An) indicate that the 
li-;_u:_d st"'."J.ctures of t:ie solvAnt systef'ls play ar. i::iportant role in the 

PHYS 

formation of micelles. The addition of D~SO to water causes a signifi­
cant increase in the critical micellar concentration (Cl<'.C) of CTAB. At 
a DMSO mole fraction (X) of 0.366, micelle formation was not observed. 
Proton spin-lattice relaxa~ion rate ( i/'r ) for the methylene gr('.ups, 
the methyl e;roups attached nitroeen and ihe end methyl group of CTAB 
we-::0 C.etermined in D?C and D20-D:V:SO-d,.. mixtures at 28°C •. As compared 
to the (1/T 1 )(CH.) vOlues (0,017/s in°D<O), (1/T,) for both methyl pro­
tons were very l~rge (..,,2/s). The (1/T ;(CH) values in both D 0 and 
D 0-Dr.:SO-d mixtures above C!1IC were slfghtl:? greater than thos~ below 
C~C. An iR.crease in (i/1' 1 )(CH2 ) was caused by the addition of Di,:SO-d 6 to DO, i.e., 0.03/s (X=o;ogs) a.'1d 0.074/s (X=0.366). These results 
reve~l that an increase in structuri.ng of the so,lvent system apparently 
shifts the C}'.C to higher concentrations. Preliminary results obtained 
for CTAB in N,N-dimethylformar;iide-water solutions indicate a similar 
kind of intermolecular interactions. 

40. CONDUCTANCE BEHAVIOR OF LONG-CHAIN AMINE HYDROCHLORIOES IN 2-METHOXYETHANOL. 
Barbara J. Barker and Thomas Mullin, Department of Chemistry, Hope College, 

Holland, MI 49423 and Joseph Rosenfarb, Department of Chemistry, University of Florida, 
Gainesville, FL 32611. 

The behavior of a series of colloidal electrolytes in 2-methoxyethanol (methil 
cellosolve), a medium of relatively low specific conductance (4-6 ,x io-8 ohm-1 cm- ) and 
dielectric constant (16.8) and moderate viscosity (1.54 cP), was investigated by con­
ductance techniques at 25°C. Included in the study were octyl-, decyl-, dodecyl-, 
tetradecyl-, hexadecyl-, and octadecylamine hydrochlorides. All conductance data were 
evaluated by the Fuoss-Shedlovsky, Fuess-Onsager, and Ferna'ndez-Prini expanded form of 
th~.Pitts and Fuoss-Hsia equations. As expected, the limiting equivalent conductances 
of the electrolytes decrease as the crystallographic radii of the cations of these salts 
increase. Little difference is observed in the extent of association of the six long­
chain quaternary ammonium salts in 2-methoxyethanol; these salts appear to behave as 
simple 1:1 electrolytes within the concentration range of 1-28 x 10-4 M. Included in 
the present discussion are a swmnary of the previously investigated conductance behavior 
of these long-chain salts in water and a general review of colloidal electrolyte behavior 
in solution. 

VISIT OUR SITE: http://www.sbjchem.he.com.br 
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52nd Colloid and Surface Science Symposium 

June Z2-l4, l9?8 
University of Tennessee, Knoxville, Tenn. 3?l96 

EFFECT OF POLAR SOLVENTS ON THE FORMATION OF Ml CELLES OF 
CETYLTRIMETHYLAMMONIUM BROMIDE IN AQUEOUS SOLUTIONS. Lavine! G. Ionescu, 
Tadashi Tokuhiro and Benjamin J. Czerniawski, Department of Chemistry, 
University of Detroit, Detroit, Michigan 48221. 

Long Abstract 

Many properties of solutions of the surfactant cetyltri­
methylammonium bromide (CTAB) in water have been studied in 
great detail. Of particular interest is the critical micellar 
concentration, CMC, which is the minimum concentration of sur­
factant at which micelles are formed. We have determin-ed the 
critical micellar concentrations of aqueous solutions of CTAB 
containing various amounts of dimethylsulfoxide (DMSO), N, N-di­
methylformamide (DMF) and N, N-dimethylacetamide (DMA) at 25Q 
and 40°C by means of surface tensiometry. The experimental 
measurements were carried out with a Fisher Model 21 Surface 
Tensiomat. In general, the experimental results indicate that 
micelle formation is hindered by increasing the tempera-ture. 
All three cosolvents, DMSO, DMF and DMA have an inhibitory 
effect on the formation of micelles of CTAB. This effect is 
relatively small at low cosolvent concentrations, but it in­
creases dramatically as the mole fractions of DMSO, DMF and 
DMA approach O. 33. This mole fraction corresponds tq the for­
mation of the stoichiometric hydrates DMSO· 2H 7o and DMF· 2H 7 0. 
At cosolvent mole fractions higher than 0.33 Lhe formation~of 
CTAB micelles does not appear to take place. The inhibitory 
effect on rnicelle formation is most pronounced for mixtures of 
water and N,N-dimethylacetamide. The Ii.Ge-values determined for 
the process of micellization in the mixed solvent systems are 
comparable to those determined for the formation of micelles in 
water. The values obtained for ii.S0 micellization indicate than 
an increase in the ordering of the surfactant-water-cosolvent 
system takes place as the mole fraction of cosolvent is in­
creased. This is consistent with a strong interaction, such as 
hydrogen bonding, between water and co sol vent. The inhibitory 
effect on micelle formation can be explained in terms of a de­
crease of hyclrrophobic forces in the ternary sys tern due to inter­
actions between water and cosol vent. 

VISIT OUR SITE: http://www.sbjchem.he.com.br 

9 



10 

SOUTHERN BRAZILIAN, JOURNAL OF CHEMISTRY 
SOUTH. BRAZ. J. CHEM., Vol. 19,No.19, 21111 

Tadashi Tokuhiro, Prominent Speciall5t in Chemical Physics 

163 

52nd Colloid and Surface Science Symposium 
June l2-"l4, l9?8 

University of Tennessee, Knoxville, Tenn. J7l96 

PROTON SPIN-LATTICE RELAXATION MEASUREMENT IN AQUEOUS MICELLAR 
SYSTEMS CONTAINING DIMETHYLSULFOX!DE. Tadashi Tokuhiro, Lavinel 
G. Ionescu and Daniel B. Fung, Department of Chemistry, University 
Of Detroit, Detroit, Michigan, 48221. 

Long Abstract 

Although it is well recognized that the whole micellar 
structure is a bulk phase well distinct from the aqueous phase, 
information conceTning molecular dynamics of surfactant monomers 
and molecules present in micelles is almost unavailable. In this 
work effect of intermolecular interactions on the formation of 
micelles and molecular motions of surfactant molecules were in­
vestigated by measuring proton spin-lattice relaxation rates for 
the methyl, N-methyl, and methylene groups of cetyltrimethyl­
ammonium bromide (CTAB) in water and water-DMSO mixtures at 
concentrations below and above the critical rnicellar concentration 
(CMG) • 

(Z) Bdow CMG 
The experimentally measurable relaxation rates for the above 

three proton groups (R) of CTAB [(1/T 1 J~rw or B)l consist of 
several contributions where W and B denote water and water-DMSO 
mixture. The values of these contributions are listed in Table I. 
( 2) Above CMC 

The experimentally measurable relaxation rates can be expres­
sed as 

(l/T1J~C~tor B)=(l/T 1J~(W or B)(l-CMC/C)+(l/T 1J~(W or B)(CMC/C) (1) 

where C is the total concentration of CTAB and M stands for 
micelles. There are several contributions to the first term in 
Eq.(l). The values of these are also listed in Table I. 

Our previous study revealed that the addition of DMSO to 
water increased "structuring" in the liquid systeml and this was 
attr:ibuted_to a strong contribution from DMSO molecules which 
are directly involved in the structure of this binary liquid 
through hydrogen bonding with water protons. This increased 
"structuring" in the liquid system played an important role and 
disturbed the formation of micelles as manifested by the solvent­
composition dependence of intra and intermolecular relaxation 
rates. (See the third and fourth column in Table I.) It is 
evident that the strength of intermolecular interactions between 
water and DMSO overcomes the "hydrophobic effect" which is the 
main driving force to form micelles :.n water: 

From the values shown in Table I and various correlation 
times evaluated from 1/T1 values the 11 rigidit)r 11 Or "fluidity" of 
micelles in water can be described as follows: 1) the "fluidity11 

of the methylene groups in micelles is comparable to that of 
monomers dispersed in water or liquid hydrocarbons, 2) within 
micelles, the 11 rigidi ty" of the tail part of the CTAB molecule 
is greater than that of the head group, and 3) the "fluidity" of 
the methylene group is larger than that of either the tail or 
the head groups by factors of over a few hundred. 
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The generalized picture that emerges for the CTAB micelles 
consists of three well-delineated regions: 1) the center that 
contains the terminal methyl groups and is fairly rigid, 2) a 
fluid area containing most of the methylene groups and, 3) a 
relatively rigid surface consisting essentially of the N-methyl 
head groups and the corresponding counter ions. 

Table I. Intra and Intermolecular Proton Spin-Lattice 
Relaxati9n Rates at 28.2°C. 

ll 

c!:. )~(intra) 
T1 

(!:. )S(inter) 
T1 R-CTAB 

(!:. )S(inter) 
T1 R-H20 

(!:_ ) M 
Tl R 

(!:_ )M(inter 
T1 R-HzO K(DMSO) 

x 10 2 (S-l) x 10 2 (S- 1)* x 10 2 (S-l) x 10 2 (S-1)** x 10 2 (S-l) 

0. 1.0 0.80 - 1. 80 -
1::H2l 15 0.098 2.5 0.52 - 3.54 -

0.366 59.0 o. - - -

0. 102 44.0 1,260 236 ~ o. 
CH3 0.098 120 20.0 357 217 ~o. 

0.366 188 o. - -

0. 105 43.0 1,740 275 ~o. 

N+(CH
3

J 3 0.098 151 27.0 199 208 < 620 

0.366 179 0. - -

* C=3.2 mM 

**(1/T1 J~ = (l/T1 J~(intra)+(l/T 1 )~-CTAB(inter) and at C • 13 mM. 

1. T. Tokuhiro, L. Menafra and H. H. Szrnant, J. Chern. Phys. ~. 
2275 (1974). 
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~~~.q:::::>r£---1 

'\..,.--__,.~-!+---- 2 

'"ITP---3 

1 - RELATIVE LY RIGID CENTER CONTAINING TERMINAL 
METHYL GROU PS 

2 - FLUID REGIO N CO NTAINING MOST OF THE METHYLENE 
GROUPS 

3 - RELATIVELY RIGID SURFACE CONSISTING MAINLY OF 
THE N-METHY L GROUPS AND BROMI DE COUNTERIONS 

Structure proposed for micelles of cetyltrimethylammonium 
bromide (CTAB) on the basis ofNMR spin lattice relaxation 
time measurements. (Cf. Surfactants in Solution, Vol. 2, 
KL.Mittal and B. Lindman, Eds, Plenum Press, 
New York, 1984). 

VISIT OUR SITE: http://www.sbjchem.he.com.br 
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At the University of Detroit, he had the reputation of a good, tough and strict 

Professor. As we mentioned above, we shared the responsibility of teaching physical 

chemistry to chemistry and chemical engineering undergraduate students. We used to 

rotate the responsibility of the disciplines. In this way the students had a "democratic" 

choice to choose the professor. It was just the question of waiting a semester. 

We remember a chemical engineering student from Nigeri!S\.Momoh, who took 

Physical Chemistry I with Professor Tokuhiro and failed. He was repeating the course 

with us. Momoh was almost late for the class that was early in the morning and at times 

he did not pay much attention. 

On a certain date, we went to participate of a conference and our assistant gave an 

examination for us on the laws of thennodynamics. As usual, Mom oh was late and 

when he got to the classroom he saw some strange people there. The room was used by 

a guest lecturer and the physical chemistry class was changed to a room in a nearby 

building. He did not see the note on the door, lost a lot of time finding the new place 

and failed the exam. He explained to us that he lost a lot of energy looking for the new 

classroom, his head got hot and could not think well. He became frightened at the idea 

of failing with us and having to repeat the course again with Professor T. Tokuhiro. 

Since thermodynamics deals with the transformation of energy into heat and work, 

we gave Momoh a second chance and he eventually passed the course. 

Prof. Dr. Tadashi Tokuhiro was active in community affairs and the propagation of 

science. He served as Vice-President and President of the Physical Sciences Section of 

the Michigan Academy of Sciences, Arts and Letters and participated in the 

"mokuyoki' choral groups, He enjoyed classical music, especially the Bach Cantata 

and travelled widely. 

13 
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Prof. Dr. Tadashi Tokuhiro lived some very difficult years as a youth during World 

War II, but was spared from major tragedies. His classes were often cancelled, he 

worked in a factory and saw B-29 bombers headed for Tokyo. The scenes he witnessed 

Tokyo in the part of the city hit by incendiary bombs left deep impressions that stayed 

with him for the rest of his lifo. He impressed people with his calm mood and his deep 

reflections. 

Two of his doctoral students at the University of Detroit have contributed 

significantly to the development of chemistry in South America. 

Dr. Luis Menafra, besides his effort in chemistry, was President (Rector) of the 

Universidad de la Republica, Montevideo, the most prestigious university in 

Uruguay. 

Dr. Juanita Freer, faculty member at the Universidad de Concepcion, made 

important contributions to the development of chemistry in Chile. 

Prof. Dr. Tadashi Tokuhiro published a large number of articles dealing with 

chemistry, physical chemistry and chemical physics in widely respected journals 

in Japan, United States and Great Britain. A list of representative publications is given 

at the end of this article. 

ACKNOWLEDGMENT. We thank Prof. Dr. Akira Tokuhiro of the University of 
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