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ABSTRACT:	Polyacetal	electrolytes	have	been	demonstrated	as	promising	alternatives	to	liquid	electrolytes	and	PEO	for	re-
chargeable	lithium-ion	batteries;	however,	the	relationship	between	polymer	structure	and	ion	motion	is	difficult	to	charac-
terize.	Here,	we	study	structure–property	trends	in	ion	diffusion	with	respect	to	polymer	composition	for	a	systematic	series	
of	five	polyacetals	with	varying	ratios	of	ethylene	oxide	(EO)	to	methylene	oxide	(MO)	units,	denoted	P(xEO-yMO),	and	PEO.	
We	first	use	7Li	and	19F	pulsed-field-gradient	NMR	spectroscopy	to	measure	cation	and	anion	self-diffusion,	respectively,	in	
polymer/lithium	bis(trifluoromethanesulfonyl)imide	(LiTFSI)	salt	mixtures.	At	90	°C,	we	observe	modest	changes	in	Li+	dif-
fusivity	across	all	polymer	compositions	while	anion	(TFSI−)	self-diffusion	coefficients	decrease	significantly	with	increasing	
MO	content.	At	a	given	reduced	temperature	(T	−	Tg),	all	polyacetal	electrolytes	exhibit	faster	Li+	self-diffusion	than	PEO.	In-
triguingly,	P(EO-MO)	and	P(EO-2MO)	also	show	slower	TFSI−	anion	self-diffusion	than	PEO	at	a	given	reduced	temperature.	
Molecular	dynamics	simulations	reveal	that	shorter	distances	between	acetal	oxygen	atoms	(O–CH2–O)	compared	to	ether	
oxygens	(O–CH2–CH2–O)	promote	more	diverse,	often	asymmetric,	Li+	coordination	environments.	Raman	spectra	reveal	that	
anion-rich	ion	clusters	in	P(EO-MO)	and	P(EO-2MO)	lead	to	decreased	anion	diffusivity,	which	along	with	increased	cation	
diffusivity,	elucidate	the	viability	of	polyacetals	as	high-performance	polymer	electrolytes.

Introduction 
The	 revolution	 in	 personal	 mobile	 electronics1	 and	

push	towards	using	 lithium-ion	batteries	(LIBs)	 for	trans-
portation	and	grid-scale	energy	storage2–4	has	ignited	a	re-
newed	interest	in	polymer	electrolytes,	which	can	be	used	
in	place	of	flammable	liquid	electrolytes5,6	to	mitigate	safety	
concerns	and	 improve	compatibility	with	high-capacity	Li	
metal	 anodes.	 Although	 many	 polymer	 electrolytes	 have	
been	studied,7	poly(ethylene	oxide)	(PEO)	mixed	with	a	lith-
ium	salt	has	remained	the	most	promising	polymer	electro-
lyte	since	the	early	studies	of	Fenton,	Parker,	and	Wright8	
and	Armand.9	 In	 practice,	 however,	 slow	 ion	 transport	 in	
polymer	electrolytes	prevents	sufficient	Li-ion	conductivity	
for	 adequate	device	performance	at	operational	 tempera-
tures.10–12	In	PEO,	for	example,	ions	are	transported	by	hop-
ping	and/or	shuttling	between	solvation	sites	made	up	of	

Lewis-basic	oxygens	 in	a	mechanism	 that	 is	 facilitated	by	
segmental	motion	of	the	polymer	chains.13	The	high	concen-
tration	of	oxygens	in	PEO	readily	solvate	Li+	salts,	forming	
stable	 single-chain	 helical	 configurations	 around	 the	 cati-
ons.14,15	However,	these	stable	binding	motifs	significantly	
restrict	 movement	 of	 electrochemically	 active	 Li+.10–12	 In	
contrast,	the	anions	in	PEO	electrolytes	do	not	coordinate	
strongly	to	the	polymer	backbone,16–18	leading	to	undesira-
bly	 low	 cationic	 transference	 numbers	 unsuitable	 for	
high-rate	electrochemical	applications.19		

An	 outstanding	 goal	 of	 polymer	 electrolyte	 develop-
ment	 is	 to	 improve	 overall	 ion	mobility	 by	 selecting	 host	
structures	 that	 improve	 Li+	 transport	 and/or	 enhance	 Li+	
motion	 relative	 to	 anion	 motion.19,20	 Candidate	 polymer	
electrolytes	must	have	well-connected	solvation	sites	and	
good	 segmental	 motion	 of	 the	 polymer	 at	 operational	



 

temperatures	 (i.e.,	 low	 glass	 transition	 temperatures,	Tg).	
Some	systems	are	also	designed	to	selectively	enhance	lith-
ium	motion	relative	 to	 	motion	by	promoting	anion–poly-
mer	interactions.20,21A	variety	of	discrete	polymer	function-
alities	 that	 alter	 cation	 mobility,22–26	 improve	 segmental	
motion,27,28	or	suppress	anion	mobility29	have	been	devel-
oped,	but	to	date	have	not	matched	ion	transport	observed	
in	PEO.	

Working	within	these	guidelines,	another	design	strat-
egy	is	to	replace	ethylene	oxide	(EO)	repeat	units	(O–CH2–
CH2)	with	acetals,	 i.e.,	methylene	oxide	 (MO)	 repeat	units	
(O–CH2),	 to	 form	polyacetals.	Polyacetals	maintain	desira-
bly	high	oxygen	to	carbon	ratios,	yet	structural	differences	
can	decrease	the	strong	intrachain	crown-ether-like	cation	
binding	geometries	 found	 in	PEO,30	potentially	 facilitating	
improved	cation	mobility.	Several	polyacetals	have	shown	
promise	as	electrolytes	in	Li-ion	batteries.31–40	Our	groups	
recently	 reported	 trends	 in	 conductivity	 (κ)	 and	 cationic	
current	fraction	(ρ+)	with	polymer	composition	for	a	full	se-
ries	of	five	polyacetals	and	PEO	at	a	range	of	LiTFSI	concen-
trations.41	 This	 systematic	 approach	 revealed	 trends	with	
respect	to	oxygen	to	carbon	ratio	(p	=	[O]	/	[C])	at	a	given	
salt	concentration	(r	=	0.08).	While	κ	values	decreased	ap-
proximately	 four	 times	 with	 increasing	 p,	 	 ρ+	 values	 in-
creased	nearly	five-fold	with	increasing	p.	By	calculating	the	
efficacy	(defined	as	κ	×	ρ+)	of	each	polymer	electrolyte	com-
position,	we	identified	that	poly(1,3-dioxolane)	(P(EO-MO))	
and	poly(1,3,5-trioxepane)	(P(EO-2MO))	have	higher	effica-
cies	than	PEO	at	high	and	low	salt	concentrations,	respec-
tively.	

	Overall	 ion	transport	is	dictated	by	both	ion	mobility	
and	 diffusivity.	 While	 ion	 mobility	 is	 difficult	 to	 inde-
pendently	 characterize,	 ionic	diffusivity	 can	be	 studied	 in	
the	absence	of	an	electric	potential	using	pulsed-field-gra-
dient	 nuclear	 magnetic	 resonance	 spectroscopy	 (PFG-
NMR),	also	referred	to	as	pulsed-gradient	spin–echo	(PGSE)	
NMR.	This	affords	a	direct,	spectroscopically-specific	probe	
of	 cation	 or	 anion	 self-diffusion	 in	 polymer	 electrolytes42	
and	 provides	 discrete	 information	 about	 both	 cation	 and	
anion	diffusivity	that	is	often	unavailable	by	electrochemi-
cal	measurements.17,43–46		

In	the	present	work,	we	use	a	combination	of	spectro-
scopic	measurements	and	molecular	dynamics	simulations	
to	understand	how	underlying	ion–polymer	interactions	in-
fluence	 ion	 diffusivity	 in	 polyacetals.	 Using	 PFG-NMR,	we	
observe	that	Li+	self-diffusion	at	a	fixed	temperature	(90	°C)	
changes	only	minimally	 as	 a	 function	of	p,	whereas	TFSI−	
self-diffusion	decreases	dramatically	with	increasing	acetal	
content.	Because	the	polymer	compositions	exhibit	signifi-
cantly	different	glass	transition	temperatures	(Tg),	we	con-
sider	ion	self-diffusion	at	reduced	temperature	(T	−	Tg).	We	
find	that	all	polyacetals	show	increased	Li+	self-diffusion	as	
compared	 to	 PEO	 at	 a	 given	 reduced	 temperature.	 P(EO-
MO)	 and	 P(EO-2MO),	 the	 two	 compositions	 previously	
found	to	have	the	highest	efficacy,	also	demonstrate	consid-
erably	 slower	TFSI–	 self-diffusion	 than	PEO	at	 a	 given	 re-
duced	temperature.	Molecular	dynamics	(MD)	simulations	
of	P(EO-MO)	reveal	additional	acetal	oxygens	in	proximity	
to	Li+,	which	appear	to	improve	cation	hopping	and/or	shut-
tling.	 Furthermore,	 as	 anticipated,	 asymmetric	 Li+	

coordination	environments	within	P(EO-MO)	are	observed.	
Finally,	Raman	spectra	reveal	signatures	of	anion	clustering	
in	P(EO-MO)	and	P(EO-2MO).	Overall,	these	results	provide	
a	fundamental	understanding	of	ion	binding	and	clustering	
effects	that	result	in	the	observed	trends	in	κ	and	ρ+	and	ul-
timately	provide	high	efficacy	in	P(EO-MO)	and	P(EO-2MO)	
polymer	electrolytes.	

Results and Discussion 
Polymer	 Synthesis	 and	 Characterization.	 Polyacetals	
have	been	actively	studied	for	over	80	years	and	are	com-
monly	 synthesized	 via	 cationic	 ring-opening	 polymeriza-
tion	 (CROP)	 of	 strained	 cyclic	 acetal	 monomers	 using	 a	
Brønsted	or	Lewis	acid	catalyst.47–49	The	polymers	studied	
in	this	work	are	identical	to	our	previous	report.41	We	se-
lected	our	cyclic	acetal	monomer	scope	 in	order	 to	 incre-
mentally	vary	the	ratio	of	EO	to	MO	units	 in	the	resultant	
polymers	(Scheme	1).	In	the	following	discussion,	we	con-
sider	the	materials	according	to	their	oxygen-to-carbon	ra-
tio,	p	(Figure	1a),	ranging	from	p	=	0.50	for	PEO	(no	acetals)	
to	p	=	0.75	for	P(EO-2MO)	(most	acetal-rich).	

Cyclic	acetal	monomers	1,3,6,9,12-pentaoxacyclotetra-
decane	 (4EO-MO),	 1,3,6,9-tetraoxacycloundecane	 (3EO-
MO),	and	1,3,6-trioxocane	(2EO-MO)	were	synthesized	us-
ing	 a	 previously	 reported	 method.39,50,51	 These	 reactions	
were	performed	on	a	 large	scale	(>30	g),	wherein	a	given	
diol	 and	 paraformaldehyde	 were	 first	 step-growth	 pol-
ymerized	in	the	presence	of	catalytic	non-volatile	polyphos-
phoric	acid,	followed	by	depolymerization	of	the	oligomeric	
product	at	high	temperatures	to	give	the	desired	cyclic	ace-
tal.	 1,3-Dioxolane	 (EO-MO)	 was	 purchased	 commercially,	
and	insertion	of	formaldehyde	into	EO-MO	in	the	presence	
of	an	acid	catalyst	yielded	1,3,5-trioxepane	(EO-2MO).52	De-
tailed	synthetic	procedures	are	described	in	the	Supporting	
Information	(SI	§1–4).	

Traditionally	in	CROP	of	cyclic	acetals,	acid	catalysts	re-
act	with	 nucleophilic	 acetal	 oxygens	 to	 form	 propagating	
oxonium	or	oxocarbenium	species.53	In	this	work,	methyl-
triflate	(MeOTf)	or	trimethylsilyltriflate	(TMSOTf)	was	used	
as	the	acid-producing	catalyst,	reacting	with	trace	water	in	
the	 reaction	mixture	 to	generate	 triflic	acid	 (Scheme	1).54	
Because	the	concentration	of	acid	initiator	is	dependent	on	
an	unknown	concentration	of	trace	H2O,	it	is	difficult	to	con-
trol	for	polymer	molecular	weight	across	multiple	batches	
of	material.55	Therefore,	we	tuned	monomer	concentration	
and	equivalents	of	MeOTf	or	TMSOTf	to	obtain	comparable	
molecular	weights	 (Mn	 =	 13.6–24.9	 kDa)	 for	 poly(1,3,6,9-
tetraoxacycloundecane)	 (P(3EO-MO)),	 poly(1,3,6-trioxo-
cane)	 (P(2EO-MO)),	 poly(1,3-dioxolane)	 (P(EO-MO)),	 and	
poly(1,3,5-trioxepane)	 (P(EO-2MO))	 (Table	 S1).	
Poly(1,3,6,9,12-pentaoxacyclotetradecane)	 (P(4EO-MO))	
reached	a	molar	mass	of	only	5.2	kDa,	 likely	because	 low	
ring-strain	in	14-membered	4EO-MO	prevents	high	conver-
sion.50,51,56	The	polymers	were	obtained	in	moderate	yields	
(56–70%),	 and	 all	 data	 match	 previous	 reports	 of	
P(4EO-MO),50,51,56	 P(3EO-MO),50,51,56–58	 P(2EO-MO),39,40,59,60	
P(EO-MO),54	and	P(EO-2MO).61	

Typically,	 polyacetals	 exhibit	 poor	 thermal	 stability,	
presumably	because	 residual	 acidic	 species	 catalyze	 ring-
closing	 depolymerization	 at	 elevated	 temperatures.33	 To	



 

improve	 thermal	 stability,	 we	 employed	 an	 alkoxide	
quenching	 agent,	 sodium	 2-trimethylsilylethoxide	 (Na-
OEtTMS),	which	is	readily	soluble	in	hexanes	and	ether	and	
is	easily	removed	during	polymer	precipitation	(Scheme	1).	
Dynamic	 thermogravimetric	 analysis	 (TGA)	 shows	 excel-
lent	 thermal	 stability	 with	 decomposition	 temperatures	
(i.e.,	observation	of	>5%	weight	 loss)	above	266	°C	 for	all	
polymer	 compositions,	 	 well	 above	 temperatures	 consid-
ered	in	this	study	(Figure	S7).	

All	polymers	show	unimodal	molecular	weight	distri-
butions	by	gel	permeation	chromatography	(GPC)	with	no	
observable	 low	molecular	weight	macrocyclic	 byproducts	
(Figure	 S1).	 1H	 NMR	 spectra	 of	 the	 purified	 polymers	

confirmed	regioselective	CROP	of	4EO-MO,	3EO-MO,	2EO-
MO,	and	EO-MO	with	a	single	acetal	resonance	indicating	re-
gioregular	EO/MO	sequences	(SI	§8).	The	1H	NMR	spectrum	
of	 P(EO-2MO)	 shows	 the	 polymer	 retains	 a	 1:2	 ratio	 of	
EO/MO	units	but	reveals	three	distinct	acetal	resonances	in	
a	1:2:1	ratio.	Subsequent	13C	and	HSQC	NMR	experiments	
identify	the	acetal	resonances	as	(1)	EO-MO-EO,	(2)	EO-MO-
MO	 or	MO-MO-EO,	 and	 (3)	MO-MO-MO	 sequences	 in	 the	
polymer	backbone,	similar	to	previous	reports.61	Differen-
tial	scanning	calorimetry	(DSC)	demonstrates	that	all	neat	
polymer	compositions	have	similar	Tg	 values	 (−62	 to	−66	
°C);	 however,	 melting	 temperatures	 (Tm	=	20–58	 °C)	 and	
semi-crystalline	 behavior	 vary	 significantly	with	 polymer	
composition	(Figures	S2–S6).	Notably,	P(3EO-MO)	

Scheme	1.	Typical	Reaction	Conditions	and	Monomer	Scope	for	the	Cationic	Ring-Opening	Polymerization	of	Cyclic	Acetals	

to	Polyacetals.	

is	 amorphous	 (Figure	 S3),	 whereas	 P(4EO-MO)	 exhibits	
unique	crystallization	behavior	during	the	second	heating	
step	(Figure	S2).	A	summary	of	 the	physical	properties	of	
the	synthesized	polyacetal	materials	as	well	as	PEO	is	given	
in	Table	S1.	

Polymer	electrolytes	were	prepared	from	the	five	puri-
fied	polymers	P(4EO-MO),	P(3EO-MO),	P(2EO-MO),	P(EO-
MO),	and	P(EO-2MO)	by	dissolving	the	polymer	and	LiTFSI	
salt	in	acetonitrile,	mixing,	evaporating	the	solvent,	and	dry-
ing	the	samples	extensively	under	vacuum	at	elevated	tem-
peratures	(see	Supporting	Information	for	detailed	proce-
dures).	 In	PEO	and	other	polyacetal	 electrolytes,	 	 the	 salt	
concentration	is	typically	defined	as	the	ratio	of	lithium	cat-
ions	to	oxygen	atoms	in	the	polymer	(r	=	[Li+]	/	[O]).39	In	our	
polyacetal	series,	the	concentration	of	oxygen	changes	with	
polymer	 composition,	 resulting	 in	 slightly	 different	 abso-
lute	salt	loadings	(variance ≤	5.6	wt%	LiTFSI)	for	each	pol-
yacetal	at	a	given	r	value	(Table	S2).	As	the	overall	change	
in	[LiTFSI]	 is	relatively	small,	we	chose	to	 follow	the	con-
ventional	 definition	 of	 salt	 loading	 in	 order	 to	 normalize	
[Li+]	 to	 the	number	of	available	oxygen	binding	groups	 in	
our	 systems.	 The	 observed	 trends	 with	 respect	 to	 wt%	

LiTFSI	are	reported	in	the	Supporting	Information.	Samples	
were	prepared	with	 loadings	of	r	=	0.03	–	0.10,	similar	to	
previous	studies	of	PEO	and	P(2EO-MO).19,39	
Pulsed-field-gradient	 (PFG)	 NMR	 Measurements.	 We	
performed	7Li	and	19F	PFG-NMR	measurements	at	90	°C	to	
unambiguously	 measure	 self-diffusion	 coefficients	 of	 the	
cation	(Li+)	and	anion	(TFSI−),	respectively.	The	solid	polya-
cetal/LiTFSI	 electrolyte	 mixtures	 were	 loaded	 into	 NMR	
tubes	at	elevated	temperature	and	sealed	under	an	argon	
atmosphere.	In	PEO,	ion	diffusivity	and	transport	are	quite	
slow	at	room	temperature;	as	a	result,	measurements	are	
often	performed	at	elevated	temperatures.17,39,40,43	We	per-
formed	measurements	at	90	 °C	 in	order	 to	 compare	with	
our	previously	published	electrochemistry	data.41	Samples	
were	measured	after	a	temperature	equilibration	period	of	
20–30	minutes.	We	selected	a	13-interval	stimulated-echo	
pulse	 sequence65	 (Figure	 S10),	 which	 has	 been	 shown	 to	
mitigate	artifacts	arising	from	internal	magnetic	field	gradi-
ents	in	solid	and	semi-solid	samples.66,67	 In	general,	signal	
attenuation	curves	as	a	function	of	gradient	strength	show	
excellent	agreement	with	fits	to	the	modified	Stejskal-Tan-
ner	 equation	 (Figures	S11	 and	 S14).	 Self-diffusion	



 

coefficients	 did	 not	 vary	 appreciably	 with	 diffusion	 time	
(Figure	 S12),	 suggesting	 that	 restricted	 diffusion	 effects	
were	insignificant	(see	SI	§10–11).	

Cation	and	anion	self-diffusion	coefficients	(DLi	and	DF)	
at	 90	°C	were	 compared	 at	 a	 given	 salt	 concentration	 de-
fined	as	r	(Figures	1b	and	1c,	respectively;	Tables	S3–S4)	or	
wt%	LiTFSI	 (Figures	S18	and	S19,	 respectively).	 Identical	
trends	are	observed	when	defining	 the	salt	 concentration	
by	either	r	=	[Li]/[O]	or	wt%	LiTFSI,	suggesting	the	trends	
are	related	to	polymer	structure	rather	than	absolute	salt	
loading.	The	remaining	discussion	will	focus	on	salt	concen-
trations	as	quantified	by	r	=	[Li]/[O].	Data	for	PEO	are	taken	

from	previous	reports	using	similar	methods.62–64	Two	dif-
ferent	molecular	weights	 of	 PEO	 (5	 kDa	 and	20	 kDa)	 are	
considered	in	order	to	reflect	the	full	molar	mass	range	of	
the	polyacetals	(5.6	kDa–26.1	kDa;	Table	S1),	though	varia-
tions	in	7Li	and	19F	self-diffusion	coefficients	as	a	function	of	
Mn	are	known	to	be	minimal	in	this	range.62	

We	first	considered	trends	in	both	cation	and	anion	dif-
fusivity	with	respect	to	salt	concentration	(Figures	1b	and	
1c).	Similar	to	prior	studies	of	PEO,62,68	both	DLi	and	DF	for	
each	polymer	decrease	by	a	factor	of	two	to	three	across	the	
range	of	concentrations	(r	=	0.03–0.10).	This	trend	is	typi-
cally	attributed	to	non-covalent	

	
Figure	1.	(a)	Structures	of	PEO	and	the	polyacetal	series	with	increasing	oxygen-to-carbon	ratios	(p	=	[O]	/	[C]).	(b)	Li+	(7Li)	and	(c)	
TFSI⁻	(19F)	self-diffusion	coefficients	measured	using	PFG-NMR	at	90	°C	across	a	range	of	salt	concentrations	(r	=	[Li]	/	[O]);	the	color	
scheme	follows	(a).	For	all	samples,	Li+	and	TFSI⁻	self-diffusion	coefficients	decrease	with	increasing	salt	concentration.	(d)	Li+	(7Li)	
and	(e)	TFSI⁻	(19F)	self-diffusion	coefficients	compared	as	a	function	of	p	at	r	=	0.08.	While	Li+	self-diffusion	shows	minimal	variation	
with	polymer	composition,	TFSI⁻	self-diffusion	decreases	significantly	with	increasing	acetal	content.	Self-diffusion	coefficients	for	
PEO	are	taken	from	previously	reported	experimental	values62	(5	kDa)	or	a	combination	of	experimental	and	interpolated	values62–
64	(20	kDa),	the	latter	calculated	using	the	reported	power-law	fit.62		(Cation	and	anion	self-diffusion	coefficients	are	plotted	with	the	
same	scale	for	direct	comparison;	for	an	expanded	view	of	the	cation	data,	see	Figure	S15.)

“cross-linking”	of	the	polymer	chains	by	Li+	cations,	leading	
to	slowing	down	of	both	polymer	and	ion	dynamics.	We	ob-
served	 several	 intriguing	 trends	 in	both	 cation	and	anion	
diffusivities	with	increasing	acetal	content	(p)	of	the	poly-
mer	 host	 (Figures	 1d	 and	 1e).	 While	 DLi	 decreases	 only	
slightly	across	the	polymer	series,	DF	decreases	significantly	
from	PEO	 to	P(EO-2MO).	Figures	1d	and	1e	depict	 cation	
and	 anion	 diffusivities	 at	 a	 single	 salt	 concentration	 (r	=	
0.08)	 for	 all	 polymers.	 As	 p	 increases,	 an	 almost	 six-fold	

decrease	in	the	anion	self-diffusion	coefficient	occurs,	with	
a	less	than	two-fold	change	in	the	cation	diffusivity	(also	see	
Figure	S15b).	Similar	trends	are	observed	across	all	r	val-
ues.	

The	cationic	contribution	to	diffusivity	in	the	polyacetal	
samples	 is	 given	 via	 the	 PFG-NMR	 cationic	 transference	
number,62,69	
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which	 provides	 a	 qualitative	 comparison	 to	 the	 cationic	
transference	numbers	measured	by	electrochemical	meth-
ods;70–72	these	two	values	should	not	be	expected	to	agree	
quantitatively	 except	 for	 in	 ideal	 dilute	 systems.72–78	 The	
t+PFG	values	are	averaged	across	all	salt	concentrations	for	
each	 composition	 (Figure	 2;	 Table	 S5).	 Temperature	 de-
pendence	of	t+PFG	appears	minimal	(Figure	S20).	As	a	func-
tion	of	p,	a	modest	increase	is	initially	observed,	followed	by	
a	 dramatic	 uptick	 to	 t+PFG	 	≈	 0.4	 for	 P(EO-MO)	 and	 P(EO-
2MO).	These	two	acetal-rich	systems	thus	possess	a	greater	
relative	cationic	contribution	to	diffusivity.	A	comparison	of	
t+PFG	values	with	our	previously	reported41	electrochemical	
current	fraction	(ρ+)	values	(for	r	=	0.08)	determined	by	the	
Bruce-Vincent	 method79,80	 shows	 excellent	 agreement	 in	
trends.	There	is	thus	a	direct	connection	between	self-diffu-
sion	coefficients	of	the	ions	and	electrochemical	properties	
of	the	electrolyte	(vide	infra).	

	Ion	transport	is	also	well-known	to	be	coupled	to	seg-
mental	dynamics,81,82	as	reflected	by	Tg.	As	such,	it	is	critical	
to	decouple	the	ion–polymer	and	segmental	motion	effects	
in	these	systems	in	order	to	understand	their	individual	ef-
fects	on	the	observed	ionic	diffusivity.	To	quantify	segmen-
tal	motion,	we	measured	the	Tg	values	of	each	polymer	at	r	
=	0.08	using	DSC	(Figure	S8);	the	Tg	value	for	PEO	was	taken	
from	 the	 literature.39,83	 For	 all	 polymers,	 a	 substantial	 in-
crease	 in	Tg	 is	observed	when	LiTFSI	 is	added	(Figure	3).	
The	Tg	values	increase	most	dramatically	for	polymers	with	
greater	 acetal	 content,	 i.e.,	 P(2EO-MO),	 P(EO-MO),	 and	
P(EO-2MO).	The	Tg	value	of	P(2EO-MO)	at	r	=	0.08	is	nearly	
30	°C	higher	than	that	of	PEO	at	r	=	0.08,	while	P(EO-MO)	
and	 P(EO-2MO)	 have	Tg	 values	 almost	 20	°C	 higher	 than	
PEO	at	the	same	salt	concentrations.	This	significant	diver-
gence	 in	the	salt-rich	materials	 is	also	expected	to	 impact	
the	ion	self-diffusion	coefficients.84,85	PFG-NMR		

	
Figure	 2.	 Comparison	 of	 PFG-based	 cationic	 transference	
numbers,	 t+PFG,	 averaged	 across	 all	 salt	 concentrations	
measured	in	this	work	(black	line;	filled	symbols)	and	current	
fraction	values	at	r	=	0.08	measured	in	the	previous	report41		
(grey	line;	unfilled	symbols).	Both	measurements	show	larger	
values	with	 increasing	 p,	 reaching	 a	 plateau	with	 P(EO-MO)	
and	P(EO-2MO).	Diffusion	coefficients	were	measured	at	90	°C.	
The	 t+PFG	 values	 are	 averaged	 across	 all	 studied	 salt	
concentrations	and	error	bars	indicate	the	standard	deviation	
across	the	range	of	salt	concentrations.	The	t+PFG	value	for	PEO	
(Mn	=	5	kDa)	 was	 calculated	 using	 self-diffusion	 coefficients	

from	 the	 prior	 literature.39,62–64	 The	 lines	 are	 included	 as	 a	
visual	guide.	

	
Figure	 3.	 Glass	 transition	 temperatures	 (Tg)	 of	 the	 neat	
polymers	 (r	=	0,	◼)	 and	 of	 the	 electrolytes	 at	 a	 single	 salt	
concentration	 (r	=	0.08,	▲)	 across	 the	 polymer	 series	 as	
measured	by	DSC.	While	neat	polymers	show	similar,	relatively	
low	Tg	values,	the	presence	of	LiTFSI	dramatically	increases	the	
Tg	as	p	increases,	eventually	reaching	a	plateau	with	P(EO-MO)	
and	P(EO-2MO).	Tg	values	for	PEO	are	taken	from	the	previous	
literature.39,83	

measurements	were	done	at	a	single	temperature	of	90	°C,	
which	reflects	a	wide	range	of	temperatures	relative	to	Tg,	
and	therefore,	significant	variation	in	segmental	dynamics.	
To	account	for	these	differences,	self-diffusion	coefficients	
were	considered	as	a	function	of	the	reduced	temperature,44	
T	−	Tg,	for	both	DLi	and	DF	at	r	=	0.08	(Figure	4).	Zheng	et	al.	
previously	reported	ion	diffusivity	in	PEO/LiTFSI	(r	=	0.08)	
at	multiple	 temperatures,39	which	we	use	here	 to	directly	
compare	PEO	to	each	polyacetal	at	the	same	reduced	tem-
perature.	

Each	polyacetal	demonstrates	Li+	self-diffusion	coeffi-
cients	higher	than	the	interpolated	values	for	PEO	at	a	given	
reduced	temperature	(Figure	4a).	This	increase	in	DLi	rela-
tive	to	PEO	is	smallest	for	P(4EO-MO)	and	P(3EO-MO).	The	
most	 acetal-rich	 polymers	 P(2EO-MO),	 P(EO-MO),	 and	
P(EO-2MO)	have	DLi	values	 twice	 that	of	PEO	at	 the	same	
reduced	temperature.	This	enhanced	Li+	diffusivity	is	pre-
sumably	driven	by	favorable	changes	in	the	cation–polymer	
interactions	(see	MD	Simulations	below).	As	a	result,	cat-
ion	 diffusivity	 varies	 negligibly	 when	measured	 at	 90	 °C	
(Figure	1d),	as	the	increasing	diffusivity	from	improved	cat-
ion–polymer	interactions	counteracts	the	effects	of	slowed	
segmental	motion.	While	cation	diffusivity	in	all	polyacetals	
exceeds	that	of	PEO,	anion	diffusivity	in	P(4EO-MO),	P(3EO-
MO),	and	P(2EO-MO)	is	comparable	to	PEO	at	their	respec-
tive	reduced	temperatures	(Figure	4b).	Therefore,	the	ob-
served	decrease	in	DF	at	90	°C	can	be	attributed	to	changes	
in	segmental	dynamics	for	these	three	systems.	By	contrast,	
the	most	acetal-rich	systems	P(EO-MO)	and	P(EO-2MO)	ex-
hibit	DF	values	nearly	two	times	lower	than	that	of	PEO	at	



 

the	 same	 reduced	 temperature.	 Consequently,	 both	 seg-
mental	motion	and	additional	underlying	factors	such	as	an-
ion–polymer	interactions	and/or	ion	clustering	may	play	a	
role	in	the	decreased	anion	diffusivity	at	90	°C	(Figure	1e).	
Factoring	out	the	effect	of	segmental	motion	reveals	that	the	
polyacetal	composition	modulates	both	cationic	and	anionic	
phenomena.	
Molecular	 Dynamics	 Simulations.	We	 next	 probed	 the	
molecular	origins	 for	the	observed	differences	 in	 ion	self-
diffusion	using	molecular	dynamics	(MD)	simulations.	Spe-
cifically,	we	focus	on	atomic	features	that	could	cause	faster	
cation	 diffusivity	 and/or	 slower	 anion	 diffusivity	 in	 the	
most	acetal-rich	polyacetals.	We	constructed,	annealed,	and	
simulated	PEO/LiTFSI	and	a	representative		polyacetal	elec-
trolyte	P(EO-MO)/LiTFSI	at	r	=	0.08.	The	effective	tempera-
ture	for	all	simulations	was	363	K	(90	°C);	see	SI	§13	for	fur-
ther	methodological	details.	We	initially	hypothesized	that	
cation	diffusivity	would	be	influenced	by	both	cation–poly-
mer	and	cation–anion	interactions.	First,	we	studied	the	lo-
cal	Li+	solvation	structures	in	both	PEO	and	P(EO-MO).	Rep-
resentative	 snapshots	 from	MD	 simulations	 of	 these	 sys-
tems	are	depicted	in	Figure	5a.	As	expected	and	previously	
observed,81,86	 the	first	coordination	shell	of	Li+	 in	the	PEO	
system	consists	of	six	polymer	oxygens	arranged	in	an	octa-
hedral-like	geometry	with	four	oxygen	atoms	in-plane	and	
two	axial	oxygen	atoms	(Figure	5a,	left).	Notably	in	PEO,	all	
oxygens	near	Li+	are	located	within	3	Å,	and	no	significant	
differences	exist	between	the	two	coordination	structures	
at	cut-off	distances	of	3	Å	and	4	Å.	In	P(EO-MO),	however,	
representative	snapshots	reveal	significantly	distorted	ge-
ometries	(Figure	5a,	right).	In	particular,	the	shortened	ox-
ygen–oxygen	distances	in	acetals	appear	to	discourage	the	
helical	intrachain	configurations	around	Li+	that	promote	a	
stable	octahedral	geometry.	Yamashita	and	coworkers	have	
reported	a	similar	experimental	result	regarding	Na+	and	K+	
uptake	 and	 coordination	 in	 macrocyclic	 acetals	 versus	
crown	ethers.30	

In	 addition	 to	 distorted	 binding	 motifs,	 P(EO-MO)	
snapshots	reveal	a	second	Li+	coordination	shell	between	3	
and	4	Å,	meaning	that	additional	oxygens	are	in	close	prox-
imity	to	Li+	(Figure	5a,	bottom	right).	The	snapshots	in	Fig-
ure	5a	are	statistically	corroborated	by	Li–Opolymer	radial	dis-
tribution	function	(RDF)	bond	distance	curves	(Figure	5b).	
While	the	RDF	data	are	similar	for	PEO	and	P(EO-MO)	up	to	
3	Å,	a	secondary	peak	for	P(EO-MO)	is	present,	

	
Figure	 4.	 (a)	 Li+	 (7Li)	 and	 (b)	 TFSI−	 (19F)	 self-diffusion	
coefficients	for	each	polyacetal	at	a	single	salt	concentration	(r	
=	0.08),	compared	to	the	self-diffusion	of	PEO	(
"#)	as	a	function	
of	reduced	temperature	(T	−	Tg).	Self-diffusion	coefficients	for	
PEO	were	previously	measured	at	60,	70,	80,	and	90	°C.39,62–64	
At	a	given	reduced	temperature,	Li+	self-diffusion	is	faster	in	all	
polyacetal	 compositions	 as	 compared	 to	 PEO.	 In	most	 cases,	
TFSI⁻	self-diffusion	is	comparable	to	PEO,	except	for	P(EO-MO)	
and	P(EO-2MO)	which	show	reduced	DF	at	equivalent	reduced	
temperature.	 The	Tg	 values	 shown	 in	 Figure	 3	were	 used	 to	
calculate	 the	 reduced	 temperatures.	 Error	 bars	 are	 smaller	
than	the	marker	size.	

corresponding	 to	 a	 second	 coordination	 shell	 between	 3	
and	4	Å	(inset).	Combining	these	two	observations,	it	is	ap-
parent	that,	on	average,	Li+	in	P(EO-MO)	resides	in	distorted	
environments	as	compared	to	the	symmetrical	binding	mo-
tifs	in	PEO,	and	oxygens	in	the	second	coordination	shell	are	
readily	available	to	facilitate	movement	of	Li+	from	one	solv-
ation	structure	to	another.87	

To	obtain	insight	into	the	degree	of	cation–anion	clus-
tering	 and/or	 aggregation,	 we	 calculated	 RDF	 distance	
curves	between	Li+	and	TFSI−	oxygens	(Figure	5c).	The	dis-
tinct	peak	at	2	Å	corresponds	to	Li+	cations	in	close	proxim-
ity	 to	 TFSI−	 and	 is	 representative	 of	 contact	 ion	 pairs	 or	



 

cation–anion	 clusters.	 P(EO-MO)	 has	 a	 smaller	 degree	 of	
pairing	interactions	as	evidenced	by	the	weaker	intensity	of	
the	2	Å	peak	relative	to	PEO.	From	this	result,	we	conclude	
that	fewer	cations	are	available	for	association	with	anions,	
reflecting	 slightly	 increased	 Li+	 solvation	 in	 P(EO-MO).	
Therefore,	the	higher	density	of	available	binding	oxygens	
(p	=	0.67)	and	increased	polarity	of	the	MO	groups	contrib-
ute	to	higher	Li+	solvation,	while	the	availability	of	the	sec-
ond	coordination	shell	and	distorted	binding	geometries	fa-
cilitate	improved	cation	diffusivity	in	P(EO-MO).		

To	 understand	 differences	 in	 anion	 diffusivity	 at	 a	
given	reduced	temperature,	we	considered	anion–polymer	
interactions	 (Figure	 S21).	 RDF	 data	 were	 analyzed	 using	
distances	between	the	nitrogen	in	TFSI−	and	either	oxygen	
(Figure	 S21a)	 or	 carbon	 (Figure	 S21b)	 of	 the	 polymers.	
However,	no	significant	variations	were	observed	between	
the	two	compositions,	suggesting	minimal	impacts	on	anion	
diffusivity	 resulting	 from	 anion–polymer	 interactions.	
Overall,	the	MD	simulations	provide	insight	into	improved	
cation	diffusivity	 in	polyacetals	via	altered	Li–polymer	in-
teractions,	but	do	not	provide	insight	into	the	lower	DF	val-
ues	for	P(EO-MO).	
Raman	Spectroscopy.	We	employed	Raman	spectroscopy	
to	 further	 examine	 changes	 in	 local	 anion	 environments	
with	respect	to	polymer	composition.	Vibrational	bands	in	
the	730–770	cm−1	range	are	well-known	to	correspond	to	
the	expansion–contraction	mode	of	the	TFSI− anion.89,90	This	
mode	has	been	thoroughly	studied	in	ionic	liquids,91–93	pol-
ymer-based	 electrolytes,94–96	 and	 other	 LiTFSI-containing	
systems90	and	is	commonly	used	as	a	measure	of	cation–an-
ion	clustering.	

In	concentrated	electrolytes,	anions	are	typically	con-
sidered	to	be	either	“free”	or	“cation	coordinated”.	Uncoor-
dinated	TFSI−	 (i.e.,	 separated	 from	Li+	 by	 solvent	or	poly-
mer)	 is	 known	 to	 result	 in	 a	 Raman	mode	 positioned	 at	
~740	 cm−1.	 Shifts	 to	 higher	 wavenumbers	 occur	 with	

increasing	 coordination	 to	 Li+	 cations;97	 several	 discrete	
higher-wavenumber	 shifts	 have	 been	 assigned	 to	 distinct	
species.89,98,99	However,	at	elevated	temperatures,	only	one	
broad	feature	at	~745–750	cm−1	is	typically	observed,100	as-
cribed	to	either	contact	ion	pairs	or	larger	clusters.	In	a	con-
tact	 ion	pair,	Li+	 is	bound	by	 two	TFSI−	 oxygens	 from	 the	
same	 anion,	 giving	 a	 one-to-one	 ratio	 of	 anions	 and	 cati-
ons.100	Clusters	comprising	one	Li+	and	two	or	more	anions	
are	also	known	to	exist,91,100	such	that	the	ratio	of	anions	to	
cations	is	greater	than	one.	

Raman	spectra	for	PEO	and	the	full	polyacetal	series	at	
r	=	0.08	were	acquired	at	90	°C,	focusing	on	the	TFSI−	expan-
sion–contraction	mode	from	730–770	cm−1	(Figure	6).	For	
PEO,	a	singular	feature	at	739	cm−1	is	observed,	suggesting	
the	vast	majority	of	the	TFSI−	are	not	associating	with	cati-
ons.	P(4EO-MO),	P(3EO-MO)	and	P(2EO-MO)	show	a	similar	
feature	 centered	 at	 739	 cm−1,	 although	 a	 small	 shoulder	
shifted	to	higher	wavenumbers	(746	cm−1)	emerges.	There-
fore,	these	low-p	electrolytes	are	dominated	by	free	anions,	
with	a	small	fraction	of	 ion	pairs.	In	addition	to	the	“free”	
anion	mode	at	740–742	cm−1,	the	most	acetal-rich	systems	
P(EO-MO)	and	P(EO-2MO)	display	a	prominent	 feature	at	
746–748	cm−1,	indicative	of	contact	ion	pairs	and	ion	aggre-
gates.	The	appearance	of	both	features	in	the	spectra	sug-
gests	the	coexistence	of	free	and	coordinated	TFSI−	at	simi-
lar	concentrations	in	these	two	systems.	The	anion	cluster-
ing	observed	by	Raman	spectroscopy	appears	independent	
of	 temperature	 (Figure	 S23),	 as	 also	 previously	 found	 by	
Edman	in	PEO-based	electrolytes.97	These	distinct	changes	
in	anion	environments	as	seen	by	Raman	spectroscopy	cor-
relate	well	with	the	observed	decreases	in	anion	diffusivity	
at	equivalent	reduced	temperature	for	P(EO-MO)	and	P(EO-
2MO)	(Figure	4b).	We	therefore	attribute	the	slow	diffusion	
of	anions	in	these	polyacetals	to	binding	and/or	clustering	
with	cations	to	form	larger,	asymmetric	ion	clusters.	

	

Figure	 5.	 (a)	 Representative	 snapshots,	 (b)	 Li–Opolymer	 radial	 distribution	 functions	 (RDFs),	 and	 (c)	 Li–OTFSI	 RDFs	 from	 MD	
simulations	of	PEO/LiTFSI	and	P(EO-MO)/LiTFSI	(at	r	=	0.08).	The	representative	snapshots	suggest	that	the	local	cation	binding	
configuration	for	PEO	is	preferentially	close	to	octahedral,	while	P(EO-MO)	shows	more	asymmetric	coordination	on	average.	For	
both	polymers,	most	Li–O	coordination	occurs	within	a	3	Å	cut-off	(first	shell).	In	P(EO-MO),	a	second	cationic	coordination	shell	is	
observed	from	2.5–4	Å,	suggesting	that	additional	proximal	binding	oxygens	may	enhance	Li+	diffusivity.	P(EO-MO)	shows	a	reduced	
intensity	of	the	peak	comprising	short-range	Li–TFSI	interactions,	indicating	increased	Li+	solvation	by	P(EO-MO)	compared	to	PEO.	
Colored	 spheres	 represent	 lithium	 (blue),	 oxygen	 (red),	 carbon	 (black),	 and	 sulfur	 (yellow).	 Hydrogen	 and	 fluorine	 atoms	 are	
omitted	for	clarity.	The	representative	snapshots	were	produced	using	the	OVITO	software	package.88



 

Together,	 MD	 simulations	 and	 Raman	 spectroscopy	
provide	key	insights	into	ion	solvation	and	coordination	in	
the	acetal-rich	polyacetals.	RDF	analysis	reveals	that	P(EO-
MO)	has	a	smaller	total	number	of	Li–OTFSI	interactions	(Fig-
ure	5c),	corresponding	to	improved	Li+	solvation	in	the	pol-
ymer	 due	 to	 both	 structural	 and	 chemical	 factors.	 This	
greater	solvation	 leads	 to	a	 larger	proportion	of	available	
anions	that	bind	to	or	cluster	with	non-polymer-bound	Li+,	
as	demonstrated	by	Raman	spectra	(Figure	6).	The	greater	
number	of	 large,	anion-rich	 ion	clusters	 in	 turn	slows	the	
anionic	diffusivity	(Figure	3b).	

The	molecular-level	understanding	of	ion	coordination	
and	self-diffusion	in	polyacetals	allows	us	to	rationalize	our	
recently	reported	electrochemical	data.41	.	In	that	work,	we	
observed	lower	ionic	conductivities	for	the	polyacetal	elec-
trolytes	as	compared	to	PEO.	However,	we	 identified	that	
P(EO-MO)	 and	 P(EO-2MO)	 in	 fact	 possess	 higher	 efficacy	
values	 than	PEO	due	 to	 their	 relatively	high	 current	 frac-
tions.	 Using	 Raman	 spectroscopy	 and	 MD	 simulations	 in	
this	work,	we	are	able	to	elucidate	that	anion	clustering	in	
these	systems	 is	 the	 likely	origin	of	 the	high	current	 frac-
tions.	Anion	clustering	is	also	confirmed	by	decreasing	an-
ion	 self-diffusion	 at	 equivalent	 reduced	 temperature	 in	
these	 two	 systems.	All	 of	 these	 results	 indicate	 increased	
cationic	diffusivity	relative	to	the	anion,	as	desired	for	high-
efficacy	polymer	electrolyte	systems.	

An	outstanding	issue	of	polyacetal	electrolytes	remains	
their	decreasing	ionic	conductivity	with	increasing	p.	Using	
MD	simulations,	we	have	confirmed	that	shorter	O–CH2–O	
bond	distances	 in	acetals	do	 indeed	distort	Li+	 binding	 in	
these	systems	and	provide	proximal	binding	oxygens	to	aid	
in	cation	transport.	However,	the	bound	Li+	in	these	systems	
likely	 forms	 interchain	 cross-links,	 leading	 to	 drastic	 in-
creases	in	Tg	with	increasing	acetal	content.	Analysis	of	Li+	
self-diffusion	in	comparison	to	PEO	at	a	given	reduced	tem-
perature	allows	us	to	decouple	the	effects	of	segmental	mo-
tion,	and	in	fact	demonstrates	improved	Li	diffusivity	in	pol-
yacetals.	This	confirms	that	the	origin	of	the	decreasing	con-
ductivity	is	 lower	segmental	motion	related	to	the	high	Tg	
values	of	polyacetals.	Therefore,	the	viability	of	polyacetal	
electrolytes	as	high-performance	polymer	

	
Figure	6.	Raman	spectra	of	the	polymer	electrolytes	at	r	=	0.08	
recorded	 at	 90	 °C,	 focusing	 on	 the	 peak	 associated	with	 the	
TFSI−	(anion)	expansion–contraction	mode,	which	is	sensitive	
to	 the	 anion	 local	 environment	 and	 clustering	 interactions.	
Deconvolutions	into	“free”	and	clustered	species	are	shown	as	
filled	peaks	centered	at	739	cm−1	and	746	cm−1,	 respectively.	
(Note:	P(2EO-MO)	sample	used	was	55	kDa.)	

electrolytes	is	dependent	on	reducing	the	Tg	in	order	to	ac-
cess	higher	conductivities.	

The	structure–property	relationships	elucidated	in	this	
work	also	allow	us	to	suggest	explicit	design	principles	for	
next-generation	 polymer	 electrolytes.	 We	 identify	 three	
practical	 targets:		 (1)	 increased	 cation	 diffusivity,	 (2)	 de-
creased	anion	diffusivity,	and	(3)	lowered	Tg.	By	increasing	
the	diversity	of	cation	coordination	environments	as	well	as	
the	 formation	of	 anion-rich	clusters,	we	have	shown	oxy-
gen-rich	polyacetals	can	meet	the	first	two	targets.	The	un-
desired	increase	in	Tg,	related	to	cation-induced	"cross-link-
ing"	of	 chains,	 remains	an	outstanding	problem.	The	next	
generation	of	polyacetal	electrolytes	will	aim	to	minimize	
the	 salt-induced	 increase	 in	Tg,	while	maintaining	 the	 ad-
vantages	of	high	oxygen-to-carbon	ratios.	

Conclusions 
In	this	work,	we	studied	a	systematic	series	of	P(xEO-yMO)	
polyacetals	 with	 variable	 EO/MO	 ratios	 as	 potential	 and	
heretofore	underexplored	candidates	for	polymer	electro-
lytes	in	Li-ion	batteries.	We	first	demonstrated	the	synthe-
sis	of	thermally	stable	polyacetals	via	CROP	of	cyclic	acetal	
monomers,	 highlighting	 the	 use	 of	 a	 highly	 soluble	 and	
readily	 removable	NaOEtTMS	quenching	agent.	Following	
electrolyte	preparation	with	[LiTFSI]	salt	normalized	to	the	
number	of	oxygen	binding	groups,	relative	cation	and	anion	
self-diffusion	coefficients	were	quantified	using	7Li	and	19F	
PFG-NMR	at	90	°C,	revealing	decreasing	anionic	diffusivity	
with	increasing	acetal	content	of	the	polymer	host.	By	nor-
malizing	 diffusivity	 to	 account	 for	 differences	 in	 Tg,	 we	



 

observe	that	all	polyacetals	exhibit	faster	cation	self-diffu-
sion	than	PEO	at	equivalent	reduced	temperature	(T	−	Tg).	
While	anion	self-diffusion	is	similar	to	PEO	for	some	mate-
rials,	 the	 most	 acetal-rich	 polymers	 P(EO-MO)	 and	
P(EO-2MO)	 demonstrate	 significantly	 slower	 anion	 diffu-
sivity	than	PEO	at	similar	reduced	temperatures.	MD	simu-
lations	reveal	that	the	shorter	oxygen–oxygen	distances	(O–
CH2–O	 vs.	 O–CH2–CH2–O)	 in	 acetals	 induce	 geometrically	
distorted	 cation	 coordination	 environments,	 which	 pro-
vides	a	mechanism	for	increased	cation	diffusivity.	Further-
more,	 P(EO-MO)	 shows	 a	 second	 Li–Opolymer	 coordination	
shell	from	3–4	Å;	we	anticipate	these	proximal	oxygens	aid	
in	 ion	 transport.	 The	 increased	 acetal	 content	 leads	 to	 a	
larger	fraction	of	Li+	associated	with	the	polymer.	In	turn,	
improved	Li+	solvation	is	accompanied	by	anion	clustering,	
as	supported	by	Raman	spectroscopy.	Finally,	the	marked	
decrease	 in	 anionic	 self-diffusion	 at	 equivalent	 reduced	
temperature	appears	to	be	linked	to	formation	of	these	clus-
ters.		
The	 faster	 cation	 and	 slower	 anion	 diffusivity	 observed	
herein	provides	an	understanding	of	why	polyacetals	pos-
sess	 higher	 cationic	 current	 fractions.	 This	 work	 empha-
sizes	that	ion	motion	within	polymer	electrolytes	can	be	tai-
lored	by	modulating	both	cationic	and	anionic	interactions	
by	tuning	the	composition	of	the	polymer	host.	By	studying	
a	systematic	series	of	polymer	electrolytes,	we	gained	a	fun-
damental	mechanistic	understanding	of	ion	transport	that	
supports	the	observed	trends	in	both	κ	and	ρ+	in	our	prior	
work.	In	tandem,	these	studies	reveal	future	design	princi-
ples	 for	 improved	 polymer	 electrolyte	 performance	 and	
suggest	the	promise	of	polyacetal	electrolytes	for	safe,	high-
performance	LIBs.	
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