
109

OCARINA Communication 5OCARINA Communication 5

The OCU Advance Research Institute for Natural Science and TechThe OCU Advance Research Institute for Natural Science and Tech

functions comparable to those 
of natural macromolecules, by 
accurately arranging a wide 
range of functional parts in the 
dendrimer structure.
　We have developed many 
f unct iona l  macromolecu les  
using the dendrimer structure. 
M e a n w h i l e ,  t h e  p r o t e i n   
mentioned earlier is made up of 
multiple macro sub-units that 
express high-level functions. Similarly, I assume that it 
is possible to express high-level functions that cannot be 
accomplished through a single molecule, by integrating 
mult iple art ificia l macromolecules and forming an 
assembly.  For th is ,  we need technology that can 
integrate and arrange macromolecules freely. Therefore, 
I  t r ied produc ing a huge dendr it ic  compound by 
combin ing the sur face ends of  dendr imer’s r ig id 
structures . [3 ] Using th is method , it is possible to 
produce an assembly of macromolecules in the same 
way as  a ssembl i ng a  molecu le  model  by us i ng a  
dendr imer structure that conta ins an appropr iate 
number and arrangement of conjugated chains. Bonding 
the macromolecules was more difficult than expected; 
however we patiently examined a number of reacting 
conditions and separating conditions, and succeeded in 
producing a huge dendrimer assembly with a diagonal 
length of more than 10 nm. (Fig. 2) We further improved 
our molecule bonding technology, and succeeded in 
synthesizing dendrimer octamers with a total length of 
approx imately 5 0 nm. [4]  As shown in Fig .  3 ,  the 
s t r uc t u re  o f  t h i s  mo le cu le  ex t ends  out  a t  h igh  
temperatures and folds in at low temperatures. The 
rigid conjugated chains present characteristic changes 
in absorption spectra 
in accordance with the 
octamer’s high-order 
st ructura l  changes .  
Therefore, the changes 
in absorption spectra 
a re used to mon itor 
t h e  o c t a m e r ’s  
high-order structure. We are now trying to express 
innovative functions using the characteristic high-order 
structural changes of dendrimer assemblies.
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Development of precise 
macromolecules and the investigation
of their functions
Macromolecu les  t hat  ca n express  t he h igh - leve l  
functions required in vital activities are playing active 
ro les  i n  l iv i ng  orga n isms .  For  i nst a nce ,  prote i n  
complexes of size 10 nm or larger play a significant role 
in plants’ photosynthesis . Protein is made up of a 
number of accurately arranged atoms to express its 
functions. It is possible to synthesize macromolecules of 
the same size as natural ones; however, synthesized 
macromolecules are incomparable to their natura l 
counterpa r t s  i n  st ructura l  accuracy.Meanwh i le ,  
state - of- the -art fine processing technolog ies have 
enabled the construction of 10 
nm-scale microstructures on 
t h e  s u r f a c e  o f  
semiconductors. Our research 
t e a m  i s  e n g a g e d  i n  t h e  
development of technology 
that can produce 10 nm-scale 
molecules at will . We aim to 
c r e a t e  fi n e l y  d e s i g n e d  
macromo le cu le s ,  prov ide  
them with similar functions 
to those of natural ones, and 
to produce macromolecules 
that can be used as a single molecule device through 
being connected with a metal terminal.
　I focus on molecules that belong to the dendrimer 
group. Dendrimer is a precise macromolecule that has a 
structure of repetit ive branches radiat ing from the 
center toward the peripheral area . We designed and 
establ i shed a method of  const ruct i ng dendr imer 
molecules that have a characteristic structure of flexible 
branch chains and rigid straight conjugated chains. At 
present, we are trying to realize high-level functions by 
using their flexibi l ity and r ig idity. So far, we have 
succeeded in creat ing antenna molecules that can 
efficiently collect solar energy and molecules that can 
convert light energy to electric energy. [1,2] The rigid 
structures of these molecules can be used to accurately 
arrange dye molecules in a three-dimensional space that 
are required for expressing functions. For example, the 
antenna molecule shown in Fig. 1 contains three kinds 
of porphyrin pigments finely arranged. As a result , 
energy moves from the peripheral parts toward the 
center with h igh efficiency.  I n add it ion ,  the r ig id 
structure of conjugated chains functions as a pathway 
for the efficient transfer of electrons and energy. We aim 
to develop macromolecules that can express high-level 
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t ime. Our chal lenge wil l open a path for molecular 
quantum technology.
　Pulsed magnetic resonance is a type of time-domain 
spectroscopy which evaluates the magnetic interactions 
and relaxation processes of spin systems by radio wave or 
microwave irradiation in a static magnetic field. As shown 
in NMR, multi-dimensional spectroscopy is a powerful 
methodology to measure various interactions in detail. It is 
possible to apply optimized pulses for the precise spin 
man ipu lat ion .  When the elect ron or nuclea r spin 
information in molecules is considered as quantum 
in format ion ,  t he e lect ron or nuc lea r spin can be 
manipulated by means of pulsed magnetic resonance 
technique. By controlling the irradiation conditions like 
frequency or strength, it is possible to excite different spins 
simultaneously or selectively. The pulsed technique, 
therefore, plays the role of a quantum gate as a processing 
circuit which can change quantum spin states. We have 
applied the pulsed electron multiple resonance technique to 
molecular spin systems, having characterized molecular 
entanglement between the electron and nuclear spins and 
verified the 4π periodicity (Spinor property) of electron 
spin or  nuc lea r spin w ith a ha l f  i nteger angu la r 
momentum. We have also selectively controlled one of 
coupled electron spin (implementation of two-qubit gate).[1- 
4] We are currently developing advanced technology based 
on pulsed microwaves for the precise control of the 
electron spins. In order to realize quantum control for 
molecular quantum information processing and quantum 
computers (molecule quantum cybernetics), we will make 
molecular optimization for appropriate spin systems 
towards quantum state control as well as application of 
quantum chemical approach for highly accurate magnetic 
parameter calculation. Also, we will establish an innovative 
pulsed magnetic resonance technology such as coherent 
microwave multiple resonance technique for molecular spin 
quantum computers. 
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Quantum computers , which util ize the properties of 
qu a nt u m s t a t e s ,  a r e  a t t r a c t i ng  a t t ent i o n  a s  a  
next-generation information processing technology. They 
are expected to improve computing capability greatly. In 
contrast to the classical (digital) computers, which operate 
on the binary system of zero and one, quantum computers 
(QCs) operate on a quantum state, using quantum bits 
(so -called qubits) . The QCs enable us to establish an 
efficient information processing system with quantum 
parallel ism and quantum search algorithm by using 
proper t ie s  pecu l i a r  t o  qua ntum st ate s ,  such  a s  
superposit ion and entanglement . Also, h igh secure 
communication is assured due to quantum no cloning 
theorem. The trends toward a new quantum information 
world have a lready begun . In addit ion , a quantum 
computing process is reversible; not only is one-way 
computing from A (initial state) to B (final state) possible, 
but also computing from B to A. This property provides an 
ideal circuit model for a highly efficient information 
processing system without information loss during 
computing processes. It is no exaggeration to say that 
quantum computers mark the beginning of a smart , 
sustainable society with efficient energy use. 
　A research of quantum computers dates back to the 
time of theoretical consideration by R. P. Feynman and D. 
Deutsch in 1980’s. Subsequently, P. W. Shor’s discovery of 
t he  qua nt um a lgor i t hm ,  wh ich  computes  pr ime  
factorization at a high speed, marked a large break 
through. The development of the quantum algorithm and 
quantum computing theories has been discussed actively so 
fa r.  I n recent years ,  in order to rea l ize quantum 
computations, one of our tasks has been the control of 
qubits in existing physical systems such as photons, 
semiconductor quantum dots, superconducting magnetic 
fluxes and electron/nuclear spins. In order to apply them 
as information resources, studies have been carried out to 
increase the number of qubits, develop technologies for 
controlling qubits , and establish hybrid systems that 
combine different qubits.
　We focus on the quantum propert ies of unpaired 
electrons and the nuclear spins in molecules, and aim for 
the realization and application of quantum information 
processing/quantum computers, using these properties as 
qubits .  I n th is project research ,  we proceed with 
development of quantum technology for applying the 
electron/nuclear spin property in molecules to information 
resource .  Exper imenta l approach is based on our 
knowledge of both pulsed electron spin multiple resonance 
and molecular spins, which we have experienced for a long 
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Fig. 3: Dendrimer assembly’s
high-order structural change

Fig．１： Ａ solar 
light-harvesting antenna

Fig. 2: A cross-shaped
dendrimer assembly




