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Investigating the Energy-

Disorder Relationship in CF,
Structures

.J P _.J:jf';'l; I M A, A 000!
S ' A L boek A AL b kA ek
.,o;n:lxqtﬂ.n‘. ’'Y JJ} ’l:/L A d ﬁ..v&.:lﬂk»x)i\",. PP I: :l A M

PevEiiioveriitoees L now OAK RIDGE INSTITUTE
' »‘ ,.\ ,‘ L ‘:’ l .A l l ‘,L,f’;./. t J~ e :’ : A o / '__f Shaping the Fulure of Sclence
‘.(..\ [AA,lA... T/__\,Lh‘l\‘_]\ .\‘_JH,L_J ,JH__"__ .L - e
C“a'r bﬂaf tricycle (low) zigzag (low) bench (low) eeaggeniig, 1 el B0
_."-:H_.,._..._ '-"‘i.: :J:_v,..}q -
. o | CHEMISTRY
Ke"y Nieto RS " COLDRADO STATE UNIVERSITY

Advisor: Dr. Todd Alam
August 4t 2021 L:DR D
LABORATORY DIRECTED

EERE AMO Internship 2021 Summer RESEARCH & DEVELOPMENT
Presentatom—— —_— = @kitkcy NISA

Sandia National Laboratories is a

multimission laboratory managed and
operated by National Technology &

Engineering Solutions of Sandia, LLC, a
wholly owned subsidiary of Honeywell
International Inc., for the U.S. Department of
1 . . L. . . - - - - Energy's National Nuclear Security
Sandia National Laboratories is a multimission laboratory managed and operated by National Technology & Engineering Solutions/of Sandia, LLC, a wholly.owned Administration under contract DE-
subsidiary of Honeywell International Inc., for the U.S. Department of Energy's National Nuclear Security Administration/under contract' DE-NA0003525. NA0003525.




Understanding Battery Chemistry
Is Crucial for Optimization

Commercial Li-ion Battery
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What would we like to improve

* How long the battery lasts on a single
O AVAVAY/ N, charge (Energy Density)
- ' « How fast the battery can

Separator charge/discharge (Power Density)
« Lifetime of the battery

Chemistry Representative (Cycle Life)
Reaction  Cost and safety
LI-IOI"I LlCe + C002 9 C6 + L|C002
Li-primary nLi + (CF),, = nLiF + (C)n

Tarascon, J.-M. Nat. Chem. 2010, 2, 510.

Goodenough, J. B.; Park, K.-S., J. Am. Chem. Soc. 2013, 135 (4), 1167-1176.

iPhone 11 (photograph). https://www.apple.com/shop/buy-iphone/iphone-11-pro ( accessed Apr 6,
2020).
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; ‘ Can Li/CF, be a secondary battery?

Li-primary Li-ion Next-generation R&D systems

¥4
~
£ ; : . ..
3 B Maximum Theoretical Conversion cathode (Ll-prlmary)
= Demonstrated Practica
: | 2 dPracia et 35 82 %
@ % % % ¢ :3 g0 C
@ B
% “% % \‘% chemical Gib @@
E converrs]no + @@ DQLIF
B (CF) nwit D@
LR T R VIR R VIR T VR S R VR n lithiation
OO BWQEO RO SY O &%
Y OoOXELE LT 0Ol =S
T - O | ] ~, =
L5323 4355353 o -
= 13255 g
* O S: o *

Chemistry Representative Voltage Capacity Energy Density
Reaction mA-+h/g W-eh/g

I
Li-ion LiCg + CoO, - C;4 + LiCoO, 34V 701 2.18 ‘

Li-primary nLi + (CF), = nLiF + (C)n 3.5V 117 0.40

Insertion cathode figure courtesy of Dr. Katharine L. Harrison



Do we really know everything about (CF),
structures?

Calculated —
Experimental —

Real life

(33 ¥3 kHz MAS NMR,
sidebands removed)

: l : | _ : - |
40 -80 -120 -160 -200 -240
'5F chemical shift / ppm

Walder, B. J.; Alam, T. M. J. Am. Chem. Soc., 2021, XX, (XXX), Just Published.



(CF), Structures are Rich in Disorder
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How does disorder impact the energetics of the C-F bond? I

Walder, B. J.; Alam, T. M. J. Am. Chem. Soc., 2021, XX, (XXX), Just Published.



.| Representative Disordered Structures

trifcycle (low)
4.18 eV

zigzag (low) bench (low)
5.26 eV 10.53 eV

twist-boat (low) armchair random_1 random_9
7.03 eV 9.28 eV 9.28 eV 8.77 eV

@outward F (inward F

Walder, B. J.; Alam, T. M. J. Am. Chem. Soc., 2021, XX, (XXX), Just Published.



- | How does disorder impact electrochemical
performance?

@outwardF  Qinward F

Removal of all F atoms
represents one discharging
cycle




2F

AEqr = E (FC4- 1F) — E(FC4 —2F) —

E (FC4) — E(FC4 —nF)

AEcr =

: ‘ How does disorder impact electrochemical
performance?



° I High-Performance Computing at SNL

HPC Clusters
Attaway
Sky Bridge
Uno

Ghost
Eclipse
Manzano
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FC4
Fragmentati BDE Removal
Optimization 9 : of next F Optimization
on calculation atom

Sky Bridge Cluster (photograph). https://hpc.sandia.gov/index.html (accessed July 26th,



§ ‘ Distribution of BDEs in the Chair Structure

Chair Base
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BDE (eV)

Defluorination Pathway of Chair Structure
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BDE (eV)

Defluorination Pathway of Chair Structure
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‘ Base Structures show differences in BDEs

BDE (eV)
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Disorder Leads to Wider Distributions of
“1I RPDEq
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Defluorination Pathway of Armchair
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BDE (eV)
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Disorder Impacts BDEs of C-F Bonds

Defect 3
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I Future Directions

Edge Defluorination

random_1
9.28 eV
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20 | base - 3F for Chair, Armchair, and Zigzag
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» | Future Directions
(I think | like this slide better)

Continuation of Defluorination Edge Defluorination
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