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Electron vs. Hydrogen Transfer Mechanisms

» Electron: nitroxide (TEMPO) vs.
Hydrogen: phenol (a-tocopherol)

* Mechanisms
— Opverall interaction with UHMWPE free radicals
» (Carbon-centered
» Peroxyl
» Alkoxyl
— Reaction rate constants — competing reactions

e Importance
— Be able to explain results with mechanisms
— Understand mechanisms for better design
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Nitroxides, a class of antioxidants

 Electron transfer mechanism
N-OH N-O° == ( +N=0
e

« Long radical lifetime, stable
 MRI contrast agent

* Spin labeling reagents, ESR -
probes s : : R _R, s o
» Radioprotectants in vivo g:@g: O:>2<3N_((:)l:l &
— Reactive oxygen species: O, & ' "“J<4 ik
H,0, |
—  (C-centered radical trapping Piperidine Oxazolidine Pyrroline
— Lipid peroxidation prevention o
« Polymerization —
— Nitroxide Mediated Radical ;l/—o \J\Nj/ R,,«QN j\R
Polymerization (NMRP) R{” R, & 4 '
' Pyrrolidine

2,2,6,6-Tetramethylpiperidine-1-oxyl
(TEMPO)

http://www.physics.utoronto.ca/~key/PHY138/
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Proposed Mechanism of Oxidative Degradation Protection

Free Radicals Produced in UHMWPE
«» —CH~—CH;— R-  Alkyl RO-+0, — RO,  Peroxyl
RH=RH-RH  Allyl RO-  Alkoxyl
Vitamin E (a-tocopherol) Hydrogen Transfer Mechanism reference
CH, gy, CH, CH, CH RO, + a-T — ROOH + o.-T [14, 15, 16,17]
H‘C CHZ)}éH(CHz)‘,(l?H(CHZ)3|CHCH3
{ HO o-T + a-T- — stable dimer [14, 15, 16]
CH,
Nitroxide- TEMPO Electron Transfer Mechanism reference
(2,2,6,6-Tetramethylpiperidine-1-oxyl) R- +>NO- — >NOR 3.9, 11, 12]
RO, +>NO: < >NOOOR — >N*"=0 + RO, [10]
( N0 = >NO- >NO- + e — >NOH [3, 13]
R-+>NOH — >NO- + RH [9, 10]
RO- +>NOH — >NO- + ROH [9]
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Infiltration & Stability-FTIR

* Aim: Prove stability of TEMPO
molecule in UHMWPE matrix

e Thin films doped

— 100 wm
— 150 wm
— 200 wm
* Short term stability:
— Washed- Hot bath 1 hours Important absorbances:
— Sonicated- 30 minutes -+ 1360 cm’! CH, groups!®
e Normalized for thickness © 1340 cm! -NO moiety'®"#
- 1260 cm’!
* Index taken of . 1200 om-! N streteht
—  Height at TEMPO charact.v doped sample -IN strete
) ” - 1130 cm’!

Height of undoped sample at same v
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FTIR Spectra of 150 um TEMPO Doped Thin Films

}— Virgin UHMWPE 150 um — Doped 150 um — Washed 1 hour 150 um — Sonicated 30 mins 150 um ‘
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EPR: Low Temperature Spin Trapping

* Doped films, unirradiated

* Small pellets y irradiated (25 kGy) in air at 77K
(liquid N,)
— Virgin UHMWPE, a-t doped, TEMPO doped
— Transferred to EPR cavity (115 K)

— Slowly warmed to room temperature

» 8 intervals of temperature analyzed:
— 115K, 150K, 175 K, 200 K, 225 K, 275 K, 290 K
— 297 K after 10 days

* Small pellets y irradiated (25 kGy) in air at room
temperature:
— Virgin UHMWPE, a-t doped, TEMPO doped

Dose rate: ~3 kGy/hr
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Spin Trapping- Virgin UHMWPE

1500 - 150 150
o P = M\ f | _-f\/\/\/\
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September 14, 2007 3rd UHMWPE International Meeting 8



NERSIT,
S Ao

|:®; A. JAMES CLARK
‘%11;;0:‘\0

SCHOOL OF ENGINEERING

Spin Trapping- a-tocopherol doped UHMWPE
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Spin Trapping-TEMPO Doped UHMWPE
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Liquid N, vs. Room Temperature Irradiation

150 = 150 150
|
0+ —,— O+ 0+
-15006 50G | _15004 WE 15006+ 50 G
Vlrgln- Irradlated 77 K a-Tocopherol- Irradiated 77 K~ TEMPO- Irradiated 77 K
150 150 150
0 o—— - . L —]
-15006 . 0G| 15006 W@ -1500¢ | s
Virgin- Irradiated a-Tocopherol-Irradiated TEMPO- Irradiated
Room Temp. Room Temp. Room Temp.
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Conclusions
« TEMPO is an efficient spin trap

» Nitroxides may possibly be efficient antioxidants in
UHMWPE

» FElucidation of dominant mechanisms is necessary
» Accelerated aging/ mechanical testing is necessary

* Need to assess long term stability
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