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In trying to address the intermittency of renewable energy = The free energy of several [CpCo(L-L)X]"* [HCpCo(bipy)]* Density Functional « All phosphine and pyridine ligands examined here are
sources like solar and wind power, we can store energy complexes (X = CH;CN, H™) were calculated Theory (DFT) predicted to favor hydride transfer from formate.
generated from these resources during periods of peak using DFT, where L-L was various phosphine Calculation  P,N, or PNP complexes appear to have hydricities closer to
production in chemical fuels, which can be released later on- or pyridine-derived ligands with different that of formate compared to the hydrocarbon phosphines,
demand. Direct Liquid Fuel Cells (DLFCs) allow for the harvest steric and electronic properties. Proposed structure is which may enable more energy-efficient catalysis similar to
of electrical energy via electrochemical oxidation of liquid fuels = Functional: wb97xd built in Gaussian 16 previous literature.* Other R and R’ groups in these systems
such as formate, but they require efficient inexpensive Basis set: 6-31++g(d,p) will be investigated Iin future studies.
catalysts for the oxidation reaction for implementation on a = The free energy of formate, CO,, and L  The predicted reaction free energy for the pyridine ligands
global scale. Existing catalysts utilize expensive precious acetonitrile were also calculated. e e Optimization + are comparable to those of the P,N, ligands and may be
metals’ or do not exhibit high enough selectivity and/or = The reaction free energy for hydride transfer o thomai enerey comrection s34 760058 normee. | Frequency calculations interesting non-phosphine catalyst candidates.
reaction rate to be considered effective.? In order to from formate to cobalt was then calculated Ee + Thermal Enthalpy correction  [-834.762045 Hartree performed  Complexes with outer sphere pendent groups or pyridine
understand how to design optimized first-row transition metal using this equation: °E + Thermal Free Energy Cofrection|-834.818222| Hartree 3 ligands have the closest-to-ergoneutral predicted reactivity
catalysts for formate oxidation, we are exploring the (n+1)+ ] L M—HI"™ + MeCN In this series. To test their catalytic ability, these complexes
incorporation of different ligands in molecular cobalt catalysts [L,M-MeCN] + HCOO COo, + [bn ] € Gaussian output details should be synthesized and tested experimentally.

free energy of complex

and their effects on the apce_ssibility and energetic favorability AG°(298K) = 5(G)oroducts — Z(G)reactants Future Considerations:
for the electrochemical oxidation of formate. + Further DFT studies will explore mapping of possible
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' Reduction ' ‘Odea tlon' DFT-calculated hydricities (AG®,- ) and reaction free energies (ArG°®,qg¢) for the ligand systems investigated pendent groups that °>_H/c|o\ , @/\/E'Me?'

e » e : here are tabulated below: may stabilize the o  _5 P7 < Co o-

HCOO- 1+ ]2+ ]2+ ]+ transition state by “, | 7 >) ~p~ \H—\(
@I AGy- @I @I 0 A G° @I + CO electrostatic effects: ®\ "~ N L/P\_ 0
C - C + H- C + - = C 2
Approach 1 {)\H 1~ f\MeCN 1~ f\MeCN HJLO 1~ f\H + MeCN @
A 1 sten i1 the oxidat e bt of o L — L L — L « The inclusion of pendent phenol or amine/ammonium
" A crutial Step in-the oxidation process Is the abllity Ot the . . groups on the pyridine-based ligands will also be explored:
catalyst complex to accept a hydride from formate and form Phqsphlne AG®, - ArG®5g¢ Phc_)sphlne AG®,- ArG®g¢
a metal hydride intermediate. Ligand (kcal/mol) (kcal/mol) Ligand (kcal/mol) (kcal/mol) @ —n+ HO 0o ik
* The hydricity of formate (44 kcal/mol in acetonitrile) acts as \ i iy | Ph @ \F
a benchmark value and dictates the thermodynamically Ph,P PPh, dPPE 70.6 -26.6 N\//'T ooh X Co~x R = OH 7 N| \
favored direction of hydride transfer.3 2 59.8 -15.8 | /N L = ® =N ) N
+ Using the hydricity (AG°,.) of a metal complex, we can Ph,P”~~"PPh, dppp In progress Bu | Me3N ° O
predict which direction of hydride transfer will be favorable. Y (Cp figand omitied for Glarity)
—\ F\Q\ Ph
[|_n|v|_|.|](n-1)+ —_— H + [L,M]™ AG°y- Et,P PEt, depe 64.87 2087 N\/\/LPPh |
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have hydricities above 44 kcal/mol. . Ligand (kcal/mol) (kcal/mol) Ligand (kcal/mol) (kcal/mol)
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