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・Polarization target sample of Polymer 
・Dynamic Nuclear Polarization(DNP)
・Copolymerization polymer(EPM)Material
・Polarization System
・Process of Polarization excitation
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Ma t e r i a l  i n c l ud i n g  un pa i r e d  e l e c t r o n .
In d i s pe n s a b l e  t o  DNP

Fr e e  Ra d i c a l

TEMPO un pa i r e d  
e l e c t r o n

2 , 2 , 6 , 6 -  t e t r a  me t h yl  –  pi pe r d i n e  - 1 - o xyl2 , 2 , 6 , 6 -  t e t r a  me t h yl  –  pi pe r d i n e  - 1 - o xyl
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Hi g h  Di l ut i o n  f a c t o r

eas y t o  mi x f r e e  
r a d i c a l

Pol ymer

: Po l a r i z a t i o n  
o b j e c t
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A c o po l yme r  o f  Et h yl e n e  a n d  
Pr o pyl e n e ( 4 9 : 5 1 )

Di l ut i o n  f a c t o r � : � 1  /  7 ( e q ua l  wi t h  PE)

eas y t o  mi x f r e e  r a d i c a l ( SG� 0 . 8 6 � 0 . 8 7 �  Non 
crys t al l i zed )

t e c h n o l o g i c   � In  t h e  s h a pe  o f  a  f i l m e a s i l y  b y a  g ummy 
pr o pe r t y

Ethylene-Propylene-copolymer

3

  g e n e r a l  pr o c e s s i n g  me t h o d

wt %



Di f f us i o n  
mi xt ur e  me t h o d

TEMPO
( Fr e e  r a d i c a l ) EPM

8 0

2 0 0 m�



　

TEMPO i s  d i s t r i b ut e d  un i f o r ml y
1. 64× 1020s pi n/c

c� 　

Spi n  
d e n s i t y

Th e  t i me  c h a n g e  me a s ur e me n t  o f  t h e  TEMPO d e n s i t y i n  t h e  wh o l e  a i r  i n  
EPM

An  i n t e g r a l  c a l c ul us  s i g n a l  o f  
ESR

A d i f f e r e n t i a l  c a l c ul us  s i g n a l  o f  
ESR
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Te f l o n  Ja c k e t
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5 0�

9 9�
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Mi c r o wa v e  
Ca v i t y

Ji g

Co mpr e s s e d  EPM b y Ji g

Mi xi n g  Ch a mb e r





Co o l i n g  Sys t e m( CRYOSTAT)

Li q .Li q . 44 HeHe

44 He  g a sHe  g a s

33 He +He +  4 4 He  g a sHe  g a s

33 He  g a sHe  g a s

Mi xi n g  Ch a mb e r ( 0 . 3 K)

St i l l ( 0 . 7
K)

Ev a po r a t o r ( 2 K)Se pa r a t o r ( 4 . 2 K)

He a t  Exc h a n g e r

33 He ( +He ( +  4 4 He )  f l o wHe )  f l o w

44 He  f l o wHe  f l o w



8 . 8 8 K

Po l a r i z a t i o n  
0 . 0 2 8 %

NMR
f =1 0 6 . 4 4 MHz  ,  B=2 . 5 T

If  a n  NMR s i g n a l  g r o ws  
b i g ,  Po l a r i z a t i o n  g r o ws  
b i g

Po l a r i z a t i o n  o f  
TE( s pi n =1 / 2 )






=
Tk
BP
B

TE
µtanh















=
+

−=
−−−

−−−

kT
B
kT
B

ee

eeP
kT
B

kT
B

kT
B

kT
B

TE
µ

µ

µµ

µµ

cosh2

sinh2

)(

)(B

e n g a g e d  i n  Bo l t z ma n n  
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TE Si g n a l  c h a n g e s  i n  
c o r r e s po n d e n c e  wi t h  
t e mpe r a t ur e






=
Tk
BP
B

TE
µtanh















=
+

−=
−−−

−−−

kT
B
kT
B

ee

eeP
kT
B

kT
B

kT
B

kT
B

TE
µ

µ

µµ

µµ

cosh2

sinh2

)(

)(

Po l a r i z a t i o n  o f  
TE( s pi n =1 / 2 )

If  a n  NMR s i g n a l  g r o ws  
b i g ,  Po l a r i z a t i o n  g r o ws  
b i g





� TE� ( 1. 47K)

� DNP [ pos i t i ve pol ari ze] � ( 1. 52K)

Mi c r o wa v e  Po we r  :  1 0  mW

Mi c r o Wa v e Fr e q ue n c y: 6 9 . 9 1 8  GHz

5 . 1  t i me s  o f  
TE

Pol ari zat i on� 0. 90%

En h a n c e



� TE� ( 1. 47K)

� DNP[ negat i ve pol ari ze] � ( 1. 50K)

Mi c r o wa v e  Po we r  :  1 0  mW

Mi c r o Wa v e Fr e q ue n c y: 7 0 . 2 8 0  GHz

- 0 . 7 2  t i me s  o f  
TE

En h a n c e

Pol ari zat i on� - 0. 12%



Fc : 7 0 . 1 9 0 GHz

Fc :  El e c t r o n i c ( TEMPO) c e n t e r  f r e q ue n c y( @2 . 5 T)
Fp:  Fr e q ue n c y o f  Ma x Po s i t i v e  po l a r i z a t i o n ( c a l c ul a t i o n  
v a l ue )
Fn :  Fr e q ue n c y o f  Ma x Ne g a t i v e  po l a r i z a t i o n ( c a l c ul a t i o n  
v a l ue )

Fn : 7 0 . 2 9 7 GHz

• 6 9 . 9 2 GHz　

MAX po s i t i v e  
po l a r i z a t i o n

0

Fp: 7 0 . 0 8 4 GHz

270MHz



• Th e  e s t a b l i s h me n t  o f  t h e  TEMPO mi xt ur e  me t h o d  t o  
EPM  � � 	 Fo r  s pi n  d e n s i t y o f  r a d i c a l  a d j us t me n t  
po s s i b i l i t y

• c o n f i r m Po l a r i z a t i o n  e xc i t a t i o n  o f  pr o t o n  i n  EPM f o r  t h e  
f i r s t  t i me

� � � � Po s i t i v e  Po l a r i z a t i o n   � 0 . 9 0 %
  � � � Ne g a t i v e  Po l a r i z a t i o n � - 0 . 1 2 %

Summa r y

• Opt i mi z a t i o n  o f  t h e  s pi n  d e n s i t y
• o pt i mi z e  t h e  r a t i o  o f  3 He  a n d  4He Di l ut i o n  	

f r e e z i n g
 � � t e s t  i t  a t  l o w t e mpe r a t ur e  mo r e
 � � g i v e  a b i l i t y f o r  c o o l i n g

� � � 	 i n c i d e n t  b y a  mo r e  e xt r e me  l o ud  mi c r o wa v e

c h a l l e n g e s




