Pursuing Electrochemical Dinitrogen Fixation with a Re(V) Dioxo T

I l n NORTH CAROLINA
u.";, g ) | ) 1 f

& o at CHAPEL HILL

Maya R. Spencer, Noah D. McMillion, Alexander J. M. Miller

Department of Chemistry, University of North Carolina at Chapel Hill, 125 South Road, Chapel Hill, NC, 27599

Introduction: Nitrogen Fixation Chemical Reductions of (POphenOP)-Re Electrochemical Studies of [Re(0),(POphenOP)][l]

The Haber-Bosch Process — Successes and Failures

Synthesis of Target Complexes Cyclic Voltammetry of a Re(V) Dioxo

[H%[) OC}?‘L] 80 — CVs collected with 250 mV/s scan rate in 0.2 M
N2 + 3H2 >2NH3 + C02 — Cathodic Trace [INBu,][PFg] acetonitrile. solution with 5 mm
100 atm : | THE rt. 18 h 60 | — Anodic Trace glassy carbon working electrode, Ag®*
+  Ph P—Ré—PPh > » reference electrode, and Pt wire counter
50% of the N at 1 th 3 é/ \C\) 3 =z electrode. iR compensation applied.
. 00 e N atoms In the 2
average human have been 2 Soan Rate Dosendence Exoerimant
3 can Rate Dependence Experimen
through the Haber-Bosch on First Reduction Wave
Process 25—
* H, comes from steam- * NEEDOS AT 2 e I
reforming methane » S 0 0.0 10 20 30 — 50 muis
Photo by Drahkrub Photo by Tseno Tanev Potential (V Fo/Ect = 154 500mVss
Creative Commons License Creative Commons License otential (V vs. FefFc’) E 1000 mV/s
Chen, et al. Science 2018. 70°C, 18h = o
————————————————————————————————————————————————————————————————————— KPR —— - Full CV of [Re(O),(POphenOP)](l] = 0
Electrocatalysis as a Sustainable Source of NH; S 054 |
(Pr)y (Pr), 004 /
+ A 0> ' | ' | - | - |
o L.M=N_+ H™, e 1.0 1.2 1.4 1.6 1.8
:.:.:."._a." / \ Potential (V vs. Fc/Fc™)
0‘. &
l"..,‘
" . - . . .
@ _ Chemical Reduction of a Re(V) Dioxo Targeted PCET/PCET-Like Reactions
e L,M=N=N=ML, LhM=NH
V - -
NRR +M 4 q [ELNHICT /_\ _\ B —  Could .produce labile
3/2 O CD4CN N N — - 0-ReV=0 aquo ligand to open a
2 N2 Y C —Re\/ 2 THF o \P_ . . .
ollg B0 B R O, (on® coordination site
[ [ B 2 2 .
6 H* " - L,M—N, L . M—NH, (P2 (Pr); * Reduction of the
e (catalyst) - P NMR 58 metal center is key to
O Al O +e' . .
=S N, binding
3 HO ) N 2
2 2 NH3 'NH3, +N2 LnM_NH3 + H+, e |
(ammonia)
Y \/
. ] M‘M/UMMI\MMN\—N\/\‘WMN O:\ReIV:O
McMillion, et. al. ACS Catalysis. 2020. R A o—p PG o—p PO
1H (ppm) (Pr), (Pr), (Pr)2 ('Pr)2
Entering the Cycle
/ = H*, e
Nz \ |
N,—Rel—N)= \U m =
0—p PO I M i o n 0—p' "P-0
(‘Pr)a ('Pr)z _ | A M\JM Pl | M} W‘M y I (Pr) (Pr), (Pr)y (Pr), (Pr)y (Pr),
—N  N=
~Re!ll- i . . i
+[Re] O'\_'zP/Re\_;,'j'g S T e " Electrochemical Reactivity with [Et;NH]* Salts
('Pr)2 ('Pr) m
4’+ i KCgs Reduction Performed and Studied by Noah McMillion
i i ] : -150 —
+ 4e", 4H* H*, e Chemical Reduction of a Re(lll) Dichloride ®
‘ » > _N\ /N_ -100 —
 OFRel 0y EO AN, NemRellz . - Current enhancement seen
(iPr)2 (iPr)2 (ipr)2 (ipr)2 (iPr)2 (iPr)2 _‘ PF6 ::_3 o 7 J W|th addition Of [Et3NH]+
*: ; = o eq [EUAHICT + The second reduction
c (it 72h O 50 1 Ea [Ei‘*ﬁﬂ“gll coincides with reduction of
=N_  N= * ~ Be’nzene . 3 Eq Eiind acid, but the current
Og;ﬁeﬂ'g'_o Id; . Eg {E}gm}{gﬁ enhanpement at the.first
i | (Pr)s (PN, 150 | | | | | reduction is suggestive of
(‘Pr)o (‘Pr), 1.0 0.5 0.0 -05 -0 -15 20 25 -3.0 PCET!
Idealized Cycle Current (V vs. Fc/Fc)
PF6 -100 —
N, Fixation: Precedent for Metal-Oxo Complexes _‘ @D
- rt., 72 h 50
+ Cr - <
:© Benzene 2
Mes Mes CVs collected with 250 mV/s scan rate in 0.2 M g -
_ [INBu,][PFs] acetonitrile solution with 5 mm O
Me3SiNg glassy carbon working electrode, Ag®* >0 - — Before CPE
~|PFe reference electrode, and Zn counter electrode. — her 2e-/Re
~ IR u(N=N) = 1950 cm-" CPEs conducted with reticulated vitreous 100 — | | | | | | |
Mes Mes _ _ rtn 6d ( ) carbon working electrode. 1.0 0.5 0.0 -0.5 -1.0 1.5 2.0 2.5
N, N 'H NMR Methylene Potential (V vs. Ag/Ag)
Cl=Re' CI THF A
Mol 0—p PO P’ Sh'ﬂsf = 9.45 ppm Acknowledgements
SMmIy(THF), + 6(CH,0H), > 2NHj + 6Smi5(OR) (+Hy) (Pl (Pr)z (P (Pr)z (dd), 4.95 ppm (dd)
TITI—|2F Funding People UNC Cores
Summer Undergraduate Research Miller Group Dr. Josh Chen (XRD)

Fellowship from the OUR at UNC- Critical Aspects of Dr. Marc ter Horst (NMR)
Hegg, et al. Faraday Discuss. 2022. XRD and IR Characterization by Noah McMillion CH Sustainability




