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Introduction to both material

Poly(Ethylene-D4)  CDz dilution factor

Zfrom D
J= 24 fromn C +8 froma D 0.25

Dp DD

. 16 from D
Qo C + 16 from D

J =0.14




| Merits of CD2, CsDs
1. High purity of D 0.98, 0.99
2. D with spin 1 and C with spin 0
3. Short polarization build-up time 3-10 hours

4. Low radiation damage

5. Solid State at room temperature
form thin targets for low-energy experiments




Doping methods for DNP

» Mechanism of Dynamic Nuclear Polarization
Paramagnetic centers are needed

» Chemical (Tempo radical) doping of CD2

Tempo (stable free radical )

Melting point 36°C
Boiling point

(2,2.6.6-te lld,m(*ihvl piperidine-1-oxyl)

> Irradiation with electron beam

Yaramagnetic center for DNP




ESR linewidth and shape

» Zeeman Energy of a free electron
E,=-gl,S1B
» Contributions to the Electron Zeeman linewidth

(IR G B

Hom. === Diplo-Diplo interaction == between electrons
Inhom. === Hyperfine interaction = magnetic nuclei === indep. of Bo
Inhom. === g-factor anisotropy = Crystal field =  dep. of Bo

» Polarization at 2.5T/0.3K  Electron: 99.9% Deuteron: 0.17% AE ] AE
HFS D

» Transfer high electron polarization to deuteron
polarization




EPR spectra of irradiated CH2 and CD2 at 77K

| Differential ESR-Spectra
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» According to HFS, 6-line pattern conresponds to 5 adjacent H,
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»2.4mT splitting of HFS interval belongs to Ha

> Splitting broadening 1.56mT mainly belongs to electron
dipolar-dipolar interaction
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Alkyl-radical
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Irradiated CD2 and CH2 spectra

Differential ESR-Spectra | Integrated ESR-Spectra

deuterate-polyethylene
CD2

3.0mT

Bmoda=0.1mT

05 w9 w3 3 M1 M5 35 39 33 %7 M1 35
B[mT] BlmT]

Polyethylene CHa
2.3mT

Bmoa=0.1mT

T T

320 326 332 338 344 350 320 326 332 338 344 350
B[mT] BlmT]

Bochum Group (2002)



EPR spectra of Radiation-doped CD:

g 9l0
325 329 333 337 341 345
B[mT]
» According to HFS, | |-line pattern corresponds to 5 adjacent D,

Mm=3543...— 3



EPR spectra of Radiation-doped CH:

Integrated EPR lines

CD2

3.0mT

325 329 333 337 341 345
B[mT]

CH:
»The unpaired electron interacts with 2.3mT
the one hydrogen on - site stronger

than the four hydrogen on [3- site

320 326 332 338 344 350
B[mT]



Polarization of radiation-doped CD:

NMR Signal of Deuteron
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1.2 x 1018 4.0 % 10" 90 ( liguid argon ) ~ 16 ~ =25
6.0 > 10" 2.3 % 10" 90 ( liguid argon ) ~ 1T ~ =30
8.0 % 101° 3.2 x 1017 77( liguid nitrogen ) ~ 20 ~ —30
4.0 101 1.9 x 10 77( liquid nitrogen } ~ 20 ~ =27

Tonp= 0.13 ~ 0.15K
Bochum Group (2002)



EPR spectra of TEMPO-doped CD:

Differential ESR-Spectra

Simulation ESR-Spectra
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> Introduce TEMPO Radicals in CD2

< Tempo and CD2 foil into a vessel
without toching each other
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Structure of Polyethylene CD2




Polarization of TEMPO-doped CD-
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Current Research

» Try Trityl radical as dopant for CsDs

D-Butanol :

CD; cp,CD, cD,

s~ Vs
Hoocj[i:(ix S i COOH
P = +80%
S S
C-
S | .
Cna)f‘ Sj/\ ors
CD, = s CD, 3
CD, CD,
CD?:>’<S 5><CD3
CDDH l'D == +1)
Trityf radicals Finfand D36
'Finland' B=25T
Boiling point 161 182 183 164 185

>200°C MME frequency [MHZ]

Bochum Group (2003)



EPR spectra of TEMPO-doped C:sDs

» Try different radical concentration in TEMPO-doped
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» IntroduceTEMPO Radicals in CsDs

1.

2.
3.

dissolve CsDs polymer in toluene

add free radical

V-band
: B= YT
V = YV GHz |
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let the toluene evaporate at RT  s¢yrene-D8, polymerized CsDs




Signal intensity (arb.)

Polarization of TEMPO-dopned C:sDs
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Summary

Deuterated Polyethylene CD2 and Styrene-D8,
polymerized CsDs can be successfully polarized
under DNP conditions.

The maxium polarization of deuterated Polyethylene
is 30% with irradiation of 8%X10'® e/cm? and | 1%
with chemical (Tempo) doping.

Due to EPR spectra,unpaired electrons produced by
irradiation have Hyperfine interaction with 5
adjacent D nuclei .

The first measurement of Styrene-D8 polymerized
CsDs was successful with 12% polarization at

2.5T/1K



outlook

Material| Doping | Polarization| Temperature
CDz2 |lrradiation 30% 150mK
CgDg | Irradiation ? ?

CDz2 | Tempo 11% 330mK
CeDs | Tempo 12% 1K
CD2 Trityl X X
CsDs Trityl ? ?

> Irradiate Styrene-D8, polymerized CsDs ?

> Find an optimal radical concentration and
magnetic feild of Tempo-doped CsDs

> Find a good solvent for Trityl-doped CsDs
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