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I Reprocessing Radiation Challenges

AR

(A) 1

IN

S
T
1

» Destruction of active molecules = :2?/;32‘;';,%'5’32:‘;;'0.
ot [TEEEE
g .

- Degradation product formation or ! i -

Su

"4
organic only

- Metal ion redox chemistry : BRI

0 100 200 300 400 500
Absorbed Gamma Dose / kGy

T T T T T T T T T
6.0 - ) E Extraction Conditi
©) Np(VI) reduction by Wl xtraction Conditions ®) |
o
sol HNO, and H,0, | 2 . R R R
2 :
~ 40F i _g R
c 5 N
= 3 _ N .
§ 3.0 | i ﬁ Strip Conditions
& I 8 1p i
o Np(V) oxidation by e
c [ -
8 20 *NO; and “OH, and NO,* g A
o
1. E = —
’  a T a DPu = [Pul,/[Pul,q
DEHBA in 3.0 M HNO, contact
0.0
1 1 1 1
0 5 10 15 20 0.1 L L I I L

o

100 200 300 400

Absorbed Gamma Dose / kGy Absorbed Gamma Dose / kGy

Horne, Zarzana, Rae, Cook, Mezyk et al., PCCP, 2020, 22, 24978.
Horne, Zarzana, Grimes, Rae, Ceder et al., Dalton Trans., 2019, 48, 14450. IDAHO NATIONAL LABORATORY
Horne, Grimes, Mincher, and Mezyk, J. Phys. Chem. B, 2016, 120 (49), 12643.




Ml Reprocessing Radiation Chemistry

Water Radiolysis Direct Radiation Effects
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Ml Reprocessing Radiation Chemistry

Water Radiolysis Direct Radiation Effects
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The Dream — A Complete Multiscale Model
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I How do we get here?...Pulse Radiolysis
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[UO,(NO;),(DEHBA),]*

[Ac(HEH[EHP])¢]

f-element Complexation

“To what extent does metal ion complexation
Influence the radiation chemistry of the coordinating
ligand?”

CALIFORNIA STATE UNIVERSITY

Bhattacharyya and Kundu, Int. J. Radiat. Phys. Chem., 1971, 3, 1.
Kundu and Matuura, Int. J. Radiat. Phys. Chem., 1975, 7, 565.

llan and Czapski, Biochimica et Biophysica Acta, 1977, 498, 386.
Buettner, Doherty, and Patterson, Fed. Eruo. Biochem. Soc., 1983, 158 (1), 143.
Toigawa, Peterman, Meeker, Grimes, Zalupski, Mezyk, Cook, Yamashita, Kumagai, Matsumura, Horne, PCCP, 2021, 23, 1343. IDAHO NATIONAL LABORATORY




[Ac(HEH[EHP])]

B The HEH[EHP] saga...
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*  Methodology: A[HEH[EHP])/[M{(HEH[EHP]),}5] in 0.5 M DCM/n-dodecane; RHe* decay
measured at 800 nm over 200 ns using the Brookhaven National Laboratory (BNL) Laser

Electron Accelerator Facility (LEAF). BROOKHEVEN

NATIONAL LABORATORY

IDAHO NATIONAL LABORATORY

Baxter, Cellis-Baros, Pilgrim, Cook, Grimes, et al., Dalton Trans., 2022, under review.
Tagawa, Hayashi, Yoshida, Washio, and Tabata, Int. J. Radiat. Appl. Instrum., Part C, 1989, 34(4), 503.

Yoshida, Ueda, Kobayashi, Shibata, and Tagawa, Nucl. Instrum. Methods Phys. Res., Sect. A, 1993, 327(1), 41.
Wishart, Cook, and Miller, Rev. Sci. Instrum. 2004, 75 (11), 4359.




B ...continues...

[Ac(HEH[EHP])]
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+  Computations: Geometry optimization using ADF2020 (GGA OPBE functional +

ZORA/STO-TZP basis set for all atoms); Wave functions using ORCA (Hybrid PBEO

functional + DKH-def2-SVP/DKH-def2-TZVP/SARC-DKH-TZVP); and QTAIM metrics ‘

obtained from DFT wave functions using the AIMALL software. E&%&gﬁgfﬁ"TE
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I ...continues...
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+  Computations: Geometry optimization using ADF2020 (GGA OPBE functional +
ZORA/STO-TZP basis set for all atoms); Wave functions using ORCA (Hybrid PBEO
functional + DKH-def2-SVP/DKH-def2-TZVP/SARC-DKH-TZVP); and QTAIM metrics
obtained from DFT wave functions using the AIMALL software.
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Absorbance (1 cm Optical Pathlength) / 10°

...and then there’s ligand dependence...
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+  UO,?* complexation had negligible effect on the reaction of TBP with
RHe*, k(TBP + RHe*) = (1.3 #0.1) x 10%° M1 s~1,

+ For DEHBA and DEHIBA, UO,?* complexation afforded a 2.6x and
1.4x increase in their respective rate coefficients, respectively.

Celis-Barros, Pilgrim, Cook, Grimes, Mezyk, and Horne, PCCP, 2021, 23, 24589.
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Yoshida, Ueda, Kobayashi, Shibata, and Tagawa, Nucl. Instrum. Methods Phys. Res., Sect. A, 1993, 327(1), 41.
Wishart, Cook, and Miller, Rev. Sci. Instrum. 2004, 75 (11), 4359.
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- ...and some answers.

[UO,(NO3),(TBP),]* [UO,(NO;),(DEHBA),]* [UO,(NO;),(DEHIBA),]*

Electron/Hole Transfer

Table 1 Electronic structure calculation free energy (AG) values for the . .

+ +
reaction of RH** with TBP, DEHBA, and DEHIBA for electron/hole transfer RHe* + Ligand — RH + [Ligand]e
and proton transfer scenarios

Ligand AGeIectmn/holc transfer (eV) AGproton transfer (EV) Proto n Tran Sfer
TBP 0.16 —-0.36 + : . +
DEHBA -y e RHe* + Ligand — Re + [Ligand(+H)]
DEHiBA —0.90 —-0.57

BROOKHFAUEN [ X} FLORIDA STATE

NATIONAL LABORATORY UNIVERSITY
1
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Celis-Barros, Pilgrim, Cook, Grimes, Mezyk, and Horne, PCCP, 2021, 23, 24589.
Frisch, Trucks, Schlegel, Scuseria, Robb, et al., Gaussian 16, Revision A.03, Gaussian, Inc., Wallingford CT, 2016.
ADF 2021.1, SCM, Theoretical Chemistry, Vrije Universiteit, Amsterdam, The Netherlands, http://www.scm.com. IDAHO NATIONAL LABORATORY




- Understanding fundamental radiation chemistry is
essential for innovating nuclear technology.

* Predictive models need mechanistic data and reaction
kinetics...and thus pulse radiolysis!

- Metal ions have a profound effect on reaction kinetics,
that varies from changes in electron distribution to
generally increasing the size.
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- Related Nuclear Fuel Cycle Presentations

15:00—15:20 | O6: Kazuhiro Iwamatsu (USA) Pulse Radiolysis Study of Metal Additives in
Molten LiCI-KCI Salt
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16:10-16:15 | F2: Jacy K. Conrad (USA)

Multiscale Modeling of the Radical-Induced Chemistry of Acetohydroxamic
Acid in Aqueous Solution
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4. Homogeneous Bulk Chemistry >1 microsecond
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